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Fig. 1 Force analysis of a rock-filled steel cage
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Tab.1 Sizes of regular hexahedron rock-filled

steel cages

%5 K /m R/ m? i/t
Z1 1.00 1.00 2.00
72 1.25 1.95 3.91
Z3 1.50 3.38 6.75
74 1.75 5.36 10. 72
Z5 2.00 8.00 16. 00
Z6 2.25 11.39 22.78
z7 2.50 15.63 31.25

k2 AMAEERG B ENE

Tab. 2  Sizes of bar hexahedron rock-filled steel cages

i 1K /m
5% A WRU/me B
N rhih Jad b
T1 2.00 2.00 2.00 8. 00 16. 00
T2 2.25 2.00 1.78 8. 00 16. 00
T3 2.50 2.00 1. 60 8. 00 16. 00
T4 2.75 2.00 1.45 8. 00 16. 00
T5 3. 00 2.00 1.33 8. 00 16. 00

&3 RmMNEKRE A KA

Tab. 3  Sizes of flat hexahedron rock-filled steel cages

A /m
45 - A/ m? i/t
4l UL TR
Bl 2.00 2.00 2.00 8. 00 16. 00
B2 2.25 2.25 1.58 8. 00 16. 00
B3 2.50 2.50 1. 28 8. 00 16. 00
B4 2.75 2.75 1. 06 8. 00 16. 00
B5 3.00 3. 00 0. 89 8. 00 16. 00

2.2 AP

R A58 R A T KR v Y e A PR AR
S i AN SE R T T R KA R R
PRIT U6 1 8l ELAT 3h— Be SCREAS 1R ok 0 524 177
A1 T 1R JE YR T

I8 O T 2R 7S TR B A 0 T . A K
TIPEE T B0 5 A 8 B2 UAR W A2 2 1Y T X1
R A SRS E . L, AT b BT A 2508 7N T 1A
A FEAR IO S D Al o 5 A ¢ i A 1A
KT Al @ WK FTT 1) A ¢ T T U 2 i
05 AR

2.3 IR R B s

TE 3 MR BE RO F T 2 Z 0GR
X 500 A3 A R T L g RE D O BB 2 L O R AT
HH SR 0 R Al b B AN ] A 1 B B 79 A
By AL AL AL L 2~ 4.

7.0
6.5 —— — FAIBEIERE (=0.28)
6.0 | —=— — ik eI (=0.48

R 45 B //— —/

=40 £ = .

N w

351 -////*t:i—ﬁ%m%ﬁ%ﬁwﬂw)
30 &

2505 10 15 220 25 30 3%

m/t
A2 EANAARNSEEEI AR EN

AL
Fig. 2 Relationships between incipient velocities
and mass of regular hexahedron rock-filled

steel cages
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Fig. 3 Relationships between incipient velocities
and flattening coefficients of bar hexahedron

rock-filled steel cages
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Fig. 4 Relationships between incipient velocities
and flattening coefficients of flat hexahedron

rock-filled steel cages



382 Ax % # I K ¥ F #® %58 %
HRAR I 2~ 4 B s e B L 00 4% R e T 35 14

() A7 [ — 8 48 DR B % T T T A0 A 1 S 14 301 12

T B 97 oI5 5 A K I K5 5B N T A 248 08

5 A 5 i E A Y B R ~ 20 0

FO T 2 30 R I TR 5 i T TP 1(5) s ||

T S5 B i FE A TR R B A K, 7765 66 67 68 69 70 7.1

S — i R MU L B RN I L log,,(Re)

85 R 00 A 6 56 B3 L B5 = ] 77 76 e 0 it J 2% (@ AT BLBRR I (=0, 28)

A TR 2 T I R 0 7 A ) T ik 35 14

S, T A R 56 TR R I R M 1+ 50, 20T |1;g

B3 B B5 i 5 e i 4 0 K R SF BB 22 B ol 257 08

S 2 RS B S 7 9 0 26 4 10 56 E 1 | Hg;ﬁ:

B AR R A, B IR (EL AT 0% T i T A T N 02

R A B =, A, BUETE Bl A 1. 95 <<, < 65 6.6 6.7 6.8 6'3.9 70 71

3. 37. (2)7E [l —FE e IR A0 6 1 F o )25 ) A . )%Mgf;g;(fo .

O 26T i T 7 T 0 A0 1 0 30 300 3 1 1 '

T A5 9 A B R K. (3) T JEE 45 A 35 16

K 5 47 9 0 0 K5 P DB 25 ol 12

05 03 S B B T AT % IR I £ = 0. 48 | o8

FAFT 16 « WA A ERSTRE S f=0.28 & 15l o

PR B9 31,25 « AR A0 28 3 AR Y. N 82

A 3 Xt AH 2 B H A7 A B, BT 42 3 PR
BB £=0.28,/=0.48,1=0.69 &1 T Q,
Re" 1,Cp+ fL,COM M = ANl 5 .

FETHR Cp (Cr B — R FH AT 350 5 o 22 452 [
BEME T (A Re™ . 1,Cp+ f1,C) 53 A = &, AT
Xt Cp AL C BEATR AR A0S S HEBR 0 213K 56 T 7
A BB AR R 22, 1 T 3 R R 45 DR B i 0 KA L R
g X Pt Cp C BUESEAT LG P s s 09 fE
A4 T n oA A

WEC, M1 C, BT R W8 2E 7 £ 2 i
B AR /N — 3 ik

WMAUBIT RS 5. RAHK S X C, 5 C,
HEAT SR AR, 2280 H (A Re” .Cp) 5 (A Re” C) 11
AL IE 6.7 ftR

ME 6.7 LR ITREC, 5§ LR
B CL MBUEIITE 0. 2~0. 6,45 4 BUH 16 Bl B K.

