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Index

anhydrite, 518
anisotropically consolidated triaxial tests, 670

instrumentation for, 675, 676
anisotropy, 210–211

of rocks, 205–206
anthropomorphic hazards, 553
applied mechanics, 18
aquatic environment, 126
aquiclude, 164
aquifer recharge and recovery (ARR), 130–131
aquifers, 164

boundary conditions of, 1186
confi ned, 164

radial fl ow to a fully penetrating well in, 
169, 169

permeability of, 1186
types and properties of, 1186
unconfi ned, 164

radial fl ow to a fully penetrating well in, 
169, 170

aquifer storage and recovery (ASR), 130–131
archaeology, 562–563
architect, 594
arid environments, distribution of, 314
arid soils, 313, see also soils

arid climates, 314
development of arid conditions, 314–315
precipitation in arid environments, 315

geomorphology of, 315
aeolian erosion, 324–326
cemented soils, 320
degradation of arid environments, 

318–320
duricrusts, 320
fl uvial erosion, 321–324
geophysical investigation, 328
in situ testing, 327
laboratory testing, 327
landforms within arid environments, 316
material resources, 328–329
mechanical weathering processes, 318
plains and base level plains, 317–318

site investigation, guidance for, 326–327
uplands and foot-slopes, 316–317

geotechnical behaviour, 329
cemented soils in arid conditions, 

331–332, 332
generalised aspects of, 329–330
hydraulic conductivity and groundwater 

fl ow in unsaturated soils, 333
net stress, volumetric strain and suction 

for collapsible and expansive arid soils, 
330–331

sabkha soils, 332–333
of unsaturated, uncemented arid soils, 330

problematic arid soil conditions, 
engineering in, 333
compaction of fi ll, 334–335
foundation behaviour in collapsible soil, 

334
foundation behaviour in expansive soils, 

333–334
sabkha soils, stabilisation of, 335–336

artesian conditions, for pore water pressures, 
164, 164

artifi cial ground freezing, 280, see also fi lls, 
non-engineered

artifi cial recharge systems, 1184
Association of Consultancy and Engineering 

(ACE), 569, 571
Association of Geotechnical and 

Geoenvironmental Specialists (AGS), 582, 
599, see also Construction (Design and 
Management) (CDM) Regulations 2007
site investigation guides, 567, 569

Association of Geotechnical Specialists 
(AGS), 627

Association of Specialist Underpinning 
Contractors (ASUC), 1245

ASTER system, 615–616, 617
Atterberg limits, 669

diffi culties in determining, 353
augers, 1194, 1195, 1199, 1218

drilling, 621

Aberdeen casings, 1215
abstraction licensing

and discharge consents, 1188
for groundwater control, 1188

accidental conditions, in designing retaining 
wall support systems, 1002

accidental loading, 1004, 1034
accreditation, 659

schemes, for sustainable development, 
135, 139

acid mine drainage, 456–457
acid-soluble sulfate, 524, see also sulfate
acoustic emission (AE), 1389
active zone, 418, 418
aeolian erosion, 324–326, see also erosion
aggregates, 1481–1482

problems associated with, 1482
verifi cation of, 1482

allophane, 352
allowable bearing pressure, 752
alluvial fans, 322
alluvial strata, sulfur in, 522
analytical assessment, of earthworks, 1074

desk study and walkover survey, 1074
ground investigation, 1074
interpretation and stability analysis, 1074
reporting and prioritisation, 1074

anchorage grout to ground, 1017–1024
design

in clayey soils, 1020–1021
in granular soils, 1018–1020
guidance on, 1018–1019
rock, 1021–1024

and design anchorage force, relationship 
between, 1017–1018

anchorages, 254–255, 255
anchored bored-pile wall, 1080, see also walls
anchors

deadman, 1005–1006
ground anchors, see ground anchors

andosols, 351
angular strain, 282

Note: Page references in bold and italics denote fi gures and tables, respectively.

3D virtual construction model, 599, 612
5 S’s principle, 744–747
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bored piling rigs, 1193–1194
borehole

geophysics, 614, 615, 616, see also 
geophysics

in situ testing in, 623–624
permeability testing, 624
plate bearing tests, 624
vane testing, 624

pressuremeter, 401, 401, 648
borehole log, upper coal measures, 94
bottom-up construction, 1001, see also 

construction
Bouguer Anomaly, 605, 605
boundary conditions, geotechnical 

computational analysis, 36
Boussinesq stresses, 208
box piles, 1214
Brazilian test, 202
brickearth, 393, 393, 402

scanning electron micrograph of bonded 
quartz particle in, 397

bridge
abutment, 87
abutment movement vs time, 752
differential settlement in, 750

British Drilling Association (BDA), 627
on health and safety, 570

British Geological Survey (BGS), 580
British Geotechnical Association (BGA), 569
British Standards (BS), 301

BS 10175, 653
BS 1377, 1125
BS 5930, 654
BS 6349, 970, 973
BS 8002, 972, 975
BS 8485, 655

British Tunnelling Society, 68
buckling, 1004
Bucks Green, West Sussex, 1347, 1347
building

affected by ground movements, see 
earthquake; ground movements, 
buildings affected by

damage, 282
assessment, principles of, 979
categories of, 282–283
classifi cation of, 282
division between categories 2 and 3 

damage, 283
differential settlement in, 749–750
investment vs bank interest, comparison 

of, 60
materials, acceptability criteria, 660
settlement vs time, 752
waste, 458

Building Research Establishment Digest 
240, 422

bulk density, 1124
as indicator of nature of peats/organic soils, 

467
bulk fi ll materials, degradation of, 

528–530, 529
bulk modulus, 199
bulk samples, 681, see also sampling
buoyancy, 770–771

bearing piles, types of, 1191
bored piles, 1192–1206
classifi cation, 1192
driven piles, 1206–1217
micro-piles, 1217–1222

bearing pressures, in foundations, 752–753
allowable, 752
effective, 752
gross, 752
maximum safe, 752
net, 752
ultimate, 752
working, 752
shallow foundations, 773
stress changes due to, 779

behaviour of discontinuities, rocks, 203
bender element test, 262
bentonite, 655, 734, 745, 916–918, 1197, 

1271, 1275, 1276, 1483
benzene, toluene, ethylbenzene and xylene 

(BTEX), 657, 664
Berlin walls, see king post walls
berms, 1003, 1006–1007
‘best way out’ approach, in observational 

method, 1499–1500
bi-directional pile capacity testing, 

1458–1460, see also pile capacity testing
advantages and disadvantages of, 1459
data interpretation, 1459
defi ned, 1458
specifying, 1460
standardisation and guidance for, 1459–

1460
working principle of, 1458–1459

Bing Maps, 553
biochemical oxygen demand (BOD), 450
Black Swan, 65, 70
block removal, 1297–1298, 1302
block samples, 682, see also sampling
blocky and seamy rocks, 204, see also rocks
bogs, 464

blanket bogs, 464
bonding mechanism, of collapsible soil, 

396–397, 396, 397
bored piles, 1191–1193, 1198, see also 

pile(s/ing)
barrettes, 1203
cast-in-place displacement auger piling, 

1201–1203
continuous fl ight auger (CFA), 1198–1201
design of, 1036–1037
instruments for monitoring, 1400
percussion bored cast-in-place piling, 

1197–1198
problems associated with, 1226–1230

ancillary works, 1229
boring, 1226–1228
concreting, 1228–1229
ground conditions, 1226
reinforcement, 1229
structural problems, 1230

rotary bored cast-in-place piles, 1193–1197
specialised techniques, 1203–1206
typical characteristics, 1194

bored micro-piles, 1219, 1219

average horizontal strain, 282
award, 598
axial load capacity, of single piles, 804–814
axial load distribution, of pile group(s), 

830–833
bearing stratum stiffness on, infl uence of, 

830
for linear and nonlinear soil models, 

832–833

BA42/96, 972
Barcelona Basic Model, 355
barrettes, 734, 1203, see also foundation(s)

design of, 1036–1037
forms of, 1206

barytes, 518
basal reinforcement, 1104–1106, see also 

reinforcement
deep-seated failure, 1105
extrusion, 1106
lateral sliding, 1105–1106

basal tills, 373, see also tills
base friction apparatus, 154–156, 154

active/passive earth pressures, 155, 155
bearing capacity failure, development of, 

155–156, 156
contractant/dilatant behaviour, 155
deposition, 154–155, 154
foundation settlement, 155–156

base grouting, 1204, 1206
basement construction

retaining walls, 970
basement wall loading, construction 

conditions for, 1035
basins, 316
beam and pad underpinning, 1240, see also 

underpinning
beam foundations, 429, 430
beam-spring approach, 38–39
bearing capacity, 155–156, 753

defi ned, 774
failure, development of, 156
failure mechanisms for

jointed rock masses, 776–777
sand overlying clay, 776

of fi lls, 907
formulae, 774–775

for strip footings, 774
groundwater table level and pressure, 

infl uence of, 776
of pile groups, 824–827
shallow foundations, 774–778, 840–841
for square pad foundations bearing 

on rock, 777
of underpinning, 1241, 1242

bearing capacity theory, 227–230
enhancement factors

effective stress failure criterion, 228
undrained shear strength failure 

criterion, 228
inclined loading, 228–229
offset loading, 229
vertical, horizontal and moment loading, 

229–230, 229
vertical load, equation for, 227–228
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climate change resilience, 126–127
climate change scenarios (CCSs), 127
closed form solution, to geotechnical 

problems, 37
close-out reports, 1503–1507

benefi ts of, 1504
contents of, 1505–1506
documentation systems and preserving data, 

1507
health and safety issues, 1506–1507
quality issues, 1506
reasons for writing, 1503–1505

Coal Authority Mining Reports Offi ce, 580
coarse colliery discard, 451–452

acid mine drainage, 456–457
composition and properties, 452–453
restoration, 456
spontaneous combustion, 454–456
weathering, 453–454

coarse fi lls, 902, see also fi lls
coarse-grained soils, see also soils

single piles on, 807–810, 808, 809, 810
standard penetration test, 811, 811

code of practice, defi ned, 107
codes and standards, for geotechnical 

engineering, 105–123
benefi ts of, 106–107
construction codes, 121, 122–123
design codes, 114–121, 120–121
development of, 107–108
distinguished from structural design codes, 

108–111
groups of, 113–114
investigations and testing codes, 114, 

115–119
material codes, 123, 123
objectives and status of, 105–106
statutory framework, 105

codes and standards, for underground 
structures, 1032–1033

coherent campaign, development of, 585–586
cohesive materials

moisture content, control of, 1058
cohesive soils

dynamic compaction, 1263–1264
vibro techniques in, 1249

Colcrete Flowmeter Test, 1222
cold arid landscapes, 314
collapsible soils, 391–407, see also soils

behaviour, control of, 394–398
bonding mechanism and fabric, 396–397, 

396, 397
collapse prediction, 398
mechanism of collapse, 397–398

classifi cation of, 393
defi nition of, 391
effect, on heave-induced tension, 892–893
engineering issues, 403–407

dynamic behaviour, 404–405
foundation options, 403–404
highways and pavements, 404
improvement and remediation, 405–407
slope stability, 405

features of, 393
foundation behaviour in, 334

Centre Experimental de Recherché et 
d’Etudes du Batiment et des Travaux 
Publics (CEBTP), 1420, 1421, 1439

centrifuge laboratory model testing, 972
Certifi cation Authority for Reinforcing Steels 

(CARES), 1476
‘chain of custody’ documentation, 656
chalk

fi xed anchor lengths within, construction of, 
1318–1319

managing and controlling, during 
earthworks, 1138

Channel Tunnel Rail Link (CTRL), 922, 1289
characteristic values, 301
Chartered Institute of Environmental Health 

(CIEH), 659
chisels, 1194
chlorinated hydrocarbons, 658, see also 

hydrocarbon
circular construction retaining wall, 1002, 1008
circular slip failure mechanism, 1104
Civil Engineering Contractors Association 

(CECA), 571
classifi cation, labelling and packaging (CLP) 

regulations, 660
clay-dominant sub-glacial tills, 375
clay embankments, instruments for 

monitoring, 1395–1396, see also 
embankment(s)

clayey soils, see also soils
fi xed anchor length design in, 1020–1021
fi xed anchor zone, location of, 1027

clay minerals, 345, see also minerals
clays, see also mudrocks

changes in moisture content due to trees, 767
compressibility of, 791–792
elastic moduli and penetration resistance, 

correlations between, 757–758
fi xed anchor lengths within, construction of, 

1316–1318
in situ stress states of, 754–756, 758
laminated, 373
managing and controlling, during 

earthworks, 1135–1137
mobilised secant shear modulus, 758
overconsolidated, 496
pile design in, see pile design, in clay
sand overlying clay, bearing capacity of 

footing on, 776
settlement of, 780–782
slope stability of, 248
strain shear modulus and plasticity index, 

correlation between, 758
strength of, 791–792
sulfur in, 522
undrained shear strength measurements in, 

973–975
clay soils

drained shear box tests on, 179, 180
infl uence of bonding on, 181
residual strength of, 179, 181, 181
undrained strength of, 181–183

client, responsibilities of, 76
climate change adaptation (CCA), 126–127, 

131–133, 132

buoyant raft foundation, see compensated raft 
foundation

buried obstructions and structures, 563–564
buried services, 564
Burland Triangle, 272, 272
buttressed masonry retaining walls, 1002, 

1008, see also retaining walls; walls
buttressing, 1300
buttress walls, 11, see also walls
Byerlee’s Law, 203

cable chamber, 101–103
construction and foundation settlement, 103

cable percussion boring, 621
cable percussion drilling, 901
caissons, 734, see also foundation(s)
calcareous mudstone, 482
California bearing ratio (CBR), 619, 1145–

1146, 1148
cantilever retaining wall, 1001, 1002, see also 

retaining walls
capillarity, 353
carbon capture and storage (CCS), 129
Casagrande piezometer, see open standpipe 

piezometers
case history(ies)

dynamic compaction, 1267
estuarine sands, vibrocompaction of, 98
foundation selection, 733, 759–763

construction control, 762
design verifi cation, 761–762
foundation type, 761
ground conditions and site history, 760–761
site preparation, 761

geotechnical triangle, 97
mine working investigation, 558
pile group design, 846–849
shallow foundations

additional ground investigation and 
geotechnical analysis, 797–798

design verifi cation and construction 
control, 798

foundation options and risks, 797
ground condition and site history, 797

soft chalk, shallow foundation on, 103
vibro ground improvement technique, 

1257–1259
CASE method, 1462
casing, 621
castings, 1196–1197

temporary, 1198
cast-in-place displacement auger piling, 

1201–1203
cast iron, 1475–1477

problems associated with, 1475
verifi cation of, 1476–1477

catch fences, 1297
cation exchange capacity (CEC), 350
celestine, 518
cement column construction, 279
cemented mudrocks, 483–484, 509

strong, 499
weak, 498–499

cementing agents, presence of, 352–353
cement stabilisation, 278–279, see also 

stabilisation
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constitutive behaviour, geotechnical 
computational analysis, 36, 43

constitutive law, 198
construction

bottom-up, 1001
dewatering, see pumping
earthworks failure during, 1047–1049
preparation for, 1164–1165
top-down, 1001–1002

Construction (Design and Maintenance) 
(CDM) Regulations 2007 (CDM Regs), 
75–76, 598, 1414
application of, 569–570

advice to clients, 570
client obligations, 569–570

corporate manslaughter, 569–570
health and safety, 569–570

Construction (Health, Safety and Welfare) 
Regulations 1996, 76

Construction Industry Research and 
Information Association (CIRIA), 569
CIRIA 144

classifi cation of signal responses, 
1432–1433, 1433, 1434, 1435

CIRIA 665, 655
CIRIA C580, 975, 977, 978

contact earth pressure cells, 1393
contaminated ground, hazards associated 

with, 79
contaminated land exposure assessment 

(CLEA), 659
contaminated land remediation, 133
contaminated land report (CLR), 659
contamination, 562, 574–575
contiguous pile walls, 1280, see also walls

bored, 963–964
continuous fl ight auger (CFA) pile(s/ing), 745, 

1171, 1198–1199, 1276, 1278–1279, 1260, 
1347, 1347, 1260, 1474, see also pile(s/ing)
cased pilings, 1201, 1203
excavation tools, 1199
partially plunged cage, 1473
piling rigs, 1199
placing concrete, 1199–1200
placing reinforcement, 1201
rig instrumentation, 1200–1201, 1202, 

1203
continuous profi ling techniques (CPTs), 735, 

754, 758, 763
continuous sampling and detailed logging, 

763
continuous surface wave (CSW), 261
contract(s), see also sub-contract

administration of, 600, 1407
completion of, 600
forms of, 1162–1163
in relation to subsidence settlement, 1245

contractancy, 155
contractors and resident engineers, 

communication between, 1411–1412
control of earthworks, 1130–1132, see also 

earthworks
Control of Noise at Work Regulations, The 

(2005), 76
Control of Pollution Act of 1974, 1265

interfaces with buried structures
buried structures, 1031–1032

interfaces with structural design, 1033
codes and standards, 1032–1033
design life and durability, 1031
load combinations, 1031–1033

resistance to lateral actions, 1033–1034
accidental loading, 1034
out-of-balance forces, 1034
retaining wall toe level, determination of, 

1033–1034
resistance to vertical actions, 1034–1036, 

1036–1037
fl oation, 1036
ground-bearing base slab design, 1036
soil heave pressure, 1036

compliance testing
of compaction, see also compaction

end product compaction, 1133–1134
method compaction, 1132–1133

of earthworks, 1132–1135, see also 
earthworks
material compliance, 1132–1134
non-conformance, 1135
parameters and limits, selection of, 

1134
compound stability, of reinforced soil slopes, 

1104
compressibility, 677–679, 687

of fi lls, 903
peats and organic soils, 467

magnitude of settlement, 468–470
rate of settlement, 471
surcharging, 470–471

soils, 184
coeffi cient of volume compressibility, 

184
compression curve plotted on semi-

logarithmic axe, 186
infl uence of inter-particle bonding on, 

186
swelling and, simple mechanistic 

explanation of, 184–185
conceptual site model (CSM), 661
concrete, 1358, 1472–1475

attack on, 526–527
batching plant, 1472–1473
fl ow table test, 1474
in ground, 1357
piled walls, 1087
problems associated with, 1473–1474
sheeting, 1287
tremie use on a bored pile, 1473
verifi cation of, 1474–1475, 1474–1475

