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ABSTRACT

Banks of the U-Tapao river in the vicinity areas of Hat Yai District are usually
experiencing stability problems due to erosion, particularly in the rainy season. Objectives of this
study were to determine the index properties and engineering properties of soil samples, to
estimate critical shear stress and erodibility coefficient using back analysis method, and to
analyze riverbank stability using a bank stability—toe erosion model. In addition, appropriate bank

stabilization methods were also studied.

Classification results revealed that soil samples taken from U — Tapao riverbank
were: low plasticity clay (CL), low plasticity silt (ML), clayey sand (SC), silty sand (SM) and
poorly-graded sand (SP). The banks in the study area were classified either as composite or
cohesive riverbank. Shear strength of soil samples for saturated water content condition decreased

about 36.00 to 98.56 % from those of natural water content condition.

For cohesive soils (i.e., CL and ML), the critical shear stress and erodibility
coefficient obtained from back—analysis method depended significantly on the clay content and
plasticity index and ranged from 0.758 to 11.06 Pa and 0.045 to 0.115 cm’/N .s, respectively. The
cohesive soils of U — Tapao riverbank were classified as moderately resistant to erosion. For
cohesionless soil, the critical shear stress and erodibility coefficient ranged from 0.027 to 0.110

Pa and 0.302 to 0.609 cm’/N .8, respectively, which indicated that they were erodible soils.

Analytical results indicated that the U — Tapao riverbank in the study area were
failed while water level decreased approximately 0.381 to 0.655 meters from bankfull level.

Riprap installation and bank slope flattening were appropriated method for bank stabilization.

Keywords : U — Tapao riverbank, Bank stability, Critical shear stress, Erodibility coefficient
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a) Rotation slumping b) Wedge failure c¢) Cantilever failure 882 d) Toppling of vertically
arranged slabs (Thorne et al.,1981) #33UuuvveIMINTAzdzNoUDITZAUURINTNALIZ
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CONCEPTS-Conservational Channel Evolution and Pollutant Transport System s lag
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Langendon (2000) Nﬁ’)u‘ﬂﬁ%ﬂﬂ‘ﬂ‘ﬂfﬂﬂi}j 2 mu"lmm NTNAFIENAUAAUDSLITADYTNINUDN

1 Y
aaalneliseazdeadans hlil

o da A ,
2.2.1 MSnaEIZNAUAaY (Toe Erosion)

mswmanateveInadlusssund Taend ldudrezinamstaazNauaag (Toe

Y 1] Y
erosion) Ao Tunsaintignsims lnavesihigs mireusudewiiotninns lvaveniinm
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v 9 1
Auadelinigeay nazenvzminwenvzi linmsiaanzinadu #95zezmnaemz a0

o Y A
ﬂ”lu’Jm]lﬂi]TﬂﬁiJﬂTTN 2.4

e=k,Dit, -t.) 2.4)
Taeh e = 3282MINAEIY (Erosion distances, m)
4
k, = duilse@nSnsname (Erodibility coefficient, m'/N.s)
Dt = Gﬁ’l\iljﬁ’]ﬂl@ﬂﬂ’]ﬁﬁﬂl“ﬁ’]% (Duration, s)
) A d’ g}
to = ﬁujmlﬁ\‘llﬂ@ulu@ﬁnﬂﬂ’]ﬁllﬁasl]@ﬂu']

(Average boundary shear stress, Pa)
t. - ANUAUMUNIBITURBUTINAVBIAY

(Critical shear stress, Pa)
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FEYTNITNALHEISINNTUNITN 2.4 Lﬂumgﬂﬂuaﬂ%ﬂuaﬂnuwwma
(Hutchinson, 1972; Foster et al., 1977; Dillaha and Beasley, 1983; Temple, 1985; Hanson, 1989;
. a [ 1 ] A A g’ A g
Stein and Nett, 1997) LﬂﬂﬂWﬂWﬁﬁN‘i$1’T’JNﬂu’Jt’JLLiQmﬂu!u’éN%Wﬂﬂ1ill°ﬁan@Qu1 (to) ‘VIL‘]J’L!
o w1 Y 1 A a a A o 9 o '
HIINTENINUATAITHATUNTUVTUISLIURDUING AVDIAY (tc) V]Lﬂuﬁﬂ@1ulliﬁﬂi$1/l1 fJf‘.‘lﬁl,L!

JUMUDMIBIT AROU IR (Excess shear equation, Z, - Z,) Tagi

o a &4
mInanzinavuie L, > I,
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msnez hilnadwile £, < £,

1 v
2.2.1.1 HHIBLIANOUHBI9INMT 111av091i1 (Boundary shear stress, £, )

1 A 1 A A 091 <3| ] o A o
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ﬂigﬂWquﬂqﬂﬁlﬂﬂﬂl’ﬂﬂﬂaﬁ mmm'lﬂiﬂﬂﬂﬂwuwmi"lwammam%qﬂuuq (z‘ﬂﬂ 2.9) AAUNITIN

2.5
t,=g,RS, (2.5)
o g, = ﬂli’JEJli}ﬁﬁﬂﬂlfJﬂ% (Water unit weight, kN/m’)
R = Hydraulic radius (m)
S, = mmmwffuLﬁmmnmﬁqmugﬁawﬁwm (Friction slope, m/m)

Y a s 9 9 A %
1ﬂﬂ1ﬂﬂ1i’3m‘i1gﬂ‘i$ﬂﬂ‘LH‘(’J?J'L!ﬂ'mJ (Backwater analySIS) Gd]ﬁ

uaraaluriade 2.3
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AuAsIiUea31Ms Inavesihdeaumsms lvaadwave lumainilansgives Manning 1y

E4 Y Y
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VYNATIA Sf ANTUNITN 2.5 WHNUNUAIY Channel slope (So) MNUVUBYNUVBUANINYIUVUDN
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flow segments used to calculate
shear stress on the three soil layers

/

-
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g
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o] r/ // J / \ — /
= / £
[} e
w // // /f
i
e 7 //
i 4 /
o s /
— o /
9] . s ’
= lateral erosion and bank s 7 ’
= profile after erosion
o
1
g
@
2 shear stress distribution

v Y 1 v
1 2.9 msudsiums lvaveuhdmsuldfuan Hydraulic radius (Langendoen 2000)

J
22.1.2 ﬂamﬁmmuwmﬂumﬁamﬂmuammJizﬁmmiﬂmmmamu

1 a ] a [V a I
ﬂ’J'IlIghu“VITHYTU'JEJLLiQLﬁEJH’JﬂQG]LLa%ﬁMﬂﬁ%ﬁﬂ‘ﬁﬂ1iﬂﬂ!GB1$‘U’E’Nﬂllt'ﬂl!
Aa I o w a 4 = @ A (] YA =2
W'l‘inJm@i‘ﬂﬁ'lﬂilfluﬂ'li’)!ﬂiWZWlﬁﬂﬂiﬂ1WLLﬁ$ﬂ1‘iﬂ@!G]5'l$ﬁﬁ\1 GlUGI)"NLLiﬂhl,@llﬂ'l‘iﬁﬂ‘HW
A
[ Y] 4 1 a J v [ 1 1
ANUAUNUTISHINNITIURNDINITOINVA T Index properties LBU Plasticity index, Clay content
(Smerdon and Beasley 1959), Mean diameter (Simon 2006), Silt — clay content (Julian and
[ ~ o @ qs.l} [ [ @ 4
Torres, 2006) ﬂﬂltﬁ@ﬂiuﬁuﬂWiﬂ 2.6,2.7,2.8,2.9 aiuainl %ﬂﬂ\iﬂ\iﬁﬂTﬁﬁﬂ‘l&ﬂﬂ’ﬂNﬁNWﬂ‘ﬁ
2
1 a J o [ U A a 1
FENINNITINADIMIADIN VAU TN UANIIAINTTUIFU Unconfined Compressive Strength,

Vane Shear Strength (Kamphius and Hell, 1983) aaaasluaumsi 2.10, 2.11 mua1ay

t. =0.16(P1)**  Pa (2.6)
t, =0.493310"""%" pa 2.7)
t,=0.06(r - r, gD, Pa (2.8)

£, =0.1+0.1779(SC) + 0.0028(SC)’ - 2.3E - 5(SC)’ (2.9)
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t =71+ 0.145%1%—“38, Pa  for 20 ¢ g, ¢80 kPa (2.10)
Q -
as, g
r, =38+ 0.55&910—V30 ,Pa for 5¢S, €25 kPa (2.11)
g _—

09;1 dyd ~ I ¥ a a A o ] 3
dumsnanuaiilduaunmsilylammzauuinaiiinsnageumiiu
A = o = v oA a A v A A A A P A
esnn ilinmsdSufeunuauusnuou 1Uﬂ%ﬂqﬂu3ﬁﬂ1§ﬂﬂﬁﬂﬂVIMWL“B@E]’E)?J"IﬂVIﬁ;ﬂﬂ@ N9
Y v
‘Vlfv‘lﬁ’é]‘iJﬂTiUlﬁﬁﬂl’f)ﬂﬂﬁﬁ%ﬂﬂﬂlumiﬁqj (Large open channel flow test) ﬁmuqué’mwms"lwa

oy Y £ g ' = '
ﬂlaﬁuﬂﬂ G]NL‘iJumiVlﬂﬁaucluﬁum !,mﬂizmumﬂumiﬂﬂﬁamzuﬂtyﬁmmﬂaﬂn

a 1 a ] a 4 %
ABMsnAdeUMIANNAIUMUKLsuReuINgaLasFulszantn1sia
a [y v ad A . £ I ax
zueadnluilagiiug 3 35A0 1. Hole erosion test, HET (Wan and Fell, 2004) 4311175
o 4 2} . : ) [ a 4
NAFBUNTNANLINDI91NMT [Ha%uVe91T (Seepage erosion) FUWMILEIHTUMIAATIEN
o i a . . . S
MINAKIZYBUVOUAY 2. Erosion Function Apparatus, EFA (Briaud et al. 2001) 11Jun3
NAFTDUNIT ﬁﬂlﬁﬁi%ﬁj@ 1Y (Streambed erosion) 3. Submerged jet test (Hanson, 1991, Hanson and
o v & 1Y { @ { a . o3|
Cook 2004) MINZAHMTUVITININALEIZNGIULAZNTNAIYIZNUBVAAY (Lateral erosion) 11U

Fmanadeui 185umMIussyiuinigiu ASTM Standard D5852 (2003)

Hanson and Simon (2001) ]lgllcl%m?’f)ﬁﬁi’) Submerged jet test NIATNATOUN
mmﬁ”nﬁuﬁizﬁdnmms?fmmumhamuﬁauﬁﬂqmmﬁuﬁuﬁnﬂisﬁmﬁaﬂﬁﬁmmmm
adanareuralu Usa Tdnnuduiuiduaasluaunisi 2.12 eaoandosfuranmsnaden
U949 Arulanandan et al. (1980) c‘f?q1%’mimﬁaumi'114ammﬁnfn%ﬁluﬁ’mﬂﬁﬁ'ﬁmi (Flume

testing) Taal¥anluvsnanlndifeaiy

cm

3
)=0.1£."° 2.12)
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ky(

k4

v o J a d v
ANUANUNUTIEHINNWITIUADINITD mﬂmi%ﬂﬁaﬂuﬁummm Hanson

=B

and Simon (2001) UNASIND A1aed (0.1) luaunsn 2.12 o1wazianiu 0.2
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2.2.2 1@D8TMNVOIAAY (Bank Stability Analysis)
MIAATIEHIADETMNYeInaa lFITNWAIUINIINMIIUATIZN Slope LA g
Embankment maqéjﬁﬁwawmuﬁu Bishop (1955), Morgenstern and Price (1965), Terzaghi
and Peck (1967) 1@z Fredlund and Krahn (1977) $935%anuaililumsinsziuuy Limit

g . 9 o
equilibrium Taglsaugaveusaas Tumua

. Y o as dy Y 1Y a 4 =S
Simon et al. (1999) hlﬂﬂﬂllﬂﬁ\i’l‘ﬁﬂﬁﬂiﬁlﬁﬂ?&ﬁﬂﬂ‘Uﬂﬁ’JLﬂﬁTgﬁlﬁﬂﬂiﬂ”IW
v 9 k4
YOIAAY Tmmmm%’uﬂuwmﬂq%u (Horizontal layer) 59UDINI1TM Pore-water pressure

Y
1182 Confining pressure LAMIAUIMEDITAINDE I s RusuRo UM luLAas FUAY

Y o ag dy 1 a Qy 1
Langendoen (2000) llﬂ“l"lﬁll‘!"l')‘ﬁﬂ?ﬁuﬁﬂiﬂfJWfﬂ"Iﬁﬂ!']LLi\‘lﬂ'lfJGluGD'Uﬁ'JuIﬂﬂfﬂﬁ
[ { 1 . Q" 1 1 A . { 1 4 o ]
LL'UQL'IJH%U?('JH (Slices) HazrFUaING0s IULUIAY (Subslices) ﬂﬁWUG]%uﬁ'JULﬁﬂﬂWU'Jﬂ!WH'JEJ
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2.2.2.1 MINUAVDIAAMVUTEWIY (Planar failure)

