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Development of back-analysis model for determining
the mechanical properties of jointed rock

Taechin Cho

Abstract Back analysis model, capable of calculating the mechanical properties and the in-situ
stresses of jointed rock mass, was developed based on the inverse method using a continuum
theory. Constitutive equation for the behavior of jointed rock contains two unknown parameters,
elastic modulus of intact rock and stiffness of joint, hence algorithm which determines both
parameters simultaneously cannot be established. To avoid algebraic difficulties elastic modulus
of intact rock was assumed to be known, since the representative value of which would be quite
easily determined. Then, the ratio (B) of joint stiffness to elastic modulus of intact rock was
assigned and back analysis for the behavior of jointed rock was carried-out. The value § was
repeatedly modified until the elastic modulus from back analysis became very comparable to the
predetermined value. The joint stiffness could be calculated by multipling the ratio B to the final
result of elastic modulus. Accuracy and reliability of back analysis procedure was successfully
testified using a sample model simulating the underground opening in the jointed rock mass.
Applicability of back analysis model for the underground excavation in practice was also verified
by analyzing the mechanical properties of jointed rock in which underground oil storage cavern
were under construction.
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Fig. 1. Simplified Model of Underground Excavation.

Table 1. Results of back analysis for the case of dif-
ferent Poisson's ratios

v E O G, Ty
(GPa) (MPa) (MPa) (MPa)

0.15 9.913 1.0 1.0 0.0
0.16 9.938 1.0 1.0 0.0
0.17 9.960 1.0 1.0 0.0
0.18 9.978 1.0 1.0 0.0
0.19 9.991 1.0 1.0 0.0
0.20 10.000 1.0 1.0 0.0
0.21 10.004 1.0 1.0 0.0
0.22 10.003 1.0 1.0 0.0
0.23 9.996 1.0 1.0 0.0
0.24 9.983 1.0 1.0 0.0
0.25 9.964 1.0 1.0 0.0
0.26 9.937 1.0 1.0 0.0
0.27 9.902 1.0 1.0 0.0
0.28 9.859 1.0 1.0 0.0
0.29 9.806 1.0 1.0 0.0
0.30 9.743 1.0 1.0 0.0
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Table 2. Variation of E, with respect to

B Eg Ch
(GPa) (MPa)
Bexaa:()-Ol
0.00001 0.839 1.509
0.0001 7.892 1.321
0.001 35.175 0.163
0.01 10.197 1.0562
0.1 1.369 0.885
1. 0.307 0.559
10. 0.190 0.450
100. 0.178 0.436
1000. 0.177 0.435
Bexm:LO
0.001 258.6 2.529
0.01 145.4 2.341
0.1 34.74 1.645
1. 10.12 1.021
10. 6.657 0.833
100. 6.278 0.809
1000. 6.240 0.807
Bexactzloo'o
0.1 48.623 1.890
1. 15.623 1.235
10. 10.562 1.027
100. 10.000 1.000
1000. 9.943 0.997
10000. 9.937 0.997
100000. 9.937 0.997
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Fig. 3. Variations of Ex and k. with respect to beta.
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Table 3. Results of back analysis using BAR for the
jointed rock mass behavior

Bexact Eg o, Toy
(GPa) (MPa) (MPa)
0.01 0.0724 0.452 -0.189
0.1 0.6774 0.454 -0.176
0.5 2.6389 0.462 -0.137
1.0 4.1483 0.469 -0.107
5.0 7.7423 0.488 -0.388
10.0 8.7153 0.493 -0.216
100.0 9.8527 0.499 -0.240
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Table 4. Mechanical properties of rock mass for un-
derground oil storage cavern

parameter value
rock Y 26.9 kN/m’
E., 66.3 GPa
) 34.7 GPa
v 0.23
Joint k, 3.23 GPa/m
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Fig. 4. Schematic diagram for underground oil
storage-gallery excavation.
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Fig. 5. E vs beta for the gallery behavior of oil
storage cavemn.
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