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Fig. 1. Testing of a single cantilever 
model of a high arch dam designed for 
construction in two parts with an inicr 
nirdiwie joint. 

By Prof. Dr. Ing. Guido Oberti 
P r o f . Oberti is the Director of 
the Istituto Sperimentale Mo-
delli e S trut ture in Bergamo, 
I ta ly . Orig ina l ly this paper was 
one of a group presented at the 
A S C E Symposium on A r c h 
D a m s , J u n e 1956, at Knoxvi l le , 
Tennessee. I t was later printed 
in the Proceedings of the Ameri
can Society of Civil Engineers 
( A u g u s t 1957) and in the jour
nal of the Istituto in December 
1957. E x p e r i m e n t a l research on 
models in I ta ly have greatly con
tributed to the national design 
of arch dams. A c t u a l possibili
ties of models based on the the
ory of similitude are discussed. 
Important cases of I ta l ian arch 
dams studied by models are de
scribed and pr inc ipal results ob
tained are reported. 

T H E D E V E L O P M E N T O F M O D E L R E S E A R C H IN I T A L Y 



J . P R E L J M J N A R Y C O N S I D E R A T I O N S 
O N S T R U C T U R A L M O D E L S 

Ktvsiaixli on models in the quiet atmosphere of a labora
tory permits an accurate analysis of variables, and renders 
the experimental investigation simpler and less costly than 
on the prototype. Furthermore, it permits investigations of 
the static and dynamic behavior during the design of the 
structure, predicting its real degree of security and realiz
ing the best economy. 

T h e use of models is especially valuable when the mathe-
mati(al solution of a problem is either unknown, extremely 
laborious, or difficult to define as to the boundary condi
tions. 

T h e theory of models is based on ;i well-known principle 
of similitude which states that two systems are physically 
similar when there exists a geometrical correspondence be
tween the points of the two systems, and the (ju:miities of 
the same physical nature have a constant ratio at corre
sponding points. Complete plnsical similitude between 
prototype and model is readied when al l the relations be-
iween the "scales" with which the model reproduces the 
physical c | u ; i i i i i i i c s . o n which the problem depends, are 
taken into consideration. 

11 there are _n physical cjuantities upon which the proh 
lem depends and we choose the q functions which are fun
damentally and dimensionally independent, corresponding 
to the degree ol diinensional freedom of the problem (3 for 
mec hanical problems), it is always possible to get n — q m i i 
dimensionless T T ratios, which correspond to the m quanti
ties r e l a i i i i L : v:\iU o l i l i e ^ e a n d ihe Q functions assumed as 
fundamental . Hav ing then chosen the dimensionless vj 
r a t i o relative to the quantity that one particularly w i s h r s 
to know, this ratio becomes then the function of the re-

maininu m - 1 dimensionless ratios ITS T T , , , . 

T h e model wil l therefore correspond to the prototype in 
all respects if the values of these ratios remain unchaniied 
in passing from the prototype to the model, and the iri 
ratio for the model will then also be in' / T T , = 1: a relation 
whic h pernnis, having measured the cjuantities on the mod
el, to obtain the corresponding value on the prototype. 

I n addition, the inherently dimensionless physical con-
si.mis and functions upon which the problem may depend 
must be conserved in passing from the prototype to the 
model, for example: Poisson's ratio, the coefficients of fric
tion between the various materials, and so on. 

I t is useful to distinguish between the cases that one may 
wish to study on a model, separating those for which one 
possesses a thorough mathematical theory, from those in 
which this is not so. A classical example of the first case 
is presented by a study of the behavior of any structure 

made in a homogeneous isotropic elastic material a n d 
bounded in a statically determinate way, as mathematics 
then offers the theoretically complete solution to the prob
lem: a system of differential equations having as unknown 
functions the stresses. 

E v e n though the numerical solution of such a system is 
often extremely laborious, as for example in the most 
complex problems of concrete dams; the knowledge of the 
theor)' simplifies the investigation with the model as the 
equations of the theory furnish a complete a n d precise list 
of the quantities which influence the phenomena studied. 
I n particular, it should be remembered that such equations 
postulate the independence of the stresses from the physi
cal-mechanical characteristics of the material (elastic modu
lus, yield point, with the exception of Poisson's ratio for 
three dimensional problems) therefore permits the use of 
model materials which differ from those of the prototype, 
;is applied in photo-elasticity. 

Without a theory and the relative equations which set 
out the physical problem to be studied, it is more difficult 
to realize a complete similitude, as naturally a l l the dimen
sionless ratios on which the phenomenon we study de
pends may not be identified. I t is i n these cases that dimen
sional analysis, as a precious resource, becomes of use; i n 
fact, once the quantities which are present in the phenom
enon are listed, it provides us with the independent dimen
sionless ratios which can be built with these quantities and 
thereby provides a guide to the proper use of the model to 
obtain satisfactory results. 

I t seems advisable to mention these prel iminary funda
mentals of the model theory in order to outl ine the diffi
culties that beset work on models. Such difficulties are 
often present in hydraulic, electric a n d aerodynamic re
searches. 

I I . T H E S T R U C T U R A L M O D E L S 
a) Structural investigations generally present favourable 

conditions since the independent fundamental quantities 
upon which the behaviour of a structure depends are gen
erally three: the classical "lengtli". "mass" and "time", or 
three equivalent dimensionally independent quantities a n d 
that these are reduced to two when only the static be
haviour of the structure is studied, as i n the case the var i 
able "time" is missing. 

I f X and X represent respectively the ratios of similitude 
of the lengths a n d of the forces, the ratio of similitude f 
between the stress values, during the passage from the pro
totype to the model must be: 

X 
= .<• 

\= (1) 



A l l tile o t iur plusical quantities occurring in tlie prol)lcni 
uhi<li liave the dimensions of a stress (modulus of elas
ticity, yielding \;\hw. failure unit loads), must then h a \ c 
this same ratio. T h e materials of which the models and 
their foundations are built must generally conform to this 
same ratio, which we will (al l "elfectiveness ratio." (In iIn
elasticity problems only and within the limits of the men
tioned theory, this dependentx may be avoided. F o r ex
ample, photo-elasticity utilizes materials for models which 
are quite different from those ol ihe prototype. 

I n the particular case ol onl\ Mq^erhtial loads, with TT 
indicating the ratio between I I K intensity of these loads 
the required relationship wi l l be: x — ""X" and here TT 
coincides with jf, the latter is then independent of the scale 
ratio X. 

But if the stresses due to dead weight are not negligil)le. 
and p represents the ratio of the densities, then it w ill .dsn 
bo necessary that 

X = P X" (2) 
and therefore tiio (ondii ion ihat is obtaniod bv placing 
(2) into (1) must be conside red. T h i s is 

= P X (3) 
The dilhculties are increased by this re(]uirenieni which 

may justify the expedient of using large scale models and 
also lo increase—with artificial devices—the donsiix ol the 
model material. 

I n the particular case where the niosi important stresses 
are due to body forces, as h)r example, in dam problems 
(hydrostatic load and dead uci^hi ) . onh ihe relationship 

(3) is required. 
W h e n it is possible to inid materials to build a model 

and its foundations for which the conditions <>[ i inariabi l -
ity of ? arc met. in the sense that the "intrinsic cur \ e ' of 
the model-material is similar to that of the prototype in 
the constant ratio s and the scale of the densiiv ratios 
satisfy relation (3), similitude may he considered attained 
and ii ma\ he i l u i i con.sidered effective not only within the 
limits of elasticity but as far as the breaking point. 

T h i s result, which the author reached some twenty years 
ago, permitted, with the use of convenient materials, 
study on models with tests up to the breaking point, the 
degree of safety of important structures and in pari icular 
that of practically al l the big Italian dams designeel and 
built in the last decade. 

Vol- several years plasu r of i'ai is had been employed, but 
it was rather difficult to use. especially when the models 
were large and thick, because the j^laster took a long time 
to dry and the interior was not uniform. T h a t was the 
principal reason which led to the use of a special mixture 
for the most recent models. It was a special concrete in 

which the aggregaies weao xokanit punnce sione Irom ihc-
island of L i p a r i . .Such stone is cheap in Italy and is iluie 
fore very u.sefiil for laboratory tests. I sing xolcaine sion. . 
lesis had been made- with elillerent jjercentages ol comeni. 
and it is now possible to construct a model of this special 
mixture having a laige \ar iat ion in the ratio of its modulus 
of elasticity to the modulus o l elasticity of the concrete of 
the dam. I n some cases ihe ratio is as low as one to twem\ . 
Furthermore, in the large models it has been possible to 
include the natural rocks in the model, incorporating the 
same ratio as existed in nature. I'his was done by means 
of research made in the field by means of special de\ i(( s 
particularly for limestone. I he necessary information hav
ing been gained by measuring "in situ" the deflections (in 
all directions) caused by pressure in a large tuiniel which 
had been excavated in the interior ol the mountain. 

When one has to undertake experimentation on models 
of this kitid it is convenient to begin the research work 
directly on the strains e. assuming them as lunclamental 
unknown quantities (instead of stress components); the.se 
being alreaeh eliin(.nsi()nloss wi l l insure that a complete 
similitude will be obtained when thev .are ecpial at the cor
responding points ol the prototype and of the model. A l l 
I I K precedent considerations of the case are still valid and. 
in particular, the relation (3). 

I hon the strains on the mcxlel. which it is jmssible to 
moasinc' u i i h a high de-ree of accuracy bv ihe use of 
e \ n iisometers ha\ ing a wry high magnific ation, w ill ho 
oc|ual to those of the prototv]>e. 

It is thus le arned that the disj)laccinents .and in particu
lar the dellec lions (that climensionally are e . i), wi l l be 
pioportional to the scale ratio \ betwx'en the jnototype 
and the model (fig. 2). 

b) I'revioush when static problems alone were consid
ered, cleh)rmations and .stresses were not influenced by 
"time." 

In reality the collapse ol a suucture may also deijond. 
even i l in a different degree, on the time of the applica
tion of loads bec ause of the \ iscosity of the materials of 
which they are built. 

It is known from theory that, in such cases, the stresses 
are linearly related to the corresponding velocity of defor
mation through a coefficient of \ iscosity. which is a constant 
pro \ id ing the material is homogeneous and isotropic. It 
is then necessary' to add a new fundamental quaiuity, such 
as "time", for which the non-dimensional ratio n between 
the \ iscosity coefficients must be equal to x \"-' T = x f with 
r representing the ratio of times between the prototype 
.Old the model. 

T h e \aiial)ic-. •time", comes into play again wheai iho 



\ 'J.. Applii ;il ion ol dial gago on the 
(lownsticani surface of a large arch dam 
model. 

I ig. ; i . Ciasiing a I I K X I C I arch-gravity dam; 
t i t- lods f o i I he ; i p ] ) l i i ; i l i ( n i o f I he di-ad load 
max !)(• seen. 

  



dynamic behaviour of a structure must be studied. This is 
of particular interest for seismic effects. I n such cases it is 
necessary to bear in mind that among the forces to be con
sidered in the first place are those of gravity, and being 
unable, obviously, to alter the value of the gravity accel
eration in passing from the model to the prototype, one 
is obliged to presume that this quantity is a fixed dimen
sional constant. I t is useful therefore to consider accelera
tion as a fundamental quantity to add (instead of time) 
to the two preceding ones and the ratio between the accel
erations acting on the prototype and in the model must 
be equal to one. T h e ratio of the times T must then s.iiisl\ 
the condition: 

T = V X _ (4) 
I t follows that the vibrations wi l l reproduce themselves 

on the model with a higher frequency. F o r example, on a 
model having a scale of 1:100 the frequencies wi l l be ten 
times as high as in the prototype (Froude-similitiKlc). 

I t is useful to point out that in order to satisfy relation 
(4) it is not possible to work a model made of the s um 

material as the prototype (or which has the same density) 
since, p (the ratio between the density of the prototvpe 
and mtxiel materials) must be in any case (the forces being 
dimensionally equal to the product <•! H K I S S l iuus accelera
tion): 

r = \ / » ^ r - ' (5) 
T h e equations (4) and (5) are saiisfud bv iuii^vsinj; 

the condition (3). 
As an example, in the case of the model studies of ilu 

earthquake-effects on the .Ambiesta dom-dam, by conform
ing to the requirements of these fundamental ratios, we 
have assumed 

\ = 75 .<• = .50 p = % 
using for the model a special mortar of litharge and plasu i . 

c) W i t h regard to what is assumed in order to obtain 
by calculations and by direct research conduded on the 
real dam, models have been objected to on the grounds 
that internal stresses are not examined and that t lurinal 
effects are not studied. 

For the first question it is jjertinent to point out that—as 
a rule—the sirc ssis of more interest are found on the sur
face. Presently, internal measurements at single points in 
models are possible with a good accuracy. Furthermore, if 
one limits himself to the elastic behaviour of plane struc
tures, it is also possible to obtain by photo-elastic i i \ . tlu 
sire.sses in the interior. 

W i t h regard to the second point, it may be interesting; 
to remember that, should the thermal variations (or its 
equivalent as shrinkagej not be- directly modelled but be 
l inear functions of the coordinates, the thernio-elastic 

lem may be replaced for elastic condition, by the artifice of 
applying on the model suitable volume or surface forces 
instead of the thermal actions (and with the precaution to 
measure also the deformations, which the model, being free 
from icclunclant ties, would develop under the action of 
such ideal forces). General ly speaking, if the tleforming 
actions are deduced to simple Volterra dislocations, it is 
jjossible to employ models. 

Only if one- passes to more general types of distortions, 
does the use of models become really arduous as it is then 
necess;iiv to reproduce a n d to model the local physical 
causes which introduce such strains, as we have begun at 
the I S M E S . 

I I I . T H E E V O L U T I O N O F E X P E R I M E N T A L 
M E T H O D S O N M O D E L S 

I n Italy the experimental jjrocedures on models have 
I K C II p i o - n ssixc iv tMriulc cl in these last years and I would 
divide iheuj. following t l u i r chronological evolution, into 
three groujjs of substantially distinct methods. 

a) Wi th the- uKthods used in the first group the plain 
elastic problems are studied: prevailingly with the aid ol 
photo-elasticity and d e h ) n i u n r s . Photo-elasticity is a par
ticularly ekuain system which perniiis us to obtain photo
graphic reproductions ol stress patterns, lines ol uniform 
shear stress, and to deduce the stress-trajectories (isostatic 
lines) in the prototype by the experimental obsenation 
of the isoclinics obtained in the model. T h i s method ol 
research is now successfully used in many l;iboratories 
which dc-al with structuus. 

T h e deformeters. develo|)ccl from the first Beggs types, 
irc also tools of great utility. 

b) T h e methods of the second group investigate three-
(linicnsional elastic problems with extensometer measure
ments: this is l)v applying directly to the model mechanical, 
optical or electrical extensometers. 

