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PREF.’lCE

When the work of art is also, as in architecture, a work 
serving a utilitarian purpose, then the form of the art 
will be further affectad by its function. Admittedly the 
same function - for example, to provide a convenient 
shelter for a family of human beings - may be served 
equally well in a variety of ways nevertheless,
the functional purpose does set limits to the creative 
freedom of the artist. It introduces another element 
into the dialectic of that particular art, though function 
may be regarded as an aspect of reason, reflection, utility, 
etc., whose dialectical opposites are unreason, impulse, 
imagination, etc.; and an art like architecture, in so 
far as it is an art, is a synthetical resolution of just 
these contradictions.

Herbert Read, Art and Society 

This thesis is a dialectical study of the architecture 

of Ancient Roue, by which term is meant the architecture of the 

Roman Republic and Empire, produced under Rome's influence, 

whether by Romans or others, mainly during the period from 

the consulship of Sulla to the death of Diocletian.

Previous studies of Roman architecture, in so far as
i

they interpreted the character of the architecture produced, 

tended to emphasize one or other of the opposing elements 

of the dialectic contradiction. This thesis considers that 

it may be the very anatomy of the contradiction, and the manner 

in which its resolution is attempted, which determines the 

character of Roman architecture. A new interpretation is 

attempted, in a Hegelian process of thesis, antithesis and 

synthesis.
It is postulated that there are two principal 

opposing tendencies, the practical and th« formalist. These 

tendencies are isolated and analysed independently; and then 

the main characteristics of Roman architecture are considered 

as the resultant of this interaction of forces.

Roman architecture has many facets, and turns its various
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faces to different observers, It may be seen as the con­

tinuation of the Greek tradition, or as the forerunner of 

Christian art; it is considered by some to be imitative, by 

others to be exemplary of progressive invention; it may be 

classified as stem and utilitarian, or as rich and 

ostentatious; it is criticized on the one hand for its 

authoritarian standardization, and castigated on the other 

for its licence and abuse of classical norms. It is, 

apparently, an architecture of paradoxes, for each of these 

views can be argued with reason and conviction. Reman 

architecture is all things to all observers: but it is

these things in relationship, not in isolation. There 

are many separata threads in the fabric of Roman architecture: 

the weaving of these threads into a coherent and integrated 

pattern is the purpose of this thesis.
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aUPTSR OSS
ill AHRO aCH TO THE INTERPRETATION or AECHITECTURI.

II7PRQDUCTION
This study consists o'.' an Investigation into the architecture 

of ancient Hone, particularly during its Imperial phase. The character­
istics of the architecture are analysed, in order that a deeper under­
standing of this period of architectural achievement may be reached.

Roman architecture is significant in its own right. It is 
also historically important as the starting point of Early Christian 
and Romanesque developments, where - throughout the vicissitudes of 
those stylos - the Roman element is traceable, albeit in an over- 

diminishing degree. Renaissance architecture is a reflection of 
Roman on two levels; as the direct and conscious revival of Roman 
forms and ideals, and as the embodiment of the influences of the 
immediate, mediaeval past, with its more indirect Roman implications.

Consequently Roman architecture is hero analysed not only 

as a style but as a source of important manifestations of Vostern

European architecture.
This thesis is based upon architecture produced by the 

civilization of ancient Romo. To that extent it is a limited anu 
specific study. However, from it may be deduced architectural

principles of wide generality.
The fundamental hypothesis of this thesis is that the

characteristic, of toman architecture derive from certain dialectic 
contradictions in the Homan approach to design. The thesis scoki 

neither to hlamo nor to praise, hut rather attempts to define end 
explain the nature of these contradictions, mhich are seen to stem 

from too basic attitudes *, irohitocturo, ehich vc may call the 
practical and the formalist. It is here postulated that the 

nature of the architectural process is the conflict of the 

practical and formalist attitudes, ttis conflict ha. it, source 
in the utilitarian origins of building, and the innate instinct of 
can for creative expression. The character of an architecture is
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I

tho resultant of thia conflict, and tho dogroo of its resolution 
in artistic, purposeful construction.

Our analysis of Soman architecture will ho an analysis 
of tho components of conflict, tho manner of conflict, and tho 
naturo of tho resolution. ~

cussod have generally been avoided, nevertheless where Judgements 

of quality form a part of thia study, I have, in Judging and asses*, 
ing, of necessity looked at history through modern eyes. "It has 
become evidentn a leading Italian critic writes, "that an organic 
culture cannot, in dealing with tho p and specifically with 

architectural history, use two standards of Judgement, one for 
modern and another for traditional architecture". 1* (This is true, 

not only because we must provide modern, disorientated man with a 
base, but because, wo can never adequately recreate for ourselves, 
as critics, tho conditions under which tho design originally was 

created; and Judgements based upon hypothetical reconstruction of 
sots of standards other than our own, can have little pragmatic 
value today. Wo must, of course. Judge history in tho light of as 
full a knowledge as possible of all the operative conditions, but 
tho Judgement must be made Arom tho standpjint of present ideals 

and standards.
The present writer believes with Warringor that:

The earnest endeavour of the historian to reconstruct tho 
spirit of tho past from tho materials at his disposal is 
at best but an experiment, conducted with unsuitable moans.
Tor however, faithfully wo may strive to compel ourselves 
to an apparent objectivity, the exponent of historical 
knowledge remains our own 2jgo .with its temporal limitations 
and restrictions ... past events are not comprehended and 
appraised from their own standpoint but from that of our 
own prejudices.

Although dogmatic Judgements of tho architecture dis-

1 Bruno Zevi, Architecture as Space, trans. by Milton Gondol 
Wrtw Tnrlr Horison Press. 1957, p.17.
Bruno Zevi, Architecture as

2. W. Worringer, form in Op thia, london, Alec Tiranti,
1957, p.l.



If we rogard tho architecture; of aay period as dis­
honest, then we must discuss it on that score, evon if in its 
own day honesty wes not considered a relevant criticism. If 
architecture is extravagant and wasteful, oven if produced in 

a period of conspicuous waste, then it must hy today's standards 

ho adjudged faulty. Inconvenience of use must ho commented upon, 
oven if the user's standards of convenience wore lower than ours. 
Standards of othics, oconony, utility, vary from period to poriod. 
Ivon standards of tasto vary, although wo liko to think of tho 

principles of hoauty as eternal. When wo assess tho architocturo 
of a past period, wo can judge only hy what wo oursolves porcoivos 
and perception is coloured hy our experiential background. Our 

perception of historical buildings, although it is tinted hy our 
historical insist of past conditions and attitudes, is yet more 

deeply pigmented hy our own current modes of lifo, thought and 
experience. Our fundamental standards are those of our own time 
and experience; and if wo believe in tho spiralling progress of 
mankind, then contemporary standards ^ tho ideals, if not the 
achiovomonts - aro the noarost to absolute criteria that, within 
tho limits of our own imporfoctions, wo have yet reached.

Perceiving then as ohsorvors of our own time, wo cannot 

regard evon hoauty in tho light of eternal canons. If, to us, 

concepts such as honosty of expression, oconony of means, fulfil, 
cent of function do not load per so to hoauty of form, yet wo 
boliovo that such hoauty cannot ho created in dofianco of those 

concepts. This is tho philosophy which guides this thesis.

^TITOPEB TO 4RCEITBCTU3S.

(UTBSQR1SS 0 1  D IS C IP L im .

Architocturo is not merely a personal work of art, the

product of gonius, ungovornod hy conditions of space, time, and 
human purpose. Its production is a human activity undertaken to 
satisfy contain physical and. psychological noods of non, including 

tho architect himself and tho society to which ho belongs. It is



an activity undertaken at a apecISic instant, within a 
specific social environment, and it is impinged upon by all 
the physical forces operative within our universe. As such, 
it is subject to a host of influences and pressures, tangible 
and intangible; and the forms which it assumes are conditioned, 
shaped, and modified by evory aspect of our mental, spiritual 
and material environment. The interdependence of the artefact 
and the universe was perhaps first cloarly formulated in the 
nineteenth century, and the more old-fashioned historians of 
architecture still meticulously analyse the various influences 
of geography, geology, climate, politics, social organization, 
history, economics, ethics, philosophy, ot al.

If the nineteenth century was the century of classi­

fication and analysis, our present time is marked by an 

endeavour to bring diversity back within the ambit of unity. 
This is tho ago of synthesis, the ago of the Holism of Smuts, 
the Organic Mechanism of Whiti ad, tho Total Architecture o* 

Gropius, tho Organic Unity of Lloyd Wight, and tho Synergetic 

Approach of Buckminster Tullor. This is the ago of physical- 
chomistry, psycho-somatics, space-time: This is the ago of 

sooing things in relationships. A truly contemporary 
approach to architectural criticism should similarly try to 

bring togothor tho many strands into one comprehensive 

vision.
Before tho fragmentization resulting from tho 

analytic approach, tho categories of discipline had boon 

stated as a trilogy: the classical categories given by 
Vitruvius as Utility, Strength and Beauty; and tho conditions 
of wo11-building d, ’inod by Vfctton as Commodity, Pirmnoss and 
Delight. Those early categories and tho advantage of broad 
generality; they wore, however, over-simplified, and not all- 
inclusive. Modern criticism demands ro-classification.



It is possible to ro-group those various disciplines 
into more oomprohonsivo catogorios, which, for the purposes of 
this discussion, nay bo dofinod as:

Ihp psycho-uhilosophical diacinlinoa. which aro the subjoct- 
ivo internal disciplines devolving fron ourselves as thinking and 
fooling boings.

id) Tho social disci-plinos,. concerning our relationships with 
others, in that wo aro social, ccnmnicating boings living not in 
isolation but connunity.

Hi) gho pnysical disciplines. tAiich are the objective external 
disciplines, tho demands and limitations imposed by tho material 
forces of tho universe.

It must bo emphasized that those arc not just now and 
more complex namos for Vitruvius*8 Utility, Strength and Bouuty, 

but completely now categories of discipline. For instance, whilo 
tho concept of Strength might bo equated with Physical Disciplines 

tho concept of Utility has implications in all throe categories of 
discipline.

Those reduced, concentrated and more generalized cato­

gorios aro useful as a technique for prohonding tho problems of 
architectural creation. They aro, however, still analytic. It 

nuflt therefore bo realized, if wo arc to have tho synoptic vision 
that they aro not water-tight and mutually-oxclusivo compartments, 

but rather over-lapping fields of force.
Architocturo must not bo considered the result of those 

disciplines operating directly, but tho work of nan conscious of 
the limitations those disciplines impose, A perfect work of 
architecture is tho complete synthesis of tho answers to tho 
problems posed by tho various classes of discipline, without 
prejudice to their individual integrity, in a purposeful and 
beautiful structure. Actual architecture is a striving towards 

this perfect synthesis, tho attainment of which it is usually 
denied to a greater or lessor degree. Tho gap between perfection 
and achievement is partly caused by the limiting factor of human



capability, intollIgonco and artistic talent; and partly by the 
dogroo of inconpatability of tho various categories of discipline 
inherent in the particular architectural problem.

In practice, the process of architectural design is one 
of contin'ial compromise, in the attempt to balance, ad jus L and 
reconcile tho frequently conflicting demands of the various 
disciplines. This process of compromise demands a hierarchy of 
values according to which decisions can Justly bo made. Sometimes 
tho relative values are implicit in the very nature of tho problem, 
but, more often than not, they are te bo determined subjectively by

the architect himself.
It will be soon that tho process of architectural design 

implies the making of a series of choices by the architect, accord­

ing to a hierarchy of values largely self-determined and not 
necessarily inherent in the nature of the problem or the nature of 
its ideal solution. The way in which tho architect makes those 
value-Judgments depends upon that complex interplay of individual 

personality, knowledge, talent, idiosyncracy, operating within the 
flux of a general culture, which we may for convenience classify as 

his attitude to architecture.
or AK JLflCHITjSCTURAL ATTITBD3:

It is necessary, in order to achieve understanding of the 

differences in attitude, to examine the extreme cases of that 
attitude. It is important to boar in mind that such extremes of 

attitude are hardly, if ever, met with in reality. Attitudes are 
to a certain extent flexible, and variation within tho spectrum of 
attitude takes place at all times as personalities mature or the 
nature of the problem or the cultural climate of ideas fluctua . 

While any particular architect's attitude may therefore contain a 
complex interrelationship of features, it is - perhaps because of 
this factor - important to study the unchanging anatomy of these

features themselves.
to understanding otthe poles of attitude .ill help in the

analysis of any pwticular sttitnde, containing as it m e t  tendencies



towarde one or other of the poles, - except In the rare caeo of 
perfect 'balance - tendencies which colour and give direction to 
personal attitude* Tondencioo tc one polo of attitude, although 
dominant, rarely, if ever, exclude recessive tendencies to the 
opposite pole. Hence, an understanding of the polarities of 

attitude, the tensions caused and the balances struck, are of 
fundamental importance if we are to understand the architecture 

created.
The two basic genre of attitude in their extreme mani­

festations wo may torn the Practical Attitude and the Formalist 

Attitude.
THE PRACTICAL ATT13BSS:

The practical attitude is that in which, when confronted by the 
necessity to make the choices and compromises inherent In the 

design process, the architect is guided to his decisions by a 
hierarchy of values, whose priorities are in the main dotormined 
by the social and physical disciplines. The main criteria for 
action are objects., tnd n*y bo sought largely - but not 
exclusively - in the nature of the problem itself: thus, the 
synthesis sought by the exponent of the practical attitude is 

a building which is a social utility and which, as far as

possible, is “beautiful".
The characteristics of a practical approach are an 

over-riding concern with planning for shelter, security, comfort 

convenience and health; and a concern with a sound structural 
fabric created in terns of these functional requirements. The 

practical attitude is often marked by the advocacy of such 
concepts as fitness for purpose, honesty of expression, economy 
of means, and functionally-determined fora. The emphatic 
direction of the attitude is towards utility in its widest sense

There are two possible procedural bases for the practi 

cal attitude. On the one hand a practical man night proceed on 
the busis of hypotheses conceived in the light of theoretical 
knowledge and tested by experiment before adoption as valid: in



othor words, by tho procoduro of scioatific nethod. The alter­
native procedure is an empirical one of trial and error, Viich is 
development "based upon experience "but uncorrolatod general 
theory. Both methods of approach are governed by a desire to 
base action upon the reality of knowledge and objective truth.

As a consequence of this duality of procedure, the educative 
system most conducive to the practical attitude is also twofold.
One aspect is tho fostering of the faculties of logic and reason, 
and the othor is the cultivation of practical experience. Its 
philosophy of education in an ideal form is one which therefore 

embraces thoorj and oj^erience, and would resemble most closely 

the principles of Whitehead, Dewey and Gropius.
The practical attitude attempts to deal with tho sub­

jective problem of beaucy in one of several ways. At its most 
naive level it considers beauty to be the inevitable and unself­
conscious result of the satisfaction of the functional requirements. 
This explanation of beauty is so obviously untenable that its 
appeal is strictly limited, and, within the practical attitude, 

more sophisticated concepts arise. These reflect tho ambivalence 

of theory and experience which so marks tho practical attitude.
Tho empiricist tries to derive rules of aesthetics, or systems of 
beauty, which are based purely upon observation; tho theoretician 

analyses aesthetics scientifically, as in the psychological 

studies of beauty, or the physical studios of the nature of 
vision. Thus beauty is rationalized and given a factual basis.

Tho architectural consequences of the practical attitude 

may include the following: convenient, economical and efficient 
planning; advances in structural techniques; the development of now 
and advanced building materials; technical excellence in such 
fields a* drainage, he Jig and acoustics. Architectural appear­

ances are radically affected: now and originaJ. building forms are
created, not preconceived but arising out of the solution of tho 
problem; a utilitarian aesthetic of rather laconic character is
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consequently developed. Tboro is, in the architecture, a concen­
tration on innor essentials, and a highly developed, sense of 
roalisn. Arising out of the empirical approach thoro dovolopn 

a respect for tradition, for tho evolutionary process in design, 
which goes hand in hand with more exciting and holder innovations 
resulting from an analysis of the problem conducted with inexor­
able ruthlossnoss and imagination. Sapiriclsm applied creatively 

but not arbitrarily tends to onphasizo similarities rather than 
idiosyncracios, and a general anonymity of architecture tends to 
develop. Originality in architecture for its own sako is not 
sought, and common denominators and standards are established as 

the basis of sound, practical design.

THE FORMALIST ATTITUDE:
The formalist attitude is that in i*iich the architect,

in making his choices and compromises as part of the process of
designing, is governed by values whoso priorities are largely 
determined by the highly subjective psycho-philosophical disciplines. 
Tho beliefs which govern his actions arc extrinsic to tho architect­

ural problem, but not necessarily irrelevant. In seeking to recon­

cile tho conflicting demands of architecture, ho strives for a 

synthesis which is a work of art and which, as far as possible, 
is useful and stable. Whereas the social justification of the 

practical architect is that he is creating a social utility, tho 
formalist considers his function is to ploase the senses and up­

lift the spirit.
Tho predominant characteristic of the formalist attitude

is concern with aesthetic problems. Tho nature of lino, surface,
solid and space are investigated, and thoir aesthetic possibili­
ties exploited. There is a concern with the sensual attributes 
of building materials rather than their preforrvtico characteristics, 
and they are studied from the points of view of form, colour and 
texture. One especial characteristic of tho formalist attitude 
is its preoccupation with tho associative connotations, symbolic, 

literary, historical.



Tho philosophical and othical toneta of tho formalist 
at,tit';.: o onhraco such widespread concepts as tho absolute valuo 

ox lnauty in torns of good; an absolute and ideal standard of 
boa'ity implicit in tho universe; and form autonomous, and 
divorced from content. The direction of formalism may be summed 
up as art for arts’ sake, as an ultimate valuo.

As with the practical attitude, tho procedural basis 

of fc malisn is twofold, ranging from the polo of extreme free­
dom to tho opposito polo of rigid control. Formalists aro not 
governeu by conditions inherent in tho problem: they may there­
fore operate entirely freely upon tho basis of emotional per­
ception and intuition, disciplined only by tho creative 
instincts of gonlus. Alternatively, artificial and extrinsic 
sets of rules nay bo created, formal conditions determined 
a -priori and often arbitrarily, as a framework within which to

operate.
Tho educative system favoured by the formal approach 

has two aspects. In so far as its philosophy is one of intuition 
and * 'us, its system must bo to create the all-round man of

a dilettante rather than tho trained professional archi- 

ao far as its philosophy is based upon set rules of art, 

its eyutem must be the rigid architectural academy. Its philo­
sophy of e.Location then is compounded of dilettantism and tho 

Beaux Arts or, as it inspires Master-worship, the Taliesin Fellow­

ship.
Within tho formalist attitude the problem of purpose 

and structure is dealt with in one of two ways. Valid structure 
and sound planning are compromised for the sake of boauty, or, 

alternatively, structure and planning are solved as a separate 
problem, by means other than those necessary for the solution

of tho aesthetic problem.
Tho fornallst aUithdo I. reflected In architecture in

nany aepecte. irchitecture nay reflect an analysis of aesthetic



experience in terns of the components of aesthetic theory; a 
sensitivity to aesthetic niceties, and nuances of nood and 
atiosphere. The characteristic consequence of the formalist 
attitude is concern with such questions as, how does the 
"building noet the ground and the sky. Such an architecture 
is narked by conformity to aesthetic dogma such as prop­
ortional systems, symmetry and balance. The forms chosen 
are thus usually preconceived, either in terms of those 
dogmas, or in terms of associations of a symbolic, conmemor- 
ativo or literary form. Dogma and associative forms both 
lead to eclecticism, that is the arbitrary retention of 
customary historical forms* This in turn leads to stability, 
thence to conformity as an ideal, and finally to stagnation.
An opposing trend, equally within the ambit of the formalist 
attitude, is a reactionary tendency to licence, to arbitrari­
ness, wilfulness, the deliberate cultivation of originality 
and idiosyneracy, and the emergence of 'prima donna*, 
individualistic architecture. There is a marked concentration 

on externals,

LIMITATION or STTOT:
This study has been limited to Ancient Rome for 

reasons described below, ii the knowledge that the theories 
and artefacts discussed may bo discerned in varying degrees 
in the architecture of other countries and other times. Tor 
practical reasons, it is however necessary to limit and confine 

tho study, and wo may affirm that such limitation, if applied 

in tho light of a wider knowledge, can only but focus tho 
beans of the study more closely, and thus illumine the essent­

ials of tho problem more brightly.
The application of tho dialectic technique of anal­

ysis to Romo is apt for two reasons. First, we can consider 
Rone as particularly interesting in its own right, for it is 
the crucible in which now architectural ideas and forms are 
distilled on a scale of magnitude and importance hitherto



unapproached in the ancient world. Second, perhaps even noro 
than Greece, it is the starting point of the nain lino of 
dovolopnont of Western architecture. The continuity of the 
Honan tradition, particularly in the Italian Peninsula itself 
is a dononatrahlo historical fact: and the debt of European
architecture to Italy in all phases except the Gothic, is a 
keystone in the story of the transnission of ideas. The con­
tinuity of building activity in the Italian Peninsula fron 
Etruscan tines to the present day, embracing as it does both 
Republican and Inperial Hone, the onbryonic architecture cf 
Christendom through all its stages till its full maturity in 
the Baroque, and the architecture of the industrial age of 
the last and present centuries, presents in concentrated form 
the story of the development of architecture, omitting, with 
the qualified exception of the fully developed Gothic, no 
major phase from the ancient world to the present day.

Hot only does the duration of Italian building 
through history make it of unique importance, but - equally 

vital - its quality, power and originality arc of the first 

order. Hot only does Italy contain buildings representative 

of all the panorama of successive historical stylos, but, 
tine after time, it contains buildings which are the root and 
origin of those stylos, Italy has not always proved recept­
ive to ideas from outside, as the failure of the Gothic 
stylo to take root clearly shows: but as an originator
and a source of European architecture, she is without peer. 
Let us as demonstration of this point, consider the case of 
Honan Imperial architecture. This architecture - super­
ficially a derivative architecture based on Greek models - 
was so strikingly original in structure, planning and archi­
tecture! form, that its influence over subsequent Christian 
architecture was marked for centuries to cone. Indeed, Swift 
has advanced the thesis that: "Roman influences and the Roman



tradition dotarninod tho nore Important aspects of nodlacval 
art and architecture, from the earliest appearance of 
Christianity down practically to th rise of tho Gothic 
style", 3*

In fact, it can ho demonstrated that Roman vitality 
was tho spark for tho Renaissance#which received and trans­
mit 1 its virile inspiration; and -evidence is not lacking of 
even more far-reaching consequences. Sedlnayr, for instance, 
in discussing tho genesis of Borromini*s forms, dorivod the 
exterior of S. Carlo alio Qoattro Ibntano from its interior, 
and traces tho derivation of tho interior (especially tho 
third scheme, of which the final scheme is hut a variation) 
directly from tho Piazza D'Oro of Hadrian* s Villa. He also 
demonstrates tho similarity between Guarini*8 S. Gaetano in 
Vicenza and the domed hall of the "Little Palace" of tho 

Villa; and the close parallel between Guarini*s C. Lorenzo 

in Turin, and a room of the Toatro Maritino of Hadrian's 
Villa. 4* The originality of Roman architecture is a point 

which I shall debate at greater length later in this thesis, 
at this juncture I cite it in --pport of the more general 
proposition of the originality of Italian architecture.

3. B.H. Swift, Roman.Sources of Christian Art. New York, 
Oolmbia Uhiversity Press, 1951, p.7.
This extreme position, though assailed by Strygowsky and 
Ainaloff, is supported, more or loss completely by 
Rivoira, Vickhoff, Weigand and Strong. Although ward 
Perkins tends towards a more conservative view ("The 
Italian Element in Late Roman and Early Mediaeval Archi­
tecture", yrocoodings of the Srttfch Academy. mill, 1947) —  
he says; "A story so complex cannot without distortion bo 
pressed into such a simple mould" —  yet, because of this 
very consorvativien, his praise of tho originality of Roman 
Architecture, and its far-reaching consequences in planning 
and construction, is particularly convincing.
B. Baldwin Smith, Architectural Symbolism of Imperial. Romo 
and tho Middle Ages. Princeton Uhivorsity Press, 19o6 p.100, 
writes that "fr m the time of Alexander tho Great there wore 
successive perio .8 of both eastward and westward dissemin­
ation and that the development of architecture was never tho 
result of any one-way transmission of ideas".

4. H. Sodlmayr, Die Architektur Borrominis, Berlin, Frankfurter
Vorlags-Anstalt A.G., 1930, figs. 6-10, 37-40, pp. 08 ot seq.
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Siffillar support for this contention can bo found in tho contri­
bution of Lonbardic architecture to tho field of nodiacval con­
struction and decoration; in the creation, in tho architecture 
of the Renaissance, of what became almost an international 
stylo; of tho vitality t&ich tho Italian Baroque infused into 
a docadont European architecture; and in tho vigour of the 
contemporary Italian architectural scone. It is our contention 
that Geoffrey Scott*s words, penn-* in praise of tho Renaissance, 
are capable of widor application: "Tot if wo wish to watch
architectural energy where it is most concentrated, nost vigor-

5ous and nost original, it is to Italy that wo oust turn".
If Roce proves a fertile field for architectural study 

of world problems in isolation, as it wore, it is because of 
the originality - in terns of external inspiration - of its 

architectural contribution, and the length of tho unbroken 
building history which it generates. In the perpetmating of 
the Honan way Italy provides a picture of the deliberate and 
conscious naintenance of a desiga tradition for which, other 

than in ancient %ypt, there is no parallel. The extont to 
which there is a traditional Italian character in architocturo, 
which transcends historical stylo and personal taste, is a 
nattor which can be debated. But, oven if that aspect were 
arguable what is indisputable is tho conscious returning to 
past inspiration - tho Renaissance idea - which is a rocurring 

theme in tho story of Italian architecture.
Wo find Grook revivals, in both tho base and inspir­

ational son so of the torn, in Roman architecture of tho Imperial
g

Period, particularly in the reigns of Augustus and Hadrian.

5. Gooffroy Scott, The Architocturo of Humanism. london, 
Constable e Co., 1914, p.11.

6, Swift, on. cit.



According to Middleton ' tho ocloctic A ague tan 
period saw ablo Orook artists in Bono imitating, and to 
sono dogroo reviving "tho glories of ancient Greek architect­
ure and sculpture". Tho emphasis appeared to he as nuch 
litoral as inspirational, however, and we find that "not only 
tho highly-developed stylos of Praxiteles and lysippus were 
initated by those Graeco-Honan artists, but that they oven 
produced archaistic imitations of the sculpture of Fholdlas 
and his predecessors".

Trajan's onploynont of Apollodorus, followed by 
Hadrian's enlightened rule, brought about "a fresh revival of 

Hellenistic art of various stylos; and then, for a brief 
period, architect-ral and plastic works were produced in 

Hone and its provinces which almost rival in beauty tho 
finest works of the Augustan age". Hadrian's oclecticisn, 
as was to bo so frequently soon in Italy, was an oclecticisn 
of the spirit, and the Greek 'renaissance' which his reign 
stinulatod produced not dead copies of ancient nonunenbs, but 
rather a revitalized architectural spirit, which engendered 
some of tho rest original architectural thinking of tho 
ancient world. The love of tradition evident in the Bonaa 
nakeup proved, in this and so nany other instances, not to be 
tho shackles of architectural initiative, but the catalyst 
stimulating tho next bo'd step of a continuously developing

7. J.H. Middleton, Tho Bonains of Ancient Borne. London, 
Black, 1892, I, 33.

8. If tho Honans frequently used Greek artists, it is inter­
esting to note that the reverse situation sonetines 
applied. We are told by Olonent Gutch, for instance, 
that Antlochus Bpiphanes selected a Honan architect,
Cossutius, to continue tho building of the Thesoion at 
Athens in tho first half of tho second century B.C.
0. Gutch, "Architecture", in A Companion to Latin 
Studios, ed. J.B. Sandys, Cambridge Uhivorsity Press,
3rd edition, 1929, p.526.



architectural evolution. Roman architecture, in its no at 
daring and progressive phases was always radical, in the 
sense that Walter Gropius uses the word, 9 that is - from 
the roots.

Gest ^  tails us of the remarkable "persistence 

of the Roman type of construction and the influence of the 
Roman tradition" in the centuries that followed the collapse 
of the Bnpire. These centuries were chaotic years, hardly 
conducive to groat structural developments. War, disorder, 
invasion, economic regression, all these things hampered 
the maintenance of Roman traditions created in an era of 
stability and plenty. Yet, the tenuous link of the Roman 
tradition bridged the centuries. Down the years the chain 
passed, from the Romanized conquerors of Gaul and Northern 
Italy, to the builders of Charlemagne, to the Benedictine 
monks, who became the preservers of more tangible relics 
than only the literature of the classical ' a, right down to 

the Fratres Pontis. those "Brothers 'f the Bridge" who, in 

their twelfth century construction of bridges in Southern 
France "followed Roman model s closely, using the full centred 

arch, the heavy piera of large cut stone, with narrow water­
ways", and echoed in their works albeit dimly, the great 
achievements of the mighty past at Nimes and Orange.

The inspiration of ancient monuments thus stimul­

ated positive research into ways and means of developing 
forms to suit the more limited economic and material 

resources of the times.

9, Whiter Gropius, in the forward to G. Herbert, The 
Synthetic Vision of Walter Gropius, Witwatorsrand 
University Press, Johannesburg, 19o9.

10. JL.F. Gest, Engineering, in the series "Our Dobt to 
Greece and Romo", George G. Earrap, Icndon, 1930, 
p.303 et soq.



SivoIra har this to say of the 9th century Lor/bard 
Guilds: "Indeed, fron this tine onwards, we see them eager
in searching among the ancient "buildings of Some and Ravenna 
for olenents which, when developed, would lend themselves,
"by means of a rational evolution, and supplemented by now 
ones, to transform Roman architecture into a new style, 
thought out by themselves, and destined to servo now needs, 
as well as to adapt itself to changes of taste". This

process of creative identification with the past and trans­
mutation of past achievement into the promise of a new 
living style, is typical of the deliberate continuity which
one finds in Italian architecture.

12Foligno in commenting on the Roman Influence 

so evident in mediaeval building in Lombardy and Southern 
Prance, casts some doubts upon the Ri voir an theory of the 
enlistment of specialised corporations of Italian masons by 
Charlemagne, but concedes that "it is most likely that the 
Lombards had recourse to local masons retaining some tradition 
of the proficiency to which their craft had risen in the 
past .... and it seems the more likely that the secrsts of 
craftsmanship were traditionally retained and kept alive by 
some loosely constituted associations which survived despite 
the hostility of German legislation, or by families ....

At any rato", he concludes "there seems to have been no 
absolute break of continuity in the development of

11. fi.T. Riwira, lombardic Architecture, trans. by 
G. McN. Rushforth, london, William Heinemann, 1910, 
1, 5.

12. Oesare Foligno, "The Transmission of the Legacy",
in The Legacy of Rome, ed. C. Bailey, Oxford, at
the Clarendon Press, 1923, p.20.
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1 *7necessary crafts". *

j^ain, In the twelfth century there is, In what 

Pevsner ^  calls the "Proto-Renaissance" and Scott ^  the 

"false lawn of classic stylo", a return to the root inspir­
ation of traditional form, "One is prompted to ask", 
writes Sumnerson ^  "if there was not some kind of ‘renaiss­

ance* in the 12th century which nade it possible for the 
vestigial memories of Roman decoration to coalesce once 
again into a nearly classical form of expression. The 
answer to such a question is unambiguous. There was such a 
Renaissance, and in other spheres of 12th century life its 
reality is easily recognised and has long been admitted by 

historians".

Upon the full renaissance of the 15th century, it 

is not necessary to elaborate, for here was the perpetuation 
of the ideals of a past culture on an unprecedented scale.

It is however, symptomatic that this greatest of all renaiss­
ance should originate in Italy. Later, in the revolt against 
Rococo, and the classical revival of the uid-18th century, the 

voice of continuity which is Ital> - although now speaking in

13. Foligno, loc. clt.. makes the intersting comment; 
"Possibly the Roman elements in Frankish architecture 
are to bo traced to tl •> influence and the study of 
Vitruvius". This appears to be an exceptional reference 
to Vitruvius*s influence in the Middle Ages.

14. Nikolaus Pevsner, An putline of European Architecture. 
London, penguin Books, 1953, p.58.

15. Scott, on. cit.. P.20.
16. John Summerson, Heavenly Mansions, London, Cresset 

Press, 1949, p.22,
17. VidA C.H. Haskins, The Renaissance of the 12th

Century.



dry academic tones - is that of the Algarotti, a great
admirer of Palladio, who in 1758 writes deprecatingly of

1 ftthe architectural style of his day. • Finally, in our 

own tine, wa have the work of architects such as &io ponti, 

who, without stylistic implications, denotes his Montecatini 
and 28.1 son buildings as classical, because, for Gio Fonti, 
as for so many Italian architects, "classicism involves a 
continuity of thought transcending models and classical 
forms". 19•

Cesaro Foligio, in his discussion of the trans­
mission of the Homan legacy to the Western world, different­
iates between two processes.

One part of the legacy reached the modern world by a 
natural process, handed down from people to people and 
by one generation to another, through traditions.which 
could not be rooted out, through legends, customs, 
intellectual outlooks, rough elaborations of artistic 
conceptions; and it is this part of the legacy which, 
independently of its intrinsic value, bore the best 
fruits in the modern era. The other part, which was 
perhaps richer in itaelf, was gradually recovered by 
the ceaseless efforts, the toil and study, excavations 
and investigations of scholars during the last centur­
ies of the Middle Ages and the Modern epoch. Thus the 
process of transmission was twofold, natural and arti­
ficial  30 •

Put in other words, those two processes of perpet­
uation of the Roman tradition were, on the one hand, practical 
and empirical, and on the other, intellectual and theoretical.

If our study of Romo is to bear fruit as a help to 
the understanding of subsequent world architecture, it must

18. 'Pevsner, on cit., traces the revolt against Rococo, in 
the period 1730-1760, He mentions Burlington's publi­
cation of Palladio in 1730, Algarotti's writings in 1758, 
and ultimately Winckelnann*s nausea at Baroque when ho 
saw it at Dresden in 1748, his returning to the work
"a la Ore quo" and his writing: "Tho only way for us to 
become great, nay inimitable, if that bo possible, is 
to imitate antiquity".

19, D. Guarnavi, "Bspressiuno di Gio Ponti," Aria d1Italla.
8, 1954, p.9.

30. Toligno, on. cit.. p.10.
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pay attention to the nonunonts thenselves, from which origin­
ates the empirical chain of transmission; and the Honan theor­
etical concepts — their philosophy of structure ani design, 
Indeed their very philosophy of life - which later students 
attempted to adduce from Roman monuments and manuscripts.
Such scholarly research into temps perdu was, in Italy, r»t 
only a disinterested and abstract investigation into history, 
hut was largely activated by that passion for tradition, that 
drive for continuity, which stems from the Roman attitude 
itself.



CHAPTER TWO. >
IHB PRACTICAL ATTITUDE OF THE ROMANS- 

"The best preferred doing to talking." Sallust.
ROMAN MATERIALISM.

Roman architecture......... was above all practical,
simple, orderly, dignified, majestic, vast in its conceptions, 
solid, made for eternity; in a woid the expression of the Roman 
character and Roman power."

An architect's attitude is part of the general attitude 
of the times. He may be an individualist or even a rebel, but his 
thoughts, ideals and processes must be modified, if not determined - 
as it is in the great majority of cases (for most of us are confor­
mists) - by the ideas current in his time.

Although these current ideas are by no means uniform, and 
diverse, if not conflicting, attitudes are in evidence in any 
society at any time, yet - because certain ideas are, (to use Mum- 

ford's biological analogy) dominant, others recessive, and still 
others emergent, - it is valid to generalise according to dominant 
aspects, and classify the attitude of a period according to its most 
important trend. In other words, by way of example, we might say 
that the old social system of tribe, phratry and gens was a communal 

system; that American civilization today is capitalistic, or that at 

the commencement of the First Crusade the attitude was that of 
religious idealism. In such ways, generally by seizing upon the 
dominant characteristics of a period, may epochs In history be 
categorised according to the "spirit of the times." Such classifi­
cation by itself, in a study of architectural history, nay be of 
small assistance: but as a matrix in which more detailed analyses 
take their place, it is valubale in setting the key in which the 
contrapuntal threads may be developed.

1. U.T. Rivoira, Roman Architecture, trans. by G. McN. Rushforth, 
Oxford, the Clarendon Press, 1925* p.86.
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The key to Rome is materialism. It is a period when, 
politically and socially, it is the material things which count —  

power, wealth, force,position. It is a period of doing rather 
than reasoning, action instead of philosophy, practice instead of 
theory. It is a period marked by notable material expansion and 
progress - the political consolidation of an Empire; the taming of 
nature by vast engineering projects such as roads and aqueducts; the 
systematic exploitation of t.ie human and material resources of 
Europe, Africa and Asia.

These characteristics of Roman civilization, interae 

dirltta, 2' and"essentially constructive" have been catalogued 

by Giavannoni in the following terms: a centralized political 
and financial power; a materialist people concerned with means 
rather than ends; a regulated and orderly system of administration; 
and an emphasis, leading to their gradual perfection, upon technical

4ideas transmuted into technical methods.
Roman ger ius found its incentive in the vast practical

tasks of extending and maintaining the Pax Rproana in giving physical

form to the most complex urban civilization that the world had ever
known. Aelius Aristides, in his paean of praise to Rome tells
us how magnificently the Roman responded to this challenge:

....you have measured the whole world, spanned rivers
with bridges of divers kind, cut through mountains to 
make level roads for traffic, filled desolate places 
with farmsteads and made life easier by supplying its 
necessities amid law and order. Everywhere are gymnasia,
fountains, gateways, temples, factories, schools ........
cities are radiant in their splendour and their grace, 
and the whole earth is as trim as a garden. 5.

2. According to the Italian post, quoted by Glovannoni, "Building 
and Engineering," in Bailey, op. clt., p.429.

3- hoc, clt. 4. Ibldi, P.4)1.
5. Cited by R.H. Barrow, The Romans, London, Penguin Books, 2nd ed.,

1953. P.130.



In the accomplishment of these things lies Roman greatness. 

