Contents

Preface to the English edition...................................... VIII
Notesforthe User .......... .. ... i, XXI
1 Introduction to the Recommendations
and their Application Principles............................. 1
1.1 National and International Regulations. ........................ 1
1.2 Types of Analysis and Limit States
using the Partial Safety Factor Approach....................... 2
1.2.1 New Standards Generation and Transitional Regulations . ........ 2
1.2.2 Effects and Resistances ........c..ovviiiiiiniiiniinrennnnn.n. 3
1.2.3 Limit States . oottt e e 3
124 Applying EBGEQ in Conjunction with DIN EN 1997-1.......... 5
1.3 Examples of Reinforced Earth Structures. ...................... 7
1.4 General Definitions .........ovvuiniiiiiiiiiieiinnnnanns 8
2 Demandson Materials. ................... ... . ... .l 9
2.1 1o O 9
2.1.1 Ground Investigation ...... ..ottt it 9
2.1.2 2 L 1 9
2.1.2.1 Soil Mechanics Demands .............cooiiiiiiiiiiiiain... 9
2.1.2.1.1 Predominantly Statically Loaded Structures .................... 9
2.1.2.1.2 Predominantly Dynamically Loaded Structures ................ 16
2.12.2 Soil Chemistry Demands. ..........coeeviiniieeinnnnnn... 10
2,123 EXECULION .o vtitt ittt it e et e et et it iaa s 10
213 Back-fill and Cover-fill Soils ..o, 10
22 GeosYNthetics . ... .evei i i e 11
2.2.1 General Recommendations............c.oiiiiiiiiiiininnnn. 11
222 RawMaterials .. ... ...ttt e 11
223 Product Propertiesand Demands . ............................ 11
224 Testing and Reduction Factors ..................oooooiiaat. 12
2.2.4.1  General Recommendations...........cooeviiiiiiiinenain... 12
2.2.4.2  Product Identification (DIN ENISO 10320)................... 13
2.2.4.3  Mass Per Unit Area (DINEN ISO9864).............coovunt.. 13
2.2.4.4  Short-term Load-Extenson Behaviour......................... 13
2.2.4.4.1 Tensile Strength and Strain (DIN EN ISO 10319) .............. 13
22442 Axial SHITNesS. . ...ovieii i e 17
2.2.4.4.3 Uniaxial and Biaxial Reinforcement.......................... 18
2.2.4.4.4 Serviceability Limit State/Strain Behaviour.................... 18
2245 Long-term Load-Extension Behaviour (Creep Rupture, Creep)... 18
2.2.4.5.1 General Recommendations.............cooovvieiiinnnena... 18
1IX

Bibliografische Informationen digitalisiert durch E ;‘J HIF
http://d-nb.info/1008664219 f\BI THE


http://d-nb.info/1008664219

2.2.4.5.2 Determining Reduction Factor A; from Creep Testing .......... 19
2.2.4.5.3 Reduction Factor A, for Creep Failure Behaviour .............. 20
2.2.4.5.4 Identifying Long-term Strain Behaviour

by Evaluating Isochrones .............c.coiiiiiiiinninnn .. 21
2.2.4.6  Resistance to Mechanical Damage During Installation.......... 24
2.2.4.6.1 General Recommendations.....................ooiiiill 24
2.2.4.6.2 Reduction Factor A, for Damage to Geosynthetics During

Transportation, Installation and Compaction................... 24
22463 InsituTesting ......ccovvnnnniiiiiiii i 25
2.2.4.6.4 Laboratory Testing (DINENISO 10722) ..................... 26
2247 Joinsand Connections ............ccvuiiiiiiiiiiiiiiieian.. 26
2.2.47.1 General Recommendations...........cocvereininniinnennnnns 26
2.2.4.7.2 Reduction Factor A, for Junctions, Joins, Seams and

Connections to Other Structural Elements..................... 26
2.2.4.7.3 Determining the Reduction Factor A; by Testing............... 26 .
2248 Chemical Resistance ..........c..coiiiuiineniininneinnnnns 27
2.2.4.8.1 Reduction Factor A, for Environmental Chemical Impacts . ..... 27
2.2.4.8.2 Determining Chemical Resistance by Testing.................. 27
2249  Additional Environmental Impacts ........................... 28
2.2.49.1 Microbiological Resistance................cooiiiiiiiiia.... 28
2.2.49.2 Biological Resistance and Vandalism ......................... 28
2.2.4.9.3 Weathering Resistance (UV Resistance). ...................... 28
2.2.4.10 Effects of Predominantly Dynamic Actions. ................... 29
2.2.4.10.1 Reduction Factor A for Predominantly Dynamic Actions......... 29
2.2.4.10.2 Determining the Reduction Factor A for Predominantly

