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Tab. 1 Lift time of the gate in different /4 situations

RUpkEA/m  BRRRMERI s IR s
0.5 0.32 0.25
0.6 0.35 0.29
0.7 0.38 0.33
0.8 0.40 0.38
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Fig. 1 Sketch diagram of the experimental device
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Fig. 2 Installation of experimental water flume'”’
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i hp/m hym i hp/m hy/m
0.1 0.1 C= /\/ghp (4)
05.06. 02 05.06. 02 (1)~ @) d . T H AH R C 435 R JC & 40t [a] 7K
0 4% o . . o
07,08 o3 07,08 03 TR T I8 5 B AR A IC TS5 5 b R /K A, ms AR
0.4 0.4 IR m e MK ARTHERE ,mes
0.1 0.1 22 IBRoHR
0506 02 0506 02 TEF-HE 4 T, Stoker 44 Ritter B3 R f 56
2%o 6%o ; U S, .
0.7.08 g3 0.7.08 g3 F T R R B R , 38 1 R S SR A LR 34N Jr A ml LA
0.4 0.4 A3 3 AR N HE K G v 5 3003 AT I 2w AT 3 K
0 e
’ —im1 — i1 — 1

x=10m--- ity ¥=22m .. 2 ¥=34m ... R

03} — -3 — -3 — - 1503
% — o
E ) e - :
~= 0'2 L
0.1

t/s
E3 RN EE T
Fig.3 Experimental repeatability verification

A Pl 3 AT, 3 R 245 SRS A W) £, i e X
a5 Mol LAAS Y 7E x O 10,22 7134 m AR 1 3 Yk
I 235 S ) pe 5 1 ZR B R Y L 40 142 [0.967,0.982]
[0.992,0.995]F1[0.996,0.998]. 4% H- 2 B - 1564 AR 4T 1)
R IR, XA TR EE AT 3 ik, 2k
B HHE 3 YA IR iR

2 IR EIRAIE IR AR

21 FZENKE
R BT IS UK R AE R ] AR H AL R R, AR SR
(1)~ (4) XK 1 ZHOHA T TC AL Ab B

T=1 [hys (1)

\/% ghy Au
v+2./ghy =2 ./gh, (7)
A (5)~(7) v R BRI, ms™
AL (5) ~ (7)), P AT s oLk A
KA A RN 3 PR
#3 RETRMERHESER

Tab.3 Theoretical calculations for experimental condi-

tions
hp/m hym h/m hp/m hy/m h/m
0.1 0.254 0.1 0.315
0.2 0.331 0.2 0.406
0.5 0.7
0.3 0.393 0.3 0.477
0.4 0.449 0.4 0.539
0.1 0.285 0.1 0.343
0.2 0.370 0.2 0.441
0.6 0.8
0.3 0.436 0.3 0.517
0.4 0.495 0.4 0.582
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Fig. 4 Two evolutionary forms of dam break waves

N B D3 PR LR A4 RO 25, AR SCE I A4

SRR I TERLF -

(8)

o by R IR A [R)OL B R AR KR, me 24 Ui
7B R o VAR AR IS,y =hy o F TR0 A BE 4 A
e, S AR — TOU R, R TR 3 R0 i K R AR K
AR A 42 Jy 36 97 T8RP 0 X, F AL T i U RE /K
PNEARAR B FE

B SE PN 2 0 KT 0.4 1, B
) undular wave JE R TE4E AEABETE H , 7E-F 3 5%
PR FTZ(8) AT LSS F =(1/a-1)"" B, 24 o £
FIX[6][0.4,0.55]0F , %R (4 F B RIA[0.91,1.23] A
FEIE 2 XIS B AT TR R B S F 128, 5t
WP RARLL bore wave T2 ) R IEALHE ; 24 F,<1.2 B,
J5t I K AR LA undular wave JE 2 1] N U#(EHE ; 24 F =
1.2 B, 35 40038 Ak 0 o S AR 0 T 25 22 ) 1 2o 9 B
B, HOAR R B B IR KA AN B S 7R oS T, e
S E 5 PSR 13 AR 1% 22 (RMSE) .

