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THE PERFORMANCE OF AN AVELING-BARFORD VP 7.7 Mg SELF-PROPELLED 

VIBRATING ROLLER IN THE COMPACTION OF SOIL 

ABSTRACT 

This Report describes an investigation into the per- 
formance of an Aveling-Barford VP7.7Mgself-propelled 
vibrating roller in the compaction o~ a heavy clay, a 
sandy clay, a well-graded sand, a gravel-sand-clay, 
and a uniformly graded fine sand. 

The results show that, in general, a satisfactory 
state of compaction would be achieved after 4 to 8 
passes on 150-mm thick compacted layers of cohesive 
and well-gradedgranular soils. The machine is 
likely, therefore, when operated at a speed of travel 
of 2.4 km/h, to be capable of compacting, to a state_ 
satisfactory for earthwork construction, 70 to 140 mS/h 
of these types of soil. Tests with the heavy clay and 
well-graded sand indicated that higher outputs might be 
expected when using higher compacting speeds (140 to 
220 m3/h at a speed of 5 km/h). 

/ 

With uniformly graded fine sand, as often 
occurs with self-propelledmachines, it was found 
that the roller wouldnot operate on loose material 
and it was necessary to pre-compact the soil with a 
track-laying tractor to provide sufficient stability 
for the vibrating roller to be used. Following pre- 
compaction, 3 passes of the roller on 230 nun thick 
compacted layers were required to achieve a satis- 
factory state of compaction. Because of the necessity 
to pre-compact, application of the self-propelled 
vibrating roller to the compaction of uniformly graded 
materials must be somewhat limited. 

I. INTRODUCTION 

This Report describes an investigation into the performance of a 7.7 Mg 
self-propelled vibrating roller (Aveling-Barford VP), in the compaction 
of five types of natural soil. The soils were a heavy clay, a sandy 
clay, a well-graded sand, a gravel-sand-clay, and a uniformly graded fine 
sand. The particle-size distributions of these soils and the results of 
plasticity and specific-gravity tests, determined according to B.S.1377 I, 
are shown in Fig. i. 

The investigation was concerned primarily with determining the effect 
of the number of passes of the machine on the state of compaction produced 
in each soil. This information is important for the economical operation 
of the machine, in assessing the likely output figures, and in the prepara- 
tion of method-type specifications. From the results it was also possible 



to deduce the likely relations between the dry density and the moisture 
content of each soil for various numbers of passes of the vibrating roller. 

The moisture content of the soil will affect the relation between 
the number of passes of the machine andthe state of. compaction produced 
but, to limit the duration of the investigation to reasonable proportions, 
the tests were, in general, carried out at one moisture content only for 
each soil. This moisture content was slightly lower than theaverage at 
which each soil is normally found in the British Isles, and it represents, 
therefore, a condition in which the soil is slightly more difficult than 
average to compact. 

Similarly, only one depth of compacted layer was used with each of 
the soils, the selection of this depth being based upon that specified for 
the particular type of machine in Table 3 (Compaction Requirements, Earth- 
workslof the Ministry of Transport's Specification for Road and Bridge 
Works z. In this specification the speed of travel of vibratingroilers 
isnormally limited to a maximum of 2.4 km/h (1.5 mile/h) and this speed 
was used, therefore, for tests on each of the soils. In addition, 
however, with heavy clay and well-graded sand, other speeds of travel in 
the range 1.3 - 7.2 km/h were used. 

2. THE AVELING~BARFORD VP 7 . 7  Mg VIBRATING ROLLER 

The Aveling-Barford VP vibrating roller is shown in Plate i, and details of 
the machine are given in Table I. The machine is self-propelled, driven 
by two pneumatic-tyred steerable wheels at the rear. The freely-rotating 
vibrating roll is mounted at the front of the machine using rubber suspension 
units to isolate the vibrations from the chassis. The vibrational forces 
are produced by an eccentrically - weighted shaft rotating within the roll. 

The power unit, a 64 kW four-cylinder diesel engine, is mounted over 
the rear axle, and drives the wheels through a hydrostatic transmission 
unit, propeller shaft, and differential axle. Thus a continuously variable 
forward or reverse travelling speed, up to the maximum value of 18.9 km/h 
can be achieved, largely independently of the engine speed. 

