
Abstract. There are a wide range of expansive rock and soil along the central 

Yunnan diversion tunnel project. In this paper, the expansive rock collected from 

Bendanshan tunnel of Dali Ⅱ member was studied through third-party detection 

and laboratory experiments. Macro and micro characteristics, mineral 

composition, physical and chemical and mechanical properties, and hydraulic 

properties of the expansive rock of central Yunnan diversion project were 

studied. The research results can provide reference for the research of expansive 

rock and soil characteristics in central Yunnan.  

Keywords: water diversion in central Yunnan, expansive surrounding rock 

characteristics, classification 

1 Introduction 

The tunnels of the entire Dali II section of the Dianzhong Water Diversion Project cross 

a total of about 47.064km of soft rocks (including structural rocks), accounting for 

49.63% of the total length of the tunnels in this section (31.77% of relatively soft rocks 

and 17.86% of soft rocks). Among them, the soft rocks in the Bandengshan Tunnel are: 

J3t swelling mudstone, K1g swelling mudstone, and K1p swelling mudstone. In order 

to study the characteristics of swelling rocks in the Dianzhong Water Diversion Project 

and better serve the excavation and support technology, the macroscopic and 

microscopic characteristics of swelling mudstone and silty swelling mudstone taken 

from the upstream DLⅡ96+750 of the Bandengshan Tunnel #1 branch tunnel were 

studied. 

2 Mineral composition and microscopic characteristics 

Typical rocks including expanded mudstone and silty expanded mudstone were 

collected and tested by a third party. 
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Table 1.Mineral composition of expansive rock
(Data source:Yunnan Geology and Ore Testing Center)

Rock type Clay
minerals quartz

Potassium
feldspar Plagioclase CalciteGoethiteMontmorillonite Illite Kaolinite I/S S(I/S)

Swelling
mudstone 45.3 32.6 8.6 2.3 11.2 — — 56.5 3.1 40.4 50

Silty
expanded
mudstone

23.8 21.8 12.7 26.4 14.1 1.2 69.8 18.9 11.3 — —

As can be seen from Table 1, the main components of expanded mudstone and silty
expanded mudstone are clay minerals, quartz, feldspar and calcite. The clay mineral
content of the expanded mudstone sample is as high as 48.8%, and the contents of
montmorillonite and illite in the clay minerals are both over 50%, and the
montmorillonite content is even as high as 58.2%.

The montmorillonite content in the clay minerals of the silty expanded mudstone
sample is as high as 69.8%, and the clay mineral content of the expanded mudstone is
more than twice that of the silty expanded mudstone. It also contains relatively high
levels of water-sensitive clay minerals such as montmorillonite, illite and kaolinite,
and the water-rock interaction is relatively strong.

Fig. 1. Scanning map of expansive rock fracture (Data source:Yunnan Geology and Ore
Testing Center)

Scanning Figure 1 shows that the overall cementation is good. Most of the clay
minerals in the soft rock are mixed-layer structures, with relatively poor
crystallization and many signs of alteration. The intergranular spaces are mostly filled
with clay minerals, mainly illite and montmorillonite. The fracture morphology of the
part where the grains are concentrated is usually brittle fracture, while the fracture
morphology of most of the mixed grains and clay look for Figure 1（right）
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Table 2. Swelling petrochemistry scorechemicacomposition table
(Data source:Yunnan Geology and Ore Testing Center)

chemicacomposition(%) SiO2 Al2O3 Fe2O3 FeO CaO MnO MgO TiO2 K2O Na2O P2O5

Swelling mudstone 47.2 13.0 4.9 1.4 9.6 0.1 2~3 0.7~1 3~4 0.32 0.1

Argillaceous siltstone 52.4 10.9 2.7 1.8 12.2 0.1 — — — — —

Silty expanded
mudstone

49~60 16~19 5~7 1~3 1~10 0.1 — — — — —

Table 2 shows that the chemical composition of swelling rock is mainly oxides of Si,
Al, Ca, Mg, K, and Fe. Among them, SiO2 has the highest content, accounting for
about 1/2 of the total composition. Next are Al2O3 and CaO, accounting for about
13% to 18% and 5.6% to 9.6% respectively. The basic component of clay minerals is
Al2O3, which is also the basic component of primary silicates, and CaO also exists in
the form of carbonates.

