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Reinforced Concrete Arch.

Introduetion;-

Reinforced conerete has becn used for only a few years,
tut the law governing the cortination of concrete and steel, although
nettabsolutely fixed, is known with sufficient axactness to per-
mit the design of nearly all classes of stuclure with the assurance
--employing good materials and first class superintendence--of per-
manent strength and jurability.

The concrete itself plays as an important a part as does
the steel, and the variation in the strength and elasticity of
this material under different conditions has somet;mes been over-
locked in the theoretical study of the the eombindtion of concrete
and steel., This has led to apparent discrepancies in tests made in
different localities, and has retarded the formulation of exact
principles and laws of rcinforced concrete. The gquality of the
reinforced concrete depends alwost entircly on the wmaterials of
whieh 1t is composed--cement, stecl, stone, sand, and water, It
depends to some extent on the surrounding:conditions--tcmperature
and mcisture. The materials and the conditicns will be discussed
in the next few pages.

Cement,
Tistorical Sketech:- The cement industry dates from 1756, when Jolh
Srweaton, an Inglish engineer, was trying tc obuild a lighthcuse on
some gniéss rocks, Jjust off the coast c¢f Cornwall. It was simply
necessity thdat made him look for a mortar that was better than lime
mortar. Smeaton in 1756 experimented scme with different kinds of
limesteones and at last found a mortar that would set under water,

The lime that was formed by burning the limestone was really what
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we Qaﬁld call hydraulic lime, It is of this mate{ial that thé‘Eddy-
stone lighthouse is built.

Smeaton only used the layers of stone that would slake
with water when it had been burned, he never thought about grind-
ing the stcne before he used it., In 1596 Joseph Parker took out a
patent for "Roman Cement", this cement was made by burning argillo
calcarecus rock and then grinding the resulting product to a pow-
der, This cement we would now call Rcsendale cement., In 1810 Edgar
Deolls obtained a papent for the manufacture of an artificial Roman
Cement by mixing carbonate of lime and clay in the proper proportions
and then burning the mixture. In 1813 Viecat began the manufacture
of artificial hydraulic cement in France,

Joseph Aspdin, a bricklayer, gets the credit for invent-
ing Portland Cement, he proposed th mix the dust of the roads with
1imes£one itself combined with clay, and then burn and grénd the
mixgure. He did not likely get what we wculd call a Portland cement
but simply a Roman cement , because he could not carry the burning
to the point of inecipient vitrifaction, which is a very important
point in the manufacture of pcrtland cement.

Aspdin erected a factory and supplied the cement for the
Thames Tunnel in 1828, Pottland cement for a while had to stay in
the background, until John Grant in 185°C decided to use it in the
constructiocon of the London drainage Cunal. Fe published a paper
and in this paper he gave his reasons for using Peortland cement,
and this paper he read before the Society of Civil Ingineers; since
that time it has been coming tc the front slowly.

In 1852 the Cerman Portland cement came to the front and
it had been the standard up to the last few years, but now the Am-

erican cement is regarded as the best. The Rermans were the first



3
tc apply any science to the manufacture of Portland cement,hand it
was the Cermans that first recognized the importance of fine grind-
ing, It is the history, statistics, and prospects of American cement
industry that we are most intereeted in, |

The diseovery of natural-cement rock, like most other
things was simply an accident. When the construction of the Erie
Canal was started lime wortar was going to be used; but in the mid-
dlé of the Canal there was a limestone that would not slake after
it had been burned, the quarry from which the stone came was in
Madison county.

Canvass Vhite, assistantiengineer, who had been tc Eng-
land and examined the cements and mortars that were on public works
was sent to examine the stone and sec what was the trouble. On ac-
count of his previous experience he decided that the obstinate
lime was really a high grade of natural cement, This cement was ex-
tensively used in the Canal during the years 1818-1819,

We have a contemporary professicnal estimate of thésvalue
of this material, Wright, chief engineer, in a letter dated 1820,
sunmaerizes the facts regarding White's cement, stating that it "is
found to be a superior water cement, and is used very successfully
in the stonework of the Erie Canal, and believed tc be equal to any

of the kind found in any other country. It is pulverized(as it
does not slake) and then used by mixing two parts lime and one
part sand, It hardens best under water, and it is believed its
properties are partially lost if permitted to dry suddenly, or if
no£ used socn after mixing,."

This cement cost about 20 cents per tushel, Canvass White
took out = patent for this cement, and for several years a contrc-

versy raged as to the tenability of the papent. At last this contrc-
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versy-was settled by the legislature of New York by buying the patent
from White for 10,000,

The analysis of this cement was;-

B i i s ot 11,766
DR i - ki v p o it g 2,733
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Immediately after the Madison County cement had been used in the
Erie Canal, a search for other deposits of cement rock was made.
Cement rock was found in Onondaga and Cayuga Counties., The great-
est of all the natural cement dispoéits--the Rosendale region of
eastern New York, is the third among the districts in point of
age, it soon became "irst as = producer, and has ever since naintain-
ed a high standaré in both quality and quantity of its output.
S8ince almost any clayey limestcone will give a natural
cement on burning it can rcadily be seen that hardly a state will
be withcut limestones sufficiently cl@yey to be available for nat-
ural cement., Since Portland cement has taken such an important
pesition it would be very hard to place a new naturalucement on the
market in cpmpetition with the other well-established brands of nat-
ural cements.
There have been only a few new natural cements established
that have started up within the last few years, and these have all
been under some peculiar circumstances. The prospects for the nat-

ural cement industry do not lock very engouraging, and it looks as
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if 1+t will be only a matter of time until the Portland Cegent
drives the natural cement off the market. The production of matur-
al cement has been at a standstill ever since 1890, but since 1890
the amount of Portland cement Qanufactured has increased €6,6¢
times, while the manufacture of natural cement has decreased 31%.
Fngineers brings two charges against natural cement, The faults
are: (1) lack of gtrength as compared with Portland cement, and
(2) lack of uniformity in both compesition and strength.

These charges are true in a way, but there are some bramds
of natural cement that are as food as Portland cement. In regard
to the first point an advecate of naturalmeements ceould point out
that there are threec brands of natural ¢ ements that are now reg-
ularly advertised and sold as Portland cements; that they have been
tested for use in both state and Federal public works, including
canal locks, dams, and breakwaters; and that neither State nor
army engineers seem to have even suspected that they are not Port-
land cements.