That is the true art ol Rome-, the spontaneous expression of the 

Roman Spirit, its keen realization of the adaptation of practical 

means to practical ends, its will-power and enduring effort, its 

tremendous energy and audacity and pride." &-

Merely to list the practical achievements of the Romans does 
not, of course, prove that their outlook was materialist - although it 
does give grounds for making that assumption. However, the writings 
of the Roman authors testify to the value which the Romans placed 
upon material things. For instance, it has been pointed out that:

The utilitarian character of much of Roman architecture is summed 
up in the classic remark of Frontinus (The Water Supply of Rome
I.vi): With so many indispensable structures for so many aqueducts,
compare, if you will, the idle pyramids or the useless, though famous, 
works of the Greeks'".

Strabo, in his "Geography" also strikes the materili note.
For if the Greeks had the repute of being the most felicitous 
in the founding of cities, in that they aimed at beauty, strength 
of position, harbours, and productive soil, the Romans had the 
best foresight in those matters which the Greeks took but 
little account of, such as the construction of roads and
aqueducts, and of sewers  In a word, the early Romans
took but little account of the beauty of Rome, because 
they were occupied with other, greater and more necessary - 
matters; wiereas the later Romans, and particularly those 
of tcday and in my time, have not fallen short in this 
respect either but have filled the city with many 
beautiful structures. “•

The important point which emerges ie that sewers, roads and 
other manifestations of the practical spirit are "greater and more 
necessary matters" than beauty. Here the Roman materialism is given 
chapter and verse. And how better can this materialist, practical 
attitude be exemplified than by Lucian, talking of the Thermae. 
"Moreover, it is beautified with all other marks of thoughtfulness -

6. Edith Hamilton, The Roman Way, New York, Mentor Books, 1957, p.116.
7. N. Lewis and M. Re inhold, Roman Civilization, New York, Columbia 

University Press, 1955, p.227.

8. Strabo, Geography, 111, 8, cited by Lewis, ibid.



with two toilets, many exits, and two devices for telling time, a
water clock that makes a bellowing sound and a sundial."

Whatever aspect of Roman life and thought is our Cu.ieem, we
are conscious of underlying strata of materialism and practicality. 
Materialism is the oedrock upon which the structure of Roman 
philosophy, religion, science, politics and law, upon which the 
structure of all Roman thinking, is erected.

Even in our discussion of Roman philosophy, that most 
speculative and theoretical of studies, we are always aware 
of the stamp of practicality. Just as Panaetius divided virtue 
into two classes, the theoretical and the practical, so Cicero 
would have us remember that philosophy similarly was concerned with 
two such fundamental problems. He deals with the theoretical aspect 

of phi.' osophy in the Aoademica, where he is concerned with the 

criterion of truth; in his De Flnibus, on the other hand, he is 
concerned with the very practical p;?oblems of the chief good, that 

is, with desirable ends for action.
Most commentators stress the view that Rome had a 

characteristic dislike of abstract thought and philosophical 
speculation, and point to the emphasis placed by Rome upon the 
concept of morals or ethics, that is, upon philosophical ideas 
only in so far as they facilitated a way of life, a course of 
action towards desirable ends. As we shall see, when the Romans 
adopted Greek philosophies, there was generally such a reorientation 
away from abstract idealism towards concrete materialism. Compari­

sons between Greece and Rome in such matters lead usually to con­
clusions favourable to Greece, detrimental to Rome. The decline 
of dispassionate research in Rome is of course an indictment of the

9. Lucian, Hipplas, or the Bath, cited by Lewis, ibid. p.228.

10. According to R.D. Hicks, "Roman Philosophy," in Sandys, op^clt.
P.705.

11. Ibid., p.701.
12. See for instance E. Barker, "The Conception of Empire, in Bailey 

op, clt., p.51? and Hamilton, op. clt., p.146.



Reman attitude;;but the picture is not wholly negative, for as 
Edith Hamilton points out: "When the question had to do with the 
guiding principles needed for life, they knew better than the Greek 

what was important. They were men of practical vision: they perceived 
the struggle between good and evil as the Greeks never did." D*

Stoicism, as propounded by the Greek philosopher Zeno, was 
based upon the trilogy of logic, physics and ethics, with the 
emphasis on a teleological viewpoint of the structure of the universe, 
and a preoccupation with ethics. With the purity of its search 

for ultimate truth thus somewhat tainted in Greek purist eyes, it had 
little appeal to the intellectuals of the Stoas. On the other 
hand its bias towards an incipient materialism gave to it a readier 
acceptance in Rome. "Stoicism crossed the Adriatic to find the 
conditions ready for its growth."

This Stoicism was assimilated and modified by the practical 
Romans. Inevitably, its form became more materialist.

The Stoics adopted an empirical theory of knowledge; not how­
ever, without concessions to rationalism. At first, we are 
told, they were content with right reason as the standard, 
but, as their doctrine became definitely r.ore materialistic, 
they looked for their criterion in sensation, empirical 
notions or preconceptions, as well as in noclones
(notltiae) Everywhere we see the adaptation of means
to ends: as in human actions, so in nature, every event 
fulfils a purpose. 5*

In Roman hands, Stoicism becomes increasingly eclectic, and may be

considered as a philosophy concerned largely with morals as a guide
for action in the immediate problems of everyday life.

Coupled with its inherent materialism. Stoicism has one other
aspect which is of importance to our understanding of the Roman
character —  not. that Stoicism was effective in moulding the Roman
outlook, but that the Roman character predisposed the thinking
Roman towards a readier acceptance of Stoicism. Barrow cites
Stoic philosophy as an interesting example of the impact of
"Eastern influences on classical thought," for in its heavy

13. Eanilton, loc. clt._ 14• Hamilton, lo.c,..cit{.

15. Hicks, in Sandys, op. clt., p.705.
16. Barrow, op. cit., p.l6l.



reliance upon precept and authority, upon the dicta of the Stoic 
sage, there are strong echoes of Eastern devotion to prophet and 
seer. Precept, proved by time and use rather than ultimate truth, 
becomes the criterion for action. We shall see the reflection of 
this trait in many other aspects of Roman life and thought, and 
nowhere more prominently than in the balance of social forces, and 
in the Roman Juristic system. Although not to as marked a degree 
as Stoicism, one other philosophy, ,o of Greek origin, was to 
make some imprint upon Roman thinking. Epicureanism became accept­
able to Rome when its ideas were transmitted, worthily and with 
understanding, in the De Rerum Natura of Lucretius, that apostle 
of passionate materialism". ^ ' This is not the place for a full 
exposition of Epicureanism, with its physical basis stemming from 
the atomism of Democritus, and its ethical creed of hedonism where 
pleasure of the agent (in of course the noblest and most elevated 
sense) is the motivation of all behaviour. What does concern us most 

directly, however, is the materialist aspects of Epicureanism, 
particularly in regard to the theory of perception.

It is in keeping with the rest of the system that Epicurus 
derived all knowledge from the senses: no one sense could 
correct another; for their objects are different: nor could 
reason correct Impressions of sense, for reason is ultimate­
ly r .-rived from sense. This implicit trust in sense made 
Epicurus sceptical of the mathematical sciences, which he 
supposed to contradict it; and the current views on 
astronomy he rejected, whenever they conflicted with the 
evidence of the senses. *

What was there in these philosophical attitudes to answer the 
religious needs of the times? The anxiety of Epicurus to free men 

from the 'myths of the gods' was taken over and advanced vehemently 
by Lucretius. Yet Lucretius was fundamentally no atheist, and it is 
apparent that he believed in some mystical form of communion between 
man and the gods, on an elevated spiritual plane. It is this 
ambivalence between avowed intent and inner purpose which leads 
Barrow to comment on Lucretius as one
"whose passion it was to discredit religion and whose achievement 
to display perhaps the most sincere religious enthusiasm in the

17. Ibid.. p. 154.

18. Hicks, in Sandys, op. cit., p. 698.



whole of Roman literature." 19‘ However, It was the patent
materialise of Epicureanism, rather than its inherent spirituality
which must have appealed to the Romans. Similarly, while Stoicism
offered its disciples a way of integrity, it had for the Romans
little direct spiritual content —  although, as Professor Arnold
has pointed out, there is a considerable element of Stoic philosophy

?0discemable in Christianity.

fhe main tenets of Stoicism tended to underwrite and re­
inforce the ancient Roman virtues of gravltas and pletas, and thus 
bolstered the traditional Roman concept of duty to family, state and 
the gods. Despite the eclecticism of Roman religion, and its 
toleiance -- even ready acceptance —  of exotic cults, we must not 
underrate the strength of traditional religion centred about the 
sanctity of the household gods. However, traditional worship of 
this sort was a factor of domestic and social stability and well­
being, rather than an index of powerful spirituality. The ritual 
of worship was concerned with religious practice, not religious 
belief.

Beyond practice, they never went,. Enough has been said 
to show that there was nothing in this religion of a 
spiritual character; its object was not to make men 
spiritually good, but to protect them from material evil; 
for that purpose practice (cult) would suffice; without 
doctrine or exhortation to right doing. As Cicero said, 
the Roman did not ask the gods to make him virtuous, but 
to give him health and wealth. Practice can only produce 
vlrtus in the sense of obedience to rule and l,Ow; and so 
far only this religion had an ethical result.

To the materialism of the more commonly held philosophies, 
affecting but relatively few, must be added the predominantly 
materialist religious practices of the multitude. The ethos 
of Rome was thus consistent in its materialism. Within the web 
of this materialism was enmeshed the reciprocal sanctity of the gods,

19. Barrow, op. cit., p.150.
20. According to Bailey, "Religion and Philosophy," in Bailey, op. cit., 

P.255.
21. W. Warde Fowler, "Religion and Mythology," in Sandys, op. cit..

P.1=2.
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the housbbold and the state. The concept of politics, the admini­
stration of public affairs, becomes the inevitable field for the 
extension of materialist beliefs. The religious connotations of 
the paterfamilias are sooi. extended to the head of state, and filial 
piety and obedience become the cornerstone of the concept of patriotic 
duty.

This is not the place to detail the intricate structure of 
Roman government and administration, nor to chronicle its mutations 
during the varied fortunes of Republic and Empire. What is important, 

however, is to note the manner of formulation of the Roman consti­
tution, the way in which it adapts itself to new circumstances. If 
we study the process rather than the pattern, we will learn much 
about the Roman attitude. Ciciro sets the keynote for the discussion:

Cato used to say that our state excelled all others in its 
constitution; in them, for the most part, an individual had 
established his own form of state by his laws and Institutions
   our state, on the ontrary, was the result not of one
man's genius but of many men's, not of one man's life but 
of several centuries and periods. Genius had never been so 
profound as to enable any man at any time to overlook nothing; 
nor, if all genius were concentrated in one man, could he have 
such foresight as to embrace everything at any one moment; 
actual experience stretching over the ages is needed.

These points emerge: the Roman constitution was not an 
a priori document, but an aggregation of customs and laws empirically 
established, checked against usage, and constantly modified against 
the criterion of experience. The constitution was not formulated 
upon the basis of an abstract and ideal political theory; on thi 
contrary, it was a practical and workable codification of a way of 
life. As in so many things Roman, it was excellent not in the theory 
but in the application. It is not the creation of genius; but the 
product of slow evolution in time. It is the work, as has been 
pointed out of

a people with a deep respect for tradition (mos malorum), 
which led them to supplement rather than discard the out­
worn organs of the body politic, leaving the new to find 
its modus vivendi with the old, and often to adapt old
structures to new purposes, especially by the use of the
convenient fictions which serve to disguise changes, to 
smooth transitions, and to economise thinking. ^1

22. Cited in Barrow, op, clt., p. 43.
23. H. Stuart Jones, "Administration'' in Bailey, op. clt., p. 96.
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No ideal, pre-fovmulated, political theory embraces the 

’convenient fiction1. Rather does it press matters to "logical 
and unworkable conclusions," as Barrow rather unkindly puts it.2 *̂ 
Written constitutions, defined aims, rigid principles, thesn are 

matters for the philosopher, the idealist. The practical politi­
cian prefers the more common-sense approach of the convenient 
fiction, the compromise, the apparent anomaly. This leads to 
the political stability of a Rome, rather than the chaos of Greece. 
Unfortunately, it may also lead to cant,hypocrisy, dictatorship and 
emperor-worship. It is true that on the whole the Roman system was 
workable, and despite convulsions, stood the test of the centuries.
A common-sense approach ("Vote for Bruttius: he'll keep the rates 
down," as an election poster discovered at Pompeii reads) may i 
to stability: but a political system with no reference to principle, 
only to utility and expedience, can be a dangerous thing, as Cicero 
bitterly reveals: "it is due to our own moral failure and not to
any accident of chance that, while retaining the name, we have lost 
the reality of a republic." 25.

The strength of the main pillars of Roman stability, however, 
lay not in its materialist political philosophy, but in two factors: 
resect for tradition, and a great juristic system. Classical Roman 
Li hich acquired its fundamental characteristics under the 
Rep tic, was not developed by legislation, but was essentially 
a prodv of Jurisprudence. ^ de has summed the matter
up by staving that "the development of private law was in the main
not by enactment, but by progressive interpretation and by the gradual

27formulation of custom." Thu coming of the Empire inevitably
brought about increasing legislative pressure upon the process of
law-making, but, Reid asserts, "the looser method of making law

28was not, and could not be, superseded."

24. Barrow, op.cit., p.44.
25- Ibid., p.45.
2b. For the definition of classical Roman law as that of the period

150 B.C. to 500 A.D., and its comprehensive evaluation, see
F. Prirgsheim, "The Unique Character of Classical Roman Law," 
Journal of Roman Studies, XXXIIII: 1944, pp. 60-64.

27. de Zulveta, "The. Science cf Law, " in Bailey, op. cit., p.l88.
28. J.S. Reid, "The Roman Constitution," in Sandys, op. cit., p.301.



The Roman legal system would thus appear to have no central 
theory cf Justice, no abstract formulation of rules. We are concerned, 
as de Zuluata reminds us, not with "the fundamental sanity of Roman 
Law, but the merits of its technical elaboration." 291 The- formu­
lation of the body of Roman Law is an empirical process, and is 

comparable in that respect with the Roman constitution. Bentham is 
said to have sneered at republican law as 'judge-made' law, ^0 * but 
it would appear to have been in more responsible hands there than 
the constitution in politicians.’ "The unenacted law was not a con­
fused mass of shifting customs, but the steady tradition of a 
learned class, a tradition which A  first sight appears rigid, 
but which in fact was ever expanding and absorbing, and becoming 
at the same time more scientific and systematic." 51. Roman law 

had thus always the advantages of a flexible, empiric, practical 
approach: and if it lacked an emphasis upon an abstract, centralized 
principle of Justice, it substituted for it as a stabilizing force 
a respect for tradition and the devotion to service of its prac­
titioners.

The influence of Stoic philosophy must be mentioned at this 
point, for many lawyers - in common with other educated men - were 

affected by Stoic principles. To 'live according to Nature' was one 
such principle; and so, according to Barrow, "the lawyers and the 
Stoic Emperors, in their interpretation of law rather than in new 
enactments, brought the law into closer touch with what they 
conceived to be 'natural law1; and thus the idea of 'natural law' 
was started upon its long history in European thought." in 
addition, the Stoic reliance upon precept and authority found echoes 
in a Juridical system based upon precedent.

Stoicism, as the philosophy of the learned classes, was to 
have an effect upon the development of another compartment of Roman 
learning, and that is Science. Stoicism tended to explain the
29. de Zulueta, in Bailey, op. cit., p.175-
30. See Sandys, op. cit., p.XO.
31. de Zulueta, in Bailey, op cit., p.lS8 .
32. Barrow, op. cit., p.lGfi.
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nature of the universe In fixed, rigid terms. It was authoritarian, 
and purported to give tie complete answer. Its techniques were 
based upon precept, rather than upon hypothesis. Such a philosophy 
provided no incentive for the free speculative thought essential 
for scientific progress. "Thus", writes Singer, "in place of 
knowledge accumulating progressively on a basis of a wide and 
far-reaching theory, we get either a type of exact but intellectually 
motiveless observation or a rejection of all knowledge not of 
practical importance." -’21 We must be careful here, however, 
not to overstate the case. We cannot lay at the door of the 
Stoics the entire blame for the Roman lack of interest in specula­
tive, theoretic science. Rather let us consider science and 
philosophy as two parallel streams, with similar basic characteris­
tics, each stemming from the Roman materialist attitude to life, 

and each entii , compatible with the other. The Roman attitude 
is thus an entirely consistent one: it is admirably expressed
in Cicero's comment that the investigation of nature seeks to find 
out either things which nobody can know or things which nobody 
need to know.

This basic attitude to Science manifests itself in "the 
characteristic emphasis placed by the Romans on the practical 

application of scientific knowledge...., their suspicion of, 
and contempt for, theoretical science..." 55- Th~ stress is on 
the utilization of knowledge, rather than on disinterested research. 
For instance, mathematics was studied simply for practical purposes, 
with the emphasis upon applied, rather than upon pure mathematics. 
Geometry advanced only in so far as it was useful in relation 
to land-surveying. Cicero points the difference in the Greek 

and Roman attitude, when he says, "in short geometry enjoyed

55* C. Singer, "Science", ii. Bailey, op. clt., p.268.

54. Hamilton, op. clt., p.118.

55* Lewis and Reinhold, op. clt., p.298.
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an honorable position among them (i.e. the Greeks) and therefore 
no study was more brilliantly pursued than mathematics; but we 
have limited this art to the practical uses of measurement and 
surveying." The Reman numeral system, supposedly derived

57,
from the Btruscans, ' certainly did not lend itself to the

manipulations of higher mathematics - and yet we see no successful 
demand for the reformation o: the system.

The emphasis upon the empiric approach in all fields cf 
applied science is pronounced. Yet such empiricism, and the 
stressing of experience at the expense of theory - so typical of 
down-to-earth practicality —  was paradoxically far from being 
a truly scientific attitude. "The cry of Pliny for 'experience’ 
as against 1 theory' has been plaintively echoed by the 'practical' 
man down the ages. Yet there are subjects and there are conditions 
in which man without a theory may be the most impractical of 
all, writes Singer. Medic:ne is one such subject; and in Rome 
medicine, despite notable contributions by Hellenic doctors such 
as Galen and Celsus, is a science "based on no theory, it is 
supported by no doctrine, it is founded on no experiment."

Consequent upon this attitude, we find in Roman medicine 
some advances in empirical knowledge, but no fundamental advancement 

of the frontiers of theoretical knowledge. It is characteristic 
that it is in the organizational aspects of medicine, and 
particularly in the field of public health, that Rome's contribution 
to medicine is most substantial. Singer has given us a detailed 
description of the complex medical organization of the Roman 
army, with its medicl legionls and medicl cohortls, and mentions 
the elaborate planning of the military valetudinarlum or hospital,

40.such as that at Novaeslum, near Dusseldorf. It has been suggested
that the development of the hospital system, firstly on a military
basis, and later extending as a public service for civilians, was
56. Cited by Gest, op. clt., p.20.
37. According to J.F. Payne, "Natural History ard Science", in Sandys, 

op. cit., p.713.
38. Singer, in Bailey, op. cit., p.286.
39. Ibid., p.292. 40. Ibid., p.293.



thr greatest contribution of Rome to mer’lolne. As in other fields, 
this contribution is on the level of administration, organization 
and the practical application of empiric knowledge.

This discussion’ leads inevitably to the conclusion that 
the spirit of the Roman Empire was materialist and praotioal,ratb«r 
than idealist and theoretical, and that its basic philosophy was 
a pragmat*. one. It would therefore seem to follow that the Roman 
architect operated within a materialist environment, and was inescap­
ably permeated by a materialist spirit.
MATERIALIST HERITAGE.

The materialist attitude in Rome stems partly from ius
cultural heritage. The cultural background to Rome is confused
and varied. Many diverse streams of influence mingle in Roman
veins. In its formative stages, Roman culture is perhaps deeply

influenced by the ancient and vigorous civilization of Etruria.
The Etruscans contribute to the Roman character a strong element
of practicality, a resourcefulness in dealings with the mundane
but vital problems of everyday life. From the Etrusca..s, the Romans

41learned many technical skills and many crafts. ' In this 

connection, it is significant that the Roman goddess of handicrafts,
hpMinerva, was adopted from Etruria. She became the patroness

of most of the Roman guilds, and it has been suggested that these
43.guilds did in fact develop under the Etruscan kings. " Roman 

skill in hydraulic engineering may also derive from the Etruscans, 

who are credited with an advanced technique in this field.

41. Particularly in the field of metal working.

Vidi R.A.L. Fell, Etruria and Rome, Cambridge, the University Press 
1924, p.29 et. seq.,and

M. Pallotino, The Etruscans, trans. by J. Cremona, Penguin Books, 
1956, p.220.

42. Fell, op.olt., p. 2, demonstrates that the Minerva cult comes from 
the Etruscans,

43. Ibid., p.71.

44. Pallotino, op.olt., p.126, refers to the Etruscan, city near the 
present-day village of Marzabotto, which had a "fairly evolved 
water supply", and also deals with the search, exploitation and 
transport of water, the canals in the lower Po valley, and the 
draining of the marshes; p.220.
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In the practical arts of war "the primitive mi11tar/ organization
of the Romans owes much to the Etruscans" ^5., whiLi in the field
of commerce, che Romans acquired some of the Etruscan instinct for 

46.
trade, which was to dominate their materialist outlook, of which
the 'profit motive1 was an important characteristic.

As Roman culture matures, the influences which are brought
to bear upon it become more sophisticated. The Greek influence,
already felt via Etruria, becomes more directly ope:*ative; and we

find that Roman practicality has Greek antecedents, both in the
Golden Age, and the later Hellenistic period.

Although Greece is renowned for its intellectual and
artistic contribution to Western culture, there is evidence of the
development of the practical arts of civilization from the earliest
days. It is true that they do not approximate to th? Roman scale,
in any way,nor do they display the Roman single-mlndeiness of
purpose: but, particularly with the transmutation of Hellas into
the Hellenistic world, do the demands of an expanding civilization

impose an ever-increasing complexity of physical equipment for
living the good life. At first, we see practical ingenuity bent to
the task of solving the problems of health and amenity. Building
and water-srpply are amongst the first tasks of civilization-
makers. Hence we see even In stern Mycenae a water-supply system

running underground from the spriag-scurce to withir. the walls of 
47,the fortress ; and in Samos in the 6th century B.C. Eupalinos

of Megara built the famous water-system which Incorporated a tunnel 
over half a mile long, the water probably being conducted along 
clay pipes. Herodotus (ill:30) says of this feat that it is one

of the three greatest works to be seen in any Greek land. Still more 
advanced in technical concept and competence is the great aqueduct 
of Fergamum, built, according to Neuburger about 200 B.C., "for it

45. Ibid.. p.221.
46. Fell, op. clt.. p.26.
47. A. Neuburger, The Technical Arts and Sciences of the Ancients, 

trans. by Henry L. Brose, London, Methuen and Co. Ltd., 1930,
P.419.
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is a hydraulic aqueduct, whereas that of Samos is based only on the 
fall of water along a graoient. Difficult technical problems had to 
be solved in this case."

50.Pergamum of course is Hellenistic; and in Hellenistic
times we are approaching a far more complex state of affairs. This
expansion of the practical attitude is important, for more a
more are the paths of Greece and Rome intertwining. In Pergt_„ im
there are baths and showers; and public toilets, probably with some
system of flushing; the drainage systems of Miletus, Athens and
Olympia were particularly extensive; and a bathing establishment
found at Prlene has teen compared to the ablution block of a

modem factory. ^ "in the days of Alexander the Great (356 -
323 B.C.)", Forbes tells us,

the engineer Crates undertook to construct two tunnels 
through the limestone hills surrounding the lake (i.e. Lake 
Copals in Boetia). He was prevented irom completing this 
work through political pressure. Modern excavation, however, 
has not only proved the existence of these tunnels, each of 
which is nearly 2,000 feet long, but also has shown that an 
older system o£ canals ana aikes existed to harness the waters 
of the lake. -

Whether we look at the great engineering feats of the 
Hellenistic age, the harbours, the lighthouses, the canals; or if 
we study the mechanical genius of Hero of Alexandria, with his 
reaction steam engine and his heat engine, and Ctesibius, inventor 
or pneumatic pumps and water clocks, or if we look at the

49. Ibid.. p.422.
50. Forbes  ̂considers the syphonic aqueduct at Pergamum to 

be Roman, and not Greek. Elsewhere (W  however, he admits 
that the Roman contribution at Pergamum was the removal of 
the syphon, and its replacement with a series of bridged 
aqueducts.

(a) R.J. Forbes, Man the Maker, New York, Henry Schuman,
1950, p.80. (All further references to Forbes are to this 
work, unless otherwise stated).

(b) R.J. Forbes, "Hydraulic Engineering and Sanitation," in
C. Singer, ed., A History of Technology, Oxford University 
Press, 2:1954 p.669.

51. Neuburger, op. oit., pp. 441-5.
52. Forbes, op. clt., p.67.



ingenu it of Greek mechanical theatre equipment, such as the 
perlaktoi, forerunner of the revolving stage; on all sides we
are confronted with a growing evidence of Hellenistic practicality, 
which was to serve as stimulation to the native Roman talent. Nor must 
we forget the lessons in administration, in 'scientific management', 
which Rome learned from the successors to Alexander and the Helle­
nistic monarchies in Egypt and their dependent cities, which

did much to elaborate the machinery of commerce, banking, 
and so forth, and to develop a system of legal conceptions 
applicable to such matters which were ready to hand when 
Rome became the dominant Mediterranean power and was com­
pelled to study the technique of Imperial Administration.

Both directly, and through its contacts with the Hellenistic 
world, Rome established channels of cultural comnrmication with the 
East. We have already made brief reference to some of the problems 
besetting a study of Rome: Orient relations. It is a field where 
much work still remains to be done; and we are not here required 
to comment on the difficult questions ot precedence which the 
controversy of scholars has raised and answered. What is important 
in our present context is the knowledge that, apart from the dis­
puted structural field, there is in the East, in areas which were 
later to become Graeco-Roman spheres of influence, some not 
inconsiderable evidences of technological development.

These materialist achievements must without doubt 

have infiltrated into the Roman cultural heritage.
Not only do we find the basic techniques of lever and 

pulley mastered early in the history of Egypt and Mesopotamia, but, 
even more significantly, the early institution of major engineer­
ing proj, 5. Thus we have in Egypt and Babylon and Mlmrcd;
early and extensive drainage systems, while the elaborate 
installations in Jerusalem and Port Zion, which Schick investigated, 

are of the time of - and even antedate - King David, that is, 

about 1055 B.C. 561 King Solomon's water-system included three
54. M. Bieber, The History of the Greek and Roman Theater, Princeton 

University Press, 1939, p.141.

55. Bailey, op. cit., p.95-
56. According to Neuburger, op. mlt., pp. 457-8-
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great reservoirs 3nr1 a pipe line carried through tunnels md over 
bridges, a technical tour de force which anticipates the later Roman 
work in the same region. ^ • Khllc in Solonon's

temple we find an early development of the two-pipe drainage system.
The water-systems of Kurdistan of about the 6th century B.C. incorporated 
a pipe-line of socketed pipes, based on a pressure system such as 
that we are to meet later at Pergamum. The earliest dated S. -Ian 
aqueduct, according to Forbes leading from the mountains to Nineveh 
20 miles away, was built in 700 B.C. He continues:

It is interesting to note that the great works of 
engineers find their expression in early mathematics.
The achievements of Egyptians and more particularly 
Sumerians and Assyrians in mathematics and astronomv 
were closely linked with practical engineering. He' 
have no theoretical discussion of any mathematical 
problem but only ries of practical solutions for
certain typical ns. They deal with the areas of
fields, the slope . pyramids, the quantity of stone
needed for a cylir 1 well, masses of earth to be
removed in canal t rg, and similar practical problems.
Even astronomy wf lly used to predict the rise of
rivers.

This applied, non-theoretical, treatment of mathematics 
forcibly reminds us of Pome: and seems to point to a materialist 
attitude in the ancient near east upon which Rome must have drawn 
in the formulation of her own way of life.

The philosophical background to the Roman practical attitude
is found in the Greek philosophies of Stoicism and Epicureanism, which
♦re have examined in some detail. The more mundane generator of the
Roman attitude is the body of Greek literature from which

59.
encyclopaedists such as Pliny claim to have derived their theses.

57- Ibid.t pp. 411-15.
58. Forbes, op. pit., p.50.

59. "Although Pliny in his preface makes a great show of acknow­
ledgment to his authorities  a very slight acquaintance
with his work is sufficient to show that for no part of it 
did he ever read a Greek author systematically, thiough; 
while for the history of the artists we are safe in asserting
that not one of these authors was directly consulted.....
they are there simply because Pliny found them quoted by the 
Roman authors from whom he habitually drew (in this case Varro)."
Je*-Blake and Sellers, The Elder Pliny's Chapters on the History of 
Art, London, Macmillan and Co., 1B96, p.XV.



Despite the second-hand nature of Pliny's sources, his natural 
history is undoubtedly based upon Greek models; and indeed, we are 
told that the first natural history of civilization was attempted 
by the Epicureans.

The philosophies of the Stoics and of Epicurus are 
Hellenistic, and it is to the Hellenistic age that we must turn for 
the antecedents of the Roman practical and material approach.
Bosanquet sees in Hellenism a sceptical divorce from metaphysics, 
and an emerging characteristic subjectivity based positively upon 
materialistic science. Hauser, too, in his penetrating analysis 
classifies the outlook of the Hellenistic age as 'rationalistic.1 
"This rationalism" he writes "which the state now prizes above all 
shows itself in all fields of cultural life", and he sees It 
particularly in "a super-national organization of scientific and 
artistic production." Rome owes much to Hellenism. Imperial 
Rome derives more from the grandeur of Alexander's Empire than from 
the citystate of Pericles, and the materialist concepts of the 
Hellenes bulk larger in the cultural heritage upon which the prag­
matism of the Romans is built.

3. LITERARY SOURCES OF THE PRACTICAL ATTITUDE.
We have examined in some detail the Roman practical attitude 

in general terms. It is now time to see the specific implications 
of this attitude upon architectural thinking. Architectural thought 
may be regarded as explicit in architectural theories, that is, in 
the literature of architecture; or, in so far as it may be deduced 
from actual buildings, it is implicit in architectural practice.
We must examine both sides of the coin. In this chapter our analysis 
of attitude leads us naturally to reflections upon the practical 
approach to architecture, as it is explicit in Roman literature. 

Subsequently, we shall turn to an examination o: the characteristic 
expression of this attitude in actual Roman building. Apart fi om

60. B. Bosanquet, A History of Aesthetic, London, George Alien and 
Unwin, 1922, pTB^l Bosanquet quotes Wallace, Epicureanism

61. Ibid.. p.85.
62. A. Hauser, The Social History of Art, London, Routledge and Kegan 

Paul, 1951, p.ll4.
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incidental comments, which nay prove surprisingly illuminating, our 
source of architectural commentary occurs in two general categories 
of books, encyclopaedias and specialized studies; in practice, we are 
reduced to the study of two specific works, each representative of 
a particular category. Of the encyclopaedists dealing inter alia 
with architecture, only Pliny's Natural History is extant; while 
of the specialist works on Architecture, Vitruvius's De Architectura 64' 
is the only one known to Roman literature. We are faced here with an 
interesting problem. Can a study of only two books be a satisfactory 
way of analyzing the literary sources of Roman architectural 
materialism? The sample is embarassingly small, and we are in dan#, r 
of demonstrating personal viewpoints, rather than those far broader 

streams o* opinion which constitute a. architectural attitude. 
Fortunately for our purposes, we are able to demonstrate that these 
are representative books; that the authors are neither original nor 
isolated from the great body of Roman opinion ; and that they reflect 
generally accepted views.

Vitruvius himself gives us a bibliography and acknowledges 
his sources. "I own myself under the highest obligations to all 
those authors, who by their great ingenuity have at various times on 
different subjects, furnished us with copious materials, from which, 
as from a fountain, converting them to our own use, we are enabled 
to write more fully and expediently....." In addition to the
many Greek authors cited by Vitruvius, mainly on formalist topics, 
are three Roman writers, the lesser-known Fussitius and Publius 
Septimius, and the oft-quoted Terentius Varro who "in his work on 
the nine sciences, includes one on architecture."

63. Pliny, Natural History, trans. by Bistock and Riley, London,
1857.

64. Unless otherwise stated, the following is the edition of 
Vitruvius's De Architectura Libri Decern referred to in this 
thesis:

Vitrivius, The Ten Books on Architecture, trans. by M.H. Morgan, 
Harvard University Press, 1914.
Other translations occasionally referred to are:
(a) J. GwlIt, London, 1826; (b) F. Granger, London, William 

Heinemann Ltd., 1931.

65. Prpm the introduction to Book VII.



J. L. Ussing, who disputes the dating of De Architecture, 661 considers 
Vitruvius to be heavily indebted to Varro; and Sir John Sandys

also considers that."be ewes much to the lost Dlaclpllnae
of Varro." ^7.

Pliny is shown by Sandys to be similarly indebted to Varro; 
and Pliny s translator, Jex-Blake, refers to the Roman authors from 
whom Pliny habitually drew 68* Charles Singer has this to say ot 
Pliny:

Learned and curious, Pliny is entirely devoid of 
critical faculty. In his Naturalis Hlstorla he collected
an enormous amount of material, entirely unsifted,.......
By Gibbon it was described as 'that immense register where 
Pliny has deposited the discoveries, the arts and the errors 
of mankind.1 It was drawn from about 2,000 works —  most 
of them now lost —  by 146 Roman and 326 Greek authors. 9*

Middleton is equally hard on Pliny, and states categorically:

"All the parts of Pliny's Historia Naturalls which relate to prac­

tical matters of construction appear to be taken from Vitruvius..." ^°* 

3M b lack of independence of judgement may detract from 
our two source bocks as milestones in the history of ideas. But 
their very dependence upon the precept and authority of earlier 
works renders them ideally suited for our purposes: they approximate 
the norm, and we feel entitled to draw fairly wide conclusions from 
them. A word of caution must be stated, however. They are both early 
works. Vitruvius, if we accept the customary dating, wrote at the time 
of Augustus; Pliny died in the eruption of Vesuvius which destroyed 

Pompeii. Neither can be considered representative of the late 

Imperial period. Unfortunately, that is perhaps the most stimulating 

and rewarding period of Roman architectural endeavour, and we are

66. J.L. Usslng, r,n Vitruvil de Architecture Llbrl Decern,
trans. from the Danish by the author, London, Spottiswoode and Co., 
undated. The author gives evidence on grounds of language and 
style, historical fact, architectural knowledge, and anachronisms, 
to prove that the books of Vitruvius could not have been written
in age of Augustus, as claimed, but in the 3rd century A.D. He makes 
a good case for Vitruvius as plagiarist, taking building materials 
knowledge from Pliny, and hydraulic knowledge from Athenaeus. The 
chi'-f source, however, he ascribes to the time before Augustus, 
na, ’ly Varro1s 'De Architecture', which, he says. "we aro Just*'led 
in considering as the principle source of Vitruvius."

67. J.E. Sandys, "Literature", in Sandys, op. cit., p .666.
68. Jex-Blake, op. cit., p.XV.
69. Singer, in Bailey, op. cit., p. 276.
70. Midoleton, op. cit., 1, 6.
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inestimably the poorer in tr*t it lacks a contemporary recorder.

Tiie aspects of the "Natural History" which deal with art 
and architecture are almost wholly concerned with materials and 
their physical rather than aesthetic qualities.

The whole framework is the study of materials. For 
instance his comments on Sculpture occur in Book XXXIV, The Natural 
History of Metals, and XXXVI, The Natural History of S to n e s . Book 

~n Account of Painting and Colours, includes the history of 
painting but also some twenty chapters (out of forty) which <• 
with pigments and technical problems of application. His study 
of architecture —  historical and anecdotal, with more statistics 
than criticism —  occurs in Book XXXVI, The Natural History of 
Stones.

It Is characteristic that in describing buildings Pliny is
more concerned with the material of the column ather than its style
and order. For instance, of the Temple of Diana at Ephesus, he gives
sizes, nature of foundations, the number and sizes of columns, the
problem of raising the heavy architraves, but no word of the

format architectural solution; ^c* and elsewhere he writes of the
basilica of Paulus, with its admirable Phrygian Columns. The
emphasis is everywhere on technicalities, generally concerning tl _
nature and properties of building materials.

He deals with building stones; masonry technique; cisterns -
their construction and material; quick-lime; various kinds of sand,
and the combination of sand and lime; defects in building generally,
and in plastering; gypsum; pavements; terrace roofs; mosaics; and 
so on. 74.

71. It has been said that when St. Augustine used the term 
'cement', he developed metaphysical analogies, but when
Pliny used it, he complained about the malpractices of the 
builders. The exact reference eludes me.

72. Pliny, oo. clt. XXXVI: 21.
73. Ibid.. XXXVI:24.



As we have seen In our discussion of Roman Science,
Pliny s approach is empirical. He relies upon observation -
even at second hand, and usually uncorroborated - rather than
theory. Generally his philosophic;I approach is Stoicism, but in
his reliance on observation rather than reflection there are
tinges of Epicurean perception. Sandys says of him:

As a scientific writer he fails because he is a compiler 
destitute of the critical faculty, and of the leisure 
required for independent Investigation. His great work 
is nevertheless a comprehensive encyclopaedia of science 
and of art, so far as they are connected with Nature, or 
craw their materials from it.

For architects his importance lies in his emphasis upon the 
materialist basis of architecture, upon the underlying fabric of 
materials and techniques. In this, he follows Vitruvius, as we 
shall now see.

Vitruvius presents a less one-sided picture. Hie term 

"Vltruvlan" has overtones of rigid aesthetic dogma, and indeed it is 
for his formalist concepts that Vitruvius is best known. However, 
there is in the ten books a considerable amount of material which 
deals with practical,utilitarian fin fact, in a narrow sense, 
functional) criteria of design. He presents no coherent theory 
or philosophy of f.mctionalism, for philosophic speculation of this 
sort is not his fie^d, and his writings show no great depths 
of understanding. However, he seems to make a point of fundamental 
importance, in the understanding of functionalism, when he writes: 
"in architecture, as in all other arts, two considerations nrst be 
constantly kept in view; namely, the intention, and the matter used 
to express that Intention: but the intention is founded on the 
conviction that the matter wrought will fully suit the purpose....."