3 Physical properties

Table 3. Results of physical properties of expansive rock
(Data source:Yunnan Geology and Ore Testing Center)

Lithology Particle density
(g/cm3)

Block density
(g/cm3) Porosity Natural water

absorption (%)
Saturated water
absorption (%)

Swelling
mudstone 2.76 2.57 7.74 2.58 2.42

Calcareous
expansive
mudstone

2.76 2.64 4.61 1.17 1.12

Silty expanded
mudstone 2.77 2.64 6.18 1.53 1.77

Expanded
argillaceous
siltstone

2.77 2.60 6.22 1.71 1.80

From the test data table 3, it can be seen that: (1) the average values of particle
density and bulk density of the three kinds of rocks are relatively close to each other;
(2) the porosity of the expanded mudstone is larger than that of the siltstone; (3) the
water absorption rate of the siltstone and the mud siltstone is larger, and both of them
are more sensitive to water; (4) the water absorption rate of the expanded mudstone is
bigger than that of the siltstone, which indicates that the expanded mudstone is more
sensitive to water than siltstone; (5) combined with the results of the field
investigation, it is analysed that when water is enriched around the surrounding rock,
the pore water content will increase continuously due to the larger absorption rate of
soft rocks and hydrophilic minerals. (5) Combined with the results of the field
investigation, it is analysed that when the water around the peripheral rock is enriched,
the pore water content in the rock body will increase continuously due to the large
water absorption rate of the soft rock, and the internal structure of the soft rock is
constantly adjusted, the strength of the rock body is constantly reduced, and the
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mechanical properties are constantly degraded while the physical and chemical
reactions between the pore water and hydrophilic minerals take place.

According to the experimental research results, the natural water content and
porosity of Dianzhong Diversion Expansion Rock are low, the density is between 2.6
and 2.7 g/cm3, and the physical properties vary with the different lithological
properties.

4 Mechanical properties

4.1 Uniaxial compressive strength of expansive rock

Table 4. Results of uniaxial compressive strength test
(Data source:Laboratory of Rock Mechanics, Southwest Forestry University)

Lithology Water content Compressive
strength R (MPa)

Elastic Modulus
E50 (GPa)

Poisson's ratio
μ50

Swelling
mudstone

dry 29.60 22.90 0.24
Full of water 11.00 16.90 0.30

Expanded silty
mudstone

dry 39.15 25.53 0.22
Full of water 21.39 14.80 0.24

Expanded
argillaceous
siltstone

dry 53.85 31.26 0.21

Full of water 17.86 7.60 0.24

From the test data in Table 4, we can see that: (1) the average uniaxial compressive
strength of the swelling mudstone in the dry state is 29.6 MPa, and the average
uniaxial compressive strength in the saturated state is 11.00 MPa; (2) the average
compressive strength of the silty swelling mudstone in the dry state is 39.15 MPa, and
the average compressive strength in the saturated state is 21.39 MPa; (3) the average
compressive strength of the swelling mud siltstone in the dry state is 53.85 MPa, and
the average compressive strength in the saturated state is 17.86MPa (4) Silty

The uniaxial compressive strength of swelling mudstone in dry and saturated state
is greater than that of swelling mudstone; (5) The uniaxial compressive strength of
muddy siltstone is the highest in dry state. The uniaxial compressive strength of
swelling swelling mudstone and swelling silty swelling mudstone decreases to
varying degrees after saturation. The uniaxial compressive strength loss of swelling
muddy siltstone is the greatest in saturated state; (6) Since the average strength of
silty swelling mudstone is higher than that of swelling mudstone, the average
Poisson's ratio is smaller than that of swelling mudstone.

At the same time, according to the failure morphology of each sample, the failure
forms of expansive rock are mainly divided into three categories: (1) Flaking type:
usually occurs in the initial stage of low stress. There will be sporadic flaking during
the flaking process. When the sample is damaged, a large amount of flaky gravel will
appear in the middle, accompanied by obvious volume expansion; (2) Shear failure
type: often has one or more shear fracture surfaces, because the shear strength of the
oblique section reaches the peak strength of the sample; (3) Compression-induced
tensile fracture type: usually occurs when there are fewer microcracks and the rock
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mass is intact. Its peak compressive strength is usually between 35MPa and 50MPa.
4.2 Direct shear strength

(a)Silty expanded mudstone (b)After wet compression-silty expansive
mudstone

(c)Swelling mudstone (d)Wet compression-expanding mudstone

Fig. 2. Comparison of dry and wet compressive strength of expanded rock

Table 5. Results of direct shear strength test
(Data source:Laboratory of Rock Mechanics, Southwest Forestry University)

