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276 Seotion N: MODERN METHODS OF DESIGN AND CONSTRUCTION OF FOUNDATIONS

No. N-l FOUNDATION FOR THE PALACE OF THE SOVIETS.
DESIGNING A RIGID HEAVY FOUNDATION ON COMPRESSIBLE MATERIALS THROUGH THE USE OF SOIL MECHANICS 

Carlton S. Prootor, Moran and Prootor, Consulting Engineers, New York City-

Engineering reoords are rep lete  w ith examples of foundations where acouraoy and eoonomy of design
may be aooredited to  the contributions of s o il  
physics, but there is  one case where the adopted 
design was made possible through the employment 
of s o ils  meohanica. I re fe r  to the foundations 
fo r  the Palace of the Soviet a t Mosocrw, where 
both the geology of the s i te  and the type and 
design of the superstructure presented e n tire ly  
unusual problems to the foundation design.

Situated ju st east of the Kremlin on the 
bank of the Moscow R iver, the 6 ite  presented an 
average geologioal oross-section  as shown in  the 
fig u re  a t the l e f t .  Below average grade at 
elevation  plus 132 meters, about 2-l/2 meters of 
a r t i f i c i a l  f i l l  o v erlie  an a llu v ia l  deposit of 
sand and gravel. At an average elevation  of 
119 th is  sand and gravel stratum meets a broken 
limestone stratum which has been shattered and 
la te r a lly  moved towards the r iv e r  by g la c ia l 
fo ro es. This chattered limestone averages in  
thiokness about 9 meters end is  underlain by a 
stratum of marl averaging 9 meters thiok whioh in  
turn rests  on an undisturbed limestone bed averag
ing about 6 meters th io k . Under th is  second 
limestone stratum is  found another stratum of 
marl averaging 8 meters thiok restin g  on a con
tinuous bedrock limestone at average elevation  
plus 87 meters.

But the actu al varies w idely from th is  
average geology, p a rtic u la rly  as to  the character, 
oom pres6ibility and thickness of the marlaceous 
m aterials between the second and th ird  limestones 
and as to  the thiokness of the second lim estone. 

While th is  intermediate limestone stratum varies from a minimum of 1; meters to  a maximum of 8 l/2 meters, 
the underlying marlaoeous m aterials vary from a p ra ctio a lly  incompressible marl limestone to  a re a d ily  
compressible d a y  marl, and th is  marlaceous stratum i t s e l f  varies from I4. l/2  meters to  10 meters in  
thickness. Furthermore, variation s in  thiokness, com pressib ility  and interbedding of so fte r  lenses were 
found over short horizontal distanoes.

The foundation problem resolved i t s e l f  into a question of -  f i r s t ,  the maximum d if fe r e n t ia l s e t t le 
ment whioh the structure would sa fe ly  withstand, and second— the le v e l of bearing which would provide 
such required r e s u lt , i . e .  the depth to  whioh the supports must be carried .

I t  was determined that oofferdamming provisions oould be developed whioh would permit of open in- 
■stallation to  the top of the second, or interm ediate, limestone, but the large volume and high head of 
flow  through the limestone indicated the p ro b ab ility  that pneumatic in s ta lla tio n  might probably be re
quired to reach the th ird  limestone, and in  that event that the increased cost of suoh in sta lla tio n s  
would be very la rg e . Therefore, e ffo rts  were made to arrive  a t  a safe and economical design to  support 
the tower columns on the second, or interm ediate, limestone.

The superstructure design is  unprecedented and one which lends i t s e l f  to but s lig h t  d iffe r e n tia l 
settlem ents. Most simply stated the superstructure s te e l skeleton consists of a sin g le  set of two leg  
columns plaoed on the perimeter of the tower base, with no in te r io r  oolumns. The diameter of the o iro le  
of the inner oolumn legs is  li+0 meters and that of the outer column legs 160 meters. These columns set 
in  from the v e r t ic a l  as they r is e  around the hemispherical dome of a o ircu lar auditorium II4.0 meters in  
diameter and approximately 100 meters high, by 3 successive inward breaks from the v e r t ic a l .  At the 
top of the dome the columns resume v e r t ic a l it y ,  so that at th is  le v e l there is  a large inward horizontal 
component of oolumn loads which must be resisted  by an annular girder actin g as a o ircu lar horizontal 
oolumn. Any d iffe r e n t ia l settlem ent a t th is  le v e l would cause ecoentric bending stresses in  the annular 
compression g ird er, whioh unless s t r io t ly  minimized are obviously inadmissible in  suoh a design.

