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Foreword

Dr. Cemal Birdn, Chairman of the Department of Mining Engineer-
ing, Istanbul Technical University, and a Visiting Professor of the De-
partment of Mining and Minerals Engineering, Virginia Poiytechnic
Institute and State University, during the 1980-1981 academic year,
has taught three courses for undergraduate and graduate students
entitled “Principles of Rock Mechanics,” “Introduction to Mining
Engineering,” and “Coal Mine Ground Control.” The notes and
handouts of the last course have been incorporated in this book. The
miring literature contains treatises on rock mechanics ard several on
rmine supports, but a need has been identified in the area conceming
the design and calculation of the actual dimeasions of mining sup-
ports. The resulting book by Dr. Birdn and Dr. Anoglu meets this
need well by reinforcement with numerical examples for a variety of
roofsupport systems. This substantial contiibution may be used as
a textbook for students in mining and mineral engineering and a
resource and reference book for practicing and professional mining
engineers for their working libraries.

It is my pleasure to endorse this creative effort, which makes a
substantial contribution to the literature of mining engineering by
being a useful, appli~d treatment of this important area.

J. RicHarD Lucas
Head, Department of Mining and Minerils Engineering
Virginia Polytechnic [nstirute and Stare University
Blacksburg, Virginia
December 1982






Pretace

The course “Coal Mine Ground Control” induced us to write Design
of Supports in Mines. It was written to give the “design concept” to
mining students. Chapters cover wood supports, gallery steel arches,
roof bolts, st2el longwall supports, concrete supports, and stowing as
a support. Each chapter describes the physical, mechanical, and engi-
neering properties of the materials used, such as wood, steel, con-
crete, and stowing. The pressures involved in galleries, longwalls, and
so on are calculated using practical formulas. The designs of gallery
wooden sets, stee! arches, roof bolts, props-and-caps, powered
supports, shotcrete, concrete shaft lining, hydraulic filling, and the
like are given as numerical examples with actual dimeasions.

CemaL Biron
ErciN ArRIOGLU

Istanbul, Turkey
January 1983
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Design of
Supports in Mines






Introduction

The design of supports in mines is a basic requisition for the mining
engineer—the first step toward effective roof control. The elements
of the design procedures are quite invoived so only the high points
are cousidered in this book.

Wood supports, although outdated in some countries, are stiil a
basic support material for many areas where steel cannot be usad.
The strength of mine timber is studied under tenstle, crushing, bend-
ing, and shear stress conditions and approximate engineering data
given. Then, pressure acting on wooden gallery sets are longwall sup-
ports are evaluated. The design of wooden gallery and longwall set
elements such as caps, posts, wedges, and auxilliary supports, are
calculated. Emphasis is on the economical factors, that is, designing
with the least amount of material.

Steel has now taken the place of wood in many mines. The engi-
neering characteristics of steel such as stresses, hardness, mode of
failure, moment of inertia, ranking ratio and design procedure of
rigid arches, art:culated (Moll) arches, and yielding arches are con-
sidered. Special emphasis is given to roofl bolting and the design of
roof bolts of various types.

Stee! longwall supports, such as {riction props and hydraulic props,
are discussed in detail and speciaf emphasis is given to powered sup-
ports and their design, including several European practices.

The engineering characteristics of concrete support (especially
shotcreting) are studied in depth, and the design of shaft and gallery
lining is given. ' .

The last support system discussed is stowing. Hydraulic stowing,
which is coming into more effective use, is dealt with in detail and
the required design data are concisely set out.






CHAPTER 1

Wooden
Supports

1.1 STATUS OF WOOD SUPPORTS IN MINES

Wood (timber) was the most important material for support in min-
ing operations until the end of the second world war. Since then stezl
has become the primary material used for mine supports. The reason
for considering wood as a support material is that it is still in use in
small-scale coal and metal mines.

Timber is a light-weight material, easily transported and easily
manipulated in supporting systems. Oak wood has a density of 0.73
g/em? and a bending strength of 1200 kgfcm?. Itis 11 times lighter
but 2 times weaker than steel. This makes timber an economical ma-
terial when used in ‘‘short-lifetime” supports.

Wood has both advantages and disadvantages when used in mines.
Although their importance is reduced, it is still sought in many min-
ing operations sug port systems. The advantages are as follows:

1. It is Ught, easily carried, cut, manipulated, and put in the
form of a rnine support.

2. It breaks along definite fibrous structutes, giving visual and
audible signs before it fails completely. This has given wood a
psychological advantage for miners over steel.

3. Broken pieces can be revsed for wedges, fillings, and so on.

The disadvantages are as follows:

1. The mechanical strengths (bending, tensional, buckling, shetr,
comprassion) are dependent on fibrous structures and natural
defects occurring within the wood.

3



4 WOODEN SUPPORTS

2. Humidity has a very pronounced effect on the strength.

3. Many fungi, living in humid conditions, affect the timber,
considerably diminishing its strength.

4. Timber is an easily combustible material, and fires may spre._d
quickly in supports and product poisonous gases.

1.2 ENGINEERING CHARACTERISTICS OF MINE TIMBER
1.2.1  Fibrous Structure

Wood is composed of about 45-50% cellulose, 20-25% lignin, 5%
pectin, and 20% other materials [1, p. '56]. Cellulose is a polysac-
. charide forming the walls of wood cells. These cells are called fivers.
- Lignin is the cementing substarice i in wood. It.isa three-dunensxonal
_polymer. of phenylprophane units.- Pectin is starchy Jeily material
" that binds cell walls and is highly suscepnble to swelh.ng and shrink-
ing as a result of exposure to water [2, p. 315].
The structure of the wood is shown in Flg. 1.1. Thc "lwmg cells
- form a thin layer on the outside just beneath the. bark of. the tree.
From year to year this layer dies off and forms “layers of age,” the
“hard” part of the wood, the essential section of the timber. - .. .

1.2.2 Factors Affecting Wood

Water, Water is the most mlportant component in tunber About
25% of the water content is in the living cell, with the remaining 75%
in the voids of fibers. A newly cut tree contains 35-50% water. The
loss of water in the voids is due to temperature and relative humidity
- of the environment. At normal conditions (20°C and 80% relative

Figure 1.1 Macroscopic structure of woed.
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Flgure 1.2 Effect of environment on the water content of wood.

humidity), the water content is about 20%. Any wood having less
than this amount of water is considered dry, while wood having more

tha1 30% water is considered wet. The effect of environment is seen
in Fig. 1.2 (2, p- 317].

Defects of Timber, ‘As a natural material, wood has many defects
caused by growing conditions. Knots, the bases of tree branches, af-
fect bending strength, In addition, growth rings may not be concen-
tric owing to wind and sun conditions, and the drying conditions may
form cracks. These defects are illustrated in Fig. 1.3 12, p. 319].

1.2.3 Strength of Timber

Mine timber is subject to bending, compression, buckling, and shear.
The strength of timber under these conditions and the factors affect-
ing such strengths are given in the following sections.

Tensile Srréngrh. Wood's greatest strength is tensile strength, espe-
cially parallel to the fibrous structure. The tensile strengths of some
materials are shown in Table 1.1 {1, p. 323].
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. Knoteh Unconcentric layers Fiber inclir ation

Outside crack lngide crack

Figure 1.3 Natural structural defects of wood.

Table 1.1 Tensile Strengths of Some Materials®

Tensile Strength
Material (kg/em?)

Steel wire, max 32,000
Iron wire, hard drawn 5500-8400
Steel, building 5200-6200
Copper wire, hard drawn 4200-4%00
Rayon, acetat= 10,000
Silk - 3500
Cotton 2800-8000
Hemp 8800-9000
Coniferous woods 500-1500
Broad-leaved woods ' 200-2600
Bamboo 1000-2300

9%ee reference 1.

The tensile strength of wood paralle] to the grain* is ex tremely high
and may reach, for some species in air<dried conditions (u=12%),
a maximum of 3000 kg/cm*. Many factors affect such values. The
values of Jayne [4], for several wood species for early and late wood

*"(rain’ and “fiber” are used interchangeably in referring to the fibrous struec-
ture of wood. '
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Table 1.2 Average Tensile Strength of Wood Fibers?

Earlywood Fibers Latewood Fibers
Wood Species {(kg/em?) (kg/fem?)
Redwood 4850 9140
Sitka spruce 8230 9070
Slash pine 3300 6470
Douglas fir 3590 9980
White fir 5130 7310
Red cedar 3340 4780
White pine 4220 4640

9See references 4 and 1,

{ibers are given in Table 1.2 (I, p. 322). Unfortunately, this high
tensile strength cannot be utilized in construction for several reasons.

The relationship of loading direction to the grain angle has a pro-
nounced effect on tensile strength, Baumann has studied the varia-
tions for sorne woods for tensile, bending, and compression strengths,
and the deviations are shown in Fig. 1.4 {1, p. 326].

Density has a positive relation to tensile strength, as shown on
Finnish pine (Fig. 1.5) [1, p. 3271.

On the contrary, moisture decreases tensile strength. Many investi-
gators have pointed out that, from a 10% moisture content to the

100 —

80

A W O
\\

Sirangth {%)

o \\
E
OO' 15° an° 45" [10n

Anygle between specimen axis and grain direction
Figure 1.4 Relation between tensile strength 2nd grain direction (1],
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fiber saturation point, there is a linear decrease of tensile strength, as
shown in Fig. 1.6. According to the U.S. Forest Products Laboratory,
an increase in- moisture content of 1% lowers the tensile strength
along the grain about 3%. According to many investigators, the peak
tensile strength i found when the moisture content is between 8 and
10% (1, p. 327].

Knots and crotches also reduce the strength of wood, as the grain
is distorted in passing around them; the fibers of knots are nearly at
a right angle to the fibers of the wood.

Crushing Strength. The maximum crushing strergth plays an impor-
tant role in the utilization of wood. For air-dry woods the maximum
crushing strength parallel to the grain reaches, on the average, only
about 50% of the tensile strength along the grain. The different be-
havior of wood in compression and tension may be explained by its



ENGINEERING CHARACTERISTICS OF MINE TIMBER 9

1800 < , , T
' ~ | According to W. Kuth
~
1600 Z’Z/Z/W (pine heartwood]

- ?// P L According tv R. Schiyter

& /// / \\and G. Winberg

S o0 | — LA N

2’ 4 7/ ;’// [\

- % / \\ Fiber

S 1200 7 / £ —t saturation

= oo & k

‘é&. _ - /r//’ \\ point \

v S w0

E - 19" 0.562

2 NS

z St =@,

E ol =]
]
i

630 .
4] 4 B 12 16 20 24 28

Moisture content {%)
Figure 1.6 Relation between tensile strength ind moisture content [1].

fibrous structure. The tightly wedged and cemented fibers sustain
very high tensile stresses; in compression, probably an early buckling
of individual fibers occurs, starting failure (1, p. 335].

The effect of loading angle and grain direction is more pronounced
in crushing strergth than with tensile strengtll. Kollmann’s (5] inves-
tigations on pine and heech woods, are seen in Fig. 1.7 and 1.8 1,
p. 341-342].

1200

N

. ou=0%
hE o= 15%
2 goo s u=275 28.3%=F5SP
g o au* 100%
£
g 600
¥
= )
g N,
S
200::‘\\ R
|
\\-

o 10° 20° 30° 4n° 50 s0° 707 B0 :lng
) Angle of grain 1o direction of loading
Figure 1.7 Relation between crushing strength of pine wood and angle of grain 1, 5).
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The compressive strength of wood along the grain increases with
density, not only for single species but also for the total range of
densities of all species. Fig. 1.9 illustrates this for oven-dry, air-dry
and water-saturated conditions [ 1, p. 345].

2500

! 1

2000 W

Oven dry
{u= 0%}

/
1500 / =

Air dry
o o= 10%)

1000 . .

Crushing strength ¢, {kp/em? |

/
_//
500 — —
Water saturciad
Wt
0 0.2 0.4 0.6 0.8 1.0 1.2 14 1.5

Spacific gravity
Figure 1.9 Relation between crushing strength and specific gravity at different water con-
teaes {1].
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Moisture content is the most important factor in the crushing
strength of wood. As water is deposited between the micelles, it
causes reduction of the intercellar attractive forces, and therefore co-
hesion. This effect is seen in the investigations of Kollmann {5] illus-
trated in Fig, 1.10 (1, p. 348]. After moisture content reaches about
18%, the strength does not differ much, being reduced to about half
of that under dry cor.ditions. '

The investigations of Dixon and Hogan [6] at the S.M.R.S agree
well with these findings, as seen in Fig. 1.11. After a moisture ievel of

Crushing strength (kg/«m?)
w
8

o a
a o -
200 p— a [+] O
n
100 [—
0 I | | | L
o] 10 it} 30 40 50 a0

Mgisture content (%)
Figure 1.11 Effect of moisture on the crushing strength of wood [6].
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20% is reached, the crushing strength falls frem 500 kg/cm? to about

- 250 kg/cm? and does not decrease any more. The recent investiga-
tions of Saxena and Singh [7] 2t the Central Mining Research Center
of India also indicate the prominent effect of moisture in decrea<ing
the crushing strength in wood (2, 12]. As seen in Figs. 1.11 and 1.12
the load bearing capacity of wooden props fails significantly with in-
creasing moisture content. After 15% moisture the effect becomes
unimportant.

The effect of knots and crotches on crushing strength is not as
great as on tensile strength, nevertheless, this problem should not be
underestimated [ 1, p. 353].

Tc,lhu.lv‘\
Buckling Strength.  Buckling strength is measured parallel to the
fibers, on the axis of the timber. If the ratio of length to diameter is
- less than [I, the crushing strength in compression is utilized (1, p.
414]. According to investigators, the buckling strength of wood
(2, p. 329]) depends on the following:

2
a=£i-,£ for A > 100 (1.1)
g=a.(1-ar+b\)  for A< 100 (1.2)

LA YT
where X = slenderness ratio = 4//d
£ = elasticity modulus of timber

400

Load bearing capacity (kgicm?)
]
Pad
L]

0 5 10 15 20
Maisture (%)
Figur: 112 Moisture versus load bearing capacity of wood {7].
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o = buckling strength of timber
0. = crushing strength of timber
a. b = quality constants of timber; for regular mine timbera =0,
b=12
= length of timber
d = diameter of timber

Table 1.3 gives the buckling strength for regular mine timbers.

Saxena and Singh [7] give the following buckling strength forrmula
and values that resulted from many mine timber tests conducted in
India. See Fig. 1.14 {7, p. 12].

P=472- 1.5h/{d (1.3)

where P = load bearing capacity of prop in tonnes
h = height of the prop, in millimeters
d = average diameter of the prop, in millimeters

Bending Strength (Modulus of Rupture). Horizontal timbers are
subiect to ecanditions of bending stress where the upper fibers are
under compression and the lower fibers under tension. The neutral



Table 1.3 Buckling Strength of Mine Timber?

Buckling Water
Diameter Length Slendemess Strength Density Content
[d(cm)] [{(m)] A=4ld (kgfem®)  (g/em?) (%)

16.1 1.00 24.8 284.0 9.560 203
13.2 "1.00 303 3843 0.616 21.5
12.7 1.20 37.8 322.1 0.637 19.4
12.5 1.20 38:4 2217 0.555 23.2
14.2 1.50 423 280.7 0.636 21.9
16.5 1.50 36.4 2070 0.585 243
16.5 1.80 43.7 175.2 0.670 25.7
16.0 1.80 45.0 2713 0630 - 222
13.5 .00 59.0 214.5 0.638 213
16.1 200 49.0 233.9 0.664 243

YSee reference 2.

P = Load bearing capacity {1onne]

35
Asd = lieight diamater ratio
Figure 1,14 Load bearing capacity of a mine prop [7].
Table 1.4 Load Beaying Capacity of Props’
Height-diameter ratio (k/d) 5 10 15 20 25

Load bearing capacity (tonnes}  39.7 322 24.7 17.2 9.7

9gee reference 7.

14
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Flgure 1.15 Position of neutral axis of bending |1, 8].

axis lies closer to the side of tension than to compression because the
tensile strength is much greater than its compressive strength, as illus-
trated in Fig, .1.15[8;1, p. 3611.

The.modulus of rupture is measured by loading on the center of a
beam as shown in Fig. 1.16 {2, p. 330]. On loading, the deflection is
measured and plotted as illustrated. There are several zones of de-
formations. The first is the elastic zone where load and deflection are
proportional. In the second zone this relationship continues, although
less in degree, Finally, at the peak load of Py, the outermost fiber
breaks. The breaking is not sudden but stretches from fiber to {iber,
as shown in the lower filustration. Thic essential behavior of timber
gives visual and audio indication of breuking while still carrying some
load and giving enough time to change the support in the mines. The
psychological effect on miners should be evaluated.
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_The bending strength or modulus of rupture is calculated as
. follows:

0, =MF:}"‘ (1.4)
Muux =P"T (1.5
w=-b;i (1.6)

where ¢, = bending sirength (modulus of rupture)
M. = maximum bending movement
P, '= breaking load
! = span, length of beam

W = section modulus

b = breadth of beam

h = height of beam

[ = deflection

A = work done by deflection

The work done by deflection can be measured by the area under
the curve or by A {(shaded area, Fig. 1.16) as follows: '

A=def (1.8)

The maximum work done by the load making deflection is Pg fomax -
The ratio n of the work to the maximum work is the “factor of com-
pleteness” and is a measure of the quality of the wood {1, p. 365].

A shaded area
= = 1.9
Pefoee . Prfon (-2

The value of n is about 0.7 but may fall to 0.5 owing to natural de-
fects such as knots and crotches.

The direction or orientation of the fiber in relation to the load af-
fects the bending stress as well. The work of Winter [9] for ashwood
in Fig. 1.17 shows tencile, bending, and crushing strengths. The
crushing strength is least affected by the fiber direction (1, p. 366].

n
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Figure 1.16 Wood ir. bending test and breaking forms [2}.

The effects of moisture and temperature, linear decrease [1, p.
369], are shown in Fig. 1.18 [10).

The effects of knots and crotches are given in the work of Siimes
(111 on the woods at Finland. Knots reduce the modulus of rupture
of wood considerably if they are located in the tension zone near the
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800, | T 11 i
South Finland Scm * 10 cm 729 samples
700 M South Finland 5cm + 15 eM wum o—e o= 503 samples |
1 North Finland § em * 10 OMe —eee e ew 158 samples
\l‘ North Finland 5¢m + 15 ¢Me— — e 137 samples
o 600 b
g AR
£ so0 AN
x AN
3 S
B N
& N
300
g a8
° %m
us3 00 RN <, .
\“ %5-——. ,.__‘.
100 P, [
i el
0 l
4] 1.28 2.50 3.15 5.00 6.25

Diamater of largest knot {cm)

Figure 1.19 Effect of the diaineter of knots on the bending strength of wood (1, 11 ] .

critical cross section [1, p. 373]. The diameter of the knots reduces
the Lending strength considerably. Figure 1.19 clearly indicates this
effect

Duration of stresses (fatigue) is progressive in its effect on wood.
According to the work of Graf [12], as shown in Fig. 1.20, the load
bearing capacity of wood falls to 60% after 10-20 days [1, p. 376].

T 100 i
T _
L e
53 @ -
p-4 1 - ]
% -] * v -]
D =
3% 60 3 °° = o
v
20 .
== 4 T Sampl without knots near to the position of failure 7]
EF » Samples with knats
L 70
L€
g =
- L]
Be O
] 0 10 20 Kle] 40 50 60 10 BO 0

Curation of load until failure |4

Figure 1.20 Effect of duration of foad on bending strength of wood 1, 12].
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Shear Strengrh. The ultimate shearing strength of wood is remark-
ab’y lower than the torsional strength. According to the Wood Hand-
book [13, p. 82], for solid wood members, the allowable ultimate
" torsion shear may be taken as the shear stress parallel to the grain,
and two-thirds of this value may be used as the allowable torsional
shear stress at the proportional limit. The shearing stress perpendicu-
lar to the grain, is about three to four times higher than that parallel
toorain Il n 4147,
Newlin and Wilson [ 14] found a paraboliz function between shear-
ing strength 7, and density R, where weight is oven dry based on
green volume as follows:

7. = AR? (1.10)
where 7, = shearing strength, in kilograms per square centimeter
R =density (volume oven dry divided by green volume), in
grams per cubic centimeter
A = tangenti: | parallel to grain conditions:
193 green
281 air dry (u = 12%)
radial pacallel to grain conditions:
179 green
255 air dry (u = 12%j)

Moi.sture, as always, affects the strength. The work of Ehrmann
(15] is seen in Fig. 1.21 {1, p. 4G4].

120 /g —T I
ol ﬁ_ b
/P'H" —~— . 4 Shraring ot 45°
~ 100 Tk \ ¢ Radial shearing
[ A N T e .| & Tangentiai thearing
T 80 al s Pad
x (-4 o -~ w
z L =~y “:j-."'-h
=) &0 N o > \ O O 8 TP
g ~ :-.j B
= ~- 1 [rochontnnskens
2 40— Figures A=0.48...0.51 ™ ~
5 according R = 0.44 ... 0.47 I
5 20} toSchlyter R = 0.40...0.43
L] |

0 4 a 12 16 20 24 28 32 316 a0 a4 a8
Moisture content v %}

Figure 1.21 Effect of moisture content on the shearing strength of wood [1,15].
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Numerical Values of Strengrhs.  Table 1.5, based on the work of
. Keylwerth {15], using prismatic specimens, lists many mechanical
properties of some commercial woods, across the grain {1, p. 333].
Table 1.6 {1, p. 353} gives the crushing strengths of some woods, ac-
cording to work by Gral [12]. Table 1.7 [1, p. 396) shows the tor-
sional strengths of wood, based upon data from many. mvesﬁgators.

‘The safe allowable stresses in wood constructions are giyen in
Table 1.8 [2, p. 336] based upon the standards of the Turldsh As-
sociation of Bridges and Construction [ 16].

Alloweble Strengrhs.  Because wood is a2 natural material, many un-
known factors affect its strength and necessitate a large “safety
factor.” The best practice would be to test the strength of the ma-
terial in hand and use it according to these determined strengths. The
**safer stresses'’ can be calculated by the following formula:

X-

0,_(‘

kS 1t (L1

where o, = safe (allowable) stress
X = average strength obtained on small specimens without
any defect
K = statistical constant ensurmg a small Jrobablhty of the
strength being exceeded; in general, X is taken as 2.
§ = standard deviations obtained on small specimens without
any defect
n = safety factor for many cases of loading of supports for
long duratior, Fer loading in bending n = 2.25; for crush-
ing and shearingn = 1.4, .
fx =a factor for natural defects. In English standards f; is
0.40-0,75. A prop full of knots and cracks is taken as
0.5. Props should be stocked according to their defects.
fy =a factor for duration of loading. For long durations,
fy = 1; for short duration, f, = 1.5.

A numerical exampls clarifies this formula. Let us assume that in
the testing on oak props of no natural defects the average bending
strength X is 1270 kgfem?® and standard deviations S is 300 kgfcm” .
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Table 1.8 Safe Stresses in Wood Constructions (kg/cm? )7

Class 1 Class 2 Class 3
Type of Stress Pine Oak Pine Qak Pine Qak

Bending 130  i40 100 110 70 75
Bending in continuous '

beamns 140 55 110 120 75 80
Tension paraliel to

grain 10" 110 85 100 0 0
Crushjng paralilel ‘o

110 120 35 100 60 70

Crushmg perpendlcula:

to grain 20 30 20 30 20 30
Shear parallel to grain 9 12 9 10 9 10
Shear perpendicular

to grain 27 36 27 30 27 30

%5ee reference 2,

Let us find the safe stress for bending for defective pmps’;us;ed'for
long duration. In formula (1.11) X = 2,
X-KS

Oy =77 Je

_ 1270- 2 X 300
= 52 X 0.50

=~ 150 kgfcm?

If we do not make this investigation and rely instead on safe
stresses given in Table 1.8, the stress allowed .would be 75 kgfn:m2
for third-class cak wcod under bending Then economy demon-
strated of 150/75 = 2 (two times) is quite important in engineéring.
The following safety factor is used:
average strength measured

safe stress taken

1270
150

This is quite large due' to unknown defects. In stress calculations a
safety factor 2--4 is used.

safety factor

= 8.47
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1.3 PRESSURES ON WOODEN SUPPORTS
1.3.1 Evaluation of Pressures
There ate two principles in designing wooden supports:

R The‘supports should carry the Icads “safely” (safety factor).
9 The amount of material and work should be held to a mini-
mum (economy factor).

The engineer should do his best to meet the requirements of these
two principls. Usually, the material needed is not economical. The
engineer, in making tests on the material, may adopt higher safe
stresses. After making measurements on loads in the mines, the engi-
neer may assume lower pressure and finally a more economical de-
sign, dt_:pending upon his experience and good judgment. The steps
taken in calculations may be summarized as illustrated in Fig. 1.22
12, p.377].

‘ Canditions of roof,
flpor, coal, are
pport | P — i
System of s B Matarial available
Workmenship
Simplification .
Experience
of the support < y
Technical knowled
system nica vhedae
Determination of Theoretical loads
foads scting 3 Assumptions
on system ln ity megsufements
Statieal Equilibriurn equations
analysis under Unit force method
the loads acting; Minimura energy theorem
Section reactions Elastic center sytem
Design lar largest Verification of details
verification of stresses Optimurm material spending

Figure 1.22 Calculation steps in suppoct design.
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- 1.3.2 Pressures on Roadways

‘ According to many investigators, the pressure on a gallery is in the
form of a parabolic dome {17, p. 680]. As the theoretical formulas
are very comnplicated, for practical purposes the approximate values
are accepted. The Protodyakonov formula, as shown in Fig. 1.23
[2, p. 382], is as follows:

i
h=-= (1.12)
(S S PR s
€ IR .
¢ . S \f‘f_i_ﬁi‘_f‘_‘ f= 150 (1.13)
‘oo
a, = vh (1.14)
C* - ) 'l‘na“o’
gr=0:a a.is
P, =3 lhay (1.16)

where # = height of the parabola m as load height
= nalf of gallerv width m may be taken as length of cap on
the wooden set
f = Protodyakonov coefficient of hardness can be taken from
Table 1.9 or as 0.01 of the compressive strength of the

Figure 1.23 Loads on wooden gallery set according to Protodyakeonov {2, 17].
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Table 1.9 Protodyakonov Hardness Coefficients and Internal Angle of Friction
of Rocks®

Rock Formations f P
Quartzite, basalt, hardest rock¥ 20 87°08’
Hard g.anite, hard sandstone 15 86°11'
Quartzite veins, marble, hard gneiss-dolomite 10 84°18
Hard limestone soft granite, marble, gneiss, dolomite - 8 83°31
Ordinary sandstone, iron ore 6 80°32’
Sandy shale, shaly sandstone 5 75°41
Shaly schist, soft sandstone-limestone and conglomerate 4 75°58'
W eak schist, hard marl 3 71°34’
Soft schist, very solt limestone, salt rock, frozen soil,
marl, broken sandstone, stony soil 2 63°26'
Gravels, broken schist, soft conglomerate, hard coal, hard
. shale 1.5 56°19'
Hard shale, coal 1 45°
Light sandy clay 0.8 3g°40’
Peat, sandy clay, wet sand 0.6 30°58'
Sand, fine gravel, broken soil, broken coal 0.5 26°35'
Mud, other earth 03 16°42'

2See reference 17,

rock in which the gallery is driven; it is a dimensionless
nimher
0. = compressive strength of rock, in kilograms per square
centimeter
v = density of rock in tonnes per cubic meter (t/m?)
g, = pressure on the support in tonnes per square meter (t/m?)
q. = load per unit length in tonnes per meter (t/m)
2 = distance between wooden sets in meters
P, Ztotal Toadproduced by parabolic dome in tonnes {t).

As a numerical application of the Protodyakonov formula, let us
calculate the unit load, the total load carried Ly a wooden support
set 1.8 m wide spaced at 1-m intervals, driven in marl of 300 kg/cm?®
compress.ve strenyth at 2.5 t/m* density. Comprehensive strength,
densities, and other structural characteristics of rocks are given in
Table 1.10.
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!=-—i"=0.9m N
s ] 0.9 _ -
"= 300100 - 3 03

=~h=2.5X%X03=0.75 t/m?
q,=oa2=075X1=0.75t/m
P,=3X09X03X1X25

=09t

The Everling formula considers the load ay a function of gallery
width as demonstrated in Fzg. 1.24 (2, p. 3831.

