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Derived from the Latin "ingenium," which means natural 

capacity or invention, the word ' engine 1* provides a clue as to 

the origin of the title "engineer. * Ingeniura. engine, military 

engine, and military engineer follow each other logically when 

the assault and defense of early mailed cities is considered. 

It is lively that the word "engineer** was derived from "engine*4 

in much the same manner that "musketeer* was derived from "musket," 

for the early duties of the military engineer were largely con­ 

cerned with making and operating engines of war such as catapults, 

battering rams, and the like. It naturally fell his lot to de­ 

vise defenses against these weapons as well, so we find the engin­ 

eer branching out into the building of fortifications and other 

works to resist or aid seige. In time the engineer^ job came 

to include all types of construction, such as roads and bridges, 

needed to facilitate the movements of an army. In every case 

his primary task as an engineer was to contrive or to build some­ 

thing, and that function has continued to this day. The very 

root of the word, "ingenium, M indicates the engineer*s mission 

in society; it is to do, to act, or to make, i'he aim of the 

scientist is to know, but the aim of tiio engineer is to do by 

applying science to his work, ihis application of science has 

resulted in a more efficient utilisation of materials and has 

given rise to the oft-quoted definition of engineering as "the 

art of doing v^ith one dollar which any bungler can do witn two 

after a fashion."

i'he first man on record to call himself a "civil* engineer



was tho eighteenth century .Englishman Jo tin ^meatcn, who sought 

to distinguish his civilian construction work from that of the 

military engineer. Just what constituted civil engineering re­ 

mained a rather indefinite concept until tue profession was de­ 

fined in tne charter granted in 13215 to the Institution of Civil 

Engineers at London as: n -the art of directing tir.e great sources 

of power in nature for the use and convenience of man, as the 

means of production and of traffic in states, both for external 

and internal trade, as applied in the construction of roads, 

bridges, aqueducts, canals, river navigation and docks for in­ 

ternal intercourse and exchange, and In the construction of ports, 

harbours, moles, breakwaters and lighthouses, and in the art of 

navigation by artificial power for tne purposes of commerce, 

and in t^e construction and application of machinery, and in 

the drainage of cities and towns. 1* The term *civil" engineer 

gradually bocame restricted to those who concerned themselves 

chiefly with works of a static nature sucn as roads and tunnels, 

while those who concerned themselves primarily with the opera­ 

tion of moving machinery adopted tno designation "mechanical'* 

engineer. In time other specialties came to be recognized, and 

new branches such as H chemical 1* and "electrical* engineering 

were born. A century after the granting of the 1325 cnarter 

civil engineering had become only one of the many branches of 

the engineering profession and had changed somewhat in the fields 

it covered. Engineering had come to be defined as the "profes­ 

sional and systematic application of science to the efficient 

utilization of natural resources to produce wealth," The sub- 

fields of civil engineering officially adopted in 1929 by the



~-uto .board of -iSa^i nee-ring examiners Included the 

follov,in;s: "highways, bridges, -.<;atar nu-plv, inland waterways, 

harbors, drainage, irrigation, watar power, flood control, 

municipal improvements, railroads, tunnels, airports, airways, 

purification of water, sewage, refuse disposal, foundations, 

framed and hc/iuogeneout, structures, building, city <-u^ regional 

planning, v-l'^tlon and appraisals, and surveying (-tr.er than 

land surveying}.''

In ether ages and in ether civilisations the engineer ftas 

knovn by other names--as <* rage, architect } philosopher, or wise 

i;:an--but his i'unction was essentially that of his modern counter­ 

part* regardless of what tie called himself or what other duties 

ue performed in the past, we shall try to trace the engineer and

k;: from $uriie»$t '-.-i^ub 'i,o the prasont. In a s«iise, the 

of enfciuaering is a story of mankind, i or no lens than law 

and government has technology boon u mark of tho civilised world. 

i'he archaeological and historical avidenco thus f-ir 1? too meager 

to prewlt us to deal at length on the progress of civil, engineering

in moat of the civilizations which have previously flourished. 

ihe v»orK of many of the civilization;?, as for instance the ^ndean, 

lias been here omit tod--even though sorae ovidenoe ic available-­ 

Tor it seorns to bear little or no relationship to tho main thread 

of this history. ,-V'lcitively little spaco, then, has been assigned 

to the history of civil engineering elsewhere than in the Hellenic 

and western world, for our main task: is to trace the traditions 

of the profession which have culminated in tha civil engineering 

of the t ^entioth century.

Perhaps the clearest way to present tho history of this



profession ib ^ revise ori^iy uiu development vi an/jineering 

as a whole tarouga ev^r- .-> and then ';aa'- -TV? ^o^^op each 

section of the profession in tlia following order: materials and 

building construction, roads, bridges, canals, tunnels, survey­ 

ing, water supply, sowerage, Hydraulic and coastal ^orks» and 

railroads. According to present eviusuu^, wau .vj.r:.> u oraces of 

what might be called civil engin^-^',,u ,j.ppeare.,. j£yp'k com- 

-.aencing somevvuare around 3000 i»*C. Surveying, hydraulic works t 

and building construction made up the bulk of Egyptian engin­ 

eering, but it is doubtful wastner these fead any direct effect 

on the works of ^uccaediu^ or co^^iporary civiliisatioas* 3 

most significant tning about Egyptian en^i^e^r^ "      * ^ *nat here^ 

for the first time, we have eviusnca of raan "building to a plan 

instead of iiapisszarSly zr& usl-i^ mathematics t.;;= ensur-- th© ro« 

sults dssireci, *axy contribution is sii^iat ^faeo compared with 

tne works of modern civil engineering but gigantic ivhen compared 

to tne works of primitive man.

The next psoplo of importance to this study were the Greeks, 

viuoae main contributions to civil engineering wore theoretical 

rather than practice, Tor they did much to develop ttia math­ 

ematics and geometry which later bec. v -^ so important in engin­ 

eering. Tnis emphasis of theoretical over practical "sas due in 

part to tne attitude of tae philosopnors v;ho led Greek ttiougat; 

it wat) due in greater measure to tne country's geography or to 

be more precise, its tupo fe *aptiy v;iuca in turn saapod its polit­ 

ical e.nd economic life. -lue construction of v^.-jv. public works, 

consistent xvitu tae tecanology of tne tirno^ , c^ntrt n^t be Just­ 

ified from an administrative or commercial standpoint, and so



they were never brought into being.

With tne emergence of Home as tne dominant po\ier in tne 

world, civ*" engineering reached a peak it did not again achieve 

until tae nineteenth century, parts of the old noman roads 

still survive to this day, and this permanence and solidity 

 shich manifested itself in their roads was a characteristic 

'.vhich extended throughout all of their engineering endeavors. 

Aqueducts, bridges, tunnels, canals, and all forms of hydraulic 

^orks fall within tlie scope of the wman engineers during the 

time of the republic and later under the emperors. In the 

itoman structures we find definite evidence of the use of math­ 

ematics and geometry in their lay-out and construction. Uloser 

inspection reveals that they were over-designed--by modern stan­ 

dards at l<3ast a further indication that they were derived 

njor© from rule-of-thumb methods than from basic scientific 

principles. Is «o.Tje was on the ascendancy engineering was 

alternately an effect and cause of strong government, but when 

the government be~cn to break down technology could not save 

it. Ihe engineers did not at first lose their skill and know- 

bora, they simply lost the funds to maintain the works they had 

built. TQUS, along with, the other hall-marks of an advanced 

civilization, the art of civil engineering slowly died among 

the crumbling ruins of the Homan empire In the fifth century.

following the fall of Home, a flicker of learning and 

engineering skill was kept alive in the Arab world, but little 

nevj was added. lUe importance of the Arabic civilization rests 

in the fact it served as the "funnel" into which the knowledge 

of ureece, the Near J^st, and to some extent India and even



Jhina paaced. usrs it v*as absorbed ---.-" ->as£»ad on to tue <Vest- 

arn -..orld of the ittddie ..^ges. A revival in \vsst-.?rn engineering, 

crude though.it was, was initiated in the aecUeval monasteries* 

in t^e twelfth century v^e find pious monies in Italy, 'tfr* 
and iftitilua-u «a]cin& u^ '*&$ w*s& os bujLj,<uing Urici^es aiict 

vjorks noaoled after ^btnari remains :onaatery •#***• r upply 

and drs.inu^e a yet eras alac . tc ar^oar about tal r? time a» 

did the £t\ ^iiic cf rals which still . . ito our admir­ 

ation. . ,o later ;ticidlo   wore also mar feed. I>y the coustruc- 

tion of irrigaW^ a^u. ui-u-ii^-   a.^aic A« botU Holland and Italy, 

and for gensrrvtlnras Dutch arid italitm engineers vsfer& regarded 

aa 3-. . .e in all types of hydraulic v;ork. In tima, the ecclas- 

i&stics passed their knowledge and skills to the laity in tae

Except ... the field of architecture a;*- building construc­ 

tion, T^ie Kenaiasance wss more a time of ideas than ../.,. action 

.  "ar as it affected the engineering profession. The ne» 

pattern of thought ena«nd*r«d by whe «enaissanc« &oro fruit in 

toe orilliarrt scientific ap^cjiations of the philosophers of 

the ^seventeenth century a century marked y ^ t«he contributions 

of som« of the brightest nawefj.in science. nw?siv -^^l»ert, 

Kepler, iiooke^ . -.rricelii s Pascal, ^oyle, iiuygens, and ponton* 

In the stric^ ' '-)> V philosophers v^ore not angina era t 

but their findings helped -^wuu-iaa a theoretical "base for 

the art of scisntifio engineering tjiiiau was to follow. The 

sevonte«-»ntU century philosophers wars folloyjed in /England 

espacially by tae "practical" men of tao eijateo^th century

a start in translatiog scientific theory into practice.

6



JjJarly in the ninstesnth c^'t." 1-"' r.--.->r?nrr. Mvil Qn^Jr«^ring began.

^rge canals, which had boen the main civil engineering 

ventures of tl:o eighteenth century, gave way to the railroads 

shortly after tue evening of the Liverpool and *:anGhester Hall­ 

way in looi ' ,a tUe canals v*hich preceded uaen^i-he new 

/-ail road & t'k oufeht aix>ut ii,c-i u-,.t.uu improvement*" ::v ; Kv -'cige and 

tunnel cotjstruction. ..more sclontific apprcacr to r'. ad-ma king 

also was mai'iifeytad s-xrly in the century, anfi harbor and water- 

front construction kept streetst of other dovelcj.rent?: in ttie 

profession. L&rgs cities, spawned by tho Inaustrial i-Jevolutiora t 

soon found their water supplies inadequate, ifh " £ - J- "" quality 

and quantity, arid, lioro again tlie skill of the engineer was 

brought into play for 3 i;ooa of the community. v like manner, 

.;'ir«v, ;llat  :. iiK'iiowiiul ur.jac ti.vrarfi tft-s lattor part of 

tuo oeiitury brought &jont tuu ue«ju J> " ^uivu.-cx^e roforrn, a pro- 

bla.i ^'ilo'a ^-°' r ^"^^utial.l r ' mivnri nn the conturv droii to a close.*'

Tae C'>LUiioro.ial doveiopnent of Portland comont airl stool was an­ 

other factor of great importance durii^T this period for a whole 

naw field or dooign and construction was now opened. It was 

not until tuo twentieth century, nowevor, triat r,he groat pos­ 

sibilities of tiitieQ materials came to bs rnalized. AT^V>' T;,rob- 

-i.au s in engineering were uoberod in witti taa twentieth cent wry 

as Laa autoaiouile a;xJ airplane entered the transportation field, 

but, as iiad "been tue case oaf ore, the profession proved flex­ 

ible enough to meet successfully the no\v cnallenges.

Ttie rapid ctiangos "brought about in the nineteenth century 

naturally raise a question ae to vnUen the oaipliaisis in engin­ 

eering aesign shifted from calculations based on rule of thumb



to those based on truly scientific principles. Actually, w> 

time wcien this shift in emphasis oecarae signii'icunt diu aot 

coincide vita tos &3£i;ufcu:}£ according to our definition of 

modern civil engineer!*^. ' We associate tne beginning of modern 

civil engineering with the name of I1 el ford and with the incor­ 

poration of uraat jsritain's Institution of civil Engineers in 

1623 t&e time -alien civil engineering came to ^a ru^^I^ recog- 

niaou &fc £ yruiaassAuij y-.Hu 'oy its members and by the outside
^^ £, 4? w

srorld. At tlie time of its recognition as a profession, angin- 

eerinb still had most of its roots of design in * practical** 

rather than in scientific principles, .ay tlie middle of the 

nineteonth century, howevor, taa aiiift to tho scientific em- 

iiia in design had become apparent, ^quiro l^iipp*.© f s first

JQ on stress*:; in trusses (134?) and De, Saailly's analy* 

sis of dam design (1353) marked the beginning of truly rational 

and scientific design in ongineerlng* From this ti;ae forward, 

design passoa out of the hands of tae "practical" man into the 

hands of those inith -slantific training, and progress leaped 

forward at an astounding pace during the latter half of tne 

nineteenth century.

In glancing over taa progress :of civil enginouring w® find
» . ,..:*«:'• .'

what in every case of outstanding'achievement the some' factors 

nave beon in evidence, i^lrst of all, topography has been favor­ 

able in Initial instances, tou^ix enouga to evolce a response but 

gantla enouga to bs overcome* Aided by their increased con­ 

fidence and guided by their past experience, engineers from a 

country viith such topography have been able to go into areas of

d
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increasing topographical difficulty and master conditions 

which would have been impossible to master had they attempted 

to lay the foundations of their skill there, ihe effect of 

climate lias been similar, practically all engineering know­ 

ledge has originated with people from temperate climates who 

have neither bean all but overhwelnied by arctic blasts nor en­ 

ervated bv tropic heat. Another decisive factor has been wealth,"•' j.

both In the form of workabl e materials and in taa form of finan­ 

cial bacKing. The first depends on nature, but the second may 

stem from government or private enterprise. Regardless of the 

source of the financial backing, however, government must bo re­ 

garded as another factor, for only under relatively stable pol­ 

itical organizations has true engineering progress been made, 

womitterclal benefit's Ua^a provided r*iucii of trie incentive in engin­ 

eering, out a great measure of credit must also be given to those 

men of public spirit who have, with no thought of financial gain, 

labored to make tais a bettor world in whica to live, The com­ 

bination of all these factors has encouraged engineering develop­ 

ment uuere the need of rational thought has been firmly planted. 

From thought hat come knowledge, ana from knowledge* power  

power of man over nis environment. In the final analysis, the 

effect of the engineer on his environment and the effect of th^ 

environment on the engineer cannot be separated. One has con­ 

tinually acted and reacted on taa otaer until cause and effect 

are hopelessly intermingled. One fact emerges clear, however; 

the engineer has played a leading role not only in changing the 

face of the earth but in shaping the destiny of nations and of 

men as well.
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FOHSWO'VO

History, that branch of knowledge which recoras and ex­ 

plains past events, has concerned itself to a large extent with 

the trials arid tribulations of icings and princes, warriors and 

statesmen, Church and State; it lias told, for the most part, the 

story of the turmoils of the past. Significant dates still mem­ 

orized by schoolboys are those marking wars, battles, dynasties, 

and change of governments* Relatively recent historians have 

added to the traditional fields of political and armed strife 

that of economic strife, and some have gone so far as to trace 

practically all causes back to an economic source. Though the 

throats of sar, war itself, or the* aitanaath of v*ur have dominated 

a great many histories, there are t^oee which have sought to glor­ 

ify the victories of peace. .Such aorfes have traced the develop­ 

ment of art, music, social customs, science, and a host of other 

fields of human endeavor which have been significant in man's 

struggle for a batter life. Strangely enough, though we are living 

in an age of technology, very little has been written on the his­ 

tory of engineering—or wore specifically, little aas bean written 

on history of its parent branch, civil engineering.

It is not our purpose hare to enquire why this has been so, 

although a few points seem obvious enough. Prior to the latter 

part of the nineteenth century few engineers left written accounts 

of thoir works; they were content to let their engineering works 

speak for themselves. In the main, the engineer of the twentieth 

century has continued somewhat along the samo lines, confining 

his relatively few writing to narrow technical and specialized
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subjects* The lack of non-technical writings on engineering 
has made it difficult for the regular historian to ^ive a true 
picture of How engineering has developed, and so he has f for the 
mast part, left the subject alone. The average outwear is too 
engrossed in the work at hand and in the n*w theories and tech"- 
niques coming out every day to concern Himself with the histor­ 
ical aspects of his profession, and so Ue t too, has left the 
subject alone, aierefor®, the writer «bo attempts; to develop 
the history of civil engineering seta for himself a difficult!• \

practically uncharted course, liabl® to the rocks and shoals of 
isolated, seemingly unrelated facts arid no facts at «*11, & he att­ 
ache to the engineer and historian alike.

This work is an •n^ifieer l 8 attempt to piece together frag­ 
man ts of technical and rx»n* technical knowledge in sueh a maxuzw 
as to trace logically the rise of civil engineering from pre­ 
historic times to the present day. Xhe first chapter briefly 
8ummari2.es the main influences upon and the main developments In 
civil engineering throughout the age@* Tittle attempt has been 
made to prove many of the statement* made in this first chapter, 
for these proofs coma more logically in the later chapters* 
j»ach of tue following chapters takes «p one branch of civil en­ 
gineering, such as roads, bridges, or canals, and traces the 
development of that particular branch from its earliest days to 
the present. The emphasis has been placed upon the internal de­ 
velopment of engineering rather than upon the external influence 
of engineering change on our political and economic life* Since 
the development of most technological advances has come as the 
result of the labors of many spread over a period of years, a 
word of caution is in order here, in every case where the



"first" operation or idea is mentioned t it should be noted that 

it is ttie first operation or idea known to the author nhieh is 

considered by hl« T by ot&erts to be significant from the stand­ 

point of subsequent development. This, book is addrsssed primar­ 

ily to the civil engineer, but the language used is sufficiently 

nontechnical to allow non*engineers to follow Ui© lines of 

thought without difficulty. It is hoped that this work will be 

of some help in filling in that part of the education of the en­ 

gineer ttuich has so long been neglected., a kno .ja of tlie long 

traditions and struggles rohieh h&ve culminated in the profession 

of civil engineering in the twentieth eantury*

G T 'i/f • W *M*
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Chapter I 

CIVIL ENGINEERING THROUGH TH3 AG3S



CIVIL HUG THBOUGH TH3 AG33

Introduction

Derived from the Latin "ingenium," which means natural cap­ 

acity or invention, the aord "engine* provides a clue as to tne 

origin of the title "engineer,*1 Ingenlum, engine, military 

engine, and military engineer follow each other logically when 

the assault and defense of early vsallad cities is considered. 

It is likely that the word "engineer 11 was dorived from "engine w 

in much the same wanner that "musketeer** was derived from *mus~ 

Ret,** for the early duties of the military engineer were largely 

concerned with making and operating engines of v»ar such as cat a* 

pults, battering rams, araS the like. It naturally fell his lot 

to devise defenses against these weapons as well, so we find the 

engineer branching out into the building of fortifications and

other works to resist or aid seiga. the classic example of the
1 

works of the engineer in ancient times was described by Plutarch

in his "Life of tlarcellua'*:

*$fcen the Bomans attacked them (the Syracusans) both by sea 

and land, they were struck dumb with terror, imagining that they 

could not possibly resist such numerous forces, anu so furious an 

assault, juut Archimedes soon began to play his engines, and they 

shot against the land-forces all sorts of missive weapons and 

stones of an enormous size with so incredible a noise and rapidity, 

that nothing could stand before them; overturning arid crushing 

whatever came in their way, and spreading terrible disorder 

throughout the ranks. On the side toward the sea «ere erected



J,
vast machines, thrusting forth on a sudden over the walls huge 

beams with the necessary tackle, which striking with a prodigious 

fores on the enemy's galleys sunk them at once: while other ships, 

hoisted up at the prows by iron claws or hooks like the beaks of 

cranes, and set upright on the stern, were plunged to the bottom 

of the sea; and others again by ropes and grapples were drawn to­ 

ward ttie shore, and after being whirled about, and dashed against 

the rocks that projected below the walls, were broken to pieces, 

and the crews perished, - — — At last the Romans were so terrified, 

that if they saw but a rope or a stick put over the walls, they 

cried out rArchimedes was levelling sorae machine at them; * and 

turned their backs and fled*"

In time the engineer's job came to include all types of con­ 

struction, such as roads and bridges, needed to facilitate the 

movements of an army. In every case his primary task as an en­ 

gineer vms to contrive or to build something, and that function 

has continued to this day. The very root of the word, "ingenium," 

indicates the engineer's mission in society; it is to do, to act, 

or to make, The aim of the scientist is to know, but the aim of 

the engineer is to do by applying science to iiis work. This ap­ 

plication of science has resulted in a more efficient utilization
8 

of materials and has given rise to the oft-quoted definition of

engineering as *the art of doing well with one dollar which any 

bungler oan do with two after a fashion.**

The first man on record to call himself a "civil*' engineer
3 

was the eighteenth century Biglishman John Sraeaton, who sought

to distinguish his civilian construction work from that of the 

military engineer. Just what constituted civil engineering



remained a rather indefinite concept until the profession vsaa 

defined in the charter granted in 1BSS to the Institution of 

Civil Ungtneers at T.ondon as: "——the art of directing the great 

sources of power in nature for the use and convenience of man, 

as the means of production and of traffic in states, both for 

external and internal trade, as applied in ths construction of 

roads, bridges, aqueducts, oanal«, river navigation and docks 

for internal intercourse and exchange, and In the construction 

of ports, harbours, moles, breakwaters arid lighthouses, and in 

the art of navigation by artificial power for the purposes of 

comraercoi and in the construction and application of machinery, 

and in the drainage of cities and towns. 1* The term "civil" en­ 

gineer gradually becama restricted to thos® who concerned them­ 

selves chiefly $fith -sorfa? of a static nature s»$ch as roads and 

tunnels, while those who concerned themselves primarily with the 

operation of moving machinery adopted the designation "mechanical 1* 

engineer. In time various other specialties came to be recognized, 

and new branches such ae "chemical H and "electrical" engineering 

were born. A century after the granting of the 188S charter, 

civil engineering had become only one of the many branchee of

the engineering profession and had changed soraewhat in the fields
4 

it covered. Engineering had come to be defined as "the profes-

sional and systematic application of science to the efficient 

utilization of natural resources to produce wealth. 1* The sub- 

fields of civil engineering officially adopted in 1929 by the 

California State £oard of Engineering Examiners included the 

following: "highways, bridges, water supply, inland waterways, 

harbors, drainage, irrigation, water power, flood control,



nunicipal improvements, railroads! tunnels, airports, airways, 

purification of viater, sewage, refuse disposal, foundations, framed

and Homogeneous structures, buildings, city and rogional planning,
• 

Valuation and appraisals, and surveying (otn-er than land surveying;.

In other ages and in otner civilisations the engineer was 

known by other na®es-"*as a sago, architect, philosopher, or wise 

man — but hia function vias essentially that of his modern counterpart 

Heg&rdless of what h® called dims elf or u&at other duties He per* 

formed in the past, we shall try to traca the engineer and his works 

from earliest times to the present. In a sense, the story of en­ 

gineering is a story of Ranicind, for no less than law and govern­

ment has technology been a marie of the civilized world, Arnold J.
5 

loynbee in *A ^tudy of History" (abridged, London, 1946} recogniz.es

ona ''"civilisations" ia the history of tt\e world, most of 

them related as parent or offspring to on© or uiora of t&e others: 

namely, tae Andean, x>abylonic, central *\m@rican (riexic and yucatac), 

ligyptiac, >''ar Jia&tern-Japanese Offshoot, Far i&stern-^lain j^ody, 

Hellenic, aindu, Kittite, Indie, Islauiic (Arabic and iranic), Mayan, 

Minoan, -jrthodox utiristian»-k?ain i>ody, Orthodox uhristiuu-ituasian 

Offshoot, :>inic» numeric, Oyriac, and western* ne further counts 

as "abortive civilizations'* the ^ar eastern Ut&ristian, tae i*'ar 

Western Christian, and the Scandinavian societies. His "arrested 

civilizations" include the Eskimos, the Nomads, the 'Csmanlis, the 

Polynesians and the Spartans. The archaeological ajjd historical 

evidence thus far i® too meagar to permit us to deal at length 

on the progress -->f civil engineering in most of these societies. 

The work of many of these, as for instance the Andean, has been 

her© omitted — even though some evidence is available — for it 

seems to bear little or no relationship to the main thread of



this hiatory. Helativoly little space, then s has been assigned 

to the history of civil engineering elsewhere than In the Hellenic
i

and Western world, for our main task is to trace the traditions 

of the profession viiiich have culminated in the civil engineering 

of the twentieth century.

OF ThJl

It is generally accepted that in some parts of the world 

man had, by 4000 , learned the use of fir©, the working of 
flint, the manufacture of baskets, boats, clothing, houses, pot­ 
tery, and weapons, and it is also probable that nowhere had he 
advanced much beyond that stage. During the next millennium, 
however, a gradual increase was made in social organization and 

technical achievement along the banks of the Nile in %ypt. To 
the semi -legendary founder of the First Dynasty, Henes (c 320O 

U.C.)» are attributed the first large-scale hydraulic works, drain­ 
age and irrigation alike. A brilliant period of activity soon 

followed in the five hundred years from 3000 to 2500 £• u. , an 

era which witnessed among other things tho erection of the pyra­ 

mids. A crude form of surveying developed arid elementary math­ 

ematics come to be used. The earliest known work on mathematics 

is a papyrus copied about 1550 £.U. , out it describes operations 

which might date to the Old Kingdom (£960-2475 13. C.). Of partic­ 

ular interest to engineers is th® fact that ins author Ahraes used 

a decimal notation but no aero. For the next turee thousand 

years civilization in tfgypt showed alternate decline and revival,



but no appreciable advance waa made in the art of civil engin­ 

eering in this period, The outstanding engineering feature . 

tUe Middle itapira appears to havo been the construction of rock- 

cut torabs, while bage masonry temples marked the contribution of 

the threat i'heban ki <ich arose about 1700 ii.u. Purveying, 

oydraulic worU^, and building construction, then, made up the 

bulk of early Egyptian engineering, but it is doubtful whether 

these had any direct effect on the worJcs of succeeding or contem­ 

porary civilizations. lue moet significant thing about Egyptian 

engineering is th« fact that aero* for the first time, we nave 

evidence of man building to a plan instead of haphazardly and 

using mathematics to ensure tha results desired. This contribu­ 

tion is sllgut when coraparad aith the .«orks of modern civil en­ 

gineering but gigantic wU4>n compai'ed to the works of primitive 

nan*

3arly civilisations also sprang up in tad valleys of tb* 

indus and of tho i'igris and ^upurate^, but the small knowledge 

^j iiava of V.i em o a ices it difficult to evaluate tuair contribu­ 

tions to the davalopment of anginsoring. Jven when we cowe to 

the ^inoan civilisation in the ^eg«)an t our task is etill diffi­ 

cult. Hacont finds by arohaaologists aav& revealed that these 

people*-who probably flourished between 3000 and 1000 i*.u.—had 

water supply and disposal systems, and they #ere skilled in the 

use of large aasonry blocks which they placed in walls, buildings, 

and roads, yrora this point on tha trail grows hazy once raora, 

not to be picked up again until tie come to the Hellenic creeks.

Greek engineering drew its inspiration from the philosophers 

who began to nourish during the seventh and sixth centuries u.C.



in the Greek colonies of Asia Minor. First of the "schools* 

of importance as far as engineering is concerned was taat es­ 

tablished at the commercial city of Miletus, nere the names 

of Thales (c 640-546 B.C.)* Anaximander (c 611-547 B.C.), and 

Anaximenes (fl. before 494 tf.u.) stand out as original0 in the 

field of scientific speculation. Thales, who is probably best

remembered for having stated that everything is derived fromK
water, is reputed to have travelled to %ypt where he learned 

aathanatics. Though vary little direct acquisition of know­ 

ledge can be traced to this source, it is probable that the in­ 

formation and ideas which Thales and those who followed him ac­ 

quired from alien lands aroused their interests in technical

matters. However, the importance of the Milesian school rests
5 

not ao much on what it achieved, but on wtiat it attempted* The

ureek mind was brought into contact with -Babylonia and Hgypt, 

and the vi^or of the questions asked by these early philosophers 

inspired subsequent investigators. Despite the early exchange 

of ideas in many fields, however, there is little evidence that 

Greek architecture—apart from the mathematics connected witn 

it—derived from Bgypt or from any other earlier civilization. 

the shaping of ureek thought continued in many ^schools* subse­ 

quent to that of the Milesians, but it is not our purpose here 

to discuss them. The important point to be gathered is that 

groups of saen sat down to think in a rational manner about tech­ 

nical and other matters; from ttiought cam® science, and following 

on the heels of science oame engineering.

the Greek philosophers are usually remembered as being in­ 

terested in knowledge for its ovw sake, abhorring any dealings
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with practical things* They considered mathematics a study of , 

eternal things — ideas— and thus, aa much superior to "applied 

mathematics" as is heaven to earth. Tot we count the philosophers

among our early engineers. itneas the case of Archimedes of Syra­ 

cuse (267-E12 B.C.) who declined to describe on aper his "practical" 

works because ha considered such a cours« uiM^gnii; «u t L>ut who 

proved hia willingnoss and ability «-. translate theory into prac­ 

tice at the defense of Syracuse (as noted above}* Archimedes* 

greatest contribution to engineering lay not In his engines of war, 

however 8 but rather in the theoretical foundations he gave to hydro- 

station and mechanics* The other great Graok contribution to engin­ 

eering was also theoretical — the laying of tho foundations of ge­ 

ometry. About 630 B.C. geometry consisted of a few rules of thumb,

but by the time of Pythagoras (c 5GE-5GG ii.C.) it wao becoming a
7 

theoretical science* Jt r'aacli«l maturity with &iclict, whose

*21enent8" (c 300 ^.0.) literally translated roomi^ou wue stan­ 

dard textbook on the subject until the latter part of the nine­ 

teenth century. Euclid, viho had a PI at on i an contempt for prac­ 

tical utility, probably never dreamed that some two thousand 

years later his vscrk would provide a basis for much of the prac­ 

tical work of the engineers* Th© suouni^ up and perfecting of 

geometry came during the Alexandrine period--a period which also 

saw great strides made in astronomy* Science at Alexandria, a 

commercial city, tended to be more practical than it vsas in Greece 

itsslf, and navies Ilka Gtesib-ius and Hero immediately turn our 

thoughts to mechanics and machines. Alexandria, wuicu a ad been 

founded irj 332 B.C., succeeded Athens as the philosophical canter 

of the world, retaining this leadership from 300 B.C. to A.D. 300. 
However, tha beginnings of scientific engineering which started 
there did not fully develop, and



after about, A.D. COO contributions from this source became purely 

scholarly. A slow decline set in and this seat of uree& learning 

finally died when the Arabs overran £gypt in A.D. 642. ureefc 

science did continue In a fossilized state at .yysantiur", though, 

until the iur>£s sacked the city in t&e fifteenth century.

Despite the eminent cianas we Uave connected witti trie engin­ 

eering profession, je cannot say that as a group tUe ureeks were 

great engineers. Tbey l>ullt fe^ roads, bridges, tunnels, or 

canals, and tiaey made no great contributions in the fields of 

water supply, irrigation, or Uarbor viorks. xiie mountainous ctiar- 

aoter of tueir country undoubtedly contributed in a large measure 

to ttieir relatively low output in tbis field. 3«all city states 

tended to remain in isolation, for extensive roods over tia© moun- 

tainfs would have Uaen expensivo affairs, For the most part, na­ 

ture endowed ureece with a coastline of natural harbors, raaking 

extensive artificial aarbor-works unnecessary, llountain streams 

or springs were generally close to the city states taoy served, 

and thus elaborate water supply systems v«er<a likewise unnecessary, 

because of the rugged terrain it was difficult to unite the country 

politically and economically, and without this unity great public 

works siere impossible. Engineering is an economic as well as 

scientific achievement; to fcnow how to accomplish a t&sk is not 

enough, someone has to provide the money, in the case of tne 

jree& city states, few were interested in contributing large suras 

to projects mDHfJi did not directly concern their own city. -hat 

ooamerclal intercourse there vias could be carried on more ooonom­ 

inally by a fe^ sea-going snips than by a vast network of roads

their n*«6a*ary bridges and tunnels. There is no aoubt that
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tne Greeks had the ability to construct great works vtere they 

felt that the rosult (usually more aesthetic than "practical"} 

Justified taa cost. lividance of this may still be s®on in the 

remains of trie ur^cian temples which have won the praise of the 

architectural critics throughout the centur-^, it was chiefly 

in this field of building construction that a ure<i& engineering 

tradition was passed on to the Hornan world. ureafc mathematics 

and astronomy, in the main, by-passed tae tomans and were passed 

to ..astern *&iropo via the Arabs and uygantino (/reeks.

In summing up then, we may eay that tha main uraek contri­ 

bution to civil engineering was theoretical rather than practical, 

for the irreeks developed mathematics and geometry waicft later be­ 

came so Important in engineering. This emphasis of theoretical 

over practical was du.$ in part to the attitude of the philosophers 

who led Greek thought; it was due in greater measure to the coun­ 

try's geography—or to bo more precise, its topography—which in 

turn shaped its political and economic life. The construction of 

vast public worKo, consistent $ith the Crecunology of the times, 

could not bo justified froai an administrative or commercial stand­ 

point, and so they were never brought into being,

$itb the emergence of tfosne as the dominant power in tae 

world, civil engineering reached a peak it did not again achieve 

until the nineteenth century* ino Jhjoraans are not, remembered, as 

tare tae ureeks, for their creative* iniollactual powers, but they 

are ratnenbered as efficient organizers—soldiers, lawgivers, and 

engineers, rounded in the eighth century before the Christian 

era, i-toe slowly grew in strength and influence until it dominated, 

in the time of Hadrian (second century A.P.), practically tne
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*yorld bounded by the Heditarranean, the Morth Sea, the 

Atlantic, and the Caspian Sea. i'any factors acted to bold tnis 

vast empire together, not the least of vimich 'sere the Fbman laws, 

the Boinan legions, and the Roman roads* Boad-baildlns on a large 

scale was begun by the Bomans In the latter part of ti.e fourth 

century B.C»» and it continued over the graater part of five cen­ 

turies as the povaar of the State grevj. The construction of these 

roads was such that their remains furnished the inspiration for 

a revival of road-building in seventeenth century France, and 

even u>uay ovidencas of tueae old roads ar«i still to b@ found.

The permanence and solidity which manifested Itself in their 

roads was a characteristic which extended throughout all of their 

engineering endeavors* Aqueducts, bridges, tunnel s s canals, and 

all forma of hydraulic worice fell within the scop© of the Horn an 

engineers during the time of the republic and later under the 

eraperors. In the first century A.D. the city of Horn© had a public 

water supply system which furnished a per capita quantity of uater 

equal to that of many modern .European cities. The existing ex­ 

posed aqueducts in various parts of what was one© trie Boinan em­ 

pire still excite wonder among people used to all the technical 

advances of modern civilization. Similarly many fine masonry 

bridges still stand, having weathered the onslaughts of nature 

for nearly tv?o thousand years. Masonry theatres, temples, baths, 

and triumphal arches also remain—mute testimony that the Boman* 

extended their constructive genius to every p&ase of their public 

and private life. The Italian coast is notoriously poor in nat­ 

ural harbors, but here again the Romans proved themselves equal 

to the challenge and produced the artificial harbors necessary



to maintain a fleet which roeurdod the mediterranean ao "Mare 

Nostrum."

In their construction practice t;*e Romans iunarlted th@ 

semi-circular arch from. the isJtruscans and borrowed the post and 

lintel from the ureeka. According to the architect vitruvlus 

(first century js.u.) the Romans saw much that they liked in Greek 

construction methods and aae ef fii$t*ri«ls v and the ttreok influence 

is readily s««a.In many of the large :-<o.-san Buildings f from both 

the architectural and constructional viewpoint* Entirely Roman 

in character, however, »as their fine natural cement which gave 

a monolithic character to mych of their "concrete* and which was 

not duplicated in quality until the nineteenth century* Apart 

frosi tuic, they used the sarae materials which had been used by 

t&eir predecessors, namely \iood, storm, and brick-

Vitruvlus and -brontinus, our t»a main *bman authorities on
/

engineering f leave tlie Impression that .:-v.nan Engineering was a 

aigaiy developed rule-of-taumu 5 araftsnjan^ 14 engineyring rather 

than the more scientific art of today, unfortunately no engin­ 

eering computations aav© survived to ^srmlt u:$ to detarvnin« how 

much of their work v?as guided by sornetlii j.dch might be called 

seienee. In tae -Homan structures themselves vi® find definite 

evidence of the use of mathematics and gooinetry in their lay­ 

out and construction. Closer inspection reveals that they \aere 

over-assigned--by modern stand&rde! at least—a further indication 

that they aere derived more from rul©-of-thumb methods than from 

basic scientific principles, uoaaver, the modern engineer ral^lit 

slyly observe that they gia^iy uead a larger "safety factor" in 

those days.
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•••3t of the public works were supervised and built by tne 

state, slave and soldier labor being used extensively. The ul­ 

timate economy of that type of construction is open to question, 

but at tae time it probably seemed an inexpensive method. It 

certainly enc • raged a heavy type of construction which would 

have been too expensive for private enterprise. In their initial 

constructive efforts the Horoana were not hindered by their topog­ 

raphy as were the ureeks bofore them, saving built up their or­ 

ganizations on relatively easy terrain, the Jtoraans were able to 

wove to more difficult tasks gradually and in time to tackle the 

most difficult of problems* ihus, with initial topography and 

then organization in their favor, the Romans were able to rise 

to later topographical challenges which had kept the Greeks from 

ever &et$ing started» '|ite Remans t»ere also challenged by new 

conditions, easy enough to master, vjuich evoked further response 

from them. A case in point is the lack of natural harbors in 

Italy and the skill acquired by the >te>raan engineers in waterfront 

construction. Strong government and technological excellence 

went hand-in-hand; they were mutually helpful. AS the boundaries 

of the empire were pushed outward, for example, the roads followed, 

and they, In turn, made efficient administration of the ne^ly-won 

territories possible. After a period of consolidation the mrnans 

were able to extend their boundaries once more. Engineering then, 

as Home wa* on the ascendancy, was alternately an effect and cause 

of strong government, vhen the government began to break dcs/sn, 

aowever, technology could not save it. The engineers did not at 

first lose their skill and know-how, they simply lost the funds 

to maintain the works they had built. Not only *ere they unable
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to advance taeir techniques, they were unable— turough lack of 

practice— to retain all that was best in their profession. Along 

with the otaer hall-taarks of an advanced civilization, the art 

of civil engineering slowly died among the crumbling ruins of 

the tfoman empire in the fifth century,

TrtS DAiC n(i*#, TttS HDD Us AUito, AMU £&&

the fall of the tiallenic civilization, knowledge reached 

a low ebb in the western world, but it was not snuffed out alto­ 

gether. A culture of mixed ureek, woman, and Jewish origin sur­ 

vived at iiyzantium and in the countries which stretch from Syria 

to the Persian Gulf. During the early part of the seventh cen­ 

tury Muhammad (c 570*653) and &is followers united Arabia and 

subjugated Persia, Syria, Iraq, and 3gypt along with ttio north­ 

ern coast of iifrioa, Armenia, and Asia Minor. *!u»awiya, first 

of the dynasty of the uraaiyads, became sole ruler of Islam in 

661 on the death of the caliph *Ali, Muhammad's cousin and son- 

in-law, a/iu in Uis capital at Damascus the learning which had 

been preserved by the plestorian Christians and other conquered 

groups slowly rose to tue surface. A further arid greater impetus 

to learning wan given by the 'Abbas ides who replaced tho Umaiyaos 

in 750. The capital was then moved to j^agdad which shared trie 

distinction with Alexandria and Andalusia of being a great center 

of learning in the Arab v^orld. ^rom the latter part of the eighth 

century until the twelfth, the Arabian schools made important con­ 

tributions in the fields of mathematics, astronomy, physics, and 

medicine. Uenerally speaking, these contributions were not in
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the nature of ne« discoveries but were rather the collecting 

and preserving of the knowledge of previous civilizations, iso­ 

lated instances of civil engineering appear in the Moslem world 

of tais period, but apart from studies skin to surveying, they 

seem to bear little relation to subsequent development in this

field, finally the great period of Arabic learning was brought
3 

to an end by a fanatic Islamic priesthood in the twelfth century.

The importance of the Arabic civilization rests in the fact that 

it servod as the "funnel" into which the knowledge of ureece, 

the Near isiast, and to some extent India and even Uhina passed* 

here it was absorbed and passed on to the estern world of the 

Middle Ages*

The withdrawal of the %man legions from western Europe 

marked ncvfc only tte end of & stable political organization in 

that sph re, but it also ushered in an age of ignorance which 

lasted for centuries* Only in the Church did a strong organ­ 

ization survive, and it was the Church also which kept a flicker 

of learning alive in a continent dominated by semi-barbaric uer- 

manic tribes* Probably the last to show the true spirit of ancient 

philosophy was the noble Woman Christian jaoethius (c 420-524) viho 

wrote compendiums and commentaries on Plato and Aristotle. His 

works, together with those of Uassiodorus (490-580) and Isidore 

of Seville (o 560-636;, formed an important link betv^een the 

Classicists and the Medievalists. Public works came to a complete 

halt as old Hoaan roads, bridges, and aqueducts slowly fell into 

decay. Only under Charlemagne (742-814) was any concerted at­ 

tempt made to revive the art of civil engineering, but it withered 

away soon after his death. ,ihat scholarship there was devoted
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itself more to mystical philosophies and-to religion than to 

practical mechanical arts, nevertheless, it was the medieval 

monastery which led the way to a revival in engineering. In 

the twelfth century we find pious monks in Italy, France, and 

Kngland taking up the task of building bridges and other works 

modeled after Woman remains* Monastery water supply and drain­ 

age systems also began to appear about this time, as did the 

great uothic cathedrals wuich still excite our admiration. 

Master craftsmen, guided more by experience and tradition than 

by scientific principles, were the architects and engineers of 

these great works. Tne later Ifiddle Ages ware also marked by 

the construction of irrigation and drainage canals in both 

Holland and Italy, and for generations Dutch and Italian engin­ 

eers tferfc regarded as supreme in all types of hydraulic work. 

In time the ecclesiastics passed their knowledge and skills to» ***

the laity In the great period of enlightanraant which followed.

Here and there i&rope was perpared for til© new learning 

which percolated in from tne Arabic world. By the latter half 

of the twelfth eentury the schools made up of collections of 

students and masters began to take their modern form of Uni­ 

versities at places such as Bologna, Salerno, Paris, and oxford. 

To be sure, the nature of the subjects studied bore little re­ 

lation to engineering—except possibly in the field of mathemat­ 

ics—but the questions asked represented a new interest in learn­ 

ing. Hven the mathematics were of little use to the engineer of 

the time; their value to the engineering profession was not to 

be realized until a later age. nn increasing desire for secular 

knowledge led to the translation of many old works from t*reek



to the Latin. Often, of course, the texts suffered in trans­ 

lation which might, for example, go from ureek to 3yriac, Syriac 

to Arabic, Arabic to Spanish, and Spanish to Latin. The effect 

of this new knowledge was to further stimulate thought and dis­ 

cussion. Mystical Heo-Platonism, which had come to represent 

ancient philosophy, gave way to the more rational and more scien­ 

tific outlook of Aristotle, and ^ristotla's science and Christian 

doctrine were combined by wt, Thomas Aquinas (1885-74) in the 

system waich came to be known as Scholasticism. The ahole of 

the Thomist philosophy was founded and built up on reason^ and 

sought to explain uod and natural phenomena in this light. Js»*riar 

Francis £acon (c 1214-94) urged that reason alone was not suf­ 

ficient and that observation and experiment were needed in the 

interpretation of nature. In addition to experiment, Bacon 

valued the use of mathematics, but he was three centuries ahead 

of his time in this respect and gathered no great following 

among the Medievalists.

Throughout the medieval period the laity bowed to the ec­ 

clesiastics in most matters, for the established religion was 

thought to have the ability to decide—on the authority of 

Scripture and Tradition—not only questions of theology and 

Morality but even some matters of scientific interest as well. 

In the fourteenth century, however, the Papacy and a rich Med­ 

iterranean trade brought forth a raonied and leisure class in 

Italy which began to look beyond the confines of its narrow 

mental prison. Interest in the Classical world was intensified, 

partly because the Boman remains were everywhere in evidence 

to excite curiosity, partly because further commercial interests
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brought people together in towns, and partly because Italian 

traders formed a contact with the older civilizations of the 

Bast* tfreek scholars, fleeing before the Turkish horde which 

sacked Constantinople in 1453, gave a fresh impetus to the study 

of ureek in the West, and the perfection of the art of printing 

at about this time helped to diffuse the new knowledge. Thus, 

during the fifteenth century the cult of the classics became 

almost a passion among the ruling and merchant class, the in­ 

fluential merchant class soon perceived, however, that the an­ 

swers to all of its "practical* questions could not be found in 

the works of the ancients, the Arabs, or the scholastics, nnce 

more a fresh approach to knowledge was clearly in order.

