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ABSTRACT

BEARING CAPACITY ANALYSIS OF LAYERED

ROCK FOR AN UNDERGROUND MINE

GOKAY~, Mehmet Kemal
M.S. in Mining Eng.
Supervisor : Assoc. Prof.. Dr. Erdal imal
February 1988, 135 pages

A series of plate bearing tests was carried out on
sedimentary rock units in an underground borax mine. Sguare
section loading plaetes with different sizes were -
used in order to investigate the size effect Aﬁ the plate
bearing capacity. Major rock types tested in the field
included ulexite, colemanite, and a bedded and laminated
limestone with claystone. It was observed that this lime-
stone showed large variations for bearing capacity
depending upon the spacing of bedding and laminations.
Based on the field results, alternative designs for base
plates of individual hydraulic props to be used in the

mine were suggested.

In order to estimate in-situ bearing capacity values
from laboratory test results emprical approaches suggested
in Foundation Engineering and Soil Mechanics were used. It
was found however that these values were higher than in-situ
measured values. When proper rock failure criteria,

especially Hoek & Brown's emprical failure criterion were

iii



used with corrected strength parameters for in-situ condi-
tion, better estimates of field bearing capacity were
obtained.

A theoretical analysis was conducted in order to
investigate the effect of discontinuity properties, i.e.
normal and shear stiffnesses and the spacing on the initi-
ation of bearing capacity failures. Stress distribution in
a bedded or cross-anisotropic rock under plate loading was
studied. A failure analysis based on the Mohr-Coulomb
failure criterion was conducted to estimate the reductions
in the bearing capacity with spacing and stiffness para-

meters of the beds.

Key words : bearing capacity, laminated rock, size effect,
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OZET

YERATTI OCAGINDA TABAKALT KAYATLARIN
TASIMA KAPASITELERININ avatizi

GOKAY, Mehmet Kemal
Yiiksek Lisans Tezi, Maden Miih. B6liumi
Tez Y6neticisi: Doc.Dr. Erdal Unal

Subat 1988, 135 sahife

Simav yeralti boresks madeninde-.bulunsan sedimenter ka-
yaclarda birgok plaka-ylikleme deneyi yapilmigtir. Tagims
kapasitesinde ki boyut etkisini bulmak icin degisik boyut-
taki kare kesitli plakalar kullanilmistir. Arazi ¢alismala-
rinda, lizerinde deney yapilan Onemli kayag¢lerin; lileksit,
kolemanit ve kiltagsi laminali kireg¢tagi oldugu gozlenmig
ayrica kiltagi laminali kire¢tasginin tagsima kapasitesinin
lamina kalinligina gdre biylik farkliliklar gdsterdigi go-
rilmiigtiir. Arazi ¢alismalari sonucu elde edilen bilgilerden
yola ¢ikarak yeralti ocaginda kullanilacak bireysel hidro-
1lik direk altliklari, degisik tabakalar i¢in alternatif
tasarimlar geklinde verilmistir.

Labaratuvar deney sonu¢larini kullanarak arazi tasima
kapasitesine, zemin mekanigi formiilleri kullanilarak ula-:
silmaya ¢aligilmig fakat hasaplar sonucu elde edilen deger-
lerin 8l¢lilen arazi tasima degerlerinden yiliksek oldugu
gorilmligtir. Bununla birlikte 6zell§klé Hoek & Brown'nun

emprik yenilme kriteri, kaya¢larin dizenlenmis mekanik



degerleri kullanlldlglnda; arazi tagima kapasitelerine
yakin sonu¢lar verdigi gozlenmigdir.

Slireksizlik Ozelliklerinin yik plakasi altindaki
kaya¢ yenilmesine etkisi teorik olarak analiz edilmisg,
tabakall ve kross—-anizotropik kayaglarda; ylikleme plakasi
altinda olusan gerilme-deformasyon dagilimlari incelenmig-
tir. Yenilme analizlerinde Mohr-Coulomb yenilme kriteri
kullanilarak, slireksizlikler arasi uzakligin ve slreksizlik

pekliginin tagsima kapasitesine etkisi analiz edilmigtir.

Anahtar kelimeler : tasima kapasitesi, laminali kayac,

boyut etkisi.
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1. INTRODUGTION

1.1 General

After the development of self advancing hydraulic
supports or chocks, having design load capacities of up to
600-1000 tons, there is a great need for engineering infor-
mation that will help the operator to select his longwall
support equipment for their effectiveness. All systems of
face support depend upon the stability of the floors on
which they are erected. Loss of control of the roof may
immediately follow the failure of the floor, and if
productivitity is to increase, sufficient information about
the nature and behaviour of the floor must be acquired to
permit the design of support system which will at least
effectively minimize the possibility of the floor fracturing
and failure, after underground support installation. If the
mine roof and floor strata are weak in bearing strength
large beering pressures can cause the supports to penetrate
into the strata and cause operational difficulties.

Bearing capacity of roof and floor can be determined
by the bearing capacity tests. Especially plate loading
- test is a rapid and less expensive means for assessing the
bearing capacity as well as the rock mass deformability of
. the mine roof and floor strata.

As a result of plate loading tests, base plates for
hydraulic props can be designed properly to prevent failure
of the floor at the load levels applied by these props.
Also, . by averaging the displacement measﬁrements over the

loaded area, and recording the load levels with the



corresponding average displacements during a test, it is
possible to obtain a measure of deformability of the roof

and floor strata.
1.2. Background
1.2.1. General Review of Literature

The floor is commonly the weakest member in the
structural system of a longwall mine, and any failure or
weakness in it that causes downward movement of the support
base will result in reduced support efficiency and greater
number of roof control problems. The existence of floor
stability problems in mines and tunnels has been recognized
for many years; Knowledge of the bearing cepacity of mine
floors is particularly important when designing face
supports in longwall mining. Considering the use of plate
loading tests in determination of bearing capacity of floor
strata, the following work is worth reviewing here in
short paragraphs before going into the subject in detail.

Jenkins (1955-1958) observed that bearing capacity
of the floor loaded by hydraulic supports was a function
of perimgter length and shape of the base. He stated that
round plates yield lower stress concentrations in the rock
under the loading plate than square plates of equal area.
Lee (1961) found similar results with Jenkins and added
that failure of floor or roof strata which were supported
with props also depends on stratigraphy and’ characteristics

of rock types involved. White (1956) proposed that the



effect of moisture and water content on the clay, especially
montmorillonite, bearing floor is significant on bearing
capacity. Dulaney~(4960),after testing the floor strata of
six coal mines, supported White's findings and suggested
that laboratory samples should be tested for in-situ water
content in order to evaluate the bearing capacity correctly.
Holland (1962), using Dulaney's data, reasoned that the
allowable load on floor strata should be 1/2 to 2/3

the unconfined compressive strength of underclay under
conditions of in-situ water content. Chlumecky (1968) and
Singh et. al. (1974) confirmed Jenkins's findings and they
added that ultimate bearing strength decreased with
increasing plate bearing area. Platt (1956), modelling the
movements beneath mine support units, found that bearing
plates with flat bases produced the classical bearing
capacity failure profiles predicted by the plasticity
approach of Prandtl (1921). Nair and Barry (1970) proposed
a practical method for in-situ plate loading tests in

order to determine bearing capasities of mine roof and floor
strata. Afrouz (1975) combiﬁed theoretical studies with
in-situ tests and noted that doubling the base area would
decrease bearing capacity of coal mine floors by 16-35
percent, and this ratio is around 5-20 percent for
underclays. He also confirmed that the perimeter length

of base plates was a significant factor or bearing capacity
as Jenkins stated. In addition, he observed that strength

of floor decreased from the mid-face towards the face ends



due ro cracking and fracturing of the rock in the face ares.
Flate bearing tests are also used in evaluating the
deformability of the roof and floor strata. Heuze and
Salem (1977) determined the critical parameters affecting
the plate loading tests by means of finite element method.
They showed how the ratio of plate to rock modulus, the
rock anisotropy and the plate geometry influence the defor-
mation under the loading plate. Heuze (1980) stated that

field elasticity moduli determined by plate loading tests
generally appear to be between 20-60 percent of laboratory

values. He gived specific suggestions for the interpretation
of deformation moduli values. Salomon in 1968 presented a
theoretical analysis for computing elastic moduli of a
stratified rock mass with the use of an eguivalent
isotropic medium approach. In 1982, Gerrard proposed a
theoretical approach for determination of the equivalent
elastic modunli of a rock mass consisting of orthorhombic
layers with individually different elastic properties.
Although the last two approaches for the deformability of
a layered rock are not directly concerned with the bearing
capacity of this rock, they provide a method to estimate
an equivalent deformation modulus which is an input psr-
ameter for a theoretical analysis of stress distribution

and failure under the loaded ares.
1.2.2. Theoretical Approaches of Foundation Engineering

The btearing capacity approaches of soil mechanics

and foundation engineering are applicable for soft and



plastic rocks in general. Considering, the failure
mechanisms for rock under the loading or base prlates and
using the proper failure criteria for rock, some modifica-
tions are necessary in the bearing capacity approaches,
and examples of these are given in the next section.

In the soil mechanic sense, bearing capacity in gen-
eral, is definned as maximum load at failure divided by the
area under a footing. The term " bearing capacity " used
here will be defined a&s the maximum contact pressure spplied
by loading plates or base plates of props to the underlying

strata without any failure.

Prandtl's Approach For Bearing Capacity :

Prandtl (1921) combined the solutions described by
Nadai (191%) which were based on the limit equilibrium
principles for metal punching problems. In his‘approach;
failure zone is divided into three regions as shown in
Figure 1. Region I is an active zone which pushes region IT
radially and region III upwards. In Figure, region I is
bounded by the line AC which is inclined at B = 45+(@/2)
degrees from the horizantal. Failure line DE under
region III is inclined at 45-(@/2) from the horizantal.

Protection of failure surface of region II in
Figure 1 changes from an arc for @=0 (frictionless)
condition to a logarithmic spiral for ¥=0 (weightless)
condition, (Dee Beer, 1965). For a weightlees material,

¥=0, the ultimate bearing capacity 4y is :

5



= C.N, +q.N (1.1)

0
i
|

q

where ;3 C : Material cohesion
q : Surcharge load ( g=D.¥ where D is depth of
embedment, and note that q is zero for the
plate loading test.)

Nc and Nq : Dimensionless bearing capacity factors.

ﬂ—-B——j
[

g

! : q ( Surcharge )

111AWB///lllilllll
B E
T ITT
C 1T -

Active Zone : Region T
Radial Zone : Region II and III

Figure 1. Failure zones under a shollow footing ,

(After Prandtl, 1921)

Nadai's 1limit equilibrium or plasticity approach
assumes that the material exhibits no deformation prior to
shear failure and the failure is characterized by the

plastic flow of clay bearing weak floor strata under the



footing at a constant stress. Therefore, the usual stress
strain relations of elasticity and material properties
such as Young's modulus and Poisson's ratio are not used
in this plasticity approach. In formulating the initial
theory, the model is assumed to contain on infinitely
long foundation so that plane strain assumptions and
simplifications can be utilized. Yield condition used is

the Mohr-Coulomb criterion given by :

T% = C+0}.tan 0] (1.2)

where ; T}: Shear stress on failure plane
0}: Normal stress on failure plane
Cohesion, C,and the friction angle,@, are the

strength parameters for the failure plane.

Modification on Prandtl's Approach :

Terzaghi (1943) followed by Meyerhof (1955) and
Terzaghi and Peak (1966) compubted the bearing capacity due
to the weigth and the friction of the overlying material
for a failure surface different from that of Prandtl. The
angle B , in region I , is not fixed at 45+(@/2) , but
takes on whatever value minimizes the bearing capacity.
The weigth effect depends on @ and 8 only and results in

the bearing capacity component.

qQ, = (0.5).B.%. Ny (1.%3)

where ; Ny = 2.(Nq+1).tan @

7



B : Width of the loading area

N, Nq and Ny values were tabulated for ¢ values.
These bearing capacity components are combined for the
most general case where C#0 , #+#0 and Y40 to yield the

egquation :

q, = C.N, +q.N_+ (0.5).X.B.N, (1.4)

q

Meyerhof (196%), Dee Beer (1965), and Vesic (1975)
modified the general equation semi-emprically to include
shape effects since the original derivation assumes an
infinite foundation length. The equation applicable for
the ultimate bearing capacity q, for a rectangular

footing is ,

where ; C : Cohesion (1.5)
B : Width of footing
L : Length of footing
D : Depth of surcharge

For mining purpose, Brady and Brown (1985) quoted
the work by Brich Hansen (1975) who derived the follwing
expressions for a cohsive frictional material such as s

soft rock

q, = (0.5).¥.B.Ny+C.N, (1.6)



Tsble 1. Bearing capacity factors (after Bieniawski(1987))

¢ Nc . Nq N‘y
0 5.14 1.00 0.00

1 538 1.09 0.07
2 5.63 1.20 0.15
3 5.90 1.3 0.24
4 6.19 1.43 0.34
5 6.49 1.57 0.45
6 6.8} 1.72 0.57
7 7.16 1.88 0.71
8 7.53 206 0.86

9 7.92 225 1.03
10 835 247 1.2
11 880 - 2.71 1.44
12 9.28 297 1.69
13 9.81 3.6 1.97
14 10.37 3.59 229
15 10.98 3.94 2.65
16 11.63 4.34 3.06
17 12.34 477 3.53
18 13.10 5.26 4.07
19 13.93 5.80 4.68
20 14.83 6.40 5.39
21 15.82 7.07 6.20
22 16.88 7.82 7.13
23 18.05 8.66 820
24 19.32 9.60 9.44
25 20.72 10.66 10.88
26 2225 11.85 12.54
27 23.94 13.20 14.47
28 25.80 14.72 16.72
29 27.86 16.44 19.34
30 30.14 18.40 22.40
31 3267 20.63 25.99
32 35.49 23.18 30.22
33 38.64 26.09 35.19
k%) 42.16 . 29.44 41.06
35 46.12 33.30 43.03
36 50.59 37.75 56.31
37 55.63 4292 66.19
38 61.35 48.93 78.03
39 67.87 55.96 92.25
40 75.31 64.20 109.41
41 83.86 73.90 130.22
42 93.71 85.38 155.55
43 105.11 99.02 186.54
44 118.37 115.31 226.64
45 133.38 34.88 271.76




where ; Nc = (Nq-ﬂ).cot 7] (1.7)
Nn = 1.5 (Nq+1).tan @ (1.8)
N, = o7-tan B on2 sy 4 gr2) (1.9)

The above equation (1.6) is only applicable for the
determination of bearing capacity developed under a long
rib pillar. For pillars of finite length L , the bearing

capacity is given by :
where ; Sy, and Sq are shape factors defined as ;

Sp = 1.0-0.4(B/L) (1.11)

8y = 1.0-(B/L).sin @ (1.12)

Skempton's Approach :

Skempton in (1942) developed an equation for ultimate

bearing capacity for footings in cohesive clays

qy = 5-C-(1+0.2 B/L).(1+0.2 D/B) (1.13)

In order to use this formula for the determination
of bearing capacities for hydraulic props, surcharge

depth D is eliminated and the formula becames
q, = 5.0.(1+0.2 B/L) (1.14)

finelly, for a sguare base plate where B=L or B/L =1
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q, = 6-C (1.15)
1.2.3. Rock Failure Criteria and Bearing Capacity Analysis

For studying bearing capacity, failure of the rock
under plate loading, a mechanism of crack propagation,
breaking and final failure under the loaded area is con-
sidered first. Based on this failure mechanism, two rock
failure criteria, namely Mohr-Coulomb and Hoek & Brawn
failure criteria are used to develop expressions for

bearing capacity of the rock type under the plate.

