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oPvre iy ts revealed that the permeability coefficient of surrounding rock at 1.1 m
way from excavation face increased 41.6 times as much as the original. The
permeability coefficient of moderately and strongly weathered granite in-

creased by 6.12 and 3.33 times, respectively and the permeability also in-

‘ Open ccess creased. The variation of the permeability coefficient of fully weathered gra-
= nite was the smallest, increasing by 1.67 times, which is due to mechanical
excavation of a fully weathered layer on-site, and the disturbance was far less
than that caused by blasting. The scale of the excavation damaged zone (EDZ)
induced by mining method was determined by wave velocity test, which pro-

vides a basis for subsequent seepage field calculation and research.
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1. Introduction

The permeability of granite surrounding rock is closely related to its weathering
degree. For granite with different weathering degree, mining method construc-
tion will have different effects on its permeability. Differential weathering of
granite strata and the influence of mining method construction bring great dif-
ficulties to the negative effect evaluation of groundwater environment. Nowa-
days, there are few studies on the impact of mining method construction on

groundwater environment in weathered granite tunnels, and there is a lack of

drainage structure, which

groundwater environmen

arify the variation law of the permeability characteristics of
anite in order to study the change of seepage field. Today, scholars
e/a thorough study of the permeability characteristics of granite. Zhao
evealed the relationship between permeability and burial depth of granite

granite areas in Singapore. The analysis results show that with the increase of
burial depth, the permeability of granite decreases gradually, and the permeabil-
ity is closely related to the quality of its rock mass. Oda ef al [2] carried out
transient impulse tests on Inada granite samples and studied the relationship
between rock permeability and damage growth. Kranzz et al [3] studied the
permeability of barre granite, analyzed the relationship between joint roughness
and permeability coefficient, and established the empirical relationship between
permeability coefficient and normal stress. Shao et al [4], established a damaged
model of granite and revealed the relationship between permeability and dam-
aged tensor of granite based on meso-damaged mechanics. Brace [5] studied the
permeability of granite under high confining pressure and water pressure. The
results showed that the permeability of granite decreased with the increase of ef-
fective confining pressure. Morrow et al [6] studied the effect of effective stress
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on the permeability of granite under cyclic loading. Pratt et al. [7] studied many
physical and mechanical properties of granite through long-term in-situ tests
and analyzed the relationship between permeability and stress direction. In re-
sponse to a need for a more accurate porosity measuring method for small solid
samples, the porosity measurement sensor using the sensitive capacitive-dependent
crystal was developed by M. Vojko [8] [9]. The experimental results of the po-
rosity determination in volcanic rock samples were presented. The uncertainty
of the porosity measurement is less than 0.1% (Temp = 10°C - 30°C). Wang [10]

studied the variation of permeability of Beishan granite with depth by bo-

permeability mechanism

Chen et al. [15] by means

the dam site area of the Three Gorges Project and the experimental re-
sults of its seepage parameters and analyzed the different reflections of different
experiments on the seepage characteristics of granite total weathering zone.
According to the above literature review, experts and scholars have carried out
a lot of research on the permeability characteristics of granite with different
weathering degrees. The pointed out that the changes of rock fissures and min-
eral composition are important factors affecting the permeability of granite. But
most of the research objects are single granite in a certain engineering, so the
comparative study on the permeability characteristics of granite with different
weathering degrees in the same project is rare. And the study considering the in-
fluence of mining method construction on granite with different weathering de-
grees is also rare. Therefore, it is necessary to carry out a comprehensive and
systematic study on the permeability characteristics of granite with different
weathering degrees before and after the impact of mining method construction
based on specific projects. So as to provide more accurate parameters for eva-
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luating the impact of weathering granite tunnel construction on groundwater

environment and enhance the reliability of the evaluation results.
3. Methods and Materials

3.1. Variation Law of Permeability Coefficient

3.1.1. In-Situ Test
The permeability of rock mass is not only determined by its genesis but also

closely related to its fracture development and connectivity. According to the

10049-2004) was selected for calculation. The calculation formula of two obser-
vation holes and a single hole of confined water in the complete well zone of

confined water is shown in Equations (1)-(4).

>

Groundwater direction

Main pumping hole
Observation hole 1 Observation hole 2
>Aquifer thickness

I
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>
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Figure 1. Plan of pumping test hole.

DOI: 10.4236/eng.2020.126029 385 Engineering


https://doi.org/10.4236/eng.2020.126029

S. M. Meye, Z. Z. Shen

k= O.366QM

(1)
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0.3660, R
k= lg— 3
MS g r )
R=105k (4)
where, kis the permeability coefficient (m/d); Q is the flow a’/d); Ris the

ity coefficient £ = 0.58 -
m/d, weak permeability.

