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Organic sandy soil is widely distributed throughout Hainan Island. )is study aimed at addressing the distribution, composition,
and formation of organic sandy soil. )e engineering properties of organic sandy soil were examined. )e experimental results
showed that the coefficient of uniformity and coefficient of curvature were 2.07 and 1.25, respectively. )e maximum dry density
and optimum water content were 1.723 g/cm3 and 12.23%, respectively. )e undrained shear strength of organic sandy soil was
around 37.5 kPa. )e effective stress parameters c and φ were around 4 kPa and 23°, respectively. )e compound tangent-
exponential model was adopted for capturing the stress-strain behavior of organic sandy soil. As the unconfined compressive
strength of the cement-admixed organic sandy soil was much lower than that of ordinary sand, some innovative ground im-
provement technologies were proposed for stabilizing organic sandy soil, such as thermal pile, fiber, and steel-, bamboo-, and
freezing-cemented soil columns. )e main purpose of these technologies is to enhance the bearing capacity of organic sandy soil
but reduce the usage of cement, as the latter is not an eco-friendly material.

1. Introduction

Hainan is a rapidly growing tourism province in China with
a very long coastline and plants of bays (Figure 1). Many
construction projects are well under way in Hainan Island,
especially in the coastal areas, so as to make it an in-
ternational tourist island. Organic sandy soil is widely spread
in this island, and field investigations have revealed that 8 of
the 12 selected bays in Hainan Island have organic sandy soil
(Haikou, Fengjia Bay, Yingge Bay, and Sanya). Organic soil
is a material not suitable for engineering because of its high
compressibility and low shear strength. It causes some en-
gineering problems, such as inadequate strength after re-
inforcement or even failure of composite foundation because
of its special engineering properties [1].

Although some studies have been conducted on organic
soils [2–4], the knowledge of organic sand remains scanty. To

deal with organic soils for construction projects such as
ground improvement, one commonly adopted method is to
stabilize it with some chemical admixtures [5]. Stabilization of
soft ground by deep mixing [6] and jet grouting [7] is widely
employed in coastal areas, such as Singapore and Hainan
Island, for stability and deformation control in many ground
improvement and underground construction projects such as
tunneling or deep excavations. )e use of cement to enhance
the engineering properties of soft soils or sands has been
widely used and well established [8, 9]. However, whether
traditional treatment methods are available for organic sandy
soil is still unclear. )is study investigated the engineering
properties (e.g., strength parameters) of organic sandy soil
and proposed some innovative ground improvement tech-
niques for this kind of sand. )e tests in the current study are
conducted according to the Chinese Standard for the soil test
method (GB/T50123-1999); some other standards are also
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referenced, such as ASTM and British Standard, which will be
specified where they are used.

2. Formation of Organic Sandy Soil

)e location for in situ sampling of organic sandy soil in one
construction site at Qinglan Harbor in Wenchang City is
shown in Figure 1 (the red point). A quantitative analysis
was conducted by the ASTM D2974 [10] to check the or-
ganic content in the sand. )e results showed that the soil
contained between 5% and 8% of organic matter content
(Table 1).

Figures 2 and 3 show the scanning electron microscopic
images of organic sandy soil and ordinary sand, respectively.
)e arrangement of particles reflects the microstructure of in
situ organic sandy soils, as the tested samples are directly
obtained from field.)e smooth surface of the organic sandy
soil is covered by a layer that makes the surface smooth with
a few pores (Figure 2), completely contrary to the rough and
porous surface of ordinary sand (Figure 3) [11]. It should be
noted that the shape of microparticles is likely to have
significant influence on the macromechanical behavior [12];
this effect was not investigated extensively in the current
study.

