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Soil Eros ion in  Roads

E r o s io n  d e s  s o ls  d a n s  d e s  t r a v a u x  r o u t ie r s

M . P . P . d o s  S A N T O S ,  Cons ult ing  Re s e arch Engine e r, L abo ratôrio  N ac io nal de  Enge nharia Civ il, L is bon, Portugal

E. d e  C A S T R O ,  Che m ic al Engine e rf S pe cialis t o f  the  De partm e n t  o f  Ge ote chnique , Laboratôrio  N ac io nal de  Enge nharia 

Civ il, L is bon, Portugal

S U M M A R Y

T he  author s  inve s tigate , on a set o f 26 s oils , a num b e r  o f the  
me chanica l, phys ica l, a nd  che mica l prope r t ie s  tha t  c a n influe nce  
a s o il’s res is tance  to e ros ion due  to  a tmos phe r ic  actions . T he y 
c o nc lude  tha t , as regards  re s is tance  to e ros ion, soils  can be  
clas s ified by me ans  o f o nly  two parame te rs . T he re fore , the y p r o ­
pose  to  a do pt  for  the  t ime  be ing, a te nta tive  s e le ction c r ite r ion 
bas ed o n s we lling and the  gr a in s ize  dis t r ibu tion curve  (us ing  
the  a - cons tant ), the  c or re s ponding lim it  value s  be ing indica te d.

S O M M A IR E

Les  aute urs  pas s e nt e n re vue , dans  un  groupe  de  26 sols , les 
différe nte s  propr iétés  mé canique s , phys ique s  et chimique s , e n re ­
c he r chant  une  r e la t ion pos s ible  avec la  rés is tance  de  ces sols  à 
l'é r os ion pa r  des  agents  a tmos phér ique s . Ils  cons ta te nt q u ’o n  pe ut 
clas s ifie r  ces sols  e n ce q u i conce rne  le u r  rés is tance  à  l’é ros ion 
s u iv ant  de ux  pa ramè tr e s  s e ule me nt. Ils  propos e nt  un  cr itère  
provis oire  de  s é le ction, fo nd é  s ur  le  gonfle me nt e t la  courbe  
gr anulom é t r iq ue  (re prés e ntée  p a r  la  cons tante  a),  tou t en 
ind iq ua n t  les va le urs  limite s  respectives .

e r o s i o n  d u e  t o  a t m o s p h e r i c  a g e n t s  c aus e s  m u c h  d a m a g e  

e v e r y  y e a r  to  th e  s lope s  o f  e m b a n k m e n ts  o r  c u ts  in  r o a d s , to  

e a r th  o r  g r av e l p a v e m e n ts , a n d  to  s h o u ld e r s  a n d  in  a d jo in in g  
a r e as , d a m a g e  w h ic h  o fte n  r e q u ir e s  e x p e ns iv e  r e p a ir  o r  

p r o te c t iv e  w o r k s . In  th e  p r e s e n t  p a p e r , th e  a u th o r s  h a v e  
a t t e m p t e d  to  dis c us s  s o m e  s o il p r o p e r t ie s  in  r e la t io n  to  th e ir  

r e s is t ance  to  e r o s io n  a n d  to  p r e s e n t  t e n ta t iv e  c r it e r ia  fo r  th e  

id e n t ific a t io n  o f  non- e r os ive  s oils .

T h e  r e s e a r ch  w o r k  h as  b e e n  c a r r ie d  o u t  o n  a  s e t o f  2 6  

s o il s a m p le s  fr o m  s lope s  in  th e  N o r t h e r n  M o t o r w a y  o u t s id e  
L is b o n , a lo n g  a  s e c t io n o f  a b o u t  2 0  k m . T h e  s o ils  b e lo n g  to  