The second difficulty ceould alsc be removed with out rais-
ing the cost of manufacture toc a profitless péint, One reason why
the Natural cement companies do nct have a regular product is, be-
cause they do not employ a chemist, There is only one natural cement
plant that has a chemist, and that plant is:- Pembina Cement Co.,
of North Dakota.

There is no reason whay a poerly ground cement shculd be
placed in the narket, as economical fine-grinding machines are ob-
tainable and they would scon repay their first cost, The Pcrtland

cement industry was started in this country by Saylor in 1875. He
foundi that the cement they were making at Allentown, Pa., was very

goofl; but that sometimes the harder bturned parts would show a strength
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equal to that of any of the imported Portland cements, bthin
course of time that it would crumble, He overcame this difficulty
by mixing a certain amount of Roeck high in lime with his ordi-
nary cement rock he could make a Portland cement, and after many
trial lots were burned he turned out a very good Portland cement,
Saylor had a great deal of trouble selling his cement after it was
made, as he cculd nct sell it much lower than the imported article
but he at last worked himself up a good reputation, The most im-
portant engineering works upon whose construction Saylors' Portland
cement was used are;-

Eads' jetties along the Mississippd# River.

Drexel Building in Philiadelphia, Saylor's original plant turned
cut only 1700 barrels of Portland cement a year, since its incep-
tion however, it has grown steadily and now has a great capacity

of considerably over this amount a day.

Portland cement plants soon sprang up in other étates
and now Portland cement is made at a great many places,
Classification;-

From an engineering standpoint, limes and cements may be
classified as:-

Portland cement; Natural cement; Puzzolan cement; Hydrau-

liec timepapdCommen lime;
Typicalanalysés of each of these are presented in the

table on following page.
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Typical Analyses of Cements,

Portland cement Natural Cements.
Lehigh #estern American.wg-;;;bnglish Trench
Valley(marl & |Fastern [VesternRoman Vassy: [Grapiers
(Mixed clay) |ReosendalelLouis-
rock) ville
Silica Si 02 21.31 [Rl.93 18,38 20,42 25,48 22,60 |26,50
Alumina Alg0z 6.89 | 5,98 {» 4,76 | 10,30 | 8,90 | 2.50
P5.80

Iren Oxid Fep0gz 2,55 | 2,85 3440 |0 7,48 | 5,30 | 1.50
Calecium Oxid Ca0 62,89 62,92 35.84 46,64 | 44,54 p2,.69 63,00

Magnesian Oxid Mg 0 2,64 | 1,10 14,02 12,00 2,92 | 1.15| 1.00

Sulpkuiic acid 80z | 1.34 | 1,54 0.93 2,57 2,61 | 3,85 | 0,50
Loss on Ignition 1,39 2.91 3.73 6.75 3.68 | 6,11 | 5,00
Other constituents | 0,75 11.46 3.74 1.46
Common 1ime
Puzepolan [Hydrauliec | Lime Magnesian Lime
cement lime
(Le Tiek)

Silica Si 0p 28,95  [21.70 1,05 | 1.2 i
Alurina Alg0z 11,40 3.19 s 0.68
Iron Oxid FepOgz 0.54 0.66
Calcium Oxid Cal 50,29 60,70 97,02 58451
Magnesian Oxid Mg 0| 2,96 0.85 0.68 39,69
Sulphuric Acid 8 Oz 1.37 Q60
Loss on Ignition 3439 12,20
Other constituents |0,30 0.10

Portland cement is defined by E. C. Echel of the U, S. Geological
Survey as follows:-"By the term Portland cement is to be understood the
material cobtained by finely pulverizing clinker cbtained by burning to semi-

artigic
fusion an 1nt1ma€g;mfké§%é of finely ground calcareous and argillaceous
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mﬁ%érials, this mixture consisting approximately of three'éarts
of lime carbonate tc one part of silica, alumina and iron oxid."

It is not necgessary to descri be the other cements be-
cause only Portland cement is used in first class work,
Proportion of ingredientss:-

Le Chatilier stated that the lime and magnesia in Portiand cement
should not exceed a maximum, %{%ﬁ%ﬁgéoéé 3 nor be less than a
minimum,s%%gé%fgﬁs-reaos.2?3 These formulas represent chemical
equivalents and not weights. The best brands of Portland cement
approach pretty closely to the above maximum formula, while one
corresponding to the minimum formula would be sc greatly over-
clayed as to be practically useless.

Specifiactions for Portland gement:

Adopted May, 1903, by the American Railway Engineering and
Maintenance of Way Association.
Portland Cement.

l. Definition.-Portland Cement id& a product of the mix-
ture of clay and lime-carbonate in definite proportions, calcinated

at a high temperature, and reduced tc a fine powder,

2.- Packages,- Cement shall be packed in well-made wood-
en barrels lined with paper or in strong cotten or paper éacks.
Fach package shall be plainly marked with the brand and name of
the manufacturer, and the net weights shall be exact and uniform,

5, Weight.-One barrel shall contain not less than 376
pounds of cement, and four sacks shall be equivalent in weight to
one barrel.

4, Condition,-All cement shall be delivered in scund pack
ages, undamaged by moisture or other causes.

5, Sterage.- Cement must be stored until used in perfect-
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ly dry places in such manner as will insure it from all damdée.

6. Rejection,- All cement failing to meet the requir-
ments of the specificaticns may be rejected, and all rejected cemen
whether damaged or rejected for other causes, shallbe removed at
cnce from the company's property.

7. Tests.- All cement subject to the fecllowing tests:

(1) The selectiocn of the samples for testing, the mumber of pack-
ages sampled, and the quantity taken from each package, must be lef
to the descretion of the engineer, but each sample shculd be a
fair average of the contents of the package from which it is taken.
At least one barrel in every ten should be sampled.

(2) Cement in barrels should be sampled through a heole made
in the center of one of the staves, midway between the heads, or
in the head, by means of an auger or sampling iron similar to
that used by sugar inspectors., If in bags, it should be taken from
surface to center,

(3) All samples shuuld be passed through a sieve having twen-
ty meshes tc the linear inch in order to break up lumps and remove
foreign substances. For determining the characteristics of a
carload of cement the individual sampl s may be mixed and the
average tested; where time will permit, however, each sample will

be tested separately.

8. Finesees.- Not less than 947 of the cement tested
shall pass through a No. 100 standard sieve, The standard sieve s
shall be eircular, abcut 20 cm,(7.87inches) in diameter, 6 cm.
(2,36 ins.) high, and provided with a pan 5 em., (1,97 ins,.,) deep
and a cover. The wire cloth in the sieve to be woven not twilled
from bress wire having a diameter of 0,0045 ins, This cloth to be

mounted in the frame without distortion; the mesh should be regular



in»apacing and for a No., 100 sieve shall contain not more than
100 nor less than 96 meshes per linear inch, The cement to be test
ed.shall be theroughly dried at a temperature of 100° C,(212° Far)
befere sieveing.

