Numerical Analysis of Breasting Dolphin Failure on Riverbank Slope: A Case Study of Jetty
Construction in East Kalimantan
Bella Esfadiary Yus, Prof. Ir. T. Faisal Fathani, S.T., M.T., Ph.D., IPU., ASEAN.Eng. ; Dr.Eng. Fikri Faris, S.T., M.Eng

Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS

GADIATMADA TABLE OF CONTENTS
TITLE PAGE ..ottt ettt e et e b e aeenaesseensesssenseensens i
APPROVAL SHEET .......oooiiiieeeee ettt ettt et st e b e e ae e il
LEGALIZATION SHEET ..ottt sttt il
STATEMENT SHEET ..ottt sttt e ae e eneeeas v
PREFACE ...ttt ettt ettt et e st e bt et e s bt e teeaeesbeenseennas v
TABLE OF CONTENTS ...ttt ettt et sttt et e b eneeenee e vi
LIST OF FIGURES ........coooiiee ettt sttt ettt st e e e enee X
LIST OF TABLES ...ttt ettt b et sttt ettt esaeeatesaeens xii
ABSTRACT ...ttt ettt sttt b e et e s bt et eatesaeenbeentesaeenees Xiv
CHAPTER 1 INTRODUCTION ..ottt ettt ettt 1
1.1 BACKEIOUNA ..ottt ettt et ete e e et e et eeenseeesnseeennnee s 1
1.2 Problem StateMENT .........covuiiiiriieieeierieeieeie ettt sttt st se e eaees 2
1.3 RESCAICH ODJECTIVES ..veiiiieiiieiiieiieciieeiee ettt ettt e ettt e e b e e teeenseesseeesseesssesnseesseesnseensns 3
1.4 Research LIMITAtION ...coo.veiiiiiiiiiiiiieeieeeeetee ettt st 3
1.5 Research Benefit .........ooioiiiiiiiiiiiiieee et 3
CHAPTER 2 LITERATURE REVIEW ..ottt 4
2.1 JEY SHTUCKUTC.....eeiuiiieeiiiee ettt et et e et e et e st e e sntaeesabeeesnbeeesaseeennseeennseens 4
2.2 Pile SYStemM ON JEIES ...oeuveeiiiietieiiieiieeiie ettt ettt et sttt e e st e ste e s e enseenees 5
2.2.1 DOIPIIN SEIUCTUIE .....eeeiieeiiieiieeiie ettt ettt ettt e et e e saesnte e st e enseeees 5
2.2.2 Pile FOUNAAtION ...eoutiiiiiiiiiiiieciteieeece ettt sttt 5
2.2.3 Pile Subjected to Lateral Load .........c.ooeoviiiiiiieiiieeieeeeeeeeee e 6
2.3 Pl ON SIOPEC...cniiieiiieeie ettt ettt ettt ettt ae e e eee 7
2.3.1 SLOPE StADTIILY ..euieiiiiiie ettt ettt ettt st 7
2.3.2 Pile behavior on riverbank SIOPE..........cccvvieiiiieiiieeiiieeeeece e 8
2.4 PTEVIOUS STUAIES ....vieiieiniieiiie ettt ettt ettt ettt ettt e et et e et e et e et e e s et e eabeessaeenseeeee 9
2.4.1 Pile on slope behavior due to lateral load ............ccccvveeiiiieiiiieiiieeeece e, 9
2.4.2 Post-failure analysis of the port using PLAXIS 2D staging construction............... 10
2.4.3 Importance of soil model selection on PLAXIS 2D ....cccoooviiiiviiiiiiieeeeeeeeeen 10
2.5 Analysis of dredging effect using PLAXIS 2D modelling...........ccceeeevvveeciieencvieenrieenee. 11
2.6 Comparative study of two soil models for 2D and 3D PLAXIS modelling .................. 11

