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Ground improvement technologies have played an important role in mitigating both
settlement problem of highly compressible soft marine clay and liquefaction potential of loose sandy soils that lie along the coastal regions in Indonesia. This paper
elaborates the authors’ experiences in applying ground improvement technologies
in various part of Indonesia. Case studies on conventional precompression with
vertical drain, vacuum preloading, dynamic compaction, and vibro-compaction are
presented. Finally, the handling of problematic shale formation is also discussed.

1. INTRODUCTION

Population growth, urbanization, and the ever increasing economic activities in Indonesia
have forced the utilization of marginal land for the development of buildings, industrial
and their related infrastructures. Since 1986, Jakarta, the capital city, and Surabaya, the
second largest city, have even started moving toward the sea by means of reclamation. We
all know, that developing on a geotechnically marginal land, such as reclaimed land or
poor marine soils, offers big challenges for engineers. To improve the marginal land into
a safe ground for construction, ground improvement technology is one of the plausible
solutions. This paper will elaborate the ground improvement technologies that have been
put into practice in Indonesia for improving reclaimed lands and soft marine clay.
2. PRECOMPRESSION

Owing to the low shear strength and high compressibility of soft clayey soils, a structure
cannot be directly built on top of such deposit, as it will definitely suffers intolerable settlement or even bearing capacity failure. In these clayey soils, improvement is normally
performed by pre-compression or pre-loading technique, i.e. applying a preload to the
compressible soil until a certain degree of consolidation is achieved. The preloading time
is the governing factor and very often, a surcharge load, i.e. loads in excess of the final
design load, is applied to accelerate the consolidation process. To accelerate the consolidation further, prefabricated vertical drains (PVD) may be used.
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Preloading and surcharging can be performed by: placing earth fill material, filling storage tanks with water, lowering the water table and use of vacuum pumping. The first two
are self-explaining. The preloading by lowering the water table can take place due to the
fact that when water table is lowered, effective overburden pressure increases because in
the drained layer the buoyant weight will become total weight. This results in a linear
increase of compression with depth. Vacuum pumping from beneath an impervious membrane placed over the ground surface can produce a pressure in excess of 60 kPa. Among
these preloading techniques, the placement of the earth fill material in combination with
vertical drains is the most commonly adopted in various part of Indonesia. Among others are at Balikpapan, Bontang, Banjarmasin, Belawan, Riau, Jakarta, Semarang, Balongan,
Surabaya and Paiton. Since 1954, a total of not less than 80,000,000 linear meters of prefabricated vertical drains has been installed. The majority of them were applied on reclamation area or in marine clay environment. In the last few years, the vacuum preloading
technique, which will be presented later, has also been implemented.

2.1. Case Studies on Precompression

The project, about 45 m × 75 m in size, was located at Balikpapan oil refinery about one
kilometer from the seashore. Two oil tanks of 24 m diameter and 10.5 m high, each with
a total weight of 4750 tons under water test load, were going to be constructed. Under
operating condition the working load would be around 4000 metric tons. Adjacent to the
proposed tanks, there were four existing tanks, a 30 inch diameter pipe, a pump house and
a high tension power house (Figure 1).

Figure 1.

The Precompression Project Site at Balikpapan, Kalimantan (Project Area is shaded).
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Table 1.
Depth
(m)
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The Soil Profile at the Precompression Project Site, Balikpapan, Kalimantan.
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Note: qc = cone resistance; Wn = natural water content; PL = plastic limit; LL = liquit limit; γ = bulk unit weight;
Cc = compression index, Cv = Coefficient of Consolidation; e0 = initial void ratio; Su = undrained shear strength.
φ = effective angle of internal friction; St = Sensitivity.

