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Soil Modulus for Laterally Loaded Bored Piles in Pozzolana

Module de Réaction Latérale de Pieux Forés in "Pozzolana"
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G.B. FEN ELLI  D r. In g ., U n iversi t y  of N ap les, It aly 

C. GA LA TERI  D r. In g ., U n ive rsi t y  of N ap les, It aly

SYNOPSIS The results of a number of horizontal load tests on piles of different diameter and

with different boundary conditions at the top are reported.

All the tested piles have been bored through cohesionless volcanic soils ("pozzolana") in the Na­

ples area; the soils have been characterized by means of static cone penetration tests, sand SPT. 

The program included load tests on two pairs of piles with head rotation restrained by a rigid cap, 

and on four free-head single piles; the diameter of the piles is of 0,5 or 0,6 m. In some cases the 

displacement of the shaft has been measured by means of inclinometers, in other only displacement 

and rotation of the pile head.

Back-analysis of the results obtained for the inclinometer instrumented piles allows the determina­

tion of soil modulus distribution with depth and stress level.

It has been found that the expression Es = K +K^zn fits satisfactorily experimental results; K0; 

and n values depend on relative density of soil and on stress level.

1. INTRODUCTION

The results of horizontal load tests on eight 

piles are presented in this paper. All the pi­

les are drilled in the pyroclastic soils of Na 

pies area; five of them are instrumented with 

inclinometer tubes.

The analysis of experimental results allows so 

me useful indications to be drawn, regarding 

the selection of design parameters for piles 

subjected to horizontal loads. Such indica­

tions apply to the soils found in the above men 

tioned area, whose general characteristics are, 

by now, sufficiently known (Croce, Pellegrino, 

1967; Pellegrino, 1967) and can be regarded as 

homogeneous from a geotechnical viewpoint. 

Furthermore, the analysis sheds light on some 

aspects of the pile-soil interaction, pointing 

out once more the limitations of the usual cal 

culation model.

2. OUTLINE OF THE SOILS IN THE NAPLES AREA

The Neapolitan area is a "region" whose subsoil 

has, essentially, such geotechnical characteri­

stics to allow an even collection of signifi­

cant and homogeneous experience. In particu­

lar, the subsoil is made of "pozzolanas", "pu­

mices", "lapilli" and "tuffs" coming from the 

volcanic eruptions of the Campi Flegrei. We re 

mind, on this subject, that the term "pozzola­

nas" is given to the volcanic ashes - vitreous

substance, with a more or less spongy texture 

and a pore size ranging between silts and sands - 

which form the most common and widespread soil 

in the considered area. Pozzolanas are often 

mixed to bigger particles (2r3 cm) which are cal 

led "pumices" and "lapilli".

From a mechanical point of view, "pozzolanas" be 

have as cohesionless soils (friction angle ran­

ging between 30° and 40°) and exhibit, as a ru­

le, a small but not negligible cohesion (Pelle­

grino, 1967). This feature is due to a certain 

degree of cementation and/or capillarity effects; 

it allows the stability of remarkably high verti 

cal cuts. Furthermore, in such a soil, provided 

there is no water table, it is possible to drill 

uncased piles.

Volcanic tuff is a weak rock (Sr = 2-rlO MPa) and 

derives from autometamorphism processes of "poẑ  

zolanas" (Scherillo, 1955; Sersale, 1958).

3. SOIL PROPERTIES AND PILES CHARACTERISTICS

The test piles were entirely drilled through po^ 

zolanas whose geotechnical characteristics have 

been found out through S.P.T. and static cone 

penetration tests.

Figures 1 and 2 show some typical profiles at 

the test sites.

Dry rotary drilling with uncased hole, using a 

bucket, has been adopted for the piles at sites
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F i g .  1

B ,  C  a n d  D ; a t  s i t e  A ,  d u e  t o  t h e  o c c u r r e n c e  

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

s t e e l  c a s i n g  h a v e  b e e n  s e l e c t e d .

