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CRAPTIER 1

INTROBRLCTION

Beckgrewnd
Efferts exerted ever the past several years te develep tech-

niquus aad standards te allev fer the competent design and con-
struction of emgineeriag structures iz rock have led to the entad-
lishment of several particmlar mechamical reck preperties ia pesitions
of preminemce. Accerdiag to Obert (9)*, these "mest impertaat
physical preyerties for desiga purpeses are deasity, Youxg's medulws,
compressive atremgth, sad flexural streagth.”

The determination ¢f such physicel preperties, accomplished
through laberatery ter ing of samples of reck core and fieid testiang
of pertions of the im-situ reck mess, is, ss o rule, quite time con-
sumiang aad expensive. It is fer this reazem that correlatiens of
physical preperties of reck, aad predictions of eme preperiy frem as
slready determined velue of amether preperty, shoeuld be iisxendous
ssaets, previded the quality of the cerrelatiens is such that the
element of doubt regarding test results aad predicted preperties is
2ot of o magaitude mecessitating an increase ia the facter of sefety.

Ome particular situaties ia which such correlations weuld preve

of value might be the site evaluatien and neleaction pregram.

*Jwshers in parenthesis refer teo refereaces ir the Bibliegraphy.
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Assming seversl vites were being considered for a particular struc-
tural endesvor, preliminary elimination might well be fa-ilitated if
one or two of the less time consuming and less expensive physical
testa would yield data from wvhich one cnuld reasonably predi: - other,
more difficult to determize, physical properties to be used in the
evaluation and elimination process. It is alsac possible that corre-
lations such as thesc. if of sufficient quality, would allew for
reduction in the variety of itests required to determine the physical
properties nov deemed necessary for competent design and cemstruc-
tion in rock media.

Another significant application of physical prepesty cerrele~
tions might be the elimination of some destruccive  hysical testing,
to be replaced by nondestructive iesting. As indiceted by Obert (8),
nondest uctive testa can be repeated a mimler of times on the same
specimens, facilitating determination of and compencation for pro-
cedural and instrument errors. Thia would allcw ome to separate the
veriatione due to instrumeat orror from the variatiens due to actusl

differences in mechanical prepertiea of the specimens tested.

Previcus Stydies

In the past, laboratory investigations and correlstion: of
physical propertiss of rock have geterally been limited te imtact
specimens, i.e., rock cores vhich are mecroscopicelly homogeaecus
acd free of discontinuities such as seams, joints, fractures, and in-
clusions. Hevever, even vhen these investigatioas have been restric-

ted to intect rock, thus eliminating the highly variasdble iracture




perameier, data plets Lave frequeatly beenm bighly scattered ia nature
resulting in coerrelations of questienmadle value.

Usually, inveatigations of thia mature have encempasrsed Lany reck
types (3) (4) (6) (7), the determined physical preperties for all
reck types being lumped togetler and amalyzed in mass. This preceduvre
is eriented tevard determining geaeral relatiomships characteristic
of the entire greup of specimens examined. But the implicaties kere,
memely that large variatioms in mimeral cempesition, geelegic histiry,
and greia sise (vhich usually emter inte the classificatiom of reck
msaterials) bave little or ne effect or. the relatienships between
physical preperties, is dubieus (10).

Thus, & definite seed exista te investigate ths relatienships
betveen various reck prepertiecs, fecusing attentien en ._dividral
reck types in aa attempt to reduce the number of variables and elimi-
mate seme of the scatter typical of previous iavestigatisms. Hepe~
fully, the resulting cerrelations vwill be of & quality which will
aliew for the eliminmation of repetitive testing aad data reductien,

facilitating mere ecememic desigr of engineeriag structures.

Objectives of This Investigetiop
This study ~ill be privarily directed tevard determining the

inflaence of variaties in reck typ> en the quality ef cerrelationms
obtained threugh limear cerrelation analysis of varieus physical reck
preperties. Aa sttempt vwill also be made to determine the effect of
variatien is greia sise vithia e particular reck type oa the mature
of ke correlations betveen physical preperties determined for speci-

meus of this reck type.




Specimens of tonalite and graniis will be prepared aad tested,

the folloving physicul preperties being determined:

(a) density

(») compreasional pulse velocity

(c) sbear pulse velocity

(d) Young's moiulus of elast:city (static)
(o) ultimate uniaxial compressive strength.

Pulse velocities will be determined ecco-ding to the ASTM priposed

Standard Metuod of Test for Labkoratory Datermineation ¢f Lltrasunic
Pulse Velocities and Elastic Cenntants of Reck. Ultrasonic elastic
constants vill be computed from properties 1, 2, and 3. Static

é Young's modulus will be computed from stress-strein curves deter-
mined during uniaxial compressive tests. Representative specimean
vill be subjected to petrographic examination (X-rey diffraction
analysis, modal axcelyais, etc.). In us far as is possible, the
specimens of tonalice and grenite vwill repreosent samplss of various
grain sizes, and mineral compositiou will be veriod within the limits
of the classification ay:tem (11). A1l specimena will be intact,
i.e., free of macrescopic discontinuities such as fractures, joints,
seams, and vesicles.

The data accumulated will be greuped and anelysed accordimg te
rock type, and then, fer cemparative purposes, anelysed in mass. Cor-
relations will be made detween various pairs of the physicel prop-
erties determined. In partizular, ultimste rniaxial cempressive
strength end static Young's modulus vill each be correlated with ul-

trasomic pulse velocities and the various ulirasomic elastic con-

stents. Cemparisens vill be made of the quality ef cerrelations ed-




tained froem the data grawuped accordimg te reck tyr: and frem ihe
date treated in their sntirety, and an offerti mide t¢ dotermine the
influence of duts avalysis by reock type on quality ef the correla-
¢ ans ehtained.

Correlations vi:1 be mede using physical preyp.rties determined
fer three grewps of spscimens withim eme particy’ «r reck type
(tenalite). These thrse groups will be easentiaily of the sare
aineral coempesition amu geelegic history, .be variable beiag grain
sigse. The intestienm vill be te svaluate the cemtridutien of vari-
ation in graim sise to the mature of the physical preperty cerrele-

tions obtaimed within the particular reck cype.
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CHAPTER 2
EXPERIMENTAL TECHNIQUE

General
Seventy-nine samples of rock core representing tvo rock types
(grenite and tonslite) were prepared and tested in tha course of
this investigation. These specimens vere removed frem 10 drill sites
in six geogresphic localities. Generally, eight specimens of one par-
ticular rock type, either granite or tomilite, were selected from the
core from each >f the drill sitea. All specimens tested were intact
(contained no macroscopic jo.uts or fractures) and esaentially homo-
gepeous NX-size (nominal 2-1/8-1nch diemeter) cylindrical cores.
Tests were conducted during this investigation to determine the
following:
(a) rock type end mineral compos:tion
(b) bulk demsity
(¢) ultrasonic pulse velocities (coxpressional and shear)
(d) ultimate uniaxial compressive strength
(e) static stress-struin relations.
Ultrasonic elastic constants were compute’ ron measured ultresonic
pulse velucities and specific gravities. Static YToung'o molili vere

determined “rom the axiel stress-streain relations ebserved and re-

corded during the uniaxial compressive testas.




Petregrashic Axapinatien

One represeatative specimes frem each of the 10 grawps (10 drill
sites) was selected 1or limited petregraphic examimstion. These
specimens were saved axially, ome saved surface of each specimen
being polished and phetegrapbed at nermal sisu.

Cempesite samples vere taken from the remuining pertions of the
selected specimens, and ground intd a fine povder ac es to pase o
No. 3325 sieve (44u). X-ray diffractien pattermns were made of vach
sample. These patterns vere then examined to make mimeralagicel
identifications and comparisens. Small portioms of each of these
povdered semples vere tested in dilute hydrochloric (HC1) acid and
vith a magnetiszsed needle to detect the presence of carbenate min-
erals and pagnetic minsrals, respectively. All X-ray patteras vere
made vith au XRD-5 diffractometer using nickel-filtered ceeper
radiation.

Thin sections were prepared frem each specimen and examined vwith
e Spencer pelarizing microscope. A point-ceunt medsl amalysis was
made on cach thip section te determine the wineral compesition by
percent sad grain sise (13) of esch of the rocks represeated. The
ousber of ceunts per sectien was held constant (800), but spacing of
the counter vas varied with grain sise in an attempt to ebtain o
representative statistical aversge (2).

A summary of the results of the petrographic exsmination of
representative ssmples frem each of the 10 greups of core is givea
belev. Detailed results are given in Appendix 1.

(a) Tenalite (Vermilion greaite forwation, Minmesota). Browmish-

grey, sedium— t~ coarse-graimed. Soctiens were massive and




uavesthered. Bictite was brekes amd altered te chlerite. Micro-
cline vas unaltered and undreker. Very fov micrefractures wers
detected.

(b) Greapite (Lucerme Pluton, Maime). Black and white. Coarse-
graimed perphyritic texture. B:otite vas umaltered. Plcgieclase
vay slightly altered te sericite. Specimens were unweathered aad
contained very fev microfractures.

(c) Greajte (Granite Mountains Uplift, Wyeming). Usvesthered,
brewnish-gray, coarse-grained. Microcline vas umsltered. Plagie-
clese vas altered to sericite. Biotite was slightly altered te
chlorite. licrofractures vere semevhat commen.

(d) Tonalite (Sierrs Xevads Batholith, Califermia). Fine-grained,
dark celered rock. Sections vere fresh and contaimed no macro-
fractures. Cemvaims principally plagioclase feldspsr and bietite
nice vith smaller wmsunts of quartz and harableads.

(¢) Topalite (Sierra Xeveds Betholith, Califormia). Mediwm- te
coarsv-grained igneous rock. Sectiors were fresh and imtact. Simi-
lar ia cempesition to fime-grained reck discussed abeve.

(f) Ienalite (Sierra Nevada Bathelith, Califermia). Nediue-
grained igneous reck; much fimer greined than mediwm—- te coarse~
grained tomalite (¢). 3imil.r in mineral composition te the twe
tenalites discussed immediately before (d and o) except slightly mere
biotite and slightly less horablende. Alse centains very small

smounts of sagnetite.

(g) Graajte (Northwest of Lone Crove Fluton and Emchanted Reck

Bethelith, Texas). kedius-graiced, red granite. Sections were
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sntact and unveathered. Slight alterstion of micrecliame sad plagieo-
clese. MNore muscevite mica present thaa bietite mica.

