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Reinforced Conc re te Arch . 

Reinforced concre,!ie has be0n used f or only a f ev1 yea rs, 

but the law governing t 1e c Lb ination of concrete and steel, altlloueh 

m~_t a bsolutely fixed, is kn own with sufficient axactneas to per-

mi t t he design of nearly all classes of stuc ture with the a s suran ce 

- -en.ploying good mat erial s a nd f irs t cla ss superintendence- --of per

manent streng t h and J urabili ty . 

The conc r ete itself plays a s an i mportant a pa rt a s d oe s 

t he steel, anq. t he va riation in t h e streneth and elastic.ity of 

this ma t e rial under diffe r ent conditions h a s some times be en ov e r 

looked i n t he t heo re t ica l study of t he t h e combination of concre te 

a nd s t ee 1. Tlj i s hn,s led · to ap a ren t disc r epancies i n tests ma de in 

diffe r en t local i ti es, and has r e t a r ded the f onnul a tion of exa ct 

p rincipl e s and l aws of r e inf orced conc r ete. Th e qual ity of t he 

r e inf orced concre t e depends alrr;.ost e n ti r e ly on t h e ma te r ials of 

whi cb i t is compo s ecl --ceme n t , stee l, stone , s and , a nd vmte r. It 

depends to some ex t ent on t h e s u rrounding ~: conditions-- t empe rature 

and mo isture . Th e materi a ls a nd the co nditi ons wil l be d i scussed 

in the nex t f ew pa ·es . 

Cemen t . 

His t orica l Ske tch :- 'rh e cement industry da t e s f rom 1?56 , ·1he n John 

Srneaton, an English e nginee r, was try i ng t o build a lJgh t h ous e on 
ei 

some gn~ ss rocks, j ust off t he coast of Cornwall. It was simpl y 

ne ce s s i ty t h ti.t ma de h i rn look f or a mortar t ha t wt1.s better tha n l irJ1 e 

rr1orta r. Smeaton in 1 756 experime nted. s ome wi t h different k ind s oi' 

l i mesto e s and o. t l a s t f ou nd a ruo r tar t h a t would s e t unde r ~t~r . 

The l i rn e t ha t wa s f orm. d by burni ne; the limes tone ias real l;y ,_,ha t. 



2 . ., . 
vrn would cal l hydraulic lime . It is of t his material tbat t he Eddy-

stone ligh t hous e is built. 

Smeaton only used the layers of stone that would slake 

with water v1b en it had been burned, he neve r t hought about grind-

ing the stone before he used it. In 1 596 Joseph Pa rker took out a 

pa~ent for "Roma n Cement", this cement 11as made by burning argillo 

calcareous rock and then grinding t he r esultine product to a pow

de r. Th is cement we would no\7 call os endale cement. In 1810 Edgar 

Dolls obtained a papent fo r t he n~anufacture of an artif i cial Roman 

Cemen t by mi x ing carbonate of lime and clay in the proper proportions 

and then burning the mi x ture . In 1 81 3 Vica L began t he manuf acture 

of artificial hydraulic c ement i n France. 

Joseph Aspdin, a bric layer, gets the credit for invent

in ~ Portland Cement , he proposed th mix t he dus t of the roads with 

1 imestone itself comb ined with clay , and t hen bu rn a nci grdmd t he 

mi xyu.te. He did not likel y get what we would c 11 a Portland cement 

but simply a Roman cement, because he could not carry t he burning 

to the point of incipient vitrifaction, which is a ve ry irr..portant 

1)0 in t in the manufacture of portland cement. 

Aspdin erected a factory and supplied the cement f or the 

Thames Tunnel in 1 828 . Pottland cement for a v1h ile had to stay in 

the .background, un t il tTohn Grant in 18 5:; decided to use it in the 

co nstruc t ion of the London draina· e Canal. He published a pape r 

and in t bis paper e gave his reasons f or using Portland cemen t , 

and this pape r he r ead before the Society of Civil Engi nee rs; since 

that time it has been coming to t he f ront slowly . 

I n 1 85 ., t he German Portland cement came t o the front and 

it had been t he standa r d up to t he last f e : years, bu t no, t he Arri.

erican cement is r egarded as t he best. The Rermans were the f i r s t 
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to apply any science to the r.na.nuf acture of Portland cement, and it 

ms the Gennans that first recogni zed the importance of f ine grind

ine; . It is the hi story , statistics, and prospects of American cement 

industry that we are mos t interested in. 

The diseove:ry of natural-cement rock, like 1 ost other 

things was simply an accident. VVhen t he construction of t he Erie 

Canal was started lime mortar was going to be used; but in the mi d

dle of the Canal there was a limestone t hat would not slake after 

1 t had been burned , t he quarry from which the stone came was in 

Madison county. 

Canvass VJh i te, assistantc;engineer, who had been to Eng

land and examined the cements and mortars that were on publi c works 

was sent to examine the stone and see what was the trouble. On ac

count of h is previous experience he decided tha t the obstinate 

lime was r eal ly a hiQ"h g rade of natural cement. This cement was ex 

tensiv~ly used in the Canal during the years 1818-1 819 . 

~e have a contempo rary professional estin1ate of the ,value 

of this material, ~right, chief engineer, in a le t ter dated 1820, 

summarizes the facts regarding White's cement, stating that it "is 

found to be a superior water cement, and is used very successfully 

i n the stonework of the Erie Canal, and. believed to be equal to any 

of t he kind found in any other country . I t is pulverized(as it 

does not slake) and ·hen used by mixing two parts lime and one 

part sand. It hardens bes t under water, and it is believed its 

properties a re partially lost if penni t ted to dry suddenl y , or if 

not used soon after mi~ng." 

This cer:1ent cost ab out 20 cents per t ushel. Canvass VJhite 

t ook ou t a patent fo r t hi s cement , and for severa l years a contro

versy rae;ed a s to the t enabili ty of t he papent. At l ast this contra-
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vers,:l;.,......was settled by t he legislature of New York by buying t .ne patent 

from White for ~,10,000. 

The analysis of this cement was;-

SiOz- -- - -- - ---- ------~---------11. 766 

Al203--- -- ------ - ------ -- -- - ---- 2.733 

Fz03 --- - ----------- - - - ----- - - - - 1. 500 

CaO --- - - -- - - - ----------- - ----25.000 

MgO -- - -- - ----- ---------------17.833 

CO2 -- -- - - ---- ---- - - -- -- -- -- --39 . 333 

H~O -- ----- - -------- - ------ ----1, 500 
'---' 

Total--- ----- - - - - ------------ - ~Q.665 

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 dispo•its--the Rosendale region of 

eastern New York, is the third among the districts in point of 

a ge, it soon became f irst as a producer, and has ever since ~aintain

ed a high standard in both quality and quantity of its output. 

Since almost any clayey limestone rill give a natural 

cement on burning it can r ca,dily be seen that hardly a state v.rill 

be without limestones sufficiently clayey to be available f or nat

ural 1cement. Since Portland cement has taken such an important 

position it would be very hard to place a new· na turaln;cemen t on the 

market in cpmpetition with the other well-established brands of nat

ural cements. 

