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Student : Hsin-Fu Huang Advisor : Keh-Chia Yeh
Institute of Civil Engineering

National Chiao Tung University

Abstract

This study focuses on flume experiment to demonstrate the overtopping
failure of landslide dam, and the purpose of this experiment is to observe and
record the failure process. In the experiment, dam crest receives uniform erosion
without encountering breach, so it can be considered as full-section erosion, i.e.,
one-dimensional mobile-bed process. Using the images captured by digital video
camera, we discuss stage hydrograph, stage changing rate, dam profile with time,
erosive capacity, and so on. Besides, using the functional relationship between
dimensionless variables, we can‘obtain regression equation then compare it with
field cases in Japan.

Experimental results show that, during the overtopping failure, reflected
wave and retreated wave occur respectively. We can discern them by the highest
stage change rate and the second.-There is a corresponding relation between
erosive capacity and stage change rate. Major erosion happens between the
highest stage change rate and the second.

Taking the regression equation which is obtained from experiment data,
under the condition of that slope of downstream face is degree of 35.5, it can be
concluded that when the dam profile is flat (B/H > 7.20), the ratio value of total
inflow water volume to dam volume would be larger than 1800; when the dam
profile is sharp (7.20 > B/H > 1.20), the ratio value would be between 240 and
1800.

Keywords : landslide dam, overtopping, erosive capacity, stage change rate
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PERCENTAGE OF DAMS WHICH HAVE FAILED BELOW
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Half failed within 10 days

44 percentlasted = 1 week

59 percentlasted = 1 month

83 percentlasted = 6 month

91 percentlasted < 1 year

T 22 percentlasted = 1 day i
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¢ (Shuster and Costa, 1986)

Bl 1-4 ¥% % % "8 #% o R Bl(Takahashi and Kuang, 1988)
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Bl 1-5 %% @ #4 4 #2057 X Bl(Takahashi and Kuang, 1988)

B 1-6 3% % @ =k i* i e 3%or £ Bl(Takahashi and Kuang, 1988)
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—— __-F“:- Large widge with smadl bed slope \ Upsiream
Bl 1-8 F1iF 78 oF fid = 3k pLEl 3k 18 A2 (Chinnarasri et al., 2003)
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@ -~ 1899 # Rayleigh #rit i ih— fEF]=c 445> 2 - 8 2 2 L dg e

v
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A=C(AZ |, AS | A, .0 (2-1)

(b) Buckingham w-method

Buckingham n-method Azit chd_»> f— B F]=x &= > 425855 n B ¥k

FAMBAAFI(GCMLT X)) 240 IR FL (0-m)B oo

N

PR T2 S b REA LT

— palabl ml
T - Al A2 Am Am+1

— pa2pDb2 m2

................................. (2-2)
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FZ(Er’ Pws Uy g’ Q’ VC’ h’ 61 Hl Ll Bl Hr1 a, ,Bs ¥s, d501 Tb) = 0 (2_4)
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%31 g F T kdd
BEAE S | k- |k | Rk | RE%r | #B%T | IHE | nE i
(HZ) (sec) | (sec) | (sec) | (sec) | (sec) | (sec) (m%s) | (cm®s)
14 94.68 7791 | 107.15 | 68.64 90.69 87.81 | 0.007459 | 7459
15 79.21 61.07 89.15 60.02 85.06 74.9 | 0.008745 | 8745
16 68.99 59.06 71.71 | 49.66 60.5 61.98 | 0.010568 | 10568
17 56.57 49.44 66.08 44 .65 58.63 55.07 | 0.011894 | 11894
18 46.28 44.09 56.01 | 42.16 50.71 47.85 | 0.013689 | 13689
20 4594 40.5 46 35.43 41.89 4195 | 0.015614 | 15614
25 42.23 27.73 31.56 29.22 31.15 32.37 | 0.020235 | 20235
30 29.17 21.32 24.63 25.29 26.93 25.46 | 0.025727 | 25727
35 22.03 20.91 21.48 17.64 20.77 20.56 | 0.031858 | 31858
T EREA L 0.655m°; (B R 0 2007)
% 3-2. DV B > 48 71
Wiz JvVC
A &35 HD520
¥E 4 2.7”
kom ¥ & ag A i &
BT hE 123000 % %
Bk fRT R 1920 x 1080
oL b K 60 3& /%)
HE> N p
Az E 120G
7 3-3 FBEEER O ¥ B
N _ EBYv | Bae
a1 FaMH) | HFATAEL) | ¥TEA®B)
R e L B
(cm) (cm) (cm) (5) | (5)
D-I 20 76 20 3.80 1.00
D-11 13 68 30 5.23 2.31
D-111 10 74 46 7.40 4.60
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e S il LErng
AT sl el i i A
Tt ey *ﬁgg WA s 2;
d_,(mm) m) 3 o
(Hz) | (cm /sec)
¥ % 20cm
18 | 12713.7 | D-1-18
¥E 5 A 20cm
| | HFHAFE R 76Cm 0.0576
¥+ 60cm 26 | 21676.9 | D-1-26
T 5 4 355
¥ % 13cm
18 | 12713.7 | D-11-18
¥ 5 A 30cm s
M 0.03822
0195 | Il | A AR 68cm (520/0215) |/ -
Hi% 60cm 26 | 21676.9 | D-11-26
T 5 4 355
¥ % 10cm
18 | 12713.7 | D-111-18
e 5 B 46Cm
I |3 & %R 74cm 0.0360
i+ 60cm 26 | 21676.9 | D-111-26