T e r t ia r y  (O lig o c e n e  a n d  M io c e n e )  fo r m a t io n s  d e p o s it e d  in 

s im ila r  c o n d it io n s  in  th e  s e d im e n t a r y  a r e a s  o f  th e  c a tc h m e n t  
b a s in  o f  th e  T a g us  Riv e r . T h e  s lop e s  h a v e  b e e n  u n d e r  o bs e r ­

v a t io n  s inc e  e a r ly  1 9 6 2 , th e ir  b e h a v io u r  b e ing  r e c o r d e d  fr o m  

th a t  d a te . O f  th e  c h o s e n  s ite s , 8 p r e s e n te d  e v id e nc e  o f  
g o o d  b e h a v io u r  as  r e g a rd s  r e s is t ance  to  e r o s io n , 3 o f  fa ir  

b e h a v io u r ,  a n d  15 o f  b a d  b e h a v io u r .
I t  is  in te n d e d ,  a t  a  fu tu r e  s ta ge , to  e x te nd th is  inv e s t ig a ­

t io n  to  s o ils  w it h  d iffe r e n t  g e o lo g ic  c h a r a c te r is t ic s , n a m e ly  

to  A fr ic a n  t r o p ic a l s o ils  f r o m  A n g o la  a n d  M o z a m b iq u e ,  

w it h  a  v ie w  to  d e r iv in g  m o r e  g e ne r a l c r it e r ia  fr o m  th e  

t e n ta t iv e  r u le s  t h a t  a r e  p r o p o s e d  in  th is  p a p e r .

p r o p e r t i e s  s t u d i e d  i n  c o n n e c t i o n  w i t h  s o i l  e r o s i o n

O f  th e  lit e r a tu r e  a v a ila b le  o n  the  s ub je c t , p a r t ic u la r  

a t t e n t io n  w a s  p a id  to  M id d le t o n ’s p a p e r s , e s p e c ia lly  to  
M id d le t o n  (1 9 3 0 ) ,  w h ic h  s e e me d v e r y  p r o m is in g . U n fo r t u ­

n a te ly , as  w ill be  s h o w n  b e lo w , M id d le t o n ’s e r o s io n  c r it e r ia  

p r o v e d  un s u it a b le  fo r  th e  s o ils  s tud ie d .
T h u s  it  w a s  ne ce s s a r y  to  e x a m in e  o th e r  s o il p r o p e r t ie s  

a n d  th e y  a r e  lis t e d  in  T a b le s  I  a n d  I I  ( in  w h ic h , b e c a us e  o f  

s ho r ta g e  o f  s pa c e , o n ly  th e  m a x im a  a n d  m in im a  v a lue s  o f 

e a c h  c h a r a c te r is t ic  a r e  s h o w n ) .  O th e r  s o il p r o p e r t ie s  w e r e  

a ls o  inv e s t ig a te d , b u t  th e  r e s ults  o b ta in e d  w e r e  n o t  r e ta in e d  

as  th e y  p r o v e d  o f  n o  in te r e s t  fo r  th e  p r o b le m  u n d e r  c o n ­

s id e r a t io n .

A s  c a n  be  s e e n in  T a b le  I,  th e  s oils  s tu d ie d  w e r e  o f  

d iffe r e n t  na tu r e s , r a n g in g  fr o m  A- 2- 4 s a n d y  s o ils  to  A- 7- 6 
ty p ic a l c la y s  ( P R A  c la s s ific a t io n ) .

Spe cific  grav ity . D e t e r m in e d  a c c o r d in g  to  th e  A S T M  

s ta nd a r d s , th e  v a lue s  o b ta in e d  w e r e  n o t  s ig n if ic a n t  in  r e g a r d  
to  e r o s io n  (T a b le  I ) .

Grain  s ize  dis tribution curve s . A ls o  d e te r m in e d  a c c o r d in g  
to  th e  A S T M  s ta nd a r d s , th e  r e s ults  p r o v in g  s ig n ific a n t  as  

e x pe c te d . In  a d d it io n  to  th e  p e r c e nta g e s  p a s s ing  N o . 10, 4 0 ,

T A B L E  I .  ID E N T IF IC A T IO N ,  M E C H A N IC A L  C H A R A C T E R IS T IC S ,  A N D  E H O D IIJ IL IT Y  O F  S O IL S  

( M A X IM A  A N D  M IN IM A  V A L U E S )

