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ABSTRACT :

In this paper a new kind of structural configurafioamed passive megab controlled structure (PMSCS)
presented, which is constructed by applying thecsiral control principle into structural configtica itself,
to form a new structure with obvious response etftrol ability. In the analysis of PMSCBet equations
motion of the seismically excited system are dgwedb The seismic response control effectivenestha
proposed PMSCS under stationary and nonstatioaagom processesgas evéuated by comparing its seisr
response with the response of its conventional quinolled) mega-sub structureounterpart. A paramet
study of the relative stiffness between the mega& and substructure of the PMS@Spresented ai
discussed. Theegion over which these structural characterigtiekl the optimum seismic response contrt
the PMSCS is identified and serves as a very uskfsign tool for practitioners. The results shitwat the
proposed PMSCS offers an effective means of ctimigathe seismic displacement and acceleratioparest
of tall/super-tall mega-systems.

KEYWORDS: Passive mega-sub controlled structure, seismiitagion, structure response, controlling
effectiveness, relative stiffness

1. INTRODUCTION

One of the major engineering challenges in thegtestructures is to ensure their structural intggunder
extreme earthquake and wind loads, and their hucoamfort under normal wind loads. Mega-sub structure
(MSS) is a new configuration form of super tall Idifig appeared recently. The MSS consists of twjoma
components: a mega-frame, which is the main strakcftame in the building, and several substructuaee
rigidly connected to the mega-frame, each contginimny storeys that are used for commercial and/or
residential purposes, as shown in Fig.1. In thisepaa new passive mega-sub controlled structudSEs)
configuration is proposed based on conventional M&S shown in Fig.2. In the design of the PMSCS, the
connections between the mega-building and the mudigtes were released, these sub structures signdd as
isolated sub structures, whose function is simitathat of the conventional tuned mass damper syste
principle. It acts to convert the traditional MS&o a huge, self-controlled, passive mega-sub otbedr
structure that is capable of developing very hightml energy to control the responses inducetienRMSCS

by these natural forces by the structure itselfe Tiass ratio between the sub and mega structurasidl
higher (as high as 100%) than that in the tunedsrdamper system (usually 1%). It is this featued thakes
the proposed structure to control the responsesymare effective. To overcome shortcomings exhibite
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earlier proposed mega-sub controlled structurafigorations by other scholars [Feng and Mita 19195a| and
Feng 1997, Lan et al 2002], additional columnsiat®duced at the top-level of some of the subsimes
serve to eliminate the shortcomings associated with excessively large-span mega-beams. In addition
dampers (or named as added dampers) are inst@teddn the mega-frame and its substructures teptev
pounding between the mega-frame and its substes:tur

In this paper, the dynamic behavior and the respanstrol effectiveness of this new proposed PM8G&er

seismic excitations is examined. A parametric stofdthe structural characteristics that influenioe tesponse
control of this system is undertaken and lead$i¢odefinition of the structural parameter regioat tthould be
satisfied to ensure optimum seismic response dontro
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Figure 1 The conventional mega-sub structureFigure 2 The nevPMSCS configuratio

2. EQUATIONS OF MOTION OF PASSIVE MEGA-SUB CONTROLL ED STRUTURE UNDER
SEISMIC EXCITATION
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Figure 3  The comping model of the new PMS(
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In this proposed PMSCS, both the mega-frame arsultstructures are modeled as MDOF systé‘fh’s:”émshow
in Fig.3,adqgk is added damping value aadk is additional columns stiffness valug& PMSCS havingn

mega-storeys andh, substructures, each of which consistsrofstoreys moving relative to the mega-frame,

will have a total ofN= n+ngxn,degrees-of-freedom. The relative-response equatdnsotion for this

system under seismic ground motions can be expresse

MX +CX + KX = -IX, (2.1)
where X = [xpT, X,y Xy e ,xrbT [ is the lateral deformation vector of the systeratieé to its moving base,

with n+n.n, variables, andX, =[X,, X, » = X' X =[X1 %05 X, 1T (i21,2,..., n,) are the lateral

deformation vectors of the mega-frame @fgubstructure, respectivelyl, K, C and I” expresses the global
mass matrixstiffness matrixdamping matrix and mass vector of the system réispéc[Zhang X. A., Zhang J.

and et al 2005], andX, is the simulated seismic ground acceleratione@btse of the structure. In the present

study, in equation. (2.2, is modeled as a stationary random process Wk({®x1 , or as a uniformly

modulated random process, whose nonstationary grepeoffer a more reliable representation of the
characteristics of real earthquake ground motions.

%, = A(t) Th(t) @2

wheren(t) is the stationary random processes with zero mesaohA(t) is the modulating function that defines
the nonstationary random process.

