Highvay laterials Research Laboratory
132 Graham Avenue, Lexington 29, Ky.
October 27, 1947

Pile: A-1-6
Res. Proj. C-22

liemo. to Dean Terrell,
Director of Research

At the meeting of the Research Board on March 24, we presented
our first Progress Report on Project C-22, entitled "A Study of the
"Properties of Coarse Aggregates", and at that time an oral discussion
vas given by Mr. James L. Young, Jr., Assistant Research EZngineer, in
the capacity of geologist for our laboratory. Work on this project
since March 24 has made possible a second Report of Progress on this
study, & copy of which is attached.

You will recall that the original plan for this investigation
included very extensive tests for chemical and mineralogical properties
for limestone from four widely separated and different quarries. These
were sampled at one foot intervals and during inspection of the labora-
tory last November 25, Mr. Young gave an account of his sampling, the
laboratory techniques developed to that date, and the objectives of the
research so far as they could be formulated at that time. It is grati-
fying to note that at the present stage a very large majority of chemical
and mineralogical properties have been determined for all four of the
quarries, and many samples have been prepared for the purpose of correl-
ating these properties of the limestone with performance in concrete and
bituminous mixes.

In line with our policy heretofore Mr. Young and Mr. James H.
Havens, Jr. Materials Zngineer and Chemist in our laboratory, will give
an oral presentation of this voluminous report in order to condense and
interpret the data.

Respectfully submitted

2
{ . C‘f . f/-ﬂt-*"‘-»/'\. L~
. L. E. Gregg ;ﬁk
IG: X Associate Director of Research

-

cc: lMembers of the
Research Board
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INTRODUCTION

Research Project C-22 1s an investigetion of the geologic
aspects of limestone egzregate thet might ceause feilure 1if used
in highway construction, as reported easrlier. As the study was

to be epproached from & new stendpoint, 1t wes allowed to mature
elong significant lines. At present a working plaen has been
adopted and is shown here in some eeteil.

Four guarries were selected on the besis of performance of
the eaggregates in pevements. The four selected, together with
their rating, were:

(Fair) Querry Mo. 1 - Composed of 31 feet of Crdovicien
limestone. Location - Lexington.

(Good} Quarry No. 2 - Composed of 134 feet of kississinonisn
limestone. Locetion - ¥%. Vernon.

(Poor) Quarry Wo. 3 — Composed of 65 feet of lklssissinnie
limestone. Location - Olive z=ill.

(Excellent) Querry No. 4 - Comnosed of 35 feet of Silurian
dolomite. Location - Avoce.

“hese cuarries have been collected and tested in devall untilt
e very sound idea of 211 their »nhysicel oroperties, their verie-
tions, structure, mineralogy, etc. 1s known. 3y results of »nres-

ent tests it ig »nossible to locete & rendom semple very closgely

in the cuerry end in most ceses orient it.

A

fs the evaeluasions nlaced on shese cuarries cen ¢t best

EON

be
ohiy general, »nhysical tests were selééted with which to eveluate
the aziregete closer end thereby To correlete @n agoregete's
performence accuretely —i1th the results of significant tests

nerformed on it. First, i1t is necessery to prove theat one

nroperty or & series ol prownertles combined cause the Teilure.

3



The gquarries are collected 2 second time with a new pursoac.
FFour %o eight levels have been selected &t which point one or

more »Droperties 1s outstending: & léerge sample is selected

-

2V x 33t x 1'., From 1it, six beams cre sewed on & carboruncun

rnesonry sew, and the remainini rock 1s crushed to rfurnish %he
esgregete for other physicel tests and approximately six concrete
beems. ‘Lhese besms ere to bpe subjected to the following hysicel

.

and chemical tests to determine neriormence and to correlate 1t

A A

with »Hhysicel wroperties measured by old tests as well 2s by tuoco

that ocre new.

Insoluble residue
Permeability
Porosity
3ulk <pecific Gravity
Lbsoluste Specific Gravity
Thin Section
Size, Shape and Frecuency of Pores
Cley Minerals
Los Angeles Abrasion
Sodium Sulfate Soundness
Sonic Modulus of Elasticity (rock beam)
12. IModulus of Fupture (roclz beam)
3. Durability Index (rock beam)
14. Sonic Modulus of Elasticity (concrete beem)
15. ©Hodulus of Funiure (concrete beesm)
16. Durability Index (concrete bean)
17. Coefficient of Thermel Expension.
18. Toughness
9. AHardness
0. Ductility by Compression Tests

. a - *

\O CO~J DN T 1) =
.

e
~ O
. .

=
w

A sample form is included nn the next peie to show whed

control mey be expected in deeling with this size beam.

o
L
oo}
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H.R.L. ¥orm C-1
Commonweelth of Xentucky
Department or Zighweys
Highwey Materiels Research Laboretory
REPORT OF IMPROMPTU TESTS
File: =2

Date: E-11-47

Subject: Varietions in Insoluble Eesidue over ¢ Beem -
2 inches x 3 inches x 12 inchesg -

Locetion Sempled: Central Rock Surface

Dete Sempled: July 26 Sampled By: T. ¥olfe

Rezsgon for Samnling (related work, etc.): To _determine whet

control mav be exwected in testing beams in Research FProjeci

C-22
Zesults: Semples A - 1.16% (224)
3 - 1.20% (22B)
0 - 1.20% (220¢)
D - .90% (22D) o
(£11 from one beem at 22 ft. level.)
Remerks: Semples teken from four crees in longest dimension
of beaoin efter it wes broken. Meximum devietion ia 0. 3%.
Henorted 3y: J. Yeung & J. Havens
Conies: {Cregg
Havens
Young
File



ZJeemg of Limestone Belng
on a Carborundum Hasonry
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RESULTS

At the time of the last Research 3oard Meeting, tests and
results were nertislly completed, and reported es such. &t this
time tests are more fully completed end will be reported with 2s

much detail towerd results es the progress ellows.

Insoluble FResidue
Thet portion of a limestone which refuses to go into solution
unon digestion in e fairly ective ecild 1is termed the inscluble

residue. It hes been mostulated thet the insoluble residue sheould

be & proper criterion in diaznosing the behavior of an eggregete.

This seems to be true, and is the only test found to date that 1is
Gilscriminating,

Digestion is carried on at room temperature with one excep-
Luerry Moo 4 is dolomitic and the magnesium cerbonate is
n-re steble than calcium carbonate. In order to et the magnesium
cortonete into complete solution, heeting to just below boiling

iy necessary.

Formation of insoluble chlorides is & detrimentel phenomena
but 1s considered to be e negligible error. ©Silicates go into
solution to =such @ smell extent in hydrochloric ecid thet they
ere nos considered.

Qurrry Avereages are the only criterion aveileble for evalu-
soton of a guarry as a whole end the avereges place the qguerries

£

neerly in line with reference to the initiel generel performence

V)

retings given to these cduerries.

Iy
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INSOLUBLE RuSIDUZ

KY.

DXINGTON,

.

QUARRY NO. 1, L

Insol. Res.

Level
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Insol. Res..

QUARRY NO. 2 (Continued)

Level
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130 .
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INSOLUELE RESIDUEB

QUARRY WO. 3, OLIV=Z FILL, KY.

