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Abstract: This paper presents the performance of a full-scale test embankment constructed on soft Bangkok clay with
prefabricated vertical drains (PVDs) at the site of the new Bangkok International Airport in Thailand. The embankment
was square in plan with a maximum height of 4.2 m, 3H:1V side slopes, and base dimensions of 40 m by 40 m. The
piezometric level with depth is characterized by negative drawdown starting at around 8–10 m depth caused by exces-
sive withdrawal of groundwater. Instrumentation was provided to monitor both horizontal and vertical movements of
the test embankment. The measured increases in undrained shear strengths with depth are in agreement with the values
calculated from the SHANSEP technique. The secondary compression ratio, Cα, was 0.018, or within the normal values
for marine clays. The coefficient of horizontal consolidation measured in the field, Ch(field), was higher for soil at 4 and
10 m depths than for the weakest soil at 6 m depth. The back-calculated Ch(field) values range from 3 to 8 m2/year, and
the ratio of Ch(field) to Ch(lab) ranges from 4 to 5, where Ch(lab) is the coefficient of horizontal consolidation measured in
the laboratory. The degree of consolidation estimated from the pore-pressure dissipation measurements agreed with
those obtained from settlement measurements. The water-content reductions from field measurements were also in good
agreement with the values computed from the consolidation settlements. The full-scale study confirmed that the magni-
tudes of consolidation settlements increased with the corresponding decrease of PVD spacing at a particular time pe-
riod. Lastly, the results of the full-scale study have proven the effectiveness of PVDs for the improvement of soft
Bangkok clay.
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Résumé : Cet article décrit le comportement d’un remblai d’essai grandeur nature construit sur l’argile molle de Bang-
kok avec des drains verticaux préfabriqués (PVD) sur le site du New Bangkok International Airport (NBIA) en Thaï-
lande. Le remblai était de forme carrée en plan avec un hauteur maximale de 4,2 m, des pentes de 3:1 et des
dimensions de 40 m × 40 m à la base. Le niveau piézométrique en fonction de la profondeur est caractérisé par un
gradient négatif vers le bas commençant à environ 8 m à 10 m de profondeur à cause d’un prélèvement excessif de
l’eau souterraine. L’instrumentation fournie permettait de mesurer les mouvements tant horizontaux que verticaux du
remblai d’essai. Les augmentations mesurées de la résistance au cisaillement non drainé en fonction de la profondeur
concordaient avec les valeurs calculées au moyen de la technique SHANSEP. On a trouvé que le rapport de compres-
sion secondaire C

�
était de 0,018, soit à l’intérieur des valeurs normales pour les argiles marines. Les valeurs de Ch

(chantier) à des profondeurs de 4 m et 10 m sont plus élevées que dans le sol le plus mou à la profondeur de 6 m. Les
valeurs de Ch (chantier) calculées à rebours varient de 3 à 8 m2/année et le rapport Ch (chantier) /Ch (lab) varient de 4 à 5. Le
degré de consolidation estimé en partant des mesures de dissipation de la pression interstitielle concorde avec ceux ob-
tenus par les mesures de tassement. Les réductions de teneur en eau d’après les mesures de chantier étaient aussi en
bonne concordance avec les valeurs calculées par les tassement en consolidation. L’étude à l’échelle grandeur nature a
confirmé que les amplitudes des tassements de consolidation augmentaient avec la diminution correspondante de
l’espacement des PVD pour une période de temps donnée. Finalement, les résultats de l’étude grandeur nature a prouvé
l’efficacité des PVD pour l’amélioration de l’argile de Bangkok.

Mots clés : argile molle, consolidation, drain vertical préfabriqué, préchargement, remblai d’essai.
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Introduction

To reduce the time for consolidation settlement of fine-
grained soils, prefabricated vertical drains (PVDs) can be
used together with preloading to accelerate consolidation
settlements. The PVD is a slender, synthetic drainage ele-
ment comprised of a drainage core wrapped in a geotextile
filter. Excess pore-water pressures, created by preloading,
lead to preferential flow in the horizontal direction towards
the PVD and along it vertically into the permeable drainage
layers. Therefore, the PVD installation reduces the length of
drainage paths and, consequently, shortens the time required
to complete the consolidation process.

