21

211 ?

(general scour)
(local scour)

(constriction)
(velocity)

3
(constriction scour)

(flow obstruction)
(state of flow)
(circular culvert) (box culvert)
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(vortex)
(scour depth)
2.2
3
1)
2) (equilibrium scour depth)
(3) (maximum  scour depth)

21



(cm.

Object Diameter

2.2

21

(H.Palmer (1970) ,1987)
SCOUR PIT
Volume = (Rj + RR2 + R") - Hr2 H
L = 0 Lmax in 0.5 cm. increment
X = L2 — Xmax

Rl = r+L,R2 = r+x
H tan 35° (L - X) or 0.70021(L - X)

(H.Palmer (1970) ,1987)



(viscosity) (density)

Scourdepth = F[ (Pier) 1( Flow ) 1( Fluid Characteristics ),
(Sediment ) 1(Time ) ]

(flid density)

(viscosity)
2121 (influence of pier)
2122 (influence of flow characteristics on
local scour) 3
(1) (conservation of mass)
(2) (conservation of momentum)
(3) (conservation of energy)

(influence of flow
depth and velocity)
(influence of flow duration)
(influence of froude number)
(influence of reynolds number)
2123 (influence of bed material on iocal scour)

2.2



10

1950 1950-
1975

1970-1980

22.1
Tison (1940) Keutner (1932) Posey (1949)
Laursen (1956) Neil (1964) Bata (1960)  Roper (1967)

(pressure) Boundary layer 3
XYZ 3 Z
Horseshoe vortex system 2.3 .
Schwind (1962 Shen, 1971 : 23-4)
Reynolds number Horseshoe vortex

Shen and other (1966)
1 Horseshoe vortex

Wake vortex system 2.3 .



2.3

() wake scour

() skewed scour

(

Simons, 1977)
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(critical  pick-up velocity critical velocity)
(critical shear or tractive force)

Brahms (1753 Garde, 1977 47)

ve= KW (2.1)

VC

= (submerge weight )

K =
DuBuat (1816 , 1987:40)
(critical pick-up velocity)
2-1
Airy (1834 , 1987:41)
(tractive force) (friction force) 2
v = 331 (Ys-y)D (2.2)
ys = (specific weight of material)

y = (specific weight of water)



2-1

No

2-2

Material

Potter's clay
Coarse sand
Gravel and sand abstracted
From the channel of the sieve :
a) Size of aniseed
) Size of peas
¢) Size of marsh-plants beans
Sea pebbles labout 01" or more
Sharp-edged flint of the size of an
egg land large

Schoklitsch (1914

Graf, 1971.91)
(Shear Force)

13

Velocity
(cms.)

10.6
216

108
189
32.5
65.0
120

MozyyeX
=v0.385(§ | |1 { (2.3)
[, = “Form factor”
Form factor 1.0
1.15-1.35
31
Flint 4.4
ysS = (specific weight of material)
y - (specific weight of water)

2.3
() 24
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2-2 XC
No Material .
(kg/ m2)
I Ordinary quartz sand 0.2 to 0.4 mm. 0.18-0.20
2. Ordinary quartz sand 0.4 to 1. mm. 0.25-0.30
3 Ordinary quartz sand up to 2 mm. 04
4, Rounded quartz gravel 0.5to 1.5 mm. 1.25
b, Clayish soil 1.0-1.2
6. Coarse gravel 4.0t0 5.0 cm. 48
. Flat limestone gravel 1to 2 cm. thick, & 4 to 56
6cm. long

Shield (1936 Graf, 1971.95)

Laminar boundary Laminar flow
| (

08| ) ] P (D § ) (

0 = Laminar boundary

A = (drag force)

7s.y = (specific

weight of material 1water)
= (size of material)
24

Laminar layer (DI 0)
Shields’ diagram 2.5

(1987) "



600

. Schokhtsch
500 bén 7
w0 9 CNa ernak >
&%E er Inst. <
0 OKrey y
200 5 -
100 AC Q
0
: YO Grain’ Size(mm) *°
2.4 Tc
(Leleavsky (1955) , 1987)
2.5 Shield Tc

