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Stability Evaluation on Particle Size Characteristics of Bed
Materials at High-Velocity Flow

ABSTRACT

In general, domestic streams and rivers are composed of alluvial rivers consisting of sand and gravel beds. These rivers can cause erosion
and riverbed changes due to sudden changes in flow rates, such as floods, torrential rains, and heavy rains. In particular, there are
various types of erosion, such as contraction erosion caused by changes in river shape, or local erosion occurring around obstacles such
as piers, abutments or embankments. In addition, river changes can occur in various forms, such as static or dynamic periods, due to
limitations such as flow rate, velocity, and shear stress. This study focused on the erosions of embankments directly related to human
casualties among various river structures, and evaluated limit velocities and critical shear stress in order to identify changes in strength
of natural materials by identifying the characteristics of natural hoan materials and resistance to erosions. In particular, the limitations
of materials according to the type of materials in the river, characteristics of particles, and size of particles were studied using Soil loss,
which is a change in the volume of the revetment material, and it is intended to be used as basic data for river design and restoration.
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nu|3k AAojckLee et al., 2006).
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et al., 2014), 2 715 wislel] we} ) shale] A £
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Aze] B4, Qlale] =)ol whet BT} 7 $] 5t 3
Zele] gaelo] they) wie] BTN sPiRe] tE
st Sl ot 1) B s A el e WE
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t oMae WiE 98 B 97E Aasd
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X

S0

B Aol ARge QAL A Adet FEANE adrE
(Park et al., 2019)9] AFL 7} 1.5 m, A= 0.95 m, 0] 2.4
me] 5 3HE AT T F 2ol 10 m, F3} o
03 mel =7} 2ok Vs Fee] AP i AL agee
(Fig. D)ol JF=Jt 74 7k it 52 42
03 CMS ¥ 6.0 m/s 74| o] 7Fs3tt &2l fY=he
freke 289} FaAl(Ulso Flow 309S)(Fig. 2(a)E £3) =43}
ek R Al B5S RsRES TdeIaL, S ke
FEFY FEOR 1 3 m Ao s dAsle] F 4 myiiols]
HTE PGk 354 FeSdE S S8l AR
Z53 9AI(Fig. 2(b) S/HE 35<] Fgst ARRFolA HE
Z4m T3 m, 4m, 5 m, 5.6 m(AEZE AYH), 7 m
Aol 7zt AdAjete] eisks Skt
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)9} 2184 21241¢1 BiopolymerE o]&3}e] sPIAlEE 38+
s B R offF BEYS B3l WksIien, o] adEA)

r—lr'
N
R

{

W

=

3m

3m

E Hydraulic depth

measurement device

Fig. 1. Mimetic Diagram of Non-Slope High-Speed Channel
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(a) Ultrasonic Flowmeter (Ulso flow-308)

(b) Ultrasonic Level Gauge (UA30CLD)

Fig. 2. Real-Time Measuring Device (Kim et al., 2019)

(a) Sand Sample

(b) Clay Sample

Fig. 3. Experimental Material

Biopolymeri= 9] o540 2 Qs HEA Yrje}l 2529
AE FAJeA, FA(monomen)t H3kE F3l AEHE ]
EAE gAJste] Fo] 99 FeE TXAZITH Chang et
al., 2016).

7k Age] gk 54 2 9= 55 sk 7 AERE
23 Bl R 40] AFS 18I0, Figs. 4(a)-4(e)e} 2]
SD 01<] 7<% =& 100 %, SC 022] A$ =2 75 %, FE
25 %, SC 03& =) 50 %, 3= 50 %, SC 042] A9 =)
25 %, BE 75 %, CL 05 & 100 %] H][& & Fro] &
5709) ANEE whEo] Bt As2 ARSI

53 A Al gk ARk AAE 248 5] $lste]
Z] Y=AIFH KS F 23019 7Izo) wle} 12715 A8k
11045 °Colx] 18~24A17F SAZRAIZ] A RS o83l nl=
TEA) = #4, #10, #20, #40, #60, #80, #2008 TS o83}
AEA(Fig. 5y AXrsksIc

