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The Study of Phong River Bank Erosion at Ban Nong Hin,
Northeastern Thailand
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ABSTRACT

The river bank erosion is a major process to decrease a slope stability of the river bank, and
then the slope can be failure. The Phong river bank at Ban Nong Hin, Northeastern Thailand is the
research site in this study. The purposes of this study are to find and recheck the value of erodibility
parameters of Phong river bank for predicting the erosion distance in the future. The erosion is occurred
by the erosion rate (E) is over than zero. The significant parameters are the boundary shear stress (T,),
the critical shear stress (T.) and the erodibility coefficient (ky). The water velocities are collected by the

River Surveyor M9 equipment and the water-tele of the Electricity Generating Authority of Thailand. The
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field-testing results of the Submerged Jet Test are analyzed to predict the critical shear stress and the
erodibility coefficient in each soil layers. The three differential methods for predicting the parameters
are Blaisdell solution, Scour Depth solution and Iterative solution.Finally, the erosion distances are
compared to the changed cross section of slope in 192 days. The erosion distance after surveying the
new cross section is 3.73 m. The erosion distances of Blaisdell solution are 58.99 m. and 219.78 m., it’s
an overprediction. The erosion distances of Scour Depth solution and Iterative solution are 0.00 m., it’s
an underprediction. The probable factor that affected to this study is the variable density in each level
of the soil layers. The test at the riverside and increasing the quantity may affect to predict the erosion

distances more precisely.
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A9 1 aun3LdaUszaunisal (Empirical Equation) @1MSUmAINISISiROINITAALEE

wuaeusuRouIngn (Critical Shear Stress, T,)

Smerdon and Beasley T, =3.50x 1281050 @
(1961) T, = 0493 x 107017 )

T, = 0.16 (P)** ©)
Jutian and Torres (2006) T, = 0.1 + 0.1779(SC) + 0.0028(SCY” - 2.34x10” x (SC)° (10)

Fuuszandnisinwns (Erodibility Coefficient, k)

Hanson and Simon

ky=0.2T.% (11)
(2001)
Wynn (2004) kg = 31T (12)
Karmaker and Dutta o8

ky = 3.16T. %% (13)
(2011)
Simon (2010) ky = 1.62T.%® (14)

Daly (2013) kg = 157T. %% (15)
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A3l 2 @mauﬁ’aﬁugmﬁuaﬁu

Qmauﬁ'ﬁﬂumau%”uuu (1* Layer) qmﬁuﬁ'ﬁ%aﬁwﬁ"’udw (2™ Layer)
Liquid Limit (LL), % 36.5 Liquid Limit (LL), % N/A
Plastic Limit (PL), % 215 Plastic Limit (PL), % N/A
Plasticity Index (PI), % 14.9 Plasticity Index (PI), % Non-Plastic
Specific Gravity 2.64 Specific Gravity 2.70
Total Density, T/m’ 1.83 Total Density, T/m® 1.64
% Passing Sieve#4, % 100.0 % Passing Sieve#d, % 100.0
% Passing Sieve#200, % 92.7 % Passing Sieve#200, % 44.6
yadinfuade (Dg), mm. 0.02 gundiafuads (Ds), mm. 0.09
Hydrometer Silt (%) 89.7 Hydrometer Silt (%) 37.6
Analysis Clay (%) 3.0 Analysis Clay (%) 7.0
Naye, DlOW/At. 35 Naye, blow/ft. 21

- Lean Clay (CL), R Silty Sand (SM),

Usginnueenu USeLOnNveny

Very Stiff Medium Dense

A1519% 3 AsfieesiasnansmuIMlgLsuouiveullioInnsivavesun

suulnsAsIiaugin

318019 River Surveyor M9 . u o

nsaluazilauguaini
e mdnue (Y,,), N/m’. 9807 9807
é’mﬂisﬁw’éﬂmmq%imaqLLmuﬁa (n) 0.035 0.035
Nufinidinnisiva (Flow Segrment), m? 62.652 62.652
wWuvaulen (Wetted Perimeter), m. 23.767 23767
Sedlasaeinans (Hydraulic Radius, R), m. 2.636 2.636

anudinsiviaiade

0.047 0.255

(Average Water Velocity, u), m/s.

ASIMsaiiady (ncreasing Water
0.103 -
Velocity by Superelevation, U), m/s.

‘1/114"38LLiQLa@uﬁﬂﬁmLﬁaﬂﬁﬂﬂﬂ’]ﬂﬂa‘ﬂ@ﬂﬁ’]
0.196 0.565
(Boundary Shear Stress, T,), Pa.
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A15199 4 ALRAYNNSINMBSNNSAAWNLYBITURUWTY?

wisfimasnsiaene CL#01 CL#02 CL#03 CL#04 CL#05 Avg.

