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S U M M A R Y

As  a continuation of the works  submitte d to the Four th and 

F ifth  Congresses, a varie ty o f dynamic and static pene trometers  

were used in a series o f tests conducted in a shaft, filled with 

sand and having a depth of 5.5 m, to compare  the ir resistances 

of pe ne tra tion. In  addition, the  data gathered dur ing the field 

tests conducte d dur ing the las t twelve years were used to 

asce rtain the  re lat ion between the numbe r  o f blows  of the 

s tandard pene trometer, the  cone resistance of a s tatic pene tro ­

meter, the  density and the  compres s ibility o f sand with the aid 

of s tatis tical me thods  (corr e lat ion calcula t ion) and the r e lation ­

ships es tablished by Mous sa. Othe r  tests were also conducted 

to ascertain the  influence  of the  ground water level on (he 

numbe r  o f blows  and the cone  resistance.

S O M M A IR E

Donna nt  suite aux éludes  présentées lors  du 4e et du 5e con­

grès, nous  avons  comparé les résistances à la pénétra t ion de 

différentes  sondes statiques  et dynamiques  dans  lin puits  de  5,5 m 

de profonde ur  et r e mpli de sable . A l’aide  de méthodes  sta ­

tis tiques (calcul de  cor ré la t ions ), des re lations  de Mous sa et 

de  ces mesures, en plus  de  celles que  nous  avons  faites  au cours  

des douze  dernières années  dans  les sols nature ls , nous  avons  
essayé d 'é tablir  des re lations , entre  le nombre  de coups  du péné-  

tromètre  s tandard, la  résis tance de pointe  d ’un pénétromètr e  

s tatique , la densité et la compres s ibilité du sable. En outre , nous  

avons  é tudié l’influence  du niveau phréat ique  sur le  nombre  de 

coups  et sur la résis tance de pointe .

t h i s  r e p o r t  s e r v e s  as a c o n t in ua t io n  o f the  r e por ts  on 

s ounding s  s ubm it te d pr e vious ly  (S c hu ltze  a nd  Me n ze n b a c h , 

1961 ; Schultze  a nd  Knaus e nbe rg e r , 1 9 5 7 ). Subs e que nt  to 

these  r e por ts  va r io us  tests we re  co nd uc te d  on non- cohes ive  

s oil in  a  s h a ft  s pe c ia lly  cons t ruc te d fo r  this  purpos e . In  

a d d it io n  to  this , the  r e sults  o f d y n a m ic  s ounding s  c ond uc te d 

a t  c o ns tr uc t io n s ites  we re  e va lua te d.

T E S T S

T es ting e quipm e nt.  F o r  the  purp os e  o f c o nd uc tin g  s pe cial 

e x pe r ime nts , a  s ha ft , w ith  a diam e t e r  o f 3 .0  m  a nd  an 

e ffe ctive  de p th  o f 5.5 m , was  cons truc te d in the  ins t itute  

o f Aa c h e n  (F ig . 1 ). T he  lo a d in g  de vice  was  a nc ho r e d  to 

the  bas e  o f the  s ha ft . T he  s ha ft  c o u ld  be  s ubme rg e d, so th a t  

tes ts  c o u ld  a ls o be  c ond uc te d be lo w  the  g ro undw a te r  le ve l.

Soil. T he  tests we re  co nd uc te d  in  a s and, w h ic h  ac co r ding  

to  the  g r o up in g  o f Sch ultze  a n d  Mo us s a  (1 9 6 1 ) be longs  to  

g r oup  I (F ig . 2 ) .  T he  mo is tu r e  c ont e n t  was  be twe e n 0 a nd

6 pe r  ce nt  d u r in g  the  ins ta lla t ion.