Many structures were thus studied in Italy (especially 
by the author in the laboratory of the Polytechnical School 
of Mi lan) by adopting model materials (celluloid, plexi
glass, etc.), which are Aery different from those of the 
prototype i>ro\iclecl that thev :ire elastic. I n these tests the 
continuity of the- structure, the rigidity of the abutments 
or the- c l.isiii (Iclorniahilitv of the ties were accounted for. 
In arch dam models the load was applied usually with 
cjuick-silver. 

U n d e r this (ondition the model functions as a "mechnical  
calculator" of stresses and u i \ i s nsu i t s that may be usefully 
compared with those of the various calculations made for 
the study of the elastic behaviour of the structure. 

c) Lastly, with the third gtoup. having ascertained that 
sonic structures, panic iilarlv those o l concrete, d o not con-



I n n i i to the jjosiiiiaics o l clastic theory, and that the noii-
(ompliance gives better results, it appears preferable to 
search for a mon cxaci similitude with the prototype 
rather than h)r confirmation of elastic calculations. T h i s 
is a decisive step towards conformity with nature which 
ciiaracterizes the considerable amount of work done by the 
I S M E S in Kcrganio in building models, which tend to 
substaniially lejiroduce not only the behaviour of materials 
but also the particulars of the form and the performance 
of the prototype, of the bearing .seats and the real deform-
ability of the ties and of the foundations. 

T h e tests made on the model may then be divided into 
two dist ind and snctessive steps. In the first series of tests 
\vhi( h we ( all "normal load tests". deh)rm:uions are meas
ured in Older to obtain the values nearest to the condition 
of similitude, which will im|)()se equality of the strains on 
\\\v jjroioiN ])e and on model, under normal load condi
tions corresponch'ng to ihosc- ol ilie s i i u d u r e in service. It 
is important to point out that during the application of 
the load various types of inelastic adjustments or perma
nent sets may take place which is good to stimulate, by 
repeating load (\( les. reaching a regime working of the 
model which wil l be elastic, icgular and suitable for the 
mea.surements of deloimaiions ;nid for useful controls. It 
IS I hen possible to evaluate the stresses (knowing the 
stress-strain diagram of the material) and the static be
haviour foreseeable in the prototype during nonual service. 

It must be observed that the stresses thus observed may 
not agree with those deduced by calculations, since the 
adjustments (which generally have a beneficial effect) are 
not taken into consideration. 

H a v i n g finished these tests and the relative measurements 
one passes gradually to the destruction te.sts or ultimate 
load tests. It is convenient then to assume as the overall 
safety coefficient of the structure, the ratio k, between the 
value of the maximum load actually supported and that 
considered normal during service. 

In the particular case of arch dams, having made the 
idtimate load tests on the model (conducted unti l collapse 
or until the first signs of cracks appeared on the upstream 
face), the safety factor wi l l simply be the ratio between 
I he maxinnnn final value 7',,, of the specific weight of the 
l iquid, fictitious or real, acting on the model and the 
value 7' relative to the l iquid conforming to the foreseen 

normal load"", (which is realized in the dam for the de
signed maximum water level). I f f is the "Ratio of Effec
tiveness" between the material of the dam and that of the 
model, \ is the .scale ratio, 70 = I T / m ' ' is the specific weight 
of water acting on the prototype, the following relations 
wil l hold: 

X 7'n. f 

7 = 7o and: k = (6) 
? 7o X 

In the case of gravity or arch-gravity type dams in which 
tlie efiect of weight (also a volume load) has the essential 
lunction ol maintaining stability, it is necessary to ar
range the model for its increase and to maintain it at the 
correct ratio in respect to the hydrostatic load (fig. 3). It h 
with this precaution that we may proceed with the ultimate 
load ic sts. I f in these tests a safety ratio, which is consid-
eied sufficient under normal condition.s, is reached without 
collapse of the model, it may be interesting to continue 
inc te asing only the hydrostatic tluiisi and not the weight 
in order to learn the strength at exceptional thrusts (such 
;is earthc|uakes. I)oml) ellccis. and so on). 

These latter methods in our opinion represent a notable 
progress in com])arison with the former which, on the other 
hand, are still useful especially as a means of comparison 
with the theoretical results. I n fact the methods of the first 
two groups are based on a set of hypotheses that lead to 
results which may not conform t o reality since they would 
oidy hold for an ideal structure wliich faithfully obeys the 
initial hypotheses. 

Instead, our methods, rather than obeying preconceived 
idealizations come closer to the reality of a specific case. 
Thus we do not hesii.iie to introduce into the mcxlel ma

terials. foundation.s, ties and joints and the general struc
tural particulars, which may prohibit the possibility of an 
an ilviical check (and producing sometimes a certain dis-
jjc rsion of results) biu, compensate by a better agreement 
with tlie real boundary conditions and therefore adhere 
c loser on the true and final aim of the designer. 

This point of \ iew pe rmits and ju.stifies the u.se, in these 
third methods, of useful devices which may produce local 
troubles which are negligible in respect to the final a im of 
the tests. T h u s , for instance, the hydrostatic load on the up
stream face of the dam models may be applied with hy
draulic jacks provided with suitable diffusion plates in
stead of liquids; also the corrective addition to the dead 
weight may be concentrated in a number of points instead 
of being distributed contiiuiouslv on the whole volume of 
the structure. W i t h similar practical means (the influence 
of which is possible to check experimentally) the conditions 
of similitude are retained in the model and problems, 
which otherwise would be difficult or unsurmountable, are 
resolved. 

T h i s conclusive phase of experimentation which is more 
comprehensive a n d delicate than the preceding ones, re
quires a critical attitude of mind , a gocxl experimental 
ability, a patient research on, and preparation of material 



i"ig. 4. A Hxdiosialic: Load Ics l . I)\ 
means of jacks, on a single arch model 
with abutnienis on two diilerent kinds 
"t rotk (niodnhis ratio 1:10): Preliiiii-

icsiN for Beauregard Dam. 

Fig. r». T h e nuKlcl (1:30) of ihe 
IU-anic'gai(i archi;ra\itx dam imrae-
diaic K atic i casting. T h e holes for the 
Uiouiiii'^ .)l ilu- johns may he seen. 
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suitable lot the const rue i ion of models, and coalings cap
able of preset s ing them, especially from shrinkage, during 
the tests. T h i s is wh.u has been developed and studied in 
these last years in the I.SMES laboratories. 

I \ . M O D l l . A M ) S T R U C T U R A L 
l E . S T I N G A T T H E I . S . M . E . S . 

I . I n order to fully appreciate the function performed 
by the Istituto Sperimentale ModeHi e Strut lin e . 
" I . S . M . E . S . " , (Model and Stii ictural Test ing Institute) of 
Bergamo (Lombardy Region), it should be noted that in 
Italy most of the study and research work in the field of 
civi l enginc e i ing is done by University Institutes. T h e i r 
work is lai,-;e l \ iheoret ical. and in the field of experimental 
research ii is eonlnied e hiclh lo material testing, due also 
to the limited lacilities and staff available for this work. 
The I .S .M.E .S . . instead, is a private corporation established 
for the purpo.se of solving, with adequate financial means 
and the freedom of action which, by their own structure. 
University Institutes do not po.ssess, specific structural prob
lems arising lor designers and builders. Therefore , 
I . S . M . E . S . carries out .1 technical-scieiuific activity which is. 
so to say. complementary to the acti \ i iy which is carried 
out. or should be developed, in the Ital ian University Re
search Laboratories. 

I . S . M . E . S . was esiablished by a group of companies and 
contractors including: E D I S O N Co. of Milan, I T A L C E -
M E N T I C o . of Beigamo. . \cc. F A L C K Co. , S A D E Co . of 
Venice. S I P C o . "Societa Italiana Partecipazioni Industri-
ali". of T u r i n , S M E Co . of Naples. M O N T E C A T I N I Co . . 
R O M A N A E L E T T R I C I T A ' Co. , S E L T V A L D A R N O C o . . 
1 1 R M Co. . A C E A of Rome, A E M of M i l a n , A E M of 
1 urin and the contrae iois: G I R O L A , I T . \ L S T R . \ D E , L O -

D l C ; i A M and Torno. T h e scope of the Institute's work 
extends to experimental research on the behavior of struc-
luies. I)\ means of tests conducted on large three-dimen
sional models, or on the structures themselves at the con
struction site. 

T h e experimental .study of the structures by means of 
models has been gaining momentum in the last few years, 
as a result of the improvement of measuring instruments, 
ind has gained increasingly wide acceptance as an effective 

aid by open-minded designers and builders. 
T h e practical usefulness comes from the fact that it is 

possible to work out a solution for complicated structural 
problems even in the cases where calculations cannot pro
vide sufficient assistance. 

T h i s process yield.s. in the design siage. valuable informa 
tion making it possible to anticipate the static or dynamic 
l)c ha\ioin- of the sirneture and. if ncecssan. 10 select among 
se-\<'ral desi-ns tlie solution which is likelv lo produce the 

h i g h e s t e fficiency and the h)west construction cost. I n addi
tion to tests under normal load conditions, the Institute 
usually carries out ultimate load tests intended to yield an 
indication as to the order of magnitude of the overall 
safety-coefficient of the structure modelled. 

So much for what we can define as the "technical" woi k 
which the Institute is called upon to do for its customers 
in Italy and abroad. 

I n the field of pure scientific research the Institute studies 
impro\ements of the techniques for research on structural 
models, in tliis field, some results of fundamental value 
ha\ e .already been achieved, such as the extension of model 
testing beyond the elastic limit, thanks also to the develop
ment of suitable materials and measuring in.struments. 

T h e Institute officially was established in 1951, and is in 
a pha.se of continuous development. Among its equipntein 
are special structures of heavily reinforced concrete. i)uili 
to contain large models or structural elements to be put 
ill 10ugh static tests, and to support without appreciable de-
lormaiions the loads involved in the testing. 

One of these structures is a rectangular-base tank m o a s m 
ing approx. 32 x 16 feet, particularly suitable for testing 
model dams; and the other is a circular-section tower. 32 
feet interior diameter and 60 feet high, designed to hold 
high models (dams built in narrow gorges, skyscrapers, 
cement silos, etc.). T h e tests on models or structural ele
ments exerting no thrusts above ground level, i.e., resting 
or anchored upon level ground (penstocks, floors, etc.), 
are conducted in a large shed-type building. 

A new department for research on the physic a lmc c hani 
cal characteristics of concretes, including those with large 
size gravel, has been activated last year. I t is equipjjed with 
a 2,000-ton compression and bending materials-testing ma-
ehine. which can also be used for studies on various struc
tural elements (pillars, girders, etc.). 

T h e Institute possesses an extensive set of loading de
vices (hydraulic jacks, springs, etc.) to apply on model or 
structures any k i n d of stress, such as dead loads correspond
ing to their own weight; accidental loads, hydrostatic loads, 
wind pressure, etc. Its laboratories are also equipped with 
a complete set of measuring devices (bending gauges, 
stress gatiges, recording imits, etc.) a n d with auxiliary 
ec|uii)ment ( including a photo-elastic section for research 
in two-dimensional elastic fields) which are used, in specific 
|)iol)iems, to supplement the research on three-dimensional 
models. 

A set of loading and measuietnent devices was developed 
for field tests. Particularly interesting is the equipment for 
the determination of the deformability of foundation rock 
by underground tests (special jacks, pumps, waterproof 
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gauges), which is one of the fields in which the Institute 
specializes. 

T h e Institute has ready for use from this year a set of 
equipment, the only one of its k ind in Europe , which is 
used for studying on models the effects of seismic (or, gen
erally, vibratiii-i) .ic lions on building structures and chmis. 
T h e seismic testing devices include: 

a) a metal plath)rm. measuring approx. 10 x 15 feet, of 
highly rigid construction, upon which wi l l rest the 
structure to be tested complete with lounclaiions: 

b) three vibrations-generating units, including: 
1. a variable-constant pendulum and spring system 

for the reproduction of shock waves; 
2. a centrifugal vibrodyne for the reproduction of 

unidirectional harmonic movements, capable of 
applying forces up to 10 metric tons; 

3. four electronic-controlled electro-magnetic xibra-
tors. for the reproduction of both unidirectional 
and vortex-type movements. 

c) an equipment for rccordin;^ ihe si iains and displace
ments of the model dm i n - ilie testing. 

Better than any list of equipment, however, the capabili
ties of the Institute can be illustrated by the record of 
research work done. 

2. Systematical lc•̂ t̂  on models, including some of very 
large size, have been conducted by the Institute, particular
ly for large dams. 

T h e models of dams are built and tested in accordanc e 
with specifications which are the product of long experi
ence, and therefore usually applied to different models. 
T h e following is a brief description of the proceses and 
specifications usually adopted for arch dam tests. 

T h e first step is the construction of a prel iminar) model, 
of plaster or wood, which is used to study the design details 
required and for the construction of molds for casting the 
actual model. W h e n necessary, this prel iminary model is 
also used, on completion of tests, to reproduce the princi
pal-stress trajectories. 

T h e actual working model is laid on a foundation bed 
of the required "modulus", and its construction follows 
quite closely actual prototype to be grouted by injection 
when the setting process is completed (fig. 1). Concrete is 
reproduced by suitably dosed cement and stone pumice mix. 
approximating the mechanical characteristics of the actual 
rock and construction materials. 

Before pouring, fastenings lor addi i ional own-weight 
loads are inserted at appropriate points in the body of the 
models (Fig. 3). O n completion of the hardening process, 
vertical loads are applied by means of spring-loaded dyna
mometers. Water pressures are usually reproduced by means 

of hydraulic jacks, fitted with special attachments which 
distribute the load over a sufficiently wide surface. I n elas
tic tests, local measurements are taken by means of exten
sion nances ol \arious types when spot readings are pos
sible or i)v ccniraliscci electrical indicating .systems. Me
chanical dials (deflectometers) are also used to measure de
flections and oxerall shifts in the structure. 

O n complc-l ion of ihe noinial tests, which lead to the 
determination of the stresses and. as a rule, to the tracing 
of the stress trajectories on the model structures, destruc
tion (ultimate load) tests are conducted. T h e loads are 
gradually increased unt i l the model collapses, yielding the 
value of the overall safety coefficient. 

In the individual practical cases, the technical and fi
nancial importance of this research has always proved sub
stantial. .\s for the financial side of the problem, we would 
like to mention heie ;is an example the fact that the re
sults of tests conducted with the first model built (Pieve di 
Cadore Dam) ha\e led to reducing the overall volume of 
the structure bv about 15%, with a saving in the order of 
si,:.i().(K)(). 

I n some cases the scope of the experimental research was 
(Ml nded to include a comparative study of different alter
nate solutions. T h i s was done, for instance, in the case of 
Osiglietta arch clam (Acc. Fa lck Co. ) and more recently 
for the S . \ D E Company's Fedaia D a m , when model tests 
were c o n d u a e d on two different designs of arch' . ir . i \ i i \ 
dams, and on a third (then actually aclojited) lor a buttress 
dam. 

