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Analysis of Ground Deformations Resulting from Tunnel Excavation.
K%
Tomio Ito

xk
Masayasu Hisatake

The present paper describes a analytic solution and some numerical examples
concerned with the ground deformations created by a tunnel excavation. A complex
variable approach is used under the assumption that the ground is a isotropic,
homogeneous and viscoelastic material.

Initial stresses cﬁ,'ﬁ; on the contour of the hole are written as a following
series expansion.

o+ 'L”(,.f,= o

The weight of the ground mass which will be removed with the excavation of the

o)
+ 23(C_+COSng + D_*SINnG ) = ————————mmm——— e ¢D)
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" tunnel must be considered in the above equation. When external loads equal magnitude
and opposit sign of the stresses in the above equation are applied on the contour

’
of the tunnel, analytic functions Sg(z), Qg(z) become following forms.

z) = gAn/z“ . #) = ,éi,Bn/Zn : )
Now, [ (¥,X) may be defined as follows.
[P, %) =Pz + fX@) , [B+RHNth = T, %) + [XR,0p ——----- (3)

where X= X(z) = 2. P+ £(2).

Eq.(2) doesn,t satisfy toundary conditions at Ll’LZ’ so firstly one puts analytic
functions, which will satisfy the boundary condition o3= 0, ’Z;f 0 at Ll, as following
forms. Kz) = 232) + Kz, Az = Kz) + Xz - (4)

The boundary condition at L; can be written as a form of Hilbert problem, and

unknoun functions Vﬂz) and %{z) are expressed by the given function Sg(z) and X(z).
HAz) = - 9@2) = - X(z-2ihg), A=) = - %(z) = - B(z-2ihy), (=1, p= 1)-—mmm (5)
Secondly one can get analytic functions 55(2), 2}2) that satisfy the boundary
condition at L2 U= 0, Uv= 0) in the same manner. But }?(z), ﬂ%z) and zgz), ﬁgz)
disturb the boundary conditions at Lp,L, and LO,Ll respectively, so the above functions
must be connected with the respective boundary. By repeating this connections over
and again, one can get following analytic functions which satisfy the all boundary

conditions.

X 00
K = FL@) . K@) = JA). === (6)
= =
According to the principle of correspondance between a elastic body and a visco-
elastic one, inversion of the Laplace transform of Eq.(7) gives the desired displacements

for the viscoelastic ground.
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J,(s) = J, (s)
U:(s) - iU:(s) = Ji(s) 3_4,1___2_}

* *
2Jl(s) + Jz(s)
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