G r a in  s ize  d is t r ib u t io n  c u r v e

T o ta l

n u m b e r

of

P e r c e n ta g e  p as s ing A lle r b e r g

lim it s

Be lla -  S p e c ific  2 .0  m ir 0 .0 7 4  m m  < 0 .0 0 1

Cla s s i­

fic a t io n

C o m p a c t  ioi 

(h e a v y )
Er o s io n  le s t

p e r  c e n t  p e r  c e n t
s a m p le s v io u r g r a v it y N o .  10

o©X
. N o . 200 m m a W I. /| - (P .R .A .) - yum* Wopt C .B .R . < 2 0 0 to ta l

8 g o od 2 .7 0 70 0 0 27 0 o no 13 4 A- 2- 1 1.5)1 8 .0 8 0 .0 0 .8
2 .8 1 100 90 80 37 0 .9 2 32 17 A- 0 2 .1 3 1 3 .0 7-1 5 .0 8 .8

3 fa ir 2 .0 8 84 49 18 Ö 0.52 13 3 A- 2- 4 1 .8 1 0 .5 15 1 .0 2 .8
2 .7 1 100 93 22 17 0 .7 3 28 14 A- 2- 0 2 .1 3 1 1 .0 55 5 0 2 8 .5

15 b a d 2 . «0 70 37 15 7 0 .4 7 23 10 A- 2- 0 1 .5 8 0 .2 3 0 .2 0 .7
2 .8 0 100 100 95 70 0 .9 0 08 30 A- 7- 0 2 .1 0 2 5 .0 70 3 .0 0 .5
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T A  II  L E  I I .  P H Y S IC A L  A N D  C H K M  1 C A L  C H A R A C T E R IS T IC S  

( M A X IM A  A N D  M IN IM A  V A L U E S )

Che mica l analys is  of the  Middle ton's  paramete rs  

Centri-  Suc tion Absorp-  clay fraction ( ^ 2 p )  Pre dominant clay mine ral - - - - - - - - - - - - - - - - - - - -

T otal Swel­ Surface fuge io for lion Organic ----- ------------ Ra tio

numbe r ling area mois ture p F  =  0 lim it COs matte r SjO? AljOs Fc îO j Dis per ­ o f coll.

o f Deha- (Per (s<| . m ./ cq. (per (per (per (lier (per (per (per (per  S iO î Ka oli­ Montmo- sion to  moist. Eroòion

s amples  viour ce nt) gram) ce nt) ce nt) ce nt) cent) ce nt) cent) cent) ce nt) / R fO * nite Illitc  rii Ion i to r at io e quiv. ratio

8 good 4 2 0.5 12.2 34.0 26 0 .00 0 .00 43.65 25.19 3 .90 2 .0 2 6 _ 3 3.2 0 .25 2 1.3

11 61.0 23.5 5 4 ,0 52 30.08 0 .60 48.70 36.47 13.80 2 .6 samples samples 98.4 1.56 389.1

3 fair 2 2 8.5 9 .2 3 9 .0 26 0 .06 0 .0 2 44.87 26.73 3 .47 2 .0 2 1 — 61.3 0 .53 56.2

1 3 6 .0 16.8 40.5 38 0 .20 0 .28 48.91 36.43 10.35 2 .5 s amples s ample 72.3 1.09 136.4

15 bad 8 2 6 .0 15.9 40.5 36 0 .06 0 .04 43.53 20.10 4.49 2 .0 1 13 — 31.0 0 .3 6 20.2

25 217 .0 61.0 86.5 70 17.66 1.36 49.97 32.73 15.05 3 .0 sample samples 93.5 1.55 185.8

a n d  2 0 0  A S T M  s ieve s  a n d  th e  p e r c e n t a g e  r e p r e s e n ta t iv e  o f  

th e  fr a c t io n  le s s  t h a n  0.001 m m  in  d ia m e t e r , v a lue s  o f  th e  

a - c o ns ta nt  (D o s  S a n t o s , 1 9 5 3 , 1 9 5 5 )  a r e  a ls o  p r e s e n te d  

(T a b le  I ) .

