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Abstract

Recently, earthquakes have occurred throughout the entire region of Korea and
seismic analysis studies have been actively conducted in various fields. SSI analyses
studies considering ground have been carried out consistently. However, few
comparative analyses have been performed on the dynamic behavior of buildings
according to numerical analysis method in the case of the previous dynamic analyses
considering grounds. Therefore, in this study, the dynamic analyses were performed

on a high-rise building by using both a finite element program MIDAS GTS NX and

ﬁ OPEN ACCESS a finite difference program FLAC 2D. The results were compared and analyzed each
Journal of Korean Tunnelling and other. As a result, both the maximum compressive and tensile bending stresses of
glr‘(‘;‘;;%rf_"z';‘;(SZ%T;ASS‘)C”“O“ above ground and below ground part were estimated to be a little larger by MIDAS
htps:/doi.org/10.9711/KTAJ.2019.21.2.211 GTS NX than by FLAC 2D. However, the maximum horizontal displacement value,

the horizontal displacement distribution, and the position of weak part were turned out
to be similar in both analysis programs. Therefore, it can be concluded that there is no
difference in using either a finite element program or a finite difference program for
the convenience of a user for a dynamic analysis.
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A comparative study on the numerical analysis program by SSI analysis of a high-rise building and an adjacent underground structure
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=gl F14 olebn|e]Ql QAFAE, Autz A, A Wut EAS ARslo] 7F T2 Jed 2 §S1 S A6 e85}
T ATE v - BASHE A LR E-S 2112 A8} 0] Q1A et 2 B2 747t 0] 275 m, 552,
F3L5m, A5h4%; 25 mi2, 0] 15 m, 315 m, A5k 3502 TR A0 2 shelrt. Jixintae AEs
7] 1,000, 2,400'A°]] Sgoh= AT FEE(PGA) Q] 0.154 g, 0.22 g©] 19681 U2of|A] I Hachinohe
Ao ARESIo] 43R AR(MIDAS GTS NX) -GS FEEH(FLAC 2D)el| 2Js A A7tol=ls)4(21 2]

) S, 205 742 SHWS), S7hA9IH], TR ] AESHe TSR, FoR 9XS ]

N

&

2.

-_—

ot AH(MIDAS GTS NX)

432 A A (Finite Element Method, FEM)©l| /& AHEL35 AHg 750 tigt AAAIsHA-2 €150 7H
e T3 2]Q1 2= 7151 © 2 MIDAS GTS NX7} QIth. et e A2 nl g 4] o] ShE Alitolk= 42164 &
At o=, ul 2 AS A WA o s Helste] 25 AS FEoHA Bh=t, ofF Slsl RESEH
(Mode Superposition Method)© | 213225 (Direct Integration Method)& ©-8-¥tt. HEZSHHo gt 2+ &
Eu2 S4S Seolo] SRS Hobe Mo 2, AR ASERENS Aol vl 720 51 A5

S Akl LR 4 98w b2 0 2 AR 4 QIThKim, 2013). HHHof| 2 AE .0 A4 A9
AHEE OAR S Aoleahl oz, WA A4 tie 54 BRIRAE Azl et FaH o A
Halo] 35 Fshe wiRoloh ok, BE A7 Alof| Histo] si4d-& e85} wl o]l A7 A 2] o] HlE|5}od
Sf|AAJ7Fo] A QFITHMIDAS Information Technology Co., 2016).

Rz 49 7} REUR AL8A7] 27 22191E Jeiapl Hl7 Aol me g
AltRit. T3E Rayleigh®] 72181 C'= aM+ KA HFF AT o, pEAH A
AL Fojol AR 157719} 7} = 0] kS S1elelA ek, MAlARE 7Hale] A9 med 7k

Hd
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£ A3t Rayleigh o] A4 E | HFIIAIT o, g5 AR A=A, 77719 2 RES] AHIE ™
S}, A c2e A, HATAIE 285t 2317 s A St of ML @4 ARt
(MIDAS Information Technology Co., 2012).

