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A series of unconfined compression tests were performed to investigate the influence of wheat straws on the unconfined
compression strength for saline-alkaline soils and saline-alkaline soils mixed with cement. In unconfined compression tests, 20
groups of soil specimens were prepared at five different percentages of wheat straws content (i.e., 0.0%, 0.1%, 0.15%, 0.2%, and
0.25% by weight of saline-alkaline soils) and four different percentages of cement content (i.e., 0%, 3%, 6%, and 9% by weight of
saline-alkaline soils), and unconfined compression tests were carried out after 3-, 7-, 14-, 28-, and 56-day curing periods. Test
results indicated that the inclusion of wheat straws within saline-alkaline soils and saline-alkaline soils mixed with cement leads to
an increase in the unconfined compressive strength of specimens and also changed the brittle behavior to a more ductile one for
specimens. In addition, based on the results from unconfined compression tests, a formula for predicting the unconfined
compression strength of specimens related to cement content, wheat straw content, curing periods, etc., was determined, and
comparing with the results from unconfined compression tests, it had higher precision in predicting the unconfined compression
strength of specimens.

1. Introduction

Due to many advantages of synthetic fibre, such as high
strength and fairly good corrosion resistance, it is widely
used in the reinforcement of weak or soft soil, and some
researchers had studied the mechanical properties of the soil
mixed with synthetic fibre [1–5]. Now, the applied tech-
nology for the soil reinforced with synthetic fibre is widely
used in geotechnical engineering. In addition, natural fibre,
including plant fibre such as wheat straw, rice straw,
bamboo, and ditch reed, also attracts general attention due
to the advantages of easy degradation, lower cost, being
environment-friendly, and so forth. Some researchers had
also carried out feasibility study on the soil reinforced with
nature fibre [6–8], and the results showed that the strength
of soil could be effectively improved by adding natural fibre
[9–12].

Saline-alkaline soils are widely existent in west coast of
Bohai Bay and southeast coast in China. -e salt content is
greater than 0.3% in saline-alkaline soils, which can make

the subgrade expanded. Moreover, the saline-alkaline soils
can also make the pavement collapse. -erefore, the saline-
alkaline soils cannot directly be used as roadbed filling and
then cement or lime is often used in reinforcing the saline-
alkaline soils. In order to apply saline-alkaline soils to the
geotechnical engineering, some researchers had already
investigated the mechanical property of saline-alkaline soils
reinforced with cement or lime [13–15].

In northern China, a large number of wheat straws are
burned or piled up on the open-air, causing environmental
pollution. Wheat straws used as reinforced materials are
different from rigid materials, such as soil nailing and
anchor bar, and flexible materials, such as geotextile, in
mechanical properties.-e main advantage of wheat straws
is that they are locally available and very cheap. If wheat
straws are used in soil reinforcement, they are biode-
gradable and thus do not create disposal problems in the
environment. Wei et al. [16] explored the tensility of wheat
straw based on test method. In addition, some researchers
had already applied the wheat straws as reinforced material
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to soft soil or saline-alkaline soils [17–22]. However, up to
now, the theories for the soil reinforced with wheat straws
are still in primary stage and should be further studied.

-erefore, in this paper, the effect of wheat straws on
the saline-alkaline soils is further studied, supplementing
the data available in the literature on the behavior of fibre-
reinforced soil. Firstly, a series of unconfined compression
tests are carried out to explore the effect of wheat straws on
saline-alkaline soils. Secondly, based on the data obtained
from unconfined compression tests, a formula for pre-
dicting the unconfined compression strength of saline-
alkaline soils mixed with cement and wheat straws is de-
rived accurately.

2. Materials and Experimental Program

2.1. Materials. Saline-alkaline soils samples used in the tests
are obtained from the west coast of Bohai Bay, China. -e
microstructure for saline-alkaline soils obtained from SEM
test is shown in Figure 1, showing the flocculated structure in
saline-alkaline soils. In order to mould the saline-alkaline
soils in the laboratory, firstly they are dried in air and then
broken into pieces. -e physical properties and ion content
for saline-alkaline soils are listed in Tables 1 and 2, re-
spectively. As shown in Table 1, for the saline-alkaline soils
used in test, they are silty clay based on the classification of
the soil [23]. As can be seen from Table 2, the content for
CO3

− 2 and HCO3− in 1000 g soils is 0.382mmol/kg, which is
greater than 0.3mmol/kg (JTG D30-2015 [24], national
criterion for highway subgrade in China), and so the soil is
called saline-alkaline soil. In addition, the ordinary Portland
cement is used as the reinforcement material and the
chemical content and physical properties for ordinary
Portland cement are listed in Table 3.

