
CHAPTER II

METHODOLOGY

T h e  m e th o d o lo g y  to  s tu d y  g e o m o rp h o lo g y  is  o f  in te re s t a t th e  m o m e n t.  M a n y  

rese a rc h e rs  h a v e  a tte m p te d  to  f in d  th e  w a y  to  e m p h a s ize  o n  p a r t ic u la r  g e o m o rp h o lo g ic a l 

m a tte r . In  th e  p re se n t s tu d y , th e  a u th o r  uses th e  b asic  c o n c e p t to  reac h  such  a m e th o d . T h e  

d e ta ile d  f ie ld  in v e s t ig a t io n  and  la b o ra to ry  ana lyse s  are tw o  m o s t im p o r ta n t  c o u n te rp a rts  fo r  

th is  s tu d y . A t  f i r s t ,  l ite ra tu re  s u rv e y  o f  p re v io u s  w o rk s  w a s  c a rr ie d  o u t.  G e o m o rp h o lo g ic a l 

a n a ly s is  u s in g  a e r ia l p h o to g ra p h s  is  th e  n e x t  step  fo r  c la s s ify in g  p a r t ic u la r  la n d fo rm s  in to  

a p p ro p r ia te  u n its  used  as a g u id e  fo r  fu r th e r  s tu d y  in  d e ta il.  C o n s e q u e n tly , f ie ld w o r k  w a s  

c a rr ie d  o u t to  in v e s tig a te  th e  p re s e n ta tio n  o f  m a jo r  g e o lo g ic a l e v id e n c e s . In te n s iv e  s a m p lin g  

o f  s u r f ic ia l m a te r ia ls  w as  a lso  la u n c h e d  in  th e  f ie ld  to  b r in g  b a c k  a n y  a m p le  e v id e n c e s  fo r  

the  la b o ra to ry  a n a ly s is . T h e  s e d im e n ts  w e re  c o lle c te d  f o r  th e  p h y s ic a l s o r t in g . Q u a n t ita t iv e  

a n a ly s is  is  in tro d u c e d  to  be ab le  to  d e trm in e  th e ir  c h a ra c te r is t ic , sou rces o f  m a te r ia ls , 

s tra t ig ra p h ic  in te g r ity ,  th e ir  p rocesses, and  th e ir  p a la e o e n v iro n m e n t.

T h e  m e th o d  o f  s tu d y  is  s u m m a r iz e d  s h o w in g  o n  f lo w  c h a rt in  F ig u re  2 .1  and can be 

g ro u p e d  in to  5 steps as fo l lo w :

Data collection

T h is  step  is  to  s tu d y  p r in c ip le  g e o m o rp h o lo g y  w ith  sp e c ia l e m p h a s is  o n  f lu v ia l  

p rocesses, fo rm ,  and th e ir  m a te r ia l p ro p e rt ie s . T h e n ,  c o lle c t and  c r it ic is e  p re v io u s  w o rk s , 

p rep a re  e v e ry  b as ic  base m a p  as to p o g ra p h ic  m a p , g e o lo g ic a l m ap s and  th e ir  re p o rts , a e r ia l 

p h o to g ra p h s , and  o th e r  c o n c e rn e d  m aps o f  th e  area . T h e  m a jo r  in fo r m a t io n  c o m e s  f r o m  

D e p a r tm e n t o f  G e o lo g y , C h u la lo n g k o m  U n iv e r s ity ,  D e p a r tm e n t o f  M in e r a l  R e so u rc e s  o f  

T h a ila n d , R o y a l T h a i S u rv e y  D e p a r tm e n t, L a n d  D e v e lo p m e n t D e p a r tm e n t,  and  D e p a r tm e n t 

o f  M e te o ro lo g y  o f  T h a ila n d .

Interpretation of Aerial photographs

T h e  m a p  s h o w in g  d is t r ib u t io n  o f  v a r io u s  d if fe re n t  g e o m o rp h o lo g ic a l u n its  w e re  

in te rp re te d  f r o m  b la c k  and  w h ite  a e r ia l p h o to g ra p h s  o f  W o r ld w id e  S u rv e y  ( 1 9 5 4 )  w i th  scale



12

F ig u re  2 .1  F lo w  c h a rt i l lu s tra te s  th e  m e th o d o lo g y  u s in g  in  th is  re se a rc h .
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a p p ro x im a te ly  o f  1 : 5 0 , 0 0 0 .  M o re o v e r ,  a e r ia l p h o to g ra p h s  are  ab le  to  use  to  n a v ig a te  th e  

p re -s e le c te d  sa m p le  s ite s  and  th e ir  a c c e s s ib ility .

M a p s  used  fo r  th is  s tu d y  in c lu d e  to p o g ra p h ic  m a p  ( 1 9 6 9 )  w i th  a sca le  o f  

1 : 5 0 , 0 0 0  o f  A m p h o e  B a n  T a k  (S h e e t 4 8 4 3 I I I )  and  s o il m a p  w i th  a sca le  o f  1 : 1 0 0 , 0 0 0  

o f  C h a n g w a t T a k .

T h e  la n d fo rm  c la s s if ic a t io n  f r o m  a e r ia l p h o to g ra p h s  w a s  p receded  and  fo l lo w e d  b y  

p r im a ry  g e o m o rp h o lo g ic a l m a p  c o n s tru c tio n . A ir - p h o to s  c o v e r in g  th e  s tu d y  a rea  are  as 

fo l lo w in g  n u m b e rs :

P r io r i t y  A re a  6 S h e e t N u m b e r  1 5

S tr ip  N u m b e r N e g a tiv e  N u m b e r

4 7 8 5 9 3 - 8 5 9 6

4 8 8 5 9 8 - 8 6 0 2

4 9 1 1 1 7 9 - 1 1 1 8 1

Field investigation

I n  th is  s tu d y , f ie ld  in v e s t ig a t io n  w as  fo c u se d  o n  the  s tu d y  o f  la n d fo rm s  and  th e ir  

c h a ra c te r is tic s  e s p e c ia lly  te rra c e  p ro f i le s ,  w h ic h  exp osed  b y  r iv e r  c u tt in g  and  q u a rry in g . 

T h e n ,  sa m p le  c o lle c t in g  w a s  c a rr ie d  o u t;  g ra v e ls  f o r  m o rp h o m e tr ic a l g ra v e l a n a ly s is  and 

p eb b le  c o m p o s it io n  a n a ly s is ; sand , s i l t ,  and  c la y  fo r  p a r t ic le  s ize  a n a lyse s . T h is  in v o lv e d  the  

c o lle c t io n  o f  b o th  q u a n t ita t iv e  and  q u a lita t iv e  in fo rm a t io n  so th a t n o t  o n ly  c o u ld  th e  p h y s ic a l 

c h a ra c te r o f  th e  m a te r ia ls  be a n a ly z e d , b u t a lso  in te rp re ta t io n s  c o u ld  be m a d e  re g a rd in g  to  

sou rc e  m a te r ia ls ,  s tra t ig ra p h ic  re la t io n s h ip s , re la t iv e  ages, and  the  e n v iro n m e n ta l c o n d it io n s  

u n d e r w h ic h  th e  m a te r ia ls  m ig h t  h a v e  e v o lv e d  (T h ir a m o n g k o l,  1 9 7 5 ) .