2.2 FeRR2(FLAC 2D)

RO AR A Q1 =]l L2 150 © F FLAC (Fast Lagrangian Analysis of continua) 2D7}
Uk 2R FRE-E 7 A AAE 241 AEA| R Ittt Holl A fRkaariyt -fA R v
ok T ol tisf 2tole] Qltk FLAC 2D+ 25478412 sk& -6k Slof 213 2gte 7ok U OJ
A2 RS 0|83t} MIDAS Information Technology Co. (2016)°4= Al7tol@is|A 5 21 2} i
=50l tieh 52514 B4 0] U 91 ARE-S Table 13} 7o) A2]5199tE MIDAS GTS NX= RESHH
oLt 21 AR, R FLAC 2D 2] 73-9+= Zﬂ‘%‘jﬁ%‘ﬂ* TS 2-85to] A| AR AL0] s E e 4= QA 5t
A9 MIDAS GTS NX2} FLAC 2D T2 13 R SX7IAE Q5| Aaf 7H43-H]2|734 5H(Mass, stiffness-

proportional damping)?! Rayleigh 734] 50| AF= —/F ]13]'.

Table 1. The comparison between two commercial programs in terms of dynamic analysis characteristics

Type MIDAS GTS NX FLAC 2D

Applied method to solve the
system equation

Mode superposition method Direct integration method

Run slow due to complexity of

Calculation time Run fast due to simple mode combination calculation process
Accuracy of analysis Medium High

Applicable analysis Linear analysis only Linear and nonlinear analysis
Appled damping Mass, stiffness-proportional damping (e.g., Rayleigh damping) etc.

FLAC 2Dof|X= 21-5-2] fAle 4-8okA] @har, 323 A|REe] 15715 F-Estal, 578 41& 5ol AlLtst
7| Fr}. $HH 7H2= Rayleigh damping, Hysteretic damping 0] A&

SH7A A A7 op} babE] o] sA A o] Gk rlAlE Ze 9] 9
of sl g 9 £, = A= 273 7 Al (free-field boundary ) S -89t Z12] 31 deconvolution= <351
Ax1ke] ZlEo] M g7 tER= Z-& v o 8 40| sHEAA) quiet AR/ H ) E A-83FH(You and
Kim, 2018).
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H Ao A= 73t Ao ZASFMIDAS GTS NX & 731} §okx}E o] 7125t FLAC 2D =& 134
2 ol §lo] Fig, 17} 2o] SIS el 2115 72(55%, A5t 5%), AWASHLER(A535)S o 5
Al Sasterh. 231% DB QST ZL IR Shet $lol Ax|slo] gl Ao 2 s, A

70 22 25 m o] 2 E51E7} ZAlslo] 215 A2 o] Ashrel el 15

seact.

A
above ground part
A
T
Sm@55 story=275m
below ground part
- adjacent underground structure
K\“‘x Om@Sm=50m v
B el
surface(weathered soil) 25m t . .FEEH 10 @5m=50m
e = = = |
_ ) 25m
2W=340m 1W=170 m 2W=340 m
200 m|

bed rockigranite) y

Fig. 1. The analysis section of 55 story a high-rise building with adjacent underground structure
e 215 DB 22 ASPAART B ARG FEE S ZHA ] A2l (170 m)E 7170 2 20
ol o= 340 mE 42} 2} 92, 2315 =] A1 e o 258 of 1.281]1 200 mE 512 2fisto]
AA5153c} E3FMIDAS GTS NX@FLAC 2D 25 thAal A23} 2]Hke] @ 4 F71= 7R551H 2 m x 2 m7}H &

L= ot 23402 MIDAS GTS NX9| 7% 844+ 2115 78 63671, - o= 1367}, A5t

¢

¢

[e)
46,358712, FLAC 2D2] 9= x11= A& 6457, AHASFLZE 12470, A|HH42,7707]2 QA5S H]|S5
A oFAt
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2 ofjAof] 281t S 7N
of] AR 2F=(Western Metro, 2016)

?:]-ELZ'_ 1 OQ_ Q-

=2 T10

2 0 ezl

SE=Xel
HE=

rlo

AR

Z&0] A= 7Eshe Aoz 7Pgste] aefskA] el

Table 2. Ground properties

2yt goteol S99 hgom BAAE OO AAB)E A7
S 33151 Table 221 @] #8511 ZE]J— A= ZSH 79

51l 0w, ZHHLA] REl2 Mohr-Coulomb 1H] 7138 28519t} ih’a FUN A= A
15l 7A1 8 2x(interface element)E 2le{sfjofsht, &2 ALl A= ARk

Ground type U?&V/\E%h t ElaStElc\AliI)l;))(i ulus Poisson’s ratio | Friction angle (°) | Cohesion (kPa)
Weathered soil 19 25 032 29 20
(surface)

Granite
26 15,000 0.22 43 2,500
(bed rock) ’ ’

