MISSOURI

CURTIS LAWS
S&l WILSON LIBRARY
MISSOURI UNIVERSITY OF SCIENCE AND TECHNOLOGY SCho I a rs' M i ne
Masters Theses Student Theses and Dissertations
1947

The effect of temperature on mine rocks

James Wilson Snider

Follow this and additional works at: https://scholarsmine.mst.edu/masters_theses

b Part of the Mining Engineering Commons
Department: Mining and Nuclear Engineering

Recommended Citation
Snider, James Wilson, "The effect of temperature on mine rocks" (1947). Masters Theses. 6668.
https://scholarsmine.mst.edu/masters_theses/6668

This thesis is brought to you by Scholars' Mine, a service of the Curtis Laws Wilson Library at Missouri University of
Science and Technology. This work is protected by U. S. Copyright Law. Unauthorized use including reproduction for
redistribution requires the permission of the copyright holder. For more information, please contact

scholarsmine@mst.edu.

www.manharaa.com


http://www.mst.edu/
http://www.mst.edu/
https://scholarsmine.mst.edu/
https://scholarsmine.mst.edu/masters_theses
https://scholarsmine.mst.edu/student-tds
https://scholarsmine.mst.edu/masters_theses?utm_source=scholarsmine.mst.edu%2Fmasters_theses%2F6668&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/1090?utm_source=scholarsmine.mst.edu%2Fmasters_theses%2F6668&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholarsmine.mst.edu/masters_theses/6668?utm_source=scholarsmine.mst.edu%2Fmasters_theses%2F6668&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:scholarsmine@mst.edu

THE EFFECT OF TEMPERATURE ON MINE ROCKS
BY -

JAMES W. SNIDER

A
THESIS
submitted to the faculty of the
SCHOOi'i OF MINES AND METALIURGY OF THE UNIVERSITY OF MISSOURI
in partial fulfillment of the work required for the
Degree of
MASTER OF SCIENCE IN MINING ENGINEERING
Rolla, Missouri

1947

MsMm
HISTORICAL
COLLECTION

) p@_?m

alnna.n,‘ Department of Mining Engineering

ol LN EJI_i.Ll

www.manharaa.com




TABLE OF QONTENTS
Page

ACKnOWledgementS g s &
Iist Of illuStrations AR BS A R EESI R AR EEE R R EZR A A N A AN E R AR A EREENE N XN RN 4 iii

Iy

LiSt Of tables (AN S AN NEEEX NIRRT NN N Y R XINERY FEFREEY PRERINENENERENEIEE XSRS ENERNY) lv

Introduction

PG 0O 0000000000000 00000 ¢TI NCEeIOVLROIPEFCPREROIOIOBDPLIOIOGBROIOTROITARPOIEOGS

Review of literature

(A AN ENERNANREERNEEAE RN EERE EE SN EANEAY NN EEAE NS AR E NN N X

Determination of coefficient of thermal expansion

TS OFNOCUBSLOPLEOQPIOEPOS

Preparation of SMPles $000000000000000000000000000060600000000 00

OO0 0 W

Furnace and aCCeSSOTIieS ..eeeeessccevsssccsscsssossnsocscctscsose
Calibration teStS ..iuieeeeeeaseesncseseecccseseasocesasscosanes L2
Test ProCedUIe ,.cecceeccosvsccecscecsscosascscosoccconscccrcnre 13
RESULILS ceeeeeceesesossscseccscesscassescscssscsssccscsessscone 13
Determination of the percent permanent €longation ., .....eeececessss 2B
Permanent €longation testS .eecessescssssccsccsocvsccccscscves 27
RESULLS ¢ oooencsosocscecncsesncccssresssssocsasosonssosscscnase 27
Determination Of POTOSILY eeeececcscccscscssscescesssosssascosssaccss 32
Test ProCeQUI® seececcoscscsoveocsscscssscccsoscrscrscvsscscnrass 33
ResultS ceeeovccccscorosscecncosccssecnscssccccssessvssccsncnsse 35
Determination of permeabilily ...eeeeeeesessececccsecocescoscsscnse S0
Permeability LESES . yuuu.eersesnresscesessanssossasersansonnane 7
43
L5
L8

Restllts..'.'........'.........'..O......."....Q.....Q..'Q....

