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Metastable loess soils can deform, inducing geological and engineering disasters. 0erefore, the behavior of the loess under
dynamic load is gaining massive attention from researchers to improve the strength of the soils. Fly ash mixed with loess can
improve strength and reduce construction costs and environmental pollution. Moreover, it has strong economic and social
benefits. 0is paper investigates the influence of fly ash on the dynamic properties of the modified loess through a series of
dynamic triaxial tests of the fly ash modified loess with different fly ash contents. 0e treated soil samples were prepared using a
static compaction method in both ends and cured for 28 days. 0e dynamic shear modulus ratio, the damping ratio, and the
dynamic residual strain of the modified loess were analyzed. 0e variation characteristics of the dynamic shear modulus ratio and
damping ratio with the dynamic shear strain of the fly ash modified loess were obtained. 0e effect of fly ash content on the
dynamic nonlinear parameters of the modified loess was also investigated. In addition, the relationship between the dynamic
residual strain and the fly ash content was discussed. 0e results show that the dynamic shear modulus ratio of fly ash modified
loess decreases nonlinearly with the increase in the dynamic shear strain. However, the attenuation rate difference of the curves is
small. 0e damping ratio increases gradually with increasing dynamic shear strain. Under a certain dynamic shear strain level, the
damping ratio decreases with the increase in the fly ash content. 0e dynamic residual strain increases with the increase in the
dynamic stress. However, it decreases with the increase in the fly ash content. When the fly ash content is between 10% and 20%,
the dynamic residual strain of fly ash modified loess is reduced rapidly. However, when the fly ash content exceeds 20%, the
dynamic residual strain decreases slowly. 0e fly ash content of 20% could be suggested as an optimal content for seismic
resistance of the loess foundation.

1. Introduction

Loess is a kind of unique soil, which is widely distributed in
northern China. Natural loess is transported and deposited
by wind force [1]. Under the action of the exogenetic force, a
typical overhead pore structure is formed with the soil’s
vertical joints and crack distribution. At the same time, due
to the point-contact characteristics of loess particles and the
solubility of cementing substances between particles, the
strength of the soil skeleton is weak [2].

Loess is mainly located between Tibetan Plateau and
Inner Mongolia Plateau in China. Due to the influence of the
northeast pushing of the Tibetan Plateau, the geological
structure is complex in this area. Furthermore, neotectonic

movement is very strong, and strong earthquakes frequently
occur [3, 4]. In addition, the Loess Plateau is the main
battlefield in the Strategy of DevelopingWestern of China, as
well as one of the core regions of the Belt and Road Initiative
of the world. Many high-grade highways, high-speed rail-
ways, and urban rail transit are under construction. Under
this background, loess with metastable structure is easy out
of shape under the action of dynamic loads such as strong
earthquakes, which induces a considerable number of
geological disasters and engineering diseases [5–11]. 0us,
behaviors in the loess area under dynamic load have
attracted extensive attention by researchers [12–15].

As a solid waste discharged from coal-fired power plants,
the annual output of fly ash is large in the world. Its
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accumulation and storage occupy a large amount of land.
Besides, the dust caused by the fly ash with small particles
and lightweight had polluted the environment significantly.
Current literature shows that fly ash has porosity, high
surface area, and good absorbability, and it has hydrolysis
reaction characteristics similar to cement [16–18].0erefore,
the development and utilization of fly ash in many aspects
can not only save the land and protect the environment but
also realize the reuse of waste resources, which has good
social, economic, and ecological benefits.

0e ecological environment in the loess region is very
fragile, and the deterioration effect of many projects is in-
creasing in terms of the ecological environment. As an
improved material with good qualities, fly ash applications
are becoming more popular for engineering construction in
loess areas [19–25]. 0e research shows that the addition of
fly ash into loess can not only increase the strength of
improved soil but also significantly reduce the compress-
ibility and collapsibility of loess [26, 27], which has a sig-
nificant effect on improving the engineering properties of
loess. However, the existing research on the mechanical
properties of fly ash modified loess is mostly focused on the
statics behaviors of the mixture. Only a few results are re-
lated to the dynamic characteristics of the fly ash modified
loess, which focus on dynamic elastic modulus, damping
ratio, seismic subsidence, and liquefaction behaviors, re-
spectively [28–32]. 0e characteristics of fly ash improved
loess of dynamic nonlinear and residual strain are still not
paid enough attention.

