Non-linear Analysis of Pile Foundation in Liguefiable Soil Using Dynamic Constitutive Model and
Seismic Hazard Analysis
Yoga Setiawan, Prof. Ir. Teuku Faisal Fathani, S.T., M.T., Ph.D., IPU, ASEAN.Eng.; Dr.Eng. Fikri Faris, S.T., M.Eng.

Universitas Gadjah Mada, 2024 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS

GADJAF MADA TABLE OF CONTENTS
TITLE PAGE ..ottt ettt b ettt sae et et esae et e eneesseenee i
APPROVAL PAGE ...ttt ettt e e s e il
STATEMENT PAGE ...ttt et st e e sseeseenaeeneenes v
PREFACE ...ttt ettt et b ettt sb et e atesbe et satesbe et A%
TABLE OF CONTENTS ..ottt sttt ettt sttt e ee s et s vi
LIST OF TABLES ...ttt ettt et ettt et et esbe et e e neeneeenne e X
LIST OF FIGURES .......coioieieeetee ettt ettt st se e seesseenaessaensennnans Xi
ABSTRACT ...ttt ettt bt ettt sb et e st s bt e bt et saeenbeesesanens xiii
CHAPTER 1 INTRODUCTION ....coiiiiiiiiiiieieeiesitee ettt sttt sttt s 1
| B = 7 To] ¢4 001 1« PSSR 1
1.2 Problem Statement ............coouiiiiiiiiieiie ettt 2
1.3 Objectives Of RESEAICh.......cc.eiiiiiiiiiiiciiee e 2
1.4  Limitations of RESEArCh ........cocuiiiiiiiiiiiiiiiee e 2
1.5 Benefits 0f RESEArCh ........cooiiiiiiiiiii e 3
CHAPTER 2 LITERATURE REVIEW ....oooiiiiiiiieieee e 4
2.1 Earthquake-induced Liquetaction...........ccccueeviieiiiiiiieniieiieeie et 4
2,11 SEISINIC WAVE .ttt ettt ettt ettt ettt et st e bt e saaeebeesaee e 4
208 UV 3o 0 1S3 ¢ To7 5 o ) o PR 5
2.2 Earthquake Magnitide ..........coocuieiiiiiiiiiiieeee ettt 5
22,1 Local Magnitude..........ccceeriieiiieiieeiiesie ettt ettt et 6
2.2.2  Surface wave magnitude.........ccceeriuieeriieeiiie e 6
2.2.3  MoOmen MANITUAE .....cccuvieeiiieeiieecieeeeiee ettt et e e e sree e ee e enaee e 6
2.2.4  Body wave magnitude...........cceeriieiieniieiieiie e 7
2.3 Pile FOUNAAtION ..ottt s 7
2.4 Previous STUAICS ...c..eeiiriieieiiecieie ettt sttt ettt st sb e e es 10
2.4.1  Probabilistic Seismic Hazard Analysis in North Maluku Province........... 10
2.4.2  Liquefaction Modelling using the PM4Sand...........ccoceeveniiniiiiniincnnene. 11
2.4.3  Breakwaters Stability using the PM4Sand.........ccccocoeveniiniininiiniinennne. 11
2.4.4  Liquefaction Hazard Assessment Using Non-Linear Site Response......... 11
2.4.5 Dynamic Analysis of Bored Pile using the UBC3D-PLM Model............. 12

vi



Non-linear Analysis of Pile Foundation in Liguefiable Soil Using Dynamic Constitutive Model and
Seismic Hazard Analysis
Yoga Setiawan, Prof. Ir. Teuku Faisal Fathani, S.T., M.T., Ph.D., IPU, ASEAN.Eng.; Dr.Eng. Fikri Faris, S.T., M.Eng.