The Asian Institute of Technology (AIT) was engaged by
the Airport Authority of Thailand to undertake the full-scale
test of PVD alternatives for the new Bangkok International
Airport (NBIA) project. Besides identifying the PVD types
suitable for the project and verifying the actual field perfor-
mance of the PVD, the full-scale study also examined the ef-
fects of using different PVD types and spacings. The full-
scale study also confirms the effectiveness of the prediction
and monitoring methods, such as the comparison of the de-
gree of consolidation using pore-pressure measurement ver-
sus settlement measurement, comparison of the actual water-
content reduction with computed values, and comparison of
the actual increase in shear strength with predicted values.
Three full-scale test embankments (TS1–TS3) were con-
structed in stages on PVD-improved soft Bangkok clay at
Nong Ngu Hao, Thailand, with PVD spacings of 1.5, 1.2,
and 1.0 m in a square pattern (Table 1). All PVDs were in-
stalled to a depth of 12 m. This study is a continuation of
earlier publications (Bergado et al. 1996a, 1997) concerning
the results and analyses of the full-scale study.

Site and soil conditions

The Bangkok subsoils, part of the larger Chao Phraya
Plain, consist of alternate layers of sand, gravel, and clay.
The underlying profile of the bedrock is still undetermined,
but its level is known to be between 550 and 2000 m below
the ground surface.

The test site is located approximately 30 km east of the
city of Bangkok. The generalized soil profile and soil prop-
erties are shown in Fig. 1. The soil profile is relatively uni-
form, consisting of a 2 m thick weathered crust overlying
very soft to soft clay approximately 10 m thick. Underlying
the soft clay is a medium stiff clay layer about 4 m thick fol-
lowed by a stiff clay layer extending down to 24 m depth
which is in turn underlain by a layer of dense sand (standard
penetration test (SPT) N values of 30–50). The profiles of
soil strength and compressibility parameters determined by
laboratory and field tests are also shown in Fig. 1.

The natural water contents are reasonably uniform across
the site and lie close to the liquid limit between depths of 2
and 16 m. Most of the Atterberg limit values lie above the A
line in the plasticity chart, confirming the high plasticity of
the Bangkok clay. The groundwater table varies between 0.5
and 1.0 m below the ground surface.

Selection and installation of prefabricated
vertical drains (PVDs)

Three factors are generally used to describe the effects on
the ideal required discharge capacity of PVDs as calculated
from the theory of consolidation (Bergado et al. 1996b).
These factors are the influence of time, the influence of defor-
mation, and the influence of filtration and clogging. Based on
the results of the tests on PVD types, three PVD types were
installed in the full-scale test embankments, namely, Flodrain
in TS1, Castle Board drain in TS2, and Mebra drain in TS3,
as tabulated in Table 1. The installation of PVDs is imple-
mented by fixing the rig assembly at the desired location.
Then, the anchor plate and mandrel with the PVD are driven
to the desired depth. Subsequently, the mandrel is pulled out
and the PVD remains anchored in place after cutting it 0.15 m
above the surface of the sand blanket.

Test embankment construction and stage
loading

In the area of the three test embankments, the original
ground was cleared of grass roots and excavated to 0.3 m be-
low mean sea level. Each test embankment is 40 m × 40 m in
plan dimensions with 3H:1V side slopes and has a final height
of 4.2 m (Fig. 2). A 1.0 m thick sand drainage blanket was
laid on the excavated ground. The specifications for the sand
blanket are given in Table 2. After installation of the PVD,
the thickness of the sand drainage blanket was increased to
1.5 m. Clayey sand was then used to raise the embankment to
4.2 m (i.e., 75 kPa of surcharge) in stages. As shown in Fig. 3
for TS3, stage 1 loading was up to 18 kPa, stage 2 up to
45 kPa, stage 3 up to 54 kPa, and stage 4 up to 75 kPa (4.2 m
fill height). A berm 5 m wide and 1.5 m high was included
when the surcharge increased from 45 to 54 kPa (see Fig. 3).
After the test embankment was preloaded to a certain height
in the stage loading, a waiting period is needed in order for
the underlying soft clay foundation to gain additional shear
strength to achieve a minimum factor of safety of 1.3 against
slope failure without machinery live load. The waiting period
was 30 days for TS3 with a 45 kPa surcharge, which was sub-
sequently increased to 54 kPa. The design waiting period was
105 days for the embankment when the surcharge increased
from 54 to 75 kPa. The factor of safety without considering
the short-term condition of machinery live load (5 kPa live
load) was generally in the range higher than 1.30, as shown in
Fig. 3. The long-term factor of safety should be higher due to
excess pore-pressure dissipation in the underlying clay layers.