33 Blaisdell Solution

T. (Pa) 0.34 099 0.15 0.47 0:62 0.32
ky (cm?/N.s) 9.22 7.51 20.13 616 2862 12.29

25 Scour Depth Solution

T. (Pa) 1.50 266 1.35 1.44 095 1.43
kg (cm®/N.s) 41.76 62.40 +o-+4 1673 77.45 60.54

35 Iterative Solution

T, (Pa) 1.50 1.68 1.20 18t 0:96 1.46
ky (cm?/N.s) 68.58 56.53 149.06 5579 28t 91.39

WNEWe © ldsAEwesnsinIglnednAuInigauazaAieeian

AN5199 5 ALRANNTIAMBSNSNAWNLYBITURUNT Y

windwesnsineiz  SM#O01 SM#02  SM#03  SM#04  SM#O5 Avs.

33 Blaisdell Solution

T. (Pa) N/A 0.06 062 o1t 0.06 0.06
ky (cm?/N.s) N/A 265t 336t 20.52 31.9 26.21

25 Scour Depth Solution

T. (Pa) N/A 0.73 o+t 0.72 o-+4 0.73
Ky (cm’/N.s) N/A 4461 81.58 46.76 H342 64.17

3% Iterative Solution

T. (Pa) N/A 0-F6 0.69 0.74 06t 0.72
ky (cm?/N.s) N/A 15+75 232.34 151.89 23604 192.12

W ; lRAYAMSINWasN1siALIlnednAINNanwasAtaeAian
— 9 9
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A15199 6 ANNNSITMBSNIARNLINENNSTIUSEAaUNISAl

T, Pa. kg cm®/N.s
%’uau kd ’ kd 1) kd ’ kd 1) kd 1)
Type T.
(Eq. 11) (Eq. 12) (Eqg. 13) (Eq. 14) (Eg. 15)
Dso 0.97 0.20 16.75 3.18 1.66 164.80
Auntlen P, 0.56 0.27 3.84 352 2.64 402.75
(CL) P 1.55 0.16 2.64 291 1.12 77.40
SC 22.01 0.04 0.99 1.78 0.12 1.05
- Dso 0.01 1.95 16.75 7.34 73.92 253,217.88
AUNIY
P. 0.66 0.25 361 3.41 2.29 306.97
(SM)
SC 11.53 0.06 1.25 2.01 0.21 2.99

v, . A\ T

River Surveyor M9

AT 1 LA3043e River Surveyor M9
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Adjustable Head Tonk
v ‘ i
VDRDABIBO Lock WUU - ARWEAN, (Rau
- a9
v - v L i
W Adjustable Head Tank (RDuEU — adl@ w@ulnnaao
32x32x3mm.
- g9 2.00m.
] b
Control Valve
9.e-b -
VDR 932mm . 4 i
€l |
= =1 YA Point Gauge
b #M 1.50 m
| | U8 26.4mm.
ol
2
2
\
Air Relief Valve
iy
Jet Tube
BN -
VEENN 832mm.— ¥ upmaﬂmm Lock WuW qawaan
Bau Jet Tube Tu — a0 18—+
0 Frame 0.39
WIRNNBBY 25x25x3mm.
AN L7 Jet Submergence Tank
~
)
=)
g
Orifice Flate M Deflector Plate 0.29
¥ | B ot 5 — Um N3 Orifice Plate
PUNP S0 =
- ¥ _+0.00 ®HENEu 1
0.425

ASUR 0.04 - 0.22 m,

Steel Ring Plate

AT 2 LUULEAITI88IB8ALazNNLATOND Submerged Jet
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@ JET Data Input
Wuvuasfiu 1.8 a.8a1 3. uauunu Pt Gage Reading at Nozzle (mm): [IEFCI * If you do not have a guess, please enter 1
2
Sand#02 Hanson and Simon (2001)
CE-Lab ke =021.%° ky= 02
Ariyaprat B Simon et al. (2011)
Sand at Elev.-3.00m ky=167.°% ky= 186

BSTEM, v5.4

ks =0.17."° ks = 0.1

Scour Depth Readings

Head Setting
Head
(in)

Maximum Depth of Scour

i)
0 0 174 0571 0.428 0.000

5 5 188 0817 0383 0046
10 5 199 0653 0.347 0.082
15 5 206 0.676 0324 0.105
20 5 213 0699 0301 0128
25 5 219 0718 0281 0148
30 5 224 0735 0.265 0.164
35 5 232 0.761 0238 0180
40 5 238 0.781 0219 0210
45 5 240 0787 0213 0217
50 5 243 0797 0203 0226

