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Analysis of sidewall fracturing and spalling during
pillar extraction

coal-

by A. Vervoort* and B. Jack*

SYNOPSIS
During pillar extraction, sidewall fracturing and spalling at some collieries constitute a severe strata-control problem. In
order to obtain a better understanding of this phenomenon, a survey of pillar corner conditions before and during pillar
extraction was conducted at one particular site. For the various successive mining steps, the vertical stresses on the
pillar corners were calculated by use of a three-dimensional boundary element program. A significant correlation was
found between the calculated vertical stress prior to the extraction of the panel and the sidewall conditions. During the
extraction of the panel, a significant deterioration of the sidewall conditions at a pillar occurred only when the adjacent
pillar was mined, causing an increase in vertical stress on the remaining pillar.

SAMEVATllNG
Sywandbreuke en afsplintering verteenwoordig by sommige steenkoolmyne on ernstige laagbeheerprobleem tydens
pilaarsloping. Om 'n beter begrip van hierdie verskynsel te kry is daar voor en tydens pilaarsloping op een bepaalde
terrein 'n opname van pilaarhoek toestande gemaak. Die vertikale spanning op die pilaarhoeke is vir die verskillende
opeenvolgende mynboustappe bereken met gebruik van Ondriedimensionele grenselementprogram. Daar is on
beduidende korrelasie tussen die berekende vertikale spanning voor die uitmyning van die paneel en die
sywandtoestande vasgestel. Daar het tydens die uitmyning van die paneel net wanneer die aangrensende pilaar gemyn
is, wat in toename in die vertikale spanning op die oorblywende pilaar tot gevolg gehad het, 'n beduidende agteruitgang
van die sywandtoestande by 'n pilaar voorgekom.

INTRODUCTION

During coal-pillar extraction, there is a continuous redis-
tribution of stress above the remaining pillars. The increase
in stresses on the perimeter of the pillars can cause sidewall
fracturing and spalling, which adversely affect the overall
safety in a pillar-extraction panel. During the period
between 1970 and 1988, 32 fatalities occurred in coal pillar
extraction panels due to sidewall collapses, representing 38
per cent of all the fall-of-ground fatalities in coal pillar
extraction panels during that period!.

In an examination of sidewall deterioration during pillar
extraction that was conducted by the Coal Mining Division
of the Chamber of Mines Research Organization
(COMRO), the underground observations were compared
with three-dimensional numerical simulations of the stress
redistributions. This paper summarizes the results of the
underground observations and of the numerical simula-
tions.

The section that was monitored is shown in Fig. 1. The
seam was 180 m deep and about 3 m thick, and the layout
of the panel was non-symmetrical. Along the south side of
the panel, where there was no barrier pillar, previously
extracted longwall panels had goafed. Along the north side
there was a 70 m wide barrier pillar, beyond which was
another goaf. The pillar centre distances across the panel
varied between 20 and 30 m. The pillar centre distance
along the panel axis was 28 m. The two rows of intersec-
tions that were monitored are indicated in Fig. 1.
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CLASSIFICATION OF SIDEWALL CONDITIONS

The four corners of each intersection monitored were
classified by visual observations. Although this method of
classification can be considered to be subjective, it can be
used for comparison purposes provided that it is conducted
by the same person (as was the case in this exercise).

Eight classes of side wall fracturing and slabbing were
considered as shown in Fig. 2.

This classification was applied in a comparison of the
pillar corner conditions across the panel width, and in an
investigation of the deterioration of the sidewalls during
progressive extraction of the pillars.

From a safety point of view, the amount of spalling is not
the only factor to be considered; the manner in which it
occurs and the time of occurrence are equally important.
Large blocks failing as illustrated in Fig. 3 have to be
regarded as very dangerous. However, spalIing in the form
of small pieces also has a negative effect on the overall
safety, in that
(i) it can create large overhangs that subsequently fail in

large blocks;
(ii) it increases the width of the roadway and decreases the

size of the pillars, resulting in a lower safety factor.

VARIATION ACROSS THE PANEL WIDTH

As illustrated in Fig. I, the layout of the panel that was
investigated was non-symmetrical. At the south side, the
first pillar was adjacent to a previously goafed panel. At the
north side, a barrier pillar had been left next to the goaf. In
the numerical simulations, which were conducted by use of
the three-dimensional boundary clement program MIN-
LA yz, the following input parameters were
chosen, based on laboratory tests and past modelling
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Fig. 1-Plan of the section that was monitored

experience:
(i) Coal seam: Young's modulus: 3000 MPa

Shear modulus: 1250 MPa
: Young's modulus: 5000 MPa

Poisson's ratio: 0,25
: Modulus: 50 MPa

Bulking factor: 1,4.
An element size of 3 m by 3 m was selected so that a suf-

ficiently large area could be modeled with a grid of 120 by
120 (360 m by 360 m).

