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� � Abstrac:t L iquefaction is a comm on occurrence in seism ic areas in theUn ited States and China, howev�
er these countries use differentm ethods to evaluate the potent ia l for liquefact ion. T his paper compares the

standard�of�pract ice and state�of�the�art analysis m ethods in both countries to determ ine the smi ilarities and

differences. Results are presented on method com patibility, m ethod disagreem ent, and what can be learned.

O f particular mi portance is how the influence of fines content and /or clay fraction is treated. It is shown that

� clean sand triggering curves are in general agreem ent betw een the two countries but when sandy so ils con�
tain fines the use of clay fraction as a controlling variable is not recommended because itm ay result in uncon�
servative results. The Standard Penetration T est ( SPT ) is routinely used in both countries and a d irect com�
parison ofm ethods can bem ade. T heCone Penetration T est ( CPT ) comm only used in theUnited States, has

recently found more w idespread use in Ch ina. T he benefits of the CPT are discussed and illustrated in a liq�
uefaction case history recently reacquired from the 1976 T angshan Earthquake.
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� � Seism ic so il liquefaction is def ined as earthquake in�
duced signif icant strength loss in loose saturated granular

so ils due to excess pore pressure generation and complmi en�
tary decrease in effective stress. L iquefact ion can cause sig�
n ificant damage to infrastructure during earthquakes and

m itigating this hazard is an ongoing effort in se ism ic areas.

M itigating liquefaction requires; indentify ing susceptible

so ils, evaluating the potentia l for liquefact ion triggering, as�
sessing the post�liquefaction strength w ith respect to stress

condit ions, quant ifying liquefaction induced deform ations

( volum etric and shear), and m itigating or des ign ing aga inst

these deformations.

L iquefaction triggering is commonly fram ed as cyclic

res istance versus cyclic stress. Cyclic res istance is often

m easured using a correlated in situ index test because sub�
surface sampling destroysm any of the soil properties that of�
fer res istance aga inst seism ic waves. Case h istories of lique�

fact ion ( and non�liquefact ion) from past earthquakes pro�
vide the basis for eva luating what cyclic stress cond itions

cause a so il to liquefy. Cyclic stress if comm only quantified

using the smi plif ied m ethod ( Seed and Idriss, 1971 ) to

come up w ith a dmi ens ionless ratio called the cyclic stress

ratio ( CSR ) that accounts for the level o f ground shak ing

and the in s itu stress cond itions. The cyclic stress at wh ich

a soil fails in liquefact ion is the cyclic resistance rat io

( CRR ). T riggering is most likely to occur where CSR =

CRR as evaluated from past case h istories.

L iquefaction triggering ana lyses are treated differently

in theU. S. and China. F irst order smi ilarities are that both

countries use a sem i�em pirical correlation based on previous

field case h istories of liquefied and non�liquefied s ites, and

the general shape and curvature of the correlations are smi i�
lar; concave upwards start ing at a CRR ( cyclic res istance

ratio) just below 0�1. In theU. S. it is comm on to perform



liquefaction triggering analyses using the CPT ( cone pene�
trat ion test) because of the higher accuracy and precis ion o�
ver the SPT ( standard penetration test). H ow ever, CPT e�
quipm ent is not w idely ava ilable in China and the SPT re�
m ains the standard in situ testing method for liquefaction as�
sessm ent.

In this paper common SPT m ethods in the U. S. and

Ch ina are com pared to exam ine particular differences that

m ay prov ide ins ight towards the future of liquefaction engi�
neering in both countries. The SPT method of Cet in et a.l

( 2004) , Seed et a.l ( 1985) which is reprised in Youd et

a.l ( 2001), and Idriss and Boulanger ( 2006) are com �
pared w ith Chen and L i ( 2006) , Chen et a l ( 2002), Chen

et a.l ( 1991 ), and the Chinese Bu ilding Code ( CNS

2001) . Thesemethods are chosen to represent determ in ist ic

and probab ilistic SPT- basedm ethod from each country that

are frequently used for liquefaction eng ineering. The state o f

CPT m ethods in the U. S. and Ch ina are also d iscussed.