De ns ity . T he  s and was  ins e rte d in laye r s  o f 20  c m  a nd  

compre s s e d w ith  the  a id o f a s ur face  v ib r a to r  to the  de s ir ed 

de gre e . D u r in g  the  tes ts , the  s ha ft  was  fille d u p  twice . T he  

de ns ity  va r ie d  w ith  the  de p th  (T a b le  I ) .  S m a ll s ample s  we re  

e x tr acte d a t diffe r e nt  leve ls  fo r  the  purp os e  o f m a k in g  a 

r o ug h  e s t ima te  o f the ir  de ns itie s . W it h  the  a id  o f  is o top ic  

s ound ing s , the  de ns ity  c o u ld  be  a s ce r ta ine d w ith  a  h ig he r  

de gree  o f accur acy , y- pe ne trome te r s  we re  us e d fo r  d e te r m in ­

ing  the  b u lk  spe cific  we igh t , a nd  ne utron- pe ne trome te r s  we re  

us e d fo r  the  de te rm in a tio n  o f the  m o is tur e  conte nt . F r o m  

the  me as ur e me nts , the  dr y  s pe c ific w e igh t  a nd  the  r e la t ive  

de ns ity  c o u ld  be  e s t ima te d.

Groundw ate r leve l. F o r  the  firs t in s t a lla t io n  the  w or k

was  co nd uc te d  w ith  the  fo llo w ing  g r o undw a te r  leve ls : —5.5 m  

(i.e ., dr y  s h a ft ) , —3.4  m , a n d  —2.0  m . D u r in g  the  s e cond 

in s t a lla t io n  w ork  was  co nd uc te d  in it ia lly  w ith  a  dry  s ha ft , 

a n d  the n w ith  a g ro undw a te r  le ve l o f —2.0  m  (in  bo th  cases 

me as ure d fr o m  the  top edge  o f the  s h a ft ) .

Pe ne trome te rs . T w o  diffe r e nt  types  o f pe ne trome te r s , s ta t ic  

a n d  dy na m ic , we re  use d fo r  the  s ake  o f c o m pa r is o n  

(T a b le  I I ) .

Re adings . T he  d y na m ic  pe ne trome te r s  we re  us e d fo r  

me as ur in g  the  n u m b e r  o f blows  n fo r  a p a r t ic u la r  de p th  t, 

te rm e d  n / t ,  whe re as  the  s ta t ic  pe ne trome te r s  s e rve d fo r  the  

purp os e  o f me as ur in g  the  cone  r e s is tance  qH. T h e  ve r t ica l 

dis tance s  be twe e n the  po in ts  o f me as ure me n ts  we re  e nte r e d 

in the  las t c o lu m n  o f T a b le  II.  T he  h o r izo n ta l dis tance s  

be twe e n the  in d iv id u a l pe ne tro me te r s  in  the  s ha ft  we re  not  

less th a n  0 .5  m.

O B S E R V A T IO N S  IN  T H E  F IE L D

Card  inde x . Re s u lts  o f va r io us  pe ne tr a t io n  tests fr o m  

s oil e x p lo ra t ions  a t  c o ns tr uc t io n sites  we re  fille d in  the  inde x  

ca rds . As  a  r e s ult  o f the  a p p lic a t io n  o f a  s tr ic t s ta nda rd , 

twe n ty  inde x  cards  we re  s e le c te d, w h ic h  gave  fu ll in fo r m a ­

t io n  a b o u t  the  re s ults  o f the  s t a nd a r d pe ne tr a t io n  tes ts , 

a lo ng  w ith  co mple te  da ta  a b o u t  the  na tu r e  o f the  s oil.

T est results . Be s ide s  the  n u m b e r  o f the  blows , the  files  

c o n ta in e d  e x act  da t a  a b o u t  the  v o id  r a t ios  a n d  e x te nde d to 

cove r  s and soils  (F ig . 2 ) .