A tt e rbe rg  lim its . De te r m in e d  a c c o r d in g  t o  th e  A S T M  
s ta nd a r d s , th e  v a lue s  o f  th e  liq u id  lim it  a n d  o f  th e  p la s t ic it y  

in d e x  w e r e  r e c o r d e d . F o r  non - p la s t ic  s o ils , th e  v a lu e s  w e r e  

d e te r m in e d  b y  m ix in g  w it h  a  r e fe r e nc e  c la y  (D o s  S a n to s , 

1 9 5 5 ) .

Com pac t ion . T h e  s a m p le s  w e r e  c o m p a c t e d  a c c o r d in g  to  
th e  A S T M  s ta nd a r d s  fo r  h e a v y  c o m p a c t io n . T h e  v a lue s  

o b ta in e d , a lt h o u g h  n o t  s ig n ific a n t  fo r  e r o s io n  a na ly s is , w e r e  

r e ta ine d  as  s u b s id ia r y  s o il id e n t ific a t io n  d a t a  (T a b le  I ) .

C B R . T h e  te s ts  w e r e  c a r r ie d  o u t  a c c o r d in g  t o  th e  U .S . 

C o r p s  o f  E ng ine e r s  s t a n d a r d s  a ft e r  fo u r  d a y s ’ s o a k ing . T h e  
r e s ults  o b ta in e d  h a v e  b e e n  fo u n d  o f  lit t le  in te r e s t  w it h  

r e fe r e nc e  to  e r o s io n  (T a b le  I ) .

Eros io n les t in  laborato ry . In  s p it e  o f  its  o b v io u s  lim it a ­
t io ns , th e  te s t  d e s c r ib e d  b y  In d e r b it z e n  (1 9 6 1 )  w a s  us e d  b u t  

w it h  a  C B R  m o u ld  in s te ad  o f  th e  m o u ld  p r e s c r ib e d , a  s lop e  
o f  a n d  a  r a te  o f  flo w  c o r r e s p o n d in g  to  a r a in fa ll o f

7 5  m m / h r .  T h e  s o ils  w e r e  p r e v io u s ly  c o m p a c t e d  to  th e  

m a x im u m  d r y  d e n s ity  a n d  th e  o p t im u m  m o is t u r e  c o n te n t  
d e te r m in e d  in  th e  c o m p a c t io n  te s t. Ju s t  a ft e r  th e  e r o s io n  te s t, 

th e  s a m p le s  w e r e  s ub je c te d  t o  C B R  a n d  v a ne  te s ts  a ft e r  

s m o o t h in g  th e  e r o d e d  s u r fa c e , b u t  th e  c o r r e s p o n d in g  r e s ults  

o f  th e s e  te s ts  w e r e  n o t  fo u n d  s ig n ific a n t . W it h  r e g a r d  to  th e  

e r o s io n  te s t  it s e lf, it  is  to  be  no t e d  t h a t  th e  p e r c e nta g e s  o f  

e r o d e d  s o il c o nc e r n  th e  w e ig h t  o f  th e  to p  5- cm la y e r  o f  th e  

s a m p le . T h e  v a lue s  p r e s e n te d  (T a b le  I )  a r e  a v e r ag e s  o f  a t  

le a s t  th r e e  tes ts .
Sw e lling . De te r m in e d  in  th e  fr a c t io n  o f  s o ils  p a s s ing  the  

N o .  4 0  A S T M  s ie ve  a c c o r d in g  to  th e  m e th o d  d e s c r ib e d  b y  

d e  C a s t r o  ( 1 9 6 3 ) ,  th is  p r o p e r ty  p r o v e d  o f  g r e a t  in te r e s t  fo r  

th e  inv e s t ig a t io n  (T a b le  I I ) .
Surface  are a. D e te r m in e d  in  th e  fr a c t io n  p a s s ing  th e  N o .  

