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Abstract: In order to investigate the effects of the grain size distribution and the micro-structure of soils on the mechani-

cal characteristics, some static triaxial compression tests were carried out, and then the relationship of stress-strain and the 

strength behavior of silty sand were compared among undisturbed samples with different grain size distribution, undis-

turbed and remolded samples with the same grain size distribution, and reconstituted samples (or called mixed samples) 

with different grain size distribution. The effects of grain size distribution and structure on the mechanic behavior of silty 

sands were mainly analyzed. It is shown that the obvious differences of the mechanical characteristics between undis-

turbed soils and remolded soils are caused by the differences of soil structures. Although the grain size distribution are 

different between two soil samples, their mechanical characteristics may be close to each other, or may have obvious 

differences because of the effects of micro-structure. 
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INTRODUCTION 

The structural characteristics of soils mean the character-
istics of the arrangement of soil, the styles of contact and the 
pore scales and distribution etc. Generally, the structural 
characteristics of clay are strong. Therefore, the studies are 
most on the structural characteristics of clay [1, 2]. Neverthe-
less, sand has also structural characteristics [3], especially 
when sand contains some clay, silt or some organic materials

 

[4]. Up to now, there are few studies are on the structural 
characteristics of silty sand [5]. 

In ocean floor, there exists much silty sand which con-
tains some layered or block clay, silt and a few broken 
shells. Usually, the model tests need a lot of soils, but it is 
very difficult and expensive to obtain in situ soils [6]. Thus it 
is practical to use mixed soils to substitute in situ soils. The 
mixed soils are needed not only have the close physical and 
mechanical properties with that of situ soils, but also have 
good quality of repetition. 

In the viewpoints above, we find a method to make the 
mixed soils to replace the in-situ soils, taking the soils in LD 
site of Bohai Bay, China as an example. First, the physical 
and mechanical properties of the undisturbed and remolded 
soils in LD site are experimentally analyzed. Secondly, the 
mixed soils with different components are made and, the 
physical and mechanical properties are obtained by triaxial 
compression tests and grain size distribution tests. Thirdly, 
the mixed soils whose properties are the most adjacent to 
that of the undisturbed soils is chosen. In this way, the ratio 
of components of the mixed soils is determined. 
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EXPERIMENTAL RESULTS AND ANALYSIS 

The Parameters of the Undisturbed Soils  

From three borehole data in Bohai bay LD zone, in 
5～20m, the sediment is medium-dense to very dense fine 
sand containing some broken shell and dispersed clay [7]. 
Considering the bearing capacity of suction bucket founda-
tions, the soil layer in 0～20m has obvious effects on the 
bucket. Thus, the main target is to study the properties of soil 
layer in this range. Therefore, the properties of the sediment 
among the depth of 5～20m are studied mainly. 

In the site LD, the grain series of the fine sand in three 
boreholes in the depth ranging from 5 to 20m are different. 
The grain size distribution in the range of 12～15m is shown 
in Fig. 1(a). The basic parameters of four samples are shown 
in Table 1. The consolidated drained triaxial tests (named 
CD tests) are carried out under two confining pressures con-
ditions. For comparison conveniently, the stress is expressed 
by ( 1－ 3)/ 3. The stress-strain curves and volume change -
strain curves are shown in Fig. (2). 

The four samples are all shown brittle failure and obvious 
dilative behavior. The grain size distribution and the content 
of clay in each sample are different and so the stress-axial 
strain curve and the volume change-axial strain are different 
also. The samples obtained from LD5-2-2 are both dense to 
very dense fine sand. Thus not only the biggest stresses of 
these two samples and the effective internal friction are big, 
but also the stresses increase fast at the first stage and de-
creases fast also after peak value, which is the obvious brittle 
behavior. 

By comparison of stress - axial strain curves and volume 
change-axial strain curves of these four samples, it is shown 
that sample No.1 can reflect the main characteristics of in 
situ soils. Therefore, the soils for experiments are mainly 
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made according to the grain size distributions and the me-
chanical properties.  

It is impractical to made remolded or mixed soils which 
have most adjacent grain size distributions and the mechani-
cal properties with the undisturbed soils except that the un-
disturbed soils are not structural. Although the structural 
characteristics of the undisturbed soils may be simulated 
partially by lengthening the consolidation time or adding 
chemical materials into the remolded soils or mixed soils, the 
experimental cycle is too long. Therefore, it is practical to 
mix soils having the grain size distributions and mechanical 
properties as adjacent as possible to that of the undisturbed 
soils. 

For the target, it is needed first to find a kind of fine sand 
with adjacent grain size distribution and a kind of silty clay 
containing fine and clay particles. Then mix these two kinds 
of soils according to different ratio. In this way, we can find 
an appropriate ratio. 

Mechanical Properties of the Remolded and Mixed Soils 

The remolded samples are made by drying, broken and 
mixing of No.1 with the dry density of 1.6g/cm

3
. So the 

 

Fig. (1). The grain size distribution curves of undisturbed and re-

constituted samples. 