Lithology
Natural state Saturation

Internal friction
angle (°)

Cohesion
(MPa)

Internal friction
angle (°)

Cohesion
(MPa)

Swelling mudstone 42.11 8.83 38.70 3.807
Expanded silty
mudstone 35.15 9.93 40.80 4.974

Expanded
argillaceous siltstone 47.86 7.83 44.10 10.50
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(a)Swelling mudstone (b)Silty expanded mudstone

Fig. 3. Optimal relation curve of direct shear

From the analysis of the fitting straight line results in Figure 3, it can be seen that both
the swelling mudstone and the swelling silty mudstone show a trend of gradually
increasing shear stress with increasing shear strength. The fitting curve of the vertical
stress and horizontal stress relationship of the swelling silty mudstone has an R2 value
of 0.7789 and a cohesion of 4.974MPa; the fitting curve of the vertical stress and
horizontal stress relationship of the swelling mudstone has an R2 value of 0.8908 and
a cohesion of 3.807MPa. As can be seen from the above table, the shear strength
index of the swelling mudstone is lower than that of the swelling silty mudstone.
4.3 Triaxial compression test

Assuming that σ1 is the maximum principal stress and σ3 is the minimum principal
stress, the strength criterion expression is as follows.

Table 6. Results of triaxial compression test
(Data source:Laboratory of Rock Mechanics, Southwest Forestry University)

1 3 1 3
1 1
2 2
( σ σ ) ( σ σ )sinφ C cosφ- = + + (1)

serial
number Lithology

Speed ​ of
sound waves

m/s

Triaxial
compressive
strength/MPa

Elastic
Modulus/GPa

Average
elastic

modulus/GPa

Cohesion
C/MPa

Internal
friction
angle φ/°

SN1
Expanded

silty
mudstone

1739.13 57.81 7.47

6.59 2.82 59.88
SN2 2836.54 48.21 3.17
SN3 2000.00 54.27 7.41
SN4 3030.30 57.86 6.08
SN5 2702.70 50.94 8.81
N1

Swelling
mudstone

1851.85 47.47 8.20

7.44 13.93 20.84N3 1428.57 44.36 7.13
N4 1526.72 43.59 6.74
N5 3389.83 49.05 4.99
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The triaxial test parameters of expansive rock are obtained by linear fitting of the two
parts of the function.

Table 7. Results of triaxial compression test of expansive rock
(Data source:Laboratory of Rock Mechanics, Southwest Forestry University)

project Swelling
mudstone

Calcareous expansive
mudstone

Expanded silty
mudstone

Argillaceous
siltstone

Internal friction
angle (°) 31.81 33.84 37.04 40.33

Cohesion (MPa) 9.22 11.02 9.95 5.78

From the results of the triaxial compression test (Table 7), we can see that: (1) the
cohesion of the swelling mudstone is 9.22 MPa, and the internal friction angle is
31.81°; the cohesion of the calcareous swelling mudstone is 11.02 MPa, and the
internal friction angle is 33.84°; the cohesion of the swelling silty mudstone is 9.95
MPa, and the internal friction angle is 37.04°; the cohesion of the swelling muddy
siltstone is 5.78 MPa, and the internal friction angle is 40.33°; (2) There is still a large
gap between the strength parameters obtained by the direct shear test and the strength
parameters obtained by the triaxial test. This is mainly because the direct shear test
produces failure along the direction of shear loading, and the failure surface is usually
fixed. However, the failure surface is not necessarily the weakest structural surface in
the specimen. Therefore, the strength parameters obtained by the triaxial test should
be used as much as possible.

5 Hydrophysical properties of swelling rock

5.1 Softening characteristics of swelling rock

The saturated samples were all tested by the free saturated water absorption method.
All rocks are softening, and the softening coefficient is less than 1.0. The compressive
strength of swelling rock is significantly reduced after saturation. According to the
requirements of engineering specifications and standards, the softening coefficient of
rocks with poor engineering properties is usually less than 0.75; the softening
coefficient of rocks with strong weathering resistance and frost resistance is usually
greater than or equal to 0.75.

