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C h eva lua tions from  D M TA d iss ipa tion  cu rves 

L ’évalua tion  de C h à  partir des courbes  de  d iss ipa tion  d e  D M TA

S.MARCHETTI, Professor of Soil Mechanics, L’Aquila University, Italy 

G.TOTANI, Research Assistant of Soil Mechanics, L'Aquila University, Italy

S Y N O P S IS : T h e  p a p e r  p re s e n ts  a  te n ta t iv e  m e th o d  fo r  in fe r r in g  ra te  - o f  - c o n s o l id a t io n  p ro p e r t ie s  - in  

p a r t ic u la r  th e  h o r iz o n ta l c o e f f ic ie n t  o f  c o n s o l id a t io n  C h - f r o m  th e  A (t)  d is s ip a t io n  c u r v e s  d e te r m in e d

b y  a  s ta n d a r d  D ila to m e te r .  T h e  m e th o d  u s e s  th e  t im e  T ta  a t th e  c o n t r a f le x u r e  p o in t  o f  th e  A  

v s  lo g  t  d is s ip a t io n  c u r v e  a s  a n  in d e x  o f th e  ra te  o f c o n s o l id a t io n .  D M T A  d is s ip a t io n  c u r v e s  d e te r m in e d

a t a  n u m b e r  o f  d e p o s i ts ,  a m o n g  w h ic h  th e  F u c in o  c la y  a n d  P is a  c la y , a re  p re s e n te d .  S in c e  th e o r ie s

re la t in g  T (iex to  C h a re  p re s e n t ly  u n a v a i la b le ,  a  te n ta t iv e  e m p ir ic a l  c o r r e la t io n  b e tw e e n  Tnel< a n d  C h

h a s  b e e n  s u g g e s te d .  T h e  p a p e r  is  c o n c e r n e d  w ith  th e  e v a lu a t io n  o f Ch in  N C  o r  m o d e r a te ly  O C

c o h e s iv e  s o ils , w ith  re fe re n c e  to  d e c is io n s  c o n c e r n in g  th e  n e c e s s ity  o f  v e r t ic a l d ra in s  a d o p t io n  a n d  

d ra in  s p a c e  d e s ig n .

1 IN T R O D U C T IO N

T h is  p a p e r  p re s e n ts  a  te n ta t iv e  m e th o d  fo r  e v a lu a t in g  

th e  h o r iz o n ta l c o e f f ic ie n t  o f  c o n s o l id a t io n  C h fr o m  

th e  d e c a y  ra te  o f th e  D M T A  d is s ip a t io n  c u rv e .  

S u c h  c u r v e  is  o b ta in e d  b y  p lo t t in g ,  v s  lo g  t im e , 

a  s e q u e n c e  o f f i rs t  r e a d in g s  A  d e te r m in e d  w ith  

a  s ta n d a r d  D ila to m e te r .

T h e  D M T A  d is s ip a t io n s  re fe r re d  to  h e re in  a re  

p e r fo r m e d  b y  ta k in g  o n ly  th e  li f t -o f f  A  re a d in g ,  

d e f la t in g  th e  p re s s u r e  im m e d ia te ly  th e r e a f te r ,  th u s  

o m it t in g  th e  e x p a n s io n  o f  th e  m e m b r a n e  a n d  th e  

B re a d in g  (D M T  b la d e  u s e d  a s  a  " p a s s iv e "  s p a d e  

ce ll) .

T h e  m e th o d  is  d iv e r s e  f ro m  th e  “ D M T C "  m e th o d  

b a s e d  o n  e x p a n s io n - d e f la t io n  c y c le s  A B C , A B C  e tc . 

s tu d ie d  b y  o th e r  re s e a r c h e r s  ( S c h m e r tm a n n ,  1 9 8 8 ; 

R o b e r ts o n ,  1 9 8 8 ; L u te n e g g e r ,  1 9 8 8 ) .

C o n s id e r a t io n  h e re in  is  re s t r ic te d  to  N C  o r  m o d e r a ­

te ly  O C  c o h e s iv e  s o ils .

2  B A S E  O F  T H E  M E T H O D

D M T A  d is s ip a t io n  c u r v e s  h a v e  a lr e a d y  b e e n  p r e s e n ­

te d  in  th e  p a s t  (M a rc h e t t i  e t  a l. , 1 9 8 6 )  in  a  

s tu d y  c o n c e r n e d  w ith  th e  p r e d ic t io n  o f s k in  f r ic t io n  

o f p i le s  d r iv e n  in  c la y . A lr e a d y  a t th a t  t im e  it 

w a s  e v id e n t  th a t  th e  d e c a y  ra te s  o f  A  in  s o ils  

o f d if fe r e n t  p e r m e a b i l i t y  v a r ie d  w id e ly .

S in c e , a t  le a s t in  s o ft  c la y s ,  a n  im p o r ta n t  p r o p o r ­

t io n  o f c r h a g a in s t  th e  b la d e  is  p o r e  p re s s u r e

u, a n d  th e  c r h d e c a y  c o r r e s p o n d s ,  to  a  la rg e  

e x te n t , to  th e  u  d e c a y ,  it s e e m s  lo g ic a l to  e x p e c t  

th e  e x is ta n c e  o f  a t  le a s t a n  a p p r o x im a te  re la t io n s h ip  

b e tw e e n  th e  ra te  o f  d e c a y  o f o ^  a n d  C h (C v 

h a v in g  li tt le  e f fe c t,  a s  d e m o n s t r a te d  b y  C P T U  

re s e a rc h ) .