W h e re  th e  u n c o n s o lid a te d  m a te r ia l c o n ta in e d  ro c k  d e b ris  ab o ve  sand  p a rt ic le  s ize , 

l i th o lo g y  and  perce n tag e  p ro p o r t io n s  o f  d if fe re n c e  s izes o f  fra g m e n ts  w e re  re c o rd e d , and  

m o rp h o m e tr ic  a n a ly s is  w a s  c a rr ie d  o u t ( C a i l le u x ,  1 9 5 6 ,  q u o te d  b y  T h ir a m o n g k o l,  1 9 7 5 ) .  

M o re o v e r ,  peb b les  s a m p lin g  fo r  p eb b le  c o m p o s it io n  a n a ly s is  w e re  a lso  c a rr ie d  o u t in  the  

f ie ld .  In  th is  s tu d y , f i f t y  s ton es w i th in  on e  s q u a re -m e te r  o f  th e  g ro u n d  o r  la y e r  w e re  se lec ted  

f o r  m o rp h o m e tr ic a l g ra v e l a n a ly s is  and  p eb b le  c o m p o s it io n  a n a ly s is  (F ig u re s  2 .4  a, b ) .
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H a n d  a u g e r is  th e  m o s t a p p lic a b le  to o l used  in  th e  f ie ld  in v e s t ig a t io n  f o r  f in e  

s e d im e n ts  ( F ig u r e  2 . 5 ) .  T h e  s a m p lin g  s ite  w a s  f i r s t  m a rk e d  o n  a e r ia l p h o to g ra p h s . T h e  

sa m p le s  f r o m  b o re h o le s  w i l l  be re c o rd e d  and  d esc rib ed  such as d e p th , c o lo r ,  and  p h y s ic a l 

p ro p e rt ie s  o f  s e d im e n ts  in  d if fe re n t  le v e ls  ( F ig u re  2 . 6 ) .

T h e  d e s c r ip t io n  u s in g  in  f ie ld  s u rv e y  is  f o l lo w in g  d a ta  fo rm a ts :

a )  L a y e r  n o m e n c la tu re : T h e  d if fe re n c e  s e d im e n ta ry  la y e rs  w e re  re c o rd e d  in  th e  

te rm s  o f  re p re s e n ta tiv e  s tra ta , f o r  e x a m p le , c la y  la y e r ,  sand  la y e r ,  g ra v e l bed, 

la te r i t ic  la y e r ,  e tc .

b )  C o lo r  o f  s tra ta : M u n c e l l ’ s ro c k  c o lo r  c h a rt is  c a re fu l ly  a p p lie d  to  c la s s ify  a l l  

s e d im e n ta ry  la y e rs  w h ic h  is  a d van tag eou s  to  th e ir  s tra t ig ra p h ic  c o r re la t io n .

c )  S e d im e n t c o m p o n e n t: B o th  m a jo r  and  m in o r  s e d im e n t c o m p o s it io n  w i l l  be n o te  

to g e th e r  f o r  id e n t i f ic a t io n  o f  s e d im e n ta ry  ty p e s , f o r  e x a m p le , s l ig h t ly  sa n d y  c la y , 

s i l t y  sand , c la y e y  s i l t ,  ec t.

d )  P a r t ic le  s iz e : T h e  s ize  m e a s u re m e n t is  s l ig h t ly  m o d if ie d  a f te r  W e n w o r th ’ s as 

f o l lo w :

N a m e S ize

C la y < 1 / 2 5 6  m m

S i l t 1 / 2 5 6 - 1 / 1 6  m m

S and F in e 1 / 1 6 - 1 / 4  m m

M e d iu m 1 / 4 - 1 / 2  m m

C o a rse 1 / 2 - 2  m m

G ra v e l G ra n u le s 2 - 4  m m

Peb b les 4 - 6 4  m m

C o b b le s 6 4 - 2 5 6  m m

B o u ld e rs > 2 5 6  m m

e )  P a r t ic le  shape : T h e  s p h e r ic ity  and  ro u n d n e ss  o f  p a rtic le s  are  a ls o  c o n s id e re d . T h e  

s p h e r ic ity  is  d iv id e d  in to  lo w  and  h ig h  w h ile  ro u n d n e ss  is  c la s s if ie d  to  v e ry  

a n g u la r , a n g u la r , s u b a n g u la r, su b ro u n d e d , ro u n d e d  and  w e l l  ro u n d e d . T h e  

d e te rm in a t io n  o f  b o th  p ro p e rt ie s  has been d one  b y  v is u a l m e a n  m o d if ie d  a fte r  

C o m p to n , 1 9 8 5 .
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F ig u re  2 .2  V is u a l d e te rm in a t io n  o f  s p h e r ic ity  and  ro u n d n e ss  u s in g  in  th e  f ie ld .  

( M o d i f ie d  a fte r  C o m p to n  5 1 9 8 5 )

F ig u re  2 .3  V is u a l c la s s if ic a t io n  o f  degree  o f  s o r tin g . 

( M o d i f ie d  a f te r  P e t t i jo h n  e t a l. ,  1 9 5 7 )

f )  G ra in  s o r t in g : I n  th e  f ie ld ,  th e  g e n e ra l d e s c r ip t io n  o f  g ra in  s o r t in g  can  be d iv id e d  

in to  f iv e  le v e ls  such as v e ry  w e l l  so rte d , w e l l  so rte d , m o d e ra te ly  so rte d , p o o r ly  

so rte d , v e ry  p o o r ly  so rte d  as i l lu s tra te d  in  F ig u re  2 .3 .

g )  M o t t le  o r  c o n c re tio n s : T h e  p is o l i t ic  c o n c re tio n  w a s  a b u n d a n tly  o b se rve d  in  th e  

p ro f i le .  In  th is  w a y ,  th e  m o t t le  o r  c o n c re tio n  w a s  re c o rd e d  to o .

h )  L a y e r  c o n ta c t: N a tu ra l ly ,  th e  d e p o s it io n  o f  th e  u n c o n s o lid a te d  s e d im e n t w i l l  n o t  

be c o n t in u o u s ly  a c c u m u la te d . T h u s ,  th e  re c o rd in g  o f  th e  d e p o s it io n a l la y e r  

c o n ta c t can in d ic a te  th e  c o n t in u a t io n  o f  th e  d e p o s it io n . T h e  g e n e ra l re c o rd in g  in  

la y e r  c o n ta c t ca n  be d iv id e d  in to  sha rp  (c h a n g in g  b e tw e e n  1 - 3  c m ) ,  g ra d u a l 

(c h a n g in g  b e tw e e n  3 - 1 0  c m )  and  u n c le a r c o n ta c ts  (c h a n g in g  m o re  th a n  1 0  

c m ) .
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Figure 2.4 a, b Fifty stones within one square-meter of the ground or layer were selected 
for morphometrical gravel analysis and pebble composition analysis
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Figure 2.5 Hand auger is the most application tool used ๒ the field.