COHCluSions IFEENEEEEREEEIEEEENEEES N EEEE RN NEEERRE S RN N AN XN ERNN NN RE X J

Appendix A 000 OO PG ODP L2 0DIDSCOLQCOEOD VOIS LOGESO SO CPOOSOEOENRISOINTSTSCOBRILBIIDIIEES

. 0
Blbliography GO GO O O 2000000t PO P®NEOTPPOBe00000 00PN SNLOIOGYS 5

www.manaraa.com



ii

ACKNOWLEDGEMENTS

The writer wishes to express his appreciation to Dr. J. D. Forrester,
Chairman of the Department of Mining Engineering, for suggesting the pro-
blem and for his consultation and advice given during this investigation.

The author is also indebted to Dr. P. G. Herold, Professor of Ceramic
Engineering, to Mr, F. A, Graser, Associate Professor of Petroleum Engi-
neering, to Mr., K. E, Born, Assistant Professor of Geology, and to Mr.

T. J. Planje, Instructor in Ceramic Engineering for their advice on one or
more phases of this investigation.

Acknowledgements are also due to the Department of Mechanical Engi-
neering for the construction of the furnace egquipment and the use of mea-
suring instruments, and to Mr., Walter lewis who gave assistance in pre-

paration and collection of the samples.

www.manaraa.com



LIST OF JTLLUSTRATIONS

Figure Page
1 Furnace and accesSOries ee.seeeseesrcscrscvosesvsesescccsces 88
2 Temperature gradient in the furnace .eev.ececcsccccresceses 123
3 Current and heating rate relationship ...cececeveeceassesss 12b
L Schematic diagram of permeability testing apparatuS ....ee. A4l

Plate
I. Thermal expansion curve, SANDSTONE ...cceeecesecccccccacees 17
II. Therml eXpanSion Curve’ SANDS‘I‘ONE ® e SO e OOV IOEROIBEINS 18

ITI. Thermal expansion curve, DOIOMITE ....cececevscesarcosscence 19

Iv. Thermal expansion curve, DOLOMITE ...ccecceceoscascseccaccs 20
V. Thermal expansion curve, LIMESTONE ..ecvoveeecenceconsnsaes 2L
VI. Thermal expansion curve, LIMESTONE cv.vevecerccscococensces 22
VII. Thermal expansion curve, DOLOMITE ..,eccecsecssacscsscecese 23

VIII. Thermal expansion curve, SANDSTONE ....ccecccesocsosccescse 2k
IX. Thermal expansion curve, SHALE ..sceccecesescocncesssscecee 25
X. Thermal expansion curve, GRANITE s.cecevcecsesscncccoccssss 20
XI. Thermal expansion curve, PORPHYRY .eeesescsvecscccsccsccsos 27

XI7T. Permanent elongation CUIVES .ecececvescscscscssssesescscsss 30

www.manaraa.com



iv
LIST OF TABLES

Table Page

J. Coefficients of thermal expansion arranged according to
percen‘bages Of 811iC8 eeececsscoosccsccsosscsosonrssasecse lf

II. Average coefficients of linear-thermal expansion of rocks
from various SOUICES eceeessecsescssssscsocascssscoscscsos 7

II. Samples data sheet used for thermal expansion tests .eee.es 15
IV. Data sheet for porosity t€stS eceeececccccssceccccosscssscss 36
V. Data sheet for permeability teSt5 seeeccecocesscscsaaccesce bl

V'I‘ Tab‘ﬂ.ated I'QSUItS IEERNEEETNENSFEEERENEEN B NN EEREEN EREEXNE N E R R NN 47

www.manharaa.com




INTRODUCTION

The problem of this investigation involves the determination of the
coefficients of thermal expansion of mine rocks, and the relationship of

porosity, permeability, and consecutive temperature changes to the per-

manent elongation of those rocks.

One of the major problems in mining today is that of the analysis of
the action of exposed mine rock under changes of temperature. The immediate
cause of a fall of ground in a mining excavation is duve to the fact that

some part of the mass that falls has been subjected to a stress beyond the

strength of the rock. The question arises as to what changes occur in

these exposed rock masses to cause the rock to fall, Frequent temperature
changes may be one of the causes.

The exposed rock of the roof contracts and expands with changes in
temperature of the air in the mine, Stresses are applied to a rock as a
result of the changes in temperature, and strains develop as a result of
the contraction and expansion, The rock will crack and slough when the
amount of total stress applied to it exceeds the breaking strength of the

rock,

The values of the coefficient of thermal expansion established in
this investigation may be applied to rocks of the types tested here. The
amount of movement in the rock can be estimated by the use of the values

determined.
The effect of consecutive changes in temperature of rocks is also

studied in order to determine the relative permanent change in length of a
rock in one direction.

