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Table 1. 1g shaking table test conditions considering the influencing factors on liquefaction.

. Case ) - Detailed conditions
Affecting Factors number Experimental conditions Prototype Model
1 H=0m H=0cm
Embankment The height of the embankment is adjusted - —
) 2 o H=2m H=5cm
Height The slope is fixed (1:1.8)
H) 3 The thickness of the liquefiable layer is fixed (50cm) [H=4M H= 10cm
4 Y H=6m H= 150m
Non-Liquefied 5 The height of the embankment (10cm) is fixed(10cm)|Hs= 1.8m Hq=4.5cm
layer thickness 6 The slope is fixed (1:1.8) Hi=4.2m Hq=10.5cm
(H1) 7 The non-liquefiable layer thickness is adjusted ~ |H4=5.4m H¢=13.5cm
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Seismic Behavior of Bridge Pile Foundation in Liquefied Ground
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Liquefaction Assessment in Pohang City through In-Situ and Laboratory Tests

e R A Qe

Cho, Youngkyu Kim, Kiseog Han, Jin-Tae Kim, Byungmin

1l [}
oA Bhro] MER Y FEA G et A3etEs: =Yt o] 2 AFANES Azl o3 wAgh
NGt Ao R FE, FuldA AFom AgE Atgoltt. st i TheAdS BHAoR AGARS
3 rHE FAE ARtEte] ool 16l TMAY Ae i VIElw JASS wddoRA Wrienh o
EA] Y ZHAJAA(CPT), HAYASPT) 28a Ada& (Ve FAHE] EA480H[1,2]
5 10}/\1 3 =) ;(]I S x%Eo] x]g_]gi _t,?l_m.g]

I AW =4AHE Fete] 27 A

3 A
A gl o] Wk heel Al 7 T

9
W SWE W AR Y5 Al TP Ays AN B
-

distribution) & A4 %= A3 (soil index)S Eal H7}3 3],

Fig. 1& ZgAe] olgsl B4 g AqSold a8 @299 AANEDES vehich, 7 94
S Table 19 AN® AY7Ael ¢ vhgow AG=h gstol Uig hdEe WA gH Cyclic

Resistance Ratio, CRR)E W58 H](Cyclic Shear Stress Ratio, CSR)Z o] AxteEth CRRI}F CSRS

(1]} [2]91A Z42h AlATRE E(CRR: 2 ARA], NA|, Vesh a4, CSR: A& A7k =-PGA 2

SEHAAAT-r)s A& Th CSR AL A9, Hgstr dAg 2 FAZEYH AF 7HERE R} o

7] wEol AWEoSRA(NGAWest2) S &-&3sto] A 9 o PGAHES A& tHTable 1.

1914 Fald kAol Akl b WrHAIE HolFEr) Fig. 29 altH erbA|=

ASE AdE el AFAY Al Fete R ERE Y S FHUSCSe s, NA&
}\é =]

N

129.35°E  129.40°E  129.45°E

= )
At} Fig. 29 5 g7tA+= & 349

7}
= b

&l 2

S wag el @ A

Y s B4 9 st Wk AnE weldnh AWABRERIOE

ekt USCS 7129 frAd& wol5m, CSR % CRR A4t 2

oA AP RF 15m Qo] ol EFelA chgol 1nth 2

AU ke e welETh ol @A wEY M=nY B4

3 Rgss Astolth Fig. 32 19 A4 1imlA AR

NES Festel Hu) BYHY ABE RAFh Fig 322 Y% &

I ZAL wolFe gaom EAW HAANE WA FHE § | "
Yoluhs ANE HelFAW, Fig. 3be 2445 Sl 2SN | o
H4Zone M3 AA(Zone BS st A ks ol e & L e e e ed o
AAF B A A grEe]l AU o= Fig. 2004 AHES Pohang city

©on B Y- A(UNIST) A3 88, B A5-9 (E-mail: youngkyu@unist.ac.kr)
A3 Y(F)EEA 2, thFoAF (E-mail: kskim@hsgeo.co.kr)

A e 7)EATFAKICT), A9 (E-mail: jimmyhan@kict.re.kr)

A3 A-gAt 8] A(UNIST) A1 314 2 8HE, 5l (E-mail: byungmin kim@unist.ac.kr)

- 13 -



(10m ~ 15m)ellA cbd&o] 1Ru #he R4Fsr WA Ao} Radn. v 5749 fASME FAF
g FAme A T)FEel HatE s AEs AUk o= a9l H7E vIEe] Sl AdE AtdlE
Ads] Brrde Hols

Table 1. Information on the liquefied sites

Site no. Repi (km) Vsso (m/s) | Predicted PGA (g) at ground surface Ground deformation
1 1.1 294 0.31 Sand boils
2 0.9 307 0.31 Sand boils
3 3.2 138 0.27 Sand boils
4 74 158 0.23 Sand boils
5 4.5 439 0.23 Ground settlements
6 5.0 303 0.24 Ground settlements
(a) (b) (c) (d)
SPT N & (N1)eo qt(MPa) Vs & Vs1 (m/s) u; (kPa)
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Fig. 2. Results of field measurement and liquefaction triggering assessment at Site 1
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Fig. 3. Laboratory test results: a. gradin size distribution and b. plasticity chart at Site 1
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1. Boulnager R., and Idriss 1. CPT and SPT based liquefaction triggering procedures. Report no.
UCD/CGM-14/01, Center for Geotechnical Modeling, University of California at Davis. 2014.

2. Andrus R., Stokoe K., and Juang C. Guide for shear-wave—based liquefaction potential evaluation.
Earthquake Spectra. 2004;20(2):285-308.

3. Bray J., and Sancio R. Assessment of the liquefaction susceptibility of fine-grained soils.
2006;132(9):1165-1177.
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Revision of Site Classification System and Design Spectrum of Korea

w3 o] &= obz] Fapup=r
Park, Duhee Lee, Yong—Guk Aaqib, Muhmmad
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el Agstt. F 924709 FHE} 44,3523] 9] 4SS AR FEAFTE AE AT Tl A
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Fig. 1. Fa and Fv calculated for KDS and proposed site classification systems
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Table 1. Proposed site classification based on site period
Site Class Ground Type Ts (s) Median
Te (s)
R Rock <0.06 -
T-1 Deposits with considerable weathered rock thickness 0.06 —0.15 0.12
T-2 Deposits of dense soils 0.15—0.30 0.22
T-3 Deposits of medium-dense soils 0.30 —0.45 0.37
T-4 Deposits of medium-dense to loose-medium soils 0.45—0.60 0.51
T-5 Deposits of loose soil 0.60 —1.2 0.78
9ok o] AwkS E-Faa AE Fash Fvg 4-§3ke] AA~AERS Aystolw Aukgga|s Agehs 3
Sl A F Aozt BAEE Ao YERRTHFig. 2). ol& @] Ao Aele TFvIe Aol A
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1. Kim, D.-S., S.Manandhar, and H.-I. Cho. New site classification system an

Korean seismic code. Earthquakes and Structures. 2018;15(1):1-8.

ed site classes

o Ao g FHHYYFUHIAHE 21CTAP-C164148-01).

d response spectra in

2. Manandhar,S., H.-1. Cho, and D.-S. Kim. Site Classification System and Site Coefficients for Shallow

Bedrock Sites in Korea. Journal of Earthquake Engineering. 2017;22(7):1259-84
3. MOLIT. Korean Design Standard. KDS 17 10 00. 2018.
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The effect of earthquake frequency content on the seismic response of
drill-and-blast tunnels

Sl uk D DR
Nguyen, Van-Quang Park, Duhee

Several studies on the effect of earthquake frequency content for different structures, considering
soil-structure interaction, such as storage tanks [1] and retaining walls [2]. However, the specific
study of the effect of the earthquake frequency content on the seismic response of drill-and-blast
tunnels is still limited. In this study, two soil types and twenty earthquake records with different
frequency contents are used to evaluate the response of tunnels. The effect of the contact interface
between soil-tunnel is also investigated.

The numerical model was developed using FLAC2D program as presented in Fig 1. Two uniform
soil profiles with shear wave velocities of 200 and 400 m/s were used in the numerical model. The
density and Poisson’s ratio of the soil are 1800 kg/m3 and 0.3, respectively. The elastic modulus of
the tunnel material is 22.8 MPa. The Sig3 model was used to simulate the nonlinear behavior of the
soil, while elastic model was employed for the tunnel. Twenty input ground motions, which were ten
motions of low frequency (LF) content and ten motions of high frequency (HF) content were applied
at the base of the numerical model. The peak ground acceleration (PGA) of input motions were
scale to 0.1 g and 0.6 g. Fig. 2 presents the response spectra of 0.1 g input ground motions.

120 m 96 m
(a) Numerical model (b) Dimensions of the tunnel cross-section
Fig. 1. Layout of (a) numerical model and (b) tunnel cross-section
0.6 Lol L1l AN REIT] 0.6 Lol Ll AW EET
@ |LF I 3 | HF e Average |
c c
S S
® T 0.4
o s
8 8
© ©
5 T 02
7] w
. 0 T
0.01 0.1 1 0.01 0.1 1
Period (s) Period (s)
(a) Low frequency earthquake motions (b) High frequency earthquake motions

Fig. 2. Resposne spectra of 0.1 g input ground motions
The numerical results are shown in Fig. 3 and Fig. 4. As can be seen from the figure, the

A3 -shFetn A Fske), WALF A9l (E-mail: nguyenvanquang240484@gmail.com)
A skekdsta A8 F e, 14 (E-mail: dpark@hanyang.ac.kr)
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earthquake frequency content has a significant effect on the tunnel response. The lower frequency
content of earthquake causes a higher tunnel response (i.e. bending moment) compare to that of
higher frequency content. However, the effect of soil-tunnel contact seems to be negligible in the
case of small PGA. The more intensity of input ground motions, the more pronounced the effect of
the earthquake frequency contents and soil-tunnel contact. Furthermore, the response of the tunnel

decreases with increasing of the soil stiffness.

-
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125 4 [ ] Slipcontact 1.25 4 [__] Slip contact
. V, = 200 m/s | V, = 400 m/s

o
o
L

Max. bending moment (MN-m)
o
N
o
L

Max. bending moment (MN-m)
L
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(a) Shear wave velocity of 200 m/s (b) Shear wave velocity of 400 m/s

Fig. 3. Tunnel response in the case of 0.1 g input ground motions
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Fig. 4. Tunnel response in the case of 0.6 g input ground motions
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1. Cakir, T. Evaluation of the effect of earthquake frequency content on seismic behavior of

M

cantilever retaining wall including soil-structure interaction. Soil Dynamics and Earthquake
Engineering. 2013;45:96-111.

