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Abstract 
 

Mechanical properties of coarse-grained high embankment fillers are key factors that affect embankment stability. A 
large-scale triaxial shear tester is used to carry out consolidated drained and undrained shear tests on high embankment 
fillers. The mechanical properties and the stability of the high embankment in the filling process and operational period 
are analyzed under the background of a high rockfill embankment project (50.6 m filling height) located in the Qinba 
Mountain Area. Stress-strain characteristics and strength characteristics of fillers are analyzed and pore pressure 
coefficient was introduced to analyze filler deformation characteristics. The effects of grain breakage on filler strength 
and deformation are also discussed and the applicability of Duncan-Chang Model verified. Test results indicate the 
sample experience strain softening phenomenon under high confining pressure. Grain breakage index Βr is used to 
analyze the filler grain breakage features and the causes for this phenomenon are expounded. The degree of grain 
breakage increases significantly with confining pressure. Changes in the peak and critical-state friction angles of the 
fillers are related closely to grain breakage process. Under serious grain breakage, the friction angles decline significantly 
with grain breakage index. In the end, the applicability of Duncan-Chang model is analyzed on the test basis; neither the 
E~μ nor the E~B model can describe the deformation characteristics of coarse-grained embankment fillers very well. The 
results obtained in this study can provide a reference for the deformation characteristics of coarse-grained high 
embankment fillers and embankment stability analysis. 
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1. Introduction 
 
With the increase in the construction of mountain highways, 
high embankments have endlessly come into being. In the 
construction of high embankments, coarse grains with large 
grain sizes are used mainly as fillers, the mechanical 
properties of which are of great importance to embankment 
stability. Coarse-grained embankment fillers refer to 
cohesionless mixtures composed of coarse grains such as 
rock blocks, detritus (or gravel and pebbles), aggregate chips, 
and stone powders or composite soil containing a large 
number of coarse grains in the cohesive soil. Coarse-grained 
materials are widespread in nature with large reserves and 
favorable engineering characteristics, such as easy 
compaction, strong water permeability, high strength, and 
uneasy liquidation under seismic load, and thus, they have 
been applied extensively to dam, highway, railway, airport 
and other projects [1]. 

Research emphasis and focus have been given to the 
stress-strain analysis of geotechnical building and stress-
strain relation of coarse grains because of the construction of 
high embankments, high earth and rockfill dams, and high-
rise buildings and the need to adapt to its requirements. The 

study of strength characteristics of coarse-grained soil has 
also moved from the general plane problem to a high-
pressure state and complicated stress state. Grain size of 
coarse grains is large with complicated deformation 
mechanism, and strain softening characteristics, dilatancy, 
and grain breakage characteristics are considered in 
deformation and strength analysis. 

Strain softening and strain hardening are two of the most 
common stress-stain relations of coarse-grained materials, 
which are related to test confining pressure and sample 
compactness. In the tri-axial shear test, coarse-grained soil 
presents low-pressure softening and high-pressure hardening 
under general circumstances. Establishing a constitutive 
model that considers the strain softening features on the test 
basis is a hotspot in the engineering circles and certain 
achievements have been obtained [2-3]. However, the model 
difference is large and the ranges of application are also 
different. 

Dilatancy is a basic mechanical property of grain 
materials and an important feature different from other 
materials. Under the shear force, the grain position is 
changed, which causes volume change. Soil dilatancy has a 
great effect on soil strength. Many scholars have 
investigated soil dilatancy and established dilatancy theories 
[4-6]. However, the present dilatancy theories are 
established for sandy soil. These dilatancy theories have also 
been considered to be applicable to coarse-grained soil, but 
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with an increasing cognition of coarse-grained soil, it has 
been determined that coarse-grained soil can be crushed 
easily under high pressure. The dilatancy theories 
considering grain breakage need to be studied further. 