75. In Sandy's, op. cit., p.674.

76. Vitruvius, Gwilt translation, op. cit., 1:1.
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77-The point which appears to emerge here is th e  c o n c e p t  of an a r c h i t e c -

#
ture whose material and form is expressive of its purpose. The 
tenet of fatness of purpose" does not automatically produce 
C'unc vional architecture, because the purpose or intention may be 
an irrational or non-functional one. But, without this concept, 
functional architecture becomes impossible.

His second basic concept is his theory of economy in 
buiIcing. He writes:

Economy consists in a due and proper application of the 
moans afforded according to the ability of the employer 
ar.d the situation chosen.... The other branch of 
economy consists in suiting the building to the use 
which is to be made of it, the money to be expended, 
and the elegance appropriate thereto; because, as one 
or other of these circumstances prevails, the design 
should be varied.

Here the concept of the form of the building being dictated by its

function, its cost and its character, is stated clearly, if one can
free it of tin ambiguity that arises by calling it a branch of
economy - ar.a yet, although the phrasing may be obscure, even that
latter concept . s of first. Importance, for it is none other than

79.a plea for economy of means.

77. The crucial pi rase "that the matter wrought will fully suit 
the purpose", xppears only in the OwlIt translation. Morgan, 
op. olt., 1:1:3, talks of "the thing signified, and that which
gives it significance," and Granger, op. olt., 1:1:3, of "that
which signifies and that which is signified,*1 both to differen­
tiate between inherent and applied knowledge. Neither follow 
up with the important qualification which we find in Gwilt.
In the Latin text is given by Granger, the phrase is as 
follows:
"Cum in omnibus enim rebus, turn maxime etiam in architecture 
haeo duo insunt, quod significatur et quod signifioat.
Significatur propcsita res, de qua dioitur; hanc autem 
signifioat demonstratio rationibus doctrinarum explicate."

78. Vitruvius, Gwilt translation, op. clt., 1:2.
79. Morgan, op. clt., puts the matter thus: "Economy denotes the

proper management of materials and of site, as well as a thrifty
balancing of cost and common sense in the construction of works"
(1:2:8).... "A second stage in Economy is reached when we ^ave
to plan the different kinds o f  dwellings suitable for ordinary 
householders, for great wealth, or for the high position of the 
statesman." (1:2:9)



I have said that Vitruvius, in dealing with pure theory, is 
generally confusing and confused. However, he displays more
firmness when dealing with the practical aspects of design. In 

questions of planning and structure, he writes with greater conviction.
He deals in authoritative tones with such problems as aspect and 
orientation, as when he writes:

There will also be natural propriety in using an eastern 
light for bedrooms and libraries, a western light in winter 
for baths and winter apartments, and a northern light for 
picture galleries and other places in which a steady light 
ir needed; for that quarter of the sky grows neither light 
nor dark with the course of the sun, but remains steady and 
unshifting all day long. 01•

He pays much attention to domestic planning, and analyses
each room of the house in respect of its requirements of aspect and
orientation. ”We shall next explain how the special purposes of
different rooms require different exposures, suited to convenience
and to the quarter of the sky." In the light of this principle he
discusses the orientation of the various rooms; notes the ill effect

of sun and wind upon the books of the library, and the desirability
of unchanging light in artists' studios, galleries, and embroiderer ’s work

82. g-xrooms. He examines planning of houses in detail, and
extends his enquiry to country houses, where he makes such comment
as: "Bathrooms, also, should adjoin the kitchen; for in this
situation it will not take long to get ready a bath in the 

84country." ' He gives many facts of "ti:.e-saver standards" type-
Polds for sheep and goats must be made large enough to allow each 
animal a space of not less than four and a half, nor more than six 
feet". " He also, in the same chapter, analyses lighting, and

80. This is particularly evident in his definitions of order, 
arrangement, eurythmy, symmetry, propriety and economy.
Morgan, op. cit., 1:2. This confusion is partly semantic, 
but appears to go even deeper, and defies the efforts of 
"all interpreters to reduce it to agreed coherency.

81. Vitruvius, op. cit. 1:2:7.



rtfe. s to clear sky factor' - "On the side from which the light 
should be obtained let a line be stretched f?*om the top of the wall 
that seems to obstruct the light to the point at which it ought 
to be introduced, and if a considerable space of open sky can be 
seen when one looks up above that line, there will be no obstruction 
to the light in that situation."

He analyses the functional requirements in theatre design, 
dealing with acoustics of theatres, sight lines - "the height of 
this platform must be not more than five feet, in order that those 
who sit in the orchestra may be able to see the performances of all 

the actors"; 87• comfortable seat sizes, and the raking of seating; 
and ease of circulation - "the different entrances should be numerous 
and spacious, the upper not connected with the lower but built in 

a continuous straight line from all parts of the house, without 
turnings, so that The people may * be crowded together when let 
out from shows, but may have separate exits from all parts without 
obstruction*." 89.

Elsewhere he deals with the effect of climate on buildings, 
writing that

If our designs for private houses are to be correct, we 
tik.st at the outset take note of the countries and climates 
in which they are built. One style of house seems appropriate 
to build in Egypt, another in Spain...."

In the north, houses should be entirely roofed over and shelter­
ed as much as possible, not in the open, though having a warm 
exposure. But on the other hand, where the force of the sun 
is great in the southern countries that suffer from heat, 
houses must be built more in the open and with a northern 
or north-eaetem exposure. Thus may we amend by art what 
nature, if left to herself, would mar. 9®"

86. Ibid., VI:6:6.
87. Ibid., V:€:2.
88. Ibid.. V:6:3.

89. Ibid., V*5:5.
90. Ibid.. VIill 1-2.



In all these matters he displays a naive type of 
empirical functionalism. His dictates are based upon experience, 
hearsay, current practice, rather than upon a mere scientific analysis 
and solution. However, he is dealing with architecture in a most 
practical way, and that is what, for cur purposes is so important.
±t is most interesting to see, for Instance, that when he analyses 
temple plan types his criteria are criteria of performance rather 
than appearance, that is to say, they are functional desiderata.

The arrangements of the Pycnostylos (space between columns
l£ diametcVe) and Systylos (2 diameters) are impractical because -

when the matrons mount the steps for public prayer lJT 
thanksgiving, they cannot pass through the lat rcolumnlations 
with their arms about one another, but must form single file; 
then again, the effect of the folding doors is thrust cut of 
sight by the crowding oi the columns, and likewise the statues 
are thrown into shadow; the narrow space interferes also with 
walks around the temple. And of the Diastylos -(three diametres): 
This arrangement involves the danger thut the architraves may 
break on account of the great width of the intervals. 91.

What Vitruvius does for architecture in general. Columella 
does for the design of farmhouses; that is, he provides a framework 
of practical criteria for design.

He deals with orientation: "Winter bedrooms fece the 
southeast, and the wintar diningroom faces the west;" standards 
of accommodation: "Ox stalls should be ten feet wide, or nine 

at least - a size which will allow room for the animal to lie 

down and for the oxherd to move around in it when performing 
his duties;" gonlnv: "Cells for the herdsman and shepherds should 
be adjacent to their animals, so that they may conveniently run out 
to care for them. And yet all should be quartered as close as possible 
to one another".....(for the convenience of their supervisor, he says);. 

.... and so on, in this vein.
To sum up therefo e, in Roman writings dealing with 

architecture, we find, apart t*'om formal considerations, a consider­
able emphasis laid n practical matters. These include the

91. Ibid.. Ill: 2 >4.
92. Columella, On A g r i c u l t u r e ,  I: vi-ix, cited by Lewis, op. clt.



establishment of one major principle, which, while not developed 
in depth, appears fairly explicitly as a self-evident truth, too 
obvious perhaps to require substantiation. This basic tenet is:
The forms of architecture are expressive of its purpose; or, put more 
positively, that the form of the building is determlaed oy Its purpose, 
in terms of the satisfaction of the material and psychological 
functions of the building. The second head under which discussion 
of practical matters fall, is the aspect of sound planning, deter­

mined by such functional criteria as sight-line?, acoustics, ease 
of circulation, orientation and aspect, convenience, planning for 
climate, and so on. The third aspect is the study of the nature and 
properties of building materials.

■ THE NATURE OF THE PROBLEM AS AN INCENTIVE TO THE PRACTICAL ATTITUDE.
In the age of Nero, says Rivoira "the Roman architects 

del"" irately set themselves to work on the solution of new problems 
of construction and equilibrium, and also on the solution of new 
conceptions in plan and elevation." 93. The degree of originality 
and inventiveness shown by Roman architects in the fields of structure 
and planning is an index of the application of the practical attitude 
to architecture, and as such will be discussed in the next chapter.

At this stage, however, we must note that there was inherent in 
the nature of the architectural problem in Roman times elements of 
greet importance, the solution of which could only be attained 
by a practical approach; in other words, that in the nature of the 
Roman architectural problem there existed strong incentives to the 
formulation and development of a practical attitude.

The complexity of Imperial Roman civilization, far removed 
from the relatively simple community life of the Greek city-state both 
in scale and variety, confronted the architect with a host of new 
problems, and demanded from him an entire set of unprecedented building 
forms. The architect, faced with such problems as the sheltering of 
vast congregations on civil occasions, as in the basilica, or 
religious, as in the Pantheon; the hz ndling of the mass circulation

93. livcira, Roman architecture, op, clt.
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of tremendous crowds both horizontally and vertically, as in the 
Colosseum; the housing of a sophisticated Emperor of eclectic taste, 
as in Hadrian's Villa; the technical control of water reticulation 

an< temperature adjustment of a tremendous range of bathing instal­
lations, as in the Thermae; the bridging of a deep valley, and the 
transportation of water over great distances, as in the aqueducts; 
or the provision of high-density housing, as in the flats at Ostia - 
iacwd ,1th such problems as these, the Roman architect could not 
pioduce solutions merely by turning to the vocabulary of accepted 
Greek forms, but was forced by the novelty of the problem to seek 
a solution in the essence of the problem itself, and let its structural 
and planning complexities suggest its unprecedented architectural 
form. Thus in Rome, the exigencies of the problems suggested - 

even demanded - a practical approach to its solution: new unprecedented 

building types deriving from the increasing complexity of the Imperial 
cultural pattern were therefore an important contributory factor to the 
development of the practical attitude, calling as they did for 
originality in planning modes and structural thought. The fundamental 
problems were thus of a practical nature, calling for a practical 
attitude in their solution.

SUMMARY.

We have, in this section, analysed those elements ir Roman 
times which were conducive to the growth of a practical attitude to 
architecture. We have seen that these elements are fourfold. The 
Roman cultural background is that of a materialist society; the 
cultural heritage contains aspects of Etruscan practicality and 
an inherited Hellenistic rationalism; the architectural literature 
of the times contains elements of a functional and practical nature; 
the type of architectural problem posed by jomplex patterns of Roman 
civilization was an incentive to the practical attitude. We must now 
consider in what forms the practical attitude develops, and in what ways 

it manifests itself in architecture.



.CHAPTER TEB2Z.
PRACTICAL CHARACTERISTICS 0? ROMAN ARCHITECTURE.

Roma«3 moat charootoristic achievement conaiats in her 
practical work of social and legal organization, a work 
of al'w accommodation and compromise, based on a sober 
sense of reality and Immediate need, and related so 
intimately to the social expression of man that much of 
Rome's organization ard way of thinking is wrought into 
the fibre of modern society. Roman art, on the other 
hand, like much of Roman letters, often seems to be some­
thing alien, something added to the main fabric of Roman 
life; and the most typical arts of Rome are perhaps indeed 
those practical arts that grew from the immediate necessi­
ties of the national life. Thus the roads and walls and 
bridges, the viaducts and aqueducts, the savors and drains 
and military siege works, and the great public buildings 
of the Bapire are on the whole more typical than the 
private houses, or even the temples; and Roman painting 
and sculpture are, except in a few significant respects, 
hardly Roman. "

BUILDUP MATERTATS.

Because it is basic to all building ventures, let us
first consider the Roman attitude to building materials. The
structural materials developed by cultures previous to Romo
had included stone masonry, clay bricks, either burnt or sun-

2
dried, and timber. * All these materials, although worked by 

human hand before being utilizablo in building, may be considered 
as natural building materials. The practical attitude of Romans,

1. W.C. Greene, The Achievement of Rome. Harvard Uhivorsity 
Press, 1933, pp. 148-9.
It is difficult to agree with tho conclusion that Roman 
art is ar alien expression, and this matter will bo 
argued later in this thesis. However, the extract 
from Greene is valid in the emphasis which it places 
upon the practical achievements of Rome, and in tho 
consideration of the inherent practical element in 
Roman civilization.

3. For an authoritative account of Romar building materials, 
and particulaily tho traditional materials listed hero, 
see the early chapters of M.B. Blake, Ancient Roman 
Construction in Italy from the Prehistoric period to 
Augustus. Carnegie Institution of Washington, 1947.



when confronted by the limitations of these natural materials, 

led then to invent and develop an artificial nacorial _ that 
is, a compound material of a more complex nature than the 
natural build in.; elements. This material, concrete, rosiltod 
from empirical researches and was utilized for its inher­
ent structural potential. Aesthetically it was developed, 
not in order to achieve an architectural form a priori, bat 
in order to free architecture from the shackles of formalism. 
By providing a flexible building material, structural dovelop- 
aents on an unprecedented scale cculd take place, and out of 
this combination of new material and now structure, now archie 
tectural forms wore developed, post facto. The important point 
for us is that these latter formal developments are necessarily 
preceded by the practical step in the field of technology, the 
invention of a n^* and plastic bui?4ing material. As van Buren 
says:

the true structural niche, roofed by a half-done, would 
not have come into existence until a time when concrete 
was in use, i.e. not before the latter part of the second 
century B.C.; and its invention is to bo sought in the area 
whero the possibilities of tins material were first 
methodically exploited i.e. Campania and Lattum.

The factor of fundamental importance in the manu­
facture of structura caenentioia. or Honan Concrete, was the 
availability of a hydraulic cement. The beginning of the 
story of concrete, therefore, is the discovery of large 
deposits of trass, a porous volcanic rock, near Putooli 
(the present Fozzuoli). This material, to which we give the 
name pozzolana, is alsv found in enormous quantities under 
Rome and the Campogna. I", occurs in two strata, the upper, 
a light grey ash, being inferior, but the lower, a dark 
chocolate red, having great binding quality.

3. Van Buren, Ancient Rome as Revealed by Recent Discover­
ies. London, 1936, p.65.



This pozzolana, a coareo contination of volcanic 
claĵ  and gravel, has the power, when added to line, of 
setting under water, or out of the presence of air: that is 
is to say, it is a hydraulic material, in the same sense as 
eminently hydraulic limes and portlard cement. Goat 4 tells 
us that a mixture of pulvls Puteolanuc (that is, volcanic ash 
or pozzolana) was used to lime the specus of the Aqua Marcia 
as early as 144 B.C., and that Cato (Da Agriculture. 18,7) 
knew of this combination of materials to make cement. How^ 
ever, "it was not until the first century B.C. that experiment­
ation had passed into established usage ..." Vitruvius also 
was familiar with the nature and quality of this hydraulic 
cement, writing that when it is used even piers constructed 
in the sea set hard under the water. °*

Vaccholli, who had done comprehensive chonical 
analyses, reduces the ingredients of pozzolana to the 
following: Silica, 40-60#; alumina, 15-25#; chalk, 2-10#;
Magnesia, 1-5#; alkali, 1-2#; iron oxido, 4-10# 6*

There is also to be found in Blake a summary of 
the laboratory investigations by Nicola Paravane into the 
hydraulicity of pozzolana. " Paravane analyses the material 

into more or less crystalline substances, and an important 
component - quantitatively the greatest - of a vitreous 
material. He demonstrates that the hydraulicity comes from 
this vitreous material, which consists primarily of fused

4. Gest, on. cit.. p.44.
5. Vitruvius, on. cit.. II : 6 : 1.

6. Blake, on. cit.. p.43.
7. Log , cit. Blake cites Nicola Paravano, Rlv. R o m .

17 : 1939, pp. 145-50.



silicates, molted in a volcanic process, and then cooled 

suddenly. "The vitreous substance in pozeolana owes its 
hydraulic property primarily to the fact that it is an 
aerogel formed of primitive magma in the act of eruption."
In the course c -doe, we are told, substances such as the 
feldspars are changed into Kaolins, the fundamental ingred­
ient ot Cxays; and these Kaolins enhance the hydraulicity of 
the pozzolana.

The mixture of this pozzolana with sand and lime 
gave the Romans a workable mortar. According to Neuberger 8 
the following mixture was used to obtain the necessary 

hydraulic mix: two parts by weight of pozzolana were added
to one part by weight of ‘ordinary1 mortar. 9* This ordinary 
mortar in turn consisted of a 3 : 1 mixture of pit sand and 
lime. Although, according to the Romans, 10 three kinds of 

sane were known - pit, river and sea sand - pit sand (arena 
Jtossita) was regarded as the purest, and an excellent variety 
of clean sharp sand of good colour was to be found on the 

Janiculun. 11 • The Roman preference for pit sand inhibited 

experimentation > th river sand. They were sometimes forced 
to use river sand, and Van Roman 12 considers that it made 

an excellent mortar, which although not hydraulic, yet in

8. Kouberger, op. cit., pp.404-8.

9. This sooms to infer a process of weight-batching of 
ingredients: a most inte-nsting forerunner of modern 
techniques of concrete-making. The steelyard, or 
balance, had of course been used for centuries past, 
and there are excellent Roman ..odels in existence 
today.

10. Vitruvius, op. cit.. II : 4.
11. Oest, op. cit.. p.44.
12. Cited by Blake, op. cit.. p.42, n.2,



fact, proved no re durable than tho early oxa^plos of 
pozzolana.

For structural work, that is, for foundations, 
walling and vaulting, this hydraulic cortar had to ho mixed 
with a coarse aggregate. We havo no information regarding 
the ratio of mortar to coarso aggregate, hut, as we shall 
see, there was such a considerable .cage of aggregates used 
that it is obvious that ratios wore varied according to cir­
cumstances, and were determined empirically. The concept of 
a cement paste, carefully determined in composition, which 
hinds the aggref te together is of course in cnplete accord 
with present day *' crete technology.

Middleton analyses the various coarso aggregates 
in use. In Republican tines, common ingredients wore lumps 
of tufa or peperino, while, after Augustus, wo got, in add­

ition to these, the use of broken bricks, 14 broken travertine, 
or oven broken marble. Special aggregates were used for 
specific purposes. For extra strength, for instance in tho 
foundations under severe leading conditions, "the concrete 
was made with lumps of lava, the silex of Vitruvius and Filmy, 
taken ftrom the groat stream of lava which, issuing from the 
Alban Hills during the post-tertiary period, flow jd in a 
great stream towards the future site of Bono" For light­

ness, particularly in the case of vaulting, pumice stor • 
was used.

13. Middleton, op. cit.. 1:45.
14. By Imperial times bricks were no longer sundried but 

burnt to a hardness commensurate with the other 
ingredients of concrete. Indeed, we are told by 
Gest, pp. cit.. p.50, that Roman bricks found in 
Britain are so hard that tney strike fire like a 
flint.

15. Middleton, .oc. cit.
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The .ready availability of all these natural 
materiale must have facilitated the Romans• tasks the 
geological base ts their architecture was rich and diverse, 
as Bagenal has pointed out. Yet, wo must not think 

that it is Just the bounty of nature which made possible 
the development of concrete. In the colonies, Roman 
builders searched positively for alternative ingredients 
to enable them to build their monuments. Roman builders, 
according to Neubergor, "had an expert eye for discerning 
the kind of stone from which hydraulic mortar could to

in
produced.11 " Such stone wae founi in the trasres of the
valley of the Kfel. in Germany , the fosolle, the Nette end 
the Brohl, as well as in the Ries dirtriot near Nordlingon. 
Mortar produced from this type of trass won' in to the groat 
water-system of Cologne built by Trajan and Hadrian. Analy­
ses carried out on the mortar of these canals show r«nother 
interesting aspect of Roman ingenuity.

At other points of the long aqueduct, which were too 
fax for transporting the trass, a calcareous marl was 
used for preparing the hydraulic mortar; this marl 
contained silicon dioxide and argillaceous earth as 
water-resisting constituents, which entered into a 
bination with limestone, forming a compound which, 
like the trass, hardened in water.

It must be made clear thai the Romans* 'expert eye* for
discerning hydraulic materials cone from experience, and
not from an under .‘.m.ulng of the physical and chemical
principles involved. Tr. the early republican period, for

instance, the Roman ' inlder imported from Putooli the

16. Hope Bagonal,“The Geological Basis of Greek and 
Roman Forms," R.I.B.A. Journal, 40 : 1933.

1 . . euborgor. on. cit.. p.408,
.-.8. lo c .  c i t .
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substanco froa which ho dorlvod hie hydraulic nortar. Ho 

ascribed ita property of hydraulicity to “the offoot of hot 
springe and tho heat generated by volcanic flames upon the 
soil of the vicinity.” When ho quarriod the grey and

rod material of the Campagna, ho failed to realize for eono 
tino that this was essentially tho sane pozzolana. Although 
ho knew of its great strength, he did not anticipate that, 
being so far from Vesuvius, it could also have the property 
of hydraulicity. It is Mrs. Blake's contention that failing 
to rocognize the hydraulic quality of the 'rod' concroto of 
Homo, ho porserverod with the use of squared-stone construc­
tion in aqueducts, bridges and sewers, and thus “delayed the 

development of great engineering works for about a century."

Tho earliest use of concrete was as mass concrete, 
&est claims that tho podium of tho temple of Concord (120 3,0,) 
is tho first known use of concrete at Borne (102 p,44). 

Middleton would place the use of concrete much earlier, in 
fact, right back to tho Regal period (106 V.l. p.141). How- 
ever, in the examples he cites - the backing of tho Servian 
Whll, and the foundation of tho Porta Ibitinalis - the dating 
of the concrete portions is not beyond dispute. Blake and 
Van Daman regard the development of concrete as taking place 
in tho 3rd and 2nd centuries B.O. Tho development pre­
ceding tho use of concrete proper may bo regarded in two 

stages: tho use of roughly broken stones hold together by 
mud, cloy or pure lino; and tho use of what Van Daman calls 
pseudo- or quasi-foncreto, consisting of roughly broken 
s to no a hold together by a weak mortar of sand and lino.

19. Blake, op. clt.. p.42.
30. Ibid., p.349.
21. Ibid.. p.334 ot soq.
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Pseudo-oonoroto, although it has the sane ingredients as 
concrete proper, is a weak nochanical nixturo rather than 
a honogenoous mss, and its ingredients are not prenixed. 22. 
Cnee tho important transition to a genuine concrete had been 
made, improvements took place slowly, as experience iu the 
material mounted. Even at the close of the Augustan period 
"complete mastery of this atificial material had not yot 
boon achieved," 23 and the use of concrete was relatively 
timid and inhibited by a lack of theoretic knowledge of its 
potentials under stress. Even whon used as an inert filling, 
the full potential strength of the material was not at first 
realised. Just how groat this strength was is indicated by 
the projecting staircaso of the building on tho Palatine 

1 hill, illustrated in Middleton, where tho landing appears 
to cantilovor some twontyfour feet, a considerable feat when 
one considers that the concrete was not reinforced. Its 
strength lay in its homogeneity - it set hard as a monr- 
lithic structure of tremendous coherence and strength, as tho 
broken overhanging vaults of tho ruined Baths of Caracalla 
or the Basilica of Constantino testify.

The gradual revelation of tho potential strength 
of concrete thus led to twD- developments which vitally 
affected tho form of Roman architecture. Tho first was in 
tho field of walling, where it facilitated tho use of tho 
compound wall, with a concrete core faced by brick, tufa or 
stone facings. The second development was in tho field of 
vaulting. These aspects will to dealt with more fully in a 
later section, but in order at this stage to comprehend the 
extent of the effect of concrete upon building technique,

22. j,bid., pp.325-7.
23. Ibid.. p.342.
24. Middleton, on. oit.. 7.1., fig. 10.
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le'- ua consider theso words of Rivoira‘8;

easiiy handled, elastic, carried out vitfc mortar of 
extreme durability, adaptable to every variety of plan 
and ever-/ form of roof, not to speak of its being inexpens­
ive and capable of rapid execution. Combined with the 
arch and the vault which the architects of Rome had made 
supromo in their art, it led them ,tep by step, aided bv 
their own experience and that of other races, to the 
creation of the most elaborate, scientific, and original 
vaulted buildings of the ancient world, 25.
WALLINS.

The compound wall, which we have touched upon 
ale**, was an important element of vertical support in the 
Roman structural system, and has been dealt with as such in 
most descriptions of Roman architecture. However, it is in 
the field of reinforced walling - that is in the use of 
relieving arches to stiffen and strengthen the wall - that 
the Roman practical genius envincod itself most clearly.
Although ttyconean, Sardinian and Betruscon precedent for the 

use of relieving arches (or triangular relieving spaces) may 
bo demonstrated, yet it was the Romans who first systemati­
cally incorporated the relieving arch principle into their 

wall design. There is an instance of relieving arches

over openings spanned by flat arches at the House of 
Ocrnarlous on the Palatine; and similar arches may be found 
in the Tabularium (78 B.C.); the Forum ox Caesar (54 B.C.); 
the Forum of Augustus (43-2 B.C.); and the theatre of 

Ponpoy (55 B.C.)
Perhaps the most spectacular, and the most extens­

ive use of the relieving arch system is to bo aeon in the
Pantheon, whouo "organic framework ......  though based upon
the principle cf the relieving arch is so original and

35. Rivoira, on, cit.. (Rom. Arch.), p.83.
26. Ibid., pp.25-6.



«■ o8 •»

Qdvanced an application of that principle .... that it may ho 
g. 2 described as thv work of a nan of genius.n ^7. ^ho basic wall 

structure (we shall consider the structure of the done separ­
ately) is conposito brick-faced concrete walling.

The effect of this ingenious walling system is to 
transfer the continuous ring load of the done to a non-contin- 
uouo system of massive point supports; because, as will be 
seen, the apparent continuity of the ring wall breaks down 
upon analysis into a system of separate but linked piers. 
Ashby 2,r> establishes the basic principles of the wall coin­
struction of the Pantheon when he agrees with Beltrami that 
the thickness of the wall of the rotunda can be divided 
radially into forty equal parts based upon a module of 

3.44m, corresponding to the intercolunniation of the 
Corinthian columns which stand ftec in the six major 
recesses of the interior.

The wall is divided into three vertical yiones, 

indicated externally by cornices. The uppermost zone is 
divided into forty equal parts by radial walls connecting 
the concentric inner and outer membranes of the rotunda 
wall. Twenty-four of these radial walls are cut through 

by chambers within the thickness of the wall, and sixteen 
pass rignt through the wall as buttresses. There are eight 
annular chambers in the wallt each coinciding vertically with 
one of the six recesses of the lowest zone (at floor level), 
plus the entrance and the large apsidal niche opposite; and 
there are eight smaller semicircular chambers, each occuring

27. ibid.. p.129. Rivoira actually refers to its "organic 
framework or skeleton", a most niclending appellation, 
because it implies the existence of a framing skeletal 
structure. In point of fact, the Pantheon must bo con­
sidered as the prime example of a u, '.tary structure, 
regarded as an organic whole.

28. T. Ashby, "Recent Criticisms of Roman Architecture", 
R.^B.^/jouxnal. 37 : 1929, p. 122.



vertically o m r  the aolli piare between the recee.e. of the 
lowest zone. The annular rocosees are divided into three by 
two radial walls, the semi-circular recesses into two by one 
radial wall. The central tone is similar to the uppermost 
zone, but only the eight pairs of radial walls which cut 
through tho annular chambers are retained. 29# These, it

will be noticed, coincide with the columns of the recesses 
below.

The system which emerges is one where the contin­
uous thrust of the dome is dissipated over tho forty radial 
walls and buttresses in the upperraost zone; that, with the 
reduction of the number of radial walls in the middle zone, 

tho load is concentrated on fewer supports; and that in the 
lowest zone, tho supports are reduced to eight massive hollow 
piers, and six sub- idiary pairs of freestanding columns.

It is tho function of the relieving arches to make 
this transition from tho continuity of thrust of the done to 
tho isolated piers at vho base. The pattern of alternating 
largo and small relieving arches visible in the second and 
third (middle and uppermost) zones of the exterior, relates 
to the 3-nodule annular chamber and the 2-module ho 11c v pier 
with its semi-circular chamber. In tho lowest zone, by which 
tine tho load is safely discharged upon the piers, only the 
arches over the groat recesses remain.

Because the inner membrane of the rotunda wall is 

not continuous, as is tho outer, the pattern of relieving 
arches is more complex. They are so arranged, in super­
imposed combinations of small and large arches, that the

29. Ef-voira, on. clt.. (Hon. /rch.), fig. 124, shows
in the middle zone alternate annular and large semi­
circular chambers, with radial walls, four pairs in 
all, traversing only the annular chambers. This has 
tho"effect of reducing the points of support at the 
lower levels oven further. Iron a structural point 
of view, there is much to commend Ashby's contention.



snail arches concentrate a snail percentage of the load upon 
the relatively slender Corinthian eoluens, while the largo 
arches transfer the greater portion of the thrust onto the 
nassive supports adjoining.

Tno simplicity of concept of internal sp ce gives 
little or no hint,of the complexity of the structural tech­
nique underlying it, nor does it express - in other than 
symbolic ways - the magnitude of the structural achievement. 
A hemispherical dome exerte a continuous thrust, and thus 
demands a continuous ring of support. As the thrust is both 
downward and outward, the thickness of this circular support 
is considerable. Yet, in the Pantheon, this ring wall is so 
cut into by niches, that it is in essence converted into a 
series of massive piers. The distribution of the load on to 
those separate piers, by the system of relieving arches and 
membrane walls, transfers the Pantheon into the realm of 

dynamic structure of the most progressive kind.
The Pantheon is not the only example of a contin­

uous thrust being carried on what is vircually a discontin­
uous set of point supports. The reconstruction of the baths 
of Caracalla shows the dome of the oalidarinn to be carried 
on six giant supports, each of which in turn is penetrated, 
probably v"r a barrel vault, as in a triumphal arch. The 
little domed Temple of Venus, Baalbek is another interest­
ing example. Here the well pattern is similar to that of 

the pantheon, but inverted. The niches which break t..a con­
tinuity of the wall, and reduce it to six basic piers, are 
on the outside of the curve, and not on the inside of the 
CO11a. The non-continuous nature of the support is accent­

uated both structurally and aosthetictlly by the columns 
of the poripteros, each column relating to the solid 

portion of the rotunda wall. When we come to consider the 

walls of rectangular buildings roofed by barrel vaults, a



sinilar aitoation is revealed. The rectangular Hadrianic 

tenple of Venus and Rome exhibits the same breaking up of 
the wall into almost discontinuous supports as ye hava seen 

in the cirulcar Hadrianic temple, the Pantheon. The problem 
is comonsurato, for the barrel vault of the temple of Venus 
and Hone exerts a continuous thrust, just as does the dome of 
its circular counterpart.

The apparent inconpatab11ity of continuous thrust 
and discontinuous support must be disposed of. Two assump­
tions suggest themselves. The first is that the nature of 
tho vaulting is such that the loads are collected by means 
of ribs, and that those ribs then discharge their thrust upon 
their respective piers. We must defer the study of vaulting 
to a subsequent section, but at this stage must mention that 
while ribbed barrel vaults are found as oariy as the Colosseum 30 
ribbed domos are not found until the third century.

The concentrated thrust of the rib therefore cannot 
bo the answer in every case. We know that it is not in the 
earlier domes, and we cannot be sure that it is in the case of 
every barrel vault: although, as we shall see, the evidence 
points this way in many cases. We are forced to consider, 
therefore, the second supposition, namely that some moans 
existed for distributing the continuous thrust of the vault 
to a given number of statically separate (though visually 
linkod) supports.

Tho principle uf separate but interconnected 

supports of deep section to withstand the thrust is clearly 
domonntrated by Giavannoni. He writes: "frequently, tho

3D. Ibid.. fig 97.

31. Ibid.. p.128.
32. Giavannoni, in Bailey, on. cit.. p.451*



outer walls in these buildings have projecting abutaents, 
which are logically connected by arches on the horizontal, 
forcing recesses (as in one wall of a villa near Frascati, 
and in a reservoir in the villa of the Oordiani on the Via 
F? enostina)”. These examples make nanifost ifcat is hidden 
in the walls cf Lne temples. In the Pantheon, ve have seen 
that the distributing mechanise is the relieving arch. We 
have also seen the consistent use of the relieving arch in 
other contexts. However, we must not dismiss the possibility 
of the concrete itself, of great depth and strength, acting 
as a bridging lintol. We have seen earH v in this thesis, 
its capabilities as a structural material.

Just how effective the relieving arches were it is 
difficult to say, Ho structural test with modern measuring 
equipment has been made on the Itemtkeon, for instance, in order 
to trace the pattern of the transference of stresses, 33. 

Ohoisy put great stress upon their structural validity, 34 
and Rivoira, while deviating from Ohoisy in some details, 
cones to ouch the sano conclusions. He considered the

33. W. Macdonald, "Some Implications of later Honan Con­
struction", Journal of tho Society of Architectural 
Historians. 17 * 1958, pp. 2 - 4 ,  draws our attention 
to the statical analysis (force polygon system) 
prepared by Milan!, and Biol chi's analytical axono- 
netric drawing, both published in Vighi, The Pantheon. 
trans. by Whrd Perkins, Hone, 1957. These would appear 
to be the latest scientific investigations of the done, 
based upon analytic methods. Mr. H. Mills, Senior 
Lecturer, and Mr. I. Schwartz, Lecturer, both of the 
Civil Bigineoring Department of the Qhiversity of the 
Witwatersrard, have expressed to me the opinion that
a purely analytic approach would be inadequate, and 
that a measuring of actual stresses and their distri­
bution would be necessary to predict the statical 
behaviour of the structure.

34. A. Ohoisy, L'lrt de Batir chaz les Eomains. Paris, 
Ducheret et cie, 1873. See particularly platesn, mi, xv.



functional objective of the relieving arch to be "to bind 
the facing and the core together, to lighten from the top 
downwards the weight on the recesses at the botton, to sub­
divide the walls into zones of adjustnent so as to avoid 
serious cracks, and to discharge the v ight of the nass on 
the side walls of the recesses. •

Middleton contests this view, and considers that 
Choisy gave too nuch importance to the structural value of 
the brick arch. 36» He talks cf "sham arches", and cites, as 
proof of his contention that these arches are decorative and 
not structural, twa cases where they have been cut off before 
reaching their apex. 37• Middleton's argument that the 
brick arch is only skin deep in relation to the bulk of 
concrete seems reasonable, and yet it does not seem possible 
that those arches, which relate to the structural pattern of 
the entire fabric, and which, we must remember, were covered 
up with stucco decoration, could have been purely decorative. 38.

mist distinguish carefully between two concepts: 
how the relieving arches actually functioned; and how the 
Homans believed, then to function. Uhfortuuately we have no 
coherent account of Honan structural theory, and it is most 
likely that they had no consistent theory at all. In fact,

35. HivoIra, op. cit.. (Hon. Arch.), p.111.
36. Middleton, op. cit.. 1 : 67, n.l.

37. Ibid.. 7.1., fig. 6: Dooney to Caligula's Palace, 
and 7.2., fig. 78: Peristyle, Baths of Caracalla,

38. The fcwo ninor examples cited os proof that the arches 
were not structural are far from convincing. As has 
boon pointed out to the present writer, they nay have 
resulted fron a charge in plans during the process of 
construction, a frequent occurrence in such largo 
building projects. (This interpretation is based 
upon the views of Mr. M. Jfeltz, Senior Lecturer in 
Civil Bigineering, Uhiversity of the Witwatersrand).



historians of engineering such as Straub bo11eve that the 
introduction of theories of statics based upon a scientific 
knowledge of the strength of materials, into the field of 
building construction, did not take place substantially until 
the eighteenth century, when such works as parents' bending 
tests (1707) and Euler's buckling formula (1744) followed 
upon the basic work in physics of Galilei, Newton and 
Hooke. It is probably true that what Straub says of
Renaissance architects and engineers applied at least with 
equal force to the Romans: "The practical builders were 
excellent structural designers with a highly developed 
sense for statics who wore otherwise constrained to reply 
on a few empiric rules". 40*

I have put the question of the relieving arches 
to the exports in civil engineering. Their view, 41. iB 
that, while it is impossible to say just how the arches 
actually function, yot there is a prina x„oie case for 
believing that they did function in the way that Rivoira 
credits them. Moreover, given an empiric approach and an 
intuitive knowledge of statics based upon experience, such 
as the Romans had, it would have been entirely reasonable 
for Roman engineers to design the relieving arches as they 
did, and to credit then with performing useful statical 
functions. The fact that the Romans believed the relieving 
arches to be functionally valid is demonstrated in the 
Pantheon, where the porch is not bonded into the rotunda, 
in order to avoid cutting into the relieving arch at that 

point.

39. H. Straub, A piatory of Civil Rngineering. trans. 
by E. Rockwell, London, Leonard Hill Ltd., 1952, 
pp.105 et. soq.

40. Ibid., p.71.
41. As expressed to no by Mr, Malta.



In view of the compoeita nature of the structure, 
■being of brick and concrete, it is of course quite conceiv­
able that the brick archos performed their supporting 
function only in the preliminary stages of the construction, 
and were supplanted by the concrete when it had developed 
full strength. Oozzo's extreme position, which Giavannoni 
tends to support, ^  that the relieving arches were built 

first, as a skeleton framework to be subsequently filled in, 
appears to have been satisfactorily disposed of by Ashby. 43» 
The latter maintains the traditional belief in the uniform 
erection of the structure, but maintains categorically that 
the function of the relieving arches must have ceased entirely 
upon the setting of the concrete. MacDonald also believes 
that "these arches were of use only during the construction 
of the building" This theory, that the arches performed

a vital, but interim, supporting role, appears a promising 
one; for it seems to accept Middleton*s criticism of the 
superficial nature of the brick arches while disposing of 
his untenable argument of a purely decorative purpose.

