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Real-time Seismic Damage Estimation for Harbor Site
Considering Ground Motion Amplification Characteristics

7 3 A" Kim, Han-Saem + % ¥ Yoo, Seung-Hoon
Z+ el A’ Jang, In-Sung A % 71"  Chung, Choong-Ki

Abstract

The purpose of this study is to estimate seismic damage for harbor site considering dynamic amplification
characteristics. First of all, a series of ground response analysis is performed and then correlation equations between
rock outcrop accelerations and peak ground accelerations (PGAs) are determined. These equations are saved into DB
and when an earthquake occurs, PGAs are determined by them as soon as possible. For earthquake events, seismic
damage grades of harbor structures are determined by using the correlated PGAs and fragility curves of harbor structures

in real time. In this study, seismic damage was estimated and classified into several grades by applying two hypothetical

earthquakes.
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Fig. 1. Seismic damage estimation system configuration
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Table 1. Site coefficients of site classification
Site Coefficients
Generic Description Site Class Vs 30 (m/s) F, F,
Z=0.11 7=0.07 Z=0.11 7=0.07
Rock B 760< Vs 30 <1500 1.00 1.00 1.00 1.00
Very Dense Soil and Soft Rock C 360< Vs 30 =760 1.20 1.20 1.60 1.60
Stiff Soil D 180< Vs 30 <360 1.44 1.60 2.30 2.30
Soft Soil E Vs 30 <180 2.00 2.40 3.4 3.4
Table 2. Input rock outcrop motion
Occurrence Period (year) 50 100 200 500 1000 2400 - - -
Rock Outcrop Motion (g) 0.04 0.06 0.08 0.11 0.15 0.22 0.3 0.4 0.5
OOl X|EtEE EHS gtgst AlAl2t XI&IIoH EIter =8 57



Table 3. Magnitude and time history of the input seismic records

. i Site ' )
Earthquake| Magnitude Date Location Condition Time History
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Table 4. Dynamic properties of soils in Incheon port

Soil tvpe Wet Unit Weight Shear Wave Velocity Poisson’ s Ratio Small Strain Shear
P v (KN/m?) v, (m/s) v Modulus G,,, (kPa)
Riprap 18 516 0.3 489,000
Dredged Clay 17.3 193 0.45 65,700
Dredged Sand 18 194 0.35 68,900
Upper Sand 18 262 0.35 126,000
Lower Sand 18 396 0.35 287,700
Upper Clay 18.3 193 0.45 69,500
Lower Clay 18.3 283 0.45 149,400
Weathered Soil 20 467 0.35 444,600
Weathered Rock 21 681 0.3 992,800
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3. Classification assessment of seismic damage levels

Table 5. Definition of damage levels of seismic fragility curves for gravity quay wall

Damage Level Disorder Slip Failure Collapse
Mean Value () 0.518 0.819 1.013
Standard Deviation () 0.129 0.146 0.216
Damage State 10cm in lateral displacement 10cm in slip 30cm in lateral displacement

EX: ShEof YR, Yot XNRSH ASALH 7= I S2EI|E Y AXGAFAZNM", 2011
Table 6. Definition of damage levels of seismic fragility curves for gentry crane
Damage Level Near Collapse Collapse
Mean Value (s) 0.61 1.01
Standard Deviation (3) 0.21 0.2
Damage State 30% increase in strain 50% increase in strain
EX: ool YU, o XN ASH ASALH 7= 3 #EI|E Y AXAFAENM", 2011

Table 7. Definition of damage levels of seismic fragility curves for unreinforced concrete structure

Damage Level Slight Moderate Extensive Complete
Mean Value (s) 0.2 0.4 0.8 1.6
Standard Deviation (3) 0.64 0.67 0.66 0.66
Damage State 8% 40% 80% 100%
Z£X: FEMA, “HAZUS MR4 Earthquake Technical Manual”
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Table 8. Seismic damage levels of gravity quay wall

