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Abstract

Most of the previous seismic analyses have been carried out by separating the ground
and structures, and there is a lack of comparative study on the dynamic behavior of
high-rise and low-rise buildings. Therefore, in this study, the sensitivity analysis was
performed with selected parameters by using a finite element analysis program in
order to grasp the dynamic behavior of high-rise and low-rise buildings. As a result, it
was turned out that the horizontal displacement, the interstory drift ratio, and the
bending stress of a high-rise building were more affected by a long seismic wave than
a low-rise buildings. Also, the weak parts of a high-rise and low-rise building were
more affected by type of seismic wave than the ground conditions. Therefore, it is
inferred that it will be helpful for seismic designs to consider the influence of ground
conditions and seismic wave type on buildings.

Keywords: High-rise building, Interstory drift ratio, Soil-structure interaction,
Dynamic behavior
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A comparative study on dynamic behavior of high-rise building and low-rise building considering SSI analysis

Acceleration, PGA)%1 0.154 g, 0.22 g©] 1999 E|7|of|4] Y2t Kocaeli XIS AR8-0to] -5l A (A G Al
ZrolgsliA) S afotal, 2115 = A5 =0 5851 A, S|, 25 Aol 2H85l= ¥

32, 518 TS Zutske R Afo] AP 9XS vl B Ajshsiek

gk 2efo e 2} Al 1471 ) B3 S8 A Sl we} mEg At 147 chat, 2
A5T-27]5( Architectural Institute of Korea, 2009)°l4= =2 155718 7€ 4= U= A (1)= Altsto

Y

5 o] vfe} 1R F71E 4 78 4 Q= AXISHACk
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H wi= 2] (3)2 Zro] Z]HHFE Al<=(modulus of subgrade reaction)©]] SdE 3 2] 3-8 H & (tributary area)=
53t go] AFEEITMIDAS Information Technology Co., 2012).

K, = K, < (B,/0.3)"** (kN/m’)

A3)
K, =axE,/0.3 (kNm’)

A71A, E, = B3ATKN/m = /A4, (m), A =28 HHo|rt.

et oA v 5H’51 5] ] X7} oA 73 A A Ete| o] WAL= @2 Aok Zlof] Al gket
/374 A(viscous boundary =7 AAIE A eok= 7 LREY 1 SOl shuelot, &
+= Lysmer and Kuhlemeyer (1969)7} A|A|eF E= 24474 A|(standard viscous boundary)©]l 251 7 A AH
of| A Hhrfare]] Ofa HAYS|= Z|RE YA} 2-F(particle motion)©l| 2Ja 2152 H Hek-3-2o] A4t 2L
sto] AAAAA C,, C,)E A 4), (5)Z T 4 AUTHKim, 2013).

¢ = pa +20 W
P
_ 4.4

A7, A E

o
tu
e,

F T
Tri—20) 9%

273 (transmitting boundary )= A LZ2E AFS2RE T2 73Q1 FLUSH (Lysmer et al., 1975)2}F SASSI
(Lysmer et al., 1981)°]l 2-8E]] o, HHgFo 2 Hulsl= THILS HH5]14] Z|(semi-analytical) o2 1
2Rt} Z4A| hdE flof) 591 Aol A2 ko & ZHE F AR AAskl, AHANEe 2 Hulsh= It
£ 1egith §ERR 2155 FAKSE] floll 7 S AR ZolE S545] AAl 7HgstofoF shal, AAutE 1
Hsl7| floll A 5= F7H 0= ARgstoof ghrh(Kim, 2013).

