LIST OF FIGURES

Figure 3-1. Cone Penetration Test (CPT) BOTING .......cccueiiiiiiiieiiieiiecieeiece e 3-6
Figure 3-2. Typical CPT PlOt.....ccouiiieiieeeee ettt e e e e 3-7
Figure 3-3. Mohr-Coulomb Criteria .........cccieiiieiiieniieiiesie et eete ettt sve et saaeebee e 3-9
Figure 4-1. Active and passive earth pressure coefficient as a function of wall displacement ...4-2
Figure 4-2. Comparison of Plane versus Curve Failure Surfaces..........cccccoeeievieriiieniencieeneenen. 4-4
Figure 4-3. Lateral Earth Pressure Variation with Depth ..........ccccocovveiiiiiiiiiiii e, 4-5
Figure 4-4. Mohr Circle Representation of Earth Pressure for Cohesionless Backfill................ 4-7
Figure 4-5. Rankine’s active WEeAZE.......ccccueieiuiiiiiieeiiieeieeetee ettt e svee s vee e veeeeaee e 4-12
Figure 4-6. Rankine’s passive WEAZE ........ccuieriiiiiiiiiieiieeie ettt ettt et st eiee e eseeseaeeseeens 4-13
Figure 4-7. Coulomb’s aCtiVe WEAZE ......ccviieiiiiiiiieciie ettt e 4-15
Figure 4-8. Coulomb’s passive WEAZE.......ccueerierriiiriieiieeie ettt ettt e b seae e e ens 4-16
Figure 4-9. Mohr Circle Representation of Earth Pressure for Cohesive Backfill .................... 4-19
Figure 4-10. Tension crack with hydrostatic water pressure ............coeceeeeeerieecieeneesieesieeeeenn 4-20
Figure 4-11. Cohesive Soil Active Passive Earth Pressure Distribution ............ccccceevveeennennnee. 4-21
Figure 4-12: Load Distribution for Cohesive Backfill............cccocooeniiiiiiniiiiiiiieeeees 4-22
Figure 4-13. SIoping Ground .........c..coeouiieiiieeiiieeciee et e erre e st eesaeeesaeeessaeeessseeesnseeennns 4-24
Figure 4-14. Active Trial Wedge ......ccveevuiiiiieiieeiieeeeee ettt 4-26
Figure 4-15. Passive Trial Wed@e.......cveevuiiiiiiiieeiieecie ettt 4-27
Figure 4-16. Single Wedge and Force Polygon ............ccoeouiiiiiiiiiiiiiniiieeeeeeeee e 4-28
Figure 4-17. Culmann Trial WedgeS ......cccueiiiiiiiiiieeiie ettt e 4-30
Figure 4-18. Culmann Graphical Solution to Scale...........coceviiiiiiiiniiiiiiieeeeee e 4-32
Figure 4-19. Retaining Wall with Irregular backfill by Culmann Method.............ccceeennneneee. 4-33
Figure 4-20. Culmann Trial Wedge Method to Scale..........cccoevieviieiiiiiiiiiieieeeeeeee 4-34
Figure 4-21. Culmann Graphical Solution Using Force Polygon...........cccoeevvveiiiieniiecnieenee. 4-36
Figure 4-22. Critical ACtIVe WEAZE......ccovieiiiiiiieiieeit ettt ettt ees 4-37
Figure 4-23. Culmann AREMA Page 8-5-12 ....ocoouiiieiiieiee ettt e 4-39
Figure 4-24. Culmann Trial Wedge .........cocooviiiiiniiiiiiiiieceeeeeeee e 4-40
Figure 4-25. Culmann Graphical Solution Using Force Polygon...........ccccoeeveeviiiiienienciiennnens 4-42
Figure 4-26. Critical Active Wedge Method ..........ccccooiiiiiiiiiniiniiiceccceee 4-43
Figure 4-27. Retaining Wall with Irregular backfill ............cccooeiiriiiiiiniiiiiieiecece e, 4-45
Figure 4-28. Culmann Trial Wedge .........cocooviiiiiniiiiiiiiieeee e 4-46
Figure 4-29. Culmann FOrce POLYZON........cccueiiiiiiiiiiieiiiciteeece ettt 4-47
Figure 4-30. Critical ACtiVe WedZe.....ccuevuiiiiriiriiiiiiiictceeteetetee et 4-48
Figure 4-31. Passive Active failure surface; straight line versus spiral surface of sliding. ....... 4-50
Figure 4-32. Geometry of the developing mobilized failure plane (Shamsabadi, ef a/,. 2005).4-51
Figure 4-33. Geometry of the failure surface and associated interslice forces...........cccccueennnnn. 4-54
Figure 4-34. Geometry of the failure surface due to weight............coceviiiiiiinininine 4-55
Figure 4-35. Geometry of the failure surface due to cohesion. ...........cccecveviieviienciienienieeas 4-56
Figure 4-36. Moment MethOd...........cocuiiiiiiiiiii et 4-57
Figure 4-37. Passive earth pressure coefficient (Caquot and Kerisel, 1948)..........ccceevuvennnnne. 4-59
Figure 4-38. Mobilized full log spiral failure surface............ccoeoeeeiiiniiiiiiniieeeee 4-60
Figure 4-39. Mobilized full log spiral failure surface for cohesion component........................ 4-61
Figure 4-40. Log Spiral — Forces Method — Full Log Spiral — Trial .......ccccoceviniiniininicnnenne. 4-62
Figure 4-41. Log Spiral — Forces Method — Full Log Spiral — No Trial........cccccecevieninenenee. 4-63
Figure 4-42. Log Spiral — Forces Method — Composite Failure Surface........c...coceveevinienncne 4-64
Figure 4-43. Log Spiral — Modified Moment Method — Composite Failure Surface................ 4-65

