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t.  METHOD FOR MEASUREMENT OF  STRESS  CHANGES 
DURING MINING OPERATIONS* 

By 

J. G. Buchanan, F. W. Marsh, and R.  C. P.  .Thurston**  

INTRODUCTION 

Arising from opinions expressed by the  Goal  Committee  of 

the Provincial Ministers of Mires Conference„ by the Alberta  .R(.3earch 

Council, and by  the Nova Scoti .J.  Research  Foundation, on  the  des.rabil-

ity  of a fundamental study  of  the causes of "bumps"  and  "outbursts" in 

certain Canadian coal mines, r.- -a  extensive investigation  was initiated  in 

the Mines Branch  of  the Department  of  Mines  and Technicz..1 Surveys with 

the broad objective of providinF  useful  information for the coal mining 

industry. Collaborating in this project are  mining engineers from the 
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Fuels Division, engineering physicists from  the Physical Metallurgy 

Division,  and  a  structural geologist from the Geological Survey of 

Canada. 	The directions along which the investigation i3 proceeding, 

together with some account of the progress made, were presented at 

a Coal  Division Symposium of the C,  I. M. M, in 1954 (ref. 1), 

The basis of the Mines Branch approach to the problem is 

essentially of an ex  i  erimental nature and involves the methodical ac-

cumulation of data from direct observations in va.rious mine workings, 

and their subsequent statistical evaluation, It was felt that this empir-

ical  approach would provide the most useful information regarding the 

behaviour  of mine structures, and would assist in proving or disproving 

some  of the rnany theoretical solutions advanced over the years, Of  the 

various methods developed  for  obtaining qualitative and quantitative  data 

underground, those  with which the authors were directly concerned  were 

designed to measure existing stresses and stress changes in  pillars and 

in  solid ground, and involved the use of ultra.sonics, electrical  resis-

tivity  techniques  and bonded electrical resistance strain ga.ut-,fes. The 

first two  of these  methods have shown promise of providing  useful in-

formation under certain conditions and will be described ,and discussed 

at a later date, but the purpose of the present article is to acquaint min-

ing engin.eers in general \.vith the potentialities of the strain gauge load 

cell method and to illustrate these by typical applications 
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It must be  pointed out that from the commencement of  the 

project the emphasis was essentially on the development of a load  cell 

for installation in coal mines with their associated and inherent safety 

requirements, but no reason exists why the final product, as described 

herein, could not be installed and used with equal if not greater suc-

cess in hard rock mines. In fact, one of the installation networks  cur-

rently being studied is in a Ca.nadian iron ore mine, and is already giv-

ing encouraging results. 

The basic requirements of a satisfactory load cell for inser-

tion in coal pillars or in solid coal were considered to be: accuracy, 

reliability over extended aeriods, ease of installation, simplicity in 

taking readings, portability of equipment,  and adequate safety precau-

tions. Of thesee all but the last apply Naith equal force to metal mining, 

the safety r_recautions being considerably less stringent in so far as the 

use of electrical devices  is  concerned due to the absence of  methane 

concentrations. The equipment envisaged  originally consisted of a cyl-

indrical metal cell  containing,  a load-bearing  member  and one or more 

strain gstuges; means  for  inserting the  cell  in  a bore  hole and  for trans-

mitting the los.d  from  the surrounding  coal  or rock to the  cell;  a  device 

for orientin,g  the  cell;  connecting leads;  and the measuring  instrument. 

With minor design changes  and materials  modifications  dictated by lab-

oratory  and field  experiments ,  the  foregoing system is essentially that 

now in use in underground installations. 
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The equipment to  be described satisfies the basic require-

ments outlined above, and ha.s dernonstrated its usefulness in the field 

to such an  extent that the authors feel it should be brought to the atten-

tion  of those interested in the design of mining structures, with the ob-

jective of increasin,g output and minimizing the accompanying hazards. 