-e wheat straws used in test are obtained from Hanting
District, China. Before wheat straws are mixed into soils,
they should be split into strips, as shown in Figure 2. In
Figure 2, the mean width and mean length for the strips are
about 1.5mm and about 10mm, respectively. -e cross
section of wheat straw is shown in Figure 3, showing that the
fibre tissues are loose and suitable for humectation, diffu-
sion, and permeation of liquid. In order to prevent wheat
straws from decay in saline-alkaline soils, they should be
soaked in limewater with 0.4% lime by weight of water for
24 h and then are dried in air [20].

2.2. Specimen Preparation. In unconfined compressive test,
specimens with 39.1mm diameter and 80mm height are
used, as shown in Figure 4. In this paper, the content of
wheat straw and cement is defined as

Ww �
Tw

T
, (1)

Wc �
Tc

T
, (2)

where Tw is the weight of wheat straw, Tc is the weight of
cement, and T is the weight of air-dried saline-alkaline soils.
In test, the value of Wc is adopted as 0, 0.03, 0.06, and 0.09

and Ww is adopted as 0, 0.001, 0.0015, 0.002, and 0.0025.
Based on the values ofWw,Wc, and T, the required weight of
wheat straw and cement can be calculated using equations
(1) and (2).

Before mixtures are poured into mould, the inside of the
mould should be coated with lubricant, which can reduce the
fracture of specimens during removal. In preparing the
specimens, the mixtures of saline-alkaline soils, cement, and
wheat straw should be divided into three equal portions and
then each portion pours into the mould to be compacted
until reaching maximum dry density with optimum mois-
ture content. Between each compression layer, the surface of
compression layer should be scoured, providing reasonable
bonding between compression layers. In addition, if cement
and wheat straw are not used in specimens, air-dried saline-
alkaline soils are mixed with water based on optimum
moisture content. If cement is used only in specimens, re-
quired water is first poured into air-dried saline-alkaline
soils, considering quick hydration of cement, and then ce-
ment is added to moist saline-alkaline soils. If wheat straws
are used only in specimens, they are firstly added to air-dried
saline-alkaline soils to achieve uniform mixtures, and then
required water is added to mixture of wheat straws and
saline-alkaline soils. If cement and wheat straws are all used
in specimens, moist mixtures of wheat straws and saline-
alkaline soils are firstly prepared, as described above, and
then cement is added to the moist mixture. At each stage of
mixing mentioned above, homogeneous mixtures are pre-
pared manually. After all specimens are compacted in
mould, they should be wrapped with plastic membrane and
then placed in curing chamber for 3, 7, 14, 28, and 56 days,
respectively.

In this study, 20 groups of specimens mixed with dif-
ferent cement content and wheat straw content are prepared
for the unconfined compression tests (GB/T 50123-1999
[25], which is the national criterion for geotechnical tests in
China). In order to ensure the repeatability of experiments,
verification tests should also be carried out, and therefore
each group should include 3 specimens. -e details of
different cement and wheat straw content are shown in
Table 4. Moreover, for the specimens used in tests, they
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Figure 1: Microstructure of saline-alkaline soils.
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should be in the state of maximum density, which can be
obtained from compaction tests. Table 4 also shows the
optimum moisture content for each group.

Table 3: Chemical content and physical properties of ordinary Portland cement.

SiO2 Al2O3 Fe2O3 CaO MgO SO3 LOI Specific surface Compressive strength (28 days)
22.3% 4.6% 3.6% 65.3 2.9% 3.8% 1.7 373m2/kg 44.8MPa

Figure 2: Wheat straws used in test.
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Figure 3: Cross section of wheat straw.

Table 1: Basic mechanical properties for saline-alkaline soils.