E V A L U A T IO N

Corre lation Calc ulat ion

In  o rd e r  to e s tablis h th e  r e la t io ns  be twe e n the  tes t r esults , 

e s pe c ia lly  be twe e n de ns ity  a nd  s o un d ing  r e s is tance , sub-
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f i g . 1 . Shaft  for  tests.

s ta nt ia l us e  was  m a d e  o f  the  co r r e la t ion  c a lc u la t io n . A t  the  

e nd  o f  e ach o f  the  e q ua tio ns  de r ive d fr o m  this , th e  to ta l 

coe ffic ie nt  o f  co r r e la t ion  R  a nd  th e  n u m b e r  o f tes ts  N  are  

b o th  g ive n. T he  s ta nda r d  d e v ia t io n  o f the  s e pa ra te  e qua t io ns  

is  m a rk e d  a t  the  e nd w ith  the  s ign ± . As  the  r e s ults  ar e  

de pe n de nt  o n  th e  ove r bu rd e n pre s s ure  y t  the  r ang e  o f 

v a lid it y  o f  the  ove r bu rd e n pre s s ure , fo r  w h ic h  the  e qua t io ns  

a r e  v a lid , is  a ls o g ive n.

As  a  r e s ult  o f  the  r e la t ive  s m a ll de p th  o f the  s ha ft , the

r e s ults  e x te nd fo r  the  mo s t  pa r t  t o  the  laye r s  ne a r  the  s ur ­

fa ce , in  w h ic h  the  c r it ic a l de p th  o f  the  s pe c ific  pe ne trom e te r , 

a c c o r d ing  to  D e  Be e r  (1 9 6 3 ) ,  is  n o t  r e ache d.

De ns ity

F ir s t ly , a  r e la t io n  was  e s tablis he d fo r  the  r e la t ive  de ns ity  

D r fr o m  the  e x pe r im e n ta l re s ults  o f  the  d y n a m ic  pe ne tr o ­

me te r  11 a n d  the  s ta t ic  pe ne tro m e te r  21 fo r  s uch me as ure ­

me nts  w h ic h  we re  tak e n  above  the  le ve l o f the  gr ound w ate r . 

T h e  r e la t ive  de ns ity  D r h a d  be e n me as ure d with  is o top ic  

pe ne trome te r s .

Dy n am ic  pe ne trom e te r 11. T h e  ove r burd e n  pre s s ure  y t  

influe nce s  the  pe ne tro m e te r  r e s ults  as  lo ng  as  th e  s ounding s  

s t ill lie  w it h in  the  c r it ic a l de p th , s ince  the n one  m us t  c a lc u ­

la t e  w it h  a line a r  inc r e as e  in  the  n u m b e r  o f  b lo w s  e ve n 

und e r  c o nd it io ns  o f  co ns ta n t  de ns ity . T h e  influe nce  o f  y t  

d is appe a r s  be low  the  c r it ic a l de p th . T he  r e la t io n is  as  fo llo ws  

(F ig . 3 ) :

D r =  0 .31 7  T og n  -  0 .2 2 6 - y /  +  0 .3 9 2  ±  0 .06 7 . (1 )

T he  to ta l coe ffic ie nt  o f  c o r r e la t ion  is  R  =  0 .70 5  w ith  a 

nu m b e r  o f  tes ts  N  =  67 . T he  e qua tio n  is  v a lid  fo r  va lue s  

y t  fr o m  0  to  1.2 k g / s q .c m . U n it s :  D r w it h o u t  unit s , n  in 

rt30, y t  in  k g / s q .c m .

S tatic  pe ne trom e te r 21 . T he  c o r r e s p ond in g  e q ua tio n  is  

(F ig . 4 ) :

D r =  0 .3 5 1 - log ç s -  0 .421  - y t  +  0 .071  ±  0 .067  (2 )

R  =  0 .7 2 5 , N  =  90 , v a lid  fr o m  y t  =  0  to  0 .8 0  k g / s q .c m . 

Un its :  D r w ith o u t  units , a n d  y t  in  k g / s q .c m .