It m a y  b e  a p p r o p r ia te  to  re m in d  th a t  th e  d e te r m i ­

n a t io n  o f th e  c o e f f ic ie n t  o f  c o n s o l id a t io n  d o e s  n o t 

n e c e s s a r i ly  r e q u i r e  th a t  th e  q u a n t i ty  m e a s u r e d  b e  

u (a n  e x a m p le  is  th e  o e d o m e te r ,  w h e r e  th e  s p e e d  

o f s e t t le m e n t is  l in k e d  to  C v v ia  th e  1 - D  c o n s o ­

l id a t io n  th e o ry ) .

T h e  id e a  o f  in fe r r in g  C h fr o m  th e  d e c a y  ra te

o f  c r h a g a in s t  in  s itu  p r o b e s  is  n o t  n e w . E .g . 

C la rk e  e t a l. (1 9 7 9 )  s tu d ie d  s u c h  m e th o d  in  c o n n e c ­

t io n  w ith  th e  in te rp re ta t io n  o f th e  P re s s u re m e te r  

H o ld in g  T e s t (in  th is  te s t th e  m e m b r a n e  is  h e ld  

f ix e d  a u to m a t ic a l ly  a t th e  in f la te d  ra d iu s  b y  a d ju s t in g  

th e  a p p l ie d  p re s s u re ,  c o n t r o l le d  b y  th e  e le c t ro n ic  

o u tp u t  o f  th e  s tra in  a rm s ) .

T h e o re t ic a l s o lu t io n s  fo r  th e  d e c a y  o f c r h ( to ta l)  

a g a in s t  c y l in d r ic a l  p r o b e s  h a v e  b e e n  o b ta in e d  b y  

C a r te r  e t  a l. (1 9 7 9 ) .

G iv e n  th e  p r e l im in a r y  n a tu r e  o f th e  o u t l in e d  m e ­

th o d ,  th e  c o n t r ib u t io n  o f d r a in e d  c r e e p  to  th e  

c r h d e c a y  h a s  b e e n  ig n o r e d .

3  T H E  E X P E R IM E N T A L  D E T E R M IN A T IO N  O F  T H E  

D M T A  C U R V E S

T h e  D M T A  d is s ip a t io n  c u r v e s  c a n  b e  d e te r m in e d  

w ith  h ig h  a c c u r a c y  a n d  re g u la r i ty ,  a s  i l lu s t ra te d  

b y  v a r io u s  e x a m p le s  in  th is  p a p e r ,  th a n k s  to  th e  

fo l lo w in g  c ir c u m s ta n c e s :

- T h e  m e th o d  o f  c r h d e te r m in a t io n  is  a  b a la n ­

c e  - o f  - z e ro  m e th o d .

- T h e  m e m b r a n e ,  b e in g  fla t, o p p o s e s  a  v e ry  

s m a ll re s is ta n c e  to  lift - o ff .

- T h e  m e m b r a n e  is  a n  a ir -s o i l s e p a ra to r ,  n o t  a  

m e a s u r in g  o r g a n .  T h u s  n o  z e ro  d r i f t  is  o r ig in a te d  

in  th e  b la d e ,  a f fo r d in g  s ta b i l i ty  o v e r  lo n g  p e r io d s  

o f t im e , if r e q u ire d .

- T h e  o n ly  m e a s u r in g  o r g a n  is  th e  g a g e  a t s u r fa c e .  

S in c e  th e  A - r e a d in g s  in  th is  k in d  o f  te s t a re  

g e n e r a l ly  ta k e n  u s in g  th e  lo w  s c a le  g a g e ,  v e ry  

h ig h  a c c u r a c y  is  o b ta in e d  n a tu ra l ly ,  w i th o u t  p a r t i ­

c u la r  e ffo r ts .

- M o n i to r in g  th e  to ta l o~h is  in h e r e n t ly  m u c h  s im ­

p le r  th a n  m o n i to r in g  u (e s p e c ia l ly  in  v e r y  im p e r ­

m e a b le  c la y s ) .

T h e  t im e  s e q u e n c e  g e n e r a l ly  a d o p te d  b y  th e
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a u th o r s  fo r  ta k in g  th e  A - r e a d in g s  is  (in  m in u te s ) :  

(0 .2 5 ) ,  0 .5 ,  1 , 2 , 4 , 8 , 1 5 , 3 0  e tc . T h e  t im e  

o r ig in  is  ta k e n ,  a n d  th e  s to p w a tc h  s ta r te d ,  a t th e  

t im e  w h e n  th e  b la d e  re a c h e s  th e  D M T A  te s t d e p th .

4  F IT T IN G  M E T H O D

B y  a n a lo g y  to  C P T U , o n e  m ig h t  b a s e  th e  in te r p r e ta ­

t io n  o f th e  D M T A  d is s ip a t io n  c u r v e  o n  th e  t im e  

n e c e s s a ry  fo r  5 0 °/o  d e c a y  o f  A  (i.e . t im e  to  re a c h  

A 50). H o w e v e r ,  to  id e n t i f y  A 50, o n e  w o u ld  n e e d  

Ao ( in it ia l v a lu e  o f  A ) a n d  A ,00 ( f in a l v a lu e  o f 

A ). B u t:

- T h e  f irs t  p o r t io n  o f th e  c u rv e ,  u p  to  3 0  to  

6 0  s e c , is  g e n e ra l ly  m is s in g ,  d u e  to  th e  re a d in g  

m e th o d .

- A,go is  g e n e ra l ly  u n k n o w n  (u n l ik e  th e  fin a l e q u i ­

l ib r iu m  u 0 w ith  C P T U )  u n le s s  th e  d is s ip a t io n  

is  c a r r ie d  o u t  u n ti l s ta b i l iz a t io n  o f th e  A - re a d in g  

( to o  t im e  c o n s u m in g ) .

