#HX9  BERELE

¥X19 = ) 5/2 g\

bk - S AT AL HEK| FHEE S | 993136 ANEE  SHER
) BEHERA WE EE
mEma ks | B GR BE

WX E OE(ED

WIMEB | 7V v RUAT AREA LBEY OIERTLE BRI ICBE T DA%

(E'S 1, 200°EFREE)

FEDE N AVZERG 2 TR T B RZEMEEY O Em T3t LT, #EM 288727 F AEE
ok aL 7 U — MMEEYRER SND Z EBEN, IThbOBEDICIT, TMRMEE, WEMEEE
O, EAEOERR CBEAREGEHRSEIZENERINSG, 20X ) 2EEHORIICE
W, BEMOEEPIEETAIZLNEELRDIN, NRLELRIEBEVNRIEFICRE L 25120, E
BRIZE > TRIEZIT) Z L BRETH Y, HEBT TRIEDBRINDZLPRETH D, TDIY,
MEYERATIZ OV TIE, (D& 0 EBROIERFEE 2 KRBT 5 2 LB TE HMTFIE, QERHCREE
DHIREIZ T ZAT O 12O DBEEEH/DZ L DT BT FENPLEL RS,

KB TIE, () BERFITBITBIHARTNNT A MY v 7 IR & BRI ER L 5 53 E
BEOLEHISETIED, BEO~//70arPa—F2EHIET, TNEHROICLETS S
Uy RYRTLADFEREAT S, Q) 207V vy RVAT AOBERIT~OFEIMEERIET 5720
2, ZEREYO—RETHIHERBE, SEERFIEL L IR ZERT 5, T, Zh b0
EMDONRT AN v I R MBRERTEE LT, ZOIEREEEZON L, MERFLOMEEZHL
ML, REHEICHOWTRET S, HAERRELRSIEED O XA 2 METH 2 HBRIGEMHER O
WCEARESDYE, Q) HBESHEORVHIRIZE T 5EHIE & L TOSEEN B ZEED 2 BT,
ZFOHBEEMCEAL T Yy VAT AZEBRALTART AN v 7T L, £OEBMLYBRET
%, @WNT, BR LHFEICHT 2 EEROSITRMLE L SN TVWAHREME RC EBEEHm L LT
RC EHHE %, IT-EAFMER2ED->OH 2 BREFEEY & L (48 HP BRE2 B ET,
FNENEIERUBITIC L > TEOEBE ST L, XFHE, BHFEREZBRNNT S,

B1ETIE, Faae LT, XHRXDOHEEL BN, FEOHEREZBRRS,

Bo2ETY, FYy Rarta—TF 40 Y RFACETAHAL, Yy Favta—F407
VAT AEAVTRHAEREOBEANTOLTOMAETIIHT BT EITO Z L T, BMEHRFHTRIT5
RIEORFALEOBERLLRM TR T 5 REMROEKHE % R HIEOHAEICE L TRMNZTT I,

3 ETIE, MBAHEEZNSRE LT, FERBEITEIT, BMEEEROSTE, SFEORHEK
BEEOEBRIETHEIZ OV TN EIT I,

B AECTIE, RCEAHE L, MR HP v =1 2x% e LT, BEBREKFETLEZAW- RC
T NDTFEEL, TV Yy RVRTLAEAWSZ LT, RCEY o MVEEYMOMR LHE FIZRIT
BRSO L, FEOBRFHEENSEOEHICRIETHEBIZIONWTONEIT).

