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INTRODUCTION. -

At the orgamza‘mon of the present Survey it was planned to.
issue a series of special reports,each devoted to one subjeet and
covering the genera,lfeatur es of occurrence, properties, testing

and use of a particularminer al product. In pursuanceof that

plan the report on coal ‘deposms, forming the second volume
. of the present series of reports, wasissuedin1893." Since that
- time the energies of the Survey have been principally devoted
to areal work. In the course of the latter considerable mate-
rial relating to building stones has accumulated. Some of
the most important quarry regionsin the state have been
visited and notes on them printed in connection with the
county reports. The need has been felt for a more general
discussion of the properties of bu11d1ng stones and of the best -
‘methods by which they might be reaéhly determmed It 1s
‘not thought best at this time to publish a complete report on
the subject, particularly in view of the uncertainty which pre-

vails as to the methods and value of testing stone. The o

present paper is accordingly preliminary in its nature and
designed to meet a local and immediate want. . A portion of it
was some time since published in the Monthly Review of the
Iowa Weather Service, and certain of the analyses and tests
have been printed in the. Survey reports. A few have been
added, for purposes_of comparison, from ‘outside sources and
some are now published for the first time. In the work of
 testing the Survey has had the invaluable aid of the profes-.
sors at the Towa Agricultural College and at Drake Univer-
sity, as noted herem

USE OF STONE IN BUILDING

In all times and in all ‘countries When man would raise a
great and enduring work, stone has been employed whenever
it could be obtained, and in our time and country if we would
erect a great public building, a noble university or a stately
church, we rightly choose the same material. Forthe smaller
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buildings, where economy of money is more essential, and the
total life of the building of less consequence, cheaper and less
durable materials are rightly used. There are also in our
country, regions wherestone is so rare or of such poor quality
that building rock if used at all must be shipped in. Here the
ccost of transportation will always place it at a disadvantage
in competition with other materials, and preclude its use for
any but the most expensive structures. In such areas wood
and clay goods become its rivals even within its own proper
sphere, but as a rule there is but little competion. Each
building material is within its own sphere supreme. For cot-
tages and individual buildings of small size wood must always
“be most largely used even though equally good effects might
be produced with either stone or brick; for city residence
~ blocks and store and office buildings, clay goods are usually
‘to be preferred; but for the larger and more massive individual

- buildings, where dignity and permanence are valued, stone

- must always stand supreme, the best building material.

In the selection of the best stone for an individual piece of
~work our architects and engineers have a wide range of choice.
There is hardly a state in the union which does not produce a

o ‘considerable variety. All the different sedimentary and erys-

talline rocks are available in the markets of any of our larger
cities. To choose wisely from this wealth of material is often
a perplexing task. This is true because of the vast interests
concerned. - Works in which stone is used are rarely those in
~which small amounts of money are involved. A single con-
tract may make the difference between success and failure in
the development of a property. In any event a large contract
will keep the whole quarry force busy for some time. Thus
large personal and economic interests are involved.

" Our engineers have before them a more difficult problem
than that faced by the Egyptains and other early workers, in
the matter of climate. Not only is our climate in itself more
trying than that of the semi-tropical southern countries in
which the earlier builders worked, but the great size of our
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country and the modern development of tra,nsporta,tlon facﬂ1— :
ties results in a given stone being far more widely used than
was any from the ancient quarries. We no longer build from
stone qua,rrled within a few miles of our building site and hence
can not argue that the rock havmg stood for untold centuries
in the quarry may well be expeeted to stand in the building.

Our stone may be shipped so far as to be used under totally
different climatic conditions from those aﬁeetmo it in its
native exposures. ‘ ‘

Again, modern conditions of hfe are producmg a marked
effect on our climate. Particularly is this true in our cities
where under present conditions so much of the stone must be
used. Our universal use of steam, the great amount and often
poor quality of the coal burned, the imperfect combustion
obtained, the 1arge number of 1ndustr1es which, in the produc-
~ tion of their wares, use chemical proeesses of some nature,
all exert a marked mﬂuence on the purity of the air. It is
doubtful if any stone used by the older bullders wasever eallea |

upon to.stand the msuilous 1nﬂuenee of so tainted an atmos-

phere as that to which our stones are exposed as a result of
purely ar tificial conditions alone. This, coupled with the
many trying natural conditions of huniidi‘oy, variation in tem-
‘perature, wind action and unequal settling, all make the wise
selection of stone a matter requmnﬂ mueh thought a,nd a wide
range of information. ‘

The very variety of matemal is in 1tse]f confusing. Such
wide differences exist in the nature of different rocks that
choice between them is not always simple. The property whieh,
in one stone or in one position, may be an advantage, becomes
under other circumstances a positive disa,dvaintage.

A rock is not a simple substance. Tt is not even a definite
chemical compound and is very rarely a simple mineral sub-
stance. It is rather an aggregate of minerals which may or
may not be themselves simple substances, and which, in fact
very rarely, are simple in composition. In strict scientific
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sense rock is defined by Geike as follows:* ‘‘A mass of matter
eomposed of oné or more simple minerals, having usually a
‘variable chemical composition, with no necessarlly symmet-
rical external form, and ranging in cohesion from loose debris
up to the most compact stone.’’ Tt is in this sense that the
word rock is used in geology. In eommon usage, however,
- the term is restricted to consolidated beds. It is also true
that the word rock is more commonly used in speaking of
large masses while still in the ground; while to smaller pieces
and to the quarried and dressed product, the corresponding
term stone is applied. -

There is an immense number of varieties of rock. The
classification of these varieties may be upon a number of dif-
ferent bases. It may be (1) a classification based upon com-
position, either chemical or mineralogical, yielding such names
as caleareous and plagioclase rocks; (2) it may be structural
~ and lead to such terms as stratified and unstratified; (3) it

~may be génetic, and so we have volcanic-and organic dep031ts
- orrocks. |
- Without attemptmg a eomplete or thoroughly scientific
~ classification it will be sufficient for present purposes to con-
“sider rocks as either (1) Crystalline or (2) Clastic.
Crystailine rocks.—In this class may be placed all those
- rocks in which the constituents exhibit wholly, or to a marked
degree, acrystalline nature. It includes suchrocks as granite,
gneiss, syenite. and other similar forms. The granite bowl-
~ ders and related rocks found in the drift and sometimes util-
ized in Towa, belong to this group. It is not, however, in this
state an impdrﬁant clé;ss, most of the stone belonging toitand
used here being imported.

Clastic rocks.—This series includes the maJor portmn of the
rocks of Towa. A clastic rock is one which is made up of
small fragments of pre-existing rocks newly cemented
“together. Itmay, in time; become so changed through meta-
morphism that it is indistinguishable from a rock which was

*Geike: Text-book of Geology, p. 61, third Ed., London. 1893,
38 G Rep. N
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originally crystalline A very great number of rocks which
~ are usually classed ‘with the crystallmes and studied with
‘them belong in ‘origin to this group. An example of this
oceurs in our state in the Sioux quartzﬂ;e This rock is known
to the trade as the ‘‘Sioux Falls granite,” tbough 1t isin
reality not a granite, either in composition or origin, but -
rather a sendstone which has been changed by the secondary
growth of the quartz grainginto a very hard, closely com- |
pacted erystalhne

Similar examples may be found In the hmestone series.
' Marblei is but l1mestone which has been re-crystallized through
metamorph1sm We ha,ve in Towa no extensive deposits of
- true marble. There are, however, small areas which show
‘the begmnmfr of the change and frequently bodies of roeks of
quite thoroughly erystalllne type are found. In order to dis-

_ tmgulsh these phasal developments from crystallmes in the ‘

~ ordinary usage of the term they may be called sub- crysta,llme ,

The clastic rocks of this state form two main series; (1) sand-

stones, (2) limestones. The quartmtes may be considered as
a subordinate group under sandstones, and the gypsum, while

not a limestone, may, because ,0f_1ts closely related origin and

“small importance as a building stone, be classed with them.
The clays, gravels, shales, and similar beds, while as truly
rocks as any of the foregoing, are not usually considered as
building stones.

ESSENTIAL PROPERTIES OF BUILDING STONES.

Stones vary greatly in their properties. Some are strong
while others are weak. Hard and soft varieties are found.
Their composition also varies. As stones are not all alike it |
follows that all stones are not equally adapted to use for
building purposes. A given bed may produce excellent
material for lime or cement, and yet the stone may be of no
value at all when cut and laid in the wall. "It can not be said
that the conditions which govern the value of stones for
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~building are thoroughly understood, and yet they have been
- studied by many investigators. The factors which condition
the value of a quarry stone, or the properties which are
essential in a building stone, may be conveniently considered

under five heads: (1) strength, (2) dura.blhty, (3) color, (4)
Worka.blhty, (5) availability.

Strength

In common with all bulldmg materials, the value of stone
for building purposes is very largely dependent upon its
strength. 'Indeed‘ this factor is in stone most fundamental,
- as the matemal is the one 1nvar1ab1y chosen where the
demands upon it are to be most severe. :

Strength may be. defined as the power of resistance to
strain; the latter being any change of form or dimensions
- due to stress. There are in all five kinds of strain to which
bodies may be subjeeted tensile, crushing, shearing, trans-'
- verse and torsional. ~For present purp_()ses the 1atter may be

~ entirely neglected.

Tensile strain is the deformation of a body resulting from
, stress due to pulling. It is the measure of the expansion
~ which a body may undergo, and is usually expressed in terms
of the amount of force necessary to pull it apart, or to expand
1t in a certain definite amount. The amount commonly chosen
is that necessary to double the length of a unit rod, and is
called the modulus of elasticity, or simply Young’s modulus.
The crushing strain is the deformation of a body due to com-
- pression. It is measured in terms of pounds-pressure per
square inch necessary to rupture the stone. A shearing
strain is the deformation Which a homogeneous body under-
goes, without change in volume, by the application of some
external force. Transverse strain is that produced in a beam
by a force at right angles to its length.

Stones used in building are exposed to all these strains and
the value of a stone must, toa certain extent, depend upon its
power to resist them. Whenever there is a change of tem-
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perature, the stone must and does contract or expand, and
thus tensile strain is induced. The amount of expansion and
contraction per degree of temperature has been measured for
~ various kinds of stones. Adie* found that one inch of granite
expands .00000438 inches per degree of increase of tempera-
ture, and that the corresponding increase for marble is
.00000613 inches. Bartlettt reports as a result of measure-
ments made in 1830-1831, under the direction of Colonel Trot-
ter, the following corresponding figures. |

" INCHES.

Granite ... .......c.oiiiiiei. e, .000004825_
MArhle .ot s ... 000005668
SanAStOnE . et e -. 000009532

Accepting the latter figures, it will be seen that in Des
Moines, where in 1893, the maximum difference in tempera-
ture was 111°,} there is a total difference in the height of a
granite shaft 100 feet high of .6426 inches at these extremes;
and that in a granite wall 300 feet long there would be a lat-
eral give and take of 1.9280 inches. For marble, the figures
would be respectively .7549 and 2.2649 inches. While meas-
urements on common limestone are not a,vaﬂable, its rate of
~expansion may be safely assumed to be at least as. great as
for marble. The expansion of sandstone is still greater, and
in the case mentioned would be 1.2696 and 3.8089 inches.

