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Design of Unsupported Rock Pillars in a Room-and-Pillar Underground Structure

by the Tributary Area Method and the Pillar Strength Estimation
Soo-Ho Chang, Chulho Lee, Soon-Wook Choi*, Jinsuk Hur, Jedon Hwang

Abstract Room-and-pillar mining method is one of the most popular underground mining method in the world.
If the room-and-pillar mining method is able to be adopted in civil works, it would be highly probable to reduce
underground construction costs and to expand a underground structure in use. Therefore, this study aims to analyze
the design procedure of unsupported rock pillars which are indispensable to ensure the stability of a room-and-pillar
underground structure. Parametric studies on their key design parameters are also carried out for 125 different kinds
of design conditions. From the study, the width of a rock pillar is found to show a linear relationship with its
corresponding safety factor. The safety factor of a unsupported rock pillar decreased drastically like a negative
exponential function as the ratio of room width to pillar width increases in the same rock strength condition. Based
on the parametric studies, a design chart to simply evaluate the geometric design parameters of a unsupported rock
pillar satisfying a design safety factor is also proposed in this study.
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Fig. 1. An example of the array of panel pillars and barrier pillars in a room-and-pillar mine
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Fig. 2. Concept of a tributary area in an array of pillars and rooms



-

338 AT dF P F40] €

4

AR o5 =S Hislolo} shzv) ofn) ¢
«] 71 & (size effect)Q} FAFA T(shape effect)S
ae3jjoF sit Farmer(1985)+ FAJuta 7} wHASl of
HEEUAE ol meh 2R vy A]
(fracture surface energy)= HBFECH= olUx] BE 7|
dol 2Aste] theel 4 @)~5)9] TS AR 4] (6)
I} o] A7|aVE At o) A AAE AA
skt

SED- V= FE- A ®)
V
SED - i SED - L= FE= constant 3)

74, SED= HE B AU (strain energy density),
Vi AE, FE AR shlEHeIUA), AL sk
of| | A"H &(fracture energy area) 123l L oI A]
o] EAJX]4x(characteristic dimension) F= Zlo]
olct,

AR RO TA7F A 2O o T} o)
How At pgsh 4] (3) 4 @t 2ol
g 4= ek

SED, - L= SED, - I, )
o714, s ARA R AFHS Yehfs ol
Aolw pe A ol 455 dEdle oS

oulghl.

aha] Alo] WP B LEE Tl gelo] Agu} vl
e5t] o] 4 (@) 4] (5) L (6)3} Lo Wake 4=
olct.

af - L= Ui/ - L, )
o L 1/2 174 1/6 Vv 0.17
SIS ©
O71A o, AA| TR G FE, 0,1 N T
WO AJFA FERA Y dEUEE(0)E 9]
gk, Vi Aoz A Lo ulF it
ol AT} Zro] AA| FrO| b FEE A T,
AT Tejg o RS AVl 919 theel A
(T3 e WIS AT S ArHMark, 1999).
= 4 4 W 1 Wp 7
Up— O'SV 0.64+0.5 7 0. SH 7 ( )

P

WA Asae] BAR g A

Measurement of a uniaxial compressive
strength(o,=0;) of roof rock

]

Determination of roof span and support ’

methods

]

Estimation of pillar strength(a,)
by considering size and shape effects

!

Estimation of average pillar stress(a,,,)
based on the tributary area method

I

Calculation of the safety factor(SF) of a pillar

!

Select a proper design safety factor(SFeg;gn)
and solve for pillar width(W,)

—

Yes
‘ End J

Fig. 3. Proposed design procedures for unsupported rock
pillars in a room-and-pillar structure
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Table 1. Depths of Seoul subway stations (ESCO Consultant, 2014)
Construction stage I* stage 2" stage 3 stage
g (Subway Line No. 1~4) (Subway Line No. 5~8) (Subway Line No. 9)
Station depth (m) 7.2 ~29.1 9.9 ~ 56.6 11.6 ~ 36.9

Table 2. Heights of room and pillar with different underground uses (ESCO Consultant, 2014)

Use Residence or office Warehouse

Room and pillar height (#) 3 m

6 m
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Table 3. Regression functions for safety factors of unsupported pillars with different rock strengths

Uniaxial compressive Reeression function Coefficient of determination
strength of rock (o,) & (Rz)
W —0.906
40 MPa SF= 1.166 )
I/[/
»
W\ L
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I/[/
»
W\~ 125
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W —1.364
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w. —1.579
160 MPa SF= 6.445 )
o

24
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20 | Room(pillar) height =6 m

1.8+

2

1.6 4

1.4 -
1.2 4
104

P

0.8
05 WJW,=0.0132 o,

04 (R*=0.99)

0.2

o

W | W when S.F
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Uniaxial compressive strength of rock, o, (MPa)

Fig. 5. Linear relationship between rock strength and the
ratio of room width to pillar width satisfying the
minimum pillar safety factor of 2
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Fig. 6. Simple design chart for unsupported rock pillars with
different rock strengths and pillar geometries
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