2. Kianoush, M. and A. Ghaemmaghami. The effect of earthquake frequency content on the seismic
behavior of concrete rectangular liquid tanks using the finite element method incorporating
soil-structure interaction. Engineering Structures. 2011;33(7):2186-2200.
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geotechnical site-specific trends in South Korea
4D

A methodology for the prediction 1D Vs profiles compatible with
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A 3D model for dynamic soil-structure interaction and its application to
Sherman Oaks building

Nguyen, Quang-Thien-Buu *) Kim, Sung Ryul #%)

In human history, earthquake event is one of the most ruinous hazards, which causes devastating
consequences of large—scale human casualties, property damage. Especially, in the 1999 earthquake
(Izmit, Turkey) and the 1964 earthquake (Niigata, Japan), many residential buildings were collapsed
and heavily damaged due to the inappropriate consideration of earthquake in building design process.
Therefore, the responses of earthquake-subjected buildings should be carefully evaluated and satisfy
some criteria in building code. In particular, these responses are strongly influenced by the
so—called soil-structure interaction (SSI) between three connected systems: the structure, the
foundation, the underlying and surrounding soil. In standard engineering practice, the
commonly—named substructure approach is usually carried out to evaluate the effect of SSI on the
seismic responses with assumption of linear behavior for both structure and soil, it consists of two
separate analyses: inertial and kinematic interactions. However, in the presences of strong
earthquakes or important buildings, the nonlinearity of soil and structures should not be neglected, it

is worth to instead use a nonlinear numerical approach in the

time domain, so—called direct method. The direct method is a

3D Finite Element approach which is adopted to model the

entire soil-structure system in a single analysis as showed In

Fig 1. In this study, the seismic ground response and the

dynamic soil-structure interaction can be carried out in a

unique analysis, considering the nonlinearity of soil and

Structure

structure and the heterogeneity of realistic soil deposit. First,

the general terms of soil-foundation—structure interaction and Absorbing
Boundary

some key factors affecting the building responses will be

explained, and then the numerical model used in this study Bl domaly

will also explained in detail with a case study by using Bedrock

Opensees FE software. The purpose of this study is to create a model to back-analyse the seismic
responses of a case-study building constructed at Shearman Fig. 1. 3D model of soil-structure
Oaks, Los Angeles. interaction

With  seismic instrumentation and available earthquake

recordings, the seismic data of the Sherman Oaks building was collected from California Strong
Motion Instrumentation Program (CSMIP). This building consisting of 13-story, reinforced concrete
moment frame structure and two basement levels was shaken strongly by the 1994 Northridge
earthquake and less—strongly by others. In the 3D model, the soil domain is modelled using an
8-node hexahedral linear isoparametric element where each node has 4 degrees—-of-freedom (3 solid
displacements and 1 fluid pressure).

%) PhD Candidate, Department of Civil and Environmental Engineering, Seoul National University (Email: ngtbuuxd@gmail.com)
#%) Professor, Department of Civil and Environmental Engineering, Seoul National University (Email: sungryul@snu.ac.kr)
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The pressure dependent constitutive soil model is used to describe the non-linear characteristics
and to account for the wvariation of the initial stiffness with depth, besides the plasticity Iis
formulated based on the multi-yield surface (nested surface) concept. The seismic wave is applied
at the bottom bedrock layer, propagating throughout soil domain and the reflected wave can be
absorbed by an absorbing boundary condition. The super-structure was modeled using beam
elements for columns, beams and piles, shell elements for walls and pile caps with elastic concrete

material.

The time histories of acceleration and displacement at different floors of the building were compared
to the recorded data from CSMIP. Fig. 2 shows the acceleration and displacement at foundation level
of the recorded and predicted results, which shows the satisfactory performance of the numerical
model in replicating the observed responses. The promising performance of the proposed direct
approach indicates that this method might be used widely in practical applications to overcome some

disadvantages of the existing sub-structure approach.

03 —Recorded (PGA: 0.214g) ~ ——Predicted (PGA: 0.221g)
0.2
0.1
)
o 0
3
<
-0.1
-0.2
-0.3
0 10 20 30 40 50 60
Time (s)

(a) Time history acceleration at foundation level
—Recorded ——Predicted

Displacement (cm)
(=]

0 10 20 30 40 50 60
Time (s)
(b) Time history displacement at foundation level

Fig. 2. Comparison between recorded data and predicted results
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Table 1. Details of the eight datasets used in quantitative evaluations [1]

No. Earthquake name Year Mw Station Port name H b Tu To* rﬁg:;i?:d
(m) (s) (s) (s) Dh (m)

1 Pohang 2017 54 ORPHT Youngil Bay 156 | 0237 | 0.052 | 0.68 0.05

2 Tokachi—Oki 1968 | 82 muroran—S Muroran 106 | 0.857 | 0597 | 0.59 0.122

3 Tohoku—Pacific Ocean 201 9.0 onahamaji—G Onahama 157 | 0.374 0 0.39 0.225

4 Sanriku-Haruka-Oki 1994 77 hachinoheji—-S Hachnohe 17.6 0.311 0 0.23 0.072

5 Kushiro—Oki 1993 78 kushiro—G Kushiro 6.5 0.226 | 0.071 | 0.88 0.1

6 Hokkaido-Toho-Oki 1994 | 83 hanasaki—F Nemuro 43 | 0378 | 0.295 | 0.24 0.054

7 Hokkaido Toho Oki 1994 83 hanasaki—F Nemuro 6.9 0.167 | 0.007 | 0.19 0.19

8 Hokkaido Toho Oki 1994 | 83 hanasaki—F Nemuro 7.5 0.113 0 0.24 0.06

* Predominant period
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. b(Eq.1) o b,(Eq.2) o b, (Eq. 3)
-100
1 2 3 4 5 6 T 8
Case No.

Fig. 1. Relative difference in percentage between the Dy, values calculated with the different b values (Egs.1,2, and3) and the measured Dy,
values for all cases [1]
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1. Lee, M. G., Ha, J. G., Cho, H. I, Sun, C. G., & Kim, D. S. (2021). Improved performance-based seismic
coefficient for gravity-type quay walls based on centrifuge test results. Acta Geotechnica, 16(4),
1187-1204.
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for port and harbour facilities in Japan. Japan Port and Harbour Association, Tokyo (in Japanese)
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Response Displacement Method for Seismic Response Analysis of

Underground Structures Subjected to Vertical Earthquake Input
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o 217st ID'Z'is'" 2_ e el D=60m |6.0m
i : . . Bl 3 02038 1 3
Table 1. Comparison of one-dimensional wave propagation 7.8m OC Ik
. . . . 12.35m|
theory according to input direction Soil 2 m
: . . : v (T UL L
Physical quantity, Horizontal Vertical i e e f
. . . . 0l 5
equation, relation (x-dir) (z-dir) o
=201/
v=035
Displacement u, (z:t) u,(z,t) Soil 3 Soil3
z 2\ v, =1500m/s ¥, =1500m /s
p=23tIm p=23t/m
ou ou =025 Half-space =025 Half-space
Strain y,,=— P———— (a) Example I (b) Example I
xrz 8z “Z a9z §°j|4‘u ) S 8m/s i ]D:h‘am .
s p=s.om [*O™ —
Acoustic wave ot
. Ve=+VG/p Vp=+vM/p L=
propagation speed st ‘ v o
. _ o.=Me, = Vie.
Stress-strain 7. = G,, 2 2= pVpe, _zoam | |1
. . o 2 v ¥, =1520m/s %
relationship =pVs,. 0, =10 p=2im ‘ | L
Soil 4
¥, =1870m/s
. 5 8211[ . 5 82“’; . p=26im
Wave equation Vi—"=pu, VEi—C=pu, =G 252m
a2* ! 02” . Half:spece

(c) Example I (d) Example IV
Fig. 3. Soil conditions and output sections
Table 2. Member force ratio in each example(P:Axial force, V:shear force, M:Moment)

(a) Example I (b) Example 1I (c) Example III (d) Example IV
Case Section, Case Section, Case Section, Case Section,
(depth, D) member | RDM/SSI (depth, D) member | RDM/SSI (depth, D) member | RDM/SSI (depth, D) member | RDM/SSI
force force force force
I 1-P 3.89 1-P 231 1-p 140 1-P 2.20
(25m) 2V | 445 11 2P 2.92 m 2P | 348 v 2-p 433
= Z‘g: o L L 3B em [ 3v [ 17 4w [ 3V [ o4
(Sls—ri) PXY, 251 1-p 184 3-M 1.28 3-M 2.58
) 2-M 2.33 -2 2-P 2.30
I3 1-P 1.79 (13.1m) 3-V 1.50
96m) 2-V 1.76 3-M 1.84
) 2-M 1.76 1-P 1.70
I-a 1-P 1.78 -3 2-P 2.06
(13.2m) 2-V 1.51 (20.25m) 3-V 1.13
) 2-M 1.53 3-M 134
#3 £
1. Xu Z., Du X, Xu C,, Jiang J. and Han R. Simplified Equivalent Static Methods for Seismic Analysis of

Shallow Buried Rectangular Underground Structures. Journal of the Soil Dynamics and Earthquake
Engineering, 2009;121:1-11.

2. Yang D. S., Lim J. S. and Kim J. M. A Case Study on the Characteristics of the Seismic Response of
Underground Structures Subjected to Vertical Earthquake Input. Proceedings of KSCE 2021 Convention,
2021;545-546.

3. Kim J. M. Development of World-Best Fundamental Technologies for Nonlinear Fluid Structure Soil
Interaction Analysis by Developing p-version Dynamic Infinite Elements and Performing Sloshing
Shaking Table Tests. Report of Korea Agency for Infrastructure Technology Advancement, 2016:No.
14CTAP-C077514-01.

4. Yang D. S. A Case Study on the Characteristics of the Seismic Response of Underground Structures
Subjected to Vertical Earthquake Input. Ms.C. Thesis, Department of Architecture and Civil Eng.,
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Table 1. The building information with the MEMS sensor installed
I | HRbiws | TRl X 5 B £0(m) TEE 7 HHEm’)
GOS2M | 01231322085 2412 TMRRRIEA 1 1 45 HAETR|EFR 930.47
JSPOG |01232971346 16.64 DEmEX 1 1 3.2 BN (=2 =N No Data
JSPOQ |01232973169 17.54 DET2RE 2 1 9.3 HAIIP|EIR 659.5
SGP2M | 01231322216 36.93 MPHEXRRISEA 1 1 3.6 E32|ETX No Data
JSP1K | 01232972420 37.73 AFHEE A 4 2 18.6 HOETRETR 3814.19
JSP1L |01232972607 37.73 AFHEE A 4 2 18.6 HAS30|Ex 3814.19
JSP0O6 | 01227587946 31.41 S e 2 1 9.1 HOETR|ETR 141.11
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A Pilot Service for KIGAM Seismic Records Web Sharing
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Table 1. Definition of four evaluation factors and methods
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Estimation of the Properties of a Layered Half-space Using the
Unscented Kalman Filter

ol & Nguyen Van Hieu™ o] A&

Lee, Jin Ho Nguyen Van Hieu Lee, Se-Hyeok

The inverse analysis is important for various fields of science and engineering. Whereas the
forward analysis aims to calculate expected outputs of a system from given inputs, the inverse
analysis tries to identify the system and/or inputs from observed outputs. One of the important
inverse problems in the area of civil engineering is the system identification (SI) to extract true
physical parameters of a structure based on indirect measurements via a sensor network on the
structure. Because of measurement noise, inadequate model parameters, and simplified
approximations of numerical solutions, an ill-posed problem is always encountered in the inverse
analysis. It means that the solution of inverse analysis is inherently non-unique and non-stable.

