
FIELD EQUIPMENT 

FOR VIBRATORY COMPACTION 

OF SOILS AND BASE COURSES 

BY 
William M. Aldous and Harry W. Wills 

Airport Division 

Technical Development Report No. 186 

CIVIL AERONAUTICS ADMINISTRATION 

TECHNICAL DEVELOPMENT AND 

l?VALUATION CENTER 

INDIANAPOLIS, ISDIANA 

November 1952 



TABLE OF CONTENTS 

Page 
SUMMARY . 1 . . _ . .s.. . 
INTRODUCTWN . I_ 1 
EQUIPMENT AVAILABLE , . __. . 1 
RESULTS OF USER SURVEY 
TDEc EXPERIENCE WITH SMALL VIBRATORY COMPACTORS 

. . 6 
11 

DISCUSSION AND CONCLUSIONS. . 1. 13 



Manuscnpt received September 1952 



FIELD EQUIPMENT FOR VIBRATORY COMPACTION 
OF SOILS AND BASE COURSES 

SUMMARY 

This report reviews brlefly the types 
of vibratory compactmn equipment available 
for fxld “se 1” the Umted States and surn- 
mar~zes the results reported from various 
SOurceS Results obtamed with llghtwelght 
equ,pment In preparmg expermenta1 pave- 
ment sectmns at the Techmcal Development 
and Evaluatmn Center of the Cxvll Aero- 
“autlcs Admmlstratmn are described in 
consIderable d&a,1 

Although the field mformatlon 1s not 
extensive, ,t 1s concluded that vibratory 
equipment has potentml value ,n three types 
of compactlo” operatmns (1) compactlo” of 
fme-gramed noncaheslve matermls, (2) com- 
pactmn in restrIcted areas, and (3) “se a5 
auxlllaryequlpment In compactmn of coarse- 
graded noncohesive materials Further 
development and exploratory testmg are 
needed in order to show the full extent of 
these potentmlltles 

INTRODUCTION 

Modern rollmg equipment I.5 quite 
efflclent for compactmnof the usual cohesive 
~011s and solI mxtures, provided the mols- 
ture content of the materml 1s near the 
optKn”m “due. There are mdxatmns, 
however. that vlbratmn (or a combmatmn of 
vlbratmn and statx laadmg) mght be more 
effective and econormcal in compactmg 
granular or noncohesIve matermls In some 
appllcatmns, vibratory equipment may also 
have an advantage due to the possible “se of 
small llghtwaght “nits 

Although the Interest 1” mbratory 
compactmn has been emdent for a number of 
years and several types of equipment have 
been developed, there 1s practically no pub- 
llshed mformatmn on the field results obtam- 
able by this method of compactmn As a 
consequence, the person w,th a cursory 
Interest in the s”b,ect has no ready means of 
evaluatmg vibratory compactmn or of deter- 
mxung Its possible appllcatmn to his own 
problems This report sumnlarlzes the 
results of a brief survey of the manufacturers 
and users of wbratory compactmn equip- 
ment. While this survey 1s not exhaustwe. ,t 
furmshes some guidance to those who may be 
contemplatmg the “se of wbratory compactmn 
equipment The report also Includes the 

results of experience with small wbratory 
compactors at TDEC 

EQUIPMENT AVAILABLE 

Correspondence and personal contacts 
with manufacturers disclosed a wzde variety 
of vibratory compactmn equipment avaIlable 
in the Umted States for field “se The types 
of equipment offered by var,o”s manufac- 
turers are described brwfly in the followmg 

Buffalo-Spnngfxld Roller Company, 
Sprmgfxld, Ohm 

The Buffalo-Sprmgfxld Company has 
developed a roller, shown in Fig 1, which 
appears to be a varmtlon of the earlier 
Petershaab roller from Denmark A vlbra- 
tmg roll replaces the conventmnal middle 
rollof theModel KX25, 12 3/4- to 19 l/4-ton, 
3-axle tandem roller A 55-horsepower (hp) 
gasolme engme supplies power through a 
cham drive for the vibrator I,, the center 
roll The weight of the roll IS 2,640 pounds, 
and the vlbratmn frequency ranges from 
1,800 to 3,600 vlbratmns per mmute The 
equipment may also be operated as a 
conventmnal roller. 

The machme has been tested exten- 
slvely at the manufact”rer8s plant and also 
has undergone a series of tests by the Corps 
of Engmeers, U S Department of the Army, 
at Fort Belvam, Vmgma Inforrnatlo” con- 
cernmg actual f,eld use 1s rather meager, 
and It IS understood that only expermental 
models have been constructed to date 

Electric Tamper and Equipment Company, 
Ludmgtan, Mlchlgan 

The Electrlc Tamper and Equipment 
Company manufactures the “Jackson” lme of 
small vlbratmg plate “nxts whrch It recom- 
mends for small-scale work on asphaltx 
concrete as well as on embankment and base 
course materm1s The design of this equip- 
ment has been changed from tnne to tnne 
over a permd of about four years with 
l”C*eS.Sl”g emphasis on greater weight. 
higher mnpact forces, and reduced contact 
area A floatmg shock-mounted counter- 
weight has been used on all except the 
earllest models 

On various models the base plate 1s 
about two and a half feet long and about one 
foot 51.x Inches wide and has been furmshed 