A n  a lte rn a t iv e  " c h a r a c te r is t ic "  t im e , a d o p te d  h e ­

re in , is  T flex, th e  t im e  to  re a c h  th e  c o n t r a f le x u r e  

p o in t  in  th e  A - lo g  t c u rv e .  T h e  u s e  o f Tnex h a s  

s e v e ra l a d v a n ta g e s :

- T (iex is  n o t  a f fe c te d  b y  p o s s ib le  in a c c u r a c ie s  

in  A  A , A B  ( m e m b r a n e  c o r r e c t io n s ) ,  Z m (z e ro  

o f th e  g a g e )  a n d  u 0 (e q u i l ib r iu m  p o r e  p r e s s u ­

re ) . A  c h a n g e  in  th e s e  q u a n t i t ie s  w o u ld  re s u lt 

in  a  v e r t ic a l s h if t  o f  th e  c u rv e ,  le a v in g  u n a f fe c te d  

Tnex-

- Tfl,,* c a n  b e  id e n t i f ie d  w i th o u t  th e  k n o w le d g e  

o f Ao a n d  A 100. th u s  a v o id in g  d u b io u s  b a c k / fo r ­

w a r d  e x tr a p o la t io n s .

T (iel< h a s  th e  g r e a t  p r a c t ic a l a d v a n ta g e  o f  b e in g  

v ir tu a l ly  in d e p e n d e n t  b o th  fr o m  th e  o p e r a to r  a n d  

f r o m  th e  e n g in e e r  p e r fo r m in g  th e  in te rp re ta t io n .

5  IN T E R P R E T A T IO N

Id e a l ly ,  th e  th e o r e t ic a l in te rp re ta t io n  o f  T Bex w o u ld  

re q u i re  th e  a v a i la b i l i ty  o f  a  c o m p le te  s o lu t io n  (to ta l 

s tre s s e s , p o re  p re s s u re s ,  e f fe c t iv e  s tre s s e s  d is t r ib u ­

t io n s )  im m e d ia te ly  a f te r  b la d e  p e n e t r a t io n  a n d  d u r in g  

th e  s u b s e q u e n t  re c o n s o l id a t io n .  In p a r t ic u la r  th e  

fa c e t  o f  th e  th e o r e t ic a l s o lu t io n  n e e d e d  fo r  in te r p r e ­

t in g  Tfiex w o u ld  b e  th e  fa m ily  o f  th e  c rh v s  t im e -  

fa c to r  c u rv e s .  T h e  c o n t r a f le x u r e  p o in ts  o f  th e s e  

c u r v e s  w o u ld  p r o v id e  th e  th e o r e t ic a l  l in k  Tnex to  

C h.

D e s p ite  fa s t  a d v a n c e s  in  th e  f ie ld  (e . g . " s t r a in  

p a th  m e th o d ”  s o lu t io n s  a b le  to  m o d e l th e  p e n e tr a t io n  

o f  th e  D M T  b la d e  h a v e  ju s t  b e e n  d e v e lo p e d ,  

A n  - B in  H u a n g ,  1 9 8 8 )  th e  c o m p le te  th e o r e t ic a l 

s o lu t io n ,  a s  o u t l in e d  a b o v e ,  is  s till u n a v a i la b le .  T h e re ­

fo re ,  a t  p re s e n t ,  th e  C h v s  T flex c o r r e la t io n  c a n  

o n ly  b e  w o r k e d  o u t  e m p ir ic a l ly .

(It is  p o s s ib le  th a t  th e  in t r o d u c t io n  in  th e  C h v s  

T Bex c o r r e la t io n  o f th e  m a te r ia l  in d e x  Id  - a  s o r t  

o f  s t i f fn e s s  o v e r  s t r e n g th  ra t io  - a s  a  p a ra m e te r ,  

m ig h t  im p r o v e  th e  q u a l i ty  o f  th e  p re d ic t io n s .  H o w e ­

v e r ,  in  o r d e r  to  e v a lu a te  s u c h  p o s s ib le  b e n e f i t ,  

re fe re n c e  C h v a lu e s  m u c h  m o r e  a c c u ra te  th a n  th o ­

s e  p re s e n t ly  a v a i la b le  to  th e  a u th o r s  w o u ld  b e  

n e e d e d ) .

6 E X A M P L E S  O F  D M T A  D IS S IP A T IO N  C U R V E S

6.1  F u c in o

T h e  s o il a t th is  s ite  is  n o rm a l ly  c o n s o l id a te d ,  la c u s t r i ­

n e , s l ig h t ly  o rg a n ic ,  m a r k e d ly  a g e d  s il ty  c la y . T y p ic a l ­

ly  P =  1 .5  to  1 .6  t/m 3, P l= 6 0 .

T h is  s ite  is  c u r r e n t ly  b e in g  in te n s e ly  in v e s t ig a te d  

b y  s e v e ra l re s e a r c h  te a m s . E x p e c ta b ly ,  v a r io u s  c o m ­

p a ra t iv e  re s e a r c h  re p o r ts  w il l s o o n  a p p e a r  in  th e  

l i te ra tu re .

S ta n d a r d  D M T  re s u lts  a t  th is  s ite  a re  s h o w n  

in  F ig . 1a . T h e  D M T  - p r e d ic te d  C u p ro f i le  a g re e s  

w e ll w ith  F ie ld  V a n e  re s u lts . T h e  re s u lts  o b ta in e d  

fr o m  s ix  d i f fe r e n t  D M T  s o u n d in g s  a re  p ra t ic a l ly  

id e n t ic a l .  F ig s . 1 b  a n d  1 c  p r e s e n t  e x a m p le s  o f 

D M T A  d is s ip a t io n s  ( th e  O C R  v a lu e s  in d ic a te d  in  

th e s e  f ig u re ,  a s  w e ll a s  in  th e  s im ila r  o n e s  th a t  

fo l lo w , a re  in fe r re d  f r o m  K d  u s in g  th e  M a r c h e t t i ,  

1 9 8 0  c o r r e la t io n s ) .  T h e  D M T A  d ia g r a m s  a ls o  s h o w  

th e  le a s t s q u a r e  3 r d  d e g r e e  p o ly n o m ia l  th r o u g h  

t h e  d a ta  p o in t s  a n d  T tiex r e la t i v e  to  s u c h  

p o ly n o m ia l .