Many studies in the past solved an inverse problem by minimizing an objective function that
quantifies the discrepancies between estimations from a numerical model and actual measurements.
In most cases, the objective function I is defined by the Euclidean square norm of an error

function vector f as:

H:%“f(x,U",U”’)

2+%AZ [x—x,|" subject to R(x)<0 1)

where X, U¢, U", X,, A, and R(X) are the estimated parameters, estimated responses, measured
responses, prior information of the parameters, regularization factor, and the constraints on the

structural parameters, respectively. Basically, f(X,UG,Um) can be defined to quantify the misfit of

the responses as f(X,Ue,Um)te (X)—Um.

The optimized solution for Egs. (1) or (2) can be obtained through the frequentist approach. The
maximum likelihood estimation (MLE) technique has been one of the widely considered
methodologies for the approach. Because the parameters to be estimated are assumed fixed in the
technique, the MLE method does not provide the posterior distribution of the estimated parameters.

Apart from the frequentist approach, a Bayesian approach can be employed to optimize Eq. (1).
The Bayesian inference is a statistical method that uses Bayes' theorem to update the posterior
distribution of the estimated parameters as the evidence or the observation becomes available. Given

the prior distribution and the likelihood of parameters X to be estimated, the posterior conditional

distribution of the estimated parameters given the observation ¥ can be computed as
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Another methodology for Bayesian inference is the Bayesian filtering algorithm that also has been

(2)

received great interest in many research areas in the past decades, especially for SI of the dynamic
structure. A solution to an inverse problem in a layered half-space will be presented in this paper
to estimate material properties of a layered half-space (Fig. 1). The thin-layer method (TLM) is
employed for the application in order to solve the forward problem in a layered medium. This paper
applies the UKF algorithm to estimate the material properties of a layered half-space. The algorithm

is demonstrated with various examples in layered half-space (Fig. 2).

/
Vertical disk load ‘I_\

9 r ith measurement
YYY. )\ X

k—4 |
/

Fig. 1. Layered half-space subjected to a harmonic vertical disk load on its surface
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Extended Kalman Filter to Estimate the Properties of a Structure from
Its Vibration Due to Earthquake

o]z & "D Nguyen Van Hieu™

Lee, Jin Ho Nguyen Van Hieu

Over the past few decades, structural health monitoring (SHM) has been attracted significant
attention. The main topic in SHM is system identification (SI) which requires the appropriate data
analysis technique to identify structural parameters from input—output or output data only. Given an
initial Finite Element (FE) model, the structural parameters are updated and the discrepancies
between estimated and measured data are minimized iteratively.

Generally, SI can be characterized as deterministic and probabilistic approaches. The inverse
analysis by probabilistic approach is necessary to account for the presence of uncertainties of the
parameters to be estimated. In the probabilistic method, the state and response of the FE model are
assumed to have some probability distributions. Then, the posterior distributions of the estimated
parameters are updated by Bayes’ theorem.

The Kalman filter (KF) was first established in 1960 for discrete linear systems and extended to
continuous linear system. KF has been applied in various engineering fields. It is the optimal
algorithm in Bayesian inference with normal distributions. The only limitation of KF is the restriction
to linear problems, which is very rare for complex engineering inverse analysis such as SI problems.
To overcome this disadvantage, the extended Kalman filter (EKF) was proposed by approximating a
nonlinear process with a linearized one.

Various techniques have been proposed to improve the performance of EKF. The iterated EKF
(IEKF) and constrained EKF (CEKF) are two examples of the improved EKF. The original algorithm
of IEKF was developed based on the Newton—-Raphson method. It was modified so that the state is
iteratively updated in each local iteration. On the other hand, CEKF improves the EKF method with
prior information taken into consideration. Both IEKF and CEKF algorithms efficiently improve the
accuracy and the rate of convergence compared with the traditional EKF.

In this study, we proposed the a hybrid method, iterated constrained EKF (ICEKF) that integrates

the two algorithms. The proposed algorithm will be verified by various examples

A 2
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Fig. 1. 10-story frame structure
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Derivation of Seismic Probabilsitic Seismic Demand Model of Steel
Moment Frame using machine learning
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Table 1. Prediction accuracy of ANN based probabilistic seismic demand model

ANN based probabilistic seismic demand model
Parameter Dataset
Training Validation Testing Entire
R 0.9731 0.9529 0.9622 0.9681
MSE (%) 1.633 2.713 2.408 2.251
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Fig. 2. Probabilistic seismic demand model derived from ANN model ; (a) 8 story SMF, (b) 19 story SMF
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MACHINE LEARNING FOR RAPID SEISMIC DAMAGE-STATE
PREDICTION OF STEEL MOMENT FRAMES

Hoang D. Nguyen#D Myoungsu Shin*x*

1. Introduction

Machine learning (ML) has emerged as a promising tool for dealing with various problems in civil and
structural enginéering [1]. Compared to conventional approaches, the ML model can rapidly estimate the
considered output variables for complex problems. For instance, they are capable of assessing the seismic
damaPe states of building structures subjected to earthquakes. The conventional procedure requires
complicated numerical models to fully observe the nonlinear behavior of structures. Thus, the ML model
may reduce the computational cost of the conventional method. Furthermore, ML models can account for
the’ sophisticated relationship between the input and output variables in high dimensions. These
advantages have induced the large applications of ML models in civil and structural” engineering.

Earthquakes are one of the disasters causing significant societal and financial losses. Damage state
assessment of the ability to use buildings after an earthquake is an essential task because buildings
cannot be used as usual until their damage state is determined. It is observed that the ability to use
buildings must be detailed based on their safety damage states. The seismic damage state assessment
task requires a sgjnlflcant amount of time depending on“the number of buildings located in a city, which
leads to_increased economic losses for thecﬁeqple and companies out of business after earthquakes.

This study aims to propose a predictive model developed by ML for rapidly predicting seismic
damage states of steel moment frames. For this purpose, two well-known ML "models have been
examined. Nonlinear time history analyses of 468 steel moment frames adopted from Guan et al E]
subjected to 240 earthquake ground motions were performed to generate the dataset for ML models. The
damage states of steel frames are determined based on the™ pushover analysis. Finally, the highest
accur'\a/chy m%dell is suggested for the seismic damage states of steel frames based on the performance of
two models.

2. Machine Learning Models

In this study, two ML models were considered to develolg the predictive model for predicting the seismic
damage states of steel moment frames: random forest (RF) and extreme gradient boosting (XGBoost). RF
mode ;3] is the combination of the bagging method with the random input variable selection technique.
In the first step, a total of trees are generated from the training dataset. In each tree, a decision tree is
constructed based on the selected input variables. Finally, thé output is estimated by .avera%ng the
outputs from decision trees. XGBoost model [4] is a decision-tree-based ensemble ML algorithm. A fypical
XGBoost model includes an iterative procedure to optimize the objective function. In “this_process, the
arameters in the next step are updated based on the residual from the previous step. The objective
unction in the XGBoost model is constructed by adding the regularization term to the loss function. The
rbegular[éatéon term can control the complexity of the predictive model. Thus, the overfitting problem can
e avoided.

3. Dataset Generation

Nonlinear time history analyses of 468 steel moment frames subjected to 240 ground motions were
conducted using OpenSees numerical models, which resulted in 112,320 data points for the training and
testing of the ML models. According to ACT-20 [5], the damage states of steel frames are categorized
into three colors — green, yellow, and red — representing three™ conditions: inspected, restricted use, and
unsafe, respectively.

Green 1 Yellow e Red

________ s Fep—
X I ]

s”'z

Base shear, F

) )
Y Top drift, §

Fig. 1. Identification of structure damage states

In this study, the roof drift (i.e., ratio of the maximum top displacement to total height of the
structure) obtained from the pushover curve was used to determine the damage states of steel frames.
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Fig. 1 presents the procedure for determining the roof drift at the boundaries between damage states.
Based on the descriptions in ATC-20 [5], the green tag is described as "no restriction on use or
occupancy.” The behavior of steel frames was assumed to be in the linear range, and thus the drift at
the yield point (6,) is considered to distinguish between the green and yellow regions. The red tag is
defined as “the structure poses an obvious safety hazard”, and so the behavior of the steel frames is
assumed to be in the degradation range. Thus, the roof drift (6,) corresponding to the maximum base
shear (F,,,«) was used to separate the yellow and red regions.

For the input variables of the dataset, the spectral accelerations at 1-5 s in steps of 1 s were
considered as representing the ground motions. A structure's first three actual natural periods (73, T3,

and 73) were used to represent the characteristics of steel frames.

4. Results and Discussions

The entire dataset (i.e, 112,320 data points) was divided randomly into training and testing datasets. The
training dataset (70% entire dataset) was used to develop the predictive model. Meanwhile, the testing
dataset (30% entire dataset) was used to evaluate the performance of the ML models. This procedure can
minimize the overfitting problem. To evaluate and compare the performance of the two predictive models,
a confusion matrix [6] was used. Three parameters, including accuracy, precision, and recall, were used to
evaluate the performance of the ML models. The accuracy parameter used to measure global performance
is the ratio of correctly classified cases to the total number of cases. Meanwhile, recall and precision
measure the performance of ML models regarding individual damage state prediction.

Fig. 2 presents the performance of the two ML models in the testing dataset. It can be seen that
the value of accuracy parameter of RF model (0.98) is higher than that of XGBoost model (0.97). In
recision and recall parameters, there is no ML model that can surpass the remaining model for all
individual damage state predictions. However, the RF model generally shows greater values in most cases
(except the recall value in yellow tag). In addition, considering safety, the RF model produces good
performance in the red tag prediction (i.e., the critical case). Overall, tKe RF model is proposed for the
rapid prediction of the damage states of steel moment frames in this study.

Predicted class Predicted class
Green Yellow Red Recall Green  Yellow Red Recall
2 Green - 263 109 | 099 £ Green - 503 156 | o098
é Yellow 87 1009 158 0.8 é Yellow 46 1055 153 0.84
% Red 20 122 0.89 %  Red 9 115 0.89
Precision 1 0.72 0.81 0.98 Precision 1 0.63 0.78 0.97
Accuracy Accuracy
(a) RF (b) XGBoost

Fig. 2. Performance of ML models in the testing dataset

5. Conclusions

The development of RF and XGBoost models for rapid(lf predicting the seismic damage states of steel
moment frames vyields the conclusions that none could present the highest values for all parameters
associated with fprediction accuracy. However, the RF model is suggested for use in precﬁctin the
damage states of steel moment frames because it achieved the greater values on most of the prediction
accuracy parameters, particularly in the prediction of the most serious damage state (i.e., red tag).
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Numerical Analysis on Seismic Response of Cabinets
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(Makris and Zhang , 2001)

Fig. 1. Overturning damage of electrical cabinets and schematic of anchored block in rocking motion
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Minimum Wall Reinforcement ratio of 700 MPa Reinforcement
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Table 1 Minimum reinforcement ratio of KDS 14 20 for walls

. Vertical reinforcement Horizontal reinforcement
Shear Bar yield

Provision demand | Diameter | strength
v, /,» MPa

u

Ratio Spacing Ratio Spacing
% Sy mm ph,min' % Sis mm

Oy min

400
< D16 = 400 0.12 0.20 X 7
v

< %qﬁ v, min (3%, 450) min (3%, 450)
7[Ef oz 0.15 0.25

=0.16

KDS 142072
SR M| 712

> 400 0.25 X
. - Onin T0-5(25= ) (0, = 0y, min) min(l,,/3, 3%, 450) min(Z,,/5, 3k, 450)
< 400 0.25

KDS 14 20 22
el HISR TR

s gAgdista ALBAETAT 2, A4ATY (E-mail: jangson@snu.ac.kr)
© A3 edeta AEek, wf (B- Il’ldl] parkhg@snu.ac.kr)
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Fig. 12 A3 ZAael]l we A9 st5-He =t 348 vjud slojty, 4 35 e APA A=
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(a) Flexural yielding mode wall (b) Shear failure mode wall (c) Mixed wall (700 + 400)
Fig. 1. Comparisons of test resutls
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2015.

