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1. INTRODUCTION
The effect of the crack in the soil is not a trivial matter. The desiccation crack in soil not only affects the strength of soil,
but also provides convenient channels for infiltration and evaporation (Rayhani et al., 2007). The influence of water
aggravates the soil expansion and shrinkage, especially in the expansive soil. In recent years, the use of computer for
seepage simulation is becoming more and more popular. It is important to get the distribution and shape features of cracks
during the process of establishing a three-dimensional crack network model for seepage simulation. In terms of the
orientation of crack, a computerized method for analyzing clusters of orientation data was developed and the orientation
of crack obeys normal distribution and has a mean value in the prevailing orientation (Mahtab, 1972). This has also been
proved in excavation-induced cracks of clay (Huysmans et al., 2006). In conclusion, most scholars (Einstein et al., 1978;
Priest, 1980; Wallis and King, 1980; Li and Zhang, 2010) conclude that the crack orientation is normally distributed, while
a few scholars (Baecher et al., 1977) believe that it is uniformly distributed. However, few scholars study the change of
orientation during the development of cracks in undisturbed soil. Therefore, the research on the variation of crack
orientation during drying is of great significance to the simulation of seepage flow.

In order to study the evolution of crack orientation (represented by the crack angle (65) in this study) in specimens, CT
scans and quantitative analysis of undisturbed expansive soil were carried out via Avizo software. Based on these, 9 of
soil specimens were calculated and summarized. Finally, the distribution of 6, was fitted by the normal integral function
and the development process of 9, during drying was described by the fitting parameter c.

2. MATERIALS, EQUIPMENTS AND PROCEDURES
The sampling spot is located in Mile basin, Yunnan, China
and close to the KunMing-NanNing high-speed railway Depth

Table 1 Fundamental soil properties of Mile expansive soils

Minerology composite by XRD analysis CEC

(referred to as “KNHR”). Some undisturbed soil specimens M Montmorillonite (%) 1llte (%) Kaolinite (%) Chlorite (%) ~ (Mea/1008)
(about 200mm in height and 100mm in diameter) were also 03.05 ) ; ; ; ) 277
retrieved from the site using the tube sampling method ans ol o - 52 s -

according to the Chinese field-testing standard (JGJ/T87—
2012). Fundamental soil properties can be seen in Table 1.

Four specimens with different suction values were selected
for this study and the basic information can be seen in table 2. Among

3.3-35 27.67 / / / 36.5 /

Note: CEC means cation exchange capacity. G means relative density of particle

Table 2 Summary of basic information of specimens

them, No.1, No.2, and No.3 were sealing by iron sheets and plastic Number Suction (MPa) __ Water content (%) Process
films immediately after retrieving. However, No.4 was dried in the air ; 01'576 ;zj Z:Zi:g
and then sealed for equilibrium. Two weeks later, suction values of R 63 109 Seanni
specimens were measured by WP4C Water Potential Meter and High- 4 645 146 sealing after drying

capacity Tensiometer. The measuring range of WP4C is 0~-300MPa.

When the measured value is in the range of 0~-5MPa, the error of g
WPA4C is £0.05MPa. And the error will be 1% if the measured value
is in the range of -SMPa~-300MPa. For High-capacity Tensiometer,
the measuring range and the error are 0~-1.5MPa and 0.lkpa

No.3 No.4
respectively. It worth noting that all soil specimens were taken from
the depth of 0-4m from the ground. Thus, WP4C were used to measure
soil specimens with suction greater than 1 MPa. In contrast, High-
capacity Tensiometer were used when the suction of the specimen is
lower than 1 MPa. Fig. 1 Three-dimensional reconstruction of cracks
Emotion 16 CT machine from Siemens was used in this study. Finally, a series of original CT images containing 512x512
pixels with a layer thickness of 6 mm were obtained. Based on these images, three-dimensional reconstruction (see Fig. 1)
and skeletonization (see Fig. 2) of cracks of four specimens obtained via a series of the process including median filter,
interactive thresholding, opening, closing, erosion, and P T———
skeleton. It is worth noting that two nodes and a series of |& bb ‘ (@7 and the horizontal plane (5;)
points form a Segment and the definition of 6 can be seen " Points %
in Fig 2.
3. RESULTS AND DISCUSSION "-. .
Stratigraphic angles (see Fig. 3 (a)) were obtained from the i e
statistics of the geological prospecting data of KunMing-  Fig. 2 Process of skeleton (a) One segment of cracks (b) Skeletonization of the
NanNing high-speed railway near the sampling site. The fragment (c) Removal of crack (d) Definition of 6,
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stratigraphic angles are the angle between the