T he CPT m ethods ofRobertson andW ride ( 1998) which is

reprised in Youd et a.l ( 2001) , and M oss et a.l ( 2006)

are respectively the standard- o f- practice and state- of-

the- artm ethods currently used for perform ing determ in ist ic

and probab ilistic analys is in theU. S. A history ofCPT use

in China is presented and recommendations for future CPT

use are presented.

For all the smi ilarities in the methods them ain d iffer�
ence is how f ines, or soil particles sm aller than 0�075 mm
in diam eter, are treated. In China the clay fract ion or per�
centage of particles finer than 0�005 mm is assessed to de�
term ine how the fines mi pact a particular so il�s ability to

generate excess pore pressures. A version of the so called

� Ch inese Criteria is used to screen m aterials that are not

cons idered liquefiable. In theU. S. the f ines content or per�
centage of part icles finer than 0�075 mm is used to deter�
m ine a so il�s ability to generate excess pore pressures. The

� Ch inese C riteria was in comm on use in theU. S. form an�
y years, but recentm ovem ent aw ay from this and towards as�
sessing the plasticity and in s itu water content has been

shown to represent field case histories o f liquefact ion m ore

accurately.

1 Comparison of SPT - Based � C lean Sand

Curves

� � F igure 1 shows a comparison of the SPT m ethods d is�
cussed in this paper. These curves are for � clean sand e�
qu ivalent conditions where there are no appreciable ( <

5% ) fines present. The curves are in agreem ent on the

general locat ion of the boundary between liquefact ion and

non- liquefact ion. C et in et a.l ( 2004) is shown w ith a

probab ility o f liquefaction of 15% wh ich is cons idered the

equivalent of the determ inistic thresho ld. Chen and L i

( 2006) have a smi ilar equivalence at a probability o f liq�
uefaction of 50% .

F igure 1 Compar ison o f U. S. and Ch inese � clean
sand lique fac tion trigger ing curves. A ll curves

a re show n norma lized to 1 atmosphe re e ffec tive

ove rburden and mom entmagn itude o f 7�5. The curves

rep resen ting the Ch inese Bu ild ing Code (CNS 2001)
have been trans fo rmed from critica l b low coun ts

( Ncr ) to CRR boundary curves using a method

smi ilar to C hen e t a.l ( 2002 )

The Chinese Bu ilding Code ( CNS 2001) is based on

two levels of load ing ( low dem and and h igh dem and) and

only specifies a critica l blow count (N cr ) below w hich liq�
uefaction is considered like ly. To compare the Chinese

Bu ilding Code ( CNS 2001) to the other liquefaction trigge�
ring curves, theNcr needs to be trans form ed into a relation�
sh ip betw een blow count ( N1, 60 the overburden and energy

corrected blow count) and cyclic res istance rat io ( CRR ) .

Chen et a.l ( 2002) first presented this transform ation and

a smi ilar procedure is used here, the only d ifference be ing

that the nonlinear shear mass participation factor ( rd ) from

Cetin et al ( 2004) w as used to hold that variable constant.

A s shown in F igure 1 the transform ed Ch inese Build ing

Code spec ifications reasonably bound the threshold range

w ith the high and low dem and curves. In a determ inistic a�
nalys is one can take the range of these curves as a broad

but definite boundary betw een where liquefaction is likely

and liquefaction is unlikely. W ithin the range between these

curves is where perform ance - based engineering is m ost

useful for determ ining the likelihood of liquefaction w ith re�
spect to the acceptable level of risk for a g iven pro ject. The

authors feel that F igure 1 dem onstrates the convergence o f
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liquefaction triggering analys is for � clean sand depos its be�
tween the two countries. The range over which the curves

differ is a funct ion o f the nuances of data collection, data a�
nalys is, curve fitting, and inherent variab ility o f the phe�
nom ena of liquefaction triggering. In that range, analys is for

a part icular project should move past the triggering assess�
m ent into a perform ance- based assessm ent of potent ial de�
form ations and the consequences of those deform ations

( Seed et a.l 2003).