Therefore, any foundation design contemplating support on the intermediate limestone must provide 
th at the foundation struoture, together w ith the superstructure frame below the top of dome, r e s is t  and 
counteract inherent tendencies to d iffe r e n t ia l consolidation of the underlying marls, in  excess of suoh 
consolidation as would not cause the base of columns to depart from a plane.

Applying the re su lts  of laboratory consolidation te s ts  on undisturbed samples of the marlaoeous 
m aterials ly in g  between the seoond and th ird  lim estones, the amount of consolidation whioh would re s u lt  
from iso lated  column footings supported on these m aterials was ca lcu lated , together w ith the e ffe o t on 
such consolidations, by variation s in  the in ten sity  of loading on the upper surface of the seoond lime-
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stone•
V ertio a l components of s o il  stresses were calculated by the use of Boussinesq’ s formulae, at depths 

below the top of seoond limestone of 5» 10# 15 and 20 meters re sp e ctive ly . For the purpose only of de
termining s o il  stress d istrib u tio n , piers were assumed c ircu la r  and of diameters corresponding to gross 
bearing in ten sities  of 10, 15, 20 and 30 kg/om2# which resp ective ly  are equal to net s o il  in te n s itie s  
(that i s ,  increase over e x istin g  pressures w ithin the s o il)  of 6.88, 11.88, 16.88 and 26.88 kg/cm?. The 
center of g rav ity  of the maximum thickness of compressible m aterials l ie s  generally  from 10 to 11 meters 
below the top of the seoond limestone, and the above determinations indioated that in  the oenter of 
depths of the oompressible zones v e rtio a l s o il  pressures were ohanged less than 20$ when the bearing pres
sure at the top of the seoond limestone was decreased from 20 to 10 kg/oaP-, thus indicating that the 
settlements under the heavy tower would be prim arily a function of the thickness of the compressible 
m aterials ly in g  between the seoond and th ird  limestone and would be affeoted  only to  a comparatively small 
degree by variation s in the in ten sity  of foundation pressures at the top of the seoond limestone.

By use of the consolidation curves fo r  undisturbed samples, settlem ents under assumed iso lated  piers 
were calculated to  vary from a minimum of 1 .2  to  a maximum of 9*3 under 10 kg/om? in ten sity j from 1 .7  
to 10.8 cm, under 20 kg/ora2. and from 1.9  to  11.2  om, under 30 kg/om2j with a maximum d if fe r e n t ia l s e t t le 
ment between immediately adjacent columns of 3 l/2- ®m. under a 20 kg/om  ̂ in te n sity . U tiliz in g  these
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determinations a plan was developed showing contours of settlement whioh would re su lt  from isolated  
oolumn footings bearing at 20 kg/om^ suoh plan being merely an interp olation  of settlem ents arrived a t 
by assuming that at each boring location  in te n sitie s  on the various subsoil stra ta  would be those e x is t
ing under iso lated  tower oolumns i f  the entire  ring of loaded columns were moved so that one oolumn was 
situated a t the location  of the p articu lar boring. This drawing also  gave a oiroum ferentially developed 
p ro file  of settlements plotted from the settlement contours, and a p ro file  of v e r t io a l consolidations 
based on an in ten sity  of 20 kg/om  ̂ where the tendenoy to settlem ent was le a s t , decreasing to  an in ten sity  
of 10 kg/om? where the tendency to settlement was g rea test. Superimposed on th is  la s t  p ro file  was a sine 
curve of anticipated  consolidation under a continuous annular reinforced oonorete girder carrying the 
column towers, suoh sine curve being based on a s lig h t anticipated t i l t  of the struoture aoross a major 
axis between minimum and maximum marl consolidations, and such sine curve indioating the maximum consoli
dations perm issible without departing from the required plane through the ooluran bases and thus maintain
ing the annular compression girder at the top of dome in  a plane»

Additional undisturbed sample borings and consolidation te s ts  were ca lled  fo r  to aocurately deter
mine the above discussed facto rs a t eaoh column preparatory to  the accurate p lo ttin g  of oonsolidation 
curve fo r  iso lated  foo tin gs, and the departure of suoh curve from the sine ourve would determine the 
extent to  which a continuous conorete foundation girder must d istrib u te  certain  oolumn loads to  adjaoent 
areas of lower com pressib ility.