Vi



Numerical Analysis of Breasting Dolphin Failure on Riverbank Slope: A Case Study of Jetty
Construction in East Kalimantan
Bella Esfadiary Yus, Prof. Ir. T. Faisal Fathani, S.T., M.T., Ph.D., IPU., ASEAN.Eng. ; Dr.Eng. Fikri Faris, S.T., M.Eng

Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/

Gﬂ%@%&ﬁ%ining SAP2000 and PLAXIS 2D for structural and geotechnical analysis .......... 11
2.8 NOVelty 0f RESCAICH .....eoviiiiiiiiiiciiecce e 11
CHAPTER 3 THEORETICAL FRAMEWORK ........cccooiiiiiiiiiiiiieeeeeee e 12
3.1 Structural Loads on Jetty DeSIN .......ccceeriiiiiiiiiieiieiie ettt 12
3. 1.1 DA 10AA...... i ettt 12

3. 1.2 LAV 10AA ..ttt e e ettt e e e e beeeearae e 12
3.1.3 Brthing fOTCE......eeiiieiiieiieie ettt et sttt et e st e e ens 12
3.1.4 MOOTING TOTCE.....eeieitieiieeiiieeiie ettt ettt et ettt e et e e tee et eeseeenbeebeesnbeenseesnseenaneans 14
3.1.5 CUITENE FOTCE...uuiiiiiiiiiiie ettt et 15
3.1.6 WINd drag@ fOrCe .......uiiiuiiiiieie ettt et et 16
3.1.7 Earthquake Load..........ccooiiiiiiiie et 16
3.1.8 Load cOmMBINAtION.........eouiriiiiieiiniieieeieeit ettt sttt s 18
3.2 Soil Mechanics and Parameters............c.ooiiiiiiiiiiiiiirieiieeeeeee e 19
3.3 Bearing Capacity of Pile Foundation ..............coccoiiiiiiiiiiiiiiieee e 21
331 AXIAL10AA ...ttt 21
3.3 2 Lateral 10ad......cooueiiiieieee et 22
3.3.3 Deflection criteria and safety mit...........cccoeeeiiiiiiiiiiiccecceeee e 24
3.4 Slope Failure MeChaniSim..........cccviiiiuiieiiiiieciie ettt eree e eeeveeeeaee s 25
3.5 Finite Element Method Programi...........ccccueeviiiiiiiiiiiiieeeeeeee e 25
3.5.1 SAP2000 OVEIVIEW .....eeueiuietieiiesiieieeiieeitesteeteseesteeteeseesaeeeesnsesseenseeneesseensesnsesseans 26
3.5.2 PLAXIS OVEIVIEW ..uviniiiieiieiieeiieie ettt ete st enteseeesaee e sntesseeseeneesseenseensesseens 28
3.6 S0il Constitutive MOAEIS ... ...oeuiriiiiiiiiiieieeieeeee et 30
3.6.1 MORI-COULOMD.....cueiiiiiiiiieiieieeee ettt ettt saeens 30
3.7 Structural EICMENTS .....cc.coiiiiiiiiiiiieee ettt 31
BT L PLALES ettt sttt et b et et sae e 31
3.7.2 Node-t0-N0de anCROTS ........covuiiiiriiiiieieciieie ettt 32
3.7.3 Embedded Deam TOWS .....cc.eeruiriiiieiieiesiieieeie ettt 32
CHAPTER 4 RESEARCH METHOD ........cccooiiiiiiiiiiieeeeeeee e 35
4.1 Research LOCAtION ........oouiiuiiiiiiieiieieeectee ettt st 35
4.2 Research PrOCEAUIE ......cc.uevuieiiiieiieieeieee ettt et s 35
4.3 LItCrature REVIEW .....ceuiiiiiiieiieiiericeie ettt sttt st 37
4.4 ReSEATCH DAta.......oiiiiiiieiiee et ettt et eaneas 37
4.5 Structural Modelling in SAP2000 .........ccoeiiiiiiiiieiieiee ettt 37