Except in the field of arcnitocture and building construc­ 

tion, th« ^naissance was more a time of ideas than of action 

insofar as it affected the engineering profession. Most of the 

construction of th© period was that done by military engineers 

in the employ of some duke or prince, fortifications and artil­ 

lery, the main interests of the engineer in the early Middle 

Ages, still occupied ths bulk of the engineers time. In some 

oases, however, the engineer was more than just a constructor 

of fortifications; tie was—for want of a more descriptive term— 

a "Renaissance ?£an," a man who knew practically everything there 

was to know in his day. 3uch was Leonardo da Vinci (1452-1519), 

arcnitect, biologist, engineer, painter, philosopher, and sculp­ 

tor, who lived successively in the courts of Florence, I'ilan, 

and Rome, and died in France, a friend and servant of Francois i. 

He rejected reliance on authority in favor of seeing for oneself, 

and he was among the first to urge that scientific work must 

start by experiment and end <sith conclusions, ue is particularly



raaesbered among engineers for his contributions to hydraulics, 

especially in the field of canal a/id lock construction, However, 

na left no published writings (although his "Moles*1 were subse­ 

quently put in book form) and so his influence on taa progress 

of engineering w&s comparatively small.

Mathematics u-;a astronomy want lorwara with tae times. Fif­ 

teenth and sixteenth century astronomers Purbacb, Hagiomontanus t 
Copernicus, and Tyctio iirahe all mafia significant contributions 

which isere felt in navigation and subsequently in surveying and 
cartography. Geometry from the Greeks v»as firmly established and 

algebra, introduced by the jirat»B f &^a gradually tutting hold. 

These two subjects also entered engineering via, surveying but 

were not generally employed elstwhare in th© profession until 

tbo nineteenth century* Pioneering work in statics was begun 

in the latter part of tae sixteenth century by tue Dutchman 

Simon ^tevin, and important stutii®^ of ti*a wagaet were made by 
William Ullbert of Colchester during the same period. Until 

about 1600 ¥»e find a &r&duai accunulatioa oi knowled^-e with little 

attempt to systematize it in any order and very little attempt 

to adapt it to practical us©. Ine seventeenth century witnessed 

not only a continual^yu of the u«u'-v0s-biug oi saots, but it also 

saw the rise of experimental science. Francis oiaoon, Lord ver- 

ulara (1561-1685) recognized tae vulua oi extensive oxperiraentation 

but he round difficulty in selecting tue rignt oxporimants to 

indicate tae answers to aia questions. His aain contribution 

lies in tae fact that he reveraau WM- ^-^w oi' rf*rciiiiao\ias—who 

felt tiiat practical devices aoould remain unrdcoraecl—by setting 

up as a lofty object the making oi* scientific devices for man's 
practical use.
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Throughout the seventeenth century men continued to lay 

solid foundations for sciences which would soon blossom forth 

in terras of practical application. Probably the man traho con­ 

tributed isost in starting science on its triumphant course «sas 

the Italian Galileo Galilei (1564-1642) who, in his work on dy­ 

namics and statics, combined observation and induction with math- 

enatical deduction tested by experiment, and thus ushered in the 

true method of physical research. The century was marked by the 

contributions of some of the brightest names in science, namely 

Gilbert, Kepler, Hooks t Torricelli, Pascal, Boyle, Huygens, and 

Ntfcton. The last, Sir Isaac Mewton (1642-1727), exerted tue 

widest and most profound influence. Hie ^Philosophise naturalis

?rincipia Mathernatica" published in 1687, has been considered by
9 

many tn.* greatest bo^k in the history of science* His concepts

of force, momentum, acceleration, etc. provided an excellent 

starting ground for the engineers who began to translate theory 

into practice in the latter part of th@ eighteenth century.

one of the caief advances of the seventeenth century was 

tae formation and growth of scientific societies. The first 

such society to be formed was the "Accademia Aerator urn Naturae** 

at Naples in 1560, and it was followed by two other Italian 

bodies, the Accademia dei Lincei (1603) and t&© Acoadarnia del 

Cimento (1657) of Florence. The next body of importance to be 

formed was the Boyal Society which mas ^ivon a charter at Lon­ 

don by Cnarles II in 1668, and four years later Louis XIV gave 

official recognition to ttie Academic des Sciences at Paris. 

Lagging somewhat behind was the Berlin Academy milch did not 

receive its cnarter until 1700. In tae early years those



societies gave ??cant consideration to civil engineering, but 

towards the latter part of the eighteenth century the relation 

of engineering to science came to be more and more recognised 

by the societies, especially in England. Also of great impor­ 

tance during the seventeenth century were the various inventions 

which made the measurement of length and time exceedingly more 

accurate than aad ever i^een possible before* Ttiis advance was, 

in turn i reflected in improved surveying and better maps.

TH3 HISS OF T'^ ™^NI3BS — TH3 Idtn GBMTUBT

Though the seventeenth century is looked upon chiefly as a 

period of scientific speculation! it also narks the early begin­ 

nings of modern civil engineering in Franc©. It was during this 

century that the old %man roads were unearthed, a discovery 

which hod far-reaching effects in the development of the road 

in France. 3ven more important was the rise of the barge canal, 

encouraged ty tae ministers Sully, Hlcnaliau» and Golbert. • Again 

it was a strong government seeking to increase its strength by 

means of public works which pushed these lines nf transportation 

rapidly across tae country. AS tae seventeenth century drew to 

a closet it ^ae evident tnat trie foundations were in tue making 

for what subsequently proved to be tu© great engineering tradition 

of the Frencn.

Recognition of the need for trained civil engineers was 

signalized in France by the opening in 1760 of the first engin­ 

eering school in the world, the Scolo des Fonts et Chauaseee. 

The school was the outgrowth of earlier institutions vuhich
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dated baCK to tae founding of the Corps d«s Fonts st Chaussees 

at Paris in £716. Hera for the first time was a aysteaatic at­ 

tempt made to derive empirical data £r^, past construction work 

in order to build futura structures more efficiently. L&sentially, 

of course, engineers had always built in this manner, but here­ 

tofore the empirical information was stored in men's heads and 

little effort was made to arrange it scientifically. Thus tae 

ttabit of experimenting, tainting, and drawing conclusions as 

practiced by the seventeenta century philosophers and scientists 

began to bear fruit in th® practical world. The Corps concen­ 

trated its efforts mainly on masonry bridges and permanent roads. 

Before the century was out the Fr@ncn bridges were unexcelled 

anyvihera in tho world and the French roads had reached their 

highest pttak of development since the time of tiie Bofjmns* The 

eighteenth century in J&Yance also saw a continuation of the wor*c 

of trie brilliant Frencn matneraaticians who laid raucu of tbe 

tneoretical groundwork in mechanics and hydraulics, ^ariotte 

and James Bernoulli of the seventeenth century wore ably followed 

by Daniol Bernoulli, Parent, Coulomb, and Oirard of tae eighteentti.

Across the enannel in England a new class of engiaoers also 

began to rise in tne eighteenth century, but tney differed some­ 

what from their theoretically trained French counterparts. #or 

the most part>the early Siglish engineers were blaclcsniiths, wheel* 

wrights, masons, and the like, definitely ^practical" man and 

largely self-oducated in tae field of scientific principles. 

Generally speaking, these men progressed empirically, and scien* 

tific principles followed rather than led their inventions. In 

A few eases, of course, they were men of science in addition to
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being men of "practical" outlook. Uoet noteworthy in this class 
were Sraeaton and Watt t who proceeded from scientific principles 
to practical achievement and viea versa. The most important of 
the practical inventions of the century was tue steam engine, 
first put in a usable fora for pumping water by Savery in 1693 
and shortly thereafter improved by ^awcoman. Its early use was 
confined almost exclusively to the pumping out of mines, but 
when James Watt made it into & raacnin© of reasonable efficiency 
in the last quarter of the century a wuole aew world of power 
was opened. Up to this time the English textile industry had 
found its rate of spinning hampered for want of a more efficient 
prime mover than the water wheel* Merchants and traders were in 
the position of being able to sell tueir products more rapidly
than if? Cvuld be flu^ufacturttu § - for .Britain's co.a«aand of the seas'Of 
had brought hor immense overseas markets which clamored for .i&jg~
lisb manufactured goods, ^ith the introduction of Watt's engine 
the old "mills* «jer0 soon converted to steam, and new factories 
sprang up in places formerly by-passed because of their lack of 
quickly moving streams. The total effect was to increase pro­ 
duction and to accelerate the movement of workers from their in­ 
dividual spinning wheels at home to those at tiie factory. The 
whole tiling was like a snow ball rolling down hill; factory sites 
became towns and towns gr$w into cities t a factor which brought 
new calls on the engineer.

The risa of industrialism brought a new point to light— 
transportation was hopelessly inadequate. The problem was solved 
initially by tha introduction of canals. Unglishraen had long 
been accuetoraed to using their navigable rivers for trade, so
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it rcas not an entirely novel idea taat they ehoulct resort to 

canals to move both raw materials and the newly manufactured 

goods, fhen it was fourfcd that a canal eould be a commercially 

found investment, the rising Itidu?? trial class proved full o£ 

ready backers, and from about 1760 to id30 tfcie oanal reigned 

supreme in the transportation field in Britain. Topography 

and climate proved favorable for thitJ type of construct ion, and 

it was in this field that most of the early civil engineers re­ 

ceived tneir initial instruction. The very nature of tue work 

gave thorn not only a good background in cutting canals ana in 

erecting waterfront structures, but it aleo stimulated the con* 

struction of bridges, aqueducts, and tunnels. It was a training 

designed to stand the profession in good stead as increasing de­ 

mands «?re placed urnn it in tae nineteenth century, rae demand 

for better transportation was also raflooted in the e&ergenoa of 

the trunplks roads. Like the canals they were t&e product of 

private enterprise, but unlike the canals they received little 

praiso during the eighteenth century; indeed, most of tiiatn de- 

sarvad all of the verbal abuse they got. Little attempt was 

made on the part of turnpike trusts to secure the services of 

competent engineers to direct the construction of these roads, 

and the results showed it* Mo real progress was made until the 

early nineteenth century when John M f Adam introduced the relatively 

inexpensive broken stone road* His method rapidly found favor 

in Britain and soon became popular all over the world.

Though the eighteenth century looks rather barren of scien­ 

tific achievement -m^n c^ par ad with the century vthicU preceded



(and followed) it, the same cannot be said of engineering. In 
France and in England— the main centers of engineering activity 
in this period — the scientific man faded somewhat into the back­ 
ground but tho practical men came to the fore. Mot only did a 
class of "civil" engineers as distinct from "military" engineers 
arise, but even in the array the duties of engineers became more 
sharply defined. Th* Corps de G*nie» founded in 1690 by Vauban,
merged '^itft the artillery in 1755 for a tino v but it soon con* 
fined its functions to engineering as m now know it. After Uie 
rebellion of 1715 the artillery and engineers of Britain w*r« 
separated Uy royal warrant (1716), but they remained for a time 
loosely joined together under th© .Board of orteance. In the 
United States artillerists and engineers were grouped together 
in 17C4 *uid »er a &*p&rat&ci in "iSG£ wben tiie Corps of Jsngineers 
was organized at ^ect Point* Military and civilian engineers 
alike turned thoir attention towards roads, bridges, and harbor 
works during this period with a vi$or unknown since Classical 
times. Impressive though these beginnings vner®, they viere but 
the first trickle of what nas to become a flood of technology 
in the nineteenth century.

MQDJ3HH CIVXL

The point at iuhich civil engineering entered the "modern 11 
stage is | of course, an arbitrary one, for no clear-cut line 
can be dra*n separating the old from the new. Perhaps our besx, 
course is to observe whan civil engineers tueaiseives deciaeu 
that their calling was noble enough to warrant recognition as
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a profession. This decision was represented, in the main, by 

the formation of the professional societies which came into being 

in many countries throughout Lue cours® of tho nineteenth century. 

First of tfcese was Great .Britain's Institution of Civil i&igineers, 

established in laia and incorporated in 1S26. Prominent among 

those which followed tho British lead were the l^aatschappi ter 

Sevordering der Uouwkunst (1^43) of Holland, tiie Association des 

Ingen (1847) of j^lgium, the Societe des Ingonieurs Oivils (1843)

of France, the American Society of Gitril Engineers (1657) of the 

United States, the ver* Deutcner ingenieure (1357; of uerroany 

and Austria*rtungary f and. tho 'Jo dote degii fn&enori (1S66-70) of 

Italy, The same period saw tne rise of the technical school—

tue ©ngi near ing colleg©~~waich vsas to play suca a large part in 

fusing the artisan and tae scientist into a new product, the

modern engineer. In Europe tne instruction was largely carried
/ 

out undar government bureaus as in the ease of the Bcole des

Fonts et Ctiaussoes, or under professional engineers as in ta©

case of tne *:!0cnanics Institute,* founder in 1823 by 

Birkbeck at Olasgow and London* In the Unitod States tne tank 

fell largely to professional educators and educational scientists. 

The first truly civilian tecanlcal school in America was the one 

founded at mwdoin college, Maine, by jaenjaain Hal® in 1828, but 

it lasted only tan years, two years aft^r stale's start Stepaen 

Van Rensselaer founded a school at Troy, New York, for teaching 

"the sons and daugntere of farmers arid mechanics'1 the application 

of science to rtagri culture, domestic enconomy, the arts ana man­ 

ufactures. * General engineering soon entered tne curriculum,
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followed by civil ^siuewin^ in Iu29. This college along

witu -A'est roint tfcan furnisaed all the nativo scientifically 

trained engineers in tno country until t&e middle ox tas con-

tury.

vlncoura^ged by tneir government, French engineers of too 

eigateentla century nad reacned a peak of acaieve&>ont in t&eir 

profession unrivalled by tnat of any atiier nation. A combina­ 

tion or factors wnlcia included .uritisb sea power, the invention 

of tke spinning jenny* and tfce invention of tne stefiia angine 

acted to bring engineers in .Britain along rapidly during tuis 

time so tuat as tne nineteentn century daw-"ied., tae superiority 

aeld by taa French passed to tne uritisu. Tho uistory of tne 

early years of modern civil engineering—as wa aave definsd it-­ 

is, tt*9r**fare t largely a uidtory 01* tr«o ascoinp^.istments in 

isritain. It starts \iith Taomaa Tel ford (1757-XS34), first jres* 

ideat of the Institution of Qivil Engineers. Like most of tu© 

engineers of tne day ais formal education was sliglit, and tie 

began «ork at an early &.ge as a mason's apprentice* Tarough 

native intelligence and diligent self-education Telford raised 

bimself to a position wftere lie was regarded as tua most eminent 

civil engineer of uis tinae* His influence was felt in every 

part of i>ritain and in many continental countries as well, for 

tie designed and supervised tae construction of numerous roads, 

bridges, buildings, canals, tunnals, drainage systems, and uar- 

lors. In fact f ne engaged in every type of construction known 

to tu« civil engineer of taa time nitu tna oxception or rail­ 

roads, and be was well past nis prirae wiian tiiey bogan to emerge.

rii* name survives in a type of road construction and uis status
stands
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in Westminster Abbey, bat Uis memory i« evan better senrea by 

a living orgarusatiort vialcft points with pride to aim as its 

first head. Mo man was more eminently qualified taen tie to lead 

civil engineering in its first official footsteps from taa realm 

of a skilled trade to trie full dignity of a respected profession* 

In xelford's declining years the steam engine, «hiah was

rapidly Bringing about a revolution in industry, extended its in-
ttie 

fluence to/transportation fiald. Horse-drawn railways had long

been xno^n in mining circles, but tha introduction of tae 

locomotive su^.o^ted to men of vision the practicability of a 

transportation service never before dreamed of, and Cteorg* 

Staphenson*® "iiockat'1 saowea 1.3 tae Itaimiill trials of ld£9 tnmt 

t^.o ^teani locoraotiv© *** now raady to take its place in tae com- 

marcial rorld. Tae opening of the Liverpool, and Hancrnister rail­ 

way in ttie following year signalled t&e beginning of tne mile»ay 

Age* Tno sama factors wnicn a ad acteci to popularize .-; ...:. s almost 

a century before—climate, topography, waaltr*, tecttnioal ability, 

and O'-^mercial incentive—again came into play. Canals aad been 

satisfactory in their tim®, out tue flood of goods union 

to ffiovo in tno early nineteentri century practically

LacK: of centralized control in tn^ early building period 

resulted in canals of varyi^ »ise being liruced %cgetuer. 

L'nis lactc of uniform ^nale meant naturally taat a faaximuja ef­ 

ficiency in barge size and loading could seldom b« achieved. 

It \aas only one of many faotors wtiicn pl&yed a part in sounding 

tne death knell of tn® canals as railroads ( ?ally overtook 

and all but oliisinatod tnera, Probably its greatest importance 

lay in tne fact tnat it served as a valuauia wesson to



builders of tr** railroaan vmen t&e problem of one or many gauges 

aad to bs faced. Tae outc?n«, of course, was tho adoption of a 

standard gauga on xangiisii main linos—& gauge #»iica was subse- 

^uently adopted on * majority of main line$ throughout the world.

Not only did the railroad c-n^nge the face of the country­ 

side 9 it materially affect ad t&© progress of civil engineering 

as well. Trie art of tunneling advanced once more! as it had 

during tiae canal boom* drilling and blasting techniques w«r» 

improved and tuo wani^el saield appeared. Aigineers began to 

burrow under rivers and under cities already built in order to 

permit their trains to reach ever increasing markets* With the 

development of the subaqueous tunnel carao the use of compressed 

air and a fcnowleuee of how to us@ it safely. This knowledge was, 

in turn, incorporated in foundation work, especially in the case 

of bridge piers. Here mar© krs^ledga and experience was accum­ 

ulated and returned again to the tunnel men. The increasing 

train loads also brought about a change in the design of bridge 

suparstructuras* Hitherto masonry arch bridges uaa ssiood for 

centuries, capable of withstanding the normal punisnsaent of man 

and nature, Ttiejr continued in use In the early days of the rail­ 

road, but it soon became apparent that masonry construction 

•*ould reach its economic limit lone before that condition was 

raacaed by the track, locomotive, or other rolling stock. Clearly 

some new material or some new principle of design, or both, was 

needed in tne railway bridge.

Iron boilers for the locomotives and iron rails for the 

tracks—it was only a matter of tirao beforo iron bridges would 

take their place alongside of the other pieces of iron equipment



on the railroads. The manufacture of oast and wrought iron had 

bean slowly improving throughout tho eighteenth century, and ae- 

mand increased with the years. Despite this improvement, a com­ 

bination of quality and quantity was lacking until tha latter aalf 

of the nineteenth century »5tien isesseraer and Siemens-martin steels 

caiia on the market, Some iron railroad bridge® were constructed 

during the first half of tho century but they were for the most 

part, modest pioneering efforts, noted neither for thoir structural 

nor their aesthetic qualities, Of special significance was tUe 

development of the bridge in America at this time* Vast quantities 

of timber readily at hand made the development of timber framed 

structures only natural here, with the result that a new struc­ 

tural type, the truss, was popularized and perfected. Slowly 

iron be-*an to replace timber in the truss until at last (1345) 

the all-iron truss railroad bridge was a roality* The challenge 

provoked by the railroad had been answered by the production of 

a bridge which combined both a n©v* material and a new principle 

of design.

Tunnel and bridge construction were but two of the many 

sections of civil engineering tremendously influenced by cast 

iron and the steam engine «»riy in ttie nineteenth century. The 

increase in trade and industrialisation orougtit an increase in 

towns and an increase of populations, thus rendering obsolete 

the older systems of water supply designed for relatively small 

numbers. A solution to the pumping problem was found by the 

introduction of the steam engine, but this in turn raised the 

question of where to get a suitable pipe which could contain 

the high heads produced by the new machine. Cast iron, whieh
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had nude the steaa purap possible, once wore proved itself the 

answer* Mr sooner had tho method «f supplying an adequate amount 

of water to a large community been established, however, than a 

further problem—that of a pure euppiy-.&roae. Initially, before 

the eerrr. theory of disease cam© to be generally accepted, water 

treatment was designed simply to inprova clarity^ taste, and odor. 

AS «itb most other significant advances in civil enfflnoerlnif! of 

the period, the first full-scale filtration of a municipal supply 

was carried out in Britain in 1889.

As had been tha case before, howeve » solution of on© prob­ 

lem merely brought others to t&a fore* Supplying and clarifying 

the water w^s only half the job, getting rid of it ; f t ?r it had 

been used $as the other. Haphazard drainage systems had seemed 

sufficient whan to^ns siere small and uhere privy-middens could 

be used almost Qxclusively for rnste without undue a.nnoy<-.:• <>^* but 

the rapid expansion of the to^ns in IStoglane! in the nineteenth cen­ 

tury was accompanied by intolerable sanitary conditions 

could not be overlooked by social reformeri5, doctorsi or 

©ers. rh© 1S44 Keport of the Commission on the Health of t' 

shocked the nation into activity 9 ana rosultad in tue gradu 

adoption of the water carriage system of sewage disposal. In 

most cases the ra« sewage was simply carried to the nearest 

stream or body of miter and d'jmpoeU Mere n a na« problem 

was created, for the pollution of rivers and streams vias accel­ 

erated as a result and potable water supplies were tiireatanad* 

Thiy called for renewed efforts in the field of water treatment 

and a neaer approach to the sewage disposal problem in the latter 

half of the century.
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Moat solutions to previous problems coming under the scope 

of the engineer had been found by tfta further application and 

extension of engineering principles, but the water supply and 

sewage disposal questions #era found to have other roots in tae 

fields of medicine, chemistry, and bacteriology, flany of tae 

same factors «mich had been responsible for tne advancement of 

engineering techniques acte^ *n these fields, and now all were 

joined on common ground, *ne contributions of Pasteur, Koch,
*yQj&

and others in showing how diseases oould be transmitted, threv<? 

a nea light on the '^holQ matter and led to an increased appre­ 

ciation of tae necessity for adequate and safe supply and dis­ 

posal systems. ^Experiments on wat*»r treatment and sawaae die-* 

posal proceeded side by side, v»itb tae result that an advance 

In on*» f«$ld b ;3Qa.w«* an aavanoe in the otiier. The 1 attar part 

of the century witnessed extensive trials wltn cnomicaiss and 

Y*ith various types of filters, and by the end of the century 

the b^sic proW.e-Ti of providing proper sanitary facilities for 

large populations had been solved.

A great part of ^gland»s expanding prosperity during ttie 

nineteenth century naa due to ner supreraacy of the seas e In the 

final analysis, a fleet—if it is to remain powerful—must have 

excellent shore facilities to service it» 1'husi the civil engin­ 

eer was identified with yet anotuer phase of material progress, 

for ha was called upon to erect the harbors and docks and all 

manner of waterfront works to service this ever-growing fleet 

of merchantmen, the introduction of steam in place of sail grad« 

ually brought abnut the construction of larger vessels, and this 

in turn meant greater improvement to waterfront structures.
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e gained in tuis typo of work combined •#! ta u;at of 

drainage, irrigation, water supply, aim sewarci^a brought forth 

the same sort of Interchange of ideas with mutual benefits re­ 

sulting a& aad been the ease in sr> many otber phases of ongin* 

earing pro^reya. '«ith ais increased hydraulic skill the civil 

engineer was ready to take on the job of building the largs ship 

canal — as •xamplifiad by that at iiues (1869)-- -wh^-i increased trade 

and tae stoamsuip made sucb a venture wortn wiiila.

i;bus far we ftava considered primarily the rise of mod©rn-~ 

i.a. ninateanth century — civil engineering in uraat j^rit&ini but 

the story is roughly the same in othor countries* Tlio industrial 

»i<0volution took place in ring land first, so it was natural that 

tne early developments in civil engineering suould also nave their 

QOBIO tu--*ra. Countries whose i^lyjjtrialisation closely followed 

taat of ^itain found theme el vea with problems v^ry similar to 

tbose of the English and t&eir metiiods of solution and their mis- 

taKes generally follo^od tne ^glish pattern* Those countries 

whose industrialization lagg@?3 behind iori tain's a great daal did 

not make> — or have to make—the siune mistakes but w@r© able to 

profit by the experience of those who preceded them, particular* 

ly WGB this true in the c»«« of town planning. Some cities la 

tu-j -3... stern United States show the satsie lack of planning for futuiv 

grovuth that is exriibited In many of the early industrial cities 

of Britain— botn having begun to gros? about tue same time— but 

most of tha cities in tjj© western United 3tates t wuicb develo] 

at a later date, show sosra thought In their lay-out, ^itnough 

town planning is older than vitruvius, it seems tc have been 

generally overlooked by most engineers, except tnose of France



in tfce weyday of nineteentn century construction, anu it is not 

until the twentieth century that we find wide-spread attention 

devoted to the subject.

Until the nineteenth century tne civil engineer was limited 

in his choice of building materials to stcne, brick, or timber— 

the sane materials which had been in use for centuries. >iy this 

tim© ne hati urought their use closo to tae econoraic and aesthetic 

limits, meaning taat further-progress would be dependent on the 

introduction of new materials. Those new ;aterials arweared in 

the form of Portland ceraent concrete and steel. Portland e&sent 

was introduced in Britain in 13&5, but decades passed before 

! }ortlar>d cement concrete reacned a popular stag©, vrteai, on the 

other hand, was adapted to almost every conceivable use soon after 

Bessemer announced the discovery of his convener in 1356* It® 

effect was felt In every branch of construction: longer bridges* 

taller buildings, greater floating drydocks, heavier trains, and 

stronger construction equipment «er© all made possible now that 

great ntinntities of steel cowid be produced economically. Adding 

iron or steel bars to concrete to obtain reinforced concrete also 

began in the latter half of the century, but it was not until the 

twentieth century that this material gained tne confluence of 

most builders.

A quick «lanes at the r^ro^th of civil engineering in the 

nineteenth century revaal/: ^rtaln obvious factors which affected 

it such ns the inventions of new machines and the Introduction of 

ne» ra.-jterlalst but closer scrutiny will show -\n equally important- 

though moro subtler-factor, the Influo.-jco of tiiou.rht s*nd duucatkon 

'39 have previously noted tne growth of tnought ubicu culminated in
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the brillian". lenUfic disci/varies of the saveTtaentli cantury. 

Jighteanta cantury thinker a turned tfteir rri--?*'nry~ nrirr> to politics 

and economics and dianrmrr.art nt ?an»Ttii on tbvj >' _ w • _ -s

of niu-i. '-nis tnourht ,,,„,,.1 carried over into the nineteenta 

cantury in the fora of practical Christian societies devoted to 

tne principle of raisin,: tue stazKk-.rcis of livt-ttg of t£o under­ 

privileged. In heeding tho demands •-f these groups? f ^-c-'-ty 

called on tn« en.??ln^er to 1230 his .in/ronuity and, aKill to bring 

about material iap^ov..-.:-:,nts for this purpose. Thus, the engin- 

ig profession wae affected directly by the wave of hiaman- 

anir;r-ft (an.:, coi-arnercialism) wuicu uogan to 8¥geep over the 

rn «orld at this time. Indirectly the profession wae af­ 

fected ev*i mere. ~T;.e result of the reform w^y the establi jnt 

cf s ^r»-i*9r nuistrr t<f regular edutationel institutions than aad 

ever bean known before* a&ucatlon was no longer far the rich 

and privileged alono, it was r&pidly coming to be r@gardad »s a 

birthright of the comm^^ ^an» Accordingly, ^-rr -; ^^r,i A took *n 

active interest in tae over-incceasing fields of Knoviledge open­ 

ing up on all sidas. Slowly, isolated scientific bits of feKn*~ 

led^e came to be fitted together and r6~ex&nined in relation to 

the whole of tne physical world* Mathematics moved rapidly from 

the realm of abstract tho-jry to that nf rsrncttc.^. ,1-nr"1.icatlon t 

r.nd the study of the strength of materials increased in trapcr- 

tanca proportionally. Almost imperceptibly theory and engineer­ 

ing practice were drawn closer and closer together, until finally 

the two were Inseparable, i'ne uniting -•* *•••.•: t '-. \^s pointed 

out by r^aquorn tflanfcin© **"• HThn ^ansiony betv^een 'inc^'r^ n^^ -' 

tice in the science of jsngini>^r , t f *» an addresn &$ delivered
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appointed to tho Ctaair of ^gineori?^ at i/laager; Univer­ 
sity in 1855. In place of the theorist of u. •^vcntoentii c0n- 
tury and tna "practical" man of tha eignteanth century stood a 
new figure of the ninateentii century, tho arsrine^r—rtciontifically 
trained to accomplish praoti-, . -.jndc.

This brings us to the question of just w&0n the en*iat*r 
ceased to worlc by rule of tn»j»»b ancl v*a£ able to predict and plan 
his results by the use of scientific laws and mathematical rea­ 
soning* Strictly speaking, rule of thumb has not yot disappeared 
from engineering an ©very engineer knows* The designer who adds 
on that safety factor and tne construct!:-' •• :--erintondent wao 
adds a little more water to the concrete mix moraly affirms tnat 
engineering ftas not yet combat sly passed ^^ f,hr- roalm of science 
bat still r&nains 3oneth.Uig ;>f arj urt, :isv^rt: -via^, no modern 
enginoor will build a work of any appreciable size without a sot 
of plans which are dariveu from scientific laws an<3 matiienatioal 
reasoning. *7;-iat 110 really must decide taen,is «»io:i tbo em ,j hag is 
in er ' -arin^ design shifted from calculations based on rule 
of thumb to those based on truly scientific principles,

Actually, the tin© when tais shift in ompnanls became sig­ 
nificant did not coincicl® with the beginning—as wo have defined 
it—of modern civil engineering, we have previously associ^^d 
the beginning of modern civil engineering with the name of Tel ford 
and with the incorporation of Great Britain 1 ® Institution of 
fivil ISngineers in 1.B23—the time wften civil engineering Cisme to 
be formally recognized as a profession both by its members a*i:i 
by the outside ^or?.^. '\t t'^ timo of itr. recognitSon as a pro­ 
fession, engineering still had raost of its roots of design in



a?
* 

*•

"practical'* ratr*er than in sci<3;yui£ic principles* '-^ * irA middle 

oi iue nineteenth r- rt*wn*, '--^'^ : t-n -^nift to th£ . .". tic 

emp&asiR In design ha^- l>fK- a-^ru,. , ',-« i'«3 fforks, ons ,\&erican 

and the otaer French, st.:. out -a tne rest In ushering in 

tbis new ©r^ in engineering* "quire -tipple's first 'treat 

stresses in trusses (iJV/) a:*u *.-i- ..ii^ 4 - analysis of 

n (1555) njarfc^l the beginning of trul^ r^tl^n^ aM scien- 

: r*nr5rn in civil engineering. Irom tiiiB time for 1 ign 

4( out of th© nands of tt;e "practical" man into the hands of 

tuose silth scientific treinlng, arid progress in the proression 

Isap^cl forward, at an astounding pao© Curing the latter half of 

the nineteenth century.

Notable a» were the engineering accompli aliments and c 

I". th<- nineteenth cer>t»rj"^ t^ey wer» bvt a prelnde to the wonders 

b-hich were to be wrought in the twentieth, ^onc^ete «*ua steel 

construction cllmbec" •rv"--~ f' H - ? ^5tial clumsy - ?^ halting efforts • 

to p\ «nt,tirity char^ct^ri^ftd- bv ec^namr and beauty. Trie growing 

tempo of-city life d«s; •.'-. more. \'v,i better services i?? trans­ 

portation 9 publie health* and ooiamercial and private structures. 

Larger flood control pr^^ecit^ ui^er.dasiSi and mora complex 

power nouses v*r* r.v® civl1 engineer«F ^-^^t.ribution as electri­ 

city becano K part of evory*d&y life* tne am©rg@nco of 

tfce automobile| bo^ever, provo-ked ttia b*. ;t rospcnso of all 

from civil engineering* Itu introduction was to th© tvventietn 

century r/nat t&0 railroiiu ucui been to the nineteenth arvl tha 

canal »*, the ei^bteentin* Iho old eyster '*yjl* road-makini.; was 

cut: new materials and ne-s techniquas were needed to cop® viitb 

this latest veiaicle to take tne road. Not only w©ra roads af­ 

fected, but bridge and tunnel design came In for radical revision
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Me* designs for lighter loads meant further experi -ing 

uitaarto unsatisfactory or undiscovered materials.

tilt influence or tae automobile and tne road on tae lives 

of ordinary eitiaent. uus been tremendous* Like tne r&ilro*a» 

subway, and tram-car it nets enabled people to live at some dis~ 

tanue fro.n tooir worg and yat commute c<~ . .. . . . :y oaca aay. *s

a result , citios tiave gradually spread out as successive waves 

of fut'itives from ta« factories nave settled down in r$lativaly 

uncongo steel residential suburban areas, fresu farm produoo f 

Tsrougat long distances frocj toe country, nae l?ec«wa normal fare 

for tne avera«s* city -dweller, and few tninte it extraorainary to 

travel miles for a simple day's outing* It As clear .from ^uat 

taer.e f o - ox^iiples tnat a profound change uas oeesi brought abouv 

in & aaXf i c^n^qry in t«i* liv^s and aabits of Ine popple served 

fcy taes© niaans of transport. Small wonder tiiat ?vt Air Age en-* 

tausiasts predict -sweeping caangee in ta* world of the future* 

H©r« agiiin tue civil engineer is primarily concern -3d 9 for uia 

it, uae responsibility for d^yi^nin^ uiic: buiiuing tuo runvays 

and airports. Clearly the profession nas cor*tinu«d to move wita 

the tifaes, for in ©very &$* tiie civil engineer has been involved 

wnerevar any carrier runs touoaed solid ground*

Facilitating every type of t,r «ort t be it on or in tas 

lariu f ^8a t or air, ne.s alytiys uyuri c-.'io 01 taa primary runcwiorus 

of civil engineering througnout its long History, Tae influence 

of transport in s> ; ag tn© political am economic world aaa been, 

of ccur 30 great as to almost defy description* Vi^uoyt roads 

or aarbors or airports one!, tno appropriate carriers to use tnem, 

civilization— as known by ttie western worlci—^ould soon vaniao.



The movsjiient of rars materials to tuo factories would fed cut 

off, industry would stop, trade would dia, citj populations 

would starvef governments would fall, and aaarcr*y «»U.LU reign. 

trua, nation would lose tnair ability to nagts war on one an- 

ot&ar, but taen nations as suca would soon caas© to exist. 

7&® clock \63iild be turned back si^: thousand years as man re­ 

turned to t&e primitive state* Portiaps tais picture it some- 

Baat overdrawn> but it doos sar^e to dnvBatisa tue contribution 

of tao civil engineer in tne siiapin,-; or tae modern ^orla. In 

a similar vein se can well imagine tae fate of citios mr& tiiey 

d&r>rivo"J of tasj ffater supply and sewerage systems wUicti aavo 

mad© ttieir tiafo growth possible. And wno i7ill cl^ny tn® ma van- 

to uijiiitcina ciarlvad from tno drainage and irrigation of 

es* ft ores of formerly wcrtnlosr, Xar,<J? 

Briefly then, we have noted trie inHu«r«cs of tuo civil 

eer on nis environment i but there ie a furtfoet* point to 

be consi<SQrc>v--tne Influence or tus environmont on tao civil 

e©!'. In ©very case of outstanding engineering acnieve~ 

tna ra?na factors Have teon in evidonco. First of all, 

topograpfey has been favorable in initial instances 9 teuga enough 

to evoke a response, tut gsntle enougn to be overcome. Aided 

^y -^neir inoretisod Gonfiaenc© ana guided 'by tuoir p&at exper­ 

ience, engineers fr-:?P: a countr^ -^.^'•:• *JUCR topograptty have been 

able to go into areas of increasing topographical difficulty 

and master conditions wr*icia would navo been impossible to master 

Had tfcey attempted to lay tue foundations of ttieir s&ill taere. 

Tlie effect of cliaat® i::aa uts-an similar* rructically all engin­ 

eering knowledge nas originated aitr* people from temperate
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climates wno nave neither aeon all but overwhelmed by arctic 

blasts nor enervated by tropi ., u^e**. Anotaer decisive factor 

Has been wealth, both in trie form of workable materials and in 

the form of financial backing. The first depends on nature, but 

trie second may stem from government or private) enterprise. Re­ 

gardless of tho source of trie financial backing, However, govern­ 

ment must be regarded ae another factor, for only under relative­ 

ly stable political organizations has true engineering progress 

been made. Commercial benefits have provided much of the in­ 

centive in engineering, but a great measure of credit must also 

be given to tnoee men of public spirit who have, with no thought 

of financial gain, labored to make this a better world in wnicn 

to live. Th© combination of all tries e factors has en coy raged 

engineering development where ta© seed of rational thought nas 

been firmly planted. From thought ha; come knowledge, and from 

knowledge, power —power of man over nis environment. In the 

final analysis, tne effect of the engineer on his environment 

and the effect of the environment on tne engineer cannot "be sep­ 

arated. One lias continually acted and reacted on the other until 

cause and affect are hopelessly intermingled. One fact emerges 

clear, nowever; the an^ineer has played a leading role not only 

in changing tne faca of the e-rth bat in shaping tbe destiny of 

nations and of man as well.

Let us now turn to a mora detailed account of the various 

works of civil engineering imich have brought about such a change 

in our world.
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MATERIALS AND UUiLDIMG CONSTHUCTION

Timber

ttUS — The first type of construction used by 

man to shelter aim from the elements will always remain a matter 

of speculation i for evidences of such & flimsy structure, as it 

must have been, have long since vanished. It is very likely that 

once he had moved from his shelter provided by nature the prim­ 

itive dweller — influenced by the cliraat®— built a cave in imita­ 

tion of natural caverns or a shelter of twigs and mud in imita­ 

tion of the birds. Huts made of forked sticks connected by 

interwoven twigs and covered with mud were soon Joined by those 

m«da of lumps of dry mud covered with reeds and leaves* Having 

succeeded in nis primary object of providing shelter, the build­ 

er's next concern was to raafce nia protection more efficient. 

rnus appeared tue sloping roof, peaked with mud, to carry off 

the rain. As materials more durable than tmi&s and mud were dis­ 

covered, the art of building progressed; huts became houses, 

temples ana palaces appeared, and man passed from the barbarous 

to tne civilised state*

03^3 OF T12U*JH — Owing to the perishable qualities 

of timber, we have very few examples of its use in building con­ 

struction prior to Uotnic tiraex>. It was, of course, one of the 

earliest materials used by the iigyptians, although its shortage 

in taut land relegated it to a relatively minor role. Xnat a 

certain measure of importance was attached to wording



timber, however, might be Inferred from tne fact that tne master 

of the works was often styled the "royal axe-man« w The climate 

of the Nil* has preserved many early pieces of wood w filch were 

worked by tn« Egyptians, indicating that they possessed a skill 

in joinery vmich was not exceeded in ingland until the fourteenth 

or fifteenth century. They knew dovetailing, mortising and ten­ 

oning, halving, 09veiled halving, mitreing, and housing. One 

fine example of their art is the wooded statue of Sheykh ®l~beled, 

nearly five thousand years old, wuicn ata^ids in the Cairo Museum* 

Unfortunately, from the standpoint of this b'tudy, motst of the 

pieces discovered thus far have been more in the field of art 

than in the field of building construct ion• W® do have examples, 

though, which show that they used timber in the construction of 

floors ai& flat roofs. Planking £ or SJ inches thick was fastened 

to beams 7 by 10 inches and more, and some royal tombs had beams 

10 inches square and Id to 20 feet long*

W© Know little of the early use of timber in Assyria, apart 

from the fact tnat a general use was made of palm trunks, and 

that cedar beams were used for the ceilings of palaces. In pre- 

Hellenic Greece shipbuilding seems to have claimed most of the 

wood. Almost all of our knowledge of tuis period is confined to 

the rock-cut tombs of Lycia in which timber forms have been re­ 

produced i stone. Later Greek work is known to us only through 

a few meager written descriptions. During Boman times timber 

must have occupied a very important place among building notar­ 

ial s, if we may judge trom the writings of Vitruvius. In his 

"Ten Books on Architecture" tie devoted several pages to timber, 

its kinds, quality, wuere found, ana the like. The best types



for building tie considered to be elm, poplar, cypress, fir, and 

oak, though he did not seem to be too favorably disposed towards 

oak. While he mentioned parts of a roof, the evidence of trie 

practical details is not clear, and no original Roman building 

in wood has yet been discovered to clarify the situation, Wood- 

en roofs v»ere used by the Horaans mainly for th© early temples 

and later basilicas, but the great thermae of the middle period 

were roofed in "concrete." In the large wooden-roofed buildings 

fireproofing was accomplished by carrying up the stone walls be­ 

tween portions of the roofs.

Again little is known of timber roof construction in Byzan­ 

tine architecture except tnat wooden tie beams were used largely 

to resist earthquake suocks. In the Arab world the Saracens in 

igypt encountered tne same scarcity of timber experienced wuon 

tu« Pharohs had ruled tho land. During the seventh century A.D. 

the Arabs imported woods from India to Mecca ana from Cyprus to 

Jerusalem, and in later years oak ana pine came to Cairo from 

Turkey, fooden tie beams were largely employed in the arcades 

of tnair mosques and flat timber roofs were not uncommon. One 

fin® example of their use of timber still exists in Cairo--the 

ninth century mosque of Ibn Tulun. Its flat roof of earth, lime, 

ana slabs rests on sycamore planks supported by heavy beams 

carri<id on corbels, and the heavy doors of this structure have 

been pivoted on wooden pegs 3 .inches in diameter.

As they had in Byzantine times, wooden tie beams appeared 

in western JSurope once more during tne Romanesque period. Es­ 

pecially was this true in construction wuere tue walls carried 

barrel vaults imbeuded at the springing l*v«l. Very often



craftsmen of the time employed arenas vihero modern constructors 

would eroct roof trusses. Tna upper rubble surface of early 

vaulting vias often protected by rafters supported at their cen­ 

ters on the back of the vaulting. This stylo gradually gave 

way to plain and simple tie-bea;n roofs and prepared tho way for 

the more elaborate Gothic roof structures of tho niddl® Ages.

The flat Roman pitch was gradually increased to meet the dim-
1 

atic conditions! but it never exceeded 45 degrees.

SFTtf I'ODISVAL TO MODSHN TIMES -- As the Gothic style of archi­ 

tecture spread across 3urop« stesper roofs cam© into existence, 

varying from a pitch of 45 degrees to ons exceeding, at times, 

even 60 degrees. Timber roofing was of tor. used to cover vaulting 

as it had. in tcio Ron&nosque period, but it, no longer r as tad on 

the back of the vaulting as it had previously. It'hero this styl* 

was usod the roof stood entirely cl^ar, without a tie beam but 

with a system of diagonal bracing instead. Throughout the Middle 

A£9S it seamed that designers tried to avoid the unsightly tie 

beam, subs .itutin-- forms less structurally sound in order to gain 

a greater impression of height in the interiors. Despite this 

attempt at avoidance we find th© tie beam very much in evidence 

throughout all periods from the Norman to the Perpendicular. One 

particular point worth mentioning about this type is the fact

that vit> beams during tnis time wera r arelv horizontal but were
8 

usually cumbered,

Brand on in HTho Open Timber Boofs of the I'iddle Ages* 

(London, 1^49) considered that roofs of the period could be 

divided into four types, drawing his examples from various
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churches in j£iglend. Tne tie-beam typo already noted was well 

illustrated «t the >Jortii tfalsaffl Churcu in ttorfolK. Trussed raf- 

ters were anotner major type as exemplified at the £Ly Cathedral. 

Structurally imperfect but giving beautiful results was the tnird 

stylei the uarnmer-beara roof, often described as "an imperfect tie 

beam of wuicii tna middle part has been removed.** Tne interiors 

of many medieval ualls such as those at Westminster (1399) and 

JlUium still snow tue beauty inherent in this type, although 

many have since bean strengthened with iron tie rods* A sim­ 

plification of the hammer beam resulted in a fourth class, the 

collar-braced roof t as constructed at the 3t. Mary Magdalen 

Church, Pulham, Norfolk, Curved braces and brackets in roof 

construction continued to be used in England well into the 

seventeenth century*

Generally speaking, ttio Renaissance brought no striking 

innovation in carpentry in Italy, although the bold projection 

of eaves was a f eatur® oir tfte times* Italian roofs still re-i
. /

mained low-pitched, but stosp roofs continued to be popular

further north, especially in France where dormer windows became
/ | 

characteristic, the hijgb~pitched roof, cut off flat or nearly

flat at the top, aaaii popularized by the French architect Fran­ 

cois aans&rt (1596^1666), but neither he nor hid more famous 
rsepusw, Jules H* ££&a$&rt (1646-1703), can be regarded as the

/

inventor of th$ Hansard" roof, used by Lescot, at least, long
*T ' 'O . . ^

before. Jos^pii., Moxon»s "Mccftanite Exercises, or tue Doctrine 

of Kandy Vcrfcs ,**: begun serially in monthly parts in 1676, gave 

many points on building construction consistent with modern 

practice, i'here! were differences, of course, notable among

I
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them beiny; the use of neavier timbers then and the practice of 

always tapering the principal roof rafters from plate to ridge. 

Everything considered, riowever, the technique of working with 

tinber was Highly developed by that time, and there is now little 

to be found in a modern carpentry book vmicn is less than a hun­ 

dred years old. As it has through the ages, timber still finds 

its main structural use in roofs and in floors. In uncongested 

communities where danger from fire is not too great and where 

timber is in abundance the nearly all-wood house remains very 

much in evidence. The main development in modern times has not 

been in the structural field, though, but rather in the field 

of wood preservation.

