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The Maintenance of Way Convention.

The fourth annual convention of the American Rail-
way Engineering and Maintenance of Way Association
was held at the Auditorium Hotel, Chicago, March 17,
18 and 19, the attendance being about 13Q. It was the
original purpose of the Association to get througli in two
days, but a Thursday morning session was found to be
necessary.

The President of the Association, Mr. G. W. Kittredge,
of the Cleveland, Cincinnati, Chicago & St. Louis, called
the meeting to order at 9.35 o’clock on Tuesday morn-
ing. In opening. Mr. Kittredge made an address con-
gratulating the members on the success of the Associn-
tion and on the systematic character of the committee
reports.

The Secretary and Treasurer reported that the re-
ceipts during the year were $6,553, and the expenditures
$£5,152, leaving a balance of $1,401. The membership at
the time of the last meeting was 406: present member-
-ship, 4534. During the past year the following members
have died: Augustus Torrey, Chief Engineer, Michigan
Central, member of the Board of Diretcors and first
Chairman of the Preliminary Organization: E. A. Kel-
logg, Assistant Superintendent, Chicago & North West-
ern: George Montague, Superintendent of Bridges and
Buildings, Sonora Railway.

Following are the officers elected for the ensuing year:

President—Hunter McDonald.

First Vice-President—H. G. Kelley.

Second Vice-President—James Dun.

Sceretary—L. C. Fritch (re-elected).

Treasurer—W. 8. Dawley (re-elected).

Directors to serve three years—A. W. Sullivan, G. W.
Kittredge.

The Secretary, Mr. L. C. Fritch, through ill health
has been obliged temporarily to give up the duties of his
office. Mr. E. H. Fritch was appointed to act as Secre-
tary during the ensuing year, or until the Secretary is
able to resume his duties.

There was not time to consider all of the committee
reports. Those not discussed were ordered printed in
the Proceedings for written discussion during the year.
Abstracts or excerpts of various reports, with the gist
of the discussions on them, will be found in this issue.

One report, which does not appear, is that of the Com-
mittee on Compensation of Signal Pipe Lines. This re-
port containsg a drawing of a lazy-jack compensator and
also diagrams of pipe lines with rules for making con-

at at diff temperatures. There
is a table showing variations in length to be observed in
adjusting pipes at different temperatures from 10 deg.
helow zero to 110 deg above.

Classification of Maintennce of Way Expenditures.*

The terms Improvements, Additions, Betterments, Ex-
traordinary Expenses, Maintenance Account, Capital Ex-
penditures, etc., are used to-day frequently without any
absolute or uniform meaning. The effect of the determi-
nation and ultimate disposition in the generalsaccounts
of certain of these classes of expenditures is so far-reach-
ing and affects the general financial results to such an
extent that it would seem desirable to establish clear defi-
nitions ahd uniform practice.

Where expenses are not properly grouped, it is impos-
sible to draw valuable conclusxons as to the operating
efficiency, to make or to isf: ily ex-
plain any unusual variations in expenses for any section
of road or period. Without such grouping the irregular
work and extra expenses, dependent on contingencies of
all kinds occurring at any moment in railroading, wiil
effectually block any attempt to readily ascertain correct
unit costs of maintenance proper, to make comparisons
and forecasts of practical value.

The following definitions are given in the paper to
cover the various groups proposed for the proper classi-
fication of maintenance of way expenses.

The term “Repairs” to represent all expenses for the
regular maintenance of the property is sub-divided to four
sub-groups according to ¢he following rules:

Current Repairs to consist of regular, constant, an-
nually recurrent expenditures for repairs and sundry
minor work, required regularly from year to year to
maintain in an economical and efficient manner the phy-
sical condition of the property and keep the track and
structures in shape and safe for operation, embracing all
charges for superintendence, labor, materials and sundry
items, in the nature of fixed expenses, regular forces, or
customary material purchases, necessarily required for
the regular maintenance of the property and the safety
of the track and structures:; provided, such charges are
not in the nature of large expenditures incurred for un-
usual, unforeseen contingencies, for large special require-
ments not distinctly repair work or not uniform on all
sections of a road, or for extensive non-annually recurrent
repairs or renewals.