According to classical soil mechanics, soil grains are 
incompressible and cannot be broken. Soil deformation is 
caused by pore compression inside the soil mass, water 
drainage, and grain reconstruction. However, soil grains 
especially coarse-grained soil, will experience partial or 
complete breakage under the stress effect of their own 
strength and grain breakage leads to changes in grading and 
compactness of coarse-grained soil, which affects soil 
deformation and strength. As coarse-grained soil has large 
grain size and is angular, and thus, it can easily go through 
grain breakage under the pressure action. Previous studies 
on coarse-grained soil are still in the exploratory phase, and 
its strength and deformation features have not been mastered 
completely and filling construction and quality inspection of 
coarse-grained fillers rely mainly on engineering experience. 

A set of large-scale triaxial shear tests of coarse-grained 
high embankment fillers were carried out with the aim of 
providing test basis for understanding the mechanical 
properties of coarse-grained fillers and providing a reference 
for the stability analysis of National Highway 316 project in 
China and other similar projects. 
 
 
2. State of the art 
 
As a commonly used high embankment filling, coarse-
grained soil has good compactness, high strength, and strong 
water permeability. However, as coarse-grained soils have 
great physical morphological differences and complicated 
deformation under the load effect, the present studies on 
coarse-grained embankment fillers are still in a preliminary 
stage. Numerous domestic and foreign scholars have 
investigated the characteristics of coarse-grained fillers. 
Lenart et al. [7] conducted a large-scale tri-axial 
experimental study of strength and deformation of sand-
gravel materials, but the test confining pressure was low. 
Zhu et al. [8] carried out a large-scale triaxial humidifying 
deformation test and analyzed the change laws of volumetric 
and shear strains of coarse-grained humidifying body of 
slate with confining pressure and stress level without 
considering the material deformation and strength before 
humidification. Liu et al. [9] established a microstructure-
based coarse-grained elastic-plastic constitutive model 
within the classical elastic-plastic theoretical framework and 
constructed hardening parameters that could realize a 
uniform description of dilatancy characteristics of coarse-
grained material; however, when the material grading 
changed, the model was no longer applicable. Based on the 
fractal theory, Zhao et al. [10] studied the grading scaling 
method of coarse-grained materials, but this was not 
applicable in the circumstances with high content of fine 
grains. By considering the grading change caused by grain 
breakage, Sun et al. [11] studied the yield function of coarse-
grained materials but did not consider the situation with high 
confining pressure. Yang et al. [12] conducted a numerical 
simulation study of grain breakage of coarse-grained 
materials but did not consider the complicated grain shape. 

Some scholars have studied the deformation and strength 
characteristics of coarse-grained soil through experiments 
and numerical simulation without considering the effects of 
grain breakage. Khalkhali et al. [13] used the direct shear 
test and discrete element simulation to investigate the effects 

of grain size on mechanical behaviors of coarse-grained soil. 
Through a large-scale true triaxial equal proportion loading 
test under isobaric consolidation of coarse-grained materials 
in all directions, Jiang et al. [14] investigated the strength 
characteristic of coarse-grained materials under different 
intermediate principal stress coefficients. Tutumluer et al. 
[15] built a model to analyze the appearance features of 
coarse grains based on the three-view reconstruction method 
and conducted discrete element simulation of grains with 
different geometrical features. Based on the bi-mirror 3D 
imaging, Bian et al. [16] studied geometrical features of 
coarse-grained materials. Dorostkar et al. [17] used the 
discrete element method to study micromechanical 
characteristics of coarse-grained materials. Zhao et al. [18] 
investigated microstructure, compressibility, and strength of 
unsaturated coarse-grained materials. Meng et al. [19] 
carried out a large-scale tri-axial shear test and studied the 
deformation characteristics of coarse-grained materials 
under different grading conditions. Shi et al. [20] studied the 
strength and deformation characteristics of coarse-grained 
materials through the true tri-axial test. Fu et al. [21] 
explored the strength characteristics of coarse-grained 
materials under different pores and sizes through the direct 
shear test. 

In this study, large-scale triaxial consolidated drained 
shear tests and consolidated undrained shear tests of coarse 
saturated argillaceous limestone samples were carried out to 
obtain deeper understanding of the mechanical 
characteristics of deformation property of coarse-grained 
embankment fillers and provide a reference for stability and 
settlement deformation analysis of the National Highway 
316 project in China and other similar projects. 

