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- DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California. «
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Abstract: This brief note discusses two advantages of locating the facility

for testing rock specimens of Térge dimensions in an underground space. Such
an environment can be made to contribuﬁe part of the enormous axial load and
stiffness requirements needed f6 getrcbmplete stress-strain behavior. The
high pressure vessel may also bellocated below the floor level since the
lateral confinement afforded by the rock'mass mayvhelp to reduce the'thickneés
of the vessel. | |

Introductionv

A large scale test faCi]ity for geological méteria]s; particularly rocks
serves as a via media between the conventional small scale testing and the
in-situ testing. Small scale tests suffer from lack of clear cut approach

for translating the data to actud1 rock behavior, while in the in-situ tests,

the boundary conditions are not 31Ways'c1ear1y defined. It may also be

~difficult to eliminate some of the parameﬁers»inherent in an in-situ environ-

ment which could complicate data jnterpretation. Tests on large sized
samples of rock may help to bridge the'gap between these two extreme forms
of testing. |

Tests on large sized specimens of rock to failure demand very high devia-
toric loads, on the order of hundreds of megaNewtons. Also, most of the
brittle rocks tend to fail in an exp]osiye manner, if tested in loading
system with comparatively low axial stiffness. Confinihg.pfessures of the
order of 200MPa may require very special mechaniéal design requirements.
This brings in a number of questions regarding the structural requirements of |
the loading frame and the pressure vessel as well as maintenance and safety

of the facility and the personne].
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This note offers certain SUggesfions regarding the location of such a

large scale test facility in an underground environment.

Stiffness of the Roof of an Underground Opening

The axial loading stiffness of'the loading frame is an important criterion
which controls thé post-peak behavibr of most of the brittle rocks. - By making
- the test frame an integral part of the roof of an underground opening in a
‘competent rbck, the overall stiffness of the loading system may be considerab-
1y increased. | | | |

By a simp]e aﬁa]ysis using elastic sd]utions (Appendix A) it is estimated
that for a typical loading frame of crosS-Sectional dimensions 5 m x 5 m, the
axial stiffness contribdtéd by the roof-rock of an opening located at a depth
of 40 meters may be of the order of 300 GN/m. If is assumed the roof-rock is
not unduly loosened due to blasting and other excavation procedures. However,
the pfesence of hydraulic systems which are normally used to apply axial loads
~on the rock reduces the combined stiffness of roof-rock and the 1oadin§-frame.
If kyp is the stiffness of the roof-rock and kf is that of the hydraulic
system, then the combined sfiffness k is related to kp and kf as

1/k = 1/k + 1/ke. | (1)

Thus, the combined stiffness may be’reduced because of the softness of the
Hydraulic system. If the stiffness of the rock specimen is less than_the
combined stiffness of the axial loading system, explosive failure may be
avoided. Also, special precautions Shou]d be taken to integrate the reaction

block of the loading frame with the roof of the underground opening.

¢



Stiffness of Rock Specimen

The axial stiffness of a regular rock specimen may be expressed as (Jaeger

and Cook, 1976)

kg = AE/T o '_ - | (2)
where A is the cross-sectional area of the specimen, E is the elastic modulus
of the rock and 1 is the 1ength of the specimen. The modulus of elasticity
of rock is a widely variable quantity. Bieniawski (1978) has compiled results
from several 1arge-scé]e tests and a maximum value of 60GPa is possible for
granitic rock masses. Taking a maximum value of 60 GPa for the e]asfic modul us
and the dimensions of the specimen as 1 meter in diameter and 3 meters in
length, kg works out to 15 GN/m. Even if the combined stiffness of the roof-
rock and the loading syStem were reduced to 10% of the roof-rock stiffness,
i.e., 30 GN/m, the chances of an explosive failure of a brittle rock are

largely eliminated.

Location of the Pressure Vessel

For triaXial compression tests on rock specimens with confining pressures
up to 140 MPa, the vessel wall should be of sufficient thickness to limit the
hoop stresses to an acceptable level. Locating the vessel below the floor of
the underground opening may help to reduce the thicknesé of the vessel. For
example, the annular space between the vessel and the wall of the excavated
pit may bé-fi]]ed with high strength reinforced concrete which could reduce
the tensf]e tangential stresses and strains on the vessel wall. Also, if the

vessel pressure increases beyond control or any crack in the vessel develops,



any resulting exp]osioh of the vessel will be contained. However, there

may be other practical problems in locating the vessel below the floor level,

such as specimen handling before and after the test. The discussion of these &'

factors is beyond the scope of this paper. .v U
There are other advantages in ]ocating the facility below the ground. For

example, the ambient temperature at depths of meters below the ground remains

fairly constant,at'18-20 deg. Celsius.

Conclusions

By integrating the axial load frame with the roof rock of an underground
opening, the axial stiffness may be considerably increased. This méy enable:
obtaining complete stress-strain behavior of most of the brittle rocks. The
pressure vessel may be located below the floor level, provided there are no

practical problems in handling the specimens of large dimensions.
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APPENDIX A
>Let us assume the location of the underground opening 'h' from the
ground Tevel. |
Let the dimensions of the roof being loaded be 2b x 2b.
_ Assume the load to be uniform]y»distributed over the aréa of contact
between the-]oad-frame.and the roof. For a stress of o, the vertical displace-

~ment at~thé center of the loaded area is given as (Groth and Chapman, 1969)

o =4 (BI/E) © o (2)
where 2b = the side dimension of the load frame
E = Elastic mbdu]us of the rock above the roof
I = Influence factor and is a function of b,h,E and Vv
v = Poisson Ratio for Rock

Rearranging equation (2)

o/p = E/4bI | | e
Since axial stiffness may be expressed as

k= N/e | - (4)
where N is the axial load and is equal to

N = o (2b)° | (5)
we can write for axial stiffness of roof as

kr = Eb/I | (6)
If we assume E = 30 GPa, b = 2.5 m,

k.=75/1 , ' (7)
The influence value of I for h = 40 m is estimated (Poulos and Davis, 1974) to

be 0.25. After substituting this value for I in equation (7) we get
k. =300 GN/m | » (8)
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