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Mapping liquefaction potential based on SPT and SWV data

T.S.Wang

Institute of Engineering Mechanics, State Seismological Bureau, Harbin, People’s Republic of China

ABSTRACT: A set of liquefaction potential maps of Tai-yuan City in China under probabilis-
tic design earthquakes were compiled mainly based on SPT and shear wave velocity data.
A mefchod for compiling the maps was proposed in this paper. These maps incorporate factors
obtained through the following studies: geographic, geologic and geotechnical investiga-

tions,
method,

seismic risk analysis and design ground motion microzoning using probabilistic
liquefaction analyses for over 2000 boring records. The liquefaction zone was

djvided into‘21-23 subzones. An average liquefaction index showing liquefaction susceptibi-
1ity and maximum liquefaction depth limits were given in each subzone.

1 INTRODUCTION

In order to increase the ability of seis-
mic disaster prevention for the important
cities or zones gradually, and to mitigate
the earthquake damage extremely, the
seismic resistance and disaster prevention
planning should be compiled for these
places lying in the seismic zones. Seismic
microzoning is their basic research,
and liquefaction potential map 1is an
important part of seismic microzoning.

An urban seismic resistance and disaster
prevention planning was set in Tai-yuan
City, the capital of Shan-xi Province,
China. The planning zone incuding Tai-yuan
City 1is situated in an alluvial plain
in the Shan-xi Basin, with total area
of 225 Km~. To compile the liguefaction
potential maps was a part of the project.

Therefore, the information about over
2000 borings with the depths of 15-20m
in  this zone was collected. Standard
penetration test (SPT) data and conven-
tional geotechnical test data were obtain-
ed from most of borings. Numbers of supple-
mentary borings with the depths of 30-100m
for the seismic microzoning were explored.
The SPT and shear wave velocity (SWV)
measurement, ~conventional geotechnical
tests and resonant column tests for dyna-
mic moduli and damping of soil were per-
formed for these borings. The Boring
Distribution Map, Geography Map, Geology
p?gé Geology Profile Figures (14 sheets
of Figures from east to West and 5 sheets
of Figures from south to north) and the
Liquefiable Soil Distribution Map etc.

Water Table Distribution Map, Enginee-.

were collected or compiled. The seismic
risk analysis and design ground motion
microzoning were performed by using proba-
bilistic method. Liquefaction potential
was evaluated by using empirical method
mainly based on SPT blow NSPT or SWV

V_-value data. The empirical method was
sét from the information of 1liquefied
and not-liquefied sites after six earth-
quakes in China and checked with the
information of liquefied and not-liquefied

sites after Hai-cheng earthquake in 1975
and Tangshan earthquake in 1976 in China
(The Seismic Codes of China 1978 and
1985).

For the liquefaction borings evaluated,
the liquefaction susceptibility index
and maximum liquefaction depth limits

were calculated for each boring.

Combining the results of Tliquefaction
potential evaluation for borings with
the distribution of site conditions and
factors relevant to Tliquefaction poten-
tial, the liquefaction zone boundaries
can be found and the liquefaction poten-
tial maps can be compiled. This research
achievement has been approved by the
state administration department in China.

2 LIQUEFIABLE SOIL DISTRIBUTION MAP

The Tliquefiable zones with saturated
sands and silts in strata are first compi-
led and the liquefaction zones can be
found among it to save a lot of work
in the not-liquefiable zones. The map
can be compiled according to the following
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empirical principles: .
1. The soil deposited in the geologic
age of the Quaternary Epileistocene (Qg)
or before may be evaluated as nonliguefal-
intensity in China

tion soil;

2. With the seismic

VII, VIII and IX (they correspond to
about the Modified Mercalli intensity
7,8 and 9, respectively.), if the clay
fraction (finer than 0.005mm) content
percentage P (%) in silts are not less

than 10, 13C and 16, respectively, then
the soil may be evaluated as non-liquefac-
tion soil;

3. If one of the inequalities (1),
(2) and (3) is true, the influence of
Tiquefaction will not be considered

du>d° + db -2 (1)
dw>d° + db -3 (2)

du dw
RN oy A 3, 3 > 1.5 (3)

where d_ is the depth of foundation buri-
ed, d b

overbdrden nonliquefaction strata, d
is the depth of water table, and do i
the characteristic depth of liquefaction

soil which is taken from Table 1:

Table 1. Characteristic depth of liquefac-
tion soil

Type of saturated Intensity in China
soils VII VIII IX
Silts 6 7 8
Sands 7 8 9
These principles were set from the

investigations for a 1lot of exploration
and tests and the information about Tique-
fied and not-liquefied sites after some
major earthquakes in China. It also referr-
ed to the relevant international research
achievement (The Seismic Codes of China
1978, 1985).- The principles were applied
to all liquefaction potential evaluation.