I n other ca,ses, model tests were conducted for the pur
pose of ob.serving the influence of particular conditions on 
the static behaviour of the structure. T h u s , for instance, in 
the case of SlP's Beauregard D a m , the Institute's research 
stall has reproduced, after overcoming considerable diffi
culties, the pronounced difference in elasticity of the two 
valley sides (with elasticity coefficients in the ratio of 
1:10) (Fig. 4). I n the case of the Cancano Dam ( A E M ) , 
adjustments were made to allow for the heterogeneous 
structure of part of the rock on the right abutment. reiHo-
dnc ing the precise lay of the rock layers. 

F"or the V a l G a l l i n a dome dam and for the arch-gravity 
Piave R i v e r Dam, a comparison has been conducted be
tween the deflections observed on the model and that of the 
actual structure, and the results were found to substan
tially agree. 

F o r the Giovaretto buttress dam, a study has been con
ducted, by means of model, of the stresses in the highest 
spur, exiending it to the inner part around a lightening 
and drainage hole, around which the existence of tension 
stres.ses was feared. Studies of the same type were conducted 
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on the arch gravity C^ancano Dam mentioned above as re-
-an i s ihe concentration of stresses around some large tun
nels and the elevator .shaft. 

F o r the Falck Steel Company, studies have been con-
diuiecl on three models rei)reseiuing the arch-gravity Fre-
ra di Belviso D a m . which is designed to be built in two 
separate stages (Fig. 1). Because of the particular shape of 
the joi iu between the succe.ssive construction stages, the 
static behaviour of the completed dam involved problems 
which could be .studied only on an experimental basis. 

Outside the .sector of dams, different structures and struc
tural components have been investigated. F o r instance, 
studies were conducted into the actual pushing action ex
erted by pulverulent materials (cement) in high storage 
silos. Researches were carried out, by laboratory and site 
tests, on the static behaviour of pre-stressed concrete pen
stock and aqueduct pipe, in clilteient practical cases involv
ing pres.sures from 50 to tons per square meter. T h e 
Institute has already completed the experimental tests on a 
1:15 scale model of the sky.scraper whi ih will be built in 
M i l a n for Pirel l i C o . to a height of 450 feet above founda 
tion level. T h e reinforced concrete structure was modeled 

in its c-ssemial line s, basic a lh i C S I K C t in,n crcjss-sections. mo-
i i u i i t s of inertia of the i n c l i \ i d u a l parts and the rigidity of 
the joints. T h e model was built of a pumice-cement mixture 
I I i n forced with i i o n wire a n d mesh. F o r the foundation 
slab, the pre-stressing framing was also reproduced. Par
ticularly interesting uc io the wind-pressure tests, conducted 
l ) \ nic asuiements under static load by recording of the dy
namic effects. I n addition to the stress pattern, these tests 
made- ii ])ossil)lc- to aseert . i in periods and accelerations in
volved in connection with bending and torsion oscillations. 

T h e l)asis of this brie 1 and incomplete review of the ac
tivities o l I . S . M . E . S . is to show, in the light of facts, that 
I c ^ t i I l - structural models is not only useful towards the 
distant goals of progress, but also se r \ e s the cause of imme
diate economy. It is worth recalling—as written by Prof. 
Danus.so. the Institute's President—that we are still forced 
to use but a small fraction of the actual resistance of the 
( o i i s i r u e l ion, siiuc- wc- must provide a wide margin of safety 
against our own ignorance. T h i s margin can be largely re
duced by using models, which come much closer to reality 
than any calculation, and therefore can give much better 
answers for many construction problems. 

 

Vibrating table for Earth
quake Test. Model (1:75) of 
the .'\rabiesta dome-type dam 
ready for seismic tests. 
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E X P E R I E N C E A N D T H E O R Y IN B U I L D E R ' S T E C H N I C S 

by Dr. Ing. Arturo Danussu 

Dr. Ing. Ar turo Danusso is the president of the 
Institute Sperimentale Model l i . The fol lowing 
art icle appeared or iginal ly in a publication de
voted entirely to the Pirelli Bui lding. 

The Pirelli .skyscraper model. 
Elastic deformation of the 
ixiilding due to a uniform 
wind pressure (112 kg/cm-) 
()\ei- I he- iaieral facade. 

Deformation similar to draw
ing at left but limiting the 
;i|)|)lic at ion of the wind lo 
(>nl\ half of tlie facade. 

Wind applied normally lo 
the precedent direction affects 
the building Iongitiidin;dl\. 
Because of a.ssymetry (which 
results from the location ot 
the elevator core), the defor
mations parallel to the wind 
direction aie accoinpanied h\ 

       



I he stientt's ol nature, which ilie en<;ineer utilizes to 
solve the problems of technics are, like every other [orm 
ol rcsciirdi. Ijoi i i in c ( ) m ( n i | j l a i i \ c c \ t i ( i sc . T h e studcni. 
who nuist ;il)o\c' all l i a \ c ihc thirst lor truth, is stimulated 
1)\ I In |)( n t |)til)le revelation of nature, he observes it and 
sct ks to a(lai)t it to his own intellectual plane. Side by side 
wiih the objective reality of the phenomena there arises 
—and is perfected—a harmonious structure of thouf^ht 
which suixes lo mould these phenomena, to compare them 
with each other, to reduce ihcni as far as possible to a 
simple and uiiitarv d ia in ol ciuses and effects. If it is not 
i inendid that the structure should de^^ciierale into a fan-
( i lu l (heani ol the intellect, which slijjs readily from the 
a d n a l lo the possible—for it finds them both compatible-
w ith inner lo^ital disc i|)line—it is i x icssary for the paths of 
ihou<>ht to cross frequently those of experience, which in 
each case lias the- last word. T h e admonitiorj. "First considi 
experie nce, and then reason."' can also become accidentally 

rit il: but one cannot speak of true natural science unti l 
n asoii and experience ha\ c- di < ided unanimously. 

In the L a n d of Leonardo and Gali leo iliis premise may 
s( ( in snperlluous. But it is in fac t only so for those who 
fully understand the ex})r( ssions of scientists of great worth, 
ul io in expounding the theories represeiuing the ])lu 
iioiiu i i . i iu \ i r omit to mark very clearly the limits of the 
field of validiiv—often very narrow—within which these 
theories retain their expressive value. But the premise 
is necessary for those—and ihey are not few—who learn 
to a|)ply the theories wink' losing sight of those limits, 
and they are aided in this by too much literature studied 
at second hand, which under the pretext of s implifying 
tin ap|)iications. propagate proce.sses and exemplifications 
without insisting upon the principles of the theories and 
their limits of validity. 

Then, .since it is maintained that a calculation—what
ever it may be—must acc<)m|)any every plan (this is 
drawn up as well as can be on the basis of current schemes) 
—even when these no longer remotely represent the 
(onijjlex reality of the problem under study. W h e n the 
maiHlc of severe critici.sm is cast a.side everything becomes 
possible. Unrestrained imiiai ion ari.ses to a place of hon
our, and with it is relinc|uished that bit of individuality 
which everyone should cultiv.ite and which no scientific 
publication can ever .supplant. One can readily understand 
why it is convenient for planners and checkers to find tab
ulated, regulated and i c i K k r e d mechanical what others 
have discovered or - a i m d i lnough hard work. But the 
sense of criticism must also be present to advise what cor
respondence there is. if any, between the proposed scheme 
.md the reality which it is intended to represent. 

These remarks take no particular significance when the 
research touches on the stability and economy of building 
structures—a field in which, on the one hand the responsi
bilities of the technician pile up, and on the other the 
divorce is deepened between the attractive elegance of the 

(lassie il ir( lunenis and their l imited validity in relation to 
the problems propounded by modern technics. T h e char
acters which these problems set on the stage—stresses which 
strain the structure and the deformations attending them, 
1 e L^ul.it ini; iis resistant behaviour—give name to two numer
ous families whose members interfere profoundly with one 
another. Number and interferences disclose the wealth of 
the natural process whereby the construction, variously put 
to the test, is nevertheless assi.sted by a thousand resources 
in its resistant task; while they also explain the want of 
scientific interpretation, which cannot approach that process 
except in ca.ses of extreme simplicity, ideally thought out, to 
which the true ones must be led back forcibly, with every 
kind of compromise, to end up somehow or other. 

T h e fault is therefore at the root, and reveals the absolute 
need for finding the remedies by making direct contact 
with nature through exjjerimeiu. A n d here a morphology 
and syntax are sketched as in the study of a language. O n 
the one hand one must know the construction materials 
and test them singly on isolated samples to ascertain their 
qualities and resistant properties; on the other one must 
see whether the overall—I would say social—function of 
the buildings constructed with them wil l discharge, 
without waste or deficiency, the task of ensuring stability, 
of which the quality of the mate l iaK is a neces.sary, though 
not sufficient condition. T h i s solution springs from the 
attitudes the structure becomes capable of assuming by 
virtue of constructive wisdom is designing and executing 
—a wisdom that, while aiming at functionality in the 
structure, defines it in beauty more than is usually thought, 
for in works commissioned not according to idle whim, 
but with a positive end in view, beauty accords with the 
proportioned fulfillment of this end. 

T o test structural behaviour, load tests .md deformation 
readings are carried out on mcxiels similar to those custo
marily built by architects mainly for aesthetic purposes. 
T h e schemes in the forefront when the aid of experiment 
is not resorted to, now retire to a subordinate place and 
leave supremacy to the model which—when its resem-
blaiue to the prototype is accurate—is used to call on 
nature herself to reply with facts to the questions which, 
together with facts, are put to her. T h e student has no 
longer before h im the tangled mass of a toilsome, not to say 
inadequate instrument of calculation, but the l iving pic
ture of nature in action. Instruments afford h i m the analy
sis, while the eye gathers in its synthesis. T h e two stimuli 
merge in a restful vision of unity, solving the current prob
lem and instructive for future ones. 

T o the objection that modell ing merely shifts complica
tion of the problem from analytical difficulty in calculation 
to the achievement of resemblance in the model, it can be 
argued that the nudtiplicity of actors intervening in the 
phenomenon, and their reciprocal interferences, chiefly 
obey only three directors: mass, length and time. W h e n the 
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scale is allotted to each of these the phenomenon is disci
plined. T h i s does not mean that practical fulfi l lment re
quires no due attention and presents no difficulty. T h e 
materials of the model must imitaic tlie actual building in 
qualitative behaviour, and together meet the various de
mands of density and defoniial)ihty. I'he instruments re
quire continual care and improvement—and above al l 
the experimenter must perfect his sensitivity and intuition 
unceasingly, for due to h im is the honour of receiving the 
voice of nature directly and making himself its interpreter. 
T l i i s voice, listened to humbly, teaches many things, cor
rects forecasts, at times sends sky-high provisional schemes 
on which it was thought one must insist, and suggests 
fresh ones. O n e example among many: the 1:25 scale model 
of the metal trestlework pylons supporting the Calabro-
Siculo electric cable was subjected to the equivalent of a 
regular synchronous earthquake, intensified wi ih a \ iew to 
breaking it, and disclosed an unexpected way to safety. 
At the beginning of the critical stage plasticizing of the 
joints slowed down the frequency of the pylon's sway and 
thus simply saved it from the serious coincidence of syn
chronization, which of al l was the most feared. 

Another example. T h e 1:10 scale model of the large 
retaining dam at Pie\ e di C^ladore—oi iginallv planned 
according to the dictates of theory—revealed a wiser be
haviour in the experimental test than was to be foreseen, 
consequently al lowing economies, successfully achieved in 
a second model, which afforded a saving of around one 
billion lire (around SI.51(),()()0) in the actual building. 

T h i s bri l l iant result assisted the formation of the Istituto 
Sperimentale Model l i c Strutture ( l .S .M.E .S . ) in Bergamo, 
financed by electricity companies, Italcementi and a group 
of bui lding concerns—which has been in existence for 
six years, regularly testing large models of dams and various 
buildings. O n e of the more important of these is the 
Pirel l i skyscraper, entirely reproduced in reinlorced puin in 
concrete on a scale of 1:15. Vert ical loads and horizontal 
thrusts were applied in proper scale, representing the effect 
of wind acting head-on or side-on—this latter totalizing 
or partializing the surface involved in order also to achieve 
torsional effects. 

Appl icat ion of the wind was first static or permanent, 
a n d then sudden to simulate a gust and thus promote the 
sway a n d estimate its frequency. T h e inflections for each 
type of load were measured, and then the local deforma
tions, thereby giving the stresses in the supports. It is 
noteworthy, for instance, that the wind pressing on the 
entire side of the bui lding at a rate of 100 kg. per sq. 
metre (approximately 170 lbs. per sq. yard), would shift 
the summit about 10 cm. (app. 4 inches) and cause it to 

sway with a complete period of little less than 1 seconds. 
This means that i n the case of strong gusts, the occupaiiis 

of the floor would take a walk of 20 cm. (app. 8 inches) 
in little less than 2 seconds, if the hypothetical conditions 
(oiild l)e produced (regular, instantaneous guM>> i \ i ( iidiii'^' 
uii i loiinly over the entire facade of the tower measuring 
over 7000 sq. nu I K N (aj)|). 77.700 sq. ft.), or a succession 
of gusts like this, rhythmical with the frequenc7 of the 
tower itself.) In actual fact this supposed regularity can 
be considered as rare as the non-dangerous earthquake l o 
which it could be compared. 

I l , i \ i i i - Ml(((^^^ully concluded the test under the fore
seeable loads, also for the extent of the maximum meas-
lurd stresses, the model was then tested with higher loads 
to ascertain the margin of safety dividing the normal state 
from the state (jf danger. I t was found that by applying the 
above-mentioned ideal wind with pressure increased to 170 
kg. per sq. metre (app. 2S.') lbs. per sq. yard), the resultant 
maxim mil S I K S M S would barely reach a third of those 
(a])al)l(.- ol ( lushing the supports. 

Ihc ill formation provided by models is therefore \ah i 
able for the single case, or for its contribution to the gen
eral view of th.e problems, by disclosing dangers or useful 
resources concealed in the natural event, and by presenting 
new hypotheses of work for perfecting scientific theoriza-
tion. 

Yet despite these virtues, structural models are still 
widely underestimated and misunderstood. T h e now depre
cated il lusion persists that calculation has relegated the old 
building sense to empiricism and lias validly replaced it. 
T h e creative idea and the static, which formed a whole in 
the mind of the architect, are artificially divided. T h e 
static is usually regarded as an accessory service with which 
the architect is not concerned and the contractor doesn't 
appreciate (as long as he gets into no difficulties) because 
he doesn't find it among the items in the invoice, which 
particularly attract his sensibilities. Rare ly is he made to 
se e I hat it is to his advantage to leave the static to the 
architect in planning, to obtain a more systematic solution 
and be sure of a delicate operation vouching for sound 
—or raiher not dangerous—economies. 

I n this climate it is natural that the structural model 
should api>ear superfluous, or be considered unduly costly 
l)ecausc it is underestimated. I n actual fact the outlay is 
largely profit-bearing for the reasons we have shown. E v e n 
in his day Michelangelo stated this in a sentence as sculp
tural as was his entire mode of thinking: " T h e money most 
ble.ssed bv whoever wishes to bui ld is that spent on the 
models." 