MIMUIUTATIAIUANNYaDANBYDIAAIULL Planar failure A1ualld Iag
[ . . A @ A A a 1 [l ~ 9
341 Slices 11a% Subslices THHUIA Aaaalugln 2.10 telszumImuIens 301997 1%
Y
lumsmnamsasdiuanulasanesas 1 ¥y MUI8UTURBULALAIRNIAVUTLUIUNIA
Y Y
nieusuRoutazdInInmMelunaay Slices Iasmimuiudnitaruanulasanssiivunou
Y
fraae lil
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1. AMUIUUIIAIRINVUTSUIUNY Nj AUIUINAUNITN 2.13 (g‘lJ“n 2.10a)

N, = . (2.13)

v
Tag w7, ADWMIINY0A Slice i
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2. AUIVUUTIAIMINUATUTUROUTEUIN Slices, 1, , I, Mud1duIn
J J

= o w ! q v A A v a =<
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E4
a va (3

wnsananuiu 13 lumsiia 5y Wanan Yutia (Failure Plane) seautiluaa iy

v
AU

% ) assumed groundwater surface
- actual groundwater surface
o
&
3
N;
m .
7} failure surface and
o bank profile after failure
3

(2) ANHULNITNUALLY Planar failure

L

(b) MU Slices tdRMUIUNUIBNLTIN UV ILAAL Slice

317 2.10 MINTAUVY Planar failure a) ANHAUZMINUAUDY Planar failure b) N1311119 Slices

e uavuleusaneluvesuaay Slice (Langendon, 2000)
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: cos b 4 cos btanf; @
= ~leiL. - , h _ , 4 Bgin h-—— i g
L, =1, (clLl +(m, -m,),L; tan F’ M, L; tanﬂ) S +ngsmb Fs 0 (2.149)
a g
0.
I, =041, sing i : (2.15)
' ‘ L
EvL

Y Y Y
3. HAdINUUAIUIUUTIAIRINUUTZUILNIA IAgAANAVDILTIAIRIALAL

UIUNOUTLHIN Slices AITUNITN 2.16

o deL+(m, -m,) Litanf - m, L tan . §
W.+I, -1, -sinbt ’ Q
A ; FS 9
N, = " (2.16)
tan £, sin b

cosb+
FS

4. soandanuasassawaaslugumsi 2.17 Avaw ldninaugaves
A 0 Y v Y
159919 TunIAWaZHUITIIVOIAAE Slice TASAIUIVTINNANNITN 2.13 - 2.16 IUNTENI

Y
TaawasidiuanulasasamiuiunsmuIuniinou

1
cos ba(c;Li +(m, -m,) L, tanF* + [Nl. - maiLl.]tan f)

FS = Ul i (2.17)
sinbQ N, -F,
i=1
Tegn b = YNVDITLUIDNIIA
c; = ussgamten)szanswaue Slice j
m, === HIIAUBINIAVON Slice i
v
m, = 1399 U1UD3 Slice i
L = ANNBITLUIINTAVD Slice i
9
w, = W111INVe4 Slice i
A
N, = NUIYHTIAININVUILUYNTAYD Slice i
1 v
F, = HIINIUDNILBIINTAVINVA Slice i
b A = A 4 ! A . .
i = HUNINUBNIINITINNVUUDIMUIYUITURDUIIN Matrix suction
' = < a A A . .
f = yudsamuneluiaaulszaninaved Slice i
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2.2.2.1 MINTALVVAIUYY (Cantilever failure)

a vAa d' a dg’ 9 d' Q' [ d’d a' 1 a'
msndasuumutunadu ldilondigniamizNduaas Tasmnizod o
Cohesionless soil 111 11gmsnlasumilasdnyas (Geometry) vosndsaaneaalugii 2.11

easidauanuilasanslugiuny Cantilever failure Ao dAdIUVOIMFUADUVDIAUAD
Y

hmiinvesdmnsuaaaasluaumsn 2.18

i

a(c;Li + (ma - mw)i L tanf’ + [Fw sin& - /ﬂaiLi]tan f)
FS§ =+ (2.18)

1

&, +F, cosa)

i=1

overhang
generated on
upper bank

failure surface

cohesive layer

noncohesive layer

519 2.11 MINTALUUD Cantilever failure

U

2.3 M3MA5TAVHNIIALIT Backwater Analysis

3’ [ 2/ a 3 {
M3 Twave i lumiieusssusaiuns lvanlasuulasiios (Gradual
. < Aa = = g = = 0
varied flow) Wlunslvaniimsulasuulasanuaniiesg muszernanunn Famsmiui
Y 1 v
szauiii1d Tagodoaunsnasu aun13n1s Ivaaeiilod uazaunsns laaiuaye

IS) 1

g' a 1 < Y aa o < o a
Glu‘VIN‘Ll"IL‘]JﬂﬂQEﬂ U 7UNITUDY Manning 1Wudu a‘ﬁmimmmuagzﬂummummmzu

v Y Y
anuwmmzanlumsldaunanaiseenly ualunisideasatilsdivralas g5 uaou

t I a { o ) [ oy a\ a
11A597U (Standard step method) Fuiluasn1Fauldn lldmSumaintlannsiia

Y v
MIMUIUAITEADN11A83T Backwater analysis  (3UAUIINAITHITAN
v :‘ o Y o A = Yy a 1Y [
Wa\‘]\‘]1uﬂ1511’ia1u'ﬂTQUTLﬂﬂﬁlﬁlﬂﬁuﬁlg’]ﬂﬂ 1992 Tng8199991n52aY Datum plane aaugaslu

A Y @ A
Tlh/l 2.12 i]zvlﬂﬁuﬂ1§wa\1\ﬂi‘lﬂ@

G
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H =H,
VZ V2
oyt =z, +y, +—2+h, (2.19)
2g
Tagh h, =S ,Dx (2.20)
A
H!
: P %
' Datum Plane : Y
Section 1 Section 2
Ax >
g1 2.12 ms nauvunlasunilasitos (Gradual varied flow)
AR A
s, =1L 2.21)
' 2
0 w2
_ d ny 0 ,
INAUNITVDI Manning S =g 2/’38 Tuniae SI (2.22)
¢Ro =
~ v Y J v Y A
Taoi z = FELAUNDINNTLAVD DY
= J
y = anvanlums lvaveaniai
v
v = Aanuiesth (V = Q/ A)
Y
0 = on31M3 Inavestih
9 [ Y
4 = Wuims lvavesi
h, = Head 1110991003 gayidonasau
S, = ANUAAFUNTIIU (ANNFUUDUFY Energy grade line)
n = Manning’s roughness coefficient
R = ANNFUsarnans (Hydraulic radius, R = 4/ P)

Y ' Y
P = iduvoulonuosiunnindadnil (Perimeter)
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1 1 a J @ A 9y 1o £ o
AANITNUADATINITTULIAD IR mu’dﬂﬂu’dnmsm 2.19 —2.22 ll@!,!ﬂ A A4 uay P GINLTJH

H Y Y
1A % 1 v ) v

v 9 v
A lined Yuegnumszavii asiulumsdaun y, Ae9iing Tral A1 y, IWUNTEN

~ I a A :zl o v 1 dy
aumMsn 2.19 Huase ddusoulumssiurudeae lli

1 Y v
1dlons1um z, yuag ¥ 1038 i@ mniied 1 A uiamaaiusiy

Y 1 v
MTN0NINEMMUIN 1 1aZANUAIATUNSINUAHUIN 1

2. AuYAAT y, MUIUANUAIATUNGINUYAN 2 1azANNIATY

a
Y o

1 v E4 v
WAINURAINANMNITN 2.21 ummmmwﬁwmsmmﬁaﬁ’mﬁw‘hmmmﬁ 2
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>
1
O EB Do
=,
©
w
|[He alel]

H, :Zz+y2+z—2+hL

. Y A a A dao a i
Springer (1981) 1aY5z1iutatosnnUeInaInTFUANYIZIAN Cohesive LAy

4 2 :’ ' < 2 {
Sandy — silt Y99 Ohio River 1HD991NMTAAAIUDITZAVNBE1NTIAG D (Rapid drawdown) Aun

a A

o | 1 { a @
Bimsanyuiuauneeu liaensiasunilas Cohesion tag Unit weight ¥99AU uagd

a

1 Y a . A = d‘ dy a Q' d‘ ) = a a o
nolviineg Tension crack Welmswasuudasanusuluniadu aasniimsanyunan1sng

Y
[ o o I <
UONTTAUUIAAAIDYINITIALT Y



27

Hagerty et al. (1983) ladunangfnssumsnamnzvesnasniseneulidae

AUN30 (Sandy riverbank) tazaaendsznonlUdreanumiieon (Clayey riverbank) Y04 Ohio
. 1 Ao o <l 1 1 @ A S A A Aa IS

River nunaungidnaiuednunaemsnamnzAevuiaveudaau Tasaasninsedu

Y ]
@ o A

4 J 1 @ @ a 4 J {
’ENﬂ‘lJ’i%ﬂ’éJ‘Uﬂ$ﬂ®u1ﬁ3ﬁ6ﬂ1iﬂﬂlcﬁ1$ﬂ1ﬂ ﬂTiﬂﬂL%W%Lﬂﬂﬁu53ﬂ’)1ﬂﬁ§3ﬂﬂu1q\1 L”L!fNinﬂFJL!

@ Y

1 a < g‘ A g < a < .
AN 53’”3’]\1F»I‘L!GIﬂlﬂﬂﬂ'liU],WﬁG]fll5]]'E]\TL!TV]HJ‘L!G]T]?S;’@'l\uiJﬂﬂuGUu'l@Lﬁﬂ@E]ﬂ (Seepage erosion)

o a

£ g £ o Y A Ao
mgﬂummqwumﬂﬂmmwu

Y
o Y

Rinaldi and Casaghi (1999) l@hmsfnyinansenuvednsednidiuauni
1 v Y

HaRDIAD8TNINVDINAa 1Y Sieve River, Italy aaanarualsznovlUdie Gravel U3

1 1 A 1A [l A a % 3} I~ @ 1
dauanuesnas, Silty egusnadiuuuvesnas luannzlnd ussduihduauiudigie
Q‘ o w a [] a d‘ IQ' Y o Y Q‘ = = dal Q' = o
musasvesanludinvesaui biduaa mldaddmdosnings laanziinderziianudu
1 3 a o o oy <3 A
ganyudeanunieluveuiiadu (Intemnal friction angle) WasnnHuanildinauaas
[ oy 9 dy o I ] g’ 9 1 = A o A =
u3aauInAIUaDNIZNAUNABI UITIAWINATULIN UAITDEININYDINDIEIGI0YITI0391N1]
v Y ' Y 1

Waved Hydrostatic confining pressure voati1luith @desamvesndsluutiiianaaui

@ g} [ = I o =) [V (% = A AaAd 1
szaviianaandaduan mansanyuduldaruiiueufsrfudiunisAnyinasnousu
Clayey — silt riverbanks, Goodwin creek, USA (Simon et al. 2000), Steep cohesive riverbanks,

Missouri riverbank, USA (Darby et al. 2000)

Hanson and Simon (2001) 1815 Submerged jet test ﬁmam‘lugﬂﬁ 2.13 M3
Usziliumanudumuniiousufeudngauesdu (£,) tavdullsyansmstamzvesdu
(k,) veendaslu Midwestern, USA Fuauvesnauily Cohesive soil TaofitFuavos sil
Uszunm 50— 80 % A1 £, 9g 11329 0 — 400 Pa 1oz k, 0g1ur29 0.001 —3.75 cm’/N.s §ado 18
ﬁmTi’iT]J’i’m"fl}mJ“aWTiTﬁlﬂﬂg%ﬂﬁﬂﬂﬂlﬂﬁﬁéﬂﬁaiﬂllﬁQ‘ﬁulﬁﬁ?ﬂﬁﬁﬂ‘lﬁﬁﬂﬁﬂl&ﬁﬂTﬁﬁﬁM
Goodwin creek, Missouri, USA #1ihimssmunszianaunuaiuanudiuniuaenisnamy

(Classification of erodibility) Tasuiseanidlu 5 nquéaanaasluglii 2.14

Thoman and Niezgoda (2009) 1814 Submerged jet test Hm3stseitiugn z,
uae ky, mamﬁﬂu Powder river basin Gﬁﬂlﬂuﬁéﬂﬂizlﬂﬂ Cohesive riverbank W%}’E]EJT;;ZQH1
Anuduiuives £, MunaauliAn199U99AUITY Activity of clay (A), Dispersion ratio (DR),
Specific gravity (G,), Potential of hydrogen ion (pH), Water content (w ) 910013 f ﬂB"IW‘]J’jWG]?u

AuvesnauiluAuilszian Erodible — Moderately resistant clays A1 £, 9glua240.11 — 1535
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J T ] v o @ a1 [
Pa 11azf k, 0g1u%290.27 - 2.38 em’/N.s laanuduiusves nugmauiianie awaaslu

9

aumsi 2.23 Tagaumsiiimanuingeds lugl R'=0.72

t.=77.28 +2.20(Act) +0.26(DR) — 13.49(SG) — 6.4(pH) + 0.12(w ) (2.23)

base ring

‘ .

pressure gage L

jettubes
T

nozzle

point gage
™~ inflow pipe

point gage ~3 ey

<

inflow line ———

3 19 2.13 Schematic of submerged jet apparatus (Hanson 1997)