(a)

MATERI AL CONSTRAI NED MODULUS UNDRAI NED SHEAR HORI ZONTAL

*  I NDEX *  (b a r )  *  STRENGTH (b « r )  *  STRESS I NDEXis) (■) (■)

(b )  (c )

F ig . 1. F u c in o :  (a) S ta n d a r d  D M T  re s u lts ;

(b ) a n d  (c ) D M T A  d is s ip a t io n s

T h e  fo l lo w in g  c o m m e n ts  c a n  b e  m a d e :

- T h e  d r o p  in  A  w ith  t im e  is  c o n s id e r a b le .

- T h e  c u r v e s  a re  s m o o th  a n d  s ta b le .

- T h e  c o n t r a f le x u r e  p o in t  is  w e ll d e f in e d .

282



2/30

M o s t o f  th e  Tnex v a lu e s  a t F u c in o  (s e e  F ig . 6) 

a re  in  th e  r a n g e  100 to  200 m in u te s ,  a m o n g  

th e  h ig h e s t  o b s e r v e d  b y  th e  a u th o rs .

6 .2  P is a

T h e  P is a  s u b  s o il is  b y  n o  m e a n s  a  u n ifo rm  

d e p o s it .  It c o n ta in s  m a n y  s i l ty  o r  s a n d y  la y e rs  

o f v e r y  v a r ia b le  th ic k n e s s .  M o r e o v e r  m o v in g  fro m  

o n e  lo c a t io n  to  a n o th e r  th e  d e p th s  a t w h ic h  th e  

m a in  la y e r s  a re  fo u n d  v a ry  c o n s id e r a b ly .

In  v ie w  o f  th e  a b o v e ,  o n ly  te s ts  p e r fo r m e d  

in  w e ll id e n t i f ia b le  la y e rs  a re  u s a b le  fo r  c o m p a r a t iv e  

p u rp o s e s .
In  p a r t ic u la r  o n ly  th e  “ u p p e r  c la y ”  a n d  th e  

“ lo w e r  c la y ”  la y e rs  (F ig . 2 a ) h a v e  b e e n  ta k e n  

in to  c o n s id e r a t io n .  (T h e  D M T  s o u n d in g s ,  fo r  p ra c t ic a l 

c o n s tra in ts ,  h a d  to  b e  p e r fo r m e d  a t s o m e  100 
m  fr o m  th e  T o w e r ) .  D a ta  b y  C r o c e  e t a l. (1 9 8 1 )  

in d ic a te  in  th e  u p p e r  c la y  PI =  3 5  to  4 0 ,  w s :5 0 ,  

in  th e  lo w e r  c la y  P I =  2 5  to  3 5 ,  w = 3 5 .  A  c o m p r e h e n ­

s iv e  c o l le c t io n  o f  s o il p ro p e r t ie s  c a n  a ls o  b e  fo u n d  

in  M itc h e l l  e t a l. (1 9 7 7 ) .  U n fo r tu n a te ly  th e  a u th o r s  

h a v e  b e e n  u n a b le  to  lo c a te  a n y  p u b l is h e d  s p e c i f ic  

in fo rm a t io n  o n  C h.
D M T A  d is s ip a t io n s  in  th e  u p p e r  a n d  lo w e r  c la y  

a re  s h o w n  in  F ig s . 2 b  a n d  2 c  re s p e c t iv e ly .

(a)

MATERI AL

I NDEX

CONSTRAI NED MODULUS UNDRAI NED SHEAR 

»,  ( b. r )

(b ) (C )

F ig . 2 . P is a : (a ) S ta n d a r d  D M T  re s u lts ;

(b ) a n d  (c ) D M T A  d is s ip a t io n s

6 .3  O th e r  S ite s

c a l in fo rm a t io n  w a s  a v a i la b le ,  p r e v e n t in g  a n y  q u a n t i ­

ta t iv e  c o m p a r is o n .

rt)
ja 2

Z  -  9 .7 0  m

V.

+++
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<Tvo- 106bi

la -  0. 42 V
K* -  0.71 

- OCR-  1.6
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T i me ( mi n) T i m e  ( m i n )

F ig . 3 . D M T A  d is s ip a t io n s  a t M a n to v a  a n d  F e r ra ra  

(N o r th e r n  Ita ly )

T h e s e  d is s ip a t io n s  a re  re p o r te d  h e re in  m e r e ly  

fo r  g iv in g  a n  id e a  o f th e  v a r io u s  ty p e s  o f D M T A  

c u r v e s  th a t  m a y  b e  e n c o u n te r e d .

It c a n  b e  n o te d :

- T h o u g h  s o m e  d a ta  p o in ts  d o  n o t a p p e a r  p e r fe c t  

( th e s e  w e r e  c o m m e r c ia l  te s ts , p e r fo r m e d  b y  d r i l ­

le rs  w ith  p r a c t ic a l ly  n o  p re v io u s  e x p e r ie n c e )  th e  

g e n e ra l s h a p e  o f th e  c u r v e  is  w e ll d e f in e d  

o n  th e  w h o le ,  a n d  s o  is  T flex.

- T fiex a t th e s e  s ite s  (a s  in  m o s t  o f  th e  o th e r  

s ite s  in v e s t ig a te d )  a re  c o n s id e r a b ly  lo w e r  th a n  

a t F u c in o .