Mcxiern technics are confirming it. 
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I h e test model of the Pirelli 
skyscraper. Scale 1:15. 



THE AESTHETICS OF PLENTY By James M. Fitch 

J a m e s M. F i t c h , associate professor of architecture at Columbia , has contributed to a number of national magazines and 
has been an editor of Architectural Record, House Beautiful and Architectural Fcrrum. H e is also the author of American 
Budding: The Forces That Shape It. T h e following art ic e appeared original ly in the Colunibia University Forum and is 
reprinted here by permission of the Edi tor . 

The stylistic distance between the antiseptic geometry of 
the new Seagram Bui ld ing in New York and the absurd vul
garity of this year's Bui (k automobile is a measure of the 
crisis in American design today. It would be hard to hnd 
another period in all history which presented such esthetic 
antitheses. For these two objects do not even belong to the 
same spectrum of design: one is an aristocratic affectation 
of p<jverty, the other a nouveau riche ostentation of wealth. 
O n e draws its forms from Procrustean concepts of matlu 
matical order; the other from the paperback literature of 

warfare. A n d in between these poles, with no 
irent relation to each other than the constella-

space-age 
more apparent relation to 
tions of the Milky Way, lie a l l the other ariisii( phenomena 
with which our landscape is littered—Tiffany glass and ab
stract-expressionist painting, wagon-wheel chandeliers and 
molded plasti( chairs. Ital ian shoes and Danish furniture, 
Japanese screens a n d A f r i c a n sculpture, push-button elec
tronic ranges and open-pit charcoal braziers. 

T h e r e are some <Kld and contradictory forces at work 

among us. 
O n e increasini-lv popular explanation for iliis parlous 

state of affairs, is simply that of our wealth: our design is 
flabby because we are too rich. T h e corollary of this thesis 
is that our design would improve if we were poorer: art 
thrives only in a garret: artistic creativity requires the as-
tringenc7 of poverty. . \ l l this has a fine, mellow rin<-. I)iit 
history, unfortunately, gives it no support. H i g h levels of 
artistic accomplishment occur only in wealthy cultures. 
F a r from being the enemy of artistic prwiuctivity, social 
wealth seems to be its indispensable base. But this proposi
tion cannot be read backwards: great social wealth is no 
guarantee of great art. If it were, we would not face our 
present dilemma. 

Perhaps we should phrase the question this way: if great 
wealth produced great art in Fif th-Century .Athens, among 
the Ninth-Century Mayans, or in Kifteenth-Centur\' Flor
ence, why not in rwentieth-Ccnturv' Detroit? C o u l d it be 
that our problem is not wealth but the conditions under 
which it is applied to artistic pnuhut ion? 

T o ask the question is to answer it. Modern industrial 
civilization has produced unparalleled social wealth. It has. 
at the same time, introduced several new and entirely un
precedented factors into the process of design. O n l y con
sider: 

1. Industrial (iviliziition. through mass production, has 
robbed al l of us of first-hand knowledge of how any 
object is made or how it works. It has correspond 
ingly crippled our ability to evaluate critically the ob
ject's practical or esthetic values. It has made the citi
zen into an ignorant consunur, the designer into a 
powerless, isolated specialist. 

2. W e have, at the same time, been given a more im
perious command of tools for making things a n d new 
m;ii( ri;ils out ol uh i t i i to make them than Pharaonic 
Eg)pt . Augustan Rome, or X'ictorian L o n d o n ever 
dreamt of. These tools, these materials confront us 
with pro|X'rties, p>otentialities. and limitations of al
most stupefying complexity. 

3. Pre-industrial limits of time and space have been de
stroyed. W e are exposed to the stimuli of the art and 
artifacts of all times and places. Into our unready laps 
is hurled a torrent of dazzling images and objects, 
ranging the whole world and the whole product of 
human history am! pre-hisior)'. 

. \ny one of these de\elopments, taken by itself, would 
liave an unsettling effect upon the esthetic equil ibrium of 
a (ul turc; t;ikt n to^eilur. tlieir impact threatens to be dis
astrous. 

Esthetic standards, in any periotl before our own, w m 
s i i id iv conditioned by what one nii^^hi call the politics of 
h;iii(licraft production. The consumer of the artifact came 
face to face with its producer. This producer was, at the 
.s;tme time, the designer of the artifact. U n d e r such circuni-
stances, debasement of workmanship or irresponsibility of 
(l( siun uas dif lKult: opportunity for the one a n d incentive 
for the other were ^^reatly restricted. I I u - consumer was 
literate in these matters: if the roof leaked or the shoe 
scpieaked. he kiu w ( x.ic i h where to find the designer-pro
ducer. Moreover, he was apt to know exactly what was 
wrong. I n ;« |>inch. he could probably patch a roof or m;ikt 
a shoe himself. .At the very least, he would know what the 
(raltsmaii oui^ht to do and how he ought to do it. 

Here was a happy situation for the designer as well. He 
knew intimately the limits and potentialities of his tools 
and materials. He shared the esthetic standards of the con
sumer. .Any change or modification in design had to be 
worked out within these nuuual ly acceptable limits. T h e r e 
was thus a constant, personal, and lively interchange be-



iween them—a very I r u i i l u l n hiiioiiship for both. 
W i t h modern mass production, this relationship is radi

cally altered. Milton W. Hrowii. ihc ;in hisiorian, has de-
s(iil)( (l the ( 1 I ; I I I L ; C niosi s iut i iu i iy : " I'lic producer, who is 
more prccisi ly dcsii^niiu-d l)y the old-lashioned term entre
preneur, takes over one of the functions of the earlier con-
s i i i i K i . lhai i>l orderinj; and |)a\in<^ for production. T h e 
(lalisniati l)l•(()Ille^ a (Iesi'.;iier wliose lu iut ion it is to create 
an object that can be mass-produced. T h e consumer is con
fined to ilie i ru iua ied function of simple consumption 
through till' |)ro( c-ss ol l ejeciioii or a( ((•])tan( c of the fin
ished product." 

U n d e r such c iK uniNiaiuev both lonsunier and designer 
suliei: vAi\\ l)ec()ines pro.^icssixeh more ignorant of the 
other's recjuirements and limitations. For the designer. 
sur\eys and market analyses repLue the give and take of 
personal encoimter. L ( ss and U S N al)le to comprehend ihe 
complexity of modern technology, his design becomes more 
and more superficial, more vulnerable to the pressures of 
fad and fashion. \\H\ ilie (onsuniei—removed by the same 
specialization Ironi anv lirsi-lumd knowledge of what he is 
i)u\in;;—(an only rely upon so imlxxK rise's word. H e can 
only exl)r^s^ liis c o n u m n i e n i (or discontentment) by buy
ing, or refusing to buy. from among the range of artifacts 
offered by mass production. In real life it is difficult for 
this consumer to refuse forever to buy essentials—a house, 
a bed, an automobile: so he is forced ultimately to make 
his (hoice from availal)le produc ts, some or all of which 
may be unsuitable or unworthy. I n doing so, he abdicates 
his power—first his \ o i ( c in design, then his esthetic stand
ards for judging design. 

O n e of the characteristics of contemporary taste is its 
one nsi inic K si in the art forms of the pre-industrial pa.st 
—folk, primitive, and prehistoric. The reasons lor this in
terest are clear: these objects display a kind of "organic" 
unity of form and content, an acute respect for their mate
rials, an iniegrity of line and color, which is in refreshing 
contrast to the sleazy eclecticism of so nuich of contemporary 
design. T h e s e objects are admired for their "honesty" and 
it is easy to assnnu- that this is n direc i cxpirssioM of a poor 
and backward culture. 

But the fact is that an \ ( n k n r e w h i d i can produce a 
thrown pot, a woven hlankc t or a carved stool is already, by 
anthropological standards, an advanced and wealthy one. 
Nor are the admirable qualities of this art due to what V . 
Gordon Chi lde , the Britisli arc heologist. has called "a penu
ry in raw materials." There was never any shortage of lime
stone in Yucatan, of potting clay in E t r u r i a , or of wood in 
J a p a n . T h e "penury" confronting the primitive craftsman 
lay not in the amounts of materials available to him but 

in their narrow range and v.nieix. 
In truly primitive societies, trade and transportation re

stricted artists and artisans to materials locally available. 
The dese rt peoples built of nuul. the Siberians of skin and 

felted hair, the Melanesi.ms ol palm leaf and bamboo 
simply because that was al l ihey had. T h e i r energies and 
lalenis were focused on a very narrow range of materials 
and techniques: the unity and coherence of their designs 
express this fact. T h o u g h the commerce and technology of 
the Classic world greatly expanded the range of raw mate
rials available in its centers, the employment of imported 
materials was largely restricted to luxury goods by the 
difficulties of transportation. For example, the import of 
ivory and silk, gold and tin. by the Roman empire did not 
free most R o m a n craftsmen Ironi the- necessity of working 
in local materials, nor R o m a n architects from bui lding of 
local brick or stone. .Vnd while R o m a n technology was 
very advanced for its time, it served largely to produce in-
crea.sed amounts of traditional materials; waterproof ce
ment was one of the very few authentically new materials: 
small amounts of very expensive window glass may have 
l)cen another. 

U n d e r such conditions, design could dexelop within a 
lixed palette of materials and techniques. Craftsmen were 
familiar with both its potentialities and its limitations as 
—from long cxpo.sure to it—were the consumers. Everyone's 
critical capacities were thus operating over an esthetic ter
rain which he knew exceedingly well: and the rate of i s 
thetic change was so slow that accommodation to it was 
relatively easy. 

.\11 this has been altered by modern industrial produc
tion. T h e sheer range of materials and techniques with 
which it confronts the designer is staggering. Mechanized 
transportation and communication have, for a l l practical 
purposes, made the material resources of the whole world 
available to him. H e can use Italian marble, .African ma
hogany, Javanese leak and rubber as easily as Alabama 
cotton or Louis iana pine. And this plentitude of known 
materials is. of course, the least result of the modern revo
lution; technology has also supplied the designer with an 
ever-widening range of brand-new^ .synthetic materials: 
steel, concrete, glass, a luminum; magnesium, rubber, and 
the whole family of the plastics. 

T h i s vastly increased range ol ni.iierial.s—natural and 
synthetic, imported and local—is not a luxury line-. Such 
materials have become the basic stock in trade, often sup
planting completely the older, more familiar materials. 
T h e y are available everywhere, to everyone: not a crafts
man or designer alive can be unaffected by their presence. 
Yet their presence is by no means fully understood. T h e i r 
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l)h\sical properties arc' \ery complex and their esthetic: 
projjerties are even more subtle and less explored. A n d they 
are clumped upon him in such an accelerating flood that 
the designer has little opportunity to explore aiu! niastei 
them in either practical or esthetic terms. 

r i iough the condition is probably transitory, some areas 
o l the wcjrld are still "poor" enough in raw materials to 
I n.ihie us to observe the benign efiect ol such poverty upon 
design. For example, it is not accidental that the most bril
liant use o l reinlorced concrete in architecture occurs pre
cise l \ ill ilioNe countries which have no steel or wood and 
plenty of sand and cement—Italy, Brazi l , a n d Mexico. Nor 
is it accidental that in those design fields where metal is 
indispensable—e.g. typewriters, autos, trains, etc.—a metal-
poor country- l ike Italy leads the world. Here the- high cost 
of metal forces responsibility in design: every ounce ol ma 
terial must be exploited to its fullest capacity. Anyone fa
miliar with Ital ian auto body work nmst be struck by the 
extreme care and imagination with which the metal is 
manipulated. T h e elegance of the final form is an ived at 
directly through a respcmsible handling of its raw mate
rials. I t is almost unk ind to compare these cars with their 
. \merican counterparts. T h e metal out of which these 
1,000 lb. monsters are built, and the gas with which they 
are propelled througk the streets, are both so cheap that 
iii\ design, no matter how preposterous, is perfectly prac
ticable. Since neither economy nor efficiency of design are 
permitted him, the designer is forced into irresponsibility 
—as foot-loose and fancy-free with his forms and ornaments 
as any pastry cook. 

T h e traffic in raw materials has, of course, never been as 
culturally fructifying as the traffic in concepts and ideas. 
.\11 societies, past and present, have always been subject to 
the cultural irradiiiiioii which follows trade. For artists and 
artisans the significant instrument of this irradiation is al
ways the art form, whose visual stimulus is stronger than 
10,000 words. Thanks to modern archeology, the flux of 
these stimuli from one culture to another can now be 
traced in al l its richness and diversity. A n d it seems appar
ent that few designers have ever worked in absolute isola
tion from their neighbors: even in prehistoric times, the 
extent of cultural intercourse is amazing. Nevertheless, the 
designers of the ancient world worked under conditions 
quite difterent from our own. T h e Etruscans afford an 
excellent demonstration of this difference. T h i s gifted peo
ple, because they possessed at E l b a and Populonia the 
laii^cst metallurgical complex in the Mediterranean, were 
the focus of a lively commerce with Greece, Phoenicia, and 
Egypt. T h e impact of the art and artifacts imported from 
these more advanced cultures is readily apparent in the 

(leve lopme 111 ol Kiruscaii art. '̂et the impact was always 
S U ( ( ( S N I U I K absorbed and digeste-d: the rate of irradiation 
from foreign design was never great enough to overwhelm 
th.e l tnis( .Mi artists. W e may speak of Hel leniz ing or Or ien
talizing |)eiiocls in their art: but the objects themselves 
remain in(lisj)ntably Etruscan. 

T h o u g h this irradiation was steadily to accelerate in 
Western history-witness the speed and thoroughness with 
which the idiom of the Ital ian Renaissance was stamped 
upon the whole of Europe dur ing the sixteenth and se\eii 
teenth centuries—it continued to be more or less success
fully absorbed bv the cultincs involved. Even as late as 
1800, a balance- was somehow maintained. T h e architecture 
of Boston, Phila(lel])hia, or Baltimore, for example, was 
still a model of esthetic homogeneity at this time. DespiK 
increasing trade with such exotic areas as .Africa and .Vsia. 
despite a technological revolution by then already well 
advanced, architects and craftsmen were still confined to 
a narrow range of famil iar forms (Greco-Rcmian and 
Renaissance), as well as to a very restricted list of tradi
tional materials (wood, brick, stone, and plaster). A l l this 
has changed today: those same cities are now models of 
visual anarcliy. .And the change began precisely at this 
time, when modern technology—allied with modern schol
arship—began to make a\ailable to . \merican designers 
not onlv the world of contemporaneous art but also that 
of the past. 

T h e development of travel and communication in the 
nineteenth century was shattering enough. T h e steamship 
and railroad, the cable and telegraph, the illustrated book 
and magazine, the photograph—all of these began to bom 
bard the retina of the .American eye with a dazzling range 
of stimuli. N o Etruscan h a d ever been so bedazzled. A n d 
no man of the ancient world had ever been exposed to 
such unnerving influences as the art museum, the art critic, 
the art historian, and the archeologist. T h e i r discoveries, 
like acid, ate away the very foundations of esthetic pro
vincialism, introducing the concept of relativity into what 
had been absolute esthetic standards. Nor was this expe
rience jjeculiar to the designer: on the contrary, literate 
and prosperous consumers were reading the same books, 
making the same tours, visiting the same museums. Es 
thetic standards had been, as the chemist would put it. 
"placed in solution." 

