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Material Nonlinear Finite Element Analysis by Newton-Raphson Method and
Its Application to Underground Excavating Space
by
Mikio Shoji,* Nobuyuki Okabayashi,* Harushige Tanimoto,* Takeshi Sasaki *
Synopsis

An analysis and a numerical computer program are developed for calculating the
local relaxation of rocks around underground excavating space.
The characteristics of material nonlinearity of rocks are expressed by normalized ge-
neral equation (3) which is according to '"Mohr's envelope" with actual measurment in
underground cavity and experiment in laboratory.

The method of analysis used in this paper is known as the direct stiffness or
displacement method. The solution techniques of nonlinear equilibrium equation using

"Newton-Raphson"

method are discussed and procedure of this methods overcomes the
computational difficulties that arise when there is large number of variables and
nonlinearity of rocks.
The Finite Element analysis considered as follows,
1. For the equlibrium equations,
(1) The period of excavating works is divided several incremental excavating '"sta-

ges". (2) The incremental moving coordinates formulation is applicable for

each "stage". (3) For the each incremental "

stage' of nonlinear equlibrium
equations are solved by Newton-Raphson method.
2. For the characteristics of rocks,

(1) The material nonlinearity are considered by "Mohr's envelope'" of breakingcri-
terion. (2) The anisotropic materisls are assumed in the strata. (3) The un-
balanced forces bring about excavation, the prestressing and rock bolting of
around excavating cavity are considered by nodal loads in finite elements for
each "stage".

The numerical computations of models are discussed as follows,

(1) A comparison of the linear between nonlinear solutions and tendency of relaxed
zone of around excavating cavity are discussed in the numerical models. (2)
The accuracy and convergence of the numerical methods in nonlinear equlibrium
equations are discussed in the numerical solution of Newton-Raphson method.
(3) The influence of the configuration of ground surface, the Creep (Burgers

type) and the Pore Pressure for excavating are discussed in as same models.
In this paper, the authers used both incremental (for time) and Newton-Raphson
iteration (for space) methods, and those are expressed the more true deformations
and stress paths. The number of iterations in Newton-Raphson method required two or

three in the '"stage".

* Kajima Institute of Construction Technology, No. 19-1, Tobitakyu 2-Chome
Chofu-shi, Tokyo
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