4 0  A S T M  s ie v e  b y  th e  e th y le ne  g ly c o l r e te n t io n  m e th o d  

d e s c r ib e d  b y  B o w e r  a n d  Gs c h w e n d  (1 9 5 2 ) ,  th is  p r o p e r ty  

(T a b le  I I ) ,  w h ic h  a ls o  p r o v e d  o f  in te r e s t  w ith  r e g a r d  to  

r e s is t ance  to  e r o s io n , pr e s e n ts  a  s ig n ific a n t  c o r r e la t io n  w it h  

s w e llin g  (F ig .  1 ) .
Ce ntrifuge  m ois ture  e quiv ale nt . D e te r m in e d  a c c o r d in g  to  

A S T M  s ta nd a r d s  th is  p r o p e r ty  p r o v e d  o f  s o m e  inte r e s t. A s  it  

is  w e ll k n o w n , it  c o r r e s p o nd s  to  a  p o in t  o f  th e  s u c t io n  

c u r ve s  o f  th e  s o ils  t e s te d  (T a b le  I I ) .

S uc t ion curv e s . D e te r m in e d  fo r  v a lue s  o f  p F  fr o m  0  t o  4 .2 , 

w h ic h  s e e me d th e  in te r v a l o f  m o s t  in te r e s t  fo r  e r o s io n  

b e h a v io u r .  T h e  s u c t io n  p la t e  m e th o d  w a s  us e d  fo r  v a lue s  
fr o m  p F  =  0  to  p F  =  2 .2  a n d  th e  p r e s s u r e  m e m b r a n e  

m e th o d  fo r  p F  =  3 t o  p F  =  4 .2 , a c c o r d in g  t o  t e c h n iq ue s

s im ila r  to  th o s e  d e s c r ib e d  b y  C r o n e y , C o le m a n ,  a n d  Br id g e

(1 9 5 2 ) .  T h e  d r y in g  c u r ve s  o b ta in e d  a r e  p r e s e n te d  in  F ig . 2 .

Be c a us e  o f  th e ir  in te r e s t , th e  m a x im a  a n d  m in im a  v a lue s  

o f  th e  m o is tu r e  c o n t e n t  fo r  p F  =  0  a r e  p r e s e nte d  in  T a b le  II.

A bs orpt io n  lim it  ( A L ) .  T h is  c h a r a c t e r is t ic  a n d  its  d e te r ­

m in a t io n  w e r e  d e s c r ib e d  b y  N a s c im e n to , d e  C a s t r o , a n d  

Ro d r ig u e s  (1 9 6 3 ) .  De v e lo p e d  fo r  s tu d y in g  p e t r ifa c t io n  in
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f i g . 1. Co r r e la t ion  o f  s we lling a nd  s ur face  area.

t r o p ic a l s o ils , th is  p r o p e r ty  is  r e la te d  to  v a r io u s  o th e r  p r o p e r ­
t ie s  o f  s o ils , fo r  e x a m p le  th e  m o is t u r e  c o n t e n t  fo r  p F  =  0  
(F ig .  3 ) .

Che m ic al analy s is . T h e  p e r c e n ta g e s  o f  C O * a n d  o f  o r g a n ic  

m a t t e r  in  th e  w h o le  s a m p le  w e r e  d e te r m in e d  b y  th e  c u r r e n t  

m e th o d s . T h e  S i0 2, A120 3, a n d  F e 20 ;{ c o n t e n t s  w e r e  de te r ­
m in e d  in  th e  c la y  fr a c t io n  o b ta in e d  b y  s e d im e n t a t io n  a n d  

fr o m  th e s e  v a lu e s  th e  S i0 2. / R 20 3 m o le c u la r  r a t io s  w e r e  

c a lc u la te d  (T a b le  I I ) .
M iné ralo g ie  analy s is  o f  the clay  f rac t ion  w a s  c a r r ie d  o u t  

b y  X- r a y  d iffr a c t io n  a n d  th e r m o g r a v im e t r ic  a na ly s is  (T a b le  
I I ) ;  th is  s tud y  is  th e  o b je c t  o f  a  s e p a r a te  p a p e r  t o  b e  p u b ­

lis h e d — F ig u e ir e d o  ( in  p r e s s ).

M idd le to n  parame te rs . T h e  v a lue s  d e te r m in e d  b y  th e  
m e th o d s  d e s c r ib e d  b y  M id d le t o n  (1 9 3 0 )  d id  n o t  c o n fir m  th is  

a u th o r ’s c o nc lu s io n s  c o n c e r n in g  th e  g r o u p  o f  s o ils  s tud ie d . 