I n  t a b l e  1  a r e  r e p o r t e d  s o m e  d a t a  o n  t h e  p i ­

l e s  g e o m e t r y  a n d  t h e  v a l u e s  o f  t h e  r e l a t i v e  

d e n s i t y ,  D r , o f  t h e  s o i l s  i n  t h e  f i v e  m e t e r s .  

F i g u r e  3  r e p o r t s  t h e  s c h e m e  o f  a  l o a d  t e s t  

c a r r i e d  o u t  o n  i n s t r u m e n t e d  p i l e s .

H YDRAULIC  JA C K

F i g .  3  S c h e m e  o f  l o a d  t e s t

4 . M EA S U R EM EN T S  A N D  R E S U L T S

F i g u r e  4  s h o w s ,  a s  a n  e x a m p l e ,  t h e  s e q u e n c e  o f  

a p p l i e d  l o a d  s t e p s ,  w h i l e  i n  f i g u r e s  5 ,  6 ,  7  

a n d  8  t h e  l o a d - d i s p l a c e m e n t  d i a g r a m s  o b t a i n e d  

i n  s e v e r a l  l o a d  t e s t s  a r e  r e p o r t e d .

I n  f i g u r e s  9  t o  1 1  t h e  r e s u l t s  o f  s o m e  i n c l i -  

n o m e t r i c  m e a s u r e m e n t s  a r e  r e p o r t e d .

5 . A N A L Y S I S  O F  T H E  R E S U L T S

A  f i r s t  a n a l y s i s  o f  t h e  r e s u l t s  h a s  b e e n  d o n e  

b y  c o n s i d e r i n g  t h e  h o r i z o n t a l  s o i l  m o d u l u s  

E s ( z )  a s  l i n e a r l y  i n c r e a s i n g  w i t h  d e p t h .  I n  

t h i s  h y p o t h e s i s ,  a  s e r i e s  o f  v a l u e s  o f  t h e  s o i l  

r e a c t i o n  c o e f f i c i e n t  K ] . h a v e  b e e n  d e t e r m i n e d  

b y  f i t t i n g  c a l c u l a t e d  a n d  o b s e r v e d  d i s p l a c e ­

m e n t s  a t  s o m e  l o a d  l e v e l .

T A B L E  1

Z O N E P I L E
d

( c m )

1

(m )

e

( c m )

A f

(c m ^  )
I n c l i n o m . D

r

W a t e r

t a b l e

U
m a x

( K N )

Y m a x

(m m )

A * 1 A 6 0 1 4 3 5 3 7 , 7 y e s 7 0 - 8 0 y e s 5 0 0 5 0

I B 5 0 1 5 5 0 3 1 , 4 y e s 4 0 - 5 0 n o 3 0 0 1 3

* 2 B 5 0 1 5 5 0 3 1 , 4 y e s 4 0 - 5 0 n o 6 3 0 5 0

C 1 C 5 0 1 5 5 0 3 1 , 4 n o 7 0 - 8 0 n o 4 5 1

I D 5 0 1 6 5 0 3 4 , 5 n o 5 0 - 6 0 n o 4 5 2
2 D 5 0 1 5 5 0 4 3 , 9 n o 5 0 - 6 0 n o 3 5 , 7 1 , 5 5

*  t e s t  o n  a  p i l e s  f o o t i n g  

d  =  d i a m e t e r

1 =  l e n g t h

e  =  l o a d  e c c e n t r i c i t y

Y m a x  =  m a x i m u m  h o r i z o n t a l  d i s p l a c e m e n t  a t  t h e  p i l e  t o p  

H m a x  =  m a x i m u m  t e s t  l o a d  

A ^  =  r e i n f o r c e m e n t  a r e a .

