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i  T . i f t n B 1T O BY ST U D Y  O f  T i g  SBT T T K M RW T  O F LO A D ED  REC T A N G U LA R P L A T ES IN T O  SO FT  S O I L

II 9 7 " ~
11 *  '  H . W . W .  P O L L I T T ,

W . A .  L E W I S

S m n i i B Y  P . H . T .  L EW I S

T h e  u s e  o f  t r a c k - l a y i n g  v e h i c l e s  i n  c i v i l  e n g i n e e r i n g  h a s  l e d  t o  c o n s i d e r a t i o n  
o f  t h e  m o s t  s u i t a b l e  d e s i g n  o f  s u s p e n s i o n  a n d  t r a c k s  i n  r e l a t i o n  t o  s o i l  c o n d i t i o n s .

I n  t h i s  c o n n e x i o n  e x p e r i m e n t s  h a v e  b e e n  m a d e  a t  t h e  H o a d  R e s e a r c h  L a b o r a t o r y  t o  
i n v e s t i g a t e  t h e  f a c t o r s  a f f e c t i n g  t h e  s i n k a g e  o f  v a r i o u s  s i z e d  p l a t e s  i n t o  s o f t  s o i l  
t o  d e t e r m i n e  t h e  m o d e l  l a w ,  i f  a n y ,  g o v e r n i n g  t h e  s i n k a g e .  T e s t s  w e r e  a l s o  m a d e  t o  
i n v e s t i g a t e  t h e  e f f e c t s  o n  s i n k a g e  o f  s p u d s ,  p l a t e  s h a p e  a n d  c u t - a w a y  a r e a s .

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

p r o p e r  i n t e r p r e t a t i o n .
T w o  s o i l s  w e r e  u s e d  i n  t h e  t e s t s ;  a  L o n d o n  c l a y  a n d  a  H a r m o n d s w o r t h  b r i c k e a r t h .  
T h e  f o l l o w i n g  m a i n  c o n c l u s i o n s  w e r e  r e a c h e d :

1 )  T h e  s i n k a g e  o f  a  s q u a r e  p l a t e  i n  e i t h e r  o f  t h e  s o i l s  u s e d  i n  t h e  t e s t s  i s  n o t  p r o 
p o r t i o n a l  t o  i t s  s i z e  e x c e p t  o v e r  a  n a r r o w  r a n g e  o f  p l a t e  p r e s s u r e s  d e s c r i b e d  a s

t h e  " s c a l i n g  p r e s s u r e " .  T h i s  s c a l i n g  p r e s s u r e ,  o f  t h e  o r d e r  o f  8  l b . / s q . i n . ,  w a s  a p 
p r o x i m a t e l y  t h e  s am e  f o r  b o t h  s o i l s  b u t  i t  i s  t h o u g h t  p r o b a b l e  t h a t  i t  v a r i e s  f o r  a n y  

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

b e a r i n g  c a p a c i t y  c o m p o n e n t  a l s o  d e c r e a s e s  w i t h  i n c r e a s i n g  p l a t e  s i z e  a s  p r e d i c t e d
b v  H o u s e l ' s  p e r i m e t e r  s h e a r  t h e o r y .
3 )  W h i l e  q u a n t i t a t i v e  r e s u l t s  s h o u l d  b e  o b t a i n a b l e  f r o m  m o d e l  t e s t s  o n  s q u a r e  p l a t e

a t  t h e  a p p r o p r i a t e  s c a l i n g  p r e s s u r e ,  o n l y  q u a l i t a t i v e  c o m p a r i s o n s  s h o u l d  b e  e x p e c t 
e d  f r o m  p l a t e s  o f  d i s s i m i l a r  d e s i g n .
4 )  T h e  m ax im u m  e r r o r  i n  t h e  s i n k a g e  o f  p l a t e s  o n  t h e  l e v e r  m a c h i n e  d u e  t o  i t s  i n e r t i a  

w a s  e s t i m a t e d  t o  b e  +  15% o f  t h o s e  o f  s i m i l a r l y  l o a d e d  p l a t e s  s i n k i n g  f r e e l y  u n d e r
g r a v i t y .  D i r e c t  l o a d i n g  m a c h i n e s  a r e  t h e r e f o r e  t o  b e  p r e f e r r e d  t o  s u c h  l e v e r  l o a d i n g  
m a c h i n e s  a s  t h e y  a v o i d  t h e  i n e r t i a  p r o b l e m .
5 )  I n c r e a s e  i n  p l a t e  s i z e  a n d / o r  p r e s s u r e  c a u s e  i n c r e a s e d  s i n k a g e .  T h e  s i n k a g e - p l a t e  

p r e s s u r e  c u r v e s  a r e  a p p r o x i m a t e l y  l i n e a r  f o r  p r e s s u r e s  g r e a t e r  t h a n  6  l b . / s q . i n .
6 )  F o r  a  g i v e n  a r e a ,  p l a t e  s h a p e .has l i t t l e  e f f e c t  o n  s i n k a g e .  T h e  tendency i s ’ f o r  

square p l a t e s  t o  s i n k  farther t h a n  rectangular plateB under t h e  s a m e  l o a d i n g .
7 )  T h e  p r e s e n c e  o f  s p u d s  o r  o f  " c u t - a w a y  a r e a s "  t e n d e d  t o  r e d u c e  t h e  s i n k a g e  o f  a  g i v e n  

p l a t e  b u t  t h e r e  w o u l d  a p p e a r  t o  b e  a  l i m i t  t o  t h e  e f f e c t  o f  t h e  l a t t e r  f a c t o r .

IN T RO D U C T IO N .

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

u n d e r  v e r t i c a l  l o a d i n g  o n l y .
T h i s  i n v e s t i g a t i o n  c o m p r i s e d t -

I .  A  Btudy of the effect o f  plate size on the 
sinkage with a view to determining the

s c a l e  e f f e c t .  I f  t h i s  s c a l e  r e l a t i o n  w a s  f o u n d  
t o  b e  s i m p l e ,  t h e n  t h e  w o r k  o n  t h e  i m p r o v e n e n t  

o f  t h e  s o f t  g r o u n d  p e r f o r m a n c e  o f  a r m o u r e d  
f i g h t i n g  v e h i c l e s  w o u l d  b e  f a c i l i t a t e d  b y  m ak 
i n g  m a n y  o f  t h e  e x p e r i m e n t s  o n  t h e  m o d e l  s c a l e .
I I .  A n  i n v e s t i g a t i o n  o f  t h e  e f f e c t  o f  p l a t e  

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

Tw o  v e r y  d i f f e r e n t  t y p e s  o f  s o i l  w e r e  
c h o s e n  f o r  t h e  e x p e r i m e n t s ;  a  h e a v y  c l a y  a n d  
a  s a n d y  c l a y  ( b r i c k e a r t h )  a s  r e p r e s e n t i n g  e x 
t r e m e s  w i t h i n  w h i c h  c o h e s i v e  s o i l s  c r i t i c a l  
t o  t a n k  m o b i l i t y  w i l l  f a l l .