[i=al,> Lo wicth Galery (1.17)

O, =h'r
qr=0a
P, =allay (1.18)

where h = height of load in meters
= |oading factor; depends upon rock formations; under nor-
mal condijtions, 0.25-0.5; with a bad roof with many
cracks, it may be 1.0-2.0 .

S
= RERRRRLRIER

Normal eonditions a= 0.5

Difficutt conditions a = 1.0 .
Distunca begwaan 2t

Figure 1.24 Load on wooden gallery set according to Everting [2].
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€

As a numerical application of the Everling formula, where the
. width of a gallery is 1.8 m, the distance between sets is I m, the den-
sity of rock is 2.5 t/m?, and « = 0.25, we have

h=al,=025X1.8=045m

oy =hy=0.45 X L.5=1.125 t/m?

gr=0,a=1.125 X 1 = 1,125 t/m

P, =allay=0.25X(1.8) X1 X 25
=2.025t

A comparison of the Protodyakonov and Everling formulas leads
to these conclusions. The larger load calculated as a result of the
Everling formula necessitates heavier supports ai1.d a wider margin of
safety, The formula is easier to use in calculating the support dimen-
sions. On the other hand, the Protodyakonov formula can be calcu-
lated more precisely and give better results in weak broken formations.
The engineer may judge the formation conditions and accept a rea-
sonable factor for load calculation.

The side pressure in hard rock is very small or negligible. Broken
rocks exert side pressure up to twice that of the roof load.

1.3.3  Pressure in Longwalls

The cross section of a longwall face with wooden supports is shown
in Fig. 1.25 (2, p. 387]. According to pressure arch theory, the main
load of strata above the face of a longwall is transferred to the coal in
front of the face as “front abutment”. At the longwall face, there is
a “‘destressed,” or “relaxed,” zone where only the load of the imine-
diate (false) roof is left to be carried by support. If the immediate
roof is very weak, it caves easily, and by expansion it fills the gob
which supports the main roof. This is the working case with most
caved longwalls. If the immediate roof does not cave, special atten-
tion is directed to making it cave to fill the gob. If this uncaved dis-
tance is large, the weight on the face support is heavy. In such cases
““stowing’ systems are used to fill the gob completely by the use uf
pneumatic or hydraulic systems to enable the imme=diate roof to sag
without breaking. The pressure are calculated according to the condi-
tions of the immediate roof.
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// Maip roof

13

S . *

Immediate roofa, = 1, A

Support system

Figure 1.25 Cross section of a lengwall face and height of the inmediate roof showing

support system [2].

In Fig. 1.25 the height of the immediate roof is given by the fol-

lowing formulas:

_ m
"1
K=1+E
E=T’-Tk '

Tk
h=m-—7—k—

Ts T Tk
gr = by,

where h = height of immediate (false} roof, in meters
K = factor of expansion of immediate roof
m = thickness of seam, in meters
E = expansion 1ate of immediate roof

(1.19)
{1.20)

(1.21)

(1.22)

(1.23)
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= density of immediate roof (solid), in tomnes per cubic
meter (t/m?)
= density of immediate roof (broken), in tonnes per C'lelC
meter (t/m3) :
¢, = pressure of immediate roof, in tonnes per square meter

(t/m?)

The calculation of pressure in a seam 2 m thick, with a false roof
density of 2.5 t/m® in solid and 1.8 t/m? in broker. condition is as
follows:

1.8

f.l 272-'5_18'-515“1

=5.15 X 2.5 = 12.875 t/m?

According to Siska {19] the pressure on the support is determmed
by the following formula, represented in Fig. 1.26 [, p. 341]:

|
O¢ = Myo, 0y Oz -1 (1.30)
+ +
cz,"-V—' V,_“_x 0.5h tany (1.31)
|4

oy = -I% (1.32)

e == My . (1.33)

whcre o, = roof pressurc on support, in tonnes per square meter

(t/m?)

m = seam thickness, in meters

v = density of hirmediate roof, in tonnes per cubic meter
(t/m?)

«, = factor of caving; calculated as in Eq. (1.31), Fig. 1.264, or
as given in Table 1.11

a, = factor of stowing; caving = 1.0; hand stowing = 0.7; pneu-
matic stowing = 0.5; hydraulic stowing = 0.12

a; = factor of self-support of immediate roof calculated as in
Eq. (1.32), Fig. 1.265, orasngen mTable 1. 12

K = factor of expansion

V; = volume of immediate roof supported, in cubic meters



N
Ditficult caving conditions a > 1°
Eazy caving conditions a=1

15

Figure 1.26 Pressures on supports according to biska (2,19].

Table 1.11 Factor of Caving &, According to Geometrical Configuration
of Roof?

Geometrical .
Roof Conditions Dimensions Factor of Caving x,
Easily caved roof rock x=0 1.0
{Category 1) p=0° )
Regularly. caved sometimes x=05m
o : 0.5+2.5
delayed (Category 2) ¢ =40 a =1+ _.5_72__"1
e ‘ m<1l5m
Strong roof rock naturally o x=17m
o S+0.
caved with difficulty p=15 a =1+ 9———-19-—8—31
(Category 3) ' m>15m
¢ =i0° - 1.7+09m
m>15m o =1+ !
Complete stowing me=m-mg @y =1+ xtSmetanyg

!

dcee references 2 and 19,

33
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Table 1.12  Factor of Self-Support a,°

WOODEN SUPPORTS

Imrnediate Roof Stowing of
Conditions Lithology Gob a;
Easily caved Coarse shale bands Caving 0.75
Fine shale bands Pneumatic  0.40
Regularly caved'sometimes  Shaly silt Caving 0,50
delayed Fine, medium grained Preumatic  0.35
sandstone

Strong roof, hardly caved Coarse band shale Caving 0.40
Coarse grained Pneumatic  0.35

sandstone—conglomerate

9See references 2 and 19,

e = volume of immediate roof cantilevered, in cubic meters
¥, =volume of immediate roof in an unsupported face, in

cubic meters

¥ = volume of immediate roof supported and cantiley ered, in
cubic meters
I = width of face supported, in meters

x = width of face unsupported, in meters
h = height of immediate roof, in meters

w = angle of break, degrees; taken from the vertical

m, = relative thickness of seam, in meters
my = thickness of stowing, in meters

Figure 1.27 (2, p. 393]) illustrates investigations of the Ostrava
Research Institute [19] of pressures on various face conditions. The
stresses are calculated in terms of seam thickness. For example, in
easily caved roofs, the stress on a 2-m seam is about 12 t/m?.in the
stowing system (lower curve) and about 16 t/m? in a caved face
(upper curve). The zategories are given according to the breakage of

drill cores and the findings can be summarized as

follows:

Under static roof conditions, the roof pressure acting on supports

increases with seam thickness.

Under changing roof conditions, the roof pressure acting on sup-

ports is less in stowed faces compared to caved

faces.
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Category J
Roof caves
with ditficulty
{strong roof}

Category 2
Roof caves
with retardation

'JL Category 1
100 Roof caves

exsily

90 —

89

10

60

50

40

th)

Required supporting pressurs, {{,mr?)

Seamn thickness {m}

Ruof category !

L 1
E::E:[] 1 { 1 ] L _

Rool catgary 2

Rool category 1

0oz a & 8 10 12 14 16 18
Length of unbraken core (em)

Figure 1.27 Distribution of pressures with seam thickness according to Ostrava Research
Institute [2, 191; {2} caving system; (b) stowing system. .

Under very stable roof conditions and in thick seams, stowing sys-
temns should be used to diminish the pressure.

As a numerical application, take an easily caved {ace of 2 m. The
seam, with caving, includes coarse gizined shale bands. Use the ex-
pansion factor K = 1.35, density 2.5 t/m3.
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@ =1, & =1, ay =075, XK=135

1
1.35- 1

g, =2mX2.5t/m* X1X0.75 X

=10.70 t/m?

This is in accordance with previous calculations of longwall pressure
(12,875 t/m?).

Another method of calculating longwall pressure uses the formula
of Terzaghi [20], devised for pressure calculations for tunnels at
snallow depth, with conditions of roof rock as loose material. The
formula adopted for longwall stresses is shown in Fig 1.28 {2, p. 396].
This formula was successfully used in the design of a reinforced con-
crete roof for a thick coal seam [21]. The theory behind the formula
is well explained by Evans [22]. .

¥R
Ktany

(1.34)

a,

FA

B=B, +m tan (4s°- %) o (1L35)

where g, = pressures on supports, in tonnes per square meter (t/m?)
v = density of immediate roof, in tonnes per cubic meter
(t/m*) _ e
B = half of the width of face subjected to loading, in meters

0, Rool pressure

R A A

N

Breaking
plane

-
(45 - )

- 28, >
=25 = 2(8, +m tan (45° — &) |l

Figure 1.28 Pressures In longwalls according 1o Terzaghi's approximation (2, 20].
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B, = half of the actual width of face, in meters
m = seam thickness, in meters
¢ = angle of internal friction of roof rock, i degrees
K = an =mpirical coefficient, may be taker as K = 1

As the numerical application of Terzaghis formula, let us calculate
the pressure on a longwall face with 2-m seam thickress, 4 min width,
a roof density of 2.5 t/m? and internal fricticn angle of 40°.

! ]
B=B, tmtan L45°— 42 )

2+2X04663=293m

_2.5¢m’ X2.93m
ot | X tan 40°

= 8.72 t/m?

This result is.in accordance with the stresses already calculated as
10,70 and 12.875 t/m?.

1.4 DESIGN OF WOODEN SUPPOKTS
1.4.1 Design Principles

The design of wood support systems follows certain steps. First, the
system is schematized and simple static models are drawn. Then,
prescure evaluation is derived from many {ormulas, as previously dem-
onstrated. The moment diagrams, maximum moments, maximum
shear stresses, and the sections subjected to these moments and
shears are calculated and dimensions determined. If-these dimensions
are found to'be too large, modifications are made. Finally, verifica-
tions ‘of allowable stresses are made for the dimensions and material.
If the safety limits are not satisfied larger dimensions are chosen and
calculations repeated until lower values of stresses allow safe usage.

1.4.2 Wooden Gallery Sets

The design of gallery sets consists of finding the proper size for caps,
side posts, and auxilliaries such as wedges, laggings, 2nd so forth. A
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gr " Q2

AA-— 1 .-/T

R, e Ly - Rg =R,

o, Upper beam: cap

9y " %%, R4 =R,

EEEERE

Side team

——f "‘_i e —
Shear force diagra.n @ i S
&)

Figure 1.29 Design scheme of wooden gallery sets [2]: (o) sdupporting system; (&) static
models; (¢} simple beam diagrams.

typical wooden gallery set is shown in Fig. 1.29 (2, p. 398]. The
stresses on caps and posts are shown with proper dimensions, and the
moment and shear diagrams are incerporated, The wooden set works
as a simple beam supported at both ends, londed uniformly. Quanti-
ties and equations that apply to the figure are as foilows:

M,=05¢q,Lyx~0.5¢q,x?
Moax = 0.125 g, L3
I=%Lb

T, =% =0.5(q,Ly - q,x)
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Design of Wooden Caps.  The cap in wood supports is subjected to
bending. The maximum bending moment and stress are given in the
following formulas: _ .

ge=0ra (1.36)
Maae =0.125 q, L1 (1.37)
_ Mpax . ]
0, = S0y (1.38)
W =0.098 d3 (1.39)
d, > 1.084 (—-q# L},)”’ (1.40)
Oy

where g, = uniform load
o, = uniform pressure
a = distanc: between scts
M max = maximum bending moment.
Ly =length of cap
g, = bending stress
o, = allowable bending stress for wood
d, = diameter of cap

!.Tﬁ'gload\cfan be determined by

gy ='o:a'7Lb ) (1.41)
PR . _ o 1,3

d, =1.084 L, (ﬂ) (1.42)

Osr e
For normal conditions we may take o = 0.5, v = 0.0025 f@, then
4 \1/3 Kfm? ——

dy =0.117 L, (i) )

. osf - . . —

where d;, = diameter of cap, in centimeters
L, = length of cap, in centimeters
a = distance between sets, in centimeters
a,f'= allowable bending stress, in kilograms per square centi-
meter, for second-class wood, 110 kgfcm?

When designing the cap, if the distance bLetween sets is 100 cm,
and the allowable bending stress for second-ciass wood is 90 kgfem?,
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the diameter of the cap may oe plotted against the length of the cap
* as shown in Fig. 1.30 [2, p. 400]. For light («=0.25), medium.
(¢ =0.5) and bad roof conditions (a=1), three lines are shown.
Since timber of a diameter larger than 25 cm is hard to get and dif-
ficult to handle, for bad conditions, and sets wider than 1.5 m, the,
distance between sets should be reduced (Fig. 1.30).

If we choose for the cap a definite diameter and find a proper
length, we must verify the diameter against shear strength developed
at the corners. At the comners, caps are cut to fit the post as shown in
Fig. 1.29. We must cornsider this reduction in diameter, as well, for
shear verification.

Tmax =K§<Td‘ (1.44)
T=0.5¢q;,L,=0.50,L,a (1.45)
F=0.785 g% (1.46)

_4 OSUILka o (1.47)

=(,849 —— P dc - _;;-_ (1.48)
L " -

= 0.849 T2 4, @.49)_

. de e

where 7,,, = maximum shear stress, in kilograms per sguare

centimeter
K = factor, circular cross section, 3
T = maximum shear force, reactions at the comers in
kilograms
F = cross-seztion area of the cap, in square centimeters
d, = diameter of cap, in centimeters
d = diameter of cut on the cap at the corner (centimeters),
d./d, is the factor of cormner fitting
= allowable shear stress, in lLilograms per square
centimeter

If the diameter found does not verify 7y,,y, it should be enlarged
or, a (the distance between sets) should be d:muushed accordingly.
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Diameter of cap {m)

.10

Waod: class 2 pine o,

43

A= 0.5

Biggest diameter

o= 0.25

= 90 kg/cm?

|

1.09 1.50 .00

250

L, length ol =aps [m}

IYigure 1.30 Diameter of caps plotted against the gallery width (2].

Design of Side Posts. The side posts of

wooden supports are under

side pressure and end reactions. Therefore in design normal compres-
sive and bending stresses should be evaluated. In practice, the same
. diameters as are used as for caps. This diameter should be verified.

Tie formulas involved are as follows:

U,f>0,., L0y g5
,/R -
U:f = - % * 0.85 MI:;“

T
F=%d}=0785d}

Mumax = 0.125 g, L2

W =0.098 d3
o ALx AL,
: dy d}'
w =f(N)
R=05q,L,

(1.50)
(1.51)
(1.£2)

(1.53)
(1.54)

(1.55)

(1.56)
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L 2
0y 2 -0.637 w 122 41 084 %Ll (1.57)
y s
N g.al, oyal? A
oy 2-0.637w 5 +1.084 _L—Lds {1 >8)
¥ ¥ e

where a,f = allowable stress, in kilograms per square centimeter
= normal stress
= bending stress
w = buckling factor (see Table 1. 13), a function of slendermnes;s
A = number of slenderness
W = section modulus of post, in cubic centimeters
R = reaction load, in kilograms (although posts are slightly in-
clined they are taken as vertical)
q, = uniform roof load, in kilograms per meter
o, = side pressures, in kilograms per square centimeter
L, = length of cap, in centimeters
L, = length of post, in centimeters
a = distance between sets, in centimeters
d, = diameter of post, in centimeters
Ly = length for buckling =1,

The buckling factor is obtained from Table 1.13, calculatmg 2
from Eq. (1.55).

If the verification of Eq. (1. 58) is made and found: satlsfactory
the d, is determined. Otherwise, either a larger diameter or smaller ¢
(the distance between sets) are chosen, and another trial is carried
out.

Design of Wedges. Wedges are designed in a manner similar to the
design of caps. ‘The spacing in ordinary conditions is quite sufficient.
Under bad or changing conditions a new design should be made.
Usually wedges cut lonc,itidually from 12-18-cm props are quite suf-
ficient. The design is done with the assumption that bending stres
is under the safe limit (Fig. 1.31) [2, p. 404].

‘ 12
r=1.1424a (;"Y-) (wedge side by side)  (1.59)
sif S
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Table 1.13 Factors of Buckling w*
ﬁ At A
0 1 2 3 4' | s [ 7 ] 9
oy oo tor] 1ot 1oz o3 103 o4l 10s] 106 106 o0
1o et o8| o9 woe| o war | iz 3] s nis| 10
200 15| w6 wr{ s s oo war{ w1 124 20
20 (. t25 | t26| 127 29| 1a9| 130 132 1330 134 135] 20
40| 136( 138 [ 139 140 142 143 14| 146 ) 147} 149 40
50| 150 | 152 153 | 155 Lse| 1.5 1.60 | 161 | 163 | 165 so
60| 167] 169 t#o| 172 74| 176 | 179 | te1 | 1.83) 185 60
70| 187] 190 192 195| 197 200 203 zos| 208 211 | 70
80 214 207 220 224 | 227 231 234 238 | 242 245 | 8o
o0 | 250 | 254 258 263} 268 273 278 | 283 | 288 ] 294] %0
100] 300 307 34| 3210 328 335 343] 350 357) 365 100
0] 373 38t| 38 [ 3970 aos| 413 | a1 | 42| 4381 446 | 110
120 | 4.55 | 464 | 4.73 | 482 | 491 500 S.09| 519 | 5.28 ] 538120
130 | 548 | S37T 1 5467 | 577 ) 583 ) 598 6.08( 619 629 | 640 | 130
190 | 651 662 673 ] 684 | 6a5{ 707 708 730] 7411 753 ] 140
150 765] 777 790 | Bo2| 814 ] 827 | 839! 852] 8.65| 878 150
160 891 ] 904 908 931( 945 9358 | 972 986 | 1000 | 10,15 | 160
170 [ 10,29 | 1043 [ 10.58 { 1073 { 1088 { 11,03 | 1.8 [ 1133 | 1148 [ 1164 | 170
150, 1159 | 4352 | idii | 3227 [ 1244 | 1260 | 12.76 | 1293 | 13.09 | 13.26 | 180
190 | 1343 | 13.61 | 13.78 [ 13.95 [ 1412 | 14.30 | 1448 | 14.66 | 14.84 | 15.03 | 190
200°) 1520 | 1538 ] 15.57 | 15.76 | 15.95 | 16.14 | 1633 | 16.52 ] 16.71 | 16.51 | 200
a0 | [ {1rsty e 1792 | 1802 [ 1833 1853 § 18.74 | 18.95 | 210
220 | 1907 1938 [ 15.60 | 19.81 | 2003 [ 20,25 | 2047 | 2069 | 2092 | 21.14 | 220
230 | 2137 | 2160 [ 2083 [ 22,06 [ 2230 | 22.53 { 2297 | 2301 | 2325 | 23.49 | 230
240 | 8731 198 | 2422 { 2447 | 24.72 | 2497 | 25.22 | 25.48 | 25,73 | 1599 | 240
250 | 26.25 250
‘Sce reference 2.
24 1/3 T
r=t1868(£133—) (wedgé spaced) (1.60)
U,f \\.._7_
12
) (1.61)

hk=01m5&(EL

U,f

where r = thickness of half prop (b = 2r), in centimeters
h, = thickness of a rectangular wedge, in centimeters
a = distance between gallery sets, in centimeters
¢ = distance between wedges, in centimeters
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a Side post \;

I b= Zr

Half circular wedge

(@)
——

Rectangular wedge

I"—""" ——"I Static model

Figure 1,31 Designs for wedges on gallery set [2],

g, =side pressure, in kilograms per square centimeter (or g,
roof pressure) '

0, = allowable bending stress, in kilograms per square centimeter

Numericel Application. Calculate the dimensions of a2 wooden gal-
lery set under the following conditions:

Width of gallery = 1.75 m
Height =200 m
Distance between sets =0.75 m

Allowable bending stress for pine wood o =110 kgfcm? (class 2
quality wood, see Table {.8)

Allowable shear stress for pine wood 7, = 30 kg/em?®
Conditions of loading = medium (¢ = 0.5)

Let us first calculate pressure involved:
Roof pressure o, =ayl,

=0.5X2.5t/m* X .75 m
= 2.1875 t/m? = 0.71875 kg/cm?
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Side pressure g, =Ko, =1 X g,
=1.21875 kgjcm?
We can now calculate the diameter of the cap as follcws:

173
d,,=0.117L,,(“)

U:f

13
0.117 X 175 (-2-5—-)

110

18 cm 7

I3

This diameter should be verified in respect to shear stress at the
corners. Assuming that the cut for fitting is 1 2.5 cm, Eq. (1.49) may

be used as follows: \‘.,‘ 7 ‘.,;m ‘
. 0849021875 X1IS XTS5 |0
o ' (12.5)°
= 22.46 kgfem?

V<30 kg/em? ) (74)

which is quite safe.

If we assume an 18-cm prop for side posts, we must then verify
the huckling as follows: '
L 200

= = 44,44

?\=4E;‘I 4 8

If in Table 1.13 we take 40 from the first verticle column and 4
horizontally, w = 1.42; if we take 5 horizontally, «o = 1.43. The total
stress from bending and buckling is determined by Eq. (1.58) as
follows:

0.21875 X 75 X 175
182

0.21875 X 75 (200)?
183

=-8.08 + 121.98 kg/cm?
¢ =-8.08~ 121.98 =-130.06 kgfcm?
6" =-8.08 +121.98 = +113.90 ke/cm?

c=-0.637X 143 X

+].084 X
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Both of resuits are a little higher than the 110-kg/cm? allowable
stress. In this case, a higher diameter (d = 20) may be chosen or the
distance between the sets (a = 75 ¢cm) may be reduced. Or, because
experience has shown a leaning toward the sa.ety factor, this size
(d =18) may be kept, since the difference Letween 130 and |14
kg/em? s not too great. If excessive breakage occurs, the size may be
increased.

The diameter should also be verified in respect to intrusion of the
floor formation. The stress at the bottom of the posts is calculated as
follows: '

_ load _ 0.5q,.L, - 0.50,al,
“Tarea  (@/A)dE  (s/4)d?

_0.5X021875X 75X 175
0.785 (18)?

=5.64 kg/em?

The least stable ground, shale, has a bearing capacity of 40 kg/cm?.
So the stress due to posts is quite low, and thus safe in respect to
floor penetration.

The size of wedges, Eq. (1.59), assuming that they have been put
at 40-cm intervals, is determined as follows:

213173
r = 0.865 (O.21875X40X(75) )

110

= 6.6 cm

Thus we may split 12-cm posts in two parts longitudually ( = 6 cm)
and use them as wedges.

The total consumption of wood per | m of gallery length can be
calculated as follows:

1 cap (n/4)(0.18)% 1.75 0.044 m*

2posts  2(w/4)(0.18)* 2.00 0.101 m?

15 wedges 15 x(,} X (7/4)(0.120.75  0.063 m’
o Total perset  0.208 m?
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Thic table ie for cne cet spaced at 0.75-m intervals; wood con-
sumption per 1 m of gallery would be then calcnlated as follows:

‘ 0.208
0.75

=0.277 m*fm

Consumption per | m gallery =

1.43 Additions to Gallery Sets

Wide gallery sets usially require additions (o diminish the size of

caps and posts. Typical additions are shown in Fig. 1.32 {2, p. 409].
A cap with such additions works like an uniformly loaded beam

with three supports. If we assume a medium loading condition

g, " alyya

Original system Static model

Figure 1.32 Additions ta Lhe gallery set (2]-
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(@ = 0.5), the moments and reactions are given as follows:

M.=-0.156a(36% - 36+ 1) L} (1.62)

R, =(0.157 4 + 0.468 § - 0.156)2‘;-[,5 (1.63)

R, =(0.157 8% - 0.785 f + 0.468) ]—‘_’E L} (1.64)

R.=1.25aL} = (R, +R,) (1.65)
-
L,

where
M. = bending moment at middle post, in tonnes per meter
Ra, Rs, R, =reaction forces at 4, B, C in tonnes
a = distance be{ween sets, in meters
L, =length of the cap, in meters
B = ratio where the central post is placed

The relations given by Eqs. 1.62-1.65 are snown graphically in
Fig. 1.33 for convenience of design (2, p. 412].

As shown in Fig. 1.33, the least moment occurs at 8= 0.5, the
middle of the set, minimizing the size requirement for the timber. If
girts are placed at an angle of 45°, the following numerical applica-
tion can be made, if we assume the allowable bending stress to be
1:0 kg/cm® (1100 t/m?®), the distance between the gallery sets to be
a =1 m, and gallery widthtobe L, =3 m.

M, =0.039aL} .
=0.039 X 1 X (3)® = 1.053 t/m.

Diameter of the cap d, is determinad as follows:

| M,
U—G_,{—HOO—W
_1.053 ,

HO0= 5508 47 t/m

4 =/ 1.053 )1/3
7\ 0.098 X 1100

=0.2] ~20cm
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Figure 1,33 Relar'on betwesn moments and reactions in gallery set additions (2],

If we do not use a central post, the size of the timber should be*

= Mmax _9:L3)8  0.5X3.0X25X1X3?
W 0.098d° 8 X 0.098

d, =(0.039) = 0.34 m

U.rf

= 1100 t/m?

This size is difficult to get and use in the miues. The necessity of ad-
ditions to galleries wider than 2 m is sellf-explanatory.

*g,=alpva=05X3mX25t/in" =3.75 ¢ym?,
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The size of inclined girts required to work under conditions of
compression and buckling can be calculated using reactions from
Eq. (1.65) as follows: ,

R.=0.781 2L} =0.781 X { X 3? =7.029 ¢

Inclined reactions R’ are

R 7.029
2sin4s°  2X0.707

If the diameter is assumed to be 0.1 m, the compression and buckling
stresses should be 85 kgfem? (850 t/m?).

R _ 497
“ Zrea O 0.785d?

R'=

= 850 t/m?

T e buckling number A is calculated as follows:

4l 4L, _ 4 X3

T —

d,  2d.cos  2X%0.1X0.707

= 84.8 = 85

where (I is the length of the inclined girt.)
From Table 1.13 we find that w is 2.31 for A = 85 and

4.97
0.785 X (0.1)?

which is greater than the allowable buckling strass of 850 t/m2.
Therefore the assumed diameter size of 0.1 m is too small Taking’
side of d, =0.125 m, A = 68, w = 1.33 we find

497
0.785 (0.125)?

which is acceptable. The size of side posts should be the same as the
caps.

g=231" = 1463 t/m?

g=1.83 = 742 tfm?

1.4.4 Optimum Design

The sizes of caps, posts, and wedges are calculated as demonstrated
in foregoing sections. For economy of design, size and spacing should
be chosen to minimize expenditure of timber, that is, we should find
the size (cap diameter) and spacing that necessitates the least volume
of timber. The volume of caps in 1 m of distance is
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Vs =-§ BLy —- (1.66)
P13
dy = 1.084 L,,(“‘”) see Eq. (1.42)
U,f
___d gy
T 1.084Y L} oy (1.67)
100w ay |
V = . 4 Ard L
= o Losey Ly 7
_A '
V=4 (1.68)
a=10T x (084718 T
3f
100
=T s (1.69)
U:f

where V¥, = volume of the cap, in cubic centimeters

d, = diameter of cap, in centimeters

L, = length of cap, in centimeters
a = spacing of sets (distance between sets) in centimeters
o = loading factor (0.5 normal conditions)
~ = density of roof (taken as 0.0025 kg/cm?)

o, = allowable bending stress of wood, in kilograms per square

centimeter -

Equation (1.68) shows.that the volume of caps to be used decreases
with the diameter.

The requirement for wedges, rectangular in section and put side by
side, can be calculated as follows:

V, =L, hy 100 cm® (1.70)

(ZL 1/2
hk=0.865a( U”) see Eq. (1.61)
s
dg U:j’

a= m -‘;T— see Eq. (1.67)
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: . ayLy,\Y?
v, =67.90 E%f;{ (ﬁ) 43 = Bd3 (1.71)
L /2
B=67.90 —L (31—2) (1.72)
aylp Oy

where V; = volume of wood ir. wedges, in cubic centimeters
h, = thickness of wedges, in centimeters
a = spacing of sets, in.centimeters
« = loading factor (0.5 normal conditions)
v = density of rock (0.0025 kg/ecm?)
g, = pressure on the roof, in kilograms per square centimeter
o, = allowable Lending stress in timber (class 2 wood), 110
kg/cm?
d, = diameter of caps, in centimeters

Finally, the total timber consumption is determined as follows:
r — A 3
L=V,,+Vk—d—+Bdb (1.73)
b

As one term decreases the other increases, so the sum comes to a
minimum as shown in Fig. 1.34 [2, p. 418].
The minimum cap diameter can be found by differentiating

V-Vbi-V*’y[’*
L]

v

!
p

[
|
l
dUDIlﬂ'I.Iﬂ'\

d
Figure 1,34 Timber consumption i1 terms of dlameter of cap (z].
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55
Eq. (1.73) as follows:
—QZ— =0 (1.74)
0dy,
=Ad"? +3Bd: =0 (1.75)
A
% =35

(1.76]
As a practical illustration, let us find the most economical dimen-
sions fo

r wooden gallery sets, 2 m wide at normal loading conditions
(o = 0.5), with allowable bending stress of 110 kg/cm?, where the
density of roof rock is 2.5 t/m>.