F i g .  2  Z o n e B  -  S o i l  p r o f i l e

S,P. T. Blows N 

0  25  50  75  100 125 150 175

Z o n e  A  -  S o i l  p r o f i l e

E D
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F i g .  4  S e q u e n c e  o f  l o a d  s t e p s  a p p l i e d  i n  

h o r i z o n t a l  l o a d  t e s t s

D e f l e c t i o n  a t  y o u n d  l in e  (m m )

F i g .  5  P i l e  1 A  -  L o a d - s e t t l e m e n t  c u r v e

Deflection at ground line ( mm )

F i g .  6  P i l e  I B  -  L o a d - s e t t l e m e n t  c u r v e

F i g .  8  P i l e s  1 C ,  I D ,  2 D  -  L o a d - s e t t l e m e n t  

c u r v e

F i g .  7  P i l e  2 B  -  L o a d - s e t t l e m e n t  c u r v e

L a te r a l  d e fle c t io n  (m m ) L a te r a l  d e f le c t io n  (m m )

F i g .  9  P i l e  1 A  -  R e s u l t s  o f  s o m e  i n c l i n o m e -  

t r i c  m e a s u r e m e n t s

45 -  017111
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L a te r a l  d e f le c t io n  (m m ) L a te r a l  d e fle c t io n  (m m )

L a t e r a l  d e fle c t io n  (m m )

F i g .  1 0  P i l e  I B F i g .  1 1  P i l e  2 B

F u r t h e r m o r e ,  s i n c e  t h e  c o h e f f i c i e n t  K-^  d e p e n d s  

o n  t h e  l o a d  l e v e l ,  i t  h a s  b e e n  p o s s i b l e  t o  o b ­

t a i n ,  f r o m  t h e  l o a d - s e t t l e m e n t  c u r v e s ,  t h e  d i £  

f e r e n t  w o r k i n g  l o a d s  ( e v a l u a t e d  a s  1 / 3  o f  t h e  

u l t i m a t e  b e a r i n g  c a p a c i t y )  a n d  d e t e r m i n e  t h e  

K i  v a l u e s  a t  t h i s  l o a d  l e v e l .

I n  f i g u r e  1 2  a r e  r e p o r t e d  t h e  K i  v a l u e s  o f  

e a c h  l o a d  t e s t  c a l c u l a t e d  a s  a b o v e  ( v e r t i c a l  

s e g m e n t s ) ;  c u r v e  4  i n t e r p o l a t e s  t h e  v a l u e s  

c o r r e s p o n d i n g  t o  t h e  w o r k i n g  l o a d s .

C u r v e s  1 ,  2  a n d  3  i n  t h e  s a m e  f i g u r e  r e p o r t

1 - Reese et Al. (1974) - Submerged sands

2 - Terzaghi (1955) - Submerged sands

3 - " " - Dry sands

4 - Present investigation; values of K-̂ , at

working load

5 - Garassino et Al. (1975) - Submerged sands

6 - Present investigation; range of at va-

ring load levels

7 - Initial tangent values of K

t h e  v a l u e s  o f  K-^  r e s p e c t i v e l y  s u g g e s t e d  b y  R e e ­

s e  a n d  o t h e r s  ( 1 9  7 4 )  f o r  s u b m e r g e d  s a n d s ,  a n d  

b y  T e r z a g h i  ( 1 9 5 5 )  f o r  d r y  s a n d s  ( c u r v e  2 )  a n d  

s u b m e r g e d  s a n d s  ( c u r v e  3).

I t  m a y  b e  o b s e r v e d  t h a t  c u r v e  4  i s  w e l l  b e l o w  

c u r v e  2  b y  T e r z a g h i .

T h i s  i s  e s s e n t i a l l y  d u e  t o  t h e  c o n s t r u c t i o n  m e ­

t h o d s  u s e d  t o  m a k e  t h e  p i l e s ,  t h a t  u n d o u b t e d l y  

d i s t u r b  t h e  s o i l  s t r a t a  n e a r e r  t o  t h e  s u r f a c e .  

