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R e c e n t  R e s e a r c h  i n t o  t h e  C o m p a c t i o n  o f  S o i l  b y  V i b r a t o r y  

C o m p a c t i o n  E q u i p m e n t

Recherches récentes sur le compactage du sol à l ’aide de matériels de compactage par 
vibrat ion

by W . A. L e w is , B.Sc. A .M .I.C .E ., R oad  R esearch L abo ra to ry , D epartm en t o f Scientific and  Industria l R esearch, 

H arm ondsw orth , England

Summary

This paper describes the results of investigations made at the 
British Road Research Laboratory to determine the performance 
of vibratory soil compaction equipment. The machines studied 
comprised vibrating rollers ranging in static weight from 4cwt 
to 3} tons and vibrating plate compactors ranging in static 
weight from 4 cwt to 2 tons. The investigations were carried out 
on a heavy clay, a sandy clay, a well-graded sand and a gravel- 
sand-clay.

The machines all produced satisfactory states of compaction 
on the granular soils and high states of compaction were also 
produced on the clay soils with the heavier types of equipment. 
On the average, about 10 passes were required with the rollers 
and about 3 passes with the plate compactors to obtain satisfact­
ory compaction. Changes in the frequency of vibration were not 
critical and were only of significance with the granular soils.

The outputs and the costs of producing a given state of com­
paction are compared for the various machines.

Introduction

A wide variety of types and sizes of vibrating compaction 
equipment has recently been developed. Vibratory compactors 
are usually much lighter than conventional dead-weight rollers 
and are therefore usually cheaper and more readily trans­
portable to compaction sites. As a result, vibratory compactors 
are being used to an increasing extent on all types of work 
ranging from the backfilling of trenches to the compaction 
of large earthworks.

Extravagent claims are often made about the value of vibra­
tory compactors and, to provide data on the performance of 
such equipment, the British Road Research Laboratory has 
carried out investigations of the performance of a range of 
vibrating rollers and plate compactors in the compaction of 
soils and granular base materials. These studies have included 
investigations of the effect of frequency of vibration and the 
compacting speed on the states of compaction produced.

The results of investigations on the compaction of granular 
base materials using vibrating equipment has already been 
reported ( L e w i s  and P a r s o n s ,  1 9 6 0 ) and the object of the 
present paper is to review the results obtained on soils.

D etails o f the P lan t Studied

The investigations were carried out with six sizes of vibra­
ting roller and five sizes of vibrating-plate compactor. These 
machines were representative of the range of vibratory 
compactors available at present.

Som m aire

Cette communication décrit les résultats des recherches faites 
par le British Road Research Laboratory pour déterminer les 
qualités de divers matériels de compactage du sol par vibration. 
Les machines étudiées comprenaient des rouleaux vibrants dont 
le poids variait de 200 kilos à 2.750 kilos et des compacteurs à 
plaques vibrantes dont le poids variait de 200 kilos à 2.000 kilos.

Les essais ont été effectués sur une argile grasse, une argile 
sablonneuse, un sable bien classé et une argile gravier-sable.

Toutes les machines produisirent des conditions de compactage 
satisfaisantes sur le sol graveleux ; des conditions excellentes de 
compactage furent également produites sur les sols argileux avec 
les types d'équipement les plus lourds.

En moyenne, il fallait environ dix passes avec les rouleaux et 
trois passes avec les compacteurs à plaques pour obtenir un 
compactage satisfaisant.

Les modifications de la fréquence de vibration n’étaient pas 
critiques et étaient seulement importantes sur le sol graveleux.

Le rendement et le prix de revient du compactage sont comparés 
pour les différentes machines et un même résultat.

Vi b r a t i n g  rol l er s— In all the vibrating rollers tested, the 
vibrations were produced by a single rotating shaft having 
an out-of-balance weight (or weights) mounted within the 

vibrating roll. Thus a rotating vibration is produced having a 
radial resultant force. With most of the machines the speed 
of the vibrator shaft could be varied only by altering the 

engine speed by changing the governor or throttle setting, 
and therefore the machines were normally used with a fixed 
frequency of vibration. One roller (32-ton tandem) was fitted 
with a special variable-speed transmission to the vibrator 

shaft, enabling any frequency within a wide range to be selec­
ted. Relevant details o f the vibrating rollers are given in Table 1

Vi b r a t i n g  p l at e  c o m p ac t o r s —With the vibrating plate com­
pactors the vibrations were produced by driving two counter- 
rotating shafts each having one or more out-of balance weights. 
In this way a directional vibration was produced in which 
the magnitudes of the horizontal and vertical components 
of the vibrational force depended on the relative setting of 
the out-of-balance weights on the two shafts. The horizontal 
component was used to drive the machine forward and the 
vertical component produced the compacting effect. With 
some of the machines the relative positions of the out-of- 
balance weights could be varied, thus producing forward and 
reverse speeds. As with the rollers, the plate compactors 
were normally operated with a fixed frequency of vibration. 
Details of the plate compactors are given in Table 2.
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Ta b l e  1 