Such a strain will be readily seen to cause.considerable
wear and tear in stones. It has been shown to be sufficient
cause for the pulling of the stones away from the cement, and
so opens the way for decay. An examination of the seams
along the sandstone courses of the Capitol building at Des
Moines, in January, 1895, showed that there was at points an
appreciable space between the stone and the cement. An
examination of the same seams in the following July showed
that they were tightly closed. It seems not improbable that
in large constructions where different kinds of stone are used

*Trans. Roy. Soc., Edinburgh, vol. XIII, p. 366.
t+Amer. Jour. Sci,, (1), vol. XXII, pp. 136-140. 1832.
tAnn. Rep. lowa Weather Ser., p.59. 1893.-
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in separate courses, there may be an actual movement of one
course on the other. |

It is also to be remembered that when one face of a
structure is exposed to the hot rays of the sun, the other may
be receiving a cool breeze, so that an important difference
in temperature may be noticed at opposite ends of a long
building, and that in winter there may often be a difference
- of 70° or more between the temperatures inside and outside of
a building. This, of course, causes unequal expansion. It is
well known that Bunker Hill monument follows the sun
around each day, so that a pendulum suspended from the cen-
ter of its top, described an ellipse with a major diameter of
nearly half an inch. Probably the most severe tensile strain
to which stones in a building are subjected is that produced -
by the freezing of water in its crevices. This pressure is as
much as 138 tons to the square foot. S
 There is, perhaps, no strain the presence of which is more
instinctively recognized than the crushing strain. It is at
~once evident that if one stone be placed upon another the
lower stone will be compelled to support the weight of the
~ overlying mass. Taking the weight of granite at 165 pounds,
sandstone at 140 pounds and limestone at 150 pounds per cubic
- foot, it will be seen that in a column 100 feet high, there is a
pressure at the base of 16,500, 14,000 and 15,000 pounds
~ respectively. This seems, at a glance, to be large, but is in
rea;lity'oxily 114, 97 and 104 pounds per square inch respect-
ively, while the crushing strength of these stones is usually
" not far from one hundred times these amounts. As long
since pointed out by Gilmore,* however, the influence of sup-
erincumbent weight is not felt so much in vertical lines of
strain, but must always be resolved into oblique strains, and
~ a stone which would easily withstand a great crushing force
may readily yield to the same force, resolved into transverse
" and shearing strains. This accords well with the results

*Rept. on Building Stones, p. 23, Van Nostrand, New York. 1876. .
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of practice, in that stones rarely yield to direct crushing, but
rather fail, when they do fail, through cracking or bemg
pushed out of line.

Stone usually yields but shghtly to shearing strains. The
elasticity of such rock as is used for building purposesis low,
while its tensile strength-' is high. It follows that when a
shearing strain is present it usually leads to rupture rather
- than bending. Itis, however, a mistake to consider stones
as altogether lacking in elasticity. To a limited degree it is
present and often exhibits itself in a marked manner. - Hodg-

kinson experimented® on the elasticity of stone by supporting

slabs at the ends and applying horizontal force. It was found
that the defect of elasticity is nearly as the square of the
weight. Geikiet has called attention to evidences of the
elasticity of marble slabs as seen in the Scottish cemeteries.
More recently Winslow} has noted similar phenomena as
.exhibited at Jefferson City. From measurements on certain

marble slabs seen in the cemetery there he has calculated that
~ a long piece of this marble two inches thick could, under con-
tinued stress for a period of twenty-five years, be bent to the -
form of a circle having a diameter of less than eighty feet.

This tendency of stone to warp often leads to considerable
trouble and expense. - During the work of the Capitol improve-
ment at Des Moines, Mr. E. W. Crellin, the engineer in charge,
found that in a few months the heavy granite blocks used for
steps frequently became so bent out of shape that it was
- necessary to redress portions of them before they could be
set. In mountainous regions nothing is more often seen than
flexed strata. It is usually assumed that at the time these
beds were bent they must have been under heavy pressure,
and probably were, at the same time, more plastic. Itseems
possible that the element of time has not been sufficiently
taken into account. If a granite block, simply from its own
W No. 1353, p. 1165, London. 1853; Jour. Franklin Inst, @), vol. XXVIL, pp. -

t Geol. Sketches, pp. 176-172. »
t Amer. Jour. Sci., (3), vol. XLIIT, pp. 133-134, 1892.
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Wéight and because of unequal support, will bend so as to
necessitate re-surfacing before use, it seems not improbablée
that -very slight pressure, if long continued, might lead to
very important shearing.

The strains to which stones are most eommonly subjected,
and under which they frequently fail, are transverse straiuns.
It is very rare indeed that one sees a crushed stone, but
cracked stones are more frequent. The ecracking is the
~ expression of the transverse strain. If a stone be overloaded
" at one end, or if it be insufficiently supported at any point, it

is subjected to transverse strain. With the low limit of elas-
ticity of this material it can rarely accommodate itself to the
unequal pressure, and so gives way. It will be readily seen
“that if for any cause a stone, when used in a large construc-
tion be in part unsupported, there will be an enormous pres-
- sure upon the unsupported part. To resist this pressureit has
nothing except its own tensile strength. The most frequent
cause of such inequality is the failure of the foundation to
settle equally. If in any massive construction the foundation
goes down more rapidly at one point than another, the best of
" stones will fail unless the factor of safety has been taken very
high. More rarely the fault is in the construction of the
wall, the stones being imperfectly laid. These are matters
- which rest entirely with the judgment and ability of the super-

vising architect.

* The tendency of all strain is ultimately to tear apart the .
component particles of a substance. The abilty to resist this
tendency is the measure of the strength of a substance. In
stone this ability may be due to a number of different prop-
erties. In general it is dependent upon the strength of the
individual particles or crystals and upon the strength of the

- bond.

The different particles of a rock may be bound together by
several means: chemical, mineralogical, by simple contact or
by means of a cement or bond. The first two means of union
are not usually affected by stress but are more subject to the
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influence of decay. As a general rule the average crushing
strength of granites and similar rocks having a mineralogical
union, as contrasted with the clastics which have a true
cement or bond union between the particles, is greater. This
is not, however, always true. In certain cases elastic rocks
are firmer than crysta.llmes

When the particles of a substance cohere through s1mp1e

contact, the force necessary to separate them increases with

the surface of contact. This is, in the case of grains of sand
or clay, most largely dependent on the size of the particles.
If the particles are small the interspaces are eorreSpondingly
diminished and the different pieces of mineral touch at a
greater number of points. Thus it follows that, other things
. being equal, fine-grained rocks should show greater strength.
In practice the range of variation in the size of the particles
is usually so small as compared with the variation in other
regards that this is rarely important. It has, however,
been noted by Hatfield* that in the case of crystalline rocks
~the coarsely crystallized specimeti’s'crUSh more easily, and,
while the conditions are somewhat different, it is not impossible .
that if the other factors could be eliminated; similar results
might be obtained from expernnents on clastics. SR

The direct controlhng factor in the strength of a clastic
stone is usually the nature of the bond material. In general
the cementing substance found in the Iowa clastic is either
argillaceous, calcareous, ferruginous or siliceous. Other
cements are occasionally found and still other materials may
act as such. One of the most common substances which may
be a bond material is water. Its value as such is well recog-
nized in the clay industry and it may be readily tested by try-
ing to mould dry and wet sands. The influence of water isat
once apparent in the ease with which the wet sand may be
made to hold form. Water asa bond material is of small value,
since it soon evaporates and the molded form crumbles. Of
the cementing materials occurring in nature, argillaceous
" *Jour. Franklin Inst., (3} vol. XXXV, p.160. 1858,
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cement is probably the most common. It rarely, however,
occurs alone, but is usually mixed to a greater or less extent
~ with caleareous or ferruginous matter. Calcareous bond mate-
" rial is universal in limestones and not uncommon in sandstones.
When a calcareous cement binds calcareous material it is
unsurpassed; where it joins argillaceous material it is still
- good; but where it joins arenaceous particles there are other
~substances better. Ferruginous cement is rarely found in
limestone beds. of sufficient extent to be of importance as
building material. It is, however, a common cement in sand-
stones, and here its strength giving ability seems to depend
very largely on its purity and the completeness with which it
fills the interstitial spaces of the rock. , '
- Siliceous cement occurs both in limestones and sandstones,
and in either case contributes greatly to the value of the rock.
Indeed it may well be doubted if any rock, crystalline or
clastic, has greater strength than a quartzite, Wh1eh ismerely
a sandstone with a siliceous cement. '
A comparison of the crushing strength of the usual building
~ rocks shows that as a rule their strength will run in the fol-
- lowing order, though the exceptions are many: (1) Quartzite;
(2) Granite, and a major portion of the crystallines in use; (3)

Limestones and marbles; (4) Sandstones with ferruginous and
" 'caléareous bond. Siliceous limestone will rank usually at the
head of the limestones and occasionally higher.

 Durability.

A property of stone which isequally important with strength,
“and which is more difficult to estimate, is that of durability.
Remembering ‘cha,t' stone is rarely used except in buildings -
where permanence is an important dlslderatum it will be at
once apparent that Whatever propertles a building stone may
~lack, it must be durable. A stone may be ever so accessible,
may be easily worked, may have a pleasing color and even a
‘high degree of strength, and yet if it will not last when put
in the wall it has no value as a building stone.
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The estimate of the durability of a stone is all the more
perplexing because it depends on such a variety of factors
both internal and external. It can not be said that these

essential factors are well understood and there is probably no :

material which the a,rchltect uses, about which he knows less
than stone. Testing the strength of a stone may be done in
accordance with well established rules; but estimates of dura-
bility can not as yet be made on any well formulated system.
It is notorious that some of the worst failures of stone have
been in cases where material of excellent appearance has been
used. The problem is so Ia,fge and so complex, and the factors
which enter into it are so various, that no bmgle ‘method of
testing will apply. |

Any estimate of the durability of a stone must take into
account a wide range of factors, both external and internal.-
Both the nature of the stone itself and the conditions under
which it is used influence the degree with which it may respond
to its environment without destructive effects. Both series
of phenomena must be considered and the rejection of the
stone may be necessary as a result of either of the two sets of
condltlons being unfavorable.

EXTERNAL FACTORS AFFECTING DURABILITY.

There are probably few laws better established in modern
science than that organisms are influenced by their environ-
ment. This is a law which so far as we know is fundamental.
It applies alike to organic and inorganic bodies. ~ Just as surely
is it true that as the heavy furred animals of the north come
to inhabit a warmer climate they shed their heavier coverings,
so granites and other crystalline rocks formed under one con-
dition, upon being transferred to other conditions, slowly but
sxirely adjust themselves to their new environment. Itiswell -
established that under the peculiar conditions present beneath
the earth, silicic acid tends to drive out and replace carbonic
acid, and that the reverse is true in rocks at or near the sur.
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face. The formsand combinations which were stable in granite
- when it was formed as a deep-seated rock, became unstable
“and tend to break down when it is exposed. The same is true
to a greater or less extent of all rocks. A deposit which was
in a stable condition at the bottom of the sea becomes unstable

. when formmg a portion of the land surface. Hence arises the

Wldespread decay of rocks exposed at the surface; a process
which if continued long enough must inevitably cause them
to break down into loose beds of gravel, sand and clay.

The processes by which this change takes place are known
collectively as Wéathering,*which is not a simple process, but
a series of processes. Stones when cut, dressed and used ina
bmldmg are exposed to these processes for the same reasons

- and to the same extent that ‘they are when in their native
 ledge. Often indeed they are subjected in an even ‘greater
~degree to deleterious influences. Weathering eﬁects are due
to both mechanical and chemical processes.

- Mechanical effects.—The mechanical processes may be con-
“sidered as due to three agencies: wind, moisture and heat

The mechanical effects of the wind are not usua,lly impor-
tant in the consideration of building stones. That wind when
loaded with sand, as it must always be to a greater or less
extent, has an abrasive action is a well known fact. Endlich*
has called attention to some of the more striking results of
~such action in Colo_ra,do_ Merrillt has noted the action of
storm winds on the exposed glass of lighthouses. More recently
Uddent has reviewed the whole subject of wind erosion.
~ Where buildings are exposed to the same conditions the action

-+ of the wind on the stone in the wall can not but be the same

as in the native ledge. Egleston§ noted the fact that in many
of the New York churchyards, tombstones may be found
which are worn nearly smooth by this agent alone. It very
‘ra,r:ely happens, however, that stones in buildings are so

*Bul. U. S. Surv. Ter, vol. iv, pp. 831-864. 1878,
" +Smithsonian Report, 1836, pt. ii, p. 335. 1889,

tJour. Geol., vol. II, p. 315; 1804,

§Amer. Arch., p. 13, Sept. 5, 1885,
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exposed. They are usually protected from the direct action )
of the wind so that its influence is less in the work of abrasion
“and more in bringing in contact with the stone certain injur-
ious gases or large amounts of moisture which may be present

~in the air. The action of the gases is chemical and will be

later considered. The erosive action of water is one of the
most familiar effects seen in nature. The deep channels worn
by the rivers ‘and the general wearing away of the exposed '
land surface are ma,rks of its power. Itisnot often, however,:
important from the present point of view. - Except when used

in bridge piers, dams and similar constructions, buﬂdmg .