Ramirez — Arila (2010) 1&imsdszdiumsnamizaaaly Southeastern Plains
v 9 9 ]
Ecoregion 11115AAA NN Al 1ZU0IA9 1ABN15AAAY Erosion pins W3oNMINATUAUIND
Uszilius £, nag k, Taeld Submerged jet test 1INMIANEINDIIAAIRNIAN LTI 1 -
o’/‘ dy A A A wa [] 1 S 1 [] ~ 9y dg, (Y]
560 mm 19HIIRIINAAINTA U IHuan A1 £, uaz k, Naredlugannnauwniuedny
1 v F4
AuuaazytauazuaazAunis olnsana £, uag k, nuszezminangiinaiundn

W‘U’j"lﬁﬂ’ﬂﬂﬁﬂﬂﬂéjﬂﬂﬁu
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: ° v
" [ Eodte 0 O _—~® &
i L - ® . 4
£ 01| P 3 ./; v
E 2 ,-*"/ bl ;S i ]
U : - II|
F C Moderately [ _w
i Resistant @ i ."‘7
O « =
0.01 | '
; v
: Resistant [ W W
- O Westemn lowa LU’V Lvavy
- ew .
0.001 @ Eastern Nebraska ."I Resistant
E W Yalobusha River Basin, Mississippi ) v E
-IIIII 1 1 ||||||| 11 ||||||| 11 ||||||| 1 1 ||||||| 1 1 ||||||| 11 111110
0.001 0.01 0.1 1 10 100 1000
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‘g‘,ﬂ 2.14 Classification of Erodibility (Hanson and Simon 2001)
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3.2 mathudeensduiuurlasammiazMINaaeUAMANTANIMEMNUBIAY
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msnaaaunlsuanNusuluuIaay (Water content, w) ASTM D 2216
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MINATOUHIAINIIND T UNIEVDIAY
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M3 MUNAULDY USCS (Unified soil classification system) ASTM D 2487
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3.3 MSNUAIBE AUV LAIAMNIAZ NI NATDLAMNANTANIIAINTTHYDIAY
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4.2 NAMINATOUAMANTANIMEMNUBINUINADY

v Y v
HANITNAAOUAMANTANINNIENINYDIAI0819AUINAA TUNUAAN Y
9

. Y v d‘ = = 1 Q‘ [ dy
MIUA 5 Sections ﬁ'ﬂﬂimlﬁﬂﬂ]lﬂﬂﬂi‘ﬂ‘ﬂ 49-4.18 Tﬂﬂm1&1azmammLmammmm“lﬂu

U

4.2.1 AUTVTANNNENINUYBIAUTUAAL Section 1

9 v
ANHULTUAUTUATIUDI Section 1 TUUNAINIT USCS 1J3$ﬂ’f)llhlﬂ$l}’mﬂu 3

Aa A .. I a =} = 2/ A = 09/1 a oazl ~ ~ o
%1ARe 1) Low plasticity clay (CL) iJuaurHg diaamiaed agnsuaudun 1 -3 Nszay
= A . S a < =
AWAN 0.00 — 3.92 WATIINVBLVUVBINAY 2) Silty sand (SM) HuAUNIIBLTAaDA U

9 v Y 9 [ v
AzNOUNTWTNIMIAMADI DINFUAUTUN 4 NTZAVANNAEN 3.92 - 4.92 IWATVINVOVVUVDI
a 3 a < = a A Al A A0 a
A4 3) Clayey sand (SC) ludunIlaazdsaluaumigimivamasalum sgnduau
S A = o = = A o = =
FUN 5 NTLAVANINAN 4.92 WATINVBUVUDIFIUYBINAT Adaalua1san 4.1 uazzin
q’;l a ' 3 @ S a o { & a 9’o
4.10 FuAuuAazFulinInIzNedvelnauawaailugili 4.9 4909 Section 1 Hwun

WunduURaY (Composite bank)

M3 4.1 AUAVTANIINBAINYBIAUTNADI Section 1

Depth from Atterberg's Limit
Layer Pyoo | Gg | %S, USCS
top of bank (m) LL PL PI

1 0.00-1.50 |95.56| 2.68 | 68.84 | 46.52122.74|23.78 | CL

2 1.50-2.50 96.65| 2.68 [ 78.49146.52122.74|23.78 | CL

3 250-392 |66.26| 2.67 | 88.27|29.21 |15.19 |14.02 | CL

4 392-492 |3821] 2.66 |69.05] NP | NP | NP | SM

5 492-1145 [47.10( 2.66 | 94.69 [ 26.00 [ 2090 | 5.10 | SC
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AVVANINUNINUDIAUTUADI Section 2
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o 3 a a a o ax I a ..
ANHUSTUAUTUAAIVUDI Section 2 IULUNATNIDT USCS 1Wuau Low plasticity

v Y v v Y Y
clay (CL) Idihmamassnasaduauawaadluaisei 4.2 uazgili 4.12 suauuaazyull

o ] a o = & A g 3 A A 4
fﬂﬁﬂ§$Fl]1Uﬁﬂﬂjﬂﬂluﬂﬂuﬂ\1llﬁﬂﬂiu§ﬂﬂ 4.11 g\?@lﬁ\‘i Section 2 umuumﬂu@awﬁmmg%m

RnLY (Cohesive bank)

M13799 4.2 AUAVITANIINEAINUDIAUITUADI Section 2

Depth from Atterberg's Limit
Layer Pyyo | Gg | %S, USCS
top of bank (m) LL PL PI
1 0.00-1.50 6833 2.67]72.18 2626 (18.57| 7.69 | CL
2 1.50-2.50 56.89 [ 2.67 15996 23.79(1826| 553 | CL
3 2.50-7.01 82.23 | 2.67 [ 68.0636.00|22.59 (1341 CL
100
80
A
N
_3 , kA
%JJ [ iy} X
2 A
= 40 \O)
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T 4.11 Grain size distribution U94AI0819AUTUADI Section 2



60

10 T T T T T

Layer 2

Elevation (m. MSL})

‘l Water level 2.25 MSL

Layer 3

0 5 10 15 20 23 30

Distance from BM (m)
51N 4.12 ANV FUAUTUADY Section 2
4.2.3 AUANTANINNMENNYDIAUTUADL Section 3

9 J
ANBAUZFUAUTUARIUBI Section 3 FwunAWAT USCS Usznou lidrean 3
a A .. I a ~ = g’ A 1A 3 a 09: A a o
%1IafD 1) Low plasticity clay (CL) i udumilgrdiniamand egnsuausuin 1 Nszauni
= a . Y a < =
an 0.00 — 1.50 IATINVBVUUYDIAAY 2) Silty sand (SM) luAuNIBaaziBenluaznoy
Y [ 9 [ 1 v
n3wdihnaniaes ognruAuTUN 2 -4 NT2AUANUAN 1.50 — 4.50 INATIINVOVUUYDIAAY
9 v

I a < = 1A 3 a ~ A o =
3) Poorly graded sand (SP) Wuaunswiinazoue PYNFUAUTUN 5 NTTAUAIUAN 4.50 LUAT
v

v H H 4
mﬂma‘uuuﬁqgmmamaq aanaadlunsnean 4.3 nggﬂ‘ﬂ 4.14 FUAUUADSFUUNITNTZIYA

& a o d' 4 A . o A .
o udiaAuAaaIlugln 4.13 $a9ag Section 3 HI WU UAGIHEY (Composite bank)

M13197 4.3 AUANTANIININNYDIAUTUATY Section 3

Depth from Atterberg's Limit
Layer Pyyo | Gs | %S, USCS
top of bank (m) LL | PL | PI
1 0.00-1.50 [76.01]| 2.68 [56.6349.30|26.70(22.60( CL
2 1.50-2.50 [22.88] 2.66 (2489 | NP | NP [ NP | SM

3 2.50-3.50 4393 | 2673586 | NP | NP | NP | SM

4 3.50-450 ([31.78| 2.66 {46.67| NP [ NP | NP | SM

5 4.50-9.50 353 1265|2358 NP | NP [ NP | SP




61

80
& 1Me
\ 1Y &
60 0y, N
X\ ©.
_ \ R
§ \‘ \ }*\
- \ A
Eﬂ 40 \‘ b K3 7
5 N S
3 A Y&
> "EQ &
T 1A e
£ 2 nilS
= SRR
1q G%
N \EJEI- 6 A+ )
ek 15
0

1 0.1 0.01 0.001 0.0001
Diameter [mm]

-6 =Depthlm =B -=Depth2m = A -=Depth3m =6 =Depth4m

31 4.13 Grain size distribution Y9A29819AUITNAAI Section 3

14 T T

12 -

10 -

Elevation (m. MSL)
o
T
-
1]
)
]
[¥)
|

6 Layer 3 \ T
Layer 4 |
4 F i
. Water level 2.25 MSL
- Layer 5 = 1
0 - -
| 1 | 1 | | 1
0 3 10 15 20 25 30 35 40 43

Distance from BM (m)
A Y S a a 4
E‘]J‘VI 4.14 aNHUSHUAUTUAAN Section 3
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9y v
ANHULTUAUTUATIUDI Section 4 TUUNAIMIT USCS ']Ji%ﬂ’f]‘]_lllﬂﬁj’mﬂu 2

v Y 9
a o

a A .. I a ~ = c?l A =Y A A @
FUAAND 1) Low plasticity clay (CL) Wuaumtedimamasy 2YNTUAUTUN 1, 3,4 NTEAU
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v Y
v A

~ A .. . I A < = = oy 2 1
N 2 A9 Low plasticity silt (ML) Wuauazneunswliaazveadinaiaod UNINDINFUAU

FU 2 ATLAVANVEN 1.50 —2.50 WATINVOVUUVBINAL Aduaadlumsnei 4.4 nazgin

Y k4

v A 1 v A @ S a o A : a alo
4.16 %uﬂulma3“]51!1]ﬂﬁﬂigﬂWEJG]’J"UENLNQMUGNLLﬁ'ﬂQGlHEﬂT] 4.15 G?\W]EN Section 4 ﬁmuuﬂ

3 A { 4 ]
WuadanTianu¥euiy (Cohesive bank)

M3 4.4 QUTVTANINMININUYBIAUTUADY Section 4

Depth from Atterberg's Limit
Layer Pyyo | Gg | %S, USCS
top of bank (m) LL PL PI
1 0.00 - 1.50 925|271 7021 | 40.88 | 21.01 [ 19.87| CL
2 1.50-2.50 ]93.83| 2.71( 83.12 | 29.94 [23.58 | 6.36 | ML

3 2.50-3.50 [79.71] 2.69( 88.45 | 38.00 123.25 | 14.75| CL

4 350-6.12 |65.64]2.68(100.00(28.94 |21.56| 738 | CL
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gﬂﬁ 4.15 Grain size distribution U94AIDENAUITUADL Section 4
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E‘]J“Vl 4.16 aNHUSTUAUTUNAN Section 4

4.2.5 QUANTANINNMENNYDIAUTUADI Section 5

9 v
ANHUSFUAUTUATIVOY Section 5 IUUNAINIT USCS “]Ji%ﬂf]‘ullﬂg]lﬁﬂﬂu 3

v Y 9 v
1 A (A=)

a A .. I A =~ = oy A A 1Y
YUAND 1) Low plasticity clay (CL) WuAumHeIdiImamans g NFUAUTUN 1 NTZAVAY

u

= a . I Aa < = =

an 0.00 — 1.50 tMATINUDVVUUBINAY 2) Silty sand (ML) Wuauazneunslinazooad
v v Y v ' ' v

Menamana umﬂagﬁﬂ?uﬁm‘?uﬁ 2 NFLAVANVAN 1.50 — 2.50 (UATIINYDUVUVDINAL 3)

I Aa < =} a =} = o,; A Idlos./l a 23 ~ A

Clayey sand (SC) Wuaunsadaazooad uauniendiinaaes DYNFUAUTUN 3 — 4 N
v v [ 9

FTAUAWAN 2.50 IIATVINVBLUUDIFIUYOINDT AduaAluA15199 4.5 waz g1l 4.18 Fuau

1 09/' = @ 3 a o A = A . dyo <3| A
Llﬁﬁg‘iﬂ‘!llﬂ”l'iﬂ3$m&ﬁ’J‘U’ENLiJﬂﬂuﬂﬁllﬁﬂﬂiug‘ﬂ‘ﬂ 4.17 #3I91a4 Section 5 HIWUNTUATINAY

(Composite bank)

M3 NN 4.5 AUAUTANIINININUYDIAUTUAAY Section 5

Depth from Atterberg's Limit
Layer Pyyo | Gg | %S, USCS
top of bank (m) LL PL PI
1 0.00-1.50 84.78 12.68 | 72.12 1 46.30 (22.77 | 23.53 | CL
2 1.50-2.50 9349 (2.68| 78.32 (27.47|23.19| 428 | ML
3 2.50-350 |2794(2.65]|87.18 (2225|192 | 3.05 | SC
4 3.50-755 |28.76(2.65]100.00(23.76 | 1891 | 4.85 | SC
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31N 4.18 dnBULFUAUTUARL Section 5

4.3 HAMINATDUAMANTANIIIAINITHVBIAUTNADY

v 9
MINAADUAVANTANINIAINTTUUBIAUAIDGINVINAAIVOINADIPALLNING

5 Section 19¥MsNAFOVUIT Multi — stage direct shear test (Drainage test) fauneuveIAl

§ 3 ] Aa a
(Shear strength parameter) Aladusuunileusalseanina (Effective stress) NAN1TNANDU
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9 Y v Y v

