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Uxirep BTATES EXGINEER OFFIOE,
: New York, August 10, 1875,

GENERAL: I have the hanor to state that my tests to determine tha
cumgres.m'e strength, apecille gravity. and ratio of absorption of the
building-stones in the United States in most general use have been con-
siderably extended since my report of July 30, 1874 The methods
puraned and the resolts nbta{vuad., inelusive of those first reported, are
eu_lbt:giad, and to some exteut discuseed, in the paper herewith sub-
mibtted.

My assistant, Mr. Louls Nickerson, had immediate charge of all the
experiments and tests made during the past year, and I am indebted to
him for valuable snggestions and zealons co-operation during the pro-
gresa of the work,

Vexy respectfully, your obedient servant,
Q. A. GILLMORE,
Ldeus, Ool. of Engineers, But, Maj. Ger, U. 8 A.
Brig. Gen, A, A, HUMPHREYS, ,
Ohief of Engineers, U, 8. 4.




REPORT.

FORM OF BPECIMENS AND METHOD OF TESTING.

Many of the specimens were delivered from the quarries in the form
of cubes, measuring 2 inches each way, but the greater part have been
wronght inte form at Fort Tompkina. The desire haa been to get
average a&ecimens, rather than to have tha quarries picked for fine pieces,
and it is thought that the sttempt has bean in general successful.  Each
enbe waa placed between two cashion-blocls of soft pine woed, 2 inches
by 2 inches sguare, and slightly® more than 4 ineh in thickness, one on
the top and the other under the bottom ; the graio of the wood being
parallel in each to the other—though no difference was observed when
this was changed, a8 regards amonnt of record. This arrangement
cansed the pressure to come more gradoally wpon the stone, and the
coshions, becoming much indurated by the effectsof pressure, to some
extent took the place of the mortar peed in actual bullding.

For iron and wood, Hodgkinson has shewn that trial specimerts shonld
ba at least one and one-half times ag high as the width of bed; basg
stone, except when nsed as eolumns, is naually laid of less height than
bed, and the cabical form of specimens adopted for' the experiment
affords sufficient security for the sngnlar breakage which he proved to
be necessary for a trae result. This latter fact is corroborated by sub.
seqoent experimenta,

The cubes recorded in the general tables were brought to a true,
smooth, and regular, but not a polished, surface. The granites and mar-
bles, lmwava{11 embraced fuo the tables under tho head of * Sundry special
experiments,” were carefolly rabbed down to the border of a polish,
becanse in these great homogeneity and finevess, especially of bed-sor-
face, was rather desired than the true building-streagth of the stone.
This latter plan undonbtedly increased ihe resistance. It is not, however
o high valnation that we want for the general table, but o safe one; and,
moreover, we desire to arrive at some knowledge of the resistance which
the rock will have when applied in the nsual manner in awall, The mode
used would seem to :r'ira,l‘lp the truest answer to the experimental inguiry.
Sandastones, of course, baving no polish, give no difference of result
from this cange. It must alao be remembared that the %aneml tables
seek as nearly as possible to give the average sirength of the average
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stone from any partieular gnarry, while the “Sundry s;:ecial eXpeTi-
ments,” having been made with caretally pieked stones, will give higher
results from that eause. There may be some exceptlon to the last
rerlnark in the East Chester marble, bot, if so, that is belisved to be the
only one.

Each specimen of all the kinds was carefully prepared by an expert
stone-cotter, and the bed-side marked. These were then placed upon a -
table near the hydrostatic-press, used in soch a manner as to mix them
completely, and so prevent any inadvertent choiece being made when
thi\{v were picked up. They were there examined, aquared, measured,
and calipered, and then tested on bed or edge, under steel, wood, lead,
or leather, as the routine prescribed. When F]&nﬁﬂ in the press, each
gpecimen was carefolly centerad to the axial line of pressore, and the
power applied peither fast nor slow, but steadily, The records were not
attempted to be made exact within (M) ponnds—equal to 126 ponnds per
sqoare inch on 2-inch beds and over. On smaller gpecimens than 1-inch
cubes 100 ponnds was made the imit of error,

The weight of the movable parts of the press, with its attendant fric-
tion and the pump-stroke—about 800 pounds io all—is to be subtracted
from the records in the general tables, or 200 pounds square inch.
The sabjeet of friction is disenssed under the head of “ Testing the press
and gaunges”

GAUGES.

The presa is supplied with two gaoges, one indioating the pressore op
to 100,000 §Jouuda ; the other to only 3,000 pounds. Both are connected
by pipes with the lower end of the cylinder of the ram, Both ganges
may be wsed simultaneously wntil the caﬁacit{ ot the b,00)-pound gan
ig exhausted, when its connection with the cylinder iz shot off by a little
valve worked by a hand-wheal, Generally, in testing stones, the lighter
gauge is not naed.