Specific
gravity Gs

Consistency index Compaction test Grain content/%
Liquid limit

wL (%)
Plastic limit

wp (%)
Plastic
index IP

Maximum dry
density ρd (g·cm−3)

Optimum water
content s (%)

0.074∼0.038
(mm)

0.038∼0.008
(mm)

<0.008
(mm)

2.71 32.5 16.9 15.6 1.85 16.8 22.5 57.3 21.1

Table 2: Ion content in saline-alkaline soils g.

CO3
− 2 HCO3

− CI− SO4
2− Ca2+ Mg2+ K+ +Na+ PH value Content of soluble salt

0.019 0.171 18.011 0.871 0.369 0.761 9.931 7.72 33.2
∗-e ion content is the ion mass in 1000 g saline-alkaline soils.

Figure 4: Specimens for unconfined compressive test.

Table 4: Cement and wheat straw content and optimum moisture
content in specimens.

Specimen
no.

Cement
content (%)

Wheat straw
content (%)

Optimum moisture
content (%)

S 0 0 12.7
W 1 0 0.10 12.9
W 2 0 0.15 12.9
W 3 0 0.20 13.1
W 4 0 0.25 13.1
C 1 3 0 13.0
C 2 6 0 13.5
C 3 9 0 13.9
CW 1 3 0.10 13.1
CW 2 3 0.15 13.1
CW 3 3 0.20 13.3
CW 4 3 0.25 13.3
CW 5 6 0.10 13.8
CW 6 6 0.15 13.8
CW 7 6 0.20 14.1
CW 8 6 0.25 14.1
CW 9 9 0.10 14.3
CW 10 9 0.15 14.3
CW 11 9 0.20 14.5
CW 12 9 0.25 14.5
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2.3. Unconfined Compression Tests. In order to obtain un-
confined compression strength of specimens, conventional
unconfined compression apparatus is used in test, as shown
in Figure 5. In the unconfined compression test, axial force
and corresponding displacement can be obtained auto-
matically with multichannel real-time record system. In
addition, unconfined compression tests are carried out at the
last day of curing period for specimens. For the conventional
unconfined compression apparatus used in test, the loading
rate is set to be 2.4mm/min until specimens failed.

3. Results and Discussions

3.1. Effect of Wheat Straws on Unconfined Compressive
Strength of Specimens. In this paper, based on the results
from unconfined compressive tests on specimens mixed
with cement and wheat straws after curing for 14 days, the
stress-strain curves are obtained, as shown in Figures 6(a)–
6(c). As can be seen from Figure 6(a), with increasing wheat
straw content, unconfined compressive strength of speci-
mens also increases. However, further increase of wheat
straw content does not significantly improve the peak axial
stress. Furthermore, specimens mixed with increasing wheat
straw content exhibit more ductile behavior than that not
mixed with wheat straws. Figure 6(b) shows the influence of
cement content on unconfined compressive strength of
specimens. As can be seen from Figure 6(b), increasing
cement content can improve the peak axial stress of spec-
imens andmeanwhile exhibit more brittle behavior than that
not mixed with cement. Figure 6(c) shows the influence of
wheat straw content on unconfined compressive strength of
specimens mixed with cement. As can be seen from
Figure 6(c), when the cement content is constant in spec-
imens, the influence of increasing wheat straw content on
unconfined compressive strength of specimens is similar to
that in Figure 6(a).

-e influence of wheat straw content on unconfined
compressive strength of specimens mixed with different
cement content after curing for 14 days is shown in Figure 7.
As can be seen from Figure 7, not only for cemented
specimens but also for uncemented specimens, the added
wheat straws can increase unconfined compressive strength
of specimens. As shown in Figure 7, after 0.1% wheat straws
were added, unconfined compressive strength of specimens
reinforced with 3%, 6%, and 9% cement content increases
from 0.18 to 0.22MPa, from 0.36 to 0.40MPa, and from 0.51
to 0.53MPa, respectively, showing that added 0.1% wheat
straws content has little effect on the improvement of un-
confined compressive strength of specimens. However, after
0.25% wheat straws content is added, unconfined com-
pressive strength of specimens reinforced with 3%, 6%, and
9% cement content increases from 0.19 to 0.38MPa, from
0.36 to 0.52MPa, and from 0.49 to 0.58MPa, respectively.