Disorder | Slip Failure | Collapse Level
<0.5 <0.5 <0.5 Safe
Failure > 0.5 <0.5 <0.5 Disorder
Probability > 0.5 > 0.5 <0.5 Slip Failure
> 0.5 > 0.5 > 0.5 Collapse

Table 9. Seismic damage levels of gentry crane

Near Collapse Collapse Level
<0.5 <0.5 Safe
Failure
Probability > 0.5 <0.5 Near Collapse
> 0.5 > 0.5 Collapse

Table 10. Seismic damage levels of unreinforced concrete structure

Slight | Moderate |Extensive |Complete| Level

<0.5 <0.5 <0.5 <0.5 Safe
> 0.5 <0.5 <0.5 <05 Slight
> 0.5 > 0.5 <0.5 < 0.5 |Moderate
> 0.5 > 0.5 > 0.5 < 0.5 |Extensive
> 0.5 > 0.5 > 0.5 > 0.5 |Complete

Failure
Probability

Fig. 4. Target areas (site A, B & C) of the Incheon port
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Table 11. Ground condition and verification results

site | No. Depth to Site y=a(l—e ") Amplification| Correlation Response ATRpelgL)Coar:fen _c;g:g)a(;f;
bedrock(m) | Class a b R? PGA (g) PGA (g) PGA (g) Error (q) Error (q)
1 11 Sc 1.40 117 | 0.97 0.223 0.273 0.263 (__1O7O§% (%%1/(3)
2 11 Sc 0.63 216 | 0.94 0.223 0.208 0.191 (104073;) (%'%1/08)
3 12 Sc 1.09 2.50 | 0.96 0.223 0.405 0.403 (—_5(3)015802,) (%%2/5)
4 21 Sc 0.83 1.00 | 0.90 0.223 0.141 0.135 (??9052)) (?1.,200/07)
5 14 Sc | 065 | 224 | 095 0.223 0.222 0.219 (? %Of) (?%Of)
. 6 12 Sc 1.23 1.53 | 0.97 0.223 0.304 0.294 (:391 07701)) (%9112)
7 19.6 Sc 1.31 1.00 | 0.93 0.223 0.224 0.287 (23(7)2,4) (;ggff)
8 14 Sc | 080 |242| 096 0.223 0.288 0.305 (__9?692; ) (:%'_%1/3)
9 16.5 Sc | 0.69 |3.07 | 098 0.223 0.299 0.302 (—_gé(.):; ) (:? %0/3)
10 18 Sc | 065 | 289 | 0.98 0.223 0.269 0.276 (__23'(_)5; ) (:g'_%%
11 26.2 So 0.61 2.79 | 0.93 0.268 0.246 0.265 (%%22) z70900/i?
12 24 Sc 0.65 2.72 | 0.94 0.223 0.257 0.245 (__%%% /02) (91%1"2)
13 32 So 0.46 3.63 | 0.95 0.268 0.223 0.255 (?1?312) (;283/:)
14 3 So 0.53 3.08 | 0.89 0.268 0.230 0.242 (%%%/f) (:%..911"/5)
B | 15 26.9 Sc 0.59 3.04 | 0.87 0.223 0.255 0.240 197016)7 (%'_%1%5)
16 36 So 0.36 494 | 0.92 0.268 0.216 0.263 (?%EZ) (:20103;)
17 21 Sc | 052 |3.56 | 0.92 0.223 0.253 0.253 “ 01(3)34(; (%?O/O)
18 | 215 So | 1.23 | 1.10| 097 0.268 0.228 0.234 (10205"/‘ ) (:02"3(;3
19 18.8 Sp 2.43 0.45 | 0.91 0.268 0.196 0.201 (250(?;) (__10002;)
C | 20 19.5 So 2.74 0.46 | 0.91 0.268 0.224 0.248 ((;(31%2) (__10005;7)
21 17 So 4.46 0.28 | 0.95 0.268 0.227 0.246 (%%E/f) ZSO 52;?
22 13.1 So 3.07 0.42 | 0.96 0.268 0.233 0.241 (100062;) (:(()3%22)
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Table 12. Determination of seismic load based on the ground-motion attenuation

shea Zpgela page) o)