Figure 2.6 Samples from borehole were recorded and described.
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Figure 2.7 a, b Survey work to see cross section of the area, slope, width, altitude and 
distance from main river were measured.
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O th e r  in fo rm a t io n s  such as th e  to ta l d ep th  o f  p it  o r  p r o f i le ,  th e  ap pea rance o f  

s e d im e n ta ry  s tru c tu re s  are  n e c e s s a r ily  re c o rd e d  to o .

F u r th e rm o re ,  s u rv e y  w o r k  to  see c ross se c tio n  o f  r iv e r ,  s lo p e , w id th ,  a lt i tu d e  and 

d is ta n c e  f r o m  th e  m a in  r iv e r  o f  so m e  g e o m o rp h o lo g ic a l u n it  w as  m e a s u re d  b y  s u rv e y  c a m e ra  

e q u ip m e n t (F ig u re s  2 .7  a, b ) .

Laboratory investigation

Morphometrical gravel analyses

T h is  m e th o d  is  p ro p o s e d  b y  C a il le u x  ( 1 9 5 6 )  (Q u o te d  b y  T h ir a m o n g k o l,  1 9 7 5 )  to  

c la s s ify  g ra v e l shapes. T h e  shape and  ro u n d n e ss  o f  ro c k  fra g m e n ts  a ie  o f  sp e c ia l in te re s t 

because th e y  re f le c t  th e  e n v iro n m e n t o f  th e ir  fo rm a t io n  and  d is ta n c e  tra v e le d  f r o m  sou rc e  as 

w e l l  as th e ir  l i th o lo g ic a l c h a ra c te r is tic s  ( T h ir a m o n g k o l,  1 9 7 5 ) .

T h e  s ton es w i th in  o n e  square  m e te r  o f  th e  g ro u n d , 5 0  s ton es  w e re  s im p ly  se lec ted  

and  m e a s u re d . T h e  s ton es f r o m  d if fe re n t  ro c k  typ e s  te n d  to  h a v e  d if fe re n t  c h a ra c te r is tic  

shapes th a t w i l l  be seg regated  l i th o lo g ic a l ly  f o r  fu r th e r  shape m e a s u re m e n t. T h e  s ize  o f  

s tones w i l l  be l im ite d  less th a n  6 c m . in  d ia m e te rs  ( T h ir a m o n g k o l,  1 9 7 5 ) .

T h e  s to n e  is  c la s s if ie d  in  te rm s  o f  le n g th , b re a d th , h e ig h t and  ra d iu s  o f  c u rv a tu re  th a t 

can  be d esc rib e d  in  te rm  o f  tw o  in d ic e s  as fo l lo w s :

1 . In d e x  o f  f la tn e s s  L + l  X  1 0 0

2E
2 . In d e x  o f  ro u n d n e ss  2 i  X  1 0 0 0

L

w h e re  L  is  le n g th , 1 th e  w id th ,  E  th ic k n e s s  o f  h e ig h t,  r  th e  le a s t ra d iu s  o f  c u rv a tu re  in  th e  

p r in c ip a l p la n e  as s h o w n  in  F ig u re  2 .8 .  I
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F ig u re  2 .8  P a ra m e te rs  used  f o r  m o rp h o m e tr ic  a n a ly s is  in  th e  m e th o d  o f  C a il le u x .

S c a le  f o r  m o rp h o m e tr ic  a n a ly s is  o f  s ton e  is  s h o w n  in  F ig u re  2 .9  ( A f t e r  C a il le u x ,  

1 9 5 6 ,  q u o te d  b y  T h ir a m o n g k o l,  1 9 7 5 ) .

Pebble composition analysis

P e b b le  c o m p o s it io n  a n a ly s is  o f  th e  te rra c e  s e d im e n ts  w e re  c a rr ie d  o u t  in  th is  s tu d y  

b y  u s in g  peb b les  w i th  a d ia m e te r  > 2 c m . T h e  ty p e  and  c o lo r  o f  th e  peb b les  w e re  d e te rm in e d  

o n  fre s h  ru p tu re  su rfa c e s . T h e  p ebb les w e re  g a the red  f r o m  as a s m a ll s u rfa c e  as p o s s ib le , 

m o s t ly  o f  1 sq uare  m e te rs . G re a t m a n y  c o m p o n e n ts  w e re  d is t in g u is h e d  in  th e  c o u n tin g  b u t 

m a n y  o f  th e m  h a ve  been u n ite d  in to  g ro u p s  in  th e  d ia g ra m s , f o r  th e  sake o f  c lea rness .

Particle size analysis

P a r t ic le  s ize  a n a ly s is  is  one  o f  th e  m o s t w id e ly  use m e th o d s  o f  in v e s t ig a t io n  o f  

u n c o n s o lid a te d  g e o lo g ic a l m a te r ia ls  (G a le  and  H o a re , 1 9 9 1 ) .  F lu v ia l  g e o m o rp h o lo g is ts  are 

in te re s t in  th e  p a r t ic le  s izes  tra n s p o rte d  b y  f lo o d s  o f  d if fe re n t  s izes . P a r t ic le  s ize  p la y s  an 

im p o r ta n t  p a rt in  so m a n y  g e o m o rp h ic  p rocesses th a t the  a n a ly s is  o f  p a r t ic le  s ize  ta ke s  p lace  

in  m o s t g e o m o rp h o lo g y  la b o ra to r ie s  ( M a y e r ,  1 9 9 0 )

T h is  m e th o d  w as  c a rr ie d  o u t in  o rd e r to  d esc rib e  p a r t ic le  s ize  d is t r ib u t io n .  S a m p le s  

f r o m  th e  f ie ld  w e re  p re p a re d  b y  c on e  and  q u a rte r in g  s a m p lin g  m e th o d , w h ic h  can  be se lec ted  

th e  re p re s e n ta tiv e  sa m p le s  b e fo re  tes t. In  th is  s tu d y , th e  m e th o d  f o r  d e te rm in in g  the  

d is t r ib u t io n  o f  p a r t ic le  s ize  w a s  s u b d iv id e d  in to  tw o  c a te g o rie s  th a t re la te  to  s ize  o f  m a te r ia ls . 

