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Abstract

Up to now, most of studies on seismic analysis have been limited to analyze buildings
and underground structures individually so that the interaction between them could not
be analyzed effectively. Thus, in this study, a dynamic analysis was conducted for
soil-structure interaction with a complex underground facility composed of a building
and an adjacent underground structure constructed on a surface soil and the bed rock
ground conditions. Seismic stability was analyzed based on interstory drift ratio and
bending stress of structure members. As a result, an underground structure has more
effect on a high-rise building than a low-rise building. However the above structures
were proved to be favorable for seismic stability. On the other hand, tensile bending
stresses exceeded the allowable value at the underground part of the building and the
adjacent underground structure so that it turned out that the underground part could be
weaker than the above part. Therefore, it is inferred that above and underground
structures should be analyzed simultaneously for better prediction of their interaction
behavior during seismic analyses because there exist various structures around
buildings in big cities.

Keywords: Dynamic analysis, SSI, High-rise building, Adjacent underground
structure
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Fig. 1. A typical moment-thrust diagram (Itasca Consulting Group, Inc. 2005)
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Fig. 2. Correlation between damping ratio and building height (Koo and Kim, 2015)
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Table 1. A method of soil classification using the natural period of ground

Natural period .
Type atural petio Ground conditions
of ground (sec)
Tr * Soft or hard rock
Ta T<0.1 * Bedrock is located within 10 m and a thickness of soft soil layer is less than 5 m

* Most cases when bedrock exists between 10 and 20 m. Thicknesses of sand layer and soft

<T< . . L
Ts | 0.1=T=<03 layer are less than 10 m with the lower weathered layer although bedrock exists within 25 m.

* Bedrock is located between 20 m and 30 m, and a thickness of sand layer and soft layer are
T T more than 10 m
c | 03 =051, A thickness of sedimentary layer and weathered layer are 20 m or more when a depth of

bedrock is 30 m or more.

* Bedrock is located more than 30 m, and soft soil layer such as sand layer, clayey silt layer, and

To 0.5<T clay layers are located 20 m or more

Tk * A ground that requires site-specific response analysis
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Fig. 3. Generals of the dynamic analysis section
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Table 2. Ground properties for dynamic analysis

Unit weight Deformation S . o .
Type (kN/n) modulus (MPa) Poisson’s ratio | Friction angle (°) | Cohesion (kPa)
Weathered soil
19 25 0.32 29 20
(surface)
Granite 26 15,000 0.22 43 2,500
(bed rock) ’ ’ ’

eF A (3)y& °-83 H F|i588E 9 Q82 7421 24.0, 4.0 MPaE %o}ﬁu} :LE]E’_ EHA) A58 SHe
beam 845 AMESlo] SEE, WA 18]11 7)5-& ARESto] &} QIR RS WAL, Zh 2]
TS e AIGE Yok 8ot o olof tighE/d 1= Table 37} 2.

FU

Table 3. Properties of structural members

Structural members | Unit weight (kN/m®) | Deformation modulus (GPa) | Moment of inertia (m*) | Thickness (m)
Slab 3.57 %107 0.35
Wall 25 21 4.23 x 107 0.8
Pillar 0.18 1.3

B2 1.0m, 57 0.35m ©]12 27 25 mm o] e B skl 374

Yoon (2016)= 115l A4 HI E(plastic moment) S 0.12 MN - mZ

ek T EREC] 25 Jlelol] flol BIEERES] BIEES 25 kKN/m o=
T2 Z¥ZF 4.2 KN/, 2.5 KN/m* 2.2 7Hgsto] Sl B 1 m™d 6.7 kN2 of
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Table 4. Parameters applied on dynamic analysis

Building story PGA (g) Adjacent underground structure

55,10 0.154, 0.22 Existence / Nonexistence

= A A] AT A7ro|2lo 2 g an) Zlalho] ZHE A A u:] 2]k Fig, 49} 2Fo] £ 7FAAZE
0] 15% 1 Hachinohe A|ATE A8sleitt e|1 2 =A%} A=A80] A= o) A1 2H olulE
E dVd2& Yoon (2002)0] AR 7H41H] 1 A1e AEOHH 212F0.014, 0.018 2 AFEECH(Fig. 2 ). 9
Z|9te] ZhAH|= AukA 0 2 (0,057 ARE-E] 7] w=oll(Park et al., 2015; Itasca Consulting Group, Inc. 2005), 2]
(45 AHE511 0.032 4] OH/H “goll 285t
ZUSAET ASAES] 557 += A5 A 7] Architectural Institute of Korea, 2009)014] AJAH 117
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2] (5)8 AHgste] AJ8He] 135715 0.66. 0.2 -85 Table 1 7).
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e e [
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Fig. 4. A acceleration time history of the Hachinohe wave
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A7s A 7HIAIE] it 2o @AshE i flet ofol] sidshe S v 2ot

Table 5. Maximum horizontal displacements influenced by story, PGA and the adjacent underground structure

o Adjacent Maximum horizontal displacement (mm)
Building | PGA - - - -
story () underground 4 sec Corresponding 8 sec Corresponding 12 sec Corresponding 16 sec Corresponding
structure story story story story
0.154 Exist 34.7 1 52.7 9 53.0 55 429 41
s No exist |37.2 1 51.3 9 39.6 27 24.7 55
022 Exist 515 1 74.8 9 81.0 55 59.2 41
No exist |48.2 1 73.6 9 74.3 25 459 55
0.154 Exist 35.9 1 48.1 10 213 10 11.6 10
10 No exist |33.5 1 46.2 10 19.9 10 13.5 10
022 Exist 50.3 1 72.0 10 31.8 10 13.9 10
No exist |48.2 1 70.2 10 30.4 10 15.9 10
Fig. 5 A=) e 4ol n|*le FF& Uehd Zlolot. 253E2] 79 7l Re]
8% ool QAT TEE - Fol W2 Hj5=BRIe] oIz} oF 2 mm oA 710 A1 agke
4

0.22 g 7.0 mm B A 2AYSIA. QA 2= AR A =2 EARS] A A s a A
ZHA O] HFE 242} 1,425 ton} 542.5 ton 22 AFE QI mEbA] QIR REC] s B9t Sl A7
Hrp s azo] 2ok 9 avgo] SO YA 02 Ao, 215 o] Ao 2R g w= A%
o] & | A 7] Wiz o= Pk o= QAR ] 9s At e 3 E T g AshRe
Fotet SHolA Hh7 St 9F 0.02 g TS B S ER Fig. 6] Atz Ad & 3l

Lo

—=+—0.154 g-exist --+-- 0.154 g-no exist —%—0.22 g-exist --¥-- 0.22 g-no exist

Maximum horizontal displacement
(mm)
1%,
=]

Maximum horizontal displacement
(mm)
=_NWw 1% ~ s
o5 888883888

123 45 6 7 8 910111213141516 12 3 456 7 8 910111213141516
Excitation time (sec) Excitation time (sec)

(a) 55 story (275 m) (b) 10 story (50 m)

Fig. 5. Maximum horizontal displacements influenced by PGA and the adjacent underground structure
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Fig. 7. Horizontal displacement distributions with/without the adjacent underground structure (PGA 0.154 g)
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Fig. 9. Maximum bending stresses with/without the adjacent underground structure (PGA 0.154 g)
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