18 Cone Penetration Test (CPT) and 3 deep borings were sunk at the proposed site.
Laboratory tests were performed. The results revealed the presence of 20 to 22 m thick
of compressible soil layer below a 2.5 m thick medium dense sand fill. The upper 6 m compressible layer consisted of organic silt and was followed by very soft clay up to about
25 m depth. The compressible layer was underlain by dense silty sand layer. The ground
water level was located at about 1.0–1.5 m depth. Table 1 shows the soil profile and its
engineering properties.
Calculation showed that the tanks could undergo excessive total and differential settlement. The estimated consolidation settlement at the edge and the center of the tanks
was around 950 and 1200 mm, respectively. In 10 years, the settlement could be as large
as 450 mm and 570 mm. This would exceed the specification which required less than
100 mm total settlement in 10 years and 1:40 allowable differential settlement within the
50 years life time of the tanks. Preloading in combination with prefabricated vertical drains
was chosen rather than the conventional deep foundation system. The reasons were this
ground improvement technique would mitigate the settlement problem of the tank, and
minimal impact was anticipated to the adjacent facilities and utilities, other than that it was
also much cheaper compared to the deep foundation system. Table 2 showed the specification of the vertical drain adopted to accelerate the consolidation process. The prefabricated
vertical drain was a monolithic type, which have no geotextile filter material. The brand
name was Desol drain.
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Table 2.

The specification of Desol drain [1].
Desol drain

Physical properties
Components
Core
Filter sleeve
Drain width
Drain thickness

mm
mm

One material
Polyolefin
Built in
98
2–3

Mechanical properties
Tensile strength at room temperature
Strain at maximum tensile strength

kN
%

1.2
10

l/min

3.5

l/min
mm

2
0.15

Hydraulic properties
Lateral inflow capacity at l kPa pressure
Vertical discharge capacity for an average effective confinement
Stress less than 200 kPa (and hydraulic gradient of 1)
Maximum size of transported particles

Ignoring the smear and well resistance, the vertical drain was designed by utilizing
Baron’s simple equation for radial drainage as written below,
t=

D2
1
Fn ln
8Cr
1 − Uh

(1)

where, t = time required to achieve Uh , Uh = average degree of consolidation due to horizontal (radial) drainage, D = drain influence zone, S = spacing of drains, Cr = coefficient
of consolidation for radial drainage, Fn = drain spacing factor = ln(D/d)−3/4, d = equivalent diameter of drain = (a + b)/2, a = width of drain, b = thickness of drain.
The average degree of consolidation, U, which was the combined effect of the horizontal
(radial) drainage and vertical drainage, could be derived by Carrillo’s formula presented
below,
U = 1 − (1 − Uh )(1 − Uv )

(2)

where Uh and Uv is the average degree of consolidation due to horizontal and vertical
drainage, respectively. However, the contribution of Uv to the overall degree of consolidation is negligible. Therefore, it was neglected. At the project, a Cr value of 5 times Cv
(coefficient of consolidation for vertical drainage) was adopted. The average Cv value of
2 m2 / year (6.4 × 10−8 m2 /sec) was derived by the following formula,
Cv =

Σ hi
Σ (hi /Cv i )

(3)

In order to meet the stringent settlement criteria, an average degree of consolidation of
95% was required to be achieved within 6 months since the application of full preloading
scheme. With an equivalent drain diameter of 50 mm, the drains need to be installed in a
triangular spacing of 1.5 m.
The stress induced by the proposed tanks under its working load would be around
90 kPa or about 105 kPa under water test. To be effective, the preloading stresses should
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be larger than the anticipated stress, therefore a surcharge load of 30 kPa was added on
top of the working load which led to a ratio of the preload fill to the tank working load
of n = (90 + 30)/90 = 1.33. This was equivalent to a 6.5 m height of fill with a bulk
unit weight of 18.5 kPa. Considering the close spacing of the two tanks, the preloading
was executed covering the whole 45 × 75 m2 area where the two tanks located. The total
primary settlement calculated by one dimensional consolidation theory under the preload
was around 550 mm and 1710 mm at the corner and the center of the preloading area,
respectively. At the center of the proposed tanks, i.e. at center of tanks O9 and O11 shown
in Figure 1 would be as large as 1645 and 1670 mm, respectively.
The size of the project did not justify the importation of specially designed installation equipment. Therefore, a local made collapsible mandrel was used and driven into the
ground by a 60 kVa vibrator mounted on a 35 tons crawler crane (Figure 2). The collapsible mandrel made of two pipes of 8 and 10 inches in diameter. This installation method
induced considerable soil disturbance, yet this was the best that could be done at that time
and as discussed later, it turned out not to be critical. A total of 42.500 m of drain was
installed in 1700 points with depth ranging from 23 to 27 m. Knowing that UV light might
have adverse effect to the plastic made drains, 70 cm thick sand blanket was immediately
placed to cover the drain. It took 40 days to prepare the site and to install the drains.

Figure 2.

