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Sarly Drainage Systems

PRIMITIVE DISPOSAL — Sewerage as we know it — a system of pipes 

and other conduits, appurtenances, ana «orks for the collection,

tr© jiwuQnt | Or dis^tjosil Of 8«!V.*i£,tj — -A^ i'o i ati Vej.^ i;A. : yuo lijto-

tory of man's orosrass, for it was essentially >roduct of the 

nineteenth century. Disposal pipes had been used long befor© the 

nineteenth century, of course, "but such instances ware rare and

had little effect on the progress of sanitary engine erin^* One
1 

early example of planned sanitation has been revealed by the ex­

cavations at tiie city of ££ohenjodaro f located on the west bank of 

the Indus River. Her® bathrooms, believed to be over 5000 years 

old, ftere provided wita latrines occupying recesses in the walls. 

Vertical pipes led the effluent from tue latrines to drains uriaor- 

neath tbe bouse f7^^rs; v*ater chutes «iere cut in tbe outer walls 

of tbe houses and a larg© sewer ^as cut along the street to carry

away drainage. Dr. Haltoherr, Director of the Italian Archaeolog-
2 

ical Mission to Crate, noted that tue hygienic appliances were

also good «t Knossos. H® found elauyr^te draiuag© v,ith lavator­ 

ies and traps, and * main drain 3 feet high coated with cement.

A much more usual method of disposal in early times, how­ 

ever, *as indicated in Deuteronomy (xxiii 18, 13), which advised 

ta*t all excreta shall ue covered with earth, following the in­ 

stinct of .u^iy «.^imals. "^ien men coi4ti*n wfci«iu»u in ^wttlarnents, 

special disposal places were set aside — as indicated by the ,nid- 

den heaps which have been discovered near aboriginal village;;* 

Later on, trenches were du^ for human excreta, and,
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civilization advanced, the addition of cooking and washing w

brought about tae creation of large pits At isolated spots. In 

time these w/ere covered over, partly to keep out the rain, anu 

p*rtly _:et tae aess out of si^ut. The next step was to line 

ttie cesspool aitu brick, arch it over, and then connect it to 

the houses by brick or flagstone drains. AS a rule, no cement 

ui*s used in tae construction, for then the suw^^e woulu slowly 

seep into tae ground narking the emptying of cesspools in crouaecl 

districts less frequent.

CLOACA MAXlM,v -- ^urprisitifc, ^a it m<&y soem to ru^u^ ^ 

the oriyin.il severs did not carry bousebold wastes «*t all , but 

uere designed simply to take away surface and ground *ters. 

Indoo-j, it was a penal offense until 1815 to discharge domestic 

sewage into tae London severs, ana a biruilicr oruinance reia*in«d 

in effect in Paris for several years more. Probablj --e most

famous of all the ancient sewerage systems HAS that of Borne, *t-
3 

tributed by Llvy (59 BC - AD 17 ) to Lucius Tarquinius ;*riscus

(616-526 J3C) and to Lucius Tarquinius Superbus (5ii4-&lO iiC). Of 

tae former Livy stated, n —— u» -i«^iied tiie lovaest parts of tue 

city about the Forum, and tae other valleys between the kills, 

aaick v*ere too flat to carry off the flood waters easily, by 

means of sewers so made as to slope down toward the Tiber. * In 

speaking of the letter Livy no tea, "I :ue*in tae erection of seats 

in the circus, and tae construction underground of the Gre*t 

Sewer, «s ** receptacle for all the offscourings of th© City — tv<o 

works for v*hich tae new splendor of taese days has scarcely been 

able to produce a match." Pliny CAD 23-79) -Iso remarked on the

sewers of Rome, stating that seven rivers were made by artificial 
channels to flow beneath the city and adding, *It is said that 
Tarquinius made these sewers of dimensions sufficiently large to
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with hay passing among them."

The Cloaca Maxima, or Great Sewer, has survived to this aay,

although the oldest part of the present structure is pro~.ii/ly no
b 

than the taira century }&;, Originally the sewer was con-

structed of large blocks of /dbano stone, called pepperino, laid 

in an arch of three rin£:s of vouseoirs, measuring 14 feat in di­ 

ameter and 32 feet in height. Its path was made crooked, no 

doubt following the line of the original stream; ana, auri..^ t'.ie 

Empire, many repairs v^re oifected, resulting in a concrete roof 

in some places, this giant sewer w^s, however, no larger than 

another discovered in 174S, >vUich passed under the Comitium and 

Forura M40 jalms* below the present surface. Smaller cloacae 

honeycombed the Imperial city, tae street openings to thorn ren­ 

dering a walk alon^ « dark unlighted street something of an ad­ 

venture. Though some household wastes undoubtedly found their 

way into this system, it remained, first and foremost, a gigantic 

drainage net to convey surface waters to the river*

M3DI3VAL wUTLSS   Largely as the result of his investigations

at .dndsor, Fbbert Rawlinson in his "Report on the General Reg-
7 

ulations of Sanitary 'Xorks at tfincisor Castle" (1863) traced the

development of sanitary if sanitary they could be calleu fa­ 

cilities in old castles of ,at»uieval x^in. He found that in 

tae earliest- clays of the castle the floors were of mud, covered 

with reeds and litter; externally there vyere heaps of ordure 

and refuse, but neither sewers nor cesspools «ere present. 

vVhen chamber floors were wdued, square stacks or vertical open­ 

ings «*ere formed in external v»*lls to serve ^^ privies, h

fit* rn,,r, .-nwars" taese conveniences aere louvred at
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each floor to sorve as a protection against trie splashin^s of ex-

crerneui uurowzj ouu 01 noors ,,^,v^. In sozao castles crude severs 

were installed, bein^; of square construction with rubble side 

vsialls, uneven in line and gradient. These conduits led from in­ 

ternal rooms to the external walls vibe re they v<#re usually ter­ 

minated • Tiie obnoxious accumulation just outside the walls 

eventually urou^at auout tae cousi.ruei.ion of opon ce&upi*bs a«u 

then covered cesspools.

Also belonging to the s^rne period was the *necess*riusi rt or 

^redortor* (meaning behind tae dormitory or dorter), A fe&tur© 

common to most medieval monasteries. Generally, this cu^rnoer 

Mas built airectly over a flowing strw^m, <u practice »«^icu prob­ 

ably inspired the invention of the iiiat^r closet. Apparently 

the first to virita about ta<a water closet was the Elizabethan 

courtier, Sir John Harin&ton, vihose treatise entitled "A New 

Discourse upon v, utalu ^ubjecu U^IJLOU uu® ^o^aiaorpuosis oi A 

received scant attention ,i.t the time.

;3C — Jarly -juropean cities at first con­ 

structed irregular gutters leading to natural watercourses, with 

th® sole object of cle*rin^ the streets of rain watar. .j^^ur- 

ally, the refuse .«hich cl uttered the streets it us soon v^oaed into 

these w*tercoursas and deposition «nd putrefaction followeu* AS 

e«,rly &s 1290 the ^'hitefriars Monks complained that the stench 

from the Fleet ^iver, into >mich drainage from tae City of Lon­ 

don ran, ,t,.-.& &u u^a w^itAw "it even uu^tiiiioneu ^u« u^«;uu 01 aorae 

of the brathron". Covering the offending stream was the usual 

rnetUou of attack it tae stream .«r*.... ..all enough. By 1637 the

Fleet, north of Hoiborn Bridge, was arched over: by 1765 the



river-~tuen an open sevyer--v»as entirely covered, as far as Fleet
3 

Bridge at Blackfriars; and .Vailbrook, which divided the city

into two parts, Mas similarly covered.

Til us the large brick-area sewer evolved with, all its draw­ 

backs «;K! avils. Crocks i/et^eun uric£u caugut uiw. r f debris 

v«hicu u^ld up otner soliu^, «ind, in time, the conduit became 

choked with a great ^utrencent mass* 'Workers strong enough to 

stand the onslaughts of sewer gas v^ere engaged to dig out the 

muck and haul it a^ay in carts. Since man-holes were negli­ 

gible or non-existent, sucu a cleaning operation invariably 

involved breaking through «, sower top and repairing the break 

ag^in '/rhen the passage had been cleared*

iSarly Parisian sewers developed in much the same fashion 

as those of London (whoso first common sewer was laid in 1666 

in Ludgate near St. Paul's). Surroundi i<tl old Paris north of 

the "sine on three sides, tae first sower of the city ftas an 

open ditcu, more or less following two ancient rivulets. By 

1663 lg miles of this ditch had been covered, but 5 miles of 

open ditch remained. Airly in the eighteenth century uaa main • 

belt line sewer was rebuilt with a paved invert and elaborate 

masonry walls, «nd by tae end of the century some 16 railes of 

sowers traversed the city. M. Duleau (1789-1832), director of

Public .'forks in Paris, played a large part in modernizing the
9 

systo.-n--such as introducing intercepting sowers in 1624—uut

again, the primary purpose ,.u» surface drainage and not sewage 

disposal.
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PRS- UN£T2SiNTH C3HTUHY DISPOSAL — Sewage disposal in crowded 

towns prior to the nineteenth century was usually taken care of 

by back yard middens or by the dumping of household wastes into 

streets. Sarly each morning — except Sunday--hired scavengers 

would clear tne streets of refuse, leaving a certain iunount of 

odor behind. "R&ckyers", with equipment consisting, of twelve 

carts and two horses, were employed as early as 1557 to remove 

the London refuse to dung boats. The indiscriminate tossing 

out of wastes from an upstairs window was usually prefaced by 

a cry which varied slightly from place to place, uuu .which 

sounded lika "Gardy loot*1 in Scotland. This custom was prac­ 

ticed on the continent as well as in Great Britain, and it is 

probable that the cry was derived from the French, "7atch out 

for the vsater"; some iri^lish translators gave the call a broad­ 

er meaning, "Lord have mercy upon you I" That travel in a dis­ 

trict ^ith such a system presented its hazards was revealed in 

a letter from Captain Burt, an English officer of engineers,

who 'found himself in Edinburgh on an assignment about 1725.
10 

Burt wrote, "Being in ray retreat to pass through a long narrow

wayside or alley, to &o to ray new lodgings, « ^uide was assign 

ed me, who went before to prevent my disgrace, crying out all 

the way with & loud voice, »Hud your haundel 1 The throwing up 

of a sash v or otherwise opening a window, made me tremble; 

while behind and before rae at some little distance, fell 

terrible saower."

Although the invention of th '*Tt.~,r closet had been



attributed to Sir John Harington of Kelston n@&r Bath as far 

back as 1596, tae device had not oecorae particularly popular

'J. <' U th& /BUUUAW '..'A l«UU 44 Ai AW WV Vii V«.i W^ii^Wd' • A ki43 CJTu-% U ju

argument against it w.-.r; summed up „,, -3»FU Olarke in *Th@ Be-
18 

form of the 5ev«*rs* (1D60), in wuicjti h© stated, n But grant

that a water closet in gc/od order is & luxury; -.-ay should * 

actually compel tue people to submit to an artificial system;

tho people did not viant it; but only wished the cessnools 

to be botter contrived, and more-frequently and skillfully 

cleanedv 11 Jven the Boyal Commission of rietropoli 30^ag@ in

of river pollution. Some type of pail system bad long been in 

vogu@ in trie bettor liouses at least. &&cU night t^ull p&ils 

vnere taken from under tae aeuts of tua closets and tbe con­ 

tents were emptied into olitoiueL - pits—& practice uuioU sir@d

tu«* wo. ;4. to uw auil** Atii;- ^'iut? iiigu V^UAUU uiiU puixu «yi w wia—

ptied soon became the cesspools wiilch Clark© fa.vor©d, and their 

frequent need of cleansing rendered them a nuisance in most 

neighborhoods. In 1863 '.Mottle offered abstitut© for the pail 

system with ais eurtu closet. i>y a mecUanicul arrangement sia*

1 • "' to til-^t Ol «* •« at v. -a JL Uj.03et CH.AS> t..; WA A V-A »v ^AivtsUj. «s LQ re**

lease arjproxifnately a pound and a half of earth to cover the 

discii./.-^'j of faeces. The earth, wlticfc u&& baked daily in an 

ovan and distributed by a central agency to the householders, 

nad tue effect of reaoving oaors, but it vi»as not, noc^ss^rily 

disinfc»uv*x4 tt » Oottbini.^ v^w s»^*'vu <*^ in ^ethouu 

the Grsux-Thulasne system, which achieved a measure of pop

f r>r a. t. irn«» -



AWAKENINGS OF SANITARY CQ&SClOi ...'•£ -- The first great rev- ~ - 
olution in sewage disposal came in the form of the water- 
carriage system, wherein household wastes were carried into the 
sorters by & flush of water which mingled with the sewafcti auu 
bore it to its final destination. The introduction of this sys­ 
tem of disposal was not lust a happy accident, but came as the 
result of events of worid-shaking consequence; in general terms, 
it «^- A product oi uuu Inuustrial, revolution. Pastoral people 
had aad little difficulty in the matter of sewa^o uiapusiui, uut 
now that they were suddenly rnovea to gre^t industrial centers 
the problem became very acuts, Jn&land, first to reap the ben­ 
efits of tais ne^ industrial age, was also the fir;, t to feel its 
attendant evils. In 1600 no town in Great Britain, with the ex­ 
ception of London, had a population greater than 100,000, uut in 
a few short years several had exceedeo this figure. In leot than 
fifty years many towns had trebled their populations, and some, 
like ivlaricnetiter, a,~a quaaruplea them* Such rapid and unprecedent­ 
ed expansion spawned sluras \iith u myriad of jerry-built shacks 

.^.imed close together with little or no provision for sanitary 
conveniences. For example, as late as 1369 Manchester*s popula­ 
tion of 350,000 was served by only 10,000 closets and 35,000

13 
privy-fiiidaens. In the uiuak cro«ae^ courtyards seepage from
middens and cesspools to local shallow wells nao annoyi.i^, lae 
foul stench which filled the air was irritating, but the epidem­ 
ics and deaths which followed in the wake of these conditions 
were intolerable; some new means of disposal was necessary.

That epidemics and deaths aiu spring from these putrescent 
sources was an idea which gradually took shapu as ^^itind's 
social consciousness was aroused. -Tactical Christian uorks of



middle-class religious societies and ideals of the eighteenth 

century philosophers on the essential equality of man wore mar-

t/eu ..u Uiu uu tt inning ox t-he Victorian era, resulting in a eon-• '*'%•••
cert 3d effort to help the poor and oppressed. The Government 

officially entered the sanitation field in 1834 -shen it pas&ed 

the Poor Lavs Amendment Act, sotting up the Poor Law Commission. 

Secretary to the Commission was ladwin Chadv*ick, a life-long 

sanitary reformer, who recomraendeu uu« d^wablishrnaat of waier 

carriage sewerage systems in his report to the Commissioners in 

1842. In the following year a Royal Commission on the Health of 

Tovins was appointed, and in 1844 its report on sanitary condi­ 

tions arnane the poor shocked the nation into activity. Dr. 

South^oo-' .Smith pointed out in •-.*« import thax, w^a incidence of 

fover vi as much greater among the r.oor th@J5 amr>np the vuell-to-do, 

^nd that in London it could always be told where the sewers were 

and where they were not by the presence of the fever. The im­ 

mediate result of tnis report v»as a law~-vmica uecamy eifoct.ive 

in 1347--making the discharge of sewage into sewers obligatory, 

and prohibiting the use of cesspools in towns*

THiS 141 A3 MA TH^GHY — Though attention to ttie horrible sanitary 

conditions of the poor u«*u initiated the niovo for sewerage re­ 

form, it was the threat of pestilence and death to all in the 

community that brought about real action. Asiatic cholera ep­ 

idemics in 1831-32, 1849, 1653-54, and 1866, and frequent bouts 

with typhoid faver stirred Londoners to think more of their lives 

taan uifcdr sovereign purses and raiiuu uiea entausiustic supporters 

of an" ^ ; hich mi^ht free them fr*™ fiese da-^^.o. Decaying 

matter was to be avoided at all costs, but this avoidance of
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putrescence v^as based on moro taan tiia unpleasant smell alone —

it sprang from the gene rally-Lie Id opinion tuat miasmatic vapors 

in o.ie air ware the cause of fever. It was thought that fever 

patients, decaying matter, septic wounds, and marshy ground ex­ 

uded a stealthy vapor, or miasma, which caused disease. Malaria, 

for instance, taen called *gua, was usually tracea LO mursny re­ 

gions which gave off bad air or "mal aria rt , and thus the appel- 

ation "malarial fever 0 came into being. Though many had suspect­ 

ed the true nature of the usual transmission of diseases such as 

cholera and typhoid--!.e. the drinking of water carrying the 

wastes of infeeteu persons—the official tuoory held until the

1860 f s v<&s the miasmatic one. In condemning the miasmatic theory
14 

in 1661 uilliara Budd deplored "—-the attempt recently made by

a distinguished physician to replace the names "by which typhoid 

or intestinal fever has hitherto been known, by the word PY'i'HO- 

G3NIC (i•j • i born of putrescence).*

BfiGI; - ^3 OF ThU1 WATJiR CARRIAGE SYST^,. — Prior to the appoint­ 

ment of the Health of Tovs/ns Commission in 1343 the sewers in i£ng- 

land were constructed for ths uispoaiil of surface water only, unaur 

Statute 23, Henry VIII, c.5. When tae discharge of sewage into 

the sewers became mandatory in London in 1547, it becains obvious 

that a new sewerage system would have to replace the old, whose 

crookod drains variad in size and shape and were altogether un- 

suit^d to their nevs tusk. In order to cope initu WAU problem tne 

numerous, and often obstructive, Gonamissionars of Severs of the 

various sections of the city were replaced by a single authority, 

the metropolitan Commissioners of Sewors. ..ny small rectangular
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drains, 12 Inchon in dopm and 10 to 12 incaas in ^i^-wu, \i«re 

then i.-suuulleu, a^ v#0ro brick-built culverts large enough for a 

man ,.: on tor. At about this tlna Fbbert Hu\ninfion in London pub- 

11 sued Uis 3tlons for :'ain Sewer ..t^o and ;Vater Supply % a 

work which advocated such principles aa the construction of sew- 

ora in straight lines anu Uie inclusion of man-*Uoles — a work 

?hich soon fumisftea « standard r-^ European practice. Tils dec-
j

ade also sav* tlio introduction r»f circular nipas in sewerage prac-
/ '

tica, as i^tion advanced by Chadwick in his reconmendation of

tho water carria^o systen. Salt glazad 3*-- pipes, th^ idea of

Joan rb^' \ Joan Phillips, appoar^u in ij<i-j, ariu .arjcaw^uwi 1 ue-

carne one of tiie first large cities t~> install tbera in 10149. Plans
i

to replace the outmoded system In London witb a gigantid sewerage
I

net were b© "-»seph W, Bazalgette in 185S, arxi by 1JB65 the 

sygto •• #as essentially complete. The magnitude of tae tusk is 

indicated by tlio fact that in 1341 the city possessed 63 biles of 

covera-1 main sobers and 16 miles of smaller sewers, v»iioreas in 

1865, the figure had grown to some 1300 miles of ordinary ,lsew$rs 

and 68 milos of intorcepting severs 'iille the severs wer@ baing 

installer;, cesspools were uuj.u^ r«*r;-.)vac> ? •••troxinatuiy 100,'.QOO 

of them disappearing in the twenty ye^.r-=« oreoeding 18 6S.

Not only was s«wer^e 'reform being felt in .^iglaiid at this 

time, but in enarica and on the continent as well. Late in- tbe 

seventeenth century Boston h istrueteci its first sewers,

from 1709 to lci£3 all of iti* wo r ins <vere constructeu uy ;:riv*te . •
i

enterprise. Despite these earl" beginnings in Boston, ho *
' f

first raodarn sj^erage systera in America was installed atl

Chic in Io55 under tha direction of j!*S* Chesbrou^h, as able
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engineer who had studied Snglish methods. Five years l^v,-.^ the

English engineer, Ailliara Lindley introduced .'Sn^lisb .net bods to 

hy -o/itinent by constructing a remarkable systara at Hamburg, 

-j original v^orks had been destroyed by firo in lc-42.

The original aim 01 we \vater carriage system was merely 

to get the refuse a way frou *^ vicinity of the houses uj wash- 

ing it down to the river, where dilution would do the rest. In 

the cases where small communities were located on large rivers 

vdth long runs, disposal by dilution seemed an admirable solution, 

but in the cases of cities like Lonuon--vyoerv) lot, summer "Uiaal 

waters carried the floating sewage back .an- 1 forth for days — the 

new water carriage system merely brought new problems. The

state to which tae Thames hud descended during the summers of
15 

ana t>9 #us ably described by illiam i>udd in his work "On

the propagation of Typhoid Fever*1 (1661) :- "Stencu so foul, -*e 

saay well ualiavo, had never before ascended to pollute tnis low­ 

er aj.i . Jever before, at least, had a stink risen to the height 

of an historic event. ^Ven ancient fable failed to furnish fig­ 

ures adequate to convey a conception .of its thrice Augean foul­ 

ness. -----The river steamers lost tueir accustomed traffic, and 

travelers, pressed for time, of tun made a circuit of many miles 

r»tu<;r than cross one of the city bridges. 1*

The immediate solution to London* s problem was to install 

intercepting sewers wuica curriou away tae metropolitan filth 

and dumped it in tuo Thames IS ana 14 miles below \,uu city, of 

course, tais did not eliminate the disease and ntink, but merely 

transferred it to another point. Sanitarians, realizing the*• * v^

lethal potentialities of this effluent, were forced to look for



a more satisfactory system of sewa^a uiaua»a± u^an mere ciilu-
467

tion in the rivor.

Beginnings of 3cior*tific Seaa^e Disposal

l> — -iriafly reviewing the rise of s&ni-

, s t ., -> . i-j'i ii"'»'i 13 39

to 134? #as -inated ^ report? from t.ie "'--or " '^Isa^^ners, 

who proposed the construction of sewers, elimination of coss- 

pools, application of sewage to the land, and the like. In gen­ 

eral, tine period from 1342 to Ib57 was marked by the moving of 

«,-.,;. *-^ v, ..* j. ;J * ;< o i" from the vici" •*•''•• ^ellLi^ .'Xuuout re^urd 

to final disposal. A real c owinal-n f-r -'.jblic health bo gun 

following the report of the Health of Towns Commission in 1G44, 

i*n<->; the public health .*ct of 1648 was followed by sewerage 

b'jii«;:ibt> in -AJicj towns. iio.HiVc;; , u new proolem was, in turn, 

ore -.-":-i--the excessive Dollnt^^' ^ j -^y river id stru.^:<o. 

Passage of the Nuisance Homoval Act in 1655 at the close of the 

third severe cholsra epidemic probably marked the be^innin^ of 

the serioua scientific study of the chemistry and biolcgy of 

Stf-.vut,--'1 iij ordar to uu;;,u^« uuu pruylyi:! -ji atreci.'n pollution. 

Follo^in^ closely was t«--« .•mnni^t.r.i^nt ^' ioyal Commis­ 

sion on sewage in 1357, Tae themo of its preliminary report in 

1358 was essentially the same as that of its final report in 1865 

which concluded, n ---t'ae right way to dispose of town sewage is 

to apply it contJL-iuously to land, unc; it is only &y sucu appli­ 

cation that -.voiintlnn rivers can be avoided."

LAtiD DISPOSAL -- Althouga the 1856 report of the Sewage 

of Towns Commission was followed in the next two decades by an
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almost, feverish construction of s<r«u£3 farms in iing

application of hanan excreta to agricultural ends w&s by no 

m'jaru* a new tiling. Chinese and Japanese had, for centuries, 

used human manuro on t&eir littlo plots of land, and the cus 

tom was not uncommon in Juro^e. Dr. A,B. Granvillo in bis 

"naport to taa jDoard 01 directors of uuu iaa.ies I.raprove'n«nu

*1 (It537) was ai^Uly entausiastio about th'.* ossiuil-
16 

itias of "Flemish -nan are rt stating, "NigLit soil is Sriusbandsd

in every part of ttte continent I tiava visited without excep­ 

tion, \*ith a joalousy and care wbioia provas bos valuable it is 

considered by taa people. * He 'jr^eo its usu as a rn^&n^ 01 pro­ 

fit to til a tiousQiiolcler , middleman, and farmer, •-•' '-^-iised tUe 

town of vtr-i.sbura: , w tie re every house was provided tilth two s*ir 

and ^atsrtijht cesspools. Oranville noted tiaat origii^ally Paris 

was going to conduct all its wastes to tlie ^eine, but taa argu­ 

ments -f scientific ,nen f agriculturists, and political econo­ 

mists for cesspool. .«=: Hnd "for co"^^rv^t ir.n lf won out. nee TOTS 

tae doctrine of returning to ttie soil matter derived from the 

soil baca/na An important issue.

The next step from hare a*^s tne rt separate H system of sevuer- 

«. to a, in whic'n household wastes were run through one set of pipes

and storci waters through another. ,^a'in Chadwick r5ronosed it in
1 3 

1642 and tn© cry was taken up by others. In hie paper read before

the Sanitary Congress in Brussels (1856) F.O. Ward called for a 

water carriage system of small pipes to fertiliae the land in the 

country, and pressed the theme, "the rainfall to tiu* river, tae 

sev»su8 to -one soil. 1* Despite the relatively high cost, some fev» 

towns did adopt tue practice shortly thereafter, but the move- 

went never became widespread.



469
*

BROAD IRRIGATION1 -- Tuo discharge of sewage in a liquid sheet 

over large tracts of land for fertilising purposes aad been prac­ 

ticed to a limited extent before the nineteenth century. ].ied- 

ioval Lausanne discharged all of its sewage into a small brook, 

whose use for irrigation was regulated by a law passed in 1400. 

Farms around ;:ilan ana otuwr Lowuiiruy cities cu cue fifteenth 

century were often fed by sevn&^e-c^rrying canals. .robably the 

first city in Europe to tuKe senate directly from tue house to 

the farm was ^unzlau, Prussia, uhere in 1559 a water supply a as 

brought in wooden pipes from a famous spring, and sewors were in­ 

stalled with individual uouse connections* The system continued 

in operation for over 3OO years, supplying sewage to an area of 

about 35 acres. In the early eighteenth century the practice 

instituted at Ashburton and other towns in Devonshire, but

not to any ^reat extent. Another famous system was the sewage
17 

meadow of Craighentinny , Edinburgh, dating from 1760. v/e are

Isft to our own conclusions as to the success of this venture, 

for advocates of broad irrigation and sewage farming in the soc- 

ond half of the nineteenth century never seemed to cite Crai&- 

Kentinny as a #ortay u-xarapie to follow.

Several factors combined „, , txo the broad irri^ ,tion of 

farms popular in England, but trie two main elements ^ere (1) the 

desire to get rid of the seuage without polluting the streams, 

and (2) the lucrative attractions which sewage farming seemed to 

possets. Fbr a tx .;a the&e tiso reasons iieia equal priority, but 

it soon became evident tn&t farmland was not always going to be 

readily accessible for every community, and it also became evi­ 

dent that sefta^e farming would not make the profits its ardent 

supporters claimed. However, the third quarter of the
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nineteenth century saw & tremendous spurt in tuu .rmuucd, and by

1383 over t^o uwiidrad irri^at:- •-•-• r o «ore in operation in iSng- 

lar, -": ?,lnne, From 3n gland thn nr.^ctice spread to the continent, 

the first large-scale unit being that built by the Jnglieh engi­ 

neer, Alexander .,ird, at Danzig in 1869. Experiments at Paris 

in lobo under ,,'ille ana ^urana-uiaye lee, to trio establishment of 

an enormous se^^e farm system for th*. t ^ v . ~v ^r 

through the sewers designed b . iiel grand (1865), the sewage 

passed to tne Clichy Pumping Station, thence to the second sta­ 

tion Colombo, from here it v«as conducted unaar the Seine in two

invertea sipaons, 0/10 LO tae i-ann " .•>chere ana tay otuer to 

Gennevilli@r c . ^-erlin, too, adopted the syst*? :r - , v» »dde scale, 

establishing its four original farms at Osdorf ; in 1376, at C^ross 

Eeeren in 1882, at Falkenberg in 1579, and at Male how in 1684.

In America the State Insane Asylums at Augusta, :1&ine, and 

Concord, ;\e« Hampshire, irri^... u-ou ti^y fieldb air- vy^^u^^.u ffi ar-

•••i-.v ,__. sewage prior to 1375, v nt the atterrnt^ were not entire 

ly successful. Probably the first /uneric^n success in this lin® 

was enjoyed at the '"orcestar Hospital in 1676. Generally speak­ 

ing, broaa irrigation became more popular in the drier © stern 

states because of trie gre t ->*- ; --'>- ->»-r, t~, ^atsr. The sys­ 

tem inaugurated at Cheyenne, Wyoming, in 1383 set a pattern for 

the many western projects which followed it; here the sanitary

.uestion of sewage disposal was only incidental, the gr-Jcit prou- 

lem of ^-atting aay ana all waters to tas crops vsias paramount.

CH3;.aCAL T»R>i!CIPIT \TIOM -- It vnis realized .-en^rally that
it

broad irri^dtion would never be" able to solve the se^a^o dis­ 

posal problem in many communities, and that other suitable
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methou;j woUj.u uaVu uu u« luuuu. i/iiij.i.1 iiUujLuuJU ouui u:: vv^;:: 'ui iua

prior u, discharging the off Men,, *.,to the <* r-^ -ai; meth­ 

od proved inadequate. Thus the failure of sedimentation to clear 

sevm^G thoroughly, and the hop", of financial gain, brought about 

tli 9 introduction of several chemical precipitation methods in

Jt., 0 iuiiu in UU3 lino's. It vj,,,*j aofea tu^i the ueiivy chemical

•ft • ,
J. :.

Ucible sludge : ,-, mure a a well. A patent for tiie cu^mic^l treat- 

moot of sewage aad bean taken out as c&rl; *76^ by de Lois- 

£36au, out now the idea, took on naw lifo, and during the* period

19
in 'Vi-^

cipitunt in most cises, alone or combined with chloride of lime, 

chloride of nagniisiusi, sulphate of alumina, phosphate of alumina.* * * <* <• *

green copperas, black-ash waste, herrin^ Drine, ...,nd others.

Javsr^I comroerc j^oooo «.•«! o ov /.LVUU, axo. m±. .1 less 

doomed to failure. Ono of the bntter-^nn^n nchn-or- v?-j,s tho 

Spencer Alu/nino-Ferric Process, in which a mixture of*,.ferrous and 

ferric salts was combined with aluminum sulphate alone or \vith 

linio. ,,.u-/ iriL(jr-iai»io.ial tTocess iavolvea aaain^ ''ferrozone'*—a 

p-r^-'t-^.^ ^>^:'i.iot fro--- - '••-] '3- i^^- deposit-- 1.^ s-Q^a^e, ^ad fil­ 

tering both through "polarite"—another patented product from 

tae same deposit. Also well-knovm '^ae the ABC Process (Alum, 

blood, charcoal, And clay) of 1563 »nhich waif. ncatad priraar-

>^ -r *• -A. - -- ', *, -W -,/ * L.I ^, S*' 41 _JL *

A. Aikan advised in 1645 that milk: of lirao vjas best for clari­ 

fying sewage. The lime process was taen introduced at Croydon



in 1553, but was founa to be unsatisfactory, and experiments on ' £ 

precipitation with ml '' 1- f Mrne alono w®r-3 pronounced a failure 

by th© British Rivers Pollution Commission of 1865. The effluent, 

clear but not sterilized, became alkaline; ammonia developed and 

the vniole became foul. Legal proceedings in many citioc resulted 

from the nuisances caused by tao UGO r liaid alono. _,arly fail­ 

ures did not dissuade ocUer t^ ;^ f^m adopting SOIHQ type of chem­ 

ical scheme, aowever, and during the decade 1380 to Ib90 nearly 

all seua*:e plants installed in England were of the chemical pre- 

cipit.,tion type. Among tne cities which could not use broad ir­ 

rigation, but vvhich did regard this solution ao practical, to.n- 

porarily at least, -.ias London. Coverod r^snrvolrs h^d been built 

at tae outfalls of its intercepting severs at Crossness (1862) 

and Barking (1563-64) in order io store the sewage for discharge 

on the outtioinb tiue. .Vhan it was founa uua'L tii« capacities of 

the reservoirs ^ore too small, chemical precipitation — Iiirt6 and 

copperas--*as introduced at Bi\ riding in I'd 69 and at Crossness in 

1692. Wo attempt was made to utilize thQ sludge, ,-#hich was car­

ried to the sea in ships. The .English example carried over into
Of)(uw 

Germany, wtien in 1332, the government forced Dortmuuu LU iuauall

a precipitation plant to deal with the bad odors introduced to 

the Jrastar b--r ttis effluents from tho brewaries,

Altaou^a it had become somewhat popular in .England, chemical 

precipitation never achieved any wide- spread use in the United 

States. Coney Island, New York, oecame the first citv in the
* * * V

country to adopt the scheme whan a unit designed >, J... . ^m^rs 

v^us installed about 1687. Tnis was followed by an instal] ation 

at Worcester, Massachusetts, the first large city in the country 

to treat sewage before dumping it. In 1667 trie town (
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population MAS 30,000, built a suwura^e system waich wmptied

into various brooks, but serious complaints fron <'~ •••/nstream on 

tiie iilacfcjtone River became particularly strong by 1650. AS & 

r33Ult, Uis town in 1690 installed a small cbeir.ical precipita- 

tion pi ant | '..ita six settli ,^ basins jind a li.ne Uouse. In 1392 

taa settli.i^ Liu,sir.s «j yi"i:j iu^r&asyu to yix'uey.'j, a^u i ivu y^urs 

lator i slud^Q prossi,^ ,,,_., .-w _,.,d 14 acr^-- - - r " -t^^r.ittent sand 

filtration bedo — & ne^y aD^roacb to the problara--.v«re ddaed to 

tu© system. Tue experlmentr curried out by tiie Jassackuset c,s 

Jtite b:^.rj at L&wrence around 1690 stopped tiie cue^iceil trend

x. .-v.TiGri C i. ) * v. i "t-^Uj- L)ii rjii-uu w.i'ii ij^'^i-u:;: uu uuV'~i I»»AU ui"a''fei>acru^ oi

(1) inco^plote purif ic;.tin---<-i OA: .... jjirs hnid ftf-TtiVL*!^ organic 

matter i.u;d was pL.trescibia, (2) tiigh cost of operation, .jid (3) 

difficulty of disposing of tue Iwrge sludge volcr.ie. it w&s 

...otoi'^inuu in j^i^i^iiu vuat only c* ttm*l 1 return oi' manure W.VL, real­ 

ize': r?''--t ^y^'-ka, w.,o acueme It' /opul^rit^, , ,,nd , in t..imw, 

cti^ ... . reasons wjaicu cuuseu its abandoiii/ient us a -nriniar^' ;-ur-j- v ;,

ificant of t .^e in tUo Jnited ^tatou operatoci with tut* aa:;it» ef­ 

fect in jinlunci anci else»<Uer'j.