Mohr-Coulomb Failure Underneath the Bearing Plate :

When the rock under the plate is loaded, cracing
usually starts around corners of the loaded area, regions
of very high stress cocentration and propagates down with
increasing load.

Broken zone contains fractured rock which has passed
beyond the peak of the stress-strain curve and it is the
post failure stage of the stress-strain behaviour.

Therefore failure criterion for zone A can be written as;

0y = Co.+ q,.04 (1.16)

where ; Co . Residual unconfined copressive strength

Q. ¢ Residual friction factor

A radial side pressure, P , ;o applied to the

surrounding rock in zone B due to the dilatency of failed

11
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.

*g*
% Zone B

zZone A

Zone B

(Broken Zone)

Figure 2. Zones underneath the loading plate.
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rock in zone A. As a8 result of this effect radial cracking
and final compressive failure occurs in zone B where
failure criteria is expressed in terms of peak strength

parameters.

0, = Cop+ 4p-03 (1.47)

where ; O%=Ph and for ogzo R Ph=Gop

The radial pressure at the interface of zone A and B
acts as a confining pressure for zone A, therefore, for

zone A using 05=Ph ’ 0%=Qf

gy = Co+ q,.Co (1.18)

p

where ; ap : Bearing capacity
Q, ! Residual friction factor
Co_.: Residual compressive strength, in zone A
Co_: Uniaxial copressive strength for zone B,intact
rock.
In terms of cohesion and friction angels ¢p and ¢r for

peak and residual cases.
ap = 2.8 .ten(45+8_/2)+P, . tan® (45+8_/2)  (1.19)

where ; P, = 2.8 .tan (45+¢p/2) . (1.20)

h p

If bearing capacity is to be determined conservatively
then using Cor=0 ) qr=1 s, lower limit of bearing capacity

is equal to the compressive strength of rock.

13



Qe = Cop (1.21)

Upper limit of bearing capacity can be determined as

follows ; Co_=Co  and 9p=9y then, (Goodman, 1980),

P
Qp= Cop(qp+’l) (1.22)

where ; = tan2 (45+¢P/2) (1.23)

Hoek and Brown's Emprical Faiiure Criterion :

This failure criterion was developed due to lack of

extention of other failure criteria beyond a limited range.

The autors used their experiences for both theoretical and

experimental aspects of rock behaviour to develop following

emprical relationship between the principal stresses
associated with the failure of rock. They reached this

resultant formulas by a process of trial and error.

0, = O'+(m.Co.O'+s.Co2)1/2 (1.24)
1 3 3
where ; O% : Major principal stress of failure
Gé : Minor principal stress applied to the specimen

Co : Uniaxial copressive strength of the intact
rock material in the specimen.
m and s : Constants, which depend upon the properties
of the rock.
Considering the failure mechanism used with Mohr -

Coulomb failure criteria again, a bearig capacity express-

ion can be developed using Hoek and Brown failure criterion.
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For zone A, where O',‘=qf and Oé:Ph , using residual

strength parameters o, and Sp 5

1/2
Qe = Ph+(mr.Co.Ph+sr.Co2)' ’ (1.25)

For zone B, where 0%=Ph and Oz=0 , using peak parameters
m and s ;
1/2
P, = Co.(s) (1.26)
Finally, bearing capacity qp with the use of Hoek and
Brown's emprical failure criterion is ;
1/2 1/2 1/2
qQp = Co.((s) +(mr.(s) +sr) ) 1.27)
Availability of rock mass equivalents of parameters
m and s offers an advantage in using this expression for
bearing capacity estimation. Hoek and Brown (1980) provides
values of m and s to be used for different rock masses
based on the results of rock mass classifications. For
example ; for the fair rock considered in next sections
these parameters are s=0.04 , mr=0.15 and sr=0.01
Equation (1.27) in terms of Hoek and Brown equation
is equivalent to equation (1.18) for Mohr-Coulomb
analysis. This equation again gives an estimation of
bearing capacity value between upper and lower limits which

are predicted by substituting m_=m , s,=s and m_=0 , s_=0

r
respectively for upper and lower bound.
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1.3. Factor Controlling the Bearing Capacity

Eccentric Loading :

If the floor is not uniformly loaded, the bearing

capacity will be reduced by substituting B' for B
B' = B-2e (1.28)

where ; e is the distance between the location at which the
resultant force of uniform loading acts. Obviously for
uniform loading e=0 and B'=B. If there is eccentricity in
two direction, both the width and length should be reduced

by the amount shown in equation.
Water :

Water is known to reduce considerably the strength
of soft and plastic rock. If the rock is satﬁrated with
water, ¥ is replaced by ¥' in bearing capacity equations

of soil mechanics and foundation engineering.

where ; ¥Yw is the weigth per unit volume of water. That
means, the bearing capacity of the saturated soft rock will
be reduced by almost 50 % vecause Yw is approximately 1/2
of the Y. For plate bearing tests described in next
sections the effect of water is neglected since the tested

rock surface are dry or moist only.

16



2. GENERAL DESCRIPTION OF THE TEST SITE

2.1. Mine Location

Bigadi¢ Colemanite Mines are located in northern
part of west Turkey. Administration buildings of mines are
near Osmanca village which is located at NE of Bigadig.
These buildings are 12 km away from Bigadig. Simév under—
ground mine which plate loading tests were conducted is
located at the south of administration buildings and dis-

tance between them is about 2 km.
2.2. Geology
2.2.1. Geology of Bigadig¢ Borax Basin

Bigadi¢ borax basin is in the Pontid tectonic system.
Paleosoic aged rock, metamorphosed metamorphites,
recrystalized limestones, serpantinites and mesozoik aged
ophiolites form the base of Bigadi¢ borax basin.

Neocene aged volcanic, volcanosedimenter, and sédi—
mentary rocks were situated discordantly on that basin.
These formations contain basalt, andesite, agglomerate and
tuffs. Mineable colemanite and ulexite seams were also
deposited between these formations.

Paleoquarterner and quarterner formations are the
youngest onesg in the region. They are located at the upper
part of this basin.

Lower limestone formation is & .kind of volcanosedi-

ment and contains carbonates and tuffs. It was deposited
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with pyroclastic rocks which were originated from volcanic
activities.

Lower ore zone was formed in pannonien era when
volcanic activity rate was relatively slow and volcanic
eruptions continued with irregular time intervals. There-
fore, precipitation of carbonates was sometimes interrupted
with volcanic materials. Carbonates and volcanic materials
were deposited as a stratified rock mass. Lower ore zone
contains colemanite and ulexite bearing seams at the bottom
part. However this zone mainly consist of limestone, marl,
claystone and tuffs. Lower ore zone is about 100 m thick.

Upper tuff zone is situated at the slope of hills in
this region. It was deposited after deposition of lower ore
zone. Volcanic activities were increased during deposition
of upper tuff zone.

Upper ore zone contains mineable colemanite seams,
claystones, carbonates and tuffs in a stratified manner.
Its thickness is also about 100 m and it was deposited at
the end of the volcanic activities which formed the upper
tuff zone. Tuff interbands in this zone show that volcanic
activities continued with. time intervals while sedimanta -
tion was going on.

Paleoquarterner formation contains fine sand inter-
banded conglomerate and tuff. They formed horizantal
morphology which was covered with soil.

Quarterner basalt rock is black in color and it
shows flow type structure. Quarterner aged rocks in the

region can be seen at the side of river banks. They are
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generally circular and edged sand size clastic materials
which have not been sedimented yet.

Bigadi¢ borax basin contaiﬁé major part of colemanite
and ulexite reserve of. Turkey..These minerals are.economi-

cally extracted in the region.
2.2.2. Regional Tectonics

Tectonical feature of Bigadi¢ volcanosedimenter basin
can be summarized as follows ;

Neocene aged formations which contains mineable
seams have NE-SW strike direction. General dip of stratified
rocks changes in the range of 0-30 degrees with the
exception of local irregularities. Direction of dip is
commonly NW-SE . Dip of the stratified rocks increases es-
pecially in Avsar, Simav and Kadikdy regions.

Main fectonic strutures inciude folds, faults and
discordants in Bigadic borax basin. Gliney fault, Simav
fault, Dombaydere fault form the main fault system and
Avsar-S8imav sycline is the main fold system in the region

of mining activity.
2.2.3. Description of Seam

Colemanite and ulexite were deposited with a closed
lake in Bigadic borax basin. Therefore, mineable seams were
précipitated from lake's water. Country rocks around the
seams are stratified limestone-claystone, their thicknesses

changed due to ancient precipitation rate which was
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interrupted by sediments transported from surrounding
regions. This kind of deposition conditions affected the
deposition of boron minerals as a seams. Consequantly some
part of seams contain regular clay beds and bands ( 2-3 ¢p
thick). Some parts were deposited with clay , as a result
clay bearing seams were formed.

Part of seams which was deposited in good geological
conditions without any interruption, so colemanite and
ulexite minerals formed massive crygtalline layers in these
parts of seams. Seams were seperated with 1-2 m thick
laminated limestone-~claystone strata. Thickness of these
inter-seam strata can be changed due to ancient climatic
conditions.

Mineable colemanite and ulexite seams in Simav mine
have a N 55 E strike direction. Their dip direction and
dip are SE and 20 respectively. There are four major seams
in Simav mine, and these are parallel to eachother. First
and second seams mainly contain colemanite minerals. Third
seam contains colemanite and ulexite minerals, colemanite
génerally being at the top of the seam. Fourth seam
contains ulexite minerals.

Claystone and limestone beds and bands with varying

thicknesses form the strata between these seams. Tgble 2

shows minimum, average, and maximum thicknesses of seams

and inter-seam strata.
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Table 2. Thickness of seams and inter-seam strata in

Simav underground mine

Thickness (m)

Formétions

Minimum |[Average Maximum
Seam 1 (colemanite) 2.00 3.50 5.75
Inter-seam Strata 2.00 2.70 5.50
Seam 2 (colemanite) 3.00 4,75 7.00
Inter-seam Strata 2.20 3.95 5.70
Seam 3 (colemanite and 4.80 7.00 9.00

ulexite)

Inter-seam Strata 3.80 4,75 6.50
Seam 4 (ulexite) 3.50 4,50 6.50
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Figure 3. A general section through the seams of

Simav mine.
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2.3. Mining Method

In Simav underground mine, mining is generally done
by the method of retreat longwall mining with caving.

In order to excavate nearly horizantal ( 20 degrees )
seam with 6 to. 8 m thicknesses, simultaneous slicing with
retreat longwall method is applied. Thick seams are divided
into three parts. Upper part (thickness = 2-2.5 m), middle
part (thickness = 0.5-1 m) and lower part (thickness= 2-3 m).
First the upper then the lower part is excavated. Middle
part which is thinner than the other two part, and it is
recovered from the back of the longwall used for extracting
the lower part.

On the other hand, if the seam thickness is about
2-5 meters, retreat longwall with sublevel caving method
is applied to extract such a seam. The seam is undermined
with longwall mining method, and upper part of the seam is
recovered by caving the roof .in a controlled ménner.

. Current mining activity is -about 120 m deep below
the surface. Access is provided by two inclines and a
vertical shaft. Main galleries are positioned paréllel to
the strike of the seam at a certain level, vertical dis-
tance between levels is 20 m. Longwall panels in seams are
connected to main galleries with cross-cuts. Tail gate of
every longwall panel is connected to the cross-cut at the
upper level. Ore is drilled and blasted then it is :loaded
to the conveyors at the main gate by hand showel and

mining is conducted by conventional methods.
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Upper level's main gallery

Elevation + 50 m Lower level's main gallery

\ - N

Tnclined
Face

Crogs—-cut -~

\

Elevation + 33 m \\Main gate

Cross—cut ///////

Plate loading test location

Figure 4. Layout of representative longwall panel in

Simav underground mine.
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2.4. Laboratory and Site Investigation

In order to determine mechanical properties of rocks
a series of laboratory tests were carried out. Specimens
were prepared according to ISRM standards suggested by ISRM
and average properties were determined from a large number

of test results.
2.4.1. Sampling

One way of taking specimens from underground strata
is drilling. Drilling was carried out at 5 locations which
were chosen in a way that regional variations of underground
strata would be reflected in the core samples. Core samples
were covered with nylone bags for preserving them in their
natural moisture content.