In this paper, the characteristics of the dynamic non-
linear and dynamic residual strain of the fly ash modified
loess are investigated, and the influence of regulating fly ash
content on the initial dynamic shear modulus ratio, damping
ratio, and the dynamic residual strain of loess is discussed.
0is study contributes to the current literature as follows:

(1) 0e results show that the maximum dynamic shear
modulus ratio of loess will increase, and the damping
ratio and dynamic residual strain of loess will reduce
with mixing an appropriate amount of fly ash into
loess.

(2) 0e research result can provide references for seis-
mic design and seismic risk analysis of major projects
in loess areas, have certain reference value for the use
of the fly ash modified loess as the subgrade engi-
neering materials, and have important scientific
significance for localization of engineering con-
struction materials and ecological civilization con-
struction in loess areas.

In Section 2, the equipment, tests, and methods are
introduced. 0en, the results are detailed in Section 3.
Section 4 discusses the results, followed by the conclusion in
Section 5.

2. Sample, Test Equipment, and Methods

0e loess used in the test was taken from a site at the Beiyuan
tableland in Linxia County, Gansu Province, as shown in
Figure 1. 0e loess belongs to the Malan loess formed in the

Late Pleistocene. Considering the shallow loess is generally
used as the filler in the project, the soil sampling depth is
4.0–4.2m. 0e particle size distribution (PSD) curve of the
loess is shown in Figure 2, and the grain size distribution
parameters including D10, D30, D60, Cu, and Cc are shown
in Table 1. 0e physical indexes of loess, including the initial
unit weight, moisture content, specific gravity, liquid limit,
plastic limit, and Passion ratio, are taken from the labora-
tory, as shown in Table 2 [33–39].

0e fly ash used in the test was taken from the thermo
plant in Lanzhou City. It is a kind of dry and powdered solid
with a grey colour, as shown in Figure 3(a). 0e SEM image
of the fly ash is shown in Figure 3(b). 0e PSD curve of the
fly ash is shown in Figure 4, and the grain size distribution
parameters including D10, D30, D60, Cu, and Cc are shown
in Table 1. 0e chemical components are shown in Table 3.
0e LOI (loss on ignition) of the fly ash is 4.93.

0e specimens and the sample preparation instrument
are shown in Figure 5. 0e loess samples taken from the site
were crushed by a rubber hammer and sieved by a sieve with
a hole diameter of 2mm.

0e temperature of the oven was set at 110°C, and the
sifted loess was dried for 12 h to obtain the soil used in the
test. 0e fly ash used in the test was also dried in the oven at
110°C for 12 h. Based on the principle of mass ratio, first, the
soil material and fly ash were dry-mixed evenly, and then
water was to fully mix the fly ash modified loess. 0e mass
ratio of fly ash in each group of soil material is 0, 5%, 10%,
15%, 20%, and 25%. In order to ensure the comparability of
test results, the moisture content of each group of samples
adopted the optimal moisture content of plain loess. Put the
mixed fly ash modified loess with different proportions in
the sealed bag for 24 hours to ensure a good distribution of
soil moisture content. 0e fly ash modified loess samples
were prepared by the two-end static pressure method. 0e
diameter and height of each group of samples are 50mm and
100mm, respectively. After the samples were prepared,
standard curing was carried out under constant temperature
and humidity, and the curing age was 28 days. Before the
test, the average dry density of fly ash modified loess ranged
from 1.43 g/cm3 to 1.44 g/cm3, and the average moisture
content ranged from 15.91% to 16.14%.

0e test equipment used in the study for dynamic triaxial
tests was the DSD-160 electromagnetism dynamic triaxial
instrument. During the test, the samples took anisotropic
consolidation firstly. In order to ensure the comparability of
the test results of different groups of samples, the consoli-
dation ratio was set as 1.695 uniformly. 0e axial defor-
mation was measured during the consolidation process and
took the axial deformation of 5min, which was less than
0.005%, as the standard of the sample consolidation stability.
0e equivalent sine wave with a frequency of 1Hz was used
as the dynamic load to conduct cyclic shear on the samples
after consolidation, and there was no drainage during the
test. For the dynamic shear modulus-damping ratio test, the
same sample was used. After the sample consolidation was
stabilized, the dynamic stress was increased by 8KPa at the
first three levels and then increased by 5KPa at the last nine
levels, with the consolidation pressure kept unchanged, and
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each level of dynamic stress loaded ten times until the
sample had a large axial deformation. For the dynamic
residual deformation test, under the same consolidation
state, the dynamic stress of different amplitudes was applied
to three samples with similar physical parameters in each
group until large residual deformation occurred. 0e
maximum loading vibration time of each sample was 40
[40–44]. 0e consolidation and loading conditions of each
group of samples are shown in Table 4.