(b) Grepjte (Shermea Gramite Fecies of Seuthers Laramie Raage,
Vyeaing). Cearse-grainmed, light-gray graaite. Ne preexisting frac-
tare surfeces could be detscted. Largely ceampesed of quarts, petas-
siwm feldspar, plagieclase feldaspar, and bietite, with lesser amewnts
of hermblende.

(1) Greaite (Laremie Range, Wyeming). Medium- to cearse-graimed,
pink gramite. Perphyritic texture. Sectiens vere macrescepically
free 3f fractures and were unvesthered. Predemimately ceampesed of
quarts, plegieclase feldspar, petassiva feldepar vith iesaer ameuats
of hormnbloende bdiotite amd chlerite.

(3) Togslite (Cedar City Temalite, Utah). Mediwm-graimed, gray
tenalite. Comsisted praimerily of plagieclase feldspar, quarts, aad
herablende vith lesaer ameuats of potassium feldsper, bietite, and

sagaetite. Bietite was slightly altered te chlerive.

Specimes Preparatien
Teat specimens were prepared ss suggested in the ASTM prepesed

“Staadard Methed of Test fer Uncoenfined Compressive Streagth of Reck
Core Specimens” aad Cerps of Engincers Staadard Methed of Test feor
Triaxzial Strength ef Usdrsined Rock Core Specimens (12), CRD-C 147.
When propared accerding te the abeve specifications, specimen teler-
saces vers vell vithia the limits required by the ASTM p,<weaed
*Standard Methed of Test for Laberatery Determinstion of Ultraaem'c

Pulse Velecities and Klastic Constants of Reck.
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All samples vere cut to lengths of approximately 4.32 inches
wi1th & Covingten (Figure 1) slab sav (18-inch diameter diamond
blade). This specimen length was selected in vider to meet the
specified length to diameter ratio requirements (2. < L/D < 2.8).
Since specimen diameter ranged from 2.06 to 2,16 inches, probably
due to variation in rock type, bit wear, and drilling techmique,
the actual length to diameter ratios also varied slightly, but wvere
10 81 cases greater than 2.0 and less than 2.5,

During the cutting precess, specimens vere secured in o vise
(Figure 2) which aided in aligoment and provided for cutting sur-
faces nearly perpendicular to the axis of the core. A solution of
water and soluble o0il vas used es blade lubricant and coolant. All
specimens vere thorcughly washed immediately subsequent to cutiing
to remove any solution vhich mignt adhere to the apecimen surface.
Feed rate was adjusted such that one cut across & diameter required
approximacely 15 minutes.

After cut<ing, ~he ends of all speciwens vere ground smeoth.
parallel to each other, and perperdicular to the axis of the core
with & Norion hydrsulic surface grinder (Figure 3). This surface
finishing was pursued in such a manner ihat specimen ends vere flat
te witain 0 001 inches ard did not depa:t “rom perpendicularity to
the axis of the core by more than the allovable 0.01 imch inm

2 inches (0.25 degrecs). Subsequent to grinding, the specimens vere

agein thoroughly vashed ic remove any of the oil-vater grinding vheel

coolant solution from the core surfaces.

Y v‘vﬂ




bizmvnd Blade Slab Sev.

Figure 1.
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Figure 3. Hydraulic Surface Grisder.
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Bulk Density
Sulk demsities were determined accerding to U. S. Army Eagineer

VYatervays Experiment Statiom, Coucrete Division "T-2 Method ef
Determining Bulk Density ef Rock Cores.” The test procedure com~
sisted of:

(a) wash the core to remove dust and other ceatings from the
specimen

(b) air dry the specimen to constant veight, end veigh
sir-dried specimen to neareat 0.1 graa

(c) determine velume of spscimen by liquid displacement in
s pycoometer chamber (Fagure %) contsining distilled water

(d) calculate the demsity of the core in the sir-dried con-

dition from the fellowving formula:

° "V,

vhere
Gg = density of the air-dried cere
Wy = weight of the air-dried coere in grams
Vo = volume of the core in cubic centimeters.

Temperature of the distilled vater in the pycnometer chamber was
teken into account when the volu-;: of the apecimens were determimed.
In this investigatien, densities vere computed from air-dried
specimens reather than oven-dried specimens to aveid pessible changes
in physical properties due to oven-drying as have been observed in
severa. previous studies. Obert (9), noted that oven-drving often
produced prenounced end semetimes drastic chenges in elastic con-

stants, and thet these chenges were frequently permanent.
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Figure 4. Pycaeseter Chamber.
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Ultrasenic Fulse Velocities

Ultrenenic pulse velocities were determined according to the

ASTX prepesed "Standard Method of Teat for lLadborator; Determimation

E
£
g
&
E
3
3

of Ultrasonic Pulse Velocities and Elastic Censtants of Rock." This

R TTET TR

method ic valid for determinstion of cnripnressional and sheer wvave

Y 7rv

velocities in both isotrepic eand anisotropic media.

Birium titanste crystals and PIT-SA high capecitance lead-

7
. o A————————————r $0

zirconaste~titanate crystals were used to produce compressional and
shear pulses, respectively. These pulses were produced by applying

short Zduration, high voltage pulses to tho appropriate crystals,

Lo ke ookl e Gl s LA

resulting in cowmpressional or shear pulsea, whichever the case may
3 be, being genersced in the specimen. The high voltage puiases,

vhen applied to the X-cut barium titanate crystal, caused the

1 crysial to expand a.d coniract yielding coupressional sir:ss pulses,
vhick were transcitted to ome <nd of the specimen. «ken spplied to
the Y-cut lead-zirconate-titanate crystal, the pulses ceused the

shear crystel to vibrate in a direction perpendicular to the axis of

the core creating shear pulsea vhich wvere transmuitted to one end of

the specimen. The srrival of the pulses at the other end of the

specimen vere noted by a companion crystal affixed to that emd, which

acted as & mechanical-electrical trenaducer and ginsrated equivelent

-

i electrical pulses. Pureline white petroleum jelly and pheryl
salicylate were used respectively, between the cowpressional trans-
ducers and the rock specimens, and between the shear tramsducers
and the reck specimens.

These electrical signals wvere recorded on an escillescepe

(Pignro 5) as stationary vave forms, vhich allowsd rather accurate

ST T R T T T T e
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measurement of the time of travel of ile pulses throrgh the in-

dividusl specimens. Stctionary wave ferms, as displayed on o

Pevlett-Packard model 1780-A oscilloscspe, v~ere photogrephed

(Figure 6) and pulse travel times recd directly from the time twrked
photographs. Thease times were corrected to elimipate error due to
pulse travel tiwe through tke transducer leads, transducers, and

trensducer-spscimen cennection materials (petrolewma jelly or phemyl

R A R Y R e ]

salicylate), thus, yielding pulse travel times through the reck core
; . specimens above. Compressional and shear velacities were then

determined froem

L

PT Y

L

v ——
ts

and V.-

Vb = compressienal pulse velocity
Vg = shear pulse velocity
tp = travel time of the cospressional pulse through the
specimen alone
ty = travel time of the shear pulse through the specimen alone
L « length of the apecimen.
All cempressional and shear pulse velocities determined im this

investigation vere measured with zece load en the specimens.

Stetic Axisl Stress-Strain Measurements

Te determine axial stetic stress-strain relatiens, Baldvin-
Lime-Bamilten SR-4, Trpe A3-S-6, electrical resistasce strain gages

were affized vertically to eppesite sides of each specimen. The

goges vere lecated in a mamner such that the midpeint of the




R e i ad i Rkt . Sl £ G - s A

B RO el B

Shear Pulse

Compressional Pulse

Figure 6. Typical Photograpbs of Ultrasomic Wave-Ferms As Dis-
played on Bevlett~Packard Oscilloscope.
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resistance segment vas ot midheight of sach specimen. The gage
length was 13/16 inches, such that no portien would be effected by
the nonuniform atresa distributions moted by Fairburst (5) to exist
over the upper and lower 1/12 length of each specimen, i.e., the
uppermost and lovermost 1/3 te 1/2 inches for all specimens used 1n
this study.

All gages were hended directly to the rock specimens by using
SR~4 cement, & fast drying nitro-cellulose cement manufactured by
Baldvin-Lima-Bamilton fer the express purpose of applicatien of SP-4
bonded strain gages. Prior te spplication of the cement, specimen
surfaces were cleaned te remove subatances such »¢ oil or Aust vhich
night impede development of a secure bond between the specimen and
gage. A thin coet of cement was then applied bdeth te the specimen
and to the gage, after vhich the gage ves mounted under moderate
pressure and allewed to dry for 24 heurs.

Te determine stress-strain relations, the t~- gages vere vired
in seriss resulting in an eutput ef the average strain registered
by the tvo gages. Stress and strain were continueusly pletted
during the uniaxial cempressive test by using & Meseley Autegraf
x-y recorder. A photegraph of the recerding equipment is given in

Figure 7.

Uniaxisl Cesmpressive Test

All specimens were subjected te atatic cempressive leading te

determine axial stress-strair -elations, as previeusly mentioned,

and te determine ultimate umiaxial compressive atrengths.




Figure 7. Xoseley Autegraf, x~y Recoerder aad Other Strese-Straia
Recording Equipment
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A 440,000-pound universsl, Baldvin hydraulic testisg machine was
used for leading the specimens. A photogreph of this machine is
given as Figure 8.

This test was cenducted accerding to the ASTN prapesed Staaderd
Method of Test for Uncenfined Coempressive Strength of Rock Cere
Specimens. All specimens were carefully aligned se tbst the axis
of each core tested was ceincident with the ceater of tii:uat of the
spherically seatied bearing bleck. An initial sesting luel of apprex-
imately 100~-200 peunds was applied very slevly vhile the sphericsl
seated bearing block wvas adjusted. All tesis were cezducted .t o
leading rate of 35 ¢ 15 psi per second {constant fer e particular
specimen) se .hat catestrepiic feilure occarred withia 5 te 13
minutes of commencement of leading. As noted by the prepese:
standard, such a rate of lead sheuld previde values of ultims-e
unjiexisl cempressive streagth vhich are relatively free frem 'he
effects of rapid leading.

Cltimate uniaxial compressive strengths were calculeted ¥
dividing the mexisum leed carried by the specimen durimg the t. st
by the average initial cross-sectional aree of the specimen c:itur-
mined o8 suggested in the ASTM preposed standard. All astresgths

vere expressed 0 the nearest 10 psi.