2 F ines In fluence on L iquefaction

Them anner in which fines can influence a so il�s ability
to generate excess pore pressures is a rather complex physi�
cal process and there is some disagreem ent in the literature

as to how best this should be quant ified. Generally there are

two effects to account for when discussing f ield- based liq�
uefaction triggering; 1 ) the influence of the fines on the

so i,l and 2) the influence of the fines on the penetrat ion

test.

Adding fines to a clean sand w ill results in the infilling

of the vo id space up to the po int where the fines beg in to

displace the sand grains and dom inate the so ilm atrix. Infill�
ing of the vo id space in genera l resu lts in decreased capacity

for excess pore pressure due to the reduced void volum e and

pore fluid ava ilable for contractive undrained response.

W hen the sand grains are disp laced then the fines dom inate

the so ilmatrix and the response to shear stress becomes fines

dom inated. This d iscuss ion has neg lected co llo idal forces up

to this point, focus ing on non- plast ic fines, but the effect

of surface charges can have a great influence on the overall

behavior of the soi.l Non- plastic fines in a low dens ity

state can behave in sand- likem anner, exhibiting contrac�
t ive response to shear stresses w ith the propensity for excess

pore pressure generation. P last ic f ines however w ill behave

in a clay- likemanner exh ibit ing a lesser propens ity for ex�
cess pore pressure generation and w ill respond in a cohesive

m anner. A s fines are added to a sandy soil the penetrat ion

res istance w ill decrease due to decreased frict ion res istance

on of the penetrat ion device. F ines w ill also have a lower

perm eability than clean sands lend ing to increased excess

pore pressures on the penetration dev ice thereby resulting in

low er effect ive stresses and lower penetrat ion res istance.

Both of these effects of fines ( on the intergranular soilm e�
chanics and on penetrat ion resistance) are comm ingled in a

field- based liquefaction triggering assessment and are diffi�
cult if not mi possible to separate.

Regardless of the physica l cause and the comm ing led

results, it has been observed that w ith an increase in fines

there is a system at ic decrease in the cyclic stress required to

liquefy a depos itwhenm easured w ith penetration res istance.

T his can be seen in the triggering correlations whether fines

content ( as used in theU. S. ) or clay fract ion ( as used on

Ch ina) is the variable used. T he procedure for screen ing

out non- liquefiable deposits tends to be the biggest d iffer�
ence in them ethods from the tw o countries. T he commonly

called � Chinese Criteria ( F igure 2) w as introduced follow�
ing the 1975 H a ichang and 1976 T angshan earthquakes

where there wasw idespread liquefaction of soilsw ith vary ing

fines content and clay fract ion. The � Chinese Crieria de�
f ined the liquefact ion susceptib ility of so il based on the clay

fraction ( part icle s ize < 0�005 mm ) , the w ater content,

and the liquid lmi it. The criteria stipulate that when a soil

has a clay fraction greater than 15% the soil is deem ed clay�
ey and non- liquefiab le.

F igure 2 The � Ch inese Criter ia a fte rW ang (1979).

Th is was used in the U. S. to de term ine lique faction

suscep tib ility un til the la te 1990�s. It has since fa llen

out o f use in favo r o f crite ria based on the P I of

fines con ten t

The � Chinese Criteria was generally adopted and used

in theU. S. form any years as a reasonablem eans of ident if�
ying non- liquefiable clayey soils. T he Chinese Bu ilding

Code ( CNS 2001) uses a s light variat ion st ipulating that if

clay fraction is higher than 10% , 13% and 16% for Chi�
nese Intensity 7, 8 and 9 respectively, the so il is considered

non- liquefiable. [ Note: Chinese Intensity 7 through 9 is

approxmi ately equal to Mod ified M ercalli Intensity V I

through X ] .

