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ABSTRACT
Liquefaction is one of the major hazards in an earthquake event.  Hong Kong, as a low- to moderate-seismicity region, is 
not well known for earthquake-induced liquefaction case histories.  An evaluation of the liquefaction hazard is, 
nevertheless, worthwhile in a view to enhancing the city’s disaster preparedness.  It is also a key step in a performance-
based earthquake-resistant design.  In this study, the evaluation is based on the results of the latest probabilistic seismic 
hazard assessment for Hong Kong and the use of an up-to-date liquefaction assessment method.  The critical SPT N-
values for the onset of liquefaction in the form of liquefaction triggering chart are derived with respect to the concerned 
seismic hazard and their sensitivity to the groundwater level is examined.  Preliminary screening procedures of the 
liquefaction potential have been proposed.  The sites considered susceptible to liquefaction can be selected for site-
specific assessments.  The proposal gives a new perspective for geotechnical practitioners to undertake liquefaction 
susceptibility screening before considering to proceed with a detailed liquefaction assessment.

1 INTRODUCTION

During an earthquake, the ground shaking generates
large pore water pressures in saturated loose granular 
soils under undrained condition which result in a reduction 
in effective stresses and a substantial loss in strength.  
This phenomenon is termed liquefaction.  Key variables 
that influence the onset of liquefaction include the 
presence of groundwater, the particle size distribution of 
the soil, the in-situ relative density of the soil, the effective 
confining stress and the amplitude and duration of ground 
motion.  Liquefaction case histories have shown that 
loose and submerged clean sands, sands with fines and 
non-plastic or low plasticity silts are more susceptible to 
liquefaction.

Liquefaction can lead to severe consequences in the 
cases of building or infrastructure damage.  The types of 
damage include differential settlement and bearing 
capacity failure of shallow foundations, loss of support of 
pile foundations in the liquefied layer, and failure of 
retaining structures due to an increase in earth pressure 
and a reduction of resistance against bearing and sliding 
failures.  Notable examples are the extensive liquefaction 
and associated damages in buildings and civil 
engineering structures in the 1964 Niigata earthquake and 
the 1995 Kobe earthquake in which many of the affected 
areas involved reclaimed land and young sedimentary 
deposits with low density and shallow groundwater table.  
Previous seismic studies for Hong Kong (Pappin et al.,
2004 & 2012) have shown that there is a potential of 
liquefaction in reclaimed sites with fill comprising very 
loose sands with low fines content subject to a ground 
motion with 2% chance of being exceeded in the next 50 
years.

This paper presents the liquefaction assessment for a 
number of reclamation sites in Hong Kong using an up-to-
date method to evaluate the performance of the reclaimed 

sites under a seismic event.  The critical SPT N values for 
the onset of liquefaction are calculated with respect to the 
seismic hazard and ground conditions of Hong Kong.  The 
results provide some guidelines for designers to conduct 
a preliminary screening of the liquefaction potential of a 
site and evaluate the need of further liquefaction 
assessment.  

2 METHODOLOGY

Liquefaction assessment consists of the following three 
main steps (ASCE, 2014):

1. Assessment of liquefaction susceptibility based 
on soil characteristics and depth of groundwater 
table;

2. Liquefaction triggering analysis on susceptible 
soils based on the capacity of soil to resist 
liquefaction and the seismic demand in terms of 
cyclic stress ratio; and

3. Evaluation of the consequences of liquefaction.

This paper focuses on the first two steps and the 
details are described below.

2.1 Susceptibility Assessment

Uniform clean sands, silty sands and non-plastic/low-
plasticity silts are generally considered as liquefaction 
susceptible soils.  An initial assessment of the liquefaction 
susceptibility usually considers the basic soil properties 
such as Plasticity index (PI) and clay content.  For 
example, soils with PI < 10% and clay content < 20% are 
considered as susceptible to liquefaction (Eurocode 8; 
ASCE, 2014).  In terms of the common soil types in Hong 



Kong, liquefaction susceptible soils include Reclamation 
Fill, Alluvial Sands and Silts, and sandy or silty Marine 
Deposits.  Public fill and marine sand fill are the most 
commonly used types of fill in local reclamation (CEO,
2002).  Public fill is variable in composition and contains 
construction debris and decomposed rock, which has a 
wide range of particle sizes and is thus less susceptible to 
liquefaction compared to marine sand fill which has a 
fines content generally less than 10%.

The following common soil types in Hong Kong are 
considered not to be susceptible to liquefaction:

Marine Clays and Alluvial Clays – the high clay 
content renders the soils not liquefiable.

Colluvium – typically comprises gravel, cobbles, 
boulders in a silt/clay matrix and is rarely 
predominantly sand.

