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ABSTRACT

There are various transversal structures (small dams or drop structures) in median and small streams in Korea. Most of them are
concrete structures and it is so hard to exclude low-level water. Unless drainage valves and/or gates would not be installed near bottom
of bed, sediment from upstream should be deposited and also contaminants attached to the sediments would devastatingly threaten the
water quality and ecosystem. One of countermeasures for such problem is the bypass pipe installed underneath the transversal structure.
However, there is still issued whether it would be workable if the gravels and/or stones would roll into and be not excluded. Therefore,
in this study, the conditions to exclude the rip stone which enter into the bypass pipe was reviewed. Based on sediment transport
phenomenon, the behavior of stones was investigated with the concepts from the critical shear stress of sediment and d'Alembert
principle. As final results, the basis condition ( 7.*) was derived using the Lagrangian description since the stones are in the moving state,
not in the stationary state. From hydraulic experiments the relative velocity could be obtained. In order to minimize the scale effect,
the extra wide channel of 5.0 m wide and 1.0 m high was constructed and the experimental stones were fully spherical ones.
Experimental results showed that the ratio of flow velocity to spherical particle velocity was measured between 0.5 and 0.7, and this
result was substituted into the suggested equation to identify the critical condition wether the stones were excluded. Regimes about the
exclusion of stone in bypass pipe were divided into three types according to particle Reynolds number (Re,) and dimensionless critical
shear force (7.*) - exclusion section, probabilistic exclusion section, no exclusion section. Results from this study would be useful and
essential information for bypass pipe design in transveral structures.
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(%)) Wl ZA 37 = FE AT viA] F-7Hexclusion section), &7 vl A4 T-7Hprobabilistic exclusion section), B¥jA] 7-7Hno
exclusion section)o]t}. ¥ AFAIN = JTF2E] AE54 v &3 AAA] 583 7|2 AR E AT 4= 3 Aok

20 : Yo, A5 EE, AR, iAls Y, sl

53] (P)2 B AgEo] vl =27] wfiell(Han, 1997),
FAR] A sk mx w1, sle] EUEs
AT B3 FAR] S i) AR o)A,
9 ] ARAR] Gl 71w gt ofHSt o= ek
Aol gk dalo] =] AL Qlek: AR = SRl AdAjE
Hi= 2F 10,0007 AHx=o]#(Ministry of Agriculture and Forestry,
2004), 1990%d0)] ZAR= R 3270 S11gR] 71 EA1E] B arol=
o] T =°] 1.5 m oJufe] Zo] A 9] 80%F 2AJekaL Stk
olfdt T4 AekrE=e] 35 HH Ak v AV gl
7397E tiRel, A A 9 ] I AR HAE
FAPE AEE A7 Bt olol] A5 uliEdel] thek Balo]
FOHAAL Qlth AT ST B Rt 3RS oMY o=
sl F= wo=M, H2HE AR HiA| s3o] FEehH(Jeong
and Lee, 2016), AAF o & Axu]go] x| r} Tz} &
yiel] ARAe] fdu= A, we afo] A "ol 5 7]
whizol], e AR ] wiA] SHel] ek 77 Bagh Aotk

T AR fFl Tk e AlellE Bkt 4] Sk
ojo AlEA frAKsediment)e] #F gk ATE £ A7l
S8BT 53] 27AK] 27] Asell vigk G AR 2]
71 viAUS] v fARE ] wiEdl, A5 viede] a8S
sk A1 e ARe] B FrYEHIS B viAl TFs S
Arshetl, e At 2 Aolrk AR 27 SRS,
incipient motion)& BMIAI7 = 2338 SHAIZ(critical condition)
ofe} ¥t Karmer (1935)= 3 -8 35l Aldakse] 2
BEE R 5, XS A3 F 5 Al 7THRIE sk
OBl 52 S 250 AR AFAFES] o7 A7 1M o]
7] ARk dAlolH, S35 s Aol 2A s ATt
ol Alo)aL, gk 5 fFAF ool ARtEE dAlolTk
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durA o 2 A 2312 A 7R BRE: A WA A
Z(critical velocity)e]t}. Fortier and Scoby (1926)= S29]
Ao F-8-F-2(permissible velocity)7}'3S =951, AFEA;
o 7 HAEHA Ze A 55 AABEATE Mavis and
Laushey (1949)= 23S B3l e 5218 Ao, 2
o] & ASolx Aol A {55 iR oiist
Ao 2, dikd o 2 AlgEldle B ofEge] tk F WAle
FH(lift force)olth FAP} W G2 vk o g fAle] SIF
2of| 2Rl g ol ZEEE
W) o] ofluiR] WYAkE Bl B < Utk LBl Wl
X FARE AR WEke R o] FATE e ke
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TAl 2= G Yo vl= 0.5 AT S AP
=31tk A A= Ak (shear stress)o]t} Shields (1936)+=
HIAFE TiES o]83te] fAl] sk 20 AXBIITE <
< Prandtl-Karman”} #|AJ$F WdFolxe] BAIS F&2E 28
7REA 0 2 AlgBte, WHRe] Jafo] =it AlEEk Shields
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Fig. 1. Classification of Factors Affecting the Behavior of Sediment
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Fig. 2. Definition Sketch Showing Longitudinal Section of Bed
Grain Geometry, Flow Velocity, and Forces Acting on Sphere
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o71A, )9t ¢, & ZH2t Aol AkeA|S=o]m, Schiller and
Naumann (1933)0] AXBISIE, ¢, = (24/ Re,)) (1+0.15Re) )
< o833tk ¢;= 0.85¢c, YAIE ARSI, o714, Re, =
92} Reynolds numbero|th. RS (p, —p)/pEHA, o] p, o}
p= 22 ek Be] "ol g+ RIS, upe Ak

