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Pre foce F r o m t h e book: "FILOSOFIA DE LAS ESTRUCTURAS" (Phi losophy of S t ructures) 

b y F e l i x C a r d e l l a c h , E n g i n e e r a n d A r c h i t e c t * 

The specu la t i ve reg ions , o r the i d e a l o r d e r s , a r e s a t u r a t e d in a n a t m o s p h e r e o f u n h e a r d o f 

s imp l i c i t y ; sur faces f l o a t i so la ted in t he space w i t h o u t need o f phys i ca l ex i s tance ; t he m e d i u m 

does no t ofFer res is tance, the m a t t e r o f the bod ies is c o m p l e t e l y i so t rop ic . If some v a r i a t i o n s 

exist , t h e y a r e a l w a y s d u e to a k n o w n cause ; no u n k n o w n in f luences, no un fo reseen acc iden ts 

occur . 

In this i d e a l r e g i o n , m a n discusses a n d ra t i ona l i zes using the p r i v i l e g e o f his i m a g i n a t i o n , 

w i t h abso lu te r i go r (sternness) w i t h e t e r n a l t r u t h — a l l s ta tements h a v e a c o m p l e t e ce r t a i n t y in 

this r e g i o n w i t h o u t darkness , p e r p e t u a l l y l i g h t e d b y some i so la ted b e a m o f the " G r e a t D iv ine 

S c i e n c e " . 

This is the "Pa rnassus o f M a t h e m a t i c s " , whose r a t i o n a l i s m is sk i l l fu l l y syn thes ized in 

g e o m e t r i c a l concepts a n d a n a l y t i c a l express ions , some t h i ng l ike a sp i r i t ua l g e a r o f r a t i o n a l 

d e d u c t i o n s t h a t c a r r y us swi f t l y in to t he d iscovery o f n e w t ru ths . 

But t he a p p l i c a t i o n o f such p r o d i g i o u s mechan ism to t he m a t e r i a l w o r l d g ives us results t h a t 

a r e o f t e n i m p e r f e c t , d u e to the t r e m e n d o u s c o m p l i c a t i o n o f a l l t he fac ts t h a t shape l i f e—whose 

laws a n d ma te r i a l s a r e u n k n o w n — i n its rhy thms a n d i n t ima te p r o p e r t i e s . 

Never the less , this a p p l i c a t i o n has been a c h i e v e d b y the e n g i n e e r , w h o has s imp l i f i ed t h e 

c o m p l e x i t y o f n a t u r a l p h e n o m e n a f o r this p u r p o s e w i t h c o n v e n t i o n a l hypo theses . It is a n 

i ngen ious b r i d g e b e t w e e n rea l i t y a n d the specu la t i ve spheres w h e r e ma thema t i c s r e i g n . 

F o l l o w i n g this m e t h o d , conclus ions a r e s t a t e d ; a f t e r t ha t w e p r o c e e d to i n t e rp re t t hem in 

p r a c t i c a l s i tua t ions . But it h a p p e n s t h a t , since w e h a v e s ta r ted w i t h a hypo thes is , it is no t 

a l w a y s possib le to f i n d a des i r ab le c o n c o r d a n c e b e t w e e n t h e o r y a n d p r a c t i c e , a n d w e b e c o m e 

d i s i l l us ioned . In f a c t , v e r y o f t e n the m a t h e m a t i c a l w o r l d is useless f o r t e c h n o l o g y . The p r e c e e d -

i n g conc lus ion is a lso t r u e in the a r t o f cons t ruc t i on . 

T o d a y , t he m a j o r men ta l e f fo r ts o f t he b u i l d e r l ie in t he f an tas t i c d i scove ry o f t he l a w o f 

r eac t i on o f ma te r i a l s a g a i n s t a system o f e x t e r n a l fo rces . 

This is the p h i l o s o p h i c a l base o f w h a t is c a l l e d s t reng th o f m a t e r i a l s , wh ich looks l ike p u r e 

science since it is c o v e r e d w i th an a n a l y t i c a l c o a t . S t r e n g t h o f m a t e r i a l s , l ike a n y sc ience, starts 

f r o m the m a t e r i a l w o r l d w i t h hypo thes is , evo lves in t he m a t h e m a t i c a l reg ions a n d comes back 

to o u r p r a c t i c a l cases w h e r e w e i n t e r p r e t t he last aspects o f t he m e t a m o r p h o s i s t h a t has 

t r a n s f o r m e d the in i t i a l f o r m u l a . 

The newcomers in sc ience, the i m a g i n a t i o n s no t we l l e d u c a t e d , o r e no t a w a r e o f th is s i ngu la r 

cyc le p r o p e r in a n y t e c h n i q u e . They be l i eve in " r e a l f a c t s " a n d o n l y search i n to t he a l g e b r a i c 

t r a n s f o r m a t i o n s f o r the e x a c t so lu t ions o f n a t u r a l p h e n o m e n a . 

* Cardellach and Goudi were contemporary ond both residents of Borcelono. The book, "Fi losof ia de 
las Estructuras" was published in Barcelona in 1910. 
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W h y no t a v o i d , if poss ib le , this con fused a n d p a i n f u l r o u n d - a b o u t in the p r o b l e m s o f con ­

s t r uc t i on , b y e d u c a t i n g o u r senses in d i r ec t obse rva t i ons a n d reason ing? O n e o f t he w a y s t o 

a c h i e v e th is is t o es tab l ish a m e t h o d i c a l c lass i f i ca t ion o f s t ruc tures a n d exerc i se a syn the t i c 

o b s e r v a t i o n o f d i f f e r e n t m e c h a n i c a l b e h a v i o r o f s t ructures. 

Such k i n d o f studies con be a d o p t e d w i t h successful results. A c t u a l l y , it is t he some m e t h o d 

used in s t u d y i n g Plastic A r t s (Fine A r t s ) . In H is tory o f A r t , t he ana lys i s o f d e t e r m i n a n t causes, 

its e v o l u t i o n a n d g e n e r a l p r i nc ip les d e v e l o p s a sens ib i l i t y t h a t enhances the sp i r i t in t he w o r k 

o f c o n c e p t i o n a n d c r e a t i o n . 

It is poss ib le to f o l l o w o n a n a l o g o u s p a t h in t e a c h i n g mechan i ca l - cons t ruc t i ve p r o b l e m s ; 

a n a l y z i n g f o r t h a t p u r p o s e the in tu i t i ve e n g i n e e r i n g d e v e l o p e d in the pas t , f o r e r u n n e r o f o u r 

a c t u a l s t ruc tures . A t t he same t i m e , w i l l be r e q u i r e d a n in tense m e c h a n i c a l sens ib i l i t y , much 

m o r e d e v e l o p e d a n d f r u c t i f e r o u s t h a n the o n e t h a t w e h o v e n o w , t h r o u g h the i m m e d i a t e 

ana lys i s o f cons t ruc t i ve f o rms whose c r e a t i o n is the p r o d u c t o f cen tu r ies . 