To recapitulate: the Roman dome and barrel vault
imposed a continuous downward and outward thrust. To sustain 
these stresses a very thick continuous support ./as necessary. 
The Romans found that, while maintaining the thickness 
necessary for stability, the continuity could be broken down 
by cutting deep recesses and chambers into the supporting 
walls, thus dramatically reducing the weight of supporting 
material necessary. To accomplish this concentration of 
thrust upon what amounted in fact to a series of isolated

42. Giavannoni, in Bailoy, op. cit.. p.460.
43. Ashby, op. cit.. (Criticisms) p.117.
44. MacDonald, op. cit. p.5.



piors, two techniques wore established. The first, the con, 
uontravion ol thrust within the vault itself by noana of ribs, 
wo will study in a later section. The second technique, which 
we have analyzed hire, is the conversion of the wall from a 
static to a dynamic system of support by a highly ingenious 
combination of extremely strong concrete and a system of 
relieving arches. It is contended that this walling system, 
which incorporates the canalizing and controlled transference 
of thrusts, is a highly significant advance in the history of 
structures.

Walls, until the advent of the framed structure,
traditionally performed two functions; support and enclosure.
Let us conclude our study of the advanced technique of Homan
walling by a brief reference to the wall as weather excluder.
In normal circumstances, in view of its great thickness, the
Honan wall was an adequate protection against the intrusion
of the elements. In special instances, however, specific
precautions had to to taken to moot unusual demands. The
wall as radiant hoating panel is a particularly advanced
instance of the specialized wall, which will be der.lt with
in detail elsewhere. Variations of the techniques oi hollow
tile construction developed in the heating systems, however,
wero used to create on insulated barrier against the pane-

45tration of cold and damp. Middleton discusses a ventil­
ated cavity wall, following closely upon Vitruvius* speci­
fication, 46 which was used in the House of Livia to protect 
a wall painting from damp, and describes how similar pre­
cautions were taken in the tablinun of the Vestal's House, 
where the one wall, being particularly vulnerable to damp

45. Middleton, o p . oit.. 1 i 190.
46. Vitruvius, on. eft.. Vll ; 4 ; 2.
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in its situation against the hillside, was heated by wall 
flues. 4?"

Finally, in this brief discussion, wo oust make 
reference to the Library of Ephesus, where, to protect the 
valuable books from damage, the three inner walls of the 

Fig. 5 chamber are double walls, so that the wall containing the 
niches for the books is not exposed at all to the infil­
tration of damp, it is apparent that the protective

aspect of walls as enclosures was given the sane practical 
consideration by the Romans as they devoted to its structur­
al implications.

BSfflL.TOSiB.
The covering of the spaces enclosed by these walls 

is our next field of investigation. Primarily we will bo 
concerned with concrete construction, but before passing on 
to a discussion of Roman vaulting systems it is necessary 

to interpolate some comments on other roofing methods.
Theso, while not as dramatic as the great vaulted structures, 
nevertheless reveal a innight into tho practical Roman 
approach to structural problems.

Our first concern is with the development of tho 
triangulated timber roof truss. This rather elementary 
feat in building techniques apparently eluded the Greeks, 49 
and even in the late Hellenistic period wide spans were

47. Middleton, on. cit.. 1 ; 312. It is interesting to 
note that for the same reason the floors of the central 
room had an insulating layer of half-amphorae upon which 
the concrete floor was laid,

48. D.S. Robertson, A Handbook of Oreok and Roman 
Architecture. Cambridge Uhiversity Press, 2nd 
edition, 1954, p.291.

49. This may be argued from the small spans attempted, 
and the consistent use of internal columns. More­
over, tho very terns used by tho Greeks to describe 
their roofs, which Robertson, ibid.. p.388, analy­
ses, tend to suggest lean-to rather than trussed 
roofs.



■» 68 m

boyond tholr technical and inventive rosourcee.

The traditional &reok attitude, where the basic 
form once arrived at wxs never drastically altered, did not 
lead to mjor structural innovations: and at the peak of
Greek ability, there was no incentive, in the functional 
problem of the tenple, for the development, of a clear span 
technique. In Bono, however, the practical need for halls 
of congregation by uninpedod internal colurms, (which 
hindered -»uch Greek buildings as the Bouleterion) drove the 
Homan architect to seek new structural systems. The result­
ing principle of tho triangulated truss, and the new archi­
tectural forms it made possible was the direct outcome of 
tho satisfaction of the practical need.

Owing to the perishable nature of the material, 
we have very little direct information about Homan timber 
construction. Oar claim that tho Romans developed a timber 
technology tax in advance of the Greeks oust rest rather on 
indirect evidence. This evidence may be grouped in three 
categories: our knowledge of Roman timber design in the 
field of bridge-building; our knowledge of late Roman 
examples of roof trusses, at the beginning of tho Early 
Christian period; and our inferences from the nature of 
the roofing problem which confronted the Roman builder.

Caesar's bridge across the Rhino was novel and 
ingenious: and it gives us a picture of an early stage in
timber structural technique. Els own description of it 
gives a clear account of what must have been an impressive 

operation.
He caused pairs of balks eighteen inches thick, sharp­
ened a little way fror the base and measured to suit 
tho depth of the river, to be coupled together at an 
interval of two feet. These he lowered into the river 
by means of rafts, and sot fast, and drove home by 
rammers, not, like p i K ., straight up and down, but 
leaning forward at a vniforn slope, so that they 
inclined in the direction of the stream. Opposite to 
these, again, were pleated two bal'rs coupled in the 
sane fashion, at a distance of forty feet from base



to tase of oach pair, slanted against the force and 
onrush of the stroau. These pairs of balks had two- 
toot transoms let into then atop, filling the inter­
val at which they were coupled, and were kept apart 
by a pair of braces on the outer side at each end.
So, as they were hold apart and contrariwise clamped 
together, the stability of the structure was so great 
and its character such that, the greater the force and 
thrust of the water, the tighter were the balks held 
in lock. These trestles wore interconnected by tinber 
laid over at right angles, and floored with long poles 
and wattlework. And further, piles were driven in 
aslant on the side facing downstream, thrust out below 
like a buttress and close joineu with the whole struct­
ure, so as to take the force of the stream ....^0 .

Here we have the picture of an ingeniously inprovised struct­
ure, but one which does not really establish new structural 
principles, for the supports are triangulated only in so far 
as the rigidity of the fixing of the balk and the raking 
shore permit. Given a rigid fixing here, however, balk, 
shore and ground line do form a triangle, which presumably 
give the structure its stability. The relative lightness of 
the structure, considoring the width (40 feet at the base) 
and the distance between trestles (35 fees'! is impressive.

On a far more ambitious scale was the bridge thrown 
across the Danube by Trajan in 106 A.D, Our knowledge of the 
structural principles of this bridge - but unfortunately not 
its details - is based on the relief representation on the 
column of Trajan; and as the designer of the column, Apollo- 
dorus of Damascus, was reputed also to be the engineer of 
the bridge, the representation is generally considered to be 
reliable. 51 • Although the bridge was token down by Hadrian, 
the stone piers were left standing; and Cassius Dio tolls us 

the twenty piers were one hundred and fifty feet hi^i, and 
one hundred and seventy feet apart. If these figures are 
true, then the span for a timber arched bridge seems

50c Do Bello Galileo. IV, 16-19, Loob Classical library 
trans,, cited by Neuberger, op. cit., p.464.

51. According to Gest, o p . cit.. p.161.
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Fig. 6

Fig. 7

chnllanging in tho oxtrona. We are given this account of its 
construction "by Seat:

The ^rcbed oenbers were conpcaed of three parallel courses 
tintier, tied by braces or struts, which were continued 

pwards to the floor of the bridge and served as its 
support. The abutting ends of the arch tinhere appear to 
have been quite insufficiently secured, and no provision 
seeus to have beon nade to prevent the buckling of the 
long tinbers 52.

Oost continues by criticizing certain aspects of the structure, 
notably the lack of bracing and stiffening, but concludes that, 
for it' tine, it was an inpressive undertaking.

What is apparent from these descriptions is the cour­
age and cleverness which narked these endeavoursj what is also 
apparent, however, is the obvious lack of a clear insight into 
guiding structural principles. These bridges appear to be the 
enplric improvisations of bold practical nen. Just wnen this 
empiric development led to the crystallization of the concept 
of triangulation we cannot determine. Briggs sees this as a 
development of tho late Bnpiro. "In some later and larger 
roofs," he says, "the important principle of trussing was 
introduced." He cites old 6. Peter's in Rome (4th century)
and St. Pauls - without - tho - walls (5th century) in support 
of mtion. Ohoisy illustrates tho truss of old St.
P j ad upon the 16th century drawing of Carlo Fontana.
Tin . i-ouo..- truss is fully triangulated, and shows "iron

52. Iso, cit.
53. In idea of the nature of this bridge can be obtained 

by examining the model of the Roman timber arch bridge 
over the Rhine at Mainz, which is (or was, before the 
war) in the Mainz Museum of Antiquities, and which is 
illustrated in Neuberger, op. cit.. fig. 637. A clear 
reconstruction of Trajan's bridge is given in Choisy, 
o p . cit.. fig. 95.

54. M.S. Briggs, "Building Construction," in Singer,
Oh. cit.. p.414.

55. Choisy, on. cit.. fig. 90.
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straps, pegs, or pins at all joints, a king-post cocoon to 
the two trusses, and a scarfed tie-bean." 56. Mother late 
building which helps us understand the daring of Honan timber 
construction is the Basilica at Trior (che Honan Augusta 
Trcverorun on the Moselle). This building, which owos its 
fine stato of preservation to its continued use, first as a 
palace during the Middle Ages, and subsequently as a church, 
has an internal span of about nlnetyone feet covered by a 
tlabor roof - a considerable ochieveneut, even by present-day 
standards. 57•

It is the creation of such large buildings as the 
basilicas, with clear floor areas (before the development of 
vaulting had reached a stage where it could provide the cost 
adequate answer), that nust have stimulated the progress of 
the trussod roof. There are many buildings of great clear 
span - viz. the basilica of Trajan, seventyfive feet, the 
basilica of Jano, sixty feet - which, by their plan shape and 
by the nature of the supports, could clearly not have been 
vaulted. Sone may not have been roofed at all, other than 
over the aisles - as Robertson 58 thinks night have boon the 
case of the basilica Julia. However, nany were definitely 
roofed, as for example, the basilica at Tingad (2nd century
A.D.), which was fiftytwo feet wide, had no internal columns, 

and had a wooden roof.
The small theatre at Boape11 provides us with an 

interesting case in point. According to Bieber, this building

56. M.S. Briggs, A Short History of the Building Crafts.
Oxford, the Clarendon Press, 1925, p.121.

57. According to Robertson, op. cit.. p.273.

58. Loc. cit.
59. Loc. cit.
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of ab0ut 75 3'°* "*» "a roofed theater for nuaical contests." GO. 
"The side vings of tiie rounded auditoriua uxo cut short, 
because the i^olo building is rectangular in shape. Only 
thus could it be node to boar a solid roof covering both 
nuditoriur. and stage building." 61. j,ot only does tho plan

thus c. early indicate that it was roofed, but there is an 
inscription which testifies to it. 62. lilQ 8pan of thja 

theatre appears to be about ninety feet. The walls indicate 
no evidence of vaulting; and if course the early date would 
nake a vaulted solution on this scale inpossible. Tharo is 
no indication of internal colunns, such as in the Hellenistic 
Bouletorion at Miletus, and the problen is conplicated by tho 
fact that the roof was raised above the wall level, to let 
lighting into tie theatre. 63» The roofing problen is thus 
severe; and tho case is not on isolated one, for we are told 
of sinilar roofed structures, such as the Odeia at Taornina, 
Spidauroe and Naples, which were roofed with wooden roofs. 64,

If vaulting is ruled out, there appears to be only 
one way of roofing these large structures; and that is by the 
tlabor truss. Moreover, the truss would have to be of nore 
than elenentary design to cope with the site of spans involved, 
because such spans would constitute a severe design problen in 
tinbar even with all the resources of tho present day. 
Unfortunately, wo cannot go further than this general propos­
ition, and any reconstruction of tho Honan roof truss would

50. Biobor, on. cit. . p.328.

61. Ibid., p.331.
62. Robertson, on. cit.. p.273.
63. Neuborger, on. cit.. p.359; Robertson, on. cit.. 

p.274.
64. Biobor, loc. cit.



to merely an enliehtoned guoas.

We have such hypotheses in the case of another 
application of t inter structure other than roofing. Bo nan 
concrete construction r.ecessitatod the provision of temporary 
casing and shuttering. Wo know that "wooden centering of 
immense sizo and strongtn must have toen required for tho 
vaults of tho large halls; and great mechanical skill and 
ingenuity woro, no doubt, displayed in the construction of 
these enormous tinter framings." 66. Middleton's reconstruc­
tion of this fornwork, tasod upon a knowledge of Roman tech­
niques and materials, and the nature of the structural 
protlen, inevitably incorporates the principle of triangu­
lation. 66.

In view of the extreme span of some of these tinter 
roofs, we might be prompted to ask if the Romans employed 
metalwork to assist, or even replace, the timber structure.
We know that after the ancient religious prescriptions 6? 
inhibiting the use of iron hod fallen away, metal cramps 

were used for joining timber in bridge-building. We
have already seen that in timber trusses, metal straps and 
pins have been found; and the use oi metal cramps in masonry 
work is an established technique. Metal columns were made, 

the four large Corinthian columns of Roman times made of 
gilt bronze, and now in a chapel at the lateron, being 
an ambitious example of the structural use of metal work. 69*

65. Middleton, on. cit.. 1 i 67.

66. Ibid.. 7.1., figs. 11, 12.
67. Pliny, on. cit.. ZXXV1, 15, 23, 100.
68. Neuberger, on. cit.. p.466.
69. Briggs, on. cit.. (Short History) p.173.



Motal ceiling hangers are discussed by Vitruvius. We are also 
told, in Singer's History of Technology, that "classical writers 
mention roof-trusses of bronze, but it is uncertain whether they 
were of solid metel, or of timber cased with it." 70•

Middleton tolls us that in the Baths of Caracalla, largo com­
pound girders of iron, consisting of two T—pieces rivettod 
together, and then cased in bronze, were found. These he con­
sidered to have been the structural framework of the ceiling, 
the panels consisting of ightwelght pumice concrete. He 
claims that "in the upper part of the wall deep sinkings to 
receive the ends of the great girders which supported the 

ceilings, are clearly visible.H 71• This interpretation has 
not gone uncontested, in view of the great span, of over 
seventy foot, which was involved. 7^» Wo have no conclusive 
proofs for these theories of the more extensive structural 
use of metalwork by the Remans; it remains a fascinating field 
for speculation. However, we have seen enough of their w r k  
to agree with Brigg's opinion that "the Romans apparently used 
structural ironwork on a scale never reached again until the 

nineteenth century." 7®*

70.
71.
72.

73.

Briggs, in Singer, on. cit.. p.417.
Middleton, on. cit.. 2 j 1C3, 4.
Briggs, loc. cit.. (Short History).
Lq c . cit. In an attempt to carry Brigg's conclusions 
further, correspondence was entered into with the Joint 
Library of the Iron and Steel Institute and the Instit­
ute of Metals. The following is the burden of their
comments. . . .. ."In general, the Romans did not make any striking
advances in the field of metallurgy of base metals.
They adopted and improved existing techniques and wore
considerable producers of copper, lead, and tin. They
nade great use of those materials, and bronze, in cast
and worked forms. They also produced brass the
'cementation of copper with zinc ores, and treated it
in similar fashion. . .a1The Romans scarcely used iron as a structural material
except in the form of nails, clamps and other srvvll

roof trusses, 
tn rinke columns
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'w0 factors inhi'bitod the full dovelopnent of the 
tinter trues. There v?xe the chronic shortage of tinter in 
Italy, and there was the knowledge of the vulnerability of 
tinter particularly to fire. Both of these factors etinulu, 
lated research into non^tinter forne of construction.
V A U L i m .

The nost inportant structural development of the 
Bo nans was in the field of vaulting. "In the last century of 
the Republic," writes Anderson, "we get conplicated series of
barrel vaulted substructions ..... and the stress already
begins to be distributed from one vault to anotner. The pro­
gress made in vaulting under the Bupire was enormous 74•

Bven into the relatively simple forn of the continu­
ous barrel vaults, Roruvn structural ingenuity injected inprove- 
nonts. For instance in the Arcus Caelinontani (59 A.D.) 
periodic stiffeners or ribs are introduced. Uiese consist of 

arches of two, sonatinas three, rings of square tiles. The 
intrados consists of two outer archiveIts, and the central 
band of tiles with a course of broken brick. The cavities 
between were filled with a rubble of tile, stone and tufa, 

set in a generous nortar nixture. According to nivo)ra 
this nethod of construction nay be legitimtely regarded as 
the forerunner — inasnuch as it establishes the principle of 
skeleton rib construction - of ribbed vaulting. These brick

Dr. 8.3. Hamilton, M.I.C.3., in a paper to the New­
comen Society on the 13th November, 19e7 .... observed 
that the Ho nans used rivet ted sections of bronze in tho 
roof of the portico of the Pantheon."

74. W.S. Anderson and B.P. Spiers, The architecture .o.f.
Ancient Bone, revised and rewritten by Thomas Ashby, 
London,^atsford, 1927, p.31. Examples of these 
"substructions' include the Tabularium, the sub- 
structure of the Temple of Hercules at Tivoli, and the 
great Temple of Fortune at Praeneste (Palestrina).

_ J A. Z ^  T) - 72 .
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vault ribs m y  also be soon In the barreL.vaulted galleries 
which ring the Colosseum.

By the introduction of brick arches into the mss 
concrete, the vaults were divided up into a load carrying 
framework and an inert filling. The ribs tended to concen­
trate the thrust of the vault in those portions which coin­
cided with the location of the main piers which supported the 

superstructure. 76• In the barrel vault these ribs are formed 
as parallel rings down the length of the vault. They were also 
used in groin vaults, at the diagonals; and as meridian ribs 
in domes.

As with the relieving arch, the effectiveness of the 
brick rib is open to question. Cboiey*e emphasis upon their 
importance is today regarded as an exaggeration.̂  particularly 
when we regard the manner in which the concrete vault acted, as 
a rigid monolith. However, as with the arches, we can be sure 
that until the setting of the concrete, the rib acted in an 
important fashion as stiffener. This in turn had the effect 
of reducing to a marked degree tho load u •'n the timber form- 

work.

the form of hollow tiles. An important effect of tho rib was 
therefore to reduce the entire weight of tho vault. This 
aspect of ribbed vaulting, however, we will discuss later.
The use of the coffer is somewhat related to the rib.
'fliere the coffers are relatively shallow, they merely serve 
to reduce to a degree the weight of the vault. Where their 
depth is considerable they provide the effective depth of 
the beams of what then becomes a beam and panel vault. Tor 
example, the coffers to the barrel vault of a room in Hadrian's

76. Giavannoni, in Bailey, on. clt.. p.449.

77. Ibid.. p.450.

These ribs are often n o o f  solid brickwork, but in
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Fig. 9

Falatino Palace 78 g, iQ. ^  roce.eed to a depth of

thus we have a series of beans of considerable depth 
at approximtely 3*:" centres. The longitudinal beans would, 
in this systen, appear to servo no structural function. Ihe 
rhocboidal lacunae of the apse of the Tenple of Tonus and Borne 
war, probably also nerely decorative, but the interlacing ribs 
conceivably stiffened the structure, in the nanner of a locella 
truss.

The fully-developed ribbed barrel vault is seen in 
the i'hrone Boon of the Palace of Bor.itian at Bone, where the 
rib-and-panel vault, 118 feet long, spanned a distance of 97 
feet. The relationship between the ribs of the vault, and the 
buttressed wall, with niches in between, and free-standing 
colums accentuating the axis of the supports, is clearly 
brought out in 3ianchini*s reconstruction. 79.

The development from barrel vaults to cloister 
vaults 80 soon followed. And from here to the groined vault 
proper there was for the Ho nan designer no urbridgable gap. 
Bivoira considers the prototype of the groined vault to go 
back as far as the age of Berc , and illustrates his contention 
by citing the snail cruciforn chamber in the Bonus Aurea, whose 
depressed cross-vault he regards "as the earliest developed 
cross vault with groins.” Blcke considers that although the

78. The dj.ncnsions are ta!:en from Middleton, op. clt..
7.1., fig. 13.

79. as illustrated in Bivoira, pp. clt.. (Bom. Arch.) 
fig. 115.

80. The term cloister vault is the translation of Bivoira1s
1 rolta a padiglione*, by which is meant a square dome
"composed of four parts cf equal barrel vaults," according 
to Sturgis’s definition, cited by Bivoira, Ibid.. p.9. 
n.2. It is sometimes called an ungroinod quadripartite 
vault, because the internal angles are re-entrant.

CJ, ibid.. p.76. The Porta di San lorenzo would antedate
this exaqple, but its date (41 B.C.) is not uncontested.



earliest existing exp^ple of the cross vault seems to he from 
the period of Nero, there ware doubtless examples now lost as 
early as the Svlian period. 82. In thQ Coloas0Un> ^  thQ

smaller corridor on thu first floort and on the second and 
tnird floors, continuous groined vaults# constructed in con­
crete with a tufa core, are to be found.

The subsequent step in tho development of vaulting 
technique is also taken by the Romans. In the second century 
villa known as "Settc Bassi", near Romo, there is a room on 
the ground floor which, it has been claimed, was vaulted by 
a ribbed groin vault. Hi voire 03 considers that these ribs 
were developed from the ribs (or visible stiffening arches) 
of Roman barrel vaults, and claims that V  ~ ribbed vault of 
Sotte Bassi is not only tho jarliost example of its kind but 
that it is tho inspiration of later Lombardic vaulting, culmin­

ating in that of S. Ambrogio, in the eleventh century. The 
claims which Rivoira makes for Settc Bassi nay be extravagant 
(although his chauvinistic enthusiasm for things Italian is 
usually tempered by sound scholarship), but it is indisputable 
that even if not as early as the second century, the ribbed 
vault was born and developed in Rome. 84* One other point 

must be made at this stage. As we have briefly mentioned 

it is generally considered 85 that the Roman vault functioned 

in a different manner from that of the Mediaeval vault; for 
whereas in the latter the stone ribs collected the thrust of

82. Blake, on. clt.. p.516, n. 43.
83. Rivoira5 on. clt.. (Ron. Arch.), p.143.
84. Blake, on. cit.. p.346, appears to confirm Rivoira*p 

second century uate, stating that cross vaults "were 
laid without any permanent ribs until the second 
century of the Christian era ...."

85. Vldi Rivoira, Anderson, Viollot-le-Duc.



the vob, and dlecharged this thrust on to the piers, yet In the 
forner, the ribs perforned this function only In the Initial 
stages, and once the concrete had set, their usefulness, 
statically, was considerably diminished. Middleton points 
out that "it would hovo been impossible to vault their enormous 
spans if they had used vaulting of brick or masonry such as 
were built in Mediaeval tines. The Roman concrete vault was 
quite devoid of lateral thrust and covered its space with the 
rigidity of a metal lid." 36, in assessing the Roman contribu­

tion to vaulting theoty, as an index of their practical aptitude 
for building, we have considered the development of the Roman 
ribbed vault as the f ’•arting point of the entire Mediaeval 

vaulting tradition. In view of the variation in statical 
behaviour between concrete and masonry, however, a rider must 
be added, to the effect that there is only similarity, but not 
identity, in the structural principle involved. However, as 
far as the formal precedent goes identity is complete; and in 
so far as the Roman vault is an ingenious and practical solution 
to the problem of large scale spans, in terms of the building 
material available, it is a completely satisfactory solution on 

a functional basis; a solution which is, moreover, because of the 
larger spans which it permitted, in some respects in advance of 
subsequent Mediaeval vaulting development.

Ashby seems to consider that the Romans erred in rely­
ing too much upon the inertness of their vaults, and provided a 
massive system of but tree bob to take the predominantly vertical

86. Middleton, on. clt.. 1 : 66. MacDonald, op. cit.. p.B,
n. 31, referring in particular to the dome of the Pantheon 
says that this question of the absence of thrust in the 
vault has not been resolved. Although Middleton's concept 
of the metal lid has often been put forward, yet Milani's 
statical analysis based upon the force polygon system 
"would seen to argue against the monolithic concept."



load instead, of, "modifying the structure of the vaults thezw 
selves.n It is difficult to follow this argument, if this
is directed against the extravagance of the Honan supporting 
system there is some Justification; hut the whole syston of 
Honan wall design is intended to achieve this lightening of 
the wall system and shows concern with the question of 
econor#*,. If one measures the area vaulted in comparison 
with the area of supports, particularly in the nulti-ccnpart- 
nented vaults, the achievement of the Homans as against their 
predecessors is incredible; and even in relation to the finest 
Mediaeval vaulting the Honan system stands comparison.

In the basilica of Maxentius, for instance, the 
groined vault, ambitiously employed, had important repercussions 
xqon architecture both in its practical and formalist aspects. 
Practically, it enabled the roofing of large unimpeded internal 
spaces by fireproof means. Aesthetically, it proc.uced an 
external expression of striking originality, and internally an 
entirely new concept of monumental space. The plan form, of 
central nave and side aisles in bays corresponding to the main 
vaults, is clearly the resultant of the structural system, and 
equally clearly the proto-genitor of the Mediaeval church plan 
insofar as it was expressive of its structure. The combination 
of high vaulted nave and lower side aisles made possible inter­

nally the use of clearstory lighting on the most dramatic 
scale; and externally, in association with the massive buttresses, 

new concepts of forms are developed native to Borne, a J. in no 
fashion dependent upon Greek aesthetic inspiration. "Here 
then is the complete principle of equilibrium as used in the 
Christian vaulted church," writes Giavannoni 88 "The Mediaeval 

church is simply more fragile and lighter, having all its masses

87. Ashby. on. cit., (Criticisms) p.116.
88. Giavannoni, in Bailey, £11-, P«455*



cut up and pierced and even the transverse walls opened up by 
the arcades of the side aisles ..."

In one other respect Roaan vaulting nay be considered 
as a pioneering force, and that Is In the field of supports.
If In the ribbed vault the Honan established the principle of 
the concentration of loads, in a rudinentary, but ingenious way, 
ho also began to establish the principle - to be later developed 
by the lonbards - of the compound pier. Already in the piers of 
the Tabulariun we have a crucifom pier developed fron which 
spring the vault arches: and this interesting systen is devel­
oped further in the Basilica Julia, 89 whore in the angles of 
the cross-shaped pier additional supports are provided, fron 
which spring the diagonals of the vault. Thus we begin to get 
an articulated olonent in the supporting pier corresponding to 
each najor arch of the supported vault.

The developnent of the done, in t'e hands of Ronan 
architects, is another chapter in our story of the effect of 
the practical attitude upon architecture. Perhaps, as Blake 
points out, early successful experinents were node with half- 
dones, before the noro adventurous step was taken to erect the 

full donical roof. One of the earliest foms of roofs to 

round buildings is the concrete roof for the circular perip­
teral tenple, such as the tenple of Testa, Tivoli (1st century
B.C.) Cloister vaults, that is, ungroined quadripartite 
vaults, 9% "gradually nerging into a spherical cap, for poly­

gonal rooms with walls either flat or recessed into niches" 
form the next step in done developnent. Examples here are the

89. A note by Dr. Tan Deman eaya: "The Basilica Julia 
affords the earliest example preserved, although an 
old design shows their use in tho Poiticus around the 
Theatre of Marcellus." Bloke, on. oil., p.346, n. 43.

90. Ibid.. p.345.
91. See note 80, supra.



Donas iurea (Naro'e Golden Hoase) (64 _ 68), and the Dome 
4%astana (81 _ 96 A.D.) M .  The next sta^e i, the roofing

of a rotunda by the continuation and extension of the drun 
into a hemispherical done.

Here the nost renowned example ie the Pantheon, 
built in the tine of Hadrian (117 _ 138), the nost acbltious 
done successfully attempted up to that tine, and one of the 
nost satisfying aesthetically. The structure of the done is 
not fully known. The famous exanii-ation of 1892 only extended 
for twentythree feet above the inpost cornice of the done.
This examination revealed a structure of brick rings inclined 
inwards, with periodic courses of bonding tiles. The coffer­
ing is formed in these courses. The intrados of brick is 
covered with a lightweight concrete using volcanic scoriae 
(pumice stone) as its aggregate. Above this point the struct­
ural nature of the done is conjectural, but Bivoira believes 
it to bo a fair inference that the brick and concrete struct­
ure is continuous, Glavannonl is cautious, stating that 
■the real structure of the vaulting, fron above the relieving 
arches in the attic-story, is not exactly known 93^

but Ashby, writing several years later, suggests that "recent 
investigations have shown that, as Beltrami; suggested, the 
upper part of the done is built in horizontal courses inclined, 
inwards towards the interior, of pieces of stone some 30 on, 
in length," 94. MacDonald, summing up the work of the latest 

Investigators, is however still forced to conclude that "there

92. This account of the early development of the done 
follows Bivoira, on. clt.. (Eon. Arch.) Tor the 
Pantheon, see in particular pp.126 efc seq,

93. Glavannonl, in Bailey, op. clt.. p,45C.
94. Ashby, on. clt.. (Criticisms) p.122.



are unsolved pro"blone concerning- the structure of the 
Pantheon”. 95,

Even nore controversial at one stage was the 
question of whether there was a ribbed structure to the done. 
The tendency today is to regard the elaborate reinforcing 
systen of ribs, as shown in the drawings of Piranesi as a 
work of Inagination, and to consider the done as a ainple 
structure, 95.

One point which seers to the present writer to con­
firm the theory that there are no ribs is the pattern of the 
coffering. The coffers, if there is a ribbed structure, 
invariably constitute the ribs, at least in the vertical 
direction. Mow the coffers of the Pantheon done are relatively 
shallow; and, nore important, the nodule of the coffers bears 
no relationship to the nodule upon which the wall.structure is 
based. We have seen that the upperno st zone of the rotunda 
wall is divided radially into foicy equal parts. The vertical 
nenbers between the coffers, however, nunbor only tuentyeisht 
and there is therefore no coincidence between the two sets of 
units. Sow ix the coffers were ribs collecting the load and 

dire' ting it upon the walls, it would be reasonable to expect 
a correspondence between the radial walls and buttresses 
collecting the loads, and the ribs discharging then. 97• The 
failure of coffers and wall supports to coincide is t .us a

95. MacDonald, on. pit.. p.4.

96.

97.

ivoira, on. clt.. (Bon. Arch.), p.127; Oiavarmoni, 
oo. cit.: MacDonald, loc. oit.
s in the done of Santa Sohpia, where the forty ribs 

nAT-lean Journal of, Archaeolofa, XLV11 : 1943,



powerful indication that the coffers perforn no jurpose ns 
structuxal ribs.

Very little connent hac been nade regarding the 
structural oignificance of the open eye of the done, other than 
to nake the rather olvious point that by leaving out so nuch 
naterial at this crucial point, the weight of the done was con­
siderably lightened. It nay well be that the bronze ring around 
the eye of the done had structural significance, in that it 
acted as a compression ring - at least until the concrete had 

set, and perhaps thereafter. It is noteworthy that this is the 
only part of the bronze netalwcrk which has not been stripped 
fron the done. At this stage this met be only speculation, 
but it is a suggestion which perhaps deserves expert investi­
gation. Having successfully solved the problem of the done 
as roof to the rotunda, the Bo nans tackled the no re difficult 
problem of the done on the non-circular plan. On the one hard 
there is a stream of development which leads to the done with 
a continuous intrados, that is one where pendentivee and done 

belong to the sane sphere; this development reaches its full 
stage with the fifth century Bavonnato donos of Oalla Placid in 
and the baptistery of lloon, by way of oarly examples, in a 
rather nore indefinite form, in the tines of Septimus Sovarus 
and Caracas la (193 - 217), such as the baths of Caracalla.

The other stream of development culminated in the done 
on the fully developed spherical pendentive, which appeared for 
the first tine on a large scale in the 6th century at 6. Sophia. 
By comparison with that Byzantine achievement, Bomac pendentives 
were primitive: Out they were the essential preliminary steps
which made the climax possible. In its most elementary form, 
we get the done with the pendentives in the centra] room of the 
Bonus JLugustana, (0. 90 A.B.) which are described as "a very 
low pendentive done starting from pointed bases or springers 
(a sort of rule triangular raccords or pendentives) which are
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flat instead of bellying out like a sail with the wind, and 
pass imperceptibly into the done itself." 98» For the first 

recognizable prototypes of the fully developed pendentive, as 
against the nerging pendent ive, we have the two tonbs, one known 
as "Sodia del Diavolo", and the one near the "Casale del Pazzi", 
on the Via Nonentana in Rone. Rivoira 99 considers then to be 
the earliest example of the true pendentive, although - because 
of their flat section - they are not perfected.; and Swift says 
of the pendent ive s of the latter; "Indeed, were it not for their 
comparatively small scale, extravagant claims night well be 
advanced on their behalf."

Although the origins of the dome on pendentives may 
thus be seen in embryo in Rone, the nore significant fact is 
that, having the secret within their hands, the Romans did not 
proceed to develop it on any large scale. The critical factor 

is that, with the technical ability, and with the basic problem 
at least well on the way to solution, the Romans yet preferred 
not to persevere with the done over the square conpartnent.
Does this signify a vital and uncharacteristic failure of nerve? 
It is difficult to believe that this was so.

We must seek an answer to this enigma; and perhaps may 
find a clue in the sensitive writings of Hope Bagenal. Bagenal 
contends that the Romans knew and understood th? principle of 

the pendentive, and had used it, as we have shown, in several 
small structures. However, they preferred as a logical support 
to the dome, the radial rather than the square plan. He goes

98. Rivoira, on. clt.. (Ron. Arch.), p.108. See also fig. 
122, for a photograph whose quality does not permit 
adequate reproduction here.

99. Ibid.. p.273.
100. E.E. Swift, Roman Sources of Christian Art. Now York, 

Columbia University Press, 1951, p.119.



on to clainj "The Romans alone distinguished clearly between 
the plan systems appropriate for done and vault. When they 
wished to cover a radial space they used done; when they wished 
to cover a rectangular space they used groin vault." 101.

This argument has an irresistable force of logic.
The desire to set a done upon a square plan is purely formalist 
in notivation. There is no practical reason for wishing 'o set 
the done of the Pantheon on top of the Basilica of Maxentius, 
as was the formalist ambition of the builders of St. Peter*a 
Although such a problem requires a hi^i degree of inagination 
and technical skill for its solution, it embodies an irrational 
ambition. A practical nan would say that the dome and the square 
were incompatible, and would seek to solve the problem by marry­
ing the appropriate vault to the appropriate plan. The failure 
of the practical Ronans to explc ' .e pendentive done thus 
becomes completely explicable.

The technical problems which were associated with the 
construction of the done itself, also received the Romans' 
attention. We have already discussed the nature of the Pantheon 
done, where contrary to popular opinion there are no ribs as 
such. However, this form of construction, with its attendant 
advantages, was devised by the Ronan builders, We find ribbed 
construction in the done of the calidariun in the thermae of 
Agrippa (as rebuilt by Alexander Sever us (222 - 235); *02 

later it plays an important part in the dome of the temple of 
the Minerva Medica built in the tine of the Licinian Bnperors 

(253 - 268).
This latter done is most Important in the history of 

done construction, because it demonstrates an early use of the

101. Bagenal, on. cit., p.765.
102. According to Rivoira, o p . cit.. (Bon. Arch.), p.128, 

this was the first tine that ribbed construction was 
used ii\ a done.



pendentive, 103 and also its drun is raised on a range of semi­
circular recesses, 104 thus raising it above the level of the 

supporting structure, and initiating the chain of lofty donas, 
rising even higher, to culminate in the cupola of St. Peters.
The first done on a circular arcade, another step forward in 
structural technique, is achieved at the twilight of the Empire, 
for instance in the Mausoleum of S. Co stanza, at the tine of 
Constantine (334 - 336). 105.

In one other respect, Honan domes reveal a high degree 
of technical efficiency, and that is in the use of light wei^it 
construction, both in the use of light weight material (such as 
punivie concrete, in the Pantheon) and in the use of terracotta 
amphorae. This latter systen, the basis of the Ravenna domes, 
has Roman precedents. According to Rivoira, these ore: a 
"rudinentary specimen11 in the calidariun of the baths of 
Caracalla, and a developed and systematized use from the tine 
of the Gordians(336 - 344) 11 which reveals a clear construct­
ive and static intention, namely lessening the thrust of the 
vault where the curve is most pronounced ...." 106.

According to Oiavannoni, these amphorae were sometimes 
inserted into the mass of concrete at random, as in the baths of 
Stabiae at Pompeii, and sometimes in a regular and systematized 

manner, especially at Pompeii and the provinces. 1°7*
Wheeler expands the reference to the provinces, by the 

examination of some important examples in Roman Britain. 108.

103. Anderson, on. clt.. 32.
104. Rivoira, on. cit.. (Ron. Arch.), p.273.

105. Ibid.. p.273.
106. Ibid., p.178.
107. Ctiavannoni, in Bailey, on. q H. , p.448.
108. R.2.M. Wheeler, "Rotes on Building Construction in 

Roman tain / "The Journal of .Roman Studies,
22 : 1932, pp.128-9.
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Eollov 'bo?i»tile ribs spanned, the forty feet wide bath at Bath,
and wore covered by roof tiles; and similar box-tile voussoirs
were found at many other Honan sites. Ribbed vaults of another
sort were found at the bath building at Chesters, on the
Hadrianic wall. According to Brewis 109 two rooms of these baths

wore probably spanned by arched ribs constructed by tufa 
voussoirs, the light weight of which had a proportionately 
light thrust. These ribs were spaced a foot or so apart, 
and the intermediate spaces were spanned by a double set of 
tiles carried by the ribs. Between the tiles was left a 
space of stagnant air, which had no thrust, and, like a 
hollow wall, was a poor conductor of heat.

ROMAN E B G i m m i m .

The Ronans were the first of the nations of antiquity to 
cover the entire field of engineering works; others, the 
Assyrians, the Egyptians, the Phoenicians, the Carthaginians 
had before then directed their efforts to certain isolated 
branches of public utility; the Ronans developed then all. 110.