SN Aol -8 211 AT A AL EE-2 beam 845 AFESI] SE|E, B4 12|11 7| GoR B

3171 9] H 2Rl 295

of vt 2421

fl Table 33} Zo

Table 31} 2t} {3 E
A WHIE (plastic moment)
7} Z¥7} 25 mm@} 240 mmo] 1 shgte]] Tl mlE] 3707 e E o] Sl
MIDAS GTS NX & 738 28 A=
QAH(MIDAS GTS NX)u} -33Ha e
S 25 kKN/m’ o2 7%4

Table 3. Properties of building structural members

=

HOIFLAC 2D T2 715 A8 A
= 29

=2 10

stoct. o= SA1710.35 m, Ho)]

AARHES QR 4 glolA] FA1e] whvlis wefsA]

H(FLAC 2D)o]| 2]t 8|4 R L2290 258 117
6}93\0 ™ 71 9]0 otz W AbolE-2 ZF7F 4.2 kN/m?,

Structural Unit weight Elastic modulus | Moment of inertia Thickness (m) Plastic moment
members (kN/m?) (GPa) (m*) (MN - m)
Slab 3.57x10° 0.35 0.69
Wall 25 21 423 x 107 0.8 0.81
Column 0.18 1.3 0.88
2 Aelis 2205 2 A EEC] RC FEEE A EH L 7HEsIiH:. met 222 E &
ZEAHEA(Ministry of Land, Infrastructure and Transport, 2016)l14] AAISH 174 2| E Q] AAZ |4
(0.,)7H40.0 MPaQ] 242 F1510] 518 £191%, Q1 9 ATk 22 717124.0, 4.0, 2.4 MPa2 A-831AH You
et al., 2005).
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ol x| Rnf= Fig. 2(a)9]r Zro] 7121 A|7Yo] 15x0]1 EFEF7]= 0.5% E/}‘g_zr L) Hz) AZ7|}el
Hachinohe™tS 285191t} Fig. 2=0.154 g5 A2 745 o| 23} 7[5 S AHE RS H oJZEtt Fig, 2(b)
2HE] SUZT7} B 0228 ohjel, 712.520l4 % LR RE B2 ]mel e & 4= glrt

0.2

0.45
0.15 0.4 4
o4 _ 0.35 A
CE 2 03 -
£ 005 - 2 0.25 -
s e
g 0 A 3 0.2 A
g g 0.15 -
< -0.05 - <
0.1 4
0.1 4 0.05 |
-0.15 T T T 0 T T T T
0 5 10 15 0 1 2 3 4
Time(s) Period(s)
(a) Time history (PGA 0.154 g) (b) Response spectrum

Fig. 2. Hachinohe earthquake wave (long wave)

MIDAS GTS NX& o|-&3t A A|zte oA (2322 H) & 438517 $IsiA= Rayleigh EdAE
“gofiof Frt. o5 sl =t A|Re] HAA A= gt aL-7-2] siAle Fote] AP ddRtotee] w2 1,2
2} RE O] W-557]9} 7F B E O ZHAH| S Z127}0.055 Y25t 9HH FLAC 2D 2] 79 Rayleigh 744of] 2J5}
o] 2315 71E0) 7HaH|et S5 721 0.008 7 0.25 A8, A|5He] 7H4HH=0.05914.55 A8 ct
(Park et al., 2015; Itasca Consulting Group, Inc., 2005; Koo and Kim, 2015). MIDAS GTS NX 2] 74-¢ 11-7-4|
side skl ARF7 18 A GG AR 20 I{F7] 6.42(12F E), 1.42(22F RE)E A5}
Rt A4 REsh ] f15l A (1)2 2-8ste] ARHFE—AN & )E FFolal 719k, 5 2 9S50 AH
) AP Qe SR S Ssto] AJielo] mAE]ES se)

K, = K, < (B,/0.3)"%* (kN/m®) (1)

oA7|A, B, = /A, (m), K,, = a X E,/0.3 (kN/m’), E, = EV3AS(kN/m*)°]ct.