Contingent Repairs to consist of unusual, unforeseen
expenditures due to severe storms, floods, fire, accidents
and casualties of all kinds, necessitating expensive emer-
gency work, and. in many cases, subsequent extensive re-
pairs or renewals; provided, such work is not of such a
comparatively small nature as to belong properly to the
uniform and routine work of the regular muintenancc of
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way forces, even if the expense is caused by an unfore-
seen contingency.

Special Repairs to consist of such minor items, neces-
sarily permanently chargeable to maintenance account,
even if not distinctly repair work, which items if charged
to current repairs would tend to vitiate the comparative
statistical value of the current repairs account, or which
items are too small and the work too insignificant to war-
rant charging to extraordinary repairs or classing as a
permanent improvement to the property.

Eatraordinary Repairs to consist of large non-annually
recurring repairs or extensive renewals in the nature of
maintaining the property, provided such work does not
constitute a betterment or addition.

Improvement; this term to represent all expenses which
create a specific, permanent, physical improvement, tend-
ing to increase the value of the railroad property as a
whole, in the form of a betterment or an addition to the
property, sub-divided to two sub-groups according to the
following rules:

Betterments to consist of any permanent betterments
to the existing property and facilities, constituting an
actual, distinct, positive, permanent. physical improve-
ment, tending to increase the value of the railroad prop-
erty as a whole, the charge to cover in all cases only the
difference in cost of the new improved structure or facil-
ity and the estimated cost of replacing the old unim-
proved structure or facility; the term betterments to
apply in general to work such as replacing bridges with
a more permanent character of materials, strengthening
bridges for increased loading, rebuilding buildings, struc-
tures, auxiliary appliances and facilities of various kinds
on a larger scale and with a better class of materials.
increase of track mileage due to rearrangement and re-
modeling of existing yards and track layouts, stone bal-
lasting, etc.: provided. the work in question does not con-
sist merely of extensive repairs or  modeling and chang-
ing of existing facilities produci-z no visible extemsion
or important enlargement of su.a facilities.

Additions to comsist of any permanent addition to the
existing property and facilities, constituting a distinct.
separate, new, permanent, physical improvement. tending
to increase the value of the railroad property as a whole.
such as new roadbed. tracks, bridges, buildings, structures,
or other auxilinry appliances and fixtures. etc.: provided,
such addition or improvement is not in the nature of re-
pairing, renewing, replacing, changing or d any
existing facillty.

Tram-Order ngmls *

The replies to the Committee's questions on the sub-
ject of train-order signals disclose a good deal of cloudi-
ness in the minds of members, due in part to the use ot
train-order signals for other purposes, and combining
the functions of two or more signals into one. and calling
it a train-order signal. This combined use is perfectly
legitimate in some cases, and in other cases leads to con-
fusion. A train-order signal naturally merges into a
block signal, and it is often difficult to define the line be-
tween them. A circular was sent to 152 members, and
answers were received from but 40. A train-order signal
is not always a fixed signal under present practice; flags
and hand lamps being used for that purpose by a large
number of our members. Only one member seems to be
using the old-style banner or revolving train-order signal.
and it is fair to assume that it is gradually giving way
to the semaphore pattern. He has already adopted the
semaphore for double track.

Of the semaphore patterns which are now in use, the
arms for both directions of traffic are generally placed
on the same mast, and the lamp and mast centers coin-
cide. Some members place the lamp on the side of the
mast, but this leads to two different patterns of sema-
phore castings, which is not economical or convenient.

