
TABLE OF CONTENTS 

 

CHAPTER NO.      DESCRIPTION PAGE 

TITLE PAGE ...............................................................................................   i 

PROPOSED FINAL ASSIGNMENT RESEARCH .................................   ii 

APROVAL PAGE ........................................................................................   iii 

BERITA ACARA BIMBINGAN TUGAS AKHIR ...................................   iv 

DECLARATION OF PLAGIARISM ........................................................   v 

DECLARATION OF AUTHENTICITY ...................................................   vi 

MOTTO  ........................................................................................................  vii 

DEDICATION ..............................................................................................  viii 

ACKNOWLEDGEMENT ...........................................................................  ix 

TABLE OF CONTENTS .............................................................................  xi 

LIST OF FIGURE .......................................................................................  xiv 

LIST OF TABLE .........................................................................................  xvi 

ABSTRACT ..................................................................................................   xx

ii 

ABSTRAK ....................................................................................................  xxiii 

LIST OF ABBREVIATIONS .....................................................................  xxiv 

 

CHAPTER I 

 INTRODUCTION .......................................................................  1 

1.1 Background ..........................................................................  1 

1.2 Problem Limitation ..............................................................  2 

1.3 Objectives of the Final Assignment .....................................  2 

1.4 Scope of the Study ...............................................................  2 

 

CHAPTER II 

 LITERATUR REVIEW ..............................................................  4 

2.1 Introduction ..........................................................................  4 

2. 2 Substructure .......................................................................... 4 



2.2.1  Abutment ....................................................................... 4 

2.2.2  Pier / Pillar ................................................................  6 

2.2.3  Foundation ................................................................  10 

 

CHAPTER III 

 DESIGN AND METODOLOGY ................................................  11 

3.1 Introduction ..........................................................................  11 

3.2 Preliminary Design...............................................................  11 

3.3 Design of Substructure .........................................................  11 

3.3.1 Design of Abutment..................................................  13 

3.3.2 Design of Pier ...........................................................  16 

3.4 Design of Foundation ...........................................................  17 

3.4.1 Design of Abutment Foundation ..............................  18 

3.4.2 Design of Pier Foundation ........................................  24 

 

CHAPTER IV 

 DESIGN CALCULATION AND ANALYSIS ..........................  31 

4.1 Introduction  ...........................................................................  31 

4.2 Preliminary Design .................................................................  31 

4.3 Substructure Analysis .............................................................  34 

4.3.1 Dimension data & Own weight of structure ......  34 

4.3.2 Design of abutment  ...........................................  41 

4.3.3 Design of pier .....................................................  103 

4.4   Foundation analysis ...............................................................  163 

4.4.1 Foundation analysis of abutment .......................  163 

4.4.2 Foundation analysis of pier ................................  185 

4.4.3 Calculate the Foundation of Pylon .....................  208 

 

CHAPTER V 

 CONCLUSION AND RECCOMENDATION 



5.1 Conclusion ...........................................................................  212 

5.2 Recommendation..................................................................  213 

 

REFERENCES .............................................................................................  214 

APPENDICES 

 



LIST OF FIGURES 

  

FIGURE NO.   DESCRIPTION   PAGE 

Figure 2.1. Abutment and Wing Wall ....................................................  4 

Figure 2.2. Bridge without any pillars ....................................................  6 

Figure 2.3. Mechanism for scouring river water flow ............................  7 

Figure 2.4. Pillar wall shape ...................................................................  7 

Figure 2.5. Pillar portal shape .................................................................  8 

Figure 2.6. Pier Head ..............................................................................  9 

Figure 2.7. Pile Cap ................................................................................  9 

Figure 3.1. Flowchart of Substructure Design and Methodology ..........  12 

Figure 4.1.  Long section of Sunda Strait ................................................  33 

Figure 4.2.  Abutment Dimension ...........................................................  34 

Figure 4.3.  Wing Wall Dimension..........................................................  36 

Figure 4.4.  Pier Dimension .....................................................................  38 

Figure 4.5.  Dimension of the abutment ..................................................  41 

Figure 4.6.  Abutment load cause weight of upperstructure ....................  45 

Figure 4.7.  Load of soil active pressure .................................................  46 

Figure 4.8.  Load on abutment cause lane load "D" ................................  47 

Figure 4.9.  Force on abutment cause temperature effect ........................  48 

Figure 4.10.  Load on abutment cause load truck "T" ...............................  49 

Figure 4.11.  Wind load on abutment ........................................................  50 

Figure 4.12.  Load cause break force.........................................................  51 

Figure 4.13.  Distribution quake load on abutment ...................................  52 

Figure 4.14.  Friction force on point ..........................................................  54 

Figure 4.15.  Overturning retaining moment .............................................  60 