-e influence of curing periods on unconfined com-
pressive strength of specimens mixed with 3% cement
content and 0.1% wheat straw content is shown in Figure 8.
As can be seen from Figure 8, unconfined compressive
strength of specimens increases with curing periods. In
addition, when curing periods are less than 14 days, the

failure of specimens exhibits the ductile behavior. However,
when curing periods are greater than 14 days, the brittle
behavior of failure of specimens becomes more and more
obvious.

3.2. Effect of Wheat Straw Content on Failure Mechanism of
Specimens. In this section, the specimens after curing for 28
days are used in unconfined compressive strength test.
Figures 9(a)–9(e) show the failure of specimens only mixed
with wheat straws. As can be seen from Figure 9(a), when
wheat straws are not added to specimen, the failure occurs
mainly on the bottom of specimens, showing the shear
failure mode. When the wheat straw content is 0.10% by
weight, the failure also occurs mainly on the bottom of
specimens; however, the shear plane does not form, as
shown in Figure 9(b). When the wheat straw content is
increased to 0.15% by weight, a large shear plane forms,
which extends to the top of specimens, as shown in
Figure 9(c). As can be seen from Figure 9(d), when the wheat
straw content is increased to 0.20% by weight, there are two
failure modes in specimens: one shear failure and another
bottom failure of specimens. When the wheat straw content
is increased to 0.25% by weight, the bottom failure in
specimens only occurs and shear plane does not form, as
shown in Figure 9(e).

Figures 10(a)–10(e) show the failure of specimens mixed
with different wheat straws content and 6% cement content.
When wheat straws are not added in the specimens, the shear
plane failure is mainly exhibited, which also shows the brittle
behavior of specimens, as shown in Figure 10(a). However,
when wheat straws are added in the specimens and the wheat
straw content reaches 0.10% and 0.15% by weight, a large
shear plane forms in specimens, as shown in Figures 10(b)
and 10(c). As can be seen from Figure 10(d), when the wheat
straw content is 0.20% by weight, only the bottom failure of
specimens is shown and shear plane does not form. However,
the top failure of specimens occurs when the wheat straw
content reaches 0.25% by weight and also shear plane does not
form in specimens, as shown in Figure 10(e).

Based on the results of unconfined compressive strength
tests on specimens mixed with 3% cement content and 0.1%
wheat straw content, the effect of curing periods on the
failure of specimens can be obtained, as shown in
Figures 11(a)–11(e). As can be seen from Figures 11(a) and
11(b), when the curing period is less than 7 days, the failure

Figure 5: Unconfined compression apparatus.
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of the bottom of specimens occurs and it does not obviously
exhibit the shear plane. When the curing period is 14 days,
there are two simultaneous failure modes in specimens, as
shown in Figure 11(c). However, as can be seen from
Figures 11(d) and 11(e), when the curing period is greater
than 14 days, only shear plane failure occurs in specimens.
During the unconfined compressive strength tests, we also
find that the increasing of curing periods can improve the
brittle behavior of specimens and the trend for influence of
curing periods on the brittle behavior of specimens is similar
to that shown in Figure 8.

3.3. Prediction for Unconfined Compressive Strength of
Specimens Mixed with Wheat Straws and Cement. As

discussed above, the factors affecting unconfined com-
pressive strength of specimens include wheat straw content,
cement content, and curing periods. In this section, a for-
mula that can predict unconfined compressive strength of
specimens is put forward based on the results from un-
confined compressive strength test on saline-alkaline soils
mixed with wheat straws and cement. Figures 12(a)–12(d)
show the increasing of unconfined compressive strength of
specimens with curing periods.

As can be seen from Figures 12(a)–12(d), when the
specimens have the same cement content, unconfined
compressive strength of specimen increases with increasing
wheat straw content. Based on the data from Figures 12(a)–
12(d), the curve fitting for the relationship between curing
period and unconfined compressive strength of specimens
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Figure 6: Stress-strain curves of specimens after 14-day curing period. (a) Specimens mixed with different wheat straw content. (b)
Specimens mixed with different cement content. (c) Specimens mixed with 6% cement content and different wheat straw content.
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Figure 9: Effect of wheat straw content on failure mechanism of specimens. (a) 0% wheat straw content. (b) 0.10% wheat straw content. (c)
0.15% wheat straw content. (d) 0.20% wheat straw content. (e) 0.25% wheat straw content.
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mixed with 0.2% wheat straw content and different cement
content is shown in Figures 13(a)–13(d).