T

FPigure 8. Baldvia 440,000-peund Universal Testiag Machine
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CHAPTER 3
PRESENTATION AND DISCUSSION OF RESULIS

General

Phyaical properties of the various grenite and tonalite speci-
mens tested were determined according to the procedures discuased
in Chapter ¢ anc are presented in tabular form in Tables 1 and 2.

The static values of Young's moduli are tangent moduli ef
elasticity and vere computed at 30 percent ef ultimate wniaxial
cozpressive strength. Static Yeung's moduli were determined for o
mnimum of six aspecimens frem each drill site represented (ten
sites), thus exceeding the optimum number of four apecisens and
mininum aumber of three recommended by the Bureau of Mines (1) for
adequate evaluation of this particular property vithin a represen-
tative group of specimens.

Ultrasonic elastic constan's :ere computed from individual
vaiues of density, ultrasonic compressional pulse velocity, and
ul tresonic shear pulse velocity which wer: determined fer each apeci-
men by procedures as discussed ip Chapter 2. The equations used in

the computation of ultresonic slastic constants are a8 follove;

(1) zd’n -

Vpd - v, 2
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TABLE 2 (Cont'd)

Ultrasonic
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(3) K, = _91::_3_4ﬂ

(4) wayn = 55

2(Vp© - Vg")

vhere

.

Gd" = ultrasonic shear sodulus or medulus of rigidity im psi

xdyn = ultrasenic bulk modulus in pei

3 “dyn s ultresopic Poisson's ratie

3 0 » density in ponad-noccndg per inch®

LD S Vi)

e ultrasonic Young's modulus of elasticity im psi

VP = ultrasonic cempressional pulse velocity in inches per

secoad

V. » ultrasonic shear pulse velocity iz inches per second.

The number of specimens ior vhich these conastants were determined in

oa aRAL BTt d Rt N B Bt i L B iy

all cases exceeded both the minimum and optimum number of tests per
group (3 end 6, rc.poctivoly) recosmended by the Bureav of Mimes (1).
Typicel modes of feilure exhibited by the ss~emty-nine reck core
specimens tested in uniaxial compression are illustrated in the
pbr.tographs in Figure 9. Explosive type failures yielding the
frageents illustrated in Figure 9(a) were typical of failures in the
stronger temalites, i.e., those yielding ultimete uniaxial c¢rmpres-

sive atrengths greater than 35,000 psi. The comical type failure

surfaces illustrated in Figure 9(b) were typical of the nature of
failure exhibited by the remainder of the specimens tested.
In order to eveluaie ‘.ne linear degree of association between

the various pairs of physical properties of interc.t in this inves-

Bek o

tigatien, correlation coefficionts were computed for each of the




a. Tveical Exsleaive Tvoe Failure Surfaces

b. Typical Conical Type Failure Surfaces

Figure 9. Typical Failures of Rock Cores iu Uniaxisl Compressiea
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greups of data. A least-sqnares lime was also fitted te each data
growp, the imtention being to give & visual representation of the
degree of linear correlation between the particular physical prep-
erties of imtercst.

The correlation coefficient {-) is a measure of the degree of
interdependence betweeam the particular veriables under study, with
s coefficient of 1.0 or -1.0 indicating & perfect association, i.e.,
e perfect straight line relation, and a coefficient of 0.0 indi-
cating no relation vhatseever, & completely random sssociation.

The algebraic sign of the correlation coefficient reflects emly the
slope of the relationship, i.e., whether there is a trend teward
increase or decrease in magnitude of one variable accompanying ea
increase ir the magnitude of other variables.

Once the cerrelation coefficients for the various groups of
data were determined, it remained to evaluate the significance of
these correlaticns, i.e., determine the probability ef getting a
correlation coefficient as large as the one actually obtained frem
the statistical sample if, in actuality, no correlation of this
nature existed in the universe from which the statistical sample was
taken. In this study, the probability level used te determime the
minisum magnitude of a significant correlation coefficient for o
given atatistical sample size was 0.995. Thus, there would be only
a 0.5 percent prebadbility of obtainimg a correlatiom ceefficient of
s magnitude greater than or equsl to the predetermined value from o
statistical sample taken from a universe i1n vhich ne cerielatien of

this nature actually existed. A table of critical values fer
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correlation coefficients corresponding to this chosen probability
level and the various astatistical sample sigzes used in this astudy
is presented as Appendix II.

The actual mathematical determination of the individual corre-
lation coefficients and equations for lesast-squares lines was, feor

each data group, perfermed on a General Electric 400 computer.

Discussien of Cerrelat.ens

The remaining pertion of this chapter will censist of the pre-
sentation of scatter diagrams (data plota) represeating the verious
physical preperty correlations attempted. For each pair of physical
properties examined, four data groups veres arranged and correlated.
These groups wvere comprised as followa;

Group 1;: All tomalite specimens teatel from the Sierra Nevada
Batholith, California.

Group 2: All tonalite specimens teasted.

Group 3: All granite specimens teated.

Group 43 All specimens tested.

Thus, for each pair of physical properties discussed, there will be
four scatter diagrams, ome for sach group.

The correlations and scatcer disgrams resulting from analysis
of the data yielded by specimens comprising Group 1 (Sierra Navada
Batholith tonalites) were compared to thore resulting from anslysis
of the dats yielded by the specimens comprising Greup 2 (all tone-
lites). The objective of this comparison was io evaluate the degree

of scatter which might be attributed to variation in grein sisze alone
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vithin the particular rock type. Variation in percentage miuneral
composition and geologic bistory were kept to a practical minisua
for ine Gioup 1 deta (all specimens coue from three holes wiilin

very close proximity of each other) and, for the Group £ data, were

alloved to vary vithin the confines imposed by restriction to the

one particuler rock type (tonalite). Therefore, close similerity

il 1 LU Ul el et i L G L T

betveen the correlation coefficients and scatter di.agrams yielded

for the two groups of data would suggest, for the particular pair

T

of variables under cons‘deration, that veriation in grain size was

of primery importance in the determination of degres of scatter
typical of the association between those two physical properties for
thet rock type. On the other hand, significant dissimilarity in
nature of the physicel property correlations and correlation coef-
ficients (i.e., & larger amount of scatter and lesser degree of

linear association for the Group 2 data than for the Group ! data)

would indicate, for the particulsr pair of physical properties being
examined, that variation in grain size, as opposed to variation in
percentage mineral composition and geologic history as confined to
the limits imposed by the particular rock type, was of lescer
significeance in the datermination of the degree of scattor charac-
teristic of the particular rock prop:.cty correlatior in question.
The correlations and scatter diagrams resulting from analysis
of the data yielded by specimens comprising Groups 2 and 3 were
compared to those resvlting from analysis of the data yielded by
specimens cowprising Group 4 (all spacimens in Groups 2 and 3 com-

bined), the objective being to evaluate the effects of minimal vari-

stion in rock type on the nature of physical property correlations
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obtained for statistical data samples in~olving more than ene
igneous rock type. As data Groupas 2 and 3 represented individusl
rock types (tonalite and gr=aite, rrspectively) while data Greup 4
reproesented both rock types, significant differences in the quality
and orientation of the coerrelations determined for the three date
groups should indicate the effects of slight varistion in reck type
on the nature of tis resulting physical property correlations.
Moreover, since the granites and tonalites xnvolved in this inves-
tigation were relatively homogeneous and i1sotropic intrusive igneous
rocks, and since the percentage mineral compositions of the two rock
types are pot extremely removed from one another (11), the rock
property correlations determined for the data comprising Group 4
should 1ndicate s ressonable maximum degree of linear association
and minimum degree of scatter to be exmected for the particular

pairs of physicul properties examined and for a statistical datas

ssemple vkich includes specizena representing more than one rock type.

Co Veraass Ulirssonic Yulse Velocities (Vp and V,). Scetter dia-
greams developed .0 illustrate the reiationabips between uniaxial
compreasive strength \nd 1ltrasocic compressional pulae velocity are
presented 1n Figures 10 through i3. Figures 14 through 17 graph-
ically illustrate the relationships found to exist betveen ultimate
upiaxial compressive atrength acd ultrasonic shear pulse velocity as
determined in this investigation.

The degrees of correlet:on characteristic of these two pairs of
physical properties (Co versus Vp and Co versus Ve) were noticeably

higher for the data yielded by the tonalite specimens slone thenm for

the data yielded hy the granite apecimens alone. Jn particular, the




¥ T

|
:

,_ ey - m : j
! : ' | : <
" ; ! ; =
: i ! ,
w P , . . } ; , &
b ; : { ; B
_ P : : i i ] o
: o : | " ..
ﬂ SR _ ; ! u X3 .
: _ W , m | o
b ) ! * : [ra
. ' A, ] :
. i m H : <
m m ' H ._. - o
" “. ” . _ g - !
” . N :
C o : v )
] : 5 !
. .
i . g
& T : i v e ,
".N. e e} N : & a .
: X ; ! R ‘
-y - AN e ¢ .
. M S . /_ m
: - :
-5 ; N . . . .
_w . u : PN " e ’ H n. '
' . - . . 8> : . , " .
r : . | N $ 8
f m Y STRRPI N . « N € 0
1 . 1
B gl . . g g
r T e e ] je X
' ; NS TR Y B i i .u .
' ' e i " ;
| w : ! = i
M " ! M.“ [ V] | f
B AU SN T U ; . : a R
N : ' : , . © m M
3 N . . . . . H . . . H - H |
b : : . : 4 ; o I !
W m ' » m « ens . " . . .. . . ' . . . . . 1 : =1 &
UV U A LI IURR NV " c b _
T L : : : : : '
VU ST | , : : | i | o, !
i . ' ! _ . ' :
o : . ' > " » . 4 __
,_ P SR Lo .s .. e .. : - g : i
, 1 . 03 ‘(da) 4:3&» ov—sw —wecw:vZTxp o:.Xv:w: . : . i
. : . e i !
.l.!.lwll.f.._!.:.s.:r-:t.-._l. RN S ke PRUTRVNY SUNIC NN ST L : . 4 ST SOOI SN |

sl 8 e s el b bl L dock

[l e S Bl e Y . T e e Lt Rl



e 2

T L or Coy C

* » ' m h ! “ : NM

: . i £

% ‘ 1 u m m H &

W, e I LB E
peaen i.. : - IS RS U VRN SURUN
[ _ _ “ | &

w . ¥ 1) H ’

3 “ \ _ .

