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Numerical model for breach of concrete face sand-gravel dams due to overtopping
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Abstract: Based upon the data of field investigations and back analysis of centrifugal model tests for the beach case of the
Gouhou concrete face sand-gravel dam (CFSGD), a numerical model for breach of CFSGD is developed. The major highlights
of the model are the adoption of soil erosion equation which can consider the erosion of bed load and suspended load to depict
the erosion process of sandy gravels with a wide range of gradation, and the establishment of analogy to simulate the failure
process of concrete face slabs under varying loads during the dam breach. The analysis of the case study of the Gouhou dam
breach is used to testify the proposed model, and the comparison between the calculated and measured results shows the relative
errors of less than £15% for the output of breach parameters, which contain the peak breach flow, breach top and bottom widths
of the rockfill body, numbers of the failed concrete face slabs and their failure lengths, as well as the failure time of dam breach.
Owing to the bending of concrete face slabs, the breach hydrograph has a serrated increase. In addition, the sensitivity analysis
indicates that the soil erodibility and grain-size distribution significantly affect the prediction of the breach flow of the dam.
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Fig. 1 Breach flow through concrete face slabs (Numbers denote

serial numbers of failure concrete face slabs)
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concrete face sand-gravel dam
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Fig. 5 Schematic of breach development along dam crest
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face slab
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Fig. 8 Flow chart of numerical model
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Table 1 Input parameters for failure case of Gouhou concrete face

sand-gravel dam
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Table 2 Comparison between measured and calculated data for

failure case of Gouhou concrete face sand-gravel dam

ZH SEIIME A FHXT IR ZE /%
Qp/(m3's") 3800 4023.2 +5.9
B,/m 138 122.3 -11.4
By/m 61 64.8 +6.2
By /m 60 54.7 -8.8
B/ /m 126 112.0 -11.1
By'//m 28 28 0
T/h — 1.56 —
T¢/h 2.33 2.51 +7.7
5000 -
o 4000 -
< 3000
15
EE 2000 |-
=
1000
1 1 1 1 1
0 0.5 1.0 15 2.0 25 3.0
B b

13 ARERIVRORETIEHTEE
Fig. 13 Calculated breach hydrograph for Gouhou concrete face

sand-gravel dam
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Table 3 Comparison between measured and calculated breach

evolution for each concrete face slab
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Table 4 Sensitivity analysis results of erodibility of dam materials
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Table 5 Sensitivity analysis results of characteristics of gradation

of dam materials

. o dso AR5
HHEH 05 1.0 2.0

B 48745 40232 3426.7
Qy/(m’s™) 121.2% — ~14.8%

. 130.5 1223 112.5
" +6.7% — ~8.0%

o 126.0 112.0 98.0
‘ 112.5% — ~12.5%

RATTHERERY], XTI R, 5 M
iiE U R] B BEURR, A AR AT TR I5 1] 5 2% 98 1
AORRUR MR iR 22, ot I IR A BB R h e IR 5
FTUAE Y, 6T P AR ARt IR i B B TRl
BB, A AR AT ARG 1 R 2% 98 B U M i 2, Wt
(R B R U o

3 1
AR TR - TR BRI 35 b LB, T

T AT I TR - AR R A L TR R P e A
R, IR V) Ja TR A L PR35 R SR 51 B0 IE 17 A R £ 5
Mo AZRRRL A R KR

(1) RS 7K B~ 4 J BRI T AR /K AR ALE 5 3
SRR A B KA AL St AR A, 1T
5 18 V8 RS AL (IR RS 7 REAS UL TR e A e e
R, IR AR P it AR e .

OB} avAN e S abiER i Ep S (B EN 1]
BBSIR T /e BERE Bk i AR B 27 A2 (R 25 4
KT TR AR PR ZS HE R, TR A R 3, DA AR
PUKFEAE R T BRI AR R IR, R SRACSHAR
[GOE TS SERIIE LRV

(3ORERLR AL [RGBl T 555 VR4
UK EREEIERE, FEREANI TP RS5O 1 R K
JEGERE S P L AR R 3 Wi O HEAT AU AT o

(IEFEA e TR B DL SR I8 AR A
e e, BT S RS STIMEL X LER B, 5t
it Z R AR R ZZ AR AE 2 15% AN, BRI 1A
(& M

(5) ZHUBURAE T 45 RAR W, 5 FHE(E I &
LI [ -0 ik 0 AT 28 K42 R B e I BURR
T5¢ 11 98 FEEXT - IO e 5 AP B A (1 U A A 22
15t 11 U IR0 F2 XSV oy 3 AP~ B A 14 AU
Hre

SE -

[1] B Ee, R—mg, kR, BaTRER S mM]. b
5 [ E AR AL, 2004, (GU Gan-chen, SHU Yi-ming,
SHEN Chang-song. Practice and innovation of earth-rock
dam engineering[M]. Beijing: China Electric Power Press,
2004. (in Chinese))

[2] MODARES M, QUIROZ J E. Structural analysis framework
for concrete-faced rockfill dams[J]. International Journal of
Geomechanics, 2016, 16(1): 04015024.

(31 MRAEAK. S SFAT T g v A U B 5 A ) 22 4 (R P S A
FARF D). PEREE: HARE, 2018, 48(10): 1040
- 1048. (CHEN Sheng-shui. Research progresses in key
technologies for construction and long-term safety protection
of extra high earth-rock dams wunder complicated
conditions[J]. Science China: Technologies Sciences, 2018,
48(10): 1040 - 1048. (in Chinese))

(4] BRAK, TEEM, rhiE, S Rpm i B R NS i 22 4
PEIGE[T]. A £ TR, 2017, 39(11): 1949 - 1958.
(CHEN Sheng-shui, YAN Zhi-kun, FU Zhong-zhi, et al.