T A B L li I .  D IS T R IB U T IO N ’ O F  THI- 1 R  I- 'L A T I VI C D K X S IT Y  I ) ,

O V IiR  T UI-  DICI’T II O F  T UI-  S H A F T

I) t
Ins ta lla t ion De pth (»/) to from to

1 1.6 0 .35 0 .40
3 .0 0 .70 _
4.0 0 .40 0 .50
0.0 0 .55 0 .75

2 2 .0 0 .60 0 .70
3 .0 0 .50 0 .60
4 .5 0 .50 0 .70
o . ;> 0 .50 -

— ■ ■ G r a in  s iz e  D I m m l

f i g . 2. Zone  o f the  tested gra in s ize  dis tr ibution curves.

355



T A B L E  I I .  T E C H N IC A L  D A T A  O F  T H E  E M P L O Y E D  P E N E T R O M E T E R S

T ype  of

Cone  of pene trometer 

Cross-
Diame te r  section Pointe d 

d F  angle

Diame te r  
of rod 
¿1

We igh t
of

hamme r
R

He ight  
of fall

It Measured

Dr iving
work

A

Ve rtical
dis tance

of
measured 
points  a

No. pe ne tromete r (mm) (sq.cm.) a (mm) (kg) (cm) value (kg/s q.cm.) (cm)

Standa rd pene tromete r  
He avy  dynamic  

pene tromete r  
Lig h t  dynamic 

pene trometer

Sta t ic  pene trometer
1 (Gouda)

Sta t ic  pene tromete r
2 (Maihak)

Dy namic penetrometers
51 .0 20..4 60 — 63.5 76 .2 n3o 8.0 11

43 .7 15 90 32 50 50 «20 8 .4  n

35 .6 10 60 20 10 50 «20 2 .5  n

Static penetrometers

36 10 60 36 - - q» -

36 10 60 30 — — q«. —

«20 =  numbe r  of blows  for pe ne tra tion t = 20 cm. 
nao =  numbe r  of blows  for pe ne tra tion t = 30 cm. 
qa = cone resistance (kg/s q.cm.).
A =  dr iving work =  (R .h / F) X (n / t )

SchuLtze- Menzenbach(1961)

10 20 30 ¿0 50 

Number of blows n Tn^]

f i g . 3. Re lat ions hip between the  r e lative  dens ity D t, the 

overburde n pressure  y t , and the  numbe r  of blows  n  o f 

the  dynamic pene tromete r  11 in sands  without  ground ­

water.

M o dulus  o f  Com pre s s ibility  

In  p r e v io us  inv e s t ig a t ions  (S c h u lt ze  a n d  Me n ze n b a c h , 

1 9 61 ) th e  m o d u lu s  o f  c o m pr e s s ibility  wa s  de te rm ine d  by  

e x tr ac t ing  und is tu r b e d  s oil s am ple s  fr o m  the  im m e d ia te  

ne ig h b o u r h o o d  o f  the  pe ne tr a t io n  tes ts  a n d  compr e s s ing  

th e m  in  the  c ompre s s io n appa ra tus . A  r e la t io ns h ip  was  the n 

e s tablis he d be twe e n th e  m o d u lu s  o f c o mpr e s s ibility  (t a ng e n t  

m o d u lu s ) a n d  the  n u m b e r  o f  blow s . Since  the  va lue s  o f  the  

m o d u lu s  o f  c o m pr e s s ibility  we re  p a r t ic u la r ly  po o r , it  was

as s ume d tha t  as  a r e s ult  o f its  s e ns it ive ne s s , the  s and was  n o  

lo ng e r  in  a n  und is tu rb e d  s ta te  a fte r  e x tr ac t io n a n d  ins ta l­

la t io n  in t o  th e  co mpr e s s io n ap pa r a tu s , a n d  t h a t  the r e for e  the  

co mpr e s s ibility  was  de te rm ine d  fo r  a p a r t ia lly  dis turb e d  

s ta te . In  o r de r  t o  o b ta in  be t te r  r e sults , the  pr e s e nt  inve s t iga ­

t io ns  use d an o the r  m e th o d , s o as  to  o ve r co m e  th e  int e r ­

fe r e nce  caus e d by  e x tr ac t ion a nd  in s t a lla t io n .