N e v e r t h e l e s s  s u c h  m e t h o d s  h a v e  b e e n  s h o w n  t o  b e  

p a r t i c u l a r l y  e f f e c t i v e  f o r  p i l e s  u n d e r  a x i a l  

s t r e s s e s  ( S a p i o ,  1 9 6 7 ;  G a l a t e r i  a n d  P i c a r e l l i ,  

1 9 7 6 ;  E v a n g e l i s t a  a n d  o t h e r s ,  1 9 7 7 ) .  A c t u a l l y ,  

a s  i t  i s  k n o w n ,  t h e  d i s t u r b a n c e  a f f e c t s  m o r e  

t h e  s o i l  d e f o r m a b i l i t y  ( w o r k i n g  c o n d i t i o n )  r a ­

t h e r  t h a n  t h e  s t r e n g t h  ( u l t i m a t e  c o n d i t i o n ) . 

F i n a l l y  i n  f i g u r e  1 2  t h e  i n i t i a l  t a n g e n t  v a l u e s  

o f  K ,  o b t a i n e d  f r o m  t h e  c u r v e s  ( H ) , a r e  r e ­

p o r t e d  .

B y  u s i n g  t h e  i n c l i n o m e t r i c  m e a s u r e m e n t s  a n d  r e ­

f e r r i n g  t o  t h e  w e l l  k n o w n  e q u a t i o n  o f  t h e  e l a ­

s t i c  c u r v e  :

d4 y
E I  - - - - - - *  +  p ( z )  =  0  ( 1 )

d  z

i t  i s  p o s s i b l e  t o  d e t e r m i n e  t h e  h o r i z o n t a l  s o i l

m o d u l u s  E c ( z )  t h r o u g h  t h e  r a t i o  ^  , Z , .  I n  p a r t i -
V (z)

c u l a r ,  h a v i n g  r e c o r d e d  t h e  r o t a t i o n s  f ( z )  o f  

t h e  p i l e  a x i s  f o r  e a c h  l o a d  s t e p ,  t h e y  h a v e  b e e n  

f i t t e d  w i t h  a  p o l y n o m i a l  b y  m e a n s  o f  t h e  l e a s t  

s q u a r e  m e t h o d .

W i t h  f u r t h e r  d e r i v a t i o n s  t h e  f u n c t i o n  p ( z )  i s  

o b t a i n e d

P  ( z ) E I .
d  3 V '  ( z  ) 

d z 3

a n d ,  b y  i n t e g r a t i o n ,  t h e  d i s p l a c e m e n t  f u n c t i o n  

y  ( z )

y  ( z )

Z = 1

z=0
V3 ( z )  d z
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T h e  i n t e g r a t i o n  c o n s t a n t  i s  g i v e n  b y  t h e  d i ­

s p l a c e m e n t  m e a s u r e d  a t  t h e  t o p .  O n c e  t h e  m o ­

d u l u s  E s ( z )  i s  d e f i n e d  a s  a b o v e ,  i t  i s  p o s s i .  

b l e  t o  d e t e r m i n e  t h e  e x p e r i m e n t a l  c u r v e s  o f  

E s  w i t h  d e p t h .

I n  f i g u r e  1 3 ,  a s  a n  e x a m p l e ,  t h e  e x p e r i m e n t a l  

c u r v e s  E s ( z )  f o r  t h e  p i l e  IB a t  d i f f e r e n t  l o a d  

l e v e l s  a r e  r e p o r t e d .

E* (MPa)
0  10 2 0  3 0  40

F i g .  1 3  C u r v e s  E s < z )  f o r  d i f f e r e n t  l o a d  l e v e l s

T h e  f i g u r e  s h o w s  h o w  t h e  d e p t h  o f  t h e  m o b i l i ­

z e d  s o i l  i n c r e a s e s  w i t h  i n c r e a s i n g  l o a d .  M e a n ­

w h i l e ,  t h e  E s  v a l u e s  a t  a  g i v e n  d e p t h  d e c r e ­

a s e s  .

