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/| ABSTRACT /

In this paper, some popular intensity measures of earthquakes including magnitude, MMI, and PGA as well as their empirical relationships
are briefly reviewed since they have been widely used without prudence by mass media, the public, and even the government when asking
or expressing the seismic capacity of buildings. The basic concept of current seismic design is also presented in order to facilitate relevant
discussions. It is emphasized that expressing the building seismic capacity simplistically in terms of seismological quantities or
terminologies like magnitude and MMI is inherently irrational, may be misleading the stakeholders, and should be avoided. Alternative
expressions, more rational and consistent with current seismic design philosophy and practice, are recommended.
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2173 2.2 ZIT (Intensity)

o=kl ZlEkEl MMI(Modified Mercalli Intensity) 2} QE7]44
(IMA) A7} 9l oLt Sfjo Al MMIS & AR}, MMIQ] - 2| A
o] 017k} Sl g5 7)ot EA| AE2) AAZ AI715 12 DA R LESle] 5
e u7lE AeR AR A= o] Aesle] Fasitk MMI = VII-X
wiglol Sl Zizte] wele W ohg HolHPISEPGA, Peak
Ground Acceleration) 9|2 A 2]&}H Table 12} Z2tH4] . S PGA 3f
& AIRE AMRE A= 3 A 0] 3L )7 o WA w A Y Fof w2t 24 M
sh=Zlo 2 dEA ik MMI = VIS tf-3-PGAE Wood and Neumann
20.25~0.30 g&] W22 A3, o] T Richter=0.1~0.21 g & A)|
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AFetsl7] $18l Richter7} =8t A= (M;, 2]3]E] jf)olct o]
Ojof| whE wf HEo | A= 100 km HGA ol S-E-MT= 2| XA =
AEE Firl (o] 22 n]E Thel) o] AERIgke 2 Frof x| al W
Y|} O] A= 4] (1)o]l &J3t 73 E 4lo] ARt 2]5]H iz 9]9
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Table 1. Modified Merkeley Intensity (MMI) [4]
Description of damage to masonry by Richter in 1956 Corresponding PGA (g)
MMI Description by Wood and Neumann in 1931
plon A" B? o po | Woodand | gty
Neumann
Everybody runs outdoors. Damage negligible in buildings of
good design and construction; slight to moderate in well-built Damage
VIl |ordinary structures; considerable in poorly built or badly - - Some cracks including | 0.10~0.15 | 0.04~0.10
designed structures; some chimneys broken. Noticed by cracks
persons driving cars.
Damage slight in specially designed structures; considerable
in ordinary substantial buildings with partial collapse; great in
poorly built structures. Panel walls thrown out of frame Some

VIl |structures. Fall of chimneys, factory stack, columns, monuments,|  None Partial collapse - 0.25~0.30 | 0.10-0.21

walls. Heavy furniture overturned. Sand and mud ejected in damage

small amounts. Changes in well water. Persons driving cars

disturbed.

Damage considerable in specially designed structures; well

designed frame structures thrown out of plumb; great in . Heavily damaged,
Seriously

IX  |substantial buildings, with partial collapse. Buildings shifted off - sometimes with | Destroyed | 0.50~0.55 | 0.21-0.44
. . damaged

foundations. Ground cracked conspicuously. Underground complete collapse

pipes broken.

Masonry definitions used [5]

A good workmanship, mortar, and design; reinforced, especially laterally; bound together by using steel, concrete etc; designed to resist lateral forces.
2B good workmanship and mortar; reinforced but not designed in detail to resist lateral forces.

e ordinary workmanship and mortar, no extreme weaknesses like failing to tie in at corners but not reinforced or designed against horizontal forces.

