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Abstract

Recently, earthquakes have occurred in large cities such as Gyeongju and Pohang, and
seismic analysis studies have been actively conducted in various fields. However,
since most of the previous seismic analyses have dealt with ground structures and the
ground separately, there is a lack of a study on the complete soil-structure dynamic
interaction. Therefore, in this study, a sensitivity analysis is conducted with MIDAS
GEN and MIDAS GTS NX to apply the underground structure fixed-end model
considering only the building and the complete system model considering both the
building and the ground, respectively and the validity of dynamic analysis considering
SSI is examined. As a result of the study, in most conditions it is found that the
maximum horizontal displacement of the tall building in case of the underground
structure fixed-end model is estimated to be smaller, the bending stress is larger, and
the range of the weak part is smaller than that of the complete system model.
Therefore, it is expected to be more reasonable to use the complete system model
considering soil-structure interaction in seismic analysis.
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Fig. 1. The models of underground structures for SSI analysis (Hanyang University, 2017)
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Fig. 2. Eigenvalue analysis of a cantilever beam with a uniform section
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Lysmer and Kuhlemeyer (1969)2} Newmark (1959)7} A AAIZ A0 2 7 Ao At A& Z2h= 54
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Fig. 3. The analysis section of 62 floor high-rise building with 5 underground stories
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T2 m x 2 mAT, LAMGE 22 22,10471 2 29,83170900E Fig. 3(a)2] AS Aot %E vAT g
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sl A= AV 625(#I5F 5, 73) (27HA) x ARdwF SRS, FF71) (27HA]) x A71uk 27)(PGA 0.154 ¢,
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Table 1. Parameters applied to dynamic analysis

Type of building Magnitude of earthquake Type of earthquake Ground Type
62F-B5 0.154 ¢ Short wave (SW) Extremely hard rock (Sb1)
62F-B7 022¢g Long wave (LW) Hard rock (Sb2)

B S| A0 A-g3F TS} 7]9HeEe] EAI %= Seoul Metropolitan Government (2006)°114] Al &3t A= E FH11
T 3IES T, AU Agotdl e, #EH o2 B Aol ARSH AFHE42|= Table 22} 2t
H

J2)0 S0 AT = B52 7[HEE B 5 1.0-2 2-8619 2™, Mohr-Coulomb TH 7|58 A El 2 2853t

Table 2. Ground properties

Ground tvpe Unit weight | Cohesion Friction Elastic Poisson’s Shear wave Ground
P 7, (kN/m®) | ¢ (MPa) angle (°) |modulus (GPa) ratio velocity (m/s) rating
Granite
(bed rock, Sb1) 27 6 45 14 02 1,500
Granite
2 2 4 4 P
(bed rock, Sb2) 6 0 0 800 Sy
Weathered soil 19 0.05 ’8 0.03 03 .
(surface)

B 540 -85 215 AE-LS beam, column RAE ARSI Hel 7502 RAE|Q] ©H, University of
Suwon (2017, pp. 90~91)lA] A|AgtE/J % 341151 Table 332} o] 47519t A-EZA 2| EL] ThelF
£ 23.54 kKN/m’ 2 2 2-8519]. 01 Aol 2 Folg-2 212t S H o]l 146 kN/m, 66 kN/m skg= 71Tt
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Table 3. Properties of building structural members

Member Unit weight v, (kN/m’)| Elastic modulus (GPa) | Moment of inertia (m*)| Section of area (m?)
Beam 1.1 1
23.5 31.2
Column 0.3 1.5

2 A= 2S5 EC] RC FXER AFE T 7Yttt wheba] 232 E ZEAA(Ministry
of Land, 2016)°l4] AASF 174 FF 2| E Q] AA7 745 (0,,.)7F40.0 MPa?l 712 Fatsto] Zof| 5188
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Fig. 4. Kocaeli_arc000 earthquake wave (short wave)
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Table 4. The results of eigenvalue analyses by the applied model

Size of member (mm) Period (sec)
Fixed-end Complete system model
Type of building Beam Column model Extremely hard rock Hard rock
(mm) (mm) Mode shape
Ist Ist 2nd Ist 2nd
62F-B5 H: 2,000 H: 3,000 6.7 9.2 2.3 10.5 0.5
62F-B7 B: 500 B: 500 6.9 9.5 2.4 10.8 2.5

