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/] ABSTRACT /

This study reviews the status and validity of seismic design criteria (SDC) for major facilities in Korea, which are composed of performance
criteria and technical standard. Various facilities with different seismic design response spectra are analyzed to identify their seismic
performance and necessity of eventual retrofit. The results are used to derive improvement directions of SDC. It is also concluded that the
technical standard should be improved after the revision of the performance criteria.
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Fig. 1. System of Seismic Design Criteria in Korea
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Fig. 2. Status of seismic design criteria of main facilities in Korea
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Table 1. Target Seismic Performance in Performance Criteria
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Fig. 3. Standard Design Response Spectrum
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Table 2. National Target Seismic Performance
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Table 3. The State of Seismic Design Criteria of Infrastructures

Seismic | _Design | Desion
No. Target structures Relevant Acts Design Criteria Earthquake | Magnitud
Grade | Acceleration e
-3 or more floors -Building Act
1 Building -greater than total | -Rules regarding the structure Korea Building Code(88)
floor space 1,000m’ | criteria, etc. of the building
-airfield facilities . - _—
S Korea Airport Facilities Seismic - -
Dulding Design Criteria(04) S 007~022 |51~65
2 Airport facilities 9 -Aviation Act Korea Building Code(88)
-underground K Bridge Design Code(92
structures orea Bridge Design Co e(92)
Tunnel Design Code(99)
-other structures
- ‘bridges . Korea Bridge Design Code(92)
3 Road facilities tunnel Road Act Korea Tunnel Design Code(99)
‘bridges -Framework Act on the Korea Railway Design Code(01)
4 Railway facilities | -tunnel Development of Railroad Industry| Korea Tunnel Design Code(99)
-station building -Railroad Construction Act Korea Building Code(88)
‘bridges Korea Railway Design Code(01)
5 | High-Speed railway | ‘tunnel -Railroad Construction Act Korea Tunnel Design Code(99)
-station building Korea Building Code(88)
-Act in the Public water L
6 Tidal qate -seawall (include Management and Reclamation | Korea Harbor and Fishery Design '
g tidal gate) -Tide Embankment Management | Criteria(05)
Act 0.07~0.154g | 5.1~6.2
Floodgate . . . .
7 (National stream) floodgate -River Act Korea River Design Criteria(05)
-docking Korea Harbor and Fishery Design
- facilities(quaywall) | Criteria(05)
8 Harbor facilities -road bridges Harbor Act Korea Bridge Design Code(92)
-passenger terminal Korea Building Code(88)
-Act on Dam Construction and
9 | Multi-purpose dam | -multi-purpose dam | Assistance, etc. to Surrounding | Korea Dam Design Code(93)
Area S|
-water only -Other laws(dams over 15m and .
10 Dam flood control accessory structures) Korea Dam Design Code(93)
bridges Kore_a Urb_an _Railroad Seismic
11 Urban railroad tunnel -Urban Railroad Act Egrségn.ﬁ:;eer;aéggi)gn Code(99)
‘station building Korea Building Code(88) 0.098~0.154g | 5.4~6.2
. ‘National Land Planning and Korea Common Duct Design
12| Commonduct | -common duct Utilization Act Criteria(04)
slope
:;ﬁt?:g;?oya” Equipment Criteria about
13 Tramway structures -Tramway Transportation Act Construction of Tramway I 0.07~0.11g | 5.1~6.0
prop(steel prop) Facilities(10)
-station & building
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MMI= 2.20 log PGA+ 1.0 (Waldetal. - A; 1999) )
MMI= 3.66 log PGA— 1.66 (Wald etal. - B; 1999) )

Table 4. Modified Mercalli Intensity scale [21]

MMI Characteristics

| | Instrumental | Generally not felt by people unless in favorable conditions.

Felt only by a couple people that are sensitive, especially
on the upper floors of buildings. Delicately suspended
objects may swing slightly.

Il | Weak

Felt quite noticeably by people indoors, especially on the
upper floors of buildings. Many do not recognize it as an
earthquake. Standing automobiles may rock slightly.
Vibration similar to the passing of a truck. Duration can be
estimated. Indoor objects may shake.