B RS J3gak] 918 Alse] ol A AlsE ke

o] vi$- Ze8k HHo 2 B TR A KS F 23128 7o
AEE Rslglon] the-S 90 % oPto s Tl Bald
o AMEsHE LEE FAAN 15 tRIAIEE 41E]

S8 FF o Alge] 99 vt opd 2R mje] XE
(Fig. 6)5 4318 ] whizel d= ol AlEHe] 71ee] Y8e=s
SFFAPES] Aol Agate] 2 mede] Eu el
Ages 3502 vhre] tl(Fig. 7)dte] A3e 13 skgit

AN5E o 3 $ AwE ST S8 ARE AZRAR
F AR Json, Ame] Hx §, e vREA o))
ol 225 AAE Tdo] AR AN SEe] - 7t
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Y] Alze] obd S5 Eetebde] wgk) oldk FE)
o] AFfAo] AT = 7] wiFel] FEe FAAUES
A 1918 SRS B3l TdS gl AEzis 7351
tk A8l F4 =4 ¥PALS Han et al.(2016)0] A48 E9F
£280 Uigh AlF zlolE 7 A7 e A5 Al AHelA
el 39 Z77I(KENEK, WHT-60y2 ARSR3ITt: 2 ollx]
©ANE Bk £4E SPTHE vige g A J1dpad
sl faks S8k S5l 407 SAAA
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(a)SD 01

(b)SC02

(c)sCo3 (d) sCo4 (e)CLO5

Fig. 4. The Sample of This Study

Fig. 5. Analysis of Each Sample

Fig. 6. Rectangular Meterial Port (12*16*16 cm)
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Fig. 8. Dessication Cracks of the Material

Fig. 9. Scour Measurement Point

Q= RE FA(Fig 10)9] 3 shile] A5 skaHA7 e
AL 157ARE BAsoR], Aol shie 2557
A&, e AL 3BARE BRI S K] A
5o} gz Amel the el vlaske 35 & el 194

Table 1. Residual Results for Each Sample

AE 259% 355 Atole] AsE Ak

PEREAEE B3l Alsd g 75 Al
Table 3¢ YEpNICE Ytz Apge] 9
4HT} Folof H]an, mefje] g 61KT} Folok
789 1-3A10|7} Hojof Fo] Byt £& Fog RFHH, 2
Agle] A3} SD 013} SC 029] A w5 A7t 24t 4.183,
54672 75 AG7F 61T WA Ugkew SEAGE BT 1RTE
F& #s Btk SC 039] A dS5AIget FEAIS7F 47t
7.083, 1.318% J= I} & F9] gholl o] Htk SC
042] 79 w57t FEASTE 242k 5573, 0.866.0 = B-E=I}
& &) FEh ErF v A9 ghs ®olon, CL 059] 79
TFEAGT} 6.788, SFEAIGT} 0.688 % THSAIG = E9koL) 5
A7t vk s Btk wba] SC 030] 2 $35-¢] Sample
= 7P 9= Bt 2 A 9om vk, SC W7 9= vt
7V A @& AEE Pk

Residual quantity (g)
Sieve number  |Sieve diameter (mm)
Sample 1 Sample 2 Sample 3 Sample 4 Sample 5
4 4.750 0 0 0 0 0
10 2.000 5.24 6.11 5.68 4.63 12.42
20 0.850 46.19 41.89 32.16 29.07 2143
40 0.425 30.00 26.79 23.09 21.46 17.12
60 0.250 12.42 11.99 12.50 11.58 11.06
100 0.180 4.73 7.11 11.07 15.07 16.04
200 0.075 1.26 3.32 10.46 15.29 16.23
0.43 2.68 4.80 2.53 5.56
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Table 2. Fluctuation Rate Results for Each Sample

sEH SRS YEEA] T o

Fluctuation rate (%)
Sieve number  |Sieve diameter (mm)
Sample 1 Sample 2 Sample 3 Sample 4 Sample 5
4 4.750 100.00 100.00 100.00 100.00 100.00
10 2.000 94.77 93.88 94.31 95.35 87.56
20 0.850 48.71 51.95 62.07 66.17 66.10
40 0.425 18.79 25.13 38.92 44.64 48.96
60 0.250 6.40 13.12 26.39 33.01 37.88
100 0.180 1.69 6.01 15.30 17.89 21.82
200 0.075 043 2.68 4.81 2.54 5.57
0.00 0.00 0.00 0.00 0.00