The eccentrically-weighted shaft producing the vibration is driven by 
vee belts from a hydraulic motor, the oil supply to which is provided by a 
fixed-delivery pump mounted on the engine. At the governed maximum engine 
speed, the frequency of vibration is about 2500 cycles per minute. 

The majority of the controls are centrally mounted in the operator's 
compartment and the machine can be controlled from either of the two seats 
(see Plate i). A tachometer on the control panel indicates the frequency 
of vibration to the operator. Power steering is provided, and scraper 
bars are fitted to both the front and rear of the roll. 



TABLE 1 

Details of the 7.7 Mg [7I ton) self-propelled vibrating_roller as used in 
the investigation 

Manufacturer 

Machine designation' 

Power Unit 

Engine number 

Ratedengine power 

Maximum governed engine speed 

Maximumvibrator-shaft speed (nominal) 

Vibrator-shaft speed (measured) 

Centrifugal force (nominal) 

Normal speed of travel in tests 

Maximum speed of travel in tests 

MaXimum speed of. travel, on road without 
vibration(measured) 

Dimensions 

Overall length 

Overall width 

Overallheight 

Width of roll 

Diameter of roll 

Rear wheel track 

Roll-wheel base i.e. distance 
between front and rear axles 

Tyre size on driving wheels 

Tyre inflation pressure during tests 

M a s s e s  

T o t a l  m a s s . ( i n c l u d i n g  d r i v e r  a n d f u e l )  

D i s t r i b u t i o n  Of m a s s : -  

Front roll : 

Rear axle 

Mass per unit width of roll 

A v e l i n g -  BarfOrd L td .  

VP 

6 - c y l i n d e r ,  4 - s t r o k e ,  d i e s e l  
e n g i n e .  

2705 E 6015 

64 kW (86 hp) 

1800 rev/min 

2300 rev/min 

2400 rev/min 

142 kN (32000 Ibf) 

2.4 km/h (I~ mile/h) 

7.2 km/h (4~ mile/h) 

18.9 km/h (iI~ mile/h) 

4.88m (1.92 in) 

2.08m (82 in) 

2.O6m (81 in) 

1.83m (72 in) 

1.37m (54 in) 

1.7Om (67 in) 

2.74m (108 in) 

356 mm x 610 mm (14.,OO in x 24 in) 

138 kN/m 2 (20 lbf/ n2) 

7.67 Mg (7 ton 11 cwt) 

4.14 Mg (4 ton 1:~ cwt) 

3.53 Mg (3 ton 9~ cwt) 

2.27 Mg/m (127 1b/in) 
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3. EXPERIMENTAL PROCEDURE 

To d e t e r m i n e  t h e  e f f e c t  of  t h e  number o f  pa s se s  o f  t he  v i b r a t i n g  r o l l e r  
on t he  s t a t e  o f  c o m p a c t i o n p r o d u c e d  f o r  each s o i l ,  l oose  l a y e r s  o f  s o i l  
were p r e p a r e d  a t  t h e  r e q u i r e d  m o i s t u r e  c o n t e n t  b y m e a n s  o f  a r o t a r y  c u l -  
t i v a t o r .  The loose  d e p t h s  used  were t h o s e  e s t i m a t e d  to  produce  about  
165 mm t h i c k  compacted l a y e r s  o f  c o h e s i v e  and w e l l - g r a d e d g r a n u l a r s o i l s ,  
and 240 mm of  u n i f o r m l y  graded  m a t e r i a l ,  i . e .  a c o m p a c t e d l a y e r  about  
15 nun t h i c k e r  than  t h e  l a y e r  i n  which i t  was i n t e n d e d t o  make measurements  
o f  t h e s t a t e  o f  compac t ion .  

The p r e p a r e d  l a y e r  o f  l oose  s o i l  was c o m p a c t e d w i t h  t h e r e q u i r e d  
number o f  p a s s e s  of  t h e  r o l l e r ,  t h e  machine t r a v e l l i n g  a l t e r n a t e l y  fo rwards  
and backwards ,  and r e m a i n i n g  i n  t h e  same t r a c k  t h r o u g h o u t ,  a t  t he  r e q u i r e d  
speed o f  t r a v e l  (see s e c t i o n  t ) .  