Dynamic Actions by Testing. .. ......oooviiiiiiiienninnnnn, 29
2.2.4.11 Friction and Composite Behaviour ........................... 29
2.2.4.11.1 General Recommendations . ..........c...coooiiiieennennna.n.. 29
2.2.4.11.2 Determining Composite Coefficients by Testing ............... 31
2.3 Bibliography .. .....ciiiii e 32
3 AnalysisPrinciples............ ... ... ... .. L 35
3.1 General Principles. ...... ..ot 35
32 Allocation of Geosynthetic-reinforced Structures

to Geotechnical Categories .. .......covverinirieennnnnenn. 37
33 Design ResiStances. ... ..ouvvureeeaaitii i rennennans 38
331 Structural Resistance of Geosynthetics........................ 38
3.3.2 Determining Reduction Factors . ..................... ... ... 39
333 Pull-out Resistance of Geosynthetics ......................... 39
3.3.3.1  Characteristic Pull-out Resistance of Geosynthetics ............ 39
3.3.3.2  GEO Pull-out Resistance Design Values ...................... 39
3.3.3.3  STR Pull-out Resistance Design Value........................ 40
334 Axial Stiffness of Geosynthetics in the Serviceability Limit State 40
34 Partial Safety Factors — Supplementary Regulations to DIN 1054 40



4.1

42
4.2.1
422
4221
4222
4223

4224
423
424
4.24.1

4242

4243
4244
4245

4.7.3.1
4732
4.733
4.74
4.15
4.7.6
4.7.6.1
4.7.6.2

Embankmentson SoftSoils................................

General Recommendations..................oooeiiiiin..t.
Analysing Global Failure ..................c....cooiiai.t.
General Recommendations....................coviien....
Failure Mechanisms ...t
Failure on Circular SlipPlanes...................ccocoiuen...
Defined Slip Plane in Soft Soil.............. ... ... ... ...,
Slip Plane Between Geosynthetics and Fill Soil

or Between Geosynthetics and Soft Soil.......................
Adopting Reinforcement Wrap-around. .......................
ACHIONS . ..o e e

Design Value of the Friction Resistance

on Top of the Geosynthetics Rg g ...l
Design Value of the Shear Resistance

on the Bottom of the Geosynthetics Ryg....oovnevvnniaoinn.
Design Value of the Pull-out Resistance Ry 4 ..................
Design Resistance of the Geosynthetic Reinforcement R4 .. ...
Design Value of the Friction Resistance

on Top of the Geosynthetic Ry ...,
Analysing the Stability of the Ground against ‘Squeezing Out’. ..
Analysing Bearing Capacity . ........ovvvrriiinennnannn.n..
EngineeringNotes ...... ... oot
Bibliography ........oo i
Example Embankment on Soft Soil..................... .. ...
Failure on Circular SlipPlanes...............................
Initial Stability........ ..o oo i
Final Stability ..........oiiiiiii it
Defined Slip Plane in Soft Soil. . ............ .. ... ...
Initial Stability. . ... ...
Final Stability .......cooiiiieii e
Slip Plane Between Geosynthetics and Fill Soil

or Between Geosynthetics and Soft Soil

taking the Reinforcement Wrap-around into Consideration .. ....
General Recommendations. ..............cooiiiiiiiiin,
Initial Stability....... ..ot e e
Final Stability ........cooneeintiii i
Analysing the Stability of the Ground against ‘Squeezing Out’. ..
Analysing Bearing Capacity . ...........ooveiiiiiiiiia..,
Selecting the Geosynthetics ............ ... ... oo il
Analysing Reinforcement Failure ..................... ... ..
Analysing Reinforcement Pull-out ................. ... ...

