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. http://www.en.wikipedia.org/wiki/coal)

/ (Crickmer and Zegeer, 1981)

Brendow, ) /

1 — Conversion
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(2005

.( http://www.en.wikipedia.org/wiki/coal)
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.(Brendow, 2005)

.(Molinda, 2003)

2 — World Bank

1 - Frankfurter allgemeine
2 - Peneumoconiosis
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.( http://www.en.wikipedia.org/wiki/coal)
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1 — Longwall mining method

vAa




.(Unrug et al, 1980)

(Mark et al, 2005)
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1- Coal Mine Roof Rating (CMRR)
2- Coal Measure Classification (CMC)
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1- Longwall mining.
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.(Golosinski,2000)

1- Coal recovery
2- Rock bolt
3- Overburden
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- (Peng, 1986)

.(Peng, 1986)

2- Abutment Pressur
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XoXo
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( Po)

1- Front abutment pressure
2- Side abutment pressure
3- Gob pressure
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(Crickmer and Zegeer, 1981)

(Peng, 1986)

1- Immediate roof
2 - Main roof
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- .(Peng, 1986)

(Peng, 1986)

.(Peng, 1986) ( - )

1 - Caving height
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(Peng,
1986)

(- ) .(Peng, 1986)

(Lp) (LO)

1- First roof weighting

2- First roof weighting interval
3-Periodic roof weighting
4-Periodic roof weighting interval
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(Peng, 1986) - =
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RMR Q

1 — Wickham

2 — Barton

3 - Bieniawski

4 - Rock Mass Rating (RMR )

5 —Djahanguiri

6- Wyoming

7- Rafia

8 —Newman

9- Rock Stracture Rating ( RSR)

a1

Q RMR

.(Canbulat et al, 2002)



. (Canbulat

et al, 2002)

Q RMR

1- Laubscher and Tylor

2- Laubscher

3- Laubscher and Page

4- Kendorski

5- Cummings et al

6- Modified Rock Mass Rating (MRMR), Modified Basic RMR (MBR)
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CMRR

.(Canbulat et al, 2002)

1- Mark
2- Molinda
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.(Peng

(Peng et al, 1985 )

.(Bieniawski, 1997 )

(Bieniawski, 1997 )

1 - Proyavkin

2 — Roof Quality Index (RQI)

3 - Unstable immediate roof

4 - Medium stable immediate roof
5 - Stable immediate roof
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(Peng et al, 1992)




(Peng, 1984 ) Peng - =



(Peng etal., 1992)

1 - Proyavkin
2 - Donetz
3 — Overhang
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(Hongzhu, 1996) - -

.( Hongzho, 1996)
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.(Hongzho, 1996)
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(Hongzho, 1996)
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- : (RQI)

L=0.016xCg xd

1 - Hongzhu, Z

2— Rock Quality Index (RQI)
3 - Unrug

4 - Szwilski
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(Unrug et al, 1980)
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.(Unrug et al, 1980) - -

L
> - A
- > B
L (RQI)
.(Unrug et al, 1980)
L=0.0064.C"" K; K, K3 (-)
'( Unrug and Szwilski, 1980)
0.4
R=4.47.L (-)
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S=ShL (-)

(Unrug et al, 1980) - -
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p_ Hxr (-)
0.222-0.0109xr
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(CMRR)

RQD RMR ,Q

2- Coal Mine Roof Rating (CMRR)
3- Mark
4- Molinda
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.(Mark et al,

2005)

! “Buddery and Oldroyd

’. Damberger et al

3- Ealy et al

‘. Hylbert

5. Karmis and Kane

6. Kester and Chugh

7. Martin et al

¥ Milici et al

- Miler

10_Moebs and Ferm

'~ Moebs and Stacham

12_ Newman and Bieniawski
13 _ Schaffer

4 _Sinha and Venkateswarlu
15 _ Venkateswarlu et al

1 _ Stingelin et al



(CMRR)

CMRR

' Zhou et al
7 - Longwall pillar desin



CMRR

(ALPS)

RMR

.(Mark and Molinda, 2005)

CMRR

CMRR

1- Analysis of Longwall Pillar Stability (ALPS)
1- Uniaxial Compressive Strength (UCS)

2- Discontinity intensity

3- Shear strength of discontinity

4- Moisture sensivity
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CMRR

RMR

CMRR

CMRR



RMR

5- Strong bed

CMRR

CMRR



(ISRM)