3. Results and Analysis

3.1. Dynamic Shear Modulus Ratio and Damping Ratio of the
Fly Ash Modified Loess. 0e dynamic shear modulus ratio
Gd/Gdmax and dynamic shear strain cd of fly ash modified
loess were calculated according to the results of the dynamic
triaxial test [45], and the curve of dynamic shear modulus
ratio–dynamic shear strain was drawn as shown in Figure 6.
It can be seen from Figure 6 that the dynamic shear modulus
ratio of different proportions of fly ash modified loess de-
creases nonlinearly with the increase in dynamic shear
strain, and the shape of each curve is relatively similar.When
the dynamic shear strain is less than 0.01%, the dynamic
shear modulus ratio decreases slowly with the increase in
dynamic shear strain. 0e dynamic shear modulus ratio of
fly ash modified loess is close to that of the compacted loess.
When the dynamic shear strain is more than 0.01%, the
dynamic shear modulus ratio decreases rapidly with the
increase in dynamic shear strain. 0e attenuation rate of the
curve of dynamic shear modulus ratio–dynamic shear strain
of fly ash modified loess is slower than that of the compacted
loess. When the fly ash content is less than 15%, the dynamic
shear modulus ratio of fly ash modified loess is closed to that
of the compacted loess. 0e dynamic shear modulus ratio of
fly ash modified loess increases slightly with the continuous
increase in the fly ash content, which indicates that the
dynamic stiffness of fly ash modified loess has a certain
degree of improvement after the fly ash content exceeds 15%.

N

0 900 1,800 kilometers

Legend
Border

Sampling site
Capital city

Loess Plateau

Figure 1: Location of the sampling site.
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Figure 2: Particle size distribution of the loess used in this study.
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0e damping ratio D of the fly ash modified loess was
calculated by the hysteretic curve method, and the curve of
damping ratio–dynamic shear strain was drawn as shown in
Figure 7. It can be seen from Figure 7 that the damping ratio
of fly ash modified loess with different proportions presents
a nonlinear increase with the increase in the dynamic shear
strain. When the dynamic shear strain is less than 0.005%,
the damping ratio of each group of fly ash modified loess
increases slowly. When the dynamic shear strain is more
than 0.005%, the damping ratio increases rapidly with the
increase in the dynamic shear strain. When the dynamic
shear strain is more than 0.2%, the growth rate of the
damping ratio tends to slow down. 0e damping ratio of fly
ash modified loess shows an obvious difference with the
different fly ash contents under the same dynamic shear
strain. When the fly ash content is less than 10%, the
damping ratio of fly ash modified loess is close to that of the
compacted loess.When the fly ash content is more than 10%,
the damping ratio of fly ash loess decreases obviously with
the increase in the fly ash content. When the dynamic shear
strain is less than 0.2%, the damping ratio of fly ash modified
loess with the content of 20% is the lowest. When the dy-
namic shear strain exceeds 0.2%, the damping ratio of fly ash
modified loess with the content of 25% is the minimum.

In order to further analyze the influence of fly ash
content on the dynamic nonlinearity of fly ash modified
loess, the relation curves of the maximum dynamic shear
modulus, maximum damping ratio, and fly ash content of fly
ash modified loess were drawn according to the test and
calculation results, as shown in Figure 8. It can be seen from
Figure 8 that, with the increase in fly ash content, the
maximum dynamic shear modulus of fly ash modified loess
increases nonlinearly, and its growth tendency presents the
characteristics of slow growth, rapid growth, and slow
growth. 0e relationship between the maximum dynamic
shear modulus of fly ash modified loess and the yield of fly
ash can be fitted by formula (1), in which a1, a2, and a3 are
the fitting parameters. With the increase in fly ash content,
the maximum damping ratio first increases slowly and then