T he 1994 Northridge ( U. S. ) , 1999 Kocaeli ( T ur�
key) , and 1999 Ch iCh i ( T aiw an) earthquakes prov ided a

s ignificant increase in case history data on liquefact ion o f

so ils w ith varying fines content and clay fraction. Carefu l a�
nalys is of these case h istories ca lled into question the use o f

clay fraction as am eans of determ in ing the liquefiability of a

m aterial ( e. g. , Chu et a.l , 2008). It has been found in

various recent stud ies discussed below that a better indicator
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of liquef iability is plasticity as m easured by the plastic in�
dex; the liquid lmi it m inus the plastic lmi it. ( P I= LL -

PL ). Soilsw ith fines that exhibit little or no plast ic ity re�
spond to seism ic loading in am anner that is cons istent w ith

� clean sand liquefact ion; this is term ed sand- like behav�
ior. So ils w ith fines that exhibit m edium to high plasticity

respond to seism ic loading in a m anner that is cons istent

w ith cohes ive cyclic fa ilure; th is is termed clay - like be�
havior.

C lay- like behav ior can result in so il failure and sub�
sequent ground deform ations smi ilar to liquefact ion but the

phys ics o f the so il response is different from liquefact ion and

therefore requ ires different testing methods for predict ing

this behav ior ( Bou langer and Idriss, 2006). Whereas sand

- like behav ior and liquefact ion potential ism ore appropri�
ately tested in the field using in situ penetrat ion tests be�
cause disturbance effects arem inmi ized by testing the soil in

place, clay - like behav ior and cyclic fa ilure potential is

m ore appropriately tested in the lab because sam ple disturb�
ance of cohes ive so ils is generally sm all and lab testing pro�
videsm ore accuratem eans o fm easuring the soil response to

cyclic loading.

Som e recent recomm endations on susceptibility criteria

for liquefiable so ils are presented. In F igures 3, 4, and 5

are shown recomm endat ions by Seed et a.l ( 2003), Bou�
langer and Idriss ( 2006), and Bray and Sancio ( 2006).

Recomm endations for a threshold betw een sand- like behav�
ior and clay- like behavior range from a PI of 7 to a P I o f

12. T he d isagreement arises due to the com plex response o f

so ils when fines are added and when the plasticity o f these

fines vary.

A s these studies indicate there is a fair amount of re�
search being conducted both in the lab and in the field to

better quantify how fines and plasticity influence liquefac�
t ion. T he specifics are still debated but there appears to be

an em erg ing consensus that; PI is a good proxy for how plas�
t icity can influence liquefaction, that there ex ists a fines

content thresho ld above which a soil w ill behave like the

fines and not the coarser matrix so i,l and that a criteria

based on clay fraction can incorrectly label so ils as non -

liquefiable when in fact they are susceptib le to liquefaction.

3 Comparison of F ines In fluenced Curves

If clay fract ion is an inadequate indicator of liquefac�
t ion susceptibility, th is makes the comparison of U. S. and

Ch ina curves for varying fines content or clay fraction ambig�
uous. Nonetheless, a rough com parison is made here to

dem onstrate that using clay fraction may be unconservative.

Shown is a comparison ofU. S. triggering relationships w ith

increasing fines content and Ch inese triggering relationships

w ith increas ing clay fract ion. F igure 6 compares determ in is�
t ic versus probabilist ic relationsh ips from theU. S. and how

increasing fines content results in progress ive increase in cy�
clic res istance of the so i.l Youd et a.l ( 2001) show s a

greater spread in fines content triggering curves when com �
pared w ith Cet in et a.l ( 2004). This ism ainly due to the

mi proved database and reduced uncertainty thatwas afforded
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by the Cetin et a.l ( 2004) study. U s ingU. S. m ethods the

first step o f a liquefaction analys is is to determ ine if the soil

is suscept ible to liquefact ion using one of the screen ing

m ethods discussed ( F igures 3, 4, or 5) , and then proceed

to a comparison of cyclic load versus cyclic res istance us ing

a correlat ion ( F igure 6). The prmi ary benefit of a probabi�
list ic ( as opposed to determ inistic) approach is when a per�
form ance- based ana lysis is warranted.