Cp M BUE AR /N, —METE 0. 2~0. 4. Bl
Jii BE R B A W BE I, Cp 0 BOE 52 IR Bk 3 35
syt 0.4 WBE EEEPERERE A=1.0
KRB Re” = 10%" B3I, Cp A9 20 A1 A1 A th 2
Bl 4 TE 7 T A5 A A1 8 T A2 4 B T T s e AR A T
HIE i Y 7 TR A9 747 40 8 5 Sk B R R A
A AR KA AR E

65 66 6.7 68 69 70 7.1
log,(Re")
(o) HLRE 7K Y& A B 17 (£ =0. 69)

W5 (A,Re" .[,Cp+ fL,C) A
Fig. 5 Distribution of (A, Re”™ , 1,Cp+ fls
35
301
251
< 20
15
1.0= : : ! P —
65 66 67 68 69 70 71

log,,(Re")

@6 (/IQR@X ’Cp)ﬁ#ﬁ
Fig. 6 Distribution of (1, Re” , Cp)

35

3.0
251
~ 201
1.5¢ -
10
65 66 67 68 69 7.0 71
log,(Re")

H7 Q.,Re” .CoORM

Fig. 7 Distribution of (1, Re™, C.)

C)

0.6
0.5
0.4
0.3
0.2
0.1

0.6
0.5
0.4
0.3
0.2
0.1



554 1 i

HE BANH A

ERFRETEF EFR 383

C. WIBE ALK, —MAE 0. 2~0. 5. 7F i
JEREA —E W] BEE IR T EE Re” (350, C,
MIUE 2B E T H. 78 Re” —E BT BEE A (934
s HAE 1. 0~1.5,C, M BUE FEA PR A
B ARG, C, WBUE 2T B . 4560
SCOHT AT SN A A BN, BT FLZ
2T BB C AR B 5 T S A A R
I Fy 32 50 5 A0 206 DY T T AR5 e 258 K.

3 ST IR B SR

EHREHE AL C,.CL sl %
S5 B AN A 28 R B e 5 O ik B RiE P
BN T e BE R B A BB A8 e B R —
EE T v MR Re” =v.D/v Fl D= 6abc/x
AT 354 A N B Rey » AT AL W Rer B {8 23 91
FEE 6.7 BRI Cp  C A K HAlAH G 2
AHEEACAR (6) G v » 47 01 v » AR E o,
PEATIR G RS o, = vy, IRNE LS 0, BIHH
i 41 58 1) A B 3 K

POL AT SN ) B e 3 i /N W S O
Re" .Cp).(AsRe” . Co)4r i =V HOKS BE >R L 55
—2H AR B0 AN AT A1 2 A KA gt A7 R G 3 S
T RSO LB B BL i (= 0. 28), IR I RH S
TR HE AT X L, X328 Bl T 5 O 1k BEAT RS
JE B IE.

B 0E BT FH A A A S A A7) 1B B L 3 K
2 m [ 1E 7 T A B A A G R 1 L E AT AR IR
R R 28 4, D4 vl 55 0 il 1) 20 A8 b iR K
Bl RUSE L 36 T SR FH 0 4 A A1 S RRAR AN 3R 4 TR

kA WHETEEERIE ARG R EAE
Tab. 4  Sizes of rock-filled steel cages for accuracy

validation of calculation method

WK /m
% — KRB/ m? /¢
KAl b i
Y1 2.22 1. 90 1. 90 8.00 16. 00
Y2 2.47 1. 80 1. 80 8.00 16. 00
Y3 2.77 1.70 1.70 8. 00 16. 00
Y4 3.13 1. 60 1. 60 8. 00 16. 00
Y5 3.56 1. 50 1. 50 8.00 16. 00
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Research on calculation method of incipient velocity
for rock-filled steel cage in river closure
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( 1.College of Hydraulic and Environmental Engineering, Three Gorges University, Yichang 443002, China;
2. State Key Laboratory of Water Resources and Hydropower Engineering Science, Wuhan University,
Wuhan 430072, China;
3. Changjiang Institute of Survey, Planning, Design and Research, Wuhan 430010, China )

Abstract: The incipient motion mechanism of rock-filled steel cage in river closure is studied. The
calculation formula of incipient velocity is deduced through the force analysis of a rock-filled steel
cage, of which drag coefficient C, and lift coefficient C, are analyzed. The flume model test is
conducted to study the variation of different sizes (regular hexahedron shape, bar hexahedron shape,
flat hexahedron shape) rock-filled steel cages' incipient velocities under different {frictional
coefficients. And the relationships of C,, C, with the flattening coefficient A and particle Reynolds
number Re” are also quantitatively analyzed, drawn as cloud pictures of distribution of (A, Re™ , Cp)
and (1, Re”, C.). It is testified that the calculation method of incipient velocity for rock-filled steel
cage, combining the calculation formula with cloud pictures of Cp, C,, reflects the incipient case of

rock-filled steel cage well through test validation.

Key words: rock-filled steel cage; incipient velocity; drag coefficient; lift coefficient; flume model test