Saprolite (Completely to Highly Decomposed 
Rocks) – the likelihood of liquefaction is very low 
due to their older age and high relative density, 
fines content and strength.

Only the soils that are susceptible to liquefaction are 
considered in the following liquefaction triggering 
assessment. Soils that are susceptible to cyclic failure 
other than liquefaction, such as highly sensitive clays, are 
not addressed in this paper.  It is noted, however, that 
such soils are not common in Hong Kong.

2.2 Liquefaction Triggering Assessment

Common engineering practice in the liquefaction 
triggering assessment relies on empirical correlations 
established based upon case histories of liquefaction (or 
absence of liquefaction) in earthquakes recorded over the 
past 50 years approximately, and measured in-situ soil 
properties such as the penetration resistance in standard 
penetration test (SPT) or cone penetration test (CPT), or 
in-situ shear-wave velocity (Vs).  

Amongst the available methods, the SPT-based 
correlation initially proposed by Seed et al. (1984, 1985) is 
the most widely applied relationships for liquefaction 
triggering assessment.  The deterministic triggering 
curves separate the occurrence of liquefaction and no-
liquefaction cases.  Cetin et al. (2004) proposed SPT-
based probabilistic relationships, which incorporate an 
expanded database of case histories and an improved 
assessment of the factors affecting liquefaction potential.  
Their probabilistic relationships have been adopted in 
previous liquefaction assessment carried out for Hong 
Kong (Pappin et al., 2004 & 2012).  Recently, a SPT-
based probabilistic liquefaction triggering assessment is 
presented in Boulanger & Idriss (2012, 2014).  The model 
is based on an expanded database (case histories from 
1944 to 1999) with key parameters revised such as the 
magnitude scaling factor that is used to normalise the 
case history data for earthquake magnitude. The 
Boulanger & Idriss (2012, 2014) approach is adopted in 
this study.

All of the above methods are stress-based approach,
which compares the earthquake-induced cyclic stress 

ratio (CSR) with the cyclic resistance ratio (CRR) of the 
soil.  There is a potential of liquefaction if CSR > CRR.  
The determination of various parameters is presented 
below.

Cyclic stress ratio (CSR) –
The CSR corresponding to an earthquake with a 

moment magnitude, M, of 7.5 is expressed in Equation 1
(Seed & Idriss, 1971; Seed, 1983; Boulanger & Idriss, 
2014).CSR . ,  = [1]

whereCSR = 0.65 [2]

max is the peak shear stress of each soil element in 
the profile evaluated by means of site-specific seismic site 
response analysis in this study;

v is the initial vertical effective stress;

K is the overburden correction factor expressed in 
Boulanger & Idriss (2014); and

MSF is the magnitude scaling factor expressed in 
Boulanger & Idriss (2014).

Cyclic resistance ratio (CRR) –
The CRR is determined using the correlation proposed 

by Boulanger & Idriss (2012, 2014) expressed in Equation 
3.

CRR . ,  = exp ( ). + ( )
( ). + ( ). 2.67 + ( ) (P ) [3]

where

CRRM=7.5, v =1atm is the cyclic resistance ratio of soil 
adjusted to a reference earthquake magnitude M = 7.5 

and v = 1 atm;
(N1)60cs is the measured SPT blow count corrected for 

the effects of overburden stress, energy ratio of the SPT 
system and fines content, where the energy ratio is 
corrected to 60% and fines content = 0 (i.e. equivalent to 
clean sand);

ln(R) is the standard deviation of ln(CRRM=7.5, v =1atm)
and is equal to 0.13;

 is the inverse of the standard cumulative normal 
distribution; and

PL is the probability of liquefaction.

Corrected SPT blow count ((N1)60cs) –
The corrected SPT blow count (N1)60cs is expressed in 

Equations 4 to 6.(N1)60cs = (N1)60 + (N1)60 [4](N1)60 = CNCECRCBCSN [5]

(N ) = exp 1.63 + . . . . [6]



The expression for fines content adjustment proposed 
by Idriss & Boulanger (2004) (Equation 6) is adopted. The 
values of correction factors CN, CE, CR, CB and CS are 
shown in Table 1.

Factor of safety against liquefaction triggering (FSLiq) –
The ratio of CRR to CSR indicates the factor of safety 

against liquefaction:

FS = . ,  . ,  [7]

Table 1. Correction factors for SPT N values.