T he influence of clay fraction can be seen in the spread

of triggering curves as shown in F igure 7. T he Chinese

Bu ilding Code ( CNS 2001) states that if clay fraction is

h igher than 10% , 13% , and 16% for Chinese Intens ity 7,

8 and 9 respect ively, the layer is cons idered non- liquefi�
able. For com parison purposes a fixed clay fraction of 15%

w as used in th is discussion wh ich is consistent w ith the

� Ch inese Criteria as itw as used in theU. S. , and is com �
pat ible w ith the application of the Chinese Bu ilding Code for

h igher intens ity events. T he curves for clay fraction less

than or equal to 3% and clay fraction equal to or greater

than 15% are shown for both the Chen, Zhang, X ie

( 1991) study and the transform ed Chinese Bu ilding Code

h igh dem and ( CNS, 2001) recomm endat ions.

� � The range from a clay fract ion of 3% to 15% is large

in term s of the change pred icted in cyclic resistance. H ow�
ever, as it has been discussed the clay fraction is not the

controlling variable, plasticity is, which m akes the apparent

increase in cyclic resistance undefined. If clayey- sand has

close to 15% clay size fines of low plasticity, using clay
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fraction as the prmi ary variable g ives a big increase to the

cyclic res istance whereas using fines content as the basis

w ould g ive a comparat ively low er cyclic resistance. If the

clay s ize fines are then slightly over 15% then it is deem ed

non- liquefiable by clay fraction but not by fines content.

In both cases using clay fract ion can lead to unconservative

results. Unconservative results should be avoided in engi�
neering s ituations particularly when the consequences, such

as post- liquefact ion deformations, can be destruct ive.

4 D iscussion of CPT- Based Analys is

The Cone P enetration T est ( CPT ) has found favor in

the U. S. and other parts of the world because the test; pro�
duces relat ively continuous penetration m easurem ents w ith

depth, is highly repeatable and less prone to operator error,

provides more rapid data acquis ition than the SPT, and can

be accompan ied by m ultiple sensors includ ing the standard

sleeve frict ion load cel,l pore fluid pressure transducer, and

accelerometer for shear wave velocity in add ition to other

sensors ( Lunne et a.l 1997) . It is common in theW estern

U. S. to perform se ism ic cone test ing w ith pore pressure

m easurements ( SCPTU ) to m easure the penetration res ist�
ance ( qc ) , s leeve frict ion ( fs ), shear wave velocity ( Vs ),

and pore pressure ( u) in each sounding. The t ip res istance

and sleeve m easurements are typically sampled 1 or 5 cm

w ith a 2 cm / sec push rate using a 10 cm
2
cone. Pore pres�

suremeasurem ents are made at the same sampling rate and

can give a good indication of the locat ion o f the water table.

An excess pore pressure d iss ipation test can be perform ed in

wh ich the advance of the cone is stopped until the pore pres�
sures reaches hydrostatic levels g iv ing an ind icat ion of the

perm eability of the so i.l The shear w ave veloc ity m easure�
m ents are typicallymade every 1 to 1�5 m. The SCPTU pro�
vides a relatively com plete dataset in a near cont inuousm an�
ner that characterizes so il layering, high- and low - strain

so il response, and permeab ility of individual layers.