Universitas Gadjah Mada, 2024 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS

GADY S M/ﬁévelty OF RESCATCI......oouiiiiiiieiieceee e e 12
CHAPTER 3 THEORETICAL BACKGROUND .....ccceeiiiiiiieieeietee et 13
3.1 Geologic and Seismic Activity in Seram Island, Maluku Province...........c...c......... 13
3.2 Seismic Hazard ANALYSIS ......cccieriiiiiiiiiieiieie ettt 15
3.2.1  Deterministic Seismic Hazard Analysis (DSHA) .......cccccevviirviverienieennnn. 17

3.2.2  Probabilistic Seismic Hazard Analysis (PSHA) .......cccccoeveiviiieniieeeieene 18

3.3 Earthquake Catalog Data ............coouiieiiiieiieeee e e 19
3.3.1  Magnitude Scale CONVETSION. .....c..eeruiiriieiierieeieesieeieeeiteeiee st eiee e e 20

3.3.2  DECIUSLEIING ..cuvvieniieiiieiieeie ettt ettt ebeeeeneeeee s 20

3.3.3  Completeness analysis ......cccceeecueerieeiiieniieeieeriee et esiee e eeeeereesreesereeeeenn 20

3.4 SeiSMIC Parameter.......coouiiiiiiiiieiie e 22
3.5 Earthquake SOUICE ZONE .......ccceevuiriiriiiiiiiiniieiecteieeteeteee ettt 22
3.5.1  SUbDAUCHION SOUICE....c..eiuvieiiiiieieeiteritete ettt sttt 23

3.5.2  Fault SOUICE...ccuiiiieiiiieieeee ettt e 23

3.5.3  Background SOUICE.........cccuiieiiiieiiieciie ettt e 24

3.6  Exceedance Probability..........cccooiiiiiiiiiiiiiie e 24
3.7 Attenuation Function and Logic TIee .......c.ccccueeviiiriieiiieniieiieeie et 24
RIS = £V 22 (1Y F: 1 DU PPSR 26

R I BN D TGT: Ve oa (T o1 o (o) 4 WU 26
3.10 Site Class and AmMPITICAtION. ....c..coiiriiiiiiiiriiiicieceeet e 27
31T TIME HISTOTY weieuiiieiiieiie ettt ettt ettt ettt eebeesnaeeseesaaeenbeennnas 27
3.12 Liquefaction ASSESSIMENL ......cccuieeriieeriiieeiieeeireeeiiee ettt e eteeesreeesbeeesnseeenaseesnnseeennne 27
3.12.1 Liquefaction potential analysis .........cccceeerieeriieeriiieeciee e 27

3.12.2 Liquefaction potential indeX ...........cccevuierirniiiiieiiieieie e 30

3.12.3 Liquefaction SeVerity INAEX.......ccceerieriiieriieniieiiieeieeiee et eee e eve e 31

3.13 Constitutive SO1l MOdEIS.......cocuiiiiiiiiiiiiiiieiceeee e 32
3.13.1  PMASANd....oiiiiiiieeeeee e 33

3.13.2  UBC3D-PLM ..ottt es 37

3.13.3  HS-Small..cooeiiiieee e 37

3.14 Pile Foundation in Liquefiable Soil .........ccccooviieiiiiiiieiiiiiciececeeee e 39
3.14.1 Pile foundation CAPaCILY........cccueeeruiieriiiieeiieerieeesiee et evee e e 39

3.14.2 Pile foundation in dynamic 10ad ...........cccceriiiiiiiniiieiiie e 41
CHAPTER 4 RESEARCH METHOD.......ccooiiiiiiiiiiieieeeeee et 44

Vil



Non-linear Analysis of Pile Foundation in Liguefiable Soil Using Dynamic Constitutive Model and
Seismic Hazard Analysis
Yoga Setiawan, Prof. Ir. Teuku Faisal Fathani, S.T., M.T., Ph.D., IPU, ASEAN.Eng.; Dr.Eng. Fikri Faris, S.T., M.Eng.

Universitas Gadjah Mada, 2024 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS

A M ARESEATCI PrOCEAULE.......vveeeeeeeeeeeeeoeeeeeeeeeeeeeeeeeeeesseeeese s eesseseess e eseseeeeee s eseseeees 44
4.2 Seismic Hazard ANALYSIS .....c.eeeciiieiiiieciie ettt e et eree e e eenaeeen 46
4.2.1  Collected data and magnitude CONVETSION ......cceevuereerueeruereeneenienrenieennens 47

4.2.2  Declustering analysSis ........cccueeeuierieeiieenieeiiienieeieesieeteesee e eneee e esee e 47

423  Completeness analySis ......ccc.eecvierireiiierieeieerieeieeree ettt ereeeee e s 47

4.2.4  Earthquake source model analysis.........c.cceeeveeriiieniiienciieeieecee e, 47

4.2.5  Seismic parameter analysis, attenuation, and logic tree ...........cccceeveenneen. 48

4.2.6  Probabilistic seismic hazard analysis..........cccceevierieniieniiniiiieeeeeeee, 48

427 Mapping aNalYSIS ....cecueeeriierieeiiienieeieeeiie et esite ettt et niee e teesareebeeeneas 48

4.3 Finite Element ANalYSiS......ccccviiiiiiiiiiieiiie ettt eiee et e e en 49
4.3.1  Spectral matching analysis.........cccceecvreeriieeiiieniiee e 49