E3FMIDAS GTS NX= 2| X1m}7} 7474]01] Z5]7] 9151 Lysmer and Kuhlemeyer (1969)7} At 2417
Az 7IHIet v, 7[R, 235 2 9500 2442F 4 (2)2F A (3)2 285t AA8AAT C,, C,)E okl
A7 A RS 2-85IQIt. A, FLAC 2D 2] 7-9- S8 A A A -u7} §EARE] = 25 17| f1el] shA 9
O] 2} 952 A HAIE 2-85I3ink TRt 7 WA S| shELo]| A nE 711N 717] flolf 4 SHRRe] ],
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— 4. E
G, =p4 \/7 ©)

Z015 A QIR E theh- & A AV AES] RIS
5lo] -G3HRAH(MIDAS GTS NX) -G HFER(FLAC 2D)e]l 2J5f 438
£ F a2 00| o2 25 7150 o) £8HE / AIRE4E, 8%, 12%, 16200|4] %”@5* Zﬂ%ﬁﬂ >TE

Table 4. The comparison of the maximum horizontal displacement of a high-rise building (PGA =0.154 g)

Maximum horizontal displacement (cm)
Type of C di C di C di C di
program 4 sec orresponding 8 sec orresponding 12 sec orresponding 16 sec orresponding
floor floor floor floor
MIDAS
GTS NX 35.37 1 52.05 11 88.04 55 59.06 43
FLAC 2D 34.13 1 48.60 9 94.67 55 55.52 41

275 A=0] o] £HHY7T A 71 AIZES MIDAS GTS NX@FFLAC 2D 25 122 e

747 2|t B 9= 88.04 em”7HEAYSHATE FLAC 2D 9] 2|t -3 9=94.67 em 7t =

= 2detolA WAsto] T oA e T o) Avigho] fARES & = USIEE ZF 7 H Aol = e TR

o2 AE Fof Swig]o] Zjol= 0F3.7 cmE U|A[SH 2ol 7 AREE| Q) TS Z1RIAIZHE X 4 o) wF

A G2 & U5 L2l MIDAS GTS NX@FFLAC 2D 9] -FAMI-S 8¢l

Fig. 3-2 2|54 2 T30 k2 PGA 0.154 g, 0.22 g7} 288 B¢ 215 AR A= HAE 7|ZFo082 &

HHEAEE el Zloltt. X £EH = 20T AF 2PYTolA FUoH WA 2HH, MIDAS

GTS NX}FLAC 2D 2] =R $JE I Zho] Z}oli=0.154 g2] 7% 2F2~10 cm, 0.22 g] 9= 9F3~15ecm &
I EAYSHIT), HhH - Q1R OFALS MIDAS GTS NX@FFLAC 2D 25 -GAFSHA Urebdtt.
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FLAC 2D

0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140
Horizontal displacement(cm) Horizontal displacement(cm)
(@ 0.154 g (b)0.22 g

Fig. 3. The comparison of the horizontal displacement distribution of a high-rise building (excitation time =12
seconds)

42 715E 0] U A7hHS|H|

Fig. 42} Zo| 5|4 2 158 B 2|7 9] 715 o]H& FFT (Fast Fourier Transform) HotS Bl 75
AHEHS AFESIGITE T3 MIDAS GTS NX 4ol 412 FLAC 2D & T3S ARg-sto] 719t 2115 29
2d5(55%)°] 715 o] At} =il Hachinohe A71ute] AE|E RS %Lo}’»‘ﬂ AT Fig. 4014
Hi= e} o] 2115 745 5559] 7M. AHE O] MIDAS GTS NX 9] -9 2~3 %04 TEE=|11, FLAC
2D9] 7B F71710.5 %04 FEES G S Uk o= e ARE] F7|7F A7 5%2910.22 %2 D] s
+=FLAC 2D°] H]s}l, MIDAS GTS NX ©] 7-¢-= 723t A9k A = shof -G-2|slAd& =a8sto] 1, 22 Al
7182 217} 6.4%92}F 1. 4% 5 A6 whizoll YA 71 0 = wekerh. < MIDAS GTS NX 9| 4-9-+=1, 2%}
717} 23281 Hachinohe A[710te] 22} Ehd =719 354 2~2.5% Afoof|A] SF5 21 0 & ek,

——Hachinohe 0.154g  ----- MIDAS GTS NX 55 story ——FLAC 2D 55 story
1.6

14

=
=N

o o

Acceleration(g)
o ®

] 0.5 1 15 2 2.5 3 3.5 4 45 5
Period(s)

Fig. 4. The comparison of acceleration spectra at the top floor (55 floor)
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HHH FLAC 2D 2] A% 2|8t 11-8571710.22 %2 0.2~0.3%2] Hachinohe |21} 1 2} EFZ7] 9} H]Z=5}0]