There bave been only a f evi1 new natural cemen t s established 

tha t have started up witbin the l a st few years, and t hese have all 

been under some peculiar circmnstances. The prospects f or the nat

ura l cement Il.ndustry do not l ook very engouraging, and it looks as 
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i:r---±t will be only a ma t ter of time until the Port land Ceqient 

drives the natural cement off the market. he production of matur

al cement has been at a standstill ever since 1890, but since 1 890 

t he amount of Portland cement rr:anufactured ha s increased 66 .69 

times, while the manufacture of natural cement has decreased 31%. 

Engineers brings two charges against natural cement. The faults 

are: (1) lack of strength as compared with Portland cement, and 

(2) lack of uniformity in both com~osit,on and strength. 

These charges are true in a way, but there are some bra.mds 

of natural cement that are as food as Portland cement. In regard 

to the first point an advoca te of naturalmcements could point out 

that there are three brands of natural c ements that are now reg

ularly advertised and sold as Portland cen1ents; that they have been 

tested for use in both state and Federal public ~arks, 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 could also be removed with out rais

ing the cost of manufacture to a profitless pclint. One reason why 

the Natural cement companies do not have a regular product is, be

cause they do not employ a chemist. There is only one natural cement 

plant that has a che _,ist, and that plant is:- Pembina Cement Co., 

of North Dakota. 

There i s no reason whay a po11rly ground cement should be 

placed in t he market, as economical fine-grindin machines a re ob

talnable and they would soon repay t heir first cost. The Portland 

cement industry was started in this country by Saylor in 187 • He 

fou.n4d that the cement they were making at Allentown, Pa., was very, 

goo4; but that sometimes the harder burned parts would show a strength 
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equal to that of any of the imported Portland cements, but in 

course of time that it would crumble. He overcame this difficul t y 

by mixing a certain amount of Rock 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 go od Portland cement . 

Saylor had a great deal of t rouble selline; his cer ent after it was 

made, as he could not sell it much lower t han t he 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 a.long the Miss issippi River. 

Drexel Building in Philiadelphia. Saylor's original plant turned 

out only 1700 barrels of Portland cement a year , since it s incep

tion however, it has rown steadily and nov has a great capacity 

of considerably over t his amount a day. 

Portland cement plants soon sprang up in other sta tes 

and now Portland cement 1s nade at a great many places. 

Classification;-

F' rom an engineering standpoin t , limes and cements may be 

class i f ied a s:-

Portland cement; Natural cement ; Puzzolan cement; Hydrau-

1 ic l:'1me;_QdCommon lime; 

Typicalanalysts of each of these are presented in the 

table on following page. 
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Typical Analyses of Cements. 

Portland cement a t u r a.l Cei:µents . 

i:,ehigh ~1estern American,_,,, , '·Jlis. French 
Valley (marl ~ Eastern f este oman aiicyi Glrapiers 

( ~U ,.ed clay) Rasenda.l ouis-
rock) ville 

Silica Si 62 21.31 121.93 18;.'.38 20.42 25.48 122.60 26.50 

Alumina. Al203 6.89 5. 98 
15.20( 

4.7 6 10.30 8.90 2.50 

Iron Oxid Fe2o3 2.53 2.35 3.40 (j 2.,. 5.30 1.50 

Calcium Oxid CaO 62.89 62. 92 35.84 46.64 44.54 62.69 63 .00 

Magnesian Oxid Mg 0 2.64 1.10 14.02 12.00 2.92 1.15 1.00 

Sulpkutic acid SC3 1.34 1.54 0. 93 2.57 2.61 3.25 0. 50 

Loss on I gnition 1.39 2.91 3.73 6.7 o 3.68 6.11 5.00 

Other constituents 0.7 5 11.46 3.74 1.46 

Common lime 
Puzeolan !Hydraulic Lime r agnesian Lime 

cement lime 
(Le Tiet) 

Silica Si Oz 28.95 21.70 1.03 1.12 

Alun,ina Al203 11.40 3.19 0.68 
1.27 

Iron Oxid Fe203 0.54 0.66 

Calcium Oxid Cao 50. 29 60.70 97.02 58;. l)l 

Magnesian Oxid Mg 0 2.96 0.85 0.68 39.69 

Sulphuric Acid S 03 1. 37 Q60 

Lose on Ignition 3 .39 12 .20 

Other constituents 0.30 0.10 

Portland cement is def ined by E. c. Echel of the U. S. Qeologica l 

Survey as follows:-"By the term Portland ce~ent is to be un erstood the 

material obtained by finely pulverizing clinker obtained by burning to semi-
. artH!iciaJ. 

fusion an intirnate/\mf x ture of finely ground calcareous and argilla ceous 



8 

materials, this mixture consisting approximately of three parts 

of lime carbonate to one pai· t of silica, a.lurnina and iron oxid." 

It is not nec,tessary to describe the other cements be

cause only Portland cement is used in first class work. 

Proportion of ingredients,-

Le Chatilier stated that the lime a.nd magnesia. in Port l and cement 

Ca.0/:MgO < 3 nor be less than a 
Si02+Al203 

These fonnulas represent chen ical 

equival ents and not weights. The best brands of Portland cement 

approach pretty closely to the above maximum formula, while one 

corresponding to t he minimum f'onnula would be so greatly over

clayed as to be practically useless. 

Specif'ia.ctions for Portland cement: 

Adopted May, 1903, by the American Railway Engineering and 

Maintenance of Way Association. 

Portland Cen ent. 

1. Def1nit1on.-Portland Cement 14 a product of the mix

ture of clay and lime-carbonate in definite proportions, calcinated. 

at a higb temperature, and reduced to a fine powder. 

2.- Packages.- Cement shall be pa.eked in well-made wood

en barrels lined with paper or in strong cotten or paper sacks. 

Each package shal l be plainly marked with the brand and nacr.e of 

the manufacturer,. and the net weights shall be exact and uniform. 

3. Weight .-One barrel shall contain not less than 3?6 

pounds of cement, and four sacks shall be equivalent in weight to 

one barrel. 

4. Condition.-All cement shall be delivered in sound pack 

a es, undamaged by moisture or other causes. 

5. Str,rage.- Cement must be stored until used in perfect-
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ly dry places in such 1:.,.armer as will insure it from all dan1a.ge. 

6. Rejection.- All cement failing to meet the requir

ments of the specifications may b rejected, and all rejected cemen 

whether damaged or rejected for other causes, shallbe removed at 

once from the company's property. 

7. Tests.- All cement subject to the following testsi 

(1) The selection of the samples for t esting, the murnber of pack

ages sampled, and the quantity taken frolli each package, must be lef 

to the descretion of the engineer, but ea.ch sample should be a 

fair averag e 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 shoul be sampled through a hole made 

in the center of one of the staves > midway between the heads, or 

in the head, by means of an auger or sainpling iron similar to 

that used by sugar inspe~tors. If in bags, it should be taken from 

surface to center. 

(3) All samples should be passed t h rough a sieve having twen

t y meshes to the linear inch in order to break up lumps and re~ove 

forei gn substances . For detennining the characteristics of a 

carload of cement the individual sampl =, a may be mixed and the 

average t ested; where time will permit, however, each sample will 

be tested separately. 

