
Index 

A 
AASHTO soil d<lssification system. 37, 39-40, 41, 46 
ABAQUS, 6 
Acceleration. 470 
Acid sulphate soH!'.', 1 
Active state, lateral Mrth pressures, 225, 231, 232, 233-

235, ~ee also Lateral earth pressures 
Activity, 37 
Adhesion, earth retaining -structures, 381. see a~so Earth 

r~taini.ng St-rUo,:h1tcl> 

Adhesive resislance, 239 
Aeolian soil, 2 
Air, II. 12 

mass of, 11 
stresses and, 67 

normfkl,65-·72 
Air content, 55, 62 
Airflow, -6 
AJRlW, 6 
AllQ\wbJe bearing capacity. 292, 305, 307, 326 
Allowabk pressur<s, 317, 3lS 
Allnvial soiJ, 2 
Aluminum, n 33 
American Association of State Highway Transportation 

Officials (AASHTO) soil dassificatton system, 37, 
39-4Q. 41.46 

American SOCiety of Civil Engilleers, 5 
Amplitude, 459, 461, 463, 482, 483, 2B5 

decreas:e in. 455-
row stf<tin, 463 

maximum. 460 
Amplitude of v;br.tion, 466, 467, 468, 469, 470, 471 

at rc~onance, 460 
Anchored sheet pil"" 385, 395~399 
Angle of internal friction, 187 
Angle of shearing resistance, 187 
Angular deflection at :resonance 
Angular distortion, 290, 291 

Angular'grained soil, shear mOdl\lus for, 463. 464 
Angular grains, 31 
Angular resonant frequency, 462 
AnisOitOpic soils, flow net itl, 85-86 
Anisotropy, 203 
Applied normal stress, 323 
Applied pressure, se~tlement in footings and, 310 
Archimedes prtndpie. 13 
Artificial slopes, 421 
AS, see Australian Standards 
Atomic force microscopE:', )3 
Atomic structure of day m~nerals. 3'2, 33 
At'fest state, US, 226-230, 271. 273, 275 
Attapulgit<, 33 
Atterbcrg. A., 34 
Atterb.erg limits, 34-37,38,39,41,44,256,277 
Auger drilling, 254 
AListraliah Standards (AS), 27 

Ave-rage degree of cOI1sohdaHon, 156 
Average hydraulic gradient, 75 
Average vertical strain .. 141 
Axisymmetttc loading, 313, 315 

B 
Backim, 

cQmpac:tion and, 49, SEe also CompaCHO!l 

inclined granular. 23-5-236 
shl.!al' failure. 181 

Backhoe, 49. 252 
Backprcssure, 194, 195,196,197,205, "08, 210, 216 
Base circles, 425, 426 
Base failure, 425 
Ba·sement>;, 299 

lateral earth pressures .. 230, s.ec also Lateral earth 
pressuft"s 

Batter pUe, 341, 342 
Bearing capacity 

alluVI'Ubie j see AUowable bearing cilpacity 

487 
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equation. 291 
shallnw foundations, 290, 291"301, 305, 324, 325·-

326,332-334 
Meyerhofs equation. 295-299, 324 
presumptive, 292~293 
Terzaghi's equation, 294-295, 296, 324 
water tahle effe.cts, 301 

Bearing capacity equation1 291 
Bearing pr~ssures 

deep foundations. s.ce Deep fOlmdations 
earth retaining structures, 379, 382-384. $.ec also 

Earth retaining stru.ctures 
presumptive, $e~ Ptesumptive bearing pressures 
shallow foundations, 292-293, see also ShaHow 

foundations 
Bedrock, 252, 437 
BeUed pier, 341, 342 

Bending mom~nt 
earth reta.ining structures, 337, 388 
shallow foundations, 307 

Bontonite, 202, 379 
Bernoulli's equation, 73, 75·· 76 
Bishop', 'imphfied method of ,lice" 434 .. ·435, 437-·441, 

443 
Block sample, 256 
lllow count, 259-262, 263, 267, 268, 261, 276, 281, 282, 

283, 310~312 

Boddy Dam, U.S .. S6 
Borod ptles, 343, 344, 345, 356 
Borehole diameter correction, 261 
Bot<hol< 'hear to.lt, 17.\ 274, 280 
Boreholes, 251··25-2, 253, see also Site investigation 

depth of. 254 
sampling, 256 
soil testing, 3. 5 
spacing of, 251 

Bore log, 276, 278, 279 
Borrow area, 17 
BOlTOW pit. 19, 20 
Bottom heave in soft clays, 402-403 
Bou1de.r.~, classification ot 27 
Boundary i;:onditions, 6 
Boussinesq equation, 116-117, 118-, 123, 124, 133 
Braced e~tavations) 3, 399-403 

lateral earth pressures, 23-0, see <llso Laterdl earth 
pressures 

Br..dth 

deep foundations. 341, see also Deep foundations 

shallow foundatioru, 289, 290, 298, 310, 325, see also 
Shallow fOWldations 

British Stand.rd, (B5), 27, 37 
Brittle sohd state, 34, 35 
Brucite, 32 
BuHdlngs, (:ompa-c;:tiop and, 49, see als.o Compaction 
Bulk density, 13, 16,50 

Bulk unit weight, ]3, 19 
Burland and Burbidge method [or predicting settlement 

of a shallow foundation in granular soil~ 315-317, 
318 

C 
Can!Idian Poumiation Engineering Manual, 6, 267 

Cantilever retaining walls, 377, 379 
horizontal,oadmg, 225, 126 
Cantilever sheet piles, 385-395 
in cohesive :3-oiis, 393-395 
in granular s.oils, 386-393 
hortzontal bading, 225. 226 

Capillary effects, 68-69. 70 
Capillary pressures, 69 
Capillary ris.e, 69 
CapiHary zone, 69 
Casagrande, Arthur, 34. 37 
Cilsagrande's log time me-thod, 156, 157-158. 159. 

161-164 
Casagrande's percussion cup method, 35, 36 
Casagrande's PI-LL chart, 38,43 

Casagrande's procedure to determine pre consolidation 
pressure. 148, 149 

Cast~in~place piers, 341. 343 
Cementation,4D 
Chlorite, 33 
Circular footings, 294, 297 
Circular frequency of vibration. 458 
Circular load, flexibIe, stress il1crea~e beneath the center 

of, 125··126, see also Newmark's chart 
Clayey 'Oils, 37, 38, ,ee also Clays 

compaction, 55 
Clays 

atomic: !:ittl1ctu(e, 32, 33 
classification of, 27, 37, 38, 39. 40. 41 
based on un(:onfI11ed compressive strength, 199, 210 
compaction, 55. see also ClImpaction 
oomparisou ,o,rith nonclays, 40-41 
consolidation, J 39, see aEso Consolidation 
effective stresses, 69 



lateral earth pres~;uresf 227-230 
mincmlogy, 31-33,34, 45 
permeability, 71 

shallow foundalions, 291, 292, 295, 29~, 300, 30" 
321.323, see also Shallow foundations 

elas-tk moduli for, 321 
s.hear modulus for, 464-465 

,hoar strength, 201, 203, 204 
site inv""tig.t'''", 256, 261, 262, 264, 265, 266, 267, 

268,269-270,280, s.ee also :mn. bottom heave fn, 
402-403 

slope stability, 423-427, see also Slope stability 
in trial pit, 3 
triaxial tests, 194 
vibration of foundations and, 484-
void ratio, i2 
water content, 12 

CQarse-grained soils. 
AASHTO dass-ifrcation, 39-40 
c:apiUaJY dose and. 69 
-compaction, 57 

grain shape, 3 I, 40 
grain s-17...{'! distribution, 2S-30, 3i, 40, 41 

permeability, 77, 78, 79, 93 
relative density, .30, 31 
uses dassificalton, 37-39 
visual identification, 40 

Cobbles, dassificati-on of, 27 

Coefficient of consolidation, 155, 16-1-164 
laboratory determination of, 156-159 

Coefficient of curvature, 29, 30, 42 
Coefficient of earth pressure at rest, 226 
Coefficient of permeabiHty, 77 
Coeffident of subgrade reaction, 307 
Coefficient of uniformity, 29, 30, 42 
Coeffident ofvolum-e compressihility, 141 --142, 149, 

171·172 
Cofferdam', 85 
Cohesion, 187,210,214 

be'lring (:Cipadty and, 294 
dire-ct shear te~t, 201 
slope stability and, 427~431 
earth retaining structures, 381, see arso Earth 

retaining :}tru-clnres 
triaxial t o,lS, 194, 195, 196 

Cohesive r-esE!ltance, 239 
Cohc:;;ive soils~ 32 
bearing capacity, 293 
cantilever sheet piles in, 393-395 

Index 489 

earth retaining structures, 381, see also Earth 
retaining structures 

.~ettlement in, 319-324 

"hear strength, 200 
$it~ investigation, 256~ 262, 264, 280 
slope stability, 431 
standard penetration !est in, 262 

Colluvial sot!, 2 
Column load 

deep foundations. 341, 34-7, see also Deep 
fOLl.ndations 

shallow foundations, 306-309, see also Shallow 

foundations 
Comhined footings, 289 
Compacted day, triaxial tests, 194 

Compa-ction, 3, 19,40,49- 63 
fieid tests, 55"dS 
lab-oratory tests, 52-55, Z77 
relativE', see Relative compaction 

(Ohallow foundatiom and, 292. s.ee also Shallow 
foundations 

variables in, SG-52 
Compaction prk~, 342 
Compactivc effort, 50 - 53, 55. 57 
Compensated foundation, 299 
Composite piles, 3-14, 345 
Compolmd failure, 423 
CompressibiHtj~ -coefficient of volume, i41-142, 171-172 
Compression 

bearing capacity an_d, 297 
earth retaining structures, 382-, 383 
secondary, 159- 164, 169,321,324 

Compres.s'oo index, 143, 144, 165-166, 169-170, 171-
172, 330 

Compression settlement. 321. 324 
Compression test, undrained, 198"·200, 219 

Compn:ssive strength, 181, 198, 199, 210,283 
Compres,.,.iv(' str~ss~s, 181~ 203 
Compu~ation of final settlement, 150~ i 53 

cOn8"hdation test, 143~ 150 
Concentric line load, 301-303 
Concrete, 257 

earth retaining lltructures, 377, 379, 385 
footings, 295 
shear strength~ 181, see als.o Shear r;trength 
unit weight, 325 

Concreto piles, 341, 343, 341. 345 
Cone penetration test, 3, 257, 259. 260. 262-. 263- 269, 

280;283,310 
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Cone resistance, 263, 264, 265,267, 268 
CO.(lfining pressm-E:. 190-.193, 194, 195, 198, 218.221. 