A section of test embankment TS3 is shown in Fig. 4. The
PVDs were installed to a depth of 12 m on a square pattern
with 1.0 m spacing for TS3. The mandrel was rectangular in
cross section with a thickness of 6 mm and outside dimen-
sions of 150 mm by 45 mm. Rectangular-shaped anchoring
shoes with dimensions of 150 mm by 45 mm were utilized.
Construction commenced in April 1994 and was completed
9 months later. The fill material was compacted to an aver-
age bulk unit weight of 18 kN/m3. The same dimensions and
procedures were followed for the other test embankments,
TS1 and TS2.
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Test
embankment PVD type

PVD
pattern

PVD
spacing
(m)

TS1 Flodrain (FD4-EX) (studded core not fixed to filter) Square 1.5
TS2 Castle Board (CS1) (grooved core fixed to filter) Square 1.2
TS3 Mebra (MD-7007) (grooved core not fixed to filter) Square 1.0

Table 1. Types of PVD installed in the test embankments

Fig. 1. General soil profile and properties.
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Field performance of test embankment

A field monitoring program was established to monitor
surface and subsurface settlements, lateral movements, and
excess pore pressures. In total, 20 settlement plates, two in-
clinometers, and 21 piezometers were installed in each test
embankment. The surface and subsurface settlement gauges
were installed near the center of the test embankment. The
subsurface settlement gauges and the piezometers were in-
stalled at a 2 m vertical interval. The piezometers were in-
stalled at locations between the PVDs. The plan and section
views showing the embankment instrumentation are given in
Fig. 5.

Similar trends of settlements were observed in all three
test embankments. A typical settlement characteristic is
shown in Fig. 6 as taken from TS2 at the surface and at
depth intervals of 2 m for subsurface settlements. Most of
the compression occurred at depths of 2–8 m, corresponding
to the very soft clay layer. The magnitude of surface settle-
ments increased from TS1 to TS3, which corresponds to de-
creasing PVD spacing of 1.5, 1.2, and 1.0 m as shown in
Fig. 7. Thus, the test embankment with the closest PVD
spacing yielded the fastest settlement. A comparison of the
surface settlement profiles was made for the three embank-
ments, and all were observed to be quite symmetrical.

Two slope indicators, labeled I1 and I2, were installed in
each embankment. Inclinometer I1 was located at the outer-

most edge of the embankment at a distance of 20 m from the
center, and inclinometer I2 was installed at the shoulder at
maximum fill height. The results of inclinometer I2 mea-
surements in TS1 are shown in Fig. 8. Most of the lateral
movements occurred at depths of 2–8 m in the very soft to
soft clay layer.

The total pore pressures were measured by pneumatic, hy-
draulic, and open-standpipe piezometers. The readings were
corrected for settlements at the piezometer tips. Figure 9
shows the data measured by pneumatic piezometers in TS1.
The pneumatic piezometers PP2, PPS4, PPS6, and PP8 were
installed at depths of 2, 4, 6, and 8 m, respectively. Although
the rate was slow and delayed, there was a definite dissipa-
tion of excess pore pressures.

Estimation of total settlements

Terzaghi’s one-dimensional (1D) consolidation theory was
used to estimate the 1D primary consolidation settlements.
In Fig. 7, the calculated total settlements using 1D consoli-
dation theory for TS1, TS2, and TS3 are shown as solid
lines in the time–settlement plots which are similar to the
corresponding measured values plotted as “dotted” lines.
The data used in the 1D settlement calculation of test em-
bankment TS3 are tabulated in Table 3.