T 5 4 355
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% 3-5 F % 3 EEIT AT R SR
G &34 (mm) T & £ (Q) i & £ (Q) i 6 % (%)
4 4.750 0.00 1150.49 100.00
10 2.000 54.27 1096.22 95.28
16 1.180 266.38 829.84 72.13
20 0.850 5.42 824.42 71.66
40 0.425 71.00 753.42 65.49
60 0.250 66.18 687.24 59.73
100 0.150 228.11 459.13 39.91
200 0.075 333.45 125.68 10.92
Bk --- 125.68 0.00 0.00
%36 P E A bE
% R R Rk = R
H =t 28k 12 £ (W) (9) 50.09 100.10 127.75 101.71
e Hg A ok (W) (0) 331.40 348.96 331.07 348.71
A SLE N (AN () 362.10 411.61 409.98 412.15
Gs = W 2.62 2.67 2.62 2.66
>7 W1-W3+Wo Average Gs=2.64
% 37 FokIEBE Tk &4
s R Rk Rk =
%% % L Dy (em) 10.14
#F4 3 & hs (cm) 9.915
-k #g £ he (cm) 100.0 135.7 554
Pt (sec) 240.9 203.1 340.0
T4k E (0) 184.94 199.22 174.10
EwE (9 108.92
i kg O (ecmd) 76.02 90.30 65.18
BETEHEN) 27
7% % Th ¥ (cm/sec) 3.87x10™ 4.02x10™ 4.25x10™
B Oxhg
Ks= m 4Di2><hL><t Average 4.05x10™
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& 4 T 200 kg

j7 & ~ 3 5. HCH-426
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20 38
40 71
60 110
80 148
100 185
120 222
140 260
160 298
180 336
200 375
200 .
B 71 AR IE dh 4% )
150 -
100 -
y =0.5337x+0.8859
S50 - R*=0.9999
0 ‘ ‘ ‘ ‘ ‘ .
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239 FHIZIRT A BRHL

BT E 5 kg 20 kg 35 kg
e 830 g
B3 S 2.64
kIR R 2.80 cm
By 6.30 cm
R ER 31.17 cm?
i i 0.080 kg/cm? 0.456 kg/cm? 0.782 kg/cm?
TR 1.33 kg/cm? 1.85 kg/cm? 1.96 kg/cm?
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% 4-1 R 5ok e B (L4)