I n  t h i s  w o r k ,  w h i c h  w a s  e s s e n t i a l l y  e x 
p l o r a t o r y ,  a n  e x i s t i n g  l e v e r  l o a d i n g  m a c h i n e  

w a s  m o d i f i e d  t o  a p p l y  t h e  t e s t  l o a d s  t o  t h e  
p l a t e s  t h r o u g h  a  v e r t i c a l  p l u n g e r .  I n  t h i s  
m a c h i n e ,  t h e  l i n e a r  a c c e l e r a t i o n  o f  t h e  l o a d 
e d  p l a t e  w a s  l e s s  t h a n  t h a t  o f  a  p l a t e  u n d e r  
t h e  sa m e  s t a t i c  l o a d  a p p l i e d  d i r e c t l y  b y  r e a 
s o n  o f  t h e  a n g u l a r  m o m en t u m  t h a t  h a d  t o  b e  i m 
p a r t e d  t o  t h e  l e v e r  s y s t e m .  T h e  m a t h e m a t i c a l  
a n a l y s i s  o f  t h i s  e f f e c t ,  g i v e n  i n  t h i s  r e p o r t ,  
i n v o l v e s  l e n g t h y  c o m p u t a t i o n  b e f o r e  t h e  r e 
s u l t s  g i v e n  b y  s u c h  a  m a c h i n e  c a n  b e  e v a l u a t 
e d  i n  t e r m s  o f  d i r e c t  l o a d i n g  a n d  f o r  t h i s  
r e a s o n  t h i s  t y p e  o f  m a c h i n e  i s  n o t  r e c o m m e n d 
e d  f o r  f u t u r e  w o r k .

Apparatus used in sinkage t e s t B .

F I G . 1

T EST  S O I L S .

T h e  h e a v y  c l a y  ( L o n d o n  c l a y )  w a s  o b t a i n 
e d  f r o m  S t a i n e s  R e s e r v o i r  a n d  t h e  s a n d y  c l a y  
( b r i c k e a r t h )  w a s  o b t a i n e d  f r o m  t h e  L a b o r a t o r y  

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

T a b l e  1 .

M ET H O D  O f  T E S T .

A p p a r a t u s .  T h e  a p p a r a t u s  u s e d  i s  s h o w n  i n  F i g .  
1 .  I t  c o n s i s t s  o f  a  h i n g e d  l e v e r  g i v i n g  a  3 : 1
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Characteristics of the soils used In the testa

TABLE 1

,-----------------------

Teat
Heavy Clay 
(London Clay)

Sandy Clay 
(Brickearth)

Liquid Limit 75% 28%

Plastic Limit 28% 18%

Plasticity Index 47% 10%

Mean moisture content during 
tests

49% 25%

Henge of moisture content 
during tests

50-47% 26-25%

Mean Liquidity Index during 
tests

44% 71%

Mechanical Analysis:

Coarse Sand, 2-0,2 mm. Ofr 10%

Fine Sand, 0.2-0.02 mm. 11% 56%

Silt, 0.02-0.002 nun. 25% 14%

Clay, ■< 0.002 mm. 64% 207°

International Method

Shear box test on soil at

test moisture content:

Cohesion 0.85 lb./sq.in. 0.80 lb./sq.in.

Angle of internal friction 7.70 10.2°

Prandtl's bearing capacity 
for strip-load 
(calculated)

6.3 lb./sq.in. 6 .7 lb./sq.in.

Dry soil density 73 lb./cu.ft. 
(m/c = 48%)

99 lb./cu.ft. 
(m/ c = 25*=)

ratio, bearing through links on a vertical 
column at the lower end of which is fitted 
the test plate. Straight line, vertical motiai 
of the column and plate is obtained by means 
of plain brass bearing blocks.

The system could be held in, and releas
ed from any desired position within a range 
of approximately 3 inches by the height ad
justment end release mechanism shown in Fig. 
2 .

The sinkage-time records were obtained 
by means of a thin springsteel reed clamped 
to the vertical column and carrying at its 
lower end an inked brush (.see Fig. 3). The 
reed vibrated at a frequency of 4- cycles per 
second and was released electrically the in
stant that the system began to sink and so 
provided a sinkage-time wave-trace on a re
cord sheet mounted on a fixed vertical board. 
Successive values of the sinkage were obtain
ed by measuring the distances between the ze
ro point and the successive peaks and troughs 
on the wave trace, the corresponding times 
being calculated from a knowledge o f  the pe
riod of vibration of the recording brush as
sembly.

The bath containing the soil was 2-ft. 
square and was filled to a depth of approxim
ately 1-ft.

Soil preparation and placing. Each batch of 
about 100 lb. of the soil used in the tests

Close-up view of release and height adjustment 

mechanism.

FIG.2
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Close-up view of sinkage recording apparatus, 
showing typical wave trace after a test.

F I G . 3

was oven-dried, pulverised and then mixed for 
20 minutes with the required amount of water 
in a "Liner" concrete mixer.

The mixed soil was placed in the tank in 
3 in. layers and well punned to eliminate air 
voids.

Routine procedure with the soil. Samples of 
the soil were taken at the beginning and end 
of each day of testing and their moisture con
tents determined as a check on the uniformity 
of the test conditions.

After each test, the disturbed soil was 
worked and then levelled with a large spatula, 
care being taken to avoid the formation of 
air-voids.

Test procedure. The soil having been levelled, 
the plate to be tested was fixed to the co
lumn of the machine and its position adjusted 
until it was completely in contact with the 
soil. The required weight was then placed up
on the hanger and the recording brush held in 
the zero position by means of the electro-mag
net. On releasing the system, the circuit of 
the electro-magnet was broken end the brush 
vibrated as the plate sank thus providing the 
sinkage-time trace on the record 6heet.

The procedure was repeated ten times for 
each plate under test for each loading and in 
some cases further groups of ten tests were 
carried out as a measure of the reproducibil
ity of the results. The majority of the tests 
carried out on the London clay were repeated 
on the brickearth. Certain tests were omitted 
ae they were considered unlikely to add to 
the information already obtained.

MACHINE INERTIA.

The inertia of the lever loading mecha
nism had to be considered and a mathematical 
analysis of this effect was therefore under
taken. The computations involved were very la
borious and showed that the effect of the in
ertia would probably not exceed 15%. It was 
only carried out for the study of the effect 
of plate size on the sinkage in soft London

Flat plates used in the experiments concerning 
the effect of scale on sinkage.