Conditions of Contract Standing Joint 
Committee (CCSJC), 571

cone penetration testing (CPT), 218, 261, 267, 
348, 637–640, 657, 901, 916, 932, 942, 
1260, 1482

cone-pressuremeter (CPM), 649
consistency, of ground profi le, 148–149
consolidation, 173

settlement, 207
constant rate of penetration testing (CRP), 

240, 1453–1454

collapsible soils (cont.)
investigation and assessment, 398–403

fi eld testing, 400–401
laboratory testing, 399–400
reconnaissance, 399
wetting, assessment of, 401–402

locations of, 392–394
other collapsible deposits, 394
wind-blown soils, 393–394

collector wells, 1183–1185, 1184, see also 
wells

colliery spoil, 904
sulfur in, 522–523

colloidal silica, 919
colour, of sediments and rocks, 148
Combie-pile, 1212
combi steel walls, 1284–1285, see also wells

description and use, 1284
interfaces, joints and connections, 1284–

1285
materials for, 1284
plant, 1284
tolerances of, 1284

commercial developers, 59, see also 
developers

compaction, 275–276, 1124–1128
compliance testing of

end product compaction, 1133–1134
method compaction, 1132–1133

curve, 1125
dynamic, see dynamic compaction
end product, 1125–1128, 1128, 1133–1134
grouting, 914–916, 1328–1330, see also 

grouting
application of, 1329–1330
design principles for, 915–916
execution controls of, 916
ground improvement using, 1328–1329
hole spacing for, 915
methods and key issues of, 914–915
validation of, 916

mechanics of, 1124–1125
method, 1125, 1128, 1132–1133
mudrocks, 483–484
plant, 1128–1129
pressures, calculation of, 985
rapid impact, 1261, 1263

environmental considerations, 1266
equipment, 1262

-related index tests, 670, 687
specifi cation, 1125–1128
vibrocompaction, 276

compatibility, of geotechnical computational 
analysis, 35–36

compensated piled rafts, 865, 877–879, see 
also compensated raft foundation

compensated raft foundation, 734, see also 
foundation(s); raft foundation

compensation grouting, 1327, 1328, see also 
grouting

complementary testing, 659
complete underground structure, holistic 

considerations for
bored piles and barrettes, design of, 

1031–1037
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excavation for, 1273–1275
peanut-shaped, 1275
tendency for, 1275–1276

differential settlement, 414, 414
of pile group(s), 840
shallow foundations, 787

dilatancy, 155
dilatometers, 261, 624, 648–650
direct shear tests, 472, 673, 673
direct sliding, soil–reinforcement interaction, 

1095–1096, see also reinforcement
discharge water quality, management of, 

1188–1189
disintegration, mineralogy, cementation and 

structure (DMCS), 350
displacement auger piling, 1204
displacement grouting, 279, see also grouting
displacement of the retaining wall, 969–970
distributed prop load (DPL) method, 997, 

1004–1005
district heating systems, 129
disturbed ground, 445
ditches, 1297
documentation, 1410
domestic dwelling, in expansive soils, 

435–438
domestic waste disposal and sanitary landfi ll, 

448–449
composition, 449
decomposition, 450–451
geotechnical properties, 450
landfi ll design, 449–450
settlement, 451
stabilisation, 451

downdrag load, 238, 1231–1232
draglines, 447
drainage

in cutting slopes, 1078
installation of, 1290
in pavement foundation, 1153
and rock stabilisation, 1300
in soil nail construction

crest, 1310
horizontal, 1310–1311, 1310
slope surface, 1310
toe, 1310

solutions, for unstable slope systems, 
253–254

drained shear box tests, 179, 180
drained shear strength, of fi lls, 904
drill castings, 1197
drilled ground anchors, 1315, see also ground 

anchors
drilling

buckets, 1195
cable percussion, 901
muds, 1483–1484

problems associated with, 1483
verifi cation of, 1484

rotary, 622, 901
in soil nailing construction

cased holes, 1306
with fl uids, 1306
open holes, 1306
self-drill hollow bars, 1306

data interpretation, 754
data management, in site investigation, 599
data processing, 659–661
deadman anchors, 1005–1006, see also anchors
deep foundation(s), 84–85, 734, see also 

foundation(s)
earthquake effect on, 947–948
failures in, 745
offshore, 949
on fi lls, 909

deep ground improvement, 734–735, see also 
foundation(s); hybrid foundation
densifi cation, 734–735
reinforcement, 734

deep-seated instability, earthworks, 1069–
1070, see also earthworks
fi rst-time slides, 1070

delayed failure, 1070
progressive failure, 1070

slides along old failure surfaces, 1070
deep soil mixing (DSM), 934–937, see also 

soil mixing
execution controls of, 936–937
methods and key issues of, 934–936
validation of, 937

deep wells with submergible pumps, 2–3, 6, 
1181–1182, 1181, 1182, see also wells

defl ection ratio, 282
deformation

instruments for monitoring, 1384–1389
mechanisms, for foundation, 738–742
tills, 370–371

glaciotectonic features found in, 369
densifi cation, 734–735
dentition, 1300
Department for Transport (DfT), 569
Department of the Environment, Transport 

and the Regions (DETR), 569
depressurisation, 770
depth of potential heave, 418
depth of wetting, 418
depth vibrator, see vibrofl ot equipment
derived values, 301
design and construction team, communication 

link between, 1407
design construction sequence, 1167–1168
designers, responsibilities of, 76
designing or construction of foundation, 

735–744, see also foundation(s)
acceptable stability and deformation, 

738–742
costs and programme for, 743–744
risk management, 742–743

design values, 301
desk studies, see preliminary studies
developers

commercial, 59
motivation of, 59–60
self, 59
state, 59

dewatering, see pumping
diaphragm walls, 965–966, 1271–1276, see 

also walls
construction of, 1271–1273
deep shaft, 1275

Control of Substances Hazardous to Health 
Regulations 1999 (COSHH),76,79, 
1414

Control of Substances Hazardous to Health 
Regulations 2002 (COSHH), 598

conventional 1D method, 212
convergence gauges, 1389
Cooling, Leonard, 14
copyright, 582
core cutter testing, 1135
corporate manslaughter, 569–570
Corporate Manslaughter and Corporate 

Homicide Act of 2007, 570
costs and programme, for foundation 

construction, 743–744
Coulomb’s equation, 177
Coulomb wedge analysis, 37
crack gauges, 1388–1389
crack width control, 1032
creep settlement, 207, see also settlement
creep-piling, 865, see also pile(s/ing)
crest drainage, in soil nail construction, 1310, 

see also drainage
crib walls, 960, see also walls
critical tensile strain, 284
cross-checking information, 1359
cross-hole sonic logging (CSL), 1420, 

1437–1442
access tube confi guration, plan view of, 1438
compilation of, 1439
defection, detection of, 1439–1440, 1440
description of, 1438–1439
features, detecting, 1440, 1441
fi rst arrival time, 1439, 1440
history and development of, 1421
schematic diagram of, 1438
specifi cation of, 1441–1442
within diaphragm wall panels, plan view 

of, 1438
crosswalls, 1003, see also walls
crushed rocks, 204, see also rocks
cutter soil mixing, 1338, see also soil mixing
cutting slopes, 1076–1078

drainage system, 1078
re-grading, 1076
soil nailing, 1076
spaced bored piles, 1076
toe retaining walls, 1078

cyclic direct simple shear test, 262
cyclic loading, 939–940

adverse effects of, 939
amplitude of vibration, 939
number of cycles, 940
soil behaviour in, 940–943
vibration period, 939–940

cyclic resistance ratio (CRR), 267
cyclic torsional test, 262
cyclic triaxial test, 262, 267, 268, 679

damage, visible, 748
damping ratio of soils, 262, 266, 266
damping–wave attenuation, of soils, 261
Darcy’s Law, 167–168, 274, 333

pitfalls of, 167–168
schematic representation of, 167
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earthworks, 386–387, 386, 1067–1084
asset interfaces, 1069
compaction, 1124–1128

end product, 1125–1128, 1128, 1133–
1134

mechanics of, 1124–1125
method, 1128, 1132–1133
specifi cation, 1125–1128

compaction plant, 1128–1129
compliance testing of, 1132–1135

material compliance, 1132–1134
non-conformance, 1134–1135
parameters and limits, selection of, 1134

control of, 1130–1132
deep-seated instability, 1069–1070
design of, 1047–1063

change in pore pressure with time, 1053
embankment construction, 1058–1059
embankment foundation, failure of, 

1059–1060
embankment foundation settlement, 

1060–1062
embankment self-settlement, 1062
groundwater table, modelling of, 

1053–1055
instrumentation, 1062–1063
loadings, 1055–1057
soil design parameters, 1050–1053
vegetation, effect of, 1057–1058

ecological considerations, 1084
environmental considerations, 1080–1084
failure modes of, 1047–1050
fl ooding, 1071–1072
fl ow failure, 1072
frost shattering, 1072
material specifi cation, 1120–1124

key requirements for, 1118–1120
necessity and purpose, 1115
scope of, 1118
test frequency, 1115–1124
United Kingdom, 1115–1118

materials, managing and controlling, 
1140–1141
chalk, 1138
clay, 1135–1137
fi ne, uniform sand, 1137–1138
manufactured aggregate, 1139
peat, 1139
recycled and secondary materials, 

1138–1139
silt, 1137
topsoil, 1135–1141

preventative and corrective maintenance 
regimes, 1075

remedial work design, 1080
repair or strengthening, 1075–1080

performance criteria for, 1076
risk assessment of, 1068–1069
scour erosion, 1071–1072
seasonal shrink–swell movements, 

1070–1071
serviceability limit state, 1073
shallow instability, 1069
shoulder instability, 1071

dynamic compaction (DC), 276, 933–934, 
1261–1268, see also compaction
applications of, 1262
case histories, 1267
depth of treatment, 1264
environmental considerations, 1265–1266
execution control of, 933
induced settlement, 1266–1267
limitations of, 1262
methods and key issues of, 933
monitoring and testing, 1266
plant and equipment, 1261–1262
practical issues, 1264–1265
processes, 1261
site investigation, 1264
techniques, 1261
validation of, 933
working principles of, 1262–1264

dynamic loading
adverse effects of, 939
of soils, 259, 259
testing of, characteristics and potential 

deployment criteria, 1468
unbound material, stress–strain behaviour 

of, 1145
dynamic probing, 620, 635–638, 901

earth-fi lled cofferdams, 1006
earth pressure, 991

active/passive, 155, 173
groundwater, 996–997
king post walls, 995–996
limit-equilibrium analysis, 991–992
multi-propped walls, 995
passive softening, 994, 994
reverse passive, 994–995
sloping ground, 994
soil–structure interaction analysis, 992–993
surcharges and direct loads, 996
tension cracks, 994, 994
thermal effects, 995
unplanned excavation, 996
wall and soil stiffness, 995
and wall rotation, relationship between, 

969–970
wall–soil friction, 993–994

earth pressure theory, 221–226
in-service conditions, 225–226
Mohr circle of stress, 221

effective stress failure criterion, 223–224, 
223

total stress failure criterion, 221–223, 
222

within a principal plane, 221, 221
wall friction (adhesion), effects of, 

224–225, 225
earthquake, see also ground movements, 

buildings affected by
effects on foundation, 940–948

deep foundation, 947–948
risk reduction measures, 948
shallow foundation, 946–947
slope failure, 944–946

loading, 943–944

drilling (cont.)
techniques, for ground exploration, 

620–623
auger drilling, 621
cable percussion boring, 621
casing, 621
fl ush, 622
open hole rotary drilling, 622
piston sampler, 622
rotary coring, 623
rotary drilling, 622
sonic coring, 623
standard penetration testing, 621–622
thin-walled sampler, 622
U100 sampler, 622
window sampling, 620

driven cast-in-place (DCIP) concrete piles, 
1209, 1210, 1215, 1217

driven micro-piles, 1221
driven pile(s/ing), 1206–1207, see also pile(s/

ing)
displacement pile types

in UK, 1207–1212
outside UK, 1212

drivability, 1216
driven piling plant, 1214
environmental considerations, 1215
ground-related aspects of pile installation, 

1216
installation control, 1216
instruments for monitoring, 1400
in mudstone, 94–96
practically extinct types (UK only), 

1212–1214
problems associated with

downdrag load, 1231–1232
durability, 1233
fi nal set, 1231
ground displacement, 1232
installation methods and ground 

conditions, 1230
installation of piles, 1230–1231
jointing piles, 1232
manufacturing of piles, 1230
noise and vibration, 1232–1233
trimming, 1232

suitable and unsuitable ground conditions, 
1214–1215

drop energy, defi ned, 1261
dry density, 1124

maximum, 1124–1125
dry density–moisture content–air voids 

relationship, 1124
drying of unsaturated soils, 160, 160
dry soil mixing, 1333–1336, see also soil 

mixing
dry-stack masonry walls, 960, see also 

masonry walls
Duchaufour’s stages of weathering, 345
ductility, 28
dune-bedded Permian sandstone, 313
durability tests, 504–506
duricrusts, 346, 347
duty holders, responsibilities of, 76, 77
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effect on negative skin friction, 889
and brittle response, 889–890

end lift, 414, 414
end-of-casing (EOC) grouting, 919–920, 

see also grouting
end product compaction, 1125–1128, see also 

compaction
compliance testing of, 1133–1134
plant selection for, 1128

energy effi ciency and carbon reduction, 
125–126, 128–129
carbon capture and storage, 129
environmental impact indicators, 128, 128
ground energy, 128–129

engineer
design responsibility, 1164
and main contractor, dispute between, 

1164
engineered fi lls, construction on, 909–910
engineering geophysical adviser (EGA), 602
Enhanced (Engineered) Geothermal Systems 

(EGS), 129
Environment Agency (EA), 661, 1055, 

1084, 1134
environmental considerations, for soil nailing 

construction, 1305
environmental health offi cer (EHO), 599
environmental impact assessment, 1187, 1188

for groundwater control, 4, 8
ephemeral drainage channel, 321
epsomite, 518
equilibrium, geotechnical computational 

analysis, 35
equivalent pier method, 836–837, 839

base stiffness reduction factor for, 837
pier group replacement by, 836–837

equivalent raft method, 837–839
replacement of pile group by, 837–838

EROS, 617
erosion

aeolian, 324–326
scour, 1071–1072

eskers, 445
estuarine sands, vibrocompaction of, 96–99

advantages and disadvantages of, 98
foundation selection, 96–98, 98
observation and testing, 99, 99
site location and ground conditions, 96, 97

Eurocode 7 (EC7), 106, 301, 653, 970
basis, 304–305
construction verifi cation of materials, 1471
design, 297–298
geotechnical categories to, 299–300
observational method, drawbacks of, 1491
pile capacity testing, 1451
safety elements in, 112
soil, features of, 108–111, 109

European Commission
Guidance Paper L, 106–107

European Committee for Standardisation 
(CEN), 105

European Union (EU), 660
excavation adjacent to an existing footing, 

1241

re-grading, 1078–1079
Ruglei™ verge protection system, 

1079–1080
self-settlement, 1062
sheet piling, 1080
toe retaining wall, 1080

embedded columns, 1204–1205
embedded retaining walls, 957, 961–966, see 

also retaining walls
contiguous bored pile walls, 963–964
diaphragm walls, 965–966
king post walls, 963
secant bored pile walls, 964–965
sheet pile walls, 962–963

embedded solutions, 1087–1088
embedded walls, 988, 1271–1288

combi steel walls, 1284–1285
concrete sheeting, 1287
contiguous pile walls, 1280
cost of, 1271
design process, 998–999, 998
design situations, 989–991
diaphragm walls, 1271–1276
earth pressure, 991

groundwater, 996–997
king post walls, 995–996
limit-equilibrium analysis, 991–992
multi-propped walls, 995
passive softening, 994, 994
reverse passive, 994–995
sloping ground, 994
soil–structure interaction analysis, 

992–993
surcharges and direct loads, 996
tension cracks, 994, 994
thermal effects, 995
unplanned excavation, 996
wall and soil stiffness, 995
wall–soil friction, 993–994

factors of safety, 989
ground movement, 998
limit states, 989

serviceability limit states (SLS), 989
ultimate limit states (ULS), 989

propping systems, design of, 997
distributed prop load (DPL) method, 997
limit-equilibrium prop loads, 997
thermal effects, 997–998

reinforced mix-in-place walls, 1287–1288
secant pile walls, 1276–1280
sheet pile walls, 1280–1284
soft walls with pre-cast walls or steel sheet 

insertions, 1287
soldier pile walls, 1285–1287
structural elements, design of, 997
ultimate limit state failure modes for, 990
unreinforced mix-in-place walls, 1287

embedment earth pressure cells, 1392
embedment strain gauges, 1392
empirical methods, for prediction of ground 

movement, 978
employer’s liability insurance, 574
encapsulation to anchorage grout bond, 1024
end-bearing piles, see also pile(s/ing)

solutions, for unstable slope systems, 253
supervision of, 1417–1418
ultimate limit state, 1073

earthworks asset management system 
(EAMS), 1067–1068
analytical assessment, 1074
inspection, 1073–1074
monitoring existing earthworks, 1075
risk mitigation and control, 1074–1075
sustainability, 1069
whole-life asset management, 1068

earthworks design principles, 1043–1046
analysis methods, development of, 1044
factors of safety, 1044–1045
fundamental requirements of, 1043–1044
historical perspective of, 1043
limit states, 1045–1046

Edale Shale, 482
effective depth of treatment, defi ned, 1261
effective foundation pressure, 752
effective stress, 163, 197, 273, 670, 903, see 

also stress
-based shear strength, 247–248
failure criterion

bearing capacity enhancement factors, 
228

Mohr circle of, 223–224, 221
for soils, 163

in fully saturated soils, 158–160, 159
in situ horizontal, 165
mean normal, volume vs, 273–274, 274
single piles on fi ne-grained soils, 806–807, 

807, 808
ejector wells, 1182, 1183, see also wells
elastic displacement theory, 214–216
elastic interaction factors, 835–836
elasticity of rocks, 197–198, 198–200, 207, 

208, 209, see also poroelasticity of rocks; 
rocks

elastic methods, settlement, 779–780
electrical resistivity, 606–607, 607
electrical resistivity tomography (ERT), 607
electricity generation systems (EGSs), 

128–129
electro-magnetic (EM) methods

ground penetrating radar, 608–609, 609
non-GPR technique, 607–608

electronic data, 693–695
electro-osmosis, 275, 1185, 1185
embankment(s)

anchored bored-pile wall, 1080
construction, 1058–1059
foundation settlement, 1060–1062
foundations, 1289

failure of, 1059–1060
fi ll materials, placement of, 1291–1292
monitoring and supervision of, 1293
reinforcement, placement of, 1293

instruments for monitoring
clay, 1395–1396
dams, 1397–1398
on soft ground, 1395–1396

king-post wall, 1080
loading tests, 1255
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problematic characteristics, 443–444
recent clay fi lls, 1257
types, 446–458
unsaturated soils and, 789

reinforced soil slopes, 1102
reinforced soil wall, 1097

fi lls, building on, 899–910
coarse fi lls, 902
compressibility, 903
degree of saturation, 902
density, 902
design issues

bearing capacity, 907
deep foundations, 909
geometry, 907
monitoring, 908
settlement, 907
shallow foundations, 908–909

desk studies and walkovers, 900
drained shear strength, 904
engineered fi lls, construction on, 909–910
fi ll deposits, engineering characteristics of

age, 900
groundwater level, 900
placement, method of, 900
surface extent and depth, 899

fi ne-grained fi lls, 902–903, 903
intrusive investigation

deep in situ tests, 901
drilling and sampling, 901
monitoring, 901
trial pits, 901
trials, 901–902, 902
window samples and dynamic probing, 

901
liquidity index, 903
moisture content, 902
non-intrusive investigation, 901
particle-size distribution, 902
permeability, 904
plasticity index, 903
stiffness, 903, 904
time dependency for, 904
undrained shear strength, 904
volume changes in, 904–907

applied stress due to building weight, 
905–906

biodegradation, 906–907
chemical action, 907
self weight, 905
water content, 906

fi ne-grained fi lls, 902–903, see also fi lls
fi ne-grained soils, see also soils

single piles on
cone penetration test, 811–812
effective stress, 806–807, 807, 808
standard penetration test, 811
total stress, 805–806, 806, 806

fi nite difference analysis, 1044
fi nite element method, 214, 862, 1034, 1044

for geotechnical problems, 40–43
boundary conditions, 40, 41
element discretisation, 40, 41, 42, 