W . " . ¢ ' [ 4 -

4 _ i : S ) .“ _ M

£) . 1 “ . ) ~

W‘ | ! B ! ! “ m | of

; ; et iR ; ; ' \ ! ! | 1% %

. . :
“ i f - _ 3
I v w v !

w493

!
1
———
H
i
'

H
H
1
-
Y
i
\

v
-

4
.

.

:

35,000

.28 x-107y

o o b
T T
i
TONALFT®. =
--¥ - {2
*. 0483
ne 39

, 000
Ultimate Unimxial Camprassive $Trength {

o | (@]
x. _ ()
_ o " W !
V B . |
¢ : ! ! ! { 2
: e e e e T e R S R B m AN : : 2
. ! . ! | N S
T f _ . ! _ “ ™
~ ot oo : | ; v
e ! ! 4 i ; I i . , _
1
lla.wl.- \-IHI! i | . | ! - N &
i “ ! 4 3
: A a w w - T
' . I N m | ~ #u % i
m i edj .13 .A:X;wv CIRUT S —wcnvnnwun:oc Jfhompijn

IV GRS 5 “- 4 PR SN (m i

Lo FUUS ERNUU I




[ _ ! _ N ! }
| N H R
! . i o
” ! \ , m ' “
* u 1 t “ ¢ L]
J N ! N
,‘ i : | L
,‘ : { ! . . < -
' ' I
R v . . $
R V f N ' . .
) . .
i S . N _ ‘
\
N
. v \ .
. " ¥
0
» “ . .
é \ .
. P ' :/ . [
f '
‘ .
e , | :
- " X .
£
4 4 )
. o !
, B
3 N !

e
-
-

a1 .
. G ’ }
". { .
L.
X L \ (O ,
i o
' # v | - M FN - «
. .
: ! w , . €. .
o ) _ ) ' -, [N ...o.
cee . | ' . \ ' -
g _ . I
) ® . -“
- i . : _ . AN i
Co : _ : . :
" f h \
. e . 3 .*..l!s [ . N [N G ' vee e P
] ' o ' N «
, ! m i | j
) +
: ) .

®
=

4 ‘das Adtpulan wsing m—z.:._'tc»c:.cnt SPULE WA
. . oo L . ; 1 j

Ry
;

e ) il skt L YRR bl gl B

MO e i e




=

i

y
!
S L A i ! A
* B H f ] Wt“
: !
SE _ _ | .
" N ]
erdd . . . ; \ &
i : , ; i _ -
L...m.u- [N PPN S m H ' . . . . ..
H t .
. . . m -
. . , . : 3
: ' ' < .
T.w . ' R Mv. '
: < (%)
.o i 3
Cod _ | |
| i : !
A : _ i _ ”
Nﬁ ’ i . !
¢ . M
,, - ; . N, e S
“ &

Tm {198 x 1071} 1 & 21648
t & 0,58

2C, 000

e e
a. -
/N
[ )
T,
T
b
e
&

o
7
.
[ ]
e e B

Titingte Unisx{el {ompressive Streagth (-

- ;
® ] ¢
3 : * . ﬂo e g i
: | . !
4 FURS PR . w . ¢ [N P « . . . ' . - ! &
£, : : < . . . o |
wt [ .“ ," ) _ /. ,_ o) |
: N\ *
; ; m | ,‘ . N ! |
. | _ w _ N | |
: ! i . _ {
w m : i } “ Y _. —~ o m
" ' ‘S m u _ .
: A : - . . . A
: } . - . . I w“ .
' : -aw .,Au>v Ahjou|sp anng .-E&-:E”ﬁ; Jploama i H . i
: feedet e PO SRV SUUNH FUNUUROY VPR SV SOTDURIN Wt ¢ o X i §
b
L it W i et L AR fa ki i Ul i gt ok e sbe Lkl T el Lo "




.

enewbneend

TUTTUTTUTTTTTT T STnnmA WEVADA MATHOLITE TOMALITE 7

Y= [5.08 x 10°%) X + &390
r = 0,8k :
n-. n . . . ey .- = -~-4‘

- o oo vawm cwes e - e+ ver  mm v mmm v rewr = eenar eEmmisme- cmmecmtowe eeewas—es emeeme

. . . . . a ecee - . 2em

;
» the
4
1
I
\\\.
‘e
.
.
R
:
.
13

Ys)

|
N

AN

!

i

}

i

3.
\\t:

AN

.

@

!

f

}

|

!

l:\trunnir Sheatr Pulap Velntity
®

- S PR —— J— - - - - e - s ms -

1
i
!

o n v ——

[~ Y

0 .-‘_‘u’}@ N ‘.‘ Rty 13- ..‘ O 40 00N 40 Ann

Titiwate Tnienje. _omeressive Strenpe (O, pal




LT

ety

T

T

i L

I T T TR ST A S =

T —
:
L. ... . HE
;
:
:
:
i [ S S SN &
: :
; +
- . R SUUEIE S |
: $
R :
: :
: !
: :
:
1]
i
. 3oL . L
:
X :
; : :
: :
IS :
: :
;
P . .
:
. :
PSRN SR SO
Ve . H
’ :
! :
:

PR PR

fee

v

I
Sheai Puled Veloatty (Vg),

|

Uttétasont

—_————e

; e . : A
P
— . Le R ,
; .
S e
- - - - - /” -
,"Q L ] e e . e .
A8
; *
v s '
. //// L]

b 10,000 23,000 30, 000

49,000 sC, 000

itimate Uniaxiai Compreasive Streaxth (C.)}, as¢

L/}
o

gure

AN




;
m
;
'
L

'
' [ A gl BeRrTTTTTUTTTIIYCTUTFCT O TTTTYTTYTYTICUy o1 IR A st ) " ! 1
P LI\ : M | ” !
BN _ _ | <
. ; !
boeefer gen feenid o Y I W S “ . ; M ?.
H : ! H . ! 2|
“ R " : : i . &
! : ; i . ! . .m o
| 0 O S A O ONO O J o i- . : : A
| 000 O I w : : “ h 2
; : : .
' ] . ' H h
, i SRTUN c : ; . . ,
j : ! : : ; '
. ' 4 .
W SIS T S - -m SUOUETUUIE YRRTES SRR P . . . >
i . : =~ ' H < ¢
_N N 4 ve H H ! : R . } 3 ~4
, . e . : . _
! _ o . P , i
: " : : ' o
! b B ., . . g i
. . i w i w . . “ g ¢
o ve v e . g ' ) . . “n . >
P : Bai P ' e <
J ! . [ 8 1] ! v . .’ "
4 T - - w A“ e . . f : . - : .
R o ! . 4 %
m.. m e ”. .m .'"‘... "'- .. . H . » . .“‘ 0 m
g . LR e e 2 ) . . 8 a
: ; m _ i .o S o
: m w . oy . « 4 ¢ ~o3
b S TS FPR B D oo soe ®p . .
» i A : A © oy ‘ .
--ul 0." .o " . ". n . w . Al .
! H H H H X ‘ &
: 4 docorfeonntonns foveodee y_ . . ....* . . e . M. ol
: ; : ; _ )
; i : : P . “ 2 m
H . . ' ' . ey
m RS .y . i s . =
i : , : ;
: e o] - : } :
: . H !
? + ” ; ! - m o
¢ v i : 4]
. H 9 - . ‘ - -
SUPURRNE VRN PN DR : ; i < . ¥ . _ . |
: : i ; ) " (*p) fagporma Tﬁ& aveus pjuosoaan i *
! : A TR TUUE VO UUDY VRS SUNNUUUIN USRS SERORNE NUUS S S PUTTOE SUUNUIIRY S e han _ .o )




40,000

Ultimate Uniexial Compresaive Strensth (C,), psi

[ TN
e : . w
ke o .
. H ' |
i ;
« oo '
g | w
—— e . - SN P ve !
oo g ,_
A . :
. »
Coa m *
' ~
oo T
©
NI SR - SR .
H ! "] m .
P Eo
b~ o * . ”» qu
X -~
Capo " e ‘
| e )
! : _
: _ ;
b m i
ASUIUSEPS SR SR SN
- ; _
SN i w
Lo P '
; i
et 1
; . . sdj *(®h) 43300184 peind avays .ﬂ:.e.ca.:_
OSNRPI TN IS S : TR




correlation coefficients (Table 3) (r) determined for the Group 2
tonalites were considerably larger than the corresponding critical
values (given 1n Appendix I1), vhile the correlatien coefficients
determined for the granites alone vere only 0.44 and 0.49 for Co
verasus Vp and Co versus Vg, respectively, lov enough to be of
queationable significance.

When the data yielded by the tonalites and granites were com—
bined {for the particular pairs of physical properties) and examined
as a sirgle dats sample, the result, in both instances, was & rather
noticeable increase in scatter over and beyond the scatter typical
of either the granite or tonmalite data alone. Also, while the
resulting correletion coefficients (for the Group 4 datn) were
slightly higher than those yielded for the granite data alome, they
were substantially lover than the values determined for the tonalite
data alone. Thus the net effect, in these inatances, appears to
have been a consideradble sacrifice of quality of the better acatter
plots and physical property correlations (Group 2 tonaiites) re-
sulting from the introduction of data exhibiting treads of a some-
wvhat different character and lesser quality (Group 3 gramites).

A comparison of the correlation coefficients (Table 3) deter-
mined for the Groups 1| and 2 tonelites and examination of the acatter
plots produced from date yi:ided by these two groups ef specimens
revealed no significant differences in magnitude of the correlation
coefficients or quality of the scatter diagrams for either Co versus
Vp or Co versus Vo. Thuns, for these particular correlations, varia-

tioa 1n grair size, rather than substantieal variation in percentage
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TABRLE 3

Correlation Coefficients Obtained For Various Pairs
of Physical Properties

Correlation Coefficients Obtained Fer;

Sierra
Nevada
Physical Batholith
Properties Tonalites
Correlated (Group 1)
C va Vv 0.81
° P
C va Vv 0.86
0 s
C° v xdyn 0.56
C° va Gdyn 0.87
C v kX 0.81
o dyn
C va v 0.49
0 dym
Etcn ve Vp 0.88&
stta va V. 0.92
xtun vs den 0.92
Etsn ve Gdyn 0.93
xtan va ‘dyn 0.88
E vs 0.36

All
Granites
All All and
Tonalites Granites Tenalitea
Teated Teated Tested
(Group 8) (Group 3) {(Greup 4)
0.83 0.44 0.58
0.87 0.49 0.69
0.87 0.49 0.11
0.88% 0.50 0.13
0.89 0.39 0.5¢8&
0.20 0.33 0.24
0.u6 0.89 0.86
0.92 0.01 0.98
0.90 0.90 0.90
0.91 0.90 0.91
0.79 0.83% 0.80
0.11 0.80 0.45




sineral compoaition and geologic history ar alloved within the con-
fines of the apecific rock type, appeared to be the primary factor
contributing to the degree of scatter in the tonalite data plots.