With t he  u n i f o r m l y  graded  f i n e  sand,  as i s  o f t e n  the  case  wi th  s e l f -  
p r o p e l l e d  mach ines ,  i t  was n e c e s s a r y  t o  p re -compac t  t he  s o i l  w i th  a t r a c k -  
l a y i n g  t r a c t o r  and to  c a r r y  out  t h e  f i r s t  two pas se s  w i t h 0 u t  v i b r a t i o n .  
(This  p r o c e d u r e  was a d o p t e d a f t e ~  t he  f a i l u r e  o f  a t t e m p t s  to  o p e r a t e  t h e  
r o l l e r  on l oose  l a y e r s  o f  t he  s o i l  and wi th  v i b r a t i o n  f o r  the  f i r s t p a s s  
on t h e  p r e - c o m p a c t e d s o i l ) .  

With the  c o h e s i v e  and w e l ! - g r a d e d g r a n u l a r s o i l s  , s i x  d r y - d e n s i t y  
d e t e r m i n a t i o n s  were made i n  t h e  top  150 mm o f  compacted s o i l ,  u s i n g  t h e  
s a n d - r e p l a c e m e n t  method 1. With the  u n i f o r m l y  graded f i n e  sand,  no o v e r -  
s t r e s s i n g  was obse rved  in  t he  upper  p a r t  o f  t he  l a y e r ,  as i s  f r e q u e n t l y  ~ 
t he  case  w i t h  t h i s  m a t e r i a l ,  and i t  was n o t  n e c e s s a r y  to  remove any m a t e r i a l  
b e f o r e  measu r ing  t he  s t a t e  o f  compac t ion .  Six d r y - d e n s i t y  measurements  
were t h u s  made in  t h e  top  230 nun o f  t he  compacted l a y e r .  Al l  the  measure -  
ments  were made i n  t h e  a r ea  o f  c o m p a c t e d s o i l  between the  t r a c k s  o f  t he  r e a r  
wheels  o f  t he  machine .  The r e s u l t s  a re  g iven  in  Figs  2 to  5.. 

A few t e s t s  were a l s o  c a r r i e d  o u t ,  wi th  t h e  heavy c l a y  and 
w e l l - g r a d e d  sand,  i n  w h i c h t h e  machine was used w i t h o u t v i b r a t i o n .  
r e s u l t s  a re  i n c l u d e d  in  F igs  2 and 4. 

The 

4.1 

4. DISCUSSION OF RESULTS 

Relgtions between drzdensit 7 and number of passes 

The r e l a t i o n s  o b t a i n e d b e t w e e n  dry  d e n s i t y  and n u m b e r o f ,  p a s s e s  o f t h e  
v i b r a t i n g r o l l e r  (Figs  2 t o  5) show tha  t ,  a p a r t  from the  t e s t s  wi th  t h e  
heavy c l a y  and u n i f o r m l y  graded  f i n e  s a n d ,  the  s t a t e  o f  compact ion  was 
i n c r e a s i n g  up to  t he  maximum number o f  p a s s e s  u s e d i n : t h e . t e s t s  (16) .  With 
t h e  heavy c l a y  ( t e s t s  w i th  v i b r a t i o n )  a n d u n i f o r m l y  g r a d e d  f i n e  sand,  l i t t l e  
i n c r e a s e  in  t he  s t a t e  o f  compac t ion  o c c u r r e d  a f t e r  about  8 p a s s e s .  

An a i r  c o n t e n t  o f  10 per.  c e n t  o r  l e s s  i s c o n s i d e r e d . t o  be a s a t i s f a c t o r y  
s t a t e  o f  compac t ion  w i th  t h e  c o h e s i v e  and w e l l - g r a d e  d g r a n u l a r  s o i l s .  At the  
m o i s t u r e  c o n t e n t s  a t  which t h e  t e s t s  were  c a r r i e d  o u t ,  t he  r o l l e r  p roduced  a i r  

4 



contents of less than I0 per cent after 4 to 8 passes with these materials 
when travelling at a speed of about 2.4 km/h (Figs 2 to 4). The two sets 
of results for heavy clay (Fig. 2)illustrate the effect of variations in 
moisture content. Thus, at a speed of travel of 2.4 - 2.Y km/h the number 
of passes required to achieve a satisfactory state of compaction varied 
from 8 at a moisture content of 22.5 per cent to 6 at:amoisture content of 
24 per cent. 