The m i n d o f f u t u r e bu i l de rs w i l l be e n c o u r a g e d in the c o n c e p t i o n o f n e w s t ruc tu ra l f o r m s 

r e q u i r e d b y o u r c i v i l i z a t i o n , a p r o b l e m t h a t n o b o d y has b e e n t a u g h t to so lve. In a d d i t i o n , 

t he c o m p l e t e d issossoc ia t ion t h a t cons t i tu tes t he k n o w l e d g e o f b u i l d i n g t e c h n i q u e , r e l e g a t e d 

t o d a y to t he s imple a c c u m u l a t i o n o f u n r e l a t e d p r o b l e m s w i l l d i s a p p e a r b y v i r t ue o f m a g i c 

synthesis. 

Is t h e r e in the c o n g l o m e r a t e o f fac ts w i t h o u t a p p a r e n t r e l a t i o n t h a t const i tu tes t h e o r i g i n 

o f cons t ruc t i ve fo rms a n d its m e t h o d of v e r i f i c a t i o n some c o m m o n essence, a g e n e r a l l a w such 

as is f o u n d in o the r f i e lds , t h a t w i l l c o m p l e t e l y r e g u l a t e a l l p h e n o m e n a ? From t h e d i scove ry 

o r a p p r o x i m a t i o n o f this l a w , p e r h a p s we can ach ieve some i n t e g r a t e d m e t h o d t ha t w i l l f a c i l i t a t e 

t h e v e r i f i c a t i o n o f s tab i l i t y in a l l cons t ruc t ions , a n d p r o v i d e f u r t h e r m o r e a l i gh t in the search 

o f n e w a n d i n f i n i t e s t ruc tu ra l f o r m s t h a t exist in the r e g i o n w h e r e , d u e to t he e x p e r t h a n d o f 

seer mechan ics , h a d p a i n f u l l y s p r o u t e d the l i n t e l , t he a r c h , t he tensor , t h e c a n t i l e v e r . 

Let us t h i nk , t h e n , a b o u t t he c o m p l e x n a t u r e a n d f u n c t i o n o f f o rm- res i s tance in c o n s t r u c t i o n ; 

let us reme l t in t he some c ruc ib le the m u l t i p l e a n d a b u n d a n t series o f m e t h o d s o f v e r i f i c a t i o n 

t h a t e n g i n e e r i n g o f f e r s ; let us a n a l y z e the e v o l u t i o n , in f luences a n d re la t i onsh ips o f t he 

d i f f e r e n t t y p e s o f s t ruc tu res , o l d a n d n e w . W e w i l l find c e r t a i n l y se t t led in t h e b o t t o m o f th is 

i n te res t ing ana lys i s , a t r u e synthesis, a pos i t i ve o r i g i n o f p r a c t i c a l a d v a n t a g e s w h e r e w e can 

insp i re ou r a p p r o a c h to cons t ruc t i ona l p r o b l e m s . 
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THE IMPORTANCE OF CONSTRUCTION TECHNIQUES 
by Pier Lu ig i Nerv i 

d e s i g n e r , e n g i n e e r , b u i l d e r e n d 

Pro fessor o f E n g i n e e r i n g , U n i v e r s i t y o f R o m e 

I wish to emphasize that these conclusions stem from the 
fact that f rom the beginning of my professional activity, I 
hove been both designer and contractor. This coincidence has 
allowed me to consider the f ield of structures from two view­
points, which for the most port ore kept art i f icol ly separate. 

This lucky coincidence has enriched both my activity as 
designer and as builder, and proved to me that progress in 
the f ield of reinforced concrete is impossible unless the archi­
tectural and structural aspects of a problem are studied by 
the same person and, at the same t ime, by collaborating 
persons of di f ferent skills. 

The marvelous architectural and structural possibilities of 
reinforced concrete are only too often suffocated by the con­
structional deficiencies of the tradit ional building methods 
and by a lack of careful organization. 

The need of a temporary structure, the scaffolding, which 
gives form to the concrete and supports the reinforcement, 
complicates the technical problems and makes more acute the 
economical problems of reinforced concrete, as compared to 
those of steel or masonry. 

It is as a builder that I have been able to appreciate in all 
their importance the economic aspects and the technical 
di f f icul t ies of building in reinforced concrete. 

I f irst became aware of these problems in 1929 when I de­
signed and buil t the Florence Sports Stadium. 

Confronted with the high cost of the scaffolding for the 
covered stands and with the complicated forms for the 
elicoidol stairs, I realized that one should not forget construc­
tion during the init ial phase of a design. 

The influence of the construction techniques on cost be­
came even more apparent to me when I f irst tackled the 
problem of the two enormous hangars put under bid by the 
Ital ian Ai r Force in 1935 

Hangar in I ta ly (1935). Span: 333 x 133 feet in reinforced 
concrete. 



 
 

I taly (1939). Span: 333 
\n reinforced concrete. 

33 feet wi th precast 

I wish to point out to you that these hangars, as well as 
the Florence Stadium and almost all of my other designs 
and realizations, were studied by me with a definite bid in 
mind. In these bids a number of chosen designer-contractors 
were invited to present a project and to submit a bid on the 
basis of general schemes studied by the client. 

I was so token by the complex structural problem presented 
by the hangars that I actually did not study with enough core 
the construction problems involved. But when I began building 
these structures I realized ful l well that the forms were ex­
tremely costly, that a lot of t imber was wasted, that labor 
was not used too eff iciently, and that f rom then on I hod 
better f ind construction techniques well adopted to the prob­
lem at hand if I was to beat my competitors and moke fu l l 
use of the inexhaustible potentialit ies of reinforced concrete. 

In 1939 I was given the opportunity to again study this type 
of hangar and to put to use the lesson I had learned in 1935. 

Economy was this t ime even more important in view of the 
total amount of work to be done: 6 hangars, 300 x 120 feet, 
36 feet high. I hod to f ind a cheaper solution than the one 
I devised in 1935. 

My first thought was to simplify the structure by making 
it symmetrical wi th respect to its two principal axes and by 
sustaining it on only 6 buttresses. My intuit ion told me that 
this symmetrical structure should work better and that the 
el imination of a large number of columns in the bock and 
on the sides of the hangar should represent a substantial 
saving. Moreover, symmetry would allow a more accurate 
mathematical analysis and hence on increased economy in 
design. The mathematical results of the analysis were checked 
by model analysis, as I hod done for the 1935 hangars. 

But the two essential points were to reduce the dead load 
and to simplify the formwork. Among the various possible 
solutions I fel t that the most promising would consist in pre­
fabricat ing all the elements of a network of shell ribs. Pre-
fobricotion would allow the construction of very light ribs, and 
I decided on a tr iangular cross-section for these elements. The 
four ribs meeting at a joint of the network were to be con­
nected by welding their reinforcing bars and by f i l l ing the 
joint with high strength concrete. 