The coefficient of thermal expansion and the amount of change in

www.manaraa.com



length of a rock may be governed in some manner by the porosity azid the
permeability of the rock; therefore, porosity and permeability tests are
made to determine whether or not this relationship exists.

Eleven different samples of rock were studied in this investigation,

Y
six of which were tested by Lewis for mechanical properties.

1/ Lewis, W. E,, Mechanical properties of mine-rock. Thesis, Missouri
School of Mines and Metallurgy, Rolla, Missouri. 1946. 137 pp.

TN
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REVIEW OF LITERATURE

A few previous investigations have been made to determine the co-
efficient of thermal expansion of rock. The purpose of the majority of
these was to determine expansion data on the type of rocks used in build-

2/
ing practice. In a study by the U. S. Bureau of Mines, however, the main

2/ Hartman, I., and Greenwald, H.P., Effect of changes in moisture and
temperature on mine roof: U.S. Bureau of Mines, Report of Investigations

3588, 1941, 4O pp.

objectives were to determine the relative importance of humidity and temp-
erature changes on the expansion and contraction of mine-roof rock samples
of a coal mine, to determine the stresses that might result from these
changes, and to correlate this information with the physical properties of
the rocks.

3/

Griffith, in his investigation, determined the coefficients of expan-

3/ Griffith, J. H., Thermal expansion of typical American rocks: lowa State
College Engineering Experiment Station Bulletin 128, 1936. 36 pp.

sion of 100 typical American rocks used for building purposes. The rocks
were tested through a moderate range of temperatures which are usually en-
countered in building practices. He showed the relationship between the
average value for expansion coefficients and the percent silica of the
different types of rocks (Table I). Griffith used a multiple-unit electric
furnace with microscopes to read the expansion of the rock. His samples

averaged 4 inches (10 cm.) in length, and the rate of heat application was

200 to 300 Deg. F. (111 to 167 Deg. C.) per houf;/
A
An investigation was carried out by Westman to determine the thermal

L/ Westmany A« E. Rey Thermal expansion of fireclay bricks. University of
I1llinois Experiment Station Bulletin 181, 1928, 130 pp.
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Table I
Coefficients of Thermal Expansion Arranged According to Percentages of Silica¥

Type of Rock Coef. of Thermal Expansion $°F.) Average Equivalentsit: Percent

Multiply numerals by 10~ from(2) (°c.) silica

(1) (2) 3) (4) (5)

Cherts, quartzites  64,67,61,60,55 61 11.0 L
Sandstones 1-&7,57,37:56,63,55,55’65)51,59 514» 9-7 8’+
Granitoid rocks hl,h5,3h,1+9,36,19,1&7,52,39,38,

66,41,45,29,58,50,56,37,37,60,

37,42,28 L3 7.7 66
Slates 49,45,49,35 A 7.9 61
Andesites 23,25,39,57 36 ) 6.5 58
Gabbros, basalts and 26,22,33,26,35,35,31,30,20,50 . 31 5.6 51
diabase ,

# After J. H. Griffith. page

¥% The values in Column (4) have been converted by the writer in order that a comparison can be made,
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expansion of fireclay bricks, which have average chemical properties ap-
proximately the same as those of the different rocks. Westman used a
furnace similar in design to the one used by the writer which is described
below, and he used a dial gage to measure the incremsnts of increasing
length of his spgcimens. His specimens measured 1 inch in diameter and 9
inches in length, Westman illustrated the variation that exists between
the expansion coefficients and the silica and the alumina percentage in
fireclay bricks, His values of the coefficients increased as the percent
of silica increased, but as the percent of alumina increased the values
for the coefficients decreased.

5/

Reade determined expansion coefficients of rock by using an ordinary

5/ Reage, T. M., The Origin of Mountain Ranges. TFhilosophical Magazine.
1886.

oven and measuring the length of the specimens with a venier caliper both
before and after heating. He took the mean of several readings as his
final result, and he presented this value to represent the average expan-
sion for all rock., The lengths of Reade's specimens were approximately 15
inches.