(CMRR)

(CMRR)
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(CMRR)
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.(Mark and Molinda, 2005)
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Place change mining -'
2-Ball pin hammer
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.(Anderson et al, 1979)

1- Coal Measure Classification (CMC)
2- cyclothem

3- Bedding

4- Lamination planes

5- Shaleyness

6 -Anisotropy
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.(Whittles et al, 2006)

.(Whittles et al, 2002)



(Whittles, 1999)

1- Discrete values
2- Continuosly varying values
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'(Canbulat & Dlokweni, 2002)

1- Analytical methods

2- Geological methods

3 -Observational methods
4-Empirical methods
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1 - core drilling
2- geological mapping
3 - roof fall mapping

VEY



( )

( ) ( ) (minesafe. Org, 2005)

(Canbulat and Dlokweni,

2002)

"_Vutukuri

2 Bieniawski
3 _ Kirkaldi
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1-Whittles et al
2- Conceptual models
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1-Rusnak. and Mark
2-Das
3-Vandermerow
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(RQD)

OCRS!
2000

(UCS)

CMRR
2005

{(UCS)

CMC
2007

(RQD) (UCS)

4-Observations and classification of roof strata behaviour over longwall coal mining in

India
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(UCS)

(PLT)

1- Uniaxial Comprsive Strengh (UCS)
2- Point Load Test (PLT)
3~ Schmidt hammer

Vo)



(Buyuksagis et al, 2007)

(Katz et al, 2000)

( )

(Amaral et al, 1999)
( )

'_Katz

2. Amaral

3 - Lisbon

*. Yilmaz and Sendir

5- Sivas
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(Yilmaz et al, 2002)
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.(Brown, 1981 ISRM)

) —
N.m Kg.m Lb.ft
/ / / N
L / / / NR
/ / / L
L / / / LR
/ / / LB
/ / / P
MPa
P
/ / / PT
/ MPa

Yoy




(Brown, 1981) ISRM

(Yilmaz, cm

( ) NX Sender, 2002).

(ISRM, 1981) .
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(Basu et al, 2004)

R (Correcied)

15 20 25 30 35 40 45 50 55 e0 &5 70 75 O
R =Foijlilone L £35S

(Basu et al , 2004)

(Buyuksagis et al, 2007)

1- Anvil
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.(Buyuksagis and Goktan, 2007)

ISRM

sample

.(Goktan et al, 1993)
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(Kidybinski, 1979)

(Peng et al, 1987)
(Peng et al, 1983) -
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(Peng, 1984)

!¢ _ Tensile strength
"7_ Kidybinski



(Papp, 1998) ( )

"8_ Direct pull test
19_ Brazilian test



— 2 PPeak

7xDxt

(Galvez et al, 1997)
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— Equivalent core

f 03W <D< W
i—-—w“

Iy
(ISRM, 1985) - L (s0)
L5 50y = F L (-)
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- |B (-)
50
.(Vutukuri et al, 1937)
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(Vutukuri et L5 (s0)

al, 1937)
.(Reichmuth, 1968)

I, | T | F | I, |D. D/’ P(KN) | D(mm) | W(mm)
(50) (mm) | (mm)’

/ / / / - -
/ / / / /
/ / / / /
/ / / / / - -
/ / / / /
/ / / / /
/ / / / / - -
/ / / / / - -
/ / / / / /

/ / / /

/ / / / / /
/ / / / / - -
/ / / / / - -
/ / / / / - -
/ / / / / /

1-Reichmuth
2-Relative brittleness
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122 _ Slake Durability Test (SDT)
123 _ Franklin
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SLD=10.44N+11.85 (-)

N SLD
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1- Bedding Spacing
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.(Hoek et al, 1980)

(Peng, 1984).

(Papp, 1998) - -

ARY



.(Seedsman, 2000 )

.(Seedsman, 2000)

(ISRM, 1981)

(ISRM, 1981)

127 _ Voissior beam theory
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.(Amadei, 1996)
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(Seedsman, 2000)
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(Votukori, 1978)

(Friedman, 1964)

1- Friedman
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1- Face
2- Slabbing
3- Oblige
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(Barton & Choubey, 1977)
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.(Barton and Bandis, 1990)

(JCS)

135 _ Joint Roughness Cofficient (JRC)
2- Joint Copressive Strength

3- Residual Friction Angle

4- Basic Friction Angel

Yo

- JRC

JCS

:(Choubey, 1977
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(JCS)