2. Baek J-W, Park H-G, Shin H-M, Yim S-J, “Cyclic Loading Tests for Reinforced Concrete Walls
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V. 114, No. 3. 2017.

3. Baek J-W, Park H-G, Lee J-H, Bang C-J, “Cyclic Loading Test for Walls of Aspect Ratio 1.0 and
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4. Kim S-H, and Park H-G, “Shear Strength of Reinforced Concrete Wall with 700 MPa Shear
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Short Column Effects of RC Columns with Partial-Height Masonry Infill
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Fig. 1 Failure modes of RC column with partial height Fig. 2 Curvature and displacement at flexural yieding in
masonry infills column with partial height masonry infills
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Fig. 3 Nonlinear modeling of RC column with partial-height masonry infill
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Fig. 4 Comparison of test and analysis results
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Comparison of Non-linear Analysis Results of Concrete Shear Wall

Buildings depending on Structural Analysis Softwares using Fiber Element
Modeling Method

Jeon, Min-Jun Lee, Sang-Hyun Eom, Tae-Sung Nam, Soong-Hyun Lee, Ji-Eun
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(a) 5-story structures(4 types) (b) 20-story structure(1 type)
Fig. 1. Target structures in this study
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(a) Numerical material models (b) Examples of shear wall fiber element modeling

Fig. 2. Fiber element modeling method used in this study
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Fig. 3. Comparison of non-linear analysis results
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Performance Verification of Tuned Mass Damper for Seismic Rehabilitation
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Lee, Yonghun Lee, Sang—Hyun

224 7](Tuned Mass Damper, ©]3F TMD)9| Ao A3 2EZA, Af3les, 4]
Eqoz ARAT. Ao} ~2ERAS de] nHAEF PS5 A THIAN A
7] W TMD A45g shetaby] kel £HARE B BEAL Adske Aol Fedtth 3
Ak 7] &8 3 10%¢) vj$ 2 7hain)7t A4
531, AR 5 & AA7) Wi N2 A%
NE e N AEUE o4t
%< 913 TMDS] 45A g o 7Ha4d5g A,

Table 1. Specification of TMD
| 2-axial TMD
Direction X Y
Mass(ton) 1.55 | 2.20

Target frequency(Hz)| 1.49 | 1.89
Stiffness(kN/m) 135.85(310.25

e Stroke(mm) 170 | 170
Viscous damper
- T Stroke(mm) 300
. o o X X Life cycle(m) 10,000
(a) Viscous damper(HB-40-300) (b) Dynamic test of 2-axial TMD Temperature(‘C) 20~+80
Fig. 1. Structural Model of STMD with Variable Friction Max. Force(N) 10,000

w A ode 2U@e] TMDE ¢ "1 #le Wiy
o BE Alds dEdY. A48 E AAdAE =
Aol A= 827 8 wWl(Undamped)oh AA# 73

o
O

TMD<} TMDe 2 -8% 7] 2=]
A3k 7 e YA AL Qi &

(Damped)o] thsle] Up-chirp, A}Folgh

o

AANGE F ARAETE AFF SHEYL FA3

22
R

i, wo damper, chirp, 1.2+1 8H, 40 i, 0, chirp, 0.5-3Hz, 40

Table 2. Natural frequency according
to damping level of viscous damper

| I Dir. Case Freq.(Hz)
»ow e % @ % % W 2w e h w b W W Undamped 1.51
« oo - X Damped 1.53
3 (I — oo /\ I
\\ ‘ / Target 1.49
/j \\ il g Undamped 1.85
) ey 0P Y e T Y Damped 1.87
(a) Undamped (b) Damped
Fig. 2. Acceleration response of TMD by Up-chirp in X-dir. Target 1.89
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F;(N) Stibeck Curve ma e kg, =F,+F+F, (1a)
G e gpda d
,,”'\ Viscous Friction E = Eﬂid th = /% Fste (”vl/'q) vid | .1’ (1b)
Tq st | Ty
F, \ o / Coulomb Friction
F N .
X< 2(t)= Az(t)+ Bult) (2a)
Var F(m/s
st [EOha] [0 e | [ O
eck(Seal) Friction z(t)— { } , A= 1 1 , B= {71} (2b)
Fig. 3. Non-linear friction model (8 f —M K —M C nx1

$ Table 3. Comparison of damping ratios determined by
: | Simulation and Half-power bandwidth(HPB)
: . | Mass | f; Simulation HPB
n | D 3 n C
| (ton) | (H2) B RN [ £ a0 | £ ()
: Undamped 1.4 2.5
- ‘ X 1.55 | 1.51 0.22
) Damped 6.0 6.6
f — = Ground acc. = = TMD{emp.) —— TMD(sim.} — = Ground nce TMD{emp. ) —— TMD{sim.)
o 10 1) ‘nl\ ““““ ﬂw S50 &0 o 10 20 ““-jj? . 40 50 Undamped 18 26
(a) X-dir.(F=0.22kN, & 4=0.014) (b) Y-dir.(F=0.29kN, & +=0.018) Y | 220 1.92 0.29
Fig. 4. Comparison of measurement and simulation for undamped Damped 3.4 6.5
device(under F=10N, v4=0.2m/s)
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dampers for seismic applications', Earthquake Engineering and Structural Dynamics, Volume 26, 1997, pp.617-635
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Moment-rotation relationships of U-shaped composite beams under
flexural behavior
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Fig. 1. Sectional configuration of U-shaped composite beams

Fig. 2(a)+= Ug AR A9 RdS Yeldith, Ud AR E 4 B 24 (Elastic beam element) 9}
cHi o] 31" A3 @ A (Rotational spring element)® FA AT oI7]A B4 B @4 U g4 &4
e Abst, 31 ~xE @ 4E FFE olF 45 ol FHHAYS v|Wete] UY FAHES LAWY
o Uy R 7152 AA= A4 Rigid Link)3FA T Fig. 2(b)dll YERd vle} o], 3] 232
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Fig. 2. Moment-rotation model for U-shaped composite beams
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Fig. 3. Comparison of test results with predictions
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Seismic Capacity of Concrete—-Encased Composite Columns

using Cold Formed Steel Angles
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Fig. 1. Conrete-encased composite columns
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Fig. 2. Load and displacement relations of conrete-encased composite columns
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Current Status and Problems of Seismic Design
of Reinforced Concrete Structural Walls In Korea
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A Study on Seismic Performance of Self-supporting Precast Concrete
Column
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Kang, Thomas H.-K. Ahn, Seong Ryong Sung, Han Suk

T MNAE Z38 E(Precast Concrete; PC) F+2= RESIE FAES FFoA HAAzste] 840z 2l
I zYsteE FHoR Ao oIS wkx ¢grom wEA fEAilo] 7l FHo|th Hitol:E ZUE, E
T Wk ofyet AAAGAE, gEFY Fol= Hgo] disr ZdFSH(Off-Site Construction; 0SC)
= F3la it} AN PCY EAA RE FXREAES dAZE AR = glo] vladAal FxAg & F o
om AFF7E AQeFol guiden Aoksiths @7k vk WE-E AFERUSE Half PC7F 4853
gom o]g nesy] 93 AT o] g AZetels Len YN FiE mEe FAZRH 7 AA Y
Q1 nefeze] ofel Fol A MA Uy ¥4 FHI} S doAth o 25 FVBE U
FH Aol ghE PCH2 &7E AsAZ

2 ATedAE AE FA AZAE S ddste A"E PC 7lF ARTE ATt Je-71E Al A
gagiTh BAlel Ay 2 UARSE AFHTA Fig 15 2ol wBANY A% FEA9 Fasan
AdAE st 715 A g 4848 98] 600<600 2 800x800mme] 7% FAR MAIAC B
Aewel D32 Aol dael 23 UES AAL ARG T, WSl U AA flol 2Eetelx Leln
U 2 "3k Aol aE-EE SHste] AlFS gnsgith ke AES ACI 374.2R-139] LREZTS
A3t

Fig. 1. Cyclic loading test
T ARSI A g st A%, wg (E-mail: tkang@snu.ac.kr)
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Table 1. Result of experiments

Specimen Maximum load Displacement Drift ratio at Maximum moment Design moment
pec [KN] [mm] 0.75F e [%] kN - m] [N - m]
S1 475.68 78.7 49 1284.3 1071.0
S2 843.26 102.7 4.7 2276.8 1988.5
1000 035 Drift Ratio [%]
800 [ —=— s1 (PC-600) ° | —8— $1(PC-600) 6 -4 2 0 2 4 6
600 —|| —e— s2 (PC-800) Tosd S2 (PC-800) 1000 b L L . !
00 = = Sto7sFmax c 800 . g . 4
— = = = = s2_0.75Fmax o B 600 o S2 o
é 200 - B §0‘25 — 400 =---- 1/20 stiffness ?.@'%E
g o7 I Z 200 TAs
g0 S0z I e o
400 3 g 200 V.
600 — = ~ AL g == == 8015 400 7 oo
i I I -600 —| ¢
_500__ 01 -800—: o
B L L L N B B L L I B | { ' B e I S L L I B
5 4 3 2401 2 3 45 0 o2 3 4 5 -200 -150 -100 50 0 50 100 150 200
Drift Ratio [%] Drift Ratio [%] Displacement [mm]
(a) Acceptance criteria 1 (b) Acceptance criteria 2 (c) Acceptance criteria 3
Fig.2. Seismic performance criteria of ACI 374.1-05
e 2
o] A= AT AT(NRF-2021R1A5A1032433)] Al 93] Fa = AFHTh ofo] A=)
a1 ¥

1. America Concrete Institute (ACID), “Guide for Testing Reinforced Concrete Structural Elements Under
Slowly Applied Simulated Seismic Loads (ACI 374.2R-13),” ACI Committee 374, 2013.
2. America Concrete Institute (ACI), “Acceptance Criteria for Moment Frames Based on Structural
Testing and Commentary (ACI 374.1-05),” ACI Committee 374, 2014.
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Seismic loss estimation for steel ordinary moment frames and analysis of
effect of wind load