&
Hallock used a comparator method involving the use of a micrometer

§7 Hallock, W. Preliminary notes on coefficients of thermal expansion of
certain rocks: U. S. Geological Survey, Bulletin 78, 1891. pp. 109-118.

microscope. He heated his specimens in a water bath whose temperature
ranged from 20 to 100 Deg. C. He observed that after two or three con-
secutive heatings a permanent condition was reached in the length of the
rock. He also cobserved in other runs that at a temperature of 100 Deg. C.

thenlengthyof sthenrockywas practically constant.

www.manaraa.com



7/
An investigation was carried out by Wheeler to determine the relative

7/ Wheeler, N. E., On the thermal expansion of rock at high temperature:
Transactions of the Royal Society of Canada. 34 series. Volume IV.

expansion of a certain nickel-steel alloy, and of granite and diabase up
to a comparatively high temperature. The specimens used by Wheeler mea-
sured 20 cms. in length with a diameter of 2.4 cms. The specimens were
heated six times to about 1,000 Deg.C., and the differences in the values
of the expansion coefficients for each successive heating were illustrated.
Wheeler also illustrated the relationship between the permanent expansion

of each specimen after each heating and the number of consecutive heatings.
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Table II
Average Coefficients of Linear Thermal Expansion of Rocks from Various Sources
(Range from °C. to 100°C.)

Coefficients of thermal expansion (multiply numerals by 10”6) Authority
Granite Limestone Sandstone Slate Porphyry
(1) | (2 (3)% (L)% (5)
709 7'9 907 8.1 505 v Griffith (a)
7.2 8.1 9.9 10.6 Merriman (D)
6.5 5.0 9.4 9.4 U.S. Arsenal (c)
8.9 Reade (4)
17.1 8.7 Bartlett (e)
9.1 heeler (f)
9.2 Tk U. S. Bureau of
Mines (g)

#These values have been converted by the writer to expansion expressed per degree centigrade.
(a) Griffith, J. H., op.cit., p. 27.
(b) Merriman, M., ed, American Civil Engineers! Pocket Book. lst ed., John Wiley & Sons, Inc., New York., 191l

(c) Withey, M. O., and Aston, J. Johnson's Materials of Construction. T7th ed., p. 614, John Wiley & Sons,
New York. 1930.

(d) Reade, W., op.cit.
(e) Bartlett, W. H. C., op. cit.
(f) Wheeler, N. E., op. cit.

(g) Hartman, I., and Greemwald, H. P., op. cit., p. 20
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DETERMINATION OF COEFFICIENTS OF THERMAL EXPANSION

The coefficient of thermal expansion of a substance is expressed as
the increase in length per unit length per degree rise in temperature.
This coefficient has different values for different substances, and for a
given substance it varies somewhat over different temperature ranges. It
is expressed in units.of the Erxglish system as inches per inch per degree
Fahrenheit, and in the metric system is expressed as centimeters per centi-
meter per degree centigrade. The metric system is used in expressing the
values determined in this analysis.

The apparatus used to make the temperature tests of this investigation
is shown in Figure 1, and it is also described below. The test procedure
described below is a relatively simple method and was suggested to the

writer by Dr. P. G. Herold.* More precise measurements on smaller specimens

% Personal Communication Dr. P. G. Herold, Professor of Ceramic Engineer—
ing, Missouri School of Mines and Metallurgy, Rolla, Missouri.

using an interferometer might present a more exact approach to the problem,
y .
but two groups of observers at the National Bureau of Standards working

8/ Souder, W. H., and Hidnert, P., Measurements on the thermal expansion
of fuzed silica, National Bureau of Standards, Scientific Paper No., 524,
Washington, D. C., 1927.

independently and simultaneously on the same materials found the resulting
curves for expansion coefficients were practically identicai by either
dial gage or interferometer, and that certain advantages in one are com~
pensated by those in the other.

The temperature range of the thermal expansion tests is between O and
200 Deg. C. (32 to 392 Deg. F.). The values for the coefficient of thermal

expansion for each sample are calculated from observed readings. Two values

www.manaraa.com
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are determined: the first, between O and 100 Deg. C.; the second, between
100 and 200 Deg. C.

Preparation of Samples

All specimens are prepared for testing by cutting them to uniform
sizes (6 to 9 in. in length with a cross-section approximately 3/8 by 3/8
in.), parallel to the bedding plane in the sedimentary rocks. Samples of
rocks that appear to be comparatively free from joints and fractures are
selected for the tests., The harder rocks are broken by a hammer and chisel
to dimensions that can be easily handled on the platform of a Felker DI~

3
Met cutting machine , and the softer rocks are first cut with a hack saw.

¥ Felker Manufacturing Company, Torrance, California.