XI



5.1

52

53
53.1
53.2
533
53.4
53.5
54

5.5
5.5.1
55.2
5.6
5.6.1
5.6.1.1
5.6.1.2
5.6.1.3
5.6.1.4
56.1.5
5.6.2
5.7

5.9

5.9.1
592
59.2.1
59.22
59.23
5924
593
59.4

Reinforced Foundation Pads............................... 71
Definitions . ...coovvn i 71
Application and Modus Operandi ...t 71
Design and Engineering Notes...........cooevieiiiiiinn.... 71
Construction Principle . ...l 71
Reinforcement Configuration.............coveiiiinns 72
Reinforcement Lengths ..., 72
Foundation Pad Dimensions............cooviuiiininan. 72
Building Materials ..........c.c i 73
Actions and Resistances ...........c.viieeeiniiieeininnnnnn. 73
Analysing the Reinforced Foundation Pad..................... 73
General Recommendations. ............ccoviiiieeiiiiiane... 73
EAectS. ot e 73
Analysisand Design. ...t 74
Analysing Bearing Capacity.........ccoviiiiiniinnn .. 74
Analysing Sliding Safety (STR). .......cvvvnivniinnnnnnn... 74
Analysing Bearing Capacity (STR). ...t 74
Analysing Global Stability (GEO).................ccviel 79
Analysing Reinforcement Failure (STR) ...................... 79
Analysing Reinforcement Pull-out Resistance (STR) ........... 79
Serviceability Limit State AnalysiS..................coovt... 80
Noteson Execution. .........c..ocoiiiiiiiiiiiiinneenn. 81
Bibliography .. .....oiuiiiii i it 81
Example of a Reinforced Foundation Pad

below a Strip Foundation. ..............oooiiiiieiienn .. 81
Geometry, Loads and Soil Mechanics Parameters .............. 81
Analysing Bearing Capacity.........ccvirviiirinirnnnnenn.. 83
Design without FoundationPad.............................. 83
Design with Foundation Pad — Foundation Pad Geometry ....... 85
Analysing Bearing Capacity of the Unreinforced Foundation Pad 86
Design with Reinforced FoundationPad ...................... 87
Analysing Sliding Stability............. ... .o il 89
Serviceability Limit State Analysis........................... 89
TransportRoutes ......... ... ... ... .o, 91
General Recommendations................ooooiiiiiian... 91
Trafficked Areas with Non-stabilised Pavement

and Large Allowable Deformations........................... 92
APPLCatioNS. . . ..ottt 92
Design Concept. . ...ovvi ittt i 92
Trafficked Areas in Railways Engineering..................... 94
Installation and Emplacement Notes.......................... 95
Bibliography ........ ... 95



7.1
7.2
7.2.1
722
7.3
7.3.1
732
73.3
7.4
74.1
742
7.4.3
7.4.4
7.4.5
7.4.6
74.7
748
7.5
7.5.1
752
753
754
7.5.5
7.5.6
7.5.7
7.5.8
7.5.9
7.6

1.7

7.8
7.8.1
7.82
7.8.3
7.83.1
7.8.3.2
7.833
7.8.3.4
7.8.2.5
7.8.4
7.84.1
7.84.2
7.8.4.3

Retaining Structures . ................. ... 97
Definitions .. ...t e 97
Design NOES . ..ottt et e 98
Demands and Boundary Conditions .......................... 98
L 110 1< 1 98
Analysis Principles. ......... ... .. i 98
General Principles. . ...t 98
Slip Planes and Failure Mechanisms. ......................... 99
Analysis OVerviewW . .....cooiiin it 100
Analyses in the Ultimate Limit State (ULS) .................. 103
General Recommendations..............coooiiiiiiia ... 103
Actionsand Effects. ...t 104
ReSISIANCES. . .t ottt e et 104
Analysing General Failure/Slope Failure (GEO) .............. 105
Analysing Bearing Capacity (STR)...........coooiiiin... 105
Analysing Sliding Safety (STR).......c.ccocoiiiiiiii. ... 105
Position of Bearing Pressure Resultant....................... 106
Special Regulations ............c.ciiiiiiiiiiiiii.L. 107
Serviceability Limit State (SLS) Analyses.................... 107
General Recommendations..............coooiiiiiiain... 107
Analysing the Position of the Bearing Pressure Resultant. . . . ... 109
Displacements inthe Base Plane ............................ 109
Ground Settlement vy ... 109
Intrinsic Settlement of Fill Soil vg............o.ooiill. 110
Horizontal Displacements of the Slope Front vy, . ............. 110
Shear Deformation in the Retaining Structure vg .............. 112
Vertical Displacements at the Surface vg................. ..., 112
Numerical Methods .......... ... ..o oL, 112
Facing Analyses ...... ... 112
Bibliography ... o 116
Retaining Structure Design Example ........................ 118
Geometry, Soil Properties and Load Assumptions ............. 118
Determining the Characteristic Actions ...................... 119
Analysis in the Ultimate Limit State (ULS)................... 119
Analysing Sliding Safety. ..............oo i 119
Position of Bearing Pressure Resultant....................... 121
Analysing Bearing Capacity...........c.ooviiiiiiii ... 122
Analysing General Failure. .............. ... ..ol 123
Analysing Facing for Partially Deformable Facing Elements. ... 129
Serviceability Limit State (SLS) Analysis .................... 129
Analysing the Position of the Bearing Pressure Resultant. . . .. .. 130
Displacementsinthe Base Plane ..................... ... ... 130
SettemMEntS. .. vttt et 130