Mol ot 52 Zlo 2 Bt
— =

A%0] 2]t 47819 AE o) galo] A7 A 215

_ic_)_
Aol BEEES 24} 215

AZF12x2d 50 TA5FATH
Table 5. Inter-story drift ratio of a high-rise building (excitation time = 12 seconds)
Program MIDAS GTS NX FLAC 2D
Story Displacement (cm) Inter-story drift ratio (%) Displacement (cm) Inter-story drift ratio (%)

1 17.92 0.0060 18.98 0.0646
3 17.95 0.1440 19.30 0.1769
5 18.67 0.3920 20.19 0.4548
7 20.63 0.7040 22.46 0.8359
9 24.15 0.9680 26.64 1.1333
11 28.99 1.1140 32.31 1.2105
13 34.56 1.1360 38.36 1.0420
15 40.24 1.0700 43.57 0.9412
17 45.59 0.9840 48.28 0.9716
19 50.51 0.9180 53.13 1.2126
21 55.10 0.8660 59.20 1.3870
23 59.43 0.7900 66.13 1.0967
25 63.38 0.6460 71.62 0.5721
27 66.61 0.4280 74.48 0.3370
29 68.75 0.1800 76.16 0.0757
31 69.65 0.0420 76.54 0.0465
33 69.44 0.1880 76.31 0.0361
35 68.50 0.2380 76.13 0.2944
37 67.31 0.1860 74.66 0.1630
39 66.38 0.0440 73.84 0.0144
41 66.16 0.1640 73.77 0.4187
43 66.98 0.3900 75.86 0.4363
45 68.93 0.5900 78.04 0.6450
47 71.88 0.7260 81.27 0.4564
49 75.51 0.7800 83.55 0.7980
51 79.41 0.7560 87.54 0.6188
53 83.19 0.6720 90.63 0.5130
55 86.55 0.2980 93.20 0.2948
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—0.154g = =0.22g

50

40

g 30
["2]

20

10

0

2.0 0.0 0.5 1.0 15 2.0
Interstroy drift ratio(%) Interstroy drift ratio(%)
(@) MIDAS GTS NX (b) FLAC 2D

Fig. 5. The comparison of inter-story drift ratio of a high-rise building (excitation time = 12 seconds)

Fig. 5014 Hi= Hie} o] f£ 2 TJliof| A 13k SXHAQIH] E2= Aol FARE 20 & Ueyith 10~203
Atolof| A SHA LI H] = F ek ‘/}E]r‘ﬂ UL, 30~40F Atolollx] FAasIAT7L 403 oV ol k= Al 57k

3RS B YL Fig. 5(b)ollA] & 4= Q150], MIDAS GTS NX 2] a4 A7} 2| AR 5 710.22 g 1 0.154 g
Kol =7hAou)7E B4 0.23% 2 %94 15199k, ot HTiA U I Q1 PGAZ}0.22 g@) A 1051175
Atolofl x| Z|tf S7PHQIH| Q1 1.7% 7} Y5} National Disaster Management Research Institute (2012)1|4 7
At I g Zafoto] Ao paz e 4= 9l& A 0 = whekETh

>l

2275 A 7H A7 122004 MIDAS GTS NX2FFLAC 2D¢] T2 2113 718-90] 2o 32218 AkEs}o]
Table 61} Zo] ILA|Sto] H| WSkt & 2 738 7F 3132 0] 2Jo| & EA5H A1 MIDAS GTS NX € FLAC
2D B5 7AF 2 Aok 1 Als 222 Hof fE-820] 518 EY5-38(24 MPa) o= WAYsto] of
g 9 o7 Ag6lR] o= A0 = UEPR T HE, MIDAS GTS NX@FFLAC 2D9] #|off 1822 & X
/g 9 Aok B 618 FRI-82l(-4 MPa)= Zitotl, 53] 71E A1 3 2|51 MIDAS GTS NX 9| 88
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Table 6. The maximum bending stresses of above, below ground part and the adjacent underground structure

(excitation time = 12 seconds)

Maximum bending stress (MPa)
Program PGA (g Above, below ground part Adjacent underground structure
& Compression Tension Compression Tension
0.154 23.79 -20.87 74.57 -79.93
MIDAS GTS NX
0.22 42.67 -42.67 75.80 -81.19
0.154 14.55 -14.31 9.10 -6.63
FLAC 2D
0.22 17.42 -17.40 9.51 -6.85
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Fig. 7. The tensile bending stress distribution of a high-rise building and the adjacent underground structure
computed by FLAC 2D (PGA 0.154 g, excitation time = 12 seconds)
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