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Assessment of Dam Seismic Safety using the Relationship between

Acceleration and JMA Intensity
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/] ABSTRACT /

Seismic intensity deduced from instrumental data has been evaluated using the empirical relationship between intensity and peak ground
acceleration (PGA) during an earthquake. The Japan Meteorological Agency (JMA) developed a seismic intensity meter, which can
estimate the real-time seismic intensity from seismic motions observed at a local site to evaluate the damage during the earthquake more
correctly. This paper proposes a practical application of the JMA intensity to dams during the 2013 earthquake in Yeongcheon, Korea. In
the present paper, seismic intensity was estimated from the relationships between accelerations observed at Yeongcheon Dam.
Estimated seismic intensities were in the range of 0 to 3, which was verified from the displacements of dams and the variation of the ground
water level observed at Yeongcheon dam during the earthquake. The JMA intensity, which is determined by considering the frequency,
duration of cyclic loading, etc., was 0 (zero) and there was no damage to Yeoncheon dam during the earthquake.

Key words: PGA, Seismic intensity, Earthquake, Dam, Frequency, Duration of cyclic loading
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Table 1. Classification of K-water's Dam by seismic grade[2]

Type Name Height (SDLOpraag:y Seismic
(m) (% 10°m’) grade
Security Peace Dam 125.0 2,630,000 S
Soyang 123.0 2,900,000 S
hwengsung 48.5 86,900 S
Andong 83.0 1,248,000 S
Choongju 97.5 2,750,000 S
Imha 73.0 595,000 S
Daecheong 72.0 1,490,000 S
Buan 50.0 50,300 S
Multipurpose dam | Yongdam 70.0 815,000 S
Hapcheon 96.0 790,000 S
Miryang 89.0 73,600 S
Seomjingang 64.0 466,000 S
Namgang 34.0 309,200 S
Jangheung 53.0 191,000 S
Juam 58.0 457,000 S
Boryung 50.0 116,900 S
Unmun 55.0 135,000 S
Gwangdong 395 11,000 |
Dalbang 53.5 7,700 |
Yeongcheon 42.0 96,000 I
Sayeon 46.0 25,000 |
Daeam 27.0 9,500 |
Angye 325 17,700 I
Water supply dam
Yeoncho 245 5,000 |
Gucheon 50.0 10,000 |
Suo 67.0 28,000 |
Seonam 22.0 2,000 |
Daegok 52.0 28,500 I
Gampo 35.0 2,400 |
Pyeongim 37.3 8,500 |
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Fig. 1. Distribution of seismic intensity during 2004 Niigata-ken
Chuetsu Earthquake
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Fig. 2. The example of KMA'’s earthquake notice (An earthquake
event on 11 September 2013 in Korea
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Table 2. JMA seismic intensity scale [7]

Scale Measur.ed Remarks
Intensity
0 under 0.5 Imperceptible to people
1 0.5~1.5 Felt by only keen person
Felt by many people in the building. Some
2 1.5~2.5 .
sleeping people awake
3 25~35 Felt by most people in the building. Some
e people are frightened
Many people are frightened. Some people try to
4 3.5~4.5 escape from a danger. Most sleeping people
awake
5. 4.5~5.0 Most people try to escape from a danger. Some
e people find it difficult to move
In many cases, unreinforced concrete-block
walls collapse and tombstones overturn. Many
5+ 5.0~5.5 automobiles stop due to difficulty to drive.
Occasionally, poorly installed vending
machines fall
6- 55-6.0 In some buildings, wall tiles and windowpanes
e are damaged and falll.
In many buildings, wall tiles and windowpanes
6+ 6.0~6.5 are damaged and fall. Most unreinforced
concrete-block walls collapse.
In most buildings, wall tiles and windowpanes
7 more than 6.5 | are damaged fall. In some cases, reinforced
concrete-block walls collapse.
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Fig. 3. Characteristic of filters for calculating JMA intensity; (a)
applying a band pass fiter in the frequency domain and (b)
summing the time segments exceeding a reference PGA
value of acceleration records [8]
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Table 3. Characteristics of Yeoncheon Dam

Dam type Earth Core Rock Fill Dam
Hight(H, m) 42
Length(L, m) 300
Storage capacity(V, 10°m?) 96,400
Expected natural frequency(f, Hz)' 3.7~6.8