9., Set.- Initial set shall not occur in less than thirty
minutes,

(2)

Final set shall not occur in less than cne hour nor mere
than ten hours,

(3) The time of setting shall be determined by means of the
Vical needle apparatus as recormended by the Committe e of the
American Society of Civil Engineers upon uniform tests of cement
in conjuneticn with the @ommitt ee of Internaticnal Association
for testing Materials.

4) Using a paste composed of neat cement and water, of normal
consistency, the initial set is aaid tc have commenced when the
needle ceascs tc pass a point S5mm (0,20 in,) above 'the upper sur-
face of the glass plate in the Vicat apparatus, and is said to have
terminated the moment the needle does not sink visibly intc the

mass,

(5) The paste is of normal consistency when the eylinder of
the Vieat apparatus penetrates to a point in the mass 10 mm.

(0.39 in) below the top of the ring.

(6) The amount of water required tc make a paste of normal. c
consistency varies with different cements, but will be found to
be approximately 20 ¥ of the weight of the cement, It should
have a temperature cf 70° Fakrenheit.

10. Soundness.- (1) A pat of neat cement 2 1/2 to 3 ins
in diasmeter, 1/2 in., thick at center, tapering to a thin edge, and
allowed tc take its final set in mcist air, must withstand indefi-
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nite exposire in water or air at any ordinary tempcraturé:with-
out checking distortion or softening.

(2) A pat of neat cement as above, placed in water, mhich
shall be raised slowly tc the beiling point and ther maintained
in that conditicn for three hours and allowed to cool gradually

shallnot show any signs of checking, distortion or softening.
The same result should follow exposire to steam not under pressure
for three hours. This teat may or may not be cause for rejecticn,
at the opticn of the engineer in charge.

11, Tensile Strength.- (1) The briquette used in test-
ingishall be formed in moulds of the size and form now in custom-
ary use and reconmended by the American Society of CiviluEnginesrs
the stress tc applied at a uniform rate of 600 pounds per minute
until fractured,

(2) All briquettes of neat cement are to be made from paste
of normal consistency in the folowing manner: The molds should be
filled with the paste as soon as it is thoroughly mixed and temper-
ed, the material preaased in firmly with the fingers and smoothed
off with a trowel with out ramming; the material shculd be heaped
up on the upper sufface of the mold, and in smcothing off the
trowel should be drawn over the mold in such a manner as te exert
a moderate pressure upon the esgess material, The mold should
then be turned over and the operation repeated upon the other side.

(3) Briquettes for twenty four hours tests shall be allowed
to set twenty-four hours in moist air.

(4) Briquettes for seven and twenty-eight day tests shall be
allowed to set one day in moist air and repainder of pericd in
water, |

(6) All briquettes are to remain in the water until they are
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placed in the testing machine, except in the case of the t&ehty—
four hour tests,

(6) Neat twenty-four-hour tests shall not show less than 125
pounds pPer square inch, Neat seven day tests shall not showw less
than 400 pounds per equare inch, Neat twenty-eight day tests shall

not show less than 500 pounds per square ineh, and should show at
least 107 increase above the seven day test.
12, Sand Test.- Owing to insufficient data, the Commit-
tee is not prepared to specify a sand test.
13, Specifiec Cravity.- The specific gravity , determined
upon dried cement which has passed through a No., 100 sieve, shall
not be leses than 3,10 nor more than 3,30, The specific gravity can
be conveniently and accurately determined by the use of Le Chati-
lier's apparatus as recommended by the Committee on Uniform Tests
of cements,
14, Chemical.- Chemical analysés should show not more
than 5% of magnesia, nor more than 1,757 of sulphuric anhydrid.
15, Uniformity.-If in the tests of any given brand of ce-
ment any sudden, irregular or wide variation from its normal act-
ion is found, it should be witheld from use until more extended
tests gahall have demonstrated its reliability.
Steel.

Specifications for steel to be used in first class reinforeed
coneretes-

1, Process of manufacture, Steel shall be made by the
open hearth process,
2. Chemical Properties., Steel shall conform to the follow

ing limits in chemical ccmpositions

Phosphorous shall not exceed 0,06
Sulphur shall not exceed 0,06

Manganese shall not exceed 0.80 or be below 0.40,
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3. Physical Properties. The steel shall conform to the
foldowing physical qualities:
4, Tensile Tests. Tensile strength in pounds per square
ineh shall be not less than - - - - = = = - - - - - - - - 1055000

Yield point in pounds per square inch shall be not less
4 thanb2,500

Elongation per cent in eight inches shall be not less than 10

5., For material less than five-sixteenths ineh (5/16")
and more than three fourths ineh (3/4")-in thickness the following
modifications shall be made in the requirments for elong:ition:

(a) For each increase of one eighth(1/8") in thickness above
three fomrths inch(3/4") a deduction of one percent (1%) shall
be made from the specified elongation.
(b) For material from 1/4 inch to, but not including 5/16 inch
thick the elongation shall be 8%.
For material from 3/16 inch to, but not inecluding 1/4 inch
thick the elongation shall be 7%,
For material from 1/8 inch to, but not including, 3/18inch
thick the elongation shall be 6%.
‘For material less than 1/8 inch thick the elcngation shall
ve 5%.

6. Bending Test. Test specimens for bending shall be bent
cold around a diameter equal to their thickness to the following
angles with out fracture on the outside of the bent portion,

For specimens 1 ineh thick 80°
Tor specimens 1/2 inch thick 110°
For specimens 3/16 ineh thick 140°
Tor specimens 3/4 inch thick 90°
Tor specimens 1/4 inch thieck 130°
For specimens 1/8 inch thick 160°
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7. Test Pieces and Methods of testing.- Where practica-
ble the standard test specimen of eight-inch(8") gaged length shall
be uséd to determine the physical properties specified in paragraph
nunbers 4 aﬂd 5, The standard shape for the test specimen for
sheared plates shall be as shown by the following sketeh;

o« Q .
ng %

N

—————<:;

For material from which it is impezeticable to obtain

3 &

’
144

test specimens like those for sheared plates, the test specimen

may be planed or turned parallzl throughout its entire length, and
in cas:s where possible two opposite sides c¢f the test specimen

shall be rolled surfaces., Small rclled bars of uniform section
shall be tested full size as rolled.