The validity of all these assumptions was tested by means 
of carefully planned experiments. 

The economic advantages of the new system led my com­
pany to win the bid and to build the hangars with excellent 
technical results. 

You may notice from the photos that the di f ferent con­
struction techniques used in building the two types of hangers 
hove substantially influenced their architectural appearance. 

But ful l l ight was really thrown on the importance of con­
struction in connection with the architectural solution of a 
problem by my study for the roof of the great Exhibition Hall 
in Tur in . The hall was to be 300 x 345 feet and to have a 
half-dome of 120 feet diameter at the bock. Its roofing prob­
lem was anything but easy. 

In order to obtain a solution both harmonious and impres­
sive the following situation had to be faced: a very l imited 
amount of t ime was available to build the hal l ; a low bid 
was necessary to obtain the job (other f irms hod been invited 
to submit designs and bids); the architectural, acoustical and 
the i l luminat ion aspects of the solution were all important. 

Wi thout mentioning the many solutions I considered from 
time to t ime, I would like to moke clear that the adopted 
solution, based upon the use of large, undulated arches, and 
which I contemplated quite early since it satisfied both es­
thetic and functional requirements, would never hove aban­
doned the f ield of pure speculation had it not been for the 
simultaneous consideration of a construction method well 
adopted to its realization. In fact, it was quite clear that the 
structure could not be bui l t economically by means of the 
usual scaffolding and formwork or by means of any of the 
other usual construction procedures. 

I therefore decided to exploit the potentialit ies of ferro-
cemento, which I had invented and tested in previous work 
and more particularly in the construction of ships of modest 
dimensions. I was thus able to solve the problem with ease 
by dividing each undulation into separate elements about 12 
feet long and weighing about 3,300 lbs. These elements were 
to be prefabricated and would act as connecting links be­
tween the reinforced concrete arches to be poured at the top 
and bottom of the undulations. 



Detai l o f Tur in Exposition Ha l l . 

This scheme permitted the prefabrication of the elements 
while the foundations and the other structural elements of 
the work were being poured. Each element was stiffened at 
the ends by two diaphragms, which, when set next to the 
diaphragms of the adjoining element and connected by 2V^ 
inches of mortar, made the juncture of the elements easy and 
strong. 

The pouring of these elements took place without d i f f icu l ty 
and without requiring double forms (as would hove been the 
case if regular concrete had been used). The high percentage 
of cement (1,600 lbs. of cement to 30 cubic feet of sand) 
allowed the curing of these elements in two or three days 
(depending upon the room temperature); they were then piled 
one on top of the other. 

The elements were l i f ted in place and approximately 2,700 
sq. f t . of roof were buil t each working day. The roof was built 
in three sections in order to re-use the moving scaffolding. 
The connection between the undulations and the supporting 
buttresses, which were 23 feet opart, was obtained by means 
of prefabricated " f a n " elements of ferro-cemento and of 
regular reinforced concrete elements. 

Large domes may be easily bui l t by means of prefabricated 
undulated elements oi ferro-cemento. My design for the great 
Sport Palace in Vienna with its dome of over 455 f t . in diame­
ter is based on this idea. This project was studied in collabora­
tion with my son Antonio, who is on architect, and was sub­
mitted to the competit ion set up by the city of Vienna, but 
unfortunately nothing came out of it. I sti l l believe it worth 
while to describe some of the aspects of this solution. 

Apart f rom its architectural value, which may not be ob­
jectively measurable, there is no question about the project 
presenting on eff icient solution from the statical, the economi­
cal and the constructional viewpoints. Moreover, insulation, 
venti lation, i l luminat ion and sound absorption were all con­
sidered and found logical and simple solutions in the system 
adopted. I hove often noticed that a good structural solution 
almost automatically satisfies all the other requirements of a 
building. 

The half-dome of the Exhibition Hall in Tur in was built 
by means of a structural system I had previously studied, and 
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applied to more modest structures soon after the end of the war. This system also was suggested by the 
necessity of labor and saving timber. 

The system is well adapted to the construction of both domes and barrels and consists in dividing the 
surface to be buil t into elements f rom 18 to 26 sq. f t . in area and in prefabricating these elements on 
cement forms. These forms are buil t on a wooden form which reproduces one of the identical shell 
portions. 

Each element has edges which create a trough about 3 in. wide between two adjoining elements. The 
reinforcement is laid in these troughs which are then f i l led with concrete and become the stiffeners of 
the completed structural system. The elements of the half-dome in Tur in ore mode out of ferro-cemento 
and ore about 0.8 in. thick. A movable scaffolding is used for their erection, but no actual formwork is 
needed. The shape of the elements can be freely chosen and since the st i f fening ribs are in sight, the 
result is often most interesting from an esthetic viewpoint. 

A year after the completion of the large Exhibition Hall in Tur in , my company was asked to sub­
mit 0 design and an estimate for a roof of approximately 168 x 197 f t . to cover a hall adjoining the 
main hal l . 

In this case, also, the t ime available for the construction of the structure was very l imited, since 
work could not start before November and the structure hod to be completed by the following March. 



I to l ian State Tobacco Factory (1949). Movable precast 
concrete forms. 

Prefabricotion became imperative. The basement of the 
hall already buil t lent itself ideally to the prefabricotion of 
the elements during the Winter months. 

I studied a groined dome supported by 4 inclined arches 
lying in the plane of the dome reaction. The dome was built 
by means of elements defined by horizontal lines and by lines 
parallel to the corners of the dome. The lower port of the 
dome was ribbed but not f i l led so as to hove a bond of l ight 
at the foot of the dome. 

The perimetral floor of the hal l , 30 f t . in span, was to be 
built by means of prefabricated, undulated elements of ferro-
cemento, set one next to the other and joined by a light slob 
poured on top of them. This type of construction gave a 
pleasant undulated appearance to the ceiling and permitted 
good acoustical insulation. 

The floor was put up in a few days after the undulated 
beams had been poured during the months of January and 
February. The beams ore 0.8 in. thick except for the lower 
port of the undulation where the thickness grows to 1.56 in. 
to be able to cover the reinforcement properly. 

The beams were poured on forms of cement, which were 
prepared on special gypsum forms. The lower surface of the 
beam which was in contact with the forms, was perfectly 
smooth, in fact smoother than the finished surfaces of most 
reinforced concrete structures. 

This structural system con be applied to a variety of curved 
surfaces. I hove used it repeatedly to build domes and conti-
levered structures. 

The some system led to the realization of the interesting 
roof of the large hall of the New Terme di Chianciono. The 
eliptic shape of this hal l , 80 x 92 f t . , required the preparation 
of forms for half the elements of the roof. Nevertheless, the 
solution was economical and pleasing and allowed the erec­
tion of the roof in record t ime. 