The importance of the problem is em:phasized by  the  vast axnount of 

technical literature that ha.s been published during the years in Europe, 

South Africa, the United States and the U. S.  S. R0  •  and by the continued 

effort s  of numerous groups of investigators in ex, erirnental and theor-

etical approaches. Both the theory of rock or strata pressure in con- 

nection with mining excavations, and the stress distribution around 

single or multiple openings, have been examined by such investigators 

as Fermer, Duval, Van Iterson, Labasse, JaeiY,er and others (refs, 2, 

3, 4, 5 and 6 resi.-.iectively) and involve various assumptions. The 

opinion of the majority of workers in the strata pressure field, how-

ever, can be summed up in the words of Weiss (ref, 7)  who considers 

that "the most  important first principle is that all instruments must be 

placed inside  the rock mass within which the stresses accumulate"o 

It is also the authors' view that progress can best be made through  the 

collection and careful analysis of a multiplicity of experimental data, 

and it  is  for  these  two  reasons  that the following information  regarding, 

the Mines Branch load cell is now published, v, ,ith the hope that it will 

commend itself to other workers as a  useful, practical tool in the pre s 
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sent state of the art. Development work is still in progress and any 

subsequent improvements will be made available as and when they have 

proved themselves in underground applications. 

DESCRIPTION OF LOAD CELLS AND ASSOCIATED ECUIPMENT 

Preliminary experiments with electrical resistance strain.- 

gauges bonded directly to rock and coal specimens indicated that this 

approach to strain measurement \vas unsatisfactory. A suitable rnethod 

of utilizing a strain-sensitive metal structure to which a strain gauge 

was bonded, was therefore sought. The first so-called "load cell" em-

ployed in the investigation consisted simply of a uniaxial strain Eauge 

bonded to a short thin-walled magnesium be with cylindrical end caps ° 

 This load cell was imbedded in plaster of paris at the end of a short 

hole drilled horizontally into a coal block. The axis of the tube (and 

strain gauge) wa.s vertical, and the block was compressed in the verti-

cal direction in a universal testing machine. Readings taken from the 

strain gauge during compression of the block in.dicated that a linear, 

consistent relationship existed between strain in the load cell and load 

on the coal. Further develop:inent of a suitable load cell for use in 

bore holes in mines was therefore undertaken. 

At the outset it was obvious that assessment of stress in a 

single direction in a  z.line  pillars  or in ground adjacent to a mine opening, 

would be of little value., Since dependable rosette strain gauges which 

provide a  method of measuring the two principal strains, as well as 
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their orientation with respect to  a  fixed datum,  in  a plane, have been 

developed and are widely used, a "rectstngular"  rosette gauge  was 

chosen as  the  active element  for  the load cell., This gauge consists of 

three separate grids. so  arranged that two of  their  axes are at right 

angles,  with  the third making an angle of 45 0  with the other  two., A 

simple  but  time-consuming set of calculations  performed on  readings 

taken from the three grids (strain readings) in conjunction with the 

elastic constants of the  material on which the gauf.-le is mounted, give 

the magnitudes and signs of the principal stresses and their angular 

disposition with respect to one of the grid axes, The angle 	iS de- 

finedas the angle betvicenthe horizontal and the major principal stress, 

CT', measured counter-clockwise, A circular metal disc appeared to 

be  the most suitable component for the strain-sensitive element, and 

proved to be satisfactory in subsequent laboratory tests,  A 13ing1e 

gaui-ge, having a grid identical to each of those in  the  rosette,  and 

mounted on the same material as that of the disc, rnust be maintained 

free from mechanical strain, and placed in close proxirnity to the disc, 

in order to compensate for apparent strains due  to  thermal changes.  

A suitable method for orienting the disc, in a bore hole, to a known 

angle between, f.-lay, the vertical and one of the rosette grid axes, is 

necessary  in  order  to  fix  the prtncipal  strain directions, Finally,  since 

strain readings  depend upon  a  -very small  electric  curre.nt in the  grids, 

cornplete  moisture-proofing of  the  strain gauges and their associated 
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leads is imperative. All these problems, with the exception of the last 

mentioned, were easily overcome and although  a relatively dependable 

method of moisture-proofing  lias  been developed, better materials are 

still being sought. 

The functioning of the strain-sensitive disc in the  load cell 

depends, of course, upon its being ma.intained in intimate contact,  over 

its entire perii3hery, with the matrix whose strain is under observation, 

This condition was satisfactorily  met  by placing a quantity of a fairly 

stiff mix of cold-setting groutin,g material at  the end of a bore hole, and 

plunging the load cell into it (with the  correct  disc orientation), ensur-

ing at the same time that a.dequate material was provided to allow extru-

sion completely around the load cell. Observations made  both  in the 

laboratory and on  load cells which were mined out after installation  in 

bore holes up to fifty feet deep, indicate that the method is sound, Sev-, 

eral  grouting  materials have been employed, with retarding agents 

added to delay Getting  for a  suitable length of time, the mo..st satisfactory 

one  discovered to date being a mixture of pulverized na.tural minerals 

used in conjunction with  a  petrifying  fluid, and  sold under the tnLde name 

of "Karlenite". 