2 Folals A4t -8 2 7191 MIDAS GTS NXE o851 Fig. 17+ Zo] SSI—E— AR S
(625, I3t 55), A5 1=(105, Aok 25)& L= ssis sstglnt. 2 =2 71
ol AA|=ef Q= AL R sjal, A HH 0 2R 2315 4522 m, 11 m ZI°|= SRHES0] A

s} o] Fol Baghe A0 2 Sk 273 AET A4S BB AP Eoke TP 117 m, 64mE T
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725 212.5 met 44 mE SHom F g g Rol =132 mo & 28319t A8 A|5HE £ & 51 mE
W5 71 f5.4m7i7—%9_§47H% FOIR7152Im AL =, 5} 2 A oA =R E] 2V FHet AZH Aohi-
e #H543m, 9561 mHo=R Hﬂﬂ%‘lﬁ‘r F3A|oHR O] = 201 =0] 749 Aot 155 7}
7+73,4.1,3.5,3.5,3.7m=, A& 7120 A9 717173
AP 2} 25 APHAIE 7o R 5‘11- AL
153 m&} 100 m 95 oA 0= AAsdrt.

Mim ¥ H

Above ground part

62 Story=200.8 m

Below ground part

64mg M
Ab d part
10 Story=37.6 m ove ground par
Below ground part

B5=22m)| | I~ ./:55211 m
aw=221m  wSeim 4W=221m 2W=100m 1W=51m | 2W=100 m
IW=153 m 2W=100 m
(a) 62 story bldg. with 5 story basement (b) 10 story bldg. with 2 story basement

Fig. 1. The analysis sections of interest structures

1+ AlA = Table 171 20] 7 EA T, Ak i, 270} E5, AR g v 2 A5t

20 AET AE 2150 A S v - AT TR BAS Sesgop] flel AE AV 6235( A5k 55,

62F-B5), 105( 2[5} 25, 10F-B2) (27HA]) x Ax1ut F7(T571, A7) 27FA]) < A5t 27](PGA 0.154 g,
0.22 g) 27HA) x AEEAEAEY, 4 27H) % 16 7IA1E AAs19

Table 1. Parameters applied to dynamic analysis

Type of building | Magnitude of seismic wave Type of seismic wave Ground type
62 story 0.154 ¢ Short wave (SW) Extremely hard rock (Sb1)
10 story 022¢g Long wave (LW) Hard rock (Sb2)

2 gfjAof] H-87t B3} 7|RIR-2 Seoul Metropolitan Government (2006) 0114 A82t 2}=-E Farsto] 242}
FOFELT S AU(Sb), FHU(Sh2)= -85t om, 2FA o0& 2 Aol ARG AW Z/J2|5= Table 29+ 2

=0
TR SR EE 79I 1,02 5197, Mobr-Coulomb T 12 H8S15ick 248, 5
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A B A2 T2 A 27 HES nAlel | $15]] A8 A(interface element) S AF8HH Hot ZHAGHA 5
2% upelsl 4= 9l oL}, B dof| A= Kim et al. (2011)3} o] T3] AHt} HAE0] A= 71 535H= 710

2 bl

Table 2. Ground properties

Ground type Unit wei3ght Elastic modulus Poisson’s ratio Friction angle Cohesion
(KN/m”) (GPa) ©) (MPa)

Weathered soil (surface) 19 0.03 0.3 28 0.05

Granite (bed rock-Sb1) 27 4 0.2 45 2

Granite (bed rock-Sb2) 26 14 0.2 40 6

SRS 48 215 =T A5 e 5L beam 84 ARESIo] SEE, ¥A| 7|11 7502

WA Q. 203 450 75 sl T Bol e steR7H SR ©ho] ZA AA w2 Atolli=
410 Wo] A} KA thH o] 371= ekl 7145}, Univ. of Suwon (2017)°14 AIAIRHEAIA] 9 KA ohH =1
712 Z3151] Table 33+ o] H88}9Irt. T, 57 f£olis 7B 45717} 622 A/t e S 443
g B8 24 glolc

Table 3. Properties of building structural members

BId Member Unit weight | Elastic modulus | Moment of inertia Section of | Height Width

& (kN/m?) (GPa) (m*) area (m°) (m) (m)
Beam 0.11 0.7 1,400 500

10F-B2
Column 0.17 0.8 1,600 500

23.5 31.2

Beam 0.33 1 2,000 500

62F-B5
Column 1.12 1.5 3,000 500

E3H A 252 d1eloly| Slofl EE I T B0 thlF e 23.54 kN/m’ 0.2 #-8519).0H 1 9]0] Hola
2 AFSlE-2 Z12F 66 kKN/m’, 146 kN/m* 0 2 A5} 53l 2 Aol s 213 750 A5 70 RC &=
A= ATl 75T, wbA] 232 E IEAPA|(Ministry of Land, Infrastructure and Transport, 2016)
oA AAISE Y FIE O] AAIZFEHE (0, )7F40.0 MPagl 7S Zalste] 518 = 9 o332 74
7}24.0, 4.0 MPa=Z 2-8-5F9tH You et al., 2005).