Fig 1 Buffalo-Sprlngfleld Vlbratmg Roller 

with either a grooved or a flat bearmg sur- 
face In some instances the contact area has 
been decreased by attachmg one or more 
narrow strips to the bottom of the base plate 
at right angles to the dIrectIon of travel. in 
order to increase unit pressure 

The present production model weighs 
400 pounds mcludlng counterweight and 1s 
illustrated in Fig 2 Vlbratmn 1s induced 
by means of an unbalanced weight rotated by 
a squrrel-cage 3,600-revolutux, per minute 

ih: 1:~ of travel 
r m motor with the ax15 at right angles to 

The amount of unbalance 

Fig 2 LIghtweIght Jackson Vibrator 

1s 5 44 mch-pounds The pasltmn of the 
unbalanced weight. slightly ahead of the cen- 
ter of gravity, produces a forward mot,on of 
the machme A heavxr vibrator with 8 0 
Inch-pounds of unbalance 1s contemplated 

The Jackson equpment Includes a 
portable gasolme engme generator which 
provides a 3-phase, 60-cycle per second 
(cps). llO-volt power supply at rated speed 
The operating frequency of the vlbratar can 
be varxd up to a maximum of about 4,200 
vlbratmns per mmute by varymg the genera- 
tor speed Such speed also changes the 
magnitude of the centrifugal iorce and the 
resultmg nnpact 

About 300 units of the var,ous models 
of this small compactor have been manufac- 
tured and sold The manufacturer ?I150 
reports the development and assembly of a 
pllot model of a heavy-duty multiple-urnt 
compactor desIgned for large-scale anport 
and hlghway constructmn The general 
design of this machme 1s Illustrated in 
Fig 3 

C A Lowe Machn,e Works, lnc , 
Columbus, Ohu, 

The Lowe company manufactures “The 
Ideal Vlbra-Tamper” shown in Fig 4 This 
also 15 a small vlbratlng-plate nnt with 
Interchangeable tampzng plates 2 l/2 Inches 
wide and either 21 oi- 25 Inches long The 
static weight of the machIne 1s 235 pounds 



Fig 3 Multiple-Umt Jackson Vibratory Compactor 

Power IS furmshed by an mtegrally 
mounted 2-hp gasolme engme whxh operates 
at about 2,000 rpm and Induces gyratary 
motmn of the entlre machme through an 
eccentrically welghted shaft The machme 
IS deslgned in such a manner that the exhaust 
heat from the engme 1s used to warm the 
tampmg plate This 1s Intended to help pre- 
vent the plate from stlckmg to hot asphalt 
mlrtures 

The rubber-tmed wheels are used only 
ITI movmg the equipment from place to place 
All of the weight 1s supported on the contact 
plate durmg operatmn Forward motmn can 
be governed by the operator snnply by tlppmg 
the machme to vary the fore-and-aft d,strl- 
butmn of weight on the contact area The 
normal rate of movement 16 about 25 to 30 
feet per mrlute 

Iowa Manufacturmg Company, 
Cedar RapIds, Iowa 

The “Cedaraplds” compactor bult by 
the Iowa Manufacturmg Company 1s a heavy, 
two-wheeled, rubber-tired roller with a 
vlbratmg umt connected directly to the axle 
It requres a separate towmg tractor The 
compactor has a maxnnum weight of either 
25,000 or 60,000 pounds, dependmg on the Fig 4 Ideal Vlbra-Tamper 
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Fig 5 Cedaraplds Vlbratlng Roller 

model selected The heavier model IS lllus- 
trated I” Fig 5 About one-half of the total 
weight 1s composed of ballast, and the weight 
of body and ballast 15 spring-supported It 
IS possible to vary both the total weight and 
the tire mflatm” pressure wIthI” wide lumlts 
I” order to meet local condltmns 

A separate power unit operates the 
vibrator at a rate which 1s ad,ustable between 
600 and 1,400 cycles per minute Vertical 
vlbratmns are produced by counterrotatlng 
eccentric weights The equpment can be 
operated as a conventmnal roller wIthout the 
vibrator If desired. 

The InternatmnaI Vlbratm” Company, 
Cleveland, Ohm 

The “Vlbro-Tamper” of the Inter- 
natmnal Vlbratmn Company 1s one of the 
better-known heavy vibrators It 15 a 
multiple-plate type with a gross static 
weight of about 9,000 pounds Its prlnclpal 
design features are show” I” Fig 6 

The ma,” frame of the machIne 1s 
carried on crawler tracks with motive power 
furmshed by a” 85-hp gasallne engme The 
rate of travel can be varied from 16 to 45 
feet per mmute 

There are SIX wbratmg shoes that 
weigh 435 pounds each and cover a Ii-foot 
strip I” one pass of the equpment The 

shoes are vibrated by power take” from the 
same source that propels the machIne The 
rate of vlbratmn 1s 2,000 to 2,800 vlbratmns 
per minute 