Level Insol. Res.
L oveennnnnns 12.52
2 heeiieanaan 9.5p
S I 10.5%
b oo 12.5%
B e 14.5%
S aerrerneee J-32
7 ----------- u.5{7
8 i 20.0%
D e 15.0%

10 teeineennnn. 11..0%
11 ... eeele. 13.0p
12 i eeeeinnnn 19.57
13 oeeennnnnnn 12.0%
4 ... ?5@
15 cveenennnns 9.0%
16 eeveeeeninn 1&.5@
17 eeeieeaen 7.5p
18 tevieinnenn 11.5%
19 ceeenncnnn 59 . 5%
20 i 28.0%
2l ie e Shale
22 ieiiarennn 14,05
23 e, 20.0%
7] 13.0%
25 iiiiiannns I,5%
26 i 6.0%
27 i 11.5%
28 e 14.0%
20 i 13.5@
30 tieieeaeans 11.0%
31 heeeieean 8.0%
32 i 7.5%
33 tieriaeeenn 8.5%

Level Insol. Res.
Mo 26.5%
35 e 25.5%
36 e 16.0%
37 et 11.5%
38 i 8.5%
39t 8.0%
bO v.ovvvuen... 7.0%
1 A 10.0%
b2 oo, k.5%
I 17.5%
W oo, 19.5%
bg ool 20.0%
D6 weriennnnns 16.0%
bo i, 17.0%
L8 ... ... 20.5%
by ..., 11.5%
50 tieiinennn. 14.0%
L3 9.5%
52 e, 11.0%
53 terieeennns L.o%
s, 10.5%
55 e 6.5%
56 ........... : M‘.O/f
A 3.0%
58 viiiennnn L.5%
59 e, L. 0%
60 i, 5.0%
6l veeennns 3.0%
62 i, 1.5%
53 v 2.0%
6L v 2.5
65 i, 1.5%

Quarry Average ~11.9%



INSOLUBLE RESIDUZ

QUARRY NO. 4, AVOCA, XY.

Level K Ingel. Res,
2 8.26%
7S I, 50%
i A S 3.73%
L 10.38%
B e e 3.25%
G e 1.91%
YA 3.15%
R 1.37%
S 1.05%

10 vieinveecenacnns 1.13%
11 iiieeeinannnnann 1.31%
12 tiiiiienennnnnn. 1.35%
13 teenevennnnnnnns 3.04%
W .. 1.43%
15 vevennnenaneanes 1.97%
16 cieeeennnnnenn. 2.75%
17 teieiennnnnnenn 2.59%
18 teiiiiieeann 2.39%
. 1.32%
.10 B 1.71%
. -
22 tiieianienaaia 5.32/&
3 B 5. 505
2h v 3.49%
25 e, 7.05%
26 e 7.66%
27 e e 7.52%
28 cieieinnnaee e, 6,125
29 iiieiiiieieieaa. 6.51%
30 e 7 .00%
1 5.78%
32 tieeeneeaaaaas 5.77%
33 i, 6.97%
"Quarry Average . L,166%
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Permeability

The permeability of o solic mey be defined as the rate of
flow of a given fluid through & unit cross section ol the =olild
under.a unit pressure gradient end conditions of viscous {low;
permeability is therefore o meesure of fluid conductivity of &
solid. The stenderd unit of permeability es defined by the
American Petroleum Institute (tentetively) is the *dercy", which
is the rate of flow in milliliters per second, of a fluié of one
centipoise vigcosity through & cross section of one square centi--
meter ol & porous medium, under a pressure gredient of one atwmos-
phere (?6.0 cm. Hg.) per centimeter end conditions of viscous
flow.

Permeable mediums are necessearily porous Hut porous neec novg
be permeable. The connections of the pore spaces included in &
medium determine its wermeability. Limestone has 2 very low
permeability, as & rule, when compered to & reservoir rock such
as an oll send. However, small as the openings ere, a2 limestone
is usvelly quaerried out fully satursted with weter. This meens
then in the role of en aggregete in concrete pavements, the voidsg
may be utilized 1in any exchenge of water teking place. The total

amount of hygroscopic water present in most cases will not exceed

one per cent, but the influence of this small per cent cenunot be

-

ignored. If the size openings fell within the cenillary limitsg,
an unestimable force is brought into ection. Such micht be the
case with Querry No. 3 which hed very low permeability es measurer

by the method edopted.

Specimens were cored out with & diemond studded core crill.

=9
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core vsed wes 1.7 centimeters in diameter by 2.7 centimeters

length, presen

ium.

The sample

lescribed. by Wyco

Wwlletin of the Americen Association of

1edium uvused was c

. rubber gasket,

vesting

[
<

ting

2.27 square ceniimeter fece to the

Diezmonéd Cor

e Drill

and Limestone Core

wos mounted in a simple adeptation ol eduinment

£, Rotset, Muscet end Reed in the Februery, 1934
Petroleum Zeologlsts. The
ompressed., Adried air. The sample wes mounted 1in

aubjected %to & known pregsure ane temperature and

he elry oessing throuzh the specimen wasg trepped in a celibrated
1ass tube. ' The computetions ere in "millidarcies!" or one one

nougendsh of a “darcyh.

Two directlons were tested from each

evel. The fTormule is shown:
= 2000 X 1. % viecoelty of elr X vol. of elr = _ millidercics
ares in sg. cm. » difference in mressure

30



RESULTS- OF PZRMZASILITY IN MILLIDARCYS

QUAERY NO. 1, CENTRAL ROCK CONPANY, LIXINGTON, KY.

Position of Saimple

Level ’Vert. rort.
0 vuvnnnn. 2 A 0.903
oo, L63 ... 1.160
2 e 2.000 ....... .879
5 P 1.493 ..., .. 1.864
b, .. 625 oo, .786
L S I i 2.512
6 vt 1.094 ....... 1.967
7 3.422 ... .. 1.059
8 v 1.700 ....... .862
9 e 1.303 ....... .827

10 ceeenn... 897 o...... .L485
10 ceeen... B9 ...l 1.094
12 ......... 2256 L., .583
13 cooee.... 38h ... ... .886
14 ooee..... 373 el .233
15 ceenn... L9 L.l .360
16 vevennnn. 129 ... ... .210
17 eeeenn.. A8h ... .922
18 e 265 ..., .231
19 oo, 2553 vuan... .311
20 iieia... 507 e, .138
21 i, 196 ..., .276
22 i 553 c...... . 576
23 ... . .369 ..., .829
2L oL, .150 ....... .300
25 v 289 ..., .553
26 v, I 2 .510
27 e R 5 A .753
28 e — .. .382
29 v 278 ... . Loé
30 v 510 oo, 163
Quarry Average -.6983 ...... .7399

31
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Level 7 Vert, Hort.
) 0.000 ....... 0.000
2 i 0.000 ...... 0.000
[ R 0.000 ...... 0.000

bl 0.000 ...... 0.000
5 i 0.000 ...... 0.000
ST 0.000 ...... 0.000
T i, 0:.000 _..... -
8 civinnnn 0.000 ...... 0.000
9 it 0.593 ...... 0.000

10 oo el 66.480 . ..... 21.928

B 1.941 ..., 9.079

12 ....... 293.300 ..... 188.550

13 ........ 0.265 ...... 0.000

b . 0.000 ...... 0.000

15 ........ 0.000 ...... 0.000

16 eeenn... 0.000 ...... 0.000

17 coeenl.. 0.000 ...... 0.000

186 o....... 0.000 ...... 0.000

19 ..l _— e —

20 ...l 0.000 ...... 0.000

) I 0.000 ...... 0.000

22 veiiiann 0.000 ...... 0.000

23t 0.000 ....... 0.000

2h ...l 0.000 ...... 0.000

25 ceeninnn 0.000 ...... 0.000

26 coeo.... 0.000 ...... 0.000

27 eeienenn 0.000 ...... 0.000

28 ..., 0.000 ...... 0.000

29 eiien... 0.000 ...... 0.000

30 e, 0.000 ...... 0.000

5 0.000 ...... 0.000

32 ...t 0.000 ...... 0.000

33 veeen... 0.000 ...... 0.000

5 L. 0.000 ...... 0.000

35 ceinn.s 0.000 ...... 0.000

36 cin... 0.000 ...... 0.000
7 e 0.000 ...... 0.000

38 ...l 0.000 ...... 0.000

39 teiinnnn 0.000 ...... 0.000

bo ........ 0.000 ...... 0.000

L 0.000 ...... 0.000

b2 ..., 0.000 ...... 0.000

by o....... 0.000 ...... 0.000

bh ool 0.000 ...... 0.000

b el 0.000 ...... 0.000

b6 coo..... 0.000 ...... 0.000

bo oLl 0.000 ...... 0.000

be ........ 0.000 ...... 0.000

s 0.000 ...... 0.000

RESULTS OF FERIZASILITY IN MILLIDARCYS

QUARRY NO. 2, MOUNT VEIRNON, KY.