FUD/2) =019] Foltk Unkd oz fAle] Al uidh o
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U LMD pe < 2
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Table 1. Dimensions of Bypass Pipe

Type Lim) | L(m) | Ly(m) 0 h(m)
A 0.67 0.26 0.78 60°
B 0.40 032 0.53 450 0.275
C 0.10 0.45 0.15 30°

=g (scale effect) S A3l 93l 7Fs3t A8 2=
A 231 TR} fARHl Ao m(13.0 m(L)X 5.0 m(B)
X0.5 m(H)), Z$-2te] A R 1112 233k 42
Z2 -2 (Ulsoflow 309P, error rate: +0.5%)%2 33110
], TR ofsdms 7R & ARE Wi CRil Z7gs)
om, TixE AZT(30 frame/sec)S o]431e] st &, T4
2] 48 53l ==319it)E B I 5%H(Rubber wein)S A3

Table 2. Experimental Conditions and Results

o P AR Qs TR HTES AN HEES
AFgRH o}z 2] APt vl S SATSHHIE: 24), 7FEol

Bolste] FHO Alo] golah] dhRolek AT B FFFS
7} 89 Folsh B AL AR A2 T F M
S5 2o il SISk B3R Ae A

2 ) g TRbtieks o ek 94 ol HA)
7] wholc,
3.2 M Zn

Table 23= 4% 271 9 olol] whe 213 A7E Hejg Ao,
Fig. 5% 213 m350lc,

A ) f4t ARe) ofgdmele] B mEHgle

v, Fig. 69 ©]2 =&tk

Case Ds/Dp h,/hy Rep(104) US/Uf Bypass pipe type max.7,* min.7*
1 0.1 0.356 0.692 A 0.143 0.238
2 0.2 0.713 0.613 A 0.179 0.298
3 0.3 1.069 0.634 A 0.204 0.340
4 0.4 1.426 0.634 A 0.224 0.373
5 0.5 1.782 0.601 A 0.240 0.400
6 0.1 0.404 0.607 B 0.162 0.271
7 0.2 0.809 0.566 B 0.203 0.339
8 0.3 4.68 1.213 0.533 B 0.232 0.386
9 0.4 1.617 0.533 B 0.254 0.423
10 0.5 2.021 0.526 B 0.273 0.455
11 0.1 0.431 0.521 C 0.146 0.243
12 0.2 0.862 0.525 C 0.182 0.304
13 0.3 1.292 0.525 C 0.208 0.346
14 0.4 1.723 0.525 C 0.227 0.379
15 0.5 2.154 0.497 C 0.244 0.407
16 0.1 0.344 0.662 A 0.141 0.235
17 0.2 0.687 0.602 A 0.177 0.295
18 0.3 1.031 0.636 A 0.202 0.336
19 0.4 1.375 0.636 A 0.221 0.368

20 0.5 1.718 0.580 A 0.237 0.396
21 0.1 0.390 0.534 B 0.160 0.267
22 0.2 0.780 0.515 B 0.201 0.335
23 0.3 3.90 1.170 0.576 B 0.229 0.382
24 0.4 1.559 0.576 B 0.251 0.419
25 0.5 1.949 0.508 B 0.270 0.449
26 0.1 0.415 0.523 C 0.144 0.240
27 0.2 0.831 0.519 C 0.180 0.300
28 0.3 1.246 0.533 C 0.205 0.342
29 0.4 1.662 0.533 C 0.225 0.375
30 0.5 2.077 0.519 C 0.241 0.402
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Table 2. Experimental Conditions and Results (Continue)

Case D,/ D, h,/hy Rep, (104) u,/ uy Bypass pipe type max.7,* min.7*
31 0.1 0.355 0.636 A 0.143 0.238
32 0.2 0.711 0.665 A 0.179 0.298
33 0.3 1.066 0.673 A 0.204 0.340
34 0.4 1.421 0.673 A 0.223 0.372
35 0.5 1.777 0.632 A 0.240 0.400
36 0.1 0.403 0.586 B 0.162 0.270
37 0.2 0.806 0.564 B 0.203 0.339
38 0.3 4.88 1.209 0.594 B 0.232 0.386
39 0.4 1.612 0.594 B 0.254 0.423
40 0.5 2.015 0.572 B 0.272 0.454
41 0.1 0.429 0.550 C 0.145 0.242
42 0.2 0.859 0.554 C 0.182 0.303
43 0.3 1.288 0.557 C 0.207 0.346
44 0.4 1.718 0.557 C 0.227 0.379
45 0.5 2.147 0.537 C 0.244 0.407

(b) Case 10

(c) Case 15

Fig. 5. Experiment Scene (a) Case 5, (b) Case10, (c) Case15
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Fig. 6. Relative Velocity of Spherical Particle to Fluid Velocity
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