In this section we will look at sone of the Honan tech*, 
niques of road making, bridge building and water supply as exemp­
lifications of the Roman practical attitude, to show that these 
important fields of activity are stamped with the characteristics 
of a practical approach and, reciprocally, to learn something 
further from the monuments of the nature of that attitude. These 
axe selected examples, and do not cover the whole field of Roman 

engineering.
Road building was an instrument of Sfcpire: it was 

primarily a channel for facilitating administration, maintaining 
law and order, easing troop movements, and promoting commercial 
exchange. It was concerned with serious matters of efficient 
government, and the proper design, construction and maintenance 
of a ramified Imperial roacUnetwork received a commensurate 

degree of bkill, thought, labour and money.

109. Arp.haeoloeia Aeliana. Till, 1931, cited by Wheeler, 
Ibid.. p.139.

110. A. Leger, %es Travaux Publics aux Tamps d^s y m ^ q ,  
la Tradition Romaine iusou'a nos Jours. Paris, 1̂ .. ,



Vitruvius 111 shows the consolidation of a technique 
of ’floor making1 in early Imperial days, and his description of 
the strata of the floors gives us a literal specification, of 
the Homan road. 112. Pliny also discusses the topic, hut with­
out adding to our knowledge. H3. Statius the poet gives us 
a graphic description of the "building of p major highway in the 
time of Domitian (C. 90 AJ3.):

now the first stage of the work was to dig ditches and to 
run a trench in the soil between them. Then this empty 
ditch was filled up with the foundation courses and a water­
tight layer or hinder and a foundation was prepared to carry 
the pavement. For the surface should not vihrate, otherwise 
the base is unreliable or the bed in which the stones are 
rammed is too loose. Finally the pavement should be fastened 
by pointed blocks and held at regular distances by wedges. 
Many hands work outside the road itself. Here trees are cut 
down and the slopes of hills are bared; there the picta 
levels the rock or creates a leg from a tree; there clamps 
are driven into the rocks and walls are woven from slaked 
lime and grey tufa. Hand-driven pumps drain the pools 
formed by underground water and brooks are turned from their 
courses. 114.

Here we are not only given the specification in 
principle for the construction of the roadbed, but the wider 
picture ii painted of the $ast scope of all the auxilliary 
tasks. An impression is given of the organization required

111. Vitruvius, on. cit.- Vll ; 1.
112. Ashby writes: "We have a description in Vitruvius of 

how a road-bed should theoretically be laid, and a 
section corresponding to this description has been 
found on the Via Appia. -at in the vase majority of 
cases in the Roman Campagna the paving stones, massive 
polygonal blocks of lava (known as selce. and still 
used for paving in Home), are laid almost direct on 
the volcanic soil or rock, and I have hardly ever seen 
what might be called the ideal or theoretical section 
in any Roman road."
T. Ashby, The Roman Oampagna in Classical Times. 
London, Ernest Bern, Ltd., 1927, p.42.

113. Pliny, or. cJt.. XXXVI, 25.60. 184-6.
114. Forbes, or. clt., (Man the Maker), p.72. Mich of 

the factual information in this section is derived 
from this source, and from &est, or. cit. The 
inferences drawn are of course those of the present 
writer.



to co-ordinate the earth works necessarj* for the preparctlr n 
of the site, the associated building tasks, and the considerable 
problem of drainage of surface and subsurface waters, i-b'it 
important of all, we sense the mounting enthusiasm of the poet 
in the face of this splendid achievement. As in the document­
ary films of recent times, we are shown the power to move the 
poetic spirit which is contained in sagas of achievement; and 
how the mundane, practical tasks are invested with an aura of 
romance and excitement. Deep-rooted indeed is the practical 
spirit when the heroes of the poets include the highway engineer.

&ost givoo us a description, based upon the ancient 
authorities and the work of Leger, Burr and others, of what 
night bo called a typical road bed. H 5» Upon a consolidated 

sub-graio a bed of sand four to six inches deep, or alter­
natively a mortar bod one inch thick, was laid. This layer, 
called the navi men turn. formed the foundation for four layers 
of masonry. These were - the statunen: squared stones laid in 
mortar or clay, usually one foot thick; the rudus; a concrete 
bed, with a coarse aggregate of small stones, consolidated to 
about ten inches in thickness; the nucleus: a concrete of much 

finer texture, one foot to eighteen inches in thickness, laid 
in successive layers and rolled hard; finally, the sum mum 
dorsun or summa crusta. a topping eight to twelve inches thick, 
varying in material according to locality. Generally, in Italy, 
this top layer was of ailex (lava), or other hard stone, close 
jointed. Occasionally, concrete was used; on minor roads, 
gravel; in Britain, sometimes flint stones laid in cement on 
a gravel bed; near iron forges, cinders might be used - and 
many other instances of Roman adaptability to local conditions 
and variations in usage , Forbes tells us of Roman roads

115. Oest, on. clt.. pp.110 et seq.
116. To/bes, on. clt.. (Man the Maker) p.74.
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in Britain where, because of soft subsoil conditions, the roads 
were built on a pile foundation; and of roads in Italy carried 
through in a concrete troû Ji, because of the corrosive action 
of vc>leanic waters in the subsoil of a particular region.
With a total thickness of 3 to 5 feet, these Roman roads have 
rightly been called "walls on the flat." 117• Such thickness 

may be considered excessive, and narked by that heaviness of 
construction, that massiveness, which is so characteristic of 
Roman building; but, under severe conditions of wear, we are 
told that they gave from 75 to 100 years usage, a life far in 
excess of modern roads carrying rubber-tired, rather than iron- 
tired, vehicles.

In design as well as construction those roods were of
technical interest. They were well cambered. They varied in
width accv. .ing to importance and situation. Barrow roads were
common, but the 6 foot width of the Alpine duller Pass must
have been exceptionally restricted. We are told how, even

in adverse circumstances, a road on the Danube "partly cut into
the cliffs that rice sharply out of the river, and partly built
on a wooden scaffolding built into the rock," maintained its
normal width of 12 feet. 130• Cast talks of main roads being
usually 15 or 16 feet wide, 121 while Forbes says that

in the Imperial period it was common to .ind main highways 
80 feet wide, having a main road surface of 40 feet with 
two sidewalks of 20 feet each, separated from the middle

117. Ibid.. p.73.
118. loc. _cii.
119. Oust. oo. cit.. p,,112.

120. Forbes, oo. flit.. (Man the Maker), p.74

121. Oest. loc. cit.



noveaent of troops. 122•

The straightness of the Honan road is proverDial.
Khen changes of direction had to he node — generally on high 
ground, or at stattones - short radius curves were used. These 
straight roads, because they neglected to adapt to the natural 
contours of the ground, inposed severe practical linitat ions, 
and gradients of 10 per cent were frequent, while even 15 or 20 
per cent inclines were found. In view of the disadvantages 
arising out of the straight road, its use by the practical Romans 
ever ready in other spheres to adapt to the exigencies of the 
occasion - raises interesting questions. An answer to those will 
be attenpted in the later section dealing with Synbolisn. The 
severity of gradients arising out of this lack of consideration 

of the lie of the land was aggravated.. by the consistent Honan 
refusal to excavate their roads, and so tenper the rise. In 
Britain, this practice was taken to such lengths that roads were 
usually on cribanknents, even on the suaait of a hill. 123. Two 

reasons for this practice have been suggested, both utilitarian, 
iron a military point of view a raised road prevented a surprise 
attack on marching troops; and from a climatic point of view a 
road above the general grade was much less vulnerable to flooding, 
icing and blockage by snow. 124.

Although the Romans had some basis of existing roads, 
particularly in Persia, upon which to build, yet the extent of

122, Forbes, on. cit.. (Man the Maker;, p.74-5.

123. Gest, on. cit.. p.114.
134. This does not hold good for Italy, particularly in tho

vicinity of Rone, Consequently, on the roads of tho 
Conpagna, whore nei her snow nor tho onemy is anticipated,
we are told by Ashby, on. cit.. (Ron. Camp.), p.43, that 
cuttings through tho hills are frequently found.



their highway system cannot fail to impress. 125.

We are told by Stevenson of the great impression made 
upon his imagination

when in a road-book of the Homan Bnpire he studied the lines 
followed by the great trunk roods which traversed it from 
end to end - the road from Milan to Boulogne by '-.he Oottian 
Alps, and Rhoins, or the road which ran from the sane city 
to Alexandria by way of Aquileia, Sirniun, Constantinople 
Niconodeia, and Antioch. 126.

The location of some of these roads imposed particular 
problems, especially in cases such as the Alpine passes, of 
which many were constructed. Some of these boar farm us names 
today, such as the Little and Great St. Bernard passes, and the 
Brenner into Austria. A fine practical sense of location is 
shown in these roads, in relation to topography and meteorology. 

Iter instance, many mountain roads are built on the sunny side of 
the slope, to avoid disaster by avalanche, 127 and we are told 

that "the Roman road ovortho Bernardino is used in winter and 
spring in preference to the modorn road, which is frequently 
blockaded by snow drifts which the Roman road avoided by its 

better location." 128•
Roads such as these in difficult terrain often necessi­

tated considerable construction work. We have already seen how 
half tho carriageway of the road along the Danube was carried on 
a projecting timber framework strutted off the cliff face.
Often retaining walls were built, and sometimes the road was

125. Gest, o-D. cit.. p.109, gives the total of three hundred 
and seventy-two highways, listed in the Itineraries of 
Antoninus, as approximately 50,000 English miles — and 
these are main roads only. Forbes, op. cit.. p.76, has 
calculated that the total length of all paved roads in 
the Itapire was the fantastic figure of 180,000 miles.

126. G.E. Stevenson, "Communications and Commerce," in 
Bailey, pp. git., p.141.

127. Forbes, o p . cit.. (Man the Maker), p.74.
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oarriad on an orcadod causoway. 129• On tho Appian Way, "there 

ia a levoe over six hundred feet long and thirty-six feet high, 
with poperino side walls, pierced by three arched culverts;' 130.

The noat inportant structures associated with roadways 
were the bridges. Wo have already seen sonething of Honan 
daring in bridge building, when we exanined Honan tinber struc­
ture. However, the perishable nature of tinber gave it a 
tenporary character incompatible with the Honan search for 
enduring forn; and it is in the no re durable materials of stone 
and concrete that the Honan bridge establishes its claia to 
the admiration of posterity.

Tho two fundamental problems of bridge design are the 
span and the support. Within the limits of Honan technology it 

was possible to aim at larger spans with fewer supports, or 
snail spans idth multiple supports. Each solution had assoc­
iated problemj.

Tho largo span, especially as it was built on the true 
arch system with stone voussoirs, exerted considerable lateral’ 
thrust on the abutments. Generally Honan engineers avoided this 
problem, and resorted .t6 the multiple pier solution; but we do 

nevertheless have many notable large span examples.

These great spans are tours do force of stone oon-

139. Ibid.. p.112.
136. Ibid.. p.113.
131. Gest, ibid., pp.163-5, tells us of a bridge over the

River Tornes, at Salamanca, with 27 arches each of 66& 
foot spf«n, 16C feet high; of the bridge at Alcantara 
over the Tagus, constructed by Trajan about 109 A.D., 
with six close-jointed atone arches, the two largest 
spans being lll| and 118 feet, with a total length of 
603 feet, end a height above the river of 175 feet; of 
the fourth century Pons Salarius over the. Anio, with a 
central arch span of 87^ feet; and of the great bridge 
at llarnia on the Tlaninian Way, whose ruins indicate a 
centre span of 129 feet. The reconstructed drawing of 
this latter bridge in 0holey, ou. oit.. plate XXL, 
indicates a clear span between abutments of about 118 
feet.



straction. The erection of the centering alone, at vast 

heights above water level, must have set the Honans incredible 
structural problem. Perhaps it is these problem of centering, 
which deterred then fi*on using concrete as a prinary moans of 
construction. Vo do have examples, however, of composite coin­
struct ion. The bridge at El—Kan tar a constructed by the agineers 
ofthe Third Legion consisted of three double arches of asonry, 
the spaces between being filled in with concrete. 132. The bridge 
of St. Jfertin, in the Val d'Aosta, a single arch 105 feet across, 
is also composite. nA peculiar feature of this bridge is the 
construction of the vault which is built in parallel rings of 
stone mascrry, ouilt independently and some distance apart, 

with four intermediate rings of concrete.” 133e Building in this 
way, it is possible to support one ring at a time, thus facili­
tating considerable economies in the centering for the stone 
arches: and when they were in place, they in turn would support 
the simple soffit shutter ing of the concrete infilling, in all 

a cost ingenious solution.
It is possible that it is this problem of centering 

which accounts for the extraordinary construction of the Pont 
du Oard at Nines, where the arches of the lowest tier are in 
four parallel masonry rings, not bonded together in any way, *3* 

and the intermediate tier is in three such rings, with only the 
top tier of small arches being continuous throughout their width. 
The lower two tiers of arches have variable spans, ranging from 
50 to 80 feet, and a separate system of centering was necessary 
for each span. By the system oi independent parallel rings, 
however, it was possible to build one ring of each span size, 
then move the scaffolding across to the next ring, and so on,
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thus reducing the centering hy 75$. The uppernost tier however, 
consists of arches of uniform span, namely 11% feet, and here the 
homogeneous arch is completely logical, as it is possible to novo 
the entire shutter from arch to arch. The design of this great 
structure is thus completely adjusted to the methods of construc­
tion.

In arch altogether of concrete, although it would have 
restricted the lateral thrust upon the abutments, would have 
involved considerably greater erectim problems at these great 
heights above water, and it is presumably for this reason that 
concrete bridges were not developed to a degree commensurate 
with vaulting in building. We must remember, however, that 
bridge-building in stone was an established art in Republican 
times, before the development of concrete structure in build­
ings, and if we are surprised at the retention of masonry 
techniques, re are underestimating the tenacity of Roman 

traditions.
The alternative to the large span construction is the 

multiple small span bridge. This constitutes the normal type 
of Roman bridge. Although it avoids the dramatic structural 
problems of the large span, it raises new problems, the success­
ful solution of which equally testifies to the practical skill 
of the Roman engineer. We must realize that the building of 
supports in a river is a difficult problem, one which h^d not 
been faced by earlier civilizations, which had resorted rather 
t '•he clumsy solution of diverting the river. The more 
supports a bridge has, the greater is the multiplication of 
this technical problem. Furthermore,, there supports impede 
the flow of water; and to cope adequately with this problem 
necessitates a careful study of bridge heights and pier design.

The Romans wetu aware of the implications of these 

problems from an early time. One of the ways of sinking a pier 

was by the building of a coffer-dam. Vitruvius writes:



pien. In tne place previously determined, a cofferdam, with 
its sides formed of oaken stakes with ties between them is 
to he driven down into the water and firmly propped there; 
then, the lower surface inside, under the water, must ho 
xevelied off and dredped, working from hearns laid across; 
and finally, concrete from the mortar trough - the stuff 
having teen mixed as prescribed above - must he heaped up 
until the empty space which was within the cofferdam is 
filled up hy the wall. 13o«

&ost considers that the possibilities Inherent in the 
cofferdam could not fully he exploited hy the Romans, because of 
their Inadequate pumping facilities, 136 and claims that, observ­
ing that the pier was thus a potential source of failure, they 
compensated hy enlarging both foundation and pier size. This of 
course aggravated the obstruction of the waterflov. To overcome 
this obstruction, bridges were made hi^i above the water level, 
with steep a '\es, to give adequate clearances; the piers 
were usually i to an acute angle, to facilitate the flow
of water; and v i were frequently made in piers and abut­
ments, to rt water >ressure. In addition, we see in many
of the bridges and aqueducts, that the sizes and spans were not 

equal, but Increased towards midstream, where the force of the 

flow was the greatest.
Before leaving this question of pier construction, we 

must refer briefly to one other technique, namely the system of 
caisson foundations. Gest considers that the piers of Trajan*s 
bridge over the Danube were made by sinking barges filled with
concrete 1 #  and thus constitute a prototype in principle of the

modern caisson. Giavannoni cites the ruins of the harbour of 
Civitavecchia, which show "the system of ca dsson-foundations, 
filled with concrete and sunk in the sea by means of rafts".

135. Vitruvius, on. cit., V : 12 J 3.

136. Gest, on. cit., p.159.
137. Ibid.. p.162.

v: 138. Giavannoni, in Bailey, on. cit., p.463, n.2.
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Eie BDnans oaK.not be said to have solved all the 
problens of brii^e build Ik ,i. However, they can clain to have 
advanced the art considerably, in conporison with, earlier civil­
izations; and w3 can only ofrea with Oiavarmoni 139 that nodern 

technology shows a direct line of developnent in bridge-building 
of the basic pr Lnciples established by the Ronans in centuries 
of vigorous bul.din^; and courageous experinentation.

Tfe ha-no already nentioned the Pont du Sard. This 900 
foot long, three-tiered bridge over the valley of the Garden is 
a bridge for a purpose other than road conmnication. It was 
designed to cariy the aqueduct of Hines. This aqueduct is but 
one of the "indj spensible structures carrying so nany waters" 
of which rronticus was so justifiably proud. Pron these aque­
ducts we learn about two aspects of Honan practical endeavour, 
for they are in part an exercise in structural skill, and also 
depend upon a ccnnensurete level of hydraulic engineering 

ability.
Mlowing upon oux oonnents on Honan bridge building, 

we nay expect those ports of the aqueducts which were carried 
above ground level to provide opportunities for an exhibition 
of Honan daring. Hor are our expectations disappointed, when 
we stand at the outskirts of Bone, and the splendid ruins of 
the Aqua Glaudia evoke a picture of the great arcaded struc­
ture narching for six niles in noble rhythc across the Canpagna. 
Squally inpresslve nust have been the Ponte Lupo, which carried 
four aqueducts across the valley of Aqua Hossa. Extender at 
various tines over three centuries, it eventually stood sone 
105 feet high and 46 feet wide - incorporating a bridle path 

and a wagon road — and was 508 feet long,
If these great structures invite our admiration, we 

nust remember they are but part of a vast ays ten of water supply

239. Ibid.. p.463.
140. Oast, op. clt«. pe33*

L

*
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wMoh in its own \my, a less spectacular way perhaps, is equally 
indicative of Roman achievement in practical natters. Sextus 

Julias Frontinus, ̂ uratpr aguarus. appointed as superintendent of 
Rone«s water supply in 97 A.D., gives us in the introduction of 
his classic De ̂ quis Urbis Ronae an indication of the vast scope 
of the prohlen of water supplv to a great city. He writes;

And that I nay not hy chance onit anything which is requisite 
for a comprehension of the whole subject, I shall discuss the 
names of the waters brought to the city, the persons who 
brought then and the dates, the sources of the aqueducts and 
their lengths, the underground channels, the masonry substruc­
tures, and the arches, the hei^it of the aqueducts, the size 
and number of taps, the amount of water conveyed by each 
aqueduct, the delivery tanks and the distribution of the we cor 
within the c}ty, the construction and maintenance cf the 
aqueducts. 141•

This catalogue of aspects indicates the range of prob­
lems from source to utilization which confronted the Roman 
designer. It is not our intention to expand upon this list of 
attributes here - the worthy Frontinus has done that adequately 
enough. It is our object rather to discuss one or two specific 
problems in water supply, and to try and deduce from the way in 
which the Roman engineers handled them something further of 

the Roman attitude.
There are two principal means of conveying *iter from 

a hi^i source to a lower point of ooi.sumption. The first way 
is to strike a direct line between the two points, giving the 
pipe line an even gradient. Where it encounters an obstacle 
such as a hillside, it tunnels through; where it strikes a 

valley or a gorge, it bridges over. This gravitational way is 
the way of the aqueduct, this way is, with certain exceptions.

141. Frontinus, De Aauis Urbis Ronae. cited by Oest, ibid., 
p.66, Apart from Gest's useful summary, the funda­
mental work, dealing wl*h the aqueducts of Rome ic J- 
T. Ashby, The Aqueducts of Ancient Rome, ed. by I.A. 
Richmond. B.B. van Daman's sister volume is alse 
reputed to be of great merit, but the present writer 
has not had the opportunity of Inspecting the latter 
trork.
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the Honan way. The alternative nethod is to rely, not upon 
gravitation, but upon water pressure. It allows the pipe-line 
to follow the natural contours ouch nore closely; at a river- 
gorge it drops in a pressuro-pipe, and is forced up the other 
side. This is the systen of the syphon.

We have already seen an early use of the syphonic 
principle at per gaum, 142 where pressures of up to twenty 
atnospheres were encountered. A branch of the Aqua Claudia, 
extended by Donitian to the Palatine Hill, incorporated an 
inverted syphon, consisting of a twelve inch dianeter lead pipe, 
under a head of 140 feet. "After this inverted siphon had been 
in service considerably ever one hundred years," we are told, 
"the Enperor Septiniun Soverus had it replaced by an aqueduct 
bridge ...." 143. Other examples of syphons include an inverted 

syphon across the Rhone, and one at Altari, reputed to ha*,e been

subjected to a head of 340 feet.
The nost inportant exanple, however, was the Claudian

aqueduct to lyons, which had several aqueduct bridges.
It is nost notable, however, for having three sets of 
inverted siphons. The first, crossing the valley of the 
Oaron, would have required, according to Icger, an aque­
duct bridge about two hundred and fifteen feet high with 
four or five tiers of arches, the highest tier nearly 
fifteen hundred feet long. The inverted si-hon was conposed 
of nine lines of lead pipe, ei$it and five-eighths inches in 
dianeter and one and six-tenths inches in thicknes- of netal; 
the descending and ascending branches were carried on msonry 
on a slope of about forty-five degrees; at the middle of the 
slope the number of pipes was increased to eighteen and the 
size reduced to six and five—eighths inches to resio« the 
increased pressure; the level portion of the siphon, or, as 
Vitruvius termed it, the venter, was carried across the valley 
on a masonry bridge of thirty arches about fifty feet high.

142. See the discussion cn the origins of the practical 
attitude in the previous chapter.

143. Qest, on. cit., p ,82.
144. Ibid., p.92.
14c. Ibid.. pp.91-2.



Geat continues to describe a second syphon on this aqueduct 
designed on similar principles, and Deviating a bridge three 
hundred feet high; and yet a third, also on similar lines.

The advantages of a pressure system of hydraulics
based upon inverted syphons are obvious. The saving in masonry,
and consequently in labour, by replacing high and difficult-to-
construct bridges with r< U  id -sly simple pipe systems seams
daciuive. The shortening o ’ water-line in conparip- o the

to avoid
frequent diversions of the gravity systen,/upgrados and unbridge- 
aole or inpenetrable obstacles, must also be acknowledged an 
important factor, lad yet, such systems are the exception in 
Soman aqueduct design. They are used where circumstances make 
it practically impossible to build a bridge; elsewhere they are 
generally avoided, because such pressure -ipes were expensive to 
build and repair. 146, Where it is • .possible to replace syphons 

by aqueducts, this is done, even at great cost. We have seen, for 
instance, that Septiidna Sever us replaced the syphon on the branch 
water-line to the Palatine; and we are told that the syphon of the 
Fergeumn system was replaced in Homan tines "by a jysten of aque­
ducts, which was more reliable." 147.

The preference for a gravitational system is thus partly 

based upon practical considerations. Stone conduits were inade­
quate to withstand high pressures; terracotta and wood, also pipe 
materials of those days 148 were hardly suitable for either the 
pressures or quantities involved, although they were used for 
moderate pressures. 149* Lead pipes were used, as we have suen 
at lyons, but "tne Homans had not the facilities for making lead

146. Torbes, "Hydraulic Engineering and Sanitation", in Singer 
or. cit.. p.672.

147. Ibid.. p.669.
148. Oiavannoni, in Bailey, or. cit.» p.467.



■ 102 m

pipe of the larse size required, and of sufficient strength and 
reliability, nor even in sufficient quantity, for so long a 
line 1^0 • it is true that the Bo nan nethod of pipe nanu*

facture was laborious, in that it involved casting a sheet of 
lean, cutting strips fron the sheet about four feet wide, bending 
these around a wooden fomer, and soldering the joints. 151» 
However, it is doubtill whether the quantity of pipes involved 
would have deterred thv ".xonans, for there does not appear to 
have been a lead shortage. The quality of pipe,. however, and 
particularly the skill required in naking the Joint, nay have 
been a more potent deterrent, The dangers of lead poisoning 
were well known to the Bo nans, but this did not stop the wide­
spread use of leacUpipes in local distributing systens.

We know that bronze pipirg was used occasionally in 

the villas of the wealthy, and that bronze fittings were 
connon. 153, >fe must therefore ask: could bronze not have been 

used for the syphon piping? Forbes disposes, perhaps too fact- 
lely, of this question, by stating: "Bronze pipes were too 
costly for connon use.K 154» let we know that Honan production 

of bronze was on a very large scale, »nd copper and bronze were 
itens exported to all corners of the world, even as far as to 
India, b> Bone. :-55» We also know that bronze pipes had boon 
successfully used in water supply before, in the pipeline fron 
the rialniand to the Phoenician island of Tyre. Finally, in the

150. Ibid. , p.105.
151. Forbes, (Eyttf, Sng.; in Singer oa^i^., p.665.

152. Me.. fit
153. Loc. c #
154. Ico. ,S&±

155. Forbes, "Metallurgy", in Singer, SJk-Sit.*# P»o3»
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question of cost wo have to set off the cost of the lengths of 
piping involved against the cost of the nulti—tiered aqueduct 
bridges: and on those grounds decide that cost alone could not 
have been the determining factor.

We nay perhaps suggest that the reason why metal pipes 
were not developed into an ade pate pres sure-pipe system was due 
partly to the fact that the Homans were not advanced in the field 
of metallurgy, particularly in its theoretical aspects; 156 
partly due to the lack of theoretical knowledge of hydraulics, 
which together with the cumber so me Honan arithmetic made it 
difficult for then to calculate pressures with accuracy; 
and partly due to a preference for the visible aqueduct as a 
more imposing symbol of achievement - a point we shall discuss 
at greater length in a subsequent chapter.

In respect of hydraulic knowledge, it is interesting 
to see Gest's coraonts on the inaccuracy of TrontJnis1 calcula­
tions regarding the total water supply of Homo. Althou^i
he concedes that Front, nis was not altogether unacquainted with 
the basic principles of hydraulics, yet in making his calcula­

tions and arriving at a daily consumption of 270 m. gallons, 
JVontinus makes assumptions that are fundamentally unsound.

For instance, he
assumed that the discharge of an acquoduct was equal to the 
total discharge of a large number of small pipes whose com­
bined cross-sectional areas were equal to the cross-sectional 
area of the aqueduct, which is far from correct; and he also 
failed to take into account the effect of the velocity of the 
flowing stream on the rate of discharge

These points are not merely academic. They result, together with 
other factors not taken into account by Front: nus, in an error of 

over 300 per cent.

156. Ibid.. p.41.

l 0 7 ' con sid erab ly^ from  predicted S l l t i o n e . "  Gest, op,._clt.,
p.466, n. 4.

158. ibid., pp.97-S.



Jinpirical knowledge. In a field such as hydraulic, 
which requires precise calculation, and where tolerances of 
performance (in the nature of the materials used) are very 
small, is obviously not enough. Theoretical knowledge culmin­
ating in scientific precision is needed; and a bias towards 
theory is not, as we have seen, a Soman characteristic. 
Tolerances in design in stone, on the other hand, are comfort­
ably large; and the Homans, who have a long tradition of masonry 
construction, be it in stone or concrete, turn instinctively to 
construction rather than to science or mechanics, to solve their 
problems. Even Oiavannoni is forced to concede that, in the 
question of water supply, "the Homans showed themselves greater 
as builders than as experts in hydraulics."

It oust be made clear that the choice did not lie 
between a faulty and suspect syphonic system on the one hand, 
and a fool-proof gravitational aqueduct system on the other.
The system of aqueducts normally adopted by the Homans had its 
own share of design and technical problems. Most of these 
problems were related to the diffic'ilty of making the channel 
watertight. Both settlement movements of the supporting arches 
(stable enough in themselves) and expansion due to the exposure 
to fluctuating temperatures over tremendous lengths, caused 
cracking of the jt^ecus, and histoi ians and inscriptions record 

a constant series of repairs and renovations at frequent 

intervals. 160.
Such was the force of the motivations for the aqueduct, 

and against the syphon, those motivations of attitude which we 
have discussed above, that, lespite all these difficulties the 
Ronanv persevered for centuries with the structure cf the great 
aqueducts. They were magnificent practical achievements, but

159. Oiavannonl, in Bailey, on. cit.. p.467.
160. See the comments of Oast, op. cit., pp. i01“3» “Jd..

Oiavannonl, in Bailey, on. cit., p.467, for validation
of this point.



not a victory for science. They were the solutions of an 

empirical evolution, not of scientific investigation based upon 
theoretical knowledge. The Romans were faced with groat practi­
cal difficulties in both systems of water-supply. Kad thoy 
chosen, they night have conquered tho problems of the hydraulic 
system; but they avoided the scientific and intellectual implic­
ations of that approach, and chose rather to follow the practical, 
empirical path of great construction. Seen in this light, their 
choice is not arbitrary but inevitable, the logical outcome in 
building of their whole attitude, wQ shall see evidences of 
this in other matters too.
SERVICES.

We have spent some time in a detailed consideration of 
the Honan practice attiti -s exemplified in the primarily 

structural aspects of building and civil engineering. To carry 
our study of the utilitarian aspects of Roman architecture 
further, we must now consider the application of the practical 
attitude in what are known as technical services. Biese services 
include the reticulation of water to individual buildings; 
drainage; and heating. Because it is perhaps the most complex 
technical problem, let us take the heating of buildings as a 

ease study.
The first important improvement upon the traditional 

hearth as a source of heating came with the development of the 
coal pan or brazier. Despite its obvious disadvantages - the 
escape of the waste-products into the room, and the danger of 
carbon monoxide poisoning if used in inadequately ventilated 
spaces - the brczi^r was usod extensively in antiquity. 161e 

Although Krell's researches indicated thrt braziers were

161, Neuberger, op. cit., p.252.



comparatively effective In h e a t in g  l a r g e  s p a c e s , 162 y a t  g en ar_ 

ally such an open eye te n  o f  h e a t in g  m a t  he re g a rd e d  a s  i n e f f i c ­

ient.

It is interesting, therefore, to  see  the Bo nans develop­
ing a more controlled systen of heating buildings. The brazier 
was an elaboration of, but not a departure in principle fron, the 
earliest primitive systen of heating. The hypocaust, which 
replaces it, is the beginning of a new era in heating techniques: 
in principle, it belongs to the nodem age. The heating principles 
of the hypocaust systen are explained by Thatcher in a aost inter­
esting paper. I63* Hypocaust heating is a forn of radiant heat­
ing, dependent upon a heating nediun consisting of a nixture of 
snoka, combustion gases and excess air derived fron an open fire. 
The hypocaust itself must be regarded as a chimney in a natural 

draught system, generally running horizontally under a hollow 
floor, with the hearth at one end and a vertical exhaust flue at 

the other.
As this system developed fron its beginnings in the first 
century before Christ, the number of vertical flues was 
increased until they lined the walls of many heated rooms.
The walls, as well, then became heating surfaces and rooms 
of high temperature had both a warm floor and warn walls, 
while rooms of lower temperature continued to have unlined 
walls and only a warn floor. Moreover, there is evidence 
of a few installations where yen the vaults were lined with 
flues, so that one was literally enveloped in a radiant 
cocoon .... 164.

162. Krell writes: "The brazier found in the tepidariun
of the baths in the forum of Pompeii, standing in 
the place irfiere it was originally used, has a heating 
surface of 7 ft. 8 in. by 3 ft. 6 in. It is quite 
sufficient oven at the lowest winter temperature ) 
heat a large church with a seating accommodation for 
over two thousand people ...." This conclusion is 
cited by Heulerger, loc. _oit., hut, in the absence 
of supporting evidence, it is difficult to credxt 
the claim :.ade,

163. Z J  . Thatcher, "Solar and Radiant Heating - Roman 
Stylf " .a,. I .A. Journal. 29 : 1958, p.121.

164. Loc. cit.
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Tho inportant point enorgea that the hypooauat aysten is th-> 
nost logical type of heating for the kind of roon where it wa8 
nost connonly used. The halls of the Honan theroao were gener­
ally high—ceilinged spaces, and the total volume was relatively 
very great in comparison with the floor area. To attempt to 
heat the enclosed air of the room to the required level of 
teqperaiure would have been a formidable task. Instead, “the 
system applied itself most directly to the basic condition for 

human comfort - the inhibition of human heat lose - by providing 
warm surfaces that would inhibit this loss through its two 
broadest avenues - conduction and radiation." 165.

fully by various authorities. 166. xt is necessary here to 
emphasise only the basic principles, in order to underline 
the complexity of the concept, without investigating the innum­
erable variations and combinations of forms found in the actual 

buildings.

stoke hole of the firing chamber. From this firing point an inlet 
flue connects to the under floor space of the chancer. This space 
consists of a lower concrete floor, and an upper floor, two to 
three feet above, supported, generally upon a system of sleeper

165. Ia c . clt.
166. See for example, ITeuberger, op. clt.. pp259 et seq., 

and Middleton, ojjj^cit., 2 : 119 et seq.
167. Middleton, ̂ b^d., 2 : 122, writes: "In later times, 

when the Homan architects had grown bolder in their 
use of concrete, the pilae were frequently omitted, 
and the whole upper floor was supported only at its 
edges, as if it were one immense slab of stone. 
Middleton cites several examples of this in the Baths 
of the Palace of Severus on the palatine, and else- 
whare fi i 317') he discusses a similar concrete floor,

Fig.11 The construction of the hypocausts has been described

Fig.12 A pit, external to the heated chamber, opens on to the

piers. ^67. These piers were sometimes of stone, but more

14 inches thick, spanning »  ieev. xaxw — —
ishing claim which, if substantiated, would testify to 
the amazing strength of unroinforeed Honan concrete. 



uoually of trick or tile, often eet In =l.y rather than oenont. 
The upper floor, of concrete finlehed In nartle, wao about 
el^iteen inches thick.

Where there was no wall heating syeten, the heat was 
extracted fron the underflcor plenun by an etiumst flue, soue- 
tines a single socket-jointed clay pipe of 10 - 12 inches in 
dlaneter, and sometimes by multiple flues. It is presumed that 
these were gathered at roof level into one chimney stack. 
Middleton tells us of a roof tile in the kuseo delle Tenne, 

with an 8 inch diameter clay pipe projecting ftom its upper 
surface, euad considers this to be a chimney pot complete with 
flange. Ho also refers to a now-lost mosaic of a fourth

century Algerian villa, whose roof is pierced by a largo ramber 
of chimneys, complete with chimney pots.

If the heating installation included a wall-heating 
system, then this provided the outlet. probably gathered into 
stacks in the same way. Basically, two different types of will 
linings were used to create the heating channel; the togulae 
jnnnft'tae . or tiles with bosses which kept then clear of the
wall surface; and the tubuli, or hollow rectangular wall tiles. 
To facilitate the draught for the system, lateral openings were
sometimes made in the inlet flue, or ventilation char her a 

connected with the plenum to increase and regulate the air

supply.
It is doubtful whether the heating mixture of gas and 

aiy was allowed to enter directly into the chamber. As we have 
discussed above, this was not an efficient method vf heating, 
besides having the disadvantage of introducing the rather 
unpleasant waste products of combustion into the room. How­
ever, Jacobi thinks that two of the pipes rising in the corners 
of the room at Saalburg "rise out slightly above the floor
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onitting the hot gases Inside directly Into the living roon," 169 
and Neuberger considers that the plate often found in the upper 
floor, generally thought to be an access panel to the hypocaust, 
was in fact used In similar fashion to let in the hot air when 
the flue was shut and the fires damped down.

The effectiveness of this elaborate form of heating must 
be considered. Feuberger 171 voices none doubts. He considers 
the thickness of the upper floor to be such a barrier to the 
penetration of heat that the hypocaust system was probably only 
for drying the roon, and not actually heating it. He was, how­
ever, probably unaware of the effectiveness of radiant floor 
heating. The present writer in a discussion with an authority on 
heating, ^72 has cone to the conclusion that Neuberger#8 tears 

were unfounded. Not only would the 16 inch thick floor transnit 
the heat, but it would need to be so thick in order to dissipate 
the heat, otherwise the floor would be too hot to walk on. That 
this was a problen which sonetinee arose is evident fron 
Thatcher * s connents on the wooden clogs worn by bathers in the 
Thermae. 173. The present writer's own experience has shown that 

a floor heating system operating in the screed of a building of 
his design, at a temperature never exceeding 150° 0, will heat the 
ceiling of the roon below, through an 18 inch hollow slab ( a nuch 
better insulator than a solid slab of equal thickness) to above 
blood heat. The temperature of the products of combustion of an 
open fire, however primitive the fuel, is of an order of nagnî *

169. Cited by Neuberger, on. clt.. p.264.

170. Ibid.. p.261.
171. Ibid.. p.258,
172. Mr. N.P. Sn.it, Consulting Engineer to the TJhiversity of 

the w’itwater srand.

173. See Thatcher, on. clt.



tude inconparably greater than 150° C, and one can th.ua expect a 
considerable build-up of heat on the floor above the hypocaust.

These conclusions, which validate the hyrocaust's 
efficiency, are easily endorsed by calculation; and indeed, the 
*iiole question, as we shall bee below, uay be settled by i.nagin- 
ative reconstruction and scientific investigation. Nouberger 
hinself cites (but does not give the reference) "the ninute cal­
culations of Krell, who worked out their efficiency on the basis 
of the theory of no d a m  technical science," but queries the results 
because they are based upon special cases. 174. However, he cones 

to the unexpected conclusion, in view of this sceptic!an, that 
they oust have provided satisfactory heating, because they were 
in use for so long, and over such an extensive area of the Enpire.