AE QD sk 3
Kim, Taeo Han, Sang Whan

Ul AFAA 7T RVl ASCE/SEL 7[1]e M= Fx2E9 AAIE Fdsk=t o] A=Y kel
FIFE VA T v OYe S agste] AAE FYsEs aqteka k. A Feks S EH Y
FH=E FxEd TS A= giA] stso=Ey, AAoR AXHAIA g A7 dHe] F dFs
Rtk 53], Fx2E mol7t AU Folwe d¥S Wi WA AAY, AleEe] AV7F 42 9l
e Aol Foksol weh AA dHe] A4E 7 Uk AR g2 AA WAUSFOE 1% AA TG
7 FERES U o] 287 FAAQ dEs WA ¢ 3on, Han & ATAA &85 oY)
sto] @88 TG AAaT ¢ UdS5S ®Bask vk qirh2]

o] AFol M= AHEAAE o] &3 FxE YA Fotao] vA= TS B4 s A s ol &
f8te] Ui FREEN 18F T RESEUEXZE AAsa, Fstey agl fidd uE o FEREe A
AE sl did F2ES A7 -gnet 22 A4S gdusty] A G A4S AewA gon, &
Al 1% Fx2ES A wel Fabeel oF dFS WEsHA HAE F AdS AR ddete] HdAS
=3

Ny FRES AAE] 9% AA =71 NIST GCR 10-917-8[3]¢] AAH 2708 Algsigion, Wz
A 7152 ASCE/SEL 7111l wel gejspgiet. Al aiefgh $ata2 ASCE/SEL 7[1]el weh 7 W&
Aol 71 EF4R 48 m/sE A&t AXEtES S7FEAMA NS o] &5te] Abdetglon, UXIAAMS
C 9 W9 YolA 714 =& AurtErs 2zt Aoz 714sle] AAS $83519th. Table 191= Fa%S%
aEEA] e A FERE (S-18)3 1 d i FERE (SW-18)9] AA diS aokse] YERAT 1
A3 T4 @S A8yl 918te] Han 5319 Aol AAIR wpel o] g F2ES] 74 Eds 53
Aok ek, AWEAA TS A Y% A= FEMA Pog8[4]el AAE B ES AL83H3l T

Table 1. Design result of S-15 and SW-15
S-18 SW—18
Story Ext. Column / Int. Column / Ext. Column / Int. Column /
Dp. (mm) Dp. (mm) Beam Dp. (mm) Dp. (mm) Beam
12 W36X441/0.0 W24X192/0.0 W27X9%4 W36X529/0.0 W24X229/0.0 W30X116
3/4 W36X361/0.0 W24X162/4.8 W27X94 W36X361/0.0 W24X207 / 4.8 W30X116
5/6 W36X302/0.0 W24X162/6.4 W27X9%4 W36X302/0.0 W24X192 /6.4 W30X116
7/8 W24X279/0.0 W24X146 /6.4 W27X9%4 W24X279/0.0 W24X162 /6.8 W30X108
9/10 W24X207 /0.0 W24X131/6.4 W27X94 W24X207 /0.0 W24X146 /6.0 W27X94
11/12 W24X146 /0.0 W24X117 /6.4 W27X84 W24X146 /0.0 W24X117 /6.4 W27X84
13/14 W24X104 /0.0 W24X94 /4.8 W24X76 W24X104 /0.0 W24X94 /4.8 W24X76
15/16 W24X68/0.0 W24X68/ 3.2 W21X55 W24X68/0.0 W24X68/ 3.2 W21X55
17/18 W24X55/0.0 W24X55/0.0 W16X40 W24X55/0.0 W24X55/0.0 W16X40
A3l -agusta A%, BAL (E-mail: tokim27@gmail.com)
Asg.ekkietnl A%Fey} w4 (E-mail: swhan82@gmail.com)
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Drift Capacity of Old RC Columns according to Failure Mode
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Investigation of performance of 3D printing sandwich structure by
experimental-analytical and DIC analysis

g eaopsl) %l ope o] 7] B

Pham, Vo Anh Khoa Song, Minah Lee, Kihak

Silica sand is a popular material with silicon dioxide SiOZ2 is a main chemical composition and used
widely in industrial and commercial application [1, 2]. In this study, the influence of silica sand on
the various sandwich structure is evaluated for UHPC panel production purpose and used for
building under static and seismic effect. The sandwich structures were design with different core
types, including solid core, diamond core, honeycomb core, pyramid core, round O core, different
thickness and different relative density is investigated by experiment, simulation analysis and digital
image correlation DIC analysis.

The geometric feature of core design is determined by Equation (1) in which the thickness depends
on the relatives density, length as well as the angle of structural elements. the thickness was
chosen by calculating for diamond core as shown in Fig. 1 and apply for the other core types. The
3D printing sandwich structure were built with 5 core types and various relative density of 0.5, 0.7,
0.9 were designed as Fig. 1. The chosen unit cell is 20mm and thicknesses are 3.54, 4.95 and
6.36mm. The cyclindrical specimens with height and diameter of 50mm were used for compressive
test of sand mold specimens as shown in Fig. 2 while Digital image Correlation DIC system was set

up to evaluate and compare the performance in Fig. 3.

Equation (1):

t
pt = p_t = ( ) Solid core Diamond core Honeycomb core Pyramid core Round O core
p. Lxsin@xcos®

Fig. 1. Core types of sandwich structure

where: p is relative density, pc is density of core, ps is density of structure, L is length of inclined
cell, t is cell thickness and a is angle between the vertical and inclined cell.

The average compressive strength of 3 specimens were used to evaluated the behavior of silica
sand mold with different core designs. Fig. 4 shows the effect of core design and relative density
ratio to the compressive response. The specimens with thickness Of 6.36mm show the significant
difference. Besides, the strengths are range from 0.09 to 6.15 MPa with the greatest strength of
solid specimen — 6.15 MPa. Comparing with solid core, the compressive strength of the other cores
are equal to 1-18%. The value increase with the intention round O core < honeycomb core <

diamond core < pyramid core < solid core.

AFistn A5Eety}, BAA 9] (E-mail: khoapham@sejong.ac.kr)
- ‘ﬂ ?’Lﬂl Z*%Jo“ 3}, A1) (E-mail: minah0913@sejong.ac.kr)
T8t} W4 (E-mail: kihaklee@sejong.ac.kr)
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Fig. 5 illustrates the comparison of simulation analysis by Ansys and Digital Image Correlation DIC
analysis. Images obtained from digital camera were analyzed by specific tools to get the
displacements by the time in X and Y direction from 0.097 to 0.773mm. On the other hand, the FEM
modeling shows the behaviors of specimens under loading and compared with DIC analysis with
0.060-0.769mm. The differences in two methodology are acceptable with almost difference under
20% and shows a good aggreement. The safety factor obtained in simulation analysis also indicated

that the sand mold structure is safe under applied loading.

Fig. 5. Digital image correlation DIC and simulation analysis

=
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1. Rippmann M. et al. Design, fabrication and testing of discrete 3D sand-printed floor prototypes.
Materials Today Communication, 2016:254-259.

2. Ciccarelli D. et al.. Buckling behavior of 3D printed composites isogrid structures. Procedia CIRP 99.
2021:375-380.
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Limitations of Earthquake Responses of MDOF Structure with Shallow
Foundation
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A k-2 2 A5 2-8(Soil- Structure Interaction; SSDo] FxEo] AR Swto] A3k s mziv},
FEMA 274014 A-Fx5 dsa-g oig 43S o] 8 fded 712 = dAE Ao =
3 FEMA 4402 914 =% 7]5 e $EA diAgs adste dAE AT
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Fig. 1€ nAwsd ha Au-728 4agsd 3 B A3 457 T2ED 957 F2ES
e, o]5¢] Al Table 13 #vh. 4 2de] gk YA 3= Fig. 29 o] ARG Aol A
A5 BN ASE HEE dole & ALgaith nYd wle] AgE v AYS B AP A
A AFAS HHR 1.78%, 3.01%5 77 AH&slth ARgEE Y mdo] JEFr] 3 Aol ae
Table 29} Zt}.

T Table 1. Experimental structural variables
Long—period Short—period
g Structure MDOF Structure MDOF Structure
& Material Steel (F, = 235 MPa)
4 Total Weight (N) 1.74 1.68
S
o | sommfe T ‘ Mass of Foundation (kg) 2.82 2.82
1P S i F | 2F | 3 | IF | 2F | oF
! g ™ Mass of plates 0235 | 0.235 | 0.235 | 0.470 | 0.282 | 0.235
B L Effective mass, m, (kg) | 0.603 | 0.360 | 0.266 | 0.258 | 0.352 | 0.673
?E [ :4. = 3 rﬁ““‘“ = ond 30 = ond 39
N ‘ % S um Natural frequency (Hz) | 26.3 | 52.6 | 100 | 90.9 | 200 | 250
. olle Ale GrowsdLine | ik ol -

BT 1 ET 1 Netural period (sec) | 0.038 | 0.019 | 0.010 | 0.011 | 0.005 | 0.004
“ o T,,* in 40gc™ (sec) 152 | 0.76 | 0.40 | 044 | 020 | 0.16
Damping ratio(%) 1.78 3.01

(a) Long-period (b) Short-period q/gs™* 0.311 0.307

Fig. 1. The test specimens

Centrifugal acceleration (g)**: ...

Fkk

Natural period of prototype™: ...,
Ratio of vertical bearing stress to bearing capacity of foundation

Qs AT et A58, 24 (E-mail: dkkiml7@cju.ac.kr)
* A3 AFdeta AE5Fsty, wAlebY (E-mail: wlsdn0907@naver.com)
R st AEEEy), A4 (E-mail: heecheol0306@naver.com)
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Table 2. Eigenvalue analysis of fixed base model
Eigenvalue
L4 Structure Mﬁge Period (s) | Frequency (Hz) | Mass(%)
Frew Pk bduinne L Lona-Period 1 1.587 0.630 50.71
Gy IW S 9 ruct 2 0.755 1.324 17.00
H — Bl Upersiiuciure =3 0.399 2507 32.29
Frppus Maiing

. 1 0.440 2.275 58.09
Sih‘;:ts'ﬁjgt‘;‘:e 2 0.224 4470 28.49
s 3 0.126 7.922 13.41

Fig. 2. Input seismic wave of fixed base model
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Fig. 3. Comparison of response acceleration between centrifuge test and fixed base model
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1. KimDK, Park HG, Kim DS, Lee H. Nonlinear system identification on shallow foundation using Extended Kalman Filter, Soil
Dynamics and Earthquake Engineering, 2020;128: 105857

- 82 -



B

o

ﬂkx_

q
Al
=

T

Prediction of Failure Modes for Masonry Infilled Walls

subjected to In-plane Loading

112D
Kim, Min-Jae

Yu, Eun-Jong

fl=8e] o daEE

7\7_@[;

az

Z

2 - =l

I3
=

65712 A

&

ﬂ

e nEg G2 BIS)E 7t

o] ==

=
=

)
—_

o] B AA sy EE7F BIS7L of

1o},

[e]

