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Fig. 1 View of flume test system
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Tab.1 Particle size distribution of model sand

i FLFLAE/mm S R T A 2%
0.75 100. 00
0.50 78.35
0.25 45.40
0.125 34.10
0.0625 27.25
0.025 18.45
0.01 13.85
0.00625 3.85
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Tab. 2 Factors of the orthogonal test

#e5 WK

T iﬁi’[‘iﬁi—% Lﬂ\‘ﬁ{ﬁ% I Jif 7K R i P
J(L-s™') o /(m-s"")  hy/em . s

A 4.05 0.25 4.1 0.394  0.027
B 4.05 0.30 3.4 0.520  0.033
C 4.05 0.40 2.5 0.808  0.044
D 5.40 0.25 5.4 0.344  0.027
E 5.40 0.30 4.5 0.452  0.033
F 5.40 0.40 3.4 0.693  0.044
G 6.75 0.25 6.8 0.306  0.027
H 6.75 0.30 5.6 0.405  0.033
I 6.75 0.40 4.2 0.623  0.044
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Fig. 2 Distribution of horizontal velocity component across flume
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Fig.4 Trend of wave and flow
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Fig.5 Transfer process of scour hole
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Fig.7 Scouring process curve of scour depth
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Fig.8 Time history curve of vertical scour velocity
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Fig.9 Scouring process curve based on dimensionless data

TE/K TR 20 MO 38 vh 4 Ji G A i AU v, 5

il 5 ME— B S8 R AT o ST R LA B, X

B Z RS IR AT I — Ak B, X 2 A B A

132K Pl e/ 3 i R AT #0045, 45 B U — b 5 AR
HHES

h

L=l 487104 (3)

ATLLE W2 op o 2 B A5 RS o el R B
O, Bifi 25 657 T 10 B 2 26, oo R T B8 L MG O, Y A X e
Fl B[] 2 0. 1 B ool 238 /N B IS 2 — AN Bh
M 11 R o AR 21 5K 0 AR RO IR AR T B ]
AR RS | 87 JIC o Rl R AN P R AR AR Ak
3.2.4  WhRIVREE 255 8 A 5 KAE
KT 2 R T B S TR DR o 2 U AR A S R
IR=FHMEAEH 5. UL, 28 804 38 )= 35 v hil
HLHEZ KB ) 5 VR T S BOR U R R P Y 5
Horp K I EA KB h KT v 0
B g BESEA ER D M d OKTAER A o
IRV RS R0 PR dy RV EE v, &,
F b, 3278 W B SF- A7 o kil R BE, BT Rl 4R pR % A
TR
h, = f(v,h,g,D,d,a,dy,y.) (4)
ARUWIRIE K FAEH A « = 90°, B A% E/EH
FOGF R R BE S e, RO, — AR A R TR R v
BE oy, REB AR RHIE, Wi, X (4) 7 f#
UwF
h, = f(v,h,g,D,d,dg) (5)
NPT R AT N ROR

Tyt p) (6)

Horp, Fr o i 55 1850

3 F BIJKER . IBRAHIM 1 MONCADA-M 4%
F B ST ORI A AR SO ok R 36 45 R L R
i Gauss - Seidel #E R L, X & Mo RIIRE b, /D
X RLAE dy/D F Fr i) RET LG, 153
LUNN/AS: W

-0.24

D (Fr)0.74 (7)

AR(T)ERTF Fr< 1 RS 5 BR B 20 84 38
iR - A R I o Ay S 2 6 4 2K ( T ) ) R
AISE W, B 10 BT i PR 3 SEINE 5 24 A
EXTEE, Al DU, P 4 R A — 2 Ul 2 50
ST ) X T 00 2% A AE, T o b 5 1) oo il % B2 AT B i
F1% P A1 R ) Y

2.8

el = RS
O o maARBL .

by 1.5(@)
)