F I G . 4

Plates with spuds used in the investigation of 
scale effects.

F I G . 5

clay owing to the necessity for winding up 
the investigation.

I. EFFECT OF PLATE SIZE OH THE SINKAGE.

The three plates used in this investiga
tion were square of 4-in., 6-in. and 8-in. 

sides (Fig. 4). The plate pressures used were 
4, 6, 8 and 10 lb./sq.in. The mean sinkage- 
time curves obtained with the clay are shown 
in Figs. 20 and 21 and those with the brick-



Link with l*^-in. diameter holes used to deter
mine the effect of cut-away areas on sinkage.

F I G . 8

Links used to investigate the effects of link 

shape on sinkage.

F I G . 6

Set of links with varying number of 3-in.

spuds.

F I G . 7

deep

earth in Figs. 9 and 10. The curves obtained 
with the clay were then corrected for the in
ertia effect in the case of the 8-in. plate 
under loads of 4 and 10 lb./sq.in. (see Fig.
1 5 ) •

Method of analysis.The analysis was designed 
to express the sinkages of the various plates 
in terms of the freely falling acceleration 
(g1) of the loading column and plate, this ac
celeration being a fraction of the gravitation
al acceleration (g), the value of the fraction 
depending upon the load applied to the plate.
3y substituting g for g1 in the equation of 
motion, the free sinkage under gravity of a 
given plate is then deduced.

The following symbols are employed:-
P = effective column load (,1b.) (see Fig.

1 1 )
S - effective soil resistance (lb.)
A » area of plate (sq.in.)
p - P/^ » plate pressure (lb./sq.in.)
g « gravitational acceleration (in./sec./ 

sec.)
g1 = linear acceleration of column and plate 

when system is freelv falling about 
hinge (in./sec./sec.)

I = Moment of Inertia of system about hinge 
(lb. sq.in.)

31 » length of lever from hinge to hangar 
load (in.)

0,ë » angular velocity, acceleration of sys
tem about hinge (rads./sec., rads./sec./ 
sec. )

h = sinkage of plate (in.)
t * time (secs.) 
q,k,X *= constants for the soil

V = gjjr * velocity of plate.

The scheme of analysis is as followss-
1) Evaluation of the equation of motion of the 

column and plate in terms of the load on 
the lever arm P and the effective soil resist
ance S.

Thus the equation of angulqr movement of 
the machine about the hinge is

—=(P-S)1 (i)
9

and hence for a small angular movement of the 
machine the linear acceleration of the column 
and plate is given by

I  ^  r-X— . — . ( P - S )  ( 2 )

When the soil resistance S - 0, the system is 
freely falling i.e. 

d ’ h
--- = g Substituting in (2)
d t *

I . _ I P
or

g l *  f l 

ood (2) b e c o m e s ------« P-S

( ? )

( 4 )
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u  
< i

1 ' 1 1 /Pl a t «  Pr e s s u r e  -  4  lb./ sq. in .

I  In d i :at es sta id ar d  d«ï ¡a t  i o n  o 1 o b s e r a t i o n  

6” x 6” Plat « om t t e d

- - - f - - - - - - - - i —
- - - - - i —

—  8  x 8" 

.—  4'x  4**

Pla t «

Pl a t e

O  0- 1 0- 2 0- 3 0 - 4  0- 5 0 - 6  0 7  0 - 8  

T IM E -  sec o n d s

SIN K A G E- T i M E C U RV ES FO R SQ U A RE PL A T ES U N D ER 

V ERT IC A L  P R ESSU R E IN  BR l C K EA RT H

F I G . 9

T h i s  i s  t h e  e q u a t i o n  o f  l i n e a r  m o t i o n  o f  

a  p l a t e  i n  a  g r a v i t a t i o n a l  f i e l d  g 1  a n d  i s  o f  

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

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

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

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

t o r  K V 2 ; t h u s

S - A  (g  + M i  + K V J)

i . e .

o r

o r

—  *  P - A  ( q  +  A h +  K V 1)  

g 1 d  t 1

P  V d V  ,  „
- - - - - - + A  K V ■ P - A q  - A  X h
g1 d h

_ L Í Í ^  +  A K (V * )=  (P- A q ) - A A h  

2 g ‘  d h

( 5 )

( 6 )

( 7 )

( 8 )

o r  d ( V )  | 2 g , ^ ( V » )  2 g ‘ ( r  A g ) 2 g'A A h  ( 9 )  

P  P Pd h

3 )  T h e  e q u a t i o n  o f  m o t i o n  i s  n o w  s o l v e d  t o  

o b t a i n  a n  i m p l i c i t  e x p r e s s i o n  f o r  t h e  s i n k -  

a g e  o f  t h e  p l a t e  i n  t e r m s  o f  t h e  t h r e e  s o i l  

f a c t o r s  a n d  t h e  a c c e l e r a t i o n  o f  t h e  l o a d i n g  

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

I n t r o d u c i n g  a n  i n t e g r a t i n g  f a c t o r  e x p .

w r i t i n g  x  “  P w e h a v e

| 2 g * K.h |  2 g ‘Ah  / 2 g 'K.h
e x p . - - - - - - - - - - - - - e x p . - - - - - -

pi I p  /  p  \ P

d

dh

T IM E -  s c co n d i

s i n k a c e - t im e  c u r v e s  f o r  s q u a r e  p l a t e s  u n d er  v e r t i c a l

PRESSU RE IN  BR l C K EA RT H

I n t e g r a t i n g

2 g ‘

[ 2 g ‘ K . h  j I
ex p .

I  P
1

/ 2 g ‘ K.h

(10)

F I G . 1 0

( 1 1 )  

( 1 2 )

W h e r e  / I  i s  a  c o n s t a n t  o f  i n t e g r a t i o n .  D i v i d 
i n g  t h r o u g h

1, , P* I 2 g’K.h \  I 2 g 'K .h  \ .