8. All test specimens shall be cut from the finished
materials as it comes from the rolls, unless such material is to
be annealed, in which case the test specimens will be taken after
the annealing process, In mase several shapes are rolled from one
heat, two test specimens will be taken from two different shapes
representing their class, for tension, and two for bending., When
only one shape is rolled from a heat, two specimens for tension
and two for bending will be taken from each ten tons or fraction
thereof,

9« Vhere practicable the bending test specimen shgll be
one and one half inches(l 1/2") wide and for material three quar-
| ters inch (3/4") and less in thickness, this specimen shall have

the natural rolled surface on two opposite sides., For material more



15
thanithree quarté;s inch(3/4") thicl, the Yending test specimen
may be cut to one-half inch(1/2") thick.

10, The hending tost may be made by pressure or by blows,

11, In case a test specimen developes flaws or in case
it breaks outside of the middle third of its gaged length, it may
be discarded and another test specimen substituted therefor.

12, For the purpose of this specification, the yield
peint shall be determined by eareful observation of the drop of the
beam, or the halt in the gage, of the testing machine.

13, In order to determine if the magperial conforms toc the
chemical limigations prescribed in paragraph No, 2 herein, analysis

shall be made cf clean drillings taken from a small test ingot.

14, Variation in Weight. A variation in cross section or
weight of more than 2 1/2 per cent from that specified will be suf-
ficient cause for rejection,

15, Finish, Finished material must be freec from injurious
seams, flaws, éracks, and have a workmanlike finish,

16, Annealing., All bars which, owing to their shape or
size, are liable to be under strain after cooling, must be reheat-
ed to a temperature not less than 1250° Fahrenheit nor more than
1375% and this heating and subsequent cooling must be done in an
approved manner,

Stene.

The size of the largest particle of stone and gravel
which may be used in a concrete is often limited by parctical
considerations of mixing and placing., For most work it is specifi-
ed that the stone shall pass through a 2 inch or, more often,
threugh a 2 1/2 ineh ring. For erdinary mass concrete of wet consis

tency the limit may be placed as high as 3 inches, In some cases
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however, the stone must be small enough to pack readily around

reinforcing metal, while in walls whose surface is to be picked
or washed a better appearance will result with stones under one
inch in diameter, although the strength of the concrete appears
generally to increase with the size of the largest particles of
stone in the mixture.

John kyle nearly doubled the strength of 1:2:6 concrete
made with 1 1/2 inch stone by substituting 4 parts of 3 X/2 inch
stone for a like portion of the 1 1/2 inch,

The ultimate strength of concrete is often limited by
the texture or strength of the coarse aggregate, This is evident-
ly the case with cinder conecrete .Experiments by G. W. Rafter gave

the strength of concrete made with hard broken sandstone and
various proportiens of mortar from 1.5 to 2,4 times the strength
of similar mixtures of shale and mordar, and this discovery led to
the rejection of the latter as a material for concrete., If concrete

is mixed is such proportions or by such methods that the ultimate
strength is reached before the stones shear, the strength of the
particles of stone is a much smaller factor in the result.

Sand.

The coarser “the sand the stronger the mortar.

Fig. 1, Absolute volumes of sand per unit volume of sand not shak-
en,

Fig. 2. Absolute volumes of sand per unit volume of sand shaken to
refusal,

Fig. 3. Absolute volumes of solid materials (e s) per unit volume
of fresh mortar in proportions 1:3 (by weight).

Fig. 4, Compressive strength in pounds per gquare inch of 1:3(by
weight) Mortars with different mixtures of sand, after O months of
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air and three months in sea water.
Tig. 5. Compressive strength in pounds per square @f in mortars |
with various mixtures of sand, after one year in fresh water., Pro-
portions 100 1b, Portland cement to 3.2 ecu,ft. mixed sand.
Fig. 6, Compressive strength in pounds per square inch of mortars
with various mixtures of sand, after one year in air. Proportions

100 1b, Portland cement to 3.2 cu.,ft., mixed sand.
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Water, o
The water should be free from acids or alkalies, It

should alsoe be free from salt,
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bt Specifications for concrete;-
1. Cement,- The cement shall be first-class Portland ce-
ment of reputable brand which shall conform in all respects to the
cement specifications herewith annexed. The cement shall be stored
in a building which will protect it from the weather, The floor
upon which the cement is placed shall Le at least six inches above
the ground, It shall be stored so as to permit easy access for in-
spection and indentification of each shipment. A sufficient quan-
tity shall be kept on hand a t all times so that the Engineer
may have opportunity and time tc make tests sufficient tb determine

its quality. At least twelve days shall be allowed for inspection
and necessary tests.

2. Sand,- The samd shall be clean and coaree, or a
mixture of coarse and fine grains with coarse grains predominating.
It shall be free from clay, loam, sticks,organic matter, and other
im purities, ‘

3+ Screenings,- Sereenings or crusher dust from broken
stones,-in which term is included all particles passing a 1/4"
screen, -may,bg slightly altering the proportions of the ingredients

be substituted for the whole or a portion of the sand in such pro-
portions as to give a dénae mixture and the same relative volumes
of total aggregate.

4, Gravel.,-The gravel shall be composed of clean pebbles
free from sticks and other foreign matter and containing no clay
or other materials adhering to the pebbles in such quantity that
it eannot be removed by lightly brushing with the hand or dipping
in water, It shall be screened to remove the sand, which shall af-

terwards be remeixed with it in the required proportions.,

O« Broken 8tone,- The broken and crushed stone s hall
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consist of hard and durable rock, such as trap, limeston:, granite
or conglomerate. The dust shall be remcved by a 1/4 inch screen,
to be afterwards remixed, if desired, with and used as a part of
the sand, except that of the product cf the crusher is deliveréd
to the mixer so regularly that the amount of dust, as determined
by frequently screcning samples, is uniform, the screening may be
ombtted and the average pergentage of dust allowed for in measur-
ing the sand,

6. Water, The water shallbe free from allacids or strong

alkalies.