i 5

D-1-18 D-11-18 D-111-18 D-1-26 D-11-26 D-111-26
PERY | ok | PERY | R | PBERY | ok | PR | R | BER | ok | BFR| K2
t(sec) | h(cm) | t(sec) | h(cm) | t(sec) | h(cm) | t(sec) | h(cm) | t(sec) | h(cm) | t(sec) | h(cm)
0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00
2 9.30 2 7.54 9.40 11.15| 2 9.80 11.80
3 1000 3 8.78 3 9.70 3 [1300| 3 |1240|, 3 |1270
4 11090| 4 |1006| 4 |1080| 4 |1430| 4 |1425| 4 |14.00
5 |1150| 5 |1125| 5 |1160| 5 |1520| 5 |1470| 5 |14.60
6 |1270| 6 |1201| 6 |1210| 6 |16.85| 6 |1550| 6 |15.20
7 |1350| 7 |1259| 7 |1260| 7 |1760| 7 |1635| 7 |1550
8 |1380| 8 |1316| 8 |1310| 8 |1795| 8 |16.70| 8 |16.00
9 1440 9 |1347| 9 |1320| 9 [1925|, 9 |1695| 9 |16.70
10 |1460| 10 |1381| 10 |13.904,,10 |19.75| 10 |17.45| 10 |17.00
11 | 1540 | 11 |1471| 11 .}1385| 11 .2025| 11 |17.85| 11 | 16.80
12 |16.10| 12 |15.02| 12 | 1445 | 12 12080 | 12 |1755| 12 |17.30
13 |16.60| 13 |1547| 13 |(1470| 13 |21.75| 13 |19.10| 13 |17.10
14 | 1720 | 14 |1572| 14 |1480| 14 |22.00| 14 |1850| 14 |17.40
15 |1750| 15 |1594| 15 |14.85{ 15 [2210| 15 |19.00| 15 |17.20
16 |18.00| 16 |16.18| 16 {1500, -16 '2240| 16 |19.10| 16 |17.30
17 |1830| 17 |16.48 | 17 |1540| 17 |2340| 17 |1890| 17 | 17.00
18 |18.70| 18 |16.76 | 18 |1495| 18 |2350| 18 |19.12| 18 | 17.80
19 |1940| 19 |1682| 19 |1520| 19 |2395| 19 |1870| 19 | 18.20
20 [1960| 20 |[17.08| 20 |1510| 20 |2410| 20 |19.00| 20 |17.50
21 1990 | 21 |1724| 21 |1545| 21 |2420| 21 |19.00| 21 |17.70
22 2030 | 22 |1757| 22 |1530| 22 |2440| 22 |18.80| 22 |18.00
23 |2060| 23 |[1790| 23 |1530| 23 |2480| 23 |19.20| 23 |18.15
24 | 2090 | 24 |17.71| 24 |1535| 24 |2470| 24 |1840| 24 |17.50
25 2120 | 25 |1790| 25 |1520| 25 |2480| 25 |18.70| 25 |18.00
26 | 2140 | 26 |17.92| 26 |1575| 26 |2475| 26 |1845| 26 |17.60
27 | 2160 | 27 |18.01| 27 |1555| 27 |2490| 27 |1890| 27 |17.40
28 2180 28 |1820| 28 |1540| 28 |25.05| 28 |1850| 28 |16.90
29 | 2200 29 |18.09| 29 |1525| 29 |2495| 29 |1880| 29 |16.70
30 | 2220 30 |17.97| 30 |1535| 30 |2485| 30 |18.10| 30 | 15.60
31 | 2240 | 31 |18.01| 31 |1535| 31 |2495| 31 |1825| 31 |16.90
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% 4-1 HR 5ok e B4 (2/4)

i 5
D-1-18 D-11-18 D-111-18 D-1-26 D-11-26 D-111-26
PERY | ok | PERY | R | PBERY | ok | PR | R | BER | ok | BFR| K2
t(sec) | h(cm) | t(sec) | h(cm) | t(sec) | h(cm) | t(sec) | h(cm) | t(sec) | h(cm) | t(sec) | h(cm)
32 2260 | 32 |1824| 32 |1525| 32 |25.00| 32 |1840| 32 |16.40
33 |2270 | 33 |1830| 33 |1515| 33 |24.80| 33 |1750| 33 |16.20
34 12280 | 34 |17.99| 34 |1508 | 34 |2465| 34 |1750| 34 |16.00
35 |2290| 35 |1813| 35 |1505| 35 |2445| 35 |16.70| 35 |15.90
36 2280 | 36 |18.18| 36 |1500| 36 |24.20| 36 |1650| 36 |15.80
37 2270 | 37 |18.18| 37 |1490| 37 |24.05| 37 |16.60| 37 |15.55
38 2280 | 38 |18.05| 38 |1480| 38 |23.80| 38 |16.00| 38 |15.40
39 (2270 | 39 |1794| 39 |1490| 39 |2360| 39 |1550| 39 |15.20
40 2260 | 40 |1790| 40 |1480| 40 |[2290| 40 |1530| 40 |14.80
41 12240 | 41 |17.77| 41 |14.754,,41 |2255| 41 |1460| 41 |14.55
42 12220 | 42 |17.73| 42 | 1450 | 42 2215 | 42 |1455| 42 |13.00
43 12210 | 43 |17.67| 43 | 1447 | 43 12200 43 |1475| 43 |13.40
44 12200 | 44 | 1746 | 44 1445 | 44 [21.70 | 44 |1400| 44 |13.10
45 2180 | 45 |17.39| 45 |1442( 45 |21.00| 45 |1385| 45 |13.75
46 2150 | 46 |17.25| 46 (1420 46 [20.85| 46 |13.20| 46 |11.45
47 |21.20 | 47 |17.02| 47 11350 -47 | 2020 | 47 |1290| 47 |11.65
48 2090 | 48 |16.97| 48 |13.10| 48 |20.00| 48 |1250| 48 | 9.50
49 12060 | 49 |16.65| 49 |1290| 49 |1995| 49 |1220| 49 | 9.75
50 |20.30| 50 |16.48| 50 |1360| 50 |19.20| 50 |10.30| 50 | 9.85
51 |20.00| 51 |16.25| 51 |13.75| 51 |1880| 51 |[10.05| 51 | 9.60
52 |19.60 | 52 |16.27 | 52 |13.40| 52 |1830| 52 |10.00| 52 | 9.50
53 |19.20 | 53 |16.02| 53 |1290| 53 |17.75| 53 | 8.00 | 53 | 9.30
54 |18.70 | 54 |1553| 54 |1295| 54 |16.80| 54 | 9.10 | 54 | 8.00
55 1850 | 55 |1566| 55 |1250| 55 |16.75| 55 | 9.20 | 55 | 6.55
56 |1820 | 56 |1498| 56 |1220| 56 |1530| 56 | 7.70 | 56 | 3.83
57 |1790 | 57 |1491| 57 |11.30| 57 |15.00| 57 | 545 | 57 | 3.50
58 |17.30 | 58 | 1482 | 58 |1200| 58 |1455| 58 | 3.75 | 58 | 3.40
59 |1700| 59 |1471| 59 |11.10| 59 |1480| 59 | 3.90 | 59 | 3.25
60 |16.70 | 60 |14.64| 60 |1095| 60 |1450| 60 | 3.65 | 60 | 3.40
61 |16.10 | 61 |13.64| 61 |10.00| 61 |14.00| 61 | 350 | 61 | 3.15
62 |1560 | 62 |1428| 62 |10.10| 62 |13.00| 62 | 345 | 62 | 3.05
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% 4-1 R 5ok e B4 (3/4)

