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Comparative Study on the Behavior of High-rise Buildings by 2D and
3D Dynamic Analysis with Considering the Ground
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ABSTRACT : Recently, earthquakes have occurred in our country and seismic stability of high-rise buildings in large cities is being
a growing interest and thus the related studies have been increased. Also the grounds are considered indirectly in most of seismic
designs and analyses and seismic researches based on 3D dynamic analysis are insufficient. In this study, therefore, 2D and 3D
dynamic analyses were performed based on the SSI complete model including grounds and the behavior was compared and analyzed.
For dynamic modeling, linear time history analyses were performed by using MIDAS GTS NX. For this purpose, a high-rise building
was assumed to be constructed on top of the bedrock and surrounded by a surface layer. A sensitivity analysis was performed with
the selected parameters. The dynamic behavior was compared and analyzed in terms of horizontal displacements, drift ratios, bending
stresses, and weak parts. In most cases, 2D dynamic behavior was calculated to be larger than 3D’s and thus it shows more
conservative results with increasing number and size of weak parts.
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Table 1, Allowable criteria of drift ratio for reinforced concrete
frames (FEMA, 2000)

Maxi
Level Member’s damage state finmuTn
drift ratio
. Flexural cracking in URM™ walls due to
Immediate Lo .
out-of-plane inertial loading shall not be
Occupancy . L. . 0.5
10) permitted as limited by the tensile stress
requirements
Flexural cracking in URM walls due to
Life Safety out-o.f-plane in.ertial loading shall be
permitted provided that cracked wall 1.5
(LS) . . .
segments will remain stable during
dynamic excitation
Stability need not be checked for walls
Collapse . . .
Prevention spanning vertically with a 20
(CP) height-to-thickness ratio less than that ’
given in criteria

URM™: UnReinforced Masonry building
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Sc=ke . . Fc : Compression Strenght
Compressive Compression Failure Ft : Tension Strenght
Force, P Sc=Fc Sc : Compression Stress

St : Tension Stress
Sc= P/A+Mc/l
St=P/A - Mc/l
Ultimate M= Pe
failure
envelope

Sc=Fc

St=Ft
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for“cracked”
section
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Fig. 1. Typical moment thrust diagram (Itasca Consulting Group,
Inc., 2005)
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Fig. 2. The analysis generals of a 62 story high-rise building
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Table 2. Parameters used to dynamic analysis

Case Ground type Type of earthquake | PGA (g)
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Short period
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L od 0.154
on, CI'10
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8 case
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ong perio
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Table 3. Ground properties

Extremely. Weathered soil
Ground Hard rock
round type hard rock ard roe (surface)
Unit weight (kN/m’) 27 26 19
Cohesion (MPa) 6 2 0.05
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Table 4. Properties of building structural members

Member Beam Column
Unit weight (kN/m®) 235
Elastic modulus (GPa) 31.2
Moment of inertia (m*) 1.1 0.3
Section of area (mz) 1 1.5
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Table 5. The results of eigenvalue analyses

Extremely hard rock Hard rock

Dimen- | Mode Mass Natural | Mode Mass Natural
sion | shape | participation | period | shape | participation | period

factor (%) | (sec) factor (%) | (sec)
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2D
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1 59 5.8 1 9.2 6.0
3D

4 34 1.1 4 3.6 1.1
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Table 6. The comparison of maximum pure horizontal displacements

Maximum horizontal pure
Ax}alysis Ground displacement (cm)

dlr,nen_ conditions Short period Long period
v 0154 g | 022¢g | 0154 g | 022 ¢
- ﬁ::;efilz 52.6 738 | 2073 | 2954
Hard rock 63.1 90.6 215.7 310.4
Extremely 459 65.5 93.7 133.8
D hard rock (12.7) (11.2) (54.8) (54.7)
Hard rock 49.2 70.2 1133 161.9
(22.0) (22.5) (47.5) (47.8)
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Table 8. The maximum bending stress of buildings (unit, MPa)

Ground type Extremely hard rock Hard rock
PGA (g) 0.154 0.22 0.154 0.22
Bending stress Compressive Tensile Compressive Tensile Compressive Tensile Compressive Tensile
SP 26.4 -22.1 28.3 -28.0 57.2 -42.1 57.1 -43.0
D LP 106.9 -126.4 156.3 -177.4 86.5 -111.1 114.4 -150.6
SP 13.6 -12.8 19.4 -18.2 12.5 -11.5 17.8 -16.5
3P LP 41.0 -39.5 58.1 -56.4 448 -43.4 63.9 -62.0
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