In Figures 13(a)–13(d), the curve fitting can be expressed
by the following expression:

p � pu − p0(  · 1 − e
(− α·t)

  + p0, (3)

where p is unconfined compressive strength of specimens; t
is curing period; pu is ultimate unconfined compressive
strength; p0 is initial unconfined compressive strength; α is
the coefficient related to the shape of curves.

In equation (3), using fitting method, pu, p0, and α can
be obtained based on the data from Figures 12(a)–12(d), as
shown in Table 5.

As shown in Table 5, α is in the range of 0.14398 to
0.14643, showing that the change of the value of α is very
little. -e mean value for α is 0.14533. -erefore, in order to
simplify equation (1), the value of α is replaced by 0.145, and
equation (1) can be expressed as

p � pu − p0(  · 1 − e
(− 0.145·t)

  + p0. (4)

3.3.1. Initial Unconfined Compressive Strength, p0. In
equation (4), p0 and pu can also be obtained based on the data
from Figures 10(a)–10(d) by fitting method, as shown in
Table 6. Based on the data fromTable 6, the curve fitting for the
relationship between p0 and wheat straw content for different
cement content can be obtained, as shown in Figure 14.

For the curve fitting in Figures 14(a)–14(d), it can be
described by the following expression:

p0 � η · e
b·as + p0i, (5)

where η is the coefficient for curve growth; as is wheat
straw content, %; b is the exponent; p0i is initial uncon-
fined compressive strength only related to cement con-
tent. Based on the data from Table 6, η, b, and p0i in
equation (5) can be obtained by fitting method, as shown
in Table 7.

As can be seen from Table 7, the change of η is very little
and the mean value for η is 0.0017. -erefore, equation (5)
can be simplified and expressed as

p0 � 0.0017 · e
b·as + p0i. (6)

Similarly, based on the data from Table 6 and equation
(6), b and p0i can be obtained by fitting method, as shown in
Table 8.

As shown in Table 8, the change of b is also very little and
the mean value for b is 9.356. -erefore, in order to simplify
equation (6), b is replaced by 9.356 in equation (6), and then
it is expressed as

p0 � 0.0017 · e
9.356·as + p0i. (7)

Moreover, as can be seen from Table 8, p0i is related to
cement content. Based on the data from Table 8, the rela-
tionship between p0i and cement content can also be ob-
tained, as shown in Figure 15.

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

Figure 10: Effect of wheat straw content on failure mechanism of specimens mixed with 6% cement content. (a) 0% wheat straw content; (b)
0.10% wheat straw content; (c) 0.15% wheat straw content; (d) 0.20% wheat straw content; (e) 0.25% wheat straw content.

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

Figure 11: Effect of curing period on failure mechanism of specimens mixed with 3% cement content and 0.1% wheat straw content. (a) 3
days; (b) 7 days; (c) 14 days; (d) 28 days; (e) 56 days.
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-e curve fitting for relationship between p0i and cement
content in Figure 15 can be expressed as

p0i � 0.08014 + 0.01086 · ac. (8)

where ac is cement content, %. -erefore, equation (7) can
be expressed as

p0 � 0.0017 · e
9.356·as + 0.01086 · ac + 0.08014. (9)

3.3.2. Ultimate Unconfined Compressive Strength, pu. In this
section, equation (4) is also used to determine the value of pu.
However, in equation (4),p0 can be obtained from equation (9)

according to the cement content and wheat straw content.
Furthermore, based on the data from Figures 12(a)–12(d), pu
can be obtained with equation (3), as shown in Table 9.

For the curve fitting in Figure 16, it can be described by
the following expression:

pu � a · e
− ς·as( ) + pui, (10)

where a is the coefficient related to curve growth; as is wheat
straw content, %; b is the exponent; pui is initial ultimate
unconfined compressive strength of specimens only related
to cement content. Similarly, a, ς, and pui in equation (10)
can be obtained by fitting method based on the data from
Table 9, as shown in Table 10.
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Figure 12: Effect of curing periods on unconfined compressive strength of specimens mixed with wheat straws and different cement
content. (a) 0% cement content. (b) 3% cement content. (c) 6% cement content. (d) 9% cement content.
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Figure 13: Curve fitting for the relationship between curing periods and unconfined compressive strength of specimens mixed with 0.2%
wheat straw and different cement content. (a) 0% cement content. (b) 3% cement content. (c) 6% cement content. (d) 9% cement content.