Fig. 2= PGA 0.22 g©| ©F7|2} 571 9] d2ixxlutz ARG 7H Algte] 60271 Kocaeli THE HodEL.
575 Fig. 2(a), 2(c)& 42 &, 57102 7H5E o=l HolF=0, Fig. 2(b), 2(d)= 2] ol H < Fast Fourier

Transformation)< 5ol -2 o, F5719] =7 AHER o 2 erlS7]= 717 0.3 %, 0.82U= & 4= STk
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Fig. 2. Input seismic wave with PGA 0.22 g (Kocaeli earthquake wave)
EEREE

& Sel] 913 4] (3y& Hgato] AN K, )2 Tt 7, 5 2 $50] A9

-1 1
AR AE dstal, BEAE 285t 2N 7ol sl RdlEo] A 85 s SHAAT. et A ubrt
=
=

AN 55517 GIslol BAAALS Flieh vl ZHIIT} 2 2. 920] 247E 4] (4)9} A (5) ol 8l
HAAARC,. )5 B85 Ee 7]5HRe] 5)io] A|nkE AA|7]7] Sfofl R4 510 4, 43

_%_
A}22 AHEE]0] Table 49} Z0] Hgotrt. Tt 7HaJu1e] 79 Ak, 712 W= 0,052 28k,

Table 4. The estimation results of modulus of subgrade reaction and coefficient of viscosity boundary

Modulus of subgrade Low-rise building High-rise building
reaction K., (kN/m) Hard rock Extremely hard rock Hard rock Extremely hard rock
Bed rock 1,922,249.1 8,148,375 1,629,944.5 5,704,805.8
Surface layer 32,548.5 25,393.5
Coefficient of viscosity
boundary (KN/m) Hard rock Extremely hard rock Hard rock Extremely hard rock
Cp 91.2
Surface layer Cs 46.9
Cp 1121.1 2097.4 1121.1 2097.4
Bed rock Cs 671.7 1256.7 671.7 1256.7
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5. $3|5H4 2zt
5.1 15x| A

MIDAS GTS NX 9] 5254 488 A] 11-5-2] olA]-& F5to] oA A AR AL f5715
= S0 AT 711E0] 749 Table 59t ol AF2E| It} 2115 7152] 739 ARER71o] 74 (Sb) & o 1, 22
RTO] 1857]1=9.2%912.3%20] 1, Z4(Sb2) Y Wl 10.5%2}10.5 22 AEE It nzb A & A& A& 4
Q= ZANSOHY T 1, 23 REO] 1-8F7]=1.5%210.5%0]1, H(Sb2) Y o 1,729} 0.3 %2 AEEE|Q]
t}. weba] ZHE Ao TAIglo] 21E A8 0] 12} R E 11-557| K= o] HolA] QIA|qk 23} BT o] 1.G57]

SR TSP b A A 180 A9 1,28 TR B R sMmel SF1eh 71 24
EL

gsliorst=t, 231

(=]

=

She 7102 Uehgth AT A8 AAe] 1571 DAH R Toke A @)l o) 23E 3B 45

A0| 145712 717} 62, 1,022 ApkElo] TGS 0= 73t gk} 22 2 AEE G of= 164
a4 A At 2)eke §7] wRsigl] thEo 2 wrkecy

Table 5. Building’s eigenvalue period

Eigenvalue period

Bldg.| High-rise building (sec) Low-rise building (sec) Input wave
Wave type
Ground type Ist mode 2nd mode Ist mode 2nd mode acc. (sec)
Extremely hard rock (Sb1) 9.2 23 1.5 0.5 SW 0.3
Hard rock (Sb2) 10.5 0.5 1.7 0.3 LW 0.8
5.2 THHY