Co Versus Ultrasonic Moduli (Egyp, Gdypn, end lﬂyn). Scatter
diagrams illustrating the general relationships existing betwveen
ultimate uniaxial cempressive strength (C,) and ultrasonic Young's
sodulus (Eqyn), ultrasosic shear modulus (Ggyn), and ultrasomic bulk
xodulus (Kdyp) are givem in Figures ic through 29. Correlations and
data plots for cowmparable groups for each of the above three pairs
of variables vere generally asimiiar, probably a reflection upon the
similer origie of the various values of the three different ultra-
sonic moduli (all were computed from values of ultrasonic shear %nd
compressicnal pulse velocitieas and specific gravities determined for
the individual specimens).

Of particular interest vas the fact that no appreciable changes
in maguitudes of coefficients of linear correlation {as opposed to
the magnitudes of those values determined for Cy versus Vp and C,
versus V,) were effected by the use of ultrasopic elastic modul:i 1n
correlations with ultimate strength instead of the easier to deter-
mine pulse velocities (provxounly discussed). While correlations
of ultimate uniaxial compressive strength (Co) with ultirasonic shear
modulus (Gdyn) yielded the highest correlation coefficienc.s of any
¢f the correlations i1n which ultimate strength was involved as a
variable {0.&7, 0 =&, 0.50, and 0.73 for Groups !, 2, 3, and 4,
relpoctxvoly), these coefficients were not sufficiently greater than

those yielded by correlations of ultimete strength with ultrasonic
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e

shear pulse velocity (0.86, 0.87, 0.49, and 0.60 for Groups 1, 2, 3,
and 4, rolpoctivcly) to alone justify the additional testing and com-
putation necessary to the determination of ultrasonic shear moduli.
This is not to aay, however, that deterwination of ultrasonic elastic
moduli would be undesirable.

The same genersl trends prevalenmt in the correlations discussed
previously (C, versus Vg, C, versus V) vere slso common to correla-
tions of ultimate strength versus the various ultrasonic moduli. 1In
particular, both groups e¢f tonalite data yrelded correlation coeffi-~
cients of similar magnitudes (Tedbie 3) and scatter diagrams of a
similer nature. This apparently reioforces the previous indication
that variation in grein size, rather than variation in mineral com-
position and geologic history es allowed within the confines of a
specific rock type, appears to be of primary importance in the de-
termination of the amount of scatter typical of correlations between
various properties of this particular rock type.

Furthermore, examination of the correlation coefficients and
scatter diagrams detarmined for che number 2, 3, and 4 date groupas
indiceted, for all three physical properiy comparisons invelving
ultimete atrength and ultrasonic elastic moduli, that the correla-
tion of data for both rock types as a single statiatical aample was
undesirrueble from the point of viev thet such a procedure resulted in
an unnecessary sacrifice in quelity of the scatter diagrem and de-
gree of correlation typical cof the tomsliie data slome without
vielding an eccompanying acceptable 1incresse in quality of the scat-
ter diagram and neture of correlation above those exhibited by the

aranite date alone.




C° Versus v Scatter diagrams illustrating the relatien-

dyn’
ships observed to exist between ultimate uniaxisl compressive
strength and ultrasonic Poisson's ratio for the four data groups
used in this investigation are given in Figures 730 through 33.

Correlation coefficients determined for these data groups (Table
3), were in gemeral, very lov, and in all cases tut one, vere less
than the critical values (given 1n Appendix II), indicating no sigz-
nificant degree of linear association between the two variables.

The coefficients were 0.49, 0.20, 0.33, and 0.24 for data groups
1, 2, 3, and 4, respectively.

Figures 30 through 33 further indicate the lack of linear as-
sociation between the two variables under exemination, and, in
sddition, reveal that the higher of the four correlstion coeffi-
cients ove their larger magnitudes solely to the presence of a few
points (eight) of questionable validity (unusually lov values of
ul trasonic Poisson's rstxo) without vhich these coefficients weculd
be even less sagnificant.

B, .o Versus Ultrasonic Pulse Velocities (Vp and V.). Figures
34 through 37 physically iliustrate the relationships exiasting
betveen values of tangent Young's modulus of elasticity (static) end
values of ultrasonic compressional pulse velocity sa determined 1n
this study. Figures 3t through 4. depict the relationships existing
betveen values of tangent Young's modulus and values of ultraesomic
shear pulae velocity.

Interestingly, the eight correlations {four data groupl) deter-

sined for these two particular pairs of variebles were all quite
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significant (correlation coefficierts were much larger than the
corresponding critical values as given in Appendix I1) and very
similar in nature, the quality and orisntation of the relationships
determined for the granite data alome being very nearly the same as
those detersined for the tonalite data alone, for comparable pairs
of properties. [his trend of similarity, which incidentally will be
observed to exist geunerally throughout the correlations of tangent
Young's modulus with the other various ultresomic properties, was
soxevhat of & reversel of the earlier trend noted for correlations
of ultimate uniaxial compressive sirength wvith the various ultra-
sonic properties vherein the correlations for the granite rela-
tionships were frequently 1nsignificent and noticeably inferior to
those of the tonalite data. This "change" would appear to be a
significant indication that the factors which contribute to ulti-
wate uniaxial compressive atrength charrcteristics and to the nature
of the values of tangent Young's modulus of elasticity typical of a
particular roch type do not necessarily contribute to the sams
properties of a similar roch type 1n the same manper.

A coupariscn of the scatter diagrams and correlation coefficients
{Table 3) Jetermined for the four groupa of data representing each
pair of physical properties resulted i1n twc additional geceral
observations; ’!) correlations determine! for the Group 1 and ‘iroup
2 tonalite da'a vere aimilar both 1u crientation and degree of
scatter, reinforcing the previous indication that variation ip yrasun
a1z¢ within the particular rock type, ratb~r than .ariation 1imn
mineral composition and geologic history as ajloved within the

confines of the specafic rech *ype, vas a primary influence upon thr




WA 1 1 L

degree of scatter typical of the data plote for this rock type, and
(2) amalgemation of the data for the tonalites and granites into a
single group (Group 4) and correlation of thia data as such yielded
s scatter diagram and correlation coefficient vhich vere of a nature
and quality very asimilar to those determined for the parent dats
groups (Groups £ and 3). This would appear to indicate, for the
particular veriables being eszamined, that such an azalgamation of
data for such geologically similar rock types would not necessarily
result 1n correlations of a guality asubstantially lover than the
correlations determ:ned for data grouped and correlated by i1ndividual
rock type.

Eiqn Versus Ultrasonic Moduli (de“. Gayy s Kdy“). Scatter dia-
grams i1llustrating the geperal relationahips found to exist between
tangent Yeung'n modulus of elmsx:icity (Eean! and ultrasonic values
of Young's modulus of elasticity (den)' shear modulua (Gdyn)v and
bulk medulus (xdyn) are given 1 Frgures 42 through 4%, 46 through
49, and 50 through 33, respectively.

Nature and degree of linear correlations obtained for correspond-
ing data groups vielded for all three pairs of variables were quite
similar, probebly due, as was the case¢ wvith ul imate uniaxial com-
pressive atrength, .o similarity in origir of the variousd values of
the ihree ultrasonic elastic moduli: (Edynv Gdyn' and Kdyn)' All
vere computed frow equationa 1nvelising values of ultrasonic shear
and compressional pulase velocities and specific gravities of the
individual aspecimens.

The physical propertz correla‘tions ' erzined for thcse pairs of

variables i1nvolving ultreasenic wodull were generally quite good.




. ®
[ 4
c .

/

| m N, . <
S i . : s N "
w : : .\ ¢ :
. i : . m ~
! : . AN
. » /
/’.
I S *
' : N N <
: : N, e o IR
b e : . : . . LN + <« 9
‘ [ 4 . [ ] « !

| PO
L

4
-

[ ]
Vg
~
: 8 (!!:ln‘ , P8

/

I d
s Mo

/
/
Yox.nz '

LR RIE PR
.3.1.4.33..-.‘

yd

b 4

.-
y
e
~
at

i SN AR SATHOLEY P SONALYPE
.
//
ule

'
!
‘
: 1
' !
e e e e ” Jo 2
e
S M ,
e b ; w w i “ le
T i : o & & =4 ] e e <
: : : ' i 'Y " w0 . ¥
S E & 2
- . .. * . 4+ u " “ . ) «
; ! ; : ; 9=l Tod M.Aﬁ.n: wnijon 8 Wonas apuoreslg
FIOT i b :

™ 1 il st i Lk e Gt L R L oAb




p-avoormnre mmaia ae.

T ML e it i Biba s Centd a A

'
]
.
.
H
.
:
- . . < . .
!
H
. H .
t
1
P . .
} .
. . .
. 4
| .Y]
S e o+
d IS ‘
v ' .
! k1
'
3 . ' . .
.
) "
1
" <
-
fooone - oot .
| N :
! ' . H
:
| Lo
m «»
. . @ e .
- & e ?
.
. t e ]
- SR VI
por v -oms cowie aa + .- e 8 e - " .
'
' .
. *
Bl +
H 1
’
. !
. [T, . .
. . P H
y ;
' .
3 i
.00-..»-..*-1.00:» sesasemcresasienonages suny
: !
'
. H .
H H
'
'
e ot we e afe - oa e .
1 :
. i :
HE H . :
oot i H
Nl L PO S
Lo ' :
Lo H
e t ¢
H H . i
H H
e H . : .
y
s :
. H . '
Jeneminfoer d P A
»
H
H
[ . H
: ! H
N .
PR H . , H
TR i 4 {
£ b LB 3 e g o ) L L i (500 Ll TRER TR W RO AT

[

' (uErg) un

L

- 90t

1Ppon o

[

JINOL dluceRalL )

P R

t

~1

ang & Modulue

v

dtatic

Figuze «°




zgaaﬁmﬁgnﬂzﬁhEﬂfﬁﬁﬁ?ﬁ%ﬁ%ﬁ!Faﬂ,s_‘i?—?.é,_;;_.:Eg,_é_.g,_“%,.333%9?% R TR an R R M N kA W
33 !
i

~e

Forure 44

~

PR S

C evemmmmrim. euisEma s

EMNTR .
Y w00 K -t
¥ - 2.9 .

ne 1§

Staziz Youma's Rodulus (B, ), pal 1"

0.‘}. e —mem e a Amwet amema— Moo

.
1
)
»
.

o . .
S T T
N
H
.