S a n d , m a te r ia l f in e r  th a n  2 .0 0  m m  and  c o a rse r th a n  0 . 0 6 2 5  m m , w as  a n a ly z e d  b y  

m e c h a n ic a l s ie v in g . P a r t ic le  f in e r  th a n  0 . 0 6 2 5 - m m ,  s i l t  and  c la y  o r  f in e r  f r a c t io n  w as 

a n a ly z e d  b y  h y d ro m e te r  m e th o d .
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F ig u re  2 .9  S c a le  f o r  m o rp h o m e tr ic  a n a ly s is  o f  s to n e  ( A f t e r  C a il le u x ,  1 9 5 6 ,  q u o te d  b y  

T h ir a m o n g k o l,  1 9 7 5 )
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Sieve analysis

T h e  s ize  f ra c t io n a t io n  w a s  d o n e  o n  4 0 0  g ra m s  sa m p le  b y  s p lit te r .  L a rg e  lu m p s  w as 

b ro k e n  d o w n  b y  g lo v e d  h a n d ; r e la t iv e ly  d ry  c lod s  m a y  be red uc ed  in  s ize  b y  c a re fu l use  o f  a 

p e s tle  and  m o r ta r ,  b u t f r a g ile  c las ts  m u s t n o t  be d am ag ed  (G a le  and  H o a re , 1 9 9 1 ) .  D r ie d  

sam p le s  w e re  w e ig h e d  and  f i l te re d  b y  u s in g  e le c tr ic a l s h a c k in g  s ie v e . T ire  a u to m a tic  

s h a c k in g  ap p a ra tus  u s in g  in  th is  s tu d y  c o n ta in s  n o rm a lly  seve n  s ie ve s . T h e  coa rse  fra c t io n s  

w i l l  be sep ara ted  in to  g ra n u le  ( > 1 0  m e s h ) ,  v e ry  coa rse  sand  ( 1 8 - 1 0  m e s h ) ,  coa rse  sand 

( 3 5 - 1 8  m e s h ) ,  m e d iu m  sand  ( 6 0 - 3 5  m e s h ) ,  f in e  sand ( 1 2 0 - 6 0  m e s h ) ,  and  v e ry  f in e  

sand  ( 2 3 0 - 1 2 0  m e s h )  s ize  f ra c t io n  b y  u s in g  s ie ve  ap p ara tus . 7 8  sa m p le s  w e re  a n a ly z e d  

u s in g  th e  a b o ve  e q u ip m e n t and  m e th o d .

T h e  w e ig h t  o f  each sa m p le  f r o m  s ie v e  ap p ara tus  in  te rm  o f  w e ig h t  re ta in e d  w as 

reco rd ed . N o r m a l ly ,  s ie v e  lo ss  a fte r  s ie v in g  te s t is  n o t  m o re  th a n  o n e  p e r c e n t. T h e  p e rc e n t 

o f  w e ig h t  re ta in e d  w as  c a lc u la te d  and p resen ted .

Hydrometer analysis

T h e  h y d ro m e te r  a n a ly s is  is  base o n  s tro k e s ’ la w  w h ic h  g iv e s  th e  re la t io n s h ip  a m o n g  

th e  v e lo c ity  o f  f a l l  o f  spheres in  a f lu id ,  th e  d ia m e te r  o f  th e  sp he re , th e  s p e c ific  w e ig h t  o f  

th e  sp here  and  o f  th e  f lu id ,  and  th e  f lu id  v is c o s ity ,  In  th e  e q u a tio n  fo rm  th is  re la t io n s h ip  is

V = 2  G s = G f ( D / 2 ) 2 ( 2 . 1 )

9  าๅ

w h e re  V = v e lo c ity  o f  f a l l  o f  th e  sp heres , c m /s

G s = s p e c ific  g ra v ity  o f  th e  sphere

G f  = s p e c ific  g ra v ity  o f  F lu id  -  v a r ie s  w i th  te m p a ra tu re

ฦ  = a b s o lu te , o r  d y n a m ic , v is c o s ity  o f  th e  f lu id ,  d y n  s / c m 2 [o r  g / ( c m  ร ) ]

D  = d ia m e te r  o f  sp he re , cm

G  = 9 8 0 . 7  c m / ร 2 (a c c e le ra tio n  o f  g r a v i t y )  I

1 g = 9 8 0 .7  d yn e s  (g ra m s  fo rc e )
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S o lv in g  e q u a tio n  2 .1  fo r  D  and  u s in g  th e  s p e c ific  g ra v ity  o f  w a te r  G w . W e  o b ta in

D  = V l S f W  ( 2 . 2 )

G s - G w

F o r  c o m p u ta t io n  p u ip o s e s , E q . ( 2 . 2 )  is  u s u a lly  re w r it te n  u s in g  L  in  c m  and  t  in  m in  

to  o b ta in  D  in  m m  as fo l lo w s :

D  = k V l  m m  ( 2 . 3 )

t

w h e re  K  = V  3 0 r |  ( 2 . 4 )

( G s - 1 )

N o te  th a t th e  v a lu e  o f  K  is  a fu n c t io n  o f  G s and  าๅ, w h ic h  a re  d e p e n d e n t o n  th e  

te m p e ra tu re  o f  th e  tes t. T a b le  2 .1  g iv e s  th e  v a r ia t io n  o f  K  w i th  th e  tes t te m p e ra tu re  and  the  

s p e c ific  g ra v ity  o f  s o il s o lid s .

T a b le  2 .1  V a lu e s  o f  K  f r o m  E q . ( 2 . 3 )  ( a f te r  A S T M  ( 1 9 9 1 )  q u o te d  b y  D a s , 1 9 9 4 )
t ( ° C ) Gs

2 .45 2 .50 2 .55 2 .60 265 2 .7 0 2 .75 2 .80
24 0 .0 1 3 8 8 0 .0 1 3 6 5 0 .0 1 3 4 2 0 .0 1 3 2 1 0 .0 1 3 0 1 0 .0 1 2 8 2 0 .0 1 2 6 4 0 .0 1 2 4 6
25 0 .0 1 3 7 2 0 .0 1 3 4 9 0 .0 1 3 2 7 0 .0 1 3 0 6 0 .0 1 2 8 6 0 .0 1 2 6 7 0 .0 1 2 4 9 0 .0 1 2 3 2
26 0 .0 1 3 5 7 0 .0 1 3 3 4 0 .0 1 3 1 2 0 .0 1 2 9 1 0 .0 1 2 7 2 0 .0 1 2 5 3 0 .0 1 2 3 5 0 .0 1 2 1 8
27 0 .0 1 3 4 2 0 .0 1 3 1 9 0 .0 1 2 9 7 0 .0 1 2 7 7 0 .0 1 2 5 8 0 .0 1 2 3 9 0.01221 0 .0 1 2 0 4
28 0 .0 1 3 2 7 0 .0 1 3 0 4 0 .0 1 2 8 3 0 .0 1 2 6 4 0 .0 1 2 4 4 0 .0 1 2 2 5 0 .0 1 2 0 8 0 .0 1 1 9 1
29 0 .0 1 3 1 2 0 .0 1 2 9 0 0 .0 1 2 6 9 0 .0 1 2 4 9 0 .0 1 2 3 0 0.01212 0 .0 1 1 9 5 0 .0 1 1 7 8
30 0 .0 1 2 9 8 0 .0 1 2 7 6 0 .0 1 2 5 6 0 .0 1 2 3 6 0 .0 1 2 1 7 0 .0 1 1 9 9 0 .0 1 1 8 2 0 .0 1 1 6 9

