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Abstract
In underground mining, rib spalling is one of the early signs of elevated pillar stress, and which is characterized by fracture which intact rock
is parallel to the direction of the maximum stress. Rib spalling causes the decrease of pillars, reduces the strength of pillar, and resulting in safety
hazard to miners.
In this study, FLAC3D is utilized to simulate 8 models of different extent of rib spalling and different length of pillars. The results show that, in
the case of the pillars without spalling, the maximum stress is concentrated on the four corners of top of pillar, followed by the center of top of pillar.
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Introduction
In underground mining, miners have to carry out high-risk work
under extreme conditions [1]. Pillar and roof span stability are two
essential prerequisites for safe working conditions in room-andpillar mines [2]. Unstable pillars can result in rock sloughing from
the pillar and can lead to the collapse of the roof if one or more
pillars should fail. Failure of the rock surrounding underground
excavations in hard, brittle rock tends to initiate by a process of
spalling in which slabs of rock are formed parallel to the excavation
surfaces [2] (Figure 1). Spalling is a process that occurs when the
confining stress is low and the rock splits in a direction parallel to
the major compressive stress and forms slabs which can dislodge
and fall [3]. In addition to causing safe hazards to operators, the rib
spalling will also decrease the size of the pillar, reducing the pillar
strength. In this study, a series of numerical models were created to
simulate different size of pillars with spalling. Through the FLAC3D
models to understand the effect of sidewall spalling on the pillars
by the stress distribution and diversification after simulation [4].

Discussion
Suppose the model in this study is assumed to be a single
homogenous body. The model is divided into three layers, the top,
the middle and the bottom layer. Each layer is 10 meters high, 90
meters wide, and the length are 96 meters and 105 meters for
different size of pillar length. The pillars size is 10 meters high X
width 10 meters X each length 12 meters and 15 meters. The size
of pillars and models are given in Table 1. The sidewall spalling is 0
﹅1 meter﹅2 meters and 4 meters. Seven points are set on the side
wall of the pillar to observe the stress change (Figure 2).

The stress distribution of different pillar lengths

Comparing Model NO.1 and Model NO.5 results (Figures
3&4), as the length of the pillar increases, the stress of the pillar
is dispersed better. As the length of pillar increases, the less stress
is observed at point on the long edge of the pillar. The stress on
the point A4 (/C4) is decreased 10% when pillar length is changed
from 12 meters to 15 meters.
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Figure 1: Stable pillars in a limestone mine at a depth of cover of 275m (900 ft). Slightly concave pillar ribs formed as a result of minor spalling
of the hard, brittle rock.

Figure 2: The points are set on the pillar to observe the stress results.

Figure 3: The roof of pillar’s distribution of stress at cross section by model NO.1.
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Figure 4: The roof of pillar’s distribution of stress at cross section by model NO.5.
Table 1: The size of pillars and models.
Models (m)

Pillars (m)

Spalling

Model
No.

Length

Wide

High

Length

Wide

High

(m)

(%)

1

96

90

30

12

10

10

0

0

3

96

90

30

12

10

10

2

2
4

96
96

5

105

7

105

6
8

105
105

90
90
90
90
90
90

30
30
30
30
30
30

12

10

12

10

15

10

15

10

15
15

The stress distribution of different spalling proportion
Rib spalling is one of the early signs of elevated pillar stress [2].

Assessment of the spalling mode of failure shows that extension
fractures develop at low confinement, which can be seen as a
cohesion weakening process [3-7]. In the spalling simulation,
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comparing Model NO.2 and Model NO.4 results (Figures 5&6). As
the sidewall spalling of the pillar increases, the distribution of the
stress of the pillar is changed. The maximum stress shifts from the
apex of the pillar to the center of the pillar. The spalling proportion
seriously affects the stress of the pillars.

Figure 5: The roof of pillar’s distribution of stress at cross section by model NO.2.
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Figure 6: The roof of pillar’s distribution of stress at cross section by model NO.4.

The stress on the point A4 (/C4) is increased 2% from nonspalling to 1-meter spalling on the sidewall of pillar. Stress
increases by 25% when it is increased to 2 meters, When increased
to 4 meters, the stress is twice the stress of a non-spalling pillar.

At two-sided of the pillar (point A1, A2, A6, A7), the stress of
the pillar does not change much. It can be estimated the spalling is
the plane of weakness of the pillar. The stress concentrate on the
plane of weakness, which in turn continuously cripple the plane of
weakness, resulting in the failure of the pillar.

Conclusion

Under the conditions of different pillars length and sidewall
spalling, the stress distribution of the pillar is analyzed by FLAC3D
modeling is available. According to the simulation, the stress and
strength of the pillar could be reduced by increasing the pillar
length. The longer the pillar, the better the stress reduction effect
when the sidewall is spalling.
Shown in stress distribution from the results of the FLAC3D
simulation, in the case of the complete and unreformed pillar, the
maximum stress is concentrated in the four vertices of the pillar,
and the center of the pillar is the secondary concentration of stress.
However, as the sidewall spalling up, the maximum stress of will
shift to the center of the sidewall of the pillar.

The above argument is corresponded with the previous studies,
so it can be proved that the results of the FLAC3D simulation have its
accuracy. Therefore, the simulation results of FLAC3D can be used as
the basis and prediction analysis of underground mining.
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