X1



8.1

83
8.3.1
83.2
8.3.2.1
8322
833
83.4

8.5

9.6.2
9.6.3
9.63.1
9.6.3.2

X1v

Landfill Engineering —

Reinforcement of Surface-parallel Stratified Systems ....... 131
General Recommendations . ... ..coieiinieriiiinneaniienns 131
Design and Engineering Notes...........c.oovveeniieann.n.. 132
Analyses.......oooiieniiiiiiiiiiie e 133
Principles ... .o e 133
Analysing the Stability of the Inclined Liner System........... 134
Actionsand Effects. ..o 136
ReSIStaANCES. . ettt e e 138
Structural Resistance of Reinforcement ...................... 139
ANCROTAGE ..ot vttt e 140
Bibliography ........ ... 141
Example of Landfill Capping using Geosynthetic

Reinforcement ...........c..ooeiiiiiiiiiiiiinieiiiiienn.. 142
Geometry, Soil Mechanics Parameters, Geosynthetic Properties

and Data for a Selected Construction Vehicle ................. 142
Geometry of the Liner System in the Slope................... 142
Characteristic Soil Mechanics Input Values................... 142
GeosSynthetics . ... ..ot 142
Data for a Selected Tracked Vehicle ......................... 143
Construction State Definition...............c.coviiiina.... 143
Stability Analysis ........ovuiiiiniiii it 143
Analysing Reinforcement Failure ........................... 146
Designing the Anchor Trench........ e, 146
Anchor Trench Geometry ............cooiiiiiiiiainenn. 146
Friction Resistance Input Values ...............coccivninens. 147
Safety Against Failure of the Anchor Trench.................. 147
Analysing Failure of the Top of the Embankment ............. 149
Reinforced Earth Structures over Point

or Linear Bearing Elements............................... 151
DefInitions . . ....oooii 151
Applications and Modus Operandi .......................... 153
Applications. ....... ... i 153
ModusOperandi................ooiiiiiiiiiiiiiiiiaains 154
Design and Engineering Recommendations. .................. 155
Actions and Resistances ................c.ooiiiiiiiiin.... 157
Point and Linear Bearing Elements.......................... 158
Analysing the Reinforced Earth Structure .................... 158
General Recommendations...................ccoveeinnin... 158
Effect Situations .............. ... ... i 159
Characteristic Effects................. ..., 160
Principles . ... ..o 160
Stress o, between the Bearing Elements. ................... 160



9.6.3.3
9634

9.6.3.5
9.6.4

9.6.5

9.7
9.7.1
9.7.1.1
9.7.1.2
9.7.13
© 9714
9.7.2
9.7.2.1
9.7.2.2
9.723
9724

9.8.1
9.8.2
9.8.3
9.9

9.10

9.10.1

9.10.2
9.10.2.1
9.10.2.2
9.10.3
9.10.3.1
9.103.2
9.10.4
9.10.4.1
9.10.4.2
9.10.5
9.10.5.1
9.10.5.2
9.10.6
9.10.7
9.10.8