In Fig. 4, the vertical stress on the corner elements is pre-
sented for the mining situation as on 22nd February, 1990.
The goaf area of the pillar-extraction line was then 3 to 4
pillars away from the fITstrow of intersections monitored.
No significant difference was calculated between the two
rows monitored. As the stress was calculated in the centre
of each element, the stresses presented were 1,5 m inside
the pillar. The close presence of the goaf at the south side
increased the vertical stress above the first pillars (A and
B). However, the presence of a barrier at the north side
decreased the vertical stress.

The classification of the corners across the width of the
panel as on 22nd February is presented in Fig. 5. This
information has been summarized in Fig. 6, where, for each
set of two intersections (e.g. lA and 2A), the relative distri-
bution between all classes is calculated.

There was a significant deterioration of the pillar corners
from north (G) to south (A). The deterioration was caused
by a variation in the vertical stress, as illustrated in Fig. 7.
For three groups of vertical stress values, the relative distri-
bution between the 8 sidewall classes was calculated. If the
vertical stress calculated was less then 12 MPa, the condi-
tion of the pillar corner would, at worst, be one of moderate

(ii) Strata

(iii) Goaf
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spalling (class 4). However, if the vertical stress was larger
than 14 MPa, half of all the corners recorded would be
characterizedby severespalling(class6).

DETERIORATION DURING PILLAR EXTRACTION

A continuous miner was used to extract the pillars. One
pillar was mined at a time, and one row of pillars across the
panel was extracted before the next row was started. In
each row, the pillar closest to the goaf of the adjacent panel
(south side) was mined first (adjacent to the A intersec-
tions).

Figs. 8 and 9, together with Table 1, illustrate the effect
of successive pillar extraction on the pillar corner condi-
tions. For 8 intersections, the south-east corner is represent-
ed during three mining steps:. Step I: The situation as on 22nd February, when the

working face was still 3 to 4 rows of pillars away (Fig.
1).
Step II: The situation when the workface was at row 1
and intersections lA and IB formed part of the mined-
out area.
Step Ill: The situation when the pillars adjacent
(southwest) to IC and ID had also been extracted.

An analysis of the photographs of the first row of inter-
sections studied shows the following.. Intersection lA : In mining step I, the corner was

characterized by severe spalling (class 6), owing to the
presence of a goaf in the adjacent panel and the high
vertical stresses related to it. The extraction of pillars
in mining steps II and III induced only a small amount
of supplementary spalling.. Intersections IB and IC : The extraction of the pillar
adjacent to IB resulted in a large amount of spalling.

4 JANUARY 1992 Journal of the South African Institute of Mining and Metallurgy



6: SEVERE 7: SEVERE - VERY SEVERE

Fig. 2-Classlficatlon of pillar corner conditions
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Pillar corner Mining step

IT III

lA 6 6 6
IB 2 6 6
IC I 5 6
ID I I 4

2A 2 2 2
2B I I 2
2C 2 2 2
2D 2 2 2
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Fig. 3-Pillar side failure
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Fig. 4-Vertlcal stress calculated on pillar corners (row 1)

across panel width as on 22nd February, 1990

Table I
Pillar conditions for three mining steps (south-east corner)
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Fig. 5-Classiflcatlon of pillar corners as on 22nd February, 1990
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Fig. 6-Relative distribution of sidewall classes across panel width

The extraction of the next pillar (mining step Ill) did
not induce a significant amount of supplementary
spalling at corner lB. However, at corner 1C, spalling
continued during mining step Ill.. Intersection 10 : A deterioration of the pillar corner
condition occurred only during the extraction of the
adjacent pillars (mining step Ill). The approach of the
mined-out area between mining steps I and 11did not
significantly affect the sidewall conditions.

No significant deterioration was noted at the corners of
the second row of pillars (Fig. 9) during mining steps 11and
Ill.

For the three mining steps investigated, the vertical
stresses calculated on the corners analyzed are presented in
Fig. 10. In the three-dimensional model, the remaining
snooks in the mined-out area were incorporated. Their size
was estimated from visual observations, and they were
included in the grid of the model, as illustrated in Fig. 11.