12£ 
pore wat~r pressure increase an.d, 203 

Conwlidated drained triaxial test, 194, 197, 211-212~ 
217,218,277,297 

Consolidated undrained t:riatial te~·l, 194, 195,208,209, 
210,21)' 212, 217-218, 219,220,221,277,297 

Comolidatjon pn~~sllre, 211 
Consolidation settlement, 321, 323, 332 
Consolidation tests, l43-1S0, 172-175, 256, 276, see also 

s.pecific tests 
Consolidation, 139-180,208 

de.:tlned,139 
fundamentals., 13-9- HO 
raboratory tests, 277 
one;-dimf:nsiona[' 14-0--142, 226 

reviev." €xercis-es, 175-179 
secondary compression. J 59-164 
settiement, 321, 323, 332 
s.hal1ow foundations, 323 
"ite irtve,sti.gation, 268 

time rate of, 153-159 
triaxiail:ests, 193-200 
worked examples, 165-175 

Constant for-ee -excitation, 466 

v~bration of foundatiOI1s and 
rocking, 469-471, 472 
sliding, 477 

torsional, 4:78. 479 

vertical, 465-468 

Constant head 
I~boratory tests, 277 

permeability test, i7. 78, 93 
Constitutive model, 6 
Con~tra.in(':d modului'i, 149.273-

Contact pressure, 302-304, 305, 306-307e, 326 
Containment wan, 3 

Contaminant transport, 6 
Continuous media, I i5 
Continuum, 115 
Coulomb's earth pres.sute theory, 230, 237 ·239.317 
Core box, 252 

Creep, 159,310,320,324 
Creosotes, 343 

Crib walls, 377, 378 

Critical datnping coefficient, 456 
Critical hydraulic: gr~dient, 8-1, 83 

CriticuUy damped system, 455, 457, 458 

Criti.cal slip circle, 425--427, 428~429 

Criticlll void ratio, 20l 
CTRANIW,6 
Cucrellt void r&tio, 30 
Curvilinear squares, 84, 85 
Cydic: lQading, vihralion of foundations and, soC:e 

VIbralions of foundations 

o 
Damped natural circular frequency, 456 
Damped namral frequency ofvibratio.[l, 456, 457, 458, 

483 
Damped resonant frequency, 463 
Dal'np~ng, 482 

.defined, 455 
s-teady~state forced vibration wIth, 458-4-63 

viscous, free vibrfi!.tion with, 455-458 

Damping coeffidcnt. 482 
Damping ratio, 456. 457, 459, 462, 466, 467, 470, 471, 

478,482,483 
Dams, 3 

failurc.s due to piping, 85, 86 
seepage beneath, 73, 74, 82, 85, 101-]03 

Danish pile driving formula, 355 

Darcy, Henry, 76 
Darcy's law, 76-77, 78, 93, 100, 153 

Dashpot coefficient, vibratiDn of foundations and, 456, 
458,463,466,470,476,478,483 

D,shpot, 482 
free vibra.tion .... ith vi-':)col.ls -damping, 455-457 
steady· Mate forced vibraHon with -damping, 458 

DeadmEm anchor, 398-399 
Deep foundations, 289,290, 341-376 

applications of, 341. 342 

breadth to depth ratio, 34] 

defined, 341 
load currying capacity of a pile, static analysis, 

347-354 
pile driving formulae, 354 -35-5 
pile group, 361-364 
pile installation, 345-- 346 
pile toad test, 355-·357 
pile materials, 342-·-345 
r~tew exercises, 373···375 

settlement of it pile, 142--345 

t)1''' of, 341 
worked exampte.s, 365···372 

DefonnaricJI1s, 6 
Degree of consoHdatioD, 156 



Degree of mechan ical disturbance, 256 
De-glee ois<1 turation , 12~I3, 14~ 15, 20, 51, 203, 204 
Dense oSands. 20t, 203 
Demc :soil. 30,31 
Density. 13, 14, 15, 22, 58 

laborato ry tests, 277 
vibrations of foundations and, 466 

Dco'ity index. 30 
Depth. shallow foundations, 289, 290, see also Shallow 

fOlUJdations 
footings. 296- 297, 300,310 
lateral earth pressW"es and, see Lateral earth pressure..;; 

Desk study. 25 1 
D,,·i.tor ,tress. 193, 194. 195.202.203.210, 211 . 213. 

216, 218, 219. 220. 221 
D iaphragm wall s. 377.378, 379 
Diesel hamm erl 345. 346 
Differential s.c ttlcmcnt, 290 
Dilatancy, 40 
Dilation, 20} 
DiJatomete-r, 226 
DilatOineter test. 27 l-273 
Direct shear test. 200- 202. 2rJ 
Di~arge veloci1y, 76 
Dispersed fabric:;, 33. 34, 202 
Displacement, 6. 7. 459 

damping and, 456, 457 
Displacement pile. 34-5 
Distortion settlement, 321 
Double-acting hammer, 345 
Doubly d rained cl.y.15S.156. l62 
Downward How. 8 l. 82 
Drainage, ] 40. 

consolidation and, 153 
earth retain ing structures and. 379. see also E:uth 

retaining structures 
triaxial tests, 193-200 

Drainage. path, m Olximum len!,rth of, lSS 
Drain<.-d io.dillg. 191-193, 194,200, 203 . 214 
Dredge, 18 
Drilled piers, 341 
Drilled sOaft" , 41 
DrUlholc.3 
Drilling, 251 , 253 ···254, 255 
Drming fluid. 254 
Drill rig. 3, 5 
Drill rod length cQ rrection , 261 
Dri'ting moment. 382 
Drop hammer, 343, 344 345, 346 

Dry density, 13, 14, 16,45 
oompoction and. 49-52,55, 57. 58,60-61 

Dry granular soil, slope stability, 431 
Dry rna,., 16 
Dry of optimum. 51 , 55, 58 
Dry soils, 11 

st ressc.<; within, .rl6, 67 
D,y m rngth. 40 
Dry unit weight, 13,14,2 1 
Dump truck. 19 
Dulch cone penetration test. 263 
Dynamic.ioading, 6 

E 
Earth, crust of, 32 
F~rthmovil1g machinery. 49 
FAl rthqu.kcs, 421 

Index 491 

Earth retruning structures. 377- 420, see aho ,~pedfk 
type,,\; 

ancbored .sheet pUe s., 395- 399 
br:i:lc: td excavations, 399- ·103 
cantilever sheet pilcs. 385- 395 

in cohesive soils. 393- 395 
iu granular srn ls, 386 ~· 393 

retaining walls. design of, 379- 385 
review -exercises, 415- 420 
types of. 377 .. 379 

worked ."""pb, 404-415 
Earthworks. !ab-orawry tests , 277 
Eccentrically loaded footings. pressu.re distribution s: 

beneath, 30I-·304 
Ecoentrici ty, 382. 383 
Eccentric line load, 301 - 303 
Eccentric loading, 298- 299, 326 

Effective friction angle, 211 - 2.12, 21S. Z19, ~73 
lateral earth pressnrc5, 227, 228 
standard penetration t.c."St, 261, 265, 281 ~283 

Effective grnin sizc, permeO\bility and. 77 
Effeccive $tres~ 

lateral earth pressutes) 226, see also Lateral earth 

pressures 
locatio n of the water t~ble and. 257 
permeability und. 82 
principle, 65-72 
seepage and, 85. see also Seepage 
shallow foundations, 301 j 323, 324 
SheOlf s trcn.glh and,. 181, 2 J4, 2I S, 223 • . o;ce also Shea r 

strength 
slope stability and, 427429- 431, 432-434 
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standard pendratiol1 test, 259 
stres.s paths. 20S 
triaxial tt'sts, 194 

Effe-ctive stn'$s friction angl-t. 484 

Effective \'enical strcs.~, 83. 94 
consolid.alion and, 139, 140. see also Con~olidaticm 
flow and. 8t. R2 

Elastic half space, 1 i6. 117, 124.311 

Elasticity. tht'or~' of. 321 
EiastJ( medium. "lbr<ltion of foundations and, 453. St;'oI; 

Vibraticns of foundations 
flastk modllii for days, 321 
Elastic p-l':rfl~ctly plaslic Ji?;gram, 115 

E1a.stic st'Ulemcnt, 321 

E1eval:ion head, 73, 75, 76, 84, 93 

Embankmenls. 6 , 7. 17 
(ompacti-un and, 49, see abo CornpactilJn 

settlement, 1.19 

shear railur~, 18 J. 182, sec also Sht; .... lr ~trenglh 
sl-op~ si.!bilit,', 421. -t22, SCI! also Slope stability 

vane shear lest. 270 
vertical sltts.si'S beneath, st:!e Ver111.:al strt'ss-es, 

benCJ.th loaded a(cas 
End-bearing pil€~, :341. 342, 343 
End-product spcckfil.::iltion, 55 

Engineering gt'D.Ugy. 1 
Engil1eerillg New!> R.ewrd pile «riving formula. 351 
EnvironI1H.'n1i1.l gel)t1lecharlics, I 
Equarion ofmotioll. 454, 45-6, 4St:, -161, 475 

Equipotenti.llln., 83, 84, 8" 86, 90. 9t, 93, 99-100 
Equivalent permeabilltics. for ont:-dimcnsionaillow. 