Table 6. The comparison of maximum pure horizontal displacement depending on type of building

o Extremely hard rock (Sbl) (cm) Hard rock (Sb2) (cm)
Type of building and wave
0.154 g 022¢g 0.154 g 022¢g
62 story-SW 51 73 63 91
62 story-LW 171 246 182 259
10 story-SW 11 16 12 17
10 story-LW 17 25 20 29
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2 FHHSR= 215 0B 9 AT 15 27 7RI dytime) 35, 36322 W SR, 2115 720 A
Z|tf 5N A2 HAFTo]I4] 259.0 cm, AF 718-229.0 emZHEABSHLE Bk A4Sl RS Sjate] 2 1R

9] zol= AaRRE At - HLYmS okl o5 ETE niehn|E Q] 1= 34, ANk, Z]xlu}
Skt T LR AREEZ(Sb1) B 251} 27](0.22 g)7F A5l ARt F77F 7| Z[dutola] 7
= g ) 2105 0] Zd - H Y/ m=0.00301141 0.011:= ©F260% 57 FoIATt: ERF 245 712-2-0.004
0.006= ©F50% 7ol 2115 KT 57 20| 22 A3 & 4= Ik T3 A|yto] Akdrg 2115
A% 25 2] ERR= 2V} 43%2F 45% 7 Foto] ARt R T A 7lut F57t A8 g
T A0 2wk 9HH, PGATH 571 2 2t 2| 8 H9] 4k S7 1ok 743ks Haith

Fig. 3-2 Z[7lu} 7ol whE 2o AHI7 IS 0.154 g7F 28 -9 2315 T 9 A5 =0 25
71&0 2 4 2RO o] HE S LHERH Zloltt. Fig. 3(a)2 2] ©57] Ay} 71sid A9 L
7FF51 emZHEAYSIRA N, Fig. 3(b)2t 2ol A7 A 717} 7heid 749171 em A& A8k A5 1
9] 7% Fig. 3(a) et Zol 57| 2Zuprt 7heid wl, A2 2Pdet 2 o= B 11 em7HEAYSHEHA
571 27007} 7Feld 74 2o o S HLA7E OF 17 em WAL 29 2ol = ARt g7
) £ 2o |ZmS F5PH 2115 7450 49-0.0060] AFEEE T L AZ AE-20.0010] AFEE 0]
Z013 =0] A5 21 ot 2|3} F57-9] Fks o] B 20 & UEiTh o) = %

1,22 BE AR571719.2, 2. 3%0| B R 57| AAS w7 Fl=t, fE 2|31nke] ehedF71710.8%0]

D=2 o7 §g5719] 0.3x et 337 sAo] =37 wiho|etar dekEch
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Fig. 3. The comparison of pure horizontal displacement history distribution according to type of seismic wave
(PGA 0.154 g, Sb1)
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205 72 U A DB A A A 15 D912 H) SHASPHAsh 7H ARE3s, 3629
wlo] S7PASIH] LIS Fig, 40l EAISISATE Fig, 4(a)el4] ol Hlo gro] 2315 7420] 79, 4] Mg
QI inte] e U o] olgh 4 AS] WA QA BRI A 2 B 2|t 7ol ) S7hslele 29

A 3

#010.3% 2 HAISHARTE 57| A 71mke] - 1.6% WAsto] 7180l o Je F= 202 Yeldth &
=71, A7) Axdut B 2 STPALIHIZE AR Y1R= 0~530llA 2ASto] ASollA Fefet Zlow
LR Fig. 4(b)ol & = Ql5ol, AT 7122 3¢ 2315 A2 "R A2 0~5501A 2t S 914
7H0.6% Ao Fefet 2o 2 Uehdtt. Tt A5 e o] S Hle A7) ARt 7] 2] 5lute]