Strain readings consist of  a measurement of  the change  in 

resistance in each of the [,-,/rids of the rosette gauge r  the change in resis-

tance being prol;ortional to the change in strain on the disc, It is im-

portant to note that the principal strains, determined from these read- 



8 

ings, are two-dimensional, in the plane of the disc, and refer to the 

disc itself, not to the matrix. Stresses in the  matrix can only be  accur-

ately determined  when  the relationship between strain in a circular  disc 

of  given  material imbedded in the matrix, and stress in that matrix,  is 

lcnown. .Although this relationship has not yet been accurately deter-

mined for the discs and matrices employed so far, both theoretical  and 

experimental work done elsesvhere on the  problem  of circular  inclusions 

(ref.  8, 9)  suggest that a reasonable assessment  of the stress changes in 

a matrix ca.n be expected from  the  strain readings  of the load  cell, The 

resistance changes in  the  grids may  be  measured  with any one of a var-

iety of bridges designed for  the  purpose, the exact  type of  bridge and 

voltage employed being governed  by  working conditions and safety regu-

lations in the  mine  under study. 

Magnesium Load  Cell   

Figure  1  shows the general lay-out of a  magnesium alloy  load 

cell constructed at  the  Mines Branch, and  Fig. 2 is a  photograph of a 

completed cell with the inserter. A magnesium alloy was used  in  order 

to take advantage of its low modulus  of  elasticity, and  thus  obtain reason-

ably high strain-sensitivity with a large loaded  area  on  the  disco  Two 

discs were employed in order to simulate  the  condition of having the ac-

tive g,auge placed at the centre of a single disc, and  thus  reduce any anom-

alous stresses caused by the absence  of  constraint, in  the  bore hole,  at  

the outer edge of the disc. The orienting device in this load cell consists 



of a weighted insulated pendultun, suspended between two contacts placed 

very close to the pendulum arm. During installation the load cell is ori-

ented by rotating it until the pendulum is free of  the contacts, as indicated 

on a voltmeter in series with a small voltage  applied between the pendulum 

and contacts. Some trouble has been experienced with  corrosion of the 

contacts when the cells  are  stored  for a  time before installation,  and 

safety regulations in coal mines dictate the use of a very small voltage, 

In improved orienting device has therefore been developed, which em-

ploys an inverted "U" tube, partially filled with a conducting liquid and 

carrying a pair of contacts at the highest point of the inverted "U". Be-

fore being placed in service, the load cells are roughly calibrated  in a 

small hydraulic  press  to check their uniformity,  and to minin-lize hyster-

esis effects. For use in mines  where magnesium alloys are forbidden, 

a steel load cell has been constructed, employing  a  reduced section for 

the disc, which is integral with the tube. Electrical cables for the load 

cells are cut to pre-determined lengths and connected to the gauges  and 

orienting devices, and the cells are then sealed witlymoisture-resistant 

compound before shipment to the field. Both magnesium and steel load 

cells have been installed in concrete blocks to study (a) their behaviour 

when the blocks are subjected to unidirectional, unconstrained loading; 

(b) the repeatability  of readings  for  short -terrn  loading;  and (c) the  effects 

of the grouting material, during setting,  on the strain  readings. These 



-  10 - 

laboratory studies have been encouraging. In particular, results of (a) 

showed that the load cell indicates a major* principal stress propor- 

tional to the stress applied to the block, and vrithin a few degrees of its 

orientation, while the minor* principal stress is approxirn.ately zero, 

as would be expected. Long term stability of an un.strained load cell 

has been found to be quite satisfactory. Results  of these laboratory 

tests, as well as those obtained from several mine installations, sug-

gest that the load cells provide a promising tool for the assessment of 

stress variations around mine openings. 

Grouting and Installing Tools - 

Figure 3 shows a cross section of the device used to deposit 

grouting material at the end of a bore hole, and a dismantled unit is 

shown in the photograph, Fig. 4. It consists of a thin-vralled steel cyl-

inder large enough to accommodate the required volume of material for 

satisfactory grouting, and a i;iston for ejecting the material at the end 

of the bore hole. The assei-nbly is inserted by means of a set of magne-

sium alloy or steel rods, joined to the piston rod. When the cylinder 

reaches the end of the hole, the rods are rotated counter-clockwise until 

the pin drops through a slot, allowing the piston and stop rod to move 

forward slightly, the stop rod resting a.gainst the back of the bore hole. 