Vlhro-Plus Products, Inc , 
WoodsIde. Long Island. New York 

The Vlbro-Plus “Terrapac” sol1 com- 
pactor pictured I” Fig 7 1s recommended by 
the manufacturer for compacting embank- 
ments, backfllls, earth dams, base courses, 
and foundatmns It has a heavy wbratlng 
base plate which 1s 65 by 45 Inches and 1s I” 
direct contact with the sol1 The vibrator 
element which IS hinged to the base plate 
uses two eccentrxs whxh rotate synchro- 
nously m opposite dlrectmns The combmed 
centrifugal force of the eccentrxs 1s given 
as 9,000 pounds and the frequency as 950 
vlbratmns per minute The static weight 1s 
3,300 pounds 

The compactor 1s powered by a Diesel 
engine of about 10 hp mounted on a” elas- 
tlcally supported base The machme 1s self- 
propellmg at speeds of 19 to 26 feet per 
minute an level ground, and the movement 
can be governed by means of a wheel fltted 
on the steermg handle The rate of travel 
can be Increased by towIng the machIne with 
a tractor when compacting large areas 
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Fig 6 Multiple-Umt Internatmnal Vlbro-Tamper 

Fig 7 Vlbro-Plus Terrapac ‘Jlbratory Compactor 



Fig 8 Wayer Impactor 

Wayer Impactor, Inc , 
Columbus, Ohm 

The Wayer “Impactor” shown I” Fig 8 
appears slmllar to the Ideal Vlbra-Tamper 1” 
Its basic design and operatmg characterls- 
tics It weighs 240 pounds, 1s powered by a 
2 l/Z-hp gasolme engme, and 1s self-propelled 
at a speed of 22 to 30 feet per rmnute Gyra- 
tory motmn of the entue machme 1s Induced 
by rotatmn of a” eccentric weight at a fre- 
quency of 1,900 rpm The tampIng plate 1s 25 
Inches by 2 l/2 Inches I” area and 1s warmed 
by the engme exhaust The engine features a 
special carburetor deslgned to avold dlsturb- 
ante of gas flow due to vxbratmn Although 
desIgned or,gmally for small-scale asphalt 
work, the equpment has been used extensively 
for backflll compactmn of both granular and 
plastzc materials 

Miscellaneous. 
There are a number of small tampers 

on the market whIchwere not mcluded m this 
compllatmn because of their lrmted capacity 

RESULTS OF USER SURVEY 

The survey of those usmg vibratory 
compactmn equpment was not exhaustive be- 
cause of tnne Iunltatmns, but It did cover a 

TABLE I 

SUMMARY 
OF HIGHWAY DEPARTMENT 5URVEY 

ON VIBRATORY COMPACTION 

State HIghway 
Department 

Alabama 
Arzona 
Arkansas 
California 
Colorado 
Connecticut 
Delaware 
Dlst of Co1 
Florlda 
Georgm 
Idaho 
1111*01s 
Indiana 
Kentucky 
Loulslana 
Mame 
Maryland 
Massachusetts 
Mxhlgan 
Mmnesota 
Muslss,ppl 
Missouri 
Montana 
Nebraska 
New Hampshxe 
New Mexico 
New York 
North Carolina 
Ohm 
Oregon 
Rhode Island 
South Carolma 
South Dakota 
Tennessee 
Texas 
Utah 
Vermont 
Vlrglnla 
Washmgton 
West Vxgmla 
Wlsco"sln 

Wyomng 

Ind,catmn 
of Interest 

Yes 
___ 
-_- 

Yes 
__- 
__- 

Ye* 
-_- 

Yes 
_-- 
___ 
--- 
--- 

Yes 
-__ 
--- 
___ 

Yes 
Yes 
Ye* 
--- 
--_ 
--_ 

Yes 
-_- 

Yes 
Yes 
Yes 
Yes 
Yes 
--_ 
-_- 

Yes 
Yes 
Yes 
Yes 
--- 

Yes 
Yes 
Ye* 
--- 
--- 

Experience 

Negllglble 
NO 
NO 
Slight 
NO 
NO 
NO 
NO 
Yes 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
Yes 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
Yes 
NO 
Ye* 
NO 
NO 
NO 
NO 
NO 
Ye* 
NO 
NO 
Yes 
Yes 
Yes 
NO 
NO 

representative group of prospective users 
Letters were sent fust to the hIghway deparb 
ments of all the states and the Dlstrlct of 
Columbia. because they represent the largest 
smgle group which might have authorltatlve 
and unbiased mformatlon These prelr”mary 
mqulrles were followed by further letters 
and 1” some instances by mtervlews ReplIes 
were received from all but SIX organlzatmns 
and are summarxed I” Table I 
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While the response to this survey lndl- 
cated wide x&rest in the sub]ect,there were 
only eight states reportmg any experience 
with vibratory equipment xn the compactlo” 
of ~011s and base-course materials either in 
the field or I” the laboratory Abstracts of 
these and of other reports follow 

FlorIda 
The 60.000-pound Cedaraplds compac- 

tor has given very good results I” compactmg 
6- and S-Inch thxcknesses of lnne rock base 
The 25,000-pound model has been used suc- 
cessfully I” placmg embankment and subgrade 
materials in 6-mch layers One hundred per 
cent of standard Proctor density has been 
reported 

Mmh,ga” 
The Mlchlgan standard hIghway specl- 

flcatlons requre that all structure backflll 
be placed and compacted to a speclfled den- 
slty The material 1s generally granular 
Both the Wayer Impactor a”d the ChlcaSo 
Pneumatic Trl-Plex tampers have been used 
successfully for thxs purpose 