decreases sharply. 0e relationship between the maximum
damping ratio and the yield of fly ash follows a quadratic
function, as shown in formula (2), in which b1, b2, and b3
are fitting parameters.When the fly ash contentm≤ 10%, the
maximum dynamic shear modulus and the maximum
damping ratio of the fly ash modified loess change a little.
When the fly ash content was 15%, 20%, and 25%, the
maximum dynamic shear modulus of fly ash modified loess,
compared with that of the compacted loess, increased by
13.58%, 24.99%, and 30.65%, respectively, and themaximum
damping ratio of fly ash modified loess, compared with that
of the compacted loess, decreases by 4.73%, 12.75%, and
21.01%, respectively. It can be seen that the dynamic stiffness
of the fly ash modified loess increases significantly compared
with compacted loess:

Gdmax � a1 +
a2

1 + 10log a3m
, (1)

Dmax � b1 + b2m + b3m
2
. (2)

3.2. Dynamic Residual Deformation of the Fly Ash Modified
Loess. Figure 9 shows the variation curves of dynamic re-
sidual strain εp of fly ash modified loess with different fly ash
contents under the conditions of different dynamic stress. It
can be seen from Figure 9 that the dynamic residual strain of
fly ash modified loess decreases with the increase in fly ash
content under the conditions of different dynamic stress.
When the fly ash content m≤ 10%, the dynamic residual
strain changes a little with the increase in fly ash content, but
it will increase significantly with the increase in dynamic
stress. When the fly ash content reaches 15%, 20%, and 25%,
the dynamic residual strain of fly ash modified loess de-
creases by 0.50 times, 0.80 times, and 0.79 times, respec-
tively, under the conditions of dynamic stress of 50KPa and
vibration times of 10, the dynamic residual strain of fly ash
modified loess decreases by 0.85 times, 1.40 times, and 1.39
times, respectively, under the conditions of dynamic stress of
50KPa and vibration times of 40; the dynamic residual strain
of fly ash modified loess decreases by 1.60 times, 2.85 times,
and 2.95 times, respectively, under the conditions of dy-
namic stress of 100KPa and vibration times of 1; the dy-
namic residual strain of fly ash modified loess decreases by
1.70 times, 3.58 times, and 3.62 times, respectively, under the
conditions of dynamic stress of 100KPa and vibration times
of 40; the dynamic residual strain of fly ash modified loess
decreases by 2.50 times, 5.48 times, and 5.65 times, re-
spectively, under the conditions of dynamic stress of
150KPa and vibration times of 10; and the dynamic residual
strain of fly ash modified loess decreases by 2.57 times, 5.90
times, and 6.37 times, respectively, under the conditions of
dynamic stress of 150KPa and vibration times of 40.

When the fly ash content reaches 20%, the dynamic
residual strain of fly ash modified loess only decreases slowly
with the increase in fly ash content. Besides, for fly ash
modified loess with m≤ 15% and compacted loess, the dy-
namic stress has a significant influence on the dynamic
residual deformation; that is, the dynamic residual

Table 1: Grain size distribution parameters.

Grain size distribution parameters Loess Fly ash
D10 (mm) 0.0015 0.0013
D30 (mm) 0.0143 0.0054
D60 (mm) 0.0356 0.0124
Cu 23.73 9.54
Cc 3.83 1.81

Table 2: Physical indexes of loess specimens.

Soil property Value
Initial unit weight (kN/m3) 13.30
Moisture content (%) 5.43
Specific gravity 2.70
Liquid limit (%) 25.60
Plastic limit (%) 16.40
Plasticity index 9.20
Poisson ratio 0.31

4 Shock and Vibration



deformation increases significantly with the increase in the
dynamic stress. When the fly ash content reaches 20%, the
dynamic residual strain of fly ash modified loess increases
slightly with the increase in dynamic stress, which indicates
that the antideformation ability of soil is significantly en-
hanced [31].