i 5
D-1-18 D-11-18 D-111-18 D-1-26 D-11-26 D-111-26
PERY | ok | PERY | R | PBERY | ok | PR | R | BER | ok | BFR| K2
t(sec) | h(cm) | t(sec) | h(cm) | t(sec) | h(cm) | t(sec) | h(cm) | t(sec) | h(cm) | t(sec) | h(cm)
63 | 1540 | 63 |1425| 63 | 955 | 63 |1290| 63 | 3.20 | 63 | 3.20
64 | 1500 64 |1355| 64 | 950 | 64 |12.00| 64 | 3.30 | 64 | 3.15
65 | 1500 65 |1325| 65 | 970 | 65 |11.20| 65 | 3.40 | 65 | 3.30
66 | 1480 66 |1329| 66 | 880 | 66 | 830 | 66 | 3.25 | 66 | 3.05
67 | 1450 67 |1292| 67 | 980 | 67 | 850 | 67 | 3.30 | 67 | 3.10
68 | 1420 68 |1252| 68 | 860 | 68 | 9.70 | 68 | 3.35 | 68 | 3.20
69 | 1370 69 |1233| 69 | 6,70 | 69 | 800 | 69 | 3.20 | 69 | 3.35
70 | 1350, 70 |1092| 70 | 630 | 70 | 880 | 70 | 3.10 | 70 | 3.10
71 1350 | 71 [1093| 71 | 700 | 71 | 780 | 71 71
72 | 1320 72 | 956 | 72 | 6.85:;72 | 5.75 | 72 72
73 1260 | 73 |1036| 73 .4 700 | 73 395 | 73 73
74 | 1300 74 | 886 | 74 | 705 |- 74 [ 3.70 | 74 74
75 (1220 75 |1017| 75 |1 6.90 | 75 | 350 | 75 75
76 1190 76 | 929 | 76 | 6.80| 76 | 3.60 | 76 76
77 11100 77 | 950 | 77 | '580 {77 {350 | 77 77
78 1120 78 | 720 | 78 |/ 6.00.|-78 | 3.55 | 78 78
79 11070 79 | 798 | 79 | 490 | 79 | 330 | 79 79
80 | 990 | 80 | 769 | 80 | 450 | 80 | 3.50 | 80 80
8 | 930 | 8 | 800 | 81 |38 | 8L | 355 | 81 81
82 | 900 | 8 | 699 | 8 |33 | 8 | 355 | 82 82
83 | 870 | 83 | 665 | 83 | 3.20 | 83 | 3.45 | 83 83
8 | 700 | 84 | 676 | 84 | 250 | 84 | 3.40 | 84 84
8 | 630 | 8 | 667 | 8 | 240 | 8 | 335 | 85 85
86 | 640 | 8 | 640 | 8 | 240 | 86 | 3.15 | 86 86
87 | 730 | 87 | 585 | 87 | 250 | 87 | 3.35 | 87 87
88 | 6,00 | 88 | 546 | 88 | 245 | 83 | 3.10 | 88 88
89 | 680 | 89 | 487 | 89 | 240 | 89 | 3.20 | 89 89
90 | 630 | 90 | 437 | 90 | 240 | 90 | 3.30 | 90 90
91 | 620 | 91 | 428 | 91 | 230 | 91 | 340 | 91 91
92 | 550 | 92 | 344 | 92 | 230 | 92 92 92
93 | 500 | 93 | 305 | 93 | 230 | 93 93 93
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3 4-1 FERE D 5Kk 4 (414)