87 88,8" 
Erosion. 379. 421 
Excayations. 

bra(~d, see Braced e){cilvatlons 

t:arib retaining: .'i.truCIUH·S, 377, 386-390, sc~ also 

Ea.rth roC'taining structures 

horizonial earth pn-ssurcs, 225, 226, see abo Lateral 

earth pre.s~llrt:s 
slope st.abllity, 421. ,122. see ilhC) Slope st"hility 
valle sh-L'ar te~t. 270 

ExcaYator, 49 

Excess. porc watl!I pressure, 154, 155. 156. 159 
Expansive days., 33 

F 
Fabrics. 3"~, 34 

F3Hure 

M-ohr-Coulomb criterion, lS6-18i 

retai!l!ng w,llb, J.79 .... ce also Earth retaininJ.:( 
stru'turc,~ 

sballllW fi.lUndation:s, 29]-292, :sec also Sh'lllnw 

foundalions 

;ih~.l.r. :;e~' Sh!,'.ar strt;'ngth 

~lopot, 5~l' abo Slope stability 

slr.c's-s rcl.atio!l~hips at, 205-206 
~ailur~ '--lrdl"~. -122, ·123 

Failure enyelort .. I ~6. 187. 18S, 190, 195, 1 '96, 205, II S. 
127,2.\1 

..tired shear tt~St. 201 
Mohr drdt'~ .and, 190~191, 192 
prindp;11 strc.'sc~ at failure, 205-206 
:sIH'S$ pHlh:;, 20l:' 

Failure IO<1d, shallow foundations, 291. 292, S;Ct.' also 
Shall()w foundations 

Failure plane. IRR, 189 
~Iop~ ~tJbLhty, 42" 431 

Failur~ Surf~Cl' , .. hallow foundarions, 291. 292, 29·1 , ~t"t" 
also :iIl,llIaw foundations 

Fall n)n(" Illl'thod, 35, 36 
Falling bl"ad 

laDor<'olury tests, li7 
perme.,billly tl'st, 77, 78-80. 93 

Fdlcnil,l:' method of slices, 433-434, 439- 440 

Fiber·rcin(nrccd polymers, 345 

Field compa.;timl. 55~58 
Fidd J(·nsity, laboratory tests, 277 

fidd tc~ts.. 3. 251, s~c also In situ te$ts; ~pe~ilk tesh 

L:omolid'llioJ'1.117-·150 

pcrm{'abiilty. 77· 81 

Fill, 2, 19,20 

fillers, dcsl~n 0(, R6-87 
Final consolidation settlement 
wmputa.tion of, 150-153.166-169,172 175-
time rate of, 153~159 

Hnc-graillt.·d s.oils, 27, 30. 32-34 
AASHTO dassitk<ltion. 39 -40 

Attcrberg tunib, 34-37. 38, 49, 41 
d<ty nlin~ril)llgy, 32-33. 34 
grain size di:stribution, 2S, 41 

pcrml!ability. 77. 78. 79, 93 
uses da.%ifimtioll, 37 39 
Vi.sUClI idcnti\lcOiticm, 40 

fi.nc~ (:onten!, 311-J9, 40, 4l, 43~ 41, 268 
Finite difference imalysis. 6, 307 
Finite dl;"mc!1t D.naly:)is, 6, 7. 91. 307 
FLAC (> 

Flo:':.:iblc cir{.:ul.u lo.\d, stress increase beneath th~ amer 
~)f. 125 1 !~> see also Ne'iymark's chari 



Fkxibk fnl)till~, J01 
Flj:~ihlc method of raft foundation des.ign, .~07 - 309 
Flexible ""Iuarc footings. 124, 125 
Ht.'xiblL' UnirOrIii lnad, preS51H"t" isobars \ItlJ~r, 124, 12S 
f!oatinp; ftJUndatll)Ii, 299 

HOt;.~llll-1.lkJ fabrics. 33, 202 

Flow 
horhonl<ll, see Horiwntal How 
strC"s.sC"s in soils due to, SO-tH 

YCrlI<:-aL 5t:ol." Vertical flow 
Flow Ch.alllWL 83 
How lim, 82 H3 

nuw nl'l, ~3, 1"04, xS 
in anisotropic soils, 85·86 
wmtrudion,85 
dr'lwing using SEEP/h', 89, 92,101-103-
How rak, 78, 79, 80, 82, 84. set;.' also SccpOlgc 

computatil)fl u!i-ing SEEP/~t/, 89. 91. 92 

Fly ash. J:', ~I. ~2 

Footing breadth. 310 

F00ting depth .. ' hlI 
Footing "hape-, 310 
F(JotLng.~. ,), see ;dso spec:llic types 

hearing I.:'lpa(ity, 295-301 
Jl"C-P flJUltdatiOlis-, sec Deep foundations. 

J{;'·.Hg.n lritccl'j, 292 

t"~rth rddining struthtres., 382, .'oct." also E,Hth 

retninmg structures 
e(ct"lllricdly loaded. pressure distrihLllium beneath, 

301- .lIH 

shallow !(HlllJatiom., see also Shallow founda!iom 
s.ettlement, 290, 310-319 

For..::ed vihmlioll. -182 
Foundmi~ltl t'ngmc(!nng, 1 
Foundations., 3 

dasses ~)f. 289 
deep, :;('C Deep foundations 
defint:d, 289 
~dtlc,'1l1cnt. U9, Z6 Z 
'Shallow, se~ Sn;l,llnw foundations 
"]:in' investigation. 275 
yanc :-;hear test , 270 

YCrrk,ll ;<;tr,-~5!ie!; he neath, see Vcrtkal :strC's~e~, 
lwnc.ulh lo.acicd area.. .. 

vibrJtion of, 453-485, see also Vjbration~ of 

found.atio!l~ 

[-ructional r~sist<lnl.:c, 75 
rranki pile. 341, 345 
Free damped vibration, 482 
free earlh !i-Upport method, 396~398 

Index 493 

Free undamped vibration, 482 
Free vibnatlOlI ora ~prlng-mass system, 454 4S5 
Free vibration with ViSLOllS damping, 4SS 4S~ 

Frequency, 4X2 

Frequ~nLy ot' lfihrutio[l, 155-456, 4.83 
Friction. 137, 110 

hearing '''pa(it)' and, 294. 295. s.ee also nearing 
..:ara-CII), 

siop(" stah,l,ty ,lnd. ·127~431 

Fn..::tLon .lngk 1~7 190,204,205, 214,217,219, .220, 
.2-S1, :; .... ·c abo specific topics 

bearing l,:itPoiIdt)' and, 294, 297. 298, 324 

direct sht·.u t .... :-;t, 20 L 
earth re-ti1illiog :strll(turcs, 381, 387, st'ot.' also birth 

retailling structures 
cffeclive, see Effective friction angJe 

for granular soils. 201, 202 
shallow l~)~lllliatiol1.s, 301 

shear ~trcn~tb and, 211-212, 218 
sjope stilhllity and, 427~43J, 432 
standard pcncnJ.tion tcs.t, 262. 263 

stn's) path!. and, 208 
tria~lJ.ltrsts, [94. 195, 196 
vibration of t~)Undations. and. 483. 484 

Friction piles, ltl, 312, 313 

Friction ri1tio, 264, 265.280 

G 
Gabion wall. 3. 4 
Gap-gr.ad ... d ... olls. 3D, 43 
General ~h~'ar f.lilurl" 291, 292, 294 
Geoenginl"l.'!rlng, I, .8 
GeoenvilOnmt'l1tai engineering, 1 

Geofabri.:s. Sf, 
Geonmtenab, I 
Geome,hantt.: .... , l, 8 
Geophone, 268-·269 
Geophysical survl'y ..... 2S1 
CEO-SLOPE Inlt"matiomll. 6, 89, 129,436 
Geo5tudio 21)1)7, 6, 89,129.436,443 
Geo:i\'nthelic.~, 3 
Geokchm..:al en~mt'ering, defined, 1 
Gibbsite, 12 
GlaciaJ soil,.2 
Grain shapt, 27, Jol 