The remainder of this study is organized as follows: 
Section Three expounds on the test conditions; Section Four 
analyzes the test results of coarse-grained fillers such as 
stress-strain, deformation, strength, and grain breakage 
characteristics; Section Five analyses the applicability of 
Duncan-Chang model to coarse-grained fillers; and Section 
Six provides the summary and related conclusions of this 
study. 
 
 
3. Methodology 
 
3.1 Test equipment and test materials 
This test was carried out on a large static triaxial apparatus 
(Fig. 1) from Nanjing Hydraulic Research Institute. The 
sample size was φ300 mm×700 mm and maximum limit of 
the grain size was 60 mm. 

The test material was embankment filling of the 
reconstruction project of the Xunyang-Ankang Secondary 
Highway segment of the National Highway 316 in China. 
The material is composed of argillaceous limestone, with a 
rock softening coefficient of 0.73 and Type II rock quality 
level, and thus can be classified as hard rock difficult to 
soften. Basic properties of the sample can be seen in Tab. 1 
and the grading curve is shown in Fig. 2. 
 
Table 1. Indices of basic properties of sample 

Test material Specific 
gravity Porosity 

Test dry 
density 
(g/cm3) 

Saturated 
uniaxial 
compressive 
strength 
(MPa) 

Argillaceous 
limestone 2.80 18.0% 2.30 46.5 
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Fig. 1. Large static triaxial apparatus 

 
Fig. 2. Grading curve of embankment filler used in the test 
 
3.2 Testing program 
The required sample was calculated according to test 
requirements and was weighed in five equal portions by five 
grain size grades: 60–40 mm, 40–20 mm, 20–10 mm, 10–5 
mm, and 5–0 mm. A porous plate was placed at the sample 
bottom, a rubber membrane was strapped on the pedestal, a 
forming barrel was installed, then the rubber membrane was 
coated on the outer wall of forming barrel, and air was 
exhausted so that rubber membrane clung to the inner wall 
of forming barrel. The first-layer sample was encased, the 
surface flattened, and the sample compacted using a vibrator. 
After the sample was well placed, the porous plate and 
sample cap were installed, rubber membrane tightened, the 
forming barrel removed (the sample after the removal of the 
forming barrel can be seen in Fig. 3), the pressure chamber 
installed and the gas vent opened. After the pressure 
chamber was filled with water, the gas vent was closed. The 
sample was saturated using the dripping saturation method. 
Then, the saturated sample was applied with confining 

pressure as required and then consolidated. After 
consolidation, the shear test was conducted until the sample 
failure or 15% of the axial strain of the sample was reached. 
The above process was repeated and the test carried out 
under confining pressures 200 kPa, 400 kPa, 600 kPa, and 
800 kPa, respectively. The entire test was conducted in 
accordance with Geo-technical Testing Regulations (SL237
－1999), and the sample after shear test can be seen in Fig. 4. 

 
Fig. 3. Completed sample 

 

 
Fig. 4. Completed shear test 
 
4. Result Analysis and Discussion 
 
4.1 Stress-strain characteristic analysis 
Fig. 5 shows the change curves of the generalized shear 
stress ratio ( ) for the sample with axial strain ( ) in 
the consolidated drained test. 

 
Fig. 5 Relation curves between generalized shear stress ratio-axial strain 
of the sample under drained condition 

/q p 1e
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At the initial loading phase, the curves presented a linear 

growth trend and initial slopes of the curves were quite loose 
under different confining pressures. Both peak stress ratio 
and final generalized shear stress ratio of the curves declined 
as the confining pressure increased. Under four confining 
pressures, generalized shear stress ratio curve of the 
specimen presented weak strain softening with peak value. 
Under general circumstances, both fine-grained and coarse-
grained soil will experience strain softening phenomenon 
under low confining pressure and strain hardening 
phenomenon under high confining pressure in the tri-axial 
shear test. In this study, the coarse-grained argillaceous 
limestone filler went through strain softening phenomenon 
under high confining pressure mainly because grains in the 
sample were broken and then its strength declined after peak 
stress was reached under high confining pressure. 