F ig . 4  s h o w s  th e  D M T A  d is s ip a t io n  a t th e  s ite  

(Q u a ra n to l i)  w h e r e  th e  h ig h e s t  v a lu e  o f T (iex (5 1 0  

m in )  h a s  b e e n  o b s e r v e d ,  s o fa r .

s.
(0

T i me C m i n )

IB___30 88 280 Tf l ex
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F ig . 3  s h o w s  D M T A  d is s ip a t io n s  p e r fo r m e d  in  o th e r  

(n o n - re s e a rc h )  s ite s , w h e r e  o n ly  q u a l i ta t iv e  g e o te c h n i -

F ig . 4 . D M T A  d is s ip a t io n  a t Q u a r a n to l i  (V e ro n a )  

w ith  th e  s c a le  p r o v id in g  a  ra t in g

283



2/30

A  n u m b e r  o f  a d d i t io n a l  e x a m p le s  o f  D M T A  d is s ip a ­

t io n s  c a n  b e  fo u n d  in  M a r c h e t t i  e t a l. (1 9 8 6 ) .

6 .4  N o n  S -s h a p e d  D M T A  c u r v e s

A  re la t iv e ly  s m a ll p r o p o r t io n  (s a y  2 0 °/o ) o f  a ll th e  

D M T A  c u r v e s  k n o w n  to  th e  a u th o r s  r e s e m b le  m o r e  

to  a  s t r a ig h t  l in e  th a n  to  a n  S. T w o  e x a m p le s  

a re  g iv e n  in  F ig . 5 .

F ig . 5 . D M T A  re s u lts  a t  V il la  P o m a  a n d  S. F e lic e  

P o  (n e a r  V e ro n a )

A m o n g  th e  s o il p ro p e r t ie s  p o s s ib ly  re s p o n s ib le  

o f s u c h  s h a p e  o n e  m a y  c o n s id e r  s e c o n d a r y  c o m ­

p re s s ib i l i ty ,  o r g a n ic  c o n te n t ,  p e r m e a b i l i ty  a n d  p o s s ib ly  

o th e rs . U n fo r tu n a te ly  th e  a v a i la b le  g e o te c h n ic a l  in fo r ­

m a t io n  w a s  in s u f f ic ie n t  to  in v e s t ig a te  in  d e p th  th e  

p ro b le m ,  in  p a r t ic u la r  to  e x p lo r e  if a  s t r a ig h t  D M T A  

c u r v e  m a y  b e  in d ic a t iv e  o f s o m e  p r o p e r ty  o f  in te re s t.

7 RATING ON CONSOLIDATION RATE PROPER­

TIES BASED ON Tf l ex

S in c e  D M T A  c u r v e s  (a n d  T flei) a re  e a s y  to  o b ­

ta in , th e  a u th o r s  h a v e  c o l le c te d  th e  re s u lts  o f 

s o m e  6 0  D M T A  d is s ip a t io n  a t s o m e  2 0  s ite s  in  

a  re la t iv e ly  s h o r t  p e r io d .  In c o n t r a s t ,  d i f f ic u lt ie s  w e re  

fo u n d  w h e n  t r y in g  to  lo c a te  r e l ia b le  re fe re n c e  C h 

v a lu e s  (a  c o m m o n  c o m p la in t ) .

In v ie w  o f th e  a b o v e  d if f ic u lt ie s ,  a  f i r s t  s te p  

c o n s id e r e d  o f  s o m e  u s e fu ln e s s  w a s  to  s u b d iv id e  

s o ils  in  g r o u p s  a c c o r d in g  to  T Bex, s e t t in g  u p  T a ­

b le  1 (e q u iv a le n t  to  th e  s c a le  a t th e  b o t to m  o f 

F ig . 4 ) p r o v id in g  a n  e v a lu a t io n  o f th e  ra te  o f 

c o n s o l id a t io n  p r o p e r ty  o f  a  m a te r ia l .

T a b le  1. R a t in g  o n  c o n s o l id a t io n  s p e e d  

b a s e d  o n  Tnex

Tfiex (m in u te s ) C o n s o lid a t io n  ra te

< 10 v e r y  fa s t

10 to 3 0 fa s t

3 0 to 8 0 m e d iu m

8 0 to 200 s lo w

> 200 v e r y  s lo w

In  e s s e n c e ,  w h a t  th e  s c a le  in  F ig . 4  d o e s  

is  to  a s s o c ia te  T ne)i to  v a r io u s  s ite s . Tnex is  th e n  

u s e d  a s  a  l in k  to  e x t r a p o la te  e x p e r ie n c e  fr o m  

o n e  s ite  to  a n o th e r .

T h e  in d ic a t io n s  fr o m  T a b le  1 a re  o b v io u s ly  b ro a d ,  

b u t  th e y  m a y  a lr e a d y  b e  o f h e lp  in  d e s ig n  d e c is io n s .  

E .g . th e  a u th o r s  w o u ld  t o d a y  c o n s id e r  u n n e c e s s a ry  

th e  u s e  o f  v e r t ic a l d r a in s  in  d e p o s i ts  c h a r a c te r iz e d  

b y  Tnex < 1 0  to  1 5  m in .

8 D U R A T IO N  O F  T H E  D M T A  D IS S IP A T IO N S

In  o r d e r  to  d e te r m in e  Tnex it is  n o t  n e c e s s a ry  

to  c a r r y  o u t  th e  d is s ip a t io n  u n ti l th e  A - r e a d in g  

is  s ta b i l iz e d .  T o  a v o id  u n n e e d e d  lo s s  o f  t im e , 

th e  d is s ip a t io n  c a n  b e  s to p p e d  a s  s o o n  a s  th e  

c o n t r a f le x u r e  p o in t  is  c le a r ly  id e n t i f ia b le .  T h is  g e n e r a l ­

ly  o c c u r s  w ith in  tw o  d a ta  p o in ts  a f te r  T (iex (a s s u ­

m in g  a  t im e  in c r e m e n t  ra t io  o f  2 b e tw e e n  s u b s e ­

q u e n t  r e a d in g s ) ,  i.e . w ith in  3  to  4  t im e s  Tnex. 