Vil



Numerical Analysis of Breasting Dolphin Failure on Riverbank Slope: A Case Study of Jetty
Construction in East Kalimantan
Bella Esfadiary Yus, Prof. Ir. T. Faisal Fathani, S.T., M.T., Ph.D., IPU., ASEAN.Eng. ; Dr.Eng. Fikri Faris, S.T., M.Eng

Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS

CAPE'EéSechnical Modelling in PLAXIS 2D ...c.oiiiiiiiieiieiiecee et 40
CHAPTER 5 RESULTS AND DISCUSSION........oootiiiiiiniieeeesteee et 44
5.1 General Description of Research Site ...........ccooviieiiieriiiiiieniieiierie e 44
5.1.1 Soil profile and classifiCation...........ccceeecuierieeiienie et 46
5.1.2 Soil parameters and overburden SIreSs ..........cccuierieriiierieeiiierie e 48

5.2 Calculation of Applied Loads on Dolphin Structures ...........ccccecevvineenencneenenicnenn 49
5.2.1 Berthing ENETEY .......ooouiiiiiiiiieiiee ettt ettt et et ens 50
5.2.2 MOOTING FOTCE.....eiiiiiiiiieiieeie ettt ettt sttt st ssaesteesaeaens 52
5.2.3 CUITENE FOTCE.....uiiiiiiiiiiiiic ettt ettt e 54
5.2.4 WINA FOTCE ...ttt et sttt st e st esaeeens 54

5.3 Manual Analysis of Single Pile Capacity ........cccccoveeviiriineriiiniinieniireeeneereeeeeeeee 54
5.3.1 Axial Bearing Capacity ......cccueeeuieriieiiieniieeiieeieeriee et eite et eeeesteesieeebeeseeesaseesaeeens 54
5.3.2 Lateral RESISLANCE .....cc.eeiuiiiiiiiiieiii ettt sttt sttt 57
5.3.3 Deflection ANALYSIS .....ceeuiiiiieiieiie ettt ettt ettt sttt et e st e naeeeas 60

5.4 Numerical Modelling Using SAP2000 .........c.coooiieiiiiriiiiiieiieeieesie et 62
5.4.1 SOl SPIING VAIUES .....ooeiiiieiiieeiiee ettt e s e st e e snseeenenee e 62
5.4.2 Modelling ProCEAUIE .........cccueieiuiieeiiieciie ettt ve e e stee e aaeesaae e saeeeseseeenns 64
5.4.3 OULPUL TESULILS ...uvviieiiieeeiie ettt ettt e et e et e e e taeesaaeessaeesssaeessseeensseeenes 66

5.5 Numerical Modelling Using PLAXIS 2D ...ccuviiiiiiiiiiieieeeeeeeee e 70
5.5.1 Model geometry and SOIl QYT ........ccccuiiiriiiiiiiiieiie e 70
5.5.2 Plate elements with embedded beam rOW ...........cccoovueiiiiiiiiiiiiiiieee e 71
5.5.3 Embedded beam row with node-to-node anchor.............cccceeevienieneniieniencnieneene 74
5.5.4 Output INtEIPIELALION ...eeeuvieiieeiieeieeieeeteesiee et ereeeteesteeereeseesseesseessseenssessseenseeans 76

