USE OF VIBRATION IN PLACING PAVEMENT CONCRETE—
OHIO EXPERIENCE
By R R LITEHISER
Chief Engineer, Bureau of Tests, Ohro Depariment of Hiughways

SYNOPSIS

The use of vibratory methods of fimishing on three concrete pavement jobs,
one each 1n 1930, 1933, and 1935, 18 described  Two different vibratory machines
were used 1n 1935 Data on the relations between vibration, compressive and
transverse strength, consistency and cement factor are presented This exper-
ence demonstrated that by this method concrete could be placed with lower
water-cement ratio and less sand content than with the methods 1n common
use at this time, with accompanying 1ncrease in 7-day compressive strength
The two fimshers used gave equally satisfactory resuits Test specimens made
by the standard rodding method were found to be representative of the vibrated

concrete
cement

Ohio had 1its first experience with the
vibratory fimisher on concrete pavement
mn 1931 In that year a finisher of the
vibratory type was tried out on State
Highway 555, Lorain County, Just west
of Cleveland The wvibratory fimisher
consisted of the usual Lakewood finishing
machine with two one-third horse power
motors, with unbalanced flywheels,
dnven at 3600 rp m, mounted at the
third pomnt on the forward screed, and a

third motor, of the same descrniption,:

mounted at the middle pont on the rear
screed Power was supphed with a gaso-
hne dnven generator carried on the
finisher Slag was used as coarse aggre-
gate It was apparent durng the job
that very dry concrete was placed and
fimshed as easily with the wibratory
finisher as sloppy concrete with the or-
dnary fimsher

Cores cut from the pavement de-
veloped an average compressive strength
about one hundred pounds per square
mch higher than that of our usual con-
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An interesting sidelight was the effect due to different brands of

crete using the same aggregate While
the results, so far as strength was con-
cerned, were not as glowing as had been
anticipated, they did indicate promise
Our next experience occurred two years
later where concrete placed with the or-
dinary type of fimisher, a Lakewood, was
compared with that placed by a Lake-
wood Vibratory Finisher of the same
model This experience, hke the first,
was purely experimental and was carried
on with the consent of the contractor,
provided 1t would not interfere with the
requirements of his regular contract
The mix used on the job was that
called for under our specification for
concrete pavement, namely, 6.3 sacks of
cement per cubic yard of concrete with
a slump between 1 and 2} in  Crushed
limestone and limestone sand were the
aggregates These were batched at the
aggregate plant approximately 20 muiles
from the job, which made the usual cor-
rections for moisture content in the in-
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terest of uniform concrete exceedingly
difficult

The vibratory fimsher was a Type C
1932 Model Lakewood Fiusher with two
screeds Three unbalanced one-third
horse power motors were mounted on the
front screed equally spaced, and two
similar motors on the rear screed on the
third points The front screed was 18
m 1n width with a bull nose bult on a
23 radius The rear screed was 12
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general, during the tnal, the fimisher with
the vibrators off and the regular mix
were used for the first two hours of the
day followed by eight hours with the vi-
brators working with the various mixes
and the remaining two hours with the
fimsher with the vibrators off and the
regular mix Thus companson could be
made of concrete placed the same day
under two different methods of finishing
In this fashion 7,204 square yards were

i wide The motors were operated by finished with the ordinary fimisher, 5,091
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Figure 1. Seven-Day Core Tests

a gasohine driven generator carried on the
fimsher platform The motors on each
screed could be operated separately or
together, the speeds varying from 3600
to 4000 rpm This fimisher was con-
siderably more powerful than the one
used 1 1931

The vibratory finisher was placed on
the forms ahead of the ordinary fimsher
and operated alternately with and with-
out the vibrators during the trial  After
the trial the vibratory finisher was re-
moved and the remainder of the job
completed with the ordinary finisher. In

_square yards with the vibratory fimsher
with the vibrators working, and 2,213
square yards with the vibratory finisher
operating without the vibrators

In order that a comparnson mught be
made of the concrete on a strength bass,
cores were cut at 7 and 28 days from both
the regular and vibrated mixes and tested
in the Laboratory the same day The
results of the tests can best be explamed
by tables and charts which are discussed
m the following order:

Figure 1 1s a Chronological-Strength
Chart showing the average 7 day com-
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pressive strength each day during the
j0b of both the regular and vibrated con-
crete It will be noted that the day the
tnal began there was a decided improve-
ment 1n the regular concrete, which n
general carned throughout the job Al-
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comparison The vibrator was not used
agan until October 4 It will be noted
beginnng with October 4, that the
strength of the vibrated concrete 1s al-
ways well above that of the regular con-
crete for the same day