ﬁﬁﬁﬂ13$ﬂ31u°§uﬁiiﬂ%1ﬁlla$ﬁﬂ138ﬂ3~lﬁﬂi§]j’)8ﬁ1 Ulal!ﬁ@ﬂiu@nﬁ’lﬂﬁ 4.6 — 4.10 ﬁ'lﬂaglaﬂﬂ
<3| v o '

HanInade U uni1aNNFUNUTIZ1I19 Shear stress — Horizontal displacement, Vertical

displacement — Horizontal displacement HaZId UV LIVAMTNUA (Failure envelope) lauanaslu

' F4 4
MANUIN 9 HANTNATOVUINAINATING 5 Ni1ﬂa3lﬂﬁlﬂﬁﬂ@]@1ﬂu

4.3.1 QUANTANINIAINT TUYDIAUTUADY Section 1

INNINATOUAMUTNTANIIAINTTNVOIAUINOYIAY Shear  strength
parameter Cohesion (c¢') U@ Friction angle () ¥9IAUTNAAL Section 1 wunluaniieg

ANUFUTITUIANA ¢, 1AU 52.72, 23.53, 21.49, 9.69 1Az 7.91 kPa mwdausuau a1 7,

n

MY 24.23, 19.59, 27.13, 28.98 11ag 29.59 degree MuARUFUAN Auluan1dzdudIRI81T

a c,,

ALY 11.41, 9.56, 5.24, 0.139 uag 7.91 kPa #ua19UTUAY A1 . NINY 22.15,

sat

Y
[ v A (%

26.89, 25.31, 28.81 LA 29.59 degree AMUAAUTUAUAILTAIIUAITIN 4.6

M50 4.6 AUAVTANIIAINTTVYDIAUTUADY Section 1

Natural water content* Saturated water content
Depth from
Layer USCS ' '
top of bank (m) A A | s, Fur | Cour| 9 | %S,
(Degree) | (kPa) [(kN/m) (Degree) | (kPa) [(kN/m)

1 0.00-1.50 CL 2423 [52.72] 18.82 [68.84| 22.15 |11.41 | 19.50 |100.00

2 1.50-2.50 CL 19.59 (2353 1922 (7849 26.89 | 9.56 | 19.64 |100.00

3 250-3.92 CL 27.13 (2149 1940 ([8827| 2531 | 5.24 | 19.93 |100.00

4 392-492 SM | 2898 | 9.69 [ 17.99 |69.05| 2881 [0.139| 19.97 |100.00

5 492-1145 SC 29.59 | 791 | 20.53 |94.69| 29.59 | 791 | 20.53 (100.00

#Rufeg9AnTuR 22 nsngiAN 2552
4.3.2 QUANTANINIAINT TUVDIAUTUADY Section 2
INNINATOUAVTNTANIIAINTIWVOIAUINDYIAL Shear  strength

' 4
parameter YDIAUTUADY Section 2 WUNTUTANIZANUFUTITUTATA ¢, M7 20.05, 7.86

1A 20.36 kPa MUMAUTUAN A1 £, (MINY 23.04, 27.36 LaE 28.49 degree MU IAUFUAY
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v Y 9
auluannzdudaarotiian ¢, 190U 5.76, 4.29 uaz 13.03 kPa mwudwusuau a1 F

sat

4 v
N 22.59, 27.57 uag 24.68 degree ANAIAUTUAUAILTALIUAIT1IN 4.7

M3 4.7 AUANTANIIAINTTUUBIAUTUAR Section 2

Natural water content® Saturated water content
Depth from
Layer USCS ' '
top of bank (m) f; Cy 9, \ %S, fmt Csat gm’3 % S,
(Degree) | (kPa) |(KN/m") (Degree) | (kPa) |(KN/m")

1 0.00-1.50 CL 23.04 120.05| 1858 (7218 2259 | 5776 | 19.61 [100.00

2 1.50-2.50 CL 2736 | 786 | 17.26 |5996 | 27.57 | 429 | 18.97 |100.00

3 2.50-7.01 CL 2849 (2036 18.64 |68.06| 24.68 |13.03( 19.84 |100.00

*AUFIENAUIUR 12 Tunay 2553
4.3.3 QUANITANINIAINTTVUBIAUTNADY Section 3

INNTNATOUAUTNTANNIAINTTUYOIAUINO YA Shear  strength

3 k4
parameter UDIAUTUAAN Section 3 W°1J’Jﬂ,uﬁﬂ1’)$ﬂ’311]‘d]5u‘ﬁ‘iih‘lf1§]ﬁﬂ1 c, WNY 61.13,

20.72, 16.60, 11.68 tiag 2.12 kPa MUMAUTUAY A1 £, (NN 28.76, 23.68, 29.19, 34.47 1z

k4 v
v A a

28.67 degree AR UTUAU Aulugnizdudadretiiian ¢, Ny 17.05, 1.925, 231,
1.796 1@y 0.119 kPa smuaausuau A1 £, (NNU 22.61, 25.94, 26.84, 34.05 uag 27.37

A '
degree MUMAUFUAUAUITAIIUAITIN 4.8

M13199 4.8 AUANTANIIAINTTUVBIAUTUARA Section 3

Natural water content* Saturated water content
Depth from
Layer USCS ' '
top of bank (m) ﬁz c, g, %S, fsat Csar 9 sar %S,
3 3
(Degree)| (kPa) [(kN/m) (Degree) | (kPa) |(KN/m )
1 0.00-1.50 CL 2876 | 61.13 17.86 156.63| 22.61 |17.05| 18.97 [100.00

2 1.50-2.50 SM | 23.68 | 20.72 | 15.83 [24.89| 2594 |1.925| 19.03 |100.00

3 2.50-3.50 SM | 29.19 | 16.60 | 17.12 |35.86 26.82 | 2.31 | 19.64 |100.00

4 3.50-4.50 SM | 3447 | 11.68 18.14 |46.67 34.05 |[1.796| 20.07 [100.00

5 4.50-9.50 SP 28.67 2.12 15.34 (23.58] 2737 (0.119] 18.72 (100.00

< @ 1 a o d‘ ~
*AUAIDYNAUIUN 12 UUIAY 2553
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4.3.4 QUANTANINIAINTTUUDIAUTNADY Section 4

INNINATOUAUTNTANIIAINTTNVOIAUINOYIAY Shear  strength

' 4
parameter YDIAUTUADY Section 4 WUNTUTNNIZANUFUTTTUMATA ¢, 1NN 44.74, 6.59

4
v v oA 1 a

1ay 22.80 kPa MUMAUTUAY A1 £, (NNU 24.48, 28.53 LAy 28.67 degree ANAIAUTUAY

Y

a Q' v Y o A 1 1
aulugnnzoudlidleiiim c

sat

b4
N 4.03, 2.59, uag 7.04 kPa smudwuguau a £,

Y v Y 9 I
(N 24.55, 15.53 1A 27.65 degree MUMAUFUANALAAIIUA15199 4.9 druFuausun T

9 A 3 o 1 " 9
Hyaya L‘L!'E)\‘lﬂ']ﬂlﬂ‘U@l'J@fJTQLLUUﬂQﬁﬂ']WlliJUlﬂ

M13719% 4.9 AUTVTANINIAINTIUVBIAUTUAAY Section 4

Natural water content* Saturated water content
Depth from
Layer USCS ' '
top of bank (m) fn €, 9, % S, fmt Cour | Gsar %S,
3 3
(Degree) | (kPa) [(kN/m ) (Degree) | (kPa) [(kN/m )

1 0.00-1.50 CL 2448 4474 | 1839 | 7021 | 24.55 | 4.03 | 1931 [100.00

2 1.50-2.50 ML | 2853 | 6.59 | 19.09 | 83.12( 15.53 | 2.59 | 19.76 [100.00

3 2.50-3.50 CL | 28.67 |22.80]| 1940 | 8845 27.65 | 7.04 | 20.13 [100.00

4 3.50-6.12 CL NA NA NA |100.00( NA NA NA NA

S o 1 a o {
FAVAI0I1AUIUN 23 NINYIAY 2552

4.3.5 AUTVIANINIAINTTUVDIAUTUADL Section 5

VINNITNATOUAUAVTANIIAINTTUUYOIAUINONIAT Shear  strength

v Y
parameter YBIAUITUAAI Section 5 W‘Um“lufmnzmmfﬁuﬁiiu%mﬁm c, N 39.90, 4.66

v
[ v A

Y
1Ay 14.56 kPa MuMauFuAY A1 £, MmN 23.65, 29.33 1ag 27.06 degree MUSIAUFUAY

Q‘ v 9

Y 4
auluannzaudinieiiia ¢, IMNU 1248, 0.932, tiag 1.259 kPa auaiausuau a1 £,

k4 v
N 27.38, 16.01 tag 33.74 degree AUAIAUTUAUAILEAS I UAI519T 4.10

{ 1 [} <3 [ 4
Shear strength parameter NiMTIasuulasedruiuldFanuluanizanuiu

a A o ‘;y Y I A . a A o 3’
ﬁiﬁu%WﬂLLﬁgﬂﬂﬂﬂé‘lj’Jﬂu1ﬁﬁ] ﬂTﬁﬁﬂLﬂ']gﬂuéUﬂ\?LiJﬂﬂu (Cohesion) ﬂuclu’c’fmazanmﬁjaﬂm%

Y
1 o 1A a @ L4 v @
1ﬁlﬂ1ﬂ1§§ﬂlﬂ1$ﬂuﬂﬂﬂﬂ?1ﬂuﬁluﬁﬂ13$ﬂ'ﬂﬂgﬂﬁuﬁﬁ'iiJ“b'W] (WanNY 2547) ﬁ@ﬂﬂ'g@\iﬂuﬂﬂ

E4
=< v

A o W A A 1A o A1 o a J dd’la’wﬂl:’d A9
VIQ‘H;]ﬂWﬁQ"U’ENﬂuT]UthJﬁ’Jﬂ’N ﬂugmazmaw"lmnmmami}zmm@,ﬂmﬂmauawuﬂ
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3 a a dy a a Aa IS a <] 1 A A dy
eumml'aqmﬂ@uuazﬂimmmmmuiumaﬂu @uwmummmumﬂﬂ’;mazuﬂimmﬂmu%u

14
Tuwraduidosnd szinausega lduinndt dewaldmdamziuvesuradugady Usuw

v o =<

dy A A dgl I a A a ) Y = o
mm%umwumuﬂmﬂummawm‘qmmmauiqgﬂmmmmﬁclu@u ﬂ?iﬁﬂ1iﬂﬂlﬂ1$ﬂu

=y

1 IS a a o ¢ ~ a 13 A
TTUINUAAUDAADN (E]:‘i/]‘ﬁﬁﬂﬂ, 2550) Glummwﬂmﬂaﬂuuﬂawawm?{ﬂﬂmuizmnmwu

'
a g

(F) szrinannzvesaui duda (£)) nazanzvesdunondd (£, ) ¥03aua18819910
Q' U [P 9 d' d‘w 1 A 1 ra u’/} Q' dgl
aasnaodgazin ulun Idumsnfdsunlasidany naae a1 F damnaiviuuazana

A A 4
Wwoaulasuang

M3 197 4.10 AUTVTANIIAINTIVUBIAUTUAAL Section 5

Natural water content* Saturated water content
Depth from
Layer USCS ' '
top of bank (m) f; ¢, 9, X % S, f;al Csar gs“’3 %S,
(Degree) | (kPa) [(KN/m) (Degree) | (kPa) [(KN/m)
1 0.00-1.50 CL 23.65 |3990| 18.67 |72.12| 2738 |[1248 | 19.72 |100.00

2 1.50-2.50 ML | 2933 | 4.66 | 18.70 |78.32| 16.01 [0.932] 1.99 |[100.00

3 2.50-3.50 SC 27.06 |[14.56] 20.11 |87.18| 33.74 |1.259| 20.54 [100.00

4 3.50-7.55 SC NA NA NA 100 NA NA NA NA

2 o 1 A o A4
*IAUAIDENAUIUN 23 NINQHIAY 2552

4.4 HaN501809MSNUAVDINAY

1 ¥ 1 Y
AMIT100ININITAVDIAAUNOANHININAFIZUALNITAVDIAA AULIDIAUDIN

9 dy Y A Y 1 . a d o Y
vaya t uag kd Luaﬂﬂuwﬂi:mm"lﬂmﬂm Index properties ﬂTﬁ'JLﬂﬁ']%ﬁVl']GlﬁVliTU

.
a wva v Aa 1 = A o 9
AsTUIUMSVRIMsNTALarddeniinadei@dosamuesnas nstiaeslsenenlide 2
[ o [ A [ gl 1 a 4 A
anBaIAD 1) NI$1A0INTNANIZYBINAL IUNTATLAVURAY 2) AATILHIADETAINUDIAAY
19 :’ A 3 1 < . ) o
TunsdlszauduiuyY — anad081959a153 (Rapid  drawdown) Taslumsanuil 1dsdins
o y A . I o a s A IS A .
1a09lagldaas Section 1 tHudnulumsinsiz wesnnduaduuunay (Composite
= ' 1 = = 1A Aa A 1 .
bank) finweeu lnademsgudoadesnmuinnaaeanianudeuniyu (Cohesive bank)