The no at recent investigations into the effectiveness 
of the hypocaust systen have been those of Thatcher. Sis general 
conclusions ore renarkably close to Neuberger*e. He concedes 
that there is no evidence whatsoever that the Bonans understood 
the basic physiological principles of hunan heat loss and gener­
ation, "but there is no doubt that they realised the efficacy of 
using radiant surfaces for confort, because the developnent of 
the hypocaust systen tiuit can be traced over a period of six 

hundred years, shows an increasing awareness of this effi­

cacy." 175.
Thatcher, however, does not lot his case rest upon 

this argunent. Instead, he nakes a thorough technical analysis 

of a Bo nan bath. Like Krell before hin, he investigates a 
special case; but the exanple he selects, the Terne ael Poro 
at Ostia, because of its untypical orientation, and its 
exceptionally large unglazed windows, represents an extreme 
test of the efficiency of the hypocaust systen. If it will

174. Neuberger, on. cit., p.254»
175, Thatcher, pn. cit., p.121.



work under adverse conditions such as these, she ar^unent poes, 
it will work anywhere.

The object of Thatcher’s test was to determine whether 
confort conditions were created in the Hypocauet-heated therme 
roons. His procedure in this investigation was

(1) establishnent of probable heating surface tenperaturos;
(2) derivation of air temperatures fron these surface temper­
atures and fron design conditions of wind and tenperature;
(3) deternination of relative humidities fron the deri-̂ ed air 
tenperature and fron design conditions of hunidity;
(1) establishment of surface temperatures under various 
conditions of solar radiation;
(5) Calculation of the heat loss of a nude, normal adult in 
this environment 176.

This investigation was based upon a reconstruction of the roons
concerned derived in the main fron the extensive and well-preserved
remains, and shaped by a knowledge of the principles of Honan
architecture.

The result of this investigation showed that, with the
exception of one room where special factors operated, all other
roons, if their doors were shut 177 and the adjustable done

comfort
ventilators or oculae were closedf 178 achieved/conditions with­
out the aid of solar radiation. Thatcher suns up the effective­
ness of the heating system thus; "TJhder cloudy skies and the 
most extreme conditions of winter wind and temperature, they were 
able to maintain the confort of the bathers.™ 179. The results of 

this stxingt^S exaninate seen to vindicate the hypocaust heating 

system conclusively.

176. Ibid., p.172.
177. Perhaps these doors were shut automatically. 3rl% s, in 

Singer, on. cit.. p.415, tells us that "the doors of the
baths at Ponpe .i had inclined doorposts, sc that the doors closed 
autonatically to exclude cold draughts and prevent the 
escape of warn air."

178. These are the bronze valvee described by Vitruvius, 
on. cit.. V : 10 : o, which, when operated by pulleys 
^ d  chaine, regulated the air no w  through the aperture 
of the eye of the done.

179. Thatcher, on. cit., p.123.



The point must he made. In conclusion, that this elab­
orate and effective central heating system was not restricted 
only to the baths. JJeuberger writes that such hypocausts were to 
be found in the bitter sort of dwelling-houses and the villas of 
the rich. Torbes states that heating of houses developed
especially when the Romans were subjected to the nore severe 

climates of Saul, Germany and Britain, 181 and, to quote 
Middleton, "in both of Pliny the To "gar’s country villas hypo­
causts were used, not only for the baths, but also to warm hit 
bedroom. In the Laurentian Villa, near Ostia, there was some 
arrangement by which the admission of heat to the bedroom could 
be regulated by a door or valve ....” 182.

If Roman heating systems developed as up-to-date a 
concept as solar radiant heating, then Roman cooling systems can 
be regarded as devolving an embryonic system of evaporative cool­
ing, Let us end our discussion of heating by a few words on 
temperature control at the other end of the scale: for we must- not 
forget that Roman temperatures in the summer months soar to uncoTS- 
for table levels. Bor thir reason we have the long and spectacular 
history of the velarium or awning, the invention of which 

Pliny ascribes to Oatulus in about %  B.C. But, magnificent
example of catenary structure as the awning was, it was supple­
mented by even more sophisticated cooling systems. Gray, dis­
cussing the Rnman theatre, says: "The theatre was first cooled
with water by Bonpey; later, there were sprays ... and saffron 
(crocus) was sprinkled to cool and perfume the house.w

180. Keuberger, on. cit.. p,264.
181. Torbes, on. cit.. (Man W e  Maker), p.80.

182. Middleton, on. cit.. 2 : 125.

183. Pliry, on. cit.. H I  * 23»
184. J.H. Gray, "The Roman Theatre," in Sandys, op, cit., 

p.518.



Middleton also nention* cooking by water in this ;uxorious fashion; 
"It appears to have been the custom, under the J2npire, for all 
theatres and other places of amusement to be provided with per­
fumed fountains and concealed Jets for cooling the air with a 

fine spray of scented water; Lipsius, Pe Amphl. can, xvi., gives 
a number of classical references to this custom." 185. ihi8 

appears to be the height of sensuality and sophistication in 
temperature control by mechanical means.
TBOHKICAL ACHIEV3CSNTS.

One could continue to examine the Honan technical 
achievement in a never-ending list of accnplishnents. One 
could talk o tails, such as the develop-eat of taps and valves, 
or of locks; or perhaps discuss more dramatic accomplishments in 
the field of harbour design and lighthouse building; or look with 
Interest at the multitude of surveying instruments by which the 
Homan architect or enginser governed his operations; or appreciate 
the fact that Ronar plumbing and drainage was more advanced than 
anywhere in Europe up till the tine of Eapoleon; or marvel, as 
Seneca did so many centuries ago, the mechanical ingenuity of 
Sere's Golden House - nachinationes tectorum supra tecta surgent­
ium et urbium urbes nrementium .... 1®®» But there is no need to 
gild the lily. We feel our case is established.

The achievements which have been analysed in some detail 
hero, form impressive evidence of th^ result in architecture.!, terms
of an attitude to architecture inspired by a pr ct^_ . vision, an
attitude to architecture which is characteristically materialist 
and rational. The development of building techniques in such 

fields as vaulting has here been traced, not only to enable us 
more readily to evaluate the measure of the Roman contribution 

to structural science, — and the contr tout ion is of course

185. Middleton, on. clt., 2 t 86, n. 2.
186. Seneca, Epistles, H7. 2, cited by J. Vtod Parkins,

"Hero's Golden House," Antiquity, 30 : 19o6, p.211.



considerable - but, perhaps more iapartant, to give us a, insight 
into the process, the way ir which this development took place.
Our analysis reveals not flashes of poetic visions of form, for 
the creation of which new techniques had to be found, complete 
and in the instant, but rather the striving, step by stop, to 
imrrove existing techniques, in the effort to expand the possi­
bilities of construction in faco of the practical challenge of 
programme. This process of structural development, inspired as 
it was by the flashes of Inventive genius, is nevertheless and 
more characteristically stamped by its empirical nature. It is 
a process not based upon the fulfilment in practice of scientific 
theories, but rather upon what Straub has called "the instinctive 
assessment cf statical conditions." It is a cyclic process

of appreciation of the rhort-oomings of an existing system, an 
imaginative and intuitive concept of an improvement, the testing 
of tne improvement, and, if successful, its incorporation in the 
system. What is impressive about So man structural developments is 
not only that in monuments such as the Pantheon and the Thermae, 
they achieved remarkable results, but that all along the line, in 
every aspect of the structural field, and all through their history, 
steady and constant progress is made in improving building tech­
niques. The occasional brilliant solution to a structural prob—
1, is the work of a genius, and may occur in any period. How 3V0‘i, 
the steady, if unspectacular, advance of the frontiers of know- 
li .go ... the field of construction can only bo the work of a whole 
oorpur rf jlchitectsm and only of a corpus motivated by an atti­

tude to architecture with a practical bias.

m m m .
If on the one hand a practical attitude to architecture 

expresses itself in a concern with the mechanics of construction, 

it is, on the other hand, equally evident in the establishment of



planning methods based upon functional criteria. yti have seen 

that, in theory, the validity of nany planning practices in Hone 
were tested by the manner in which they complied with the dictates 
of use and purpose. If theory is carried over into practice, wo 
can expect buildings where the plan elements are disposed with 
reference to functional requirements.

Although our analysis of the functional validity of 
Roman planning is impeded by the somewhat limited information 
available about the usage,of rooms in certain Roman buildings, 
yet it is still possible to make general comments about Roman 
functional planning, particularly in relation to such broad 
aspects as circulation, zoning, service areas, etc. It would 
perhaps be permissible to categorise Roman planning as functional 
(even thou#., as we shall see, there is a strong formalist trend), 
for it may be demonstrated that considerations of purpose often 
determined, or conditioned, the Roman's approach to his archi­

tectural problem.
Perhaps the practical approach affected the plan shape 

in no way more obviously than in planning for movement, and for 
the circulation of large crowds. Prime examples which come to 
mind are the Thermae and the Amphitheatres. The Thermae, for 
instance, accommodating vast crowls posod problems of mass 

circulation which were admirably solved by the carefully dis­
posed jntrances, lobbies and anterooms, and by the great distri^ 
buting central hall, or cella media which not only served as 
the architectural climax, formally speaking, of the whole com­
plex, but was tho pivot of the circulation scheme. In the 
theatres and amphitheatres, the circulation problem became even 

more acute. Hot only were the total numbers to be dealt with

188. According to R. Lanciani, Relent Rons, ^ ndon» 
MacMillan and Co., 1894, p.89, the huge ^ rna0 
of Diocletian had facilities for some 3,600 
people.
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of a nuch greater magnitude, ^  tut vertical, as well as hori­
zontal, circulations were involved.

An analysis of the Colosseum, for instance, requires
the study of both plan and section to elucidate the circulation
pattern; and the actual solution arrived at, was an outstanding
step forward in the rational solving of a severe practical
problem. In fact, with lit+le precedent to go on, and on a basis
of pure ingenuity, a surprisingly nature and fully worked out
solution was achieved. It is, in fact, extremely difficult to
trace intermediate steps in the development of this system. A
hint of it is given in the Hellenistic Theatre of Assos, which
was built in the first half of the third century B.C. here we
have two vaulted entrances, one on each side, passing under
the upper tiers of seats, and discharging through vomitories
on to the crossover aisle, From this tentative essay to the
fully developed system, there seems to be no intermediate stage.
The earliest example of which we have definite knowledge, the
Theatre of Marcellus, finished in 11 B.C. by Augustus,
exhibits all the characteristics of the fully matured type.

Biebor describes it thus*
A carefully planned system of radial and concentric walls, 
stairs, roofed corridors, vaulted passages, anbula ids 
and doors (vonitoria) served as means of entry =*no . 't 
for the many thousands of Roman theatregoers, thus

189.

190.

According to W.S. Anderson and R.P. Spiers, The AT chi-.

about 45,000 spectators, although there are estimates 
as high as 80,000, as in Banister 71 etcher, JLSlSiSZZ
B L ^ o 5 ^ 9 3 ] U  Roman6theatres were^StrAlly seller, 
that at Orange seating about 7,000, according to

spectators.

l i n e s
Ibid* . f *49 #
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enabling then to reach their seats without crowding by 
separate and uninterrupted approaches leading to each section 
In each tier. 191•

It is inconceivable that this full-blown solution was 
arrived at without a progressive series of experiments; and yet, 
of these, we have no evidence. Tne answer to the enigna lies 
perhaps in the sefies of wooden theatres, with a history in Rone 
of over 200 years before the Theatre of Marcellas, These tempor­
ary structures, continually being demolished, ware an ideal 
nediun for experimentation. Timber is a flexible and facile 
constructive medium, and it is more than likely that in the 
series of timber theatres, now lost except for vague literary 
descriptions, we have the missing steps in the development of 
the nature Roman circulatory system. If it appears an obvious 
system today, it is because contemporary planning procedure has 
departed little from the principles laid down in the Theatre of 
Marcellus and the Colosseum. The Roman handling of staircases, 
aisles and cross-aisles, vomitories feeding out and back to 
upper levels, shows a facility which is most impressive; and the 
dispersal of the vast crowd thrcugh the many exits 192 must have

been rapid and efficient.
Iqually efficient was the handling of audio-visual

problems, and in the theatres and amphitheatres, acoustics and 

si^htlinos are generally carefully considered.

191. Ibid., p.349.
193. Eighty entrances were provided, including two for the 

Emperor and his suite, two for the gladiatorial pro­
cessions, and seventy-six numbered entrances giving 
access to all parts of the cavea. Anderson, ,
■n-93-
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The Greek classical theatre, fron which the Honan woo 
partly derived, was considered to have reasonably good acoustics,.. 
We nust now consider whether the modifications whicn the Ho nans 
cade to theatre design in any way affected the acoustics, either 
favourably or adversely. If the changes are favourable, we nust 
then endeavour to see if they were nade with understanding, or 
were fortuitous.

Before entering upon a discussion of these topics, we 
nust record the confirmation which recent scientific investi­
gations have given to the generally held notion that the acous­
tics of the Honan theatre were in fact excellent. Dr. Canac has 
reported on tests conducted on the Honan theatres at Orange and 

Fig. 16 Tad.son. ^3, fhese tests included intelligibility tests at
various points in the avditoriun; ripple tank tests; and analysis 

of the reflection of aerial waves upon snail scale models.
Oanac cones to the following conclusions;

The excellent acoustics of the theatres at Grange emd Taison, 
considered as the result of a centuries* long progress in 
theatre architecture, are due to the following reasons;
(1) protection against exterior noises, by means of the stage 
wall and peristyle; (ii) Absence of echo, and scattering of 
the sound by the stage wail (recesses, columns, niches and
statues); (ill) Absence of echo, and scattering of the sound
by the continuous pulp it un niches; (iv) Absorption of sound 
on the sides, owing to the broad openings of the parascenia 
and par ado 1; (v) Squall sation of sound intensity on the seat­
ing owing to the stage floor; (vi) Absence of standing waves
along the seating owing to their circular form; the audience 
is homogeneous.

How, rpart from the circular shape of the seating, tMch 

accounts for the last item — and also for the relatively good 
acoustics in Greek theatres - all the factors involved are essent­
ial jy Homan. The highly ornamented stage wall or scaonae frona; 
the peristyle, that is the roofed portico at the top of the seat­
ing, where th* cavea ends in the girdle wall; the pu^ltum with 
its continuous row of niches; the openings at the side of the

193. ?. Oanac, 0On the Acoustics of Grecian and Homan 
Theatres,* H.I.B.A. Journal. 56 ; 1949, pp.412 t seq.

194. Ibid.. P.414.



stage; and the stage itself; are Just those aspects where the 
Bonan theatre differs fron the Greek. It is thus highly signifi­
cant that in each case, the change has had an iaportant consequence 
in the inprovenent of acoustics. There is one further natter, upon 
which Canac does not coanent, probably because it is no longer in 
existence in any of the theatres investigated, and that is the 
tinber roof over the stage. This structure was designed prinarily 
as a protection to the rich ornanentation of the scaenae frons: 
however, "this stage roof, slanting upwards towards the spectators, 
was at the sane tine, together with the roof of the colonnade, a 

kind of sounding board ...."
We cannot say with certainty that the Honans adopted 

these particular forns because of their acoustic efficiency. As 
we shall see in a later section, when we deal with the design of 
the scaenae frons. there are nany overlapping notives for the 
adoption of a specific forn - notives that are historical, practi­
cal, symbolic. However, it is too nuch of a coincidence to con­
sider that all these Honan Innovations should just by chance be 
t\e critical acoustic factors. At least we nust consider that the 
Penans were aware of their effectiveness. As Bieber reninds us, 
Vitruvius was very nuch concerned with acoustics. He recognised 
the value of the stage roof as sounding board; ly6 and that the 
portico at the uppernost rin of the cavea inproved acoustics in 
that "the voice thereby resounds evenly throughout the 
theatre." 197. We can see, in the various Greek theatres 

altered by the Romans, the emphasis which is placed upon juoh 
elenents as the decorated scaenae frons, or upon the width of
the side openings, as in the case of the theatre built under
lycurgus, where the Romans increased the openings of the

195. Bieber, on. clt.. p.355.

196. Ice. -Sit.
197. Vitruvius, on. oit.» V J 6 I 4,



•parado 1 by over 5 feet. 198*

The weight of this evidence, considered in the light of 
our knowledge of the Homan point of view, leads us to the con­
clusion that the Homans must have been aware, through experience, 
of the acoustic value of the architectural forms they developed 
in their theatre architecture; and that this utilitarian advant­
age must doubtless have been a factor in the retention and 
development of these forms over the centuries. Fbr a theatre to 
function adequately, the chief factors of performance are visual 
and auditory. These factors were adequately met in Homan design.

Similarly, the service aspect of the great Honan build­
ings was provided for on a comprehensive basis* In fact, the 
sound planning of auxiliaries, and the Importance which the Homans 
attached to the design of service facilities, is an index of the 
practical attitude they brought to bear upon their architectural 
problems. Tor example, the triple service corridor, 58 feet wide, 
which ran under the Thermae of Caracalla, toplit and well ventil­
ated; the branch corridors for accees and storage; and the rami­
fied vaulted store rooms; have led Anderson to conclude that "in 
fact, the planning of the subterranean portion is no less admir­
able than that of the superstructure." 199. The substructures 
below the arenas of the amphitheatres are indicative of the ooifr. 
plexity of planning of these service areas, and the thoughttmd 
ingenuity which went into the detailed d^fe^n. Provision was 
made for the storage of scenery, and the housing of wild beasts 
in large numbers. Ingenious facilities for the introduction of 
both scenery and animals into the arena, with due dramatic 
effjet, existed in many amphitheatres. Tie Colosseum, for 
instance, shows evidence of an inclined plane up which cages 
were hauled by windlasses, the bronze piy,#t.s of sdiich still

198. Canac, loc. pit.
199. Anderson, on. Pit.. P.106.



ren&in. 800• Iho power for these night have been hunan labour,
such as was used in the treadnill which operated Honan building 
cranes. 801 • Sinilar ranps are found at Pozitipli. 8®8e Elabor­
ate scenic nachinery, for the nost part in tiriber, was known to 
have existed at the Oolosseun, PozZttoli, Treves,
and elsewhere. With this nachinery was associated a series of 
trapdoors in the arena floor for the sudden and dramatic entry of 
the protagonists of the displays, and probably some form of lift­
ing device. The nost elaborate of these would appear to be the 
lifts which Middleton believes were installed in the fifth

or possibly the sixth century, complete with pulleys and counter­
weights. Even the cages for wild animals, as illustrated by 
Middleton show careful consideration of access, feeding

facilities etc.
In planning, consideration was given to aspect and 

orientation. In the Thermae of Caracalla, for instance, "there 
were only four doorways on the north-east side which was exposed 
to cold winds* but large columned openings to the gardens were a 
feature of the south-west side.* The baths of Diocletian

300. Middleton, on. oit.. 2 * 105.
301. See for instance the crane depicted in a relief the

La ter an Museum, illustrated in Bailey, QR& .§A£»* ■ul€. 23.
302. E.G. Tones, Companion to Homan History, Oxford,

Clarendon Press, 1912, p.133.
303. Middleton, on. clt.. 2 : 105.

304. Jones, loc. clt.
305. Beuberger, on. clt., fi£. 494.

306. Middleton, l o c ^ M t.
307. Ibid. . .lg. 63.
308. Fletcher, on. clt.. p.167.



are similarly planned, and toth Thermae have the Prlgidaria cn 
the cold eide. The emperor'8 hex in the Colosseum is similarly 
orientated to avoid the cold winds.

One of the most interesting examples of planning in 
relation to use and orientation is found at Ostia. We have 
previously, in discussing Roman heating systems, mentioned 
Thatcher's investigation of the problem of the 'open rooms' of the 
Terme del Sbro. This investigation throws much li#it upon the 
question of Roman planning.

Thatcher describes the unique plan form of the
baths. The northern half, It1- so many of the thermae, is sym­
metrical about the frigidariun; the southern half, however, 
departs radically from symmetry, in a most untypical fashion.
There are seven main chambers, each with its own individual shape 
and form, in an apparently arbitrary stepped pattern. These 
southern rooms have walls almost entirely consisting of large 
windows: and these windows, according to the archaeological 
evidence, were certainly unglazed. This in itself is surprising, 
for Rnnan glasswork, which "attained an extraordinary high degree 
of excellence," 310 was certainly known and used extensively at 

the time, bronze window frames glazed in panes of 21 inches by 
28 inches being testified to by both Neuberger 311 and Briggs 2l3‘ 
Thatcher comments: "Since Rooms 1 to 5 were the principle heated
rooms of the establishment it is apparent that their open windows 
are unique, to say the least, for they present a problem in both 
heating and orientation that we are only lately equipped to deal 

with ourselves."

%i
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i

Thatcher. on. cit.. PP.115 ®t seq.

210. Neuberger. on. cit.. P.158.

211. Inc. cit.
212.
213. Thatcher, on. cit.» p.117.



The following, according tc Thatcher»s numeration, were 
the principle rooms of the baths, in the section under discussion.
1. Sun room; 3. Laconicun (dry heat); 3, 4. Sweating rooms;
5. Caldariun, with three hot pools; >. Sweating room; 7. Ser­
vice area, containing water heaters.

The skillful disposition of these rooms give the bather a 
variety of choices .... The six rooms seen to have been 
purposely arranged in twD groups .... The first group might 
be said to emphasize dry heat and the other to emphasize wet 
heat, but they were so arranged that the bather could enjoy 
the subtle variety of either, or both. 214.

The siting of the baths gives rise to particular prob­
lems. The space is irregular, and awkwardly orientated. As a 
result of the site, the minor axis of the Forum Baths is 30° East 
of South, that is 75° out of position, if we regard Vitruvius*s 
injunction that the hot rooms of baths should face southwest, to 
benefit from the afternoon sun in winter, and if we regard the 
prevailing orientation of most other baths, including those of 
Oaracalla and Diocletian. In the light of this forced deviation 
from the opt^a in orientation, the stepped plan is seen to be
not arbitrary, as first thought, but an ingenious solution to the

problem.
The architect was gaining as much sunlight as possible and at
the same time providing protection against north-easterly
weather. The projection of the rooms, particularly those of 
Booms 4 and 5, not only achieve the latter purpose, but also 
furnished reflection surfaces ana, thereby, considerable 
diffuse solar radiation .... 215•

With the exception of Boon 1, which we shall consider 
as a special case, Thatcher shows that all rooms, with dcovs and 
done ventilators closed, were adequately heated, aespite the open 
windows, by the hypocaust system. What then was the purpose of 
the open windows? The negative answer is that, with the heating 
system, and with the considerable assistance given by solar radi­
ation, ,ing was not necessary; and the practical Romans there-



fore left in out. The positive answer is that there is a sophi­

stication of effect, in a roon which conblnes an open character 
with a high level of heating, which mst have been particularly 
gratif^'ing to the highly sensuous Bo nans: they mist have delighted 
in the unique ccnbination of fresh air and. a heated atm sphere. 
Moreover, there is sonething of a denonstration 01 the Honan 
faith in technical achievenent, in harnessing the sun's rays to 
denonetrate the power of nan over nature - but, as Thatcher says, 
"the great unglazed windows were not a tour de force, but an 
honest attenpt to open up the wall as m c h  as possible for a 
legitinate purpose."

The inportance of the unglased windows is best demn- 
strated In Ho on 1. This roon, because it only had floor heating, 
was particularly dependent upon the assistance of solar heating,
Itc use has been established; it was a sunbathing roon or 

Fig.20 heliocaninus. Thatcher• s rc "arch into sun penetration at various
Fig.21 tines of the day, and various days of the year, indicated that this

roon received alnost constant sunshine, and that the solar radi­
ation it received in winter was appropriately nuch greater then 
that in sunner. During the winter days of Sbvenber to March, 
where there is an average of 68* of days with any sunshine at all, 
it was usable for 67* of the tine. That is to say that, owing to 
aimet ideal orientation and fenestration, it was 98* efficient, 
dialing would have increased this efficiency by only 2*, but 
thereby "would have nullified its evident function as a sun­
bathing roon. To t glass, and especially the rather opaque glass,

« 217would have shut out the sun's 'tanning* rays.

216. Loo, oil.SB1L15EIS:



The success of these roons depended partly on their 
Insolation on the north side fron the colder roons of the building, 
and the plan was cleverly arranged to have buffer zones of roons 
of internediate terperature. Thus, Ho on 2 was shielded hy the 
snail heated restlbule adjacent to it and Soon 1, as well as by 
Boon 12. 218* External planning, however, of the baths In rela­
tion to the form, was equally Inport ant in the proper functioning 
of the Teme. "The final elecents of the plan that assured its 
success,0 Thatcher concludes, "were the buildings surrounding the 
palaestra. The two-storied buildings to the southeast and south­
west were tall enough to act as windbreaks, yet low enough to let 
in the winter sun; the higher building to the northeast gave 
narinun protection against the worst weather."

We have looked at the planning of the Terno del 3bro 
at sone length, since it is perhaps the only exanple of a najor 
Henan building which has had its planning subjected to a scienti­
fic functional analysis. Tor the purposes of Investigating the 
Honan planning attitude it is an Invaluable e . iiy. Tor endorse- 
□ent of the lessons learnt, we nxist turn to a snailer building, a

Honan villa.
In two letters (Epistles 11. 17 and v.6) Pliny the 

Younger ^escribes his principal country villas, at laurentun 
and in Tuscany. 220* Hie Laurentine villa in particular was 
was very fully described, and although Ohurch and Broadribb 221 

regard it as nisgulded "to attenpt anything like the construction 
of an actual plan of the houses described," numerous reconstruc­
tions have been set up, from Oa-itells1 in 1728 to Pouter's of

218. Thatcher, on. clt.» p.l^o*
219. Ibid.. p.129,
230. Spi.tle. li . 17 tod v , 6, in A.7. Ohurch and ».J. 

Broadribb, Select Letters *our̂ *
London, Longaans, Green A Co.,
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19i7. Iron Hnberie reconstruction, which Is the joint effort of
an architect and a classical scholar and which takes few liberties
with Plih,1 e description, we get a picture of the care taken to
plan for privacy, aspect and orientation. Lot us f'^us our
attention on Pliny's private suite.

These private rooms provided complete isolation, a  small 
central hall, which was doubtless used for the reception 
of more favoure'" "-nests, gave access to other chambers of 
the suite. To the left of one entering the crypto-porticus, 
an arched opening led into the seai—circular surwroon where, 
sheltered by the projecting eaves, one might rest in shaded 
coolness, looking out on the sunlit panorama of the western 
sea. To the left, a window presented a clear view of the 
sea-front terrace running along beside the covered way and 
terminating in the portico of the great swimming pool 
attached to the house and the baths beyond, 233.

This picture of comfortable and sensible planning for 
good living is expanded by many references in Pliny's letters.
Thus ho talks of a room which gets both morning and afternoon sun, 
and retains the warmth after the sun has set; and tells how "the 
angle formed by the projection of vhis chamber with the 'triclin­
ium' before mentioned, retains the warmth of the sun at its 
heie&t, and intensifies it." 233» Here we have a clear endorse­
ment, in Pliny's own words, of Thatcher's interpretation of tho 

significance of the projecting rooms at Ostia.
Pliny shows himself to be as concerned with artificial 

as with solar heating. Thus apart from the heated chambers of the 

baths, he refers in a passage dealing with the suspended (i.e. 
elevated) corridor, to the pipes or tubull by which it was 
heated. 234. Ho is fundamentally interested in p"1 arming mechan­

isms which achieve peace and quiet, and notes of his bedroom, so 
satisfactory in this respect, that "the cause of this prc 'Vund 
tranquillity is that a passage between the two separates the

333.

233.
334.

llustrated londcn Sews. Aug. 23, 1947, p.2* . 
buroh and Broadribb, on. cit.. p.234, n. 7.

.235. n. 9.



chanter fron the garden, and thus drowns all sound by the Inter­
vening vacancy.rl 225•

If In the planning of the large private villa of the 
wealthy Honan a high degree of functional success was achieved, 
in an environnent which conbined the practical conforts with a 
quota of sophisticated livingj then, in a mch more nodcst < 
fashion, the design of the nultiple dwell in, for the lower in­
cone groups at Ostia denonstrateu a similar facility for practi­
cal planning. 226. in these flats we find connon-sense design, 

untrannelled by fornalistic preconceptions, which satisfied both 
structural and econonic necessity, and In sc doing, erected a new 
architectural type of no snail aesthetic nerit.

The substantial brick— faced walls of these Ostia tenenent 
houses were well adapted to support the burden which was to 
be placed upon then; there was rational disposition of the 
various elemnts, with due regard tc light, air and accessi­
bility, and there was intelligent adaptation of naans to ends. 
In Oalza1 s words, *a problen of architecture was solved, a 
social need was net: twofold solution, practical and artistic, 
in which Is to be recognised a distinctly Honan character­
istic. * 277.

225. Ibid.. p.238, n. 22.
226. For an account of the origins of the Ostia-type of 

taberna house, see Axel BoSthius, "Renarks on the 
Devolopaent of Donestic Architecture in Rone,

Town Architecture," Journal of Honan Studjqa, 39, 1949, 
pp.175-7, nakes the point that the tenenent house is 
specifically Italian, with little or no evidence of its

4 4.V.A -r.TnxH TIP.A T

227, A.W. Van Buren, "News Itens fron Rone," African Journal 
of Archaeology. 45 : 1941, p.4o7.



CHAPTER POUR.

THE ROMAN FORMALIST ATTITUDE.

FORMALISM AND ORDRR 

The formalist attitude is manifest in a society 
which believes in systematization and classification. In Roman 
times it is most evident in the search for apparent order. The 
climate of ideas in Rem? tended to reduce diversity and variety 
to conformity and uniformity: upon the superficial chaos of the 
ancient world It imposed regularity and order.

Roman hegemony over a large portion of the civilized 
world is an expression in political terms of this concept, and 
in "the idea of an ordered empire, with a fully articulated system 
both of central and local administration", we find the epitome of 
the Roman ideal of systematization. 1

Most characteristically this tendency showed itself in 
the stratification of Roman society, in the rigid definition and 
compartmentalization of its hieratic classes which, by the time of 
Constantine, culminated in a "new social order based on hereditary 
status." 2 Again, it is evident in the detailed systematization

1. H.S Jones, "Administration," in Bailey, op. clt., p.92. 
Jones makes the interesting and highly significant point 
that Roman orderliness, as expressed in thrir political 
organs, did not approximate the Greek. The various 
components of Artistotle *8 Constitution, for instance,
"fall into their places as parts of a coherent and 
rigidly logical scheme to which the Roman state can 
show no parallel." (loc. clt.). The Greek system is 
pure theory, the Roman a sense of order tempered by 
experience.

2. Ibid., p.137.

According to Jones, loc. clt., ".... the enactments included 
in the Theodosian Code show that all services of importance 
to the State are rendered by hereditary corporations."



of the Ronan amy, where even warfare la preaaod Into a re*cnlz_  

ahle, and therefore, predlctahle, foru. 3- in the legal code, 
we find again the reduction of a wealth of precedent and cueton 
to a Byetemtic pattern of practice.

A ninor, hut far fron Insignificant exnnple of the 
Honan passion for order is cited by Barrow. He describes the 
nunerous 'clubs1 which were to be found in Rone, generally organ­
ized by slaves, freednen and the poorer free nan.

These clubs, which night include nen of each status, combined 
a religious cult with the anenities of a social or 'dining* 
club, and often nada"provision for the funerals of neribers - 
church, social club, craft-guild and funeral society. Again, 
the Renans' genius for 'order' asserts itself, as the rules 
and ninutes which we possess abundantly show. Officers are 
elected who on appointment take the oath and on resignation 
render up accounts; new nenbers are advised to read the rules 
and expected to pay their subscriptions. The rules, Alch are 
couched in the language of "Honan law, lay down conditions 
about entrance fee, subscriptions, funeral benefits, expenses 
of those who attend the funeral, about the kind of fare and 
wine to be provided \t 'club' dinners, about complaints and 
about the standard oi behaviour expected.

The elaborate framework of regulations testifies, as Barrow 
points out, to the innate Ronan sense of order. But this feeling 
for order is evident in an even wider sense. For the slave and 
exHslave, for the Ronan citizen of the lowest incone group, these 
clubs indicated an attempt to create stability out of social and 
economic insecurity; to cut out an orderly social existence fron 
an otherwise precarious world; to inpose a systen of order upon 

chaos.

3. "Fron the tine of Marius onwards the cohort of throe
maniples appears as the tactical unit in all descriptions 
of battles; and fron the writings of Caesar and his 
officers it appears that the usual battle format ion was 

; the trinlex- uclofl. in which there were four cohorts in
the first line and „nree In the second and tnird....
The depth of the cohort was nornally eight file;
Fonpey's cohorts at Pharsalus were drawn up ten deep,
but this was unusual (aid) ... 6 ™Republic was that the legions occupied the centre of 
the line, the 'auxiliaries' the ‘wings' - and so ^orth. 
Jones, on. clt.. (Comp, to Ron. Hist.), p.<»0.

4, Barrow,, op. cit.. pp.103-4.



A bronze tablet found in Portugal seta down with 
.nllar precision the neticulous regulations governing a govern- 

rent mining village.

The local shopkeepers worked, it seems, under contract with 
the State. The keeper of the public baths has to supply hot 
water every day, clean his boilers once a month, admit women 
from daybreak till one p.m. and men from two till eight, and 
exclude soldiers, children, and the freedmen and slaves 
employed by the Imperial procurator, ''me shoemaker must 
pro Tide footwear of all kinds and sell hob-nails ’according 
to the regulations of the iron-works. * The licenced barber 
has a monopoly, except that private slaves nay shave their 
masters or fellows. °»

The urge to compress the multiform aspects of life into a predict­
able pattern is here apparent.

It must be noted that this formalist attitude on the 
part of the Romans is largely the obverse side of their practical 
nature. We have already seen that the Roman social order was the 
expression of a practical ability to govern: that the Roman army 
was the tool which, in a most practical manner, implemented and 
enforced the Imperial will: and that the legal system (in so far 
as it was concerned with, not the abstract concepts of idealized 

justice, but the practical aspect of the instrument with which
"hion a smoothly-working society) was in essence the expresa- 

£ a practical attitude to life.
One of the most interesting illustrations of this dual 

nature of the search for order is the roctangularIty of the 
Kcastram" type of Roman town. The orderliness of this type of 
plan layout is rigidly formalistic as a pattern imposed upon, 
rather than developing from, organic life. Ij is also formalist 
in the sense that "with the Romans the found in, of a city was a 
religious act and performed with well-defined ceremony.

The augur takes up his position at the proposed centre of the 
town and, facing east, lays out the two intersecting main roads 
of the town, the kardo running U.S. and the decuuanus running E.V.

5. Jones, in Bailey, on. ciA»» p.d2̂ *
6. Oest, on. cit.. p.172.



Taking these two nain roads. Intersecting at right angles, as the 
two nain axes, secondary sets of roads parallel to the axes are 
then laid out, which divide the area of the town into a rigidly 
denarcated grid-iron. The resultant plan is thus highly fornal- 
1st in pattern. * According to Polybius, the canp was laid out 
in a regular pattern within the boundaries of a perfect square. 8* 
Staple proportional relationships were to be observeu, such as a 
3 : 2 ratio between pars post lea and pars antica. The entire canp 
was based upon a decinal systen of neasurenent, and was planned 
upon a nodular grid of 50 feet (10 paces or 1 versus'). Again, in 
the canp described bj Hj’̂ inus, the fornal geometry ie evident, 
this tine based upon a duodecimal systen, with a nodule of 60 
feet (12 paces). At the sane time, however, there is a convenience 
and an ease in laying out such a town, which, seen fron the sur­
veyor • s point of view, was practical in the extreme.

Thus we have a direct example of a form of order per­
petuated because of practical considerations, which eventually 
hardens into a purely fornal 1stic patterning. Considered in this 
light, the Roman attitude to fornalisn can been seen as an index 
of the Bonan practical attitude. Pornalisn becomes, not. an 
intellectual concept, but the convenient means of achieving 
greater practical efficiency. Like the executive*s filing 
systen, Bonan formalism is a by-product of the urge to greater

7. The facts concerning the Honan camp are derived fron Jones, 
on. cit.. (Coop. to Hon. Hist.), pp.226 et seq.

8. The canp at Novaesium was a rectangle with sides approxi­
mately 3 : 4. Hyginue advocates a 2 : 3 rectangle. The 
proportions advocated are generally commensurate. See 
Jones, ibid.. p.234.

butes of the grid— iron plan.
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practical effectiveness. This formalism of convenience is a 
superficial formalism, in that it is primarily concerned with 
apparent order, with surface patterning, as it were. It is 
concerned with tidying up the filing caoinot of the mind, as a 
prerequisite for action.

There is of course, a formalism on an altogether more 
elevated plane. This formalism derives from tendencies towards 
innate order, that is, order intrinsic in the systematization of 
the universe. It is concerned with the fundamental order of the 
macrocosm, and the application of the principles of unity in the 
microcosm. Activity in this realm of order takes the form of 
fnyestigations into and the establishment of philosophical 
principles rather than concrete action. Such ventures into 
speculation and metaphysical deduction were not the Roman forte, 
and where in Roman theory, reference is made to such fundamental 
concepts, the source is Qsreek rather than Roman. The Romans 
added nothing to the Greek philosophy of unity, but that philos­
ophy was adopted and incorporated into the Roman pattern and 

modified within the matrix of the Roman attitude. We have seen 
that Stoicism "came to be the characteristic philosophy of the 
Roman empire," 10 and wo have (in Chapter two) analyzed its 

practical content. Rex Warner equates the rise of Stoicism to 
favour with the growing systematization of the Stapire, and the 
growing pressure of political and moral controls on the range of 
free-thinking indulged in by the Romans. He writes:

After the defeat of intony at Actium in 31 B.C., the govern* 
ment of the first emperor, Augustus, brought to the world a 
condition of comparative order and stability such as had 
been unknown for many decades before. Almost at once the 
tone of Renan life became stronger, but also more constrained. 
There was indeed a now enthusiasm for public affAirs, a gen* 
eral readiness to labor for the new and beneficent ro^ime; 
but with this there went a constant pressure of official 
propaganda, moralistic, traditionally religious, rather

10. Rex Warner, The Greek Philosopher a. New York, Mentor 
Books, 1958, p.215.



utiffly aelf-rlghteoua. 11•

The clinate In which Stoicism flourished was thus con- 
pounded out of conservatisn, a regard for traditional values, and 
an acceptance of authoritarian discipline which exceeded the pass­
ive, in that it recognized authority as a neans to social order. 
"One universal society, one state of the whole world; ono law of 
nt-jure, with which all its members oust live in confornity - these 
are the two great tenets cf Stoicisn." 12. ihe stoic conception 

of the whole universe as a 1 single intelligible unity1 in 
Barker's phrase, is thus seen as fundanental in the formalist 
attitude towards order.

