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(42) Theory and new construction method of the earth retaining
structures with the application of the Mohr-~Coulomb's
failure criterion.

S. KITAHARA
M. UENO
KUMAGAI GUMI CO., LTD.

Two standard design conceptions have been used to be adopted in the design of the
earth retaining structures of the cutting surface. One conception is to keep stability of
the earth mass over the postulated sliding surface. The other is to retain the earth
pressure obtained by multiplying the overburden load by the coefficient of earth pressure,
which increase in proportion to the depth. The design method to postulate the sliding
surface is prevailed and is considerably ‘adopted even in the case of homogeneous geology
or in the case that there is no occurance of the sliding surface due to the fault or the
fissure. However, it seems to be contradictory between them. The study of the stability
around the cutting surface which is performed with results of stress condition in the
homogeneous ground analized by the numerical computer program, FEM, and the Mohr-Coulomb's
failure criterion shows that the portion around the cutting exposed surface becomes most
unstable. So authers due to their learning and experience has reached to the conception
that the early execution of the mortar embedded rockbolts in cooperation with shotcrete
with welded steelmesh works effectively to stabilize the unstable zone, in which stress
condition of every point remains under the mohr's intrinsic curve, due to the
countermeasures. This method is thought to be more economical than the other conventional
construction method.

This construction method that the main support members are the mortar embedded
rockbolts and shotcrete with welded steelmesh was practically applied to the vertical
cutting work 18.35 meter high in the district where the geology was almost consisted of
the Inagi sand stratum, and it was consequently verified that this construction method was
superior to the other methods both in the work period and in the cost. The geology of the
site was silty sand and the cohesion C was 0.31&40.94kgf/cm§ the angle of internal
friction was 25%° Checking the stability of the cutting surface by the Mohr-Coulom's
failure criterion, it was reconginized that the ground without support member could be
stable at a depth of 6 meters from the top. The shotcrete with welded steelmesh (10cm in
thickness) and the mortar embedded rockbolts (1=4m,¢=24mm, 1bolt/3ﬁ) were executed in
this portion to prevent the ground from weathering and occuring the collapse caused by the
rain. The calculation results showed that the ground deeper than 6m from the top became
unstable without support, so some countermeasures were performed such as the installation
of H-steel rib piles just behind the excavated surface, and making an exposed face small,
and the prepoling of rockbolts through the triangular small ground mass remained in front
of the final excavated surface. Consequently the collapse of the face hardly occured and
the retaining work was possible to complete without any trouble by this support system,
the shotcrete with welded steelmesh (10cm in thickness) and the mortar embedded rockbolts

(5m in length). The rockbolts were placed almost at the rate of one bolt per I1md
According to the data of ground displacement measured by the extensometer set at the
portion of 4m below the top, the maximum displacement at the surface became 5.lcm. But

there was no problem in the execution.

The Mohr-Coulomb's failure hypothesis which is a fundamental in the «classical
mechanics 1is even now put to practical use as the principal failure criterion. However,
in the domain of geotechnique it seems that this rule is regarded as only a theory, and
has not been made effective use to correspond reality or in the worse case has been
misused. Applying this rule to the normal cutting problem faithfully, it is recognized
that an economical design can be performed. It is thought that this construction method
and conception can be applied not only to the cutting work and the filling work and the
stability work for the slope, but also to the design.concept of NATM, being the standard
tunnelling method lately. A reasonable design of rockbolts and shotcrete will be able to
establish by this concept. Also this concept will be applied effectively to the design
of excution, such as the partial excavation or forepoling, or pre-setting steel piles.
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