A second way of specimen collection was to take rock

blocks around working longwalls in Simav mine. Blocks
chosen were taken out of the mine with care. Then, they are
covered with concrete to prevent damage during transporta-
tion. Specimens were taken in different directions from

the blocks and this way directional effect of stratifica-
tion on the mechanical properties could zlso be investi-

gated,
2.4.2. General Description of Samples and Rock Types

Result of laboratory tests showed that observed
standard deviations, in general were quite high. This was

belived to be due to the sedimentary origin of samples.
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Sometimes samples were named as clay bearing since crystals
of colemanite and ulexite were surrounded by thin layers of
clay, however, had a pure crystalline structure without
any clay fillings.

Observations in the mine showed that water affected
the sedimentary strata significantly, and it sometimes
turns the clay bearing strata to mud for the extreme cases.
Slake durability and density test results show this fact.
Clay bearing ulexite, for example disintegrated in water,
so it's saturated density could not be measured.

Samples chosen from blocks and drill holes always
represented the strongest part of strata, since weaker
parts of block and core samples were cracked and damaged
during drilling or sample preparation. Therefore, labora-
tory test results usually gived upper limits of strength
values.

Laboratory samples that were also tested in the field
by plate loading can be divided into three groups mainly,
colemanite, ulexite and clay banded limestone.

i) Colemanite : Colemanite samples were taken from
the longwall face of geam 2, and cores from exploration
boreholes. Drill cores were enough to provide samples
which represent all colemanite seams including Seam 1 and
upper part of Seam 3. Crystalline colemanite samples and
clay bearing ones were tested and if test results were
significantly different than each other, they were noted

differtly. However, test results did not change too much
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and remained usually in a common range.

ii) Ulexite : Ulexite samples which were taken mostly
from blocks and a few from boreholes often contained clay.
However, there were also massive crystallized ulexite
samples. Although test results showed variations depending
on the clay content, they usually remained in a common range.

iii) Clay banded limestone : This is the general
name used here for laminated and bedded limestone with
clay and claystone. Individual clay and claystone bed
thicknesses changed in the range of 1 mm - % cm, and this
constitutes the weaker part. When the limestone thickness
is more, clay banded limestone yields higher strength
values. On the contrary, strength values are lower for
samples having thick claystone beds. Thickness of‘limestone
layers usually between 0.1 - 10 cm, and on the average it
is about 3 - 5 cm.

A picture of main rock types in the region can be

seen in Figure 5.
2.4.3. Results of Laboratory Tests

Results of laboratory tests are given in following
ables. Laboratory tests were performed and results were
evaluated according to I.S.R.M.'s Suggested standard test
procedures.

According to laboratory test result ulexite has the
lowest strength values, and clay banded limestone has the

highest values among these there major rock types.
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where; a) Clay banded limestone (thinly bedded)
b) Clay banded limestone
¢c) Weathered limestone
d) Colemanite
e) Ulexite
f) Ulexite with clay fillings
g) Tuff

Figure 5. Picture of main rock types at Simav underground

mine.
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In order to obtain discontinuities stiffness values
which will be used in next sections, special shear strength
tests were conducted on resultant values are listed in

Table 8.
2.5. Classfication of Rocks Around the Seams

Following the core logging and geotechnical investi-
gations on samples taken from drill holes, standard pro-
cedures were employed to classify the strata in the region.
RMR and Q values for two different rock classification
systems given in Table 11 for rocks around the seams. Clas-
sification was performed for each drill hole seperately,
then their values were averaged to get a single classifi-
cation value for each of structurally different rock units.
Table 11 shows also minimum and maximum values for RMR and
Q determined from 5 drill holes.

Classification limits of RMR and Q systems and rock
mass descriptions are given below in Table 12a and 12b.

According to RMR system and the values found here,
strata which are located at top and bottom of the seams
are classified as poor rock, and seams themselves are clag-
sified as poor and fair rock. According to Q system, strata
under and above the seams are classified as very poor rock,

and seams are classified as very poor and poor rock.
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Table 5. Density & Porosity test results

Rock Type Number Porosity Dry Saturated
of Density Density
Spec. (%) (8/cm®) | (g/cum3)

?d YS

Colemanite 30 (2.22%1.3% 2.16£0.12 | 2.23 + 0.17

Ulexite 23 - 1.81 %X 0.11 -

Clay

Banded 48 10.7£0.99 | 1.84+0.02 {1.94 +0.03

Limestone

Table 4. Uniaxial compressive strength test results

Rock Type Number Unconfined (uniaxial)
of Compressive Strength
Spec. (MPa) , Co

Colemanite 38 17.33 £ 10.38

Ulexite 41 14.78 £ 6.31

Clay )

Banded 4n 19.43 X 7,49

Limestone
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Table 5. Indirect (Brazilian) tensile strength test

results

Rock Type Number Indirect (Brazilian)
of Tensile .Strength
Spec. (MPa) , To

Colemanite 62 1.39 + 0.89

Ulexite 16 0.79 + 0.45

Clay Banded 15 2.69+1.88

Limestone

Table 6. Laboratory deformability test results

Rock Type Number | Modulus of Poisson's
of Elasticity | Ratio
Spec. (GPa) , E Vi)
Colemanite 7 47.28 £17.00 0.18 £ 0.06
Ulexite 9 20.47 £ 15.54 0.17 £ 0.89
Clay Banded 19 9.37 + 4.90 0.26 £ 0.10
Limestone
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Table 7. Triaxial test results (Applied cofining pressure

series; 0, 4.9, 9.8, and 14.7 MPa)

Rock Type Number ‘|Relationship Between 0y ~0
of (MPa)
Spec.
Colemanite 44 0= 17.33 % 4.89 o
Ulexite 43 Oa= 14,28+ 3.13 Oé
Clay Banded 4_5 0,= 19.43%2.36 O,
Limestone 2

Table 8. Shear strength test results

Rock Type Normal |Normal| Relationship Between T-0
Stiff. |Stiff. (kPa)
(MPa/m) | (MPa/m)

ky ks

Clay Banded T) 25+0.40 0 ; 0 <250

Limestone 220 1254 T) 70+0.24 0 ; O) 250

(Thinly

Laminated)
with irregularities :
T) 160+0.75 O
Clay Banded : :
slikensided :
Limestone 2651 5700

Peak values ; .

’l’p> 40+0.55 0 ; 0<625
Tp> 180+0.38 O ; 0625
Resgidual values ;

T,y 80+0.36 O
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Table 9. Slake-Durability Index test results

Rock Type |Number Slake Durability Suggested
of Index , Id (%) Durability
Classifi.
Spec. First Cycle|Second Cycle
Tqq (#) | 1, (%) |(Gemdle
1971)
Colemanite 6 89ty n9t Medium
4 61%13 31t 7 Low
Ulexite
1 37 3 Very Low
Clay Banded 5 97 + 3 9% + 5 Medium &
Limestone Med. High

Table 10. Clay ahalysis results ( X-Ray Diffraction)

Rock Type Number |Clay Content Clay Type
of Ratio , (%)
Spec.
1 10 Montmorillonite
Colemanite
5 60-80 n
1 _ 5 "
Ulexite
1 90 1"
Clay Banded 9‘ P8 "
Limestone (50-90)
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Table 11. RMR and Q values around the seams determined
from rock mass classification systems.
According to RMR system| According to Q system
Average | Limit Values ||Average | Limit Values
RMR RMR Q Q
~5m | 30 .29 - 33 0.650 | 0.495-0.832
\\\\\\\ \
SEAM 1 36 27 - 46 0.725 0.152-2.459
NN
24 21 - 30 0.213% 0.151-0.694
NN \
SEAM 2 35 25 - 44 1.097 0.198-1.561
AN AN
23 14 - 48 0.471 0.039-1.199
R
SEAM 3 29 16 - 33 0.325 | 0.058-1.126
A1 9711 1,
28 14 - 33 0. 341 C.015-0.407
777777
SEAM 4 44 21 - 50 0.978 | 0.304-2.451
(00010107
~5 m 30 23 - 34 0.692 0.495-1.119
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Table 12a. Rock mass classes of RMR system.

RMR Rock Mass Class

0 - 20 Very Poor Rock
21 - 40 Poor Rock
41 - 60 Fair Rock
61 - 80 Good Rock

L 81 - 100 Very Good Rock

Table 12b. Rock mass classes of Q system.

Val%es Rock Mass Class

0.001 - 0.01 Exceptionally Poor Rock
0.01 - 0.1 Extremelly Poor Rock
0.1 - 1.0 Very Poor Rock

1.0 - 4.0 Poor Rock

4.0 - 10.0 Fair Rock

10.0 - 40.0 Good Rock

40.0 - 100.0 Very Good Rock

100.0 - 400.0 | Extremelly Good Rock
400.0 - 1000.0 | Exceptionally Good Rock
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3. EXPERIMENTAL WORK
3.1. Test Location

In order to prevent penetration of hydraulic props
into the floor and roof strata bearing capacities had to
determined. Therefore a series of plate loading tests was
performed at the face area of the longwalls in Simav mine.
Tests were conducted on the floor and roof strata in the
immediate vicinity of the retreating longwall face.
Longwall panels in which the testing was carried out were
Panel I,II and III in Seam 2 and Panel U-1 in Seam 4 Fig. 4
ghows ‘genergl -test locations at a representative pahel.“

Strata which are disturbed by mining operation gives
lower bearing capacity values. Shotfiring and use of timber
or hydraulic props in longwalls usually develope secondary
and tertiary fractures in the longwall roof and floor
strata. The magnitude and concentration of these fractures
and the state of stress within the floor of the face ends
differ from the mid-face. This is mainly due to the press-
ure and time influence on the gate roads leadiné to their
prospective faces. Afrouz (1975) showed that generally
sverage bearing capacity and modulus of deformation de-
creased from the mid-face towards the face ends.

Purpose of the tests was to determine the minimum
value of ultimate bearing capacity of roof and floor strata
because new support design was to be based on this minimum

bearing capacity wvalue. Therefore, most of the tests were
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performed around face ends in Simav mine.
3.2. Test Set-up

Bearing capacity of strata around longwall faces of
Simav mine was measured by using the test set-up shown in
Figure - 6,7 and 8. Test set-up consist of mainly of a
hydraulic ram, a pump, and steel reaction boxes.

The hydraulic ram driven by a hand pump provided the
loading on the surface of the rock under the test plate.
When one end of the test frame was loading the surface to
be tested, steel boxes were used to transfer the reaction
force to the other end equipped with a wide reaction plate

in contact with the rock at this end.
3.3. Measuring System
%2.3.1. Load Measurements

Hydraulic ram had a load capacity of 200 tons and a
stroke of 18 cm. During a test, hydraulic ram pressure was
measured with a pressure gage in the hydraulic line.
Hydraulic ram and pump used in the tests were calibrated
in the Rock Mechanic Laboratory of M.E.T.U. where a hydrau-
lic press with a pre-calibrated load measuring system was
available. Resulting calibration factor, 1.968 , was
obtained to convert pressure gage readings recorded during

the field tests to desired wvalues of the load.
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3.%.2. Displacement Measurements

<

Measuring of displacement was performed with two
seperate systems. These systems could be used together or
individually depending on the accuracy required from the

displacement measuring system.

i) Optical System : A viewing system with a theodolite
was used in this system. Two steel meters were attached to
the test set-up as seen in FigureGa.TMese meters responded
to relative movements of roof and floor strata while test
plate was being forced to penetrate into the tested strata.
Theodolite was located 2-%3 m away from the test set-up.
During a test, it acted as a fixed reference point so that
relative movements of meters could be viewed through the

theodolite with respect to this fixed point.

ii) Mechanical System : Dial gages were used in this
displacement measuring system. Dial gages can measure dis-
placements very accurately. In one end they were attached
to a plate which moves together with loading plates. In the
other hand they were in contact with a referece bar fixed
through its end points which are positioned away from the

loading area.
3.4. Test Procedure

2.4.1. Preparation of Test Place

By cleaning the debris and weak surface layers on

undisturbed surface layer was tried to be exposed before
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each test. Surface of the strata which would be tested was
chosen as smooth as possible. It did not contain any vis-
ible cracks, fissure Joints, and other discontinuities
which were created during mining operations. Test surface
was flattened and prepared by a hand hammer when it was

rough.
3.4.2. Installation of Test Frame

Timber supports around the testing place were rear-
ranged after chosing the test place. Special shaped
timber post (with a dimension of 10x20x250 cm) was installed
between roof and floor of longwall. This post helped to
prevent overturning of test set-up during mounting. In
addition, it prevented any possible sliding of the test
frame, because of 20 inclination of longwall face. Then,
the test frame was installed by taking necessary safety
precautions.

Following procedure is applied to prepare the test
set-up for typical plate loading test at the rcof
(Figure 6):

i) Plate A with a 0.5 m2 area (dimension 70x70x2.5 cm)
was put on floor strata. This plate transfered the reaction
force to the floor.

ii) Plate B (dimension 30x30x6 cm) was put on
plate A to distribute the ram force over plate A .

iii) Plate C (dimension 30x30x1 c¢m), in.other words

reference plate was put on plate B. There were two screw
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holes at the side of this plate for attaching the steel
meter.

iv) The hydraulic ram was seated on plate C.

v) Plate D (dimension 30x30x6 cm) and steel boxes
were placed on the ram. Steel boxes with dimensions
20x20x50 cm were bolted together.

vi) At the end, square section test plate was
inserted between the test frame and the test surface.
Different sizes of loading plates were used depending on
the test purpose; However, thickness of the loading plate
was kept at a minimum 6 cm enough to distribute applied
load uniformly over the rock surface.

For plate loading tests on the floor, test set-up
was installed in a similar way. However, in this case
loading plate was put on the floor surface and reaction

plate A was inserted between the frame and the roof.
32.4.%. Testing

After installing the test frame, measuring systems
were attached to the system.‘lt was noticed that neither
theodolite nor dial gages would be shaken after their
adjusting. Measured quantities were recorded at certain
intervals while the test was going on.