We have seen, in our analysis of the formalist attitude 
(Chapter One) that conformisn is an essential characteristic. 
Oonfomism stems from two sources: a regard for the enduring values 
of tradition, and a respect for authority. These two character­
istics are, as we have seen, inherent in the Honan philosophical 
system. Hugh last, in discussing the virtues of Honan hone life, 
which, even more than religion, dictated the forms of Honan moral­
ity, draws attention to the three kinds of excellence extolled by 
Cicero: gravitas. -pietas and ^npllcltas. 13. Qravttaft is defined 

as a sense of earnestness and responsibility, which emphasises 
nature reflection and inhibits spontaneous and perhaps short­
lived enthusiasm#. Pietas, is the natural corollary to this - 
"the attitude oJ proper submission which gravitas creates to all 
established institutions." 14• In its acceptance if authority, 
both humn and divine, nletas is an expression of Honan sub­
mission with good grace to imposed systems of discipline. (The

11. Ibid.. p.216.
12. Barker, in Bailey, on. cit., p.51.
13. Hugh Last, ’Tanily and Social life," in Bailey, ibid.,

p.211.
14. loc. Pit.



third characteristic, g-tolicitas. is that sense of the reality of 
things, which we hsr-e seen as fundamental to the practical attitude).

Fh'-s, within the family, conservation and obedience are 
ingrained. To a large extent, these traits resulted from the 
natria potestas. the undisputed power of the father - nore judge, 
however, than tyrant - which, exercised wisely and with restraint, 
•above all was responsible for the discipline which made the Honan 
people". The fadly presents in nicrocosn the essential
picture of Honan society. Obedience is extended fron the hone to 
the state, and the enperor, seni-divtne, stands in locus parentl 
to Honan Society, as a whole. The spirit of discipline to author­
ity and respect for tradition is basic both to the concept of the 
Honan state, and to Honan religion.

We have seen earlier that Honan religion was eminently 

practical: it was also essentially formalist.
Iron the beginning their relations with the divine powers 
were strictly business-like; and as they elaborated in their 
svsten of civil law a code which defined with admirable 
fairness the obligations of nan to nan, so they set up, in 
the jus sacrum, a parallel code laying down the obligations 
of ran to Qod, The name religio signifies obligation, and 
to go beyond this - in other words, devotion - was superstitio. 
Thus, while the Honans had no mythology, they had a minute and 
elaborate ritual. *6.

This formalisn of religion is indicated by the insist­
ence upon the scrupulous observance of Honan rites; and by the 
systematization of public and private worship by the Roman calen­
dar, with its formally balanced and rhythmically repeated cycles 
of events. It is true that all great world religions today are 
similarly calendar-based, and the established church or syn. _,ogue 

becomes increasingly bound up with formal ritualism. The quest­
ion is one of emphasis, however, Uhderlying the formalism of 
Christianity and Judaism is the solid rock of fundamental belief. 
Homan religion, on the other hand, falls to penetrate beneath the

15. ĴhJjd, , p.315.
16. Jones, on. cit.. (Comp, to Hon. Hist.) p.267.



superficial patterns and. apparent order of a ritualistic 
approach.

The Homan adherence to the outward aspects of formal!m 
rather tnan the inward content, can test he demonstrated by the 
maintenance of the traditional forms and institutions, after their 
fractions had changed beyond recognition. For instance, the con­
cept of patrla pptestas was adhered to formally (that is, in form 
only, not in substance) even though contradicted and denied by the 
realities of later situations. The institution of the Senate, to 
cite another example, remained virtually intact in outward form 
for centuries while its constitution and powers were fluctuating 
violently. Indeed, Barker regards it as "proof of the legal 
genius of the Jcmans and their instinctive respect for precedent 
and constitutional tradttion, that even the deified Caesars, 
masters of all the legions, should have respected for centuries 
the impotent majesty of republican forms.8

There is in Honan history at all stages a tacit agree­
ment to respect traditional forms, and somehow to insinuate new 
contents into familiar packages without disturbing the wrappings. 
The conventions must be observed, even if they have become devoid 

of significance: and conventional ism is one of the main-springs
of the formalist attitude. In Roman constitutional development 
we have many such instances of formal procedure lacking inner 
meaning, such as the case cited below.

A  remarkable example of the Honan unwillingness to break 
formally and completely with the past is afforded by the 
fact that throughout the Republican period, magistrates,.. 
did not receive their authority to act from the assembly 
i&ich elected then. That authority was dependent on the 
passing of a resolution by the oldest assembly, the 
oonltla curlata. The lex curiata de inperio, was annually 
enacted, and rapidly became a mere formality.

17. Barker, in Bailey, on. cit., p.70.
18. Raid, in Sandys, on. cit.. p.254.



Honan oonservatisn was a powerful factor In their tenacious 
retention of form - traditional forn - while the Honan attitude 
to practicality, being a progressive force, simultaneously 
stimulated change. This is one of the roots of the conflict 
which we shall examine later in this thesis.
T53 UTiSaroKE OF FOHHAUSK.

Having touched upon some basic aspects of a general 

nature which affect the Honan formalist attitude, we mat now 
give nore detailed consideration to formalism in relation to 
architecture.

When we seek in F.onan literature, and particularly 
Honan architectural literature, an explicit theory of formalism, 
we find sone profound principles rather sunnorily stated. Our 
chief and nost typical sources, whose generality we have danon*- 
ctrated in an earlier chapter, are Pliny and Vitruvius: and fron 
these sources certain leit-notifs appear, not as principles ar&c.ed 
out and developed, but rather as a •priori statenents which explain 
the facts of the system, and from tich the principles nay be 

deduced.
The primary thec.es deal the the Orders as standardized 

building elements; and Proportion as the guiding principle of 
architectural form. Let us deal with these aspects in some

greater detail.
Vitruvius catalogues and defines the three Greek Orders, 

and adds to then, in parenthesis, the Composite. Ho discusses the 
origins of the orders in mythological terns, and considers their 
symbolism anthroponorphically. He then describes the standard 
prototype of each order, stipulating in great detail the prop­
ortional relationships between all the constituent parts, in 
terns of a unit based upon the lover diameter of the column.
His detailed specification covers all aspects of the Orders 
fron base of column to entablature, and the extracts cited 
below must be regarded as typical of an extensive system.



Vitruvius deals here with the details of the Ionic base;
But if Ionic "bases are to he built, their proportions shall 
be so determined that the base nay be each -fay equal in 
breadth to the thickness of a column plus three eighths of 
the thickness; its height that of the Attic base, and "sc too 
its plinth; excluding the plinth, let the rest, which will be 
a third part of the thickness of a column, be divided into 
seven parts. Three of these parts constitute the torus at 
the top, and the other four are to be divided equally, one 
part constituting the upper trochilus with its astragals and 
overhang, the ether left for the lower trochilus. But the 
lower will seem to be larger, because it will project to the 
edge of the plinth. The astragals must be one eighth of the 
trochilus. The projection of the base will be three sixteenths 
of the thickness of a column.

Here the details of the column are related to the unit of the
lower diameter. The height of the column is similarly regulated.

In aero style temples, the columns should be constructed so 
that their thickness is one eighth part of their height. In 
the diastyle, the height of a column should be measured off 
into eight and a half parts, and the thickness of the column 
fixed at one of these parts. In the systyle, let the height 
be divided into nine and a half parts, and one of these givm 
to the thickness oi the column. In the pyenostyle, the height 
should be divided into ten parts, and one of these used for 
the thickness of the column. In the eustyle temple, let the 
height of a column be divided, as in the systyle, into nine 
and a half parts, and let one part bo taken for the thickness 
at the bottom of the shaft. With these dimensions we shall 
be taking into account the proportions of the inter-colum» 
niations.

Por a given diameter, now have fixed the detailed 

subdivisions of the Order, and its height. It then becomes 
necessary to determine the spacing of the columns. The various 
tprne *aero style*, *diastyle*, * systyle*, etc., mentioned in the 
paragraph above, refer to a series of systems codified by 
Vitruvius, 21 and each defined rigidly in terms of intoiv 
column! at ions expressed in diameter a. Hence: "The construction 
will be diastyle when we can insert the thickness of three 
columns in an interoolunniation, as in the case of the temple of

19. Vitruvius, on. cit_.. H I  l 5 : 3.
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ipollo acd 22"
Thar9 ls# In Pliny f wedged Into the chapterr. on Materials# 

one short chapter which la typical of this kind of nodular analysis. 
He writes:

There are four different kinds of pillars. Those of which the 
dianeter at the foot is one-sixth part of the height, are called 
Doris. When the dianeter is one-ninth, they are Ionic: and 

.L-when it Is one-seventh, Tuscan. The proportions in the Corin­
thian are the sane as those in the Ionic; hut they differ in 
the circunstance that the Corinthian capitals are of the sane 
height as the dianeter at the foot, a thing that gives then 
a nore ilender appearance; whereas in the Ionic column, the 
height of the capital Is only one-third of the dianeter at 
the foot. In ancient tines the rule was, that the columns 
should he one-third of the breadth of the tenple in hei^it.

In these chapterc on the Orders Vitruvius and Pliny codify both 
the vocabulary and grammar of architecture, in that they establish 
the nature of the forns to be used, and the nanner of their 
relationship. Thus the fomal qualities of architecture be cone 
dependent upon a fixed repertoire of elements related to each 
other according to a fixed proportional system. When the archi­
tect has exercised his creative choice in respect of the type of 
column he is going to use (e.g. Doric); the systec of spacing ho 
desires (e.g. eystyle); and the number and actual dianeter of the 
columns; then, this choice having been nade, he finds that he has 
determined the exact length and height of the facade, and has 
moreover determined each division ana moulding. Thus, through 
the system adumbrated by Vitruvius and Pliny, every detail is 
related in a fixed proportional system to the o-t)sBr.

Certain cements must be nade here. Firstly, an 
assumption as to the possible number of column types is here 
nade deriving from past practice as developed in Greece, but 
an arbifcfayy limitation when considered in terns of another cul­
ture and other times. Secondly, these possible columns, the 
najor inherited structural t-nd decorative elements, are rigidly

32. Ibid.. Ill % 3 I 4.
23. Pliny, on. clt., XTC71 I 56.
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defined and oircunscrifced. The relative proportions of the Orders, 
in tema ef the unit of the diameter, are closely defined. The 
important point tfiich aaerges is that, by the -ine of Vitruvius 
and Fiiny, the Bonans have accepted, in theory, certain standard­
ised "building elements, and have agreed upon the principle that 
rules govern the employment of these elementsi in other words, 
the Romans have accepted a vocabulary and a grammar (not of their 
own invention, but modified and varied by then) of architecture.
The acceptance of a code of aesthetic rules leads to an established 
pattern of architectural treatment, that is, to Tormalisu, if it is 
carried over from uh'xiry into practice.

The acceptance of the Orders, and their definition in 
terns of proportions, leads to the wider question of Proportion 
as a general proposition* When Pliny oorrelates the height of a 
column with the breadth of a temple, he is extending the proportion 
of the constituent part to the whole.

Vitruvius formulates this concept as a general principle*
"Proportion is that agreeable harmony between the several 

parts of a building, which is the result of a Just and regular 
agreement of them with each other; the height to the width, this 
to the length, and each of these to the whole." a*e And else­
where he states: "Proportion is a correspondence among the meas­
ures of the members of an entire w>rk, and of the whole to a cer­

tain part selected as standard."
The corollary to this general proposition, which is 

implied in the theory of the V-ders, is that, not only does 
beauty lie in the determinati. relationship of sixes, but that 
certain ratios are more beautiful than others. That Vitruvius

34.

35.

S t *  c rLoeb edition, on. oit.. the word is SHlS&la* 

Vitruvius, ou. oli., 111 ‘ 1 ’ X*

■



believed in the validity of thin corollary ie inplicit ia hie
rules for the proportions of the curia, "if the building io
square, let its height be fixed at one and one half tines its
breadth; but if it ie to be oblong, add together its length and.
breadth and, having got the total, let half of it be devoted to

* consider also his statementi
the height up to the coffered celling." 26• / "Dining rooms ought 
to be twice as long as they are wile. The height of all oblong 
roons should be calculated by adding together their neasured 
length and width, taking one half of this total, and using the 
result for the height. But in the case of exedrae or square 
oeoi, let the heigit be brought up to one and one half times the 
width." 27• Vitruvius clearly believes that proportions under 
certain conditions are fixed and static; that these proportions 
originally empirically determined, have become unchanging 
relationships, which can be learned and applied. 2®»

The f implications of this theory of proportions upon 
design are far-reaching. Criteria of design are established which 
determine dimensioning in terns of aesthetic a priori decisions, 

without reference to the demands of function, purpose and struct­
ure. This is, of course, the essence of jfcmalien. The point

36. Ibid.. V : 2 1 3.
37. Ibid.. VI : 3 « 8.
38. Ibid.. (Ovilt trans.), 11:1:7. "Thus by experience and 

observation the knowledge of certain proportions was 
attained, which in the beginning were fluctuating and 
uncertain." Morgan, op. pit., translates it thus:
"Next, observation and application led than from fluct­
uating and indefinite conceptions to definite rulec of 
aynmetry.1-

39, It must be borne in nind, however, that, in the initial 
formulation of these rules, considerations of function 
and structure may well have been taken into ®c°?un“* 1 
This is evident in Vitruvius's description of the eustyle 
system of interooluoniation, in Morgan, ibid.,
"An account must now be given of the eustyle, which is 
the most approved class, and is arranged on principle a 
developed with a view to convenience, beauty and strength.
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which ve have hero established is that there is a coherent and 
fully developed principle of Foroalisn implicit in the writings 
of Henan architectural theorists.

QHIOinS or TOMULLS.T THEORY.
As this theory appears fully-blown in the pages of

Vitruvius, (and to an extent in Pliny) without a hint of its
developnant, we nust next exanine the sources and origins of the
theory. Ve have already quoted the acknowledged Greek and Honan
sources of Vitruvius. It is significant that the extent of his
Greek "bibliography1 far out shadows his neagre Honan list; it is
also significant that his source-list deals primarily with formal
topics. There is Silenus on the synnetry of Doric buildings,
Philo on the synnetry of teqples, Argelius on the proportions of
the Corinthian order, and at least ten lesser known Greek authors,
dealing with proportion. The Ionic order, incidentally, was
codified by Eemogenes of Priene, an euthor whose works nust be

31reckoned an important influence of Vitruvius. *
There is therefore, no lack of evidence to sustain the 

contention that Honan theories of Ptirnalisn stem directly fron the 
Greek. Ve can also denonstrate the Important fact that the basic 

principle of the theo-y of Pornalien, nanoly the principle of the 
relationship of part to whole and whole to part, is a Greek prin­

ciple. Bosanquet suns up the Greek position as follows;
The synthesis of the one and the nany was, as we
the central problem and the central achievenent of week

30. Ibid., Vll t introduction.
H .  According to V.3. Dinsnoor, ^ ----

Greece. London. Batsford, 1950, p. •
of Ancient
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Fig*22

laid by the Greek thinker a. The rela tion of whole to nart _ 
a slightly nore concrete expression for unity in variety 
has never been nore perfectly elucidated and core justly ** 
appreciated than by Plato and Aristotle." 32.

Thu mthenatical concept of the hamonic relationships 
of the universe is Pythagorean, and Tinaeus, the Pythagorean, 

expresses this concept no at lucidly. 33* Also the concept of the 
very structure and rel it ion ships of the basic elenents of the 
universe in the Platonic cosmology is proportional - "as that fire 
is to air as air is to water, and as air is to water, water is to 
earth." This Platonic concept r.f universal proportion based upon 
the relationships of part and whole, this Greek philosophy of 
formalism then, runs right through Honan architectural theory in 
its fomal aspects. Vitruvian aesthetic law depends on it* and 
in the neo-Platonists it is recapitulated and reinforced. 34.

TnpiWlTM AJTO 3IAUDAHDI ZAT10.N.
We have seen that Honan formalist aesthetic theory had 

two primary conponents* It was based upon the Orders — that is, 
upon a standardised architectural grammar of relationships, and 
its process was that of the relationship of parts to form a *<hole. 
We have also analysed the origins of both these conponents, and 
have found then in general principle to be Greek. These Inherited

32. Bo Banquet, on. clt.. p. 32.
33. It is not possible for two things to be fairly united wi-h- 

out a third, for they need a bond between then, idiich shall 
Join than both. The best of bonds is that which nakes it­
self and those which it binds as corpleto a unity as poss­
ible, and the nature of proportion is to accomplish thisI**'
Bodley .lead, 1932, p»17»

the Wiola ••••• ,, a — iBanead l*6ii, cited by Richter, £kid., P«3«



Greek attitudes were adopted and significantly nodifled by the 
Be nan 3. Without venturing too far into the field of socio- 
psy oho logical analysis, it can be fairly assuned, both fron the 
literature, with which we have been here concerned, and fron the 
artefacts, which we shall eranine, that the Romans suffered troa 
an unsurenoss of aesthetic judgement which led both to their 
plagiarization of Greek architectural forns, and to a willingness 
to rely upon authoritarian standards inherent in the adopted 
granmr of architecture* Standardization, can, of course, have 
practical motivations; it can derive fron questions of utility, 
or functional efficiency, or economy. There is, moreover, a 
particularly valid function of standardisation in a widespread 
empire, for the establishment of standards helped to attain a 
more—or—less uniform architectural environment — modified of 
course by regional differences — which was consistent with the 
unified concept of Umpire itse: ?. In addition, such standard­
ization facilitated the interchange, not only of ideas, but of 
the artists and architects tu carry them out. With the Romans, 
howeve-, it is clear that the motivation is to a largo extent 
formal, and standards are used as a crutch to bolster up an 
inherently insecure attitude to aesthetics. The question of 
formalism in relation to standardization and authoritarian 
rules is a complex but fascinating one, to which we will return 
again later in this study. Certain comments, however, are 

germane now*
The relationship of part to whole in the Roman theory, 

based as it is upon a standard unit (the lower diameter of the 
column) is fundamentally a modular theory. This theory comes, 
as we have seen, from the Greek, but with slight variations 
which are, however, of considerable import. It would seem fron 
our analysis of the Greek Philosophers - all of the post-golden 
age - that they boar out this modular theory. When we examine 
5th Century Greek buildings, however, we fail to find this theory 
exemplified. Plomner draws attention to Mnsnoor's researches in
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this natter.

As the table In Dinanoor nakes clear, no easy ratio existed 
in Greek Doric or Ionic between the Intorajdal distance, and. 
the lower dianetar. Vitruvius in the third chapter of his 
fourth book divides the stylobate of a hexastyie Doric tenple 
into forty-four no dales, allots twelve to the six colunns 
and thus leaves six each for four of the spaces and eight for 
the centre. Hot only his numbering but his actual eyaten here 
lacks all classical Greek precedent, and we had better onit 
all references to nodules in Greek Doric. 35.

The difference is significant. In Greek building, at 
least of the Peri clean age, the shapes and forms of the parts 
are nodulated and adapted in their relationship to the whole.
The process is one of organic synthesis, and, as lethaby points 
out,

these nodiflcatlons nay be used to bring about unity. If, 
for instance, the eight columns of a portico incline towards 
the axis and there is some adjustment in the spacing, you do 
not have one factor repeated eight tines, but together they 
nake up one whole thing - a port loo. **>•

Such deviations fron nechanistic rigidity in Greek architecture 
are doubtless the result of the realization that "a strict appli­
cation of the laws of proportion to architecture produced a total 
deadness." This sensibility is not reiterated in Honan

architecture, and whil„ we h.ve cited several instances where 
Vitruvius indicates a willingness to nodify his rather dogmatic 
theories in terns of practical requireoents, yet we cannot find 
a similar willingness to tenper rigid doctrines to achieve a 
humanisation of desiyi in aesthetic terms. In Honan desigi, 
however, (as in later Greek works) , 38 the parts are standardized,

Green a’id Oo., 1956, li
36. V.H. nethaby, Architecture. london, Oxford Ohivarsity 

Press, 1955, p.71.
37. E. E«d, Tma wd. Ick». london, ktor nod Inbor United, 

1955, p . 85.

* '  S'lS-SS-HHsS Se-
rules.
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and are unaffected by their Incorporation into the whole. This 
ie a process of uechanical addition, where a knowledge of the 
parts will nake possible the prediction of the whole. This 
attitude is carried over into later Honan theory, and Plotinus 
puts forward the uzwOreek preposition that a beautiful whole nust 
have parts that are beautiful separately as well as in cotibin- 
ation. 39 •

Scholfield*s analysis ^  of Vitruvian proportion is 
highly pertinent to this concept of proportion as seen in actual 
Honan building. He defines Vitruvius* system as analytic, 
comensurate and arithmetic; valid only fron a single viewpoint; 
and nore concerned with relationships of part to part than of 
part to whole* that is, dealing with multiples (nodules) rather 
than subnultiples. The use of comensurate dimensions is signi­
ficant, for they clearly facilitate an additive system. Moreoever, 
as Schclfield points out, comensurate dinensions have greater 
utility than inconnsnsurate ones, for they are easier to manipulate 

and apply.
Once again, we are led to the conclusion that Honan 

formalist concepts have a powerful practical component. The 
utility of standardisation referred to by Scholfield is under­
lined by other writers. For instance, Ogden emphasizes the 
the practical base of the nodular system, writing: ’’With the
development of tools for mensuration, it was natural, and 
inevitable, that the canons of ancient art should bo trans­
lated into "modules" of definite linear proportion in which 
incommensurable numbers no longer appear." 41• The crystalli­
zation of empirical practice into rigid formalist theory nay

39. According to Hosanquet, on. Pit., p.116.

40. Rebelfield, on. clt.. pp.26-8.

41. R.M. Ogden, T T  T r i l o g y  of S'6V York»
Scribner*s Sons, 1936, p.190.



thua In part be ascribed to a syetemtization of building tech­
nique. The reduction of the creative process to an autonatic 
application of a fomulu ;V the essence of the formlist attitude: 
and yet, practical advantages are also apparent. Thus Brown, 
ot. al.. in a rather prosaic comontary on the orders, clains that 
"the very process of reducing the Orders to a "rule," with its 
inevitable loss of artistic expression, yet caused then to attain 
an average that mde their use possible - with a certainty of not 
going far wrong - by Individuals of indifferent genius or archi­
tectural training." 42e

Brown implies that the establishment of a universally 
accepted architectural idiom facilitated the creation of a general 
body of architecture on a wide scale, to a uniform minimum standard 

of acceptance. This is a particularly important factor in a wide­
spread empire. A standardize' chitecture resulted in a uniform 
urban environment throughout the empire; that ie to say, a uniform 
environmental system or matrix results, within which local and 
regional variations will of course occur. It constituted the 
visual link between colony and mother-city, and in symbolic 
language proclaimed the hegemony of Borne. Moreover, standard- 
lisation facilitated the interchange of architects and artisans 
ftom one part of the empire to another, on interchange fundamental 

to establishing an expanding conception of the Roman way.
To recapitulate* we have postulated some of the practi­

cal connotations of an essentially formalist theory stressing 
the standardization of the part, and the mechanical relation­
ship to whole/ WThis*mechanistic concept of the relationship 
of part to whole implies the possibility of the ^analysis of 

the whole into its components. As Ogden puts it:

EiSfSBTrlSL



of the mater of tinea a given 'jnit is contained in the 
whole.

The oonpcnenta retain their original Identity within the iAole> 
and of necessity mist he articulated and separable. The necessity 
for articulation icnedlately produces architecture of a certain 
type. A wall surface, for instance, is non-articulatod and contin­
uous; in fact not unified, hut a unity, that is, one indivisible 
whole. A perforated wall, although it is punctuated, renains 
essentially non-articul- nese perforations hecone round-
headed, we have an arcade vried on piers, where the basic wall 
character is retained. An arcade carried on oolunns, however, 
breaks away fron the continuous nature of the wall, and brings us

into the sphere of articulation, but not in an altogether unanbig-
44uous way. * A systen of architecture based upon clear-cut 

vertical and horizontal divisions is nuch nore effective in 
realizing the conpartnentalization or articulation of the facade. 
The inherited systen of the Greek orders, with their precise 

definition of parts, was just such a system an excellent neans 
for defining and isolating conponent parts of the whole. The 
architectural role of the Orders, particularly in a non—structural 
context, and the consequences of the need for articulation, are 
subjects to which we shall return in the next chapter.

SIM30LI8K.
One of the nost powerful notivations in architecture 

is sycbolisn: and, as it is often subconscious, or *on conscious, 
not overt, it is one of the nost difficult not Ives to isolate and 

analyse. Purthomore, it has been stressed that concepts of 
symbolian in building do not cone easily to the nodern nind, and 
that consequently it is difficult to recapitulate convincingly 
the synbolio intent of another age. "This neans that architectural

43. Ogden, on. pit.. p.185.
44. Iter a penetrating study of this problem,

reference to the work of Alberti, see Wlttkower, •
(Arch. Frinc.).
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syntolisn will continue to oean artificial as long as ... 11 is 
assuned that the activating factors of architectural creation 
were alieys, as they are today, only structural necessity, util­
ity, decorative desire, and a particular kind of taste."
It is doubtful however, whether this assumption of the absence of 
present-day syntolisn is altogether justified* and the contention 
ronains unconvincing while house-builders continue to express their 
desire for a "honely" house, bank-directoratee denand "dignified8 
banks, and coffee bare evoke the "romance" of far away places.
Such denands for specific essences in building are perhaps 
unwitting, but not for that the less powerful, synbolic acti­
vations of oodem architectural forne.

Ve oust therefore concede that even in naterialist 
nodern tines architectural foros are nodified by synbolic inten­

tions. In less scientific, nore svgjerstitious, nore ignorant or 
□ore spiritual ages, we oust regard as .& powerful incentive to 
foroalisn in architecture the concept of architecture as a synbol. 
Where, for instance, a society believes that a cclunn represents 
in material forn the spiritual qualities of a deity, then relig­
ious buildings erected to such a deity will be oolunnar archi­
tecture. The synbolic and functional attributes of the cclunn 
nay coincide, as in the Greek terrple, but this is not necessarily 
so, and even when functionally redundant the coluon will be 

retained for its synbolic connotations.
It is argued therefore, that when forns are used for 

their metaphysical associations, and are not derived fron pract­
ical considerations, it nay fairly be said that the forns are 
derived a  priori, and are the result of an approach with a 
formalist bias. This argument needr further analysis, because 
the t e m  'functionally redundant' nay m  -one oircun.tances he 
nleleedlng. aynhelleo nay .orre the practical de.lderatun cf

45. Snith, an. oit.. p»&»



purpose, even if the purpose is a metaphysical or magical one. 
liy ♦'•he sane token symbolic foms are not necessarily arbitrary, 
but nay be inherent in the problem. When symbolism f • deeply 
felt and purposeful, it is a logitinate generator of architectural 
foms. However, a stage ie reached when symbolism as a live issue 
ceases to operate, and bocones mere habit. Thus, when we follow 
in Bnith's analysis the transmission of the arcaded gallery from 
pagan palacee of deified emperors to the Royal House of Christ, 
until we see it at its climax in the arcaded fronts of lonbardic 
and Tuscan churches, we speculate with him, "and wonder to what 
extent the traditional palace symbolism had begun to fade into a 
decorative aesthetic by the end of the Romanesque period 

Thus it ie not living symbolism, but * fro ran* symbolism - when 
symbolic forms are transmuted to traditional forms - which generw 
ates formalism in architecture.

Through tradition, by constant repetitive associations, 
certain symbolic forms become perpetuated. Conversely, certain 
force become, in perpetuity, regarded as symbolic of certain 
attributes. The association may to anthropomorphic - the Doric 
order is characterised as masculine, the Ionic as feminine* or 
it nay be a mood association — this colonnade is grave or digni­
fied, that scroll is gay. Certain forms are regarded as symbolic 
f power, others of luxury. These attributes cf qrmbollsn a** 
v~mnon to all eras of architectural endeavour; and in so far as 
they give appropriate concrete form to abstract concepts of 
character, or make articulate the purposes and motivation 01 
man, they are protyer and valuable means to legitimate archi­
tectural ends. They must, however, be recognised as formalist 
disciplines, which, to the extent that they are regarded as 
sacrosant and unchangeable, must be disciplines inherently cap. 

able of frustrating practical ends and purposes.



In Bo nan Inperial tinea such types of associative, 
trad.it lon-hounJ. synbolisn were widely evident. Renan synbollan 
derives partly fron Hellenistic sources, as Baldwin Snith 47 has 
been at such pains to denonstrate, partly fron native traditions, 48 
partly fron the character of the people, and partly fron the needs 
of the ruling class.

JLs has been pointed out elsewhere, 48 synbolisn of the 
ruling class in Bone was manifest in buildings for propaganda 
purposes. In the case of monumental architecture, it is certainly 
the case that he who pays the piper calls the tune, for the 
creation of great buildings, the control of land, capital, labour 
and material is an essential prerequisite. Architecture subserves 
the motives of the nan or group who haa the power to cause its 
creations. Its symbolic foms underline his purposes; it is 
propaganda in concrete forn for his a ins; it attenpts to facilL* 

tate the perpetuation of hie ideals.
Synbolisn in Bone is therefore concentrated specifically 

in two directions; propaganda on behalf of the State, and propa­
ganda on behalf of the Xnperor as personification of the State.
Thus the strength, dignity, stability *nd grandeur of the State 
are inprassed upon the peoples of the Bapire by the identical 
characteristics of the architecture built under the patronage of 
the State. We have a state which is 6cultivating by every moans

47. Ibid.. passim.

■ S B
49. The present writer has discussed this

^publisMd^theIiZ%lvSsit? of t h ^ V i t e r ^ f  
1946.



at its command, a kind of monumental propaganda to impress tho
masses throughout the provinces 50* Tho symbolism of
buildings reinforced the symbolism of ritual and tradition.
This we shall see in a later section, when we look at the symbolic
implications of the monumental arch, or tho Imperial palace. At
this stage however the operative principle oust be noted.

The Romans desired to make their public buildings and no m u  
nents throughout the Bnpire an impressive manifestation of the 
enduring supremacy of the State. This meant that the archi­
tecture associated with the ruler was intended to be seen in 
relation to the ceremonies as an expression of the divine 
and cosmic nature of 'she eoperqr who was tho embodiment and 
personification of thj State.

Certain important architectural consequences follow, 
firstly, certain architectural forms and motifs become associated 
wiJ-h certain ceremonies, 53 and these are perpetuated for their 
eyuuollo connotations. Those we shall study in the later section, 
where we deal with the characteristics of symbolism as it affects 

architecture. Secondly, the entire character of Roman 
architecture may be affected by those symbolic implications. Tho 
detailed consequences of this we shall also defer for later study, 
but the general statement must bo amplified here.

It must be recognized that arcnitectural symbolism can­
not afford the nuances and subtleties of the spoken or written 
wordt It must be obvious and direct, and to be effective nuot 
be broadly-based, upon the most popular level of appeal. It is 
intuitive and emotional rather than intellectual. Imposed by 
the rulers upon the ruled, ".. its forms, which transcended any­
thing within the attainment of the ordinary nan, were the nost 
memorable means by which the people could visualize tho grandeur,

50. Smith, on. clt., P«4»
51. Ibid.. p.74.
52. As in the case of the gabled roof discussed in note 48.



power, and euperhunan authority of their earthly and spiritual 
lords.* 53»

The characteristic qualities of such an architecture oust 
he nonuneutallty of scale, grandeur of ornanentation, luxuriance of 
naterials. We cannot expect subtlety, restraint, uodeaty, refina- 
nent; we oust not he surprised at hlatar.t vigour, and an accoru 
panying coarseness of detail. In a sense, architecture deriving 
from these concepts of power syribollsn oust he architecture of 
innediate and overwhelming effect, not architecture for contact, 
plative appreciation.

Moreover, the language which such qmbollc architecture 
speaks oust he traditional. It oust reiterate that which is 
faniliar and customary, if it is to he understood on a broad basis. 
Synbolisn is therefore a tremendous force for conservatism, for it 
perpetuates tcaiitlnJtl forms. We have many examples in contemporary 
history, notably in Soviet Sussla, fascist Italy, and Sasi Germany, 
to demonstrate how architecture for propaganda is Inevitably 
reminiscent in form, recalling nostalgically and emotionally the 
echoes of a heroic past. Roman demagogues were equally facile in 
showing their descent from a lineage of traditional heroes, and in 

bolstering their status by the prestige of the past. This 
approach, is essentially a romantic one.

Geoffrey Scott 54 has argued that romanticism con­
ceives sty? e as a stereotyped language, and stimulates an archi­

tecture unduly stylistic and unduly antiquarian. At first 
glance it may seem paradoxical to talk of the Romans as romantics. 
This hardy, stern, practical race epitomises the virtues of level­
headedness and a realistic outlook. Yet, as Edith Hamilton has 
so perceptively realised, "What we today call realism ... always

53. Smith, on. cit.. p*5.
54. Scott, on. cit.. p»»4
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has ronanoe for a oonpanlon." =5. Xhero realism reveals the 

ugliness and harsh "brutalities of life, there is always a ronantic 
reaction.

The Greeks, who would have nothing to do with ertrecos, knew 
neither the one nor the other. They were realists to when 
the real was "beautiful and the direct expression of that 
spirit is classic art. But the Romans, to wlxm the real was 
the reverse of beautiful, ended inevitably by turning away 
from it to romance. 56.

We shall see in the next section an analysis of the 
architecture stimulated by these concepts. Here the point must be 
nade that the Roman way of life, with its strongly conservative and 
traditional component, has a propensity for associative and symbol­
ic form. This propensity may be seen in the many a-functional, 
purely symbolic structures, such as triumphal arches, commemorative 
columns, etc. developed by the Romans: and in turn these struct­
ures stimulated a purely formal approach to their design, and con­

sequently to design in other fields.
We must recognise the ambivalence of symbolisa. Wo have 

in Romn times certain structures (e.g. the aqueducts) which are 
derived from practical considerations of purpose and structure, 
but which, by the nature of the forms derived, are symbolic of the 
power of the Hop ire; we also have structures (e.g. the triumphal 
arches) which are symbolic in purpose ( and nay even utilise the 
same element3 of majesty as the aqueducts), and whose forms are 
determined only by their relevance as symbols. It is clear that 
although the final forms nay be similar, the motivations are 
different"' as are the relationships of form to context.

There are two aspects of symbolism in its relationship 

to formalism. The one aspect is, as we have seen, romantic. The 
other aspect of symbolism is discussed by Bosanquet apropos of 
Plotinus's concept of symbolism, where art is no longer con­
sidered imitative, that is, governed by ordinary perception,

55. Hamilton, on. clt.» p.118*
OS# JESiaL* 9
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oo n-

i
b-it "booonee chargad with embolic assooiative content. The
sequences of this re-orientation are aost Inportant.

As we should anticipate, the identification of beauty with 
nere symetry, or unity in variety - the linitation which 
nates aesthetic purely foroal - is broken down iAen the 
beauty of art ceases to be subordinated to the standards of 
ordinary reality. 37.

Syribolisn, considered in this aspect, is singly express Ionian.
This express lonisn is, as Bo Banquet sees it, antagonistic to 
fornalien in its narrow, geocetric sense: but it is productive of 
forsslisD in terms of the wider definition which we have adopted 
throughout this thesis. ' cnsidering as we do that fornalien is 
the attitixle to architecture where the fome of the building steo 
fron consideration* of neither structure nor purpose - that is.
BoBanquet's "Standards of ordinary reality* - but fron non­
functional, non-struotural (that is, in terns of our definition, 
norwintrinsic), disciplines; then we oust interpret the type of 
architecture whose forms are determined by association and symbol- 

isn as being formalist architecture.

s n o n m i .
The type of nonmentality demanded by Bo nan synbolim 

was most readily achieved by symmetry. Konunentality represents 

achievement rather than striving, being rather than becoming.
It is the summation of an acconplishnent rather than the process. 
Thus no nun an tali ty is usually concerned with the stable rather 
than with instability. Perfect balance is the balahce of identi­
cal, rather than merely equivalent, forces: and this perfect 
balance of identical forces about a central axis, constitutes a 

definition of symmetry as we use the term today. In the 
Vitruvian 58 usage of the word, however, symmetry is used

57. Bo Banquet, on. cit.» p.H^»" HsBiSS
also note 2 above.



loosely as ^rtiononous with good proportion, or the just relation­
ship of part to the *ole. o9e This connotation of the torn has 
not been lost, and the dictionary definition of "synnetry* still 
speaks of proportional relationships rather than of balance and 
identity of the parts. In the Vitnxvlan sent , as in the
primary dictionary sense, there is always the top..-oation of the 
value judgenents, the "due11 or eri£it" proportions, and the 
"pleasing whole", and the resultant "beauty". It is interesting 
to note that for those trained upon classical precepts, these two 
Dean Inge are perhaps one. Tor the classical architect, the beauty 
of synnetry is achieved only by the rigid application of the 
"nathenatical" synnetry of Identically disposed parts. In classi­
cal times, there was therefore no dual iso in the concept of 
synnetry. Today, of course, we are sonewhat divorced fron the 
classical vision, and we can conceive a »synnetrical« architec­
ture (i.e. an architecture where due proportion of the parts 
results in a pleasing whole) which is, in the nathmatlcal sense, 
not symetrioal. Such dualistic concepts do not find expression 
in Honan architectural rather does that architecture nake concrete 
the concept that beauty lies in the rigid application of the 
principle of identical (or pseudo-identical) balance.

mm
line f ŝ  «"



Thare are precedents for this rigid attitude, wherein 
oynnetiy is regarded sinultaneously as a neans and as an end in 
the prohlen of achieving significant architectural fora. There is 
the inexorable nriality of the Egyptian Tenple, and the syrmetrical 
balance of the Doric Tenple (although this synnetry is confined to 
the actual building, and not to the building-site relationship). 
There is, closer at hand, the axiality of Etruscan design. In 
Hone, however, we find the principle of axial planning carried to 
its ultimate » perhaps not to be equalled until the seventeenth 
century. The exialities of the fora; the synnetry - in the con- 
partneits, but not in the totality - of the Palatine hill; the 
plan disposition of the thernae; all those exeoplify the principle 
of synnetry. The nonunental colunn and the triunpha arch are the 
paraphernalia of an axial planning systen culnlnatlng in selected 
vistas. The circular plan - to which the .. jtaan architects dc<irn»» 
strated a narked affinity, as in the Vestal Terples, th<, Pantceon, 
the Manseleuns of Augustus and Hadrian, and the doned halls of the 
Thernae - is the ultimate product, short of the onni-sycnetrical 
sphere, cube and dodecahedrons, in the search for synnetry, in 
that is is synnetrical fron all horizontal points of view.