The cutting machine is equipped with an 8-inch diameter DI-Met Rimlock

bladg. The careful preparation of each specimen is an important factor in

governing the reliability of test data,
A hole, 0,06 inches in diameter, is drilled into the side of each

spegimen at the center to provide a place for the insertion of a thermo-
couple hot Junction.

The end faces of each specimen are ground flat with carborundum dust,
and the working lengths of the specimens are measured with a vernier caliper
reading to 0.01 inches. These measurements are converted t0 centimeters.

Furnace and Accessories (Figure 1)

An 18-inch externally wound electric tube furnace was designed for
this investigation to operate at 110 A.C. through a temperature range of
500 Deg. C.

The outer shell of the furnace has a 10 5[8 inch outside diameter,

18 3/4 inch length, and is made of 1/k inch steel. Insulation is provided

at the top and bottom by a circular piece of l-inch transite, Diatomaceous

www.manaraa.com
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earth was used to insulate the alundum core* and the winding from the out-

% Norton Company, Worcester, Massachusetts

side wall,
A simple electric circuit consists of a Weston ammeter (O to 5 amps),

a variable rheostat, and the Nichrome V wire¥¥ heating element wound around

#¥% Driver-Harris Company, Harrison, New Jersey.

the Alundum core,
A chromel-alumel therocouple was used in conjunction with a Leeds and

Northrup potentiometer indicator##¥# reading in milliwlts. This potentio-

35% Leeds and Northrup, Inc,, Philadelphia, Pennsylvania

meter indicator has an adjustable reference junction compensator; when the
potentiometer is used with one of the standard types of thermocouples, the
instrument will read directly without adjustment for a reference junction
temperature provided that the room temperature is constant. The room
temperature remained nearly constant throughout the length of each run and
was measured with a standard centigrade thermometer., A conversion table
for a chromel valumel thermocouple is used to convert the millivolt readings
into degrees centigrade.

A Starrett extensometeri# reading to 0.0l mm., is used to measure the

% L, S. Starrett Company, Athol, Massachusetts

increase in length of the rock. This gage is mounted on a support that is
clamped to the top of a vitreous silica saddle. This saddle fits inside
the core of the furnace and rests on the transite bottom piece. A rod and

a pedestal, also made of vitreous silica, are placed above and below the

specimen respectively.

www.manaraa.com
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Calibration Tests

The first calibration test was made to determine the temperature gra-
dient between the region at the top of the specimen and the region at the
base of the specimen (points F and I in Figure 1.). Two calibrated centi-
grade-thermometers were used to take the readings. The average temperature
difference between these two points was 1.9 Deg. C. Figure 2 illustrates
graphically this difference. The temperature of the samples was measured
at the center of the specimen and should therefore represent the average
temperature between the top and bottom of the specimen.

A second test was made to determine the relationship between the amount
of current flowing in the heating element and the rate of temperature rise
inside the furnace (Figure 3.). The amount of current supplied to the
heating element was controlled by the rheostat. A current can be chosen
from thé graph in Figure 3 and then set by the rheostat to the heating
rate desired., A heating rate of approximately 120 Deg. C. per hour is
used for all thermal tests in this investigation.

A third test was made to calibrate the thermocouple. The freezing
temperatures of a sample of Nationai Bureau of Standards tin, 231.9 Deg.C.,
and a National Bureau of Standards lead, 327.4 Deg, C., and the boiling
point of water at 734.0 mm Hg pressure, 99.03 Deg. C. are used as reference
temperatures., The i;reezing temperatures recorded by the chromel-alumel
thermocouple and potentiometer used in this investigation for National
Bureau of Standards tin was 231.0 Deg. C.; for National Bureau of Standards
lead was 326.2 Deg. C.; and for water at the above mentioned pressure,

98.2 Deg. C.
A fourth test was made to determine the differential expansion between

the vitreous silica saddle and the vitreous silica rod and pedestal. It
was found that the total differential expansion between these units was

0,0002 centimeter through a temperature range 23 to 200 Deg. C. The effect
www.manaraa.com
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of this differential expansion is considered negligible in this study and
therefore no attempt is made to apply correction for this small amount of
error.