40–43, 43
element equations, 40

intrusive
large-face excavations, 690–691
non-sampling, 691
small-sample size investigations, 691

non-intrusive, 690
of laboratory tests, 692–693
specialist down-hole tests, 691

failure modes, of earthworks, 1047–1050, see 
also earthworks
during construction, 1047–1049
during operation, 1049–1050
slope failure, 1047

failure of rocks, 200–202, 207, see also rocks
brittle, 200
ductile, 200
by pore collapse, 201–202
shear, 201
tensile, 201

failures, geotechnical, 1359
falling weight defl ectometer (FWD), 1151
fens, 464
ferrallitisation, 345
ferric (Fe3+) iron, 342
ferricrete, 351
ferrugination, 345
ferruginous soils, 351
fersiallitic soils, 345, 351
fersiallitisation, 345
fi bre-optic instruments, 1389
fi bre-optic piezometers, 1384, see also 

piezometer(s)
fi eld geophysics, 650
fi eld geotechnical testing, 631

groundwater testing, 650
packer tests, 651
rising and falling head permeability tests, 

651
loading and shear tests

fi eld geophysics, 650
Marchetti dilatometer test, 646–648
plate testing, 644–646
pressuremeters and dilatometers, 

648–650
vane shear test, 642–644

penetration testing, 632
cone penetration testing, 638–642
dynamic probing, 635–638
standard penetration testing, 632–635

fi eld measurement techniques, 261–262
fi eld vane testing, 642, 643
fi lled opencast sites

properties and engineered behaviour, 447
working of, 447

fi ll materials, placement of, 1291–1292
fi lls

building on, see fi lls, building on
coarse, 902
compaction of, 334–335
compressibility of, 903
deep foundations on, 909
drained shear strength of, 904
non-engineered, 443

classifi cation, 444–445
description, 446
mapping, 445

excavations
externally braced, 1395
foundation, 768
groundwater-induced instability of, 1174
instability due to groundwater, 770
internally braced, 1393–1394
side-slope stability, 768
temporary, 87
tools, 1194–1195, 1199

excavation techniques, for ground exploration, 
619–620
trial excavations, 620
trial pits, 619
trial trenches, 619

excessive degradable materials, 1257
exclusion, groundwater control by, 1175–

1176, 1176
combined with pumping, 1185

expansive soil effect, on heave-induced 
tension, 892–893

expansive soils, 413–438
characterisation, 424–428

classifi cation schemes, 424–425
national versus regional, 427–428
UK approach, 426–427

defi nition of, 413
engineering issues of, 418–438

domestic dwelling and vegetation, 
435–438

foundation options in, 428–432, 429
investigation and assessment, 419–422
pavements, 432
remedial options, 434–435
shrink–swell predictions, 422
treatment of, 432–434

foundation behaviour in, 333–334
locations of, 414–416
as problematic soils, 413–414
shrink–swell behaviour of, 416–418

changes to effective stress and role of 
suctions, 417

mineralogical aspect, 416–417
water content, seasonal variations in, 

417–418, 417
soil stabilisation approaches applied to, 433

extended Mohr–Coulomb failure envelope, 
355
in matric suction space, 355
in net stress space, 355

extensometer, 626
external stability

of reinforced soil slopes, 1103
of reinforced soil walls, 1098

fabric, 149
of soils, 157–158, 157, 158, 396–397, 396, 

397
face shovels, 447
facing(s)

placement of, 1291
reinforced soil slopes, 1102
reinforced soil walls, 1097, 1102

factual reporting, 689–693
of down-hole tests, 693
of fi eld techniques, 691–692
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fully saturated soils, effective stress in, 
158–160, 159

gabion walls, 960–961, see also walls
gas

in situ testing of, 658
sampling, 655, 656

GasClam, 658
generic assessment criteria (GAC), 659, 

664
geocomposite, 1479
geo-environmental testing, 653–663

complementary testing, 659
data processing

assessment criteria, 659–621
rogue data, 661

groundwater, 654–655
in situ testing, 656–658, 657

of gas, 658
of soils, 656–657
of water, 657, 658

laboratory testing
accreditation, 659
methodologies, 658–659
suites, 659

philosophy, 653–654
purpose of, 656
quality assurance

checking and review, 663
laboratories, 662–663
sampling strategy, 662
site model, 661–662

sampling, 654–656
gas, 655, 656
handling and transport, 656
soils, 654, 655
surface water, 655
from trial pit, 654

storage, 656
geographical information system (GIS), 599, 

612
geogrids, 1059, 1479
geohydraulic tests, 626
geological hazards, 552
geological maps, 553–554
Geological Society Engineering Group 

Working Party, 446
Geological Society Working Party Report on 

Tropical Soils, 349
geologically old, pre-glacial deposits, 744
geomorphological hazards, 552–553
geophysical surveying, benefi ts of, 602
geophysics

borehole, 614, 615, 616
role of, 601–603, 603, 604
surface, 603–604

GeoQ risk management model, 66
geostatic vertical total stress, 163
geosynthetics, 1478–1479

problems associated with, 1478
verifi cation of, 1478–1479

geotechnical adviser, 594–595
geotechnical baseline report (GBR), 68, 696
geotechnical construction, codes and 

standards for, 121, 122–123

affected by groundwater-related issues, 90
circumstances affecting, 88–90
costs and programme for, 743–744
ground shape, infl uence of, 89
risk management, 742–743

earthquake effects on, 940–948
grain store, 2, 9
hybrid, 85
large diameter piles, 85
machine, 950–951
material testing for, 1471–1485
medium diameter piles, 86
modular, 1343–1349
movement, 747–752
offshore, see offshore foundation design
options in collapsible soils, 403–404
options in expansive soils, 428–432, 429

case studies, 431–432
modifi ed continuous perimeter footing, 

431
pier and beam/pile and beam 

foundations, 429, 430
stiffened rafts, 429–431, 430, 431

pad, 85, 734
pad/strip footing, 748–749
parameter selection, 754–759
pavement, see pavement foundation
pier, 85
piled, 734

devastating effect of, by double 
resonance condition, 939–940

pre-cast concrete, 3–7, 9
raft, 734, 748, 749
reuse of, 746–747, 1485
selection, 83–87, 735–747

5 S’s principle, 744–747
case histories, 733, 759–763
information requirements for, 735–737

settlement, 85, 86, 155–156
shafts, 734
shallow, 84, 734, 744–745
strip, 734
subject to cyclic loading, 939–940

amplitude of vibration, 939
number of cycles, 940
vibration period, 939–940

types of, 84, 734–735
under-reamed piles, 85
verifi cation tests and observations of, 92

foundation engineering, holistic approach to, 
87–90

four-legged stools, 28–29
fracture controlled permeability, of rocks, 204, 

207, see also rocks, permeability of
Frankipile, 1212, 1213, 1214
free product, 654, 661, 664
frequency response test methods, features 

detected using, 1430–1431, 1430, 1431
friction pile, 232, see also pile(s/ing)
frost

shattering, 1072
full-displacement pressuremeter (FDP), 649
full numerical analysis, for geotechnical 

problems, 39–40, see also numerical 
analysis, for geotechnical problems

global equations, 40
global equations, solution of, 40
primary variable approximation, 40

fi rm walls, see reinforced mix-in-place walls
fi rst-time slides, 1070
fi ssile mudstone, 482, see also mudstones
fi xed anchor zone, location of

for clayey soils, 1027
for granular soils, 1025–1027

fi xed borehole extensometers, 1385
fl ame ionisation detector (FID), 658
fl exible structural facings, in soil nail 

construction, 1308–1309, 1308
fl oating piles, see also pile(s/ing)

effect on negative skin friction, 889
fl oating roads, 474
fl oation, 1036
fl ood defence walls, 1280–1281, see also 

walls
fl ooding, 1034, 1071–1072
fl oor slabs, heave of, 531
fl otation, 770–771
fl ow failure, 1072
fl ow regimes

complex, 171
simple, 169–171

fl ow table test, 1474
fl ush, 622
fl ushable piezometers, 1383–1384, see 

piezometer(s)
fl uvial erosion, 321

alluvial fans, 322
sabkhas, salinas and playas, 322–324
sediment transport and deposition, 322
wadis, 322

footing
analyses, fi nite element mesh for, 47
geometry of, 47
load–displacement curves for, 47
strip footing, load–displacement curves for, 

56
ultimate footing load vs number of 

increments, 48
foot-slopes, 316–317
forensic investigations, 1359

design, 1359–1360
disclaimer, 1361
process, 329
reporting, 1360

FORMOSAT-2, 617
foundation(s), 733–763, 939–951

applications of, 96–103
barrettes, 734
bearing capacity of, 227–230
bearing pressures, 752–753
caissons, 734
components–ancillary processes–

assemblages relationship, 87
deep, 84–85, 734, 745
deep ground improvement, 734–735
design decisions, 83–104
designing or construction of, 731–732, 

735–744
acceptable stability and deformation, 

738–742
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geotechnical reporting, 689–697
electronic data, 693–695
factual reporting, 689–693
geotechnical baseline reports, 696
geotechnical design reports, 696
ground investigation reports, 696
interpretative reporting, 695
production and timescale, 696–697
risk register, 696

geotechnical triangle, 17–26, 18, 29–30, 30, 
31, 33, 90–96, 91, 97, 111, 158, 731, 742
appropriate modelling, 18–19, 30
empirical procedures, 19, 30
empirical procedures and experience, 19
and geotechnical design triangle, 

relationship between, 113, 113
ground, behaviour of, 18, 30
ground profi le, 18, 30
modelling, 18–19

geotechnical works, sequencing of, 1167–1172
common problems, 1172
design construction sequence, 1167–1168
managing changes, 1172
monitoring, 1172
safe construction, 1168–1170
site logistics, 1168
technical requirements, achieving, 

1170–1172
geothermal energy, 128–129
geothermal piles, 1205–1206, 1208, see also 

pile(s/ing)
gibbsite, 342
glacial debris, 364
glacial deposits, 744
glacial materials, 366
glacial soils, 363, 364, see also soils

classifi cation data, 375
earthworks, 386–387, 386
features of, 369

deformation till, 370–371
lodgement till, 371–372
macro features of tills, 373
sub-glacial melt-out till, 372
supraglacial melt-out till, 373

geological processes, 363–369
geotechnical classifi cation, 373–375
ground model, developing, 383–384
hydraulic conductivity, 382
intrinsic properties, 384–386
mechanical characteristics, 375

effective strength parameters, 379–380
stiffness, 380–382
undrained shear strength, 375–379

particle size distribution, 375
routine investigations, 383

glacial tills, see also tills
characteristics and geotechnical properties 

of, 374
guide to selection of sampling methods in, 

383
hydraulic conductivity of, 382

global ground movements, 887–897
consequences of, 887–888
heave-induced tension, 891–893

observational method, implementing, 
1364

performance, improving, 1365
remedial methods to address problems, 

devising, 1364–1365
revealing unknowns, 1364
satisfactory and expectation, 1365
state-of-knowledge, advancing, 

1365–1366
guidelines for, 1371–1376

calibration, 1371
data collection, 1373–1375
implementation, 1376
installation, 1372
maintenance, 1372–1373
monitoring data, interpretation of, 1376
monitoring data, processing and 

presentation of, 1375–1376
reporting of conclusions, 1376

systematic approach to planning, 1366–
1370
behaviour control mechanisms, 

predicting, 1366
budget, preparing, 1369
budget, updating, 1369
calibration and maintenance, 1369
construction phase, assigning tasks for, 

1368
contract documents, preparing, 1369
data collection and management, 1369
data correctness, 1369
documentation, 1369
example, 1370–1371
installation, planning, 1369
instrument locations, selecting, 

1368–1369
instrument purpose, listing, 1369
instrument selection, 1368
instrumentation system design report, 

preparing, 1369
magnitudes of change, predicting, 1367
parameters, 1367
project conditions, defi ning, 1366
questions, 1367
remedial action, 1367
risk control, 1367

geotechnical parameters, 297, 300–301
considerations, 301–303

for piled foundations, 301–302
for retaining walls, 303
for shallow foundations, 301
for slopes, 302–303

design codes, 298
design process, 297–298
Eurocode 7, 301
identifying and assessing, recommended 

actions for, 298
risk, overall consideration of, 299–300
safety factors, partial factors and design 

parameters, 304–305
consideration of safety, 305–306
Eurocode basis, 304–305
traditional code basis, 305

traditional codes, 301

geotechnical design, codes and standards for, 
114–121, 120–121

geotechnical design reports (GDR), 696
geotechnical design triangle, 111–112, 111

and geotechnical triangle, relationship 
between, 113, 113

geotechnical engineering
developmental history of, 11–15
in early 20th century, 11–12

geotechnical engineering, computer analysis 
principles in, 35–56
classifi cation of, 35–36, 36

boundary conditions, 36
compatibility, 35–36
constitutive behaviour, 36, 43
equilibrium, 35

closed form solutions, 37
fi nite element method, 40–43

boundary conditions, 40, 41
element discretisation, 40–43, 41, 42, 43
element equations, 40
global equations, 40
global equations, solution of, 40
primary variable approximation, 40

limit analysis method, 37–38
limit equilibrium method, 37
Mohr–Coulomb constitutive model, 54–56

drained loading, 54–55
undrained loading, 55–56, 56

nonlinear fi nite element analysis, 43–50
modifi ed Newton–Raphson method, 

46–47
solution strategies, qualitative 

comparison of, 47–50, 47, 48, 49
tangent stiffness method, 43–45, 44
visco-plastic method, 45–46

numerical analysis, 38–40
beam-spring approach, 38–39
full numerical analysis, 39–40

stress fi eld method, 37
structural members in plane strain analysis, 

modelling of, 50–54
connections, 53, 54
coupled analyses, 53
ground anchors, 52–53, 53
piles, 51–52
segmental tunnel linings, 54
walls, 50–51

geotechnical investigations and testing, codes 
and standards for, 114, 115–119

geotechnical materials, codes and standards 
for, 121, 123, 123

geotechnical modelling, 29–30
comparison with structural modelling, 

30–31
geotechnical monitoring, 1363–1376

benefi ts of, 1363–1366
contractor’s construction methods, 

assessing, 1364
damages assessment, documenting, 

1365
impending failure, warning of, 1365
minimising damage to adjacent 

structures, 1364
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safety factors, 1017
for support of retaining walls, 1015–1016
tendon design, 1024–1025
testing, 1011–1029

grouted, 1315
installation and rock stabilisation, 

1298–1299, 1300–1301
mechanical, 1314–1315
modelling of, 52–53

using membrane elements, 52
using springs, 52
using springs–membrane elements 

combination, 52
with solid elements, 53

nomenclature, 1012
permanent, 1012
post-grouted, 1021
at re-entrant corners, intersection of, 1016
single bore multiple anchors, 1018
straight-shafted, 1021
temporary, 1012
tendons, 1315–1316
testing and maintenance of, 1320–1321
under-reamed, 1021

ground-bearing base slab design, 1036
ground exploration, 619–627

drilling techniques, 620–623
excavation techniques, 619–620
in situ testing, in boreholes, 623–624
installations, monitoring, 624–626
probing techniques, 620
standards, 626–627

ground granulated blast furnace slag 
(GGBFS), 936

ground improvement, 271–280, 1003, 
1008–1009, 1247–1268
control of, 1002
defi ned, 911
design principles for, 911–937

backround of, 911
compaction grouting, 914–916
deep soil mixing, 934–937
dynamic compaction, 933–934
environmental issues, 913
ground conditions, 912
jet grouting, 924–929
performance, 913
permeation grouting, 916–924
site trails, 913
vibrocompaction, 929–932
vibroreplacement, 929–932
void fi lling, 913–914

dynamic compaction, 1261–1268
ground, understanding, 272
soils, improvement of, by chemical means, 

278–279, 277–280
artifi cial ground freezing, 280
grouting, 279
lime piles, 279
lime slurry pressure injection, 279
lime stabilisation, 277–278, 278
lime-cement column construction, 279

soils, improvement of, by mechanical 
means, 275–277

earth pressure, 984–985
factors of safety, 982–983
idealised actions on, 983
limit states, 981

serviceability limit states (SLS), 982
ultimate limit states (ULS), 981–982

retaining, see gravity retaining walls
structural elements, design of, 986–987
surcharges and direct loads, 985–986
types of, 981
ultimate limit states, 982
unplanned excavation, 985
water pressure, 986

grid roller–towed, 1128
gross foundation pressure, 752
ground, 1479–1481

behaviour of, 30
conditions, 760–761

bored piling problems associated with, 
1226

displacement
caused by driven pile, 1232
vs wall movement, 977–979

as a hazard, 551–554
hazards in United Kingdom, 552–553

anthropomorphic hazards, 553
geological hazards, 552
geomorphological hazards, 552–553
topographical hazards, 552–553

infi lled, 444
instability hazard, 557
landscaped, 445
location, 88
made, 444
measured or observed behaviour of, 18
problems associated with, 1480
profi le, 789–791
shape, 88
soil exposure in an excavation, 1480
stiffness and compressibility, 756–757
understanding, 551, 553
verifi cation of, 1480–1481

ground anchors, 277, 1003, 1087, see also 
anchors
applications of, 1313
classifi cation of, 1012–1014
construction of, 1316–1320, 1313–1321

fi xed anchor lengths within chalk, 
1318–1319

fi xed anchor lengths within clays, 
1316–1318

fi xed anchor lengths within rock, 
1319–1320

fi xed anchor lengths within sands and 
gravel, 1318

issues and risks, 1316
defi ned, 1011
drilled, 1315
energy, 128–129
geotechnical design of, 1029

fi xed anchor zone, location of, 1025–1027
load transfer into the ground, 1017–1024
load transfer into the structure, 1028–1029
responsibilities for works, 1014–1015

collapsible soils effect on, 892–893
expansive soils effect on, 892–893
fl oor slab in contact with swelling 

soil, 892
pile groups effect on, 892
single piles effect on, 891–892

lateral ground movements, 893–897
numerical analysis of, 897
piles adjacent to embankments on soft 

clay, 894–895
piles in unstable slopes, 895–896
piles near excavations, 895
piles near tunnels, 896–897
single piles effect on, 893–894

negative skin friction, 888–891
comparison with normal pile action, 

888–889
methods to reduce, 891
pile group effects on, 891
single piles effect on, 889–891

global positioning system (GPS), 1389
Google Earth, 553
grading, see particle size distribution
grain store foundation, 1343, 1344, see also 

foundation(s)
granular materials

moisture content control, 1058
piles in

bearing capacity theory, 241–242
methods based on standard penetration 

tests, 243
methods based on static cone penetration 

tests, 242–243
pile driving formulae, 243–244

granular soils, see also soils
dynamic compaction, 1263
fi xed anchor length design in, 1018–1020

end bearing, 1019
shaft friction, 1019

vibro techniques in, 1249
granulated ground blast furnace slag 

(GGBFS), 279
gravel

fi xed anchor lengths within, construction 
of, 1318

underpinning in, 1243
gravity method, 604–605, 605
gravity retaining walls, 957, 959–961, see also 

retaining walls; walls
crib walls, 960
dry-stack masonry walls, 960
gabion walls, 960–961
masonry walls, 959
modular walls, 959
non-modular walls, 959
reinforced soil wall, 961
reinforced-concrete stem walls, 959

gravity solutions, 1088–1089
gravity wall, 1241
gravity-wall design process, 987
gravity walls, 981

design method, 987–988
design situations, 984
drainage systems and fi ll materials, 986
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levels, measuring, 624–625
lowering, see pumping, groundwater 

control by
pressure

infl uence on bearing capacity, 776
instruments for monitoring, 1379–1384

profi le, 150
regime, 744
sampling, 654–656
table, modelling of, 1053–1055
table level, infl uence on bearing capacity, 