. Even when a railroad has the necessary signai
system for operating the trains under block signal rules,
it becomes necessary at times to issue train orders, may
be to give notice of a washout or wreck, or to order the
use of one of the tracks in a reverse direction. To do
this arrangements are now being made to put up special
signals on the Eastern Division of the Pennsylvania
Lineg West of Pittsburgh.

‘Where block signal systems are used, when it becomes
necessary to issue train orders, the attention of engine-
man and conductor is called by

(1.) Same signal as used for blocking on Chicago,
Burlington & Quincy ; Chicago & North Western : Lehigh
Valley; Sante Fe; Southern Pacific, Delaware, Lack-
awanna & Western, and others.

(2.) Separate train-order signals on Central of New
Jersey; Illinois Central; Michigan Central: Philadelphia
& Reading.

(3.) A red or green flag or lantern on Baltimore &
Ohio. (Where automatic blocks are used, train-order
signals are also used. controlling first antomatic distant
signal blade in each direction.) Boston & Maine; Erie;
Long Island; Pennsylvania Lines West of Pittsburgh.

When running on a track in the reverse direction, the
engineman and conductor are notified of train orders by—

(1.) Regular train-order signals, where placed for
both directions on one mast. on Chicago, Burlington &
Quincy; Chicago & North Western; Delaware, Lacka-
wanna & Western: Galveston, Harrisburg & San Anto-
nio; Illinois Central: Tehigh Valley; I’onnsx\'lv'mia Lines
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West of Pittsburgh; Philadelphia & Reading; Southern
Pacific, and others.

(2.) Red flags and hand lamps where train-order sig-
nals are placed alongside of track on separate masts, on
Pennsylvania Lines West of Pittsburgh.

It will be observed that in the case of double track,
the regular train-order signals are used on most rail-
roads for trains running in the reverse direction, and 1t
may be considered good practice when the signal arms
are on one mast, because this signal signals trains and
not tracks; but the plan allows of no expansion, and has
Leen known to cause accidents where three or four tracks
merge into two. When the train-order signals are so
located as to govern trains only on the tracks alongside
of which they are placed, they should not be used for
trains running on a track in the reverse direction. The
train-order signal has not heretofore been located with
the exactness required by interlocking signal rules, but
it is now time to bring this signal into line and place it
where it belongs. The fixed train-order signal should be
of such design and so located that, when the railroad be-
comes of enough importance for block signals, the very
same signal can be used in its next stage, the telegraph
block signal, without throwing it away and getting
another one of different design.

The American Railway Association's third and fourth
requisites of installation of interlocking plants are: (3d)

Fig.

13 —P; 4  Standard S Amear
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“Signals, if practicable (to be either over or upon: the
right of and adjoining the track to which they refer.”
(4th) “Semaphore arms that govern, (to be) displayed
to the right of the signal mast as seen from an approach-
ing train.”

The first recommendntion therefore, of the Committee
is that these two i be ad with ref to
fixed train-order signals for all numbers of tracks from
ope up.

‘The second recommendation fs, that where it may be
deemed "advisable, for special reasons, to use a bracket
nast, no more than two uprights be placed on the bracket,
e of these uprights may be a stub to indicate a track
not signaled. In other words, no more than one track
should intervene between a bracket signal mast and the
track for which its left upright carries the signal arm.

When a railroad has more than two main tracks. it is
almost sure that it will be operated under block signal
rules. Nevertheless, there are times when train orders
or instructions must be issued. The methods in general
use are: (1) Same signal as used for blocking: (2)
separate train-order signals; and (3) the proper colored
flags or hand lamps. So far as the first method is con-
cerned, it is not logical, and does not mean “train orders,”
unless some special rule is formulated. In a block signal
system the engineman and conductor should remain on
the train till the “proceed” indication is given, unless.
indeed. the delay is prolonged. If it is the intention to
give them orders, they should know it as soon as the train
reaches the telegraph office, or before. The second method
is doubtless the logical and correct one. It seems to the
Committee, therefore, that it is proper to indorse the
practice of using flags by day and hand lamps by night.
stop being for “31” orders, and caution for “19” orders.
Tt is important, though, that a regular place for display-
ing these be predetermined, and there seems to be no
better wayv than to place a regular flag socket with hook
on the side of the signal station next to the approaching
train, and convenient for the operator to reach from one
of the windows.