First we should find A and B values as foliows:

A=

100 X o.lslg 0.0025 7q0y4 = 1818181

110
= )
5=61.2 0.5 X 0.0025 X (200)*

Y 1/2
0.5 X 0.0025 X 200) 12

110

) !1818181)”“ )
db=\3x7.12) ~1°m
an

(1.084)% X (200)* \0.5X 0.0025) o

172
h, = 0.865 X 42.4 (0'5 X 201015 0'0025) =72 cm.

Thus the timber sets should be composed of caps and posts of 17 cm
in diameter, spaced at 43 cm, wedged by 2-cm planks.

1.4.5 Design of Longwall Supports

The supports most frequently used in longwall faces are caps piaced
parallel to the face, in turn supported by thres cr four posts, as shown
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9y ‘# \& * j" . ‘
]
A 7 B b <vhm
o, L | L—.a-l
| | | ¢ f 1dealized modet

—_— = My w0, »0.125q,27

T WL oA
‘[ Ef’\L A\/ 8 \_/c

w&\/mmm;\k:?mm f 1250
_--2-!-—-—'--0525.,,

° A
V7

Figure 1.35 Dasign of longwall caps with three posts [2].

in Figs 1.35 and 1.36 [2, 421, 423]. It is assumed that the caps work
like continuously loaded beams and that there is no sinking at the
supports.

The design must consider the maximum moments and evaluate the
ability of the cap diameter to take the bending moments within the
altowable stress fon wood. Then the shear stresses and stresses at
floor are verified.

L2
o <0, =0.125 'o_cg)’éﬁ © (three posts) (1.77)
13
d, =1.084 (—-'E-é-) {three posts) (1.78)
:f .
al® \M3
d, = (a, ) (four posts) (1.79)
O
a,la , _
r=1.06] STy (three posts) (1.80)

d3
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q¢ = 94

AN

Figure 1,36 Design of longwall caps with four posts.

ag.La
lOl9 7 Ty (four posts) (L.ED)

Ronax _ o,La
F : d1

O = <0y

(three posts) (1.82)

o.La

=1.40w —5 7 <0, - (four posts) (1.83)
-]

A= Z—’"-——w =f\)  (table 1.13)

b
Rmax UrL
- - = R . 4
o =% 1.59 7 (three post) (1.64)
o La
Uf— i40

(four posts) {1.85)
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where o, = allowable bending stress in wood (in tonnes per square
) meter)
0. = allowable buckling stress in wood in tonnes per square
meter
g, = stress in floor, in tonnes per square meter
q, = uniform leoad, in tonnes per meter
L = distance between cap posts, in meters
d, = diameter of caps and posts, in meters
a = distance between caps {width of cutting in shift), in
meters
g, = roof pressure in the longwalls calculated by Eqs. 1.23,
1.30, or 1.34 (the largest figure may be taken for safest
design)
w = buckling factor
0. = compression stress parzllel to fibers in post

As a practical example, let us calculate and evaluate the size of a
cap at post four, caps being placed at [.0-m intervals. The seam thick-
ness'is 1.5 m, and loading conditions are normal. The allowable bend-
ing stress is 1100 t/m?, shear stress is 300, compression stress parallel
to fibers is 850 t/m?, and strength of rock is 1000 t/m?.

_ 1.8 _
k= 25- 18 X1.5=3.86m

gy = hy = 9.64 t/m? .
dy = ( C"r'ﬁld2 )”3

o.l'f

9.64 X 1.0 X 1.07\¥3
= (“ L0 ) =0.2095 m

1100
=721 cm
_ gral 964X1X1
r=1.019 7 1.019 —'———(0_21)2

=222.7 <300 t/m?

Thus the size is safe under the given shear conditions.
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4 X 1.50

A= 4, = 09 =728.0

w=1.24" (Table 1.13)
_ oal

g, =140 w 7

(0.21)2
=379.48 < 850 t/m?
The calculation confirms that the posts are safe from buckling.
o,La
d3
9.64 X 1.0X 1.0
(0.21)%
=306 < 1000 t/m?

Gf': 140

= 1.40

The degree of penetration of the floor rock is also safe.

In practice the size of caps and posts are about 16 cm, less than
the size calculated. This size works safely owing to the high safety
factor (4-6) allowed [or wood.






CHAPTER 2

Steel
‘Gallery
Supports

2.1 IMPORTANCE OF STEEL

The qualities of steel as a supporting matcrial have caused it to re-
place wood in many mines, especially in coal mines where gaileries
" are held for as long as 10 years for haulageways and air return. The
basic charscteristics of steel can be summarized as follows:

1.

Steel is a very homogeneous material, metallurgically manu-
factured, free of natural defect, allowing lower safety factors
to be used in designing.
Steel has a Young's modulus of elasticity (E = 2,000,000
kg/cm?) much greater than any other structural materials giv-
ing it an advantage against deformations, buckling, and the
like. )
Steel cas be manufactured in forms of alloys to meet high re-
quirements set in designing. .
Steel is the material least affected by atmospheric conditions
such as temperature and humidity.
As a meterial, it can be rzused by straightening. Completely
deformed supports can be reclaimed as scrap. :
On the other hand, it is an expensive material. Roadways sup-
ported by steel arches and the like are a big capital expensc
that smaller mines can not afford.

61
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2.2 ENGINEERING CHARACTERISTICS OF STEEL

2.2.1 Chemical Structure

Chemically steel is an alloy of iron and carbon. There are some ma-
terals, like phosphorous (0.01-0.08%) and sulphur (0.01-0.06%), as
impurities. Other materials, like manganese, silicon, nickel, chromium,
and molybdenum, are incorporated in varying percentages to form
special alloys to meet several conditions. For steel supports in the
mines, ordinary steel of St. 37-52 is used and me=ts most structural
requirements. Alloys are used for special conditions.

2.2.2 Mechanical Characteristics

A discussion of mechanical characteristics of steel must deal with
stress-drformiation, strength, modes of breaks, hardness, and design.

Stress-Deformartion. A typical stress-deformation curve is given in
Fig. 2.1 [2, p. 433]. This is the ordinary curve where Young's modu-
lus of elasticity is taken as £ = 2.1 X 10® kg/cm?. The linear propor-
tion continues to a point of 0.2% strain. After this point a “flow”
takes place, with constant deformations, and failure occurs after
these limits are reached.

4500

4000
3500
3000
2500
2000
1500

Tension stiess (Kgrend?)

1000
500

==~ - Flow point

{ I

|

—_

~
Broken

L

10.0

Glengation [mm]

150

200 25

steel (2].

0 Figure 2.1 Stress—deformation curve of
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The tensile breaking strength of steel is given by the following
empirical formula {23]:

1

g = 0.00077 [38000 4+ C(700 + 2.94 Mn) + 30 Mn

+ -%% (48 + 2.35 C) + P(1000) +Si(340)] (2.1)

where o = tensile breaking strength, in kilogiams per squaré millimeter
C = carbon in 0.01%
Mn = manganese, 0.01%
P = Phosphorous, 0.01%
Si = Silicon, 0.01%

Carbon is the most important factor in tensile strength of steel

elastic limits, and elongation at the breaking point. These properties
are shown in Fig. 222 {23, 2].

BOI : ——T

70 /
Tension strength
2 L
[~
a
LI / _
g / Elastic limit -
. / /
2 a0
E /
E
1>
3
s I~
h Elongation at
] preaking point
10 -
N

R L |
0.1 0.2 0.3 04 0.5 0.6 Q.7

Amount of carbon (%)

Figure 2.2 Effect of carbon in mechanical progerties of steel {2.23].
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Table 2.1 Specifications of Steel According to DIN 215447

Elements Average
(%) Flow Tensile Average
Strength  Strength  Elongation Hardness
Nominztion C Mn {(kg/mm?) (kg/mm?) (%) (kgfcm?)

St. 37 0.12 030 27 40 32 1.0
St. 42 0.12 0.40 29 46 30 1.0
St. 50 030 0.50 33 35 27 1.0
St.52 018 110 - U38 55 25 60

V58 70 2 100
St. 54 035 0.55 34 60 25 13
St. 60 0.40 050 35 €5 o2 1.0
st. 70 040 0.75 45 75 15 0.9

4cee references 2 and 23,

The mechanical strengths of various steels, according to DIN 21544
specifications, are rated in Table 2.1 (23, 2).

The physical properties of iron and steei used in structural work,
according to the standards of Americun Society for Testing Materials,
are given in Table 2.2 [24, 25 p. 43-42].

Mode of Failure. Steel breaks in both ductile and brittle manners.
In the ductile manner, breaking deformation is 100-200 times the flow

Table 2.2 Physical Properties of Iron and Steel®

Modulus of Ntknaia

Welgh Elasticley® Yicid Polnt Strength Working Stress -

Material (/') TandC S{t) TandC 5{V) T ¢ S T C s
Iron: Gray, cast 450 15 6 - - 25 100 2% 4 16 4 -

Malleable, cast 475 2 8.3 - - 45 LID 45 g W 8
Wrought 480 37 11 25 25 50 70 40 12 17 10
Sueel: 0.1-0.2% carbon 490 0 12 35 X 60 90 48 12 13 12
0.3-0.4% ° 490 30 i2 40 24 80 45 64 0 10 16
0.7-08% ~ 490 0 12 50 6 125 720 85 3 10 2l
Micke , HT . 4%) 30 12 1] 55 112 95 8 25 25 20
Brass, ralled 520 155 6.2 i 17 T3 30 47 18 1§ It
Bionze, " 535 15 5.6 35 30 65 25 43 16 11 10

Alaminum, structurd aloy 173 10 3T hH 3s $8 58 35 145 (45 838

Ycre references 24 and 15, Value in thousands of Ib per 3q (a. except a3 noted; T = tension; C = compreuion:
S = thear; ¢t = tousion,
®Milllons of pounds par square inck,
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deformation. The material reaches plastic deformation. Thisis usually
seen in low carbon steels and is a desirable design characteristic.

Brittle failure is seen in high carbon steels where the deformation
is rather small and the breaking surfaces are rough. There is ro
definite flow point.

Hardness. Hardness is a relative property, measured as the reaction
toward intrusion. According to material scicnce, the Brinell hardness
is defined as the area of intrusion (square millimeters) by a spherical
ball under a known force. According tc the empirical formula (23]

o, =0.34 HB (2.2)

where o, = tensile breaking strength, in kilogranmis per square milli-
meter
HB = Brinell number

2.2.3 Characteristics of Support Elements

The characteristics to be considered in support elements are profile
(cross-section area), strength moments, Rankin ratio, and allowable
stresses.

Profile. The strength of a beam is proportional to the profile (cross-
section area). The weight and value of the beam are also proportional
to the profile. The use of heavy profiles has limitations in the mines
which necessitates the use of light to medium-heavy materials. The
section area and weight of I-beams of DIN 21541 are given in Table
2.3 (23, 2, p. 438], and American {-beams are given in Table 2.4
(24, 25]. The Toussiant-Heinzmann (T-H) cross sections are tabu-
lated in Fig. 2.3 and Table 2.5, [26, 2, p. 447]. '

Moments of Inertia and Section Modulus. Tables 2.4 and 2.5 also
pive values for inertia [ (in centimeters to the fourth power) and sec-
tion -modulus (in cubic centimeters). These values differ according to
the x~x and y-y axes as shown in Fig. 2.3. and are used in designing.

Rankin Ratio. This is the mtio of compressive strength to buckling
strength in a beam 2 m long. The ratio is always greater than 1, but it
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Table 2.4 American Standard [-beams”

Weight  Area Depth  Width Axi -1 Axis 2-2
Nominal  per of of of ' Web
Size Fool  Section Section Flange Thicknens H 5 r ! 5 4
{in) aw) () (in}  {in) (in.) in* u? in in* n? In
U X 'J} 120.0 3513 2400 A048 07198 30108 2509 9.26 849 211 156
1150 3367 2400 7.987 0737 19405 2450 935 828 0.7 157
110.0 1318 2400 1925 0.675 28691 239.1 9.44 R06 W3 1.58
105.9 3098 2400 7875 0.625 18115 X3 953 789 200 1.
24X7 1000 925 2400 7.247 0.747 13718 1976 9.05 484 134 1.2}
950 2119 100 186 0.686 13C15 1918 908 470 130 1)
0.0 2630 1400 1124 0.62t 22301 1858 9.2 455 128 131
350 M81 400 T.063 0.563 21598 1800 9133 4.2 125 133
59 1333 2400 7.000 0.500 20872 1739 946 429 122 1J6
X1 10040 %0 200 1273 0.573 1 6483 1648 151 $2.4 144 134
95.0 1774 2000 7,200 0.800 1599.7 600 .59 0.5 140 135
200 2626 000 1126 N.724 15503 1550 768 . 487 11,7 136
85.0 2480 2000 7.087 0.653 15017 1502 778 470 133 138
B1.4 23.74 2000 7.000 0500 14663 13646 736 458 (3 139
WX 6F 150 2190 2000 6391 0641 12635 123 7.60 30.1 94 LI7
70.0 20.42 000 6317 0.567 12142 1214 T 289 9.2 L.19
654 1908 2000 6.250 0.500 11695 1169 143 219 89 111
HR3 =.n i 1emn 425] 6.711 M5 1019 670 24.5 14 19
65.0 1898 IROQ  6.089 0529 ATLY 9715 680 DA 16 1.1
500 1750 1800 6.087 0547 Bre al 6.92 23 73 113
547 15954 1800 6000 0.460 7955 4 107 1.2 rA . W E)
ISX6 75.0 2145 1500 6278 0.858 6811 M6 L481 0.6 948 1.8
00 W2 1500 L1850 0.7 6594 . £19 559 83 93 LIS
650 1891 1500 6082 0672 6320 #™3 57 112 89 LN
608 1768 1500 6.000 0590 6050 812 587 6.0 5.7 LU
15 X S} 50 1606 1500 573 0542 $08,7 678 543 17.0 59 103
0.0 1459 1500 5640 0550 4811 642 514 16.0 5.7 105
4350 13.12 1500 5542 0.452 45346 603 3503 150 54 107
429 1149 1500 5500 0410 4418 509 595 146 53 1.08
12X 5} S50 1604 1200 5600 0510 3193 532 446 17.3 62 .04
50,0 1457 1200 5477 0687 016 a3 455 16.0 58 1405
450 1310 1200 3355 05635 B4 473 456 145 55 1.06
40.8 1184 1200 35250 0.460 2589 43 47 138 53 1.08
12X 5 40 1020 1200 5078 0.428 e 313 472 100 39 099
ns 926 1200 5.000 0350 2158 360 4183 9.5 38 101
00X 4§ 400 165 1000 5091 0. 141 1580 14 J48 9.4 3.7 0%
350 1022 1000 4544 0.594 1458 a2 17 8.5 j4 09
10.0 875 100 4797 oA47 1335 267 191 1.6 3.2 093
5.0 738 1000 4550 Q110 1311 M4 407 69 .0 097
EX 4 25.5 143 300 4262 0.532 651 170 1.03 4.7 11 080
3.0 671 300 41T 0.441 42 160 3109 4.4 2.1 0481
20.5 597 LG 4079 0349 60.2 151 3.8 4.0 20 082
18.4 534 .00 4000 0.270 $59 142 1.6 3.8 1.9 084
7x%3{ 200 5.8 1.00  1.850 0.450 419 120 163 3.1 16 074
17.5 5.09 100 3755 0345 38% 1Ll 277 2.9 1.6 L£.76
15.3 143 700 1680 0.250 36.2 104 285 2.7 1.5 €78



A —

Table 24 (Continued)

Welght  Ares Depth Width

b 11 2.

MNominal per of of ol Web Ax Axki 2-2
Size Foot  Section Section Flange Thicknens i 5 r ! ky r
(in.} {l} (in)}  (in) (i} {in) n* (FLTY n* W I
6X37 1728 £02 600 35&% 0.465 20 3.7 1 3 13 248
14,75 429 600 3.44] 0.343 3.8 79 236 1 12 049
12.5 36! 600 3330 0.230 1.8 73 14 1.5 Ll oM
X3 14.75 1,29 5.00 3284 0.494 15.0 60 157 1.7 10 063
12.25 1.56 500 3137 0347 135 34 195 1.4 091 063
10.0 .87 500 3.000 0.210 21 48 208 1.2 0.82 045
4x2} 105 3.05 400 1870 0.400 11 15 132 1.0 0.70 057
9.5 L76 +00 1096 0326 - 6.7 13 156 L0811 065 058
8.5 146 400 2113 0.253 63 11 180 0.83 0Os!1 058
1.7 121 400 1660 0.190 6.0 3D 164 0.77 038 059
Iy 1S LI 300 1509 0349 2% 15 LIS 059 047 052
6.5 1.88 I 0.251 2.7 12 L19 051 Q43 0.52
5.7 1.64 300 2330 0470 - 5 L7 L3 - 046 040 053

Figure 2.3 Perspective view o Toussaint-Heinzmann proiles [2,26].

613
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Table 2.5 Characteristics of Toussaint-teinzmann Profiles’

Weight (kg/m) 13 16 21 25 29 36 44
Type (tip) 48 48 38 58 S8 58 S8
Height H{mm) g5 89 108 118 124 138 148
Wwidth 8(mm) s8 98 124 135 151 171 172
Area F(cm?) 16 20 27 12 37 46 56
Weight G(kg/m) 3 16 2 25 129 36 44

Moment of inertia [y(cm®) 137 176 341 484 616 971 1265
Section modulus Wy(cm®) 32 40 61 80 94 137 171

4gae references 2 and 26.

is advantageous in designing to be close to 1. The Rankin ratio and
section moduli W,, W, are seen in some beams, such as rail, Clement,
and Toussaint-Heinzmann profiles, shown in Fig. 2.4 and Table 2.6.

Allowable Stress. Mormal steel (St 37) has an allowable stress of
1400 kg/cm? and a flow stress of 2400 kg/cm?. The safety factor is

Rail
pe-s8 Clement Tousaint-Heinzmann
T
134 — 4+ — —%—Iﬂo — 99
J_ 0 12 _\L
fe——105—>] ‘ 57

Figure 2.4 Dimensions of some profiles of beams [2].

»

Table 2.6 Characteristics of Some Profiles” -

Characteristics Rail Clement Toussaint~He inzmans.
Unit weight (kg/m) 3.5 14 21
We (em?®) 155 7 58
Wy (cm®} 50 14 63
Rankin ratio 1.5 $3 i3

?See reference 2.
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2400/1400 = 1.71. For a higher quality steel (St. 52) the flow limit is
3600, 1.5 times that of St. 37. If such a steel.is used in designing
problems the allowable stress is '

oy = 1.5 X 1400 = 2100 kg/cm?

which may be more economical in many supports.

2,3 DESIGN OF RIGID ARCHES

2.3.1 Description of Rigid Arghes

Typical rigid steel arches of 10-m? and 18m? cross-section area
are shown in Fig 2.5 with dimensions and connection details {2,
p- 445-447]. They are hralf elliptical with the largest dimension on
the floor. There is a minimum of 75 cm from the side wall to the top
of the mine car to allow a sa‘e space for a man to stand during pas-
sage of cars.

2.3.2 Stress Evaluation’

Many rigid arches can be simplified in a half-circular shape above a
vertical distance. The connccting parts are assumed to be very “rigid”
and shown as “‘continuous,” asin Fig. 2,5. The static analysis is given
in Fig. 2.6 [27, 2 p. 470]: "

_ (0.785 k' + 0.666 r) q,r°
T 0.666h'3 +arh + 4K £ 1.57°

M=05q,7sin® a- A, (k' +rsina)  for0<a<r (2.4)
M=-A,x  for0<x<#' (2.5)

N=-q,rcos* a~ 4, sina (2.6)

Ay =8B,

(2.3)

where A, = B, side reactions, in tonnes
h' = vertical distance of the arch, in meters
r = radius of the arch, in meters
o = angle from horizontal, in degrees (see Fig. 2.6)
q. = uniform roof load, in tonnes per meter
M = moment, in tonnes * meter
. N =normal force to the profile, in tonnes
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Figure 2.5 Typical rigid steel arches [2].
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Figure 2.6 Staic model of an idealized rigid steel arch [2].

To design rigid arches the maximum moment should be known.
[f we differcntiate Eq. (2.4) with respect to o, and equate to zero, we
have: '

M .
$=cosa(q,r’ sina- A, =0 QN
cos @ = 0, o= -725 . (2.8)
g.rtsina-A,r=0 ' (2.9)
sina=£z-, a = sin™! Ay - (2.10)
qer q:r ,

The values of Moex and N are for values of & of Egs. (2.8) and
(2.10) as follows: '

Mupax = 0.5 ¢, - A, (0" +7) 2.11)

H

A
Mmax =-dy (h’ + 0.5-—2) (2.12)
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N1 =:'qrr (:;-.14)
The values of Egs. (2.11) and (2. 13) are much smaller than the values
of Egs. (2.12) and (2.14), respectively.

233 Design of Arch Profile

The values of Eqs 2.12 and 2.14 snould be used in calculating the
cross section of the arch. The stress should be determined as follows!

normal load + maximum moment
profile area . section modulus

lat=

_qir, A+ 054190
F W

jal < dyp (2.15)
where |al = absolute stress value, in tonnes per square meter

F = section area of the profile, in square meters

W = section modulus of the profile, in cubic meters

g, = allowable stress in steel for mine supports, 1400 kg/cm?
or 14000 t/m?

In-Eq. (2.15) the cross section and the section modulus are two
unknowns, so trial and errof should be used for a proper design.
However, in DIN specifications

F=0.149 W+ 9.780 (2.16)
and
11 = q:r Ay(hr‘*'O.SAqur) <
1T 0149 W +9.780 + W <o, (217

Equation (2.17) is second degree with respect to W, and the posi-
tive root of the equation should be taken. After W is determined the
nearest profile is obtained from Table 2.3.
~ A more elaborate and precise way to evaluate stresses and the
design of a proper beam, introduced by Proctor and White (28),is -
not included here as it is very complicated and usually applied to
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large tunnel supports. A numerical example is given ty Peng [29,

p. 409].

2.3.4 Numerical Application

Let us find the appropriate DIN profile for a rigid arch of a gallery
8 ra® in section spaced at I-m intervals, under the normal stress con-
ditions. (@=0.5, y=2.5 t/m’). The data can be summarized as

foliows (Fig. 2.6):
L =span of gallery = 3.65 m
r=1.675m
A'=120m
a = 1.0 m (spacing of arches)
a = 0.5 (normal stress condition)
qg.=olvya as given in Eq. (1.17)
=0.5X3.65mX2.5t/m? X1.0m
4,562 t/m

1

(0.785 X 1.2+ 0.666 X 1.675) X 4.562(1.675)°

A, =

1.491t

0.666(1.20) + w(1.675)(1.2)* + 4 X 1.2(1.675)* + 1.57(1.675)°

M =0.5X%X4.562(1.675)* sin* a- 1.491(1.2 + [.675 sin @)

N=-4.562 X 1.675 cos® - 1.491 sin «

Tn show the maximum values, M and N values are plotted in the
polar coordinates of angle « and are shown in Table 2.7 (2, p. 472].

Table 2.7 Moments and Normal Load on a Rigid Steel Arch?

Angle Degrees 0 15° 30° 45° £0°

Moment(t-m) -1.79 -0 -144 -036 038
Normmal load (t) 7.64  -7.52 -648 -487 320

75° 9Q°
1.77 211
-195 -149

9gee reference 2,
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Figure 2.7 Moments and narmal loads on a rigid stecl arch plotted in polar coordinates (21.

The maximum values are as follows:

A 1.491
mcim=l ¥ ol T - ntt
o = sin 2 SN I SET X 1675 sin™t 0.1951
a=11.25°
A
anx =‘Ay (h'+0.5 __y_)
q:
1.491
=-1. 2405 —
1491(12 0.5 4.562)
=-203t'm
Ny ==q,r=-4.562 X 1.675
=-7.641t

These values are plotted on the polar coordinate in Fig. 2.7 [2, p. 473].
The proper I-_beam according to Eq. {2.17) is calculated as follows:
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4.652 X 1.675 + LA91[1.2+0.5(1.491/4.562)]
Q149 W+ 978 W

7.6414 W + 2.0329(0.149 W + 9.78) = 14000 W(0.149 W + 9.78)
2086 W* + 136912.3257 W - 19.8818 = 0
W, =0.00014521 m?
=145.21 cm?

From Table 2.3 we find that the GI 130 profile is suitable for the
system under consideration. ,

= 14000

2.4 DESIGN OF ARTICULATED (MOLL) ARCHES
2.4.1 Description of Articulated Arches

Several articulated arches used in the mines are shown in Fig, 2.8,
and the forms of articulations of Moll arches are illusirated in Fig. 2.9
[2, p. 457]. '

The most popular of articulated arches, the “moil arches,” are
constructed fromn three long pieces of wooden caps with steel arched
sections resting on these caps. The plan view of such an arched gal-
lery is shown in Fig. 2.8a and the longitudinal cross section at Fig.
2.8b. In the figure, the wooden caps are desiznated by 1 and 2,
placed on tep and on sides of the gallery respectively, and the steel
arches are designated by 3. The side caps are supported by either
steel posts (Fig. 2.8c, designated by 4), wooden posts (Fig. 2.8d,
designated by 5), or wooden chocks (Fig. 2.8¢). In some cases “fill-
ings” are used (Fig, 2.8f, g) to support the wouden caps; these are
termed “sinking arches,” as the filling crumbles and the arches lose
height. To reduce timber consumption, the roof cap can be replaced
by several steel articulazions as shown in Fig. 2.9,

"2,4.2  Design of a Moll Arch with Two Articulations
The cross section of an articulated moll arch supported by wooden

chocks and the statics of the cross section 2re Mustrated inFig. 2.10
(2, p. 475].
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Figure 2.8 Forms of articulated arches [2].

Analysis of the two-articulation moll arch is quite similar to that
rigid arch in Fig. 2.6, only the vertical portion is reduced to zero. So,
Eqgs. (2.3), (2.4), and (2.5) are modified by ' = 0, thus

_ 0.666 q.r*

Ay =By =~ o5 =042 (2.13)
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Figure 2.9 Forms of asticuiations of Moll arches [2].

M =0.5¢,r* sin* a~ 0.424 q,r(r sin a)
=q,r? sin a(0.5 sin @ - 0.424) (2.19) -

N=-q.rcos® a- 0.424 q,rsin

=-q,r{cos? o+ 0.424 sin «) (2.20)

-a—-j:;i =cosc(sina~- 0.424)=0

cosa=0——+a=x/2
sina=0.424, o=125°
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Figure 2.10 Moll arches with two articulations [2]: (o) typical supportsystem; (6) idealized
static model,

Mumex =0.076 q. 77 fora=n/2 (2.21)
Muas =-0.09 q,r? fora = 25° (2.22}

The o = 25° values are greater in absolute, therefore the moments
and normal forces are plotted against angle « in the polar coordinate,
given in Fig. 2.11; these values are taken for design purposes. Then:

Ngs" E—q,r . (223)

0.09 7,7

w (2.24)

q.:r
= ——=- +
lol =%

where F and W are the profile avea and the section modulus »f the
profile section.
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Figure 2.11 Distribution of moments and normal forces [n a two-articulation Moll arch [2].

As a numerical example, let us calculate’tl e size of moll arches
4.30 m wide spaced at I-m intervals.

—%- -‘%9—-2.15
a=1.0m
g, =alya=0.5X430m X 2.5 t/m* X 1.0m
=5.375 t/m

I

Mpax =-0.09 X 5.375(2.15)? =-2.24 t * m =-224000 kg/cm
N=-5375X215=-11.56t=-11560kg
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The easiest wav is to take several profiles and verly the stresses
allowed: Let us take DIN profile GI 110. Such a profile has a cross-
section area of 31.1 cm? and section modulus of 103 cm?. Then

11560 + 224000
31.1 103

2546 > g, = 1400 kg/cm®

lo] =

Under these conditions there are the following three possibilities:

Reduce the distance between supports (smaller a).
Use a larger profile (larger £ and W).
Use a higher quality of steel (such as St. $2).

