[2R2 Exflsks U H—FURI Y

Science Tokyo Research Repository

oo /00000
Article / Book Information
oo@a)
Title(English) Equivalent SDOF model for estimating wind-induced energy dissipation
and responses of base-isolated tall buildings
oo@a) OO0
Author(English) Xiaoxin Qian
oo@a) O0:00@0),
oOooooo:0oo0ooa,
O000:00129390,
000 00:20240 90 2000,
ooooo:0o0o0a,
oo00:00 00,0000, 000,00 0,00 00
Citation(English) Degree:Doctor (Academic),
Conferring organization: Tokyo Institute of Technology,
Report number:[J [0 1293901,
Conferred date:2024/9/20,
Degree Type:Course doctor,
Examiner:,,,,
oooo@a) oood
Category(English) Doctoral Thesis
oo@a) oood
Type(English) Summary

Powered by T2R2 (Science Tokyo Research Repository)


http://t2r2.star.titech.ac.jp/

(L3R

Doctoral Program

wm X EE

THESIS SUMMARY

;f‘f\‘ e I— K %"?‘4 % Eﬁgﬁiz @%@% : T@j: ( '?‘L’ﬂ\f )
Department of, Graduate major in %Bfﬁ . f)%fﬁi? a— A Academic Degee Requested Doctor of

FARKAL . BEBFE : . _
R B W AL Vel oMt HeBoE
Student” s Name Chief Examiner

S (P13 800 FEFRFE)
Thesis Summary (approx.800 English Words )

The title of this doctoral dissertation is “Equivalent SDOF model for estimating wind-induced energy
dissipation and responses of base-isolated tall buildings”. This study proposes a novel approach, the equivalent
single-degree-of-freedom (ES) model, to accurately and efficiently estimate wind-induced energy dissipation
(including steel-damper and upper-structure energy dissipation) and responses (including standard deviation of
the isolation layer deformation, residual and maximum deformation of the base isolation layer, and maximum
displacement distribution of the upper structure) of base-isolated tall buildings equipped with steel dampers.
Furthermore, the study also extends the newly-proposed ES model to accurately and efficiently estimate the
wind-induced energy dissipation (including oil-damper energy dissipation) and responses of base-isolated tall
buildings equipped with oil and steel dampers. Additionally, the study attempts to predict the wind-induced
energy dissipation based on ES model and energy balance. The dissertation is structured into six chapters as
follows:

Chapter 1 introduces base isolation systems and their advantages in seismic performance, along with
challenges in wind-resistant performance, such as wind-induced energy dissipation and responses. For time-
saving time history analyses, there is a need to propose an SDOF model to replace time-consuming MDOF
model. However, existing SDOF models in earthquake engineering are inappropriate for base-isolated tall
buildings in wind engineering. This prompts the proposal of the novel ES model to estimate energy dissipation
and responses of base-isolated tall buildings under strong winds.

Chapter 2 evaluates wind-induced energy dissipation and responses of MDOF models, idealized from base-
isolated tall buildings with steel dampers, in both along- and across-wind directions using time history analyses.
Three structural parameters (damping ratio, natural period of the upper structure, and yield shear force
coefficient of the steel damper) are considered, and their influences on the energy dissipation and responses of
MDOF models is investigated.

Chapter 3 proposes the ES model to replace the MDOF model for time-saving analyses. The ES model is
modeled based on findings from Chapter 2 and the varying first mode shape of the MDOF model (elastic or
plastic mode). Validation of the ES model is demonstrated through time history analyses, considering several
values of the structural parameters. Comparative analysis shows the ES model accurately estimates (i) energy
input, (ii) energy dissipation (including steel-damper and upper-structure energy dissipation), and (iii) responses
(including standard deviation of isolation layer deformation, maximum and residual deformation of the isolation
layer, and maximum displacement distribution of the upper structure). Additionally, the trend of the estimation
error with structural parameters is analyzed.

Chapter 4 extends the newly-proposed ES model for practical use in base-isolated tall buildings with oil
and steel dampers. The accuracy of the ES model in estimating wind-induced energy dissipation and responses
is verified, showing accurate estimations of (i) energy input, (ii) energy dissipation (including oil-damper energy
dissipation), and (iii) responses. Also, the trend of the estimation error with structural parameters is analyzed.

Chapter 5 presents a prediction method based on energy balance. The prediction accuracy of wind-induced
energy dissipation for the two types of buildings (with steel dampers alone and with both oil and steel dampers)
is verified, and prediction errors are discussed.

Chapter 6 summarizes conclusions and related remarks based on the study's findings, along with
suggestions for future work.




Based on these conclusions, structural engineers can practically use the ES model to accurately and
efficiently estimate wind-induced energy dissipation and responses in the initial stage of wind-resistant design
for base-isolated tall buildings.
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