The third recommendation of the Committee is the
indorsement of the use of flags and hand lamps.

The fourth recommendation is the definition of “train-
order signal” as follows: ‘“A signal, fixed or otherwise.
of two indications, which in the stop position informs
the engineman and conductor that they are to receive
orders at the telegraph office, and in the clear position
announces that there are no orders for them.”

A fixed train-order signal at the present time ir a
two-indication semaphore arm. having a sweep from hori-
zontal to 60 deg., 73 deg. or 90 deg. Necessarily, the arm
casting in each case ia different. Tt is undoubtedly the
hest practice to have this range from horizontal to 90
deg., which is onr fifth recommendation. The result of
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the vote recently polled on that question in answer to our
circular was 24 in favor of 90 deg. angle, eight in favor
of 70 deg., and 23 in favor of 60 deg.. .°

. It is the will of the Association, as expressed
by the recorded [majority] vote, to have a fixed train-
order signal with a sweep of arm of 90 deg., and with
a spectacle casting arranged on the ‘‘continuous-light”
principle. The plan of such a signal is presented in Fig.
13, and it is recommended for adoption as the standard
of the American Railway Engi ing and Mai
of-Way Association, being the sixth recommendation of
this report. It will he observed that the arm is so hung
on the spindle that it can be placed in a vertical posi-
tion and yet not be hidden by being in line with the post.
The arrangement of the spectacles shown in the drawing
is that for a three-pogition signal ; red for stop, yellow for
caution and green for all clear. The upper spectacle
opening is blank. This upper opening would come into
use in case the post were cut off and the lamp placed on
top of it, as is done where an arm for trains moving in
the opposite direction is placed on the other side of
the post. It will be seen that the arm can readily be ar-
ranged to use red in both of the two upper spectacle open-
ings, the two thus making substantially a “continuous
light.” For a two-position signal the upper opening con
be left blank and the next two made red to provide the
“‘continuous” effect.

Thig signal is suitable for either a train-order, or inter-
locking, or automatic block signal. It can be used for
either two or three indications, and is suitable for those
roads having red for “stop,” green for ‘“‘caution” and
white for “proceed” or “no orders,” or for those having
red for “stop,” yellow for “‘caution,” and green for “pro-
ceed” or “no orders.” Furthermore, it is adaptable for
roads desiring to put two arms on one mast for both
directions, because the top of the mast can then be made
flat and the lamp placed thereon. The mast, as well as
the signal arm and casting, is recommended for standard.

DISCUSSION.
d 1

The first r dation was
Mr. Cushing (P., L., W. P.): Coming to the second
recommendation, I have seen, in an attempt to follow out
a bracket signal-mast principle, n signal mast with as
many as eight or 10 stubs on it, which seems entirely un-
necessary. A little rearrangement of the tracks will pre-
vent such a confusing arrangement; such bracket masts
are nothing but a mystery to a trainman. Ile does not
know what they actually mean, and at high speed he
cannot accurately count the stubs. The bracket mast
should be restricted to two uprights.

The second r dation was

Mr. W. G. Besler (Cent. of N. J.): I would like a’
little explanation of the third recommendation. The
committee says that it is proper to indorse the practise
of using flags by day and hand lamps by night, stop being
for 31" orders, and caution for “19” orders. Why that
recommendation ?

Mr. Cushing: The “81” order is to be signed by both
engineer and conductor, and no train can receive a “31%
order without stopping. The “19” order is an extension
of rights to a train, and is delivered to the engineer while
the train is in motion by a hook or any other convenient
apparatus for the purpose. Consequently, when a tram
is to receive an order of that kind, the operator simpty
displays a caution signal, and that indicates to the engine-
man that he must go slow enough to receive the order
without stopping.