On the occasion of the bid for the new warehouse of the 
Italian State Tobacco Manufactur ing plant in Bologna, I 
studied o system of movable forms of ferro-cemento which 
opened up new structural and esthetic possibilities by allow­
ing the pouring of beams without the l imitations imposed by 
wooden forms. 
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This newly acquired freedom not only allowed the most 
logical choice of cross-section and of location of the main and 
the secondary beams, but brought about the construction of 
reinforced concrete floors in which the beams follow the 
lines of principal bending moments. This strict adherence to 
statics brought about a substantial economy of materials. 

It is interesting to notice the esthetic appearance of the 
beam pattern, which evidences once more the mysterious con­
nection between the lows of physics and our esthetic sensi­
bil ity. 

It might f inal ly be of some interest to mention the rapidity 
and economy of construction obtainable wi th the use of 
ferro-cemento forms for the pouring of a structure or for 
the prefabricotion of structural elements. 

In March of 1955 the Fiat Company of Tur in asked a num­
ber of contractors to submit designs and bids for a large 
industrial bui lding, three stories high, 1,930 feet long and 
61 f t . wide, and for 8 additional buildings connected to the 
main structure, also three stories high, 20 f t . by 20 f t . in plan. 
Altogether, the building of 450,000 sq. f t . of floors was re­
quired. 

The ground floor hod o line of intermediate columns and 
its slob was buil t by means of movable forms of ferro-
cemento. The slobs for the f i rst and second floor were sup­
ported on prefabricated beams, 61 f t . long, set 7'-6" opart, 
and poured on movable forms of ferro-cemento. 

The job was given to my company on Apr i l 1, 1955. The 
pouring of the foundations and the preparations of the forms 
took two months. The floors were started towards the middle 
of June and completed towards the middle of October. The 
entire building was ready for occupancy on December 31st 
of the same year. 

I want to coll your attention once more to the importance 
of the constructional process on the economy and on the 
esthetic appearance of a structure. Not only the general form 
of the structure, but also its details and the type of f inishing 
obtainable, depend on the construction technique. 

The simultaneous solution of our three essential problems 
—the structural, the constructional and the architectural 
problem—is the only starting point for the f ru i t fu l develop­
ment of the inexhaustible potentialit ies of reinforced con­
crete. Ell iptical roof of new Terme di Chianciono. Structural 

precast concrete forms. 
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TIME DRAWING 

by D u n c a n S tuar t 

A s s o c i a t e Pro fessor , Schoo l o f D e s i g n 

T h e d r a w i n g s b e l o w o r e the resu l ts o f a n i n v e s t i g a t i o n 
c a r r i e d o u t by a s o p h o m o r e d e s i g n c lass d u r i n g t h e 1 9 5 5 -
5 6 schoo l t e r m . T h e i n t e n t o f t h i s i n v e s t i g a t i o n was to 
seek t h o s e p r o p e r t i e s o f d r a w i n g w h i c h w o u l d e n a b l e a 
s t u d e n t t o d i s c o v e r a m o r e t r u e v i s u a l i z a t i o n o f t h e 
s p a t i a l p r o p e r t i e s o f o n a r c h i t e c t u r a l s i t u a t i o n . I t b e c a m e 
a p p a r e n t in t h e e a r l y s tages o f t h i s i n v e s t i g a t i o n t h a t a 
s y s t e m o f d r a w i n g w h i c h w o u l d p e r m i t t h e r e c o r d i n g o f 
t h e t i m e s e q u e n c e o f v i e w i n g was e s s e n t i a l — t h a t t h e 
s y s t e m o f " I t a l i a n P e r s p e c t i v e " w h i c h t r a d i t i o n a l l y has 
been used f o r t h i s p u r p o s e w o u l d be i n o d e q u o t e . A b r i e f 
c o n s i d e r a t i o n o f t h e p r o j e c t i v e process k n o w n as pe rspec ­
t i v e s u g g e s t e d t h a t t h e j ob o f r e c o g n i z i n g t h e f u l l p a n o ­
r a m i c p r o p e r t i e s o f a n y p o s i t i o n in space w a s a f a i r l y 
s t r a i g h t f o r w a r d g e o m e t r i c process w h i c h , in a c t u a l i t y , 
t u r n e d o u t t o be b a s i c a l l y s i m p l e r in i ts c o n c e p t i o n t h a n 
t h e " f l a t p l a n e " p e r s p e c t i v e used h e r e t o f o r e . 

T h i s d e v e l o p m e n t cons i s t ed o f c h a n g i n g o u r p l a n e o f 
p r o j e c t i o n f r o m a f l a t p l o n e t o a c y l i n d r i c a l o n e . T h i s 
n e w s y s t e m has e s s e n t i a l l y t h e s o m e i n a c c u r a c i e s as f l a t 
p l a n e p e r s p e c t i v e , s ince t h e d i s t o r t i o n s a l o n g t h e a x i s o f 
t h e c y l i n d e r a r e s t i l l p r e s e n t . T h e m a i n v i r t u e o f t h e 
s y s t e m , h o w e v e r , w o u l d n o t l ie in t h i s d i r e c t i o n , b u t 
r a t h e r i n t h e d i r e c t i o n o f t h e a b i l i t y t o c o n t r o l t h e 
c o n t i n u i t y o f v i e w t h r o u g h t h e f u l l 3 6 0 ° sweep o f o u r 
e y e , k e e p i n g d i s t o r t i o n a t a m i n i m u m . 

T h e i l l u s t r a t i o n s f o u n d o n t h i s p a g e show t h e m e t h o d 
b y w h i c h t h i s c o n s t r u c t i o n is m o d e . W i t h r e f e r e n c e f i r s t 
t o t h e p l a n v i e w , w e see a c o n f i g u r a t i o n o f e l e m e n t s 
o n w h i c h has been s u p e r i m p o s e d a ser ies o f e q u a l l y 
s p a c e d r a d i a l s t r a i g h t l ines a n d e q u a l l y spaced c o n c e n t r i c 
c i r c l es . T h e r a d i a l l i nes a n d c i r c les o r e g e n e r a t e d b y t h e 
p o i n t o n t h e p l a n c o r r e s p o n d i n g t o t h e obse rve r ' s d e s i r e d 
p o s i t i o n . T h e r a d i a l l ines a r e i n d i c a t e d by n u m b e r , t h e 
c o n c e n t r i c c i r c l es b y l e t t e r . F r o m these l ines a n d c i r c l es 