100 -

30 4

80 4

70 4 ~

50 | sand 100% Clay 0%

50 J Sand 75% Clay 25%

Sand 50% Clay 50%
40 |
sand 25% Clay 75%

30 4

Percent finer (%)

Sand 0% Clay 100%
I-Avg
— — —IFAvg

20 4

10 4
......... -AVG

25.00

2.50

Particle size(mm)-log scale

Fig. 10. Grading Curve

Table 3. Uniformity Coefficient and Coefficient Curvature for Each Sample

Sample number Uniformity coefficient Coefficient curvature
SD 01 4.183 1.116
SC 02 5.467 1.260
SC 03 7.083 1.318
SC 04 5.573 0.866
CL 05 6.788 0.688

)=

B o35t ARE-E Biopolymera &
Ao} 3:?,7;0}7] 23l BiopolymerZ &3} &3lsle] A2E 74
ek AHS Aps] 98] AAZFE FEo Biopolymere} £3t
3 ARE E]-}E.Q_L]-, A= A] Clay2] 5413 Biopolymer2]
74wzl AMEE Azt do] Ash AT Ax=tdo]
Y R ﬂtﬂi do] AT FE-S v thRE 8t
o] AT FEo] fles H3S Wity AHdI=
Table 49} o] L}EHL B2 A5 910 f<5<] 035 m/sHt}
e A9 Ame] fao] BAsA Gtk A% AhE 2515}
321900 2 71AskEl] Figs. 11~187F 7o) LFERASIT

SD 01+= Case 1 g 4] 0.34 m/s¢]aL Shear stress7}

wRez EA) o]
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0.381 N/m* duj A 52] f-2d0] MR UA] 3gkrh Case 2
Auf 9<2=0] 0.57 m/so]™ Shear stress7} 1.053 N/m* uj] 20.8
% Alge] §0] o] wor] e AZAE 57 em, it Az
3.3 cm2 & YeRdth A Alo]zol ek HA= thet
Zk 9r) A5 74 = G AIEE Soil LossE ]3]
T4 ARe) Al W 5 RSk 2] 74 Alas) $3)
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Table 4. Experiment Scouring Result (Sand, Clay)

Sample number Case number Q (m’/s) H (m) V (m/s) Froude number | Shear stress (N/m?) | Soil Loss (%)
Case 1 0.017 0.166 0.34 0.2664 0.381 0.0
sDol Case 2 0.032 0.184 0.57 0.4243 1.053 20.8
Case 3 0.017 0.170 0.33 0.2555 0.357 0.0
sco Case 4 0.034 0.193 0.59 0.4288 1.120 13.8
Case 5 0.019 0.210 0.30 0.2090 0.286 0.0
SC 03 Case 6 0.019 0.145 0.44 0.3689 0.652 1.4
Case 7 0.037 0.210 0.59 0.4111 1.107 17.0
Case 8 0.020 0.250 0.27 0.1724 0.226 0.0
Case 9 0.020 0.150 0.46 0.3792 0.708 5.0
sc4 Case 10 0.035 0.175 0.61 0.4566 1.215 5.0
Case 11 0.100 0.071 2.44 2.4450 23.088 38.0
Case 12 0.018 0.220 0.28 0.1906 0.248 0.0
CL 05 Case 13 0.019 0.135 0.47 0.4084 0.753 5.1
Case 14 0.035 0.210 0.56 0.3902 0.997 9.6