8. Fineaeas.- Not less than 94% of the cement tested 

shall pass through a No. 100 standard sieve. The standard sieves 

shall be circular, about 20 cm.(7.8 71nches) in diameter, 6 cm. 

(2.36 ins.) hi h, and provided with a pan 5 cm. (1.97 ins.) deep 

and a cover. The wire cloth in the sieve to be woven not twilled 

from brass wire having a diameter of 0.004-5 ins. This cloth to be 

mounted in the frame without distortion; the mesh should be regular 
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in spacing and for a No. 100 sieve shall contain not more than 

100 nor less than 96 meshes per linear inch . The cemen t to be test 

edJ shall be t h11roughly dried at a temperature of 100° C.( 212° Far) 

bef ore sieveing. 

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

minutes. 
{2) 

Final set shall not occur in less than one hour nor more 

than ten hours. 

( 3 ) The time of setting shall be determined by means of the 

Vi ca.t needle apparatus as recornrnended by the Commi tte e of the 

An1erican Society ot Civil Engineers upon unifonn tests of cement 

in conjunction with the 6orn:m 1 t t ee of In t ernational Association 

for testing Material s . 

{)4) Using a paste composed of neat cemen t and water, of normal 

consistency, t he ini tial set is aa.id to have commenced when the 

needle ceases to pass a point 5mm (0.20 in.) a bove 1 the upper sur

face of the glass plate in the Vicat apparatt s, and is said to have 

termina ted the moment the needle does not sink visibly into the 

mas c. 

( 5) The paste is of nonnal consistency when t he cylir1der of 

the Vicat apparatus penetrates to a point in the mas s 10 mm. 

{0. 39 in) below the top of t he ring. 

{6) The amount of water required tc make a paste of no rmaL, 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 f 700 Farrenheit. 

10. Soundness.- (1) A pat of neat cement 2 1/2 to 3 ins 

in diameter, 1/2 in. thick at cent er, tapering to a thin edge, and 

allo~ed to take its final s e t in moist air, must withstand indefi-
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nfte expoemre in water or air at any ordinary tempe rature with-

out checking distortion or softening . 

(2) A pat of neat cement as above, placed in water, .llb.ltch 

shall be raised slowly to t he boiling point and ther.. maintained 

in that condition for thre e hours and allowed to cool gradually 

shallnot show any signs of checking, distortion or softening. 

The same result should follow exposire to steazn not under pressure 

for three hours. This teat uay or may not be cause for rejection, 

at the option of the engineer in charge. 

11. Tensile Strength.- (1) The briquette used in jest

ing i~l be f ormed in moulds of the size and form now in custom

ary uoe and recommended by the American Society of Civil tEnginoo rs 

the stress to 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 manners The molds should be 

filled with the paste a.a soon a.a it is thoroughly lixed and tempe r 

ed, the material preaased in finnly with the fingers and smoothed 

off with a trowel with out rarnn ing; the material should be heaped 

up on the upper sutface of the mold, and in smoothing off the 

trowel should be drawn over the mold in such a manner as to exert 

a moderate pressure upon the itoeae " tet'ia.l! oThe 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 t wenty-four hours in moist air. 

(4) Briquettes for seven and t wenty-eight day tests shall be 

allowed to set one day in moist air and r011ainde r o:f period in 

water. 

( 5) All briquettes are to remain in the water until they are 
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place d in the testing ma.chine, except in the case of the twenty

four hour tests. 

(6) Neat twenty-four-hour tests shall not show less than 125 

pounds per aqua.re inch. Neat seven day tests shall not showw less 

than 400 pounds p~r IQ.us.re inch. Neat twenty-eight day tests shall 

not show less than 500 pounds per square inch, and should show at 

least 10% increase above the seven day test. 

12. Sand Test.- Owing to insufficient data, the CoI!lrnit

tee is not prepared to specify a sand test. 

13. Specific Gravity.- The specific gravity, determined 

upon dried cement which has passed through a No. 100 sieve, shall 

not be less 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 recommen ed by the Cammi tt ee on Unif onn Tests 

of cemen t s. 

14. Chemical.- Chemical anaJ.ys•s should show not more 

than 5% of magnesia, nor more than 1.7 5% of sulphuric a.nhydrid. 

15. Uniforn1ity.-I::f in the tests of any given brand of ce

ment a.ny sudden, irregular or wide variation fron1 its normal act

ion is found, it should be witheld from use until more ex tended 

tests ab.all have demonstzsted its reliability. 

Steel. 

Specifications for steel to be used in first class reinforeed 

concrete:-

1. Process of manufacture. Steel shall be made b y the 

open hearth process. 

2 . Chemical Properties. Steel shall conform to the follow 

in - limits in chemical ccraposition ; 
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 sball conf on~ to-·the 

f oHiowing physical qualities: 

4 . Tensil e Tests. Tensile strength in pounds per square 

inch shall be not less than 

Yield point in pounds per squar e inch shal l be not less 
t han52, 500 

Elongation per cent in eight inches shall be not less t han 10 

5 . For material less than five-sixteenths inch (5/16") 

and more t han three fourths inch (3/4")-in thickness the following 

modifica tions shall be ma.de in the requinnents for elong: tion: 

(a) For ea.ch increase of one eighth(l/8") in thickness above 

t hree fo~rths inch(3/4") a deduction of one percent (1%) shall 

be made from the specified elongation. 

(b) For ma terial from 1/4 inch to, but not includin~ 5/16 inch 

t hick the elongation shall be 8%. 

For material from 3/16 inch to, but not including 1/4 inch 

thick the elonga tion shall be 7%. 
For material from 1/8 inch to, but not including , :3/16inch 

thick the elongation shall be 6%. 
For material less than 1/8 inch thick the elonga tion shall 

be 5%. 

6 . Bendin5 Test. Test specimens for bending shall be bent 

cold around a diameter equal to their thickness to the follo•Ning 

angles with out fracture on the outside of' the bent portion . 

For specimens 1 inch thick ac0 

For specimens 1/2 inch thick 110° 

For specimens 3/16 inch t hick 140° 

For specimens 3/4 inch thick goo 

For specimens 1/4 inch t hick 130° 

For specimens 1/ 8 inch thick 160° 
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7. Test Pieces a.nd Methods of testing.- Where practica

ble the standard test specimen of eight-inch( 811 ) gaged length shall 

be used to determine t he physical properties specif ied in paragraph 

nurnbers 4 and 5. The standard shape for the tecst specimen for 

sheared plates shall be as shown by the following sketch; .. 

/J'i..' 

_l - , i.:----1r" _J 
For material f rom which it is i prcm:cticable to ob ta.in 

test specimens like those for sheared plates, the test specimen 

may be planed or turned parall el throughout its entire length , and 
' ' 

in cas2s where possible two opposite sides of the test specimen 

shall be rolled sur faces. Small rolled bars of uniform section 

shall be tested full size a.s rolled. 

8. All test specimens shall be cut from the finished 

material s as it comes from the r olls, unles s such r.aterial is ta 

be annealed, in \'1h ich case the test specimens will be taken after 

t he annealing process. In Base 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 

t hereof. 