Position of Saumple

Position of Ssiwmle

Level Vert. Zeort.
51 c.oa.... 0.000 ...... 0.000
52 veeinnn. 0.000 ...... 0.000
53 cevnnn. 0.000 ...... 0.000
L —-— .. -
55 ceea... 0.000 ...... 0.060
56 i, 0.000 ...... 0.000
57 eevennnn 0.000 ...... -
58 eveiilan 0.000 ...... 0.006

D e 0.000 ...... 0.000
60 ... 0.000,...... 0.000
61 ........ -— e ~—
62 L.o...... ... -
83 cuun.... 0.139 ...... 0.007
L - e -
85 eiunnn. 0.056 ...... 0.111
66 il 0.042 ...... 0.011
67 wevnnnn. 0.000 ...... 0.000
68 tieann.. 0.000 ...... 0.000
89 ... 0.000 ...... 0.005
70 ... 0.000 ...... 0.000
7L ..., 0.000 ...... 0.000
72 eeveinnn 0.000 ...... 0.000
73 eeennnn. 0.000 ...... 0.000

Tho 0.000 ...... 0.000
75 eecineen 0.000 ...... 0.000
70 ool 0.000 ...... 0.000
T7 eeeennn. 0.000 ...... 0.000
78 i 0.000 ...... 0.000
79 ceveen.. 0.000 ...... 0.000
80 .t 0.000 ...... 0.000
8L ceenn... 0.000 ...... 0.0G0
82 oo, _— el —
83 voiun... —— eiesee -
B ... 0.000 ...... 0.000
85 coiiann. 0.111 ...... 0.028
86 ..., 0.000 ...... 0.00C
o
Uf e ececesse T e o e .o -
88 ........ 0.000 ...... 0.00C
89 .iv.n... 0.000 ....... 0.000
90 ........ 0.000 ...... 0.000
91 ........ 0.000 ...... 0.000
92 ........ 0.000 ...... 0.000
93 cienn... 0.000 ...... 0.000
oL ,....... 0.000 ...... 0.000
95 veuian.. 0.154 ...... 0.028
96 L....... - . -

7 oeeeecnnen 0.000 ...... 0.000
98 t..ieai.. 0.000 ...... 0.000
99 eeieeenn 0.000 ...... 0.000
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QUARRY NO. 2 (Continued)

Fosition of Sampnle

Level Yers:. Eort.
101 ........ 0.000 ....... 0.000
102 ........ 0.000 ....... 0.000
103 ... 0.000 ....... 0.000
0L ..., 0.000 ....... 0.000
105 ...... T T -
106 coo...., 0.391 ....... 0.000
107 coeenen. 0.000 ....... 0.000
108 ........ 0.000 ....... 0.000 B
109 e..nen.. 0.000 ....... 0.000
110 ... .. 0.000 ....... 0.000
0 0.000 ....... 0.000
112 ..., 0.000 ....... 0.000
1 0.139 ....... 0.000
114 ..., 0.000 ....... 0.000
115 c.en.... 0.000 ....... 0.000
116 ool .. 0.000 ....... 0.000
117 oeeennn. 0.000 ....... 0.000
118 ..eeen.. 0.000 ...... . 0.000
119 ........ 0.000 ....... 0.000
120 ........ 0.000 ....... 0.000
121 onn.... 0.000 ....... 0.000
122 ..., 0.000 ....... 0.000
123 coeen... 0.000 ....... 0.000
2h ..., 0.000 ....... 0.000
125 c.oevnn.. 0.000 ....... 0.000
126 .....u.. 0.000 ....... 0.000
127 ooven.. 0.000 ....... 0.000
128 ........ 0.000 ....... 0.000
129 ooona.. 0.000 ....... 0.000
130 eennn.. 0.000 ....... 0.000
131 ........ 0.000 ....... 0.000
132 ........ = e -
133 eeenn.. 0.000 ....... 0.000
138 ... .. 0.000 ....... 0.000
135 cevenn.n 0.000 ....... 0.000

Querry Average - 5.272 ....... 1.773

33
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RESULTS OF PZRMZABILITY IN MILLIDARCYS

QUARRY #0. 3, OLIVE EILL, KY.

Fosition of Sammle

Vert. Eort.
0.000 ...... 0.000
0.000 ...... 0.000
0.000 ...... 0.000
0.000 ...... 0.000
0.000 ...... 0.000
0.000 ...... 0.000
0.000 ...... 0.000
0.000 ...... 0.000
0.000 ...... 0.000
0.000 ...... 0.000
0.000 ...... 0.000
0.000 ...... 0.000
0.000 ...... 0.000
0.000 ...... 0.000
0.000 ...... 0.000
0.000 ...... 0.000
0.140 ...... 0.000
0.000 ...... 0.11%
0.081 ...... 0.000
0.000 ...... 0.000
SEAM  ...... ——

0.292 ...... 0.760
0.421 ...... 0.532
1.100 ...... 1.100
0.000 ...... -—

0.000 ...... 0.000
0.529 ...... 0.682
1.165 ...... 1.176
1.117 ...... 1.741
0.988 ...... 1.024
0.400 ...... 0.882
0.717 .ou... 1.176
0.894 ...... 1.211

34

Fositien of Smmmle

Level Vert. Zort
3L, 0.000 ...... 0.000
35 e 0.000 ...... 0.000
36 ... 0.000 ...... 0.000
37 e 0.000 ...... 0.000Q
38 ..., 0.000 ...... 0.000
39 e 0.000 ...... 0.000
Lo ........ 0.000 ...... 0.000
b1 ..., 0.000 ...... 0.000
Lo ..., 0.000 ...... 0.000
b3 ..., 0.000 ...... 0.000
Ly oL, 0.000 ...... 0.000
bs oo..... 0.000 ...... 0.000
LE oo, 0.000 ...... 0.000
by oo..... 0.000 ...... 0.000
hg ..., e.. 0.000 ...... 0.047
o ....... 0.000 ..... . 0.000
50 veniann. 0.000 ...... 0.0L47
51 vevnnnn. 0.000 ...... 0.000
52 eennnnn 0.000 ...... 0.000
53 veennnns 0.000 ...... 0.000
sh ..., 0.000 ...... 0.000
L3 B, 0.000 ...... 0.000
56 b, 0.000 ...... 0.000
57 e 0.000 ...... 0.000
58 i 0.081 ...... 0.000
59 eienenn 0.000 ...... 0.000
80 wruinn.. 0.000 ,..... 0.000
81 veennnnn 0.045 ...... 0.000
82 iiee.... 0.000 ...... 0.000
S 0.000 ...... 0.000
S ... 0.000 ...... 0.000
S 0.0k6 ... ... C.Co0
Quarry Aversge 0.1233...... 0.152



RESULTS OF PZRMEARILITY IN MILLIDARCYS

QUARRY NO. 4, AVOCA, KY.

Fosition of Samole

Level Vers. Eort.
O 0.386 ....... 0.327
1 ......... 0.397 o...... 0.410
2 .. 0.222 ....... 0.152
P 0.281 ....... 0.468
Lo, 0.937 vo..... 117
5 e 235 vu.i..n OFS
6 e 11.940 ....... 47.750
7. 316 ....... 2L6
8 verei.. 117 ....... 000
S T 000 ....... 009

10 eevea.... 000 ....... 000
11 ......... 282 ....... 671
12 ceevnnn. o 318
13 ......... L83 L.l 165
... 1.810 ....... 282
15 coo..... 000 L...... 000
16 ceven.... 18 ....... 130
17 eeeennn.. 000 ....... 095
18 ......... 163 ....... 046
19 .oo.oL.. 200 ....... 163
20t 262 o, 14.921
A 338 ..., 5.670
22 e 3.043 ... ... 28.297
23t .081 ....... 081
2h L. 211 ...l 163
25 e 000 ....... .0L6
26 e, 000 ..., .. .000
27 e, 000 ..., 000
28 e, 164 ..., .. 000
29 ..., 06 Ll 000
30 ..., .095 ..., 000
30 e .000 ....... 000
32 i 000 ....... 000
33 i 2.82L ... ... 1.024
Quarry Average 0.735 ....... 3.017
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Hygroscopic Water and Cerbon Dioxide

An experiment was run to determine if water content or COZ
content is indicetive enough to be chereacteristic of different
Nheses of sedimentetion.