• " -~ - .ix>ut tUe •• .••'^••* t*. me 

tnat br: irrigation and caoraical precipitation metiio^y cuine 

into voguo, experiment 3 vjitU electrolytic raetuods wei-e be^un. 

In lab vj Ui^rlet; .Vaut fo-und ta:it vmen a solution of cUlorido of 

aliCiilioji or ulkalino o^,ro, 4 /j «<c,-> •.7i^"j;trol J,'^» , -j.^.^ Liiin- 

ilar to b*1 o •••:". ui in.-; --rr^inr WAS f nnieo . 'M n v;ori< ^jis followed by 

Guisuolm's unsuccessful attempt to purify sow ,,, fo e at '.Vatford in 

1860. Mmost tuirty years later, in Id-36, .Villiun Webster in­ 

troduced a process at tti-a ooutuem Outfall .lories, C
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whereby tue active precipiwwion 01 ferric hydroxide ,. ^> obtain- 

e~ w y puoti .. ; «-,^ current tnr: ^ ,» iron •) i-.tf»e in thB retire. 

Another v.-^ri fitior. reduced shortlv tuerc-.lter b; » rlormite, 

V.^G -luctrolysed yea &ater ......led it to sewage or f ;i. • 1 a~

trines ' itu it. The system was tried i ; 1694 at nonai;.'i; &nd 

i;«vor wt IpKrticti and :;t t:ic© »»ii.n inGifi«jrtsnt sucuui... . 'x^uiu,

similar t- ""-roii.v, v.illod "'T1 ^trozorv.» w t pr^^i^^^ by electro- 

lyzin;,' nririfl cr>nt^inin<? 2 r. .' sodium calorl . - T,^r, 

v»^y introducod in tno United Statec by >^oolf about 1695 l r tii« 

pur -f purifying water* It was used fe- i..-«o-

. to

.,0 ourtc of offluoat. . .. jrmiciical action ^ t; s stated

to t--:. >cl , tlie system v»«xs soon abandoned in iaidenue-.-i , vut sub-

in Havana in tu.^y. " Li;y a

li-v. -scaL'jr, Illinois;, .ind Allentowi, Pannsylvdnid, but 

l*a tc tn« conclusion t:-i.it tli» «ldctric.al treatment »«• 

is probably no

K0 1 hod of iicinf oction. It &r®w out PI t&e system introoucecl

by Captain Liernur, a Dutctt en^inetir, which faecal matter

. .: closet waters, k--. -•arato fr <,<:• rm , si or, o,rtd :ur

f UC 3 <U

SG..IO iit .^m&terdam in 1^71, wtion a quarter containing 15,000

peonla vnua put to taa tei;L, HIQ method wao soon applied in

otaer towns, one notaule e; r e being that of Trouville, Tranco,



•nhich combined a policy 01 conservancy, pneumatic removal, 

disinf action . ..^r^ tae se-j-^e, stored in a covered orlck tank 

for about a week, *K..S treated with sulphuric acid, heated to 

120 G iii tuoul&r uoilers, evaporated until semi -solid, and then 

reduced in a rot&ry chamber to a dry ponder.

Trends in su ,a^G purification today uuve sucv<ij, uowever, that 

t^- wt*w..iical , electi-olj- wj.c, ..,.-,- u^ernml processes ^f the late 

nineteenth century were but digressions from the main stream of 

development of sewage disposal, and that modern bacterial meth­ 

ods may be traced back to the days of broad irrigation and its 

natural successor, intermittent li

Bacterial Purification

^i'UJDi' -- Partial recognition that nat­ 

ural putrefaction is due to living orguiiAu:^ .-at. arrivud. at early 

in the nineteenth century whan, "following Cagniard de la Tour f s 

discovery taut yeast is fc living plant, ScLwarnm demonstrated that 

putrefaction is due to something in the air which heat will des­ 

troy, ana tu«a, meat will not putrefy in calcineu air. jJven prior 

to this time -nen sue,, ^. ..uar (1671), Leeuwenaoete (1695), and 

Baker (1743) had l&id the foundations for suspecting the exis­ 

tence of organisms, but Lisbig (c 1840) and ais "Catalytic"

school uelayed tae acceptance of tue germ theory for auo,ut thirty
op \•••*c> \

years. Lieuig teriaeu th,- slow Uoauruction 01 organic matiter 

M erer/iavj.«ois' \slo»* -..-'urnii'iij, /, ui^ou.nAtj te ^a^.^ wn-a ^\*^±*.J\A »»as c, di —
!

rect combination of the matter with oxygen, rather than the work­ 

ing of the bacteria under aerobic conditions. The "uaualytic" 

tao accepted one unti- ,'ayuuur (c 1362) ^'^jf^ that• i



fermentation and putrefaction would not take place in the ab­ 

sence of living organisms, aerobic and anaerobic. Koch then 

went forward to elaborate on the life history and character of 

these organisms*

Bacteriology in its early years concentrated mainly on the 

pathogens, but as the science developed, more attention began to 

be paid to the larger class of non-pathogenic bacteria. It was 

the investigation in this latter field which played such an im­ 

portant part in the development of subsequent bacterial methods 

of sewage treatment. Pasteur, »vho had expressed the conviction 

in 1862 that tiie process of nitrification would eventually be 

shown to be due to trie activity of living organisms, was soon 

proved right by the French chemists, Schloesing and Munt&. In 

1877 they showed that the process nust u@ due to living organ­ 

isms, for nitrification did not occur in soils sterilized by heat 

or by caloroforrn. In the following year Dr. Alexander ^ueller, 

City Chemist of Berlin, took out a patent for the purification 

of sa-»age uy T»UQ cultivation of "yeast-like organisms". This 

was no nev* idea with Mueller, for as early as 1665 ae uad des­ 

cribed tha purification of sewage as a process of digestion and 

mineralization carried out by minute animal arid vegetable organ­ 

isms, and the 1572 report of the iierlin Sewerage Commission not­ 

ed that sewage matter vias converted to nitrates, not only by a

simple molecular process, but uy organisms present in the sewage
23 

and soil. Observers in 3ngland verified the continental reports.

Warrington in 1882 showed that boiling prevented the nitrifica­ 

tion of urine or ammonium salts until fresh soil, v<ith living 

organisms, was added. A year later Dr. 3orby remarked on the
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large proportion of detritus of faeces lost in the river due 

to the action of "countless thousands of living creatures"; 

but it should be noted that he was referring to the larger 

organisms which ho could see under his microscope. Then Dupre, 

In a report (1834) to the Local Government Board on experiments 

with aeration, stated that consumption of oxygen from the dis­ 

solved air of a natural water is due to the presence of growing 

organisms without which little or no oxygen would "be consumed. 

Tv8o yearn later he proposed to treat sewage by cultivating low 

organisms on a large scale and throwing them in the river with 

the effluent. When a Royal Commission on Metropolitan Sewage 

Disposal recommended disinfection or sterilization — ouing to 

the failure of most large sewage farms--;'r. 7. J. Dibdin (1687) 

countered with tna statement that tag "antiseptic process is 

very reverse of object to be aimed

INT3HMITT3NT FILTRATION IN i^NGLA I -- The natural outgrowth 

of broad irrigation, intermittent filtration, was not regarded 

as a bacterial method of purification ^hen it was first intro­ 

duced in j^ngland. i>r. Sdward Frankland, guiding spirit of the 

Third Rivers Pollution Commission formed in 1866, had original­ 

ly thought that green plants played an essential part in the 

purification process in sewage farming, but the f&ir results he 

saw on uncropped land &ave him an idea. He began experimenting 

with various soils in cylinders 6 feet high and 10 inches in 

diameter, in ^hich sewage \sas applied continuously and inter­ 

mittently, upward and downward. Continuous operation soon 

clogged the filters — which these giant test tubes had become--



but judicious intermittent application allowed the filters to 

vsork without cleaning for much longer periods of time. Frank- 

land uelievea taat the purifying action of the soil was uoth 

mechanical and chemical, but he was not cognizant of its bac­ 

terial effects. The essence of the Commission's report ^hich 

appeared in 1370 was to the effect that "Such a combination of 

a chemical method with intermittent filtration offers the raost 

hopeful process, uota as regards economy ana efficiency, in 

cases where irrigation is impractical. In all practicable 

cases, bowaver 9 we strongly recommend the adoption of irriga­ 

tion in preference to filtration."

A year after Dr. Frankland's report the first large- 

scale intermittent filtar was put into operation at Lierthyr 

Tydfil, »lales. On the eve of the completion of the main sew­ 

ers of the town in 1663, Messrs. Nixon, Taylor & Company down­ 

stream got an injunction against the town's connecting up any 

more sewers and thus adding to the pollution of the Taff Biver. 

A solution to the town's dilemma was offered by J. Bailey Den- 

ton, who recommended (1370) intermittent filtration on farm 

land. He laid down as conditions for successful operation the 

proper preparation of the soil and the interrnittency of appli­ 

cation. Sewage ®^s turneu on the lana at ^erthyr Tydfil in 1871, 

a process soon followed at plants designed by Bailey Denton in 

other tcKvns. Under this new system the raising of crops was 

subordinated to the treatment of sewage at a more rapid rate, 

anci t in time, the agricultural aspect of the scheme was aban­ 

doned altoge^uer. A3 a general rule, however, i&iglish engineers 

were not impressed v#ith the scheme, v*hich was more tuan
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overshadowed by the enthusiasm for broau irrigation.

THIS KA33AC' " ITS STATS I. ) OF HSALTH (1887-90) -- Baglish 

reluctance to give up broad irrigation was not shared in Amer­ 

ica where the system had never achieved much popularity. As a 

result, the introduction of intermittent filtration in America 

received much greater attention. Credit for the introduction 

of this new method into the practice of modern sewage treatment 

must go to the Massachusetts State iJoard of Health, whose ex­ 

tensive axperimants marked a milestone in sanitary progress

throughout the world. A background to this work was be, f un in
34 

1872 wben the State Board of Health was directed by the Legis­

lature to "consider the general subject of the disposition of 

the sewage of toxins and cities — (and) — report to the next leg­ 

islature their views, with such information as they can obtain 

upon the subject from our own or other lands. * A committee 

under Professor W.R. Nichols set to work on the problem and, 

as late as its seventh annual report, recommended irrigation. 

By 1880 the increased settlement and pollution, especially a- 

round Boston and vicinity, had reached a stage similar to that 

reached in England some twenty years before. New special com­ 

missions were appointed in 1881 and 1884, the second one rec­ 

ommending the setting up of a permanent commission in Ibd6. 

The main conclusion reached in the report of 1886 was to the 

effect th it intermittent filtration is the converse of irri­

gation; disposal of the waste, and no% crops and profit, is
25 

its function.

Investigations ^ a permanent station on the ^
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River at Lawrence were then begun under the immediate super- , -

vision of Alien Hazen in li3U7. In the previous year at 

fielu, ^iassachusetts, i3.C. Clarke uoa utiiizea preliminary sea- 

imontation, upward filtration through axcelsior, and intermittent 

filtration through natural soil to good advantage. The Lawrence 

experiments developed along broader lines, however. Ten circul­ 

ar rest; tanks, 17 feet in diameter and 6 feat deep, were fill­ 

ed v*ita various types of filtering material such as sand, gravel, 

and peat, and sewage was applied in various ways* At first the 

engineers aimed at the removal or destruction of bacteria by 

straining and chemical means without practical success; later 

they shifted to the use of the bacteria under aerobic condi­ 

tions. It was iound that working aerobically the filter rapid­ 

ly choked, and putrefaction occurred on the interior owing to 

the deficiency of aeration. Tae reroedy was to apply the sevs- 

a&a intermittently, allowing the bad to "rest" for certain per­ 

iods of time, ana me material best suited for the job was de­ 

termined to be sand. JVom tUese tests the true nature of 

sewage purification as the working of bacteria growing on the 

filter in tae presence of oxygen was clearly brought out. The 

process had been more or less clearly understood by dueller, 

3chloesin ti , ;4unt2,, .varin^ton, and Frankland, but its details 

laera elaborated upon and the practical importance of uuu meth­ 

od vsas proved for the first time hero. ne of the earliest 

practical results of the Laurence experiments was tne install­ 

ation of the intermittent sand filter at Prami, . ;ssachu- 

setts, in 31369 under tae direction of 3.U. Heald.

CONTACT B£D3 -- In his «ork "Drainage" (London, 1889) G.u.C.
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Brooni commented that "Irrigation is considered the best mode of

utilizing trie so^a^e (land being a natural filter), and there 

is no doubt that it is so.** Two years later, however, the Main 

Drainage Committee of the London City Council authorized inves­ 

tigations at the Barkiug outfall similar to those which had been 

carried out in Massachusetts, for the sewage farm, chemical treat­ 

ment, and precipitation methods had all proved inadequate. W.J. 

Dibdin, Chemist to the London Council, sa-,v that tue ?lassachusetts 

experiments gave better promise than did the sewage farms, but 

that certain modif ications would aave to be made. The Lawrence 

method was unsuitable for non-sandy regions, for instance, and 

it required a greater purification area than could be obtained 

for London. Use of a material coarser than sand was indicated 

to cut tioiya on tue required area, but such a change would hinder 

f Fictional resistance and the purifying agencies .nould not have 

time enough to work. Dibdin then hit upon tho idea of a water­ 

tight filter in which the sewage could remain "in contact 11 with 

the filter material and its growth of organisms for the required 

length of tirae.
s

Dibdin, who had previously worked with Dupre (1884) on the 

aeration of sevvige, began his experiments at Barking in 1391 with 

the principal aim of reducing the area needed in sand filtration. 

He tried several filtering materials and found coke breeze to be 

the beet, though subsequent contact beds were constructed with 

coal (for chemically precipitated effluents), broken slate, pound­ 

ed glass, uurnt ballast, clinker, cinder, slag, "polarite", iron, 

and sand. In 1893 the first unit went into operation, consisting 

of a 1-acre bed with 3 feet of coke covered by 3 inches of gravel. 

After further experimentation a cycle was established »hich called
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for l£ hours filling, 2 Hours standing, 2% hours emptying, and

6 hours aeration.

Tfcough Dlbdin's first scheme involved subjecting tue sewage 

to the contact bed only after caatnical precipitation haa clari­ 

fied it, his best-known work at Gutton, under construction by C. 

C. Smith in 1894 and in operation by 1896, abandoned the prelim­ 

inary precipitation phase and substituted "double contact * beds. 

Here the crude sewage, after passing through large screens, *as 

introduced to the coarse contact bed, 3^ feet in depth, consist­ 

ing of 2 to 4-inch lumps of burnt clay ballast; from this point 

the sewage was conducted to the fine filter of 4 to J inch pan 

breeza. "Double contact* units were later installed in such 

large cities as Leeds and Manchester, and the Hampton Sewage 

Works aent so far as to introduce "triple contact** treatment in 

1699. The 'larapton 'forks vsero dismantled in 1907, however, and 

replaced by percolating filters. AS the century dres< to a close 

Drs. Clowes and Houston continued the Dibdin experiments, but 

the contact type of filter seemed to have reached its ultimate 

development, with a usual depth of 3 to 4 feet and the maximum 

area of £ acre in England*

TRICKLIMG OR PSKCOLATIMG FILT3R3 — During the decade 1890 to 

1900 many n«w filter types v»ere patented and placed in operation, 

all with a view toward speeding up the time of operation and con­ 

fining it to a smaller space. The keynote seemed to be more aer­ 

ation which would eliminate the idle "resting'1 time of the in­ 

termittent and contact filters. A forerunner of the trickling 

filter appeared in the Massachusetts State experiments (1887-90)



»hen the sewage was filtered intermittently through gravel stones. 

Colonel George tf* Waring sought to improve on this arrangement 

by forcing air into the interior of the filtering medium: his 

scheme was patented in 1691 and tried ^ith no great success at 

Newport in 1394. A similar arrangement was tried in 1S9S at 

Halvern, England, by 3.B, Lowcock who constructed a gravel fil­ 

ter with a top sand layer, and forced air under pressure into the 

middle of the bed. In the same year Hazen started a filter with 

1/5-inch material which was artificially aerated*

Aeration of the filtering material being unsatisfactory, the 

emphasis shifted to aeration of the sewage before hitting the fil­ 

ter. Although Oarfield of Litchfield had used perforated pipes to 

distribute sewage in ia92 9 the first description of the application 

of sewage by a fine spray spread evenly over the whole surface of 

the bed was made by iVallis Stoddard in lei93. His experiments, bo- 

gun in that year with a small trickling filter at Bristol 9 culmin­ 

ated in the construction of the first successful filter of this 

type at Horfield, near liristol, in 1899* 4uite independently J. 

Corbett, borough engineer of Salford, carried out similar experi­ 

ments from 1893 to 1398, continuously passing sewage and air 

through the filters simultaneously. M© first distributed the sew­ 

age by wooden troughs on the filter, then he raised the troughs 

several feet above the bed, and finally he sprayed the sewage over 

the surface from sprinkler nozzles* Thus, Corbett«s work played a 

large part in developing the details of the process. Another de­ 

tail which merited a great deal of attention was the first reaction- 

propelled sewage spray distributor constructed by Caink of :^ 

ter, Sngland, in 1697.

Oth«r pioneers also played a part in developing the



percolating idea. Colonel Ducat's filter, installed at Hendon" 
in 1397, was an a evading type, coarsegrained above and fine- 
tirdinea below, ...ich had hot water pipes for heating the sew­ 
age in venter. In the following year ^hittaker and Bryant in- 
trouuced their Thermal aerobic Filter* at Accrington, for

.,oy obtained a patent in 1899. Following treatment in 
an i septic tank*4 , the effluent was spread nver a filter 
yea—of 2 feet of broken stones and 6 feet of &&& coKe »ith 
limestone chipping^ on top~~by means of an automatic revolving 
sprinkler. A small steam Jet ^au jjiavau in the delivery pipe 
to raise the temperature of the se#age when needed to obtain 
more favorable bacterial action. Several filter chambers, 
circular or polygonal, 61 feet in diameter with filtering 
material 9 feat in depta, were used "continuously 1*, but it *ms 
found that satisfactory operation still demanded a "rust** per­ 
iod at Ion,, intervals than had betm necessary with previous 
filters,

Ih$ trickliu^ liltar seemea to b® the most satisfactory 
answer to the sewage disposal problems in places vshere large 
areas of sand could not be found. Typical of the English 
cities ttftich adoptoti trickling filters is Birmingham which, 
in 1352, dumped its sewage untreated into the river. In 
1659 oxp^rimonts v#«re u»ttun uhica led to the installation of 
chemical^precipitation tanks and se»c.^9 iajrxz- in 157^. Under 
Joon D* Watson in 1901 the precipitation basins ware con­ 
verted to soptic tanks and the first trickling beds were 
built in 1903. Adoption of this method l,..,.^;d somewhat in the 
Unitod 3tat08, rea-n^ d&tine from the Columbus, Ohio,



experiments of 1904-0[; t although a few small plants had been 

in operation prior to that time. Suggestions for a system at 

Columbus had varied with the years — it was double filtration 

through coke in Ib96, then septic treatment in 1900, and in­ 

termittent sand filtration in 1905. Experiments begun under 

G.A. Johnson in 1904 brought the trickling f liter into prom­ 

inence and pushed the other ideas into the background. Widely 

scattered experiments conducted along the same lines at about 

the same time confirmed the practicability of the system, and 

the first l,;.rg« american plant at Heading, Pennsylvania, went 

into operation in 1908*

Although the quality of effluent was not improved, much 

progress had been made in a decade in cutting dovin on the 

filtering area required, and in furthering the idea of arti­ 

ficial filtration. While 1 acre of intermittent sand filtra­ 

tion could handle the s.e/Aage of 500 to 1000 persons, the 

same area of double contact beds could handle that of 4000 to

bOOO persons, and the 1-acre trickling filter could take cure
87 

of at least 10,000. fbr almost half a century British Royal

Commissions had advocated the application of sewage V> land; 

a noticable change occurred in the 190a report of the Fifth 

Royal Commission on Se sage Disposal which stated: n ,e , re 

satisfied that it is practicable to purify the sev* f 

towns to any ua&ree required, either uy land treatment or 

artificial filters, and that there is no essential difference 

between the t«vo processes---."

TH3 riC PHOCJS3 — The study of filtration methods of
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sewage disposal #as paralleled on a much smaller sc&le by a 

study of septic notuoas. USQ of a septic t^nicc was not par­ 

ticularly a new idea, ho.,-.:- r i;, ./a.- nu ,»*;*•» Utiau *uv 

old cesspool, regulated and controlled. It? rise in ponular- 

ity wAS brought about by the difficulty and cost of sludge 

disposal from plain sedimentation tanks. Verier this system 

• *ja boiiui* ..«:•<•» retained to jt'oater tu-, 'Composition 

of settled
/

that comoie

solids anaerobicalV;, and it w^s oritiihally

te li Uifajtion of the susended solids could be ob-

separate th

taineJ in this manner. Henry Austin's "Report on Means for De­ 

odorizing the Se > of Towns-" (Id57) described a tank--to

e soliu- from the liquids before trouia^t, ->i^u iisie-* 

v#hic.. ,. v .ive f Indications of having the elements* ^f a successful 

septic tank*. Probably the first successful modern septic tank, 

however, was the "Automatic r>caveni£er\ devised by Louis H. 

"!ouras of Vesoul, France, ayou^ ioou. it consisted of a closed 

vault with .-* 4 »..w-j* 1 jeal, ana »«j self emptyin^ a;^ contlriuuu» 

in operation, 'illdely used in Paris because of tho ordinance 

forbidding the discharge of solid material into tho sewers, 

"ouras 1 scavenger was not patented in France, .-ogl s.nd,or the 

United ^ui^o^ until 1881-8£, same t«»uuuy yeura after its iirGi 

use. It did not achieve universal popularity, however, for iwb 

effluent was not sufficiently purified without further nitrifi­ 

cation. For a decade, in the eastern United States, wide­ 

spread use was made of Colonel taring's Jewport tank, describ­ 

ed in "The ^-atary "jraiua^e of Houses anu iow-i^ 1 - (1676). The 

essential feature of tue system was the st .rlr^ of se,<, 

t-ink whose inlet and outlet were both submerged.



Probably tae first to point out and apply practically the 

tv»o-sta&e purification of sewage was W,D* 3cott-;,Ioncrieff of 

Ashtead, England, who started his experiments before the Mass­ 

achusetts results were known, and who constructed the first bio-
O..J
iW -^J

logical bad in iinglanu. In 1691 he erected a plant in vdiich 

the crude sewage was filtered upward through stones anaerobic- 

ally, thus partially liquifying the solids* From the anaerobic 

ta.*.. tae effluent passed to trie second, or aerobic stage, by 

trickling downward through three superimposed 7-inch coke beds 

separated by air breaks. In 1693 the same design was used suc­ 

cessfully at the borough of Towchester.

Shortly thereafter, in 1695, Donald C&meron, City Surveyor 

of Exeter, installed his continuous flow septic tantt, and in the 

following year the main sewer of St. Leonard's, a suburb of Jx- 

eter with a population of 1500, uas connected to the tank. From 

the tank the effluent was directed in a thin stream over an aer­ 

ating vieir onto a filter of coke breeze or clinker. A submerged 

inlet conveyed the crude sewage to a grit cua.yoer-~in reality a 

section of the septic tank--which allowed the floating organic 

matter to pass, but *hich collected the detritus. The sewage 

then flowed through the tank anaerobically, taking taenty-four 

hours to puss. AS a result of this septic treatment the total 

solids were decreased by one-half, and the organic consistency 

was decreased by two-thirds of its initial value, Cameron's 

tank attracted world-wide attention, and experiments soon con­ 

firmed his work in Leeds, Manchester, and else 1 ..here. The raain 

result was to establish anaerobic preliminary treatment as one 

of the most valuable processes in sewage disposal. It helped
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to form a basis for Dr. ~>, Hideal's assertion in tiis "Sewage

and Bacterial Purification of Sewage" (London 1900) that sew­ 

age purification may be considered to take place in three stages: 

(1) anaerobic-~hyurolytic solution and aramoriiacal change, (2) 

partially aerobic—nitrites and simplified bodies, and (3) com­ 

plete oxidation and nitrification*

In line with Cameron's work, Professor A.M. Talbot install­ 

ed one of the first continuous flow septic tanks in the United 

States at Champaign, Illinois, in 1697* Saratoga, New York, 

followed in 1903 with an excellent system of septic tanks and 

sand filters v»hica became noteu ior the clarity of their ef­ 

fluent. Litigation and wrangling in the courts over patent in­ 

fringement resulted from the Saratoga installation, however, and 

this had a bad effect on further development of the septic tank 

in America» Most communities were unwilling to invest in a pro­ 

cess vniich rnicht involve them in costly patent fights, especial­ 

ly when that process did not give the complete answer to the pro­ 

blem '<*hey v*ere trying to solve*

It was not long before the septic tank began to undergo ex­ 

tensive changes. Sedimentation and digestion naa oeen carriea 

out in one big compartment in the Exeter tank, but the 1399 He- 

port of the issachusetts 3tate Board forecast the new trend by 

mentioning the separation of the t^»o processes. Dr. #«G* fravis 

took the first practical step in this direction in 1904 wltb his 

2-storied "Hyurolyi-ic iariK" at Hampton, .iiigland. It 'was separ­ 

ated into three compartments-—two lateral ones through which the 

fresh sewage flowed, and a third one between and belo^i the 

others into which the sludge settled. A portion of the fresh
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sowa^e was allowed to enter the tuird, or li jUifying caamber,

as well. Or. Karl Jmhoff of .Js^on, Germany, went further still 

in 1909 in keeping trie flowing li iuid and septic sludge separ­ 

ate. In the upper portion of the tank which bears his name he 

installed a sedimentation chamber aith slots at the bottom to 

allow the sludge to settle in the digestion ctiainbor below. 

Vents at the sides of the sBdiiaeutation chamber were added to 

carry away the gases generated by the digesting sludge in the 

lower compartment. Use of the Imhoff tank was widely advocated 

by the Jmscher Drainage Board in Germany, and vutii the help of 

Dr. Rudolf Hering the tank was introduced in the United States, 

where it gained great popularity, The first small Imhoff tanks 

in ^rnerica went into operation in 1911 at T ?adison, "isconsin, 

and at Ghataam, New Jersey, while tne first large ones were in­ 

stalled at Atlanta, Georgia, in tne following year.

The InihQff tank principle gave oirth to other ideas mich 

resulted in separate sedimentation and sludge tank systems. 

Such units were installed at i&rmingfrara and Baltimore in 1912, 

and in the following year J.W. Alvord introduced an original 

tank in Madison, Wisconsin. At about the time oi the first 

World v*ar L.S. Do ten devised a unit for array cantonmentb .uioa« 

chief purpose vtas to avoid the frothing aiio foaming common to 

Imhoff tanks overdosed with fresh sewage. In ^aneral, u ',jr t 

the early separate systems ran into difficulties because of the 

failure of those in charge to realize tae importance of seeding, 

reaction, and temperature. Hesearca since 1925 uuu tae oper­ 

ation of plants since 19S9 have placed added emphasis on these 

factors.



ACTIVATED SLUDGE PROCESS -- Purifying sewage by agi­ 

tating it in an open tank along wiith sewage sludge k » tt fa & 

development which did not corne until the twentieth century, 

although many pioneers in the late nineteenth century had ap­ 

proached it by passing air through clarified sewage and 

through filters. In 1682 Dr. Angus Smith of Britain tried 

aeration of sewage in tanks, u f«e\,uuu experimented with by 

Dupre and Dibdin two years lat^r* Hartland and Kaye-Parry 

took out an itinglish patent in 1S83 on a system which included 

an aerating sewage chamber. During the years 1690 and 1891 Dr. 

Brown carried out extensive experiments on agitation, and aer­ 

ation at Laurence, Massachusetts, and Mason and Hine, at Bens- 

seller Polytechnic Institute, did more work on aeration. Fur­ 

ther investigations on the aeration of filters ware then carried 

on in 1892 by Waring in America and by Lowcock in England, .\part 

from aerationi the uso of sludge to clarify sewage bau a fore­ 

runner in the suggestion made by William Foster in his "What tc 

Do With and How to Treat Sewage'1 (Leeds, 1901), He recommended 

burning street sweepings, market refuse, ashes, and the like, so 

as "not to produce the least quantity of ashes. i'ue ashes, when 

ground, were to be added in such quantities to th© sewage as to 

absorb the nitrogenous matter in solution, and then the vvhole was 

to be run through settling tanks and filters alternatQl^ or as 

desired *

More valuable Knowledge on the subject was gained as the 

rosult of extensive experiments conducted by * .... x»lack and ^.^. 

Phelps between 1909 and 1911 on the aeration of sewage in Hew 

York, Harbor. Their work was followed in 1912 by that of H.;v.



Clark, S.D. Gage, and G.Q. Adams of the Lawrence Experimental 

Station, vmo plac -2ft :ie,mge in bottlw^ a;jd in tanks partially 

filled with roofing slate, spaced about 1 inch apart, und show- 

ad that in aerated sewage growths of organisms could be culti­ 

vated which would increase the degree of purification. Dr. G. 

J. Fowler, impressed by the results shown during his trip to 

lu 'isacuusetty suasion, returned to ^nglana ^ith tao iciea 

of continuing experiments along the same lines. Working 'vith 

Murnfordi in 1913 he did away with the fixed surfaces and employ­ 

ed a specific organism in combination with a dose of ferric salt, 

Fooler's suggestions were adopted by Dr. J. Ardern and W.T. 

Lockett of Manchester in the same yuur, out they uitipuijswci with 

the extraneous bacterium, and chemical and rolled solely on the 

organisms already in the sewage. Tao result, reported in 1914, 

was the activated sludge process. The number of micro-organisms 

serving to braak down the organic solids in the process of di­ 

gestion was increased by passing air continuously through the 

sewage, thus producing an intensive culture—called "activated 

sludge rt by Zr. Fowler. It was found that the agitation and dif­ 

fusion of sludge through the sewage gave the same purification 

as treatment on la.iu, throu^n ccnt&ct ueas, or tarough percola­ 

ting filters. Tho laboratory experiments of Ardern and Lockett

were followed by the installation of two continuous-flow units,i *
converted from existing tanks at Manchester's Works at $ithi ig- 

ton in 1917.

Blowing air into tae sav*a&e was tfcia first method tried in 

the ne*v activated sludge process. Such a unit «j.s installed at 

Salford in 1914, followed two years later by England f s first
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large activated slutigs plant at Worcester. Hera lessrs. Jones -

and Attwood, who ware allowed to experiment with two-thirds of 

one of tae tanks, substituted diffusors for the old perforated 

pipes. Ibis method was soon largely superseded by bio-aeration, 

or the mechanical activation of sludge, in which the sevsage was 

macaanicaily agitated in the presence of air ramer tuan having 

air blown through it. John Haworth of Sheffield, whose exper­ 

iments with aeration were begun in 1912, developed the mechanical 

scheme after the findings of ^rdern and Lockett had been made 

known. His first tank was installed in 1916, and the first large- 

scale plant of this tyoe was erected in 1919-20. Juring the 

next decade many purification works baaed on this principle were 

erected throughout Great Britain.

The activated sludge principle began to m-ake headway in 

otaer countries as well, the United states and Germany being 

particularly outstanding in this respect. By 1914 extensive 

experiments had been carried out at Milwaukee, and in the fol­ 

lowing year T.C. Hatton installed a full-size unit there. Two 

years later the Commission decided definitely in favor of the 

activated sludge process for the city, houston, Texas, was also 

among the earliest of large American cities to adopt this new 

scheme, installing its first plant in 1917. In Germany Drs. 

Imhoff, pruss, and Fries combined the mechanical agitation and 

air blowing methods in an experimental unit at Bellinghausen in 

the .iuhr Valley in 1984-25. After being screened and having its 

grease removed, the sewage, flowing by gravit , travelled through 

shallow detritus channels to the Imhoff tanks; from here the 

supernatant liquid was subjected to gravity, activated sludge 

from tlie final settling tank, compressed air, and rotating



paddles; i^ was then settled in a tank from <vhich we excess ^ * 

activated sludge was pumped back to the Imhoff tank. Digestion 

tanks were used for the final treatment of the Imboff tank 

sludge, and the gas produced was used to beat seuage in tbe 

winter and vuas taken by a public company in tbe summer. Tbe 

digestion was measured in terms of destruction of organic matter, 

tue changes in solid matter^ and tue volume and composition of 

tbe gasos produced,

SLUDGE DI3P N GAL -- Tbe problem of wbat to do with tbe renain- 

iiite sluuge *i/a3 a major problem from tiia earliest days of sewage 

disposal. simple application to land as a fertilizer was not 

always tbe bost answer, for often a reeking bed of sewage result­ 

ed, sucb as at Birmingham in 1659. Tbis state of affaire led to

trenching and lagooning, and also brought the dumping of sludge
29 

at sea into popularity. About 18Qu ^. .ionson developau uae idea

of making building brick of clay and sewage sludae. . 

some bricks of this kind were mad© at Birmingham, Leicester, and 

e, tue scheme vma uneconomical and. never received a great 

auuwiuiuii. *uu introuuuuAou uf septic and Imaou tanks 

did not materially change tbe problem! nou^h the «»•>!-«"/•?<-.- of 

#ell~digeste(I~«henc9, relatively inof f eneive--sludge on 1 arid now 

became more acceptable. In some c^ses this sludge waa usou for 

filling in land. Largely a development of the twentieth century, 

was the dryi; „.„ prwp^r^u UULUS ana unaer gl asj-.; . Experiments at
i

iUlevelariU, hio, in 1912-13 lod to the " ^ly es w^,^*^u,;^ii u u^
i
this method in other towns in tbe state such as Alliance, Canton,
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and Marion, and the idea gradually spread from there. Burning

was another solution adopted by some communities, notably Paris 

in 1912 and Leeds in 1922. Until about 1928 tae only practical 

means of dev^atoring activated sludge was toy filtration, vvtuclr 

was impossible without conditioning the sludge. ,A solution to 

the problem was offered as the result of a series of notable ex­ 

periments at Milwaukee. 31ud&e in a large tank was mixed with 

sulphuric acid or ferric chloride by compressed air and baffles; 

the mixture was then taken to filters from which the liquor was 

returned to the screened sewage channel, and the pressed sludge 

«vas carriaci X,Q driers. The driou proauct was ineu marketed for 

commercial use aa a fertilizer.