De t a i l s  o f  vi br at i ng r ol l er s

Machine 4- cwt . 6f- cwt . 19^- cwt . 2^- t on. 3f- t on.
(towed)

3f- t on. 
(  tandem)

Tot a l  wei ght  o f  r ol l er  as  t est ed (t ons ) 0- 21 0- 34 0- 97 2- 4 3- 8 3- 8

Po we r  uni t  (h .p .) 1- 3
(pet r ol )

2- 7
(pet r ol )

5- 5
(pet r ol )

10
(pet r ol )

36
(diesel )

25
(diesel )

En g i n e  s peed (r e v ./mi n .) 2600 2200 2200 2000 1400- 1800 2000

Av e r a ge  s peed wh e n  c ompa c t i ng (f t ./mi n.) 30
(h a n d  - pr opel l ed)

60 67 42 120
(t owe d)

73

Av e r a ge  s peed wh e n  t r avel l i ng (f t ./mi n.) - 120 140 0- 250 - 143

Di a me t e r  a n d  wi dt h  o f  vi br at i ng rol l  (i n.) 21 x  24 22\  x  28 26 x  32 30 x  32 48 x  72 35 X 39*

Di a me t e r  a n d  wi dt h  o f  non- vi br at i ng rol l  
(i n.)

Si ngl e  rol l Si ngl e  rol l 26 x  32 30 x  32 Si ngl e  rol l 30 x  27 i

St at i c l oad o n  vi br at i ng rol l  (l b./i n.) 20 27 47 68 119 157

St at i c l oad o n  non- vi br at i ng rol l  (l b./i n.) - - 21 100 - 89

Fr e q ue n c y  o f  vi br a t i on (c yc l e s /mi n.) 4500 4500 4000 4800 1800- 2320 1800- 2950

Ta b l e  2

De t a i l s  o f  vi br at i ng- pl at e c ompa c t or s

Machine 4- cwt . 13- cwt . 14- cwt . l £- t on. 2- t on.

Tot a l  wei ght  o f  c o mpa c t o r  as  t es t ed (t ons ) 0- 24 0- 66 0- 70 1- 5 2- 0

Po we r  uni t  (h .p .) 4- 5
(pet r ol )

6
(diesel )

6
(pet r ol )

10
(diesel )

8
(diesel )

En g i n e  s peed (r e v /mi n .) 1800 2000 1500 1500 1200

Av e r a g e  s peed wh e n  c o mpa c t i ng  (f t ./mi n.) 28 53
(s l ow s peed 26)

42 25 27

Le n gt h  a n d  wi dt h  o f  vi br a t i ng pl at e (i n.) 19 x  15 27 x  24£ 24 x  24 32£  x  30 50 X 34

St at i c l oad o n  vi br at i ng pl at e (l b ./s q .i n .) 1- 87 2- 24 2- 72 3- 45 2- 64

Fr e q ue n c y  of  vi br at i on (c yc l e s /mi n.) 1800 1200 1500 1100 1050

Soils Used in the Investigations

Th e  f o u r  soi l s  u s e d  we r e  a  h e a v y  c l a y , a  s a n d y  c l a y , a  wel l -  
g r a d e d  s a n d  a n d  a  gr avel - s and- c l ay. Th e  par t i cl e- s i ze di s t r i bu ­
t i ons  a n d  t he  r esul t s  o f  c l as s i f i ca t i on t est s a r e  g i v e n  i n  F i g .  1. 
Th e  r esul t s  o f  t he  B .S . l a bo r a t o r y  c o mp a c t i o n  t es t  (B r i t i s h  

S t a n d a r d s  i n s t i t u t i o n , 1948)  o n  t h e  s oi l s  a r e  i n c l u d e d  i n 
Fi gs . 2- 5 a n d  t h e  m a x i m u m  d r y  dens i t i es  a n d  o p t i m u m  mo i s t ur e  
c ont e n t s  o b t a i n e d  i n t he  B. S .  a n d  t he  mo d i f i e d  A . A . S . H . O .  
l a bo r a t o r y  c o mp a c t i o n  t es t  (U .S . W a r  D e p a r t m e n t , 1951)  
a r e  g i ve n  i n  Ta b l e  3.

Test Installation and Experimental Procedures Employed

Th e  t es t  i ns t a l l a t i ons  a n d  t he  e xp e r i me n t a l  p r o c e du r e s  
e m p l o y e d  i n  t he  ful l - scal e c o mp a c t i o n  s t udi e s  o f  t he  p e r f o r ­
m a n c e  o f  c o mp a c t i o n  p l a n t  h a v e  be e n  de s c r i be d  ful l y  e l s e w­
h e r e  (Le w i s , 1954  a n d  1959) a n d  a r e , t he r e f or e , ou t l i ne d  o n l y  
br i ef l y i n  t hi s  p a p e r .