One contractor m the Detroit area 
used a Vlbro-Plus compactor on sand back- 
fill in a water-1,ne trench. Densltles of 
approximately 96 per cent standard Proctor 
were obtamed at depths of 18 to 24 mches xwth 
four to SIX passes of the equipment It was 
especlallynoted that this compactor operates 
at 950 vlbratmns per mmute, although pre- 
“l”usM~hlgan experience had mdlcated 2,700 
to 4.000 as the most efflclent rate 

Many contractors throughout the state 
have used the small Jackson vibrator with 
very good results The max, obIectx.n to 
this equpment 1s Its small s,ze.whxh lr”,ts 
1ts pract1ca1 appllcatlo” to small areas only 

New York 
ConsIderable success was reported 1” 

the use of the Jackson equpment for com- 
pactlo” of nancohesIve materials I” confmed 
areas Experience lndxates that the efiec- 
tlveness may be greatly reduced by amounts 
of fme material (mmus ZOO-mesh sieve) as 
low as ten per cent 

Ohm 
Early work wvlth vibratory equpment 

on macadam constructmn has been reported 
,n the 1947 “Proceedmgs of the HIghway 
Research Board II 1 Equpment mcluded the 

‘Charles W Allen and 5 0 Lmzell, 
“Use of Vxbratlon 1” Plac>ng Screenmgs I” 
Macadam Bases,” Proceedings of the Twenty- 
Seventh Annual MeetInS, HIghway Research 
Board. 1947 

Internatx,nal Vlbro-Tamper and a three- 
axle, eight-ton roller with vlbratmg center 
roll furnlshed by the Buffalo-Sprmgfleld 
Company Both were very efflclent in pla- 
clng dry screenings even 1” S-Inch layers of 
coarse aggregate, but neither was effective 
m keying the course stone The wbratmg 
center roll on the Buffalo-Sprmgf,eld equp- 
“lent was beneflcw.1 1” leveling small 
lrregularltles caused by uneven spreading 
of aggregate 

On subsequent contracts, the Vlbro- 
Tamper was used together wxth conventmnal 
rollers m placmg water-bound macadam I” 
lifts oi about four Inches Densltles of 
approxnnately 115 pounds per cubic foot 
were obtamed with slag and of approxnnately 
135 pounds per cubic foot with lnnestone 

In view of the satlsfactoryperformance 
obtamed on expernnental Jobs in Ohm, the 
state hIghway speclfxatlons for water-bound 
macadam have been modlfled to permit the 
use of vibratory equpment I” 1,eu of part of 
the rollmg 

Texas 
An unstable river-bed sand wulth a 

natural density of 97 to 101 pounds per cubx 
foot and an effective svze of 0 06 mlllurwter 
(mm) was denslfled I” place to about 105 
pounds per cubx foot by use of a vlbratlng 
tube This equpment had a frequency of 
9,000 vlbratlons per minute and was designed 
presumably for mternal vlbratlon of con- 
crete It was Inserted vertxally to a depth 
of about B l/2 feet and wlthdrawn slowly, and 
a tamplng mot,“” was used to close the hole 
below It It was effective through a column 
of sand approunately two feet 1” diameter 

A slurry of the same sand was densl- 
fled to 113 pounds per cubx foot by usmg the 
same vibrator r, a bucket in the laboratory 
Approxxaately the same density was obtamed 
on a vlbratlng table at 4.000 vlbratmns per 
nunute The latter equpment was also used 
with other sands 

Vl*gl"la 
The International Vlbro-Tamper and 

the Buffalo-Snrmefleld roller were used. 
. I 

each on one macadam project Good result; 
from both were reported 

Washmgton. 
The State of Washmgton reported that 

It had had no experience with vibratory to”l- 
pactmn in the f,eld but that It had conducted 
I” the laboratory a series of tests using the 
small Jackson vibrator to compact two era- 
datmns of clean sand The s,eve analyses 
are given in Table II, and the results of 
various laboratory density determmatmns 
on the plaster sand are shown I” Table 111 
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TABLE II TABLE III 

GRADING OF SANDS 
USED IN WASHINGTON TESTS 

Sieve Sze Plaster Sand Bulldmg Sand 
Passing Passing 

(per cent) (per cent) 

l/4-mch 100 100 

No 4 100 97 

No 10 99 85 

No 40 35 26 

No 200 1 1 

The standard Proctor density was quite low 
because of the dlsturbmg actm” of the tam- 
per foot in the noncohesive materml Re- 
sults with the Trmxml Institute mechanical 
compactor were sml1lar 

Table IV surnr”ar1zes the results 
obtained with the Jackson vibrator under 
varmus condltmns All tests were run with 
the gasolme-engine generator operatmg at 
full speed 

When thicker lifts were used, good 
compactmn was obtained only to a depth of 
about 12 Inches Successive passes. up to a 
maxnnum of fxve, mcreased the density by 
small mcrements Because of the permea- 
blllty of the material, It was very dlfflcult 
to ascertam the effect of moisture content 
with any degree of certamty The mvestlga- 
tars belleve that a condltmn near saturatmn 
1s advantageous 

The Jackson machine was most effec- 
t,ve when movmg across the surface at slow 
speed. For the matermls usedm these tests, 
It was estimated that the equipment would 
compact about 12 cub,= yards per hour 