Contemporary scholarship continues the process, extend
ing our literacy to unprecedented dimensions. W e can be 
equally familiar with (and fond of) the paintings of the 
prehistoric caves at Dordogne and those of Caravaggio. 
with the Japanese farm house and the Pompeiiau villa, 
with Incan cast gold and Victorian cast iron. . \ n d anthro-
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pologists and sociologists have dissolved another set of pro
vincialisms: we can no longer reject a war club because it 
was once the instrument of a cannibal nor disdain a 
Mayan temple merely because of a difference of opinion 
over human sacrifice. T h e majesty of these accomplishments 
of scholarship is apparent; but their effect upon contem
porary design is not always benign. T o be sure, this cul
tural irradiation has invigorated giants like Wright or 
Picasso: we lesser men are often paralyzed. W e are told, 
for instance, that Detroit clesi<>ners, in styling the 1959 
automobile, are turning for inspiration to "a pre-lncan 
vase . . . a Pennsylvania Dutch cookie mold, the leaf of a 
tropical plant . . . the art of Michelangelo and a wooden 
food grater from the Orinoco Indians"! A n y of these images 
might, of itself, be beautiful, though their applicability 
to autos may seem remote :their superimposition can lead 
only to anarchy. 

T o diagnose the sources of our present di lemma in de
sign is, unloi iui iately. much easier than to prescribe the 
cure. T h e accomplishments of our industrial civilization 
are too real and too profound to relinquish. I n the light 
of modern scieniifu knowledge, it is clear that the inde
pendent artisan cannot adequately feed and clothe a n d 
house the world: he cannot now and never (ould. W e can
not very wel l outlaw new materials or proscribe new tech
niques: penici l l in and space ships are not jjroduced by 
peasants. Least of al l can we censor art or license muse
ums, since these are among the noblest accomplishments 
of our culture. 

I t is, apparently, ourselves that we must change. A n d to 
accomplish this, we must educate ourselves—educate so 
much more profoundly than we presently do that the imag
ination boggles at tiie task. It is quite beyond the capaci
ties of this writer to attempt the definition of what this 
new educational process might be: but where design is con
cerned, a few things are already clear. I n a world of increas
ing specialization, where working hours are luore and more 
devoted to the narrow and special, the rest of life must be 
devoted to mastering the broad and f^eneral. T h e deep but 
l imited wisdom which comes from first-hand experience 
must be supplemented by first-rate theoretical undersiancl-
ing. A n d if industrialism h.as ruptured the traditional rela
tionships between artist ami imlience, artisan and con
sumer, specialist and layman—then new and improved re
lations must be evolved to replace them. For an age which 
has split the atom, this should not be impossible: but a 
rocket to the moon will sc-eni both simple and unimportant 
by comparison. 
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Richard Dicijenkorii (.\niencan. born 1922), Berkeley No. 8. Oil on canvas. 69i4 x o9y^ inches. 
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T H E G I F T S O F D R . W I L L I A M R. V A L E N T I N E R 

One of the greatest champions oL the arts i n our 
t ime and the first Director of the No r th Carol ina 
Museum of A r t died on September 6, 1958. Dr . 
W i l l i a m R. Valent iner was a world-renowned 
author i ty on universal art, a distinguished art his
tor ian, and a noted author of books and articles on 
various aspects of art. 

He was also a true patron ol (he arts. He uoi 
on ly encouraged many of the best artists of this 
century, l)ut he also d id pioneerinj; work in ac cjHir
i ng the work of these artists for American mu-
.seums. He bought the fnst Matisse in this country 
lor the Detro i t Inst i tute of Ar t in 1922, and he has 
given works by Nolde to the Museum of Modern 
A r t and by Francis Bacon to the Detro i t Inst i tute. 
His gifts to the No r th Carol ina Museum have been 
extensive. Recently he gave several works by Ki rch-
ner to the Museum after ho ld ing an exclusive 
K i rchner exhib i t . He has also given works by such 
Raleigh artists as Duncan Stuart, George Bi re l ine, 
Enr ico Montenegro and many others. Several of 
these recent gifts to the Museum are reproduced 
here. 

BIOGRAPHICAL SKETCH 
W i l l i a m R. Valent iner W3.s l)orn in Karlsruhe. 

Germany on May 2, 1.S80. He attended the U n i 
versities of Leipzig and Heidelberg. I n 1919 he 
marr ied Cecilia Odefey and they had one daugl i te i . 
Br ig i t ta. He was the curator of the decorative arts 
at the Met ropo l i tan Museum of A r t (1908-14), ad-
\ iser (1921-2.^) and then Director of the Detro i t 
Inst i tute of A r t f rom 1924 to 1944. He was D i -
rc ( tor General of the Masterpieces of A r t Exh ib i t 
at the New York Wor ld 's Fair i n 1989. From 1946 
to 1949 he was Director-Consultant and Chief 
Curator of the Department of A r t , Los Angeles 
County Museum, and later he became Considtant 

to the Board of Directors of the Los Angeles C-oun-
ty Museum (1949-5.8). He served as the Director 
of the J. Paul (.etty Museum at Ma l i bu , Cali for
nia (1954-55). I n 1955 he became the first Direc tor 
1)1 the .Xoitl i Carolina .Mtiseinn ol A r L 

He was the author of the fo l lowing: 
Rembrandt und seine ITmgebung. M)U5: Rem

brandt i n B i ld und Wor t (w i th Dr. W . von Bode) , 
I!)()('): Catalogue Raisonne ol the Works of the 
Most Important Diitc h Painleis of the Seventeenth 
CeiHury, \ ' o l . I (wi th Dr . C. Hofstede de Groot) , 
1!)()7: Handzeichnungen althol landischer Genre-
iiialer (wi th W. von Bode) , 1907: Rembrandt-Des 
Meisters Gemalde, 1909; T h e A r t of the Low Coun
tries, 1914; The Late Years of Michelangelo, 1914; 
rniL^csial i i ing der Miiseen, 1919; Zeiten der Kunst 
nnd der Rel ig ion, 1919; Schmidt-Rottltift", 1920; 
(reorg Kolbe, 1922; Rembrandt Handzeichnungen 
(vol. I ) . 192.8; Remlnandt , Wiedergefundene ( ia 
malde, 1928; Frans Hals, 1923; Nicolaes Maes. 
1924; Jacques Louis David, 1929; Pieter de H O C K l i . 
1980; Rembrandt Paintings in America, 1981; 
Reml)randt Handzeichnungen (vol. I I ) , 1984; 
Tino d i Camaino, 1985; F'rans Hals paintings i n 

America, 1986; Letters of John B. Flannagan. 
1942; Or ig ins of Modern Sculpture, 1945; Sttidies 
of I ta l ian Renaissance Sculpture, 1951; also cata
logues of Johnson, Goldman, Mackay, Widener 
and other impor tant private collections, Hudson-
Ful ton Exh ib i t i on . 1909. Reml)randt Exh ib i t i on , 
1980. etc . 

He was the Edi tor of the fo l lowing: L n k n o w n 
Masterpiec es, 1980; Frans Hals Exh ib i t i on of 1985; 
Leonardo da V inc i Exh ib i t i on of 1949; Catalogue 
of Paintings, Nor th Carol ina Museum of A r t , 1945. 
and Art in America, 191.8-81. He was Co-Editor of 
Art: Ouarlniy from 1988 through 1956. 
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Robert Motherwell (American, born 191.')). lie (l< 
I'riinrr. Ink with water color. 7 x 10 inelie-s. 

Emerson Woellfer (American, Born 1914), The Sea. Oil and collage 
on canvas, 36 x 29i/2 inches. 

Mark Toby (American. Born 1890), Culligrapliic III. 
Monoprint, 18 x 11% inches. 
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C. S. Price (.American. 1874-19.50). Tvo Heads. Oil on board. l.")i/2 x 2 O 1 4 inches. 
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P A R A P S Y C H O L O G Y 
THE SCIENCE OF A NEW REALM OF THE MIND 

The author of this orticle is on Associate Researcher at the 
Parapsychology Laboratory at Duke University. 

INTRODUCTION 
P;u .ij)>v( ln)lf)i;\ is ilic bra lu ll of inquiry which deals 

with non-physical |>ersonal phenomena. It is the scienti
fic study of ''psi'" which is popularly tailed "psychic 
piienoinc iia". I hcse piienomena can be either subjective 
experienc es or physical c llecls. l iie siibjec i i \ c expc-rieiices 
are called F.xtraseiisorv I'erci|)ti«)n (ESP for short) and 
arc (leiilied as the awareness or response of sometiiinf; 
(iiiiside ol one s sell wli idi is accpiired without the use of 
the senses. It includes: (1) clairvoyance, or the E S P ol 
an object or objecti \e event. (2) telepathy, or the aware
ness of the thought or mental state of another person, and 
(3) precof^in'tion. tlu foreknowledge of future events by 
means of E S P . 

ORIGINS 
Since the beginning of recorded history, stories ol 

I I K S C - phenomena have been recorded in the various civili
zations of the Orient and the Occident. A fairly con-
sideiable literature was devoted to the subject. T h e Stoic 
School, in ])aii i(ular (iln \ si|)])iis. collected innumerable 
responses "all u i i l i reliable authority and trstimony" 
(Cicero). P l n i a i d i wrote thai ihe Temple ai Delphi "is 

accustomed to the delivery of certain oracles instantly, 
even before the question is put." 

But the first "checkinj^" was carried out in the fifth 
century. B . C .̂ by Croesus. K i n g of I .ydia, who sent mes
sengers to diftereiu oracles with the instructions to ask 
the same c|iiestion on the same day. T h e question was, 
•'What is the- K\u<> of Lydia doin^ at this moment--' O n 

thai | jarlicul. ir day Cioesus went through the most im 
probable thin<^ a kint; could do: he cut up a tortoise and 
a lami) and cooked them in a brass cauldron. T h e 
famous oracle at Delphi is said lo ha\e guessed the (or-
red answer. 

Later Saint Augu.stine gave a careful and sober des
cription of a clairvoyaiu. .Mhicerius. who once was simj)ly 
told that "someone has lost s<>meilnii<;'. and he then 
(juickl\ ,na\e the name- ol the man. said that he lost a 
spoon, and described correctly the place w-here it could 
be found. Augustine recorded many other phenomena 
and claimed that even though there had been some failures 
the super-normal powers of Albicerius had been demon
strated. 

More recently there is the famous case of Emmanuel 
Swedenborg who, amonj* many otlier phenomena, wioie 
a letter to J o h n Wesley naming the jnecise date of his 
own death. . \nd M a i k I vvain. who searching frantically for 
an old article which he had published years before, was 
stopped by a stranger on Eif th .Vvenue and told: " I have 
been saving these clippings for you for years, and this 
)nornin^ it O K mod to me to i ind out and ,^ive them to 
\on'". T h e package contained the article for which Twain 
had been searchin- . 

Those piienomena happened spontaneously and are 
still hajjpening today. T h e y are classified under the name 
of "spontaneous cases", and are defined the "natural un
planned occurrence of an event or experience that seems 
lo involve parapsychical ability". Thousands of them are 
reported. Here are a few examples: 

"July i9.'>l. .Awoke sitting straight up in bed at 4:00 
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. i .m. and had loiebodiuL' that some thing serious was about 
to happen. At 1:10 a.m.. mv husbiind tiniieel o\er in the 
(ar he was driving." 

" M \ husliauel and I we ie- \ isiting in Raleigh, at about 
8:50 p.m. 1 had an unexplained, strong urge that 1 must 
come home but I was luiable to get my husband to leave. 
I "poll .urixint; lionu' we h)un(l ;i neighbor had had a 
se i ions aee ieleiu in his home. Sinee- mv husband is a 
physician the wife had eemie lo our house first to get 
help. F r o m what I lia\e been told the accident occurred 
between 9:15 and 9:30 and about this same time- mv 
strong desire to ,<;o home- subsided". 

" C o u l d not sleep and a friend's name (Mrs. . \ . . . .) 
Ilashe-d into my mind. I had not se-eii nor heard of her in 
over a year. I lien iluie' was a delinile leelini; that this 
Iriend was in some- soil ol trouble and that I must contact 
her. The ne xt dax bel<»re I could eall Mrs. .A. . . . Mrs . B . . . . 
called to tell me thai Mrs. A . . . . had had to leave her 
husband and thai he- was bein;.; plaee'd in an insi i i iuion". 

There is ;i ^reat colleetion of reliable experiences such 
.IS these when l.ieis ;an be checked. But. while they sug
gest some uiiexplaiiiable abilitv ol one mind lo re-aeli 
another, ihev do not |)rove it conclusively. 

T h e first serious in\e st iî at ion was made- in 1882 when a 
group of eminent Engli.sh academicians decided to h:\w 
a clo.ser look at the.se psychic phenomena and to see if the\ 
constituted an evideiue ol a lealiiy that transcended the-
l)hvsi(al exjjlanalions ol Nature. ThcN h>un(le(l the' .Soeieiv 
for Psychical Research in London , and began to collect 
the "s])ontaneous cases". T h e y were followed by different 
soeiciics in America and in Euroi)e. but. in sjjite of their 
best efforts, it pro\e(l impossible lo make- from them a 
ease so sound that it would refute the engaging but 
simplified concept of Nature that the natinal sciences had 
uii i \( isallv hivored. This eoiieepi held ihiit ie'alil\ had to 
be defined in terms of the principles of nature filteretl 
through the sensory motor system which was physieal. 
Conseeiuently. the neeel lor experiments was felt and 
they began to spring uj) in eliflerent couiUries. 

Although the ex|)eriments eoneluete-d at that time- (.in 
be criticized by our present standards, ihey nevertlules, 
aeeomjjlished their main |)urj)ose. and gave evidence that 
some •ihinu," hevond mere- e ha nee had lieen operati\e-. 
I he-ir reports. j)ublished in the I'rorerdiri'^s of llir Society 

for Psych it al Rrseanh and in \arious books, presented 
a new claim on the intelligent interest of mankind and 
a (hallenge to the current mechanistic thinking on ilu-

ii.itiiK ol I I I . I I I . Some ol llie- pione-ers ill those- expe l iiiie nts 
were themsehes distinguished jjhysicisls. such as .Sir Ol iver 
Lodge. Sir W i l l i a m Crookes. and Sir Wi l l i am Barrett. 
Later a lew ps\e holo<;ists of distinction, like Pr<)fes.sor 
Wil l iam Janu-s. I'lohssoi (.. Ile-\mans. IMolessor H e i i i \ 
bergson and Piolessor Wi l l iam McDoiigall gave ilie-ir 
attention to the problem. 