5.6 Structure Internal Forces Output COMPATiSON ........cccveeeriererieeerieeeiieeeireeeieeeeveeeerees 81
5.6.1 Between SAP2000 and PLAXIS 2D Programs...........ccceeecveerevenieeneeesieenvesnneennens 81
5.6.2 Between manual and numerical ReSults...........cocovieviiiienieniniieniecciececeeee 86
CHAPTER 6 CLOSING ........ooitiiiiiiteteee sttt ettt ettt st sa et sate bt e saeennesaeens 88
0.1 CONCIUSIONS ...ttt ettt ettt e bt e et e bt e st e bt e st e esbeesabeenbeeens 88
0.2 ReCOMMENAALIONS ......eiuiiiieniieiieriieie ettt ettt ettt sbe et e e enee 88
REFERENCES ......c..ooiiiiiie ettt ettt ettt ettt sanen 90
APPENDIX A ...ttt ettt ettt et e bt et sa et e e e it e nbeentenaeen 97
APPENDIX Bttt sttt ettt ettt 98
APPENDIX € ..ottt ettt ettt b e et sb et e nbeeatesaeens 99



Numerical Analysis of Breasting Dolphin Failure on Riverbank Slope: A Case Study of Jetty
Construction in East Kalimantan
Bella Esfadiary Yus, Prof. Ir. T. Faisal Fathani, S.T., M.T., Ph.D., IPU., ASEAN.Eng. ; Dr.Eng. Fikri Faris, S.T., M.Eng

Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
DU & 1d OIS 1) 5.0 ) JENOOT OO 100
APPENDIX E....ooooiovoooeoeee oo e seeeeseseeeeeeesseeeseessseaesseseeesessseeeeseeseeeeeesseeeseseeees 102
APPENDIX F...ooooiooooeoeeee oo seee s eeessee e esse s e ee s e see s eeesseeseseeees 107
APPENDIX G ..o seeeeees oo eeessee e seaeeses e eeseseeeeseeseeeseeesseeeeeseeees 109

X



Numerical Analysis of Breasting Dolphin Failure on Riverbank Slope: A Case Study of Jetty
Construction in East Kalimantan
Bella Esfadiary Yus, Prof. Ir. T. Faisal Fathani, S.T., M.T., Ph.D., IPU., ASEAN.Eng. ; Dr.Eng. Fikri Faris, S.T., M.Eng

Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

LIST OF FIGURES

Figure 1.1  Coal exports by major exporters from 1978 to 2020 (modified from

International Energy Agency, 2021) .....cceviiriiiiiiinieieeeteeeeeieee e 2
Figure 1.2 Documentation of breasting dolphin on Site ............cccceeviieiiieiieniiienienie e, 2
Figure 2.1  Type of port (Triatmodjo, 2009) ........ooiiiiiiiiiiiieeiee e 4
Figure 2.2 Top view of jetty structure (modified from Siliwangi et al., 2014) ...................... 4
Figure 2.3  Load transfer of pile: (a) Axial load, (b) Lateral load (Basu et al., 2008) ............ 5
Figure 2.4 Rigid and flexible piles under lateral loading (Basu et al., 2008)..........ccccceenneeen. 6
Figure 2.5 Groundwater conditions when the river level is: (a) stable, (b) unstable

(adapted from Wikipedia, as cited in Ubechu & Okeke, 2017) .......cccevverevennnnnne. 9
Figure 2.6  Piles in slope: (a) Active pile, (b) Passive pile........ccccccvvvevienieeciieniiiiieieeeenee 10
Figure 3.1 Rotation radius around the ship’s center of gravity .........cccceceeveenieriieneeeneenne. 14
Figure 3.2 Design response spectrum (Kementerian PUPR, 2021) ........coceviiiinieniniennnne 17
Figure 3.3 PGA map (Kementerian PUPR, 2021).......cccooiiiiiiiiiiiiiiiiceeieeeeeeee 18
Figure 3.4  Early a correlations developed from load test databases (Doherty & Gavin,

20T L) ettt ettt ettt et este et e eneeete e beenteeneenteenteeneens 22
Figure 3.5 Typical 2D finite element (Potts & Zdravkovi¢, 2001) ......ccccocveveriieniineniiennne 26
Figure 3.6  Implementation of soil springs (modified from Haskell et al., 2019)................. 27
Figure 3.7 Positions of node and stress points in soil elements: (a) 15-node triangle