West Virginia 
A Wayer Impactor was used m tom- 

pactlng a clay backflll over a storm sewer 
The sol1 was classlfled as A-6 (9), with a 
llqud l,mlt of 39 and a plastlclty Index of 13 
The sol1 contuned 32 per cent slit and 
43 per cent clay with all material passing 
the No 10 sieve Standard Proctor density 
ranged from 101 to 109 pounds per cubic 
foot 

The material was compacted ln 4-Inch 
lifts The highest field density was 112 
pounds per cubx foot One extremely low 
field density of 87 pounds per cubic foot was 
reported. but this was attributed to the 

LABORATORY COMPACTION TESTS 
OF PLASTER SAND 

Test Condltlons Dry Density 
(lbs per cu ft ) 

Loose, dry 
(cu ft bucket) 

93 6 

Loose, saturated 
(cu ft bucket) 

98 2 

Std AASHO density 
(Proctor) 

96 6 

Mechanical compactor 
(Trlaxual Institute 
Model) 

97 6 

Vibrated (Syntron 
vlbratar) dry 

106 3 

Vibrated (Syntron 
vibrator) saturated 

106 3 

presence of cinders III this particular 
sample 

Other 
As a supplement to the lnformatlon 

obtalned from state hlghway departments, 
some of the manufacturers provided other 
records of field use of their equpment In a 
few Instances, addItIona lnformatlonor COT- 
roboratlon was obtalned from outside sources 
These records are grouped and summarized 
according to the type or make of equpment 

The Buffalo-Spru,gfxldCompany men- 
tlons tests of the,= roller by the U S Army 
Corps of Engineers at Fort Belvau, but 
apparently these tests did not yield conclu- 
sl”e results Tests on sr”&u equpment 
suchasthe Petershaab three-wheel vibratin 
roller have been reported from Canada 5 

Good results were noted on b,tum,naus 
surface-course matures, but considerable 
dlfflculty was encountered in sand because 
of displacement ahead of the roller Some 
mechanxal dlffxultles were encountered 

On several axport grad,ng pro,ects 
where the Cedaraplds equpment was used, 
the Iowa Manufacturing Company reports 
densltxs of 88 to 105 per cent that of modl- 
fled Proctor density of sol1 The pro,ects 

2J Walter,HxghwayEnglneer,“Experl- 
mental Testof Petershaab VlbratlngRaller, 
Department of HIghways Report, Ontario. 
Canada 
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Test 
NO 

(lbs per 
tu ft) 

1 

Moisture 
Content 

D=Y 
Weight 

(per cent) 

55 

Dry Density Descrlptuxn of Test 

105 1 

Standard 
proctor 

(per cent) 

108 8 

2 46 104 1 107 8 

3 66 106.5 110 2 

4 7.0 109 0 112 B 

5 15 3 110 0 113 9 

6 50 108 6 112 4 

7 

8 

9 

10 

11 

12 

62 105 6 109 3 

68 97 4 100 8 

34 

50 

43 

37 

103 a 107 5 

101 1 104 7 

106 2 109 9 

100 1 103 6 

TABLE IV 

RESULTS OF TESTS WITH JACKSON VIBRATORY COMPACTOR 

represent a wide geographIca range and a 
variety of sol1 types (clay, sandy clay. and 
decomposed rock) 

The I”ternatmw.1 Vlbratmn Company 
has an rr,paslng hst of hIghway and axport 
projects upon which the Vlbro-Tamper has 
been used successfully Cans in efflclency 
and economy have beenattested by engmeers 
and contractors connected wxth a number of 
the pro,ects The efflcwnt consolldatmn of 
macadam and crushed aggregate construc- 
tmn, the effective dlstrlbutlon of screemngs 
ln macadam base, and the economies m using 

Plaster sand, 3 passes, normal speed, 
6-mch layer 

Plaster sand, 1 pass, normal speed, 
upper half of 11 -Inch layer 

Plaster sand, 1 pass, normal speed, 
lower half of 1 l-inch layer 

Plaster sand, 5 passes, normal speed, 
upper half of 11 -Inch layer 

Plaster sand, 5 passes, normal speed, 
lower half of 11 -Inch layer 

Bulldmg sand, 23-Inch layer, 5 passes, 
normal speed, 0- to 5-Inch depth 

BulldIng sand, 23-Inch layer, 5 passes, 
normal speed, 8 l/2- to 13-Inch depth. 

Bulldmg sand, 23-Inch layer, normal 
speed, 14- to 20-mch depth 

Plaster sand, 1 pass levelmg plus 1 
pass at 2 feet per minute 

Plaster sand, 1 pass levelmg plus 1 
pass at 12 feet per mmute 

Plaster sand, 1 pass at 2 feet per 
mmute 

Plaster sand, 1 pass at 6 feet per 
minute 

thicker lifts of base materlal are particularly 
emphasized It should be noted that the con- 
ventlonal rollmg equpment IS requred to 
compact the top thmlayer (one to two Inches) 
which remans m a loose condition after the 
passage of the tamper The Vlbro-Tamper 1s 
approved under CAA Standard Speclfwatlons 
for use on federal-ad airport proJects 