776
table lowering, soil strength effects and, 

273, 273
testing, 650

packer tests, 651
rising/falling head permeability tests, 651

transient fl ow, 173
groundwater control, 768–770, 1173–1190

abstraction licensing and discharge 
consents, 1188

calculations, 1187
design issues, 4, 1185–1188

design calculation, 1187
design review, 1187–1188
environmental impact assessment, 1187, 

1188
hydrogeological model, 1186
method selection, 1186–1187, 1187
problem constraints, 1186

discharge water quality, management of, 
1188–1189

by exclusion, 1175–1176, 1176
methods of, 1175, 1175
objectives of, 1173
permanent, 1173–1174
by pumping, 1176–1185, 1177

application of, 1178
artifi cial recharge systems, 1184
collector wells, 1183–1185, 1184
combined with exclusion, 1185
deep wells with submergible pumps, 

1181–1182, 1181, 1182
ejector wells, 1182, 1183
electro-osmosis, 1185, 1185
relief wells, 1183, 1184
sump, 1178–1179, 1179
wellpoints, 1179–1180, 1179–1181

regulatory issues
abstraction licensing and discharge 

consents, 1188
discharge water quality, management of, 

1188–1189
surface water, control of, 1174–1175

groundwater-induced instability
of base due to unrelieved pore water 

pressure, 1174
of excavations, 1174

grouted ground anchors, 1315, see also 
ground anchors

grouting, 279, 1221, 1222, 1482–1483
compaction, 914–916, 1328–1330
compensation, 1327, 1328
defi ned, 1323
displacement, 279

horizontal strain, infl uence of, 290–291
relevant building dimensions, 291
settlements caused by tunnel excavation, 

288–289
surface displacements, assessment of, 

289–290
limiting tensile strain, 284

as serviceability parameter, 284
visible cracking, onset of, 284

protective measures
building, strengthening of, 294
compensation grouting, 294–295
ground, strengthening of, 294
installation of a physical barrier, 294
structural jacking, 294
underpinning, 294

routine guides on limiting deformations of 
buildings, 283–284

strains in simple rectangular beams, 284
limiting values of Δ/L and limiting 

tensile strain, 285–286
limiting values of Δ/L for very slight 

damage, 286
relationship between Δ/L and levels of 

damage, 286–287
ground penetrating radar (GPR), 608–609, 

609
ground profi le(s), 18, 30, 141–152

formation of, 145–147, 146
evaporation, 146
sedimentation, 145
stress relief, 146–147
superposition, 147
uniformitarianism, 147
weathering, 145–146

importance of, 143–145, 144, 145, 148
interpretation of, 150–151
investigation of, 148–150

colour, 148
consistency, 148–149
groundwater, 150
moisture condition, 148
origin, 150
soil and rock type, 149–150
structure of mass, 149

joining, 150, 151
overview of, 141
of Palace of Westminster, London, 

19–20, 21
vertical sequence of, 141–143, 142

ground-related problems, frequency and cost 
of, 64–65, 65

ground source heat pump (GSHP) systems, 
129

ground stiffness sounding, 610, 611
ground–structure interaction, 31–33, 33
groundwater, 996–997

artesian conditions, 164
characteristic parameters, selection of, 

975–976
control for stability of excavations, 171–172
fl ow in saturated soil, 167–174
-induced instability of excavations, 1173, 1174
instability, due to unrelieved bore water 

pressure, 1173, 1174

ground improvement (cont.)
dynamic compaction, 276
micro-piles or root piles, 277
stone columns, 276–277
vibrocompaction, 276

types of, 911–912
using compaction grouting, 1328–1329
vibro concrete columns, 1259–1260
vibro techniques, see vibro ground 

improvement techniques
water, removal of, 272–275

electro-osmosis, 275
pre-loading, 274
vertical drains, 274–275
well pumping, 275

ground investigation, 551
contract documents, 595–598

bill of quantities, 597–598
forms of contract, 597
technical specifi cation, 595–597

investigation reports (GIR), 696
planning, 585–593

campaign, aims of, 592–593, 593
coherent campaign, development of, 

585–586
project information and requirements, 

589–590, 589, 590
right techniques and equipment, 

choosing, 591–592
scope issues, 590
site requirements and user data, 586–588
testing schedule to information 

requirements, matching, 591
timing and space, 588–589, 589

and testing
fi eld testing, 626
geohydraulic tests, 626
laboratory testing, 627
rock identifi cation and classifi cation, 

627
sampling methods and groundwater 

measurement, 626
soil identifi cation and classifi cation, 627

ground movements, buildings affected by, 
281, see also earthquake
building damage

categories of, 282–283
classifi cation of, 282
division between categories 2 and 3 

damage, 283
damage to buildings due to subsidence, 292

foundations, 293
level of risk, 292
orientation of the building, 293
preliminary assessment, 292
previous movements, 294
second stage assessment, 292–293
soil/structure interaction, 293–294
tunnelling and excavation, 293

foundation, 281
ground movement due to tunnelling and 

excavation, 287
due to deep excavations, 290
horizontal displacements due to 

tunnelling, 289
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impedance-log analysis, features detected 
using, 1431–1432, 1432

inclined loading, 228–229
inclined struts, 1003
inclined virtual back, 984
inclinometer, 625–626, 1386

in-place, 1387
index tests, 466–467, 668–670, 687
induced polarisation (IP), 607
induced settlement, defi ned, 1261
industrial waste, 457–458
inert waste, 660, 664 see also waste
infi lled ground, 444, see also ground
infi nite slope method, 1044
information gathering, 1359
information requirements, for foundation 

selection, 735–737
initial consumption of lime (ICL) value, 334
in-place inclinometers, 1387, see also 

inclinometer
in-service stress, effects on earth pressure, 

225–226
in situ chalk, shallow foundation on, 101
in situ horizontal effective stress, 165, see also 

effective stress
in situ probes, 657
in situ testing, 631, 632, 656–658, 657

core cutter, 1135
of expansive soils, 420
of gas, 658
nuclear density meter, 1135
of soils, 656–657
of water, 657–658, 658

inspection
of earthworks, 1073–1074
for rockfall, 1301

installations, monitoring, 624–626
Institution of Civil Engineers (ICE), 581, 627

conditions of contract for ground 
investigation, 571, 573

site investigation guides, 567
instrumentation, 1062–1063
intact rocks, 204, see also rocks
interaction effects, shallow foundations, 

773–774
interactive spring stiffness, 858
intermittent testing, 641
internal stability

of reinforced soil slopes, 1103–1104
circular slip failure mechanism, 1104
two-part wedge mechanism, 1103–1104

of reinforced soil walls, 1098–1102
connections, 1100
facings, 1102
local stability checks, 1100
serviceability, 1102
surface failure/lines of maximum tension, 

1100
tensile force in reinforcement, 

1099–1100
International Association of Engineering 

Geology’s Commission on Engineering 
Geological Mapping, 446

International Reference Test Procedure 
(IRTP), 638

Design Manual for Roads and Bridges, HA 
44/91, 1118

NG 600 Series, 1118
SHW 500 Series, 1118
SHW 600 Series, 1115
standards for pavement foundation, 

1146–1148
highways, collapsible soils in, 404
hit and miss underpinning, 1237–1238, see 

also underpinning
hollow cylinder test, 680
hollow segmental auger (HSA) micro-piles, 

1221, see also pile(s/ing)
horizontal drainage, in soil nail construction, 

1310–1311, 1310
hot desert topography, illustration of, 317
Houghton-le-Spring, Sunderland, 1348–1349, 

1349
house on stilts, 1343
human health, 659
hybrid foundation, 85, see also foundation(s)
hybrid retaining walls, 966, see also retaining 

walls
hybrid walls, 957
hydraulic cell consolidation test, 677, 677

loading and drainage paths, 678
log time consolidation curve, 678

hydraulic conductivity, 167, 168–169, 168, 
382, 624, 679, 687
of fi lls, 904
of glacial tills, 382
of rocks, 203–204

fracture controlled, 204, 207
hydraulic gradient, schematic representation 

of, 167
hydraulic uplift, 769
hydrocarbon, 654, 656

chlorinated, 657
polyaromatic, 659, 665
total petroleum, 665

hydrogeological conceptual model
aquifer boundary conditions, 1186
aquifer types and properties, 1186
soil permeability, 1186
system geometry, 1186

hydrogeological model, 1186
hydrological cycle, elements of

in arid lands, 321
hydro seeding, in soil nail construction, 1310
hydrostatic compression test, 202
hydrostatic conditions, for pore water 

pressures, 163
hyperbolic model, 263
hysteretic soils, stress–strain relationship for, 

262, 263

ideal isotropic porous elastic material, 
properties of, 190

ideal isotropic porous elastic solid, 188
ideal undrained triaxial test, 189–190, see also 

triaxial tests
igneous rocks, 196, see also rocks
IKONOS, 617
immediate settlement, 207
impact driving, 1282

end-of-casing, 919–920
grain size distribution and, 1323–1324
jet, 279, 1175, 1330–1333
low mobility, 1328
permeation, 279, 916–924

in rock, 1326–1327
in soils, 1324–1326

problems associated with, 1482
soil fracture, 1327–1328
in soil nailing construction, 1307, 1307
verifi cation of, 1338–1340, 1482–1483

Gygttja, 465
gypsum, 518

terrains, geohazards on, 541, 542

H piles, 1210, see also pile(s/ing)
halloysite, 352
Hand-Arm and Whole Body Vibration 

Regulations (2005), 76
hand-held fi eld testing kits, 656–657, 657
hand shear vane (HSV), 1134
hard structural facings, in soil nail 

construction, 1308, 1308
haul roads/platforms, in soil nailing 

construction, 1305
hazardous waste, 659–660, 664
Hazardous Waste Directive (HWD), 659
hazards, 76–79, 577

contaminated ground, 79
ground-related, 579
piling works, 78–79, 79
shallow excavations, 78
urban excavations, 79

health and safety, 75–80
in Construction (Design and Management) 

Regulations 2007, 569–570
in soil nailing construction, 1303

Health and Safety (Offences) Act of 2008, 75
Health and Safety at Work Act 1974 

(HSAWA), 75, 1414
health criteria value (HCV), 664
heave, defi ned, 440
heave-induced tension (HIT)

collapsible soils effect on, 892–893
expansive soils effect on, 892–893
fl oor slab in contact with swelling soil, 

892
pile groups effect on, 892
single piles effect on, 891–892

heavy metals, 656
high strain dynamic pile capacity testing, 

1460–1463
advantages and disadvantages of, 1461–

1462
defi ned, 1460
interpretation of, 1462–1463
methods, 1460
specifying, 1463
standardisation of, 1463
working principle of, 1460–1461

high-strain dynamic testing, 1420, 1442–1443, 
1443
features, detecting, 1443

Highway Agency
close-out reports, 1504, 1506
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limit states, 973
serviceability, 973
ultimate, 973

limit tests, 375
liquefaction of soils, 266–267, 267
liquidity index, of fi lls, 903
liquid level gauges, 1387–1388

closed loop, 1388
load(ings)

cells, 1390–1391
combinations, 1033
earthworks design and, 1055–1057
movement, monitoring

horizontal, 625–626
vertical, 626

permanent, 1056
and shear tests

fi eld geophysics, 650
Marchetti dilatometer test (DMT), 

646–648
plate testing, 644–646
pressuremeters and dilatometers, 

648–650
vane shear test, 642–644

and strain, instruments for monitoring, 
1389–1392

transient, 1056
loading-collapse (LC) surface, 355
load transfer

into the ground, 1017–1024
anchorage grout to ground, 1017–1024
encapsulation to anchorage grout bond, 

1024
tendon to anchorage grout or 

encapsulation grout, 1024
into the structure, 1028–1029

loan, effect on project success or failure, 
60, 62

local pumping, 1244, see also pumping, 
groundwater control by

lodgement till, 371–372, see also tills
loess soils, collapsible, 391, 392, 393–394, 

393, 394
types of, 395

London Clay, 233, 235, 241
London District Surveyors Association, 67
London Offi ce Development, geotechnical-

related costs for, 59–60, 60, 73
breakdown of, 60, 61

London Underground Standard for Earth 
Structures Assessment, 1057

loose granular material
drying of, 160
mechanistic model of, 159

loss-on-ignition, 466
lower bound theorem, see safe theorem
low mobility grouting, 1328, see also grouting
low-strain integrity testing, 1419–1420

features, detecting, 1428–1432
using frequency response test methods, 

1430–1431, 1430, 1431
using impedance-log analysis, 

1431–1432, 1432
using time-based sonic echo test 

methods, 1428–1429, 1430

methodologies, 658–659
parameters associated with, 668
resonant column apparatus, 680, 680
ringshear test, 673–674, 673, 674
simple shear mechanism, 679–680, 687
suites, 659
triaxial tests, 670–673, 671, 672, 679

Lambeth Group, 19
Lame’s constant, 199
laminated clays, 373, see also clays
lancing, 919
Landfi ll (England and Wales) Regulations 

2002, 659
landfi lls

dynamic compaction, 1264
liners, properties of tills for, 387

landforms
and aggregate potential, 328
within arid environments, 316

land use management, 127
contaminated land remediation, 133
underground space, in urban environment, 

133
landscaped ground, 445, see also ground
large diameter piles, 85, see also pile(s/ing)
latent defects insurance (LDI), 68
lateral ground movements, 893–897

numerical analysis of, 897
piles adjacent to embankments on soft clay, 

894–895
piles in unstable slopes, 895–896
piles near excavations, 895
piles near tunnels, 896–897
single piles effect on, 893–894

lateral load pile testing, 1455–1456
laterite, 342

classifi cation of, 348
layered soils, single piles on, 810, 810
layout, shallow foundations, 773–774
LIDAR (light detection and ranging), 617–618
Lifting Operating and Lifting Equipment 

Regulations 1998 (LOLER), 76, 1414
light weight defl ectometer (LWD), 1151
lime-cement column construction, 279
lime column construction, 279
lime modifi cation, 1136–1137
lime piles, 279
lime slurry pressure injection, 279
lime stabilisation, 277–278, 278, see also 

stabilisation
limestones

bedrock, engineering works on, 537–540, 
538
unseen caves, hazard of, 539–540

karst geohazards, 534–536, 536
soil-covered limestones, engineering works 

on, 536–537, 537
limit analysis method, 37–38
limit-equilibrium analysis, 991–992
limit equilibrium method, 37, 1044

calculation, 991
limiting tensile strain, 284

as serviceability parameter, 284
visible cracking, onset of, 284

limit of detection (LOD), 658, 659, 664

internet use, in preliminary studies, 581
interpretative reporting, 695
intra-particle swelling, 454
intrinsic compression line (ICL), 385
inundation, soil collapse through, 392
investment returns, 60, 61
iron, 342
iron oxide, 342
isotropically consolidated drained triaxial test 

(CID), 670, 671
isotropically consolidated undrained triaxial 

test (CIU), 670, 671

jacked underpinning, 1240, see also 
underpinning

jarosite, 518
jar slake tests, 506, 507
jet grouting, 279, 924–929, 1003, 1175, 

1330–1333, see also grouting
design principles for, 926–928
execution controls of, 928, 932
methods and key issues of, 924–926
validation of, 928–929, 932

jointed rock masses, bearing-capacity failure 
mechanisms for, 776–777

jointing piles, 1232, see also pile(s/ing)
jointmeters, see crack gauges

karst geohazards
ground investigation for, 540–541, 540, 

541
on gypsum terrains, 541, 542
limestone, 534–536, 536
on sabkha environment, 543–544
on salt terrains, 541–543, 542
soluble ground and, 533–534

king post walls, 963, 995–996, 1080, 
1285–1287
design of, 996

KOMPSAT-2, 617
Kowan hydraulic pile press, 1282

laboratory measurements techniques, 262
laboratory testing, 658–659, 662, 667–686

accreditation, 659
associated with compressibility, 677–679, 

687
associated with permeability, 679, 687
associated with stiffness, 674–677
associated with strength, 670–673
certifi cation and results, 680–681
construction design requirements for, 

667–668
direct shear tests, 673, 673
of expansive soils, 420–421

mineralogical testing, 421
swell–shrink tests, 421
use index tests, 421–422

hollow cylinder test, 680
index tests, 687687

Atterberg limits, 669
compaction-related tests, 670, 687
moisture content, 668–669
particle size distribution analysis, 

669–670
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pre-cast concrete foundation systems, 
1345–1349

pre-cast piles, 1344, 1344
retaining structures, 1349

modular walls, 959, see also walls
Mohr–Coulomb constitutive model, 54–56, 354

drained loading, 54–55
undrained loading, 55–56, 56

Mohr–Coulomb failure criterion, 37, 46
Mohr–Coulomb strength criterion, 183–184
Mohr’s circle of stress, 176–177, 221

effective stress failure criterion, 223–224
total stress failure criterion, 221–223
within a principal plane, 221

moisture condition
ground profi le, 148
value, 1134

moisture content, 668–669, 1124
fi lls, 902
optimum, 1124–1125
value, undrained shear strength vs, 

1058–1059
monitoring certifi cation scheme (MCERTS), 

659
monitoring instruments, 1379–1400

for bored piles, 1400
for clay embankments, 1396–1397
for cut slopes

in rock, 1398–1399
in soil, 1398

for deformation, 1384–1389
for driven piles, 1400
for embankments dams, 1397–1398
for embankments on soft ground, 1395–1396
for externally braced excavations, 1395
for groundwater pressure, 1379–1384
for internally braced excavations, 

1393–1394
for landslides

in rock, 1400
in soil, 1398

for load and strain, 1389–1392
for total stress, 1392–1393
for tunnels, 1400

monosulfi des, 524–525
mudrocks, 453–454, 481

behaviour, controls on
constituents, 484–487
deposition, burial and diagenesis, 

487–490
uplift, unloading and weathering, 

490–491
classifi cation, 482–484, 483
compaction and cemented mudrocks, 

483–484
defi nition, 482–484
distribution in UK, 484
engineering considerations

aggressive ground conditions, 512
degradation, 510–511
durability classifi cation of, 507
excavations and slopes, 511
foundations, 509–510
ground volume changes, 510, 510
highway construction, 511–512

maximum safe bearing pressure, 752
Mazier core barrels, 348
mechanical ground anchors, 1314–1315, 

1315, see also ground anchors
medium dense sandy gravel, shallow 

foundation on, 101
medium diameter piles, 86, see also pile(s/

ing)
membrane interface probe (MIP), 657
Ménard pressuremeter test, 650
metallic reinforcement, properties of, 1094, 

see also reinforcement
metamorphic rocks, 196, see also rocks
methanogenic bacteria, 450
method compaction, 1125, 1126, see also 

compaction
compliance testing of, 1132–1133
plant selection for, 1128

method of slices, 37
microfi ne cement, 918–919
micro-piles, 277, 1217, see also pile(s/ing)

construction techniques, 1221–1222
defi nition, 1217
drill rigs and coring, 1221
environmental, quality assurance and health 

and safety issues, 1222
history and introduction, 1217
types, and drilling systems, 1219–1221
use of, 1218

microstructure, of soils, 158
mineralogical testing, 421
minerals

clay, 345
types of, 555

Mines and Quarries Act of 1954, 555
minimum equivalent fl uid pressure (MEFP), 

975, 994
mining, 555–562, 558

ground instability hazard, 557
hazards and information sources, 556–557
methods of, 555–556, 557
workings, investigation of, 558, 558

case history, 559–561, 559
workings, treatment of, 561–562, 561

mirabilite, 518
Mires, 464
miscible salts, 318
mobile elevated working platforms (MEWPs), 