Be f o r e  t he  m a i n  i nve s t i ga t i ons  wi t h  e a c h  ma c h i n e ,  pr el -

T able  3

Results of laboratory compaction tests on soils used 
in the full-scale compaction investigations

Soil

B.S. test
M odified A.A.S.H.O. 

test

M ax. dry 

density 

(l b ./c u .f t .)

Optimum
moisture

content

( %)

M ax. dry 

density 

(l b ./c u .f t .)

Optimum

moisture
content

( %)

He a v y  cl ay 100 23 118 15
Sa n d y  cl ay 109 16 126 12
Wel l - gr aded s a nd 124 10 131 8
Gr avel - s and- cl ay 129 9 137 6

i mi n a r y  t es t s  we r e  m a d e  l o p r o v i d e  a n  i ndi c a t i on  o f  t he  
t hi c kne s s  o f  l o o s e  l a ye r  t o  b e  e m p l o y e d .  Th e  t h i c kne s s  o f
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LOG SETTLING VELOCITY - cm /s.

PARTICLE SIZE millimet res

Clay

Fine I Medium | Coar t a Fine I Medi  um I Coor t e

Fi g. 1 Par t icl e- size di s t r i but i ons  a n d  r esul t s o f  pl ast ici t y a n d  speci f i c gr avi t y t est s for  t he soi l s  used in t he i nves t i gat i ons . 

Gr a nu l omé t r i e  et  r ésul t at s des  essai s  de  pl ast ici t é et  de  po i ds  spéci f i que p o u r  les sol s  ut i l isés d a n s  les essais.

l oos e  l a ye r  s e l ec t ed wa s  s u c h  t hat  i n ge ne r a l  s a t i s f ac t or y 
a v e r a g e  s t a t es  o f  c o mp a c t i o n  c o u l d  b e  o b t a i n e d  t h r o u gh o u t  
t he  ful l  d e p t h  o f  t he  l a ye r . Th e  t hi c kne s s e s  o f  l oos e  l a ye r  us e d  
i n  t he  m a i n  i nve s t i ga t i ons  r a n g e d  f r o m a b o u t  9  i nc he s  wi t h  
t h e  l i ght es t  ma c h i n e s  t o  a b o u t  14 i nc he s  wi t h  t he  hea vi e s t  
c o mp a c t o r s .

Th e  t est  l aye r s  o f  soi l  o f  a pp r o pr i a t e  t h i c kne s s  a n d  mo i s t u r e  
c o n t e n t  we r e  p r e p a r e d  b y  m i x i n g  t he  soi l  wi t h  r o t a r y  cul t i ­
va t or s  t o g i v e  a  u n i f o r m l oos e  t i l t h. Af t e r  c o mp a c t i o n , t he  d r y  
de ns i t y  wa s  d e t e r mi n e d  u s i ng  t he s a nd- r e p l a c e me n t  m e t h o d  
(B r i t i s h  S t a n d a r d s  I n s t i t u t i o n , 1948),  6  t o 10 me a s u r ­
e me n t s  o f  d r y  de ns i t y  b e i n g  m a d e  t o  o b t a i n  a  m e a n  va l ue .

T h e  r e l a t i ons  b e t we e n  t he  mo i s t u r e  c o nt e n t  o f  t he  soi l  a n d  
t he  s l a t e  o f  c o mp a c t i o n  we r e  o b t a i n e d  af t er  c o mp a c t i o n  t o 
r e f us a l . Th a t  i s , a  s uff i ci ent  n u m b e r  o f  pas s es  wa s  g i v e n  t o 
e n s u r e  t ha t  n o  s i gni f i cant  i nc r ea s e  i n  t he  s t at e o f  c o mp a c t i o n  
c o u l d  be  o b t a i n e d . Th e  r e l a t i ons  b e t we e n  t he  n u m b e r  o f  
pas s es  o f  t he  m a c h i n e  a n d  t he d r y  de ns i t y  a n d  t he  va r i a t i on  
i n  t he  d r y  de ns i t y  wi t h  d e p t h  we r e  us ua l l y  d e t e r mi n e d  wi t h  
t h e  soi l  a t  t he  o p t i m u m  mo i s t u r e  c o n t e n t  for  c o mp a c t i o n  t o 
r e f us a l  b y  t he  ma c h i n e .

Results of the Investigations

Relations between d ry  density and  m oisture content— Th e  
r e l a t i ons  be t we e n  d r y  de ns i t y  a n d  mo i s t u r e  c o n t e n t  o b t a i n e d  
wi t h  t he  f o u r  s oi l s  wi t h  t he  va r i o u s  v i br a t o r y  c o mp a c t o r s  a r e  
s h o wn  i n  Fi g s . 2- 5.

