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Abstract: In order to smulate the influence of excavation on the whole strength, deformation and
failure of rock mass, uniaxial and pseudo-triaxial compression tests on solid and hollow cylinder
specimens of marble without inner pressure were carried out with servo-controlled rock testing
machine. The results show that the existence of the hollow has little influence on the uniaxial
compressive strength and deformation of the rock, and the internal stress of the specimens tend to be
uniformly distributed, resulting in a single section shear dlip falure; In the pseudo-triaxial
compression test, the strength of the specimen increases linearly with the confining pressure. The
existence of the hollow makes the free surface inside the specimen, which contributes to the
occurrence of local failure. During the compression process, the material near the hollow first yielded,
the aperture was expanding, the effective bearing area decreased, the stress non-uniform distribution,
the bearing capacity decreased, the peak deformation of the tunnel specimen was significantly lower
than the solid specimen, resulting in the stepped surface.

Introduction

Many rock engineering involves rock excavation, such as tunnel development and underground
mining and other projects, especialy at present with the depth of coal mining continues to increase,
wellbore and roadway force is quite complex, its deformation and damage become quite serious, in
addition Its maintenance work is very difficult. If carry out experimental research before the
construction, analysis of its strength and deformation characteristics, so as to take effective support
form, will savealot of resources, and take preventive measures. If the solid rock specimen isregarded
as a complete rock mass, then the excavated rock mass can be modeled with the hollow specimen.
However, the current research results are few [1-5]. The marble with relatively homogeneous texture
istested in the paper, so as to study the strength, deformation and failure characteristics of the hollow
specimens by combining the theory of elastic mechanicswith the thick walled cylinder theory and the
theory of rock mechanical strength, which provides basic data for rock mass excavation engineering.

Theoretical analysis
Uniaxial compression

Without considering the effect of interfacial friction under uniaxial compression, uniaxial stress of
rock specimen bearing uniform, specimens of each point in the uniform stress, so have the same axia
deformation, until it reaches the ultimate bearing material, the whole specimen hollow
synchronization failure occurs mainly as brittle materials, integral tension shear failure. Ideally, the
existence of circular channels does not affect the uniaxial compressive strength of specimens.
Pseudo-triaxial compression

The natural rock mass is located at a certain depth of the ground, and it is in the three direction
stress state due to the combined action of the gravity stress and the tectonic stress. Therefore, the
influence of the pore path on the rock mechanical properties in the presence of confining pressure
should be considered. Without considering the effect of end friction, the intact rock specimen is
compressed under confining pressure, and the stress at each point isuniform, and shear failure follows
the mohr-coulomb criterion. But the excavation of the hollow changes the stress distribution of the
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rock specimen under the three axial compression condition, under the linear elastic state, the interna
stress of specimen can be based on the plane problem of thick wall cylinder was analyzed [6]. The
external pressureisp, theinterna pore pressure distribution is 0. The radial stress and the tangential
stress on the cross section of the specimen are expressed as eg.1.
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The strength of rock specimens meets the coulomb strength criterion, and the intermediate
principal stress o, has no effect on the strength.

Test summary

The marble used in thistest isfrom henan province of china. Itstexture isuniform and without visible
defects. The grain size of marble is 2mm ~ 3mm, and the crystallization degree isrelatively high and
relatively fresh. Specimens machined of 100mm in length 50mm in outer diameter. The diameter of
inner hole of hollow specimen is 10mm.

(1) Measure the height, diameter and ultrasonic longitudinal wave velocity of the specimens.

(2) Use servo-controlled rock testing machine carry out uniaxial compression and pseudo-triaxial
compression tests on solid and hollow cylinder specimens without inner pressure.

Test resultsand analysis
Uniaxial compression test

Uniaxial compression test results of solid and hollow specimens are shown in table 1. Complete
stress-strain curves of solid and hollow specimens are shown in fig 1 (Z: medium crystal solid
specimen; ZK: medium crystal hollow specimen) .