4 D: weak materials such as adobe, poor mortar, low standards of workmanship; weak horizontally.
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Table 2= AARA| 31 9] w]alj7] 53t A =g 7te) el & HoF= A o=

(RS -5
M=1+ MMIx(2/3)[14] “4)

(FFAE-PGA)
log(PGA) = — 0.5+ (1/3) MMI [14] 5)

log(PGA) = 0.01440.3MMI [15] (6)
Fig. 104} Hzo] SRR X1¢] MMIWFE—‘ EYZPGAE ASdk=4
Z]

o] 7 FalshAIul, A BEHIAo] SuIE S 1% 2 ek 16]. 2t
0 AUAGE LACTE ATFBEL A, AS G,

Table 2. lllustrative damage records of historical earthquakes and Table 3. Number of earthquakes within and contiguous Korean

corresponding MMT’s [12] peninsula for each century [6]

Date Area Recorded descri ptiOn Century \V; VI VI Vil 1X X Total
Strong earthquakes occurred three 1 1 0 0 0 4 0 12(5)
times at 4 o'clock. Sound was as

Seoul loud as thunder. People and horses 2 1 0 0 0 1 0 @)
1518.7. 2 were frightened. Fences and 3 3 0 0 0 0 0 10(3)
(Jungjong 13. 5. 15) fortress walls collapsed or fell apart 4 0 0 0 0 3 0 7(3)
"MMI= VI hunach ;ound Ii:(e l;hun?er wai:1 hea{d irorz 5 0 0 0 1 1 0 7(2)
ungcheong-| the east. People could not stan
province stably. Fortress wall collapsed in 6 0 0 0 0 2 0 6()
many places successively. 7 0 0 0 0 1 0 14(1)
Earthquake occurs at regions such 8 1 0 0 1 2 0 24(4)
as Daegu, Andong, Gimhae and
e o e e 0 N N O
) T P so that many beacons and fortress
walls collapsed. 11 1 7 4 0 2 0 31(14)
Earthquake occurred at 24 villages 12 1 0 0 0 1 0 19(2)
| in Gyeongsang-province including 13 8 0 2 0 2 0 42(12)
1.7 00.4. 29. Gyeongsang Daegu. Fortress walls between Jinju
(Sukjong 26. 3. 11)|  province ard collapsedand ians 14 12 0 1 0 2 0 81(15)
fell down. 15 57 51 15 4 1 0 243(128)
1727.6.20 Hamavond- Earthquake occurred at 7 towns so 16 229 102 38 5 4 0 721(378)
o WONG | 4t many houses and fortress walls 17 94 54 40 9 4 1 359(202)
(Yeongjo 3. 5. 2.) province I d
colfapsed. 18 49 | 27 | 12 3 7 0 207(98)
Earthquake occurred at Myeongcheon, 19 1 0 0 0 1 0 60(2)
1810. 2. 19. Hamgyong- | Kyeongsung, Hoeryeong; houses
(Sunjo 10.1.16.) | province | severely shaken and fortress walls 20 24 | 10| 4 5 2 0 754(45)
collapsed Sum 484 | 251 116 28 40 1 2626(920)
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Fig. 1. Statistical variability inherent in MMI-PGA conversion
equations [16]
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Fig. 2. Distribution of MMI having 90 % probability of exceedance
within 1000 years [12]
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Fig. 3. Effective peak ground acceleration (%g) for 2400-year
return period [17]



Table 4. Seismic zone factors corresponding to 500 year return
period [6]

Seismic zone | Il
Zone factor, Z (g) 0.1 0.07

Table 5. Hazard coefficients [6]

Retumperiod | o | 400 | 200 | 500 | 1000 | 2400
(year)
Hazard 040 | 057 | 073 | 1 14 20
coefficient
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Fig. 4. Performance objectives poroposed in Vision 2000 [19]

521



st=2X|21E8sts =23 | 20# 72 (52 HM113%) | December 2016

ZIBLE) 2 FASLAL o)of| 5= JerE o R FASH=
A AEHAY-L- 329} - a|(Poisson arrival) 2 7Pg5HH 501 212HE(p %)
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RAEA Aol ol e HAPE ob2] @A) ootk Fig. 4=
199513 teof nj=tof| A A 4| Vision 2000[19] 2] A|312] A== 'E A=
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]tk Table 6= W2 A71= K1) oA A4
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<=1 ASCE/SEI 41-06[20] 0] 0|1 Al w7} lct. Eek Al=2d=e] 74
Folli= ASCE/SEI 7-10[21]04 &ihs 71ashe 4202 s 7Iit
AP EAEP | ARSI, oS S| feliA ool S11E ASCE/SEL