Il | Slight

Felt indoors by many to all people, and outdoors by few
people. Some awakened. Dishes, windows, and doors
disturbed, and walls make cracking sounds. Chandeliers
and indoor objects shake noticeably. The sensation is more
like a heavy truck striking building. Standing automobiles
rock noticeably. Dishes and windows rattle alarmingly.
Damage none.

IV | Moderate

Feltinside by most or all, and outside. Dishes and windows
may break and bells will ring. Vibrations are more like a
large train passing close to a house. Possible slight
damage to buildings. Liquids may spill out of glasses or
open containers. None to a few people are frightened and
run outdoors.

V | Rather Strong

Felt by everyone, outside or inside; many frightened and
run outdoors, walk unsteadily. Windows, dishes, glassware
broken; books fall off shelves; some heavy furniture moved
or overturned; a few instances of fallen plaster. Damage
slight to moderate to poorly designed buildings, all others
receive none to slight damage.

VI | Strong

Difficult to stand. Furniture broken. Damage light in building
of good design and construction; slight to moderate in
ordinarily built structures; considerable damage in poorly
built or badly designed structures; some chimneys broken
or heavily damaged. Noticed by people driving
automobiles.

VIl | Very Strong

Damage slight in structures of good design, considerable in
normal buildings with a possible partial collapse. Damage
greatin poorly built structures. Brick buildings easily receive
moderate to extremely heavy damage. Possible fall of
chimneys, factory stacks, columns, monuments, walls, etc.
Heavy furniture moved.

VIl | Destructive

General panic. Damage slight to moderate (possibly heavy)
in well-designed structures. Well-designed structures
thrown out of plumb. Damage moderate to great in
substantial buildings, with a possible partial collapse. Some
buildings may be shifted off foundations. Walls can fall
down or collapse.

IX | Violent

Many well-built structures destroyed, collapsed, or
moderately to severely damaged. Most other structures
destroyed, possibly shifted off foundation. Large landslides.

X | Intense

Few, if any structures remain standing. Numerous

XI | Bxtreme landslides, cracks and deformation of the ground.

Total destruction — everything is destroyed. Lines of sight
and level distorted. Objects thrown into the air. The ground
XIl | Catastrophic | moves in waves or ripples. Large amounts of rock move
position. Landscape altered, or leveled by several meters.
Even the routes of rivers can be changed.

AtE|7 2N EEY f

LHEIEAZ|1Z 7H

rx
i3

0!
od

off The

o
=
i

1
log PGA= —0.5+ gAJMI (Gutenberg & Richter; 1956)  (3)

log PGA= 0.014+ 0.3 MM]I (Trifunac & Brady; 1975) 4)
AT A

M= 0.56 MMI+ 1.73 (KMA; 2006) (5)
o]7|4], PGA= HAHE7}&%(Peak Ground Acceleration) & cm/s?
9IS A8k Qlem, MMI= A =(+4 Mg Ak A5; Modified
Merecalli Intensity scale, Table 4 2%, M-& HHo|ch
oluf, 2171} 2715 AN e o} 7R R FHE o] f= A T
A 8 S5l Al A1 e elul7} sk offst] 414] gho} 7]
£ 7Rt ofeigo] glons, AELl fmeks HslE SHoR
Fojo] -k 417 ol 4 QS 3 Fol,
“HAR IS A PAAS o} alel ) BIpAze] A7)
A X755 0.154g0]| 3Fot= R eg FrobH VI~V o, “Xt-fit
AP S 0]-g-5to] 21t Villof| sgshe 55 -6k M6.2 o] stk

m15

SHEsjo AT L] YA S B tiie] (B0 A7)
whE R GOk Qi A BT EA R o) ola) AL ol s
7K A BANAO A Ut AL SRl et
H577h 2 271 WAL SRS AL ol 5, SRlol A
27179 AR Elsfcl2224) o192l /1A e
S SRS A4 HE AR thet Y5 ERE Bel
871 o 4 LI, Bke] 7)Aol tifet A T 271y ele] 1)
S sl olleh. oleiat BAES Alale] M1y
ol A AET1E0] AT TEATI) AEET10] AR
3} A% 20) F0 o] ujet sl A4 4187, 5 AR E BT
of e a5 et AlelA Ul s B RS ARkt QT 161,