T heU. S. standard- of- pract ice in us ing the CPT

for liquefact ion triggering assessm ent was put forth by Ro�
bertson andW ride ( 1998) and can be found summ arized

in Youd et a.l ( 2001) . T he recomm endations by Youd et

a.l ( 2001) focus on us ing the CPT for � clean sands be�
cause of uncerta inty over how to best characterize the influ�
ence of fines asm easured by the CPT. M ore recent deter�
m in ist icm ethods have been put forth that provide updates

on the standard - of- practice ( e. g. , Idriss and Bou�
langer, 2006) . TheU. S. s tate- of- the- artm ethod can

be found inM oss et a.l ( 2006) wh ich presents the results

in a probab ilistic manner and addresses the influence o f

fines on CPT m easurem ents and so il liquefiab ility in a com �

prehens ivemanner. Oom en et a.l ( 2010) found that there

is little d ifference in them edian predict ion rate of the d iffer�
ent m ethods ( SPT and CPT ), how ever only probabilist ic

m ethods can be used for risk analys is and perform ance -

based eng ineering as well as prov ide a bound on the uncer�
ta inty of the liquefaction phenom enon.

In China d ifferent types of cones have been used s ince

the initial developm ent ofCPT in the 1930�s. Starting in the

late 1960�s China developed different cone equipm ent,

standards, and procedures than the U. S. and Europe. In

general if a � double bridge ( tip and sleeve equipped)

Ch inese cone is used follow ing standardized international

procedures there appears to be little difference in m easure�
m ents than thosem ade w ith aU. S. /European cone ( Lui et

a.l , 2010) . Therefore there appear to be no com patib ility

issues when using U. S. /European derived correlat ions or

CPT- based design methodsw ith Chinese cones.

Recent studies have been us ing SCPTU equipm ent in

various locations around Ch ina. An example is the recent

collaborative study focused on reacquiring CPT data at sites

thatw ere mi pacted by the 1976T angshan Earthquake (M oss

et a.l 2009; M oss et a.l 2011). Th is collaborat ion provides

a bridge between them ethods used in theU. S. and Ch ina

and for amore comprehens ive assessm ent o f in situ so il con�
d itions. F igure 8 show s 1978 /1979 SPT and CPT m easure�
m ents at a site that liquefied during the 1976 T angshan

earthquake ( Zhou and Zhang, 1979) w ith the liquefied lay�
er denoted by a dotted line. F igure 9 show s the 2007 CPT

m easurements at the same s ite that include t ip, sleeve, pore

pressure ( not shown) , and shear wave veloc ity. Again the

liquefied layer is denoted by a dotted line. The 1977 /1978

CPT sound ings on ly m easured tip ( � s ingle bridge type

cone) and it can be seen show less sens itivity to changes in

penetration res istance betw een so il layers.

F igure 8 The 1978 /1979 investiga tion ( from M oss

e t a.l 2011, afte r Zhou and Zhang, 1979) w as

pe rform ed using SPT, � sing le b ridge CPT, and

so il samp les were re tr ieved for wa te r conten t

and g ra in size d is tribution ana lysis

U ltmi ately the goal is to find the best most reliable
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F igure 9 The 2007 investiga tionw as pe rfo rmed

us ing CPT w ith tip ( qc ), sleeve ( fs ), po re p ressure

( u; no t shown) , and shea rwave ve locity (VS )

from Moss e t a.l ( 2011)

methods for assessing the potential for l iquefaction. In most

projects the authors have found that combining CPT with

SPT provides acomprehensiveassessmentof subsurface con�
ditions. TheCPTmeasures a near continuousprofi le of tip,

sleeve, and pore pressure for use w ith a triggering correla�
t ion. The Vs m easurem ents provide confidence in this as�
sessm ent by using shear wave velocity based triggering corre�
lations and for use in site response analys is. The SPT can

then be used to target part icular layers for sam pling and lab

testing. The SPT blow counts can prov ide a th ird check w ith

respect to triggering correlations and the grain size analysis,

A tterberg lmi its, and fines content w ill prov ide � ground

truthing to the CPT- based results. In m ost small tomedi�
um sized pro jects this can be accomplished in 1 to 2 days o f

in s itu testing at a reasonable cost.