The Vertical drain simple installation equipment at Balikpapan, Kalimantan.

April 9, 2013

6

17:12: RPS:

RPS-SEAGC 2012

Advances in Geotechnical Infrastructure

Figure 3.

The Geotechnical instrumentation, Balikpapan, Kalimantan.

11 (eleven) settlement plates and 9 (nine) vibrating wire piezometer were installed to
monitor the ground improvement scheme. The positions of the instrumentation were
shown in Figure 3. In order not to harm the operation of the existing tanks which were
only about 3 m apart from the construction site, the preloading was carried out in stages
in a very careful manner. To hinder unwanted side effect, the elevation of all the adjacent
tanks and other facilities were carefully monitored. The installation of the instrumentation
took 15 days and the preload reached its final height, i.e. 6.5 m, 40 days after the completion
of the instrumentation.
All the 11 settlement plates and 9 piezometers were observed regularly. A typical plot of
time settlement curves is presented in Figure 4 and the pore pressure readings are shown
in Figure 5. The data were used to decide the unloading time.

Figure 4.

Typical settlement record, Balikpapan, Kalimantan.
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Figure 5.
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Typical pore pressure record, Balikpapan, Kalimantan.

Figure 6.

Typical Asaoka graph, Balikpapan, Kalimantan.

2.2. The Primary Consolidation

The settlement curves obtained from the observation of the settlement plates were analyzed by using Asaoka’s method. The typical Asaoka Graph is presented in Figure 6.
Table 3 shows the total primary consolidation settlement estimated from Asaoka’s method,
the calculated settlement by Terzaghi’s one dimensional consolidation theory and the
actual observed settlement.
Table 3 showed that at the end of 6.5 m fill (164 days since the start of the preloading or
107 days since the application of 6.5 m fill or full preload) the average degree of consolidation achieved was 98%. Out of the 9 piezometers installed, only the three piezometers at
hole A performed satisfactorily, the others were either damaged or stagnant. The piezometers readings presented in Figure 5 showed that 164 days since the application of preload,
the excess pore water pressure had dissipated to about 95%. It was then decided to carry
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Table 3.
Settlement plate
No.
A.1
A.2
A.3
B.1
B.2
B.3
B.4
B.5
C.1
C.2
C.3

Degree of consolidation achieved.

Method
Terzaghi (mm)
Asaoka (mm)

Actual 6.5 m fill
164 days (mm)

533
535
986
800
576
500
986
1300
1645
1610
1711
1820
1670
1660
986
1040
565
950
1038
1200
586
700
Average Degree of Consolidation

510
785
510
1130
1560
1730
1595
995
870
1150
600
98%

At end of 4.5 m fill
240 days (mm)
576
845
575
1195
1160
1829
1663
1081
869
1218
664
100%

out first phase of unloading, 2 m preload was removed. However, it was observed that the
settlement was still ongoing at a rate of about 0.8 to 1.2 mm/day. Therefore, it was decided
to maintain the 4.5 m preload while monitoring were continued and further analysis were
carried out.
Stamatopolous and Kotzias [2] identified that preloading time (log-scale) settlement
curves can be classified into three typical shapes, i.e. S shapes, with increasing slope and
linear which are termed as cases A, B, and C, respectively. The expected settlement of a
proposed structure, after removal of the preloading scheme and after the application of
the permanent structure, can be predicted from these preloading time-settlement curves.
The curves that are S-shaped (case A) indicated that the primary settlement has completed
thus do not arouse much concern about future settlement. However the time-settlement
curves that fall into the other two cases need further interpretation to estimate the future
settlement. At this project, most of the data obtained from eleven settlement plates could
be classified into case B, the S-shaped curve only happened at settlement plates C.1 and
C.3. Figure 7 shows the typical case B curves observed in the project.

Figure 7.

Typical case B time vs log settlement curve since application of full preload.
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Predicted settlement of the Tanks 10 years after completed.