~ stones are seldom exposed to erosive action. In large build-
ings certain cornice stones frequently serve for gutters, but
- in such cases they are usually protected by a metal surfaee, .
preferably copper. | | - -
‘The principal meehamca,l eﬁeot of Water is a,eoomphshed by
~ the aid of temperature changesin what is known as frost‘(
‘action. All rocks dre more or less porous and henee are capa-
ble of absorbing a greater or less amount of water. This
a.mount has been measured for a considerable number of rocks
by Merrill, Hopkins, ‘Winchell, Cutting, Heinreich, and others.
" In general the absorptlon is, for granites, from the merest
traces up to 1i; for limestones the amount varies between 5
and &s; for sandstone from § to & ,dolom1te shows about
" the same absorption as 11mestones, and quartmtes average
with the granites. -When water freezes it expands with aforce -
which at 30° F. is over 1,900 pounds per square foot. For .
lower temperature this force is greater. If the Water be
" inclosed the force becomes sufficient to break most-stone. °
_ Indeed frost is probably the principal agent in breaking down
_ large rock masses. Jordan speaks of the Matterhorn as but
a wreck—*‘‘the core of a far greater mountain whose rocks
have been huried down the valley,”* and again says: The
whole outer coatof the mountain i is 1oose, scarcely a rock a.ny-

where on the Swiss side being ﬁrmly attached.”’t

*Sciences Sketches, p. 212. 1888,
tIbid.;p. 218.
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- Water penetrates a,ll the cracks of a rock and upon being
frozen rends it apart. Certain of our building stones seem
' partlcula,rly susceptible to this action. Usually a fine- -grained,
compact stone will absorb less moisture and suffer less from
frost than a more open textured stone. As pointed out by
Merrill* this is not always true. In the case of the open
textured stone, though it takes up water rather readily, it
parts with it equally readily and at the same time the whole
- force of the expansion need not necessarily be expended in
pushing apart the particles of the stone. Instances of this
may be seen in our own quarries. Certain portions of the
Saint Louis limestone occasionally quarried in the central por-
tion of the state' are particularly unable to withstand frost
“action. Yet the stone is to all appearance a very fine-grained,
compact rock. In neighboring quarries a coarser textured
Augusta stone stands the frost better. -

The action of the frost is usually beneficial to the quarry-
man. In granite regions quarries are often worked for years
- merely in the overlying scattered boulders before the solid
~ rock is reached. It would be impossible profitably to quarry
~ the Sioux qua,rtzn;e were it not for the aid of the frost a,nd the
joint cracks. : ' »

The principal effect of ehanges of tempera,ture on stone is
doubtless the frost effect just noted. Aside from any such
subsidiary action temperature changes may have themselves
important effects on the life of thestone. The expansion and
contraction due to temperature changes have already been
noticed. It is obvious that the frequent repetition of these
changes in volume must affect the durability of the material.

A strain which may be easily met once, if repeated often
| enough will cause rupture. The expansion of the different
components of stone differ and thus they crowd unequally
against each other. The different portions of a stone may be
unequally heated, as when the outside temperature is 24°
below and the inside temperature of a building 70° above.
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In all such cases the stone must be weakened. Tf stones be
heated and then suddenly cooled they will break. Livingston
found that in Africa stones heated during the daytime cooled so
rapidly at night as to throw off sharp angular fragments, and
Stanley states that a cool rain falling upon the sun-heated
rocks caused them to split.* An interesting instance of the
effect of heat was shown at the old North Avenue viaduct in
Baltimore. In 1892 an oil car burned at thefoot of one of the
abutments. The effect of the heat was to bring out in a few
hours upon the masonry the characteristic spherical weather-
ing shown on long exposed rock faces. Julient has called
attention to the greater weathering on the face of a building
which is exposed to the greatest ranges of tempera,ture and
Merrillt has made similar observations.
Chemical effects.—With the exception of frost action the
most important agencies in the weathering of stone are

chemical. The air is at all times charged with various gases o

some of which are destructive to stone. When the stoneis
exposed to water a larger number of ehemleal ~agents may be |
at the same time brought into play because of the substances
which it may carryinsolution. The attacks of these chemical
agents are the most insidious because unseen, and yet they
form a most important factor in the life of a stone.

The various chemical processes which take place during the
weathering or decay of a stone may be summarized as follows:
(1) Solution; (2) Oxidation; (3) De- 0x1dat10n (4) Hydra,tlon,
(5) Carbonization. , )

Solution is one of the most familiar chemleal processes and
one which is constantly taking place wherever rocks are
exposed to rain water or moist air. Gypsum, which has been
used at Fort Dodge to a very limited extent as a building
stone, is readily soluble in a ratio of about 1 to 400 in water
and is soon worn away. Of the stones ordinarily used for
building purposes limestone suffers most from this process.

* Cit. by Gekie, Text-book, 3rd Ed., p. 329. 1893.

+Tenth Oensus, vol. X, Rep. on Building Stones, p. 380. 1888.
% Op. Cit., p. 332.
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It is soluble to the extent of about 1 to 1,000 parts in water
charged with carbonic acid gas. ~

~ The air at all times contains more or less moisture and some
carbonic acid. In cities the percentage of the latter may
- become relatively high. Pfaff* has carried on experiments on
the rate of weathering of limestone. The material used was
the Solenhofen lithographic stone which is very similar in
texture and appearance to white limestone found in the Pella
beds of the Saint Louis. A plate of this rock was exposed to
weathering influences for two years and from the loss in weight
it was calculated that such stone weathered away at a rate of
one meter in 72,000 years, or about one foot in 21,300 years.
Observations made on dressed stones in England, place the
rate at from one foot in 240 years to one foot in 500 years.
The rate ev1dent1y varies rapidly and is apparently dependent
" more upon the evironment than the composition of the stone.
‘The latter is, however, more or less to be taken into account.
Dolomite is less soluble than limestone, which is one of the
‘reasons why it usually glves better satisfaction as a building
stone.

Sandstones are only very shghtly soluble. The prineipal

o ‘const1tuent, quartz, is not affected by any of the solutions to

which building stones are ordinarily exposed. The bond
material may, however, suffer from a number of them. The
great durability of quartzites and of siliceous limestones is per-
‘haps due more to the insoluble nature of the bond than to
any other one factor. On the other hand, an argillaceous
sandstone may break down readily, and it is a very common
thing to find around a sandstone bowlder a little heap of loose
sand grains which are the result of such weathering.

Oxidation is one of the most common and most active chem-
~ical processes. Oxygen is present in the atmosphere and is
also a very common constituent of rain water. Itisa very

active chemical substance and has a great affinity for many
- of the minerals commonly occurring in rocks. In the crysta
mecﬂ., Ges.. bd. I'{XIV, p. 465. 1872.
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line rocks the ferro macrnesmn compounds especially tend to
break down in its presence and to form new substances. In
the clastic rocks its influence is also often felt. -One of the
most frequent impurities of limestones, for instance, is iron
pyrites or sulphide of iron. The action of the oxygen upoh
this substance is first to form the sulphate of iron. In the
presence of water this gives rise to iron-oxide and sulphuric
acid. The former disagreeably stains the stone while the lat-
ter is an active solvent of limestone. Even in so impervious
a stone as quartzﬂ;e the action of oxygen upon the iron present
may be detected. -
- De-oxidation may, under certain circumstances, result from
rain water charged with reducing agents. These usually come
from the decay of organic matter. The tendency of these -
reducing agents is to take away the oxygen present; particu-
larly from the iron oxides. This results in discoloration. = If
a limestone contains magnesia, it will tend, in the presence
of sulphurie acid, which may be present in the air as a result -
of the combustion of impure coal, to form a magnesian sul-
phate. This will manifest itself usually in the form of effio-
rescence. De-oxidation is an action not often seen on building
stones, though frequently observed on native ledges.
Hydration, while occasionally observed in quarry rocks, is
not important in the consideration of building stones.
Carbonization is a common form of alteration among erystal'-
line rocks. A familiar example is seen in the alteration of
feldspar to kaolin. Tt is the expression of the general law
that under surface conditions carbonic acid tends to drive out
silicie acid. Itisnot usually an important factor in the alter-
ation of sedimentary rocks, as they rarely contain any great
quantity of material subject to such action. In limestones
the carbonization of the material has already taken place
before the stone was formed. Sandstones rarely contain suffi-
cient alkaline matter to be subject to attack, though certain
arkose sandstones might suffer from this action. Such stones
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7’ as are eommonly found in Iowa will suﬂfer most ohen:ueally
. from solution and ox1dat10n -

G “The mﬂuence of organlc matter in hastenlng the decay of
, ,'stone has been very frequently 1n51sted upon. - Robert* has

o v;ea;lled attention in Le Monde to the actlon of Lepra anmqmtams, A
- a small eryptoga.mlc plant, in promotmg decay of rocks.

B ':Wlnle itis undoubtedly true. that the deca.y of lichens or other
plant forms gives rise to orgamo ‘acids which aid in breakmg »

‘:-,_down a roek and reduelng it to a-soil, it is also true, as has |

‘.been suggested that the 11chens and similar plants often form :

o a eovemng which preserves ‘the rock by proteetmg it from
= _;undue temperature changes On the ‘whole it. seems not

: 1mprob<tb1e that the: deleterlous eﬁeets of plants on buﬂdlng
stones h&ve in the past been too strongly 1n81sted upon '

INTERNAL FACT@RS AFFECTING DURABILITY

s vThe,.:‘}"'fe ofga stone isas mueh fd pendent upon 1nterna1 con-

pon__ 1ts envnonment “The selection of a- stone', '

= " """':‘:'I-Whose internal strueture is such as to. enable 1t to Wlthsta,nd :
:j:._‘the‘iunfa,vorable eondltlons of modern elty hfe is: the problem

fronts our: engmeers and arehlteets The internal
ns of a stone Whmh aﬁeet 1ts hfe are malnly the nature

SR “of thé constituent minerals and the state of aggregation.

While the total number of mmeral speeles is qmte 1a,rge, the

i t-inumber., Whlch eommonly occur as: rock form_mg mmera,ls is
'_’:';'.relatlvely small. “The number which occur in rocks, such as
: ‘._}?‘:are found in- Iowa, 1s sma,ller st111 : Among those present and

- ;most 1mportant are. quartz, oalelte, aragonlte, dolomlte, gyp-

’ f’ ~ .sum, pyrlte and hematite. In addltlon to these a number of
B others are found as. 1mpur1t1es in the elastle rocks In the
S orysta]hnes Whlch as has been said are. ocea,smnally quarrled

from the drlft bowlders, the Whole serles of feldspars, micas,

pyroxenes, ete., are present

- The most common eonstltuent of Iowa stones 1s ealelte or
3 'ea.lelum earbonate Thls is an or1g1na1 constltuent of the

i *Cited ‘Van Nost Eng. Mag vol 1I, p. 112
Hnae Rep .
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'hmestones and: 1s found mlxed Wlth various proportlons of -

, argﬂlaeeous 1mpur1ty It also occurs asa secondary product[ -

in veins. runmng th ug\hh certain stones A good example of

this ma,y be seen in the Mount Vernon qua.rrles, where. the/: o o

buff dolomlte is. cut by Whlte veins of caleite. - In this 1nstance-,

‘the: ca.lelte res1sts the. Weathermg 1nﬂuenoes better ‘than ‘the - x

ountry roek and S0 stands out ona Weathered surface-’.— Araao- -

. mltlc The Galena hmestone is also dolomltle, as is. 1ndeed a--;
very large portlon of Iowa hmestones There is a belief, bornej-
out by practice, that dolomltle stones are better for hme burn-

ing purposes than pure lnnestones They are also preferred_ SN
for use as bulldlng stones. Magnesmn car bonate is less solu- R
* ble than calcium carbonate. and- henee there would appearto .
~ bea good reason for preferrmg 1t In’ oppos1t10n to this v1eW'f_fv Ll
" C. L. Dresser* pomtsf“out that in 01t1es where a great dealof .~ -

coal 1s burned sueh as "‘Leeds Where hlS observatlons Werel",' T

made, the sulphurlc a(nd in the air umtes with the magnesm :

to form magnesmn sulphate Thls is'in Wet Wea,ther absorbed "-Vi .
by the brick or stone and i in dry Weather erystalhzes a.nd sphtsf', | S

off-the face of the roek P
Quartz is the major constltuent of sandstones It is"a inost :

durable material” though by no: means fire- proof Gypsum 1s e
not 1mportant as'a bulldmg stone. Pyrlte is frequentlv pres e SR
ent as an 1mpur1ty and may serlously affect the durablhty of

}stone Hematite is- present asa cementmg matemal in sand- -
stones though 11mon1te is probably more common. A .