Al t h o u g h  t he  v i br a t i ng  me c h a n i s ms  o f  t he  va r i ous  c o m p a c ­
t or s  u n d o u b t e d l y  p r o d u c e d  wi d e l y  di f fer ent  d y n a m i c  f or ces , 
t he  r esul t s  s ugge s t  t ha t  t he  s t at i c we i gh t  o f  t he  v i br a t i ng 
e q u i p me n t  i n  r e l a t i on t o  t he  wi d t h  o f  t he  r ol l  or  t he  a r e a  o f  t he  
b a s e  pl a t e  gi ve s  a  r e a s o na bl e  gu i d e  t o  t he  l i ke l y p e r f o r ma n c e  
o f  t he  e q u i p me n t .  Ge n e r a l l y  t he  m a x i m u m  d r y  de ns i t y  
i nc r e a s e d wi t h  i nc r ea s e  i n t he  s t at i c l o a d  pe r  i n c h  wi d t h  o f  
t he  v i br a t i ng  r ol l er s  o r  wi t h  i nc r e a s e  i n t he  s t at i c p r e s s ur e  o f

t he  pl a t e  c o mp a c t o r s ,  wi t h  a  c o r r e s p o n d i n g  de c r e a s e  i n t he  
o p t i m u m  mo i s t u r e  c o n t e n t . Th e r e  we r e ,  h o we v e r ,  s o m e  
de pa r t u r e s  f r o m t hi s  ge ne r a l  r ul e . Th u s  u n e xp e c t e d l y  h i gh  
d r y  dens i t i es  we r e  o b t a i n e d  wi t h  t he  13- cwt  v i br a t i ng pl a t e  c o m ­
p a c t or  des pi t e  t he  r e l a t i vel y l o w s t at i c p r e s s ur e  o f  t hi s  m a c h i n e  
(Ta b l e  2). Th e  o p e r a t i o n  o f  t hi s  ma c h i n e  wa s , t her ef or e , 
c l os e l y  e x a m i n e d  b y  t a k i n g  hi gh- s pe ed c i n e  f i l ms  at  a b o u t  
2  0 0 0  f r a me s /s e c o n d . F r o m  t he  f i l m t he  m o v e m e n t s  o f  t he  
v a r i o us  par t s  o f  t he  m a c h i n e  c o u l d  be  me a s u r e d  ( F i g . ’ 6). 
Th e s e  r e c o r ds  i ndi c a t e d t ha t  t h e  ba s e  pl a t e  v i br a t e d  a t  a  
f r e q u e n c y  o f  a b o u t  1 2 0 0  c y c l e s /mi n . wi t h  a n  a mp l i t u d e  o f  
a b o u t  1 i n c h  a n d ,  s u p e r i mp o s e d  o n  t hi s , t he  m a i n  b o d y  o f  
t he  m a c h i n e  wa s  b o u n c i n g  a t  a  f r e q u e n c y  o f  a b o u t  2 4 0  c yc l e s / 
m i n .  Th e  m a c h i n e  o p e r a t e d  mo r e  l i ke  a  t a mp e r  t h a n  a  vi br a t or  
a n d  t hi s  p r o b a b l y  e xp l a i n s  t he  pa r t i c ul a r l y  s a t i s f ac t or y p e r ­
f o r ma n c e  o f  t he  m a c h i n e  e s pec i a l l y  o n  t he c o h e s i v e  soi l s . It  
c a n  be  c o n c l u d e d  t ha t  t he  p e r f o r ma n c e  o f  pl a t e  vi br a t or s  
c o u l d  p o s s i b l y  be  gr e a t l y  i mp r o v e d  b y  r e de s i gn i ng  t he  s us ­
p e n s i o n  s y s t e ms  t o e n a b l e  t he  pl a t e  t o t a mp  wi t h  a n  a mp l i t u de  
o f  1 t o  2  i nc he s .

As  wo u l d  be  e xp e c t e d , al l  t he  v i br a t o r y  c o mp a c t o r s  p r o ­
d u c e d  s a t i s f ac t or y s t at es  o f  c o mp a c t i o n  wi t h  b o t h  g r a n u l a r  
soi l s . Ho we v e r ,  a  s ur p r i s i ng  r esul t  wa s  t he  exc e l l ent  c o m p a c ­
t i on p r o d u c e d  b y  t he  he a vi e r  v i br a t i ng  r ol l er s  a n d  t he  13- cwt . 
pl a t e  c o mp a c t o r  o n  t he  t wo  c o h e s i v e  soi l s . It  is c l ea r , t her ef or e , 
t ha t  t her e  mu s t  b e  a  r ev i s i on  o f  t he wi d e s p r e a d  be l i e f  t ha t  
v i br a t o r y  c o mp a c t o r s  a r e  s ui t a bl e  o n l y  for  t he  c o mp a c t i o n  
o f  g r a n u l a r  soi l s . Ho we v e r ,  for  t he  s ucces s f ul  c o mp a c t i o n  
o f  c o h e s i v e  s oi l s  h i gh  c o mp a c t i n g  s t r es ses  a r e  u n d o u b t e d l y  
n e c e s s a r y  t o  c o mp e n s a t e  f or  t he  ve r y  s hor t  d u r a t i o n  o f  st r ess .