9 . Wh.ere practicable the bending test specimen shq_ll be 

one and one half inches(l 1/2") wide and for material three quar

ters inch (3/4") and less in t h iekness, this specimen shall have 

the na tural rolled surface on two opposite sides . For material more 
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thc:i:n-'three quarters inch( 3/4") thiclj., the b'endin6 test specimen 

may be cut to one-half inch(l/2") thick. 

10. The bending t 2st may be ma.de by pressure or by blows. 

11. In case a test specimen developes fl aviTs or in case 

it breaks outside of the middle third of its gaged length , it may 

be discarded a.nd another test specimen substituted therefor. 

12. For the purpose of this specification, the yield 

point shall be determined by careful observation of the drop of the 

beam, or the halt in the gage, of the testing machine. 

13. In orde r to determine if the ma;erial conforms to the 

chemical limijtations prescribed in para.graph No. 2 herein, a.na.lysis 

shall be made of clean drillings ta.ken 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 s 1f

ficient cause f or rejection. 

15. Finish. Finished material must be fre e froro injurious 

seams, flaws, cracks, 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 

13?5°1tt a.nd 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 t hat the stone shall pass through a 2 inch or, more often, 

through a 2 1/2 inch ring. For ordinary mass concrete of wet consis 

tency the limit may be placed as high as 3 inches. In some cases 
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~-
howe ver, the stone must be small enough to pack readily around 

reinforcing metal, while in walls whose surface is to be picked 

or w~shed a better appearance will r esult with stones under one 

inch in diameter, although the strength of the concrete appears 

generally to increase with the size of the largest particl es of' 

stone i n the mixture. 

John kyle nearly doubled the strength of 1:2:6 concrete 

made ,,d th 1 1/2 inch stone b;y aubsti tu ting 4 parts of 3 t/2 inch 

stone for a like portion of the 1 1/2 inch. 

The ultimate strength of concrete is often limited by 

the tex ture or strength of the coarse aggregate. This is ev.ident

ly the case with cinder concrete .Experiments by G. W. Raf ~er 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 mor~r, and this diflscovery led t o 

the r e jection of t he latter as a material for concrete. If concrete 

is mixed is such proportions or by such methods t h ~t t he ultimate 

streng th is reached before the stones shea r, the strength of the 

particles of s tone is a much smaller factor in tbe result6 

Sand. 

The coarser·the sand the s tronger 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 volurnes of solid materials (cs) per unit volume 

of fresh mortar in proportions 1:3 (by weight). 

Fig. 4 . Compressive streng th in pounds per ijquare inch of l: 3 (by 

vrnigh t) Mortars with diff erent mixtures of sand, after 9 ,onths of 
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air and three months in sea water. 

Fig. 5. Compressive strength in pounds per square mtr i n mortars 

with various mixtures of sand, after one year in fresh water. Pro

portions 100 lb. Portland cement to 3.2 cu.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 lb. Portland cement to 3.2 cu.ft. mixed sand. 

"· 
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~- . F .... ~ 

D. 

Water .• 

The water should be free from a ,::: ids or alkalies. It 

should also be free from sal t . 
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Specif ications for ooncrete;-

1. Cement.- The cement shal l be first-class Portland ce

ment of reputable brand which shall confonn in a l l respects to t he 

cement specifications herewith annexed. The cement shall be stored 

in a building 1vhich will protect it from t he weather. The floor 

upon which the cenent is pla ced shall be at least six inches above 

the g round. It shall be stored so as to permit ea s y a cces s for in

s pection and indenti ication of each shipment. A suff icient quan

tity shall be kept on hand at all times so that the Enginee r 

may have opportu!lity and time to make tests sufficien t to dete rmine 

its quality. At least twelve days shall be allo~ed f or inspection 

and necessary tests. 

2. Sand.- The samd shall be clean and coaree, or a 

mix ture of coarse a.nd fine grains with coarse grains predominating . 

It shall be f r ee from clay, loam, sticks,organic matter, and other 

i m purities. 

3, Scr eenines.- Screenings or crusher dust from broken 

stones,-in which term is included all particles passing a 1/4" 

screen,-may,b,- slightly altering the proportions of the ingredients 

be substituted for t he whole or a portion of the s r. .. nd in such pro

portions as to g ive a dens e mixture a.nd the s arne relat i ve volumes 

of total aggregate. 

4. Gra.vel.-The g ravel shall be corposed of clean pebbl es 

f ree from sticks and other foreign ma t t er and containing no clay 

or ot 1er materials adhering to the pebbles in such quantity that 

i t aanno t be removed by lightly brushing with t he hand or dipping 

in wate r. It sha l l be screened to remove the sand, which shall af

~erfla rds be remeixed with it in t h e required proportions . 

5. Broken Stone.- The broken and crushed stone a hall 
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cons ist of hard and durable rock, such a s t rap, limeston e: , gr---a.ni t e 

or conglomerate. The dust shall be r em ved by a 1/4 inch s c reen , 

to be afterwards remixed, i f desired, with and used a s a part of 

the sand, ·except t hat of t he product of the crusher 1s delivered 

to the mixer so r egula rly that the amount of dust,. as detennined 

by frequently acre tming samples, is unif orn , the screening may be 

orruhtted a.nd the average pergentage of dust allowed for in measur-

ing the sand. 

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

a.lkalie·s. 

9. Hand Mixing . If the concrete is mi xed by hand, the 
cement and aggregate shall be mi ed a.nd the IMLter added on a 

tigh t platf onn large enough to provide space for t he partially si

multaneous mixing of t wo batches not more than one cubic ya rd each. 

The sand and cement shall be mi xed dry, being spread in t hin l ayers 

, until of a uniform color. Thia mixture may be spre. d upon the 

laye r of stone or t he stone shoveled upon it before adding t he ·t,ra

ter, or it may be made into a lortar bef ore spreading with t he stn 

s t ne. In the forme r method the ma terials shall be tu1ned at 

least three times, --in a.ddi tion to the mixing of the s rmd and ce

ment already mentioned, the wa.terbeing added. on t he first turning , -

and in addition to the shoveling from the platfonn to the place or 

to t he vehicle for transportation. In the l a tter method, tha t is, 

if the sa.nd ~nd cement are first made in t o a morta r, t he mass of 

morta r and stone shall be turned t wice. Whatever me t hod is employ

ed, the number of turniqs shall be suff icient to p roduce a result 

ing loose concrete of unifonn color and appearance , with t be s tones 

t horoughl y incoporated in t o t he morta r and t he consistency uniform 

t: . rough out . 

10. :Machine Mi x ing . - If t he concre t e is mi xed in a ma-
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chine ixer a machine shall be selected in§o 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 \later thoroughl y mixed and incorporated with 

the mortar. 

11. Consistency.- (a) A medium or qua.king mixture o• a 

tenacious, jelly-like consistency, which quakes on ramming, shall 

be used for ordinary , ass concrete work, such as foundat · ons, 

heavy walls, large arches, piers, and abutments. 

(b) Very wet or mushy concrete, so soft that it must be 

handled quickly or it will rum of f the shovel, shall be used for 

rubble concrete, and for reinforced concrete, such as thin build

ing walls, columns, doors, conduits, and ta.kns. 