A second 1mporta,nt factor in- the durablhty of a, stone 1s'd' ‘

‘the state of: aggregatlon The influence of various kinds of
bond upon the strength of a stone has already been pomted
out; their: mﬂuenees upon its life are no less 1mportant Ttis
sta,tedwL that the air. ehanges the cement of certain sandstones
from an msoluble to a soluble eondltlon and that praetloe |

*Londozx Buﬂder, No. 863 Oit Jour Frankun Inst (3) vol XV, p. 56. 1860
+Van Nost. Eng. Mag vol. ITI, p. 29. 18?2
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| -’shows that in oertaln cases on the ground level, porous lime-

o '»stones decay more readﬂy than porous sandstones as a result
o .of the: difference in coxnpos1t1on Tt will be reeognlzed that if

a 9, neh cube of stone’ absorbs three pmts of water in forty-

; -’elght hours, as has ‘been notedi, the stone is exposed to far
greater damage from both temperature changes and chemical

- action, than one in ‘which the absorptlon is practically nothing.

| Texture is thus an 1mportant fa,etor in the problem General
o 'experlenee seems to have proven that as a rule fine:grained-
rocks ‘are most dura,ble A ﬁne, even, texture does not allow
- the various 1n3ur1ous gases dnd solut1ons so readily to pene-
trate the stone and hence it is ‘better prepared to withstand
' thelr attaok Homogeneous rocks W111 weather ‘most evenly.

o Thls isa deolded adva,ntage, as. unequal weathermg, by weak:-

“ening eertam portlons of a stone, may induce strain both in it
a;nd superlnoumbent blocks thus 1mpa1r1ng ‘the strength and
L shortemng the life of the rook

Color i

Among the mmor propertles of bu11d1ng stones WhICh are_
essentlal faotors in thelr populamty and value, feW are more

i 1mportant than oolor The red sandstones are not always of

K greater dura,blhty or strength than smnlar stone o:f other color,

e ,i_and yet the reddlsh brown stone Was for many years most

’ .popula,r ‘This. ‘was probably due to no sma.ll extent.to the fact
~ that the stone harmomzes SO Well W1th the usual tlnts of brlek
The oh01oe of stone £ far as color is conoerned is in the
 mdin a ‘matter of taste a,lone Reoently the hght colored
| stones hav ebeen most popular The dark er. hues give a gloomy
and masswe eﬁ‘eot while hghter tones or eombmatmns of colors
: break thls up. Tt'is not always a mere matter of oh01ee, how-

~ ever, since certain eolors are more ept to change than others

The chief colorlng matter in rocks is iron, and it depends upon

the form in Whlch thls oceurs Whether the color will prove

‘Ibid vol XXX[II DD. 487-488. 1885.
iIbld Vol I1, p 506. 1870.
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last1ng If the 1ron be 1n the form of sulph1de, carbonate or‘ '

o protomde 1t is sub]ect to ox1d "t1on, and the blulsh or. gray i
~ color changes toa brownlsh or reddish. ThlS is often seenin -

- v '5th1s faet ~ The eheapn' SS-

'the red surfaee of Weather _mestone and other roeks The,‘ S
A deep red roeks thus have a_» ermanence in eolor not possessed -
by the others, :ther good reason for their use: -

Unlformlty 1s 1mpo ant. in color as. in. other propert1es, the. S

more so as it is usually an 1ndleatlon of un1forn:nty in: eompos' 8
, s1t10n and propert1es ‘

Workabxhty

| The Workablhty of 3. stone 1s dependent ma1n1y upon 1ts I‘lfl’;’

~ and grain. . Nearly all roeks break more readlly along certain =~
planes than others. The whole art of quarrymg isbased upon

" this fact and conS1sts 'f;‘.ﬁ-takmg advantage of these planes l
’Only a very small portlon of the stone. whleh now. reaehes the

market could ever be proﬁtably taken out: of it were it not for

_;,-and"%_e se with which ‘the Sioux

quartz1te can be broken up 1nto ’pavmg bloeks 1s due to thej-f";‘}' i

presence of these planes

~In- unaltered elastlc roeks the beddmg or stratlﬁcatlon A
- planes are usuallv most promlnent These are planes of sed1- e
mentatlon and are due to var1at1ons in that process In the- 2

~ stone as. quarrled thls d1ws1on plane is known as the “rlft"

as Merrlll uses the term At rlght angles to thisis the. “gram

There : may be more than one set of planes shown by the graln SR

so that the stone may tend to break in more than one plane
If a third dlreetlon of easy sphttmg is present it is sometimes

referred to as the “head »> Thus & rift or beddmg surface*—' o

may be marked oﬂ’ by the graln in squares, tr1angles, dla monds
or irregular polygons ‘Tt is not unusual to ﬁnd the gram run-
ning along twosets of planes at r1ght angles, or nearly SO. When :
this is true, ny a l1ttle care the stone is readlly quarrled oubt
in blocks readv f01 use - In some cases the rift is so marked

and the rift- planes S0 even that the stone requlres no further
surfacing. . |
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~The omgm of” the gram of a stone is a matter not clearly
understood Ina more general sense the pla,nes of grain are
. known as joint planee “To account for them a number of

< n_'theorles ha,ve been proposed It is more usual to regard them

as being sn:nply the result of the tendeney of stone to contract
_either When ooohnO' from a molten condition in the case of
erystalhnes, or, in elastlos ‘when 1osmcr a considerable portion

of their water eontent Crystalhne a,nd mag'netle forces as

| _Well as torsion and ea,r’shquake shocks have been called in to
aidin the explanation. Very probably they are due to a con-

N 81derab1e extent to stresses resulting from ‘dynamic action.

In reglons of disturbed strata the whole series of phenomena

o known as. olea.va,cre, ﬁssﬂhty, foliation, ete., have been shown
_ by Van Hise* to. be dependent upon oommon causes and to
e ,a.ﬂ?ord accurate means of dlserlmlnatlng the structure of the

- strata. The extent to Wthh a stone has been altered by these

:.j_‘ ;forces eondltlons at once its use and the methods by which

o the. quarry may be Worked A soft stone, but little altered
- and in massive condltlon, is; for example, best Worked by chan-

R j"'nelers, a,nd 1s partmularly sub]ect to 1n3ury 1n blastmg

._ Ava11ab1hty

, The ﬁnal faetor in the va,lue of stone, as in all other mate-
'rla,l is 1ts avallablhty It may be ever so exeellent in every

- rega,rd and still if it exists in insufficient quantity, or does not

' ien;]oy good transportatlon faolhtles, it can not be used.

One 1mportant thmg t0 be borne in mind in selecting a quarry
'31te is that it must afford; as far as poss1b1e, a uniform mate-
o rlal All stones vary shg htly from 1edge toledge, orin dnferent

B parts of tne same 1edge It is 1mp0a81b1e to attain absolute

umfommty, yet by careful selection a practically uniform grade
- of stone can be placed on the market. In an industry such as
. 'thlS, Where s0 much depends on capturing and holding the
popular fanoy, unlformlty of produot is of more than usual
m Bep 0. 8. Geol. Burv.
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" 1mporta,nce In this rega.rd the hea.vy sandstone beds of the _ f ,
‘coal measures have an 1mportant advanta.ge They frequently n

show very shght beddmg Only, and’ are practlcally massrve
'They may be worked with channelers- and sawmill in the same o

~ manner that marble is. usually qua,rr1ed

Tra.nsportatlon facﬂltles are not less: 1mp0rta.nt to the stone : o |

~ industry than to others. - The presence or absence of a rall-

- way 1s often the controllmg factor in the value of a quarty

site. In our own state; the raﬂwa.ys have been mamly built

to accommodate through traffic. ‘As the cities grow insize and
wealth, and larger and more- massive bu11d1ngs are erected

_there must be an 1nereased dema,nd for buﬂdmg stone. This
will create a better loea.l market and result in the steady

. development of the local: stone mdustry W1th the steadler- o

demand it will be poss1ble to bulld ‘the long : sw1tches and local }V':
lines which are neeessary in order to. open up the manv good‘i -

ledges now untouched, and enlarge the output of the quarrlesf_ e

already in operatlon

TESTING OF BUILDING STONES

It has been shown that the propertles of stone WhlGh a,re to: .
be considered in eonstruetlon Work are. va.rlous a,nd tha.t thej_- Lealn
life of the stone will depend not only upon its own 1nherent'__’

characteristics, but upon the eondltlons under Whlch it is used.

Neither of these sets of faetors is under the eontrol of the' R

engineer, so it becomes his problem to seleet the rlght stone__ i
for given conditions.: ‘Asan aid in this selection, various tests

have been formulated In genera,l the tests have been .

made mainly with reference to strength and durab111ty, and
have mcluded the determmatlon of ‘the erushlng strength :

absorptlon ratlo, res1stanee “to fire and a,brasmn, chemlea.l .

analyses and mlcroseople exammatlons ~ Frost tests, both
natural and artificial, have been Wldely a,pphed and many X
special tests have oecasmnally been made.

1t has been proposed to combine the results of these Varlous o

tests, working out a formula for the value of a stone and com-
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parmo' them by means of thls * Whﬂe this is doubtless the
end to be aimed at, it is exceedmgly doubtful whether we yet
know enough of the real conditions of the problem and whether
our speela\.1 tests are not too clumsy to make such attempts of

- final value.

~For example, probably the best stone can be torn to pieces
by prolonged frost action, either natural or artificial, and yet
“the same stone may give excellent results in practice. We do
not know the ratio existing between the action under natural
conditions and that obtained during the test, because the time

" element must of necessity, differ and it is not known how
, mueh the mtensmy must be increased in order to counterbal-
ancethe ttme Ttisalso a questlon Whether intense frost action,
- for shorb and 1 ra pldly sueceedmg periods, “produces exactly the
- same results : as the milder natural action extending through
’ 10nger time. = So, too, in the matter of strength, probably no

. stone of suﬂelently sound appearance to warrant its use in a
~ wall, ever failed by s1mp1e crushing. MaJny stones, however,

of moderately hlgh crushing strength, have, from various

~ causes, failed in practlee As a rule the failure is not in
- strength but in durablhty When a stone cracks it is almost

always true that it-has been improperly placed and is not
| 'ﬂequally supported It should be remembered that the factor
of safety 18 a,lways taken high in stone- construction, though
this'is to some extent an expression of our ignorance of the
nature of stone. The whole matter of the testing of stone is
in dispﬁte and no general series of tests has yet been formu-
lated: The valtie of many of the special tests is seriously
questloned‘r and much uncertainty surrounds the subject. A
considerable amount of careful expemmentatlon is yet to be
done before deﬁmte conclusmna can be drawn as to the value
of most of the tests : '

*Wmchell Geol Nat. Hist; Surv. Minnesota, vol. I pp 184-191.
+Garrlson Trans. Amer. Soc. C E., vol: XXXIT, p. 68. 1884
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Tests of Strength

Tests of the strength of ma.temals are among the most eom- R

mon tests engmeers are called on to make Resmtanee to the :
various stresses, tens1le, orushlng, shearmg, transverse and_

torsional, ‘may all be measured by Well known methods a,nd'l e

formulas. Some, or all, of these tests are very eommonly made ﬁ
“upon all materials enterlng into. bulldmg “In stone work the

crushing test alone is usually attempted though oecajstonally;_ ]
shearing and tra.nsverse strain tests arealso made.} Itis very -

 doubtful whether orushmg tests are in themselves of much , “

value. “As has been suggested stones are. rarely sub;;eeted toﬁ

hlgh erushlng stresses The test, however, gives at lea.st a -

rough. apprommatmn to the power of the stone to. res1st other, -

stresses. It also, to some extent, 1ndleates the power of the_;:v'
_ stone to resist the sphttmg aetlon of frost s1nee thatis largely;{ .