Inasmuch as the foundation depth from the column base to the top of the second limestone is  22 
meters, th is  depth w i l l  be u t iliz e d  as the depth of the annular foundation girder whioh w i l l  be designed 
to even out unequal settlements by the d istrib u tio n  of column loads over considerable d istances.

In designing the foundation girder w a ll, the f i r s t  problem to be solved la y  in  the determination of 
the amount of settlement which would occur i f  each column were supported on an iso lated  foo tin g  and there 
were no stiffe n in g  ring between suoh fo o tin g s. By considering a l l  oolumn loads, exoept th at at the point 
under consideration, as point concentrations, Boussinesq’ s formula is  used to  seoure the v e r t io a l com
ponents of stress at the point in  question due to surrounding loads. At such point, the v e r t io a l c o h h  

ponent of stress may be computed by considering the load as applied uniformly at a given in te n sity  over 
the reotangular w all area, and the v e r tio a l stresses may be oomputed at various le v e ls  under the center 
of suoh area. Total settlem ents may be oomputed by adding the load at the oolumn oenter to  those re
su ltin g  from surrounding loads and applying the oonsolidation curves and boring records as to  character, 
amount and dispersion of compressible m aterials. I f  w ithin the range of the loads considered, the oon
so lid ation  curve is  assumed as a stra ig h t l in e , i t  can be said that the to ta l settlem ent is  composed of 
two p arts, i . e .  that part due to the load at the point in  question whioh w i l l  vary d ire o tly  w ith suoh 
load and that part due to surrounding loads which is  fix e d  in  magnitude and ex istin g  in  the same amount 
irresp ective  of the load a t the point under consideration.

S tiffe n in g  of the superstructure w i l l  provide an adequate fa c to r  of sa fe ty  to  permit the assumption 
in the design that the girder w a ll is  r ig id . A discussion of the aotual design of the w all is  not per
tin en t to  th is  paper. The intention has been to  indicate the present day value of the science of s o ils  
mechanios, in  having fa c il i ta te d  a design where d e fin ite  consolidation facto rs and subsoil data were 
e sse n tia l. Without th is  r e la t iv e ly  new engineering to o l, the best assumptions as to subsoil compressi
b i l i t y  would have been inadequate and the only a ltern ative  would have been a foundation supported on the 
deep th ird  limestone which would have involved a very considerable increase in  co st, in  time and in  
hazard of in s ta lla tio n .

No. N-2 FOUNDATIONS OF THE NEW TELEPHONE BUILDING, ALBANY, N. Y.
George W. Gllok, Moran and Proctor, New York C ity

When the new building fo r  the New York Telephone Company was ereoted in  Albany, N.Y. in  1929* the 
foundation problem tvas solved in a manner d iffe r in g  r a d ic a lly  from usual practioe fo r  suoh work. At 
that time the w riter published a paper (See bibliography item l)  whioh b r ie f ly  outlined the foundation 
conditions and the method of so lu tio n . Because the unusual s o il  formation and the novel type of build
ing foundation adopted have been of considerable in terest to engineers p ractisin g  along these lin e s , the 
faots leading up to  th is  design are presented in  th is  paper.

The s o il  formation on Capitol H ill ,  upon which th is  structure is  b u ilt ,  has long been a souroe of 
foundation problems and the settlements of structures in th is  lo c a lity  have taxed the ingenuity of 
engineers and a rch itects  engaged in  th e ir  planning. Numerous borings taken from time to time fo r  various 
structures indicate that the character of the s o i l  is  uniform throughout th is  area and consists of th in  
interbedded layers of Clay and sand, the c lay  varves varying from a few m illim eters to  several cen ti
meters in  thickness, and these separated by th in  layers of fin e  sand, in  most instanoes not more than a 
millajmeter in  thickness. The c la y  portions of the s o il  contain varying degrees of moisture as shown in  
F ig . 1 , which is  a diagram of an analysis of the s o il  prepared by Dr. A. Casagrande (2 ). The th in  
layers of sand which may be observed in  any excavation in th is  m aterial, serve as excellen t drainage 
channels, and water fr e e ly  drains from the exposed fa ce s .

One of the e a r lie s t  recorded studies of the action  of th is  s o il  under load was undertaken by 
Vi. J. McAlpine (3) (-U) a t the time of the construction of the New York State Capitol Building. As a 
resu lt of these te s ts  McAlpine concluded that the s o il  would f a i l  a t less  than s ix  tons per sq. f t .  and 
that a safe value should not exceed two tons per sq. f t .  In the f in a l  design of the foundations fo r  the