_9
q—LP3 (5)

where g is the permeability of the test section (Lu); L is the length of test section
(m); Qs is the calculated flow in the third stage (L/min); 2, is the pressure in the
third stage (MPa).

Since the medium layer is located below the groundwater level, and ¢ < 10 Lu,
the p — Q curve is laminar flow. The following equation can be used to calculate

the permeability coefficient

k=—2 nt (6)
2nHL 7,
where 4 is the rock mass permeability coefficient (m/d); Q is the inflow rate
(L/min); His the test head (m); L is the length of the experimental segment (m);
Iy is the borehole radius (m).
The test results show that the permeability coefficient & of slightly weathered
granite ranges from 0.008 to 0.03 m/d.
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3.1.2. Laboratory Permeability Test and Theoretical Calculation

The permeability coefficients of fully weathered granite before and after the in-
fluence of mining method construction were measured by the variable head
permeability test. Eight groups of fully weathered granite (sandy clay) were
tested before and after construction. TST-55 permeameter is used in the test in-
strument, which is composed of upper cover, base, socket, ring knife, permeable
stone, and screw. It is suitable for measuring the permeability coefficient of fine

soil. The indoor permeability test is shown in Figure 2.

The variable head penetration test is carried out in accordamee with the pro-

1. The water level is changed in the va-

ter head and time change are recorded

after the water leyellis,stable, the test is repeated 5 - 6 times until the permeabili-
ty coefficient is will § dble range, and the test is completed.
edbility coefficient of each group of soil samples is

e following formula

H
k, —2.3L1g—1 )
A(t,—-t) " H,

lg, L is the height of the sample (cm), A is the cross-sectional area of the
sample (cm?), & and ¢4 are the starting and ending time (s), A, and F, are the
start and end water head (cm).
The results of variable head permeability test show that the average vertical
and horizontal permeability coefficients of completely weathered granite (not

Figure 2. Indoor permeability test.
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affected by construction are 0.31 m/d and 0.28 m/d respectively, and the average
vertical and horizontal permeability coefficients of completely weathered granite
affected by construction) are 0.52 m/d and 0.49 m/d respectively. It can be seen
that the permeability of completely weathered granite increases under the influ-
ence of mining method construction disturbance.

For strong, medium and weak weathered granite, drilling and blasting excava-
tion will not only produce new cracks in the rock mass, but also further expand
and connect the original cracks in the rock body, and the strength parameters

and permeability of the rock mass will be affected.

Due to the limitation of field working conditions of thg

change multiple 2 of roc

sion shear stres

the permeability coefficient of surrounding rock before and

ctjon (m/d); b is the initial opening degree of rock fracture (m); yis

the radius of charge (m); a is the attenuation coefficient of stress wave.

According to the site investigation and blasting special construction plan, the
calculation parameters of the change multiple of the permeability coefficient of
strong, medium and light weathered granite after construction are shown in Ta-
ble 1. The value of rin the table is the depth of EDZ inferred from the P-wave
velocity test, and the change multiples of permeability coefficient of strong, me-
dium and light weathered granite after blasting are 3.33, 6.12, and 41.60, respec-
tively.

4. Discussions and Results

4.1. Comparison of Permeability Coefficient of Weathered Granite
before and after Construction

Through the in-situ test of rock permeability, indoor permeability test, and
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Table 1. Calculation parameters of change multiple of rock permeability coefficient after

blasting.
Weathering degree by H B Ka P r I a
Strong weathering 0.005 0.3 0 20 0.23 2.0 0.025 1.65
Medium weathering ~ 0.0035  0.25 0 50 0.54 1.5 0.025 1.65
Light weathering 0.0015  0.20 0 100 1.10 1.1 0.025 1.65

theoretical formula calculation, the permeability coefficient of granite with dif-

e deepening of weathering, the microstructure and mineral composition
of granite will change accordingly, which will affect the permeability of the rock.
In this section, the mineral composition and microstructure characteristics of
granite with different weathering degrees before and after the influence of min-
ing method construction were studied by micro test, and the influence on the
permeability of granite was analyzed. The research idea was to carry out a pola-
rized microscope test of rock slices, analyze the microstructure, mineral particle
arrangement and mineral composition change of granite with different wea-
thering degree before and after the influence of mining method construction,
reveal the variation law of granite microstructure and mineral composition and
its influence on permeability.

Eight (08) groups of granite samples with different weathering degrees were
collected from the research area. The rock samples collected on-site are depicted
in Figure 3, and the micro test type and rock sample number are shown in Ta-
ble 3.
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Table 2. Permeability coefficient of the rock soil layer.