Settlement
plate no.
A.1
A.2
A.3
B.1
B.2
B.3
B.4
B.5
C.1
C.2
C.3

Settlement

δp (mm)

A

B

δ f (mm)

510
785
510
1130
1560
1730
1595
995
870
1150
600

208
382
220
450
571
480
592
379
236
486
264

−191
−496
−270
−520
−682
−530
−809
−482
−249
−552
−331

−96
−135
−123
−315
−543
−842
−617
−342
−425
−263
−141

For the case B curves, Stamatopolous and Kotzias [2] equation to predict the future settlement of the proposed tanks, δ f , is:
δ f = A/n log T − (δp − B/n)

(4)

where A and B are the constants of the correlation δ = A log t + B of the final, linear
part of the plot of case B (see Figure 7); n is the ratio of the preload to the final weight
of the permanent structure, which as explained before in this project it is 1.33; δp is the
settlement at the end of the preloading (in this case, at the end of 6.5 m fill); T is the time
after the application of the permanent structure. Depending on T, δ f , might be negative,
which means the future settlement would be zero. The analysis was carried out on every
settlement plate data, the predicted settlement of the tank for a period of T = 10 years are
shown in Table 4.
It could be seen that all the results were negative, which means that the future settlement
of the tanks would practically be zero. The piezometers readings also showed no significant changes 76 days after the 4.5 m fill was maintained or after the removal of the first
2 m preload. This confirmed that the consolidation settlement had been completed. Subsequently, the preload was completely removed, and the two tanks were constructed. Two
post treatment Cone Penetration Tests were carried out to check the shear strength increment. Figure 8 shows the pre and post treatment CPT. It can be seen that the cone resistance
increased by about 3 times. Now, 25 years later, it was reported the tanks experienced no
settlement since day one, when they were put into operation.
3. VACUUM PRELOADING

The vacuum preloading utilizes atmospheric pressure as surcharge load to accelerate the
consolidation of soft clay. To accelerate the consolidation further prefabricated vertical
drains are installed prior to the application of the vacuum. The vacuum preloading method
has a distinct advantage over the conventional preloading method, it exerts isotropic stress
to the ground, and hence there is practically no stability problem. Another advantage is the
construction and the consolidation period can also be shorter than conventional preloading
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Figure 8.

Pre and post treatment CPT.

technique. However, in cases where the bottom of the soft clay is a free draining material
(granular soil), application of a vacuum pressure will cause less consolidation compared to
equivalent surcharge load because a vacuum pressure cannot be applied effectively at the
bottom of the boundary. Care must also be taken as it may cause cracks in the surrounding
surface area due to consolidation induced inward lateral displacement of the ground. The
applied vacuum is limited by atmospheric pressure, generally in the order of 0.7 to 0.9 atm
(around 70 to 90 kPa).
In the last three years, the vacuum preloading technique has started gaining its popularity in Indonesia. One of the recent applications was to improve very soft clay in a
swampy ground at Banten, a small town west of Jakarta, where a power plan was later
built. Figure 9 shows the vacuum preloading project site and the undrained shear strength

Figure 9.

Vacuum project plant at Banten and the typical undrained strength profile.
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Figure 10.

Vacuum typical settlement records.

Figure 11.
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Pre & post pretreatment soil test.

profile of the soft ground. Owing to the very soft nature of the upper 6 to 8 m clay, vacuum
preloading was chosen. Figure 10 presents the typical settlement records. Figure 11 shows
the comparison of pre and post treatment test results.

4. DYNAMIC COMPACTION, VIBROFLOATATION AND VIBROCOMPACTION

Being an earthquake prone area, the treatment of the loose sandy ground along the coastal
line of Indonesia is normally related to the mitigation of the liquefaction potential. The
case studies below present the author experiences where two ground improvement
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methods were applied at the same project site, hence, providing a comparative study to be
performed.
4.1. Arun Project – Dynamic Compaction vs Vibrofloatation