Co m p a r i s o n  o f  t he  r es ul t s  o f  t he  s t a n da r d  c o mp a c t i o n  t est s 
(Fi g s .  2- 5 a n d  Ta b l e  3)  wi t h  t hos e  o b t a i n e d  wi t h  t he  c o m ­
pa c t or s  i ndi c a t e s  t ha t  t he  l a bo r a t o r y  t est s p r o v i d e  o n l y  a  
v e r y  a p p r o x i ma t e  gu i d e  t o t he  p e r f o r ma n c e  o f  v i br a t o r y  
e q u i p me n t  par t i c ul a r l y  in t he c o mp a c t i o n  o f  t he  gr a n u l a r
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HEAVY CLAY

Fi g. 2  Re l a t i ons  be t we e n  d r y  dens i t y a n d  moi s t ur e  cont ent  
obt a i ne d o n  t he h e a v y  cl ay.

Re l a t i ons  ent r e l a dens i t é  sèche et  l a t eneur  en e a u  a vec  
l’ar gi l e c ompa c t e .

soi l s . O n  t hes e  s oi l s  t he  l i ght es t  v i br a t o r y  e q u i p me n t  t es t ed 
p r o d u c e d  r esul t s  c o mp a r a b l e  wi t h  o r  s l i ght l y s up e r i o r  t o 
t hos e  o b t a i n e d  i n  t he  B.S .  c o mp a c t i o n  t est  whi l s t  t he  h e a vi e r  
e q u i p me n t  p r o d u c e d  s i gni f i c a nt l y  h i gh e r  s t at es  o f  c o mp a c t i o n  
t h a n  t hos e  o b t a i n e d  i n  t he  mo d i f i e d  A . A . S . H . O .  t es t . Wi t h  
t he  c o h e s i v e  soi l s , h o we v e r ,  t he  r esul t s  o f  t he  B.S .  t es t  we r e  
m o r e  i n  a g r e e me n t  wi t h  t hos e  p r o d u c e d  b y  t he  h e a v i e r  
c o mp a c t o r s .

Cl a i m s  a r e  o f t e n  m a d e  t hat  v i br a t o r y  c o mp a c t o r s  a r e  
e q u i v a l e n t  i n  t hei r  c o mp a c t i n g  effect  t o  de a d- we i gh t  r ol l er s  
m a n y  t i mes  t he  s t at i c we i g h t  o f  v i br a t o r y  p l ant . Th e  r esul t s  
o b t a i n e d  i n  a n  ear l i er  i nve s t i ga t i on  (Le w is , 1954) wi t h  a  non-  
v i br a t i ng  8- t on s mo o t h - wh e e l e d  r ol l er  h a v e , t he r e f or e , b e e n  
i n c l u d e d  f or  c o mp a r i s o n  i n Fi gs . 2- 5. It  is di ffi cul t  t o  m a k e  
a c c u r a t e  c o mp a r i s o n s  a s  t he  wi d t h s  a n d  d i a me t e r s  o f  t he  
r ol l er s  a n d  t he  s p e e d  o f  c o mp a c t i o n  va r i e d  c o n s i de r a b l y . 
I n  a d d i t i o n  t he  r e l a t i ve  p e r f o r ma n c e s  o f  t he  ma c h i n e s  c h a n g e d  
f r o m  soi l  t o  soi l . Ho we v e r ,  ve r y  b r o a d l y , t he  8- t on r ol l er  
wi t h  a n  a v e r a g e  l o a d i n g  o f  a b o u t  3 10  l b ./ i n . wi d t h  o f  t he  r ea r  
r ol l s  h a d  a  c o mp a c t i o n  p e r f o r ma n c e  s i mi l a r  t o t hos e  o f  t he  
2^- t on v i br a t i ng  r ol l er  a n d  t he m o r e  eff i ci ent  pl a t e  c o m p a c ­
t or s . O n  t hi s  bas i s , t he r e f or e , a  v i br a t i ng  r ol l er  is  r o u g h l y  
e q u i v a l e n t  i n  i t s c o mp a c t i n g  effect , a l t h o u g h  n o t  neces s a r i l y  
i n  ou t p u t , t o a  s t at i c r ol l er  h a v i n g  a b o u t  f o u r  t i mes  t he  l o a d i n g .

Fi g . 3 Re l a t i ons  be t we en dr y  dens i t y a n d  moi s t ur e  cont ent  
obt a i ne d o n  t he s a ndy  cl ay.

Re l a t i ons  ent r e l a dens i t é  s èche et  l a t eneur  e n  e a u  avec  
l’ar gi l e s abl euse.

