W21k W3 HoA 1S TR AR 213): 369~373
2002 4¢3 A Chinese Journal of Rock Mechanics and Engineering March, 2002

MODIFIED LOCAL STABILITY FACTOR”
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Abstract In the past, stability evaluation of engineering rockmass is often based on the distribution of stress and
deformation in engineering rockmass. Some scholars have put forward the concept of local stability factor of rockmass and its
calculating method. But its condition is too harsh. The concept of is put forward and its formula is deduced based on the
rockmass mechanics principle and strength criteria. The modified local stability factor has been used to evaluate the stability
of surrounding rockmass of tunnel.
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forward, which is also considered to be applicable to

1 INTRODUCTION most of the failure criteria proposed so far. For

validation, the local stability factor calculated by the

With a great increase in the power of digital modified definition is compared with calculating
computers, the numerical analysis methods for the results by the former definitions.

engineering purpose have been developed in the last
decade. Especially, the stress analysis is one of the 2 FORMER AND MODIFIED DE-
most popularly used numerical methods. The EINITIONS OF LOCAL STABI

calculated results of the stress analysis are usually

illustrated by stress contour. However, only stress is LITY FACTOR

not enough to estimate the degree of safety or stability

for the material strength depending on confining 2.1 Former definition of local stability factor
pressure. In such cases, local stability factor such as Local stability factor (S;) at a point A (o,
proposed by Ono (1962) or stress severity(inverse of 0,, 03)inFig.1is defined as

local stability factor) such as proposed by Fairhurst S,=D/d 1
(1964) is popularly used to illustrate the state of stress where d is the distance from the origin to point A(o, ,
at any point in the structure!"” ?. Each definition of the 0, 03) in the stress coordinate system. Suppose that
stability factor for every failure criterion was proposed three principal stresses increase proportionally with
according to whether three principal stresses increase each other, and reache on the plane of the failure
proportionally with each other, and reach on the plane criterion at point B(oy, o3, o03), then D is the
of the failure criterion. However, the principal stresses distance from the origin to the point B. A failure
at any point in the structure are hardly in proportion. In criterion can be expressed as

this paper, a modified local stability factor is put f(ol, 03, 03)=0 (2)
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Fig.1 Original definition of stability factor

It is apparent from the definition of the former stability
factor that

S;=0|/o,=0/0,=03/0, ?3)
Substituting Eq.(3) to Eq.(2), we get
F(S;o,5 Sio, 5 S;o3)=0 )]

If the values of principal stresses are given, the value
of S¢ can be readily calculated by Eq.(4).

According to the definition of stability factor, the
formula deduced for calculating stability factor are
listed as follows( o, and o, are compressive and
tensile strengths in follow equations):

(1) Coulomb's criterion

The failure criterion: o,/c, —o,/0,=1.0  (5)
When o,/0, -0,/0,=1.0>0,

S =00, /(0,0, —0,0,) 6)
When o,/0, —0,/0, <0, S, has no definition.
(2) Mohr's criterion
The failure criterion: 72 = o, (0 —0,) @)

When o = -0,

moo, mo, |o* 4
S; = t+—t‘/—+— ®)
272 2t V72 m
When o <0, S; has on definition. m is a parameter.
[3]

(3) Bieniawski's criterion
The failure criterion:
o, =0, + po.(o;/0,)" ©)]
When o; >0, S, is the solution of Eq.(10).
ol —0,0°7'S + oS =0 (10)

When o, <0, S; has on definition. &, [ are

parameters.
(4) Hoek and Brow's criterion”!

The failure criterion:
1

o, =0,+0.(l+moy/0,)? (11)

B
The failure criterion: o, = o, K%j(ﬁj + 1}

When o, >0, S; is the solution of Eq.(14).

B
s, = K%}(ﬁ st+ 1} (14)
o o,

When o, <0, S; has no definition, M is a parameter.

(6) Misses's criterion
The failure criterion:

(0'1—0'2)2—’:-(0'2—0'3)2+(O'3—O'1)22200 (15)

20, (16)

S, =
\/(Ul _0'2)2 +(o, _03)2 + (o3 _0'1)2

(7) Druger-Plager’s criterion™®

The failure criterion:

\/(0'1 _02)2 + (o, _0'3)2 + (o3 _01)2 =

Jéla(o, + o, +03) +K] (17)

When

\/(Gl _0'2)2 + (o, _0'3)2 + (o, _01)2 =

(M](al + o, +0;) (18)
o, +0,
_V2(0.-0)

S
! 40,0,

\/((71 _02)2 + (0o, _0'3)2 + (o3 _0'1)2 -

o,—0,

TO_‘(UI+O-2 +03) (19)
ct

When

V(6 -0, +(0,-0,) +(0,-0,) <

(“° — % J(a1 t o, + o) (20)

o, + 0,
S; has no definition.

