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Optimum Intensity for Seismic Design of Major Man-made Structures in Korea

Sung Kyun Kim

Abstract: Earthquake disaster is dependent upon both site intensity and strength of structures.
The higher the strength, structures become more safe, which in turn increases the construction cost.
Therefore, it is necessary to decide an optimum design intensity in which the safety is balanced
with the cost. Such an optimum design intensity for major man-made structures in Korea is deter-
mined in the present study from a simulation model as follows.

1) Hypothetical earthquake time series are generated from the probability distribution to represent

appropriately the seismicity of Korea.

2) The strength of structures constructed with a certain design intensity is assumed to exponentially
decrease with the elapsed time. The construction cost is also expressed as a function of design
intensity.

3) Comparing the seismic intensity generated from the earthquake time. series with the. strength
of structures, the safety of structures is examined. Then the time until the structure is damaged
by an earthquake is obtained within the designed life time.

4) The above simulation is iterated several hundred times and hence the mean life time of stru-
ctures having a certain design intensity is obtained.

5) After all, the optimum design intensity to minimize the annual mean loss, the ratio of const-
ruction cost to mean life time, is estimated.

The major conclusions obtained from the above simulation model are as follows:

1) Depending upon the designed life time (T,), the optimum design intensities are appeared to
be 0.05—0.10g for T,=50yr and 0.08—0. 13g for T,=100yr.

2) According to the sensitivity analysis, the optimum design intensity increases with the .rapid

strength decrease of structure and decreases with the increase of initial construction cost.
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Fig. 1 Simulation model to obtain the optimum
design intensity for artificial structures.
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Fig. 2 Schematic illustration of the strength decay
of structures and earthquake time series.
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Table 1 Major earthquakes (MMI>6) in the Korean

Peninsula.

No. l Year l Month I Latitudé“i Longitude Irslitgn-
1 27 10 37.40- | 127.26 7
2 34 2 35. 84 129. 23 8
3 89 6 37. 40 127. 26 8
4 100 10 35. 84 129. 23 8
5 304 8 35.84 129.23 8
6 304 9 35.84 129. 23 8
7 458 2 35. 84 129. 23 8
8 471 3 35.84 129. 23 8
9 502 10 39.01 125.75 8

10 510 5 35. 84 129. 23 8

11 664 9 35. 84 129. 23 7

12 768 6 35. 84 129.23 6

13 779 3 35. 84 129.23 8

14 1036 7 37.96 126.54 7

15 1226 11 37.96 126. 54 7

16 1260 6 37.96 126. 54 7

17 1385 8 37.96 126. 54 7

18 1409 7 37.57 126.99 8

19 1416 5 36. 55 128.72 7

20 1455 1 35.40 127. 38 8

21 1518 7 37.90 126. 20 8

22 1519 11 37.36 128. 39 6

23 1529 11 36. 19 127.10 6

24 1546 6 38.20 128. 40 7

25 1555 3 36. 08 128.57 6

26 1564 | 3 40.96 126.58 é

27 1594 7 36. 59 126. 66 6

28 1597 10 40. 20 127. 60 6

29 1601 3 35.91 128.29 6

30 1601 3 35.91 128. 29 6

31 1604 3 41.00 126. 00 6

32 1604 12 37.60 126. 40 6

33 1613 7 37.57 126.99 7

34 1643 6 35.16 128.10 8

35 1643 7 35.95 128.93 8

36 1660 2 36. 21 127. 42 6

37 1662 4 36.41 128. 16 6

38 1668 7 39.76 124.71 8

39 1669 10 39.01 125.75 6

40 1670 10 35. 16 126.91 7

41 1681 6 36. 46 127.12 6

42 1681 6 37.57 126.99 7

43 1681 6 37.44 128. 96 8

44 1682 3 36. 82 129. 37 7

. 45 1692 11 36.79 127.81 6
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46 1700 4 35.88 128.57 8
47 1727 6 39.91 127.52 7
48 1767 7 36.70 126.68 8
49 1760 8 36.23 128. 30 8
50 1936 7 35.30 127. 60 7
51 1952 3 38.50 126. 50 6
52 1978 10 36.62 126. 67 8
53 1981 4 35.90 130.10 6
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Fig. 3 Epicenters of major earthquakes (MMI>6).
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Fig. 4 Normalized “power - spectra for the major
earthquake time' series. The broken line indi-
cates a value at significant level=0. 05 for the
normalized power of the leading component.
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Fig. 5 Cumulative probability distribution with tlme
of the major earthquakes occurring in the
Korean Peninsula.
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Table 2 Intensity attenuation data .
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| N R
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Fig. 6 Intensity attenuation with distance.