The effect of grain breakage on filler strength was 
explained by sieving the sample before and after the test and 
using the grain breakage index  proposed by Hardin [22] 
to quantify the degree of grain breakage of the sample.  is 
defined as ratio of the difference between the areas confined 
by the grain size distribution curve and vertical line (grain 
size: 0.074 mm) before and after the test to the area 
combined by the grain size distribution curve before the test 
and 0.074 mm vertical line in the coordinate system. The x-
coordinate is lgd, where d is the grain size and the y-
coordinate is the percentage content exceeding a grain size. 
The results are shown in Fig. 11. 

According to Fig. 11, the grain breakage of the specimen 
in the consolidated drained sheer test increased with 
confining pressure at high rate. Related studies [23-25] have 
reported that grain breakage is smaller under low confining 
pressure and that the increase in grain breakage will 
significantly degrade material strength. Using the tri-axial 
test of coarse-grained materials, Qin et al. [26] found an 
increase in confining pressure led to an increase in grain 
breakage. When breakage reached 0.21, an obvious decline 
in material strength was observed. The analysis showed that 
the sample experienced weak strain softening phenomenon 
under high confining pressure in the consolidated drained 
test, mainly because grain breakage increased with confining 
pressure and consequently, the generalized shear stress ratio 
curve still declined to a certain degree after the peak stress is 
reached. 

Fig. 6 shows the change curves in the generalized shear 
stress ratio ( ) of the sample with axial strain ( ) in the 
consolidated undrained test. 

 
Fig. 6. Relation curves of shear stress ratio-axial strain of sample under 
undrained condition 

 
As shown in the figure, the generalized shear stress ratio 

curves of the sample under undrained condition with 
confining pressures of 200 kPa, 400 kPa, and 600 kPa 
presented strain softening type with obvious peak values. 
For the sample under 800 kPa confining pressure, its 
generalized shear stress ratio curve presented continuous 
hardening type, which was identical with the low-pressure 
softening and high-pressure hardening laws of coarse-
grained soil under general circumstances. In the initial phase, 
the curves presented linear growth trends and the initial 
slopes under four confining pressures were quite loose. Peak 
stress ratios of the curves declined as the confining pressure 
increased, but final generalized shear stresses were close. 
Fig. 11 shows that even though the grain breakage index of 
the sample increased with confining pressure in the 
consolidated undrained test, grain breakage remained small 
under high confining pressure and breakage rate was low, 
which had a minor effect on sample strength. Therefore, the 
curves presented hardening type under high confining 
pressure. 

 
4.2 Deformation characteristic analysis 
Fig. 7 shows the change curves of volumetric strain ( ) 
with axial strain ( ) of the sample in the consolidated 
drained test. 

 
Fig. 7. Relation curves of volumetric strain-axial strain of the sample 
under drained condition 

 
As shown in Fig. 7, the volumetric strains of the sample 

first increased and then decreased with axial strain under 
four confining pressures, thereby indicating that the sample 
first experienced shear shrinkage and then shear dilation. As 
the confining pressure increased, the shear shrinkage of the 
sample increased while shear dilation decreased. When the 
confining pressure was 800 kPa, the falling range of the 
volumetric strain curve was small, that is, the volumetric 
strain presented mainly shear shrinkage while shear dilation 
was not obvious. 

In Fig. 7, the sample shear shrinkage increased 
continuously while the shear dilation declined gradually as 
the confining pressure increased, mainly because under the 
effect of confining pressure, the sample experienced 
compaction process until grain breakage. The sample was 
compacted continuously while shear shrinkage was enlarged 
continuously as the confining pressure increased. In the 
shear process, even though volume deformation continued to 
develop towards the direction of the shear dilation, the grain 
breakage gradually became serious as the confining pressure 
increased (Fig. 11), which inhibited the development of 
shear dilation, causing the shear dilation trend to become 
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increasingly weaker. In the tri-axial shear test of calcareous 
sand, Zhang et al. [24] found that shear dilation under low 
confining pressure had a greater effect on material strength 
than grain breakage. The degree of material grain breakage 
became serious as the confining pressure increased and the 
effect of grain breakage on material strength became even 
more significant. 