i 5
D-1-18 D-11-18 D-111-18 D-1-26 D-11-26 D-111-26
PERY | ok | PERY | R | PBERY | ok | PR | R | BER | ok | BFR| K2
t(sec) | h(cm) | t(sec) | h(cm) | t(sec) | h(cm) | t(sec) | h(cm) | t(sec) | h(cm) | t(sec) | h(cm)
94 | 400 | 94 | 3.00 | 94 | 230 | 94 94 94
95 | 330 | 95 | 268 | 95 | 240 | 95 95 95
96 | 270 | 96 | 279 | 96 | 240 | 96 96 96
97 | 250 | 97 | 270 | 97 | 235 | 97 97 97
98 | 240 | 98 | 2.72 | 98 98 98 98
99 | 250 | 99 | 2.68 | 99 99 99 99
100 | 2.40 | 100 | 2.63 | 100 | --- 100 | --- 100 | --- 100 | ---
101 | 230 | 101 | 2.70 | 101 | --- 101 | --- 101 | --- 101 | ---
102 | 2.30 | 102 | 2.67 | 102 | --- 102 | --- 102 | --- 102 | ---
103 | 240 | 103 | --- 103 | -~ 103 | --- 103 | --- 103 | ---
104 | 2.30 | 104 | --- 104 .| =-- 104 . --- 104 | --- 104 | ---
105 | 230 | 105 | --- 105 ] === | 105 | --- 105 | --- 105 | ---
106 | 240 | 106 | --- 106 | --- | 106 | - 106 | --- 106 | ---
107 | 2.30 | 107 | --- 107 | ===+ 107 | - 107 | --- 107 | ---
108 | 2.40 | 108 | --- 108 | === {108 | --- 108 | --- 108 | ---
42 PR IR F E PR
A 5 Fe |HRRR | 2HrRE | POkt | FHoR gt @ F
7T H(em) | B(cm) Q(ecm®fs) | i & Ve(cm/s) | V. ¥+ 2 P %] (sec)
D-1-18 20 20 12713.7 1.70 84.0
D-11-18 13 30 12713.7 2.31 78.0
D-111-18 10 46 12713.7 1.90 69.0
D-1-26 20 20 21676.9 2.90 66.0
D-11-26 13 30 21676.9 2.25 57.0
D-111-26 10 46 21676.9 2.73 56.0
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243 7 FFMAEHEL TR ()RR RS ()

. A4 B3R ® Ll B> s o
gy | TF | RTAE L ;g‘ ;%; f%ﬂ %i “ M:Q §
H(cm) | B(cm) Q(cm’/s) T, (sec) (5) (%)
D-1-18 20 20 12713.7 97.0 1.00 154.2
D-11-18 13 30 12713.7 92.0 2.31 532.4
D-111-18 10 46 12713.7 80.0 4.60 1017.1
D-1-26 20 20 21676.9 75.0 1.00 203.2
D-11-26 13 30 21676.9 58.0 2.31 572.3
D-111-26 10 46 21676.9 57.0 4.60 1235.6
%+ 4-4 RS DA1-18 R i 4
88 e D-1-18
= %%Mgi% H fiE%FE’FL‘}‘-”/E‘H‘%?f% R4 4 Er(kgls)
(t)(sec) V(t)(cm®) (AV/At)(cm?/s)

0 57600.00 0.00 0.000

30 48931.99 288.93 0.530

35 41762.87 1433.82 2.628

40 35315.23 1289.53 2.364

45 30042.98 1054.45 1.933

50 24809.25 1046.75 1.919

55 19464.91 1068.87 1.959

60 14908.48 911.29 1.670

65 11289.23 723.85 1.327

70 9419.18 374.01 0.686

75 7504.96 382.84 0.702

80 6084.43 284.11 0.521

85 5205.31 175.82 0.322

90 4140.45 212.97 0.390

95 4088.90 10.31 0.019

w4
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% 45 HERY aBE D-1-26 3+ K| i 4

588 5 D-1-26
il Wi HEEELTAES i ek
(t)(sec) V(t)(cm?) (AV/At)(cm?/s)
0 57600.00 0.00 0.000
15 53024.59 305.03 0.559
20 39618.94 2681.13 4.915
25 35126.86 898.42 1.647
30 30474.94 930.38 1.705
35 26336.58 827.67 1.517
40 22129.20 841.48 1.543
45 18276.07 770.63 1.413
50 14304.81 794.25 1.456
55 10561.28 748.71 1.372
60 7671.04 578.05 1.060
65 5624.27 409.35 0.750
70 4978.01 129.25 0.237
75 3628.63 269.88 0.495
3 4 H = F pg=1833.11 kg/m®
% 4-6 X% 5 D-11-18 #* k] 5c 4
Y D-11-18
= iﬁﬁga‘gi% H R E'mﬁﬁ R4 4 Er(kgls)
(t)(sec) V(t)(cm?) (AV/At)(cm?/s)
0 38220.00 0 0.000
12 36777.00 120.25 0.220
22 35024.82 175.22 0.321
32 27694.63 733.02 1.344
42 21338.70 635.59 1.165
52 14289.54 704.92 1.292
62 8930.12 535.94 0.982
72 4778.74 415.14 0.761
82 3371.56 140.72 0.258
92 2889.52 48.20 0.088
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% 4-T7 %8 S5 D-11-26 o f] 5t 4