Calc ulat ion . Ac c o r d in g  to  Sc hu lt ze  a n d  Mo us s a  (1 9 6 1 , 

T a b le  I )  the  m o d u lu s  o f  c o mpr e s s ibility  c o u ld  be  c o m p u te d  

fr o m  the  n a t u r a l voids  r a t io  e, a nd  the  vo id s  r a t io  emnx in  

the  loos e s t  s ta te  a n d  e mln in  th e  de nse s t s tate .

f i g . 4 .  Re lat ions hip between the  re lative  dens ity D T, the  ove r ­

burde n pressure  y t ,  and the  cone  resis tance qH o f the  s tatic 

pene trome te r  21 in sands without  groundwate r .
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In  the  e q ua tio ns  o f Mo us s a , de r ive d a fte r  pe r fo r m in g  

s ys te ma tic  tes ts  o n  va r ious  s ands  in  the  la bo r a to r y , one  

c o u ld  s ubs t itute  th e  va lue  0 .5 2 2  fo r  w  fo r  the  pr e s e nt  s o il in 

the  e q ua t io n  o f  the  t an ge n t  m o d u lu s  E s =  l / m r =  v & ".  

T he  o r de r  o f  m a g n itu d e  fo r  w  cor r e s po nds  w ith  t h a t  de te r ­

m ine d  by  C h a p lin  (1 9 6 1 ) .  T he r e for e  the  e q ua tio n  fo r  the  

m o d u lu s  o f  co m pr e s s ib ility  is

E& = \/mv = v <t 0 -52-'. ( 3 )

T h e  coe ffic ie nt  v c o u ld  be  de te rm ine d , a c c o r d ing  to  the  

e q ua tio ns  o f  Mo us s a , fr o m  the  vo id s  r a t io  fo r  the  s ame  de p th  

o f the  r e ad ing s  o f  th e  pe ne tr a t io n tes ts . In  this  w a y  it  was  

pos s ible , w it h  the  a id  o f  is o to p ic  s o unding s , t o  de te rm ine  

the  m o d u lu s  o f  c o mpr e s s ibility  (t a n g e n t  m o d u lu s ) o f  the  

s o il fo r  e ve ry  de p th . T h e  e r rors  t h a t  a ros e  fr o m  the  c o m ­

pr e s s ion tes ts  w it h  th e  so- calle d und is tu rb e d  s ample s  o f  s and 

van is he d. T he  diffe r e nt  va lue s  o f  the  coe ffic ie nt  v, de te rm ine d  

in  this  wa y , we re  co m p a r e d  w ith  the  n u m b e r  o f blows  o f  the  

d y n a m ic  pe ne tr om e te r  11 , a n d  the  cone - re s is tance  va lue s  o f 

th e  s ta t ic  pe ne tro m e te r  21 , fo r  me as ur e me nts  ta ke n  above  

the  g r o und w a te r  le ve l.

f ig . 5. Re lat ions hip between the  coefficient v or the  

modulus  o f compre s s ibility =  l / m v fo r  a =  1.0 k g /  

s q.cm., the  ove rburde n pressure y t ,  and the  numbe r  of 

blows n  o f the  dynamic pene tromete r  11 in sands  with ­

out  groundwate r .

Dy n am ic  pe ne trom e te r 11 . T h e  e q ua tio n  is  (F ig . 5 ) :

v =  246.2 - log n  — 263.4 - y t  +  375.6 ±  57.6 (4 )

T his  r e la t io ns h ip  is  va lid  fo r  the  coe ffic ie nt  v as  w e ll as  

the  m o d u lu s  o f  c o mpr e s s ibility  £ s fo r  cr =  1. T o ta l coe ffic ie nt  

o f  c o r r e la t ion : R  =  0.730; n u m b e r  o f  te s ts : N  =  77, v a lid

fr o m  y t  =  0  to  1.2 k g / s q .c m . U n its :  v w ith o u t  units , n  in  

nm , y t  in k g / s q .c m .