Pore-pressure profiles

The measured pore-pressure profile for TS3 indicated that
the excess pore pressure has fully dissipated. Figure 10 illus-
trates the measured and assumed pore-pressure profiles with
depth for TS3. Line ABC in Fig. 10 represents the dummy
pore pressures, and line DEF represents the theoretical pore
pressures immediately after loading with a 75 kPa surcharge.
The dummy pore pressures were obtained at the unloaded
part of the site and were located away from the influences of
the test embankments. The dummy readings represent the
initial pore-pressure conditions before preloading which in-
dicated the pore-pressure drawdown due to excessive with-
drawal of groundwater from the underlying aquifers. In
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Fig. 2. Locations of boreholes and test embankments. BH1/B, soil boring sampling 76.2 mm – 15 m before improvement; BH2/B, soil
boring sampling 254 mm – 11 m before improvement; BH3/B, soil boring sampling 76.2 mm – 30 m before improvement; FV1/B–
FV6/B, field vane shear test before improvement. �, piezocone test location.

Sieve
No.

Percent
Finer

4 95–100
10 70–100
40 20–60

200 0–10

Table 2. Sand blanket spec-
ification (permeability 5 ×
10–2 to 5 × 10–1 mm/s).
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Fig. 3. Summary of stability and settlement analyses for embankment TS3 (with 1.0 m drain spacing). ∆σv′ , increase in effective stress
at calculated time; qc, embankment load at calculated time; up, excess pore pressure just after adding the additional load, including the
remaining pore pressure from the previous stage; Sc, consolidation settlement at calculated time; Scf, final consolidation settlement at
72 kPa load = 1.30 m; Su, developed undrained shear strength; Su0, initial undrained shear strength.

Fig. 4. Test embankment TS3 (4.2 m height).
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Fig. 10, the theoretical total pore-pressure profile immedi-
ately after 75 kPa loading is indicated by line DEF. The
measured pore pressures after 1 year of preloading in June
1995 are indicated by line AGHIJ. Line MNPQ represents
the average total pore-pressure readings in February 1996. In
comparison with the dummy readings (line ABC) which rep-
resented the initial piezometric pressures, it can be observed
that there is recharge from 8 to 12 m depth. Thus, the re-
charge extends to the PVD zone down to 12 m depth. The
hydrostatic pore pressure without any drawdown is indicated
by line AKL. The measured excess pore-pressure profile as
of February 1996 corresponds to line MNPQ, which indi-
cates full dissipation of excess pore pressures.

Consolidation with PVDs

Barron (1948) first presented the solution to the problem
of consolidation of a soil cylinder containing a central sand
drain. Hansbo (1979) recommended modifications to the
solution which dealt mainly with simplifying assumptions
due to the physical dimensions, characteristics of the PVD,
and the effects of PVD installation. The compressibility

and flow parameters have been discussed by Bergado et al.
(1996a) and include the equivalent diameter of a unit PVD
influence zone, De; the equivalent diameter of the PVD, dw;
the horizontal permeability in the undisturbed soil, kh; the
horizontal permeability of the smeared zone, ks; the diame-
ter of the smeared zone, ds; the distance from the drainage
end of the PVD, z; the length of the PVD for one-way
drainage and half of the length of the PVD for two-way
drainage, L; and the discharge capacity of the PVD at a hy-
draulic gradient of 1, qw.

It has been shown from back-analysis of an instrumented
test embankment on a similar clay in Canada (Crawford et
al. 1992) that the calculated rates of consolidation are not
sensitive to common methods of establishing De, nor to the
value of qw, and that the most significant design parameter is
the coefficient of consolidation in radial drainage, Ch. In this
study, on the other hand, the aforementioned compressibility
parameters played a vital role in the successful prediction of
consolidation settlements. The calculated surface settlements
using 1D consolidation with radial drainage (Hansbo 1979)
are also plotted in Fig. 7. The predictions agreed with the
measured values.
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Fig. 5. Plan and section views of instrumentation. MSL, mean sea level.
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Degree of consolidation

The degree of consolidation of the clay layers below the
test embankments was calculated both from pore-pressure
dissipation and from the settlements of the test embank-
ments. The pore-pressure dissipation with depth is pre-
sented in Fig. 10. If the compression ratio is assumed to be
constant, then the degree of consolidation can be obtained
from the measured pore pressures. The corresponding val-
ues of the degree of consolidation can also be obtained
from the measured settlements. Figure 11 compares the cal-
culated degrees of consolidation. The degrees of consolida-
tion obtained from settlement measurements were
confirmed by the corresponding values from excess pore-
pressure measurements.