Fig. 8 shows the development curves of porewater 
pressure ( ) with axial strain ( ) of the sample in the 
consolidated undrained test, where the porewater pressure 
was measured using a pore pressure sensor on the sample 
top and the measurements acquired automatically by a 
computer. 

 
Fig. 8. Relation curves of pore water pressure-axial strain of sample 
under undrained condition 

 
Fig. 8 shows that except for the sample under 200 kPa, 

porewater pressures of other samples had an abrupt 
increasing process and then slowly dissipated. As the 
confining pressure increased, peak porewater pressure 
increased continuously. For the sample under 200 kPa, its 
porewater pressure started declining gradually at an axial 
strain of 1% as the loading proceeded until it was reduced to 
a negative value. For samples under 400 kPa, 600 kPa, and 
800 kPa, their porewater pressures started declining under 
axial strains of 3%, 5%, and 6%, respectively. In the 
consolidated undrained shear test, it is generally believed 
that sample volume would not change. However, in a study 
of shear dilation mechanism of sandy soil, Chi et al. [27] 
found that for samples with high stone content, sliding 
extrusion, breakage, and gap filling could be observed 
between rock blocks in the shear process and hence, shear 
dilation and shear shrinkage also occurred. 

Pore pressure coefficient was used to characterize 
change trend of sample volume to explore the deformation 
laws of the sample under undrained conditions and is 
defined as follow: 
 

                                              (1) 

 
where A＞0 represents shear shrinkage while A＜0 

means shear dilation. Fig. 9 gives the change graph of pore 
pressure coefficient with axial strain. 

At the initial loading phase, pore pressure coefficients 
under four confining pressures could be observed to undergo 
first an increase then a decline to zero process, indicating 
that the sample went through volume shrinkage, but the 
volume shrinkage trend gradually became gentle. As the 
loading proceeded, pore pressure coefficient of the sample 
under 200 kPa confining pressure became 0 when axial 

strain reached 1% or so, and subsequently, pore pressure 
coefficient continued to decline to a negative value, 
indicating that the sample volume turned from shrinkage 
into dilation. For samples under 400 kPa, 600 kPa, and 800 
kPa, their pore pressure coefficients became 0 when axial 
strain reached 3%, 5%, and 6%, respectively and then 
declined to negative values. Moreover, the sample volume 
went from shrinkage into dilation. 

 

 
Fig. 9. Relationship between pore water pressure coefficient and axial 
strain 

 
This finding corresponds to the change curve of 

porewater pressure, that is, the sample experienced shear 
shrinkage when porewater pressure increased and shear 
dilation when porewater pressure declined. Xia et al. [28] 
found similar laws when conducting a tri-axial undrained 
shear test of earth-rock aggregate. Porewater pressure started 
declining after increasing to peak value, the sample went 
from shear shrinkage into shear dilation, and the maximum 
value of the pore pressure coefficient basically corresponded 
to the peak rate of the porewater pressure curve. The point 
with pore pressure coefficient being 0 was the phase 
transformation point of sample volume change. Fig. 11 
shows that the sample grain breakage was small under 
undrained condition. The sample presented shear dilation 
under 200 kPa confining pressure, which was caused by the 
grain position adjustment under low confining pressure. The 
confining pressure then increased and the sample compacted, 
causing grain breakage to occur as the loading proceeded. 
Notably, in the pore pressure coefficient distribution graph 
in this test, the discreteness of individual point was large, 
which could be attributed to the sudden changes in the 
position and morphology of large grains in the shear process. 
However, these changes did not affect the overall change 
trend of the sample volume. 