&OQD PJ&a&aHVATIQN — Though modern wood preservation may proper­ 

ly be said to date from the days of the wooden ships and rail­ 

roads of tne early nineteenth century, attempts at preservation 

were made long before. In nis "Treatise on building in ^ater" 

(Dublin, 1776), George Semple mentioned early attempts in Italy 

and Holland. He notsd that the Venetians burned and scorched 

timber in a flaming fire by turning it on a spit until a hard 

black crusty coal was, formed on tne surface. The Dutch, he 

founa, coated their timber with a mixture of pitch and tar and 

tnen threw on a powder consisting of crushed cocfcle and other 

shells mixed vuitb sea-sand.

The first experiments in this field seem to have been con­ 

ducted by tne Jnglisn, i»Yanch, and Dutch in the eighteenth cen­ 

tury, often with very unsatisfactory results. Bichloride of 

mercury, or corrosive sublimate, originated with itfilhelm Homberg
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in France in 1705, but it did aot achieve any degree of popular­ 

ity until patented in England by Joan H. Kyan in 1632. Tne use 

of zinc caloride, wuich received tue name of .Durnettizing from 

tne tfnglisa patentee William jaurnett (1773-1661), was first used 

extensively by ^ritisa snipbuilders and by tae engineers who built 

the first French railroad. Copper sulphate was tried as early as 

1767 in France, but it was not used at great length until applied 

to the ties and telegraph poles of trie early railroads. The 

names of tuo men stand out prominently above tae rest in connec­ 

tion witn this process: the first, Auguste i>oucherie, French 

physician and chemist, and the second, the iinglishman Margary, 

who patented the process in 1337. A fourth process, the use of 

heavy oils of tar for preservation purposes, was tried in England 

and America as early as 1756 but witn indifferent success. In 

1632 Karl Heicnenback, a German manufacturer, prepared a power­ 

ful antiseptic from wood tar wtiich ne called *Kreosote* * itour 

years later Franz Moll patented a cumbersome process which used 

ligat and heavy oils of coal tar successively, and he, too, used 

tne term "Kreosote* to designate the heavier oil. Then in 1636 

the itaglishman, John Bethell, took out a patent covering eight­ 

een different substances. Among tnem was the description of coal 

tar tninned down with oil distilled from the same substance. It 

was this patent which formed the basis for the popular modern pro­ 

cess of creosoting. In tae early days of the process creosoting 

was simply a hand brusa operation but open tank immersion soon 

followed. In order to improve the preservative qualities the 

pressure and vacuum processes were later introduced.

The above named processes enjoyed the most popularity, but
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t&ey were by no means t&e only methods tried during the nine­ 

teenth century. Coating with a kind of varnish, carbonizing 

tne outer surface with a lamp flame, and impregnating .vita two 

reacting Chemicals such as nydrocnloric acid and water glass 

were all given a serious trial* Despite tne various scriemes 

wnicn were brougnt forward, however, no completely satisfactory 

preservative appeared* So even today the modern engineer still 

looks for the answer to the age-old problem of. how best to pre­ 

serve his structural timber.

Brickwork

tfGYTPT Ai\D MESOPOTAMIA — resides granite and limestone the 

Egyptians nava always bad at least two building materials avail­ 

able: viz., ttia mud wasaed down from Central Africa during ttie 

annual inundations and the trunks of date palms. Inasmuch as 

the date palm provided the laborer with half the necessities of 

life, he was reluctant to use it too generously and so turned to 

the use of dried mud* Initially the mud was used in a wattle 

and daub style, after tne fashion of birds* nests, but wiuti the 

passage of time sun-dried mud bricks, toughened by the addition 

of chopped straw, came into use. Workers' marks indicate that 

these bricks were dried in the sun after molding and before lay­ 

ing. Their sizes varied greatly, being at least 4 inches thick 

usually, with a width equal to naif the length, bricks used in 

arch construction—which was rare—were thin and flat, those 

found at Ramesseum measuring 14 by 7 by 2 1/3 inches. In gen­ 

eral, brick size increased from the Fifth to Seventeenth Dynasties
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and decreased after the Twenty-first. Although the first raasta- 

bas or royal tombs were made of sun-dried bricks, the use of this 

material was largely confined to humbler structures. Mo founda­ 

tions were used for the ordinary buildings, but concave walls 

were sometimes erected to resist the inundations. Bven in these 

early times the builders often used a bond similar to the modern 

"jinglish bond.* The thickness of bed-joints hardly ever exceeded 

2/5 inch, and layers of alfa-grass were often placed in joints 

to give additional bond, or possibly to provide drainage. Sun- 

dried brick was also used on structures other than small buildings 

as testified by the town walls at 41-KaD, 30 ana 37 feet thick. 

In Mesopotamia, which broadly included Assyria, .babylonia, 

and (Jhaldea, brick construction was known almost as early as in 

£gypt. Here, however, the bricks were generally taken from the 

mold and laid while still moist. Not only were damp and sun- 

dried bricks used, but burnt bricks were popular as well, ihe 

latter were used in places liable to disintegration from damp­ 

ness, such as lower portions of buildings and external facings* 

These bricks were made of clay reinforced with chopped roads. 

This mixture, kneaded by foot in shallow basins, was molded into 

bricks about 15 inches square and 4 to 10 inehes thick and then 

burnt in an oven or kiln. Also used by tae Chaldeans was a bitum­ 

inous damp-proof mortar, sometimes reinforced with fiber. In 

early Persia sun-dried bricks were used for general purposes, 

but burnt bricks were used for vaulting and for other construc­ 

tion requiring high strength. Apparently their bricks were burnt 

by firing a pile consisting of alternate layers of dry grass 

and clay.



**.
AND HOiStf — in pre-Hellenic Greece a primitive sort of 

half-timber frame dwelling was made of sun-dried bricks bedded 

in mud, with wooden beams built into the walls. Brick was also 

used for large construction in taat era, if we may regard the 

Palace at Tiryns (c 1400-1200 B.C.) as typical. Here walls of 

crude brick were built on a base of masonry rubble bedded on clay, 

Extensive use of brick was made by the Hellenic Greeks, according 

to Vitrivius, but none has survived in their great buildings, 

in many cases the brick walls were covered over with stucco, as 

was King Mausolus* structure at Halicarnassus (c 350 B»C.)» or 

with stone, as wera the cellae of the Temple of Jupiter ana ««r- 

cules at Patras.

Here again we are indebted to Vitruvius for our knowledge of

building construction in Home at the dawn of the Christian era.
4 

He noted that brick should be made of white and chalky or of red

clay, or even of a coarse-grained gravelly olay. There were ap­ 

parently, three kinds of brick manufactured in his day, the Greek 

Lydian used by the Bo nans, measuring 1 by 1$ feet, and two other 

kinds used by the Greeks, which were probably square. Half*bricks 

were also used, one mode of construction called for trie laying 

of a course of full bricks on one face and a course of half-bricks 

on the other, bonded by alternate courses of the two different

kinds. It was also common practice to leave a cavity benind tue
\ 

facings of a wall and on the inside build a solid wall some 2

feet tuicK, made of red dimension stone, burnt brick, or lava 

in courses, bound to the fronts by iron clamps and lead. The 

faces of the thin bricks then used were of little or no account 

on the surface of a wall, for raortur and bricks were laid in



Horizontal layers of about the aam« thickness. Most of tbe 

floman brick \?hlch has survived has done so as an element in the 

"concrete* mentioned in a later section, but tuere has been 

nothing found in the straight brickwork line which would tend to 

contradict Vitruvius.

THIS DARK A1JD MI DDLS AGSS — Probably the most striking feature 

of syzantine architecture was its dome construction, typified by 

Hagia Sophia ("Holy Wisdom") or St. Sophia, as it is commonly 

called, at Constantinople, Constructed by Anthemius of Tralles 

under orders from the utomeror Justinian during the period 537 

to 563, this church — for many centuries past, a mosque — has re­ 

mained particularly noted as possessing one of the most wonder­ 

ful interiors in the world. Its enormous flat dome was formed 

of brick ribs, each 2 feet 4fc inches at the spring. Typical of

the flat bricks of the time, these bricks measured 13 by 6J by
5 

2 inches. The mass of the walling was also done in brickwork

with very thick mortar joints, later covered over by a veneering 

of varied and beautifully colored marbles, this period also 

narked the first time in which brick came to be ornamentally 

treated. In many important structures bands of bricks set dia­ 

mond-wise on plan were placed around arches, and gr@at flat wall 

surfaces were panelled into shallow arcading.

Prior to the ninth century, mosques in Cario were generally 

constructed with marble colonnades vmich had been taken from 

earlier pagan and Christian temples, A departure from the prac­ 

tice was begun with the ninth century mosque of Ibn Tulun which 

was erected with burnt brick piers measuring 4 b ? 8 feet. The
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a span of 15 feet), for many have attributed tne origin of the 

pointed area to this structure despite trie fact that similar 

work had been done at a mosque at Samarra a few years before. 

From tne eleventh to the sixteenth century brick, was used exten­ 

sively for houses but not very much for mosques, then, from ttie 

sixteenth or seventeenth century up to comparatively modern times, 

the old towns of the Delta adopted the ornamental use of brick for 

the erabellisnment of facades* Emphasis was placed on the brick­ 

work patterns by always pointing up joints with a brilliant white.

Returning to Europe we note that the main places of brick- 

building during the Romanesque period were centered in northern 

and central Italy. Typical examples of the use of bfick in church 

architecture of tn@ time wer® tne square "campanile" of the Jctoraan 

churches S.S. Uiovanni e Paolo and 3. Francesca itomana. Italian 

brick sizes in the middle Ages varied from 9g to 1£§ inches in 

length, from 2$ to $£ inches in thickness, and were generally 

about 5 inches oroad. Molded bricks and blocks of terra cotta 

were, nowever, every imaginable size. Throughout medieval times 

in parts of Italy, France, Spain, Uermany, Holland, and Belgium 

brick wan a popular building material for small structures, but 

it was exceedingly rare in England before the fifteenth century. 

The modern introduction of brick to Great .Britain was probably 

due to the Flemish weavers who began settling in Sast Anglia from 

the fourteenth century onwards. A scarcity of stone in Flanders 

and in Baat Anglia stimulated their use of brick, so that by 14bO

many brick buildings had appeared, English sizes were not too 
different 

/from those of the Italians, a typical brick measuring 94 by



toy li to 2fc inches. One noticable feature of late medieval 

English brick-work was tne tendency to indicate and emphasize 

bond on tne surface of a wall by means of darker colored bricks. 

One favorite pattern used headers of black contrasted «?itb 

stretchers of red. Some fine examples of i'udor checker-work 

may still bo seen at Hampton Court Palace, St. John's College, 

Cambridge, and Layer Marney towers, &8sex. In general t the brick­ 

work of this period was more nearly allied to modern work than 

was that of the JRomans , but bricks were still thinner and mortar 

still thicker than is the use today.

17th CUNTURY TO KD3HM TIMSS — Interest in brickwork 

became particularly strong in England during the second half of 

the seventeenth century. The Fire of London led to a substitu­ 

tion of brick for many of the half-timber houses in the city, 

and the strong Dutch influence at the Court of William and Mary 

added encouragement to this type of construction. Then, too t 

the denudation of the Snglish forests to provide for the expan­ 

sion of the fleet advocated by Pepys and his colleagues provided 

yet anotaer incentive. The period was also marked by tne rise 

of the professional architect who was not the master craftsman 

that his predecessor had been but who was closer to the scientific 

designer of today. *2ach of these factors contributed in some part 

to the cnange which came about in brick construction during the 

latter part of the seventeenth century and early part of the eight 

eenth.

Face joints were reduced to the finest dimensions, and mortar 

appeared as an adhesive necessary to the bricks but forming no
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proportionate mass in the wall, Taus the bonding of bricks 

with eacn other became increasingly important. The adhesion 

of the bricks to one another, for which the mortar was necessary, 

became a secondary constructive consideration, not to be depended 

upon for resistance to thrust or pressure, and tn® bond which, the 

bricks could supply to each other became a scientific and tech­ 

nical problem. Two systems of interlacing the bricks so that pres­ 

sure could be equalized came into general use and have remained 

to the present day—the i&iglish bond and the Flemish bond. Tae 

Jtfnglish bond, consisting of alternate courses of h©a ers and 

stretchers| has found its main use in thicker walls, two jr
\

three or more bricks thick. Consisting of alternate headers 

and stretcners in eaca course, tne Flemish bond uas been popular 

for its looks and nas been used largely in intermediate thick­ 

nesses of one and one-half to two and one-half bricks. In com­ 

mon bricfc walls it is now regular practice simply to insert a 

row of Headers every sixth or seventn course. Following a rel­ 

atively inactive period during the eighteenth century, brick­ 

work came back strongly in the latter part of the nineteenth 

century, and has remained to tnis day one of the most popular 

types of construction in the small dwelling field*

Masonry

SGYPT — Fundamentally the word masonry means "building," but 

in a more popular sense it has come to be thought of as describ­ 

ing the art of working in stone. And wtien one discusses working 

in stone, it is difficult to draw the line between simple
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building construction and architecture. Although some struc­ 

tures found at Nippur and Tello in Chaldea seem to date from 

the fifth millennium .D.C., the best examples in stone prior to 

Greece have come from ifigypt. The Egyptians were well supplied 

with stone, using alabaster, basalt, diorite, granite, limestone, 

and sandstone. They used tubular drills and eraery in saw blades 

to cut the hard stones and rocks, and used sand to cut tae softer 

stones. Since they had nc sizable lifting machinery much spec­ 

ulation has arisen as to how they managed to hoist the large

blocks of stone used in their oyramids and temples. Herodotus
6 

mentioned the building of a huge inclined causeway of stone to

the Great pyramid on which the blocks may conceivably have been
7 

dragged, blinders petrie, the noted ilgyptolo^ist, nas suggested

tfcat the stone blocks may have been raised by tilting them to 

one side, inserting a wedge, then tilting the other way, insert­ 

ing a wedge from th$ opposite side, and so on in successive stages 

until the block had been elevated to the desired height. It is 

also possible that sand was dumped at tha building site at a pace 

which kept the sand level the same as that of tne construction 

work. Handling of the huge stones with this arrangement would 

continue to be the same Jockeying sort which was probably carried 

out on level ground. When erection had been completed, it would 

be a simple matter to excavate the built-up layers of aana fro as 

the interior and exterior of the structure. That the Egyptians 

were capable of moving huge weights is evidenced by the fact 

that some of the obelisks aro judged from their remains to have 

been over 500 tons. To the person versed in modern construction 

methods the handling of such weights by such crude means might



5 9

difficult to believe, but it must be remembered that slave* 

labor was plentiful and cheap t and time was not the important 

factor it is today.

Apparently a mortar of lime and sand was not used, although 

lime and plaster-of-Paris—the carbonate and sulphate of lime— 

was used. In *The Arts and Grafts of Ancient jjggypt* (Minburgh,
a

1909) Flinders Petrie noted, but could not explain, the mystery 

of plaster in the pyramid joints. Here were blocks weighing 16 

tons which, presumably, could not slide freely, yet whose vertical 

joints 5 feet high and 7 feet long were filled wita ti plaster 

film only 1/SOth of an inch thick. The thought has been advanced 

that tne blocks were worked to such a smooth state that they were 

enabled to slide on the film of liquid mortar included between 

tuem. I:s much of their construction the Egyptians used metal and 

sycamore dowels to secure the blocks in position. Dovetail-saaped 

dowels were used to connect the separate parts of their large 

columns wuich were seldom monolithic. Many of their great temple 

walls were built in two thicknesses viith a through vertical joint 

but with no bond stones, and the space between th® battering 

walls of their pylons was often filled with sand.

Of all the creations of the ancient world none have evoked 

more awe, none have been the subject of more controversies, none 

have provoked such universal interest as have th® Pyramids of 

tfgypt. Beaiains still standing indicate that at least thirty- 

seven of these royal tombs were built at intervals along a line 

nearly 70 miles in length on the western, and more desert side of 

the Nile* probably the oldest of these structures is the step 

pyramid at Sakarra, built under th® Pharoh Soser of the Third
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Dynasty by the "wise man" Irnuotep, often considered tne inventor 

of building in stone, itest known of tuesa monuments ara ttie 

tnree at Gizeh, about 7 miles from Cairo, which were built by 

tba second, third, and fourth kings of tne Fourth Dynasty, Khufu 

or Cheops (c 2900 B.C.), Khafra, and Menhaura. Greatest of these 

is that of Cheops, averaging about 760 feet on a side with a 

height above the mean level of the base of approximately 455 feet 

(original neight, probably 484 feat)* It is obvious that this 

and th@ other pyramids similar to it were built first in a step 

section, and then had the sloping surface of masonry applied. 

The labor put into the pyramid of Cheops alone has been estimated 

at anywnere from 100,000 to 360,000 men working for a period 

varying from twenty to thirty years.

/inother lj.\t of funereal architecture in the Ancient Kingdom 

was the mastaba, the shrine of a lesser man Just as a pyramid was 

the shrin© of a king. The mastabas were rectangular buildings 

built with an exterior batter which came about through stepping 

back slightly each succeeding cours© of masonry. In the Middle 

litapire, from the l£Leventh to th© Seventeenth Dynasty, the ©mpha- 

sis seems to have shifted to rock-cut tombs or cavei-. ^na of tne 

most outstanding examples of this type of construction has been 

uncovered at 3eni-Hassan on the Nllej some S50 miles from the 

Mediterranean.

With tae passing of the Shepherd Kings the great Theban 

kingdom arose about 1700 B.C., and with it came a renaissance 

in building construction. The period is remembered particularly 

for its magnificent masonry temples or royal shrines which come 

to the mind of most when ISgyptian architecture is mentioned.



Greatest of these temples was the one at Karnak (c 1700-960

B.C.) vinich was developed slowly according to the same general
9 

architectural plan for a period exceeding seven centuries. The

coiling of the central portion of the Hypostyle Hall of this 

temple is over 75 feet above tine floor ana the central columns 

measure 10 feet 7 inches in diameter. In its completed form the 

building measured about 1800 by 350 foet. Its style aas entirely 

consistent vsith tne rest of Egyptian architecture as vie have 

corns to know it, being ponderous and massive with heavy stone 

lintels resting on huge stone columns,

ASSYRIA AND P3H3IA *«* Stone in Assyria seams to have been usad 

largely for sculpture and Iow0r facings, \thil0 the principal 

building materials were brick and tils. As a consequence, the 

Assyrian structures have not stood the test of time as have the 

Egyptian, but hav$, for the most part* crumbled into masses of 

shapeless rubble. It is evident from findings thus far that the 

long stone lintels of the Sgyptians »er» little used, and that 

openings were spanned by arches and Vaults formed of small pieces 

of brick and tile. Wnere ta« architecture of £gypt appfcoars to 

have been one of temples, symbolism, and mystery, that of Assyria 

seems to have been more one of palaces, fortifications, and 

fighting. Most important and complete of the ruins which have 

been unearthed in Assyria has been Sargon's Palace at Khorsabad 

(c 720 B.C.). Its remains sho^ clearly the Assyrian tendency 

to place a decorative vaneering over a base of perishaole material.

The Persians, whose ascendancy began about the middle of the 

sixth century B.C., built th® decorative portions of tueir



buildings in solid stone with brick connecting the walls between. 

Thus at the palaces at Persepolis, built during trie time of Darius 

(521-436 B.C.) i and Xerxes (486-465 J3.C.)» the gateways and col­ 

umns stand free, the soft bricks wuich once connected them bating 

been washed away by the rains of centuries. iSviderices of both 

Assyrian and BJ^yptian influence can be deduced from the Persian 

style and use of materials. In the Hypostyle Hall of Xerxes the 

thirty-six columns were arranged in a manner similar to earlier 

Egyptian examples, but the columns themselves were much more 

slender, indicating that a wooden roof might have been used* 

From information gained to date, however, there is little to en­ 

courage the belief that the architecture of Assyria and Persia 

had any profound effect on that of the civilizations which fol­ 

lowed.

PREHISTORIC GRE3C3 AND BRITAIN — In Greece, on the shores of 

the Eastern Mediterranean, and in the Mediterranean islands many 

structures in stone nave been found which have been vague;-.y termed 

"Pelasgic," though just who the Pelasgi were and when they lived 

is subject to speculation. Remains at Khossos and Tiryns indi­ 

cate that these people were well able to plan and execute large 

structures in stone, and the period during waich this construction 

took place might be almost anywhere between 2000 and 1000 B.C. 

It was an architecture mainly of fortress-like dwellings and tombs 

characterized by an arrangement of large polygonal stone blocks, 

sometimes roughly squared, popularly called "Cyclopean*1 masonry. 

The size of stone involved in this type of construction is typi­ 

fied by the lintel at the Mycenaean Lion Gate, 16fc feet long,
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8 feet wide, and over 3 foot thick at the middle. Triangular 

doorways, formed by beams of stone leaning against each other, 

were not uncommon but the post and lintel was used as well. 

The Pelasgic builders also made extensive use of the corbeled 

vault and arch. At Mycenae the covered vault known as the 

Treasury of Atreus is an excellent example of the corbeled dome 

of this period, having be©n built \sitii oversailing courses of 

ston© in level beds to a height of nearly 50 feet. In the middle 

Minoan period (c 2200-1700 B.C.) particularly fine masonry work 

was done, resulting in finely squared and closely fitting blocks 

with faces as large as 5 by 6: feet. Wall tiles were secured to 

the masonry by dovstail ad-shaped bronze clamps.

Though separated from the Pelasgic construction by a conti­ 

nent, the greatest of English raegalithic monuments at Stonehenge 

probably dates from about the same tin?® and certainly exhibits 

features in common with those of the Mediterranean work. Still 

standing at Stonehenge ar$ cumbrous blocks of stone indicating 

an original lay-out of two circles and two rows in trie form of 

a horseaiioe, all concentric. The outermost circle of 'trilithons 1 

originally consisted of thirty upright hewn stones, sixteen of 

ratiich still stand, joined together by stone lintels, five of 

wnich remain. These lintels have been dovetailed to^Qther a/id 

mortised to ttie uprigata with a great deal of skill, indicating 

that trie builders had considerable experience with stone con­ 

struction. Anothor prehistoric type of construction carried out 

in Britain deserving of mention her© is the Gallic wall and 

vitrified fort, probably antadating tho fforoan occupation. The
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Gallic walls found in Scotland consisted of two parallel masonry 

fr;ces tied by timber beams, with tao space in between filled with

rubble and timber. Apparently the vitrified forts were simply
10 

Gallic walls which had been burned, the high Scottish winds

raising the temperature to such a point that tiia stones were 

fused.

hBLLBNIC GHiSSCli — Manpower in Hellenic Greece was probably not 

wasted -GO the extent it was in ^gypt and Mesopotamia, for the 

Greek notion of beauty was not identified with mere bigness* 

The Greeks worked largely with limestone, as at &®gina, Gorinth, 

Olympia, and raestum, or with marble, as at Athens. They still 

employed the post and lintel as a basic construction feature, 

but tuey Developed a typ* of architecture which has rarsained 

famed through the ages for its relative lightness and grace. In 

some cases tad lintels were nollowsed on the inside, making them 

something like the modern iron box girder. This reauction in 

weigut diminished the risk of failure to tho extent that openings 

of 13 feet were spanned with lintels only 13 inches in depth; 

however, the carrying power of sue a lintels was nearly all ab­ 

sorbed in supporting their own weight. The columns of their 

teapias-- most of the Greek construction that we know of being 

temple architecture—were characterized by three styles (which 

included the ifotablature in addition to the column) viz., the 

Doric, Ionian, and Corinthian, and were predominantly on the 

outside of the buildings, whereas Egyptian columns had been in­ 

side. In the sixth century ii)*C* wooden dowels were used for 

the drums of columns, and from the fifth century on iron
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fastenings were systematically used In many places, \valle v;ora 

of various kinds. ;;.ie type is&s composed of all through-stones 

snowing on both faces, anothor had the through-stones in ©very 

alternate course, ^nile A third had ashlar facing throughout, a 

bit of rubbl® core, and through-stones at Intervals. We have no 

ovldance that they used mortar in ttioir ashlar work.

rrobably tad oldest arooic temple of tmicli traces are left 

is the iieraion at Olympia, dating perhaps to tho eleventh or 

twelfth century B.C. The wide spacing of its stono columns In­ 

dicates ttiat it had a timber roof« usual in Greek construction. 

Progress In masonry construction advanced in urseca yita the 

centuries until under ?uricle& ethane developed those artistic 

qualities milen made aer the wonder of the world. Such buildings 

as trie Parttionon (c 440 iJ.C, )-•••ascribed to t&e architect Jctinus, 

who later built tue temple of Apollo at Bassao—and the Propylaea 

(c 430 B.C.) built by Hnesicles, tes'iify to th® design and con­ 

struction abilities of these engineers of a by-gone age. Mot all 

Greek tuniplea «ere, like these, of finely finished pent el ic marble, 

but many, like the later temple of Seus at Olympic, were of a 

stone coarse in texture waich was covered with stucco for the 

finish of details* Mention here should also be ,-aaae of the great 

temple of Diana at isphesus (c 355 -j,c,.; f noted for its grand 

scale and boldness of design and execution* 'i'ho distance be­ 

tween the abaci of the two columns at the center was 23 f$et» 

an immense space to be bridged by a single block of marble* 

Numerous other structures aro wortny of attention as \sell, but 

it is sufficient for our purpose to note that they aer-? gener­ 

ally well-constructed from both the structural and aesthetic
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which followed.

GRBAT WALL OF CHINA — From the evidence available there is 

little to support tha view/ that there was any interchange of 

ideas on construction methods between Cnina ana tae West during 

tue tisuo of Classical Greece and Rome. Despite the lack of con­ 

tinuity to our story, some mention should be made of the Great 

Wall of China, the bulk of which was built during this time. 

Most of the work on the Wall is usually assigned to the period 

c 828-210 B.C., and the name generally associated with it is 

that of the J&nparor Ch*in 3hih Huang Ti. The Wall probably ex­ 

isted in part before nis time but he, at least, completed and 

strengthened it. Designed to keep out tae barbarian hordes of 

that long past era, tae <*all still stands, some 1400 miles in 

length. Consisting of facings of brick or granite filled in 

with earta, it averages over 20 feet in height. On top it forms 

a road 13 feet wide, and at regular intervals of approximately 

100 yards it is fortified with a tower.

ROMS — Rome's splendor was made of many parts, not the least 

of which were her great structures in stone: ner temples, tri­ 

umphal arches, theatres, aqueducts, bath's, basilicas, bridges, 

and palaces. Wnere trie architectural expression of ta© ci ^ ril- 

izations whica had preceeded her had been confined to one or 

two types, such as temples or fortress-like palaces, tae Boraan 

expression spread itself over every aspect of private ana public 

life. Some idea of tua type of &an who conceived ana executed
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fications desirable for an architect, according to Vitruvius, in 

the introduction to his first chapter on architecture: - "Let 

him be educated, skillful vnith the pencil, instructed in geometry, 

know much history, have followed the ptiilosopaers with attention, 

understand music, have some knowledge of medicine, know the opin­ 

ion? of the jurists, and D® acquainted witb astronomy and theory 

of the lie a vans. 11

Both the post and lintel of tUe Egyptians and tna arch and 

dome of tu© iatruscans were ussa oy the prolific Homtin builders. 

Their chief Duilding stones were u soft tufa, a hard limestone 

called travertine, and a hard volcanic rock known as peperino* 

Vitruvius recommended that stone used for construction oe quar­ 

ried in tiie summer atjd ullowed to n0&io,«r for '^wo ys&i^e» If in 

4£Ooci Ci>ape ut the @uu of this period the stono shoulc be ust*o 

above ground, but if detariorated 8 it should be thrown in the 

foundations. Ho h&d a aigh opinion of Greek construction which 

he described in some detail and which applied to parts of Roman 

work as well. For instance, iu building ^alls tu$ Greeks laid 

courses of hard stone or lava, binding th*> upright joints by 

interchanging the direction of ths eton® in tUe courses. Con­ 

struction in which all courses feier® equal was termed *l3odomurn, M 

and that in which the courses w@r^ unecual vs^s called ""Pseud-
il>

isodomum." Anottaer type of walling was tlaat in which %ue facings 

were finished and other stones were Itsft in wej.«- uauaral state, 

the tying b»ing aiccomplished by alternate bonding stones. The 

Greeks made this type of wall solid but, noted Vitruvius with
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annoyance, the Boman workmen concentrated on the facings and 

Just threw stones and mortar at random in between. Perhaps this 

Roman failing is better understood when we realize that although 

the facing was tne work of skilled craftsmen, the carcase was 

usually buili, by unskilled slaves, free men unaer corvee, or 

soldiers with no fignting to do. Of course this criticism can­ 

not be levelled at all J-toraan work either, if we take the earl­ 

iest known secular building of the Republican period—the Tabul- 

arium (c 73 B.C.) on Gapitoline Hill—as an example. Here 

peperino blocks measuring 4 by 2 by 2 feet were laid alternately 

as headers and stretchers, with a thin layer of mortar in all 

joints, and tufa behind. In a later period dovetailed dowels 

were used for connecting ashlar blocks in successive courses; 

the joints were formed oy running molten lead into the prepared 

dovetail hole after the block was laid*

Circular Buildings and rectangular buildings, even polygonal 

buildings, were numerous in Jtoman work* To the three original 

Greek orders they added two more, tue Tuscan and a Composite of 

Ionic and Corinthian. Where the Greeks had used their orders as 

r«al structural features, the Romans, in many buildings such as 

the Colosseum (A.D. 30) and Theatre of Marcellus (13 B.C.), 

simply planted half-columns *rouna the outside for effect while 

tue «rcaed construction did the work of support. It would seem 

from inspection of * large number of their arches that they pre­ 

ferred "flying" scaffolds resting on projecting stones to tall 

timberwork from the ground. Among their many feats with stone 

whioh have become particularly well-known is th&t of placing 

three tremendous blocks of stone—each over 60 feet long, 12 feet
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wide, and 11 feet thick-~end to end in * masonry of smaller 

stones, in the podium at tue upper end of toe Tempi• of the Sun 

at Baalbec (c A.D. 200). Mach of their masonry work was done 

without mortar, as at the Pont du Gard, but it is in connection 

witn mortar and concrete that their building construction reached 

its fullest expression, a point which vail be discussed later in 

tue section dealing with cement and concrete*

BXZANTIN3 AM) BOMANS3QU1 PERIODS — £fore than a century was to 

elapse from tue time of the split of the Homan 3mpire and Church 

into Eastern and Western parts (A.D. 364) before the new style 

of architecture Known «s Byzantine began to clearly emerge in 

the Bast. Pre-±iyzantin« in an architectural sense, but probably 

the most noted stonework of -the early Byzantine period, was the 

enormous monolithic lid or flat dome of Istrian stone, 33 feet 

in diameter, covering the Tomb of Theodorie at Ravenna (490). 

Handles for lifting this dome into place were cut out of tue 

solid stone of tue lid and have remained to Uiis day jutting 

from the mass of the structure. For the most part, the Byzan­ 

tine masonry was a development of Roman "concrete* construction, 

of tinich more will be said later.

Broadly speaking, that architectural period in the West be­ 

tween the fall of Rome and the rise of Gothic architecture might 

be called * Romanesque, n thougn a further division of tae period 

into "JSarly Cnristian" or "Latin" and "Jbraanesque" is probably 

more helpful. If we assign those structures roofed in timber 

to the Latin period and tuose vaulted in stone to the Homanesque, 

tue structural differences will account for the differences in
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One important point to not© is toe fact that most of the 

construction during this period was ecclesiastical, in tha form 

of a long building divided longitudinally into aisles by colon­ 

nades or arcades. We also find that trie columns—having, in the 

main, betn outside during tne Greek and Boman eras—moved inside 

tne building ag&in. Where timber roofs were used the columns 

were slender and relatively far apart, but as heavier roofs de­ 

veloped* so too did the columns to such an extent that they became 

a compound type of support Known as the pier. The semi-circular 

arch, after the fashion of tne Romans, formed a distinctive 

feature of the Romanesque style, typified by trie Cataedral and 

faraea leaning Tower of Pisa (1006-1103) and La Trinite (Abbaye 

aux Dames), Caen (founded 10ti3)» Despite the ngany fine struc­ 

tures which were erected during this period, it was generally 

tru*j tnat a decline from previous standards had set in* Rough­ 

ness and lack of finish were cnaracteristic, and construction 

was clumsily heavy according to the Gothic standards wnich fol­ 

lowed .

THB GOTHIC PSHIOD — The Gothic period of architecture which 

arose in the latter half of the twelfth century stands out in 

advance of even tireek building as a style in whicu masonry assumed 

its maximum importance. Ecclesiastical architecture was abso­ 

lutely dominant in tnis period, emphasizing verticality and light­ 

ness. Stone blocks comparatively small in size were used, for 

roads were poor, wheeled transport was negligible, and the main 

carriage of materials had to be accomplished by pack animal. The
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elaborate Oothic molding and profuse amount of carving on these 

structures can be attributed to tat abundance of labor and oigu 

level of or af tomans nip ensured by the trade guilds; tnis, and 

the patient piety of the many who must have toiled on these great 

churches over ttie centuries. Just who the master-builders were 

who designed and supervised tae construction of tnese monuments

in stone is, for tae most part, unknown. 3r\iin von Steinback
11 

(c 1244-1316), who played a large part in the construction of the

Strasbourg Minster, is one of tao few great arcnitects and engin­ 

eers of the medieval period whose name has been preserved for pos­ 

terity. For the most part, if any name at all was attached to 

one of these magnificent works, it was taat of some presiding 

bishop or other prelate. Times have not changed much in that 

respectp however; when most large modern projects are completed 

the placques and dedication platforms are monopolized by tue 

politicians and promoters, and tne engineer, nis work completed, 

is ralagated to the background.

In the later .Romanesque period the French, and to some ex­ 

tent the inglisu, had succeeded in covering their churches with 

solid cross-vaulting, but with difficulty. Adherence to the 

traditional Roman semi-circular arch resulted in many different 

unsatisfactory compromisas waich were finally resolved by the 

introduction of the pointed or broken arch. With the intro­ 

duction of the broken area the shape and curve of the vaulting- 

space was determined by the ribs, where before tae intersecting 

of the surfaces had determined tue line of the groins, with or 

without rios. instead of a series of separate compartments the 

vaulting now became one contiguous design. Oblong bays with all 

piers similar became normal. Tae waole form and development of
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Gotuio architecture was governed, therefore, by the vaulting; 

it caused tne adoption of the pointed arch, the enlargement of 

the buttresses, and the introduction of the flying buttresses. 

It also had considerable influence on the subsequent develop­ 

ment of the ground plan of the piers.

The Gothic style reached its heights in Prance and Unglanci 

and was developed to a lesser extant in Italy, Germany, and 

Spain* All over Europe beautiful medieval cnurches in this style 

still stand, relatively unchanged from the time they were com­ 

pleted. The completion date for most is a nebulous thing, how­ 

ever, for many were in the process of building for centuries 

and sorae have never been entirely completed, it is difficult to 

pick out tiie structure which exhibits all the best in Uothic, 

but few will deny the richness of expression embodied in the 

thirteenth century cathedrals at Chartres, Heims, and Amiens. 

'Jitbin itself and in each country th© Gothic style underwent a 

slow chang®, starting with the Transition from Roraanasque in 

the twelfth century and ending with the Flamboyant Decorated 

style in France and the Perpendicular style in England in the 

sixteenth century. At this time the wave of the Renaissance in
4

building construction began to make itself felt in the northern 

countries.

FBOM THli RJNAIS3ANCJB TO MODERN TI3UE3 ~- Prom the downfall of 

the .Homan Umpire to the Renaissance, which began in Italy in the 

latter part of the fourteenth century, practically the whole of 

architecture was devoted to the CnurcU. With the revival eame 

the old floraan spirit of building many different types of structures



in a grand manner; thus, this period came to be characterized 

not only by criurches, but by palaces, theatres, and public buila- 

ings as well. It was not the period in stone that Gottiic had 

been, however, :<any imposing buildings such as the Pitti and 

Strozzi palaces at Florence and tno Chancelleria at Home were 

constructed with walls of brick or rubble faced over witu a com­ 

paratively thin stone layer. It was a period in which good crafts< 

raansuip prevailed and in which external finish was skillfully ap­ 

plied, but it lacked the variety and interest of trie Gothic. Much 

of the work of the period was aull, being clothed in the classical 

"Orders."

In the humbler realm of the simple house, stone blocks con­ 

tinued to be favored in those areas where stone could be obtained 

without too much difficutly. In England, for instance, the spirit 

was essentially Gothic even after Wren had commenced St. Paul*s 

in the latter half of the seventeenth century. Until the begin* 

ning of the eighteenth century Yorkshire cottages wer®, for the 

most part, built with masonry walls 2 feet thick in a style well- 

suited to the wild moorland. During this same period dwellings 

in the Gotswolds wero developed along more graceful and refined 

lines. Walls Id inches in thickness wero usual in these houses, 

but thicknesses of 2 feet and even more were not uncommon. They 

were built of rubble stone in thin courses or ashlar in thicker 

courses, often in the dry and with the stone undressed.

The nineteenth century was an age of revivals in which little 

was contributed to architecture or to the art of building in 

atone. It was a period which savu the beginnings of iron and 

steel, cement and concrete. The tremendous strides taken in
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the development of concrete during the twentieth century give 

indications tnat trie old methods of building in natural stone 

will all but disappear as tho nevi "artificial stone** moves into 

the foreground.

Plaster, Cament, and Concrete

PLA3TSR — Plaster, though never used in a structural sense, 

has aad one of tne longest Histories of all the materials used 

in building construction, A plaster of burnt gypsura—liJce the 

mod am "plaster of Paris"—up to £ or 3 inches thick was used 

by two ancient Egyptians to fill up boles and cracks in stone 

walls. It was also used on orick as a hard facing—1/10 to 

1/16 inch tliicit—wi^ioU provided a surface for Sgyptian paintings. 

In some instances it vjas mixed with hair and placed as a sheet 

of about |-incft tnickness on wooden partitions laid on a can­ 

vas bass, or on reeds laced togetaer v»itu cords to form a prim­ 

itive latning. Little, ii any, plaster was used oy tue Assyrians, 

but discoveries in Mycenae and Knossos bave indicated tciat tue 

pre-nistoric Greeks and Cretans knew of it. To create the effect 

of marble tue Hellenic CireeKs used a stucco made with marble 

dust, vnaicfci tuey applied to aonae of their limestone temples. 

Heraains of tnis type of masking have baen found in Aegina, Cor- 

intn, Paestum, and Sicily, and a similar material, 1/12 to 1/3 

inch thick, has been found in Etruscan tombs in Italy*

The importance of stucco in Home may be judged from the 

fact that Vitruvius allotted more space to tuis than to any 

other material. Thicknesses used varied from 1/16 inch internally
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to 3 incnes externally* Its excellence was such that its pol­ 

ished surface has been compared with a mirror, toman fresco 

painting and modelling in stucco were equally famous and in­ 

spired much of the noted plasterwork done by the Adam brothers 

in Kngland at tue end of the eighteenth century* To a great ex­ 

tent trie art of plastering was tuen lost during th« Dark Ages, 

but some of it has been found on Anglo-Saxon churches in England 

and in Merovingian and Carlovingian churches in France masking 

irregular rubbl® masonry. During th« ^othic period plaster was 

used almost wholly inside of churches on rubble walls and vaults 

to furnish a smooth surface for fresco painting.

After the Fire of 1212 * London ordinance was dr**»n up stip­ 

ulating that all houses then covered with reed and rush should 

be plastered* Tais resulted ir? the well-Known "wattle and daub 1* 

construction in England and elsewhere wuich remained in general 

use until Renaissance times* In this method sluts of cleft o«k 

were nailed to oorizontml timbers of framing, and between these 

were interwoven the "wattles, w hazel sticUs 4 to 1 inch in cii- 

ameter. To this framework was edded a tuick layer of clay mixed 

with straw* Iven today cottages made of mud «nu covtdung can be 

founa in various localities such as Oxfordshire or the We ex, coun­ 

try. During the Renaissance the attention of the builders was 

focused on the "stucco duro" of the Romans, with the result that 

tue lost urt was resuscitated about 1466. JVL tnat time Don at silo 

Mixed pounded brick and glue in his stucco ana produced a mixture 

closely resembling terr* cotta* Ebrty years later his method 

hud spread through Europe as far north as &iglana. Tae old 

wattle and daub gave way to lath and plaster, and by the
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sixteenth century lath and plaster ceilings were common in large 

houses. At the end of tUa eighteenth century England experi­ 

enced another revival of "stucco duro" by the brothers Adam. 

The invention of Portland Cement early in the nineteenth century 

then ushered in the modern era of plasterwork which is used now 

in or on almost any structure of consequence.

ROMAN CSMSNT AM) CONCH3T8 — The generally accepted notion about 

the origin of concrete is taat the Romans were first to use it, 

although some claims have been advanced for its earlier use. 

In "Concrete and Reinforced Concrete 11 (London, 192O) W.N. Twelve- 

trees shows a fresco of the Temple of Aramon at Thebes which« he

claims, depicts the making ana use of concrete by the early
12 

Egyptians. He also states, without citing *ny examples, that

prehistoric concrete ouildings have oven discovered in Mexico 

and Peru* It appears tuat the art of burning stone to lime and 

making «& mortar of it was not used by the Romans before the third

century B.C. The Emporium on the bank of the Tiber, dating from
13 

about two centuries before the Christian «ra, is the first known

to have been constructed with }ime mortar, but it was soon fol­ 

lowed oy many other structures made of a "concrete* consisting 

of a rather indiscriminate mixture of rubble and mortar*

By the beginning of the Christian era tue use of the various 

materials in the making of Boraan concrete was somewhat standard­ 

ized, judging from tne writings of Vitruvius. He urged testing 

sand by throwing it against a white garment and shaking. If the 

garment was not soiled and no dirt adhered to it, the sand was 

suitaole. He did not favor the use of sea sand because it dried
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slowly necessitating pauses in tae vrorjc, discolored stucco, 

and made we*K walls which could not carry vaultings. For con­ 

crete structures he recommended pit sand—for stucco, polished 

river sand. Me went on to say that lime must be burned from a 

white stont*, and that the proper mixture of lira* ana sand varies 

*ith the type of sand* Becommended proportions were three parts 

of pit earn to one of lirae, or two parts of river or sea sand 

to one part of lime plus a quantity of burnt brick pounded and 

sifted. Vitruvius also paid tribute to tae cement which played 

ouch a large part in making 3oman construction famous, ibunci in 

the neighborhood of Bai&e and in the country around lit* Vesuvius, 

posaolana—as it **&$ called—contributed greatly to the strength 

of structures v?u«n mixed with lime and rubble. It tias also ox- 

tremely valuable for us» in subaqueous worki for pier® set under 

water with it were rapidly hardenod into place*

Though muca has been claimed for Boman concrete—arid perhaps 

t$ith a great aoal of justification—it should be realised that 

it boro littl® resemblance to the mor» scientifically mixed con­ 

crete of today. As applied to walling* fbman concrete oonsiatea 

of small stones and of lime mortar in alternate layers filled in 

between two outer facings of stone or uric* va'waout falsework or 

centering. A typical mass between the two facings isight consist 

of layers of mortar 4 to 6 inoaes thick, composed of lime and 

poBsalana or of lim® and coars® saiKi, alternating with layers of 

pebbles of compact tufa or black lava capable of passing a 3- 

inch ring. Unfaced concrete was generally relegated to founda­ 

tions Dut faced concrete came in a variety of forms. one type



of facing was tae "opus incertum,* which consisted of irregular 

pieces of stone arranged in no particular system. Another type 

was trie ordorly diamond-shaped "opus rectilatum," consisting of 

ston* spikes .vita faces about, 3 incnes square arranged diagonally. 

Triangular bricus wriicu secured a good bond with tne core of the 

wall were also popular, as were facings of marble slabs and reg­ 

ular masonry.

The excellent quality of their cement made many of the Roman 

structures appear almost monolitaic. A case in point is the dome 

of the Pantheon (A.D. 123), which is one of the best examples of 

the tenacity of ancient canaent. The dome has a diameter of 142 

feet *itn an opening in the top 50 feet in diameter. It was 

built with thin layers of brick, but the mortar appears to be 

thy main material, forming, «*s it sanara, a huge concrete shell.

With the passing of the Romans the art of making good mortar 

began to deteriorate ana was not successfully revived until the 

nineteenth century. In the Jtsyzantine world walls were built more 

or less along Boman lines, the emphasis being more on brick than 

on stone. During the Uothic period a mixture of mortar and stone 

was sometimes used for foundations and also for bits of above- 

ground construction, but this mixture could aardly be termed con­ 

crete* As late as 1770 ueorge Dance t in ma icing the principal 

foundations for the Newgate prison, threw in whole and broken 

brick and cartloads of mortar in the ratio of on« to four, but 

even this was not concrete.

