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(51) Analysis of Crack Propagation around a LPG Storage
Cavern using Fracture Mechanics

By Yoshio ISHIZUKA
Naoto KINOSHITA

Institute of technology,
SHIMIZU Construction Co.,Ltd.

ABSTRACT

One of subjects for a feasibility of LPG underground storage as low
temperature storage is to maintain the stability of a rock cavern and to
protect the leakage of LPG from the cavern against thermal stresses. As
for the leakage of LPG,the most important point is the evaluation of the
fracture crack induced tensile stresses. In this problem,the authors have
carried out the laboratory experiments to examine a thermal and mechani-
cal properties of rocks,rock block fracturing test to investigate a frac-
ture behaivior induced by thermal stresses,the stability analysis of LPG
underground storage using a heat conduction and stress analysis in con-
sideration of a material nonlinearity and a numerical method of a crack
initiation and propagation based on fracture mechanics. As a result,we
have confirmed the validity of fracture mechanics in regarding of the
analysis of the crack propagation in rocks.

In this paper,therefore,as a purpose of the investigation of the leak-
age of LPG,we have discussed the numerical analysis technique of a crack
propagation using fracture mechanics,and then examined the possiblity of
the leakage of LPG by comparing with the result of the conventional nu-
merical method taken account into tensile failures. In the estimation of
stress intensity factor(K1) at a crack tip at finite element method,J
integral represented as a following equation proposed by AOKI etc.is ap-
plied. J integral is independent on an integral path in a crack propa-
gation problem of a material containing an eigen strain which are plactic
strain,thermal expansion strain etc. and also is coincide with a poten-—
tial energy rate(G).

ou.; ae’.
A= [ _ | iJj
J S(W dX2 ’I‘i aX’dS)+ﬁa OU(Tﬁq—)dA
A

In this equation,a stress will superimpose a stress caused by excavation
of a cavern to a thermal stress and a strain will separate into an elasti
c strain and a thermal strain£ﬁ>.1n the crack propagation analysis for
LPG underground storage,Kl1 at a crack tip is evaluted at each time step
by the heat conduction and thermal stress analysis including the temper-—
ature-dependant of rock properties,and K1 compares with a fracture tough-
ness(Klc) of rocks,that is,a fracture crack initiates at Ki1zKilc.

In the results of the conventinal analysis,all tensile failures remain
in the freezing zone during a period of LPG storage in case of a cavern
depth H=100m,but in case of H=55m tensile failures spreads to the outside
of the freezing zone over 10 years. On the other hand, in the analysis of
a crack propagation at H=55m,the results indicates that a fracture crack
propagates 20m length at 4.2years,30m length at 8.7years and 40m length
at 22.0years. The time of the leakage of LPG resulting from the crack
propagation analysis is faster than the time estimated by conventional
analysis. This result is attributed that a thermal condition of a crack
surface is assumed as a thermal convective condition and the differnce of
failure criterions. But the results of both methods shows that LPG leak
out to the outside of a freezing zone. So,LPG underground storage must be
constructed at a deep rocks which tensile stresses isn't occured at the
outside of the freezing zone.
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