|

"
[ i W [

Fig. 12. Scouring 2D and 3D Image of Case 4

SC 02+ Case 3 ¥nf $<0] 0.33 m/so]aL Shear stress”} SC 03+ Case 5 9uf 8-29] 0.30 m/s©]xL Shear stress7}
0.357 N/m* duj 252 f-2do] MY=A] eIt} Case 4 Ui 0.286 N/m* duj Aj52] f-2do] MY=A] eIghr). Case 6 U]
$2:0] 0.59 m/se]™] Shear stress7} 1.120 N/m* & 13.8 % $r:0] 0.44 m/so]] Shear stress7} 0.652 N/m* Quf 1.4 %
A5 o] dofuton Ao A4l 3.6 cm, Bt Al Age] f-alo] Yol whor] Case 7 Auf F<&2 0.59 m/s, Shear
2.2 cmE YERTh stress7} 1.107 N/m? duj 17.0 % A7) g2lo] dojykon
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Fig. 16. Scouring 2D and 3D Image of Case 10
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Fig. 18. Scouring 2D and 3D Image of Case 14

Table 5. Experiment Scouring Result (Sand, Clay+Biopolymer)

Case Q H v Froude Shear stress | Soil Loss Critical Critical Shear
(m’/s) (m) (m/s) number (N/m?) (%) | velocity (m/s)| stress (N/m?)
Case 1 0.017 0.166 0.34 0.266 0.381 0.0
SD 01 0.45 0.704
Case 2 0.032 0.184 0.57 0.424 1.053 20.8
SD o1 Case 1-1 0.051 0.210 1.05 0.838 3.505 3.0
+ Case 1-2 0.075 0.145 1.71 1.324 9.841 7.0 0.83 12.698
Bio polymer Case 1-3 0.077 0210 2.15 1.772 14.694 12.0
Case 8 0.020 0.250 0.27 0.172 0.023 0.0
Case 9 0.020 0.150 0.46 0.379 0.072 5.0
SC 04 1.97 5.022
Case 10 0.035 0.175 0.61 0.457 0.124 5.0
Case 11 0.100 0.071 2.44 2.445 2.244 38.0
SCo4 Case 2-1 0.074 0.102 2.44 2.445 21.377 3.0
+ - -
Bio polymer Case 2-2 0.100 0.100 333 3.366 39.972 3.0

A AlE4E 4.5 cm, Ht A=A 2.7 emE YERIT
SC 04+ Case 8 ¥nj $=0] 0.27 m/so]aL Shear stress”}
0.226 N/m* duj AJ52] f-2do] WYHA] QIghr). Case 9 U
$20] 046 m/so]] Shear stress7} 0.708 N/m® Q) 5 % 52
f2lo] dof whom Case 10 Iuff F4+& 0.61 m/s, Shear stress7}
1.215 N/m* &) 5.0 % Ag52] f-4o] dofkon] §24-2 A%

Z7MXA Case 11 duf §&-& 2.44 m/s, Shear stress7} 23.088
N/m* g} 38.0 % AZA4do] A=Ak

CL 05& Case 12 uf -§<0] 0.28 m/so]aL Shear stress7}
0.248 N/m* Q) Aj 28] §-2lo] WY=|A] k). Case 13 Lnj
§-220] 0.47 m/so]™ Shear stress7} 0.753 N/m* Quj 5.1 %
Aze] o] do yhom Case 14 Lufl F<2-2 0.56 my/s, Shear
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Fig. 19. Relationship between Soil Loss and Velocity for Materials Result
Shear Stress-Soil Loss
400
O 5and 100% Clay 0% [ ) |
350 @5and 25% Clay 75% |
DOPolimer+Sand 100% :
W PolimersSand 25% Clay 75% |
00 |, | . I
| | | |
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© I I X183 | |
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100 f i
! f
e B e >
50 @ | X8 |
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= -]
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Shear Stress (N/m?)