3AHLY MODERN LI2W HSSSARCH — Tae beginnings of modern concrete



may be tracad back to th® middle of the eighteenth century 

John Smeaton (1756) Degan experiments in connection with the pro­ 

posed Kddyatone Lighthouse. He determined that the property of 

setting under water could be achieved by lime vsruca aaa been 

mixed with a proper amount of clay. &y his experiments tie offset 

the prejudices of almost two thousand years—from Vitruvius in 

Home to jjelidor in Prance and Jenple in Britain--ttiat hardness 

and Yiaiteness of the stone gava lirae its qualities. Smeaton's 

experiments were followed by those of -bryan Biggins, an English 

physician, woo set out in 1774 to find an equal to tho famed 

forrian cement* In 1779 he was granted a patent for & mortar of 

clean graded sand, lim®, and bone-ash which could be used not 

only for stucco but also for ^forming artificial stone» by making 

alternate layers of the cement and of flint, hard aton«t or brick 

Oust like Roman construction), in molds of the figura of the 

intended stone.** In the following year h® produced wJSxperiments 

and Observations—--Improving—-Calcareous Cements* in vjhich he 

offered proofs that materials then often put in mortar such as 

serum of ox-blood, skimmed milk, or various oils and sulphur 

should not be used.

in the generation following Smeaton many investigators began 

work on the problem, not only in England but in Franc®, Germany, 

and Sweden as well. In IblO i&gar Dobbs took out an I3hglish 

patent for an artificial "Homan" cement which he prepared from 

limestone and clay (50$). He formed the mixture into briquets 

and burned them just about enough to expel the carbon dioxide. 

This work was soon followed by that of two notabla men--the 

French engineer, Louis J, Vicat, and the German chemist, Johann



F. John, Both Lad been engaged on research in this field for 

several years—Vicat since 1513, for instance—before they de­ 

veloped in 1618 a hydraulic lime which bor® out Smeaton's find­ 

ings, another contributor of not® was General Treussart who 

saizeci upon an idea given him by John Jennie to further the use 

of lime in underwater vaork. Treussart irmnediately saw tti© pos­ 

sibilities waen ^senni© described tne difficulties ©ncounterea by 

the workers in trying to move from the rivsr bed at the site of 

the Waterloo Bridge a solidified mass of gravel and accidentally 

dumped lime. Then in Id22 James Frost, an iSnglisUman, produced 

an artificial hydraulic cement similar to that of Vicat.

NATURAL C^;i3l4T — While th« attention of most investigators 

isas coneantratod on tho improvement of lime, @ new material slowly 

and unobtrusively entered the field—natural cement. Its modem 

discovery was made by J. Parj&er of ijorthfleet, K«*nt, in 1796. 

He noted that nodules containing both clay arid limestone found 

at and near 3heern«sc on the Isle of Sheppy n©ar the m-ith of 

the Thames aad th© property of hardening rapidly with th© ad­ 

dition of water, after having been burned and ground to a fine 

potfd^r, TU« raw material for this substance, ^hich he patented 

and called "Roman* cement f was later found at Harwich and else­ 

where, its adoption by the engineering profession in England 

was slow f however, until after its first large-scale success in 

Brunei's Taaraes Tunnel, begun in 1623 and completed in 1643.

The discovery of natural cement in the United States went 

hand in hand with the excavations for the early canals, viaen 

cement rock was laid bare for the first time. Generally, the



rock was found along the linas of the canals under construction, 

and thus became well-known among construction men at a relatively 

rapid rate. Canvass White, engineer on the line of the 3rie 

Canal, is credited v?itn bein£ the first to realize tha value of 

the cement rock which was uncovered near Syracuse in 1513. He 

took out a patent shortly tnereaftar, giving the product trie 

name of "water lima." AS was the case in Sngland this new mat­ 

erial vias used hesitatingly at first, only for face work or for 

pointing masonry unicii aaa bean laid up in lira® mortar. The be­ 

ginnings of the natural cement industry were made in 1825 in 

Ulster County, New York. The canter of tho industry was' located 
in the to an of Ibsenciale, a name which later came to be applied, 
more or 133:1, to all American natural cements. Production rose 

with trio years, reaching, a maximum of tan million barrels a year 

in 1669. Sinea that time it has rapidly and steadily declined 

as Portland cement has moved to the fore. Though the industry 

is almost extinct now, natural cement is used sometimes in mas­ 

sive masonry where weight rather than strengta is the essential 

feature* It is also used in specialised circumstances where a 

quick^setting cement is desirable. Though natural cement sets 

more quickly than Portland cement, it develops strength more 

slowly and is subject to much wider variations in characteristics, 

raaking it less desirable as a construction material.

PORTLAND CSMEMT — The American Society for Testing Materials
14 

definad (1933) Portland cement as follows:- Portland cement is

the product obtained by finely pulverizing clinker produced by
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calcining to incipient fusion an intimate and properly propor­ 

tioned mixture of argillaceous and calcareous materials, with 

no additions subsequent to calcination excepting water ana cal­ 

cined or uncalcined sypsum." Joseph ^spdin, a bricklayer of 

Leeds, is popularly known as the inventor of Portland cenent, 

although the present cement Known by that name probably differs 

a great deal from the one he invented. In Id84 and 1625 he se­ 

cured patents for "Portland cement, * and it is knowi that he be­ 

gan making this cement in 1625 at ^akefi^ld, a f®» miles south 

of Leeds, He named the product "Portland" it aesroa, because it 

resembled in color &nd texture the oolitic limestone found on 

the Isl<§ of Portland off the south coast of ' ind* It appears 

that at first tne material ^aa largoly used, for stucco, but in 

time its value in mortar and concrata cam© to rv-s appreciated • 

Inasmuch as Aspdin kept the details of uia process secret and 

Ttorded his patent vagualy, we cannot b« at all certain that ais 

procee»—-^iiich may not have bean carried to a tiigh enougki tem­ 

perature—or product bore much resemblance to present-day port- 

land cement.

By 1845 many Snglisft firms were engaged in raafcin^ Portlaixi 

cement in one for?s or anotnwr, but its introduction into the 

United States was frery slow, natural cements nad been in use 

In America for half a century before th® first Portland cement 

was imported from England in 1666. At a later date it was also 

imported in quantity from Belgium and Germany. Little informa­ 

tion was available as to its proper use, but it seems to have 

been used largely in the construction of concrete walks during 

the early years. The first American manufacturing experiments



were begun in tha seventies under the direction of Davia o. 

Savlsr at Coplay, near Juston, Pennsylvania. By 1375 3aylor 

found that 'ae could produce a ^ood native Portland comant by 

mixing cen^nt rock 'vith nearly pura limestone before burning. 

Aa a result, his proauct set a standard for American Portland 

cements which was unc balling ad for years. *H lust aoout tbio 

sanj« time tn;,t 3aylor»s oxp^rimants provod successful, i'Oi-tla na
- v

camant gainnd tue r8co,;nition due it in connection with its us« 

on jjads • bri _ at St.. Louis and on tn« DrexQl auildlng in Phila-

CONCH3TB — W» imve previously not«d that Boraan " 

and tha various rubble and mortar roixturos of th« ?!iddl® 

boro littl« r©serablanc« to ta© scientific mixtures of cem®nt, 

sand, stone, and watar called concrete today. Strictly speak­ 

ing, concrete as we know it is a very modern material; even 

the name doss not eeem to hav® been used before ttio oarly part 

of the nineteenth century, A forerunner of modern concrete 

was a type of Jime-co-icreta described by the Irish ©n^in^er, 

George Semple, in tils "Treatise on Building in Water'4 (Dublin, 

Z776). In 1633 foirel, a French engineer, in rebuilding the 

breakwater at Afcglars used for th® first time concrete blocks 

of lime, sand, and pozzolana instead of trio "pierres n^rdus" 

wtiich had been ussd at Cherbourg and Plymouth. These blocks , 

which were cast in place, sach measured betwoan 150 and 800

cubic meters, Tho **first and most roraarkable example" bf con-
15 

creto used for other tnan foundations wcis , according to CUarlas

I. Pasley (IdSG), the 3** wall at Sast Cliff, Brighton, planned
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by Thomas Cooper. The nail was 8 feet 6 inches ^aic«. at the 

top, was 60 feet UigU in placss, and had a maximum width at the 

base of £B feet 6 inches*

Pasley's work, "Observations on Limes, Calcareous Cements, 

(ete.)s 11 in which the Brighton sea-wall was described, was the 

first comprehensive study of the subject written in English. 

An officer of the Boyal Engineers, Pasley began his experiments 

at the «ngin«^r school at Chatham in 1&86 and first published 

his treatise in 1636. In the book he described his unsuccessful 

attempts of 18B9 followed by his success in lt>£G in developing 

a good hydraulic cement on a large scale* He also contributed 

much to the early testing of cement mortar and concrete. In his 

opinion concrete should be used more as an assistant to stone 

arsd briclorork arat&er than a® a primary material standing alone* 

Although he believed in using natural cement as a part of tho 

concrete in underwater construction or in the lower parts of*

wharf walls or piers, he felt that the use of lime in place of 

cement was better for ordinary construction.

During the first half of the nineteenth century tae use cf 

rough concrete was confined almost wholly to foundations and 

but as knowledge of and experience with the material increased 

in the latter half of the century, it was put to a number of dif 

ferent uses. In 1653 Francois Goignet—often called the "Father 

of modern concrete constructions-constructed a concrete roof 

with a span of 20 feet and a thickness of IS inches. City pave* 

ments of concrete were first laid in Inverness, Scotland, in 

1365, and later in the same decade (1569-70) concrete was used 

extensively on the Vanne Aqueduct of the Paris water supply, on



the Paris sewers, and on other public hydraulic works. The new

material soon became tue suujwgt or many papers, especially in

France ana in the United States* One of the most important of
/ / / J V.

taese was Uoignet's "Des oetons aggloratfres appliquas a I 1 art de

construire v- (Paris, lobi). He admitted that the art of making 

and using concrete was only in its infancy, but h® was confident 

tUat it could acaieve success vata intimate mixing, elimination 

of excess water, and <**reful tamping. Among otUer predictions 

concerning tao use of concrete u« foretold concrete pavements 

waen 'law aardeniug time of tlkre® to four wee&s tawn needed was 

reduced. His work served to inspire tae first important Amer­ 

ican treatise on tue subject, General 4, A. Gillmore's M Heport 

on Be ton AgglomeVQ, or Co i^ net-Be ton'1 (V/asaingtou, 1571}* By 

tois tira« a neis fMctcr frua begun to establisu its importance-­ 

iron reinforcement.

COWCH3X3 — Although reinforced concrete did not 

achieve much recognition until th® latter part of the nine­ 

teenth century , it had peen talked about almost from the in­ 

ception of Portland cement. AS early as 1630 J.C. <Loudon»s 

"Encyclopaedia, of Cottage, Farm t and Village Arcaitecture" 

suggested flat roofs of cement with imbedded iron tie rods. 

About Io49 J.C. Lambot, a French contractor, actually con­ 

structed a rowboat of M ^ir« mesh-work reinforcement embedded 

in concrete 11 which was shown at the Paris Exhibition of 1655. 

In the same year William B. Wilkinson, "plasterer and manu­ 

facturer of artificial stones, M secured at Newcastle-on-Tyn*



a patent for "improvements in the construction of fireproof 

duellings, warehouses ^nd other buildings, or ports of tna same. 11 

Jtor tnis purpose he roocmniended a reinforcement of Uoop-iron 

tension rods. Fireproof floors for warehouse construction were 

also discussed in William Fairbairn's "On tba Application of Cast 

and Wrought Iron for Building Purposes* (London, 1364), in v»&icU 

he illustrated concrete arches reinforced with imbedded tie bars.

Despite these early efforts, however, the origin of modern 

reinforced concrete is generally credited to Joseph Monier, tide

owner of a large garden establishment in Paris, mho began making
cQncrete

boxse in 1361. In order to secure lightness without sac­

rificing strength ae made basins and reservoirs of cement in 

which iron netting was imbedded— an ide* which he patented in 

1Q67. T<»n years later h».i extended the idea to a railway sleeper 

patent, then to floors, archss, footbridges, buildings, and the 

liks. Basically his system called for the use of round reinfor­ 

cing bars crossed at right angles to give a trellis effect. 

Though he knew little of the theory of the matter, he was cer­ 

tainly a pioneer in construction; he was the first to combine 

iron and concrete scientifically so that they acted as a single 

unit of material* Another Parisian, M. Hennebique, labored 

from 1655 to 1895 in an endeavor to bring scientific theory and 

construction results in harmony with each other, and it is to 

him that much of tha credit must go for the establishment of 

modern reinforced concrete. Mo discussion of early theory is 

complete without mentioning the name of the American Thaddeua 

Hyatt, who was perhaps the first to analyze correctly stresses 

in a reinforced concrete beam. The results of his experiments
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of 1876 were published in the following year in London under 

the title: "An Account of some Experiments with Portland Cement 

Concrete, Combined with Iron, as a Building Material." Follow­ 

ing Monier's success t&e idea spread rapidly to other countries. 

Whether it oarae directly from Prance or developed more or less 

spontaneously because conditions were right is open to question. 

Certainly the French wera early leaders in the theorstical field. 

The American pioneer in reinforced concrete ? William 13. Ward f 

claimed that he had been led to experiment after watching Some 

English laborers try to remove hardened cement from their iron 

tools. In 1671-72, approximately 2 miles north of Port Chester, 

New Yorki he built what has been termed the first reinforced con- 

crot® structure in America—a residence entirely of "beton in 

combination with iron."

progress in the twentieth century has been marked by tha 

emergence of reinforced concrete as a prime construction material. 

When first used it was bidden from view by facings and artificial­ 

ities, and at a later date it was merely used to ape the older 

building materials, brick and stone. Modern architecture is get­ 

ting away from thss* practices, hoover, and concrete, is being 

brought out into the open whero its individuality is gradually 

being expressed. We are accustomed to calling the twentieth cen­ 

tury the "Steel Age,* but perhaps the tt N« vest Ston«* Age* might 

turn out to ~0« mors appropriate. The relative success with 

*hich reinforced concrete structures nave been able to resist 

bomb blast may add further to its desirability as tae material 

of the future. The great steelmaker, Andrew Carnegie, payed 

the following complement to concrete at a conference in Washington
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on the conservation of the natural resources of the United 

States:- "The use of concrete, simple And reinforced, is already 

reducing the consumption of structural steal. The materials for 

cement and concrete abound in every part of the country, and 

while the arts of making and usine them ar© still in their in­ 

fancy, the products promise to become superior to steel and stone 

in strength, durability and convenience, and economy and use,*

Jren and Steel

ANCIENT USAGE OF IRON — Although th© extensive use of iron In 

building construction is a comparatively modern development^ the 

use of iron for weapons and tools dates back to prehistoric times 

Just ?m«nD the art of emtlting iron from its ors originated Is 

indefinite, but many writers have r -sted that it arose in 

China and India and was then communicated, to Mesopotamia and 

Egypt. Its first use as a structural material seems to have 

been in Babylonia where, by the time of Hebucnadnegzar in the 

sixth century B.C.* It had displaced bronze in stone-abridge 

cramps and in bolts used for barring and hanging gates. The 

British Museum has in its popsession one of the earliest pieces 

of iron used on a building—a great iron bolt which formerly 

barred one of th® bronze gates at Nineveh (destroyed 606 B.C.). 

The use of iron as a building material in ifigypt seems to have

come lator—with the Ptolemies and ffcmans—* although Sir Hinders
IV 

?etri« reported tne fine of a definite lump of iron wrapped up

with copper axes nuose form and corresponding level in the foun­ 

dations of the Abydos temples marked them as Sixth Dynasty
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products, some four thousand years old. However, iron was of 

little importance in early Egyptian building construction, rue 

Cretans and Greeks made use of bronze for decorative purposes, 

but we have little evidence of their use of iron for tnis pur­ 

pose. No remains of their arcuitectural ironwork has been found, 

but written evidence exists tnat tuey knew casting, embossing, 

forging, inlaying, polishing, tempering, and welding of iron. 

The first extensive use of iron in buildings was made by 

the Horaans, on such a scale that tae volume and importance of 

tueir work was not exceeded until the nineteenth century. Vitru- 

vius recommended a system for installing the ceilings of the hot 

baths vtmich called for an extensive use of iron. In this method* 

iron rods or arcs £ feet apart, suspended by iron hooks from an 

upper framing of tiraber, supported ,ceiling tiles fixed between 

them. The tnird century Batas of Caracalla have even revealed 

the use of the T-iron girder. In lighter work iron was used for 

window bars, casement windows, grilles or railings of araphi- 

tueatres* and gates of the fora.

AHCHIXSCTURAL USS OF I BOW PBIOH TO THE 19th USNTURY — Iron 

dropped in importance in Byzantine buildings, but it still ser­ 

ved many useful purposes* Metal collars at the ends of marble 

shafts were often used, as were iron tie rods to strengthen 

arches—as at St. Mark's at Venice. During the Romanesque per­ 

iod when many churches were the last stronghold against maraud­ 

ing barbarians, heavily armored doors were not uncommon* Es­ 

pecially was this true of the Saxon churches of England until 

tne Norman invasion, during the twelfth century the practice 

of enclosing chancels or chapels viith iron grilles developed in
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order to protect the treasuries of the churches and cathedrals. ' 

One such early example was found at Le Puy, France, in the form 

of fragments of St. Swithin's grille (c 1093). Although the 

chief medieval expression came in stone, there were craftsmen 

able to fashion iron decorative work as well. The hinges of the 

doors of Notre Dame in Paris, for example, were of such oeauty 

ana delicacy that their authorship was often attributed to the 

devil. In tne fourteenth century geometrical designs began ap­ 

pearing in the church grilles as a result of the influence of 

tue
18 

In ii is "Four Books on Architect ure* Palladio noted that six­

teenth century iron was "fit LO make cramps, spikes, nails, hinges, 

Dolts, chains, locks, and LU« like works. M No important iron­ 

work in architecture appeared during the greater part of the six­ 

teenth and seventeenth centuries— if we exclude Venice., which a- 

bounded in beautiful sixteenth century lac •-!*.* ironwork, and 

other scattered centers of the art. Church construction was 

relegated to a relatively minor role and a lighter work appeared 

for dwelling places. In 1639 Jean Tijou arrived in England in 

the train of William of Orange with a new method of treating dec­ 

orative ironwork. He is probably best rememtered for his iron­ 

work at St. Paul's which was carried out from 1691 onwards. 

After the middle of the eighteenth century ironwork began to 

decline once more, for the Boman rules for masonry, so popular 

at the time, had practically nothing to do with ironwork. The 

graceful scrolls of the smiths gave way to a heavier and more 

rigid type of design, and decorative ironwork came to an end 

in the early nineteenth century. Structurally, ironwork had



bardly begun; iron uad been used sligatly in tae Salisbury 

Cathedral, in the Duomo at Florence, and in tae dome of St. 

Paul'8, out in none baa it been a major structural feature.

IBON MAiVFACTUHd — In all probability the first smelting of 

iron ore was an accident wuica toon place in an open aeap of 

burning wood or charcoal, once tne process bad been recognised 

for what it was, attempts to overcome taw wastefulness and ted- 

iousness must naturally nave led to tae invention of a furnace. 

It is not unlikely taat tae early furnaces resembled tae low 

conical types used by some of tae African tribes found by Dr. 

Livingstone in tae nineteenth century. In taese, air was ad* 

rait tad turouga openings at the lower end of tae cone wUile caar- 

ooal was introduced at tUe upper end. During tae course of «v- 

olution of tue furnace t temperatures were raised by tae use of 

aana oellows, tuen foot-blast, and afterwards tae water-blast 

(as used in tae Catalan forge). Tue Catalan forge seems to bave 

origninated some four or five centuries ago in Spain and in 

France. It was a small piece of equipment, tue working aeartft 

oeing only a little over 1 foot square. Xae aearta was aeaped 

wita a mixture of crusaed ore and caarcoal 9 and once in about 

six uours a mass of reduced iron and slag was removed from tae 

furnace and draggea to tae tilt aammer to be saaped.

it eane to oe realized in tae Middle Ages tuat molten metal 

coulQ oe tapped and could be used in making castiiig^* As early

as 1377 cannons of iron were cast at grfert, Germany, wuen
19 

Frankfurt ordered one capable of turowing 1000-pound balls.

TUe earliest of tae great cannon were usually of wrougat iron,



the iron staves being held together like a cask by strong iron
20 

rings, but these were soon superseded by those of cast bronze

and cast iron* Examples of fifteenth century cast-iron cannons 

may still be seen in the German Museum at Nuremberg and in the 

arsenal at Morat, Switzerland. From the latter part of the Middle 

Ages the iron trade, largely because of its relationship to the 

cannon, was encouraged by governments and continued to expand* 

Expansion depended, of course, on many factors, not the

least of which Mas fuel. Traditionally, from earliest times,
21 

wood had been the basic fuel. Pliny held that for smelting iron

and copper, pine wood was best, but he also considered Egyptian 

papyrus good for the purpose. England, like most of the other 

western countries, encouraged the production of iron for many 

years until the destruction of timber in the southern counties 

came to be looked upon as a national calamity. In 1581 Parlia­ 

ment passed an Act which prohibited, among other things, the con­ 

version of wood into fuel for the making of iron within 14 miles 

of the Thames. At the time, the burning of coal in private dwel­ 

lings was looked upon as unhealthy, and the people of London did 

not relish the thought of cold winters without an ample supply 

of wood. Hot only was tuere a popular prejudice against the use 

of coal in the home, but old iron-makers, wise in their trade, 

insisted that only cuarcoal of wood could reduce ore properly. 

Nevertheless, the rapid disappearance of the forests, with or 

without legislation* drove the manufacturers to investigate other 

fuel possibilities.

First to take out an English patent for the reduction of ore
£2 

by coal was 3ioon Sturtevant, a German mining expert, who proposed
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•to neale f melt, and work* all kind of metal oares, irons, and 
steeles with sea-coale, pit coale, earth-ccsde, and brush fewell,* 
His process was not successful on a large scale but it encouraged 
and was closely followed by other patents along the same lines. 
Practical success in smelting iron with a fuel made from pit-coal 
was achieved shortly thereafter by Dud Dudley (1599-1634) at 
Pensnet in Worcestershire, and was described in the patent taken 
out in the name of his father, Lord Dudley, in 1620. Dudley's 
invention was born before its time, however, and it was not un­ 
til the establishment of the Coalbrookdale Iron Works in Shrop- 
shire by Abraham Darby early in the eighteenth century that the 
smelting of iron by means of coke and coal was first adopted on 
a large scale as the regular method of manufacture. When Darby 
first set up his trade in CQ&lbrookd&le (1709) it appears that 
his sol* fuel was charcoal, but before his deatb in 1717 his 
favorite charge for the furnaces had developed into five baskets 
of coke, two of braya, (small coke) and one of peat; next fol-? 
lowed by the ore, and then one of limestone. As the art of smelt­ 
ing with coke iraproved--along with the increased power of the 
blast furnace—the use of charcoal was gradually discontinued 
and finally given up altogether.

Furnaces in the eighteenth century continued to be small;
in 1740 the average output from each furnace in Great Britain

23 
was less than a ton a day. In the space of a hundred years
th«t figure had increased to 15 tons a day, mainly because or 
the improvements which had occurred in the blast furnace. The 
increased demand for iron brought about an increased interest 
in coal-mining. This, in turn, stimulated pump development for



dewatering the mines. Watt's steam engine, which was made pos- 

siole by the development of iron, not only acted as a further 

step in solving the pumping problem but also acted to displace 

water power in the furnishing of large amounts of air to the 

blast furnaces. Thus the interchange of inventions and needs 

acted to bring about the production of iron on a larger scale 

than ever before. Since 1345 the blast furnace increased in 

size, capacity} and temperature to such an extent that average 

daily production per furnace in the United States in 1940 was 

637 tons, some furnaces even exceeding 1000 tons.

Until the latter part of the eighteenth century the common 

methods of making iron were to cast it or to hammer heated oast 

iron into the desired shapes. In casting} the iron was run into 

u main furrow and side furrows made in sand; larger lengths were 

called "sows" and the smaller lengths "pigs." When heated again 

the pigs became malleable and were then subjected to the hammer* 

The manufacturing and shaping of the metal had gone through many 

stages oy the time Henry Cort of Pbntley* Sngland, took out two 

patents which played such an important part in the subsequent de­ 

velopment of wrought iron. In 1783 he patented the scheme of re­ 

ducing faggots of piled iron into bars and the welding of such 

bars by rollers instead of by forge-hammers. In the following

j-.r he patented a greatly iflpro^-y ~ooess over thqst originated 

by the Craneges brothers (1766) and modified by Peter Onions 

(1783) for the production of wrought from pig iron. Essentially 

it consisted of using an "open hearth" or *reverberatory M fur­ 

nace in which the flames, deflected by the roof, swirled over



the charge to be meltea. In this manner the iron coula be worked 

or "puddled" by uand without coming into contact with the fuel, 

With certain improvements his two processes have remained in us* 

to this day. Xue large amount of hand labor necessary in the 

"puddling" process was reduced by James ,.ston in 1925 when he 

introduced * new, and essentially mechanical , method for pro- 

ducing wrought iron in large units.

MANUFACTURa — Long before it w«s realized that carbon 

was toe hardening agent, the material we now call steel was known 

as a special form of iron which could be forged at a red heat 

and which became hard *uen plunged into water while still at a 

bright red heat* Its origin goes vjell back before the Christian 

era; just how far back is uncertain, but we do know that the

Chalybes on tae southern shore of the Pontus Suxinus gained a24 
reputation in Classical times as great iron and steel makers.

As the centuries passed some few standard methods of steel man­ 

ufacture slowly developed and were passed on from generation to 

generation. Little definite is known as to when experiment passed 

into standard practice. Conversion of bar iron into steel oy 

dipping it into other fused iron and allowing it to remain there 

for several hours was mentioned by Georgius Agricola in "Do Jie 

Metallica" (1556) as being a process well-known and practiced in 

riis time. The eighteenth century French scientist and inventor 

Rene de Biaumur described the making of cement or blister steel 

as a well -developed industry in 1722. In tais process wrougat- 

iron bars were ueated in a furnace with charcoal oars between 

and around them. Some carbon was, therefore, transferred to the
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iron wa*re tue charcoal and iron uad remained in contact. Ob­ 

viously tue only way to render blister steel uomogeneoua was to 

remelt it, cast, and roll again—a mat nod per fee tod by .benjamin 

Huntsman « of Attercliffe, n«ar £uef field. MIS cast or crucible 

steel was in commercial production prior to 1770*

Prior to tue second ualf of tae nineteenth century industry 

aad its cuoic* of brittle cast iron, largely produced by labor­ 

ious "puddling"; and steal 3 waicu could be produced only in sucU 

small quantities tuat its use was restricted to edge tools and 

small raacuine parts. In Uis "Autobiography" (London* 1905) H«nry 

Bessemer indicated tue painfully slow manufacturing process oy 

wuicii steel was made prior to tae introduction of ais famous 

converter. Alter being transformed from pig to wrougut iron by 

puddling | tue bars were ueated for six weeks in contact wita 

cuarcoal. following this treatment tae bars were broken into 

small pieces and melted in cruel Dies vmicb yielded only very 

small castings, .bessemer set uimself tue task of producing a 

metal saving characteristics comparable with ttiose of wrougat 

iron or steel and yet capable of being run into a large mold in 

a fluid condition, n* not only accomplished tnis ^itfc iiis con­ 

verter t but ue also cut down tae tima of manufacture to a frac­ 

tion of wuat it naa been before. His r>roc»ss consisted of simply 
introaucing atmospaeric air into a cylindrical caamber tarouga 

tuyeres and blowing tne air xurougu tae molten mass of iron in 

tae cuamber. In a ualz uowr tue temperature of tue mar^s was 

raised and tne carbon &ujd silicon were removed, all wituout

skilled manipulation* uy allowing tue reaction to go to tue
25 

end Ue produced wuolly decarburized malleable iron. By stopping



the reaction he could vary the amount of carbon remaining ana 

totnce, could control the quality of tue iron or railo. steel. 

The success of his invention was signalized in Id56 by trie pro­ 

duction of two 10-inch square ingots which were rolled into flat- 

footed rails at tae Dowlstis Iron for its in $ales. In the same 

year his process became .known to the world mien he described it 

before the British Association at Cheltenham* The process was 

not a commercial success at first, for the ordinary pig iron used 

in bar making contained too much phosphorus—a point which Bessemer 

had not noted in his original discovery when he had used a dif­ 

ferent pig iron. The main difficulties were soon overcome, how­ 

ever, and commercial production commenced in 1658 when ijesseraer 

installed his works at Sheffield.

In the same year that Bessemer introduced his converter 

(1656) Frederick Siemens patented a gas producer and regenerative 

furnace. The significance of this invention was realized in 

1665 when his brother Charles William Siemens and Pierre Martin 

patented what was essentially a puddling process for steel, 

since known as the Siemens-Martin or "open hearth 1* process. In 

this method the temperature—because of the gas producer and re­ 

generative system of firing—was raised so nigh that iron could 

be kept molten throughout trie process, and the bath was stirred 

by tho evolution of carbon monoxide resulting from the additions 

of iron oxide. Bxp©rimental steel was produced by Martin at 

3iereuil, France, in 1665 and by Siemens at Birmingham, England 

in 1667. Trie process was put on a regular commercial basis in 

1669 with tho setting up of the Siemens' works at Land ore, South 

Wales. Siemens steel was readily adopted in the industry, for



it was found to be freer of bubbles anci flaws tuan was the 

Bessemer product. A further step was taken in 137& when Thomas 

and Qilchrist developed a process for the removal of phosphorus 

by adding lime to trio slag to make it basic. :>inc« that time 

most of the steel in th® world has been made by either tae tfes- 

seraer or tti® op«n U^e.rth process (botti acid or basic), altuogb 

tu« »l«ctric furnac* lias oe®n gaining in popularity in tU« tw»n- 

ti«th c«ntury. Most of tuo steel in the United States, tue 

world's largest producer, is new made by tiie basic open UeartU 

process. It has gained preference over the originally adopted 

acia-uessemer syswera ror x,ao following reasons: tne basic open 

beartb (1) can start with a stock of any percentage of pnosphorus, 

whereas tue Bessemer is limited; (2) can use scrap steel in 

almost any quantity; (3) perrsits rncr® thorough de-oxidation of 

the raetal, The effect of this large-scale production of steel 

was soon reflected in ttia latter part of the nineteenth century 

by the introduction of steel structural shapes wnicb brought 

about a revolution in large building construction.

SKY5CHAP3RS — The basic principle of the metal-framed building 

was enunciated by the French architect Uugine Viollet-le-Duc 

(1314-79) long before tne modern "skyscraper" was born, but 

there is no evidence that he ever made any attempt to put his 

idea into practice. A forerunner of the present-day Uuldin^ 

skeleton—the crystal Palace of iron and glass—was orected 

by Paxton for the London Exhibition of 1651, but it was looked 

upon largely as a curiosity and aad little influence on sub­ 

sequent construction practice. In 1660 L.3« Buffington, an
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architect of Minneapolis, came across Viollet-le Due's sugges­ 

tion and began visualizing iron framed structures of twenty-five 

or thirty stories—almost twice as high as any building then 

standing. He called these structures "cloud-scrapers," patent­ 

ing tue idea in I#b7-6a. jbefore Buffington took out bis patent 

though, tne idea had become a reality. In 1684 William L. Jenny, 

a Caicago architect, designed the ten-story Home Insurance Buila- 

ing, the first building on record to rely for its structural 

strength upon a complete skeleton frame of iron, erected inde­ 

pendently and afterwards enclosed in masonry. The original spec­ 

ifications called for wrought iron throughout, but th® contractors, 

the Carneigie-Phipps Company of Pittsburg, obtained permission 

to replace the wrought iron with Bessemer steel in the four upper­ 

most stories. Two stories were later added to the building in 

1390, and in 1931 it was pulled down to make room for a larger 

structure.

In the early years of this type of construction cast iron 

was sometimes used in compression, but after tne collapse of the 

thirteen story Darlington Apartment House of :tfe?j York in 1904, 

it was never used again (although it was not s"io\in that cast 

iron had caused the failure;. It was also customary in tue early 

buildings to use masonry walls as auxiliary supports. A depart­ 

ure from this custom occured in ^nicago's Tacoma Building (lck>7) 

v*here, for tue first time, the outer walls were mero curtains 

hung on steel frames. Shortly thereafter Jenny designed the 

Leiter Building, the first without a single self-supporting wall, 

external or internal. A fashion in framework was set by the 

Rand .icNally building (1689) in Chicago where the skeleton was



made of rolled-steel beams and columns built up of 

bridge-steel shapes riveted together.

Thus far the discussion has been confined to buildings of 

Caicago, but to tue world. New York—which prior to *Vorld War II 

had forty buildings over 500 feet and two of them over a 1000— 

symDolizes tisentietn century fasuion in large steel-fraraea struc­ 

tures* New York's first skyscraper, ii.L. Gilbert»s 209-foot 

Tower building) was erected in 1639 but was demolished to make 

way for a larger one in 1914* History was made in 1693 v;ith the 

erection of Manhattan Lifo insurance Building* wtiose seventeen 

stories and towar reaching to 344 feet topped what had been the 

apex of the city for over half a century , the top of the Trinity 

Church steeple (2S4 fe@t). The scarcity and value of ground and 

the need for more working space brought larger and larger build­ 

ings whose growth was unhampered by building restrictions in the 

early years* Last of the large buildings to be erected before 

tae 1916 zoning laws went into effect was the 792-foot .Yoolvsiorth 

Building in 1915. briefly, the laws called for the stepping 

back of a building & specified amount at certain heights, ac­ 

cording to the width of the street on which the side abuttea. 

This stepping back applied to only three-quarters of the area 

of a building; the remaining quarter of the ar©a could be sur­ 

mounted by vertical construction to any desired height.
i

Although these laws helped to admit more light and air to 

the streets, they in no way prevented taller buildings. First 

of the large structures to surpass trie 964 feet of the Jaiffel 

Tower was the 1046-foot Chrysler jsuilding. It, in turn, was 

soon passed toy the £npire State Building, the loftiest structure
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yet built anywhere in the world, \ft>rk was begun in 1989 and 

offices were opened in 1951, a period of slightly under a year 

having been consumed in actually making the building. St&rratt 

Brothers and .3ken, tiie contractors, employed a working force 

which ranged from 8500 to 4000 men during tha construction per­ 

iod. For the foundation a steel grillage was placed on tv*o- 

hundred reinforced concrete cylinders, each 10 feet in diameter 

and capable of standing up to a load of 10,000,000 pounds* These 

pillars sent to bedrock 50 to 40 fset below bas®m»nt level. The 

skeleton of the building was erected at a rate of four and one- 

half stories a week* and the stonework advanced, at times, one 

story a day. when finally completed, the structure had attained 

a height of 1250 feet, made up of the 1045-foot lower section of 

eighty-six stories, plus a stconlary tower of 805 fe@t. In ad­ 

dition, a small mast of 15g feet carrying instruments wag in­ 

stalled at the top* A total of nearly 70 acres of floor space 

had been created on a 2-acre plot of ground. Plans have been 

made for even greater buildings, but the problem has been finan­ 

cial, not constructional.

Just what the metal-framed building has meant in the construc­ 

tion field is probably better realized by noting what had been 

done with the previously traditional materials. The tallest com­ 

mercial building of masonry ever built was Chicago's 16-storied 

Nomadnock .building whose basement walls were 15 feet tuick. In 

America's capital the Washington Monument—an almost solid stone 

obelisk—stands as the tallest structure in stone in the world, 

555 feet from the ground tc the aluminum cap which surmounts it. 

Thus we see that steel has not only changed the old concept of 

building everything solidly from the ground up, but it has iilso
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made possible the large concentration of working space* on a

small area of land by freeing tue limit in height imposed by 

other materials. In so doing, it has developed a new type of 

arcaitscture distinct from any of that of the past*

Hoofing, Glazing, and Testing

300F COVERINGS — We have previously noted that in ISgypt the 

roofs of the temples were usually made of huge flat slabs of 

stone, and in the lesser buildings a flat mud roof was placed 

on a ceiling of date palm trunks laid close together. Similar 

roofing was also used in Assyria, Persia, and primitive Greece* 

Long before Periclas, tiles of marble or terra cotta were used 

on the sloping roofs of Gr*3©k temples aqd othtr important struc­ 

tures , The large slabs of marble wera usually placed on an open 

framework of timber, and narrow ridged tiles acted to cover the 

vertical joints. At tne Temple of Apollo at ^assae tiles were 

found measuring 3 feet 6 inches by 2 feet 1$ inches by 1 foot 

6 inches. The Bomans closely followed the Greeks in the use of 

marble and terra ootta tilss. Among the various kinds of tile 

found in rtoraan ISngland was an oblong type of coersa red pottery 

measuring 17 by 14 by approximately 1 inch, with flanges along 

the longer edges. Half~rou,nds were tnan placed over the flanges 

of two adjacent tiles to make the roof secure against wat^r. 

They also made use of metals as exemplified by the copper plates 

on the Pantheon and lead on a temple in Auvergne. Lead was also 

used in Byzantine work for the covering of domes like Constan- 

tine's uascilica of the Holy Sepulchre at Jerusalem. We find,



in addition, timber roofs covered with half-round Italian tiles.

The half-round tiles continued popular in the Romanesque 

period, although roofs were occasionally covered with metal

plates. Many churches in Saxon tlmos and in th« Middle Ages
26 

especially were covered with lead. The Venerable Bede reported

that at the church at Lindisfarne (650) tU« bishop "took off the 

thatch and covered it, both walls and roof» with leaa.* The 

Choir of Canterbury (1093-1130) was one of the earliest of the 

areat medieval structures to bs roofed with lead, a practice 

that flourished in church construction from the thirteenth to 

the sixteenth century. Lead of this period was cast in thick 

sheets, weighing 18 to 13 pounds per square foot, on smooth sand 

specially prepared for each sheet. It contained much silver and 

arsenic which accounted for ta& beautiful whit® "patina" appear­ 

ing on it with age. Slates and tiles with nibs joined lead as 

a favorite covering during Gothic ti-nes, and thatch, of course, 

remained popular for smaller dwellings. In the Orient and in 

Spain colored glazed tiles achieved a great popularity, and stone 

ashlar roofs eame to be used extensively in England* These mat­ 

erials, continued in favor almost exclusively until th® nine­ 

teenth century wnen ne^ techniques and processes brought a mul­ 

titude cf covering materials, many designed to go directly over 

wood or concrete. Iron painted roofs became co-^nn in Russia 

and copper roofs were erected with increasing frequency. Today- 

corrugated iron and steel sheets, slag and gravel } various forms 

of asphalt, and wooden shingles aro- but a few 01 the materials 

whioa have joined the olclar types of roofing still in use in 

many parts of the world.



GLAZING — Although structural glass for windows, snails, and 

partitions is a most recent development, the use of non-structural 

glass for windows dates bacU tr» the tomans* Pliny said that glass- 

making began in Syria and tuat ^lass makers were imported to Egypt 

in the Eighteenth Dynasty, but we have no evidence that they made 

windows. Th® so-called "windows" in the clerestory of th@ Hypo- 

style Hall at Karnak were really groat stone grilles to admit 

light in small patches, but they were unglazecu Glass for win­ 

dows seems to have appeared in the first century of the Christian 

era, for Caligula \A-D, 37-41) provided hi© palace with glased 

windows. Numerous examples of Ptoman glass have been found in 

Britain and elsewhere. It appears to have been cast in small 

sheets, fairly clear and of a greenish tint, in thicknesses rang­ 

ing from 1/8 to 2/5 of an inch* One sp®ciia«n found was a glased 

sheet without bars measuring 2 feet 6 inches by 3 feet 6 inches. 

The glass was generally cement$d or fixed with nuts and screws 

in frames made of bronze, copper, lead, or wood.

Glass was still being made in France in tu® fifth century, 

but as the Dark Ages closed in, the art became lost to the Wast, 

A snail revival was begun in th© seventh century when Or«»i£ 

glaziers were imported into France, and in 675 ijenwict ^ascop 

sent to France for glassmakers in order to glaae the windows of 

his church and monastery at $«armouth. The windows which char­ 

acterized the Anglo-Saxon churches were small for various rea- 

sonsj among them being ttia scarcity of glass, the difficulty of 

glazing v»ide windows, and the fact that the church still served 

as a rafuge on occasion. -Vith each succeeding period glass win­ 

dows became larger and larger, until today it is not uncommon 

m find houses with window openings in an average dwelling large
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enough to walk through. Colored glass appeared in the Vfest 
about the time of Chariera*i^n®, having been previously known in 
the jiiust* i>y trio fourteenth century stained glass vias of great 
importune* in trie churches, and in tha fifteenth century the 
leading became subservient to the "picture* instead of defining 
and limiting tue design. Apart from their use in churches, glass 
windows were by no tue^ns general in the sixteeata century, how­ 
ever, and were regarded in ttie eyes of the law ae 'Vnov^bl^ fur~ 
niture." Bay v-iinciows began to appear about this time and in the 
seventeenth century sash windows came to be known. Though the 
word "sash" is derived fro.u trie French "chassis" (frame) it seeas 
tuat the French borrowed the idea from the English. Among the 
earliest of tfte sash windows wer* those employed in Inigo Joneses 
houses Hi'.yneUaai (1630-36) &:vl Coleahill (1650), At first only 
tue lower part of the sash was movable, being kept up by & series 
of notches and a catch to &o>k into then, but late in the cen­ 
tury the modern method of weights, pulleys, and cords ^as intro- 
duced--probably from Holland. Since that time the greatest ad­ 
vance in glass from the builder's viewpoint has been the intro­ 
duction of tne structural glass block in the twentieth century, 
but its use to date has bean relatively United and it is yet 
too early to predict what effect it vid 11 have on building prac­ 
tice of the future.

MATERIALS XS3TIMG — Strictly speaking, even the earliest 
builders were strength of raaterials testers s for they performed 
their tests with actual structures, it a structure fell down 
in tu® process of building, the material was too weak for the



way in which it had been used; so they built again with a 

size of tno same material, or with a different material, or in a 

different manner until tfci« structure stayed up. It is probable 

that such structural engineers as the Romans pro-tested materials 

in order to predict their future action under load when part of 

a structure, but we have no direct evidence of this. The first 

on record to scientifically test materials was the Italian astro­ 

nomer Galileo Galilei (1564-1642). In the second dialogue of 

his HDiscourse e Dimostrazioni mateaaticUe* (Leiden, 1636) he 

gave several propositions with regard to fractures of rods, beams, 

and hollow cylinders* rie wrongly assumed that the fibres in a 

strained beam are inextensible, but for all its ©rrors the work 

was a significant contribution* It not only gave the impulse 

but also determined the direction of all inquiries concerning 

rupture and the strength of b«aras uhicU vser* studied in the 

next century. The next investigator of not^ was Robert Hooke 

(1655-1702), formulator of the modern conception of elasticity. 

In his "De potentia restitutiva* (London, 1678} he stated that 

eighteen years before he had first found out the theory of 

springs (any springy body whatever), but he had not published it 

then for he wanted to patent a particular application of it. 

His work was followed by that of Hariott© (16207-1664) who seems 

to hare been the first investigator to apply anything corres­ 

ponding to the elasticity of Hoo&e to the fibres of tho bourn in 

Galileo's problem. In "Traite du mouveraent oes eaux" (Paris, 

1666) he published th© results of his exoeriments of 1660 much* *- .*•

showed Galileo to have been wrong. Mariott© showed that some 

fibers are compressed; and others are extended, and he stated,



without proof, that half of the fibers are compres&ed and the 

other half extended. The first work of genuine mathematical 

value on the subject was that produced by James Bernoulli (1654- 

1705), who solved the problem of the elastic curve. In toe 

eighteenth century many more mathematicians followed the lead 

of .Bernoulli, notable among them being his nephew Daniel Ber­ 

noulli, Parant, ^uler, Coulomb, and Girard (writer of the first 

practical treatise on elasticity, Paris 1796).

The nineteenth century opened with a continuation of the 

work of the theoretical mathematicians. In "A Course of Lectures 

on Natural Philosophy and the Mechanical Arts" (London, 1SG7) 

TUo-nas Young (1773-1829) mentioned a constant of elasticity since

referred to as "Young's modulus." His definition in this work
£7 

did not agree with what we now t«rm Young's modulus •» however,

Ho was followed by many wiaose names have since become familiar 

to every engineer: Poisson, 5aint~Yenant, Hankine, and Kirchoff, 

to mention but & few. Throughout the century French, Garm&n, 

and English investigators dominated the field. During the tv»o 

decades from 1340 to I860 a new feature was quite apparent in 

the "Proceedings" of both the Civil and Mechanical Engineers— 

the report of A j^reat mainy *pr»ctic-al H tests of cast ana vsrou^ht 

iron, brought about primarily through the problems raised by 

bridge structures and gun-naaking* Tae practical tasting method 

hats carried over into tu@ twentieth century, supplamarited by 

mathematical principles whose roota go b<*.cls through the centuries. 

Today, every structure designed is baaed on the results of mat­ 

erials testing, resulting in «* saving of time, labor, and materials 

never dreAraed of by tho ^ra^t dngineers of the Classical,



?:edieval, or even ll^rly Modern times.

Summary

Until the nineteenth century, construction was carried out 

almost exclusively with the traditional materials, wood, brick, 

and stone. Trie early Egyptians ara remembered particularly for 

thair use of stone in the giant pyramids and in thoir massive 

temples sphere post and lintel construction predominated. The 

scarcity of troes in their country prevented the Egyptians from 

using wood extensively, but the annual inundations provided an 

aiaplo amount of mud which was usad for "wattle and daub" and
«fc

for sun-dried bricks. Sun~dried and kiln-dried bricks seem to 

have b®er: the muin building r.iateri^ls of ttie Mesonotamians t ^nd 

for that reason few of thoir structures have withstood the test 

of centuries. Their structural use of stone seems to have been 

limited chiefly to lower f&cings, so w© do not find the great 

use of the heavy lintel in thair construction. The lintel ap­ 

peared once more in the Cyclopean masonry of th© pre-Hellenic 

Greeks, but it was a massive and unweildly sort of architecture.