9. Hand Mixing., If the concrete is mixed by hand , the
cement and aggregate shall be mixed and the wmater added on a

tight platform large encugh to provide space for the partially si-
multanecus mizing of two batches not more than one cubic yard each.
The sand and cement shall be mixed dry, being spread in thin layers
» until of a uniform color, This mixture may be spread upon the
layer of stone or the stone shoveled upon it before adding the wa-
ter, or it may be made into a lortar before spreading with the ot
stone, In the former method the materials shall be turned at
least three times,--in addition to the mixing of the sand and ce-
ment already mentioned, the waterbeing added on the first turning,-
and in addition to the shoveling from the platform to the place or
to the vehicle for transportation, In the latter method, that is,
if the sand and cement are first made into a mortar, the mass of
mortar and stone shall be turned twice, Vhatever method is employ-
ed, the number of turnipgs shall be sufficient to produce a result
ing loose concrete of uniferm color and appearance, with the stones
thoroughly incoporated into the mortar and the consistency uniform
hroughout.

10. Machine Mixing.~- If the concrete is mixed in a ma-
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chinemixer a machine shall be selected ingo which materials;—in-
cluding water, can be precisely and regularly proportioned, and w
which will produce a concrete of uniform consistency and color
with the stones and water thoroughly mixed and incorporated with
the mortar. ,

11, Consistency.- (a) A medium or quaking mixture o a
tenacious, Jjelly-like consistency, which quakes on ramming, shall
be used for ordinary mass concrete work, such as foundations,
heavy walls, large arches, piers, and abutments.

(b) Very wet or mushy conerete, sc soft that it must be
handled quickly or it will rum off the shovel, shall be used for
rubble conerete, and for reinforced concrete, such as thin build-
ing walls, columns, doors, conduits, and takns,

(e) Dry concrete, of the consiistency of damp earth, may be
employed in dry loecatiomns for mass foundations, which must with-
stand severe compressive strain within one month after P lacing,
provided it is spread in €-ineh layers and rammed until water
flushes to the surface, Dry mi<ed concrete shall never be em ployed
with stecl reinforcement.

12, Placing. Concrete shall be conveyed to place in such
a manner that there ahall bé no distinet separaticn of the differ-
ent ingredients, or, incases where such separation inadvertently
oceurs, the concrete shall be remixed befeore placing. Each layer
in which concrete is placed shall be of such thickness that it can
be incorporated with the one previously laid. Concrete shall be us-
ed so scon after mixing that it can be rammed or puddled into place
as a plastic homogencus mass, Any which has set before placing shal
be rejected. When placing fresh concrete upon an old concrete sur-

face, the latter shall be cleaned of all dirt and scuu or laitance,
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and thoroughly wet., Noticeable voids or pockets discovered after
the forms are remobed shall be immediately filled with mortar
mixed in the samwe proportions as the mortar in the conerete., (For
horizontal jecinte in thin walls or én walls to sustain water pres-
sure or in other important locations, a joint of mortar in propor-
tions designated by the Engineer may be required, and no allowance
over and above the normal unit price shall be made to the con-
tractor for the material or labor used,)
13a Ordinary Surface,- Surfaces shall have no special
treatment further than care in placing the concrete to avoid
noticeable voids or stone pockets, Forms shall be weti(execept in
freezing weather) before placing the concrete against thew.
13b Exposed faces. Faces exposed to view shall be made
smooth by}thrusting a spade or chisel through the concrete slose
tc the form to force back the large stones and prevent stone "pock-
ets", The forms shall be greased with crude oil before placing the

conerete against them. On removal of the forms, surfaces shall

13¢. Mortar Surface. Moldings, cornices, and other orna--
ments requiring mortar surfaces, shall be formed by spreading
plastic mortar upon the interior of finely constructed molds, just
as concrete 1s being laid, No exterior plastering shall be permit-
ted.

14, Freezing Weather, No concrete except that laid in 1
laige imadses, or heavy walls having faces whose appearance is of
no importance, shall be exposed to frost until hard and dry. Matér-
ials employed im mass concrete in freezing weather shall eontain
noe frost, Surface shall be protected from frost. Portions of sur-

face concrete whigh shall have been frozen shall be removed before



layiﬁg frsh concrete upon them,

15, Forms., The lumber for the forms and the design of the
forms shall be adapted to the structure and to the kind of sur-
face required offi the concrete., For exposed surfaces the surface
next to the concrete shall be dressed. Forms shall be sufficient-
ly tight to prewent loss of cement cr mortar. They shall be thoroug
ly braced or tied together so that the pressure of the concrete,
or the mevement of men, machinery or materials, shall not throw
them out of place, Forms shall be left in place fintil, in the
Judgment of the engineer, the concrete has attained sufficient
strength to resist accidental thrusts and permanent strains which
may come upon it. Forus shall be thoroughly cleaned before be ing
used agaln,

16, General Requirments, Imperfect work or materials,
or work or materials which may become damaged from any cause before
its acceptance, shall be properly replaced to the satisfaction of

the Engineer,
Foremen employed by the contractor shall be sgkilled in

concrete mixing, and they shallreceive and obey orders from the
Enginecr,

No claims for extra work shall be allowed unless made in
writing previous to igs performance and signed by both parties or
their authorized representatives,

In case of disagreecment as to the meaning of the terms
of the contracts or as to the manner of its execution, one arbiter
ghall be appointed by each party within one week after notification
in writing by eitherparty, and in case these cannot agree, a third
arviteator shall be selected by these two, and the decision of the
majority of the arbitrators shall be final and binding on both

partieg -



83,
Proportioning cement,
From the fcllowing table it can be seen that the prohable
proportions for an areh should be 1:2 1/2:5,

Structure Nominal Port [Loose |Loose Authority
Propor+ |[land sand |stone
tiongee- |eu.ft cu.ft,
ment
bbl.
38010
New Brooklyn Bridge Piers 1 8.5 |19.5 |Asst. Engineer
Boston El. Ry. Column
Foundations 1:21/2:5 1 | 9.5 [19.1 |6. A. Kimball
HOYOCC&H.RCR.R. 1/
Footings 12437772 1 13,9 |26,2 W, J. Wilgus
Abutments 1:3:6 1 [12.,2 |283,7
Facing old masonry [:2:4 1 7.0 (14,0
Coping & Bridge seats] :1:2 1 345 7«1
COM.&SOP. m.
Piers and abutments 22135 1 7.8 |21.,4 W. A. Rogers
Culverts&Foundations 33271/2 1 10,5 |28,5
Or. R. RC &? Nav. co.
Abutments, piersiculv. :315 1 (11,0 (18,3 (W, H. Kennedy
Foundations&lightbldgll ¢3*/2:6 |1 2.8 |22.0
2417 1 (4,7 |25,7
C.4E.I.R.R. 1:2:5 1l 9.3 |26,7 |A. S. Markly
Northern Pacific R.R.
Foundations 13335 l1 11.2 |20,2 [E, H, McHenry
Abutments & Piers 12335 l1 1l1.2 20,2
C.,B.& Q.R.R. 12336 1 12,5 |22,5 [FPred Eilers
Mexican Central Ry. 13326 1 3.5 |27.0 [Lewis Kingman
N. Y. Subway
Roofs and sidewalls
noy over 18" thick [1:2:4 1l 7.2 14,4 N,Y,R.T.Com.,
Sidewalls or tunnel 1
arches 1:24/2:5 | 1 9.0 [18.0
Wet Foundations not
over 24" thick 1:2:4 1 7.2 [14.,4
Wet Foundaticns ex-
ceeding 24" thick [:2l/2:5 (1 | 9.0 [18.0
Boston Subway 1:21 /244 | 1 8,3 13,2 [H. A. Carson
Harvard University
Stadium g:3:6