In our sample, if we take a profile GI = 140, = 53.0.cm?, W =227
cm® (Tabie 2.3), then

_ 11560 , 224000

= 1 ll
530 7370 1204 < 1400 kg/cm

which is quite suitable.

2.4.3 Design of a Moll Arch with Three Articulations

Figure 2.12 shows the statics of an arch with three articulations, and
meximum values of moments and normal forces are given as follows:

Mapax =0.125 q,r? —x=0.134r (2.25)

Ny =-qir x=C.134r (2.26)
_qr, 0125 gt -

lol = A T (2.27)

Using the same numerical values as above with a GI = 140 profile,
we have the following:

_53.75X 215 + 0.125 X 53.75(215)*
53.0 227.0

= 1590 > g, = 1400 kg/cm?

|}
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Figure 2.2 TVhree-articulation Moll system [Z].

It can be seen that with three articulations higher values of moments
should be met, and the profile used for two articulations is not safe.
Either a larger profile inust be used or the distance between sets must
be reduced. '

2.5 DESIGN OF YIELDING ARCRHES
2.5.1 Description of Yielding Arches

Yielding arches are composed of three sections. The top section
slides between two side elements. Every 15 days or so, the tightening
elements are loosened and the arches slide, converging and this
relieving the stresses on them, eliminating deformations. This is
shown schematically in Fig. 2.13a, b, ¢ {2, p. 445].

{a) {b) [e}
Figure 2.13 Working principle of yielding arches [2].
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The first yielding arches were designed by Toussaint and Heinz-
mann with U-shaped of profiles and are shown in Fig. 2.14 [26, 2, p.
448]. After the patent termination, other forms of yielding arches
such as “Clocken™ and “Kunstler” have been marketed with V-section
and flat iron shapes put in the form of a U-section, as shown in Figs.
2.15 and 2.16 respectively (26, 2, p. 454-453].

Section A-A

Side binding

Figure .14 Toussaint-Heinzmann yielding 2rches {2,26].
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335 m

4.25m

N
-

General bolt

Figure .15 Glocken yielding arches (2, 26].

Yielding arches, used for the most part in the main and ialigares
of the longwall panels, are not very large in cross section. Typical
Toussaint-Heinzmann arches used in the French collieries are shown
in Fig. 2.17, and their dimensions are summarized in Table 2.8 (30,
2, p. 451].

Table 2.8 Dimensivns of French Toussiant-Heinzmann Arches?

Gallery _ Arch Elements

Arch Section

Number (m?) L H P d R C r
P 250 5.3 278 248 24 076 20 26 12
P 300" 1.86 281 334 26 085 22 3.1 IS
P 370 9.45 384 299 29 078 24 3.1 1.7
F 420 11.20 434 3.14 31 076 25 34 20
P 470 13.35 470 335 3.4 045 28 36 22

“See references 2 and 30.



215 m
/

'.ﬁ 425 m 1

Binding with double bolts

Section of binding

L 1
i ~

150 % 50 mm

Arch gaofile

Figure 2.16 Kunstler yielding arches (2,26].

1
y i —
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Figure 2.17 Toussaint-Heinzmann yiclding arches used in Freach collieries {2, 30].
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2.5.2 Esuimation of Yielding Arches

Yielding arches, lowering 30~-40 cm in height, cannot give a static
model for calculations. The size estimation is done according to the
convergence criteria of the roadway. The following formuias and
tables make estimations of the conditions for yiclding supports in
German mines (31) (2, p. 195].

K=-78+0666 H+43mK,+1.7VI0K,  (2.28)
K'=-58+0.0394+3.7mK, + 6.6V 0K, (2.29)
Y=35+0.23K

where K = fina] convergence, percent.
K' = heaving of the floor, percent
Y = closure of sides, percent
H = depth of the gateway, in meters
m = thickness of the seain, in meters
K, = coefficient, according to the sunnort of eateway ribs
(Table 2.9).
K, = coefficient according to the floor rock (Tabie 2.10).
K'[K <0.7 yielding profiles 26~29 kg/m
K'[K > 0.7 yielding profiles 30-36 kg/m

As a numerical example, let us estimate the size of the Toussaint-
Feinzmann arches to be used at a gateway at a depth of 1000 n.
driven in a seam of 2 m in thickness, made of sandstone floor, with

Table 2.9 Coefficient K, According to
Support of Gateway Ribs?

Support of Gateway Ribs K,
Solidified materials like anhydrite
or fluid concrete |
Wooden chocks 2
Hand stowing 3

“See references 2 and 31.
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Table 2.10 Coefficient Ky, According to
Roof Rock®

Roofl Rock Ky

Sandstone

Sandy shale

Shale

Very deformed rock

Coal

Coal + shale + deformed rock

A B R

9gee references 2 and 31.

wooden chocks to support the ribs. In these conditions

H=1000m
m=2m
K. =2
Ke=1

K=-78+0.066 X 1000+43 X2X2+7.7/10X |
=-783+66+17.2+243=20.5%

K'=-58+0.039X 1000+3.7X2X 2+6.6/10X |
=-58+39+ 14.84+20.9=16.7%

To cover the convergence a Toussaini-Heinzmann profile of
21 kg/m should be used.






CHAPTER 3

Roof Bolts
and Trusses

3.1 PRINCIPLE OF ROOF BOLTS

It is an established fact that there are tension zones in the roof,
especially at the “entries” of the coal mines. The roofs in these
entriss act like beams supported on both sides with layers separated
fro n each other. The designer of the rcadway supports must take the
weight of such separated beds (immediate roof) into consideration.

Let us consider two roof layers whose thicknesses are h, and h,
and widths b (Fig. 3.1) (2, p. 482]. If the span of the opening is {
and- the uniform load is g, there will be 2 maximum bending stress
in the middle (Fig. 3.1a) s follows:

ql?
= 7 J—
0=015 L5 T prd

(3.)

If these two layers are tied together by means of bolts (Fig. 3.18),
the berding ¢' in the middle of the span would be

ql®

a =075 W

(3.2

It can be scen that the value of o' is much less than g. If 1, =
h, = h, the ratio of two cases is as follows:

0.75(ql?2bh?)
0.75(ql*b(2h2)? |
=2

g
-
ag

89
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- Figure 3.1 Principle of roof bolting,

Therefore, by binding the two layers, the bending stress can be re-
duced to half.

On the other hand, the tension stress met on the roof can be
carried by “steel” rods quite resistant to tensile stresses. The bind-
ing of the layers can be effected as soon as the roadway is opened,
without much bed separation. These obvious advantages have made
ronf bolting very populay in room-and-pillar workings in flat-bedded
deposits. Investigations of the U.S. Bureau of Mines in this respect
after World War II made a big improvement in roadway supports and
made roof bolts very popular.

3.2 VARIETIES OF ROOF BOLTS

Among the varietizs of roof bolts slot-and-wedge and expansion-shell
bolts are anchored mechanically. In *“‘grouted” bolts the setting
medium is quick-sctting cement. “Resin” bolting is the latest im-
provement, where varieties of quick setting resin: are used quite
efficiently in fixing the bolt in place.

3.2.1 Slot-and-Wedge Bolts

A typical slot—and-wedge.bolt is shown in Fig. 3.2 {2, p. 485]. The
bolt is made of malleable stee] 22-30 mm in diameter and 0.5-2.5 m
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Figure 3.2 Slot-and-wedge roof balts [2].

long. One end of the bolt is slotted (150 mm long, 2-3 mm wide),
and a wedge of J —{§ in conicity is placed and forced to enlarge the
slot in place as shown in Fig. 3.2¢.

The hole for the bolt is drilled according to the length of the bolt,
usually 4 ram larzer, and the bolt is forced to enlarge by a pneumatic
impact hammey. The necessity for compressed air muakes the usage
quite inconvenient. After the bolt is fixed, the bzaring plate is tight-
ened by nuts, giving proper tension to the bolt. The anchorage force
of the bolt is given by Cox [23] as follows:

P=F,q(sina+pcosa) (3.3)

K= Kg (3.4)
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where P = anchorage force to keep the bolt in place, in kilograms
F; = area of anchorage, in square centimeters
q = bearing capacity of roof rock, in kilograms per square
centimeter
« = conical angle of the wedge
# = coelficient of friction between roof rock and belt steel
K = coefficient, 0.0014

As a2 numerical exanple, let us use a rock with a bearing capacity
ol 200 kg/em?. A bolt with 2° of conicity and 4 25-cm? area will
have the following anchorage force:

1 =0.0014 X 200 = 0.28
P =25 X 200 (sin 2° + 0.28 cos 2°)
=25 X 200(0.0349 +0.2798) = 1573.5 kg

3.2.2 Expansion-Shell Roof Bolts

A typical expansion-shell bolt is shown in Fig. 3.3, It consists of
17-22 mm stee] rod that holds a conical piece N on the threaded
end. There are four shells £ around this central piece, moving hori-
zontally as the N-piece moves downward with the help of a tighten-
ing wrench. The tightened part is seen in Fig, 3.3¢ where anchorage
force is in equilibrium with the friction force S formed by gF,
forces:

P =nugF, (3.5)

{4 {e)
Figure 3.3 Typical expansion-shell roof bats {2, 33,
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where P = anchorage force, in kilograms
n = raefficient of [riction between rock and expansion shells
g = bearing capacity of roof rock, in kilograms per square
centimeters
F, = area of one expansion shell
n = number of shells

For a practical example, let us calculate the anchorage force ol an
expansion-shell bolt, 4 pieces, 5 cm? of {rction surface of each, ata
rock of 200 kg/cm? bearing capacity. The coefficient of friction is
0.28, as in the p-evious example.

P=4%0.28 X 200 kgfcm? X 5 cm?
= 1120 kg

The tightening action is schematically shown in Fig. 3.4 [2, p.
588], and tne torque required is calculated by the help of the for-
mulas [33, p. 399] in the following discussion.

As seen in Fig. 3.4, the nut S is tumed by the help of wrench A,
and the torque is read at G. By tightening, the expansion shells &,

M Iﬁ\ G

l \ ] S X

A
Figure 3.4 Tigntening of expansion-shell roof bolts (2,33}
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moves horizontally, squeezing into the rock. The tightening con-

. tinues with the bearing plate P until a pretension is given to the bolt

This should not exceed 60% of the flow stress of the steel used. The
moments are as follows:

Rd . R 43 - d3
M=M +M, =—2—tan(:+gpl)+-3-z'§-_—d.‘l;tangoz (3.6)
2 1

where M = total tuming moment, in kilogram-centimeters
M, = first moment put the shells into action, in kilogram-
centimeters —
M, =second moment to tighten bearing plate, in kilogram-
centimeters
R = axial force applied to the tolt, in kilograms
d = diameter of the bolt, in centimeters
d, = diameter of the hole, in centimeters
d, = distance of expansion shell in the rock
{ = inclination of boit thread
v, = angle of friction between nut and bolt
¥z = angle of {riction between nut and bearing plate

As a2 numerical application, let us caiculate the moment (torque)
to get 10 t of force in 2 bolt 2.5 e¢m in diameter, putina hole 3 cm
in diameter. The distance of friction of shells is 4.5 cm; the angle of
bolt thread is so small that it is negligible, and the angles of frictions
are tany; = 0.2 and tany, = 0.2, between nut and bolt and nut and
bearing plate respectively.

_ 2.5 10000 (4.5)* - (3)°
M =10000 =2 X 0.2+ —= anr—Gr X 03

=8200kg-cmor82kg - m

According to reference 2 the turning moment can be calculated in
a simpler way as follows:

M=—R-?i(tan:‘+ 2 tan p) (3.7)

where M = torque, ia kilogram-centimeters
R = axial force applied to the boit, in kilograms
d = diameter of the bolt, in centimeters
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{ = inclination of bolt thread, usually taken as 2.5°

¢ = angle of friction of nut on the beaning plate, usually taken
as 16° '

The foregoing calculation then becomes

. 10000 X 2.5
2

10000 X 2.5

= (0.0437 +2 X 0.2867)

=775 kgecm=7715kg - m

M (ten 2.5° + 2 X tan 16°)

which is in accordance with the result (82 kg « m) already calculated.
3.2.3 Grouted Roof Bolts

A schematic view of grouted bolts is given in Fig. 3.5, where grout
(cement/fine sand/water) is put in to half of the length of the hole. A
tap is used to stop the grout from running cown. Fine plastic tubing
is placed to drain the air while inserting the corrugated steel rod.
After the cement sets, it has high adheresnce and ke=ps the bolt in
place.

U]
Air evacuaton sy
tube Corregated
rool bolt

Quick satting
grout

‘ Martar holding

l—|__L“
Bearing / MNut

plate
Figure 3.5 Schematic view of grouted bolts [2].
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Figure 3.6 Grout slecves used In fissured rocks {2, 34).

In fissured rock the water of the mortar is lost very easily. To
eliminate this inconvenience, perforated sleeves are used as showa i
Fig. 3.6 [34]. As the boit is inserted, the mortar is forced through
perforations of the sleeve to the hole.

The several ratios of cement to fine sand and water content (a =
water/cement by weight) are seen in Fig. 3.7. It can be seen that
strength increases with age, and half of the strength is reached in a
week. Thicker grouts increase strength as well. The strength of grout
is acutely dependent on the cement, sand, water ratios.

3.2.4 Resin Roof Bolts

Difficulties in fixing bolts have led to anchoring bolts along their fuli
lengths. Grouted bolts were successful but needed long curing time
and there was bed separation, It was also difficult to make proper .
mixture. So, some resins were developed that became hard and ob-
taned mechanical properties in a tew minutes.

Resin bolting, as it is generally called, is relatively new. The com-
ponents of resin differ with different manufacturers. Different per-
centages of components will have different strengths, gel times,
resistance to enviconment, and so on, Key components of a resin
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Figure 3.7 Cuiing time of mortar (2, 34].

bolt may typically be [29, p. 157] the following:

Poly ster resin 28.5% )
Filler (crushed limestone) 66% » + Catalyst
Accelerator 0.5%

Filler is any crushed rock. It is used to reduce shrinkage and also to
reduce the amount of polyster resin to a2 minimum, because resin is
much more expensive than rock. The accelerator assists the reaction
between the catalyst and polyster resin so that the mixture cures
faster. To avoid contact before use, resin, filler, and accelerator are
packed together and separated from the catalyst. The commaon prac-
tice is to pack them in form of sausage cartiidge, one packet inside
the other, separated by a quality plastic wrap such as Mylar. Fig. 3.8

Inner casing rasing

N
X Polyester resin
Caralyst

Figure 3.8 Resin cartridge manufactured by Du Pont 29, 35].
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shows a typical arrangement of resin cartridges manufactured by
- Du Pont [35]. The length of cartridge ranges {rom 30 to 120 cm,
diameter, 2.5 to 3.5 cm. Maximum anchoring capacity will be real-
ized in less than five minutes, and when completely  cured the resin
has the following physical properties [36]:

Uniaxial com pressive strength 1120 kg/em?
Tensile strength - 630 kg/ecm?
Shear strength 525 kgfem?-

When considering the load bearing capacity of a resin anchor, twc
important points rmust be considered. First is rock strength (or better
referred to as rock type). [t is widely appreciated that weaker rocks
require more resin to give anchoring characteristics comparable to
those achieved in stronger rocks. Second, bond length influences the
bolt's anchor strength. Fig. 3.9 gives the results of Franklin and
Woodfield [37], which show the interrelationship of these param-
eters. Their results generally indicate that the anchor strength is a
linear function to bond length (Fig. 3.95). The rocks used to deter-
mine this relationship were granite, limestone, sandstone, coal, and
chalk and involved some 200 individual tests. The resin anchsrage
strength proved to be [.7-3 times greater than that of the mechani-
cal type [35, p. 320].

The installation steps for resin bolting are summarized in Fig. 3.10
[39]: drill the hole, insert the cartridges, put the bolt through, turn
the bolt to get thorough mixing, and apply thrust with the proper
machine for 20-30 seconds (29, p. 159].

The bearing capacity of a resin bolt can be calculated as seen in.
Fig. 3.11 and formulated as follows:

Raax =0 F=1U1 (3.8)

=X .
F 4 a*, U=nd
.d
r=0252 (3.9)
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Figure 3.9 Propertles of polyester resin and bond strength (36, 37}.

where Ry = bearing capacity of bolt, in kilograms
g, = yield strength of bolt steel, in kilograms per square
centimeter
F = area of the bolt, in square centimeters
d = diameter of the bolt, in centimaters
+ = adherence between resin and the bolt, in kilograms pe:r
square centimeter
U = circumference of the belt in centimeters
1 = length of the bolt, in centimeters



Resin bott installation procedures

Step 1 Crill 2 one-inch {17)

diarmeter Fole to the
desired depth

Step 2 Insert resin cartridger
in1o holes, ingert plug
to hold cartridges in
hole.

Step 3 Push boli through resin
cartnidges 1o hale back,
MNore: Do not keen

plate tight against rool.

RN D
==
==y 3
— ==
= 0
=l o =

FRvs A-h-ze}

Step 4 Rotate bolt lor

manyfacturer's
recommended mix
time.

Step 5 Apply full machine
thrust 1o bolt head,
Hold for 20-30
seconds and release,

S1ep 6 Completed fuil-grouted
retin-balt installation,

100

Figure 3.10  Resin bolt Inswllation recommendations (29,39].

Figure 3.11

Bearing capacity of a resin bolt (2],
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Let us take the yield strength of the bolt steel to be 2000 kg/cm?,
the diameter 2.5 cm, length 200 cm. Then the adkerence between
resin and steel and the bearing capacities of bolt is calculated as
follows:

~ 2000 X 2.5 _ ,
r=025 X oo = 6.25 kelom

R... =7Ul=6.25 X 2.5 7 X 200
=9812.5kg

3.2.5 Wooden Roof Bolts

Wooden bolts, held in place by a resin column, are used as an an-
chorage sysiem to strengthen cracked coal faces, coal ribs, and the
like. A typical application is seen in Fig. 3.12 (44, 2, p- 5041.

At the face, holes up to 16 m in lengtl, are drilled, and wooclen
bolts, 36 mm in diameter, are placed. A 10-mm plastic tube is also
placed to evacuvate the air in the hole during the injection. The
mouth of the hole is securely held by a plug, and the resin is injected
by a pump at a pressure of 14-21 kg/cmn?, as seen in the figure. '

Such a bolt increases the stability of the weak ground and in-
creases the saf:ty in mechanized faces. They do not cause any
inconvenience, as the winning machines can easily cut them.

3.2.6 Testing of Roof Bolts

The bearing (anchoring) capacity is an important factor in bolt de-
sign. It is the load carried without any appreciable deformation. This
capacity depends upon the roof conditions (strength of roof rock,
fissures, etc.), atmospheric conditions (temperature, relative humid-
ity), type of roof bolt (mechanical, grouted, resin, etc.), the method
of anchorage of the bolt, and finally the strength of roof-bolt steel.
“This is obtained by in situ measurements in the mines.

A typical testing system is shown in Fig. 3.13 (38,2, p. 512]. As
seen in the figure the bolt (2) is pulled down by a hydraulic jacket
(3), and the displacement is measured by an extensometer (4). The
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S S §§‘

e Cg
L

Figure 3.12 Wood bolt and resin in‘ection {2,44],

'} Retin
Mixture

pressure exercised by a hand pump (6) is read at the manometer (57.
The result of testing is seen in Fig. 3.14 (38).

This relation, as shown in Fig 3.14, is linear, composed of two
parts. There is no extension at the start even though there is a load
appiied (point 1). This is explained by the fact that the load applied
has not yet reached the bolt. After the point 2, the linear extension
increases (section 2-3), and the anchorage capacity is lost after peint
3. The value at point 4 is the approximate working load of the boit.

Tre anchorage capacities of various types of roof bolts are shown
in Fig. 3.15 {39, 2, p. 514]. It can he scen that the resin bolt 25 mm



Figure 3.13 In situ testing of roof bolus {2,38].

\A

Load on bolt

Extensian —_—

Figure 3,14 Charazteristics of load-xtensian relations [2, 38].
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Figure 3.15 Anchorage capacity of various bolts |2, 39).

in diameter (A) shows the highest bearing capacity. Among the
1S9-mm bolts, resin ones show the steepest curves (B, C). Mechanical
bolts show poor results (E, G), and the slot-werdge variety (F) is the
poorest.

The factor of roof rock is clearly shown in Fig. 3.16 forexpansion-
shell bolts anchored in different rocks [17, p. 659]. Stronger rocks
show higher anchorage capacity. '
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Figure 3.16 Admissible 1oad on bolts as 2 function of -ock quality [17].

33 DESIGN OF ROOF BOLTS
331 Stability of Bolted Blocks

Let us asstme that a block is developed by two cracks at the side of
a gallery at angle o to the honzontal (Fig. 3.17). The weight of such
block is P. If the shear force along the crack surface exceeds the fric-
tional force, the block moves, that is, there is caving of the block.

Ta=Psi.na---Na=Pcosa (3.10)
R, =N, tany _ (3.11)

=P cosatany (3.12)
R.2 T« (3.13)
R, =P, cosy=PF. cos (e +B) (3.14)

R, =F. sin~y tany = P, sin (o + ) tan g (3.15)
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\Unil_ length IV

Crack C* 0

(al (&)

Figure 3.17 Carrying capacities of rock bolts [2],

ZR = R3+R1 +}_2_'2_

_ 3.16

T, Ta G

:Pcosatanfp*‘Pc[COS(O_f“”ﬁ)+5i“(°‘+ﬁ) tan ¢ G.A7
Psina

(nsina- cosatang) P (3.18)

Fe = cos(a+f) +sin(a+f)tany

where P = dead weight of the block separated by cruck surfaces; in
kilograms
a = angle of crack to the horizoental, in degrees
B = angle of the bolt to the horizontal, in degress
w = angle of friction at the crack surface, in degrees
R, = friction force, in kilograms
P. = axial force given to the bolt, in kilograms
n = factor of safety -
ZR =sum of forces against movement, in kilograms
No = nommal force to the crack surface due to dead weight of
the block
Te = force making the movement, in kilograms
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As the crack is supposed to be open, there would be no cohesion
(c =0) as seen in Eq. 3.11.

As a numerical example, let us find the tighiening force with a
safety factor n =2 on a block separated by cracks making o« = 60°
angles and 1 m in length along a gallery heignt of L. =15 m. The
angle of friction on crack suriface is ¢ = 25°, and the inclination of
the bolt to the horizontal is 8 = 30°. The density of rock is 2.5 t/m3.
The dead weight of the block is as follows:

P=1[*sinacosaX Xy
=1 (1.5m)* X 1 m X sin 60 cos 60 X 2.5 t/m?

=122t
P = (2 sin 30° - cos 607 tan 2£°) 1.22
¢ 0+ 0.466
; =3.92¢

A bolt with larger axial force can easily hold such a block in place.
The biock will move il a bolt of a lower force is used.

3.3.2 Length of Bolts

According to investigators_[40, 411, the length of the bolts/ should
te greater than the dome height separated from the main roof. If the
gallery width is L, these lengths are as follows:

Strong roofs =1L (3.19)
Weak roofs I=31L (3.20)

For very strong roofs where the bolting is done to stop spalling, the
length is{ = 1 m, as a minimum.

2.3.3 Spacing of Bolts

The spacing of tolts is closely related to the length of the bolt. Ac-
cording to the photoelastic investigations of Coates and Cochrane
{42] the spacing should be as follows:

b=11=%L (3.21)
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Rma
lax = ———b17‘ (3.22)

where b = spacing of bolts, in meters
L = width of gallery, in meters
{ = length of bolt, in meters
Rmax = maximum carrying capacity of bolt; the force resulting in
yield in the steel, in tonnes
v = density of rock, in tonnes per cubic meter

If the tightening of the bolt is less than 0.5 o.,,, of the steelstrength,
the spacing should be taken as haif of this value {43]}.

3.3.4 Diameter of Bolts

The diameter of bolts is calculated according to the yield strength of
the steel.

Row =04 F (3.23)

Rmax _ 0.785 d*a, (3.29)
n n

R=

where R ., = maximum bearing capacity of bolt (in tension), in

kilograms

R = allowable axial force in bolt, in kilograms

n = safety factor, 2-4

g, = vield strength of steel, in kilograms per square centi-
meter

F = area.of the bolt, in square centimeters

d = diameter of the boit, in centimeters

Figure 3.18 shows carrying capacity of roof bolts with a safety fac-
tor of 2 for steels St. 37 and St. 52 [2, p. 526]. The practical diam-
cters for shale, limestone, and sandstone are 30, 35, and 40 mm,
respectively.

3.3.5 Density of Bolts
The number of bolts per square meter is called ‘“density.” It is a

usual practical to have this number be 1. In poor, fractured roofs
the densily is increased.
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(81, 521
1
30—
Normal steel

25 — [St. 3N

20 —
SRTY

10 }—
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9 YLl ] | l |

Bult diameter J {cm)

Figure 3.18 Carrying capacities of 1ool bults {2].

3.3.6 Numerical Example

The foregoing design criteria of bolts can be applied to a numerical
example. The data available are as following and are shown in Fig.
3.19 (2, p. 528]:

Width of gallery L=3m
Roof conditions fractured
Roof rock ' coal

~ Immediate roof thickness h=175m
Immediate roof density v =25 t/m?
Distance between rows of bolts c=1m

The length, according to Eq.(3.21) s

_L_3_
= 2% 3 1.5 m
As there is an immediate rocf to be separated from the main roof.,
the length should exceed this thickness by at least 0.5 m. So the

length is
[=h+05=175+C5=225m (3.25)
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Figure 3.19 Design of roof bolts [2].

The bolts should carry the static weight of the roof shown in Fig.-
3.19. The number m of the bolts is calculated as follows:

mRK 2 Lhcy . (3.26)

Lhcy Lheyn
R 0.785 ¢, d*

m = (3.27)

I we take d = 2.5 cm holts of St. 37 (g, = 2400 kg/cm?) with a
safety factorof n = 2
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_3mX1L75mX 1.OmX25t/m? X2
0.785 X 24000 t/m?* X (0.025)* m?

=2.2~3

Bolt density m, is calculated as follows:

" 3
mn=—'-=

Le 3 X1

= | piece per square meter

Spacing of the bolts is determined

b=ﬂ=l=lm
c 1

We should verify the length of the bolt with respect to maximum
load as follows:

Rpax = 0.785 0,d* =0.785 X 24000 X (0.025)*
=11.7751

Ronx _ 1775 ¢

by (L0 m® X 2.5t/m?

Since the actual length [ = 2.25 is smaller than 4.71 m, the length is
quite safe.

-]rnnx L =411 m

3.4 APPLICATION OF ROOF BOLTS

Roof bolts are extensively used to support entries in room-and-pillar
workings and gateways of longwalls, occasionaily used in longwalls
and in tunneling, and to some extent in the stoping of metal mines.

3.4.1 Room Entries

Roof bolts are most advantageously used in the entries of room-and-
pillar workings. In the United States the bolts are put at 1.2-m in-
tervals. Two examples are shown in Fig. 3.20, one holding together
the shaly roof layers and the other hanging the coal (o the shaly
roof. .

At the junctions, where the span is greater, extra bolts arz put at
greater depth, as shown in Fig. 3.21 {44, 2, p. 532].
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Figure 3.20 Roof bolting in room-and-pillar warkings {2, 44].

3.4.2  Gateways of Longwalls

The uses of resin bolts in a gateway in the Britich cozlficlds are
shown in Fig. 3.22 {39, 2}. As shown in the figure, the roof of the
sateway is held in place by four resin boits held together by U-bar
Fig. 3.22a. The bolts are 1.63 m long. A wood bolt is placed in the
<oal on the rb side of the gateway as well. The roadway convergence
is shown in Fig. 3.22¢ where 1.5-m convergence decreased-t0 0.25 m
with roof tolting. Roof control is increased by the use of roof bol*-
ing [39].

An interesting application is the use of wooden roof bolts to
counteract heaving of the lloor, as illustrated in Fig. 3.23 (45, 2, p.
335]. Resin bolts reduced heaving tremendously when placed both
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Figure 3.22 Roof belting 'n gateways of longwall workings [27, 39].

verticallv and at a 45° angle to strengtiten the floor rock. This system
eliminated the previously used alteration of arches.

3.4.3 Longwall Faces

Figure 3.24 shows many applications of wooden bolts to longwall
faces [39, 2, p. 538]. Figure 3.242 shows 4-5-m wooden bolts to
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Figure 3,23 Floor bolting io decrease heaving [2, 45].