Figs 2 and 4 include relations, obtained with the heavy clay and the 
well-graded sand, between dry density and number of passes of the vibrating 
roller for different compacting speeds. The number of passes required to 
achieve air contents of i0 per cent or less increased as the speed of com- 
paction increased (Table 2). 

TABLE 2 

E f f e c t  o f  speed of  r o l l i n g  on t h e ~ c o m p a c t i o n  o f  heavy c l a y  
and w e ! l - g r a d e d  sand 

Speed of rolling 

km/h 

1.3 

2.3 

4.7 

7.2 

mile/h 

3 

3 

Number of passes required to achieve a state 
of compaction equivalent to i0% air voids 

Heavy clay W e l l - g r a d e d  sand 

4 

4 

5 

6 

7 

8 

8 

Approximate ly  16 

With a v i b r a t i n g  compactor ,  i t  might  b e  expec t ed  t h a t  the  s t a t e  o f  
compact ion ach ieved  would be dependent  upon the  number, o f v i b r a t i 0 n a l  c y c l e s  
a p p l i e d  to  the  s o i l .  I f  t h i s  were t he  ca se ,  t he  number o f  p a s s e s r e q u i r e d  
to  ach ieve  a s t a t e  of  compact ion  of  10 p e r  c e n t  a i r  vo ids  would be p r o -  
p o r t i o n a l  t o  the  speed of  t r a v e l ,  i . e .  t h e  t o t a l  number o f  V i b r a t i o n a l  
cyc l e s  a p p l i e d  to  a g iven a r ea  o f  s o i l  w o u l d  be the  same f o r  each speed  
of  t r a v e l .  This  i s  c l e a r l y  no t  the  case wi th  the  r e s u l t s  shown in  F igs  2 
and 4 a n d T a b l e  2, where t h e  e f f e c t  of  t h e  s p e e d  of  t r a v e l  on t h e  compact ion  
performance i s  shown t o b e  somewhat s i m i l a r  to  t h a t  which i s  u s u a l l y  found 
wi th  s t a t i c  we igh t  r o l l e r s  3. The c o n t r i b u t i o n  t o t h e  compac t ion  p r o c e s s  o f  
the  s t a t i c  we igh t  o f  t he  machine i s  a p p a r e n t  from the  r e s u l t s  o f  t e s t s w i t h -  
out  v i b r a t i o n  which have been i n c l u d e d  in  F igs  2 and 4. 

With the  u n i f o r m l y  graded  f i n e  sand,  a dry d e n s i t y  o f . l . 6 0  Mg/m 3 or  
more i s  c o n s i d e r e d  to  be a s a t i s f a c t o r y  s t a t e  o f  compac t ion .  Th is  was 
ach ieved  in  t he  t e s t s  (Fig 5) a f t e r  about  3 p a s s e s  o f  t h e  v i b r a t i n g  r o l l e r .  

5 



However, as describedin Section 3 above, for thelmachine.to operate on 
the uniformly graded fine sand, it was necessary to pre-compact the soil 
with a track-laying tractor and then carry out the first two passes-with- 
out vibration.. Because-of this requirement, the application of the 
machine to the compaction of uniformly graded materials must be. somewhat 
limited. (To confirm this, the mobility of the machine was also tested 
on a pulverised fuel ash, another uniformly graded material., and .again it 
could only be operated after the material had been pre-compac£ed using a 
track-laying tractor). 

With the uniformly graded fine sand, it was observed that, unlike 
other, vibrating rollerspreviously tested at the.laboratory, no apparent 
overstressing of the surface of the layer, occurred (i~e. the material 
did not remain in a loosened condition on the surface). It is thought 
that this was atleast partly the result of the absence of horizontal 
shear planes produced, whenusing, other vibrating_machines , by large 
deformations of the material during early passes, or by the tractive 
effect of driven rolls. Thus, had the 7.7 Mg vibrating..roller been 
capable of operating without pre-compaction of the soil, larger deformations 
would have occurred during early passes of the machine, and this would 
probablyhave caused the overstressing that normally would be. expected. 