If true, this would be a good criterion for establizhing
zones differing in sedimentation in any geologile column of calge-
reous rocks.

Procedure- (HZO content) 3ix cepsules ere heeted to 7259 C.
in a muffle furneace or ﬁo constaent weight., They are nlaced in &
oven and heated @ 100 - 105° C. for four hours or more. They ﬂf
Dleced in a dessicetor and allowed to cocl to room temperaiture &t
vhich point they ere weighed. About 2 grems of powdered limesfont
(pessing 150 mesh) ere placed in the cepsules. They are welghed,
put in an oven @ 100 - 105° C. end left for 12-14 hours. They
ere pleced in a dessicator end e2llowed to cool to roem tTempera-
ture at which peint they are weighed. Loss of weight i1s a nieesure
of the water content of the rock end will be expressed as & er-
centage of the totel weight of the sample. (COZ and. orgenic
matter) The seamples are now placed in the ruffle furncce, teken
to 750° C. and left for four hours. t the conclusion of %his
time they are nlaced in a dessicator end brought to room tempers-
ture. The loss of weight is a direct measure of the CO, ancd
-orgenic metter combined.

“Y 0.

=1

For this experiment arbvitrary zones essgigned in Quer
1 were utilized and semples taken from the meateriel used in
insoluble residue determinetion. Samples 1-5 are Ifrom the cor-

regoonding zone number. Simple 5 is taken from the 18 foot level.

Iuerry No. 3.
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Weights are indica<%ed as follows:

Wt. of Crucibles at Constant Weight

No. 1 - 12.031k4 gms.
No. 2 - 12,2219 "
No. a - 12.6611 "
No. - 12.1040 "
No. 5 - 11.9056 "
No. 6 -~ 12.1969 "

Wt. of Crucibles at Constent Welght + Wt. of Crushed
Ls. at Room Tep. & Humidity

2.1540 No. 1 - 14.1854 (Zone 1~-Q-1)
1. 7&29 No. 2 - 13. 38 (Zone 2-Q-1)
1.8991 No. 3 - 14.5602 (Zone 3-Q-1)
1.7297 No. - 13.8337 (Zone 4~@~1)
1.91% No. 5 - 13 8192 (Zone 5-Q-1)
2.5462 No. & ~ 7431 (18 f£t. Olive Hill)

Wt. of Crucible + Sample after 14 hrs. at 100°C.

Nos 1 - 14,1830 - .1114%
No: 2 - 1 .9627 - .1205%
No. z - 14,5587 - .079%

No. &4 - 13 2341 -7

No. 5 1 199 - ?

No. g - 12 7#22 - .O746%

Wt. of Crucible + Sample after 750°C. decomp.

No. 1 - 13,3222 gms.
No. 2 - 1%.2877 "
No. z - 13, 7866 i,
No. 4 - 13,1514
No. 5 = 13. OR "
No. 6 - 13 7487 "

This indicates -

No. 1 - 39.96% COp + Org. Ma%.
CHERE - B
No. -

No. R - 39 697 1t ] tt
No. 5 - 4o, 997 n n n
No. 6 - 38 977 ] ] f
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With intent to check resul%ts on the first determination the
same samples were run again under similar conditions. Results

were as follows:

A. No. 1 - 13.5961 gms.

No. 2 - 19.3 71 L

NO.R“l?..\_ "

No. & - 15.5976 "

No. 5 - 15.9”7 "

No. 6 - 19.06,6 L

Wt of Ld. Sample _
B. go.'é - ég.gg9g gns. - S 8;}8 gms:
o. - - 890 - )

No. - 20,1121 " - 2. 79é7 "

No. ﬁ - 1%.7636 " - 3.2560 !

No. 5 - 19.4g51 " ~ 3,2376 "

No. g - 22.%3581 " - 3.2905 "

‘ wWt. of Water:

C. No. 1 - 16.4447 egms. - .0052 gms.

No. 2 - 21,3338 - ,0071

No. R - 20.1040 " - .0081 "

No. 4 - 18.7596 " - .oo40 "

No. 5 - 19.Lg25 - .0026 "

No. 6 - 22.353%6 " - .oo45 M

In terms of nercentage this indicates -

No. 1 - .182% of water
No. 2 - .280% "
No. z - .289% !
No. 4 ~ .122% "
No. 5 = .080% N
No. 6 - ,136% "
D. No. 1 - 15.3030 gms.
No. 2 - 20.8976 "
No. { - 18.9708 "
No. - 1; 890 :
No. 5 - 18.1571
No. 6 = 21.0636 "

This indicates -~

No. 1 - L40.00% oﬁ 002 and Organic &atﬁer
Eg: 3 - 2 uj; noonow " "
No. 3 - 9, 097 noon " " "
No. 5 = 20 96g " ft n n
No. 6 - 39 207 n f L ] i
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Explaining any difference between the first results and t“ e
the second, the second set were "burned" at 750°C. for at
least two hours longer than Group I, therefore the reaction
did not go to completion in the first set. A minimum of 6
hours must now be recommended in the muffle furnace. While
not conclusive, the results show no positive value for cor-
rectly delineating one zone of sedimentation from another by
the amount of COp and organic matter. The water content of
the samples seems to be a good criterion but must be checked
over the vertical extent of a quarry in order %o deftermine
its accuracy.

Quarry No. 1 was selected for s tudy, due %o its slight
vertical extent and accessibility. It con®ains two different
geologic formations and several *horizons vnredominating in
silicious replacement.

Samples were run in dunlicate %o check results. Some
few did not check and were run again in duplicate until a
check was assured. Results listed both in table form and

graph form are submitted.
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% 3. PIR CINT ©,0 (ZYGROSCOPIC) FOR {UARRY HO. 1

TABL

Percentage
Level  ES0 tean
1 i) o
TR s
E
B s O
T e o
a1 ) we
A
1 sy
O S L
Mo e
5Dk
e 9983 oo
s R o
15a - missing
150 - i

Level

4

1l6a. ~
161 -

17a -
17b -

18a -

18b -

19a -

195 -

2Ca ~
20% -

rercentage

T

50

.0919
.0887

.0505
L0715

.0397
075

.1998
-1959

.1018
L0941

.1127
L1127

L0767
.07h5

.1859
1767

.0122
,0139

.0336
.03L3

.0698
L0621

NI
.0435

.0985
.0839

.0839
.0£95

.0505

.0667

~— ~— ~— ~ ~

~ ~

~—

ean

.0903
.0610

.0h36

il
D
~3

™

-0979

.1127

.0756

0292

050k



TASLE L. PZR CZINT ORGANIC CONTZIT (coz) FOR QUARRY HO. 1
Level Fer Cent Iiean Level Fer Cent Iieap
o Ziii ; 11,19 ié:;: ESSZ ? 40.89
2 mE | me 78 - 1295 ) ip02
o2 280 ; 131.80 Lo L g 2. 09
BD T mss e SR
oD W ) m 2 P50 ) e
5 ke ) o 22 1S3 ] woas
ST 0% ) we e Ry § woa
oo ) ma 2o 2184
ol ) s o - 1218 ), g
e 3 e 20T N o
100 - 103 ) w3 2e - 24800 auss
e 078 s 270 - 520 s
e Bk ) we Zo T W% 0.3
TR0 e 2 T3] we
i TR A RN
B aR ) e

a1




Bulk Specific Gravity
BUlk specific grevity wes revworted incompletely in froirest
Revort No. 1 eand will be reported completely here. The metinod

used wes:

Bulk 8. G. = ¥i. of semple in eir
oss of weight in viater (no drying precevilons)

This wes used to help evaluate ths limestone end separaté
into zones differing in character. It s especially wveluadle in
celculeting the amount of nore space in e semple. A learge enougi
semple was used in every case to meke the =srror negligible when

not observing drying wreceav.tlons.
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BULI{ SPEZCIFIC GRAVITY

QUARRY 0. 2 (Continued)

Level Zulk So
101 coeeieieeeeen 2.69
102 o 2.9
103 tveerie e 2.69
104 e 2.65
105 i 2.53
106 i 2.56
107 e 2.52
108 e 2.56
109 it 2.63
110 e ee e inanns 2.69
1 Cover
112 teeiceaaanenn 2.68
113 it 2.55
114 e 2.55
115 o it e 2.68
118 i iee i 2.57
117 oeeee e enanns 2.61
118 o ee e 2.64
129 titiineenaen 2.69
120 wieeainannnnn 2.65
12 eeeineinnenens 2.65
122 veereie i 2.48
123 e 2.57
124 e 2.62
125 e i 2.69
128 i e 2.69
127 e iiaaaaaan 2.%9
128 2.66
129 it 2.5
130 tii i 2.68
131 veeienrannane. 2.65
132 i e iiiee s Cover
133t 2.62
138 e 2.69
135 veee e 2.65

 Quarry Averagze .... 2.0636
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BULX SPLCIFIC CRAVITY

QUARRY ¥MO. 3, QLIVE

Bulk So. G.

