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Abstract—Slurry dredged soil at coastal area has a high water
content, poor permeability, and low surface intensity. Hence, it is
infeasible to use vacuum preloading method to treat this type of soil
foundation. For the special case of super soft ground, a floating
bridge is first constructed on muddy soil and used as a service road
and platform for implementing the modified vacuum preloading
method. The modified technique of vacuum preloading and its
construction process for the super soft soil foundation improvement
is then studied. Application of modified vacuum preloading method
shows that the technology and its construction process are highly
suitable for improving the super soft soil foundation in coastal areas.
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I. INTRODUCTION

HE concept of vacuum preloading method was introduced

in the middle of the last century by Kjellman [1]. Since
then, the technology of vacuum preloading method has been
applied by several researchers around the world. The vacuum
preloading method has been successfully used at various
engineering projects in China for improving the soil
foundation of expressways, sea embankments, and airports
[2]-[6]. Initially, vertical sand drains [8]-[10] were used and
more recently, the prefabricated vertical drains (PVDs) have
been used [2]-[5], [10], [11]. In this study, a complex
composite drainage mattresses and drainage networks [2]-[4],
[12]-[14] were used instead of sand cushion, mainly due to the
shortage of sand resources. Special technology is being used
for treating large amount of muddy soil in Wenzhou Yongxin,
China. The ground improvement techniques are often difficult
to use as the unskilled construction workers are unable to use
the construction equipment properly. In this scenario, the
modified vacuum preloading is likely to improve the slurry
dredge significantly [7], [15].
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II. PROJECT OVERVIEW

A. Geological Conditions

The soil profile are recorded from top to bottom as: (1) Thin
grayish yellow loose sandbags of man-made backfill are
locally distributed along the east side of the river bank and
directly exposed at the surface with a thickness of 0.80 to 2.50
m. (2) Soft plastic clay of medium to high compressibility
with thickness of 0.50 to 1.60 m. (3) Layer of sand containing
silt with medium - high compressibility is located at depth of 0
to 2.50 m with a thickness of 7.00 to 17.80 m, (4) Layer of silt
of high compressibility is found at depth 8.20 to 17.80 m with
a thickness of 7.40 to 20.60 m. The super-soft soil with clay
content of 78.8-99.7% has a thickness of 2.0 to 3.5 m. The
moisture content and void ratio of the super soft clay were
124% and 2.56, respectively. The reclamation site after six
months is shown in Fig. 1, whereas the particle size
distribution curve is shown in Fig. 2.

Fig. 1 Foundation soil of recent dredger

B. Ground Reclamation Requirements

The upper part of the proposed reclamation site originally
consisted of fill sediment of muddy soil. In addition to muddy
soil, the soil profile was found to consist of clay, fine sand and
silt. Slurry dredge fill was found to have a high water content,
high clay content and high liquidity index.

Due to the complex geological conditions, the traditional
ground improvement techniques could not be applied to the
site. The initial treatment of soil foundation mainly consisted
of slurry dredge accompanied by consolidation by vacuum
preloading. Slurry dredge fill strengthening is generally
carried out for roads construction with the aim to increase the
bearing capacity of the soil.
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Fig. 2 Particle size distribution of dredged fill

III. DESIGN OF SOIL FOUNDATION IMPROVEMENT

A. Construction Technology Program

Due to the geological and environmental conditions of
proposed ground for improvement, the modified vacuum
preloading technology employed a floating bridge to
overcome construction problems on super soft soil. The
technique consisted of two stages: In the first stage, a floating
bridge was constructed to carry the workers and equipments.
The technique of floating bridge is very effective in solving
the problem of construction on large-area of dredged fill. The
bridges were temporarily constructed by using polyethylene
foam boards, bamboo plywood and steel tubes. Construction
of temporary float bridge was carried out using rubber and
plastic plates. Several bamboo sticks were driven vertically to
the slurry soil and tied with others horizontal bamboo sticks
using bamboo threads to construct a frame that can carry
horizontal rubber foam boards (see Fig. 3) [7], [15]. The
second stage involved the treatment of slurry dredged soil by
vacuum preloading without sand cushion application because
the super soft soil could not support the surcharge of sand
cushion.