- a matter of the tensile strength of the stone. . The 1mportanee; o

of the test is prohably in most cases overestlmated and the, '
significance attached to itis an express1on of our helplessness 2
before the problem of aceurately testan' a stone

The conditions to be observed in testmg bulldlng stones: g

have been formulated by Gillmore. § It may be stated that.' o

his work, since confirmed by other. 1nvest1gators, shows. that "‘ :
the crushing strength per square inch i increases in- cubes W1th

the area of Cross- sect1on that in prlsms of equlvalent cross Yot

_section the res1s‘ranoe deereases with the he1crht and that the

resistance varies also with the nature of the compressmg sur— |

faces. In all ordma,ry eonstruetlon stone is laid in mortar so
that the latter forms the surface which. transm1ts pBessure to

the stone. In experlmental tests smooth steel plates usually

form the contact surfaces.. It is obvious that the results with
steel plates may be qulte different from those w1th mortar;
since there may be a greater or less degree of resistance to
lateral spread in oné case than in the other. Gillmore expem— '
mented upon the use of steel, wood lea.d and leather surfaoes |

%#Johnson: Inaia.na. Geol. Surv 1831,
$Building Stones of U. S., Van Nostrand. 1876
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a;ild found that with the same stone there was a marked differ- |

ence in the crushing strength. Vermont marble, which has

~ about the crushing strength of Anamosa limestone, gave the
| fo}lowmg percentages.

.................................................... 100 .
Wbod’ .................................................. 82
Le,a;d‘ .................................................... 69.4
Leather ............................................... 61.6

The dlfferenees seem to be due to the fact that the smooth
‘_steel plates, forming a good eontact resist the tendency of
the stone to spread. The WOQd having a tendeuncy to spread
- sideways, induces a tensile strain in the stone. The lead and
leather, flowing at low pressures, are dmven into the inter-
- stices of the stone, acting, Gilmore conceives, as wedges and
sphttmg the stone into nUmMerous vertical prisms. Where,
then, a r1g1d body forms the contact surface, ‘the strain is a
simple shearmg strain. When the contact surfaces are of
material which either flows or sphts undeér smaller stress than
‘that which seems to rupture the stone, a tensile strain is
'mdueed The crushing tests may accordingly be varied so as _
to give some clue to the power of resistance which the stone
may be expeeted to show the more 1mportant stresses. .
In some tests made for the Survey at the Agricultural Col-
~ lege in April, 1896, experiments were made upon the influence
- of cardboard eushlons upon the crushing strength of the certain
~ ‘stones. The tests were made upon an Olsen testing machine,
fitted with adjustable steel plates. The upper plate was fixed
~ but the lower was free to move on a hemlspherlca,l protuber-
ance which was accurately fitted into a well lubricated socket.
By this device the pressure was equally distributed when the
parallelism of the cube faces was imperfect. In the case of
the specimens tested with steel bearing surfaces, the tops and
bottoms were rubbed down to true planes. Where strawboard

bearings were used, this was not done and the surfaces were
those left by the saw.

35 G Rep.
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Two stones were tested, one the Anamosa limestone, and
the other the Monroe red sandstone. - The former is one of
the leading bulldmg stones of the state, and is quarried from
certain beds of the Ni iagara. It is a fine-grained, light buff
dolomite, very minutely la,mlna,ted and quite free from impur-
ities. Under the mleroscope a section perpendlcular to the
~ bedding shows a mass of very fine: crystalline grains of dolo-
mite with a very few scattered, iron-stained points. The |
“lamination planes are seen to be formed by the crowding
together of the grains of dolomite. There is no difference in
‘material, nor is there any observable difference in the size of
the par ticles. Apparently the Iamnatlons here are ‘not indic-
- ative of heterogemty of constitution. They are elearly not -

due to any secondary action, and probably mark only the result _
- of various compacting influences - operating in the intervals "
between the deposition of the individual layers. With the

exceptlon of the lamlnatlons the stone is absoluteﬂy homoo'en-

eous, and one portlon of a bloek should be as strong as any o
‘other portion. ‘ o o

The Monroe red sandstone is from the coal measures, being

taken from the lower portion of the Des Moines beds. Itisa i

moderately coarse-grained stone, with some range of color

and texture and corresponds in general with the Red Rock e

stone Whleh has been more Wldely marketed The Monroe
stone has never been really opened up, as only trial 1ots and
small shlpments ha,ve been made. As Wul be seen from ‘the
tests, it is an excellent stone and might be used to advantage
in all structures sunﬂar to those in which bfown stone has
been so extenswely used in the east. Under the microscope
it is seen to be made up of rather coarse and rounded grains
of quartz cemented by a matrix of red-,brown, 1ron-btamed
material which, judging from. the analysis, is largely ferric
omdes, but contains also some aluminous material. The sand
grains are rarely in contact; the 1nterst1t13,1 areas bemg usua,lly
as large as the cross-section of the individual grains.
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These tests were made on the Monroe sandstone, two belng
with steel bearmg surfaces and one with strawboard bearings,
B%XZ%X& inches. A number ‘of tests were made on the Ana-
mosa stone, as given in the general tables. Several of these,
made on stone from the Champlon quarries, are important in
this connection.

TABLE 1.

Orushing vStréngth with Strawboard Bearings.

BREAKING STRESS.
. - » CROSS-SEC-
HEIGHT —
NO. STONE. NoHES, | TION, LBS. | SPALLING, | ), 1y e
' " |PER SQ.1IN. | LBS.PER

| Q sq. Iv, |PERSQ IN.
20 | Anamosa limestone...... 2.04 4.02 4,000 | 4,100
21 | Anamosa limestone...... 2.00 4.08 5,400 5,400
22 | ‘Anamosa limestone...... 2.00 4.12 5,300 5,700
23 | Anamosa limestone...... 2.00 4.02 4,500 - 5,000
-19 | 'Monroe sandstone....... B 1.99 4.28 2,500 2,800

All of these specimens wae placed on bed‘excépt‘ No. 23,
“which was placed on edge.

TABLE IL

- Orushing Strength with Steel Bearings.

_ | BREAKING STRESS.
, __ | CROSS-SEC-
NO. STONE. e | TIoN, LBs. SPALLING, | 1, 11,5k
. " |PER SQ IN . ' .
‘ Q © 8Q: IN. PER SQ. IN..
11 | Anamosa limestone...... 2.01 4.12 4,100 6,600
12 | Anamosa limestone...... 2.01 4.06 6,100 7,400
13 | Anamosa limestone...... 1.98 4.08 5,600 7,500
.4 | Monroe sandstone.. ...... 1.96 - 4.36 3,600 - 3,600
5 | Monroe sandstone.. . ceeeel 1.97 4.51 3,700 3,760

~ From these tables it will be seen that the average
crushing strength of three specimens of the Anamosa stone
tested with steel bearings, was 7,188 pounds per square
inch, and of the same number with strawboard, rejecting
the specimens set on edge, was 5,100, or that the latter
method developed 71.17 per cent the strength shown by
the former. In the case of the sandstone, the per cent is
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73.99, and the avera.ge for the whole is 7 2.58. The number of
experiments was so limited that the poss1b111ty of aecldental
concordance of variation is not altogether eliminated, but the
fa.ct that the phenomena all point in the same direction and
- that the results accord with what would be expected from
Gilmore’s tests, give one some confidence in their substantial
correctness. It is interesting to note that the specimen of the
Anamosa stone set on edge stood approximately the same pres-
sure as those set on bed and tested in the same manner. This
is .ra,bh‘er' surprising and indicates apparently that the differ-
ence in the strength of this stone on edge and on bed is less
than the difference in the result obtained by testing with steel

and strawboard; that i is, less than 30 per cent.* This confirms
the results of the microscopic study ‘which indicate that the
lamination planes of the stone are not planes of weakness
except as they may allow more ready penetration of moisture.
It may be,- though, that under frost action they would lead to

~ the splitting of the stone. If, however, we are to take the

test with the strawboard  as roughly measuring the tensile -
strength of the stone, it would appear that in this case, frost
action would probably not be important. In the case of so
fine-grained a stone as the specimen tested, this may be assumed
to be true and, as a matter of fact, in this case is true. This
indicates one method of varying the crushing test, which is
simple and easily applied, so as to yield important information
other than that relative to the mere strength of the stone.

The various Towa building stones have been, from tlme to
time, tested to determine their crushmg strerigth. For con-
venience of reference the results of these tests, so far as t_shey
are known, have been brought together in Table I11.

The tests at the Agricultural College were made on the
Olsen testing machine with adjustable bearings and with steel
‘surfacesunless otherwise indicated. All specimens weresawed,

and rubbed to a smooth surface, and were a,pprommately_
2x2x2 inches.

*Thxs difference wasfound by Dodge to be 13 per cent. {(Geol. Nat. Hist. Surv. Minn., vol. [,
D. 200.)



TABLE L.
ORUSHING TESTS OF IOWA BUILIDING STONE.

w | | @ BREAKING
2 | 48 | sTRESS—LBS.
v S 1S ,g, PER SQ. IN. _
STONE. - I 373 w | REMARKS. AUTHORITY.
, - Qo . :
< o § ) "5 g
@ | fa@ 8 K=
o H jo. |  m B
- Le Grande Limestone. o N 4 o
1. Oolite,finegrained, nor'ohe st quarry 2.03 1'3.94 {........| 11,600 [Failureaccomp’d by much shattering|Nos. = 1-19—Tested at
2. do heavy bedded.............. 2.02 | 4.00 | 11,875 | .13,450 do the Towa  Agricul-
3. do do iieeae.. 1.97 1 3.96 | 13,636 |. 14,900 do tural College, under
4. do - thinly bedded. veeneeeeeves) 1,96 | 3.84 | 10,260 |- 10,260 do " the direction of Prof.
5. Oolite, hght, southeast quarry.. 2.05)4.08 | 10,280 | 12,740 do A, Marston for the
[ U S S 1.97 | 4.00 | 14,250 | 14,250 . do Survey. (See Beyer,
7. do heavy bedded.............. 2,00 1 4.00 9,500 | 13,250 Allsn dlesof the Tows marble broke Towa Geol. Surv.,vol.
8. Iowa marble, plain, west quarry 1.98 | 3.90 |........ 12,080 [“in suoh & way as to show much| VII,pp. 247 251,1897.)
9. do do  do do .| 2.00] 4.12 | 14,685 | 15,120 | ©lasticity.
10, do do ocolored.............. 2,001 4,06-(........ 9,128 r
J1. Blue limestone, northeast qum‘rv 2.00 { 4,08 ,..... .0 ..., 63,000 1bs. applied, no effect.
12. do do : do. do .. 1.99 [ 4.04 (...... .0 .0 63,000 1bs. applied, no effect.
13. Fossiliferous limestone, ne. quarry.{ 2.00 | 4.00 10,500 ........ Sl;_slfgmﬁg 65,800 1bs. without further
14. do do - do 2.00 1 4.00 | 1,682 ........ Beyond capacity of machine to crush.
15. do do se. quarry.{ 1.99 | 4.00 | 10,925 [........ Sustained 65,800 1bs. withous further
16. do do do 2.00 | 4.04 | 14,430 | 16,435 | PO
17, do do w. quarry.) 1.97 | 3.96 9,713 9,713
18. Blue hmestone, Timber creek..... 1.98 | 3.96 7,070 8,712
%3 Burli . do do ..... %30 3.96 7,320 1 - 8,383 »f . ¢ iz, JonnlNos. 20- 48 Tested ab th
. ur lngton imestone.............. 111 3.01 6,500 6.600 (Stone from tne quarry of Mr.John[Nos. —Tes a )
21. do do - white. ... ... 1.97 | 4.00 | 6,800 | 8,500 | Loftus, Burlington, Jows. }gg': ;’%“Jﬁ’eﬁ‘é‘xﬁécﬁ%ﬁ
22. do do  gray......... 1.95 |-4.28 | 6,700 | 13,100 Prof. A. Marston,
23, do do  blue......... 1.85| 3.60 | 6,700 | 11,400 ] April and May, 1896.