] Y
Fe'ldmansnaseisaae 1
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a 4 [ A Y] 3’ §
4.4.1 HANIAUATIZHMITNAKIZUDINAY Section 1 1UATATLAVNUNAY

a 4 @ A { o 1
MIBATIEHMINAIzYeInad laelsaun1si 2.6 — 2.9 AuIUAIANY
4 1
AUMUKHIBLT URUINYAvEIALYB AR FUANAEAd luA15197 4.1 udad1aeens lva
,:I 1< % 1Y 4 [ 4 =) A =) A =)
vosuuduszezal 1 3, 1 ddat, 2 dien, 1 1aeu, 2 100U, 3 10U, 4 1ADU, 5 1ADY, 6
A = a J o A a 4 1 o A
PoN FIHan13ANIIEHAaAIluglN 419 HANIIAAIITHNLITLEZMINABIZUYDINAT
Section 1 N1 19A1AINATUNIUNUIBUTUNDUINYAVOIAUINANNTN 2.8 1AL 2.9 Tif1gaga
pazAganudIay Hasanszezmnaenz i ldannudiuniuriionsudeuingavesan
1 1 1 [ -4 4 ] a a 1 1
VINAUMNTN 2.9 WUNTAUMAVFUIITDI0INHUIBUTUNOUINYAVBIAUNINN N UL
= A g} [ =< " Aa dg} [ [ A 9
MoueInMs Iavesti msnazde lunatu Tudiuvesszezmsnamnzinlgainau
AUMUNHIBLTUNOUINAVIAUNAUMSTT 2.6 UaL 2.7 FzezmMINazAfINInTA
Indifeaniu
Weihszezminamzaglil 4.19 dnammeasdiuanulasansoy
Y1 o d' =< [ d' 1 Q’ a a A d’ LY 1 (Y]
lasdanaaslugdi 4.20 Tagdananmsni aasszinanmsntaieadasidiuanuaoase
Afualdtesndn 1 mamsmuianudandiuanuasassvesnasi lgmanudiumu
NUBUTIINAVOIAUNINANMSTN 2.6, 2.7, 2.8 TUMIAIUIUTZEZMINAIZHAIAAAIATN

] Y
igﬂgﬂﬁﬁlﬂlﬁW%ﬂLﬁﬂﬁu

A ' a L4 [ a
#1319 4.11 A1 Critical shear stress Gl%iuﬂTi’)!ﬂi131"iﬂ1§ﬂﬂlc]ﬂ$"ll’élx‘ma\‘i

Section 1
Critical shear stress, Pa
Equation No.

Layer 1 |Layer 2 [Layer 3 |Layer 4|Layer 5
2.6 2.29 2.23 1.47 1.14 1.14
2.7 3.02 3.69 1.81 0.69 0.84
2.8 0.0041 [0.0041 [0.0112 [ 0.0584 | 0.0988
2.9 2149 | 2149 | 1580 [ 7.64 | 10.28

Y [ ' ¥ '
UBNMINTURNANMIT AATIZHNUNAAUT U g Faados Mol szeznsian

u g

A A A a P Yy A A 9 =2
@]u@]aﬂ!%’nlgﬂixlﬂm 2.0 - 3.5 m NLUUINAUAL Iﬂﬂ‘lﬁlﬁg‘(’13L')fﬂu@8%q@ﬂ1ﬂliﬂ@u%uﬂﬂsﬂjq

[

A A Aaowa A = us/l Y] 1 @ A A
Neaandalszunm 1 1heu (tc UMUBIFAIINNN 4 FUNITAINATI) NINAAVDINAINDNNA
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mwmuﬁﬂﬂugﬂw 4.21 §IM5UNDY Section 1 HWUNMINUAY WUV Planar failure FIUA
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O Useeq.2.6 O Useeq.2.7
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wazmANuaIaTuionInmsgudendsaiu 1agds Backwater analysis 11116 Iagf 1
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grpemmasnuImnnninlszgszueiigazin awdasdredamsmiuialunianuan
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Wﬁ‘ﬂllﬂ Backwater analysis U uﬂﬂmmmmwmﬂmqm@mummﬂmi“lﬁammm (Boundary

shear stress or apply shear stress, £ ) o 11/

Y ]
a A [ o a .
HANIAATIZHAIT2AD1N1A83S Backwater analysis lauaaslumsiai 4.12
1 o 3’ A ] I @

N1 8031015 1Mave 9 1diL91n 36.00 m'/s (591 Base flow) 11]1 800.1 m’/s (szauduan
o ' Y o A = [ A0 A 421 I
wiin) daralimanuainduiionnmgdonasny, s, IAUNNALIN 0.00002 11U

1 ) Y
0.00027 F4MAANAIANUAIAFUVDIRBIAABS (S, ©0.0001) tiloannymiiwnaruanniin

o

v o 4 4 o o v v o q¥ o o & A
mlrihluadaunuszavuegesiagi Taslsnailszuna 1 Jui vszauiindunag

4.6 wamylszfiumaNuMUMUHIUIBNI UNOUINGA (Critical shear stress, £,) VoIAY Tag

IEMmImulaiounay (Back analysis)

NAUUSUIVDI Lyle and Smerdon (1965); Hollick (1976) ttag Briaud et al.

(2001) 321y Plasticity index (PI) 8¢ Clay content (P,) iHunaiauiidvesauidingydons

U521 £, Y99 Cohesive soil 1UIIUDIUAINY Simon (2006) 3£1J31 A1 Mean diameter

= A 1 1 . . @ aa/' 1 A 9 a S Y
(D,) dziwanIniiganonl £, ¥4 Cohesionless soil AUA1 £, FuANIUMTIATIZH 1A
o Y { o [ . . . . o v w
A Taeleaunisi 2.7 1ag 2.8 @1113U Cohesive soil 1La¥ Cohesionless soil MUAIAVA

1 H k4
naaalumsnan 4.16 - 4.20 Tuamwvesan k, Aannaumsn 2.12 SmMiuauRIaeFsila

v 9
HansUszImal £, Y9IAUSUAAINADIGAZINING 5 Sections 1a81%H Back
{ a 4 J 1 a
analysis Ulg{llﬁﬂﬂslu@]ﬁ%‘iﬁ 4.13 —4.17 91NMTAUATIEHUND I M tc YoIAU CL Gl,u'ﬂﬂ Sections

=S ' a Y 3 a0 1 1 1 a
AN £, uduiiavua Tastiaiegluyielseuna 3.241 - 11.055 Pa fn £, ¥03AU CL

n1daeandnInuNan15398v09 Thoman and Niezgoda (2008) N321y31 A1 £, YeIAYU CL 0

E]

=l

Tugsgana 3.16 — 14.84 Pa lunnaseiudy dmsvaudszion sM lan £, Mlszuna
1ag3% Back analysis HiA1tieenAusudundInInauns 2.7 Taelinn £, 591319 0.027

=
03 0.110 Pa



M39N 4.13 A1 £, wag k, YBIAUINAAL Section 1 9INWAYDY Back analysis

Critical shear stress, £ (Pa) Erodibility coefficient, & d(cmS/N S)
Layer (USCS|  [Initial value Obtained using | Initial value Obtained using
from Eq. 2.7 or 2.8 | back - analysis| from Eq.2.12 back-analysis
1 CL 3.025 9.075 0.057 0.033
2 CL 3.685 11.055 0.052 0.030
3 CL 1.807 4.980 0.074 0.045
4 SM 0.058 0.070 0415 0.378
5 SC 0.099 0.110 0.318 0.302

MINN 4.14 A1 £, waz k, Y9IAUINADI Section 2 VINHAVDY Back analysis

Critical shear stress,f, (Pa) | Erodibility coefficient, & , (cm’/Ns)
Layer |USCS | Initial value |Obtained using| Initial value | Obtained using
from Eq. 2.7 | back - analysis| from Eq. 2.12 back-analysis
1 CL 1.132 3.397 0.094 0.054
2 CL 1.106 3319 0.095 0.055
3 CL 1.080 3.241 0.096 0.056

MIWN 4.15 a1 £, ey k, YoIAUITNADY Section 3 1INHWAVOI Back analysis

Critical shear stress, Z, (Pa) Erodibility coefficient, k , (cm3/N S)
Layer |USCS|  Initial value Obtained using | Initial value | Obtained using
from Eq. 2.7 or 2.8 | back - analysis| from Eq.2.12|  back-analysis
1 CL 2.502 7.506 0.063 0.037
2 SM 0.093 0.046 0.328 0.466
3 SM 0.055 0.027 0.426 0.609
4 SM 0.077 0.039 0.360 0.506
5 SP 0.088 0.044 0.337 0.477
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M350 4.16 A1 £, uaz k, YBIAUINADI Section 4 VINHAVDI Back analysis

Critical shear stress, £ (Pa) | Erodibility coefficient, k J (cm3/N S)

Layer |USCS | Initial value |Obtained using| Initial value Obtained using

from Eq. 2.7 | back - analysis| from Eq.2.12 back-analysis

1 CL 1.662 498 0.071 0.045
2 ML 1.677 0.76 0.115 0.115
3 CL 1.459 438 0.083 0.048
4 CL 1.148 3.44 0.093 0.054

MINN4.17 A1 £, uaz k, Y9IAUINADI Section 5 VINHAVDY Back analysis

Critical shear stress,Z, (Pa) Erodibility coefficient, k , (em’/N.s)

Layer |USCS|  Initial value Obtained using | Initial value Obtained using

from Eq. 2.7 or 2.8 back - analysis [ from Eq.2.12 back-analysis

1 CL 1.099 3.288 0.095 0.055
2 ML 0.983 0.983 0.101 0.101
3 SC 0.084 0.098 0.345 0.319
4 SC 0.078 0.105 0.358 0.309

Y Y v ¥ 1 Y
2MINATIZH AT NI LN HUZMINITAVINAT FINUAFING 4

Y ¥ '
(Section 2, 3, 4, 5) MIANAIAA FIdAAAINUAIDTUI8VBY Rinaldi and Casaghi (1999) #

[

v Y 1
srieeFalnud aasauIngaziiandniian (Rapid drawdown) Faluszningduan fias

a a a A A 09/’ J A o 1a va g [
ﬂlﬂﬂﬂuﬁuﬁﬁﬂﬂzﬁﬂaﬂllaZWa\ilimqt‘glaﬂlﬁaﬂiﬂWW ﬂﬂﬁﬂﬁ\w\illiJW‘U@]L‘]JUWﬁN"ﬁ]Wﬂ!LiQﬂufﬂ']ﬂ
[ cy I R [ = ' A o g} 1Y I A =
ITAVUN (Fw) WUAITITNBUADITNIN FEHINNTZAVUIAAAIINTEAVLANANT LTDETAIN

A 1 < 4 o w a { o o 1 @ 4 [ g}
GUG\WIENﬂgﬁﬂﬁ\?E]fﬂ\i53@L§'§Lﬁ@\‘lﬂ1ﬂﬂ'lﬁ\ﬁl@\‘]ﬂﬂﬁ@’IE‘NLLEIZﬁﬁ'lﬂilluﬂ'llliiﬂulﬁﬂﬂﬂ?ﬂigﬂ‘]_lu’l
a 1 A a a wa a 4 1 A a a wa A [ g’
°lumaqaﬂms5f’m ﬁﬂNaiﬁﬂaﬂLﬂﬂﬂWiWUﬁ fl]'lﬂfﬂi’Jlﬂi1$WWU31ﬁaﬂlﬂﬂﬂ15WUﬂlﬁﬂizﬂ']_lu'l

A Y Y < a @ 3‘
clu@aﬂaﬂizﬂﬂaﬂﬁ]WﬂﬁzﬂUL@ll@aq (Bankfull elevation) W?@izﬂuum‘ﬂ’q‘@ﬂizmm 0.381 —

Y
~ v I 0

1 Y v v v
0.655 m “?Qﬂ”liﬂﬂﬁﬂﬂl@ﬂi%ﬁlﬂﬁi‘ﬂ z@mmmaqﬁqszﬁumﬁﬁﬂﬁ*mqw
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4.6.1 Classification of erodibility
1 1 =< 9 (% a :/I dyd? 1
M, uaz k, 19U9NNIANNEINT0 TUMIAIUMINALZYBIAY NIHUUDEY
Y 1
o v o J 1w o o . o
AUANUFUNUTTEHINANITDIAINAUNL11U09 Hanson and Simon (2001) #1dsi1A13
o A Aa ] o a 1 ] I
Swunlszianvesauinertesiumsiamz Taenasanona £, uag k, niseeniu s
Uszian'ldun Very erodible, Erodible, Moderately resistant, Resistant @& Very resistant N
peraelugli 2.14 wamsdwundszanvesauiinertesiumsnamzvesansuAaIARNY
dy A= o . 1A I A A Y 1
AZIM IUNUNANEING 5 Sections WUNAY SC, SM uag SP1uaudsznniianuamuniuae
] 9 . 1 a I a A F) 1 ]
MInaIZ o8 (Erodible) Tuaiuvesau ML 1uaulsznnnianuaiumuasmsnaimie
. a I a { 1 o
111na1e (Moderately resistant) traza CL Wuanlszmniianudumuaemssamnzaliv

NAN — AMUMUABMINAIYIZ (Moderately resistant — Resistant) aguaaslugili 4.24

10 —_HII| I IIIIIII| I IIIIIII| I II\IIII| I \IIIIII‘ I IIHIH| T TTTI

L L I1H

E Very Erodible
B G Cohesive soil

L Cohesionless soil

|

;_; E 3

& E SC, SM, SP 3

It B Erodible ]