Apart from yielding a fertiliser or fertilizer base, sluage 

digestion has bean utilized to provide power and li^ut as well. 

Donald Gameron of jixetar pioneerou the use of seuer gas about 

1895, obtaining many patents in this field, of particular note 

was hie lighting of the tank installation at Bella Isle, iSxetar, 

with gas thus derived. Extensive experiments along this lin® 

mere also carried out by Dr. L.P. Kinnicut and H.P. j^ddy at 

.Vorcooter, .'fassacauaetts in 1901, and t,io years ia^ar G.C. James 

at Bombay pumped sewage to the filter bods by using gases from 

the digestion tank. The use of the gas and sludna commercially 

has by no means become universal, siany engineers preferring to 

get rid of them as quickly and as easily as possible, but it is 

significant that so much attention has ueon &iv&n LO recaptur­ 

ing the value of the wastes once the primary end of sewage dis­ 

posal has been achieved.



CHLCHINATIOtf — Amon^ tae earlieru yw.-a^Q plants to attempt 

chlorine treatment was tae one at jjrevjster, jew York, wnere 

attempts to us© hypochlorltes on a full-scale in 1875 war© un­ 

successful, Ine process vsas not yet fully understood, for it 

sas not realized that treatment could be better applied to pur­ 

ified effluents than to crude sewage, and tuat aosolute sterili­ 

zation was not required. Fur trier progress was made at Breweter

in 1392 'Airmen an electrolytic plant for the production of chlor-
30

ine from a salt solution was set up* Dr. 5. Rideal in his ex­ 

periments at Guildford in 1905 concentrated on making the chlor- 

ination process primarily one of bacterial removal rather than 

one of chemical purification. During the next two years phelps 

demrnstrated the economical and practical utilization of chlor­ 

ide of lime at Boston and Red ban it in Massachusetts! and at 

.Baltimore, Maryland. Continued experimentation and usage have 

demonstrated the value of chlorine treatment on clarified sew­ 

age for the protection of public water supplies, bathing beaches, 

and shellfish areas; and in addition, it uas been found useful 

in controlling odors, filter flies, and clogged filters.

DILUTION -- The final stage in most modern sewage disposal 

methods ie the dilution of the effluent in natural water's. A 

few important studies were mad© on the "self purification" of 

streams in the nineteenth century, but, by anci large, the sub­ 

ject did not receive tae attention its importance ttarrantea. 

One of the earliest discourses on the subject appeared in Ib64 

when S. Macadam discussed Uie water of T ,eith at length in the 

Third Beport of the Sewage of Towns Commission. In 1664 Z>r * 

iieale wrote of the sewage in the Thames mud, and in tho
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following yoar Dr. H.C. ooroy's very important H Report OT

Microscopical Investigation of Thames I4uds n appeared in the 

report of a Royal Commission. Shortly t tie re after, in 1667, 

Hudolf Hering began investigating tae factors entering into 

the problem of dilution—an investigation .ihich resulted in 

Chicago's Main Drainage Canal, completed in 1900. prior u> 

1900 Chicago's sewage went to the Chicago River, -.uhich emp­ 

tied into Lake 'ichigan, the source of the citv»s water sup­ 

ply* lae Drainage Canal cHanged the course of the sewi^a from 

the lake to eventual delivery to the Mississippi River. AS a, 

result, the Hate of Missouri instituted proceedings, uoia^j.axu- 

ing that Chicago's sewage was contaminating tae water supply of 

St. Louis. The sewage took from eight to eighteen days to flow 

a distance of 357 miles, during which time sufficient purifi­ 

cation took place to warrant a dismissal of Missouri's case 

as unproved.

Varying situations demand varying degrees of purification 

prior to dilution. Generally speaking, the amount of dilution 

necessary decreases with the mode of purification in the follow­ 

ing order: crude sewage, grit caamDers, coarse screens, fine 

screens, sedimentation, septic tanks, Irahoff tanks, contact beds, 

trickling filters, activated sludge, and intermit tent sand fil­ 

ters. The usual course has been to combine several of tae meth­ 

ods to achieve the desired effluent; for example, a typical com­ 

bination might consist of grit caarauer, coarse screens, Imhoff 

tanks, and trickling filters. lu the final analysis it ib the 

amount of dilution possible in the end which dictates the size 

and type of purification plant neodeu at the beginning of tue



sewage disposal process.

Summary

Prior to the nineteenth century the disposal of household 

wastes '.*as at best takan cara of by dumping in covered cesspits 

or by allowing natur&j. uraiu^e ana ^uuvuu^^rs uu ole^r ta« cl ty 

streets onto v»hich the wastes bad boo^ fn ung. Some early cities 

such as 5brne had sewers, to be sure, but their primary purpose 

was to carry off excess storra and ground waters. Thus, most 

early sobers developed along crooKeu and ninain^ liijey, ueii^ 

for tiitf most part, simply small streams covers -->v-*r.

As the first half of tae ninateonth century «&£ drci*«iii^ to 

a close, j£ngland* vvfciicti had strugglod along with the same prim­ 

itive sanitary systarn used in other civilized countries, sudden­ 

ly found itc'Jif greatly in need of by.^rage reform. The Indus­ 

trial .Revolution brought great cities into being almost over- 

ni&at--and one result of tais rapid building was slums and 

poverty, dirt*and disease, A growing social consciousness on 

the part of the bourgeoisie and intellectuals brought aoout in­ 

quiries concerning the welfare rf the poor, in jiarias revealing 

conditions v»hich shocked the nation into action. The gross a- 

mounu of stink and dirt, combined v<ith the lack of adequawo 

itary facilities, seemed to go aand in hand with the inoidance 

of disease wnich .,-ell might spread to even the most prosperous 

sections of the community. This tareat of caolera and typaoid 

hanging over the whole population v^s enough to drive out the 

backyard privies and middens, and bring in the water carriage



system of disposal in large cities such as London.

.iQnaink rnoyt oi taw City v»~it*utfw w.u\; u^u waQ severs 

fortli a ne'4 problem, , — v^*---stream pollution. This thra-^t to 

the witter supplies of the nation was almost worse than the one 

which had lust been cleared up, :*..'<a it was necessary to take 

further action. Since tlie sewage could not oe dumped in the 

rivor, uau nUAu XW^AU^JL PJ.&UU uaw uc •ju.-ij a.* u^ a.a.'*^i« -^o .(.M*^ 

•-" ^:t - >c; being dumped on the land, some fertilizing value 

mi{jht b8 obtained from it. Thus, broad irrigation ca;na into 

vogue in the laird quarter of too nineteenth century, first in 

Ireland and later on the continent. 'any farms aoon UQC^:YIQ 

overloaded with reeking s®...;^^ under the broad irrigation 

scheme, hr.'tover, and exnartme'-.tern found that by annlving the 

se;-»atje to the land at intervals rather than continuously that 

land could ba kept "sweets*

*^any Uo^rit; v%yi'-^ uo C. in u position \.c- ctp^jL^' their Ge.-'a^o 

to lar,-.. r they were forced to s©ok more coin.-act nothodo of 

treatment, plain sedimentation, chemical precipitation, and 

electrolytic methods vsere all triad with varying success, the 

roost popular being Chemical precipitation during the it/ou 1 ^ in 

^n^xuiiu. The natural successor to broad irrigation and inter­ 

mittent filtration «as the rnore compact intermittent s^n 

ter, whose bacteriological properties were elauortitod upon for 

the first time by the Massachusetts i)tat@ Board of Health (1687- 

VQ) • Although it yiaia^a an oxceiie^t ei'iluwiit f tuo £u>uc. 2 liter 

still required more space and sand than rn^st communities could 

afford. Thus, the decado bQ^inninc,- in Io90 wan m irkoci by the 

introduction of several filters with ,ucod areas and increased
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rates of filtration. iSnglish contact bads, which retained the "

sauage on small or areas than did the sand filters, ware largely 

superseded by tne more rapid trickling filters.

During this decade it was. brought out that anaerobic as well 

a;i aerobic conditions coulu pluy a part in ye »* 0.4,0 t re^t-a^t. The 

c-nilnuri-r. fi mv snptic t c ,nk of 1695 vf-^ 5""v-.r^-'ed by separation of 

the sedimentation- and digestion compartments in the Jmnoff tank 

of 1909. Then, the purification of sev,age by agitating it in an 

open tank v^ith sewage sludge—the activated sludge process—r 

its appearance in 1913. T:>ofr- ro wu 

r^ere opor-itin^ on this princi-.la, h-th iri Jr

Thus, in less than a century, sewage disposal was raited 

from a nonentity to a highly-developed, scientific, essential 

community service. Tangible results of its contributions have 

bean r^f?^ctod in national and local health progros^ w^arts, 

and millions of people today live in comfort undro^rned of before 

the advent of modern sanitation. vorkin^ in cooperation v<ith 

the doctor and chemist, the sanitary engineer Uas played a 

jreat part in raisiu& the stuxidaru^ ui aoao.^a und cio.r,ic-""ti 

throughout the /-;rld, and there is every reason to believe that 

his future contributions will be worthy successors to his past.
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HYDRAULIC and COASTAL WORKS



HYDRAULIC AND COASTAL iVOHCS 5 0 5 

Irrigation and Flood Control

IOYPT ~- From earliest times the chief source of Egyptian 

wealtn nas been its agriculture, made possible by trie periodic 

floods of trie Nile which nave left a rich top dressing over the 

land, originally the farmers simply followed as the flood waters 

receded, planting over ttie recently inundated land and retreat- 

Ing once more when the waters began to rise again. From accounts
1 

more legendary than historical it appears tnat Menes of the First

Dynasty (c 3200 B.C.) was the first to attempt regulation of 

these floods on a national scale* He is reputed to have put up 

a long dyke parallel to the Mile on its left bank* and then to 

have erected cross-dykes or intercepting canals whicn acted to 

carry the waters into pockets or basins in the Libyan Hills* 

Taus v»as born the "basin* system of irrigation which depended 

upon tne regular overflow of the river for its successful use*

This basin system served Igypt for centuries—up to modern 

times, in fact—but under the Pharoahs of the Twelfth Dynasty, 

the Amenhats and the Usartsens (probably before 2OOO B.C.)* even 

more extensive works were constructed and more land was made 

available for farming. In reclaiming land on the right bank of 

the Mile the engineers did not construct a dyke similar to that 

on the left bank, for they realized that the sudden confinement 

of the river would have disastrous effects further down the 

river at nemphis and in Lower Sgypt. Instead they widened and 

deepened the Fayum depression in the Libyan Hills and created 

the famed Lake lloeris. Herodotus writing in the fifth century



B.C. claimed that the lake had a circumference of 60 schoenes 

or 3600 furlongs, a length equal to that of the entire sea- 

coast of Sgypt. He also noted that the lake must be artificial, 

for two pyramids stood at the middle, extending fifty fathoms 

(300 feet) below the water level and 50 fathoms above. Water

•as admitted to the lake from the Mile, he said, by moans of a
3 

canal. Five hundred years later Strabo confirmed the presence

of Lake Moeris, but he considered it largely a work of nature, 

noting, however, that engineers had placed locks at either end 

of tho regulating entrance canal. The lake was of such extent 

that it was capable of absorbing the Nile floods; then at lower 

phases of the river, irrigating waters were released from this 

reservoir as needed. As a result, "perennial" irrigation was 

introduced, therein water was carried to the land regardless of 

the state of the Nile, and the widespread inundation of former 

tines was considerably reduced.

Apart from the control afforded by Lake Hoeris in ancient 

times, the primary method of irrigation in iSgypt remained the 

basin system from the time of the Pharoahs, through that of the 

Ptolemies and Romans down to the Arab conquest in the seventh 

century A.D. From A.D. 700 to 180O the population of the coun­ 

try slowly dwindled while most attempts at systematized irriga­ 

tion were abandoned over a large part of the Delta. Then early
4 

In the nineteenth century Mohamed All changed the system and

basin irrigation was confined largely to Upper Sgypt. Beginning 

In Iti74 a large part of Upper Sgypt was converted to perennial 

irrigation, and as the century drew to a close, British engineers 

commenced the modern construction of irrigation works which have
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proved so beneficial to the country.

BABYLONIA — Irrigation and flood control were also known and 

practiced by the Babylonians but to a leaser extent than that 

of the Egyptians f according to the meager evidence available. 

The Code of Khammurabi (c 1900 B.C.) stated that if a landowner 

caused damage to his neighbor's land by neglecting that portion 

of a canal for which he was responsible, he had to pay damages 

in full; if insolvent, he could be sold up. At a much later 

date Nabopolassar (625- c 605 B.C.) and nis son, Nebuchadnezzar 

(c 605-562 B.C.), were credited with many hydraulic and otnar 

public improvements in the famed city—so great, in fact, was 

the extent of tbese improvements that the name Babylon has come 

dossn through the ages as being synonymous with worldly pomp and 

pride. One of the most important of the works attributed to 

these icings was the digging of the bed of the Euphrates from 

Babylon to Sippara and the lining of the banks with brick and

bitumen. Hear Sippara a huge reservoir for irrigation was tnen
5 

made by Nebuchadnezzar. Possibly it was this same reservoir

whicn Herodotus attributed to Queen Nitocris; at any rate, there 

are still traces today of a great dam above Babylon.

GR3AT DHAINAGB PROJECTS — The Greeks, living in mountainous 

country, developed few irrigation or flood control schemes, and 

they did not particularly concern themselves with drainage prob­ 

lems. 3uch was not the case with the Romans, however, for they 

devoted much thought and effort to canals and tunnels for drain­ 

ing certain areas. One of their most famous projects was the
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reclamation of the pontine Marshes, approximately IbO square

miles in extent, near Borne, Originally the area had been made 

somewhat habitable by its settlers, the volsci, out the un­ 

settled conditions occasioned by Roman conquests reduced the 

area once more to its marshy state. Various attempts to drain 

the place properly were made during the time of the Republic, 

then under Caesar and Trajan. Theodoric named Cecina to do tne 

job once more, and, for a ti i®, much of tne country was useful 

again. Decline soon set in and tae project was not revived

until 1777, when Pope Pius VI called in the engineers Happini,
6 

Zanotti , and uoldrini. Parallel to the Appian Way they built

a canal called the Linea Pio which still survives as the cen­ 

tral artery of the Pontine district. Modern improvements were 

begun in 1926 under Mussolini with tho result that more main 

canals have appeared, model towns have sprung up, and useful 

land has been recovered.

Another historic reclamation project has been the drain­ 

age of the English Fens of Cambridgeshire and Lincolnshire. 

The first successful assault on this area was made by Cornelius 

Verrayden, who left Holland about 1621 to stem a breach in the 

Thames embankment near Dagenham. After draining the Royal 

Park at Windsor, the Hatfield chase, and the Boyal Chase on 

the borders of Yorkshire, Vermyden was called upon to reclaim 

the lowly Fens, Essentially the problem vms solved (1) by 

clearing rivers of accuniulatod silt, to afford free passage 

of waters from the uplands, and (£) by erecting dykes to keep 

back the tidal waters of the sea. Many drainage canals were 

also made during this time, following the Dutch practice (as
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previously noted in tne chapter on Canals). Despite tne 

forceful protests of the Fenmen Vermyden continued, witn tue 

aid of several of nis countrymen, to drain tae area for many 

years, making His last appearance in connection with tne pro­ 

ject before Parliament in 1656 f Various engineers followed 

the Dutcnraan in this great taste, Heranie in trie eignteentn cen­ 

tury and Hawkstiaw in th© nineteenth among them. Hew sluices, 

caussvsays, embankments, and dykes were formed, and eventually 

six hundred and eighty thousand acres, an area equal to that 

of North and South Holland, were converted from dreary waste 

to productive plain.

For centuries tne Dutcn have been engaged in reclaiming 

land from tne sea in their own as well as in ottier countries. 

Work begun shortly after tfc© close of World »Var I still con­ 

tinues on tae winning of land from tne oiider See. Thus, from 

tne time of tue Hgyptiarjs up to tne present day, man nas toeen 

continually at work on some phase of nydraulic engineering, be 

it irrigation, flood control, or drainage.

MQD3BN FLOOD CONTROL AiTO IRRIGATION -- Previous mention under 

"Canals w nas been made of tne early irrigation works of India, 

Cnina, and Italy, but many other countries deserve mention as 

well. In Western Australia, for instance, a great pipeline com­ 

pleted in 1903 brings water across parched land to tne gold- 

bearing district of Kalgoorlie from a reservoir in tne Darling 

Range, 35Q miles away. Modern control projects in almost any 

part of tne world could be cited as typical of present-day prac­ 

tice, but few can be compared witn the magnitude of tne job of
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control line the Mississippi River. Hising in Minnesota, tfc* 0

s\

Mississippi flovis 2910 miles to the Gulf of Mexico, draining 

some 1,250,000 square miles of country enroute. Combined viitb 

its tributary, the Missouri River, it becomes a waterway 4bOO 

miles in length—one of the longest and most important streams 

on earth. }3et«een 1S74 and 1937 eighteen disastrous floods 

struck the Mississippi Valley, resulting in extreme misery and 

Hardship for thousands, tafcing countless lives, and destroying 

vast amounts of property* To fight these inundations engineers 

Have erected levees along the banfcs of the river ever since the 

days of M. Blond de la Tour who, in 1717, constructed a mile- 

long levee in front of New Orleans, prior to the Civil Jar the 

basins of the Mississippi Valley were protected by levees weak 

in profile and insufficient in height. During the war these 

lines were cut indiscriminately by armies, and the floods of 

Itf6i>65 gradually destroyed the remains. Following the partic­ 

ularly disastrous flood of 1672 a measure of federal control 

under the U.3. Army Engineers was inaugurated, but local and 

State controls remained in effect as well. By 1900 110,000,000

cubic yards of earth had been utilized in constructing 1283
7 

miles of levees on either side of the river below Cario, and

less than forty years later their total length had stretcuea to 

2500 miles. These levees, as they have been since the earliest 

days, are for the most part earth dams, varying from 10 to 40 

feet in Height and from oO to 250 feet in thickness at the base, 

Besides erecting levees to contain rising waters the engineers 

nave made liberal use of "revetments"—huge mats of saplings, 

often measuring 250 by 1000 feet, weighted down by huge stones—
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to strengthen the long bonks of soft rnud. Despite huge' ex­ 

penditures and great construction feats of the past, However, 

trie problem of containing the Mississippi has not yet been com­ 

pletely "solved, 11 and there seems little livelihood that a full 

solution will be reached before many years have passed*

In the field of irrigation, progress has been particularly 

marked during the past century, Especially in the arid western 

portions of the United States. The beginnings of American irri­ 

gation are usually attributed to Brignara Young and his ?,sormons, 

an agricultural people v»no settled in tne Salt Lake Valley in 

1547. Apart from that serving the farming lands of the Mormons, 

early irrigation in the West was largely incidental to mining 

and stock raising. A great boom in irrigation came in the late 

•igbties and early nineties, financed by promoters v»ho hoped to 

make large quick returns on relatively small initial investments, 

The boom was followed by a depression which lasted until about 

1902, tne year that the Federal Government passed the Reclama­ 

tion Law. A Reclamation Bureau was set up and tti© construction 

of irrigation works by the Federal Government was begun with 

the proceeds from the sale of public lands. At about the same 

time private activity was resumed and private and public works 

proceeded side by side. In less than forty years from the time 

of its inception, the Reclamation bureau had built more than 

one hundred dams—some of them the greatest in the world—and 

had reclaimed some twenty million acres.
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HARTH DAMS ~- The brief sketch above on irrigation and flood 

control gives some indication of the great importance which 

dams have played in the nistory of nydraulic engineering, pro­ 

bably the earliest daras made vnere simply earth mounds , and trie 

type has survived to this day with certain modifications and 

improvements. Not only is earth Handled in tae dry now, but 

in the wet as well. In many modern jobs trie nydraulic excava­ 

ting ,* transporting, and depositing is done by pressure from a 

jet or gravity from a flume. Apart from consisting wholly of 

a Homogeneous bank of earth tne modern eartn dan may nave a 

watertight puddle core)—consisting of eartn, clay, and some­ 

times gravel thoroughly mixed and compacted—or a masonry core 

wall. Many eartn dams nave also been provided witn puddle on 

tne water slope. As a general rule, tne upstream slope will 

vary from 1 on 2 to 1 on 3 wnile the downstream faca \iill vary 

from 1 on lg to 1 on 2g,

Old earth dams, several centuries old, may still be seen 

in many parts of India, and indeed, many of them are still in 

use to make up the reservoirs known as "tanks." These native- 

made dams aggregate some 30,000 miles in length, providing in
o 

all about ninety thousand tanks. One of the most famous of

these v&ry old da&o is the one at the poniary Tank of Trichin- 

opoly wnicn is no longer in use. The water aroa of tnis tank 

was somewhere between 60 and 80 square miles, and tne dam itself 

stretched for approximately 30 miles. Squally famous is tue 

Veranum Tank still in use, with a water area of 35 square miles



and a dam lengtfc of 12 miles. Of tke smaller types, tne " ' 

Cftumbrumbaukum Tank is a fine example 9 its embankment varying 

from 16 to 28 feet in height and stretcning 19,200 feet in 

longtfc. Yet anottier of tnase important works is ttie Cauvery- 

pauk Tank, vmicn &as been in use almost five hundred years. 

Its embankment-—whicft extends for 3J railes--is revetted on 

tfce water side by a stone wall 22 feet nigh, 6 feet tnick at 

tne bottom and 3 feet tftick at trie top, and the exposed face 

Has been carefully turfed. In Ceylon some of t&e ancient 

wor&s tiave exceeded even tfoose of India in extent and grand­ 

eur. The Tank of Kalaweva (A.L*. 459) nad a circumference of 

about 40 miles, and its 12-mile long embankment was covered 

mitfc a spillway of stone. Similarly tne Tank of Padavil was 

faced tnrougttout its entire lengtn of 11 miles witft layers of 

squared stone, the embankment measuring 30 feet in widta at tne 

top, 200 feet at tfte base, and 70 feet in nei^nt. Still largely 

intact is tne ^Judduck Masur Tank over 400 years old. Tne cen­ 

tral of its tnroe dams ranges in fcoigtit from 91 to lOd feet, 

and its base varies in tnickness from 945 to 1100 feet.

Coming down to more modern eartft dam construction we find 

a good example in R.K. Martin's Druid take Dam (1&64-71) built 

f*r tae storage reservoir of Baltimore 1 s wat0r$orK8» tue earta 

portion was built witti an inner slope of 1 on 4, an outer slope 

of 1 on % 9 a top width of 60 feet, a bottom widtn of 640 feet, 

and a aeigtit of 119 feet. A stone vsall at tae base was surround­ 

ed by a puddle core nail 36 feet wide at trie bottom and 17 feet 

at tne top. Shortly thereafter (1374-76), trie San Leandro Dam 

for ttie Oakland Vaterworks was built witti an even wider basa--



one of 17'JO feet. This figure was then upped to 19 oG feet OR , 

the 2-mile North Dyite of the i^achusett Reservoir built under 

the direction of F. P, Stearns from l£59b to 1905. Still great­ 

er vi as the twentieth century's Gatuh Deun at Panama, measuring 

2019 feet in thicKnoss at sea level and 390 feet at the lake's 

surface, 85 feet above sea level, $foile trie above examples rep­ 

resent success in this type of dam, failures nave also marked 

its progress. One of tne most disastrous failures occurred at 

Johnstown, Pennsylvania, on May 51, Ib89 during the course of 

the groat flood. Over two thousand lives were lost wnen tne 

earth darn gave vjay before the onslaughts of the raging waters* 

In retrospect many engineers fait that tne dam would not tiav-e 

fail 3d completely if it had been provided witb a core wall. 

Modern construction ftaSj tlierefore, been particularly marked 

by the inclusion of core walls, as well as by tne great increase 

of base ttiic&ness and a leveling of face slopes.

TH30RI OF ilA30^hl DAM PHDFILSS — As engineers continued to 

construct dams containing greater tieads of water s tiie need for 

a building material more suitable than earth became apparent. 

A substitute «as introduced in southern Spain in the form of 

masonry dams whion seem to have coma in about the sixteenth 

century in connection with large irrigation reservoirs. A 

ratner aapttazard development in masonry ensued, and it was not 

until th© middle of the nineteenth century that a truly scien­ 

tific approach to the problem of design was accomplished. First 

to investigate the raatter satisfactorily was De 3aailly, "/mose 

findings were published in the "Annales tieu Fonts et Chauss'ees"



in 1653. He argued that the safety of a dam depends primarily 

on two factors~-viz.; (1) trie pressure sustained by trie masonry 

or its foundation should never exceed a certain safe limit» ana 

(2) there should be no possibility of a portion of tne masonry 

sliding nor of the whole wall moving on its foundation. Accor­ 

dingly, tie recommended a stepped profile, tapering towards tao 

top, with tho greater portion of trie base on the water side of 

the structure.

Tno investigations of De Sazilly were soon followed by 

those of another Frenchman, M« Delocre, vino was called to his 

tasfc as the result of tne frequent inundations of the valley 

of the Loire , It was determined by the French engineers that 

the flood problarn could be solved by the construction of large 

reservoirs to contain the overflow, but sufficient storage was 

only possible by constructing dams up to 5O meters (164 feet) — 

a height at which earth dams xtould have beon hazardous. Hence, 

the concentrated studies on the best type of masonry profile. 

Delocre f s solution was similar to that of De Sazilly, but he 

eliminated tho steps and smoothed out both faces* His con­ 

clusions, which formed the basis for the design of ttie Ifyrens
s

Dam near St. Itionne, were Knovsn by Iti58, but were not published 

in the "Annalas des Fonts at Chaussees* until 1366 wlien v-^ork 

on the dam had been completed.

Tha next investigator of importance to add nis contribu­ 

tion to the subject was Glasgow University's Professor Macquorn 

Hankine (lb^O-72), whose advice was requested in connection 

with some proposed reservoirs at Bombay. His calculations led 

him to be the first to insist that the lines of pressure saould



be kept in the middle third of tna masonry. He used a aigfter 

limit of pressure at trie inner than at the outer face and tbus 

reduced trie batter of the former considerably, »iore principles 

were formulated by M* La Blanc, appearing in the "Annales, etc." 

of Ib56, »59 and *69, and these new ideas were used by Jbouvier 

(1674) in making calculations for France's Ternay Dam. Anal­ 

ytical solutions ware offered by Pelletrou in 1876, •?? , »?9 

and '97, ancl trial calculations ware advocated by Professor 

A..R. Harlacker of "Prague in Ib75. Guilleman and Hatiar argued 

that the gravity dam should nave a greater section toward its 

base than that &iven fcy De Sazilly and iiis followers. Tnen 

Glavanjid, a meiTibor of the commission investigating tfto failure 

of the Havra Dam in Algiers, rocommanded that tlia rasistance 

of a daro to sn«arin^ along inclined joints should be included 

ftith calculations of horizontal Joints. Tfaa development was 

carried over into the tvnontiath century by L.W. Atcherly of 

London vino pointed out in 1904 that vertical joints should 

also be tested, and that, as a matter of fact, they should be 

given first placs in the considerations. Since that time de­ 

velopment in theory has largely been concentrated on concrete 

dams, which have steadily been suplanting the oldar types of 

masonry construction.

ilA30NH5f DAMS -- Spain is generally regarded as the original 

home of the masonry dam, the earliest of importance being th© 

Almanza Dam in the province of AlbacitQ, Its exact date is 

unknowni but old records indicate that the structure uas in 

use before 15«6, Like roost of the tarly Spanish dams it was



built primarily for irrigation. Founded on rock and built of 

rubble masonry, the dam was faced viitb cut stone throughout ex­ 

cept on the upper 20 feet, which were made of rough ashlar witn 

courses of cut stone at intervals. The structure was 292 feet 

long, and its greatest height reached 67. b6 feet. In profile 

one face was made vertical and ttie other was stepped back ir­ 

regularly; the lower portion was built convex upstream. An 

overflow was provided at the side by excavating in the rock for 

a distance of about 39 feet at a depth of 6 1/3 feet. The solid- 

ity of ttie dam is indicated by the fact that for over three aun- 

dred years it withstood a pressure of 14 1/3 tons per square 

foot. Thg next dam of note was Juan de Herreras 1 Alicante 

(1579-94), built to a curvilinear plan across the gorge of Tibi. 

Like the Alraanza, it was also built of rubble masonry and faced 

with large cut stones. Only 30 feet across at tis base, the 

dam fanned out to a distance of 90 feot at the top, reaching a 

maximum height of 134g feet. Originally the dam nad no viast© 

v?elr, but one was built in 1697. In the great flood of 179E 

water rose 8.2 feet over tne top of the dara witti no narmful ef­ 

fects, so the waste weir was then closed and has remained that 

way ever since,

Spanish tradition was carried on in what was considered 

one of the greatest engineering achievements of the reigns of 

Charles III and Charles IV—the Ptientas Daft (17b5-91), erected 

where the waters of the Velez, Turllla, and motion a unite to 

form the Guadalatine River. The sniole wall of this dam, which 

had a maximum height of 164 feet and a crest length of 925.3 

feet| was of rubbla masonry faced with large cut stones.



Unfortunately the structure was snort-lived, bein^ destroyed 

in lbU2 -.smen the pile foundation at the center gave way. The 

piling nad been undermined by the water pressing its way through 

tne soft material underneath--an error which cost not only tne 

dam, but six Hundred and eight lives and nine hundred and eight 

houses as \»ell. A more permanent structure replaced the original 

in 13tt6. Another ill-fated work was the i>am del Gasco, begun in 

17bo but stopped in tne following year by a heavy flooding from 

a rainstorm. At the time the dam was already 167 feet high, 

and was to nave been ultimately 3O5 feet. One more Spanish 

masonry dam worthy of note is the Villar (1870-7b) on the river 

Lozoya t designed and built under the direction of Jos© Morer to 

furnish an additional water supply for jjadrid. It was built 

entirely of rubble masonry except for some cut stone on the 

crown, and reached a height of approximately 170 feet.

Despite the much earlier Spanish examples, no masonry dam 

of any extent was erected in France until the latter part of 

the eighteenth century. At that time, on the Canal of the South, 

tue i^arnpy Dam (1776-62) was constructed, bearing the following 

approximate dimensions: height 54 feet, base 36£ fset, and top 

16 faet. About Id43 the Zola Dam for the reservoir of Aix-en- 

Provence gained the f arne--whi ch it retained for several years— 

of being the only dam unable to resist the water thrust by its 

weight alone. Being circular in plan it v»as stable solely be­ 

cause it acted as a horizontal arch abutting against the sides 

of the valley. Standing lly| feat it had the relatively slim 

profile of a base width of approximately 42 feet and a top vyidth 

of iy feet. Shortly thereafter studies wore begun which
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resulted In the Furens Dam, generally regarded as the first

correctly designed masonry dam in the world. vtien it was de-
/cided in I35b to erect the structure to protect 3t. IStienne

from inundation and also to provide a water supply, ;.i. Qraeff, 

the chief engineer, assigned M. Delocre to the profile studies 

and M. Montgolfier to construction. Their combined efforts pro­ 

duced miat was than the greatest of dam heights—183.72 feet on 

the upstream face. It was also the first French curvilinear 

dam, a form adopted mainly to rive it more pleasing lines, prac­ 

tically tne y/hole wall, including t'ae facing, was made of rubble 

oiasonry and was completed during the period 1&62-66.

The BVench encouragement of rational design methods was 

soon reflected in a marked increase in ttie construction of mason­ 

ry dans throughout tna $orld. Hardly in the French tradition, 

however, was the heavy Gileppe Dam of Belgium, uuilt to form a 

reservoir for regulating stream flow and supplying water to the 

clota factories of Varviers. Engineer Bidault began his studies 

of the project in Ib57, but numerous delays prevented nim from 

getting the plans to the ministry until 1666. The major part 

of the construction wortc s?as carried out in six years (la?0-75), 

a total of 325,000 cubic yards of masonry being laid during the 

period. Foundations were placed 1 meter in rock, and tne whole 

dam was constructed of rubble masonry, except for bands of cut 

stone at the top and bottom and at points of batter change. 

Standing 154.2 feet at its highest point, with top and bottom 

lengths of 771 and 269 feet and breadths of 49. 22 and 216.5 

feet respectively, it v»as criticized by many engineers for its 

extraordinary vsidth at the top—not scientific like the Furens



Dara, for example—and so it came to be known as the strongest 

cam in 3uropQ.

Shortly after the Gileppe project had been completed, the 

English began work on a vary fin® structure on the Yyrnwy River 

for the purpose of creating a storage reservoir for the water sup­ 

ply of Liverpool, more than uO miles distant. The dam (Ibtt2-90) 

iaas constructed straight in plan with a length along the top of 

1350 feat and a maximum height above the foundation, u* 136 feet, 

"uyclopean rubble, n stronger than regular rubbie s was used through­ 

out, tae stones weighing about 2 tons per cubic yard. More than 

half of the stories placed weighed more than 2 tons and a third of 

the total .vei&hed between 4 a»id 8 tons* jtxtrora® cars was taken 

with joints» and each stone before bein^ placea was subjected to 

a 140-pound water 3at. " ln completion the asm was hailed as the 

greatest in ureat Britain.

Aha highest dam of its kind in Europe soon followed (1901-04;, 

the Urft Dan near Aachen, '^ermuny. Designed and built, under the 

direction of professor 0* intze, it attained a maximum height of 

ISO 1/3 feet above the foundation. A paved earthen embankment 

wi'th a slope of Z on 1 was placed against tiie upstream face for 

half its height t*o complewo the reservoir of about twelve billion 

gallons, us^d to regulate the rivor flo = r-.-jd to provide power 

and irrigation.

Outiida of Europe toe ^ritii3h bacamo particularly activo 

in dam construction in india and Africa during the latter part 

of the nineteenth century and well in^o ^he twentieth. One of 

the largest pieces of construction accomplished was the xansa 

Dam, first proposed in 1670 by riajor uector iullock for the 

water supply of sombay. rinal plans and construction were



executed under £• Clam, wbo neaded a force varying from nine 

to twelve thousand men during the construction period from 1686 

to lt»91. Jo me idea of tae magnitude of tho job— tno dam being

ttbUG feet long and lib feet high—may be gained from a glance
9 

at trie following items: total excavation £57,127 cubic yards,

loose rubble stone 544,700 cuuic yards, lime bl,7uo cubic yards, 

washed sand 122,555 cubic yards, and rubble masonry 4Ot>,5£O 

cubic yards.