4.2 Relations betweendr), density and moisture.content 

Relations between dry density and moisture content, for different 
numbers of passes of the vibrating roller, oneach of the soils tested, have 
been calculated {Figs 6 - 8). These relations were obtained by drawing 
curves through the points obtained.in the study of the effect of the number 
of passes of the vibrating roller.. These curves are approximately parallel 
to the average slope of similar, relations established experimentally in the 
past_with Vibrating rollers4. Thus Figs 6 - 8 enable the performanc e of the 
machine to be assessed for. moisture contents other, than those used in the 
tests, and they also allow comparisons to-be made with items of compaction 
plantpreviously tested4, 5 

5. OUTPUT OF THE VIBRATING ROLLER 

The results of-the investigation indicate that from 4 to..8passes~are 
required, at an average speed.of travel of 2.4 kmlh..(the limitation normally 
imposed on this type of machine in the Ministry of Transpor_t's Specification 
for Road and Bridge Works2), to compact cohesive and.we!l~graded granular 
soils to a state satisfactor Z for earthwork construction. Thus, assuming 
that the machine is operated for. 50 minutes in each hour, it would be 
possible to. achieve outputs in the range 70 to 140 m3/h. 

However, the relations between the output of heavy clay and well- 
graded sand, compacted to a satisfactory state; andS.the.speed_of, travel of 
the vibrating roller shown in Fig .... 9 indicate that for both cohesive and 
well-graded granular_soils.the.output increased when.speeds oftravel in 
excess of 2.4 km/h were used.. With the heavy clay maximum.output occurred 
at an optimum speed of about 5 to.6 km/h, whereas with thewel!-graded sand 



the  o u t p u t  was i n c r e a s i n ~ n p t o  the  maximum speed  u s e d ,  7 .2  km/h.  The 
curves  sUgges t  t h a t  o u t p u t s  i n  t h e  range  l40 t o  230 m 3 / h m i g h t b e  e x p e c t e d  
when a speed  o f  t r a v e l  of  abou t  5 km/h i s  u sed .  

I t  s h o u l d b e  remembered t h a t t h e  c a l c u l a t e d  o u t p u t s  g i v e n  above a r e  
o n l y  a guide  t o  t h e  l i k e l y  p e r f o r m a n c e  o f  t h e  v i b r a t i n g  r o l l e r ,  as t h e y  
depend on t h e  a c t u a l  m o i s t u r e  c o n t e n t  o f  t h e  s o i l  and on t h e  s i t e  c o n d i -  
t i o n s .  
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PLATE]  
Neg. No. H451/68 

The Aveling-Barford VP 7.7 h~g (7~ ton) self-propelled vibrating 
rol let 
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ABSTRACT 

The Performance of an Aveling-Barford VP 7.TMg self- 
propelled vibrating roller in the compaction of soil': A,F, 
TOOMBS: Ministry of Transport, RRL Report LR 257: 
Crowthorne, 1969 (Road Research Laboratory). This Report 
describes an investigation!into the performance of an Aveling- 
Barford VP 7.7 Mg self-propelled vibrating roller in the com- ... . . .  
pactiÜn of a heavy clay, a sandy clay, a well-graded sand, 
a gravel-sand-clay, and a uniformly graded fine sand. 

The results show that, in general, a satisfactory state 
of compaction would be achieved after 4 to 8 passes on 
150-ram thick compacted layers of cohesive and well-graded 
granular soils. The machine is likely, when operated at a 
speed of travel of 2.4 kin~h, therefore, to be capable of 
compacting, to a state satisfactory for earthwork construc- 
tion, 70 to 140 m3/h of these types of soil. Tests with the 
heavy clay and: well-graded sand indicated that higher out- 
puts might be expected when usinghighercompactingspeeds 
(140 to122(} m3/h ' at a speed of 5 kin/h). 

With uniformly graded fine sand, as often occurs with 
self-propelled machines, it was found that the roller would 
not operate on loose material and it was necessary to pre- 
compact the soil with a track-laying tractor to provide suf- 
ficient stability for the vibrating roller to be used. Follow- 
ing pre-compaction, 3 passes of the roller on 230 mm thick 
compacted layers,• were required to achieve a satisfactory 
state of. compaction. Because of the necessity of pre- 
compact, application of the self-propelled vibrating roller 
to the compaction of uniformly graded materials must be 
somewhat limited. 