o

X1 1 11 1 11111 1
— —Wald et al. - A (1999)
XI H
== Wald et al. - B(1999)
x H Gutenberg & Richter (1956) ]
----- Trifunac & Brady (1975) LA
411k
IX | === Secismic Design Criteria (0.154g) GEN
=% - —4—-4
= ) A b
= Vi » z
.‘? 1 ] ,
2 VI P P
= - |
£ AT
= v // >
LM A1
1 A
v o
1 o
< R
L
11 »”
P T
il 24
|~ e
P
”~ 0
1
1 10 100 1,000

Peak Ground Acceleration (cm/s?)

Fig. 4. PGA-Intensity Relationship

235



Seiel BB SRR A0 Bstel WAHAH HA Hn Gl A BES Bsle] chau 2o
QTE A7 M EA S Tefstel[23-25) et Lol F7i(e
A)SZS WS BIES WA AR, ole] Hahsi= a8 - AN A B Bk

© F7HA) A 2 A e ALeolA A

- A FA90] BB B A T

- Al el The BRI 5

o =
243 37) oS

=g

SEERIET

LAz
[elNe) fL

Il

b ol whE e Al A S AR,

= 1z80| 2 wol| uje} 2407} RssER AR,

v

2%

v

sfue] 712 2] thal A1
= 4.
AP A7 WAL AR ) 717l & 28 0 2 whedat 4:9)

£ $o4S fxgt

Aol gt wjaelzo] 7R ste

SEsjo 2vIAe] WARAVIE] AR e il

Table 59 .05 FRIS9IT}. SOFORL 5712 ol thE AJME

- 2|3 Pl Sla A A, o)
4. Al
© KA A5l BatEl Al Ee] U s A
AAE A 7E0] AAS TR Et s AA
- APTRIANES 46290 R A0 mE Dz Alolr) 7t 4
S w9 A

» AR EE 20 9 olslE we Al e AEE

A 3E 7

Ao IEH?'{JJ H%E%Ei%ﬂ(@‘l) Fere

]

w5 st SIat sy B

SRS

B3 A2 BEHAY

SJurlsE2 AdF

27]5009S YA [ =

71100098 21 1 SFO2, 4%
A5G0 = Yolsle] glovk AAy e
E5FoR A7

&
w02 ol of Qlrk. E3, A

15002 W
271,000 71

9 s mte SAES 01“‘12 SRR Eo] glom, A

e}
-

4

SHH YA 2

J,]_Egz_u__,] }\47_-“_9_1;}-/\_;]]1534 o =
480l A Fig. 58k ko] A

Z|R0] ‘57|12 oL} thE AJAET}L AboalA A7) 2,40049] 2/3
2 Aejsio] gick 1217 7%
AT T, |

o]
=
S

olr r_°.L‘

IR o] o} o] A=Y WA THEE A5 ] Sl 35 7| 1 olstA AX o] ik
W& A7 F s ofof &Aook wiehA of7] oA = AA f=rollAl 28 FEHF AL YWAIEAYIE AA= s o e &
Table 5. Comparison of Seismic Design Criteria of Infrastructures
Design Seismic
) o Seismic Target Design Earthquakes Spectrum Design
Infrastructures Design Criteria Grade Pe?gfrg%ce (Return Period, yr) Confogmanc AFY’ggfd
- Performance Criteria S I, I SL/CP 50, 100, 200 /500, 1,000, 2,400 - 1997
Road Bridge Bridge Design Code I, CP 500, 1,000 different 1992
Railway Bridge Railway Design Code 1,1 CP 500, 1,000 different 1991
Tunnel Tunnel Design Code I, CP 500, 1,000 conformance 1999
Dam Dam Design Code S, I CP 500, 1,000 conformance 1993
Floodgate River Design Criteria I, SL/CP 50, 100 / 500, 1,000 conformance 2000
Tidal gate Harbor and Fishery Design Criteria I, SL/CP 50, 100 /500, 1,000 conformance 2005
Harbor Harbor and Fishery Design Criteria I, SL/CP 50, 100 /500, 1,000 conformance 1999
Airport Airport Facilities Seismic Design Criteria | S, I, II SL/CP 50, 100, 200/ 500, 1,000, 2,400 | conformance 2004
Building Korea Building Code S I, 1 I0/LS/CP 2/3 of 2,400 different 1988
Common Duct Common Duct Design Criteria I CP 1,000 conformance 2004
Equipment Criteria about Construction
Tramway & Cableway of Tramway Facilities il CP 500 conformance 2009
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Table 8. Seismic Assessment and Retrofitting Results 15,000