4. Discussion

Considering Figures 6–9, mixing fly ash into the loess could
significantly influence the dynamic shear modulus ratio,
damping ratio, and dynamic residual strain of the soil, which
mainly shows that the dynamic shear modulus ratio will

increase with the increase in fly ash content. In contrast, the
damping ratio and dynamic residual strain will decrease with
the increase in fly ash content. 0e dynamic stiffness and
antidynamic deformation ability of foundation soil can be ef-
fectively improved by adding fly ash into the loess. 0erefore,
the dynamic stiffness and antideformation ability of foundation
soil can be effectively improved by mixing fly ash into the loess.
According to Figures 6 to 9, when the fly ash content is small
(5%, 10%), the dynamic shear modulus ratio, damping ratio,
and dynamic residual strain of fly ashmodified loess are close to
those of compacted loess, which indicates that the dynamic
characteristics of fly ashmodified loess are less affectedwhen the
fly ash content is small, and the improvement effect of fly ash on
the soil is not obvious. When the fly ash content reaches 15%,
the improvement effect of fly ash on loess tends to be obvious,
which showed that themaximumdynamic shearmodulus of fly
ash modified loess increases obviously, and the damping ratio
and dynamic residual strain decreases obviously. When the fly
ash content reaches 20%, the improvement effect of fly ash is
more obvious, which is shown as the attenuation of dynamic
shear modulus ratio–damping ratio curve of fly ash modified
loess decreases; the maximum dynamic shear modulus ratio
increases significantly, and the damping ratio and dynamic
residual strain decrease significantly. Compared with the fly ash
modified loess with fly ash content of 20%, the maximum
dynamic shearmodulus of the fly ashmodified loess with fly ash
content of 25% increases, and the maximum damping ratio of
that decreases significantly. However, at the same dynamic
shear strain level, the dynamic shear modulus is similar, the
damping ratio curves intersect, and the dynamic residual strain
changes a little at the same dynamic shear strain level. Con-
sidering the seismic behavior and treatment cost of the foun-
dation, when the fly ash content is 20%, it can not only improve
the dynamic stiffness characteristics of soil but also effectively
enhance the antiresidual deformation ability of the soil.
0erefore, fly ash content of 20% can be used as the recom-
mended value for the seismic treatment of fly ashmodified loess
foundation, which is consistent with the results of [29, 30, 46].
0rough the above analysis, it can be seen that fly ash content
has a significant influence on the dynamic nonlinear parameters
and dynamic residual strain of fly ash modified loess. With the
increase in fly ash content, the dynamic nonlinear parameters
and dynamic residual strain of fly ash modified loess both have

(a) (b)

Figure 3: 0e fly ash used in this study, (a) the fly ash power, and (b) the SEM image.
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Figure 4: Particle size distribution of the fly ash used in this study.

Table 3: Major chemical constituent of fly ash.

Chemical composition Value
SiO2 52.04
Al2O3 20.22
Fe2O3 4.19
MgO 12.57
CaO 5.47
SO3 0.45
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some change. However, there are differences in the improve-
ment effect of fly ash content on the dynamic properties of fly
ash modified loess.0e dynamic parameters of fly ash modified
loess with fly ash content of 10% are close to those of compacted
loess. According to Figures 6–9, when 20% of fly ash is added
into the loess, the dynamic stiffness of fly ash modified loess is
significantly increased, and the dynamic residual deformation is
significantly reduced, which indicates that the fly ash has a
significant improvement effect on soil. To further explain the
internal mechanism of the influence of fly ash content on
dynamic shear modulus, damping ratio, and dynamic residual
strain of fly ash modified loess, the mesostructure of fly ash
modified loess with different contents was tested by SEM.
Figure 6 shows the SEM test results of compacted loess and fly
ash modified loess, in which the fly ash modified loess has a fly
ash content of 10%, 15%, and 20%, respectively.

According to Figure 10(a), although the loess has been
compacted, there are still many overhead pores, some

particles are still in point contact with each other, and the
particles’ outline is relatively clear [2, 42, 47]. However,
when the content of fly ash reaches 10% (Figure 10(b)),
compared with the mesostructure of compacted loess,
although spherical fly ash particles are attached in the
pores and particles of soil and there is a certain amount of
hydrated cement produced due to hydration and floc-
culation of fly ash [27, 46], there are still a large number of
overhead pores in the soil. Although the contact form
between particles is partly transformed into surface
contact [2, 42], there are still many unstable point-
contact forms. 0erefore, the reinforcement effect of fly
ash on the soil skeleton of fly ash modified loess with a
content of 10% is still relatively weak, and the filling of
overhead pores is relatively limited, so the dynamic pa-
rameters change a little. According to Figure 10(c), when
the fly ash content reaches 15%, more spherical fly ash
particles and flocculent hydrate produced by fly ash

(a) (b) (c)

(d) (e) (f )

Figure 5: Process and instruments for the fly ash modified sample preparation: (a) dried, (b) mix and stir, (c) mold for sample preparing,
(d) equipment for sample preparing, (e) specimen, and (f) curing process.