The project was located in a small town of Lhoksemawe in North Sumatra. The site was
originally tidal flatlands adjacent to the beach, with small tidal rivers flowing through the
area. During the late 1970s and early 1980s, sandy material dredged from the harbor was
pumped to fill the project site. The grade in this area was, thus, raised from near mean
sea level to a level approximately 4 m above sea level. Two identical LNG tanks of 70 m
diameter and 26 m high were going to be built side by side. The soil investigation revealed
that up to about 30 m depth, the soil was primarily poorly-graded, medium to fine grained,
sands in the upper 10 m then grades to only fines with increasing depth. Thin clayey sand
layer of about 1 m thick is found at a depth of about 3 to 6 m depth. At this depth the fines
(% passing #200 sieve) content is around 30%, whereas at other depths the fine content is
generally in the order of 5–15%. Figure 12 shows the soil profile and the SPT blow counts.
Being located at the earthquake prone area, with an anticipated maximum ground surface acceleration of 0.18 g, the foundation soil was clearly prone to liquefaction. The liquefaction potential was analyzed by using the procedures derived by Seed et al. [3]. Based
on the case history of Niigata Earthquake of 1964 where no liquefaction occurred at depth
deeper than 15 m (Ishihara [4]) it was decided to densify the soil up to 16 m depth. One
of the tank foundation soils was treated by dynamic compaction and the other one, which
was just adjacent to the first one, was treated by vibrofloatation.
The dynamic compaction was carried out by systematically dropping a 16 ton tamper
with a base area of 4 m2 from a height of 25 m. The compaction was carried out in an
8 m square pattern. A cumulative compaction energy of 200 ton-m/m2 was applied. The
vibrofloatation was executed by using a 30 HP vibroflot, 1.8 ton in weight, 381 mm in

Thin clayey sand layer of
about 1 m thick is found at
a depth of about 3 to 6 m
depth

Figure 12.

Medium to fine grained in
the upper 10 m then
grades to only fines with
increasing
depth,
fine
content is generally in the
order of 5-15

Soil profile at Arun project site.
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Comparison on the effectiveness of dynamic compaction vs vibrofloatation.

diameter and 1.86 m long, the centrifugal force developed during vibration was 10 ton. The
vibroflot was inserted to a depth of 16 m and the densification was executed in a triangular
pattern with 2.4 m spacing. At each point of compaction the vibroflot was inserted with
the aid of water jets, vibration and its own weight. Once the desired depth was achieved,
it was held at that level while vibrating as the sand backfill material was placed in the hole
around the vibroflot. To help the flow of the backfill to the bottom of the hole, the water
jets were switched from the bottom valve to the upper one. The vibroflot was raised in
increments of 30 cm in one minute or after equilibrium stress between the vibroflot and the
surrounding soil was reached whichever comes first. During the process, backfill material
was continuously added. The consumption of the backfill was 0.8 m3 /m depth treated.
Figure 13 shows the comparison on the effectiveness of the two methods in mitigating the
liquefaction potential. It can be concluded that both techniques are effective in compacting the sand deposit, however, the vibroflot gives more uniform results, while dynamic
compaction effectiveness decreases with depth. This is logical as the dynamic compaction
tamped the soil from the ground surface, while in vibrofloatation the compactor (vibroflot)
is inserted to the ground. The project survived the devastating December 2004 Aceh 9.2
magnitude earthquake. No damage to the tank was reported.
4.2. Tarahan Project – Dynamic Compaction vs Vibro-Compaction

Tarahan is a coal located at the southern part of Sumatra island. The subsoil consists of
0.5–4.0 m thick fill material, composed of a mixture of cobble, gravel, sand and silt, overlying 12–16 m thick coralline soil (Figure 14). The coralline soil composes of loose silty sand
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Figure 14.

The coralline soil profile at Tarahan project site.

