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ABSTRACT: The microstructure of soil has a significant influence on the mechanical
behavior. In this paper, photos of Scanning Electron Microscope (SEM) are taken on
Shanghai remolded clay samples under different consolidated pressures during one-
dimensional consolidation test. The evolutions of microstructure of remolded clay (including
aggregate shape, aggregate mean surface and orientation distribution) from both horizontal
cut plane and vertical cut plane of the specimen are analyzed and compared.
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1 INTRODUCTION

Shanghai clay is characterized with high water content, high void ratio, low shear strength,
high compressibility and low permeability. Because of the economical boom in Shanghai,
the clay deposits in Shanghai become more and more solicited by different constructions.
In general, soil properties are decided by its macroscopic behavior which can be represented
by its stress-strain relationship, which is lacking of considering the soil microstructure. The
microstructure is an important aspect of soil. The microstructure during one-dimensional
consolidation has been studied by Martin and Ladd [1975], Mcconnachie [1974], Matsuo
[1977], Hicher et al. [2000] and etc.

For better understanding the shanghai clay behavior, in this paper remolded Shanghai soft
clay specimens are studied by standard oedometer tests. The SEM observation is made on
samples loaded at different stress levels. The quantitative analysis of the microstructure of
Shanghai remolded clay are studied.

2 SHANGHAI CLAY MICROSTRUCTURE PROPERTY

In this paper, the soil samples are from Nanxiang-Baili Unistate of Metro 11. The depth is
8~8.5 m. Physical properties of the selected soil are listed in Table 1. In order to investigate
the deformation mechanism, three conventional oedometer tests were carried out for samples
under 132, 264 and 800 kPa.



Table 1. Physical properties of soil.’

depth/m ¢, Wi% W% W%  ykg/m®
8-8.5 1.12-1.16  39.4-437 516 2538 1.71-1.74
1.24
—e—132kPa
114 —4-264 kPa
—*— 800 kPa
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Figure 1. Compressive curves up to different consolidation pressures for remolded samples.

i . o < Tl 2 N oo St T My 4
(e) Initial state (f) ou'=132kPa (g) on'=264kPa (h) o, '=800kPa
Figure 2. Remolded specimen SEM photos under different consolidation pressure (a—d for vertical
planes and e-h for horizontal planes).

Observations for both horizontal planes and vertical planes of shanghai remolded clay
specimens under different consolidation pressures are shown in Fig. 2. The particles of
remolded specimen are dominant on aggregates. The void between particles exists. The
particle size with the diameter is distributed between 0~10 wm, but the diameter of large
formed aggregates is more than 20 um. The form of aggregates is associated by face to face.
Increasing the consolidation pressure, the particles and aggregates become dense for both
horizontal and vertical planes. The aggregates are reduced into small-size aggregates when
remolded. As the same time, there are some particles and small aggregates move to adjacent
particles and aggregates to form new big aggregates. In addition, the particles and aggregates
rearrange to be privilege on the direction under remolded force, where the orientation in
vertical plane is more obvious than the horizontal plane.

3 QUANTITATIVE ANALYSIS OF SHANGHAI REMOLDED CLAY
STRUCTURE EVOLUTION

The SEM photos can be used to quantitatively measure the evolution of clay structure
elements, mainly of aggregates and single particles.



The analysis is based on the following parameters:

1. Particle orientation F(a).
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where F (o) means one direction distribution frequency, in each SEM photo, the plane
was divided into a given number quadrants, each of them equal to 15° m means the
particle numbers in the ith quadrant; M means the total numbers in one SEM photo.
In order to study particle orientation, the rose diagrams from SEM photos was carried
out.

2. I shape index, which is the value of the ratio between the long axis A and the short axis
B of the individual particle or individual aggregate (the particle or aggregate is considered
as an ellipse). If 7 equal to 1, it means that the particle or aggregate is round or square.

3. S, the mean surface:
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3.1 Particle orientation analysis

For Shanghai remolded clay, shown in Fig. 3(a), we could see that the particles or aggre-
gates distributed in every quadrant for both horizontal and vertical planes, but the particles
or aggregates have two peak values: 0°~15° and 75°~90°. The particles or aggregates are
composed of mainly frames for both in horizontal and vertical planes.

vertical plane
rrrrrr horizontal plane

- L Il ‘\\
10% 15% 20%

10% 15% 20%

(a) 0 kPa (b) 264 kPa

vertical plane
—————— horizontal plane

0% 13% 20% 259

(c) 800 kPa

Figure 3. Rose diagrams of aggregate orientation of Shanghai remolded clayunder different consoli-
dation pressure.



The particle orientation is obviously changing with the increasing of consolidation
pressure. For example, in Fig. 3(b) when the consolidation pressure is 264 kPa, there are
more particles in 0°~15° and 120°~135°, but less particles in 75°~90°. This means that
the particles rotate when increasing the consolidation pressure, which results in particles
existing in some privileged directions. The phenomenon is more remarkable for 800 kPa.
It can be concluded that more anisotropy due to reorientation of particle under higher
consolidation pressure.

3.2 Particle shape index analysis

The shape index histograms of aggregates for Shanghai remolded clay were shown in Fig. 4.
The shape index dominant on 1.5~2 for horizontal plane shows that the particle shape is
mainly ellipse; the shape index dominant on 1.5~2 and 2.5~3 for vertical plane shows that
the particle shape is more ellipse compared with horizontal plane. The particle shape is
obviously ellipse for both horizontal and vertical planes with the increasing of consolidation
pressures. The value of shape index is 2.5~3. When the consolidation pressure is 800 kPa, the
phenomenon is more remarkable. There are more ellipse shaped aggregates and less other
shaped aggregates. During the one-dimensional compression, aggregates slap and change
their shapes, which is in accordance with the anisotropy of the aggregates.

3.3 Particle mean surface analysis

The particle mean surface of aggregate for Shanghai remolded clay is shown in Fig. 5. The
particle mean surface or equal diameter decreases with the increasing of consolidation
pressure for both horizontal and vertical planes. We observed that big aggregates gradually
break into two or more aggregates.
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Figure 4. Shape index histograms of aggregate of Shanghai remolded clay under different consolida-
tion pressure.
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Figure 5. Mean area of particles under different consolidation pressure.

4 CONCLUSION

SEM photos show that the aggregate of Shanghai remolded clay is likely ellipse-sphere shape
for both horizontal plane and vertical plane. Under the one-dimensional compression, the
shape of aggregate changes more obviously for vertical plane rather than for horizontal
plane. The one-dimensional compression results in a more orientated microstructure in the
vertical plane rather than in the horizontal plane. The increase in direction frequency due to
loading is mainly the results of aggregates breakage, with smaller aggregates easier orientated
to the loading direction. Comparisons between SEM photos demonstrate that the Shanghai
remolded clay has the characters of gradual damage, inherent and induced anisotropy during
one-dimensional compression.
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