1303, 1304, 1309
mobile laboratories, 657, 657
mobilised undrained shear strength, 753
model specifi cations, for quality assurance, 

1355–1356
moderately jointed rocks, 204, see also rocks
modifi cation, 277
modifi ed Cam Clay model, 355
modifi ed continuous perimeter footing, 431
modifi ed Newton–Raphson (MNR) method, 

46–47
application of, 46

modular foundations, 1343–1349, see also 
foundation(s)
components, factory construction of, 1345
contributing factors for, 1345
off-side manufactured solutions, 1344–1345

frequency-based analysis, 1425–1428, 
1427–1429

guidance specifi cations for
acceptance or rejection criteria, 1437
equipment, 1437
pile head preparation, 1436–1437
test results, reporting of, 1437
test, type of, 1436
testing specialist, experience of, 1436
testing, timing of, 1437

history and development of, 1420–1421
pile and soil properties, impact of, 1424, 

1424
pile impedance, impact of, 1424–1425, 

1425–1426
signal responses, classifi cation of, 1432–

1434
CIRIA 144 classifi cation, 1432–1433, 

1433, 1434, 1435
Testconsult interpretative classifi cation, 

1434–1435
time-based analysis, 1422–1424, 1423, 

1424
Lugeon tests, see Packer tests

machine foundations, 950–951, see also 
foundation(s)

Mackintosh probe test, 1481
made ground, 444

and non-engineered fi lls, 744
magnetometry, 605–606, 606
main contractor

and engineer, dispute between, 1164
and sub-contractor, dispute between, 1164

maintained load compression test (MLT), 
1453, 1466

Management of Health and Safety at Work 
Regulations, The, 75, 79, 80

man-made hazards and obstructions, 555–564
archaeology, 562–563
buried obstructions and structures, 563–564
buried services, 564
contamination, 562
mining, 555–562
unexploded ordnance, 563

Manual Handling Operations Regulations 
(1992), 76

marcasite, 518
Marchetti dilatometer test (DMT), 646–648
marlstone, 482
masonry walls, 959, see also walls

dry-stack, 960, 960
mass concrete underpinning, 1237, see also 

underpinning
material compliance, 1132–1134
materials, 1471–1472

reduction, 126, 129–130
alternative use of materials, 129–130, 

130
intelligent material choice, 129
lean design, 129

verifi cation of, 1472
matric suction, 353
maximum dry density (MDD), 1058, 

1124–1125, see also dry density
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serviceability limit states, prediction of, 
1494

ultimate limit states, prediction of, 
1494–1495

uncertainty and serviceability, 1492
within contractual model, setting, 1496

observation wells, 1380, see also wells
oedometer, 184, 185

-based methods, 422-423, 423, 424
consolidation test, 677, 677

loading and drainage paths, 678
log time consolidation curve, 678

Offi ce of Government Commerce, 64
offset loading, 229
offshore foundation design, 948–949, see also 

foundation(s)
deep foundations, 949
shallow foundations, 949
soil behaviour, 948–949
typical condition and wave loading, 948

off-side manufactured solutions, 1344–1345
old building, refurbishment of vs new 

development, 60, 61
one-dimensional compression, 189
opencast mineworkings, 1257
open-ended tubular piles, plugging of, 94–96, 

95
open hole rotary drilling, 622, see also drilling
open standpipe piezometers, 1380–1381, see 

also piezometer(s)
operation, earthworks failure during, 1049–

1050
operations and maintenance manual (O&M 

Manual), 76
optical remote sensing, 614–617, see also 

remote sensing
optimism bias, government guidance on, 

61–64
contributory factors to, 64
expected values for, range of, 62
upper bound guidance, 63

optimum moisture content (OMC), 1058, 
1124–1125, see also moisture content

ordnance, 563
Ordnance Survey (OS) maps, 580, 582
organics/peat soils, 463

characterisation
classifi cation systems, 465–466
index tests, 466–467
sampling methods, 467

compressibility of, 467
magnitude of settlement, 468–470
rate of settlement, 471
surcharging, 470–471

critical design issues in
retaining structures, canals and dams, 476
roads, 473–475
slopes, 475–476
structures, 475

nature of, 463–464
shear strength of, 471

effective stress parameters, 472
undrained shear strength, 472–473

organic sulfur, 518

lack of cover to reinforcement, 1358–1359
pile load testing, 1357
prop loads, 1358
retaining wall defl ections, 1358
water ingress, 1359

non-engineered fi lls, see also fi lls
recent clay fi lls, 1257
unsaturated soils and, 789

non-GPR technique, 607–608
non-hazardous waste, 660, 664
nonlinear elastic behaviour, practical 

implications of, 758–759
nonlinear fi nite element analysis, for 

geotechnical problems, 43–50
modifi ed Newton–Raphson method, 46–47
solution strategies, qualitative comparison 

of, 47, 48, 49, 47–50
tangent stiffness method, 44, 43–45
visco-plastic method, 45–46

nonlinear methods, for foundation settlement, 
788–789

non-modular walls, 959, see also walls
noxious gases, effects of, 455
nuclear density meter (NDM), 1133–1134, 

1135
numerical analysis

for geotechnical problems, 38–40
beam-spring approach, 38–39
full numerical analysis, 39–40

of lateral ground movements, 897
numerical methods, for prediction of ground 

movement, 979
Nxai Pan in Botswana, 323

observational method (OM), 1489–1500
benefi ts of, 1494
‘best way out’ approach in, 1499–1500, 

1500
CIRIA method, 1490
comparison with traditional designs, 

1490–1491
defi ned, 1490
design soil parameters, selection of, 

1492–1494, 1496
drawbacks of, 1491
of earthworks slope analysis, 1044
management process on site, 1492
modifi cations, implementation of, 1497–

1499
construction control, 1498–1499
monitoring systems, 1498
quality plans, 1498
trigger values, 1497–1498

operational framework for implementing, 
1491–1492

Peck method, 1490
pros and cons of, 1492
rapid deterioration, 1496–1497

using multi-stage construction process, 
1496–1497

rapid deterioration process
using incremental construction process, 

1497
safety factors associated with, 1495–1496

mudrocks (cont.)
engineering properties and performance,

investigation, description and assessment, 
499–509

physical properties and characteristics, 
495–499

features, description of, 501
genetic features of

laminations and fi ssility, 491
nodules and concretions, 491
pyrite, in mudrocks, 491–495

gypsum precipitation effects, 497
identifi cation, 501
sampling options for, 509
strength criteria for, 503
structural features of, 504
weathering classifi cation scheme for, 505

mudstine, driven piling in, 94–96
mudstones

driven piling in, 95
fi ssile, 482
sulfur in, occurrence of, 522

multi-beam echo sounding (MBES), 611
multi-channel analysis of surface waves 

(MASW), 611, 612, see also surface waves
multiple support retaining walls, 1002, see 

also retaining walls
multi-propped walls, 995, see also walls
Munsell charts, 148

National Audit Offi ce, 64
National Economic Development Offi ce 

(NEDO), 64
National House Building Council (NHBC), 

569, 669
National Land Use Database, 458
National Monuments Record Centre, 581
negative skin friction (NSF), 889, 888–891

comparison with normal pile action, 
888–889

methods to reduce, 891
pile group effects on, 891
single piles effect on

design considerations, 890–891
end-bearing piles, 889
end-bearing piles and brittle response, 

889–890
fl oating piles, 889

net foundation pressure, 752
Netherlands, the

delays for projects against time, 64
Network Rail standards, for pavement 

foundation, 1149–1150
new development

costs and value for, 60, 62
vs refurbishment of old building, 60, 61

New Engineering Contract (NEC3), 1356
conditions of contract for ground 

investigation, 571
noise and driven pile operations, 1232–1233
non-conformance report (NCR), 1134–1135
non-conformances, fi nding, 1357

concrete in ground, 1357
integrity testing, of piles, 1357–1358
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driven, see driven pile(s/ing)
end-bearing, 889–890
errors in analysis vs CPU time, 50
fl oating, 889
friction, 232
geothermal, 1205–1206, 1208
in granular materials, 241–244

bearing capacity theory, 241–242
methods based on standard penetration 

tests, 243
methods based on static cone penetration 

tests, 242–243
pile driving formulae, 243–244

group effects, on negative skin friction, 
891

H piles, 1210
hazards associated with, 78–79, 79
HSA micro-piles, 1221
jointing, 1232
large diameter, 85
length, determination of, 890–891
medium diameter, 86
micro-piles, see micro-piles
mobilised pile shaft resistance vs pile 

displacement, 49
modelling of

in plane strain analysis, 51–52
with membrane elements, 52
with springs, 51

near excavations, 895
near tunnels, 896–897
open-ended tubular piles, plugging of, 

94–96, 95
pitch-and-drive, 1282
plunge column, 1207
pre-cast, 2, 9
pre-cast concrete, 1207, 1209, 1212, 1214, 

1217
problem, geometry and fi nite element mesh 

for, 49
raking, 1087
real and simulated conditions for, 

comparison between, 51
rotary bored cast-in-place, 1193
settlement profi le with depth, determination 

of, 890
single, 803–820
steel box, 1211
steel tube, 1214, 1215
timber, 1208
traditional design for, 306
under-reamed, 85
in unstable slopes, 895–896
vertically loaded pile, load–displacement 

curves for, 54
pile capacity testing, 1451–1467

bi-directional, 1458–1460
advantages and disadvantages of, 

1459
data interpretation, 1459
defi ned, 1458
specifying, 1460
standardisation and guidance for, 

1459–1460

pedocretes, 347
Peer Assist, 742
penetration testing, 1255–1256

cone, 638–642
dynamic probing test, 635–638
standard, 632–635

perched water table, 165, see also water 
table

percussion bored cast-in-place piling, 
1197–1198

permanent ground anchors, 1012, 1013, see 
also ground anchors

permanent groundwater control, 1173–1174, 
see also groundwater control

permeability, see hydraulic conductivity
permeation grouting, 279, 916–924, see also 

grouting
design principles for

end-of-casing grouting, 919–920
lancing, 919
tube A manchette grouting, 920–922

execution controls of, 922
methods and key issues of, 916–919

cement bentonite, 916–918
colloidal silica, 919
grout selection, 916
microfi ne cement, 918–919
silicate, 918

in rock, 1326–1327
in soils, 1324–1326

application of, 1325–1326
properties of, 1325

underpinning using, 1327
validation of, 922–924

Personal Protective Equipment Regulations 
1992, 76

personal safety, 1414
pH, as indicator of nature of peats/organic 

soils, 467
phase relationships, of soils, 153
phenols, 659
pier foundation, 85, 429, 430, see also 

foundation(s)
Piezocone, 608
piezometer(s), 1379

applications of, 1379
fi bre-optic, 1384
fl ushable, 1383–1384
open standpipe, 1380–1381
pneumatic, 625, 1382–1383
standpipe, 624–625
twin-tube hydraulic, 1383
vibrating wire, 625, 1381–1382

pikle capacity testing
characteristics and potential deployment 

criteria, 1467
pile(s/ing)

adjacent to embankments on soft clay, 
894–895

bored, see bored piles
capacity vs number of increments, 49
continuous fl ight auger, 1276, 1278–1279, 

1473, 1474
creep-piling, 865

origin of materials, 150
OS Land-Form Profi le Service, 580
osmotic suction, 353
Osterberg Cell (O-Cell), 1452, 1458
overburden stress, 197, see also stress
overconsolidated clays, 496, see also clays
over-water hydrographic and seismic surveys, 

611–612
oxidisable sulfi de (OS), 524, 525

packer tests, 651
pad/strip footing, 101, see also foundation(s)

differential settlement in, 748–749
pad foundation, 85, 734, see also 

foundation(s)
Palace of Westminster, London

underground car park at, 25–26, 158
background, 19
fi eld monitoring, 22–24
ground movements, modelling, 21–22, 

22, 23
ground profi le, 19–20, 21
observed behaviour, 24–25, 25
refi nements of, 25, 19–26
section through, 20
site of, 19

panel driving, 1282
parallel seismic testing, 1420, 1442, 1442, 

1443
history and development of, 1421
limitations of, 1442

parameter selection, 754–759
analysis, categories of, 756
compressibility of, factors affecting, 754

partial load factors, 1096
partial material factors, 1096
partial resistance factors, 1096–1097
particle size distribution (PSD)

analysis, 669–670
building on fi lls, 902
diffi culties in determining, 353

particulate material, soils as, 153–161, 153
Party Wall Act of 1996, 586, 587
passive softening, 994, 994
pavement foundation, 1143–1154, see also 

foundation(s)
collapsible soils in, 404
construction specifi cation, 1153
design standards, 1146–1150

Highways Agency standards, 1146–1148, 
1147

Network Rail standards, 1149–1150
drainage in, 1153
expansive soils in, 432
history of, 1145–1146
materials, 1152–1153
purpose of, 1144–1145
sub-grade assessment for, 1150–1152
summary fl ow chart, 1154
terminology, 1144
theory of, 1145

peat
managing and controlling, during 

earthworks, 1139, 1136
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access tube confi guration, plan view of, 
1438

compilation of, 1439
defection, detection of, 1439–1440, 

1440
description of, 1438–1439
features, detecting, 1440, 1441
fi rst arrival time, 1439, 1440
history and development of, 1421
schematic diagram of, 1438
specifi cation of, 1442
within diaphragm wall panels, plan view 

of, 1438
defects in piles, 1421–1422, 1421, 1422
defi ned, 1419
high-strain dynamic testing, 1420, 1442–

1443, 1443
features, detecting, 1443

low-strain integrity testing, 1419–1420
features, detecting, 1428–1432, 1430–

1432
frequency-based analysis, 1425–1428, 

1427–1429
guidance specifi cations for, 1436–1437
history and development of, 1420–1421
pile and soil properties, impact of, 1424, 

1424
pile impedance, impact of, 1424–1425, 

1425–1426
signal responses, classifi cation of, 

1432–1434, 1433, 1434, 1435
time-based analysis, 1422–1424, 1423, 

1424
parallel seismic testing, 1420, 1442, 1442, 

1443
history and development of, 1421
limitations of, 1442

reliability of, 1443–1448
considerations on, 1444
fl aws or defects within piles, frequency 

of, 1444–1445
piles, amount of, 1445–1448, 1446–1448

selection of, 1448, 1449
within the contract, 1435–1436

pile load testing, 1357
pile–raft interaction, 871–875
pile-to-pile interaction

horizontal loading, 833
soil nonlinearity on, infl uence of, 830
vertical loading, 827–833

piling engineering, 231
piling problems, 1225–1234

bored piles, 1226–1230
diagnosis of, 1234
driven piles, 1230–1233
general guidance for managing, 1233
identifi cation of, 1233–1234
resolving, 1234

piling works
supervision of, 1416–1417, 1417
technical requirements for, 1171–1172

piston sampler, 622
pitch-and-drive piles, 1282, see also pile(s/ing)
plains and base level plains, 317–318

devastating effect of, by double resonance 
condition, 939–940

piled rafts, 734, 854, 869, see also 
foundation(s); raft foundation
case histories, 868
compensated, 865, 877–879
factors infl uencing behaviour, 872

piled underpinning, 1238–1240, see also 
underpinning

pile-enhanced rafts, 863, 864, 865, 879–883
behavioural mechanisms of, 881–882
designing, 882–883
ductile load-settlement behaviour of, 

879–881
lateral loads on, 883
load-settlement behaviour, 880
Queen Elizabeth II Conference Centre, case 

study, 883–884
vs raft-enhanced pile group, 867

pile group(s)
aspect ratio, 823
axial load distribution, 830–833

bearing stratum stiffness on, infl uence 
of, 830

bearing capacity, 824–827
behaviour, 824
confi gurations, optimising, 840–842
design, 823–850

case history, 846–849
information requirements for, 842–845
parameter selection, 842–845
responsibilities of, 846

effect on heave-induced tension, 892
failure

modes of, 824
risk situations, 825

horizontal loading, 826
bending moment, 843
failure and deformation mechanism, 852

and infl uence zones beneath single piles, 
comparison of, 823

shape factors for, 825–826
pile-group settlement, 827–830

analysis method, infl uence of, 830
assessment of, 837–839

elastic interaction factors, 835–836
empirical settlement ratio, 834–835, 836
equivalent pier method, 836–837, 839
equivalent raft method, 833–839

bearing stratum stiffness on, infl uence of, 
827

differential settlement, 840
ductility, 845
fi nite layer thickness on, infl uence of, 827
foundation system, redundancy of, 846
safety factors associated with, 845–846
soil layering on, infl uence of, 827–830
soil stiffness profi le on, infl uence of, 827, 

852
time-dependent settlement, 840

pile-group settlement ratio, 834–835
design charts for, 836

pile integrity testing, 1357–1358, 1419–1449
cross-hole sonic logging, 1420, 1437–1442

pile capacity testing (cont.)
working principle of, 1458–1459

high strain dynamic, 1460–1463
advantages and disadvantages of, 

1461–1462
defi ned, 1460
interpretation of, 1462–1463
methods, 1460
specifying, 1463
standardisation of, 1463
working principle of, 1460–1461

rapid, 1463–1467
advantages and disadvantages of, 

1464–1465
defi ned, 1463–1464
guidance and standardisation of, 1466
methods, 1464
pile capacity testing, 1465–1466
specifying, 1466–1467
Statnamic testing, 1465

safety factors associated with, 1467
static, 1452–1458

advantages and disadvantages of, 1456
application of, 1455
constant rate of penetration testing, 

1453–1454
lateral load tests, 1455–1456
maintained load compression test, 1453
settlement criteria, 1456
specifying, 1457–1458
tension tests, 1455
types of, 1452–1453
ultimate capacity determination and test 

termination, 1456–1457
working principle of, 1454–1455

pile design, in clay, 231
granular materials, piles in, 241

bearing capacity theory, 241–242
methods based on standard penetration 

tests, 243
methods based on static cone penetration 

tests, 242–243
pile driving formulae, 243–244

load–settlement behaviour, 231
base resistance development , 232
combined resistance development , 232
shaft resistance development , 232
of under-reamed bored pile, 232

shaft friction, 235
bored piles in stiff fi ssured clays, 

effective stress behaviour of, 239–241
driven piles in overconsolidated clays, 

239, 240
negative friction, 238
normally consolidated clays, 237–238
predicted, 238–239
in terms of effective stress parameter, 

236–237
traditional approach, 233

estimation of shaft resistance from 
undrained strength, 234–235

ultimate capacity of whole pile, 234
undrained strength of clay, 233–234

piled foundation, 734, see also foundation(s)
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temperature effects on, 1004
temporary, 1003

accidental loss of, 1034
Provision and Use of Work Equipment 

Regulations, The (1998), 76, 1414
pseudo-fi nite element (PFE), 1034
public liability (PL) insurance, 574
pull-out resistance, soil–reinforcement 

interaction, 1096
pulverised fuel ash (PFA), 457, 561, 914, 915, 

931–932, 1290
pumping, groundwater control by, 770, 

1176–1185, 1177, 1178
application of, 1178
artifi cial recharge systems, 1184
collector wells, 1183–1185, 1184
deep wells with submersible pumps, 