2.2 A modified local stability factor
We know that material fails in the two types, e.g.
tensile and shear failure respectively. According to

their physical significance and mechanical concept,
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the farther the distance of point P to point B(Fig.2) is,
the larger the probability of failure is, so the stability

factor can be defined as

(a) Principal stress-coordinate  (b) Normal shear stress-coordinate

Fig. 2 Definition of modified stability factor

@

S =— 21

s @n

where ab and p_b are length of line segments AB
7~14

and PB respectively[ ], According to the definition
of stability factor, the formula deduced for calculating
stability factor are listed as follows:

(1) Coulomb's criterion
When o, > -0,

_(o+0o;)(0. —0)+20.0,

S (22)
' (0, —03)(0. +0,)
When o; <-o,, S$;=0.0.
(2) Mohr's criterion
When
Sf=2\/[0A_(01+O-3)/2]2+mo-t(O-A_O-t) (23)

0, —0;
When o, <-0,, S;=0.0, o, is the real solution of
the Eq.(24).

oy —(0,+0,+0,)0x+

Z(J1 +03)(0,+0;y+40,)o, —

l(0'1 +0,) —imzoq(O'1 -0,)’ +im4af’ =0(24)
4 16 16

(3) Bieniawski's criterion
When o, > -0,

S, = \/(01 +0,-20, _Zﬁo'cl_agsA)z (25)

4o, -0y’
When o, < -0,, S;=0. Here o, is solution of
Eq.(26)
—0, -0, — Bl ol (26)

(4) Hoek and Brown'’s criterion

O3a =0
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mo, mo ?
C—flo+to,+—=| —(0,—-0;)* +0?
4 4
S, =
0, =03
27)
(5) Johnston's criterion
B
m
o,+0;— 20'C[[ﬂ](0'1 +0;—04)+ 1}

S, = ° (28)

0, =03
where o, is a solution of Eq.(29):
. B
oip=0 | —— (o +05—04)+1 (29)
Po.

(6) Mises's criterion

Voo,

Sy = - - - (30)
\/(0'1 —-0,)" +(0,—03)" +(05—0y)
(7) Druger-Plager's criterion
s - x/g[a(o,+02+a3)+l] 31)

L \/(0'1 _‘72)2 + (0o, _0-3)2 + (o3 _0'1)2

3 THE COMPARISON OF S

3.1 The models and the results

To examine the calculating results with local
stability factor definition, the models of the tunnel is
established(Fig.3). First, the principal stresses are
calculated by FEM and then local stability factor of
each element is calculated according to the stresses in
the former definition and modified definition of
stability factor respectively. The change of S, with
horizontal distance from the driving face of the tunnel

is shown in Figure 4.
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Fig. 3 FEM model of tunnel
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(a) Stability factor surrounding tunnel ~ (b) Stability factor surrounding

according modified definition tunnel according former

definition
Fig.4 Variation of S; with horizontal distance to the

tunnel face

3.2 Discussion

The theory of the stability factor is a good
thought and method for evaluating comprehensively
how stable of the engineering rockmass is, which
contains not only the stresses (external condition of
rockmass system) in the rock, but also strength
properties of the rock (internal condition). Generally
speaking, a stability factor is usually defined for each
failure criterion. The suitability and validity are diffe-
rent with the failure criterion. For above reason, we
should discuss the distribution of the stability factor
according to the seven failure criteria.

(1) The stability factor based on modified
definition

In Fig. 4(b), the stability factor first increases and
then decreases and tends to a constant at last with the
distance from the analytical point to working face of
the tunnel. The results are corresponding with actual
mechanical phenomena investigated during tunnel
excavation, except Coulomb's, Mohr's and Druger-
Plager’s criterion, which always increase with the
distance.

(2) The stability factor based on the former
definition

For most points, the varia-tion of S, with the
distance from analysis point to working face of
tunnel, according to former defini-tion, are similar to
the variation of S, calculated based on the modified
definition, in Fig. 4(a).

(3) The comparison of S, based on former and

modified definition

In the practice of rockmass engineering, three
principal stresses in rockmass do not variate pro-
portionally with each other. Additionally, according to
physical concept and mechanical principle, in some
very safe area in principal stress or shear-normal stress
coordinates, stability factor has no definition by former
concept, such as Coulomb and Druger Plager’s crite-
ria, oris negative, such as Bieniawski and Johnston's
criteria. It means that the conditions requested by
former definition are very harsh. The modified defini-
tion of stability factor does not need above condition,
which is determined by actual stress condition acting
on the rockmass, and the stability factor has definition
and is positive. From Fig.4 and discussion, it is well
known that the stability factors calculated in modified
definition are less than that calculated in former

definition according to different criteria.

4 CONCLUSION

Several conclusions could be derived from above
discussion. Applicability of the local stability factor
has relation with stress condition, which is tensile or
compressive in rockmass. Among above seven crite-
ria, Coulomb, Hoek and Brown, Druger-Plager’s
criteria are better than the other four criteria for
evaluating the stability of rockmass surrounding tunnel.
The modified definition of stability factor is more
suitable and applicable than former definition. Because
former definition of local stability needs more
conditions than modified defini-tion of local stability,
the latter is more convenient than the former in

practice application.
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