/—J J. Korea Water Resour. Assoc. Vol. 52, No. 2 (2019), pp. 133-139 pISSN 1226-6280
@ doi: 10.3741/JKWRA.2019.52.2.133 eISSN 2287-6138

Effects of bed material on scouring under high-velocity flow conditions

Kim, Gwang Soo® - Jung, Dong Gyu® - Kim, Young Do* - Park, Yong Sung®
"Master’s course, Environmental Engineering, Inje University, Gimhae, Korea

°Ph.D Candidate, Environmental Engineering, Inje University, Gimhae, Korea

“Associate professor, Environmental Engineering, Inje University, Gimhae, Korea

dAssociate professor, Lecturer in Civil Engineering, Dundee University, Dundee, Scotland UK

Paper number: 18-104
Received: 16 November 2018; Revised: 27 December 2018; Accepted: 27 December 2018

Abstract

In this study, the degree of scouring according to the bed material according to the flow rate and the relationship between the flow
velocity and the bed scouring were investigated in order to examine the operability of the revetment and embankment. The materials
used in the experiment were sand and loess as materials used in the embankment. We measured the scouring of the material according
to the change of the flow velocity by using the indoor high flow velocity experiment device and verified the flow rate. In this way, The
purpose of this study was to compare and analyze changes in material before and after scouring, and compare basal scouring evaluation
by bed material with high flow velocity. In case of sand, the cohesive force is very weak, so more than 40% of the material is lost even
at less than 1.0 m/s. In the case of loess, less than 6% of the bed material is lost at more than 2 m/s. The reason why the material was lost
was that the cohesion was so strong that the material was dried after the compaction and cracked. As a result, the material was lost from
the part where the dry crack occurred. In this study, the composition and loss of bed materials were evaluated.
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Fig. 1. Schematic diagram of the high-speed open channel

(b) Ultrasonic level gauge (UA30CLD)

Fig. 2. Real-time measuring device
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(a) Sand three stories compaction

(b) Clay three stories compaction

Fig. 5. Meterial three sroties compaction

o

(a) Dessication crack of material

(b) After stomp of the material

Fig. 6. Comparison of re-stomping of the meterial before and after the dessication crack
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Table 1. Experimental conditions

Water Fr

Material Nlcunastfer (m?/s) (n\ll/s) (an) Flow Time | (Froude
(min) | Number)

Case 1-A | 0.018 | 0.56 | 0.119 10 0.240

Sand Case 1-B | 0.018 | 0.56 | 0.119 20 0.240

Case 2-A | 0.049 | 1.02 | 0.161 10 0.323

Case 2-B | 0.049 | 1.02 | 0.161 20 0.323

Case 3-A | 0.049 | 1.34 | 0.122 10 0.560

Case 3-B | 0.049 | 1.34 | 0.122 20 0.560

Case 4-A | 0.076 | 1.75 | 0.149 10 0.599

Clay Case 4-B | 0.076 | 1.75 | 0.149 20 0.599

Case 5-A | 0.100 | 2.22 | 0.151 10 0.749

Case 5-B | 0.100 | 2.22 | 0.151 20 0.749

Y5t 4450] W9l 0.5~2.0 m/s 7HA] A=0] f4lo]
RSt mha] 948 HRF 2T 7w A] AE-e JsyskelTh
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Fig. 8. Degree of scouring according to the change of flow rate according to material
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Table 2. Experiment scouring result

Ministry of Land,
Calculated . Infrastructure and
. Case Soil Loss ..
Material - Shear Stress %) Transport, Permissible
T (N/m?) 4 Shear Stresses on natural
revetment (N/n®)
Case 1-A 0.223 5.4
Case 1-B 0.223 30.9
Sand 1.0
Case 2-A 0.934 454
Case 2-B 0.934 48.5
Case 3-A 1.329 0.1
Case 3-B 1.329 0.5
Case 4-A 2.576 4.2
Clay 6.0
Case 4-B 2.576 4.5
Case 5-A 4.207 53
Case 5-B 4.207 5.6
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Fig. 9. Materials for different types of materials loss