Table1 Uniaxial compression test results of solid and hollow specimens

D d L Vp Ea Eso Os &o
Specimen number
/mm /mm /mm /(m/s) /GPa /GPa /MPa /mm
Z-1 48.7 0 98.8 4820 48.7 65.8 63.2 0.15
Z-2 48.7 0 99.7 4911 47.3 56.6 62.7 0.16
ZK-1 48.7 10 100.3 4286 459 48.8 62.6 0.18
ZK-2 48.7 10 100.2 4514 46.1 52.1 63.3 0.18

D—outer diameter; d—hollow diameter; L—Ilength; Vp—velocity of longitudina wave;

Ea—average modulus; Esp—deformation modulus; os—strength; e;—peak deformation.
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A: Solid specimens B: Hollow specimens

Fig.1 Complete stress-strain curves of solid and hollow specimens under uniaxial
compression

Analysis of test results reveal ed:

(1) Hollow marble specimens ultrasonic velocity is 4400m/s, compared to the solid specimen
decreased by 9.6%. The possible cause is that the drilling process creates new fractures within the
rock. Because of the existence of the center hole in the specimen cross section, the ultrasonic velocity
of the specimen will bein error. The uniformity and thickness of the applied mixture during testing of
the ultrasonic velocity also affect the test results, so the ultrasonic velocity data only qualitatively
explains the uniformity of the specimen material.

(2) The young's modulus is an important parameter to reflect the rock properties. Medium crystal
hollow marble specimenswith average el astic modul us rel ative to the solid specimen decreased 4.2%,
which isnot significantly decreased. The existence of the hollow does not affect the stress distribution
of the points in the specimen theoretically and does not change the young's modulus of the rock, the
decrease of young's modulus of the rock may be the result of the interaction between the dispersion of
experimental results and the fracture produced by specimen processing, because the longitudinal
wave velocity of the solid specimen is dlightly higher than that of the hollow specimen, there are more
internal cracksin the hollow specimen.

(3) The average uniaxial compression strength of medium crystal solid marble specimens is
63.0MPa, that of hollow marble specimensis 63.0MPa. In view of the material heterogeneity and the
discrepancy of the test results, it can be concluded that the existence
of the pores has no significant effect on the strength of uniaxial
compression.

(4) Analysis of stress and strain curve shows that the solid
specimen and the hollow specimen has a similar deformation law.
The existence of the hollow has little influence on the uniaxial
compressive strength and deformation of the rock, and the interna
stress of the specimens tend to be uniformly distributed, resulting in
asingle section shear dlip failure, which is no significant difference
from that of solid specimens. Failure patterns of hollow specimens
under uniaxial compression are shown in fig 2. The whole specimen
is subjected to uniform uniaxia stress, and the inner wall of the
hollow is not damaged first when the material bearing limit is
reached. Therefore, the existence of the hollow does not change the
damage form of the rock specimen.

Fig.2 Failure patterns of hollow specimens
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Pseudo-triaxial compression test

Pseudo-triaxial compression tests results are shown in table 2, Stress-strain curves of solid and
hollow specimens are shown in fig 2.

Table 2 Test results of pseudo-triaxial compression

D d L Vp 03 Ea\, E50 Os &)
Specimen number
/mm  /mm /mm /(m/s) /MPa  /GPa /GPa  /MPa  /mm

Z-3 48.8 0 1000 4545 5 459 315 812  0.36
Z-4 487 0 1005 4389 10 528 433 978 065
Z-5 48.7 0 100.3 4478 20 489 441 1316 102
Z-9 48.7 0 99.9 4541 30 495 367 1627 153
Z-6 48.7 0 98.1 4671 40 532 510 1930 230
ZK10-3 487 10 99.1 4484 5 451 432 821 029
ZK10-6 48.7 10 100.4 4502 10 523 524 999 045
ZK10-5 487 10 100.3 4438 20 503 530 1321 085
ZK10-7 48.7 10 1006 4245 30 506 549 1613 096
ZK10-4 487 10 100.7 4267 40 529 501 1873 118
Analysis of test results revealed:

(1) The effect of confining pressure on young's modulus of different grain marbleis different. With
the increase of confining pressure, it is helpful to the closure of the rock specimen, and the amount of
slip caused by the internal crack is controlled with the increase of the confining pressure, and the
elastic modulus is improved. The increase of confining pressure has no significant effect on the
young's modulus of the medium crystal marble, which may be due to the low internal strength and
relatively high strength.