The concept of synnetry gives the Bo nan architect -• 
preconception of fom. It arises fron the psycho-philosophical 
disciplines, and reflects the fbxasalist attitude to architecture. 
It inplies all sorts of limitations to the effectiveness of the 
design fron the functional, materialist, practical point of view. 
It dictates plan shapes and. dispositions, fenestration and orien­
tation, according to criteria other than, and often in conflict 
with, tne functional requirements. In extreme cases, it leads 
to redundancy and duplication. Inevitably, as we shall see, it 
oust cone into conflict with the practical attitude to arcblteo- 
ture, as exemplified in the "architects handbook" chapters of 
Vitruvius to which we referred earlier. Of pseudo-symmetry, or 
the attempt to reconcile this conflict, we will have more t say

later.
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CHAPTER FIVE

FORMALIST CHARACTERISTICS OF ROMAN ARCHITECTURE

MONTJMENTALITY.

If one were to seek a single epithet which would 
evoke in our minds a faithful image of the character of 
Roman architecture, that word would be nonumental”. The 
monumentality of Roman architecture, although it derives 
partly from the practical attributes of material structure 
and purpose, is an expression symbolic of Roman power, 
and formally derives from the symbolic concept. The 
architectural components of this symbolism of power are 
s e. magnitude of physical dimension), scale (i.e.,
the ? net of size upon the human observer) and dignity 
(i tarter commensurate with the inherent seriousness
o. symbolic purpose; this ranges from grandeur to
pomposity). Sheer physical size is epitomised in the 
Colosseum, the Thermae of Diocletian and Caracalla, the 
Maurentian basilica, the Circus Maximus, or Hadrian's 
Villa. Monumental scale is achieved in all these struc­
tures, but particularly in the Thermae and the basilica; 
in addition, the engineering structures - the bridges 
and aqueducts - are marked by a noble sense of scale. 
Spatially, the Pantheon must rank with the great exponents 
of the monumental scale. The rhythm of these Roman 
buildings is slow and broad. Their essential rhythm 
is Wagnerian - slow, majestic - and the resultant charac­
ter is grave. This gravity of character, this inherent 
seriousness, arises partly from the monumental scale of 
the buildings, and partly from the structural elements.
Where the structure (or the apparent structure) is trabea- 
ted, it carries with it a sense of inevitability and balance 
inherent in the contra-poising of horizontal and vertical. 
The round arch, too, is by nature static rather than
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dynamic, suggesting a complete resolution of the forces 
involved, and so again producing an architecture of 
composed balance and gravity. The frequent combination 
of both trabeated and arcuated systems which, as we shall 
see, so characterised Roman architecture, united the 
static balance of the first with the weighty gravity of 
the second, and the resultant was an architecture of 
the highest monumental content. Roman architecture is 
often heavy, often pompous, often lacking in profundity - 
but its concept of basic structure and space is always 
monumental, never frivolous or merely charming. There 
is an underlying formal consistency in Roman architecture, 
which stems directly from the conscious fulfilment of 
symbolic function, and from the p -petuation of symbolic 
forms. The formal relationship between the Pantheon 
and the Maxentian basilica is of the first sort. Although 
the plan shape and the structural system of these two 
buildings are very different, yet they are one in the 
atmosphere of grave dignity and monumental spaciousness 
which derives from a single vision and a common symbolism. 
On the other hand, despite the formal similarities, 
there is the world of difference in character between 
the aqueducts and the triumphal arches. Here the 
similarity is not that of motivation, but of a perpe­
tuated grammar of forms. Perhaps this latter type of 
secondhand formalism is best demonstrated by comparing 
the Theseion at Athens and the Maison Carree at Nlmes.
The vocabulary — rectangular plan form, trabeated system 
of construction, classical orders, pitched and gabled 
roof - is identical: but in character the final products 
bear no resemblance to each other.
SYMBOLIC FORMS

In our comments on the importance of Symbolism
to the Roman building, we referred two points forward



for further discussion. Those were the architectural 
forms and motifs which were perpetuated deliberately 
for their symbolic connotations; and the monumental 
character of building which was exploited as a symbol 
of Roman pc-ver.

In the discussion on particular symbolic
motifs I shall follow in the main the argument of
Professor Baldwin Smith/1'1 whose studies in the field
of Imperial symbolism are valuable not only for the
light they throw upon Roman architecture, but for the
thread of continuity which they establish from the
Hellenistic palace through Rome to the Romanaquo church.
He states his thesis as follows;

The exact intent of this imperial symbolism is 
difficult to interpret because the separate 
architectural features, when removed from the 
beliefs and public ceremonies which gave them their 
content, look to our rational and unimaginative age 
like mere conventions of design. Nevertheless, 
when such elements as the city-gate, towered 
facade, castrum, cupola, orbis, royal ciborium, 
ard domical vestibule are seen as forms of palace 
symbolism and are reviewed as historical ideas 
from their inception down to their adaptation by 
the Christian Church, they reveal a consistent 
use and a persistent expressive intent.^

In order to highlight this contention, let us 
look briefly at two examples only: the triumphal arch,
and the domed hall. Of these two building types we 
have ample evidence and our discussion is thus firmly 

based upon fact.
The triumphal arch, deriving probably from 

timber antecedents as a temporary structure^ commemorated 
the victory of a Roman general - which meant, under the 
Empire, the glorification of the Emperor himself, as

1. Smith, op. cit., passim.
2. Ibid., p.5. The simultaneous origin of art and̂  
ritual is discussed by Herbert Read, op. cit»_, ( loon 
and Idea), p.57, in a passage where he rejects the 
concept of the priority of the rite,
3. Smith, op. cit.. P.24; Talbot Hamlin, "Triumphal Arch” 
Encyclopaedia Britannica, 22:487•



commander-in-chief under whose auspices the general 
served. Attired like tne Capitoline Jupiter in robes of 
purple and gold, with a laurel branch in his right hand, 
an ivory sceptre surmounted by an eagle in his left, the 
Emperor rode in triumphant procession from the Campuo 
Martius through the city to the Capital,^ The arch was 
thus part of a ceremony of great richness, with strong 
religious connotations. "The Roman Triumph, especially 
as it influenced popular ruler - concepts and gateway 
symbolism, had much in common with the Hellenistic 
Epiphany and Imperial Adventus. All were ceremonies of 
welcome whose rites of deification gave a celestial 
content to the arcuated jortal,"^ The religio- em­
bolism of the triumphal arch in Imperial times Lv _ve 
intimately tied up with the cult of divi imperatores, 

which, after Augustus, became a religious political 
force throughout the Empire.^ The symbolism of the 
archway is therefore two pronged, emphasising not only 
the temporal power of the Emperor, but his potential 
divinity, if we might put it that way. The archway 
becomes a symbol of heaven.

There is an intimation of vny the Roman public 
associated the archway with hoaver in the fact that 
the Porta Triumphalis became known as the Arcus 
Divorum. This kind of imagery, however, was 
merely the continuation of much earlier ideas.,,.
As Cooke has pointed out, man visualized the arch 
as a sky image because they were accustomed to 
think of the figure of a triumphant general on 
his arcus as the embodiment of the supreme sky- 
god on the arch of heaven. During the Empire this 
habit was further strengthened, whsa the Tri unph 
and Adventus had become a form of Emperor—worship 
and the passage through the arch was celebrated 
as the apotheosis of a divine Augustus."7

With this religious connotation, it is not surprising

4, "Triumph," Encyclopaedia Brittanica, 2'>• 487*
5« Smith, op. cit., pp. 21-2.
6. According to Sandy’s, op. cit,, p«293»
7, Smith, op. cit.. pp. 30-1.
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that the triumphal arch is taken over in the Early 
Chri _,cian Church, where although its context io so dif­
ferent, its essential symbolism is unchanged.

The transference of the symbolism of semi­
divine power from the Porta Trlumphalis to the arcade 
crowning Imperial gateways, and thence to the facade of

~  o
Imperial palaces, can be traced step by step. Eventually
the arcadrt x *> ry becomes a symbol of Tmperium Romanorum,
of Imperial. ; ’wer. It becomes an eat shed phrase in
symbolic language, and can eventually be 'ecognized in
various diagrammatic forms and mutations.

When Diocletian, the living Jove, constructed his 
palace overlooking the Adriatic the arcade was 
already so traditionally identified with the heavenly 
abode of a divine ruler that he had it sculpturally 
translated into a decorative arched corbel-table 
above the Porta A Urea as the ceremonial entrance, 
and had statues of *ne gods and perhaps of the 
roval family set into the openings of the arcade.
The fact that it was an established mark of 
Imperium, with all the celestial implications 
customarily associated with a sacrum palatium, is 
proved by the importance which is given to the 
motif on the "Palace of the Exarchate" at 
Ravenna. "9

In a later section, we shall look at the de e- 
lopment of the arcaded gallery from another point of 
view, as the resultant of the transmutation of structural 
into decorative forms. In making this analysis, we 
must bear in mind the implications of symbolism which 

this motif embodied.
As a further example of the development of 

architectural forms with specific symbolic associations, 
let us examine that most Roman of architectural forms, 
the dome. The relationship cf the form of the dome 
and its decoration to sky-symbolism has been extensively 
dealt with by many writers.^ It is not our intention

8. For this development see ibid., pp. 31 et seq.
9. Ibid., p.34.
10. Notably by Smith, ibid., and also in The Dome, 
Prineeton University Press, 1950. K. Lehmann, ''The Dome 
of Heaven", Art Bulletin, XXXVII, 1945, PP« 1-271 a** 
Herbert Read", op." cit., ( Icon and Idea), pp. et 8e9«
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here to recapitulate the entire argument, but only to 
relate it to the appearance cf the dome as an important 
factor in Soman architecture. Dome symbolism is partly 
related to tfc t cosmic significance invested in curved 
and spherical surfaces, vestiges of which we have seen 
already in the arcuated portal, and partly to the shape 
and decoration of the Sacral Tent, such as was used by 
divine rulers of practically every ancient culture, and 
la exemplified by Alexander’s ’’Tent of Heaven’1,11 This 
celestial tent is part of the royal ritual of those 
quasi-divine rulers of the Hellenistic period and of 
Egypt from which the Roman Imperial cult drew so much 
inspiration, and the symbolism of the sky-tent is trans­
ferred in shape and decoration to the vaults and domes 
of Rome.

This is all straightforward, a logical transfer­
ence 01 ideas and forms. The particular importance of 
Smith’s thesis in the understanding of this development, 
is the emphasis he places upon the dome in rel; bion to 
the Imperial palace. The dome is not just a symbol of 
divinity, it is a sy. joI of imperial divinity; it is 
associated not only with the ritual of worship, but 
particularly with the ritual of emperor-worship. It is 
thus to be found not only in the temple of the gods, but 
in the palace of the emperor; and particularly in the 
vestibule of the palace, which was the focal point of 

palace ritual and ceremony.
In our discussion of Roman constructive prin­

ciples, we referred to the domed vestibules of the 
palaces of Augustus and Nero, and the villas of Hadrian 
at Tivoli. These domes were discussed as illustra­
tions of the Roman practical attitude, as examples of

11, Smith, op. cit., pp. 115 and 145.
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Roman technical mastery. The motivation for the develop­
ment of the dome, it was inferred, was partly in the 
challenge of the problem itself, the creation of a large 
space unimpeded by internal supports. We must now 
consider whether, while this statement is true, it is 
indeed the whole truth.

The physical challenge of the conquest of space 
is evident in the dome of the Pantheon, spanning 142 feet, 
or in the domed calidarium of the Baths of Caracalla, of 
almost similar magnitude (about 120 feet). On the other 
hand, the domed rooms of the palaces are relatively small: 
the vestibules of the large Palace of Hadrian, the small 
Palace of Hadrian, and the Palace of Diocletian are all 
in the neighbourhood of 40 feet, while the domed vestibule 
of the Imperial Palace at Constantinople is the smallest 
room in the whole suite. It is obvious that the 
motivation for the use of the dome in these oases cannot 
be structural, and the evidence for the symbolic deri­
vation becomes more compelling. We must acknowledge 
that, even if the domes of the Domus Augustana and 
Nero's Golden House are limited by technical immaturity 
at that early date, and that they represent the maximum 
spans achievable by domes at that time, yet there were 
other forms of roofing available, and that the choice 
of the dome cannot be impelled by structural considera­
tions. Furthermore, the 140 foot Pantheon dome and 
the 40 foot dome of Hadrian's Villa are both representa­

tive of the same Imperial epoch.
The small domes represent the perpetuation of 

an architectural form because of its symbolic connota­
tions. The great domes of Imperial Rome, however, 
must be regarded as exhibiting two forms of symbol.so. 
for if, on the one hand, the form evokes a religious 
respc t.e through associations of the sort we have been
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examining nere, then, on the other hand, there is, in 
the physical achievement of vaulting the great span, an 
evocation of pride in the power of man himself. a 

dome such as that of the Pantheon is symbolic simulta­
neously of both spiritual and materialistic essences.
There is the symbolism imminent in the form itself, and 
there is the symbolism of the achievement of the form.

We must first consider the inherent associative,
symbolism of the Pantheon dome. In an eloquent passage,
James Lees - Milne, writes

The be-all and end-all of the Pantheon was of 
course the dome; and there can be no doubt that 
it was purposely made symbolical. Whereas the 
Gothic cathedrals of the Christian builders were 
aspirant - their pointed pinnacles and spires 
reaching to the highest heaven in joyous praise 
of a beneficent Almighty - the Pantheon was meant 
to be propitiatory. Instead of striving to 
epitomize in stone the supreme attribute of a 
single celestial god, the architect of the pagan 
shrine endeavoured to devise a wordly habitat 
which the elusive Roman deities might condescend 
to visit from time to time. In other words the 
dome was meant to be a microcosm of that limited 
universe which the Roman civilization understood.. 
The concave dome, "seemingly suspended in the air, 
as John Evelyn saw it, was the finite sky and the
central circular opening the sun, the only source
of light and life ....-^

The concept expressed by Evelyn, of a dome 
suspended in the air, is the critical factor in our 
discussion. In any consideration of the dome as micro- 
cosmic symbol of the universe, the separation of dome 
and the realities of support - and thereby the connec­
tion with the earth - becomes imperative. The dome
must be read as an entity unrelated to the more tangible 
presence of the support. In the Pantheon, this separa­
tion of dome and support is achieved in several ways, 
of quite remarkable subtlety.

The most obvious of these techniques of sepa­
ration is the use of the boldly-projecting upper cornice,

12. J.Lees-Milne, Roman Mornings, London, Allan Wingate, 
1956, p.19.

• r
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which sweeps round the interior unbroken to provide a 
strong visual delimitation of drum and dome, an effective 
cut-off between the two spaces. This isolation of dome 
and drum is accentuated by the failure to correlate 
the ribs of the coffered dome with the module of the 
columns in the drum. We have drawn attention to this 
lack of correlation in our structural analysis of the 
dome. It may now be tentatively suggested that the 
misalignment is not accidental, but a deliberate subtlety 
by which the division of dome and support may be accen­
tuated. The columns in the niches are the only visible 
forms of structural support; they are separated from the 
load of the dome, however, by the structurally neutral 
attic store* The most telling factor of all, perhaps, 
is the rati ' 1:1 which exists between the height 
of the drum to the cornice, and the radius of the 

dome. This vertical duality effectively separates the 
cylinder and the hemisphere into two visually independent 

elements.^
This emphasis upon the independence of the 

dome from all structural support is perhaps a factor in
li,the Roman avoidance of the pendentive dome. Otto Demua, 

discussing the dome on pendentives, writes: "Byzantine
architecture is essentially a ’hanging* architecture; its 
vaults depend from above without any weight of their own. 
The columns are conceived aesthetically, not as suppor 
ing elements, but as descending tentacles or hanging 
roots."15 The pendentive forms a bridge between 
hea/en and earth, a link between the dome and the ground.

13. This separation of elements, so necessary to the
concept of the dome, is contained within the over-ri ing
unity of the space, arising out the correlation o 
the total height of the structure w„th its diameter.
-  i _  . .  i  • ________ ^ . 9  Vi •< e  vM»n h  1 A m  d j i  C frlSU Pt 6X1 1 h r ©  O •

15. Cited by Read, op. cit.j (Icon and Idea), p.?0



It is an ment of continuity, not separation. As such,
it is incompatible with the Roman symbolic intention.
There is, in this Roman creation of a miorocosmic universe,
a reflection of the Roman search for order. The sky-
symbolism of the dome is significant, for, as Sevan has
pointed out, the sky, in

its higher regions above the clouds, is a world 
of order. While the terrestdalworld offered 
primitive man a region in which regular law seemed
to prevail only in particular strands (fire always
burnt, and so on) amongst promiscuous irregularity, 
the movements of the shilling bodies seen in the 
world overhead repeated themselves with invariable 
regularity.16

The acceptance of this symbolic vision is in a 
sense a Roman flight from disordered reality to the ideal 
world of order: and as such it is yet another manifesta­
tion of underlying strata of romanticism in the Roman 
character. This romanticism is especially evident in 
the symbolism of the large dome. Size - sheer dimen­
sional magnitude - becomes an important factor. If the 
done is to represent the universe, perhaps it should 
a^so represent the infinity of the universe. The sublimity 
of the. sky lies in the limitless expansion of its space: 
and, in Roman done design, the suggestion of infinite 
space becomes of great importance. Great size, and 
the suggestion of even greater dimension, become the means 
of achieving the ultimate goal of limitless space.

Dome symbolism derives not only from the sky-tent 
concept, but from the essential sublimity of height and 
space, Herbert Read^ discusses this point in relation 
to Edwyn Sevan's concept of height "as a quality whose 
apprehension led to feelings of reverence and sublimity, 
and while regarding height merely as a function of space,

16. E. Bevan, Symbolism and Belief, cited by Read, ibidj., 
p.146, n.2?.
17. Read, on. cit.. pv, 146, notes 27.
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concedes that, as an expression of infinite spatial
consciousness, height "enters into man's transcendental
imagination'’. He also cites Morey's vi ew  that "the
first great structure that displays the change (in
spatial expression, G.H.) is the Hadrianic Pantheon in
Rome, built at a time when the transcendental element

1.8was fast transforming Mediterranean belief..."
Space, and the suggestion of space: upon both 

of these factors rests the Pantheon's intimations of 
infinity. The actual physical dimensions are, even by 
present-day standards, most impressive, and in the eyes 
of Hadrian's contemporaries, the size must have appeared 
overwhelming. The architect of the Pantheon did not 
let the matter rest there however. He very cleverly 
subdued the effect of the dome externally, by burying it 
partially within the mass of the rotunda wall; and by 
reducing its apparent height externally, he, by virtue 
of the subseauent surprise and contrast, accentuated 
dramatically its apparent size internally• This
exaggeration of size is amplified, moreover, by the 
diminishing perspective of the coffering, which leads 

the eye coapellingly upwards, to culminate in the '-.pae- 
thral opening at the apex, where the aura of light 
causes an elision between suggested and actual infinity 

of space.
The vaulting of this great space is in itself 

an achievement symbolic of Roman power and material 
invincibility. Structures such as the Pantheon, and 
others of similar magnitude, must be regarded as monu­
mental symbols of Roman materialist achievement. Let 
us low look more closely at this, the second aspect

of symbolism.
Baldwin Brown, in his sensitive analysis of



the aesthetics of the Pont du Gard, writes: "Utilita­
rian in intent as the structure nay be, it is yet ideal 
in its expression of Roman Imperial majesty. The Romans 
discerned a practical utility in display, and there 
underlies the massiveness and grandeur of the great 
engineering structures a real though perhaps unconscious 
effort after aesthetic expression.""1"̂

We have seen, at the beginning of this chapter, 
that the characteristic expression of Roman architecture 
is monumentality. It may well be that this monumenta- 
lity stems from the vast nature of the projects con­
cerned, and the bold techniques of building. However, 
the resultant character, the monumental nncure of the 
architecture, carries with it an undeniable expression 
of power and grandeur. It is natural to transfer the 
character expressed by the building to the builder of 
it; and we regard bold and dignified structure as 
speaking for the courage and dignity of the man who 
caused it to be raised. This transference of attri­
butes between builder and that which is built is sym­
bolism of the most potent sort, for it relies not upon 
any intellectual undr standing of the archtypal forms, 
but upon an emotional einfuhling or empathy. However, 
we would be doing the Roman architect less than justice 
if we regarded the symbolic expressionism of his work 
as fortuitous, the accidental bye-product of choices 
made in the field of structure and purpose or historical 
style. It is unthinkable that the Roman was unaware 
of the impact of his work upon the observer. Even 
though it may be thought that the monumental 
nature of Roman work was an inevitable result of the

19. 3. Baldwin Brown, "Roman E n g i n e e r i n g  Works an
their Aesthetic Character," The Journal of R o n M  
Studies, 22:19)2, p.49*
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Roman character, it is not necessary to assume that it 
was an unconscious process, taking place without the 
volition of the architect* We believe, with Brown, 
that the Romans "discerned a practical utility in dis­
play," and contend that much of the architecture of 
display was consciously designed for a given symbolic 
purpose. This conscious fulfilment of sj-mbolic 
function has given rise to some of the greatest of the 
Roman monuments. It is significant and characteristic 
that these are not usually the formal monuments, but 
rather the monumental utilitarian structures,

We have, in our discussion of Roman engineer­
ing achievements, referred in some detail to :he Roman 
hydraulic systems. It may be recalled that ire dis­
cussed the Roman preference for a gravity - feed aque­
duct system over the syphonic pressure system: and 
came to the conclusion that, on practical grounds alone, 

it would not have been altogether explicable for the 

Romans to have persevered with the more clumsy and 
less scientific aqueducts. We suggested, finally, that 
in addition to the deterrent to the pressure system 
provided by an inadequate theory and technology of 
metallurgy, and an inadequate theory of hydraulics, we 
should nevertheless seek for a positive motivation for 
the choice of the visible aqueduct. This positive 
motivation, we now suggest, may be sought in the concept

of symbolism.
Gest draws our attention to the opinion of

historians and engineers upon this important topic.
Duruy, in his History of R-me, ascribes the 
building of the high aqueducts to the fondness 
of the Romans for display, saying that rather 
than hide their aqueducts underground they caused 
them to traverse the Roman Campagna upon majestic 
arches,' and even lager declares that the- were 
constructed 'in great part to satisfy tneir 20 
amour-propre', and 'without great necessity .

I

20. Gest, op. cit., p.10^.
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Of course, the phrase 'w ithout n ecessity ' i s  misleading,

as Gest is  quick to point o u t. It i s ,  as we have tr ied

to in d ica te  in  our weighing up o f the problem, a 

question  o f emphasis. The choice i s  not between a 

fu n ctio n a l and a non-functional so lu tion ; i t  i s  rather 

a choice between two v a lid  so lu tio n s , each with p ra ctica l 

advantages and disadvantages. The point at issue ia:

What determ ines the Roman's choice. Why does he choose

the aqueduct, and not the syphon? The answer which we 

have e l i c i t e d  from th is  debate i s :  he chooses for

many reasons, most o f them severely  p ra c tica l; but one 

o f h is  reasons i s  that the aqueduct so lu tion  i s  v isu a lly  

the more daring and the more im pressive, and i s  there­

fore a more e f f ic ie n t  symbol o f  the Roman v irtu es which 

he d e lig h ts  to  e x to l.

We may see the same a ttitu d e  in  another f ie ld  

o f Roman endeavour. The Roman highway engineer la id  

out h is  roads as s tra ig h t as p o ss ib le . As we have seen, 

the consequence of th is  r e fu sa l to adapt the road to 

the contours o f the land, and to modify i t s  course in  

the face o f natu re's o b sta c le s , had a tw o-fold r e s u lt .  

F ir s t ly ,  the d i f f ic u l t y  o f the engineer's task was 

markedly in creased , as he was forced to tunnel through, 

or bridge over, the o b sta c le s  he encountered. Secondly, 

because for p r a c tic a l reasons such as m ilitary  secu rity  

and in v u ln e r a b ility  to snow and flood , he could not 

reso r t to c u tt in g , the gradients o f the road were oftt.n  

unreasonably s teep . Gradients commonly encountered 

and not in  p a r tic u la r ly  adverse country e ith er  -  were

as steep  as ten and twelve percent.

Why did the Romans choose to build  stra igh t  

roads, with a l l  th e ir  attendant disadvantages? They 

were em inently p r a c tic a l men, and surely r e a liz  

the fo o lish n ess  o f d riv in g a road stra ig h t through at



all costs. There can be only one answer to this question, 
if our reading of the Roman character is correct. We 
have seen that a utilitarian approach, which is the 
normal approach, is only abandoned if the alternative, 
nominally non-utilitarian or anti-functional, has a 
utility of an altogether higher level. The preser­
vation of the prestige of the state may be considered 
the epitome of utilitarianism to the Roman: and there­
fore practical utility must be sacrificed to the greater 
utility of symbolism. There is, in the creation of a 
straight road, an arrogance of man in the teeth of 
nature, an assertion of ’man the maker' as the 
greatest force. The straight road, we have said, is 
an instrument of Empire. We see now that this is not 
only because it facilitated communications. By far its 
more important role is its symbolic function. Wherever 
the road rides straight, up the hillside, through 
tunnels in the hearts of mountains, across mighty bridges 
over deep gorges and tumultuous waters, the road says 
to the subject peoples of the Empire: "I am the road
of Rome. Nothing can stop me, nothing can deflect my 
path." We have no more effective example of power 

symbolism.
SYMMETRY.

We have seen earlier that symmetry is an instru­
ment of Roman monumentality: and that in Rome the principle 

of axiality is carried to its ultimate expression, in the 
planning of baths, temples, fora, palaces. 'What 
connects all these undertakings, from the rather moder4-
Forum of Caesar to the enormous Bath of Caracalla....

is obviously axial symmetry and frcntality, writes 
von Blanckenhagen.^ If rigid symmetry is the main

1"9%, p. '2$. —



characteristic of monumental Roman planning, we are
confronted with two questions: how did it come about,
and for what objectives? Von Blanckenhagen traces the
d eriva tion  o f the a x ia l  forum from two p rin cip a l sources,

thf Hellenistic Sanctuary and the Roman Republican town
square (with the Hellenistic agora as an influence which,
while not obvious, cannot be excluded entirely
Boethius considers a tendency towards axial planning to
be a distinctively lualic element in Roman design.2^
Ward Perkins denies that early Italian towns were regular
in plan, but concedes that

it is true that there developed, in late Republican 
and Imperial Roman times, a tendency to reduce 
planning to ready-made formulae, with a predisposi­
tion towards axial symmetry: at best, this may be
taken to indicate a standardized, authoritarian 
approach to the problems of architecture; at worst, 
it argues a lack of sensibility to the finer possi­
bilities of siting and layout.24

Hu draws attention to the Hippodamian influence, 
and to the possibility that in the rigid axiality of the 
castrum "military planning led the way" to the formality 
in the Roman town plan. As we have seen, in the previous 
chapter, the castrum constitutes a particularly pure 
example of a completely formal layout embodying the 
principle of rational proportions and axial symmetry.
As for the meaning o f symmetry and a x ia lity , Von 
Blanckenhagen w r ite s: "I think we must conclude that

i t  i s  merely the p attern  o f the B lueprint, a love of 

r e g u l a r i t y  for i t s  own sake, a dealing with arch itecture

in an alnoat abstract .ay." 25 Ibi, •-th the
poche of the plan, »ith its pattern as a formal ideali-
za tio n , i s  the a rch itec tu ra l embodiment o f the Roman

22. Ibid., pp. 23-4.
23. J.B. Ward Pei k in s , op. cit._ (review of "Roman and 
Greek Town A rch itectu re11) $ P* 175»
24. Ibid., p. 177.
25. Von Blanckenhagen, op. cit.x p. 24.
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preoccupation with system atization  and order, which we 

have considered a mainspring o f the formal a tt itu d e . The 
a x ia l i t y  goes beyond the s in g le  v is io n , beyond what is  

immediately apprehensible. The Imperial Fora provide 

us with a s tr ik in g  example of a x ia lity  carried beyond 

the range of v is io n . In the progressive development 

o f the fora, from the i n i t i a l  Forum of Caesar, through 

those o f Augustus, Nerva, Vespasian and Trajan, Von 

Blanckenhagen* s restored  plan c lea r ly  shows ho- axes 

were maintained and alignm ents str iv en  for , whiih oould 

never have been apparent on the actual s i t e ,  buu only 

in  the plan p a ttern . He analyses the plan in  these

terms:

One s tr a ig h t l in e  can be drawn through the NE 
w all o f the court o f Trajan’ s Forum and the NE 
w all o f  V espasian 's Forum. On th is  lin e  Ho also  
the NE corners o f both apses of the Augustan 
Forum. Another stra ig h t lin e  runs through the 
back o f the rectangular niches o f the two NE 
apses o f  the Forum of Trajan (th a t o f the court 
and that o f the b a s i l ic a )  and a lso  through the 
s tr a ig h t rear w a ll o f the Forum of Augustus behind 
the tem ple. Since these two lin e s  c o n s titu te , 
r e sp e c t iv e ly , the enclosure o . the two fora and 
the extreme lim its  o f another pair o f fora , I 
cannot b e lie v e  that the reg u larity  was not planned. 
This mean that the a rch itect o f  the Forum of 
Trajan designed the ground plan in  acccrdance with 
the already e x is t in g  complex, that i s  :o say , the 
correspondences between h is  forum and Caesar's 
are to be understood as a part o f a very w ell 
thought-out p lan . It seems to me, though, that 
the a r ch ite c t  o f  the Forum of Vespasian had 
already followed sim ilar notions; the back of the 
SE colonnade o f the Forum of Augustus and the 
back o f the NE niches o f the Forum o f Vespasian, 
l i e  on a l in e  which i f  extended i" the NW runs 
through the front o f th- two sm all apses behind 
the NE w all o f the F' T r a j a n . . . . t h e  ex ist in g
recon stru ction s now show the ax is o f e 
Trajan almost co in cid in g  with the a x is  o f the Forum
o f V e sp a s ia n  For me there can be no doubt
that Apollodorus, the a rch itect ° f _
Trajan, conceived of h is  Forum as the f in a l uni 
fy in g  element o f the en tire  complex.

The form ality  o f  the Imperial Fora i s  a 

so p h is tica ted  development o f the ord erlin ess which 

stamped the Roman castrum. But whereas, in  the castrum,

26. Ibid., pp. 25— 6.

L
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the necessity for order was partly based upon the ease
and practicality of a simple layout, and the utility of
a systematic control system, in the Fcrs the motivation
for the symmetrical layout appears to be purely 

27formalist. It Is perhaps an oversimplification
merely to state that the Romans loved regularity for 
its own sake. This regularity, as we have seen, evoked 
the essence of monumentality: and that monumental essence 
was the architectural symbol of Imperial power and 
dignity. The Rcma* archit h was doing more than 
creating a tidy plan in which the regulating boundaries 
and axes lined up; he was deliberately creating an 
architectural environment wbicL would evoke the grandeur 
of the Empire.

We must bear in mind 'ihat although these 
relationships were not immediately apparent, they must 
have been sensed as one traversed from forum to forum. 
The memory retains impressions whose correlation to 
subsequent impressions is as sure and certain as it is 
unconscious. Memory also sets up, as its opposite 
pole, anticipation: and the satisfaction of anticipation 
is one of the prime functions of a unified work of 
art. There is a relationship of part to par., in the 
Imperial Fora, which is the substratum of all systems 
of unity and proportion.
PROPORTION.

We have seen, in our consideration of the
theory of proportion, the emergence of two different
aspects. The first is relatively simple being con-



earned with overall dimensional relationships. It is 
merely the relationship of the co-ordinates of a space 
in a simple and satisfying ratio. When we look at the 
monuments, we see that Vitruvius's dicta are not always 
rigidly adhered to.

It is of course possible to find very close
approximations to Vitruvius's specified ratios, as

28Morgan has illustrated for us. Thus, where we find
in Vitruvius the recommendation that, for a peripteral 
temple exceeding forty feet in width, the length should 
be twice the width; we then have as an actual example 
thr Corinthian Temple at Labranda, 4$ feet 9 inches 
wide, where the length is just under twice the width.
A temple in antis, we are told, should have a 3*5 
ratio of porch: naos, and a 2:1 ratio of length: width; 
the Temple of Themis at Rhamnis complies almost exactly 
with these requirements. We must take these corres­
pondences demonstrated by Morgan, and see if their 
generality can validly be expanded, both with respect 
of the number of examples, and with respect of the 
time range beyond the age of Vitruvius.

Let us first consider the ratio of length, 
width and height. As we have seen earlier, Vitruvius 
advocated for rectangular rooms a formula of height 
equals half the combined length and width. Although 
the Callae of the temple of Fortune Virilis and Maison 
Carree approximate closely to this formula, it is 
apparent that the rooms are too high, and as the 
rooms get larger, lower relative ceiling heights are 
favoured. However, the new ratios remain generally 
simple commensurate figures. The temple of Antoninus 
and Faustina, the temple ot Caturn, and the 'nave'

nity was eased. P. Lanciani, op. cit., pp. ob,/
28. Vitruvius, on. cit.. (Morgan trans.) p.115.
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of the Maxentian basilica, are in t h e  ratio o f  height 
equals one third the combined length and width; and in 
the basilica of Trajan t h e  h e i g h t  equals one quarter of 
this sum. Other simple dimensional relationships also
are found: the width o f  the barrel-vaulted temple of
Venus and Rome is equal to the height, and in the 
Pantheon the height is equal to the diameter, 
"....careful mark how far in hidden art the noble plan

paying tribute to the inner consonances of the Pantheon 
arising out of its fundamental proportional relation­
ships. Sebastiano Serlie, two centuries before, had 
also responded to the Pantheon's aura of unity. "Among 
all the ancient buildings to be seen in Romo," he wrote, 
"I am of the opinion that the Pantheon (for one piece 
of work alone) is the fairest, wholest and best to 
be understood; and is so much the more wonderful than 
the rest because it hath so many members, which are 
all so correspondent one to the other...."'”

2:1, which Vitruvius advocated for rectangular 
triclinia, appears to govern the length - width relation­
ships of many structures. Several peripteral, or 
pseudo-peripteral temples, including Fortuna Virj-lis, 
Saturn, Maison Carree, are twice as long as they are 
wide. So, too, is the interior o f  the basilica of 
Trajan, the frigidarium o f  the Thermae of Diocletian, 
and also its two large perlstylar courts. The Thermae

29. Cited by Lees-Milno, op. cit., p. 21.
30. ibid., p.l.

DQextends," wrote John Dyer in the eighteenth century,

When we consider plan proportions, we find 
again the simple dimensional r a t i o s . T h e  ratio of
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Saturn, Maison Carree, are twice as long as they are 
wide. So, too, is the interior of the basilica of 
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29. Cited by Lees-Milne, op. cit.1 p. 21.
30. Ibid.. p.l.
31. The figures from which these ratios are calculated 
have been obtained by scaling reconstructions of the 
plans and sections. They are necessarily approximate, 
but as the ratios are derived from dimensions of a high 
order of magnitude, the percentage error is unlikely to 
affect the validity of the general deductions.
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of Caracalla, in its overall dimensions, also has a 
2:1 ratio of length to width.

However, where the dimensions are not the 
summation of inter-columnar spaces, this rationality 
of dimensioning is not so consistently found. Hence 
the interior dimensions of temple cellae, the interiors 
of the basilicas, or the tepidaria (or cellae mediae) 
of the Thermae, display more irrational and arbitrary 
relationships. Also, except in the columnar architec­
ture , the ratios are approximate and not exact, indicat­
ing that they resulted rather from desired aesthetic 
effect than from th<* rigid application of aesthetic 
theory. For an understanding of these problems, we 
must consider the second, and perhaps more complex, 
aspect of proportional relationships.

The second aspect of Proportion, deals with 
the relationship of part to whole, and the determination 
of the proportions of the whole by reference to the 
part as standard.

This aspect of proportional relationship may 
be studied in two different, but related, manifestatiens. 
The first is where the unit which establishes the 
module occurs perhaps only once, as a major element, from 
which the dimensions of other important element derive.
An example of this type of proportional relationship is 
the theatre, where the module is the diameter cf the 
orchestra. The second type of modular proportional 
relationship is where the module derives from a standard 
part used repetitively in combinations which make up 
the whole. The prime example of this typo of propor­
tional facade is the columnar facade deriving from the

Greek orders.
V itruvius prescrib es the id ea l proportions
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32for Greek and Roman theatres.' This prescription is 

in the form of a geometrical diagram, based upon the 
ground circle corresponding to the line of the lowest 
row of seats. Fiom this circle, an inscribed square, 
tangents to the circle, and various radials, all com­
bining in a star-shaped figure, the principal elements 
of the theatre, such as the skene wall, the pulpitum, 
the stage, and the circle of seats, are derived. The 
theoretical diagrams of Vitruvius have been checked 
against actuality in two ways, namely as a geometrical 
check, in the studies of Margarete Bieber^ and others, 
and as an arithmetical check, in the analysis of Madame 
Lepic5\  It is of interest to comment upon some of 
the correspender jes and deviations found.

The stage, according to Bieber^, should range 
from 10 to 12 feet high. The theatres of A ssos, Sikyon, 
Tyndaris, Eretria and Epidaurus, conform to those 
measurements, but exceptionally small theatres, such 
priene, and exceptionally large theatres, such as

Athens, d ev ia te . 

N aturally , with the growth of the orchestra and 
the wider d istance o f the t ie r s  o f the se a ts , the 
height of the stage increases proportionally*  
The depth o f the stage also depends upon the 
ground c ir c le ,  s ince i t  must occupy about three-

ally and harmoniously correlated m  their pro 

not-, vorv nractical, it was replaced even on

32. V itru v iu s, op. c i t . L V;6;1,2; V:7.1«2.
33. B ieber, op. c i t . ,  passim.tSSiiF
35. Bieber, op. ciU_, p.25:'*
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