Section A-8

strengthen a wezk but thick seam. Figure 3.24b ilustrates the
strengthening of a fault zone in front of the face by 15-m wooden
bolts with resin cementing. Figure 3.24¢ shows wooden bolts driven
into the roof to tie fractures produced under a pillar left in the
upper seam. Such small pillars, left, are under high abutment
pressures resulting in fractures of the roof and floor rocks. These
wooden bolts do not cause any trouble during mechanical winning of
the coali.
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Figure 3.24 Wooden bolting used at longwall faces [2, 391,

3.4.4 Metal Ore Mines

Arch roadways, driven unsupported into strong rock, may spall, and
dangerous roof falls may occur. To eliminate this spalling of gallery
roof and sides, roof bolting may be quite satisfactory (Fig. 3.25).

In stoping, especially hydraulic cut-and-fill stoping, the hanging
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Figure 3,15 Bolting agaunst spalling [2].

wall can be supported by roof bolts, which eliminates any cavings
and dilutions of the ore Fig. 3.26 [46, 2, p. 540].

The bolting of a fault zone is illustrated in Fig. 3.27, where the
deformation of the side piece of the arch was eliminated by such
bolting [46, 2, p. 541].

Figure 3.26 Bolting in hydraulic cut-and-fill stopping {2].
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Figure 3.27 Bolting of a fault zone on the side of a gallery {2, 46].
3.5 ADVANTAGES OF ROOF BOLTING

The advantages of roof bol'ﬁng over other supporting systems can be
summarized as follows:

1. Bolts can be put in as soon as the excavation is made, before
any appreciable deformations. This is the most important fac-
tor in roof bolting, helping the roof control, increasing the
safety.

2. Bolts, especially resin bolts, are not influenced by the shock
waves of explosives.

3. There are no posts, girders, and the like to obstruct the gal-

leries. The hauling equipment can easily pass. The cross sec-
tion is kept open.
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4. The resistance to the air flow is low’ ventilation is improved.

5. Bolts are natural supports to hang pipes, tubes; and the like
and thus clear the floor for free passage.

6. Spalling is reduced to quite an extent, reducing dilution of
coal from tha fulling roof rock.

7. Roof bolting is more economical then other support systems.
In many mines, where timber is not obtained freely and
cheaply, roof bolting is much jess costly, and there is no cap-
ital expenditure for gallery steel arches.

3.6 ROOF TRUSSES

-

- e '
2.0.1

frincipie and History of Roof Trusses.

Roof trusses were designed according to the patent of White [(47]
and his improvements [48, 49]. Full-column resin bolts had replaced
all other kinds of bolting because of lower cost. However, where the
ground is heavy roof trusses are the reinedy to hold places otherwise
only held by timbering [49].

It is a welkknown fact that flat-roofed openings develop tension
zones at the roof. As the trusses put stress to the roof, these ten-
sion zones are elirninated.

The general view of a roof tryss is shown in Fig. 3.28 [49]. It
consists of two-point anchoring system (preferably resin), a2 connec-
tion bar, a turnbuckle to give the proper tension to the bar, bearing
blocks, and adjusting wedge box. .

Point anchor
i

Figure 3,28 General view of a rool truss [49].
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3.6.2 Design of Roof Trusses

A roof truss is detailed in Fig. 3.29 [50]. The tension P on the bar is
given by the tumbuckie T. Through the bearing block C-D (24 X b
reactions R, are formed, and through the touching of the hole
mouth reactions R, are formed.

Resolving the forces along and perpendicular to the direction of T,
and taking moments around point B, we find:

T-uR,-R,sine-Pcosa=0 (3.28)
Ry +R, cosa- Psina=0 (3.29
Riyla+)+puR,b-Th=0 (3.30)
IT we solve these equations simultaneously in respect to 7',

- T :

P—pb_mﬂ,[(a+l)cosa+bs1r.o:] (3.30)
S e—— -+ t -

R, btat] {a+1)sina b.ccscx] (3.31H

Th

G vt (332

Figure 3.29 Statics of a yoof truss [50],
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In cases where block C-D is close enough to the hole that the rod
does not touch the hole, R, =0, then

T-uR, =P cos o

R, =Psinax
" Cosa +1:1 sin ¥ (3.33)
Ra = F:os & (3.34}
o= tan”! ai, (3.35)

where P = lcad on the anchorage of the bolt

T = tensioning ioad on the truss

R, = reaction at the mouth of the hole

R, = reaction at the block
! = distance of the block to the hole

22 = width of the block
b = thickness of the block
p = coelficient of friction between the block and the roof rock
a = angle of inclination of the hole

As a numencal example let us calculate the fixing force of a rod in
the hole of a roof truss tightened at a load of T=10t. The holes are
driven at an angle of @ = 60°, the block & = 8 cm thick and 2a= 20 -m
tong is placed at a distance of I=22 cm from the hole. The coeffr
cient of fiiction between block and roof rock is u=0.4. Find the
angle and anchorage force if the same block is placed at 5 cm from
the hole. :

10,000 _
p= N4X 8+ 10 + 22 [(10 + 22) cos 60+ 8 sin 60)]
10,000
= -t o 2e]
357 * 2293
= 6514 kg
g
a = tau™! =128°
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) 10,000 ) 10,000 ]
cos 28° + 0.4 sin 28° _ 0.8820 + 0.4 X 0.430%
10,000 _

= To0707 " 340 ke

It can be seen that a higher degree of anchorage is needed for this
special case,

The reactions and anchorage force are pictted in multiples of T
tension against the inclination of the hole as shown in Fig. 3.30
{50].
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Figure 3.30 Anchorage reactions of a roof truss in terms of tensian and angle of inclination
(s0]. ' :
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Table 3.1 Dimensions for Good Roof Trusses’

Span Block Thickness Block Distance
Hole-to-Hole b to Hole!
(m) (cm) (cm)
Z 8 20-22
30 8 20-22
3.6 10 25-30

95ee reference 50.

To get good rasults in roof trusses, the angle of inclination of holes
should be near 60°, the width of block 2a should be 20 cm, and the
thickness and distance to the hole should be as listed in Table 3.1,
according to the span (distance from hole to hole) of the gallery.






CHAPTER 4

Steel
Longwall
; Supports

4.1 EVOLUTION OF STEEL LONGWALL SUPPORTS

The low strength and high cost of timber and the mechanization of
longwalls led to the use of steel for support systems just before World
War I, and this advancement led to the total mechanization and
automation in longwalls, with high production and concentration of
working places in the mines.

The early steel supports with friction props and articulated caps
are -shown in Fig. 4.1 [2, p. 544]. The plan view of an advancing
longwall is shown in Fig. 4.1a, the positions of the steel supports in
plan view at Fig. 4.1, and the section view at Fig. 4.1c. A steel set
is composed of a “prop” (1) and 2 “cap” (2) arranged in “T-form."”
Wooden wedges (3) may be placed according to the roof conditions.
The set can be easily placed by setting & lock system (7) and can also
be easily released by the same lock system (6) having the “back row”
set transferred to the “face row,” as showil by dotted lines in the fig-
ure. Thus the sets change place from back to front, not requiring any
new support. The back of the face is “caved’ in this advancement.

The articulation of caps perniits the placement of the prop toward
the end of the working shift thus creating an area of “prop-free face”
for the chain convzyor (4) to mov: freely and for the coal winning
machine (5) to cut and transfer the coal to the conveyor.

The props are telescopic, made of two pieces gliding one inside the
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Flgure 4.1 Steel longwal! supports with frictlen props and articulated caps [2].

other, and set according to the thickness of the seam. The setting of
the props is accomplished either by lock mechanism in iviction props
or by hydraulic mechanism or pressured fluid obtained from hoses at
the face in hydraulic props. The caps are simpie [-beams having an
aruculation and a setting mechanism for the articulation to support
the roof for a short time.

Hydraulic props were further improved by makmg the hydrauhc
prop, cap, and the chain conveyor movement in a single unit called
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“walking support’ or “powered chocks,"” as shown in Fig. 4.2 [51,
2, p. 544]. Schematically each unit of powered support consists of
four to six legs (1) supnorted by larze cap (canopy} (3). The winning
machine (2) is placed on the chain conveyor and is always pushed to
the face by the powered chock making “snaking,” positions, as
shown by the dotted line in the plan view. The supports self-advance
by pulling action toward the chain conveyor, thus “walking” and
making the roof ‘“‘cave™ as the advance is accomplished. There are
several advances (three to six times) during the shift, according to the
cuts performed, making an advance of 1.5-5 m by the winning ma-
chine and producing large tonnages with few workers. The recent im-
provements in powered supports, such as the *'shield support,” have
made the back of the face much safer.
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Figure 4.2 Powered longwall supports [2, 51]- 1, powered support; 2, cutter loader; 3,

chain conveyor.
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4.2 STEEL PROPS AND CAPS
4.2.1 Friction Props-

The construction and working principle of frictior props are shown
in Fig. 4.3 {2, p. 545]. The prop is made of a cylindrical outside
piece F and an inner piece P, connected by “wearing” plates a, and
held by horizontal force A. This force is calculated a; follows:

R=nHtang for cylindrical props {313
R=nHtan(p+ i) for conical props

.o~
_.p.

L]
~—

where A = horizontal lock force, in tonnes
R = yielding load, in tonnes
v = angle of friction between inner piece and bearing plates,
¢=tan~! 0.3-0.5 '

it H

l
R
T

R

Figure 4.3 Principle of friction props [2].
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i = angie of conicity of the inner piece, 7 = tan™! 0.01-0.005
n = number of friction surfaces, n = 2 in most of props

There are usuaily two t'n'cti:)n surfaces, but there are props with
more surfaces (slit props n = 4) and a variety of ways to increase the
friction surfaces [7].

The working ¢onditions of conical props and the characteristic
curve (load versus sinking) are shown in Fig. 4.4a. These are called
“slowly” loaded props, as the load carried is proportional to the
sinking. As the inner piece sinks, the conicity of the inner piece
forces the locking system to enlarge and exercise higher horizontal
force on the locking system.

In cylindrical props where { =0, the horizontal [orce is exercised

Conical
inner piece
b
¢+ 5
A
No. |l t:ghtening
- wedoa =
N\, 3
-
& = enlarges
b= comitant — >
Sinking {cm)
[a}
No. 1l Servo Cyllindrical
wedge inner piece
No. [
Fixing wed
ixing e 0
| L
M welding g 30
Wearlng 9 20
platet
10
!
ol 1 1 | b
t0 20 30 40 50
Sinking {cm}

{8

Figure 4.4 Locking syscems and characteristic curves of friction props (2].
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by an extra wedge called a *‘servo,” as.shown by Il in Fig. 4.4, Dw-
- ing to high conicity (). the servo exercises large locking force by
sinking slightly (20 mm). For this reason these are called *““instanta-
neous” loading props, as seen in the characteristical curve,

The profiles of friction props are usually rectangular, made of two
corners of Iwo channels welded together, as shown in Fig. 4.5. The
weights and section moduli are also incorpeorated. It can be seen that
owing to rectangular shapes, W, and W, are about equal, meaning
that they have about the same strength for deformations in both
directions [30, p. 402]. :

4.2.2 Hydraulic Props

The effects on the use of friction props caused by human errors in
giving friction force, aging of the friction surfaces, and other difficul-
ties made it necessary to design a better prop working on hydraulic
principles, as shown in Fig. 4.6 [30, p. 426].

In Fig. 4.64, opening and closing of valvs | causes fluid to change
place between the inner and outer pieces, lowering and stopping of
props according to the load ¢coming from roofs. It is so arranged that
the prop stays at a load of 20 t (£0.5 t), as shown in the r'haractcns-
tic curve of Fig. 4.6¢.

The prop is raised and tightened by the help of a hend pump built
into the prop, as schematically shown in Fig. 4.65. By wuming the
handle along arc A, the piston moves up, opening valve 2, and lets
some fluid pass from the inner piece to the outer piece, thus raising
the prop. This can be done by adding outside pressurized fluid as
shown in Fig. 4.6d. TLis eliminates the hand pump and makes the

" prop lighter, but it necessitates pressurized fiuid hoses at the face.
Finally, the prop can be lowered easily by opening valve v by pulling
a chord at F. This lets the fluid flow from outer piece to the inner
piece, lowering the prop. Hydraulic props work much better than
friction props with easy setting and lowering, and they keep loads
at the desired level, which causes less convergence.

4.23 Articulated Caps

The roof is held by articulated caps placed over friction or hydraulic
props. Caps are iron beams, 1.0-1.25 m long, having an articulation



Inner Cuter

Weight W, W, Weight W, W,

Type (k) (em) (m?)  (kg) (em?) (cm’)
. Schwarz 21 51 26 22 82 77
universal
. Schwarz 13 16
radiac
. Semi 26 68 62 21 g1 75
. Becorit S 22 51 40 22 g2 76
heaon Ei\§|\= I ;
Vy :\\\ N
model e
. Gerlach 12 20 15 g 42 39
duplex
light
. Gerlach zz 16 34 22 .10 60 53
duplex E N ' .
middle 2. . .
. Gerlach 20 51 34 13 84 86
duplex
heavy
. Gerlach 25 - 710 46 16 "84 86
duplex
extaa
heavy

Figure 4.5 Profiles and sectlan moduli of friction props (30).
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Figure 4.6 Working schemes of hydraulic props {2, 50].

where they are hooked together and stayed without a support fora
short time. Such an articulation is secured by several wedged connec-
tions. A schematic view is shown in Fig. 4.7a {30, p. 443]. The artic-
ulation provides a “prop-free” distance of 2 m where ‘he COnveyor,
winning machines, and pushers of the conveyors can operate freely.
Such an articulation should hold blocks formed by 45° fractures
which usually weigh 1-1.5 t as shown in Fig. 4.75. The profiles af
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Figure 4.8 Typical prop-free frent with articutated caps {30},
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the caps are H-beams fortified by adding side pieces, tuming them
- into square profiles. Channel irons are also weided together in square
profiles, providing almost equal moduli of W, and W,.

The view of a longwall face with hydraulic props, articulated caps,
and prop-free front is shown in Fig. 4.8 {30].

4.3 DESIGN OF PROPS AND CAPS
The design or:props- and caps includes provision for the density of
prons (number of props per square meter face area), the size of cap
profile, and intrusion of the floor rock.
4.3.1 Prop Density Calculations
To calculate the requirements for prop density. the stresses are eval-

uatzd by the different formulas mentioned in Section 1.3.3 on wood
supports. The dimensions are shown in Fig. 4.1b.

P.kN
a, La= ~ 4.3)
N
D = La (4.4)

where ¢, = mof pressure evaluated in ‘tonnes per square meter
L = width of the face, dlstance held by supports, in meters
a = distance between i ows of supports, in meters
= nominal load of a prop, in tonnes
= effic iciency factor of props (Table 4.1)

Table 4.1. Prop Efficiency Factor?

- Type of Prop. - - . Efficiency Factor k
. 40 tFriction 045
"85 40tHydraulic T 0.82
C30tHydraulic © . 0.89

.‘,bezo t Hydraulic - ?;}-. 2092

4See reference 2.
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N = number of props per row
n = safety factor, usually 2
D = prop density, pieces per square meter

Let us calculate the distance between rows a and the prop density
at a face of 2-m coal thickness supported by four friction props in a
row of 40 t nomiral capacity with 1.25-m articulated caps, The angle
of internal friction of roof is ¢ = 40° 2nd the density of the roof rock
isy=12.5t/m’.

The roof pressure at the face, according to the Terzaghi formula,
Eqs. (1.34), (1, 35),is

o,=—£L
tany
B =B, +mtan (45°- %)
B, = J—;‘-=-S—2g =2.5m (in our case)

where m =2 m (seam thickness)
= anzle of internal friction, 40°

O
B=2.5+2tan (45°— 42)

= 2.5 42 tan 25°
=343 m

_25tm’ X343 m
Or " tan 40°

10.22 t/m?

[}

. 4
10.22t/m2x5mxa=40l)<(;45x

- 40X DA45X 4
2X 10.22X5
=0.70 m

. S
5% 0.70

a

D = 1.14 per square meter
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4.3.2 intrusion of Props

The floor rock of the seam should be able to stand a load without
intrusion. Intrusion causes a large convergence and the trouble of
moving the prop from the back of the face to the front. If the
area of the prop is F and the safe bearing strergth of rock is Gsr, Lhe
stress developed:

Pk
F

o= S04 (4.5)

If the safe bearing strength of floor rock is 40 kg/eim?, and the di-
mension of the outer piece of the prop is 20 X 20 cm, the frction
prop of 40 t nominal capacity will have the following bearing stress:

_ 40000 X 0.45
20X 20

=45 kg/cm?

which is more than the bearing strength of the floor rock. In such
case larger size of prop is used, or the floor is dug further to get
stronger rock, or larger additions are used as shown in Fig. 4.9,

4.3.3 Size of Caps

The caps tied together may be taken as a continuous beam supported
by props, and the bending formula of Fig. 1.36 can be used.

M
;‘;“ < o,y

o= (4.6)

For this example, where the face is supported by four caps and posts
in a row, the maximum bendine stress is

0.1g, a - (I)?
g= ————

= 1400k 2
” g/cm

where g, = roof pressure = {0.22 t/m? = 1.022 kg/cm?
a = distance between rows 70 cm,
{ = the span (distance hetween posts) 125 ¢m,
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Figure 4.9 Precautions against floor Intrusion [2]).

If we take an I-bean GI-90 with W, = 62.5 cm? (Table 2.3),

_ 0.1 X 1.022 kg/em? X 70 cm X (125 cm)?
¢ 62.5 cm?

= |788.5 kgfem?

which is greatar than the 1400 kg/em? allowable stress in steel. Tak-
ing the larger size, that is, GI-100, W, = 80.7 cm?®, we have the
following:

_ 0.1X1.022X 70 X (125
¢ 80.7

= 1385 kg/cm?

which is safe. Any profile with larger W, may be used for caps.
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4.4 POWERED SUPPORTS
4.4.1 Development of Powered Supsorts

Powered supports have come after a long development of steel
supports in longwall faces. Until World War I, friction props and
bars were in use. Hydraulic props were developed in an effort to
overcome defects from the aging of the friction surfaces, and human
errors in preloading of the props. Convergence was decreased by the
hydraulic working of the prop, but intrusions to the floor and inter-
mittent changes from back to front of the face did rot keep up with
the pace of mechanical winning of the coal. Machines werc developed
swift enough to cut three to four times per shift, and the support
changes could not keep up with this fast advance. A new system was
developed, hydraulic in design, with props and caps incorporated
into one unit and connected to the armoured convevors (o advance
regularly with the cutting at the face line. Such support systems were
named ‘“‘walking chocks,” as they advance:(walk) by pulling them-
selves toward the conveyor. This system has been furthar improved
in different designs, that make the back of the face safer with “shield™
supports. Thus the hand output per manshift has been raised from
1.5 to 5 t, the face output per manshift (OMS), from 3.5 to 8 t. In
England usage of the powered supports in longwalls has increassd
from nothing to aimost 90% at present. Similar advancement can be
seen in Germany, France, Poland, the USSR, and other European
countries. High output per manshift, 100% recovery of coal, and
limitations in pillared workings have led to their usc in the United
States. In 1976 about 4.6% of the production carne from powered
longwalls {29].

The development of powered supports is summarized in Table 4.2.
Ttz conditions met are shown by + and those not met by -. [t ¢can be
seen that in powered supports all the conditions at the face are met.

4.4.2 Types of Powered Supports

Powered supports have been improved considerably since they were
first made. Today there are chock, frame, shield, and chock-shield
types of powered supports designed for vatous conditions. Only 2
general view can be given.
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Table 4.2. Conditions to be Met at Longwall Faces?

Frigtion Hydraulic Rigid Powered

Conditions Props Props Chocks  Supports
Capability to meet pressure ~ + + +
Intrusions of the floar rock - - + +
Preloading, human factors - + +
Keep up with coal cutting - - - +

28ee reference 2.

The earliest powered support, manufactured by the Gulilick Com-
pany of England, is a hydraulic chock as shown.in Fig. 4.10a [2. p.
5991]. The earliest model is composed of a block (chock) of one hori-
zontal and four vertical pistons Fig. 4.10a. The pistons are connected
to the caps of channel iron section, which are strengthened by iron
sheets. The vertical pistons support the roof, and the horizontal pis-
ton pushes the conveyor. A typical chock support with six legs is
shown in Fig. 4.105 [52, 29, p. 234], with different elements num-
bered and explained. The back of the chock is protccted from caving
blocks (8) and the rigid canopy (cap) has eIongatlons to cover the
roof after the cutting machme passed. .

The frame support, first developed by the Dowty Company of
England, is shown in Fig. 4.11a [2, p. 602]. The system is composed
of two different supports of three- and two-leg units. The two-leg
unit is connected to the conveyor and advances with the cutting
machines to cover the freshly opened area of the root (Fig. 4.11b).
The three-leg pieces are used to support the back of the face; after
the cutting machine has passed, they advance and align again with
the two-leg unils. The modem support, made of two 2-leg units, is
shown in Fig. 4.11¢ with the elements numbered. The canopy is
articulated and has prolongations :o cover the face area right after
the cut.

Most recently, to keep up with easily caving faces, shieid supports
have been developed. These consist of an inclined plate whose lower
end is hinged to a horizontal base plate that sits on the f{loor, while
the upper end is hinged to a horizontal roof canopy in contact with
the roof. The “caliper” shield has = single joint between the base and
the gob shield such that when the hydraulic cylinders extend, the tip
of the rocf canopy moves away from the face line and when they



(d)

Figure 4.10 Chock type of powered supports {a, b} [2, 27, 52]. () 1, Full-wid:h rigid
canopy; 2, leg; 3, selfcentering leg housing; 4, double-ucting ram; 5, front base structures:
6, walkway floor cover; 7, rear base structure; 8, antiflushing shieid; 3, hydraulic control
valve; 10, hydraulic hoses; 11, stabilizer; 12, frame bars.
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Figure 4.11 Frame type of powered supports {0, b, ¢} [2, 29, 52]. (¢) 1, Hinge; 2, hydraulic
control assembly; 3, leaf-spring thruster; 4, center base; 5, footpiates with centering brace;
6, shifting cylincer; 7, leg; 8, articulated cancpy.
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Figure 4.12 Shield type of powered supports 29. {a} Caliper shicld powered support: 1,
canopy; 2, gob shield; 3, hinge; 4, base; 5, legs; 6, hydraulic control valve; 7, hydraulic ram,;
8, spillplate; 9, conveyor pan; 10, hosc; 11, antispalling plate. (4] Lemniscate shicld: 1,
<anopy; 2, gob shield; 3, lemniscate joint; 4, base; 5, feg; 5, hydraulic controf valva; 7, hy-
draulic ram; 8, spillplate; 9, conveyor pan; 10, hose, () Four-leg shield: 1, canopy; 2, gob
sthield; 3, base; 4, hydrauiic ram; §, spiliplate; 6, teg; 7, controi valve.,
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\ .
e 3
\\ 4
{c}

Figure 4.12 (Conrinued)

shorten the canopy moves forward (Fig. 4.122) {29, p. 236]. In the
“limniscate” shield, a special linkage between the base and gob shield
maintains & constant distance between the face and canopy tip
whether the nydraulic cylinders maove up or down (Fig. 4.12b).
Under such conditions, the system forms a two-armed lever, and the
hydraulic cylinders can attack the short lever arm underneath the
joint. Recently a four-leg support shield has been developed: the two
rear legs react between the base and the shield itself, while the two
forward legs react between the base and roof canopy (Fig. 4.12¢)
[29].
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4.43 Description of Powered Supports

All powered supports, regardless of type, consist of a canopy, a base,
hydraulic legs, and control system. Table 4.3 provides dimensions
and the operating data for each type of powered support, giving
lower and upper limits.

Canopies. The canopy size ranges from 1.61 to 9.4 m? with maxi-
mum roof pressure at yield about 4.2-33.2 kg/cm?. Frame canopies
can be any shape, but rectangular shapes are most popular. A frame
canopy covers an area less than 70% of the lace. A chock canopy is
senerally asolid piece, articulated to accommodate steps or cavities in
the roof. Solid roof canopies have been found to maintain an average
of 41% contact area with the roof; contact area increases to an aver-
age of 68% when an articulated canopy is used, Chock canopies range
in size from 0.19 to 3.87 m? and provide a loading pressure at the
yield 7-35 kg/cm?. The fully supported area using chock supports
usually runs between 85 to 90% of the face area. Shield canopies
range from 2.6 to 4.2 m? in size with an average area of 3.2 m? (in-
cluding gob shield) and an average loading pressure at yield less than
28 kg/cm?. They protect the entire face area.

Bases. Bases are available in any size. Generally bases for frame
supports are split into two halves, whereas solid bases are used for
chock and shield supports. A solid base provides better stability. Each
base is provided with skids; the most popular design is a combination
of a rear skid and a single split forward skid.

Bases for chock and shield supports contain a center tunnel ap-
proximately 25 cm wide, open to the floor over the entire basce
length so that debris can pass toward the gobs. Guide bars are used
to transfer the ram jack force to guide the support units during ad-
vance without undue side loads. The bottom side of the front edge
is usually leveled over the length of approximately 15 cm to reduce
tip load and prevent digging into the floor [29, p. 2440].

Floor contact area ranges from 0.8 to 4 m? for chock and 0.13 to
2.75 m?® for frame supports. The optimum size o( thae base for 2
specific seam floor is such that its unit loading pressure at yield is
less than the bearing capacity of the floor rocks. R
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Legs (Jacks) The bore diameter of the hydraulic legs of powered
supports ranges from 10 to 30 cm with operating pressures of the
hydraulic pump. When the legs are raised against the roof, the total
load exerted on the roof is

P=P||'A'n (4.7)

where £ = toral setting load, in kilograms .
F; = operating hydraulic pressure, in kilograms per square
centimeter
A = cross-sectional area, in square centimeters
n = number of legs

Thereafter, when the roof starts to cave, the hydraulic legs are forced
to retreat, and hydraulic pressure in the legs increases. To prevent the
hydraulic piston from dropping all the way down to the bottom of
the cylinder and going ““solid,” a spring-loaded yield valve is provided
to each support. When pressurz in the legs increases tc a certain level,
the yield valve will open automatically and release the pressure gradu-
ally. The pressure at which the yield valve will open is called the
yield pressure; the corresponding load applied on the roof is called
the yield load. Most support capacities are desigried to incorporate
the yield loads {29, p. 241].

Hydraulic Power Supplies. There are four types of hydraulic fluids
for powered supports {53, 29, p. 243]: (1) 5% soluble oil-in-water
emulsion; (2) 40% water-incil emulsion; {3) 50% zlycol-in-water so-
lution; (4) refined petroleum-based oil. The basic requirements for
powered support hydraulic fluids are low cost, Jow viscosity, non-
flammability, and high resistance to chemical change upon contact
with air. Furthermore, the fluid should be highly resistant to foam-
ing, because entrapped air not only generates heat when fluid is
compressed but also causes mechanical damages whea air bubbles
collapse under loading. Lubricity and corrosion protection is also
important to protect moving parts.

Control Systems. Supports can be controlled in various ways: (1)
individual support manually; (2) individual support manually from
the neighboring unit; (3) manually from selected points at the face;
(4) automatic control {rom the gateway. The first method of control,
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used in early designs, has safety difficulties. The second method is
used quite extensively. The third method is becoming more popular
and is safer. The fourth method is adopted only with a fully auto-
matic operation of the cutting machine as well. .

4.5 DESIGN OF POWERED SUPPORTS

Geological and stress conditions are of the utmost importance in the
design of powered supports. These factors can affect the strata con-
tro! as well as the cost item of the support system. For example, if
low-yield-capacity supporis ar¢ used in a strong roof, hardly caved,
the pressures will not be met by the supports, the roof will not cave
as the face advances, and excessive pressures will result in heavy up-
keep expenses on supports. Conversely, if a high-yield support is used
in a weak roof, there will be intrusions to the roof, and the unneces-
sary use of high-cost powered support increases the expense. Thus,
the correct capacity ol powered supports should be chosen to meet
the conditions.

In designing powered supports there is no one established set of
formulas or systems. Almost every country has established its own
systems. Thus we describe the systems by country.