Test Procedure

The specimens are placed in an insulated container with solid carbon
dioxide (dry ice) for a period of & hours. The specimen is then removed
from the container and the hot junction of the thermocouple is inserted
into the hole provided for it as described above. The specimen is then
placed on top of the pedestal inside the saddle., The vitreous silica rod
is then placed on top of the specimen and the extensometer is adjusted to
zero.

Heat is applied at the rate of 120 Deg. C. per hour. Expansion read-
ings from the extensometer dial are taken every 20 degree rise in temper-
ature through the 200 degree temperature range. The first reading at O
degrees is the zero expansion reading. Measurements were recorded on a
data sheet an example of which is shown in Table ITI.

Inasmuch as the original length of the specimen at room temperature
is known, the percentage of expansion for each 20 degree interval can be
calculated, This percentage of expansion is platted as the ordinate and
the corresponding temperature reading is platted as the abscissa. The
slope of a line drawn through these points represents the coefficient of
expension of that particular specimen within the temperature range desired.
Results

The values for the coefficient of expansion of each sample tested are
tabulated in Table ¥I. Two expansion coefficients were calculated for each

sample: the first, between 0 and 100 Deg. C.; and the second, between 100

~ and 200 Deg. C.

www.manaraa.com
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The sandstones (samples 4, 12, and 20), as a group, have the highest
coefficients both in the low range (0 to 100 Deg. C.) and in the high
range (100 to 200 Deg. C.) of temperature. The average coefficient for
these three sandstone samples in the low range is 10.12 x 10"6. From
Table II it is seen that the coefficient of expansion of sandstone as found
by other investigators ranges from 9.2 to 17.1 with the average about
9.5 x 10"'6. Plates I, IT, and VIII are the thermal expansion curves for

these three samples,

The dolomites (samples 14, 15, and 19) have relatively lower expansion
coefficients than the sandstones in both the low range and the high range.
The average coefficient for these three dolomite samples in the low range
is 8.69 x 10_6. The writer was unable to find data on the expansion of
dolomite from previous investigations, therefore, no comparison can be
made, Sample 15, however, contains chert which may have caused this
dolomite to have a larger coefficient than the dolomites 14 and 19.

The limestones (samples 17 and 18) have comparatively low coefficients
within the low range, but have an average coefficient in the high range
nearly ;qual to that of sandstones. The low range coefficients average

7.71. The average coefficients for limestones found by other investigators

(Table TI) is 7.0 x 1075,

The shale (sample 22) has a coefficient of 8.36 x 10~ within the low

range, and within the high range it has the lowest coefficient, 9.53, of
all the samples tested in this range.
The granite (sample 23) has the lowest coefficient within the low
range of any sample tested. The low range coefficient is 6.27 x lO-.6 and
the high range coefficient is 11.03 x 10"6 which is nearly duble the former.

Other investigators (Table IT) have found relatively higher coefficients

www.manaraa.com



Table III
Sample Data Sheet Used for Thermal Expansion Tests

Length 17.389 cm, Sample Number 23
Room temperature: Before 23°; After _23°C. -
Time - Amps. Dial Read. Increment percent increase Temperature (°C.) M. Ve
0 min, 0.55 0,000 0,000000 0.0 0.0
5 0.55 0.007 0.000040 10.0
10 0.55 0.014 0.000080 20.0
21 0.55 0.032 0.000184 4L0.0 1.61
31 0.55 0.055 0.000316 60,0 2.43
L1 0.55 0.079 0.000450 80.0 3.26
51 0.55 0,109 0.,000627 100.0 4,10
61 0.55 0.141 0.000810 120.0 L.92
72 0.55 0.174 0.001002 140.0 5.33
82 0.55 0.210 0.001207 160.0 6.53
92 0.55 0.251 0.001441 180,0 7.33
102 0.55 0.301 0.001733 200,0 8.13

www.manaraa.com
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16

for granite within the low range, but the values they found range from 6.5
to 9.1.

The porphyry (sample 24) is similar to the granite in that the co-
efficient of each are nearly equal in both the low and the high range.

9
Buckley points out that each mineral in a rock has a different rate

9/ Buckley, E. R.,Building and ornamental stones: Wisconsin Geological and
Natural History Survey, Bulletin IV. 1898. pp. 18-19.

of expansion, and that igneous rocks are usually composed of several
different minerals interlocking with one another, while sedimentary rocks
consist mainly of one mineral., For these reasons, the unmodified sedi-
mentary rocks are usually less injured by frequent changes in temperature,
and when a rock is heated each particle will press unequally against the
adjacent particle. When the rock is cooled, stresses are set up, due teo
contraction, which tend to pull the indiwidual particles apart., Likewise,
duve to the inequalities in the rate of expansion in the different mineral
particles, stresses are initisted, in rocks having a heterogemous composi-
tion, which tend not only to rupture the indi_vidual particles but also to
separate them from the adjacent particles. The result of these changes in
temperatures, besides weakening the rock, is to produce small cracks and
joints.