Laminar Layer (Leleavsky (1995) , 1987)
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2520-2526
4
2.2.1.2
(local scour)
Lacey (1929 Chen, 1980:3)
Lacey
(constriction area)
dgn= CR (2.5)
dgn =
R = (hydraulic radius of
the section)
¢c =
1-2
Lacey (1931 Garde, 1977:330)

Lacey's regime depth (yL)



17

(prismatic  canal)

yL = 047(Q/f)13 (2.6)

L = & = ° (2.7)

Q = (total discharge )

Q =

f = Lacey's silt factor = 1.76/

D = ()

yL

Khosla (1936)

dan = Kyl (2.8)

dam =

K =

Chitale (1941 Raudkivi, 1976:289)

0.925 0.6
032 . 4 0.16 0.24
0.68 151 . qg =13 |

0.5 1.45
Chitale
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1 ( axial flow )
5-15 %
2.
3.
— =-051+6.65Fr-5.49Fr2 (2.9)
y
de =
y =
Fro= (froude number)

Inglis (1949 Simons, 1971:682 )
Lacey's regime depth (yL)

(K) K

(dsm) K

dan = 4yl (2.10)

2.10

dn = 2yl (2.11)



coefficient

Poona

19

Inglis
(2.12)
h =
q =
Lacey
Lacey's
2.13
P=CQL2 (2.13)
P = (wetted perimeter)
Q = (discharge)
C = 8B
= 18
2.13
2.6
Inglis (1949 Raudkivi, 1976:289) Inglis-
vy - 4.19F10R(")°22-1 (2.14)
Laursen (1954 Raudkivi, 1976:290)

Laursen
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Laursen  Toch (1954 Raudkivi, 1976:290)

(clear water scour)
~ = 1.35(N0r (2.15)
Chabert and Engledinger (1956 Raudkivi, 1976:288)

(clear water
condition) (tractive force)

(maximum scour depth)

(dune)
(periodically) (equilibrium)
271 28
Laursen (1960)
2.9 Laursen
(dimensional analysis)
( )
' G, cl
i e TV (2.16)

yr o 7 d



NET SURFACE WIDTH OF WATERMAY OPENING ft

5 10 20 50 100 2 5 1000 2 5 10000

5
=
DESGN DISCHARGE, t3
2.6 Q
(Lacey (1931) Simons, 1971}
1V
2.1
(Chabert & Engeldinger (1956) Raudkivi, 1976)
2.8

(Chabert & Engeldinger (1956) Raudkivi, 1976)



210

22

Qc = 1
(P, )] | e
-
= Manning roughness coefficient
f = 025 o< 05
= 10 oo =10
= 225 > 2.0
oz (shear velocity)
® = (fall velocity) )
Garde (1961 Chang, 1978:14)
Garde
(Clearwater) (live-bed scour)
(1961)
" -4
Aozl o Fro® 0(y(25 (2.17)
|
y =

Fr =  1— = Froude number
V&)



2.10

2.9

(Liu

(Laursen, EM, 1960)

1961)

23
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2 2.18
b 04
=215 = Fp,™® (2.18)
y\ y\
(Dikes)
Mississippi
y =4Fr,03 y)25 (2.19)
218 219
211
2.12
Laursen (1962 Chen,1980:5)
(scour hole)
2.75
Laursen (1963)
(clear water scour)
3.0
617 )
"] vi2 . (2.20)

y\ 1205VA Q23
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211 ,
( 1961)

ANGLE OF INCLINATION, IN DEGREES

212
( 1961)



26

dan = (1)
Vi (1)
g = (1)
Do
V1 (fps)
Larras (1963 Shen, 1971:23-10)
d$n = 142 Kb0h (2.21)
b =
K =1
= 14
Larras
Breusers (1965)
de = 1.4 (2.22)
Neil (1973)
2.23
de = Kb (2.23)
K 2-3
Maza Alvarez Sanchez (1964 Simons, 1977:689)