(c) Dry concrete, of the conatstenci of damp earth, may be 

employed in dry looatiomenf.or mass :foundations, which must with

stand severe compressive strain within one month afte r placing , 

provided it is spread in 6-inch 1 yers and rammed until 1ater 

flushes to t he surface. Dry mixed concrete shall never be em ployed 

with steel reinforcement. 

12. Placin0 • Concrete shall be conveyed to pla ce in such 

a manner t hat t here &hall be no distinct separation of t he differ

ent ingredients, or, incases where such separation inadvertently 

occurs, the concre t e shall be r emi xed before pl cing. Each layer 

in which concrete is pl a ced shall be of such thickness that it can 

be incorpora ted wit:i t he one previously laid. Concrete shall be us

ed sc soo n after mixing tha t it can be rammed or puddled into pla ce 

as a plastic homogenous mass. Any which has set before placine shal 

be rejected . When pla cing fresh concrete upon an ol concrete sur

f a ce, the l atte r shall be cl eaned of al l dirt and sc · or laitance, 
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and ~thorou hly wet. l oticeable voids or pockets discover eel af t e r 

the forms are remobed shall be i mmediately filled with mortar 

mixed in the aatne proportions as the mortar in t he concre te . (For 

ho rizontal j oints in thin walls or in walls 170 sustain water pres

sure or in other i mportant locations, a joint of mortar in pro.1:1or

tions designated by the Engineer may be required, and no allowance 

over and above t he norrual unit price shall be made to t he con

tra tor for the material or l abor used .) 

13a Ordinary SuFfa ce.- Surf ces shall have no special 

trea tment f urther t han care in pla.cing the concrete to avoid 

noticeable voids or stone pockets. Forni.a shall be we t (except in 

freezing weather) before placing the concrete against them. 

13b Exposed faces. Faces exposed to view shall be made 

smooth by thrusting a spade or chisel through the concrete alose 

to the fonn to force back the lsrge stones and prevent stone "pock

ets", The forms shall be greased with crude oil before placing the 

concrete against the. On removal of the fo :rms, surfaces sha l l 

be- --------- - - --

13c. 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 is being laid. No exterior plastering shall be pennit

tcd. 

14, Freezing Weather. No concrete except t hat l a id in 1 

la~geima.8ses, or hea~J walls having faces whose appearance is of 

no importance, shall be exposed to f rost until ha rd and dry. Mat¢r

iala employed im mass concrete in freezing weather shall contd.n 

no f rost. Surface s hall be protected fro frost. Portions of sur

f a ce concrete •h~ch shall have been froz en shall be removed before 
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laying frsh concrete upon t hem. 

15 . Forms. The lumber for the forms and the desie of the 

forrns shall be adapted to the structure and to the kind of. sur

face required o~ the concrete. For exposed surfaces the surface 

nex t to the concrete shall be dressed. Fonns shall be sufficient

ly tight to prevent loss of cement or mortar. They shall be thoroug 

ly braced or tied together so t hat the pressure of the concrete, 

or t he movement of men, machinery or materi ls, shall not thro i 

them out of place. Fonns shall be left in pla ce mntil, in the 

judgment of the engineer, the concrete has attained suff icient 

strength to resist accidental thrusts and permanent strains v1hich 

may come upon it. Fonns shall be thoroughly cleaned before be cing 

used again. 

16. General Requirments. Imperfect work or materials, 

or work or materials which may become daraaged from any cause before 

its acceptance. shall be properly r eplaced to the satisfaction of 

the Engineer. 
Foremen employed by the contractor shall be skilled in 

concrete mixing, and they shallreceive and obey orders from the 

EngineGr. 

No claims for extra work shall be allowed unless made in 

writing _previous to iys performance and signed by both parties or 

t heir authorized r epresentatives. 

In case of disagreement as to the meaning of the tenns 

of the contracts or a s to the oanner of its execution, one arbit e r 

shall be appointed by each party within one wee . after notifica ti on 

in writing by eitherpa rty, and in case these cannot agree, a third 

a rbitfl'll:tor shall be s elected by t hese to, and t he decision of t he 

majorit of the arbitrators shall b e f ina l and binding on both 

pa rtie s. . 
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Proportioning cement. 

From t he following table it can be seen that the proaable 

proportions for an~archLs~auld be 1:2 1/2:5. 

Structure 

New Brooklyn Bridge Piers 

Boston El. Ry. Column 
Foundations 

N.Y.C. &H.R.R.R. 
Footings 
Abutments 
Facing old masonry 
Coping & Bridge seats 

C.M. &S.P.Ry. 
Piers and abutments 
Culverts&Foundations 

Or. R. R. & Nav. Co. 

Nominal Port oose 
Propor~ land sand 

tion ce- cu.ft 
ment 
bl. 

3801b 

Loose 
stone 
cu.ft. 

Authority 

1 8.5 1 9.5 Asst. Engineer 

14:71/2 : l 
1316 1 
:214 1 
:112 1 

9 .5 19.1 G. A. Kimball 

26.2 
23.7 
14.0 

7.1 

w. J. Wilgus 

7.8 21.4 W. A. Rogers 
0. 5 28.5 

Abutments,p1ers&9ulv. : 3f 5 1 
Foundations&ligh~bld : 3 /2:6 1 

:417 1 

1.0 18.3 W. H. Kennedy 
2 .8 22.0 
4.7 25 .7 

C. &E. I. R.R. 

Northern Pacific .R. 
Foundations 
Abutments & Piers 

C. ,B. & Q,.R.R. 

Mexican Central Ry. 

N. Y. Subway 
Roofs and sidewalks 
noj over 18" t h ick 
Sidewalls or t'lilnnel 

arches 
Wet Foundations not 

over 24" t hic 
ret Foundations ex

ceeding 24" thick 

Boston Subway 

Harvard University 
Stadium 

: 2 :5 1 

1 
1 

13 :6 1 

13 :G 1 

: 2 :4 1 

: 21/215 1 

: 21/ 2 :4 1 

: 3 : 6 

9 .3 26 .7 A. S. Markl y 

1. 2 20. 2 E. H. McHenry 
1. 2 20. 2 

2.5 22 . 5 Fred Eilers 

3 . 5 27.0 Lewis Kingman 

7.2 14.4 N.Y.R.T.Com. 

9 .0 18.0 

7.2 14. 4 

9 .0 18.0 

8 . 3 13 .2 H. A. Ca r son 
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Structure Nominal .Port Loose Loose Authority 
IPropor;t, land sand stone 

tions ce- cu.ft. cu.ft. 
ment 
bbl. 
3801b 

Maine fortifications 
Levelin for founda-

tions 1: 5 :10 l 18.2 36. 5 s. V. Roessler 
Vlalls 8. masses not 

exposed to fire 1:4:8 l 14.6 29 . 2 
Walls r masses expos-

ed to fire 1:3:6 l 11.o 22 .0 
Masses for greater 

imperviousness 1:3 : 5 1 11.0 18. 3 

Little Falls 
Mass Concrete 1:3 :7 l 11. 4 26.6 w. B. Fuller 
Tanks, Budlldinga etc. /11 2 :4 1 7.6 p . 2 

Duluth Ship Canl 1 11.8 23 .8 c. Coleman 

Boonton, N. J. Dam 1:23/4161/4 1 10. 5 23. 8 ~v. B. Fuller 

Genesee Darn L 33% 
mortar 1 11. 4 36 . 8 Geo. B. Raf t e r 

Buffalo Brealrna ter l 5.o 30.00 Emile Low 

Pennsylvania Tunnel 1:21/ 2 : 5 l 9 . 6 19 . 3 Specifications 

East Boston Tunnel 11:21/ 2 :4 l 7.7 12. 4 [H . A. Carson. 
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The following article from the En ineerin Difest by De Vesian 

gives the up-tod&te conception o~ t he"building material of the future". 

