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1 Introduction 

The extraction of minerals or ores is performed by mining methods, which have to con-
sider geological, ecological, economical and safety aspects (Duchow & Schilder, 1985). 
For tabular deposits often room and pillar or longwall mining methods are applied. Room 
and pillar mining is applied to minimize surface subsidence and damage of the overlying 
strata, but is connected with mining losses. Pillars are the stabilizing elements inside the 
room and pillar mining scheme. Therefore, dimensioning if pillars in conjunction with roof 
stability of chambers are the key issues from the geomechanical point of view. Classical 
mining technologies applied in salt and potash mining incl. different types of room and 
pillar mining are described already in detail by Gimm (1968).  

2 Basic considerations 

Stability and safety of pillars can be defined by the ratio between actual pillar load and 
pillar strength: 
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where: 
 
ůG  Pillar limit load capacity 
ůL  Actual pillar load 
 
The actual pillar load given by Eq. 2.1 has to be calculated according to the actual mining 
layout. The contributory area loading concept illustrated in Fig. 2.1 has to be applied to 
define the actual pillar load. The actual pillar load of horizontal tabular deposits is driven 
by the weight of the overlying rock mass according to the following formulae: 
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where: 

r - Rock mass density of overlying strata 
g - Gravitational constant 
H - Thickness of overlying rock mass strata  
ASys - Contributing loading area (system area) 
APf - Pillar cross-sectional area 
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Fig. 2.1: Schematic representation of contributory area loading concept 

Depending on the specific geometry of the room and pillar systems the following calcula-
tions schemes can be applied: 
 

Á Long rooms and rib pillars: 
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Á Quadratic pillars: 

 
2

2 1

2
K

L

a b
p L p p

a V
s

+å õ
= = Ö = Öæ ö
ç ÷

        (2.4) 

 
Á Rectangular pillars (most general case): 
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where: 

p  vertical in-situ stress at depth 
2a  pillar width 
2b  pillar length 
bK  chamber width 
bD  crosscut thickness 
L  load factor 
V  mining losses 
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Slenderness and cross-sectional area, respectively, have important influence on strength 
and deformability of the pillars and the whole system. Under pure elastic conditions a 
pillar is generally characterized by a nearly 2-dimensional stress state at the boundary 
and increasing third stress component with ongoing distance from the boundary towards 
the pillar core as illustrated in Fig. 2.2.  Therefore, larger cross-sectional areas of pillars 
allow stronger development of triaxial stress states, which leads to higher limit load levels. 
Consequently, compact pillars have higher strength than slender ones as Fig. 2.3 shows 
for 2 types of rock. 
 

 

Fig. 2.2: Illustration of stress state inside a pillar (diagram shows failure envelope and corresponding 

stress states at different locations inside the pillar). 

 

Fig. 2.3: Limit strength of quadratic salt and carnallitic pillars in dependence on slenderness (= ratio 

between height and thickness of pillar) (Uhlenbecker 1968). 
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3 Application in coal and hard rock mining 

 Classical empirical approaches 

Classical solutions for pillar dimensioning are based on empirical findings considering 
shape and size of pillars, the contributory area loading concept as well as strength of rock 
mass. The following formulas, most of them are developed for coal mining, involve several 
of these parameters. Formula according to Hardy & Agapito (1977) deduced from oil 
shale mining and considering volume and slenderness of quadratic pillars as well as scale 
effect for material strength: 
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where: 
 
ůG  Pillar limit load capacity 
UCS  Uniaxial compressive strength of lab sample 
VS  Volume lab sample 
VP  Volume of pillar 
WS  Diameter of lab sample 
WP  Edge length of quadratic pillar 
HS  Height of lab sample 
HP  Height of pillar 

 

Another relation was deduced by Bieniawski (1983) for coal mining: 
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where: 
 
ůG  Pillar limit load capacity [MPa] 
UCS  Uniaxial compressive strength of cubic lab sample with 0.9 m edge length 

(MPa) 
WP  Width of pillar 
HP  Height of pillar 
 
Obert and Duvall (1967) have deduced a similar expression based on experience ob-
tained from coal mining in North America: 
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Salomon & Munro (1967) have deduced a relation valid for coal mining in South Africa: 
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ůG  Pillar limit load capacity [MPa] 
UCS  Uniaxial compressive strength of rock mass in-situ [MPa], deduced from 

Hoek-Brown-failure criterion and rock mass classification 
WP  Width of pillar 
HP  Height of pillar 
 
According to generalized experience from stone mines in the US the following relation 
was deduced (Esterhuizen et al. 2008): 
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Fig. 3.1.1 documents how slenderness influences the FOS. To take into account the in-
fluence of discontinuities (weak elements) special reduction factors are introduced con-
sidering dip and frequency of these discontinuities (see Fig. 3.1.2). According to Ester-
huizen et al. (2008) pillars should be designed with FOS values equal or larger than 1.8 
to guarantee long term stability. 
 
Fig. 3.1.3 illustrates the load level of pillars as a function of the width to height ratio of the 
pillars as currently applied in stone mines in the US. The corresponding distribution of 
roof spans is shown in Fig. 3.1.5. 
 
Fig. 3.1.4 shows the pillar strength to UCS ratio for pillars with different width-to-height 
ratios. 
 
Fig. 3.1.6 documents the increase in strength caused by larger length-to-width ratios.  
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Fig. 3.1.1: FOS as function of slenderness (Esterhuizen et al. 2008) 

 

Fig. 3.1.2: Pillar strength reduction due to large discontinuities (Esterhuizen et al. 2008) 
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Fig. 3.1.3: Pillar performance based on survey of 34 underground stone mines (Esterhuizen et al. 2011) 

 

Fig. 3.1.4: Pillar strength to UCS ratio versus width-to-height ratio (Esterhuizen et al. 2011) 



Geomechanical issues in room and pillar mining 

Only for private and internal use!   Updated: 12 July 2023 

page 9 of 28 

Fig. 3.1.5: Distribution of roof span dimensions measured at 34 underground stone mines (Esterhuizen et 

al. 2011) 

 

Fig. 3.1.5: Strength increase due to large length-to-width rations  (Esterhuizen et al. 2011) 






