 
4.3 Strength characteristic analysis 
In the tri-axial compression path, the calculation formula of 
internal friction angle corresponding to any  is 

 

                                                   (2) 

 
where  is internal friction angle and  is the 

generalized shear stress ratio, . 
The peak friction angle and critical friction angle of the 

specimen can be calculated according to the maximum and 
final values of the generalized shear stress ratio curve using 

wu 1e

1 3( )
wuA

s s
=

-
h
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Equation (2). For the hardening-type curve, the peak friction 
angle was made equal to the critical friction angle. Fig. 10 
gives the change curves of the peak and the critical friction 
angles of the specimen with confining pressure in the 
consolidated drained and consolidated undrained shear tests.  

and  are the peak and the critical friction angles in 
the consolidated drained test, respectively.  and  
are respectively the peak and critical friction angles in the 
consolidated undrained test. According to Fig. 10, both peak 
friction angle and critical friction angle of the sample 
declined as the confining pressure increased in both the 
consolidated drained and consolidated undrained shear tests. 
Both the peak and the critical friction angle obtained through 
the consolidated drained test were larger than those obtained 
through the undrained test. Qin et al. [26] also obtained 
similar results for the tri-axial test for sericite schist. 

 
Fig. 10 Change curves of peak friction angle and critical friction angle 
with confining pressure 
 
4.4 Effect of grain breakage on mechanical properties of 
coarse-grained fillers 
Fig. 11 shows the relation curves between grain breakage 
index and confining pressure obtained through sample 
sieving in this test. Fig. 12 gives the relation curves of grain 
breakage index of coarse-grained filler with peak and critical 
friction angles. 

 
Fig. 11. Relation curves between grain breakage index and confining 
pressure 
 

Fig. 12 shows that both peak and critical friction angles 
of the sample declined significantly with grain breakage 
index in the consolidated drained and consolidated 
undrained tests. Under undrained conditions, the critical 
friction angle of the sample under 800 kPa confining 
pressure increased incrementally. Many studies [23-24, 29] 

have found that increasing grain breakage has led to a 
reduction in the internal friction angle of the material. 
 

 
(a) 

 
(b) 

Fig. 12. Change curves of the peak and critical friction angles with grain 
breakage index 

 
The sample under drained condition experienced weak 

strain softening and shear dilation trend weakening 
phenomena under high pressure. The sample under the 
undrained condition presented obvious strain hardening and 
shear dilation features under high pressure. Fig. 11 clearly 
shows that grain breakage increased continuously with 
confining pressure. Both grain breakage and breakage rate of 
the sample under the drained condition were larger than 
those under the undrained condition. Grain breakage gave 
rise to grain rearrangement in the sample and small grains 
gradually filled the pores inside the sample, which weakened 
the shear dilatancy and affected the peak strength of the 
coarse-grained fillers. 

Fig. 12 shows that the decrements of the peak and 
critical friction angles of the specimen were large when the 
grain breakage index increased under the drained condition, 
while those under the undrained condition were relatively 
small. Miura et al. [30] investigated the deformation and 
strength characteristics of coarse-grained materials and 
found that grain breakage would weaken shear dilatancy of 
the soil mass, reduce peak internal friction angle and 
significantly impact shear strength of the soil mass. 

 
 

5. Duncan-Chang model analysis 
 

Tab. 2 gives the Duncan-Chang model parameters obtained 
through the consolidated drained test. 

,p cdj ,cs cdj

,p cuj ,cs cuj
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Table 2. Duncan-Chang model parameters 

Test material (kPa) (°)         

Argillaceous 
limestone 94 38.2 1410.8 0.21 0.81 0.36 0.09 6.03 831.4 0.03 

 
The volumetric strain of coarse-grained fillers under the 

triaxial compression path can be analyzed using tangential 
Poisson’s ratio  : when  is greater than 0.5, the filler 
presents hear dilation, and the greater the  value, the more 
obvious the shear dilation; when  is smaller than 0.5, the 
filler presents shear shrinkage, and the shear shrinkage 
becomes more obvious as the  value becomes smaller [31]. 

Fig. 13 shows relation curves between tangential 
Poisson’s ratio  and stress level S of embankment filler 
calculated using the  and  models. The figure 
indicates that the Poisson’s ratios calculated through both 
models increased gradually with the stress level, both 
gradually increasing from smaller than 0.5 to greater than 
0.5. However, the Poisson’s ratio calculated through the 

 model presented a sudden change under high stress 
level with high discreteness. The curve obtained through the 

 model was smooth and as the stress level increased, 
the sample underwent a change from shear shrinkage into 
shear dilation. Shear shrinkage reduced while shear dilation 
increased as the confining pressure increased. However, this 
finding contradicts the laws as revealed by the volumetric 
strain curve (Fig. 7). A large number of test results indicate 
that coarse grains present shear dilation under low confining 
pressure and shear shrinkage under high confining pressure. 
Therefore,  model cannot describe the volumetric 
strain characteristics of the filler very well. 