The experimeiual work was (arriccl out in p.s\e liolo-.;\ 
laboratories at Harvard . Staidord. and Groningen (Hol-
l;iii(l). (liniii-^ ilu- liist (juailei ol the iweiitielli (eiiliUA. 
I lie\ lunieel out lo be slioi i - l i \ (d . rii(-\ we re lacking ilu 

systematic rescaieh program centered in an established 
laboratory which woidd ele\.ite- them to the rank ol a 
science, l o fulf i l l this need a laboratory w:rs creaic-d :it 
Duke 1 nixcrsitx. 

ESP EXPERIMENTS AT DUKE 
In 1930. under the sponsorship of Professor Wi l l i am 

.Vie Dougall . :i |)ai aps\e holog\ laboratory was founded at 
Duke LJniversity with Dr . | . B. R h i n e at its head. I he 
first problem was to im|)rove- the methods of testing. . \ 
special deck of cards was designed for the easier inxesti 
gation of E S P . It consisted of five symbols: circle, cross, 
waves, square and star. Fixe of each made up the E S P 
deck of twenty-five. These eards with the dice (as it will 
be exjilained later) |)lay the same lole as the- r-sc|uare and 
triangle for the architect. In the proper use ol the cards, 
it can be taken for granted that an average seore of 5 or 
2 0 ^ rate of sueeess was to be expected by chance alone. 

The second logical sie-|> was lo design an experiment 
that would be crucial to meet the criteria of e-\iclence . 
I h i s milestone was reached in 1933 when the Pearee 
Pratt ex|>erimeius were completed. T h e cards were handled 
by J . G . Pratt, who isolated them one by one. I hey were 
guessed by Hebert Pearce. a Divinity School student who 
was in another building situated 100 \arcls awa\ . In the 
total of .300 trials which were made in the series, ihe 
number of hits exj)ected on the theory of chance was tin 
or 2 0 ' V . . \ctually 119 hits or approximately 10'; werc-
maele b\ I'eaiee. 

Such a result could hardly be considered as chance 
hir it would not be expected once in more than a trill ion 
of such experiments. I f this result is comparecf to most 
scientific experiments, odds of 100 to 1 are considered 
significant and odds of a few thou.sand to one are re
garded as ccpiixalent lo a proof that some factor other 
ihan pure chance had been present. 

.V total ol more than !M).(MMI single trials had been made 
at the D u k e L:iboratory in the first three years of opera
tion and the report was piddished in 1931 in a monograph 
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(iii i i lecl •"Exiraseiisorx Perception". I h i s study brou-hi 
forth much controversial discussion as wel l as a fair 
amount of repetition by other experimenters in America 
and England . I n London , a mathematician, Dr. S. G . 
Soal of Queen Mary College-, carried out an experiment 
( lal)orately controlled with a remarkably gifted .subject, 
Basi l Shakelton. Starting with a profes.sed skepticism, Soal 
had his attention directed to evidence of E S P which he 
h;id overlooked in his analyses as he was about to report 
negative results. .Along with Mrs. K . M . Goldney he then 
rejxated his experiment under improved conditions and 
the) resulted in an impressive harvest of E S P evidence as 
a result. I n more than 11,000 trials, he scored so high 
iliai liu- odds against the results having been clue I«» ( l iancc 
alone were about one to lO'"'. 

W hen the reports of the Duke experiment appeared in 
1934, orthodox psychologists questionc;cl the soundness of 
(he statistical methods used. T h i s criticism was soon 
cleared up by a group of members ol ilu American Insti
tute of Mathematical Statisticians. .\t their a iniual meei i i i -
in 1937 the president released a report that concluded: 

"Recent mathematical work has established the 
fact that, assimiing the experiment has been prop-
erh i)erlormecl. the stati.stical analysis is es.sentially 
valid. If the R h i n e investig;ition is to he lairlv 
attacked, it must be on other than statistical 
grounds." 

.After this decisive siatement, critics limited their attacks 
on the experimental set-up. In response an elaborately 
controlled .series was condiuied in 1939 at Duke by two 
psychologists, D r . Pratt and D r . J . L . Woodruff . It was 
probably the most completely controlled experiment ever 
carried out in a p.sychology laboratory. T h e test vielded 
significant evideiue of E S P even though the prcjcedure 
was burdened with complicated precautious. A total of 
32 subjects made 60,000 trials with results that would be 
expected on a chance basis about one time in a mill ion ol 
such series. T h e conclusion was reached that "perception 
without the u.se of recognized sensory channels" is the only 
principle which can reasonably account for the results. 

In 1937 the Journal of Parap.sychology started with 
Prof. McDougal l as one of its editors and has continued 
publication to the present. 

ESP A N D SPACE-TIME 
H o w was this E S P effect to be classiliecl. first of all with 

regard to the field of physics? 
One point that had stood in the Pearce-Pratt results was 

that the average score Pearce had made when he was 100 
yards distant from the card was not below that which he had 

made in experiments in wliich shorter distances were in-
\')lv((l . and (-ven those in which the cards were on the table 
in front of him. This and other work that followed gave 
rise to ilu- suggestion that in this kind of test distance was 
i i o i an important hictr)r. a suggestion thai had aheadv been 
given l)\ earlier work and by the large collection of spon
taneous ca.ses in whic h the persons concerned had been, in 
many instances, hundreds :ind even thousands of miles awa\ 
from the eve nts ilic-v c hiirvoyantly or telepathically per
ceived. 

It seemed to follow logically that if space is not a limit
ing condition. E.SP should be independent of time also. So 
the next attemjit was to discoxer if the subject in E S P tests 
could identify a future order of cards in the pack. O n this 
point, too, the collection of spontaneous material offered 
very definite and clear cut sujjport. I n the D u k e collection 
of spontaneous ca.ses made by D r . Louisa E . R h i n e , almost 
half of the iieiiis re-|)orted are instances of prophetic or 
|)re(ognitive awarcnes.s, most of them premonitory dreams, 
but many of them waking experiences in which .some .scene 
was |;er(( i\( (l in achance of its actual occurrence. 

O n the level of actual testing it was necessary to arouse 
the subject s interest, and then he was asked to predict the 
secjuence o f symbols as it would be after the cards had been 
rearranged by shullling. Significant extra cliance scoring 
was produced and the first actual experimental testing of 
the old claim of prophecy became a matter of record in the 
Parapsychology Laboratory in December, 1933. B u t as in 
the case of teleijatin . there was a long development between 
the exploratory stage in precognition and the definitive ex
periment. 

E v e n today the state of the precognition research is still 
a fluid one. I he present case for the occurrence of precogni
tion rests on experiments in which the packs of target cards, 
in addition to being shuffled mechanically in a routine way, 
were then cut in accordance with a design involving the use 
of temperature le.idings published in a specified newspaper 
on a designated date. L h e purpose of this complicated 
ritual bv which the target order was arrived at was to ex
clude any alternative po.ssibility by which significant scoring 
might be secured: if the results were significantly different 
frcmi chance and the design was sufficiently sound, the case 
for precognition would be confirmed. 

Evidence of j)rec()giiition has been obtained in the Duke 
Laboratory under the conditions descrif^ed, first by D r . 
Rhine and then in a confirmatory series by Dr . Betty M . 
Humphrey . No other systematic effort, however, has been 
made to investigate precognition except in the D u k e Lab-
orator)', but even here there is not complete satisfaction 
that the case is water-tight. T h e reason for this extreme open 
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mindedness to alternative interpretations is the fiiet that 
precognition probably repre.sents the mo.st revolutioiiai \ 
hypothesis c \ er raised in science. I t challenoes the whok 
concept ol casual determinism as nothing has ever doiii'. 
F o r that reason .some investigators find it easier to make 
much of the possibility that a psychokinetic factor migiu 
enter into the manipulation of the thermometer or that 
some other alternative to precognition might have played 
a |)art in inlliienciiig the wiatiu-r or the meteorologi.st who 
recorded it. 

I n any case, more exjjeriments in precognition aie need
ed and those which are in process have already been addi-
t ionalh saleguarded. In determining the randomi/cd target 
order now, a calculation far more coini^iicated than a ? i \ 
ihii ig NCI achic-ved by the human mind (one that recjuires 
an electric computing machine to iratisact) has been in-
trcxluced. T h i s is intended to provide a roadblock against 
any a l l erna i i \ c exccjit direct precognition. 

PK OR THE INFLUENCE OF M I N D ON MATTER 
T h e investigation ol P K (psychokinesis) began in an eliori 

K . see if the mind can iidluence matter direc tly. A suiiai)le 
lesi lor this hypothesis was provided by a gambler, in Fc ljrii-
ary 1981. who recalled that many people believe they can 
influence the fall ol dice by direct ac tion of the will . Here 
was a method that could be adapted to the purposes of the 
experiment. Methods of handling the dice could be intro
duced that eliminated the possibiliiv ol manual skills. T h e 
lesi could be so designed that any possible error introduced 
bv inec]nalities in the structure of the dice could not 
intrcjduce an error into the interpretation of the results. 

After eight years of in\estigation in which mariy dillerent 
individual experimenters took part, the stalf of the Para
psychology Laboratory arrived at a crucial type of demon
stration of the case for the occurrence c)f a psychokinetic 
( tiect and the resuii was jjublishcd in 191.H. 

These records were the result of eigliteen dillerent re-
^rardi series rej)reseniing dilferem experimemers and differ-
i n i subjects although there was some overlapping. I n gen-
ral, too, in the different series there were variations in the 
way the dice were handled, whether thrown from cups or 
released and allowed to roll by gravity or rotated in electri
cally driven cages; there was even one scries in which they 
were thrown by hand. I n some cases different numbers of 
dice were thrown ai ;i time, the dice were of dillereni si/es 
in many series, and different types of record sheets were 
used. Again, ihe target face or condnnaiion of faces which 
I he sub ject tried to reproduce with each throw of the dice 
was determined by different procedures or systems from one 
seric-s to another. I he point is. these were all c-xploratory 

(xpcrimeuts, some of them conducted by university psy
chologists, some by students, and some by others of the 
university community or its group of friends. T h e y had 
ser\c-d their ])urpose ol helping the experimenter to decide 
whether the dice-throwing lechnicjue of testing P K was 
piomising enough, to justifv furthei interest. 

In 1942, however. Dr . J . B . R h i n e and Miss Beiiv .M. 
Humphrey , looked into the records of al l these experiment-
e rs h)r certain declines of scoring rates that had proved to 
be fairly persistent in ihe lecorcls ol liie experimenis in KSP. 
I hev discovered that there was a tendency on ilie' rc io id 

sheet, no matter what the methcxl or target face or number 
of dice per throw, to show a falling oft in percentage of hits 
from left to right acrcjss the page and from top t«) bottom 
dcjwn the column. It was a simple mailer then i(» i.ike all 
(»f the homogeneous l)ages. e|uariei iliein ec^ually, and ( o m 
jjare the perceiUage of successes. \ siiong (nmulati\c' ellect 
was found as ilie\ went l iom si i ie-s lo st ries showing that 
the upper lefthand quarter showed the highest and the 
lower right the lowest scoring on the jjage. It was neeessarx 
only to evaluate the dille rences bc-iween these two cjuarters. 
ihe lusi and fourth, series by se-ries and lor the eniire eigh
teen series, to see thai lure- was some-thing not reason.ibh 
attributable to chance . 

For the' total ae e nmula leel dillercnee- the odds were ol the 
order dl a mill ion lo one- that such a result woidd not be 
producible from a chance series. Here was an efleci that 
could only be psve hological. T h e dice ue-re the- same- and 
the meihods of throwing and recording weie- the same-
througliout the page. \vl here, as in the K.SP iceords. were-
evidences of this curious hi l l ing off of scoring rate which 
had become a kind of earmark of ilu- Inneiioning ol psi 
under test conditions. 

As in the- ease of researih in K.SP. the conclusion regard
ing P K reae bed at the Duke Laboratory has been confirme-d 
by results obtained elsewhere. This i onin niaiioii has occur
red many times over and with cena in angles of improved 
design added to the experimental procedure, l or example. 
Dr. R . H . Thouless (in a series of dice-throwing in which 
he. himself, was the subject as well as the experimenter) 
introdnec-d a method of selecting the target face by a 
complicated design based on the L a t i n .Scpiare method that 
eliminated the possil)ility that he used precognition of the 
way the dice were going to fall in selecting the- most laxoi-
able taige-i lace lor a given series of throws. 

D r . Robert \ . McConne l l of the University of Pittsburgh, 
using apparatus borrowed from the Parapsychology Labora
tory, conducted a series of P K tests in which the dice were 
handled completely mechanically, and a photographic 
record was taken of the wav the dice fell. His results show-
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e d the same 1\\K- o l downwaid and rightward decline in the 
set whic h p r c \ i o n s work had shown, and lhe\ p r o d u c e d a n 
i n u i n a l dilic-tcuec- of statistical s i g n i f i c a n c e that justific-d 
I I K ( o n c l u s i o n ihai PK was a h u loi. 

just ;is w e c a m e Irom the e N p e r i m e n t i n c l a i r \ o v a i U per-
icp i ion ()\er t o in expei imeni i n |)rc( o,L;n ii i o n and obtained 
( o n f n n i a r o t A e \ i d e i w e o l t h e predic tion, so b y similar logic 
and subsetjuein experimeiHs we made t h e j u m ] ) Irom ihe 
s a m e ( i a i i \ o \ a n ( C ' e\perimc-nt to the test of psychokinesis, 
a n d t h e eliei i o l mind o n m a i i e i was indicated. T h e whole 
r a t i o n a l n c M w o i k , i l lustnued b y t h e s e t w o c a s e s , has given 
t o the l n i d i n , < ; s i n p a r a p s \ ( holoi^x a highly integrated i n 
terrelationship. \ rationale has enu i ^ e d that t o the incpn"i-
I U L ; scic-mifu m i n d is the m o s t rea.ssurin- as])e(t of the 
research. This ^lowin.^ concept of relation led lo the h v -
pot lu ' s is that i n the psi functions w e are dealitit; w i t h one 
basic snhjec Iohjec I interaction, reversible in t y p e and broad 
i n its scope- o l l a n ^ e of application, i n d e p e n d e m of s j j a c c ' . 

t i m e and mass, hnl lawlnl and orderh i n its own w a \ o l 
operation. 

PROGRESS TOWARD RECOGNITION 
T h e revolutionarx charactc-r of the findings n a l i n a l h 

m.ikc's for slow ac cc piancc, esix c i a l l v i n psychology. I t i s 

not surprising, i l u i i . thai the laiger pait of the i m c u s i ;m<! 
suppoit ,L;i\en the i n \ e s t i ^ a t i o n s i n parap.sychology has come 
from other professions and d i \ i s i ( ) n s of inquiry. Psychol-
( ) i ; i s i s . h o w e \ e r . have played their p a n and the role of this 
i i i i n o r i t N is a n impotiani o n e . 