Relations between d ry  density and  the num ber ofpasses— F r o m  
t he  r e l a t i ons  b e t we e n  t he  d r y  de ns i t y  a n d  t he  n u m b e r s  o f  
pas s es  o f  t he  va r i o u s  ma c h i n e s ,  Fi g . 7  h a s  b e e n  p r e p a r e d  
t o s h o w t he  a v e r a g e  pe r c e nt a ge  o f  t he  d r y  de ns i t y  c or r e s ­
p o n d i n g  t o  c o mp a c t i o n  t o r e fus a l  a t  a p p r o xi ma t e l y  t he  
o p t i m u m  mo i s t u r e  c o n t e n t s  wh i c h  wa s  o b t a i n e d  a f t er  va r i o us  
n u m b e r s  o f  pas s es  o f  e a c h  ma c h i n e . In  t hi s  wa y  t he  r esul t s  
c a n  b e  c o n s i de r e d  o n  a  r e a s o n a b l y  c o m m o n  bas i s .

I n  gs ne r a l  t he  v i br a t i ng  r ol l er s  r e q ui r e d  a  r a t he r  gr ea t e r  
n u m b e r  o f  pas s es  t o  a c h i e v e  a  g i v e n  p e r c e n t a ge  o f  t hei r  m a x ­
i m u m  d r y  de ns i t y  t h a n  wa s  ne c e s s a r y  wi t h  t he  pl a t e  c o m ­
p a c t or s . Th u s  t o  a c h i e v e  9 7  p e r  c e n t  o f  t he  m a x i m u m  d r y  
de ns i t y  (t h e  p r o b a b l e  e c o n o mi c  l i mi t  o f  c o mp a c t i o n ) a b o u t  
t en pas s es  we r e  r e q ui r e d  o n  t he  a v e r a g e  wi t h  t he  r ol l er s  a s  
c o m p a r e d  wi t h  a b o u t  t hr ee  pas s es  wi t h  t he  pl a t e  c o mp a c t o r s . 
Th i s  di f f e r ence  i n  p e r f o r ma n c e  for  t he  t wo  t ype s  o f  e q u i p me n t  
is  p r o b a b l y  d u e  t o  t he  ge ne r a l l y  l o we r  s p e e d  o f  c o mp a c t i o n  
a n d  l a r ger  a r e a  o f  c o n t a c t  o f  t he  pl a t es  c o m p a r e d  wi t h  t he  
r ol l er s . Th e  effect  o f  s p e e d  is i l l us t r at ed b y  t he  r esul t s  wi t h  
t he  I3- c wt . p l a t e  c o mp a c t o r .  Wh e n  us e d a t  t he  fas t  s p e e d  
(a b o u t  53  f t ./mi n .)  m a n y  m o r e  pas s es  we r e  r e q u i r e d , pa r t i c u ­
l a r l y i n  t he  e a r l y  s t ages  o f  c o mp a c t i o n , t o a c h i e v e  a  g i ve n  
s t a t e  o f  c o mp a c t i o n  t h a n  we r e  ne c e s s a r y  wh e n  c o mp a c t i n g  
a t  t he  s l o w s p e e d  (a b o u t  2 6  f t ./mi n .).
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Fi g . 4 Re l a t i ons  be t ween dr y  dens i t y a n d  moi s t ur e  cont ent  
obt a i ned o n  t he wel l - gr aded s and.

Re l a t i ons  ent r e l a dens i t é  s èche et  la t eneur  en  e a u  avec  
l e s abl e  à  gr anul omét r i e  cont i nue .

Fi g. 5 Re l a t i ons  be t we e n  d r y  dens i t y a nd  moi s t ur e  cont ent  
obt a i ne d o n  t he gr avel - sand- cl ay.

Re l a t i ons  ent r e la dens i t é  s èche et  la t eneur  en e a u  a ve c  le 
s abl e a r gi l eux.

T h e  t a n d e m  v i br a t i ng  r ol l er s  ge ne r a l l y  r e q ui r e d  f e we r  
pa s s e s  t h a n  t he  singl e- r ol l  ma c h i n e s ,  t he  non- v i br a t i ng  r ol l  
o f  t he  f o r me r  ma c h i n e s  c l ea r l y c on t r i bu t i ng  t o  s o m e  e xt e n t  t o 
t he  c o mp a c t i o n  effect .

Va r i a t i o n  i n  t he  s t at e  o f  c o m p a c t i o n  wi t h  d e p t h— T o  s i mpl i f y  
t he  a na l ys i s  o f  t he  r esul t s  o f  t he  i nve s t i ga t i ons  o f  t he  va r i a t i on  
i n  c o mp a c t i o n  wi t h  d e p t h , t he  r esul t s  h a v e  be e n  c o m p a r e d  
o n  t he bas i s  o f  ai r  vo i ds  a n d  h a v e  be e n  a v e r a g e d  for  t he  t wo  
g r a n u l a r  s oi l s  (F i g .  8). On l y  t he  h e a vi e r  v i br a t o r y  c o mp a c t o r s  
we r e  c a p a b l e  o f  p r o d u c i n g  s a t i s f ac t or y s t at es  o f  c o mp a c t i o n  
wi t h  t he  c o h e s i v e  s oi l s  a n d  t her efor e  t he  r esul t s  f o r  t hes e  
s oi l s  h a v e  n o t  b e e n  i nc l ude d .