Plate loading test was started by actuating the ram
and loading plate perpendicular to the strata. Hydraulic
ram force was increased step by step while quantity of

force on the loading plate and average displacement over
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1~ Hand Pump

2- Hydraulic Ram
%~ Pregsure Gage
4 Steel Meters
5~ Dial Gage

Figure6a.lﬂate loading test set-up and its position in

Reference Bar
Loading'Plate
Steel Boxes

Reaction Plate

Theodolite

an inclined longwall face.
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Figure 6b.Plate loading test set-up for testing the roof
strata ( A,B,C, and D are specially prepared

sﬁeel plates)
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Pigure 8. Picture of test set-up, showing optical and

mechanical displacement measuring systems.



the loaded area recorded at certain intervals. Increasing
the force was no longer possible when bearing capacity of
strata was exceeded. After this force level, vertical dis-
placement rate increased and with increasing displacement
force level either remained constant or started dropping
down as pumping continued. Failure point of the strata was
determined by that bearing pressure between the plate and
the rock at which the penetration rate increased notice-
ably while being accompanied by a drop in the recorded
fluid pressure. This force was recorded as the maximum
force to which strata could be subjected without failure
for tha loading plate area.

In addition, in order to study deformation response
of the strata perpendicular to bedding and to determine
in-situ modulus of deformation, loading and unloading
cycles were carried out for some tests. Fissures, Jjoint
closing, and other fractures that existed in the rock mass
caused high irreversible deformations during first loading
cycle of the test. As a result, displacement levels were
high in the first loading cycle and for displacement
measurements, viewing the steel meters through the
theodolide was accurate enough. Sensitivity of the system
was about 0.5 mm. On the other hand, displacement data
from first unloading cycle and second loading-unloading
cycle were obtained by using dial gages.

After collecting enough data, loading plate was

pushed into the strata to get about 3-4 cm plate penetra-

45



tion. This was necessary to see if there is any hardening

or stronger strata underneath the failed region.
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4. RESULTS OF PLATE LOADING TESTS
4.1, Introduction

A special testing program was employed to study the
effect of base size on the ultimate bearing capacity and
so plate loading tests were carried out. Longwall oper-
ations were going on in Seam 2 and 4 during testing
period (1986-1987) in Simav mine. Therefore, all of the
plate loading tests were carried out in longwalls of these
two seams.

Bearing capacity of strata at the roof and floor
depended on type of strata and mining condition around it.
During the mining of upper slice and lower slice roof and
floor conditions were different. When taking the upper
slice, the floor consisted of ore seam itself, and the roof
was inter-seam strata with bedded and laminated limestone
and claystone. However, roof strata consisted of ore seam
itself, and floor rock was the same inter-seam strata
during lower slice mining. Therefore, sufficient number of
plate loading tests were carried out to take different
mining conditions into account.

Observations showed that floor heaving was a major
result of time lapse during preparation of longwall face.
Floor heaving was observed to increase when the longwall
face advance rate decreased. Strata disturbed by mining

operations and interaction gived lower bearing capacity

values. A1l these factors were belived to effect the result
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to some extent and to reflect variations of these factors
in the results, a large number of tests was conduct at
different stages of operatios.

Stability and bearing capacity of the floor are
affected by the presence of water. It was observed that
moisture content of tested rock was about the same

for all tests.
4.2, Test Results

Result of bearing capacity test which were conducted
in Simav mine are tabulated in Table 13,14, and 15. They
are tabulated under seperate rock names. Observations in
the test site supplied enough data to identify the major
rock types in the test site as colemanite, ulexite and clay
banded limestone. These were the rock names used in tabu-
lating and discussing the results.

Bearing capacity values of colemanite tabulated in
Table 14 were determined when colemanite was located at
both roof and floor of the longwalls. Table 15 shows re-
sultant bearing capacity values of ulexite which was tested
only at the roof of longwalls. Therefore, these results
were treated accordingly. Table 13 shows bearing capacity
values of clay banded limestone tested in the longwalls of

Seam 2 and 4.

Test places aré given together with the results in -
the tables. Therefore, any difference between test results

could be interpreted with respect to the test place.as well
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as interpretation based on the plate size.
4.2.1. Clay Banded Limestone Under Seam 2

Result of tests performed in the clay banded limestone
under Seam 2, were tabulated in Table 13. Thickness of this
seam was about 3-6 meters and it was mined by retreat
longwall mining method with downward slicing. Floor strata
under this seam consist of clay banded limestone. Tests
performed in Panel I and IIT showed that average bearing
capacity of floor strata including all test results was
P

b
count.

= 6.74 X 3,16 MPa without taking the size effect into ac~-

On the other hand during preparation of Panel IIT,
it was observed that the same floor strata were in a heaved
and broken condition and it didn't give any measurable
bearing capacity values. Floor strata under Panel I gave
higher average bearing capacities, Pb= 23.0 t 11.9 MPa for
clay banded limestone, compared to Panel III's floor strata
which had an average bearing capacity of about

P, =.6.%1 £ 2.6 MPa. Observation in the tested rocks showed

b
that ; floor strata under Panel I had a thicker stratum
compared to Panel III. In addition, the normal stiffness
of the strata was believed to be higher in Panel I, since
fractures in the strata had been filled with crystalline

colemanite. Therefore cementation effect of the filling

material increased bearing capacity of this rock.
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Table 13. Plate loading results for clay banded limestone

Plate, Bearing Capacity Average Test Place
Dimen. (MPa) Bear. Cap.
(cm) (MPa)
10.43 6.49 8.85 Panel III.
7.28 , Seam 2
10 x 10 10.82 6.89 7.87 Panel U.1
10.0%3 5.91 12.20% 6.9 Seam 4
(Thinly Bedded)
11.81 15.74 29.52 Panel U.1
24.60 Seam 4
14.60 Panel T
Seam 2
31.40 Panel I
Seam 2
10.44 7.87 8.3%1 Panel III
2.60 9.53 7.87 Seam 2
15 %15 | 44317 6.99 8.74 Panel U.1
13.99 8.3 11.83 % 6.7 Seam 4
(Thinly Bedded)
29.74 19.24 17.49 Panel U.1
18.%6 Seam 4
2.71 5.16 4.43 Panel ITI
5.41 Seam 2
6.89 6.39 6.89 Panel U.1
20 %20 4,82 7.88 £3.9 Seam 4
(Thinly Bedded)
16.04 10.33 14.27 Panel U.1
9.35  9.84 Seam 4
4.72 3.94 4,41 Panel III
25 x25 3.15 5.87 £2.7 Seam 2
10.71 5.66 8.51 Panel U.1
Seam 4
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Table 14. Plate loading test results; Colemanite, Seam 2

Plate Bearing Capacity Average Test Place
Dimen. (MPa) , Bear. Cap.
(cm) (MPa)
26.70 Panel III
23%.10 24.46+£1.9 (Longwall Raise)
10 %10 2%.60 ROOQOF
13.38 3.94
12.40 9.80 12.34 1.7 Panel IIX
12.79 ROQOF
17.20 6.80 Panel I
ROQF
13.10 7.87 Panel IIT
1 1 9.97* 3.9
°x12 1 4500 6.99 ROOF
10.20 7.00 Panel IT
8.50 6.30 FLOOR
11.80 4,92 Panel IIT
15.70  4.33 7.761 4.8 ROOF
20x20 | 4,60  5.20 Panel II
FLOOR
25x 25 3.46 5.98 5,52+ 1.1 Panel III
4,25 4.49 ROOF
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Table 15. Plate loading test results for ulexite, Seam 4

Plate Bearing Capacity Average Test Place
Dimen. (MPa) Bear. Cap.
(cm) (MPa)
5.91 Seam 4
ROOF
4,54 4,32+ 0.3 "

15x5 1 414

5.94
5.94
4. 04 4.10% 1.1 "
5.9
2.71

20 x 20

2. 52 1"

25 x25 .48+ 0.04
X 5.45 2.48% 0.04
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4,2.2. Clay Banded Limestone Under Seam 4

Table 13 also shows.. plate bearing test results of
Seam 4. Average bearing capacity of floor strata under
Seam 4 was determined as P = 11.09 & 4.9 MPa which is an
average for all plate sizes. However,»floor strata of
Seam 4 usually seemed to have two types of layering. First
layer, as seen in Figure 9, was located just under the seam.
Thickness of the individual beds for this layer was about
1 mm -~ 5 mm, and this was called thinly laminated and
laminated clay banded limestone. Average bearing capacity
value was about Py = 8.29 t 2.8% MPa for tests conducted
on this layer.

Second layer was also clay banded limestone but this
layer had wider spacing and beds. Thickness of stratum was
observed to be between 2-% cm for this case. This layer is
similar to clay banded limestone under Seam 2. Average
bearing capacity for tests having the second layer under

the loading plate was determined as Pb= 15.7 £ 7.25 MPa.
4.2.3; Colemanite

Roof strata tested during mining of Panel II and TIII
also floor strata tested during mining of lower slice for
Panel II were colemanite. Test results obtained at_the
roof colemanite of Seam 2 were tabulated in Table 14.
Average bearing capacity value without considering size

effect was calculated as about P, = 11.32 t 6,89 MPa for

all roof strata tested. However, the average was about
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Figure 9. Typical floor strata under Seam 4
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P = 24.5 % 1.9 MPa for tests in the starter raise of
Panel IIT. Moreover after advancing about 8-10 m away from
the starter raise of Panel IIT cracking and fracturing in
the roof strata started to be effective, and therefore the
bearing capacity of the roof colemanite in this case was
measured as Pb= 1%2.2 MPa which was lower than the values
obtained in the raise. Additional test results obtained
when the face front reached the mid-point of Panel III,
yielded even a lower average value, a bearing capacity at
the floor of a longwall Pb= 9.14 * 4,17 MPa.

Colemanite was also tested during the mining of upper
slice in Panel II. These test results showed that bearing
capacity of the colemanite tested at the floor was about
P

b
than the bearing capacity wvalues found for the roof, showed

= 6.96 ¥ 2.1 MPa. This value, which was slightly lower

that roof and floor values for colemanite could be treated
together, also showed that if there was any structural
weakening at the colemanite roof due to the longwall oper-~

ation this was also effective at the colemsnite floor.
4.2.4, Ulexite

Fourth seam was mined in a way that roof strata were
always ulexite. The average bearing capacity for this
ulexite was determined as Pb= 4.18 * 1.3 MPa which was the
lowest value among the main rock types tested. Results of
plate loading tests for the roof ulexite were tabulated in

Table 15. Ulexite at the roof of Seam 4 was quite thick
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due to the mining method. Therefore, roof was not fractured
and cracked into blocks during longwall operations as it
occured at the roof of Seam 2. As a result, as far as the
block movements were considered, roof strata in Seam 4 were
stable in spite of low bearing capacity values. In fact,
main reason for these low values was the high clay content
of the ulexite left as the roof, and this also led to the
plastic flow or punching type failure under the loading
plate as opposed to failure types with brittle crack forma-
tion and propagation usually observed in clay banded .

limestone.
4.3, Variation of Bearing Capacity With Plate Size

The result of experiments indicated that there is a
significant variation in bearing capacity wvalues with plate
size for similar mining conditions and the same rock types.
This variation is to believed to depend on numerous factors
such as presence of different geological features in the
floor or roof tested and their random distribution with
respect to the size of the loaded area.'

Table 13 shows average bearing capacity values found
for clay banded limestone for different plate sizes. If °
standard deviation of test results for the same plate size
are examined, it is seen that standard deviation value for
the smallest plate size is higher than the others. In fact,
standard deviation value decreased with increasing plate

size. The reason for this can be explained as follows,

56



according to the observations at the test side with a small
loading plate, if the discontinuities are widely spaced,
no discontinuity may exist under the plate in which case a
higher value of bearing capacity is obtained. On the other
hand, for some tests, there may be closely spaced discon-
tinuities and beds under the loaded area, and this
situation yields lower values for beariﬁg capacity. A larger
plate, almost all the representative beds and discon-
tinuities exist under the loaded area, the resulting
bearing capacity values reflect the weakening effect of
these weaknesses for all tests at different locations, and
therefore standard deviations are smaller for larger plate
sizes. In addition, when tables giving the results are
examined, it is seen that strata tested in Simav mine
yielded decreasing bearing capacity values with increasing
plate size. Rate of decrease of bearing capacity with
increasing plate size for different rock types was differ-
ent. Ulexite and colemanite showed lower rates of decrease
compared to the clay banded limestone. When the size effect
and rock's failure types were intefpreted together ; rocks
with plastic type failure mechanisms showed a weaker size
effect compared to rocks that had brittle type failure
mechanisms.

This concept was also investigated by Wagner and
Schumann (1971) during their research on the steamp-load
bearing strength of rock. They found that size effect is

more dominant in brittle rocks than in ductile rocks. So
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it was believed that the size dependence of the bearing
strength was closely related to the brittleness of the
material. Figures 10, 11 and 12 show the variation of plate
bearing capacities with the plate area for different rock
types in the test site. Here, it is interesting to note
that the ulexite which had the highest clay content among
the tested rocks shows the lowest size effect. As a matter
of fact, for this ulexite with high clay content, failure
mechanism was always plastic or punching type with no
visible signs of brittle crack formation and propagation

under the loading plate.
4.4, Failure Mechanisms Observed in the Tests

Load-deformation curve of test results showed that
ulexite had the type of curves, which indicated plastic
type of failures. Slopes of the first loading cycles were
small for these rocks. Moreover these rocks could be loaded
again up to about maximum bearing load with increasing
displacement rates during second loading cycle of tests.
However, clay banded limestone strata had different load
deformation curves. They had brittle type failure mechan-
isms. After reaching failure load they were fractured and
the bearing load decreased suddenly. During the second
loading cycle bearing load could be increased only to 2/3
of maximum bearing load, and it never reached the maximum

bearing load attained in the first cycle.