N e ith e r  th e  lim it  v a lue s  in d ic a te d  fo r  s e p a r a t io n  o f  e r os ive  

a n d  no n- e r os ive  s o ils , n o r  a ny  o th e r s  e n a b lin g  a  s e le c tio n 

c o u ld  be  d e te r m in e d . T a b le  I I  s h o w s  th e  m a x im a  a n d  m in im a  
v a lue s  o f  th e  p a r a m e te r s .
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f i g .  2 . S uct ion curve s .

S E L E C T IO N  C RIT E RIA  F O R E RO S IV E  AN D N ON - E ROS IV E  S OIL S

T h e  lim it  v a lue s  o f  th e  p r o p e r t ie s  s tu d ie d  c o r r e s p o nd in g  

to  s o ils  w it h  a  g o o d  to  fa ir  b e h a v io u r  in  th e  fie ld  w it h  r e g a r d  
to  r e s is ta nc e  to  e r o s io n  a r e  ind ic a te d  in  T a b le  I I I .  C h o o s in g  
the s e  lim it s  s o  as  to  e x c lu d e  s o ils  e x c e e d ing  th e m  (b e lo w  o r

B E H AV IO U R  O F  S O ILS

•  -  GOOD

♦ -  FAIR 

O -  BAD

f ig .  3. Cor r e la t io n o f mois ture  conte nt  fo r  p F  =  0 
a nd  the  abs or pt ion lim it .

a b o v e ) ,  th e  s a m e  ta b le  s ho w s  (d a r k  a r e a s ) th e  s o ils  o f  b a d  

b e h a v io u r  id e n t ifie d  b y  e a c h  c h a r a c te r is t ic , a s  w e ll as  th e ir  

to ta l n u m b e r .
It  is  a t  o n c e  o b v io u s  th a t  n o  p r o p e r ty  in  it s e lf e na b le s  

e v e r y  b a d  s o il to  be  id e n t ifie d . T h e  m o s t  s ig n ific a n t  c r it e r io n  

s e e me d to  be  s w e lling , id e n t ify in g  12  o u t  o f  15 b a d  s oils .

T h e  s u r fa c e  a r e a  fo llo w s ,  w it h  11 id e n t ifie d  s o ils , a ll o f  

w h ic h  a r e  in c lu d e d  in  th e  fo r m e r  g r o u p . T h u s  a  s up e r p o s i­

t io n  o f  e ffe c ts  is  o b s e r ve d  in  th e  id e n t ific a t io n  o f  b a d  s o ils  

b y  e a c h  o f  th e  tw o  c h a r a c te r is t ic s , w h ic h  is  h a r d ly  s u r p r is in g  
b e a r in g  in  m in d  th e  c o r r e la t io n  d e m o ns t r a te d  in  F ig . 1. 

Ne v e r th e le s s , th e  s w e llin g  te s t b e in g  s im p le r  a n d  q u ic k e r  to  

p e r fo r m , it  s e e ms  a d v is a b le  to  r e ta in  it  fo r  e s t a b lis h in g  a  

s e le c t ion  c r it e r io n .
N o t ic e  t h a t  a s im ila r  s u p e r p o s it io n  o f  e ffe c ts  is  o b s e rv e d 

as  r e g a r d s  th e  At t e r b e r g  lim it s  (1 0  s o ils  in  a l l) ,  th e  c e n t r i­

fug e  m o is tu r e  e q u iv a le n t  (6  s o ils ) , a n d  th e  m o is tu r e  c o n t e n t  

fo r  p F  =  0  (7  s o ils ) . F o r  th e  la t t e r  v a lue s  a  c o r r e la t io n  is  

s h o w n  to  e x is t  (F ig . 4 ) w it h  s w e lling  (s im ila r  c o r r e la t io n  c o u ld  

a ls o  be  fo u n d  w it h  th e  o th e r  p r o p e r t ie s  ju s t  m e n t io n e d ) .