P
T

1

Hie

°
o
o
K

Agle] BIS7} AEE A At

s

pu

=9}

o) 4744 w3

¥ s3, Fz 33 FF) &

ol
H

] SYAOH 7 pefors ”M
3
] ‘S
. A ol
wws pidyersh 1ts]
SIsiaig 19 A9) mawf tm .,‘
[
L] =
uiuedaq =
: mie
5qapH 15 pefaisueg [ kfif =
y el = 1|
Aopsialg 1 As|ned Tq|
=1 )
r% 3
. uuedRq —_
Ry ©
....................... i
qgoH B pefig T@S
A
m.\. B
s piopers T%
WA w R e oW N W
ﬂfrdﬂ.mﬂmﬁ% mmmgd.u_%mq
WA Wk T T
R R REW g w o w T
T g R e w0
H.ﬁﬂﬂﬁbfiﬂqumnﬂgwﬁ.gﬁ
5 T o i T [c3
AT ETRw IR TR
TOFRRILER "Hag T
ar o? X ~ _ g .._C En ‘_Irwﬂ ol o
o T om ) O oy
o _i_nxn_i h_rtﬂE e E,Qro_.uoﬁw_m.]
g A O e B G
o _ = = =T g “1 _— )
y%iﬁx "IN My L
wE PTERR T LT My
el . _—
LI N T S N N G S F
xmﬂﬂuuxﬂﬂw ﬁmﬁdrﬂnﬂln,ﬂ_do
WO oI TR - S
ﬂ.OI iﬂ_All.l“_w_AH\W_l‘_‘mﬂEoo
MN PR W T oy T o
I RCOMEON TOORION T X0
o W W T N MY urow o Wrour

Fig. 1. Comparison of strength equations according to failure modes.
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Effect of Earthquake Frequency Content on Structural Damage

Observed from Seismic Reconnaissance
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Table 1. Outline of earthquake

Occurrence Prefecture Magnitude Intensity (JMA) Depth (km) Casualty

The Niigataken Chuetsu-Oki
Earthquake in 2007**

The Iwate-Miyagi Nairiku
Earthquake in 2008**

* GE ZAHOMA)Y AEAFE F 10942 FEHY 6+'E 2HAR 43 Ax

o QX 7IAY FrA WA PrE b E ) The Niigataken Chuetsu-Oki Earthquake in 2007
wir QB 7| A F2] WA AT - mhk N Z, The Iwate-Miyagi Nairiku Earthquake in 2008

2007.07 Niigataken 6.8 6+ 17 15

2008.06 Iwateken 72 6+ 7.8 17
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Fig. 2. Damaged stack during 2007
earthquake

Fig. 1. Acceleration response spectrum

Table 2. Outline of strong motion

Year Observation station Seismograph networks Direction Earthquake

2007 Kashiwazaki KiK-net EW The Niigataken Chuetsu-Oki Earthquake in 2007

2008 Ichinoseki-W K-NET NS The Ilwate-Miyagi Nairiku Earthquake in 2008
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Isolation Wards using Computational Tool
Chu, Yurim

Seismic Design of Non-structural Components in Negative Pressure
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Seismic Damages on Cold-Formed Steel Partition Walls
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Fig. 1. Experimental set-up and load-displacement relations of test specimens
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Fig. 2. Summary of seismic damages observed at test specimens
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Using a Damage Index
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Fig. 1. Seismic performance assessment using a damage index
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Fig. 3. Seismic motions entered into the control points
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the Nonlinear Dynamic Response of Highway Bridges. Proceedings of the 12th World Conference on
Earthquake Engineering. Auckland, New Zealand. 2000.

2. Mwafy A. M., Kwon O. S., Elnashai A. and Hashash Y. M. A. Wave Passage and Ground Motion
Incoherency Effects on Seismic Response of an Extended Bridge. Journal of Bridge Engineering.

2011;16(3);364-374.
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Estimation of drift ratio by damage level of domestic reinforced concrete
bending behavior piers based on experimental data
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Estimation System(TELES) & S2t4Ql XX AY FI7FA| 28-S FH3ta o, A G ddse= =
W= obA o] dk A AFG kAl ~]el] gk A7) B3 Holrh, o] A, AdEF=e disiA s 20129

Lo Fd FRAdTde] AW AFE Hrb)se]l AMLEHAo Y, wgTRE] AWNAGH A= 7t
of gk A+t= F53 Aotk AXAGATLEE Frhsly] A sl AAe] AAHN L} vhekg
& AXHFgrE Ao drt.

L ATE gYd s FoA WY AJFH G FE WAl wes shder] 93 Aol
g FE F8 AR wrt, wE W T2 FlA, @A wzte] AHFEE AAsHr] 91%
YW 71Es AAStaz) sk @A W PAHTE gl do]dl aztelm) o7 A= 7] s
el HE(Dell digh wzte] 71z AFURE shE FAAAY Fol(he] Hl(h/d)eoltt wztel] WA= F
g2 wzte] F7% iy digf 10% Aol Hul 30%5 ZIsA AR, A Xl o]k ARGz AT
sk AX7FEETE AR = B EE wzte] et ARAES HAAZIT JRdAEY o) d¥ 7t W
At wzte] YIFE FHasislr] fslA, TEdt AWM eE S Frste Sy UA o FHATE
AAE g Qlojorgtt). o] F flal Fuwzt AA Al AAAAFGNA Y] FiE FEANEEFHUNSE/FESE)
& 94 FF ool HEE YFEHTS st ANTEEE PIAIACk doh webA ol gk Hage
AxE AL ko e Wy sEo] FastrR, Wz HAlY AEAE FWeueA Juzte] B4
=& AYstazr ol B Ao = v= 9 FEMA(Federal Emergency Management Agency)oll A 7Hd3h
A AHA 228 71RE 2 A g FA 2 T M(HAZUS, 20200 3aste], 875 wzbed digh WA 53k

£ g mE FRHE AL ol Sl AFARE Sote] A5k
HAZUSE 44552 Slight, Moderate, Extensive, Completed] 4WAZ o], FF2E <]
Astal k. HAZUSE A& U8 &40 e FHofesao A& AA sy, 1

2 AAlSFAL dvh. HAZUSE &9 FA] S5l wel ol &das dos)

2o
mv)
I
g
juic)
td

SRR

|

H, 2 = %A)o] = Concrete Moment Frame®] A2
Nom 2 Concrete Moment Frameol| 319
7_}—

3

Fugn e Fusgith ¥ Aol M= HAZUSIA A4
AgAstsh wmste], E45FE W W] AYFLL dE

I [
u

O
J8 o

Je
ez we uguE 27059 It

A
& g e FESnE A stz du
J

Sdlel WAEATZIES sl dd B e, ofe gt WA LA wskE vbdaty] ffaiA A
Al 5-oF el Aol =G A olE 8l 50% A ols, 100% HAols)ol wel s st

- Sgietn AAA 2, B (BE-mail: gusdnd322@naver.com)
Rl A28 AaS (E-mail: kjhong@kookmin.ac.kr)

- 109 -



ot AW w= Hrkelr]l alA, dE Aol AWMLIn]E Slight, =gk oA <]
M E Complete 7o lds oz 7148ty A4S APt Fig.le 2 A4 gt 43
Az HHAFA L v &100% 8 H ol APA L o] g 44 zo|t,

g ol

200 200

100

50

lateral force [kN]
lateral force [kN]
o

SD-NLA|EH| NS-15100 A|EA|

-200 -150 -100 50 0 50 100 150 200 -200 -150 -100 -50 0 50 100 150 200
lateral displacement [mm] lateral displacement [mm]

(a) Seismic design & Non spliced specimen (b) Non seismic design & 100%-Spliced specimen

Fig. 1. Lateral force-Displacement relationship of specimens
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Table 1. Result of the limitation of lateral displacement ratio by damage level for bending piers in Korea.

HAZUS (Low-rise) Seismic design Non seismic design
Damage level
Low-code Moderate-code Lap-spliced Non Lap-spliced 50% Lap-spliced | 100% Lap-spliced

Slight 0.0050 0.0050 0.0049 0.0062 0.0049 0.0050
Moderate 0.0080 0.0087 - - - -
Extensive 0.0200 0.0233 - - - -
Complete 0.0500 0.0600 0.053 0.0356 0.0203 0.0131

Ao 2

of ATE FEWFW/FEWFRA/EAFA] Ao o8] FAH A olo] FA=HU T

bl

o 24

1. FEMA, “Multi Hazard Loss Estimation Methodology, Earthquake Model,” HAZUS-MH MR2 Technical
Manual, Federal Emergency Management Agency 2020.

2. Park JY, Chung YS, Park CG, Kim YS, Lee DH. Evaluation of Seismic Performance for RC Bridge

Piers According to Longitudinal Steel Connection Method. Journal of the Korea Concrete Institude.

2002 November;Vol.14 No.2; p.323-329
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Real-Time Hybrid Simulation for a Bridge Pier Subjected to Horizontal
and Vertical Ground Motions
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Chae, Yunbyeong Park, Minseok Kim, Chul-Young

At 20093 7Ee] thekdt A= EefA AALE dlo]B = A ¥ (real-time hybrid simulation, RTHS)9 =
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71E0] AAFAE tfREe] AAIRE stolnge A BEE Ay FAaEH giE Aela, anpA: ®
Ao FA AT Fo] AAZE stolus S Afatr] 95k o8 o] tdith AAl dY T xE
of AAZL stelBEl= AFle] AGo] A olF F stvhe FWE Gl F FAlel tiF WAoo o &
of vk HAAZE stolpE = AFeME FA 77 WS A@A N Alstetar, olwf AIAEZFTH
ol BdEE AA FxEY EEHAAd g olE FAAES E3 Fo thE dAdA Y FxE SH
= v WAolth AF7HA theFd AR wejAe] daglgol MTHIARE, AP A AetHe= W
25 @] AAstE AL oAHds] Brbee dolvh. 53], W Aol 2 FAol tisiAe WMol A7t
AR et v 2 stseabzl A ¢ 9ledl, ol AAZE dtelHEl=E djo] M FoF HWI
st AAEAS WEA77] of Al wk=E edle] Hrnt Y, B, ¥A w3 o] e xS FUE
el mg- A, ols FAe FWE e S skl Al gFE v "k wad e A
g3k AgHE 97 e AN FWE atss GEetA BA Folof stedl, ol & wEAZIVI7E 4
Al ol AAIE Ftol B = ARS o] &3 HEH WX sH I Wol o] Fojxd Hett

Experimental
I . : | RC pier 'ﬂ(»t)
Jb,:lxg /EI xg xglci my, ko k, ka.g”
Soenenl = K= Js Js
(RC pien) &} 9

(a) (b) (c)

Fig. 1. (a) two-span bridge structure for RTHS; (b) horizontal RTHS model; (c) analytical modeling of the bridge to simulate
the vertical vibration of the bridge.
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AT Fig. 12 2 Ade AMg® 243 w=a, olo) ozt 3 2 FAWNEg Ass 24387 f¢
RTHS B2 RoFEn, A wge] vAdEg Aol uztd JF=r] wite] wzte] A 43S &3 +
dabal, Ywx] ARFRES dMHon wdyste 5 pFREI] 4ax8S uyd] AWNSHS 45 U
o ®h AW AntFo] FHWE Al vA= JFS wwF YT AR dFo] wE FYW
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Fig. 2. RC pier test specimen and its experimental test setup for RTHS in the Hybrid Structural Testing Center (HYSTEC) at Myongji University
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Fig. 3. Results of RTHS: (a) comparison of horizontal actuator displacements; (b) comparison of axial forces; (c) force-deformation
relationship of RC pier; (d) damage at the bottom of RC pier after RTHS.

