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Summary. Formation mechanism of layered fracture and outburst in soils is
investigated. It is shown that once the pore pressure is high enough to cause the over-
cap failure, layered fracture or outburst occurs in liquefied or gasified sediments. The
formation conditions are related to the strength of sediments and the boundary
friction.
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1 INTRODUCTION

Layered fracture and outburst in soil sediment can occur in many cases, for
example, during liquefaction of sand (also called water film or soil boiling) [1,2],
during mining of coal, and during dissociation of gas hydrate [3,4].

Layered fracture in soils is a water or gas gap which forms when the excess pore
pressure is larger than the weight and side friction at the upper part and accordingly
water or gas is trapped in a thin gap between the upper part and the lower part [1].
Outburst is a kind of strong eruption of mixture of soils and water and gas [2].

If liquefiable or gasified sediment is overlain by a less permeable layer, then the
overlying sediment (over-cap) can restrict pore water or gas to pass through. Once the
pore pressure is larger than the weight and the side friction, the over-cap will be pushed
upward to form a fracture or even crushed, which leads to a sudden unloading of pore
pressure at the interface between the saturated or gasified sediment and the over-cap.
Accordingly, an unloading wave will transmit into the sediment. Sediment can be
fractured in layered form when the excess pressure is not too high; otherwise, the
fracture failure becomes continuous and outburst occurs.

The main objective of this study is to investigate the mechanism and formation
conditions of layered fracture and outburst in a soil layer. First, some typical
experiments are introduced. Second, initiation conditions of these two types of failure
forms are analyzed.

2 LAYERED FRACTURE

In general, layered fracture happens in a relatively low pore pressure. First, the
over-cap is only pushed upward to form a gap by the pore fluid (gas or water or their
mixture), and then one or more fractures occur in the liquefied or gasified zone if the
pressure difference is high enough between the former fracture and the deeper zone.
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When the pressure P, in soil layer satisfies the condition
7l
pozpa+ZL+o-t (1)

layered fracture initiates, in which p, is the atmospheric pressure, P is the pressure

inside the soil, 71/ A4 is the side friction in unit length, and o, is the tensile strength.
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Fig. 1. Sketch of layered fracture

To analyze the movement of the layered zone, the following formulas are adopted:

7l .
p—pa—2L=ps(l—€o)L-A )
with initial condition
t=0,A=A,, A=0 3)

in which p is the pressure in the fracture, O, is the density of soils, € is the initial

porosity, A is the width of the fracture, and A is the initial width of the fracture

(Fig. 1).

With the movement of the fracture zone, the fracture expands, and the pressure
inside it decreases, causing the pore fluid to seep into the fracture from the two sides.
To analyze the development of the fracture width, the following equations are
adopted. The fracture zone is denoted by zone I, and the soil layer after the fracture is
denoted by zone II.

In zone I, the pressure p,, density p,, and velocity u, satisfy

_0p _EH,
- 1

ox k
P, N Ipitty _ 0 “)
ot ox

P = plaz

with initial condition
u, =0, p,=p, (5

and boundary condition
x=-L,p =p;x=0,p =p, (6)
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In zone II, the pressure p,, density p0,, and velocity u, satisfy

p, _ EMH
e LS
ox k
P, . Pyl _ 0 (7
ot ox
p, = pya’
with initial condition
u, =0, p, =p, ®)
and boundary condition
X=—00, p,=pysx=—L, p,=p ©))
in which g is the viscosity of pore fluid, k is the permeability, and a is the sonic
speed.
The total flow rate O from zone I and II into the fracture is
0=0,+0, =€0A(p1”1 +p2”2) (10)
The mass and the density in the fracture are
t
m=m, + [ Qdt (11
0
m
= (12)
P A-A

in which my, is the initial mass of pore fluid in the fracture A, and m, = p AA, .

Using the formula p = paz, the relation between the pressure inside the fracture
and the fracture width is

p-A=a’ jgmﬂ (13)
Y47 A
3 OUTBURST

Discontinuity theory is used here to analyze the initiation of outburst. The
effective stress can be expressed as

o,=p-0 (14)
in which O, is the effective stress, p is the pore pressure, and O is the total stress.

In general, during the unloading of the total stress, the effective stress 0, becomes

gradually tensile. When the tensile stress reaches the maximum, the soil layer will
include failure:

p—0=0, —ZV[O'S -] (15)
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in which 0, is the tensile strength of soil layer at p =0 and c,=0,Vv is the
Poisson’s ratio, and o, is the lateral stress.

Assuming that outburst proceeds so fast that the relative movement between pore
fluid and skeleton as well as the volume change of grains can be neglected, the
relation between pressure and strain E is given by

ple,+ E)=pg, (16)

Before failure, the strain can be neglected, so that
0=0,=0p, =0, a7

in which ¢ =1-2v, 0, =0, —2vo,, and o, is the tensile strength, considering the
effects of lateral pressure.

Using the C-J condition as in the case of steady deflagration, the criterion of
outburst can be obtained as

_2p,t0, +\/(2Pa +0,)" —4op; (18)

Po 2o

If the side friction F is considered, then ¢, in the above equations is instituted by

o,=0,-F 19)

s

4 CONCLUSIONS

It is shown that once the pore pressure is large enough to cause the failure of over-
cap (forming a hole or being broken), layered fracture or outburst occurs in the
liquefied or gasified sediments. Three critical pressures are present corresponding to
the stable critical value, layer fracture critical value, and outburst critical value. The
critical values are close to the values of the strength of sediments and the side friction.
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