(b) 6-node triangle (Bentley, 2022)........cccuieviiieiieiieeieeieeie e 28
Figure 3.8  Example of plane strain (Bentley, 2022)........ccccocviieeiiiieiiiecieeeiee e 29
Figure 3.9 Mohr-Coulomb constitutive model (Tjie-Liong, 2014)......cccceevevveevciveenreeennnn. 30
Figure 3.10 Plate element (Bentley, 2022) .....ccuoieiiiieiiieeieeeieeeee e e 31
Figure 3.11 Node-to-node anchor element (Bentley, 2022) ........ccccoceviivieniinenneniineeienene 32
Figure 3.12 Embedded beam row interaction with soil (Bentley, 2022)........c.cccccveevveeennnenn. 33
Figure 3.13 Embedded pile row element (Bentley, 2022).......ccccccerieniiiieniinenienieneeienene 33
Figure 3.14 p—y curve for soft clay (Rocscience, 2022)........ccveeveirienieenienienieeieeienieeieneene 34
Figure 4.1  Study area (modified from Google Earth, 2025; Pusat Penelitian dan

Pengembangan Geologi, 1995; Pusat Pengembangan Infrastruktur Informasi

GeOoSPASIAL, 2024) .....viieiieeee e et 35
Figure 4.2  Flowchart of 1€S€arch..........cooiiiiiiiiiiiii e 36
Figure 4.3  Tensile requirements (ASTM A252-10, 2018) ...vvveeiiieeiiieeieeeee e 38
Figure 4.4  Design response spectrum graph (RSA Ciptakarya, 2021).......cccceeverieneniennnne 40
Figure 4.5 Geometry modelled on .dXf file ........cocervieiiiiiniiiiiieeeeee 42
Figure 5.1  Cross section layout of the Jetty ......cceeviiieiiiiiiieiieeiiceeee e 44
Figure 5.2 Drawing of dolphin structure: (a) Initial design, (b) Field implementation........ 45
Figure 5.3  Aerial photo of site layout and displacement note...........ccccceuveeecvveerciveencreeennnenn. 45
Figure 5.4  Solil stratigraphy of cross section STA 04350 .......ccccooiiiiiiiniiniiiniiieeieeeee 47
Figure 5.5 Variation of SPT N-Values with depth..........ccccoooviiiiiiiieie e, 47
Figure 5.6  Determining 7/L VAlUC.........ccceevueriiriiiiinieiteienteeeteeiteste et 51
Figure 5.7 Example of taking the o value ..........ccooooiiiiiiiiciieceee e 56



UNIVERSITAS
Figurd 578"
Figure 5.9
Figure 5.10
Figure 5.11

Figure 5.12
Figure 5.13
Figure 5.14
Figure 5.15
Figure 5.16
Figure 5.17
Figure 5.18
Figure 5.19
Figure 5.20
Figure 5.21
Figure 5.22
Figure 5.23
Figure 5.24
Figure 5.25
Figure 5.26
Figure 5.27
Figure 5.28

Numerical Analysis of Breasting Dolphin Failure on Riverbank Slope: A Case Study of Jetty
Construction in East Kalimantan

Bella Esfadiary Yus, Prof. Ir. T. Faisal Fathani, S.T., M.T., Ph.D., IPU., ASEAN.Eng. ; Dr.Eng. Fikri Faris, S.T., M.Eng

Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/

Successful input of soil spring on SAP2000: (a) 3D-plane, (b) 2D-plane.......... 63
Side view of applied loads on the upper dolphin structure...........c.cccecveveeuveennnee. 65
Undeformed 3D Shape: (a) Initial design, (b) Field implementation ................. 66
Deformed 3D shape based on ASD Combination (scaled 1:10):