To check the working of the 100,000-ponnid gauge next to the press,
another gau%f of similar capasity was employed as a test-gange. It is
attached to the conneeting-pipe, near to the pump. These gauges wera
manufactured in the city of New York,on g modified arrangement of
Bourdon's prineiple.

1HE BREARKAGE OF HTOKE.

The diagram aceompanying this veport shows sketehes of eight sam-
plesof stone. The firat one, named homogeneous stone, is imaginary, and
represents the general form of breakage of many sandstones and sac-
charine marbles, The separate pieces shown are such as are nsually
picked up after breakage, although with other varieties of stone they
are generally more angul’a,r. The other sketches of stone represent
samples actually teatéd and broken. The numbers given with each ot
them correspond with those in the tables. The position of the enba
when tested is also stabed, whether it was placed on * bed ¥ or on * edge,”

Considering the infinitely-varied composition and character of all
kinds of rock, it may be said that no material is less ealenlated to per-
mit the establishment of special laws by a general form of break
1t way be safely assumed, however, that more numerous and exténded
experiments, carefully and patiently eondocted, will nltimately lead to
_the development of certain general laws relating to the bebavior of
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stones under pressure, a knowledge of which will ba most usefal to the
angineer and builder. . )

omogeneous stones sedm, in most cases, to break in the following
manter, (sea Plate I:) The forms of fragments & and b are approxi-
mately either conical or pyramidal, according as the stone is friable and
of obvionsly granalar structure, like eandstoue and a few kinds of
marble and granite, or compact, such as the true limestones and most
marbles and granites. The more or less disk-shaped pieces ¢ and d are
detached from the sides of the cube with a sort of explosion, fiying off
in a more or less intact condition. Lo ¢ and £, the atoneis generally fonnd
ernshed and ground to powder by the attrition of the larger fragments.
Of course, thizs general result is modified by the nature and guslity of
the grain 1n the stone, and those other canaes of irregularity which leave
no two enbes of the same strength and eondition, althoagh they may
have been cut direetly apart from each other.

This form of breakage ocours also in non-homogeneous stones broken
on bed; but it must be remembered that bere the modifleation must be
talken into acconnt which “grain” produces as agaiust homogeneity,
mnderinf;- the object liable to eplit {n rectangular fragments, This fre-
queatly lengthens the cone or pyramid in stones on bed, and canses those
set on edge to actoally split in rectangular disks; the atyle of splittin
being, of conrse, irregularly modified for different specimens, Sand-
eracks, &e., in atones have also their inflnence in directing the pressure ;
even the difficulty of determining the bed in some stones, after heing
cut, may be a source of errors. £

SPEOIFIC GRAVITY.

The stones whose resistance to erushing-pressore had been tested
were also experimented upon in relation to their specific gravity. In
the course of these investigations, it was sometimes necessary to be
coutent with rather small fragments of stone, of not more than 15 to 18
pennyweight ; but geperally they weighed from one to two ounces,

On commencing thia part of the work, soine donbt was felt in regard
to the beat meana of obtaining the correct digplacement of poroua stones ;
and all stones are more or less porous. It appeared evident thab in
weighing the stone firat in air and then in water an error would be com-
mitted by saturation. The first idea, to give the sfone a eoating of thin
varnish, was abandoned, because, aléhough the pellicle wonld be thin,
vét mo means could be taken to know precisely what its thickness was,
or what it amounted to in its effects. The second iden, to soak the stone
in very finid resin, the pellicla to be washed from the sorface before dry,
was given up, becauss it was desirable to presarve the specimens intact
for experiments on freezing and other tests.

The plan finally adopted was, firat, to remove from the stone all loose
partielefﬁ and round off all sharp corners and edges, bringing it, in fact,
practically to that condition commonly known aa wabter-worn. It was
then carefully weiﬁhed in air, immersed in water, and allowed to remain
there until all bubbling had ceased, and Its weight taken. It was then
taken out of the water and weighed again, in ite satorated condition,
with the gzecauticn of previously decnding the stone of superabundant
water, by beingcompressed lightly inbibuloas paper, Thespeeitic gravity
18 now found by dividing the weight of the stone; when perfectly dry,
by.'t:: weight in the air after having been saturated, minws its weight in
water.
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This may also be expressed by the formula—

Specific gravity :W,l'rw

W repregenting weight of dry stope in air; W, vepresenting weight of
saturated stone in agr; W, representing weight of stone immersed in
water,

In determining the ppecific gravity of stone, the weight of water was
assumed to be 624 pounds per eubio foot.

REATIO OF ABHOEFTION.

The term ¥ ratio of absorption® simply expresses the weight of water
absorbed by the stone as compared with the weight of the dry stone ;
that is, if the atome when dry weighs 300 onits, und the column
¢ patio of absorption” shows the fraction g, it means that, by immer-
gion in water, the stona will abaorb 1 unit of it, weighing 301 units
immediately after ita removal from the water,

The method adopted for ascertaining the specific welght of stone far-
nished at the same time the weans to determine the “ ratio of absorption,”
The weight of the saturated stome minus the weight of the dry stone
gives, as a result, the smount: of water absorbed, This might, perhaps,
more correctly be called the “avidity of absorption,” since it was
limited to the peried of bubbling. Bome few stones, having been kept
immersed in water for several consecutive days, showed a slight inereaza
in weight.