The degree of consolidation obtained from pore pres-
sures (Up) is consistently less than that from settlements
(Us). A similar observation was reported earlier by Holtz
and Broms (1972). The delay in calculated degree of con-
solidation from pore-pressure observations obtained here is
in accordance with Mikasa consolidation theory (Mikasa
1965). During the compression and rearrangement of the
soil structure, the excess pore pressures were maintained at
higher levels similar to the observations of Holtz and
Broms and Crawford et al. (1992).

Secondary compression

Further insight into the settlement characteristics can be
obtained by plotting the rate of settlement versus the inverse
of time (Fig. 12). Over a period of approximately 20
months, the rate of settlement reduced very quickly with
time in an exponential manner. Beyond a period of 20
months, however, the rate seemed to reach an asymptotic de-
cay with a slope of 25H:1V which could be attributed to the
secondary compression. Assuming that the secondary com-
pression is a linear function of the logarithm of time, then
the slope of this line is the product of the soil thickness, H,
and the secondary compression ratio, Cα. With H = 14 m, Cα
can be obtained as 0.018. This value of Cα is within the
range of 0.01–0.02 as suggested by Mesri (1973) for marine
clays. The Cα values for soft Bangkok clay range from 0.011
to 0.021 (Kulatilake 1978; Ong 1983), with Cα/Cc values of
0.04–0.05 (Cox 1981; Wongprasert 1991), where Cc is the
compression index.

The consolidation settlement – logarithm of time plots
were prepared by Bergado et al. (1997) to estimate the sec-
ondary consolidation parameter, Cα. The final linear por-
tion is almost achieved and, based on the slope of this
curve of 25H:1V (or Cα = 0.018), as obtained from the rate
of settlement – inverse time plot, the observations seem to
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Fig. 6. Settlement of layers of increasing thickness from the ground surface (embankment TS2).
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approach a linear portion (Bergado et al. 1997). As plotted
in line MNPQ in Fig. 10, the excess pore pressures have
fully dissipated.

Reduction of water content

Figure 13 illustrates the reduction of water content with
depth for TS3 in February 1996 after 660 days of preloading
compared with the mean values of the initial water contents
measured in February 1994. The back-calculated values of
water content from settlements in March 1996 are also plot-
ted in Fig. 13 for TS3 and are in agreement with the mea-
sured water content data.

Under the test embankment, a substantial reduction in wa-
ter content is noted. For the very soft clay from 2 to 6 m
depth, the reduction in water content is consistent, i.e., higher
reduction corresponding to smaller PVD spacing in TS3. The
reduction in water content in TS3 is more than 20%.

Increase of shear strength

The increase in undrained shear strength, Su, was pre-
dicted by the SHANSEP technique (Ladd 1991) as follows:

[1]
S S mu

vo OC

u

vo NC

OCR
σ σ









 =











where OCR is the overconsolidation ratio; σvo is the effec-
tive overburden pressure; and NC and OC denote normally
consolidated and overconsolidated, respectively. For soft
Bangkok clay,

[2]
S

mu

vo NC

0.22 and 0.8
σ









 = =

Therefore,

[3]
Su

vo OC

0.80.22 OCR
σ









 = ( )

The predicted increases in undrained shear strengths are
indicated by solid lines in Fig. 14. The corrected undrained
shear strengths measured by field vane shear tests in March
1996 are also plotted for comparison. As shown in Fig. 14,
there is excellent agreement between the measured and pre-
dicted data with regards to the increase in undrained shear
strength due to preconsolidation and drainage. The
SHANSEP technique was also used in the calculation of the
increase in undrained shear strength for the stability analyses
as demonstrated in Fig. 3.
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Fig. 7. Comparison of measured total settlement and calculated 1D settlement (embankments TS1, TS2, and TS3).
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Back-calculation of Ch values from pore-
pressure measurements

From the equation of Hansbo (1979) for the consolidation
of PVDs, the following equation can be derived:

[4] 1 1
0

− = − −∆
∆

u
u

tt exp( )α

and

[5] α = 8C
D F

h

e

where ∆u0 is the excess pore pressure at a reference time of
t = 0; ∆ut is the excess pore pressure at time t; De is the ef-
fective diameter of a unit cell of drain; and F is a resistance
factor for the effects of spacing, smear, and well resistance.

From eq. [4] we can get

[6] ln
∆
∆

u
u

t
t

0 = α

Therefore, the values of α can be obtained as the slope of the
plot ln(∆u0 /∆ut) versus t. Having the values of α, the coeffi-
cient of horizontal consolidation Ch can be calculated from
eq. [5].