Through the numerical computing check, the equatibt) with the matrixC cannot be decoupled, as the
decoupling necessary and sufficient condition [C&ughey and M.E.J.O’Kelly (1965)] is not met. Hente
complex modal analytical theory must be employexhffz T(1995)]. The power spectral deng®pD of theX

displacement vectorS, (w) and the acceleration vectdB, («w) can be obtained by deducing. For stationary

random seismic excitation,

Sy (@) = UH () [G I8, (w) [H (-e)" " (2.3)

S, (W) = w'Sy (W) (2.4)



th
The 14 World Conference on Earthquake Engineering
October 12-17, 2008, Beijing, China

where U =[u,,U,,--,U,,] is the right eigenvector matrig is the coefficient matrixS,(w) is the PSD of
the stationary acceleration excitation acting anlibse of the structural system, here the Kanami ajodel is

used, andH.(-« and Hj (&) are, respectively, thé" modal frequency function and modal conjugate

frequency function ofé [Zhanget al 2005].For nonstationary random seismic excitatiéy, is chosen as

the uniformly modulated random processes, and &tinka-Sato’ modulating functiofi(t) is adopted, such
that

S, (t,w)=ulSs, (t,w)" (2.5)
Sy (@) = uP[S,; ()] P'u’ (2.6)
S, ta)=g,,¢W oS, (o) 2.7)

S, tLa)=g, (AL 08,() + p, 5, ()P, + pg,; 0 (L0)E (@A)
0 [Tj(t,w)ﬂﬁ(w)m(bgl? (2.8

where S (w) is the PSD corresponding ton(t) in expression (2.2),p; is its i eigenvalue,g;; are the

elements of the coefficient matr& and I, (t,w) in equation.(2.7) and (2.8) can be expressed as:

1 - - 1 - -
—@ft (Rtartjat _ (Rtaxtjat _
I taw=¢ {_(ler ] [e 1]+(pl+ Y [e 1]} (2.9)

where a,,a, are two exponential parametersAtf).Finally, the displacement and acceleration mepae

response values for stationary and nonstationasyngeexcitation are:

6,° = j_“; S, (w)dw (2.10)

0" =] Si(wdw (2.11)
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3. NUMERICAL EVALUATION OF THE SEISMIC RESPONSE PER FORMANCE OF AN EXAMPLE
PASSIVE MEGA-SUB CONTROLLED STRUCTURE

To investigate the performance of the passive nse@gacontrolled structure, with reference to thevenional
mega-sub frame used in Tokyo City Hall presenteérign 4a, a steel passive mega-sub controlled frsme
designed, as shown in Fig. 4b. The two buildinggehthe same amount of total mass and the sameuwtlc
members as listed in the reference [Zhang X. AgnghJ. and et al 2005]. The structure is compridatiree
mega-storeys and three, 10-storey substructures, e lateral connections between the substes@nd the
second and third storeys of the mega-frame have i®eased. The seismic response control effecs®iof
the proposed PMSC®as evaluated by comparing its seismic responde thé response of its conventional
(uncontrolled)MSS counterpart, is a measure of the control etfecess of the proposed PMSCS. In order to
further examine the controlling effectiveness of thassive mega-sub controlled frame with differsab
structural stiffness, the relative stiffness rdki§ between the mega frame and the sub structurespectively
defined as following:

RK = st (3.2)

mega

Where K_, the shear stiffness of sub structure, dﬁﬁ,egathe bending stiffness of mega frame.
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(a) The conventional steel MSS configuration (b) The steel MSCS configuration

Figure 4 The two structural configurations

3.1. Seismic Response for PMSCS

Fig. 5 shows the comparison of tR&Ds for the displacement and acceleration responfisedop mega-mass
of the PMSCS and the top mass of the conventidi8IS when the relative stiffness ratiRiK=0.17, and the
seismic excitation is nonstationary. It shows thatPSDs of displacement and acceleration responses &bphe
mass of the new proposed PMSCS are much smaller ttiea corresponding responses of MSS. It clearly
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explained that the release of connections betweemega-frames and substructures make the P‘MSGanys
act as a self-controlled structure is capable wélbping very high control energy to control thepenses.
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(a) The comparison of the displacement resp&&ie (b) The comparison of the acceleration respétSB

Figure 5 The comparison of tiRSDs for the displacement and acceleration respongeedbp mega-mass of
thePMSCSand the top mass of the conventioM&S asRK=0.17, under nonstationary seismic excitation.
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Figure 6 Distributions of thRMSresponses along the structural second and thighsi®rey elevation of the
PMSCSand theMSS asRK=0.13, under nonstationary seismic excitation.

