Fluid-Structure Interaction Modeling using Solid Elements Method in SAP2000
Sarah Eden Suryanto, Prof. Dr. Ir. Bambang Supriyadi, CES., DEA., IPU., ASEAN.Eng.; Prof. Ir. Iman Satyarno, M.E

Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAF MADA LIST OF CONTENTS
TITLE ..ottt ettt ettt e bt et e e st e et eabees e e b e e st enseenee st enseeneesseenseeneenseeneas 1
APPROVAL PAGE ...ttt sttt sae et et ae e eee e 2
VERIFICATION PAGE ...ttt sttt sttt et 3
DECLARATION PAGE ..ottt sttt sttt 4
DEDICATION PAGE ...ttt ettt sttt st 5
PREFACE ...ttt ettt et b ettt s bt ettt e s bt e b entesaeenee 6
LIST OF CONTENTS ...ttt ettt ettt ettt sbe et st sbe et st e b enees 7
LIST OF TABLES ...ttt ettt ettt ettt ettt et e bt et e e st e steenseeneenseeneas 9
LIST OF FIGURES ... .ottt sttt et sa et entesaeeseeneen 11
ABSTRACT ...ttt ettt ettt et e bt e e e st et e enteeaeeseensesseenbeentesneenseeneans 19
CHAPTER 1. INTRODUCTION .....ooitiiiiiieiieietet ettt ae e 20
Ll INEEOAUCHION .ottt sttt st s 20
1.2, Research QUESTIONS. ........coiuiieeiiieeiii ettt ettt e e et e e eaa e e eae e eaaeeeneeeeanee s 21
1.3, ODBJECLIVES .eeevieniieeiiieiie ettt ettt et e et e st e et ee st e et e et eesabeesseasabeenseeesbaenseassseensaennseens 21
1.4.  Limitations of the Study ........cccooviiiiiiiii e 22
LS. NOVEIEY oottt ettt ettt et e st e bt e st e e beeeabeenbeeenbeesaenabaen 22
1.6.  Benefits of the StUAY .....coouiiieiiiieeee e 22
CHAPTER 2. LITERATURES REVIEW ...cccoiiiiiiiiiiiiniiieceeteeeeeeeee e 23
2.1, Manual CalCulation........coc.eviiiiiiiirieie ettt 23
2.2, EXPEIIMENL....tieiiiiiieeiieeiieeieetteetteeteestteeteesteeebeesteeesseeenseeseessseesseesnseenseessseenseesnseans 23
2.3, Numerical MOdelNG........ccccuiiiiiiieiiieeiee ettt e re e e e e e e e e e e 28
2.4.  Application in Real Building..........ccccoocviieiiiiiiiii e 31
2.5.  Literature ReVIEW SUMMATY .......cccovuiiiiiiieiiieecie et ettt ee e eaae e aee e eaee e 36
CHAPTER 3. BASIC THEORY ...ttt 37
3.1.  Fluid-Structure INteraction ..........cccceceeierieriirieeienieieeesieeteete et 37
3.2, Ground Motion SEIECION ........cocueiieiiiriiniiiieiieeesete ettt 37
3.3, Manual Calculation...........coieiiiiiiiiiieiee e e 39
3.4, Numerical MOAEING.......cooouiiiiiiiieiii ettt ettt e s ens 42
3.5.  Application in Real BUilding...........ccccuviiiiiiiiiiieiieeceeeee e 45
3.6, SeiSMIC ISOIAtION. ....ccuuiiiiiiiiiie et 46
CHAPTER 4.  RESEARCH METHOD........ccciiiiieieieeeeee et 48
4.1. Comparison between the Solid Elements Method and Manual Calculations............ 48
4.2. Comparison among Numerical Modeling and Experimental Results ....................... 50



Fluid-Structure Interaction Modeling using Solid Elements Method in SAP2000
Sarah Eden Suryanto, Prof. Dr. Ir. Bambang Supriyadi, CES., DEA., IPU., ASEAN.Eng.; Prof. Ir. Iman Satyarno, M.E

Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS

GADIAY JAPA Hanger Tank Model subjected to Sinusoidal Excitation...........cccceeeecverienennnene 50
4.2.2.  Rectangular Tank Model subjected to Sinusoidal Sweep Excitation................. 55

4.3. Application of the Solid Elements Method in Real Building............ccccoeeeuveeennnnnnne. 62
4.3.1. Preliminary Study of a 3-Story Prototype Structure with Rooftop Tank........... 62
4.3.2. Real Case Study of a 9-Story Existing Building with Rooftop Pool ................. 79
CHAPTER 5.  RESULTS AND DISCUSSION ......ooiiiiiiieieieeeseee e 85
5.1.  Comparison between the Solid Elements Method and Manual Calculations............ 85
5.1.1.  Cylindrical Ground-Supported Tank............ccccceevieriieriiniiiiieeiieeeeie e 85
5.1.2.  Cylindrical Elevated-Supported Tank ...........ccccoeveeriieriiiniiiinieniieieecieeeeene 87

5.2.  Comparison among Numerical Modeling Techniques and Experimental Results.... 89
5.2.1.  Hanger Tank Model with Sinusoidal Excitation...........cccccevvveevieeeciieniieeeiiens 89
5.2.2.  Rectangular Tank Model with Sinusoidal Sweep Excitation...............cceeeuneene. 97

5.3.  Application of the Solid Elements Method in Real Building............cccccccuvveennenennee. 106
5.3.1. Preliminary Study of a 3-Story Prototype Structure with Rooftop Tank......... 106
5.3.2. Real Case Study of a 9-Story Existing Building with Rooftop Pool ............... 112

5.4. Summary of FSI Modeling using Solid Elements Method in SAP2000................. 153
CHAPTER 6. CONCLUSION AND RECOMMENDATION.....cccccectvviinieniiiinienienne. 156
6.1. Comparison between the Solid Elements Method and Manual Calculations.......... 156

6.2. Comparison among Numerical Modeling Techniques and Experimental Results.. 156

6.2.1. Hanger Tank Model with Sinusoidal EXcitation ...........ccccceceeveviencnnicniencnnne. 156
6.2.2. Rectangular Tank Model with Sinusoidal Sweep Excitation..............cccoeueeee. 157

6.3. Application of the Solid Elements Method in Real Building.............ccccceeeueennennnen. 157
6.3.1.  Preliminary Study of a 3-Story Prototype Structure with Rooftop Tank......... 157
6.3.2. Real Case Study of a 9-Story Existing Building with Rooftop Pool ............... 158

6.4. Suggestion for Future Research............cccocvieiiiiiiiiiiiiiiccce e 159
6.5.  Suggestion for CSI AMETICA.......cccueieiiieeiiieeiiee et eaae e e rreesree e 160
6.6.  Suggestion for PraCtitioNer ..........ccviiiiiieiiie et et 161
REFERENCES ... oottt ettt sttt sttt sttt e e 162
APPENDIX: DETAIL ENGINEERING DRAWING (DED) .....coooiiviiiiinieiinieneeieeieneene 165