vii



CT TRENCHING AND SHORING MANUAL

Figure 4-44. Log Spiral - Moment Method — Full Log Spiral Failure Surface.........c............. 4-66
Figure 4-45. Log Spiral — Moment Method — Composite Failure Surface..........cccccccvveenneennnee. 4-67
Figure 4-46. Log Spiral — S€€ FigUIe 4-37 .....ccoooiiiiieiiieiece ettt 4-68
Figure 4-47. Minimum Lateral Surcharge Load.........c.ccoovieiiiiiiiiiiieceeeeeeeeee e 4-70
Figure 4-48. Boussinesq Type Strip Load .........cocieviiiiiiiiiiiieceee e 4-72
Figure 4-49. Boussinesq Type Line Load...........cccuieeiiiiiiiiiniieeeeee e 4-73
Figure 4-50. Boussinesq Type Point Load...........ccooviieiiiiiieiieiiieieeceeee e 4-74
Figure 4-51. Boussinesq Type Point Load with Lateral Offset ..........cccccovveviiieiiiienieeeee, 4-75
Figure 4-52. Alternate Traffic Surcharge Loading ............cccoovveiiiiiiieniiiniiieiieeieeeece e 4-80
FAigure 5-1. SO ATCRING .....veiiiiieeiieeceeee et ettt et e e e tae e e tae e e beeesnseeensaeeas 5-7
Figure 6-1. Sheet Pile Wall with Cap Beam ...........ccccooviiiiiiiiiiiiiiiicece e 6-1
Figure 6-2. Soldier Pile Wall with Cap Beam ...........ccccoooiiiiiiiiiiicceceeeeee e 6-2
Figure 6-3. Cantilever Retaining Walls ..........cccoooiiiiiiiiiiiiiiieeiee e 6-3
Figure 6-4. Loading Diagram for Single Layer ..........cccceevieeeiiiieiiieeieeeee e 6-4
Figure 6-5. Loading Diagram for Multi-Layer Soil...........cccoooiiiiiiiniiniiiiniieiieeieeeee e 6-5
Figure 6-6. Loading Diagram for Multi-Layer ..........ccccoevviiiiiiiieiiieceeceeeecee e 6-6
Figure 6-7. Loading Diagram for MUulti-Layer ...........ccceviiieiiieiiienieeiieeie e 6-7
Figure 6-8. Loading Diagram for Multi-Layer ..........ccccoeoviiiiiiiieiiiece e 6-8
Figure 6-9. Soldier Pile With ATCRING........cccoviiiiiiiiiiiiie e 6-9
Figure 6-10. Deflected Shape for Unrestrained System ...........cccccveeiiieeiiieniieenieeeie e 6-12
Figure 6-11. Multilayer SO1l PreSSUIE.........coeiiiiiriiiiieiie ettt ettt ens 6-13
Figure 6-12. EXaMPIE 6-1 ....ocoiiiiiiiieiie ettt st ettt e e e e e s e e 6-14
Figure 6-13. Pressure Loading Diagram............ccceevieeiieriiiiiieiieeieeee et 6-15
Figure 6-14. Force Loading Diagram ...........ccccuveeiiiieiiiieiiiecie et 6-16
Figure 6-15. Soldier pile with sloping ground Example 6-2 .........ccccoocviiiiiiiiieniiiiieniecieees 6-17
Figure 6-16. Active and Passive Earth Pressure Coefficients..........ccccveeeeieeercieeeeciieeniee e, 6-18
Figure 6-17. Pressure DIagram ..........c.oooiiiiieiiieiiieiieeie ettt 6-20
Figure 6-18. Location of Zero Shear and Maximum Moment............c..cccueeeveerieenieenreeeeenneenn. 6-21
Figure 6-19. Loading DIagram ........cccceeiiieiieiiieiieeiteee ettt ettt ettt eiee e 6-24
Figure 6-20. Shear DIa@ram..........ccceouieiiieiiieiieeieenie ettt ereeeve et e sbeesseesseesseessseensaeesseenns 6-24
Figure 6-21. Moment DIagram ..........c.cooiiiiieiiieiiieieeie ettt ettt e 6-25
Figure 6-22. Deflected Shape ......ccoiviiiiiieiieciecece ettt 6-25
Figure 6-23. Moment Area diagram .........cccueeiuieiiiiniieeiieiie ettt ettt eee s e e s 6-26
Figure 6-24. Redeveloped shear and moments diagrams ...........cccceveerveeiieenieeniieeieenieeieenieens 6-28
Figure 6-25. Loading DIa@ram ........coceeiiieiiiiiiieiieeie ettt sttt et e s eaee e 6-30
Figure 6-26. Shear DIa@ram..........cccecuieiiieiiieiieeieenie et erite et e eve et e sbeesseesseesseessseenseeenseenns 6-30
Figure 6-27. Moment DIaIam ..........c.cooiiiiieiieiiieiieeieee ettt ettt 6-30
Figure 6-28. Deflection DIiagrami..........ccoeecvieiieiiiiniieeiieiieete ettt et see e seaeenseeseee e 6-30
Figure 7-1. Lateral Earth Pressure for Anchored/Braced Walls............ccoceeiiiniiiniiiiiinicene 7-1
Figure 7-2. Pressure Diagram for Single Anchored/Braced Wall ...........cccoociviininiiniinincnee 7-2
Figure 7-3. Pressure Diagram for Multi Anchored/Braced Wall............ccccooiiniiiiniiniinnncnnn. 7-4
Figure 7-4. Pressure Diagram for Multi Anchored/Braced Wall for Cohesive Backfill ............. 7-6
Figure 7-5. Single Tieback SyStem.........ccoiiiiiriiiiiiiiiiiiiii e 7-9
Figure 7-6. Multiple Tieback SYSteM ........cccveiiiiiiiiiieiiecieeee et ens 7-11
Figure 7-7. Detail Hinge Method for Tieback Analysis ..........cccceeviieniiiiieniiieieeieeieeeeeee 7-12
Figure 7-8. Deflected Shape for Restrained SyStem..........c.ceoveriiiiiiiiiiiiieniieeecie e 7-13