.

.

p-ut x 1ed C(UARY) snjnben o Yoo sjucemayin

:

m :

m ;

i m

| m

i ;

: i

i 4.

H '

1 .

w H

| i ;

i m m .
1 1 .# ﬁ A%Il:
i g w o ¥ :
m b _

i i

e 13

be-aas o wa

S-S S JRON PP

i bl R

S ot et i e i B 0




TR IRGET R U T TN 4 YYD AT

TR IR TR T SRRV T T LIV LE T W FR IR Y v i WL, Fere [

R T P L b e
o . i . * 9. . : -,
: i “ b )
O S L . T
: : ‘ 2
, P ; : . m _ =4
vocu.h.-........- [ TR Y w. ...... ﬂ. § , L4 '.ﬁ
3 e . ! d ' 3 -
' ' ' : . ! O !
Co ' : : ! ' . :
. : - i
R . . u . [ A
.o ! Q !
M M " m . " :
SRR S SOOI A . . . o .y
. w ; M « L :
oo m m iy | i
' ~ : i L & ,
. . ' . nl ﬁ
LB S | 0 3 |
bo o PERTENAS TR ORI $ - . . . T X . : :
i m ” m M w f ,‘ . hd © .l.m )
v m o x. “ . “ ! . | ! [ ] .m '
s [- 4
e e B . - v - * . ‘ . 4 ’ x
O e i ! -
. . 2 e H » H . . g
» M C . 1 M S c u
S S e . . $ . . ; : . . 8
. i
H 1 ! i / L4 >
i ! ! : ) A N ]
U M H . . m ' m . M ‘ , m .
H — ’ ' i wny ! |
: Co m ! ! | , _ 4
: , : ] < .
mvavm sbe aeees B o ' . . . . . X . ;
. . ] . I
. . i . . . . . . |
T . I ' ey ) . . . AN :
. : | ! \ ' i
o : _ i _ : . i A !
Lo I i 1 i ! a !
S-S ¢ ¢ H ¢ e . - 4
R s 4, @ e o _
_ w & , 4 & " N
o VRN ' . _ . , ! . ﬂ B . . * . ‘ . . . + ] i
J . W coc- x jof ‘(Ppy) oenfnpon -.c:’c.r uoReII N ,
: 4 U U SRR SRR ST i T N .o

Lo bl LG B R W i B e VotttV o it ey e U i vty Lo 2 N




U

mrcwsacfomiven s cen cmrem e

. o wenn

3 H
v

. '

. v
'

'

.

[l

.

* X

H H

m '

" wegesvees

H

h

| :
i . ;
! ol ;
- b
; ; IR
i .
. ' . a4
i A A
' . TR T
. : :
| : . :
A : , ; ,,
IR SR | |
J A o fip Lo . P : m
N B e - —t w h
L} . 9 ’
TR TTTE T AEE M |
i s . oy . i X N .
' , L} " ‘ L W ' m N “
' " R N 't i + H . ' _
: | g0t ol Al B) smynpin Joaus Fyudendaig
! H ! oy 1 |
; ! : . . . ) yod ! !
1 dodnldhn ....LL!..R.;L:, JUSVLIRNOY SO SR SR JURUN SR DURY SUUUE JUUOR N 1.

i

K

-
v

120

]

LD

Static Young's Moduiza (Zogn). pat x 197%

e

ﬂ!u 46

IR PN




.-.s-. aqeemagere -y revegumnyes e B “ 0..
. — ‘ 1] 1 L) a . t
[ ] . s ¢ N 1 . m . w 1 Ml.l
B T W.. -w . m w m ... 4— w . q .
m m ..m H m “ f w ' K ]
i ; ; ! ! ' i ! !
A prrfuindennd o . . N R ' R W
! : . ! o i
; 8] . b ! ' ~.
' V i o'
P i P
m | w w
. . . _ ‘
} |
. . TN e. “.
\ : ® b
. : . b
i
1] . 1 ﬂ b
>
” . i m
i ' «
S D I A
/ . -
. . 4 ’ PR . w .
. ; . i
e 0 “n u [ . Y —u i . [}
rorefeoes 4 - m.. : .W . . _ . m w . ' s v .
Sediee Cye . ; ' o N P P . N
. i ! ‘ cod | “
m 4 4 1 n | H : 't o 4 N e [~} .
. T ) H ! o v ™Y ! .
I IR I TN - R A N A _
BTN O VRN SR FN I j i . . G ok . S, . ,
7 _ i : : ! c..“- 3 LI .ac*scv hinpoy 1eyg ajeospilln |
; ; . . S . !
cad s ol W PN RN E A TR R . ! .

]
3
’
"

gt e e

; Pigure &7

g b




Lo b oy s iy g

- e g g eepewr s .- . : ' re
= i , | m e o
,/w i | ' [ N
_ AN . f ; s
- . . a ! ot
CN U ,. o
: ! r/ : . : i M ! g
; W i . : ] < ]
crmeman . H . s N . . . . H . . ‘
. 4 e s . _ _ « |
. . ' 3 . H } . —
H , s ,/0/‘/..f ; . ,m *
.o i e N . . i _ . o
\ i S i i | - .
PRrS /o { | ! . i » ]
bae seonn e . PR ./ . ) . . . w w . Au. < +
' .4 ””l// _ | _ « &
H ' ' ' e | ' ' ! .

' i ' LR / ' , ‘ -
. o : 1 e . : X
“ = . N o

: - _ e
I . o
s o . ' . . . H i .
m . | | R i | * 3
.o " | , PN , |
H “ ! " eJ“ “ _ 1’/;1 d m w f m |
i R nd S N i ,. m
- W Qom i N , ; - ﬁ
. . « e , ! . ! : !
TN M B - - - | P . | . Q |
: . | i | g > _
. H . H : ! i H yq
| | | _ i $
;e ; P : . ' ] -4 !
P ” : 4 i
e ‘- i _ . .o . m
: . . I «
SUUURPUNS SRR TN SUURUIR SURPUVI SR . RO S S . .
' . [ o
PR i m | fo |
. ﬂ P N
. o u R _ AN
G A m, - o : m
P P ; b b , A
. bl ; : _ : ; ; o N
PR T e o aar ol
; M ! P ; , e i .
Cod b ” “ ¢ m
N i Coete s aded P - i ; .
i ; g-$1 & 3¢ ! (“0P) 89 (npoy, smeysiayeaneaain . ,
...." SO S R Y P : Ca eeeees . : .
g e L g il gt ot kB s gttt " of d & L g iy i Lo gt a1k 4 i




e~

) o!
[ ]

12.0

b /f . “ , ,
- R { : .
1 ” "
SRR SR — . - . ' . . we
;+ ” 4 . . M 000
. : f ! i o
! { i i -~
R T . . . :
. u "
1
be o .A . - ¢ f . * . . . 0.
+ g
) ) | o
P m . /0./. o _ .
©
& |
T.a.'....“ . - u. . ‘. ’ . £
; LI ! ; m <
. “ L . ' 4 H ¥
H i
. . P JU R . ; _
[ SN o § 0 ' ' A 1
. » s . . oo
C > -e : ) i
SR T . AR IV . R ; a.
; ' " »
L] . . m ‘
. : Do
. R !
- Vol ! T )
s . . . . . m . ' f
. | ! : ,
s 4 . w . ".-Xv-co-t.v.“;:-':ll [T S H o- .
. i . * : . cod ; : . ~
‘ 1 : . i _
cerban g we R 2 N IS H . H . . »
-+t ! S S § H i ' '
i : A . . I i ! {
- Olﬂ'- -"ul “ - - ' ﬂ " 0] n [ Y H " M L] 1] w
: ; ' . : C . ! i
} S W ” : — 4 + + _ o .
1 . : : oo ; o _ ! 9
.. i : R . . O . [ e H . ‘
; : ! H ) : . . H t H -+ . _
S RO SRR e . coh h A L . A . . ! i
: : . ; : i '
“ " . h : Tg 81 & FPd 1 (U100) ehtnpen; 1wong| 3300npaa)n
1 : : . : . . i ;
4 i i eadend Iooea .~i..r ‘_.g,....-..p,-,h-; | STV S i i

Static. Yousg's ¥odulus (Zegyly pob x 1078 oy

Pigure 49

[t o




"

+

E
E
m
8
B
B

«

[

, W : ] ~
. . " : _ " =
m ]
: i ! i )
,. . ! ; i
. _ H _ | o
. . i { M <
. . : i . i :
i _ !
. . . } : X
- | . h
N m “; I' ..m u_ [$7
...... g . . i P e . . ; .
_ ' : oo - «
‘ . Py y/ ¥ .
i ; S .
m PY ' llf - i
i ; ! ' ~ .
. C “ P N
. H ! : ! ©
: b : | P N
& : : : . | | : S
L] 13 i
W . | , .
' ¥ . i ; ' ! ™.
H i i .
oy o . . i ; . . ; .l 3
<8 : : i _. B
P : : “ :
L] L. ]
iy ey, \ : . : . )
. ¥ ST . . H » 4 . . » . t
J : ' w
ol LI : : i : '
RS S M....... .. IR SURUUURN SO .m. . . . i . W 1
. . H i ! ~e
] " | o . -
: ' : ; ! : : : _ ‘
. i , i
Y m * m m [ H * _ '
H ! H ' ' !
. i 3 } i o - s | i o
4 | w “ . ¢ LA
. ! ; : ‘ $ :
. i 1 : ; , !
P m P o - m b
_ : ,o..o . (U4Px) -4_31.:.,::& Tueswiain ! ! ;
, : i Lo Lo b | T I i _