Fig. 3 Complete floating bridge

B. Design of Modified Vacuum Preloading

(1) Prefabricated vertical drains (PVDs) of 3.5m length were
driven vertically in square distribution pattern with a
spacing (S) of 80cm.

(2) Drainage plastic pipes of 63 mm diameter are laid
horizontally as main pipes for water discharge and to
support the corrugated filter. The pipes are arranged and
connected with branch to form a drainage network frame
as shown in Fig. 4.

(3) The initial loading was with 50% of the number of
vacuum pumps. The vacuum operation was monitored at
10-15 day interval. Finally, the vacuum pressure was
fixed at 80kPa, and maintained for not less than 60 days.
When pumping is stopped the vacuum pressure shall not
be less than desired pressure.

(4) The measured settlement for 4 days should be less than
Imm/d and the degree of consolidation should be 80%
before stopping the vacuum pumping.

Fig. 4 Plastic pipes laid horizontally for water discharge and to
support the membranes

IV. CONSTRUCTION TECHNOLOGY

Vacuum preloading mostly includes vertical drainage
system (PVDs). The construction technology consists of
drainage systems, vacuum pumps and monitoring equipments
grouped together. The slurry dredge fill soil has surface
strength equal to zero making it very difficult to treat. The
following procedure is therefore, applied for the treatment:

(1) A plastic woven fabric is laid on the surface of muddy fill
layer, (see Fig. 5) and then two opposite sides are fixed in
the woven fabric on the floating bridge. The plastic
woven fabric is wrapped on the floating board and inside
the muddy soil.

(2) Plastic drainage (PVDs) are driven by bamboo sticks at a
spacing of 80 cm x 80 cm and fixed to the horizontal
plastic drain pipes network through orifice (Type A of 10
cm in width) made of exact size using blades. The orifice
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should not be very large to prevent the flow of mud from
the orifice at the upper level into the drainage system.

The upper end of the PVDs is folded by 20 c¢cm, and then
inserted into the plastic drain pipes as shown in Fig. 6.
Layer of vacuum membrane is laid instead of sand
cushion. The membrane specification is 150 g/m? and the
membrane is extended as shown in Fig. 7.

The layer of vacuum membrane film is made of
polyethylene with thickness of 0.14 mm. Vacuum
membrane borders are made larger than the reinforced
area by about 2.0 m on each side.

The borderline of vacuum preloading membrane in this
current state is not needed to dig a groove for sealing, but
membrane borders are inserted to depth of not less than
1.5m.

A number of vacuum pumps are installed as a single
pump cannot support an area of more than 1000m?. Hence,
for a very large area of the slurry dredge soil foundation
under treatment, sufficient number of vacuum pumps
were installed.

Fig. 5 Ground before foundation treatment

Fig. 7 Working photo of laying vacuum membrane

V. SITE MONITORING OF GROUND IMPROVEMENT

The monitoring of settlement under vacuum pressure is
done and the monitoring curves are shown in Fig. 8. To meet
the design requirements, the test time is 10-15 days under
vacuum pump of 50% efficiency. The results showed that the
characteristics of jumping is relatively stable at a vacuum
pressure of 70-85 kPa. Each reinforced area during the
settlement is observed daily. The settlement - time curve as
shown in Fig. 9 indicates that even if the vacuum in the test
stage is causing settlement rate of up to 4 mm/d, a greater total
settlement of 376 mm to 557 mm has been achieved within 32
days. Pedestrians were able to walk conveniently on the
treated soil as shown in Fig. 10. The settlement has not been
stable so far. It is recommended that the vacuum pressure
should continue maintaining the vacuum load.
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Fig. 8 Curves of vacuum pressure under the membrane
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Fig. 9 Curves of settlement with time

Fig. 10 Ground in half way of foundation treatment

VI. CONCLUSION

In this study, a new construction technology of vacuum

preloading for super soft soil improvement in Wenzhou
Yongxin, China has been introduced. The construction
technology is proposed as a platform for construction detour
and for the improvement of super soft soil by using modified
vacuum preloading construction technology. Results of
construction technique described in this paper clearly showed
that the proposed construction technology is technically
feasible, convenient, economically advantageous, and leads to
satisfactory results.
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