(a) Initial design, (b) Field implementation ............cccccoevieriiieniiiiienieeeeieeen 67
Axial force output: (a) Initial design, (b) Field implementation......................... 67
Shear force output: (a) Initial design, (b) Field implementation......................... 68
Bending moment output: (a) Initial design, (b) Field implementation ............... 68
Deformed mesh of post-construction of plate-EBR combination....................... 73
Bending moments produced on dolphin’s bracings ............ccceeeveeviierveereennennnen. 74
Mesh detail and quality analysis of the model............cccceeeiiieniiieniiieeieees 75
Safety factor ODSETVEd.......cuviieciiieciieeeee e 76
Plastic points produce failure point domination (slip surface) ..........cccccveeeuvenne 77
Deformation generated: (a) lateral direction, (b) vertical direction..................... 78
Axial forces Of PLAXIS 2D .....oiiiiiiiiiieeiieee ettt 80
Shear forces of PLAXIS 2D ......ooiiiiiiiiiiiieieeciereeeeeeee et 80
Bending moments of PLAXIS 2D ....cooviiiiiiiieieieceeeeeeee e 81
Axial force: (a) front vertical piles, (b) rear batter piles .........cccceeeeeiveerciveirneenns 82
Shear force: (a) front vertical piles, (b) rear batter piles.........ccccoeevveercrveenieennne. 83
Bending moment: (a) front vertical piles, (b) rear batter piles............ccccveeeuveenne 84
Output of axial force on bracings..........cocceeveeriieiiiniiieieceee e 85
Typical displacement OULPUL .........cccueeeeuiiiiciieeiiie e 86

xi



Numerical Analysis of Breasting Dolphin Failure on Riverbank Slope: A Case Study of Jetty
Construction in East Kalimantan
Bella Esfadiary Yus, Prof. Ir. T. Faisal Fathani, S.T., M.T., Ph.D., IPU., ASEAN.Eng. ; Dr.Eng. Fikri Faris, S.T., M.Eng

Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
CADIAFTMAA LIST OF TABLES

Table 2.1 Allowable lateral pile loads (USACE, 1993 in Budhu, 2010). ........cccvvevvreiiennnnns 7
Table 2.2 Macro causing slope movement (Look, 2007) ........cccoevirriienieiiiieniieiierie e 8
Table 3.1 Berthing velocity (Triatmodjo, 2009).......cccveriieirieriieiieieeieesee e 13

Table 3.2 Drag coefficients for a circle-shaped object (Ports and Harbours Bureau MLIT
/ National Institute for Land and Infrastructure Management MLIT / Port and