=

= r n

2 ML

£ 01k *5) —

S = cI, .

z: I -

:'E B Moderately 7

Z

5 0.01 = Resistant =
B Resistant Very i

Resistant
0.001 =

—_I'HI| 1 IIIIIII| 1 IIIIIII| [ I\IIII| 1 \IIIIII‘ 1 IIHIH| 1 IIIIIE
0.001 0.01 0.1 1 10 100 1000

Critical shear stress, Pa

gﬂﬁ 4.24 Classification of soil erodibility mmﬁﬁmﬁmamémzm (/13 Hanson and Simon,

2001)
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v o 1 a a @
4.6.2 ANVFAUNUDIITENIN tc uag 1Jimm@umﬁmuazwﬁmmmﬁm

Han15UseiiuaInudumuntlsusaReuIngavesau lua1uve
] 1 ' Y
Cohesive soil 1o NnsaNT A uantanne o usy Usuimaumiiod Tagiimin
(Clay content, P.) Ay A¥UWAEAN (Plasticity index, PI) MUAMULIIUOI Thoman and
{ 1 va csj o 1 a 4 [
Niezgoda (2008) 1321 NAUANTANIMINNIITDINANVAIAYADNITUATIZHN IAAY
Y
a o 4 1 va a % [ 1
Y9IAUL3ZIN Cohesive soil ANVTUNUTIZHINANAVTAN NN NUDIAUNITDINVAN
Y ' A a a ) 9 A
ANuAUMUMIIeITIRouINgavesau lauaas 1A lugli 425 — 426 vazaums 4.1 uay
1 U ] a a o @ o 1
4.2 WUNAANNAIUMIUNUIBLTIROUINGAVOIAY CL dususnual P, uaz PI lugilues
% a 1 4 ' v o
@uM3 Exponential 3diarsananuiuyenslugluuuves R wuhaumsanuduius
' A 1 2 &£ A A A ' v o '
5¥MIN £, 1ag Clay content A1 R’ =0.9992 HaUANUUNUFODONINANANUTURUTILHIN
t. uag Plasticity index (R* = 0.5043) ¥41nAiAoanUNANITNATOUUDY Kamphuis and Hall

(1983)

20

Critical shear stress, Pa
ok o
=) wn

\ \
\ \

(9]
\
\

0 [ T T I T S R B A
15 20 25 30 35 40 45 50
Clay content, %

{ o o d ' 1 a a a a
g‘]_]ﬁ 4.25 ﬂ’NiJﬁ"JJ‘W’Ll‘ﬁi3‘H’JNﬂ’3111ﬁgﬁuﬂTuWuﬁﬂLliﬁLﬁﬂu’Jﬂf}ﬁﬂlﬂﬁﬂullagﬂiNTmﬂu

M He1U09A1 CL
t, =1.474¢"%" (4.1)

£ =2.367¢" 4.2)
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15

p—t
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\

\

(]

Critical shear stress, Pa

5 10 15 20 25
Plasticity index, %
{ v o d ' ] a a o a
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Sumdafianudumudenssamednnn Gi?”uﬁngﬂﬁmmz"lﬁiw Tasmmizadalszan
Composite bank c’fqazgnﬁmmzﬁ%umw ﬁqﬁyﬂumiﬂ%"uﬂfguﬁﬁaﬁmwmmmﬁqéfmﬁmﬁ
Hosiunsiamzidunsiesu mssaiuniings Fandrendaumamansiesiuads

voadinwalseniug 16
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(M13197 4.18) danalioasiaiuanuilasassanadnunans N FanadazinanIsniia
' A a o J ' v o . £ g . a
lugrsdeungaInIey (52aVinga) ua lun1andunu Section 2 t1ag 4 4u1]1 Cohesive bank 1
d‘ [ a’ 9 = [
manlasuuilasnimdayinsvesnastioes Tasliszezmanaenegagallssuna 1.35 - 1.67 1was

a a d! 3 . dyw IS I d’ ' =)
NUUINAIUAY BINITD Sections uﬂﬁlllfﬁi‘l‘(’J‘iﬂ'lWHJfJigﬂ&’Jﬁ'lW'luhlﬂ 13

14 | | | | |

12 — =]
Initial profile

— — — Failure profile
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E Water level at failure 6.06 MSL
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1 [dsuanuaa2H: 1v 10.75 ngeemen | msdSuanuma + m3Searuniiaag
2 [dSuanwena2H: 1V 1.67 laiRamsntia Usuanuaia2H: 1V
3 |USuanuaa2H: 1V 7 ngeemen | msdSuanuma + m3Searuniiaag
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5 |USuanuaa2H: 1V 8.78 ngeemon | msdSuanuma + msSearuniiaag
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(Y Aa vAa ] [ A &
2 uag 4) lunamsnialugeszeznal 13 9 l¥Fmsdsuanuaiavesaaaduuuinialums

v
a
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Y
Sections Itpajidae 1

a [ 1 a' 1 9 a
5.1.1 AuAled 1 Inadnassgazinlszno lUareauilszinn CL, ML, SC,

Y Y
SM tiag SP HamasvesauluanneanNusUsIsumIAaIn1s 1960 1l

Effective cohesion, | Effective internal friction angle,
Soil types '
¢’ (kPa) f (Degree)
Low plasticity clay (CL) 7.86-61.13 19.59-28.76
Low plasticity silt (ML) 4.66 —6.59 28.53-29.33
Clayey sand (SC) 7.91-14.56 27.06 —-29.59
Silty sand (SM) 9.69 —20.72 28.98 -34.47
Poorly graded sand (SP) 2.12 28.67°

Y
= v

5.1.2 WaNINATDL Direct shear test MUNTANAUDUAIFIBVDIAID19AU
Y v 9
MINUANTINITANYI WUIAT Effective  cohesion YDIAUAIDEIIAAAIINANIILANUTU
555011 TL1 36.00 — 98.56%

5.1.3 Wan1331003n13NIAYINAINADIZAZIAT HUAAUAANITTTATY

Y
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a 4 Y a (R @
5.14 NﬁﬂWiﬁLﬂi1$Wi$ﬂUTﬂﬂ?% Backwater analysis WUIIAIANNAIATU

=<

A 8o 4 2 = A v o 3 2
IHBINNNITFUTINAINUY (Sf) FNUUHDIN 0.00002 D9 0.00027 Tuvamznmszauiiluaas

' Y v v v
AN 2.00 AT TN, DITTATIINAUART

' Y
5.1.5 HAaMIIATILHMIIAMNLHAZIaDTMNYBIAAING 5 Sections WU
' ¥ Y v Y
aaunanINTAleIInszauIanadiuinula (Rapid drawdown) Iasiszavuiinanas

Y

[y o 3 A o g’ o Y A a A va
ﬂ5$3J1m 0.381 5\1 0.655 AT NTTAUUN L@Nﬁaqwgﬂﬁgﬂﬂu’IQQ?‘!ﬂ 'V]']Glﬂ@a\uﬂﬂﬂ’lﬁwu

5.1.6 Wan15152uaA Critical shear stress HAZA Erodibility coefficient Tag
7% Back analysis WU AN Critical shear stress AZA Erodibility coefficient 493 Cohesive soil
fiAeg1ug29 0.758 - 11.055 Pa gz 0.045 - 0.115 em’/N.s mUIRY Fedwunedlugmanan
Uszianditinnuduniuaenisfamzliunats - dumiudenissamiz (Moderately
resistant — Resistant) MU &1V Cohesionless soil A1 Critical shear stress LAZA Erodibility
coefficient 051124 0.027 — 0.110 Pa 1Az 0.302 — 0.609 cm’/N.s Fadwunoglusmanau

Uszinnnianudumuaemsiamiziios (Erodible)

v o J ' ' a a
5.1.7 ANUFUWUTIZHINA Critical shear stress 1o Usunauaumitien (Clay
content, P.) 19z A¥HANNINGIYI (Plasticity index, PI) YBIAUTUAAIAADIPALINT WU
v o Jdo J A o 1
anwumuiuzﬂmmanma Exponential Ta®AN Critical shear stress (Pa) NAIUIUIINAT Clay

= 1 d‘ A 1 2 % 1 dy
content (%) UANUUUFDDOUINNN muﬁ@ﬂuaumimm”lﬂu
t, =1.474¢""" R =0.999

5.1.8 MIMruauUINIMIoadumsmiatarmsfiamz veInad
ARDIYAZINT WU 115U Composite riverbanks (Section 1, 3, 5) A251¥MsUsuaNUaIA
' o ~ A ¥y a A o o o 3 ) A
JafumMsBeanunaaanetostumnamiz lusunsodunnialumsileaiueag u
1 Y v
@IUUDY Cohesive riverbanks (Section 2, 4) mﬂ%’miﬂ%’ummmﬂ (119991AFUAUVDINA LY

Y 1 v y v . .
ﬂ’ﬂﬂJG]1uﬂ1u¢]ﬂﬂ'liﬂﬂl°1ﬂ$1|’lﬂﬂnﬁEJ‘]Jﬂ‘U Composite riverbanks
Y
5.2 yslaHauuUy

52.1 MINAAUA081901 IA8D Direct shear test AI5aALaa1 19301

Y] 4 Y] 1 ] 3
AT 099M357999 (Instrument) #1994 Load cell a2 Displacement transducer Wudu
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an/ s 9 = 4 R o = 9 ] I
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o KX 9
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@ @ ' . . . o 9 4 1o
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a 4 A
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14 1 Y ' E4 v
sznehgazin Fansrumszauihiuiveuvesnaadwristinugs Srurandulioudande Section 2

i
% [

o Y dy ~ 9 = :I 1 Y ~ A o 3' 1 £ a
TumsmuiudoIniununindganizauiige A(y), duveulennizauiiigies P(y) iaas

1 o " 29 v 0 da'
Lmazmlmummay’amm"lﬂu

Uas.gazin A(y)= 7.3755 y° +74.194 y + 25.818 , R* = 0.9995
P(y)=1.0855y" - 7.6642 y*> +22.662 y +88.387 , R* =0.978

Section1  A(y)=1.7623 y* +10.664 y - 3.1786 , R> =0.9999
P(y)=-0.0209 y* +0.3613 y* +2.4402 y +11.945 , R* =0.9767

Section2  A(y)=1.4578 y* +26.641y -19.437 , R> =0.9997
P(y)=0.3459 y* - 5.5951 y* +33.387 y +16.134 , R* =0.998

21NMIATIVIANTNAAVINVBIATIND I ATZAVNDINADIVBIAA AR AU OGN

FEAU 0.64, -4.15, -1.55 AT 5NN, AWAIAU WI9aIIAT.9A2In1 — Section 1, NOATINS Ina
Y v Y

36 m'/s Tnaan Section 2 lgilas.gazin lusmziiuadanihilas gazmlszanih (y) iy

Y 1 H
2.205 1ATINNBIAGBY AITUAT /2, duMTh 2.19 vzagludivvesnasauludumiiag 1

& v vy
NNFAUNITN 2.19 H=H.,Ztyt—+h =z,+y,+ =
1 2 2g 2g
Uasgazm  z, =0.64 m,y, =2.205 m, 4, =225.27 m’, P, =112.73 m
4
R =—1=1998 m,V, :gzizo.m m/s
P, A, 22527
Section 1 amﬁlﬁ Y, =625 m
Y|
z,=-415m, 4,=132.22 m’, P, =362l m, R, ==2=3.652 m
2
g :2:3—:0272 m/s
A, 132.22
0 ~2
A d nl Aq ¥
NNFAUNMIN2.2 S, =§ YR , Taveruydld n =0.03
CERTY
50.0330.16§" £0.0330.272§"
s, =8203°0160"_ 4 60001, 5, =827 02728 - o001
T 1.9987° -+ ‘¢ 3.652 +
. 1+0. 1
5, = 0.0000 20 00001 _ 0.00001

h, =S8,Dx, Dx =1020 m, 2, =0.00001 31020 =0.01 m
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0.16°

H, =0.64+2.205+ 3l +0.01 =2.856 m

02722

Hy = =415+ 625+ 2= =2104 m,

DH =2.856-2.104=0.752

9 9
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o 1 = A ~ 9 1 1 % g‘ A A ~ 9 V1 o A Aa dgl
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. 3 X2
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| =§20236%0-2288" _ , 5000046
e 398677 -
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h, =0.0000051 21020 = 0.0052 m
0.162

H, = 0.64+2.205 +

+0.0052 =2.851 m
81

0.228°

H, =-4.15+6.999 + 2l =282 m

DH =2.852-2.851=0.001 OK

Section 2 ?fmgaslﬁl y; =4.416 m
A
2= -5 m, A, =126.62 w\, P =84.246 m, Ry =1 =1503 m
2
=22 30 0248 s
4, 126.62
. 3 X2
s, =§2020702988 4 500026
AT 15037 -
. 1+ 0. 2
Sf _ 0.0000051+ 0.000026 ~ 0.000015

2
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h, =0.000015 31178 =0.018 m

H, =2.851+0.018 =2.869 m

2
H,=-155+4416 +% =2.809 m
239.81

DH =2.869-2.869=0 OK

v Y '
namsmua laudaederafiiuuemamun aszaivesnaaaazdurianlas.
[ I Y
gazin Tlaudeaaeaofithunienaindasims lnaveuiunny 36 m's HAUMINY 2.205, 6.999,
4.416,3.671,3.584, 5.392, 3.877 IIATIINTN0IAADI N30 2.845, 2.849, 2.866, 2.871, 2.884, 2.892, 3.120

a3 snn. uazlian S, =0.00002 Awandlun1seh 4.12
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MARNUIN. U