Typical load-displacement curves for different rock
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types can be seen in Figures 13, and 14 . These curves
usually give us very good indications about the failure
mechanism, that is, 1f the failure mode is punching type
or brittle cracking type under the load plate. Generally
floor failure initiated from the periphery of the base
plates and propagated mainly outwards with abrupt surfaces
of fracture in nearly all tests, on clay banded limestone.
The mode of fracture beneath the base plates, tended to
propagate outwards from the corners with 5-25 cm extention
along each stratum. In Seam 4, on clay banded limestone,
vertical cracks propagated into next stratum when the upper
one was crushed away. After cracking and crushing of all
thinly bedded, laminated, clay banded limestone stratum,
applied load started to effect Layer 2, clay banded lime
stone. However,cruched material of Layer 1 acted as a
cushion above the layer 2. So applied load was not fully
affected by this strata, some part of it was used for
further cruching and compaction of pre-cruched Layer 1 of
Seam 4 floor strata. After compaction of that material
applied load started to affect Layer 2 difectly.

As seen in Figure 16 failure modes of clay banded
limestone under Seam 2 was different. It was observed that
clay banded limestone under Seam 2 was divided into layers
in addition vertical cracks divided it into midsize blocks,
Therefore, fractures propagated both vertically and
horizantally. Failure mode of second layer of clay banded

limestone under Seam 4 was different then other clay banded
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limestone strata. When the applied load reached strata's
maximum bearing load; strata suddenly cracked into blocks
around the periphery of plate. It was observed that there
was no visible crécks around base periphery before the
final failure of strata, at the maximum load point.
Bearing capacity tests showed that colemanite with
high clay content and especially ulexite had punching
type of failure modes under plate loading as shown in
Figure 47. When loading plate was penetrating intonthe
strata continuously with increasing load, there was no
visible cracking around the plate. This was because clay
material under the load plate was compacted, and colemanite
and ulexite crystals in this clay material were crushed
under the plate load. Generally ulexite and colemanite
with high clay content showed plastic type (punching type)
failure mechanism, especially when they were in a disturbed
condition by the longwall operation. However, tests
performed at the starter raise of Panel III showed that
undisturbed colemanite strata with a very little clay
content had typical brittle failure mechanisms. But, when
the face started advancing cracking and crushing weakened
the strata, and thus the strata started showing plastic

or punching type failure mechanisms under plate loading.
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Figure 15a. Failure mode of clay banded limestone
(thinly bedded) under Seam 4
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Figure 15b. Failure mode of clay banded limestone
under Seam 4
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Figure 16. Failure mode of clay banded limestone
under Seam 2

Figure 17. Punching failure mode for ulexite and
colemanite.

( t= 2.B )
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4.5. Comparison of Results With Theoretical Estimation

of Bearing Capacity

Barry and Nair (1970) used penetrometer and plate
bearing tests to determine the in-situ bearing capacity
of roof and floor strata. They concluded that the bearing
capacities are independent of plate size if square or
rectangular plates are used. They investigated the size
effect for circular plates.

Rhodes et. al. (1978) compared the results from
plate bearing tests with the results of laboratory
triaxial tests, concluding that the in-situ tests are
effective in determining the bearing capacity of the flooxr
and assesging its time-~dependent behaviour.

The effect of base plate's width vary with rock
types. For the soft and plastic rock the bearing capacity
increases with the base width or diameter. But for the
brittle and elastic rock, it depends on the base type. For
flexible bases with uniform pressure distribution, the
bearing capacity is independent of the base size whereas

for rigid base it varies inversely with the base width.

Several investigators (Afrouz (1975), Peng and
Chiang (1984)) performed bearing capacity tests on under-
ground coal mine floors and they suggested the following

size relationship for plate bearing capacity

P =k AT or Py = k(Bg)m for square base (&+.1)



Sometimes, results are expressed in terms of Pmax and
B as;

P K.B (4.2)

max

where; k, m, X, and n are constants which equalize the
equations.
A is the area of the base plate.
B is the width of the plate or diameter of plate.
P is the maximum load applied when the floor

max
fails.

For the expression in (4.2), when n=2 , Py is
constant and there is no size effect. When nd{2 there is a
size effect on I% and plate bearing capacity decreases
with increasing plate size. When nd>2 , which happens in
testing soft clays, Pb increases with increasing plate
size.

Constants K and n which are given in Table 16 and

show the relation between maximum failure load <Pmax)
and plate width (B). These coefficients were determined
for different rocks by several investigators. When the
results of field tests in Simav mine are compared’with
others, it is seen that changing the plate size effects
rock types around Simav mine more than coal measure rocks.

Value of power n is small for colemanite, so size
effect for this rock is more pronounced than other rocks.

Clay banded limestone and ulexite have almost the same

n value controlling the plate size changes.
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Table 16&’ Bearing capacity coefficients (by various invest.)

Ppax~ KB ) By .=~ max load (ton) , B= plate width (cm)
Investi-
gator. Rock Type K n B
Bary Shale 0.860% 1.28  (2.54-30.48
(1970)
Lee Coal 0.4134=1,5340 |1.0=1.15|2.54-15,24
(1961) | sandy shale | 0.2026-0.4573 |1.5-2.0 | .
or fireclay
Soft clay 0.0012-0.0092 | 2.4~3%,0 n "
Jenkins | Medium hard 0.3940-0.1550 [1.0-2.0 " "
(1958) shale
Table 16b. Bearing capacity coefficients at Simav mine
Plox™ KB' Poax= Mex load (ton) , B= plate width (cm)
Rock Type K n B
Field Colemanite 1.580 0.932 10-25
Results _
. Ulexite 0.465 - 1.122 . "
in .
Simav | clay banded 0.972 1,148 "
Mine limestone
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Table 17a. Coefficients of bearing capacity with respect

to base ares.

P =k+m.A ,'P%=max.bear.cap. MPa
A =base area cm2

cor.
Rock Type k m A )

ratio
Colemanite 14,146 -0.017 100-625 0.99
Ulexite 6.416 -0. 0071 " 0.95
Clay Banded | g4 uup ~0.016 y 0.97
Limestone

Table 17b. Coefficients of bearing capacity with respect

to base area by using Power Law.

Pb=k.Am , P,= max.bearing cap. MPa
A = base ares cm2
Rock Type k m A cor.
- ratio
Colemanite 158.24 -0.534 100-625 0.9
Clay Banded 97. 117 -0.426 n 0.89
Limestone :
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Table 18. Coefficients for'bearing capacity with respect

to base periphery / base area.

Pb=k+m.(P/A) R

b

p= Mmax. bearing capacity, MPa

-1

P/A = ratio of Periphery/area, cm

Rock Type k m P/A
Afrouz(1975) Floor coal

range ;

45.7-81.3% cm)
Field Test Colemanite 1.074 29.69 0.16-0.4
Results in

Ulexite 0.986 12.61 "
Simav Mine

Clay Banded

] 2.996 25.29 n
Limestone
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When test results are analysed with power law for a
particular rock type as seen in Table 17/, and when power
factor m is high, this means a stronger size effect for
this rock.. When the results of tests are interpreted with
linear regression which gives a higher corelation factor,
a better interpretation of size effect is possible. When
multiplication factor m is close to zero, this means a
very weak size effect, and m=0 means there is no size
effect, m values for the linear regression showed that
ulexite has a smaller size effect compared with cclemanite
and clay banded limestone which have almost similar coef-
ficients for changing plate size.

Table 18 shows the relation between P/A ratio to
the maximum bearing capacity and this give an opportunity
to compare the field test results with the result of
Afrouz (1975). This table also shows that ulexite is the

least effected rock from the size effect.

4.6. Comparison of Field Results With Theoretical

Estimations

After determining the strength parameter of rocks;
Bearing capacity formulas given in the beginning can be
used to estimate the bearing capacity of related strata.
Then, the estimated values can be compared with the field
data.

Internal friction angles from triaxial tests for clay

banded limestone, colemanite, and ulexite are 2&.5, 41:
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and 31 respectively and these used in calculations. Calcu-~

lations have been conducted by using Table 1. and results
are tabulated in Table 19. Skempton's approach is the best
between three of them.

According to Bieniawski (1967) , and Singh (1980)
uniaxial compressive strength of rocks is effected by the
specimen size. If the spesimen sizes used in the laboratory
and size corresponding to the volume of rock under the
loading plate are correlated with each other, a reasonable
ratio could be estimated by using results of Bieniawski
(4967) and Singh (1980). This ratio was estimated to vary
between 0.2 - 0.3 for field tests performed in Simav Mine.
Field compressive strength values were estimated by using
a reduction ratio of 0.2 . When the laboratory strength
values are reduced to the field values by using the related
ratio, calculated bearing capacity values are close to
in-situ field test results. However, modified Terzaghi and
Brich & Hansen's approaches give higher bearing capacity
values with respect to field results. Modified Terzaghi
approach gives approximately & times higher value and
Brich & Hansen approach gives 2 times higher values. These
emprical formulas fully depend on internal friction angle
of rock. A little change of internal friction angle causes
a large change in bearing capacity.

Table 20 shows results of Goodman, (with Mohr and
Coulomb failure criteria), and Hoek & Brown approaches.

Generally, average values of Hoek & Brown approach fit well
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with in-situ test results. In fact limit results of this
approach are in the range of in-situ results considering
the standard deviations. Results of Goodman's approach are
similar with field tests if the reduced field compressive
strength values are used during calculations. Average value
of this approach also fits well with the field test results.
As a result, provided that m, s, M., and Sn. values of
rock can be determined or in-situ compressive strength
value of the same rock is known; Goodman and Hoek & Brown's
failure formulas give close estimates of real bearing
capacity values for that rock.

Approaches from foundation engineering give higher
bearing capacity values with respect to field values. If
the cohesion, internal friction angle and density of rock

were determined from field tests they could give close

estimates of real field bearing capacity.
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5. FLOOR PENETRATION OF HYDRAULIC PROPS

5.1. Design of Base Plates With Respect To the Penetration
Load

After determining the bearing capacity of strata and
determining the design load density in the longwall face,
further work should go on for analysing the penetration
and failure load of hydraulic supports. In this chapter,
penetration load will be calculated for circular base
plates with diameters 20, 25, 30 cm. During calculations,
size effect, and standard deviations will be examined and
estimated penetration loads will be given with calculated
standard deviations. Then, calculated penetration loads
will be compared with the measured and predicted load
values for the individual hydraulic props to find out if
the proposed base plate size is sufficient to prevent the
penetration of the hydraulic props under these load levels.

General results of load measurements on the existing
timber support members, Pasamehmetoglu et. al.(1987), in
longwalls of Seam 2 and Seam 4 varied from about 12 to
25 tons with spacing of timber members changing between
0.5 to 1 m. These values were taken into account in evalu-
ating a proposed base plate.

Bearing capacities of the strata were obtained for
square base plates, however penetration load will be

calculated for circular base plates. In fact, square base

plate creates more (about 1.1 times) stress concentration
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especially at the corners, with respect to circular base
plate. Therefore, calculation of penetration loads based
on the results with square section plates has already a

safety factor which is about 1.1 times.
5.1.1. Failure Loads for Clay Banded Limestone

During calculation; three different plate diameters
will be examined. Firstly bearing capacity values for
three plate sizes will be obtained from size effect
figure,(Figure 10) . Then failure load will be calculated
by multiplying these capacities by the related plate area

P = P

2
nax= Pprh s Pooe= Ppe( d/4)

max

where; P __ is the failure load. Pb is the bearing
capacity value and A i1s the plate's base area. Failure
loads which were calculated from above formula are
tabulated in Table 21. According to that result, lower
limit of failure load for plate which has 25 cm diameter
is about 28 tons. Therefore with a 25 cm base plate,
possibility of penetration is small according to this
precalculation based on the measured loads. When hydraulic
supports are used in longwall, load distribution along
the longwall is expected to be better with respect to
conventional timber prop-packs support's condition.

In addition, increasing face advance rate decreases the
maximum load which cames on props and it also decreases

floor heaving in longwalls. When the floor strata are
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subjected to heaving due to slow rate of advance, floor
strata's bearing capacity decreased bacause of cracking
perpendicular to bedding and seperation parallel to
bedding. Failure loads or penetration loads, which are
given in Table 24 are results of tests performed on
heaved floors.‘Therefore, if the rate of longwall face
advance is expected to be high, average failure loads
given in Table 24 can be used safely.

Bearing capacity tests performed at the starter
raise of Panel III showed that average capacity was about
Pb= 6.0 MPa for 15x15 cm plate size. But after several
weeks; face advanced towards the mid-point of Panel III,
and extra tests were performed. These tests gived a
little higher values but if that weak floor condition
under the colemanite seams will exist in future penetra-
tion load approach should be checked for 25 cm plate
diameter again. If bearing capacity value for this weak
floor strata is taken around Py= 4.2 MPa keeping the size
effect in mind, maximum load for clay banded limestone
under colemanite seam will be P= 20.6 tons for 25 cm
plate diameter. According to this result, if load coming
on hydraulic props in colemanite longwalls is smaller
than 20 tons then failure will not occur. Support load
measurements showed that maximum measured load on timber
members was 15 tons in colemanite of Seam 2. However, in
order to be on the safe side plate with a 30 cm diameter

should be used, or a special plate design which is
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illustrated in Figure18jy might be used in such a weak
strata condition.

Another alternative for weak strata condition is to
leave colemanite with a certain thickness to create
artificial floor strata. This subject will be interpreted

in the next section of this chapter.
5.1.2. Failure Loads for Colemanite

As it was explained before Seam 2 is mined with
downward slicing. If the colemanite is the floor strata
of the longwall, failure load for three different plate
sizes can be obtained from Table 22. These failure loads
are calculated according to average bearing capacity of
colemanite determined as P o= 9.4 + 4,17 MPa. This
average capacity was determined from tests which were
performed when the colemanite was at the roof. Further
tests were carried out while colemanite was at the floor,
and it was observed that their results were similar to
‘eachother. Bearing capacity of colemanite as the floor
strata unit was measured averagely as Pb= 7.44 ¥ 2,0 MPa.
So, bearing capacity values which were obtain from the
roof testing can be used during failure load determination
of the floor.