A solubility analysis was also conducted to further
check how the organic matters existed in the sands. )e
sand specimens were put in the oven at 70° for 24 h; the
temperature was not to so high to burn the organic coat.
)en, the sands were separated into three parts by
crushing the samples, and the mass of each part was
measured. )e three parts were soaked in distilled water,

HCl solution (pH � 5), and NaOH solution (pH � 9),
respectively, for 48 h. Each specimen was then taken out
from the solution, dried, and weighed under room tem-
perature to check the loss of mass. )e percentage of mass
loss for the specimens in distilled water, acid, and alkali
solutions was 0.436%, 0.432%, and 0.356%, respectively.
)e small amount of mass loss indicated that the organic
matters did not exist independently as particles, but were

Figure 1: Map of key coastal bays in Hainan Province (Map data © 2018 Google).

Table 1: Organic content of sand specimens from different sam-
pling depths.

Sample Organic content (%) Sampling depth (m)
1 7.56 2-3
2 6.88 3-4
3 5.26 4-5

Figure 2: Scanning electron microscopic images of organic sandy
soil.
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combined with the sand particles closely. Organic matters
may immerse in the pores or are adsorbed on the surface
of the sand owing to the long-term microbial activity and
physical or chemical effects. Due to the specific type of
existence of organic matters, this sand is named “organic
sandy soil.”

)e process for forming organic sandy soil was assumed
to be as follows. )e organic matters from dead animals or
plants penetrated into the stratum due to the effect of
rainwater and groundwater. )en, they were gradually
adsorbed on the surfaces of sand particles across ages.
Subsequently, they immersed into the pores of sand par-
ticles. Finally, the organic sandy soils were formed through
the physical, chemical, and biological reactions between
organic matter and minerals of sand particles. To model the
formation process of organic sandy soil, an indoor ex-
periment was conducted based on the concept of constant
head permeability test (Figure 4). )e sludge water and
sludge were mixed with dead leaves to increase the organic
content. After around 3 months, the organic content was
determined in the ordinary sand. )e organic content of
parts 1, 2, and 3 was 0.31, 0.03, and 0, respectively. Also, the
organic content in the sand was found to decrease with the
sampling depth, which was consistent with the results
obtained from in situ specimens. )is confirmed that the
assumption about the formation of organic sandy soil was
reasonable.

3. Engineering Properties of Organic Sandy Soil

According to BS 1377-2: 1990 [13], a dry sieving method was
adopted to check the grain size distribution of organic sandy
soil (Figure 5). It was identified that d60, d30, and d10 were
0.18, 0.14, and 0.087mm, respectively.

)e coefficient of uniformity Cu and the coefficient of
curvature were 2.07 and 1.25, respectively. )e compaction
tests shown in Figure 6 revealed that the maximum dry
density and optimum water content of organic sandy soil
were 1.723 g/cm3 and 12.23%, respectively. )e minimum
dry density of the sand was 1.570 g/cm3, whereas its natural
dry density was 1.617 g/cm3. )erefore, the relative density
of organic sandy soil in the natural state was around 0.56.
)e specific gravity and permeability of the sand were found
to be 2.621 and 3.257 × 10−3 cm/s, respectively.

As the sand specimen was very easy to be disturbed, it
was made in the laboratory. )e sand was dried in air and
sieved through a 2mm sieve. )e initial water content w0
was measured, and the mass of water to be added mw was
calculated using the following expression:

mw �
m1

1 + 0.01w0
× w′ −w0( , (1)

where m1 is the mass of sand and w′ is the designed water
content. )en, the mass of sand needed for one specimen m2
was obtained using the following expression:

Figure 3: Scanning electron microscopic images of ordinary sand.
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Figure 4: Experimental design for modeling the formation of organic sandy soil: (a) real product; (b) diagram.
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m2 � 1 + 0.01w′( ρdV, (2)

where ρd corresponds to the dry density of sand while V is
the volume of specimen (with a diameter of 35mm and

length 70mm). )e specimen of sand was compacted in
a cylinder with grease inside, as shown in Figure 7. Five
layers of sand were put into the cylinder, and 12 times of
compaction were conducted for each layer to ensure the
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Figure 5: Grain size distribution curves of ordinary and organic sandy soils.
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Figure 7: Compacted sand specimen: (a) compaction tool; (b) sand specimen.