The cylinder is prevented from turning.during this operation jby teeth cut 

In  this work, compressive stresses are considered  to  be positive 
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in its open end gripping the end of the hole. The cylinder is now with-

drawn over the piston, by means of a cord or wire, and then the entire 

assembly is removed, leaving the grouting material at the end of the 

hole. The stop rod is incorporated merely to prevent the piston from 

moving forward and becoming imbedded in the material after the cylin-

der has been retracted, and thus withdrawing some of the grouting 

material when the whole assembly is removed. A pair of light, hinged 

doors arranged to open outwards, is placed at the open end of the cylin-

der, just inside the teeth, to prevent dust and debris from being picked 

up during insertion, absorbing moisture from the outer layer of the 

grouting material, and thus causing partial premature setting of the layer. 

The rods used to insert the cylinder assembly are also used 

for inserting the load cell. Installations made both in the laboratory and 

in actual bore holes up to 50 feet deep indicate that this installation tech-

nique is fairly rapid, simple, and provides the necessary intimate contact 

between the bore hole and loa.d cell. 

APPLICATION OF CELLS TO PROBLE/vIS OF MWSUREMENT 

The limitations of the cells,  j, e. (1) their ability to nieasure 

in one plane only and (2) the fact that they only record the increase in 

stress after installation, impose severe restrictions upon the placement 

of the cells and cause some difficulty in the interpretation of thei r  results 0  

first exarained, these limitations appear  to  restrict the  applications 

of the cells to  a  point where they 1.vould not be sufficiently useful to justify 
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their installation, but in fact they can be employed to give much helpful 

engineering information about stresses in mining structures. 

The first of these limitations requires  that the  cell be placed 

in a hole drilled in such a direction that the plane  of the  cell lies in the 

plane in which one is n-zost interested, or, if required,  two  cells must 

be  placed close to one another but in holes drilled  at right angles to  one 

another to give more complete information about the stress at a point 

Also, in practice,  an  atteznpt is made to keep the plane of the active 

disc parallel to a principal plane of stress in the ore, This is deE;irable 

because of the uncertain effect of stresses falling on the cells at an angle. 

The second limitation requires that the cells be installed be-

fore the change in stress which is to be measured takes place. Often 

this is impossible, but each case must be examined individually. 

With these two limitations in mind, consider the application 

of the load cells to the problem of stress around a single, horizontal 

mine oirJening. Figure 5 shows three possible ways in which the cells 

could be placed to measure the influence of a single mine opening., In 

all cases, of course, there must be an existing mine opening r,,ithin 

drilling distance of the region to be studied. Figure  5(a)  shows the case 

where parallel openings are being driven, one in a.dvance of the other, 

and where the distance between them does not prohibit drilling.  Ideally 

they should be sufficiently far apart so thz.vt the region of influence of  the 

existing opening does not  overlai:,  the el.-pected stress distribution of the 
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advancing opening, This precaution is difficult to observe because the 

region of influence before the measurements are made can only be esti-

mated from theoretical considerations. In this example, information 

will be obtained about  the  vertical stress, and about the horizontal stress 

parallel to the a)ds of the  opening, but  the  horizontal  stress perpendicu:î.i.i‘: 

to the o i-Jening will not be measured. Figure 5(b) shows a method whereby 

the  perpendicular stress is me.asured  but  the stress parallel to the open-

intg is not. Here, the cells are installed  in  holes of equal depths drilled 

from an existing oi:›ening which is to be intersected by the opening  in  ques-

tion, in practice, the  arrangement  of Fig, 5(b) gives the most useful in-

formation, since the horizontal component perpendicular to the opening 

is considered to be the governing stress  in  studies  of  rock-bursts  and coal 

outbursts (ref. 71e The third example, in Fig. 5(c), is a more complex 

case,  but nevertheless interesting. Here, cells  are  installed at various 

depths  in holes drilled perpendicularly to the opening to be studied, and 

subsequently the area  cornes  under the influence of nn extensive extrac-

tion., The -abutment stress due to the large onenini,Y, falling upon the nar-

row opening will distribute itself about  the openin.g  and be measured by 

the cells. There are  certain objections to this„  for example: (1) the abut-

ment stress is not necessarily of the same nature  as the original over-

burden stress; (2) the abutment  stress does not usually distribute itself 

in  the sarne manner as the original  stress .  The points in favour of this 

technique  are: (1)  the drilling is much shorter ?  and (2) usually very high 
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stresses are associated with this type of mining, thus ensuring  that  the 

cell readings are substantial. Also, of course,  there  are occasions 

..vhen precisely the information given by this a.rrangernent (narnely,the 

increases in stress due to the approach of a face)  is desired. 

