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IMPROVEMENT OF LIQUEFIABLE FbUNDATION CONDI’I;IONS

BENEATH EXISTING STRUCTURES

, Table 2
Inprovenent of quﬁg!{;bl- Soil T'oundstfon Conditions

A IALATLLALEL LA LY

Haxamum Lconomical ldeal
. SH:;:CS\Az:-:h ; Ltective Size of Properties of .
9 onditione Teaatment Treated Trested
Hethod Principle N Types Oepth Area Materialw Applicacionaww Cavet R:‘l’:::\;:
. In=S{tu Deep Compaction '

(1) Blastang Shock vaves and vibratiens - Saturated, clean sands; %0 m Any size Can obtafn relative den- Induce liquefaction in con~. 2 Low
caune limited liquafaction, ~ partly zaturated sands sities to 70-80%; may trolled and limited stages 3 (52,00 ,
displacement, remolding and and s{lts afcer flooding  Solymar (1984) get varisble dansity; #nd increase relative den~ :L.DOI-:’)
settlement to higher density’. . time=dependent strength aity to potencially none i

. E " oo . gain liquefiadle range
(2) Vibratory prode Deasification by vibration; " 'Saturated or dry clean sand; 20 m routinely {in= 51000 n®  Can obtain relative densi= Induce liquefaction in cone 2 Noderate
(a) Terreprode liquefaction={nduced settle= sand eflective above ties of 80% or more, teolled and limited sCages 3 (56,00~
(b)  Vidromrods ment and settlement ip dry 3=l w dapth) >0 m Inelfective {n nome and increase relative den- 513.00/-’)
{e) Vidro=wing 304l under ovecrburden to sometimes . sands sity to potentially non= ) . -
produce a higher densicy Hivehell (1981) liquefiable range, Has baen
Vibro=wing=40 m shown efflective in pravente
Droms and Haneson. . “ing liquefactian
(1984)
€3) Vibro=compsction Densification by viberation and  Cohesfonless soils with less >0 - 21000 nz Can obtain high relative Induce l{quefaction in con= 1 Lov to
L (a) Vidroflot compaction of hackfill mate= .. than 20% fines Solymar et al. deasities (over 85%), trolled and limited stages 2 woderate
(d) VidbrosCompoxer rial of saod or gravel . . (1984) good unilormity and increase relative densi~ az (56,00
syatem ' ties to nonliquefiadle con= 59.00/-3),
(e) Seil dition. 13 used extensively ’
Vibeatory stadbilizing to pravent liquefaction.
sathod The denpe column of backf{ll
provides (a) vectical sup=
port, (b) drains to relieve
pore vatar pressure and
(¢) shear resistance in
‘ horizontal snd inclined di=
' rections. ~Used to stabilize
slopes and strengthen poten~
R tisl fatlure surfaces oc
. N slip circler '
(4) Compaction piles Dans{fication by displacement Loose sandy soils; partly 320 m >1000 .2 Can obtain high densities, Useful in sofls vith fines. H Hoderate
. of pile volume and by vibras. saturated clayey moils; Nacarajs and Cook good uniformity, Rela= Incresses relative densities 2 to high
tion during deiving, in= : loess (1938)) tive densities of more to nonliquefiadle range, 13 *3
Crease in laterasl effective . . . , than 80% used Lo prevent ligquefacs
aavth pressure . S - tion, - Provides shear rasfs=
to tance -{n horizontal and fn=
. clined directions. Useful
" . . to stabilize slopes and '
. ’ strengthen potential faflure
‘ sucfaces oc slip circles .
(3) Heavy tamping Repested application of high= - - Cohesionless soils best, b >3300 -2 Can obtain high relative Suitable for some soils with 2 . Low
{dynamic intensity iwpacts st surface *  other types can also be (posuibly desper) . densitien, ressonsble fines; usable above and bee 3 (50.40= 3.
compaction) . improved Ménard and Broise untformity, ‘Relative low vater. 1ln cohesionless $6.00/m")

- {1975) densities of 301 oc

"more. '

(Coﬁbinued)

soils, induces liquefaction
in controlled and limited.
stages and increases rels=
tive density to potentially
"nonliquefiable range, Is
used Lo prevent liquefaction

¥ 5P, SW, or SH soils which have average relative dens{ty equal to'or greater than 85 percent and the minimum relative dansity not less than 0 percent are {n general not susceptible to liquefsction

(TH 3+818=1), D'Appolonia (1970) stated that for moil within the zone of influence und confinement of the structure foundation, the relative density should not be less than 70 percent. Therefore, » cricerion
may be used Lhat relative density {ncresse {nto the 70-90 peccent ranze {s in general considered to prevent liquefaction. ‘' These properties of treated msterisls and applicacions occur only under idral condi=
tions of sotl, moisture, and method application. The mathods and properties achieved are not applicable and will not ogcur in all soils. . . . . . - o
* Applicatione and results of the .improvament methods are dependent on: (a) soil profiles, types, and conditions, (b} site conditions, (c) earthquake loading, (d)} structure type and conditien, and (e) materiatl
and equipment avallability. Comdb{nations of the methods will most likely provide the best and most stable solution, . ‘ ' B .
T Site conditions have been class{fied into three canes: Case | ix for beneath structures, Case 2 is (or Lhe not-under-vater free field adjacent to a structure, and Case 3 (s for the under-vater free fieid

Adjacent Lo » structure.