4.2 &

2 A= sPEdAAT|Eol s AA Al Al 8 A=
Z A Qe i} FEL AR E o] &3] gL 113
st Az Az A5 A= A2 5%
£ 2AstoH, 2o At 7t d o 2 5|
off A= o] Faveke= 2, 32k 1 22 25kt B
0] A%--gdgo| v eFotal AlZef gt Hol s o] W7
uf2ofl A-fell A Algo] WA= AL wEE 7= A S
QFe] 3-8 A7 7]50] 1.0 N/m’ o]5t= AJA =] o QA T, B
ALE E5) A H Ah-3-2(shear Stress)©] 0.223 N/m*©]]
A130% ol =7t A E= 23S Bl B3 f-50]

mﬁr]

& do & o

b o ml

7]

—

1.02 m/s Q ) AP = Ah220]0.934 N/m’ 2 A7 =8
715 AAAB QO] 518 AFH T HISSIA] T BT F40% oV
Az 7tfdo] Ho Pes] Bejgto = AS dsh] s
o2 yte] H3ink AW EH 71 A ABte] 618 4
2 FEIH6.0N/m’Z A=) UATE, 545 1.34 mJs, %j%
-§9 132Nl A= A m o] o WA =A] otk 1.75 mys
9] §<450141 2,576 N/m’ 2] HgHS-2o] drAat 7.9 4.5%,9]
mu|sHA| A =7t =7 ] AlRFstSIT). A= o o] ARt
HB o e o] EAF- S o] ufl& 7}el| AR o] HhAlsH
Gl o] AR RS A Pgol ke ot 7 Eol
AR FZo AR e A= o] fAa o] AR AS Sl
ASITt. o] 2fet ANE Foll S 2T o FERS AR
A AS /o= a2 AT S o) T3t
EAE o457 @EA L2 TH) upeb 7149 2
Az} 9] iRt A Al E AR Tt A =]
gt ALt o e} mefjot e S 2Rlolo] 4o Hlg-g
ARSI A A Al A A &= AR 4 Qs HlE2 At
gok= F714 )1 A7 E e sfch w2 o] At
= 24 O}XM zpo)7} Q17] Wiz oll AAshd ot frAket 2h
Eofl Al wofiollde] 7] 2 2bm W AAA o 7]

B ATE FETER B ATALY ATUAU(S
AWMP-B114119-03)0]) 2]5}o] 43559 0, 0|9} 72 ]
Sof) ZAP=R Yt

References

Choi, H. S., and Park, G. H. (2011) “Experimental formulae develop-
ment of hydraulic stability for riprap.” Journal of Korean
Water Resources Association, Vol. 44, No. 6. pp. 449-459.

Han, E. J., Park, Y. S., Kim, Y. D., and Park, J. H., (2016) “A study
on soil loss rate assessment of vegetation mat measures.”
Journal of Hydro-environment Research, Vol. 10. pp. 21-31.

Han, K. Y., and Seo, K. W., (2002). “August 2002 report on the
flood damage survey in Nakdong River” Korean Society of
Civil Engineers. Vol. 9, pp. 6-13.

Infrastructure and Transport of Korean government (2007). “manual
of stream construction”. Korean Water Resources Association,
pp- 3-25.



G. S. Kim et al. / Journal of Korea Water Resources Association 52(2) 133-139 139

Jang, C. L. (2013) “Dynamic characteristics of multiple bars in the Kim, S. W., Koo. Y. M., Kim, Y. D., and Park, J. H. (2013). “An

channels with erodible banks.” Journal of Korean Water experimental study on hydraulic stability of non-toxic

Resources Association, Vol. 46, No. 1. pp. 25-34. revetment block.” Journal of Korean Society of Civil Engineers,
Kim, J. M., Lee, D. Y., Choi, B. H., Kim, K. M., and Kim, H. S. Vol. 33, No. 3. pp. 987-995.

(2006). “Evaluation of engineering characteristics of bed Lee, D. H, Son, W. M., Hwang, S. Y., and Kim, C. W. (2004).

sediment in Nakdong River as fill material of levee.” Journal “Relationship of materials and nod-dimensional tractive force

of Korean Society of Civil Engineers, pp. 3975-3980. in the alluvial rivers.” Journal of Korean Society of Civil Engineers,

pp- 2104-2107.