H y d ro m e te r  is  a v a ila b le  based o n  th e  p r in c ip le  o f  s e d im e n ta tio n  o f  p a rtic le s  g ra in  in  

w a te r . W h e n  s e d im e n t is  d isp e rse d  in  w a te r , th e  p a rtic le s  s e ttle  a t d if fe re n t  v e lo c it ie s  

d e p e n d in g  o n  th e ir  shape , s iz e , w e ig h t,  and  th e  v is c o s ity  o f  th e  w a te r . I t  is  f i r s t  a ssu m ed  th a t 

a l l  p a rt ic le s  a re  spheres and  S tro k e s ’ s la w  can exp ress  th e  v e lo c ity  o f  p a rtic le s .

H y d ro m e te r  a n a ly s is  is  a w id e ly  m e th o d  fo r  o b ta in in g  an  e s tim a te  o f  th e  d is t r ib u t io n  

o f  p a r t ic le  s izes  f r o m  th e  N o . 2 0 0  ( 0 . 0 7 5  m m )  s ie ve  to  a ro u n d  0 .0 0 1  m m . T h e  d a ta  are 

p lo tte d  o n  a s e m i- lo g  sc a tte r p lo t  o f  p e rc e n t f in e r  ve rsu s  p a r t ic le  d ia m e te rs  and  m a y  be
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c o m b in e d  w i th  th e  d a ta  f r o m  a m e c h a n ic a l a n a ly s is  o f  th e  m a te r ia l re ta in  ( + )  o n  th e  N o . 

2 0 0  s ie ve .

In  p re p a ra tio n  f o r  h y d ro m e te r  a n a ly s is , w a s h  2 0 0  to  5 0 0  g o f  a i r - d r y  sa m p le  

th ro u g h  th e  N o .  2 0 0  s ie v e . S a ve  th e  m a te r ia l p ass in g  o n  d is h  and  th e  m a te r ia l re ta in e d  in  

a n o th e r. O v e n - d r y  b o th  d ishe s  o f  sa m p le  and  s u m  th e  tw o  m asses o f  sa m p le  f o r  th e  to ta l 

m ass o f  d ry  sa m p le . N e x t  do  a m e c h a n ic a l s ie ve s  w ith  th e  N o .  2 0 0  o n  th e  b o tto m . C o m p u te  

th e  °/o  F in e r  f o r  th e  c o m p o s ite  g ra in  s ize  c u rv e  u s in g  th e  to ta l d ry  m ass . S a v e  th e  o v e n - d r y  

m a te r ia l p ass in g  th e  N o . 2 0 0  s ie v e  fo r  th e  h y d ro m e te r  te s t f o l lo w in g .

T h e  h y d ro m e te r  te s t w as  c o n d u c te d  in  a s e d im e n ta tio n  c y lin d e r  w i th  5 0  g o f  o v e n -  

d r ie d  sa m p le . T h e  s e d im e n ta tio n  c y lin d e r  is  1 8  in . ( 4 5 7 . 2  m m )  h ig h  and  2 .5  in .  ( 6 3 . 5  

m m )  in  d ia m e te r. I t  is  m a rk  f o r  a v o lu m e  o f  1 0 0 0  m l.  S o d iu m  h e x a m e ta p h o s p h a te  is  

g e n e ra lly  used  as th e  d is p e rs in g  ag en t. T h e  v o lu m e  o f  d isp e rse d  s e d im e n t su sp e n s io n  is  

b ro u g h t up  to  1 0 0 0  m l b y  a d d in g  d is t i l le d  w a te r . A  s m a ll sa m p le  o f  5 0  o r  1 0 0  g pass ing  

the  s ie v e  can  h a v e  such a s m a ll f ra c t io n  o f  p a rtic le s  s m a lle r  th a n  0 . 0 7 5  m m  th a t th e  

h y d ro m e te r  te s t m a y  be e f fe c t iv e ly  u s in g  o n ly  1 0  to  1 5  g , th e  re m a in d e r  h a v in g  se ttle d  

b e lo w  th e  b u lb . T h is  c a n n o t p o s s ib ly  be as re p re s e n ta tiv e  as u s in g  5 0  g ( B o w le s ,  1 9 9 2 ) .

W h e n  a h y d ro m e te r  is  p lace d  in  th e  s o il su sp e n s io n  a t t im e  t ,  m e a s u re d  f r o m  the  

s ta rt o f  s e d im e n ta tio n , i t  m e a su re s  th e  s p e c ific  g ra v ity  in  th e  v ic in i t y  o f  its  b u lb  a t a  d ep th  L .  

T h e  s p e c ific  g ra v ity  is  a fu n c t io n  o f  the  a m o u n t o f  p a rtic le s  p rese n ts  p e r u n it  v o lu m e  o f  

su sp e n s io n  a t th e  d ep th . A ls o ,  a t t im e  t ,  th e  p a rtic le s  in  su sp e n s io n  a t a d ep th  L  w i l l  h a ve  a 

d ia m e te r  s m a lle r  th a n  D  as c a lc u la te s  in  e q u a tio n  ( 2 . 3 ) .  T h e  la rg e r  p a rtic le s  w o u ld  h a ve  

s e ttle d  b e y o n d  th e  zo n e  o f  m e a s u re m e n t. H y d ro m e te rs  are d e s ig n ed  to  g iv e  th e  a m o u n t o f  

sa m p le , in  g ra m s  th a t are s t i l l  in  su sp e n s io n . H y d ro m e te r  are c a lib ra te d  f o r  s o ils  th a t h a v e  a 

s p e c ific  g ra v ity ,  gs, o f  2 . 6 5 ;  fo r  s o ils  o f  o th e r  s p e c ific  g ra v ity ,  i t  is  n e c essa ry  to  m a k e  a 

c o rre c t io n  (D a s ,  1 9 9 4 ) .