Re s u lt s  o b t a in e d  w it h  th e  S iC ^/ R^O .^  r a t io  ( 6  s o ils , a ll 

c o in c id in g  w it h  th os e  id e n t ifie d  b y  s w e llin g ) d o  n o t  m a k e  

th e  r e te n t io n  o f  th a t  p r o p e r t y  as  a s e le c t io n  c r it e r io n  

a dv is a b le .

T h e  g r a in  s ize  d is t r ib u t io n  c u r v e , o n  th e  o th e r  h a n d , 

s e e ms  to  c o m p le m e n t  th e  c r it e r io n  b a s e d  o n  s w e llin g . In  fa c t  
b o th  th e  p e r c e n ta g e  p a s s ing  th e  N o .  4 0  s ie ve  a n d  th e  g r a in  

s ize  «- c o ns ta nt  id e n t ify  th e  s a m e  8  s o ils , in c lu d in g  3 n o t  
p r e v io us ly  id e n t ifie d  b y  s w e llin g . T h is  c a n  p o s s ib ly  be  e x ­

p la in e d  b y  b e a r in g  in  m in d  th a t  in  s a n d y  s o ils  th e  s w e lling  

o f  th e  fine  fr a c t io n , w h ic h  is  s ca r ce , is  n o  lo n g e r  th e  p r e ­

d o m in a n t  fa c to r  in  r e s is t ance  to  e r o s io n . It  is  to  be  no t e d , 
t h a t  s o ils  2 3 , 2 3 - A, a n d  2 4 , id e n t ifie d  b y  g r a in  s ize  d is t r ib u ­

t io n  c u r v e  v a lue s  a lo ne , a r e  s a nds . A lt h o u g h  th e  fr a c t io n  
p a s s ing  th e  N o .  4 0  s ie v e  a n d  th e  «- c o ns ta nt  le a d  to  th e  s a me  

r e s ults  w it h  r e g a r d  t o  th e  s o ils - s tud ie d , it  s e e ms  m o r e  a d v is ­

a b le  to  r e ta in  th e  «- c ons ta n t , w h ic h  is  b as e d  o n  s ix  p o in t s  o f  
th e  g r a in  s ize  d is t r ib u t io n  c u r v e , in s te a d  o f  o ne . T h is  doe s  

n o t  e x c lu d e  r e s o r t ing  o c c a s io n a lly  to  th e  c r it e r io n  b as e d  o n  
th e  p e r c e n ta g e  o f  m a te r ia l p a s s ing  th e  N o .  4 0  s ieve  w h e n  

q u ic k  r e s u lt s  a r e  r e q u ir e d .

1 1 8
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LA B . 

NO.OF 

S A M P LE  

( BAD 

SOI LS)

SURFACE

AREA

m 2 / g
61 .0

CENTRIFUGE 

MOISTURE 

EQUIVALENT 

<  2 3 .5

GRAIN SIZE DISTRIBUTION 
CURVE

ATTERBERG
LIMITS

EROSION TESTS SWELLING 

PER CENT

/o TOTAL

2 .0 -  2 8 .5

TOTAL  

NUMBER OF 

ID E N T IF IE D  

BAD SOILS

B E H A V IO U R  O F  SO ILS

•  -  GOOD 

+ -  FAIR 

O -  BAD

B E H AV IO U R  O F  S O ILS

• -  GOOD 

+ -  FAIR 

O -  BAD

f ig .  4 . Co r r e la t ion  o f s w e lling  a nd  mois tur e  conte nt 
fo r  p F  =  0.

F ig . 5  pr e s e n ts  th e  r e la t iv e  p o s it io n  o f  g o o d , fa ir , a n d  b a d  

s o ils  in  fu n c t io n  o f  s w e lling  a n d  th e  «- c o ns ta nt . T h e  b o r d e r ­
lin e  t e n ta t iv e ly  ind ic a te d  b y  th e  d o t te d  line  m u s t  be  a c c e p te d

f ig .  5. Va lue s  o f s w e lling  versus fl- cons tant.

w ith  m u c h  re s e rve  as  th e r e  a r e  fe w  p o in t s  a v a ila b le  fo r  its  
d e fin it io n .  T h e  v e r t ic a l s e p a r a t in g  lin e  c o r r e s p o nd in g  t o  th e  

lo w e r  lim it  a s s um e d  fo r  a  (a  =  0 .5 2 )  is  a ls o  in d ic a t e d  in  th e  

fig ur e .
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SWELLING V.