2.68
.2.69
2.68

2.50
2.64
Shale
2.65
2.65
2.67
2.67
2.67
2.60
2.61

¥ILL, KY.

Level Zulk Sn
3 2.30
35 e 2.30
36 i 2.50
5 /2 2.57
30 e 2.56
3D i et 2.62
LO L..eivnn... 2.55
S 2.56
L2 ..., 2.62
g T 2.59
Ly oo 2.60
Lg 2.61
Lo oo, 2.63
b 2.56
L8 ... ... .. 2.59
e 2.51
Lo 2.51
L3 2.69
52 e 2.54
53 e 2.68
5L ., 2.53
L3 S 2.66
56 it 2.6L
57 e 2.63
58 e 2.55
59 et 2.57
60 vivieenn. .. 2.63
6l i 2.b
62 i 2.52
B3 e 2.63
G e 2.6k
05 et 2.64

Quarry Average - 2.606

™o
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Absolute Specific Grejity

A liberal definition of absolute swecific gravity as eppnlied
to limestone may be described es *“he greatest possible concentre-
tion of matter per unit of volume. Tor example, &a pilece ol stone
as it 1s taken from the cuarry is.gzreatly expended by a great
number of minute vold sweces. Its specific gravity in this state
ig referred to s its bulk specific grevity. If such stone could
be compressed eand compacted until ell voids were eliminated, there
would be a gzreater concentration of matter per unit of volume, and
in wthe csse of limestone there would be corres»nonding incresse in
the swecific gravity. FEeving provided e besis for an absolute
determination, the abzolute velues must be arrived at indairectly.

To measure the absolute swecific gravity of a consolideted
stone it 1s necessary to crush it and. to breek up the structures
enclosing the voids. Iore simply, the stone is pulverized o »ness

=

100 mesh screen and the volume of a known mass of the materiel

@

1¢ measured by immersion.
In more deteil, the wnrocedure is described as follows:
Renregentative samples of the various levels were pulverized

a desk type unit.

using

250 ml. calibrated and tared volumetric flasks were used es
nyconeoieters.,  Approximetely 200 - 250 grams of the samnles were
weighed into the flesks, the semples were covered with distilled

weter ond sttached to a vecuum ouvtlet, 74 — 75 mm., agitated

W

Deriodlcelly until comnlete saturetion wesg effected, usually
Trom 2 €0 3 hours, end then mede up to volume with distilled

vever. The flesk and contents were cuickly weighed and the
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temperature teken., An examnle of the method of calculating is
shhomwn velcow:
(Wt. of flesk + samnle) - wt. of flesk = wh of sample

(K5, of flesk + semple + water) — (wt. of flask + semple) =
wt. of water

Wt. of water + (wt. of water x .0010 correction for bouyency of
eir) = actuel wt. of veter

Actuel wt. of weter/density of weter &t TOC = ectusl vol. of
water

Vol. of fleaslk — vol. of weter = ectual vol. of soemple -

¥, of sample + (vol. of sempnle x .0010 correction for bouyancy
of air) = sctual wt. of sample

Actual wt. of semple/ectual vol. of sample= Abgolute specific
gravity

A11 welghings were mede on & belence having e cepecliy of over
1 k. end a sensitivity of .00l gm. <‘receutions were taken to
cgsure complete saturation, cleenliness of the fleasks ane eccuracy

in meking up to volume.

Flg. 3. Ve n Li 0 Sim e s acuatlions
ig. 3. Vecuum Line for Ten Simulteneous Evacuation



ABSOLUTE SPZCIFIC GRAVITY

QUARRY WO, 1, TLEXIFGTON, KY.
Level Abs. Sv. G.
O 2.7338
L o e 2.7138
2 e 2.7135
S I P 2.7249
b 2.7245
5 S 2.7297
B e, 2.72L7
e 2.721
B e 2.7869
G e 2.7320
10 ottt i eeea 2.77388
L 2.7238
L 2.7710
13 i e 2.7450
W e 2.75408
15 e 2.7278
16 oo 2.7310
17 verii it 2.7262
18 e 2.7332
19 i 2.7379
20 L 2.7L17

2Ll e ——

22 e 2.7503
2% T 2.759¢%
2L 2.7430
2 S, 2.7408
28 e 2.7387
A 2.71873
20 i i 2.7292
2 2.7659
30 i 2.7069
Guerry Average - 2.7358
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A3SOLUTE SPECIFIC GRAYITY

QUARRY ¥O. 2, MOUNT VERIOW, XVY.

Level Abs. Bv, G. Level Abs. Sp. G.
1 R 2.7085 L3 2.7083
2 s 2.7071 52 weeonraanan 2.7096
S TP 2.7113 3 2.7042
b 2.7109 sho . -

L J 2.7108 L3 2.7286
6 viieein 2.7060 58 v 2.73L6
2R 2.7134 57 eeeraranens 2.7344
B i 2.7160 58 e 2.7120
G i ineianan 2.7135 59 erinean 2.7134
10 ceemennnnn 2.7085 60 e 2.7148
11 teienen 2.7119 El v 2.71Ls
12 eeveaann 2.7019 62 v —-—
13 corinnnnnan 2.7139 83 v 2.7204
8 . 2.7110 B 2.7174
15 i 2.724y 85 i 2.7127
16 teiiiennnn 2.7119 65 v 2.7133
17 ciieennnn. 2.7134 67 weiiian 2.7677
18 e 2.7132 63 i 2.7455
19 cereveenn.. 2.7225 89 i 2.7595
20 cuieeena.. 2.7170 70 i 2.7122
21 v 2.7048 /2 R 2.7365
22 i 2.7043 T2 i 2.7186
23 i 2.7077 745 NP —
b . 2.7079 o 2.7068
2 2.7065 & T 2.7218
26w 2.7065 Y2 T 2.7107
27 i 2.7 0k fir 2.7729
28 i 2.7093 78 e 2.56952
20 e 2.7073 78 ... 2.7131
30 s 2.6973 B0 weverennonn 2.5083
FL tineinnnas 2.7077 & 7 A 2.7043
32 e 2.7090 82 .. -
55 P 2.7197 83 .. -
3 Shale 8h L. 2.71ksg
5L T 2.7128 85 .. 2.7100
38 e 2.7176 86 i 2.7134
37 e 2.7343 §7 ........... —
38 e 2.7430 S T 2.7062
39 i 2.723L 89 i 2.7102
L 2.7117 10 I 2.7053
s 2.6967 o 2.7075
b oo, 2.7016 02 i 2.7133
b3 oL 2.7015 93 i 2.7118
Bh o 2.7117 ol L. 2.5880
Ls ... 2.7262 oL 2.7022
LG i 2.7102 26 e -
I 2.70L49 O7 e 2.6509
L3 e 2.7075 98 e, 22695
bo ... ... 2.7137 T R 2.708L
50 teeernnnan 2.7093 100 o..iinuennn 2.7089



QUARRY NO. 2 (Continued)