'Vith the Hellenic Greeks a perfect correlation of archi­ 

tecture, sculpture, and painting was achieved. Clastic grace 

was given to thoir temples of stono which have survived to this 

day. Onco more tne post and lintel was tti® dominating structural 

feature, but it was li^ht and pleasing where its Egyptian and 

Mycenaean predecessors had been massive and overpowering. Tlae 

Bomans combined this structural principle with the semi-circular 

arch which they had inherited from the jltruscuns. They



prolific builders in atone, brick, and "concrete," and they 

mad« extensive use of wood as v»ell. TUeir ability to make a 

building cement which '.vas mt ea"»aTod until the nineteenth 

century account 3d for their tremendous success in the structural 

field. Wher® civilizations bsfora them had confined thair ar­ 

chitectural efforts? to one or two types such as tamplss or pal­ 

aces, tbo Romans extended these efforts to almost «v®ry phasa 

of public life.

Before Ron© had oerishad a new culture was forming in theA **"

13ast radiating; out from Byzantium. Her© we find th© most strik­ 

ing structural feature to b» the dom© of brick and raortar, bas@d 

soTiownat on the Fbman tradition of construction. In ttia VJ®st, 

Boman tradition persisted in th.9 s®mi-circular areh, but as th@ 

Dark Ages descended, rm^cti of tha old constructional ekill 

lost and building standards wore lowered. During tbe 

period practically all of the construction work of any size was 

ecclesiastical, and in the eleventh and twelfth centuries, es­ 

pecially, most of thQ work don© was au© almost entirely to ta® 

monastic orders. In tfte latter part of the twelfth century the 

Gothic order began to emerge, being strongest in Franc© and i^ng- 

land. Her® was the richest expression in ston0 yet seen, a P. ex­ 

pression which dominated the architecture of the 2'est until the 

sixteenth century. Thf» classical semi-circular arch gave way t?> 

the pointer or broken »rch and verticality received the emphasis 

Again, work of any consequence »£-.s almoFt always ecclesiastical. 

Mot only was stone exercised to Its limit, but the wooden roof 

truss began to appear in many beautiful forms. Fully three- 

quarters of a medieval building was a mason's work, so it i3
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not surprising to find taat tu® engineer or architect in charge

of ttie building of one of these great medieval structures had 

not only been trained &s a mason but also worked with riis hands 

on the structure himself. This did not pravent his acquiring 

an intimatfi Knowledge of draughting if we may judge from the 

full record of excellent thirteenth century drawings by Villard 

de Hormecourt, still preserved at the Bibliottiaque National® in 

Paris.

For the most part the architect of the Middle Ages remained 

anonymous, but witn the rise of the Renaissance in Italy in the 

latter fourteentn eentury the comparative anonymity of the ar- 

cuitect ceased. In general, he was a man of many parts f being 

a painter, sculptor, mathematician, and many otMer things, as 

tell as #,n architect and engineer* Many illustrious names and 

their works come to mind wnen one speutcs of construction in this 

period: Brunelleschi (1377-1446) and tne pitti palace in Florence, 

Alberti (1404-72) and trie Church of S. Andrea at Mantua, Braraante 

(1444-1514) and the Chancellaria palace at Rom9 s to mention but a 

few. The building of tne greatest and most remarkable structure 

of the Renaissance, St. Peter's in Home, was supervised by many 

famous architects who, oddly enough» are generally remembered 

more for their painting ability than for their engine@ring; the 

list includes nuch men as Hossellino (1409-63), i3ramante, Bapiiael 

(1435-1520), Peruazi (1481-1536), Antonio Sangftllo (1465-1546), 

Hicuelangelo (1475-1564), and Madarno (1556-1689).

The invention of the printing press (1455) helped to pop­ 

ularize the classical literature from which the Renaissance drew 

much of its inspiration. Yltruvius,re-discovered about 145S, 

was eulogized in tue works of the Italian architects, Palladio



(15ia-aO) and vignola (1507-73), vaith the result taat the Greek 

and Woman "Orders" begatn to appear onca more. The post and lin­ 

tel, exterior columns, semi-circular arches, and hemispherical 

domes became signs ->f tue times. From Italy the movement 

spread to France and then to Germany, the Low Countries, and, 

England. With the new rules laid dqwn for construction came 

tue professional arcuitect to replace the old master-mason. One 

of the first professional architects in France, Philibert de 

L'Orrne (1515-70), is remembered particularly for his writings 

of some importance on architectural Orders and construction and 

for his invention of a new type of built-up timber roof truss. 

A struggle between Classic and Gothic asserted itself in tue 

sixteenth century, especially in France, with the result that 

Gothic largely disappeared in the new construction of the seven­ 

teenth century. What 3t, Pe.ter's had been to Renaissance Italy, 

the Louvre—numbering among its architects Lescto (1510-76), 

Leraercier (1590-1654), Levau (1612-70), and perrault (1613-88) — 

was to Renaissance France. In England tae rebirth in construc­ 

tion was symbolized by the Banqueting House at Whitehall by 

Inigo Jones (1573-1652). His work in England was later followed 

by that of such illustrious architects as Sir Christopher Wren 

(1632-1723) and Nicholas Hawksraoor (1661-1736)*

The freshness of ideas gradually wore off, however, and 

architecture in tae eighteenth century developed an artificial­ 

ity which was largely an affair of rules. Books on building 

construction, architectural Orders, and monumental designs 

poured forth, some written by comparatively uneducated men and 

others by guilded aristocrats who had taken the "Grand Tour"
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and had maae the Orders their bible. A low ebb was probably 

reached in thQ nineteenth century wtian various "revivals" took 

plae«, none of them with any r«al roots in th« arcs th@v were 

representing, Many authorities have h@ld that tha large-scale 

structures of this'1 period simply reflected the conventionality, 

self-sufficiancy, and pompous and complacent materialism of tue 

times. While there is no do not some element of trutft in this 

assertion, it must also b© remembered that ttt! n" was the century 

which saw the introduction of Portland cament and concrete, arid 

iron and steol as structural materials. At first, constructors 

endeavored to irnitat© the traditional materials with the new 

ones, designing structures, therefore, not altogether r<aflacting 

tha charactaristicr- of tha component materials, A frequent de­ 

vice used vrss the dl^guislnr nf a n®w material as an old, such 

as metal as wood. It was not until the latter part of the cen­ 

tury that structural steel became a commercial possibility and 

henco, a main factor in building construction. In the eighties 

the first of the steel skeleton ^skyscrapers" app^ar^d, but it 

i»as not until tha twentieth century was well undar way that the 

metal-framed building began to assume a character ill of its own. 

The twentieth century also claims reinforced concrete as another 

material which got its start in the r>rev*n^ cenrturv h^t, whichr* i. •»

has only lately com® to rav«ul its trua characteristics in con­ 

struction.

Materials of th@ futuro will ultimately determine waax, dir­ 

ection building construction takes, as has been the case in the 

past. Yesterd&y»s emphasis was on durability and shovir, today's 

emphasis is on apeed and ease of construction; perhaps tomorrow's



emphasis will b* on security. Svents since the close of rYorld 

War II have not convinced men that war has been forever baiished 

from the earth, v«ith the result that many structures are once 

more feeing constructed underground. iVill this in fact breed a 

new type of construction, or will it simoly signalize tu® com­ 

pletion of a cycle—the return of man to the cavern and Stone 

Age? If tne florid*s differences can be resolved without resort 

to what may well be Armaggedon, future construction will undoubt­ 

edly take « different turn. Durability, speed and ease of con­ 

struction, and beauty will all be high-priority factors. Per­ 

haps the old square-edged buildings, so shaped from the beginning 

of time because of the limitations of th© materials used, will 

give way to more rounded types, made possible by the introduction 

of raor® ,\tarrtic materials, ^hatevflr the shape of things to come, 

both in the political and construction fields, th® builder will 

find his talents still needed in the hustle-bustl® of the com­ 

mercial world, in the craay panic of war, or after all the tum­ 
ult and shouting have died away.
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HOAD3

Hoads

OHIGIN — before the dawn of ro corded ni story roads made 
first appearance as snail trails made by gam© and hunters. Many 
theories nave been advanced as to bow tnese trails developod into 
well-manced thoroughfares, the most popular theory being tnat of 
the patti of the wild animal t It is argued that vsild animals 
would in time beat suitable pat as to watering places , and that
nunters would follow tnese paths as the line of least resistance.

1 
fto®, however, in "Tne Wild Animal Path of Origin of Ancient Roads**
(Antiquity ill, 1929) argues strongly against tuis view, as tae 
restjlfce of ais observations nave shown that there was no con­
nection between tne bison paths and tn© paths of the first trap-

Z 
pers and traders in Morth America, ^brbes in "notes on tae
History of Ancient Boads and Ttieir Construction," (Amrterdaa, 
1934). offers the view that auntera would choose thoir patns by 
referring to prominent land-marks, thus enabling them to return 
expeditiously to their camp on completion of th© hunt. Undoubt­ 
edly eaca tneory holds true for certain portions of the world, 
but it was not until man raised himself from a hand-to-mouth ex­ 
istence arid began to lon& for luxuries which only travel would 
bring nim tnat real road gy sterns began to develop.

PREHISTORIC TRADS HOUl'tfS — Asiber, valued for its beauty, med­ 
ical properties, and protection wnen worn as a charm, proved to 
be a motivating force in the establishment of long trade routes



til,
in 3«st Central aurop0 in tne %rly uronze Age. Finds indicate 

that an amber route between Denmark and Morthern Italy existed 

in taio period (2000-1600 a. Q.).

though not specifically connected with the amber routes, 

evidences of the first artificial roads (not antedating 2500 

jLi.C.) have been found in iforthwestern Jurope. Tnese were log 
roads waica were brought into their fullest development by the 
Dutca before 1500 u.u. This type of road was also known in 
Switzerland, possibly as early as IbOO tt*Q. 9 as testified by 
the remains in the village of Federnsee. Further south the gem 
lapis lazuli, usod for ornament and pigment, founct in 3gypt and 
Ur indicates tnat trade routes existed across Afghanistan 8 Persia, 
and .irabia possibly as early as 3000 is.G* It is b«li@v©d that 

very early routes existed in Cfclnn and India 8 but our information 
to date on that subject is very meagre.

OF MALTA A?D CHSTJa' — Taa exctwations carried on 

by professor T. Zararait (^Pretiistoric Malta. " I^ndon, 1938) aave 

been raost tielpful in tracing tn@ story of tae early road in Malta 

and in Crat®, in Malta cart tracKo vtore found probably dating 

back to tlie negalituic Period (^^"*-150O a.a.) t and Uere also 
^era found evidences of roads Having been mad© of rammed eartfc 

ana broken stone. Crete yielded a much groater find in what 
is probably ttia oldest road in Iurope 9 th® road from Komo to 

Knossos. Tftis road was bordered by retaining walls mad o of 

rough hewn limestone blocks reaching a height of a feet or more. 

Trie road itself had a foundation course of stone blocks (2 to 

8 incaes) mounted in a clay gypsum nortar, over vmicb lay a



2-inch loamy mortar, surmounted by a pavement of 2-inch basalt 

rock on the center portion and limestone lumps on the v?ings. 

Tnis road was part of an extensive system probably dating be­ 

tween £600 and 2000 #.(;., a system of straight roads similar to 

tttose of the Bo mans, centuries later.

ANCI32N* BGYPTIAN 30ADS — A glance at tn© raap of Bgypt will 

sho» wiay tae %yptians never became great road builders despite 

tne nigu state of their civilization* *'fcey hod little reason 

to require roads for ordinary commercial enterprises because 

of the proximity of the Nile and various artificial canals. It 

is undoubtedly true that they built some roads to facilitate 

the movement of their stori© blocks used in tne pyramids, and 

otfrir roads for removing or© from t*i@ir gold mines* Herodotus
n? «j'

C464-48& B.C.) tells us that a causeway of polished ston© 5 

furlongs long, 10 fathoms wide, and 8 fathoms high (at the high­ 

est point) isas erected before the Great pyramid of Cneops (c 

2900 £•(;.)• lae road required ten years to build and quit® 

rivaled in grandeur the pyramid itself, in the opinion of 

Herodotus. Rawlinson, the English translator of rierodotus, men­ 

tions the fact that the remains of a causeway still exist near 

the ureat Pyramid, measuring (in lo?5) about 14£4 feet in length, 

32 feet in breadta, and 05 feet at the aighest point. Time un­ 

doubtedly has whittled down the length and breadth reported by 

Herodotus, but tae greater modern height of trie road indicates 

that an oversight was made by the historian or by nis copyists. 

However, despite their otaer attainments in the engineering field 

|he Egyptians really contributed little or nothing to the art



of roadbuilding.

V.TLT ROADS IN ~A A?© PBRSlA — Barliest indications 

of improved roads in Mesopotamia com® from bricxs uncovered on 

a layer of sand bearing th© inscription of Tukulti Minurta I 

(1250 3.CO- Whether improved roads existed in the country prior 

to that time is open to question. Wheeled vehicles sinich would 

have furnished an incentive for good roads were not unknown in 

the early civilisation which flourished in this area* Pour- 

wheeled wagons were found in the "Queen's Grav© 1* at Ur t dating 

back possibly to 3000 B.C., and eorne authors hold that the wheel 

was probably invented som® five-hundred years earlier than that 

by the Suraerians. The first road engineers seem to nave been 

the *unmanij n army engineers in th© service of Sargon II (c 720 

3*C.). Their function was to make a one-track unpavecl road a- 

aead of the army to facilitate its advance, with the understand­ 

ing that th© road would only be used once* Still later, in the 

Late Babylonian Empire (700-54U ii.C.)» the art of paving made 

advances, but it appears to have been restricted largely to re­ 

ligious or processional streets, Most of tha road building was 

accomplished under ^abopalazzar (625-6O5 B.C.) or under his son, 

Nebuchadnezzar (605-561 B.C.)* th© most famous work being the 

great processional road "Aiburshabu.* It w&s over 17OO yards 

long f consisting of a foundation of thres or more layers of 

brick in a bituminous mortar and a pavement of limestone slabs 

bordered by red and white breccia slabs. Guch ordinary paved 

roads that existed at tUs time were made of brick layed in 

mastic. These contributions to the art of road making appear



to have been lost by subsequent civilisations. Although the 
Persians developed an extensive courier system to all parts of 
the empire under Darius Hystaspeo ($2l-4dS B.C.), we nave no 
evidence to date of their improving and paving the roads. The 
art seems to have retrogressed, aa a matter of fact, because 
they abandoned the use of bituminous mortar and employed wide 
courses of clay mortar.

30AD3 OF IHDIA — /ircuaaology and literature nave re­ 
vealed littla to date on tha engineering of India ana other 
countries of the Far Jast. In 1911 Mr. J. ;jarsnall excavating 
at Bnita found evidences of a road dating back to 6OO B*C. f 
nicidfc of a mixture of clay and broken pots tie rds pounded into a 
course of sevaral inches and burnt in 8ttu* Hucti later, tao 
;4auryan ^rnpiro (300-150 B.C.) aad a good nttworfc of roadc built 
and maintained by a corps of road engineers Known as tne "stbap 
ati. rt *\ltiaouaa paved highways did not exist, tna ra^ain toven 
streets ^ore paved with bric& in the aorringbone fasaion and 
leaser roads and a boatan earth pavement* By the beginning of 
the Saica period (A.D. 75} the Indians had knowledge of stone 
slab and bricic pavements, a type of concrete, and grouting with 
gypsum, lime or bitumen mortar^ but it is doubtful that this 
Knowladga accumulated over the conturie© had any effect on sim- 

and subsequent road development in the i¥e$t.

BOADS IN ANCI3NT ORiJCS — As with ^gypt the character of the 
country did little to encourage the Greeks to become great road 
builders. Their long coast line encouraged water transportation
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and their rugged mountains discouraged overland transportation,

so they were for tn© most part a looeely federated group of city 

states. In tne cities themselves little was aoao to improve the 

streets. Artificial ruts (ichnoi) were excavated in tine roads 

for religious processions, being single-track at first and de­ 

veloping later into double tracks. The Cretan influence was 

felt in sone parts, especially in Mycenaean Greece, and as early 

as bOO B.C. a "macadamized*1 road of clippings or broken stone 

placed on sub-soil arid rammed (lithostratos) made its appearance* 

They even nad some stone slab streets, but no effort was made to 

provide drainage until the Bornans took charge in tti© first cen* 

tury L.C. ^hile the Greeks did pass on their knowledge of macadam 

and lime mortar to tne Romans» the Greek influence on and con­ 

tribution to the road-making art may be regarded as negligible.

THE CCNT/ riON OF CA:- ••-£ — Hany writers heve stated that 

the Carthaginians were the first road builders, basing their

argunent primarily on tne writings of Isidore of Seville (c A.D*
4 

560-636), who noted in his "originum sive entymcXogiarum H (Lib.

XV, cap. 16) that "——the Carthaginians are said to have been 

the firct to pave roads with stones*" fiven if they had pav«£ 

their roads, of which no other evidence archaeological or other- 

*iso exists, it must be remembered that Carthage was at the 

height of her power around 275 B.C., a considerably later period 

than the periods of the civilisations mentioned above* No dis­ 

coveries yet have revealed anything that was not already common 

to the Mediterranean countries, viz. tracks and a few slab paved 

streets. If the Carthaginians influenced the Roman road-ra 

at all, that influence must have been very slight.
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MJ'-JT AND 3XT12NT •— The strength of Bom® n&s du© no less 

to tier legions t;*an to uer extensive network of first-class roads, 

and to the Emails must b® $iven tb$ credit for being trie first 

to develop tue road as vie understand it in a modern sense. To 

tne military engineer ths very construction of the ma;!oi Hoaan 

roads indicates tnat they were not built primarily as military 

roads to facilitate the initial movement of the legions, but 

ratner were administrative roads built after an area had been 

pacified, to enable tne logions to carry out polio© missions as 

well aa to aid communications and to foster trade.

Tne improvement of the early roads was, of course, a gradual 

development , cobbled paving appearing in the Bronze Ago and a 

type of macadam following later, :I?Q know that tn© streets of 

Vetulonia ware pav@cl by 400 B.U* arid possibly earlier. About 

300 B.C. lime mortar was introduced from tn© eities; of Magua 

Graecia and tUus began tha gold on age of ibman road-building* 

In general, we nay say ttoat tue road net of Italy was developed 

during toe poriod 400 *i*C-. - A.D. 200, wnile tne road system of 

provinces was developed from 200 ^».w. - ^ -..*.;• 200. 

The first of the great rn»f9fi was the Via Appia, or Appian
5
, begun in 512 ii.G. under tr*© consul Appius Claudius and

i^ aouta from liorne a distance of 120 miles to Capua* It was 

extended from time to tine until it bad reacaed i«^^iu;/i in tae 

south-western extremity of Italy in 138 iJ.C. Uegun shortly after 

tne Appian «fay «as the Via Latina, also extending in a southerly 

direction from Home. The first northerly road of any consequence
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was tae Via Flaninia begun under consul (or censor) C. Flaminius

in 823 &.c« It extended from *tom« to Arininum and crossed ttie 

Apennines tarouga a pass 800 maters frigft* It, too, was later ex­ 

tended as t&e Via Aemilia, Alpine passes mere also developed, 

sucti aa tae rt. O*n«wii pass in the Uottian Alps, built in 75 jb.c. 

connecting -&lan to Aries. It was tnie pass that was usea oy 

Caesar in 5ci u,a. 02^ uias viay to tfte Uallic Wars.

rto«an roads in ^ritain uave bad considerable tiistoric in­ 

terest, for taay aell illustrate toe ^bman system of planning 
and conctruction and aave played a large part in tue fitibsequ^int 
development of tne road system of tae country, of tne four great 
Ptoman Jays trie raost famous is Catling Street, passing in a nortft- 
woaterly direction from Dover to Canterbury, past London, to 
Chester and northern Wales, and tnence to the coast* Ifiraiine 
fitreet was the Great Mortti Boad in r<oraan tilaWB leaving London 

and passing tnrouga Huntingdon to Lincoln from ^UlcU it extended 
to York. The nost important of the cross-roads was tae fcbsse 

Way running in a nortn-eastorly direction from Axminster in Devon 
tnrou^ft iiath and Leicester to Lincoln. Mother important cross­ 

road *ms tae icitnielci Way leaving fror^ Suffolk in a soutU-westerly 

direction passing south of Cambridge and oxford and connecting 

witti roadP of tno aoutuwest.

Xae Fbmans extended their roads into eleven regions, 

Italy, Spain, Oaul, trie JdritisU Isles, Illyria, Tftraoe, 

III nor ft Fontus, tne Saat, iSgypt and Africa, wtiich were, in turn, 

divided into 113 provinces. Iue Itineraries of Antonius written 

during tne reign of Diocletian (A.D, 264-305) indicated tuat 

twenty-nine military or major aigutmys entered liome alone, and



that tuere were in the anpire as a whole tnree hundred and sev­ 
enty-two highways, covering a distance of approximately 53,000 
Roman miles, or 50,000 i&iglisn miles.

During the reign of Augustus (27 B.U, - A.D. 14) the Cursus 
Fublicus, the government mail and courier service, was extended 
to ttio rauin roads of tho Siapire. Along the roads were set up 
stations to facilitate this service as well as to aid travellers. 
The raa-ior stations were known as "stativae* or "civitates," im­ 
portant places or cities, ^ext in importance were trie "man- 
siones,* located ttiirty or forty miles apart, where travellers 
could get provisions and a night's lodgings. The "mutationes" 
provided fresh horses and were located about ten or twelve miles 
apart.

TYPBS OF BOADS — Many different types of roads were built by the 
Romans 

Adepending upon the materials available and upon tho uses to
vmich the roads would be put. The major or military roads, 
whicu often servod as processional routes in the neighborhood 
of Home, ware usually paved to a width of 16 Roman fost 
(15 feet 6 incaes, English measure), Joth sides of the paved 
portion were bounded by curbs 2 feet wide and 16 incaos higa, 
outside of which '.nere gravelled rtraargines, M each of a breadth 

half tnat of the paved portion. Thus the total breadth of one 
of tiiesa roads varied from 36 to 4O Bo man feat. It is probable 
that the legions had tne primary use of the paved portions, 
while ordinary travellers and animals v?ero relegated to tne
"nargines. 11

6 
Trie ordinary roads could be placed in fiva classes. The
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"Via" was the common read of a breadth of ti feot, permitting

carriages to paes on« another without collision. 'Hie *Actus, w 

so called from a common measure of land 4 feet by 120 feet, per 

rnitted the passage of one carriage. Horsemen and pedestrians 

could use the wlter t n 3 feet wide. Half the breadth of the 

"Jter" waa the "Seraita," ana the "Calles* were simply mountain 

paths used by those tending flocks.

"'N — Although Vitruvius, writing in the first cen­ 

tury B*C., aid not discuss road construction, he did cuantion 

paving in connection with building oonstruction. iJince many 

•fteraan roads havo boon ffiund contal ;ing th® same number of layers 

as he described, it became popular with later writers to des­ 

cribe rocsd construction in his terras. Applying those terms to 

a typical HDraan road> we wou?cd find four masonry layers placed 

over a "pavimentum, H consisting of a bed of sand 4 to 6 inches 

thick or a bet of mortar 1 inch thicfcc. Those layers in order 

of placing could be designated!

(1) "Statumen" - This might consist of flat or squared 

stones laid in cement or bound in clay with a usual tftlekneos 

of 1 foot. Soil conditions daturmineci this thicknwss 8 however , 

so that on a poor eoil foundation the course raigUt fcave a tiiicfc- 

ness of 8 feet i while on a rock foundation it would uave zero 

thickness*

(g) "ftodus" or wruderatio H - This layer would b« a bed of 

concrete of about 8 or 10 inches in thickness, made of small 

s toners or pebbleo bound by a cement or cl&y and rammed UarcU

(3) "nucleus* - This also was a bed of concrete made of 

finer aggregate, gravel and sand, it varied in thickness from
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about a. foot to a foot and a aalf, and was laid down in succes­ 

sive layers and rolled.

(4) W 3u>unuffl dorsara", "suraraa erusta" - 1'ae actual pavanent 

varied from 3 to 12 inches in thickness, and was made of tne 

best wearing material which was available in the vicinity. In 

Italy ailex or lava polygonal blocks 1 to 3 feet in diameter, 

smooth on top and rough on tna bottom were used. In otnsr local­ 

ities forge-cinders (viae ferreae), hard stones, and flint stones 

in cement found favor.

Titus w® 3«je tUat tiie Itomans developed a ra^ consisting 

essentially of a foundation, a binder, and a pavement* Tiaey 

paid particular attention to sub-soi.\ conditions and drainage, 

and were not adverse to supporting their roads on pilos wb^nt. * *•* A

conditions warranted it. iaey excavated tha road bed to reach 

firm ground v^bere feasible.

Tne thicica*»8 of their main roads generally varied from 

3a to 4 feet i very t&ick wiien comparea v*itn present day stand­ 

ards, and from this fact we aay draw some interesting conclusions. 

Labor must have been plentiful and cheap, time vias no abjoct, 

and the engineers axpected to nave few maintenance problems flitb 

tue completed roads* In tfciie manner engineers and work©rj3 could 

devote their energies to expanding the $npire, rather tiiara to 

raerely maintaining the status quo. It is possible that they ax- 

pected their roads to stand forever, and, as a matter of fact, 

so*ne remained in good condition until the eighteenth century. 

During the eighteenth and nineteenth centuries many of tueso 

roads were dug up to provide material for roads and houses then 

under construction» and ejren today we may still se« evidences 

of the original roads*



It has long been notad that curve© *»era seldom used in 

Boman roads, and tttot?e that appeared were of very short radius. 

Above all* tne tomans ar© not@ci for the directness of their roads, 

one good example being that of the Fosse iVuy, wh@r@ in a distance 

of 200 miles between Axninster and Lincoln the maximum deviation 

from a struifcuv la.^ vU'um* u^i*«?v<^M c-Uv£» two cities is 6 miles* 

i)inc© surveying instruments were very crude at tti® tim® s it is 

possible that directness was obtained by the alignment of three 

or more sticks in the direction to bo travelled, a preliminary 

survey having been made from hill to hill*

fteraan rt^*5 were not always straight, but bogs and st©ep 

grades did not necessarily deter their course* ^inc© only pack 

horses and sm&ll vehicles traversed ttiesa roads t grades up to 

EO per cent Here not unoommon* ^eeause of their steep grades 

many of these Jteraan routes were abandoned by subsequent road 

bulldens* Another common characteristic of thets® roads, es­ 

pecially in Britain, is that they wer© usually slevatad some- 

what above the surrou&dlng tejrfHMbtt^. possibly to Keep the legions 

in an advantageous position in ease of surprise attack, or more 

likely to keep the roads fr®@ of snow in the winter*

The fact that tna Homans adopted a type of concrete mis- 

tur© upon discovering that pogaolano mad® a good cement probably 

arrested for a lon^ tinio t?w development of the mor© plastic 

types of construction such as cobbled or broken ston© roads. 

It is probable that they did not use much pozzolano at any great 

distance from Its Italian source, but they did us© local raat@r~ 

ials In imitation of th© po£::olano construction (i.@. lime in 

Britain). On the other hand, the sound anglnoering principles
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of proper drainage, adequate preparation of tno subsoil, and

general road planning as developed by the Komans uava survivsd 

to this day.

\

Roads from Boraaci Times to tae \7th Century

9LAND — After the withdrawal of the ftoraan Array in A.D. 

406, central government, and with it the ne.ad for military roads, 

collapsed. It is probable that maintenance of the fbmari roads in 

certain areas of lin gland was k^pt up for a Ions tine,for several

roads nerd still in ^ood condition in the tvielfth century. Other 

dirt roacis were developed by pooplo who preferred driving their 

animals on soft ground rather than on hard pavements, and many 

of these in time supplanted the rbman roads in popularity. As 

feudalism developed each little atronghold could render Its pos­ 

ition rnoro secure by decreasing accessibility to it. 3ucu an 

attitude could hardly be expected to result in the improvement 

of roads.

There were, however, certain elements of the population 

interested in maintaining pasaable roads, the rnercnants and 

the religious. Roads were indispensible to the success of fairs 

held during the Middle Ages, and it wus at these fairs tu&t most 

of the business of the country was conducted. The central au~ 

tnority of the Church required good communication between the 

various monasteries, and pilgrimages were encouraged. The de­ 

cline in tna fifteenth century of the monastaries and tasir 

dissolution in the sixteenth led to a serious deterioration of 

the roads, for the monks asd long been taking alms for road
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maintenance,

Sporadic attempts \iera mad* by the government throughout 

the Middle Ages 10 improve road conditions, but little real pro­

gress resulted. The first attempt from Parliament came in 1285
7 

when owners of lands were enjoinad to make tho roads safer from

ambush by cutting down trees and bushes a distance of tvjo-hundred 

feet on either side of the road* In 1346 lidward III placed a 

toll on some of the roads out of London, and during the reign 

of H«nry VIII (1509-47) certain laws were passed binding parishes 

to care for thoir roads, Tue first regular pavement was bogun 

in Jjondon, according to statute, in 1532, cobblestone and pebbles 

toeing imported from the sea^shor® for the purpose* Parliament 

had previously ordered the Strand paved in tho fourteenth century 

and streets outside of London in tho sixteenth-

While carte; and wagons had long been known in iftigland, lux­ 

ury carriages, if indeed tae term *luxury H can t>© employed, vtere 

unknown until tae middle of the sixteenth century. Stow in his 

^u'nmary of the !fr?gli5h Chronicle" tells us that in 1555 -'/alter 

Hipon made a earriagQ for trie Duke of Rutland, and nino years 

later *ueen iiliaabeth was presented a co^.ch by on© .'illiam Boonen, 

a Dutchman* By 1560 carriages were in general use among the 

wealthy classes. Although the introduction of tho carriage 

brought no immediate improvement to roads, its subsequent effect 

on their development was far reaching*

i — Th© story of tae road in i^ranoe as well as in 

other more highly developed parts of Europe parallels that of 

England. Tae withdrawal of the tomans and the advent of the
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Dark Ages, with the falling off of populations, brought the

roads to a sorry state. A flicker of enlightenment and improve­ 

ment cum* during the time of Charlemagne (771-614; as he sought 

to consolidate uis empire, but the effort soon followed him to 

ois grave*

Again we see disjointed efforts at improvement which had 

little effect on permanent development. In the reign of Philip 

Augustus tne first pavement was laid in Paris (c 1134)* Louis 

Ail in 1506 appointed road inspectors, but tae results obtained 

would indicate that most of these individuals were better poli­ 

ticians taan engineers. In 1556 a atone road was built from 

Paris to Orleans, tne entire width of tae road beln* 54 

feet, 15 feet of which were paved* A *(*reat Waywarden of 

France*1 was appointed by Henry IV in the latter part of the six­ 

teenth century, but again we uave little evidence that much was 

accomplished by the move* Sully initiated work on a national 

network of roads, paving with broken stone in 1597, but ais sue-* 

ceasor, more interested in external affairs, soon dropped the 

project. Jo, by the beginning of the seventeenth century, France, 

aloiig with the rest of Europe, found her roads in a mucu aorse 

condition than toey h«ad been in centuries before under the Romans.

— During the Dark arid Middle Ages in Europe a highly 

developed civilisation was flourishing in South America under 

the Inoas of Peru. Archaeologists and Historians nave yet to 

tell tne great story of tnese people but we already have sub­ 

stantial evidence of some of their engineering achievements* 

writing in tae first half of tae nineteenth century, $.H. Prescott
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in his "History of the Conquest of Peru" (London, 1347; noted:

*The traveller still meets, especially in tne central jgions 

of the table land, with memorials of the past, remains of tem­ 

ples, palaces, fortresses, terraced mountains, great military 

roads, aqueducts and other public works, vmich, whatever degree 

of science they nay display in their execution, astonish him by 

their number, the nassive character of the materials, and the 

grandeur of the design* Among them, perhaps, the most remarkable 

are the great roads, the broken remains of which are still in 

sufficient preservation to attest their former magnificence." 

Some writers have gone so far as to compare the incan roads with 

those of the tomans; certainly the Peruvian roads were a wonder 

in tneir day.

There were many of these road? throughout the kingdom, but 

probably the greatest were the two roads which extended from Quito 

to Uuzco, ta« capital, and thence southward toward Chile. One of 

these roads passed along the lowlands on the border of the ocean, 

while tae other more difficult route traversed some of the rough­ 

est, most mountainous country in the world, prescott placed es­ 

timates as to tne lertgtn of tne latter road between 1500 and £000 

miles, for only scattered fragments remained in ois time. The 

breadth of the road was approximately 2Q feet, and stone pillars, 

in the manner of milestones, wero placed along the route at inter­ 

vals slightly exceeding a league, the road itself was made of 

he&vy flags of freestone, covered over in some instances with a 

bituminous cement which time made harder than the stone. This 

knowledge was not communicated to trie rest of tne world, however, 

and the mean influence never made itself felt in the subsequent



develop&iont of the road.

Roads of the 17th and Ifcth Centuries

— lue renaissance in the art of road-building first 

*pp»ared in **rance. A French lawyer f one M* &ergier» discovered 

tne remains of some toman roads in the vicinity of rfoeiras, and 

in 1682 published an account of them entitled, "Histoira des 

grands c hem ins de 1'Jrapiro romain." A modified version of tfce 

toman road was adopted but did not Appear to any great extent 

for some time* In 1661 Uolbert, Louis XIV s far-seeing Minister 

of Finance » endeavored to bring about an enlightened policy re­ 

garding road planning, construction, and maintenance, but no 

material progress was marie until 1700, except for the construc­ 

tion of a few roads near Paris, me first important article on 

t&e subject of road ma King came in 1693 when Hubert Oautier pub* 

lisned his "Traite de la construction des chemlns," and this to- 

gether with tne establishment of the Corps d'lngenieurs de& Fonts 

at Chaussees in 1716 gave added impetus to raod construction of 

the period. In the modified Boman method 9 roads were generally 

laid to a width of Id feet 9 with a depth of 16 inches at the 

crown sloping off to a depth of IS inches at the sides , the sub- 

grade being horizontal* The road was formed by laying flat 

stones in tv*o or more layers at the bottom of the excavation, 

and this in turn was covered by two layers of smaller broken

stones*
Tnis method of construction was used until the efforts of

the minister Turge>t resulted in the abolition of compulsory road



labor (la corvee) in 1764. Up until this time tne statute labor 

was called upon only twice a year, in spring and in autumn, to 

repair the roads; thus, largo quantities of stone were applied 

to maintain the traffic during the long intervals between repairs. 

The abolishment of the "corvee" meant that a new method of con­ 

structing highways at a greatly reduced cost must be found. The 

problem was finally solved by Pierre H,J* Tresaguet (1716-1796), 

then chief engineer in the district of Limoges, France. He de­ 

creased the depth of the road to 10 inches, cambered the subgrade 

as well as the surface, laid his foundation stones on edge, and 

covered them with one layer of smaller uaud-laid stones and a top 

layer of walnut-sized stones spread with a shovel. His method 

was generally adopted in France in 1775 and remained in effect 

until macadam construction superceded it officially in 1830, 

having been introduced in France about It* 20. Tresaguet *s system 

of constant maintenance made French roads the best of their day.

— With the increase of carriages came laws* not to 

improve tne roads, but to restrict t&e vehicles. Xnus, in 1622 

James I decreed that all carriages could aave only two waeels, 

and further restrictions were imposed in 1629 by Quart es I* N» 

inprovements resulted until after the restoration of Charles II, 

wnen in 1661 the previous restrictions on carriages wore modified 

It was at this time tnat turnpitce trusts came into existence, 

taking their name from the swinging toll gates usually made of 

sharpened poles. These were private corporations wnicn were al­ 

lowed to charge tolls in return for maintaining their particular 

stretches of road.
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The first turnpike gate was erected on the Great Horth 

Road in 1663 to collect tolls for repairs in Hertfordshire, Cam­ 

bridgeshire, and Huntingdon. So unpopular was the system, however, 

that no gate was erected between Glasgow and Grantaam for a cen­ 

tury. Tne trusts increased and multiplied nevertheless as evi­ 

denced by the fact that five hundred and thirty Acts of Parlia­ 

ment concerning turnpike legislation were passed in a period of 

seventy years (1700-177O). It was noted in Cresy's "^cyclo­ 

paedia of Civil Engineering 1* (1847) that ovar 1100 such trusts 

v*er« in existence at the time, covering over £0,000 miles of 

roads. Tne rise of the railroads played a big part in their 

elimination| and the last trust at the western end of the old 

Holyhead road ceased to operate in 189$.

Although tae first stagecoach between Jldinburgh and Leita 

was run in 1610, and a fortnigntly stagecoach service between 

London and Edinburgh was begun in 1656, tnere was still no ade­ 

quate system of roads in Scotland at the beginning of the eight­ 

eenth century. The sharp need for roads was driven home when 

the rebellion of 1715 in the Highlands showed that regular troops 

could only accomplish a pacification mission with tue mobility 

good roads would give tnera. Accordingly, General Wade built 250 

miles of roads with nis troops from 1726 to 1737, thus opening 

up tne country to peaceful development as well, ^hese roads were 

for the most part about 16 to It* feet in width, and had a pitched 

foundation covered by small stones and gravel. Their value to 

the inhabitants concerned is reflected by the couplet commemor­ 

ating the job:
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"Had you seen these roads before they were made
You would lift up your Hands and bless General Wade. 11

One might infer from tiie large number of turnpike trusts 

and ventures similar to General fade's that English roads bad 

improved considerably during the eighteenth century. That such 

was the case was not a view shared by Mr. Arthur Young who, in

the second edition of "Six Months Tour in tue North of Sngland'1
9 

(1771), wrote: - "To Wigan. Ditto, (Turnpike) I know not, in the

whole range of language, terras sufficiently expressive to describe 

this infernal road. To look over a map, and perceive that it is 

a principal one, not only to some towns* but even whole counties, 

one would naturally conclude it to be at least decent; but let me

most seriously caution all travellers, who may accidentally pur-
i

pose to travel this terrible country, to avoid it as they would 

the devil; for a tnousand to one but they break their necks or 

their limbs by overthrows or breakings down. They will here meet 

with rutts, which I actually measured four feet deep, and floating 

with mud only from a wet summer; what therefore must it be after 

a winter? The only mending it receives is the tumbling in some 

loose stones, which serve no other purpose but Jolting a carriage 

in the most intolerable manner. These ar© not merely opinions, 

but facts, for I actually passed three carts broken down in these 

eighteen miles of execrable memory. 11

At about tue same time that Arthur Young wrote, John Metcalf 

(1717-1610), known to some as "Blind Jack of Knaresborough, tt began 

a road-building career wtuca spread over a period of thirty
10 

years. -blinded as the result of an illness at six he developed

a keen sense as to the fundamentals of road building such as firm
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foundations and arcned surf aces a and in his time built 160 

of turnpike roads, uaving started from a umble 3- mile stretch 

on the Harrogate-tforoughbridge road in 1765. He was the first 

contractor to use any scientific principles at all on the turn- 

pi ice roads « and is therefore remembered as tne British forerunner 

of Telford*

UNITBD STATIC — While inheriting many of the fine traditions 

from the mother countries of iurope* this blossoming country also 

inherited some of tne poorer traditions , poor roads being among 

tnem. The new settlers had not seen good roads back home. and 

did not expeot them in this wilderness, especially waen tne bus­ 

iness of just making a living and f igating the Indians occupied 

most of their time* An attempt at paving was 3iade at an early 

date in tae 3ettlements 8 tne first known paving at Pemaquid, Maine, 

dating possibly to 1625, As a result of the complaining of house* 

wives about the dust raised by brewery wagons , tne street later 

Known as Stone Street in New York was paved with small stones in 

1656* .by 1660 tue main streets of iwi York wer« all paved with 

cobble stones, the gutters running down the center of the str&ets. 

Boston was also paving ner streets at about the same time s records 

showing that such paving existed by 1663.

The first important road in the colonies 8 the old York road 

between ftet? York and Boston, was laid down in 1711 mainly in the 

interests of cooimeroe* Military roads then made tneir appearance. 

In forcing the $*rench out of the Ohio Valley it was necessary to 

puea military roads from Virginia across the Alleghany Mountains. 

George Washington was among the first when he laid out a road over
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route in 1754, and General -tfraddock in 1775, in an expedi­ 

tion against tue Franca, used the same general route as laid out 

dy ^asaington. However, livtlo real progress waa made in roaa 

making until the turnpike trusts appeared in tho latter part of 

the eighteenth century, wtieri a wave of ©ntnusiasra swept tae country 

for bettor communication between all parts of tne union.

Although records indicate tuat an earlier turnpike road in 

Virginia between Alexandria a;id trio lower whenandoah was started, 

in 1765, the first important one was the Lancaster turnpike (1792- 

94) connecting tae metropolis, Philadelphia, and tue largest in­ 

land city, Lancaster. Tula road, originally laid out by David 

J&ttenhouse t was 6S miles long* 66 feet wide, and covered for a 

widta of some eo feet with 16 incaes of pounced stone. Origin* 

ally this stone was of all ei&es arid shapes, covered with earth,

but, because of tae unsatisfactory conditions resulting, tue sur-
11 

face w,s lator caangad to macadam. It appears that tao right of

eminent domain in an open and wnolesale faenion was used for the 

first time in tae United States in tine laying out of this road. 

So ripe was tne country for tho turnpike method of construction, 

that a lottery had to be held to determine who the lucky sufc~ 

scribers to the venture would be.

ivciil© definitely not an eighteenta century road in any seneo 

of tho word, it might be well for the sake of continuity to men­ 

tion briefly trua Cumberland Hoad or "National Pike." Conceived 

in 1602 for the purpose of aiding westward expansion, it was to 

extend from Cumberland, Maryland, to a point in VTest Virginia, 

but the idea was expanded wita tna years until it almost reached 

tne Mississippi near St. Louis. The first contracts were let '
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in 1311 and the project vias carried on under Array engineers for •

tne better part of forty years. Although constructed as a nation­ 

al project, sovereignity was gradually surrendered to the various 

states througn which it passed, and they soon assessed tolls for 

its use. It ceased to be a through route for passengers and mail 

u )on completion of tne j&altimore and Ohio Hail road in lb52-53, 

and was not revived as a thoroughfare until the advont of the 

automobile.

RUSSIA — Borrowing from western European ideas Hussia began 

building roads during tne eighteenth century. Peter ttie ureat 

and his successors built tae "Prospective* Boad from Moscow to 

St. Petersburg, completing it in 1746 after a construction per­ 

iod of twenty-six years* It was later macadamized in the per­ 

iod from 1317 to 1634. Paul I had the first macadam highway in 

Bussia built in 1797, the Tsarskoye Syelo-GatChina.

PSOGBBSS SUMMARIZED — It was during this period that the first 

rumblings of the modern concept of the road were heard. The 

French, fortified by their knowledge of J*>raan construction, were 

the first to point the way, and they were seconded by the English. 

The state of roads in all the rest of Europe, with the possible 

exception of Sweden, was deplorable, even by the ISnglish stan­ 

dards of Arthur Young's days, i'his was a period of great explor­ 

ation and growth, and ideas quicitly spread. An expanding inter­ 

est in commerce and the re-kindled fires of nationalism brought 

to the people a growing interest in their roads, an interest

which l*d to the development of the modern road in the nineteenth 

century.



14 1

THIS 19th CJK^TURy - MODJ3BH HOADMAKINO APP3AH3

IAHLY IDSA3 — Although France had realized at an early date 

that true progress in road making could only bo achieved by the 

application of engineering principles , such an idea aid not pen­ 

etrate to any extent any of the other countries, until England 

aaakened in the early part of the nineteenth century, The atti­ 

tude wnich had prevailed prior to IdOQ was partially summed up 

by Sir Henry Parnell wao f in the early part of tha nineteenth cen­ 

tury, stated tftat civil engineers *uad been too commonly deemed 

by turnpike trustees as something rather to be avoided, than as 

useful and necessary to b© called to their assistance* * 'i'iuen 

too, road making mas regard ,d as sometning belon the culling of 

an an "in* or; thus tha engineer, Smeaton, caused a groat deal of 

surprise aaen he built a road across tae valley of tha Trent be­ 

tween uorkUam and Mewark in 1763* In general, maintenance of the 

roads was left to the unskilled and incompetent, as testified by 

the accepted method of repair known as "barreling the road," This 

method, described by G«W, Ward in tne ard H*port of the Parlia­ 

mentary Committee of Turnpikes and Highways (1809), consisted of 

tnrowing dirt and refuse on the road until a semi-circular sec­ 

tion was obtained, after which traffic was expectod to consoli­ 

date uio mass. Naturally vehicles ;iould keep to the center of 

the road to avoid turning over, and soon tu® waole road would 

become rut~riddan. It remained for two Scotsmen, Telford and 

J<! f Mlam, to lead the way to progress in England — a progress wulch 

eventually was communicated to the roat of the world*
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T31FOHD — Thomas Telford (1757-loM), originally a stone 

mason and later the most illustrious civil engineer of his day, 
began His first bi^ road job in Scotland at the request of Par­ 
liament in Id02, The deterioration of uenoral Wade's roads and 
tho lack of communications in other sections of Scotland made 
now roads imperative to the well-being of trie country. Attack­ 
ing tr*e job ^ith enthusiasm, Telford built 920 nilos of road 
with 1117 bridges under 180 contracts in oigciteen years, with 
not a single suit resulting. He vias, during the course of his 
lifetime* associated with many road projects, but his fame as a 
road-maker conies in a large part from his Holyhead ftoad t the 
.•nail road from Shrewsbury to Holyhead, completed in 1630.