The results of calculation show that plate dimension
d= 25 cm suggested for clay banded limestone is expected

to give good working condition without giving any failure.
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Table 21, Penetration loads for clay banded limestone

(under Seam 4 and Seam 2)

Plate | Plate Bearing Penetration Load (ton)
Dis. Area Capacity [(Minimum | Average | Maximum
(cm) | (cm?) (MPa)
20 314 10.4 £4,.2 20.0 35.5 46.0
25 491 8.8 +3%.1] 28.0 43,2 58.4
30 707 8.2 %2.0 432.8 58.0 721

Table 22. Penetration loads

for colemanite

Plate | Plate Penetration Load (ton)

Dia. Ares

(cm) (cm2) Minimum | Average | Maximum
15 177 8.79 16.17 2%.56
20 314 15.60 28.70 44,99
o5 497 2L, 40 w87 | 65.35
30 707 3514 64,62 94..10
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5e1e3. Faiiure Loads for Ulexite

As seen in Table 15 the highest bearing capacity
values around the seams were determined for uleiite.
Mining methodmin Seam 4 was retreat lonwall with sublevel
caving, so that ulexite will not be the floor strata unit
in Seam 4. In addition, floor strata of the Seam 4 are
strong. So, there is no need to leave ulexite under Seam 4

for obtaining a good floor condition. Whereas ulexite
will be floor strata during Seam 3% 's upper part slicing.
Results of failure load analysis are given in Table 23 .
These results were found from average in-situ bearing
capacity of ulexite which is equal to P = 4.18 1.3 MPa.
One thing not to be forgotten that, these failure loads
were found from the tests which were performed while
ulexite was at the roof. Therefore, it might have contained
cracks, crushed and weakness zones. These types of discon-
tinuities may not developed if the ulexite is left as the
floor strata. Rapid advancé.of longwall faces and .
uniformly distributed prop loads will prevent any failure
problems when ulexite is left as the floor. Moreover, if
any. difficulties are created during Seam 3 's upper slice
mining a layer of colemanite will be left to act as an
artificial floor, since colemanite has higher failure

loads with respect to ulexite.
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Table 23. Penetration loads for ulexite

Plate | Plate Penetration Load (ton)

Dia. Area

(cm) (cmg) Minimum | Average | Maximum
15 177 5.10 7440 9.70
20 314 9.04 1%.12 17.20
25 491 14,14 20.52 26.90
30 707 20.3%6 29.55 38.74
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5.1.4. Suggested Base FPlate Design for Hydraulic Props

Figure 18 shows .suggested plate shapes, their
dimensions and their weights. Plate thickness were chosen
around 8 cm, so if load on the face prop increased to .
failure and penetration started, it would take time to
penetrate through all the thickness of the base plate.

It was measured that convergence rate in 1ongwails
supported with timber was about 2.5—5;0 mm per hour.
Moreover, it should be borne in mind that setting load of
timber was always lower than required value due to lack
of good setting operation. When hydraulic supports were
started to be use, convergence rate would decrease up to
about 0.5 mm per hour due to uniformly distributed load
over the props in the longwall and sufficient setting
load. After setting the hydraulic supports near the face
line, it would take about 10 hours for reaching the failure
load of strata and it would take an additional 120 hours
for penetration of all the base plate. However hydraulic
props would be moved in this time interval due to the
advance of the face, and hydraulic props would nbt be
subjected to that maximum load too long.

Difference between Figure~18aand.Figure 18bis, as
seen in figures; the depth of hole machined for hydraulic
prop's base. This is 1 cm deeper in Figure 18b4'Ehis deeper
hole decrzases the weight of base plate about 2 kg.
However thickness under the prop is more in Figureﬂsa,

which supplies a uniform stress distribution over the
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loaded area on the plate-rock contact. Therefore, effective
area of load transfer at this contact will be higher for
the plate of Figure18,. As a result of this, plate in
Figure 18ais suggested for safer working. In order to get
better stress distribution in the rock and decrease the
weight of plate, conical base plate is suggested, as seen
in Figure18,. It has same advantages over plate designs
suggested before : it's weight is smaller, but, the depth
under the prop is enough to give a uniform stress distri-
bution.

Figureqad shows another base plate design. In spite
of it's heavier mass and difficulties during shaping, it
has additional advantages over other plate designs. In
order to explain these advantages, firstly failure
mechanism of under that plate as seen in Figure 419 will be
discussed, If the penetration of lower base starts along
the diameter rock under the plate will fail and start to
dilate due to cracking and crushing. Then this cruched .
zone apply a force to the rock surrounding the broken
zone due to a volume increase (dilatation), and rock
surrounding the broken zone moves upward. Further upward
motion of the side rock will be restricted and confined
when the expanding surface reaches the upper large plate
above. Therefore, side rock heaving will be constrained.
As a result of this effect, penetration rate of bottom
plate decreases significantly. Moreover, upper plate also

starts to distribute load over side rocks of bottom part.
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18 cm 5 on Prop
/ 5 cm
7 /'.1 7 ,//.f 4 cm
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25 cm 25 on
a) W=24.7 kg b) W=22.7 kg
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1.3 cm | 2 cn 3 2 cm
WI& |////////// JL\M
‘ 25 cm } 25 cm 1
c) W=20 kg | d) W=27 kg

Figure 18 . Typical suggested base plate and their

weight.
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Top Plate

A
:4// Heaved Rock
Side Push

Dilatation

Figure 19. Penetration and failure mode under hydraulic
prop with the special expanding cross-section

base plate.
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This confining effect increases rock strength, and thus
bearing capacity is increased.~Therefore, if this plate . .
is used in longwalls, failure load of rock under this
plate will increase up to 60 tons if minimum values were
given in Table 21 for clay banded limestone are used.
Another advantage of this plate is the resistance against

any eccentricity of the loading.

5.1.5. Alternative Precautions for Exceptionally

Weak Floors

Test showed that weak strata conditions usually
continued during the first 5-7 m advance from the starting
point of panels. This weak strata condition was observed
especially under Seam 2. Calculations were carried out
according'to tests performed at the starter raise of
Panel IITI of Seam 2 . According to the calculations this
weakness zone is only able to carry about 20 tons when the
largest design plate, 35 cm in diameter is used. Therefore,
in situations like this, a thin colemanite layer should
be left to resist prop”loads until this zone disappears.

Thickness of colemanite layer proposed to be left’
during mining of Seam %'s upper slice and during mining
of the panel starting zones, and other weakness zones, can
be determined as follows ; colemanite layer should
uniformly distribute prop's base load over the weak
strata below suggested depth is equal to half of the base
plate width. Therefore, in order to get stability,
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thickness of colemanite layer should be about 20 cm for
using a plate dimension of 25 cm in diameter. (t=25/2 ,
t=12.5 cm ; for safety t=20 cm )

Design plates which were planned to be put under
the prop have higher weight for practical operations. In
order to eliminate this disadvantage and get higher
contact area for better stability, steel bar is suggested
to be placed under 3 props as a common plate,(Figure 20).
This bar has a larger base area than prop's base plates.
Therefore, loads coming from these 3 props will be
distributed over a larger area which eliminates penetra-
tion of props. This steel bar is especially suggested for
heaved strata and weak strata zones with this application,
seams can be mined without leaving any layer as an

artificial floor.
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Main Gate

25 cm

A-AT Cross-section

Figure 20. U-Shaped steel bar (common plate for

three face DProps.)
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6. ANALYSIS OF STRESSES AND FAILURE FOR LAYERED ROCK
UNDER THE LOADING PLATE

6.1. Introduction

This chapter covers the theoretical analysis conducted
to investigate the influence of discontinuities on the
plate loading behaviour of the rock type tested during the
field work.

The purposes of this analysis are;

a) Studying the effect of discontinuity spacing on
the stress distribution in region underneath the plate.

b) studying the effect of stiffness parameters of
the discontinuities on the stresses in the rock underneath
the loading plate.

c¢) Investigating the effect of discontinuities on
the bearing capacity failure of the bedded rock subjected

to plate bearing test discussed in the previous chapters.
6.2. General Approach and Assumptions

Stress analysis is done by using the solutions given
by C.M.Gerrard and W.J.Harrison (1970). These solutions
involve simple loads of circular plan area applied to a
homogeneous, linearly elastic and cross—anisotropic half
space in which at any point, the axis of symmetry in the
elastic properties is vertical. Formulas given in

Appendix A are used in this section. Loads considered in
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these formulas are applied uniformly over a circular plan
area, although field tests have been conducted with loads
applied to the rock by square-section load plates. With

the exception of regions around corners for square plates,
stress distribution in the rock under the plate is not
expected to differ too much for circular and square loading
plates, relatively simple solutions for circular plates are
readily available. Since the major purpose here is to study
the effect of discontinuities on the stresses and failure
mechanisms of layered rock under the loading plate, it is
decided to adopt solutions developed for circular loading
plates on cross-anisotropic rock.

The existing solutions for axi-symmetric problems
involving a cross-—anisotropic half space are summarized in
Table 24. All symbols related to elastic constants of
cross-anisotropic rock are defined in the Appendix A, such
as <, B . Among the solutions in the Table 24, the ones _
given by Gerrard and Harrison (1970) are more comprehensive
than previous works in the following ways.

i) Range of load types considered

ii) Range of stresses and displacements solved
iii) Range of cross-anisotropic material response
considered

Cross-anisotropic concept here is assumed to involve
a single joint set with a certain spacing S or a bedded
rock with a spacing S again between the individual clay

beds. Loading is a assumed to be applied perpendicular to
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Table 24. Summary of existing solutions (after Gerrard

and Harrison, 1970 )

Author Type of Determined Stresses
Loading and Displacements
Michell Vertical point w on surface of half space;
(1900) load stresses throughout half
Barden space
(1963) Uniform vertical Oz on load axis
pressure w on surface
Wolf Vertical point Stresses and displacement
(1935) load in half space
Quinlan Vertical point Stresses and displacement
(1949) load in half space
Koning Vertical point A1l stresses and displace-
(1957) load & Uniform ments in half space
Anon vertical displace.
(1960) Uniform vertical w on surface at centre and
pressure edge of load
Oz down load axis
Lekhnitskii| Vertical point A1l stresses throughout
(1963) load half space
Gerrard Uniform vertical All stresses, strains, and
(1968) pressure displacements in half

Uniform vertical
displacement
Linear radial
shear stress
Torsional loads

space
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the joint or bedding planes. The presence of Joints
increases the void ratio of the rock mass and causes its
modulus of deformation to be less than that of the rock
substance. Deformation properties of a single joint plane
in a set can be represented by a unit normal stiffness
coefficient, ky and unit shear stiffness coefficient, kg4

defined by :
OEkn.An s Téks.As (6.1)

where ; The average normal stress on the Jjoint,(MPa)
The average shear stress, (MPa)
: Normal deformation or closure of the joint,(m)

o
g
Ay
A, : Shear deformation parallel to the joint,(m)
k, : Normal stiffness coefficient, (MPa/m)

kg

Shear stiffness coefficient, (MPa/m)

If the Jjoints are spaced apart with a spacing S as in the'
cross-anisotropic rock mass, total normal deformation, A,
consists of the contribution by the rock substance and by

the joints.

A= O’.(-%+%;l) (6.2)

The composite modulus of deformation of the rock mass, E

can be found by equating the total normal deformation, An

A =(C.8)/E, (6.3)
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of the rock mass to the A, in equation (6.2), and from

here ;

1 (6.1)

A, -
Bl =g,
After Kulhawy (1978), and Goodman (1980)

éimilarly, the composite shear modulus of the rock mass

is as follows :

1.4 3 ,
Gns=<'ﬁ'+'§jgs) _ (6.5)

where first subscript n denotes normal to the discon;
tinuity plane and s corresponds to the tangential
direction. Alltogether , Ghs , corresponds to a shearing
in n-s plane. By using these approaches and simplifications,
laminated and bedded rock under the loading plate can be
represented by an "equivalent " homogeneous rock and
"equivalent" material properties of this rock can be used
in computations to study the stress-distributions and the
failure mechanisms. |

Typical bedding planes in the region were subjected
to shear testing in the laboratory and the results
including average values of kn and ks were previously
given with the laboratory results in chapter 2. Results of
deformability tests on major rock types and values of kn

and ks from shear tests are generaly used in the following

analysis.
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6.%. Solution Technigue and Input Parameters

Stress and displacement formulation of Gerrard and

Harrison (1970) given in Appendix A were adopted into g

specialiy'prepared computer program. This program for

isotropic and cross-anisotropic half space under a circular

loading area give stresses and displacements along
vertical z-axis where r=0 and along horizontal r-axis

where z=0.

As seen in Appendix A, for bedded (cross-anisotropic

rock) rock, five elastic constants a,b,c,d, and f are
used in stress-strain relations. For relating strains to
stresses for the coordinate system of Figure 21.

(Goodman (1980))

Féz | r/]/Ez “VZX/EX ‘VQX/EX 0 0 o] [
2y -y - 1/E
zx/E p's "ny/Ex . o 5
2x | V, /E
- "Vix/Ex T Vxy/ Bx 1/E, 0 0 0
Yzy
y 0] 0 0 1/GZX 0 0
ZX 0 0 o
Yxy 0 1/Gyy O
L) L © 0 0 0 0 g
2. (1+Y
where ; R= xy)
Ex (6.6)

éz,gy,zx, Oé,Oy,Q% are normal strain and stress
components.
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Xéy’xéx’YXy’T;y’Téx’Iky are shear strain and stress
components.
E, , E, are moduli of elasticity in horizantal and

vertical directions.
Vzx Vxy sare Poisson's Ratios and first subscripts
corresponding to the direction of loading and
second subscripts showing strain " or expansion

direction" perpendicular to the loading axis.

This matrix notation was temporarily introduced here
to explain the input procedure for material propérties of
the bedded rock. As seen in relation (6.6) there are again
five independent elastic contants for strain-stress relati
relation of bedded rock. In the program, to be consistent
with Gerrard and Harrison formulation, z, X, and y axes are
slso labeled as h and v denoting horizontal and vertical
directions. Finally, using the equivalent isotropic medium
approach and using v and h subscripts for vertical and
horizontal directions input values of material constants

in terms of E,Vv, k., k

n,
beginning of the program as :

g1 and s are calculated in the

Ey
Va Vg™V s VynTVpx” E -V
-
th=VXZ=v 9 Ev=( (/‘/E)"-(/l/kn'S) )
. (6.7)

= G= =
iy » Ty o (aey)

Fetym ( (/@)1 ) )
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Then the program carries out the calculations by using

the method of solution and formulations in the Appendix A .
6.4. Results of Stress Analysis
G.4.1. General Interpretation of Results

In order to show differences between stress distribu-
tions in cross-anisotropic rocks and isotropic rocks ,
results determined from the computer analysis, a series of
curves was plotted ip the next section.