From the test results in Table 8, we can see that: (1) After the swelling mudstone
and silty swelling mudstone were freely immersed in water for 48 hours, the softening
coefficient of the swelling mudstone was in the range of 0.37-0.45, and the softening
coefficient of the silty swelling mudstone was in the range of 0.35-0.42; (2) The
softening coefficient of the swelling mudstone was larger than that of the silty
swelling mudstone, indicating that the swelling mudstone had stronger softening than
the silty swelling mudstone; (3) After immersion in water, the uniaxial compressive
strength of the swelling mudstone and the silty swelling mudstone was significantly
reduced, mainly because the rock mass contained more clay minerals. At the same
time, the microcracks in the sample also weakened the strength of the rock mass. The
saturated compressive strength of the swelling mudstone was lower than that of the
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silty swelling mudstone mainly because its clay mineral content was higher.
Rock softening is the characteristic of the reduction of mechanical strength of the

rock after immersion in water. Rocks with a softening coefficient less than 0.75 are
called softened rocks. Soft rock has a high clay mineral content and contains soluble
substances. Clay minerals have the characteristics of large surface area, strong
hydrophilicity, large ion exchange capacity, and developed microcracks, so water has
a significant weakening effect on the strength of soft rock. Therefore, after 48 hours
of free immersion in water, the softening coefficient of the swelling rock in the
"Dianzhong Water Diversion Tunnel" is between 0.3 and 0.7.

Table 8. Softening test results of expansive rock
(Data source:Laboratory of Rock Mechanics, Southwest Forestry University)

Lithology

Compressive strength Softening
coefficient

η
serial
number

Dry
compression

MPa
serial number

Wet
compression

MPa

Swelling
mudstone

N1 12.35 N6 5.07 0.41
N2 13.52 N7 5.45 0.40
N3 12.99 N8 5.82 0.45
N4 13.23 N9 4.96 0.37
N5 13.16 N10 5.08 0.39

average
value φm 13.05 average value φm 5.28 0.41

standard
value φk 12.13 standard value φk 4.95 0.35

Expanded
silty

mudstone

SN1 13.98 SN6 5.17 0.37
SN2 13.72 SN7 5.75 0.42
SN3 13.48 SN8 5.02 0.37
SN4 14.15 SN9 4.97 0.35
SN5 14.33 SN10 5.44 0.38

average
valueφm 13.93 average value φm 5.27 0.38

standard
value φk 12.56 standard value φk 4.87 0.32

5.2 Expansion characteristics of expansive rocks

From the test results in Table 9, it can be seen that: (1) After the sample is immersed
in water, it is difficult to remove it from the metal ring. The overall mudification
phenomenon of the swelling mudstone sample is more obvious than that of the
siltstone test. It is believed that after immersion in water, the swelling mudstone has
more hydrophilic minerals inside, the hydration effect is significant, and the
microcrack expansion rate is also faster, resulting in a more obvious macroscopic
mudification phenomenon. (2) The expansion process of rocks can be divided into
three stages: ① Rapid expansion stage: The expansion pressure increases linearly
with the increase of immersion time, and the duration is 1 to 5 hours; ② Deceleration
expansion stage: With the increase of immersion time, the expansion rate of soft rock
begins to slow down, and the expansion force curve begins to gradually concave
inward, and the duration is 5 to 25 hours; ③ Slow expansion stage: The expansion
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pressure increases slowly with time and gradually tends to be stable, and the
appearance time is about 25 hours after the test. (3) From the test data, we can see that
the swelling force of soft rocks is greater than 600 KPa, which is a strong swelling
force. The swelling force of swelling mudstone is generally greater than that of silty
swelling mudstone, and the average swelling force of 777.29 KPa is also larger than
606.25 KPa. It is believed that this is related to the higher content of clay minerals in
swelling mudstone and the stronger interaction between hydrophilic minerals and
water.

Table 9. Expansion test results of expansive rock
(Data source:Laboratory of Rock Mechanics, Southwest Forestry University)

Lithology Sample No Expansion
shear/kPa

Average expansion
force/kPa

Expansion
rate/%

Swelling
mudstone

N1 801.39
777.29

1.11
N2 910.15 1.08
N3 620.34 1.27

Expanded silty
mudstone

SN1 750.11
606.25

0.37
SN2 459.36 0.32
SN3 609.27 0.41

Expanded
argillaceous
siltstone

NS1 760.61
565.45

0.16
NS2 497.33 0.20
NS3 438.42 0.19

It can be seen more intuitively from Figure 4 that as the water stability deteriorates,
the expansion of the rock is basically consistent with the trend of water-immersion
deformation and destruction characteristics, and can be mainly divided into three
categories: (1) The expansion of intact type I rock after immersion is less than 0.2%;
(2) The expansion of intact type II and non-disintegrated type after immersion is less
than 0.5%; (3) The expansion of the cracked type after immersion is generally less
than 1.5%.