Level Abs. Sp. G,
10 2.7047
102 weirienenns 2.7101
103 tiviieeieinan 2.6925
04 2.7075
105 e -
106 teveiiernnan 2.7170
107 crmeenann 2.7131
108 st e 2.7108
109 i 2.7088
120 wevieinnnnnns 2.7319
111 e ieeeeeens 2.7122
112t eevae s 2.6973
113 ceiiicenenenn 2.7050
1L e eeeneeen 2.7125
115 veieennn e 2.7121
116 vveveenneenes 2.7187
117 eeivinnenens 2.7171
118 ieiiiineenens 2.7171
119 veerwenaeaans 2.7078
120 wvrennnncanna 2.7115
121 teeeeninennn. 2.713L
122 tiininanenn —_
123 wreiiinneeas 2.6629
120 L. 2.62969
125 cwiancvarenae -
126 vevriennncnn- 2.7013
127 eieieiaaas 2.7026
128 e 2.7104
129 tviineeneann 2.7091
130 teuiunneeriae 2.7282
13 ieeiieeaea 2.7123

1 —
133 tiiinenniannn 2.7046
34 e 2.7203
135 i eeiaacees 2.7037
Quarry Average - 2.7139



Level Abs. So. G.
1 ..eo...... 2.70L2
2 i 2.6938
S T 2.6978
Lo, 2.7002
L I 2,7098
6 v 2.6899
R 2.7005
8 e 2.7037
2 B 2.6961

10 cieeionnn. 2.6983
1 2.7070
12 e, 2.7288
13 vevennn... 2.750L
W o 2.7201
15 evenennn. 2.7302
16 veeeann.. 2.7396
17 ceieennn. 2.7679
18 tereenn... 2.6992
19 veiernnnn. 2.7113
20 veieaan, 2.7108
0 Shale

22 .. 2.7811
7 2.7256
b L. 2.798k
25 e 2.8153
26 il 2.8148
27 e 2.7360
28 o 2.8350
29 v 2.8132
30 b 2.792L
31 L. 2.6686
32 i 2.7236
33 e 2.7112

~ ABSOLUTE SPLCIFIC GRAVITY

QUARTY NO. 3, OLIVT XILL, XY.

Level Abs. Sp. G.
W 2.7374
35 e 2.7658
36 . 2.8050
37 e 2.7623
38 ... 2.7179
39t 2.7152
bo .oee..... 2.74L84
L 2.7295
Lo oo, 2.7119
G 2.7076
Ly ... .. ..., 2.7105
Ly ... 2.7076
L 2.7007
L 2.7172
L 2.7180
by . 2.7208
50t 2.7198
Sl e .. 2.7286
52 it 2.7322
535 R 2.7142
54 ... 2.7117
3 T 2.7079
56 e 2.709
57 e 2.709
58 veeie .. 2.7204L
50 e 2.7071
60 veviinnnn.. 2.72k
6l v =
62 viriiinnn. 2.7031
63 v, 2.8018
Ol 2.701L
85 i 2.7028

Quarry Average - 2.729L



ABSOLUTZ SPZCIFIC GRAVITY

QUARRY WO. &, AVOCA, KY.

Level Abs. Sp. G.
O vevetecennenan 2.8816
3 2.8523
7 2.8L493
T 2.82L9
L e 2.8L32
L 2.8558
N 2.8527
P e 2.8L91
< S 2.8362
B 2.8550

110 T 2.85L2
5 5 R 2.9771
12 e e 2.8599
1 SN 2.8356
I s 2.8L61
15 ot 2.834L
10 et 2.8413
17 oo 2.85L8
18 e 2.8L21
19 i eeeeea 2.8Lskh
20 i .. 2.8510
2 R -
22 e 2.8531
23 i 2.2470
2k e 2.8538
L, S 2.8316
268 i 2.84h01
2 i 2.5313
28 e 2.814bL
20 e 2.8295
510 2.8302
B3l et 2.8395
32 e ieeeeaeaaaa 2.8L08
o1 T 2.8L21

Quarry Average - 2.30L53
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orosity

From & cusntitetive stendmoins, the norosity ol limeéstone
or other substence is the retio of the volume of internel onen
snaces to the total volume of the snecimen. The open spneces &re
veriously referred to es "poresg', "interstices", or "voids". The
mores of & substfnce mey be isoleted from one another, or tiey
mey be intercommuniceting, end it is in this letter sense tiag

1

eveileble nore snace', or "effective porosity" is spoken of in

)

contradistinction to "total wore s»nece' or "Sotal porosity'.

The present method is en indirect method to be followed in the
near fFuture by a direct method. Thig portion of the report is
concerned with "totel norosity".

Total porosity by asn indirect method is celculated from T
nreviously determined nhysicel vwroperiies, Bulk Snecific Cravity
end Absolute Specific Gravity. The Snecific Gravity of & speci-
meon 1s determined of the "bulk', including the limestone end 1%s
volids. This is the velue referred to es the Bulk Specifiic
Grevity. A large enouch specimen wes used in all ceses Go e
2ble to ignore surfece saturetion wihienomene as o negligible error.

The snmecimen wes crushed %o pass & 100 mesh screen ond in

the Ebgolute Smecific Cravity determination 11 of the air ues

|-

“digpleced by water, thus destroying 11 voids.

The difference in these two velues repnresentes the weight of
amnverlisl diesnlaced by volds. This weight divided by the sosoluue
snecivlic grevity gives the volume of materiel aisnleced mer unit

volume end multiHlying by 100 will »lace the fifure as a percentalec

25
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ner vnit volume or, for example:
Absolute 3n. Gr. - 2.8E16
Zulk 8. Gr. - 2.69
21918 = wt. of meterisl dlsplaced by veids

.1916/2.88168 = volume of meterial displaced per unit vol. =

.0665 mi.

1 ml. ¥ 100 = 6.65% wer unit volume

(@)
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PZRCINTAGE OF YOID SPACE FZR U¥IT VOLUME OF 3ULK MATERIAL

QUARRY NO. 1, LZXINGTON, KY.

Level Fer Cent Voids
O tereeeanenns .870%
2 2.719%
2 e T .865%
S TP 2.015%
Lo 2.000%
S e 1.821%
B i 1.273%
2 2.353%
B i 2.071%
O e 1.903%

10 i 2.877%
1l v ieeeiiaeenenn 1.975%
12 emieneinnns 3.284%
13 ceennnn. e 3.111%
W ... 3.313%
15 e 2.5852%
18 e 2.600%
17 e 2.795%
18 i 3. 004
19 crieiieeen 2.8L5%
20 b 3.30L5%
21 e T

22 i L. 010%
23 i Ly 33L%
2bh ... ... 3.566%
25 e 2.218%
20 e 2.508%
27 e .. 3.2173%
23 el .7O3§
29 e 3'”67§
30 i 1.733p

Guarry Average ... 2.523%



PERCINTAGE OF VOID SPACE PER UNIY VOLUMZ

QUARRY NO. 2,

Level Per Cent Voids
3 A 0. 834
2 e 0.632%
5 T O.?Béﬁ
b . O.uOZP
5 e 0.398
6 e 0.222%
AU o.dOu%
8 et 0.589/b
9 i e O.L’??/J

10 eevvenenn. O.589p
3 LL6ed

12 veienennn. 6.960%

13 v, 10.395%
W e 10.365%
15 teiennnnn. 10.449%
16 oo 6.339%
17 ceeennn... 0.862%
18 ciieintt. 1.2L9%
19 veiennnnn. 1.561%
20 viieinan.. 0.994%
21 e 0.547%
22 i 0.529%
23 e 2.131%
7] 2.877%
25 e 3.565%
26 i 3.565%
27 i 3.121%
28 .. 1.081%
29 i 0.270%
30 ceiiennnn. 0.6M1%
5. AU 1.023%
32 e 0.332%
33 i 0.357%
3 e Shale

35 e 0.8L0%
36 v 0.648%
37 e 1.620%
3 e 1.568%
39 v 0.125%
LO v'ovvvnn.. 0.431%
bl ..., 1.732%
S 1.910%
s R 1.906%
Wy oL 1.906%
bg oa.een 0. 5615
b6 oo 1.652%
Wy ... 1.660%
I 1.754%
Lo ool 0.505%
50 vieeneann 1.820%

OF BULK MATZRIAL

WMOUNT VERIOWN, XY.