Grain size 
capill<lry rise and, 69 
dal>$ill(;u.oo nf soils, see Soil dassitkation 
Grain l>ilot.' dlstrihutiun, 27,28-30,37,40,1 L-43, 44 
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design offllters and, 87, 100, 101 
laboratory tes.tSi, 277 

:;rain size di,~tribution curve, 28,29, 43, 45, 100-10 i 
:iranular backfills, inclined. 235-- 236 
3ranular fIlter:;, design ot: 86--87, WO-I01 
=rranula.r suih-. see al~o spccifk topics 

bearing -capacity, 293 
c-antl1cver s.heet piles in, 386-393 
classification of, 263-

cohesion. 210 
compression, 160 
earth retaining strudures and. sec Earth retaining 

structurfS 

friction angle, 2:01. 202 
piping in, 85, 86 
shaBow foundati-ans-. 290, 291, 324, see also Shallow 

foundations: 
settiementin, 310··319 
shear strength, 200 
site investigation, 251~256, 261, 263, 264 
slope ,tability, 431, 132 
strength, 187 
up,",,'8.rd flow, 82 

Gravdly $and. 70 

Gravels 
classification of. 27. 37, 38, 39. 41 
earth retaining struclur(:,ij and, 377,379, sec also 

Earth retaining structures 
frktiol1 angle, 202 
grain size distribution, 3U 
permeability, 71, 73 
site investigatiDn, 254, 259, 268 

G..-.. -.-ity retaining wans, 377-379, 380 

Gross pressures. 299 
Gross ultimate bearing capacity, 299-301 
Ground improvement, .3 
Ground subsidence, 421 
Ground water contamination, 1 
Group index, ;)9 

H 
Halloysite, 33 
Hammer effiCiency, 260-262, 281-282 
Handy, Richard, 273 
Ha7.ardous. waste disposal, 1 
HetcTOgeneous 50ils, hydraulic gradient and, 75 
HIgh-rise building, 290 
Highways, 379 
Homogeneous s.oils 

hydraulic gradient and. 75, 76 
lateral earth pf('.')sures and, sec Latl"'rall"'a~th pressures

permeability, 87 
s.lope stobility. 422. s.ee <lls() Slope stability 

Homogeneous undrained slopes, s[abiliLy of, 423-425 
Hooke's law, 6 
Horizontal cff~chve 5tress, 225. 226 
Horizontal How. 87. 88 
Horiwntalloading, 225, see ... 1-50 Lateral eartb prcssure'So 

Horizontal normal stTCS~. 65 
Horiz.ontal permeability, 85 
Horizontal pre~~ure, 275 
Horizontal stressc-s, 225-250, 271, 272 

at-test state. 226-230 
Coulomb's earth pressure theory, 237, 239 
earth retaimng structurC5, s~e Earth re.aining 

strudures 
Rankine's earth preS~l,lr~ theory, 231)- 237 

active state, 231, 232 

application", 225, 2:'6 
effects of uniform surcharge, 236·":B7 
inclined granular backftlls, 235·· 236 
lateral pre5SI.HC di.stribulions, 233-235 

passiw state, 231-233, 234 
reviev,' exercises, 246 -250 
worked examples, 240-2,16 

H-pil~s, 341, 345 
HydrauEic condu(:.tivity, 73, 77, 78, s~~ abo Penneability 

Hydraulic gradient, 75, 76, 78, 80, 81, 82, 88 
average, 75 
seepage and, 85, sec also Seepage 

Hydrometer analys.is.. 28. 30. 279 

Igneous rocks, 1. 2 
Illite, 32, 33,45 
Immediate settlement, 320, 321-323, 330···3301 
Impact roUer,S.'), 56 
I1! situ tests, 3, 25 t, 257, 259·-276, 280. ~Ce also Pidd 

tests; specinc tests 
borehole .shear tc~l, 273, 274 
con-e penetration test, 259, 263·· 269 
di13tometer test, 271-273 
granu!ar ,soils, 254-256 
K~ stepped-blade k~t. 273. 275 
plate load test, 275-276 
pressuremet~r test, 270-271 
standard penetration test. 259-263 
vane shear tes~, 269-270 



rndination, 382, 383 
lndination of footing, 296, 297, 299, 300 
Indincd grdTlular backfills, 235-236 
Jndex proper[jes, 2%. 276, see also specifk properties 
lndian Standards (IS). 37 
Inertia ratio, 471 
Infmite ~l(1pes, 429--432 
Initial settlement. 321 

Inlergranul,'r ~trc.ss, 65 
Int~rnal friction, angl~ of. 187 
IS, see Indiim Standards 
Isobars. pres.sure, under flexible uniform loads, 124, 125 
Isolated footings, 304-305 
Isotropic loadillg. 202, 203, 219 
Ttaipu Dam, Brazil, 3, 4 

J 
Tanbl1 method of slices, 437 441 
Tetties, 341 
Jetting, _145 

K 
Key, 384-3R5 

K\l state, 125-2.28 
K,_ 'tepped-bl"de tC.l1, 226, 273, 275 
Kaolinite, 32, 33, 45 
Kentlcdgc, 276, 356 
Kt;!rn, 302, 303 
Kneading, 55 

L 
Laboratory tc,~ts 

compao.:tion, 52-55 
consolidation, 143 
granular ~(Jil~, 256 
perm~~bility, 77-81 
sile invf"stigation, 251, 276, 277, 280 

Lan.lstr.i:ne soil, 2 

Laminar 11ow, 77, 79 
LandHUs, I, 49 
undslides, 12\ 
Laplace's equation, 83 
Laser sizing, 28 
Lateral earth pressun:'s, 225-250 

at-rest state, 226-230 
Coulomb's earth pressure theory, 237, 219 
earth [t!tainit"lg strLlctun~s, see Earth retaining 

structures 

Rankine's earth pre;isure theory, 230-237 
aclive' state, 231, 232 

Index 495 

applications, 225, 226 
effecTs of I,lniform surcharge. 236-237 
inclined granular backfills, 235-236 
lateral pressure distribuHons, 233-235 
pas.sivc s.lah', 231-233. 234 

r~vicw exen:ises, 216-250 
worked e-xillnpks:. 240-246 

Lat-eral prl"ssure 
cantilever sht:!et piles, 386·· 395 
earth reraining _~Iru.;tures) 389. see also Earth 

retaining structures 
Lateral pre,~Sl.l[e distribution, 228 

('arth retaining strucllJ.rcs, 386 387. see also Earth 
reta.ining slrudurc::> 

Lava, 1 
Lifts, 52 
Limit equilibrium methods, 435, 443, see also Slope 

stability 
Linear elastic continuum, ] 15 
Linear elastic diagram, 1] 5, 116 
Li:near Il.hrinkage. 35, 36, 277 
Lineloads, str~SSfs. due to, 11& 

Line of optimum, 51 
Liquefaction, 82 
Liquidity index, 35 
Liqui.d lirllit, 34,35, 36,37,38,49,41,43,144 

laboratllry tt'sts, 277 
LIquid stat-(', 31, 35 
Load carrying capacity 

deep foundations., 343, see aho Deep f{lu))dations 
ofa pile. 311, 347-353, see also Piles 

equations for estimating, 354- 355 
negative :skin friction, 353 
ultimate bearing capa.city at the tip, 343, 350 

ultimate shear n,:si~tance among the shaft. 349-353 
shallow foundations. sec Shallow foundations 

Loaded <lrea, vertical strcssc.~ beneath. see Vertical 
s.tresses, beneath loaded area.s 

Loading, 6 
direct shear tf-st, 200-202 
drained and undrained, 19T-193, 194 ·195, 208. 214 
shear strength and, 187- i 90. see also Shear streogth 

Skempton's pr{' pre.ssure parameters. 203 
stress p,l.[hs i"1I1d, 206,,209 

triaxial test!i-, 193-200 
Local shear fail~m', 291, 292, 294 

Long-term ioading, 193 
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Loose sands, direct shear test, 2m 
Loose soil, 30, 31 
Low strain amplitude, 463 

M 
Magma.l 
Magnesium, 32, 33 
Marchetti, Silvano, 27.1 
Marine days, J2 
Marine soil, 2 
Mamnry.377 
MM., ll, 12,13,14, IS, 16, 17, )9, 20, 12, 58 

vibrations of foundations and, 465, 466, 468, 469 
Mass moment of inertia, 478, 485 
Ma.ss: ratio, 468 
Mass-sp.ring system, 483 
M.sHpring·dashpot system, 469-471, 475-478, 483 
Mat foundations, 289, 304-309 
Maximum amplitude, 460 
Max:Lffium dry density, 51,52-53,55,57,58,62 
Maximum void ratio, )0 
Mechanical disturbance. 256 
Mech;1hi",Uy ,tablii"cd earth wall, 378, 379 
Mechanic.s, 1 
Medium dense soil, 31 
Mesh, 6, 7 

Mesh size. 91 
Metamorphic rocks, 1. 2 
Method ()f slices, 7,432-435,439-441,443, 446-447 
Method of ~poE"cifi(ation, 55 
Mcycrhof'1I bearing capacity equation, 295-299, 324 
Midiigaii State Highway Commission plJe driving 

formula, 354 
lvlicr.o piles, 341 
Midpoint circleii-, 425, 426, 444. 445 
Minimum void ratio, 30 
Modified Proctor compaction test, 52, 53, 61 
Modu!us of elastiCity, 273 
Moduius of subgrade reaction, 275, 307 
Moh, ci,des, 1 $1-186, 187, 205, 210, 211, 214, 216, 217, 