During the period discussed in this paper, no goaf
occurred in the area mined between steps I and Ill.

In mining step I, the vertical stresses were nearly the
same for the two rows studied. However, in mining step 11,
around intersections A and B of the first row, there was a
significant increase of about 8 MPa in the vertical stress.
For intersections C and 0 of the first row, the increase was
about 4 MPa while, at the intersections of the second row,
the vertical stress increased by about 2 MPa. A comparison
between the photographs and the vertical stresses calculat-
ed shows that the increases of 4 MPa in intersection 10 and
of 2 MPa in the second row were not sufficient to cause
deterioration in the pillar corner conditions. However, an
additionalincreaseof 6 MPa during mining step III caused
a significant deterioration at intersection 10.

The change in vertical stress for the second row of
intersections in mining step III was very small, and this
corroborated the visual observation of no change in pillar
corner conditions.

All these calculations assumed a linear elastic model,
which did not allow any failure. However, the aim of these
simulations was not to determine the absolute value of ver-
tical stresses, but rather to use them as a tool for compari-
son purposes. In this case study, a good correlation was
found between the observed sidewall spalling and the
stresses calculated.
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Fig. 8-Condltlons at pillar corners 1A to 10 (southeast corner) for the three mining steps
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Fig. 9-Conditions at pillar corners 2A to 2D (southeast corner) for the three mining steps
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DISCUSSION OF FINDINGS

The aim in the monitoring of the sidewall conditions in a
pillar extraction panel was to learn more about the process
of sidewall fracturing and spalling, with the final aim of
predicting the degree of spalling during future pillar extrac-
tion operations.

The main findings of the study are as follows.
(1) Before the extraction of a panel begins, the conditions

of the pillar corners are related to the vertical stress
values as calculated by a three-dimensional boundary
element program. In this case study, the vertical
stresses close to a mined-out area were higher than the
average stress along a row of pillars, resulting in
increased sidewall spalling. On the other hand, close to
a barrier pillar the stresses were smaller and the pillar
conditions were better.

(2) During pillar extraction, a significant increase in
vertical stress, resulting in the deterioration of the pillar
sidewalls, occurs only during the extraction of nearby
pillars (I to 2 pillars away across the panel). A similar
conclusion was reached for roof movement in
intersections3.

The following comments can be made about the methods
on which these findings were based: classification by visual
observations, and three-dimensional numerical simulations
using a linear model.

(a) Although the classification used is considered to be
subjective, it proved to be a useful tool for comparison
purposes.

(b) The strata behaviour in a pillar-extraction panel is cer-

tainly not linear clastic, but the model provided a
useful and quick means of comparison. This fulfilled
the aim of the study, which was not to determine the
absolute values of the vertical stress but to compare
various situations.

In conclusion, a comparison between the sidewall condi-
tions observed and the vertical stresses calculated showed a
close correlation. In other words, by the simulation of a pil-
lar-extraction panel using a three-dimensional boundary
element program in the linear elastic domain, an indication
can be obtained of the amount of sidewall fracturing that
can be expected. However, side wall fracturing is, deter-
mined not only by vertical stress, but also by blasting dam-
age, structure of the coal seam, and geological discontinu-
ities.
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Presentation to Professor L. Bok
The Chairman of the O.F.S. Branch of the SAIMM, Mr

D.R. Fleming, welcomed Professor Louis Bok, who had
come from Bloemfontein to receive his 50-year medal from
the Institute.

Professor Bok joined the Institute on 28th February,
1940, having been a member of the Chemical, Metallurgical
and Mining Engineers' Society prior to joining the Institute.
His father was a Past President of the Institute in 1944.

Professor Bok started his career at Stellenbosch in 1931,
where he obtained degrees in chemistry and geology. He
continued his studies at Leipzig in Germany until 1938,
where he studied physical chemistry. He spent two years
with the Union Steel Corporation and then moved to Iscor,
where he remained until 1943.

He then returned to the academic world, and taught at the
Universities of the Witwatersrand and Natal, and finally set-
tled at the University of the Orange Free State, where he
spent some 40 years. During his career, he carried out vari-
ous research projects at Imperial College in London and at
the Universities of Boston and Bordeaux.

Professor Bok has now retired but is still involved with

ad hoc work in the Department of Geology at the
University of the Orange Free State.

He is married, with three boys, who are very well quali-
fied.

The Chairman invited Professor Bok to come forward and
receive his medal to mark 50 years' membership of the
South African Institute of Mining and Metallurgy.
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