Level Fer Cent Voids
5 A 1.L14%
52 i 1.461%
[ .920%
5Ll -

L1 S, .315%
56 e 1.265p
57 e .527%
58 i 7 LLB%
59 e .862%
60 e, 1.650%
6L vevennnn. 1.693%
82 v,

63 i l.u85p
64 ... 2.112%
65 veinnnnn. b, 892?
66 i L, 562ﬁ
67 i, 6.h20%
68 . 6.028%
69 . 6. 505”
70 coven.. 5. Zujp
P71 eeeeannnn 5. 7195
72 e U'?BOp
73 eeeeannn.
o, 9. L|r87/o
75 et 11.088%
6 e 12.938p

& B 10.202%
D8 nenennn 5.016%
s T 1hu857%
80 veviiiennn 7.001p
81 .......... LL.599/0
B2 i, e
83 veriinnnnn
BY vt 2.7bu
B e 2.21&
BO wevinnnnn 1.599p
B9 e,

88 .. 5.772p
89 .. 3.697%
90 e 2.0L4%
9L eveiuann.. 2.97%
92 v ugo%
93 eeinnne 2.279%
o 2.158%
95 v 1.1 sz
56 veeeanrnn

O7 eieiiiaaan .?77/0
98 .. 2.08lp
99 i l.?u?p
100 eeenrennn .608%

-40



QUARRY 70. 2 (Continued)

Level rer Cent Voids
101 wvvvvnrnnnn .543%
102 wenrenennn hed
103 vuneennnnnn .093%
104 .. 2.124%
105 chreennnnn. -
106 cevnvnnn... 5.778%
107 veeeienninn 34315
108 v.ivieannns 5.552%
109 wuevoenon 2.909%
110 i ivienennn 1.5347%
111 eeenvcvnnns -
112 veeninennnn .6l2%
113 Weeenvnnnn. 5.730%
18 ceieennn... 5.991%
115 eeenivnnnn 1.183%
116 eevennnnn.. 5. 1469%
117 oeiiennnnn 3.942%
118 vovveennn.. 2.837%
119 veeiinanns .657%
120 tereennnn.. 2.268%
121 eeeennnnnn. 2.336%
122 ceiiernnenn ~—
123 eevenenenns 3.488%
12h oLl 2.851%
125 teeniiinnnn -
126 eeceenennn. .118%
127 ieenaeranns L65%
128 viiiian 1.859%
129 erenennn.. .705%
130 wemnnnennn 1.767%
131 eeeiennnnn 2.297%
132 eeieinnnnn -
133 teenvnnnnns 3.128%
134 ol 1.114%
135 e, 1.8344%

e



PTRCENTAGE OF VOID SPACE PR UNIT VOLUME OF BULK MATEZRIAL

QUARRY NO. 3, OLIVz =ILL, XY.

Level Fer Cent Voids
1 oveeeinnns .8l
7 1415
3. .660%
. L. L7hed
5 s 1.L69%
6 s, .000%
A 1.129%
8 i 1.246%
9 e 1.710%

10 ceienn.. .678%
11 ceernnn.. 1.367%
12 ceeeenn... 2.155%
13 eeeiiennnn 2.560%
W ... 1.04745%
15 cevennnannn 1.472%
16 eeennnn. 2.540%
17 e 3.898%
18 voiiennn. 1.082%
19 cereinnnn. 2.630%
20 i, 2.612%
A shale

22 e b 71
35 T 2.77u%
2h il L, 588%
25 ceiinnnnnn 5.161%
26 i 5. 144%
27 . 11.971%
28 i 7.936p
29 i, 8.2U9%
30 teieiennn. 1.0.471%
e 8.565%
32 e 2.335%
535 BRI 520870

GO

Level Fer Cent Volds
3o 15.979%
35 e 16.841%
36 .. 14.438%
37 i, £.961%
3B et 5.810%
39 e 3.506%
Lo oovevn... 7.219%
L 6.210%
U2 v 3.389%
b3 ..., L. 343%
Ly ......... 7.766%
bs o 3.605%
W vuvennn... 2.91%
by ... 5.785%
b ..o..... L4.709%
1o 7.718%
50 i 7,714
51 eeeinnnn.. 1. h15%
52 e 7.035%
L5 1.260%
sl .. 6 700@
55 e 1 769%
56 v 2.572%
57 e 2.930%
58 ieiieanns 5.896%
59 weiininins 5.064%
60 vuviiinnn. 3. 5L5%
6l veuian... -
62 v 6.7715%
63 e, 6.132%
O Ll 2.265%
65 e, 2.323%

Quarry Average .

-L2



BULK HATZRIAL

F

VOLUME O
Per Cent Voids

“R UNIT

P

VOID SPACZ

QUARRY 0. 4, AVOCA, XY.

Level

7

NTAGE O

o

RO

Pz

774#7&?&(& doooaa
O L O H 0 OS  Ng  o e e B
/oaLrth/D 3 7.nuﬁ//o.A O N Y

6764358235?82591&4

S HN OO N\\D -0 6N

5,56l

G4

Quarry Average ...
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Chemicel Analysis

Trne esnalysis of Querry lo. 1 wes rvevorted in more detell
(Apnendix 2 of the previous repori) then the later results. The
leter 2nelyses do not involve the analysis of the insoluble
residues. They are veported as the percentage of insoluble
meterisl nresent, end the composition of the residue is considered
to e lergely S5iCp, in “he form of Quexrtz &nd. other silicetes.
This difference does not detrect greetly from the significence of
the wresults, if the per cent of insoluble residue is treated &s
oeing indicative of the per cent of 35iCop. k

The results for Quaerry No. 1 and Juarry No. % are submitted
here complete. Quarry No. 2 is renorted partially complete. 1In
eddition to the incomplete date for querry Wo. 2, it 1is of ihteres{
to compare these results with en everege for the quarry wihich wes
computes from deta teken from the Annual THeport of Querries,

prepared by the Testing Laboratory, Jenuery, 1947. These avereses

W

re listed below and »nroperly lebeled.

As a matter of further interest, four levels for Querry Uo.
3 were listed in +the knnuel Report of Guarries. These velues
indicate enproximste esverages of 65% Ca.C0s, 20% MgCO3, 1h% in-
soluble residue, and 1% R203: Actuel quérry everage for insoluble
residue 1is 11.9%._ These epproximetions ere mentioned merely to

indicete the trend of the guarry.

Analyvalg of gQuerry Ho. 1
Level  Zone  (al0q MgCO5  FezOs  Si0p Al150 Ge%(PG.)ﬁ
0- 5 1 86,10% 6.94% . 75% 3.51% 1.76% . 935
6-11 2 82.60% 8.51% .84% 3.78% 1.69%  2.35%
12-18 E 85.80%  7.28%  .061% 2.15%  1.L6% 2.51%
19-2L ! 82.00% &.00%  .B83% 3.95%  2.7%2% 2.81%
25-30 5 87.80% 8,297  .53%%  2.26% 1.53% 2,935
Aversses - g8h.78%  7.20% .71% 3.13% 1.75% 2.37%
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Analysis of Guarry No. 2

Level Zone CeC04 HgCOq R5043 Ingol. Bes.
2- 6 2 96 16p tre.ce 1.21% L. 70%
7- 9 E 97-10% " 1.02% 2.59%

10-16 98. zzﬂ ' " .71% 1.34h%

17-22 S 9L.10% 8 1.23% L. 56%

23-29 6 9Lr. 30 " 1.55% 3.98%

55-80 11 9%. 1?N 3. 2L .71% 1.67%

61-63 12 93. 7lﬁ 5,82% . 85% 1. 98%

64.-78 13 0 91.19% L.59% .7 9% 2.95%

79-82 14 73 72p' 2.01% 3. b?ﬁ 3.98%

83-86 15 L 15% Ly, b9% . 79% 3.15%

Averages for duarry 28 1n4108ued bj Annuel Beoowt of Querriecs:
oL, 12% 1.68% . 51% 3.18%

bnelvseis of Guarry No. &

Level Zone CaC03 kg GO~ E203 Insol. Hes.