At the time, this road was the finest in the kingdom and 
exemplified tihat lat&r easte to fee known as *Telford Construction*" 
Sssentially it ^as the same type of road as built by fresaguet 
except for th© fact that the subgrade was made horizontal * and 
canboring of th® surface was achieved by using higher foundation 
stones (on edge) at tue center of the road than at the sides* 
It might be well to not© that what we today call "Telford Con­ 
struction* has in fact a cambered subgrade, and is t therefor©, 
in reality a Tresaguet type* Telford»s contribution, however, 
was great, for he was tha first engineer in England to lend his 
talents to modern organized road building on such an important 

scale*

M*ADAM — Although John Louden ?f*Adam (1756-1 b36) did not take 
the title offered him by the king for his services» nor consider



* 4 3 . -

riimself an engineer, nor invent th® system flhicn bears uis name, 

nor even claim that ne did, ais contributions aave .lustified the 

immortalization of nis name in the term 'macadam 1 for broken atone 

when used as a road metal, and the oft-used verb, * macadamize* 9 

Upon his return in 1783 from a stay in America, be tooK up duties 

as a road trustee in Ayrshire and began his road-building practice 

which eventually led to bis appointment as Surveyor of ito&cis, 

uristol in 1315. Here he was better able to put into practice 

bis theories of road building and repair* and quickly won the 

attention(and job of general surveyor)of several road trusts in 

i^ngland and Scotland. His later position as Surveyor-aeneral to 

trie Commissioners of Metropolitan rurnpik© rtoadts enabled him to 

establish nis system all over uritain. His mothods and writings 

soon established for aim a vjorlC-alde reputatinn 9 and his method 

of construction eventually spraad to all countries*

His principle is described briefly by his statements, **that 

every read is to bo made of broken stone, without mixture of 

earth, clay t caalk 8 or any other matter tnat will imbibe viator 

and be affected by frost/' and t wto put broken ston© on a road 

wbich sball unite by its own angles so as to form a solid f bard 

surface*" He built ais roads on levelled and drained surfaces, 

varying the depth of tae broken ston© section according to con­ 

ditions, rarely exceeding 10 incnes. In his report to the House
is 

of Commons in 1811 M'Adarn stated that, "every piece of stone

put into a romd> which exceeds an inch in any of its dimensions, 

is mischievous," but nis specifications usually required a 6 ox. 

stone, no mention being made of its linear measurement*
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* conception of a road was what we would now call 

traffic-bound macadam, and since his time various types of 

"macadam" roads have come into existence: viz., waterbownd,

bituminous, and cement-bound. He agreed with Telford on many
13

principles, such as the vital necessity of drainage , the impor­ 

tance of making tne road suit the traffic and not vice versa, 

tae use of brofcen stone for surfacing to b® consolidated with­ 

out earth or sand, and most important § the treatment of road 

making as a science. Their main disagreement was in the matter 

of foundations; Telford tooK the modern view of tna necessity of 

a firm foundation, whereas M'Adara preferred a soft sub-stratum 

to a hard one. T®1 ford's roads war* probably over-designed, 

while M*Mam's roads were simpler, quicker, cheaper, and suited 

the immediate purpose, Xo both of these men Vie v^orld owes a 

debt of gratitude, for they, along with fresaguet, introduced 

the modern road*

BOAD MACHINHRJf — The early nineteenth century also saw the 

application of rollers in making tae modern road. The idea was 

not new, since patents had been issued in ishgland in 1619 to 

John Shotbolte and in 1699 to Nathaniel imroL and Edward Homing 

for machinery to level the road. It is interesting to note, 

however, that during this period many more patents were issued 

devoted to carriages themselves, and the prevention of their 

overturning, 'roe first real machine of any consequence was 

built and experimented with in 1767 by Louis de Cessart (1719- 

1BO6), inspector Generale des ponts et Chaussees. The machine 

was a 7OOO-pound (old drench v»t*) cast-iron horse roller, 8 feet
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long and 3 feet in diameter* £ut the first practical use cf 

rollers did riot occur until after Waterloo vmen they wore adopted 

in iftgland, Germany (Hanover), and ifrance. Philip h. Clay in 

Ireland developed a horse roller in 1617 which could be loaded 

with weights from six to twenty tons, and poloncaau used the 

first wooden roller in iranoe in 1829. As early as 1543 ueneral 

Sir John iiurgoyne wrote a paper on the importance of rolling 

new made roads.

To Louis Lemoine of .Bordeaux goes trie credit for tne first 

practical steam roller, which he patented in 1659. He was fol­ 

lowed shortly in 1663 by two lingllshmen* #•/. aathe of firming- 

ham and :.'. Ulark, the chief engineer of Calcutta, India* A de­ 

cade lat^r Andrew tindelaf of *tow York obtained the firnt patent 

in the United states*

Machine crushing of stone was introduced in ldS8 by a manu­ 

facturer in &ew Haven, 53.i vthitney ^lake. this machine w&.^ used 

initially in crushing stones for the roads in Central park of Mew 

York City. From that time forward the idea spread t until now 

machine crushing is almost universal* The practice of crushing 

stone by hand has not yet died entirely, however, for the author 

saw it being done along certain roads in &re in 1946.

THS AUTc ,ILB — As th© nineteenth century was drawing to a 

close a new machine was being born~»taa automobile, it was to 

have more effect on the development of tn® road in fifty years 

than any other element nad tiaa in the preceding five thousand, 

tfven at this relatively recent date it is difficult to determine 

lust who deserves the credit for th® invention of the motor car,
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propalled by an internal combustion engine, tuel Morely, an 
American, Is reputed to have drivon a boat witfc a combustion 

engine in 1826, and ^eor^e .arayton is said to hava produced such 

an angine to drivo a tram-car at Providence, Hfcoda Island, in 

1852, but taese works bad little bearing on the subsequent de­ 

velopment of the automobile. Siegfried Marcus, an Austrian, 1& 

reputed to &ave designed, built, and run such a vehicle on tfte

straots of Vienna, but tne details of tb® machine's performance
14 

are vague* The first successful gasoline-driven motor car appears

to hava been that produced by the German Karl ^enz in lbB5. His 

pioneer oar was soon followed by that of his fellow countryman, 
uottlieb Daraliar, in 1886. though «orKing independently these 
men were not alone in their pioneering efforts.

In 1395 usorge Selden, an Ain@rican inventor, took out a 
patent for a motor car which he had held since 1B79, He had 
realized that the world vjas not r^ady for his invention at taat 

early date and so deliberately fteld up the patent until the op­ 

portunity for the greatest financial gain presented Itself* The 

year ho picked was wisely chosen; for it was in 1895 that the 

first great road race between Paris and isordoaux was hold. ?;on 

by M« Levasaor In a Paimlar typ© Panhard and Levassor car^ tae 
raca demonstrated ttso things: (1) that long distance motoring 

was practical and (2) that the often-doubted gasoline motor was 

sound- J**ro!n this time on* the success of the automobile was 

assured. .Vlthln a decade the influence of the automobile began 
to be felt in the field of road deoign.



Modern pavements
t

> )CK PAWMT3 — Th® development of the road from the time 
of Telford to the present ia probably bent followed b; studying 
the evolution of pavements. Tho word "pavement*1 is derived from 
the T.atin ^pavlmentum 1 and means "a. floor r&inraed or beaten aown*5 
hence pavement has corno to bo aerined as tuo artii'ici&l surface 
of an improved roadway formed of aard or durable material* ••*& we 
have seen, the first type of paving In evidence aside from cobble­ 
stone^ in both ancient anil modern times was tha tiand^set block 
type used by the homans. Cordova, Spain* under the caliph /.bdor- 
r&hman II is said to aave been paved in 650, and orders were 
given by Philip II to pave th® streets of Paris in 11&4, Several 
of ttie principal streets cf London •ser© paved for th© first time 
by royal oomaiand in 1417, and Augsburg began p&ving its streets 
shortly fcllowi.jg 1415. wowever, no large-seal a paving appears 
to have been done until Paris, in 1609, placed the responsibility 
for paving and upkeep on the city* Paving was begun v-'itn large 
square stones (about 10 or 12 inches) laid ciirectly on the ground, 
with a slope to«ard th© center of th© street where the gutter wan
formed. The gutters were moved to th® siae and sidewalks appearedi 
about 1325.

Bough blocks of granite appeared as paving in'ta© borough 
of Westminster about 1761 and Philadelphia began usin^ granite 
blocks in 1J339. Broad smooth granite blocKs wer® laid for wiieel 
traces in Comneroial Bo ad London in 1025, but what was probably 
the first attaupt at a modern stone pavement was the laying by 

WalKer of granite setts, 3 inches thick and 9 inches deep,
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with mortar joints on Biackfriars Bridge in 1540. Tar and gravel 

Joints made their appearance in Manchester in the early 1660'r. 

In present day practice, a concrete foundation is used in almost 

every case with stone block pavements, but there is no evidence 

that such a foundation was used much before 1870. A cubical 

blocK manufactured from granit© Known as Durax in the United 

States and JSngland, and as Kleinflaster in Germany made its ap­ 

pearance in iSurope in 1665 and in the United States in 1913. 

These stone-block: pavements have been used to good advantage in 

heavily travelled streets in industrial areas, but have not, in 

general, been used in rural or residential areas of the United 

States because of the economic and esthetic superiority of other 

types of pavement. The same cannot be said for all countries, 

however, for many miles of ston@-blocK pavements still serve in 

Belgium and in northern France and England.

u'ood-block pavements, though now practically obsolete, were 

received most enthusiastically when they first made their appear­ 

ance in the early nineteenth century. A case in point is I^ndon, 

where 1100 square yards of wood pavement in 1839 had increased to 

60,000 yards in lt*42. M« Gourief, a rnamber of the Russian Academy 

of Sciences, led the way in 1620 when ue paved Great Sea Street 

and Million Street in St. Petersburg. His blocks were small hex­ 

agons fastened laterally with wooden pegs and laid in a small bed 

of crushed stones and sand. The interstices were filled vaith 

fine sand, boiling pitch was poured over the surfacQ, and sand 

was strewed above it. The next appearance of wooden blocks came 

in the United States in 1835-36, when some were laid experimentally 

in New York and Philadelpnia. It remained for the Snglish,
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Uowever, to exploit the idea and make it known to tad world in
general* Although Davicl Stead, a mercnant in Winchester £tr«*t §

London, received the first patent and laid the first hexagonal
15 

blocks in 1636, the fact that John Finlayson in IfcJSb and James

Heard in 1632 had written on too subject (based on th@ Russian 

succese), lead to a great deal of confusion as to the patent 
rights. Thus, patents were issued to thirty-seven different in­ 

dividuals between 1536 and 1341» most of tha differences being 
in the size or the snape of th® blockc. The most successful of 
the ^infringements" were the wedge-shaped blocks patented by Mr. 
FU Carey in 1539 and first laid in London in Mincing Lane in Io41. 
The first blocks placed in iSngland were laid directly on tae 

sub-soil* but a 3-inch foundation bed of concrete was soon ad­ 
opted by ifjr* 3tead t and that principle has exirted to this day* 
Treating the wood with creosote was a step wtiich shortly followed, 
resulting in what essentially exists today. The first blocks 
were dipped and it was not until Iu96 that the modern process of 
creosoting ssras adopted* $ood~bl$ck pavsw^nts first appeared in 

the United States in Bo3ton 8 Philadelphia and Mew York about 
1&4Q. Many types of wood have been used Tor tries© blocks t but 
tne 4, ccess aas been found with Norviay pin® 8 nemlock, 

taciarack, southern pine t and blacK gum. w oen the major portion 
of traffic wa« tiorse-dravin 8 the wood pavement was v«ry popular 

in the city 9 because of its durability wuan compared with macadam 

and its quietness and good traction qualities when compared with 

granite setts. However, the cnanges in the character of the 

traffic and the advances made by other pavement types made wood 

pavements obsolescent in less than a aunared years after their
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While we nave soen that brick pavements were used in ancient 

times, taeir Modern* use was made by the Dutcn as early a& the 

thirteenth century. Japan and Italy were known to have had this 

type of pavement in the early nineteenth century, and probably 

before, There is some dispute as to wuere brick paving first ap­ 

peared in tue United States, but it is generally conceded tuat a 

citizen of Charleston, West Virginia, laid the first strip at 

ills own expense and in the face of a great deal of ridicule in

1670. By 1673 tae city realized tae value of tee experiment 

and continued the street at the public expense* Blootnington, 

Illinois, also pioneered in this field by laying a two-course 

brick pavement about 1&75. During the ©volution of the brick 

pavement, various types of bedding courses have been tried ( the 

more successful ort®s being sand,-bituminous mastic, gr&nulated 

slag, Portland cement mortar, and tar pitch* Advantages and dis­ 

advantages similar to taose of stcnw-olocK pavements U&ve res- 

trie tea the use of brick pavements mainly to u^avy traffic areas 

in th* cities of today*

A type of as; u -tic block was first introduced in Paris in 

1637 wher* an attempt was made to pave the entrance to tfte Place 

de la Concorde* It could hardly be called & success, however, for 

apparently the blocks contained too much mastic ana too little 

stone. Evidently tae forerunner of trie modern asr>ualt block ap­ 

peared in San Francisco in Ib69, made of crushed stone and Trinidad 

asphalt. The methods of construction were very crude, and it was 

not until 1660 that a powerful compressing macuine made improved 

blocks possible and successful. At first limestone was used



IS i ,
exclusively in the blocks, but traprock, b<wauea of its greater 

durability, was substituted in lo^3 arid has remained popular ever 

since* these blocks have beeu uued extensively in the united 

States arid 3outh America, and to a lesser extent in Jurope* The 

first patent on toese blocks was probably that of trie I<renchcian, 

Laon I4iilo, vnio early in the second half of tne nineteenth century 

laid blocks successfully in Paris and in several tfrenori provin­ 

cial towns. A fuller discussion of asphalt cctaen in the folios- 

section, but it is interesting to not© at this point that 

asphalt block closely resembles in sise and shape the earl, 

clay bricK, wuipb in turn has evolved from the stone block. As- 

paait bricks now find ttyeir principle use in industrial floors,
i

roads, and driveways, for pavements in large cities, for pier 

dactcs, and for bridge and viaduct roadways.

Various other types of block pavements have made an appear­ 

ance, but their u^o aae tyen far from universal. The high first
i

cost involved in paying a plock pavement» tends to limit the in­ 

troduction of blocks made of materials costing iaoro than types 

already in use* ^or ®xample^ 9 altiMNifii a few rubber-block pave­ 

ments hav& be@a laid where elasticity, IT Q ado in from noise* andIY* weight sere required (a^ on the liichigfwi Avenue Link bridge,
i :

igo), their cost irj large quantities has been prohibitivw,
\ Molded blocks of concrete ja|ave been tried, but their use is now
1 

restricted to oar king traffic lanes, safety zones, a:sa ^he like*

Iron blocks wer® laid on Goritlanat Street, Hem York &t»out 1565, 

only to be torn up shortly thereafter, ana "unter den Linden" in 

in received an "iron pavi^ - 1677 '^tiich was taken u^ in 

i'oday we see iron paving in ttia form of a «eb-like



structure on bridges, but iron bloc KB n&ve disappeared. Among 

other materials wuich have seen service at one time or another 

are coal-tar, shells, slag, glass, leatner, and hay. If tae 

present trend is any indication, however, tnese materials, in 

block form especially, will see little service in tae ro&a of 

the future*

ASPti&LX — ix-iCi-i. asv-iiait (usually consisting of licaectone or 

sandstone impregnated with asph&lt or malthe) has been known ap­ 

parently for several thousand years, open &>i.ian mines having b&en 

discoverod in Switzerland* v?e first hear of it from & German 

n&ned Jo at wno, in 168i| discovered that asphalt found in a garden 

in Biattes could b® worked wuon uarmed* A Gfeek physician ami lan« 

guage r tea^h^r, Birini d f ^yrinys 9 Rtt4e tae first important discovery 

at Val-do«"Travers s Switzerland during his travels from 1710 to 

1712. Hie primary interest in the asphalt-^as for its medicinal 

properties, on which he ??roLo an etituusiastic "Dissertation sur

te au cement n&turel aQccvart—-etc." (Paris, 1781). ;*7ith 

associates Uo formod a company te develop the tispaalt for 

use in tanks, sewers, and basins at Versailles and for caulking 

ship*, but he later lost his concession cuing to trickery in con­ 

nection with wie company. Altitoagh some work went on a or ing the 

next, hundred year,-^ it vsae not until the exploitation of tae 3ey~ 

gsel <i@po8its in Franca that interest was rekindled in the 7el-de- 

Travors mine. jtaining a thirty-year cor-cossion in Ic37» ;»l. 

Ant^lne Brimond succeeded in producing a cement "exactly similar 

to that of 3eyssel, * and solu uiss uoldings as a successful concern 

to Compte de Sassenay in
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Dr. iSyrinis was also the discoverer of tne German rock as­ 

phalt deposits at Limmer in 1730. They were not worked comrner- 

eially until lt*40, from which time they operated continuously 

until $orld var I. Another uerman deposit of historical interest 

is tne Vorworble, discovered in 1601 by a woodsman and opened 

commercially in Ib6b. Krench deposits were also known from early 

days, especially in the Oard district where peasants used the 

asphalt to treat skin diseases of their animals. While no longer 

used in road-making, the 3eyssel rock asphalt deposits in another 

section of France played a large part in th® early development 

of the industry, these deposits first came to notice in 1797 

when Sieur Gecretan obtained a concession to extract bitumen

from the "green molasse*" Another notable European so urea 

been the Italian deposits at tfagusa,, discovered in 1635, and 

first seriously worked in 1680.

The largest and most important sources of native asphalt 

are found in Venezuela and on the island of Trinidad* To Sir 

falter Raleigh is given the credit for the Trinidad discovery 

in 1595, although his report did not mention his actually seeing 

tne LaKe. His main interest in it was its value for caulking 

ships, especially since its melting point compared very favor­ 

ably with that of the wood pitch from lorway. His discovery 

was little noticed for ovor two hundred years until Dr. Micholas 

Nkig«nt» in a paper published in the "Transactions of the Geolog­ 

ical Society, 11 Ibll, drew attention to the valu® of tue Lake 

for caulking ships and criticized the British government for not 

exploiting the find.

Thus, in reviewing the early discoveries of native and rock 

asphalt we find that its value to its finders lay in its
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and caulKing properties and bore no relation to road

making at all. Modest beginnings were made in lb£7 when the
f f Society tfyquem began the exploitation of asphalt for terraces

and paving* aod the first big expansion came in 1&36 when Paris 

adopted mastic for footpatas. The #rench engineer, De Uourlaine, 

had before Itt37 used asphalt roctc, broKer* into fragments and 

heated | on short stretches of road between -bordaaux and jaayonne 

as a top dressing for ordinary macadam. M. ularidge obtained a 

patent in 1337 for using Seyssel asphalt for paving purposes in 

the Department de L'Ain. However, tae first real asphalt pave­ 

ment seems to aave originated about lc.49 witn a M« Merian of
A

Bale f an engineer at the asphalt rain a of Val-de-Travers* He 

noticed that the road between the mine and mastic factory seemed 

to be altering for th@ better, as pieces of rock asphalt in fall­ 

ing off tae wagons were ground to powder by the wagon wneels* 

Accordingly he built an asphalt road from Travers to Pontarlier; 

he reduced tne rocfc asphalt to powder by heating, spread it even* 

ly t and tuen rolled it* Altnough he neglected tae subsurface 

conditionsi toe road stood up very well for several years and 

furnisned the inspiration for subsequent development.

Merian was followed by the engineer Leon Halo who, after 

several years of experimentation, was successful in paving with 

asphalt the iiue <&ergere in 1634 and tae Hue 3t« Honor* in

Napoleon 111 is said to aave favored asphalt over stone 

bloc* pavements because of tne difficulty with wnich street 

barricades could be erected on the former. AS in Paris, com­ 

pressed Val-de«Travers powdar was used to lay tue first asphalt 

pavement in London on rareadneedle Street in Io6^». *Tom here



tae method soon spread to otaer countries.

Xoe use of tae natural asphalt from 1'rinidad Lake for pav­ 

ing was begun earlier than taat of tfce Val-de-'ir avers deposit, 

but not wita as muca success. Sir mlpu Joodward, uovernor of 

'i'rinidad from Iol5 to 162o, in a desire to keep dovm tae needs 

and grass in #runswick Square, tried to use tuis aspnalt in de­ 

veloping tae road surfacing in tii* town of Port of Spain but 

found taat tae admixture of asphalt wita tae soil only "added 

to its fertility. w Interest in tae deposit lapsed until tue 

results of a geological survey—carried out in lobt> by u.P. Wall 

and J.G. Sawkine, (publisaed in Io5o)—indicated tuat the mater­ 

ial could be exploited successfully* As a result, tu« first 

real corm&ercial venture was begun in 1664. Strangely enougU 9 

Trinidaa aspUalt wa«n tried in London was a failure, tnougU a 

success in toe united States; and conversely, Seyssel roc& as* 

pualt, tnougU well received in Europe, was unsuccessful wuen 

tried in New York; in 1670.

Altnouga a type of ^aspnaltum 11 was used for some si da walks 

in Pniladelpuia before Io39 9 tae general development of aspaalt 

roada was confined to Europe waere tae aspaalt nines u&d been 

discovered* A Belgian caemist, 18*J« Smedt, was tae pioneer in 

tae United States woo succeeded in imitating rock aspaalt witu 

Trinidad aspaalt, so far as taeir natures permitted* He laid 

tne first stieet aspaalt paving in tae united States in William 

Street, Newartt, lev? jersey, in 167O or lo/l- It consisted of a 

mixture of sand, limestone powder, mid aspaaltic cement, which 

Apparently came from KLcaie County, west Virginia* His success­ 

ful paving of Pennsylvania avenue in vasaington, D.C* in 1676
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touched off a construction wave wnica soon made asphalt tae most

popular of paving materials. A poll taken in 1910 of four hun­ 

dred and sixty American cities snowed that sheet asphalt led all 

other pavements in square yardage, second place going to brick.

A natural result of tae technological and chemical advance­ 

ments in tae petroleum industry—and tae development of tae motor 

car with its demand for better roads—was the production of as­ 

phalt from the fractional distillation of petroleum. So today 

we have various types of natural or manufactured asphalt pave­ 

ments, such as asphalt macadam, sheet asphalt 9 and asphaltic 

concrete. In addition, of course, we still have the original 

rock asphalt type. The smooth riding qualities, cleanliness, 

and economy of construction and repair nave won for this type 

of pavement the popularity it deserves ana enjays today.

TAB ~~ a?hile the use of tar (produced as a distillate by the 

destructive distillation of organic material) as a surface dress­ 

ing did not appear to any extent before 19QO* it was well known 

long before that time. Like asphalt it was valued chiefly for 

its caulkin- properties. Ad early as 1631 &ech®r and Searle

were granted an English patent for making pitch and tar from
16

eoal, and similar patents were issued at intervals. The great­ 

est advance was that made by Accum, an l&glisn chemist, wao was 

the first to distill coal tar in closed vessels in 1615. Tarred 

macadam was used for footpaths laid in Gloucestershire between 

1633 and 1633, and the first tfnglisu patent dealing with the 

application of tar to roads was issued to Catsell in 1634. An- 

otuer early patent was issued in 1636 to Alexandra tiappey, who



followed up with a small amount of actual construction. In 1650 

Mr* H.V. McKie placed a tar-mac ad am paving on the railroad plat­ 

forms in the vicinity of Lancaster. In .France, Francau of Auch 

in 1671 layed cold tar and tnen set fire to it to harden the sur­ 

face* The most extensive experiment up to the beginning of the 

twentieth century was that of uirardeau, wno in 1896 applied hot 

tar to the road surface, having previously observed the beneficial 

effects of the hot sun on cold tar application*

One point concerning tar worth noting is the fact that from 

about 1860 organic chemistry began demanding increasing quantities 

of coal tar distillates. As a result, pitch became an unwanted, 

and therefore cheap, by-product, the supply of pitch was further 

increased when the demand for benzol for motor fuel was raised.

The turn of the century saw the entrance of the motor car, 

and witu it came the greatest menace of the day—dust, practi­ 

cally all roads outside and many roads inside of cities were 

water-bound macadam, obviously not suitable for the new high 

speed f rubber-tired automobiles. The first systematic experi­ 

ments to combat tne dust menace were begun by Dr. Guglielminetti 

in 1901 at Monte Carlo, Geneva, and Nice, where he had coal tar 

brushed into the surface of the road* AS a result of his experi­ 

ments, the Department o€ J&igineers of France; were induced to try 

tneir own experiments at Champigny, and in 1903 ttiey formulated 

their basic principles on superficial tarring which have lasted

to this day.

T&e initial fight to keep down the dust in the United 

^tatea was begun by using light oils, the first use of oil being 

made in 1694 at Santa Barbara, California. Heavier oils were



introduced in the course of time, and surface tarring came into 

use in 1906* The original idea of dust prevention was soon Joined 

by that of road preservation, and that concept nas existed to toe 

present. Thousands of miles of tar roads in countries all over 

toe globe today testify as to the contribution made by the road 

pioneers of Franc®* the United States, and Great Britain.

— the use of concrete for road foundations is not 

new, for the Romans used a type of concrete in their construc­ 

tion* The extensive use of concrete as a pavement, however, is 

a twentieth century innovation, one that even yet has not cap­ 

tivated the fancy of all the world. Sarly uses of "concrete* 

were confined to structures, and it was not until the early IttftO's 

that it Cf»me into use as a bedding course for wood-block pave­ 

ments. Its value as a bedding course for all other types of 

pavement soon came to be recognized, and tuat us® has come down 

to the present.

History records the first experimental concrete paving as a 

piece 150 feet in length laid at Inverness, Scotland in 1365. 

In 1336 Joseph Hitche!!, an Englishman, laid a concrete-block 

pavement on the George IV Bridge at Stinburgh. His bloetcs — ££ 

to 3 inches wide and § inches deep — were laid on a Portland 

cement concrete bed, th® Joints being filled with eenent grout. 

Grenoble, France, received a concrete pavement In lt>76, and 

Bellefontalne, Ohio, became the first city in the United States 

in 1&93 to be so paved. Little progress was made, however, 

until the automobile became an Important unit of transportation.

Being the 0orae of the automobile industry, Wayne County,
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Michigan, in 1909 commenced the est&blisluaent of an ext$nsiVft 

system of concrete roads which spraad rapidly to rural and met­ 

ropolitan communities alike* Thus tae United States took an 

early lead in concrete road investigation and construction, a 

lead somewhat roluctantly followed by other countries, P.J.

Larranaga, writing in Paris in 1986 expressed tae general tenor
17 

of taat reluctance when ue statod, "If considered in connection

witft country roads, for about turee to four years a oeraent- 

concrete unsurfaced paving can be considered a not unattractive 

type of wearing surface, by those r&o have never seen anything 

but a potaoled old macadam road. After that time tue probabil­ 

ities are that tue concrete paving mill be aiding its suaiae 

under an asphalt pavement. 11 Arid, as another exaiaple $ tae Brit- 

isa Isles aad in 193S? only 3000 miles of concrete road.

Tae Germans under Hitler, however, preparing for world con­ 

quest, recognized the need for broad, ueavy-duty Highways, and 

traced and re-traced Germany with their famous autobahns in the 

193G 1 s. The Italians under tiussolini were also actively engaged 

at the same time in building up their road system, much of it 

of concrete construction.

Much of the early work was, of course, done by trial and 

error and results were not always of trie best. A large amount 

of progress was made in ta« United States in tha early 19£0*s 

on the test roads in Illinois (the Bat+s Hoad), Pittsburg, ana 

Arlington, From these tests were derived certain principles of 

design, especially in reinforced concrete f wuicu resulted in a 

greatly expanded volume of this type of construction. The sep­ 

arate base and wearing courses were combined to form a raonolitnic
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structure, Improvements -.nor® made in joint construction! thickened 

ed^es appearediand reinforcing steel was introduced in a more 

scientific manner. To Clifford Older, an engineer in the Depart­ 

ment of Public or*u» in Illinois, is given the credit for probably 

being the first engineer to design pavements on the oasis of their 

analysis as a structure provided to withstand certain loads* Two 

other Americans, Professor H.M. $estergaard and A.T. Goldbecfc, 

also deserve mention for their contribution to design principles.

The two World Wars emphasized the need for sturdy highways 

to take ever-incraasing loads, and tne new concrete roads were 

called upon to do tha task. These roads of 6 to d inches in 

thickness 'sere a far cry from their Fforaan predecessors with a 

t^ie&asss of 3 or 4 feet. The success of the modern concrete 

road has been, of course, attributable to many factors, some of 

the more important bein^: (1) ttie improved methods of producing 

mineral aggregates, (2) tae studies in the expansion and contrac* 

tion of concrete, (3) tae investigations of structural action of 

concrete, (4) the improved quality of Portland cement, and (5) 

the advances made in tae manufacture of machinery and tools for 

construction. It is not the perfect pavement by any meana, but 

it is improving and gives every indication of continuing its in­ 

crease in popularity.

AIHPORTS — The automobile has not been alone in providing a 

motivating force for pavement development in tao twentieth cen­ 

tury; tue airplane, too, uas playod an increasingly significant

rolo in tuis field. Keeping pace witn tne evolution of larger 
and larger planes has been the increased attention devoted to



161runway design end airport layout in general. Officially, .ve
might say that the *Air Age" began on December 17, 1903, th© 
date of the first flight of a power-driven heavier-than-air 
machine. On that historic day at Kitty Hawk, North Carolina,
orville bright flew about 120 feet in an airplane he had designed

Id and built in cooperation with his brother, $11 bur. Later on in
the same day Wilbur fright flew the plan© S52 feet in 59 seconds. 
During the years 19O4 and 1905 the Wright brothers perfected the 
details of their invention at the world's first airplane landing 
field, an 80-acre cow pasture 8 miles northeast of the center of 
Dayton, Ohio. In th© early days of this airfield,take-offs were 
accomplished b;' means of a catapult arrangement, and landings 
were simply made on the grassy field.

Tiie early increases in plane weights soon made some type of 
paving on th© runways essential, so it was only natural that en­ 
gineers should turn to the paving they already knew something 
about—the paving used for automotive transport. Thus, during 
its infancy, airfield construction became closely allied to road 
construction both in materials used and techniques employed. 
\Iorld $ar II brought a great impetus to airfield construction, 
especially in tho temporary or emergency category. Surfacing 
materials us@d during the conflict could be divided into tnraa 
broad classifications:

(1) Natural Materials - coral, gravel, volcanic ash, and select­ 
ed soils.

(g) Processed Materials - crushed gravel, crushed rock, etc.,
(3) Artificial Materials - asphalt impregnated jute, bitumen,

Portland cerrent, and steel landing 
mat.



In the majority of cases emphasis was placed o.* ^0 flexible 

type of runway where spoed of construction was essential, but 

ritfid ways wer^ built smera permanence was desired and where 

time permitted.

It is no* clear that building an airdrome and building a 

road are not essentially the same operation any more. Airplane 

wheel and vibratory loads have increased way beyond tna limits 

of any automotive (or even tanis) loads to wnich regular roads 

are subjected. **s-a consequenc®, new design criteria are being 

astablisaed waich are taking airport construction further away 

from the parent road construction. As ye-» ^irport design is 

probably too ne<# to be properly assessed in an aistorical sense, 

but tnere is every indication that its importance in civil and 

military life will continue to increase with mucb tti© same zest 

wdicti aas marked its rise in ta® first aalf of tae twentieth cen­ 

tury.

Summary of the Development of the Boad

ftbilo prehistoric sources and ancient history aro full of 

accounts of hunting trails, land trade routes, and pavcHl cities 

of ota^r civilisations! the first great road builders were tue 

Jbmans. "All Hoads lead tc HDS^-' was no idle boast; it was a 

policy of empire. The trainp of the legion feet in far-flung 

corners of the world, where peace and order were maintained, 

was made possible only through the existence of tae great Ftoman 

uighways. Although built primarily for administration by a 

strong central government, taeir use for commerc® and social



intercourse enricnod every area in which they were laid, The 

fall of the Empire in trio fifth century raarfceot a decline in the 

development of tne road which lasted until tae eighteenth cen­ 

tury.

There were a few bright spots on the way, of course* the 

Arab world produced 30mo fine roads during the eighth and ninth 

centuries, but they had little effect on subsequent development* 

Caarlarfiagne at the same tim© briefly revived the roads, for the 

same purposes which had inspired the Homans to do their original 

building* jay «*nd large, however» tae breakdown of strong central 

governments and the advent of feudalism sounded the death knell 

of roads.

The Benaissanc®? with its Increased interest in learning 

arid in trado, did no*, iiuraedlately stimulate road building as 

might be supposed. It was not until France began imitating some 

of tier well-preserved Hainan roado in the sevante^ntu cantury t 

that much attention was given to the R»tt<tr. Again, the hand 

of government was noticeably present in the effort. France 

still laad »a* morld in the eighteenth century mien Tresaguet, 

forced by economic necessity 9 developed the forerunner of tue 

modern road. Under Mapoleon, Prance continued h^-r leadership 

in the early nineteenth century, for roade* were vital to ids 

scheme of conquest and administration* Alpine roads such as 

tno Simplon carriages road built in five years by ;essart, and 

the Hont Cenia Pass built in seven years, give evidence of the 

ability of French engineers under Mapoleon.

The Industrial Revolution in Sngland during the early part 

of tne nineteenth century emphasised tae need for good roads 

to handle raw materials and manufactured goods readily. This



gave rise to the building by both taa government and private in­ 

terests, and gave men like Xelford and M'^am th<* opportunity of 

exercising their talents in this field. Tae English example was 

soon picked up by Franc®, and taan gradually spread to trie rest 

of tne world* Although city pavements continued to develop, roads 

outside of cities suffered a regression, which commenced in the 

second quarter of tne nineteenth century and lasted to t&e early 

part of the twentieth. This was tne Hail road A|?e, an age in which•* 0,1 • ^w

some enthusiastic railroad supporters predicted that carriages 

would disappear and roads outside of cities would become over-run 

witn grass.

However, tae twentieth century ushered in trie automobile, 

and with it the demand for new pavements, especially on rural 

roads* Ttie pavement in the city had developed rather logically 

from cobblestones furnished by nature, to quarried stone suaped 

by man to give a more even surface. Manufactured bricfc was tae 

next step, followed by the use of asphalt, in block form, of 

course, ffhica made a quieter and smoother pavement. To make the 

surface carpet-lifce was then accomplished by the use of sneet 

asphalt. The extensive use of concrete on highways was intro­ 

duced by tne united 3tat<§s to accommodate its ever increasing 

load of gasoline vehicles and to span its large distances*

Hot only have tne needs to be satisfied been important, but 

tne availability of materials aas played a significant rol© in 

the development of the road. Traditionally, stone and raood have
i

been available for use from earliest times, but tar did not be­ 

come available as a plentiful and che&p commodity until produced 

by the organic chemistry industry in the latter half of the



nineteenth century. In like manner, asphalt is largely a pro­ 

duct of tho latter nineteenth century when advances in rail and 

steamship services made possible its transportation at a reason­ 

able cost, the development of concrete and steel—discussed at 

length in the chapter on material,s—• also belongs to to® eame era. 
Thus tho automobile and th© economical oroduction of suitable*

road building mat ©rials joined together in tne early twentieth 

century to give a new birth to road building.

Following the advent of the automobile, travel on the roads 

for pleasure created the initial demand for road development, but 

tnis demand was soon supplemented by that of commercial interests, 

and, to a certain ©xtent, by tnat of military interests* the 
meeting of tne First international maa Congress at Paris in 190d, 
followed by periodic meetings of the bo$y s and the formation of 
various road societies throughout the siorld is indicative of the 
universal interest and concern in roads today. #ueb interest is 
bound to result in th«ir improvement, and thus adct to the com­ 

fort arid enjoyment of the whole or
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Chapter IV

BRIDGES



Devalnnmont from prehistoric Times tn the 18th Century

MAN FQU 'JRS»3 L&u) — The seeds of an Idea on brid^e- 

ouiiui.^ sr^ planted very early in tat* nine'. a an by tue fun- 

damental types of bridges produced by nature. There vias, for 

instance, the beam type exemplified by the fallen log across a 

stream* ....a suspension type -*as represented by tangled vines 

growing from one tree t .thor, .mile natural arches of cor- 

btiisu rou& aucn the Ha in bow Area in Utah, USA, provi^ea ye%. 

another example. It is possible that the first builder of 

bridges »as the Neolithic (Neva 5tone Age) Man, who appeared in 

Europe about 15000 -bC. and who is known to have had tools such 

as a stone axe. -ith ouch a tool he could fell trees, place 

several side by side, and thus imitate and improve upon the ex» 

ample ^iven him by nature. The next logical step was to ira- 

itate the beam action of the logs with stone slabs a*Kl piers

which aould give greater stability as well as greater perman-
1 

ence. Jrniles notea tae presence of a rt Cyclopean H beam type

bridge (later inhabitants attributed the work to giants) over 

the iJaat Dart in England. Three piers of granite blocks carry­ 

ing granite slabs, 6 bv 15 feet, indicate that the 

structure might date from ^tonlienge times, over three thou­ 

sand years c< . Mow-ever, ^ay bridge consnoniy consiaerea 

oldest existi.^ an cu^ »vorld is the Caravan Bridge, a

Btono slab type, ^vor the River Llelos in Smyrna,
2 

, reputed in legend to have been used by Homer.



it I
During prehistoric times man in warmer climates was pro­ 

bably improving the suspension bridge by twisting vines and 

creepers into ropes in much the same .<ay that primitive peoples 

in the tropics do today. In timo, four different kit is of sus­

pension bridges evolved, the simplest type being the basket on
3 

a cable* In China it was known as the Liu ^oh, or Lev* *i&w f lit-

terally *s!i A .; rope% the cable being of bamboo. Similarly the

"tarabita* in Peru, described in 1748 b*/ Admiral Don Antonio de
4 

Ulloa, consisted mainly of a cable, 6 to 8 inches in di­

ameter, made of ox-hide thongs or bejuco. In China, central 

Africa, northern India, ana ~»outh .*merica we ilna surly evi­ 

dences of a hammock type of suspension bridge, wherein four 

cables were united ^ith a web, providing a tialk-«*ay and en­ 

closed sides. A roadway on the cables was another early type, 

one o. le bein& that of a bricige over the Apurimac River in 

Peru having a span of 148 feet at a height of 118 feet. The 

fourth type apparently originated with a primitive group in 

the Himalaya and is taa one with which moderns are so famil­ 

iar — the suspended roadway.

THS AWH — Alt dough he had certain examples In nature, early 

man found it difficult to utilize the arch in his bridge- 

building, and it took him many centuries to bring it to a fully 

developed form* Mat ur ally the corbeled arch, on© built up of

nr-i'Hp'"3ed cantilevers v;ita a simple slab span oncjLOSur®, 

was the first to make an appearance, though not in the con­ 

struction of bridges to any extent* ...-..• u ierianfi p using 

bricK for the motet part, used the corbeled arch extensively,
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but evidences of a true (voussoir) arch have been found in

5 
Mesopotamia dating to 4000 !&;. .Vhile the corbeled arch was

used by the Egyptians in the Pyramids at Qizeh almost five thnu- 

aand years ago and the true arch nas known by tha 3rd r.ty 

(2930-2475 ^C) , Egyptian arch construction was used more i« a 

decorative than structural sense. Due to tueir imperfect under­ 

standing r its action and their inability to use it properlyf 

the Egyptians ^ra credited tfith the sayinr ,e arch never 

sleeps. *

Archeolo^ists have found numerous examples of the jse of 

corwolaa area oy %as .isayrians, Babylonians, and Chaldeans , 

as in the case -sita tboir predecessors, we iiave no infor­

mation on t&eir bridge-building exploits, if any. A legendary
6 

story tells of a single brick area bridge 660 feet long and 30

feet wide erected in Babylon during Miiarod's time (c 2800 !&)•
7 

It is ^uite probable that ttiis story bad its origin in Herodotus 1

description of a later bridge built under Queen Nitncris

spanning the Euphrates at Babylon, a timber-covered bridge 

asade of ced^r, cypresa and palm, and supported by a hundred 

stone piers. Sxamples of tue use of tue s@fai«circular arcu a- 

mong early peoples havo been found in Asia Hin^ r among the ruins 

of the Phrygian cities, and in Acarnania, the most western pro­ 

vince of ancient Greece, TWO other ancient •xarapls;; of a true 

arch have been discovered near the Mi la, one in a tomb at Thebes

(1500 s&) and the otviar, vihictt ta^y possibly ante-date the first,
8 

in Jthopia. However, it remained for the Etruscans, a race of

Asiatic origin who entored Italy about 1300 BQ, to develon fully 

and make extensive use of the true arch.



PR??-ROMAN CONSTRUCTION — Just as our knowledge of archeu 

bridges prior to Roman times is very meager, so too is our know­ 

ledge of other bridge types. «Ve know from archeology that the 

pre-historic lake dwellers in Switzerland built crude wooden 

treaties on piles, and that the early Greek tribes ("Pelasgi") 

from Syria and Asia Minor built extensively in "Cyclopean" mas­ 

onry. History, however, tells us little until the time of the 

Persians when bridges became an important adjunct to world con­ 

quest. The first recorded pontoon bridge is credited to the 

oufcineers of Cyrus tue ureut, woo ruled Persia in the latter 

part of the sixth century BC. Carnbyses, the son of Cyrus, ex­ 

tended the Persian conquests over most of %ypt, and then he in 

turn was succeeded by Darius Hystaspis (521-486 I}C.) who greatly 

enlarged and consolidated his empire. Part of his scheme of 

consolidation included annexing a portion of Greece. His in­ 

vasion of Surope was accomplished by sending an army—600,000 

soldiers according to one version—across a pontoon bridge 

built by ilandrocoles of Samot and laid over the Bosporus at a 

point where tae straits were 3000 feet wide. A few years later 

the famous ridge of boats over the Hellespont at AUVUOS was 

built by the scientist Harpales to enable Xerxes to march into 

Greece as his father, Darius, had done before him. This ex­ 

pedition vias also doomed to failure, however, and the Persians 

were defeated at Thermopylae (460 3C)» never again wo challenge 

seriously the rising supremacy of the Greeks. The art of build­ 

ing bridges, military or otherwise, concerned the Greeks very 

little, so it fell to the lot of the Roma^a to become the first 

great bridge-builders of antiquity.



TH3 HO MANS — ,';ie first recorded bridge over the Tiber v 

the famed Pons Sublicius (Bridge r>f Piles), so bravely defend-

ed by Horatius Codes against the Btruscans and Lars Porsena
9 

of Clusiuni, in the sixth century I£. Plutarch informs us that

this noteu Muouun uria^Q was uuilt (c 6S1 jti>j uxider u^^ul .^i^aa 

:,!arcius (640-616 B.C./ » •-*• -aat its custody and maintenance were 

attached to the priesthood. 3o great a part did bridges play 

in subsequent Bo^an life that in time the uead of the state a- 

dopteci the title Pontifex rsaximus (Chief ^ria^e- builder ), a 

title 'ahiou .»ab j.aut*r adopted »% wua .-opeb f and helci . them 

to this day* The Pons Gubliciu :s originally dontroved about 

COO B£, but was rebuilt oeveral times until the last ruins v 

removed in 1877.

Xhe Horaaas L-uiit many oWier timber bridges, tuu uaut 

probably being Caesar *s pile bridge across thf Rhine (55 IK;) 

erected for use in the Gallic >fars» Although Caesar left a 

description of the bridge, his account does not toll us def­ 

initely hov? it vsas built, nor even hov* long it was, but we do 

know thau L . was so HUM her* between 1300 and 16QQ feet in length, 

*., ^tAns of 20 to 25 feet. A second famous timber arch bridge 

between 3000 and 4000 feet ii length was that thrown over the 

Danube below the Rapids of tha Iron Oate by ^p^ollodorus of 

Damascus in Trajan's roi&n (AD 104). anotaor itiLorecting uridge 

of classical times was the 3fc-mils Bridge of 

Ships across the Bays of 3aiao and puteoli, built to satisfy 

the *hiro of the half-mad emperor, Caius Caasar Caligula. This 

bridge held the distinction of being tha longest non-military 

bridge in tiie t*orld until 1903 when the ;>ouuiern Pacific Company



built a 20-niilQ trestle, the Luein-Qgdon Cutoff, across
10 

Great Salt Lake. The only longer bridge during the

tween these two vias the on® built in 1566 by the Turk, Suleiman 

the Magnificent — a 5-mile pontoon bridge across the Drave at 
jjsseic* However, despite tUe fact that probably most of the Ro­ 

man bridge-building ^as done »*iia timber, we have little evi­ 

dence as to how it v*as accomplished, whereas rae are deeply in­ 

debted to the heritage left us in aasonry construe ti^n. examples 

of vshich ar® still available today.