3 LIQUEFACTION POTENTIAL EVALUATION

Liquefaction analyses- for the boring
records are performed by layers according
to the following methods: :

1. A1l of borings are preliminarily
evaluated according to the principles
mentioned above and the Jiquefiable bor-
ings will be evaluated further.

is the accumulated thickness of .
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2. The following method is used tg
evaluate the liquefiable borings in calcy-
lation:

For saturated Tliquefiable
critical SPT blow value N
from the formula (4):

NCR=N°[0.9+0.1(dS-dw)] «/3/Pc

A SO'”’ the
CR is calculated

(4)

where dS is the depth of the penetration
point, PC is the percentage of the clay
fraction (finer than 0.005mm) content
in silts, if PC(%)<3, take Pc=3, and

No 1is the basic value of SPT blow for
evaluating 1liquefaction potential, it
is taken from Table 2:

Table 2. Basic value of SPT blow for
evaluating liquefaction potential.

Depth of the pene- Intensity in China

tration point VII VIIT IX
Om<dss 15m 6 10 16
15m <dsg 20m 9 14 19

For- the SP:r blow va]ge measured in the
same Jlocation NSPT’ if NSPT< NcR’ it

will be evaluated as liquefaction, other-
wise, nonliquefaction.

3. Liquefaction potential
by using SWV Vs-values.

A correlation formula between SWV V_-value
and SPT blow Ngpy Was obtained acRording

is evaluated

large number of data measured in
Planning Zone by author (Wang
1990). For that zone only having SHWY,
VS measured in field can be converted

into an .equivalent SPT blow NE through
formula (5):

to a
Tai-yuan

- 10/6
Ng=(Vg/53.91) (5)

then NE is substituted for NSPT which

should be measured in the same location.

calculated from formula

After NCR is
(4), if Ng < Nep, it will be evaluated
as liquefaction; otherwise, nonliquefac-

tion.

The reliability of the method was inves-
tigated by comparing 8 kinds of methods
based on SWV Vs-va‘lue with SPT blow method

using formula (4) in the same 44 locations
in Tai-yuan Planning Zone (Wang 1990).
The results evaluated by using formula



(5) were all closest to that evaluated
by using formula (4) with the seismic
intensity in China VII, VIII and IX.

4 CLASSIFICATION OF THE DEGREE OF LIQUEFAC-
TION SUSCEPTIBILITY

For the Tiquefaction borings evaluated,
the liquefaction indices P showing the
degree of liquefaction susceptibility
are calculated from formula (6):
P=32(1 Iy
= - ————)d.W, (6)
i=1 Ncri i

where n is the total number of the lique-

faction points evaluated according to
SPT blow method, N1. , Ncri are the SPT
blow value and the critical SPT blow
value at the ith point, respectively,

if N1.> Ncri’ let Ni=Ncr1" di is the soil

stratum thickness represented by the
ith point, and W, is a weighting function
showing the infTuence of the ith point
position wi=(25'dsi)/2’ dsiis the ith

point depth, if dsi< 5m, take dsi=5‘

The degree of liquefaction susceptibili-
ty is classified into three grades accord-
ing to P values. As P<5, 15>P >5 and
P > 15, they are defined as low, middle,
and high susceptibility, respectively.
The case with an unequal settlement up
to 20 cm may occur for the middle suscep-
tibility, and more. than 20 cm for the
high susceptibility.

The calculating Tliquefaction potential
analyses for the borings 1lying in the
liquefiable zone in ai-yuan~ Planning
Zone were performed according to the
methods mentioned above by using a compu-
ter program.

5 SEISMIC GROUND MOTION STRENGTH

The seismic ground motion strength as
for evaluating liquefaction potential
by SPT blow method is taken as seismic
intensity. If the maximum acceleration
on ground surface amax(g) is given, it

may be converted into equivalent intensity
from Table 3 (Hu 1988).