Stresses due  to  extensive extracted area,,s  can  be measured 

in  a  similar  manner to that described above,  Figure 6 illustrates  two 

methods by which this can be done for areas lying essentially in the hori-

zontal plane, Figure 6(a) shows a method that can  be used  to  measure 

the stress influence ahead of a face which is retreating in the direction 

of the development openings.  The cells installed from the opening pa.ral-

lel to the face give the required infornaation, except for the horizontal 

component perpendicular to the face.  If  considered necessary, cells 

tcould be installed from the openi g which runs perpendicularly  to  the 

face. In the case of an advancing long wall where no openings exist ahead 

of the face, there is little that can be done except  to  drill very long holes 

ahead of the face,, However, in one interesting case, where there is a 

seam being .,-.7orked below the aeea concerned, use can be made of any 

openings that lie under the area which is to be rnined (ref, 10)0 Figure 6 

(b) illustrates how this  vas donc  by Dowance and Tincelin in their study of 

stresses in iron ore mines in France, using extensometers on the side of the 

opening, below the area which was extracted durin.g the course of the test. 

They observed the advance of the stress abutments and, in addition si observed 

the reconstitution of stress in the excavated  area as the roof settled. 
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This technique could also have been used with strain gauge load cells. 

Although what has been said here applies to horizontal ex-

cavations, the same statements would apply  to  gently dipping deposits. 

In these cases, the holes are still drilled horizontally  (with  a slight  up-

ward tilt to aid the run-off of drillings). If the holes are drilled along 

the strike, there is no change from the flat case, but where the cells 

are installed in holes drilled normal to the strike, they will often  ter-

minate either above or below the seam. 

_As an example of their application, a description is given 

here of an experimental installation of steel cells in a flat lying coal 

sea.m in Western Canada. Figure  7  shows how the cells were installed 

with respect to the excavated areas, and the progress of  the  mining, 

Cells  4,  5, 6, and 8 were installed to measure the stress around the 

opening marked 7. Cells 9 and  10  were installed as a rough check on 

the first group in a different portion of the pillar. Cells 2 and 3 were 

installed to observe the advance of the stress  abut  ment on the other 

side of the opening. In the system of mining used,  the central pillars 

are  not mined, therefore cells 4 to 10 would continue to  record the loads 

on the pillar when the pillar extended as a peninsular abutment into the 

gob. It was desirable to discover if and when the load  on this plilar  de-

creased, thus indicating  the  commencement of major subsidence., 

While  a cornplete analysis of this work cannot be  given here, 

a  few  interesting results  can be presented as examples of  the  type  of  in 
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formation which can be obtained from the cells. Figure 8 shows the re- 

sults from cell 2 which was installed on the right hand side of 7 Butt at 

a depth of 5 feet (which depth proved to be within.the relatively de-stressed 

zone). The results are shown plotted against time in days, stress in the 

steel disc being plotted as an ordinate. The stress condition is described 

by two principal stresses(/' and cr2  and the angle ft as explained pre-

viously. For practical purposes, the dilatational stress-shea.r stress in 
 

terpretation is often useful. In this case, the mean line between ei  and 

0-2  represents the dilatational (hydrostatic) component en. 	Cr2  
2 

whereas half the distance beta een Cri andCrz  represents the shear stress 

..:Cr2 	An examination of Fig. 7 reveals the history of cell 2; how 

it was approached by the rooms, and left in a small sacrifice pillar of 

coal. Examination of the results shows: (1) how the cell was subjected 

to relatively  si alli.--,tresses until the approach of the extraction; (2) the 

increase in stress (especially a very high shear stress), accompanied 

by the changing of the angle f, to values near 90 (vertical loading), 

when the cell was left in a pillar formed by an outbye room; (3) the de-

crease in stress (presumably when the pillar failed due to the high 

shea.r stress); ancie finally,  (4) the  gradual rise in stress  with little 

shear stress existing.  .  This picture of the  failure  of a block of coal is 

consistent with  the general  ideas  formed from  theoretical rock  pressure 

studies, i.  e, that  failure takes place whenthe shea.r stress  becomes suffi-

ciently high compared with  the  normal  stress  (ref.  2).  Theoretic.-.11  work 
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also indicates that the stress reaches a maximum at come distance into 