Structure Nominal [Port Loose [Loose Authbrity
Propors |land [sand |gtone
tions |ce- |cu.ft.lcu.ft.
ment
bbl,
38011
Maine fortifications
Leveling for founda-
tions 125210 1 18,2 |36.5 [8. W. Roessler
Valls & masses not
exposed to fire [1:4:8 1 4,6 (29,2
Walls & masses expos-
ed to fire 1:3:6 i1 3l.0 22,0
Masses for greater .
imperviousness (131315 1 11.0 18,3
Little Falls
Mass Concrete 1337 1 11.4 26,6 W, B. Fuller
Tanks, Buildings etec.l:2:4 1 Te6 15,2
Duluth Ship Canl 1 [11.8 [23.8 [C. Coleman
Boonton, N. J. Dam [1:25/4:61/4 |1 0.5 [23.8 W. B, Fuller
Cenesee Dam { 337 1 11.4 36,8 [Geo, B. Rafter
mortar
Buffalo Breakwater 1 5.0 30,00 Emile Low
Pennsylvania Tunnel 21 /245 | 1 9.6 19,3 [Specifications
Fast Boston Tunnel 221/2:4 |1 | 7,7 12.4 [H. A. Carson.
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The following article from the Bngineering Digest 6; De Vesian
gives the up-todéte conception of the"building material of the future".
Reinforced Concrete: its applications to
Engineering constructions.

Definition of reinforced concretel Reinforeed concrete is a
combination of conerete and steel in which the steel takes the tension
stresses and the concrete the sompression, It may rightly be termed
a new material, conforming to laws of its own.

For instance, if a beam of concrete alone will extend 1/10
inch, a similar beam reinforced properly with steck will extend 1 in.
or ten times as much, without showing signs of cracking and ditress.
The more the steel can be subdivided throughout tﬁgn:ig: of the con-
crete the better; or, in other words, small round bars are preferabvle
to rolled sections of considerable area, By the suitable employment
of such bars the designer is enabled to secure monolithie ecnstruction
in which all parts are connected absolutely without joints, and the
reinforcement extends throughout the concrete, imparting the necessary
resistance to tensile and other stresses to individual members, and
by passing from one member to ancther the bars perforn a mest valuable
duty by helping to distribute the forces over @iiffrenet parts of the
strueture.

Durability of Reinforced Concrete.

The durability of conerete necd hardly be entercd upon af-
ter the experience we have had fr om olden times, Many old works give
us instances of the preeerving effects that good concrete has on ircon,

Sewer pipes with steel reinforcements have recently been
replaced on the Continent after 40 years of use, and the stecl was
found to be in good condition, As an instence, coming under the authoris

personal notice of the preservaticn of stecl when imbeded in good con-
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creté, the sase of some piles at Southamptlon may be usefullytﬁentioned.
As these plles were originally made too long, the tops were sawed off
and thrown upon the seashore, where they have remained for more than
eight years, being covercd and uncovered four times a day by the double
tides prevailing in Southampton water. Some of these stumps have been
examined by various eminent engineers, as well as by the author, and
in every case the ste:l was found to be perfect 1/4 inch only below
the surface, while the bars which had been protruding where they were
cut off were, of course, completely rotted away. Another very common
exam-le of the preservation of steel and iron by Portland cement is
furnished by old ships, whose bottoms have bLeen coated imnside with
cement when built, In such cases the plates have always been found in
a state of perfect preservation under this coating when feplaced in
after years offi gecount of corrosion from without.

Conerete Mixing.

The proper mixing of the concrete is of the greatest import-
ance, and as good concrete may be improved 100% in strength by thorough
mixing, it is referable to employ a mixing machine than to attempt
to do this work by hand., The machine is certain to deo it-all alike,
whereas no workman, however much locked after, can perform the opera-
tion so effectively. The concrete mixture should be Jjust plastic, and
must always be well rummed.

Fire Resistance,

Brick and coke concrete should not be used as aggreagtes in
reinforeced concrete, These materials make a concrete which is far towo
weak to withstand compressive and tensile stresses, and they make a
perous concrete, which exposges the metal to risk of corrcesion,

Numerous experimental tests and actual conflagrations have

demonstrated the security of reinforced concrete against the effects
o£ fire, '
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e A fire and water test was made on July 9, 1904, on'a re-
inforced conerete chamber 5ft. 8ins.long by 6ft. wide by 4ft. 4ins.
high, two of the walls being 4 ins, thick, the other twe 6ins, thiwk,
and covered by a flat roof 4 ins, thick, From the middle of the slab
projected a reinforced concrete beawm 4 ins, wide by € ins, deep, un-
supported at either end. The top of the chamber was lcaded with bricks
and stones to 356 1Bs, per sq. ft. over the whole area. Next tc one of
the 4 ins. walls an enclosure with 4 1/2 brick walls was built with
a windew and a doorway, and covered with a plain concrete rocf, The
object of this enclosure was to ascertain what increase of temperature
would take place in a room dividéd by a thin reinforced concrete wall
from another room in which a violent fire was raging,

At 11 a, m. on the day of the test a fire of wood and tar
barrels was lighted under the chamber, and kept buring for two and one
half hours, smoke and gases of cowmbustion escaping through two square
openings left near the roof, After this fire had been burning for some
time the temperature reached 1,500o Fahr,, but in the adjoining room
the temperature rose only 8° Fanr,

After two and a half hours jets of water were played upon
the outside and on the inside of the chamber, The concrete was then
cut into with cold chisels and found to be as hard as it was before
the test, The stability of the structure was not impaired in the least.

| In the great Baltimore fire in America a reinforced concrete
building with brick outer walle stood alone after the conflagration
had ceaged, and tests made on the flcors gave even better results
than when handed over originally to the e¢lient, The brick walls had
fallen to a great extent, but the reinforced concrete was intact and
uninjured,