4 Advances in Civil Engineering



compaction quality. )e average density and relative density
of the samples are 1.71 g/cm3 and 0.56, respectively. )ese
indices indicate that the samples are medium in terms of
density.

Triaxial tests were conducted on the organic sandy soil
with various confining pressures (i.e., 50, 150, and
200 kPa) using the Geocomp triaxial apparatus (Figure 8).
)e setup of the specimen and test process are illustrated
in Figure 9.

Unconsolidated-undrained (UU) triaxial shear tests were
used to determine the undrained shear strength of organic
sandy soil (Figure 10). )e stress-strain curves for various
effective confining pressures are shown in Figure 10(a). )e
Mohr circle for the three confining pressures was similar
(Figure 10(b)). )eoretically, the three circles should be exactly
the same size, with horizontal envelope lines. )e slight dif-
ference might be because it was difficult to saturate the
specimen fully. Another reason for the difference may due to
the variation in density of soil samples, as equal compaction
energy was used for each soil layer. )e undrained shear
strength of the specimen was around 37.5 kPa. Figure 11 shows
the results from the consolidated-undrained (CIU) triaxial
shear test. When the shear strain was larger than 1%, the effect
of confining pressure was obvious and the specimen under
higher confining pressure tended to achieve a greater shearing
stress (Figure 11(a)). During the early stage of the test, positive
excess pore pressure was generated (Figure 11(b)). )en, the
negative excess pore pressure increased with shear strain,
implying that the volume of the specimen was enlarged
during shearing (i.e., stress dilatancy [14]; Figure 9(c)). )e
deviator stress of 15% shear strain was defined as failure stress
(Figure 11(c)). With the generation of negative excess pore
pressure, the effective stressMohr circle was on the right side of
the total stress Mohr circle. )e total stress parameters cu and
φu were 14.6 kPa and 21.85°, respectively. )e effective stress
parameters cu′ and φu′ were 4.3 kPa and 23.09°, respectively.
Figure 12 exhibits the results from the consolidated-drained
(CID) triaxial shear test. )e deviator stress increased with the
shearing strain, and the difference for various confining
pressures within a strain of 0.05%was not much (Figure 12(a)).
When the strain increased continuously, higher confining
pressure led to higher deviator stress. Further, a slight stress
compression was observed during the early stage of shearing
(Figure 12(b)). However, the volume strain increased with the
increase in shearing strain in the later stage of shearing, up to
a shearing strain of 10%. It means that significant stress di-
latancy was observed [15]. )e Mohr circles in Figure 12(c)
indicated that the effective stress parameters cd and φd were
4.2 kPa and 22.23°, respectively, consistent with those obtained
from CIU tests.

)e compound tangent-exponential model [16] was
adopted to model the stress-strain curves obtained from the
triaxial tests:

q � A tan B 1− e−Cε  , (3)

where q is the deviator stress (in kPa); ε is the axial strain (in
%); and A, B, and C are the fitting parameters. )e summary
of fitting parameters for each stress-strain curve is given in
Table 2. Figure 13 shows that the fitting curve agreed well

with the experimental data from the triaxial test. Moreover,
Figure 14 illustrates that the normalized stress-strain curves
for UU and CIU tests fell into a narrow band for various
applied confining pressures. )e fitting formula was also
obtained as follows:

UU : q � tan 0.78 1− e−3.6ε
  ,

CIU : q � tan 0.78 1− e−1.6ε
  .

(4)

It showed that, for normalized stress-strain curves of UU
and CIU tests, the fitting parameters A and B were set as 1
and 0.78, respectively. )e difference lay in the value of C.

