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BT SRRt AL AR 5 A ST H A EL R
TEREFRIEN T, DR E=ZmE, matae6) nfft
OoH iy iy
J=——"F=H L fex . fBx (18)
P p(\/ % " J

R4 RENWE P P KLF R ER (F # £l ¥ W14 L=4n)

W A EER x/m 0. 62 0.95 1.35 1.75 2.35 3.25
AR /H 0. 841 0. 767 0. 686 0.613 0.519 0. 403
PRI 25 H./H 0.85 0.77 0.69 0.61 0.53 0.35

Ko REMW R P UG K K TR LR (F 7L BE W 4 L=3m)

W55 PR x /m 0.62 0.95 1.35 1.75 2.15 2.35
AR HH/ 0.819 0.736 0. 647 0. 569 0. 500 0.471
AR5 45 HEH./H 0.82 0.73 0.63 0. 54 0. 46 0.41
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4.3 AXNA® EWHESRER AN, RTEsiFI5m, s R fG 2K A 8] ) A — S
o R AR (9) SR JA I 1) 5 (10) (M, AT LA 25 E 2448, B th C S HORA& L=l
RACK IR JE I ] BAATE D Bt T —dmdsf IR, ETT VA S T B/ SR I E Tmazt A PR e R 7K Sk A1
BJE IS, ARND TGS RITT . I 5y 5 AT (Theis, 1935) KB S5 2, 1 HE
FRAEMERI I U b R B IO S A RS A, R RN 5 ) B E 28K
WAFHS B A RIS ik, AR HE P9,

PO T R AR S AR IR 29X (12) , AT AR R VT 53R FE D S AT 2 Ak 1 vk 0 ok it o g Kk /K S, AT AT
WSS 7 5 2 R AR R ACK T R A R 1 by K3E P Hk=6. 45X 10 "em/s, S.=0. 96 X
10°m ', g T =3d, fRA(12), TR x=10. 20, 40. 100mAbKI/K L FERAMK A0, 875, 0. 766,
0.584. 0.263; nJ LAHEGIA R UEUE TN, BT/ AR R, S Gt i A2 R AR BT . A 4t
WP IR, it T =30d, $&JE IR (x=40m) Ab 39S AR R K Sk ETER0. 844, A nTRER AL . AE T
OV R A B LIRS B AD, a0y B AP PR IAL=80m, 5|2 (16) THE 315 I AL (x=40m~5H) 7F
PRI T =3dIN, KSKEECNO0. 703, VLSRR ARETN G, HERR A ALK LG TG I R AR S K SR IR
T B A AR P9 R A A R

RN e B R VB R 3 (14) AN5K (18) 7T LU SRV S R 2 AR B Wi b5 B, AT 17 A 3 1) B3 5
JER PSR BeTE . 1 a7y 5 I IR IR 3RS S 50k S S A, IFBeH=80m, A THHLIKIVEIE [ I 2y 3d & 30dff v
RExALE S B TR A AR A S i B 12 s, UV D I 0L, B e e ol s TR0 DI, B
S/ AP TF < IS e o O P S = 114 SO IT = W ;KRB eI b e U 4 T w3 D) 1 i /SO QR K S e M nb s U
CEE I 1 0 B ) A Fe e T P o

ACRFER A R (12) « 2 (16) 25 AT LU F T3 7254 0 18] B s B0 280 3y, A8 KWR X B 7 i o, 1T
H (16) BEEA 5 7K e TR s s Y A R FE A 3R ) o 480 2 FH - XU S5 P R I ) 7R, L 38
IR%, PRI t=8s, MRAR A7) KFLWEEEIL =0. 9m, S5WIW W] T =12. 4hfr sK1FIL=67. SmAH L&
/Ny AT HESD— R YR SR B L T DA, BRAR AP RR A R R IR IR A . RN RT A, K R
TV K T R 5y, FESR IS B U IS A Y T % 18

tX (9) HEF TS, BB K TR, BRAS MBI ALRE, FUILaTEBmK I

2k Lok ik sh e K S AE Ay SR AE al i S (1) 5 KBRS 7 1 1Kk, an I3 BT (17K 1 3 2R BC-5 38 s 4k i A
2RAC.

K12 st R YRS B I b K13 PR eI HO ik

2 &R JRSIPE BRSO L, i T Bl AR R I 18] 32 G 5 AR JE 0N, e SR A T A7 5 i
T8, Rl RBE A AR R L I, TR R R BT 2 AR E

12



KM %

2005 4F 9 H SHUILI XUEBAO 36 3% oM

5 #hie

FERSE B UUE ISR (LA L, AT T ARROE B WU E T i, 12 M IE 5Z R W) %7 27 A e 1R 6
ANBEIR AT, B LL R AGIA T (1) PRI R A SR e b A% AR (K 5 55 AT IR i A i o) B iR, 7Kk b
THE A, DO 3dLL BRI, FESRIERD )R Hhik BEAEACK 1 M BERE A S ROE B WA Al (HRIE Rp i
RV, 3 B VR P P A R I IR Tt i, kOB AR A B VR IR T ARE B 10 A A AG K I Z2 thB Ji5 FIefEL KA
IR i I ) 5 P e A ke [y N R I HE SR BEAIE K PR U L o AR AR SEE MR IE L, ik

WP R e (2) BTV B  N SEAE J LT R A2 5 M 2 ST e . TP ah RIBR et i il 454

ARSI AR, w3 o tRigddt, LA BEE L. (3) BHR M #ran 17 IE L7 ke . ]34 Biipt
IRTESEIEAD 2 P AL IR . BRI ) PRI I ACK RO A ST S A S, IF e ORI BASSIE . W]
ISR IR 2 RSN e P I R N (BARAPY) , SR BRI, KBS, R ANBUR A B R
FLXGRSE MR HB U0 Al DL o IR IEALARIE A 22 sUn] 725 A ELEIN € AR RUE i3 i P I L EE S H00 A7 S,
XTI S VR s, IR RS T AR I
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Piping experimental study and theoretical analysis of
unsteady seepage flow during flood peak

MAO Chang-xi1 ,DUAN Xiang—baol ,CALJ in—bangl, RU Jian-hui’
(1. Nanjing Hydraulic Research Institute,Nanjing 210029, China;
2. Bureau of Water Resources,Guangdong Province,Guangzhou 510150,China)

Abstract: The effect of water level variation in the advance of flood and tide wave on unsteady seepage flow in
levee is studied experimentally in laboratory. Since the duration of high water stage in the process of flood is short
,comparing with the constant water level, the risk of piping development is remarkably reduced. The similartiy
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law and time scale of flood process duration for modeling are investigated in the sand model test for levee of

Beijiang River, Guangdong Province,and a method for estimating the development duration of piping in levee is
deduced. The formulas for calculating propagation velocity, time delay and energy attenuation of unsteady
seepage flow under levee in case of the flood peak duration following a sine curve are further analyzed
theoretically.

Key words: sand model; unsteady seepage flow; piping; levee; variation of stage; flood peak; tide; similarity;

formulas
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