Several similar instances giving equally good results have
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occured on the continemt.
fethod of Calculation,

Up to a certain point the calceulations necessary forithe
design of reinforced concrete are the same as those employed in the
case of all other structural materials., When the forces have been
gdetermined for all the members of any particular structure, the cross-
sectional area of the concrete may be made sufficient to resist the
compression stresses with or without the help of stéel.as a reinforce-
ment, and a proper proportion added of steel in tension areas., The
shearing forces ar: provided for by placing auxiliary reinforeement
in such a manner as to relieve the concrete from forces tending to
rupture it in vertical, horisontal or diagonal directions, and to
form a link between the compression and tension portions of the con-
struetion,

It is very easy to settle the cress-sectional area of cen-
crete for resisting compression in any nember, but when we come to
add stecl, whether for resisting compression or tension, difficulties
and complications =t onee arise from the fact that the modulis of
elasticity of concrete is variasble, The modulus of elasticity is fair-
ly constant for the type of stecl used in reinforced concrete, but the
the modulus cf elasticity of the concrete may vary from, say 500,0001bs,
per sq.in, to 4,000,000 lbs, per sq.in., according to the quality of
the cement, sand and aggregate, the pr0portioha of the mixture,the
marner 4fi whieh it is treated by the workmen, the amount of water used,
and the age of the materlal,

The trouble is further increased by the fact which has been
proved by the tests of many experimenters such as Prof. Bach and M.
Considere on the Centinent and Profs, Fatt and Talbot in America, that

that modulus cf elasticity of coneretc varies with the stress to which
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it is subjected, so altogether we have no less than six diff;fent causes
which nay affect the modulus of elasticity of concrete, To use werds
of an American author, Mr. A, W. Buel , concerning the numerous theor-
ies in existence," while some of these theories are deduced from a
few experiements, others are entirely theoretical, and none are fully
demonstrated to be absolutely true."

The allowable stresses taken by the author and his colleahues

are as follows: .
Steel in compression, 14,000 1lbs, per sq.in, 17,000 1lbs. per

8q.in,

Conerete in tension, nil,

Concrete in compression, 340 lbs., to 400 lbs, per sg.in.

Conerete in shear, nil.

Adhesion of concrete to steel, nil,

These stresse@s are far more conservative than thcese recom-
mended by most authorities, but bearing in mind the various causcs
which may operate in actual constructionnto reduce the theoretical
resistance of reinforced concrete, the author does not consider any
increasc would be desirable,

Relative economy of Reinforced concrete.

A few figures will show that the combination of steel with
concrete must be eccnomical if properly done., The cost of a cubic foot
of steel weighting, say, 490 lbs., at (42,50 per ton, is approximate-
ly $9.25, and the cost of a cubic foot of concrete at, say, {5 per
cubic yard, is $0,175. So volume for volume stecl costs fifty times
as much as concrete, The safe load of steel in compression may bve , say,
15,000 1bs. per eq.in,, and the safe load on concrete in compressicn
say, 500 1lbs, per sq.in., This means that for equal area steel will carry

thirty fimes as much as concrete, The safe load on steel in $ension.icn
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beiné%taken at 15, 000 1lbs, per sq.in,, and the safe tensiontan con-
erete being taken at, say, 50 1lbs., per sq.in., the result is that for
equal areas stecl will carry 300 times as much as concrete,

Thus we find that concrete in compression costs only30/50
or 315 as much as steel, while concrete in tension would cost 300750,
or six times as much as steel,

In reinforced concrete beams something must be put down for
the concrete in tension whose r sistance is not considered, but a
great deal of expensive labor is required for preparing steclwork for
use, and this costs more than the cheap labor which suffices for
dealing with the concrete and plain steel bars of which reinforced
concrete in composed.

Itwill be understood that the figurecs givem are intended
merely to dllustrate &n & rather rough and ready way the economic ad-
vantage of reinforced concrete over structural steel, The actual saving
to be effected in any givem case, depends very much upon the market
prices of materials and the locality in which the work is to be exe-
cuted. An emample is the casc of a highway erected last year over the
river Suir at Waterford, at a cost pf {40,000, compared with over
£100,000, the estimated cost of a stecl structure, as stated by the
enginecr, This 1s perhaps an exceptionally faverable case, but it shows
the possibilities of the new system of construction,

There is very little difference between the sost of timber
and reinforced concrete structures such as wharves, quays and jetties,
but the superior durability and stren th of reinforced concrete, and
the fact that it is immune fpom the attacks of déstructive seawcrus,
renders that matterial far cheaper in the long run, especially when
used for marine work, In London and other ceities, where the saving in

annual unkecp, charges for painting, etec., are most important factors
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in fazer of the use of reinforced ccncrete in such works as Uridges,
piers, ecte., local regulations demand that walls made of it shall be
as thick as ordinary brickwwalls; consequently there is no chance of
effecting a saving by its use.

Fortunately more reascnable counsels prevall in many parts
of the country, and railway companies, who are exempt from ordinary
building laws, have able to empleoy reinforced eoncrete with much ad-

vantage and ecdnomy in the erection of gtations, warehouses and other
. buildings. Governmentbdepartments being alse free from such restrigt-
ions, have been able to make a considerable saving by the adoption of
reinforeed conérete, as testified by the answers to recent questicns
in Parliament, when it was stated that the cost of reinforced concree
structures recently erected was approximately 207 cheaper than brick
construction,

Systems of Reinforced Conecrete.

There are in Great Britain several systems of reinforced
conerete, the best known being the Coignet arpored concrete, the Con-
side're spiialled and armored concrete, the expanded metal system of
steel and concrete, the indented steel bar system of reinforced con-
crete,the trussed concrete steel and the Wells.

The expanded metal system imported some years ago from the
United States has not becn develpped as a complete method ofconerete
construetion, although the special form of metalcmetwork made by the
company has becn largely used for reinforcing concrete floors, parti-
tions, walls, tanks, conduits, and various structural details, The
five gystems in guestion and the Hennebique system all possess distinc-
tive featurcs, but are alike in the respect that steel bars of differ-
ent forms are used with the objeet of reinforcing éoncrete against ten-

sile, compressive and shearing forces.
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Bridges.

Reinforced concrete girder bridges need not be discussed at
length, because their essential parts are main and secondary beums,
slabs, piers and walls designed on the principles already deseribed.
Still,'although, the design of the separate members may appear to be
a very simple thing, it is not by any means an easy task to satisfac-
torgly design a ¢ omplete bridge.