S tatic  pe ne trom e te r 2 1 . T he  c o r r e s p ond in g  e q ua tio n  fo r  v 

is  (F ig . 6) :

v =  301.1  lo g  q„ -  3 8 2 .3 - y t  +  60 .3  ±  50 .3  (5 )

T o ta l coe ffic ie nt  o f  c o r r e la t ion : R  =  0 .7 7 8 ; n u m b e r  o f 

tes ts : N  =  90 , v a lid  fr o m  y t  =  0  t o  0 .8  k g / s q .c m . U n its :  

v w ith o u t  unit s , a n d  y t  in  k g / s q .c m .

f i g . 6. Re la tions hip be tween the  coefficient v o r  the  modulus  o f 

compres s ibility £ s =  1 / m v for  cr =  1.0 kg / s q.cm., the  ove r ­

burde n pressure y t ,  and the  cone  resis tance o f the static 

pene trome te r  21 in sands  without  groundwate r.

Re lat ions h ip  be twe e n the  Dy n am ic  an d  S tatic  Pe ne trome te rs  

F o r  bo th  pe ne trome te r s , the  fo llo w in g  r e la t io ns h ip  was  

e s tablis he d be twe e n the  co ne  r e s is tance  a nd the  n u m b e r  o f 

blows  (F ig . 7 ) :

lo g ? s =  0 .9 8 2 - lo g « +  1 .028 ±  0 .10 2  (6a )

lo g  n  =  0 .8 5 6  lo g  q s — 0 .7 1 4  ±  0 .0 9 6  (6b )

Coe ffic ie nt  o f  co r r e la t ion  r  =  0 .9 1 7 ; n u m b e r  o f  te s ts : N  =  

52 . U n it s :  n in  n-Mh in  k g / s q .c m . T h is  r e s ult  ap p r o x i­

m a te ly  satis fies  th e  e q ua t io n  <7* =  10 n.

In f lue nc e  o f  the  Groundw ate r

F o r  a ll five  type s  o f  pe ne trome te r s  us e d d u r in g  the  in ­

ve s t iga t io n, one  s aw a  no tice a ble  change  in the  me as u re ­

me nts  a fte r  the  g r o undw a te r  le ve l was  pe ne t r a te d : und e r  the  

g r o undw a te r  le ve l the  s o un d ing  re s is tance s  de c re as ed.
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f i g . 7 .  Relat ions hip between the  cone  resistance qg o f 

the s tatic pene trome te r  21 and the numbe r  o f blows  n 

o f the  dynamic  pene trome te r  11 for  cohes ionless  soils .

COM P ARIS ON  W IT H  T H E  RES ULT S  OF  OT HE R INVE S T IGAT ION S

De ns ity . T h e  e q ua tio n  ( 2 )  g ive n  by  Sc hu lt ze  a n d  Me nze n-  

b a c h  (1 96 1), s h o u ld  be  r e p lac e d b y  E q  (1 ) o f th is  pap e r . T he  

r e as on fo r  this  s ubs t itu t ion  is  th a t  the  e x tr ac t ion  o f  the  

und is tu rb e d  s am ple s  fr o m  the  bore hole s  caus e d una v o id a b le  

int e r fe r e nce s  w h ic h  le ad  to  a  ch a ng e  in  th e  de ns ity . T he  

d a ta  fo r  the  de ns ity  s upp lie d  b y  th e  is o top ic  me as ure me nts  

we re  m o r e  e xact . F o r  this  r e ason, a  cor r e c te d r e la t ions hip  

h a d  to  be  e s tablis he d.