 

Table 1. Basic Information About Undisturbed Samples 

No. of 

Samples 

Depth/

m 

Density 

/g/cm
3
 

Description of 

Sample 

Confining 

Pressure 

/kPa 

No.1 12.3 2.00 
Mid-dense silty 

sand 
100 

No.2 14.3 1.94 
Mid-dense silty 

sand 
400 

No.3 14.2 1.98 
dense silty 

sand 
100 

No.4 14.3 1.98 
dense silty 

sand 
400 

 

Fig. (2). CD test results of undisturbed samples. 
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(a) Undisturbed soils 
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(b) Remolded and mixed soil 
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(a) Stress ratio - strain 
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grain size distribution of the remolded soils is the same as 
that of the undisturbed (Fig. 1(a)).  

The grain size distributions of mixed soils are shown in 
Fig. 1(b). The classification and the basic parameters are 
shown in Table 2. The sample of mixed soils is saturated 
with a density of 1.6g/cm

3
 and the confining pressure is 100 

kPa. 

Fig. (3) is the results of the undisturbed samples (No.1), 
remolded samples (No.6) and three mixed samples 
(No.7~No.9). The effects of the grain size distribution and 
the structural characteristics on the mechanical properties are 
analyzed according to the curves of grain series, stress~axial 
strain and change ~ axial strain. 

 

 

Fig. (3). Comparison of CD results about undisturbed, remolded 

and mixed samples. 

 
(1) The stress ~ axial strain and the volume change - ax-

ial strain relations of the undisturbed samples are obvious 
different with that of the remolded samples. The strength of 
the latter is 30% lower than the former although they both 
are shown brittle behavior. The undisturbed samples show 
obvious dilative behavior, while the remolded ones show 
little dilative behavior. The differences are caused mainly by 
the structural characters of the soils which are formed by 
layered silt and clay in the undisturbed soils. The undis-
turbed samples have experienced the natural course of 
movement, sediment and consolidation. There are special 

connections among grains and pore water. The existence and 
non-uniform distribution of the silty grains and clay grains 
cause the structural characteristics of the fine sand is higher 
than the sand but lower than the clay. The structural charac-
teristics lead the undisturbed soils have some structural 
strength. Although the remolded samples have the same 
grain series as that of undisturbed, the connections among 
sand grains, silty grains and clay grains and water is small 
because of the uniform distribution of grains. In other words, 
the structural characteristics of the undisturbed samples have 
been destroyed, which leads to the lower strength.  

(2) The three mixed soils have different stress- axial 

strain relation and volume change ~ axial strain relation. The 

content of clay in silty clay is high and the strength is the 

lowest. The samples show plastic failure and no dilatancy. 

The strengths of fine sand and silty fine sand are approxi-

mate equal and the failure mode is brittle. The former has a 

smaller strain at the peak stress and has a bigger dilatancy. 

The reason is that there are not silty and clay grain in fine 

sand, so the diameters are uniform. There occurs obvious 

dilatancy once the density increases over a critical value dur-

ing shear.  

(3) The mixed silty clay shows plastic failure while the 

undisturbed soils show brittle failure. The strength of the 

former is 25% lower than that of the latter and has no dila-

tancy. The strength of the mixed fine sand is adjacent with 

that of undisturbed soils, but the strain at failure is smaller 

(the former is 5%, the latter is 7%) and the dilatancy is big-

ger.  

The strength and the relations of stress-axial strain and 

the volume change - axial strain of the mixed fine sand is 

adjacent to that of undisturbed soils. The reason is the effects 

of grains and grain size distributions are considered in the 

mixed fine sand. The strength of the fine sand in the mixed 

fine sand has a high strength while the silty clay has a low 

strength. The content of fine sand in the mixed sand is 20% 

more than that in the undisturbed soils. Therefore, the 

strength of the mixed fine sand is higher than that of the re-

molded sand which is caused by the loss of the structural 

characteristics. 

Table 2. Basic Information About Remolded and Mixed Sam-

ples 

No. of 

Samples 
Type of Soil 

Dry Density 

(g/cm
3
) 

Description 

No.6 Remolded soil 1.6 
Mid-dense silty 

sand 

No.7 Mixed soil 1.6 
Mid-dense sandy 

& silty clay  

No.8 Mixed soil 1.6 Dense fine sand 

No.9 Mixed soil 1.6 
Mid-dense silty 

sand 
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(a)  stress~axial strain 
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(b) volume change - axial strain 
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CONCLUSIONS 

The main conclusions are as follows:  

(1) The mechanical properties can be obvious different 

even if there is a little difference in the grain size distribu-

tions of the undisturbed fine sand. The main reason may be 

the effects of structural characteristics. 

(2) The mechanical properties of the remolded and the 

undisturbed fine sand are different even if the grain size dis-

tributions are the same. The main reason is the existence of 

the structural characteristics of the undisturbed sand while 

the remolded sand loses its structural character.  

(3) The grain size distribution, especially the contents of 

sand and clay, affects the mechanical properties of mixed 

sand obviously.  

(4) One can find a kind of mixed sand which has the 

same mechanical properties as that of the undisturbed sand. 
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