t h e d e v e l o p m e n t o f t h e c y l i n d r i c a l p r o j e c t i o n ( s t r i p 
d r a w i n g ) m a y be eas i l y d e v i s e d . F i rs t o f a l l , o n eye leve l 
l i n e is e s t a b l i s h e d w h i c h p r o j e c t s as a s t r a i g h t l i n e o n 
t h e d e v e l o p e d c y l i n d r i c a l s u r f a c e . W e t h e n m a r k o f f 
e q u a l s e g m e n t s a t a n y s u i t a b l e sca le a l o n g t h i s eye leve l 
l i ne w h i c h c o r r e s p o n d to t h e e q u i a n g u l a r r a d i a l s u b ­
d i v i s i o n s in t h e p l a n . T h r o u g h t hese p o i n t s a l o n g t h e eye 
leve l we c o n s t r u c t a ser ies o f v e r t i c a l s . N o w w i t h r e f e r ­
e n c e t o t h e p l a n a g a i n , w e e m p l o y t h e f i r s t c o n c e n t r i c 
c i r c l e o n t h e p l a n t o d e t e r m i n e t h e sca le d i s t a n c e o f a 
s i n g l e s e g m e n t o f t h e c o n c e n t r i c c i r c l es a n d w i t h t hese 
a t t h e c y l i n d r i c a l p r o j e c t i o n w e p l a c e a h o r i z o n t a l l i ne 
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Plan: Piazza San Pietro, Rome. Perspective above. 

b e l o w t h e eye leve l i n such a w a y t h a t t h e p r o p o r t i o n 
o f t h e r e c t a n g l e c r e a t e d by eye l e v e l , a p a i r o f a d j a c e n t 
v e r t i c a l l i nes , a n d t h e n e w h o r i z o n t a l l i ne es tab l i shes t h e 
p r o p e r r a t i o w i t h respec t t o t h e eye l e v e l . T h a t is t o say , 
f f w e w i s h t o d e n o t e a 6 ' e y e leve l a n d t h e sca le o f t h e 
f i r s t c o n c e n t r i c r i n g s e g m e n t w e r e t o be 2 ' t h i s r e c t a n g l e 
w o u l d h a v e a 2 t o 6 p r o p o r t i o n . T o e s t a b l i s h t h e h o r i z o n ­
t a l s w h i c h c o r r e s p o n d t o t h e o t h e r c o n c e n t r i c r i n g s , o n e 
es tab l i shes a 1 / n ser ies o f d i s t a n c e s b e l o w eye level 
w h e r e (n) is t h e v e r t i c a l d i s t a n c e f r o m t h e eye leve l to 
t h e h o r i z o n t a l w h i c h c o r r e s p o n d s t o t h e c losest r i n g . T h u s , 
t h e s e c o n d r i n g w i l l be o n e - h a l f as f a r f r o m t h e eye leve l 
as t h e f i r s t ; t h e t h i r d r i n g , o n e - t h i r d ; f o u r t h r i n g , o n e -
f o u r t h , e t c . O n e c o n see t h a t t h i s is so w h e n o n e c o n ­
s iders t h a t o b j e c t s o f t h e s a m e i n t r i n s i c s ize w i l l a p p e a r 
o n e - h a l f as l a r g e w h e n t h e y o r e t w i c e as f o r a w a y , o n e -
t h i r d as l a r g e w h e n t h r e e t i m e s as f o r a w a y , e t c . 

N o w t h a t w e h a v e t h e g r i d e s t a b l i s h e d , i t c o n be eas i l y 
seen t h a t t h e l o c a t i o n s o f v a r i o u s c o n t r o l p o i n t s m a y be 
l o c a t e d i n o n o z i m u t h o l sense w i t h r e f e r e n c e to t h e v e r t i ­
ca l l ines o f t h e g r i d . T h e v e r t i c a l d i s p l a c e m e n t o f t h e 
f o r m s m a y be s i m i l a r l y l o c a t e d w i t h r e f e r e n c e t o t h e 
h o r i z o n t a l l i nes o f t h e g r i d . In t h e cose o f t h e 6 ' eye 
leve l w e c o n see t h a t a n y w h e r e w i t h i n t h e space t h e r e 
is a s t a n d a r d 6 ' d i m e n s i o n b e t w e e n a n y p o i n t o n t h e 



"ground" surface and the eye level which in turn enables 
us to establish the vertical scale for any point. 

We have found that the best dimensions for the draw­
ings that result from these projections ore made to fit 
within a cylinder approximately 8' in diameter. This 
allows on observer to move sufficiently far away from the 
drawing to get into a comfortable visual range. By con­
structing these drawings on the normal 36" paper one 
has sufficient vertical dimension at this scale to fall 
comfortably within this visual range. 

One final construction which has not been included 
here—which perhaps would greatly simplify this process 
—is to be found when one considers that in every cose 
with this kind of drawing on actually straight line would 
plot O S a segment of a sine curve. The maximum point 
on this sine curve (i.e. for sine of 90°) being the closest 
approach to the particular straight line to the observer. 
The points of intersection (vanishing points) of the sine 
curve are on the eye level and ore to be found along a 
radial trace on the plan drown parallel to the straight 
line. The amplitude of the sine curve at the maximum 
point mentioned above is equal to the scale distance of 
the line in question above or below eye level at the point 
of closest approach. 

Drawing above by Reginald Cudc 
Sophomore, School of Design 

Plan: Piazza San Marco, Venice. Perspective below. 

Drawing below by Arthur Cogswell 
Sophomore, School of Design 
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STOCK EXCHANGE, MEXICO CITY. DESIGNED AND BUILT BY FELIX CANDELLA 
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TOWARD A NEW PHILOSOPHY OF STRUCTURES (Cont 

by Felix Candella 

This is a completion of a paper 
first appearing in student publications Vol. 5, No. 3 

Translated from the Spanish by Dr. G. Poland, 
Dept. of Modern Languages, 
North Carolina State College 

Having in mind that the end result of the hypothesis is the sketching or simpiiticoTion 
of the physical properties of materials, wi th the purpose of making attainable the analy­
sis of the structures buil t with them (materials), the incongruency of the elastic methods 
for the analysis of three-dimensional laminar structures (shells), whose specific material 
is reinforced concrete, becomes more evident since the process of obtaining it mokes it 
possible to shape it and adopt it to any surface. As the classic method of attacking this 
problem gives way to extremely complicated solutions, it results, paradoxically, that the 
simpli fying hypothesis only serve to complicate matters. 

When the thickness of the shell is small in relation with other dimensions and radius 
of curvature, when the loads ore uniform and continuous and, above al l , if the displace­
ments of the points of the shell when loaded ore small in comparison with the thickness, 
it is possible to apply the theory of membrane stresses. This theory presupposes that all 
the stresses ore tangent to the shell and are distributed uniformly in its thickness, that 
is to soy, that no bending deflection exists that the shell would be incapable of resisting. 
The six components of the stresses on each point ore reduced to three: two normal com­
ponents and one tangential, or to soy it another way, the stress is planar. 