W h e n  h  = 0 ,  V  = 0  t h u s

1 z . p A  ( 1 4 )  
j i » - — ( p - q ) - - - - - - -  a n d  h e n c e

V- U + 1 L .  ( ^  - l) 4 l,P-q) . ¿ h i  e x , ( ^ L )
K 2 g * K * l  p  I  I k '  2 g ’ K ,J \  p  /

( 1 5 )

( 1 6 )
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P l a t e  l i n k a ^ ,  h 

P l a t t  v e l o c i t y ,  v

I h  df i 
d t  d t

P l a t t  a c c t l i r ' t i o n

=i £a. 
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C= g‘ whtn S *o )

SC H EM A T IC  A R R A N G EM EN T  O F L EV ER  M A C H I N E 

FO R  A N A L Y SIS

F I G . 1 1

COMPARISON OF TYPICAL EXPERIMENTAL UMCACC- TIME CURVE AND CALCULATED CURVES 
USED ON VARIOUS ASSUMPTIONS; CI«* «.ATE, PLATE PRESSURE 6 fe/l+rfi

F I G . 1 2

T o  r e l a t e  t h i s  e x p r e s s i o n  t o  t h e  a c t u a l  

s i n k a g e - t i m e  c u r v e s  t h e  v a l u e s  o f  V 2  c o r r e s 
p o n d i n g  t o  d i f f e r e n t  v a l u e s  o f  h  w e r e  o b t a i n e d  

f r o m  e q u a t i o n  ( 1 6 )  a n d  a  c u r v e  o f  V  a g a i n s t  h  

v a s  t h e n  p l o t t e d .  T h e  h  s c a l e  w a s  t h e n  d i v i d 
e d  i n t o  s m a l l  i n c r e m e n t s  A h  a n d  t h e  m e a n  v e 
l o c i t y  A h / A t  w a s  d e t e r m i n e d  f o r  e a c h  i n c r e 
m e n t .  T h e  q u a n t i t y  A h  w a s  t h e n  d i v i d e d  b y  t h e  

m e an  v e l o c i t y  7  t o  g i v e  t h e  i n c r e m e n t a l  t i m e  

* t .  T h e s e  v a l u e s  o f  A t  w e r e  t h e n  su m m ed  p r o 
g r e s s i v e l y  a g a i n s t  t h e  c o r r e s p o n d i n g  v a l u e s  

o f  h  t o  g i v e  t h e  a p p r o x i m a t e  s i n k a g e - t i m e  

c u r v e ,
4 )  T h e  v a l u e s  o f  t h e  s o i l  r e s i s t a n c e  f a c t o r s ,  

q , A ,  a n d  K  w e r e  c h o s e n  b y  t r i a l  a n d  e r r o r  

t o  g i v e  r e a s o n a b l e  a g r e e m e n t  w i t h  t h e  e x p e r i 
m e n t a l l y  d e t e r m i n e d  f i n a l  s i n k a g e s .

F o r  t h e  v a l u e  o f  t h e  f i n a l  s i n k a g e  i n  

a n v  g i v e n  c a s e  i t  i s  o n l y  n e c e s s a r y  t o  w r i t e

(i7>

ti ^ ,  p, and g1 being known experimentally. 
Equation (17) is of the form

V = 0 (h / 0) in equation (16) giving

Where 0 1 ^ ™  is small, exp( -ph).can be 
l as approximately 1 - p h  + (p 10^/2 and

( 1 8 )

taken as appro 
hence

l-exp.(- ) = P h - J

o r
« p ( 1 9 )

This approximation was used in the first 
approach to the smaller sinkages. For the

2g1Kh
larger sinkages, since 1 - e x p ----—  = 1

the first approximation used was

1 W  r  +  ^  ( 2 ° )
:  2 = a  +  _ j >
•  *  2 g i K

5) The implicit equation for the plate sink- 
age was then integrated numerically yield

ing sinkage-time curves and the values of the 
soil resistance factors were then adjusted to 
give agreement in detail with both the final 
sinkages and the sinkage-time curves. The free 
sinkage under gravity was then finally estim
ated by substituting g for gl in the implicit 
equation, and by integrating this equation n u 
merically giving the estimated sinkage-time 
curves for free sinkage tinder gravity.

Other assumptions of soil resistance. A less 
satisfactory fit was round making the simpler 
assumptions S - A( q+Ah) and S - A (q + A h 2 ) . T h i s  

is shown in Fig. 12 for comparison with the 
final assumption chosen fc> = A(q+Xh+KV2) for 
the case of the 6 in. x 6 in. plate loaded t o
6 lb./sq.in. An even better fit is possible 
if the depth factor is taken a s X h 2. Then

( 2 2 )
Results of the analysis. The analysis showed 
that the model law wasnot simple under the 
conditions of the experiment.

Table 2 shows the values of q, K, and X  

for the three sizes of plate tested and for 
the London clay.

Table 2

P l a t e q X E
s i d e  ( i n ) l b . / s q . i n . l b . / s q . i n . l b . / s q . i n .

4 5 . 5 6 0 . 6 3 6 0 . 7 4 5
6 4 . 4 1 0 . 6 0 7 0 . 7 4 5
8 3 . 7 5 0 . 5 2 0 0 . 7 4 5

The values of q and X decrease with in
creasing plate size so that the critical pres
sure below which theoretically no sinkage 
place is higher for small plates than for lajgi 
ones. This is shown in Fig. 13 for both t h e  

brickearth and the London clay.
In fig. 14 the values of q have been p l a t  -  

ted against the perimeter/area ratios for t h e
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V a r i a t i o n  o f  s u r f a c e  b e a r i n g  c a p a c i t y  w i t h  p e r i 
m e t e r  a r e a  r a t i o  o f  s q u a r e  p l a t e s

F I G - 1 4

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

w e l l  o n  a  s t r a i g h t  l i n e .  T h i s  i s  c o n s i s t e n t  

w i t h  H o u s e l ' s  p e r i m e t e r  s h e a r  t h e o r y  w h i c h  

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

w i t h  a n  a d d i t i o n a l  b e a r i n g  c a p a c i t y  d u e  t o  p e 
r i m e t e r  s h e a r .  F o r  t h e  s o f t  L o n d o n  c l a y  u s e d  

i n  t h r e e  t e s t s  t h e  b a s i c  b e a r i n g  c a p a c i t y  i s  

e s t i m a t e d  t o  b e  2 . 1  l b . / s q . i n .  a n d  t h e  p e r i 
m e t e r  s h e a r  a d d i t i o n  t o  b e  3 . 5  l b . / i n .