8 S5 D-11-26
il Wi HEEELTAES i ek
(t)(sec) V(t)(cm?) (AV/At)(cm?/s)

0 38220.00 0.00 0.000
10 34788.71 343.13 0.629
15 32530.33 451.68 0.828
20 27820.45 941.98 1.727
25 21456.61 1272.77 2.333
30 16851.52 921.02 1.688
35 13711.85 627.93 1.151
40 10266.42 689.09 1.263
45 7813.97 490.49 0.899
50 6083.17 346.16 0.635
55 4951.14 226.41 0.415

i 3G = F pg=1833.11 kg/m®

% 4-8 F 15 D-1-18 i fi) s #

iR gt D-111-18
A L i § P 2 " WA i 4 Erkgls)
(t)(sec) V(t)(cm?) (AV/At)(cm?/s)

0 36000.00 0.00 0.000
10 34868.80 113.12 0.207
15 33393.49 295.06 0.541
20 31264.33 425.83 0.781
25 28479.72 556.92 1.021
30 25451.45 605.65 1.110
35 22889.32 512.43 0.939
40 19345.95 708.67 1.299
45 16456.38 577.91 1.059
50 13300.86 631.10 1.157
55 10876.19 484.93 0.889
60 8768.95 421.45 0.773
65 7274.24 298.94 0.548
70 6088.85 237.08 0.435
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75 5130.35 191.70 0.351
80 4205.86 184.90 0.339
s E = F py = 1833.11 kg/m®
% 4-9 3FE 18 5l D-111-26 & ] ic #
HiR s D-111-26
P R iﬁﬁ&ﬂ‘%iﬁ H - pFiF 2 -;v-**?mgﬁ i Ri 4 Er(kgls)
(t)(sec) V(t)(cm?) (AV/At)(cm?/s)
0 36000.00 0.00 0.000
5 35368.69 126.26 0.231
10 33039.96 465.75 0.854
15 31148.58 378.28 0.693
20 26703.20 889.08 1.630
25 22655.53 809.53 1.484
30 18672.28 796.65 1.460
35 14294.54 875.55 1.605
40 11732.88 512.33 0.939
45 8739.74 598.63 1.097
50 7186.43 310.66 0.569
55 5932.40 250.81 0.460
4§ H = F py = 1833.11 kg/m®
% 4-10 7 filae 4 ﬁﬁﬁ? 5 R L PR R
. I ERIER | THEERERIER | Ty - X AR TRERE R
HA o Tt (sec) T¢ (sec) (sec) | A B (%) WA E (%)
D-1-18 88.8 94.2 97.0 8.48 2.93
D-11-18 96.4 97.4 92.0 4.78 5.85
D-111-18 86.3 89.8 80.0 7.92 12.20
D-1-26 72.0 94.0 75.0 4.00 25.39
D-11-26 56.6 63.8 58.0 2.50 10.06
D-111-26 57.6 68.4 57.0 1.03 20.01
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2411 p AR FAREPTHRCEL(EE 0 WS > 2002)

Tim |
ey %}iﬁ.—-& . mE | e | R R | 6 * v’%
(5 =) Qa Qy | H(m) | B(m) | Te (=) | Te($7)
(m¥s) | (m%/s)
1 1586 | = & - ("FZ L) 40 1900 | 100 700 19.68 1.7E+06
Pk w4 (L+
2 1683 2) 10 620 70 700 15046.3 | 1.3E+09
T—‘g ﬁ"r' . _!— :L i o, i
3 1788 b 5 440 50 400 578.7 5.0E+07
FkF - B(EP
4 1847 1) 100 3700 |65 650 18.52 1.6E+06
X kH . zRT (X
5| 1847 | T BETE I 510 |54 300 |10095 |95E+06
BN ETT
6 1858 | | L 1 157 20 620 59.03 5.1E+06
N R )
7 1858 | =i - A oE H(E M) |2 687 150 600 13.89 1.2E+06