B y  k n o w in g  th e  a m o u n t o f  p a rtic le s  in  su sp e n s io n , L ,  and  t ,  w e  c kn  c a lc u la te  the  

p e rce n tag e  o f  p a r t ic le  b y  w e ig h t  f in e r  th a n  a g iv e n  d ia m e te r. N o te  th a t L  is  th e  d ep th  

m e a s u re d  f r o m  th e  s u rfa c e  o f  th e  w a te r  to  th e  c e n te r o f  g ra v ity  o f  th e  h y d ro m e te r  b u lb  a t 

w h ic h  th e  d e n s ity  o f  th e  s u sp e n s io n  is  m e a su re d . T h e  v a lu e  o f  L  w i l l  cha ng e  w i th  t im e  t ;  its  

v a r ia t io n  w i th  th e  h y d ro m e te r  re a d in g s  is  g iv e n  in  the  A n n u a l B o o k  o f  A S T M  S ta n d a rd s , 

1 9 9 1  (D a s ,  1 9 9 4 ) -s e e  a p p e n d ix .
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V  =  L / f  c m / s

L  = Z.J+1 / 2 (L 2-  Vb/Agrad)
L ,=  10.5 cm fo r R=0  
L ,=  2.30 cm fo r R =50 
L 2= 14 cm (ASTM ) 
v b = 67 cm3
Agrad = 27.8 cm2 for 1000 mL

Graduated cylinder (not a 
hydrometer ja r)

R t = actual reading 
R = Ra corrected fo r meniscus

F ig u re  2 .1 0  H y d ro m e te r  d im e n s io n s  and  te rm s  ( a f te r  D a s , 1 9 9 4 ) .

G ra p h ic a l p re s e n ta t io n

T h e  re la t io n s h ip  a m o n g  m o rp h o m e tr ic  p a ra m e te rs  w a s  i l lu s tra te d  in  fo rm s  o f  v a r io u s  

g ra p h ic  p re s e n ta tio n , in  p a r t ic u la r  ro u n d n e ss  and fla tn e s s  o f  s ton es . T h e  in d e x  o f  ro u n d n e ss  

o f  s ton es  w i th in  th e  m o s t e n v iro n m e n ts  and  p rocesses w ith  a ra n g e  o f  m in im u m  0  to  1 0 0 0 ,  

and  1 0 0  f o r  m in im u m  fla tn e s s  to  a th e o re tic a l m a x im u m  o f  in f in i t y  ( C a i l le u x ,  1 9 5 6  in  

T h ir a m o n g k o l,  1 9 7 5 ) .  T h ir a m o n g k o l ( 1 9 7 5 )  p ro p o se d  a c o m p a r is io n  o f  ro u n d n e ss  and 

deg ree  o f  ro u n d n e ss  f r o m  th e  re s u lt  o f  h is  la b o ra to ry  te s tin g  and  h is  e x p e r ie n c e  f r o m  the  

f ie ld  th a t p ro v id e d  as b e lo w  f ig u re .
ๆ/,

8 0

7 0

6 0

5 0

4 0

3 0  I

20
10 subangula r rounded
0

angular subrounded well rounded

F ig u re  2 .1 1  A  c o m p a r is o n  o f  d eg ree  and  in d e x  o f  ro u n d n e ss  o f  s ton es  a fte r  

m e a su re d  b y  C a il le u x  m e th o d  ( A f t e r  T h ir a m o n k o l,  1 9 7 5 )
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P e b b le  c o m p o s it io n  a n a ly s is  is  p re se n t b y  1 0 0 %  S ta c k  C o lu m n  (F ig u re  2 . 1 2 ) .  

C o m p a re  th e  p e rce n tag e  each o f  v a lu e  c o n tr ib u te s  to  to ta l across c a te g o rie s . T h e  percen tag es 

o f  q u a r tz ite  are  p lo tte d  f r o m  th e  b o tto m m o s t,  and th e n  up  to  q u a rtz  and  th o s e  o f  sands tones 

and  f in a l ly ,  i f  p re se n t, th o se  o f  m e ta -s a n d s to n e s  in  th e  up p e r. T h e  re s t g ro u p  re m a in s  a t th e  

u p p e rm o s t.

P e b b l e  c o m p o s i t i o n o f  P Y T 1 3 0

m o t h e r s

H J m e t a s a n d s t o n e

□  s a n d s t o n e

Ü  q  น a  r t z

Ü %

F ig u re  2 .1 2  1 0 0 %  s ta c k  c o lu m n  s h o w s  re s u lt  o f  p eb b le  c o m p o s it io n  a n a ly s is .

In  th is  s tu d y , re s u lts  o f  p a r t ic le  s ize  a n a ly s is , th e  p e rc e n t o f  w e ig h t  re ta in e d  and  a 

c u m u la t iv e  w e ig h t  re ta in e d  w e re  c a lc u la te d  and  p resen ted . V a r io u s  g ra p h ic  p re s e n ta tio n  o f  

s ize  re la t io n s h ip ,  f o r  in s ta n c e , a c u m u la t iv e  w e ig h t  fre q u e n c y  and  d ia m e te r  in  m il l im e te r s  

w e re  p ro v id e d  and p lo tte d  in  b o th  s e m i- lo g  and p h i sca le . R e la t io n s  b e tw e e n  lo g a r ith m ic  

g rad e sca le  and  d ia m e te rs  in  m il l im e te r s ,  th e  p h i scale to  W e n w o r th  g rades is  s h o w n  in  

F ig u re  2 .1 3  ( K r u m b e in  and  P e t t i jo h n ,  1 9 3 8 ) .

H is to g ra m  (F ig u r e  2 . 1 4 a )  and  s e m i- lo g a r ith m ic  p lo t  ( F ig u re  2 . 1 4 b )  k n o w n  as 

p a r t ic le  s ize  d is t r ib u t io n  c u rv e s  g e n e ra lly  p resen ts  th e  re s u lts  o f  s ie v e  and  h y d ro m e te r  

a n a ly s is . T h e  p a r t ic le  d ia m e te rs  are p lo tte d  in  lo g  sca le ; w h e re a s , th e  c o rre s p o n d in g  p e rc e n t 

f in e r  is  p lo tte d  in  a r ith m e t ic  sca le .