EFFECT OF PLATE PRESSURE ON SINKACE IN CLAY OFSOUARE 
PLATES (olANO(b) ON THE MACHINE, (c) AND (d) UNDER FULL 
CRAVITY

F I G . 1 6

F i g .  1 5  s h o w s  t h e  e s t i m a t e d  s i n k a g e - t i m e  

c u r v e s  f o r  t h e  8  i n .  x  8  i n .  p l a t e  u n d e r  p r e s 
s u r e s  o f  4  a n d  1 0  l b . / s q . i n .  ( a )  o n  t h e  m a 
c h i n e ,  a n d  ( b )  f a l l i n g  f r e e l y  i n t o  t h e  s o i l  

u n d e r  g r a v i t y .  I t  w i l l  b e  s e e n  t h a t  t h e  m a c h i n e  

c a u s e s  g r e a t e r  f i n a l  s i n k a g e  ( . a b o u t  15% i n  t h e  

e x t r e m e  c a s e ) ,  b u t  g i v e s  a  l o w e r  a v e r a g e  v e l o 
c i t y  o f  s i n k i n g .  T h i s  r e s u l t  w a s  c o n f i r m e d  b y
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CO M PA RISO N  OF T H EO RET IC A L  A N D  EXPERIM EN T A L 

SIN KA CE- T IM E CURVES FOR SQ UA RE PL A T ES SIN KIN C IN 

LO N D O N  CLA Y (D OTTED  CURVES A RE EX PERIM EN T A L FU LL  

CUKVES A RE T H EO RET IC A L) '

F I G . 1 7

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

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

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

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

T h e  e f f e c t  o f  p l a t e  p r e s s u r e  o n  t h e  f i n a l  

s i n k a g e  i n  t h e  c l a y  f o r  t h e  t h r e e  p l a t e s  t e s t 
e d  i s  s h o w n  i n  F i g .  1 6 .  I t  w i l l  b e  s e e n  t h a t  

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

s m a l l  s i n k a g e s  w h i c h  o c c u r r e d  w i t h  t h e  s m a l l e r  

p l a t e s  u n d e r  t h e  s m a l l e s t  p l a t e  p r e s s u r e  ( 4  

l b . / s q . i n . ) .  F i g .  1 6  s h o w s  a l s o  c u r v e s  o f  f i n 
a l  s i n k a g e / s i z e  o f  p l a t e  s i d e  p l o t t e d  a g a i n s t  

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

t h e  p r e s s u r e  a x i s  d e c r e a s e  w i t h  i n c r e a s i n g  

p l a t e  s i z e .  T h e s e  c u r v e s  s u g g e s t  t h a t  t r u e  

s c a l i n g  m ay  o n l y  h o l d  o v e r  a  n a r r o w  r a n g e  o f  

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

t h e  " s c a l i n g ”  p r e s s u r e  i s  a b o u t  7 . 3  l b . / s q . i n .  

w h i l e  u n d e r  g r a v i t y  i t  i s  a b o u t  8  l b . / s q . i n .
T h e  d e g r e e  o f  a c c u r a c y  o f  f i t  o f  t h e  t h e 

o r e t i c a l  e x p r e s s i o n s  t o  t h e  e x p e r i m e n t a l  s i n k -  

a g e - t i m e  c u r v e s  i s  s h o w n  i n  F i g s .  1 7  a n d  1 8  

f o r  t h e  s q u a r e  p l a t e s  s i n k i n g  i n  L o n d o n  c l a y  

f o r  t h e  v a l u e s  f i n a l l y  c h o s e n  o f  q ,  K a n d

R e s u l t s  f o r  s a n d y  b r l c k e a r t h . O w i n g  t o  t h e  

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

b r i c k e a r t h  w e r e  n o t  t r e a t e d  i n  t h e  s am e  d e t a i l .  

T h e  f o r m  o f  t h e  c u r v e s  s u g g e s t s  t h a t  t h e  t y p e

o s  i-o i s
T IM E ~  seconds

COM PARISON  O F T H EO RET IC A L AND EXPERIM EN T A L 

SIN KA CE - T IM E CU RV ES FOR SO UA RE PLA T ES SIN KINC 

IN LONDON CLA Y (D O T T ED  CURVES A RE EX PERIM EN T A L,

FULL CURVES A RE T H EO RET ICA L)

F I G . 1 8

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

s a m e  b u t  w i t h  d i f f e r e n t  v a l u e s  f o r  q ,  K  a n d  A .
T h e  a p p r o x i m a t e  s u r f a c e  b e a r i n g  c a p a c i t i e s  

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

f r o m  F i g .  1 9 .  T h e s e  b e a r i n g  c a p a c i t i e s  h a v e  

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

a r e a  r a t i o  i n  F i g s .  1 3  a n d  1 4 .  F i g .  1 4  s h o w s  

t h a t  t h e  b a s i c  b e a r i n g  c a p a c i t y  f o r  t h e  b r i c k 
e a r t h  i s  3 . 7 6  l b . / s q . i n .  a n d  t h e  p e r i m e t e r  s h e a r  

a d d i t i o n  i s  2 . 0 4  l b . / i n .

I I .  EF F EC T  O F PL A T E SH A PE,  SPU D S AMD CUT - A WA Y  

A R EA S ON SIN K A G E.

T h e  v a r i a b l e s  s t u d i e d  c o m p r i s e d  : -
a )  T h e  e f f e c t  o f  s p u d s  o n  p l a t e  s i n k a g e . F o r  

t h i s  a  s e t  o f  s q u a r e  p l a t e s  w a s  u s e d  o f  4 - i n . ,
6 - i n .  a n d  8 - i n ,  s i d e  w i t h  a  2 - i n . , 3 - i n .  a n d
4 - i n .  s p u d  r e s p e c t i v e l y  a s  s h o w n  i n  F i g .  5-  

a d d i t i o n  a  f u r t h e r  s e t  o f  t h e  6 - i n .  s i d e  p l a t e s  

w a s  u s e d  h a v i n g  1 ,  2  a n d  4  3 - i n .  d e e p  s p u d s  

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

F i g .  7 .
b )  T h e  e f f e c t  o f  p l a t e  s h a p e , 

w e r e  u s e d  a s  s n o w n  i n  F i g .
a r e a  o f  3 6  s q . i n . ,  v i z .  6 - i n .  

x  4 - i n , ;  a n d  1 2 - i n .  x  3 - i n .

c )  T h e  e f f e c t  o f  c u t - a w a y  a r e a s . T h i s  w a s  

s t u d i e d  b y  c u t t i n g  f o u r  1 / B - i n .  d i a .  h o l e s

T h r e e  p l a t e s  

6  a l l  w i t h  a n  

x  6 - i n . ; 9 - i n .
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TCYPTCBTMRNTAL V A L U ES O F PL A T E ST N K A G E ( I N S , )  I N  LO N D ON  C L A Y  

( N O T E:  E a c h  v a l u e  i s  a n  a v e r a g e  o f  1 0  o b s e r v a t i o n s )

TABLE 3

M e a n T i m e
P l a t e  Sh a p e  

( i n s . )

N u m b e r  o f  3 - i n .
s p u d s  o n  

6 - i n . s q .  p l a t e

C u t  A w a y  A r e a s  

D i a m e t e r  o f  H o l e s  i n  

7 "  x  6 "  L i n k .  ( i n s . )

P l a t e  

P r e s s u r e  

l b . / s q . i n .