Mr. Besler: The American Railway Standard Code
provides that the train order signal must be displayed
when there are orders for the engineer, and the signal re-
main displayed until the full purpose is accomplished.
That order is a red signal, and not a green signal; the caun-
tion signal for “19” orders is hardly permissible.

Mr. Cushing: Tle value of a *“19” order is entirely
lost if the train is stopped. Its object is to deliver a no-
tice to the engineman that he has extended rights by
reason of some other train falling back on rights previ-
ously given. Any stop signal means the train must come
to a stop, and it is not a proper one to use for “19™
orders.

Mr. Besler: The “19” order is used for the same pur-
pose, and covers the same matters as the “31” order, as
given by the American Railway Association. There is ab-
solutely no difference.

Mr. Cushing: I know of railroads that are doing 1r,
and that give a different value to these orders.

Mr. C. A. Paquette (Big Four): If the “19” order
confers rights on the train, I cannot understand why “19”
is the same as “31.” I would like Mr. Besler to explain
where he differentiates between “19” and “31.” I do not
understand why you use the “19” order at all under the
system of operation which you describe. As a general
rule, “19” confers rights, and “31” restricts them.

Mr. Besler: There is nothing in the book of rules
which prevents the use of *19” for the same purpose as
31" It is very common to do so, however. Some roads
elect to use the “31” form, thinking it is safer to do so,
‘as it requires the signature of the engineer and conductor,
or just the conductor. Other roads use the “31” only in
exceptional cases, but the use of the “19” is becoming
more and more general. There is nothing in the standard
code that requires the use of the “19” for any particular
form of order, or the “31” for any other particular form
of order: it is optional with the despatches which one
he shall use.

The Chairman :  Have you any amendment to offer to
this recommendation, Mr, Besler?

1 1
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Mr. Besler: I move that the following words be stricx-
en from the paragraph at the bottom of page 13 (seu
ond recommendation), in the second line, after the word
“night” the words *‘stop being for ‘31’ orders, and caution
for ‘19’ orders;” and in the third recommendation of the
committee, strike out the words “and their display as ex-
plained in the preceding paragraph.”

The Chairman: Does the committee accept the amend-
ment?

Mr. Cushing: No. The Committee thinks this is good
practice to recommend. It brings out the particular value
of the “19” order. If trains stop to receive a 19" order.
I do not see much good in it. It is of excellent service in
cases where an order is hung out with a hook, from which
it is taken by the engineer, and allows the train to proceed
without stopping. It is not dangerous: it is perfectly
safe practice. There is no use for anything more than
the “31"” order if all trains are to be required to stop for
orders.

Mr. Besler: There is no cautionary train order signal.
The words I asked to have stricken out are in favor or a
cautionary train order signal. There ig nothing of the
kind in existence, nor do I believe that any railroad com-

pany would adopt anything of the kind. A train order

is put out to help some train, just as has been suggested,
and a “19” form is used so that the train may proceed
without stopping for that order. The operator receives
the order, repeats it as it should be, and with his signal
displayed goes to the platform, and by whatever means
he has at hand, delivers that train order. e then goes
to his office and withdraws the signal if the full purpose
of the order has been accommplished by its delivery to that
one train. If there are other trains addressed in (he
order, he must keep the signal displayed. A clearance
card is handed with the order given to the first engineer.
In my opinion the recommendation is in direct opposition
to the work of the Awmerican Railway Association. If we
strike out these words, I do not know whether there would
be any objection to adding the following: “To have a
fixed place to hang lamps on or flags, is proper. and in
accordance with good practice.”