viii



LIST OF FIGURES

Figure 7-9. EXAmMPIE 7-1 ...coooiiiiiioiieieeeee ettt ettt sttt st esaeenseenne 7-14
Figure 7-10. Pressure Diagram for Single Tieback Wall............cccooeiiiieiiiieiiiiieeee e 7-16
Figure 7-11. Pressure DIagram ..........cooouiieiieiiieiiieiieeie ettt 7-17
Figure 7-12. Pressure Diagram For Single-Tieback Above Dredge Line ...........cccceeevveenvenneee. 7-19
Figure 7-13. ZeT0 SREAT.......cccuiiiiiiiiieiieeie ettt ettt et e e e e saeenseenne 7-21
Figure 7-14. Pressure DIagram .........ccocviiiiiieeiiieeciieeiie et sree e e e e s eaeeeeaeeennee e 7-22
Figure 7-15. Shear DIagram..........cccoecuieiiiiiiienieeieeeie ettt ettt e sae e sbeesbeesnseesaeeeseenne 7-22
Figure 7-16. Moment DIa@ram ..........cccuvieiiieeiiieeiieeeieeeeieeeeieeesieeesree e v e eseaeeessseeenseeenaeesnnns 7-22
Figure 7-17. Deflection DIiagrami...........ccccecuieriieiiiiniieiiieiieeie ettt ettt 7-22
Figure 7-18. EXAMPIE 7-2 ...ooeiiiiieiie ettt ettt te e e tte e e e st e e sta e e saaeessaaeeennaeesnneeennns 7-23
Figure 7-19. Pressure Diagram For Multi-Tieback............c.cccoueiiiiiniiniiiiniiiiiieieceee e 7-24
Figure 7-20. Pressure Diagram For Multi-Tieback Above Dredge Line..........ccccceevvveennennnee. 7-26
Figure 7-21. Point 0f Z€ro SHEAT.........c.cooiiiiiiiiiieiieie ettt 7-29
Figure 7-22. Pressure DIagram .........cccviieiiieeiiie ettt e e e e e s eaeeeeaeeenaee e 7-31
Figure 7-23. Shear DIagram..........cceeiuiiiiieiiienieeieeeiie ettt ettt ettt e e sbeeseessseenseesnseenne 7-31
Figure 7-24. Moment DIa@ram ..........cccuvieiiieeiiieeiiie e eieeeeereesieeesvee e e eseaeesssaeessseeenneeennes 7-31
Figure 7-25. Deflection DIiagrami..........cc.ceecuieiiieiiieniieeiieiieeie ettt ettt 7-31
Figure 8-1. Railroad Boussinesq Strip Load.........c.cceocveiiiiiiiiiiieiieeeeeeeeee e 8-2
Figure 8-2. General Railroad Requirements (GTS section 6, P6).......c.ccccveerueerirenieenreenieennneene. 8-11
Figure 8-3. Live Load Pressure due to Cooper ES0 (GTS section 7, p8) ....ccecveveeveeerveeerveenne. 8-12
Figure 8-4. Cooper E80 Loading (GTS section 7, P8).....cc.eeeueeriieriieniieiieeiieeieeiee e 8-13
Figure 8-5. EXAMPLE 8-1.....eoiiiiiiiieeee ettt st 8-14