:218.221,226,227.231.232,259, see also Shear 
<ttength 

at failure) 206 
failure envelQpes in terms of stresses and, 190-191~ 

192-, see a!so Failure envelope 
loading and, 187·-190 
stress path' and, 206-209 
lri<D{.1a1 tests, 195, )96~107, 298 

Mohr,Couiomb envelope, 273 

Mohr,Couiomb failure criterion, 186-~187 
MQi,<;.t den~ity, 13 
Moment of inertia, 388, 478, 4SS 
MontIhorillonite, 32,33,45 
Morgenstern-Price method of slices, 435, 439-441, 443, 

446-447 
Muskeg, 160 

N 
Nakheel Tower, Dubai> 257 
Natur<ll frequency, 460 
Natural s.lopes, 42l 
Naval Facility Design }1I[anual, 6 
Navy-McKay pile driving formula, 354 
Negative skin frtctio]l.. 353 
Net pres5urcs, 299 
Net u16mate bearing capacity, 299-301 
Neutral stress, 65, 69 
Newma.rk's chart, 124-128. 133 
Newton's second law of mollon, 454 
NOl1cohcsive :mils. 32 
Nondisplacement pile, 345 
NOf1naHy cOllsoHdated day, 330-332 

cohesion, 210 

compression, 160 
t;:on~o1id.ation, 144 

final comol~d.ation setticm.:::nt. 150. 172-175 
lateral earth pressures, 227-228 
shear strength, 201, 203, 204, 217, 219 
time rate of consolidation, 155 
triaxial tests, 194, 195, 199 

Nuclear density meter, 57 
Numerical modeling, 6-7 
N-value, 259, 310 

o 
Octahedral sherr, 32, 33 
Octahedron.s, 32 
Ocdometer modulus, 149 

Ocdomc-ter ring, 140 
Oeciometer test, 151, 160-161 
One-dimensional.co-nsolidalion, 14-o-1~12, 226 
One-dimensional flow, equivalent p:ern-H.~a.bilities for, 

87-BS,Sg 
Optimum water .:ontent. 51, 52, 57, 58~ 59, 62 
Ordinary method of slices, 4~3-434, 439-441, 443 
Organic days, compresS:10fi, 160 

Organic soils, 12.37.38,39 

specific gravity, 13 



void ratio, 12 
Orienl-f"d fahrics, 33 

Oscillation, frequency of, 455 
Ou.::hes Bn~che D<illl, fr.ance, 86 

Overburden, vertical normal stn:sscs due to, 66-67 
Overburden pressure, 66, 265, 299, 31 J. 
Overburden pressure correction. 260·-262 
Oven:::onsolida.ted days, 144, 149,330-332 

compression, 160 
final consolidation :1i;-"ukment; iSO-151. 172· 175 
shear strength, 19-9,201,203 
time rale of (onsolidRtion. 155 

Over.;;omolidated soils, lateral earth preSS,lreli, 228 
Overconsohdation ratio, 144, 145, 164, L70. 203, 228, 

273,322,330,464.484 

I.riaxial tests. 199 
Overdamped system. 456. 457.458 
Overtuming. 379. 381 382. 383-38. 
Oxides, 32, 33 

Oxygen, 32 

p 
Packing density, 27, see also Relative- density 
Pad footing', 289, 290, 291. 327. 341 
Palace of Fine a!'ts, Mexi-to City, 290 
Parent rock, .soil formation and, 2 
Partial1y saturated soil, stresses within, 67 
PaTticuiate media, 65 
Pas:-;.ive state, lateral earth pressure:>-. :225, 231-233, 

234-235 
Pavement, 275 
Peak shear strength, 201 
Peat, 37, 39, 160 

Penetration number, 259 
Penetration resistance, 3 
Penetrometer, 198,252.265 
Per.;;ussion cup method. 35. 36 
Percussion drilling, 254 
Permeability 

Bernoulli's equation, 73,75-76 
compaction and, 49. 51. 52. 57, 62.. see also 

Compaction 
consolidation test, 164 
Darcy's law. 76-77, 78 
defined,73 
eqUivalent for one-dimensional tlow, 87-88, 89 
laboratory and field tests, 77--8l 
review ex.ercises. ] 03--l13 

seepage and, see Seepage 

Index 497 

site investigaTion, 268 

typical values. of, 77 
worked examples, 94-!O3 

Penneability criterion, 87, 101 
Perspex cell, 193 
Phase diagram. 1l, 12, 13, 14, 15 

compacted soil, 51·52 
Phase relations, 11-27,47-48, see also Air; Soil grains; 

Waler 
laboratory teMs, 277 

Piers, 341 

Pi.ezocones. 169. 263, 264,265 
Piezometric line, 437 
Pile-driving ana!Y7.cr. 356-357 
Pile group, 341, 361··364 
Pile hammer, 345, 354 
Pile load test. 355~357 

Piles. 1. 341-376 
applications 0(, 3'11,342 
breadth to deptb ratio. 341 
composite, 344, ),15 

concrete. 342, 343, 344 
ddincd, 3-41 
installation, 345~346 

load carrying c<lpacity, static analysis, 347-35'~ 
at the tip, 349, 350 
negative skin friction, 353 
ultimate ~ht-"ar resistance along the -shaft, 349-353 

load teSt. 355-357 
pile drh'ing formulae, 354-3-55 
pile group. 361 ~364 
review exercises, J,73-375 
!i-cttlement of. 357-361 
steel, 342, 343 
timber. 312-343. 344 
types of, 34 L 

worked examples, 365-372 
PI-LL chari, 38, 43 
Pipelines, 3, 225 
Pipfng 

in granular soils, 85, 86 
safety factor, 85. 96, 97 

Piston sampler. 256, 276 
Pitching. 453 
Plane-.strain coll'lpre.s:-;.ion test. 297 
Planc~strain friction angle. 297 

Plane-sttain loading 
shallow foundaliom. 297, 313. 315 
slope ~tabiliry. 422. sec also Slope stabiJity 
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Plasters, 290 
Plastic clays, 160 
Plastidty, 35, 31, 38, 39 
Plastidlr jndex. 34. 35, 38, 39, 43-. 194. 227, 228. 265·· 

266.282.322,464,465,484 
Plastic limlt. 34, 35, 38, 41 

laboratory tests, 277 
Plastic: SQlid state, 34, 35 
Plate iOJ.d lest, 275··,276, 309,:3lO 

PLAXIS.6 
Foint loads, streSSes- due to, 116- L 17 
Pois,~on's ratio, 116, 150,227.228.309,-166 

shear modulus and, 463-465 
Poorly graded soil, 30, 37, 38 
Pore air pressure, 67 

Pore .:bannels, 86-87 
Pore pressure dissipation test 268 

PDre water, 33 

total normal str1"'.% and. 65, 67 
Pore water pressure, 65--72. 93, 230 

computatLon using SEEP/lV, 89, 91, J OI-103 

cone penetraticD t'l":5t, 263-264 
consolidatton and, 13-9, 140, see also Comolidatitm 
de$ign of filters and, 87 

flow and, 8]. 82 
permeability and, 75, 76 
retaming waH d~.sjgn, 379, see also Earth retaining 

structure;;; 

seepage and, 82. 84. 85 

shallow foundations. 323 
,hear strength and. \90. 202-205, 210. 2 [1.2]2.213, 

222, -see also Shear strength 
Skcmpton's parameters, 202-205 
slope stability and, 429--431, 432-434, 43i 

standard penetration test. 259 
tr[axial tests, 193-200,206, 208 

PurosHy. 12. 14, Ls 
Porous medium, 73 

Potassium, 32. 33 

Poulas and David method for estimating settlement of a 
pile. 358 

flrandtl·Reissner plastic-limit equihlHhllll plane-strain 
;In<llysts 

?rccast piles, 343, 344 

?rcconsolidation pressure, 143, 144-1'16 

Casagrande's prucedurt' to determine, l48. H9. 
165-166 

?reloading. 151 
?ressure 

earth retaining ~tn.1Ctllr.es, .!iee Earth retdining 

structures 
lateral earth, see Late-ral e-arth pressures 
shallow foundations, see Shallow foundations 

Pressure distributions b~ne.ath e(:(:entrically loaded 
footings.. 301-304 

Prc:'i-<;ure head, 73, 75, 76, 84, 93 

Prefi.surc: L~C1bar,o;, 124, 126 

PrcssurertlctN. 257, 258 
Pres.suremcter tcs.t, 22-6, 270 ·271 
Pre~umptjve bearing pr(!ssun.'$, 292~293 

Principal planes, 183, 186, 1 RR 
Principal stres;; diffefefll:;:c, 188 
Principal stre.sse.s, 183, L84, 186.188.189.202,216,221, 

2)0 
rdationship at failur-t':, 205-206 
s.tresS paths. 206-209 

Probabilistic charts for senlement prediction, 313-319 
Proctor, R.R., 5-2 
Protective mttrS, 86 
Pumping ont te:;.t, 80, ~1 
PUhchitlg s.hear failure-, 29].292 