T h e  c u r v e s  w e  a r e  e x a m i n i n g  c a n  b e  e x p r e s s e d ,  

w i t h  g o o d  a p p r o x i m a t i o n ,  w i t h  a  l a w  o f  t h e  

t y p e  :

E  ( z )  =  k  + k , . z  
s  o  1

I n  t a b l e  2  a r e  r e p o r t e d  s o m e  l a w s  c o r r e s p o n ­

d i n g  t o  d i f f e r e n t  l o a d  l e v e l s ,  b e i n g  E  a n d

K  e x p r e s s e d  i n  0 , 1  M P a n d  z  i n  c m .
o  a

T A B L E  2

P I L E C Y C L E
L O A D

( K N )
K

o K 1
n

9 0 1 7 4 0 , 5 4 1 , 1
I I 1 9 0 9 5 0 , 1 4 1 , 3

2  3 0 6 5 0 , 0 5 1 , 5
_ A

1 A

9 0 9 5 0 , 2 9 1 , 2
I I I 1 9 0 5 0 0 , 0 3 8 1 , 5

2  3 0 4 0 0 , 0 0 2 2 , 0

I 4 0 2 4 0 , 5 2 , 9

7 0 2 2 0 , 5 2 , 1

I B 4 0 2 2 0 , 5 2 , 3

I I 7 0 2 0 0 , 0 8 5 2 , 5

1 0 0 1 6 0 , 0 2 0 2 , 8
1 4 0 1 6 0 , 0 0 5 3 , 1

j6 C r o c e - G a l a t e r i  ( 1 9 7 8 ) .

I t  i s  e a s i l y  n o t i c e a b l e  f r o m  t h e  t a b l e  t h a t ,  

a t  t h e  g r o u n d  l e v e l ,  t h e  s o i l  m o d u l u s  i s  n o t  

n u l l .  T h i s  c a n  b e  d u e  t o  a  c e r t a i n  d e g r e e  o f  

c e m e n t a t i o n  e x i s t i n g  i n  t h e  u p p e r  s t r a t a  o f  

z o n e  A ;  w h i l e  f o r  z o n e  B i t  c a n  b e  d u e  t o  t h e  

s l i g h t  c o h e s i o n  o f  p o z z o l a n a s .

I t  i s  a l s o  n o t i c e a b l e  t h a t  t h e  K Q v a l u e  r a p i ­

d l y  d e c r e a s e s  b y  u n c r e a s i n g  t h e  l o a d  a n d  t h e  

n u m b e r  o f  l o a d - c y c l e s  a n d  t h a t  t h e  s o i l  m o d u ­

l u s  i n c r e a s e s  l i n e a r l y  w i t h  d e p t h .  T h i s  c a n  

b e  d u e  t o  t h e  d i f f e r e n t  d i s p l a c e m e n t  o f  t h e  s o i l  

a t  d i f f e r e n t  l e v e l s  a n d  t o  t h e  n o n - l i n e a r i t y  t o  

t h e  s t r e s s - s t r a i n  r e l a t i o n s h i p .

F i g u r e  1 4  r e p o r t s  t h e  t r e n d  o f  t h e  s o i l  m o d u l u s ,  

a t  d i f f e r e n t  d e p t s ,  a s  a  f u n c t i o n  o f  t h e  h o r i z o n  

t a l  d i s p l a c e m e n t .  T h e  f i g u r e  s h o w s  t h a t  E s  d e ­

p e n d s  m a r k e d l y  o n  t h e  d i s p l a c e m e n t  u p  t o  v a l u e s  

l o w e r  t h a n  2 r 3  m m ; o v e r  s u c h  a  l i m i t  E s  k e e p s  

p r a c t i c a l l y  c o n s t a n t  w i t h  i n c r e a s i n g  d i s p l a c e m e n t .