The water-inducing swelling rock in central Yunnan is rich in clastic minerals
mainly composed of quartz and mica and clay minerals mainly composed of illite and
kaolinite. The main swelling factors are montmorillonite and illite. Its swelling force
is between 500 and 780 KPa, with medium to strong expansion as the main type, and
strong expansion in some areas.
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Fig. 4. Expansion amount of rocks with different types of immersion deformation and failure

Table 10. Test results of expansive rock collapse
(Data source:Laboratory of Rock Mechanics, Southwest Forestry University)

The test results show that: (1) With the increase of the number of cycles, both the
swelling mudstone and the silty swelling mudstone show a phenomenon that the large
rock blocks gradually decrease and the small rock blocks gradually increase. The
particle size of the rock blocks is also gradually decreasing. The diameter of the
swelling mudstone gradually decreases from 2.5cm to 0.5cm, or even smaller, and the
silty swelling mudstone gradually decreases from 3.0cm to 1.0cm, and the final
particle size is even smaller; (2) As the disintegration proceeds, the overall loss of the
sample mass gradually decreases and is mainly concentrated in the first two cycles. It
is believed that during the dry-wet cycle of the rock, the internal particles undergo
structural adjustments, and the reduction in cementation force is less than the force of
the wedge splitting effect; (3) The average mass of the residue after 5 disintegration
cycles is 128.5g. This shows that both the swelling mudstone and the silty swelling

serial
number

Drying
quality
1/g

Drying
quality
2/g

Drying
quality
3/g

Drying
quality
4/g

Drying
quality
5/g

Disintegration resistance
index%

N1 N2 N3 N4
BJ-1 154.53 154.31 154.08 150.78 146.21 99.86 99.85 97.86 96.97
BJ-2 118.13 112.87 110.65 101.69 98.87 99.77 98.03 91.90 97.23
BJ-3 179.27 150.56 145.32 121.35 110.78 86.39 96.52 83.51 91.29
BJ-4 185.32 122.38 122.11 121.01 118.78 99.84 99.78 99.10 98.16
BJ-5 169.16 155.42 153.78 152.36 151.09 98.54 98.94 99.08 99.17
BJ-6 132.47 131.54 131.04 130.28 129.63 99.30 99.62 99.42 99.50
BJ-7 137.65 132.15 131.68 127.81 119.32 99.52 99.64 97.06 93.36
BJ-8 171.28 161.36 158.28 157.69 153.32 94.21 98.09 99.63 97.23
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mudstone have medium disintegration and strong disintegration.

Fig. 5 Natural water content of different rock
samples

Fig.6. Collapse rate of expanded rock

As shown in Figures 5 and 6, the natural water content of swelling rocks is between
0.5% and 3.5%. Types I and II are sandstone and muddy siltstone, which are mostly
concentrated between 0.5% and 2.0%. Type III rocks are swelling mudstone and silty
swelling mudstone, which are mostly concentrated between 1.5% and 2.5%. The
natural water content of rocks increases as the water stability characteristics
deteriorate. As shown in Figure 6, swelling rocks can completely disintegrate after 5
dry-wet cycles. A few swelling mudstones disintegrate and lose their mechanical
effects after 2 to 3 cycles. The disintegration is generally obvious. The disintegration
characteristics of swelling rocks are mostly manifested as cracking along the bedding
or fissures, rapid expansion and disintegration after absorbing water, obvious
structural destruction characteristics, development of coarse cracks, and obvious
development of cracks along a certain direction. Some are further hydrolyzed into
smaller fragments, accompanied by slight expansion.
5.3 Expansion and disintegration mechanism of swelling rock

Based on the experimental process and results, the expansion and disintegration
mechanism of swelling rock is classified as follows:

Table 11. Expansive rock collapse mechanism

Disintegration
degree

Disintegration
mechanism

Disintegration process

Strong
disintegration

Water
absorption and

swelling
Disintegration
mechanism

Soft samples are rich in mud cement, and the cement is
mainly composed of clay minerals with strong
hydrophilicity and large specific surface area. During the
drying process, clay minerals first lose water, causing
their microstructure to be destroyed. After being soaked in
water, the connection between the particles is weakened,
showing strong water absorption, resulting in water
absorption and expansion. Under the expansion force
generated by the differential expansion inside and outside,
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the sample quickly disintegrates. For soft rocks with this
type of disintegration mechanism, they usually
disintegrate very thoroughly, showing strong
disintegration, fast disintegration speed, and small particle
size of disintegrated particles.