S e c s .
6 x 6 9 x 4 1 2 x 3 1 2 4

«
T i 1 1 . 1 1 / 3 2

1 / 8 0 . 1 2 0 . 1 4 0 . 1 6 0 . 2 1 0 . 1 8 X X X X X

1 / 4 0 . 2 6 0 . 2 1 0 . 2 1 0 . 4 1 0 . 2 6 X X X X X

3 / 8 0.30 0 . 2 3 0 . 2 4 0 . 5 7 0 . 3 6 X X X X X

1 / 2 - - - - - X X X X X

1 / 8 0 . 2 8 0 . 2 7 0.19 0.29 0 . 1 2 0 . 1 4 0 . 0 8

1 / 4 0 . 8 1 0 . 6 3 0 . 3 8 0 . 5 6 0 . 1 4 0 . 1 9 0 . 1 1

6 3 / 8

1 / 2

O M IT T ED
1 . 2 0

1 . 4 4

0 . 7 9

0 . 8 5

0 . 4 7

0.52

0 . 7 3 0 . 1 9 0 . 2 3

5 / 8 1 . 4 7 - - - - - -

3 / 4 1 . 5 0 - - - - - -

1 / 8 0 . 3 6 0 . 3 5 0 . 3 4 0 . 4 3 0 . 4 1 0 . 2 6 0 . 4 9 0 . 3 6 0.32 0 . 2 9

1 / 4 1 . 2 4 1 . 1 3 1 . 1 1 1 . 2 5 1 . 4 4 0.90 1 . 2 3 0 . 9 4 0 . 8 3 0 . 7 8

8 3 / 8 2 . 4 0 2 . 1 2 2.25 2 . 2 2 2 . 3 6 1 . 4 5 2 . 0 7 1 . 6 3 1 . 3 9 1 . 2 5

1 / 2 3 . 6 9 3 . 2 3 3 . 4 1 3 . 0 4 3 . 4 0 2 . 0 4 2 . 7 2 2 . 1 9 1 . 9 1 1 . 6 9

5 / 8 4 . 9 1 4 . 4 0 4 . 7 4 3 . 8 8 3 . 9 1 2 . 3 9 3 . 2 3 2 . 6 0 2 . 1 9 1 . 9 4

3 / 4 - - - - - 2 . 6 8 3 . 4 3 2 . 8 1 2 . 3 6 2 . 1 3

1 / 8 0 . 3 2 0 . 2 5 0 . 3 7 0 . 5 8 0 . 3 9 0 . 3 3 0 . 4 9 0 . 3 8 0 . 3 1 0 . 3 6

1 / 4 1 . 1 8 1 . 1 0 1 . 2 3 1 . 7 2 1 . 5 3 1 . 3 3 1 . 4 6 1 . 1 6 1 . 0 5 1 . 0 4

1 0 3 / 8 2 . 6 0 2 . 3 8 2 . 7 1 3 . 4 5 2 . 7 9 2 . 2 9 2 . 6 4 2 . 2 0 1 . 8 8 1 . 7 8

1 / 2 4 . 3 3 4 . 0 2 4 . 3 4 4 . 8 0 4 . 0 0 3 . 4 9 3 . 7 6 3 . 2 1 2 . 7 8 2 . 7 9

x  S i n k a g e  t o o  s m a l l  t o  b e  r e c o r d e d .
-  N o  f u r t h e r  s i n k a g e  w a s ,  o r  c o u l d  b e ,  r e c o r d e d .

w h i c h  w e r e  s u c c e s s i v e l y  e n l a r g e d  f o r  s u b s e 
q u e n t  t e s t s  t o  - J- i n . , 1 - i n .  a n d  1 . 1 1 / 32- i n .  

d i a . , i n  a  7 - i n .  x  6 - i n .  p l a t e  w i t h  3 - i n .  p e 
r i m e t e r  s p u d s .  F i g .  8  s h o w s  t h e  p l a t e  w i t h  

l . l l / 32- i n .  d i a .  h o l e s .

R E S U L T S .

T h e  r e s u l t s  o b t a i n e d  a r e  g i v e n  i n  T a b l e s
3  a n d  4 .  T h e s e  a r e  u n c o r r e c t e d  f o r  t h e  i n e r 
t i a  e f f e c t  o f  t h e  l e v e r  l o a d i n g  m a c h i n e  b u t  

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

n o t  m o r e  t h a n  15%.
T y p i c a l  s i n k a g e - t i m e  c u r v e s  f o r  s q u a r e  

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

F i g s .  2 0  a n d  2 1 .  I t  w i l l  b e  s e e n  f r o m  t h e  

c u r v e s  a n d  f r o m  T a b l e s  3  a n d  4  t h a t  t h e  p r e 
s e n c e  o f  a  s i n g l e  s p u d  i n  g e n e r a l  d e c r e a s e s  

t h e  s i n k a g e  o f  a  p l a t e  a n d  t h a t  t h e  s i n k a g e  

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

s p u d s  t o  a  t o t a l  o f  f o u r .

T a b l e s  3  a n d  4  s h o w  t h a t  w i t h i n  t h e  l i m 
i t s  s t u d i e d  t h e  s h a p e  o f  t h e  p l a t e  h a s  l i t t l e  

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

c a u s e d  a  r e d u c t i o n  i n  s i n k a g e  ( T a b l e s  3  a n d
4 ) ,  t h e  g r e a t e r  t h e  p r o p o r t i o n  o f  c u t  a w a y  

a r e a  t h e  g r e a t e r  t h e  r e d u c t i o n  i n  s i n k a g e .  

T h e r e  i s  a l m o s t  c e r t a i n l y  a  l i m i t  h o w e v e r  t o  

t h e  a m o u n t  o f  a r e a  t h a t  c a n  b e  c u t  a w a y  a n d  

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

g e n e r a l  l e s s  t h a n  t h o s e  i n  t h e  L o n d o n  c l a y .

I I I .  D I SC U SSI O N  O F R E S U L T S .

R e p r o d u c i b i l i t y . T h e  s t a n d a r d  d e v i a t i o n s  o f  

t y p i c a l  o b s e r v a t i o n s  a r e  s h o w n  i n  f i g u r e s  9 ,
1 0 ,  2 0  a n d  2 1 .  T h e  m a i n  c a u s e  o f  t h e  s c a t t e r  

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

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

f o r  w e e k s  o r  e v e n  d a y s  t h e  s o i l  w a s  f o u n d  t o
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( N O T E:  E a c h  v a l u e  I s  a n  a v e r a g e  o f  1 0  o b s e r v a t i o n s . )

TAffT.tt 4

M e a n
P l a t e

P r e s s u r e
l b . / s q . i n .

T i m e

S e c s .

P l a t e  Sh a p e  

( i n s . )
N u m b e r  o f  3 - i n .  