Along tue **ile, where the natural rise is 4O to 45 feet 

in Upper Jgypt and 2O to 23 feet at the Delta, a number of fine 

dams Known as barrages have also been erected for the purpose 

of perennial irrigation* Of particular interest are tne Bosetta 

and Dacaietta Dams across the two branches of tne Nile bearing 

those names. Napoleon, when tte was in *%ypt in 1796 and 99, 

had predicted that sucn a venture would be undertatcen eventual­ 

ly. .VorK was begun witn a will in Iti33 under tue Viceroy Moaamed 

All, wno proposed to tear down tu@ pyramids at Gizoti to obtain 

tne necessary building materials. He was only dissuaded from 

tais act of vandalism by t&0 engineer vmo produced figures to 

show that quarrying stone would be cheaper. R>r several di­ 

verse reasons, matters lagged until the scheme was revived in 

Ib42 by M. Mougel--afterward Mougel Bey—wbo interested iiouamed 

All in a combination of forts and dams by modifying somevsnat 

tne original plans, ns iiiialiy constructed, eacn barra^ , as 

composed of two locKs and sixty-one arches, with movable gates 

for damming the waters or allowing tuem to flow freely as re­ 

quired. The ' to sett a dam was made 465 meters (15^4 fei@t 6 incues) 

in length, and the Damietta 535 meters (1754 feet 3 incnec).



Mo fa a/nod All's eagerness to get the Job done led him to impose 

many impractical conditions on his engineers, one of them being 

His insistence that 10OO cubic meters of masonry be laid every 

day regardless of the situation. All did not live to see tne 

wortt completed and Mongol was replaced in 1853 by Mazhar Bey 

on orders of the new Viceroy—an individual who shared none of 

his predecessor's enthusiasm for the project. Althougn no would 

have allowed the job to lapse, the new Viceroy was goaded into 

action by popular demand, and things moved slowly toward com­ 

pletion. Then in 1^67 pa^ of Bosetta failed* Bestoration was 

not accomplished satisfactorily until the Englishman* Sir William 

Willcocfcs, took over the task in Itid? and completed it in Id90. 

WillcocRs was also prominent in many other projects on tne

Nile, one of the best known of which was the granite-rubble
10 

Aswan Dam, converter of four hundred and fifty thousand acres

of basin land to land under perennial irrigation. Following 

A'illcocKs 1 design in 1»95» the contract was let in Io9b and 

construction was carried on from 18a9 until its official com­ 

pletion in 1902. No sooner was it completed than enlargements 

wore begun which wore carried on until X9O7; later, a second 

period of enlargement was conducted from 1929 to 1933. The re­ 

design for enlarging to a height of 130 feet and lengtn of 6400 

foot was chiefly the work of Sir MurdocK Macdonald, anotner 

groat engineer of the Nile.

probably the boldest masonry dara erected in tne latter 

part of the nineteenth century was F.ia. .brown f s itear Valley 

Dam (1384) in the Dernardino Mountains of California. Of rough 

granite ashlar aith a hearting of rubble, its curved form



enabled it to act as an arch, witn tne line of pressure of tne . 

full reservoir lyin^ almost entirely outside of tne profile. 

Measuring 300 feet along the crest and 64 feet in nei^nt, it 

continued to serve for a quarter of a century until replaced by 

a larger and more conservative structure 200 yards downstream. 

,Vltn tne perfection of tne technique of using concrete, norizon- 

tal arcn dams nave become bolder and more commonplace. As part 

of tne Los Angeles flood control project tne Pacoima Dam (1926) 

illustrates ttiis advance, with a neignt of 3ttO feet, a tnickness 

varying from 8 to 101 feet, and a maximum radius of 340 feet.

A raucn more important American structure was tne New Croton 

Dam (1692-1907}, designed under ttie direction of A. Fteley for 

part of New tork City's water supply system, originally tne 

structure was to be part eartn dara and part masonry, but it was 

later cnanged to all masonry except for a snort piece of Ifcb 

feet. One of its outstanding features was ttie foundation prep­ 

arations, witn excavations amounting to 1,621|4OO cubic yards 

of eartn and 400,250 cubic yards of TOCK. Tne greatest aoptn 

to wnicn tne foundation was carried was 123 feet below tne 

river bed, tne maximum rock excavation amounting to 54 feet. 

Tnis meant tnat tne greatest neignt of tne structure was almost 

300 feet, since tne top was carried 169 feet above tne river 

bed. Bubble masonry faced above tne backfilling vsitn asnlar 

was used in most parts of tne dam, but tne extension wnicn re­ 

placed tne eartn dam was made of cyclopean masonry. Tne top 

of tne structure was tnen fittingly capped wita a 19§-foot

roadvsay.

In 1933 a special Act of Congress created tne Tennessee



Valley Autnority for regulating tne Tennessee T^ver by means 

of ten dams from Paducan, Kentucky to Knoxvillo, Tennessee, 

650 miles upstream. Typical of its works was tne Morris Dam, 

with a total Height, from the lowest point in tne power uouse 

to tne crest, of 265 feet, and a base tnictcness at tne spill­ 

way of 204 feet. The masonry section of tne dam was made 1570 

feet in length in addition to a 302-foot rolled eartn embank­ 

ment with a reinforced concrete core wall. One more twentieth 

century American dam deserves mention before turning from mason 

ry construction. It is the Roosevelt Dam across tne Salt Hiver 

in Arizona, 260 feet nign and 1125 feet along tne crest* De­ 

signed to play a part in tne desert reclamation of tne West, it 

was made of rubble masonry wltn coursed rubble faces.

R3INFOHC3D CQNCB13T13 DAMS — mth the beginning of the twen- 

tietn century a new type of structure, the reinforced concrete 

dam, was gradually introduced. Ttie early concrete dams were 

relatively low structures, generally used as an improvement on 

wood, and ware usually characterized by buttresses and mucn 

broader bases than is now customary. Typical of tnis early 

type was tne dam built at 3cnuylerville, Mew York, in 1904 for 

the American Wood .board Company on the fatten Kil Hiver. Tne 

structure was hollow, but the abutments, wing walls, and bulk­ 

heads were of solid concrete. Its length was 250 feet between 

abutments, and its average height above the river bed was only 

25 feet. Higher works were erected during tnese pioneer years, 

however. In South Australia the tfarossa Dam (1899-1903) was 

built on a curved plan with a maximum heignt over tne



foundations of 112 feet, ^3 top width being 4g feet and its 

bottom width above the foundation being 34. Another early 

"high" concrete dam in use by 1909 was the Douglas Dam in 

Wyoming, standing 135 feet above the water line.

More recent years have seen a tremendous increase in the 

size of concrete dams, the Boulder I>ara in Nevada being an ex­ 

cellent example. As early as 1902 government and private en­ 

gineers had selected likely sites for controlling the erratic 

Colorado River, but it was not until 1919, waen tne possibil­ 

ity of developing water power on a paying basis seemed likely, 

that progress was realized. In 1921 the Colorado River Com­ 

mission was formed under the chairmanship of the then Secretary 

of Commerce, Herbert Hoover, and surveys were begun. The con­ 

tract was let in 1931 and the dam was completed in 1936, four 

and one-half years after the commencement of tne ^vork. Under 

Construction Superintendent F.T, Crowe foundations were begun 

139 feet below water level, and some 3,400,000 cubic yards of

concrete were used to raise the structure 7£7 feet above the
11 

river bed. Approximately tJOO,OQO linear feat of 8-inch boiler

tube were embedded ift the concrete to carry the circulating 

cooling water. When the structure—whose crest length measured 

a quarter of a mile—was placed in operation the level of the 

dammed river was raised 564 feet.

An even greater project in concrete was the Grand Coulee 

Dam on the Columbia River, 9O miles west of Spokane, bashing- 

ton. Irrigation, power development, and river regulation were 

the major aims of the work, begun in 1935. Approximately 

11,250,000 cubic yards of concrete were used making the dam,



the principal dimensions being: height 550 feet, length along 

crest 4200 feet, base width 50." feet, and top width 30 feet. 

It raised the surface of the river 355 feet and has enabled an 

electrical energy output of 2,700,000 horsepower to be obtained- 

an output of six times tnat developed at the famous Dnieper Dam 

in Russia.

QTH3R TYP&5 OF DAMS — Wooden dams of brushwood, logs, criD- 

work, or framed timber have long been used for minor works, and 

some attempts have been made in the twentieth century to erect 

dams of steel. Much more extensive works known as rock-fill 

dams have come into use, however, especially in western portions 

of the United States. In this type of structure the rock is 

dumped rather loosely ©xcept at the faces, and watertightness 

is insured by a sheeting of concrete on the water slope or by 

the erection of an earthen dam in connection with the rock fill. 

One of the finest examples of this type is the Dix River Dam 

(1923-25) in Kentucky, built to a height of 275 feet with a 

concrete skin varying from b to 18 inches. The earlier dams 

of the West were composed largely (60 to 70 percent) at big 

stones laid by hand, but this practice was followed by the 

more modern cyclopean concrete containing a smaller percentage 

(25 percent) of the large stones. Still more recent examples 

have abandoned the "plums* altogether and have been composed 

of concrete throughout, with cobble rock in the more massive 

portions.



WATifl POWSR

liARLY MILLS A14D WHS3L3 — One of the greatest effects of tlie 

dara on modern life has been the development of hydro-electric 

power, accompanied by its vast number of benefits. Long before 

the electrical end of the combination was discovered, however, 

men were experimenting with various types of wheels and tur­ 

bines as prime movers. It is possible that tha waterwaeel 

turned by the flow of a river was used by the Sumerians, for 

they are reputed to have had a month called "Tha Month for 

raising ^aterwheela. rt The earliest known reference to a water- 

mill appeared in a poem of Antipater of Thesaalonica (c 65 B.C.),
IS 

and atr noted that Mithradates, King of Pontus, had at about

the same time, a hydraulic machine at Cabira. Vitruvius con­ 

tributed more specific evidence by describing with illustra­ 

tions a geared undershot mill. Little is known as to just 

when water mills came into general use, though. $e gain ta« 

impression that water mills were common in Bom© by the fourth 

century A.D. at least, for in 398 Honorius and Arcadius issued 

an edict to protect the water supply used in driving the mills 

of the city. A fifth century reference appeared in the col­ 

lection of Irish laws known as the "Sencaus ifor 11—whose origins 

are said to date to the time of St. Patrick, but whose written 

versions are of a considerably later date. Here the parts of 

a horizontal wheel for application to grinding were set forth 

in detail. Several centuries then elapsed before trie appear­ 

ance of the first known drawing, subsequent to Vitruvius, of 

the gears of a mill* This drawing was produced by the Abbess
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Harrad of Landsberg in his "Hortus Deliciarum" (1169). No ev­ 

idence has come down to us as to whether the norlzontai ("Greetc") 

or vertical ("Roman*} wheel was first, although many of tue 

early draftings favored tne. vertical type* The more usual type 

of wheel in the Middle Ages s©eras to nave been the undershot 

kind, for explicit illustrations of overstiot wheels were rel­ 

atively rare and were not mad©, apparently, before tn-e middle 

of the fourteenth century. Apart from an isolated reference 

in Ausonius to a mater-driven saw for cutting marble, the ear­ 

liest use to whicn the mill v?as put—aside from the grinding
13 

of grain—seems to have been in connection with taxtiles.

Less practical than the early water mill, but significant 

in tne ovor~all development of the turbine \ias Hero's "whirling 

eolipile*" Steam was introduced to a pivoted ball and taen 

allowed to escape througn two nozzles. The nozzles were so 

arranged that the ball was vnilrled around by tLs reaction of 

the escaping steam—in the same way in waicii a type of modern 

garden sprinteler rotates as t&§ water leaves it, Hero*s eol- 

ipile jsas really a toy, but the principle behind it stimulated 

a spirit of researca when it became known to tne thinkers of 

tae Btnaissance world, Tne earliest translation of Hero's 

"Pneumatics" appears to have been mads by Hagiornontanus, a 

German astronomer and mathematician, who isent to Italy in 1461 

to learn Greek. It was not until 1575, however, that the first 

translation (in Latin) to be printed was made by Frederick 

Coinandine. Influenced no doubt by Hero's work, both X>ranca 

(1629) and Kircher (1656) illustrated vmeels rotated by jets 

of steam, and the former is croditod with bein^ the first
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modern writer to suggest a way of moving solids by steam.

During the fifteenth century illustrations began to ap­ 

pear snowing a water jet acting against the blades of a Hori­ 

zontal wheel. Leonardo da Vinci added his contribution by de­ 

picting the vanes as curved instead of straight, and further

development was shown by Besson in his *Theatrum instrumentorum 

et raarcninarura" published in 157&. A wheel similar to tnat of 

Besson «as given in Belidor's "Architecture Hydraulique* (1737), 

Shortly thereafter the prototype of the reaction turbine was 

developed, suggested by Robert Barker and constructed by 

Desaguliers about 1743, it was a small reaction water vnieel on 

a vertical axis, similar in action to Hero's steam eolipile. 

Throughout the remainder of the eighteenth century many men 

prominent in the field of scientific research devoted consider­ 

able thought to the improvement of efficiency in water wheels. 

Among tiiese pioneers may be included Polnein (early part of cen­ 

tury), Signer and £uler (1750-54), Defarcieux (1753), 3meaton 

(1752-59), Papeoino d*Antoni (1759-62), Assert (1770), and 

Mordwall (1790-1600). Special mention must be accorded tne 

father of Sadi Carnot, L.N.a. Carnot, who first clearly enun­ 

ciated in 1767 the proposition taat for the maximum effeciency 

in a water engine, the fluid must enter without impact and leave 

without energy* '^hus the turbine, waicn was finally developed 

in the nineteenth century, resulted (1) from tne critical re­ 

vision of various Horizontal water wheels common in southern 

Europe in the fifteentn and sixteenth centuries, and (2) from 

tne development of mathematics f aydraulics, and the experiment­ 

al metnod in the eightdentn century.



3ARLY WATS H TURBINES — Apparently the word "turbine" was 

coined by ttie Franofcraan Claude Burdin in 1828 to describe a 

machine tie had designed in 1624. Derived from the Latin "turbo 1*, 

meaning that which spins or whirls round, the word is still 

amply descriptive of ttie modern machine, for today's turbine 

is a rotary engine actuated by tne reactions impulse, or bota, 

of a current of fluid. In principle Bardin's macnine was sim­ 

ilar to Barker*s mill, but it was improved in that water entered 

the rotating part with an initial angular velocity and left witri- 

out velocity. Burdin spent several years trying to improve on 

the reaction wheels of Segner and ^uler, producing many low 

efficiency types, but his main contribution to hydraulics was

the knowledge and stimulation he imparted to his pupil, Benoit
/ > 

Fourneyron, at the ^cole des Hin&s at St* Iltlenne.

Between 1623 and 1827 l^ourneyron constructed a reaction 

turbine on a vertical axis superior to anything yet designed. 

By 1832 ne had built a turbine with an efficiency between 70 

and 80 percent developing 50 horsepower—a machine which he 

described before the Society for Industrial Encouragement in 

1834, In recognition of his feat &o was awarded tne prize of 

6OOO francs which had been offered by the Society in Ib23 for 

the most satisfactory improvement of the turbina-li&e wheels 

of Belidor. The prize-winning machine was of the "outward flow" 

type, water entering the moving vanes from a fixed cylinder 

inside and leaving at the periphery of tne wnael. Industry 

was quick to ta«Q advantage of this nevi device, and one of 

Fburneyron's first turbines was a 14-inch wheel operating under 

a head of 350 feet at a cotton factory in St. Blasien, Germany.

Now that the reaction turbine had been proved to be an



economic asset, various modifications and improvements quickly 

followed. About 1537 the "axial floiw" Jonval turbine appeared, 

in which blades and guides were set around cylindrical drums 

and the water w^s made to flo^ parallel to trie axis of rotation. 

An *imiard flo^* turbine was designed by an American engineer* 

3.3. T-towd, in Id3b but it ^as considerably modified by -J.B. 

Francis of Lovell, lirassaenusatts, about Io49. In tna Francis 

turbine tne rotating wheel was placed vsitnin fixed guide blades 

T»hicn formed part of an annul us surrounding the vmoel. Tais 

rendered it smaller and more compact than tne Jburneyron ma­ 

chine. Though more efficient, tne latter required a larger 

wheel for a given power, and operated at a lower spaed. De­ 

spite tne introduction of otnor types of flo^ } nowever, tne 

Fourneyron typ© continued to attract designers desirous of 

improving on tne original. Tn© first real turbine designed 

in tne United States—by Boyden of Laurence* Uassacnusetts, 

in 1644—was based on tne Fourneyron wn©el § and tne iraproved 

macnins of Girard in 1656 was also a direct descendant"of tne 

original. In this outward flow turbine ae ventilated tn© 

wneel passages and widened them towards tne outlet to relieve 

the water of all pressure abov© that of tn© atmosphere. Though 

he had started out with a reaction turbine, he ended up, in 

fact, with an impulse turbine.

Thus far w@ have discussed only the reaction type, but 

the impulse turbine also reached maturity during tne nineteen­ 

th century. In 1824 J.V. Poncelet brought forth a prototype 

of tne impulse turbine which v^ry nearly met tne requirements 

for an efficient water angina as laid down by Carnot some years



before, Poncelet's machine v»as an undershot water ^neel in 

union tne water ran smoothly up curved blades and sraootnly 

bade, leaving without motion rolative to the earttu This 

vnheol was suitable for low heads 9 but wita moderate or tiigh 

heads the water ran so far up the blades that energy was lost 

in impact against the drura. In 1056 Gheetnam remedied tais 

defect by designing blades formed like double buckets, with 

a center ridge on which $ater at entry impinged. Tester A, 

Pelton then improved the shape of tne buckets and arranged 

for tne incoming water to be directad by a single jet. Com­ 

pletion of tne transition from tne water wnaal to ttie impulse 

water turbine was officially acknowledged in the granting of 

an American patent to Pelton in IbSU.

MODBBW 3TAT3R TUHUJN33 — .From the earliest days of the water 

wheel there nas been no extension of the single and simple 

function—rather, progress nas boon m^ide in increasing tna 

efficiency of that function, undershot wheels have not achieved 

an efficiency much ovar 50 percent, but breast and overshot 

tfheels have been improved to a rating between 60 and 3Q per­ 

cent. Once the basic problems of tne reaction turbino had been 

solved, designers ttien embarked on a program of Increasing the 

speed. Tnis was accomplished by lessening the vtfieel diameter, 

increasing the length of the runfter, and using fewer but larger 

blades wnich extended towards the center of the wneal. Axial 

discharge was tnua accentuated flitn the result that tae machine 

came to be Known as tue mixed flow turbine. Essentially the 

reaction turbine has come to ba a Uigh-speed, low-aead machine,



the nighest nead yet usad being that of about llt>0 feet at

the Zappello plant in Italy. At the other end of the scale,
14 

a French plant Has operated at a head of 31 inches.

The impulse turbine, on the other hand, has developed as 

a low-spaed type, utilized where considerable fall or head is 

available* Its most efficient linear speed nas been found to 

be one-half of that of the 5et of driving water—a fact estab­ 

lished by iSytelwein in IdOl. The efficiency of the Pelton 

wheel was further increased by Doble of San Francisco w&o cut 

away the outer lip of the buckets* Heads have steadily in­ 

creased with the years with tua result that heads exceeding 

54QO feet are now being used in Surope.

Harbors

HAHBOH3 OF THiS ANCI3NTS — Returning momentarily to the dam, 

we note that not only has it played a significant part in trie 

development of irrigation* flood control, and water power, but 

that it has also cast its influence on narbor and breakwater 

construction as well* Vhen the early engineer found it nec­ 

essary to for® a Harbor with a protecting breakwater, he simp­ 

ly transplanted a dam from the shore to the sea. iiarly among 

the sea-faring folk requiring narbors in the Mediterranean 

were the Cretans, wnose pre-Hellenic port (c 1900-lbOO B.C.) 

on the Island of Pharos remained undiscovered until the early 

twentieth century. An interesting account of the ancient port 

has been presented by M. Gaston Joudet, Chief ^ingineer 3 Egyp­ 

tian Ports and Lights, in his "Les Ports Submerges de l l ancienne



He de Pharos" (Institut Jgyptlen, 1916). West of Has-el-Tin» 

and between it and the rock of Abu 3akar extends a depression 

according to Joudet, <A'itki a present depth of 6 to 10 meters. 

The entrance of the deep sea channel is marked Just off the 

point of ^as~el-Tin by a landing quay 14 meters wide, built of 

rough-hewn blocks, some of whicn are almost 5 meters long. A 

great breakwater facing the sea to the north has bean traced 

for 8000 meters, and Joudot estimates that the great western 

basin, 2360 meters long and 300 meters wide, could hold four 

hundred galleys or triremes 90 feet long. The works were 

buried in sand beneath the sea bottom whan found by the modern 

discovorars, and there is nothing to show just nov? far back 

they were known. There is no evidence that Alexander know 

anything of these works when he linked Pharos vaith the mainland 

and built the harbors of Alexandria, some fifteen hundred years 

aftar the Cretans.

The Phoenicians are ^ell-reni©mbared as a se'a-going race, 

but relatively little information concerning tliair harbors has 

come down to us. Sidon (nova Saida) was reputed to nave two 

harbors with an internal connection, but no trace now remains 

and the raodorn anchorage is only protected by a ledge of rock. 

Tyre, 20 miles south of 3idon» apparently had a much more ox- 

tensive harbor system, but here again we have little definite 

information. The original city—from vyhich, according to legend, 

Dido fled and founded Carthage—was destroyed by Nebuchadnezzar 

after a siege of thirteen years. A second city was then es­ 

tablished half a mile frotrj shore, and it was here that two har­ 

bors were built, one on the north side of the island and the



other on tba south side* A canal cutting through the city 

served to connect one harbor with the other. Th© break­ 

waters which served to enclose the harbors on the seaward 

side «ere made of raasslva blocks of masonry in mortar 9 and 

chains wore drawn over the openings when it was desired to 

close the port entirely. Legend relates that Alexander de­ 

molished (332 B.C.) the old city, previously sacked by Mebucnad 

nazzar, and used the rubble to build a causeway HOG feet wide 

to the island to bring up his siege engines. In time the cause 

way was buried by sand from the littoral drift and the island 

bocarae completely united to the mainland.

Facts concerning the port of Carthage are also meager 

although traces of masonry still exist at the borders of the 

Cothon. It appears that the island was the centar of the port, 

which was made up of an outer harbor for merchantmen and an in­ 

ner harbor for naen-of-war. The plausible theory has been ad-
f x

vanced by Beule in his "Bbuilles a Carthage" that the quays 

were in the form of *abris H ,or small docks radiating like 

wheel spores. A small port Judged by modern standards, the 

diameter of the inner harbor was only about 325 meters vs 

that of the island approximated 1O6 meters. The masonry 

consisted of Heavy blocks of stone secured by iron^ramps fixed 

in holes and run in witn lead.

Many ports were built or improved upon by the Greeks 

throughout the Mediterranean, one of tho most important of tnem 

being the port of Alexandria on a strip of land separating Lake 

Mareotis from the saa. Dinocr^tosj builder of the Temple of 

Diana at 3phesus, was the engineer and architect for this great
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wortc. He formed two separate harbors by uniting the mainland 

and the Island of Paaron with a mole Known as trie Heptastadion, 

7 stadia—about 4200 feet—long and 6OO feet *ide. Drift 

through tHe years bas widened the strip considerably! but the 

original work is» estimated to nave boon composed of over two 

million cubic yards of material. 'Vitnin tae harbors themselves 

semicircular moles wore erected which provided tyin^-up facil­ 

ities in a:l ;i'jon to more security from wind and weather. Few 

traces of the Alexandrine harbors exist tod&y, for in its long 

arid tumultuous tiistory the city Has been subject to conquest by 

Caesar in 48 B.C., tbe Arabs in >\*D. 641, the TurKB in 1517 f 

the Frenott in 1798, and the Snglisn in IttOl.

Tae original port of Attiens consisted of trse small, almost 

entirely land-locked narbor of Pnalerum, about a tnousand feet 

in diameter, protected at the moutft by two masonry moley vsaica 

were closed by chains. Tnemistocles transferred the port to 

tae peninsula of isunycuia, vinere a near land-looked basin about 

1400 feet in diameter occupied t*ie east sida t and taroe larger 

darbory, all interconnecting, occupied tbe west. In order to 

protect communications between tnese aarbora and Attions from

land attack, tiie Greefcs, sostetima after 465 B.C. 8 built a series
15 

of long walls from Athens to Piraeus. About 330 B.C. pallors,

under orders of Demetrius Ptvalorus, enlarged tne harbors of 

Piraeus and built around them Baaltare for four hundred triremes 

These shelters, usad for protecting the planks of ships against 

the stin when laid up, later bacame a common feature in many of 

more important ports of Hotao, 

A good example of a natural harbor improved by the Greeks



was tnat of Cnidus, a tidaloss spot facing trie island of . ' 

Rhodes, iiera two harbors, for separating trie military vassals 

from tne commercial* were obtained by linking the island to 

the mainland with a man-made isthmus. />n arcn in the mole for 

allowing water to pass unrestricted from one side to the otaer 

wae still Visible in 1647, 7as substratum consisted of rubble 

thrown in until it reached a natural slope; regular masonry was 

than built above the water line. Syracuse, defended by Arch­ 

imedes but tatcen by the Romans in 213 3.C. , was also favored 

<#ith a natural harbor. Its entrance was protected by chains 

drawn across fro;a tue extremity of Ortygia to the promontory 

of Plemmyriura opposite, a distance of approximately half a 

rails. A small basin east of Qrtygia> named Portus Maraoreusj 

had walls and floors of marble* There is no record of a cais­ 

son or cofferdam being used on this job, so it may reasonably 

ba assumed that the blocks were lowered into place from the 

surface of the water with the utmost of care.

Passing on to the Bo-man world, we find, a decided advance 

in tne art of harbor construction. Italy i$ not supplied with 

the natural harbors of North Africa and of tne Aegean, so it 

was only natural and necessary during the rise --f ^ome that 

her engineers should eaek advanced methods of providing tue 

harbors which nature had not. Harbors built by the Homans 

were surrounded by breakwaters of solid masonry brought up from 

the sea bed f often resting on piles. In many places arched 

moles were used, giving economy in foundations and masonry, 

and serving to keep the harbori. clear of accretions of mud. 

One such example was the mole with a double wall at Liisinuni,
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where eacn wall was pierced by a series of arenas not opposite 

to one anotfter. Cellae, those covered recesses for war vessels 

surrounded and roofed over \iith masonry, were another ciistinc- 

tive feature of important Boraan ports. In some places tnese 

cellae were also slip-ways on vmica ships could be drawn out 

of the water for repairs.

Tne modern port of Itome is at Givita Veccnia, site of the 

ancient port of Centura Cellae whicn contained, as its name im­ 

plies, one Hundred covered docks for galleys. It resorabled 

the port of Anti modus at Alexandria, containing an upstream 

and downstream snip entrance. The cellae *?ere concentrated 

along tne suore side oi x,ne aarbor, and tw curved raoles ex­ 

tended from tne extremities of the cellae toward a center point 

well out in Uie water, Seaward of, and across the opening 

where tne two moles nearly met, was a tuird mole, wuicn served 

tae dual purpose of completing the encirclement of tae uarbor 

and of providing the upstream and downstream suip entrance 

previously mentioned.

Tb6 ancient port of Borne at Ostia, taen at trie moutu of 

tne Tiber but now some miles froin tne sea, was a mucn greater 

port tnan Centura Cellae. Apparently work was begun tnere unaer 

Augustus, or possibly under one of ais irmaediate successors, 

and was considerably extended under Claudius and Trajan, rue 

outer narbor, or Claudius* Port, was formed by two parallel 

moles, Housing cellae, wfticn curved toward eacb otaar at tneir 

seaward extremities. In tne entrance between tne ends of tae 

moles stood a small island dominated by tue statue of Claudius.

Rartner inland, surrounded by waarves, was tne commercial narbor,

as Trajan's Port. Skirting close to the docks of the inner
x harbor



was Trajan*s Canal which permitted smaller vessels to by­ 

pass Ostia and enter the Tiber in order to approacn Ttome more 

closely. This great harbor lias long since been silted up, even

as it was in Strabo's time, but ruins still remain which give
former 

ample evidence of its/size and importance*

Strabo Has given us some indication of the extent of water­ 

front construction near Gapuae 4 on the northern shore of tne

Bay of Naples, which was served daring Homan times by tne portsr
15 

of Cumae, Misenum, Ualae, and. puteoli (Pozzuoli). Me noted

that the Uulf of Lucrinus wnicn broadened out as far as iiaiae 

was stiut off by a mound n8 stadia in langtn and as broad as a 

\iagon road." Its original construction was attributed to 

Heracles wno, according to tradition, employed it in driving 

tne bulls of Geryon across tite swamps. Whatever its origin, 

it subsequently fell into decay and was again repaired and 

improved upon by Agrippa. A portion of it, about E5O yards 

in lengta, is still visible bensatb the water. At Puteoli 

bricks and a raixed sand-ask or pozzuolana were used to run 

jetties into the soa. Sixteen of tne original twenty-five 

buttresses of trie ancient pier still remain, bearing an In­ 

scription to tae fact ttiat the pier was restored by Antonius 

Pius.

A brief review of toe ancient works reveals tna most com­ 

mon raetaod of breakwater construction to nave been simply tiie 

dumping of rock continuously until a base was built up, after 

which erection waa continued up solidly or on arches. JSssen- 

tially t tne raetnod nas continued up to modern times, but w 

certain variations. The seventeenth century breakwater of
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Bicnelieu at rtocnelle, 1OOO meters in length, affords an

early modern example of the beginning of a break with tne 

traditional past. Here, at the. snore ends, stonework on piers 

was tne rule, while further out the foundations were made on 

uoate sunk full of etonework cut and shaped to the sides of 

the boats. A tempest overturned tho boats, so tna breakwater 

was finished by rock thrown on and between tno overturned 

craft. Though the breakwater itself uas destroyed in 1626, 

tne foundations remained and gave Cessart an idea for the 

braafcwater at Cherbourg over a century later.

A plan to shelter tne Frencn fleet in a man-made harbor 

at Cherbourg had been advanced as early as 1679 by Vauban, who

proposed to unite Hornet to the Isle de Pelee, but a century
17 

elapsed before any real progress was uiade. Cessart*s idea,

approved in 1781, called for a disconnected mole, 4180 yards 

in lengtn, from the point of Querquevill© to the Isle de Peree, 

based on ninety cones, 13O feet in diameter at the bottom, 

tapering to 64£ feet at the top, and 65 feet nigh. Placed 

close together, the wooden frames were to be filled witn rowgn 

stone and topped wita concrete masonry* The first trial cone 

was placed in 1753, and by 1788 eigntean cones were in position 

wlaen a tempest destroyed trie works and brought about an aban­ 

donment of the cone plan, 1/ork was stopped completely in 1790 

because of the Jfencn Revolution, but ^as resumed intermittent­ 

ly during the time of Napoleon and later, and was finally pur­ 

sued vigorously to completion from 11330 to Ib53. In construct­ 

ing this first modern breakwater of any considerable size the 

engineers arrived at the conclusions that in this type of
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construction large rocks were necessary in depths above 5 or 

6 yards and that the use of hydraulic mortar was indispensable.

Two other harbors ot the nineteenth century, one ISnglish 

and the other American, are generally considered as being arac*ng 

tne foremost of their time. Begun under John Hennie in IttlS 

and completed in Itt47 s the harbor at Plymouth was the first im­ 

portant work of its kind In dfcifiland. The breakwater was a single 

mole sihose center part measured 714 yards in length, and whose 

t??o arras, making 135° angles with the center portion* measured 

320 yards in length. The mole was constructed of "pierre perdue,*1 

the dropped rocks varying in size from j to S-yard cubes. At 

Cape Henlopen, Delaware, the broakwater was made of two arms 

meeting at an angle of 135°» one being 700 yards long an4 tb« 

other 500. It, too, was a massive undertaking, for the upper 

blocks, weighing 4 to 4$ tons, were regularly placed and laid 

on edge with an outer slo^a of 2 on 11, Begun under Simon 

Bernard, a general in the Engineer Corps of France, and William 

Strickland, the job was completed in 1569,

Twentieth century harbor works have incorporated increas­ 

ingly bold designs» an interesting example being that of the 

port of Bordeaux* landing stage at Le Verdon in the estuary of 

the Hlver Girondo. Connected to land by a 1258-foot viaduct, 

the landing stage, 1256 feat in length, was uuilt on reinforced 

concrete cylinders vahich were filled with concrete after being 

sunk. Tha cylinders, bell-shaped at the bottom, came in sizeo 

up to 67 feet in length and weighed ( about 290 tons each. A 

lar£<9 hydraulic typo of.shocK ibsorber, essentially a large 

pendulum structure, was the designers' unique way of protecting
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the concrete superstructure from the impact of mooring snips.

During '.arid ..Var II a temporary type of modern breakwater 

was made (1944) by the Anglo-American forces who stormed the 

beacnes of Normandy between Cherbourg and Le Havre. Open con­ 

crete caissons, made in England and tovied across the channel, 

were flooded and sunk at the site. Old ships were also sunk 

in a line to complete the job. Inside the harbor thus created 

were placed floating pierneads connected to the snore by pontoon 

bridges.

Of great importance in the planning of modern hydraulic 

viorks are the scale models and preliminary theoretical calcu­ 

lations. Mention has previously been made of tne contributions 

of some of the earlier nydraulicians such as Uastelli, Torri- 

celli, and tsernouilli, and also of some of the later ones sucu 

as Uhezy, iiazin, and Kutter. The first serious attempt to con­ 

struct a model of a tidal river along scientific lines was made 

by Professor Osbourne Reynolds in 186b. This first model, wciicu 

represented a region between the Liverpool narrows and a point 

above Rancorn, had a horizontal scale of 1:31,800 and a vertical 

scale of 1:960, giving a distortion of approximately 33:1. Since 

the time of Reynolds many improvements in this type of model have 

been made, ^n^ineers have come to realize the value of such 

studies to the extent that very few large hydraulic works are 

carried out today without preliminary model work.