Figure 4.16.  Overturning retaining moment .............................................  61 

Figure 4.17.  Dimension abutment structure & soil heap ..........................  70 

Figure 4.18.  Soil active pressure ..............................................................  72 

Figure 4.19.  Soil active pressure ..............................................................  81 

Figure 4.20.  Moment on the clamp...........................................................  85 



Figure 4.21.  Soil active pressure ..............................................................  86 

Figure 4.22.  Quake horizontal force .........................................................  87 

Figure 4.23.  Abutement wall reinforcement .............................................  101 

Figure 4.24.  Wing Wall reinforcement .....................................................  102 

Figure 4.25.  Dimension of the pier ...........................................................  103 

Figure 4.26.  Load on pier due lane load "D" ............................................  108 

Figure 4.27.  Force on pier due temperature effect ...................................  109 

Figure 4.28.  Load on pier cause load truck "T" ........................................  111 

Figure 4.29.  Load cause break force.........................................................  114 

Figure 4.30.  Distribution quake load on pier ............................................  115 

Figure 4.31.  Friction force on point ..........................................................  118 

Figure 4.32.  Overturning retaining moment .............................................  125 

Figure 4.33.  Overturning retaining moment .............................................  126 

Figure 4.34.  Pier head dimension data .....................................................  142 

Figure 4.35.  Results Figure of Calculation ...............................................  163 

Figure 4.36.  Ultimate Moment And Shear Force of Pile Cap ..................  177 

Figure 4.37.  Reinforcement of Bore Pile Abutment .................................  183 

Figure 4.38.  Reinforcement of Pile Cap Abutment ..................................  185 

Figure 4.39.  Forces that act to the bore pile .............................................  189 

Figure 4.40.  Ultimate Bearing Capacity ...................................................  200 

Figure 4.41.  Reinforcement of Bore Pile Pier ..........................................  205 

Figure 4.42.  Reinforcement of Bore Pile Pier ..........................................  207 

Figure 4.43.  Cross Section of Pylon Foundation ......................................  208 

 



LIST OF TABLE 

  

TABLE NO.   DESCRIPTION   PAG  

Table 4.1. Bridge Data ...............................................................................  32 

Table 4.2. Bridge Dimension .....................................................................  32 

Table 4.3. Materials of The Structure ........................................................  33 

Table 4.4.. Calculation sectional area & Weight of abutment .......................  35 

Table 4.5. Calculation sectional area & Weight of landfill  ........................     36 

Table 4.6. Calculation sectional area & Weight  of Wing Wall Structure ....  37 

Table 4.7. Calculation sectional area & Plate weight stepped on .................  38 

Table 4.8. Calculation sectional area & Weight of Pier Head Structure .......  39 

Table 4.9. Calculation sectional area & Pier Column Structure Weight .......  40 

Table 4.10. Calculation sectional area & Weight of Pile Cap Pier Structure  40 

Table 4.11. Calculation sectional area & Landfill Weight ............................  40 

Table 4.12. Dimension of the Abutement .....................................................  42 

Table 4.13. weight of upperstructure .............................................................  42 

Table 4.14. Total load & moment substructure .............................................  43 

Table 4.15. Total weight of upperstructure & substructure ..........................  44 

Table 4.16. Force of Pressure Soil ................................................................  46 

Table 4.17. Distribution quake load on abutment .........................................  53 

Table 4.18. Calculation table working load...................................................  55 

Table 4.19. Combination 1 : Constant action & Traffic Load ......................  56 

Table 4.20. Combination 2 : Constant action, Traffic Load,  

 Temperature effect, Wind & Friction .....................................  57 

Table 4.21.  Combination 3 : Own weight, Superimpose dead load &  

 Quake Load .................................................................................  58 

Table 4.22.  Combination 4 : All of load except Soil pressure .....................  59 

Table 4.23. Calculation combination load .....................................................  60 

Table 4.24.. Overturning stability axis X ......................................................  61 

Table 4.25.. Overturning stability axis X ......................................................  62 

Table 4.26. Shear stability axis X ..................................................................  63 



Table 4.27. Shear stability axis Y ..................................................................  64 

Table 4.28. Load on pile cap .........................................................................  64 

Table 4.29. pile cap ultimate load .................................................................  65 

Table 4.30. Combination 1 : Constant action & Traffic Load ......................  66 

Table 4.31. Combination 2 : Constant action, Traffic Load, Temperature  

 effect, Wind & Friction ...............................................................  67 

Table 4.32. Combination 3 : Own weight, Superimpose dead load & Quake  

 Load .............................................................................................  68 

Table 4.33. Combination 4 : All of load except Soil pressure ......................  69 