*It was calculated by Okamoto [15], /=100/(0.35~0.65)H

B Accelerometer
&) Displacement Transducer
W Ground water level

Fig. 5. Measurement plan view of Yeongcheon Dam
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Table 4. Calculated Seismic Intensities of Yeoncheon by JMA etc

Calculated Intensity(JMA Intensity)

Chungnam Taean Earthquake

Yeoncheon dam (2014.4.1)

Type| " (5013.10.11)

Buan dam Boryeong dam

Al A2 A3 Al A2 A3 A1 A2 | A3

Eq.(2)| 0(0) | 0(0) | O(0) |1.5(2)|1.2(1)| 0(0) |0.2(0)|2.0(2)|0.1(0)
Eq. (3) |2.4(2) [2.7(3) | 3.3(3) | 2.5(3) | 1.9(2) | 0.4(0) | 1.4(1) | 2.6(3) | 0.8(1)
Eq. (4)|2.1(2) | 2.4(2) | 2.9(3) | 2.2(2) | 1.7(2) | 0.2(0) | 1.2(1) | 2.3(2) | 0.6(1)
Eq. (5) | 2.2(2) [2.5(3) | 3.0(3) | 2.3(2) | 1.8(2) [ 0.3(0) | 1.3(1) | 2.4(2) | 0.7(1)
Eq.(10)[0.7(1) | 0.9(1) | 1.3(1) [ 0.8(1) [ 0.3(0) | 0(0) | 0(0) |0.8(1)| 0(0)
ol FEIRTol A AR 15 5.1 ] 7l sl Al Hbi(232 km) 2} 2

(206 km)ol 4 AZE A HolE 24 H AEGES AFstel 3
Ml SOl 1o AZE Ao/t 24280 gal, 8.9
galo|10m], G2k wl ] 541710] O 10022 2] 2150] Al
02 1A SN et sk S 20500, S el
AU A7V ASEn) = 002 APFEIITE o] s
o 10 HzolAol Erstel, A2 A/ 14wt om], AdAzlo] 3%
A= ) o 2 gk Tel3 u e Foro] 49 U]
AR ASAEZH, 22 A ot A iiEt Arjaom 2o
AL 7]l o} S Ao A ek ek

Miyazaki et al.[3]o] ofs} AI2ke] Wl 3742] el uls) Alch o=
BRe- Blo]e] 4= 3l 45752 Tefshi o7] el At o5 R 74
3 el 2 Aot el g4, 7)) 4l ol g i
o239 Fleg Apkigich 71z 4 ‘OM Hp A
whS 31ei5ta 9)7] vl ol Ath A 0. v el ago] Ltk Tt
AA10] SIS 7 A, Rokd, Beideld % WAl of
w5 2| 22 L7lA) Ftirhs BlAL uigeha, AZ A=)

ARz vl AghEoleka ekt 4 olek
4.3 X|ZIA| B HSEN

Kevater 912431 o s 1) U412 058 13 31l
Flske 9 A1) Spatel, AR5 el Sl hal] -
BAR AR 2 5 1o o A A0] 750l Sl 9
391 EeadolH(Fubrl)ol Sfsh Fig. 6] LeRigl: 28] Hhs)
A xy.y©] WIS AZsh glon, G A9 sl ARAd 4
AJskeele] st el WS Batehs AR5 BRI Fig. 7
220134 129 RIZHASE 29-A94 A51919] BAS ek 2
ek, 11 Lheh vlol 2] 230 b A2 Sle] 79 Feh oF 1 mm
Aol A A ) B & ol e L
A1) oJ3) 9 sFR2] Askeele] Fae Golel AR Bk Tk
Fig. 82 1 AAolA 2] W2 A 27 CS01, CS02, CS03°f st
2013 1289 148712] WkE: Lheian giek 2t A1) ASzeIA
AR5l the 7 st glow] o] ESAElo (Yl o] A
RS w2 712 W Z2korfolck GAE] A9 B $re] Ablo] 4

276

4 150

B & G=0=0=0© © 6-0=0=010 © & G~0=0=0 © & G~0=0=0 © & G- =0+

| ——Rainfall
| — e -Water level

[ =——Ground water: level
2 L

Rainfall (mm)
(w) IMO8
[ELCIREIEITY

<— Earthquake event

R Wh,,,,,.,,‘,......:100

121 12/6 1211 12116 12/21 1226 12/31
Date (MM-DD)
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Yeongcheon Dam on December 2013
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