Since the eapacity of a stona to absorb water has much influence on
its durability, even during the wario season, and far more so in cold
weather, the addition te the tables of this eolumn was deemed advizable.

TESTING THE PREBE AND GAUGES.

It was deemed essential that the accuracy of the gauge records should
be verified, and that the law under which friction was developed under
varying pressure should be aseertained for the iustruments actually
uged in testing the several kinds of stone, viz, Hoe's hydrostatic press,
and Willing & Cos ganges, -

Two %augﬁs& were nsed, One of them, of 500 pounds capacity, was
extremely sensitive ; so mech so that besides other useful resalts, it aceu-
rately indicated the power used in lifting and working the anloaded
ram, leaving only the efficient power and friction to be accounted for or
meas;red. The other and larger gauge has a capacity of 100,000
pounds, !

From careful experiments made by Blr. J. Hicks, eivil engineer, of
Bolton, England, on rams of 4-inch and 8-inch dismeter, it appears that
the friction of a 44-ineh ram-—the ove nsed in these trials—is abont nine-
tenths of 1 peér cent. of the tetal pressure. :

Assuming the law of the increase of friction to have been definitely
ascertained by these experiments for hydraulic presses generally, it was
thonght best to make some mpecial triala with the one in use. Thess
were several times repeated with approximately corresponding results.
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They were conducted in the following manner: It had been repeatedly
noticed that small cubes of Michigan pine, when placed in the press
and crushed agaiost the grain, gave very uniform results. Obe-inch
cabes, for instance, ent*from the same piece side by side, crushed sud-
deuly at fromn 5,800 to 6,00 pounds pressnre. An average obtained
with 1-inch cubes of pine crushed reparately was thos established,

1t was further aseartained by trials that sets of 2, 3, 5, 10, 15, 16, or 18
1-inch enbes of the same material, placed in the press in suecession, the
cnbes in each cuse being set side by side, though not within lateral
gupporting-distance of each other, gave proportional results—that is,
the aggregate eroshing pressure divided by the number of cubes, gave
the average croshing strength obtained with the single cube, within a
reasonable lmiting error of, say, G000 pomnuda for lJarge numbers. All
the enbes in each set erushed suddenly and together. Several repeti-
tions of this experiment gave similar resalts, It was also tried with
24nch and with 3-inch enbes, the aggregate erughing resistance—friction,
of course, included—being always proportional to the nuinber of enbes
simultaneously crushed. The resnlta of the more exact experiments of
Mr. Hicks were therefora corroborated, that the resistancae from friction
must have been a constant percentage of the power employed, and wot,
a8 has been sometimes sop d, & differential increase. Indeed, this
last-named hypothesis could not possibly obtain ander the known laws
of friction unless abrasion should set [n between the Inbricated leather
packing and the copper lining at between 1 ponnd and 6,000 Pounda
pressure per sgquare iuch, These were exmmnined after a year’s time,
duri%uwhich the entire power of the ram up to 100,000 pounds—equal
to G290 pounds per square inch--bnd been repeatedly nged. The leather
was found to be patural sud the copper glazed, Abrasion therefore Liad
not taken place.

There appears to be a singular and untounded prejudies against the use
of ganges for recording pressures, due appacently to the fuct that several
having proved incorrect, when properly tested, the results buve been
more or less widely advertised ; while the true instruments, eonstituting
a very large majority of those in actnal use, have remained unnoticed,
It iz unnecessary to Bay the sawe rule would banish the yard-stick and
the pound-weight from existence, the firat being often too short, and the
latter too light.

The threa principal kinds of gaoges are the spiral-spring gunge, the
diaphragm-spring gange, and the one used in all the experiments and
tests herein reco y known as the tubular-spring gange. Its essential
and characteristio feature is the fubular spring made of fine cast-steel,
carefully bored, bent, tempered, and tested. The bending of course
changes its original eireular section to an elliptical one. As the fluid is
forced into this, the greater pressure in the direction of the minor axis
tends to change ite sectional form toward the cir e, aa the figure of
greatest capacity, which of course it can never re.ch outil it becomes
straight as at first, but which it approachea as tho pressure increasea,
growing straighter at the same time. It is this steaightening of the
Bpring which works the gearing aud revolves the index-hands.

The fact that this simple instroment can be made to mgister correctly
upon & graduated dial, is full proof of the great delicacy of whieh it is ea-

abla. It hascertain advantages over tha beam-seale for large pressores
in this, that while the beam may bevery correctly graduated for any ratio,
say 1 to 100, and be very perfect for comparatively low pressures, yer it
depends upon knife-edges, which, when we have rai OUr POWET, 88y