M o d u lus  o f  compre s s ibility . T he  r e la t io ns h ip  be twe e n th e  

n u m b e r  o f  blow s  o f  the  s t a nd a r d pe ne t rom e te r  a n d  the  

m o d u lu s  o f  co mpre s s ibility  o f  th e  s o il t h a t  was  p ub lis he d  

as E q u a t io n  (1 )  fo r  g r o up  3 (S c h u lt ze  and Me n ze n b a c h ,

1 9 61 ) s h o u ld  be  r e place d by  th e  fo r e g o in g  E q  ( 4 ) .  N o t  

o n ly  th e  inte r fe r e nce s  r e s ult ing  fr o m  the  e x tr ac t io n o f the  

s o- calle d und is tu r b e d  s am ple s  o f s and ar e  co ns ide re d, b u t  

a ls o  th e  inte r fe r e nce s  r e s ult ing  fr o m  the  ins t a lla t io n  o f  the  

s a m ple  in to  th e  co mpre s s io n a ppa r a tus , a nd  the  ca r ry ing- out  

o f the  co mpre s s io n tes t. T he  e q ua tio ns  o f  Mo us s a  th a t  we re  

cons tr uc te d  a fte r  c o nd uc t in g  num e r o us  com pre s s ion  tests 

o n  dis tu rbe d s oil, whos e  pro pe r t ie s  we re  we ll k n o w n , we re  

us e d ins te ad o f  th e  com pre s s ion  tests.

A  co m p a r is o n  o f  the  abs olut e  va lue s  r e s u lt in g  fr o m  the  

tw o  e q ua tio ns  fo r  a n  ove r bu rd e n pre s s ure  y t  =  1.0 k g /  

s q .c m . s hows  th a t  the  m o d u lu s  o f  c o mpr e s s ibility  o f  the

tes ts  und e r  r e vie w, ha s  inc r e as e d ne a r ly  tw o fo ld  as  c o m ­

p a r e d  to  th e  e a r lie r  re s ults  (F ig . 5 ) .  In  this  w a y , o u r  

ob je c t io n th a t  th e  r e s ults  o f fo r m e r  inve s t ig a t ions  la y  too  

m u c h  o n  the  s a fe  s ide  was  jus t ifie d.

N um b e r o f  blow s  an d  cone  res is tance . T h e  p ic s e n t  inve s t i­

g a t ions  c o n fir m  the  r e la t io ns h ip  e s tablis he d by  Me ig h  a n d  

N ix o n  (1 9 6 1 ) .  O n  the  o the r  h a n d , th e  r e la t io ns hips  e s tab ­

lis he d b y  Me y e r h o f (1 9 5 6 )  a n d  Me n ze n b a c h  (1 9 5 9 ) do  

n o t  cor r e s pond  w it h  th e  pr e s e nt  inve s t ig a t ions . T h e  r e as ons  

fo r  this  de v ia t io n  s e e m to  lie  in  the  fa c t  t h a t  the  tes ts  me n-  

t ione d  b y  Me ig h  a nd  N ix o n  in  the ir  r e por t , a n d  in  the  

pr e s e nt  r e p o r t , we re  c ond uc te d o n  a s ingle  s an d, whe re as  

Me y e r h o f a n d  Me n ze n b a c h  ha ve  e va lua t e d  a se ries  o f  tes ts  

o n  va r ie t ie s  o f  s ands . It  was  na tu r a l tha t  thes e  r e s ults  we re  

no t  so e x ac t , be caus e  the  r e la t ions hips  a re  e v id e n tly  de pe n ­

de n t  o n  th e  va r io us  g r a in  s ize  dis tr ibu tio ns  o f th e  te s te d 

s ands .

C ON C LU S ION

T he  inv e s t ig a t ions  w ill be  co n t in ue d  in  o r de r  to  e x plore  

the  va r io us  fa c to r s  w h ic h  influe n ce  s o und in g s  in  s andy  

soils .
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