F IG . 6

O n  th e  o th e r  h a n d  th e  e r o s io n  te s t in  th e  la b o r a to r y  (6 

s o ils  id e n t ifie d ,  t a k in g  in to  a c c o u n t  the  lo s s  o f  th e  m a te r ia l 
p a s s ing  in  N o .  2 0 0  s ie v e ) d oe s  n o t  s e e m c le a r ly  s ig n if ic a n t ;  

ne ve r the le s s  th e  p o s s ib ility  o f  o b t a in in g  e x p e r im e n ta l d a ta  

fo r  e a c h  s o il b y  v a r ia t io n  o f  th e  d iffe r e n t  p a r a m e te r s , as  the  

r a te  o f  flo w , s lo p e , a n d  c o m p a c t io n  is  u n d e r  s tud y .

F r o m  th e  a b o v e  a n d  b e a r in g  in  m in d  the  lim it a t io n s  d u e  
to  th e  p r e s e n t  s ta ge  o f  th e  r e s e a r ch  w o r k , it  is  c o n c lu d e d  th a t  
th e  s o ils  s tu d ie d  c a n  be  s e p a r a te d  in  r e g a rd  t o  th e ir  re s is ­

t a nc e  to  e r o s io n  in  g o o d  (a n d  fa ir )  a n d  b a d  s o ils  b y  m e a ns  

o f  th e  fo llo w in g  te n ta t iv e  c r it e r io n :

S w e lling : ^  11 p e r  c e n t  

a - co ns ta n t ; f r o m  0 .5 2  to  0 .9 2

A s  a  q u ic k , a lt h o u g h  le s s  r e lia b le , a lt e r n a t iv e  fo r  the  la t t e r  

it  is  p o s s ib le  to  c o ns id e r : fr a c t io n  p a s s ing  N o .  4 0  s ie ve : fr o m

4 9  to  9 6  p e r  c e n t .

S E C O N DA RY AS P EC T S

T h e  m in e r a lo g ic  a na ly s is  o f  th e  s o ils  s t ud ie d  s ho w s  th a t , 
in  th e  m a jo r it y  o f  cas e s , th e  p r e v a ilin g  c la y  m in e r a l is  illit e ,

fo llo w e d  b y  k a o lin it e ;  m o n t m o r illo n it e , if  p r e s e n t , is  a lw a y s  

s ca r ce . F r o m  th e  five  k a o lin it ic  s o ils  s tud ie d , o n ly  N o .  2 4  

p r o v e d  e r os iv e  w h ic h  m a y  be  d u e  t o  its  g r a in  s ize  d is t r ib u t io n  

c u r v e , w it h  a  d e fic ie nc y  o f  fine s . F r o m  th e  p r e d o m in a n t ly  

illit ic  s o ils  o n ly  th o s e  w it h  a  s m a ll p e r c e n ta g e  o f  c la y  ( ^ 1 6  

p e r  c e n t )  p r o v e d  r e s is t a n t  t o  e r o s io n .
A s  fo r  th e  c a r b o na te  c o n t e n t , w h ic h  is  n o t  s e le c tive , it  

s e e ms  to  e x e r t  a  fa v o u r a b le  in flu e n c e  w h e n  it  is  h ig h ,  p o s ­

s ib ly  d u e  to  a c e m e n t in g  a c t io n .

A C K N O W L E D G M E N T S  

T h e  p r e s e n t  p a p e r  is  b as e d  o n  r e s e a r ch w o r k  o n  p r o b le m s  

o f  c o n t in e n ta l e r o s io n  b e in g  c a r r ie d  o u t  a t  th e  La b o r a to r io  

N a c io n a l d e  E n g e n h a r ia  C iv il,  o f  L is b o n , un d e r  th e  a us pic e s  

o f  Ju n t a  d e  In v e s t ig a t e s  d o  U lt r a m a r .
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