Reinforced Concrete: its ap lication · to 

Engineering constr~ctions. 

Definition of r einforced concrete i Reinforced concrete is a 

combination of concrete and s teel in \·hich t he steel takes the tension 

stresses and the concrete the eompresaion. It ay rightly be termed 

a nef material, onfonnin to 1 ws of its own. 

For instance , if a beam of concrete alon will e tend 1/10 

inch , a. similar beam reinforced properly with teek will ex t nd 1 in. 

or ten times as much, with u t showing signs of era.eking and ditrese. 
tension 

The n;.ore the steel can be subdivided throughout the area. of the con-

crete the better; or, in other word, small round bars are preferable 

to rolled sections of considerable area. By the suitable er:ployment 

of such bars t he de s i ·ner is enabl ed t o secur e mono l ithic c cns truction 

in whi ch a l l parts a re c nnected absolutely wi thout joints, and t he 

reinforcement ex tends throughout the concrete , in1parting the necessary 

resistance to tensil e and other stresses to individual me bers, and 

b y passing from one member to anot_ er the bars perform a most valuable 

duty by helpin to distribute the forces over dtiffrenet parts of t he 

structure. 

Durability of Reinforced Concrete. 

The durability of concrete need hardly be entered upon af

ter the experie ce we have had fr om olden times. Jfony old works give 

us instances of the preserving effects that .ood concrete has on iron. 

Sewer pipe s ith steel reinforce ents have recently been 

replaced on the Continen t after 40 years of use, and t he s t e el ~as 

found to be in good condition. As an in s t ance , co in under t he author. a 

personal no t ice of t:he prese r vati un of ste el when i mb eded in good con-
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cre t€;~ the ease of some piles t Southanp 'l. on may be useful ly mentioned. 

s these iles we re ori inally made too long, the tops were saw d off 

and thrown upon the seasho r e , where t e:r have r ema' ned for more than 

eigh t yea.rs, beinc cove r ed. and uncovered f our times a day by the do uble 

ti es prevailine in C?outharnpton water. Some of these stumps have been 

exarnined by various eminent engineers, a.a mll a s by the author, and 

in every case the s te e.l \', s found t o be l)erf ect 1/ 4 inch only below 

the surfa ce, while the bars which had been protruding where they were 

cut off rnre, of course, compl e tely rot t ed away . Another very common 

exam-le of the pr eservation of' steel and iron by Port- and cement is 

furnished l:w old ships, whose bottoms have t een coted inside with 

cement when built. In such cases t he l ates have al1a, s been found in 

a state of pe rfec t p r eservation under t his coating when r epl aced in 

after years oil ~ccount of cc,rrosion from wi thout . 

Concrete Mixine. 

The proper mi x ing of the concrete is of the reatest import

ance, and as good concrete ay be improve l©~ in strene;th by thorou h 

mixin , it i s ~ r efe r able to employ a mixing r! a.chine than to a. ttempt 

to do t h is work by hand . Th e machine is certain to do it ;·al l a.like, 

whereas no vmrh7nan, ho·,vever much looked a.:rte r , can perfonn t he opera

t ion so effectively. Tbe concrete mi xture should be just plastic , and 

must al -~ays be well rammed. 

Fire Resistance. 

rick and coke concrete should not be u ed as a _r ea- te ih 

reinf orced concre te . These materials nake a concre t e < ✓hie i s far tco 

wea' to 7iths tand compress ive and tensmle stresses, and tbey make a 

porous concrete , whicb exposes the metal to risk of corrosion. 

Numerous e« per irnen tal test s and actual conflagrations have 

demonstrated the s ecurity of r einforced concrete a a i ns t the ef fec ts 
of fi re. 
r.-f' 



A flLre and 'll ate r t est was made on July 9 , 190 4 , on 'a· re

inforced concrete cham1:ier 5ft. Sins.lone; by 6ft. wide by 4ft. 4ins. 

higb , two of the walls being 4 ins. thick , the other two 6ins. thivk, 

and covered by a flat roof 4 ins. th i ck. From t he middle of the slab 

projec:ted a reinforced concrete beam 4 ins. wide by 6 ins. de ep, un

s upported at either end. The top of the chamber was loaded ~ i th b ricks 

and stones to 336 lls. per sq. ft. over the whole area. Next t o one of 

the ins. ~alls an enclosure with 4 1/2 brick walls was bull t vd th 

a vdndow and a doorway, and covered with a I>lain concrete roof. The 

object of this enclosure was to scerta.i. n what increase of temperatur e 

would take place in a rool:l' dividtd by a thin reinforced concrete wall 

from ano the r room in which a violent fire ·-nas raging . 

At 11 a. m. on the day of t he test a fire of wood and tar 

barrels ,,as light d under the chamber, and kept burin5 for two and one 

half hours, smoke and gases of combustion escaping through two square 

openings left near the roof. After this fire had been burning for some 

time the ter era.ture reached 1, 500° Fahr., but in the adjoining room 

the temperature rose only s° Fa.hr. 

After t wo and a half hours jets of water ere played upon 

the outside and on the inside of the char!lber. The concrete was then 

cut into with cold chisels and found to be a s hard as it wa s before 

the t est. The stability of the structure was not impaired in the least. 

In the ereat Baltimore fire in America a reinforced concrete 

buildine; with brick outer walls stood alone after the confla0 rati on 

ad ceased, and tests made on the fl oors ga:ve even better results 

than 1hen handed over orieinally to the elient. The brick walls had 

fallen to a great extent, but the reinforced concrete was intact and 

uninjured. 

Several similar instances eivin equally good results have 
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occu ~don t e continett. 

Hethod of Calculation. 

Up to a CS:-!rtain point t b e calculations necessary fort the 

design of reinforced concrete are the same as those employed in the 

ca s e of all othe r structural materials. When the f orces have been 

(tetermined f or all t he memb e rs of any part l cular structure , the c ross

sect i onal area of the concrete mi:ty be made suffici ent to resist the 

compression stres es with or without the help of eteBI •.,ae 1... a. , -rretnforce

ment, and a proper proportion added of steel in tension a reas. The 

shearin forces a r ~ provid.ed f or by pla cing auxiliary.,-reinforoament 

in such a manner a s to relieve the concrete from forces t ending to 

rupture it in vertical, horizontal or diagonal aireotions, a nd to 

fonn a link between the compression and tension portions of the con

struction. 

