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Tab. 1 Parametric statistics of different dam materials for model tests
RIS q/(m® -s7h) H/ m (de/dt) / (m-s7h) w pa/ (kg »m™) /% C/ (57
CL1 1.722 1.20 0. 005 167 0.092 1 540 25.0 0. 004 06
CL2 1.722 1.20 0.001 494 0.092 1 680 25.0 0.001 17
CL3 1.722 1.20 0. 001 875 0.116 1 590 25.0 0.001 47
CL4 1.722 1.20 0. 000 042 0. 144 1790 25.0 0. 000 03
CL5 1.722 1.20 0. 000 094 0. 144 1 790 25.0 0. 000 07
CL6 1.722 1.20 0. 000 258 0. 143 1710 25.0 0. 000 20
CL7 1. 833 0.93 0. 000 261 0. 137 1 790 25.0 0. 000 22
CL8 1.811 1.58 0. 000 372 0. 144 1790 25.0 0. 000 26
CL9 0. 867 1.48 0.000 117 0. 135 1 760 25.0 0.000 11
CL10 0. 800 1.24 0.000 411 0.134 1 800 25.0 0. 000 41
CL11 0. 833 0.91 0. 000 439 0. 126 1750 25.0 0. 000 48
CL12 1.778 1.23 0. 000 356 0. 137 1 800 25.0 0. 000 27
CL13 2. 667 1.28 0. 000 353 0. 146 1780 25.0 0. 000 23
CL14 2. 689 1.01 0. 000 236 0. 159 1780 25.0 0. 000 17
CL15 2.700 1.24 0. 000 417 0.134 1 730 25.0 0. 000 28
CL16 0. 856 1.48 0. 000 231 0. 128 1 730 25.0 0. 000 21
SM1 1.722 1.20 0. 000 347 0.121 1 860 13.0 0. 000 27
SM2 1.722 1.20 0. 001 006 0. 120 1 760 13.0 0. 000 79
T2 0. 140 0.65 0. 000 075 0.167 1 659 10.2 0. 000 17
T4 0. 056 0.75 0. 000 083 0. 154 1 688 10. 2 0. 000 24
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Fig. 2 Parameter fitting of headcut migration
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Tab. 2 Dam feature and flow characteristic parameters

g s [ asias PRSI, IR || iR MEs PRI SEIyASifiat/  yIRie T
H's m it F/m H/m (m? - s71) K/ m H5  m it $5/m W/m  (m*esh) JKI/m
EI1S1 2.29 1:3 1.83 0.46 0.27 0. 46 E2S2 1.52 1:3 1.22 0.3 0. 14 0. 30
E1S2  2.29 1:3 1.83 0.46 0.26 0. 46 E283 1.52 1:3 1.22 0.3 0.13 0.30
E1S3  2.29 1:3 1.83 0.46 0.24 0. 46 E3S2 2.29 1:3 8.23 0.46 0.23 0. 30
E2S1 1.52 1:3 1.22 0.3 0.28 0. 30

T 5 I BB A st 1 SRR I, SR ARG O5 i, AU B ST TS AN ¢ =0/ (W =Wo) [In(W,) =In(W,) ], 3K W M 0ah5 H
TEBE , W, R BN ES R 8 H TEHE
®3 WFHKLRBFMERIK GBS

Tab.3 Dam material parameters of large scale dam-break model tests

v 1% P/ ky/(em’ - Cy/ jE s 1% P/ ky/(em® Cy/
o /% w L /% w

i (kg-m™) (kg-m’) (N-s)™) (s7) 9> (kg -m?) (kg-m’) (N-s)™) ()