»• noted earlier, it was the jjtruscans who perfected the 

arch, but it remained for tUe Ho mans w utilize it on a large 

scale in ths making of bridge^, .jrj eurly example was the Pons 

Solar ius over tbe Taverona eractad about 600 BC, under Tarquin, 

«ho was himself an Etruscan. Xh© great bridge-building period 

started at a later date, however, about 300 13Q, and laoted until 
about AD, 200, a period approximately identical with that of 

groat road building. At least eight stone bridges -ere con­ 

structed across the Tiber during . i time, and six are still 

in evidence. These six, in order of vintt ,. ith original 

names in pareiitaeaia arw vue '^owLe riotto (Pone Aemilius) (178 

BPJ» Ponte Holla (Pons ifilvius) (109 BQ), Pont© dei .^uattro Capi 

(Pons Faoricius) (62 BP.) , Ponte dei 3. Bartolornao (Pons Uestius) 

(46 BC,}, Ponte 3. Angalo (Pons Aelius) (^p. 134>, Ponte Sisto 
(Pons Aurelius) ( AJX 860). Tae Fbmans left other examples of 

thair work out^iue 01 r^uiw u& «»^11, one of the most, noteworthy 

being the Ponte di Augusto at Himini , probably erected during 

tho reign of Augustus (27 BC - AP. 14). This structure, whose

are not at right angle a to the bridge axis, is considered



by many the mott beautiful of all existing i bridges.

•Vhile each of these bridges and others not mentioneu have 

their own individual ctmracterib uiua including lou& &nu inter­ 

esting histories, it ic sufficient for our purpose to note the 

similarities typical of Roman construction* The s^mi-circular 

arch invariably was employed whenever the Romans worked ft 

stone, brickwork, or bricks over concrete. »hen working fi 

owune they built up their arch riu^ v»ilfc relatively soft lime­ 

stones, such as peparlno and tufa, and faced them r,vrr with 

blocks of hard travertine, anchoring these blocks to tu6 inter-
A

ior by means of iron cramps. It was also customary for them 

to build an odd number of arches which gradually incra^aea in 

6y»n toward .o center* The arch npans varied in size from 25 

to SO feet while pier «idthe were usually about one-third of 

ths span. The arches of the aquoducts, on the other hand, gen­ 

erally had a span of about 15 to EO feet, although spans as 

^reat as 1£0 foet v«eru u^pi.jyau. The usuux urxa^u .uuuut>, uar- 

rov% by naodern standards, seldom exceeded 30 feet, MI outstand­ 

ing feature of construction was the rather common practice of

ing cut stone voussoirs without mort .r, despite the fact tuat 

tiia Bomans had developed a curntint v«ai&a vsias not equalled for cen­ 

turies altar tho passing of their empire. ,Vuere tif^e and money 

wero no eojact, slave labor bein. in vogue, sucu j ecieion satone 

cutting coulci. be used extensively. They used little economy in 

constructing their sub-aqueous foundations, which were not con­ 

structed with the same skill ct:> uere the &j^er-structuras. In 

general • although /»<.,od piling was r> *ten used, boulders and rocks 

were dropped in a river bad until sufficient bearing aas obtained,



and then construction of the pi or was begun, a step-oacKea or 

battered pier foundation resulting. A final feature worthy oC 

note ia the fact that ornate decoration of a city fridge v»as 

considered most worthy a^u , in fact t necessary.

Although they will bo taken up in a later c > 

aqueducts of the Romans quit® properly desorvo mention in this 

section on bridges. ,,bst eminent of all was the Pont du Gard
A

in southern France. According to ". r'enard, historian of "limes, 

it wua the work c _^ippa» son-in-laa of Augustus, who ordered 

ttork to b© done about 19 B£. This magnificent edifice — 

n still stands in three tiers, the fir^t consisting 01 six 

arches, th® second of eleven, and the third of thirty-f ivo-- 

towers tr a hoirht of about 16O feet and extends along itc top 

for a distance of 835 feet. Its largest arch, taough not at 

the center of the structure t doos span the central portion of 

tho river ui ta on openly of 80 feet 5 inches. But let us turn

from such a prosaic description to that of the gifted Charles
11 

Kingsley '»nio in 1664 vsrote to his wife; " —— , v?e turned the

corner of the limestone glen, and over the deep blue rock-pool , 

saw THAT TKi^'G hanging uev.seun earuu ana aeaver;, ^ae ulue sky 

ana &reen woods shoeing through its bright yellow arches, and 

all to carry a cubic yard of water to Wismes, tvienty miles off--- 

Then I fs>lt the brute greatness of the Roman people} and an aa*

fell upon ,n« — -**

Tue .jegovian aqueduct in ^pain is anotaer not^ule example, 

utilitarian in purpose, ...-.t beautiful in ite simplicity and mag­ 

nitude. 1^ towers over 100 feet above the small houses 

in the valley, its two-story arches carrying a cement conduit
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£700 feet lo^. As in i.ioa^ mm an construction 01 Uii:; "uypt> 

its lar-e Blocks of r,tone wen* laid Wi, in r^ular courses with­ 

out uny mortar. 3till :inothar example of two-story arch con­ 

struction i un is the aqueduct at Tarragona.

jjefora leaving the Homan grandeur in 3pain «e must ^ause 

to mention t-«o fine bridges .mica still exis*,. The .firs*, t xo- 

Ciited at •"artorell in tii* province of Barcelona, is probably 

Uie oldest existing of ta<» Bo man bridges, dating flroai about E19 

It has been ttiorou^Uly remodQled t^vjice since Roman , 

uy T,as ..joors in ttie fiddle Ages an<^i a^ain by Cfciiirles III

of 3pain in 1766. Its crowning feature ^s its central arcbi
oper.l v- of 131 feet. And finally ^o nnti the Puante Trajan 

over ttio "meldtncijoly Tagus rt at .Ucantar^ (from /a Kantaran—
i

;,.;ooristi for !*i'Uo ^rid^e"), a favorite of] many painters and

erected in about ADt 98 - $&?s )v*ell ..i\.as^ooa tiieii
^ of time and still bear« th« inscription of its builder,

Caius Julius Lacer— tm inscription whicfii charactorizos the ^&n-
\ 

5-us and determination of tUt- ian eri^ilr^eers: n?ont6u pfc>rpt>tui
1 \i \

..i'ansurum in :>aecula" (I Uave left a bridge that shall remain

for eternity). \
I-.

\.
TH3 CHJ, ... -• .^ile ^e know that a bigti ie'tate of civilisa­ 

tion existed in China and in other parts of .*.$!& before as well 

as after Homan times f our &K>'.fleece of that-culture is too me&~
\

^re to permit us to tra&e Asiatic influence Ion t^tie pi ogress of
\ 

bridge-building in the western world and vie© varW. ,>\11 that

v^e cm do is to raaice a f«=»vv comments on pr(>^ress in ^China itself.
p

According to legand the first gre^t period of building came



sometime around 23CO Bp. unaer the ^uporor Vao, -,/rie:i T-i;;oer arid 

pontoon bridges were introduced. Dr. H.G. Creel in "The Birth 

of China" (London 1936) asserts, however, that the earliest civ­ 

ilization known, Historically and archaeologically, which can be 

called "Chinese* in a cultural sense is that of the :;aang people 

living at Anyang in the foui-ueenth century 4C* Discoveries to 

date have revealed nothing as to their ability in the field of 

bridge construction. Later, after the time of Confucius (551- 

479 BC)i the art of stone cutting had developed to tho print 

^here stone bridges became feasible, and by the time of the Han 

Dynasty (806 B£. - Ap. 220) stone cantilever bridges had corne into 

vogi-.*. "iese cantilever types, still being erecte-' today, n/ere 

used for spans up to 100 feet or more, while suspension 

bridges were used for greater lengths up to 300 feet.

Various holy -Tien of China brought back accounts of their 

pilgrimages to India in >,<hich they described certain construc­ 

tion tynes later adopted by the Chinese themselves. Tho monk 

'-a Hsien wrote of suspension bridges in AD 399,, and in AD 630 

Huanj-Tsang described the use of iron chains in suspension bridge 

building in the Indus Valley. Another traveler of note, this 

tifce a visitor to China, was Marco Polo who recorded some of the 

progress which had been mad© during the Sun Dynasty (AD 960-1250) 

He made particular note of a stone bridge at Pu]isangan, 300 

"paces" lonn and 8 "pacoo* aide upon vjtiich ton men could ride 

abreast on horsauack. This, however, is a digression, and ;e 

must return t- the main thre^ ^f ~>ur story.

THtf BflOTHJBRS OF TH'al BRIDGE — There was, generally speaking,



little activity in uriu^G-uuiiding in Europe after the - v fall 
of riome until the tenth century. The Moore luring the interim

responsible for some progress, an example boirr.-: that ^f the
Alcantara at Toledo, ^pain. An early Jcbman bri. . - at trie spot 
was repaired in 667 by the Visigoths, but it diss-. i*i 371, 
only to rise at a later date unaor Halaf Alameri. After sub­ 
sequent destruction and restorations the bridge »vas finally re­ 
stored in 1360 by archbishop Pedro Tenor io. tfhen buildinr began 
again, it was largely in titaber, the result being hap:. ^ ar­ 
rangements reminiscent of far earlier times. It is known that 
the Saxons I ;ilt timber bridges? over the Thames, ons at ui© 
site of London Bridge exist in; in 994 according t^ an early ac-

JH. ^. -'

count of .Villiam of Malmeebury. , ^rthermore the triarit;ular
stone bridge of Croyland near Peterborough, England, was men-

14 
tioned in a charter as ©arly as 9^3, uut the precise date of
its eroction is unknown.

Thj Crusades of the eleventh and twelfth centuries had 
stimulated the minds of man, so that travel was resumed once 
more anu an increased interest in improving his environment 
was developed by the Western European, according to liuoort 
Gautier, trie author of tha earliest vjork on bridges known 
(172cO, travel conditions toward the end of the twelfth cen­ 
tury bad become so bad, however, that groups of pious monks 
uariaea togaiuer <*ith the major object of offering travellers 
hospitality and getting them safely over dangerous rivers. 
f/ith remains of fbraan bridges as their guides, these monks set 
out to uridge jaany rivers in a permanent fashion ^i>comin{' on- 

i f :ons, carpenters, and laborers and than passing



these skilla on t-> ttie laity. It appears tuat tue jt'ratres Pon- 

tifices began with the Altopasoio Order near Lucca, Italy, and 

spread to the xsanedic tines in France, Still later the movement 

took hold in j»n^land where the Benedictine monks became the ac­ 

knowledged leaders in the thirteenth century. In 1139 Pope
15

Clement III officially recognized the Brothers and they contin­ 

ued their bridge-building activities until some time in the four- 

teenta century when they were superseded by lay interests. At

this time they confined their activities to the care af pilgrims,
16 

and were finally suppressed in 1459 by Pope Pius II,

The earliest leader of the .rothers of vniora we have tu.n-.-x-
/ /

ledge a as Johannes leaned ictus, later known as St. ^enezet, the

builder of trie fixed stone arch bridge over the Hhon© at Avig­ 

non, .hen originally built in the decade commencing about 1177, 

this splendid example of the medieval bridge contained more than 

twenty elliptical arches, four of uftich still stand. An even 

earlier stone arch was built in 1146 across the Danube at Regen- 

sburg, 3avaria, out the names of its pious buil iers have been 

lost in the course of history. The moot famous of all these med- 

iev .1 bridges was, of course, London bridge (1176-1309 ),• the work 

of Peter, taa Chaplain of tiie Church of St. ;/lary Cole, or Pater 

Colachurch, as be is more familiarly known. H© diod four years 

before the bridge was finished and was succeeded by a French 

monk, Brother Isembert, who saw the work to its completion.

According to the eighteenth csntury engineer, Charles 

La'Delye, old London -dridtie had a total length of 936 feet 6 

inches, -vid consisted of nineteen pointed arches varying in 

length from 15 feet to 34 feet 5 inches. No two piers had the
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same dimensions, which varied from 25 to 34 feet, and two 

thirds of the waterway was occupied by these piers ,vith their 

boat-shaped cut-waters. This constriction of tidal waters in 

the Thames caused rapid currents under the uridgo and made 

"Shooting the urid^e" in a boat quite a pastime for young dare­ 

devils. As medieval bridges .ere the natural converging place 

for crowds, merchants soon set up shop on the bridge, and in 

time it was completely covered v*ith timbered houses and shops 

three-stories high. After several fires--the worst disaster 

coming in 1212 when three thousand lives were lost—all build­ 

ings were removed by 1756 except a chapel v«hich remained a few 

years longer. Time and the increased traffic had taken their 

toll, and the .increasing difficulty of repairing the bridge 

made the truta of the ditty, "London Bridge is falling down," 

quite apparent. Accordingly, the last vestiges of the old 

structure were removed and the new London Bridge (1624-31) de­ 

signed by John Bennie the iSlder and built by his son John y, took 

its place among the ottier e^rly nineteenth century bridges.

We still have other examples of famous bridges built or 

restored under the Churcaman, such us Bishop Panchielli's fam­ 

ous fortified Pont Valentre (1308-55) over the Lot at Cohors, 

France. Archbishop lenorio in Toledo was responsible not"only 

for the restoration of the Alcantara but for the Puente San 

Martin (1360) as well. However, a new class of merchants and 

craftsmen was gradually evolvi^ and they began to supplant 

the religious uuilders, the character of the bridge changing 

from a pious work to a commercial venture. of course, all 

the old bridges were not primarily pious in character as



• testified by their war-like defensive x,ouers. :iany of these,

• ar bridges bad narrow arches walch made protection from the 

roadway easier when an enemy might try to assemble bis boats 

under the bridge, The draa~brtQge over the moat was another 

characteristic «ar bridge common in medieval times.

Some of the better known medieval bridges which delight 

modern tourists vsere the work of the lay successors to the 

Brothers of the bridge. lucerne, Switzerland, contains two 

fine examples of old wooden covered bridges over the Beuss, the 

Kappellbrucke (1303-33) 323 meters long with 254 scenes of the 

history of Switzerland by Hans tfegrnann ana sons (1599), ana tfte 

Todtentanzbrucke (Dance of Death Bridge), originally built in 

1405, rebuilt in 1568 and containing the seventeenth century 

Danse 'acabre pictures by Kasper Meglinger. The stone Porite 

Vecchio in Florence, still retaining its shape, has a long and 

varied history, the present bridge having been-built by Taddeo 

Gaddi on the site of earlier Boman bridges and dating from 

1345* The Czechs proudly point to the Charles Bridge at Prague 

as the oldest stone bridge in central Europe, its major con­ 

struction period lasting from 1357 to 1414 under the architect, 

peter parlor.

In looking over these various examples of medieval work we 

can see fundamental similarities between most of the bridges of 

the period. The way in which ^ood was used had not changed over 

the centuries, and it was clear^jfchat tae ©arly medieval builders 

were attempting to imitate the masonry examples left them by the 

Romans. The art of bridge-building £lad not been particularly ad­ 

vanced by the medievalists, but at least it had been revived.
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Their piers, broad and heavy, were little better than these of 

the Romans | and indeed were in many cases bulkier because of 

their liberal use of rubble. Masonry aork was not as fine as 

that done by the Romans, and an inferior lime mortar ^as used. 

The span length of the arches usually varied from 40 to 75 feet, 

although there wore e^ce^tions, such as the 251-foot segwental 

granite arch with an 87-foot rise, erected in 1380 over the River 

Adda at Trezzo. Uneven arches were formed vsuere necessary to 

take advantage of foundation conditions, and this led to the hump 

Ing of many bridges, the highest hump resulting at tae longest 

span. The cut-waters in most of these bridges were more pro­ 

nounced on the up-stream side. One very noticeable trend in this 

period was the beginning of a change from the serai-circular 

arches of the Romans to tae segmented circular arch (exempli­ 

fied by the Pont® Vecchio), ana to tae pointoa ogival or serai- 

Gothic type. The pointed arch especially found favor because 

of its adaptability to varying water levels arid the ease with 

«hich it could embrace various spans. In general, the masonry 

arches of the period were solid concentric rings or two separ­ 

ated rings, tne space between which was filled with rubble. In 

the latter part of the fourteenth century the construction of 

the masonry arch bridge having independent ribs supporting a 

flat masonry cover slab raade its appearance. This was also a 

period where a great amount of uriage decoration was in vogue, 

decoration vtaicti might be religious, commercial, or war-like in 

nature. In contrasting the viork nf this or any subsequent -r- 

lod with that of the liomans It must be remembered that construc­ 

tion costs for precision work had becorae considerably higher



without slave labor. Be that as it fa ay, the medieval builders 

did not possess the same degree of engineering skill as the 

Romans, and medieval works never reached the grandeur of their 

classical predecessors; but a start had been made and man was 

beginning to go forward once more.

THS RENAISSANCE — The great revival of learning which swept 

through iiurope from the fifteenth to the seventeenth century vias 

more a time of ideas than of deeds. Strides in fundamental sci­ 

ence dere being made, but the practical application of the prin­ 

ciples learned lagged far behind. This vsas a period «*hen one 

man could still encompass the whole of knowledge, and could at 

the same time be a doctor, a lawyer, an engineer, and an artist. 

Such a man *vas Leonardo da Vinci v»iao claimed to be a bridge en­ 

gineer among othar accomplishments, and left in his w Motltia" 

ample evidence in the way of sketches of his interest in this 

field. Another Italian, Andrea Palladia (1518-1580), having 

translated Vitruvius, published in 1520 his rt $bur Books on Ar­ 

chitecture." Although he modestly disclaimed any credit for 

inventing the truss, his application of four different truss 

systems to bridges was the first known work on the subject. He 

even put his ideas into practice by constructing a bridge made 

of a combination of queen and king-post trusses across the Cis- 

mone, a span of 100 feet. Although he also designed an 8-panel 

king-post type and invented the trussed area, only tue simplest 

of hi3 trusses **ere used. One early example was built over the 

Reuss at Bremgarten, Switzerland, in the period 1544 to 1550. 

However, the idea soon died, and it took almost three hundred



years for man to re-discover ana utilize tue truss for bridge 
construction.

Other thinkers of the time v*er© also adding their contri­ 

butions. In 1638 Galileo published in Leyden the fir^t book 

evor written on structural analysis, "Dialoghi della Muove Sci- 

enze. H The work was grossly inaccurate in spots, but iz, aid 

provide a noint to start from in the analysis of stress varia­ 

tion in beams. Robert Hooka produced his lav* in 1676 on the 

relationship of stress to strain, and in 1680 Harriotte proved 

experimentally that the fibres on one side of a beam are com­ 

pressed and those on the other side are extended, ana £*e as­ 

sumed that the neutral axis passed through the center of grav­ 

ity of the section. Proceeding from Marriotte's Law Bernoulli 

in 1694 »as able to calculate beam deflections, These funda­ 

mental concepts were carried forward into the next century 

where they were enlarged upon and eventually translatea iuto 

practical application*

In the meantime the actual construction of bridges had by 

no means come to a standstill. In Florence 3artolommeo Araman- 

nati, chief engineer of Duke Cosimo I, departed radically from 
the previous limit of a ona-to-four ratio of rise to span and 

produced a ratio of one-to-seven in his Ponte 3. Trinita (1567- 

1570) over the Arno• Another famous bridge of shops made its 

appearance In this perioa, *ae rtialto in Venice (1567-1591), 

the .*ork of Antonio da Ponte. A sagrnental arch, greater than 

38 feet in span, this bridge across the Grand Canal still plays 

a most important part in modern Venice. Of considerable inter­ 

est is another of da Ponte*s works in Venice, the arch between



the Ducal Palace and the prison—the famous "iirid^e of ^i

Fine masonr; bridges wore also being produced in other 

countries during this period, notable contributions being the 

690-foot eight -arched bridge over tho .lain at v>urzburg, Bavaria 

(c 1500), the Pul-i-knaju at Isfanan, Persia, dating from the 

time of Shah Abbas II (1641-66), and the Pont de Piorro at Tou­ 

louse, France (1543-1632), The nevu bridges which arose in Paris 

at this time played a great part in changing her from a medieval 

town to a beautiful Renaissance city. The Pont Meuf (1578-1607), 

designed and begun by Jacques A. du Cerceau and completed under 

Gruillaume Marchand, enjefed a three hundred year life of useful 

service over the Seine despite found Uon difficulties. Still 

standing is the Pont Royal 0 (1685-1687), the magnificent Paris­ 

ian creation of its architect, Francois Mans art. He was ably 

assisted in this vsork by the construction chief, Jacques Gabriel, 

and his foundation expert from Holland, Francois Homain. Here 

extensive dredging took place and for tho first time, the open

caisson with water-tight timber sides was used in placing a
17 

bridge foundation. This vms also the first Paris bridge to de­

part from the sami -circular arch, using insteaa the elliptical 

shape.

The gradual change over from the semi-circular to the el­ 

liptical and seginental arches was one of the great features of 

the Renaissance pariod--a period more of architectural than of 

structural progress. Lighter plerv were adopted, lower rouuv^ 

gradients were employed, and, in general , a more aesthetically 

pleasing bridge design was evolved. The invention of machines 

initiated increased efficiency in construction procedures, and
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resulted in the employment of foundation piles, dredging, cof­ 

ferdams, and the caisson. This period of awakenin^ had well 

served to pave the way for the beginnings of engineering as a 

science in the eighteenth century.

Great brides in the 16th and 19th Centuries 

THIS MASONRY ARCH — Modern bridge-building raay be said to date
X

frora February, 1716, when the Corps des Ponts et Chaussees was 

founded in Paris under Jacques Gabriel (1667-1742), son of the 

constructor of Pont Boy ale. Gabriel >s finest atorfc was also the 

first big job taken over by the Pouts et Chaussees, the 910-foot 

unadorned bridge at Blois across the Loire (1716-1724). In time 

it became apparent that the education offered at the Scole de 

Paris was not sufficient for the needs of the Corps, so in 1747

a school for engineering draftsmen was opened. In 1760 the
'• /

draughting school became the iicole des Ponts et Chaussees, the

first engineering school in the world. Its first director vs»as 

Jean rbdolphe Perronet (1708-1794), successor to Gabriel as head 

of the corps, and fondly known as the "Father of Modern .bridge- 

building « T' His contributions to the profession \i/ere many, for 

he was not only an ible designer, out a capable administrator 

and inventor as well. Until his time, piers were constructed 

in such a fashion that they actsd as abutments, capable of stand­ 

ing the thrust of each inuiviaual arch. Thus, one arch could, 

ana ,,ould, .») completely erected from one pier to the next, fol­ 

lowing which the adloining arch «ould be erected. There had 

been examples of a divided bridge such as Gabriel's at Blois,



in which the bridge was dividea into sections, each section 

containing thro© or four arches, with independent abutment 

piers at each section point. 3uoh design necessarily made the 

piers cumbersome and heavy, resulting in a pier width to span 

ratio of about one to five* After the fall of the divided 

bridge at Mantes—**hich had "been started by Hupeau in 1757 and 

completed by Perronet»s Chezy—Perronet in 1763 decided to dis­ 

card the use of abutment piers and use the principle that lat­ 

eral thrusts of t«fo arches meeting at a pier can be made to 

balance (or nearly so), leaving the pier under action of vertical 

loads only. This immediately reduced the pier size so that 

Perronet was able to erect bridges with the blther-t^ »*nheard 

of pier to span^ratio of one to ten and even one to twelve* 

The first true continuous bridge utilizing this principle *&s 

the Pont de Neuiily (176S-1772) over the Seine at Paris, de­ 

signed by Perronet and constructed by Chezy. It was this bridge 

in v«hich the crown of one of the arches fell £3 inches after the 

removal of the construction support, changing the circular diam­ 

eter of the arc from 320 feet to 518 feet. The practical limit 

of tne flat arch was readied, aowevar, in his Ponte Sainte- 

jjjaxence (1771) thirty-five miles north of Paris, where the three 

arches witb a span of 72 feet had only a 6 foot 5 inch rise. 

Though hampered in his design by officialdom, this great engin­ 

eer's final contribution is still a monument of civic dignity 

and nobility, the Pont de la Concorde, Paris (1786-1794).

perronet had indeed revolutionized the masonry arch. In 

addition to the improvements noted above, he succeeded in clearing 

the waterway by adopting as a curve^segments of a circle of large



radius, and raising the haunches of the arch considerably.$ 

Furthermore, he replaced the old solid type QI piwr conscrip­ 

tion by dividing the pier into two columns connected by a lat­ 

eral arch. His inventions included a mortar-mixing machine— 

first used on a large seals at Meuilly—and a pump for coffer­ 

dams* The masonry area aaa bean known and usecff for centuries, 

but in bis hand it reached perfection.

Across the channel fron^ Prance <&glish engineers were quick 

to foliovi the lead of the French in masonry construction. Tha 

pressure of public opinion resulted in a petition to Parliament 

in 1735 for the erection of anotuer cridg® over the Thames'to 

assist the overloaded London Bridge, Charles Labely^, a ^vibj 

engineer who had studied in Franc®, was selected for the ;fr,b3 

and ssork was begun on Westminster bridge in 1738 and compl©x.yu 

in 1750. One of the main features of the job was the use of the 

open-caisson method in founding the piers. Thy .at* 1*00 a was nou 

a complete success, however, and it became necessary to replace 

the bridge &ith the present structure in 1363•

Agitation on the part of the public soon brought London a 

tuird bridge—toe 995-foot Blacfefriara ^ridge (1760-1768)— 

assigned by Hobert Ifilne, an Snglishraa.,, «ho had studied in 

Italy. He used nine multi-centered arches in his structure and 

employed the same open-caisson method in founding his piers as 

had been used on the Westminster Bridge, in time scour did its 

work on these piort;, ao the bridge was repiaii«*u ii* *ooj« Tue 

next to join the stone bridges across the Thames was Water"^. 

bridge (1811-1^17) wuich lasted until 195J. designed by John 

Hennie this structure contained nine semi-elliptical arcaes,



oacu rtitb a span of 120 foot, it v*as described uy the Italian 

sculptor, Canova, as "the noblest bridge in the .vorld, worth a 

visit fro- t;;--? remotest corners of tho earth,* John Hennie's 

finul deeigu was that of the new London Bridge (1624-1631), a 

Job which was carried to completion by his son, 3ir John Hennie. 

IVith a total length of 1005 feet, the bridge had an original 

width between parapets of 56 iuww, uu this »*at, widenea u-.j 65 

feet in the peri. .< 1902-1904, ..,_, it /K>W stands the bridge con­ 

sists of five semi-elliptical arches--the largest span of 150 

foot being at the center—a far cry from the old London ^ria^e 

of Peter Colechurch.

In the early days of the railroad, before iron and steel 

had seriously challenger! stone as a structural material and 

before the truss had threatened the arch as a new construction 

principle, it was only natural that railroad-carrying bridges 

should be made of stony. Probably the most important of the 

early stone bridges in the United States was the Carrollton Via­ 

duct (1389) over Patapsoo Greek, Baltimore, designed by Benjamin 

Henry Latrobe for the Baltimore and Oh:.J Railroad. In Sngland 

George Stephenoon designed the Dutton viaduct (1836), consist­ 

ing of twenty arches with 60-foot spans, to carry the Grand
*te

vu-uw. Railway over the valley ofA Weaver near Liverpool. Still

later, in 1850, Robert 3techanson spanned the Tvieed at i>er«ick 

v»ith the Royal border 3ridge — somewhat longer than the Dutton 

viaduct--for the Nevscastle and ^er.nictc rtai^roaa.

However, no* uuat the masonry arch had reacned perfection 

new demands were being made upon it by the increasingly heavy 

trains. *te*> materials, new construction principles were needed



««• to continue t auo. from tUis demand evolved 

factors destined LO revol tit ionize brici^e construction — the tru$&, 

and iron*

Two 3nis0 carpenter brothers, Johannes (170? 

1771) and Hans (17^-1763) Ulrica Qrubenmann, usfcoreu m uuat

be warmed the modern perioa 01 vsooden bridge construction. 

latter 'began a, bridge across t'r-. r< "'hl^n .,..,„ ^ciiaffhausen in 

17 55 1 therein he covered a distance of So. , in two spans* 

3Uortly taeredfter Joiiannee put a single span of 240 feet across 

tfcie Biiin© a iciienau. In 17bd \.ney collar . ratod w,. eract a 

single span 01 oyo /'eot over the Li mm at at iTettingen. ^ fa .-it 

never again .juite equalled in wood. ; nfortunatQly all of these 

structures w®r© burned &y the French in 1799, Their works 

bined arch and truss principles, but the parts were uoo aopwn- 

dent on each otuer w*.> wue trusst>:> «w*-«* too heavy. In general, 

too much material wu^ ..asteo, for they did not understand the 

tru© principles of the truss*

It Has tae United States »»ith tier large virgin forests, 

h«"--.v3v«r» rtho soon led tue rest of the worlu in timber construc­ 

tion. The first important bridge in this n©« country was the 

"Great Bricige* built acroae tfre Ctiarles Hiver at ii>ston in 1660. 

Colonel j£nocii Hal^i more a politician t&an a bridge builder, 

built tue first framed timber uriage in trie Unitea states at 

Bellovi® Falls, Vermont in 1785, but it *vas repl&ceu AH 1840.

During the early nineteenth century a number of bridrnr 

*tere indeterminate combinations of arches and trusses

an appearance, and were to a large extent the v*ork of



three men. Theodore ^>urr, a doscencla.it of Aaron i>urr, generally 

used the urea a- tui auxiliary to the truss. His urid^e built in 

1504 at ;Yaterford, Mew York, contained four spans, the largest

being 130 fioc. Tais *»ork was, in 1909, the oldest truss bridge
19 

in existence. Several of Burr's bridges viere well known, but

of i*iie.'a all, uuring its LWO year 

life, was his 360-foot arch built in 1&15 ovt*r the Susquehanna 

at MeCall's Ferry, Pennsylvania.

The second of the trio, Timothy Palmer (1751-1621) of Mass­ 

achusetts, combined arch and truss action, tue lower chord being 

cambered i^ many cases, "i r - j»st icnuwu work; »<us u.*e "permanent 

Bridge" (1799-1305) over the Schuylkill at Philadelphia, the 

final link in the Lancaster Turnpike* This bridge contained 

three wooden arches, the largest being 195 feet, resting on stone 

piers. William ;V®ston of i&igland designed tae piers ^hica v^ent 

to a depth of almost 48 feet below high water level, ^ , unpre­ 

cedented depth at the time. Fire finally claimed the structure

in 1875.

A German by birth, Louis tferna^ (177Q-1&43; was the third 

of ti.es o ^ro,i't guilders, constructing more than thirty bridges 

in the northeastern section of the country. He is best remember­ 

ed for his "Colossus" (1812), a combined truss and arch bridge, 

with a clear span of over 340 feet across the Scauylfcill at 

Fairraount, Pennsylvania. This uriage also had only a relatively 

short life, succumbing to fire in 183d, Vfernag's work showed a 

combination of relatively heavy arches and light trusses, acting 

so-m-jaat on tue saaie principle as a stiffened suspension bridge, 

but rfitfc the cable inverted to form an arch in compression.



During this same period a certain amount ^f important 

building in timber was going on in Europe. In England Ftobert 

Stephenson, Isarabard Kingdom Brunei, and Joseph Lock® vsere en­ 

gaged in tae construction of railroad uriciges. Carl rriyaricK 

Wiebeking (176S-164S), the director-general of bridges and roads 

in Bavaria, erected several structures, all archer, the most im­ 

portant one being over the Bsgnitz at Bamberg (1809), with a
/

span of 206 feet and a rise of 16 feet. &niland Marie Gauthey

(1738-1806) is besv rameaioered lor ais trui>t^ ' .-J-GU cvyj the
A

Saone at Lyon, made of strai^*,- members only, spanning 164 feet.

In general, tue Suropeans ware favoring the arch, the form they 

had used so long in stone, so it remained for the Americans to 

develop this wnew" construction principle, the truss.

THIS T;1USS — The rise of the railroads about 1330 stimulated 

a tremendous interest in bridges. In Europe the main line of 

evolution was in the metal girder, but in the United states in­ 

terest focussea o.-i the truss—first in timber, then in irou, and 

finally in steel. Although the truss*-which can be defined as 

a frajnework whose members are so arranged that they are subject 

only to longitudinal stresses of tension and compression—was 

used by Palladia as early as tiie sixteenta century, it naa 

little or no influence until it was rediscovered and used by 

Theodore Burr early in the nineteenth century. His truss may 

b® called the parent of all other trusses developed in the United 

States. Because of her tremendous wealth in timber, it was nat­ 

ural that tho Unitad av-^es should uevelop a structural type 

aucii as this, suited to the peculiarities _x r< ood. A certain



amount of credit for the development in America must go to John 

Sennie «uio uuviaed Professor rbbinson on the meory of struc­ 

tures, -jinen the latter ^ab wi-iWiii, for tuo Jncyclopoedia Brit- 

annica. This theoretical source of great importance was first 

published in 1796, and the American supplement appeared in 1803 

Another early theoretical effort appeared in 1511 ahen Thomas 

Pope, a shipouilder, vsrote the first American ^Treatise on .tr 

Architecture**

Although moot of the fundamental nrinciplos of the truss 

were evolved during the first half of the nineteenth century, 

the great strides in practical development were made in the sec 

ond half of the century, in 1820 a New uuvuu uiua-Uuut, Ithiel 

Tr.van, patented an indeterminate lattice truss which v»as used as 

early as 1621 and was popular in Mew England for many years. 

The main feature of his invention was the fact that it could be 

of sawed planks rather t*aan of heavy hewn timbers. One of tne 

best known bridges of this type was the 3900-foot railroad 

bridge over the Jamas River at Richmond, Virginia, v«itU individ 

ual spans as great as 153 feet.

Lieutenant Colonel ^.H. Long of the U.S. Army patented a 

truss in 1830 *thich was uniform in depth with cro&u ui auing in 

each panel. 3y 1839 his truss had evolved into an all wood ver 

sion of the Howe truss, patented by William Howe of Spencer, 

Massachusetts in 1340. Howe naade his vortical braces, which 

were in tension, of round wrou^u-u-iron bars with scrov* ends. 

His first oi iua y waa erected at farren Village, Masbacuuoa *.oo, 

in !S3tJ» and like Tjong'a invention, had counter .is well ^ -n^in 

struts.
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The pratt, truss w^s patented in 1844 by a father and son 

combination, Caleb and Thomas •«•• Vratt of .boston, Tassacnucetts, 

and Norwich, Connecticut, respectively. It differed from the 

Ho we truss in that its diagonals in/ora in tension and were there­ 

fore of iron, all otaer parts being of wood* It never reached 

any degree of popularity in ttiis composite form, however, for 

Iron Uiutfoiiiils aer.3 ioas economic il v. ,n iron verticals. It did 

gain great popularity after 165C tat.. ,, uu, -,ae. ( the all-iron truss 

caiiie into being.

In 1647 at Utica, I'Jew York, Squire Chippie published tL*a 

first treatise for calculating stresses in trusses entitled, "A 

Work Upon Bridge Building." \{i& work opened the *uy for a pos­ 

itive ..cientific approach to the subject, took design out of the 

hands of the purely "practical" men, and placed it in the 

of capable bridge engineers. Small wonder that this work 

for 3quire '.hippie tiie title of "Father of American rational 

bridge design." He had, in addition, been quite active in de­ 

signing trusses and building bridges himslf, one of his best 

known being a 146-foot span near Troy, ..[ew York (1832). He was 

the first American to use the double intersection web system, a 

system improved upon by J..,. :.lurphy and kno^n for many years as 

uia ;ftarphy-Whipple truss.

The universal need at this time for more rational bridge 

design is illustrated by the fact that other engineers \nere, 

quite independently of Whipplo, thi.jting and writing alon t: the 

sajr^e lines. Robert Bow of Jdinbur^.u wrote . "Treatit>a on Lr^c- 

inii' 1 in 1S50. In 1351 Merman Haupt published in New York "The 

General Theory of Bridge Construction", and in Sn^l^.nd -it about



the same time, Will lain T. Doyne and William 3. Blood produced 

*An Investigation of the Strains upon the Diagonals of Lattice 

Beams with Resulting Formulae, H

Along with increased tboorotical knowledge c:ime biggor 

trains, better iron, and more demands on bridges, j£ngineer& em­ 

ployed by the railroads were constantly developing ne,i types of 

trusses to meet their particular problems in the field. In Lon­

don the Barren truss «as patented in 1643 by James Warren and
20 

Villou^hby I. Uonzani. It was claimed that a Belgian engineer,

Meuville, had built Warren type trusses across the Lye west of 

uiaenT, in 1646, uut tae first of the type to come out after the 

patent had been granted ?sas the Newark Dyke bridge, with spans 

of £59 feat, for the Great, Mnrthern Railway in Britain.

Tae Baltimore and Ohio Hailroad had two field ,,ineers, 

both of ^hom developed different truss types in 1652 while work­ 

ing under tae same chief eu^xneer f Benjamin H« Latrobe. »endell 

Bollman spanned 184 feet at Harper's Ferry and Albert Fink was 

responsible for the three 815-foot spans over the Monon^ahela 

at Faiijount, ;«'est Virginia. In 1865 S«S« Post produced a truss 

in which the compression raemoers inclined at an angle were sup- 

poseu to give the greatest economy of material to the web system 

This type only enloyed popularity for about fifteen to eighteen 

years. Modifications of older types vie re constantly being rauv :. 

as the railroads fought for more economical methods of doing 

larger jobs. In toe 1370* s G.H. Parker modifiua oae ».-TfcV& truss 

by making the top chords on through bridges poly feun«x , thus 

saving weight on long spans. The Pennsylvania Railroad origin­ 

ated the Baltimore truss in 1671 by subdividing the panels of



tbo Pratt truss; when the top chords were made polygonal by the 

company, 1,U6 design came uo uo jcnown as the Pennsylvania truss. 

Both of tnese latter types also became known as the Petit truss. 

It was only natural that the develonnent of BO many differ­ 

ent kinds of trusses would lead to a competition, :-r@ economic 

than structural, the result of which would be tue elimination of 

many from the field. Thy uhipple 'uru&fc uieu u^cau^u it was fouiiu 

mr>re economical to support floor beams by short sub-verticals at­ 

tached to a single system of bracing than by use of a double sys­ 

tem, and because a single system is more reliable and determinate 

in respect to stresses. The itollrnan and Fink trusses went out be­ 

cause of their uneconomical method of transfering load directly to 

the abutments. Regardless of the type, however, the nineteenth 

century truss in some form had come to stay.

IRON ABCHI33, THUS333, ai-& GIfiMRS — Unknown as a struc­ 

tural material at the beginning of the eighteenth century, iron 

in its cast form came into general uso during that century. 

.Vr ought -iron structural beams were known by the end of the cen­ 

tury but did not come into general commercial use until about 

1350. $hil<* uutf earliest iron beams asauoied the shape of the 

dressed logs they replaced, it «as aoon realised that beam depth 

was the controlling factor, and the development of the flange 

and ^eb type of beam vsas the natural result. Cast-iron beams 

in the I, U» and channel £»uapeu were available in Jriglanci prior 

to 1340, ouw were unsatisfactory for bridge construction on ac­ 

count of the lovf tensile strength and general unreliability of 

the metal* . rough V- iron rails for the railroads v»ero produced



as early as 1320 and by 1375 15-inch I beams were obtain­ 

able commercially. Extensive use 01 CULM, iroii in ^ria^e con­ 

struction disappeared oftar 1350 in favor of wrought iron, which 

led the field until challenged and overtakan by medium steel 

about 1690.

Although an iron arch was Cast at Lyons In 1775, it was 

never erected, so uu« honor o* uwing uue first successful iron 

arch bridge fell to the Coalbrookdale Arch (1775-1779) in Shrop­ 

shire, a bridge which still stands. The proprietor of the coal- 

iron works, Abraham Darby III (1750-1791), and his associate, 

Joan ..ilkinsan (1726-1606), having decided to replace the ferry 

over the Severn, engaged tae architect, Thomas ?. Pritchard of 

Shrewsbury. The structure v»as made of five semi-circular iron 

ribs cast in 70-foot halves, spanning 100 feet. Shortly there­ 

after, in 1783, iron was first rolled to structural shapes by 

Henry Gort at I«'ontley, inglauu, wu» pointing taw »<av wo future 

economical construction in iron. The second iron bridge, de­ 

signed by Thomas Talford, was erected in 1796 at Buildwas, about 

three miles from the Coalbrookdal© structure. Telford built up 

his arch using cast-iron olocits as vou^soirs in the same fashion 

us »as customary in raasonry construction. This structure which 

was longer than its predecessor in iron used only half as much 

iron and lasted 110 years.

Thomas Paine of political fame designed some long cast-iron 

arches in 1766 to ue used for a uriagu over tao jcuuyikill. The 

metal was cast by essrB. -ralker in Yorkshire but « U 6 never 

shipp^ to America, for Paine had lost his financial b eking and 

had, in turn, become interested in the French Revolution. The
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arches were Later used (1796) by Borland Durdon in tha ,.,uu

1^.4u ^riate;e--ci 236-foot a^cui over ta^i »«ear at Wearniowth,

The lead taKen by J&igland in the iron construction field 

»as soon followed by other countries. In 1796 trie Jbyal Iron 

ivories of I&ilapune cast a 60-foox m still in use over the 3trie< 

gauer '."Jasser near Laasan in Lo«»0r Uilesia. At Paris in itiOo, de 

v;»oaarv uirucwt$u u..« uouaui'uu uioi'j of tuu i'oai* uu i,ouvre, a 

footbridge of nine spans? «f 57 feot eaca. C apt aim Richard D©1& 

field (1798-1873), of tua Army Engineers, constructed tiiw first 

iron bridge in the United States over Dunlap's Greek at Browns­ 

ville, Pennsylvania (1636)* This ao-foot span was another link 

in that ^r«ut highway, the CumberLand Boaa.

,uan men first began building with iron, they built vous- 

soirs, imitating the masonry arch which had been used for cen­ 

turies. As they grew more familiar with this now structural 

material* they developwu uw,. ^pus of construction. Telford's 

100-foot cast-iron bridge over the Spey at Craig-Bllachie, 

Scotland, with its t*o concentric ribs fastened together by 

uia^onals became the first modern trussed arch and spandrel.
<>T *jjl

The first arch span of monolithic type was tue >*rou&ht-iran 

foouuriufcu Qv^i u.ic River Crou .^u ,,t. Denis in IciOO. Then 

the appearance ^f the ctaam engine brought new aid and new 

problems. New types of machines whicft aided construction 

w ©re brought into play. On the other hand, a nev» type of 

transportation, the railroad, haa cc :o into ueing, aad witu 

it, the de.uatm iu* aeavier loads and greater s eeds, meaning 

sturdier bridges.

AS noted before, the truss was a partial answer to the



railroad problem in tae United States. H.B. osborno, tho chief
©u^.ii.iutjr of w*o -leading I^aiiroail Company, designed tiis lire- 
iron truss railro^-u ^i^u^o, a coin ui^a't. ion oi1 wrou^at ana c^st 
iron. Constructed as a Ho we type 1545 it remained in use 
over a stream near ,,!anayunk until 1901. .Vhile the truss nas 
largaly an American development, its use was well known in 3ng- 
lonu, u,*j iir^c .. ,'on truss of maL :ut being tiie Newark Dike 
Brid^a (1351-13b,S) over tue Trent, u'osigned L-y w. illd and 
bulit. by J. Cubitt, this 259-foot Warren girder was uuilt t< 
carry tUe Great Mortaern Railroad. John Ii. Linville of wie 
Pennsylvania Railroad is reafieraberod for fria long apan truss 
ux . . ^5, tae Jteubenville jL3ria b 6 (Id63-lo64) ov«r th© Ohio *vitti 
a central span of 3£G xaet bei,, a ,,^,.; . 44.o finest. AS -Aitti 
other bridge types the span of the simple truss onntinueti to 
increase with the years, reaching a climax in 1694 with the 
j-iu-ioot, 6-incu Louisville and Jefferson Bridge over t. > nhio 
Hivor.

Another logical devclnnment in iron was the girder. George 
Stephenson (1731-1049) and his son ^uort (1503-1859), were pio­ 
neers in this fieldi having played a large part in ushering in

rcii.JLi*oad era. iauir nr...u ^rid^ea wore archer, but in 1829 
r^,. urected a single cast-iron bo«.u aw a lintel over :./ater 

Street in Manchester for the Liverpool and .Manchester Railway. 
The arched beam or bowstring girder held togotlier by horizontal 
ties was the next step, and rbbert built several of this typo. 
i-'rouauiy uiti iiau^X. u&i> i-^» aoujj.u~-uocK.8d liigh Level Bridge? 
(1346-1349) over t'.ie Tyne between Me\vcastle and Gat«isue,iu. «- 
side from its structure, notable for the tine, thi 1? ^^idga vas
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also distinguished by tho fact 'Chat the driving 01 piles by ^

313a:TI vnay ut>9d in tub w^nstruuu-.u:z of its pierr.--th<« f 5 rst 

oteam driven piles in the aistr-r^ of brides construction.

You. _ tephenson'B crowning achievement, however, was 

UK* ^ritannia Jiridgo (1646-1350) carrying the London and Holy- 

neo.j .Railway across tue riwnai Jtraits in >>or<,u ,Aiot>. Hi« or­ 

iginal idea wa create a ><vii.fGuy, ..opens'-••• V^Kige, but 

experiments sho,, j ta.it ^sponsion c..,-.ins could be omitted, 

leaving only thy immense tubular beam. He had called in u'ij - 

liara Jairbairn, the ovynar of a shipbuilding rfortes at Mill,v&ll, 

Lonuon, auu profeyuor ilodgkinsoii, a i-iaoauiu^uj-uian, to c,,vv4.oo 

ar- '• <; sist al-' -^>-: many poi nt-° of this br1<~i.--n : ~ rir1 it may bo 

said i.aat taey had a great influence on the final decision to 

discard cast iron and to USQ wrought iron exclusively, a prac­ 

tice which viias generally aciopteu throughout one uriuge-LJuiiuing 

inauatry until the --"v^nt of ^te-^1 . In its final for." t4 ;o bridge 

; --. CH Qt.A- of t",o rectan^ulair hcllom tubes of wrought-iron plate 

placed side by side, euc;; 1511 fe^t in length, 15 feet in uidth, 

varying from 23 to 30 feat in depth, . ;d weighing 46uO tons, 

nesting on two aou^.neato and turee to^er^ uuxb ad ^ii^ament re- 

sultua irj t^o sr-: ^-'- of 460 fe*t each, an-: ; t,^o, of r.;5Q feet each.