the wail of the opening, Although insufficient celle were availa.ble to 

obtain a continuous set of values at various depths into the \vall, it was 

found that the cells that were installed at depths greater than 5 feet were 

subjected to higher loads than those in the shallow holes.  Figures  9 and 

10 show the results from cells 6 and 10. The fact that the shear stress 

is relatively sre.all agrees with the theoretical view that etremely high 

stresses such as these must consist largely of dilatational stresses as 

opposed to shear stresses In the case of cell 6, the stresses quickly 

exceeded the yield point of the steel, and calculations beyond that point 

\vere not made, because of the non-elastic behaviour. This overloading 

can easily be avoided in future by malting cells with thicker discs when 

they are to be used in high-stress areas. 

Referring once more to Fig, 8, which illustrates the results 

from cell 2; the data obtained showed a distinct unloading effect when the 

pillar crushed. This illustrates an advanta.ge which cell measurements 

have over.mea.surements of deformation of the rock or  coal itself, hen  

a material is crushed and  then unloaded„ it doe.s not return to its  original 

size, but the load cell, operattng within the elastic range of stresses  in 

the disc, will always show unloading despite the plastic or broken condi-

tion of the surrouncTsing material, 
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The correlation between the stresses in  the cell disc  and  the 

actual stresses  in  the  rocks has not been explored fully as yet; the lab-

oratory tests performed thus far indicate that the stresses in  the  rock 

can be obtained by dividing the stresses in the  steel disc by  a  factor of 

about 10, the angle fbeing  unchanged. This factor will change con-

siderably for different cell  designs, but it is hoped that  a  design will be 

achieved which will be relatively independent of the rock substance., 

In the examples quoted here, it is fully understood that the 

resultant calculated stresses  are somel.vhat  removed from  the actual 

stresses existing in the rock, 3.nd also that the precise degree of dis-

agreement is not fully kn.ol.vn. In addition, of  course 	is the limit- 

ation that the cells do not read the existing stresses at  the time of instal-

lation. It is believed, however, that it is still possible by intelligent 

location of the cells to establish such useful engineering  information as: 

(1) the extent of influence of large and small excavated areas; 

(2) the  distance of  the peak stress from the boundary of  the 

excavation  under various degrees of loading  and  times of 

application  of load; 

(3) information regarding the type  of  stress  which is existing, 

e, g0 the relative amounts of hydrostatic and shear stresses. 

With information  cl):*.  this type available it should then be pos-

sible to place the design of mining structures upon a more  rational basis. 
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SECTION 8.13 	 SECTION C.0 

LOAD CELL 
GENERAL LAYOUT 

OF PARTS 
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MI  A-  
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le_.7  AZ- 1-X  DISC 	  
- 	
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W_M  Z- 31-X BLOCK 
6 	COMPENSATING GAGE  
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PIVOT  PIN 
CON TACT ARM  

 IC , FIXED CONTACT-.  

	

AZ-31-X DI SC 	 

	

2 tABLE  CLAMP 	 
13 CLAMP  BRACKETS  

1 4  ARM WEIGHT   

(Page 20) 

Fig. 1. 

CONSTRUCTION OF MAGNESIUM ALLOY  LOAD  CELL. 

Fig, 2, 

O 	 MAGNESIUM ALLOY LOAD CELL WITH INSERTER, 
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- 

Page 21) 

CONSTRUCTION OF GROUTING TOOL. 

Ime 

11111111011•10mnip  
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• 

GROUTING TOOL  DISMANTLED. 



mine alter Installation  
41 	  

77-211111EZ77777_Z77  
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influenced by existing opening 

(a) cells 

otter installation 

(b) 

large extracted am 

influenced 
ge extraction 
\ \  

influenced by 
large and small 
extractions 

(c) 

extra Cod 

(b) 

level Tit or...Teas:4—  seam"--"--"R  
m ensuring points 

SIDE 
VIE* 

(Page 22) 
5 . 

PLAN VIE1'.. SHOUING THREE METHODS OF MEASURING 
STRESS  DISTRIBUTION  ABOUT A SINGLE HORIZONTAL 
MINE OPE.NING. 

Fig. 6. 

PLAN VIEVJ SHOWING riiI0 METHODS OF  MEASURING STRESS 
DISTRIBUTION  ABOUT  LARGE HORIZONTAL EXTRACTED 
AREAS,. 
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RESULTS PROM LOAD CELL  #10. 

JGB:FWM:R.CAT.JIPES)LB. 

• 