Stress 6, on the Bearing Elements......................... 164
Spreading Forces for Inclined Surface

of Reinforced Earth Structure............................... 165
Effects on the Geosynthetic Reinforcement................... 165
Analysing Effect on the Geosynthetic Reinforcement using
Numerical Methods ............. ... ... ..., 173
Analysing Effects on Geosynthetic Reinforcement for Dynamic
ACHONS ..ot t 174
Analysesand Design .......o.oieiiiiiiiiiiiii e 174
Analysing Bearing Capacity . ...........coriniinevnnnnn.. 174
General Recommendations . . ...........ovviiiininennannns. 174
Analysing the Geosynthetic Reinforcement................... 174
Analysing Bearing Elements. ............................... 175
Analysing Overall Stability............. ... .. oo, 176
Serviceability Limit State Analysis .......................... 176
General Recommendations.....................ccoceien.... 176
Deformations in the Reinforced Earth Structure............... 176
Deformation of Bearing Elements........................... 177
Analysing Overall Deformations.......................c..... 177
Noteson Execution. .........c..ooiiiiiiniiiiiiiinenenann.. 177
Enabling Works. ..o 177
Point and Linear Bearing Elements.......................... 177
Reinforced Earth Structures ............... .. iiieiean.. 178
Bibliography ... 178
Design Example: Reinforced Earth Structures over Point

or Linear Bearing Elements ............. ... .. ... ... ... 180
Geometry, Loads, Soil Mechanics Parameters, Reinforcement

and Effect Situation Parameters............................. 180
Effect Situation 1: Construction State (t; =10h).............. 183
Load Redistribution in the Reinforced Earth Structure ......... 183
Characteristic Effects in the Geosynthetic Reinforcement ... ... 185
Effect Situation 2: Construction State (t, =500h)............. 189
Load Redistribution in the Reinforced Earth Structure ......... 189
Characteristic Effects in the Geosynthetic Reinforcement . ... .. 191
Effect Situation 3: Final State (t; = 1,000,000 h) .............. 193
Load Redistribution in the Reinforced Earth Structure ......... 193
Characteristic Effects in the Geosynthetic Reinforcement .... .. 194
Special Case: Loss of Subgrade Reaction (t, = 1,000,000 h) .... 196
Load Redistribution in the Base Course...................... 196
Characteristic Effects in the Geosynthetic Reinforcement ...... 196
Design Values of Effects in the Geosynthetic Reinforcement. ... 198
Design Values of Resistances . ........ .. ... 199
Analysing Bearing Capacity..........coooviiiiiiiii .. 200

XV



10

10.1
10.2
10.2.1
10.2.2
10.3
10.3.1
10.3.2
10.3.3
10.3.4
10.4
10.5
10.6
10.6.1
10.6.2
10.6.3
10.64
10.6.4.1
10.6.4.2
10.6.4.3
10.6.5
10.6.6
10.6.6.1
10.6.6.2
10.6.6.3
10.7
10.8
10.9
10.9.1
10.9.2
109.2.1
10922
10923
109.2.4
10.9.2.5
10.9.2.6

1

111
11.2
11.2.1
11.2.2
11.2.2.1
11222

XV1

Foundation Systems using Geosynthetic-encased Columns . . 201

Definitions .. ..ottt i i 201
Modus Operandi and Applications. .......................... 203
Modus Operandi ..........ovineiiiiiiiiiii i iinenns 203
AppHCationS. . . ..o vt e e 204
Manufacturing Methods. ...l 206
General Recommendations . . .........oiviinn i 206
ExcavationMethod. ............ ...t 206
Displacement Methods. . ....... ... ool 207
Method Selection ..........ccceviiiiiiiiiiiiiiii., 207
Design Recommendations and Engineering Notes............. 209
BuildingMaterials ... 210
Notes on Analysisand Design ............... ..., 210
General Recommendations..............coviiieiiieianne... 210
Actions and Resistances ...........c.oviiieiiiieiiiaina.. 211
Designing the Horizontal Geosynthetic Reinforcement. . ....... 211
ColumnDesign .....ooiitiiiiiiii i 212
AnalysisModel ... ..ot 212
AnalysisMethods . ...t 214
Analysing the Transfer of Circumferential Tensile Forces ...... 217
Analysing Overall Stability................................. 218
Serviceability Limit State Analysis.............. .ot 219
Determining Settlement. ..............oiiiiiiininnrennn.. 219
Cyclic-dynamic ACtionS. .. .. .ooveerineineneinannnennnn. 219
Overall Deformations. . ...t e, 220
Inspection Criteria, Tolerances and Quality Assurance ......... 220
Bibliography ........... ... e 222
Worked Example: Geotextile-encased Columns............... 222
Inputdata .. .. ..o e 222
ANALYSIS .ottt e e 223
Determining Primary Stresses .........ovvevvriienininnenns 223
Assuming the Load RedistributionFactor E .................. 224
Determining the Stiffness Parameter......................... 224
Deformation at the Column Edge ........................... 224
Determining Settlement. ...............oiiiiiiniiinnn.n. 225
Analysing Circumferential Tensile Force..................... 225
Overbridging Systems in Areas Prone to Subsidence. ....... 227
General Recommendations................................. 227
DESIgN. .ot e 228
Principles and Definitions.................................. 228
DesSIZN NOLES .. .ottt e 231
Explanatory Report. . ...t 231
Determining the Width of the Stabilised Area................. 232