Correction 
factor

Value(s)

CN
1 C = P ( . . ( ) )

CE
2 ERm/60%

where ERm is the measured energy efficiency, ERm

= 60% (i.e. CE = 1) for standard automatic trip 

hammers used in HK

CR
3

CB
4 1.00 for borehole dia. = 65 – 115mm

1.05 for borehole dia. = 150mm

1.15 for borehole dia. = 200mm

CB = 1 for standard procedures in HK

CS
3 C = 1 + (N )100

S

CS = 1 for standard procedures in HK
1Boulanger & Idriss (2014)
2Stroud (1989); Yang (2006)
3Cetin et al. (2004)
4Skempton (1986)

3 LIQUEFACTION TRIGGERING CHART

3.1 Ground Motion

Ground motion input is required to determine the seismic 
demand in the liquefaction assessment in terms of 
earthquake magnitude and cyclic shear stress in the soil 
profile.  The latest seismic hazard assessment for Hong 
Kong (Pappin et al., 2015a & 2015b; GEO, 2015) has 
identified the de-aggregated earthquake magnitude and 
distance combinations that contribute most significantly to 
the seismic hazard in Hong Kong.  Based on the de-
aggregated combinations, the following earthquake 
magnitude is considered in the evaluation of liquefaction 
potential:

‘10% chance of being exceeded in the next 50 
years’ (return period = 475 years) earthquake 
event at 60 km, Mw = 6.5

Earthquake time histories have been selected from 
recorded strong ground motion records to match the de-
aggregated combination.  The recorded strong ground 
motion records have been spectrally matched to the
uniform hazard response spectrum for Hong Kong.  
These developed earthquake time histories have been 
used in site response analyses to calculate the maximum 
cyclic shear stress in the soil profiles.

3.2 Critical SPT N Values

To enable designers to carry out a preliminary 
assessment of the liquefaction triggering potential of a site 
in Hong Kong, the critical SPT N values for the onset of 
liquefaction have been established following the 
methodology described in Section 2.2.  A probability of 
liquefaction is associated with the computation of CRR 
using Equation 3.  In this study, the soil layer is 
considered to have a potential of liquefaction when the 
probability of liquefaction exceeds 15% for the design 
ground motion having a return period of 475 years.  It is 
noted that the “deterministic” triggering curve proposed by 
Cetin et al. (2004) is based on a probability of liquefaction 
of 15% and that proposed by Idriss & Boulanger (2004, 
2008), as later assessed in Idriss & Boulanger (2010), 
corresponds to a probability of liquefaction of 16%.  In 
addition, Eurocode 8 requires a safety factor of 1.25 in the 
evaluation of liquefaction triggering potential under the 
design ground motion, i.e. a soil is considered as 
susceptible to liquefaction if the CRR is less than 1.25 
times the CSR.  This safety factor takes into account the 
uncertainties of the field-based procedure for obtaining 
SPT N values (Fardis et al., 2005).

Equations 1 and 3 are used to calculate the values of 

(N1)60cs that result in CRRM=7.5, v =1atm = 1.25 CSRM=7.5, 

v =1atm along the depth of a soil profile.  The evaluation is 
extended to a depth of 40m below ground level, below 
which liquefaction is considered improbable and unlikely 
to affect surface behaviour of structures.  The adopted 
parameters are summarised in Table 2.



Table 2. Parameters for the Calculation of Critical SPT N 
values for the Onset of Liquefaction

Earthquake data –

Earthquake scenario ‘10% chance of being 

exceeded in the next 50 

years’, near-field 

earthquake event

Moment magnitude 6.5

Peak horizontal ground 

acceleration at bedrock, 

amax(bedrock)

0.12g = 1.18 m/s2

Liquefaction criterion –
Probability of liquefaction in 
CRR calculation

15%

Factor of safety against 
liquefaction

1.25

Ground data –

Groundwater level 4 m below ground level

Unit weight of soil 19 kN/m3

Figure 1. Peak shear stress vs. depth from seismic site 
response analyses for soil profiles in HK; (a) All sites; (b) 
Reclaimed sites only

The peak shear stress ( max) of soil along depth is 
obtained from the mean plus one standard deviation of 

max calculated in the site-specific seismic site response 
analyses for 41 ground profiles covering various parts of 
Hong Kong (Pappin et al., 2004 & 2012).  The variation of 

max with depth is shown in Figure 1. The adopted max

envelopes the max of most reclaimed sites.
Figure 2 shows the critical values of (N1)60cs.  Soils 

with (N1)60cs values on the left of the curve are considered 
to be susceptible to liquefaction, while those on the right 
are considered to be non-susceptible to liquefaction.  The 
result provides a simple criterion for designers to perform 
a preliminary assessment of the liquefaction triggering 
potential of a site. It is noted that the liquefaction 
triggering curve is derived using Boulanger & Idriss (2012, 
2014) approach which is based on case histories with 
depth less than 15m and the application of this curve to a 
greater depth contains some uncertainties.