Docks

WIST DOCKS — Commercial expansion and the rapid increase in



tne size of snips during tne seventeentn and eignteentn cen­ 

turies brought fortn a new type of waterfront construction— 

the dock—an artificial basin for the reception of vessels, 

with &atos to keep in or shut out the water* At ports wita 

large tidal ranges, such as London, the most economical way to 

accomodate the large ships proved to be the placing of them in 

restricted slips—called wet docks—at hign tide. Gates were 

then closed and the vessels remained in their same relative

buoyant position, although outside the dock the waters receded
18

during low tide. The first mention of a dock—as it is under­ 

stood today—on the Thames was the note in Pepys Diary (1661) 

referring to his visit to Blackball, where he viewed tne dock 

(dry) and the new not dock of lg acres f for fitting out new 

vessels after launching. The latter was eventually absorbed 

in the Brunswick Deck at #lackwall in 1789.

Practically the whole of the wharf and warenouse accom­ 

modation of the port of London was wiped out in tne Fire of 

1666, and it was not until toward tne end of tne century that 

a revived interest in wet docks took place. The Holland ureat 

Wet Dock at Rotherhithe, which survived almost in its original 

form until tne end of the nineteenth century, was then con­ 

structed during the period 1695 to 1701. Trees were planted 

around the lO-acre dock to break the force of tne wind, its 

lock was 150 feet long and 44 feet wide, and at full spring 

tides it had 17 feet of water over tne sill. Tne dock itself 

was 1070 feet in length and 500 feet in width and could ac­ 

commodate one hundred and twenty mercnant snips of tne largest



size, though other docks were constructed during the rest of 

the century, it remained the largest in the port for about a 

hundred years. During the same period a number of magnificent 

docks were constructed at Liverpool, the Act for the first of 

these being passed in 1708.

William Vaughan in his treatise of 1793 *Qn Wet Docks,
fof«uays, and Warehouses or the Port of London, witn hints re­ 

specting Trade** suggested the sites of St. Katharine 1 s Churcn, 

tapping, the Isle of Dogs, and Hothernitrie. Within tnirty 

years after the publication of his work all the sites «ere oc­ 

cupied by docks. High in importance among the docks construct­ 

ed during this period ^iere those of the 'Vest India Dpck Company, 

opened in Ib02 and essentially completed in 1605. Together tne 

docks covered an area of 54 acres, the Import Dock measuring 

2600 feet in length and 500 feet in breadtn, and the Export 

Dock measuring 2600 by 40O feet. At that time (ItJOS) the prin­ 

cipal lock was only 45 feet wide and the deepest water was only 

81 feet. Several prominent engineers of the day viere engaged 

in creating this work, among them being the elder Jotin Bennie 

as "consulting surveyor,* Balph Walker as "surveyor, H and Wil­ 

liam Jessop as designer and builder.

Half a century later, work vaas begun at London on what was
19

to become the largest enclosed dock system in tne world, ag­ 

gregating some 247 acres. First of the series of docks was 

the Boyal Victoria (Itt55), and it was followed in i860 by Alex­ 

ander Hendel's Boyal Albert Dock—at the time the finest in 

tne world. It was made approximately 1J miles long, enclosing 

a water area of 87 acres, with an entrance lock measuring 550



feet in length, 3O feet in width, and 30 feet in depth. It 

was later exceeded in 1921 by the third of the interconnecting 

docks—the King George V 2ock—whose entrance lock was given 

the dimensions of 800 by 1OO by 35g feet, with provisions for 

achieving a depth of 3a feet by pumping when required.

DOCK WALLS — JJarly dock walls had a cross section which was 

radial or curved, both on the face and back of the wall. This 

shape probably came fron the "pitched* or stone-faced banks in 

use before actual walls were built, which roughly conformed to 

tne ships' shape. Most generally the construction was of rubble 

masonry in lime mortar with an ashlar facing, although timber 

was also widely used. Excavations, introduced on a sizeable 

scale in the latter part of the eighteenth century, were carried 

down in the open in series of steps or benchings. Walls were 

then built up and a filling was deposited behind the walls, 

wnich were backed in many cases with a layer of loose rubble 

stone. Until about 1900 most dock walls were faced with masonry 

and baokad by concrete, but after that time the all-concrete 

walls came to the fore. In special cases sheet piling has served 

for a wall, as have cellular or pontoon blocks.

Special foundation procedures evolved as docks, for lack 

of other space, were placed in spots with difficult soil con­ 

ditions. In England "monoliths" of brickwork, concrete, or 

other material have been used successfully as bases for walls 

at various ports of the country, being sunk from ground level 

by excavation within them. Sxcavation is carried on in the



G 
open by making the monoliths in the form of boxos or cylinders
open at the top and employing grabs, or by manual labor under 
compressed air. On© notable early type was that designed by 
Sir John '*Y, Barry for extension of the Surrey Commercial Docks 
in Ib98. Here the monoliths themselves were of concrete, while 
the cutting edges consisted of steel over timber* This system, 
with variations, is known and used almost universally, of course. 
Walls on caissons sunk by compressed air have found favor in

VFrance especially, being known as the "systeme des caissons per- 
dus." As the caisson sinks, the wall erectsd above it continues 
to add weight and thus aids the sinking. This system was used 
at Le Havre where each caisson measured 141 by 26 feet.

GHAVIMG DOCKS — The maritime Greeks on occasion dry dockod 
their ships by floating them into an excavation on the fore­ 
shore, building an earthen dam across the inlet, and then re­ 
moving the water from the area. That, basically, is how the 
modern drydock operates, but development to the present stats 
has come along slowly. Prior to the nineteenth century the 
usual way of getting at the bottom of a ship to scrape and re­ 
pair it was by the method of "careening.* A snip was dragged 
up on the beach as far as possible, and then pulled over on one 
side and then on the other. "public hards,*1 prepared by laying 
down chalk or stone on a tidal flat, came as the logical suc­ 
cessor to the careening beaches, ^uch hards are still used to­ 
day for servicing tugs, barges, and other small craft. It was 
but a short step from the hards to a gridiron composed of a 

timber framework on piles on the rivorbottoni. From this



beginning both the marine railway and graving dock evolved.

Marina railways, on rdhich a snip is Hauled up an incline 

urjtil completely out of the water 9 nave been restricted to ttie 

service of ralativoly small craft, but graving docks nave kept 

pace with the increase in size of tao largest ships. Probably 

the first modern drydocks of importance were the 324-foot long 

masonry doo&s built for th© United States Navy at Boston and 

at Iforfolfc during the period from 1327 to 1834. Built from 

identical plans under the direction of Lao»7imi Baldwin and his 

assistants, Captain A. Parris ana I.P.3. Sanger, they remained 

in operation for over a century, unexcelled examples of their 

era* During the remainder of the nineteenth century many timber 

as well as masonry docks made thair appearance tnrougnout the 

sea-faring world* Typical of the old masonry type of this per­ 

iod was the Number 1 Drydock at Glasgow, completed in 1675. 

Its side walls and upper floor surface were constructed of asn- 

lar masonry, wnilo the body of the floor was made of concrete, 

in which was imbedded a brick invert. Like most of th© other 

docks of its time its walls were curved to the lowest altar 

course. Its more important dimensions included a length on the 

floor of 551 feet, a width at the coping of 73 feet, and a 

depth over the sill at rai&h water spring tide of 82 feet 10 

inches.

Tremendous increases in the size of snips during tne 

twentieth century brought about a litce increase in the size 

of the drydocKs. At Boston in 1916 tae itevy acquired from tne 

^ommonwealtn of Massachusetts one of the oar11eat of docks ex­ 

ceeding 1000 feet—tnis particular dock being 1176 feet in



length, 149 feet wide at the coping, and 43 feet in deptu 

from mean high water to tn0 top of the keel blocks. In 1926 

the French placed a dock in commission at Le Havre with a 

length on the blocks of 1024 1/3 feet, a width at tne entrance 

of 124 2/3 feet, and a depth over the sill at high water spring 

tide of 5S& feet. Still greater vsas the King George V Dock at 

Soutnampton which was opened in 1933. Capable of handling 

snips up to 100,000 tons it was constructed witn a length of 

1200 feet, a width of 135 feet, and a deptn from floor to cop­ 

ing of 59fc feet. Measuring 165 feet across at the cope level, 

it was designed to tiave a depth of 45 feet of water over tne 

blocks at high tide. Four hours was set as normal pumping time 

to got rid of the 58,000,000 gallons of water neld in tne dock 

when devoid of snips. Like the dock at Le Havre it was given 

a concrete floor 85 feet in tnickness. Also worttoy of mention 

among tne large graving docks of the world is tne dock at Toulon, 

1364 feet long and 114.6 feet wide, and that at St. Nazaire, 

1148 feet long, 164 feet wide, and 43§ feet deep. A compar­ 

ison of these dimensions with tnose of only a hundred years be­ 

fore indicates tne great strides wnich have been made in tnis 

type of construction. Apparently tne practical limit will be 

determined only by the size of the snips of the future.

FLOATING DHY DOCKS — Many narbors needing drydockin^ facil­ 

ities but having, for one reason or another, no suitable site 

for sucn a structure were forced to turn to tae expedient of 

the floating drydock. **) early forerunner of the type—a ny- 

draulic lift dock with a lifting capacity of 5760 tons—was



installed at the Victoria Docks (1«55) at London and remained 

in use until 1596. Thirty-two hydraulic rams were used to hoist 

tfce vessels which, when raised, were supported on floating pon­ 

toons. Closer to a true floating dock was the device patented 

in the United States in Ibl6 by J. Adamson. Apparently tne 

idea originated from the wreck of an old hull lying on a sloping 

beach. An opening was cut in the stern and gates were instal­ 

led similar to those of a canal lock. The vessel to be docked 

was led into the null at high tide, and wnen the waters had 

receded the gates were then closed to permit working in the 

dry. Strictl}? speaking this was not an actual floating dock 

except by accident, for it was expected that the docking null 

would remain aground, ^irailar to Adamson f s dock was the Old 

Balanced or Gravity Dock with a gate at each end, built in 

Brooklyn between 1645 and 1850. It was a large structure for 

its time, being 33U feet long and 1OO feet wide, and it gained

the reputation of being the largest structure in wood under-
EO 

taken for a floating dock.

it was found that the length of a solid wooden dock 

was limited by strength considerations, the trend shifted to 

th© sectional dock of several separate parts. With this nevs 

type another advantage mas also gained; th© dock could be made 

self-docking to facilitate its own cleaning and repairs. An 

early example of this type was the Dodge-Burgess Sectional 

Floating Dock patented jointly by them in &r»erica in Io41. Hs 

sentially it consisted of a number of pontoons connected to- 

getner by a locking log. One such dock, composed of eleven 

sections 30 feet long and 100 feet wide witn a total lifting



power of about 3500 tons, served on tne Ne\s York water front 

for many years. A notable example of tnis type in steel was 

tnat of Blonra and Voss, in Germany, witft a lifting capacity 

of 17,500 tons. However, tne sectional dock also aad its dis­ 

advantages in tnat groat care was necessary to preserve tne 

alignment, and much difficulty was experienced in adjusting 

tne lifting force of each section so that the docked vessel 

would not be unduly strained or injured. During trie second 

naif of tne nineteenth century a great deal of attention was 

turned to tne problem of creating a dock witn all tne advan­ 

tages of botn tne balanced and sectional docks, tfitti few of 

tne disadvantages of eitner.

Tne first compromise structure of importance was tne 

Rennie dock, invented by tne celebrated Snglisn engineer, 

George U. Hennie. In tnis type tne side walls wore made solid, 

extending the entire lengtn of tne dock, while trie pontoons 

were sectional. Ur. Lyonel 3* Clark of Clark and Standfield, 

London, introduced tne next important type--a modified Rennie 

dock, in wnicn the pontoons were placed between tne side walls 

instead of under thorn. Clark later devised a bolted ssctional 

dock for tae Austrian Naval Station at Pola, a type wnicii vnas 

also proposed in a modified form by A.C. Cunninghara of tne 

United States early in tae twentieth century. Variations and 

improvements to tnese types continued tnrougnout tne early 1900's 

and sizes increased tremendously. Prior to the Second CVorid War 

several large floating docks nad been pressed into service in 

various parts of the world. Soutnampton boasted of a structure 

witn 60,OOO tons lifting power, measuring 960 feet in lengtn
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overall, 13O feat 6 inches in clear width, and 3tt feet in

deptn over the keel blocits. At rtotterdam the dock, raeasuring 

695 by 133 by 35 feet, could handle 46,000 tons, and at Kiel 

40,000 tons could be lifted in ttie dock which measured 721 

feat 9 inches by 147 feet 6 inches by 35 feet. Even tnese 

giants were exceeded by the Advance Base Sectional Docks used 

by the United States Navy in its world-wide operations in ;Vorld 

War II. rt 5br battle:.^::, carriers a and tne largest auxiliar­ 

ies, the larger docks consisted of ten sections, each 256 feet 

long and 80 foet wide, and with a nominal lifting capacity of 

10,OOO tons. When assembled to form the dock these sections 

were placed transversely, with 50-foot outrigger platforms at 

either end of the assembly, making the dock 927 feet long and 

256 faet vide overall, with an effective length of 627 feet, a

clear width inside wing walls of 133 feet, and a lifting capac-
21 

ity of 90,OOO tons. H Here again, as in the case of the graving

dock, the practical limit to wnicn the engineer can build this 

type of structure appears to depend simply on the limit of the 

size of ship wnlcn villl use it.

Equipment

SARLX D&SDG^S — MUC& of tne success achieved in aarbor and 

dock construction has depended upon the capacity and efficiency 

of the dredging equipment used. Harliest of the relatively 

modern types known were of Dutch, Italian, and French origin. 

As early as the middle of the fourteenth century tne Venetians 

scraped the harbor bottom with iron harrows attached to long
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wooden nandles. The scraping was done during ebb tide so

tlmt the suspended materials could be carried out to sea by 

the receding waters. DeKker in his "Lredging and Dredging 

Appliances" (London 1927) has shown some olcl dated prints w 

indicate the early progress of this type of equipment in Holland. 

A primitive bag and spoon is shown, dated 15365, followed by an

endless chain mud dredger (1500), operated by men on a tread.' 1
Also snown is a grab dradger witn a date of 1617. According 

to prelini in ais "Dreageo and Drodging" (New York 1912) tne 

first mention of a rude dredging macnine by a writer was that 

of Veranteus in 1591. Thougn the mud dredger of 1600 mentioned 

above was probably operated by horse as well as by man power, 

we nave no direct evidence of it. Thus, the first dredge driven 

by horse power is generally considered to nave been that in­ 

vented by Cornelius &eyer about 16o5, for use in constructing 

the canals and dykes of Holland. Sarly in tna following cen­ 

tury (1716) 3avery introduced the first elevator or ladder dredge, 

and by 1750 the French were using iron buckets on this type.

jiAKLY ST3A* DR3DG33 — It was not until the end of the eight­ 

eenth century that any attempt on a large scale was made to apply 

steam to dredging. In 1796 Mr. Grirasnaw of Sunderland, iSngland, 

had Boulton and Watt install a 4-horsepower engine in a 60-foot 

scow to aid in deepening the Sunderland Harbor. The experiment 

was not particularly successful, so Watt followed with a sim­ 

ilar maonine but of heavier design in 1Q04. Jotin Bennie, in 

using the modified Qrimshaw dredge with a 6-horsepovier engine, 

was able in that year to raise mud and gravel from a depth of



28 feet in His excavations for trie docks at Hull. John Hugnes, 

a contractor, also used a steam dredye in 1504 while yiorfcing 

at the moorings opposite the -tfast India DOCK gatos. In that 

same year the stsara dredge was introduced in America by Oliver 

.i3vans for the purpose of work at the docks of Philadelphia. 

Thus, with the beginning of the nineteenth century the steam 

dredge took its place as a regular part of water front con­ 

struction equipment.

LATER D13V3LOPM3NT3 — Generally speaking, dredges have de­ 

veloped in tv»o main classes—the continuous type, represented 

by the ladder, hydraulic, stirring, and pneumatic dredges, and 

the intermittent typo, represented by the dipper and grapple 

dredges. The year 1867 might be designated as the beginning 

of the era of the modern dredge, for in that year the French­ 

man Bazin first suggested the hydraulic or suction dredge* Its 

use was again suggested in the United States by C. Handolf in 

1370, and in the following year it mas used successfully at 

the mouth of the St. Johns River, Florida, by General >«.A. 

Oillmore. Further improvement to the hydraulic dredge tnen 

came in Ib78 when cutters were first used. Also deserving of 

mention is the steam shovel which has been found useful for 

dry land operations as well as for dredging. In Ib3b William 

S. Otie of Massachusetts invented a shovel on wheels whicn 

handled 1000 cubic yards daily. It was put into early use by 

Mr. Whistler on the Western Railroad in Massachusetts. Similar­ 

ly M. Gervals of Caen introduced a locomotive excavator at about 

the same time known ae the *Terassier Locoracteur.** liasic types
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nave, on tne whole, remained the same as triey were in tne 

latter part of tti© nineteenth century, but increased strength 

of materials and otnor technological advances have increased 

the output of modern machines so greatly that in performance, 

at any rate, they bear little relationsaip to their predeces­ 

sors*

Ligataouses

PHAROS -- Another phase of coastal v^orfcc to uuxch engineers 

have turned their energies for centuries has been the con­ 

struction of lightnouses. i^>st famous of all in the class­ 

ical world was the lighthouse on the island of Pharos in the 

harbor of Alexandria. Apparently this magnificent structure, 

vmicn gained wide acclaim among the ancients, was constructed 

by Sostrates of Cnidos during the reign of Ptolemy Philaflelpmis

(c 283 B.C.), but the rest of its details are vague. Pliny
Sg 

mentioned tnat it cost bUO talents to build, but he gave no
ZZ 

dimensions* Smeaton noted that according to a twelfth century

writer the structure was 3OO cubits in height, a distance equal 

to one Hundred statures of a man or 547 feet* On the other 

hand, Abu'If id a, an Arab of the fourteenth century, said ti*at 

it stood lao cubits in heignt. Tot anotner account stated tnat 

it was 450 feet liigh vsith five stories, the first three hex­ 

agonal, the fourth square, and the fifth circular, holding 

the beacon fire. It is reputed to o&ve been made viitn the 

aardest libertine stones Joined together witn melted lead. 

Though research to date has failed to identify its dimensions



positively, wo can be certain from the various reports which 

have reached us that it was a good-sized structure worthy of 

remembrance.

Much less important but remembered as a good example of 

Roman construction was the tower at Boulogne, originally known

as the Turris Ardens and later as the Tour d'Qrdre. probably
24

built during the time of Caligula, it was repaired by Charle­ 

magne and remained in existence until the sixteenth century. 

Octagonal in shape, it had a circumference of 192 feet, a dia­ 

metrical distance of 64 feet, and rose two stories into tne 

air. Another tower of Boraan origin was the Pharos at Dover, 

octagonal witriout and square within, with a diameter of 33 feet 

and a height which originally might have been as mucn as 72 

feet.

TOUR D3 COHDOUAiM — Earliest of the celebrated "modern" 

lightciouses, the first Tour de Cordouan is believed to have 

been built by the Saracens on a small island near tne mouth 

of the Garonne in the Bay of Biscay. Mext came a structure 

built by the English, when ISdward the Black Prince was Gover­ 

nor of Guienne (1362-71). The third tower, whose lower por­ 

tion forms part of the present structure, was constructed by 

the French engineer, Louis de Foix, during the period 1564-1611. 

It had a base circle with a diameter of 135 feet, and stood 

162 feet above the surface of the rock. Later, in 1727, it 

was raised to a height of 166g feet. It is best remembered 

by .nanv as the first lighthouse to be provided witii a re­ 

volving light.



ISDDYSTONii — probably tne best remembered work of John 
Smeaton (1724-92), first man to call himself a civil engineer, 
was the Sddystone Lighthouse 14 miles from tne Port of Plymouth. 
The earliest lighthouse on tne rock was erected by Henry Jin- 
stanley, who began operations in 1696 and labored over four 

years on nis "wooden pagoda." Its life was short, however, for 
it was blown down in a storm in 1703. The next venture was 
more successful, though it, too, came to a violent end. During 
the years 1706 to 1709 John Jfcdyard constructed a tower in the 
shape of a frustum of a cone, but it was also essentially of 
wood, and fall victim to a fire in 1755.

Sraeaton was called upon in the following year to erect yet 
anotnar tower on the same spot. He began operations immediately 
and carried out actual construction on tne rock from 1757 to 
1759. Nearly a thousand tons of granite went into tnis struc­ 
ture, which was made up of forty courses of dovetailed masonry. 
iVhen completed, the tower was over 90 feet high with a base 26 
feet in diameter. Late in the nineteentn century it was dis­ 
covered that the rock underneath the tower was being undermined, 
so a new tower was erected (1S77-62) nearby under tne direction

rof J.N. Douglass. Smeaton«s upper tower was dismantled and 
re-erected on the Hoe above Plymouth harbor as a fitting tri­ 
bute to its great builder.

OTHiSR LIGHTHOUSES OF NOTS —

"When the Rock was hid by the surge's swell, the Mariners
heard the warning Bell;

And then they knew the perilous Pock, And blest trie Abbot
of AberbrothoK.*
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Thus with nis pen did tne poet Soutney immortalize tne

famous Incncape or Bell Bock, 22 miles east of Dundee, Scot­ 

land. After visiting this site of many a shipwreck in IsoO 

Robert Stevenson later designed and built tne great lighthouse 

naricing tne reef. ^itn occasional advice from Hennie ne carried 

out tne construction during the years Ib07 to ItflO. Ninety 

courses of masonry brought tne to\?er to a neignt of 102g feet, 

and an oil light was placed 106 feat above tne medium level of 

the sea. Tne solidity of construction is indicated by tne fact 

tnat at one ti.-ae during a storm, spray reacned a height of 104 

feet on tne tower. Robert Stevenson was later followed in nis 

profession by nis son Alan, wno is well-remembered for nis 

structure at Skerryvor® (lb3b-43) 12 miles from tne island of 

Tiree.

The first ligntnouse to be erected in tne United States 

was a tall masonry tower at trie entrance to Boston Harbor, 

completed in 1716 but later replaced, probably tne most not­ 

able of tne early American structures, however, was tnat at 

Uinot's Ledge, 15 miles soutasasx. sf Joston. Tne masonry de- 

8ign was made by Josepn 0« Totten, and the actual construction 

was carried out from 1655 to lkJ60 by Captain iterton S. Alex­ 

ander of tne Corps of Engineers. Successful completion of tne 

job was particularly outstanding, for tne ledge was lower tnan 

any of its forerunners, being only partly bare at low tide. 

3nortly thereafter (1670-74) another bold project was completed 

at Spectacle Beef in Lake Huron, 10 miles from tne nearest land. 

Under Orlando M.Poe a li&utfoouse was erected at a point wnere 

tne rock was 11 feet below tne water level, and wnere pressures



5 #from ice packs rising to 30 feet were to be expected.

Also of interest are the types of beacons wnicn nave ser­ 

ved in tne lighthouses over tne years. Earliest and simplest 

were wood fires, later replaced by pitch pots and coal fires. 

In 1622 tne last Bnglish coal fire beacon was extinguisned at 

St. 3ees. Smeaton's ISddystone Lighthouse burned huge candles, 

as did many other towers of the period. Oil was introduced at 

Liverpool in 1763, coal gas at tne Light of Troon in 1»37, 

electricity at South Foreland, England in 1856, incandescent 

mineral oil at L'lle Penfret in Ib98, and acetylene at Chasser- 

on, France, in 1902.

Soil Mechanics and Piles

SOIL MECHANICS — Not only in dam and waterfront construction 

has a knowledge of the action of soil under pressure been val­ 

uable, but in all other foundation problems as well. The French, 

possibly as early as the sixteenth century, engaged in a study 

of earth pressures, particularly where applicable to fortifica­ 

tions. In 1773 the French scientist Coulomb publisned a work 

on earth pressures, and almost a century later—about Itf56— 

Professor Rankine developed a theory of equilibrium of earth 

masses and applied it to elementary foundation problems. Both 

of these authors—whose works are often referred to as the 

"classical theories of soil mechanics"—considered "idealized 

fragmental masses, 1' consisting of grains like sand and possess­ 

ing some friction and conesion at times, witnin certain limits 

these theories have been found useful.



It was not until tne twentieth century, nov^ever, tnat 

any concerted move was made to remove the subject from tne 

sole realm of tneory to the practical laboratory wnere physi- 

oal properties could be studied under actual conditions. In 

1913 committees on soil researcn were established by tne Swed-«./

isa State Railways and by tne American Society of Civil Engin­ 

eers. Pernaps future Historians will mark 1925 as the date of 

toe real beginning of the, study of soil mechanics, for it was 

in that year tnat Professor Karl Terzagni published his famous 

"Srdbaurcechanik. rt Among other points in tnis work ne developed 

a "Theory of Consolidation" /mica has come to be regarded as 

one of the most important theoretical contributions to tne field 

of Foundation Engineering. He not only followed tnis v«ork with 

many papers on the subject, but also founded a laboratory in 

Vienna and taught at trie Massachusetts Institute of Tecanology. 

In 1936 an international conference on soil mechanics was sup­ 

ported by countries where research aad bean in progress such 

as in England, (ierraany, Holland, Japan, .Russia, Sweden, and 

the United States, and in 1943 another such international gath­ 

ering was held. It is felt by many that real research did not 

begin until 1935 vmen actual structures ratndr than models 

came in for their share of study. *»oil mechanics is still far 

from being an exact study, and is still very mucu in tne em­ 

pirical and experimental stage. However, it does offer some 

Hope for a solution to those many soil problems which have for 

so many generations plagued the civil engineer.

AND PIUS DHIVSas — Tha use of piles to support a



vertical load on unstable soil was well fcnoun in Roman times, 

but the method did not come into the extensive use it has today 

until tae advent of tha steam pile driver in the nineteenth cen­ 

tury. Sneet piling for cofferdams also belongs to the era of 

|he nineteenth century. A short time prior to 1822 Mr. Mathews 

used cast-iron sheet piles in constructing the north pi«r of 

the harbor of .bridlington on the east coast of itogland. His 

piles had a U-shaped interlock, were 21 to 24 inches wide, 4 

inch thick, and 8 or 9 feet long. In 1Q22 peter Jwart of Man­ 

chester patented a non-interlocking pile which came in lengths 

from 10 to 15 feet. The original pile had a cross section sim­ 

ilar to the letter "S" with the ends bent toward the middle, 

but it was modified in 1324 by a flattening out in order that 

it might penetrate the hard material at Downes $jaarf, London. 

A novel scheme was then introduced by Mr, Sibley in building 

an iron wharf on the Lea Cut at Limehouse (c 1633). He drove 

holloa cast-iron guide piles, elliptical in section with a pair 

of exterior guide ribs on either side, at intervals of 9 feet. 

Between the guides he placed flat plates \nhich extended to with­ 

in 6 feet of the bottom, the piles themselves being 20 feet in 

lengtn. The piles were then filled with concrete and tied to 

the land. Another contribution of the deeade was the invention 

in lb3Q of the screw pil© by Alexander r.$itchell for use in con­ 

nection wita the building of a lighthouse on the Malpin Sands 

in the Thames estuary. No patents for wrought-iron or steel 

sheet piles were issued in the United States or Europe from 

1863 to the end of the century, and it was not until 1902 tnat 

they were used successfully in construction. Sine** that time
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sizes and shapes, encompassing everything conceivable, have

appeared in an abundance too great to mention here.

In 1839 James Nasrayth at the .aridgewat&r *toundry, finding 

the existing tilt narmaers worked by a big cam inadequate, 

sketched a steam hammer to mold a 30-incn shaft for the pro­ 

jected paddle staanaar "Great aritain." Apparently the JPfencn 

were the first to use the hammer for driving piles, and Nasmytb 

later patented tho idea in 1842. The first extensive use of 

it in Sngland came in 1646 when Stevenson drove piles for his 

Hign Level .oridge at New/castle, In America steam pile drivers 

on wheels were used on the railroads at least as early as 1841, 

but their origin is obscure. Ahe jet method of sinking piles 

was probably introduced by James #runlees mo, in 1850, used 

it in a railroad construction job across the sandy Morecambe 

Bay on the west coast of England. The twentieth century has 

brought reinforced-concrete piles into competition with the 

older wooden and metallic types, and variations of the types 

have also appeared. Few will say that piles or pile drivers 

have yet reached their ultimate stage, meaning that the future 

holds wide opportunities for engineers interested in this type 

of development*

Summary

Hydraulic and coastal worfcs have always been of great im­ 

portance in the engineering profession, from the time of tne 

ancient Egyptians right down to the present. Irrigation and 

river control, carried out along the Nile well before the



Christian era, are still of prime concern in ttiat area, as 

well as many other parts of the world. Theoretical and prac­ 

tical knowledge have been expanded, dams Have been improved, 

and construction equipment has undergone a great evolution, 

but the basic problem of controlling the waters has remained 

the same, as has the basic solution to that problem. Today 

engineers all over the world are engaged in protecting valuable 

land from inundation on the one band, and in supplying the 

life-giving waters to lands parched by drought on the other.

Basically, from ancient times to the present, river con­ 

trol has been accomplished by means of dams. At the outset 

these dams were simply huge mounds of compacted earth, based 

on a design which evolved after generations of practical ex­ 

perience . Truly scientific and rational design in this field

did not appear urttil the nineteenth century when French engin-
over

eers set about to improve the masonry dams introduced/two cen­ 

turies previously in Spain. The scientific approach rapidly 

increased the size and use of the masonry dam throughout the 

world, and the introduction of the reinforced concrete dam in 

the twentieth century brought ever bolder designs to the fore. 

The result has been not only to aid in flood control and ir­ 

rigation problems, but to utilize water power on a scale un­ 

dreamed of in the nineteenth century when the first commercial 

water turbines were introduced.

Closely allied to flood control and dam erection has been 

the harbor and dock construction necessary to the life of mar­ 

itime nations. Many of the early trading peoples, such as the 

Phoenicians, found it necessary to make certain improvements on
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their natural harbor^ but it remained for tho Romans to bring 

harbor construction to its highest peak in Classical times. 

Following the fall of the Boraan Srapire there was relatively 

little maritime activity until the fifteenth century, and then 

we find little in the way of harbor work until the seventeenth 

and eighteenth centuries. It was during the latter part of the 

eighteenth and early part of the nineteenth centuries that Eng­ 

land launched an almost feverish program of wet dock-building 

designed to accommodate the trading vessels which reached out 

to every port on the globe. As ships increased in size through­ 

out the ItiOG's, wooden and masonry graving docks evolved to 

take the place of the old careening beaches. Floating drydocks 

also were developed during this period 8 being of wood at first 

and of steel later. Continued increase in the size of snips 

during the early twentieth century was more than matched by a 

similar increase in the sizes of both graving and floating 

docks.

Throughout these periods of great construction engineers 

were finding out more and more about soil and foundation con­ 

ditions. Practical experience seemed to be the only reliable 

guide to the solution of these foundation problems until tne 

study of soil mechanics from a scientific standpoint was be­ 

gun in the twentieth century. The study is still too much 

in an experimental stage to be called a science, but it shows 

intriguing possibilities and serves as an excellent example 

of the fact that the engineering profession is never static 

but is constantly rising to the challenge of new and interest­ 

ing problems.
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HAILROADS r „ ^*> o 9

The First Railroads in &igland

IARLY HOB3B-DRAWN RAILWAYS — The rough state of the floors 

of early mining tunnels rendered the hauling of carts by man 

or animal extremely slow and difficult. Vtoile it would have 

been possible to smooth the floors to a much greater extent, 

such a course of action would hardly have been economical, so 

a much simpler solution to the problem was devised. ?fooden 

boards or rails were laid in the ruts made by the previous 

passage of the carts, and thus the traction difficulty was 

eased considerably. Such wooden tracks were used as early as 

the fifteenth and sixteenth centuries in the German raining 

tunnels of the Harz and Srz fountains. Similar "wagon-ways* 

inside the tunnels and outside of the mines have been traced 

to the sixteenth century in Britain. A statement of the charge, 

receipt, and delivery of coals at .vallaton, Ifottinghamshire 

from October, 1597 to October, 1598 mentioned "railes", and

in a letter dated 1 May, 1610, Bobert Fosbrooke of Nottingham
1 

wrote to Sir percival Willou^hby: *I beseech you to take order

with Sir Thomas that we maie have liberty to bring coals down 

the railes by wagen, - — » for Strelby cartway is so fowle as 

few cariadges can pass. 11 Such rails were found particularly 

in the coal districts of the North ^here they became known as 

"Newcastle roads*1 in the latter half of the seventeenth cen­

tury. Speaking of this district Hoger North in his "Life of
2 

Francis North, Baron Guilford* (1S76) noted: —



"The manner of the carriage is by laying rails of timber, 

from the colliery, down to the river, exactly straight and par­ 

allel; and bulky carts are made with four rowlets fitting these 

rails; whereby the carriage is so easy that one horse will draw 

down four or five cftauldron of coals, and is an immense benefit 

to the coal merchants.»

Barliest known of the Britisu Railway Acts v^ C-JL-* George 

II 1753 concerning a rtwaggon-way for conveyance of coal to Leeds." 

As time passed, horse-drawn railways continued to multiply in the 

mining districts of Wales and the iforth of jSngland, but until the 

nineteenth century they were wholly private and almost exclusive­ 

ly used for hauling coal. *«ith the dawn of the new century, how­ 

ever, men of vision saw the possibilities of their adaption to 

wider fields. On February 11, 1800 Mr. Thomas, of Denton, read 

before the Newcastle Literary Society a paper on "the propriety 

of introducing roads on the principle of coal-waggon ways, for 

the general carriage of goods.* In the following year Dr. Ander- 

son in his "Recreations in Agriculture 11 urged that tramroads 

should be laid down and worked with horse power in places where 

canals could not be made* His proposal envisaged an organized 

system of railroads which would be put on the same footing as 

the public roads.

First of the public lines of this type was the 9-raile Surrey 

Iron Railway from Wandsworth on Thames, London, to Croydon, with 

a branch to Carshalton. Chartered in 1801, opened in 1303, and 

abandoned in 1346, the road was constructed with the object of 

facilitating the conveying of agricultural produce to London and 

the return of manure to the country. It was built by '.villiam



Jessop who laid cast-iron rails with a gcuge of 4 feat 6 inches 

on wooden sleepers. During the next quarter of a century some 

twency-nine different railway companies were authorized, and all 

but one of these actually began operation. Some of the more im­ 

portant of these lines included the Kilraarnock aau Troon (1808), 

the Gloucester and Cheltenham (1809), the Plymouth and Dartmoor 

(Ibiy), the Stratford and Moreton (18E1}, and thu ,.,lton and 

Leigh, the Canterbury and Whitstable, the Cromford and High Peak, 

the Nantile, anu tao rturnney (all incorporated 1825).