Indoor Permeability
Stratigraphic penetration test  coefficient  Permeability
numberin Geotechnical name ———— rangeof coefficient
J kv ku in-situ test (M/D)
(m/d)  (m/d) (M/D)
<1> Artificial fill - - - 1
<3-1> Silty sand - - - 3
<3-2> Medium coarse sand - - - 10
<3-3> Coarse gravel - - 15
<3-4> Pebble - - 25
<4-2B> Muddy clay 0.001
<4-3> Silty clay 0.1
<4N-2> Plastic silty clay 0.2
<SH-1> Plastic granite residual 01
(upper level)
-- - 0.15
0.31 0.28 - 0.3
0.52 0.49 - 0.5
- - 1.37 - 1.81 1.59
- - - 5.29
ately weathered granite - - 0.58 - 0.80 0.69
Moderately weathered granite
<8H> . - - - 4.22
(after construction)
<9H> Slightly weathered granite - - - 0.02

Slightly weathered granite
<9H> k - - - 0.83
(after construction)

Table 3. Micro test types and sample numbers.

Construction effect Weathering degree Test type Rock sample number
Full weathering P-1
Strong weathering P-2
No
Moderate weathering P-3
Breeze Polarization P-4
Full weathering microscope test P-5
Strong weathering P-6
Yes
Moderate weathering P-7
Breeze P-8
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P al
Tl e o . %
Intensely weathered granite | 3

gioclase, and biotite. Quartz was irregular granular, a few of which were pro-
duced as agglomerated massive aggregate, showing slightly larger particle size,
very low protuberance, no cleavage, no double crystal, some of which were
wave-like extinction. Potassium feldspar was mostly irregular granular, with dif-
ferent particle sizes, mostly medium-sized, less fine-grained, very low protuber-
ance, slightly argillaceous kaolinite. Plagioclase was mostly irregular granular,
less irregular plate-shaped, with different particle sizes, mostly medium-sized,
less fine-grained, weak medium argillaceous epidote, zoisite and sericites. Biotite
was irregularly flaky, with different particle sizes, and had a very complete clea-
vage. It was light brown - dark brown, polychromatic, and absorptive. It had the
highest dry color grade II, with parallel extinction. It contained magnetite, apa-
tite and zircon microcrystals. Most of them were fresh, while a few were chlorite,

hydrobiotite, and epidote. According to the mineral composition and
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e of pre-weathered granite samples affected by mining method
hogonal polarization, totally weathered granite); (b) P-2 (Or-

© ) - @

Figure 6. Microstructure of weathered granite samples affected by mine method con-
struction. (a) P-5 (Orthogonal polarization, totally weathered granite); (b) P-6 (Ortho-
gonal polarization, Strongly weathered granite); (c) P-7 (Orthogonal polarization, me-
dium weathered granite); (d) P-8 (Orthogonal polarization, weathered granite).
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microstructure of the rock, it was determined that the rock sample was medium
fine-grained biotite monzogranite.

It can be seen from Figure 5 that with the deepening of weathering, the mi-
crostructure and mineral composition of granite changed significantly. Under
the weathering, the K-feldspar and plagioclase in granite were gradually trans-
formed into clay minerals, the structure changed from irregular granular to final
clastic, the argillaceous kaolinization degree of K-feldspar gradually deepened,
and the argillaceous epidote, zoisite, and argillaceous, microscale sericitization

and clayization degree of plagioclase were gradually deepeng ambined with

granite, in addition to qu
sium feldspars, most felds

ccording to the results of a polarized light mi-
croscope test, thely igf granite increased with the deepening of wea-
*fore, the permeability of granite increased gradually from

ong weathering. However, with the further deepening of

water résistance, which is averse to the seepage of water. Compared with the
eathered granite, the permeability of completely weathered granite was
wedkened, which belongs to the relative aquiclude. The fragmentary strongly
weathered granite had strong permeability, and the moderately weathered gra-
nite also had certain water permeability. The bedrock fissure water mostly stored
in the strongly and moderately weathered layers of granite.

Figure 6 depicts the microstructure of weathered granite samples after the in-
fluence of mining method construction. Compared with Figure 5, it can be seen
that the microstructure of granite with different weathering degrees changed to
some extent under the influence of mining method construction. For moderately
weathered and slightly weathered granite, before the influence of mining method
construction (Figure 5(c) and Figure 5(d)), the structure of medium and
fine-grained granite was dense, and the mineral particles such as feldspar and
quartz were closely arranged. After being affected by the mining method con-
struction (Figure 6(c) and Figure 6(d)), the medium and fine-grained granite
structure appeared loose, the different mineral particles appeared disorderly in-
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terspersed, the density of cracks and cracks increased, and the extension length
also increased, which reflected that the mining method drilling and blasting ex-
cavation caused a certain degree of damage to granite, further expanding its
original cracks and generating more new cracks, so the permeability also highly
enhanced. For fully weathered and strongly weathered granite, before the influ-
ence of mining method construction (Figure 5(a) and Figure 5(b)), due to the
high degree of weathering and loose of the overall structure, most of the mineral
particles, except quartz, have been weathered into clay minerals and gravel. After