It is ve ry easy to settle the cress-sectional area of cen

crete fo1· resisting compression in any member, but ,hen ,:,e come to 

add steel, v:hether for resisting compression or t ension, iff icul ties 

and complications a t onee arise f rom t h e fact that the modulis of 

ela sticity of concrete is variable. The modulus of elas ticity is fair

ly cons t a nt 'or the type of steel used in reinf orced concre te, but the 

the modulus of elas tic! ty of the concrete mc1.y va ry from, say 500, OOOlbs. 

per sq.in. to 4 ,000,000 lbs. per sq.in.,, according to the quality of 

the cement, sand. and aggregate, the proportions of the mixture,the 

manner c1lfl hichi:_ it is treate d by th e wort.men, the amount f •uater used, 

and the age of t he n'ate r i a l. 

The tro ble is furJ:,her increased by the fact which has be_.n 

proved by the tests of 1 ,any e ... perimenters such as Prof. Bach and M. 

Considere on the Continent and Profs. Ra t t and Ta lbot in Ameri ca, t hat 

that modulus of elas ticity of concrett.:! varies with the stress to which 
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it is subjected , so al together rn have no les s than six diffe rent causes 

which r1-ay a f fect the modulus of ela.stici ty of concrete . To use 1nords 

o~ an ArLerican author, ir. A. VI . Buel , conce rning the numerous theor

ies in existence," whil e some of these theories are deduced from a 

few experiements, others are entirely theoretic 1, and none a.re fully 

demonstrat ed to be absolutely true." 

The allowable stresses ta.ken by the author and his colleahues 

are as fol l ows: 

sq.in. 

Steel in compress ion, 14 ,000 lbs. per sq.in. 17,000 lbs. per 

Concrete in tension, nil. 

Concrete in conpression, 340 lbs. to 400 lbs •. pt'.:r sq. in. 

Concrete in shear, nil. 

Adhesion of concrete to steel, nil. 

These stresses are far mere co nservative than t h ese r ecom

mended by moat authorities, but bearing in mind the various causes 

which may operate in actual conatructtonnto reduce the theoretical 

resistance of reinforced concrete, the author does not con., ider any 

increase would be desirable. 

Relative economy of Reinforced concrete. 

A fe :figures will show that the ·ombination of steel with 

concrete must be economical if properly done • . The cost of a cubic foot 

of steel weighting , say, 490 lbs.,. at t,.42. 50 per ton, is approximate

ly ~.g . 25, and the cost of' a cubic foot of concrete at, say, t5 per 

cubic yard, is ~0.17 5. So volume for volume steel costs fi f ty tin,es 

as auch a s concrete . The safe load ot steel in compression may be, say , 

15, 00 lbs. per sq.in., and the safe load on concrete in co pression 

say , 500 lbs. er s q.in. This mean:::-; th t f or equal area steel will carry 

thirty times as much as concrete. The safe load on ste 1 in tensi9Dui. cn 
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crete being taken at, s~y, 50 lbs. per sq.in., the r esult is that for 

equal areas steel will carry 300 times as much as concrete. 

Thus we find that concre t e in· comp r ession costs only30/50 

or 315 as nuch a s steel, while concrete in tension would cost 300f50, 

or six t imes a s much as steel. 

In reinforced concrete beams something must be put down for 

the concrete in t ension whose r ,, s istance is not considered, but a 

great deal of expensive labor is required for preparin _ steel wor . for 

use, a.nd this costs more than the cheap labor which suffices for 

dealing with the concrete and plain steel ·. bu.rs of which reinforced 

concrete in com osed. 

Itwill be understood t hat the figures givem are intended 

merely to illustrate in a 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 mat erials and the locality in which the work is to be exe

cuted. An emample is the casG of a high ay e rected last year over the 

ri,.,.er Suir at /aterford, at a cost pf ~·40,000, compared vii th over 

~100,000, the estimated cost of a steel structure, as stated by the 

engine r. This is perh -.pa an exceptionally favorabl e case, bu t it sho 'IS 

the pos s i bilities of the ne\'J system of construction. 

There is very li t tle difference between the eost of timber 

and reinforced concrete structures such as wharves,. quays a.nd jettieo, 

but t he superior durability and stren~th of reinforced concrete, and 

t he fact that it is immune fC"Om1tt he attacks of d•structive seawon:ns, 

r enders that matt erial f a r cheaper in the long r u.n, especially when 

used for marin\j work . In London and other cities, ,he r e the saving i n 

a : ua l unke,:p, cha rges f or painting , etc., are most in1pc,rtant factors 
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in fa¥or of the use of r einf orced ccncrete in such works as bridges, 

piers, etc., local regulations demand that walls made of it she-.11 be 

as t h i ck as ordinary bricl -~.walls; consequently there is no chance of 

effeetine; a sav.ing by its use. 

Fortuna t ely more reasonable counsels prevail in many parts 

of the country, a.nd ra.il ,ay companies, who "' re e:;, empt from ordinary 

building laws, have able .~o employ r ei nforced concrete with much ad

vantage and economy in the erection of stations, warehouses and other 

buildings. Govermnentbdepartrri ents being - lso free f rom such restrili!t

ions, have been able to make a conside·rable savi e by the adop t ion of 

reinf orced concrete , a s testified by he answers to recen t uest ions 

in Pa rliament, . hen it 1as st t ed t hg,t t he cost of reinf orced concre-e 

s t ructures recently erected ms approx imatel y 20%. cheaper t ha n bricl 

construction, 

Systems of Reinforced Concrete . 

There ,are in Great Britain several systems of reinforced 

concrete, the best known being t he Coienet arrµored concrete, the Con

side're apttalled and annored concrete, the expanded metal system of 

steel and concrete, the indented steel bar sys tem of reinforced con

crete, the trussed concre,te steel and the Wells. 

The expanded metal system imported some years a go from the 

United States has not been develpped a s a complete method ofconcrete 

construction, al thougg the special form of JD.et.al:-unetwork made by the 

company- has been largely used for reinforcine; concrete floors, parti

tions, walls, tanks, conduits, and va rious structural details. The 

five systems in queotion and the Hennebique system all possess distinc

tive featurs s, but are alike in the respect tha t steel b rs of differ

ent fon:ns a re used with the object of r oinforcine concre te a .ainst ten

sile, compressive and shearing f orces. 
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BriJ.ges. 

Reinforced concrete girder bridges need not be discussed at 

length , beca use t heir esse ·tial parts are ma.in and secondary berms, 

slabs, piers a.nd walls designed on the principles already deseribed . 

Still, although, the design of the separate members may appear to be 

a ver~r simple t ing, it is not by a.ny means an easy task to satisfac 

torjly design a complete bridge. 

Reinforced concrete arch bridges repres ent a special class 

of design, but when the lines of resultant pres.sures and t he stresses 

in t .he arch ribs have been determined in the usual ay , the bars and 

stirrups rein:forcin6 the concrete against tension, compression and 

shear a re arranged in the sarne 6 eneral way tha t ha.s al reagy been d e

scribed. 

Piles. 