£ 29 Ago gmE %7316}04
(=4 6) g
', R<pkm

I,=1.8941,—0. 0078R—0. 891,R, R>5km
of MEZRAAL HulA g deojd e
(LLNL, 1983)cll ulelo] BEEZ4 7t AF3 whzs,
BAPEY A8E o] 43 Lee, K.H.(1984)8] #] 5t
ZAANA A d Aol AF 9 Ad 9
ool LR o3 F4F el Az Rel
TFzEo] A8 L ALHYL W miE} AR
=} ‘

€9)
334



302 &

®EYC| BERE X BRRA

7]l E49 FEIEEE AL"D Fz2EY ARA
Fel BE Fxe A4 Fx2EY Az, HA ZL A
THEFY H¢4 293 FAAG. B AdTAAE
T2E A=(®7 B8 A3 2ol A7A o] ot
A4gFd oz A4 AQg.

S=Seexp(—¢t/L) ¢[1))
AAA S Ad2AY AAA=E

tIAXF AFAZ

L: 7Z=7t4 9 w77
R Al A Fzzae] wizrle A A =
AEZrdel #AH" 25T LRIz A8,
771 L% simulation parameter24] #® gte},
L=150, 200, 300, 400yra]l 73 $-ol disto] HA WEHR
BES A4g.

b e e

..1_

-t

Table 3 Cost increment of seismic design for UBC
zones (calculated from Whitman and Cor-

dell, 1976).
UBC Zone MM Intensity Cost increase
0 v 0
1 Y 5%
2 VI 10%
3 VI 20%
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Table 4 Simulation parameters in CASE A, B,

and C.
. . cost increase
CASE B life time in MMI—VI
A 50 year 20%
B 50 year 40%
C 100 year 20%

714 A3 MERFTEES FTH7155d d4F
(g7 2A vy 844 MMEE—mEE] 3
Aol & A&RAE daoe . o e BEmHE
EAdS A% APAL g7t A¢tHo] g (dE
£, Gutenberg and Richter, 1956; Coulter et al.,
1973; Trifunac and Brady, 1975; Murphy and O’ Brien,
1977). £ dTAAE 8 A5 A F QL BE—
S 4AE FE-3) ARSI, g3 22 Murphy
and O’Brien(1977)9] A@ A& A&7 2 8o},

log a=0. 25MMI+0. 25 (12)
g7 A a: 4% (em/sec?)
MMI : MM R =%
=& MMEE: 9449 HEEL ohxa BE—
RS AAE 2 AJAE dE5Hd Bez
7+ A &5 o}

2 7,8,9404 £4uLE Hxz 3= FTaAde

)



Ak TE ATHEDS BE WERIEE 303

28 veEdA gAw, A2 oG g S
104 Foh & F2EY Ag4d 504, MMI=W
A AMLHLE7E 20%2 A4 Case A9 7
(@™ DE 43 FEEE 6.3~6.8(0.07~0.10g)
o 492 v, F289 ZEzsd HE 4z
AN AFE AR FHAEEE Fadtes 3FE M
Case Ao w]sle} #x AAdn]&o] 293l Case B 7
$(2d ) HA BFHEE Case Aol wlsle] %7t

b

8 CASE A
2 LIFE TIME: 50 YEAR
COST INCREASE: 207 IN MMI=8
8
.
—
0
o
o L=400 YR
__JD
d
Z
g L.=300 YR
o
we
>us<
§ L=200 YR
ES L=150 YR
o)
8
D’4

) 5.00 6.00 7.00 8.00
DESIGN INTENSITY IN MM SCALE

Fig. 7 Relation between relative annual cost and
aseismic design intensity in CASE A.
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Fig. 8 Relation between relative annual cost and
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Fig. 9 Relation between relative annual cost and
aseismic design intensity in CASE C.
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