Nothing, however, in the histor\ o l psvcholo^v hitherto 
has represented the Copernican o r d e r of icvolution that 
the introduction of psi |)henf)mena re|-)reseni. P s \ ( l i o l o i ; \ . 
followiuf; the mechanistic modes o l scientific- thought pat
terned after the moix- succc-ssfid sciences of the material 
universe, has attempted t o find the entire e\ | ) lanation of 
human p e r s ( m a l i i \ i n the dvn . i im'cs of the nerxons s \ s i c i i i . 
I his brain-c c'lUeied a])j)roac h t o man. t h i s c erebrocentric 

ps\( ho lo -N . has aiiempied t o s w e e p under the ni,«; the thin.^s 
i t could not explain b v s u c h means, pailicuiarlx those m-
ciinonces i n human behavior that dc-finitelv (hallent^e phy
sical ex])lanation. 

Now t h a i t h e issue between t h e cerebioccntric and psy-
clio(einri( \ i e w s of the nature of m.u i has been toduced lo 
(•x])( i imenlal tc-st. t h e s e school dixisions a t e slowly yieldin;; 
to the solvent action of factual clarification. E S P i s m.ikin;^ 
h e a d w a x . e \cn anion;.' psxc holou,isis. Publislu-d s in-xeys of 
the altitudes of younger psxc lu)lo,<;ists toward E S P indi<at< 
that progress toward ac c eptam c- is imic h more rapid than 
. i i i i o n g the older men. 

Now t h a t t h e i s s u e s t h a i w e i c ' o n c o s o c o i U r o x e r s i a l a r e 

settled ( lure has been little or no oxert expiession ol 
( i i i i ( i sm. Theic- has even been some proj^ress toxvaid I C I O L ; 

nil ion expic ssed in the holdiiiL; o| conlerenc c-s. like the In
ternational Congress of Parapsycholo<.;x held at the Univer
sity of Utrecht (Hol land) in 19.')'̂  (under the sponsorship 
of the Par.ijisyc hologx i-omidation ol N. \ .. the I'nixersitx 
of Ul iecht and the Minister of Educat ion of the Nether
lands), the Cib. i Tound.ition's symposium held in 19.')"), and 
ihe like. . \ ceiitc-r of jjarapsxc holo;.̂ y research has been es
tablished in the De|)artment of Biophvsics at the Tnixersitx 
of Pittsbuigh aiul a Ch;n'r of Parapsxc holo!.;x at the I 'n i -
\ ( rsiiv of Utrecht. 

THE PSYCHOLOGY OF PSI 
The chie f psxc holoi^ical fact about psi that has emciged 

durin.i; these vears has been ihc' completely unconscious w.ix 
in xvhich it opc-iatccl. At least in the experimental situation, 
the- sid)ject was un.iware of how well he was doint; exon 
w hen he- was making loni; sc'cpienc es of hits in pei fee t 
O l d e r . Me had no iintospcctive guide as to when a true 
cognitixe effect took place t)r whether or not in anv ^ixen 
trial he was right or xviom; in the le-sponse that he felt 
impelled to make. 

T h i s line oiis( ions natino of psi rendered many of the 
clifhculties and |)ecnliar results hitherto encountered more 
inielersi,iiulai)le. Tor example, the spotty character of the 
succc'sse-s in a sec|uenee of trials, the decline in scoring rati 
as a sid)je(i (oni inued throu<^h a long secpicnce of trials, 
and the tendencv shown bx some subjects to "displace" in 
their iespouses bv hittin,!; the caicl ahead or lagging one 
card behind as thex xveni throu*-!! the- run of trials in the 
tests. 

Durinj.; this same period, the eHort xvas made bx some' 
psychologists to find a eon elation between psi capacity and 
some peisonaliiy stales and traits. Without attempting to 
snmmari/e ihe experimental data .soiue of the: L;eneral im
pressions can be mentioned. Ii is j)rolDable that everxoiie 
has psi capacity but there are indixidual differences in the 
way it functions The- late Dr . C . E . Stuart of the Duke 
Laboratorv pioneerc-d in tlie siuclx of these associated 
])(rsonality states, and others, particularly Dr . Gertrude 
Schmeieller and Dr. Betty Hinni)hrev. considerablx extend
ed the ran^e of personality correlates included in the pro-
•^r.\u\ of leseaich. A lesi situation came out of this broad 
pioi^rani of incjin'ry, but it left the impression, nevertheless, 
that |)si itself is a more basic and more deeply embedded 
function ol ihe oiganism than had been suppo-sed. 

Bx the earix fifties the accumulated p.sychological fndin-s 
(onee iinii.n the- natine of psi pointed to the necessity of a 
])iolooical stuclx that such a project was initiated. Prclimi-
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i i ; i r \ s i n \ i y , s o l a i i i i i K i l 1)( .1KI\ior j ) ( ) i n U ( l lo tin- clo-^. (a t and 
pi j^coi is a s p o l i a p s i lu - Ijcst species to i i s f as s i a r t i i i " p o i i i i s 
f o r c x p l o r a l o i A i i n c s t i ^ a l i o i i . 

E x p l o r a t o r y tests w i t h cats < (̂)i i i i i d i r way l i r s i . s l i m ' th i s 
species | ) ro \ c ( l to be a more Icasil j lc one w i t h w h i c h to 
w o r k . As a ri s i i h Dr. Karl is Osis and his associates at the 
D u k e Labora to ry ha\e now obta ined e \ |>er i inenta l e\ idence 
o l the ope ra i i ( ,n o l psi i n the (h)niestic (a t . Expe r imen t s 
w i t h the o ther two species are under way and may be (bar 
, i ( let i/( (l as at least p romis ing , a h l i o u ^ h s t i l l i i K o i u b i s i \ c . 

THE MEANING OF THE RESULTS 
T h e r e are n i a n \ areas to wln'( li it has been a j i i j i i e d oi 

s o i i K - a t t empt has been made to apply i t . E f fo r t s to l o re t e l l 
the f u t u r e , to ob t a in knowledj^e of biraway events, to h x a t e 
lost o b j e d s or n n d e i - r o u n d snbstan(fs ran<;in^ I r o m water 
to u r a i n ' m n . are ord\ a ( tna l \ i s ib le examples o l the n i a n i -
l o l d |.)ossil)iliiies o l its ; i | ) p l i ( a t i o n . 

B e g i i n i i n i ; on ly 75 years a;.;o, w i th ;i s iud \ o l looseix 
i d e i n i f i e d p i i / / l i n , i ; | )henoinena. j)arapsy( holo^y is dealin.L; 
already w i t h ihe es>ential ( | i i e s i i o n ol u l i e t h e r or not there 
are in l u m i a n l i f e or l i l e at larj^e oj)er;nions that i r i n i s ( e i i ( l 
the boundar ies o l W I K U is ( a i l ed p h \ s i ( ; d . It is i t n e that the 
(lis< r i n n i i a t i o n between the physical and the n o n - p h y s i ( a l is 
n o t l i ke ly to p r o \ c to be a p roh)un( l one i n the lon<^ r u n . as 
most e f forts to d i \ i d e na tnre n U o n i ( e ( U i i i ( u l a r dass i lua 
t ions have eventua l ly j>iven way to the essential u n i i \ ol 
nature . Just now. however, as the p r o b l e m i s to f i i u l what 
is ( l is t in( t i \ e about j j c r s o n a l i t N . this difFereme is \ ( i y i m 
por tan t . 

H u m a n i n s i i t i n i o i i s have been lonnded on a iKui -phys ica l 
concept of man . N e w ideologies, w h i d i have been progres-
s i \ e l v emerg ing f r o m the scienees. ;ire d e r i \ c d largely I r o m 
mater ia l i s t ic a n d cerebrocentr ic concepts o f man . These 
ideologies a i c gai in 'ng the a s c e n d a i K y i n o u r c i v i l i z a t i o n . 
By us ing the saiue scient i lu methods. | jaraps\cholgy has 
pi-o\ecl that a non-phvsical aspect too is a r ea l i ty . T h e y at 
least make a b e g i n n i n g l o r a scientific so lu t ion to the great 
cpu'stion of the na ture o f m a n . 
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T H E NEW L A N D S C A P E By Sylvia Crowe 

I I is a t r u i sm that the landscape o [ a ( o u i i t i A r c f l c i t s its 
( i v i l i / a t i o n . L o o k i n g at m u c h of our hiruls tapc i t i B r i t a i n , 
.111(1 I dare to say, m u c h of you r landscape here, i l i a i is ; i 
sobering; iluni.s^ht. W e may p r i d e ourselves o n o u r standards 
o f l i v i n i ; , ou r w e l l - r u n houses, o u r hyoiene, a n d yet l o o k at 
o u r sla,s> heaps, you r dust bowls, b o t h of our l i t t e r o f u inc-
l i i U ' d w i i c s . posis. phuards , shacks and d i r t y wasteland. 

i t is obvious tha t we ha\e fa ik-d i<> come to terms w i t h 
o u r e n v i r o n m e n t a n d w i t h the rest of nature . For m a n is 
a p a r t o f na ture , despite a l l his machines, a l l his d o u l d c 
• ^ l a / i i i ^ and cen t ra l heatinj^. H e may oet away f r o m the 
c o l d a n d the hca i . b in he ca in io t contract o u t of ecology. 

O u r biggest j o b as landscape architects is to f i n d an ad
ju s tmen t be tween the machine age a n d the rest o f the eco
log ica l team tha t goes to make up the landscape of the 
surface o f the ear th . 

W e have o u t w o r n o u r e i i \ i i o i i m e n t . Just as surely as a 
l^lague o f r abb i t s wears o u t a f i e l d of pasture a n d leaves i t 
a wilderness of th is t le and rai^worth. so man outwears his 
habi ta t . 

I n p r i m i t i v e times he does i t \ ) \ nomadic ag r i cu l tu re , 
b u r n i n g the forest , sna tch ing a cjuick crop and passing o n . 
I n this cen tu ry he has done i t i n the dust bowls. 

N o w we are a p p l y i n g the same technique to our visual 
landscape. W e r i p holes i n i t . thrus t i n o u r machines, o u r 
bu i ld ings , o u r l i t t e r o f mechanica l toys, out inchis t r ia l 
wastes a n d effluents a n d do n o t bo ther to mend the holes 
or to clear u p a f t e r ourselves. 

However , there is one b ig di l lere i i<e Ix iwecn the- phii^ue 
of rabbi ts and ourselves. 

T h e rahhi is ( an do n o t l i i n g about i t except eventua l ly 
io develop myxamato.sis a n d d ie . 

B u t we. 11 onlv we w i l l us;- ou i sense and our imagina 
t i o n . can do a great deal about i t . 

W e k n o w enough a n d we lia\c- the | ) o u c i U) ad jus t o u r 
ecology, to remake o u r e n v i r o n m e n t i n t o a new landscape 
pa t t e rn . Here and there, i n l i o t h o u r countr ies , i h e i c are 
p i l o t projects w h i c h show how this mav be done . I . V . A . is 
perhaps the most ou t s t and ing . But lo r the mosi par t , we 
c o n t i i n i e learini^ '- 'gged lioles in ihe f ) ackground o f the 
established landscape and being ( o n i e n t to avert o u r eyes 
f r o m ihe result . 

Here you s t i l l have \ast aieas of se l f - renewing landscajx . 
b u t i n B r i t a i n this backg round is l.isi d i m i n i s h i n g , and 
the p r o b l e m , w h i c h even here is serious, w i t h us is be(o i i i 
i n i ; desperate. 

W h y have we got i n t o this inessr 

I ' an ol t f ie reason is obvious . T'here are a great manv ol 
us. and . no t c o n t e i u w i t h o u r n a i m a l si/e ol abou t t w c K i 
( i i b i ( leet. w a l k i n g a round o\c-r a lew square miles, we 
have c lo thed ourselves i n t i n boxes o f about !.')() cubic leei 
o p e r a t i n g over hundreds of s(piare mile.s. 

N o t con ten t w i t h o u r eyes, w h i c h na ture bu i l t i n l o r us. 
ue ha\e ex tended o u r vis ion w i t h le lexis ion iii;isis hun
dreds ol leet h igh , a n d our ears w i t h poles and miles of 
w i r e . 

Instead of using our l i m i t e d but ( o m i K u t mus( les. we 
use j i ower .stations of colossal size. 

A l l this is progress, o p e n i n g u p new realms of h u m a n 
experience and discovery. 

B u t should we no t also use some ol o m new- lo in id powei 
to fit a l l these extensions of h u m a n l i f e i n t o a pa t t e rn o f 
landscape w h i c h w i l l a l l ow the rest o f c rea t ion to c o n t i n u e 
u n h a r r i e d . and w h i c h w i l l b u i l d f o r a l l o f us an e n v i r o n 
m e n t w h i c h w i l l g ive as m u c h pleasure t o o u r eyes as the 
new machines do to o u r love o f speed a n d discovery. 

W e have t w o choices before us. 

W e can e i ther b u i l d a w o r l d in w h i c h man is i n sympa t i c 
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u i i l i i i . i i i i r c i i i u l i l l w l i i c l i lu- m; i \ l)C((}im' l l i c mosi p o w e i -
l i i l p w m i t i i l l i i a u i i a l (•(()1()<4\: or \\c ( an lose interest i n 
( x t i M h i i i - u h i d i is no i nia(ic or (on t roUccl by us, a n d 
i r n s i to onr ow n (l( \crncss lo h n i l d a w o r l d i n d c p c n d c n i 
ol na ture . 

In niv o p i n i o n this l a i i e i (onrse is madness and the 
dream ol megalomaniacs. 

Kor tnna ie lv it w o n ' t w o r k . 1 he l o i e e s o l na ture are hn 
loo strong ;n id relentless. 1 hey ha\c already j>iven the i r 
w a r n i n i 4 S . I n Hoods and dns t -bowls . i n l a l l i n j ; water tables 
and ( o i n a n n ' n a t e d stream^. 

1 sa\ l o r t nna t e lv it w o n ' t work , because i l i t were phys
ic a l b possible, i t w o u l d leave us s p i r i t u a l l y impover i shed , 
w i t h o u t our j^riatest S O U K C ol i n sp i r a t i on and w i t h o u t the 
sfirse ol peace w h i c h o i d \ ha rmony w i t h nature- can .^i\e us. 

I herc'lore. let us see how we may i m j i l e m e n t the other 
choice, and L;C) i i u o par tnersh ip w i t h nature. 

I a m not acboca t in i i that wc should h) l low 1 ho rcaus 
t ' \am))k- and r e t u r n to rlu- l i b ' in the woods. 

( ) m new discoveries f o r the extension ol o u r eoirseious-
ness are a \):\vt o l e v o h u i o n to be ac cc-pted. used and en joved 
lo the l u l l . 

O u r p r o b l e m is how to make out nc-w m a c h i i u s ^ood 
nei<;hbours to the or^ainc landseape. 

We mm>l seek a new balance in l i l e . wh ich w i l l be re 
llected in a balaneed laiulscape. one w h i c h ineludes o ld 
and new. .an and science, man and the test o | na ture . 