1.0

x=10m x=16m x=22m
— —emRE(EH e RIS
08l StokerH{E{H{112) = = = - StokerF S {H{112) ------- Stoker B {f112
‘ IRALNET B 53
<706} 7 R s
~ : 1‘ 1’
i :
{ ¥
04} i i
7/f i
€ =0-9% Consi—1-9% e =1.7%
02 1 1 1 1 1 1 1 1
0 5 10 15 20 25 30 35 40 45
T
(@) h=02m, F =14
1.0
IR EFR 53 it

" R
. 5 /-" H § N
AWV TS SRNA WA
- v A O i
0 VA AL T Y AL
- ! (]

"‘.‘NQ / ". N
~ 7 7
0.6F Coi— A3 € =55W € =T 1%
x=10m x=16m x=22m
— g o= RIMH e IR fE
04 IStokerlfﬁ'i@fﬁﬁ“z' Ea S:cokerfi!ﬁ Vrj{ﬁllm -----I--Stokleriﬁ i{:}fﬁ“”
0 S 10 15 20 25 30 35 40 45 50 55
Y4

(b) h=0.4m, F.=0.7
5 h,=0.6 mEE SRS INIGEX L

Fig.5 Comparison of theoretical solution and experimen-
tal values of wave height at /2,=0.6 m

i 5 AT Y R K IR by BN (F>1.2)
Stoker H it i 5 150 (E 1 3 77 #1522 (RMSE) Y [l
[0.9%,1.7%], Fix KAHX 1522 4 5.97% , 4 Stoker 3 i fif
S A7 (B 5(a) ) ofH Y UK IR hy 5K
(F<1.2,K5(b)), 5P LL undular wave JE 2044 H% H
ARXR 2 i KA 23.63% , Hi 5 X 38 1 Stoker Hli¢
it 55 U (B RMSE 35 Bl [4.3%,7.1%) , A1 FE R K
TR /INES R 158 22 RIS o R DL AT 0, U K IR B B KBt
Stoker PRI fif 5 1R I0 (15 152 22 5K U B Bt B 1] 5 0
2 B KA 1k B8 8 K AL, HAESE K75 Stoker
RIS W) A 3807 o BT LA, 28 F<1.2 I, 78 9% 8 X 35,
Stoker PRI fiff 5 10 B0 (E 22 5 48K o 5 i i 80 1) it [R] m]
AR - UK th 2 RS T U BB RS, & 5
UK K A Rl SR T BB TR UK IR
BRI RE I AR AN B2 21 ] IS LT A IS B 5t 117K
TAGAESZ N, BT LA UK 2308 B RK B 7
THAE.

32 CEREEME
32.1 R FHRHAFEA

F LS RTAT, 1t 400 )38 RS BT, Ak 7K
LRI I 5 T 7K 18 R 3 R LA TS 0030 3k 38 g
[ A, B3O KL IR 3 1 30 A KRS 5 R, KA
BG5S WA TR BA S22 R ARZ A #s
it T AN BER IR K ALK — 3 K A o WAOA S8 Ao %o i
R IEAT AT B, KA 3G A R, KA B S [ 28



22 TRER2ESH AR

%57 %

PR 4 Jo 1 55 P 7 AT 5% o AR SO T A B0 2 1Y
AEAE ORI AR, Fom i h
at=—4"8_.p (9)
L+(T)T)
A KRBT AR R BRI AR 7K E A7 5 5 B KAV B
ZAH, SR (hh ), 2K 5 To /K SLIETHBERA ] A

0.4

o TREREE

— WG4

o 05 10 15
7

V3
(©) F=08

] 5 o R a5, BUE R T 0

H 5 3 (9) XA FAE T i 56 2504k i 17 55080
UA AL T 4N MRV FAEETTIROR , 4551
W 6 B o B 6 v B F0m i S RS [ B R 4
PR 7K A7 TN 1o 3k A 1) i 25 B o 2k 45 o =K (9) I LG
AT

0.4

o I
—EaR

(a) F=12

— AR

(oL
AP
!

05 10 15 20 25 30 35 40
T

(d) F=0.5

6 EFERHT,AHRE TTLRX R

Fig. 6 Curves of AH versus T for different values of F,

P 6 T 21 A R B R S BT 1, R WIEC(9)
5B EW A B HRAEA R FAE T, 39
B RBUAE IS R A TR FARXT N R %
FAIREE A AFAI R, HBEZS th F M 0.5 3 2.6 AR

HE.
#z4 TEFEXMRIERYE

Tab.4 Coefficients corresponding to different F, values

F, 4 B T, o
0.5 0.01 0.253 3.103 2.655
0.8 0.01 0.422 2.177 4.057
1.0 0.01 0.369 1.324 5.102
12 0.01 0312 1.093 5.065
2.0 0 0.278 0.649 2.041
26 0 0.399 0.860 0.993
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Fig. 7 Verification of computational accuracy in this
study
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Experimental Study of Wet-bed Dam Break Wave Evolution Properties
ZHOU Xidong', YUAN Hao™*, SU Lijun’, HU Ruichang"*, SUN Qian’

(1.School of River and Ocean Engineering, Chongqing Jiaotong University, Chongqing 400074, China;
2.Southuest Research Institute for Hydraulic and Water Transport Engineering, Chongqing Jiaotong University, Chongqing 400016, China;
3.Key Laboratory of Mountain Hazards and Earth Surface Process, Chinese Academic of Sciences, Chengdu 610041, China)
Abstract:

Objective The propagation of dam-break flow is significantly influenced by both upstream and downstream initial water depths, while the effect
of slopes on flow propagation should not be overlooked. It is recognized that numerical simulations still have limitations in accurately modeling
large-scale and large-deformation water surface phenomena. In addition, on-site observations of dam-break flow remain limited due to spatial and
temporal constraints. Dam-break experiments allow visualization of the evolution of dam-break waves, wall impact pressure, and other related dy-
namics. Therefore, experimental studies of dam-break flows are of great importance compared to numerical simulations. However, few existing
experimental studies simultaneously investigate the influence of water depths and slopes on the spatiotemporal evolution of dam-break wave re-
gimes and heights.