.(Haramy and DeMarco, 1985)
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(RMR)

( Wickham, Tiedeman, Skiner)

(CMRR)

- (Whittles et al, 2006) (CMC)

1- Scan Line

2- Rock Structure Rating ( RSR)

3- Coal Mine Roof Rating (CMRR)

4- Coal Measure Classification (CMC)
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.(URL: http//www. Minesafe. Org/underground/ strata, 2005)
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% of total per 1.0 % area
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6.00~ 0.00 %
9.00 ~12.00 %
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16.00 ~ 12.00 %
18.00 ~ 21.00 %
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Number of Foles

1 pole
2 poles

Equal Angle
Lower Hemisphere
32 Foles
32 Entries
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% of total per 1.0 % area

000~ 3.00 %
300~ 6.00 %
6.00~ 9.00 %
0.00~12.00 %
12.00 ~ 15.00 %
16.00 ~ 18.00 %
18.00 = 21.00 %
21.00 ~24.00 %
24.00~27.00 %
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o 1 pole
A 2 poles
Equal Angle
Lower Hemisphere
32 Poles
32 Entries
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% of total per 1.0 % area

0.00 ~ 2.00 %
300~ 6.00%
5.00~ 0.00 %
0.00 ~ 12.00 %
12.00 ~ 15.00 %
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18.00 = 21.00 %
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000~ 400 %
400~ 200 %
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16.00 ~ 20,00 %
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24.00 ~ 2500 %
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% of total per 1.0 % area
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260~ 500 %
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A5.00 ~ 17 50 %
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20,00 ~ 22 50 %
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Number of Poles

a 1 pole
4 7 poles
Egual Angle
Lower Hemisphere
34 Poles
34 Entries

Concentrations
% of total per 1.0 % area

0.00~ 250 %

250~ 500 %

500~ 7.50 %

T.50 ~ 10.00 %
10.00 ~ 12.50 %
12.50 ~ 15.00 %
15.00 ~ 17 50 %
A7.50 ~ 2000 %
20.00 ~ 22.50 %
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Mo Bias Carrection
Max. Cone. 2. 1695%
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Humber of Poles Concantrations
% of total per 1.0 % area
o 1pole
a 2 poles - 0.00~ 3.00%
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600~ 0.00 %
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12,00~ 15.00 %
15.00 ~ 18.00 %
1800 ~ 2100 %
21.00 ~ 24.00 %
2400 ~ 27.00 %
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Max. Cone. = 27 2753%
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Abstract

Roof falls continue to be one of the greatest hazards faced by underground coal
miners. For preventing unpredictable hazards and losses due to roof falls, assessment
of roof rock behaviour in coal mines plays an essential role in ground control issue.
However, based on the intensive reserchs in this area, various parameters influence
the roof rock behaviour of the stratified rock mass. To identify the parameters that had
the greatest degree of influence on the deformation of the stratified rock mass, In this
research, using the experience of many geologist and mining engineers that have been
worked for many years in East Albors coal mines six independent parameters were
identified as being of the most influential on the processes of strata deformation which
were namely; the unconfined compressive strength of the intact rock, the tensile
strength, the bedding thickness characteristics, the joint properties, joint orientation
and how sensitive the rock type was to changes in moisture content. From above
mentioned parameters one of them, which is extremely important to coal mine ground
control, is moisture sensitivity. Because many coal seams have immediate roofs with
moisture sensitivity and weak shale compositions. Presence of moisture sensitivity
mud rocks can cause ground control problems. They can severely damage the roof by
reducing rock strength, and generating swelling pressures. Therefore, in roof rock
assessment, moisture sensitivity is the factor, which must be assessed carefully and
with high accuracy. Although slake durability test (SDT) has been widely used to
evaluate moisture sensitivity of mud rocks, this method is a laboratory test and is a
time consuming method. Furthermore in this method, rock samples must be carefully
wrapped to maintain in situ moisture content. Therefore, determination of an index
that can easily measure this parameter in situ and with high accuracy has great
importance. Immersion test is a simple method which can easily determine this index.
In this research, to compare the slake durability and immersion test and establish the
relationship between the two tests, rock samples were collected from various mines of
East Alborz coalfield. These samples tested with two methods. According to these

analyses, a high correlation was found between the two tests.
Keywords: coal mine, roof rock classification, ground control, long wall mining, East

Albors coal field
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