Evaluation of safety performance of extremely high



1598 H O+ T OB % M

2019 4F

slab-faced gravel dams[J]. Chinese Journal of Geotechnical
Engineering, 2017, 39(11): 1949 - 1958. (in Chinese))

[5S] GURBUZ A, PEKER 1. Monitored performance of a
concrete-faced sand-gravel dam[J]. Journal of Performance of
Constructed Facilities, 2016, 30(5): 04016011.

[6] i/yte, Fiadte. RIS 24 M) Jbst i E
K F K B H B AL, 2001, (RU Nai-hua, NIU Yun-guang.
Embankment dam -
Beijing: China Water and Power Press, 2001. (in Chinese))

[71 ZHONG Q M, CHEN S S, DENG Z. A simplified

incidents and safety of large dams[M].

physically-based breach model for a high concrete-faced
rockfill dam: a case study[J]. Water Science and Engineering,
2018, 11(1): 46 - 52.

(8] KPP AR A%, KMIEABOR A, H)E
AKEERSER A AR Beih BiEL. 347 5K %M. dbat:
R K R K B R AL, 1996. (Office of the State Flood
Control and Drought Relief Headquarters, Department of
Science and Technology of Ministry of Water Resources.
Gouhou concrete-faced rockfill dam-design, construction,
operation, and failure[M]. Beijing: China Water and Power
Press, 1996. (in Chinese))

(91 FRAEZK. HAUSR LIS oot PR M. dbst: P E
K F] 7K B R 4L, 2012. (CHEN Sheng-shui. Breach
mechanism and simulation of breach process for earth-rock
dams[M]. Beijing: China Water and Power Press, 2012. (in
Chinese))

(10] M55, a1 B MRS RIS )]. K3l
50 5k, 2000, 15(2): 16 - 176. (HU Qu-lie, YU Bo.
Numerical simulation for concrete rockfill dam failure[J].
Journal of Hydrodynamics, 2000, 15(2): 169 - 176. (in
Chinese))

(117 BRAK, B 16, EECF, 55 ISR R A7 12 T
BRI B R[], Eiﬁ 4R, 2012, 34(7): 1169 -
1175. (CHEN Sheng-shui, CAO Wei, HUO lJia-ping, et al.
Numerical simulation for overtopping-induced break process
of concrete-faced sandy gravel dams[J]. Chinese Journal of
Geotechnical Engineering, 2012, 34(7): 1169 - 1175. (in
Chinese))

[12] CHIGANNE F, MARCHE C, MAHDI T F. Evaluation of the
overflow failure scenario and hydrograph of an embankment
dam with a concrete upstream slope protection[J]. Natural
Hazards, 2014, 71(1): 21 - 39.

(13] £ I, edRh. — Bl i b A £ 30078 TH05 ik (1 3 PR

M6 T RL[D]. KR4, 2015, 46(6): 699 - 706.
(WANG Ting, SHEN Zhen-zhong. Discrimination method of
bed forms based on the law of resistance[J]. Chinese Journal
of Hydraulic Engineering, 2015, 46(6): 699 - 706. (in
Chinese))

[14] SINGH V P. Dam breach modeling technology[M]. Dordrecht:
Kluwer Academic, 1996.

[15] CAO Z X. Non-capacity transport of non-unoform bed load
sediment in alluvial rivers[J]. Journal of Mountain Science,
2016, 13(3): 377 - 396.

[16] JUEZ C, SOARES-FRAZAO S, MURILLO J, et al
Experimental and numerical simulation of bed load transport
over steep slopes[J]. Journal of Hydraulic Research, 2017,
55(4): 455 - 469.

[17] TAN G M, FANG H W, DEY S, et al. Rui-Jin Zhang’s
research on sediment transport[J]. Journal of Hydraulic
Engineering, 2018, 144(6): 02518002.

[18] WU W M. Simplified physically based model of earthen
embankment breaching[J]. Journal of Hydraulic Engineering,
2013, 139(8): 837 - 851.

[19] WU W M. Computational river dynamics[M]. London: Taylor
and Francis, 2007.

[20] GUO J K. Logarithmic matching and its application in
computational hydraulics and sediment transport[J]. Journal
of Hydraulic Research, 2002, 40(5): 555 - 565.

[21] WU W M, WANG S S Y. Formulas for sediment porosity and
settling velocity[J]. Journal of Hydraulic Engineering, 2006,
132(8): 858 - 862.

[22] HE Z G, WU T, WENG H X, et al. Numerical simulation of
dam-break flow and bed change considering the vegetation
effects[J]. International Journal of Sediment Research, 2017,
32(1): 105 - 120.

[23] SL 191—2008 7K TRkt 45 #4115 HITE[S]. 2008. (SL 191
—2008 Design code for hydraulic concrete structure[S]. 2008.
(in Chinese))

[24] & &, Bek ARSI TRAED]. Kisks
Wk 5T, 20003): 27 - 32. (LI Lei, SHENG lJin-bao.
Engineering behavior of gravel materials of Gouhou dam[J].
Journal of Nanjing Hydraulic Research Institute, 2000(3): 27
- 32. (in Chinese))

[25] XU Y, ZHANG L M. Breaching parameters for earth and
rockfill ~ dams[J].
Geoenvironmental Engineering, 2009, 135(12): 1957 - 1969.

Journal of  Geotechnical and