"ENOLS DNIQTING A0 SISIL DNIHSNHD
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TABLE IIT—CONTINUED.

° *Nos, 27 and 28 from F. H.Thielman, Le 'Ol'tiire..Iowa.

s g BREAKING
8 | 8 | STRESS—LBS.
’g _g"g PER SQ. IN. . ‘
STONE. T A . REMARKS. AUTHORITY.
© @ £ & © ‘ '
| 25| 2 2
H |O . ) 3
24. Coal measure, sandstone........... 1.96 | 4.86 | 3,600 | 3,600 | Monros red sandstone from quarry
25. do do  ........ ... 1.97 | 4.57 | 3,700 | 3,700 | ©f E.G.Kemper, Monroe, lowa.
26. do . do ... . 1.99 |4.28 | 2,500 2,800 ‘| No. 26, strawbd bearings. _ _
27. Le Claire limestone................ 2.02 | 4.16 | 11,100 |.... S S%?g}gggcigg%‘}nﬁ’“" Ibs. per sq. in.
.28, do 6 o 2.05 | 4.22 | 9,900 {........ ‘Specimen st00d 13,300 Ibs. per sq. 1n.|
. without crushing. : .
29. St. Louis limestone........... .... 1 2.05 | 3.82 1 5,600 6,200 AFngglaM&Sﬁin & Sternes, Humboldt,
30. do Ao i, 1.85 | 8.70 | 8,500 | 12,500 §,§°T% Castle, Givin, Tow.
L do 0 e 95 | 4.1 300 | 9,500 |Steele Quarry o, Tracy, Iowa.
S G G i 200 | 4:30 | 5,200 | /000 |Sieelo Quarsy Co. Tracy, Towa.
- 33. Coal measure sandstone...........,| 1.97 | 4.14"{ 10,800 | 11,'700 v(ge”‘mw zan ge:er, iowa. ‘
8. do  do o ............| 2.04 | 4,04 | 12,200 | 13,000 | SOREN) VAL MOton towh: e
35. Anamosa limestone..... e 2.02 | . 4.04 5,300 | . 6,400 off one corner at 2,100 1bs. per sq. in.
36. do Ao i, 2.01 | 4.12 | 4,100 | 6,600 | gy . Brown & Oo. @ allchipbroke
37. do A0 e, 2.01 | 4.06| 6,100 | 7,400 | off one corner at'4,300 Ibs. per sq. in
38. do do i 1.98 i08 5, 680 Z,ggo Champion Quarry, strawbd.
39, do Cdo e 2.04 J02 4,000 0 | Champion Quarry, strawbd.
40. do A0 viniua 2.00 { 4.08 | - 5,400 | 5,400 | Ohamplon Quarry, strawbad.
41, do do © ...i.oeeeenoe el 22000412 15,300 5,700 | Ohampion Quarry, strawbd.
42, do do L iiiiiiiiiea., 2.0014.02 | 4,600 | 5,000 [‘Champion, on edge, strawbd.
43. do do L. 2.0L | 3.92 4,800 4,800 . | Onampion Quarry, strawbd.
44, do do ..o 1.99 |4.06 | 12,600 | 13,400 H. Dearborn & Sons, “Upper White."”
45, do do ..ol 2.02 {.3.98 | 10,600 | 11,600 | H. Dearborn & Sons, “8-inch bed.”
46. do do L] 2.0114.16 6,700 6700 - H. Dearborn & Sons, “Flagging layer”

i
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47. Ana.hiosa. limestone.......... cev. 01,98 4.‘10‘ 12,200 1‘3 ‘. H. 'Déafbofn & Sons, dimensxon stdne' ‘
48, ‘do : do ..oaul wolb 2,017 4,20 6,500 6, 500 | H. Dearborn & Sons, bridge stone
49. Coal measure sandstone, ved. . il Y 4 434 | Red Rock (Marion Co. ) PR I&}ai(vzgi%g 4()Drake Techmc,
’ _ A : : o .
- 50, Ma,rsha,lltown,.pohtc. N ] D DR USSP O RN 13,200 Results furnished by the company.. Howe, Rose Polytechnic.
i ' v : . : 'Champion Quarry’ furnished by .J.
51. Anamosa limestone........... DR P EE P IR ';62:; . G}%ﬁ Q y “‘f""i"ﬁ'ayb ettt W P. Butler
, B O AP IRt | Stone uarries furnishe Y

52, do do io.e.ins IR A o , earborg 8? Sog Ool. D. W. Flagler.‘
53. Winterset limestone (Bﬂthany) PR R B A 4,588 | Bevington Quarry...........o1v..ll. Rock Island arsenal.
b4. Anamosa limestone onhed.........j..ooofiiiee 1o, 11, 250 Ohampion QUATTY: .. ..eceriicernann, Dodge, Minn., ‘Geol, Nat.

' ) ” . 'Hist. Surv., vol. I,.p: 200.
55- do . do omedge,...... foeseedfiiiain i 6,750 Champion Qua.rry ..................... do’
56, Dolomite, Joliet, Ill........ ] 14y ‘Average of 3 tests. .............. i... | Gillmore.
87. Limestone, Lemont T........ R P P 12 000 [ 0o esernnnn e PN ‘Gillmore.
58. Dolomite, Winona, Minn. ..o, e 16, 1250 [ iii i SR Winchell.
59. Dolomitic limestone, Ka,sota,, an ................ e ,18,500’ i e S i ..} Winchell.
60. Sa.ndstone, Portland, Conn........ S N S AR 4945 ... i e e el Gillmore.
61, Sandstone, Berea, Ohi0. .ol S TR (P 8,222 | Average of 4 trials.... ... ...veiein.. Gillmore, _
62. Oolite, Bedford, Ind.,... cewbenein B P R AT 5,600 | Average 5 specimens.. ...... ...... I-?lfso%kin%,lslnd. Geol. Surv.

v 5 : ,‘ | . 315,
63. Quartzite, Plpestone, an.. R . Cefeeieieed] 27,750 L L B I PP NI Gillmore.
64. Granite, Vma,lhaven, Me.,........ N P . - Ceie el 15,698 | Average 6 specimens............. ‘| Gillmore.
/
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The Le Grand stone is ‘often known as the Marshalltown‘
stone, since the quarries are both south and east of the latter
place. Itand the Ana,mosa, stones probably have a wider sale '
than any other Towa stones. The Joliet, Lemont Kasota and

Winona stones are the nea.rest competltors of the Towa. product
 The Portland sa.ndstone, No. 60, is representatlve of the eastern
brownstones, and may be eompared Wlth the Red Rock and

Monroe stones The Berea stone has been used tosomeextent

~ in Towa,_ but does not give good satlsfactlon here. The Bed-
ford stone is quite extenswely sold in Towa.  The quartzite is
of the same character as that occasionally quarrled in Lyon :
county. In selectmg the foreign stones for comparlson, the
attempt. has been made to take the stones which reach our ,
ma,rket and S0 far as poss1ble, to get fair tests.

TeSts vof Du’rability‘.

As has been suggested there is no s1ng1e test Whleh may be

apphed to a stone to determme its- dura.blhty There are a -
number of special tests des1gned to determine the res1stance

of stone to certain d1s1ntegratmg mﬂuences, _but the value to
be attached to these tests is in dispute. It is-also true that
there are no fixed standards to be observed in- their a,pphca-r

- tion. In each test there is a large variation in results, dueto

the method of the operator. It has been suggested that the
crushing strength per square inch varies with the size of the
specimen tested, position in the ma,chme, nature of bearmg
surfaces and method of dre_ssmg the cube. In the same way,
the manipulation of freezing and absorption tests may be'varied
s0 as vo produce diverse results in identical stone. In the
_ end there are no absolute standards for comparison, and the
best that can be done is to compare the results with
those obtained by testing certain stones known to be good.
Such comparisons are difficult and usually small value, since
the difference in results -due to difference in the methods
of various engineers is often greater than the true difference
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between the stones compared. Until, however, a thorough
system of tests be formulated the method suggested is the
best at hand. :

Ny Durability tests are us‘ua]ly' intended to dlseover the resist-
ance of the stone to certain mechanical and chemical effects.
.The more usual tests include absorption, freezing, chemical
~ analysis and microscopic examinations. The ratio of absorp-
~tion is, to sorhe‘ extent, indicative of the power of the stone to

~ resist the mechanical action of frost, since the latter is mani-
- festly due largely to the amount of water in the stone at the
time of freezing. Tt also affords an index to the various chem-
ical actions of solution, oxidation, ete., since the chemical
elements which produce these changes are mainly carried into
., the stone by the water absorbed. It is a simple test, easily
 applied, ‘and seems 11ke1y to be developed mto something of

~ real value. L
' Freezmg tests are elther natural or a.rt1ﬁc1a1 In the former
the stones are. alternately frozen and thawed, usually in cold
storage rooms, at a rate and at temperatures which suit the
convenience and fancv of the opera.tor In the artificial test
the stone is saturated with a boiling solution of some soluble
salt and then hung up to dry The crystallization of the.
~ absorbed salt produces stresses more or less similar to those
induced by frost action. 'The methods and value of freezmg
tests have been discussed by Luquer* who gives a brief bibli-
' ography of the sub]ect His paperis followed by an interest-
ing discussion by Owen, Gerber, Phillips and others.

. Chemical analyses are directed to the end of discovering
the composition of the rock. By their means it should be
‘possible to discover whether or not the constituents are read-
ily soluble, subJeet to easy ox1da,t1011, ca,rbomza,tmn or other

changes to which the stoneis apt to be exposed. A chemical
* analysis does not, however, always show the form in which the
elements are _combined; ‘and this is often of supreme impor-
tance. From the analysis alone it is not always pos-

*Trans. Amer. Soc. 0. E., vol. XXXIIT, pp. 84247,
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sible to tell just what variety or varieties of feldspar are
present in a rock, and yet certain feldspars weather much
‘more easily than others. Again, pyrites is usually a very
‘undesirable constituent in light-colored limestones, and yet
in certain cases may be present in considerable quantity with-
out injuring the latter. For eXampIe it may be disseminated.
through the densest portlonb only, and so may be protected
from oxidation by the surrounding impervious material.. To
discover such facts, as well as to learn the state of aggrega-
‘tion, the character of the cement, the presence of interval
stresses due to gas bubbles in the minerals (an important fac-
tor in resistance of the stone to heat) and similar points, a
microscopic examination is useful. - So far microscopic tests
have been applied mainly to erystalline rocks. The methods
do not seem so well adapted to the study of clastics for the -
reason that in the latter the bond material, which is the por-
tion concerning which it is most desirable to have information,
s usual]y amorphous. ‘So far most'of the microscopic tests
‘are applicable only to ecrystalline bodies. It remains to be
seen whether new tests can be devised to meet these condi-
tions, and in the meantime microscopic examinations of the
common clastic building stones is of doubtful utility.

. In the tables below (Tables iv-vi) the results of such dur-
ability tests as have been made on Iowa stones are given.
For comparison similar results upon well known buﬂdmg
stones outside this state are quoted.