1889 | LA - ME AT | 20 2400 | 80 180 0.29 2.5E+04

9 1889 | & - 2HE AP | 30 3400 |18 88 0.04 3.6E+03

10 1889 | L& . 2 H 2 | 30 3500 /.10 130 0.21 1.8E+04

11 1889 | A" -2 ARV | 34 2900 | 6 70 4.05 3.5E+05
12 1889 | A - 22 AT |3 480 140 | 400 6.02 5.2E+05
13 1889 | LA - P RELATS | 16 2000 |80 530 17.36 1.5E+06
14 1889 | A" - BATH 6 790 25 120 0.21 1.8E+04
15 1889 | A" - tRATH 56 4800 | 110 150 0.71 6.1E+04

16 1889 | A" - TEARP | 69 5800 |10 150 0.13 1.1E+04
17 1889 | L& - iHATH |9 1300 |20 110 0.06 5.0E+03
18 1889 | A - pEATEF |11 1600 |15 100 0.02 1.8E+03
19 1889 | t&" - b EFT® |70 5900 |50 180 0.67 5.8E+04
20 1889 | & - RATH |83 6900 |7 130 0.08 7.2E+03
21 1889 | LA - o] AT 580 190 | 600 5.21 4.5E+05

[y
She
=

22 1889 | &= - 170 80 300 21.99 1.9E+06

N
o -

23 1889 | &= - 92 70 170 21.99 1.9E+06

10 100 | 350 9.95 8.6E+05

She | Y

24 | 1889 |Lt* -

=

25 1889 | &= - 150 75 340 1.16 1.0E+05

O N
| WS

rAR e R R
¥
She
I I I I 4
~
|
=

BRI | e | 36
She

W

3

3
-

26 1889 | & - 230 60 250 0.06 5.0E+03

g
N[N R (RPN

N
R

980 20 300 0.37 3.2E+04

27 1889 | A - A B ATH
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28 | 1880 | L& - €2 |8 1200 |25 |250 |037 | 3.2E+04
N I T _

29 | 1889 |, 8 1100 |20 100 |037  |3.2E+04
b
EER RS- F Y

30 | 1895 - 3 76 |38 |110 |6.02 |5.2E+05
3

31 | 1892 |7%H T - B AL 70 |5600 |80 |250 |347 | 3.0E+05
4+ g ,E';% . 5 ;;rrgnl . 'Ig‘_

32 | 1892 T:;“E“' L " 19 73 |45 |300 |1157.41 | 1.0E+08
i

33 | 1911 |4 - fpa J 30 1800 |60 |250 |347.22 |3.0E+07

34 | 1953 | 4@ 7 - AK| 3 750 |60 | 480 |41.67 |3.6E+06

35 | 1953 |Fu - 4 890 |10 |120 |0.0012 |Z1.0E+02

36 | 1953 | 3 1 86 |40 | 100 |67.13 |5.8E+06
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353025 20 15,

(1) #H>F i

(2) J1* # % 2 3 Bk TE b

OELERSER LS

D-111-18, T = 20 sec

80 60 40 20 0

(4) B %z i

Bl 4-1 B~ i§a 470 42 B (D-111-18, T = 20 sec)
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stage (cm)

stage (cm)

30.00
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20.00
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5.00
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30.00

25.00

20.00

15.00

10.00

5.00

0.00

Upstream Stage Hydrograph, Q = 12713.7cm?/s

L —D-I-18

= D-11-18
D-111-18

B 4-3 F #5in® Q=21676.9cm%s 2_ -k i+ fr &
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t(sec)
B 4-2 5 Q= 12713.7¢m’/s 2 -k i+ fran
Upstream Stage Hydrograph, Q = 21676.9cm?/s
i D-1-26
D-11-26
= D-II-26
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t (sec)



Os (*L )

(2) P ER J‘*{-ﬁg ’Tf

{7y

(4) ki 2FEFTE T B AT
*AE T KA 0 Te=T7S

- 2@_“%r' /} , »

WA PERF > T=

80s

(6) HERUALI® B 2 -kt B FEPE T = 98s

Bl 4-4 3 88 L3R P 1 2] W) i 42(D-111-18)
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26.00
24.00
22.00
20.00
18.00
16.00
14.00
12.00
10.00
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4.00
2.00
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4.00
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Upstream Stage Hydrograph, D-1

0 10 20 30 40 50 60 70 80 90 100 110
t (sec)
B 4-5 5 D-1 > Badig & 5 18Hz & 26Hz 2 -k = fr s
Upstream Stage Hydrograph, D-lI
D-11-26
e D-11-18
0 10 20 30 40 50 60 70 80 90 100 110

t(sec)

Bl 4-6 FR8 S5 D-11 > B g 5 5 18Hz & 26Hz 2 -k = fr &
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Upstream Stage Hydrograph, D-llI

20.00

18.00

—D-1l-26

16.00 D-lll-18

14.00

—_

g 12.00

(c

2 10.00

sta

8.00

6.00

4.00

2.00

0_00 | | | | | |

0 10 20 30 40 50 60 70 80 90 100
t (sec)