Airport Research Institute, 2020) ........ccovieeiiiieiiieeieeeee e e 16
Table 3.3 Site classification (Badan Standardisasi Nasional, 2017) .......ccccceevvevieniiiennennnen. 17
Table 3.4 Load combinations (modified from American Society of Civil Engineer, 2017;
Department of Defense USA, 2017; International Code Council, 2016).............. 18
Table 3.5 Approximate variation of consistency, N, and undrained cohesion of clay
(Ameratunga et al., 2016)......c.cooiiiiiiiiiiiiieie e 19
Table 3.6  Value ranges for Poisson’s ratio (Look, 2007) .......cccceeevieriieciienieniienieereeeere e 19
Table 3.7 Representative of dry unit weight (Look, 2007) .......ccceeeviieriiieniieeieeeeeeeieeens 20
Table 3.8 Typical values of E, for clays (Ameratunga et al., 2016)........ccccoevveerienieennnnnen. 20
Table 3.9 Value ranges for Poisson’s ratio (Bowles, 1997).......ccccoeoiieeiiieciiiecieeeieeeieeens 20
Table 3.10 Approximately typical ranges of the permeability coefficient for cohesive and
non-cohesive soils (Wilun, 2013 in Wrzesifski, 2020).......cccceeeeverienennienienenne. 21
Table 3.11 Safety factor category for slope stability (Bowles, 1979) ....c.cccocvevieiiiniincniennne 25
Table 3.12 Lateral soil resistance-deflection relationship (PileLAT, 2017) .....ccccccveevvennnennnen. 34
Table 4.1  Pipe pile Properties 0N SI€ .....c..cevcuieeriiireriiieeriieeiieeerieeeesireeeieeesreeeereeesaeeessseeenns 37
Table 4.2 Defined material PrOPETtIS ........cccuvieriuieeriieeiiieeriee et e erieeeeee e et eesaeeesbeeeeaeeenes 38
Table 4.3  Defined SeCtion PrOPETLIES.....ccuvieecvieeeiireeiieesieeerieeesreeestreeeteeesseeesseeesseeessseeenns 39
Table 4.4 Design spectral acceleration parameters ............oceevverrieerieeiieeneesiieenieeeeeneeeeeens 40
Table 4.5 Material PrOPETLIES ....ccvveeeveeeerieeeiieecieeeeteeesteeesteeertaeeesteeessaeeeseeessseeessseeessseeenns 41
Table 4.6  Stage CONSIIUCTION ON SIEE...c..eeiiuieriiieiieriieetieriie et esiee ettt et seeeebeesaeeebeeseeeeneeas 43
Table 5.1 Total displacement in @ MONtN..........cceerieeiiieriieiierie et 46
Table 5.2 River tide level on the Project Site.........ccuevviiiriieiiierieiiieie et 46
Table 5.3  Soil properties of BH-01 and BH-03 based on the N-SPT test result................... 48
Table 5.4 Input parameters for Mohr-Coulomb Model in PLAXIS 2D......cccoeevviiviivieieens 49
Table 5.5 Input parameter for fill material in PLAXIS 2D ......ccooiiiiiiiiiieeee, 49
Table 5.6 Dimensions and capacity of the cylinder fender (modified from Triatmodjo,
2009ttt ettt et sttt ettt et st aeeaees 52
Table 5.7 Resume of Wind drag fOrCe .........cccvieiiiiiiiiiieiecieee e 53
Table 5.8 Summary of Qs calculation results for each layer .........cc.cocceeveviiiiiiininnicnn. 56
Table 5.9 Summary of the soil spring coefficient of the initial design ...........cccceveeveriennene 63
Table 5.10 Spring value check based on Bowles (1997)......cccuveeviieeiiieeiiieeieeeeeeeee e 64
Table 5.11 Maximum displacement produced by design codes for LRFD.............ccceeenneenne 66
Table 5.12 Recapitulation of the force generated by piles in the spring modelling................. 69
Table 5.13 Resultant fOrCes ......cceevuiriiiiiiiiniirieeieete ettt 70
Table 5.14 EBR parameters input: embedded............ccooiiiieiiiieiiieciieceeceeeee e 72

Xii



Numerical Analysis of Breasting Dolphin Failure on Riverbank Slope: A Case Study of Jetty
Construction in East Kalimantan
Bella Esfadiary Yus, Prof. Ir. T. Faisal Fathani, S.T., M.T., Ph.D., IPU., ASEAN.Eng. ; Dr.Eng. Fikri Faris, S.T., M.Eng

UNIVERSITAS Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/

TaBIE'S 15" Plate PATAMELETS TNPUL ..eevviieiiieiieeiieeiieeieeeteeiee et eteeere et e eaeenseesseesseeenseensnesnsees 72
Table 5.16 EBR parameter input: nonembedded ...........ccceveiiiieiiieeiiieeieeeeecee e 75
Table 5.17 Node-to-node anchor parameters INPUL .........ccc.eeeveerieerieerieeiieeneeereeseeereeseeeenees 75
Table 5.18 Recapitulation of manual deflection calculation results............ccceeveieenciieeninenns 87
Table 5.19 Recapitulation of manual and numerical analysis..........ccccceeveeriiiiienieeiiienieeen. 87

Xiii



	TABLE OF CONTENTS
	LIST OF FIGURES
	LIST OF TABLES