519021989 1151053 BSTEM Static Version 5.2

Tusunsy BSTEM 5.2 15uTis1n53 Excel 1059%uUa1qa199 BSTEM program fisiainnlag

. qul 1= Y o 3| Aa Y 5’ @ .
Andew Simon, USDA éauaitl a.¢12000 deilaqaiu iuldsunsuiinsigsd 1astamsnaens (Erosion

[

. = a e A& A A o ' S 1 [ [
analysis) UAZIADYTNINUDINAY (Bank stability) Falaulsznoundinnuisoomilu s aIuUnanc e

5

uaraaluglnldun



1. Input Geometry sheet
2. Bank Material sheet
3. Bank Vegetation and Protection sheet

4. Bank Model Output sheet

Y
5. Toe Model Output sheet i 18az108addn0 1)1

1. Input Geometry sheet

Input bank geometry and flow conditions

1 Select HITHER Option A or Dipsicn B for Bank Profile and emier She data in e relowent box- celis

alemative option are ignoned i The simulation and may be left biank i desined
) Emfer hank maserial byper Silcknesses [ bank b5 all cne maserisl | hel

Dafinitizn of points ussd In bank
ork through il 4 ssctions then hit the “Run Bank Gaometry Macro™ butbon. preflis

A- oanktop flacs oeyand E1Ee
of shear surlacs. =

) I bk s submenged Then select The sppopriste chanme] fiow sless E':ﬁ'l'i_"-“jg_ﬂ L
and caloulate erosion A eleuation below e hank e - :‘Yﬁ'-'ﬂ':'r‘:tmm oang
(1 0o oraavs Of 2008 macs
G, 3z imzrmedary oims)
= Q- topal tank io2
= =~ - oraaxs ol 24008 0N SanE 12
2 (Mnooreavs ofsaoe e
a I mzEntEzimaemeday
station Elewvation # pais] 1
point () = 3. a2 of bank, joe
- {m} im) Top of T - and palt {tyghcaly mid boin
it of channd
A TO1_|toa? ; b
=] 7.1
C 7. r 3
3 =5 r haes - E
= : 701 r San« profee miEy averhang.
= — = r e cam; pratis bs fuly
- — o r papuidied, the shEr surtace
H T =i amarganca paim shauld be
— — r ameanena oetkvasn poims 5.and
1 r |l Ut EneEr sUrtEzE 20k a) o
J 776 r The snear surlace erangenc:
£ 7.80 r parlymust not be"ofkd honzamal
L 785 455 r Bank layer thickness [m] Sacha - e ievaton of s pant
7.85 451 r P mus! Beanique or an agar . |
N T 401 r w/ e Tasage Wi densy
& a.a7 33 r Ton e .
= E‘-;' 23? r Laper 1 I 1.50 E
Q ] k] - B
z 1147 o ) I
D EE o
v | zm 3 wers [ 1m0 | 2 i
24T Q.0 3
— -3

Geometry
©)

d)

Geometry Macro

€)

3 Unaw-—1 Input Geometry sheet
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1< 1 1% @ A ]
Input Geometry sheet 1funthatslumsiloudoyadnuaziilivesndusu Geometry ¥4

A o a o o A = ) o o a a o g
AN AITUUUIVDIVUAU igﬂllanl,u@]a\i533Jvlﬂﬂ\1ﬂ'ﬂua'lﬂ%usll'ﬂqa'lu'l NﬁTﬂaglﬂﬂﬂﬂQﬁﬂqﬂu (ZI;'IJT]

v-1)

a) Uoya Geometry ¥oaAda tiieonii 2 Juuuvlsznen lidae

I A Ao
Option A — 1W1UM1571A Geometry ¥94nad IaalFina (Coordinate)

'
~
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. < a Y o a
Option B — Wumsna Geometry “U’é)\'iﬁa\iIﬂﬂi“ﬁﬂ?WNQﬁllﬂ%ﬂ’Jn\l%uﬂJ’E)\‘lﬁﬁ\‘i
9 9 3
b) %@Haﬂa1mﬁu1maﬁuﬂul,mawffu NATUINNUBVVUVDINGN (Top of bank)
Y o cy A o 1 A A oy
c) "ll'f]lluﬁﬂ1§hl’l"i'ﬁ61]’E'J\‘1fﬂ1u'llfW'E'Jﬂ1u’JiLlWu’J‘(’Jl,li.iQL%’E’]HLU’E]\WWﬂﬂTiUlWﬁGUENH'I 1sznou
Y
liéne
1. ANUA39U89ARY (Reach length)
Y
2. ANNAIAFUYDIE1HT (Reach slope)
Y
3. 52AUN (Elevation of flow)
Y
4, 5383L’)ﬁ1ﬂ1§1‘ﬁﬁﬂ]@\1‘1j1 (Duration of flow)
o o 2
d) View Bank Geometry Humdauaas Profile ¥9998391011310 14 a.
& o o = @ X

¢) Run Bank Geometry Macro Wumadalumsiaeu Sheet 118 Bank Material sheet

d’ o 9 vAa a 1
iehmstlouteyanmantinvesauae 11

2. Bank Material sheet

Select material types (or select "own data" and add values below)

Bank NMaterial Bank Toe Mater

= [or

Layer 5

Layer 2 Layer 3 Layer 4

[v] |ownde (7] [owndem

pank-toe material data tables.
2 Jult parameters used in the medel Changing the values or descriptions will change the
nd | 3electing =oil types from the list boxes above. Add your own data using the white boxes.

rial Descriptors Bank Model Input Data Toe Model Input Data
o
Cohesion ¢’ K
o egrees) . (Pa) .
[tac:t o P : (Pa) {cm*fMs)
oulders 0.512 0.0 15.0 - 493 0.004
obbles 0.128 0.0 15.0 - 124 0009
[ 0.0113 0.0 15.0 5 11.0 0.030
4g and 4b Angular =and 0.00035 0.0 18.0 15.0 - Coarse (0.71 mm) or
5a and 5b Rounded =sand 0.00035 0.0 18.0 15.0 - Fine {0.18 mm}
Sa, 5b and 8¢ | Sit - 300 3.0 18.0 15.0 - Erodible (0.100 Pa)
7a, 7band 7c | Soft clay = 25.0 10.0 18.0 15.0 - IModerate (5.00 Pa). or
2a, 8b and Bc | Stiff clay S 200 15.0 18.0 15.0 - Resistant (50.0 Pa)
Own data layer 1 | zz28 || | T T |00 [ 0316 |
Own data layer 2 [ zre ] a2 [ 1o 150 ] |00 ][ 0316 |
9 Own data layer 3 | zer ] 12.0 || IFF | T | 010 0316
Cwn data layer £ [ =7 [ 120 [ e [ =0 ][ \
Own data layer 5 [ =1 [ 120 [ =z [ =0 ][ \
Own data Bank Toe a) b)

3 1J91 2 — 2 Bank Material sheet

I 1 1 va a a a
Bank Material sheet Huniharslumsilounguaniidvesausuaaalsznoulildle
AMANTANINIAINTTUVDIAY (Engineering  properties) 1AZAMANTANINAIUNITAAAIZVDIAY

Y v
(Erosional properties) Neazioeadea 117 (:ijﬂ“ﬁ Y—2)
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9 UZ a a 9 < A R
a) mayaﬂmﬁnmmmmﬂiimmﬂuﬂizﬂau"lﬂmsl ym?rﬂﬂmummmmu (Friction angle,
' =2 ~ ' S a . ' 1 2’ o a . . A
) 153 ueITEnNUUAAY (Cohesion, ¢ ) HUIWUINUNVDIAY (Unit weight, g) UazyuNnuUIvon
= A 4 ' A . .
DIMTINNUUYDIHUIYLUTURDUIN Matrix suction, F
9 v 9 [ a 9y 9 ] A
b) 611ayjaQmtmmmamumiﬂmmzmm@uﬂizﬂau”lﬂﬂmmmmumuwmﬂmqm@u
4
INOAVDIAU (Critical shear stress, £, ) HazaNUsz@nTMINaLsE (Erodibility coefficient, &, )
3. Bank Vegetation and Protection sheet

Simulate the mechanical effects of bank fop vegetation on  Protect the bank and/or bank-toe against hydraulic erosion by

bank stability using a root-reinforcement model adding treatments (or select "own data" and add values below)
RipRoot (Follen and Simon, 2005) is a global load-sharing fiber-bundle model. |t explicitly simulates Protection
both the 2napping of roots and the slipping of roots through the =oil matrix, by determining the Bank Protectio Bank Toe Protectiol
minimum applied load reguired to either break each reot or pull each reot out of the soil matrix. As
the strength of each root is removed from the fiber bundle, the load is redistributed to the remaining =
roots according to the ratio of the diameter of 2ach ro m of the diamsters of all the intact Bank and bank-toe protection data table
reote. RipReet builde on earlier work by Waldron (1977), Wu et &/, (1979) and Waldren and These are the default parameters used in the model. Changing the values or descriptions will change the
Dakeszsian (1981). values used when selecting 2oil types from the list boxes above. Add your own data using the white box.
Bank and Bank-Toe Protection Descriptors
R Protection type Description
. 1 No protection
Root-Reinforcement 2 o fboer 108
3 Geotextile (synthetic) 144
Model 4 Jute net 22
5 Large Woody Debris 192
8 Live fascine 100
) 7 Plant cuttings 17
Root-Reinforcement Model Qutput 2 Rip Rap (Dz: 0.255 m) 204
List of Species 10
Percent of Assemblage 1 =
12 -
Added cohesion due to roots, ¢, |:|kPa a) 12 Own Data |:| b)

3 1/ ¥ - 3 Bank Vegetation and Protection sheet

< ' { Y A
Bank Vegetation and Protection sheet 1iluntharalumstloudoyamernums dislunsmu
a A ' 3 s o LY A ~ A v A
desnmena wiveenily 2 esdlsznoundnd 1dun msmuadesnnvesnasdiesniaay

A 9 [ A oy = = [ dy ~
fﬂiﬁ/‘mﬂ'NﬂJG]1uﬂ1uﬂ15ﬂﬂl%’1$!,u@\1ﬂ1ﬂﬂ1§hlﬁﬁ"ll@\ﬂﬂ UINYATIDYNANU (gﬂ‘ﬂ Y-3)

A = A v A I A o o a A A 9
a) MINUADYTNINVDINAIAIYTINWY L‘]Ju’ﬂ’]ﬁ!,WllﬂTaQ‘U'ﬂ\iﬂuVI‘U@U‘Uuﬂl'ﬂﬁﬂa\iiﬂﬂisﬁ

Y
TuiAave931n#HY (Root-reinforcement model) IUoIAUNBUAAZ FIA

A [ 4 gl < @ [ {a A
b) ﬂ']ﬁlWﬂJﬂ'ﬂﬂJg{”lucﬂ']uﬂ']ﬁﬂﬂl“ﬁqglﬁ@\izﬂ']ﬂﬂ'ﬁulﬁamaqu'] LﬂuﬂTiﬂﬂQﬂUﬂ1§ﬂﬂL“ﬁ1$ﬁW3@a\1

4. Toe Model Output sheet
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Toe Model Output

Verify the bank material and bank and bank-toe protection information entered in the "Bank Material” and "Bank Vegetation and Protection™

worksheets. Once you are satisfied that you have completed all necessary inputs, hit the "Run Toe-Erosion Model” button (Center Right
of this page).

Bank Material Bank Toe Material

Layer 1 Layer 2 Layer 3 Layer 4 Layer 5 a)
|  Owndata |  Owndata |  Owndata | Owndata | oOwndata |  oOwndata Material
| 0.10 | 0.10 | 0.10 | 0.05 | 0.05 | 0.05 Critical shear stress
(Pa)
| 0.318 | 0.318 | 0.318 I 0.431 I 0.431 I 0.431 | Erodibility Coefficient
{cm®ls)
Saze of layer 1 .
. Run Toe-Erosion Model
£ 4
]
=
‘é 2 Axverage applied boundary shear stress | 15.350 |Pa
o S3z of layer 5 Maximum Lateral Retreat 52.8581 cm
) Eroded Area - Bank c) [ 0.854 m*
Sreas e Eroded Area - Bank Toe I 0.000 m*
T — Eroded Area - Bed [ 0.000 m*
Eroded Area - Total I 0.854 m*
— s e
o 20.00 Export New (Eroded) Profile into Model e)

3UN ‘]J 9 — 4 Toe Model Output sheet

< 1 { a 4 @
Toe Model Output SheetLﬂu%ﬁWﬂﬁ‘ﬁuﬁﬂﬂNﬁﬁ]WﬂﬂTi?LﬂiTgﬁﬂWiﬂﬂL“ﬁ"lg 151081909

ﬁqsi@"lﬂf;(gﬂﬁ Y- 4)

a) udasdoyanuaUIAY0IAUNNAIUMIAAILIZ 910 Bank Material sheet
b) HEAAIHANITAATIZHMII AL 'e)gj“lug1JLmusu'eNn1wﬁﬂmwwamﬁlaﬁaﬁauuawﬁa
M3 IATIZHMI AT
¢) uaaIwamsIngimItame oglugluuuvesduay Usynoulide
1. fundovesminous ufewiiessinms lnaveaih

(Average applied boundary shear stress)

2. 92923 ﬂm‘flﬂwﬁdﬁﬂ (Maximum Lateral Retreat)

3. ﬁyuﬁmamaqﬁgﬂ DA (Eroded Area — Bank)

4, ﬁ:’uﬁmmmummﬁgﬂﬁmmw (Eroded Area — Bank Toe)
5. ‘ﬁuﬁmmmu@ﬁqﬁaﬂﬁmm” (Eroded Area — Bed)

6. ﬁ‘”uﬁmmmﬁmwmmﬂﬂmmw (Eroded Area — Total)

d) Run Toe-Erosion Model Fumdalumsimsermssamy
¢) Export New (Eroded) Profile into Model m‘ﬂuﬁrﬁ lums Update profile ﬁgﬂﬁﬂlﬁ]ﬁﬂ

11J83 Model titoviimsaasziadesnimae 1



5. Bank Model Output sheet

Bank model output

erify the bank material and bank and bank-tee protection information entered in the "Bank Material” and "Bank \Vegetatien and Protection

workzheets. Once you are =atizfied that you have completed all nec

Bank Material Properties

E22

=ary inputz, hit the "Run Bank-Stability Model” button.