Fi g . 8 s h o ws  t ha t  wi t h  al l  t he  ma c h i n e s  t he r e  wa s  a  m a r k e d  
de c r e a s e  i n  t he s t a t e o f  c o mp a c t i o n  wi t h  d e p t h . Ge n e r a l l y  
t he  de p t h  o f  soi l  c o mp a c t e d  t o a n y  g i v e n  s t at e o f  c o mp a c t i o n  
i nc r e a s e d  wi t h  t he we i gh t  o f  t he  c o mp a c t o r ,  a n d  t he  c o m ­
p a c t i o n  effect  e x t e n d e d  t o a  s i gni f i cant l y  gr ea t e r  d e p t h  wi t h  
t he  pl a t e  c o mp a c t o r s  t h a n  wi t h  t he  r ol l er s . Th i s  l at t er  effect  
is  n o  d o u b t  d u e  t o  t he  ge ne r a l l y  l a r ger  a r e a  o f  t he  pl a t e  c o m ­
p a c t or s  i n  c o n t a c t  wi t h  t he  soi l  a n d  h e n c e  t he  d e e p e r  p e ne t r a ­
t i on o f  c o mp a c t i o n  s t r esses .

I n  u s i n g  t he  r esul t s  s h o wn  i n Fi g .  7  t o e s t i ma t e  t he  t h i c kne s s

o f  l a ye r  t ha t  c a n  b e  c o mp a c t e d  t o  a  s a t i s f ac t or y s t a t e  b y  a n y  
m a c h i n e ,  c o ns i de r a t i o n  mu s t  be  g i v e n  t o  t he  effect  o f  t he  
t h i c kne s s  o f  l a ye r  o n  t he  va r i a t i o n  o f  d r y  de ns i t y  wi t h  d e p t h . 
Th e  r esul t s  i n  Fi g . 8 we r e  o b t a i n e d  u s i n g  l oos e  l aye r s  ge ne r a l l y  
a b o u t  2 0  i nc he s  t h i c k. So m e wh a t  s ma l l e r  g r a d i e n t s  o f  d r y  
de ns i t y  wo u l d  h a v e  r es ul t ed f r o m t he  us e  o f  t h i nne r  l oos e  
l aye r s  a n d  t he r e f or e  F i g .  8 is o n l y  a  gu i d e . An  e s t i ma t e  o f  t he  
m a x i m u m  t h i c kne s s  o f  l oos e  soi l  wh i c h  e a c h  m a c h i n e  is 
c a p a b l e  o f  c o mp a c t i n g  s at i s f ac t or i l y is g i v e n  in Ta b l e  4 .

Ef f e c t  o f  f r e q u e n c y  o f  v i br at i o n— Th e  i nve s t i ga t i ons  o f  t he  
effect  o f  f r e q u e n c y  o f  v i br a t i o n  o n  t he  s t at e o f  c o mp a c t i o n  
we r e  c a r r i ed o u t  u s i n g  t he  32- t on t o we d  a n d  t he  3 J - t on t a n d e m  
v i br a t i ng  r ol l er s  be c a u s e  wi t h  t hes e  ma c h i n e s  t he  f r e q u e n c y  
o f  vi br a t i o n  c o u l d  b e  va r i e d  wi t h o u t  a f f ec t i ng t he  c o mp a c t i n g  

s p e e d .

T h e  r es ul t s  (F i g .  9 )  i ndi c a t e  t ha t  t he  effect  o f  c h a n g e s  i n  t he  
f r e q u e n c y  o f  vi br a t i o n  we r e  s i gni f i cant  o n l y  wi t h  t he  g r a n u l a r  
soi l s . Wi t h  t he  c o h e s i v e  soi l s , v a r y i n g  t he  f r e q ue nc y  o v e r  t he  
ful l  r a n g e  pos s i bl e  wi t h  t he  m a c h i n e  a f fec t ed t he  d r y  de ns i t y  
b y  o n l y  a b o u t  1- 2 l b ./c u .f t . I n  gene r a l  t her e  wa s  n o  v e r y  p r o ­
n o u n c e d  p e a k  t o  t he  c u r v e s , s ugge s t i ng t hat  c l os e  c ont r o l  
o f  f r e q u e n c y  is n o t  pa r t i c ul a r l y  i mp o r t a n t . Al t h o u g h  t he  t wo
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Fi g. 6 Ver t i cal  di s pl acement s  o f  var i ous  poi nt s  o f  t he 13- cwt . vi br at i ng pl at e wh e n  c ompa c t i ng.

Dé p l a c e me n t s  ver t i caux de  di ver s  poi nt s  de  l a p l a que  vi br ant e  de  13 cwt . pe nda n t  le c o mpa c t a ge .