AAIZE stelBE|E Aol A Fig 390 AAIEY glvh #3wge] HuEWeE A4 SHE 39T
W)l & dA8kal(Fig. 3(a), AR at5 Alojdag]s 2 FLBE ol &3 Aloj® Fatsd 7AW At
oo wE Y Wals & wEirbal v S FAE S thFig. 3(b). Fig. 3(c)= RC a7zte] 33}
W9 BAE BT Jud, olF Fa HAATE stelnyE AgEet el HAY AFo] ] 2
o o £ 9, o]® Qg mzbe] £aE BAES Fig. 3(d)el AAIE] k. B ATE AAE aFEAe] &
1257 FLBE nlg oz 7]Fo] Fad 5= QI 37 FAANL TS SAlo] wa gl wzbe] st 2
AZE Solr s APS A7 22 AFHOR % oE BoFa g, B Ao vy 9 Azt
thekel Aoy FxEol digh ARt stelrEE AE FAT ¢ dE dde] @ Zlog vgHt

F1 &4
1. Chae, Y., Rabiee, R. Dursun, A., and Kim, C-Y. (2018). “Real-time force control for servo-hydraulic
actuator systems using adaptive time series compensator and compliance springs”, FEarthquake

Engineering and Structural Dynamics, 47(4), 854-871.
2. Chae, Y., Lee, J., Park, M., and Kim, C-Y. (2019). “Fast and Slow Cyclic Tests for Reinforced Concrete
Columns with an Improved Axial Force Control.” ASCE Journal of Structural Engineering, 145(6):

04019044.
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I~13- 16mm rubber layers
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e
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Fig. 1. Frame structure Fig. 2. Isolator(LRB)
=3 AAE g8t 49 R0 m x 6 me] F= 14 cm® PgEglen B, Uy 7)E, aelal o
71%9 9 47 26 cm X 58 cm, 46 cm X 46 cm, 2183 38 cm X 38 cm = ZHE“o}OﬂE} vieke] A&}
& 2AE LYy, vigwigl, ghately A &% 58 Eeete] 5.1 kN/m?Z 7Hgsklen, AAsiEe A
ARl 99l 2.5 kN/m® & AFsith. dAle] HeE flste] BE Fo 14 9 AAsee U o=
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HEAHNZE vl A2 sl Aes aelete]l A% FxrlE, RS, 9 A wE bl o
Fig. 29} #-& LRBZ AA 53t}

AAE Zx FERE S ARl digk WA 84S HES] fste] Albelge S sl
WA ] A AFS fste] Egs 845 ARgste] 243 o® was ot WA e FANE A
A3 Erl 845 ARESt ARskEol o8] e§-7)FolA] Falord R4 El(uplift) @] TAARE
ARG 229 7E57E TR 7204, AFIFAZLRBAA weol gl 4-9), 183 LRB Wzl
o] 7% 747 1.13%, 2.14%, 28] 1.39% olv}. Table 12 7|Z1A(Fixed), #5157 (Rubber), 181
LRB Wzle] 7Z9-o] o] Ao 38, 4T vzl gk AJaie], 18fa Ao HuEE 3

o
At (base shear)®] HAgE HolErh Figure 32 3 A= o] Algto|d& HolFE

Table 1. Seismic performance of frame due to domestic earthquakes

Earthquake Absolute Displacement (cm) Relative Displacement (cm) Base Shear (kN)
Fixed Rubber LRB Fixed Rubber LRB Fixed Rubber LRB
Pohang 5.78 3.52 3.76 5.78 1.48 295 195 9 167
Gyeongju 2.26 2.60 2.80 2.26 0.81 2.00 274 87 184

300 300
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Rubber

Fixed
Rubber

Force (kN)
Foree (kN)

-300 -300
o 2 4 6 8 10 12 14 o 2 4 6 8 10 12 14

time (sec) time (sec)

(a) Pohang Earthquake (b) Gyeongju Earthquake

Fig. 3. Time history of base shear force
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1. Architectural Institute of Korea. Site Inspection and Damage Investigation of Buildings by Earthquakes
in Gyeongju and Pohang 8. 2018.

2. Lee DG, Kim TH. Application of Seismic Isolation and Vibration Control in Korea. Journal of the
Earthquake Engineering Society of Korea. 2006;10(6): 67-77.

3. Architectural Institute of Korea. Korean Building Code and Commentary 8. 2016.

4. AHF=UFLT 2T wFAA NN EATE, B2 AV EEHAGEAAN) A 2. 2015.
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Development of Seismic Amplification Model considering Topographic
Effect on Pohang Basin

o] &g g A 21 e
Lee, Junyoung Kim, Kwang-Hee Kang, Su Young Kim, Byungmin

20179 119 159 f % 549 XA 7o) dAs 1 HIAAE nfetE = ALH
Aol A Azte dre] HE T&y
FA ol A= Aust 387 dAY st
A5 vl Abdol A AR 8o F )
o R JEe gZFsstr] $l8) *oﬂ% Z(h)ot 22 Ay 2AES A%

o 45191 31

T A EEgEA] FRel] A 1227]9] ATFAaY 71N LFc= X
2019/01/03 ~ 2019/02/14 717+ <+ AZHE 513709 AR F7
(o 01~0.59) SESHAAERS RV, NIAY(Rep), A 30m 3

i AR EE(Ve), AGA Q4o tiste] 37248t A3 £% 24
& e, :

o] AFelA AU et BS54 XY APAe Wk g [k A i
WA dE@E A % 2l AY WaER dAgsdc durd 5 °
A A AAY =M 1 AAZFE 54 9E U 159 H 1t (hpean) 2
Aolth, BT R gho] Folw AWLE g APold gol oW AF L
2o APL marh B AT AE 100m, 500m, 1kmS Aoliwe] wg €
o Zolz melsdlth. Fig. 13 go] #ZIzrb AAd Aol P

HC]' 129.3° E 129.35° E

(Aspect)ell et A gxe] 4 BFes A=(0= Hdsion
SFOIA Al =k A AR Abaglo], R otAe] A= /\}E'j vlako] A] A} Fig. 1. direction the epicenter exists
Weo] wh WEkbA 0 ~ 180°%2 T At HTFig 1(b)). a7} 0°o]H respect to the slope direction

oA 7} AbHHFEko] &8t Aolal ar} 180°0|™ X ol—;qj}_ Ape o] &bty
WHake] EA)st= Aol

TR e 2o ANEY(SY)S F/|HE BT, R AREE 25 oo AdEH| AX= A
S gelgda 4 (1)F #o] Fitting lines R gt a2 18319},

Sfu=cy s M+ (D

AN, T & B ASLE oguen), £, AARIE G % SHEAEY g Aol o] AAH(Res)
£ 7Aitstel AgAR et vlasgint. YA ALFEF Reslo] obA= AFS gl 24 (2)%
7+o] Fitting lineg 27 ol 3l =g Fs ).

fR =C Repi+03 (2)

epi

ANA 3} ¢& B AFE Av@Th £, F Resl @& Abolo] AR ResDF AT VoSt W w5
9. (Fig. 2008 B0l Vool B Res2® EAADAT T 4RE BAHA EAAD. Bl Res2d)
AYA anshe] BAE elsdn)
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AR E A e FUHGEE, T3 SR Ui 1 MR o]l IE Res2E FA8ITHFig. 2).
awerp vhe F3he] A XA E vigtR e AFACA A 7], srdAME A A = 2T AbeRRE A EelE)
GTh AT S0 A A, AGH Y YA e Adaglel F% 2 4 Aol gldrh Adaxrt
2 e A, JAGAE vigE e AbHOA FF, RiiAbHCN A et A RS Flekglth. 4 (3)
ol fitting lines aol gk -2 AT

foa=cy o atey (3)
h?%™ < -20m -20m <h?%™ < 20m 20m < h>°"
R Period: 0.01s
g <« ] N=s C T N=420 i 1 N=42 i
N i L i i ] B
1 o L - 4 13 » —_—
g, © 1 ﬁri‘i—}—i—r—r-}'f"i‘—_ _‘f“l“{“{‘{‘H‘i"}‘f T 'P-{-E——i—!-i-i-. -
8 © ] f.-000585x+-0.85 C 7 f.=-0.00092x+0.11 B 1 t.=-000317x+0.32 i
m 1 T 1 L T 1 T 1 T 1 T L T 1 L} Ll T 1 L} T Ll T

angle o (%)
Fig. 2. Residual 2 against a for period of 0.01s by low, intermediate, and high section of relative elevation
A7IA 3 5

L5
(Res3)E AALSIATH ddiaiE v o] 500mel
HE7d o] 500mel “gj

100m, 500m, 1lkm = f 9} Res2 Alole] Zx)
THAF gho] 7 Agk7] wdel HFAHow
Atk FA (Doh Fo] HAFAow xF A

zelo] A8 AlFE2 Table 19 AEjaict.

In(sv) =futrfr,t/a (4
Table 1. Coefficient of ground motion amplification model for period of 0.01-0.5 s
Period Cy cs
[ cy Cy C3
(s) Low Intermediate High Low Intermediate High
0.01 1.71 —14.51 -0.15 0.59 | 0.00548 —0.00064 —0.00783 -0.97 0.13 0.75
0.02 1.71 —14.43 —0.15 0.58 | 0.00553 —0.00065 —0.00761 -0.97 0.13 0.72
0.03 1.7 -14.26 —0.15 0.56 | 0.00559 —0.00055 —0.00705 -0.97 0.13 0.62
0.05 1.67 —13.59 —0.15 0.53 | 0.00616 —0.00036 —0.0032 -1.02 0.12 0.22
0.07 1.66 —13.49 —0.14 0.55 | 0.00242 —0.00075 —0.00471 —0.73 0.14 0.5
0.1 1.67 —13.63 —0.14 0.58 | 0.00292 0.00026 —0.00811 -0.6 0.02 0.86
0.2 1.52 —14.31 -0.16 0.9 0.00109 0.00019 —0.00852 —0.46 0.03 0.84
0.3 1.39 —14.65 —0.17 0.99 | 0.00065 —0.00035 —0.01149 -05 0.09 1.02
0.5 1.3 -15.39 | —-0.24 1.71 0.0015 —0.00115 —0.00508 -0.57 0.17 0.35
Arke] 2
o] At =7 7IE Y 717 SN EAR] ol (KMI2018-02801-2) Aol o8] 3= A5t ol
A= YU
Fx B3
1. Kang, S., Kim, B., Cho, H., Lee, J., Kim, K., Bae, S., & Sun, C. G. (2019b). Ground-Motion

Amplifications in Small-Size Hills: Case Study of Gokgang-ri, South Korea, during the 2017 ML 5.4
Pohang Earthquake Sequence. Bulletin of the Seismological Society of America, 109(6), 2626-2643.

doi:https://doi.org/10.1785/0120190064
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A study on the Comparison of the Artificial Seismic Waves by
Generative Adversarial Network Models
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AR5 H7E 8 dAYo s 4 7Edd #5d A9 S FHsta olE HASY g gl
Agsrt, gl A AR 7150 FFar|d wejdd A s AWV S-S ARgstEd], ol YEH XX}
F2 A, AR, FA FF 59 it 7Y AR SAH 1/ 5AFS 2@t vk wEkA, 7 A3 7]
55 e R Age A BHALS deFo)rt. aEtd ‘BAgd VS 3d ] AREAS & 3y
g o e ge Aid gdst gule] BUbeetth Egh A AAlY ARVEFE AVHUyZE
non-stationarydt 54474 ¥ A A= A= Qv A, 2= 7FeAde] 00 7k sl gk
A AEVE FHA = | 73k 3§ <=9l