The back-calculated Ch values from the hydraulic piezometer
data are plotted in Fig. 15 against the increase in effective stress.
The Ch values decreased consistently with the increase in effec-
tive stress (with the progress of consolidation) for all depths. The
weathered crust (2 m depth) has the highest Ch value, and the
weakest soil at 6 m depth has the lowest Ch value. The Ch values
at 4 and 10 m are higher than that at 6 m depth.

Back-calculation of Ch values from
settlement measurements

Equation [4] can be written in terms of settlement as fol-
lows:

[7]
S
S

tt

f

= − −1 exp( )α
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Fig. 8. Lateral deformation with depth (embankment TS1, inclinometer I2). Dates are given as day/month/year.
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where St is the consolidation settlement, and Sf is the final set-
tlement. From eq. [7], the following equation can be derived:

[8] ln
S

S S
tf

f t−
= α

Therefore, the Ch values can be obtained from the slope, α,
of the ln [Sf /(Sf – St)] versus t plot. The average values of Ch
(at 12 m depth in the PVD-improved zone) calculated from
embankment TS3 were obtained as a function of the in-
creased effective stress. The average Ch value at the end of
construction is about 3 m2/year and tends to reduce to less
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Fig. 9. Pore pressures from pneumatic piezometers corrected for settlements (embankment TS1).

Depth
(m) CR RR

σ p′
(kPa)

Settlement
(m)

0–2 0.30 0.06 60 0.22
2–4 0.40 0.08 55 0.29
4–6 0.50 0.10 50 0.40
6–8 0.50 0.10 55 0.35
8–10 0.45 0.09 75 0.21

10–12 0.35 0.07 90 0.12
12–16 0.30 0.06 124 0.15

Table 3. Compression ratio (CR), recompression ra-
tio (RR), and preconsolidation stress ( )σ p′ values
used in 1D consolidation settlement analysis.

Fig. 10. Pore-pressure profiles for settlement computations (em-
bankment TS3).
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than 0.5 m2/year at the full increase of effective stress of
75 kPa. Thus, the Ch values obtained from settlement are
slightly higher than those estimated from pore pressure
back-calculations. The back-calculated Ch(field) values using
the method of Asaoka (1978) range from 3 to 8 m2/year as
presented by Bergado et al. (1996a). The corresponding lab-
oratory values range from 0.5 to 1.5 m2/year. Bergado et al.
(1992) obtained values of Ch(field)/Ch(lab) ranging from 4 to 5.

Conclusions

The performance of a full-scale test embankment con-
structed on soft Bangkok clay with prefabricated vertical
drains (PVD) at the site of the new Bangkok International

Airport (NBIA) project are presented in this paper. From the
field measurements and the subsequent analyses, the follow-
ing conclusions are made:
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Fig. 11. Comparison of degrees of consolidation from settlement
(Us) and pore pressures (Up).

Fig. 12. Rate of settlement versus inverse time plot for embank-
ment TS3.

Fig. 13. Back-calculated water contents from settlements for em-
bankment TS3.

Fig. 14. Field vane shear strength measured below embankment
TS3.
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(1) For test embankments TS1, TS2, and TS3, the magni-
tudes of consolidation settlements correspondingly increased
with a decrease in PVD spacing at a particular time period.

(2) The degree of consolidation obtained from pore-
pressure measurements was lower than the corresponding
values obtained from settlement measurements.

(3) The water-content reductions from the field measure-
ments are in agreement with the values computed from the
consolidation settlements.

(4) There is excellent agreement between the measured
and predicted increase in undrained shear strengths. The pre-
diction employed the SHANSEP technique.

(5) The back-calculated Ch values reduce substantially
with an increase in the degree of consolidation, and the
weakest soil layer at 6 m depth has a lower Ch value than
those at 4 and 10 m depth. The values of Ch(field) range from
3 to 8 m2/year, and the ratio of Ch(field) to Ch(lab) ranges from
4 to 5.

(6) The rate of settlement versus time plots indicate a
value of 0.018 for the secondary compression ratio, Cα,
which lies within the range of values for marine clays.

(7) The results of the full-scale study demonstrate the effec-
tiveness of PVDs in the improvement of soft Bangkok clay.
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