,1 though the Britannia Bridge still stands and serves the 

oublic well, the unnecessarily heavy and therefore expensive 

tubular bridge type never did achieve great popularity. The 

Con^ay Bridge, oponea in x^'io a iu.i laile^ « w'.^u ui .juaphenson's 

Britannia Briu uo, -<^ ^ smaller ver-^-- -• f the same type. it 

vsab Robert Stephenson :i;'.T :iin who designed the longest tubular 

in the world, the Victoria Bridge over the Gt. Lawrencie



at .'^qtreal. Completed in 1360 it took the constructor, 

Alexander ^cKenzie toss, six yecu-u to complete the 6600-foot 

tube, StetDhenson's final contribution to ttiip type was a span 

over tiio Mile, near Damietta, in lov<er S-ypt. 'Jith Robert 

wtepnenson the tubular bridge passed Into history, possibly to 

be revived at sorno future data should ne\* materials make such 

a type economically feasible.

In the meantime, William Fairbairn, Stephenso^ 1 * associate, 

had exoerirnenteci extensively uith riveted v;ro:j.-.'ht-iron bearer...i */

It ie possible that he M&S first in this fiold for u8 use,,, o.iose 

beans in the floors of buildings as early as 1831. The first 

all .rouguL-iron hi^nway bridge made its uppoaranca over tlie 

Polio,.,, _.nd Govan Railroad ir^ ^,j. ^& ..-,, ^a 1341. Fairbuirn and 

t-iO younger £>tsphenson'patented in 1646 a plato girder -vita 

square tubes for the top chord. In the same year James I/ill- 

holland in the United States erected a SO-foot riveted ; irdor 

for uut» ^caltiraors ana -jusquetiaiinu -aaj.j.ruau iiu^*'- UJCJ.UQ^ i.-upuL» 

Fron then on the utilitarian plate girder became standard for 

ahort railroad spans*

Tho ascendancy of 'vrou^ht iron revived arch construction 

to a certain oxtaiit. In J.C.DJ oaa rirst brid^o to carry the 

^rtisi ^irural Hailrociu over tho /iare aiver at 01 ten consisted 

of throe 105-foot wrought-iron arch sn/:.ns. .mother arch was 

erected ever the Rhine at Constance in 1862, and in 1664 three 

spans of 317 feet each ware erected at Uobleriz. Tho simple 

arch soon passed out ox wiis picture, Uowover, and composite 

aroju, moro ^uita - tLo aconomio uso DA ,-ouul which

'--w^ to relace -Mrou^t irn-i.



SU : , -- Although primitive suspension bridges 

had been known for centuries, -uie aevuiop;awuu oi structural 

Materials with sufficient tensile strength had been too slow 

to permit this type of bridge to compete with the 00am and arch 

typQs. The development of iron heralded the development of the 

suspension bridge. The first modern authentic structure of this 

type was a crude iron chain 'wrict^e (1741) across the river Tees 

in England, a 70-foot span with tae flooring resting directly or* 

the cables. Inward the end of the eighteenth century an Amer­ 

ican judge and justice of the peace, ies Finley of Fayett© 

County, Pennsylvania, became interested in the possibilities of 

suspension bridges, and baforu u*n? a'juuUes hud passed in the 

nineteenth century he had built some fnrtv rt cnain n bridges. He 

first produced the suspended! stiff level floor in 1601 in his 

70»foot span over Jacob's Creak but did not patent the idea un~ 

til 1603.

In 1310 John Templeman built a Finley-^^signed bridge over 

one channel of the Morrimac Hiver above i^ewburyport, Massachu­ 

setts. Although the span was rebuilt in 1909, this bridge still 

retains its original form, the distance between towers oeing 

844 feet. It is interesting to not® that in the original con­ 

struction tae chains, which ware 516 feet long, were painted to 

waiv* ~ff rust. To Finley also goes the credit for constructing 

in 1811 the first suspension bridge of more than one span, 

475-foot bridge over the Lehigh riiver near Horthiiarapton, penn- 

sylvania § consisting of t«o whole and twu ualf apauo*

In the same year 3ir Jamuel tfrnvi-n (1776-1B5S;, „ Captain 

m the Boyal Mavy, proposed the use of flat bars or links
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instead of the round or square bars then used. His 44y-foot 

Union .und^e over the Tweed at Berwick built in 1619-20 was 

his greatest work and was the first important suspension bridge 

in Great Britain. Meanwhile another idea gained momentum, the 

use of wire instead of chains, probably the first use of wire 

in this manner -*as made by Josiah white and i*rskine Hazard in 

1816, flhen they erecteu a narrow footbridge 16 inches wide, 

stretching 408 feat over the Schuylkill at v^hat is now Fairmount
o o
I-..J c*

Park, Pennsylvania, for a reputed cost of ^125.00*

Chains remained the favorite in Surope for almost another 

twenty years, however. Marc Seguin, an early leader in the de­ 

velopment of the suspension bridge in France, constructed his
s

first bridge near his factory in Annonay, nrdeche. In ld£5 he 

and his brothers put a private toll bridge over the Rhone be­ 

tween Tain and Tournon, from which the family collected tolls 

for 99 years, another Frencaman, Louis Marie Henri Wavier 

(1735-1836), inspired by his trip to Ingland in 1681, advanced 

the theoretical side by publishing about 1824 the first book on 

suspension bridges.

No story of suspension bridges is complete without refer­ 

ence to Telford's I4enai Bria^y (1619-1826) carrying the Holy- 

head Road over the Menai Straits. It has rightfully been called 

the grandfather of modern suspension bridges with its over-all 

length of 1710 feet, and distance between supports of 579 feet. 

Telford ran hundreds of tests on wrought iron before completing 

his design, anu uuen insisted that every piece of iron for the 

cables be likewise put to test. His meticulousness was regarded 

by tne production of a bridge uhich lasted faithfully until



recent times when it was reconstructed to taKe care of increas­ 

ing traffic.

Two years after trie opening of the renai Bridge puddled 

steel eye "bar chains were used by the engineer Yon Mites in his 

31£~foot chain suspension bridge over the Danube at Vienna—the 

first recoraaa use of steel in bridge construction. One of the 

most famous chain bridges of this era was W.T. Clark's Katten- 

brucRe (1639-1645) over the Danube at Budapest, a 663-foot span 

waich still stands.

As we have noted, how/ever, wire vias gradually succeeding 

chain. A great construction step was taken by the Frenchman M. 

Vieat in 1329 when, in constructing a bridge over the Rhone, ue 

developed the method of stringing cable in place in the air in­ 

stead of building it on the ground and then transferring it to 

the towers. Another forward step was tuken three years later 

by James Dredge, vnho introduced stiffeni;*^ to wau re ad way of his 

suspension bridge at Loch Lomond. The first wire suspension 

bridge of consequence in Europe was the Pont du Gotteron ovor 

the Sarine at Fribour^, erected in 1834 by Joseph Chaley. Jach 

cable was composed of more than a thousand wires bound together 

v*itu vire wrapping and the span between points -j^blo supports 

was 870 feet.

Other wire suspension bridges were built during the. next 

few years, but the first engineer of great repute to adopt tuis 

system was Colonel Charles Jllet (1810-1362) of Pennsylvania. 

His fir^t 1 arge suspension job was the replacement of er.;ag's 

"Colossus" in lb41-42 ^ith a 358-frnt span. Prbo^bly hio tt r«ut- 

est work was the 1010-foot span over the :hio .Hivar at ^heeling,
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West Virginia, the longest span of its clay. Erected i;, 1640 it 

y»as damaged by a tornado five years later, and «as then repaired 

by John A. Hoebling.

Up to this time the flexibility of the suspension bridge 

made its use impractical for railroads. Hov*0ver f interest, in 

bridging the Mia^ra River between the Fails arid the Whirlpool 

spurred the imagination of engineers tn whom the suspension type 

seemed the most practical answer* Colonel iillet set out to do 

this job in 1348, but differences between the engineer-contractor 

and the directors resulted in his resignation from the project* 

John A. rbebling then took u^ t!v> ; o r & an(j built what might be 

termed the first true stiffened suspension bridge (1851-1855). 

•?uen 3oebling first announced his intention of building a rail­ 

road suspension bridge, he received from Fbbert ^tephenson of 

Britannia Bridge fame a letter stating: w lf your bridge succeeds, 

mine is a magnificent blunder** His. span, slightly greater than 

321 feet, was a success due to his us© of 16-foot deep stiffen­ 

ing trusses of timber posts and wrought-iron diagonal rods. A 

double-decked structure 24 feat wide and 845 feet above the rapids, 

this bridge contained a highway between its trusses and a single 

track railroad above. It was finally displaced in 1897 by a 

double-track spandrel traced arch.

fbebling '*»as not alone in his dream of a stiffened suspen­ 

sion bridge. Among the first to propose large ope**—A*b stiffen­ 

ing trusses was John C. Trautwine, but nnno of his designs ever

reached the construction sta^o. y.J*;i* flankine in his * Applied
Oas a) 

Llectianics*^proved that the necessary strength of a stiffening

girder would ba only one-seventh part that of an independent 

girder of the same span as the bridge, suited to carry the same
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moving load. An *nfclAshman, . . Barlovj, is generally credit­ 

ed as being among the first ou use rrautvsine's suggestions in 

his Lambeth Jridge over tho Thames (ia6£). ,ind so the ground­ 

work v»as laid for the most important suspension bridge of the 

century, the Brooklyn Bridge,

CANTIL3V1SR BBIDGBS — While during the nineteenth century the 

truss and suspension bridges vaare undergoing unprecedented de­ 

velopment, tue cantilever type was evolving more slowly! its 

main recommendation being that no falsework was required for its 

erection. The first modern suggestion concerning this type was 

made by Thomas Pope in "A Treatise on Bridge Architecture" (1812), 

but it was not until 1667 that the first modern cantilever was 

actually erected* The work of Heinrich Gerber, this bridge was 

erected over the Main at Hassfurt, Bavaria, a three-span job 

witiri a central opening 01 425 feyu. JOT *actny years* uaarualter 

the cantilever brtdre wets known as a "Gerber" type.

The first use of this type in railroao work.was made in 

1376 when a five-span bridge was erected at Posen, Poland. In 

the same year the first important cantilever appeared in the 

United States carrying the Cincinuuuj. Southern Railr-_>c.u over 

trie Kentucky Kiver at Dixville, Kentucky. Designed by Charles 

Shaler :;mith, this bridge contained three equal spans of 375

feat each.

A radical departure from having the cantilever arms meet

at the center of the span was employed by v.u. ^neider in 1883
0.

in his Michigan Central Railroad Bridge over tho Miagra River.

Here the cantilever arms supported a central section designed



as a simple truss, thus forming the first suspended-span can­ 

tilever. For the first time tu@ na*ne "cantilever 0 was applied 

to this type of structure, and it marked tbe initial attempt in 

the United States to vary the depth of the cantilever arms. A 

step forward in span length was recorded here with a main central 

span of 495 feet. But it merely indicated the potentialities of 

the type, for the construction of the monumental Firth of ]?brth 

Bridge had already begun.

The Ago of 3teel Begins - the Latter Half of the 19th Century

DISASTERS -- As bridge builders centuries before him had done, 

the nineteenth century engineer learned how to build with new 

materials by observing his failures, seeking the reason for those 

failures, and then improving with experience. During the 1670*8 

and 1830's truss bridges on American railroads failed at the
OTt X-OO

rate of twenty-five a year. One of the worst disasters occurred 

at Ashtabula, Ohio, in 1377 when a wrought-iron Howe truss built 

by Amassa Stone twelve years earlier failed, resulting in the 

loss of ninety lives. Factors in the failure v^ero the high dead 

load, the insufficient diagonal bracing in the truss, and the 

nature of the iron itself—all the result of insufficient know­ 

ledge concerning wrought-iron under tensile strain. The failure 

did have its benefits, however. From that time on the railroads 

completely eliminated cast iron (thouga cast iron was not named 

as a cause of failure in this case) as a structural material on 

bridges. They also decided that henceforth they would call in 

bridge specialists, a factor .*hich led to the establishment of
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many private firms specializing in the design and construction 

of bridges alone.

Two years later thirteen spans of the Firth of Taj- Bridge 

collapsed, carrying a train load of a hundred people to their 

deaths. Composed of eighty-four 200-foot * rout; tit-iron truss 

spans resting on cast-iron cylinders, this product of the em­ 

inent Sir Thomas Boucu *UL< oue of the last of the great iron 

bridges. Tho nviln criticise levelled at the designer at the 

time was his failure to design adequately for -#ind load.

These and many other disasters meant that man would have 

to fiad a lighter, stronger material if bridge-building was to 

pro&rsss. 3oon the answer was clear--steel I

B .1 OF ST3.SL -- before 1856 the prohibitive cost of 

steel restricted its use to small items suclj *s edged tools. 

In taat year the Englishman Henry ^esberner (1513-1696) intro­ 

duced his converter which revolutionized the manufacture of 

steel, and na^do structural steel shapes an economic possibil-* » t*

ity, Shortly thereafter, Pierre Smile Martin (1624-1915), a 

Frenchman, cooperated ,vitn u German living in Bngland, Charles 

W. Siemens (1823-1B33), to -levolop and patent thy Siemens- 

Martin open-hearta process for making steel. In 1867 Siemens 

produced rolled steel rails, thus marking Uie beginning of the
A

commercial manufacture of structural steel members.

Improvement3 in manufacture accompanied the passing of years, 

so taut between 1330 and 1890 a more eoonomical .-nethod of elim­ 

inating carbon and silicon from pi^ iron became general commer­ 

cially Initially steal was employed in eye bars for tension
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members, then for webs in floor beams, and by 1890 various 

shapes such as angles and channels were available. By 1900 

steel had replaced wrought iron, for it -,nas selling at the same 

price as the iron but was from ten to fifteen percent stronger. 

As *• have noted, steel had been used in bridges early in 

the nineteenth century, but the firut all-steel bridge did not 

emerge until 1876-79. Composed of five truss spans of 315 feet 

eaea, this bridge was built by General William Sooy Smith to 

carry the old Chicago and niton Railroad over the Missouri River 

at Glasgow, South Dakota* His decision to use steel was due 

largely to the influence of one A, Hay of ^urlington, lovwa, who 

had developed a n0\s inexpensive manufacturing process for "Hay 

Steel«* Smith's confidence in the steel Has justified, for the 

bridge stood for several years before it was replaced by a heav­ 

ier structure. But let us turn back the clock a fe»» years to 

examine a bridge wruch, though not all of steel, may be said to 

have opened the Age of Steal in bridge-building.

TH3 ST. LOUIS BRIDG3 -- For many years the bridging of the 

Mississippi River had stood as a challenge to the foremost en­ 

gineers of America. Plans for accomplishing the job at 3t. Louis 

had bean advanced in 1339 by Charles Sllet, in 1355 by Josiah 

Dent, and in 1656 by John Roebling, but it remained for Captain 

James Buchanan ^ads (1820-15d7) of Laurenceburg, Indiana, to trans­ 

form the dream into a reality. His three magnificent steel arch­ 

es—a- span of 520 feet flanked on either side by a span of 508 

feet—were erected as cantilevers without trie use r>f falsework. 

While *>ad3 used iron alontf vnith the uteel in the trusses, this



*ork, actually begun in 1367 but "officially" uOtjun tao next 

year and completed in 1874, marked the first extensive use of 

structural steel in bridges.

Another notable feature of this structure was the Ube of 

the pneumatic caisson in the foundation work, making this bridge 

one of the first two in the country wo benefit by ihe me-uuou* 

The pneumatic caisson wai; uy no raeoijs a new idea, oii'-- it had 

been suggested as early as 1647 ~ trio physicist Vapin and again 

in 1779 by the French engineer Coulomb* It was first applied to 

bridges uy John 'tfright at Rochester, ^hgland in 1851 and by 1860 

its use vias common knowledge throughout Jurope, Jiaaa brought 

back the idea of tuis air-ti^ut box and proceeded to inprove 

uyuu it, estublisUi**^ ^ nev. depth record in founding his east 

abutment 103 feat b01ov« normal v*ater level, or 136 feet below 

high water. He tackled tua difficulty of cutting down through 

more than 80 feet of gravel, sand, anu silt oy inventing the 

"scsiid pump 1* wnicu utilized a high pressure flow of water to 

lift and eject the material from the caisson.

The bridge aad otaer claims to fame, such as being the 

longest hin^eless, fixed-end metallic arch in the v^orld. The 

use of holloa tubular chord members was another praiseworthy 

innovation* Andrew Garne^ie, writing in later life, g^ve cre­ 

dit to his connections witu this bridge for starting him out on 

ais c*rear. of greater significance was tao spur tho bridge 

gave to transcontinental railroad systems, tuus aiding in the 

expansion of the «es"^ and in transforming St. Louis into a city 

of tue first magnitude. Captain -iads, with his courage and 

vision, had done moro than to merely span a river, he had



to span a continent

__ For fifty v^.rs people had talked about 

co) snooting ^annatt-an and Brooklyn ^ith a "bridge, but nothing con- 

cfeta , as done until John A. frbebling (1806-lbb9; ^as ci*llea for 

tha task. Bora in Germany and educated at thy j/toyai Polytechnic

. ;«Cti r< '.-• JL it. -.jQrli.j, -AC w JJL li. u i.A&.u U;JL ^rauciu vu 'L:*U Uiiityu o't^MOL- aL/ &

young man, ^rw soon achieved fame ^ ,. bridge entp nor-- r f> f the 

first order. He had scarcely finished tho 1057-foot span over 

the Ohio at Cincinnati when he was appointed chief engineer for 

Brooklyn ^ridge in Ib67. _!e threw himself into the project

eutau^xiito.:; , Ovy'4ju:uii^ all pi'oi w ^ai'.:iiiii caiu poj.itiu^,_ u u~

s, until actual c^n- -. ruction v/-^ t»Qgun in 1369. 7ato de­ 

nied him the pleasure of seeing his vision fulfilled, however, 

for during the early weeks of construction he died as the re­ 

sult of injuries received on the Brooklyn tftuirf f where he was 

1^*0.^ survey^ ioi --~iy j.vjuauAOi4 of the ma""" -iers.

His place was taken by his KOP- CoTnnel Washington <±. fioab- 

ling (1337-1926), a graduate of the first engineering school in 

the United States, Rensselaer polytechnic Institute. Young

bling, «all versed in his lutuer's rns-uaoGG, airoouoa Lue gi­ 

gantic tasr: to its successful completion despit,, ,- lt ;"••-+. that 

fci o 'A as permanently paralyzed by tho dread caisson disep.so vmile

on the foundations in 1872.

Finished in 1833, after a construction period of fourteen 

, this fine structure repr«u«uueu a great step forward in 

" bridges . rfot only was this the firnt suspension

bri ti 0 tn UlSe c^l® 8 °f steel v»ire, but its central SL-UU of



was greater by almost fifty percent than its larg- , 

est predecessor, Roabl ing's Cincinatti Bridge. vVith side spans 

of 930 feet, a width of B5 fe«;t, and a length of 5989 feet over­ 

all it vyas a rnarnouth in its day. Sea-faring men note with in­ 

terest its clearance of 135 fe»t above the water line, a figure 

arrived at by a board of three array engineers and destined to be­ 

come standard for U.S. bridges over navigable vjaters, thus fixing 

the maximum height of U.S. men-of-war for the greater part of a 

century. 'Thile the f ir? t crude modern theories on suspension 

bridges came too late to influence the design of the Brooklyn 

Bridge, it still stands as r=iute evidence of a successful design 

created by experience, intuition, and genius.

THIS FIRTH OF FORTH BRIDGE — Last but not least of the great 

bridge trio which closed out the nineteenth century was the gi­ 

gantic cantilever Firth of Forth Bridge (1882-1&39). *s jvith 

other great bridges, proposals for erection preceeded actual 

work by many years. In 1813 James Anderson of Edinburgh pro­ 

posed a suspension bridge of three main spans, but the proposal 

never went beyond the design stage. Sir Thomas Bouch had re­ 

ceived approval for a two-span suspension bridge in 1673, and 

had actually bagun construction when uue Firth of Tay Bridge 

disaster destroyed public confidence in him and wrecked his

career.

The job then fell into the hands of two noted engineers, 

both of whom had served their apprenticeships in southern Eng­ 

land, Sir John Fowler (1517-1898), and his partner, Sir Benja­ 

min Baker (1840-1907). Rendered cautious by 13ouch f s failure,



the designers created an a^e-inspiring heavy structure calcu­ 

lated to withstand a wind pressure of 50 pounds ner square foot 

on exposed surfaces, a figure which has beun reduced to 30 

pounds in most modern designs, practically the whole super­ 

structure was made of steal, a bola adventure considering that 

-as u^u UA ~uoel in bridge-building was prohibited by the English 

Board of Trade Regulations as late as 1877.

The construction of this bridge ended the experimental per­ 

iod and established the cantilever as an accepted modern type. 

Extending over a mile in length with a clear heading above the 

water of 157 feot, the bridge contains two main spans of 1710 

feet eac^, .rfitb six cantilevers of 680 feet each, and two sus­ 

pended girders of 350 feot. 'while no longer the longest canti­ 

lever in the world* the structure remains a high point in the 

annals of engineering—a colossal giant astride the Firth of 

Fortti, a rugged symbol of the country it serves, Scotland.

19Vn v. , JHY" PROGRESS -- .3 have notod hov* the masonry arch 

had reached perfection under the hand of Porronet by the close 

of the eighteenth century, and how it, was superseded by iron 

cuu- the truss as railroads grew. Although the use of the arch 

was limited for several years, it was never forgotten, and then 

it came back as strong as ever, this time in steel, in Captain 

Sacis* St. Louis ^rid&e. ;jev» theories on area action were being 

evolved, ana in Io79 .Veyrauch demonstrated tuo fundamental equa­ 

tions on which the elastic arch theory is based, the universally 

accepted theory today for arch analysis.

T^Q truss had undergone a startling development in the



United States. During this growing period trusses were de­ 

signed by competing bridge-fabricating companies <<here accent 

'#as laid on cneapnass and facility of erection—neither point 

being particularly conducive to longevity or architectural beau­ 

ty. It was difficult to check the extravagant claims of the com 

panies for no full size tests on their structures had been made 

and tostin& machines had not cu.-uw xuuu general use. as the cen­ 

tury drew to a close, however, the industry began to settle down 

and good specifications governing materials, fabrication, erec­ 

tion made their appearance. One of the leaders in this field 

was George 3. Morison, a Harvard La* graduate, whose specifica­ 

tions were adopted as standard for U.S. railroad bridges, auu 

thus had great influence on subsequent construction throughout 

the world.

The suspension and cantilever bridge types had also made 

great strides, resulting in the Brooklyn and ITirta of Forth 

Bridges. Materials too were beiutt w._i&ed. The early develop­ 

ment in Europe had been vaith masonry, whereas in the Unitad 

States wood was the material most widely used until 1840. Cast 

and wrought iron were used jointly, the wrought iron becoming 

more predominant every year, until about 1577 when cast iron was 

discarded almost completely. 3tael made its first extensive ap­ 

pearance in Io74, was quite common by 1390, and had practically 

eliminated wrought iron by the turn of tha century.

In the theoretical field man was also forging ahead. The 

investigators of the seventeenth century, as «e have noted, had 

passed a valuable heritage on to their successors of the eight­ 

eenth century, and this work wac in tnrn passed along. In 1713



advanced the theor; that the neutral axis and center of • 

gravity of a beam coincide, a taeory ra-affirrceu uy uouiojao in 

1773. in 1744 Jular developed iiia column formula based on Ber­ 

noulli *s findings, and in the early nineteenth century Lagrange 

and Navier extended the \uorU. Then began the period of dis­ 

sertations on simple bridges and trutfsas prevalent in the first 

u,jui of the n.uiut*ue.rii*u cy^ruury. In the lattur ii&lf of Wo cen­ 

tury more advanced scientific anci aathematical work was accom­ 

pli shed, especially in Europe* The ''i'hoory of Equilibrium in 

JSlastio Systems and their Applications'* (Id79) ^as written in 

Frencri by the Italian, Profoasor Gastigliano, the first work of 

conse^ue:.ud on indaturminates* ,4«urawr*vi xn uw^-iaaay published a 

highly scientific and mathematical paper on secondary stresses 

in 1660, uuw it was not until 1905 that the first «oric on this 

subject appeared in English—the ?*ork if professor Hiroi of the 

Tofcyo Imperial Univorsi&y. A'ne i^- ^.riu^^ disaster urou^ut 

forih many studies on v«ind bracing, i.ue more important among 

'-hem being A.3. DuBois* ^Graphic Statics" (I«i75) and "Stresses 

in Framed Structures fl (14JS3); Merriman and Jacoby's **Hoofs and 

Bridges'4 (1&J6); and Johnson, 2ryan, and Turneaura's "Theory 

ana ^ractic^ ox Modern Framed ^vruuwurua- ^ia vjo;«

•practice in the Unit^ states had atrayad too far fro:- the 

theoretical side aiid Uad become groping and commercialized, a 

fact ahich oiany in the profession realized. Accordingly, there 

began a steady stream of students from America to Europe, es­ 

pecially x,o uer:njui w , continuing on into the aarly part ox taa 

next century. In th*3 meantime engineer , JM ^..,, construction 

field had begun to work O ut standardised procedures which wore



to bring greater economy, strength, and beauty to their struc­ 

tures*

During the nineteenth century the mathematician had devel­ 

oped formulae for the analysis of framed structures, the metal­ 

lurgist and mechanical engineer had produced a steal suitable 

for structural members, and the bridge engineer had become fam­ 

iliar ^ith the practical aspects of truss design and erection— 

thus was consolidated a team destined to make the twentieth 

century a golden age in bridge-building,

The Twentieth Century

lOVABLi:; 13HIDG2S -~ Tho - i ^? lift or drawbridge dates back to 

Boman days at least, but saost of the development of the moving 

bridge is modern* General types in use today include the swing 

bridge, ;i horizontal plane turning about A vortical axis; the 

trunnion bascule bridge, of one or two leaves •jj.w.iv^.ig about a 

horizontal axis; and tae rolling lift or basculo brid^o, vyaore 

the leaves roll into a vortical position with the land and rol­ 

ling on smooth track.

One of tag ba^t j&iown uiijcuies iu ix>naoa'a lower J3ridge 

(1386-1394) with a central span of 200 feet. Very f« tourists 

sighting this famous landmark are aware of the fact that the two 

masonry toners they see simply cover steel towers which house 

the hydraulic machinery. Another bridge of noto is the Burling­ 

ton-Bristol highway bridge .uuch crosses ttie ^eia^aru i»ouwi of 

Trenton, New Jersey. Its 534-foot movable span won for it the 

reputation of being the longest highway lift bridge in existence.



lowered, its main and end spans loo*. IIA.« & 

truss, xjy virtue or a vertically lifting section of 544 feet, 

the Buzzard's Bay Bridged-carrying the >Jew York:, le>.: iiaven, and 

Hartford Hailroad across tho west end of the Gape Cod Canal—was 

enabled to claim the distinction of baint the longest lift span 

in trie world.

RBINFOHC3D CO:-JCR3T£ BHIDGB3 — A twentieth century product,

- ..: roinforced concrete bridge may still be regarded as being 

in an infant sta&e. The builder's first impulse was to imitate 

stone with this new material, so early bridges naturally took 

on the suupe of the arch. Thus the first, reinforced concrete 

bridge built in the Uni t i Si rites was a 20-foot arch at Golden 

Gate Park, San Francisco (1869). &ost of the developments sine© 

that time have been on highway bridges, but not exclusively so. 

In 1915 uho Lac ttawaii a Hail road built one of we ujrea'uybw ui the 

concrete bridges, the Tunkhannock Viaduct (total length 2375 feet), 

consisting of ten 130-foot visible arches und two 100-foot cov­ 

ered spans. One of the most famous of thu high\n-.y bridges in 

the United States is the George Westinghouse .bridge, the inork 

of N.F. ^ro-a ana v.h. Novell. Spanning Turtle ^I-OBK. valley

•ast of pittsburg on the Lincoln Highway, the bridge consists 

of five arcneh'--thQ center on© being 460 feet—v^hich go to make 

up . -total length of 1510 feet.

However, tue leaaers in 'C-ue fiela have boon the Europeans, 

who have designed and built some roraarkable arid uauutifui struc­ 

tures. Typical of that excellence is the Plougastel Bridge 

(1930) over the jSlorn Hiver at Brest, France, designed by M.



Freyssinut, a leading exponent of long span reiiaorcuu concrete 

arch construction. Bis three spu^e> of 618 feet Gt.ch held the 

world's record for length in this ^ype until 1940 vuien the 645- 

foot arch at t&sa, Spain was completed. In Svdtzerl id 

Robert ^iaillart was responsible for many bold arches in tua "In­ 

ternational Style. 0 The Swedes have also been active in *ai^ 

field, as testifiea uy their 593-ioot 5-j.uuu A ,.,^u i£i ,,,jund 

^rictge. Fifty miler up the Dnieper River from the Dnieprostroy 

povjr.r plant the Russians began a bridge under the Czar ana fin­ 

ished it under tae Soviets in 1932—a 5350-foot bridge, 4600 

feet of it being in concrete.

It mi gat too well to no to hera thau ^1*=* .-.tasonry arch has not 

passed completely o t of the picture as a result of the intro­ 

duction of n«vi materials. The largest masonry arch to date is 

modern, the Adolpbe Bridge (1900-1903) in Luxeraburg, with a span 

of £78 fe^t, a rise of 102 feet, ^^ a vyiath greater than r " feet. 

i: vio ana three hinged arches of masonry have been built since 1900 

in the United states and Germany. One of the nevj innovations has 

been th© hinge used by Leibbrand of 3tuttgard f a one-inch lead 

sheet extending over the middle third of UIQ depth of the Vwu»- 

soir joints, Tae possibilities for improvement in tae masonry 

arch are so slight though, that it is vary unlikely that it can 

ever offer sorious competition to the ne^ types which aave evol­ 

ved as the result of the introduction of nev* materials.

.whether aian-made masonry, concrete, can offer ua^u ^uui- 

petition is a question which must be answered in the future. 

For certain small spans it is economical, in other cases it has 

its architectural advantages, perhaps its future lies in some



othor form than the arcu, a form which will better express the 

function of concrete—only time will tell.

MODBflN 3T3SL AHCI1S3 — No great steel arches made p- 

rserrance frors Captain I3ads f time until. 1907, ;*fhen Sir Douglas 

Pox completed the Victoria Falls bridge over the Zambesi Biver. 

Designed to carry the railroad contacting South Africa vsith

- t.j its total length v«ias 650 feet with an arcu span 01 ;;uO 

feet. Hovering ove, * 00-foot gor^a, it hold the distinction 

of beinti tho highest bridge in the ;>orld at the time, a title 

since takon by the 880-foot suspension over the Arkansas Hiver, 

the fbyal Gorge bridge (19£9), 1050 feet above the stream.

The next arcu c^ iupor-u^ue wa^ the Hell Gate Bridge (1916) 

over the Jast Pivor at Men York City. It was the gre.-tert cre­ 

ation of that famous engineer, (Justly Lindenthal (185G-1935), 

«ho had been born in ;,!oravia (then Austria) and had migrated 

early in life to the Unitda states. The greater p^'t, of his 

life wut.; devoted to great bridge projects in the New York area, 

rjid it wa f fitting thft his prelect should hold the world's re­ 

cord at the time of its co.istruction—977^ feot between steel 

bearings and 1017 feet between the faces of the abutments.

Modern bridge records do not la^t very ^.QU^, uowever. In 

1922 Dr. J.C.C. 3radfi^"d, Chief 3nginaer of the Public Works 

D«Dart:nent of Mev« 3outh .Valos, took an extended tour to study
*

the chief long spans of the world and returned with the Hell 

Gate Bridge ide:;. Dr. Bradfield. then dre'^ up general plans and 

^al^h Freeman, consulting uu&iuto&r t «j.yui to :jad ttio structure des­ 

tined to become the heaviest (50,300 tons of steel) and widest



(160 feet) arch bridge in the world--! tie Sydney Harbor Bridge

a-Al * 3 buruccury uuib o«c<ime an o v 

v»it.4 a large portion ••••"r t&a roadway suspended fro" tlia trussed 

arch by means of bankers. Although work ,,^,,.1 in 1923 and 

the bridge did not open until 1932, uia actual working period 

only coveraa six years, tho rest of cue time being consumed oy

labor u A:, £,• j woo • Th*3 ;_£,-• a.u xoJw j. U6 w .iiixca a.c OA.au ^tu-. j. '_ i" Q.

world's record t.t its ti-na of inception was doomed never t^ he 

a record at all.

Tha Bayonne Bridge (1923-1931) shattered that illusion, for 

it was completed months atteati of tae ^yaney struct ur<d , y panning 

the Kill Von Kull from Bayonno, . .©.. ^arsey to cJtatsn Island, New 

"York, itb a distance between hinges of 1652 feet. Designed by 

O.H. .A;. <» under the Port of ,^©w Yortt Authority, this bridge 

»] ds tae first to make extensive use of carbon manganese steel. 

Li ks its u\: o 1 ST^Q preoacaii^'w'rc uu^ A ;...;-;... : v . s-.iio _:; j.a (_-j jo- 

suspended frnv) i ae ^rcn, whereas in the n.--' •'oritv of cases in 

the less spectacular spans the ro&d runs on top of the arch.

Once more we find the arch important, this time in steel, 

Its designers have sno«n taut a steel arcu can L»&» a uai.-i^ ci 

beautv-as well as of utility and ocmoray. ^n such . . Las is its
V

use in the future appears assured.

— Trie success of tue Firth of Forth ^ri 

made it acrear for a tino tu-U the- cantilever wu ma ,u r i^.ae 

in tiiQ long span field. In 1900 designs for the ^uebec Bridge 

over the St. Laurence were begun by the .rican engineer, _ueo~ 

dore Goooer. Luring construction in 1907 & bottom chord buckled



and tlie v^hole structure collapsed* It ??iis obvious fro;.i the fail­ 

ure that the accepted empirical design rales laid down as the re­ 

sult of previous tec; 1,3 *>n small ^su^iw uoutpressi-j;: :;rj.,iu^i _ -•-- .»»t 

hol^ ^r full Gcalo members. .^b^^''-*ent lr.rf$e scalo ex-eri^cnts 

and stt, . ultou in a much heavier design on a more scientif­ 

ic basis. Taa bridge tias finally completed in 1917, its span of 

ItfOu iaet being uio longest of its typo in t;;e uoriu.

Othei j.u^u pretentious Ca;iw*o../v&rs viere erected during ^-^ 

after the juabec liridgo, '-TOtreble amtnu- them is the Ct?.rquin@z 

Strait Bridge »hich coiiipltstad the coastal Uighway from Canada 

to Mexico in 1927. Containing two cantilever spans of 110J i'aet 

t,ae total bria^e io;^tsi . iC;i approiiguey is 4462 feet. Tho 

pended s^&*a *^as lifted i^to place in thirty-five minutes, where­ 

as the sus-.anded span of the ^uebec J3rid^e «as lifted the samo 

distance in four daya—a notable example of uow construction pro­ 

cedures had advanced in ten yearfj.

Wortay of iaonti©a is tije Sari Francisc^--Oakland 3ay Bridge 

(1933-1936), in rnalit Tr ;i series of bridges stretching cut for

jgth of eight and a quarter miles. The main parts of this 

structure include t^o suspension bridges, a tunnel, a cunuiiever 

five truss s^sna, ^na & »;^ri^y ^.^ simple girder spans. Directly 

resoo.'isible for tae worK -ora C.n. Purcell, C«B« Andrew, and G.3. 

Woodruff, /U^ wore, of oourse, advised by a distinguished board 

of arcuiiects and engineers. The Oftn til ever portion of the 

bridge was itsalf a huge jow f ite i^OO-foot span bein^ surpassed 

only by tho Firth of Ebrta an:! Quebec ^rM.rftH. -yf particular in­ 

terest viare the doray shaped pa- • --..I. ., .-ran, v^uioh 

enabled the workers to place the foundations at a record-breaking

,



<Upth of 240 feot.

No one c^tn claim groat beauty for the cantilever, but its 

ruggodness and uuuuu^ under certain conditions make it a ty^e 

which ,'*ill andura f-,r r-ruo tir/jo. It is doubtful, however, that 

it will over regain tae popularity it held in the eta . u of 

the twentieth century ., Ueu it was widely accepted as the best 

type for long span construction.

SUS'. _, I^N •SRIDG&S — Successor to the cantilever as 

the long span type is tue modern suspension bridge. It was 

formerly believed that tae suspension bridge could not be made 

sufficiently ri fc ia to carry heavy concentrated loads, out im­ 

provements in stiffening design have changed that U*iief. Then, 

too, tae lighter loaa ol the automobile vniich now demanded uridge 

service uecame a factor not heretofore considered. The recom­ 

mended ratio of the stiffening trut r depth to the s|:an tit tine 

beginning of the century v^.s one-fortistu, . figure hicu w t-.s 

later decreased to the r-nge of one-fiftieth to one-ninetieth 

for spans between 2000 and 3000 fast. .^he ultimate ai.pe^reo to 

be passed by tae 2300-foot Tacoma Narrows Bridge (iy40) at Puget 

Sound, aicfi had a one-uu* jw-.iundr0<3-t.nci-f ifteitn ratio dui'..^ 

the four months it stood. Other factors contriouted to the 

bridge's hign flexibility which cotnbinea with its aerodynamic 

instability to so. id tti six and a half million dollar structure 

crashin.., into tho !> und bolov.', tho victim of a iorty mile an

hour \ and.
But tho story of th- modern ffuspension bridge is e^serti ally 

one ^f suticese, of breathtaking achievement and promUe of a 

bright future. In European practice the eye-bar or chain type



***
of suspension has predominated, although for span lengths over 

a thousand feet *ith pruseni* ;aetais, chain becomes more expen­ 

sive than cabla. The biggest drawback to chain, however, is 

the cumbersome methods needed tn nut it in place. Chain has 

been used successfully with self-anchored suspensions, 'ahere 

the masonry anchorages are eliminated and the chain is led to 

a stiffening girder in the floor. The tension in tuo caai^ is 

transmitted to the girder which acts as a strut for tha full 

length of the bridge.

One of tha earliest examples of this type vms the 605-foot 

span over the Rhine at Cologne (1915). Pittsburg received three 

bridges of this type in the latter 1920*8, and in 1929 a record 

span length on the continent was established over the Rhine be­ 

tween Cologne and Muhlheim-—a twisted cabla span of 1033 feet.

Hot a self anchored-type is the longest eye-bar suspension 

in tae world, the 1113-foot 9~inch Floreanopolis Bridge (1920- 

1926) in Brazil. Designed by H.D. Robinson and D.ii. Steinman, 

this structure was the first to use the ne<* structural material, 

high-tension* heat-treated curbon steel eye-bars. It also made 

use of rocker towers rather than rigid or flexible towers which 

were in general use heretofore.

Another feature which has been introduced and developed by 

ftobinson and 3tein;nan is the pre-stressed twisted v?ire rope cable, 

as differentiatoa from tae more generally used parallel wire 

cable. Its designers claim lower cost arid shorter erection time 

for spans up to 1500 feet. Two of ttioir best known bridges e- 

recteci »*ith this feature iiav^ been the 950-foot Grand 'Mere 

(1929) at ^uebec and tuQ 1207-foot Jt. John's iiridge (1931) at



Portland, Oregon.

Most of Uie design thus f^r in the Unitea ~i,ufceo uus been

h the parallel wire cable. A hasty examination of the record 

reveals a startling increase in span lengths in a fea years. 

Th© first to surpass the Brooklyn Bridge was the iVilliamsburg 

Bridge (19O3) over wo ^ast River, *ith a main span of 16QU feet, 

only to be surpassed as follows: 1924 Be^r ."fountain Bridge, 1632 

feet; 19E6 Philadelphia-Carnden Bridge, 1750 feet; 19S9 Afflbassa- 

dor Bridge, Detroit, 1350 feet; 1931 George Washington bridge, 

Maw York, 3500 feet; and 1937 Golden Gate Bridg©, San Francisco, 

4200 feet. And the end is still not in sight, ior spans uet^eon 

10,000 and 15,000 feet appear to be possible. By way of contrast, 

the cantilever vsith present materials appears to have a theoret­ 

ical span limit somewhere between 5000 and 6000 feet, *ith a pra- 

tical limit around 3000.

Sach of tae abov© bridges has a story of spirit and courage 

which vaould run to many pages, but we shall have to pass on with 

simply a few comments. Designed by Leffert L. iiuck,the illiaras- 

burg bridge was tiie first l.^rgo suspension bridge to have steel 

torero. It also represented uut* yvitrecie in stiffening, having a 

depth to span ratio of one-fortieth, a factor which greatly con­ 

tributed to its clurasy appearance. The tendency of suspension 

bridges since then has been toward the more slender and graceful 

side. Halph ^ojeski's Pailadelphia-Camden Bridge over tae Dela­ 

ware iiiver is remembered best as being the first of its type to 

surpass the Firth of Forth Bridge in span. Built by the i ort -.f 

*?ew York Authority under the direction of O.H. Amraann, .d tti 

Gilbert afi consulting architect, tae George ain^ton xirid^e



over the Hudson at New York City represented a tremendous stride 

forward. >Vhile no longer the greatest span, it can still lay 

claim to being the heaviest suspension bridge in the .vorld de­ 

signed for the aeaviest loads. It is the only large unstiffen- 

ed suspension bridge in the world, made possible by the fact 

that its dead weight is so great compared with the live load 

it carries.

Of even greater fame is the Golden Gate Bridge at San Fran­ 

cisco. In 1916 a resolution was introduced in the City Council 

which led to the eventual appointment of Joseph B. Strauss as 

chief engineer of the project in 1929. Actual construction did 

not begin until 1933, however. Not only were its bridge piers 

the first ever built in deep open water, but this is the only 

structure which was ever built across the outer mouth of an im­ 

portant ocean harbor. A notable contribution in the field of 

foundations was the introduction of a structure designed as a 

cofferdam and as a fender to protect the completed pier. An­ 

other new procedure was the introduction of a safety net, a de­ 

vice which saved nineteen lives. Some idea of the magnitude of 

the undertaking may be realized when vse consider that with ap­ 

proaches the bridge stretches to 8981 feet, being composed of 

two end spans of 1125 feet in addition to the main span of 4200 

feet. The towers, highest in the v^orld, roach to 746 feet, and 

the two cables which are more than 3 feet in diameter each con­ 

tain 61 strands of 27,572 wires.

Despite its gigantic proportions even this magnificent 

structure will soon be surpassed, for already designs of great­ 

er magnitude have left the drawing boards and will soon be in



the process of execution, As typical of the twentieth century 

aa was the semi-circular masonry arch of Ho nan times, tiie sus­ 

pension bridge faces the future with promise of even greater 

glory and achievement.

Summary

In looking back through history we not© that fundamentally 

bridge forms have remained the same as nature presented them to 

us, i.e. the arch, girder, cantilever, and suspension. Evolu­ 

tion has come about largely through the adaption of nev* mater­ 

ials ana construction methods to the forms already established. 

There is no doubt theit the change in the type of traffic has 

played a great part in hastening that evolution, but use of mat­ 

erials has remained the fundamental force.

We have traced uie rise of the masonry arch from the semi­ 

circular masterpieces of the rtamans to the elliptical beauties 

of the late eighteenth century, vshen iron began to displace 

stone as a building material, there vtas a period of retrogres­ 

sion in architectural and structural results, but the entrance 

of steel in the latter part of the nineteenth century signaled 

a revival in the arch—a revival sshich has continued with in­ 

creasing vigor to the present.

In liice manner the beam from earliest times found its best 

expression in wood. ith tae rite of tho railroads in the early 

nineteenth century it <vas natural that s^me type of bracing 

saould appear to take the increased loads, and thus the truss 

appeared, iron and then steel expanded the use of the truss



until novi it finds itself In most structures, a vital part of 

the stiffening system.

The cantilever, uuou^b used sparingly throughout the ages 

in wood and stone, c *me into its o«n rfith the age of steel in 

the latter half of the nineteenth century. It also enjoyed 

great popularity in the long span field in the early twentieth 

century, but appears at last to havo beun out-distanced by the 

suspension bridge.

£hilQ suspension bridges Have also existed since earliest 

times, they are really & product of the wrought-iron and steel 

ago. 3ith automobile traffic of the twentieth century demand­ 

ing longer and longar spans the suspension bridge aus come into 

its own, at least for the present. New materials may render 

some other type dominant, but prophecy in that direction is dif 

ficult. Aluminum is beginning to appear and metallurgists are 

constantly improving otaer structru&l metals. It is too early 

yet to say what form reinforced concrete vdil assume in the 

bridge nf the future.

At any rate, progress will com© largely as the result of 

the discovery of new materials and of new ways of handling oia 

materials. The future liea with t«u uridge engineer—in his 

hands the bridge will reflect, as it has in the past, the true 

progress of our civilization*
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