Table 5: pu, p0, and α in equation (3) obtained by fitting method.

Cement content (%) Wheat straw content (%) A pu p0 Correlation coefficient (R)

0

0.00 0.14588 0.43154 0.09152 0.98592
0.10 0.14516 0.44304 0.09313 0.98594
0.15 0.14618 0.44932 0.09624 0.98513
0.20 0.14544 0.45447 0.10006 0.98573
0.25 0.14475 0.46229 0.10691 0.98532

3

0.00 0.14579 0.58251 0.12124 0.98826
0.10 0.14551 0.58510 0.12383 0.98837
0.15 0.14540 0.58738 0.12611 0.98756
0.20 0.14464 0.59306 0.13179 0.98620
0.25 0.14476 0.59871 0.13744 0.98922

6

0.00 0.14398 0.73439 0.15303 0.98871
0.10 0.14613 0.73703 0.15567 0.98887
0.15 0.14558 0.74029 0.15893 0.98998
0.20 0.14623 0.74398 0.16262 0.98928
0.25 0.14489 0.74994 0.16858 0.99096

9

0.00 0.14483 0.89900 0.18327 0.99765
0.10 0.14643 0.90140 0.18567 0.99796
0.15 0.14568 0.90410 0.18837 0.99796
0.20 0.14456 0.90841 0.19268 0.99864
0.25 0.14483 0.91405 0.19832 0.99801
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Table 6: p0 and pu in equation (4) obtained by fitting method.

Cement content (%) Wheat straw content (%) α pu p0 Correlation coefficient (R)

0

0.00

0.145

0.42040 0.08205 0.98389
0.10 0.43203 0.08498 0.98396
0.15 0.43892 0.08708 0.98338
0.20 0.44639 0.09132 0.98464
0.25 0.45536 0.09759 0.98451

3

0.00

0.145

0.56306 0.11459 0.98765
0.10 0.57668 0.11623 0.98763
0.15 0.58741 0.11906 0.98752
0.20 0.59589 0.12309 0.98607
0.25 0.61033 0.12917 0.98894

6

0.00

0.145

0.75501 0.14632 0.98870
0.10 0.75883 0.14825 0.98885
0.15 0.76059 0.15161 0.98966
0.20 0.76642 0.15566 0.98839
0.25 0.78146 0.16166 0.99062

9

0.00

0.145

0.93233 0.18034 0.99679
0.10 0.94507 0.18203 0.99703
0.15 0.95207 0.18589 0.99711
0.20 0.95780 0.18931 0.99748
0.25 0.96357 0.19594 0.99705

0.
00

0.
02

0.
04

0.
06

0.
08

0.
10

0.
12

0.
14

0.
16

0.
18

0.
20

0.
22

0.
24

0.
26

0.080

0.085

0.090

0.095

0.100

P 0
 (M

Pa
)

Wheat straw content as (%)

0% cement content

(a)

P 0
 (M

Pa
)

0.
00

0.
02

0.
04

0.
06

0.
08

0.
10

0.
12

0.
14

0.
16

0.
18

0.
20

0.
22

0.
24

0.
28

0.
26

Wheat straw content as (%)

0.110

0.115

0.120

0.125

0.130

3% cement content

(b)

P 0
 (M

Pa
)

0.
00

0.
02

0.
04

0.
06

0.
08

0.
10

0.
12

0.
14

0.
16

0.
18

0.
20

0.
22

0.
24

0.
28

0.
26

Wheat straw content as (%)

0.140

0.145

0.150

0.155

0.160

0.165

0.170

6% cement content

(c)

P 0
 (M

Pa
)

0.
00

0.
02

0.
04

0.
06

0.
08

0.
10

0.
12

0.
14

0.
16

0.
18

0.
20

0.
22

0.
24

0.
28

0.
26

Wheat straw content as (%)

0.175

0.180

0.185

0.190

0.195

0.200

9% cement content

(d)

Figure 14: Curve fitting for the relationship between p0 and wheat straw content for different cement content. (a) 0% cement content. (b)
3% cement content. (c) 6% cement content. (d) 9% cement content.
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As can be seen from Table 10, a is in the range of 0.00832
to 0.00861, showing that the change of a is very little. -e
mean value for a is 0.00849 and the value of a in equation
(10) is replaced by 0.0085; then equation (10) can be
expressed as

pu � 0.0085 · e
− ξ·as( ) + pui. (11)

-en, based on equation (11) and the data in Table 9, ς
and pui can be further obtained by fitting method, as shown
in Table 11.

