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Fig. 1  Flow chart of the numerical model for landslide dam breaching
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Tab.1 Morphology, hydrodynamic, and mechanical parameters of the landslide dams
BEE L N st/ 4 TS bR Ui R/ W EE S S/
= /m TR 55/ m KB /m
K (3 H/KF) (FH/KF) (m’-s7h) kPa *)
R 103 300 612 1:2.8 1:4.2 80 30 35
NG| 72 80 300 1:2.8 1:1.7 15 42 35
A% 96 270 600 1:2.7 1:5.5 700 3 38
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Tab.2 Stratification of the landslide dams and the physical/mechanical parameters of each layer

TSN R/ it R 8/ I 541
S oz FE/m bk i/ (kgem™)  (mm®-N"'-s)  Jif/Pa
1 20 0.87 10 1825 1770 740
JEZ WL 2 20 0.75 20 2216 700 1700
3 63 0.59 60 2408 100 5000
1 32 0.94 60 2045 850 1168
AhFis 2 40 0.70 18 1813 300 200
A& 1 96 0.50 30 1584 1500 2380
2.2 ttmEHEEXKRE x3 TRAMAEFERRSH
St R N B A 3 AN HEEE A Sk TE Tab.3 Morphological parameters of the spillways with
Tt T, ¥ FR T B ORG T AL T 1 kg different section bpes
BRI T 8L, A 15 FF 4230 AR 0 47 0 1, T 2 WEE TR, DU S
BB R IR M UL A TR TR [ R e
VRRE (T3 .4) R 95 (T00 5.6) , 7 7 37 A A Lo B s e
I T 2350 e (T35 7 8 ) 1A 6 4 M T e
9 10) 45 T, 4% A~ B 2 A 1 3k 0 7 77 780 28 5 5 4 me0 800 LS5 14
k3, e 5 13.00 4.00 1:1.5 1:4.2
2.3 *ﬁﬂéig.ﬁgﬁﬁ 6 13.00 16.00 1:1.5 1:4.2
AT AR ) 9 49 17802 5 5 it oo e
IR S 2 BT, JE 0 S bR T 00 TR A R i o oo 500 bis 1o
BRI AT AT . PR T WO SE (RS AR G ) £ S 0 100 800 LS 152
B, s 1 A A B ot 1T U R R R A (R L 1 8.00  30.00 1:2.0  1:1.7
B TRGE W AR TE R K O B B S ik B 2 - - - -
R KRS /NG B 1T 4 3 A A S g 1 oo e T
PEPTHER 9 I 63T, 4 SRR 0 B A0 O
%%40 il 6 8.00 40.00 1:2.0 1:1.7
24 BB BT 0, % TR LB ZE R, 4% 7 8.00  30.00 1:2.5  1:1.7
BB AR R 1 £ 15% LAY, B M AT T 8 8.00 3000 1:3.0 L7
Fot it B X F /N i SR, 45 W0k S AU X S B
B £ 50% DL JEeh 525 B S B 11 9 T 5 T T
FIRETE 2 A~ 250, Fo A 0 o 2 500 AT R 25 1 = ) i ) ) .
25% AN, R FLIR R, 56 B 52 4% o ik AR M A OG5 3 18.48 3.00 1:1.3  1:5.5
T R S , 45 0 b 2 00 M X IR 25 1 £ 25% 4 2348 300 L3 1SS
O BB T R R S Ay O B0 B e
BUHE il P UK A2 A 9 2 M R E AR A, — T e
% 5 e 5 T A0 T A IR O i s as 300 1o s
W, 364 WXT 85 IR BN, A SUR F R Bl g Al o] 458 9 13.48 3.00 1:1.3 1:5.0
3.00 1:1.3 1:6.0