Ta b l e  4

Out pu t s  o f  vi br a t or y c ompa c t or s  un de r  f a vour a bl e  condi t i ons

Machine

Approximate
operating

costs

(shi l l ings)

Compacting

speed
(f t ./mi n.)

Number o f  

passes 

required

Area 

compacted 

per hour 
(s q .y d /h )

Depth o f  

compacted 

layer 

(i n.)

Output
(c u .y d /h )

Cost 
(pe nc e /c u . y d )

4- cwt . vi br at i ng r ol l er 6- 5 30 8 42 3 3- 5 22

6 f- cwt . vi br at i ng r ol l er 8- 5 60 12 65 6 11 9- 4

19 i - cwt . vi br at i ng r ol l er 11- 0 67 4 250 6 41 3- 2

2 £- t on vi br at i ng r ol l er 1 4 0 42 4 160 6 26 6- 5

3 f- t on t owe d vi br at i ng r ol l er 3 6 0 120 6 670 10 180 2- 3

3 f- t on t a nde m vi br at i ng r ol l er 18- 0 73 4 300 7 57 3- 8

4- cwt . pl at e vi br at or 10- 5 28 3 65 6 11 12

13- cwt . pl at e vi br at or 12- 5 53 4 150 8 33 4- 6

14- cwt . pl at e vi br at or 12- 5 42 2 230 6 39 3- 8

1 i - t on pl at e vi br at or 17- 0 25 2 170 12 58 3- 5

2- t on pl at e vi br at or 17- 0 27 2 210 12 71 2- 9

r ol l er s  di f f e r ed c o n s i de r a b l y  i n t hei r  de s i gn , wi t h  bo t h  ma c h i n e s  
t h e  f r e q u e n c y  r a n g e  i n wh i c h  t he  bes t  r esul t s  we r e  o b t a i n e d  
wa s  a b o u t  2  200- 2 400  c y c l e s /mi n . f or  al l  f o u r  soi l s .

Effect o f  speed o f  com paction— Re f e r e n c e  h a s  a l r e a d y  
b e e n  m a d e  t o  t he  effect  o f  s p e e d  o f  c o mp a c t i o n  o n  t he  r esul t s  
o b t a i ne d  wi t h  t he  13 c wt . pl a t e  c o mp a c t o r .  Te s t s  we r e  a l s o 
ca r r i ed o u t  wi t h  t he  3- 2- t on t o we d  a n d  t a n d e m  vi br a t i ng

r ol l er s . Wi t h  b o t h  ma c h i n e s  t he  c o mp a c t i o n  o b t a i n e d  a f t e r  a  
g i ve n  n u m b e r  o f  pas s es  de c r e a s e d wi t h  i nc r ea s e  i n  t he  s p e e d  
o f  c o mp a c t i o n . Th e  o u t p u t  o f  soi l  c o mp a c t e d  t o  a  s a t i s f ac t or y 
s t a t e  ( 1 0  pe r  c e n t  a i r  v o i ds ) b y  t he  3f - t on t a n d e m  r ol l er  wa s  

a p p r o xi ma t e l y  t he  s a m e  for  bo t h  t he s l o w a n d  fas t  s p e e ds . 

Ho we v e r ,  wi t h  t he  3f - t on t o we d  r ol l er , a  m a x i m u m  o u p u t  

wa s  o b t a i n e d  a t  a  s p e e d  o f  a b o u t  l £  mi l e /h .
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Fig. 9 Effect of frequency of vibration on the state of 
compaction obtained after 8 passes of the 3J-ton 
towed and 16 passes of the 3J-ton tandem vi­
brating rollers.

Effet de la fréquence sur l'effet obtenu après 8 
passes du rouleau de 3 î tonnes et 16 passes 
du rouleau vibrant tandem de 3J tonnes.

speed (53 f  t / min.) 

speed (26 f  t / m in )

Fig. 8 Average relations between the state of 
compaction (air voids) and depth below 
the surface of the compacted layer ob­
tained on the granular soils.

Compactage en fonction de la profon­
deur sur les sols graveleux.

Fig. 7

5 10 15 2 0  25 30

NUM BER OF PA SSES

Average relations between the percentage of the maxi­
mum dry density and the number of passes ob­
tained on the test soils.

Densité sèche en fonction du nombre de passagers 
des engins.



The results have been used to estimate the likely outputs 
under favourable conditions and the costs of compaction for 
the various machines when compacting soil to a state equi­
valent to 10 per cent air voids (Table 4). It has been assumed 
that the machines are operated for 50 minutes in each hour 
and no other allowance has been made for time lost due to 
bad weather or for manoeuvring the equipment.

Table 4 indicates that there is unlikely to be a significant 
difference in the costs per cubic yard of compacting soil by 
the two types of equipment for comparable sizes of plant. 
The maximum economy will be achieved by using the largest 
sizes of equipment available.

The work described in this paper was carried out as part of 
the programme of the Road Research Board of the D epart­
ment of Scientific and Industrial Research, United Kingdom, 
and is presented by permission of the Director of Road 

Research.
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