Assessment - 12000
Retrofitting Result 3
Result £
Soil S 9,000
Case Capacity, kN ;
Type | Fixed | Bridge | Retrofit |(Lead Diameter. mm)|  Pefio0 e 5 oo
" . ’ =
Pier | Bearing Measure
9 SDCR | KBDC | KBC | SDCR |KBDC | KBC 2 o
c Sc | NG | OK | Rubber | 750 | 750 [1,000/0.812 [0.812|0.733
?Se Sp | NG OK Bearing | 1,350 | 1,000 |1,750{0.719 {0.733 |0.650 0
Sg | NG | oK |(G=1.15)] NA [1000 [ NA. | - [0.733] -
3kA | 3kA | 3kA
Sc | NG NG (120) | (120) | (120) 1.33311.333|1.333
Case 3kA | 3kA | 3kA 15,000
I Sp | NG NG LRB (120) | (120) | (120) 1.33311.333|1.333
3kB | 3kA | 3kB 12,000
Sg | NG NG (175) | (160) | (175) 1.196 |1.195|1.196 §
* G : Shear Modulus of Elasticity (MPa) £ 5000
*N.A. : Not Applicable E 6.000
* Rubber Bearing Size : =

- 750kN - 200x400mm, 4 layer 3.000
- 1,000kN - 250x400mm, 4 layer
- 1,350kN - 300x400mm, 3 layer

s Performance Criteria
Korea Building Code
EKorea Bridge Design Code

Sc Sd Se
Soil Type

(a) Case I
W Performance Criteria

M Korea Building Code
W Korea Bridge Design Code

Sc Sd Se
. L;{,;SgkN -300x500mm, 3 layer Soil Type
1z¢ :
- 3kA(3,000kN Type A) - 500x500mm, 6 layer (b) Case II
- 3kB(3,000kN Type B) - 500x550mm, 8 layer Fig. 9. Bottom Shear Force of Fixed Pier
e 7 7180 AAIBEL Qe SRAHERS o] §dto] thgmE s P aperoemane s
EaS 7o R Sl on, ofu) AR QRIRKS, 9, 1090 LRt B DeogsCoe
AHHS A Jekal, EARAEEI S, (Very Dense Soil), Sy, (Stiff Soil) 2 S, é 30,000
(Soft Soil) ] th5to] 2§31 ATH Fig. 6 F=2). thil, BAdAA] 21742 < 20000
YA 243 7ol = Fig. 83} -2 A WukS o] g3lo] Al7to |4 oo
Saietolt. A Fluks =R WA oA AASRs W A 71
0
H AR AASHAHEY Y Fotees A WHORE AR sc sd Se
T} 54S 2R 4] A At 2patec Soil Type
ARG 55to] AL A w2} 5HLe] RARS Fig, 994100 (@) Case I
Uehhglc). 123 0)2 B2 Sast 4557 9 B Ane 0 e B Code
EKorea Bridge Desi ode
Table 8] 2[5}9{r: 0| W14y'537 1 e mZ(Fixed Pien)2h s | e
Wk 2 Bridge Bearing) 7+ 713519101, 7] %2 (Foundation)+= A4t E
- B = 60.000
o 50| BEHIAo| 7] ulo] Ael5teic 2
Fig. 99}102] 2| %34 A3HE A EH, Case [ 9] -9-olli= w3 30000
71710476 22  ERIAA7E & 2ESHH ARHE 7 sk ek 0
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