Medium
Disintegration

Mixed
disintegration
mechanism

The sample contains a small amount of silt or other
components. During the disintegration cycle, the sample
disintegrates rapidly, and as the number of cycles
increases, the particle size continues to decrease.
However, in the end, there will still be some
large-diameter disintegrated blocks that do not change
significantly, showing the common disintegration
characteristics of the expansion disintegration mechanism
and the wedge-crack pressure disintegration mechanism.

Weak
disintegration

Wedge fracture
pressure

Disintegration
mechanism

The sample contains a small amount of silt or other
components, usually mainly cemented by mud, but also
cemented by free SiO2 and Fe2O3. A large number of
hidden cracks are formed after drying. A small amount of
mud cement is rapidly dissolved after encountering water,
changing the internal pore structure of the sample and
generating new microcracks. At the same time, due to the
effect of surface tension, water invades the interior of the
sample along the microcracks and adheres to the surface
of the cracks in large quantities. The surface free energy
reduced by the adsorption of water molecules is partially
converted into mechanical destruction energy that
promotes the increase of the interface between the rock
pores and cracks, causing the sample to deform and break,
forming fragmented residues. With the increase of the
number of cycles, the particle size of the disintegration
residue slowly decreases, and the phenomenon of the
resistance of the residue to disintegration gradually
increases with the increase of the number of cycles. For
the sample with this disintegration mechanism, its
disintegration is relatively weak and the disintegration
process is relatively stable.

According to the characteristics of water saturation deformation and failure, combined
with the limit expansion of the expansion test, the water stability of rocks can be
roughly divided into four categories:

Table 12. Classification of water stability characteristics of expansive rock

Water
saturation
deformation
failure

characteristic
type

Failure characteristics of
rocks after saturation with

water

Representative
lithology

Limit
Expans
ion

Water
stability
Characteri

stic
classificat

ion

Water
stabil
ity

Evalu
ation

After
immersion
Complete
Type I

No slag, cracking or
expansion, no breakage even

when struck hard

Limestone,
gravelly coarse
sandstone,
medium

<0.2％ Ⅰ good
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sandstone, fine
sandstone,
interbedded
silt-fine sandstone,
etc.

After
immersion
Complete
type II

There is no chipping,
cracking or expansion, that
is, no visible changes; it will
not break when broken by
hand or tapped lightly, and
will only crack locally along
the micro cracks and joints
when tapped hard.

Sandy expansive
mudstone,
siltstone, etc.

<0.5％

Ⅱ better

After soaking
in water, it
does not

disintegrate

There is no disintegration and
damage, only slight chipping
and a small number of cracks
on the surface. If you hit it
hard, it will crack along the
joints and cracks.

Siltstone,
expanded
mudstone,
interbedded
siltstone, etc.

<0.5％

After soaking
in water

Cracking type

There is a phenomenon of
slag falling, block-shaped
cracking, collapse or
piece-like cracking, which
can be broken by hand or
tapped along the joints and
fissures.

Interbedded
swelling
mudstone,
siltstone and fine
sandstone

<1.5％

Ⅲ Poor

Crushed into
blocks

It absorbs water, expands,
disintegrates, and finally
breaks into small pieces or
blocks.

Aluminous
expanded
mudstone,
expanded
mudstone

<3％

After soaking
in water
Mud type

Soak in water and finally
disintegrate into crumbs or
rub into powder by hand

Swelling
mudstone, some
medium
sandstone,
carbonaceous fine
sandstone

>3% Ⅳ
Diffe
rence

6 Conclusion

Through the study of the characteristics of swelling rock in the Bandengshan Tunnel
of the Yunnan Central Water Diversion Project, the following conclusions were
obtained:

1. Through XRD diffraction analysis, slice electron microscopy, and chemical
analysis, the mineral composition, microscopic characteristics, and physical and
chemical quantitative characteristics of swelling rock were obtained:

(1) Swelling mudstone and silty swelling mudstone are mainly composed of clay
minerals, quartz, feldspar, and calcite. The clay mineral content of the swelling
mudstone sample is as high as 48.8%, and the contents of montmorillonite and illite in
the clay minerals are both over 50%, and the montmorillonite content is even as high
as 58.2%; the montmorillonite content in the clay minerals of the silty swelling
mudstone sample is as high as 69.8%, and the clay mineral content of the swelling
mudstone is more than twice that of the silty swelling mudstone.
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(2) From the scanning image, it can be seen that the overall cementation degree is
good, and most of the clay minerals in the soft rock are mixed-layer structures, with
relatively poor crystallization and many traces of alteration. The intergranular voids of
the minerals are mostly filled with clay minerals, mainly illite and montmorillonite.
The fracture morphology of the part where the grains are concentrated is usually a
brittle fracture, while the fracture morphology of most of the grains and clay is an
irregular tensile fracture or a viscous slip fracture.

(3) The chemical composition of the swelling rock is mainly oxides of Si, Al, Ca,
Mg, K, and Fe. Among them, SiO2 has the highest content, accounting for about 1/2
of the total composition. Next are Al2O3 and CaO, accounting for about 13% to 18%
and 5.6% to 9.6% respectively. The basic component of clay minerals is Al2O3,
which is the basic component of primary silicates, and CaO exists in the form of
carbonates.

(4) According to the results of experimental research, the natural water content and
porosity of the water diversion swelling rock in central Yunnan are both low, with a
density between 2.6 and 2.7 g/cm3, and the physical properties vary with different
lithologies.

2. Through indoor mechanical experiments, the following characteristics are
obtained:

(1) The average uniaxial compressive strength of the swelling mudstone in the dry
state is 29.6MPa, and the average uniaxial compressive strength in the saturated state
is 11.00MPa; the average compressive strength of the silty swelling mudstone in the
dry state is 39.15MPa, and the average compressive strength in the saturated state is
21.39MPa; the average compressive strength of the swelling mud siltstone in the dry
state is 53.85MPa, and the average compressive strength in the saturated state is
17.86MPa.

(2) The failure modes of swelling rock are mainly divided into three categories:
flaking, shear failure, and compression-induced tensile cracking;

(3) Triaxial compression test results (1) The cohesion of swelling mudstone is 9.22
MPa, and the internal friction angle is 31.81°; the cohesion of calcareous swelling
mudstone is 11.02 MPa, and the internal friction angle is 33.84°; the cohesion of
swelling silty mudstone is 9.95 MPa, and the internal friction angle is 37.04°; the
cohesion of swelling argillaceous siltstone is 5.78 MPa, and the internal friction angle
is 40.33°; the strength parameters obtained by the direct shear test are larger than
those obtained by the triaxial test. The main reason is that the direct shear test
produces failure along the direction of shear loading, and the failure surface is usually
fixed, but the failure surface is not necessarily the weakest structural surface in the
sample. Therefore, try to use the strength parameters obtained by the triaxial test.

3. Through indoor experiments, the hydraulic properties of swelling rock are
obtained:

(1) After 48 hours of free immersion in water, the softening coefficient of swelling
rock is between 0.3 and 0.7.

(2) According to the swelling amount of rock and the deformation and damage
characteristics of immersion in water, it is basically divided into three categories: (1)
The swelling amount of intact type I rock after immersion in water is less than 0.2%;
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(2) The swelling amount of intact type II and non-disintegrated type after immersion
in water is less than 0.5%; (3) The swelling amount of cracked type after immersion
in water is generally less than 1.5%; its swelling force is between 500 and 780 KPa,
with medium to strong swelling as the main type, and strong swelling in some areas.

(4) The natural water content of swelling rock is between 0.5% and 3.5%. Types I
and II are sandstone and muddy siltstone, which are mostly concentrated between
0.5% and 2.0%, and type III is swelling mudstone and silty swelling mudstone, which
are mostly concentrated between 1.5% and 2.5%. The swelling rocks can be
completely disintegrated after 5 dry-wet cycles. A few swelling mudstones
disintegrate and lose their mechanical effects after 2-3 cycles. The disintegration is
generally obvious, and the mechanism of swelling and disintegration is revealed.

(5) Based on the comprehensive results of the hydrological characteristics research,
the swelling rocks of the Dianzhong Water Diversion Project are divided into four
categories, and quantitative and qualitative criteria are given.
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