1181–1182, 1181, 1182
ejector wells, 1182, 1183
electro-osmosis, 1185, 1185
local, 1244
relief wells, 1183, 1184
sump, 1178–1179, 1179
wellpoints, 1179–1180, 1179–1181
with exclusion, 1185

purging, 655, 665
push-in pressuremeter (PIP), 649
pyrite, 452, 454, 518

assessment of, 507–509
in compaction mudrocks, 507
in mudrocks, 491–495
oxidation, 497, 519–520, 520, 521

access to air and water, 520–521
in bulk fi ll materials, 526–528
form of mineral and, 520
microbiological activity and, 521
mineral grain size and, 520, 520
total amount of sulfi de present and, 

521–522
weathering of, 519–522

pyrrhotite, 518

quality assurance (QA), 661–663, 1355
forensic investigations, 1359

design, 1359–1360
disclaimer, 1361
process, 329
reporting, 1360

geotechnical specifi cations, 1355–1356
non-conformances, fi nding, 1357

concrete in the ground, 1357
integrity testing of piles, 1357–1358
lack of cover to reinforcement, 1358–

1359
pile load testing, 1357
prop loads, 1358
retaining wall defl ections, 1358
water ingress, 1359

quality management systems, 1355
resident engineer (RE), role of, 1356
self-certifi cation, 1356–1357

quality control (QC), 662
advantages and disadvantages 

of, 663

elements of, 578
internet, use of, 581
motive of, 577
report writing, 582
scope of, 577
site walkover survey for, 581–582
sources of information, 579–581
written by geotechnical engineers or 

engineering geologists, 579
pre-loading, 274
pressing, 1282
pressuremeters, 261, 624, 648–650
primary drying curve, 354
primary wetting curve, 354
principal contractors, 76, 78

responsibilities of, 76
principles of geotechnical design and 

construction, 5
and construction cycle, 8

clarity in tender process, 9
construction control, 9
project phases, 8–9

design lives, 7
development, 9–10
implementation, 10
interaction with other professionals, 6

general construction process, 7
key requirements

design life and modes of deterioration, 6
serviceability limit state, 6
ultimate limit state modes of failure, 6

planning, 9
probe extensometers, 1384–1385
probing techniques, for ground exploration, 

620
problematic characteristics, 311
procurement, 1161–1163

contract, forms of, 1162–1163
forms of, 1161
sub-contract, forms of, 1163
tender documents and submissions, 1162
tender process, 1162

production nail testing, 1113
professional indemnity (PI) insurance, 574
project-specifi c specifi cation, 1356
prop(s/ping), 1002, 1003–1005

accidental loading, 1004
buckling, 1004
deadman anchors, 1006
design of, 997

distributed prop load method, 997
limit-equilibrium prop loads, 997
thermal effects, 997–998

diagonal bracing, use of, 1004
inclined struts, 1003
layout, 1003
loads, 1358

design, determination of, 1004–1005
permanent

accidental loss of, 1034
permanent structure, 1005
pre-load, 1003–1004
pre-stress, 1003–1004
stiffness, 1003–1004, 1003–1004

planar sliding, 249, 250, see also slide(s/ing)
plane fl ow, 169–171, 171
plasticity index (PI), 669, 1058

of fi lls, 903
plastic limit (PL), 1133
plastic lining tubes, 348
plastic strain accumulation, 1146
plastic yield of rocks, 207
plate bearing tests, 619, 624
plate load testing, 349, 644–646
playas, 322–324
plunge column piles, 1207, see also pile(s/ing)
pneumatic piezometers, 1382–1383, 1382, see 

also piezometer(s)
pneumatic tyred roller (PTR), 1129, 1131
point load test, 202
Poission’s ratio, 199
pollutant linkage, 665
polyaromatic hydrocarbon (PAH), 659, 661, 

see also hydrocarbon
polymer, 745
polymer fl uids, 1197
polymeric reinforcement, properties of, 1094, 

see also reinforcement
polystyrene blocks, 1484, 1485
porcupine wall, 960, see also walls
pore collapse, 201–202
pore pressure ratio, 1053
pore water, 320
pore water pressure, 163

artesian conditions for, 164, 164
changes during lifetime of slope, 251–252
controlling, for stability of excavations, 

172, 172
distribution of, 164
hydrostatic conditions for, 163
underdrainage and, 164–165, 164–165

poroelasticity of rocks, 200, 207, see also 
elasticity of rocks

post-glacial deposits, 744
post-grouted anchors, 1021, see also ground 

anchors
post-rupture strength, 181
post-tensioned concrete modular systems, 

1348–1349, 1348, 1349
power rammer, 1130
pre-cast concrete foundation systems, 3–7, 9

composite reinforced concrete with galvanised 
steel beams, 1346–1347, 1346, 1347

post-tensioned concrete modular systems, 
1348–1349, 1348, 1349

reinforced concrete piled raft foundation, 
1347–1348, 1348

types of, 1345
pre-cast piles, 1344, 1344, see also pile(s/ing)

concrete, 1207, 1209, 1212, 1214, 1217
pre-cast reinforced-concrete stem walls, see 

walls
pre-earthworks testing, 1058–1059
pre-grouting technique, 1243, 1243
preliminary studies, 66, 134, 577–582, 760

circulation of, 579
copyrighted materials, guidance for use 

of, 582
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reinforcement, 1097
reinforcement, 254–255, 254, 734, 1093–1106

basal, 1104–1106
deep-seated failure, 1105
extrusion, 1106
lateral sliding, 1105–1106

bored piles problems associated with, 1229
cage, lack of cover to, 1358–1359

concrete, 1358
reinforcement spacing, 1358
tremie concreting, 1358

extensible, 1093
inextensible, 1093
in reinforced soil slopes, 1102
in reinforced soil walls, 1097
metallic, 1094
polymeric, 1094
and soil, interaction between, 1094–1095, 

1095–1096
direct sliding, 1095–1096
pull-out resistance, 1096

spacing, 1358
relative defl ection, 282
relative rotation, 282, 284
relief wells, 1183, 1184, see also wells
remediation implementation plan (RIP), 

654
remote sensing, 614–618
Reporting of Injuries Diseases and Dangerous 

Occurrences Regulations 1995 (RIDDOR), 
1414

re-profi ling, 1298
resident engineer (RE), 600, 1405

communicating with contractor, 1411–1412
communicating with design team, 1412
communicating with other parties, 1412
construction team, understanding of, 

1408–1409
contract administration by, 1407
dealing with problems, 1413
design-related issues solved by, 1407
documentation and record keeping by, 1410
health and safety responsibilities of, 1414
inspection and checking by, 1410–1411
participation in site meetings, 1413
piling works, supervision of, 1416–1417
roles and responsibilities of, 1408, 1356
setting up on site works, 1410
site investigation works, supervision of, 

1414–1416
site work, preparation of, 1409–1410

residual soils, 341, see also soils
classifi cation of, 350

residual suction, 354
resistance to lateral actions, underground 

structure, 1033–1034
resistance to vertical actions, underground 

structure, 1034–1036
resonant column apparatus, 680, 680
resonant column test, 262
responsible sourcing of materials (RSM), 126
retaining wall design, principles of, 969–979

building damage assessment, principles of, 
979

methods, 1464
specifying, 1466–1467
Statnamic testing, 1465

ratcheting, 1071
Rayleigh waves, 261
reactive sulfi des, 525–526, 525
real soils, stress–strain behaviour of, 190–191
record keeping, 1410
recovery, defi ned, 1261
recycled materials

managing and controlling, during 
earthworks, 1138–1139

red tropical soil, 342, see also soils
drying on classifi cation tests on, 353

reduction oxidation potential of water (redox), 
655, 658

refl ection seismology, 610, 610
reinforced concrete piled raft foundation, 

1347–1348, 1348
reinforced-concrete stem walls, 959, see also 

walls
reinforced concrete underpinning, 1238, see 

also underpinning
reinforced earth, 1093
reinforced mix-in-place walls, 1287–1288, see 

also walls
reinforced or nailed slopes, 1089–1090
reinforced soil slopes, 1102–1104

compound stability of, 1104
external stability of, 1103
facing, 1102
fi ll, 1102
internal stability of, 1103–1104

circular slip failure mechanism, 1104
two-part wedge mechanism, 1103–1104

reinforcement, 1102
reinforced soil structures, design of, 1093–

1106
limit state approach, 1096
partial factors of safety, 1096–1097

load factors, 1096
material factors, 1096
resistance factors, 1096–1097

strain compatibility, 1095
reinforced soil walls, 961, 988, see also walls

external stability, design for, 988
internal stability, design for, 988

reinforced soil walls and abutments, 1097–
1102
construction, 1102
external stability, 1098
facing, 1097
fi ll, 1097
geometries and typical dimensions, 

1097–1098
internal stability, 1098–1102

connections, 1100
facings, 1102
local stability checks, 1100
serviceability, 1102
surface failure/lines of maximum tension, 

1100
tensile force in reinforcement, 1099–

1100

quality control (cont.)
in site investigation, 599
systems, 1355

quay walls, 1280–1281, see also walls
Queen Elizabeth II Conference Centre, case 

study, 883–884
Quickbird, 617
quick load test method (QLT), 1453
quick undrained triaxial, 1133

RADO, 1500
raft-enhanced pile group, 863, 864, 865

lateral loads on, 879
vs pile-enhanced raft, 867

raft foundation, 734, see also foundation(s)
compensated, 734
differential settlement in, 748, 749
piled, 734

rafts, 853
analysis of raft behaviour

design requirements, 854
raft–soil interaction, 854–856
raft–soil interaction analysis, simplifi ed 

methods for, 858–860
soil models for, 856–858

designing
bracketing by load cases, 861
buildability considerations, 863
design steps, 861–862
factor of safety considerations, 862

ground conditions associated with, 865–868
pile-enhanced, 879

behavioural mechanism of, 881–882
ductile load-settlement behaviour, 

879–881
lateral loads on, 882
Queen Elizabeth II Conference Centre, 

case study, 883–884
simple design approach, 882–883

raft-enhanced pile groups
compensated piled rafts, 877–879
design process, 868–869
lateral loads on, 879
load sharing, 869–871
location and number of piles, 875–877
pile–raft interaction, 871–875

stiffness, 855–856, 856
structural design of rafts, 860
types of, 863–865

raking piles, 841–842, 1087, see also pile
(s/ing)

Ramberg–Osgood (R–O) model, 263
Rankine active wedge, 984
rapid impact compaction (RIC), 1261, 1263, 

see also compaction
environmental considerations, 1266
equipment, 1262

rapid load testing, 1463–1467
advantages and disadvantages of, 1464–1465
characteristics and potential deployment 

criteria
data interpretation, 1465–1466
defi ned, 1463–1464
guidance and standardisation of, 1466
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rocks
anisotropy of, 205–206
behaviour of, 195–206
classifi cation of, 195–196, 793–794
components of, 195
composition of, 196
compressibility of, 795–796
cut slopes in, instruments for monitoring, 

1398–1399
deformation of, 207
discontinuities, behaviour of, 203, 207
elasticity of, 197–198, 197–198, 198–200, 

207, 208, 209
failure of, 200–202, 207
fi xed anchor length design in, 1021–1024
fi xed anchor lengths within, construction of, 

1319–1320
identifi cation and classifi cation, 627
landslides in, instruments for monitoring, 

1400
mass characterisation of, 204–205
permeability of, 203–204

fracture controlled, 204, 207
permeation grouting in, 1326–1327
plastic yield of, 198
poroelasticity of, 200, 207
porosity of, 197
rheological behaviour of, 197–198
saturation of, 197
settlement of, 785–786
single piles on

base capacity, 813–814
shaft capacity, 812–813, 813

stiffness of, 198–200
strength of, 794–795

testing, 202–203, 210
stress and loads of, 197
stress–strain curves for, 198, 207
testing, 687
tunnelling quality index, 205
types of, 149–150
unit weight of, 197
viscosity of, 198
voids ratio of, 197

rock stabilisation, 1295–1302
access considerations of, 1295–1296
engineered solutions for, 1297–1301

block removal, 1297–1298
buttressing, 1300
case study, 1300–1301
dentition, 1300
drainage, 1300
ground anchors, installation of, 1298–1299
re-profi ling, 1298
scaling, 1297
surface protection, 1299–1300

environmental considerations of, 1296
maintenance requirements for, 1302, 

1301–1302
inspection, 1301
scaling, 1302
vegetation control, 1302

management solutions for, 
1296–1297

unplanned excavation, 985
water pressure, 986

reinforced soil walls, 988
external stability, design for, 988
internal stability, design for, 988

retaining wall support systems, geotechnical 
design of, 1001–1009
buttressed masonry retaining walls, 1008
circular construction retaining wall, 1008
design requirements and performance 

criteria, 1001–1002
accidental conditions, 1002
bottom-up construction, 1001
design responsibility, 1002
ground improvements, control of, 1002
permanent situations, 1001
temporary situations, 1001
top-down construction, 1001–1002

ground improvement, 1008–1009
props, 1003–1005

accidental loading, 1004
buckling, 1004
inclined struts, 1003
layout, 1003
load design, determination of, 1004–1005
permanent structure propping, 1005
pre-load, 1003–1004
pre-stress, 1003–1004
stiffness, 1003–1004
temperature effects on, 1004

soil berms, 1006–1007
tied systems

deadman anchors, 1005–1006
earth-fi lled cofferdams, 1006

retaining wall support systems, types of, 
1002–1003

reuse of foundations, 746–747, 1485, see also 
foundation(s)

reverse passive, 994–995
rheological behaviour of rocks, 197–198
RIBA’s Outline Plan of Work

stages with normal corresponding 
geotechnical activities, 69, 70, 68–70

ringshear test, 673–674, 673, 674
rising/falling head permeability tests, 651, 652
risk, 577

assessment, 79–80
of earthworks, 1068–1069

associated with slope stability, 255–256
management, 59–72

chain, 577, 578
during and after foundation construction, 

742–743
mitigation, 68–70

consequences of, 70, 71
and control, earthworks, 1074–1075
work stages with normal corresponding 

geotechnical activities, 68–70
risk register, 696
robustness, 28
rockfall netting, 1296–1297
rock mass rating (RMR), 205
rock mechanics, 500
rock quality designation (RQD), 204–205

case study, 973–976
characteristic groundwater parameters, 

selection of, 975–976
clays, undrained shear strength 

measurements in, 973–975
characterisation of, 969
characteristic soil parameters, selection of, 

973
construction sequence, 969–970

basement construction, 970
displacement of the wall, 969–970
top-down and bottom-up considerations, 

970
ground movements, prediction of, 979

empirical methods, 978
numerical methods, 977–979

limit states, 973
requirements and performance criteria, 

970–973
cycling of loads on integral bridges, 972
drained or undrained soil conditions, 

971–972
horizontal and vertical support, 972–973
in marine environment, 973
life, 970–971
temporary and permanent works, 971

temporary works design, 976–977
retaining walls, 959–968, 1281

buttressed masonry, 1002, 1008
cantilever, 1001, 1002
defl ections, 1358
displacement of, 969–970
embedded, see embedded retaining walls
gravity, 959–961
ground anchors, support of, 1015–1016
hybrid, 966
modular, 1349
multiple support, 1002
permanent retaining wall with temporary 

support, 1002
specialist lateral support, 1002
temporary, 1002
toe, 1033–1034, 1078, 1080

retaining walls, geotechnical design of, 981
embedded walls, 988

design method, 998–999
design situations, 989–991
earth pressure, 991–997
factors of safety, 989
ground movement, 998
propping systems, design of, 997–998
serviceability limit states (SLS), 989
structural elements, design of, 997
ultimate limit states (ULS), 989

gravity walls, 981
design method, 987–988
design situations, 984
drainage systems and fi ll materials, 986
earth pressure, 984–985
factors of safety, 982–983
serviceability limit states, 982
structural elements, design of, 986–987
surcharges and direct loads, 985–986
ultimate limit states, 981–982
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settlement, 747–752
of clay, 780–782
criteria for, 748
differential

bridge, 750
building, 749–750
due to relative settlements within 

structure, 748
due to rigid body rotation or tilt, 748
factors affecting, 750–752
and maximum settlement, relationship 

between, 748
of fi lls, 907
foundation, excessive, 769
limits for, 748–750
platforms, 1389
of rock, 785–786
of sand, 782–785
secondary/creep, 207
shallow foundations, 778–789

elastic methods, 779–780
heave and swelling, 787–788
nonlinear methods for, 788–789
stress changes due to applied bearing 

pressures, 779
unsaturated soils and non-engineered 

fi lls, 789, 802
total, 747

maximum settlement, limits for, 748
trough, 288

settlement and stress distributions, 207
elastic displacement theory, 214–216
granular soils, settlement on, 218
one-dimensional method, accuracy of

for cross-anisotropic elastic material, 
217

for homogeneous cross-anisotropic 
elastic material, 217

for homogeneous isotropic elastic 
material, 216

for normally consolidated clay, 218
settlement prediction on soils, 212

conventional 1D method, 212
fi nite element method, 214
Skempton and Bjerrum method, 

212–213, 213
stress path method, 213–214

stress changes beneath loaded areas, 208
anisotropy, 210–211
conclusions on stress changes, 

211–212
non-homogeneity, 210
nonlinear stress–strain behaviour, 

209–210
total, undrained and consolidation 

settlement, 207–208
undrained settlement, 218
vertical shear modulus, infl uence of, 

217–218
shaft adhesion factor, 234
shaft friction, 235, 1019

effective stress parameter, 236–237
negative friction, 238
in normally consolidated clay, 237–238

bearing capacity of footing on, 776
sands

compressibility of, 793
dune, 313, 313
elastic moduli and penetration resistance, 

correlations between, 757–758
fi xed anchor lengths within, construction 

of, 1318
fi ne, uniform

managing and controlling, during 
earthworks, 1137–1138

settlement of, 782–785
strength of, 793
underpinning in, 1243

saprolite, 341
saturation concentration, 319
scaling, 1297, 1302
scanning electron microscopy (SEM), 525
Schmidt hammer, 202
scour erosion, 1071–1072, see also erosion
scratch test, 202
seasonal shrink–swell movement, 1057, 

1070–1071
in shallow foundations, 767

secant bored pile walls, 964–965, see also walls
hard/fi rm, 964
hard/hard, 964
hard/soft, 964

secant pile walls, 1276–1280, see also walls
bored, see secant bored pile walls
description and use, 1276–1278
ellipsoidal-shape shaft, 1278
fl exibility in plan shape, 1277
hard/fi rm, 1277
hard/hard, 1277–1278, 1280
hard/soft, 1276–1277, 1278
installation and materials, 1278–1279, 1279
interfaces of, 1279–1280
primary–secondary pile sequence, 1277
range of, 1278
tolerances of, 1279

secondary/creep settlement, 207, see also 
settlement

secondary materials
managing and controlling, during 

earthworks, 1138–1139
sedimentary rocks, 195–196, see also rocks
sediment load, 322
seepage effects, 768–769
segmental castings, 1196–1197
segmental tunnel linings, modelling of, 54
seismic methods, 609–613
seismic refraction survey, 609–610, 610
seismic stability, 252
self-boring pressuremeter (SBP), 648–649, 

650
self-certifi cation, 1356–1357
self developers, 59, see also developers
self-drill hollow bars, 1306, see also drilling
self polarisation (SP), 607
serviceability limit states (SLS), 305, 748, 

982, 989, 973, 1073, 1096, 1494, see also 
limit states

sesquioxides, 342

rock stabilisation (cont.)
case study, 1297
catch fences and ditches, 1297
rockfall netting installation, 1296–1297
warning systems, 1296

principles of, 1295
safety considerations of, 1296

rotary bored cast-in-place piles, 1193, see also 
pile(s/ing)
bored piling rigs, 1193–1194
castings, 1196–1197
excavation tools, 1194–1195
placing concrete, 1197
stabilising fl uids, 1197

rotary case and auger bored micro-piles, 
1219

rotary core samples, 684–685, 684, see also 
sampling

rotary coring, 623
rotary down-the-hole hammer, 1220
rotary drilling, 622, 901, see also drilling

open hole, 622
rotary duplex bored micro-piles, 1220
rotary percussive micro-piles, 1220
rotation, 282
Royal Commission on the Ancient and 

Historical Monuments of Scotland, 581
Royal Commission on the Ancient and 

Historical Monuments of Wales, 581
Ruglei™ verge protection system, 1079–1080

sabkha environment, geohazards on, 543–544
Gulf region, 543–544
sinkholes, 543, 544

sabkha soil, 322–324, 332–333
stabilisation of, 335–336

sacrifi cial nail testing, 1113
safe bearing pressure, 306
safe construction, 1168–1170
safe theorem, 38
safety, 83, 746, 1414

factors, partial factors and design 
parameters, 304–305
considerations, 305–306
Eurocode basis, 304–305
traditional code basis, 305

management, in site investigations, 
598–599

salinas, 322–324
salt-out solution, 320
salt playas, 323
salt terrains, geohazards on, 541–543, 542

subsidence over buried salt, 542–543
sampling, 667–686

block, 682
building on fi lls, 901
bulk, 681
construction design requirements for, 

667–668
rotary core, 684–685, 684
testing laboratory, 685–686
transportation of, 685
tube, 682–684

sand overlying clay, see also clays

Index_Volume II.indd   1530Index_Volume II.indd   1530 2/9/2012   8:36:41 PM2/9/2012   8:36:41 PM

Downloaded by [] on [25/10/23]. Copyright © ICE Publishing, all rights reserved.