T The costs will vary depending on: (a) site working conditions, location, and environment, {(b) the
admixtures, ete,) equipment, and akills svailable, and {e) environmental {mpact factors.
Litersture, and (¢} Literature reported costs updated for inflation,

T A mesns the merhod has potential use for Came ) with special techniques required vhich would increase the cost.

location, ares, depth, and volume of soil fnvolved, (¢) soll type and propertias, (d) materials (ssnd, gravel,
The costs are average values based on: (a) verbal communication from companies providing the sarvice, (b) current

(Sheet 1 of &)
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Table 2 (Continued)

faximwn Economical laeal
. Most Sultable Lffectlive Size of Properties of
Seil Conditiona/ Teeatment Treated Trested Relative
Hethod Principle Topen Depth Ares Material Applications Case Coste
(6) Dimplucement/compaction Highly viscous grout achis as All soils Unlimited Small Grout bulds within coms= Incresse in »0l) ralative } Lov to
© . arout . cadial hydeaulic jach when pressed noll mstrix. density and horizontal 2 Noderace
pumped {n under M gh pressure Solil mass as a whole in eflective aLress., Reduce b ] {53.00~
strengthaned liquefsction potential .'.15.00/-3)
‘Stabilize the ground
againat movesent
. Conpressing
-

(7) Surcharge/buttress The weight of a surcharge/ Can be placed on any sofl .- >1000 m* Increase scrength and Incraase the sffective 2 fioderate
buttress increasas the surface reduce comprassidility confining pressure in a 3 1L verti=
liquafaction resistance dy ‘ li{quefiable layer. Can be cal drains
increasing the effactive ' used {n conjunction with used
confining pressures in the vertical and horizontal

) foundation drains to relieve pore wvater
. ' ' ’ ptessure.. Reduce liqueface
cion potential,  Useful to
: ‘ o - prevent wovements of &
. structure and for slope
Pore=Water Pressure Relief : stabilicy
(8) Deaina . Relief of excess pore=vater Sand, wsilt, clay Ceavel and wand >L500 mz Pore=vater pressure relief Prevent liquefaction by gravel Gravel Sané and
{a) Gravel pressure Lo prevent lique= >0 m vill prevent drains.. Sand and grovel and gravel 0.0 m
(b) Sand faction, (Wick drains have Depth lim(ted by Any size for liquefaction drains are installed sand dian
{e) wiek comparable peraesbility to vibeatory wick vertically; nowever, wick {s11.50=
() Vells (for sand deaina.) Primarily °* equipment draine ¢an be instslled st al 521.5C/m
permanent gravel drains; nand/wick may Wick any. angle. - Devatering will Viex Wiek
devatering) supplement, gravel drain or M5 w .prevent. ligquefaction dut . 1 $2.00~
l rel{eve exioting excess pore Morrison (1982) not seismically induced 2 $6.00/m)
wvater peessuce. Permanent ) e seCilements . 3 Devatering
Tt ) dewssering with pumps - S very
) ! . ) expens fve
o
' Injection and Grouting
(9) Particulate grouting Penetration grouting'= ({ll Medium to 'coarse sand and Unlimited Small lmpervious, high strength  Climinace liquefaction danger. 1 Lovest of
. soll pores with soil, grave!l -en with cement grout, Slope stabilization, - Could 2 zrout
camant, and/oc clay Voids filled so they potentially be used to con- J wethods
cannot cullapse under fine an aces of liquefiadle ($3.00~ 3
cyclic loading s0il so thac liquefied sol} $20.00/n")
could not flow out of the .
, ares - - o o
¢10) Chemical grouting Solutions of two ocr more chemi= Hedium ailts and coarser . Unlimited Small . Impervious, loew to high Liiminate liquefaction danger. 1 High
R cals ceact in soil pores to - strength, Voids filled Slope stabilization, Could 2 $75.00=- 3
foem a gel or a solid 30 Lhey cannot collapse ' potentially be used to cone 3 $250.00/m
pracipitate under cyclic loading Line an area of liquefiable
sell so chat liquelied soil
could not [lov oulL of the
srea. GCood vater shutoff
(11) Pressure~injected lime Penetration grouting « (i1l Hedium Lo coarse sand and Unlimited Small Impervious to some degree. Reduce liquefaction potential 1 Lov 3
. soil pores with lime gravel No significant strengch . 2 $10.00/m'
i{ncresse, Collapse of 3 N

voids under cyclic loade
ing reduced

(Continued) -

3 & meins the wathod ha%k potential use #or Cise I with’

special techniques required which would increase the cost,
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Table 2 (Continued}