Sp u d s  o n  e d g e  o f  

6- i n . s q .  P l a t e

C u t - A w a y  A r e a s  

D i a m e t e r  o f  H o l e s  i n  7 "  x  6"  

L i n k  ( I n s . )

6x 6 9 x 4 1 2 x 3 1 2 4 *  i 1 1 . 1 1 / 3 2

6

1/8

1 / 4

3 / 8

1/2

5 / 8

3 / 4

0 . 2 6

1 . 0 5

1.86

2 . 3 9

2 . 6 1

2 . 6 3

0 . 2 4

0 . 8 9

1 . 6 4

2.22

2 . 5 7

2 . 7 1

0 . 3 1

1.02

1 . 6 5

2 . 0 7

2.21

2 . 2 5

0.21

0 . 7 0

1.10

1 .2 1

1 . 2 6

1 . 2 6

0 . 1 1

0 . 3 4

0 . 4 6

0 . 4 7

x

X

X

X

X

X

O M IT T ED  x

8

1/8

1 / 4

3 / 8

1/2

5 / 8

0 . 3 2

1 .2 1

2 . 3 7

3 . 4 1

4 . 2 3

0.20

1 . 0 0

2.20

3 . 3 8

4 . 4 8

0 . 2 7

1 . 0 9  

2 . 1 9  

3 . 2 1

4 . 0 9

O M IT T ED O M IT T ED  x

10

1/8

1 / 4

3 / 8

1/2

?/8

0 . 4 2

1 . 5 2

3 . 0 6

4 . 5 5

0 . 1 8

1 . 0 9

2 . 6 2

4 . 2 6

0 . 2 6

1 . 1 8

2 . 6 0

4 . 0 7

0 . 2 8

1 .1 1

2 . 2 8

3 . 2 6

4 . 0 2

0 . 1 8

0 . 7 4

1 . 5 7

2 . 3 8

3 . 0 4

0.15

0 . 4 7

0 . 8 0

0 . 9 8

1 . 0 4

0 . 1 3

0 . 4 0

0.56

0 . 6 1

0 . 6 3

0 . 1 6

0 . 4 5

0 . 6 2

0 . 6 7

0.68

0.15

0.36

0 . 4 8

0 .51

0 . 1 8

0 . 6 1

0 . 9 0

1 . 0 0

1 . 0 3

1 4

1/8

1 / 4

3 / 8

1/2

5 / 8

3 / 4

0 . 2 5

0 . 7 3

1 . 0 7

1 . 2 3

1 . 2 6

0 . 2 7

0 . 8 9

1 . 4 9

1 . 9 P

2.00

2 . 0 6

0 . 2 5

0 . 9 1

1 . 4 8

1 . 9 5

2 . 0 9

2 . 1 4

0 . 2 7

1 .0 1

1 . 7 3

2 . 3 0

2.58

2.70

x  S i n k a g e  t o o  s m a l l  t o  b e  r e c o r d e d .
-  N o  f u r t h e r  s i n k a g e  w a s ,  o r  c o u l d  b e ,  r e c o r d e d .

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

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

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

u n l e s s  t h e  s o i l  w a s  a d e q u a t e l y  w o r k e d  b e f o r e 
h a n d .  W i t h  s u c h  w o r k i n g  t h e  o v e r a l l  r e p r o d u 
c i b i l i t y  o f  t h e  r e s u l t s  w a s  i n  g e n e r a l  w i t h 
i n  a b o u t  10%.

O t h e r  c a u s e s  o f  s c a t t e r  o f  t h e  r e s u l t s  

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

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

i n  t h e  s o i l ,  v a r i a b l e  f r i c t i o n  i n  t h e  m o v i n g  

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

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

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

V a l i d i t y  o f  a s s u m p t i o n s .  T h e  f i t  o f  t h e  t h e -  

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

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

c a u s e  t h e  t h e o r y  t a k e s  n o  a c c o u n t  o f  t h e  

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

i n  t h e  s o i l  w h i c h  a r e  a p p r e c i a b l e  f o r  t h e  

s m a l l  s l o w  s i n k a g e s .  T h i s  t r o u b l e  w o u l d  b e  

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

P e r i m e t e r  s h e a r . A l l  t h e  e x p e r i m e n t a l  r e s u l t s  

s h o w  t h a t  p e r i m e t e r  s h e a r  i s  a n  i m p o r t a n t  

f a c t o r  i n  t h e  r e s i s t a n c e  o f  a  s o i l  t o  p l a t e  

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

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

a r e a  r a t i o  a n d  i t s  e f f e c t  a r e  l a r g e r  t h e  

s m a l l e r  i s  t h e  m o d e l .  I n  " o p e n w o r k "  t r a c k s ,  

i . e .  t r a c k s  w i t h  s u b s t a n t i a l  c u t  a w a y  a r e a s  

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

i n  g i v i n g  g r e a t e r  b e a r i n g  p o w e r  m a y  c o m p e n 

s a t e  f o r  t h e  d r a w b a c k  o f  t h e  i n c r e a s e d  p o s —
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PL A T E PRESSU RE -  Lb ./ «q .ln .

Effect of plate pressure on sinkag© in brickearthof square plates on the machine.
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SIN K A C E- T IM E CURVES FOR SQ U A RE PLA T ES WITHOUT 

SPUD S (FU L L  L IN ES) A ND  WITH O N E SPUD  (D O T T ED  LIN ES) 

UN D ER V ERT IC A L  PRESSU RE IN LOND ON CLA Y
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SIN KA CE- T IM E CURVES FOR SQ UA RE PLA TES WITHOUT SPUDS 

(FULL LINES) AND WITH O N E SPUD  (DOTTED LIN ES) UNDER VERTICAL 

PRESSURE IN LONDON CLAY

FIG. 20 FIG.21
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s i b i l i t y  o f  m u d  f l o w  t h r o u g h  t h e  t r a c k s  i n t o  

t h e  s u s p e n s i o n .

S c a l i n g  p r e s s u r e .  F o r  t h e  s q u a r e  p l a t e s  o n  b o t h  

s o i l s  P i g s .  1 6  ( b ) ,  ( d )  a n d  1 9  ( b )  s h o w  t h a t  

t h e r e  i s  a  n a r r o w  p r e s s u r e  r a n g e  f o r  t h e  t h r e e  

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

w h e r e  t h e  t h r e e  c u r v e s  i n t e r s e c t  a n d  i s  a b o u t
7 . 3  l b . / s q .  i n .  ( a b o u t  8  l b . / s q . i n .  i f  t h e  r e 
s u l t s  a r e  c o r r e c t e d  f o r  m a c h i n e  i n e r t i a )  f o r  

t h e  c l a y  e n d  a b o u t  7 . 7  l b . / s q . i n .  f o r  t h e  b r i c k -  

e a r t h .  T h e  c u r v e s  o f  s i n k a g e  a g a i n s t  p l a t e  

p r e s s u r e  ( s e e  F i g s .  1 6  ( a ) ,  ( c )  a n d  1 9  ( a ) )  

a r e  r o u g h l y  p a r a l l e l  s o  t h a t  w i t h i n  t h e  r a n g e  

o f  p r e s s u r e s  a n d  p l a t e  s i z e s  s t u d i e d ,  m o d e l  
t e s t s  c o u l d  b e  u s e d  t o  r e v e a l  q u a l i t a t i v e  d i f 
f e r e n c e s  i n  p l a t e  p e r f o r m a n c e .

