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STABILITY EVALUATION OF RIVER LEVEES ON THE BASIS OF
ACTUAL LEVEE BREACHINGS

FTHEHE -ZEFE 2 H B F ™
By Takao UNO, Hisayoshi MORISUGI, Toshio SUGII and Yuji NAKANO

In order to evaluate the stability of river levee, the application of a logit model was
attempted. On the basis of actual levee breaches, the probability of collapse for river
levee was evaluated with the damage potential function consisting of characteristic fac-
tors of river levees. Eleven factors were selected of many possible factors of levee, and
four logit models were formulated with them., As a result, the significant characteristic
factors which affected the stability evaluation were specified. And it was found that
probability of collapse “P” could accurately be represented as index for the stability of
river levee. This paper also shows that the predictability of these models are sufficient-
ly effective to evaluate river levee stability in the sense of its simplicity.

Keywords . stability evaluation, river levees, logit model, probability of collapse, char-

acteristic factors
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Fig.1 Conceptual evaluation of river levees.
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Fig.2 Probability of levee collapse and total cost.
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Fig.3 Four types of levee collapse.
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Table1 Correspondence of damaged levee data to four
discrimination model patterns.
(a) Middle/small-scale levees

Collapse type Number Model 1  Model 2
& Breakage 120 120 120
Outside slope failure 19 T 3
Inside slope failure 12 3—76
£ 9 slioht/nondamaged 45
=
Collapse type Number Model 3
&| Breakage 47 47
Outside slope failure 118
EE Inside slope failure 19 } 137
2 O] s1igt/nondamaged o

(b) Large scale levees (the Nagara River)

Collapse type Number Model 4
§ Breakage 1
Bt Outside slope failure 30 } 36
g Inside slope failure 5
g O} slight/nondamaged 87 87

Table2 Soil parameters,

Four type of soils | Cohesion (kN/m2) Unit weight (kN/mB)
1. Sandy soil 9.8 17.6
2. Sand 4.9 17.6
3. Clayey soil 19.6 17.6
4. Sand and gravel 0.98 17.6
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Table3 Correlative coefficient (Model 1).
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Characteristic factors 1 2 3 4 5 3 7 8 9 w0 1n
1 | width of levee crest 1.000 | 0.531 | 0.568 |-0.225 | 0.135 | 0.151 |-0.181 | -0.115 | 0.016 | -0.05 | 0.0B
2| Inside height of levee | oo | 100 | 0912 | 0.6 | 0.173 | 0.0 |-0.09 | 0.0 | 0.022 | 0.0n 0.3
3 | Area of levee section 0.563 1 0.912 | 1.000{-0.266 | 0.148 | 0.95 | 0.00 | 0.078 | -0.007 | -0.055 1-0.056
& Sgtagﬁize"zugg:‘;‘e“‘ 0.2 | -0.u6 | -0.266 | 1.000 [-0.75 | 0.3 | 0.005 | -0.116 | -0.02| 0.9 |07
s 'é:tif‘{og; gig‘;hgigzci“ 0.35{ 0.173 | 0.148 |-0.275 | 1.0 | 0.0B | 0.05| o.015| 0.119| 0.0% |-0.006
3 zﬁfgfggljlzgg‘;ﬁ%‘ﬁit‘fon o.51| 0.0 | 0.5 | 0.1 | 0.03 | 1000 | 0.1a1| 0.005 | -0.088 | c.053 |-0.002
7| fermeable pavenent of | 4,161 |-0.09 | 0.00 | 0.005 | 0.025 | 0.4l | 10| -0.1%9 | 0.008 0.0 {0,108
8 | Recognized seepage of | o119 ( 0.0 [-0.0% | .16 | 0.5 { 0.5 [0.1m| Law | 0065 -0.0% 0.1
9 | Frate of river chamnel: | 0.0 |-0.02 [-0.007 | 0.0 | 0.9 |-0.08 | 0.00s} 0.0 | 1o | 6315 |00
10} State of river chanrel: | 4.ms |0.0n |0.055 | 0.09 | 0.0m | 0.0 | 0.3 | 0.0 | 0.315| Law |-0.27
State of river channel:
11| Existence of accompanying| 0.0 |-0.03 | -0.066 | -0.017 |-0.006 |-0.042 |-0.101 | -0.(3) | -0.350 | 0.7 | 1.0
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Table4 Analytical results for the four logit models,

Notation| Characteristic factors (variables) Modell Model2 Model3 Models
: s e 2.156 4,538 1.962 -3.502
90 Alternative specific dummy constant (4.199) (5.298) (1.967) (2.637)
o Width of levee crest (m) Zg??; -0.628 / /
: . / / -0.839 0.742
9, Inside height of levee crest (m) (2.165) (2.328)
R . / / 0.037 -0.014
e, Area of levee section (m?) (2.014) (2.425)
Soil strength parameter -1.919 -3.094 -2.195 /
O (Stability number) [0] (3.008) (3.591) (2.044)
Ratio of flow capacity to flood / / ~1.201 /
s discharge (0] (2.608)
Permeable structure of outside slope / / / /
9 protection (Xs=1)
Permeable pavement of levee crest / / / /
82 (X7:1)
Recognized seepage of water through the 1.590 / / 1.443
s levee and its foundation (Xe=1) (2.784) (2.643)
State of river channel : Concave levee / / / /
Os line  (Xo=1)
e State of river channel : Convex levee 0.981 2.429 / /
1o line (X)e1) (1.967) (2.177)
State of river channel : Existence of / / / /
on accompanying structure (Xil)
% right (Hit ratio) of model 0.699 0.868 0.755 0.732
Likelihood of model 0.185 0.455 0.241 0.223
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Fig.5 Effect of factors on the probability of collapse : Model 1
(Recognized seepage of water).
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Fig.6 Factor elasticities for collapse probability.
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Fig.7 Influence of the factor (X,) on actual probability of

breakage occurrence.

Table5 Gradient of the characteristic factors influence on
actual probability of breakage occurrence,

Characteristic factors | Gradient of | Correlative
(variables) the factor | coefficient:R

Width of levee crest -12.52 0.753
Inside height of levee
crest 0.38 0.034
Area of levee section -3.72 0.217
Soil strength parameter

(Stability number) -9.89 0.782
Ratic of flow capacity
to flood discharge -1.75 0.098

Ey = AP,/ P, (13)
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Fig.8 Comparison of the probabilities evaluated by Model 4
and that by adjusted Model 4.
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Table ¢ Comparison of characteristic factors of the Nagara
River and that of the Ijira River.
Cheracteristic Middle/small- | Levee of | Levee of
factors scale levees | the Nagara| the Ijira
(variables) (without River River
overflow)
Width of levee crest (m) 3.8 6.5 4.9
Inside height of levee
crest (m) 2.5 7.9 5.7
Area of levee section (m* 24.5 252.5 131.7
Recognized seepage of
water the levee 141 15.4 2.7
and its foundation (%)

Table 7 Recalculated coefficients of characteristic factors of

Model 4.
8
qu Factor 0, (t-value)
L
.
= ® 1 Alternative specific
§E dummy -constant 1.464 (0.689)
Bl
233 | Inside height of levee
Z'a Lerest () -1.170 (1,322)
E: Area of levee section (Xy| 0.018 (0.839)
£ © | Recognized seepage of
c 8 | water through the levee 4.873 (2.802)
é’E, and its foundation (Xs)
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Fig.9 Correspondence of actual positions of slope failure to sectional positions that had more than a 50 % estimated

probability of collapse during the flood period of September, 1976.

(a) Actual positions (b) Estimated probability
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