Index – volume II: 729–1508

ICE Manual of Geotechnical Engineering © 2012 Institution of Civil Engineers www.icemanuals.com  1531

lateral resistance, 817
on coarse-grained soils, 807–810, 808, 809, 

810
cone penetration test, 812
standard penetration test, 811, 811

correlations with SPT/CPT, 810–812
design considerations for, 890–891

pile length, determination of, 890–891
pile settlement profi le with depth, 

determination of, 890
skin friction load, determination of, 890
soil settlement profi le with depth, 

determination of, 890
effect on heave-induced tension, 891–892
effect on lateral ground movements, 

893–894
effect on negative skin friction, 889–891

end-bearing piles, 889
end-bearing piles and brittle response, 

889–890
fl oating piles, 889

factors of safety, 814
failure of, 820, 820
on fi ne-grained soils

cone penetration test, 811–812
effective stress, 806–807, 807, 808
standard penetration test, 811
total stress, 805–806, 806, 806

idealised load displacement response, 
804

on layered soils, 810, 810
load testing strategy, 818–820
on rock

base capacity, 813–814
shaft capacity, 812–813, 813

settlement, 814–816, 815
type selection, 803–804
under vertical load, 804

single support retaining walls, 1002, see also 
retaining walls

sinkholes, 533–534, 534
drainage and induced, 536–537, 537
sabkha environment, 543, 544

site, 83, 746
constraints, 88–89
geology, 89–90, 841
history, 88–89, 760–761, 789–791, 797
hydrology, 89–90
preparation, 761
re-levelling, 89

site investigation, 134, 551, 1240–1241
activities, 567, 568
cheap, 551–552
consultants, role of, 572–574
costs and benefi ts of, 67–68
design stages, 572
disclaimer, 575
dynamic compaction, 1264
of expansive soils, 419–420
footnote, 575
guides, 567–569
importance of, 65–66
input, 572
managing

heave and swelling, 787–788
nonlinear methods for, 788–789
rigidity and depth, corrections for, 

786–787
of rock, 785–786
of sand, 782–785
stress changes due to applied bearing 

pressures, 779
unsaturated soils and non-engineered fi lls, 

789
shallow instability, earthworks, 1069
ShapeAccelArray (SAA), 1387
shearing process, 373
shearing resistance, angle of, 330
shear modulus, 199
shear strain, 189
shear strength equation, 354
shear tests, 202
shear vane test, 1481
sheet pile walls, 962–963, 1087–1088, 

1280–1284, see also walls
advantages and disadvantages of, 

962–963
attack on, 528
description and use, 1280–1281
installation of, 1282
interfaces, joints and connections, 1283–

1284
materials of, 1281–1282
plant, 1281
tolerances of, 1282

sheet piling, 1080, see also pile(s/ing)
shields, 316
shoring, 1242–1243

design of, 1242
risk of settlement, minimising, 1242–1243
types of, 1242

shoulder instability, earthworks, 1071
shrink–swell behaviour, of expansive soils, 

416–418
changes to effective stress and role of 

suctions, 417
mineralogical aspect, 416–417
predictions, 422
water content, seasonal variations in, 

417–418, 417
shrink–swell clay soils, classifi cation of, 422
side-scan sonar, 611
signal matching, 1462–1463
silicate, 918
silt/clay crusts, 324
silt

managing and controlling, during 
earthworks, 1137

simple shear mechanism, 679–680, 687
single bore multiple anchors, see ground 

anchors
single piles, 803–820, see also pile(s/ing)

axial load capacity, 804–814
behaviour under vertical load, 816

deformation/failure modes, 816–817, 
817

fi xed and free handed piles, 817
lateral deformation, 817–818

in overconsolidated clays, 239, 240
predicted, 238–239

shafts, 734, see also foundation(s)
shallow excavations, hazards associated with, 

78
shallow foundations, 84, 306, 734, 765–800, 

see also foundation(s)
adjacent to a landslip, 91–92, 92
bearing capacity, 774–778, 840–841

eccentric load and uniform vertical 
pressure, 775

of footing on sand overlying clay, 776
formulae, 774–775
groundwater table level and pressure, 

infl uence of, 776
soil compressibility and stress level, 

impact of, 775–776
for square pad foundations bearing on 

rock, 777
bearing pressures, applied, 773
case history, 798

additional ground investigation and 
geotechnical analysis, 797–798

design verifi cation and construction 
control, 796–798

foundation options and risks, 797
ground condition and site history, 797

categories of
design issues and requirements, 765

construction process and design 
considerations, 771–773
buoyancy and fl otation, 770–771
excavations, 768
foundation formation, preparation of, 

768–773
groundwater control, 768–770

earthquake effect on, 946–947
failures in, 744–745
on fi lls, 908–909
information requirements and parameter 

selection
clays, strength and compressibility of, 

791–792
ground profi le and site history, 789–791
information requirements and parameter 

selection, 789–796
sand, strength and compressibility of, 

792–793
layout and interaction effects, 773–774
on medium dense sandy gravel, 101
movements, causes of, 765–768
offshore, 949
on soft chalk, 99–103, 103

cable chamber, 101–103, 102
cable chamber construction and 

foundation settlement, 103
ground conditions and construction 

problems, 99–101, 100
pad footings, 101

rocks, strength and compressibility of, 
793–796

settlement, 778–789
of clay, 780–782
elastic methods, 779–780
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cable chamber construction and foundation 
settlement, 103

ground conditions and construction 
problems, 99–101, 100

pad footings, 101
soft facings, in soil nail construction, 1308, 

1310
soft walls, see also walls

with pre-cast walls or steel sheet insertions, 
1287

soil characteristics, assessment of, 380
soil-covered limestones, engineering works 

on, 536–537, 537
soil–foundation–superstructure interaction 

behaviour, factors affecting, 747
soilfracture grouting, 1327–1328, see also 

grouting
soil guideline value (SGV), 653, 659, 661, 

665
soil mechanics, 500

birth of, 13–14
impact on structural and civil engineering, 

14
triangle, see geotechnical triangle

soil mixing, 1333–1340
applications of, 1333
deep, 934–937
defi ned, 1323
dry, 1333–1336
using trench cutting, 1338
verifi cation for, 1338–1340
wet, 1336–1337

soil nail head, 1112
to prevent requirement for wayleave, 1112

soil nailing, 1076, 1111
array, 1111
behaviour of, 1110
construction, 1112–1113
corrosion of, 1113
design, 1110

load plates, 1111–1112
slope facing, 1112

drainage, 1113
history and development of, 1109
maintenance of, 1113
suitability of ground conditions for, 1109
testing, 1113
types of, 1110

soil nailing construction, 1303–1311
completion/fi nishing of, 1307–1308
drainage

crest, 1310
horizontal, 1310–1311, 1310
slope surface, 1310
toe, 1310

drilling
cased holes, 1306
open holes, 1306
self-drill hollow bars, 1306
with fl uids, 1306

haul roads/platforms, 1305
grouting, 1307, 1307
planning

access, 1304, 1304

shearing, 181
slip circles, 250–251, 251
slope drainage, 1090–1091
slope facing, in soil nail construction

hydro seeding, 1310
installation and joining, 1308–1310
soil retention systems, 1310, 1310
types, 1308

slope failure
caused by earthquake, 944–946
caused by liquefaction, 945–946
factors giving rise to, 247
types of, 1047

slope stabilisation methods, 1087–1091
embedded solutions, 1087–1088
gravity solutions, 1088–1089
reinforced/nailed solutions, 1089–1090
slope drainage, 1090–1091

slope stability, 247–256
assessment of, 249

continuum methods, 253
errors in, 252–253
planar sliding, 249, 250
pore water pressure changes during 

lifetime of slope, 251–252
seismic stability, 252
sliding on curved and compound 

surfaces, 249–250
slip circles, 250–251, 251
three-dimensional effects, 251
using effective stress-based shear 

strength, 247–248
using undrained strength, 248

factor of safety approach, 256
failure, modes and types of, 248–249
issues related to collapsible soils, 405
post-failure investigations, 256
risk, 255–256
serviceability limits, 256
slope failure, factors giving rise to, 247
unstable slopes, rectifi cation of, 253–255

anchorages and reinforcements, 254–255, 
255

drainage solutions, 253–254
earthworks solutions, 253

slope surface drainage, in soil nail 
construction, 1310

slope surface preparation, for soil nailing 
construction, 1305–1306

sloping ground, 994
small strain shear modulus, 263–264

changes in, 263–264, 264
effective confi ning pressure on, infl uence 

of, 264
with time of confi nement, 264, 264

smooth single drum roller–self-propelled, 
1128

smooth single drum roller–towed, 1128
smooth twin drum roller–self-propelled, 

1128–1129
Snofru, Pharaoh, 11
soft chalk, shallow foundation on, 99–103, 

103
cable chamber, 101–103, 102

site investigation (cont.)
campaign aims, fulfi lling, 599
contract administration and completion, 

600
data management, 599
effects on site occupants and neighbours, 

599–600
quality control, 599
quality management, 599
reinstatement, 600
safety management, 598–599
supervision, 599

participant’s roles and responsibilities in, 
567–575
conditions of engagement, 570–571

procuring
consultants and contractors, selecting, 

594–595
costs of, 593–594, 594
decision-making process of, 596
ground investigation contract documents, 

595–598
risk sharing, 598
scope of work, defi ning, 595
tender evaluation and award, 598

reasons for, 571–572
for soil reinforcement construction, 1290
underground services and utilities, 574
vibro concrete columns, 1260

Site Investigation Steering Group (SISG), 595
site logistics, 1168
site meetings, 1413
site trails, 913
site walkover survey, 581–582
site works, technical supervision of, 1414–

1416, 1405–1418
benefi ts, 1407–1408
compliance with technical requirements, 

1407
contract administration, 1407
dealing with problems, 1413
design and construction team, 

communication link between, 1407
design-related issues, raising and resolving, 

1407
earthworks, 1417–1418
health and safety responsibilities, 1414
inspecting a bile bore before concreting, 1406
management, 1410–1413
piling works, 1416–1417
preparation, 1408–1410
quality assessment, 1406–1407
site meetings, 1413

Skempton and Bjerrum method, 212–213, 213
skin friction load, determination of, 890
skip-term plate load tests, 1254–1255
skip tests/dummy foundation tests, 1255
slaking, 454
slide(s/ing)

along old failure surfaces, 1070
analyses, 249
block method, 945
on curved and compound surfaces, 249–250
planar, 249, 250
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fi eld measurement techniques, 261–262
laboratory measurements techniques, 

261–262
red tropical, 342, 353
reinforcement, 277, 1094–1095, 1095–1096
residual, 341, 350
sampling, 655, 655
settlement profi le with depth, determination 

of, 890
skeleton, 153
small strain shear modulus, 265, 263–264
stabilised soils, heave of, 530–531
stiffness profi le on pile-group settlement, 

infl uence of, 827
strain-dependent behaviour of, 259–260, 

260
strain-dependent shear modulus, 264–265, 

265
strength, factors affecting, 754
strength model, 247–248
sulfate and acid, 517–531
theoretical behaviour of, 262–263
two- or three-phase nature of, 108–109, 

109
types of, 149, 156
wave propagation in, 260–261
wave velocity in, 260–261
wind-blown, 393–394

soil–structure interaction, 5, 992–993
soil suction test, 1241
soil water characteristic curve (SWCC), 354
soil water retention curve (SWRC), 354
soldier pile walls, see king post walls
solidifi cation, see stabilisation
solifl ucted chalk, shallow foundation on, 101
soluble ground, 533–544

and karst geohazards, 533–534
distribution of, 534, 535
geohazards

on gypsum terrains, 541, 542
on sabkha environment, 543–544
on salt terrains, 541–543, 542

investigations for karst geohazards, 
540–541, 541

investigations for karst hazards, 540
limestone bedrock, engineering works on, 

537–540, 538
unseen caves, hazard of, 539–540

limestone kurst geohazard, impact of, 
534–536, 536

sinkholes, 533–534, 534
soil-covered limestones, engineering works 

on, 536–537, 537
solute suction, 353
sonic coring, 623
South Dahshur Pyramid, failure of, 11
spaced bored piles, 1076, see also pile(s/ing)
specialist down-hole tests, 691
specifi cation for piling and embedded 

retaining walls (SPERW), 1191, 1197
specifi cations, 1163–1164

codes of practice, 1163–1164
design responsibility, 1164
Execution Codes, 1163

damping–wave attenuation of, 261
dilatant behaviour of, 109, 110
ductile nature of, 109, 110
dynamic loading of, 259, 259
effective stress failure criterion for, 163
expansive, 892–893
fabric of, 157–158, 157–158
fi ne-grained, see fi ne-grained soils
frictional nature of, 109, 110
fully saturated soils, effective stress in, 

158–160, 159
glacial, see glacial soils
grain dimension, 156
granular

fi xed anchor length design in, 1019–1020
fi xed anchor zone, location of, 1025–1027

heave pressure, 1036
hydraulic conductivity of, 168
hysteretic soils, stress–strain relationship 

for, 262, 263
geologically old, pre-glacial deposits, 744
geotechnical properties and characterisation

vibro techniques impact on, 1252
glacial deposits, 744
identifi cation and classifi cation, 627
improvement of, by chemical means, 

277–280
artifi cial ground freezing, 280
cement stabilisation, 278–279
grouting, 279
lime-cement column construction, 279
lime piles, 279
lime slurry pressure injection, 279
lime stabilisation, 277–278, 278

improvement of, by mechanical means, 
275–277
dynamic compaction, 276
micro-piles or root piles, 277
stone columns, 276–277
vibrocompaction, 276

in situ testing of, 657–658
landslides in, instruments for monitoring, 

1398
liquefaction of, 266–267, 267, 940–942

factors infl uencing, 941
safety factors against, 941–942
slope failure caused by, 945–946

made ground and non-engineered fi lls, 744
microstructure of, 158
mineral dimension, 156
mixing, 1003
nails, 277
as natural material, 108, 109
non-homogeneous and variable nature of, 

109–110, 109
nonlinear with complex stress–strain 

behaviour of, 111, 109
particle shape, 157
particle size, 156–157
as particulate materials, 153–161, 153
permeability, 1186
phase relationships of, 153
post-glacial deposits, 744
property determination techniques, 262

environmental considerations, 1305
health and safety, 1303
pro-construction approvals, 1305
rig type, 1304
sequencing, 1305
spoil/drill arisings, 1305
working platforms, 1304–1305

reinforcement, placing, 1306–1307
services/land drains, 1306
setting out, 1306
slope facing

hydro seeding, 1310
installation and joining, 1308–1310
soil retention systems, 1310, 1310
types, 1308

slope surface preparation, 1305–1306
testing

approvals, 1311
free length information, 1311
monitoring, 1311, 1311
preliminary and acceptance testing, 1311
reaction system, 1311, 1311

topographic accuracy, 1305
soil organic matter (SOM), 659
soil reinforcement construction, 1102, 

1289–1294
applications of, 1289
drainage, installation of, 1290
facings, placement of, 1291
fi ll materials, placement of, 1291–1292
materials, delivery and storage of, 1290
monitoring and supervision of, 1293
post-construction, 1294

maintenance, 1294
records, 1294

pre-construction, 1289–1290
planning, 1290
roles and responsibilities, 1289–1290
site investigation, 1290

preparation of, 1290
reinforcement, placement of, 1292–1293
vegetation, 1293

soil retention systems, in soil nail 
construction, 1310, 1310

soils, 83, 259–269, 744–745
arid, see arid soils
bearing capacity of, 227–230
behaviour

in cyclic loading, 940–943
offshore marine clays, 948–949

clayey
fi xed anchor length design in, 1020–1021
fi xed anchor zone, location of, 1027

coarse-grained soils, single piles on, 
807–810, 808, 809, 810, 811

collapsible, 334, 892–893
compressibility

effects on bearing-capacity failure 
mechanism, 775–776

compressible nature with low shear 
stiffness, 109, 111

cut slopes in, instruments for monitoring, 
1398

damping ratio, 262, 266, 266
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ground anchors, 52–53, 53
piles, 51–52
segmental tunnel linings, 54
walls, 50–51

structural metallic elements, attack on, 
527–528, 528, 528

structural modelling, 27–29
comparison with geotechnical modelling, 

30–31
ductility and robustness, 28
Hambly’s paradox, 28–29
limitations to, 27–28

structural problems, associated with bored 
piles, 1230

structure, 83, 745–746
mass, 149

sub-bottom profi ling system, 611–612
sub-contract, see also contract(s)

forms of, 1163
sub-contractor(s), 78

design responsibility, 1164
dispute between, 1164
and main contractor, dispute between, 1164

sub-glacial/basal tills, 373, see also tills
sub-glacial melt-out till, 372, see also tills
sub-glacial tills, 373, see also tills
sub-grade assessment, for pavement 

foundation, 1150–1152
sub-horizontal bedding-controlled shear 

surface, compound failure with, 251, 252
suction-based test, 423-424
suction scale, 354
suites, 660
sulfate

acid-soluble, 524
water-soluble, 523–524

sulfur
alluvial strata, 522
clays, 522
colliery spoil, 522–523
compounds, sampling and testing for, 526

acid-soluble sulfate, 524
limiting values, 523–526
reactive sulfi des, 525–526
storage, 523
total reduced sulfur and monosulfi des, 