Pycnomekrs, 13 

Q 
QUAKEIW.6 
Quick conditiun. 82 
QUicksand. 82 

R 
Radius, 476 

Raft footings, 326 
Raft foundati.on, 289, 290. 299 

deSign, 304-309 
flexible mellwd. 307-309 
rig~d method, 305-307 

Rtlkcf pile, 34J, 345. 346 
Rankin-e's coefficient of pas.sive earth pressure, 233 

Rankine's earth pressure theory. 230···237 
active state, 231, 232 

earth rctainlng slructllres. 377, 379,380. see also 
Earth rctainirtg structures 

effe.ct of uniform sun:harge, 236-237 
inclincd gran~,la[ b.1(kfllh, 235-236 

lateral pressure distributions, 233···235 
pa.s!)ive state, 23l-233, 234 

RCllctiv-c days, .n 
Recom.pres.sion index. 143, 144, 169-170,330 



Reconstirutc-d sample, 256 
Rectangu]arfooting" 298, 302-303, 310, 313, 315. 326 
Rectang.ui;JI load. unifonn, s-t':.:: Uniform rectangular load 
Reinforced earth, 3 
Reinfor(:ed earth walls, 377 
Reinforcement bar, 3 
Reinfor.;::ern~nt 'age, 379 
Rciative compaction. 55, 56. 57, 59--6.Q, 63 

Relative dcn"iry; 30. 31. 187. 2~1 
standard penetration test. 261, 262, 263, 2~H-283 

Remolded day. 202, 155 
Residual !i.hear strength, 201 
Residual !i.oils, 2 

Resistance 
adhesive, 239 
cohesive. 239 
earth retaining structures. 382, 383, $t'f also Earth 

retainin,g structures 
R('_~isting mom!"'ot, 382-
Re.~onant ftequ('n~y, 462, 463-, 466, 467, 46$, 410, 471, 

482,485 
RC.:ionant frequency of vibration with damping. 460 
Retaining walls, see also E:uth retaining structures 

design of, 379~2g5 
lateral earth pressurc~. 255, see also Latera! earlh 

pressures 
shear failure, 181 

Retention criterion. 86. 87, 101 
Revnolds. number, 77, 19 
Rigid metbod ofraft foundation de-sigll, 305-307, 308, 

309 
Rigid perfe-ctly plastic diagram, ) I 'j 
Roads, compaction and, 49, :;ee al.so Compaction 
Roadwork, 31,39 
Rocking vibration of fOillldations. 453, 469-475, 41)4 

constant fon:e excit;atiun, 1169-471, 472 

rotaling mass excilation. 471-475 
Rock mechanics, 1 
Rocks, 1 

bearing capacity. 293 
drilling. 254 
earth retaining structures. 377 
patent. see Patent rock 
.soil [ormation and. 1-2 

RolI.rs, 49, 55. 62 
Root piles, 341 

Rotary dnlling, 25. 
Rotating mass excitation, vibration of foundations and, 

461-463 

foding, 47] -475 
sliding, 477 
torsiclnal, 478. 480 
vertical, ·168-469 

Rotational [ailure, 122, 423 
Round-grained soil, 3l 
shear modulu~ for, 463 

S 
Safe l y factor, 2 

deep foundations, 355, 355 
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earth retaining structures, 38L, 382. 38J--3~4, 385, 
388 

for piping, 85. 95. 96 
shallow foundations, 290, 292, 299, 302, 305, 324, 325 
slope failure-, 422-423 

slope stability. 424. 427. 428, 432-435, 44()-- 441, 
443-445.447.419, 15U, 151 

Sampling, 251, 253. 251. 256-257. 258 
Sand cone tes.t, 57 
Sand replacement [~st, 57 
Sands.. 21, 22 

classification of, 27, 37,38,39,41 
friction angle, 202 
grain sb-..e distribution. 30 

lateral earth prcs:surl.!~, 227 -230 
permeability, 71 
~hallow foumbiions. 292, 305, see aLso Shallow 

foundations 
shear moduius- for, '163-164 
shear ~trengtb, 201 
sile inv-t!:.tigation, 259, 261, 262, 266. 273. 280 
specific gravity, 13 
stresses, 70 

in trial pi!. 3 

void rario, 12 
Sandy gravel, 70 
Sat ttrated days. 

consolidation. 1:3-9. sec also Cons.oJidatioli 
shear strength, 203.210,216,217.221 

Saturated denSity. 1 :;, 14 
Saturated soil, 11 

lateral earth pressure;';, see Lateral earth pres~ures 
stresses within, 65-(j(1, 67, 69 

Saturated unit weight. 13, 14 
SaturatiDn, 203, 204 

degree of, see Degrct: of saturation 
triaxial tests, 194 

Scanning electron micros-cope, 33 
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Schmerlm;mn et aL meLhod for predicting settlement of 
a shallow foundation in gra.nular soils, 310 

Schmertmann's procedure to determinl1': virghl 
consolidation line, 148 

Screw pile, 345 
$ccoridru-y eompr-ession, 159· 164, 169,321, 324 
Section moduJus~ 388 
Sedimentary deposits, 87 
Sedimentary rocks. 1-2 
Seepage, 6, 82-B6 

analysis using SEPPIW, 89-93, 101-105 
beneath a dow, 73, 74, 75, 82, 35, 101-103 
beneath a ~heet pile, 73, 74, &2, 85, 101-103 
Bernoulli's equation, 73. 15--76 
Darcy's law, 76-77, 78 
defined, 73 
desjgn of granular filters, 86-87 

flow net construction. 85 
flow net in anisotropic soils, 85-86 
laboratory tests, 277 
pi.ping in granular soils, 85, 86 
review exercises, 103-113 
slope stability and, 431 
velocity, 75 

worked examples, 94-103 
SEEPfW, 46, 13 

seepage analysis using, 89-93, 101-105 
Seismic (:Oll!!> 269 
SemiRsoHd state, 34, 35 
Sensitivity. 202 
Settlement. 139. 275 

compaction and, 49, see also Compaction 
computation -of finaJ consoHdation, 150-] 53. 166-

169,172-175 
consolidatioI1, 321. 323. 332, see also Consolidation 
foundati-ons, 262 

lmmedi.te, 320, 321-323, 330·-331 
laborato-ry tests, 277 
lirnit~, 290 
of a pUc, 357-361 
pmbabilistil;: charts for predi<ting. 318,.319 
shallow foundations, 290, 291, 299, 305. 324;. see also 

Sha.llow foundations 
fn cohesiv(' soil, 319-324 
in granular .soH. 310-319 
worked examples, 325-334 

Shallow foundations, 289-339, 341 
bearing capacity. 290, 291-301 

gross and net pre.ltsures, 299-301 

Mcyerhof's e-quatioll' 295··299 
presumptive, 292-293 
Terzaghi'& equ.ation. 294-295, 296 

water table effects, 301 
design criteria, 290-291 
pressure distribution beneath ecc.entrkally loaded 

footinl,'S, 301- 304 
ran foundation design, 304-309 
review exerdses, 334-338 
settlement II]: a t:ohc.sive soil, 319~324 
settlement in granular soil, 310-319 
types of, 289-290 
worked examples, 325-334 

Shape of footing, <96, 298, 300, 310 
She.,- box, 200, 20) 
Shear failure, 181, 186, see also Shear stren.gth 

,h.Uow foundations, 29D, 291-292, see alS<) Shallow 
foundations 

Shear for(:e,~ 
earth retaining strucrures, 387 
shallow foundation:), 307 
slope s~.abiHly and, 432.:...434 

Shearing.20S 
Shearing resistance. angle of, 187 

Shear modulus 
of clay, 464--405 

of 'and, 463 464 
vibration of foundations and, 466, 483, 484 

Shear res-istan.ce, 294 

deep foundations, 341. 349,350 
earth retaining s.tructures, 381·-384, see also Earth 

retaining structures 
shallow foundations, 291, see also Sh<lIlow 

foundatiobs 
Sbear strength, 181-224, see a.lso spedfic topics 

ofcJa~,,<64-265,266.269-270,2S2-283 

common loading srtuatkOI1, 187-190 . 
dilatometer test. 273 
dirc-ct shear test, 200-202 
drained and undrarned loading, 191··193~ 194~195, 

208 
effect>: of stress reHef on, 257, 258 
in sittl tests, 257, 258 
Mohr ",des, 181-186, 187, 210, 211, 214, 216, 217, 

218,221 
failure -ell.ve!opes in terms of strt'!S$el:l and, 190-191, 

192 
MohrRCouromb failure criterion, 186"··187 
Skempton'!; pore pressure parameters, 202-205, 208 



slope stability and, 422, see also Slope stability 
,lope ,tability and, 422,423-424,427 428,429-131, 

444-145, see also Slope stability 

stn:~Ss. reJa.tion.shipfi. at failure. 205···206 
triaxial t-t':sts, 193~200, 206, 208, 2Hl-217 
vane shear test, 269-270 