© TABLE IV.
' FREEZING TESTS ON MARSHALLTOWN STONE.

* B | BEmAKING | LoaD PER | A
. 3 | LOAD IN'LBS | SQUAREINCH. [ 8
[ 197} ; ) | =]
= - H T ' 'bﬂ
= 2 % & T
_ KIND OF STONE. w |8 B B B REMARKS.
5 S ° o B oo @ o 0
& . w] v, & o b o— O
L < = ) e B~ =] p iy~ | =] &
g B0 3 g =8| = Ha = 20
=] ) = [ Q‘hﬂ_ , ";6’ gb” >.§» o
bz ' x| 47 < » = | ! > o
1 (Oolite,fine-grained, northeast quarry| 2.06 2.00x2.08 | 4.16 | 55,700 | 56,400 | 13,390 | 13,558 | 0.0014 | Loud report. -
1| do...... e P | 2.08 | 2:00x2.08 | 4.16 | 26,000 |...... .| 6,250 | 14,280 | 0.0013 | Sustained 58,490 s hery
5 1Oolite, fine-grained,southeast quarry| 1.99 1.97x2.00 | 3.94 | 50,000 | 60,000 | 12,690 | 15,230 | ...... L(;gétt%?gﬁl‘t, cube much
5| do...... ceeri e e 2.00 | 2.00x1.96 | 3.92 | 34,000 | 55,700 | 8,673 | 14,210 |....... do
5 6 Ko T P 2.02 | 1.97x1.97 | 3.881 50,000 | 66,600 | 12,890 14,560 |....... do .
8 |Towa marble, west quarry...........| 1.96 | 3.02x2.02 | 4.08 | 50,000 | 56,500 12,255 | 18,850 | 0°0007 | Broke with a loud report.
8 16 Lo D Vearediene [ 1.92 | 2.00x2.00.| 4,00 | 42,600 | 2,700 | 10,650 | 13,176 0.0008 | do - ,
8 do. ......o.o0 Cere eeemaaie e ees 2.00 | 2.04x2.02 | 4 12 | 38,000 | 51,700 | 9,225 | 12,650 0:0009 do - .
11 |Blue limestone, northeast quarry ...| 2.00 | 1.98x1.97{3.90 |.......}|. AP 15,3601(..... . 59&‘%% 011113s applied without
13 |Fossiliferous limestone, northeast qr.| 2.00 [ 2.00x2.02 | 4.08 |...... 0 IR I 14,6601|....... 595&% (}ES applied without
13 4 Lo 3 U O 1.98 | 1.97x2.00 | 3.94 [ 55,600 | .......| 14,035 | 14,900f|....... 50,400 1bs: sustained.
17 |Tossiliferous limestone, west gnarry:| 1.98 | 2.04x2.02 |'4:12 |.35,900 | 40,000 8,716 ( 9,710 |....... Weak report.
17 O vuveiie i P 197 |'1.99x1.96 | 8.91 | 30,500 | 85,000 | 7,800} 8,950 |..... P do
18 [Blue limestone, Timber creek....... 2.00 { 2.04x2.01 | 4.10 | 28,000 | 86,300 | 6,830| 8850 |....... Slight report.
18 6 o T e e 1.96 | 1.98x1.96 | 3.88 | 32,700 | 32,700 |....... 8,430 |.......

*The cubes were placed in distilled water until corapletely saturated, after which the specimens. were encased in cotton batting saturated
with distilled water and placed in wooden trays, eight by eight inches and two inches deep, provided with wire bottoms, The trays after being
securely packed were placed in the refrigerator and kept at a temperature of from 17° to 19° F. for forty-eight hours, Then they were removed
from the refrigerator and subjected to & temperature of 70° F. for twenty-four hours. This process was repeated six times, The specimens were
afterwards subjected to refrigeration and thawing ten times, but the conditions were less constant than in the first six. In the latter series the
minimum temperature ranged from 21° to'32° I, " N :

+The above table shows that the blocks suilered no appreciable loss in welght or strength during the investig
that lower temperature would have given very different results. .

#In spite of the apparent weakness, low specific gravity and rather high percentage of absorption, the quarry face along natural fissures
ghows this stone to be one of the most durable quarried in the county. :

ation. Itis highly probable

*SLSHL HONIZAATS -
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The results given in Table IV were obtamed at the Iowa, -
Agmcultural college under the direction of Prof. A. Mars-
‘ton, the work being done by Messrs. G. W. Zorn and J. W.
Elliott. They are a portion of a complete series of tests of
the Marshalltown stone* made to some extent with a view of
testing the tests. It will be noted that the Blue limestone,
 which is known to be very dura,ble, stood the tests very poorly.
Tt is easy to correlate the high absorptlon low speolﬁe gramty
and loss by freezing, as they manifestly mdlcate a stone of
~ relatively open texture. In the chemical analys1s the same
thing is perhaps indicated by the slightly larger amount of
water contained (Table VII). Despite the open texture, how-

ever, the stone stands well and is of good quality so. that, in
~ this case at least, ‘the results of the tests are msleadmg _

The results given in Table V are from the same series of
tests. Those given in Table VI were obtamed by Mr. H. B.
Murray at Drake umversﬂ;y ‘The same stones were crushed |
~ at Ames,. under the direction of Professor \Ia,rston, by Mr.

Murray and the author, and the results are given in Table ITIT

‘under eorrespondmg numbers. - A few absorption tests f_rom ‘
varlous sourees are added. S :

: *Beyer Iowa. Geol Surv vol. VII pp. 242—" L. 189"

L S



| ~ TABLE V. -
ABSORPTION AND SPECIFIC GRAVITY TESTS‘{QFj MARSHALLTOWN STONE.

g . WATER ABSORBED AFTER| - 2
: V%ﬁ%gﬂ,%gﬁ%gﬁ | IMMERSION, EXPRESSED | ... | S
DRYING—WT IN GS. ‘| IN PERCENTAGES, P I
2 a TR OVER DRY WEIGHTS. & s &
NAME OF STONE-—~MARSHALLTOWN. — — |- : — 5 & = REMARKS.
T ) ) E . R Y : . . rﬁ & » v QD.E L : .
2 E BB s E 259 |5
2 - - - O O - R e i O A ot
Z & - | e o e I B U =
1 | Oolite, fine-grained, northeast quarry....|350.90|350.70|350.581{ 0.85 | 1.59 | 2.66 |.2.75 Sal
- Lo MR e e i 348.91(348.79348.63 | '1.56 | 8.26 | 3.95 | 4.05 | &2 | B
Oolite, south guarry ..... R :....1335.03]834.99(334.971.20 | 1,50 | 2.50 { 2.61L | f 2 | =&
do...... b e e e e 333.90333.79(333.63./ 0.71 | 1.85 | 2.11 | 2.20 | 2'@ o
6 o P [N 326.907 326.30;325.63:( 1.50 { 1.96 | 2.55 | 2.64 | < <
8 | Iowa marble; west quarry.......v....... .| 323.10(327.701322.47| 2.33 | 3.02|1 3.60 | 3.87 | 2.54 |1563.2| Average.
8 do......ovvniinnn e e '309.401309.00| 308.01 ) 1.81 | 2.43 | 3.31 ['3.67 [......|...... ;
8 do........... e e T 1.13820.90(319.20/818.20 2.3L | 3.06"} 3.97 | 4.37 |......|......
11 | Blue limestone, northeast quarry......... 1348.701348.21 (348,19 | 0.48 1 0.86.| 1.86 | 2.02-| 2.77.|173.0
13 | Fossiliferous limestone, northeast quarry.| 344,00 |343.781343.562:(.0.72| 1.01 | 1,92 | 1.79 | 2.60| 162.5
12 do...... R e e 353.86353.401353.20| 0.22 | 0.50.] 0.70 | 0.77 |......[......
17| Fossiliferous limestone, west quarry...... (311,00 |:310.90{ 310,87 0.06 | 0.84 | 1.65 | '1.79 |......
17 do.......... e e e e 340.91(-340.46{340.38| 0.22 | 0.84 | 1.64 | 1.79 |......|e0.e..
18 | Blue limestone, T'imber creek............ 320.'76'1320.36..320.00| 2.03 | 3.01-| 3.17 | 3.36 | 2.30 | 144.0
18 do. .. .viiiiiL, e, 285.74 1 285.361285.156] 4.00] 4.67 | 5,41 1 5.65 |......]......

*SLSAL AJ;IAVaf) OTAIDAJS
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- TABLE VI.

ABSORPTION TESTS OF VARIOUS STONES.

PER CENT OF v S , _ :
INCREASE., | - v R k » Y
STONE. . g o ‘ QUARRY. ©...} - AUTHORITY. .. REMARKS.
I S
| F B e | o
Burlington gray....... 21,10 | 7T L8 Loftus, Burhngton .| Murray.
: do - white......[ .39 | .35 | .74 ~do L Laa.. do
Coal measure sandstone 6.90| 1.74.| 8.64 Kemper Monroe Ia ...... ~do -
Le Claire limestone.. 3.11.41.21 | 4.32 | Le- Clalre, Iowa . .....:.. do
St. Louis limestone. . 3.09 | 1.22-{" 4.31 | Mastin & Sterns, Humboldt ~do v <
- do do 2.28 .99 | 8.27 | Steel, Tracy, Iowa.. Sved o do el .| A broken piece.
Coal measure sandstone 2.88 | 1.27 | 4,16 | . Van Meter, Jowa. . do _ : o
.. .| Anamosa llmestone v 5.66 | 1.82 1 7.48 Oha,mplon, Stone Clby 40 ...l SN sm',ns'ftom crushing machine.
- do codo ..o 7061 101076 ) 9.37 _ “do do , -
do ,odo ... [04.94 ] 1.97| 6.91 do oo do e Dressed cube. ' :
...' Coal measure sandstone 8,711 2,11 10.82 Red Rock, Dunrelhh ....... do ...l . Buﬂ’stonecorrespondstoNo 49
e ‘do do’ 8.00 | 2.82 | 10.82 a0 . do s ..., do ........ e do do .
.| St. Louis limestone....| 2.71 | .63 3.34 Oskaloosa e eieiates e ~do ' ) , ‘
...| Granite.,....... Sl S O R £t L e i e (0 o R From drift bowlder.
..| Anamosa’ 11mesbone ...... ) P 15.45. 'Ohamplon i e G S. NIOI‘I‘IBOD «.....| Length of test unknown'
...| Winterset  do cilivien el 42 .Bevmgton. S R +.+...| Rock Island Arsenal., - do..  do
...| Dolomite, Joliet, T, B S S PR L s Yees devd.] Gillmore. ’
.. .| Limestone, Lemont, 1] D o P SRR PN O NG B ¢ 11
...| Dolomite Wmona, Min.|. ..o e L e e i e e i e e i e e v e e s W | 'Winchell.
Dolomlbe,Kasota, Minn.|...oo o B P NS AP P B e e e do
.. Quartzme, ‘Pipestone, | S S B ; ' o , ,
Mlnn....................,.,-..:..;:vf,-{;g O S PN N P S .| Gilimore.
.| Sandstone, Berea, Ohio|......l......} &% 1..... A N O S A el do
.1 Oolite, Bedford..;... ..... RS DT R T Ay T DO AP SR Hopkins.

0T

*SENOIS ONIQTIAE VAMOI



CHEMICAL ANALYVSES. 411

TABLE VIL

CHEMICAL ANALYSES OF MARSHALLTOWN STONE.