THE STOCKTON AND DARLINGTON ~~ Most famous and raost important 

of all the roads of the first quarter of the nineteenth century 

was the Stockton and Darlington Railway, designed to connect the 

coalfields of Durham with the navigable waters of the Tees. Dur­ 

ing the latter part of the eighteenth century a canal for this 

purpose was proposed, and the idea was not abandoned until the 

results of John Rennie's 1813 survey raer® made known. At a meet­ 

ing in 1818 a tramway was decided upon, Thomas Overton being ser 

lected to draw up the plans. The Act to which Royal assent was 

obtained in 1821 called for the conveyance of merchandise by 

horse traction, but on the recommendation cf George Stephenson— 

who succeeded Overton as chief engineer in 1821—the Act of 1825 

included the locomotive as a means of traction. On the 27th of 

September, 1825 the line was opened with Stephenson himself driv­ 

ing the locomotive. Following the locomotive and tender were 

six wagons filled with coal and flour, then a covered coach with 

its "important" passengers, twenty-one wagons carrying passengers, 

and six coal wagons at the end. At one point on this initial 

trip some four hundred and fifty passengers helped to boost the



total load plus carriages to almost 9O tons. After six car­ 

riages bad been dropped at an intermediate station another in­ 

formal count indicated that some six-hundred passengers were

now enjoying tho IE mlles-par-hour ride on the first public
3 

steam road.

The main line? O f 25 miles from Wit ton Park colliery to 

3tocKton-on-Tees was joined by 15| mil as of branch lines, mafeing 

the total road over 40 miles in length. It was a single-track 

type, the rails being chiefly of malleable iron, with passing 

places provided every quarter of a mile. Tho gaugo was fixed 

at 4 feet 6£ inches to conform to that peculiar to tho Killing- 

wort fc mine tramroads wher« Stepnenson did the oarly v«orK on his 

locomotives. In addition to locomotives, stationary engines 

vsere used to haul trains up grades tnen considered difficult, 

and horses were used on certain portions of tha line until 1633. 

Much of the credit for the success of tais railroad must be ac­ 

corded to its main promoter, the ^uaKer Misard Pease, and to its 

chief engineer, George Stephenson, who has fittingly earnad the 

title of "Father of the Hallway." It was only a few suort years 

after the opening of the stocicton and Darlington that the con­ 

struction of steam roads to carry passengers and merchandise was 

begun in earnest.

OBJECTIONS TO THE .RAILROADS -- prior to the opening of the 

StocKton and Darlington there mere several railways spread 

throughout England, Scotland, and v^ales carrying a daily load 

of about 1UOU tons of merchandise, with—excluding collieries 

Of trie North—a total trackage exceeding 2QU miles. Nevertheless,



the idea of a railroad was not one which riaet witn tae approval ^ 

of many sections of tho citizenry, such as the canal owners, 

the turnpiK* trusts, und the landed gentry. The »». srgence of 

the locomotive brought forth even raors violent opposition. 

When the plans for the StocKton and Darlington became Known A 

raeraoar u-t ?arliamenu sailed to Know "T^nj-t was to become of the 

coach maKQrs, narness-maicero, coach-masters, coacnmen, inn- 

weepers, aorse breeders, and norse dealers?* He propaesied 

tiiat iron would be raised in pric® luu>C, or, faor© probably, 

would be exhausted altogether, "was tue riouse aware of tne 

smotvw i^iid noise, tho tiiss and u 14 a wairl ^aicn locomotive e^- 

gines, passing at the rate of 10 or 12 miles per iiour would 

occasion? i4eitftor th© cattle ploughing ttie fields or grazing 

in the meadows could beiiold ttiem wittiout dismay. 1* Otaer pro­ 

jected railroads suffered similar auusu. Tho "quarterly** (1625)
4 

commented in the following vein: --

*The gross exaggeration of tho powers of the locomotive 

steaffl-ongine, or, to apaaK moro plainly, the steam carriage, 

may delude for a time, but must ond in taa mortification of 

taose uoncerrjeu — --. It in certainly some consolation to 

those vil^o aro to be whirled at the rate of eignteen or twenty 

milGS an hour, by raeans of the higtt pressure engine, to be told 

that they are in no danger of being sea-si QK. smile tney are on 

shore, that they are not be bo ocalaed to ctoath nor drowned by 

the oursting of the boiler, and that taey noed not mind being 

shot b ? the scatterod fragments, or dashed in pieces by trio fly­ 

ing off, or breaking, of a afteel , Jiut \iita all these assurances 

we fmould as soon expect the people of ">voolwica to suffer



to be fired off by one of Congreve's ricochet rocsets, as trust 

themselves to the mercy of such a machine going at such a rate. 

———Ive will bacfc old fattier Tnaraes against the \Voolwich railway 

for any sum.**

Sven the younger Stephenson*s 112-mile London and Birmingham 

Railway (Itf33~3fci)—though begun at a relatively late date—receiv 

ed liKe treatment. The Countess of Bridgeimter and Lora Brovm- 

lovi declared that the advantage to the public would not equal tne 

injury to the estates; "not only would it b© a nuisance to the 

country, it would positively be a nuisance to my Lord Southamp­ 

ton." Brunei's Great Western Railway (1835-41) received oppo­ 

sition from another quarter, Eton College, vahose authorities 

opposed it on the grounds that "it would be injurious to th« 

discipline of the school, auu uongerous to the morals of the 

pupils." Despite the flood of protests and denunciations the 

protagonists of the railways proved to be the stronger, and wnat 

has been terraed the "Railway Age*1 was usnered in with tne Liver­ 

pool and Manchester Railway in 1&30,

TH3 LIVERPOOL AND MANCHESTER — As trade increased between the 

port of Liverpool and the manufacturing town of Manchester, the 

canal facilities became clogged, carriage became uncertain, and 

tolls became excessive. One notorious result was that cotton 

could be shipped faster from America to Liverpool than it could 

from Liverpool to Manchester, some 31 miles distant. The Ex~ 

cnang* at Liverpool resounded witu th© complaints of merchants, 

and manufacturers in the counting houses of Manchester ecnoea 

tnat disapproval. Claarly some form of transportation to rival



th<3 oanal had to be established.

As early as 17V>7 William Jessop a ad run a survey between 

trie two cities but notnin^ definite resulted. It is not clear- 

as to 'just vmo first proposed trie idea of a steam railroad, but 

it is-Known that Tlioraas Gray of Nottingham wan one of its earl­ 

iest enthusiastic supporters. His enthusiasm for the locomotive 

was wall illustrated In his treatise entitled; "Observations on 

a general iron railway, or land steam-conveyance, to supersede 

the necessity of horses in all public vehicles; snowing its vast 

superiority in every respect ovar all th© present pitiful raeta- 

ods of conveyance by turnpike-roads, canals and coasting traders. 

Containing every species of information relative to railroads 

and locomotive engines.* In 1620 he urged the use of Blenkin- 

^op f s rack-and-pinion locomotive for tne Liverpool-Manchester 

run. Two years later Villiam James of Snowford Manor, claimed 

by many to be tne originator of the freight and passenger rail­ 

roads, submitted to Lord Stanley certain plans and sections for 

the proposed road. In Iu24 a committee was formed, in Ib26 an 

Act was obtained—work commencing under George Stephenson—and 

in 183O the line was opened to the public.

A committee called in 1625 had studied tne various methods 

in use on the 3tocRton and Darlington—the locomotive, station­ 

ary engine, and horse traction—and arrived at the decision to 

favor the stationary engine. Stephenson's insistence on the 

superiority of the locomotive, ho^e^er, finally encouraged the 

directors to give that mode a test. Trials held at Rainhill in 

tne following year convinced them of the possibilities of the 

locomotive and resulted in the selection of Stephenson's M Bocfcet"



as the type of locomotive the line would use* It was able to 

negotiate the 31-rnile trip in the average time of 90 minutes. 

Thus, from the outset, the Liverpool and Manchester was destined 

to be a steam road, and settled once and for all the question of 

tfce steam locomotive versus the stationary engine on regular op­ 

erating lines. Definitely built to aarry passengers and freight, 

this ro*d convinced many skeptics that the new form of transpor­ 

tation carried the key to a wealth and prosperity never known be­ 

fore.

SUBS3QU3NT DSVflLOPttSNT IN BRITAIN — The commercial success of 

the Stockton and Darlington and Liverpool and Manchester Railways 

started a boom in railroad construction which slowly gathered mo­ 

mentum during the next decade t and then suddenly burst into the 

•Railway mani&" of the 1640's. By 164o some twelve hundred and 

sixty-three r&ilft&y bills had been presented to Parliament although 

only one hundred and twenty became Acts. The success of this new 

form of transport was recognized by Parliament in 1333 when it 

passed an Act transferring the mails from stage coaches to trains 

on routes then operating* Top engineers were constantly in de­ 

mand during this feverish period, Brunei being engaged on fourteen 

different lines, toeke on thirty-one, Hastrick on seventeen, Sir 

John Bennie on twenty, Bobert Stepfcenson on thirty-four, and 

Vignolles on twenty» to mention but a few. Hard-headed investors 

and wild-eyed speculators clamored alike to get aboard the iron 

road for <£L Dorado, and the tremendous speculation bubble con­ 

tinued to grow at a frenzied pace. The Merquis of Londonderry 

stated that in Durham three railroads—all



57,
parallel lines—wore attempted by one projector; one was at per?

the otrier bankrupt, and tie believed that the third would never 

pay. All sorts of schemes were advanced to increase the earn­ 

ings of the railroads—sails, rockets, and wooden eievatou lines 

all having their advocates. Property prices soared; the appear­ 

ance of a railroad aurveyor w&s enough to double the value of trie 

meanest strip of land. One nobleman, enraged at the desecration 

of his estate, was hardly mollified by an offer of £ 30,OOO from 

the railroad company, but he vaa more enraged when a second sur­ 

vey tooK the line away from uis l^nd and with it the <£, 3O»OOO. 

Subscribers were drawn from all walics of life, many hardly real­ 

ising their roijoonsibilities and caring less. One common type 

\&as the wan with a is 60 income who subscribed for -L 35,000. 

This wild state of affairs persisted until October, It54l> when 

the itonK. of England raised i ty rate of interest. The bubble 

broice, money became scarce, and the whole culminated in the fi- 

crisis of Is47,

small companies went under financially and many others 

tottered at the edge of bankruptcy, wuite naturally a large 

number oi arr.algariiations resulted, although trie general legisla­ 

tive policy throughout the nineteenth century was aimed at keep­ 

ing to. ition alive. The great amalgamations of 1&1Z served 

in many ways to intensify tne competition, if anything, ror 

hundreds of small lines with local monopolies gave way to a few 

big lines whica overlapped to such an extunt tnat most large 

communities were served by two of tuetn. ^orld War I broKe down 

thut competitive policy and a complete reversal was created with 

the Railways Act of j.^21, v?aich amalgamated practically all of



the railways into four groups, i.e., (1) London Midland, and - 

Scottish, (2) London and itorth Eastern, (3) Great Vestern, and 

(4) Southern. Final amalgamation came after *orld War II when, 

in 1^40, the English railways became t&e property of trie State.

Development of the Locomotive

SIGHTSii'MTH C3MTUHY ST3AM 3NGINBS — The phenomenal growth of 

the railroads in England was due, of course, to the development 

of the steam locomotive whicn had its beginnings in the seven­ 

teenth century. Learned and scientific men, according to the 

times, were the principal investigators of the properties and 

use* of steam in this early period, such men as Porta* Rivault, 

De Caus, the Marquis of Worcester, Huyghens, Papin, and ^avery 

being particularly outstanding. With the advent of the eight­ 

eenth century the investigations passed out of the hands ol the 

philosopners into those of the mechanics, the men wrio could trans­ 

late the scientific theories into practical realities. Thus, 

early in the new century Thomas NGwcomen, a Cornish mechanic, 

was able to combine the cylinder and piston of Papin with the 

condensing system of Savery to produce his atmospheric engine 

for pumping out mines. Fire produced steam which, when con­ 

densed under the piston, caused tho pressure of the atmosphere 

to do the pumping. Smeaton constructed many Newcomen engines 

wnose performances exceeded those usually encountered prior to 

his time, but he did not improve on the basic Newcomen principle. 

In 1763 James Watt began repairs on a model Newcomen engine at 

the University of Glasgow, an event which proved to be a turning



? 9 
point In his career. 1th much thought and experimentation be

gradually developed the low-pressure steam engine.

Throughout its development up to this time tho staarn en­ 

gine was designed prirnarilj/ for pumping out mines, but in 1769 

the first steam locomotive made its appearance in Francs. The 

product of Nicholas J. Cu^not, this carriage was designed to 

Haul heavy artillery over ordinary roads. It v»au a three- 

Wheeled machine, with tv»o ordinary gun wheels on the sides and 

on* driving waeel in front, over w.iich \nas placed the two- 

cylinder engine. Encouraged by his first attempt, the govorn-
5 

ment assisted Cugnot to build a second engine which he exhibited

at Paris in 1770. ;vith several passengers ue drove itio vehicle 

along a public road at a slovs walking pace, but faulty steering, 

due to the disposition of weights ever and forward of trie ^uid- 

ing wheel, brought the engine into a wall. This disaster mark­ 

ed the end of government support and the locomotive was relegat­ 

ed to the role of a scientific curiosity. It now resides in the
r

Conservatoire dec Arts et metiers in Paris.

William burdock, the pioneer of ^as lighting ana the mech­ 

anic responsiole for tho working of Boulton and ^att f 3 mining

engines in Cornwall, was tho next to ctako an attempt in thie
6 

field. la believed tuat he constructed throe working models

of a steam locomotive botvseon I?i32 arid 1736, anc iu is certain 

that Ue triad ono 'ourue-wheolod locomotiva on a highway ^.u ?.ed- 

ruta in ;-ti-3 latter year. His employers discouraged his efforts, 

However, and nothing fruitful resulted. He was followed in 1788 

by a Yorkshireman, Bobert Fournecs, «ho designed a turee-cylinder 

steam traction engine, but who died before he could fully



develop nis invention. THUS, as the eignteentn century drew &'0 

to a close, tne principle of tn« steam engine was ?53ll uncior- 

stood, but its practical application in trie field of locomotion 

had yet to be proved.

PICHAHD TRSVITHICK'S LOCCUOTIV33 — First to connect tne plate- 

ways and railways then in existence with tho at •am road carriage 

was Richard Trevlthick, brilliant .British engineer, who seemed 

dootaeo never to enjoy tno fruits of his genius. In 17y? no 

built a model whicn, witn the nelp •«* nis relative Andrew Vivian, 

he expanded to a full-size steam carriage in 130) . On Christmas 

£ve of ti.at year tne earri^e was given its first road trial at 

Camborne, but the effort could hardly be called a success. One 

version of the atory st&te& taair tifter a run of SOU or 400 yards 

the locomotive broke down and vaas then placed in a saed, wail© 

tne party withdrew to an inn. The fire «as left under tne toiler 

wticn soon burst, and the ensuing flames devoured the s;ied and 

?r,o8t of the locomotive, A second and later account tells us t&at 

the ill-fated locomotive simply turned over vman it ran into a 

gully. Stephen Villiarns, who claimed to navo baen an e^s-viitness, 

stateci in Ia50 (waen he was 87 years of age) that tne rnacnine suc­ 

cessfully negotiated a hill, was turned around, and came down a- 

gain to the snop. He heard taat it had be.n tried again tne fol­ 

lowing day but tnat some of tne castings had broKen.

Whatever the trua outcome, TrevithicK ^as not discouraged, 

and on February 21st, 1504 ne ran the first successful locomotive 

on rails from tne rennydarren Iron Wortcs to tne Glamorg&nsnire 

Canal* S'en tons of iron, seventy raen, and five wagons naae t,ne



8 
trip or over 9 miles in four nours end five minutes, attaining

7 
at times a speed of aliaost b milos an nour. Hot or,ly did tie

prove Uie sufficiency or s/ncotu wiieels lor acinesiou, but ne also 

introduced Cue factor tuat tnaae tue locomotive practical — hign-

pressure steam. ^ererring to Uoulton and v;att who aad
t* 

ui^a pros^urtf idea ae stated: "Le^ me meet taem on fair

grounds, and i will soon convince th«m of trie superiority of 

tue pressure of steam engine." Ha was also tue first to observe 

anu record tue stimulation of coraoustion by exnaust, or waste 

ateaui passing up tli© ciaiauiey. No definite statement in contera- 

porary accounts uas come to ligut to eiiow wuetaer tnis first en­ 

gine aad ttia aorizontai cylinder commonly represented, or tue 

vertical cylinder waicti was.1 a feature of Iruvithick's nigh pres­ 

sure engine for general purposes. Jo tin Farey , tne ueii -known 

nistorian of ttie ste^m engine, writing in iolo stated tnax- it 

was vertical, out most of tue subsequent accounts of otuer v^rit- 

ers nave declar«3d it to be aoriaor.'tal.. Tna project was not as 

succaasful as ii- lai^at nave paen for tiiQ railway vias not really 

strong enougn to carry ttie engine. The flimsy cast- iron rails, 

designed only to carry ligtit aorse-cirav»n \fagoa3, were continually

TrevitaicK. was again in tae news in IbOb vatien nis 10-ton 

locomotive was run at a spoad of approxiruausiy 1^ miles an aour 

on a circular tracts near waat is nov/ Juston C.^uare in London. He 

was diverted by otner projects, no»vever, and loft ^igland ror 

Peru in Iol4. His multitude of interests tcept aim from concen­ 

trating on any one aspect for very long, so ais valuable contri­ 

butions in tne locomotive field were left to otnera to develop



completely

OTtiiiR LOCOMOTIVES PRIOR T.I 1629 — Generally spo^inj, tae 

early development of tae stea.-n locomotive was entirely /-ritisti 

in character, and as sucn, aad a profound influence on its ^row- 

tti in otner p^rts of tne world. Prior to 1629 tnere were few 

attempts outside of u-^Iana to nurse tnis infant indu.st.ry along, 

largely because few countries Lad tue industrial capacity to 

launcri yucn a venture, one sucti early non-liritioti -attempt $as 

tru'it by Oliver ,Svans of puiladelpLii,., wuo producoci in 1601 a 

wagon wix,u ti steam angiae to go along a regular roocl. Another 

w»as wiifat by rir. Friodericics in tae Herrynian district of Hanover. 

In loll tue King and ^uaan of ">Vestipu«lia and tuoir part; rode 

witn grea'G ceremony on tau J.J..IQ wao^e locomotive and iron rails 

Uad been invented by Friodaricks. Ko^evor, tna no.. ^ inventor 

of importance to follow xrevitUiclc was John jaienkinaop, colliery 

viewer of tne middlQCon Colliery.

In Idll jjlenkinsop desi^ned a successful collisry locomotive 

for Ciiarles brandling ii.P*, -.micn flas built by Font on, Murray, 

arid Wood of Leeds, and tried in JLUJS of 1312. Tiia engiue cost 

•fc 3bU including tae royalty of -fe 30 to Iravitaick for patent 

rigawd, ^ija was tue forerunner of several others of the Same 

type, some ol wtiicb continued in operaui,«a until Io5o &t Leads 

and el£io«niore. Tueir distinguishing featura was their rack-and- 

pinion arrangement; motion was provided by a toothed vineol work­ 

ing along a rawk at tae yide of tae line. iiie early engine was 

capable of drawing 94 tons at a speed of 3^ railec-por-aour on a 

levelt and its rack-und-piaion device enabled it to surmount



grades up to 5££. A practical limit v*&3 placea on Uis spead of~> 

the rack-and-^ini.^n Tncnmntive, however, thus eliminating it from 

competition on ordinary lines as t!v> modern locomotive increased 

in size and povior.

h full £:;:i\*leag6 of Trevithick's and HLenkinsop*s en nines, 

Medley, col" i^r^ viewer to UUristopher Blaokett of Wylam- 

on-Tyne, produced after one faiViro, a uuccQssfu'1 1-nnnriti ve dif- 

ferlnr. from those of either nf ais predocassort. Known as tf?uf- 

'fine -^illy** tiiir ne , ^n^ine began naking ttiQ vrylaw Colliery to 

^ivcr Tyne run in 1613. Its %'uaelB wer0 fl less to suit tae 

plate rails t'cien in usa wbich themselves had flanges on the "• - 

side. After 1825 ed^e rails replaced the plate rails at $y!Uim 

ard flanges appeared on tha locornotiv© v^heel^.

T&e next significant contribution carae from George Stephen- 

son (1721-1348), thy ;;&n popularly regarded as t. ; y j.«u«cier of the 

r--1. "J-.TVF!. Born ."t \Vylam-on-Tyne, he began wr^rking at an early 

a^e, and did not learn to raad or write until he wtus eiefataen. 

His natural meciaanical c-onius combined with his ability to learn 

rapidly soon v?on for ftirr, ti?.e respcuioibllities of superinbonding 

the collieries at Killing" rt v arid elsewuere. I3y 1813- UQ hod be­ 

come **a civil ©nH^«ier gersrnliy1 and had suggeeted a consider­ 

able number of alterations and taiprovements on the opines a*id 

railroads belonging to these collieries, profiting by th« ex-
^

pori'ance cf Trevituick, 31enkin3op, aiia Hedley» he produced his 

first locomotive,"siucber," at Killingworth for :;ir Thomas Lid- 

dell. ?^ A ^n^lne, tried for thn firr?t time on the Killimr*erth 

C^lli«»ry Railroad on July C7, 1614, was used to •ejc-rk coal trails 

of 30 tons &t 4 to 5 milas-p^r-hcur. Stephonson followed



"by placing two cylinders axially alon^ the center- 

lino of tue boil or, but hs adopted :iadloy»s not Hod -: r drive 

wxii'-j'j^a to ««irii« Hie lirst, design * therefore, vii*s a compromise 

between tv^o provio:..- y/ t,fck» * awlier than an improvement on oither. 

In tne following y^ar he pater:tod—in conjunction v?itn Ralph 

Dodds—a connecting rod which eliminated tno cog-wheel driving 

systarn.

oau i^liQv;o.; up ais first succosr v?ltn o. t-iories of 

eacn of ^rnlcti contain^fi rtoma inprnvomont ever its 

predecessor* In uis experiments be fcund tne same improvement 

in ttia draugbt by mingling the sxnaust steam witfi tne smoke as- 

canding i^i tuo chirrtney as haa 'rrovituiCK so in© years before. In 

later ye.^rs, somet A - after the 3aintsill Trials of lbS9, a great 

controversy arose over wao had dlsccvered trie nblaet pipe** f 

Trevithick, Kackworth, and Stephenson all having their respective 

supporters. The best evidence indicated that Trevithick was a- 

vvare of the pu^nomenon at u&rly aa 1604 and th&t Timothy Hacte- 

wcrth improved on tne idea by discharging tiao ster.m tnrougn a 

constricted orfice to add to its velocity. George Ste^nsnson 

either re-irvented the ideas or simply used tnem a^ common 

Knowledge, anci incorporatoa tae.r, successfully iu ais locomotives.

Until the opening of tne Liverpool and Manchester Hail-ay, 

the collieries of the Mbrtn—Hetton as well as Kllllngwortn— 

were tne trial grounds for innumerable experiments. The Hetton 

Railway, about « miles in length from tne colliery to tne ccal 

stt.ltns on trio hivor v,oar, w«s laid out by ueor^^ Jtephenson 

and e>;ecute>ci »j iii:; brotner Robort irs loSg, tne line passing 

over a aill 330 feet in tieignt and being worked partly by



stationary engines and partly by locomotives. In Is2b the

was said to be "tue most perfect iuwing locr.r.sotive enrines." It 

was on tUe^e c^lli^ry rouds, taeraforo, tnat 3tepaenaon ., , - able 

to bring iiis Aocoifiotives to suca tt uign state of development. He 

stated in April, lc-25 tnat to tus u^jiai a© uoa up wo mat time 
constructed fiffcy-fivs engines, sixteen of walcu tie classed as 

locomotives. i4ost famous of oi 1 his engines up to ttiis tirnei of 

course, was tae 6^-ton "Locomotion » n tae original locomotive on 
tne Jtoc^ton ana

AM .. . •••is Rf:cfn^r f' *- '»Vhen tno ' " ver-
pool and ^ancatster tittilweiy vias projectad, tne locomotive aad not 

yet fully established itself ao bein^ superior to norse traction 

or to stationary engine^. LJJU-&VJLJ uw v»u^ i;jiUL>Wuce oi George 

taa directors were *-n,vi$d into Holding 44 competition 

«iiOtaor or not a locomotive could be built whicii

would satisfy certain condition*! and thus prove its superiority*
y 

Lriet'ly, tuo mai.; cuuditioas f;:ocified wore ttiat (1) tiio er.^ino

should consume its own SDOK©, (E) if of tne 6 toii^ j/iaximum wil^nt 
allowed td^ engine iiad to draw a twenty-ton loc:d (ir^cjnding tne 

tauder and water tan«c) at 10 milea per Hour, (3) trie boiler pros- 

suro wao not to exceed 5U pounds par square incn, and (4) its 

prica iioouia ;.iOt exceoct -t 5SO. At tue 3U£g9stion oi a ^r. ^ar- 

rison a prizo of -L 500 was offered by tiie directors for tue best 

locomotive vaUcn would fill tuo specified cunditiona on ttie rail­ 

way on a certain data, .^uite naturally ti;o competition evoked a

d«sl of interest in scientific and lay circlet* ay well. 
Tne Gcntpotiticn 9 ioiown ^o wii*.. Hainuill "irialb, was ubld in
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October, Is29 oa tue M^.cae.,\.*r u*dt* ux ^ainiiili bridge at Ken-

jroa-j, atrvjt T-J miloj from Liverpool. n laid o-t, tao 

course was lg .alU, . ...^ ;,<ay aitfe 220 yards at eaou ana for stop­ 

ping. iSacu ae *d3 required to ;jaito twenty round trips dur­ 

ing tae course of one day, Originally ten loeoj&o'tivo& wore 

scheduled to compete, but only f i ^ appoarod on tlio prograiii. 

One a? taa flV3, .;r. .Hrandrata's "Cvcloped , " vms not admitted 

to trie compatition , and another! . . Burstall 1 ^ "Perseverance, w 

was un-^jle to oxcesci 5 or 6 oiilos an hour arid so ^itadrow from 

tile contest ut ar, i;i*rly pe*-jLou» v/i" t^y remaiiii^^ cotuptuAwors 

the M ffov«lty w of John Braitnwaito and Jo tin ""iricBP •»-. r "v ' the

areil" of Timottiy Ilaalv^orth uroue do^n repeatedly during 

the trials* Tt*o only loco»iotivo whicb did I'ulX'ill all t^u con­ 

ditions vsa» 5t»phenson f c ->w, una ix, ivv,s therefore declared 

ttio winner. *-*o « matter of fact, tLo Rocket not only fulfilled 

the conditions but also excoodad ^t*e t/peed recuirement by a great 

r^in, attaining & maximum speed of 29 railea-per-ftour and ever- 

.,.. 13 for the coarse.

T;*w far-roacainfe* result 01 uuu^e wrxals ^aui o* course, the 

establishment of tue locomotive as tne supreme type y* i-rime- 

n tuo railroads* i»y coafuining thq Ulaut oiTeot and tae 

bular boiler 5tepaenson had developed an engine of great­ 

er power than uuci over uoen known before*, and thus laid
*-

ground wo TK for ^rea^vsr uovoiopraa^rw A >* u*ivj i^^-uiy. .uu 

wore now convinced — the locomotive had arrive^ — cuicl the

was a^out to

L — The effects of tne Hftinnill Trials



58 ? :

were world-wide, for in t&e early years of tae industry prac­ 

tically all locomotive Knowledge emanated from Britain. As 

early as laSb ;:arc Seguin of France and Ibratio Alien of America 

bad visited worfcs at Newcastle, and fcad ordered locomotives wnicn 

were delivered in taeir countries late in lt*2b and early in 1829. 

3y 1840 one of tne leading .British manufacturers, Jbbert 3tepfcjen- 
son and Compnay, Had supplied locomotives to America, Austria, 

Belgium, France, Italy, Germany, and Hussia. It was not long, 
fcowevor, before many of taese countries were making taeir own 

locomotives, based largely on Snglisia precedent, peter Cooper 
of \»ew York exhibited his famous "Tom Thumb* late in ItiSd, and 

by 1S35 Cocicerill at Seraing, Belgium, nad built tils first en­ 

gine modeled after Stepnenson's patent type of lt>35. As Io4u 
approacaed, St. Leonard at Liege, Schubert in Saxony, Borsig 
at Berlin, and Ila swell at Vienna nad estubllsued tnemselvae as 
locomotive matters, and after 1&45 tho Brencn builders began to 

supply tneir own needs.

Locomotives gradually became larger, heavier, and more 

powerful, and details were added to increase taeir efficiency 
of operation, peter Cooper»s flexible w&eel base wnicn per* 
mitted tna locomotive to taKe curves was an important contri­ 
bution, as was fbss £inan»s four-wheeled tructc and anti­ 

friction Journal. Tae "expansion gear 11 of lt*4£ wnica allowed 

a more efficient use of steam in tae cylinder was another step 

forward, and t&e introduction of Sir Daniel Goodi 1 * "Great 

Western class singles* on a 7-foot gauge set a new Uigto stand- 

ai-d of efficiency. Despite tne number of caanges and excel­ 

lence of improvements, bowever, the stearn locomotive still



remained basically the engine tnat Stophenson had introduced 

to the world at Bainhill.

BLSCTRIP1CATIO «- Although the steam locomotive continued to 

be the dominant type of prime-mover on tho railroads, the latter 

part of the nineteenth centiury saw the evolution of a ne*n type— 

tae electrified locomotive. Among its advantages could be in­ 

cluded: (1) the elimination of smoke and steam, (3) the greater 

power obtained from any given axle load, and (3) the quicker acc­ 

eleration and the rapid reversal of trains as a result of being 

able to drive "multiple unit H locomotives in eittier direction. 

Countries low in coal found it particularly useful, especially 

those mountainous countries rich in water power. Mb great rev­ 

olution in laying the road-bed ensued except that overnead col­ 

lectors or third rails had to be installed to convey tne elec­ 

tricity from the power plant to the engine. Tne introduction of 

the self-contained Diesel-electric engines eliminated tnose extra 

features, and, of course, the same has been true in the case of 

straight Diesel and other oil-burning locomotives* Generally 

speatcing, the main electrified systems have developed along 

three lines: (1) continuous or direct-current, (2) single- 

phase alternating-current, and (3) three-phase alternating 

current. Countries in wnich this new type of locomotive has 

played an important part in terms of road mileage include Ger­ 

many, Italy, Sweden, Switzerland, tne United States, France 

(the Midi Bailway), and to a lesser extent, Austria and :Jor- 

way. ?he essential character of the railroad has not been 

transformed by tne introduction of tnis new type of power, but



has simply been altered in an orderly fashion consistent with 

tecanological advances.

Althouga the electric locomotive was a tecunical possibil­ 

ity vmen the "Railway Age*' began, it did not become a commercial 

possibility until naif a century later. Three years after tae 

American paysicist Josepa Henry aad invented tae electric motor, 

Thomas Davenport, a blacksmith of .brandon, Vermont, mounted a 

toy motor and primary battery on a small veaicle and ran it (1634- 

35) on a short circular tracK. His experiment was followed by 

tae more elaborate one of Robert Davidson of Aberdeen, wao built 

(c 1838) a 5-ton locomotive with which ae made several trips on 

tae track of tae Idinburgh-Glasgow Hailway. Further development 

came with tae Snglisa patent taken out in 1344 by Henry Pinkus, 

which envisaged tae us© of rails to conduct current. Tae use of 

a taird rail was indicated in tae following year when Major 

Bassolo took out patents in France and Austria. Until tae last 

quarter of the century, however, tae making and utilizing of 

electricity was inefficient and costly, so the electric loco­ 

motive did not gat beyond tae primary battery stage.

Tae proximity of commercially sound electric traction was 

made apparent at the Berlin Bxaibition of 1679, vmen tae Siemens 

firm gave tae first public demonstration of a dynamo-electric 

macaine. A small locomotive and three cars with a capacity of 

about twenty people ran along a track one-third of a mile in 

length* Current was supplied through a central rail and return­ 

ed through the running rails. Shortly thereafter, in 1661, the 

first regular line was opened at Lichterfelde—-a short run vsiitn 

one motor car.waica achieved a speed of 50 miles-per-nour.



The motor was placed on a frame underneath the car between tne 
wheels, and power was transmitted to tne axles by steel cables. 
By lab? there were ten similar installations in America and nine 
in Surope. in that year the Union passenger Bailway of Bichmond, 
Virginia, installed a 12-mile line with overhead distribution and 
began experimental operations. Regular service began in Iti8d, 
making this tne first of the large railways to be electrically 
equipped and operated under service conditions. ^Replacement of 
steam locomotives by electrical types on heavy lines was intro­ 
duced in 1892-93 with tne 1000-H.P. macnine designed by Sprague, 
Duncan, and Hutchinson for experimental operation out of Chicago. 
A larger machine built by the General Electric Company began 
regular operation in tne Baltimore and Ohio Tunnel in 1895. 
Jince tnat time there has been a slow shift from steam to elec­ 
tricity in many parts of tne world on many different types of 
lines, but wnetner or not this shift will continue is difficult 
to prophesy. No douat tne staara locomotive as we know it will, 
in time, be replaced, but it is probably too early to say with 
certainty what form that replacement will take.

Development of tne Bail and to ad bed

PR3-NINBTBliNTH CSNTURY RAILS — Sarly rails were, as we have 
previously noted, simply bits of wood placed in ruts to accom­ 
modate the wheels of the coal wagons in the mines. The placing 
of parallel logs, with or without tne ruts, gradually developed
during the first half of the seventeenth century, and by 1676

10 
practice 'aad become general in 3nglarid. By 1765 a system



of trackage bearing a strong resemblance to the modern road 

Had developed. Pieces of wood roughly squared, 6 feet in length 

and 4 to b inches square, were laid across the road at a dis­ 

tance varying from 2 to 5 feet. Above these cross-ties, and

fastened to t&em with wooden pegs, were the rails, 6 or 7 inches
11 

wide, 5 inches deep, and about 4 feot apart. The road was then

completed by filling in the spaces between the cross-ties, or 

sleepers, with gravel, stone, and clinkers* Then came the next 

stage of development, the placing of additional rails on top of 

the first in order to save tearing up the cross-tias and render­ 

ing them useless frora enlarged peg holes. This improvement also 

had the advantage of allowing more ballast to be placed over tne 

ties, thus protecting them from the horses' feet.