Reinforced concrete arch bridges represent a special class
of design, but when the lines of resul tant pressures and the stresses
in the arch ribs have been determined in the usual way, the bars and
stirrups reinforcing the concrete against tension, compression and
shear are arranged in the same general way that has alredgy been de-
scribed,

Piles.,

One of the most interesting uses of reinforced concrete is
for the construection of reinforced concrete piles. The fact that a
baulk of concrete 60 ft. to 70 ft. long with scme steecl rods in it can
be carried about like a piece of wood and driven through the hardest
strata is wonderful,

A 14 14 in, reinforced concrete pile will in p::ctice coni-
fortably carry 65 to 75 tons with a large factor of safty. Theuse of
these piles, therefore , becomes high.y economical, as their number
is necessarily far fewer than if timber wcre used, although foot for
foot piteh pine may be the cheaper material, @nless the length requir-
ed is very great. They are quite unaffected by sea water, are proof
against theattack of sea worms, and can be driven throughtharder ground
than any timber piles, That conerete is capable of standing great vi-

brations is proved by reinforced concrete piles, which have to stand

ebout as severe a test in this direction as it is possible to conceive.
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The author has known of piles receiving upwards of 10,000 bléﬁs frow
a 2-ton monkey with dacrage. The weight of the monkey used with rein-
forced concrete piles should not be less than two tons and shculd in-
crease with the weight of the pile. As reinforced concrete piles are
much heavier than timber, the blows of a light monkey would be ineffec-
tive for driving, and would tend to smash the head.
' Piles of this kind have been extensively used in the founda-
tions of bridges, wharves, quays, piers, Jjetties, reservoirs and build-
ings of all kinds.

Practical Construction.

Every reinforced concrete construction derives its value not
ohly from the proper distribution and quality of its component parts,
but also from the care which is exercised during its execution,

A good deal depends upon the desién,.conltruction and erect-
ion o8 the molds, centéring and shuttering. Contractors who take up
reinforced concrete work for the first must certainly be prepared to
face a considerable outlay inrtimber for molds and accessories, but
by ecareful attention to details they will be able to arrange matters
80 that the timeber may be used over and over again,

All molds, centering and shuttering must be of well seasoned
timber, not liable to shrink or twist when exposed to the wealler;
They must have close joints so as to prevent leaking, and be of suf-
ficient strength for supporting the weight of materials and the impact
of depositing and rerming the concrete without appreciable deflection.

Colurn molds should e made with one side open so that con-
crete can be deposited and rammed in layers not more than 2 ins.thick
and the open side gradually clcosed up as the layers are finished by
nailing board across. In molding columns the vertdcal bars are first

secured in position with the steel links threaded over them, tied up
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at a suitable height to leave a clear space for ranning. As the succes-
sive layers are deposited the links are leowered set by set, and so on
until the cclumns are findééhed, This insures all the concrete being of
uniform consistency, whereas in columns with vertical or other lateral
reinforcement which has to be fixed in place before the concrete is
deposited, the molds have to be formed with all sides fixed, and the
conerete poured in from the top and poked into place as well as pos-
sivle with leng rods. Besides the risk that pieces of wood, shavings
and other foreign'materiaia may be accidentally dropped inte the molds
without being noticed, there is always the possibility of voids, and
the consistency of the concrete varies, the tendency being for stones
to settle to the bottom and sand and cement to come tc the tep. The
The result way be that the actual strength of columns so mclded may
be far less than the strength contemplated by the designer. When clos-
cd molds of this kind are used an inspection hele at the foot should
be provided so that the foreman may see that no fgreign material is
present before concretion is started.

Beam models should be made so that the sides can be taken
of f before ghe bottoms are removed, so permitting air to get at the
concrete and assist the hardening process, ;

Molds and centering of all kinds must be adequately braced
and shpported to guard against movement in any directions.

Extreme caution must be observed in removing the molds and
centering. The supports must not be removed until it has been decided
by some qualified and duly authorized person that the concrete has
sufficiently set. Neglect of these precautions has been the cause of
several serious mishaps on the Continent and in America, and the author
fe ars that similar accidents will take place in this country if tco

much confidence is reposed in contractors lacking experience in re-
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infd}ced concrete work, cspecially if not responsible to theodesigner.

Another important thing is that no load of any kind should
be placed on green beams, deckings, or floors, but in excepticnal
cases where imperative to do sc the constructicn must be strongly prop-
ed up sc as to throw the whole weight on the temporary supports, so
that no fracticn of it shall be borne by the reinforced concrete.

All bars used Tor peinforcement must ﬁe frece from o0il and
paint, but if rusty the adhesion of the concrete will be better than
if the bvars were perfectly clean and bright. The reason is that the
oxid of iron combines chemieally with the conerete, forming a protec-
tive covering of ferrite of calcium,

No welds must be made in any of the bars, and most bending
should be done cold by the gradual application of force.

All the bars and stirrups must be laid and secured in the
correct positions shown by the working drawings., Particular attention
must be givem te see that the stirrups are in actual contact with the
main bars, '

When the reinforcement has been laid out and Tixed it should
be carefully inspected by a responsible person to make sure that the
intentions of the designer have been complied with in every respect.
Too much eare cannot be brought tec bear on this point,

Concrete must be depesited as soon as possible after mixing.
it is desirable that all concrete made shall be used up before suspend-
ing work, even for a short time. The balance of any batch not so used
should be thrown away. After it has once commenced to get, the con-
crete must be protected from shocks and viliration, which interfere

are
with proper setting. These points to which very particular attention

should be paid by someone in amthofity.

When the construction of beams, deckings or floors has to be
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‘intersupted before completion, the edges must be thoroughly %oughened
with a cutting toocl and thoroughly cleansed from all foreign matter
befcre work is resumed on it., Cement grout must then be poured on the
surface of the edge before the concreting operations are resumed, and
special care should be taken to ram freah concrete as hard as possible
on tb the old work., The proper place for stopping concreting should
always be decided by the reident engineer or some competent perscn.

Tresh concrete work shculd be freely watered for several
days and if this cannot be done it should be kept in a moist state.
This precaution is imperative when the work is exposed to heat.

The foregoing notes embody some of the chief points requir-
ing careful and constant attention on the part of resident engineers,
contractors and foremen, gnd they are sufficient to show that the
rough-and=ready- way in which mass concrete is treate! for ordinary

structural work cannot be followed with impunity in reinforced construc-

tion.
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