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ABSTRACT

The objective of this study is to illustrate the methods and procedures for estimating the failure probability of small fill dams subjected
to earthquake events and to estimate the seismic failure probability of the Korean disaster risk fill dams where geotechnical information
is not available. In this study, first of all, seismic failure probabilities of 7 disaster risk small fill dams, where geotechnical information
is available, were evaluated using event tree analysis. Also, the methods and procedures for evaluating probabilities are illustrated. The
relationship between dam height and freeboard for 84 disaster risk small dams, for which the safety diagnosis reports are available, was
examined. This relationship was associated with the failure computation equation contained in the toolbox of US Army corps of
engineers. From this association, the dam height-freeborard critical curve, which represents ‘zero’ failure probability, was derived. The
seismic failure probability of the Korean disaster risk fill dams was estimated using the critical curve and the failure probabilities
computed for 7 small dams.
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Fig. 1. Steps Involved in Seismic Risk Analysis (Yegian et al., 1991)
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Fig. 2. Main Potential Failure Modes of Embankment by Earthquake
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Fig. 4. Gradation Curves of the Taget 7 Fill Dams for Evaluating
Seismic Failure Probability

Table 1. Basic Information of the Target Fill Dams for Evaluating Seismic Failure Probability

Dam Location Type Height Crest EL Full water level EL (m) Classification(USCS)
(m) (m) Fill Core

Gasiri Yeoju cch 4.00 58.49 57.70 SC CL
Michon Wonju CC 11.8 234.89 233.96 SM CL
Hwaeryung Boseong H” 11.0 66.17 65.08 SM SM
Sanjae Hapcheon pC? 234 294.85 292.00 SM CL
Sungnae Seocheon CcC 12.9 42.32 40.00 CL ML
Chungnae Boseong CC 9.00 37.59 36.00 SM SC
Yonggang Jangheung H 11.5 194.85 192.82 SM SM

D' CC : central core dam, IH: Homogeneous dam, 9 PC : Puddle core dam
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Table 2. Probability of Transverse Cracking and Maximum Likely
Crack width at the Top of the Crest Due to an Earthquake
(USACE, 2009)

Probability of transverse | Maximum likely crack
Damage class . .
cracking width, mm

0 0.001 5

1 0.01 20
2 0.05 50
3 0.2 100
4 0.5 150

Table 3. Maximum Likely Depth of Cracking from the Top of the
Crest for Transverse Cracking in the Embankment (USACE,

2009)
Maximum likely crack width Maximum likely crack depth
at the top of the crest (or core), mm | from the top of the crest (or core), m

10 1.5

25 3

50 45

75 7.5

100 30
250 75
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(MLTM, 2011)& Farstod, A<x]e] o]k 10001 &
7] A AR(WRISSH Hll sdEe AdFT] ARHAE

aLeste] 2Hgslsitk

34 TR AAH THDISHE

Table 4= 3.3 ZHol| A1 A2} 2P

Table 4. System Response Probability of the Michon Dam Against Earthquake Events

(a) Priaw
Reservoir EL (m) P(Gg;A AEP Vertt;yDésg: (Cr:;lsed Defolr;(er(ri] )crest Dir;?fsl ;:)Lajs Probabil(izc(])i r'i;ansverse
Priaw
233.96 0.026 0.02 0.002 234.888 0 0.001
233.96 0.041 0.01 0.002 234.888 0 0.001
233.96 0.050 0.005 0.002 234.888 0 0.001
233.96 0.079 0.002 0.003 234.887 0 0.001
233.96 0.104 0.001 0.003 234.887 0 0.001
(b) Py
Max crack Max crack | EL of bottom | Reservior | Depth of mid-level |Crack width in core for| Crack length at |  Average Prbability of
width (mm) depth of the crack |level stage| flow from the crest reserV(.)ir stage being | the mid-level of Hydrz?ulic initiation in a
(m) (m) (m) (m) considered (mm) flow (m) gradient crack
Cinax D dp X Ca La favg P
5 1.14 233.75 0.928 1.03 0.47 8.55 0.025 0.001
5 1.14 233.75 0.928 1.03 0.47 8.55 0.025 0.001
5 1.14 233.75 0.928 1.03 0.47 8.55 0.025 0.001
5 1.14 233.75 0.927 1.03 0.47 8.55 0.025 0.001
5 1.14 233.75 0.927 1.03 0.47 8.55 0.025 0.001

(c) Pe, Pp, Py, SRP and Pt

- . Probability of breach . .
Probability of Probability of - - - — System Response | Failure probability,
continuation progression Sloughing or unraveling Sinkhole Overall probability Probability SRPXAEP
of downstream slope development of breach

Pc Pp Py SRP Pr

0.5 0.35 0.92 0.048 0.924 2.330.E-07 4.659.E-09

0.5 0.35 0.92 0.048 0.924 2.332.E-07 2.332.E-09

0.5 0.35 0.92 0.048 0.924 2.333.E-07 1.167.E-09

0.5 0.35 0.92 0.048 0.924 2.339.E-07 4.677.E-10

0.5 0.35 0.92 0.048 0.924 2.344.E-07 2.344.E-10
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