D e f le c t io n  (m m )

Fig. 14 Soil modulus versus horizontal displacement, at different depts
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T h e  m o d e q u a c y  o f  a  l i n e a r  W i n k l e r  m o d e l  t o  r e ­

p r o d u c e  s u c h  a  b e h a v i o u r  i s  e v i d e n t .

6 .  C O N C L U S I O N S

T h e  r e p o r t e d  e x p e r i m e n t a l  f i n d i n g s  s u g g e s t  t h e  

f o l l o w i n g  r e m a r k s ,  a p p l y i n g  s t r i c t l y  t o  d r i l l e d  

p i l e s  i n  p o z z o l a n a s  :

-  f u l l  s c a l e  o b s e r v a t i o n s  o n  t h e  i n t e r a c t i o n  b e t  

w e e n  t h e  s o i l  a n d  h o r i z o n t a l l y  l o a d e d  p i l e s  b y  

m e a n s  o f  h i g h  o c c u r a c y  i n c l i n o m e t e r s  a r e  f e a ­

s i b l e  a n d  u s e f u l ,  n o t w i t h s t a n d i n g  t h e  u n a v o i d a  

b l e  i n a c c u r a c i e s  i n v o l v e d  i n  t h e  t h r e e f o l d  n u ­

m e r i c a l  d e r i v a t i o n  r e q u i r e d  t o  c a l c u l a t e  E s ;

-  i n  t h e  h y p o t h e s i s  o f  l i n e a r  v a r i a t i o n  o f  E s  

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

d i e n t  o f  E s  h a v e  b e e n  f o u n d  t o  b e  s m a l l e r  t h a n  

t h o s e  s u g g e s t e d  b y  T e r z a g h i .  T h i s  i s  b e l i e v e d  

t o  b e  d u e  t o  c o n s t r u c t i o n  m e t h o d s  i n f l u e n c e ;

-  t h e  v a l u e  o f  t h e  r e a c t i o n  c o e f f i c i e n t  a t  t h e  

s u r f a c e ,  K c ,  i s  n o t  n i l ;  t h i s  i s  p r o b a b l y  d u e  

t o  t h e  s l i g h t  c o h e s i o n  o f  p o z z o l a n a s ;

-  t h e  n o n - l i n e a r i t y  o f  t h e  s o i l  m o d u l u s  w i t h  d i ­

s p l a c e m e n t  i s  f u r t h e r  c o n f i r m e d ;  t h e  v a r i a t i o n  

o f  t h e  m o d u l u s  w i t h  d e p t h  i s  v e r y  n e a r l y  l i n e ­

a r .

R E F E R E N C E S

C R O C E A . ;  P E L L E G R I N O  A .  ( 1 9 6 7 )  -  I l  s o t t o s u o l o  

d e l l a  c i t t à  d i  N a p o l i  -  C a r a t t e r i z z a z i o n e  

g e o t e c n i c a  d e l  t e r r i t o r i o  u r b a n o  -  P r o c e e d  

V i l i  C o n v e g n o  d i  G e o t e c n i c a ;  2 3 3 - 2 5 3 ,  C a ­

g l i a r i  .

C R O C E U . ;  G A L A T E R I  C .  ( 1 9 7 8 )  -  P r o v a  d i  c a r i c o  

o r i z z o n t a l e  s u  d i  u n a  c o p p i a  d i  p a l i  s t r u ­

m e n t a t i  e s e g u i t i  i n  t e r r e n i  v u l c a n i c i  d e l  

N a p o l e t a n o  -  P r o c e e d .  X I I I  C o n v e g n o  N a z i o ­

n a l e  d i  G e o t e c n i c a ;  1 4 9 - 1 5 6 ,  M e r a n o .

E V A N G E L I S T A  A . ;  P E L L E G R I N O  A .  a n d  V I G G I A N I  C .