As early as 1716 it became the practice to nail thin plates 

of malleable Iron on the surface of wooden rails where an ascent 

or sharp curve rendered the draught more difficult than usual* 

By lessening the friction at such points the horses 1 burden was 

lessened, and he was better able to maintain a more uniform rate 

of speed. Outright substitution of cast-iron rails for wooden 

ones was attempted in 1736, but the wagons proved to be too 

neavy for the light and brittle iron. Then at the suggestion

of one HIT. Reynolds, iron plate rails came into being about 1767
12 

at the Coalbrookdale Iron Works. The price of iron tnen being

low it was proposed to cast iron bars to place over the wooden 

rails of the company's railroad, with a view toward picking them 

up again and selling as pigs at some future time when iron prices 

had risen. In the meantime the furnaces would be kept at work, 

and probably some savings would be realized on repairs to the



tracks. In all, betvueen five and six tone of rail were cast, 

the "scantlings of iron* being 5 feet long, 4 inches broad, and 

li inches thick* The superiority of these "plate rails" over 

the wooden was soon apparent, and the custom rapidly spread 

throughout the industrial centers of Britain.

Nine years after their Initial use at Coalbrookdale, cast*" 

iron rails with upright flanges were introduced at the colliery 

of the Duke of Norfolk near Sheffield* The rails, spiked to 

wooden cross-ties, were simply angle-irons with the vertical 

flanges acting as guides inboard of the flangel ess wagon wheels. 

Some later roads had the rail flanges outboard of the wheels,

but there is no evidence that one system ever completely gained
13 

favor over the other* The story is told that the first flanged

rails laid at Sheffield by Benjamin outrara isere torn up by en­ 

raged colliers who feared that fewer horses and men would be 

needed to haul coal once the improved rail became established* 

His workers became "plate-layers* and his roads became known as 

rtOutramways, n later shortened to "tramways." In 1793 Outram re­ 

placed the wooden sleepers under his rails with stone supports, 

about 1 foot square and 8 or 9 inches deep, with wooden plugs 

in the center for spiking in the rails. Plate rails continued 

to be popular into the early nineteenth century, being installed 

on suca well-known lines as outranks Ticknall Tramway (1799), 

the Surrey Iron Bailway (16O1), and the Silfcstone Bailway (1609). 

With the advent of the steam locomotive, however, a new type soon 

became almost universal—the "edge" rail.

THIS "SDGB* HAIL APP3AH3 — William Jessop, engineer of the



T*Butterly Iron Horks near Derby, is generally credited with nav- 

ing turned the plate rail on edge to secure a smooth level top, 

thus bringing the "edge*1 rail into existence on the line from 

Loughborough to rtenpantan in 17d9. It appears that objections 

were raised to the projecting flange on the regular plate rail 

to be placed on the turn pi tee road near Loug&bo rough, so Jessop 

devised this substitute rail and put flanges on the wheels of 

his wagons instead. As he gained experience with this new rail, 

Jeesop devised many refinements* To strengthen the rail he made 

it fish-bellied in the longitudinal direction, and then added 

feet at either end to secure the rail to the sleepers. When 

cast as an integral part of the rails, however, the feet were 

frequently broken off, an important factor which led to Jeseop's 

introduction of the separate chair or rocker between rail and 

tie at Newcastle-on-Tyne in 1797.

In the early years of the edge rail many different cross- 

sections appeared—some in a rougn T-shape, others square, and 

still others oval. One early extensive use of the oval type was 

made on the road completed in 1801 to convey slate from the 

quarries of Lord Penrnyn. Here the wagon wheels were given a 

concave groove around their circumference to conform to the oval 

rail, but excessive wear soon led Mr. Wyatt to flatten bota the 

groove and rail, maintaining the double flanges on each wheel. 

'.Yyatt also introduced a hexagonal rail in Iferth Wales in Itt02, 

but it never achieved the popularity of the flattened oval type. 

The double-flanged wheel was short-lived, however, and the single 

flange returned to popularity as rails grew deeper while main­ 

taining a concentration of metal at the top*
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Originally of course, these rails were of cast iron, but 

cast iron came to b« gradually replaced early in the nineteenth 

century by the tougher malleable iron in the square or flat form. 

As early as Iciou malleable iron rails had been laid at the 3arl

of Carlisle's Colliery at Tindal Fell *ith very satisfactory re-
14

suits. Malleable iron rails, 1& inches square, resting on 10- 

inch square stones a yard apart, had been serving 4-ton carriers 

successfully for eight years, according to a survey made at tais 

same colliery in 1319. possibly the earliest use of this new 

type of rail was made by George Grieve at Sir John iiope's Col-, 

lieries near JSdinburgh. Using them for light underground work, 

as rested bars, 1$ inches square and 9 feet long, on one or two 

sleepers in the middle, and Increased the depth of the bars to 

accommodate heavier loads* Despite thase isolated instances, 

the use of malleable iron did not become a commercial possibil­ 

ity until It520, when John 2irKinsha« of Bedlington, a^gland, pat­ 

ented a rail which could be rolled to lengths of 15 or 15 feet 

and soaped as desired. Jir kins haw did not claim tne invention 

of rolling rails, but merely asserted his right to manufacture 

and sell wedge- formed bars for railroads. Until this time most 

rails were confined to a length of about 4 feet*

The Birkinshaw rails, used for the first time at the Killing- 

worth Colliery in lb£0, were readily recognized by George Steph- 

enson as being superior to any cast-iron rails then in use. 

Wfcen it came time for him to recommend the type of rail to be 

used on the StocKton and Darlington Railway, Stephenson unhes­ 

itatingly chose raalleauie iron, despite the fact that tie shared 

a patent for cast-iron rails with William Locke and thereby
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stood to lose money by not recommending the inferior oast iron.

Accordingly rt nalf-lap rt malleable iron rails, weighing £5 pounds 

per yard, were placed on the famous road.

D3VSLOPM3NT OF IflON HAIL SIUPBS — The longitudinal fisa-bellied 

snaps which bad been introduced in tne latter part of tne eight­ 

eenth century did not last fifty years, although it probably 

reached the peaK of its popularity in wrought iron during tne 

IdSO's. It was also during this period that tne parallel upper 

and loner flanges became popular, tne Liverpool and Manchester

installing this type in 1534, In 1»41 tne Penny Cyclopaedia
15 

.10ted the fish-belly's passing with tne remark; MTne experiments

of Barlow and ptners leave it questionable whether any addition­ 

al strengtn is obtained from a given weight of iron by tne fisb- 

bellied shape, and therefore parallel (top and bottom) rails are 

now almost universally adopted. n Tnus, before 1650 tne longi­ 

tudinal shape of trie rail bad reached its modern form.

Tne evolution of tne cross-sectional snape was, nowever, an~ 

otner matter. In 1630 Robert L. Stevens, Chief aigineer and 

President of tne Camden and Amboy Bail road, designed tne first 

modern T-section and gained the reputation of being tne inventor 

of tne flat-looted rail. Independently apparently,and at about 

tne same time, Cnarles B. Vignolles of ihgland designed a similar 

T-section, somewhat broader and flatter than tne Stevens rail. 

The Vignollas rail whicn eliminated the chair and could be spiked 

directly to the cross-ties, appeared in 1&36 and rapidly became 

popular throughout Surope. Tne shape remained undisturbed for 

mar»y generations although sizes increased up to as much as 136
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pounds per yard. In the Heavier sizes it then became practice 

to spike tho rail to a metal plate rather ttian directly to tne 

tie. To accommodate trie ^noavier loads on his Great Yestern Bail- 

way Isarabard K. Brunei introduced the bridge rail, which was 

used by that company until 1«98. Sssentially, the bridge rail 

was shaped as its name implies, with a pair of flat feet support­ 

ing an inverted *u«* In 1835 yet another type was introduced 

by Joseph Locke, the double-neaded rail. Theoretically, this 

rail— which looked like a dumb-bell- -could be reversed, but in 

practice tne cracKing, breaking, or even wear of one end would 

render it unsuitable for further use, reversed or not. From 

the double-headed rail evolved the "bull" or single-headed rail 

which simply concentrated more metal at the top to resist the 

wear and tear of increasing wheel loads. Thus, by the time that 

Bessemer steel rails began to appear in Ib6£, a great deal of ex­ 

perimentation and practical application had gone into the make­ 

up of the cross-sectional shape*

STHBL RAIL — The effect of Bessemer steel on the develop-
16 

raent of the railroad was summarized by tf.H. Sellew in "Steel

Rails" (New Yortc, 1913) as follows:- "The outgrowth of an at­ 

tempt to make wrought iron cheaply, it came in just at tne time 

when wrought-iron rail was beginning to demonstrate its unfit- 

ness to stand the increased wheel loads then coming into use. 

It perhaps is not too much to say that the Bessemer steel rail 

has made the modern railroad possible, and that without it, or 

its equivalent, the world's development would be half a century 

behind its present advanced position.* Increased loads were



not, of course, the only reason for rail wear—which took the 

form of crusaing or lamination—for in many places the quality 

of the iron Had decreased. In the United States, for instance, 

the price of iron rails was gradually reduced to one-tnird of 

the original cost during the twenty year;* preceding 166b, but 

an inferior type of rail resulted. The world was ready for it, 

therefore, when the steel rail arrived.

There were some lines that had steel rails prior to tne 

introduction of Bessemer f s rail in 1662, but they were few in 

number and unimportant from the point of view of their influence 

over subsequent developments in the steel rail. In 1659 tne 

Northern Railway of Austria, connecting Vienna with Cracow, in­ 

stalled rails of puddled steel manufactured at the Works of Arch 

duke Albrecht at Carlshutte. Steel rails had also made an ap­ 

pearance before the end of 1861 on such SDglish reads as the 

Caledonian, Lancashire, and Yorkshire, the London, Brighton and 

South Coast, the London and Northwestern, and the Hhymnoy Rail­ 

ways. Then, following the development of the Bessemer process, 

ste-31 rails began to appear in all parts of the world. By 1664 

they were in use in America on the Chicago and Northwestern, the 

Philadelphia, Wilmington, and Baltimore, and the Old Colony and 

Newport Railroads. In France the Paris, Lyons, and Mediterran­ 

ean Railway decided in 1867 to use only steel in relaying its 

permanent way on 860 kilometers of the Paris-Marseilles line. 

Before 1672 Russia had also investigated the possibilities of 

steel by laying the experimental Nicholas Railway. Her first 

extensive use of tne new material then came on the lines from 

Wjasraa to Tula, Pjask, and Jetetz, and from Mbrschunsk to
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Slezran~-a total length of 1200 kilometers*

Adoption of the steal rail was particularly rapid in tne 

United States where ne\s roads wure constantly being pusned a- 

cross vast spaces of wilderness. For this reason it roignt be 

well to note briefly some of the uiore important features of 

American development which were representative of the over-all 

progress of this new type of rail, originally, all steel rails 

used commercially in the United States were imported—mostly 

from England, though some came from Germany. The Pennsylvania 

Railroad was among tbe first to import tne new product.,receiv­ 

ing in 1663 a shipment wnich was not laid down, However, until 

1»66. Domestic production began on May 24, Ib65 at tne isbrta 

Chicago Rolling Mill where the first rail was rolled from ham­ 

mered blooms manufactured at trie experimental steel wortcs of 

Wyandotte, Michigan. Two years later the Cambria Iron Company 

of Jonnstovini Pennsylvania, began rolling tlie first rails for 

commercial use in ttie country. The rapid growth of the use of 

the steel rail in America was illustrated by a survey whose re­ 

sults wore issued in 1S69» Of the fifty-six railroads from

which reports had been obtained, twenty-six were using steel.
? 

The bulK reported amounted to 49,bOO tons, equal to 516 miles

of track; estimates at the time indicated that the actual amount 

in use throughout the country was more than double the figure 

actually reportedt

Sarly steel rails were shaped very much like tueir iron pre­ 

decessors, being, for the most part, pear-aeaded to prevent tiie 

side of tue head from breaking down. Naturally, this shape made 

fishing the ends together difficult and spurred many on to devise
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new shapes whicn could be economically rolled and yet incor­ 

porate all the necessary and desirable features. In 1866 

Aa&bel $alsa designed a section, differing but slightly from 

trie modern rail, with the following dimensions: Height 4 inches, 

bead 2 3/8 inches rcide, stern 7/16- inches tfcucfc, length 30 feet, 

weig&t 53 pounds per yard. Sections of this rail vjere then 

tested successfully in 1567-68 on heavy traffic spots between 

Philadelphia and New YorK. .Valsh was also chairman of the com­ 

mittee set up by the American Society of Civil i^gineers in 1673 

to determine the size, shape, weight, composition, and material 

properties of rails, with a view toward producing some sort of 

standard rail. The "standard rail 11 program was difficult to 

translate into practice, however; in 1«81 one hundred and nine­ 

teen patterns of twenty-seven different weights per yard were 

being manufactured, and one hundred and eighty older patterns 

ware still In use. A standard section of the same general shape 

as Walsh's design was adopted by the A.S.C.E, In 1593, witn three 

different naigfcts, SO, 60 and 10O pounds per yard, being spec­ 

ified.

Quality of the metal itself, as well as the shape of the 

rail, was another problem which cried for solution. When Iron 

rails replaced tne old strap irons, they were satisfactory for 

the lighter loads, but the picture changed completely when aeav- 

ier loads were introduced. Similarly, the mild steel rails in­ 

troduced about 1865 to replace those of iron were suitable for 

the comparatively light loads of the seventies, but they proved 

to be too soft for the equipment of the next decade. Relief was 

found by the addition of hardening constituents to the steel,
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but by 19O5 failures again became acuto. Among tiie reasons ad­ 

vanced for tais ne,< viave of failures were that wheel loads were 

exceeding the limits of the steel strength in the rail, a heav- 

ier A.S.C.S. rail was impractical to roll, and steel was of poor­ 

er quality than it had been previously. Thesa opinions were not 

universally Held, but represented the differences of thought be­ 

tween the steel manufacturers and trie railroad men. To get to 

ttie root of the matter the American Railway Association appointed 

a special Standard Hail aaa ^'heel Sections Committee. In its 

preliminary report of 1907 tne Committee reported that the A. 3. 

C.S. rail was satisfactory for lighter loads, but that an in­ 

crease in weight on the wheels demanded a heavier rail. It 

therefore recommended what it called Series HA* and WB M rails, 

which were not only heavier but slightly changed in shape as 

w«ll. The 60 pound -per -yard rail frequently found in 1900 was, 

in a relatively snort space of time, more than doubled* Twen­ 

tieth century 136-pound main line rails had advanced a long way 

from the 2b-pound rails of Ib25. Length, too, had increased 

^considerably, a 39-foot rail being adopted as standard, although 

rails 60 feet in length were put in use before World War I. In 

a little over a century, therefore, tne rail had undergone a 

complete change of material, cross section, and length; even 

its function had changed somewhat. As to what its future ev­ 

olution might be, past history would seem to indicate that changes 

will continue, but tne exact nature of those changes is still 

obscure.

3 AND H 3D — The varieties of roadbed and rail in use
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on early railroads can be clearly seen from a few American ex~

araples of the first half of ttie nineteenth century. According
17 

to Cresy in his "^cyclopaedia of Civil ^gineering" (London

1861) the 26-mile Harlem Railroad had plate rails, 2£ inches in 

width ana 5/d inches thick, secured to longitudinal timbers 77 

feet long. These, in turn, rested on ties of locust and cedar, 

3 feet 6 inches apart. The Camden and Amboy Railroad, 61 miles 

in length, nad M H* rails, 16 feet long and weighing 41 pounds* 

par-yard, supported on stone blocks, 18 inches square and 12 

incnes deep. The stone blocks, placed in a continuous trench, 

were surmounted by pieces of wood, 2 inches thick, to adjust 

the rail; and fishplates, 4 inches in length, joined the rails 

together longitudinally* On the Columbia and Philadelphia Rail­ 

road two types of track came into use—tne granite and timber 

types. With the former, layers of broken stone were placed in 

trenches, 22 inches in depth, in the line of advance. Granite 

sills, 9 to 12 feet in length and 12 inches square, were then 

placed on top of the broken stone foundation, and holes 3g inches 

in depth and 5/8 in diameter were drilled in the sills. These 

holes were filled with plugs of locust, to which were spiked the 

iron rails, 15 feet long, 2£ inches wide, and 5/6 inches thick. 

Construction features of the timber track were somewhat different, 

the trenches being cut across the road at 4-foot intervals. Cut 

"to a length of 8 feet f a width of 1 foot, and a depth of 16 inches, 

the trenches were rammed with broken stone. On this were placed 

sills of ehestnut and white oak, 7g feet long, and 7 inches square, 

notched to receive yellow pine stringers, 6 inches square* F 

iron bars were tuen placed on top of the stringers iio provide
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final rail surface*

From the above few examples we can see that two main ideas 

predominated—one, that the roadbed should be rigid, and the 

other, that ttie roadbed should be flexible. In England Brunei 

is especially re»embered for ftia attempt to adopt a rigid base 

for bis Great Western Railway, which began operation from Pad- 

dington to Maidenhead in Ib3a. m declared his intention of 

carrying bis rails throughout their length on longitudinal tim­ 
bers, these to be supported at intervals on piles. His scheme 

was soon abandoned, however, for tue road was too rigid and the 

rails too ligat to take the heavy pounding from the large rol­ 

ling stocK. As wheel loads increased the same trouble was noted 

in all rigid track lines, and the relatively flexible type of 

tracK t consisting of ties resting on well-drained crushed rock 

ballast over a firm foundation, came into almost universal pop­ 
ularity.

Important in maintaining the desired flexibility of a road 
are the ties or sleepers which, from the earliest days of the 
railroua, aave generally been of wood. Before tae first World 
//ar 7-inch wooden ties were thought to be adequate, but since 
tnat time the size has increased to d, and even 9 inches* 
#to«re formerly only sixteen ties p®r 33 feet of rail were used, 
the number of ties has since been increased to twenty. These 
two features alone have increased by S0$ the amount of rail di­ 
rectly supported on ties. Another important feature of the use 
of wood oas been the increased attention given to preservation 

methods such as creosoting.
Though aost common, wood is not the only material which
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fcas been used for ties. Granite was among tne earliest sub­ 

stitutes, being used in Dublin and on the old Boston and Lowell 

Railroad. Concrete, waich came in during the first decade of 

the twentieth century, was similar to granite in many respects, 

but it received more wide-spread attention. One of the earliest 

on trial was tne Buhrar concrete tie, which was used on the Penn­ 

sylvania lines west of Pittsburg. Six hundred ties were laid in 

1903-04, but ttiey failed under traffic and were all tafcen up in 

1906. The Percival concrete tie ftaa a similar fate on the Pitts- 

burg and Latce Brie Railroad, where after two years of use it was 

removed as a failure in 19O8. Better results were had with the 

Kirnball tie on the Chicago and Alton Railroad where sixty ties 

were still in use in 1912 after seven years of service. One of 

the largest of the many concrete sleepers introduced was the 

Hiegler tie, weighing 350 pounds, with a bearing surface of such 

size taat only fifteen ties were needed for 33 feet of rail* In 

Burope combinations of wood and metal, known as the Sarada and 

the Adriatic Railway ties, achieved a measure of popularity, and 

in the United States similar combinations came into limited use. 

Several types of all-steel ties, such as the Hanson, Carnegie 

Steel, Universal Metallic; and Snyder Steel, were introduced

into American practice early in the twentieth century without
18 

conspicuous success. There were exceptions, however, for on

the Union and on the Bessemer and LaKe Srie Railroads over a 

Billion steel ties, accommodating 300 miles of tracfc, were serv­ 

ing successfully in 1913, Nevertheless the schemes to displace 

wood as the primary material for ties have not, on the whole, 

been successful, and the general trend has been more directed
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towards finding better methods for the successful preservation 

of wooden ties*

Accompanying the improvements in track, tie, and foundation 

Have been the improvements to the accoutrements which enable the 

main parts to operate efficiently. Sarly rails were not linked 

together rigidly in a longitudinal direction until Stevens of 

the Carnden and Amboy Bailroad introduced the fishplate for "fish­ 

ing* the ends together. After being introduced into England in 

lt>47 by ».B. Adams, the fishplate gradually expanded into the 

full-fledged angle splice bar. Spikes, originally of wood, have 

changed as have the rails with the advances of metallurgy. Gen* 

erallj speaking they have been smooth» but screw spikes, apparent­ 

ly used first by the French, have also seen a great amount of ser­ 

vice since the middle of the nineteenth century. Increased at­ 

tention has also been given to the distribution of metal in 

switches, frogs, and crossings to provide a uniform strength 

throughout. Now that railroads have passed through the heyday 

of rapid construction—where quantity and not quality was the 

criterion—the emphasis has shifted to safety, comfort, and 

durability*

TB&CK GAUGB ~~ Almost universal in the United States, Canada, 

and Great Britain, and in use in many other places throughout 

the world, the "standard gauge* of 4 feet £fc inches between 

rails did not become fixed as the result of deliberate engineer­ 

ing calculations, but, in a sense, simply "happened." Many of 

the early coal wagons used in the Newcastle aoal district had 

their wheels placed about 5 feet a^aft, and as the rail developed,
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it became easier to worfc with distances in the clear between 

railneads—hence, the adoption of the rather odd measurement 

4 feet 8$ inches* Some have suggested, with very little con­ 

crete evidence, that the wheel spacing of the Newcastle wagons 

***» in turn, derived from the ruts left by Boman carts of cen­ 

turies before. While highly imf^ob&ole, the thought that the 

Ifomana may have played an important Dart in determining the tracK 

gauge of the modern railroad is intriguing, to say the least* 

3tephenson*s locomotives, built to this standard guage, soon in- 

fluencoa raost lines in Sigland to adopt it, and other countries 

importing the locomotives were similarly influenced. 3taphenson 

had no great convictions about this gauge except that once it 

had been adopted he condiserad that the most economical course 

was to continue It* Ha argued that new lines springing up in 

isolated places would some day be Joined to the main linos al­ 

ready establi8hod f and that the interchange of rolling stock 

between the adjoining lines would be of paramount importance in 

the future development of railroading and commerce.

Despite the logic of bis arguments and the eminence of his 

position in the field of railroading, George Stephenson—and 

later his son Robert—found himself in bitter controversy over 

ttie gauge question with Isarabard K. Brunei. When the Great 

.Vestern Hailway Bill had passed in 1635, Brunei announced his 

intention of building a 7-foot gauge, not primarily for the pur­ 

pose of creating a larger engine, but rather to obtain higher 

speeds and greater comfort with less accident risK. He wanted 

the wider gauge in order that he might provide wider carriage 

bodies between the wheels, but in 1340 he shifted to the same
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outside bearings which made wider carriages possible on the 

standard gauge roads. Brunei felt that the Great Western would 

be operating all alone in its area and v»ould not, therefore, be 

concerned with the interchange of rolling stocK with other lines, 

W&en the problew did arise, though, third rails wero laid so that 

wide aad standard gauge stocic could use the same roadbed. Far- 

seeing men, seeing in rival main-line gauges a danger to the fu~ 

tore economy of the country, called for a clear-cut decision as 

to what future policy should be. Both Stepnenson and Brunei had 

their enthusiastic supporters, but the views of the former fin­ 

ally prevailed. The Gauge Commissioners 1 Heport of 1546 eventu­ 

ally led to legislation preventing the further extension of the 

broad gauge, but it in turn brought on a tremendous competition 

in speed between the rival gauges. As the nineteenth century 

drew to a close, the Great Western gradually changed over to the 

standard gauge, the last job of conversion being the change-over 

of 170 miles of tractc between Jxeter and Penzance in thirty hours 

on the 21st and 2£nd of May, 1692.

A similar confusion of gauges grew up in many otaer coun­ 

tries, some of which eventually adopted the Stephwnson gauge and 

some of which did not. Certain southern roads in th© united 

States had a gauge of 5 feet until after the Civil *ter, and tfce 

Sri* Railroad had a 6-foot gauge until Itt78, The first loco­ 

motive sent to Canada by Robert Staphenson and Company in 1656 

had a gauge of 5 feet 6 inches, decided upon by the Canadians 

who had been advised by leading railroad men of the United States, 

At the time American main lines varied from 4 feet 62 inches to 

6 feet. Spain and Portugal in the first half of the nineteenth
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century (1544) also began developing a compromise gauge of 5 

feet 5| inches, but t&ey retained it for economic reasons, and 

possibly for military reasons as well—feeling that a difference 

between Uie French gauge and theirs would be a safeguard against 

aggression. Over most of the rest of Burope, raain lines of 1.45 

meters (4 feet 9 inches) gauge tiave developed, making the inter* 

changeability of Jahglish and continental rolling stocK possible. 

Continental countries whose main trunK lines are, for all prac­ 

tical purposes, standard gauge include Austria, Belgium, Bulgaria, 

Denmark, CzectioslovaKia, Franco, Germany, Holland, Hungary, Italy, 

Jugoslavia, Norway, Sweden, and Switzerland. Many of these coun­ 

tries, especially those «ith mountainous terrain, also have con­ 

siderable mileage in meter gauge and smaller* In other countries- 

even tuos© which imported I£iglish locomotives at an early date— 

different gauges have prevailed, although a variety may still be 

present. For instance, in Ireland the gauge is mainly 5 feet 3 

Inches, in xtuasia 5 feet, in India 5 feet 6 Inches, in Japan 3 

feet 6 inches, in South Africa and the Sudan 3 feet 6 inches, in 

Kenya and Uganda 1 meter, in South America 5 feet 6 Inches, and 

in Australia a generous mixture of 3 feet 6 inches, 4 feet Sg 

inches, and 5 feet 3 inches. From the above list we can see 

tnat most main line development has clustered close to Stephen- 

son's "standard 1* gauge. Probably the minimum gauge which nas 

been developed for practical purposes uas been that of 1 foot 3 

inches, although British Kodel engineers have exhibited one of 

2 inches on which tfcrae grown men could be pulled. In looking 

over the past course of history of gauges one can see tne grad­ 

ual standardization of all contiguous lines, but there is little
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ever feel the necessity for scrapping their present well- 

established gaugos in favor of a universal standard.

Development of the Railroad in the United States

iSAHLT TEARS — Following closely in the wake of British develop­ 

ment, American railroading soon captured the fancy of the infant 

country, and proceeded to expand at a rate matched only by tbe 

growth of the country itself, probably the earliest rail line 

in America was the inclined plane road constructed in 1795 at 

Boston for the purpose of naoving brick. The next tramroad in 

the city, attributed to Silas imitney, was built in 1807 for 

the purpose of bauling stone. Two years later Thomas Leiper 

at Avendale, Pennsylvania, built an experimental road and fol* 

lowed it up with a second of less than a mile In length, also 

for the purpose of transporting stone from quarries. The next 

tramway of significance was the 3*raile road at Quincy, Mass­ 

achusetts, built by Gridley Bryant in 1626, for carrying stone 

for tfcfli Blinker Hill monument. In 1827 Josiah White and Srstcine 

Hazard built the longest and most important railroad in the 

United States up to that time—the 9-rnile Mauch Chunk Bailroad 

in Pennsylvania—which was used for conveying anthracite from 

the mines at Summit Hill to the Lahigh Hlver.

Up to this time horses and oxen were used for motive power, 

but the steam locomotive was not unknown. As early as 181 £ John 

Stevens produced his "Documents Tending to Prove the Superior 

Advantages of Railways and Steam Carriages over Canal %Tavigation"
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in which he predicted future speeds of 100 miles-per-hour. In

1«25 he actually built a small locomotive which he ran on a cir­ 

cular track in Hoboken. Over a aecade and a half elapsed from 

the time of his dissertation, however, before the first success­ 

ful steam locomotive appeared on American rails. Importad from 

the firm of Poster and RastericK: of Bngland by Horatio Alien, the 

"Stourbridge Lion" made the first run in 1629, 3 miles into tne 

woods and 3 railes back, at Honesdale, Pennsylvania, on tracks 

later owned by the Delaware and Hudson Canal Company. In all, 

the line extended 17 miles from the coal mines at Carbondale to 

the canal at Honesdale, remaining in operation until 1931. In 

less than a year after the run of the "Stourbridge Lion,*1 Peter 

Cooper exhibited his "Tons Thumb,*1 weighing less than a ton, on 

the Baltimore and Ohio's rails from Baltimore to SLllcott's Mills. 

The locomotive performed well enough on its outward journey, but 

was somewhat degraded by losing a race to a horse on the run bacit 

into town* Although the Baltimore and Ohio Railroad, which helped 

tb promote this trial, was the first in the United States designed 

for the general transportation of freight and passengers, it was 

not built exclusively as a steam road. At first it was horse- 

drawn t and, even sails were experimented with, but the horses gave 

way to locomotives as a result of the H Tom Thumb" trials. Con­ 

struction of the road was begun in ltJ2b, arid by 1830 almost 15 

miles bad been completed* It continued to posh westward under 

chief engineer Jonathan Knight and then under Benjamin H. Latrobe, 

reaching Wheeling in Ib53. Its place in history was prophesied 

by Charles Carroll of Car roll town, Maryland, ^nan the only sur­ 

vivor of the signers of the Declaration of Independence, wno



remarked, wtion he "laid tne first stone" fcr the B. & 0. on July 

4, 1626, that it v»as one of ttio greatest acts of his life, second 

only to signing the Declaration of Independence, if indeed it 

were second to that.

First railroad in the United St ?*-«?«» and possibly in tne 

world, to "be built from its inception as a steam road was tne 

South Carolina Bail road, built by Horatio Alien, from Charleston 

to Hamburg. In February of 1B29, 150 feet of track were laid on 

Wentworth Street in Charleston, and by the end of Ib33 ttie line 

of over 135 miles had been completed, making it then tne longest 

railroad in the world. Nominally the road *?as opened to traffic 

in January, 1330, but ttie real opening came later in ttie year 

waen the first American-built locomotive designed for commercial 

use, ttie "Best Friend, H went into operation. This faraous loco­ 

motive nevar reached a museum though, for one day the fireman, 

annoyed at the popping noise, held down the safety valve too 

long, and gained the doubtful distinction of being the first 

casualty in American railroading.

Most of the G^.,^ *^Ads followed a similar pattern, strlk- 

_, a westward from the Atlantic seaboard to the interior witb 

little attempt to parallel the coast line. Typical was the pro- 

^_^3S of the Pennsylvania Railroad, known then as the Philadel­ 

phia and Columbia Railroad, which was begun as a public project 

by tae State of Pennsylvania in 1829 to form a link connecting 

Philadelphia and Pittsburg. At the ©astern end,20 miles or line 

were opened in 1532, and in 1634 the entire double track was 

placed in operation. rriVate individuals or companies supplied
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their own rolling stoctc, and paid a toll to the State in trie 

sara« manner as diu people using the turn pi Ke roads. In Ib34 

the State installed tvio locomotives on the line, and the horses 

gradually disappeared. The company later passed to private 

Hands, continuing to grow by new construction and by amalgam­ 

ation with other roads until it included properties once held 

by mort taan four hundred different companies.

Prior to the middle of the nineteenth century the rail­ 

roads were still more or less experimental, and did not exer­ 

cise the great influence in the country»s expansion to the 

westward which they did in later years. There were only two 

transportation routes of significance from the Atlantic sea­ 

board to the Middle West, viz., the Erie Canal and the state 

rou"us through Pennsylvania, consisting of part railroad and 

part canal. The Pennsylvania route was too slow and cumber­ 

some, and too expensive, operating during the relatively short 

period from 1834 to 1554. During that time the annual traffic 

over the route only amounted to about 20,OOO tons, whereas the 

traffic over tae ^rie Canal was somewhere between 1,OOQ,OOO 

and 2,OOO,000 tons. Metn^hile other roads were slowly pushing 

to the west. The Baltimore and Ohio Railroad, begun in IV23 to 

connect the Mississippi Valley to Baltimore, was completed by 

1853. A line stretched from Albany to Buffalo by 1842, and in 

1855 the Pennsylvania had extended a thousand miles into the in­ 

terior to Chicago, with tne completion of the Pittsburg, Fort 

Wayne, and Chicago Railroad. Four ytars prior to that the Bock 

Island Railroad had reached the Mississippi Hiver. THUS, as the 

gecond half of the century began, it was clear that the
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experimental period in American railroading was over and that 

a new vital force nad entered American life.

BJADS — The great impact made by tne rail­ 

road on trie social, political, and economic life of trie country 

was particularly apparent in the decade from ItJSO to 1«60, when 

the railroad mileage increased 24Q£ and ttio center of population

shifted til miles to the west — the greatest snift it has ever
19 

mad a. Tne steady march of the iron road to the west made it

evident that it was only a matter of time before the Pacific would 

be reached. As early as 1832 a writer in "The Emigrant*1 at 

Ann Arbor, Michigan* suggested, with apologies for so visionary 

a scheme, a rail route up the Platte, along the Snake, and down 

the Columbia River to the Pacific coast— a rout© very similar 

to that ultimately taken by the Union Pacific Railroad, prior
•^':

to 1850 Asa Whitney, a wealthy New York merchant, had spent ais 

entire fortune urging a railroad to the Pacific. The discovery 

of gold in California in *49 accentuated the cry for a trans­ 

continental road, but results were not immediately forthcoming* 

Technically the project was feasible long before it was finan­ 

cially so, for running a line through hundreds of miles of vir­ 

gin territory occupied only sparsely by hostile Indians could 

hardly be considered a good business risk. Ibrtunately the 

federal government stepped in and offered a bounty of $30,000 

per mile of line and a grant of lav>d every alternate section 

for 20 miles on eita-ar sid© to any private companies which 

migat take up the tastu After ttie oner uaa oeen accepted by 

tue Union Pacific at Omaha and by the Central Pacific at San
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Francisco, Congress passed the final Bill for the project In 

1$64. Vor*. w;is begun that same year at San Francisco and two 

yearj later at iraana. On May 1O, la69 the task of spanning tne 

continent by rail was completed when the two lines were joined 
at Promontory Point, Utah.