Table 4.34. Recap Combination of Ultimate Pile Cap Loads .......................  70 

Table 4.35.. Dimension abutment structure & soil heap ...............................  71 

Table 4.36. Total load and moment ...............................................................  71 

Table 4.37. Total load due to own weight .....................................................  72 

Table 4.38. Total Active soil pressure load and moment ..............................  73 

Table 4.39. Total load and moment cause quake force .................................  74 

Table 4.40.. Load on abutment wall ..............................................................  75 

Table 4.41.. Ultimate load on abutmant wall ................................................  76 

Table 4.42. Combination 1 : Constant action & Traffic Load ......................  77 

Table 4.43. Combination 2 : Constant action, Traffic Load, Temperature  

 effect, Wind & Friction ...............................................................  78 

Table 4.44. Combination 3 : Own weight, Superimpose dead load & Quake  

Load .............................................................................................  79 

Table 4.45. Combination 4 : All of load except Soil pressure ......................  80 

Table 4.46. Recap combination of ultimate abutment wall loads .................  81 

Table 4.47. Total Active soil pressure load and moment ..............................  82 

Table 4.48. Total Active soil pressure load and moment ..............................  82 

Table 4.49. Ultimate load bottom of back wall .............................................  82 

Table 4.50. Total Active soil pressure load and moment ..............................  83 

Table 4.51. Total Active soil pressure load and moment ..............................  83 

Table 4.52. Ultimate load bottom of back wall .............................................  84 

Table 4.53. soil active pressure recapitulation ..............................................  86 



Table 4.54. Shear force and moment on wing wall due to soil pressure .......  86 

Table 4.55. Ultimate load of wing wall .........................................................  88 

Table 4.56. Load Combination ......................................................................  89 

Table 4.57. Longitudinal reinforcement used................................................  90 

Table 4.58. Substructure Own Weight ..........................................................  105 

Table 4.59. Total load & moment substructure .............................................  105 

Table 4.60. Total weight of upperstructure & substructure ..........................  106 

Table 4.61. Superimpose deadload recapitulation .........................................  107 

Table 4.62. Force of lane load .......................................................................  109 

Table 4.63. Recapitulation of Wind Pressure Calculations ...........................  114 

Table 4.64. Quake load distribution on the pier ............................................  116 

Table 4.65. Calculation table working load...................................................  120 

Table 4.66. Combination 1 : Constant action & Traffic Load ......................  121 

Table 4.67. Combination 2 : Constant action, Traffic Load, Temperature  

 effect, Wind & Friction ...............................................................  122 

Table 4.68. Combination 3 : Own weight, Superimpose dead load &  

 Quake Load .................................................................................  123 

Table 4.69. Combination 4 : All of load except Soil pressure ......................  124 

Table 4.70. Recap combination load .............................................................  125 

Table 4.71. Overturning stability axis X .......................................................  126 

Table 4.72. Overturning Stability axis Y.......................................................  127 

Table 4.73. Shear Stability Axis X ................................................................  128 

Table 4.74. Shear Stability Axis Y ................................................................  129 

Table 4.75. Workload on Pile Cap ................................................................  129 

Table 4.76. Ultimate Load On Pile Cap ........................................................  130 

Table 4.77.  Combination 1 : Constant action & Traffic Load .....................  131 

Table 4.78.  Combination 2 : Constant action, Traffic Load, Temperature  

 effect, Wind & Friction .............................................................  132 

Table 4.79. Combination 3 : Own weight, Superimpose dead load &  



 Quake Load ...............................................................................  133 

Table 4.80. Combination 4 : All of load except Soil pressure ......................  134 

Table 4.81. Recap Combination Ultimate Load of Pile Cap .........................  135 

Table 4.82. Workload on the entire Pier Column ..........................................  135 

Table 4.83. All loads acting on the pier column are divided by the  

 total of pier (n) ..........................................................................  136 

Table 4.84.  Ultimate Pier Column Load ......................................................  137 

Table 4.85.  Combination 1 : Constant action & Traffic Load .....................  138 

Table 4.86.  Combination 2 : Constant action, Traffic Load, Temperature  

 effect, Wind & Friction .............................................................  139 

Table 4.87.  Combination 3 : Own weight, Superimpose dead load &  

 Quake Load ...............................................................................  140 

Table 4.88. Combination 4 : All of load except Soil pressure ......................  141 

Table 4.89. Pier column ultimate load combination recapitulation ..............  142 

Table 4.90. Load on Girder point ..................................................................  144 

Table 4.91. Calculation of Force Shear & Ultimate Moment Beam Pier Head 

Cantilever ..................................................................................  145 

Table 4.92. Calculation of Force Shear & Ultimate Moment Beam  

 Pier Head ...................................................................................  145 