Figure 8-6. Final Trial Wedge For EXAMPLE 8-1......ccccooiiiiiiiiiiiiiiicieceeeeee e 8-15
Figure 8-7. Boussinesq Type Strip Load for Railroad...........cccceeeeviviiiiniiiiiieiecee e 8-18
Figure 8-8. General Pressure DIagram..........cocceeiieiiieniieiiienie ettt et ens 8-19
Figure 8-9. Combined Pressure Diagram (NO Scale) .......ccceeevveiriiiiiiiiiieiieeeiie e 8-20
Figure 8-10. Final Load, Shear, and Moment Diagrams for EXAMPLE 8-1 .......c..cccccecueeueenee. 8-23
Figure 8-11. Deflected Shape of Shoring System.........cceccvieiieiiieiiiniieieeieeeece e 8-27
Figure 8-12. Schematic of Load, Moment and Deflection Diagrams for EXAMPLE §8-1........ 8-28
Figure 8-13. Deflected Shape of Shoring System above the Tieback ..........ccccocveeviveriieiiiennnnns 8-30
Figure 8-14. Final Deflected Shape of Shoring System ...........ccceoiiviriiniininiininicceeeee 8-31
Figure 8-15. D1agrams Per CT-TSP.......coouiiiiiiiieeie et e 8-32
Figure 9-1. Anchor Block and Tie ROd ........coocuiiiiiiiiiiii e 9-2
Figure 9-2. ANCROT DIOCK ........iiiiiiiiieiiecit ettt et e ebeesaee e 9-2
Figure 9-3. Anchor block in cohesionless soil near ground surface...........ccccoeveerieenieniieeneennen. 9-3
Figure 9-4. Anchor block in 3D (Shamsabadi, A., Nordal, S. (2000))........ccceevvreniercrienreereenne. 9-5
Figure 9-5. Section A-A (Shamsabadi, A., ef al., 2007)......ccocieiiiriiiiiieieieeeeee e 9-5
Figure 9-6. Anchor block not near the ground SUrface .............cccceevveeeiieriiecienie e 9-7
Figure 9-7. Anchor block in cohesionless soil 1.5 S D/H S 5.5 .o, 9-9
Figure 9-8. Anchor block in cohesive soil near ground D < H/2.......ccceeviiiiiiieiiiiiiiieeiee, 9-10
Figure 9-9. Anchor block in cohesive s0il D = H/2......cccocoviviiiiiiiiiiiieeeceeeeeee e 9-12
Figure 9-10. Anchor blockExXample 9-1 .......cooiiiiiiiiiiie e 9-13
Figure 9-11. Anchor block Example 9-1 SOIUtion ...........ccceevieiiiiriiiiienieeieeceeeieeee e 9-14
Figure 9-12. Bottom HEAVE.........cooiiiiiiiiieiiee ettt e 9-17
Figure 9-13. Bearing Capacity FaACtOT........cccueiiiiiiiiiieeiieciieeieete ettt 9-18
Figure 9-14. Factor of SAfety.......coouiiiiiiiieiee e 9-19