Input data of the program was changed to investigate
the influence of bed spacing and stiffness parameters of
discontinuities. In order to study the effect of spacing
on the stresses and displacements, elastic constants were
defined in terms of stiffness and spacing as explained in
the preceeding section.

Analysés were carried out to obtain stresses 0, 0},
Oé under the loading plate, and the displacements under the
plate; w,u . These were computed along two lines, r=0 and
Z=0, as seen in Figure 22. |

Curves for stress distribution and displacements will
be presented in two sets. First set includes curves that
show the effect of discontinuity spacing (s) and stiffness
ratio (ks/kn) on radial stress (O}), tangential stress(Oé),
vertical displacement(w), and radial displacement(u), at
the surface (Z=0) around the edge of the plate for varying

radial distance (r). Second set of curves includes
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E (mod.def) o
1‘
Ty <+ F =z £ —=
kn s E,
s &£ X%
kp £ X EZ=Equivalent
mod.def.
X,h
Z,V
i) Layered cross—anisotropic ii) Equivalent homogeneous

rock mass. rock mass.

Figure 21. Representation of layered rock as homogeneous

equivalent rock mass.

P
%o
o
—_——® m 1 L r (Z=O)
R _2R 3
fb
kg ky Z
between bedding 27, +
Sy
z (r=0)

O, = vertical stress. at a point (MPa)
0'r= Radial " " n
0,= Tangential " oo

W = Vertical displacement (m)

U = Radial "

1]

Figure 22. Coordinate system and the geometry of the problem.
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variation of O, and 0,=0, with depth (Z) along r=0 line
under the plate, again for different values of spacing (s)
and the stiffness ratio (ks/kn).

Input parameters used in these analyses are given in
Table 25. These parameters are chosen in such a way that
the material behaviour represented by these parameters is
very close to the behaviour of bedded rock tested in the
field. Initial values of ks and k, in the table are the
results of shear testing on typical bedding planes, and
together with the initial value of spacing in the table
they provide a good representation of the bedded rock
tested in the field.

6.4.2. Discussion of Results of Stress Analysis

In Figures 23 and 24, Oé and 0& are seen to approach
infinity as r/Ro_¢.1 i.e. the edge of the loading plate.
Tangential stress around the edge is COmpréssiquwhereas
radial stress, 0} is tensile. Since 0, =0 and there is no
shearing at the surface, this makes the radial stress
minimum principal stress (03:0}) and the tangential stress
maximum principal stress, (O%:O%). Since the rock éan not
withstand infinite stresses, with the application of the
load on the bearing plate there will be failure around the

edge of the plate.Rocks are weak under.:tensicn. Therefore,

fd
/

failure possibly starts with a radial temsile crack around
the edge perpendicular to the direction of O'=0} . This

mechanism has been used before for Mohr-Coulomb failure

-
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Table 25. Input parameters of computer program

Cross—anisotropic| Isotropic

rock mass rock mass
Elastic Moduli (E) 3000 MPa 3000 MPa
Poisson's Ratio (V) 0.25 0.25

( for isotropic case)

Poisson's Ratioc (4,)
(effect of horizontal 0.20 -
strain on complementary
‘horizontal strain)

Applied Pressure (P) 8.0 MPa 8.0 MPa
Radius of Plate (Ro) 0.1 m 0.1 m
Internal Friction

Angle (@) 20° 20°
Normal Stiffness: (k) 1000 MPa/m -
Shear- Stiffness (k) 3500 MPa/m -
Spacing (s) 0.025 m -
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analysis in chapter 4. Stress concentrations at the surface
that is the magnitudes of O}/P and Oé/P along Z=0 are seen
to increase significantly for cross-anisotropic material.
Much higher stress concentrations are observed for having
closly spaced discontinuities with low wvalues of k, , i.e.
increasing ratios of ks/kn . Thése results show that discon-~
tinuities and variations in thei£ mechanical properties
strongly influence the stress distribution, and thus the
bearing capacity under plate loading. |

Figure 25 shows that vertical displacement at the
surface also increases dramatically with increasing spacing
of discontinuities and either increasing ks or decreasing
kn. This situation leads to high displacement gradients,
i.e. surface strains, at the surface. Figure 26 shows
dramatic increases for cross-anisotropic case the radial
displacement at the surface compared with the isotropic case.

Figures 27 and 28 show the distribution of vertical
stress G; and radial stress O} along the vertical symmetry
axis r=0, since this is an axisymmetric problem and r=0
is the symmetry axis, 0£=Oé and shear stress components
T¥0=T;Z=T;Z=O along this exis. This means O, and 0,=0,
are the principal stresses along Z at r=0. This is important
in a failure analysis, since failure criteria are given
mostly in terms of principal stresses. It is seen in these
figures that stresses for isotropic case are hydrostatic,
i.e. crrf'=crz=0‘o right under the loading plate at the point

r=72=0. However, at the same point for cross-anisotropic
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rock 0£=Oé are different from O%. This means that
anisotropy introduces large stress differences under the
loaded area, and stress differences in general is what
causes the failure of rocks. During a compressive Mohr-
Coulomb failure analysis in the next section, this point
will be seen in detail. An interesting point in Figure 28
is the existence of tensile stresses under the loaded area.
It is seen in the figure that radial stress becomes tensile
after a certain point &long Z-axis. These tensile stresses
increase with increasing discontinuity spacing and ks/kn
ratio. Again, since rocks are weak undef tension, this
situation will also lead to increased cracking and reduced

bearing capacities with increasing anisotropy.
6.5. Failure Analysis

Stress distributions presented in the previous
section will be used here to investigate the failure of
the bedded rock in a plate bearing test.

It has been stated before that failure possibly
starts as radial cracking the edge of the loaded area. As
the crack which develops perpendicular to the radial
tensile stress at the edge, propagates into the rock,
another failure process at a point along the Z-axis is
usually in progress due to the stress difference between
O; and O}=O%. This failure is a compressive Mohr-Coulomb

type failure, and it has been discussed by Jaeger and
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(Tangential Stress At the Surface)

Oe/P

r/Ro Radial Distance

where ;~ 4+ : For s= 0.025 m
¢ : For s= 0.05 n

D : For isotropic case

k /k, = 3.5

- Figure 23%a. Tangential stress distribution at the
edge of the loading plate along a radial
line at the surface: Different discon-

tinuity spacing.
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(Tangential Stress At the Surface)

Ce/P
(£}
-d
ot

r/Ro Radial Distance

where ; 4 : For k. /k =10
+ : For ks/kn=3.5
¢ : For ks/kn=1.0
o : For isotropic case

s=0.025 m

Figure 23b. Tangential stress distribution at the edge of

the loading plate along a radial line at the

surface : Different ks/kn ratios.
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(Radial Stress At the Surface)
Or/P

—~0.2 -
~0.4 —
~0.6 ~
—0.8

—-1 s
~1.2
~1.4
—1.6 -
~1.8

—2 -~
-2.4
~2.8

s

where

3

T T ! 1 T T
5

r/Ro Radial Distance

-+

: FPor s=0.025m
O
a

For s=0.05 n

For isotropic case

Eg/Kp= 3.5

Figure 24a. Radial stress distribution along the radial
distance on surface : Different bedding

space.
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(Radial Stress At the Surface)

Gr/P

5’1#1
il
bl

!
/
/
-6 1 T T T 1
1 3 5 7
r/Ro Radial Distance
where ; : For k /k =10

: For ks/kn=3.5
: For ks/kn=1.0

n o + D

:" For isotropic case

Figure 24b. Radial stress distribution along a radial

line at the surface : Different ks/kn ratios.
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(Vertical Displacement)

W (m)

|
et
o
d
%)
1
'\-\\

—

|

o

o

-

[e ]

|
Rty NS

~0.028 " g : . . . :
0 2 4 6 8 10

r/Ro Radial Distance

where ;
+ : For s=0.025 nm

¢ : For s=0.05 m

O : For isotropic case

k /k = 3.5

8 n

Figure 25a. Vertical displacement along a radial line

at the surface for different bed spacing.
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(Vertical Displacement)

W (m)

—0.01 -
-0.02 .
—0.03

—0.04 l

~0.06 T ¥ T T T T 1 7 T
0 2 4 ] 8 10
r/Ro Radisl Distance
where ; A 2 For k /kx _40
s n

¢ : For ks/kn='].0

For isotropic case

Figure 25b. Vertical displacement along a radial line

at the surface for different k /k_ ratios.
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(Radisl Displacement At the Surface)

U (m)

0.0016
2.0015 —
0.0014 -
0.0013 "J j&
0.0012 \
0.0011 — -l 3
0.001 / \\
0.0009 ~ j
0.0008 - 7 \\
0.0007 %
N\
0.0008 — *
0.0005 - \'\'\,\k
0.0004 - / \\'\\
0.0003 - 1[ x
(p o
s
0.0002 - | // \\e\$ : The———
N e T
0.0001 =/ % M\@.\“
g;a/afz &&B‘B‘S‘E“E"E—E—g—g o e &
0 ¥ T ) T T T === T =]
0 2 4 6 8
r/Ro Radial Distance
where; 4 : For s=0.025m
¢ : For s=0.05 m
O For isotropic case
ks/kn= 3.5

Tigure 26a. Radial displacement distribution at the

surface for different bed spacing.
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(Radial Displacement At the Surface)

0.0024
0.0022 -

0.002 -
0.0018 -
0.0016 -
0.0014

0.0012 -

U (m)

0.001 —
0.0008
0.0008 —~

0.0004 ~ !/

where ; : For k y
3 A S/kn-’IO
+ : For ks/kn=5.5
O : For isotropic case

s=0.025 m

Figure 26b. Radial displacement distribution at the

surface for different ks/kn ratios.
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(Vertical Stress Along Vertical Axis)

Oz/P

1.1

Tx
0.9 {1}
0.8 &f\

C.4 - \ x g\
0.3 - \\k\ Qh
e
0.2 ~ v e B
0.1 \
0 T
0
Z/Ro Distance Along Vertical Axis
where; + : For s=0.025 nm

o : For s=0.05 m
& : For isotropic case

k /K = 3.5

Figure 27a. Vertical stress distribution underneath

the plate along.r=0 line for different

bed spacing.
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(Vertical Stress Along Vertical Axig)

1.1

Oz/P

Z/Ro  Distance Along Vertical Axis

where ; A : For ks/kn=’10
+ : For ks/kn:.B.S
¢O: For ks/knz’l.o
0o : For isotropic case

Flgure 27b. Vertical stress distribution underneath the

plate along r=0 for different k /k ratios.

114



(Radial Stress Along Vertical Axis)

OE/P

1.8 -
1.8 —
1.4 ~
1.2 4

1
0.8 —
0.5 —

0.4 —

S
M o
1
= X ﬁ)
;r,
¥) m
vt
4 111

7Z/Ro  Distance Along Veetical Axis

where ; + : For s=0.025 m
o : For s=0.05 m

g : For isctropic case

k_/k = 3.5

Figure 28a. Radial stress distribution along Z-axis
beneath the center of the plate (r=0)

for different bed spacing.
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(Radial Stress Along Vertical Axis)

Cr/P

2.6
2.4 —
2.2 -

2 -
1.8
1.6 -
1.4
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1 -
0.8 -
0.8 —
0.4 —
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~0.2 -
—0.4 -
—~0.6

~0.8 y
o 0.2 0.4 0.5 c.8 1 1.2 1.4 1.6 1.8

Z/Ro Distance Along Vertical Axis

where ; A' For ks/kn= 10
4 : For ks/kn=3.5
¢ : For kS/kn=1.O
[

For isctropic case

5=0.025 m

Figure 28b. Radial stress distribution along Z-axis
beneath the center of the plate for

different ks/kh ratios.
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Cook (1979) for the isotropic case. With increasing load,
size of the region subjected to this type of failure
increases, and broken rock in the region, if it is elasfic
brittle, due to dilatation and applies a side pressure to
the surrounding rock. At the final failure stage, rock
surrounding the dilatation zene fails under applied side
pressure. This failure mechanism, in a simplified form,
has been used in section 4 in order to develop the
bearing capacity formulas in terms of known strength
parameters.

Although the real bearing capacity is higher than
the bearing pressure at which initiation of failure occurs
along Z-axis a failure analysis based on this pressure .
level is still helpful in the sense that it provides us =
lower bound estimate of bearing capacity, and it allows us
to investigate the effects of discontinuity properties on
the initiation of bearing capacity failures with such an
investigation, variation of critical depth, Zop o at which
the failure is initiated, can also be studied for different

discontinuity parameters.

6.5.1. Failure Analysis For Isotropic Rock Under a Cicular

Loading Area

General approach used here is given by Jaeger and
Cook (1979). The stresses parallel and radial to the

symmetry ( Z-axis) are expressed in the following form;
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q, =P. (1-b7)
(6.8)

T,,=0,=P. ((1+2.¥ )+b7-2. (1+V)P) /2

where; b=Z/(RO+Z2)/‘/2 , sice O}:O; and O, are pricipal
stresses along Z-axis, Mohr-Coulomb failure criterion using

these principal sbresses
0,= Co+q.C, (6.9)

then, the bearing pressure Por at the initiation of failure
is;

Pcr=2.Co/(2.(1—b3)—q;(1+2.v)—q.b3+2.q.(4+V)b)

(6.10)

Making the denominator a maximum by a differentiation
(°/2z) with respect to Z gives the critical value of b,
and thus ZCr which makes applied bearing pressure P
a minimum. This is the smallest pressure at which the
failure is initiated at a depth Z=Zcr along Z-axis.