4.3.2  Liquefaction assesSment analysis .........ccoeceereeeiieenieniiieniesieeiee e 49

4.3.3  Liquefaction analysSis .......cccceeeiierieeiiieniieeiieniie ettt 49

4.3.4  Pile foundation analysiS .........ccceeevureriierieeiiienieeieenie e ere e eae e 50

4.4  Requirements FEM Model...........c.coooiiiiiiiiiiiieeee et e 50
4.4.1  Deconvolution earthquake input............coeceeviiiiiiiniieniieeeecee e, 50

442 EICMENE SIZC ...eevieuiiriiiiieieeiieeit ettt ettt sttt et 50

4.43  Rayleigh damping ........cccceeviieiiieiiieiiiieiieeieeeie et 51
CHAPTER 5 RESULT AND DISCUSSION ..ottt 52
5.1 SeiSMIC ANALYSIS ..uverutiriiiiieiientieie ettt sttt ettt ettt ettt et sttt 52
5.1.1  Seismic data analysis ........cceeeieriiierieniiieiieeie ettt et 52

5.1.2  Seismic hazard parameters analysiS.........ccccceerveriierienieenieeieesieesieeeeans 53

5.1.3  Seismic hazard maps analysiS........cccecveeeiiieeriieeriieeriie e 56

5.2 Geotechnical ANALYSIS.......cccuiriiriiriiniiiieiere ettt 58
5.2.1  Soil stratigraphy analysis ..........ccceeeceerviieriieniiieiieeiieie e 58

5.2.2  Site classification analysis .........ccceccvereireriieriieerieeieerie e eee e esieeene e 60

5.3 Site ReSPONSE ANALYSIS ...cccuviieiiiieiiiieeciieeiiee ettt vee e sree e e e snveeeseveeeenseeenene 61
5.3.1  Target response spectrum analysis.........ccceerueerieerieenienieerie e eiee e 61

5.3.2  Spectral matching analysiS.........ccceccuerciieriieriiieiieeie et 62

5.4 Liquefaction Assessment ANALYSIS .......c.ccoveriieiiieniieriienie et ene e eenes 65
5.4.1  Liquefaction potential analysiS .......c.cccceevviiiiriieeiiieeieecieceee e 65

5.4.2  Liquefaction potential indeX ..........ccceecuieriiiriiiiiiiiieiiese e 69

5.4.3  Liquefaction SeVerity INAEX.......ccceeriiriiieriieriieriieeiieite st eie e eve e 69

viii



Non-linear Analysis of Pile Foundation in Liguefiable Soil Using Dynamic Constitutive Model and
Seismic Hazard Analysis
Yoga Setiawan, Prof. Ir. Teuku Faisal Fathani, S.T., M.T., Ph.D., IPU, ASEAN.Eng.; Dr.Eng. Fikri Faris, S.T., M.Eng.

Universitas Gadjah Mada, 2024 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS

GADEAS M e Foundation ANALYSIS c.eviiiiiieiiieciie ettt et s beesebeeraeas 70
5.5.1  Existing liquefaction analysis .........ccccceeeiiiieriiieeriieeieccieeeee e 70

5.5.2  Pile foundation analysis.........cceecueerieriieniienieeiee e 76

5.5.3  Pile foundation assessment deSigN..........cceeecveerieeriieniienieerie e e ere e 81
CHAPTER 6 CONCLUSIONS AND RECOMMENDATIONS .....coooiiiiiiienieieieeeene 84
0.1 CONCIUSIONS ...ttt ettt et e st e bt e sae e et eesateenbeesaeas 84
6.2  RecOMMENAALION ....oiiiiiiiiiiiiiiieie ettt ettt st e b e 84
BIBLIOGRAPHY ..ottt ettt sttt et ssaensesnaesneensaenneneas 85
APPENDIX L.ttt sttt et h et st b et e nas 90

X



	TABLE OF CONTENTS