Figure 17 shows the curve fitting for the relationship
between ξ and cement content, and the following expression
can describe the curve fitting:

ξ � a1 · e
− b1 ·ac( ) + ξ0, (12)

where a1 is the coefficient related to curve growth; ac is
cement content, %; b1 is the exponent; ξ0 is initial value of ξ
only related to cement content. Based on the data from
Table 11, a1, b1, and ξ0 can be obtained by fitting method,
which are 1.514, 0.096, and 5.002, respectively. -erefore,
equation (12) can be expressed as

ξ � 1.514 · e
− 0.096·ac( ) + 5.002. (13)

Moreover, Figure 18 shows the curve fitting for the
relationship between pui and cement content. -e following
expression can describe the fitting curve in Figure 18:

pui � 0.0571 · ac + 0.40226. (14)

-erefore, substituting equations (13) and (14) into
equation (11), it can be expressed as

pu � 0.0085 · e
− 1.514·e −0.096·ac( )+5.002( ·as( 

+ 0.0571 · ac + 0.40226,

(15)

p0 and pu in equation (4) are replaced by equations (9) and
(15); then equation (4) can be expressed as

p �
0.0085 · e − 1.514·e −0.096·ac( )+5.002( ·as( + 0.04624 · ac + 0.04624

−0.0017 · e9.356·as

⎛⎝ ⎞⎠

· 1 − e
(− 0.145·t)

  + 0.00165 · e
9.356·as + 0.01086 · ac + 0.08014.

(16)

From the published literature [16], ultimate unconfined
compressive strength increased firstly with adding wheat
straws; however, with further increasing of wheat straws
content, the ultimate unconfined compressive strength de-
creased. In test, we cannot find the maximum wheat straws
content, and therefore when using equation (16) to predict
the ultimate unconfined compressive strength, wheat straws

Table 7: η, b, and p0i in equation (5) obtained by fitting method.

Cement content (%) Η b p0i Correlation coefficient (R)

0 0.00176 8.92416 0.08035 0.99965
3 0.00159 9.10512 0.11308 0.99895
6 0.00188 9.38257 0.14420 0.99844
9 0.00167 10.08636 0.17843 0.99709

Table 8: b and p0i in equation (6) obtained by fitting method.

Cement content b p0i Correlation coefficient (R)

0 9.34882 0.08053 0.99962
3 9.24118 0.11252 0.99858
6 9.39121 0.14456 0.99832
9 9.44322 0.17848 0.99709
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Figure 15: Curve fitting for the relationship between p0i and
cement content.

Table 9: pu in equation (3) obtained with equation (4).

Cement content (%) Wheat straw content
(%) α pu

0

0.00

0.145

0.42179
0.10 0.43434
0.15 0.43685
0.20 0.44085
0.25 0.45725

3

0.00

0.145

0.56437
0.10 0.57692
0.15 0.58943
0.20 0.59343
0.25 0.61983

6

0.00

0.145

0.75695
0.10 0.75950
0.15 0.76201
0.20 0.76601
0.25 0.78241

9

0.00

0.145

0.92953
0.10 0.94208
0.15 0.95459
0.20 0.95859
0.25 0.96499
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content cannot exceed 0.25% by weight of saline-alkaline
soils. In addition, when cement content in specimens is
greater than 9% by weight of saline-alkaline soils, we cannot
perform a series of tests to obtain the influence of cement
content on ultimate unconfined compressive strength, and
therefore in the application of equation (16), cement content

should be less than 9%. Moreover, for equation (16) derived
from the test on specimens with optimum water content,
when using it to predict the ultimate unconfined com-
pressive strength for specimens, the range of optimum water
content for specimens should fall into 12.7%∼14.5% by
weight of saline-alkaline soils.
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Figure 16: Curve fitting for the relationship between pu and wheat straw content for different cement content. (a) 0% cement content. (b)
3% cement content. (c) 6% cement content. (d) 9% cement content.

Table 10: a, ς, and pui in equation (10) obtained by fitting method.