Figs. 6 illustrate the displacement and accelenatiot mean squar&kM9 response distributions of each mass
point in the second and third mega-storey of bbéhRMSCS and conventional MSS. The figures illtistthat

the displacemenRMSresponses and acceleratiBMSresponses are significantly reduced in the cdetiol
structure, with the exception of few substruct@eteleratiorRMSresponse. It also shows that the responses
are increased from the bottom up of structure,thadnaximum appeared at the top mass. So we castigate

the controlling characteristic and controlling etfeeness by the topmost response of structure.

Fig.7 further presents tiRMScomparison of the displacement and acceleratigporeses at the top mass of the
PMSCS and MSS, we can find that: (i) TRMS responses of displacement and acceleration atothe
mega-mass and sub-mass of PMSCS are both decrebgiedsly compared with those of the conventional
MSS, it also reveals the predominance of PMSCSoatralling the structure responses. (i) TRMS
responses of displacement and acceleration abftheeéga-mass are smaller than those at the tompnasb-of
PMSCS, especially the displacement. Because tha-fineme is composed of mega beams and mega columns,
thereby has a strong capability of resisting ldtienaes, so the displacement of mega-frame islemal
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Figure 7 The comparison 8fMSresponses of the two structuresR&&0.17, under nonstationary seismic
excitation.

3.2 Influence of Structural Stiffness Ratio on the Response Ratio
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Figure 8 The influence of the structural relatitiffrsess ratioRK on theRMSresponse rati®&R

In order to further open out the response conhgléffectiveness of PMSCS, the response rRii® for the two
structures is defined aRR= the RMSresponse of the PMSUShe RMSresponse of the conventional MSS.
Figure 8 presents the RMS response ratio of disptant and acceleration at the top mega-mass and top
sub-mass of PMSCS as the relative stiffness RKe0~1. In this figure, the dotted lines and dashidus
represent theRMS response ratios of the top sub-mass and the togaimass, under the simulated
nonstationary seismic excitation. The dashed larebsolid lines present tfRMSresponse ratios at these same
locations, corresponding to the simulated statypgaound acceleration. Figure 8 illustrates that:

(1) WhenRK=0.1~0.3, the displacement of mega-frame and sudiste is decreased evidently, in this areas
there exits an obvious controlling effectiveness dsplacement; the acceleration is also decreadsetd pf
substructure the controlling effectiveness is gthebad comparatively whétk=0.2~0.3.

(2) WhenRK>0.7, the controlling effectiveness of displacensmd acceleration responses are all bad, so much
as bigger than conventional MSS of substructurakelacation. It indicates that there is taken oninkef
coupling domino effect between the controlling effeeness and the relative stiffness ratio of $tme

(3) It can be seen that the controlling effectivenef PMSCS is influenced greatly by the relativiéngss ratio

RK. For nonstationary random seismic excitation, wiRd0.17, the displacement response rd&R of
mega-frame is 31% and of substructure is 81%; thelaration response rafRRof mega-frame is 45% and of
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substructure is 48%.The responses are all decrdasadgreat extent. So rational distribution offiséiss
between mega-frame and substructure should be d=wesi in order to achieving the optimal controlling
effectiveness when design the PMSCS.

(4) Fig. 8 also illustrate that trRMSresponse ratios calculated on the basis of thelated stationary and
nonstationary seismic inputs are very nearly theesaThis suggests that the stationary random seismi
simulation process can be used to approximate ¢ltsehe seismic response control effectivenesghef
proposed PMSCS in practical engineering desigredace the computing time consumedly.

4. CONCLUSION

A new structural configuration of the practical gige mega-sub controlled frame is proposed for iIStgle
buildings, which employ the mega-sub structuralfigomation to form a huge passive controlling stasal
system. The analytical and numerical studies uaHert in this paper illustrate that the proposedsipas
mega-sub controlled system configuration acts salfecontrolled structure that is capable of digsipy large
amounts of energy induced in the system by seisimeind motions. The displacement and acceleration
responses of the proposed PMSCS are very muchesntilain those of the conventional building MSS. The
response ratidRR of the displacement response at the top mega-ams®p sub-mass in the example PMSCS
investigated in this study were 31% and 81%, raspy; the corresponding values for the accelerati
response were 45 % and 48 %. From these resultsilil be concluded that this structural configarathas a
very strong ability in controlling displacement aaxteleration responses.

A proposed relative stiffneg®K region is first presented which are usually usegractice design, WhilBK is
in some certain range, such as 0.10~0.30, a reivlarkantrolling effectiveness can be obtained. Hmreas
RK is greater than 0.7, the controlling effectivenessinacceptable. The optimum region for the retati
stiffness ratio, in which the passive mega-subrodiet! structure responses approximately reach tpgimum
(minimum) values, can serve as a very useful tmostructural designers.
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