Shear SlTe~s, 181-" 185,188, .sre also Shear strength 
dire,,! shear test, 201 

lateral earth pres~l1reS and, 230 
shallow founda.tions, 290, 291. see also Shallm-v 

foundations 
slope stl;l.bility and, 422, 423, 444, see also Slope 

stability 
Shear wave velocity, 269 

Sheepsfoot mIler, 5S 
Shcct piles, 3, 377,378,379 

anchored. see Anchored s-heet piles 
cantilever, see Cantilever sheet piles 

lateral earth pressures, 230, see also lateral earth 

prcs.sur.es 
seepage beneath, 73, 74, 75, 82. 85, 101-103 

Shelby tube", 256, 257, 276 

Short-term loading, 192 
Short-terln stress analysi~, 427 
Shrinkage, 35 
Shrinkage limit, 34, 35 
Sieve, laboratory t~st:;. 277 
Sieve analysis, 28, 30, 39 
Sieve- numbe-r, 28,45 
Sieve- shaker, 28 
SiGMA/W, 6, 7, 443 

stress computations using, 129--132. 135-136 
Silicon, 32, 33 

Silts 
dassification of, 27, 37, 3S l 39, 40, 41 
friction angle, 202 

pt;:Tme-ability,73 
plastidty of, 34 

Si!t:;>tones, 257 

Silty clay, 71 
5Llty ,mis, 37, 3~ 
Singl!"'-acting hammn, 345 
Site characterization, 251 

Site inve-5tigation, 251-238, see also specific topics 
borf"holes and trial pits, 251-252 
desk study, 251 
drilling, 253-254, 255 
in siw tests, 257, 259--276, 280, s~e also spf'dfi-c tests 

borehole shear test. 273, 274 

Index 501 

cone pelll;!tr<ltion test, 259. 263-269, 280, 283 
dilatom~tcr tt.":st, 271-273 
K(J steppC"d·blade test, 273. 275 
plate load tesl, 27S-276 
pressurcmet-er tt:St, 270-271 

standard penetration test, 259-263, 280. 281-282, 
283 

vane shear test, 269-270, 280, 2f!2-283 
laboratory teMs, 276, 277, 280 
locating the water table, 257 
report, 276, 278, 279 

review exercises, 283~286 
sampling, 253,254, 256-257,258 
sit~ reconnaiss.ance, 251 

subsoil profile. 251 
worked examples, 280-283 

Site investigation rcport, 276, 278, 279 
Site reconnaissance, 251 

Skempton. Alec. 202 
Skempton's pore- pressure parameters, 202 -205, 208, 210, 

211, 212, 214, 216, 217, 219, 220, 222, 223 
Skin friction, negative, 353 
Sleeve friction, 261, 265, 280 

Slke~, 432, 433. see aIso Method of slk('~ 
Sliding, 37g, 381,383-384,385 
Sliding vibration offoundatioDs, 475-478, 485 
Slip circles, 422, 423-427, 428, 432-433, 436-442, 443 
Slip s-urface, 423. 424, 427.135, 437-442, 443, see also 

Slope- stability 
Slope circles, 425, 426 

Slope height, 422 
Slope ,tability, 3, 6, 115, 421-452 

analysis u:sing SLOPH/'Vt". 435-442 
failure and safely factor, 422-423 
h(lmog-c'neous undrained slopes, 423-427 
Taylm'.s chart for undrained clay.s, 425-427 
infinite slopes, 129-432 
method of slices, 432-435 

Bi~hop's- simplified, 434-435 

ordinary, 433-434 
review exerd-5e.s, 447-452 
Taylor's chart for soils with cohes.ion and friction, 

427~129 

workl':d e>:;arnples, 443-449 
SLOPE/W, 6, 7 

slope .stability analysis, 435-442, 443, 445-449 

Slun y,379 
Slurry wall, 379 

Srnectite~, 33 
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Smooth-wheeled rollcr, 55 

Soft day" 12 
bottom h~;ive in, 402-403 
Soil classifkation, 27~·4.g, see also .~pecific topics 
AASHTO, 39-40 
(oar~eLgra;:ned s()il~, 27-31 

grain -shape, 31 

glJin size distnbution, 28-30 
relative dens-ity~ 30, 3l 
fine-grain-ed solIs, 32~34 

Attcrberg limits, 34-37 
day mineralogy, 32-33, 34 
laboratory tests. 277 
major soil groups, 27 
review exerdses~ 44···46 
uses, 37-39 
visual idenhfication, 40, 41 
worked examples. 41- 41 

SoH (ondiHons, 3 
Soil (Over, 6 

Soil grains., 11, 12, 13, is, IS. see also Soils. 
consolidahon and, 153 
failure and, 181, see <1(so Shear strength 
normal stresses and, 65-72 
:specific grnvily, 13 
stresses and, 67 

Soli mass, 11, 12 
normal stresses and, 65-72 
,lope stability and, see Slope stability 

Soil mechanics, l, 2,8 
Soil nailing, 3, 4, 377, 378,379 
Soil pressure beneath <l. footing. 301-304 
Soil::;;:, 1, "ee also specIfic types; specific topics 

anisotropk. 85-86 
-capillary effects in, 68-69 
clas.~iflcation of, see Soil dassificatfon 
coarse-grained, :;;:ce Coarse-grained soils. 
-compated to oth~r e~lgineering materials, 2. 8 
consolidation. see Consolidation 
damping char:::u;:te:rii;tic. 456 
dry, II 
drying, 12 
earth retaining structures, sec Earth n':taining 

stm-ctures 
fajlure in shear. 181, ,~ee a1~() Shed( strength 
fine-grained, see Fine-grained soils 
formation of. 1-2 
in situ tests, 257, 258 
numeriC;;jllllOdehIlg,6-7 

permeability, sec Petmeability 
phase relations. see Phase relations 
saturated, 11 
seepage, see Seepage 
site investigation, se.e Site in"V&";tigation 
slope stahiHty, .see Slope stability 
specific gravity, ] 3 
stiffness, 3 
strength, 3 ' 
stresses in, 65--72. 81-82 
testing, 3, 5 
tra.tlFiporting agents, 2 
types of, 2 
water content. 11-12 

Solids:. 11. 12 
Spectflc gravity, 13, 14, I 5, l6. 17, 18, 20. 21, 256 
laboratory tests, 277 
vibration of foundations and. 483, 434 

Specific surface, 32, 45 
day minerals, 33 

SplitMbarreJ sampler, 259, 2"6 
Split-spoon ,ampler, 256, 259 
Spreader, 49 
Spread footing, 299 
Spring constant, 463, 466, 470, 471, 476, 478, 483 
Sprmg-malls system. free vibration of, 454-455 
SPT, see Standard penetration te,o:;t 
Sq"are footings, 294, 295, 297, 310, 312, 313 

Stability 
compaction and, 49, $C() also Compaction 
earth rJ;;taining structurEs, 377, 381--3:35, :>.ce also 

Earth retaining structures 
1aboratory tests, 277 
retaining wall dfl)ign, 379-385. sec also Earth 

retaining structures: 
slope, see Slope stability 

Stability chart" Taylor's, 425-429 
Standard penetration test (SPT), 3, 256, 257, 259-263, 

266,276,280,281-282,283,310,313,316,324 
Standard Proctor compaction rest, 52. 53, 57. 59-61. 62 
Static deflection. 454, 455, 483 
SteadYMstate {meed vibrahon with damping, 458-463 
Steel $-ht-et pik~, 3 
Steel, 2 

earth retaining s.tructures, 377, 3-85 
~hear ;strength. l81, see also Shear strength 

Steel piles, 341, 343,345 
Stokes' Jaw, 28 
Strain, 140 



c::omoHclation and, l53 
Strain hardening, It5 
Strain influt;'nce factor, J U-313 
Strain rate, 203 
Strain wftenin& 115-
Strap footings, 289 
Streamline. 76. 82-84.85.86,93,99 .. 100 
Strength, la.boratory lCl:>t,~, 277 
Stress c:ontour, 121 
Stresse,,,, 6, see also specific typfS 

computations using SJGMAIW, 129-132, 135-136 
effective and total, 65-72 
horizontal, s.ee Horizontal stress; Lateral earth 

pres~m-es 

increase in, 14] 
principal, ;'lee Principal str-ts.scS 
shear, 181, see also Shear strength 
in soils due tu flow, 81-82 
vertical, see Vertical stresses 

Stress paths. 203. 206-209, 210, 215. 22D 
Stres.s point, 20G, 217, 218, 222 

Stress relief. 256. 257. 258 
Stres.s-strain plots, 115 
Strip footings, 124. 125.289. 29U. 291, 294. 295. 296, 297, 

298,30) .. 302.310,313,325. 382. see also Shallow 
foundation& 

Struts. 225, 226 
SubangL,lar grains, 31 
Subgrade modulus, 307 
Submerged density! 13, 14 
Submerged unit wdght. 13 
Subrounded frains, 31 
Subsoil prome, site investigation, 251, see als-o Site 

investigation 
Sub:surfa-ce -exploration, 251 
Superpos.itlon, 120 
Surcharge, 139, 140, 151, 152, 154 

ulliforlll~ 236-237 
Surface: tension, 68 
Swedish fail cone melhod, 35 
Swedish method of sHc-es, 4.33 
Swelling. 33 

T 
Taylor', slope 'tability .;hart<, 427 429.443.444. 44S 
Taylor's square root ofHme method, 156, 158- ,159, 

161 .. 164 

TEMPIW.6 
Tensile strength, 181 

lens-ile Mresses, 181 
Tmaglu. Karl. 1 
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Terzagru and Peck method for predicting licttlcment of 
a shaBow foundation in granular soils. 310-311, 
317.318 

TeTZ,,-ghj';:; bearing capacity equation, 291, 294~295, 296. 
299.324 

TeJzaghi'.s consolidattQn th;;O-Qr}" 159 
Terzaghi's one-dimensional cODS-aHdation theory, 139. 