If the method of support of the shell allows it to be considered isostotic, equations of 
static membrane balance ore enough to solve the problem, but precisely because of this, 
it is necessary to fu l f i l l the last condition which requires that the displacements be small 
in order that these equil ibrium equations may remain valid after the deformation. In each 
case it is necessary to check for the fu l f i l lment of this condition, but since the analytical 
test is problematical, there is no other recourse but to experiment on models or on actual 
structures where if necessary, rigid reinforcements which maintain the deformation within 
acceptable limits con be arranged. 

Do not believe, however, that the statement of membrane equations is a simple th ing, 
except in the cose of surfaces whose analytical expression is elemental and at any rote, 
the integration of such equations always entails the appearance of constants of integra­
tion whose values con only be determined in certain cases by shape or support conditions. 

But in general, the mathematical problem is indeterminate, mainly when the shell is 
joined to other deformoble structural elements (eove beams, other analogous shells, etc.). 
In these hyperstotic coses balance membrane equations are not enough, and it is usually 
necessary to use work theorems or virtual work theorems to obtain the necessary number 
of equations, with which the previously mentioned doubts ore raised again, with regard 
to the deformations and their proportionality with the stresses, now aggravated by the 
complexity of the problem. 
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One method for solving them in long cylindrical shells is to consider as unknown hyper-
stotics the imaginary stresses that would be capable of closing the cracks which would be 
produced between two contiguous structural elements if the latter were capable of de­
forming independently. For those who hove been interested in these matters, the enor­
mous di f f icul ty of this problem or better yet its almost impossible solution is only too 
well-known. Its statement expresses the loads by means of "Four ier " series and uses variable 
complete functions to solve the eighth order di f ferent ial equation which results f rom the 
compatibi l i ty condition in spite of important and not always acceptable simplif ications. As 
a consequence of it, it is impossible to keep in mind during the whole mathematical process 
the physical reality of the problem, and we do not realize the frequent errors unti l the end 
of the laborious process which often, for this reason, has to be begun again several times. 

Unti l now, moreover, the analytical problem has only been able to be set up in certain 
simple cases, those externally isostotic. For example, in long cylindrical shells, even if the 
expression of the cylindrical surface in cylindrical coordinates is very simple by this 
method. Only those shells simply supported con be analyzed. Those which are continuous 
over several supports ore outside the f ield of application of this method as are the ma­
jority of cases arising in practice. One would hove to ignore the continuity which is one 
of the greatest advantages of reinforced concrete, in these cases. 

If we keep in mind the indeterminacy inherent in deformations in reinforced concrete 
before knowing the quanti ty and the position of the reinforcing steel, the only certainty 
that the method outl ined gives us is that of the extraordinary complexity of the mathe­
matical process. For many minds this complication is synonymous with exactness, but the 
reality of such exactness is completely illusionory. The proof is that in measuring and plac­
ing the reinforcing steel, a criterion total ly opposed to that which has been maintained dur­
ing all the analytical development is followed. Al though the method of measuring is not 
usually mentioned in technical l iterature dealing with these matters - perhaps in order not 
to render its incongruency too evident - the truth is that it is done in a rather irrational 
method. According to Johonsen""' "The tension stresses ore added to a total stress and the 
reinforcement area is determined dividing this stress by the work coeff icient, ignoring the 
fact that the deformations and the work coefficient do not correspond to each other since 
the deformations are not constant throughout the zone submitted to tension streses. W i th 
these serious discrepancies between stresses and deformations, the just i f icat ion for all the 
mathematical work and complicated calculations disappear, since its basis is the theory of 
elasticity in which stress and deformation ore related. 

The immediate consequence of the foregoing considerations is that methods based on 
the theory of elasticity ore not appropriate for the analysis of hyperstatic structures of re­
inforced concrete. As these methods ore the only ones permitted by the majori ty of codes, 
we f ind ourselves faced with the unusual fact that we cannot apply to the calculation of 
structures of reinforced concrete - nearly the only structural material - methods that are 
in agreement with its characteristics. 
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To those who consider this statement on exaggeration, we recommend that they simply 
try to determine analytically, as on il lustrative problem, the deformation or elastic l imits 
of a reinforced concrete beam simply supported on its ends, and, after analyzing this 
simple problem conscientiously, that they reconsider whether the hypotheses that the turn 
of a section is proportional to the moment that causes it is admissoble or if they believe 
that they con establish seriously the problem of matching the deformations of the long 
cylindrical shell and its edge beam. 

The matter is not, however, as serious as it appears because reinforced concrete, even 
if it does not hove the conditions that elasticity attr ibutes to its, possesses, on the other 
hand, other characteristics which added to a conservative, although not on explicit, safety 
coeff icient, contribute effectively to the stabil i ty of the structures raised with it. We are 
referring to the plastic deformations that materials are capable of allowing when the 
stresses reach determined limits. 

Al though our intention in this work is only to set for th the problem once again, we be­
lieve it necessary, so that we may not be censored as pessimists or as ones not doing con­
structive work, to review the bases upon which the solution has been attempted, hoping 
that it, together with the bibliography on subject matter which we odd, will serve as a sti­
mulus for cooperation that we consider urgently needed to lead to the establishment and 
development of a new structural theory that con be admitted generally as o substitute for 
the one already in use. 

Let us then attempt to express as briefly as possible, the way in which the plasticity pre-
ceeding the break contributes, by means of a change of form, in helping those parts less 
loaded to help those more loaded and cooperates in the advantageous use of the continuity 
of the structure. 

Let us examine in the first place what happens in a section of reinforced concrete sub­
jected to simple flexure and reinforced only on the tension traction side so that the strains 
increase unti l reaching the breaking point (Figure 3). When they ore small, the section 
functions almost as if it were homogeneous and the distribution of stresses were tr iangular 
in the compression zone as well as in the tension zone''\ As the bending moment increases, 
the resistance capacity to tension is exceeded after passing through a brief plastic period 
in which the lower port of the stress diagram curves; the section cracks and tensions are 
permitted only by reinforcing, raising the position of the neutral axis. On increasing the 
moment again, the stress in the extreme compression fibres reaches the l imi t of plasticity 
or of f lu id i ty (Fig. 1), but it does not pass it, except that the deformation upon increasing 
without increasing the stresses allows (returning to Novier's hypotheses of linear deforma­
tion) the whole compression zone to reach the stress l imit, wi th the compression diagram 
curving unti l it approximates a rectangle. 
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F i g . 1 (left above ) 
DIAGRAM OF DEFORMATIONS IN STRUC­
T U R A L STEEL. 

F i g . 2 (r ight above) 
DIAGRAM OF DEFORMATIONS IN CON­
C R E T E . 

F i g . 3 ( left) 
DIAGRAM OF STRESS DISTRIBUTION IN 
REINFORCED C O N C R E T E BEAM. 