Laursen Yaraslavtsiev (1960)
2



2-3

bi

K
(Neil, 1973)
—-—H
F~ 1~ | bi
'<ch>

0

27

K
1 = 2.0
2 = 1.5
3 = 1.5
4 = 1.2

0



2-4

2-5

1b

18
2.2
2.6
3.0

10.0
8.5

0.25
0.75
0.75
0.75
0.75

300,

10

8.7

0.15
0.95
0.95
0.90
0.90

Kal

2-4

20

9.0

v2/ gh

213

28

Yaroslavtsiev
(2.24)
2-5
30 40
10.3 11.3
!
0.10 0.04
1.15 1.40
1.10 1.35
1.10 1.30
1.10 1.30
Laursen

de

2.14



(Depth of Scour,ft)

213

2.14

(Laursen & Toch (1956)

(Shen (1971)

Raudkivi, 1976)

, 1987)
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Arunachalam (1965 Raudkivi, 1976:301)
Laursen 1Toch  Lacey

g z 1%

~L L Wﬂue

Carstens (1966) 080 . 21.0.
3 4
308 152 052 0.26

1 (2.25)

L
() ()
= (drag force ) +
(Iift force )
= Cdk, 2P - + cdkl 2P - (2.26)
= (Ys-yj*D3
2
(g
= [f(Sediment grain geometry ] N&
ch =
(drag force coefficient)
CL =

(lift force coefficient)
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K2 = (")
P =
YseYw =
0 =i (2:26)
Ns (sediment number)
2. Carstens
()
(0)
<229)
ds = t
3.
= 0546 | 5215%‘2 (230)

Shen 1 Schneider Karaki (1966) Wang (1968)

Moo= 2FTOR(M)° 66 (2.31)

Carstens (1966 Simons, 1977:685)
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V o= 1
dam -
Qs -
2.33
5 4 3
[db b] tant/) %l tanq)db|
AR _A A A - =V _ L N _
4.10x 10-6(~ 2-A A 2)52("-) (y ) 77+ 71 YRR
(tan (Y ; .
A +<5HiLxIn
3 tanr *1 (2.33)
Ns = Sediment number
Ne = Ns Sediment transport = 0
0) = Angle of repose
ds =
2.33 2.15
516

4. - N52- 1.64
g S0546 N 50 (2.34)
N =
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Shen (1969 Shen 1 1971:23-8)

3
1 6 15 60
0.5 19=024 . 0.46
2 '8 200
(dune)
0.896 19=024 . 0.46
3 5 180 19= 046
Shen
1 (R,,p: —V)
2. de = 0.222Rp0OMI
de
3. Dune
Dune
Chen (1980)
' (ALT) 2
050= 112 .ag=124 =232 050=0.30 . ag=204 9=29

3

235 236
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t b N

d,, = 2.27-0.45log , <650 (2.35)
\D 5. 50
dnx = de -A->650 (2.36)
U 50
filL = 121"
\ 28]
S
dse =
= (velocity head)
Chang (1987)
! (ALT)
(steady
uniform state) (uniform sand) 3
(coarse sand) Djg=0.97 . (=194 (=325 (medium sand) 1 9=
0.43 . 0g=161 ¢=29.0 (fine sand) 50=0.19 . @=1.47 =
26.5 2 (cylindrical piers)
(blunt-nosed piers)
2.37
2.38
-0.36
A.sill (237 )
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g
L (238)
Am =
Fp = (froude number)
( !
=VIC
Ro = (reynolds number)
L = Projected length ,
(semi-
circular) (semi-elliptical)
2.39
(2.39)
Ap =
Richardson (1987 FHWA, 1988:41)
csu (The Colorado state University equation) 240
— =2.0% %, F o (2.40)
y
ds - (scour depth)
y =

TiT)C



(32 T~ SR NC RN

2-6

2-1

15
30
45
90

K2

H

shape) 2.16

of attack) 2-1
: (fraude number)
K1

L/a=
1.0
15
2.0
2.3
25

4

(
(
(
(
(

Q

Square nose)
Round nose)
Circular cylinder)
Sharp nose)
Group of cylinders)

L/a=8
1.0
2.0
25
3.3
39

(correction for pier

2-6

(correction for angle

11
10
10
0.9
1.0

L/a=12
1.0
25
35
4.3
5.0

36



2.15
(Carstens (1966)

(1) Square nose (2) Round nose

(4) Sharp nose (5)

2.16
(Richardson (1987)

Simons 1977)

(3) Cylindar
L

Group of cylindars

FHWA, 1988)

37
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