One of t he most intiresting uses of r einforced concrete is 

for the construction of reinforced concrete piles . The f a.ct that a 

baulk of concrete 60 ft. to 70 ft. long with some steel rods in it can 

be carried about lik e a piece of mod and driven through the ha r · est 

strata is wonderful . 

A 14 14 in. reinforced concrete pile ~ ill in .P~ctice com

fortably carry 65 to 75 tons with a large f actor of sa.f'ty. Theuse of 

these pj:,les, therefore, becomes highl y economical, as their number 

is necessarily far fe~er tha n if timber wore used, although foot for 

foot pitch pine may be the cheaper material, anles .s the length requir

ed is very great. Tt ey are quite unaffected b~ sea water, are proof 

aeainst t heattack of sea 1onns, and can be driven thZ"Oyght ha~er ground 

than any timber piles. That concrete is capa.ble of standing great vi

brations is proved by r einforced concrete piles, whi ch have to stand 

about as severe a test in t h is direction as it is possibl e to conceive. 
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The autbor has known of pil es receiving upwards of 10, 000 blows from 

a 2-ton monkey v.ri th d&r.age. The weie,ht of the monkey used with rein

forced concrete piles should not be l ess than two tons and should in

crease with the weight of the pile. As reinforced concrete piles are 

much heavier than timber, the blo\·1s of a light monkey would be ineffec~ 

tive for driving, and would tend to smash the head. 

Piles of this kind have been ex tensively used in t he f uunda 

tions of bridges , wharves, quays, piers, j e tties, reservoirs and build

ings of all kinds. 

Practical Construction. 

Every reinforced concrete construction derives its value not 

only from the proper distribution and quality of its component parts, 

but also from the ca.re which is exercised during its execution. 

A good deal depends upon the desie;n, . constn: ction and erect

ion ot the molds, centering and shuttering. Contractors who take up 

reinforced concrete "vvork for t he first must certainly be prepared t o 

face a considerable outlay tn r timber for molds and accessories, but 

by caref ul attention to details they will be able to arrange mat t ers 

so t hat the t imeber may be used o.ver and ove r a-, ain. 

All molds, centerine and shuttering must be of well seasoned 

timber, not l i able to sh rink or twist when exposed to t he weaV,e r; 

They must have close joints so as to pr event leakint , and be of suf

fi cient strength for supporting the weight of materials and the impact 

of depositing and rrur:rning the concrete without appreciable deflection. 

Column molds should be made with one side open so t hat con

crete can be deposited and r arrmed in layers not more t han 2 ins. thick 

and the open side gradually cl osed up as the layers are f inished by 

nail ing board acroso. In molding col1mna the vert!lca.l bars are first 

secured in position with t he steel links threaded over t r.em, tied up 
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at a suitable height to leave a cl ear s pace f or ra1,. c. i n • As t e succes

sive l ayers a re deposited the links a r e lm7ered s et b•r set, and so on 

until the columns are f iniihed. his insures all t he concre t e being of 

uniform consi s tency , whereas in columns with verti cal or other l a t e ral 

r einforcement wbich has to be f i x ed in place before the concre te is 

deposited, the molds have to be fo n ed with a ll sides f i ed, and the 

concre t e poured i n from the top and poked into place as well as pos

sible with long rods. Besides the risk t ha t pieces of wood, shav i nes 

and other foreign materials may be a ccidentally dropped into t he molds 

without bei ne not iced , t he re is a l wavrs the possibility of voids , and 

the consistency of t he concrete varies, t he t endency being for stones 

to s e i.,tle to t he bottom and sand and cerr.ent to come t o the top. The 

The result may be tha t t he actua l strength ot columns so molded may 

b e far le s s than the strength contemplated by the designer. When clos

ed molds of t his klnd are used an inspection hole at t he f oot should 

be provided so t hat the f oreman may see t hat no foreign rra teria l i s 

pr esent bef ore concretion i s sta rted. 

Beam models should be ma.de so t hat t he sides ca i be taken 

off before 1the bottoms are removed, so pennittine; air to get at the 

concrete and assist the hardening process. 

Molds and centering of all kinds must be. adequately braced 

and s tpported to guar d against movement in afuy direction~. 

Extreme caution must be observed in removin the molds and 

cen,te~ing. The supports must not be removed until it has been decided 

by some qualified and duly authorized person tha t the concrete has 

suff iciently set. Neglect of these precautions has been the cause of 

several serious mishaps on the Continent and in America, and t he author 

fears that similar accidents will take place in t h is country if t oo 

much conf i dence is r eposed in con t ractors lackine; experience in re-
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inforced concrete work , especial ly if not r esponsibl e to the designer. 

Another important t h ing is t hat no load of any kind should 

be placed on green beams, deckings, or floors, but in exceptional 

cases where imperative to do so the construction must be strongly prop

ed up so as to throw the whole weight on t he temporary supports, so 

t hat no frac t i on of it shall be boime by the reinforced concre te . 

All bars used f or reinforcement must be fr8e fror,L oil and 

paint, but if rusty the adhesion of the concrete will be bett e r than 

if t he bars were perfectly clean and bright. The r eason is that t he 

oxid of iron comb ines chemically with the concrete, forming a protec

tive covering of ferrite of calcium. 

No wel ds must be made in a ny of t he bars, and ipo s t 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. Pa rt i cul · r attention 

must be give~ to see that the stirrups are in actual contact with t he 

mai n bars. 

When the reinforcement has been laid out and f i xed it should 

be carefully inspected by a responsible person to make sure t hat the 

int entions of the designer have been complied with in every respect. 

Too much ca:re:- cannot be brought to beiar on t ~_is point. 

Concre te must be deposited as soo n as possible after mixing. 

It is desirable t hat a ll concrete made shall be used up bef ore suspend

ine work , even for a short time. The balance of any ba tch not so used 

should he t hrovm away. After it has once oornmenoed .. mo ,..:; aet, the con

crete mus t be protected from shocks and vi11ration, ',:Jhi ch interfere 
are 

with prope r se.tting. These points to which very particular a ttention 
L, 

shoul d oe paid by- someone in a111thority . 

When the construction of beams, deckin .s or f loors has to be 
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1 inte .t-.cupted before compl etion, the edges must be t h oroue;hly ro ughened 

with a cuttin · tool and thoroughly cl eansed f rom al l foreign matte r 

bef c. r e work i s r esumed on it. Cement grout must t hen be poured on t he 

surfa ce of the edge before t he concreting opera. tions are r es umed, and 

spe cial ca r e sh uld be taken to rar1t f resh concrete a s hard a s pos s ibl e 

on t b the old wo r k . The proper place for stopping concreting should 

always be de cided by the reident engineer or some compe t ent person. 

Fresh concre te work shculd be freely watered for seve r a l 

days and if t his cannot b e done it should be kept in a moist sta t e . 

This pre cau t ion is imperative when the work is exposed to hea t . 

The foregoing notes embody some of the ch ief poin t s r eq_uir

ing careful and cons tant a ttention on the _part of r e sident engi nee rs, 

cont rac t ors and f or men, 4nd t hey are sufficient to show th.:1. t t he 

rough-and!Tread~r- way in which mass concrete is trea te,l for ordinary 

structura l vork cannot be followed with impunity in reinforced construe-

tion . 
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