Cement content a ς pui Correlation coefficient (R)

0 0.00861 6.39527 0.41324 0.99870
3 0.00832 6.89803 0.55693 0.99837
6 0.00857 7.45161 0.75670 0.99865
9 0.00848 8.32193 0.91686 0.99934

Table 11: ς and pui in equation (11) obtained by fitting method.

Cement content (%) a ς pui Correlation coefficient (R)

0

0.0085

6.51373 0.41364 0.99869
3 7.02611 0.55628 0.99835
6 7.68670 0.74533 0.95976
9 8.58824 0.92165 0.99841
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3.4. Validity of Derived Equation (16) for Unconfined Com-
pressive Strength of Specimens. In order to obtain the reli-
ability of derived equation (16) for unconfined compressive
strength of specimens, the results from derived equation (16)
should be compared with those from tests. Based on
equation (16), unconfined compressive strength of speci-
mens mixed with 6% cement content and 0.2% wheat straw
content for different curing periods can be obtained, as
shown in Table 12. In addition, test results for unconfined
compressive strength of specimens mixed with 6% cement
content and 0.2% wheat straw content for different curing
periods are also shown in Table 12.

As can be seen from Table 12, most of the deviation for
unconfined compression strength falls in the range of
26.0%∼30.0% and the maximum deviation for unconfined
compression strength can reach 31.6% when curing period is
3 days. -erefore, compared with the test results, the ac-
curacy of results from the derived equation (16) is not very
high, also indicating that equation (16) is only applicable to
the approximate evaluation of unconfined compression

strength of saline-alkaline soils. In this paper, we only
compare the test result for specimens with combination of
wheat straw content and cement content already used in the
current study. When using equation (16) to predict the
unconfined compression strength of specimens with another
combination of wheat straw content and cement content
other than what had been already used in the current study,
specimens should be in the state of maximum density;
therefore compaction tests should be firstly carried out to
obtain the optimal moisture content of the specimens.

4. Conclusions

In this study, a series of tests are conducted to study the
effects of wheat straw and cement on the unconfined
compression strength of specimens. -e effect of wheat
straw and cement inclusions and curing periods on un-
confined compression strength is determined. -e following
conclusions are derived from these tests.

-e inclusion of wheat straw within saline-alkaline soils
and saline-alkaline soils mixed with cement causes an in-
crease in unconfined compression strength. Increasing
wheat straw content can increase the peak axial stress and
weaken the brittle behavior of saline-alkaline soils mixed
with cement. Moreover, unconfined compression strength
of specimens increases with increasing curing periods. It is
known that the interface roughness for wheat straw plays an
important role in reinforcing the soil. Although it is an
important subject, no attempt has yet been made to de-
termine the optimum degree of the interface roughness. In
addition, based on the data obtained from unconfined
compression strength test, a formula for predicting the
unconfined compression strength of specimens related to
cement content, wheat straw content, curing periods, and so
forth is put forward. Compared with test results, equation
(16) is only applicable to the approximate evaluation of
unconfined compression strength of specimens.

In addition, in the present study, we cannot obtain the
influence of wheat straw content greater than 0.25% and/or
cement content greater than 9% on unconfined compression
strength of specimens of specimens. -erefore, the appli-
cation scope of equation (16) is limited. If more test results of
unconfined compression strength of specimens mixed with
wheat straw content greater than 0.25% and/or cement
content greater than 9% are obtained, the application of
equation (16) will be more extensive in predicting the un-
confined compression strength of specimens with optimal
moisture content. Moreover, only unconfined compression
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Figure 17: Curve fitting for the relationship between ξ and cement
content.
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Figure 18: Curve fitting for the relationship between pui and ce-
ment content.

Table 12: Unconfined compression strength obtained from test
and calculated value by equation (16).

Curing
days

Calculated value
(MPa)

Test result
(MPa)

Deviation
(%)

3 0.179 0.136 31.6
7 0.398 0.312 27.6
14 0.581 0.449 29.4
28 0.582 0.461 26.2
56 0.681 0.529 28.6
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strength tests have been conducted on specimensmixed with
wheat straw and cement. -erefore, investigations should be
carried out further through other strength tests like direct
shear tests, triaxial shear tests, and so forth to study the
influence of wheat straw on strength of specimens.
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