E1S1 5 0.087 1720 1 870 10.3 2.50x1073 E2S2 6 0.145 1 740 1992 8.0 1.71x107*

E1S2 6 0.121 1730 1939 2.0 5.26x107* E2S3 26 0.178 1670 1967 0.038 5.71x1073

E1S3 26 0.164 1 650 1921 0.039 1.19x107* E3S2 6 0.115 1770 1974 2.4 5.34x107*

E2S1 5 0.115 1730 1929 14.2 7.08x107*
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Tab.4 Headcut migration velocities of different models (m/s)
" J. De Ploey #57 Temple F57 Temple #5571 Temple £ 7 Temple £ 7] Temple £ ol
T N ” - e 66 ” = ey ” o= j\u
e (Wu 25« 37 (Wu ZF“BEIX”  (Hanson ZF“BEIR” (AL BEIK (ARSCBER" R 8) (ACBEIR" B 8l sk
I e e I I " . " . BLE
BahSH) Bahs5) BohZE) BahSH) S E) SR L)
4.47x1073 7.54x1073 5.68x107* 1.99x1073 2.86x1073 1.14x1073
E1S1 2.06x107
(+116.70%) (+266.02% ) (=72.43%) (=3.41%) (+39.15%) (-44.62%)
1.51x1073 3.29x107* 1.08x107* 4.09x107* 8.95x107* 1.64x107*
E1S2 1.89x107*
(+698.94% ) (+74.07%) (-42.86%) (+116.76%) (+373.67%) (-13.21%)
8.26x107* 3.47x107* 2.07x10°° 9.06x1073 2.75x107* 2.74x1073
E1S3 3.89x10°°
(+2023.39%) (+792.03%) (-94.68%) (+132.90%) (+606. 94% ) (-29.56%)
2.65x1073 3.95x1073 6.91x107* 4.96x107* 1.01x1073 2.11x107*
E251 2.11x107
(+25.59%) (+87.20%) (-67.25%) (=76.51%) (-52.21%) (=90.00%)
4.71x107* 1.44x1073 3.06x107* 9.44x1073 2.80x107* 2.90x1073
E252 6.39x107°
(+637.09% ) (+2 153.52%) (+378.87%) (+47.79%) (+338.70%) (-54.55%)
2.52x107° 1.50x107* 1.42x107° 3.07x107° 1.14x107* 7.82x107°
E2S3 1.11x107°
(+127.03%) (+1251.35%) (-87.21%) (+176.58%) (+927.03%) (-29.55%)
9.70x107* 2.43%x1073 1.25x107* 4.01x107* 8.73x107* 1.61x107*
E3S2 3.61x107*
(+168.70%) (+573.13%) (-65.37%) (+11.08%) (+141.83%) (=55.40%)
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Tab. 5 Sensitivity analysis of dam materials

kL& kxR Fapr
S X0.5  SZIMEX1.0  SEP{EX2.0  SE{EX0.5 SEfEx1.0  SEZ{Ex2.0 SE ISON(
2.88x1073 2.18x1073 1.62x1072 5.96x107° 1.49x1073
E1S1 2.50x1073 2.50x1073 2.50x1073
(+14.87%) (-12.94%)  (+548.48%) (-97.62%) (-40.54%)
6.04x107* 4.58x107* 7.31x1073 2.72x107° 2.37x107*
E1S2 5.26x107* 5.26x107* 5.26x107*
(+14.87%) (-12.94%)  (+1290.03%) (-99. 48%) (-54.89%)
1.36x107* 1.03x107* 3.00x1073 1.86x1077 3.89x107°
E1S3 1.19x107* 1. 19x107* 1. 19x107*
(+14.87%) (-12.94%)  (+2 426.95%) (-99. 84%) (-67.21%)
8. 13x107* 6.16x107* 8.63x1073 4.75x107° 3.78x107*
E2S1 7.08x107* 7.08x107* 7.08x107*
(+14.87%) (-12.94%) (+1 119.96%) (-99.33%) (-46.56%)
1.97x107* 1.49x107* 4.17x1073 2.89%1077 7.13x1073
E282 1.71x107* 1.71x107* 1.71x107*
(+14.87%) (-12.94%)  (+2 334.55%) (-99.83%) (-58.40%)
6.56x1073 4.97x1073 2.08x1073 4.30x1078 2.04x1073
E283 5.71x1073 5.71x107° 5.71x107°
(+14.87%) (-12.94%)  (+3 542.00%) (-99.92%) (-64.32%)
6.13x107* 4.64x107* 7.36x1073 2.80x10°° 3.20x107*
E3S2 5.34x107* 5.34x107* 5.34x107*
(+14.87%) (-12.94%)  (+1 279.63%) (-99.47%) (-39.99%)
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TR, 2 57K AR I, LA BEIR” B 2l o B2 Ok /) | 45181 AT LAE i3 Hanson 45 JT & ) L 473 15t
SRR 4 S0 235 SR A B S0 E 5 b A5 BE S T BE AR # gl Bt AT BRI, I A 8 52 J3E ) 3
I, < BEIR” #o sl I