Mr. Besler’s amendment was carried :

Mr. Cushing: The fifth recommendation is the sweep
of the arm from horizontal to 90 deg. The object of the
final (8ixth) recommendation of the committee is that the
association recognize as a signal casting one that may be
turned into a block signal in the future; in good block-
signal practice to-day there is as much permissive block-
ing as absolute. By the adoption of this one signal cast-
ing we can use the caution position in it when we turn
it into the block signal. It is not the idea to use it with
the permissive indication for train orders. It is, perhaps,
quite necessary, however, to consider that in that connec-
tion we recommend a sweep of 90 deg., because if G0 deg. or
75 deg. is adopted as the proper sweep of the arm, when
it comes to making that into a block signal in the future it
practically means throwing away the signal casting and
getting another one with the permissive, because there is
no doubt many railroads will use permissive indication
for a long time to come.

Mr. J. C. Mock (Mich. Cent.) : It is intended to be a
universal signal, block-signal, train-order signal and in-
terlocking signal. As soon as a train-order signal becomes
inadequate. it is time to dispense with the telegraph
block. The idea of the committee is to get a signal which
would be universally adopted and used for this purpose of
train orders. Many roads have used the same signal for
train orders and for the telegraphic block.

Mr. Cushing: The final portion of this recommenda-
tion is the adoption of the universal casting, which will
take the place of the 75 now manufactured by one com-
pany alone, and it can be used in any way anyone sees
fit, by changing the position of the glass.

Mr. W. H. Elliott (C., M. & 8. I.): The 60-deg.
sweep of the arm possesses one thing that is very essen-
tial in all good signaling, and that is that the indication
is very distinctive ; it can be more plainly seen than where
the arm is parallel with the pole. The object stated by
the committee in adopting the Y0-deg. traveler is to have
the arm interchangeable and used for all situations. This
is & very desirable thing, but I do not think we should
give up the distinctness of the arm for the sake of inter-
changeability. Other parts of the signal cannot be inter-
changeable, and there is practically but little saved by
adopting interchangeability. The shaft has to be differ-
ent for block signals where there are two castings on one
shaft, and this shaft is not adapted for use at inter-
lockings. Then, again, the casting for the Y0-deg. sweep
is a much heavier casting than the oune for the 60-deg.
sweep, and costs more. The cap of the casting must be
different for the 60-deg. sweep from what it is for the 9.
8o, to have one part interchangeable, other parts cannot
be interchangeable, or they are made much more expen-
sive. Again, there is greater difficulty in moving the arm
when the sweep is 90 deg. than when it is 60. There is 30
deg. more travel, and as the casting in each case
weighted about the same, the signalman does more work
in one case than in the other. We find great diffienlty
in keeping our arms adjusted, and getting operators to
pull them to the proper position. and with a #0-deg. travel
this difficulty would be exaggerated.

Mr. Besler (Cent. of N. J.): T would like to make
this motion as the fifth recommendation: *This asso-
cintion recommends as the best practice a fixed train-
order signal, with a sweep of arm from the horizontal
to 90 deg.”"—a combination of the two paragraphs rec-
ommended by the committee.

The motion was carried.  Then, in order that the fourtn

recommendation should be in agreement with this, it was
changed to read: “A fixed signal of Ywo indications.
which in stop position informs the engineman and con-
ductor that they are to receive orders at the telegrapnh
office, and in the proceed position announces that there
are no orders for them.”

The sixth r lation waxs adopt
ification.

A without mod-

Concrete Masonry.*

Coucrete being a mass of broken stone or gravel
cemented together by a matrix, it follows that having
selected the stone or gravel, it is necessary that the proper
amount of matrix be determined; it would appear at
first thought that if the voids in the stone or gravel mass
be determined that the matrix necessary would be equal
to the voids, but further congideration would indicate this
to be irrational. If we can imagine a mass of concrete in
which the voids are precisely filled, with no surplus mat-
rix, it would necessarily require that the various con-
stituent stones would be in actual contact, and as the
planes of their surfaces are not at right angles to the
line of pressure, we would have a mass of concrete full
of minute incipient cracks. It therefore follows that
there should be an excess of matrix to insure the entire
surface of all the stone or gravel being covered with the
cementing material. This film of cementing material
should, however, be as thin as possible, and the excess of
matrix be attained by an excess of cement above the voids
in the sand: experience shows this should be from 3 per
cent. to 10 per cent. of the voids.