AQO T T T T T 5 - sl
. . . Q Fitting parameter ¢
horizontal plane and the interface of different ~ $a{@7 e E:Z‘l)g%";‘)a ®) 12,2834, 5480.035%7 R=0.993
. . | —+— No.2 (S=1. a - i - -
soils. From Fig. 3(a), we can see that angle §70 r No.3 (S=4.63MPa)] -
distribution curves intersect between 20° ~ L ——No4 (S=6.45MPa).{ 4 2
30° and 30° ~ 40°. The angle ratio is reversed £ _*_Stratum . e
before and after the intersection point. This 54 [Note: S: Suction Value] | //
. . . E
means that compared with the high-suction 201 2~ 3 v
soil ~specimens, the low-suction soil £ = v
; ; ; 210 L NS
specimens have higher small-angle ratios, £ ——
. . . . . g, + Bl e~ =N )
while the high-suction specimens have higher 010 102020130 30.4040.5050.6060.70 70.8080-90 o 1 o 3 4 i & 3
large-angle ratios. Therefore, there are more Oi(dogeree) . Suction(MPa)
large-angle cracks in the newly developed " @ "7 :-E NLi (gLO.LZML:) B " (d) - No.2 (S=1.7MPa)| |
cracks during drying. In stratigraphic angle - \ e 6=26R=0992 || = —s— 5=3.0 R?=0.983
statistics, all stratigraphic angles are between 52 >
0° and 30°, indicating that the primary-cracks £z R "
already existed or the primary-cracks ready to £ _ \ g, R
be opened are within this range of angle. The & \ 5
. . 210 z Z 10
distribution of ¢, was fitted by the normal % \ 3 \.\0
. . 2 N 2
integral function as follow: 5s . S \\
2 S~ =N ;'\'\'0\7
a+l 1 _;7 o 0-10 10-20 20—3030-4040-5050»6060—70\70-;30§;0-90 0 p
0 =2x I e dx (1) Ddoeorac) 0-10 10-2020-3030;[();10—5050)—6060-7070-8080—90
' “ 2 35 ” 35 A ?g_veree
as IR
) , . e 2 t No.6(s=4.63mpa)f (€D r 2 s - u
Where 0, is the ratio of crack segments within 30 ( L Gf .y E 0. 943) 30 -+ Nod (5—26-45MPaL
. s =4.1 R*=0. S —=— 5=4.3 R>=0976
a certain range of angles; o corresponds to the < = =
angular range; o is the fitting parameter. £ £
gu £2c; gp ]
. . . 220 Z 20
It is worth noting that the integral range here 7% NE P ue
. . 5
is (a, a+1) corresponding to the angle range. £ £15
. . 54 BN 2 N
The fitting results can be seen from Fig. 3(c) £ Z10
to Fig. 3(f), and the results of the fitting § s ™ § . N
parameter (c) were summarized in Fig. 3(b). B S
. . . 0 T T
As the suction increases, the increment of ¢ 0-10 10-20 20-3030-4040-5050-60 60-70 70-8080-90 O 0 10720 70.3030-4040.5050.6060,7070.8080.90
decreases gradually Oi(degerce) 6(degeree)

. . . . Fig. 3 Comparison of angle ratios with different suctions and fitting curves
The crack in undisturbed expansive soil

development pattern showed in Fig. 4. No crack develops in the
initial state (Fig. 4 (a)). During the drying process, the soil shrinks
gradually, and primary cracks begin to develop in the soil layer
where is the structural weakness of soil (see Fig.4 (b)). After the
primary cracks initiating, the sub-cracks initiate at existing Soil Laer Primary Crack
primary cracks and almost perpendicular to the primary cracks Fig. 4 The evolution of primary cracks and sub-cracks in situ
due to the drying and shrinkage process of the surface of the primary cracks (see Fig.4 (¢)). Of course, the primary cracks
may exist in the initial state. Thus, the crack development may begin from Fig.4 (b). It worth noting that the schematic
diagram does not indicate that the primary crack does not develop as the suction increases.

4. CONCLUSIONS

Crack orientation in undisturbed expansive soil follows normal distribution. This phenomenon has a great correlation with
the soil layer angles and can be explained from the aspect of cracking mechanism. Based on these, 8j, is fitted by the normal
integral function and a series of ¢ were obtained. Subsequently, the relationship between o and suctions is discussed in

this paper: o increases as the suction increases and the trend of growth is slowing down in high suction range.
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