. (Pa)
kg (cm?/N-s)

250

200 -

»
o
v

v

Scour Depth (cm)

3
o
.
v

\

\

\

® Observed

------- Blaisdell Solution

—— Scour Depth Solution

- - - lterative Sclution

0 10 20 30 40 50 60
Time (min)

50

0.0

A 3 TUsunsy JET-Spreadsheet-Tool ver2.1.1
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170

nl o 3" v =Y o Q = as o !
Elevation P TUTNESU WAL BNUARET 27LAaLN8\ QTMIERIEULN Elevation
102.0i 102.00
100.00- ‘ ‘ _ 100.00
Lean Glay (1) \ ——— quiBn o B 22.11.2563
98.00 "/ iff | "~ ' ! | 98.00
ery Suft N\ ———— qUsilvey o i 01.06.2564
96.00 \ [ | 96.00
7+94.44 Water Level
94.00 | | ] - 94.00
Silty Sand (SM) \.-QB\ (Frwadlohi 01.06.2564)
92.00 Non—PIgstic. Medium Dense B’ ‘ 92.00
90.00 90.00
B88.0f 88.00
g8 o3 2|8 g2 2B 28 2|8
78 3|8 b e ek g 3lg
o (=] © (4] @
£3 ik i i 1k <3 <1
k- |3 |2 K I K K

A 4 sudandenldlunsiinsy

4

AN 5 ATNLEASALALNIAUATBINSNAFDUNIS ALY I TURUNTE AL AUNT Y
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—@— Cross Section #— Water Level =—-g--Soil Layer Boundary =-g== gﬂm‘sﬁ'ﬁwﬂ:‘.

—@— Cross Section #— Water Level —-@--Soil Layer Boundary ——=-- 3ﬂnﬂ‘sﬁ'ﬂzvj’1=

102.000 102.000
100.000 100.000
98.000 98 000
= 96.000 ~ 96000
£ £
[ =
S 5 /4.000 § gaomo
T Fgeeecmmmmccccccme e £ S
g bl S
] G . _ : -
B N o0 2 92000
\\
HR G060 90.000
"
e 88000
86.000 a6 000
-60.000 -40.000 -20.000 0.000 20,000 40,000 60.000 80.000 0000 10000 20.000 0000 4000 - o000 -

Station (m.)

—@— Cross Section &— Water Level
102.000
100.000
98.000

96.000

94,000

Elevation (m.)

92,000

90.000

88.000

86.000

0.000 10.000 20.000

Station (m.)

--#--Soil Layer Boundary --g-- gﬂmih"nwm

30.000 40.000 50.000 60.000 70,000

Station (m.)

171

2 6 HALATITINTAANEAAIIINMNBLSLEaUNveULRIIINNSIrarasin (Boundary Shear Stress, T,) 91nN1581519R38LA3095l8 River Surveyor M9 :
3% Blaisdell Solution (F18uu), 35 Scour Depth Solution wagis Iterative Solution (¥31UL) kazaunslUsEaUNNSAIANVUIALIARULREY (Dsy) VB9

Smerdon and Beasley (1961) uagauduiussevinmiienssdeningaiuaduyseansnisinenzuas Wynn (2007) (uan)
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—@— Cross Section #— Water Level --@-- Soil Layer Boundary === 3Unsiaianz —@— Cross Section #— Water Level --#-- Soil Layer Boundary --g--gUmifianz
102.000 102.000

100.000 100.000

98.000 98.000
~  96.000 —~ 96000
E £
S 91000 § 9a000
B =
]
g g
% 2 000 = 92000
90.000 90.000
88.000 88.000
86.000 86.000
0.000 10.000 20000 30.000 40.000 50000 60.000 70.000 0.000 10.000 20.000 30.000 40,000 50.000 60.000 70.000
Station (m.) Station (m.)

v
°

AW 7 HaIATIEEnIiasnaIneLsudounveuiliosninnisiviaveti (Boundary Shear Stress, T,) 91n3vuulnsuaslaugmnsaiuazilouguasn
nsinfidendnunrsuseinalne : 35 Scour Depth Solution Wagis Iterative Solution (418) wazaunsBsUszaun1saiatnvulIsinAulade (D) ¥4

Smerdon and Beasley (1961) wazanuduiusszninmhewsudauingaiuardudszansnisiaeizass Wynn (2007) (137)