4. Proposed Reinforcement Methods

Figure 15 shows the results from unconfined compression
tests for ordinary Portland cement-admixed sands.)e three
different types of sands were ordinary sand, organic sandy
soil after removing its organic matters, and original organic
sandy soil. )e cement content was 10%. However, the
unconfined compressive strength was found to be signifi-
cantly lower for the cement-treated organic sandy soil than
for the cemented ordinary sand. To increase the engineering
performance of the cement-treated organic sandy soil, the
traditional way is to increase the cement content. Besides,
several innovative techniques have been proposed for the
ground improvement, which may be adopted for the organic
sandy soil. )e results in Figure 15 also indicate that, as
a relatively weak and organic component, the organic coat
may detach/crush under stress or be steadily degraded under
acid or alkaline conditions.

Figures 16 and 17 show the outside view and schematic
diagram of the thermal pile, respectively [17]. As shown in
Figures 17(a) and 17(b), the thermal pile comprises a liquid
pipe, a heating pipe, a brick pile, a drying section, and
a liquid suction pipe. )e heating pipe with a closed bottom
is inserted into the soft ground. )e brick pile surrounds the
outer edge of the heating pipe, while a drying section is
present around the brick pile. )e liquid pipe lies within the
center of the heating pipe, and its upper portion is higher
than the top edge of the heating pipe. )e top of the heating
pipe is sealed. )e liquid suction pipe and liquid pipe are
connected with each other. )e technology of thermal pile is

Figure 8: Geocomp triaxial apparatus.
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safe and environmental friendly, with easy-to-control
quality. Moreover, it can be widely applied in engineering
projects for a wide range of soils, such as bentonite and
collapsible loess. For the treatment of organic sandy soil, the
advantage of this technology is that it can remove the or-
ganic matters.

Figure 18 is the schematic diagram of the fiber- and steel-
reinforced cemented soil column, which includes the fiber-
reinforced cemented soil column and the steel cage [18]. )e
cylindrical steel cage is composed of longitudinal main bars
and spiral stirrups outside of the cage. For accurate posi-
tioning, steel bars are used on the outside of the cylindrical
framework. Strengthen tendons are fixed for each 2–2.5m
along the steel cage. )is reinforcement method is easy to

design, operate, and control quality. Moreover, the re-
inforcement depth can be very deep with reasonable cost.
)erefore, the technique can be used in the ground im-
provement projects for the organic sandy soil foundation. It
can also be used as a supporting structure during excavation.

Figure 19 shows the outside view of the bamboo-
reinforced cemented soil column [19]. Bamboo is a fast-
est-growing natural resource available to mankind as
a construction material; otherwise, it is burned or left to
decay after its useful life [20]. One or more bamboos are
inserted at the center of the column, and other bamboos are
placed around them. )e selected bamboos should be ver-
tical in shape. )e diameter of bamboo is usually between 50
and 100mm, which should be designed according to the

(a) (b) (c) (d)

Figure 9: Procedure of the triaxial test: (a) setup of the specimen; (b) consolidation; (c) shearing; (d) dismantle of the specimen.
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Figure 10: Results from the unconsolidated-undrained triaxial shear test: (a) stress-strain curves; (b) Mohr circle.
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Figure 11: Results from consolidation-undrained triaxial shear test: (a) stress-strain curves; (b) variation in excess pore pressure with
shearing strain; (c) Mohr circle.
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Table 2: Fitting parameters for stress-strain curves.