A f te r  B r ig g s  ( 1 9 7 7 ) ,  fo r  a n u m b e r o f  re a so n s , i t  has b e c o m e  c o r iv e n t io n a l to  p lo t 

p a r t ic le  s ize  d is t r ib u t io n  n o t  as a s im p le  fre q u e n c y  c u rv e , b u t as a c u m u la t iv e  fre q u e n c y  

c u rv e . T h is  is  p lo tte d  o n  a r ith m e t ic  p ro b a b il i ty  paper. I t  has a lre a d y  b een n o te d  th a t p a rt ic le  

s ize  fo l lo w s  a lo g - n o r m a l  d is t r ib u t io n .  H o w e v e r ,  b y  u s in g  th e  p h i sca le  o f  m e a s u re m e n t, the  

d a ta  are  tra n s fo rm e d  to  an a r ith m e t ic  n o rm a l d is t r ib u t io n  -  th e y  a re  n o rm a liz e d . T h u s  w h e n  

p lo t t in g  th e  c u m u la t iv e  pe rce n tag e  fre q u e n c y  d is t r ib u t io n  o f  s e d im e n t s iz e , th e  p h i c lasses are
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F ig u re  2 .1 3  R e la t io n s  b e tw e e n  lo g a r ith m ic  g rade sca le  and  d ia m e te rs  in  m il l im e te r s ,  th e  p h i 

sca le  to  W e n w o r th  g rades. (K ru m b e in  and  P e t t i jo h n ,  1 9 3 8 )

■ ฐ B P  5 9 / 2

ร -

Hill! 1.1 lilllll 1 1 HlHTl 1 1Him i 1 . 1 1 1 1 1 ! 1 1 Xiimi 1 1nil 1 ! ! 1 mil II 1 /lilllll! 1
Mill ! . mil II 1/ Ill'll 11: 1IHii 1 II! li 11 / iiiim I I1 11 Hill I I / lilllll I !1 11 mil I \ แแแแ Iil 11 mil / แแแแ I1 II I ! V\ แแแแ I

Z M f i l I แแแแ I

1 I 1 ! i L

If
f  .

I I I 1 1 I I I1 1 1 1 i 1 11 1 1 i i 11 1 ( 1 1 1 1
-------!... .. ■— 2 -
----;---- y—

i /  i t i l t !
>/ 1 . . . 1 1

A  1 1 I I  1 i-
y  i 1 1 ! ! I l

___1__ 1 1 1 1 1:•t •ร • I t  ร 4 ft •
r* *cu.c

F ig u re  2 .1 4  T h re e  ty p e  o f  s ize  d is t r ib u t io n  p lo ts , a )  h is to g ra m  o f  n o rm a l s ize  d is t r ib u t io n ,

b )  ร - c u r v e  w h e n  u s in g  lo g -s c a le  p lo ts  and  c )  p h i sca le  p lo t  f o r  deg ree  o f  

s o r t in g  c a lc u la t io n  (C h o o w o n g , 1 9 9 6 )
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p lo tte d  o n  th e  X  ( a r i th m e t ic )  a x is . T h e  tra n s fo rm e d  lo g - n o r m a l  d is t r ib u t io n  is  th e n  

re p re se n te d  b y  a s tra ig h t l in e  (F ig u re s  2 .1 4 c  and  2 . 1 5 ) .

F ig u r e  2 . 1 5  C u m u la t iv e  p e rc e n ta g e  f re q u e n c y  c u rv e s  o f  n o rm a l a n d  n o n - n o r m a l  s iz e  

d is t r ib u t io n s .  (B r ig g s ,  1 9 7 7 )

T h e  d e s c r ip t iv e  s ta tis t ic s  a re  used  to  d e sc rib e , in  q u a n t ita t iv e  te rm s , th e  shape o f  th e  

p a r t ic le  s ize  d is t r ib u t io n .  T h e y  in v o lv e  th e  c a lc u la t io n  o f  d ia g n o s tic  v a lu e s , k n o w n  as s ize  

p a ra m e te rs  (B r ig g s ,  1 9 7 7 ) .  T h e  s ize  p a ra m e te rs  can be c a lc u la te d  d ire c t ly  f r o m  th e  g rap h  

o f  p a r t ic le  s iz e  d is t r ib u t io n  o n  p h i a g a in s t p ro b a b il i ty  sca les. A  s u m m a ry  o f  th e  m a jo r  s ize  

p a ra m e te rs , and  m e th o d s  o f  g ra p h ic a lly  e x tra c tin g  th e m , are s u m m a r iz e d  in  T a b le  2 .2 .

T a b le  2 .2  G ra p h ic a l m e a su re s  f o r  d e s c r ip t iv e  s ta t is t ic  te rm s , ( m o d if ie d  f r o m  B r ig g s , 1 9 7 7 )

D e s c r ip t iv e  T e rm s B r ig g ( 1 9 7 7 )

M e d ia n 0 5 0

M e a n ( 0 7  5 + 0 5 0 + 0 2  5 ) / 3

S o r t in g ( 0 9 0 + 0 8 0 + 0 7  0 - 0 3 0 - 0 2  0 - 0 1 0 ) / 5 . 3

S k e w n e s s { ( 0 8 4 - 0 5 O ) / ( 0 8 4 - 0 1 6 ) }  -  { ( 0 5 0 - 0 1 0 ) / ( 0 9 O - 0 1 0 ) }

K u r to s is ( 0 9 0 - 0 1 0 ) 7 1 . 9 ( 0 7 5 - 0 2 5 )

a )  P h i M e d ia n

M e d ia n  is  th e  v a lu e , w h ic h  d iv id e d  a d is t r ib u t io n  in to  tw o  e q u a l h a lv e s . T h e  

m e d ia n  is  c a lc u la te d  f r o m  th e  s ize  m e a s u re m e n ts  in  m il l im e te r s .  F o r  th is  re sea rch , 

th e  p h i sca le  is  used  in  s ize  a n a ly s is , and  the  m e d ia n  s h o u ld  be c o m p u te d  f r o m  th e  

p h i v a lu e s , w h ic h  to o k  f r o m  th e  g ra p h  o f  p a rt ic le  s ize  d is t r ib u t io n .
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b )  M e a n

A n  a lte rn a t iv e  m e a s u re  o f  th e  ave ra g e  g ra in  s ize  is  th e  a r ith m e t ic  m e a n , 

c o m m o n ly  re fe r re d  to  s im p ly  as th e  m e a n . T h is  is  m o re  s o p h is tic a te  th a n  th e  

m e d ia n , f o r  lo c a te s  a w e ig h te d  c e n tra l p o in t  to  th e  d is t r ib u t io n .  T h e  m e d ia n  is  based 

o n  th e  ra n k e d  v a lu e s  o f  th e  d is t r ib u t io n ,  ta k in g  n o  a c c o u n t o f  th e  tru e  v a lu e s ; the  

m e a n , c o n v e rs e ly ,  uses th e  tru e  v a lu e s .

c )  P h i S k e w n e s s

S k e w n e s s  is  th e  d e v ia t io n  o r  a s y m m e try  and  g iv e s  an  a sse ssm en t o f  th e  n o n 

n o r m a l i ty  o f  a d is t r ib u t io n .  A  d is t r ib u t io n  can  be p o s it iv e ly  o r  n e g a t iv e ly  ske w e d . 