iX Revised August 2011



Figure 9-15.
Figure 9-16.
Figure 9-17.
Figure 9-18.
Figure 9-19.
Figure 9-20.
Figure 9-21.
Figure 9-22.
Figure 9-23.
Figure 9-24.
Figure 9-25.
Figure 9-26.
Figure 9-27.
Figure 9-28.
Figure 9-29.
Figure 9-30.
Figure 9-31.

CT TRENCHING AND SHORING MANUAL

Heave example problem...........ccoocieiiiiiiiiiiiieiieeiee et 9-20
Hydraulic forces on cofferdams............occvveiiiieiiiieciieee e 9-22
Common pattern of soil slope failure (USGS).......cccevviimiiiniiiiniiiiieieeeeee e 9-23
Method of slices and forces acting on @ SHCe........eeecuveeeiieeniieeciie e 9-25
A Trial Surface, for Fellenius and Bishop method of slices .........c.ccceeverirenennnen. 9-27
Slice 1, Fellenius Method..........uveviiiiiiiiiiiieeeeeee e 9-28
Example of Fellenius and Bishop method of Slices .........c.cceoervieriiniiiiniincnnene. 9-29
Slice 1, BiShop Method..........coouiiiiiiiiciice e 9-31
Mechanism of Translational SIde ...........cccoeviieiiiiiiiiieeee e 9-33
Mechanism of Translational SIde ..........ccccoiiiiiiiiiiiieee 9-34
Example of a Translational SHde ..........c.coocueeiiiiniiiiiieiiieeeeeee e 9-36
Stability failure MOAES .......c.ceevviiiiiieeciieeiee e e e 9-37
Typical temporary tiebacki..........cccueeiuieriiiiiiiiieiece e 9-45
ANCHOT SRAPES ...t et eenreeens 9-47
Bond Length........cooiiiiiieeeeee e 9-49
PrOOT TESHINE ...eiiiiieeiee ettt ettt e e e et e e s e e e sreeessbeeeenreeennns 9-54
Bar or Strand Tendons ..........ccoverieiiiieniieieeeeeeeee e 9-59

X Revised August 2011