153 
Test pit, 252 
Tet,ahedr.l ,heet. 32. 33 
Tetrahedrons, 32 
Theory of elastidty, .~21 
Thixotropic day; 202 
Three-dimensional c-onsolidation~ 140 
Thrust, 228. 381··384, 385 
Tiebacks, 379 
Timber, 

earth retaining structures, 377, 385 
shear strength, 181 

Timber pUes. 3, 312-313. 344. 345. 354 
Time rate of consoHdatlon, 153,159. 166··169, 172-175 
Toe circles, 425, 426, 444, 445 

Torque. 269. 2BO. 232. 282. 478. 485 
Torsional 'Vibr-.. tiNI of foundations, 475-482, 485 
Torvane, 198 
Tota! density, 13 
10tal head, 73, 75.76. 7S. 81, 82, 83. 84. 90. 91. 93 
Total head loss, 75. 76. 83 
Total horizonta.l streSS, 228, see .also HQrizontal stress 
Total normal stre-ss, 65 
Tat,ti principal $tres~cS, 202 
Total stress, 65-72, 82 

consolidation and, 139~ l4D, see aifl-O Consolidation 
lateral earth prfssuref'i, 226, sec also Lateral e<trth 

pressures 
shallow foundations, 299, 324 
shear strength and, 190, 215, 218, see als-o Shear 

s.trength 
triaxial tests, 194, 195 

Total stress analysis, 427 
Total vertical stress~ 82 
Translational failure, 423 
Transported sOlls, 2 

Tr~mie pipe. 379 
Trial pits, 3, 5, 25) ···252. 253. 256, SLoe also Site 

if]vestigatiOtl 
Triaxial tests, 193-200. 206. 208. 228, 276, 277. 297, 298 
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conwlidated d .. ined, 191, 197, 211-212. 217. 213 
consolidated undrained, 194,195,208,209,210-211, 

212,217-218,219,220.221 
site investigalton, 256 
unconsolidated undrained. 194, 19:5 -197,210,218 
worked. exarnp!c-s. 210-217 

Tube sample, 253, 256 
Tunbridge Dam, Auslnliia, 86 
2:1 distribution method, 123, 13S 

2R-O.6 distribution, 3) 2 

U 
Ultimate bearing capacity, 

deep foundations, 341, 349, 350 
earth retaining structures, 382, :sec also Earth 

retaining stractuTes 
shallow foundations. 292, 294, 299, 301, 305, 325 

Ultimate shear resistance, deep foundations. 341~ 349, 
350 

Unconfined compression test. 198-200, 219, 277 
Unconfin.e:d tDIhpres::>ivt s~rength, 198 
Un.consoHdated undrained triaxial test, 194, 195-106, 

210, 218, 277 
Undamped free vibration, 454-455, 483 
Undamped natural circular freql~ency, 4SS 
Undamped natural frequency. 482 
Undamped natural frequency of vibration, 455, 457, 459 
Underdamped system, 456. 457, 45S 
Underreamed pier, 341, 342 

Undr<lined days. Taylor'S stab.l1ity -chart. 425~427. 443~ 
444,445 

Undrained loading, 191-193, 194,195-106,200 
clays, 295 

shaHow foundations, 299, 321 
Undrained shear strength, 196 
Undrained slopes, homogeneous, stability, 423- 425 
Un~axial compression test, 198-
UnIfied Soil ClassiflCation System (USeS), 27 

Uniform load~ flexible, see Flexible uniform load 
Uniformly gmded $oib, ,~O, 41, 43 
Uniform rectangular load, stresses. under the corner of, 

118-123,03 
Uniform surcharge, 236~237 
Unit thickness, 43-2 
Unit weight. 13, 14, 15, 18,58 

bearing (apacity and, 294 
relative density and. 30 
shaUow foundation::;, 301 

Uplift thru.,t, 84 

Upward flow, 81, 82 
U.S, ArmyCorps-ofEngineers, 6, 37 
U.S. Bureau of Reclamation, 37 
liSC$, sec UnifLed Soil Classificatlon System 

V 
Vadose zonc f 6 
VADOSFJW,6 
van der Waals forces, 33 
Vane shear \est, 269-270, 280, 282-283 
Velocity head, 73, 75, 93 
Vermiculite~ 33 
Vertical -effective stress, 225, 226 
Vertical flow, 87, 88, 89 
Vertical normal stress. 6S, 116, 118, see also Vertical 

stresse.') 
computations using SIGMA!W, 129··132 
due to overburden, 66-67 
iI')o;:r~a~e iTI,l16, 117, 118-121 
Newman's .chart. 124-128 
2:1 distribution method, 123 
wo,k£d examples, 133-136 

Vcrtk'1l1 permeability, 85 
Vertical pressures, shaHow foundations, 3Q1. See also 

Shallow foundations 
Ver(i<:al siraJo, 141 
Vertkal.strcss, 81-82 

beneath loaded aTeas, 115-138 
Ncwm.1rk's chart, 124-12R 

pressure isobars lUlder flexible uniform loads, 
124,125 

;review exercises, 136-138 
stress computations using SlGMA/W, ]29-133 
stresses due to Hne loads, us 
stresses due to point lORds, 116-117 
stresses under the corner of.a tmllu.rm redangular 

load, 118-123 
2:1 distribution method, 123 

worked examples, 133~136 
shear strength and, 189, 214, 219, ''''' "Iso Sheer 

strength 
,tress paths, 206·209 
triaxJ2! (c,ts, 193-200, 206, 208 

Vertkal vibration of foundation" 453, 465-469, 483, 484 
constant fQf/,:e excitation, 465 .. 468 
rotating mass -t:'x(:it~tion, 468-469 

Very dense soil, 31 

Very loose sando. 292 
Very loose soil, 31 



Vt':s lc metbod for estimating settlement of a pjl~, 358--361 
Vibralions of foundations, 453-485 

modes Qf, 453 

review t:xerciscs. 483,~485 
roddns, 469~'!75 
shear modulus and Poisson's raHo, 463-465 

' Ilrling, 47 5~478 
tursional, 478-482 
vertic. l analog sGlution, 465-469 
vibration theory. 454--463-

free vibration of a spcing·mass system, 454-455-
free vibration with viscous damping, 455- 458 
rotating mass-type cxdtation, 461 -463 
$tt!a.dy.~tate fon:ed vibration with dampmg, 

458-461 
Vib rato ry hammer, 345, 346 
Vlbulory plates, 55 
Virgin consolidation line, 143 ·144,150,164) 169- 170 

Sc.hmer tmann's procedure to determine, 1'18-149, 

J65- 166 
Viscosity of '''l'.1ter, 77 
Viscous dampi.ng, free vibration with, 455- 458 
Visual identification and cias.'i.iHc2.t!on of soils, 40-41 
Void ratio, 12, 15, 16, 17,1 9, 20, 30,45,62,330 

compaction and , 49, See also Comp-Jction 
consolidation and, 139. 144, see also COll$olidat lon 
direct shea, tesl, 20 J 
permeabBity and, 77 
vibration of fow ldatioo:- and. 463, 464. 483. 4S4 
Voids, 11,1 2, 13 
capulary effects and, ~ 69 

Volume, 11 , 12, l3~ 14,17,20,22 
Volumetric strain, 141 

W 
\Vash bOring, 254 
Waste disposal, hazardous, ! 
Water, It, ]2, 13, 15, see also specific topicS 

clay mineralogy and, 33 
compad iotl and, 49, see alS() O,mpadi{)O 
consolidation and, 153 
degree of saturation, 12-·]3 

de"'it)' of, 13 
normal stresses and. 65-72 
ptrrueability, see Permeability 

specific gra\1.ly. 13 
stresses and, 67 
rutH weight, 13 

Waler content, 11,-12, 14, 15. l6 , 19, 20, 21. 256 
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Atterberg limits, 34-37 
dassifi-cation of soils, see SQiI d aSllification 
compaction and, 50-53, 55. 57, 58, 59- 61, 63. see 

also Compaction 
cDnsolidation and, 144 
laboratory tests, 277 

Water dispJacement, 20, 21 
Wale, table, ll, 17, 276 

earth retaining structtlreS and. 386 
effec ts o n bearing capacity of shallow foundations, 

301 

IOClting, 257 
piles and, 345 
slope ,lability and, <29-431, 432 
stress~ and, 67 

1t{alet truck, 56 
Weathering, 2 

Weight, II, 12, 13, 14, 15,58, ,ee .1' 0 M .. " 
vibrations of f-aundations and, 465 

Welt-graced soil" 30, 37, 38,43 
Wells, 257 
Westergilard equat~():o, 116. 117~ 133 
Wet density, 13 
Wet Dla..,S. SO 
Wet of optimal, 51, 55, 58 
\Vet Sieving. 30 

Whan'es, 341 
Wiud toad , deep foundations and. 34 1,l)fX aloo Deep 

foundations 
Winkler be,m, 30B 
""inkler hypothesis, 3{)7 

V 
Yawing, 453 
Yield [o1ress, 115 
Young's modulus, 257, 281, 308. 309, 310, 312, 313,321, 

324 
standard penetration test. 261, 262, 281 - 283 

Z 
lero air V"oid curvc-, 53-55, 59··61, 62 