524–525
total sulfur, 524
water-soluble sulfate, 523–524

minerals, 518–519, 518, 519
mudstones, 522
total, 524
total reduced, 524–525

sump pumping, 770, 1178–1179, 1179, 
see also pumping, groundwater control by

superposition principle, 147
supervision

of earthworks, 1417–1418
of piling works, 1416–1417
of site investigation, 599, 1414–1416

supraglacial melt-out till, 373, see also tills
supraglacial tills, 373, see also tills
surcharge load tests, 1255
surcharging, 470–471, 996

straight-shafted anchors, 1021, see also 
ground anchors

strain compatibility, 1095
strain-dependent behaviour, of soils, 259–260, 

260
strain-dependent shear modulus, 264–265, 265
strains in simple rectangular beams, 284

limiting values of Δ/L and limiting tensile 
strain, 285–286

limiting values of Δ/L for very slight 
damage, 286

relationship between Δ/L and levels of 
damage, 286–287

stratifi ed rocks, 204, see also rocks
stratigraphy, 66
strength, 670–673

enhanced, 178
deformation and, 175

analysis and design, 184
compressibility of soils, 184–185
drained strength of soils, 177–181
Mohr–Coulomb strength criterion, 

183–184
stress, analysis of, 175–177
stress–strain behaviour, 186–191

unconfi ned compressive, 670
stress, 197

analysis of, 175
Mohr’s circle, 176–177

changes beneath loaded areas, 208
anisotropy, 210–211
conclusions on stress changes, 211–212
non-homogeneity, 210
nonlinear stress–strain behaviour, 

209–210
effective, 197
overburden, 197
point algorithms, 46
thermal, 197

stress fi eld method, 37
stress path method, 213–214
stress–strain behaviour, 186

drained and undrained Young’s modulus, 
relationship between, 190

elastic equations, 188
ideal isotropic porous elastic material, 

properties of, 190
ideal isotropic porous elastic solid, 188
ideal undrained triaxial test, 189–190
measurement of E′ and υ′ in an ideal 

drained triaxial test, 189
one-dimensional compression, 189
pore pressure changes during undrained 

loading, 190
of real soils, 190–191
shear strain, 189
volumetric strain, 188–189

strip foundation, 734, see also foundation(s)
strongly cemented mudrocks, 499
structural engineer, 594
structural members in plane strain analysis, 

modelling of, 51, 50–54
connections, 53, 54
coupled analyses, 53

spectral analysis of surface waves (SASW), 
261

spoil heaps, 451–452, 454, 456
SPOT, 616–617
sprayed concrete, in soil nail construction, 

1309, 1309
springs vs continuum, 856–858
square pad foundations bearing on rock, 

allowable pressures for, 777
squeezing rocks, 204, see also rocks
stabilisation, 277–279

cement, 278–279
lime, 277–278, 278

stabilised soils, heave of, 530–531
stabilising fl uids, 1197, 1198
stability charts, 1044
standard penetration test (SPT), 218, 261, 267, 

348, 349, 383, 620, 621–622, 632–633, 
901, 942, 915, 916, 932, 1241, 1260, 1407

standpipe piezometers, 624–625, see also 
piezometers

standpipes, 624
state developers, 59, see also developers
static pile capacity testing, 1452–1458, see 

also pile capacity testing
advantages and disadvantages of, 1456
application of, 1455
characteristics and potential deployment 

criteria, 1468
constant rate of penetration testing, 

1453–1454
lateral load tests, 1455–1456
maintained load compression test, 1453
settlement criteria, 1456
specifying, 1457–1458
tension tests, 1455
top-down, 1454
types of, 1452–1453
ultimate capacity determination and test 

termination, 1456–1457
working principle of, 1454–1455

steel, 1475–1477
box piles, 1211
corrosion near the waterline, variability in, 

1475
-intensive basements, 1280
problems associated with, 1475
reinforcement cage check, 1476
sheet pile cofferdam, 1475
tube piles, 1214, 1215
verifi cation of, 1476–1477

steep-sided chalk cutting, failure of, 1297
steep slopes, 1289

fi ll materials, placement of, 1292
monitoring and supervision of, 1293
reinforcement, placement of, 1292, 1292

stiffened rafts, 429–431, 430, 431
stiffness, 674–677

of fi lls, 903, 904
of rocks, 198–200
with strain, idealised variation of, 674

stone columns, 276–277
stone piles, 734
stool leg, brittle and ductile behaviour of, 29
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total potential sulfate content (TPS), 524
total reduced sulfur (TRS), 524–525, see also 

sulfur
total stress

failure criterion, Mohr circle of, 221–223, 
222

instruments for monitoring, 1392–1393
single piles on fi ne-grained soils, 805–806, 

806, 806
total sulfur, 524, see also sulfur
traditional code basis, 305
traditional codes, 301
transient dynamic response (TDR) method, 

1420, 1426
transient fl ow, 173, 173
TRD cutter soil mixing machine, 1338
Tree Preservation Order (TPO), 1082–1083
tremie concreting, 1358
Tresca failure criterion, 37, 46
trial

excavations, 620
pits, 619, 901
trenches, 619

triaxial tests, 202, 670–673
anisotropically consolidated, 670
cyclic, 679
equipment, 672
ideal undrained, 189–190
isotropically consolidated drained, 670, 671
isotropically consolidated undrained, 670, 

671
unconsolidated undrained, 670, 671

with pore pressure measurement, 670, 671
trimming of piles, 1232
tripod piling rigs, 1198
TRL447 test 3, 508
tropical soils, 341–352

classifi cation of, 350
controls on the development of, 343

climate, 345–347
parent rock, 345
relief and drainage, 347
secondary cementation, 347
weathering processes, 343–345

engineering issues, 347
characteristics and typical engineering 

properties, 350–352
classifi cation, 349–350
foundations, 355
highways, 357–358
investigation, 347–349
problematic behaviour, 352–355
slopes, 356–357

terminology for, 345
tube A manchette (TAM) grouting, 920–922
tube samples, 682–684, see also sampling

axial strains, 683
geometrics of, 683

tunnelling
and excavation, ground movement due to, 

287
due to deep excavations, 290
horizontal displacements due to 

tunnelling, 289

thermal effects, 995
thermal infra-red (TIR) imaging, 618
thermal stress, 197, see also stress
thick peat deposits, 1257
thin-walled sampler, 622
three-dimensional analyses, of slope stability, 

251
three-legged stools, 28–29
tie bars, 1087
tied systems, 1002–1003, 1005–1006

deadman anchors, 1005–1006
earth-fi lled cofferdams, 1006, 1010

tills
basal, 373
deformation, 369, 370–371
glacial

characteristics and geotechnical 
properties of, 374

guide to selection of sampling methods 
in, 383

hydraulic conductivity of, 382
lodgement, 371–372
macro features of, 373
sub-glacial, 373
sub-glacial/basal, 373
sub-glacial melt-out, 372
supraglacial, 373
supraglacial melt-out, 373

tilt, 282
tiltmeters, 1385
timber, 1477–1478

crib facings, in soil nail construction, 1309
decay at wharf, 1478
grading stamps/marks, 1477–1478
piles, 1208
problems associated with, 1477
storage of, 1478
verifi cation of, 1477–1478

time-based sonic echo test methods, features 
detected using, 1428–1429, 1430

time-dependent settlement, of pile group(s), 
840

time domain refl ectometry (TDR), 1389
toe drainage, in soil nail construction, 1310
toe retaining walls, see also retaining walls

cutting slopes, 1078
embankments, 1080

toothed augers, 1195
top-down construction, 1001–1002, see also 

construction
topographic accuracy, soil nailing 

construction, 1305
topographical hazards, 552–553
topography–water–anything odd (TWA) 

system, 553
topsoil

managing and controlling, during 
earthworks, 1140–1141

removal, 1140–1141
replacement, 1141

torsional ring-shear test, 202
total energy, defi ned, 1261
total petroleum hydrocarbons (TPH), 653, 

662, see also hydrocarbon

surface geophysics, 603–604, see also 
geophysics

surface-mounted strain gauges, 1391
surface protection, 1299–1300
surface water, 656

control of, 1174–1175
surface waves, 610–613

multi-channel analysis of, 611, 612
surveying methods, 1384
sustainable development, defi ned, 83–84, 125, 

746–747, 1069
geotechnics for, 125–135

applications of, 134–135
aquatic environment, 126
climate change adaptation and resilience, 

126–127, 131–133, 132
contribution to society, 127–128, 

133–134
economic viability and whole-life cost, 

127
energy effi ciency and carbon reduction, 

125–126, 128–129
land use management, 127, 133
materials reduction, 126, 129–130
waste reduction, 126, 130
water resource management, 126
whole-life management, 133, 133

sustainable drainage system (SUDS), 130, 
1055

swath bathymetry, 611
swell–shrink tests, 421
swelling potential, 424, 425
swelling pressure tests, 421
swelling rocks, 204, see also rocks
swelling strain tests, 421
synthetic aperture radar (SAR), 328, 617

tamping pass, defi ned, 1261
tamping roller, 1128
tangent stiffness method, 43–45, 44

application of, 44
tape extensometer, see convergence 

gauges
technical requirements, achieving, 

1170–1172
tectonism, 552
temporary castings, 1198
temporary ground anchors, 1012, see also 

ground anchors
tender

documents and submissions, 1162
evaluation, 598
process, 1162

tendon design, 1024–1025
tendon to anchorage grout or encapsulation 

grout, 1024
tension cracks, 994, 994
tension pile testing, 1455
Terzaghi, Karl von, 12–14, 15

education of, 12–13
geology, 13
soil mechanics, 13–14
switching to civil engineering, 13

texture, 149
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vertical electrical sounding (VES), 607
vertical load, bearing capacity equation for, 

227–228
vertical profi le, see ground profi le(s)
vertical total stress, geostatic, 163
vertical yield stress, 186
vibrating plate compactor, 1130
vibrating poker, see vibrofl ot equipment
vibrating wire piezometer, 625, 1381–1382, 

1372, see also piezometer(s)
vibration

and driven pile operations, 1232–1233
test method, 1420, 1425

vibrocompaction, 276, 929–932, 1249–1250, 
see also compaction
design principles for, 930–932
of estuarine sands, 96–99

advantages and disadvantages of, 98
foundation selection, 96–98, 98
observation and testing, 99, 98
site location and ground conditions, 96, 

97
methods and key issues of, 929–930

vibro concrete columns (VCCs), 1259–1260
applications of, 1260
history of, 1259
limitations of, 1260
monitoring and testing, 1260
plant and equipment, 1259
reinforcement, 1259–1260
site investigation, 1260

vibro concrete plugs, 1254
vibrodisplacement, see vibroreplacement
vibrodriving, 1282
vibrofl otation, see vibrocompaction
vibrofl ot equipment, features of, 1247–1249
vibro ground improvement techniques, 

1247–1259
application of, 1249
case histories, 1257–1259
design foundation after, 1257
environmental considerations

contaminants, 1254
noise and vibration, 1254
vibro concrete plugs, 1254

foundation design after, 1257
history of, 1247
impact on soil conditions, 1252
monitoring and testing, 1254–1256
quality control, 1254

vibroreplacement, 276, 929–932
design principles for, 930–932
methods and key issues of, 930

vibro stone columns (VSCs), 1059, 1250–
1252
aggregate requirements, 1252–1254
case histories, 1258–1259
cautions, 1257
design of, 1252
dry bottom-feed technique, 1250–1251
dry top-feed technique, 1250
practical issues, 1256–1257

dealing with obstructions, 1256
gas venting, 1256
installation tolerances, 1257

under-reamed anchors, 1021, see also ground 
anchors

under-reamed piles, 85, 1203, 1206
undrained (or immediate) settlement, 207
undrained shear strength, 248

failure criterion
bearing capacity enhancement factors, 

228
of fi lls, 904
vs moisture content value, 1058–1059

unexploded ordnance (UXO), detection of, 
563, 612–613, 614

uniaxial (unconfi ned) compressive strength 
(UCS), 197, 202

Unifi ed Soil Classifi cation Scheme (USCS), 
352

uniformitarianism principle, 147
United Kingdom (UK)

delays for projects against time, 64, 65
United Kingdom Accreditation Scheme 

(UKAS), 657
United Kingdom Climate Impacts Programme 

(UKCIP), 127
unloading point method (UPM), 1465–1466
unplanned excavation, 996
unreinforced mix-in-place walls, 1287, see 

also walls
unsafe theorem, 38
unsaturated soils, mechanistic behaviour of, 

160–161, 160
drying, 160, 160
wetting, 160–161

unsaturated soils and non-engineered fi lls, 789
unsaturated state, 353–355
unstable slopes, rectifi cation of, 253–255

anchorages and reinforcements, 254–255, 
255

drainage solutions, 253–254
earthworks solutions, 253

unusual clay minerals, presence of, 352
uplands, 316–317
upper bound theorem, see unsafe theorem
urban excavation, 50, 51, see also excavations

hazards associated with, 79
urbanisation, effect on collapse, 392
use index tests, 421–422

vane shear test, 624, 642–644
variable stiffness method, see tangent stiffness 

method
vegetation, 1082–1084, 1484

control and rock stabilisation, 1302
effect on earthworks design, 1057–1058
effect on earthworks performance, 1082
in expansive soils, 435–438
movement, in shallow foundations, 767
in soil nail construction, 1310
soil reinforcement construction, 1293
third-party land, 1084
Tree Preeservation Order and, 1082

verifi cation of materials, 1472
verifi cation testing, 662
vertical, horizontal and moment (V–H–M) 

loading, 229–230, 229
vertical drains, 274–275

tunnelling (cont.)
horizontal strain, infl uence of, 290–291
relevant building dimensions, 291
settlements caused by tunnel excavation, 

288–289
surface displacements, assessment of, 

289–290
instruments for monitoring, 1400
near piles, 896–897
quality index, of rocks, 205

turbulent shearing, 181
twin-tube hydraulic piezometers, 1383, see 

also piezometer(s)
two-part wedge mechanism, 1103–1104

U100 sampler, 622
U100 sampling stages, 682
UK Water Industry Research Ltd (UKWIR), 

662
ultimate bearing pressure, 752
ultimate limit state (ULS), 304–305, 748, 973, 

981–982, 989, 1073, 1096, 1494–1495, see 
also limit states

ultrasonic pulse transmission test, 262
ultrasonic pulse velocity (UPV) test method, 

1437
unconfi ned compressive strength (UCS), 670, 

671, see also strength
unconsolidated undrained (UU) triaxial test, 

670, 671
with pore pressure measurement (UUP), 

670, 671
uncoupled behaviour, 189
underdrainage, 164–165, 164–165
underground services and utilities, 574
underground space, in urban environment, 133
underpinning, 1237–1246

beam and pad, 1240
bearing capacity of, 1241, 1242
excavation adjacent to an existing footing, 

1241
factors infl uencing, 1241

carrying out works, reasons for, 1240
discussion with party wall engineers, 

1240–1241
gravity retaining wall design, 1241
settlement potential, 1241
site investigation, study of, 1240–1241

factors of safety, 1245–1246
fi nancial aspects of, 1246
hit and miss, 1237–1238
in relation to subsidence settlement, 1245
in sands and gravel, 1243
jacked, 1240
mass concrete, 1237
piled, 1238–1240
prevention for water ingress during, 

1243–1244, 1244
local pumping, 1243–1244
pre-grouting, 1243
well pointing, 1243–1244

reinforced concrete, 1238
types of, 1237–1240
using jet grouting, 1333
using permeation grouting, 1327
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water table
conditions above, 165
perched, 165

watertightness, grades of, 1031–1032
water treatment works, differential swelling, 

92–93, 93
wave propagation, in soils, 260–261
wave velocity, in soils, 260–261
weakly cemented mudrocks, 498–499
wellpoints, 1179, 1179–1181, 1243–1244

horizontal, 1181
installation, horizontal, 1181
multi-stage, 1180
for trench work, 1180

wells
collector, 1183–1185, 1184
combi steel, see combi steel walls
deep wells with submergible pumps, 

1181–1182, 1181, 1182
ejector, 1182, 1183
observation, 1380
pumping, 275
relief, 1183, 1184

well-windowed experience, 17, 19, 30, 91
West Tower of Ely Cathedral, 33
wet soil mixing, 1336–1337, see also soil 

mixing
wetting of unsaturated dry soils, 160–161
whole-life asset management, of earthworks, 

1068
whole-life management, 127, 133, 133
wind-blown soils, 393–394, see also soils
window sampling, 620, 901
Wittenbauer, Ferdinand, 12–13
Work at Height Regulations, The (2005), 76
worked ground, 444
working pressure, 752
World Health Organization (WHO), 661

X-ray diffraction (XRD), 525
X-ray fl uorescence (XRF) , 525, 653, 657

Yell.com, 553
yield of rocks, 198
yield stress ratio, 192
Young’s modulus, 199

drained, 190
undrained, 189–190

Zhaozhou Bridge, 11, 12
ziggurat, construction of, 11
zone of seasonal fl uctuations, 418, 418
zone-load tests, 1255

modular, 959
monitoring and supervision of, 1293
multi-propped, 995
non-modular, 959
in plane strain analysis, modelling of, 

50–51
porcupine, 960
pre-cast reinforced-concrete stem, 966
and prop

full connection between, 54
pin-jointed connection between, 54

quay, 1280–1281
reinforced, see reinforced soil walls
reinforcement, placement of, 1292
retaining, see retaining walls
sheet pile, see sheet pile walls
soft, with pre-cast walls or steel sheet 

insertions, 1287
and soil stiffness, 995
unreinforced mix-in-place, 1287
vertical and near-vertical, 1289

wall–soil friction, 993–994
Waltham Abbey, Essex, 1348, 1348
warning signs, 1359
warning systems, 1296
Waste (England and Wales) Regulations 

(2005), 660
waste

acceptability criteria (WAC), 653, 661
classifi cation, 660–661, 661
hierarchy inverted triangle, 126, 126
inert, 653, 660
reduction, 126, 130

Waste and Resources Action Programme 
(WRAP), 130, 1139

water, 1484
acceptability criteria, 661
in situ testing of, 658, 659
ingress, 1359
removal of, 272–275

electro-osmosis, 275
pre-loading, 274
vertical drains, 274–275

water resource management, 126, 130–131, 
see also groundwater
aquifer recharge and recovery, 130–131
aquifer storage and recovery, 130–131
in geotechnical construction, 131
geotechnical project, impact of, 130, 131
reduced operational energy, design for, 131
sustainable drainage systems, 130

water-soluble sulfate, 523–524, see also 
sulfate

lateral forces, 1256
pre-boring, 1256
slopes and interceptor drains, 1256
stabilised platforms, 1256
working platforms, 1256

specifi cations for, 1252
wet top-feed technique, 1251–1252

virgin compression line, 184
visco-plastic method, 45–46

application of, 45–46
limitations of, 46

viscosity of rocks, 198, 207
void fi lling, 913–914

design principles for, 914
execution controls, 914
methods and key issues of, 913–914
performance of, 914
perimeter and infi ll grouting for, 913
validation of, 914

volatile organic compound (VOC), 653, 655, 
656

volume change, in fi lls, 904–907
applied stress due to building weight, 

905–906
biodegradation, 906–907
chemical action, 907
self weight, 905
water content, 906

volume change potential (VCP), 421
classifi cation of, 426
shrink–swell potential based on, 427

volumetric strain, 188–189
von Post system, 465

wadis, 322
wall friction (adhesion), 1034–1035

around excavations, 1035–1036
effects on earth pressure, 224–225, 225

walls
anchored bored-pile, 1080
and beam, connection between, 53
buttress, 11
contiguous pile walls, 1280

bored, 963–964
crib, 960
crosswalls, 1003
diaphragm, see diaphragm walls
embedded, see embedded walls
fi ll materials, placement of, 1291
fl ood defence, 1280–1281
gabion, 960–961
masonry, 959

dry-stack, 960
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