11.2.3
1123.1
11.2.3.2
11.2.3.3
11.2.3.4
11.2.3.5
11.2.4
11.2.5
11.2.6
11.3
11.3.1
11.3.2
11.3.2.1

11.3.2.2

11.3.23
11324
11.3.2.5
11.3.2.6
11.3.3
11.4
11.5
11.6
11.7
11.7.1
11.7.2
11.7.3
11.7.4
11.7.4.1
11.7.4.2
11.7.43
11.7.4.4
11.7.5

11.7.51
11.7.5.2

11.7.5.3
11.7.5.4
11.7.6

11.7.7
11.7.7.1

Ground and Materials. .............cooiiiiiiiiiii i, 235
ExcavationLevel ........ ..o i 235
Composite base course Materials...................co0ennn. 235
Geosynthetic Reinforcement..............................L. 235
Bridging Zone Materials . ........... ... . i e, 235
Subgrade. ... .o e 235
Load Assumptions and Load Cases....................c.u..n. 235
Allowable Deformations . ...........c.coiiiiiiiiiiiienennen, 236
Structural Models .. .....ooeiiii e 236
ANAlYSes . ..t e 239
Analysis Principles. . ....oovirernn e 239
DeSigN. oot e e 242
Determining the Tensile Stress Design Values

using the B.GEE.Method.................. ... ... .ccooo..L. 242
Determining the Design Value of the Tensile Stress

Based onthe RAFAEL. Method[8]....................... 247
Special Methods ..o 249
Determining the Required Short-term Tensile Strength. ........ 250
Analysing Anchorage Lengths ................ooiiieiin, 250
Analysing Overlap Lengths. . .......... ... ... ot 251
Safety Theory Analysis .........ooviiiiii ... 252
Applying the Observational Method......................... 253
Notes on Execution. ........oooeiiiiiiiiiiiiiieinnennns. 254
Bibliography . ... e 255
Worked Analysis Example 1................... ...t 256
SPecifications .. .......coeeiiitiiiie et 256
Allowable Reinforcement Sag and Strain. .................... 257
Preselecting the Geosynthetics .....................c.coo.... 257
Determining the Actions ...t 258
NOIMAl SIESSES. « v vt v e et e vt et eee e aeaeaeennes 258
Load Component Factors .............ccoooiiiiiinii.. 258
Design Values of Horizontal Tensile Forces .................. 258
Design Values of Actions. ...t 259
Determining the Design Values of the Resistances

in the Machine and Cross Machine Directions ................ 259
Adopted Reinforcement. . ........ ... 259
Design Value of the Tensile Strength,

Criterion 1: Reinforcement Creep Failure .................... 259
Design Value of the Tensile Strength,

Criterion 2: Reinforcement Creep Strain ..................... 260
Governing Design Value of the Tensile Strength

of the Reinforcement ............ ... ..o, 260
Analysing Adequate Tensile Strength . .................... .. 260
Analysing Anchorages............... i, 260
Specifications ...t 260



11.7.7.2
11.7.7.3
11.7.7.4

11.7.8
11.7.8.1
11.7.8.2
11.8
11.8.1
11.8.2
11.8.3
11.8.3.1
11.8.3.2
11.84

11.8.4.1
11.8.4.2
11.8.4.3

11.8.44
11.8.4.5

11.8.4.5
11.8.6
11.8.6.1

11.8.6.2

11.8.7
11.8.7.1
11.8.7.2

12

12.1
12.2
12.3
12.4
12.5
12.6
12.6.1
12.6.1.1

Xvll

Required Reinforcement Anchorage Lengths

in Machine Direction Outside of the Sinkhole-prone Area. .. ... 260
Required Reinforcement Anchorage Lengths in Cross Machine

Direction Outside of the Sinkhole-prone Area................. 261
Required Reinforcement Anchorage Lengths in Cross Machine