3 : g | g s
o .‘g ,_,.Asgl 8 f f"d ’U§
. . B, L] 8. 3
v GONSTITUENTS, g:ﬂ § o g g g | &4 g %J é) ®
03 | eQ | 82 g% | a2 | 28
. 23 | 2% Bl 2a | Bo | g4
‘& (@ At At = 0
-;Hygroscoplc water (loss at 100°C ).l 003| 0.09| 0.06| 0.04| 0.06 | 0.04
Combined water (expelled by 1gm— . '
Colon) L e e 0.13 | 0.21 0.15; 0.19| 0.12| 0.12
Silica and insoluble............ L. 07T 096 1.24| 0.80| 0.89 | 1.22
- Carbonic acid, CO,. ..oovvvvnnnn. ... 43.67| 43.30 | 43.79 | 44.85 | 44.76 | 43.85
Alumina, Al, O .....c.in.. . PR 0.05| 0.07| 0.18| 0.14} 0.15) 0.14
. Irop, Fe, Og. ..t None | None | 0.15 | 0.15| 0.3L| 0.26
- Iron; Fe O o oo i, .. 0,091 .0.27| 0.09( 0.19 | 0.10] 0.09
lee, CaO...coiiionian Seeeisio..) 55,05 | 54.85 | 50.56 | 45.42 | 45.39 | 50.42
Magnesia, Mg O..ooviviiinennin 0.281 0.28| 3.70| 8.2L| 8.28 | 3.96
Manganese oxide (Cale. a,sMnO) ieeesd 008 H Lo Trace
- Phosphoric acid.......... FP Trace | Trace {.......|.. e
TOtALS. .o e enaees e 100.02 1100.11 | 99.92 | 99.99 1100.06 {100.10
' .PROBABLE COMBINATIONS.
 Waer 018 0% AT BT TIsT 01
" Calcium carbonate, Ca Cog.........| 98:30 | 97.95 | 90.28 | 81.11 | 81.05 | 90.04
- Magnesium carbonate, Mg Co,..... 0.59°} 0.38 | T.7T7T117.24117.39| 8.08
. .Silica and silicates....... ' . 5.
Alumina, iron, Omde,’ etc.l ........ 0.95 | 1. 37 1.74 l 1.42] 1.38| 1.72

" Totals.......... SR 0,00 1100.00 1100.00 |100 00 leO 00 [100.00

The'analysés given above were made in the Qurvey labora-

tory, by Prof. G. E. Patrick. Those quoted below were made

at Drake un1vers1ty, by Prof Harry McCormmk They are
followed by miscellaneous analyses from various sources.



TABLE VIIL
CHEMICAL ANALYSES OF VARIOUS STONES.

N 1] . : :
STONE. oL & L= 3 & CHEMIST. AUTHORITY.
. . - ' r— [8) . o~ —
| o) e = = Bl <d |l =1 8 | H <

St. Louis llmesbone, Oskaloosal 95.30 ... coi]evvenfiiini]inon A3 .46 1 401 .t ‘Murray.
8. Louis limestone, Humboldt] 97.98 [......loeeiiloviiieiienn] 48 | 78' COL e e do
Anamosa limestone, Cham-|" C : : o S

plon quarry.......ocooo.onn 56,17 4279 v .19 ?.42 I TR . | FASTSPFNY NP do
Burlington limestone (gray),| ‘ . '

Toftus quUarry....coeeoss s 93 61 |ovvive]evunid]un i i BT 1271425 . ool do
Coal measure sandstone, Mon— ’ . . : R R

POB o vvvr e connnvene vanifoees . B8l J...184.851.8.62| 5.59|...... A3 00, - do
St. Louis llmestone, Tracy...| 94.60 ... ...0o..e e F 35 0 PO B B s R s B do .
Coal measure. sandstone, Van Do S .

=1 7c; O R T 4.950.. ... 3,19 |-84.27 | .62 4 'S FOU 2.07 ... .. do -
Le Claire l1mesbone, Le Claire| 57.54 4157 | e . .26 | .23 46 (... .. S R do
Coal measure sandstone (red), R : ~ _. o : S

DUDPEith v v ves cviomnnereee]eiena]i TrIva e 94.02|. 1.76 2.65[..:... 1.39)...... do
Coal measure sandstone (buiff),| L S : oo :

Dunreith .....o oo ei]ivnss N1 B I Coee..| 94400 3031 .94 ... 1.097. ..., do :
Kinderhook ma,gnesm,n, Mam- o . o N L o S L _ Le Grand

SDALIOWEL v+« 2 g g e oeerees | 7410 0. 0335 ... e 120 ... 40|..... 0.G. A.Mariner {Quarry o
Sandstone, Berea, Ohio. . ..... S I T4 (... 00| 2,11 44.40 ) 7.49 3.87 .............. O0 [ e Wmchell
Dolomitic hmestone, Kasota,| o ' : -

Minn ...o... 7 il .o 4790 .0 35,20 [iu v 149 188571 3L ..o e - -do
Oolite, Bedford, Ind..........198.307. .,...0.... N B R 0 R T N P B .

a1y
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STUDY OF THIN SECTIONS. 413

Microscopical Examinations.

But few of the Towa building stones have been studied under
the microscope. The difficulties in the way of the accurate de-
termination of the minerals in unalterated sedlmentary rocks
are so great as to be discouraging. The particles are small,
the material is largely amorphous, and many of the important
minerals, calcite, dolomite, limonite, etc., are those which are
not of much importance in crystalline rocks. As the latter
have attracted the major attention of petrographers the cri-
teria for the reeocrm‘slon of certain of the minerals named
are quite imperfect. In addition the particles under investi-
gation are in most cases impure. For these reasons the
4‘ ‘microscope has never been the aid in the study of sedimentary
rocks that it has in the crystallines. This is unfortunate,

since so 1arge a number of the building stones belong to the
sedunentary series, and the range of information yielded by
-the microscope is, in most cases, peeuharly valuable in the
study of building stones. The 1nvest1gat10n of thm sections
- should allow the ready determmatlon of the constltuents of the

” stone, which may also. indeed be learned by means of a chemi- -
~cal analysis. Microscopic examinations should, however, in
~-addition show the form of combination and the freshness of
the materials; both facts of special interest in estimating the
dura‘bﬂity of the stone. Something as to the state of aggrega-

~ tion, presence or absence of internal stresses and of fine

cracks, the nature of the matrix and the hardness of the rock,

. may all be learned, as has been suggested in the course of

a microscopic study.

No such thorough 1nvest1gat1on of Towa bmldmg stones has
been ye’o attempted A few of the typical and better known
rocks have been sectioned, and micro- -photographs are shown .
in plates xl-xlii.  The stones examined were those of which
‘Chemical analyses were made, and which were also crushed.
By comparing the results in the various tables, the value of

the stone as indicated by the tests may be estimated. Below
38 G Rep. :



414 IOWA BUILDING STONES

isa bnef desenptlon of the appearance of the stones under
the microscope. ,

Mom oe Red Sandstone (w45) (Flg 1, pl Xxx) Matmx, ferru-
ginous matter apparently including both hematite and limonite,
with a little earthy material. The clear white particles are
quartz; a few being rounded and water-worn, but most of the
pieces having sharp fracture edges. There are no signs of
internal stress, such as would be indicated by undulatory |
extinction. :

Van Meter Sandstone (.'134 5) (Fig. 2, pl xxx). The roek eonmsts .

mainly of small, sharp_eornex ed bits of quartz fitted close

together, and with a sparing matrix of calcite and ferruginous
material. The calcite is occasionally stained and clouded by |
ferruglnous matter, in colors from green to brown.

Burlington Limestone (x45) (Fig. 1, pl. xxxi). The large stri- -
ated crystals are ealelte, showing the usual cleavagé hnes :
There is no matmx, as the material has been Wholly re-crys-
tallized and is now a coarse marble. It is of the type calledf
here sub- crystalhne No impurities are shown.

Burlington Limestone (x38) (Fig. 2, pl. xxxi). A dlfferent por-
tion of the same section with smaller magnlﬁcatlon 8

Anamosa Limestone (w80) (Flg 1, pl xxXii).. The sectmn is
cut across the bedding planes and shows the small sharp cor-

nered bits of dolomite, and the alternate compact and open strue-

ture which corresponds to the latter. The rock shows occasional
bits of iron-stained material, a few being indicated in the photo. -
Anamosa  Limestone (280) (Fig. 2, pl.- xxxii). ‘Section cut
parallel to bedding showing the unn‘orm size and regular dis-
tribution of the dolomitic grains. It will be noted,that the
texture is the same along this plane, though varying from
plane to plane as shown in the previous seetlon . The grams ‘
are sharp-cornered and little worn, but their relations to bed-
~ ding planes mdleate that the rock was deposited as a dololmte ;
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Fic 2. Microphotograph (x 45), Van Meter sandstone, natural light.







RESULTS OF THE VARIOUS TESTS. 415

 GENERAL C'ONCLUSIONS

The results of the varlous tests so far made on Iowa build-
ing stones, indicate that the latter do not suffer by comparison
with siqones_of the same class from elsewhere. These results

‘havebeen amply confirmed by practice in the case of the stones
- now on the market. In the end the latter must prove the
final arbiter. In the present confused condition of affairs the
| {*alue"to be assigned to most of the tests and the utility of
“many of them may be well doubted. The appearance of the
stone in the quarry, so 1ong as it is used under essen’olally
' similar climatic conditions as Would be true anywhere in Towa
or nelo'hborlnir states, is probably a more important guide
, than any series of tests yet formulated .

Below is a summary of the quarry productmn for 18Q7 taken
from the tables pubhshed elsewhere in this volume.* The
sandstones have not been separated from the hmestone, as they
form a very inconsiderable portion of the output. The sand-
- stone output usuallv eredlted to Iowa is made up largely of

dolomite, Whloh is frequently elassed in the loea.l markets as
sandstone ” |

e ~ Production for 1897, _
 Roughand rubble................. i eeiiiiee. 8 130,005.69

Dimension stone......... e i i i 56,792.30
Orushed for concrete:-and road USE.eveiumennsnns 74,862.95
TATE « ot e eneie e eeesmaeaieaaens ceeeeeieeiee. o 123,193.65
Mlscellaneous ...... D S P R “e.o 156,531.74
 Unspecified.................. DRSS o 33,758.25
 Total......... SRS SIIN evivee... §585,144.58
Estimated addition................... feeeieeens o 2,000.00

TOMAL . e $ 58,144.58

The stones now marketed are mainly dolomites and lime-
~ stones belonging to the Silurian and Devonian. The Mar-
* shalltown and Burlington stones are the most important
* representatives of the Carboniferous. Above the Augusta
*Pp. 45-48.
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~ good stone is rare. The sa,ndstones of the Des M[omeb will
- probably in time become 1mportant sources of quarry products o
but for the present they attract but httle attention. The -

[Creta,ceous ylelds nothmg of more tha,n loca,l 1mportanee to -

the buﬂdmg trade The use of | gypsum as a buﬂdmg stoneat - __

Fort Dodge 1s now uneommon, a,nd the sandsnones found lowerf

- in the formatlon are ra,rely qua,rmed The great bulk of the
‘{quarry produets of the state come from the Cedar Valley hme-:_ I .
,stone of the Devoman and the various members of the Nlag- e

ara “The Galena yields an 1mportant amount of stone, but_-’ o

o the Oneota, which includes a buff dolomlte second tononein - -

b .qua,hty, 1s, for 1ack of transportahon fa,cﬂltles, shut out of thef'
R -market ' ‘
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IowA GEOLOGICAL SCRVEY.

Microphotograph x 43), Burlington limestone, natural light.

Fiz. 1

¢ .w‘.in <.
4

estone, natural light.

x 38), Burlington lim

I'e
kS

Microphotograph

F16. 2.



Prare XXXII.

TIOWA GEOLOGICAL: SURVEY.

Microphotograph (x 80, Anamosa limestone, section cut across the bedding.
Bedding planes run across the figure from top to bottom, natural light.

Fie 1

Microphotograph (x 80), Burlington limestone, section cut parallel to bedding

plane, natural light.

Fig 2






	Table of Contents  
	Introduction

	Use of Stone in Building

	Essential Properties of Building Stones

	Strength

	Durability

	Color

	Workability 
	Availability


	Testing of Building Stones

	Tests of Strength

	Tests of Durbaility

	Microscopical Examinations


	General Conclusions 
	Plate XXX

	Plate XXXI

	Plate XXXII
 