4.5.1 Dimensions Related to Supporting

Yielding Pressure. ‘There is 2 relation between the yielding and set-
ting or operating pressures as follows:

Py = 1.25P, (4.8)

where P, = ylelding pressure, in kilograms per square centimeter

P, = operating pressure, in kilograms per square centimeter

Distance between Supports.  This distance is important in calcula-
tions and depends upon roof and floor conditions, bearing capacity
of the support, gob conditions (cavings), and rate of advance. It is
usually taken as 1.2 m from center to center. [tis marked as ¢ in
Fig. 4.2.
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Unsupported Face Disrance. There is always a small distance be-
tween the coal at the face and the end of canopy. This distaince in-
creases as the winning machine cuts. It may change from 0.25 to
0.8 m according to the depth of cut. It is shown as {, in Fig. 4.2.

Load Density. Load density is given ty the formula

F
"= U +i0e 4.9
where n = load density, in tonnes per square meter
F = carrying capacity of the support, in tounes
[, = length of canopy, in meters
{o = length of unsupported face, in meters
¢ = distance between supports, in meters

Maximum and Minimum Heights, *‘Maximum" and “minimum™ dé-

fine the working heights of the supports according to the geological

conditions and convergence evaluation of the face. QWin'g to changes

of the seam thickness, some coal is left at the roof as shown in Fig.

4.13. The working heights are given by the rollowmg expression [2,
pp. 595, 597]:

hmu - m' -
log R 1.704 o (4.10)
hm[n=mav-m"c - 4.11)

. where h_,,, = maximum height, in meters
Hin = minimum height, in meters
m,, = average thickness, in meters
m' = geological deviations in thickness, in meters
¢ = average convergence, in millimeters per meter
! = width (supported span)} of the face, in meters

As a numerical example, let us calculate different heights in an aver-
age seam of m,, = 2.5, of deviations m’ =0.375 m.
0.375

Amax -
log Tk, = 1,704 X +=0.2556

hmu
=[.1 X1.8014=1098

hl‘l‘llﬂ
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Fifure 4.13 Werking seam heights far powered supports [2].

This means that the support should have a height almbst twice that
of the lowest working condition. In Eq. (4.11) numbers taken from
Table 4.4 can be used to calculate minimum thicknesses for various

f7e widths. ‘ | | ’

4.5.2 German System

The carrying capacities of chock and shield powered supports are
calculated as shown in Fig. 4.14 [35, 2, p. 605].
For chock supports (Fig. 4.14a), using a safety factor of n, with
K= 1.5v=2.5ym’, ,
Frax = 3nm (4.12)
where Fupax = IM2Ximum carrying cupacity of chock support, in tonnes
per square meter

m = seam thickness, in meters
n = factor of safety, in general taken 2
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Table 4.4 Recommended Minimum Heights for Powered Supports for
Different Seam Thicknesses?

Average Minimwn Powered
Seam Geological Support Heights
Thickness Convergence Deviatious

{m) (mm/m) (m" [=175m 1=25m [=30m
0.70 ' 0.68 0.65 0.63
0.80 40 .0.05 0.78 Q.75 0.73
0.90 .88 0.85 - 0.83
1.00 0.05 0.96 0.93 0.90
£.50 50 0.10 1.51 1.48 1.45
.80 0.15 1.86 1.82 1.80
2.00 0.15 2.06 2.03 2.00
2.20 0.20 2.26 2,20 2.16
2.40 0.20 2.46 2,40 2.36
2.60 80 0.20 2.66 2.60 2.56
3.00 0.20 3.06 300 . 295
320 . 0325 3.26 3.20 3.16

%See references 2 and 53.

For shield supports, as seen in Fig. 4.14 b and ¢,

L,
F=-—R (4.13)
L,
where F = carrying capacity, in tonnes
R = piston reaction, in tonnes
L, = distance of carrying load to the back hinge, in meters
L, = distance of piston to the back hinge, in meters

453 English System

In the English system the weight of the immediate roof is taken into
consideration, as shown in Fig. 4.14, and is given by the following:

n .
Frin=v Y2l ' (4.14)
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Figure 4.14 Loads on chock and shield powered supports (2, 55].
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where F_;, = minimum capacity of support, in tonnes per square
meter

m = thickness of the seam
v = density of immediate roof, in tonnes per cubic meter

K = factor of expansion of the immediate roof; may be
taken as 1.5 for average

To obtain the values of X, refer to Section 1.3.3 “Przssure in Long-
walls,” _

W. Wilson [56, p. 57] has analyzed loads under level and inclined
conditions. In inclined seams the load on the supports is given by the
following formula, as shown in Fig. 4.15, and various loads calcu-

Figure 4.15 Loads in Inclined seains [56].
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Figure 11,16 Variation of loads with the angle of inclinatlon [56].

lated are plotted against the angle of inclination given in Fig. 4.16
(56, p. 585--5861.
P=W (————'5'“ ® 4 cos 5) (4.15)
tanye -

where P = fixing load of support, in tonnes

W = weight of the block on the support, in tonnes

§ = angle of inclination, degrees S '

p = angle of {riction between immediate and main roof

4.5.4 Austrian Systems

According to Sigott [58], the bearing capacities of powered supports
can be calculated as illustraied by Fig. 4.17. The main thought is that
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|

Figure 4.17 Load on the pawered suppor's {2, 58],

the immediate roof is supported by the hydraulic systems of the
powered chocks or frames [2, p. 617]. The moments of hydraulic
supports should be greater than the moment of dead weight of the
immediate roof,

RU +1,+13)> G, —‘%—e (4.16)

G, =B(d+e)ty=P(d+e) K’f_’] ¥ (4.17)
= "§° (4.18)

I+, +1;=2d : (4.19)

"f;" 2558 +28): 1—,—’?—1-7 (4.20)

where Ry = minimum bearing capacity of one hydraulic unit, in
* tonnes
B = diminishing factor, usually takcn as 0.9
n =number of units of power support frame (or chock) per
linear meter of face
d = the length of canopy or distance between the back of
support and face line (Fig. 4.1 7}, in meters
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e = the distance between back of support and uncaved roof
(Fig. 4.17), m
m = seamn thickness, in'meters
K = expansion factor, usually taken as 1.4-1.6
~ = density of immediate roof, tn tonnes per cubic meter

According to Eq. (4.21), as e (uncaved area) is increased, the sup-
port should be greater (stronger;; to diminish this area, stronger sup-
ports should he chosen.

4.5.5 French System

The French system bases zalculations for power:d supports on con-
vergence measurements at the face. According to Josien-Gouilloux
[59] the following formula and curves drawn accordingly, are util-
ized in French coai mines:

CUT - (qw)jlt.H._”4 (6?}00

a

+ 66) (4.22)

where CuT = convergence at the face, in millimeters per meter of

advance

W = thickress of the seam, in meters (between 0.8 and 3 m;

q = subsidence factor: 1 for caving; 0.6 pneumatic stowing;
0.15 hydraulic stowing

H = depth below surface, in meters (between 100 and
1000 m)

P, = load carrying capacity of support, in tonnes per meter of
face iength). ' '

The application of Eq. (4.22) is given in Fig. 4.18 [59, p. 53] fora
depth of 500 m for different equivalent thicknesses qW. The conver
gence diminiches rapidly for 10-100 t/m bearing capacities, and con-
vergence above 40 mm/m should not be allowed.

Roof conditions categorized A, B, and C are shown for the desired
load carrying capacities (in tons per meter) against equivalent seam
thicknesses gW in Fig. 4.19 (59, p. 54]. The roof condition A refers
to a “‘thick strong roof” (over 1 m) made of sandstone, sandstonc-
shale, conglomerate, strong limestone. There are few fractures, and
the roof is cut into large blocks by parallel fissures sloping toward
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Figure 4,19 Desired -carrying capacity as 1 function of the working thickness at 500 m
depth [59). Equivalent working thickness g In meters, A, thick, strong roof; B, stratified,
strong roof; C, fraglle roof. ' ‘
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the goaf. B refers to “stratified strong goaf™ consisting of thinner
strata, cracked in a finer mesh than A. The curve C refers to a “frag-
ile roof™ (coal, marly schist, 'shale} which comes off in small blocks
as soon as they are exposed at the face. As shown in the figure, 140
t/m support is sufficient for the fragile roof, whereas at least 250 t/m
capacity {s nezded for the thick strong roofs {59].

4.5.6 Polish System

The Polish system of calculating powered supports is based upon the
openings at the face.: The average bearing capacity of an area sup-
_ ported by three units is shown in Fig. 4.20 [60, 2].

_Pytpyt Py
where P, = average carTying capacity, in tonnes per square meter
P, = nominal load of one unit, in tonnes
P, = load on the unit when advancing, in tonnes, taken as zero
P; = carrying load of the unit just set, in tonnes
F = the area of the face covered by three supports, in square

. meters
n = efficiency factor of supports, taken around 0.8

(4.23)

As a numerical application let us take an area covered by three
supports placed at 140-cm intervals: The width of the face, as shown
in Fig. 4.20, is 0.60 m unsupported at the back +.3.65 m supported
by the canopies + 0.35 m unsupported at the front, all totaling 4.€ m.
The nominal carrying load is P,"= 70 t per leg,.and the newly set sup-
port carrying a load is P3 = 23 t per leg. Each support is equipped by
four legs. Then

P,=4X%X70=280t

P, =0

Py=4X23=92t
F=460X(3X1.4)=19.32m?

280+ 0 + 92
19.32

P, = X 0.8 = 15.4 t/m?
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Table 4.5 Roof Indices for Powered Support Assessment?

Category Roofl Index L . "Characteristics of the Roof

[ C<L<I8 Roof caves as scon as exposed
Coal is left to hold the roof
It 18 <L <35 Roof caves easily as the support is drawn
1l 35 <L <60 In smaller L values, rool caves
In larger vaiues roof gets strong but caves easily
v 60 <L <130 Roof usually caves but caving becomes more
difficult as /. becomes bigger
V(a) 130 <L <250 Roof is strong, it does not cave

It caves with special attention (blasting, etc.)

V() L>250 Roof Is very strong; it does not cave; stowing
systems of mining should be applied

9See references 2 and 50.

To evaluate pioper support, the roof conditions are assessed. In
the assessment roofs are divided into five groups with “roof indices”
as described in Table 4.5 (60, 2].

The roof index L can be taken from Table 4.5, but it can be cal-
culated by the following, as well {60]:

L =0.00640}" K, K, K,y (4.24)
where L = roof index
0, = uniaxizl compressive strength of roof rock measured on
diy specimens in the laboratory, in kilograms per square
centimeter
K, = in situ strength coefficient, 0.33 for sandstone, 0.50 for
siltstone
K, = fatigue coefficient, 0.70 for sandstone, 0.60 for siltstone
K, =1in situ water content coefficient, 0.60 for sandstone

In a numerical application calculated for a sandstone of compres-
sive strength 500 kgfem?, the roof index becomes

L =0.0064(5C0)7 X 0.33 X 0.70 X 0.60

=34
whtich falls to category II in Table 4.5.
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Figure 4,21 Supporting capacitles of powered supports under several roof conditions {2,60].

The carrying capacities of powered suppnorts in tonnes per square
meter are given according to seam thickness and roof conditions. Sev-
eral roof indices (for categories III to V) are plotted in Fig. 4.21 (60,
2]. Some f{irms that produce powered supports are indicated in th
figure, : :

The unsupported distance in front of the face is related to the roof
index and the ‘‘slabs™ formed at the roof, as shown in Fig. 4.22 [60,
2]. The height of slabs k is a criterion of the working conditions if:

# < 10 em, normal working conditions
20 < h < 10 cm, difficult conditions
h > 20 cm, dangerous conditions

" The normal and difficult conditions are shown as two curves in
Fig. 4.22. The allowable unsupported areas for differcnt roof condi-
tions are given in Table 4.6 (60, Z].
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Table 4.6 Allowable Unsupported Areas of Different Roof Conditions?

Allowable Area

Category  Roof Index L Roof Conditions {m?)
1 0-18 Tabulated sill.s;lonc, water bear- 1
ing, cracks unsupported
11 18-35 Broken siltstone, watzr bearing, 1-2
breakable roof
I11 15.60 . Siltstone or mudstone, easily 035
caved
v 60-130 Typical caving roof, strong silt- 5-8
stone, mudstone, coarse grained
sandstone
Y{a) 130-250 Strong siltstone, fine-medium B8

grained sandstone {(strong rool)

V(b) >1250 Uncaved roof-stowing svstems

9Gee references 2 and 60,

4.5.7 American System

1n this American method, developed by U.S. Bureau of Mines, it is
assumed that the immediate roof behaves like a cantilever beam
[52]. It breaks in front of the face ata distance equa. to seam height,
and the roof to be supported extends from the end of the overhang
to the assumed break. Three cases are shown in Fig. 4.23 (52, 29,
p. 246].

In the [irst case, there is a minimum gap beiween the tip of the
support and the coal faceline; the second case is similar to the first
except that a cut has been made in the face: in the third case there is
a large overhang. The static load to be supported by the supports for
als three cases can be generalized as follows:

W=L.Swi (4.25)
T=W (4.26)

where W = weight of the immediate roof to be supported
L; = length of the beam
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\ SITUATION 1. Before cut

N SITUATION 2. After cut
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Flgure 4,23 U5, Buceau of Mines estimation of power support requirements (27, 52].

{=case numbers: 1,2,3
S = average spacing between the supports
w = ave;age weight density of the roof rock
H = thirkness of the immediate roof
T = minimum rated yield load of the support

The weight of the immediate roof calculated in accordance with
Eq. £4.24) for the longwall chock and longwall shield supported faces
is shown in Fig. 4.24 [29, p. 247]. In the calculation the immediate
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Figure 424 Method of determining support resistances [loy Co., 29].

roof does not overhang the gobs; it caves at the gcb edge of the sup-
port at a caving angle of 15° toward the gob, the mast frequently ob-
served caving angle in the Eastern United States coalfields. As an
example of using the {igure, assume a case where the immediate roof
's 20 It thick. First locate the 20-ft horizon in the roof. Extend this
line horizontally to the left until it intersects the curve lines marked

“shortwall,” “longwall,"” and “shield."” Drop & verticai line from each
intersection unti] it hits the horzontal axis of *dead load.” The
points of intersection indicate that the dead load per linear foot of
face is 23 tons for the shield, 28 tons for the longwall chocks.
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46 ADVANTAGES AND DISADVANTAGES OF
POWERED SUPPORTS

4.6.1 Advantages of Powered Supports

Low Convergence. Hydraulic systems control the roof very effi-
ciently. Large canopies hold the roof effectively. The convergences
measured in powered and conventional (hydraulic prop plus articu-
lated caps) are shown in Fig. 4.25 [61, 2, p. 643]. '

High Production. Qwing to mechanization, the systems are able to
advance as much as 5-6 m a day. This increases the production (more
than 1500-2000 tons), decreases the number of faces required, and
obtains concentration in the mine workings. -

Safe Production. Effective roof control has minimized accider:s
caused by roof falls. Accident rates in the British collieries are shown

Time

Thum. Fri, Saturday Sun. Monday

Y

E
E
g, 350~ \\ . © Totsl advance
5 - B3 602 m
8 450 - %& \
N\
500~  )eg=3=a S
I it T OV
. 550 " —
600 b— — Povrered support
ety - = Canventional support
Plan

"Figure 4.25 Convergence in powered and coaventlonal supported faces {2, 61).
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Figure 4.26 National Coal Board powered support Installations and accidunt rates [62].

in Fig. 4.26 {62, p. 678]. Serious and fatal accidents at the face de-
clined greatly with the increase in powered support installations
between 1960 and 1976.

High Efficiency. The output per conventicnal manskift has in-
creased tremendously compared to the output of conventional sup-
porting systems. The efficiencies, labor costs, and other related sta-
tistical data are given in Table 4.7 [63, 2, p. 645].

4.6.2 Disadvantages of Powered Supports

Capital Cost. Powered supports require high capital expenditure.
Uniess there are large panels available, they may not be justified.

High Cosr of Upkeep. The cort for upkeep is much higher than the
cost for conventional supports.

Qualified Labor. Powered support systems do require highly qué!.i-
fied labor,

Geological Specifications. Geological specifications are difficult to
meet. Large panels, small fluctuations in seam thickness, and condi-
tions of mechanical workability should be met.
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Table 4.7 Comparison of Powered and Classical Supporting System®

Support
Efficiency Labor Cost

1

Advance- Face Area
ment Product Opened Area Area
Rate (m/day) (t/day) (m¥/t) (m?¥shift) (m%/t) (DM{m?) (DM/t)

Classicial Supports: Friction + Hydraulic Props

Minimum 0.73 516 207 123 6.6 16.56 6.65
Maximum  3.78 966 490 280 119 878 361
Average 2.89 728 356 19.7 9.8 11.37 5.48
Powered Supports

Minimum 1.51 735 303 283 93 11.08 . 4.56
Maximum 5.32 1766 732 71.2 215 3.88 1.7¢
Average 435 1173 552 499 16.2 6.77 298

9See references 2 and 63.

4.7 APPLICABILITY OF POWERED SUPPORTS

Powered supports, although very effective in supporting and very
valuable in mechanization, have both geological and technical limita-
tions in application.

4.7.1 Roof Conditions

The roof should cave. If it does not cave or hangs and caves sud-
denly, it is not suitable for longwall mining. Some stowing system
should be usad. The most suitable root caves as the support advances.
However, when a very weak roof crumbles rather than holds, a part
of the coal is left to support it.

4.7.2 Floor Cunditions

The floor should be strong enough to resist “intrusions.” Intrusion of
soft floors is troublesome for advancing and also makes the roof con-
ditions difficult owing to high convergence. Some coal may be left if
the coal is hard.
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4.7.3 Seam Thickness

The thickness of the seam and its regularity is impovtant. Supports
can be lengthened and further increased by some additions. However,
great irregularities cannot be met. Cutting low sections may ve diffi-
cult for the winning machines and washing facilities. Therefore, a
good survey of the seam should be made before choosing the proper
supports. The maximum thickness that can be worked, at present, is
S m. Thicker seams should be worked out in slices or by recovering
the caved coal from the back by special arrangements.

4.7.4 Seam !nclination

Although the best operation is on level seams up 10 2° of inclination,
by special additions, seams up 1o 35° of inclination ¢an be worked
out by powered supports.

4.7.5 Small Faults

Small faults ‘can be passed by cutting the roof or floor rock. The
winning machines should be able to cut these areas. Too many faults
are troublesome: they siow down the advancement and are difficult
for washing facilities. Large faults are impossible to cut, New devel-
opment work is needed. The best panels are large, with-few or no
faults, so that once the face is set, a long undisturbed operation is
fulfilled.

4,76 Water at the Face
Water at the_" face is detrimental and corrosive to the supports. Under
“these conditions either the panel should be drainad by drlling, or
special anticorrosive supports should be chosen. Water is always a
handicap, and miners hate to work under the wet conditions.

4.7.7 Life of the Panel

The width of the panel should be large enough to warrant powered
supports. It takes 15-20 days to install the equipmient, whicn adds
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to the cost of the coal; the expense is least in large panels. However,
very large pancls may. have expenses in the upkeep of the gateways,
although this is not difficult'to solve. The optimum width is found
to be 800-1000 m.

4.7.8 Face Lengtn Rate of Advance

Production depenis upon the face length and the rate of advance.
These are important factors on the life of the panel and number of
working faces. The haulage capacity should be chosen to accom-
modate these factors. The practico) rate of powered supported 1aces
is about 5-6 m per day, as average.

" 4,7.9 Number of Shifts

For the highest production, the faces should operate continuously,
but this is not possible all the time. Two shifts per day have been
found to be quite practical, leaving one shift for upkeep and prepara-
tions. Hovsever, the average is moving toward 2.5 shifts a day as the
number of mechanized faces increase (64].

4.7.10 Hints for Good Installation

To achieve regular production with the fewest disturbances, the fol-
lowing hints should be abserved:

1. The face should be straight.’

2. The gute roads should be large enough to carry production
and service the face. The deformed places should be enlarged
righ* away, ,

3. The location for the erection of support at the face should
be ready in advance.

4. The transport of the supports should be planned and delays
eliminated.

5. The supports should first be installed at the surface, checked

: for everything, and adjustments made, if needed.
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It is easier to install the conveyor first and then install the
supports according to the conveyor.

Hoses should be connected and special attention should be
given to the connections and leakage.

A good signaling system is required =t the gateways. Tele-
phones are quite necessary.

The hydraulic purmp system is essential. Special care should
be given to this system. The lower gate is the preferred place
for installation.

An oil-water mixture as a fluid is used, and the best propor-
tion should be maintained throughout the operation.
Finally, during the operation convergence should be mea-
sured. The strata movements should be observed. Excessive
weights on the supports should be checked and extra sup-
ports added, if necessary.









CHAPTIR 5

Concrete
Supports

5.1 IMPORTANCE OF CONCRETE

The use of concrete as a support material in mines is limited. How-
ever, its use is becoming more frequent and is considered a necessity
in the following:

- Shafts
Large section galleries like pit-bottom arrangements, pump-stations,
and tippler stations

Lining to eliminate spaliing
Water sumps

#Dams for water, fire, explgsion
Acrtificial roof for multilayer mining

As a material concrete is designed mainly to withstand compres-
sional stresses. However, by including stee! bars and forming a new
material known as “reinforced concrete,” tension stresses can be met.
Both material and its application form an essential part of civil engi-
neering. This chapter touches only the high points of the study of
concrete, especially as related to the applications just listed.

5.1.1 Advantages of Concrete

The advantages of concrete as a supporting material over timber and
steel can be summarized as follows:

171
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1. As a compressive material it has high strength and is quite
economical,

2.~ The constitutents of concrete (cement, aggregates, water) are
easily obtained in any quantity.

3.~ The characteristics of these constituents are straightfonwvard,

4.+ Concrete can be easily installed in most places.

5.¥ Application {(mixing, transporting, pouring) can be mechanized
and the cost reduced. .

6.+ It is the safest material in réspcct to fire resistance.

7.¥ Because it gives a smooth surface to linings the resistance to
the flow of air is diminished.

8." 1t is not affected by atmospheric conditions and has a long
life.

5.1.2 Disadvantages of Concrete

Some disadvantages to the use of concrete, which should be evalu-
ated carefully before application, should be summarized as follows:

1~ It has very low tensile strength, so it should not be designed
for meeting conditions ot tension, or, if used under these con-
ditions, should be reinforced by steei.

2.- [t breaks suddenly without giving any warning like fibering
with timber or deformations in steel.

3.- Broken concrete has no value. Ualike steel or timber, it can-
not be reused, and should be removed,

4.  Since the compressive strength of concrete is largely influ-
enced by the processing, the amount of constituents, curing
time and so forth, should be controlled carefully. Its use re-
quires more supervision than does the use of other materals.

5.2 CONSTITUENTS OF CONCRLTE

v" Concrete is essentially a mixture of cement, aggrepates (gravel or
broken stone, sand), and water. It is combined using different ratios
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depending on itr intended use. Some materials may be added to meet
requirements or to shorten the setting time.

1

5.2.1 Cement

Cement is the most important constituent of concrete. When mixed
with water it forms a hard material that holds together the added
material (aggrepates). “Portland cement" is most frequently used in
mining operations. However, in special cases, quick-setting cemer.ts
are used. Every nation has set standards on Portland cement, and it
is manufactured under these specifications and should be used ac-
cording to these recommendations. The list of British and American
standards are added at the end of the chapter as appendices.

4 Cement sets alter mixing with water, The minimum time for set-
ting is one hour and maximum, 10 hours. Temperature is an im-
portant factor; setting is shortened in warm conditions.

" The “dosage,” the amount of cement expressed in kilograms in a
mixture of I m? volurne, is given by the following:

550
M. == - (5.
¢ \S/'Dmlx : .
where M. = minimum dosage, in kilograms of cement per cubic meter

of concrete
D, = the largest aggregate size, in milimeters

v It can be seen that, as the aggregate size increases, the amount of
cement decreases, making the concrete more economical. It is ad-
vantageous to use large aggregates wherever possible. In general, the
dosage is 300-350 kg/m?. In special cases where higher strength is
required, dosages of 400-450 kg/m? are used.

5.2.2 Aggregates

“Aggregate” is a mixture of sand and gravel or broken rock. Sand is
the portion 0-7 mm in size, and gravel is 7-30 mm. Sizes larger than
30 mm are not used whcre transportation by pipeline is desired. Sand
and gravel form the skeleton of concrete and minimize shrinkage in
volume during setting.
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There should be a “granulometrnic curve” to show the percentages
. of different sizes. The ideal granulometric distribution is shown in
Fig. 5.la for gravel and Fig. S.15 for sand [65, 2, p. 658]. Granu-
lomery of the aggregates should de around these curves.

5.2.3 Other Constitutents
Additional materials are included in concrete to change the setting
time and fluidity. )

Calcium Chloride (CaCl;). Caicium chioride is the most frequently
used agent for decreasing the curing time of concrete. The concentra-
tica is 2%, added to the mixing water. This decreases the curing time
to 1-3 days. Warm temperature also shortens the setting time.

Sugar. Sugar is an important element included to retard scttmg It
can prolong it in proportion to the concentration.

Fly Ash. Fly ash is obtained from power plants and is an important
addition to concrete that increases its fluidity in pipeline transporta-
tion. Pure silica (SiO,) and bentonite in fine aggregate (0-0.2 mm)
are also materials used to aid the fluidity. In concrete with high dos-
ages of cement (3*350 kg/m?), such additions may not be required.
However, in poor concretes (200-250 kg/m?) fine aggrepgates should
make up 10% of the total aggregate weight.

h A
100 100
80 p— 80—
B0 jp— BU—
% %
40 — O
20 20
1} ] S i} ——
13 7 15 30 gz 1 3 7
D mm mm
[a} b}

Flgure 5.1 Granulemelvic curves of gravel and sands 2, 6].
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Table 5.1 Coefficients of Working Conditions of Concrete?

. Coefficient A

Wotking Conditions Gravel Broken Rock
Wet (2-6 cm sinking) 45 50
Plastic (7-12 ¢m sinking) 50 63
Fluid (>12 c¢m sinking) 58 14

4See reference 2.
5.2.4 Water

Water is an important factor in concrete, making the hydration of
the cement and forming the *‘fluidity” of the mixture. The amount
_of water needsd depends upon the granulometry of the aggregates
and the compressive strength desired. It is given by the following
formula:

M,=A(-K) _ 5.

where M,, = amount of water, in kilograms per cubic meter
A =1a coefficient according to the working conditions
(Table 5.1)
K = finer.ess modulus,* comulative percentage of aggrepate
larger than a given sieve opening size

It can be seea that, as the concrete gets more fluid, more water is
needed. Broken rock aggregates require more water than do t.e
gravels.

5.3 ENGINEERING CHARACTERISTICS OF CONCRETE
531 Water-Cement Ratio

The water-cement ratin is the most important factor in the compres-
sive strength of concrete. It is also an important factor in the trans-
portation of conzrete in pipes. The effect of & (watercement ratio

*The fineness is defined as the sum of the cumulative percentages retained on
the standard seives dividad by 100.
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in weight) is shown in Fig. 5.2. It can be seer: that in all curing time
the strength reaches a maximum at « = 9.4 and decreases afterward
with increasing « values [2, p. 661]. '

Many formulas are given to express the compressive strengths in
terms of a ratlos. According to Abrams [66]

A
a» Be (5.3)
According to Bolomey [66]
gy = K(& - 05) (5.4)
According to Graf [67]
K, ]
Up = a . -C? (55)

where 0, = compressive strength, in kilograms per square centimeter
after a certain curing time
o = water-cement ratio in weight
A = coefficient for 28 days of curing, 950
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B = coefficient for 28 days cf curing, 9
K = coefficient for 28 days of curing, 180
= coefficient for 7 days of curing, 150
K, = compressive strength of cement (according to the many

stardards 400 kg/cm?)
¢ = coefficient of workmanship, good: 4, medium: 6, poor: 8

The amount of water is also important for the working condition
of the concrete. Various amounts of water are given in Table 5.2 (2,

p. 662].
5.3.2 Compaction

The “‘compaction” of concrete is the volumetric sum ol the solid
materials (cement plus aggregates) in 1 m? of concrete. It is the re-
verse of the “porosity.” [t is well known that the compressive
strength of the concrete decreascs with the porosity, as given by the

Feret formula [66]
% 2
op = K(m) (5.6)
p=1-A (5.7)

where 0, = compressive strength of concrete after a known curing
time '
K = coefficient, changing according to curing time and granu-
lometry ol the aggregetes

Table 5.2 Amount of Water for Different Working Conditions?