with substantial amount of coral fragments throughout the depth. The upper 5 m, on average, contains about 30% coarse coral fingers (% retained in sieve no. 4) while the lower part
has about 20%. This coralline soil is underlain by stiffer strata of clayey soil followed by
conglomerate in the northern area and stiff to hard clay in the southern area. The water
table varies from 1.5 m to 2.5 m depth from the northern to the southern part.
Owing to its high water table and the loose cohesionless coralline soil, the risk of seismic
damage at this site is primarily related to liquefaction. The results of the liquefaction analysis (Seed et al. [3], procedures), for an earthquake acceleration of 0.25 g, showed that the
area was prone to liquefaction. Dynamic compaction was adopted to mitigate the liquefaction potential. A 15 ton tamper with a contact area of 4.3 m2 falling from 20 m high was
used to deliver the compaction energy into the ground. The tamping was performed in a
square grid pattern and was carried out in four phases. The first phase was started with
11 m print spacing, each subsequent phase was then carried out right at the center of the
previous phases. The last phase is the ironing phase, the drop height of this ironing phase
is 12.5 m. A cumulative energy of 295 ton-m/m2 was applied. Despite the cumulative high
compaction energy (about 1.5 times higher than Arun site), the pre and post compaction
SPT results showed that the effective depth of improvement was only 5 m. Below that
depth the soil remains unimproved and remains liquefiable. Ishihara [4] showed that the
required thickness of non-liquefiable soil surface layer for a ground acceleration of 0.25 g
should be more than 4.5 m in order not to induce damage to the upper structure. Therefore,
the improvement of 5 m depth was considered adequate for improving coal stockyard area
only.
Considering the high earthquake risk and the importance of the site, a dry process vibrocompaction method was employed to improve the deeper depth at the other area. A top
mounted vibrator similar to those used for pile driving was used. The vibrator was fixed
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on top of a 0.4 m diameter casing. The casing was equipped with a shoe that automatically opens upon withdrawal and close upon re-penetration. Two small pipes were placed
inside and outside the steel casing. The outer pipe was used to supply air jetting to help
penetration of the casing to the desired depth. The inner pipe was used to blow compressed air to break the suction, which might occur during extraction of the casing. A
hopper was also installed to feed backfill material into the casing. The casing was driven
to the desired depth of 18 m, upon completion the casing was partially filled with suitable backfill material. It was then raised about 3 to 4 m to allow its shoe to open and the
backfill flow into the hole. Compaction was then carried out by re-penetration of the casing. After re-penetration, the casing was refilled, raised and re-penetrated again until the
compaction pile was completed. A triangular pattern of 1.8 m spacing was adopted and
the compaction was carried out in two phases, i.e. the compaction was done in an alternate rows. The odd rows were done first, the even rows were done after all the odd rows
completed. The compaction was able to densify the ground up the target level.
Figure 15 shows the comparison on the effectiveness of the dynamic compaction and
the vibro-compaction method in improving the coralline soils. The effectiveness of the
dynamic compaction was low, it could only improve the upper 5 m of the soil. The
in-effectiveness was attributed to the fact that part of the energy was absorbed to crush
the coral fingers as proven by the increase of the soil fine content (see Figure 16). The
vibro-compaction method could densify the upper 11–12 m soil prone to liquefaction to
above its liquefaction potential line. And it was also able to increase the SPT blow count

Figure 15.

Dynamic compaction vs vibro-compaction results.
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Figure 16. Fines content before & after dynamic
compaction.

Figure 17. Dynamic compaction energy vs
depth improved.

of the underlying silty and clayey soils. However, the effectiveness of the improvement
was also decreasing with depth. This phenomenon is understandable due to the fact that
the compaction energy was applied by using a top mounted vibrator, hence, the effective
compaction energy would decrease with depth.
Note that if the compaction energy of Arun and Tarahan site is plotted in the Mayne et al.
[5] chart as presented in Figure 17, they both fall within the lower bound (for the coralline
soil) and the upper bound (for relatively clean sand) of the worldwide data.
5. PROBLEMATIC SHALE FORMATION

Apart from the problematic soft clay and loose sand deposit, Indonesia has also many problematic shale formation. This shale formation primarily composed of expandable minerals
of smectite and pyrite, and soluble minerals of calcite and siderite. During the soil investigation, when unexposed, the shale gives very high SPT blow counts (normally more
than 40–50 blows/ft). However, once excavated, exposed, and in contact with water, the
strength of the shale can easily deteriorated as shown in Figure 18. Irsyam et al. [6] indicated that the shale formation can only naturally be stable at a slope of 1 vertical to 4
horizontal. The existence of this shale formation causes many slope instability problems.

Figure 18.

Deterioration of clay shale formation – after Irsyam [7].
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Figure 19.
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FEM analysis and contiguous bored pile construction at Cipularang – after Irsyam [7].

So far, there is no suitable ground improvement method to stabilize this soil, and the slope
stabilization is often carried out by constructing contiguous bored piles. The example is
shown in Figure 19 which was implemented at Cipularang, a section of Jakarta-Bandung
toll road. At this site Irsyam et al. [6] reported the clay shale degraded and has a shear
strength as low as c = 5 kPa and φ =13◦ .
6. CONCLUDING REMARK

The above elaborates the authors’ past experiences in applying various ground improvement method. Other ground improvement technology, such as: stone column, compaction
grouting and jet grouting has also been implemented in a marine environment in various part of Indonesia. Finally, the above discussion shows that the knowledge of local soil
condition as well as the know how to design and apply the ground improvement work is
very important for the success of the improvement scheme. Good geotechnical theoretical
knowledge and practice are of equally important.
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