The manufacturer of the Vlbro-Plus 
equpment presents the results of field 
compactux, tests from several axport and 
hlghway prolects ,n Swede” In these tests 
conducted on soils rangmg from fme sand to 
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TABLE V 

A CHARACTERISTICS OF MATERLALS USED IN PRELIMINARY TDEC TESTS 

Gradmg Crushed Stone Gravel Sand 
(sleve size) (per cent passing) (per cent passmg) (per cent passing) 

1 l/2-1* 100 0 100 0 100 0 

3/4-l”. 87 2 90 4 100 0 

3/8-m 58 5 79.4 100.0 

No 4 40 9 69.4 99 4 

No 8 29 7 58.3 97 4 

No lb 25 1 44 7 69 6 

No. 30 20.9 26.7 37 b 

No 50 18 5 14 9 12 4 

No 100 lb 7 84 38 

No 200 15 0 7.2 27 

B COMPARATIVE COMPACTION BY MODIFIED AND STANDARD PROCTOR TESTS 
USING MATERIALS SHOWN IN TABLE A* 

Materlal Modlfled Proctor Standard Proctor 
Used Optimum Moisture Optimum Moisture 

(lbs. per cu. ft.) ( per cent dry wt.) (lbs. per cu ft ) (per cent dry wt.) 

Crushed 140 63 126 66 
stone 

Gravel 142 62 135 8.0 

Sand 133 82 121 13.2 

*Compactmn tests were run on the whole sample without removal of material retamed on the 
No. 4 sleve. 

very coarse gravel, the Vlbro-Plus com- 
pactor produced higher densltles than were 
obtamed by use of either a vlbratmg roller, 
a tampmg roller, a smooth roller, or a 
rubber-tared roller Layers of mater1a1 as 
thxk as 40 Inches were used m the tests on 
coarse gravel 

Although the record of these tests 1s 
lmpresslve It should be noted that some of 
the competmg equipment was not necessarily 
the heaviest or most efficient of Its type 
For Instance, the vlbratmg roller had a 
ground pressure of only 130 pounds per Inch 

of roll and a total wexght of 7 l/2 tons. the 
tire milatmn pressure used for the rubber- 
txed roller was only 43 pounds per square 
Inch. and the tampmg roller provided a con- 
tact pressure of only 200 pounds per square 
mch Densxtles are compared on the basis 
of the Increase obtained with each pass of 
the equipment, but no comparative data are 
furnished on the cost of operation forequlva- 
lent results Experience with the Vlbro-Plus 
compactor m the United States apparently 
has been lnnlted to the compaction of trench 
backflll and slmxlar small areas 



Fig 9 Laboratory Campact,“” of Crushed Stone with the Jackson Compactor 

TDEC EXPERIENCE 
WITH SMALL VIBRATORY COMPACTORS 

The load transmlssm” pro,ect now I” 
progress at this Center3 requxes frequent 
constructmn of flexible pavement sectmns 
lOfeet squareandranglng from 4 to24l”ches 
I” thickness These pavements are con- 
structed upon a sprmg-supported testmg 
platform, smmlatlng a rather weak subgrade 
The testing platform IS enclosed by plank 
bulkheads As the size of the test sectmns 
and other conslderatmns precluded the use 
of conventmnal rollmg equpment, this pro- 
ject has afforded a” excellent opportunity to 
study the use of small vibratory campactors 
I” small-scale constructlo” operatmns The 
Jackson Vibrator and the Ideal Vlbra-Tamper 
were selected for possible use 

3 
Raymond C Herner and Wlllmm M 

Aldous, “The Load Transmlsslon Test for 
Flexible Pavmg and Base Courses, Part I, 
A Descrlptmn of the Testxng Apparatus, 
Operating Methods, and Antlclpated Uses of 
Test Data.” CAA Techmcal Development 
Report No 108. Apr11 1950 

Results from Prelm,l”ary Tests 
Prelm,mary tests were r”n I” order 

to determIne the practlcablllty of using the 
vibratory compactmn equpment and to per- 
fect operatmg techniques These tests were 
performed I” a sturdy wooden box 5 l/2 feet 
Sq”.S*e The floor of the box conslsted of 
two layers of one-Inch tongue-and-groove 
lumber with the gral” of one layer at right 
angles to that of the other This flooring 
was supported by closely spaced two-Inch by 
four-Inch cleats restmg flatwlse “n the 
concrete floor of the laboratory This con- 
structmn provided a slight reslllency cam- 
parable to that of a well-compacted sol1 
subgrade Sand, gravel, and crushed lime- 
stone were used I” the tests Characterlstlcs 
of representative materm are given 1” 
Table V 

Materials were usually placed I” 
6-Inch lifts. loose measurement, but s”me 
tests were run “n 12-Inch layers. Densltles 
\vere determIned by bulk measurements and 
by routine samplmg methods such as the 
sand-density and the balloon-density tests 

Fig 9 shows the Jackson Vibrator “n 
Its first pass “ver a dense-graded crushed 
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11mestone The early models of this equip- 
ment used ln these tests vary widely from 
the present models The dead weight of the 
orlgmal equipment was only 150 pounds 
This was mcreased progressively up to 
210 pounds by weldmg weights to the base 
plate These were replaced I” some of the 
later tests by a floating, shock-mounted, 
165-pound weight whxh mcreased the total 
dead weight to 315 pounds 

Tests on sand usmg the Jackson equlp- 
ment produced dry densities ranging from 
110 to 120 pounds per cubic foot for various 
combmatrris of compaction time, malsture, 
and equipment The effect of added weight 
was be ne f ,c la1 especially when shock- 
mounted, whereas the effect of multiple 
passes of the equipment was negllglble Best 
results were obtalned when the sand was 
either dry or approximately at the optimum 
moisture content as determmed by the modr 
fled Proctor test Extremely high water 
contents were detrimental, because the corn- 
pactlon box was to” tightly constructed to let 
excess water escape. 