Strength
a Water (Cubes, 28 days,

Condilion (Water-Cement) (kg/m?) kg/cm?)
Very dry 0.52 130 270
Wet 0.58 145 232
Plastic 0.04 160 201
Fluid 0.70 175 177
Liguid 0.76 190 156

dS5ee refecence 2.
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V. = the volume of cement in 1 m*® of concrete
A = compaction
D = porosity

To decrease porosity, that is, increase the compaction, vibrating
hammers or similar tools are used,

533 Granulometry of Aggregates

The size and shape of aggregates are important factors in the work-
ability and compressive strength of concrete. The amount of water
in a mixture is a function of the granulometry. As strength depends
on the water-cement ratio, the maximum size of coarse aggregate in-
creases the strength and water decreases it. The conditions for the
aggregates are given in Table 5.3 [68, 2, p. 664].

It can be seen that by using angular-coarse aggregates the ratio of
aggregatecement is diminished and the strength is increased.

5.3.4 Curing Conditions

Curing conditions are of the utmost importance in concrete making.
The curing of the cement increases with the time. This is shown in
Fig. 5.3 (2, p. 666].

As can be seen in the figure, curing follows a logarithmic curve.
The curing may last a year, and in water, a few years. In practical

Table 53 Relation between Aggregate Size-Shape
and Aggregate-Cement Ratios?

Aggregate-Cement
Shape of Aggregates Ratio

Rounded coarse and irrepular

fine aggrepates 8.5
Irregular coarse and irregular

fine aggregates 5.5
Angular coarse and irregular

fine aggrepates _ 5.2

2S5ee references 2 and 68.
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Flgure 5.3 Curing time of concrete (2].

work 28 days is taken as the standard for curings and the compres-
sive strength is related to this timing. However, in quick work, a
7-day cure may be taken, which is 70% of 28-day curing. In 90 days
the strength increases up to 120% of that for 28-day curing.

The “wel” condition of the concrete is also important. It should
be kept in wet conditions for two weeks to obtain complete hydration.

In addition temperature has an eifect on bydration. Setting takes
place at 15-25°C. The higher temperature shortens the setting time
causing shrinkage; the lower temperature retards the curing.

5.3.5 Working Conditions

The following sections describe the three types of concrete used in
practice. ‘

Wet Concrete. The a (water<ement) ratio is 0.3-0.5. The cement
chould stick to the hand if mixed by hand. The “slump’ amount is
2--6 ¢cm on Abram’s cone.

Plasric Concrete. ‘The a ratio is 0.45-0.65, containing more water.
The slump amount is 7-12 cm on Abram's cone.
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f__--—\
, \ Amount of
! \ slump

Flat suriaca

E—: 20em ,-E

Figure 5.4 Abram's cone and measuremens of slump [2).

Fluid Concrete. The amount of water in fluid coucrete is much
more than in wet or plastic (@ = 0.6-1.0) allowing the mixture to be
pumped. The slump is 10 e¢m.

Abram’s Cone. Abram’s cone is a measuring system of siump. A
circular cone 20 cm at base, 10 cm on top, and 30 cm high is filled in
‘three portions by concrete and compacted by 25 blows of the vibra-
tor in each filling. After 3 minutes, the cone is tzken away and the
concrete is left alone. The slump (loss of height) is measured as
shown in Fig. 5.4 (2, p. 667].

5.3.6  Making of Concrete

For very small jobs, cement is made by hand, mixing all the constitu-
ents by shovel. First the cement and aggregates are mixed dry,and a
cone is prepared. Then the water is added with continuous mixing.

For larger amounts, a mixer is used. All the constituents {cement,
aggregates, water) are added at the same time. They are mixed by thz
turning action of the mixer for 1.5-2 minutes. For continuous opera-
tion, the first ingredient is wet coarse aggregate, then cement, fine
aggregates, and water are added and mixed for not less than 1.5 min-
utes (3-5 minutes are better). After pouring the soncrete, the mixer
can be cleaned by pressurized water.
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The capacity of a mixer is calculated as follows:

Q= V‘ETg a (5.8)
Gttt
T 0 (5.9
where Q = capacity of concrete in compacted form, in cubic me.rs
per hour
a = condition factor, a = 0.65 for wet, a = 0.85 for plastic
concrete

T = period of mixing, in minutes

¢, = charging time, in seconds; usually 255

t, = mixing time, in seconds: ininimum of 90's

t, = discharging time, in seconds; usualty 15-20's

tq = idletime, in seconds: that is, the dead time between periods

As a numerical example, let us calculate the concrete produced at
a shaft sinking operation by a mixer of 1.50-liter capacity, atr; = 20,
t, =120, = 15,4, =20s,anda = 0.85 (plastic)
20+ 120+ 15+ 20

T= ) = 2.9 min

0 =0.150 -2@9— 0.35 = 2.6 m¥/h

537 Transportation of Concrete

In mining operations concrete is transported by a pipeline. The im-
portant factors in pipeline transport .are given in the following
sections.

Concrete Strength.  The mixture is determined by the strength of
the concrete desired. For monolithic shaft and gallery lining this is
160-225 kg/cm? in 28 days of caring: in the stowing of gateway
ribs the 7-day curing strength should be 150-300 kgfem?.

Granulomerry. The maximum size of the aggregate should be 30
mm. For normal concrete, {ine-grained aggregate (0-0.25 mm)
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should be a minimum of 5%. In rich concretes (dosage > 350 kg/m3)
there is no need of fine aggrepates,

Slump.  The slump of fresh concrete should be 7.5 + 2.5 em.

Pipeline.  At. its start the pipeline should have a minimum of & m
horizontal discharge, It should not have sharp curves and vertical
inclinations should bc minimized. It should operats without inter-
ruptions. In case of stopage, -the pump should give strokes every 3-5
min to avoid any setting of the concrete in the pipeline.

5.3.8 Pouring and Maintznance of Concrete

The maximum height in pouring should not be more than 2 m. The
thickness of concrete in monolithic lining is about 10-15 e¢m for wet
concrete and about 100 cm for plastic concrete. In adding to older
concrete surfaces, the old surface should be brushed to coarsen the
surface to improve adherence.

The concrete should be compacted by vibrators. In such an opera—
tion a small film of water is produced at the top. The vibration time
is about 2-3 min for I m? of concrete. It should not be prolonged, as
it may change the homogenity of the concrete. The vibration should
be completed after every 40 cm of concrete thickness. The vibration
should also be used on the surface of steel forms. The surface of the
concrete should be kept wet for two weeks.

The times for removing the forms used when pouring concrete are
given in Table 5.4 (2, p. 671].

Table 5.4 Time of Removing of Forms (Days)?

Columns,
Cement - SideForms . Floor Forms Large-3pan Floors
Normal Portland 4 o 10 T 2B,
Quick Portland 3 5 10

S5ce reference 2,
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5.3.9. Strength of Concrete

Concrete is a2 well-studied mdterial, and specifications are drawn in
every phase of its use. Lists of British and American standards are
given at the end of the chapter as appendices [66]. All the informa-
tion can be found in these standards.

To give examples, the three most widely used concrete strengths in
Turkish standards are given in Table 5.5 [65, 2, p. 672]. The British
standards for two coneretes are given in Table 5.6 [66, p. 291]. The
?8 compressive strengths of some American standards are given in
Table 5.7 [69, . 34].

Table 5.5 Compressive Strength of Concretes (Turkish Standards 500)°

Cubes Cylinders
Typeof 20X20X20cm 1Secm¢X20cm Ratio
Concrete (kgfem?) (kg/cm?) {cubefcylinder)
B 160 160 140 1.14
B 225 225 195 1.15
B 300 300 240 1.25

9See references 2 and £5.

Table 5.6 Strangth of Councretes {British Standards 12)7

1 day 7 days 28 days 365 days

Standard Mortar B.S. 12 (1947)

Mean strength (MN/m?*) 6.1 34.8 50.7 69.4
Mean strength (Ibfin.?) 890 5050 7350 1003u
Standard deviation {MN/m?) 3.2 5.0 39 44
Standard deviation (1b/in.?) 460 720 570 640
Concrete with Water-Cement of 0.6 (1:1.5:3)

Mean strength (MN/m?) 154 30.7 39.7 574
Mean strength (Ibfin.?) 2230 4450 5760 8330
Standard deviation (MN/m?) 4,6 3.9 4.8 4.6
Standard deviation (Ibfin.?) 670, 560 700 660

“See reference 66.
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Table 5.7 Compressive Strength of Concretes

{American Standards)?
Compressive Strength
Water-Cement Ratio Cured 28 days (1bfin.?)
U.S. Gallon By Nonait Alr
per Sack? Weight Retained Retained
4.00 0.35 6100 3000
5.00 0.44 5000 4000
5.16 0.46 4800 3900
6.00 0.53 4000 3200
6.44 0.57 3600 2900
1.00 0.62 3200 2600
1.74 0.69 . 2700 2200
8.00 .71 2550 2050
9.00 0.80 2050 1650

#Sece reference 69.
®1U.S. sack of cement = 94 1b, | U.S. gailon of water = 8,33 Ib.

The tension strength of concrete is about 0.1 of the compressive
values, and tension strength in bending (rupture streagth) is about
0.15 times compressive strength.

5.4 APPLICATIONS OF CONCRETE IN MINES
5.4.1 Shotcreting

“Shotcrete,” also referred to as “‘gunite,” is pneumatically applied
mortar or concrete. [t is defined as mortar or concrete that has been
conveyed from the delivery equipment (generally called the “*gun™),
through a hose and pneumatically projected at high velocity onto a
surface. A relatively dry mixture is generally used so that the ma-
terial is capable of supporting itself without sagging or sioughing,
even for vertical and overhead applications [70, p. 1-2].

The two basic shotcreting processes are (1) the widely used dry-
mix process, where a mixture of cement and damp sand is conveyed
through the delivery hose to a nozzle where the remaindsr of mixing
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Figure 5.5 Typical dry shotcreting arrangement {70].

water is added; (2) the recently introduced wet-mix processes where
all the ingredients (including water) are mixed before they enter the
delivery hose. Either method will produce a quality of shotcrete
suitable for normal requirements.

A typical arrangement for the dry process is shown in Fig. 5.5
[70, p. 171. [t consists of the gun, an air compressor, material hose,
air and water hoses, nozzle, and sometimes a water pump.

First, the materals must be batched, usually in quantities of ap-
proximately 43 kg of cement to 180 kg of sand. The quantities are
controlled both by volume and by weight. After batching, the mix is
prepared by a drum mixer or in some cases by a screw mixer or con-
veyor. The mixed matarial in suspension is forced by compressed air
through a hose to the nozzle. At the nozzle water is injected into the
matenal in a number of {ine streams. As the material passes through
the 20-30-cm nozzle, it is mixed with the water. Mixing continues
as the stream of material and water passes between the nozzle and
the point of impingement. Upon impact, water mixing is complete.

A typical double-chamber gun is shown in Fig. 5.6 with the lower
cone valve closed and the machine feeding the dry mix from the pres-
surized lower chamber recharged. The upper cone valve is then closed
and the auxillary air valve opened. The pressure at the lower chamber
is about 3.6-7 kg/cm?.

The operation of a modern wet-mix shotcrete gun of the pure
pneumatic feed type, is shown in Fig. 5.7 [70, p. 63). The mixing
chamber pictured is discharged under air pressure through a pneu-
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matic feed sump at the bottom of the mixer. The rate of discharge
and velocity of flow through the delivery pipe are controlled jointly
by the air pressure and the rdtation speed of the mixing paddles. As
each slug of materfal is discharged into the sump, it is forced by the
bottom air pressure through a slightly restricted opening into the
delivery hose at high velocity. The material is thus transported as
alternate slugs of comnpressed air and material to the nozzle. At the
nozzle more compressed air is added through a special air ring, whuch
breaks up the slugs and gives added velocity to the material as it is
gunned from the nozzle.

The granulometry of the shotcretes is shown in Fig. 5.8 for coarse
and fine grouting {70, p. 38]. Line B and the shaded area around it

100 ——=
94
Accepratle
grading
bands
80
7

3
)
n

Percent passing

Y
(=]

207

? 15 5
Sieve opening sice (mm) ’

Flgure 5.8 Granulometry of shotcretes [70}. Line B represents fine-grained material; line
E, coarse-grained. ’
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represents f{ine shotcreting, line E and related area for coarse grout-
ing. In the dry-mix coarse-grained process the water-cement ratio s
the easiest factor to control and ranges from-0.32 to 0.40, depending
on the size, gradation, and quality of aggregates used. The cement
content may range from 300 kg/m?® to 400 kg/m? for shotcretes of
375-425 kg/cm? strength. In fine-grained shotcretes up to 500
kg/fcm? strength is required.

One of the advantages of shotcrete is that it can be installed ag
soon as the mining openings are made, before the strata sags. After
the explosive smoke clears, the shotcrete crew may come and gunite
the roof, even before the muck is removed. After mucking the sides,
the entire section of the gallcr}‘r can be finished by shotcreting.

5.4.2 Monolithic Concreting

Monolithic concreting involves placing a 40-A0-cm wali around the
gellery roof and sides. Sometimes, where more pressure noticed,
the entire periphery is concreted, as shown in Fig. 5.9 [2, p. 673].
The concrete is held in place by folds, usually made of iron sheets. It
takes 2-4 weeks for good curing inside the folds.

The pit-bottom roadways and places of high pressure are first held
by rigid arches, then the arches and the ground behind them are con-
creted, forming a reinforced concrete as shown in Fig. 5.10 (2, p.
678]. Such galleries can stand 25-30 years without any alterations.

5.4.3 Gallery Lining with Concrete Blocks

In places where movements of the strata are observed, monolithic
concrete breaks or.sloughs off, causing accidents. In such places,.

Flgure 5.9 Monolithl: concreting of galleries (2,
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Fipure 5.10 Rigid arches left In concrete for longdife galleries {2].

conical blocks are set in an arch form, and wooden blocks, 5-cm
thick, are inserted between blocks to absorb the movement. The
cross section and side elevation of such supports are shown in Fig.
5.11z and b. The roof is held temporarily by wooden supports such
as 7y, rs, s, rs. Blecks shown as 5 are put in place by the help of 2
Jiftt 3 and 4. Dimensions are given in Fig. 5.11c. The cross section of
the gallery in the finished form is shown in Fig. 5.11d. The tempo-
rary wooden supports are left in place and extra concrete is added to
the roof [71, 2, p. 6761.

5.4.4 Concrete Shaft Lining

The suppert function in shaft sinking is an important matter 2ad a
most time-consuming operation. Here, only the high points are given
briefly. Thz supporting system is explained schematically.

The shaf: is suik either by wooden support or channel profiles,
temporarily. The shaft is sunk to a depth of 15-40 m, according to
the rock conditions. Then, an “identation’ is made, as shown in Fig.
5.12a (30, 2, p. 680}, and monolithic concrete is poured, using iron
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5.4.5 Artificial Roofs

The use of an “artificial” roof in thick seams and lens type of metal-
lic ore deposits is becoming popular. The ore is taken in slices in
descending order [72). The schematic view of such system to be
adapted to a copper mine is illustrated in Fig. 5.13 (73, p. 20]. The
panel is developed by two raises F,, F,, and each slice is mined by a
central entry and “rooms™ (1-20) leaving pillars between. Then the
pillars are removed in second cycle of mining. A “roof” is made for
the next slice by laying iron bars on the floors of the rooms, as shown
in Fig. 5.14, and all installing a layer of concrete about 30 cm thick.
Then the rooms are hydraulically stowed. The height of each slice
is 2.5-3.0 m as shown in the panel section of Fig. 5.13. The design
of such an “artificial roof™ is given in Secticn 5.5.5.

5.5 DESIGN CONCRETE
5.5.1 Design in Concrete Preparation

The following two factors should be met in prepaning concrete
underground:

1. It should have the compressive strength required.
2. It should be fluid enough to be transported in a pipeline.

In pipeline transportation the slump is 7.5 £ 2.5 cm and the maxi-
mum size of the aggregate is limited to 30 mm. Tlus the cement,
aggregate, and water should be calculated and the concrete formed
should meet the characteristics required.

First, the average compressive strength should be evaluated. This
should be (68, 69]

Oy = =2 (5.10)

1-¢V
where 0,, = the average strength upon which the calculations are
madsa
op = project strength (specified strength)
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V = variation coefficient related to working conditions; in
well controlled conditions, 0.15-0.10; in medjum condi-
tions, 0.15-0.20;+and in poor conditions where quality
cannot. be controlled, 0.20-0.30 i

¢ = statistical coefficient; if 95% of the specimens should be
accepted, r = 1.645, if 90% acceptable r = 1.282

Second, the o= water-cement ratio is calculated using several for-
mulas (for example, the Bolomey formula). As the dosage is given at
the beginning, the amount of water is calculated. If the characteristics
of the aggregates are known, the amount of water is checked with
the fluidity formula {5.2). In fluid concrete, more water is required.

Third, the total aggregate volume is calculated. As the cement,
water and air are known, they are subtracted from Im?, and the
rest is the aggregate (sand-gravel). An assumption is made for gravel-
sand ratio, then their volumes are found respectively.

As explained, the preparation of the concrete relies on many as-
sumptions. Therefore samples should be prepared ‘and unit weight,
compactness, and fluidity determined. Then samples should be tested
upon completion of their curing times. If the strengths determined
by testing do rot meet the project requirements, some corrections
should be made. These corrections may be to the granulometry of
the aggregates, amount of cement, znd amount of water. The most
difficult correction involves the grarulometry. In practice, many
fajlures are due to this factor. .

As a numerical example let us calculate a monolithic shaft lining,
for which the following data are given:

Compressive strength of concrete after 28 days 160 kg/em?
Conditions of concrete T Fluid
Aggregate and maximum size Gravel, 25 mm
The finerness rmodulus K=3.1

Lat us take good working conditions (V' = 0.15) with 95% of speci-
mens acceptable (¢ = 1.645). Then the average strength according ‘o
Eq.{5.10) is

160
1-1.545X0.15

ok Hts “0g, = =212 — 225 kg/cm?
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We first calculate the crrtfactor by the Bolomey Eq. (5.4)

g, =180 (-&I- - 0.5) kg/cm?

225=180 (—1— - 0.5)
«

a=10,57
- If the dosage of M, = 350 kg/m? is taken, the amount of water is
M., =350 X 0.57 = 200 kg/in®

The fluidity condition should be checked. According to Eq. (5.2),
for the given fineness modulus 3.1,

M, =58(7- 3.1)= 226 kg/m’

There is not much difference between the two quantities of water
determined, so the [irst one is taken for calculations If v, and «,
are the densities of cement and gravel,

ﬂ + M,

Ye Ya

My + Vi =1m?

The amount of air is taken as 1% and the amount df aggregates is
given by

350 M, - .
311 +TGS"+ 200+ 10 = 1009 liters

M, =1797 — 1800 kg/m?

To summarize all the constitutznts for I m? of concrete are listed as
follows:

Cement M. =350 kg/m?
Water M, =200 kg/m?
Total apggresate M, = 1800 kg/m?

These figures are not final. Upon testing, corrections should be made
il the results do not give compressive strength of 225 kgfem?.
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5.5.2 Design for Shotcreting

According to Rabcewicz {741 the following formula* is given Tor
shotcretes of normal conditions. The results agree quite well with
those at other investigators.

r=0438 2 (5.11)

where ¢ = thickness of shotcrete, in meters
P = stress on the shotcrete in tonnes per square meter
r = radius of the gallery, in meters
r = allowable shear stress of the shotcrete material

“Typical applications for main roadways 4.25 m wide and pit-bottom
gaileries 6.0 m in width in a copper mine are given in Fig. 5.135
*73, p. 71.

The pressurc on the galleries is evaluated as 15 t/m?, which is quite
acceptable in coal mines as well. The shear strength of shotcrete is
0.2 g, (compressive strength), and this can be taken as 225 kg/cm?
or 2250 t/m?. If we assume 2 safety factor of 3, the allowable shear
strength is as follows: -

0.2 0.2 X 2250
e t/m?

For galleries of ry = 2.125and r, =3.0m

o, 15X 2125
[, #0434 X 5 =0.10m
:,=o.434x‘—5—1>%9-=0,13m——+0.15m

In Sweden the standard for shotcrete thickness is 10-15 cm for
fissured ground. According to Wickham and Tieman {751, 12.5 cm
at roof and 6.5 cm on the sides are quite sufficient. Deere [76] has
shown that 2 cm of shotcrete in a gallery 4 m wide can support
pyramidal blocks 1 X I X 1m (0.9 t) at a safety factor of 13, as
shown in Fig. 5.16 (76, 77, p. 3-38].

egafety factor F in design is taken to be 1.
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I --m m___e.|";"

215m

Figure 5.15 Shatcrete apalications in a copper mine [75]. '

failure assumed,
strength in diagonal tension
taken as 10 kgicm? {142 psl)

3 em shotcrete

Figure 5,16 Supporting capacity of shotcrete [176, 77]. Weighi of pyramid = 900 kg. Shot-
crete resistance =4 X 1 m X 3 em X 10 kpfem™ = 12000 kg, Factor of safety against fall-
out = 12000/900 = 13, *

5.5.3 Design of Shaft Lining
As is quite difficult to calculate the thickness of lining analytically,
many approximate formulas are used for practical work. The follow-

ing equations apply to Fig. 5.17 {2, 689].
According to Protodjakonov [78)

L Pr ., 150
(0, /F)- P (0p/F)

r=0.007VIH + 14 (5.13)

¢ T (5.12)
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Figure 5.17 Shaft lining and side pressures [ 2],

According to Brinkhaus [79]

l

t= +12 (5.14)

]

o

According to Heber [80]

= aylF . .
‘ (1/%/;-‘- 2P 1) r  (medium, <400 m deep) (5.15)

g, /F

£= ( UblF"\/jP

where ¢ = thickness of lining, in centimeters
P = side pressure on lining, in kilograms per square centimeter
H = depth cf shaft from surface, in centimeters -
r = radius of shaft, in centimeters
g, = 28-day strength of concrete, in kilograms per square
centimeter
F = safety factor, usually 2

- 1) r (deep >400 m) (5.16)

As a numerical example to show the usage of these equations the
following data are given:

Depth of shaft H=300m

Formation Sandstone
Bearing capacity Ogre = 15 kgfcm?
Poisson’s number m=35

Density v =2.5t/m’
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Concrete used
28-day compressive strength a, = 225 kgfem?

Density vy = 2.4 4fm?
Radius of shaft r=25m
Safety factor F=72

Let us first calculate the horizontal stress to the shaft lining.

0.1 vH - 0.1 X 2.5 X 300
m=-1 5-1

= 18.75 kg/em?
Assuming g, 225 kgfcm? as the g, strength of lining,

= 18.75 X 250 + {50
' (225/2) - 18.75 (225/2)

=51.33cm

= 52 c¢m

_ 2252 _
) = (]@5/2_ e - 1) 250 = 56 e

t; =0.007+/2 X 250 X 30000 + 14 =41 cm
500 '

:4=-1-6—+12 62 cm

It can be seen that the results of 52, 56, 41, and 62 cm are in close
accordance with each other.

P=

5.5.4 Desigr. of Shaft Indentation

When installing the lining, a small “indentation” is made all around
the shaft to transfer the dead weight of tne lining to the main rock.
This is repeated for every pouring of concrete, usually at 20-40m
intervals. The indentation is shown in Fig. 5.18 [2, p. 695], and
formulas are given as follows:

i ]/(r+r)2 N (2r + ) thy, cos S+ (5.17)

U,f
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Figure 5.18 Design of shaft identation [2].

L. @rrt) thyy

g 20r+ 1y (3.18)

h

tang = (5.19)

A -utana

where a = thickness of indentation, in centimeters
r = inrer radius of shaft, in centimeters
¢ = thickness of shaft lining, in centimeters
h = height of the lining to be poured, in centimeters
k' = height of indentation, in centimeters
~s = density of the concrete, in kilograms per square centin.eter
04 = bearing capacity of rock, in kilograms per cubic centimeter
7y = safe shear strength of concrete, in kilograms per square
centimeter
« = Lorizontal angle of indentation, in degrees
g = vertical angle nf indentation, in degrees

Taking the thickness of the preceding example as 50 em, the height
of concrete as 40 m, and the angle of indentation as @ = 0°, the in-
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dentation depth a is:

. ‘ﬂ250+ SOY? + (2 X250+ 50)(51(;)(@00)(0.0024)
- (250 + 50)
=28 cm
The safe shear strength of concrete may be calculated as follows:
1 =0.5v@, = 0.5v/725 = 7.5 kgfem? (5.20)
o (2X 250+ 50)(50)(4000)(0.0024)
_ ()(250+ 50)(7.5)
=58 cm

These values, although safe, are small for practical use. The depth is
assumed to be 1.5 times the thickness of the shaft lining, and the
vertical angle is taken to be § = 15-20°, Then,

a=1.5(50)=75cm

N = a_ _ 75
: tanf  tan 20°

=200 cm

5.5.5 Design of Artificial Roofs

The design of iron bars for reinforced concrete is part of the detailed
work of civil engineering. Reference 81 describes such a project to be
used in a lignite mine. [n the example given in Figs. 5.13 and 5.14
the average pressure is calculated using Terzaghi's forinula, Eq. (1.34).
The pressure is found to be 10 t/m?, which is quite acceptable for
many design concepts.

In the example of Figs. 5.13 and 5.14 the rooms are 3.0 m wide.
The thickness of the reinforced concrete is taken as 30 cm.. The yield
strength of 2200 kgfem? at a-safety factor of 1.5 is assumed for
iron bars. The concrete is prepared according tc a 28-day cured
strength of 160 kgfcm? at saféty factor 1.15. The maximum mo-
ments are calculated and the spacings of bars are tound and shown,
as in Fig. 5.14. On rooms (sections b, ¢) 8- and 16-mm diametev
bars are spaced at 10 ¢m; on the main roadway (seciions d and e),
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Table 5.3 Materials Used in Artificial Roofs of Reinforced

Concrete’
‘ Per 1 m? Per Ton

Material (kg) of Concrete . of Ore
Iron bars . 1763 7.05
Cement 320 12.8
Sand (0-7 mm) . 702 28.1
Broken rock (7-25 mm) 1098 439
Water - 197 7.7

95¢e reference 73,

bars 20 and 10 mm in diameter spaced at 10-cm intervals are calcu-
lated. The roof is anchored at the boundary to the host rock by roof
bolts as shown in Fig. 5.14f and g.

The concrete matedal, to be transported from a mixing plant on
the surface by a pipeline, is constituted of aggregate smailer than
25 mm, dosage of 300 kg/m?, compaction of 0.85 and water-cement
ratio of a=0.5. The amounts of material per cubic meter of con-
crete and per ton of ore are as given in Table 5.8 {73, p. 36-37].

