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The researches addressed in this thesis are mainly about the evaluation on the seismic-resistant capacity of
various existent high-rise buildings subjected to extremely strong earthquake ground motions. In particular,
we specifically incorporate the influences of P-4 effect and member deteriorations induced by local failure.

Six chapters are included in this dissertation, beside the Chapter 1 for introduction and Chapter 6 for
summary and conclusions, the core of the thesis consists of two parts, Chapters 2~3 are expected to
calibration the accuracy of unified constitutive models for concrete and steel members by incorporating
strength and stiffness deteriorations. Chapter 4~5 focus on the seismic safety and collapse capacity of various
existent high-rise buildings subjected to severe seismic excitation. Details of these four chapters are
introduced below. »

In Chapter 2, the unified constitutive models for steel and concrete fiber materials for fiber element
analysis are developed or modified in accordance with the fully calibrated and recognized models as
mentioned above. Due to the effects of geometric-nonlinear and material-nonlinear ought to be fully
considered in the assessment of the seismic-resistant capacity and collapse behavior of high-rise buildings
under severe seismic excitations. The unified constitutive models incorporating the strength and stiffness
deteriorations of structural components are respectively quantified and evaluated on the basis of an extensive
database of the experimental results on H-shaped steel members, hollow steel tubular members and concrete
filled steel tubular members. Calibrated results in this chapter are expected to prove the feasibility and
accuracy of such deteriorating constitutive models, and support the reliability of the dynamic analyses on the
seismic-resistant capacity of various existent high-rise steel and concrete filled steel tubular buildings that
tend to be conducted the Chapters 4~5.

In Chapter 3, a full-scale shaking table test of 4-story steel moment-resistant frames subjected to
incremental earthquake loadings was used for the calibration of stress fiber model analysis employing the
stress-strain models incorporating strength and stiffness deteriorations, in order to predict the collapse
capacity of the steel frame under severe seismic excitation. An E-Defense shaking table test of a high-rise
steel building subjected to long-period ground motions is also used for the validation of the unified
constitutive model. In addition, a CFT frame specimen subjected to cyclic horizontal loadings with constant
axial loading is also simulated. Although differences are included in the modelling of three dimensional
frame specimen by two-dimensional plan frame model, the two dimensional frame models by adopting the
unified constitutive models are reliably capable to predict the collapse and seismic responses of low-rise and
high-rise steel and concrete filled steel tubular frame buildings. '

In Chapter 4, the seismic-resistant capacity of existent high-rise steel buildings with various story levels
subjected to long-period ground motions, near-fault ground motions and artificial ground motions are



numerically investigated. The deterioration behavior of such building models is evaluated by using the
unified constitutive models and taking the P-4 effect into account. The deterioration criteria are also
quantified on the basis of maximum and residual story drift angles, structural component ductility and energy
dissipation. Various high-rise building models incorporating and ignoring deterioration effect are compared
with each other to further assess the safety margin until collapse. The P-A effect and member deterioration
have been proved very significantly influence the seismic-resistant . capacity and collapse behaviour of
high-rise steel buildings.

In Chapter 5, we replace the square hollow steel tubular columns in high-rise steel building with the
associated square concrete filled steel tubular columns by equivalent flexural stiffness, in order to assess the
seismic-resistant capacity of the existent high-rise concrete filled steel tubular building that is analogous to
the associated high-rise steel buildings. Extreme earthquake waves with long-period ground motions (i.e.
Art-Hachi) are selected because of the larger seismic responses have been obtained in Chapter 4. In
comparison with the analogous high-rise steel buildings, the safety margin until collapse of concrete filled
steel tubular building structures is assessed. Larger safety margin until collapse of high-rise CFT buildings
than that of high-rise steel building is obtained.

Finally, summary and conclusive remarks of the findings in Chapter 2~5 are respectively achieved in
Chapter 6. According to above achieved findings, by considering the influences of P-4 effect and strength
and stiffness member deterioration effect, the existent high-rise buildings have higher probability of collapse
when under long-period ground motions and pulse-like ground motions, than under earthquake waves which
are used in structural design so far. P-A effect tends to reduce the seismic resistant capacity of the building
with higher story level based on Uetani theory. Strength and stiffness member deterioration make the
high-rise building suddenly collapse and reduce the safety margin until collapse of the high-rise buildings.
Hence, the influences of P-A effect and member deterioration effect should be incorporated not only for the
seismic evaluation on various existent building structures, but also for the performance-based seismic design
of new constructing building structures in the future.

WX BEOERODERE

ARHE. PASIBREZET 5 & SICHM O RIIBEIC X DTN B EREEX BT T BRAE T 22K
L. ZhaAnTHEOHEEBL U CFT #0RERRENEMRLE LT, ZOERTREZRIN TS
B EES T D EBAEE AT, BRI EBHSAORENRAIRTH DI EE2HASMITE Lk
I, FERHEE L TREABEZEAL., BREERENOMBIIES L0 EYICHET 2 HEEEELEDO
T BEEEFCOVWTEEARNREZBEDOE U THESD 2 EEERD S,