T h u s  in  m o s t  s o ils  th e  te s t r e q u i r e s  1 to  3  h o u rs . 

In  v e r y  “ s lo w "  c la y s  a  c o n v e n ie n t  a lte rn a t iv e  m a y  

b e  to  p e r fo rm  d is s ip a t io n s  in  p a ra l le l ,  u s in g  tw o  

o r  m o r e  b la d e s .

9  C O M P A R IS O N  O F  T FLEX (D M T A )  W IT H  T 5Q 

(C P T U )  A T  F U C IN O

W ith  th e  in it ia l a im  o f  l in k in g  T„ex to  C h, th e  

v a lu e s  o f T Bex (D M T A )  h a v e  b e e n  c o m p a r e d  w ith  

th e  v a lu e s  o f  T 50 (C P T U ). ( In  th e  C P T U s  th e  

p o r e  p re s s u r e  w a s  m e a s u r e d  o n  th e  fa c e  o f th e  

t ip ) . S u c h  c o m p a r is o n  (F ig . 6 a n d  T a b le  2 ) h a s  

h ig h l ig h te d  s e v e ra l u n e x p e c te d  fe a tu re s  (a n d  p r o ­

b le m s ) ,  to  w h ic h  th is  s e c t io n  is  e n t i r e ly  d e v o te d .  

(It re m a in s  h o w e v e r  to  b e  fo u n d  o u t  if th e  p a r t ic u la r  

c a s e  re p o r te d  h e re in  re f le c ts  a  g e n e ra l  t r e n d ) .

o

5

1 0

? 15
.c
S.
0

Q 20

2 5

3 0

3 5

F ig . 6 . V a lu e s  o f T Bex (D M T A )  c o m p a r e d  w ith  v a ­

lu e s  o f  T 50 (C P T U )  a t F u c in o

T50 a n d  Tfiex (m inutes)
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TABLE 2. Values of T50 (C P T U ) a n d  T ^ O M T )  a t F u c in o

F ro m  in s p e c t io n  o f  F ig . 6 a n d  T a b le  2  it m a y  

b e  n o te d :

1. T h e  a v e r a g e  ( g e o m e tr ic  m e a n )  T BeK (1 5 7  m i ­

n u te s )  is  2 5  t im e s  th e  a v e r a g e  T 50 (C P T U )  (6 .2  

m in u te s ) .  T h is  t r e n d  is  in  th e  s a m e  d ir e c t io n  a s  

in d ic a t io n s  o b ta in a b le  ( in d ir e c t ly )  f r o m  th e  w o rk s  

o f R o b e r ts o n  e t a l. (1 9 8 8 )  a n d  L u te n e g g e r  e t 

a l. (1 9 8 8 ) ,  th o u g h  th e  fa c to r  2 5  a p p e a r s  ra th e r  h ig h .

2 . P r o b a b ly  th e  m o s t  s t r ik in g  fe a tu re  in  F ig .

6 is  th e  huge d iffe rence  in  v a ria b ility  o f  T nex a n d  

T 50. E .g . th e  ra t io  m a x im u m  to  m in im u m  (a f te r  

d is c a r d in g  th e  e x tr e m e s )  is  1 .6 6  fo r  T nel<, 8 .1  fo r  

Tso-

T h e s e  o b s e r v a t io n s  ra is e  s e v e ra l q u e s t io n s ,  p a r t ic u ­

la r ly  c o n c e r n in g  th e  d i f fe r e n c e  in  v a r ia b i l i ty .  T h is  

m a y  b e  e x p la in e d  b y  d i f fe r e n t  a n s w e rs ,  w h ic h  h o w e ­

v e r  re m a in  to  b e  in v e s t ig a te d :

1 . C P T U  p ro f i le s  m o r e  f in e ly  s t r a t ig r a p h ic  d e ta i ls ,  

w h i le  D M T A  re f le c ts  th e  a v e r a g e  c o n s o l id a t io n  o f 

th e  s o il b u lb  fa c in g  th e  m e m b r a n e .  ( H o w e v e r  if 

a  s a y  10 c m  th ic k  s e a m  o f  th e  m o r e  p e r m e a b le  

s o il - o r  o f  th e  m o r e  im p e r m e a b le  s o il - e x is te d , 

it w o u ld  h a v e  s h o w n  u p  a s  a  v e ry - d if fe re n t - f r o m -  

a v e r a g e  T flex. H e n c e  th is  e x p la n a t io n  m a y  n o t  b e  

th e  w h o le  a n s w e r) .

2 . A t  le a s t p a r t  o f  th e  T 50 (C P T U )  v a r ia b i l i t y  

m a y  b e  d u e  to  in h e r e n t  u m e a s u r e m e n t  u n c e r ta in t ie s  

(e s p e c ia l ly  in  c la y s  o f  lo w  p e rm e a b i l i ty ,  a s  th e  

F u c in o  c la y )  d u e  to  im p e r fe c t  s a tu ra t io n ,  g a s  in  

th e  s o il, s m e a r ,  r o d  c la m p in g  e f fe c ts  e tc .

3 . C P T U  d is s ip a t io n s  re f le c t  th e  d is s ip a t io n s  o f

u in  th e  s e a m s  a n d  f is s u re s , w h i le  D M T A  re f le c ts

th e  d is s ip a t io n  o f  th e  a v e r a g e  v a lu e  o f  u (a v e r a g e  

in  th e  f is s u re s  a n d  in  th e  s o il lu m p s ) .