Following expression found as explained
bcr=(2-(’l+v)q/3-(q+2))"/2 (6.11)

makes the minimum value of P fall in the range from one to
two times the uniaxial compressive strength. For most
rocks, maximum value of b is likely to range between a
half and unity, indicating that failure occurs at a depth

of the order of the radius of the bearing plate.
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6.5.2. Failure Analysis For Cross-Anisotropic Rock Under

a Circular Loading Area

The same approaches described for isotropic case will
be adopted into the formulas for cross-anisotropic rock in
the Appendix 4.

Procedufe for determination of critical depth will be
illustrated for 32=O case. Then the results showing Z,, for
the other case (B%>O) will be given together with R°= 0
case. 32<O case is not considered here, since this is not

practically applicable for our bedded rock.

Stresses along Z-axis are :
0,=0,=P. (885 (2/ (2%4 )V 2)=(84/o2) (2/ (2%+ T2/ ?))

0,=P. (1-(2/ (22+ 2V 2+ (1/.8) 3/ ((2%+ 32)%/?))
& - v (6.12)
where 8, 85, 86, and « depend on the elastic p;operties

of the half space and they are defined in the AppendixA
It has been stated before that all these constants are
expressed in terms of discontinuity properties ks, kn’ S,
and rock propertiesV, and E in the .computer program using
fhe equivalent isotropic medium approach.

Expressing equation (6.12) in a more compact form by
using Kq, K2 which are functions of Z

O%=P.K2(Z) (6.13)
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Application of Mohr-Coulomb failure criterion in equation

(6.9) gives ;

P=P/Co=1/(K2—q.K4) (6.14)

Differantiating the denominator with respect to Z again

to get the minimum P that. initiates failure

/]

-q
£ -(q.S _1 2 9.
7 (q. ) 37 ((Zg _2)1/2 )"‘( 5 °<2 )QZ((Z2+ _2)3/2)

(6.15)

This yields the following quadratic equation in Z :

=0 (6.16)

where ;
-1

m1=q.35
my=(q.8g/of 2)+(1/8)
m3=m,l.(1+2/°<2)+m2- ((1/:E)72)

In this equation, if (mq+m2)/(m5.cﬁ)=0 then the repeated
roots are:

Z=0 7= i(mﬂ/m5)1/2

In general , the roots for B°=0 are :

Z=F(m4/m3)i((m4/m3)2-4.(m1+m2)/(of,m3))1/é] 1/2
2
(6.17)
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For 82>O 3

(05)%/2 (np)%/?
. /% 2. 4/3 2
2 NEN NN
<‘n2)2/5 (n3)2/3
B 5)"r/B ¢4/5 |
(6.17)
where ;

n1=((P/(Y—ﬁ))+G5-Q)—((¢/(P—ﬂ))+G6-q)

ny= ((8/(P-$))+(Gg-))

ng=((9/()~B))+G5-a)

-

Note that only the positive values of Z are chosen as ZC
since negative values are not physically applicable
for this préblem.

By substituting this critical depth, Zops into the
general expressidn for P, bearing pressure at which failure
is dinitiated can be found in terms of the compressive
strength, Co, constants m, mé, m and;dﬁ in equation
(6.17) and constants in equation (6.18) depend on the
discontinuity.properties (kn"ks’ and s) elastic properties
~ of the rock; énd triaxial factor g for the rock. Therefore,

effect of all these properties on the critiéal depth can

be studied by using these equations (6.16),(6.17).
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6.6. Effect of Spacing on Critical Depth

Curves éhowing the effect of spacing on the critical
depth at which the failure initiates are’giveﬁ~in Figure 29
As-seen in Figure 29 with increasing bed spacing, the
critical depth is positioned deeper along the Z-axis, and
as spacing (s8) goes to infinity it reaches a value which
is equal to the value for isotropic case. Curves show that
if the size or width of the loaded area is increased with
respect to the spacing, or if beds are thin and very close
closely spaced critical depth approaches to the surface,
and it is almost half of the critical depth for isotropic
case. With a decreasing ks/kn ratio, i.e. normal stiffness
of the layers is lower and they are more open effect of
spacing, and size effect are more pronounced.

In addition to the Z, values, failure loads in terms
of compressive strength are calculated at these critical
depths, and results, are plotted in Figure 30. Generally,
p/Co ratios are smaller than unity for small spacings, énd
they approach the value for isotropic case for very large
spacing or smaller plate sizes. For very closely spaced
.bedding or very large plate sizes compared to spacing, P
values tend to constant values. For increasing ks/kn
ratios size effect becomes more pronounced, and values to
which P tends for very close spacing decrease significantly.
Among these curves, the one which- represents the field
testing condition is the lowermost curve with ks/kn=3’5‘

In this case, a reduction of three times is predicted in -
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the failure initiation pressure of thinly bedded or
laminated rock compared to approximately isotropic rock
with very widely spaced beds. Therefore these results show
that bearing capacity values for thinly bedded rock can be
much smaller than bearing capacities for rocks containing
widely spaced beds. Predictions based on the laboratory
compressive strength tests might be misleading and bed
spacing or discontinuity spacing must be taken into account
in the determination of field bearing capacity values.
In-situ bearing capacity of clay banded limestone is
equal to about 8.29 MPa, average value, and it's
compressive strength is determined as about 19.43 MPa.
Then, P/Co ratio for this rock is 0.4% . This result and
results obtained by the theoretical approach considering
the size effect are close to each other. Therefore,
emprical approaches given in chapter 4 are not always
applicable to all cases, especially for rocks with open and
closely spaced discontinuifies, and formulations to predict
the in-situ bearing capacities must also include properties

of bedding and other discontinuities.
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Zcr (Critical.Depth)

0.3
0.2 3 T | | T 1
0 10 20 30
Ro/s
where ; o : For ks/kn=5.5

+ : For ks/kn=1.0
o : For k_/k =0.5

R, : Radius of plate (m)
: Bed spacing (m)
Point A : Critical depth for -isotropic -

rock mass

Figure 29. Effect of spacing, plate size, and ks/kn

ratios on the critical depth.
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(Bearing Pressure)

P/Co

1.3
1.2

1.1

meﬁ% ~— IR
T~
0.8 - \i‘h\’.—‘“" ~~~~~~ NM
0.7
\
0.6 - b\g\
\EI\\
0.5 - B
0.4 T I T T { "7 T T T Y T 1 T T =
0 8 12 18 20 24 28 32
Ro/s
whers; : For kg /k,=3.5
: For k_/k_=1.0
5 I
: For ks/kn=0.5
R, ¢ Radius of plate (m)
: Bedding spacing (m)
Point B : P/Co value ‘for isotropic rock mass

Figure 30. Effect of spacing, plate size, and ks/kn

ratios on the

P/Co, i.e. the bearing

pressure at which failure initiates along

the vertical axis.



7. CONCLUSIONS

The major conclusions derived from this study are
sunmarized as follows.

The rock mass encountered at Simav underground mine
test site, is sedimentary in origin and they are classified
as poor and very poor rock according to RMR and Q systems.

Plate loading test results show that bearing capacity
of major strata around the seams, are determined as 9.14 MPa
for colemanite, 4.18 MPa for ulexite, 9.26 MPa for clay
banded limestone.

It was observed that ulexite and colemanite had
punching type failure mechanisms. Clay banded limestone
had brittle, and sometimes punching type failure mechanism
which depended on the thichness of the stratum.

It was found that when the plate size increased
bearing capacity of the same rock decreased and the
magnitude of this decrease depended on the rock type.

In order to calculate in-situ bearing capacity from
laboratory test results, several approaches, given in
Foundation Engineering, were used. It was found that these
approaches gived aboub 3-~-6 times higher values with respect
to field results.

Mohr-Coulomb and Hoek-Brown's theoretical approaches
were also used. to estimate field bearing. capacity from
laboratory results and it was observed that they gived

similar results with field data.
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Several base plates to be used under the hydraulic
props were. suggested to prevent bearing capacity failure
under the props. Failure loads for these plate size were
determined. Consequently plate which had 25 cm in
dismeter was found to be safe in general for use on strata
around the seams. However, a base plate with 35 cm
diameter was also suggested for use in extreme cases of
weaker strata in Simav Mine.

In order to investigate the failure mechanism under
the base plate, stress distribution under the plate was
calculated with a specially prepared computer program,
and it was observed that stiffness of bedding planeé and
distance between them dramatically effected the failure

loads and failure initiation depths, critical depth.
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APPENDIX A

CIRCULAR LOADS APPLIED TO A
CROSS ANISOTROPIC HALF SPACE
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X. Notations

RO «eveeeeeee Loaded radiuse.

f,o,z eveeses Oylindrical coordinates expressed in units
of the loaded radius.

U,W,V ....... Displacement in the respective coordinéte
directions. /

Or,0z,0e .....Direct stresses.

a,b,c,d,f ... Components of the elasticity tensor.

Eh ¢cieeeeee. Modulus of elasticity in the horizontal
direction. |

BV eeceees <.+ Modulus of elasticity in the vertical
direction.

Vh ceeceu.... Poisson's ratio (effect of horizontal strain
on complementary horizontal strain).

Vvh «........ Poisson's ratio (effect of vertical strain
on horizontal strain).

V%V’ ....... .. Poisson's ratio (effect of horizontal strain
on vertical strain).

E ceieeeees.s Modulus of elasticity (isotropic material).

ececeesres. Poisson's ratio (isotropic material).

Peeeeveeeoo. Uniform vertical pressure.
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II. The Interrelationship Between the Elastic Constants

a = Eh.(1-Vhv.Yvh). (1+Vh)~ . (1-Vh~2.Vhv.Vvh) ™)
b = Eh.(YheVhv.Yvh). (14Yn) 1. (1=Vh-3.Vhv.Vvh) ™~
¢ = Eh.Yvh.(1-Vh~2.Yhv.Yvh)™]

4 = Eh.Vvh.(1*Vh).(th)—q.(1—Vh—2.th.Vvh);ﬂ
III. Derived Elastic Quantities

2 = (a.d-c®c.f+f.(a.a)/2)/(2.£.4)

- (a.d-c?~c.£-f.(a.d)/2)/(2.1.a)

@ =¢-B

f =xX+B

IV. Values of Coefficients Gn, and Sn

(2.c+f).f;Q.f"q.(f—ﬁ)"ﬂ.(c+d.¢2)_1

¢l =

G2 = (2.c+f).7.¢.f“q.(f—Q)—q.(c+d.f2)—q
65 = P.(2.4.8%-1). (0-2) . (c+a. )™

G = B.(2.d.p%-£). 271 (F-p) T, (ctd. p2)T

G5 = 8.G3-c.0.G1

G6 = a;é4—c:f;Gé

§

G7 = b.G3-c.@.G1
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G8 = b.Gl4-c.P.G2

GO = f.B.(P-2)"

81 = (2.c+f).2.d.°<5.f“1.(c+d.c<2)"2

2

82 (2.c4f)e ¢ .f"q.(c+d.e<2)'1

I

2re.£). 271, (crd. 2) 2

S3 = ((2.c43.f-2.d. 022) de ot
Sh = (2.d. oc2ef).a. 27, (crd. oc2)
S5 = a.S83%+c.S9 N

S6 = a.84-Cc.o¢ .82

S7 = b.S3+c.89

S8 = b.Sh-c.ol .82

89 = (2.c+f).c42.(d.c<2—c).f"1.(c+d.c<2)"2

V. When r=0 the Integrals Are Given By

1200(§) = (§%+1) V25

il

T202(§) = 1-§. (§2+1)~ /2

T20n(§) = (§%41)7372

T220(8) = T222(8) = 1224(§) = O
r~1.1220(8) = 1202(§)/2
r~1.1002(8) = T204(8)/2
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VI. When 7Z=0 the Relavant Integrals Are Given By

[ F, (1/2,-1/231;27) . for r<1
: 2. 1 for » =1
1200(0) = 42 -
-1 -2
(2.7) - oF4 (1/2,1/23252 %) for r>1

r’l for <1
1202(0) = < 2l for r =1
O for r>1
=1
2 .r - for r<1
1220(0) = < 2~ for r =1
-1
(2.7) for r>1

VII. Stresses and Displacements Under the Loading Plate

2 is not restricted

It can be seen that the sign of B
by the strain energy conditions. Hence, for each loading

condition, -Seperate cases are considered as follows
N 5

B. Cross-anisotropic ; oge positive, 132 zZero

A, Cross-anisotropic ; o<« positive, 82 positive

C. Isotropic. (This is a special case of B (8%=0) in

which  =1)
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. . . L pl ey - .
A. Cross-anisotropic ; B~ Positive, Solutions of Stresses

and Displacements.

W = P.Ro.(-G1.TI200(#Z)+G2.TI200(P%))

U

]

P.Ro.(-G3.1220(@Z)+G4.I220(fZ))

M

I

1. (63.1220(82)~G4. T220(¢ 7))
Or = P.(-G5.T202(87)+G6.T202(f %)+ (a=b).M)
Jo = P.(-G7.1202(@%)+G8.I202(f 7)~(a=b).M)

Oz = P.G9. (4 1.1202(82)~ f1.1202(P2))

B. Cross-anisotropic ; 32 Zero, Solutions of Stresses

and Displacements
W = P.R0.(~81.1200(xx Z)~82.7.1202(<¢ 7))
U = P.R0.(83.1220(K Z)~S4.2.1222(cX 7))
N = 7. (83.1220(x 2) -84 . 7. T222(c%2) )
Or = P.(S5.I202(K Z)=86.%.I204( AZ)~(a~b).N)
Oo = P.(57.1202(;<Z)—88.Z.Iéo4(0<z)+(a—b).N)
Oz = P.(I202(X Z)+X Z2.T204(X Z))
C. Isotropic Case

The stresses, displacements are as for the case of
cross—anisotropic; 32 zero but with the following

“simplifications
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§1 = 2;(1—V2).E—q

S2 = (’l+‘p’).f‘2"/I

s3 = (149). (1-2.¥).E7]
st = (’\+V)E"1

85 = 1

56 = 1

-

88 = 0

89 = (14V). (1-2.¥).ET
oL =4

f = E. (’l+1/)_1

®. G
Yiiksekdgretim Kurulu
Tokiimantasyon Merkezf
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