PR

Static Yommg's. “odulus £ 3, pai x 30 ¢

Tigure 0O

————




v b

s
» . 14 k4 14 . 14
T OO B A I .o [ :
L. . - e - o
: : : o L . :
. - g 1 . M H
Lo : : - I
S T, : ———— RPN S ;
l : -3 : :
H : : =
1 ! ! : S B A :
. - . -
S SO SRR R S U S S O TE RV T L TR Y
» - i . * I} . .t
t P . g iz v Di2%: L
i AR R G 2 I N
i 1 o of 3
A . N S SO - moetthid o
i L. : ; :
+ :
: H T T :
: ‘ i oL :
Pormros smabr - -wa wwwafle o—p- BAPem @ wm — & h
’ ? - : :
. . i . . . "
: N i i :
] ' i T M T !
i P - 4
? t - : :
: M :
1 1 . L *
: T : :
i v ’ .
v ® . . . - . .
. R - :
-1 - T
: : '
El . . 1]
I
; SRS S :
. I .o
: . R
] I AR IR
. O T N . i
Pk f :
: s +
+ - g . !
/ T —
: S !
P L :
i - .
S ; ——
: .
. . - 1]
R VN S IO S
| : :
v £ 4 a H
* i ¥
. S ST S SO UUPUPUN NN SSUUUUI SR
! . l : :
3 . .
b, : H ' F
o _4 ! i H
.
0 g -
b . [N S SR SIS S S — . .
' “ . . H 3
: e B~ = el : ‘ 3
S U VRPN IO WS -
: s : : t
: : . H i
- N - - < 3 b -
- i .
L . H
i
. :
. i
S S }
L i
‘e
= H X H
.
3 Y .- R
= - + .
R : Lb i b




e e g e e .. =Y 4
: . ! i R
.. . .o b b - &
; . ! v
tx‘vnﬂl-.' u « we - + n « v ¢ R 3
. ca . ," . . ) g m
i ; : ; Loy N
¢ + ) . » .
: 4 - . ' ' ) b M .A
3 .
3 : . ' . 3 w: .
sngmees o.-m...‘ -...m-:. . m N s -4 . : . . . M . N
| I RO S N S : I
4 . Pty "
P : . - 4
siedoof .
b
- S u
: "
N .o
i
T:-mﬁu". SNIPSTITN SRTTINE RPNRE PN G e J . . .
. ; ' o ,
- lb%-. ;u
! r
» s b
: bot . U]
ves e . ..m .o m‘ .ﬂ N P 1 ' N . . . . "
i : - : . : . .
L. LI I : SRR IUUUE SUUUUSUREE ISUUURIES WRRRR SRS R SR o u ..
m. ' N N 3
[ N B < m
...... Shemen
) N , , i v : qQ. : .
: : . . .t '
. Iy - m- e m 14 ' ” " ! .
. .. : : . }
" 3 3 i e 3 b 3 Q... . PR
. . " b 4 . < 14
;! A : R Co a 1 q !
. “.. . . " .-L " W . a u . ' % " " M "
i i . : ‘ . Co |
.. N N i P oo o oo
i ; »® -s_ o« X1ng[ 230893310 . “ ;
- : : ; - b : i i
sepifiiis tedi S T i 5 TS SO VU SUNUE ST SR SN URY SRR SO SR S S N {

K i o ]




ITRvens

- TR R

T S getes M Sm e PR e TR e s T

g -

L) L~ M - -

30

6.0

4,0

2,0

_ T — T L i S T S e SR e SRR R
i : _ . R 12 * ;o . : .
- m : | | _ o m :
-------- ﬂ-l-, CERRT TR e . - ﬂ » u .n n - .
i H . i H : H '
i ; 4 G4 bedes b . N
: : : i : ! i
; ; i poened i i SRR SIS PRI S
: : Hnd T H » H b
i : _ | I ; j f . :
RSN E G et NN A Coe HER ;
¢ “ : Vo * i * i
. . - . T R SO PO T Yo b
i . ! i ! v
SN SN O e 4 evnnes oneeeens b .
' : . ' ! H
o . : ! !
.” : 3 m ; i
perest nreds aeen “o ,«.. . - ¥ . m . m
! LA ' '
! H i :
- Ma R S R R
" 1 » L}
ol 88 o O B
" % : . .
- - e F . P R o
: .. b~y ! | i
T T B RN : { S v
. Lo b & . ; :
. i t _
; ” m _ _ .
AU JUURN P RN ; RS . . g o :
° H . !
S0 IO T 00 NSO VORI NIV AU AU ! o /
i ; : , m ,_
S I " ” : |
Wunuh.. sevage - B .w w m : . 4
FHUE TN U SO e . I J P . i I
i ; i . SR ! i | { . ,
I : Pl Do : L ‘ : d
Hy i \ ; I oo . .o . i
; | B B b
T.o..o...o.. cerebasac seste safas wt o b w LR B .- « t . H . . ' . »
o w " ! o 940t x {od < (Py) gnispom yinajzirostartn _ . | m
i : i ST U SNV AT ST T T S -, . _ t
Lt o (b st gl i g v it Ly i / i _‘ Do g i K L LUl gt gl (L L ,L:.g_:..: g S o AT

1050

»

. Atatic Youms's Modulus (Regqndy pat x.18°¢

oes =

e

PP PP

Pigure 3

.
s

— .




TS T T, M

Currelation coefficients determined for tve of these pairs (B,
versus ‘ﬂyn and B; . 7versus Gd’n) vere among the highest yielded
ty correlation of any of the pairs of variables examined during the
course of this investigation (Table 3). These twe groupo of corre-
lations were net sufficiestly superioer to these involving the ecasier
tc determine values of shear and compressisxzal pulss velocity, hev-
ever, to slene¢ justify the additional time and woney which is
Leceazary to the cemputatiorn c’ ultresenic elastic meduli. This is
nnrt to say, Rovever, the: computatior of ultrasez v meduli might not
be desiravie for purpeszs ether than physical property cerrelstions.

The geueral trenda characteristic of the physical preperty
corralatiore discusssd in the s:ction ismediately prier te this sme
(Ryqy versws Vp and V,] wers aleo noted to exist for these cerrela-
tioze. Specifically, degrees of ct.rcelation determined for the
Group ! tonalite data groups were only slightly larger in wegmi-
tude than those yielded by the Group 2 tonalite date groups fer
correspendiag pairs of physical properties, substantisating previous
ipdications that veristion in grain size, as opposed te sigunificant
veriatiea in m.neral cemposicion and geologic history as alleved
vithin the cenfines of o specific reck type, appears te be of pri-
mery significance in the determination of the degree of scatter
typical ef varieue physical property correlations within the par-
ticular reck type.

Az ves mentioned in the previous sectien, combinatien eof the
data for beth rock types, granite and tonalite, in.0 s single ste-
tisticel sample and cerreletioc of this single mass of dete did met,

fer either of the three prire of physical preperties censiderad in




this sectien, result in am appreciadble sacrifice ia quality ef the
corrgiations ebtained for the graamite data aleme or the tenalive
data aleme. Thus, fer these pairs of physical preperties and these
reck types, variatien im reck type appeared teo Lave ne sigaificast
effect on the quality ¢f the cerrelations cbtaimes.

Biar Versus v 4y,. Figures 54 threugh 87 graphicaily illustrate
the general leck of limear asseciation ebserved .. exist between
tengeat Young's medulus eof elasticity and ultresesic Peissen'es retie.

Cerrelation coefficients determined for this pair of variables
(foer dats greups) were, iz mest cases, apprecisdly lerger thaa the
vnes obtaiued for the plets ¢f ultimate uniaxial ceapressive strength
versus Pcisaon's ratie. KExemimaties of the scatter plets (Figures
54 threugh 57), hewover, revealed ne significeat treads to exist
betveen the twe variables. The higher correlatien coeefficiert
(yielded by the /irewp 3 data) had resultea selely frem the lecetien
of oight data peints, in this instamce, pointa of questienabdle
validity (values cf Poisson's ratie vsre felt te be unrepreseatative)
10 & mammer 80 as te give dofinite erientation te the lesst-squares
line vitheut imcreasiang the qualaty ef the plot te eme of actual
significance (See Figure 568).

Thus, ss vas the case vith the cerrelation of ultimate wmi~
axisl compressive stremgth vith ulirasenic Pc‘ssen's ratie, the
correiations determined for taageat Young's modulus of elasticity
versus ultresenic Peissen's ratio vere all of little or me practicel

valus frex & preperty prediction peint of viev.
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CHAPTER 4
CONCLUSIONS AND RECOMMENDATICNS

Conclusiens

Based upen results of the physical property tests cemducted
duriag this investigatien, and en linesr cerrelations of the various
physical prepertiee determined for these gramites sad tenalites, the
felleving cenclusiens appear justified.

{s) Veriaties ir grain size ratber than substantial varisties i»
percentage mineral cempesition and geelegic histery as slleved vith-
in the cenfines of the speci®ic rock type (temalite) appears te be
the primary facter respensible for the degree of scatter typicai of
dats plots fer the various pairs ef pkysical rock properties exam—
ined for s specific imtact reck type. It must be kept in mind, hew-
ever, thet the tve reck types used in this irvestigation were beth
intrugcive igmeous recks and vere essentially of o hemegeneous and
isotwrepic nature. Thus, the above conclusien should de restricted
basically te igmeeus rocks. It 1s felt that veriatien in geologic
history veuld bave substsatial influence orn the degree of scatter
typicel eof reck property cerrelations for metamerpbic and sedimen-
tery recks, particularly where there are vide varistions in angles ef
inclination of planes of shistesity and sedimentation, and in

degrees of cementution anc recrystalization.




(») Variation ia reck type appears te have o gemerslly unde-
sirable iafluence om the quality ef the cerrelatien ebtained for
varisus pairs ef reck properties. fhere coerrelations between tve
particular physical preperties determiced for varisus imndividual
reck types are quite different ia degree of linear ssseciatien, amal-
gamation of the smeller individusl cerrelatiens imte s single larger
relationship inevitably results in e sacrifice of quality amd use-
fullness of the geed relatienships due 1o intreductien of date
exhibiting lesser degrees of cerrelation. This type of situmatien
vas found te exist vhen the cerrespending Greup 2 and Greup 3 cer-
relations which invelved ultimate uniaxial cempressive streagth as
ene variable were cembinad and evaluated as single greups (Grewp 4).
A similar situatien weuld result if the various physical preperty
correlations for the individusl reck types were of & differing
nature (imclimation er orientatiem) such that amslgamatien of the
individual cerrelatiens fer a single pair eof preperties iate ene
large group would produce & large degree of scatter and thus o
lesser degree of limear ascoecistien. This would predably be mere
likely te occur vhen greatly different reck types vere iamvelved.