Of all the specimens tested there was no evidence of cracks or Joints

as far as could be observed megascopically,
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PLATE I, THERMAL EXPANSION CURVE, SANDSTONE (4)
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Expansion coefficient - O to 100 Deg.C.= 10.39 x 107°

Expansion coefficient 100 to 200 Deg.C.= 14,16 x 107°
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PLATE IT, THERMAL EXPANSION CURVE, SANDSTONE (12)
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'Expansion coefficient

PLATE III, THERMAL EXPANSION CURVE, DOLOMITE (14)
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TEMPERATURE IN DEGREES CENTIGRADE
0 to 100 Deg.C.= 8.00 x 1076

Expansion coefficient 100 to 200 Deg.C.= 11.64 x 10°°
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PLATE IV, THERMAL EXPANSION CURVE, DOLOMITE (15)
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TEMPERATURE IN DEGKREES CENTIGRADE

Expansion coefficient 0 to 100 Deg.C.= 9,80 x 1075
Expansion coefficient 100 to 200 Deg.C.= 12,80 x 1076

www.manaraa.com



LINEAR EXPANSION TN PERCENTAGE OF LENOGTH AT ROOM TEMPERATIRE

21

TEMPERATURE TN DEGREES CENTIGRADE

Expansion coefficient

PLATE V, THERMAL, EXPANSION CURVE, LIMESTONE (17)
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0 to 100 Deg.C.= 6.62 x 107°

Expansion coefficient 100 to 200 Deg.C.= 12,93 x 107°

www.manaraa.com



IN PERCENTAGE OF LENGTH AT FOOM TEMPERATURE

LINEAR EXPANSION

22

PLATE VI, THERMAL EXPANSION CURVE, LIMESTONE (18)
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TEVMPERATURE IN DEGREES CENTIGRADE

250

Expansion coefficient 0 to 100 Deg.C.= 8.80 x 10-6

Expansion coefficient 100 to 200 Deg.C.= 14,95 x 1070
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PLATE VII, THERMAL EXPANSION CURVE, DOLOMITE (19)
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Expansion coefficient

0 to 100 Deg.C.=
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Expansion coefficient 100 to 200 Deg.C.= 10,12 x 106
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PLATE VIII, THERMAL EXPANSION CURVE, SANDSTONE (20)
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Expansion coefficient 0O to 100 Deg.C.= 10,62 x 10-6

Expansion coefficient 100 to 200 Deg.C.= 13,86 x 1070
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PLATE IX, THERMAL EXPANSION CURVE, SHALE (22)
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PLATE X, THERMAL EXPANSION CUKVE, GRANITE (23)
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LINEAR EXPA”3ION IN PERCENTAGE OF LEX

TEMPERATURE IN DEGREES CENTIGRADE

Expansion coefficient 0 to 100 Deg.C.= 6.27 x 10-6

Expansion coefficient 100 to 200 Deg.C.= 11,03 x 107°
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PLATE XI, THERMAL EXPANSION CURVE, PORPHYRY (24)
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DETERMINATION OF THE PERCENT PERMANENT EIONGATION

A second type of test is made to determine the permanent elongation
or the perménent swelling that results from successive heating and cooling
of the rock. On a second specimen of each sample, which is prepared in
the same manner that the specimens are prepared for-the expansion tests,
three consecutive heating and cooling tests are made through a temperature
range, room igmperature (23 Deg. C.) to 200 Deg. C.

Hallock, as before noted, found that different rocks after being

10/ Hallock, op.cit.

heated to 100 Deg. C. and allowed to cool did not contract to their original

length and that consecutive heating and cooling resulted in continuing But

ever diminis-h:ijg increments of lengths at ordinary temperatures.
11 :
Wheeler states:

11/ Wheeler, op.cit. p. 44

"As the particles of the rock which have a smaller coefficient of
expansion are torn apart by others having a greater expansion,
more or less of a rearrangement of the loosened particles would
naturally follow so that on cooling, instea