Ui S5z e 3 S A it e i R 10 13.48
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Tab.4 Comparison of calculated results and measured values of landslide dams
WAL BUERH WERE/(m® -7 BEREh BT /m o BUKSE/m o FitkE/(10° mY)  BAFEE/m
ARER(E 6082.41 46.31 185.70 72.75 1.788 65.31
JEZ I S 6500. 00 49.92 186.20 83.80 1.700 60.00
AH X 1R 25 -6.42% -7.23% -0.27% -13.19% 5.18% 8.85%
THEAE 2267.00 2.25 210.35 108.74 0.079 46. 60
NEE| SEHIE 3000. 00 3.00 142.00 80. 00 0.105 40.00
FH X R 22 -24.43% -25.00% 48.13% 35.93% -24.76% 16.50%
T EAE 25032.00 30.41 220.97 88.00 5.153 42.83
% S AR 31000. 00 37.25 264.10 107.80 6.870 57.10
X iR % -19.25% -18.36% -16.33% -18.37% -24.99% -24.99%
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Tab.5 Comparison of calculated results of Tangjiashan landslide dam under different conditions
TE W/ OJRIE/ BRI ZABmE g W {EL 7 it/ kg | it kK A/ LFS
¥ m Wb Witk [R5 (m*-s7") I ] /h 5 %/ m JiS 55 /m (10° m*) 7 B/ m
1 13.0 8.0 1:1.5 1:4.2 SR 6082.41 46.31 185.77 72.75 1.788 65.31
. 16291.79 17.20 240.92 88.77 2.796 61.49
2 - - - - HE
(167.85% ) ( -62.86% ) (29.69% ) (22.02% ) (56.38% ) (-5.85%)
R 4480.04 60.23 175.35 65.25 1.607 66.28
3 15.0 8.0 1:1.5 1:4.2 HEAE
(-26.34% ) (30.06% ) (-5.61%) (-10.31%) ( -10.12% ) (1.49% )
R 3106.39 83.48 163.59 57.18 1.419 67.51
4 17.0 8.0 1:1.5 1:4.2 THEAE
(-48.93% ) (80.26% ) (-11.94%) ( -21.40% ) ( -20.64% ) (3.37% )
e 6152.18 59.17 182.57 68.17 1.802 64.84
5 13.0 4.0 1:1.5 1:4.2 T EAE
(1.15% ) (27.77% ) (-1.72%) ( -6.30% ) (0.78% ) (-0.72% )
e 6160.34 38.18 193.12 82.32 1.764 66. 04
6 13.0 16.0 1:1.5 1:4.2 T EAE
(1.28% ) (-17.56%) (3.96% ) (13.15% ) (-1.34%) (1.12%)
5304.97 56.31 218. 14 76.25 1.705 67.52
7 13.0 8.0 1:2.0 1:4.2  HH
(-12.78% ) (21.59% ) (17.42% ) (4.81% ) (-4.64%) (3.38%)
4624.93 67.07 247.24 79.96 1.625 69.54
8 13.0 8.0 1:2.5 1:4.2 A
(-23.96% ) (44.83%) (33.09% ) (9.91% ) (-9.12% ) (6.48% )
6528.22 47.24 194.12 78.89 1.817 64.56
9 13.0 8.0 1:1.5 1:3.2 A
(7.33% ) (2.01% ) (4.49% ) (8.44% ) (1.62% ) (-1.15%)
5650. 15 46.62 178.29 67.74 1.756 66.13
10 13.0 8.0 1:1.5 1:5.2 A
(-7.11%) (0.67% ) (-4.03%) (-6.89%) (-1.79%) (1.26%)
T A6 WEUE D TR 5 S PR E R A X 3 22
x6 NMNAEEEFHEZERSEIT
Tab.6 Comparison of calculated results of Xiaogangjian landslide dam under different conditions
To W/ ORI/ BkTE HATE 4R W F V7 3 Bt H i H iivis- BRAx
75 m m 354 Wt e AE (m* - s7h) 58] /h T 55/ m JIE 58/ m (10° m*) 1R B/ m
1 8.0 30.0 1:2.0 1:1.7 SR E 2267.00 2.24 210.35 108.74 0.079 46.60
2 - - - i - - - - - -
e 1825.75 2.73 202.46 102.83 0.073 47.09
3 9.0 30.0  1:2.0 1:1.7 A
(-19.46% ) (21.88%) (-3.75%) (-5.43%) (-7.59%) (1.05%)
. 1388.83 3.80 193.10 96.25 0.068 47.78
4 10.0  30.0 1:2.0 1:1.7 JARGRIE]
(-38.74% ) (69.64% ) (-8.20%) (-11.49%) ( -13.92% ) (2.53% )
. 2284.63 2.46 202. 66 97.89 0.080 45.81
5 8.0 200 1:2.0 1:1.7 ARCA(
(0.78% ) (9.82% ) (-3.66%) (-9.98%) (1.27% ) (-1.70%)
. . 2216.71 2.23 217.98 119.47 0.077 47.37
6 8.0 40.0 1:2.0 1:1.7 A
(-2.22%) (-0.45%) (3.63% ) (9.87% ) (-2.53%) (1.65%)
. 1704.87 2.86 225.58 109. 85 0.074 48.85
7 8.0 30.0 1:2.5 1:1.7 A
(-24.80% ) (27.68% ) (7.24% ) (1.02% ) (-6.33%) (4.83%)
. 1261.71 3.82 237.90 110.25 0.069 50.94
8 8.0 30.0 1:3.0 1:1.7 A
(-44.34% ) (70.54% ) (13.10% ) (1.39% ) (-12.66% ) (9.31%)
L 2245.55 2.38 213.80 112.06 0.079 46.56
9 8.0 30.0 1:2.0 1:1.5 i EAE
(-0.95%) (6.25% ) (1.64% ) (3.05% ) (0.00% ) (-0.09% )
e 2276.49 2.12 207.03 105.69 0.078 46.67
10 8.0 30.0 1:2.0 1:1.9 THEAE
(0.42% ) (-5.36%) (-1.58%) (-2.80%) (-1.27%) (0.15%)
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Fig.2  Breach hydrographs of Tangjiashan landslide dam with different spillway section types:

(a) with and without spillways; (b) spillways with different depths; (c) spillways with different bottom widths;

(d) spillways with different slope ratios in cross section; (e) spillway with different slope ratios in longitudinal section
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Influence of the Section Type of Spillway on the
Collapse Process of Landslide Dam

YANG Meng', ZHONG Qiming'”*", SHAN Yibo', MEI Shengyao'

(1. Department of Geotechnical Engineering, Nanjing Hydraulic Research Institute, Nanjing 210024, China;

2. Key Laboratory of Reservoir and Dam Safety Ministry of Water Resources, Nanjing 210029, China)

Abstract; Landslide dam can be safely removed by excavating spillways. The section type of a spillway governs the
collapse process of a landslide dam. There is no quantitative understanding of which type of spillway is properly
excavated for different types of landslide dams. In this study, a mathematical model was introduced for simulating
the collapse process of landslide dams with varied dimensions of cross-sections. It was done in consideration of
hydrodynamic conditions of dammed lakes, as well as their shapes, structures, and geo-material properties. Three
real cases of landslide dam failures at Tangjiashan, Xiaogangjian and Baige in southeast China was modelled for
comparison and justification purpose by applying the collected in-situ measurement coefficients into the model to
study the influence of different shapes of spillways on the collapse process of dam bodes.

In the simulation, it set the spillway into different cross sections, and compared the collapse process under
different working conditions. The results are as follows; (1) For dammed lakes with large storage capacity, the
excavations of spillways had a great influence on the collapse process of dammed lakes, obviously reducing disaster-
causing consequences. With the increase in the depth of a spillway, the peak discharge at breach decreased
continuously, and the time of peak discharge gradually delayed; (2) The width at the bottom of a spillway mainly
affected the occurrence time of peak flow at breach. The larger the width of the bottom of a spillway, the earlier the
occurrence time of the peak flow had; (3) The steeper the cross-section slope of a spillway, the greater the peak
discharge was, and the earlier the peak discharge occurred; (4) The change in the bed slope in the longitudinal
section of a spillway had little influence on collapse processes. In addition, in consideration of the distribution of
geo-particles of a landslide dam, in case the dam body at Xiaogangjian never excavate a spillway, it would not
collapse under the of upstream hydrodynamic actions, but still a risk of collapse. Therefore, in emergency rescue,
different types of spillways are expected to choose according to local actual situation. This research results can

provide reference for decision-making of emergency rescue of landslide dams.

Key words: landslide dam; spillway; section type; numerical simulation; comparative analysis; emergency rescue