(¢) A cowparisen of linear ceirelations imvelviag ultrasemic
pulse velecities vith these invelving ultrssemic elastic meduli
indicated tbat linear relatienships im vhich either ultresenic shear
meduli or ultrasenic Youag's meduli vere empleyed as ene varisble
were slightly swperier in quality te similer relatieaships ia wvhich
ene of the ultresemic pulse velecities was iavolved. The degree

of superierity did net appear great emeugh, hevever, te aleme
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varrant the additional time and effert necessary te the detersmi-

natien of the ultrasenic elastic constantis.

(d) Correlations vwhich empley ultrasoric shear pulse velecity as

one variable appear te be superier in quality te similar cerrels-
tiens invelving ultrasenic compre¢saievnal pulse velocity es ene
variable. Shear pulse velocity appears 10 be the ultrasonic phys-
% % ical property of those exasined in chis study, which oflers the best
: possibilaty for linear cerrelation vith and preliminary prediction
of :ltimate uulazial cempressive strength and tangent {static)
Young's medulus eof elasticity.

(e¢) It does not appear likely that ultrasenic values of Peisaen's

ratie have uny sppreciable value in the area reck preperty cerrale-

tiem and prediction.

Recommendatiens
As indicated previously, this investigation wvas confined te

tve types of 1guneous recks. It 1s suggested that several varieties
4 of astamorphic and sedimentary recks be studied in a similar manner
te determine vwhether or net the trends ebserved in this investiga-
tion are typicel of all recks or are merely typical of igmeous reck
types. In particular, the offects of variatios in grain size on
the degree of scatter typical of physical preperty correlations for
metamerphic and sedimentary rocks should be inveatigated, as it is
felt that variatien geelegic hisiery may here he of primery imper-
tance ratber thean variatier in grain sige.

An investigatien sheuld be made to determine the extent te vhich

physical preperty relatiens such as those investigated bere might be




better represented by curvilinear cerrelations rather than linear
correlations. Seversl of the scatter daugrams in this study ap-
peared te be of & naiture that might be batter represented dy a
sncend degree curve. Ia additism, & mere exteusive atutistical
analysis (determine confidence limita, etc.) migkt be perfermed te
determine the practical value of sach phbysical preperty csrrela-
tions fer preperty predictior purpsaes.

Cltrasenic shsar pulse velecity and ultrasonic shear medulus
ashould be mere thereughly sxsmined fsr use in such physical prep-
arty cerrelationa. It veuld appear thet these twe ultraseaic
preperties effer the deat pessibilitien of any of tho ultreazenic

properiies used in this invastigatien.

4
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ABSTRACT

Robert Wayne Crisp, Master of Science, 1671

Kajer: Civil Engineering

Title of theais; The Influence of Variation in Grain Size anc
Minimal Variation in Reck Type on the Juality ef
Reck Property Correlstions for Intact Ignecus
Rocks

Directed by; Dr. Rotert M. Scholtes, Head, Departaent of Civil

Engineering

Pages in Thesais: 116. Words in Abstract; 274

Correlations f physical properties of rock sand predictions of
cne property from s prev:cusly determined value uf another property
should be of tremendous value in the field of civil engineering. Im
particular, such cerrelstiens and rock properiy predictions would
erpedite muitiple site evaluation and selection programs, and
possibly allov for reduction ir. the number of various tests required
to determine the physical proparties nov deemed necessary for com-
petent design and cemstructies in reck media.

Previeus reck property cerrelations have generally encoopassed
sany reck types, the ebjective being to determine genersl relation-
ships typ‘cal of all rock types. The dea‘a, hewever, have frequently

exhibited scch a great degree of acatter that subsequent correlations




were of questienable value. Thus, in an effert to eliminate seme

of the acatter typical of many previous rock preperty cerrelations,
this investigatien was cenducted to determine the inflaence of vari-
atien in grain sixe and minimal variatien :n rock type ea the
ruality of reck property cerr<lations fer izlact igneous rock types.

Puysical preoperty tests were cenducted en 79 cylinderical speci-
meus of granite and tonalite¢ representing 10 drill siteu. Values
of ultimate uniaxial cempressive sirength and static Young's wed-
ulus of elasticity (tangent) were cerrelated with values of ultra-
seriic cempressienal pulse velecity, ultrasonic shear pulse velecity,
ultrssonic Young's medulus, ultrasonic shear medulus, ultirasemic
bulk meduius, and ultrasenic Poissen's ratie for each of the feur
fellowing greupa of specimens:

Greup 1: All tenalite apecimens tested {rom the Sierra Yevada
Sathelith, California.

Group 2: All tenalite specimens tested.

Group 31 All granite specimensa tested.

Greup 4: All specimens tested.

Comparisen of the mature and quality ef theae linear cerreia-~
tions revealed that variation in grain size, as opposed to varia-
tion i mineral composition sand geologic “istory as allewad vithin
the confines of a particular rock type, appears te have primary
influence en the degree of scatter typical of reck preperty cerrela-
tirns fer o particular intact ignecus reck type. Meresver, reck
wroperty correletieas invelviag only one igneous rock tyne ars gen-

erally superier te those invelving severel igneous rock types, the




latter case frequently sufferiag fism an everell lack of qui' iy due
te & larger degree of scatter brought absut by the amalgewwmtier of

data reistienships exhidbiting different trends and diffe: :rt de~

grees of _i . car sssecistiom.

hawo ¥




APEAXDIX 1

FETROGRAYHIC DZSCRIPTIONS

AND

POLISHED SFCTION PEOTCGRAPHS




(a) Tenalits (Vermiliem granite formatiea, Mimnssets).

Bromnish-grey sediwm—~ to coarse-gray tonslite. Bietite vas brekes
and sltered te chlerite. Mi.rocline vas unsltered and unbrekea.
Compesed of 20% quarts, 48% plagioclaae feldepar, 185 petassiwm
feldspar {microclime), and 2% biotite vith traces of magsitite,
spatite, sphene, szircen, and calcite. Very fev microfractures were

detected.




(b) Granite (Lucerne Fluten, Maine). Black and white, cearse-
grained granite. Porphyritic texture. Specimens vere unvesthered
and contained very fev microfractures. Centaimed 2t% quartsz, 30%
plagioclase feldespar, 30% potassium fellspar (microcline), and 11%
biotite with traces of magnitite, apatite, chlerite, epidets, and

hematite. Plagioclase vas slightly altered te sericite.




(c¢) Oramite (f amite Mounteins Uplif:, ¥yeming). Unweathered
brewnish-gray, cearse-grained granite. Micrefractures wvere semevhat
cosmen. Contained 30% quarts, 30% plagieclase feldapar, 33% petas-
sium feldspar (micrecline), 5% bietite, 15 chlerite, snd 1§ mag-
netite and traces of epidete, apatite, and sircea. Jasrihite coen-
tent of the plagieclase was 185, Plagieclase vas slightly altered

te sericite. PBietite wvas slightly altered te chlerite.

-~
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(d) Tonalite (Sierra Nevads Bstholith, Californis). Fine-

grained, dark colored rock. Sections were fresh and contained ne
macrofractures. Contained 18% quartz, 42% plagioclase feldspar,
19% hornblende, 13% biotite, 4% chlorite and traces of microcl.ne

and other accessary minerals. The biotite vas slightly altered to

chlorite.




(¢) Tenalite (Sierras Nevada Batholith, Califernia). Medium- te
cearse-grained, black and vhite tenmaiili.. Sectiens were fresh and
intect. Percentege minersl compositions were 21% quarts, 45% plagi-
oclase feldspar, 13% hernblende, 20% bietite, and 1% chlerite.
Traces of microcline vere alse detected. The bietite was slightly

2ltered ‘e chlerize.
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(f) Tenalite (Sierrs Nevade Bathelith, Califernia). Medium-
grained, black and vhite tenslite; much finer grained then the
pedium- te cearse—grained temalite (s). Sectiens vere unveathered.
Percentage minerai cempesitions were 19% quarts, 48% plegieclase
feldeper, 2% microclime, 125 hernblende, and 21% bietite. Traces of
chlorite and magnetite vere slse detected. The bietite bad been

slightly sltered te chlerite. Ne macrefrsctures wrre detected.




(g) Granite (Nerthvest of Lere Greve Pluten and Encheated Keck

Bathelith, Texas). Mediwm-grained, red granite. Sectiems were
intact and unveathered. Mere muscevite micas preseat thaz bietite
mica, Percentage misers) compesitien is 30% quarts, 265 plagieclase

feldsper, 3% petessium feldspar (micrecline), and 9% bietite with

traces ¢f hornblende and chlerite.

~—
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(k) Granite (Sherman Granite Facies of Seuthern Laramie Range).
Light—-gray, cearse-grained granite. Composed of 24% quartx, 30%
plagieclase feldspar, 32% petsssium feldspar (micrecline), 10%
bietite, 4% hernblende, and a trace of chlerite. Ne preexisting

fracture surfaces ceuld be detected,
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(1) Granite (Seuthern Larsmie Range, Wyeming). Medium- te

; coarse-grained, pink granite, perpbyritic texture. Percentage

3 minersl cempesition is 29% quarts, 305 plagieclase feldspar, 34%

; petassium feldspar (micreclime), &F Sietite, 1% heradleade, and 1%

chlerite. Sectiens vere unveatbered aad macrescepically free of

fractures.
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(j) Tenslite (Cedar City Tonalite, Utah). Light-gray, medius—
E greined tenalite. 1Yineral compesition is 20% quartz, 44% plagie-

i clase feldapar, 3% poiess:um feldapar (micrecline), 21% bernblende,
5% bietite, 6% mcgnetite vith traces of chlerite and ether acces—
sary minerals. Bietite was alightly altered te chlerite. Specimens

vare unveathered and macroscopically free of fractures,




e

(§) Tenalite (Cedsr City Iomalite, Utah). Lighi-gray, medium-
graired tonslite. linersl compositior 18 0% quartz, 44% plagie-
cleae feldspar. 2% poressiux feldaper (ni.recline), 21% bernblende,
5% bietite, 6% cagnetite vith treces of chlerite and ~ther acces-
#ary winersla. Siotite was alightly altered te chlerite. Specimens

vere unveathered snd macroascopically free of fractures,




AFPPENDIX II

CRITICAL VALUES
or

CORRELATION COEFFICIENTS




Critical Values (rcr) of Corre. ation Coefficisnts

Statistical
Sample Critical
Sige (n) Va.ue (rer)
el 0.55
b 1.) 0.43
36 0.39
30 0.40
40 0.40
; n 0.30

79 0.29
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