41-13[22] & 71EAEES RPN AISHES Ve = sk
e HEE A= AASHAL ik 3 71E8] 710k AR
olgle FEPA(7HE 2FE) ol A= Al59] Aoz A3 AL 2
HH(third party/peer review)E AR R sh= AAX| o] 7o} A5
A8E| a1 QlrH23, 24].

Fig, 5= o5 0 AXBIAL = AHEAE(general/ordinary buildings)
of| thet A7 /35S HolraL Qlek o] 182 1960ty

Table 6. Seismic performance levels proposed in Seismic Code Research (ll) [6]

Performance 1) Seismic use group S
Return level Operational Collapse prevention | - Brc?ac.lcasting stations . . - ' .
. - Buildings and other structures (gas or oil tanks, etc.) sufficient quantities of highly toxic or
period (year) explosive substances judged to be dangerous to the public if released.
50 Seismic us?e group 2) Seismic use group |
I - Fire and police stations
Seismic use group - General hospitals and health care facilities having surgery or emergency treatment facilities
100 2 - Power-generating stations and other public utility facilities required to support seismic use
group S facilities.
200 Seismic u1se group - Emergen.cy \{ehicle garages
s" - Communication facilities
- Assembly or exhibition facilities (theatre, gymnasiums, etc.) with gross floor area = 5,000 m’
500 Seismic use group II?| Buildings for eductation
- Jails and detention facilities
- Sales facilities (department store, shopping mall, etc.) with gross floor area = 10,000 m?
1000 Seismic use group 2| - Accommodations and apartments with 6 or more stories
- Public buildings required to be functional before and after earthquakes
. 1|3) Seismic use group Il
2400 Seismic use group S ) - Buildings classified into neither seismic usegroup S nor 1
A
=S
lllustration = E“”gwq‘

Performance level Operational Immediate Life Safety Collapse Prevention
Occupancy
475 2475
Return period (year) 43 0r72 72 or 225 (or a period corresponding to 2/3]
(MCE)
MCE)
ili 0, 0,
Probabilty of 50%/30 or 50%/50 50%/50 years 10%/50 years 2%/50 years
exceedance years
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Fig. 5. Standard performance objectives for ordinary buildings normally assumed
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Fig. 6. Qualitative and quantitative shake map for the 1994 California
Northridge earthquake [25]

Table 7. Conversion of design ground motion into magnitude based on Eq. (8)

Seismic | EPA of maximum credible | Seismicuse | Importance EPA considering /¢ Magnitude converted using attenuation Eq. (8)
zone earthquake (g) group factor /g (9) R=10km R=23.5km
2 1.0 0.22 M6.0 M6.5
1 0.22 1 1.2 0.264 M6.2 M6.7
S 1.5 0.33 M6.4 M6.8
2 1.0 0.14 M5.7 M6.1
2 0.14 1 1.2 0.168 M5.8 M6.3
S 1.5 0.21 M6.0 M6.5
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Table 8. Strong earthquake records (M >6) considered in constructing
seismic hazard map of Korea [6]

6.0<M<6.5 M>6.5
1943, M6.0 (Pohang) 1944, M6.75 (Sea at
Instrumental | 1963, M6.3 (East sea) Pyeonganbukdo)
earthquakes M6.3 (East sea) 1952, M6.5 (Vicinity
1991, M6.0 (Kitakyushu) of Pyeongyang)
10 events with MMI = IX in
Historical 89, 100, 304 (2 events), 502, 510,
earthauakes 779, 1455, 1518, and 1643 N/A
q [M6.25 per the conversion formula
M=1.75+0.5*"MMI ]
Total number of
earthquakes 14 2
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