Test Confining pressure (kPa) A B C

UU
50 3800 0.0225 2.6
100 3200 0.03 2.8
200 3100 0.038 2.3

CIU
50 3900 0.026 1.5
100 5500 0.028 1.5
200 7300 0.038 0.9

CID
50 1550 0.05 2.5
100 2550 0.05 2.5
200 5800 0.044 1.6
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Figure 13: Fitting curves for data from the triaxial shear test: (a) unconsolidated-undrained triaxial shear test; (b) consolidation-undrained
triaxial shear test; (c) consolidation-drained triaxial shear test.
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Figure 14: Normalized stress-strain curves: (a) unconsolidated-undrained triaxial shear test; (b) consolidation-undrained triaxial shear test.
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Figure 16: Outside view of the thermal pile: (a) front view; (b) plan view; (c) spatial pattern.
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diameter of the cemented soil column. )e bamboo should
be inserted into the cement-admixed soil immediately after
the mixing of the cement with soil to ensure that the process
is finished before hardening of the cemented soil. )e sharp
end of the bamboo should be faced downward for easy
penetration. First, the bamboo can be set up and penetrated
into the slurry manually.)en, a pile driving machine can be
used to insert fully the bamboo into the column.)e bottom
of the bamboo is around 1-2m higher than the end of the
column. )e outer part of the bamboos is cut, and the

20–30 cm length of the bamboo is left above the top of the
column. )en, a steel net is used to connect all the columns
through the top part of the bamboo, and concrete is cast on
the top of the columns to act as a raft. )e adding of bamboo
increases the horizontal bearing capacity of the column. Due
to the eco-friendly nature, low cost, and lower strength of
bamboo compared with steel, this technology can be applied
for the temporary ground reinforcement before conducting
tunnel boring.

Figure 20 shows the outside view of the freezing-
cemented soil column, including the cement-mixed soil
column and freezing pipe. )e idea came from the artificial
ground freezing method, which was adopted in this study to
create a watertight connection between the tunnel and the
shaft for conducting the tunnel boring [21, 22]. )e freezing
pipe is made of seamless low-carbon steel or other pipes,
such as PVC, PPR, ABS, and PE pipes. )e typical diameter
of the freezing pipe is 89, 108, 127, 146, or 159mm. )e
bottom of the freezing pipe is 0.5–1m higher than the
bottoms of the column. Using a freezing pipe in the
cemented soil can protect the soil from ground motion
caused by freezing and thawing cycles. Besides, it can reduce
the cement content and increase the water-proof perfor-
mance of the ground, which is of great importance for
underground construction projects.

5. Conclusions

)e organic sandy soils are widely distributed around the
coastal areas of Hainan Island. )e organic matters in this
sand are immersed into the pores of sand particles and
adsorbed on the surface of the sand. In this study, the
formation process of the organic sandy soil was simulated by
a laboratory test, and the tested organic content showed
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Figure 17: Schematic diagram of the thermal pile (1: liquid pipe; 2: heating pipe; 3: brick pile; 4: drying section; 5: liquid suction pipe);
(a) plan view; (b) elevation view.
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Figure 18: Schematic diagram of the fiber- and steel-reinforced
cemented soil column (1: fiber-reinforced cemented soil column; 2:
steel cage; 3: main bars; 4: spiral stirrups).
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a similar trend as that of the in situ specimen.)e coefficient
of uniformity Cu and the coefficient of curvature were 2.07
and 1.25, respectively. )e maximum dry density and op-
timum water content were 1.723 g/cm3 and 12.23%, re-
spectively. )e triaxial tests revealed that the undrained
shear strength of organic sandy soil was around 37.5 kPa.
)e effective stress parameters c and φ were around 4 kPa
and 23°, respectively. )e compound tangent-exponential
model could capture the stress-strain behavior of organic
sandy soil well. )e unconfined compressive strength of the
cemented organic sandy soil was much lower than that of
ordinary sand. )erefore, several advanced techniques for
stabilizing the organic sandy soil were introduced in detail,
including thermal pile, fiber, and steel-, bamboo-, and
freezing-cemented soil columns.

It should be noted that the cement-admixed organic
sandy soil possesses a high variability in its engineering
mechanical indices, such as the strength and stiffness
[23, 24]. To fully capture the variability, random fields may
need to be employed [25]. As a limitation, this kind of

variability was not considered in this study, which forms the
scope of future investigations.
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