At the some t ime it may or may not happen that the reinforcement also might reach its 
l imit of f lu idi ty, (Fig. 2) depending on the percentage of steel in relation to the quali ty of 
the concrete.** In the event that a plastic deformation of the reinforcement (under-rein­
forced sections) is produced, the neutral axis rises rapidly, the lever arm of the internal 
couple increases slightly, and at last fai lure by compression in the concrete occurs accom­
panied by large angular deformations, in the second cose of strong reinforcement, the 
breaking of concrete takes place before the steel yields. We see then that breaking is 
always produced—directly or indirectly—when the resistance of the concrete exceeds com­
pressive pressure. The difference (which as we see is important) is that in the f irst cose 
deformations ore much greater than in the second. 

If one stubbornly wishes to continue supposing against all logic that stresses ore pro­
portional to deformations up to the moment of breaking, one would have to admit also that 
inexplicably the resistance of the concrete to compression by bending is very superior 
to that of breaking of cylindrical prisms or test cylinders. 

The matter would seem somewhat fut i le if we rely solely on the fact that for usual 
coses, in which small percentages of reinforcing predominate, the f inal results of the calcu-

• * For greater information on this question see the work already cited by R. Saliger. (15) 
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lotions of sections by this theory ore very similar to those obtained with the usual methods. 
The importance of the consideration of the plastic state lies in the fact that, on the one 
hand, it amplif ies considerably the working limits of the given amount of reinforcement 
which 0 section con odmit,^' and, above al l , that it gives o ful ler and more exact knowl­
edge of the true distribution of the internal stresses allowing us to see more clearly the 
ploy of stresses and deformations which takes place in the section and to interpret cer­
tain experimental results on beams which the theory of elasticity was incapable of explain­
ing satisfactorily. 

Moreover, by putt ing at our disposal a very clear image of the breaking phenomenon 
it allows us to eliminate the concept of allowable stresses on work coefficients affected 
by a safety factor which is dif ferent for each material. Calculation by the new procedure 
is made wi th just one safety factor for the whole section which can be changed at wil l de­
pending on the greater or lesser probabil ity occuronce of load limits. 

Its consideration is also fundamental for the subsequent understanding of the process 
of deformation of complex structures which ore so important in determining their own 
breaking conditions. 

We have indicated before that one of the principal advantages of reinforced concrete is 
its monolithism which produces continuous or redundant structures, but as this continuity 
complicates the analysis tremendously when classic methods are followed, it is f i t t ing that 
before beginning the detailed examination of these structures, we completely understand 
the concept of the role that continuity plays in the resisting functions and above oil in the 
stabil i ty of these structures. 

This concept is implicit in the very name with which such structures ore designated, 
hyperstotic, statically inderterminote; this name indicates clearly that when the equations 
of statics ore not suff ic ient to determine the equil ibriol conditions of the whole structure, 
such equi l ibr ium con be achieved by using di f ferent methods which depend, in general, on 
the deformation possibilities of the structure. The support reactions can, therefore, take 
on very definite values provided that they are compatible with the static equi l ibr ium of the 
whole and ult imately in not being l imited to a unique solution, the structure protects it­
self f rom the action of all possible states of load, including faults in the supports, taking 
on the solution of distribution of stresses and deformations that permits it to resist most 
appropriately the external forces to which it is subjected in each cose. 

Such accommodation takes advantage of whatever means it has within its reach to main­
tain the equi l ibr ium of the structure. One of the most important is the possibility of 
allowing plastic deformations in the cr i t ical sections, that is to soy, in those sections which 
are exposed to l imit ing stresses before the other sections reach a saturation of stress 
capacity. 

Thus O S in statically determinant or isostotic structures, upon the production of this 
saturation in one of its points or sections, and upon its beginning to yield plasticoly, it 
draws after it the rest of the structure, tearing it down. In hyperstotic structures in order 
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for fai lure to occur, it is necessary that the total number of points or sections that may 
fai l to be greater in number than the degree of indeterminotion in the structure. 

Thus, for example, a beam simply supported on two points wi l l collapse, doubling in two, 
when any intermediate section yields, but a beam with both ends f ixed being hyperstatic of 
the second order, requires that fai lure be produced at three of its points—the two embed-
dings and the center—in order for destruction to occur. If only the ends break, it wi l l re­
main in the same condition of simple support as the f irst case. That is to say, the indeter­
minacy will have disappeared but at the cost of the safety which wil l now depend on the 
resistance of a single section. Nevertheless, the deformation of the beam under these 
conditions wil l be of the some degree of magni tude—in spite of two of its sections having 
fai led—as those corresponding to the f irst isostotic beam as long as the remaining section 
does not reach its elastic l imit. Since the fai lure of the ends does not necessarily imply 
their breaking but only the fact that this does happen in most coses, by means of plastic 
deformations (of the some degree of magnitude as customary elastic deformations) upon 
the material reaching its elastic or f lu id l imit, it is senseless to make the safety of a 
structure depend on the possibility that such partial failures may be produced. The safety 
factor must be applied to the conditions of total breaking, and in this state the distr ibu­
tion of moments or stresses does not have to coincide with the one which determines the 
theory of elasticity. 

In agreement with this theory, in a f ixed end beam of constant section and uniformly 
distributed load, the distribution of moments between the f ixed ends and the center is 
determined in just one way, a value of p l - /12 corresponding to the f irst, and of p i - 24 to 
the central section. 

Let us suppose, in the f irst place, that it is a steel beam. Upon the elastic l imit 
being exceeded on the ends, they yield plastically, a resisting moment being created which 
corresponds to such l imit. Beginning here, i f the loads continue to grow, the moment that 
the central section has to resist increases unti l it reaches the value of breaking which wil l 
be equal to those of the f ixed ends and of q lV16 , q being the breaking load. That is to soy, 
in the state of breaking, the distribution of moments is produced with the some value in the 
three crit ical sections. 

This same result could be reached by following the theory of elasticity if one kept in 
mind the change of the elastic coeff icient corresponding to the state of plasticity of the 
ends, but it is useless to take such pains. 

The first semi-articulations wil l be produced with a load p = l 2 / 1 6 q = 0 . 7 5 q , for which 
reason, if we calculate as usual, with the safety factor of 2, such semi-articulations wil l 
not appear even with the work loads, and we will hove obtained a saving of twenty-five 
per cent. 

If the beam is reinforced concrete, the conditions which permit applying elastic theories 
will hold only as long as the loads are min imum and no section has cracked. Only for 

22 



these loads can we consider a distribution of moments with a value twice those in the 
supports as in the center. Upon the appearance of the f i rst cracks, the elasticity coef f i ­
cient as well as the moment of inertia diminishes sharply in the corresponding sections. 
The law of variation of these quantit ies is, nevertheless, so vogue that it mokes practically 
impossible elastic analysis of the variable section beam which results. Fortunately, it is 
not necessary at al l . The only thing that we need to know is the isostatic moment diagram 
perfectly determined since it only depends on mechanics. 