Various writers recording experiments with broken
stone and gravel place the voids at from 41 per cent. 1o
50 per cent. of the mass. A number of experiments with
crushed blue limestone, well shaken but not rammed, con-
ducted aunder the direction of the chairman of this com-
mittee, gave the following:

Welght  Per cent.
Size of broken stone. of 1 cu. ft. of voids,
Crusher run with dust screened out..... 89.222 a6

n. grating and re-

. 1
L T4 +

The sand has usually been required to be *sharp,” but
it is questionable whether a rounded grain would not give
equally as good results, and the ideal sand be one con-
taining graing of varying sizes without reference to their
shape, thus reducing the voids to a minimum and requir-
ing less cement to thoroughly cover the grains. Experi-
ments show that with ordinary sand the voids will vary
from 31 per cent. to 38 per cent.

Wm. B. Fuller, in the Transactions of the American
Society of Civil Engineers, suggests that the sand should
equal the actual voids in the stone and the cement he
added possibly up to 10 per cent. in excess of the voids
in the combined material. This proportion is probably
theoretically correct. but it is necessary to bear in mind
that, owing to the impracticability of securing perfect
mixing in large masses, experience has shown the wisdom
of increasing the actual volume of the mortar somewhat
above the exact theoretical limits. If we take broken
stone giving 47 per cent. of voids, and sand with 3 per
cent. of voids, we will find the theoretical proportion to
be: Cement 1, sand 3.1 and broken stone 6.5, as stated
by 8. B. Newberry in his article on concrete, in the P’ro-
ceedings of the Indiana Kngineering Society. If now we
add 5 per cent. of cement and reduce to the basix of
cement 1, we will have cement 1, sand 2.96, broken stone
6.2, or nearly the proportion quite generally used for con-
cretes of 1, 3 and 6: this actual proportion giving an
excess of mortar. The same reasoning can be applied to
other mixtures and it will devolve upon the engincer to
select for each individual piece of work the proper mixture

Pea size .......

to meet in the inosi economical manner the purposes
required.
In all cases the necessity of thoroughly washing all

dust from the stone and wetting it down cannot be too
strongly impressed.  Concrete as a construction material
presented a high compressive strength with a low ter .
strength, and to increase its economical application
various types of structures, the method of reinforcing
with steel to secure tensile strength was a natural and
gradual evolution. and this was simplified from the fact
that the thermic expansion of coucrete and steel is iden-
tical, and the tension modulus of elasticity of the rein-
forced coucrete remains constant up to a stress whi
is equal to the rupture in case of concrete not reinforeed.

M. Considere statex that concrete when not reinforeed
will break with an elongation of less than 1 part in
10,000, yet he remarks the tension faces of a reinforced
concrete heam support an elongation of more than 1 in
"1,000, without sign of fissure. Prof. Hatt, in writing of
this, says: “The excess of elongation over the ordinary

conerete may be accounted for by wsupposing that the
wire or other material reinforcement distributes an clon
gation throughout the entire length of the conerete:

whereas the elongation when not reinforced is confined to
“tion of rupture.”

seriments of M. Hennibique. a French engineer,
showed the adhesion between concrete and an iron rod
imbedded in it to be from 570 to 630 Ibs. per sq. in. of
imbedded metal surface, and that a rod imbedded to a
depth of 25 times its diameter would pull apart before
separating from the concrete.

the s

*Extracts from the report of the Committee of the Ameri-
can Rallway incering and Malntenance of Way Associa
tlon. March, 1903,