 
Fig. 13. Relation curves of the Poisson’s ratio and stress level of the 
sample obtained through  and  models under different 
confining pressures 

 
Fig. 14 shows the  curves of the sample under 

different confining pressures. Fig. 15 gives  
curves under different confining pressures, which are fitted 
using a straight line. 

The figure shows that  curves present hyperbolic 
relation under low confining pressure (200 kPa) but do not 
present an obvious hyperbolic relation under other confining 
pressures. The  curves have no obvious linear 
relations under four confining pressures, indicating that 
hyperbolic hypothesis between  and   is not applicable 
to this coarse-grained filler and that  model cannot be 

used to describe accurately the deformation characteristics of 
this filler. 

 
Fig. 14.  relation curves of the samples under different 
confining pressures 

 

 
Fig. 15.  relation curves of the samples under different 
confining pressures 
 
6. Conclusions 
 
In this study, tri-axial consolidated drained and triaxial 
consolidated undrained shear tests were carried out to obtain 
a deeper understanding of the deformation characteristics of 
a coarse-grained high embankment filler. The stress-strain 
relation, deformation, and strength characteristics of coarse-
grained argillaceous limestone fillers were analyzed and 
discussed, and the following conclusions were obtained: 

In the triaxial shear test, strain softening phenomenon of 
coarse-grained soil occurs mostly under low confining 
pressure while strain hardening phenomenon appears under 
high confining pressure. The coarse-grained argillaceous 
limestone filler experiences strain softening phenomenon 
under high confining pressure in the consolidated drained 
shear test but presents low-pressure softening and high-
pressure hardening in the consolidated undrained shear test. 
The main cause of these phenomena was found to be grain 
breakage, which causes changes in the sample grading and 
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strength, consequently, strain softening appears in the high 
confining pressure phase under the drained condition. 

Under drained and undrained conditions, coarse-grained 
argillaceous limestone filler first undergoes shear shrinkage 
and then shear dilation. However, in the consolidated 
drained test, its shear dilation trend is very weak under high 
pressure. The results indicate that grain breakage plays a 
dominant role in the sample deformation process because of 
its aggravation under high pressure which inhibits the 
development of shear dilation of the coarse-grained filler. In 
the consolidated undrained test, pore pressure coefficient is 
used to reflect the sample deformation characteristics. The 
results indicate that the change of pore pressure coefficient 
had a good corresponding relationship with the change of 
porewater pressure. Hence, the pore pressure coefficient can 
reflect intuitively the volumetric strain laws of coarse-
grained soil under the undrained condition. 

Changes in the peak and critical friction angles of 
coarse-grained argillaceous limestone filler obviously rely 
on stress path and are related closely to the grain breakage 
process. Both peak and critical friction angles obtained 
through the drained shear test are greater than those obtained 
through the undrained test. Under serious grain breakage, the 
peak and critical friction angles were reduced considerably 
with grain breakage index. If the grain breakage degree is 
light, the peak and critical friction angles are reduced lightly 
with grain breakage index. 

Duncan-Chang model parameters are given on the test 
basis and model applicability is analyzed. Neither the   
nor the  models in the Duncan-Chang model could 
describe accurately the deformation characteristics of 
embankment filler. 

The study results can provide a certain test basis for 
analyzing the engineering mechanical characteristics of 
coarse-grained high embankment fillers and embankment 
stability, but the influence of grain breakage in the sample 
preparation process is not considered. Materials with 
different lithologies have different properties because of the 
diversity of engineering geology. Therefore, fillers with 
different lithologies and grades should be compared under 
complicated conditions in the future. The knowledge range 
of coarse-grained fillers should also be expanded by 
considering the multi-factor influence to provide a reference 
for a deeper understanding of the mechanical deformation 
properties of coarse-grained fillers. 
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