Fig. 20. Relationship between Soil Loss and Shear Stress for Materials Result

stress7} 0.997 N/m* uj) 9.6 % A|F2] f-210] dofwkor o)
AEAlE 3.0 em, B9t AEAE 15 em2 YERdT

£ AFeMeE Ase] fo] 7 Bol doful= SD 013}
Ag2] o] 7P A doful= SD 04<] 71zA)52} Biopolymer
o] T3t A|5e] ASRE 2RI flEl I AES XedEkd
o A= Table 59 LYERHSITE SD 019 Biopolymers &3t
S A f2:0] 48], Shear stress7} 24 ZHEHE BYon,
SC 04¢] Biopolymers E33}9& 49 0] 1.54], Shear
strss7} 28fo Ve S HASON = E8laL A5 eyt waEA|
RE 295 Bk

£ ATdNE AEY o] 10 %old =S A5
a7} v E ek Feksisieh Critical Shear stressS AHJ5)
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AEZ Ao U= Hefjel HES o] 83le] AlFe] A3 e
Fapstel] W Hgd S7kE 1eEsick W7k s AlEe]
5797 78, U, tRIM B Biopolymer S dojuh=
Azt gel] thet FFAE ARt tigh g X18skltk Alse]
A8 Ao TS ddey] Sfal 259 IS o8
Aze] 4 A5 SRS F3l B Zhzte] Hlojele]
SR A ge] Wshes AL, A vjsoitE 2,34k
Jgz2 ERSITE

Y B4 S8l ARAS B3l 2 Als HE dsAReE =8
FE Tgom SC 030] F5A 7.083, FEAGVF 13182
£ aTellA 7R & Fol Jlom BE Algs 2-35EAk]Y
AEE AEERITE SD 019] 75 vdEd A et 74
S5 wiEel GrkEe] SEe] wike- ofslal ARl gk Wots
o] EA35] WolR]7] Wi 0.5 m/se] S FEow fAo]
HEIL 1.0 mise] el 20 %oPde] Alsrt fralshs Avke
HIrk whA CL 5% 2389 Cay=rt A36190S o) 5550]
0.56 m/sduf 272 F-210] 9.6 %= SD 012] AWk At -f-2lo]
218y =] Ak

=EAG T5ATTE 7P & SC 030] 71 o] A7)
2 Aojz} o= AUATE Claye] $Hrake] ©] @ AlsHT} T
e fade] dofyith wgk Clays xb7h wig- et 359
AAE 7RIl Q7] wiEel] SRl B BETSE ARE
tRishE Fatellx] izt do] = stk o] A= Shear
g vlsfeiar kR §al Wked] xddR
A o g AdEo], 37} s Jegste] Hxdd
o] MG g B AASIAL e XIgEIlont Al AV
e Az FARR Aes e

] 3L Claye] $hige] e SC 04elx] Azl

tigk o] s8o] 7P =& o2 el o2’ ArE s

Oz

uhizol] Aol 471 B8 @ 4 ok 53] W] el

A n2sle] WHIEE R A2 F 7S etk

ofefal 27 A tolle] EF fle F47 4] Al st

e ATk A SR 3 et WA sl
KB

202 ket R -g5eo] vie- et A|5Q] FEE AR
S S AxAddl et A7 2gsl] wiie] AHAA A
olefd FARS viAlsl ] e Flo2 dekEc) 2 ool ALgE
Biopolymer= 4] ¢k 71% A5} E33817] 98l 8]
E71EHA] EolAAl En). 53 Biopolymer §/43%d -85 Eo|
e k7] vl 712 st v IRR Azt do] At

olgjgt F 71A] ol = HETFo] B NF = E381L, SD
01¢] BiopolymerE &35t 789- EHIA] ek =7 H[3) 7
Sulj o}, Shear stress 184l o) S7F=E wf A 52] Dsf7}
BRI R EA R SC 049] 75 BiopolymerE &3 3l&
o) frg50] 4nf) o}, Shear stress7} 8°) oV ST FECIE B'a}
I A7 T} SRR 9= AE B FHSE Biopolymer}
Aol tigh Wolsde] SHEHNE A3tk £ d7-E 53
Bk APG Aol AR AR A=} BiopolymerS ARE-FHO =
M A5 38S IR, J=E s T3 A5 5, TS
g T Fshd AT A8HE AlAsT) ol=g
B A=A BEEIE ARAEE o] Frket
3 R} sl G SR Al 28 = Qlrkar gy

ARl 2

B BETER Brk|eTALe] G| 20AWMP-
B114108-05)0]] eJ5}e] aiE|glon, oo} 22 Aol ZAk=H
.
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