In tests “n gravel, the JacksonVxbrator 
(210- and 315-pound models) produced den- 
sltles up ta a max,mum of 142 pounds per 
cubic foot at water contents between 6 0 and 
8 0 per cent Densztles obtained I” eight 
passes were only slightly higher than those 
abtamed ,n two passes Densltles measured 
1” the bottom half of a course lad 12 Inches 
thxk, loose measurement, mdlcated that 
such a thick course was defmltely beyond the 
capacity of this equipment 

Densltles up to 145 pounds per cubic 
foot were obtained “n crushed stone w,th the 
Jackson equipment Moisture contents 
ranged between 4 8 and 7 0 per cent The 
315-paund compactor produced densltxes of 
140 pounds per cubic foot m about half the 
txne required far the 210-pound machine 

Efforts to use the Ideal Vlbra-Tamper 
I” compactmg the sand were unsuccessful 
because of excessive penetration of loose 
noncohesive material by the narrow contact 
plate 

Tests with the Ideal Vlbra-Tamper on 
gravel at moisture contents between 5 7 and 
7 6 per cent resulted I” several density 
measurements above 145 pounds per cubic 
foot The effects of lift thickness and number 
of passes were sm~lar to those observed 
with the Jackson equipment 

Results from the Ideal Vlbra-Tamper 
when used on crushed stone were about the 
same as those from the heavier of the two 
Jackson machlnes Each required about 
12 seconds operation per square faot to pro- 
duce a density of 140 pounds per cubic foot 
I” = loose layer SIX Inches I” thickness 

From the above tests, It was concluded 
that adequate compaction of the load trans- 
mlss~on test sectlons could be obtamed with 
the small vibratory equipment The Jackson 
machme was chosen as the primary unit 
because (1) It produced a more even sur- 
face, (2) It was more free of mechanxal 
troubles, (3) bemg electrically drive”, ,t 
could be operated from the commercial 
power supply and thus would ellmmate engme 
fumes I” the laboratory, and (4) use af elec- 
trlc power made It possible to measure 
energy consumptmn very conveniently and 
accurately 

Results af Compact,“” 
of Load Transm~sslon Test Sectlons 

About 75 pavement sectmns far load 
transmlsslon tests have been constructed 
thus far Most of these were composed of 
dense-graded gravel slmllar to that used m 
the preliminary tests already described 
However, Individual sectIons varied quite 
widely in gradation and moisture cantent 

A 370-pound model of the Jackson cam- 
pactor was used in compacting most of the 
sections. Except for the additional weight 
and a somewhat larger motor, thxs model ILI 
similar to the 315-pound model used earlier 
The corrugated base plate was found to be 
mefflclent for compactmg gravel and was 
modlfled by welding two flat steel strips 
across It at right angles to the dxectlon of 
travel. These strips were l/4 Inch thxk and 
1 l/4 Inches wide 

Materml was deposlted I” laose layers 
about six Inches deep and compacted to a 
fmal thickness of four Inches The amount 
of material placed for each lift was computed 
to yield a dry density of about 135 pounds 
per cubic foot The moisture content was 
usually a little less than optimum, which 
made It rather dlfflcult to obtain the desired 
densities but mcreased the stablllty of the 
pavement sectlons 

In dlscusslons of laboratory compac- 
tmn, one often hears the express,“” “equal 
compactlve effart” used I” comparmg the 
results from different sets of apparatus, 
applying the same energy Input per umt 
volume but ~“a different manner The equip- 
ment for measuring electrical energy shown 
m Fig 10 was set up for the purpase of 
determmmg whether energy Input 1s a valid 
lndlcator of the denslflcatmn which may be 
expected The equipment IS cahbrated I” 
watt-mmutes 

The density of a given lift of material 
tended to mcrease with successive passes of 
the compactor, but the increase per pass (or 
per unit of energy expended) became pro- 
gressively less until the material reached a 
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Fig 10 Equipment for Measuring Electrical 
Energy Input 

“pant of refusal ” I” some instances 1t was 

necessary to apply a very large amount of 
energy ln order to obtam the final small 
increase 1” density needed to arrive at the 
target value Some expernnentatmn with 
different designs of the compactor showed 
that each model had a performance celling 
Energy comparisons were meanmgless, 
therefore, when referring to different 
machmes 

Fig 11 summarizes graphically the 
data obtamed from 135 lifts of gravel all 
compacted with the 370-pound Jackson 
machme The various graphs show the 
statlstlcal dlstrlbutmn of values for each 
variable The net energy used in these 
graphs 1s equal tothe gross energy measured 
by the watt-minute meter durmg compactmn 
of a lift mmus the energy used ln operatmg 
the compactor for the same permd of tnne 
while suspended m air For pract1ca1 pur- 
poses, It represents the energy transmltted 
to the gravel less purely mechanical losses 