5 Summ ary and R ecommendations

This paper compares liquefaction triggering m ethods

used in the Ch ina and the U. S. For � clean sands it has

been shown that there are only lmi ited differences between

the Standard P enetration Test ( SPT ) based triggering

thresho lds used in the two countries. This genera l agreem ent

provides consensus for determ in ing when � clean sandsw ill

or w ill not liquefy given a specific level of cyclic loading.

W here them ethods differ iswhere a pro ject shouldm ove be�
yond assess ing triggering and tow ards a perform ance- based

assessm ent of potentialdeform ations and the consequences o f

those deformations.

W hen, however, fines are present in sandy soil there is

disagreement between m ethods used in the two countries.

T heU. S. m ethods exam ine how fines content ( particle s ize

< 0�075 mm ) influences the liquefiab ility of a soi,l and

so ils are deem ed non- liquefiable based prmi arily on the P I

( plastic index) of the fines. T he exact magn itude of PI is

an ongoing po int o f content ion between researchers but it is

generally agreed that P I is a contro lling variable. The Chi�
nesemethods exam ine how clay fraction ( part icle size <

0�005 mm) influences the liquefiability of a so i,l and so ils

are deemed non - liquefiable if the clay fract ion exceeds

roughly 15% . Recent earthquakes have produced a spate o f

liquefaction case h istories that conflictw ith the clay fraction

criteria. T his calls into question the use of the � Chinese
Criteria and clay fraction as a controlling variable. An ab�
breviated d iscussion of them echan ics of liquefact ion w ith re�
spect to fines has been presented. G iven the current infor�
m at ion it is believed that clay fraction is a poor indicator of a

so il�s susceptib ility to liquefaction and m ay result in uncon�
servative results for clayey sands w ith a low plastic clay frac�
t ion.

T herefore it is recomm ended that PI of the f ines be

used in the screening criteria and not clay fraction. The

� clean sand triggering curves are reasonable for all the

m ethods presented and prov ide confidence for determ in ing

the liquefact ion potential for prmi arily granular so ils. For

so ils w ith increas ing fines the determ in ist ic and / or probabi�
list icm ethods from theU. S. are recomm ended.

T he Cone Penetration Test ( CPT ) is comm only used in

theU. S. , less so in Ch ina. Comparat ive stud ies indicate

that there are no substantial differences between � double
bridge cones typically used in China and the electric cone

used in theU. S. and Europe. T he near continuous readings

and cons istent resu lts of the CPT as w ell as the benefit o f

combin ing it w ith pore pressure and shear wave velocity

m easurements ( SCPTU ) makes th is test very useful for liq�
uefaction studies. It is recomm ended that the CPT be used

m ore frequently for liquefaction studies in China in conjunc�
t ion w ith existingU. S. triggering correlations. A com bined

investigation using the SPT and CPT prov ides themost com �
prehens ive assessm ent of in situ condit ions and can result in

the best assessm ent of liquefaction triggering for m itigating

this seism ic hazard.
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美国和中国液化评估程序间的比较
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摘 � 要 : 土壤液化在美国和中国的地震区域频繁发生 ,然而 ,两国在评估液化的风险方面方法

有所不同。文章比较了两国采用的普遍工程做法和先进的分析方法,并在方法的兼容性、方法的

分歧和从这些方法中学到什么这三方面进行总结 ,尤其是如何处理细屑 /粘土粒带来的影响。两

国常用的 "干净 "沙的液化触发曲线基本一致, 但是用粘土粒含量作为控制变量的方法可能会导致

不保守的结果 ,因此不推荐使用。标准灌入试验 ( SPT )是两国都经常使用的研究方法 ,可直接比

较。圆锥贯入试验 ( CPT )在美国使用普遍 ,近来在中国也有广泛使用 ,文章以 1976年唐山地震得

到的液化案例讨论和说明了应用 CPT的优点。

关键词 :土壤液化;细屑含量 ;粘土成分;概率 ;标准贯入实验 ;圆椎触探实验
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