0- 3 1 55.89ﬁ 35. b0% 2.76% 5.96&

L- 9 2 5G.10% 36. 70 /:7 1.90% - 3.72%
10-11 3 61.377 35.09% 2.225% 1. 360
1;-18 L 59.57% 37. 9mﬁ 1.78% 2. 3%
19-23 9 57.37% 35, J?ﬂ - 96% 3. 9%
zk-28 6 69.99% 273. 01ﬁ 1.14% 6. 34%
29-33 7 68.82% 23.76% 1.1.2% 6.19% __
Lversges ~ E1.73% 32, 9l 1.70% L.27%

63
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Thin Sections

A

he guerries and

ct

Thin sections heve been completed Tor cll

a complete file of photomicrogrenhs is on hend. The structure

(o)

is nowhere exclusive es an identicel structure may be found in

an accepted and. a rejected aJuarry.

Quarry No. 4, the source rated as excellent, hés so nearly
e homogenous structure es to be nhenomenel. Differences occur
only in size of crystals ehd the impurities present, slthough to
the obsérver, no meesurable difference may be seen in the im-

wurities. A photomicrograph 1s submitted for illustration:

Tig. L. Photomicrogreph of Thin Section, Querry Ho. 4

Jntil such time as the tests on individuel zones show ftheir
relegive curebllity, no special inference cen be Dlaced on

structure.

G4
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CONCLUSIONS

Data presented in the foregoing section was subject *o the
usual experimentel error and is used as such. It is the intent
of the authors %o discuss as specifically as mossible with this
information, the results and their significance in this w»roblem.

The overwhelming fact "his information nresents is that
due to the wide range in vohysical nroverties, it is fallacious
to analyze a auarry as a whole. The act of breaking un a auarry
into zones of sedimentation does not make these pnhysical nroner-
ties specific, so that generalities must always be used. The
smaller divisions make these nronerties more nearlv svecific sn
that 1t is more useful.

In this discussion, there annears a set of gravhs with
figures presented for s=andard deviation, coefficient of varia-
tion, maximum deviation, and the usual quarry average. Staniz.d

Jeriation is calculated from the formula, sigma =

vl 2 4 x.2 4+ .... ®%.2 2
// X1 ) N
I n

where n' = number of observations and X = average figure.

Coefficient of variation is calculated from the formula,

V = 100x 818M2 yhich is expressed as a nercentage. lMaximum
deviation iidicatee the range over which the values occur.
Guarry average 1is merely the arithmetic mean.

Insoluble Residue is %the mos% valuable criteria to date:

(Fair) Quarry No. 1 - 5.145%
(Good) Quarry No. 2 - 3,.840%
(Poor) Quarry No. E - 11.900%
(Excellent) Quarrv No. 4 - L4,166%

05
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Quarries Nog. 2 and 4 are the lowest in insoluble residue
and the best in verformance. They do not fall exactly in line
with our ratings, however the difference is €l ight. The only
other obvious proverty which could serve to differentiate ﬁhese
is one of hardness or tenacity. This could involve a formula
of multinlying the insoluble residue by the recivrocal of‘fhe
hardness or breaking strength. Subsequent tests should show
whether this. is true or not. |

Determinations of hygrésconig water and total organic
content have been abandoned as being untenable. Not enough
difference 1s shown over the vertical extent of a quarry. to
use. this evaluation, narticularly since a chemicsl analvsis 1is
avallable.

The vercent parosity (absolute) has indicated hothing
other than the fact that.not much difference occurs in any o
he quarries. Effective vorosity should be the next test ard
*fu commarison to nermeability may be a valuable test,

Permeability is intefesting in that the horizontal diiec-
tion generally shows more permeability than the vertical. This
wculd possibly indicate that limestone has slight differences
‘n strength with regard to orientation. No comwmarable differ-
¢nces may be noted over the total quarries. As mentioned
farllier, a study of pore size and shape will be run and this
glhhouid determine which fall into the canillary limits. 1In

ccenjunction with nermeability, this could be very mertinent.

66



_,11,9

Absolute Snecific Gravity — It 1s onlv bv correlation of

the various pronerties of limestone that we are able to visual-
ize the "over-all" picture of how these nroperties are related,
and to understand how the limestone itself is put together.
Absolute specific gravity is, as indicated, an absolute value
and nrovides a firm basis upon which to base correlations.
Absolute specific gravity has already been defined as being the
greatest nossible concentration of matter ver unit of volume.

In other words, i1t 1s the maximum density which could be obtained
by "close packing" of the nmarticles which make up the limestone.
Under such ideal conditions, all voids are eliminated snd the
specific gravity meesured is necessarily unit weight divided by
the sum of the volumes of the components as determined from
thelr svecific gravity constants and vnercentage vnresent.

For i1llustration, these relations are shown below:

(omponent Percent Wt. per  Sn.Gr. Vol. ner
Present _gram Constant __gram
£100 3.13% .0313 = 2.30 = .01361
Fep03 .71% .0071 = 5.25 = .00135
1003 1.75% L0175 * 3.7 = .00473
Caz(POy) o 2,374  .0237 + 3,14 = .00755
CaCOz gh.78% 8478 - 2,711 = .31550
MgCo3 7.20% .0720 + 3.037 = 02371
Total Volume per gram = . 36645
1 gram = .36645 = 2.730

Actual Quarry Average = 2.7358

It is easy to see that if the comnosition is known, the
absolute specific gravity can be calculated with fair accuracy.
“n addition, the absolute specific gravity itself is very indi-

cative of the commnosition.
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Bulk 8pecific Gravity - 1s related to the absolute value

by virtue of the\loose natural arrangement of the limestone as
contrasted to the ideal arrangement, which eliminates the void
spaces. The two differ only to the amount of void snaces.

It has been shown slready that the two determinations are
used to calculate the mercentage of void space ner unit volume
of ‘bulk material. This value leads un %o duestions as to how
much of this value is effective and vulnerable to saturation
with water, and how much of this void space is isolated or,in
effect, provides "air cushions" for the exmansions and contrac-
tions due to freezing and thawing. These questions wmrovide
incentive for future work., The possibility of establishing
limits or a limiting ratio between the two values is worthy of
further consideration.

Chemical Analvais. Chemical analvses add to the nicture

by establishing the percenftages of materials or minerals which
compose the rock. Limestone is, first, a carbonate rock. Other
materials are sunerfluous and nrobably interfered with crystal-
iization and caused imperfect cleavage in the three planes.
These generalities add emvhasls to the insoluble residue cri-
teria for discriminating between limestones. High mercentages
of insoluble materials disrupt the homogenelty of the stone.
Carbonates, CaCO3 and MgCO3, are considered stable and occur
with uniform crystallization and cleavage. Proof of this idea
is seen in the nerformance record of Quarry No. 4,

There follow a tabulation of data which is intended to
illustrate the absence of homogeneity between the various levels

of the quarries as determined by their nhysical vroverties.
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Insol. Res.
Abs. S5Sp. G.

% Voilds v.uv... .. ..

Bulk S9. G.
Permeability

Insol. Res.
Abs., So. G.

% Vo188 +uu..... 35.39%

Bulk Sp. G.
Permeability

Insol. Res.
Abs. So. G.

% Voi6s veviin....

Bulk 8o, G.
Permesblility

7w Velds oo oioo ... 2.
Butk Sy, &,

Stendard Deviation

Goo?. foor
1 Querry No. 2 Querry No. 3

Excellent
tuarry No. &

[uarry No.

Coefficient of Veriation

Excellen%

Querry Nc. A

~

Querry No.

Good Poor
1 Quarry No. 2 Quarry Nec. 13
....... 78.3%J........72.5%/.....
e 2.32% o .. 18 170 ...
ce e 100.3% sevunenn. 76.92% .. ..

Range - (Maximum - Minimum)

. Good Poor
1  Quarry o, 2 gQuarry No. 3

L 61.02%

Excellent
Querry Ko. b

1 gusrry No. 2 GQuarry No. 3

........ 17.0 ........58.0 ......... 9.25
....... 110 +.one.. 166 L. L1627
....... 14.732 .......16.841 .......11.88
........ NS £ 2P 7}
e...1.509 .....:240,922 ....... 1.741 .......29.4%0
QuUerrTy Averages
Good roor Excellent

o t
SUETTY NO. 4

........ 3.88 ........11.90 .....

69
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