APPEMNDIX 5.1 RELEVANT BRITISH STANDARDS

A, Cement

B.S. 12: 1958 Portland cement (ordinary and rapid-hardening)
(metric version, 1971) '
146: 1958 Portland-blast furnace cement (metric version,
1973) .
1370: 1958 Low heat Portland cement (metric version, 1974)
4246: 1968 Low heat Portland-blast furnace cement (metric
version, 1974)
4248: 1974 Supersulphated cement
915: 1947 High alumina cement (metric version, 1972)
1014: 1961 Pigments for cement, magnesium oxychlonde
and concrete
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B. Aggregate

" B.S. 882,

1201:

812:

877

1047:

1165:

410:
3797:
3681:

C. Concrete

B.S. 1881
1831
1881:

1881:
1881:

[881:
4408
4408:
4408:
4408:
4408:

1926:
1305
3963:

368:
2028, 1364:
3148:

Part 1:
Part 2:
Part 3:

Part 4:
Part 5:

Part 6:
Part 1:
Part 2:
Part 3:
Part 4:
Part 5;

1965

1967

1967

1952

1966
1969
1964
1963

1971
1969 Electromagnetic cover measuring devices -
1969 Strzin gauges for concrete investigations
1970 Gamma radiography of concrete

1971
1974 Measurement of the velocity of ultra-

CONCRETE SUPPORTS

Aggeregates from natural sources for concrete
(including granolithic)

Methods for the sampling and testing of
mineral aggregates, sands, and fillers
Foamed or expanded blast {fumace slag light-
weight aggregate for concrele (metric ver-
sion, 1973)

Air-colled blast furnace slag coarse aggregate
for concrete (metnc version, 1974)

Clinker aggregate for concrete

Test sieves

Lightweight aggregates for concrete

Methods for samplirg and testing of light-
weight aggregates for concrete (metric ver-
sion, 1973)

1970 Methods of sampling fresh concrete
1970 Methods of testing fresh concrete
1970 Methods of making and curing test

specimens

1970 Methods of testing concrete for strength
1970 Methods of testing hardened concrete for

other than strength
Analysis of hardened concrete

Surface hardness methods

sonic pulses in concrete

1962 Ready-mixed concrete
1974 Batch type concrete mixers
1965 Method for testing the performance of

batch type concrete mixers

19711 Precast concrete flags
1968 Precast concrete blocks
1959 Tests for water for making concrete
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APPENDIX 5.2 SELECTED LIST OF RELEVANT
ASTM STANDARDS*

A. Cement

C 150-74  Spec. for Portlond cement

C 595-74  Spec. for blended hydraulic cements

C115-74 Test for fineness of Portland cement by the turbi-
dimeter

C 186-73  Test for heat of hydration of hydraulic cement

C 151-74a ‘Test for autoclave expansion of Portland cement

B. Admixtures

C 618-73 Spec. for fly ash and raw or calcined natural pozzotans
for use in Portland cement concrete

C 494-71  Spec. for chemical admixtures for concrete

C 441-69  Test for effectiveness of mineral admixtures in prevent-
ing excessive expansion of concrete due to the alkali-
aggregate reaction

C 260-73 Spec. for air-entraining admixtures for concrate

C. Aggregaie

C 294-69  Descriptive nomenclature of constituents of natural
mineral aggregates

C 33-74  Spec. for concrete aggregates

C 330-69  Spec. for iightweight aggregates for structural concrete

C 331-69  Spec. for lightweight aggregates for concrete masonry
units :

C 332-66  (1971) Spec. for lightweight aggregates for insulating

~ concrete '

C 117-69  Test for materals finer than No. 200(75-um) sieve in
mineral aggregates by washing

C 70-73  Test for surface moisture in fine aggregate

C 40-73  Test for organic impurities in sands for concrete

C 123-69  Test for lightweight pieces in ageregate

C 8813 Test for soundness of aggreates by use of sodium sul-
fate or magnesium sulfate

*T denotes Tentative Standard. The two digits after the dash denote the year af
publication.
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C 131-69
C 289-71
C 227-71
C 58669
C 638-73

C637-13
E 11-70

D. Concrete
C 124-71

C 143-71
C360-63

C 403-70

C 232-71
C 13874

C173-73a
C231-73
C 470-73T
C 192-69
C 39-72

C617-73
C 78-64

C 496-71

CONCRETE 5UPPORTS

Test for resistance to abrasion of small size coarse ag-
gregate by use of tae Los Angeles machine

Test for potential reactivity of zggregates (cheniical
method)

Test for potential alkali reactivity of cement—Aggre-
gate combinations (mortar-bar method)

Test for potential alkali reactivitv of carbonate rocks

for concrete aggregates (rock cylinder method)
Descriptive nomenclature of constituents of aggregates
for radiation-shielding concrete

Spec, for aggregates for radiation-shielding concrete
Spec. for wire-cloth sieves for testing purposes

Test for flow of Portland cement concrele by use of
the flow table (discontinued 1974)

‘Test for stump of Portland cement concrete

(1968) Test for ball penetration in fresh Portland
cement concrete ' )

Test for time of setting of concrete mixtures by pene-
tration resistance

Test for bleeding of concrete _

Test for unit weight, yield, and air content (gravimetric)
of concrete

Test of air content of freshly mixed concrete by the
volumetric method

Test for air content of freshly mixed concrete by the
pressure method

Spec. for moids for forming concrete test cylinders.
vertically concrete test cylinders

Making and curing concrete test syecmens in the
laboratory

Test for compressive strength of cylmdncal concrete
specimens :

Capping cyl.mdncal concrete specimens

(1972) Test for flexural stréngth of concrete (using
simple beam with third-point loading)

Test for splitting tensile strer.gth of cylindrical con-
crete specimens
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C 42-68

C 215-60

C418-68
C 85-66

C457-71

C 666173

C 94-74
C 156-74

(1974) Obtaining and testing drilled cores and sawed
beams of concrete

(1970) Test for fundamental transverse, longitudina’,
and torsional frequencies of concrete specimens

(1974) Test for abrasion resistance of concrete

(1973) Test for cement content of hardened Portland
cement

Rec. practice for microscopical determination of air-
void content and parameters of the air-void system in
hardened concrete

Test for resistance of concrete to rapid freezing and
thawing

Spec. for ready-mixed concrete

Test for water retention by concrete curing matenals






CHAPTER 6

Stowing

6.1 IMPORTANCE OF STOWING

The term “stowing” includes all the steps taken to “fill” the open-
ings made by extraction of the seams of mineral deposits. It is a part
of the support system. If stowing follows right after the excavations,
it diminishes the movement of strata and helps the roof and surface
control tremendously.

The “room and pillar” system of mining, with proper size of pil-
lars, is quite effective in surface control. However, in deeper mining
the size of pillars increases, and the percentage of extraction of
minerals diminisnes. Moveover, the pillars may cause difficuities by
deteriorating, cracking, catching fires, and so on.

“Caving systems,” especially with powered supports are very eco-
nomical and fact, providing high production. But, the materal pro-
duced entails rauch expense to compensate for surface damages.
Besides, it is possible for seas, lakes, rivers, canals, and other surface
features to be disturbad, causing flooding of the mine and the extra
expense of punping out the water. There are seams with strong roof
layers where the caving is difficuit. In such cases caving is achieved
by “weighting,” causing damage to the supporting elements.

The advantages to stowing systems is that they minimize the sur-
face disturbanca. Since an area is “filled up” as soon as an opening
it made, the mzin roof does not sag or cause excessive weighting. In
this respect strata control is the most easily achieved and the most
effective.

6.1.1 Amount of Stowing Materials

The following formula is utilized to calculate the weight of stow-
ing material:
209
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£
‘T'

P
" K (6.1
where P = weight of mineral extyacted, in tonnes
P’ = weight of stowing materials to be used, in tcnnes
v = density of ore or coal, in tonnes per cubic meger
4" = density of stowing materials, in tonnes per cubic meter
K = [actor of stowing (0.3-0.95) according to stowing systems

If we apply this equation to coal and metallic deposits where «y is
1.3 and 3.0 t/m*, respectively, v' is about the same for both cases,
which can be tnkcn 1.6 t/m*. The X factor for pneumatic stowing in
coal mines is about 0.8, in metal mines 0.7. So the weight of stowing
material is

p=2kp
¥
1.6
=GX08XP =p {cozl)
1.6
P=ﬁX07XP=“O4P (metal)

It can be seen that the amount of stowing material for a coal mine
equals the daily production.. It is a difficuit (ask 1o prepare such a
large amount and haul it to the place of production using haulage
facilities on “upgrade™ incline. However, in metal mines, the work
is easier to manage owing to small dailv production and a small ratio
{0.4).

6.1.2 Sources of Stowing Materials
As the amount of stowing material is voluminous, all available sources
are used to obtain this large quantity. These sources are summarized

in the following sections.

Goaf Stone. The fallen part of the roof is a ready-made material
that can be utilized with minimum transportation distance. This is
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used as “‘packiag’’ materal for chocks left to support gateways. The
stone obtained from goal is packed inside the chocks and in the
space between chocks. '

Formerly “strip packing” was used to support the roof as the face
advanced, utilizing the goaf stone. However, this source is very scarce
and not reliable, In metal mines small raises of 40° are driven to ob-
tain stowing material in the stope.

Gateway Brushings. The brushing of gateways in thin seams pro-
duces stone that can be easily utilized in packing gateway sides. A
small crusher and a pneumatic machine can do the work very
effectively.

Development Work of the Mine. Ths stone resulting {rom develop-
ment work, like staple shafts, crosscuts, and other entries, is 2 good
source for as much as 25% of stowing material. This stone must be
crushed to a size of -80 mm to be used as stowing material. Crushers
can be installed on every level to eliminate hoisting, or a central -
crushing plant can be installed at the surface to serve the entire mine.

Washer-Corycemraror Rejects. Rejects form the most important
source of stowing material in respect to quantity and quality. All the
rejects can be utilized in mixing with other materials. In hydraulic
stowing, meterial; smaller than 0.1 mm can cause trouble, so these
should be sepaiated from the other rejects. Such a utilization elimi-
nates the cost of handling and heaping such materials at the surface
and helps to meet environmental regulations. '

Old Refuse Piles. Refuse from old mines can be utilized in the same
way as washer-concentrator rejects, provided screening and crushing
facilities are used to separate suitable sizes for stowing.

Quarries. If the preceding sources are not sufficient, a quarry may
be opened and the stone obtained utilized after crushing. A conglom-
erate formation is best suited for stowing. River beds are also good
sources of stowing material, as the material available is free of small
particles.
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6.1.3 Advantages of Stowing

Stowing is necessary in mine seams steeper than 45°, Seams
can be essily mined by changing the incline to 42° (diagonal
faces) by advancing with *‘gravity” stowing.

In stowing systems the pressure arch can be small as shown in
Fig. 6.1. So, the abutment pressures on the gateways are
much less, and the supgorting problems of the mine are much
easier,

Stowing adds to safety as the roof does not break; roof falls
and accidents due to falls are minimized.

Subsidence has been minimized. Especially, sea-river-canal-
lake-site extractions are made possible by stowing systems.
Seams with strong roofs can be mined safely be stowing sys-
tems, eliminating excessive weighting.

Refuse piles and their dangers of slidinz and pollution are

Pressure arch
e m——
~

Good smwmq

WWW 7;]1“;{@11 l“w ki

{a)

Pressure arch

11:3]

Figure 6.1 Pressure arch in stowed longwalls [2]. (o) Small pressure arch; less stress, good
roof conirol, (b) Large stresscs, bad roof control.
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eliminated. Disfiguring the londscape is prevented, helping
to meet the environmental reguiations.

6.1.4 Disadvantages of Stowing

1. The greatest disadvantage to stowing is the increase in cost it
causes. This may be twofold at the face but diminishes, taking
into consideration the other expenses, especially the refuse
handling. This is discussed in Section 6.4.

2. Large capital investment is required. A large plant and pipe-
tines must be installed underground for hydraulic stowing.
Aithough ihe expense is less for pneumatic stowing, large
compressed-air capacity is required.

6.2 APPLICATION OF STOWING SYSTEMS

Stowing applications differ according to the source of energy re-
quired to instull the material and are classified according to those
SOUTrCes.

6.2.1 Hand Stowing

Ir times when mechanization was not advanced and labor costs were
small hand stowing was usad.

“Strip packing” is schemetized in Fig. 6.2a, b. Workers build dry
walls and, as the packing progresses, throw small rocks by shovel be-
hind the dry walls. The material is obtained from the goaf by partial
caving of the immediate roof. If the materials are not adequate,
blasted roof macerials are 2dded. The effect of the quality of the
stowing is shown in Fig 6.2e. In poor filling the great amount of
pressure on the arches of the gateways causes deformations. Good
filling diminishes such deformations, as shown in the figure.

In metal mines, cnries made from the main entry of the panel
are stowed on a retreating system as shown in Fig. 6.2¢,d. The
stowing material is brought from raises of the level above or ob-
tained by small, 40°, raises driven in the footwall rock.
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Figure 6.2 Hand stowing systeme [2].
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6.2.2 Gravity Stowing

The force of gravity can be used to place stowing material. This
method is used iz seams steeper than 42°, either diagonally or down
the maximum iuclination, as shown in Fig. 6.3a, b.

The stowing material iv washery refuse mixed with broken mine
rock, and it i5 disposed along an inclination of ¢ = 42° (internal
friction angle of 1ocks). The cross sections of the faces are shown in
Fig. 6.3¢, d. 1{ the coal is stable enough, it is easier to work diagonal
faces without *wire screens.” Wedges (4) can hold the face coal
(Fig. 6.3¢). If the coal is unstable, K-type of support (5) is needed,
and the stowing materal is held in place by a “stowing screen a3
beh'nd the supports (Fig. 5.34).

Another system is “stepped face” or gradins reversés (turned over
stairway) as shown in Fig. 6.3e. Special wooden supports are used
and left in the stowing materal, one placed on top of the other, re-
sembling “‘square setting.”” The stowing follows the stepped face, at
a 42° inclination and a distance of 2-3 m.

6.2.3 Mechanical Stowing

In the mecharical stowing systeni, materials are delivered by con-
veyor and are thrown to the back of the face by 2 “jet conveyor,”
as shown in Fig. 6.4. The materials are brought by a conveyor. A
diagonai scraper transfers the material to a smal! conveyor below,
working at a speed of 10 m/s, thus throwing the materials to ba.k
of the face. The jet conveyor is pulled up slowly as the stowing
progresses. A wire screen keeps the stowing away from the face line.

The system is adapted to thick and flat seams, 2s two conveyors
require a height of more than 1.5 m. Therefore, where space is
limited, it is repliced by pneumatic stowing which requires much less
space,

6.2.4 Pneumatic Stowing
In pneumatic stowing the stowing materials are conveyed in pipes

and thrown to the back of the face by compressed air. This is the
most popular system of stowing because it requires smaller installa-
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Figure 6.3 Gravlty swwlng systems [2], (¢} Dlagonal seam; (&) maximum Incilnation; {c)
A-B section; (¢} C-D sectlon; (e) stepped face.

tions. However, the mine should have an ample supply of compressed
air, as the amount of air spent by one stowing machine is almost
equivalent to a medium-sized compressor at the surface.

The applications of pneumatic systems in coal and metal mines
are illustrated in Figs, 6.5 and 6.6, and stowing machines are shown
in Fig. 6.7. Detailed descriptions of stowing can be found In refer-
ences 82 and 83.
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[ R o | Figure 6.4 Mechanical stowing system
2 L 12, 30].

The schematic plan view shows stowing materials brought by cars
and tippled:at 10 (Fig. 6.52); a chain conveyor takes them to the
scowing macnine (1). They are blown into the basalt-lined pipeline
(2). The 90° elbow (3) changes direction down to the face. Manganesc
steel pipes of shorter lengths (4), easily dismantled, deliver the stow-
ing materials to the back of the face at a high speed. The cross sec-
tion of the fasz (Fig. 6.5b) shows the pipe (4), with stowing already
in place (9) aud screen or wire paper (5) nailed to the wooden posts.

Stowing in a metal mine is shown in Fig. 6.6 [83;2, p. 719]. The
rooms or entries are filled by stowing materials conveyed in a pipe-
line from the bottom of a stowing raise. High entries may require
double-deck stowing as shown in the figure. .
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Figure 6.5 Pneumatir stowing in coal mines 12]. {a) Plan; (6} A-B section,

The side and elevations of stowing machines used in coal mines
at high capacity (70-150 m3/l1) are shown in Fig. 6.7a [44]. The
smaller-capacity but longer-distance machine is showa in Fig. 6.75.
The upper machine has drum-type feeder while the lower is equipped
with screw-type feeders. Both deliver material to the pipes by com-
pressed air at a pressure of 5-7 kg/cm?.

The pipes on tailing roadways are lined inside with basalt to mini-
mize the wear and last for 500,000 tons of matenzal. The manganese
steel pipes at the face are worn by 300,000 tons and the 90° elbow
by only 6000 tons., There should be direct telephone connections
between the stowing machine and the pipe operatns. In case of stop-
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Canter Lo center

Figure 6.6 Pneumatic stowing In metal mines {2, 83].

pages, the materials are cut first and the air is kept blowing to elimi-
nate settling in the pipes.

6.2.5 Hydraulic Stowing

The hydraulic stowing method is the most advanced filling system:
stowing materials are mixed with water and aelivered to the mine in
a2 pipeline. It requires a preparation plant at the surface, pipelines,
canals, sumps, and a pump room to raise the excess of water to the
surface for reuse. The material shculd be small enough (-80 mm) to
be transported in a pipeline and large cnough (>0.1 mm) not to stay
in suspension in water. Otherwise, such material sinks in the canals
and sumps and causes excessive cleaning expenses. The best material
is river sand from which the slime has already flushed away by the
fdver. The refuse of washeries, classified and separated from slime, is
very satisfactory. The slag of smelters, suddenly cooled in water, is
an excellent material, as well.

The use uf an hydraulic stowing system to a steep coal seam is
shown in Fig. 6.8 [2, p. 724]. The material is carried by the pipe-
line (3) and cdivided at the face every 15 m orso (4). A “*dam™ is
made of jute curtain fixed on supports by wedges (3). The material
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Section X-)

L]

Figure 6.7 Drum (2) ar.d screw (b) stowing machines [, 44],

is deposited behind the dam, and water perculates through the pores
of the jute curtain. The face operates horizontally, supported by
wooden caps and posts in K-form (9, 10). The coal is kept in place
by extra wedges (8, 6).

The plan and longitudinal section of a parel in a metal mine is
shown in Fig. 6.9 [84; 2, p. 735]. The dams (4) are crected at the
narrower sections of the stope. The transnmort of ore is done by
scrapers to a central chute (5).

A typical surface plant installation is depicted in Fig. 6.10 [30; 2,
p. 729]. The material excavated is dumped into & bunker and fed to
a inclined screen. The finer material passes through the screen and
coarser material is crushed by rolls. Oversided material is separated
again by vibrator screens as shown in the figure.



Figure 5.8 Schematic view of hydraulic stowing in i coal mine (21. (g} Plan; (6} A-B section.
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(k)

section of stope, mined by hydraulic stowing ‘2, g4},

Figure 6.8 Plan and longitedinal
{a} Plan; {b) longitudinal section.

221



222 STOWING

Bunker

ALY

Water injector
Fixed chute
Rull crusher

Shaly

/NN

7
Feeding belt

o Vibrating
) sireen

-:,,’_/ Control
o elements

%ﬁ

3

Figure 6.10 A typical surface plant for stowing [2].
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All the fine material is mixed with an extra amount of water and
sent to the mine. Care should be taken not to let any air bubbles
enter the pipeline, as this air may cause trouble in the elhows.

6.2.6 Consolidated Stowing

Although the hydraulic stowing materdal is compected after the
water percolates through the pores of jute curtains, it is not solid.
This material can be consolidated by adding special materials.

Sulphides are the easiest materials to be added to hydraulic stow-
ing materials. Such sulphides oxidize in the stope, raising the tem-
pe.ature to 60-70°C and “‘cementing” the materials. In such a con-
solidated mass new development work such as raises and crosscuts
can be driven. Pyrrhotite (Fe8) is added (3%) in fhis way to the stow-
ing material or suddenly cooled copper slags. “he analyses of such
materials are given in Table 6.1 [85; 2, p. 725].
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Table 6.1 Analyses of Consolidated Stowing Materials”

Alnalysis of Analysis of
Hydraulic Stovsing Pyrhotite Slag
Materials Percent Minerals Percent Elements Percent

Slag granulated in 13 Pyrrhotite 56 Fe 36.5
water PyTite 6 S5i0, 38.0
Crushed siag-100 iuin 25 Magnetite 10 Al,C4 8.5
Pyrrhotite concenmate 3 Nonsoluble 28 S 1.5
100 100 Ca0 IS
MgO 1.0

Compressive strength of consolidated stowing: 20-70 lq-_.fcm1

95¢e references 2 and 85.

Low-dosage concrete is another consolidated stowing material (up
to 20%). The amount of cement and the compressive strengths ol
such materal are shown in Fig. 6.11 {86; 2, p. 737]. 1t can be seen
that consolidated stowing made of sand and cement 5:1 can reach
the compressive strength of 56 kg/cm? at about 18% cement content.

An apglication of such cemented consolidated stowing is illustrated
in Fig. 6.12 (87, 2, p. 736]. The low-cement mixture is dumped by
trucks, and water is added at the rate of 6-8 1fs. Such a mixture is
delivered to the stope, where excess water is [lltered and the materal
left consclidates in the stope.

6.3 DESIGN OF HYDRAULIC STOWING

Other stowing systems are quite simple and do not require much in
the way of design. However, the hydraulic stowing system should be
designed according to characteristics of the mine working, stowing
materials availzble, and so on. The flow sheet of such a design is
shown in Figure 6.13 (2, p. 747].

The design is better followed by a numerical example. Let us
assume the fodowing data:

Physical Data

Stowing material and density Sandstone, v, = 2.5 t/m*®
Average size d=72mm
Concentracion of mixture K= (_).30
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Loose 17owing
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/

Uniaxia! comprestive strength (kgfcm? |

N I N O N N Y

002 0.04 0.06 0.08 0.10 0.12 0,74 0.16 0.18 0.20
Amount of cement in dry stowing material (%}

Flgure 6.11 Cement<onsolidated stowing material strengrhs [ 2, B6].

Technical Data

Dimension of the face 100mX1.2mX¥X2m

Duration of stowing 3 h/shift
Stowing shift 1 shift/day

Type of pipe Steel
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Amount of water
6-8 liter/see

|4-—200—300 m

Water filter |
speed 35 ¢m

Cam wWater fitiar pipes

Figure 6.12 Cansolidatedcement stowing system {2, 87].

Geometrical Data
Diameter of Pipe D Length of Pipe

Points {mm) (m)
1-2 (vertical) 200 500
2-3 (horizonta.l) 150 - 700

et us make che following calculations:

1. Amount of Water, This is given by the following formula:

= Qrlre - Ym) (6.2)
Tm ~ Tw
Y =Ky + {1 - K) v (6.3)

Qw
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] Geametry of paneal
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|
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|

Velocity of Size of pipe
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3
Coelficient of pipe friction
Hud.h“ < Type of mixture flow regime
ol pipe Pipe layoutivertical, horizontal)

Figure 6.13 Design procedure of hydraulic stowing [2].

where @,, = amount of water, in cubic meters per hou:

QO = amount of stowing, in cubic meters per hour

Yx = density of stowing material, in tonnes per cubic
meter

¥m = density of mixture (water + stowing), in tonnes
per cubic meter

Yw = density of water=1 t/m?

K = veolumetric concentration of mixture, the ratio of
stowing v, to stowing + water (v, +v,,)
Vg

BT

I00mX1.2mX2.0m X 0.95
228 m3/shift

-2—;-8-' =76 m'h

P

"
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The hydraulic stowing factor that 95% of voids can be filled
up is 0.93,

m =K7;c +(1 - K)Yw
=030X25+(1-030)1

=1.45 t/m?
0. = 76(2.5- 1.45)
" 1.45 - 1
= {78 m3/h
O _ 76 _ ‘
0. =178 0.42

2. VYelocity of Mixture
0=0x +0Q.,=76+178

=254 m3/h
_ 254 _ )
* 3600 =0.070 m¥/s
v Q 0.070
-2 % pYa) | (r(0.2)Y4]
=2.22 m/fs
Viay = g =3.96 m/s

[7(0.15)%/4)

3. Critical Velocity. Durand {88] gives the critical velocity of
a mixwure to avoid settling as follows:

L2

(2gD 7‘:’“’ ) (6.4)

where V. = critical velocity, in meters per second
F, = coefficient, d > 2 mm, £, = 1.34
g = acceleration of gravity, 9.81 m/s?
J) = diameter of pipe, in meters
. = density of stowing material, in tonnes per cubic
meter
. =density of water = 1 t/m®
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Table 6.2 Critical Velocities in Pipes?

Pipe Diameter Critical Velocitiy
{mm) (m/s)
160 24
125 2.7
150 2.8
175 3.2
200 o, 34

“Ses reference 2.

For sands (v, = 2.5) the critical velocity as just calculated is
given in Table 6.2 for different pipe diameters. The velocity
found in Table 6.2 for horizontal pipe is as follows:

Vi3 =3.96> V1V, =28m/s (non deposit regime)

4. Friction Coefficient (A). in a turbulent flow the friction
coefficients in a steel pipe can be taken as

A1-2: 200-mm pipe = 0.024
A2-3: 150-mm pipe = 0,025
5. Friction Loss (Head loss)

i = Apmy 2 (6.5
1-2 -2 250]-2 - )
2
-3 = Aga 1+.% (6.6
2-3 T Az-3 ng2 > ( ?) )
Tx gD5
=66 (—-.—- l) — 6.
¢ Tw V%-S ( T)
where J-, = head loss in vertical pipe, in meters per meter

of shaft (m/m)
A\i-3 = friction coefficient of pipe, 0.024
Vi~2 = velocity in vertical pipe, 2.22 m/s
Dy, = diameter of vertical pipe, 0.2 m
£=9.81m/s
Ja-3 = head loss in honzontal pipe, in mevers per meter
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A, = {riction coefficient of pipe, 0.025
D,_3 = diameter of horizontal pipe, 0.15 m
V,_, = velocity in horizontal pipe, 3.96 m/s
K = concentration of mixture, 0.30
¢ = Durand variable*
~¢ = density of stowing materal, 2.5
v,, = density of water, 1.0

{25 ) [9.81X0.150
“""66(1 ’)[ (3.96)? ]

=923
_ (2.22)° _
Jimp = 0,024 oo e = 0.030 m/m
_ (3.96)?
Ji-3 = 0.025 T = (1 +0.30X 9.28)
=0.50 m/m

6. Total Zead Losses. The losses of head per unit length are
multiplied by the respective lengths to obtain the total losses
as follows:

AH =Ry XJiag + 13y XJ2o3 (6.8)
=500m ¥ 0.030 m/m+ 700 m X 0.50 m/m
=15+350=365m

*If V< V&17 ¥, the sluny flow regime in the horizontal pipe is said to be
“sliding bed flow™ V, is the terminal settling velocity of the particles, For
rounded particle shape this value can be calculated by the equation

V,=0.55Vd(rx - 1)
For case above thun,
¥, =055+/02002.5 - 1) =0.3 m/s
and -
Vi=28mfs<396<17X0.3=51mfs
In the sliding bed flow egime, Durand variable is given by Eq. (6.7).
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As the length of shaft (vertical) is 500 m,

withoqt any pump under the following conditions:
500=15+1!,., X0.5

proper position.

AAF<500m

The mixture will reach its destination without any external
source of pressure, like a pump. Itcanreach ahorizontal length

lmax =970 m

Any distance further thun 970 m from the shaft bottom re-
quires extra pressure and the placement of a pump at the

6.4 ECONOMICS OF STOWING

STOWING

The cost of pneumatic stowing and related cost analyses are given in
Table 6.3 and schematized in Fig. 6.14 {2, p. 743), according to a

study by Fettweiss [30] in the Aachen coalfleld.

As shown in Fig. 6.14, when the mine operates on the caving

Table 6,3 Cost Analyses of Caving and Stowing Systems®

. Amount Cost Expenditure
Cost items Commodity (tons) (NFD (NF/year)

Complete Caving System )
Cost of production in panel Coul 840,000 1.91 1,520,000
Haulage in galleries and shaft Rock 239,000 0.30 72,000
Surface transportation Rock 239,000 0.20 45,000
Surface packing Rock 624,000 0.73 _ 455,000
Total 2,095,000

Stowing and Caving System

Cost of production {stowing} Coal 750,000 2,38 2,138,000
Cost of production (caving) Coal 90,000 1.81 163,000
Haulage in shafts and galleries Rock 624,000 0.42 261,000
Crushing plant Rock 312,000 1.02 318,000
Total 2,880.000

9Sece references 2 and 35.



ECONOMICS OF STOWING Fx)

———

"'""“‘T><’:‘@%g\m“ '
®lel //o///////

SRR 77X mam v

AN

Lo

——-

-9
—_— 10

Figure 6,14 Circulation of materials in srawing znd caving sysierns {2, 30].

system the yearly production is 840,000 tons of coal and with it
624.000 tons (430,000 m?®) of rock, which is put intoc a refuse pile
(7). Of this rock, 239,000 tons result from development work and
73,000 tons from the washery (73,000 tons of +80 mm from screen-
ing, 312,000 tons of - 80 1nm from the washing process). When tre
mine operates on the stowing system, 750,000 tons of coal per year
are produced by stowing and 90,000 tons are produced by the caving
systemt, as there are not enough stowing materials available. In this
system all thz stone is used as the stowing material. The refuse of
washery (312,000 tons directly and the rest, 230,000 tons mine
rock plus 73,000 tons screening rock) is crushed and sent to the
mine. .

The amount of materials, cost of operations, and yearly total
expenditures are summarized in Table 6.3 [30;2, p. 744].

In the stowing system the combined amount of rock coming from
the mine and rejects of the screening plant (- 80 mm), 312,000 tons,
has been crusiied t¢ -80 mm and mixed with the refuse of the
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washery, and a total of 624,000 tons is sent to the raine for stoving
+ operations.

The cost of coal production per ton using the stowing system has
risen from 1.85 NF to 2.85 NF (57% increase), while the entire ex-
penditure of the mine has risen from 2,095,000 NF to 2,880,000 NF
(a rise of 38%). Expenditures caused by subsidence and extra ex-
penditure fot roadway upkeep may reach this increase. So, in a popu-
lated area, the stowing systems are both economical and nbligatory.
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