(2) Due to the existence of the hollow to increase the specimen a free surface, in the presence of
confining pressure, the specimen internal stress is no longer evenly distributed, the surface of the
tunnel is subject only to axial stress and tangential stress, but the total axial deformation does not
change. Therefore, the material near the tunnel near the confining pressure will first destroy and the
hollow collapse; the remaining part continues to carry, under the same load the specimen’s bearing
areaisreduced, so its carrying capacity will be reduced. By observing the hollow specimens after the
test, the greater the confining pressure, the more serious the collapse of the channel, the more the loss
of the bond force. Analysis of the compression curve shows that after the bearing peak, although the
hollow specimen compared with the solid specimen was dropped, but the intensity difference is not
particularly large, because the failure of hollow specimen begin from the hollow to gradually destroy,
but the hollow will not be unlimited expansion, other parts of the specimen shear dlip destruction
occurred under the action of the cohesive force and friction.

(3) Under the same confining pressure and loading conditions, the peak deformation of the hollow
specimen is obviously lower than that of the solid specimen, especialy under the high confining
pressure, when the confining pressure is 40M Pa, the peak deformation of the medium crystal marble
is reduced by 49%. Fig 3 shows that the existence of the hollow has little significantly affect to the
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deformation of the rock in the pre-peak stage, no matter how the confining pressure changes, that’s
because the specimen did not produce alarge plastic deformation at the beginning of the loading, and
the hollow did not rupture. With the increase of axial stress, plastic deformation occurs in rock
specimens, theinner wall of the pore aperture near the material yield first, gradually expand the other
part to load, the effective bearing area but continued to decline, which leads to the gradual failure of
the whole yielding under the condition of small strain in the axial direction, which may be the main
reason for the peak deformation of the hollow specimen lower than that of the solid specimen. The
existence of the hollow accelerates the weakening of the specimen, and the greater the confining
pressure, the greater the influence of the hollow on the deformation.
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Fig.3 Stress-strain curves of solid and hollow specimens under seudo-triaxial compression

(4) Under the combined action of axial compression and confining pressure, the whole specimen
is subjected to an overall shear diding failure. While, afree surfaceisadded to the hollow specimen
inside the hollow so that the forces at each point of the specimen are different, the closer to the hollow
wall, the smaller the radial stress, and the inner wall of the hollow is only subjected to axial and
tangential stresses. During the test, the confining pressure is first loaded, then the axial pressure is
gradually loaded, and the same axia deformation occurs at each point of the specimen, the material
near theinner wall of the hollow first yields, the porefailure, and the pore size gradually increases, the
other parts of the specimen continue to bear under the action of cohesive force and frictional force,
and undergo shear dip failure until the whole specimen is yielding and has a stepped failure surface.
With the increase of confining pressure, the ladder is more and more obvious, and the specimen has
obvious hole collapse phenomenon.
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Conclusion

(1) The existence of the hollow does not affect the strength, deformation and failure characteristics
of the rock under uniaxial compression.

(2) Under pseudo-triaxial compression, the strength of the hollow specimen increases linearly with
the confining pressure.The strength of hollow specimens are not very different from that of solid
specimens under low confining pressure, even slightly larger than that of intact specimens. When the
confining pressure is 40M Pa, the strength of the hollow specimen is obviously lower than that of the
intact specimen, and the young's modulus is less sensitive to the pore and confining pressure.

(3) The peak deformation of the hollow specimen is obviously lower than that of the solid
specimen under pseudo-triaxial compression. The existence of the hollow accelerates the weakening
of the specimen, and the greater the confining pressure, the greater the influence of the hollow on the
deformation. Under the combined action of axial compression and confining pressure, the whole
specimen is subjected to an overall shear diding failure. While, afree surfaceisadded to the hollow
specimen inside the hollow so that the forces at each point of the specimen are different, the closer to
the hollow wall, the smaller theradial stress, and theinner wall of the hollow isonly subjected to axial
and tangential stresses. The materia near theinner wall of the hollow first yields, the pore failure, and
the pore size gradually increases, the other parts of the specimen continue to bear under the action of
cohesive force and frictional force, and undergo shear slip failure until the whole specimenisyielding
and has a stepped failure surface. With the increase of confining pressure, the ladder is more and more
obvious, and the specimen has obvious hole coll apse phenomenon.
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