Table 4.93. Calculation of Force Shear & Ultimate Moment Beam  

 Pier Head ...................................................................................  145 

Table 4.94. Calculation of Bending Reinforcement of Pier Head on  

 Cantilever & Support Area .......................................................  148 

Table 4.95. Calculation of Shear Reinforcement of Pier Head on  

 Cantilever & Support Area .......................................................  149 

Table 4.96. Calculation of Bending Reinforcement of Pier Head on  

 Field Area .................................................................................  149 

Table 4.97. Calculation of Shear Reinforcement of Pier Head on  

 Field Area .................................................................................  150 



Table 4.98. Ultimate Column on Pier Column ..............................................  151 

Table 4.99. Moment cause P-Delta influence ...............................................  153 

Table 4.100. ultimate moment is enlarged ....................................................  155 

Table 4.101. ultimate load combination ........................................................  156 

Table 4.102. ultimate dead load on pier column ...........................................  159 

Table 4.103. Moment due to P-Delta Effect..................................................  160 

Table 4.104. Recapitulation of Axial Bearing Capacity................................  165 

Table 4.105. Calculation Amount of Point Bore Pile ....................................  166 

Table 4.106. Effective passive soil pressure diagram ...................................  167 

Table 4.107. Bending Moment Calculations .................................................  168 

Table 4.108. Recapitulation of Results of The Bore pilee Pondation  

 Analysis ....................................................................................  169 

Table 4.109. Recap of Combination of Loads for Act Stress Design ...........  170 

Table 4.110. Tabulate the maximum and minimum axial forces suffered  

 by one bore pile .........................................................................  171 

Table 4.111. Tabulate the maximum and minimum axial force suffered  

 by one bore pile .........................................................................  171 

Table 4.112. Lateral force suffered by one bore pile :H = T / n ....................  172 

Table 4.113. Axial Bearing Capacity ............................................................  172 

Table 4.114. Axial Bearing Capacity Against Y Direction Load..................  172 

Table 4.115. Lateral Bearing Capacity Permit ..............................................  173 

Table 4.116. Tabulation of the maximum axial forces suffered by one ........  176 

Table 4.117. Tabulation of the maximum axial forces suffered by one ........  176 

Table 4.118. Moment And Shear Force per segment ....................................  178 

Table 4.119. Recapitulation of Axial Bearing Capacity................................  187 

Table 4.120. Calculation needs Amount of Point Bore Pile .........................  188 

Table 4.121. Effective passive soil pressure diagram ...................................  190 

Table 4.122. The value of the moment at a point ,Mi =Mhi - Σ(Fi * yi) ......  191 

Table 4.123. Recapitulation of Results of The Bore pilee Pondation  

 Analysis ....................................................................................  192 



Table 4.124. Recap of Combination of Loads for Act Stress Design ...........  193 

Table 4.125. Tabulate the maximum and minimum axial forces suffered  

 by one bore pile .........................................................................  194 

Table 4.126. Tabulate the maximum and minimum axial force suffered  

 by one bore pile .........................................................................  194 

Table 4.127. Lateral force suffered by one bore pile :H = T / n ....................  372 

Table 4.128. Axial Bearing Capacity ............................................................  195 

Table 4.129. Axial Bearing Capacity Against Y Direction Load..................  195 

Table 4.130. Lateral Bearing Capacity Permit ..............................................  196 

Table 4.131. Tabulation of the maximum axial forces suffered by one ........  199 

Table 4.132. Tabulation of the maximum axial forces suffered by one ........  199 

 

 

 



LIST OF ABBREVIATIONS 

 

Ae = Effective section area  

As = section area of steel 

D = diameter 

DL = Dead load 

E = Earthquake 

Ec = Elastic modulus of concrete 

EL = Earthquake load 

EL = East latitude 

Es = Elastic modulus of steel 

ET = Temperature effect 

fc = Yield stress 

FS = Safety factor 

fy = Tensile strength  

H = Height 

I = Moment of inertia 

Ix = Inersia moment x-direction 

L = Length 

LL = Live load 

MA = Superimpose dead load 

Mmax = Maximum moment 

Mn = Nominal moment 

MSL = Mean sea level 

Mu = Ultimate moment 

NL = North latitude 

No.  = Number 

Pmax = Maximum axial force 

Pn = Nominal axial force 

Pu = Ultimate axial force 

RSP = Response spectrum 



S = Section modulus 

SAP = Structure analysis program 

SDL = Superimpose load 

SF = Safety factor 

SL = South latitude 

TEW = Wind load 

tf = Thickness of flange 

tp = plate thickness  

tw = Thickness of web 

UL = Uniform load 

WL = Wind load 

 

 

 

 

 

 

 

 

 

 

 