the influence of mining method construction (Figure 6(a) and e 6(b)), the

cantly, the interpenetration between different
extension length and width of the cracks inc

and finally form EDZ [18] [19], as shown in Figure 7. In the

a large number of new cracks will occur, but also existing cracks

expand and penetrate, resulting in deterioration of strength and

of the surrounding rock, an increase of permeability coefficient, and

Figure 7. Diagram of EDZ.
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The excavation method is an important factor affecting the scope of the EDZ
and the nature of surrounding rock. Nowadays, tunnel excavation methods
mainly include drilling and blasting method and mechanical excavation method,
in which drilling and blasting method is the main excavation method [20]. The
research results worldwide show that the surrounding rock under these two ex-
cavation methods will undergo different stress adjustment paths. When using
drilling and blasting methods to excavate, besides bearing blasting load directly,
the surrounding rock will also generate tension stress waves in the surrounding

rock, forming a large number of radial and circumferentia which will

by drilling and blasting

poor properties that need

wass with undeveloped fracture and good integrity, it can be regarded
astic body approximately, and the propagation speed of the elastic wave
ch medium is certain. With the development and expansion of joint fissures
in rock mass under the influence of weathering or mining method construction,
the propagation speed of the elastic wave in rock mass slows down and the am-
plitude decreases. A large number of theoretical research and engineering prac-
tice have proved that [26], the higher the fragmentation degree of rock media,
the lower the density, the greater the acoustic resistance and the smaller the
acoustic propagation speed. Based on the above principle, by measuring the
acoustic wave propagation velocity of the granite surrounding rock, the EDZ of
granite with different weathering degree can be accurately inferred.

The RSM-SY5 intelligent acoustic wave tester developed by Wuhan Institute
of geotechnical mechanics, the Chinese Academy of Sciences was adopted. The
test probe is RS-SD30 type longitudinal single-hole double-receiving transducer,
and the test device is shown in Figure 8. The in-situ sonic test was based on the

test method specified in the “geophysical prospecting regulations for water
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Figure 8. Field acoustic test. (a) Test instrument; (b) Acoustic test layout.

his site acoustic test was medium and slightly granite. The test
at ZDK26 + 320 section (slightly weathered granite) and ZDK25

on each side of the arch wall and arch foot, respectively. The acoustic wave
testPhas been carried out after the surrounding rock converged and stabilized.
Through the sorting and analysis of the test data, the P-wave velocity curve with
a depth of moderate and slight weathered granite was obtained as shown in Fig-
ure 9 and Figure 10.

According to the field acoustic test results, the weathered granite tunnel
formed a certain range of EDZ under the blasting action. The rock mass in this
area was disturbed by the blasting excavation, and its P-wave velocity has been
significantly reduced. For the moderately weathered granite surrounding rock,
the depth of EDZ was about 1.5 m, the P-wave velocity of the test hole of arch
foot decreased by about 1500 m/s, and the P-wave velocity of the test hole of the
arch waist decreased by about 1100 m/s. For the slightly weathered granite, the
EDZ depth was about 1.1 m, the maximum P-wave velocity of the test hole at the
arch foot was reduced by about 1000 m/s, and the maximum P-wave velocity of

the test hole at the arch waist was reduced by about 800 m/s. In contrast, the
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degree and connectivity of rock fracture are the key factors

e rock permeability. According to the analysis of the field wave veloc-

rock mass, and the deterioration of the integrity, which increased the rock per-
meability coefficient within a certain range, induced the tunnel water gushing

disaster, and had a negative impact on the groundwater environment.

5. Conclusions

In this paper, the weathering resistance, commonly used weathering degree clas-
sification criteria and discrimination basis of granite were introduced. Through
the permeability test and theoretical formula calculation, the variation law of the
permeability coefficient of different weathering degrees of granite before and af-
ter the influence of mining method construction was studied. From the perspec-
tive of rock microstructure and mineral composition, the change of weathering
degree and the effect of mining method construction on granite permeability

were analyzed. According to the influence of permeability and the field wave ve-
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locity test, the scope of EDZ formed by mining method construction was deter-
mined, and the following conclusions were obtained.

Without the influence of mining method construction, the permeability of
strongly weathered granite was the strongest, followed by moderately weathered
granite, then fully weathered granite, and slightly weathered granite was the
weakest. Under the influence of the mining method, the permeability of slightly
weathered granite changed greatly. This is because the initial crack width of
slightly weathered granite was very small and the crack changed significantly af-
ter blasting.

The influence of mining construction on granite is

ther enhanced.

The excavation disturbance by mini
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