( 1 9 7 7 )  -  V a r i a b i l i t y  a m o n g  p i l e s  o f  t h e  s a  

m e  F o u n d a t i o n  -  P r o c e e d .  I X  I G S M F E , V .  1 ,

4 9  3 - 5 0 0 ,  T o k y o .

G A L A T E R I  C . ;  P I C A R E L L I  L .  ( 1 9 7 6 )  -  Q u e s t i o n i  d i  

p r o g e t t o  e  d a t i  d e l l ' e s p e r i e n z a  s u l  c o m ­

p o r t a m e n t o  d i  p a l i  t r i v e l l a t i  d i  g r a n d e  

d i a m e t r o  n e l l e  p o z z o l a n e  d e l  N a p o l e t a n o  -  

A u t o s t r a d e  N . 1 0 .

G A R A S S I N O  A . ;  JA M I O L K O W S K I  M . ; P A S Q U A L I N I  E .

( 1 9 7 5 )  -  D e t e r m i n a z i o n e  s p e r i m e n t a l e  d e l  

m o d u l o  d i  r e a z i o n e  o r i z z o n t a l e  d e i  t e r r e ­

n i  s a b b i o s i  m e d i a n t e  p r o v e  d i  c a r i c o  s u  

p a l i .  P r o c e e d .  X I I  C o n v e g n o  N a z i o n a l e  d i  

G e o t e c n i c a ;  3 1 9 - 3 3 3 ,  C o s e n z a .

P E L L E G R I N O  A .  ( 1 9 6 7 )  -  P r o p r i e t à  f i s i c o - m e c c a  

n i c h e  d e i  t e r r e n i  v u l c a n i c i  d e l  N a p o l e t a ­

n o  -  P r o c e e d .  V I I I  C o n v e g n o  d i  G e o t e c n i c a ;  

1 1 3 - 1 4 5 ,  C a g l i a r i .

R E E S E  L . C . ;  C O X  W .R .  a n d  K O O P  F . B .  ( 1 9 7 4 )  -  A -  

n a l y s i s  o f  l a t e r a l l y  l o a d e d  p i l e s  i n  s a n d  -  

P r o c e e d i n g s  o f  t h e  O f f s h o r e  T e c h n o l o g y  C o n  

f e r e n c e ,  H o u s t o n ,  T e x a s ;  p a p e r  N °  O T C  2 0 8 0 .

S A P I O  G . ( 1 9 6 7 )  -  O p e r e  d i  f o n d a z i o n e  n e l l a  c i _ t  

t à  d i  N a p o l i .  T i p i  e  c o m p o r t a m e n t o  -  P r o ­

c e e d .  V I I I  C o n v e g n o  d i  G e o t e c n i c a ;  1 7 7 - 1 9 6 ,  

C a g l i a r i .

S C H E R I L L O  A .  ( 1 9 5 5 )  -  P e t r o g r a f i a  c h i m i c a  d e i  t u  

f i  f l e g r e i :  I I )  t u f o  g i a l l o ,  m a p p a m o n t e ,  p o z^  

z o l a n a  -  R e n d .  A c c .  S c i e n z e  F i s .  e  M a t .  i n  

N a p o l i  -  S e r i e  I V ,  V o l .  X X I I .

S E R S A L E  R .  ( 1 9 5 8 )  -  G e n e s i  e  c o s t i t u z i o n e  d e l  t u  

f o  g i a l l o  n a p o l e t a n o  -  R e n d .  A c c .  S c i e n z e  

F i s .  e  M a t .  i n  N a p o l i ,  S e r i e  I V ,  V o l .  X X V .

T E R Z A G H I  K .  ( 1 9 5 5 )  -  E v a l u a t i o n  o f  C o e f f i c i e n t s  

o f  s u b g r a d e  r e a c t i o n ,  G e o t e c h n i q u e ,  V o l .  5 ,  

N °  4 ;  2 9 7 - 3 2 6 .
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