Formula I o ¢ ¢ M R(km) PGA(g)
1 0.4854 1.2 —0.8416 -0.61 8.8 130 0.481

2 0.5577 1.5 —0.8587 —-0.62 8.8 130 0.470
Ground—motion Attenuation: In PGA= ¢, + ¢,M+ cyln R+ c;R Mean 0.476

44 EX:

UHUSR, “WEHA|ZS ()", 1997

Table 13. Seismic damage estimation results for Incheon port

Rock Outcrop Motion: 0.09g Rock Outcrop Motion: 0.186g Rock Outcrop Motion: 0.48g
Site | No. Seismic Damage Grade Seismic Damage Grade Seismic Damage Grade
PGA Quay Gentry |Concrete| PGA Quay Gentry |Concrete| PGA Quay Gentry | Concrete
Wall Crane | Structure Wall Crane | Structure Wall Crane | Structure
1 0.140 Safe Safe Safe 0.273 Safe Safe Slight 0.601 Safe Safe Moderate
2 0.111 Safe Safe Safe 0.208 Safe Safe Slight 0.406 Safe Safe Moderate
3 0.219 Safe Safe Slight 0.405 Safe Safe |Moderate| 0.761 Safe Near |Moderate
4 0.072 Safe Safe Safe 0.141 Safe Safe Safe 0.317 Safe Safe Slight
5 0.119 Safe Safe Safe 0.222 Safe Safe Slight 0.429 Safe Safe |Moderate
A 6 0.158 Safe Safe Safe 0.304 Safe Safe Slight 0.639 Safe Near | Moderate
7 0.113 Safe Safe Safe 0.224 Safe Safe Slight 0.502 Safe Safe Moderate
8 0.156 Safe Safe Safe 0.288 Safe Safe Slight 0.546 Safe Safe Moderate
9 0.166 Safe Safe Safe 0.299 Safe Safe Slight 0.530 Safe Safe Moderate
10 0.148 Safe Safe Safe 0.269 Safe Safe Slight 0.484 Safe Safe Moderate
11 0.135 Safe Safe Safe 0.246 Safe Safe Slight 0.448 Safe Safe Moderate
12 0.141 Safe Safe Safe 0.257 Safe Safe Slight 0.472 Safe Safe | Moderate
13 0.127 Safe Safe Safe 0.223 Safe Safe Slight 0.376 Safe Safe Slight
14 0.127 Safe Safe Safe 0.230 Safe Safe Slight 0.406 Safe Safe Moderate
B 15 0.142 Safe Safe Safe 0.255 Safe Safe Slight 0.454 Safe Safe Moderate
16 0.129 Safe Safe Safe 0.216 Safe Safe Slight 0.326 Safe Safe Slight
17 0.143 Safe Safe Safe 0.253 Safe Safe Slight 0.428 Safe Safe Moderate
18 0.116 Safe Safe Safe 0.228 Safe Safe Slight 0.506 Safe Safe Moderate
19 0.097 Safe Safe Safe 0.196 Safe Safe Safe 0.475 Safe Safe Moderate
C 20 0.111 Safe Safe Safe 0.224 Safe Safe Slight 0.542 Safe Safe |Moderate
21 0.111 Safe Safe Safe 0.227 Safe Safe Slight 0.562 Safe Safe |Moderate
22 0.115 Safe Safe Safe 0.233 Safe Safe Slight 0.565 Safe Safe Moderate
OOl X|EtEE EHS gtgst AlAl2t XI&IIoH EItor =8 63
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