749t 2| ket webd 9] ARk 4] A|inhack 4% el o Sghe S 2he & 4 qlglck

— Short wawve - ---Long wave

Floor
w
=)

Floor

0.0 0.5 1.0 1.5 2.0 0.0 0.5 1.0 15 2.0
Interstory drift ratio(%) Interstory drift ratio(%)

(a) High-rise building (b) Low-rise building
Fig. 4. The distribution of interstory drift ratio of buildings (PGA 0.154 g, Sb1)

SAPAQIE] Far 0] A Pshd 213 E0] 745 o] SXHALIEI7T 1.6% H/85to] National Disaster
Management Research Institute (2012)°flA] 71783 < QG -2 Zfoto] FA 9] mpu| 7 ibgel 4= Q13- 7

o P O, Z0F P2 F AR 5% 1.0%E ZH5He 210 ekt

rO
N
(9]
&
8
ol\
o I
>
1
el
X
N

A7 Al 2| =8 RL7 A= 7H A7 35, 36204 2115 B AF AEC] 2| 8822 Table
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Table 7. The maximum bending stress of buildings (dytime at 35, 36 seconds)

S o Maximum bending stress (MPa) . o Maximum bending stress (MPa)
High-rise building - - Low-rise building - -
Compression Tension Compression Tension
(62 story) (10 story)

(SW/LW) (SW/LW) (SW/LW) (SW/LW)

62 story-0.154 g-Sb1 26.4/106.9 -22.1/-126.4 | 10 story-0.154 g-Sbl 299/152 -32.7/-16.6
62 story-0.154 g-Sb2 57.2/86.5 -42.0/-111.1 | 10 story-0.154 g-Sb2 40.6/19.0 -61.0/-12.1
62 story-0.22 g-Sb1 28.3/156.3 -28.0/-177.4 | 10 story-0.22 g-Sb1 422/21.4 -45.7/-22.7
62 story-0.22 g-Sb2 57.1/114.4 -43.0/-150.6 | 10 story-0.22 g-Sb2 54.1/19.3 -61.0/-12.1

PGA 0.154 g7} 284 749 2315 715(62 story) ¥ A5 71E(10 story)S thC 2 Z|gtx7dof w2 7171
AZE35%, 3620412 HE 7 AE-SES Fig. 52H o] mASHTE. 79 AHt=7(Sbl)el 271
7}0.154 gQ1 ARt 7| oA 57| 2 g o 2315 78] 2o HAE-821226.4 MPaoll4] 106.9 MPa
2 °9F304.0% S7F5Fct HHA A5 7152 29.9 MPaollA] 15.2 MPa= 2F49.0% 45kl 215 7AEHT &5
HEO| 22 AS o 4= k. whbA] 215 A5 <] Ao HeE-82 o] U] AXlutE T 7] A 7ute] o f

o
=4, Zi%ﬁ“%l‘itﬂod 7/12_% ‘/PEF;Z'E}. R A|Hho] AofdE 215 2 AT 2 Fd HY
=z
L

[
i
jLi
1o

o

=

e

62 story 010 story
120 W 120
/]
9 __
2 g 100 ¢ ‘_100
[ = ‘©
8 o e
P e
Q 4';; E 7]
Ew 60 8% 60
£3 g ®
S8 40 SW Es a0
© @
o o
20 % 27 2

(a) Extremely hard rock (b) Hard rock

Fig. 5. Maximum compressive bending stress of structural member according to ground type (PGA 0.154 g,
dytime 35, 36 sec)

M, 2015 A A5 A i o2 A7} ol mhE 7 AE35, 362042 A= FAf] 2o &
PF-&eS Fig. 67} o] EAISHATE PGA7ZT0.154 go| 1l ©57] 2| k(S W) 7} 21851 z]u}zyqo] Aot
(Sb1)oflA Hed(Sb2). 02 M uf| 2113 7A=9] Z|of 291822 -22.1 MPaol|A] -42.0 MPa= ©£90.0% 57}
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Fig. 6. Maximum tensile bending stress of structural member according to seismic wave type (PGA 0.154 g,
dytime 35, 36 sec)
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