4 % iE

ARG X [ A1 20 20N HE R J5T - 30 BESR” % Sl LA UG B S8 R, 7800 7% B8R IR < BEIR” #2 3h
AUHE B OB BT 2 FE i —— RS 1 S KR AT, 26T Temple 42 (1925 T-/K AL RE AR R HILAY  BE
W Bl AT U B TRV BEIR B S 280 3 R4 TS50 b TR AU A
VPR . e SR A AR IFREAY 7 ZH 2495 - 3078 Toast sl ) BE SR A% sl o BE S Bk, Bl 1T /IS
RO B 5 AR BEYC B2 S 2 80T BUCR AT LA, o T s A R S I 25 dlad B ALk
T BEIR BB SRS S BUEE ], Al DUBE X S PR ZR AR08 I 280, P DR R 35 1 5K
RN K 45 3 IR bR b A7 2 B E 3, B9 45 S H00 BESR B 2l 38 1) 52, O 249 ¢ - 1078 THi a5t e
R BEY 12 B SR B ORI — P52 BEI B b i B ) N TN LR BES 5K 8




30

P/ L I . N 2016 4F 4 A

H1 T E AT A A S BEX B2 S LA RO BIF TS IR B 4/, DR AR AU B RE A RO D 75 A BEER

M ah ZHRE® ) {23z F T 3 R A A7 A ) 3 [ - 30008 TOst SURADLA (E A TR AT

5

=

(1]

[17]
[18]

[19]

[20]
[21]

[22]

[23]

% X W

e NREFIEKAER, e NRIEFE E R g it R . 8 — e EKFE A A R]. ALt HEUKFK AL,
2013. ( Ministry of Water Resources of PRC, National Bureau of Statistics of PRC. Bulletin of first national census for water[ R ].
Beijing: China Water & Power Press, 2013. (in Chinese) )
KRR I A L. 2 EDKEEIIEEM [ R]. B, AKRFERIMZ 288 ey, 2014, (Dam Safety Management
Center of the Ministry of Water Resources. The national register of reservoir dam[ R]. Nanjing: Dam Safety Management Center of
the Ministry of Water Resources, 2014. (in Chinese) )
WAk, Ao L EE 5 i g AR A [ M ). dbat, o E KR K H ML, 2012, (CHEN Sheng-shui. The simulation
process and the failure mechanism of earth rock dam break[ M ]. Beijing: China Water & Power Press, 2012. (in Chinese) )
RALSTON D C. Mechanics of embankment erosion during overflow[ C] // Proc 1987 National Conf on Hydraulic Eng, Reston,
1987.
DE PLOEY J. A model for headcut retreat in rills and gullies[ M]. Cremlingen; CATENA Supplement 14, 1989.
FEMA. The National Dam Safety Program Research Needs Workshop: Embankment dam failure analysis[ EB/OL]. http: // www.
fema.gov./library/viewRecord. do? id=1454.
MORRIS M W, GALLAND J C. CADAM: Dambreak modelling guidelines & best practice[ R]. Munich: HR Wallingford Ltd,
1998.
MORRIS M W. FLOODsite; Modelling breach initiation and growth[ R]. Munich; HR Wallingford Litd, 2009.
MORRIS M W, HASSAN M A A M, VASKINN K A. Conclusions and recommendations from the IMPACT Project WP2: Breach
formation[ R]. Munich; HR Wallingford Ltd, 2004.
HANSON G J, COOK K R, HUNT S L. Physical modeling of overtopping erosion and breach formation of cohesive embankments
[J]. Trans ASAE, 2005, 48(5) . 1783-1794.
ZHANG J Y, LI Y, XUAN G X, et al. Overtopping breaching of cohesive homogeneous earth dam with different cohesive
strength[ J]. Science in China(SerE) , 2009, 52(10) ; 3024-3029.
AL-QASER G, RUFF J F. Progressive failure of an overtopped embankment[ C] //Hyd Eng Proc of the 1993 National Conf on
Hyd Eng. New York, 1993, 1957-1962.
WAHL T L. Prediction of embankment dam breach parameters: a literature review and needs assessment[ M ]. Denver: US
Department of the Interior, Bureau of Reclamation, Dam Safety Office, 1998.
HANSON G J. Preliminary results of earthen embankment breach tests[ C]// ASAE Annual International Meeting. Milwaukee,
2000.
ROBINSON K M, HANSON G J. Headcut erosion research[ C] // Proc 7th Federal Interagency Sedimentation Conf Reno, 2001.
KRB, B, R, R R R[], K1 R R, 2003(2) ¢ 31-38. (ZHU Yong-hui, LIAO Hong-
zhi, WU Zhong-ru. The earth-dam-break model and its development[ J]. Journal of Hydroelectric Generation, 2003(2) : 31-38.
(in Chinese) )
DE PLOEY J. A model for headcut retreat in rills and gullies[ J]. Catena Supplement, 1989(4) . 81-86.
HANSON G J, ROBINSON K M, COOK K R. Prediction of headcut migration using a deterministic approach[ J]. Transactions
of the ASABE, 2001, 44(3) . 525-531.
ALONSO C V, BENNETT S J, STEIN O R. Predicting headcut erosion and migration in concentrated flows typical of upland
areas| J ]. Water Resources Research, 2002, 38(12) . 1303.
ZHU Y H. Breach growth in clay-dikes[ D]. Delft; Delft University of Technology, 2006.
DEY A K, TSUJIMOTO T, KITAMUTA T. Experimental investigation on different modes of headcut migration[ J]. Journal of
Hydraulic Research, 2007, 45(3) . 333-346.
TEMPLE D M. Estimating flood damage to vegetated deep soil spillway[ J]. Applied Engineering in Agriculture, 1992, 8(2):
237-242.
PRASAD S N, ROMKENS M J M. Energy formulations of headcut dynamics[ J]. Catena Supplement, 2003, 50(2/4) ; 469-