The government surveys of 1&52-54 had indicated five pos­ 

sible routes for getting ttirougn to the West Coast, all of which 

wero eventually tafcen by the following roads: th© I^ortaern pacific, 

tue Union Pacific, the Denver and Hio Grande, the Atcnison, Topetca, 

arid Santa Fa, and the Southern Pacific. More recently tvx> other 

great lines have been added to the list—'the Great Northern, and 

the Cniciigo, lilwautcee, and ^t. Paul* There is little doubt that 

these lines played the major part in developing the West by pro­ 

viding an outlet to eastern markets for its agricultural products, 

while at uhe same time bringing to it the goods of the industrial 

iteet. 3hcouraged by the opportunities unfolding before them as 

the result uT tue penetration of the railroads, people migrated 

westward in ever-increasing numbers, spreading to the natural 

boundaries, and thus fulfilling what was considered by most the 

Llanifest Destiny of the united States.

Sarly railroads in toe United States had been largely com­ 

munity products, but the latter part of the nineteenth century 

witnessed a period of great combinations which confused even 

the initiated. C.C, Williams in "Tne Design of Railway Location"

York 1^17) noted iiae u.oixowing:- "For example, the Chicago, 

Burlington arid ^uincy Railroad comprises about 60 or 70 sucn 

small roads, averaging about loo miles in length, but the ma­ 

jority of them being less than 50 miles long. The Burlington
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owns the majority of stock of the Colorado and Southern, whicn 

in turn owns the Colorado Midland, the Colorado R.H. , the Trin­ 

ity and Brazos Valley, and the .Vichita Valley, and the last narn- 

od owns the Wichita Falls and Oklahoma, the Abilene and Northern, 

and the Stanford and northwestern. To show further the corpor- 

ato complexity of railroad ownership, it may be stated that the 

Burlington is ovsned equally by the Great .forthern and the north­ 

ern Pacific Railways. The case of the Burlington, moreover is 

not exceptional. LAany of the American railroads are as compli­ 

cated or more so than it is. w

As trie companies increased to larger and larger units, 

trackage also increased until It reacaedi a peak of over a quar­ 

ter of a million mil^b in 1916. The rapid growth of the rail­

roads lady be gathered by looking at mileage figures for a few
20 

key years. In 1630 the United States possessed 230 miles of

track; in lt>5U the mileage had jumped to 9,021 miles; the great­ 

est increase came between I860 and 1590, there being 93,671 

miles of track in the former year and 159,271 miles in the latter 

Since 1916 there has been a decrease in mileage, a decrease of 

about ll£ in the thirty years following the peak year. Vtoile 

it is trua that some of this falling off has been due to increas­ 

ed competition from ot&er modes of transportation, it is equally 

true that increased efficiency in operation has eliminated many 

near duplications, and that constant improvements, in bridges, 

roadbeds rails, and curves have also acted to cut down th« a- 

raount needed.

5AFSTY — Safety devices are far from being exclusively
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the total railway mileage in tine world ttie United States has, 

naturally, played a leading role in safety development. One 

of trie most significant of all inventions has boon that of the 

compressed air braKe, perfected in 1867 by tne American engineer, 

George ffastingtiouse (1046-1914)* It enabled trains to be stopped 

in one-tentti of ttie distance possible formerly, and thus opened 

a ntw era of operating efficiency and safety in railroadi^. 

The development of signalling devices lias also played a 

great part in improving the efficiency and safety of the rail­ 

roads, in 1794 the Frencn Directory established a movable arm 

type of semaphore signal vrbich was used for passing messages 

from hill to hill. Beizen suggested that an electric spark 

might be used for the purpose, and in 1798 Dr. Salva of Madrid 

actually constructed a telegraph based, on .^elzen's principle. 

These were not originally designed for railroad use, however, 

bat were brought into the railroad field years later. The first 

fixed railway signal designed for tne purpose was the cross-bar 

and lamp, introduced in England In 1834, Also 8r«glish in origin 

was the ball signal of 1837* followed in Ib41 by the semaphore— 

an adaptation of the eignteenth century French design. In 1339 

th« ISnglish produced a manual blocfc system whereby trains could 

be identified as bein& in certain sections or °blocKs H of track 

by an established system of signals—thus lowering tne possibil­ 

ities of rear-end collisions and speeding up trains travelling 

under low visibility conditions. An early type of manual block 

signal, the Banner Box Signal, was Introduced in the United 

States in Ib63, and eight years later the first electrically
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operated block signal, known as the "Banlo" Signal (U.S.) made 

its appearance. The automatic block invented by Dr. Villiam 

Robinson oame into us® on American roads in 1872, followed by 

a controlled manual block in England in 1«75. Four years after 

that the American Clockwork Signal appeared, being a mecrianically 

operated automatic block signal with electric control. Further 

American development included t ,e first power-operated semaphore, 

an electro*pneurnatic type, in 1861; an electric semaphore, fore­ 

runner of the present electric raotor semaphore signal, in 1^93; 

and the color light in 19G6, the position lignt in 1915, and 

the color-position lignt in 1921.

With the passage of years safety in other departments nas 

also been stressed to the highest degree. Boiling stock* rails, 

roadbeus, terminals, bridges, tunnels, and crossings have all 

been improved to the point where accidents caused by their fail­ 

ure is almost negligible. For this, two main reasons may be 

cited: (1) that improved engineering techniques have led to 

better designed structures, and (£) that an enlightened main­ 

tenance policy has resulted in weeding out unsound el?tt*»nts. 

Generally speaking, the safety record of trie twentiet century 

railroad has been most encouragin , but railroaders uave not 

been lulled into a false sense of security by this fact; every 

year brings some new invention to tho market designed to boost 

that record to even greater heights.

Hail roads in Other Countries 

FRANCS — Although a tramway ror use of the foundries of
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want into operation at ..fount Cenis in 1763, trie tK>rse-

/• ,

or cam line from St. iStlanue to Andrezieux—opened tarougaout its 
entire length on October 1, Io2o-~is generally ragurciea as tue

iwi

first French railway. Tiie construction of tuis road was due 

largely to tine efforts of tfco engineer Beaunier and several raining 
associates wHo aad boen influenced by tae writings of de Gallois, 
feasod on tils visit to Killi ignortn in liilo. In common witu most 
roads of tiie time, it was single line viita sidings at intervals 
for passing. Designed primarily for commercial use, it did not 
c*rry passengers until !U3£. Tae next line, Uie 35-aiile Lyon*

s

St. JStienna Ifeilroad, roaulted froa tue concession giveii in Ici86 
t ;'Jin, ais two brotticre, and Sdouard Biot to connecli 
tiie Loire and tiie HiiSne* As a result of ^e^uiu's visit to iSng- 
land during ttie latter part of 1US7 and the early part of 
Robert 5tepaen3on and Co:npoiiy delivered t to locomotives to 
Frenoii oo .7 in 1329, and regular operation coiamenced in 
Tills road, too, was designed primarily for industrial purposes, 
and it Mas not until 1637 taat tfca first regular passenger line, 
th© Parls»St. Germain > ment into operation.

3y 1542 tue Frer . i slowly increased tueir track- 
f. r to a total of 360 miles. In tuat year ?i» Tlaiers produced &
sciiem© wuicA la^3 been tue underlying principle on vtuicn France

ZZ 
&as since acted i.*itli regard to tfce railroads. In brief tue
plan stated tnat (a) taa ;>';at© would cone'i-ruct the roadbed and 

lease it to c „.-. ; (b) tno coinponie^ would supply tae equip­ 
ment and wori; tuo railroads; and (c) at tao end of a specified 
period tae w&ole syetta vsfculcl revert to tl;o State. Tun years 

later tne mileago *c@ing oper&tod Hex! risen to £Lbb miles, and by
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3.934 it had reacned 33,&i8 milos. Tfte amalgamations wnicb nad 

occurred in Britica i. ,J Atneriw practice in trie latter part 

of tue nineteenth century wore evident in France ae well, ^o 

tnat tiie oo.rly twontlotn century found ,e v»itti only seven 

great systems, tlie Nord f flat, OUGi;t, r^is 

Paris-Orleans, uidi, and the State Hallways.

IH13 LKH, C" ". . — . Being & saii.Il country, Belgium was able 

to lay out a complete system at a relatively early stage in a 

railroad ui story. Initial studies were placed in tbe aands of 

tiie Belgian engineer, Albert Simons, and iiis associate, de Hitter, 

and in liJ35 Oreorge 3tepftenson was called in )jy King Leopold to 

give furtaer advioe in tue matter. Britisu influence was par­ 

ticularly strong in ta^SQ early yaars, for in additiu^ w -j Stephen- 

son's advice all of Uie original locomotives, other rolling stock, 

rails aere imported from England. Tae firat section of line 

put into operation from Brussels to laecnlin in 1635, con­ 

struction having "ae&n st&r^eu ^»io yoar beioru, &,ia taa e.i-i-ja 

origiiml system — lait7 down in tue snape of an irregular cross, 

35U mil 03 in lengtri — was completed lay Ib44. Initial progress

s ,, .so was oornc - elowor, tioviaver. The first railroad, 

built by Frederick W. Conrad between Amsterdam arid IU.<xrlem 

t^Ae expense of the king* did not commence operations until 

Railroads in beta countries soon reacfoed trie saturation point, 

so Utevt in tne twentieth century tbere oas bsen relatively little 

new constructioa. l-vailo not nationalised i^ tne strictest ^nse 

of tne word, tta« almost wftolly non^competitive stnte-co itrolled 

nature of tneir operation Uaa »aade tuem State railways in
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-— Railroading in Germany began at about the 

it did in Belgium* with the opening in 1B35 of tha 4- 

mile standard gauge line connecting Nuremberg and Purth in 

Bavaria. Engineer for this initial ro&d was the Bavarian, Paul 

Camilla von Denis, who had received his technical education in 

France. Loss than two years later the Leipzig-Dresden Railroad, 

7O miles in lengtn, began operating, and by Ici40 the first inter­ 

state line—from Magdeburg, Prussia, to Leipzig, Saxony—had been 

established. Like Belgium, Germany developed a systematic plan 

for expansion, due largely to the efforts of Frieciricn List. 

Strict state control was exercised througn the rapid construction 

period wuica commenced about 1546, private and public construc­ 

tion proceeding at about the same pace. The first Stata lino 

had appeared in Brunswick in Ib3b, and by 1655 ona-half of Ger­ 

many's 5410 miles of track were ovsned by the State.

The pruss-Austrian War of 1866 and the Franco-Prussian War 

of Ib70 strengthened state control, and by 1865 private railways 

in Prussia had become virtually non-existent. The same was true 

ovor most of the rest of Germany. Following the first World War 

the various State railways became the property of tuo Reich, but 

in 1924 their status was altered to that of a company basis in 

accordance wita provisions of the Dawas ?eacb Plan. Regardless 

of what disposition is made of German railroads in tfia future, 

it is most lively that the two characteristics vmich nave long 

been a part of the German tradition—tue international character 

of the traffic and the high degree of State ownership and



construction—"-will again manifest themselves strongly.

*~ Russian interest in railroads was awakened as early 

as Ibl2 when Grand Duke Nicholas— later Czar — visited Bngland. 

He admired Blenfcinsop's locomotive so much that a model was later 

sent to him when ne returned to Russia. The enthusiasm for tne 

railroad which Nicholas nad developed in England was translated 

into action when work was begun on the 14~mile 6~foot gauge pri­ 

vate line from St. Petersburg to the country palace site at Pav« 

lovsfcy in 1636. The project, directed by Franz A. von Gerstner 

of Prague, was completed In 1337. Again Snglisa influence wan 

evident in that most of to© material was imported from Britain, 

including tores locomotives which came from three different Brit­ 

ish firms.

Shortly thereafter, work was begun by American engineers with 

American «quipMnt on the 40O*mile St. Petersburg to Moscow line. 

Construction was carried on from 1343 to 1651, resulting in a 

very direct and unnecessarily heavy line. It was a \iork partic­ 

ularly worth noting, for it represented the first successful at­ 

tempt in Bussia to establish a true railway system for t&e public 

good. Throughout the rest of the nineteenth century and into tne 

twentieth, lines slowly reached out over the vast stretcnes of 

Buropean and Asiatic Bussia* Uppermost in many minds was the 

laying of a line clear across Siberia to the Pacific, a project 

which commenced witn the government surveys of 1872-74. In Jan­

uary, 1905 tfa« lino between Moscow and Vladivostok, across Man-
23

ti, was opened; Bussian engineers had completed the monument­ 

al tasK of spanning a continent.



iLAlfl) — T&0 extremely mountainous character of Switzer­ 

land aas played a major part in the specialized development of 

the railroad in ttiat country. Little in the nature of railroad­ 

ing was accomplished there until the latter part of the nineteen­ 

th century because of (1) the inability of early steam locomotives 

to negotiate the steep grades necessary in such rugged terrain, 

and (g) the difficulties encountered in punching tunnels througfe 

unscaleable mountains. Typical of Swiss railroads, early and 

modern, is the St. Gotthard Hallway, proposed in the early fif­ 

ties of the last century, but not a tangible possibility until 

the laborious hand~drllling of the Mount Cenis tunnel had b*€H 

under way for some time, and rails had actually been laid across 

the Brenner. The St. Gotthard tunnel was pierced in lb&0, and 

two years later the through service from Lucerne to Chiasso was 

inaugurated. In the 105$ miles from Lucerne to 3elllnzona alone 

some eighty tunnels and three*hundred and twenty-four bridges 

and viaducts—all over 3S feat in span—were erected. When it 

was decided in 1913 to electrify the Federal Bailway System grad­ 

ually, the Srstfeld-Blasea mountain section of the Gotthard line 

was designated the starting point. Actual worfc was begun in 

1916, and the entire 225 Kilometers on the St. Gottaard road 

were electrified by 1922. Since that time the change-over from 

steam has continued steadily until today practically every part 

of the Swiss Federal Railway System is electrified.

Heln lines were not alone in the extraordinary conditions 

overcome, for in their own way, small special lines have had 

their unique problems. One typical example is the rack-equipped, 

2-foot 7j~inch gauge, funicular railway which climbs Pilatus near 

Lucerne. In ItJbS Colonel 2. Locher and B. Guyer-Freuler of
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produced the Locker rack-rail system which made such a

steep ascent possible. Construction of the line, vihich rises 

5344 feet in 3 miles from Alpnachstad to Pilatus-kulm, was car­ 

ried on from lb86 to 16U8. The easiest grade on the line is 1 

on 5, the average 1 on 2.tf s and the maximum almost 1 on 2 (48#). 

One very interesting point about this railroad is the fact that 

its rolling stock is built out of plumb, so that passengers will 

enjoy a horizontal ride while travelling in an almost half ver­ 

tical direction. The Pilatus line does not represent the ulti­ 

mate in steepness, however. From the Ambri-Piotta power station 

on the St. Gotthard Railway a line ascends 2145 feet in 7/8 of a 

mile, viita a maximum gradient of 87*8$.

OTH3R BUROPBAN COUNTRIES — The pattern of construction and 

operation of the railways in European countries other than those 

mentioned briefly above has been roughly the same. One partic­ 

ular line worth special note—because of its early appearance— 

was the 89-mile horse line in Austria, from Bud we is on the Moldau 

to linz on the Danube. Chartered in 1824, begun in lt}25, and 

completed in 1832, the road was built by Franz von Gerstner with 

a gauge of 3 feet 6 inches and a maximum gradient of 1$. Its 

main business was to convey salt from a point near Salzburg to 

Hamburg, and to carry a few passengers as well.

In practically every European country some small private 

lines have existed from the early days of the railroad to the 

present, but the general tendency has been toward state control. 

Nationalization in most countries began at about the middle of 

trie nineteenth century, occurring in the fourties in Russia,
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Italy, Switzerland, and Denmark, in the fifties in Sweden, .Nor­ 

way, and Portugal, and in the sixties in Turkey and Greece. In 

many places the lack of private capital made state owned and op­ 

erated lines a necessity from the very beginning, this being par­ 

ticularly the case in countries such as Austria, Bulgaria, Czecho­ 

slovakia, Rumania, and Yugoslavia. By 1934 continental Burope, 

including Asiatic Russia, possessed some £35,719 miles of rail­ 

road* most of which now belong to the states through which they 

pass.

TH3 AM3HICAS — Most of North America's 332,233 miles of rail­ 

roads tabulated in 1934 were located in the United States, with 

Canada and Mexico second and third respectively. Canadian con­ 

struction followed a pattern similar to that of the United States 

in that the roads were gradually pushed to the west unti^ the 

Pacific was reached. In lei36 the first railroad was «stablisned 

at St. Joan's, Quebec, and in the following year the horse on 

tae road was replaced by a locomotive. Canada 1 s "Railway Bra" 

really began, however, in 1651, the year that the Act author­ 

izing the Grand Trunk line was passed. Stretching from Montreal 

to Toronto, the Grand Trunk was completed in Ib56, forming an 

important section of what later bee-rae—as tne result of the 

amalgamations of several roads—the Canadian National, £3,750 

miles in length, the second largest route mileage in the world. 

An American engineer, William C. Van Horn, was chosen in lool 

to push the first Canadian trans-continental line, the Canadian 

pacific, to its completion. Many famous figures were connected 

with tae gigantic enterprise, notable among whom were Lords



Strathcona, Mounstephen, and Shaughnessy. nnally the Rockies 

were conquered and the line from Montreal to Vancouver was open­ 

ed for business in May, It>a7. In Mexico, as in Canada and the 

United States, most of the main lines adhere to the standard 

gauge of 4 feet 8$ inches. However, the fciggest system, the 

National Railway, includes considerable mileage of 3-foot lines. 

Like aer northern neighbors, Mexico has succeeded in spanning 

the continent with the steel rail to form another great link 

between the Atlantic and Pacific Oceans.

The 1934 tabulation of railroads in South America listed 

a trackage of 66,603 miles, the most important portion of which 

belonged to Argentina* Her railways were built largely with 

private British capital and with British equipment. The main 

gauge adopted in this country has been 5 feet 6 inches, but 

standard and meter gauges are also in evidence. Brazil on the 

other hand, has adopted 5 feet 3 inches in the main, but poss­ 

esses extensive mileage in the meter gauge as well. As in North 

America the general march of the railroads has been from the 

coast to the interior—generally speaking, on an east-west axis. 

Relatively little has been done in the way of north-south traf­ 

fic, so it is questionable as to whether the variety of gauges 

which have sprung up in tne various countries will ever serious­ 

ly affect future traffic,

One particularly outstanding South American line which de-
85 

serves comment is the Peruvian Central Railway, originally known

as the Callao, Lima, and Oroya. Begun in 1870 under Henry T. 

Meiggs of Philadelphia, the road was projected across the Andes 

at a summit level of 15,865 feet above sea level for the purpose
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of connecting the mines at Oroya v»ith the sea at Callao, close 

to LlAa. The work was halted at Chicla, 87 miles from ttie coast, 

in 1»77 waen Meiggs died* Two years later war broke out between 

Chile and Peru, discouraging any further prog-ess for a time. 

After the works had been silent for eleven years, the Peruvian 

Corporation bought them and L inter! William Thorndyke, another 

Pbiladelphian, to complete the job. In Ib93 the road was com­ 

pleted—the Highest standard gauge raain line railroad in the 

world.

AFRICA, ASIA, AMD AUSTRALASIA ~~ Most of Africa's 4S,750 miles 

of ti^uK in 1934 viere of the 5-foot 6-iach or meter gauge, al- 

t&ougfc an e, rly attempt was made to introduce the standard gauge 

of 4 feet 62 inches. In 1660 a standard gauge road was opened 

in Natal, followed by a similar gauge between Cap6 Town and Well­ 

ington, but by 1870 less than 7O miles had been completed. By 

1681 the gauge had been converted to 3<g feet, northern lines in 

Morocco, Algeria, and Tunisia have, on the other hand, developed 

a considerable amount of standard gauge lines along with the meter 

gauge. The relative scarcity of population and commercial activ­ 

ity and the advent of tiie airplane have snared in reducing the 

demand for more trackage, but increased commerce in tne future 

should go far towards creating a nev* demand for railroads on tne

"Dark Continent*"

Railroads in A8ia § as in Africa, got a relatively late start 

when compared vuith Europe and America, but construction proceeded 

at a rapid pace until there ware—including European Russia—
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133,562 miles of Asiatic roads tabulated in 1934. Britisn India 

was in the forefront in Asia, developing an extensive system of 

Sg-foot and meter gauges* Here the earliest line of consequence 

was the East Indian, serving Calcutta, Allahabad, Agra, and Delhi, 

the first section of which was opened in Ib54. Colon's system be­ 

gan operation in 1565, followed seven years later by that of Japan. 

Different gauges were developed in different countries, those 

predominating in Siberia being of 5 feot, in Japan 3s feet, and 

in Si am the meter.

Host of tue 31,95d miles of railroads (1934) in Australasia 

are, qu te naturally, on the continent of Australia, and are, 

almost without exception, government owned. The first line built 

in Australia near Melbourne, Victoria, in 1854 was a product of 

private enterprise, but by lt>76 almost all private lines in Vic­ 

toria had been tateen over by the government. The odd collection 

of main line gauges varying from 3g to 5| feet render a future 

tying-in of connecting systems a difficult problem. It has been 

realized generally that one main gauge is what the country needs, 

but the economies involved have thus far prevented any extensive 

moves in that direction. AS the country develops, standardization 

seems bound to come as it has on the older and larger systems of 

Bur ope and America.

Special Railway Types

AIR-PROP J3LU3D LOCOiMOTIVSS — propelling locomotives by air 

has intrigued inventors ever since the time of Denis Papin

, but little of a practical nature has been accomplished
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in the commercial field. An early experimental road about a 

half a mile in length was set up in the outskirts of London by 

Samuel Clegg, whose patent was subsequently modified by Hallette 

and Hay. His ideas were similar to those of Lledhurst, a Danish 

engineer living in London, who proposed in 18OO to propel car­ 

riages by compressed air from a reservoir. In IblO Medhurst 

patented a pneumatic system, but tnere is no record of its prac-
', * ! '*"">

tical application. For many years this indef atlguable inventor 

published treatises urging the use of air in some form or other 

for locomotion, His "Practicability of Conveying Goods and Let­ 

ters by Air n (1812) formed the basis for a locomotive patent 

tateer out by Valence in It584. Three years later ;:edhurst pro­ 

duced another paper entitled, *A ftaw System of Inland Convey­ 

ance for Goods and Passengers,** which advocated an aerial tube 

and an air-tight carriage—something similar to the car driven 

in a tube by Beach at Mew York in 1869. A compressed-air loco­ 

motive was then patented and built in J&igland by Bompass in 1826. 

Mb practical application of the corapressed-air locomotive

seems to have taken place until 1873. In that y*ar it was util-
26 

ized by the Plymouth Cordage Company of Plymouth, I'assactiusetts,

and in the St. Gotthard tunneling operations. Three years later 

the first alr-rnotor car was run in Paris, and it was soon fol­ 

lowed by the compressed-air railway at Mantes. Berne, Switzer­ 

land, opened another such line, both suburban and city, in 1890. 

Generallv speaking, however, the compressed-air locomotive found 

little use outside of relatively few mines. Lines operated on 

the vacuum principle were even less successful, though some, sucn 

as the London-Croydon line, were able to attain high speeds.
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Some of the sections of line able to operate to a limited extent 

on the corapreseed air or vacuum scheme in some form Have Includ­ 

ed the 1$-rail9 Kingston and Dalicy Railway (1643-55) near Dublin, 

7 miles of the London and Croydon Railway, a number of miles on 

the South Devon Railway (1646-46) between Kxeter and Plymouth, 

and the last steep 1$ miles of the ?aris-3t. Germaine-an-Laye 

Railroad.

STRBETCAHS AND TRAMWAYS — Brief mention should be given to 

the streetcars and tramways which have so long been a familiar 

part of the busy street scene in most of the larger cities of 

the ^prld f but which now seem doomed to ultimate extinction by 

the advent ->f the subways, trackless trolleys, and motor buses. 

One of the earliest of the city horse-car lines was the New York 

and Harlem line, over 6 miles in length, opened in 1532. John 

Stephenson, an Irish-American, was the moving spirit in the 

•nterprise, generally being regarded as the first to build a 

horse-car for this purpose. The company failed, however, for 

the heavy rails with their deep grooves were a menace to other 

carriages and had to be removed. In 1552 the line was rebuilt 

by the Franohman M. Lubat who, throe years later, built Europe's 

first street tramway in Paris. The i?irst street tramways in 

London were laid shortly thereafter—in 1657 or 56—by George 

F. Train, and at about the same tlsue Henry Gore laid the first 

line in Valparaiso, Chile.

In cities with unusually steep hills cars drawn by cables 

have been in use for many years. San Francisco was in tne fore " 

front in the United States, inaugurating its continuous wire
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Sable system in 1873, while the first such line in Europe waft 

the one which went into operation in London on Highgate Hill in 

lttt>4. Though cable cars have tended to remain in use, another 

class of transport—the elevated—has slo«u.y ^een ^wing out with 

the surface streetcar. First of the roads which might be called 

elevated was the 4-mile London-Greenwich line dating from 1<*56. 

New Xorfc is usually credited with having the oldest elevated in 

the world though, it having been planned in 1635. The system 

began with an experimental section on the North Jide and Yoniters 

B&ilway Company built by Charles T. Harvey along lower Greenwich 

Street* Liverpool 9 however, claimed the first electric oiovated 

in the world when its system began operations in 1693. Though 

they served at first to «»li;ainate congestion on tuo surface 

streets t elevated lines have been more than adequately replaced 

by the subway systems in most of the large cities, and there is 

very little avicence that they will ever return *o tuo public 

favor they once held*

Summary

Several of the early mines in fifteenth century Germany 

and sixteenth century Bagland were equipped wita crude wooden 

rails to ease tue way for tueir horse-drawn coal wagons* Ta«se 

"railrcads* continued in much the same fashion until the latter 

part of tue eighteenth century, when it was found that cast iron 

wade a Jauch acre durable rail than wood. Use of the new Material 

led to muca experimentation with rail shapes, wuicu took two 

basic forms, i.e., uu» "plate 1' rail and later, tue "edge*1 rail.
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Just as trie edge rail was coming into popularity in taa early 

decades of tae nineteenth century, a new and revolutionary factor 

loomed larg$. on tae fcorizon—trie steam locomotive.

Attempts at steam locomotion in tae latter l?OO*s nad been 

disappointing, and it was not until the brilliant Cornishman, 

Ricaard Trevitnlck, brougat out ais high-pressure steam locomo­ 

tive in tae first decade of tae nineteenth century that the de­ 

vice began to show real possibilities. His work was soon fol­ 

lowed by that of Blenkinsop, Hedley* and George Staphenson—all 

of whom were associated witti British collieries in one capacity 

or another. 3arly experiments culminated in the Rainhill trials 

of 1829, where Stepaenson's M Bocket H snowed that the steam loco­ 

motive was now commercially feasible for other than colliery 

work. In the following year the "Hallway Age* began, signalized 

by the opening of the Liverpool and Manchester lallway which 

carried botn passengers and freight.

British development from this time to tae middle of the 

nineteenth century was extremely rapid, and British influence 

in design and construction spread throughout the world. Tae 

introduction of the heavy locomotive brought an end to the 

fragile cast iron rails and brought malleable and wrought iron 

into favur. New methods of production permitted longer and 

heavier rails, while rolling stock increased in size accordingly. 

Dispute welled up In Bagland over what future main line gauge 

or gauges should prevail, but a Parliamentary decision in 1646 

determined that only one standard should remain—the 4-foot 

ds-lnch gauge. It was this gauge which came to be generally 

adopted in American and I&ropean practice, and which is now



63 j

used on more than half the tractc&ge of the rct^lQ world, Amer­ 

ican and ISuropean development closely followed that of England 

during the early years, but American construction continued at 

a terrific pace long after i^urope aad passed its peafct.

New life was breathed into railroading in the 166CMs wit a 

the Introduction of the Bessemer steel rail* Once more much ex­ 

perimentation with size and shape was tried, resulting in heav­ 

ier and stronger rails and heavier trains. Increased sizes w©;.at 

increased speud^ as well; higher speeds demanded greater safety 

precautions. As a consequence, great strides were made in tae 

last half of the nineteenth century in the improvement of sig­ 

nalling devices, road beds, and rolling stocK. The world was 

drawn closer, new lands were opened up, and colonial empires 

flourished as steel rails were pushed further and furtner into 

the wilderness. Not only were the frontiers rolled back "ay ttui 

railroad in *Mort& America, but great progress resulted in South 

America, Africa, Asia, and Australia in a similar manner. The 

period was characterized by the disappearance of the small pri­ 

vately owned roads and the emergence of a relatively fev* powerful 

amalgamations, which came eventually in most cases, into the 

hands of the State.

Tae full effect of the railroad on the social, political, 

and economic development of the world cannot yet, perhaps, be 

assessed in its true perspective, but most will agree that its 

Influence has been profound. Centers of population have shifted, 

agricultural and manufactured products have found new markets, 

and vast new industries have sprung up largely as by-products 

of railroad development. Hecent years have found trackage
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decreasing somewhat, as uneconomic lines—built daring tno flusn 

of unrestricted comt)otition—-have bean dropped, but part of tais 

must also be attributed to tno new competition from the highways 

and skyways* In some of the more developed countries it sea.-as 

obvious that little additional trackage will be needed *.., tae 

future, but in some of the aor* *A-^^i^rd spots opportunity for 

additional construction abounds. It is not only in develop! 

tnese new roads, aoviever 9 that tae engineer will be making fei - 

greatest contribution to society; the maintenance and continued 

improvement of existing installations is an ever*present chal­ 

lenge which must be met if our economy as sat up at present is 

to continue.



633
FOOT,MOTES

1. Jenfcins, H. , "The Collected Papers of Rbys Jenfcins." pg. 36.

2. NortM, R., "Life of Francis Morta, Baron Guilferd." pg . 261.

3. Walker, 3., *An Account of t&e Stockton & Darlington rail­
way.* pg. 4,

4. Francis, J. § "A Hi story of the jShglish Railway* 11 pg. 1O3.

5. Sllis, C.H., "Barly steam Coaclies." in"Wonders of ^v>rld an-
gineering," pg. 1253.

6. Alien, C.J., w Tbe Iron Road» w Part II, pg. 3.

7. Dickinson, H.IV. &• Tltley, A., «HlcLiara TrevithicK. »' pg. 64.

8. Barren, J*G.H., nA Century of Locomotive Building by Robert
Stepnonson and Co * tt pg. 15.

9. Smiles, 3., "Liven of the angineers, * (George & Robert
Stepftenson), pg.

10. Francis, J. , op. cit., pg. 45.

11. "Penny Cyclopaedia. rt "Railway.'1 pg. 245.

12. Francis, J., op. cit., pg. 246.

13. Kirkman, H.M., "Building & Repairing Railways, pg. 24.

14. Walker, S. , "Cast* »;etal & Malleable Iron Railways.** pg. 18.

15. "Penny Cyclopaedia." "Railway." pg. 255.

16. Sellew, W.H., "Steel Hails." pg . 366.

17. Cresy, 3., "Encyclopaedia of Civil ^gineering. * pg. 3O2f.

18. Seller, W.H., op. cit., pg. VO,

19. Williams, C.C., rt TUe Design of Railway Location." p&. 12.

20. Ibid., pg. 22.

81. "Penny Cyclopaedia." "Railway," pg. 135.

?2 Kirkaldv A.*1?* & Bvans, A.D., "Tue History and Economics of 
'' ' Transport." pg. 78.

23. £Llis» C.Ii. , "Ttie Trans-Siberian 5bute». rt i n "Wonders of World
Hngioeering. n pg. 459.



*IS Jtv DQSsejv:iOO« * *H f&T9«a '93

*^^ M •BuTJ€»eutSiij? 
.TO saepupft,, UT «'sopuv ©tja ssojto--'tt ''H*0 *S

3° 

89



635 

BIBLIOGRAPHY

Alien, C.J., nTna Iron Road." London: Jofcn ?. Shaw & Co.,
1926.

Badnall, R. , «A Treatise of Railway Improvements." l/>ndon:
Sherwood, Gilbert, & Piper,

, J., "patent for —— Malleable iron Hails.** Newcastle: 
Mward vralfcer,

Bootn, H., "An Account of tfce Liverpool and ^ancfcoster Railway. 1*
London: $alet & Baines, lt»3U*

Crssy, 3, t ^iSbc^clopaodla of Civil *iagiijeering. rt jjondon: Long*
man, Green, Longman, & Roberts, 1&61 .

Dlckinson, H. -,v. & Titley, A« , **®icftard Trevitnictc* N Cambridge:
University Press,

Sncyclopaedia Britannica 11 tu & 14tu editions, *Hailway$« M

Francis, J., rt A History of tue SngliQti Bail^ay." London:
man, Brown, Green, ••!• Longmans, 1551.

Hiscox, G,D., "CompressQo ^ir* 11 London; Sampson Low, Mars ton
Co . ,

Jenkins, H. , w liie Collected Papers of Rftys JenHins. n Cambridge;
University press, 1936*

Kirby, H.S. <5c Laurson, P.O., tt^arly Tears of Modern Civil En­
gineering** Nev» Haven: Yale Uni* 
versity press, 1932*

Kirkaldy, A.W. & Hvans, A.I>», "The History of JSconomtcs of Trans­
port. 11 Tjonuon: ^ir Isaac pitman & 
Sons, 1927.

Kirkman, M.SU., *'3uildlng Is Repairing Railways. 1* Chicago: world
Bailway publisoing Co*, 19Q1.

voble, £*B*> "Tue Brunels, Father ana t>on«-' Lonuo**;
son, 193b.

R* HLife of Francis Nortb, Baron Guilford.* uew 
' vol. I, London: 'lenry Colburn,

H*. "Compressed Air Plant,*1 4tu od., Ne^s York: Joan Wlley 
* & Sons, 1920.

Penny Bn cyclopaedia, "Hallway." caarles Knig&t & Co,, 1841.



636

W.H., "Steel Hails.* Maw 7orfc: D. Van Nostrand Cc. f

s, ;;*, *tiven of tuo Sngineers. lf London: Joun Murray, 1904.

3. t **Gast Metal and Malleable iron Railways." & H An
lingto 

i IbC?•
Account of the Stockton and Darlington Hailway.*

J», ^.Report to the Directors, Livorr— *> ar«d Mancnester 
Hallway, w London: J.& /** Area, I-....

»«A Century of Locomotiv© Building by i" 
Stepbenii^ri & Go . ,1^^3-1923* sl jiewoustle upon 
Tyno: Andrew %id fa Co. t 1923*

, C.C., wTna Design of %iiway Location.** New Tories
John ^tley & Sons, 1917.

"Wonders of World 3ngin««ring«* London: Amalgamated Pr^ss, 

Deaii, F.5., **Sto:'^ ar^ Stssl on P 

, C,H. » "Across t£*e Andes. H

, H«J»p pioneering in Alaska and Yukon."