ZAAIZEZA0] 75 7|ttt Bl 2 950 ST A} 719l FIHE £} 9= B 7R nie ol 2/
BAE A-8okal 7S vig S 17 - SIS oS $15] Table 591 o] Aol 2F-8-5]= Zl(boundary
values) 2.2 BVIFAIE fIet e ANMEARN( K, = A (1), B AE At A 88AAN G, C)=
217 21 (2)9F A (3)ell I8, A4 625 A5t 5, 759] 2115 7AE(62F-B5, 62F-B7)2] 73-$-0f| thal Z12F ZJut
0 Y A5 E R AR QI E, 74l8|9] B¢ Regialo] w250 HERdS dafste] AalE =R

Table 5. The estimation of boundary values by analysis conditions

Modulus of subgrade 62F-B5 62F-B7
reaction &, (kN/m) Extremely hard rock Hard rock Extremely hard rock Hard rock
Bed rock 5,704,805.8 1,629,944.5 5,704,805.8 1,629,944.5
Surface layer 25,393.5 22,845.2
Coefficient of viscosity 62F-B5 62F-B7
boundary (kN/m) Extremely hard rock Hard rock Extremely hard rock Hard rock
G 91.2
Surface rock C. 169
Gy 2097.4 1121.1 2097.4 1121.1
Bedrock C, 1256.7 671.7 1256.7 671.7

L L =211
+ ARk AEskA] Qb= AlohraE AT Rl AHhS sl ALA] Rdlo] g netnEHER
H] 3L - FASIAIARSI AT, HAE5A] o] ¢ zo] AR} o] 7 EstE 2 Xkt 2E AT R H| WS
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Fig. 5. Comparison of pure horizontal displacements at the left wall of building top (62F-B5, SW)
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(a) Fixed-end model (b) Complete system model (Sb1)  (c) Complete system model (Sb2)
Fig. 6. Acceleration response spectrum at the left wall of building top (62F-B7, 0.22 g)
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Fig. 7. The story drift of tall building (62F-B7, SW, 0.154 g)
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Fig. 8. Maximum bending compressive stress of structural members (PGA 0.154 g, dytime 35, 37 sec)

Fig. 80f|A] K= H}e} go] 2[stza 1178 HE(MIDAS GEN) ¥ 1454 HE(MIDAS GTS NX)©] H&=
3 BAFH2 018 AT 24 MPaS Zltsto] Fepivt EAfishs 210 2 Wbttt a2 %
o Eegs e R A= 518 & %%Eﬂ -4 MPag Z35to] FepRrt EAfiehs 2 0= Yepdtt. @57
A7} 2488w Aok s T Rl o] J FUS-o32 A5A| Rdlo] S7dek 24(sbnell HIsl 625
A5 5%/7%74 Zk 2u/1. 184 ~7}ohuﬂ BeEAA(Sb2)el Hl=H 0 9HH/0.SHH Aasiolet. Fok 7] A 3mt
1.28l/4.68H, 1.34/1.98 S7F5t3et. ofi= Wl 22 2ds 7Hd AP Fa=ol tisl A4 e
A7} 2)ehS Fote] SE = o HF AL o] = ]lste] ok #% A9 At iRI7 A 2 el 2
%‘*‘“*1 7131, o] wieh s o] A7 AdEE T SHARE AR AT 2 SEEA] o= o
} Hf= -zl M= o] RSP F A A= SlaL, o wie geFH o] 2 e 1 Tz
Jol e 02 Jekdnt. Aypao g 2o i o] ] Rkt g9589s
il S| ArEste] Aol Stk 2 o= eI

&I rjo 2
X od po o
™ _‘\‘U ok

2 B

i)

O,
i)

O\ rgL
el
>~

12
-

T, PGA 0.154 ZH B 39 A 625 Ao} 55 205 DB TWIO R ATt $5 9 48 wlef of
2 7k AR 352019 TR HAR) Ach BUE D QLS Fig. 99k 2ol SAlslek. Aok 1E 17

Journal of Korean Tunnelling and Underground Space Association 767



You, Kwang-Ho - Kim, Seung-Jin
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Fig. 9. Maximum bending stress of structural member according to seismic wave type (62F-B5, PGA 0.154 g,
dytime 35 sec)
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Fig. 10. Bending compressive stress distribution of building (62F-B5, SW, 0.154 g, dytime 35 sec)
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Fig. 11. Bending tensile stress distribution of building (62F-B7, SW, 0.154 g, dytime 37 sec)
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