In the graph of Fig llA, the shaded 
area mcludes those tests mwhlch the energy 
consumption fell w 1 thin an mtermedmte 
range of 5,000 to 25,000 foot-pounds per 
cubic foot of compacted material This 
represents 74 per cent of the total tests 

In the graph of Fig 11B. the shaded 
area mcludes those tests which had an Inter 
medmte density range of 133 to 137 pounds 
per cubic foot and which also fell within the 
mtermedlate energy range of graph A The 
sze of this group (68 per cent of the total) 
compared to that of graphAmdlcates a close 
relatmnshlp between energy and density 
Often, however , th,s relatmnshxp was ob- 
scured by the effect of small changes m 
gradmg or in moisture content 

Graphs ln Figs 11C to F show rather 
wide varlatlons ,n var,o”s characterlstlcs of 
the material. but these varlatmns are no 
wider than those normally encountered 1” 
construction practice While they apparently 
had a strong effect on energy consumptmn 
and tune of compactvan, It has not been pos- 
sable to associate the factors m any definite 
and predlctable manner For purposes of 
these tests, the xnportant pomt is that the 
equipment was capable of producmg accept- 
able densltles m a typical gravel material 

The Jackson equipment was also used 
on a few sections composed of crushed lrne- 
stone and on a few surface courses made of 
asphaltx concrete Satisfactory results were 
obtained on both materials 

DISCUSSION AND CONCLUSIONS 

Although there 1s wide Interest m the 
subJect of vibratory compactmn. there still 
1s surprlsmgly little mformatmn avaIlable 
on field performance of vibratory equipment 
Many varieties of equipment have been 
developed, but some apparently have been 
used only in pilot tests with little authentic 
test data an record Because of the mcon- 
cluslve nature of the evidence, It would be 
unwise to attempt a complete and authorlta- 
tive evaluatmn of equipment. It may be 
worth-while, however, to revxw brlefly the 
mformatmn which has been collected and to 
express an mformal opmmn concerning the 
best field of use for different types of equip- 
ment Dlscussmn of mechamcal features and 
possible maintenance dlfflculties 1s beyond 
the scope of this report 

There are three ma,or fields of useful- 
ness for vibratory compactor5 (1) compac- 
tion of fme noncohesIve materials where 
canventmnal rollers are relatively mefficlent, 
(2) compactlo" of more p1ast1c materials 1” 
small and restrIcted areas (trench backflll, 
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driveways, pavement patches, bridge ap- 
proaches, backflll for bulldmg floors. and 
srmlar appllcatmns) w h e r e conventmnal 
equipment 1s too bulky and unhandy to use, 
and (3) compaction of coarse granular 
materials used ,n macadam or dense-graded 
base-course constructlo” In the last case, 
the vlbratoryequlpment ~sused to supplement 
the use of heavy rollers 

Fine-gramed nancoheslve mater1a1s 
are respons>ve to high-frequency, law- 
amplitude vlbratlan without the need of high 
static weight This 1s exempllfled by the 
Texas experience with the vlbratmg tube and 
by the universally satisfactory performance 
of the llghtwelght Jackson equipment when 
used on such material The multiple Jackson 
equipment or the InternatlonalVlbro-Tamper 
should be more economical for compacting 
large areas In any case, the contact area 
should be relatively large in order to confme 
the materlal Equipment with high unit dead- 
weight loading or aheavy tampmg action will 
tend to disturb the surface and to penetrate 
mto the material 

More plastic materxals such as sand- 
clay, clay-loam, stablllzed gravel, and 
asphaltlc mixtures require more dead weight 
and more of a tamping rather than a vibrating 
actmn The frequency can be quite low For 
such materials. the Ideal V,bra-Tamper or 
the Wayer Impactor could be used effectively 
on small areas The Jackson equipment 
could also be used by modlfylng the strlkmg 
plate to provide a smaller contact area, as 

was done in the tests described m this 
report Larger areas of the moderately 
plastic materials can be handled by conven- 
tmnal equipment or by either the Cedaraplds 
or the Buffalo-Sprmgfleld vibratory roller 
Incidentally, either of the latter rollers IS 
heavy enough to da a reasonably efflclent Job 
without the vibrating attachment The Vlbro- 
Plus compactor should also be effective on 
the moderately plastic or cohesive materials 
It represents an mtermedlate range in size 
and capacity 

Practically all types of vlbratmg 
equipment have been used with some degree 
of success m the compactmn of noncohesive 
coarse-graded materials The best results 
have been obtained, however, with a combma- 
tmn of heavy vibratory and conventmnal 
rolling equipment One real advantage of 
using such combmatlon equipment IS the 
ability to place thicker lifts of material The 
lnternatmnal Vlbro-Tamper has proved par- 
t~cularly effective I* placing the fines (fme 
aggregate) in macadam base-course 
ca"str"ctlo" 

The full potentmlltles of vibratory 
compactmn cannot be realized until more 
experxnental and exploratory work IS done 
This ~111 come about eventually through 
occasmnal experimental field p raJ e c t s, 
although a more comprehensive evaluatlan of 
present equipment and a fundamental study 
of vlbratlon as applied to all types and 
condltlons of materials would be most 
desirable 