Direction Inside of the Sinkhole-prone Area.................. 261
Overlap Analysis......... oot es 261
Required Overlap Length in Machine Direction............... 261
Required Overlap Width in Cross Machine Direction .......... 261
Worked Analysis Example 2. ..., 261
Specifications ........c.ociiiiiiiii i 261
Allowable Reinforcement Sag and Strain. .................... 262
Determining the Actions ..........coovviiiiiii i, 262
Normal Stresses. ..o vvnrint et aneeens 262

Design Value of the Actions on the Geosynthetic Reinforcement 263
Determining the Design Values of the Resistances

in the Machine Direction. ...t 263
Adopted Reinforcement. . .......cooveverrvnenrrnnnennnnnnn. 263
Analysing Extreme Anisotropy ........c..oooiviiiiiiiiiian 263
Design Value of the Tensile Strength,

Criterion 1: Reinforcement Creep Failure . ................... 264
Design Value of the Tensile Strength,

Criterion 2: Reinforcement Creep Strain . .................... 264
Governing Design Value of the Tensile Strength

of the Reinforcement ...............coooiiiiiiiiiinon... 264
Analysing Adequate Tensile Strength . ....................... 264
Analysing Anchorages...............oo oL, 264
Required Reinforcement Anchorage Lengths

in Machine Direction Outside of the Sinkhole-prone Area. .. ... 265
Required Reinforcement Anchorage Length

in Cross Machine Direction ...............cccoiiiiiiiiii... 265
OverlapAnalysis......... ..ot 265
Overlap Length in Machine Direction. ....................... 265
Overlap Length in Cross Machine Direction.................. 265
Dynamic Actions on Geosynthetic-reinforced Systems . ... .. 267
General Recommendations........................coou.n... 267
Dynamic ACHONS. .. ... .vte ettt e e 267
Dynamic Effects . ..., 269
ReSIStANCES. . ..ottt e 269
Dynamic Design Cases .............ooiuiinivininenennnn... 269
Dynamic Actions. ...... ... viiiiiiiiii i 272
Dynamic Actions—Live Loads .................oiiiin.. 272
Adopting LiveLoads ...............coviviiien e, 272



12.6.1.2 Allocation to Dynamic Design Cases — Live Loads............ 274
12.6.1.3 Design Recommendations. ...........ovueinenenninennenn.n. 275
12.6.2  Dynamic Actions — Explosions, Impact, Avalanches........... 276
12.6.3  Dynamic Actions — Seismic Loads ..................... ... 277
12.7 Determining the Dynamic Effects on the Geosynthetics. .. ..... 278
12.7.1 Dynamic DesignCase 1............ooviiiiiiiinnnnnn.... 278
12.72  Dynamic Design Case 2. .......ccvvveerrriniieannnennannnn. 278
12.7.3  Dynamic DesignCase 3...........c.oiiiiiiiiiinneien. 278
12.8 Determining the Resistances for Dynamic Actions ............ 279
12.8.1 Pull-out Resistance of Reinforcement........................ 279
12.8.1.1 DynamicDesignCase 1.........c.ooviiiiiiiiiiiiiiin.. 279
12.8.1.2 Dynamic Design Case 2. ......oourrveerevnnieenniareannnnns 279
12.8.1.3 Dynamic Design Case 3........cooouviriniiiiiiinnnnniann, 280
12.8.2 Structural Resistance of Reinforcement ...................... 280
12.8.2.1 DynamicDesignCase ... 280
12.8.2.2 Dynamic Design Case 2. ......vourvvivnntenennnneennnenen 280
12.8.2.3 Dynamic Design Case 3.......covvirrinininiiniiiiiiiann. 280
12.9 Demands on Building Materials under Dynamic Loads ........ 281
1291 FillSoil. ..o 281
12911 Grain SizeS.......coiuinniitei it 281
12.9.1.2 Grain Shape, Grain Strength............... ... ..ol 281
12.9.1.3 Fill Soil Friction Coefficient...............c.cooiiiiit., 282
12.9.1.4 Relative Compaction ..........c.voiiviinieiniiiennineennns 282
1292 GeosynthetiCs .. ..ovuuennte it 282
12.9.2.1 Determining Fatigue Behaviour............................. 282
12.9.2.2 Determining Damage..............ooviiiiiiiiiiiii, 284
12.9.2.3 Determining the Geosynthetic/Fill Soil Composite Coefficient. . 284
12.10 Bibliography ... 285
12.11 DIagrams .......ccoviii e 288
13 Figures. ... ... e 307
14 Tables . . ..o 313
Advertising List .. ... 315

XIX