The size of the moment capable of causing semi-orticulotions depends on the position 
and amount of the reinforcement. That is to say, it is subject exclusively to our own free 
wil l . But varying at wil l the closing line of the isostatic diagram, we can achieve the dis­
tr ibut ion of moments that we consider best provided we place the reinforcement in accord 
with such choice. By means of a deformative process analogous to that described previ­
ously for the steel beam, extreme coses of transforming the simply supported concrete 
beam or two cantilever concrete beams joined at their free ends con be achieved. W i t h 
the natural restriction, for structures that must remain exposed to weather, that the crack­
ing in the tension zone of the articulations be inadmissible or dangerous. However, in 
bui lding structures, that are generally covered, such a consideration does not hove great 
importance. 

There exists another more important l imitat ion since it prevents great plastic deforma­
tions which are the bases of the process. If the percentage of reinforcement in the section 
in which the semi-articulations ore to be produced is superior to the cr i t ical, that is to say, 
if the breaking of the concrete by compression takes place previous to the beginning of 
the reinforcement's plastic period, the redistribution of moments cannot be produced since 
unallowable cracks wi l l hove been already produced in the aforementioned cri t ical sections. 

However, for the average qualities of materials, F^'= 120 Kg/cm^ (stress of breaking of 
concrete cylinders), the percentage l imit of the reinforcing is 1.8'r, ' ' ' suff iciently superior 
to the usual percentages for which the problem or l imitat ion mentioned is not usually 
shown, except in exceptional coses in which the height of the beams is very l imited and 
which, in general, ore not economical. 

Following on analogous process to that which we hove explained for the steel beam, 
one could determine in each particular cose the possibility or not that semi-orticulotion 
may be produced with work loads. 

The analysis of a reinforced concrete beam, continuing over several supports is reduced 
to keeping in mind the previous considerations, to out l ining the diagram of isostatic moments 
for each beam section and f ix ing afterwards the closing lines so that they form a continual 
broken line. Keeping in mind the previously mentioned l imitat ion, we con, for example, 
moke the positive and negative moment equal; provided that we place the reinforcement 
in accordance wi th the choice.^^ 

This criterion wi l l equally simpli fy the analysis of more complex structures, such as 
porticos or mult iple frames. It wil l also moke possible the analysis of those structures in 
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which the d i f f icu l ty of the mathematical problem mokes usual methods inapplicable. For 
example, the theory of slob breaking permits the simple analysis of slobs of arbitrary con­
tours with concentrated loads and over pointed supports which the theory of elasticity 
would be incapable of even planning. The calculation of long cylindrical shells, which, as 
we indicate, is one of the most complicated problems which confronts the elastic solution 
is reduced according to theories of breaking, to the calculation of a concrete beam of a sec­
tion di f ferent f rom the usual ones. That is to say, the calculation is reduced to the prob­
lem of equi l ibr ium between stresses and moments which can be solved in a few hours. 

Since on insistonce on the details of the procedures would prolong this work interminably, 
and since we would be adding nothing new to that explained by other writers, we suggest to 
the reader that he consult the included bibliography on these questions. 

Perhaps the principal objection to the general acceptance of these methods lies in their 
extreme simplicity besides the not unimportant requirement that the designer hove some 
criterion. So many ore the years of exclusive predominance of the elastic theories with ail 
their mathematical complexities that one may solely rely upon the conviction that these 
theories constitute the only means of solving the problem. 

In this perhaps is found the most serious sin of elasticity. In many instances, its claim 
to obtaining exact and unique solutions has prevented other solutions and visualizing dif­
ferent approaches to the problem. It is as if, on looking at a building or a sculpture, we were 
to be furnished only one preconceived f ixed point of view l imited in such a way as to pre­
vent one from recognizing all the characteristics of the observed object. Undoubtedly, this 
would give us a restricted and erroneous image of its true condition and dimensions. 

The construction of a Gothic cathedral, not withstanding its being carried out without 
the help of a di f ferent ial calculus, presupposes an exquisite refinement in the use of a 
material having such evident l imitations as stone, whereas modern technique, overwhelmed, 
without doubt, by the enormous weight of mathematical science only on rare occasions 
has been able to approach such subtleties of construction in spite of having o more perfect 
material, reinforced concrete. 

This makes us think that the elastic methods may hove constituted on obstruction in 
the normal development of structural techniques. Al though this statement may sound 
like blasphemy to those many excessively scientif ic ears, we would like to th ink for a 
moment that the progress of such techniques would hove been verif ied by means of an 
evolution of the intuit ive and experimental concepts of the Middle Ages and Renaissance 
which produced such bri l l iant results. 

It is very possible that in this way, st imulating the ingenuity of builders (for some 
reason they were named engineers), better use of materials would hove been achieved 
since it would have set for th the problems more frankly without the prejudice of the pre­
mise of having to solve them mathematically. The most convenient and logical forms ore 
not generally easy to analyze from a mathematical point of view, and therefore their use 
has been abandoned in favor of solutions less appropriate but which, nevertheless, allow 
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simple analysis. It has been forgotten that as Cross soys,^' " W h a t we need is a structure, 
not on analysis." 

We hove come to the aberration of creat ing—in many coses with enormous di f f icul t ies 
—isostotic conditions ort iciol ly by means of articulations of structures wi th evident scorn for 
the definit ive stabil ity of the structures and without other construction justi f ication than to 
faci l i tate and analytical setting forth of the problem. 

In such o way arches and vaults ore only employed in unusual buildings, such as bridges of 
great spans in which the size of the budget allows devoting on appreciable port to struc­
tural calculations; but it would be very d i f f i cu l t for it to occur to no one to use the reduced 
vault for mezzanines with great open spaces in spite of it being the obvious solution for 
such o problem. 

In summing up, we th ink we have presented or suggested enough data and reasoning 
to seriously start th inking about the possibility of substituting more adequate, simpler and 
more logical procedures for the habitual structural analysis. This would be in accord with 
the opinion of Von der Broeck, who in the end of his book soys: "Personally I consider 
the super-emphosis on the elastic analysis of the lost f i f t y years c mistake which shows 
evidence of losing its preponderance." 

The excessive generality of the theme which we set for th and the elemental considera­
tion of the space acceptable in a work of this type has prevented us f rom adequately 
plumbing the depths of each of the points sketched. Nor was it our ini t ial idea to exhaust 
the matter; but it, together with the total absence of complicated formulas, con give rise 
to on erroneous impression of superficiality which we would regret since it is opposed to our 
true intention. 

Perhaps by analyzing what we hove set for th with greater detai l , one can estimate that 
there exists o certain exaggeration in some concepts, but as o starting point toward accept­
ing o new t ru th , we must necessarily f irst tear down almost all we hove learned previously 
and according to Ortego y Gasset: "To th ink is, whether we like it or not, to exaggerate. He 
who prefers not to exaggerate has to keep quiet; even more, he has to f ind a way of para­
lyzing his intel lect." 
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