4 . T h e  a v a r a g e  s tra in  in  th e  " v o lu m e  o f  so il 

c o n t r o l l in g  th e  d e c a y ”  is  p r o b a b ly  le s s  w ith  D M T  

th a n  it is  w ith  C P T U . T h is  b e c a u s e ,  in  th e  c a s e  

o f D M T , th e  c h a r a c te r is t ic  d im e n s io n  c o n t r o l l in g  th e  

th ic k n e s s  o f  d is to r te d  s o il ( b la d e  th ic k n e s s )  is  s e v e ra l 

t im e s  le s s  th a n  th e  c h a r a c te r is t ic  d im e n s io n  ( m e m b r a ­

n e  d ia m e te r )  to  w h ic h  th e  d ia m e te r  o f  th e  c o n s o l id a ­

t in g  s o il b u lb  is  p ro p o r t io n a l  ( fo r  c y l in d r ic a l  p r o b e s  

s u c h  c h a r a c te r is t ic  d im e n s io n  is  u n iq u e ) .

T h e  a b o v e  q u e s t io n s  a re  n o t  a c a d e m ic ,  b u t  h a v e  

s tr o n g  d e s ig n  im p lic a t io n s :

- W h ic h  T  p ro f i le ,  if a n y , re f le c ts  m o r e  re a l is t ic a l ly  

th e  v a r ia t io n s  o f th e  o p e r a t iv e  C h?

S in c e  th e  s e le c t io n  o f d e s ig n  p ro f i le s  is  g e n e ra l ly  

p r e c e e d e d  b y  s o m e  " a v e r a g in g "  t r e a tm e n t ,  w o u ld  

th e  " a v e r a g e ”  C h e v a lu a te d  f r o m  D M T A  b e  

a n  a p p r o p r ia te  b a s e  fo r  th e  c h o ic e  o f s u c h  

p ro f i le s ?

1 0  Q U A N T IT A T IV E  L IN K  T FLEX - C h

B e fo re  a t te m p t in g  a n y  c o r r e la t io n  w ith  th e  c o e f f ic ie n t  

o f  c o n s o l id a t io n  C , it is  n e c e s s a ry  to  s p e c i fy  c le a r ly  

th e  " t a r g e t ”  C . It is  in  fa c t  w e ll k n o w n  th a t 

C h * C v (b y  a  fa c to r  th a t  c a n  e a s ily  b e  e .g .  5

- o f  c o u r s e  w id e ly  v a r ia b le  in  v a r io u s  d e p o s its )  

a n d  th a t  C NC *  C oc  (b y  a n o th e r  la r g e  fa c to r  th a t 

can  e a s i ly  b e  e .g . 7  - a g a in  w id e ly  v a r ia b le ) .  

T h u s  in  a  g iv e n  d e p o s it ,  a n d  a lr e a d y  w ith  c o n s id e r a ­

b le  s im p li f ic a t io n ,  o n e  s h o u ld  d is t in g u is h  a t le a s t

4  v a lu e s  o f  C , n a m e ly  Cv n c  Cv.oC' Ch.NC. Ch.oC’ 

w ith  C h,oc =  3 5  Cv.nc  fo r  th e  a b o v e  e x e m p l i f ie d  v a ­

lu e s  o f th e  fa c to rs .  (T h e  g e n e ra l ly  h ig h ,  a n d  v a r ia b le ,  

Ch.oc/Cv.Nc ra t io  m a k e s  th e  c o n v e n t io n a l  o e d o m e te r  

in a d e q u a te  to  e v a lu a te  C hioc)-

In d e e d ,  w h e n  a t te m p t in g  to  l in k  D M T A  to  C  

fo r  th e  F u c in o  c la y , it w a s  fo u n d  th a t  th e  e v a lu a t io n s  

o f C  r e p o r te d  in  th e  l i te r a tu re  ( D ’ E lia  e t a l. , 1 9 7 4 ; 

A G I, 1 9 7 9 )  r a n g e d  b e tw e e n  0 .1  a n d  4 .5  • 10-3 

c m 2 /s e c . T h is  fa c to r  4 5  is  n o t  o v e r ly  s u rp r iz in g  

c o n s id e r in g  th a t  th e  r e p o r te d  C  e s t im a te s  w e re  

d e r iv e d  f r o m  o e d o m e te r s ,  C P T U s  a n d  b a c k  a n a ly s is  

o f  fo u n d a t io n  s e t t le m e n t.  (P a r t ic u la r ly  w h e n  b a c k  

a n a ly s in g  fo u n d a t io n  s e tt le m e n ts , a  lo t o f  s u b je c t iv e  

ju d g m e n t  is  in v o lv e d  to  d e te r m in e  w h ic h  o n e  o f 

th e  C  v a lu e s  is  b e in g  e s t im a te d ,  b e c a u s e  o n e  

h a s  to  e v a lu a te  if th e  w a te r  f lo w  w a s  m o s t ly  

v e r t ic a l /  h o r iz o n ta l /  in  b e tw e e n  a n d  if th e  s tre s s e s  

w e r e  b e lo w  /  a b o v e  /  s t r a d d l in g  o-'p).

S in c e  th e  v a lu e  o f  T flex (D M T A )  in  a  g iv e n  

la y e r  is  u n iq u e ,  w h i le  th e  v a lu e s  o f C  a re  m a n y , 

th e  c o r r e la t io n  s h o u ld  b e  a t te m p te d  w ith  th e  p h y s ic a l ­

ly  c lo s e s t  C  v a lu e , w h ic h ,  fo r  D M T A , is  C h0c 

(a s  d e m o n s t r a te d  b y  C P T U  re s e a rc h ) .

B y  a n a lo g y  to  o e d o m e te r  a n d  C P T U  m e th o d s ,  

it s e e m s  lo g ic a l to  s e a rc h  th e  c o r r e la t io n  in  th e  fo rm :

C h,oc • T„ex =  c o n s ta n t  (1 )

w h ic h ,  to  b e  d e f in e d  q u a n t i ta t iv e ly ,  ju s t  r e q u ire s  

th e  e v a lu a t io n  o f  th e  c o n s ta n t .

