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EQUIVALENT MASS-SPRING MODELING METHOD
FOR SUPER-TALL BUILDINGS OF INCREASING HEIGHT (PART 1) :
OVERVIEW OF PAST AND PROPOSED METHODS FOR BENDING-SHEAR MODEL

SRR T PR — B

i

e KB 8k A

Kazuhiko KASAI, Kazuki WATAI, Shusaku MAEDA,
Daiki SATO and Yosuke SUZUKI

This paper proposes a new modeling method for an equivalent mass-spring model, the so-called “bending-shear model” that can accurately reproduce the dynamic

characteristics of the super-tall building. The bending stiffhess and shear stiffness are calculated such that the 1st mode frequency and vector as well as the 2nd mode
frequency of the bending-shear model match with those of the member-to-member model. Instead of typical static lateral load, pure bending moment is applied to the

member-to-member model to estimate and calibrate bending stiffhess for the use in the bending-shear model. The seismic responses of the bending-shear model agree well

with those of the member-to-member model.

Keywords : Super tall building, Equivalent mass-spring system, Bending-shear model, Vibration period, Mode vector; Higher mode
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b) Bending drift
Fig.1 Two types of story drifts at i-th story level

c) Bending drift and forces
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a) 80m model b) 400m model
Fig.4 Building plans and elevations

Table1 Cross section of members (400m model)
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b) 400m model (80-story)

Fig.5 Comparison of axial forces under pure moment loading
Top moment applied to; 1) Outmost columns, 2) Interior columns
next to the center, and 3) All columns with triangular distribution.
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under horizontal loading
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Fig.9 Decomposition into shear and bending drifts (400m model)
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Table2 Comparison of vibration periods (80m model)

Mmodel S model B model B™" model
mode
(s) (s) (s) (s)
1 3.648 3.649 (+0.0%) | 3.649 (+0.0%) | 3.648 (+0.0%)
2 1.357 1.391 (+2.5%) | 1.365 (+0.6%) | 1.357 (+0.0%)
3 0.811 0.845 (+4.8%) | 0.825(+1.7%) | 0.817 (+0.8%)
4 0.576 0.614 (+6.5%) | 0.595 (+3.2%) | 0.589 (+2.2%)
5 0.436 0.475 (+9.1%) | 0.459 (+5.4%) | 0.455 (+4.3%)
Note: I = error exceeding +3.0%
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Fig.11 Participation vector of 80m model
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Table3 Comparison of vibration periods (400m model)

M model S model B model B™" model
mode
(s) (s) (s) (s)
1 8.987 8.448 (-6.0%) | 8.371(-6.8%) | 8.987 (+0.0%)
2 2.961 3.614 (+22.1%) | 2.886 (-2.6%) | 2.961 (+0.0%)
3 1.605 2.253 (+40.4%) | 1.610 (+0.3%) | 1.612 (+0.4%)
4 1.099 1.616 (+47.0%) | 1.118 (+1.7%) | 1.110 (+1.0%)
5 0.831 1.284 (+54.5%) | 0.854 (+2.7%) | 0.842 (+1.3%)
Note: M = error exceeding +3.0%
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Fig.12 Participation vector of 400m model
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When a super tall building is designed, a member-to-member model is constructed to represent the assembly of
columns and beams. The response history analysis using member-to-member model, however, is computationally
expensive and produces excessive amount of data that are not necessary at the preliminary design stage. Therefore, an
equivalent mass-spring model with a small number of elements and short analysis time is useful at the initial design
stage. It promotes accurate and quick decision on the overall performance and economy of the super tall building at the
critical stage where many different design options are explored. In addition to the shear deformation typically
considered, bending deformation becomes large as building becomes taller, which must be simulated by the equivalent
mass-spring model. In this paper, we propose a new modeling method for an equivalent mass-spring model, the so-called
“bending-shear model” that can accurately reproduce the dynamic characteristics of the building by using the
information obtained from the member-to-member model. The bending stiffness and shear stiffness are calculated so
that the 1st mode frequency and vector as well as the 2nd mode frequency of the bending-shear model match with those
of the member-to-member model. Instead of typical static lateral load, pure bending moment is applied to the member-
to-member model, and bending stiffness is estimated and calibrated for the bending-shear-model. The displacement and

acceleration responses of the bending-shear model agree well with those of the member-to-member model.
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