T h e  s c a l i n g  p r e s s u r e  a p p e a r s  t o  b e  l e s s  

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

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

c o n s i s t e n c y  o f  t h e  r e s u l t s .  F i g s .  2 0  a n d  2 1  

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

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

a  p l a i n  p l a t e ,  i n  so m e c a s e s  i t  i s  g r e a t e r .  A  

f u r t h e r  i n c o n s i s t e n c y  a p p e a r s  i n  t h e  c u r v e s  

f o r  4  l b . / s q . i n .  l o a d i n g  ( F i g .  2 0 )  w h e r e  t h e  

c u r v e  f o r  t h e  8 - i n .  p l a t e  w i t h  a  4 - i n .  s p u d  

c r o s s e s  t h a t  f o r  t h e  6 - i n .  p l a t e  w i t h  a  3 - i n .  

s p u d .

E s t i m a t e d  b e a r i n g  c a p a c i t y , 
t h e  e s t i m a t e d  b a s i c  b e a r i n g

_ A  c o m p a r i s o n  o f  

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

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

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

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

s u g g e s t s  t h a t  t h e  e f f e c t i v e n e s s  o f  o p e n - w o r k  

t r a c k s  a n d  s p u d s  w o u l d  b e  e x p e c t e d  t o  b e  g r ea i> -  

e r  i n  c o h e s i v e  t h e m  i n  n o n - c o h e s i v e  s o i l s . H o w 
e v e r ,  t h e r e  i s  a n  u n k n o w n  f a c t o r  -  " a r c h i n g " ,  

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

o f  a n  o p e n w o r k  t r a c k  i n  n o n - c o h e s i v e  s o i l s  b y  

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

C o n c l u s i o n s .  Se e  Su m m a r y .

A C K N O W LED G EM EN T S■

T h e  w o r k  d e s c r i b e d  i n  t h i s  p a p e r  w a s  c a r 
r i e d  o u t  a t  t h e  R o a d  R e s e a r c h  L a b o r a t o r y  o f  

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

R e s e a r c h  o n  b e h a l f  o f  t h e  M i n i s t r y  o f  S u p p l y .  

T h e  p a p e r  i s  p r e s e n t e d  b y  p e r m i s s i o n  o f  t h e  

D i r e c t o r  o f  R o a d  R e s e a r c h  a n d  t h e  C h i e f  S c i e n 
t i s t  o f  t h e  M i n i s t r y  o f  S u p p l y .

- o - o - o - o - o - o -

9 8
SOME T.a RQRATORY T EST S ON C H A LK  

GU T H LA C  W IL SO N ,  S . M . ,  B . S c .

A  s i t e  e x p l o r a t i o n  w a s  u n d e r t a k e n  i n  1 9 4 6  

a t  M e s s r s .  R e c k i t t  4  C o l m a n ,  L t d . ,  ' s  C a r r o w  

W o r k s  a t  N o r w i c h .  A s  a  r e s u l t  o f  t h i s  e x p l o r a 
t i o n ,  i t  w a s  f o u n d  p o s s i b l e  t o  d i v i d e  t h e  s i t e  

i n t o  f i v e  a r e a s ,  w h i c h  d i f f e r e d  f r o m  o n e  a n 
o t h e r  f r o m  t h e  p o i n t  o f  v i e w  o f  t h e  c o n s t r u c 
t i o n  o f  f o u n d a t i o n s .  T h e s e  f i v e  a r e a s  a r e  o u t 
l i n e d  i n  f i g u r e  1 .  T h e  s e q u e n c e  o f  s t r a t a  i n  

t h e  r e s p e c t i v e  a r e a s  i s  g i v e n  b e l o w :

A r e a  A ,  a l o n g  t h e  r i v e r  'Ven s u m

S t r a t u m  A v e r a g e  t h i c k n e s s

S u b - A r e a  ( i )  F i l l  1 0  f t .
P e a t  6  f t .
G r a v e l  8  f t .
M e d i u m  C h a l k  -  a t  l e a s t  1 0 0  f t .

S u b - A r e a  ( i i )

* . s  s u b - a r e a  A  ( i ) ,  b u t  t h e  c h a l k  i s  v e r y  s o f t  

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

A r e a  B

Su b - A r e a  B  ( i )  F i l l  a v .  6  f t .
T h i n  l a y e r  o f  g r a v e l  i n  so m e  

p l a c i e s .
M e d i u m  c h a l k  -  a t  l e a s t  1 0 0  f t .

S u b - A r e a  B  ( i i )

A s  s u b - a r e a  B ( i )  b u t  t h e  d h a l k  i s  v e r y  s o f t  

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

A r e a  C F i l l  a v .  6  f t .
G r a v e l  2 0  +  f t .  t o  5 0  +  f t .  

P r e s u m a b l y  m e d i u m  c h a l k  b e l o w  g r a v e l ,  b u t  n o t  

c o n f i r m e d  b y  b o r e h o l e s .

F o u n d a t i o n  c o n d i t i o n s  a t  C a r r o w  w o r k s , N o r w i c h

F I G . 1

T h e  c h a l k  v a r i e d  i n  c o l o u r  f r o m  p u r e  

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

f i l l e d  w i t h  a  s m o o t h ,  p l a s t i c ,  c h a l k  p a s t e .
T h e  s i z e  o f  t h e  " l u m p s "  v a r i e d  f r o m  q u i t e  l a r g e  

p i e c e s  d o w n  t o  g r a i n s  o f  t h e  s i z e  o f  c o a r s e  

s a n d .

I n  t h i s  a r e a  t h e  c h a l k  i s  o v e r l a i n  b y  a  

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

b e d s  o f  s a n d ,  l a m i n a t e d  c l a y s  a n d  p e b b l y  g r a v 
e l s .  T h i s  d e p o s i t  i s  k n o w n  l o c a l l y  a s  N o r w i c h  

c r a g .  I t s  f u l l  e x t e n t  i s  a b o u t  4 0  m i l e s  i n  a  

n o r t h - s o u t h  d i r e c t i o n  a n d  2 0  m i l e s  e a s t - w e s t .