24+

1.0 1 1 1 1 1 1 1 1
1.0 12 14 1.6 1.8 2.0 22 24 26 28
W2 X TIME/em

B10 KRFRMEATHRRELINESAXITHEERIE
Fig. 10 The comparison of the measured value and the

predicated value of scour depth

3.3 mWitEmy RMEHR
3.3.01 iR g R

LR PRI LS sh ST R i
7 1 1) P R, S U O S KR A T Y
R, H Tl I 1 5 K T 1 T L DY e ) A T
P i 7 B R AR [ o IR 3 1 b S A
AT I LRI 18] 42 Ak i 1 A, A& 11 FoR Kb
JEAJE L o8 T8 500 % B 1 B2, AR U A o S i A
BhO7 R A AR RN . [ 1L S D =20 mm Z& A
T 4 PRI T B sh TR 1 4 R A nT LA T
F IS0 T 0 oh g DL — [ R R0 4 i 7 1 1)
Ui ST T LB G ORI LA H Y iRt LA B A AS [



52 L ] 3L 2 B T o R LR Y R AT Y 247

W sk 3R i A T A s ) SRR, 2 e < (2 YRR
JE I S 20, DL IR 11 B, vh g DL — A R 3 A
PR RN AR, 2 ¢ > 0, W, wpHT L — 5
AN ST RO IR AT e R, 3R 3 B A
O AN TRV AR A R0 )™ i R MR G i 8

200 1

—

wn

(=}
1

’ R e idi%

i Case: i¥4£D=20mm
—=— G, v,=025m/s, Fr=0.306
—e— [.tH, v;=030m/s, Fr=0.405
—a— T3 v =040m/s, Fr=0.623

Y IEKEL / mm
=
(=}

50
: —w— LHLF, v, =040m/s, Fr=0.693
Mg
0 — . . . .
0 300 7, 600 900 1200 1500
R ] / min
11 it E T R REEFRRIEE
Fig. 11  Primary and secondary propagation velocity of scour hole
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Tab.3 Propagation velocity of scour hole under different conditions
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c 0.808 0.044 1.586 — 1.256 — 1,124 —
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G 0.306 0.027 0.334 0.067 0.277 0.045 0.308 0.045
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vy HHIRY R E (mm - min ™) oy HRHEYRHEE (mm - min 1)

o R =" FIRZ LI T RREY R,



248 W 38 %

x hm/tanf—x

1
|
: 4
? wEmY Ii‘%n A
T SRttt B RV
|
|
|
|

3
B ") 8
VR . "G iR K
Vv
1 2 IV R

B2 BEEEEAyRRETER

Fig. 12 Propagation schematic for scour hole through horizontal
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Fig. 13 Comparison of the measured value and the calculated value of propagation velocity of scour hole
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Experimental Study in Expansion Law of Scour Hole of

Pipeline Crossing Mountain River

YANG Qian, YANG Qinghua®, YAO Jintao, ZHANG Yuqgian, WANG Zicong

(School of Civil Engineering , Southwest Jiaotong University , Chengdu 610031, China)

Abstract. It’s very important for safety of the pipeline crossing the mountain river to predict reasonably future scour

depth and suspended length. A flume model test was carried out for the Beiganxian gas pipeline crossing

engineering, the evolution tendency of riverbed around underwater crossing pipeline was observed and analyzed

from the test, and the influencing factors of the expansion law of scour hole were studied, such as flow rates, water
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depths, pipe diameters and so on. The results showed that the riverbed evolution was mainly caused by bed load
transport, the number of scour points formed at the bottom of the pipe decreased gradually with the increase of pipe
diameter. The vertical expansion rate of the scour hole was very large when the scour was formed at the bottom of
the pipe, with the occurrence of the canal gush, the scour rate decreased and the scour depth increased gradually.
The vertical expansion process of the scour hole at the bottom of the pipe satisfied the first-order dynamic response
equation, the relationship between scour depth and scour time was obtained after normalization. The hydraulic
parameters, pipe diameters and sand characteristics all affected the scour depth of the underwater crossing pipeline.
The dimensionless equation of scour depth between the relative sediment grain size and Froude number ( Fr) was
obtained by using the Gauss - Seidel iteration method. There was only one primary stage of horizontal expansion of
the scour hole when Fr >0.6, and another following expansion process was added to the primary stage when Fr <
0.6. Finally, the horizontal expansion calculation model of the scour hole was derived combined with test data and
empirical model of vertical expansion, and the prediction result of the model was very good. It could provide an
important reference for exploring the expansion law of the scour hole and the safe operation of the underwater

crossing pipeline.

Key words: underwater crossing pipeline; scour hole; expansion rate; scour depth; flume model test



