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Introduction

Longitudinal spliting under uniaxial tension
shear fracture
multiple shear fractures

extension fracture

00000

extension fracture produces by opposing line loads
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Problem: Traditional rock failure criteria (e.g., Mohr-Coulomb) are
insufficient under low-stress conditions, especially near excavation
surfaces.

Proposed Approach:

o Extension Strain Criterion: Fractures initiate when extension strain
exceeds a critical rock-specific value.

e Fractures form normal to maximum extension strain (least
compressive principal stress).

@ Includes the effect of the intermediate principal stress, unlike
Mohr-Coulomb.
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Problem Geometry

Oaa = kpgH >

< Oza = kpgH

oyy = pgH
L2 12 ¥ ¥
TRACTION
FREE
r=a
o =0, 079 =0
X X ) 7




Governing Equations

ViU =0 (1)
Boundary conditions:
e Tunnel wall (r = a):
0w =0, 0,9=0 (2)
e Far field (r — o0):
1 o 1 2
U— Z(l + k)pgHr= + Z(l — k)pgHr* cos 20 (3)
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Solution Form

Assume:
U(r,0) = fo(r) + fa(r) cos 26, (4)

where fy and £, satisfy the Euler equations,

W 3 o df

rﬁ rw—rﬁ“_r?:() (5)
d*f &3 d2f  df
4 2 3 2_ 2 2 72
d4+2 dr3 dr? 9dr 0 (6)
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Solution: Airy stress function

1 1
U(r, ) :Z(l + k)pgHr® — 532(1 + k)pgHInr

1 , 1, 1a*
7 (1= K)pgHr® — 2%(1 — K)pgH + ; (1 — k)ng] cos 20

(7)

+
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Stress Components

o0 = %ng [(1 + k)(l + i—z) +(1- k)(l + 37‘14) cos(20)}

O = %ng(1 - ‘:;z) [(1 +h)—(1- k)(l - 37";2) cos(za)} (8)

a2 2

v = %ng(l . k)(l _ ﬁ) (1 + 3%) sin(26)
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Hooke's law in Rock Mechanics notation,

ml <

1+v
€Eik = *(O'rr + 0gp + Uzz) - ( E > Ok (9)

Since €5, = %‘f =0

Ozz = V(0w + 00p) (10)
Thus,
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Sidewalls at # =0, 7

For the side walls 8 = 0, 7, thus,

€rr = ;ng(lzy) F(F) (12)

F(7) = 1k~ (L)1 -20)+ 1+ k—4(1—K) (1) 5 +3(1 k) (13)

and .
(14)

=1
I
[
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General Results

@ Example (Witwatersrand area):

V= 2 (15)
@ Forr=1: 1
F(1) =364 (16)
@ As F — oc: 11
F(x) = 5(5—#) (17)
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Analysis of the Solution and Results

F(r) for different values of k
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F(r) with no turing points
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Lower region

1
04
_1_
-2 4
= -3
'S
_4,
— k=1
5 — k=2
— k=3
—— k =3.732050807568877
iy p— k=6
-—-r=1
=7 T T T T T
1 2 3 5 [} 7

Sisonke Peter, Lethukuthula Ndebele, AhmedFracture in Rock Based on the Extension Strz January 16, 20




Upper region
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Hanging wall at 6 = 7

For the hanging wall, § = g thus,

en(7.3) = 2oa = 6(7) (18)
where,
1 1 1
G(7) = 5(k=3)+2(2~ k)= —3(1 - k)5 (19)
and .
r= B (20)

Sisonke Peter, Lethukuthula Ndebele, AhmedFracture in Rock Based on the Extension Strz January 16, 2026



diFG( F) = 4(k — 2) +12(1 — k) (21)

1
G(o0) = E(k -3) (22)
3 1
Gl)==(k—= 2
(1) =3k~ 3) (23)
Turning points:
For 0 < k < 1:
_ 3(1 — k)
2=/ 24
For 1 < k < 2: No turning points.
For k > 2:
po Skl (25)
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Analysis of the Solution and Results

S5 G(r) for different values of k
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G(r) for k = 1 and k = 2 where there is no turning points
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Upper region
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Conclusion

Sidewall § = 0:

@ In general extension near excavation only
@ 0< k<2—+/3extension for 1 < F < oo
@ 2+ /3 < k < 00 no extension

Hanging wall 0 = 7:
@ In general, extension near excavation only
@ For k > 2+ /3 extension for 1 < F < 0o
@ 0 < k <2 — /3 no extension

Results support the extension strain failure criterion.
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Thank You!

Thank You!

Questions?
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