Methods Accordingly, an experimental investigation was conducted to examine the evolution characteristics of wave regimes and wave heights
resulting from a wet-bed dam break. A large-scale flume measuring 52 m in length, 1.2 m in width, and 1 m in height was utilized, which was di-
vided into two sections by a 10 mm thick fiberglass board positioned 12 m from the inlet. The upstream water was released by lifting the fiber-
glass board connected to an electric motor and controlled by a computer program to minimize experimental errors. The flume bottom and sides
were made of toughened glass, which facilitated the observation of the experimental process while maintaining the accuracy of the detected water
surface. The slope of the flume bed was adjusted using 13 pairs of hydraulically operated lifting columns that were automatically controlled with
high precision. Various combinations of upstream water depth hp (hp =0.5,0.6,0.7, and 0.8 m), downstream water depth 4, (h; = 0.1, 0.2, 0.3, and
0.4 m), and slopes i (i = 0, 2%o, 4%o, and 6%o) were considered to evaluate their effects on the dam-break waves, resulting in a total of 64 sce-
narios. The spatiotemporal evolution of the dam-break waves was measured using ten wave gauges positioned at different downstream locations.
Results and Discussions The experimental results showed that the regimes of the dam-break waves were strongly influenced by both the up-
stream and downstream water depths as well as by the slopes. The regimes of the dam-break waves were distinguished using the global Froude
number (F). Specifically, when F, was less than 1.2, the wave propagation resembled that of an undular wave, whereas when F, was greater than

1.2, it exhibited characteristics similar to a bore wave. In addition, the rise pattern of the dam-break flood level was significantly affected by the
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global Froude number F,. Based on the variation of the experimental data, a flood-level rise model for the increase of the dam-break flood level
AH with time T for different values of ', was proposed. The root mean square error between this flood-level rise model and the results of existing
studies was 1.7%, indicating that the proposed model accurately predicted the water-level rise for the dam-break flood. In addition, the relation-
ship between the dimensionless water-level rise velocity (C) and the global Froude number F, was investigated for two different waveforms. The
value of C increased as F increased when F, was less than 1.2 and remained constant as F, increased when F, was greater than 1.2. This study
also examined the applicability of the Stoker solution in predicting wave heights by comparing the experimental data with the Stoker theoretical
results. The findings demonstrated that when the dam-break wave propagated as a bore wave, the maximum relative error between the Stoker
theoretical solution and the experimental data was 5.97%, indicating that the Stoker solution exhibited minimal error in determining the wave
height under the bore wave condition. However, when the dam-break wave propagated as an undular wave, the maximum relative error between
the theoretical Stoker solution and the experimental data reached 23.63%, indicating that the Stoker solution has a larger error in estimating the
wave height under the undular wave condition. Formulae for calculating the maximum wave height 4, and F, under different upstream and
downstream water depth ratios o (a=hd/hp) were established to enable more accurate prediction of the variation in maximum wave height, consid-
ering the influence of slopes and different upstream and downstream water depths. The calculation method presented above was compared to ex-
isting experimental data and showed satisfactory agreement.

Conclusions The varying water depths upstream and downstream contribute to the propagation of dam-break waves in two distinct forms, distin-
guishable by the proposed global Froude number. The phenomenon is characterized as follows: when £ is less than 1.2, the wave manifests as an
undular wave, whereas when F, exceeds 1.2, it transforms into a bore wave. In the case of undular waves, the rate of water level rise increases
proportionally with F,, while in bore waves, this rate remains relatively constant. Based on the influence of F, on the dam-break wave surface, a
functional relationship was established between the rise in flood levels after a dam break and F,. It was observed that when the dam-break wave
propagates as an undular wave, the initial wave height represents the peak height. The experimental data also indicate that the ratio (hm;hl)/hp
decreases linearly with increasing F, values (%, is the wave height according to the Stoker theory solution). In addition, a formula for calculating
the maximum wave height was derived by integrating this finding with the Stoker solution. The results contribute significantly to a comprehen-
sive understanding of the formation and evolution of dam-break flood waves, providing a theoretical foundation for establishing dam-break flood
hazard science.

Key words: wet-bed; global Froude number; wave regime; flood level rise; maximum wave height
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