EHETIE, BIBELLTARBLUCL-TEONTEREEZRL, SHOFBEIIOVWTERET 5,




B REELTHE

X0 & [ g1z

B - SV AT LA TEHEY| FEEE | 993136 JNfE  SRER
BEHEKAL (LE B
mEH Ry | W BE k1

wmoX B FMEL

#WXREE |A Study for Analysis of Nonlinear Behavior of Shell Structures Using Grid System

(ES 1, 200FfRE)

Shell structures in civil engineering fields are commonly applied to space structures, industrial structures and similar structures|
which cover large area without columns inside, for example, as cooling towers of reinforced concrete and sport halls of steel
material. These structures are designed for severe loading conditions, and are often implemented with hysteretic dampers or|
seismic devices and pre-stressing for upgrading their load bearing capacities against earthquakes and strong winds. In design of]
these space structures, nonlinear responses are required for accurate understanding their nonlinear behaviors. However, it is almost]
impossible to analyze their characteristics with experiments because of large scale of the structures. Therefore, a nonlinear]
numerical analysis is considered more effective and often applied in design analysis. In such cases, appropriate analysis methods|
which are able to simulate the nonlinear behaviors are indispensable to provide data as much as possible for understanding from
many aspects, followed by a necessity to perform parametric nonlinear analyses considering many important structural factors.

The objectives of the present study are described as follows; (1) to propose a high performance computing system for an efficient
nonlinear structural analysis by implementing a computer processing based on the grid system composed of a dozens of personal
computers, (2) to investigate and prove the efficiency of this system by applying it to analysis of structures for optimum design and
nonlinear analysis covering many structural and loading parameters, (3) to discuss, by applying the computing system for
parametric analyses and based on the results, and to propose possibility of steel lattice cooling tower at regions of high seismic risk,
and also (4) by applying the computing system to discuss the nonlinear behavior under cyclic loading for RC cooling towers which|
are now urgently required some studies about structural deterioration under cyclic loadings due to wind loads, and to investigate
the nonlinear behavior of RC hyperbolic parabolic inverted umbrella shells as a typical example for roof shell structures which
recently attracts an attention from architects.

The contents of each chapter in this thesis are summarized as follows.

In the first chapter, the background and objectives of this study are presented.

In the second chapter, the concept and grid computing system for structural analysis are proposed, and the concept and applicability|
of the grid system are discussed for showing the efficiency for structural optimization and studies covering many parameters. In
this discussion, the grid system is applied to parametric analyses of a sport hall and a tower with various structural parameters,
followed by a proof that this system is able to perform a lot of structural analyses in a moderately short time, and that the structural
characteristics can be investigated based on the analyses to investigate the effects of those many parameters over wide ranges,
otherwise a lot of cases of calculation would not be possible and a large computational times were needed. As for the sport hall, a|
simplified model is proposed for a medium-scale hall and a set of design charts are provide for selecting a set of an appropﬁanj
Iparameter of roof brace and gable brace. As for the tower, a steel transmission tower for power plants, to be retrofitted using
TMD, is discussed for find an optimal set of structural parameters for TMD giving an appropriate spring constant and a damping
coefficient.

In the third chapter, this grid system is applied to a steel cooling tower implemented with buckling restrained braces for columns at|
a base. Based a set of parametric analyses for the cooling tower under severe earthquake motions, the possibility of steel lattice
cooling tower is discussed for regions of high seismic risks such as India, China and Turkey, and an optimal size of buckling
restrained braces which should be installed at the lower part of the steel cooling tower is investigated.

In the fourth chapter, a RC cooling tower and a RC HP umbrella shell are studied based on shell FEM considering many structural
parameters, using the present efficient grid system, based on a constitutive equation due to Lattice model for concrete. Based on the|
results, several discussions and findings are presented as follows. First, as for the elasto-plastic nonlinear behavior of the RC
cooling tower supported at the lower lintel by columns, the importance of the effects of cracking, tension stiffening and
deterioration of concrete elements under cyclic loads is clearly described, and an important suggestion is drawn for structural
design to give a conclusion that the effects of cyclic wind loads can not be negligible in assessing the stiffness and ultimate strength|
of the RC cooling towers. Second, as for the elasto-plastic nonlinear behavior of the RC HP umbrella shell under a self weight and
pre-stresses, the effect of material nonlinearity of concrete and pre-stress is studied and discussed under vertical loads, proportional
to self weight, followed by a conclusion that the deterioration of the concrete under cyclic loads is considerably important in
assessing the structural performance of the RC shell structure especially for the ultimate state and the deterioration of stiffness
under cyclic loading.

In the final chapter, the total conclusion of this present thesis is described.