According to the results studied (Yuan
1990), corresponding to 10% of probability
of exceedance in 50 years, the maximum
acceleration on ground surface in Tai-yuan

Planning Zone 1is 0.183 < Aoy =< 0.35g.

The equivalent seismic intensity is VIII
as referred to Table 3, and if correspond-
ing to 2.5% of probability of exceedance
in 50 years,.then the maximum acceleration
on ground surface is increased to

- liquefaction potential

Table 3. Relationship between seismic
intensity and maximum acceleration on
ground surface.

Intensity Maximum acceleration
in China on ground surface a__ (g)
max
Range of value Average value
VII 0.090-0.177 0.125
VIII 0.178-0.353 0.250
VX 0.354-0.707 0.500

O.ZSQEamaxg 0.45g, the equivalent intensi-

ties are IX in the where is a narrow
belt along the Fen River and VIII in
the other place of the zone.

6 LIQUEFACTION POTENTIAL MAPS
calculative evaluation of

and determination
of liquefaction susceptibility and maximum

The work in

liquefaction depth 1limits is for the
borings, which will give the data for
mapping liquefaction extent and depth

of the zone.

Mapping liquefaction potential is based
on the technique to combine useful infor-
mation as much as possible about site
conditions and factors relevant to lique-
faction potential in the depth of less
than 20m, including soil stratum condi-
tions, water table depths, clay fraction
(finer than 0.005mm) content percentage
in silts, relative density of sand, accu-
mulated thickness of overburden nonlique-
faction strata, percoration of ground-
water, seismic 1Intensity etc. If the
conditions of site and factors relevant
to liquefaction potential around a boring
are similar to the boring, the extent
of liquefaction potential of the boring
can be spread up to the place where the
conditions changed obviously with the
boring. After doing the things for all
borings, the boundaries between liquefac-
tion and nonliquefaction sites can be
found. The liquefaction zones with the.
same susceptibility grade are pieced
together 1into _some continuous zones.
The large piece of liquefaction zone
with the same susceptibility grade may
be further divided into several subzones
according to liquefaction index and lique-
faction depth. An average liquefaction:
index and .maximum  1liquefaction depth
limits are given in each subzone, which
is convenient for the engineers to use
both at present and /or in future.

The liquefaction potential maps of
Tai-yuan Planning Zone are shown in Fig.l.
and Fig.2. Corresponding to 2.5% ofprobabi-
lity of exceedance in 50 years, the detail
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Boundaries of
the Fen River
Boundaries of
tiquefaction zones
Subzone boundaries
Liquefaction zones
with high susceptibility
Liquefaction zones

with middle susceptibility
Boundary of

Tai-yuan Planning Zone

5 KN

Fig.1 Liquefaction potential map of Tai-yuan Plﬁnning Zone for the seismic ground motion corres

ponding

Figure similar to Fig.2 is omitted- as

space is limited.
7 CONCLUSIONS'

A set
under

of liquefaction potential maps
the seismic ground motion with
two levels of probability of exceedance
in 50 years in the Tai-yuan Planning
Zone, China were compiled mainly according
to SPT and SWV data, and a method for
compiling the maps was proposed. Liquefac-
tion susceptibility is classified into
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to2.5%6 of probability of exceedance im 50 years

three grades as low, middle, and high.
The whole 1liquefaction zone was compoged
of 21-23 subzones. An average liquefaction

index and - maximum liquefaction depth
limits were given in each subzone. :
Corresponding to 10% of probability
of exceedance in 50 years, the tota]
area of- liquefaction zone, was 42 Km
(18.6% of the planning area), in which

65% of the liquefaction area has a high
liquefaction susceptibility, 24% a middle
susceptibility -and 11% a low susceptibili-
ty.



)Fig.z Liquefaction potential zoning of Tai

ponding to 103 of probability of exceedance in 50 years
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Corresponding to 2.5% of probability the area of high liguefaction susceptibili-

of

exceedance in 50 years, the totag

area of liquefaction zone became 44.5Km

(19.7% of the planning area),
liquefaction subzones were added,

more

and two

ty was changed to 75% of liquefaction
area, the area of middle susceptibility
to 25%, and of low susceptibility, none.
The liquefaction potential maps are useful

6137



to the planning of seismic disaster preven-
tion and engineering construction as
well as to the design and site selection
of engineering.
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