Table 4: Loading conditions [31, 38, 39].

Specimen
groups Tests Effective confining

pressure (KPa)
Consolidation
Coefficient Dynamic stress (KPa) Loading

frequency (Hz)
No. of
cycles

m� 0 Dynamic modulus and
damping ratio 59

1.695

14, 22, 30, 35, 40, 45, 50,
55, 60, 65, 70, 75

1

10m� 5%
m� 10%
m� 15%

Seismic subsidence 118 50, 100, 150 40m� 20%
m� 25%

6 Shock and Vibration



hydration, which can be seen in the field of vision, fill the
large pores in the soil, and the outline of some soil
particles tends to be fuzzy. Besides, the contact form
between particles is mainly surface contact [2, 42]. At this
time, the dynamic stiffness and antideformation ability of
soil at the macro level is further enhanced due to the
enhanced cementation between particles produced by
hydration reaction. According to Figure 10(d), when the
fly ash content reaches 20%, many spherical fly ash
particles are distributed in the SEM image field. 0e
particles of fly ash modified loess are well cemented by the
flocculated products, which are generated after the hy-
dration reaction of fly ash. 0e contact form between
particles in the soil changes into surface contact or
flocculent cementation contact, and the bonding strength

between soil particles is significantly enhanced. At the
same time, the spherical fly ash particles fill in the soil,
which makes the overhead pores in the soil almost dis-
appear, the medium and large pores are significantly
reduced, and the integrity of the soil structure becomes
stronger so that the dynamic stiffness and anti-
deformation ability of soil is significantly enhanced. In
addition, fly ash hydration reaction will consume part of
the free water in the soil and reduce soil moisture content.
According to the previous research results [2, 27, 48], the
moisture content has an obvious influence on the dy-
namic elastic modulus, damping ratio, and dynamic
deformation of loess, and the dynamic stiffness and
antideformation ability of soil will rapidly decrease with
the increase in moisture content. 0erefore, the free water
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Figure 6: Dynamic shear modulus ratio∼ dynamic shear strain curves of the fly ash treated loess.
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Figure 9: 0e dynamic residual strain curves of the fly ash treated loess with different fly ash contents.
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of soil will be consumed by the hydration of fly ash in the
fly ash modified loess, which will also be helpful to en-
hance the dynamic stiffness and antideformation ability
of soil.

5. Conclusion

0is work provided the dynamic stiffness and dynamic
residual deformation behaviors of the fly ash modified loess.
Based on the results, several conclusions can be drawn:

(1) 0e dynamic shear modulus ratio of fly ash
modified loess with different fly ash content de-
creases gradually with the increase in dynamic
shear strain. 0e shape of the curve is similar, but
the attenuation rate difference is small. However,
under the condition of the same dynamic shear
strain, the damping ratio of fly ash modified loess
shows an obvious difference with the different
content of fly ash. When the fly ash content is
large, the damping ratio of fly ash modified loess
trends to decrease on the whole.

(2) With the increase in fly ash content, the maximum
dynamic shear modulus of fly ash modified loess in-
creases nonlinearly, and its growth trend presents the

characteristics of slow growth, rapid growth, and slow
growth. However, the maximum damping ratio first
increases slowly and then decreases sharply with the
increase in fly ash content.

(3) 0e dynamic residual strain of fly ash modified loess
increases with the increase in dynamic stress and de-
creases with the increase in fly ash content.When the fly
ash content is 10%≤m≤ 20%, the dynamic residual
strain of fly ash modified loess decreases sharply. When
the content of fly ash exceeds 20%, the decreasing trend
of dynamic residual strain becomes slow.

(4) When the fly ash content is 20%, the dynamic
stiffness of fly ash modified loess is obvious, and
the antiresidual deformation ability of soil is ef-
fectively improved. Considering the seismic per-
formance and treatment cost of the foundation, fly
ash content of 20% can be used as the recom-
mended value for the seismic treatment of fly ash
modified loess foundation.

Data Availability

All data included in this study are available upon request by
contacting the corresponding author.

(a) (b)

(c) (d)

Figure 10: SEM images of the fly ash modified loess: (a) m� 0, (b) m� 10%, (c) m� 15%, and (d) m� 20%.
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