P o s it iv e  s k e w n e ss  re p re s e n ts  a f in e  ta i l  to  th e  d is t r ib u t io n ,  n e g a tiv e  ske w n e ss  a 

c oa rse  ta i l .  N o r m a l ly ,  a re s u lts  o f  s ke w n e ss  v a r ie s  w i th in  th e  ra n g e  - 1 . 0  to  + 1 .0  in  

th e  e q u a tio n  ( f r o m  T a b le  3 . 1 ) ,  b u t m o s t se d im e n ts  d o  n o t  exc e e d  - 0 . 8  to  + 0 .8 .  A  

n o rm a l d is t r ib u t io n  w o u ld  h a v e  a ske w n e ss , m e a su re d  b y  th e  e q u a tio n , o f  0 .0 .

d )  P h i S o r t in g

S o r t in g  is  a m e a s u re  o f  d is p e rs io n  o f  sc a tte r, and  is  s im p le  an  e x p re s s io n  o f  the  

s ta n d a rd  d e v ia t io n  o f  th e  s ize  d is t r ib u t io n .  C o m m o n ly ,  in  case o f  s e d im e n ts , i t  seem s 

fre q u e n t ly  to  be c o rre la te d  w i th  th e  m e a n ; v e ry  coarse o r  v e ry  f in e  d e p o s it te n d  to  

h a v e  a h ig h  s ta n d a rd  d e v ia t io n  (a re  w e l l  s o r te d ) .  I t  can  be n o te d  th a t a h ig h  degree 

o f  s o r t in g  is  re p re s e n te d  b y  a lo w  s o r t in g  v a lu e  (B r ig g s ,  1 9 7 7 ) .

e )  P h i K u r to s is

K u r to s is  is  a m o re  a b s tra c t p a ra m e te r th a n  s o rt in g . I t  m e a su re s  th e  peaked ness o f  

th e  s iz e  d is t r ib u t io n  and  is  th e re fo re  re la te d  b o th  to  s o r t in g  and  th e  d eg ree  o f  n o n -  

n o r m a l i ty  o f  th e  d is t r ib u t io n  (B r ig g s ,  1 9 7 7 ) .  I t  can be o b se rve d  th a t a w e l l  so rte d  

s e d im e n t m a y  h a v e  a m o re  peaked  d is t r ib u t io n  th a n  a n o rm a l c u rv e  w h i le  th e  p o o r  

so rte d  s e d im e n t has lo w e r .  G e n e ra lly ,  th e  rang e  o f  k u r to s is  v a lu e s  v a r ie s  f r o m  a b o u t 

0 .5  to  3 .5 .  A  n o rm a l d is t r ib u t io n  has a v a lu e  o f  1 .0 .  I
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T a b le  2 .3  D e s c r ip t iv e  te rm s  fo r  s o r t in g , k u r to s is  and  s ke w n e ss , m e a s u re d  o n  p h i sca le  o f

d ia m e te rs  and  p ro b a b i l i ty  sca le  o f  c u m u la t iv e  w e ig h t  p e rc e n t. ( M o d i f ie d  f r o m  

B r ig g s , 1 9 7 7 )

S o r t in g K u r to s is S k e w n e s s
Very well sorted <0.35 Very platykurtic <0.67 Very negatively skewed -1  —  0.3
Well sorted 0 .3 5 -0 .5 0 Platykurtic 0 .6 7 -0 .9 0 Negatively skewed 0 CO 1 1 ๐ Î-»

Moderately well sorted 0 .5 0 -0 .7 0 Mesokurtic 0 .9 0 -1 .1 1 Symmetrical -0 .1 -0 .1
Moderately sorted 0 .7 0 -1 .0 0 Leptokurtic 1 .11 -1 .5 Positively skewed 0 .1 -0 .3
Poorly sorted 1 .0 0 -2 .0 0 Very leptoktirtic 1 .5 0 -3 .0 0 Very positively skewed 0 .3 -1
Very poorly sorted 2 .0 0 -4 .0 0 Extremely leptokurtic >3.00
Extremely poorly sorted >4.00

B iv a r ia te  s c a tte rg ra m s  is  o fte n  w ith  p lo t t in g  the  s ize  p a ra m e te rs , w h ic h  can be used 

as a basis f o r  fu r th e r  s tu d y . T h e re  a re  g rap hs o f  a n y  tw o  s ize  p a ra m e te rs . T h e y  are  o f  

p a r t ic u la r  v a lu e  in  p a le o e n v iro n m e n t s tu d ie s , w h e re  th e  a im  is  to  id e n t i fy  th e  d e p o s it io n a l 

e n v iro n m e n t o f  s e d im e n ta ry  d e p o s its , and  are  a lso  used  as an  a id  to  c la s s if ic a t io n  and  

c o r re la t io n  o f  s e d im e n ts  ( B r ig g ,  1 9 7 7 ) .

D a ta  a n a ly s is ,  in te r p r e ta t io n ,  a n d  re p o r t in g

A l l  o f  d a ta  f r o m  b o th  f ie ld  and  la b o ra to ry  in v e s t ig a t io n  w i l l  f in a l ly  be a n a lyse d , 

in te rp re te d  an d  d is p la y e d  as d e ta il g e o m o rp h o lo g ic a l m a p , s tra t ig ra p h ic a l p ro f i le .  L a b o ra to ry  

re s u lts  w i l l  be p rese n ted  in  fo rm  o f  sc a tte r g ra p h , d ia g ra m  and  ta b le . T h e n ,  d is c u s s io n  and 

c o n c lu s io n  o f  th is  s tu d y  a b o u t g e o m o rp h o lo g ic a l u n its  and th e ir  p roce ss , m a te r ia l 

c h a ra c te r is tic s  o r  p ro p e rt ie s , s tru c tu re , e v a lu a t io n ,  and la n d  use in  d if fe re n t  g e o m o rp h o lo g ic a l 

u n its  w e re  c a rr ie d  o u t  f o r  th e  f in a l  re p o r t in g .
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Skewness Phi mean

อ Till
0 Glacio-fluvial çravel
• Fluvial sand 
It Aeolian sand

A B

F ig u re  2 .1 6  B iv a r ia te  sc a tte rg ra m s  fo r  se lec ted  se d im e n ts  f r o m  v a r io u s  e n v iro n m e n ts , a )  

k u r to s is  and  s ke w n e ss , and  b )  m e a n  s ize  and  s o r t in g . (B r ig g s ,  1 9 7 7 )

2.5 ____ explanation
J I Zort« of 2-wcy fk*r on txochrt
• ■  fiordLi of l-wfl» f Lw* rhniinfb of YîWrt I

0.< 0.8 เ.2 1.6 2.0
Sorting Meosure (Sos)

F ig u re  2 . 1 7  S c a tte r p lo t ,  s im p le  ske w n e ss  m e a su re  ve rsu s  s im p le  s o r t in g  m e a s u re  f o r  beach 

and  r iv e r  sands. ( A f t e r  F r ie d m a n  and  S a n d e rs , 1 9 7 8 )
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