Figure 2. Liquefaction triggering curve for HK (depth of 
groundwater table = 4m)

3.3 Sensitivity on Groundwater Level

A parametric study is carried out to study the effect of the 
depth of groundwater table on the liquefaction triggering 
curve as groundwater level is one of the major 
uncertainties among different sites. A range of depths 
from 0 m to 15 m is considered because a site with 
groundwater table deeper than 15 m is considered as 
non-liquefiable (ASCE, 2014). Figure 3 shows the 
liquefaction triggering curves in terms of (N1)60cs for 
different depths of groundwater table.  For lower 
groundwater levels, the values of the critical (N1)60cs

decrease, i.e. the soil is less susceptible to liquefaction.  

(a)

(b)



The liquefaction triggering curves begin at a vertical 
effective stress corresponding to a depth at the 
groundwater level.  The curves are not extended to the 
depths above this level since liquefaction is improbable
above the groundwater table.

Considering that the potential of liquefaction in Hong 
Kong is mostly related to reclaimed sites as assessed in 
previous studies (Pun, 1992; Pappin et al., 2004), a 
groundwater level at 4 m below ground relevant to the 
general groundwater condition of reclaimed sites in Hong 
Kong is adopted in deriving the liquefaction triggering 
curve.

Figure 3. Liquefaction triggering curves in terms of (N1)60cs

for different groundwater levels

4 PERFORMANCE OF RECLAIMED SITES

4.1 Comparison with Field Data

The results of ground investigation of various reclaimed 
sites in Hong Kong undertaken in previous studies 
(Pappin et al., 2004 & 2012) have been collected and 
reviewed.  The soil profiles are shown in Figure 4.  The 
liquefaction triggering criterion proposed in this study has 
been applied to these sites to demonstrate the 
effectiveness of the proposal.

Figures 5 to 7 show the field SPT N data of those 
reclaimed sites plotted against the proposed liquefaction 
triggering curve assuming a depth of groundwater level of 
4 m below ground.  The SPT N values are corrected in 
accordance with Equations 4 to 6 and Table 1.  The 
comparison shows that all the field data are lying to the 
right of the proposed triggering curve, indicating that the 
potential of liquefaction is low.  The findings are 
consistent with the previous liquefaction assessment for 

Hong Kong which also concluded that liquefaction is 
unlikely in Hong Kong for ground motion having a 
probability of 10% of being exceeded in the next 50 years 
(Pappin et al., 2004 & 2012).

Figure 4. Soil profile of sites in previous liquefaction 
assessment

Figure 5. Fill (FC = 10%) (data from sites shown in Figure 
4)

Depth of 

groundwater 

table: 



Figure 6. Alluvial sand (FC = 20%) (data from sites shown 
in Figure 4)

Figure 7. Alluvial silt (FC > 40%) (data from sites shown in 
Figure 4)

4.2 Verification against Site-specific Study

Some of the data shown in Figure 5 are re-evaluated 
following the site-specific procedure (i.e. the peak shear 

stress, max, is determined from site response analysis for 
that particular site) to calculate the factor of safety against 
liquefaction (FSLiq) under the ground motion having a 
probability of 10% of being exceeded in the next 50 years.
The calculated FSLiq is shown in Figure 8.  It is noted that 
the reclaimed sites studied have adequate FSLiq which 
shows that the proposed liquefaction triggering curve is 
appropriate.

Figure 8. Factor of safety against liquefaction for 
reclaimed sites calculated using site-specific procedure

5 CONCLUSIONS

The method of liquefaction triggering assessment by 
Boulanger & Idriss (2012 & 2014) has been adopted in 
this study to define the criteria for the evaluation of 
liquefaction potential of sites in Hong Kong.  To facilitate 
designers to carry out a preliminary assessment of the 
liquefaction triggering potential, the critical SPT N values 
for the onset of liquefaction are calculated with respect to 
the seismic hazard and ground conditions in Hong Kong.
Liquefaction triggering curve (critical corrected SPT N 
values (N1)60cs versus vertical effective stress) 
corresponding to a 475-year return period design ground 
motion is produced.  The curve serves as the criteria for 
designers to carry out a preliminary screening of the 
liquefaction potential of a site before proceeding to a 
detailed liquefaction assessment which may not be 
deemed necessary in some cases.

The liquefaction triggering curve is compared to the 
field SPT N data of sites in Hong Kong.  The comparison 
shows that the proposed liquefaction triggering curve is
rational for preliminary screening purpose.  Site-specific 
liquefaction assessment shows that the proposed 
liquefaction triggering curve is appropriate.
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