1 dAHS Hasgtetaa AFAs 7=
GAN(Generative Adversarial Networks, 2 th2 A4 AAW)S AF&ste] Hdlgk oA dA 7hsgk <l
AR5 ABgsait.
GANS A A2 (generator)@t ¥HE 2} (discriminator)e] 7242l st
g5 BEXE BAH He 71 S gagseltH ] <

3L
1l O
GAN< random noise A& 25E APEA S 743 SERES 5T 5 o] 53] 83

A AEAE
C—)| True / False TH&

F—— R 1=
T=T BT A T
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S~ He
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2 Ao As 3 HAR Uk
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A zlgke] R, o] A7, X]HJZ*E7 } 3

o] Btgollde A qrRet X olAAYE TEI s BARE FUEETE olw WEAe
Fel Folzol @ Wetol AASAHES YAAFE PAAAT. ollB AHRAE wxe) Foa W)
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S Tl A ANARE et A olA el wE gEe] wsl vy s Adow
Table 1. The number of KiK-net training data by magnitude and distance section
0~20 km 20~40 km 40~60 km 60~80 km 80~100 km 100~120 km Total
M 3~4 6,360 12,868 13,248 9,718 3,764 2,534 48,492
M4~5 2,473 6,856 11,096 13,815 11,320 10,918 56,478
M 5~6 336 899 1,605 2,509 3,261 3,751 12,361
Total 9,169 20,623 25,949 26,042 18,345 17,203 117,331

kel X3 dlolg e Hx)

ACGANS E3d] A" AdAsE 98 AZbsl, PSAl, GMPEC W& PGA 2 PGV AL 9 ~#HEY
5 A EAo] mrdE=A] HESAL A AFs A} o] AT vNtem AAE At AA
oF w9 AR A4S B RS s, SR AdE Ao R ol AARREZEAL S GMPE &
Ao HHEAS & ok H Azle] zldAe wE

@t Ao yErEt Fig. 2 Aljtsks 7[He= A4
H

Ae Py, HeA Ae Syt HEE AZE 9|

o)

il
poh -

PSA] WslE ©
up2} PSAI7F 57
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(a) P/S wave picking result [20-40km] (b) P/S wave picking result [60-80km]  (c) P/S wave picking result [100-120km]
Fig. 2. The process of synthesizing earthquake scenarios using auxiliary conditional generative adversarial networks

3| =l 282> AC-GAN¢|H 3|d 7|&2 Dot 1= 1A
o o upgt 74 AlFET BH2 AFAR F2 AdAGYE nEE Hx AHY JdFAEE YA
MEE A B gk X7 RoloM FELT & Aow J|thE
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1. Goodfellow I. Generative adversarial nets. Advances in Neural Information Processing Systems, 27.

2. Odena A. Conditional image synthesis with auxiliary classifier gans. International Conference on
Machine Learning, pp. 2642-2261. PMLR.
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Broadband ground motion simulation of the 2017 M5.4 Pohang

earthquake
345D DRSS 2R T
Jeong, Seokho Bae, Sung Eun Kim, Gwangyoung

2017 E3AJOIA R Mwb.49] A xlo] WAste] Ao 1w 6ol &shes s 3 & 97t Akl vt
¥ A5+ Graves and Pitarka [2, 3]9] Fdl9 slelBg|= Auts Algdo)Hd FREFS o]§ste] 20174
Mwb5.4 2328 Al g ol ds AAsta ARE ASAE e vlasleh. A3 A gk g5 549 ¢
A BEE AT7E dvtE s A4 e 3 £ Frxe] FFS W Hed, dRkee] A4 2Tt A
ko] e mx= JEFS aARA R wgdetr] 918 Kim et al. [5]9] F3hA9 3a19 SExdS F8319]
o, FEES S Avkesel vAE dEFs vrgehr] A8l Fig. 13 2o 534 A3l ndy 7S A
fata, @zl g WS 3487 el Stirling et al. [6]19 AR FR-GFHE FAAA S H L3190k

5500 0.7300
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Fig. 1. Kinematic rupture model generated for the simulation of 2017 Pohang earthquake
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(b) Examples of observed vs simulated pseudo
(a) Observed vs simulated MMI intensity spectral accelerations

Fig. 2. Comparison of simulation with observed ground motion intensity
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Korean Peninsula Site Classification Ground Motion Prediction Equation
Construction
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Fig. 1. PGA and PSA for GMPE with collected and simulated ground motions
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Case study of detecting earthquakes using long-range ( >30km)

underground fiber—optic Distributed Acoustic Sensing
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Site Classification of Seismic Stations based on the Site Fundamental Frequency
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Traffic operation analysis of roadway capacity loss from earthquakes
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.. Number of Lanes ..
Damage states Description Open to Traffic Speed Limit
No Damage - 10 6 5 80 60 40
Minor Damage Any column experiencing minor cracking 8 4 2 60 40 30
Moderate Damage | Any column experiencing moderate cracking 4 2 2 40 20 20
Major Damage Any column degrading without collapse 2 2 2 20 10 10
Table 1. A|L}2| Y EdI}s X242 MSHEE [1]
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Development of methodology for the establishment of optimal bridge
recovery strategies based seismic performance of transportation network
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Table 1. X FICiH] CHS AR (ZH) Table 2. X|ZICHH| CHE &I HE M (H2)

=% model1 model2 model3 model4 M= model1 model2 model3
Aze| 0.030 0.043 0.061 . 0.027 ZET -0.039 . -0.038 . -0.037 .
MMI -0.035 -0.076 * -0.072 * -0.034 R 0,086 0077 0,081 **+
X AFAHE 0.121 ** 0.122 *** 0.121 ** 0.047 o|as -0.059 ** 0055 * 0063 **
o 0209 021am 0141 gimps 0154w | 0153w [ 0144
S 0034 0023 0001|502 0071 * 0068 ** 0.114
o &I A -0.004 -0.008 -0.014 = 0,028 0,022
ZE] -0.008 0.003 Sl ‘ ’
ASsDE 0|5 0071 * 0046 1St nEolst -0.029 -0.030
R 0,086 ** 0004 et R E e -0.011 -0.003
xEes 0.049 0088 * ||AH|S 0.063 ** 0.067 **
EEEIVNE] 0.488 *** HEZALA|7] 0.128 ***
Adjusted R-squared 0.010 0.047 0.163 0.277 Adjusted R-squared 0.040 0.043 0.056
p-value 0.005 0.000 < 2.2e-16 < 2.2e-16 p-value < 22e-16 < 2.2e-16 <2.2e16

Table 3. X|ZICHH| CIS & HEX(ZE)

A model1 model2 model3 model4
72| -0.117 *** -0.122 *** -0.177 *** -0.017
S 0.122 *** 0.113 *** 0.121 *** 0.116 ***
dd 0.021 0.021 0.023
nsSstnE ol -0.034 *** -0.026 -0.034 *
CistAZEe 0.008 *** 0.012 * 0.012 ***
AEHRE 0.067 *** 0.080 *** 0.079 ***
HEZA|7| 0.244 *** 0.250 ***
YR Y 0.183 ***
Adjusted R-squared 0.035 0.060 0.096 0.104
p-value < 2.2e-16 < 2.2e-16 < 2.2e-16 < 2.2e-16
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Table 1. LPI-based assessment for 26 sites where MASW tests were conducted

Model L o . Balanced
i Model name Accuracy Sensitivity Precision Specificity F1 score
algorithm accuracy
Logistic Base
. 0.7302 0.6170 0.3671 0.7561 0.6866 0.4603
regression model A
Logistic Base
. 0.6786 0.5532 0.3023 0.7073 0.6303 0.3910
regresion model B
Logistic Base
. 0.6825 0.7660 0.3429 0.6634 0.7147 0.4737
regression model C
Logistic Best
. 0.7738 0.8085 0.4419 0.7659 0.7872 0.5714
regresion model A
Random Best
0.8373 0.8085 0.5429 0.8439 0.8262 0.6496
forest model B
Logistic Zhu
. 0.7341 0.7660 0.3913 0.7268 0.7464 0.5180
regresion et all2]
(a) (b)
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Fig. 2. Liquefaction probability predicted from the Best model B: (a) for Pohang and (b) near the grids
area.
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Seismic Fragility Assessment of Low— and Intermediate-Level
Radioactive Waste Disposal Facilities
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Table 1. Seismic response of grouped electrical cabinets
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Seismic Fragility Evaluation of Anchor Considering Inelastic Energy
Absorption Factor For Nuclear Power Plants
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Comparison of Seismic Fragility Analysis Results of Flat—-Bottom Vertical
Fluid Storage Tank Estimated by Different Guidelines
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. e Table 1. Tank dimensions, component weights, and material properties
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A Tank Height: Hr=43.4 ft Es=2.77E+07 psi
Water Height: Hy=37 ft Mass Density of steel :
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{ lf';‘“ N S Water Weight: Ww=2900 kips Poisson's Ratio : v=0.3
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‘ £=0.22 in

Fig. 1. shape of Flat-Bottom Vertical Fluid Storage Tank
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Table 2. Summary of results and differences of 3 guidelines for seismic fragility analysis

T NP-6041 (1991)

TR-103959 (2010)

TR-3002012294 (2018)

1) CDFM A4
SME,;=0.31¢

iy
i)

1) HCLFP CDFM F<:%:

HCLPF,, (PGA) = F.*F,* PGA,,
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2) SOV A4 (Fragility):
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HCLPE,, (PGA) = 55 = 0.29

1) HCLFP CDFM A+-:
HCLPF,, (PGA) = F)*F,* PGA,,
=0.23¢
2) SOV A% (Fragility):
HCLPF,, (PGA) = §, ¢ 7000
= 0.26¢
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2) dyA T4 A M. = 26800 kip /i M = 971300 kip— ft
F,=10 @3 ) 2) dliA 5 A% F, =158 D | o) uix S5 A% F, = 152 (D)
3) 2Uzd g3t 2 g 3) THFHA ﬂ%fftl 7 B 3) 2dZo] W 7+ g

Zpol 4 | 2.65, 2.70, 2.75, 2.80 2.45, 2.50, 2.55 2.48, 2.53, 2.57, 2.60
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P, = 17.5p51 P, =19.4 psi P, =P,— II[~PPH Eu ”_Pme
P :PST7P$H70'4PL" Pro = Pyp=Ffifuf it (SF) P,_ = 1.28psi
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Suggestion of Equipment Seismic Qualification Criteria through Analysis
of Overseas Standards
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o] 5L v

(1) AC156

C1F, 7ML A7 E VN v R AR S 2 TR g eR HEE 945 gdes §

- IBC(International Building Code)oll w2} ICC Evaluation Service, LLC, (ICC-ES) H7} X iAo Q1A%
T HTFReAY g Agez i QFd uigk HA 918 A4

- ASCE 7914 A&" Fou74 7idoe] x4

(2) IEEE Std 693

(3) IEEE Std 344

- A A o] Auel tigk i3 S (Seismic Qualification) A2k

- 71EH o2 UM (Seismic Category) 1 AW E dido® atv A WWF 1= xF
-5 ARAY], & HRE S SHAHEY FE ATk &5
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