B 4-7 %8 55 D-1 205 34 & 5 18Hz & 26Hz 2 -k = fra

Stage Change Rate

5.00 r —D-1-18

e D-1-26

1.00

0.00 ' ' '

0 20 40 60 80 100
t (sec)

B 4-8 Hi%8 %5 D-1-18 & D-1-26 2 -k =% i* & T iE 4%
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Stage Change Rate

6.00
5.00 t ——D-II-18
D-11-26
4.00
0
5
=3.00
>
2.00
\
100 |\
W
\i Alm(s , /\L
0.00 VI NMAN N AAAA™M A8
0 20 40 60 80 100
t (sec)
B 4-9 3FH %8 5 D-1-1822 D-I1-26 2 -k = % it & & iF 42
Stage Change Rate
6.00
5.00 D-lll-18
D-Ill-26
—~4.00
@8
£
X
- 3.00
2.00
1.00
0.00 ‘ : | S —
0 20 40 60 80 100
t (sec)

Bl 4-10 38 S5 D-111-18 & D-111-26 2 -k =% 1 i# 5 iE 4%
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B 4-11 5%k adRdEs(D-11-18)4 2 2. F st

Bl 4-12 3mag t 254 4 2 39 K (D-11-18)
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Dam Height (cm)
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40 60 80
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Bl 4-14 FRE e o FHW %S D-1-18
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Dam Height (cm)
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- : ‘
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* \
\ \
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Bl 4-15 FR:E o o FHM %S D-1-26
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Dam Height (cm)
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s 58 %% D-11-18
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Dam Height (cm)
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Profile with Time, D-11-26

=T =0 sec (Dam)
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====T=20sec (Dam)
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Bl 4-17 FRE 36 > i %E D-11-26
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Dam Height (cm)

Profile with Time, D-111-18

25.0

=T =0 sec (Dam)

T=10sec (Dam
200 ====T=20sec (Dam
— =T =30 sec (Dam
— - T=40sec (Dam

)
)
)
)
)
)
)
)

15.0 | T =50 sec (Dam
T =60 sec (Dam

— =T =70sec (Dam

10.0 r /.,_‘__g ________________ — - T=80sec (Dam

50 r
I---ﬂ-'f-:t.:__-_-_: ------- -
-~ - r S - -~
= N~
0.0 — ~
0 20 40 60 80 100

Length (cm)

Bl 4-18 FWE G > H W %EL D-111-18
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Dam Height (cm)
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———————
-
-

=T = 0 sec (Dam)
T =10 sec (Dam)
===-T =20 sec (Dam)
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Bl 4-19 FWEFI G o W5 D-111-26
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Dam Volume (cm?®)
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Dam Volume (cm?®)
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Dam Volume (cm?®)
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Dam Volume with Time, V(t)
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Bl 4-23 #2E 7 L B(E R A 40 0% )
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3.0

Erosive Capacity
A A D-1-18
A
20 o _A__ _ A A
2 e A
o - - - o= N -
f’ - - A = -
W 1.0 P ~~o
-7 A A T~ -
e A A <
- - A\ ~ - A
0.0 e A
10 20 30 40 50 60 70 80 90 100
t(sec)
. Erosive Capacity . Erosive Capacity
A
A D-|-18(rising part) A A D-1-18(failing part)
20 r 20 | A~ A
= .-~ y=00551x-0.1403| = ~ y=-0.0431x+4.0584
|.|J10 I~ ”’ L 10 B \\_‘ R2 = (0.949
_-- R2 =0.5622 A ;\‘\
- A A~
- £~ A
0.0 & - : 0.0 R
0 10 20 30 40 40 50 60 70 80 90 100
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B 4-24 FREEPETRlAe 4 0 HAE e D-1-18
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Er (kg/s)

Er (kg/s)
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B 4-25 HFEREE PR Ae 4 0 A 5L D-11-18
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1.5

Erosive Capacity
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. o D-I-18
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I - ..
= - - S~ -~
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f/” * ¢ \\‘\
-7 SLe
0.0 L—
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e Erosive Capacity 5 Erosive Capacity
® Sl e
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) _-- ) R
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Er (kg/s)

Er (kg/s)
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86

10 20 30 40 50 60
t (sec)
Erosive Capacity - Erosive Capacity
i \ D-11-26(rising part) \ 15 | |~ D-ll-26(failing part)
i )
910 |
I I
i 05 |
| | | | | O-O | |
5 10 15 20 25 30 30 40 50 60
t (sec) t (sec)



1.5

Erosive Capacity
1.0 r
Q)
(=]
=
i 05
0.0 | | | | | |
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t (sec)
e Erosive Capacity e Erosive Capacity
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