Because l a n d s c a p e aic hiic c t i i i e is bo th an ar t a n d a 
sc i e iue . and because , in its dej)enclence on organic .i^rowth. 
it rccooi i i /cs the Nalue o l c o i u i n u i l x . i l has a s | ) ec ia l role 
to p la \ in f incliuL; ibis new b a l a n c e . It is concerned w i t h 
the r e l a t ionsh ip ol one- objec t to a n o i h e i . a n d w i t h the 
creat ion ol that overa l l h a r m o n y whieh is the h a l l m a r k o l 
a l l '^n:\l landscapes, u h e i h c i na tu ra l or man-made. 

|ust as i n o u r l i \ e s today, we tend to o \e r - spec ia l i / a t ion . 
to the- d i x i s i o n ol science I r o m art . o l pleasure f r o i u w o r k , 
so we tend to see al l these objects w h i c h we are thrust in, i ; 
i n t o our landscape, as separate objeels. as i h i n - s w h i c h we 
can | n i l a.^aiust some inexhaustible- back^^iomid w h i c h we 
cal l the landscape, and w h i c h we expect to be able to look 
altc-r i tsel l . 

F i l t v veais a-o whc-n the machines l o r l i \ i n , i ; weie com 
para t ive ly lew and tended to be gathered together inU) 
urban areas, this a t t i t ude was understandable-. 

But now that the objects are- s p r i n k l e d th ick u p o n the-
g r o u n d and I he bae kc lo th ol the o l d landscape is J M U K hcd 
f u l l o f holes, we mus t change o u r a t t i t u d e . 

Each object must be Icjoked u p o n as an e l emeiu in the 
o \e ra l l design, lis esseiuial shape must be- co i i s ideied i n 
i e l ; i i i ( ) ! i to uc i y h b o u i i n g shapc-s. and. a b o \ e a l l , i n re-l:uion 

to the landseape as a whole . (1 use the w o r d ""landscape " 
he re i n i ts widest sen.se. to i n c l u d e tow iisc apc , w iic-sc a j n . 
subin bia a n d a l l o the r tvpes ol e i i \ i i o n m e i u . ) 

Instead ol e;ich objec t beinu designed f r o m the d r a w i n g -
board and the n 11 : ius le i re-el to the- site, i t shou ld be de
signed f r o m the- c o i u e x t of the site, a n d e \ o l \ e as the- s \ n -
thesis of i ts f unc t i o i r s and surroinielin<;s. 

Landscape archi tec ture begin> w i t h an a s s e s s m e i u o l the 
site and eont i inies as the art w h i c h reconciles the object 
w i t h the site and fo rms the w h o l e i n t o one compos i t i on . 

W h a t are the- g u i d i n g p r inc ip l e s i n m a k i n g this eompo-
sition? 

First, a r ecogn i t ion of the basis o l good landscapes. 

W h e t h e r en t i r e ly n a t u r a l o r p a r t i a l l y man-made, a l l thc-
linest landscapes ha\e a u n i t y of character. T h i s d o i u i n a n t 
(haracteri.stic may be one of t r a n c j u i l l i t y o r o f g randeur . 
t)l moxement o r of domes t ic i ty . 

Secondly, a t rue landseape holds together i n one rhy thmic 
pa t t e rn . I f the i ) a t i e ru is b i o k e u by . i contrast , i t is one 
note- of contrast , one local j j o i n t . or i t mav have a pa t t e rn 
or piogression of punc tua t ions , l i k e the .skyline o f New-
Y o r k , o r the ma^ts o f ships s l i ck ing u j ) f r o m a ha rbour . 

M u a v s one element of the i )a t te rn is d o m i n a i i i . 

. \ o w lei us see how this re lates t o present problems. 
I n the t r u l y u r b a n t o w n , a rch i tec ture is d o m i n a n t , and 

lo in i s the j j a i t e r n : trees and parks are subsidiarv. 

I n the o l d type o f c o u n t r y , trees and fields are d o n n i i a n i . 
builclin,L;s are subsidiary. 

B u t now the car has caused us to scatter our bu i ld ings 
lai out l i o m the t o w n centre, w h i l e i n many m o d e r n towns 
i h ' amoun t of open space is so great that the bu i ld ings are-
no longer d o m i n a n t . 

W e the i e fo re have to create a new pa t t e rn of land.scape 
i n w h i c h trees, open space a n d b u i l d i n g s i n t e r l o c k to h) rm 
one ha rmon ious w l i o l e . c o m b i n i n g to h ) rm that e o u i i i u i i t y 
and r h y t h m w h i c h is essential to the true- lancls(ai)e. 

In most ol the- successful exam|j les of this type of de \e l 
opmet i t . itees ; i ie the- u i u l v i n g factor , l i n k i n g the separated 
b u i l d i n g s together to h ) rm the- solids ol the com ] jos i i io i t 
and d e f i i n i i g the contra.st o f the open spaces. 

( . l o u p e d i ndus t ry w i l l also f o r m its o w n landscape, 
wl ie ihe i it be the almost arcadian landscape o f trees and 
;^a\ b u i l d i n g s f o u n d i n clean, l i g h t i n d u s i r v . or the power
f u l .shapes of heaw i n d u s t r \ . whose j u o p e i lands(a|)e com
p lement is the broad mass ol woods, the e x c i i i i i L ; shapes of 
c a i \ e c l l a n d - l o r m and the e|uiet expanse- of water. These 
aece-niuate- i h e magnilie eiie e- i n the s h a p e and b u l k of cool
ing towers, o f l e a c i o i s . re tor ts and derr icks . . \ n \ a t t emp t 
at p re t tv landscape a n d garden features i n r e l a t i o n to ihesi 
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\n--^v concerns is ;i coniradici ion of tl icir character. Al l 
these are tiu- landscapes ol ^roujied activities, but a harder 
problem arises when ihv cnuiniiiions ol the machine- ;im 
have to be sited in a landscape which is primarily natural 
or agricultural. I n these cases, it is more than ever nccc s 
saiA that the landscape ardiiteci should be (alk-d in bc loic 
I he objcc i ;n rives on liie site. For the first siej) is to assess 
ilie donnnani character of the landscape which is to bv 
iiixiidc'd. ;in(l ilu ii the character ;ind extern of the new de
velopment. 

1-roni this we can decide whether the existing character 
ol the landsca])e shoidd be retained and the new develop
ment fitted tactfully iiUo it. or whether :i new character 
should be developed. 

A lew exainj)ies Iroiii la iL^land may illustrate the problem. 
A nuclear power station was proposed lor a part of the 

Snowclonia national jjark in Wales. 
T h e landscape is wild and rn^^ed: hills, small by your 

standard hui ol beautilid confi.miration. surround a lake. 
I he onl \ lnuldin;4s are- small larms built of local stone 

and slate. 
I 111 epusiioii ,inses. which is to dominale the view? T h e 

old landscape of hill and roc k, or the ne w colossal buildinor 
Shall the buildint; be c-ncourai^e-d to exa.^f^erale its size 

and magni lucm e-: shall its aura in the- shape of a man-
made- landscape spread out into the surroundings? O r 
should the buildinj; remain subservient to the hills? It is 
not an easy decision, and in dillereiu conditions, either 
c o i U H - mij^hi be right. But in this case it seemed to me that 
the latter was the right course, for the- following reasons. 

I hc- reactor is one construction in a wide nat inal land
scape ol one prevailing character, and it is an area where 
people come to seek solitude and natural beauty. I f the 
proposal were for several giant constructions to be set 
about the lake, or for a small town to be coirsiruc ted. then 
probably the whole character of the landscape should be 
re-created. 

T h e methods proposed to keep the moinuain landscapr 
donn'nant lu-re are to de-sign the building to lessen its im
pact of si/e. and to bring the rugged landscape- right up 
to the bui lding without interposing a /one of urbanization, 
ol reetangular fenced enclosines. trim concrete-curbed 
roads and garden surrounds. .Small ancillary buildings, 
fencing, swiieh-ge-ar and car jjarks will all be absorbed 
within the wooded plath)rm. augmented by the use of 
foundation sj>oiI and new planting. 

The new bui lding will then rise cle-aidv like a natural 
growth from rock and woods, showing its affinity in scale 
with the breadth of the wi ld landscape. 

The same care in bringing the elements of the old land
scape right up to the new constructions, without an inter
vening /one of waste land, fences and litter, can help to 
absorb tlujse id)ic]uitous transformers that alight in our 
fields, while the continuation of a whole unbroken land
scape beneath pylons and radar ma.sts, can accentuate the 

lae I that these graceful structures fn-hmg. not to the earth, 
but to the sky. 

T h i s cjuiet knitting toge-ther again of the torn covering 
of the earth would make the greatest contribution to a new 
Landscape on the ragged outskirts of our towns, bedding 
down the Kill ing stations, the rcjadside cafes and the shacks, 
into a background of unit ing landscape. 

I'he two great elements available to form this back-
groinid are land-form and planting. Between them they 
can form a sculptural composition, clothing the surface of 
the earth and containing within their pattern the new con
structions. 

This type of quiet, unaggressive plastic-surgery landscape 
is immensely valuable where the old organic character of 
the land.scape is to be retained. 

But where the new constructions are to be dominant, we 
need a more creative approach. Here, completely new land
scapes can be designed, new in scale and in form. T h e 
new machines take exciting shapes bearing no relation to 
traditional buildings. T h e scale is no longer related to the 
human body but takes on the vastness of the human mind. 
These are new cone ejKions for which we mu.st find a new 
expression. 

The speed of light, the immensity of the universe, has 
to be related to a landscape in which we, and the other 
inhabitants of the earth, can live without being overpower
ed by our own creations. 

W e have found the same patterns runn ing through atoms 
a n d constellations: we h.i\e discovered machines which wil l 
reveal the.se patterns to us. 

Now we must find a habitat which wi l l express these 
discoveries. T h i s expression. I think, must take the form 
of an overall pattern, free, flowing and rhythmic, expressive 
of the fluidity of our new ideas, the scale of the universe, 
and, within this pattern, cells reduced to a scale which is 
compatible with the hmiian individual . 

Trans la ted into the terms and materials of the land
.scape, I .see this as a broad composition of the new shapes, 
contained within a pattern of .sculptured landform, water 
and broad woodlands. . \ basic pattern expressing continu
ity, rhythm and movement, a pattern of interlocking 
shapes. No ragged holes, no sudden interpolation of an old-
world garden, no niggling scale. 

T h e place for the human cell, the Glorietta , is within 
the broad framework, as the Spanish patio lies within the 
building, and the small-scale flower garden lies within the 
enveloping woods in the Engl i sh landscape park. 

W e have two things to guard in our landscape: the old 
organic pattern of nature, and the new exciting shapes of 
the machine age. 

W e can have both, if we decide which is to be dominant 
where, and if we give up, on the one hand, an insensttivity 
which allows us to destroy the old, and . on the other hand , 
a timidity which leads us to hide a n d to tr im, where we 
should accept and create. 
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The cathedrol has been built to the image of a living body. Its concordances and its balances f i t exactly into the order of nature 
because they are generated by physical laws. The great masters who erected these marvelous monuments possessed the science and 
they were oble to oppiy it because they extracted from the original sources and because it was olive. 

The motion of the human body obeys the principles of unstable equilibrium which is reestablished successively by means of 
compensations. The leg that supports the body is the only pivot of sustentotion and performs alone in this instant the sole total 
effort. The other leg, whicn is free, oniy serves to modulate the degree of stability, only modifies this stability slowly or rapidly, 
if necessory, until i t substitutes and relieves the leg that was supporting the weight. In popular language this is called resting . . . 
moving the weight of the body from one leg to the other; or it is like a caryatid that is able to chonge a bundle from shoulder to 
shoulder. 

Such observotions hove great interest when applied to cathedrals. These perpetual and unconscious gestures of life, such as the 
compensated unbolonce, explain very well the principles which the architects of the vault-supporting arch used when they propped 
up the heavy roofs of the cathedrals. 

* * * 
Any rotionol application of a right principle has healthy consequences in all of the related fields beyond the immediate pro

visions of learned technicians and artisans. So, the Gothics were great painters because they were great architects. They were painters 
in a vast and general sense . . . the colors which these artists used were lights and shades at down, noon, and dusk. The planes ob
tained by the great contrasts which the builders of the cathedrals were seeking hove not only the interest of solidity and stability, but 
they also determine the deep shadows and bright lights that provide the building with a magnificent wrap. Because in oil cases the 
smallest elements of truth coll for the complete truth, and beauty is not different from usefulness despite what the uninformed moy 
soy. 

These enormous shadows and these enormous lights are produced by the essential planes and they ore the only ones which 
count from o distance, they ore the only ones that ore not weak and poor because of the medium hue dominating in them. And 
despite its vigor or better because of it, these lines ond these planes ore simple and ethereal. Do not forget, it is the force that 
produce grace. There is perversion in the taste and spirit of those who seek Grace by way of weakness. The details were made 
to delight closely and to f i l l the lines from the distance. 

* * * 

There were no effects os such in the cathedrals, but effects of such intensity that they resounded for away. In those days the 
cathedral wos raised to dominate the city gathered around as under the protection of its wings. The cathedral was the focus of unity 
and the refuge of wanderers from remote lands. It was the beacon that reached their weary eyes on the pole horizon, just as the onge-
lus reached their eors at evening. Nature knows also that the perfect equilibrium of volumes is enough to attain beauty. Nature 
offers even to the greatest beings only the essential . . . but the essential is everything. 

Architecture is ot the some time the most intellectual and the most sensible of all the plastic arts. It is the art which requires 
in a deeper way the cooperation of all human faculties. In no other art concur so actively invention and reason, but no other is 
more tightly subdued to the lows of the atmosphere, which incessantly bathes the monuments. In order to use light and shade ac
cording to nature, and to achieve his purpose, the architect merely disposes of certain combinorions of geometrical planes...but what 
intensity of effects con be obtained with such exiguous means! Are the effects greater when the means are reduced? Yes, because 
the supreme goal of ort is to express the essential. Everything that is not essential is foreign to art. The difficulty consists in discern
ing between the essential and the non-essential. The more abundant the means, the more complex the difficulties and therefore the 
harder it is to evaluate the hues in time without violating their natural freedom or betraying the thought whose expression we seek. 

* * * 

I know to what extent o master piece is a Masterpiece and I hove the joy of knowing i t ! It is exactly for the some reason thot 
great souls ore great souls. It is in ascending up to the indispensable level in the expression of their thoughts and feelings that men 
and artists achieve dignity. A Masterpiece is necessarily on extraordinarily simple thing that requires only the essential. All of the 
Masterpieces would be naturally accessible to the people if they hod not lost the spirit of simplicity. However, even in times when 
the people ore incapable of understanding, the artist must live with the feeling of the people . . . with the soul of the masses . . . to 
be able to conceive and to create. He must feel with the multitude even though it is only ideally present. He must understand this 
with his masters who also become transformed through the people to retake with the heart, by love, what they hod discovered by the 
spirit. 

The most difficult thing is not to think with the primitive naivete of childhood; but to think with tradition, with acquired 
strength, and with all the results treasured by thought; because tSe human spirit con not go still farther if it does not accomplish 
the condition of adding quietly and patiently the thoughts of the individual to the thoughts of post generations. 

(Excerpts from LES CATHEDRALES DE FRANCE by Auguste Rodin) 
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