2 ML, 45 BT 00 TSt BEIK % h 240 31

487.

[24] ROBINSON K M, HANSON G J. Large-scale headcut erosion testing[ J]. Transactions of the ASABE, 1995, 38(2) ; 429-434.

[25] ROBINSON K M, HANSON G J. Gully headcut advance|[ J ].Transactions of the ASABE, 1996, 39(1) . 33-38.

[26] ZKBE#%, VISSER P J, VRIJLING J K, % JEIURSRIGHIST[T]. P EBLE(FARRE) , 2011, 41(2) : 150-157.( ZHU
Yong-hui, VISSER P J, VRIJLING J K, et al. Experimental investigation on breaching of embankments[J]. Sci China Tech
Sci, 2011, 41(2): 150-157. (in Chinese) )

[27] WU W, WANG S S Y. Empirical-numerical analysis of headcut migration[ J]. International Journal of Sediment Research,
2005, 20(3) ; 233-243.

[28] HANSON G J, TEMPLE D M, HUNT S L, et al. Development and characterization of soil material parameters for embankment
breach[ J]. Applied Engineering in Agriculture, 2011, 27(4) : 587-595.

[29] ROBINSON K M. Gully erosion and headcut advance[ D]. Still water; Oklahoma State University, 1996.

[30] BENNETT S J, ALONSO C V, PRASAD S N, et al. Experiments on headcut growth and migration in concentrated flows typical
of upland areas[ J]. Water Resource Research, 2000, 36(7): 1911-1922.

Determination of headcut migration parameters for homogeneous
earth dam due to overtopping failure

MEI Shi-ang"*, HUO Jia-ping'”®, ZHONG Qi-ming'”
(1. Nanjing Hydraulic Research Institute, Nanjing 210029, China; 2. Hohai University, Nanjing 210098,
China; 3. Key Laboratory of Failure Mechanism and Safety Control Techniques of Earth-Rock Dam of the Ministry of
Water Resources, Nanjing 210029, China)

Abstract: Headcut erosion is a major failure mode of homogeneous earth dam due to overtopping failure, and the
velocities of the headcut migration have an internal connection with the physico-mechanical indexes. However,
current foreign models studying the headcut migration rarely consider this connection, and may yield a relatively
large calculation error. In this paper, based on a model for the headcut migration velocities utilizing the energy
dissipation principle, meanwhile, considering the clay ratio, water content, and dry density of the dam materials,
the measured water channel model test results of the headcut migration velocities have been chosen to fit the formula
of the headcut migration parameters. Owing to the large variation of the dam materials, the upper and lower
envelopes of the parameters are also put forward in the study. 7 large scale model tests carried out by USDA-ARS
which have the measured headcut migration velocity data are chosen as the representatives to testify the rationality of
the suggested parameters. The typical foreign models for the headcut migration parameters are chosen as well to
calculate the headcut migration velocities. Through analytical comparison,the advantage of the suggested model is
presented, and the reference range of the parameters is given. In order to analyze the impacts of clay ratio, water
content and dry density on the rule of the headcut migration, the sensitivity analyses of 3 indexes are carried out.
Those model test results can provide the approaches for determining the headcut migration parameters of the
homogeneous earth dams, and give a reference for further studies on the mechanism of anti-erosion capability of the

headcut.

Key words: homogeneous earth dam; overtopping; headcut; migration parameters; sensitivity analysis



