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/] ABSTRACT /

This study aims to present a method to evaluate the relative risk of failure due to liquefaction of domestic small to medium-sized earthfill
dams with a height of less than 15 m, which has little information on geotechnical properties. Based on the results of previous researches,
a series of methods and procedures for estimating the probability of dam failure due to liquefaction, which calculates the probability of
liquefaction occurrence of the dam body, the amount of settlement at the dam crest according to the estimation of the residual strength of
the dam after liquefaction, the overtopping depth determined from the amount of settlement at the dam crest, and the probability of failure
of the dam due to overtopping was explicitly presented. To this end, representative properties essential for estimating the probability of
failure due to the liquefaction of small to medium-sized earthfill dams were presented. Since it is almost impossible to directly determine
these representative properties for each of the target dams because it is almost impossible to obtain geotechnical property information, they
were estimated and determined from the results of field and laboratory tests conducted on existing small to medium-sized earthfill dams in
previous researches. The method and procedure presented in this study were applied to 12 earthfill dams on a trial basis, and the
liquefaction failure probability was calculated. The analysis of the calculation results confirmed that the representative properties were
reasonable and that the overall evaluation procedure and method were effective.

Key words: Risk, Liquefaction, Small to medium-sized earthfill dam, Geotechnical properties, Liquefaction failure probability
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Crack
/

Long Section
(a) Crest deformation & transverse crack

(b) Crest deformation & overtopping

Fig. 1. Main potential failure modes of embankment by earthquake loads [1, 4]
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Fig. 2. Normalized residual shear strength ratio of liquefied soils [6]
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Fig. 3. Dam crest settlement for residual shear strength [7]
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Table 1. System failure probability of fill dams due to overtopping
according to overtopping depth [9]

Overtopping depth, d, (m) Overtopping systgm response
probability
0 0
0.15 0
0.6 0.25
1.0 1
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Table 2. Basic input data and data input method for calculating dam liquefaction failure probability

Input data (unit) Input scheme Detailed input method
Dam height (m)
- Basic . e .
Dam crest elevation (m) e Basic specification information
specification
Full water leve elevation (m)
Dam Ave. total unit weight (kN/m®) Fixed value assume 17~18
Dam Ave. saturated unit weight (kN/m°) Fixed value assume 18~19
Earthquake magnitude (M) Fixed value 6.5 (Domestic Max. earthquake magnitude)
Crest acceleration amplification ratio Fixed value 2.0 (based on Section 3.3)
Fine content (%) Fixed value 20 (based on Section 3.2)
Dam base PGA (g) Reading value Read from NEHM* with 1,000 year return period
Annual exceedance probability Calculated value See equation (13) in Section 2.4

* . Nation Earthquake Hazard Map [10]

Table 3. Liquefiable layer input data and data input method when there is no stratum information including SPT N

Input data (unit)

Input scheme

Detailed input method

SPT N value of liquefiable layer (blows)

Fixed value

9 (based on Section 3.1)

Middle depth of liquefiable layer (m)

Calculated value

Distance from dam crest to 1/2 dam height

Table 4. Liquefiable layer input data and data input method when there is stratum information including SPT N

Input data (unit)

Input scheme

Detailed input method

SPT N value of liquefiable layer (blows)

Referenced value

the lowest N in the layers indicated as SM, SP, and landfill layers
(If no corresponding layer, follow Table 3)

Middle depth of liquefiable layer (m)

Referenced value

Depth at the center of the layer with the lowest N when there are SM,
SP, and landfill layer (If no corresponding layer, follow Table 3)
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Fine fraction content (%)
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Fig. 6. Fine content of reservoir materials in 10 reservoirs subjected
to investigation [11]
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Table 5. Specification and input properties of 12 dams for pilot application

Available SPT, Speciication Dam base Applied | i content | Liauefiable layer

No Dam N Height Crest Water level PGA(g) SPT, %) depth from crest
(m) EL(m) EL(m) N (m)
1 TS X 12.0 101.8 100.0 0.135 9 20 6.00
2 SR X 10.0 824 80.8 0.135 9 20 5.00
3 WG X 8.0 91.1 89.8 0.130 9 20 4.00
4 HC X 8.5 199.4 197.4 0.120 9 20 425
5 BD X 8.8 102.9 101.7 0.110 9 20 4.40
6 oD X 10.0 64.0 63.0 0.110 9 20 5.00
7 DG X 6.7 22.1 209 0.105 9 20 3.35
8 DDWM X 53 270.1 268.0 0.130 9 20 265
9 DJG X 6.1 2186 2175 0.130 9 20 3.05
10 DN X 76 179.2 178.1 0.135 9 20 3.80
1 SH X 7.0 493 467 0.135 9 20 3.50
12 GD X 9.8 98.3 97.0 0.125 9 20 4.90

Table 6. Results of relative liquefaction failure probability and failure ranking of 12 pilot-applied dams

. . - Liquefaction failure Annual liquefaction Ranking of relative failure
1)
No Dam AEP Liquefaction probability probability failure probability? risk
1 TS 1.05E-03 6.16E-01 0 0 9
2 SR 1.05E-03 6.03E-01 1.11E-02 7.05E-06 2
3 WG 1.05E-03 4.10E-01 3.16E-02 1.36E-05 1
4 HC 1.05E-03 6.84E-02 3.31E-03 2.39E-07 7
5 BD 1.05E-03 7.42E-02 0 0 12
6 oD 1.05E-03 2.33E-01 0 0 10
7 DG 1.05E-03 6.29E-03 1.86E-03 1.23E-08 8
8 DDVWM 1.05E-03 4.57E-03 8.27E-02 3.98E-07 6
9 DJG 1.05E-03 1.26E-01 0 0 1"
10 DN 1.05E-03 5.17E-01 1.87E-02 1.02E-06 5
11 SH 1.05E-03 4.25E-02 5.26E-02 2.36E-06 3
12 GD 1.05E-03 4 49E-01 4.08E-03 1.93E-06 4
" see section 2.4 (2)
2 - see section 2.4 (6)
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Fig. 8. Liquefaction and liquefaction failure probability according to PGA for pilot evaluation dams (fine content 20%)
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Fig. 9. Liquefaction and liquefaction failure probability according to PGA for pilot evaluation dams (fine content 25%)
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Fig. 10. Liquefaction and liquefaction failure probability according to PGA for pilot evaluation dams (fine content 30%)
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