Haximum Leonomical ldual
: Host Sultadble Effective . < ~ Size of Properties of
Soil Conditions/ Teratnent Treated Trested . . Relacive
Method Principle Types Depth Ares Material Applications Case Costs
(12) Clectrokinetic Stabilizing chemicals move Saturated sands, silta, Unknown Small increased wtrength, Reduce liquefaction pocential 1 Lxpansive
injection {ato and {111 soll pores siley . clays ’ reduced compress= . 2
by elecizo=osmosis or . adility, voids {{lled 3
colloidn into pores by 50 they cannot cole
electro=phorenis . lapse under cyclic
. losding
(13) Jec grouvting Righ=speed jets st depth exca=  Sands, ailts, clays Unknown Small Solidified columns and Slope stabilization by provide 1 High
vate, inject, and mix a stae . valls ing shear resistance {n 2 250,00~
bilizee vith soil to form ) horizontal and inclined 2 5050.001-:
columnn or panels o directions which strengthens
' ' potantial failuce surfaces
. . ' oer slip circlas. A wall
v v Lot ; could be used to conline an
4 i asrea of liquefiable sotl
»o that liquefied soil could
not (low out of the sces .
. . Admixture Stabilization . = ) L ' .
Ganeb s Wt . o ) . . . ! o ’
(16} Hix=insplace plles Lime, cement, or asphalt intro= Sand, silts, cloys, 3l soft 320m Small Solidified sofl piles Slope stabilixation by provid= 1 High
coeeyond walle s -duced theough rolating auger . oc loose inorganic soils . {60 m. obtained or valls of relatively ' ing shear resistance in 2 $250.00+ 3
or special i{n=place miner in Japan) high strength R horizontal and inclined - J $650,00/m
L Hitchell (1981) directions which strangthens
potential failure surfaces
. or slip circles. A wall .
: could be used to confine. an
- N acves of liquefiable soil - .
B . L - we s0 that liquefied soil .could .
" : not flov out of the ares
L, . Theemal Stabilizatfon
oo R e .
N (13) In=situ viceifidation  Melts soil {n place to create All soils and rock 30 = Uakmown Solidified soil piles or  Slope stabilixzation by provid= 1 Hodarate
. ' an ohsidlanlike vitceous Verbal from Battelle wvalls of high strength. ing shear resistance in 2 $53.00= 3
' I material 0 v e Laboratories lmpervious; more dure horizontsl and inclined di- 3 $70.00/m
TTun O et . - sble than granite or rections which strengthens .o
. marble; compressive potantial failure surfaces
, strength, 9=11 ksl or slip circlas. A wall
Y splitting tenaile could be used to confine
PR strength, =2 kai an ares of liquefiable soil
o T #0 that.liquefied so1l could
e i AT . not flov out of the ares
S0{1 Re{nforcement '
. (16) Vibro=replacement atone Hole jected into (ine=grained Sanda, silts, clays >0 m >1500 -2 Incressed vertical and Provides; (a) vertical support, 1 Hoderate
s zand columna soll and backfilled with Limited by vibra= Fine~grained horizoatsal load caery~ (b).drains. to relieve poge 2 $12.00- 3
- {a)  Grouted dennely compacied gravel or tocy equipment soils 2 ing capacity. Denssty, vater pressurs, and (c) shear al $70.00/n
. (b} Not grouted sand hole Cormed in cohesion= 21000 » " increase i{n cohesion= resistance 1o horixontal . and

lesa nolln by vibro tech~
niques and. compaction of ™™
hbackfilled gravel or sand,
For ‘grouted columnn, voids
_fllled vith'a grovt' |

“ 1 (Continued) |

lens soils, Shorter
drainage pachs

inciioed. directions, . Used. .
' to.stabilize slopes and
strangthen potencial failure
suefaces or slip carcles .

e

T A means the method has potential uve for Case J with special techniques required vh_ich vouh‘! {ncresse the cost,
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Table 2 (Concluded)

Haximum Lconomical ldnal
Most Suitable Elfective Slze of Properties of
. Soil Conditions/ Teeatment Teeated Treaced . Relative
Hethod Princinle Types - Depth Arrs Materinl Applicettons Case Costs
Foe grouted columns, no
dralnage provided dbui in=
creased sheac cesistance.
In cohesionless 30il, deo=
sicy increase reduces }ique=-
. faction potential ‘
{17) Root piles, aail Smalledlomecer (nclunionn used ALl soils Unknown Unknown Relnfovcad zone of soil 3lope stabilicy by providing 1 Moderate
nailing ' to carry tension, sheac, behaves as a coherent shaac casistance (n hori= 2 to

comprasaion nass xontal and laclined direc~ * 3 high
. tions to strengthen potene
. tial tafluce,surfaces or
« silp circles. Both vercics)
and anglad placement of the
piles and nails

(Sheet, & of &)
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