106

Layer 1 Layer 2 Layer 3 Layer 4 Layer 5
| Qwn Data Qwn Data Qwn Data COwn Data COwn Data
VWater table depth (m) below bank top
s o a)
£ Input ov s (kPs]
- Own Pore Pore Prezsure
2 Fressures kPa From Vater Table
=z | Layer 1
z | Layer 2
5 ——
z Layer 3
g
w | Layer 4
| Layer &
©)

Factor of Safety

Stable d)

STATION (M

| 15.20

Run Bank-Stability Model b)

3 1/ ¥ — 5 Bank Model Output sheet

[ J { a J A a
Bank Model Output sheet (Huntia19nl¥uaninanInmsinsziadesnInvesnas i

Y 1
s1wazideaasae 1T (U7 v - 5)

A

o J a ¢ A " o
a) Gflj@ll”aalla\iLli\‘iﬂuu’lcluﬂ’lijlﬂi'lgﬁlﬁaﬂiﬂ’lwsua\?@]a\? LLUQHJH 2 aNEHUTAD

Y

Y Y 1
1. M3 l¥3zani1aau (Water table) Tumsmuiamssduiin dausaduiing
I~ .
11U Hydrostatic
Y9y Y]
2. mslgdoyannmsnidnialuauiu
I o w a o A
b) Run Bank-Stability Model (Humdelumsinsizvigdosninvesnag
¢) LAANANHUZNMINUAVDINDY

a I @ 1 @
d) uﬁmwami’JmﬂwGl,u;ﬂmmamm’gummﬂaa@mﬂ (Factor of safety)
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MANUHIN A

A0619mMIUseiuAIANUAUNIUHHIOLT AR UINGAVDIAY (Critical shear stress, £, ) 1875 Back

analysis 59000 1151054 BSTEM 5.2

2
ar0819amsdsziiua £, Tunanudnil naauaniznslsziua1 £, 999 Section 4

1NMTF1529 IUAUIUNLIIAD Section 2 UATWUALUY Planar failure TLELNUANINY 3.2 1UAT 910

]
v =

YOUAAUAN YURTAMINY 31.13 03N yafisulsIngmMsnliaegNszay 2.7 was 9nfeenass (2.00

AT INN.) AMVANVDA Tension crack NN 1.30 AT
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A VY v i & 9 A v a ¢ ' A
!WﬂiﬁWﬂWHLGUWGlﬂllﬂQWEI"Uu WNIVYUUBLTUAUITNWNANTITIUAIICHUINTIUAD NI

U U

] 9
A [ ] o

a o 1 A a a wa 3’ I A
AUATIZUWDIT AA Section 4 ILINANTWUALNDILAVUIAAAINNTEAVUUUANAAN 0.641 LUAT 1’7?’0

9
o

[ @ a 1 o a 4 Y
TR 5.48 1UAT QWﬂﬁ’ENﬂﬁfN (4.78 m. MSL) aaiulumsyszdiumm tc g]jﬂ\‘]ﬂ1ﬂ1§"}lﬂi1$1{iﬂ1'§ﬂﬂl°ﬂ1$
A vy ¥ = Y a2 Ao 4
YA 11 14 Eroded profile NATINY Profile Yo aaNd1529 Tuau1y (Measured eroded profile) &3

A v
msdsziiua1 £, 1ae3T Back analysis 2w Tsunsy BSTEM 5.2 fldunouasae 1l

19 a 9 3 qa/l a o o
1. ﬂauawmaya Geometry U9IATNNIDUTNTZUANUHUIVOITUAU (a uag b aua1aUl) Tu
@ A Yo o A [
Input Geometry sheet mu’dﬂﬂugﬂm A — 1 uazl¥A1d9 Run Bank Geometry Macro io'l1&a Bank

Material sheet 919 hlﬂ

Q- fopiefbank toz "

Opticn & - Option B - £ e, % R-U “bresks efslope on bank tos
profile us the mode = {if no bresks of slopsthen
E a5 iniegmediary
W DoTon A [~ 8 m
Station Elevation hanktos
Foint [m} [m} I Y 2) Input bank heigh { {ty picalimid point
Top of )
A 0.00 2z (tee? ||| b} Input bank angle (7
B 2.00 6.12
C 3.00 6.12 |1 ©) Input bank tos length {m " Station {m
D 4.00 6.12 r
- —— = = Eank
E 5.00 6.12 r | d} Input bank tos angle 7
F 500 Er Mater=
G B.80 8.12 r Layar]
H gz | M .
1 E.4D =z [T Input shear surface angle T
J 5.20 6.12 r -
K 8.22 4.51 r
L 2.20 6.12 r
M 8.28 5.37 r =
N 5.38 4.20 r =
o iE | - Z 4
F 300 | I = =
: 20 | P
® = z o
S .00 = <
T I 4 z
u 15.22 45 =
17.52 EE E
v ZL.EZ .00 E *
B 5 10 15 20 25
e STATION (M)
a) b)
T = -
Channel and flow parameters
niput r=zch length {m H
- View Bank Run Bank
npout 1= i
e Geometry Geometry Macro
ut d

A P} A
ﬁ‘ﬂ‘ﬂ Al — 1 YDA Geometry UDIADN

U U

v 4
2. flous £, uay k, Suduaneatuanlu Bank Material sheet (Toe Model Input data) $9

I Y 1 1
neraaluzdi o — 2 wiousianay 1183 Input Geometry sheet tioilous1dug el
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IMaterial Descriptors Toe Model Input Data
Aank Mean grain K
material type Description -:-.-zf{s;_.“ -']'Ds: 1. (Pa) (cmiMs)
] Boulders 0512 298 0.004
2 Cohbles 0128 124 0.009
3 Gravel 0.0113 11.0 0.030
4a and 4b Angular sand 0.00035| Coarse (0.71 mm)or
5a and 5h Founded sand 0.00035 Fine (0.18 mm)
fia, 6 and 6c| Silt = Erodible (0.100 Pa),

7a, Thand 7c| Softclay
8a, 8 and 8c| Stiff clay

Moderate (3.00 Pa), or
Resistant (50.0 Pa)

166 [ 0078

Own data layer 1

| |

Own data layer 2 | 168 || 0077 |

a Own data laver 3 | 146 || 0083 |
Own data laver 4 | 115 || 0083 |

Own data laver 5 | 115 || 0083 |

Own data Bank Toe | 115 || 0093 |

1 4
N a-20a1 £, uay k, voa¥uau

Y

v 9 i1
3. floudoyanoriums lvavenin ed i £, 1y manuanduiownass mszaui
Y H
Hazszeza1Ns ivavedi lu Input Geometry sheet (Channel and flow parameters) ﬁmaﬂﬂugﬂﬁ f

— 3 w¥ounel¥Mds Run Bank Geometry Macro 1o Update %’ay‘mmz"lﬂ &9 Toe Model Output sheet

wo 'l

Channel and flow parameters

|—1' Input reach length (m)
W Input reach slope (m/m)
IW‘ Input elevation of flow (m)
|—8' Input duration of flow (hrs)

{ y o
171 a -3 doyams lvaveah

Qan

Yo o . § a ¢ o o S
4. Gl"]fﬂ']ﬁ\i Run Toe — Erosion Model Lﬁﬂ‘ﬂ']ﬂ'ﬁ:]lﬂi’lgﬁﬂ'ﬁﬂﬂlcﬁ’]g UANINNUUNINITT Update

9 Ay ¥ o o A .. A o a d @ 1
Vaya Eroded profile T]]lﬂi]'lﬂﬂ'liﬂ'lif!?m mhl“ﬂtmu% Initial profile L‘W'E]‘V]’lﬂ’lfl"]&ﬂ5’]$Wﬂ'liﬂﬂl,c]5'l$ﬁ'ﬁlhlﬂ

Y
) vAa o

a s S o o Ao 99 A a 9 ¥ A o =
NNMIAATIZHIUNIENIBIMszAhRm i aaailia 1A 18 Profile vesndsawuaaslunmgii

—4
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Bank Material Bank Toe Material
Layer 1 Laver 2 Layer 3 Layer 4 Layer 5
| Own data | Own data | Own data | Own data | Own data | Own data Material
[ 166 | 1.68 | 1.46 | 1.15 [ 1.15 | 1.15 Critical shear stress
(Pa)
[ 0.078 | 0.077 | 0.083 | 0.093 [ 0.093 | 0.093 | Erodibility Coefficient
{cm®iNs)
6.00 -
Szseoflsyer | .
......| Run Toe-Erosion Model
Bazzoflayerl
= 4.
g Bassoflsyerd
E 3
= Saseof yer
;‘ Bas=afiayerd Average applied boundary shear stress | 1.900 Fa
&
o 200 Eazzafieyers | MAXMUM Lateral Retreat [ 0.425 tm
Eroded Area - Bank I 0.008 m*
108 4 T Erd2d PR Eraded Area - Bank Toe ITm:
. Eroded Area - Bed [ 0.004 m?
Eroded Area - Total [ 0.044 m’
. Intis Praf
Borce s w1 e 200 Export New (Eroded) Profile into Model
ATION |

~ a 4 @
E‘]J“I/] Al —4 WaN1TUATIEUNITNALYIS

[ v Y v Y
5. 11014 Profile NszavihvmzaINlAnda iin15iloudoya Engincering properties Yo%

a 1 g}' d‘ = 4 d‘
AULAASTUINDATIVTDULDYTNIN ﬂ\illﬁﬂﬂﬁlu‘gﬂ‘ﬂ -5

Material Descriptors Bank Model Input Data
Mean grain Eriction ) ) aturated Y Chemical
ank I o CICNOT - Cohesion ¢ .TO’,“‘ ._"fef, . chemical
material tvoe Description size, Dy angle o (kPa) unitweight % (degrees) concentration
LS () {degrees) T (ki) (ki)
1 Boulders 0.512 420 0.0 20.0 15.0
2 Cobbles 0.128 420 0.0 20.0 15.0
3 Gravel 0.0113 36.0 0.0 20.0 15.0
4a and 4b Angular sand 0.00035 36.0 0.0 18.0 15.0
5a and 5b Rounded sand 0.00035 270 0.0 18.0 15.0
Ga, 6b and 6c| Silt 30.0 30 18.0 15.0
Ta, 7hand 7c| Softclay 250 10.0 18.0 15.0
8a, 8b and 8c| Stiff clay 20.0 15.0 18.0 15.0
Own data layer 1 R 40 I 193 || I |
Own data layer 2 | 155 || 26 I 19.1 I I |
9 Own data layer 3 | 277 ] 7.0 I 201 I I |
Own data layer 4 [ 277 ] 7.0 I 20.1 I I |
Own data layer 5 | 277 ] 7.0 I 201 I I |
Jwn data Bank Toe

v 9
g‘ﬂﬁ -5 Elsl}ﬂigja Engineering properties VOIFUAY

6. 14A1d9 Run Bank — Stability Model tieriimsasiaaoniatosnin dadasluglii a - 6
11031 dasrduanuilasaievesaaslszinm 1 uaszezmanamnz lunsainldan ¢, uaz k, 15udu

[ 4 4
nu N lumiduszeziinaiuluauy (Eroded profile . Measured eroded profile) fd91iH A93%1M3

5

Trial £, waz k, Tmime 1% ldaudou luisvua
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Bank Material Properties

Layer 1 Laver 2 Layer 3 Laver 4 Layer &
| Qwn Data Qwn Data Qwn Data CQwn Data Qwn Data
Water table depth (m) below bank top
fl zssures (kPa]
Pore Prezsure
Prezsurss kPa From VWater Table
z &0 Layer 1
z Layer 2
g
z Layer 3
= : Layer ¢
Layer S5 £2.08
Factor of Safety
4 waleriabiz
- | 0.99 Unstable

Run Bank-Stability Model

~ = A A Y1 A Y o Y
?J’]J‘V] fl—6 Naﬂwﬁﬂiafﬂﬁ@ﬂlﬁﬂﬂiﬂqwel]@\‘]@a%ﬂ@cl%ﬂﬂl tc ag kd LTUAUATUIUNTITINALE S
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