B y  a n a ly s is  o f  a l l  a v a i la b le  c o m p a r a t iv e  

Ch.oc ■ Tflex d a ta  (u n fo r tu n a te ly  in  q u a n t i t y  a n d  q u a l i ­

t y  c o n s id e r e d  u n s a t is fa c to ry  - e s p e c ia l ly  b e c a u s e  

c o n s id e r a b le  s u b je c t iv e  ju d g m e n t  h a d  to  b e  e x e r c i ­

s e d  to  in d i r e c t ly  e v a lu a te  C hioc). in c lu d in g  d a ta  

b y  L u te n e g g e r  (1 9 8 8 ) ,  L u te n e g g e r  e t  a l. (1 9 8 8 ) , 

R o b e r ts o n  e t a l. (1 9 8 8 ) ,  th e  c o n s ta n t  w a s  e v a lu a te d  

to  b e  in  th e  r a n g e  5  to  1 0  c m 2, i.e .:

Ch.oc • T„ex =  5  to  10 c m a  (2)

E q . 2  s h o u ld  b e  r e g a r d e d  v e ry  c a u t io u s ly ,  a n d  

s h o u ld  b e  c o n s id e r e d  a  s ta r t in g  p o in t  fo r  c a ta ly z in g  

fu r th e r  e x p e r ie n c e .

In  o r d e r  to  a v o id  a n y  c o n c e p tu a l  m is u n d e r s ta n ­

d in g ,  th e  u s e r  o f  E q . 2  s h o u ld  c le a r ly  b e a r  in 

m in d  th a t  th e  c o e f f ic ie n t  o f  c o n s o l id a t io n  th a t  E q .

2 t r ie s  to  e v a lu a te  is  C h.oc ■ Ch.oc ( h o w e v e r  o b ta i ­

n e d )  s h o u ld  b e  d e c r e a s e d  b y  s e v e ra l t im e s  (in  

g e n e ra l)  fo r  a p p l ic a t io n  to  a  p r o b le m  o f e s s e n t ia l ly  

v e r t ic a l f lo w  a n d  fu r th e r  ( c o n s id e ra b ly )  d e c r e a s e d  

in  p r o b le m s  w h e r e  th e  s e t t le m e n t ta k e s  p la c e  p r e d o ­

m in a n t ly  in  v i r g in  c o m p r e s s io n .

DMT
No.

Z
(m)

T fle x

(min)

3 5.0 207
3 15.0 133
4 20.0 125
4 30.0 98
5 10.0 179
5 25.0 143
6 5.0 256
6 7.6 180
6 10.0 153
6 15.0 148

CPTU
No.

1

(m)
T50
(min)

2 7.30 5.95
2 11.00 7.50
2 21.40 10.10
2 30.30 3.10
2 35.30 3.18
3 5.50 18.97
3 10.30 4.13
3 13.55 0.52
3 15.30 20.75
3 20.30 42.95
3 25.30 8.30
3 30.30 2.57
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(1 ) T h e  D M T A  d is s ip a t io n  c u rv e s ,  o b ta in e d  w ith  

a  s im p le  p r o c e d u r e  b y  u s in g  a  s ta n d a r d  d i la to m e te r ,  

a re  in  g e n e ra l s ta b le  a n d  s m o o th .

(2 ) T h e  d e c a y  ra te s  o f s u c h  c u r v e s  v a ry  c o n s id e ­

r a b ly  in  d e p o s i ts  o f  d i f fe r e n t  p e rm e a b i l i t ie s .  T h is  

p a p e r  s u g g e s ts  u s in g  T nex ( t im e  to  re a c h  th e  c o n -  

t r a f le x u re  p o in t  in  th e  D M T A  c u rv e )  a s  a n  in d e x  

o f  th e  c o n s o l id a t io n  s p e e d  o f th e  s o il.

(3 ) T h e  t im e  T (|0X, in  N C  to  m o d e r a te ly  O C  

c o h e s iv e  s o ils , is  g e n e r a l ly  w e ll d e f in e d ,  v ir tu a l ly  

in d e p e n d e n t  b o th  f r o m  th e  o p e r a to r  a n d  f r o m  th e  

e n g in e e r  p e r fo r m in g  th e  in te rp re ta t io n .  Tne)< h a s  a l ­

s o  b e e n  o b s e r v e d  to  b e  h ig h ly  r e p r o d u c ib le .

(4 ) T fle„ re p re s e n ts  a n  in d e x  w h ic h  m a y  b e  u s e d  

fo r  e x t r a p o la t in g ,  a p p r o x im a te ly ,  f ie ld  e x p e r ie n c e  fro m  

o n e  s ite  to  a n o th e r .  T h e  p r o p o s e d  T a b le  1 s u b d iv i ­

d e s  s o ils  in  g r o u p s  a c c o r d in g  to  T flex, a n d  p r o v i ­

d e s  a p p r o x im a te  ra t in g s  o f th e  c o n s o l id a t io n  s p e e d  

o f th e  te s te d  m a te r ia l .

(5 ) T h e  te n ta t iv e  c o r r e la t io n  C h,oc v s  T tex p r e ­

s e n t ly  u s e d  b y  th e  a u th o rs ,  b a s e d  o n  th e  l im ite d  

r e fe re n c e  C h0c in fo rm a t io n  a v a i la b le  to  th e m , h a s  

b e e n  in d ic a te d  (E q . 2 ).

(6 ) E q . 2  n e e d s  c o n s id e r a b le  fu r th e r  e v a lu a t io n ,  

w h ic h  r e q u i r e s  p e r fo r m in g  D M T A  d is s ip a t io n s  a t 

a  n u m b e r  o f  s ite s  w h e re  re l ia b le  C h,oc r e fe re n c e  

d a ta  a re  a v a i la b le .
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