TABLE 1
1933 MIXTURES
Per Cent of
titses 1n Cubic Feet Absolute Volume ﬁmeﬁfx
Mz Quan lPel' Cubic Yard of Concrete Poured S8ame
Day and Fin-
Mix No 1shed Regular
Nom- | AsUsed Dry % . lco . Calc Water Used Aggregate Age in Days
men
102l Locse Sand Water Min Max | Fine | Coarse | 7 Days |28 Days
Regular 1541234342 40 (3154 12392505839 11 34 100 | 100
Special No 1 | 1541 218362| 38 |315|/415[415]|415|7 87| 1183 * *
Special No 2 | 154 (12 13370 37 |315|415(415|423|762 1208 * *
Special No 3 | 154 |12 08376| 3 [315]403|404)430]|742 1240 132 | 122
Special No 4 | 1 53 120238 | 34 |315(390|378|424 7241271 124
Special No 5 | 164 |11 98304 | 33 [315{378|378[407(7111296 122 | 119
Special No 6 | 153 |11 823904 31 [315|434{1402|486|6 55 1296 111 112
Special No 7 | 163412 37 4 51 34 (275]8375(369 393|752 1298 88 94
* No regular mix poured
TABLE II
CoMPARISON OF REGULAR AND VIBRATED MIXEs COMPRESSIVE STRENGTHS 1933
Co ted Aver-
T:&'?})yx%aa agl: grengthvf;
Average o Mux, fL blg;; 5%armo | Per Cont of
Nominal Agen Method of No of Strength | Coarse Aggre- °id Comme ‘:'{ nt o
Mix Days Finishing Tests in Lb Per | gate and Com- Ag'x' to °d fve;-&ig;
8q In puted Age Cogrega an or
(Finished e hed o°
Regular) \Regular)
1 5% 7 Regular 42 3,191 285 2,610 122
1 5% 7 Vibrated 52 3,617 285 2,610 138
154 28 Regular 12 4,214 285 3,900 108
1 5% 28 Vibrated 17 4,780 285 3,900 123
1 6% 7 Vibrated 4 2,813 None
1 6% 28 Vibrated 2 4,185 None

though the wibrator was operated on
September 28, the regular mix was used,
which proved exceedingly sloppy with
the vibrator On September 29 two
special mixes were used, but iterrupted
operation did not permut placing any of
the regular mix without vibration for

The muxes used are given mn Table I-
the quantities are i cubic feet, absolute
volume, per cubic yard of concrete, and
the percentage relation between the vi-
brated and regular concrete each day,
when tested at 7 and 28 days

Table II compares the 7 and 28 day
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average strengths of the regular and wi-
brated mixes with average strengths for
the same mixes and the same coarse ag-
gregate during 1933 It will be noted
that the regular mixes on this job were
well above the average

Figure 2 shows the average 7 and 28
day compressive strength of the regular
and vibrated concrete placed on October
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Figure 2. Compressive Strength of Regular
and Vibrated Concrete

4, 5 and 6 on which the principal com-
parative tests were run It will be noted
that the average strength of the vibrated
concrete 1s always well above that of the
regular concrete The percentage rela-
tion 1s shown at the top of the figure
Figure 3 shows the strength relation
at 7 days between the regular and wi-
brated concrete, where the per cent of
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sand 1 the special vibrated mixes 1s also
shown It will be noted that the most
favorable results for the vibrated con-
crete were with 36 per cent of sand

The average 7 day strengths of vi-
brated concrete with cement factors of 6 3
and 5 5, respectively are shown m Figure
4 By plotting the average seven day
strength of the regular concrete on the
same chart 1t appears that this same
seven day strength might have been ob-
tained with a cement factor of approxi-
mately 59, had the concrete been vi-
brated

Summarizing the wvibrated concrete
on our 1933 tnal job in Crawford County
was on an average 13 per cent stronger,
as judged from the compressive strength
of cores cut from the pavement, than the
regular concrete on a job on which the
compressive strength of the concrete was
approximately 22 per cent above the
average of all other jobs of the same
coarse aggregate for the same mix for the
same year.

In order to compare the result of vi-
brating with the usual spading that 1s
done along the forms, one vibrated sec-
tion was placed without spading When
the forms were removed there was no
honeycomb  In this respect the vibrator
performed more satisfactorily than hand
spading, which 1s, of course, dependent
on the thoroughness of the spader’s work

Occasion was taken to talk frequently
with the hand fimishers and men putting
in the premolded expansion and center
joints 1 order to get thewr opinons on
how the vibrated concrete affected their
work These men made no complant
It should be mentioned, however, that
the men behind the mixer naturally found
the drier concrete harder to handle than
the regular mix, although they had less
handling to do when the vibrator was
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working The score seemed about even
here

Our experience mn 1931 and 1933 was
purely experimental From this exper-
mentation, vibratory fimshing looked
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usual specifications were changed 1n hght
of the expermental experience with vi-
bratory fimshing in the following re-
spects forms werc required to have a
width of base of not less than 8 n 1n-
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good We accordingly took bids the
next year, requring vibratory fimshing
on a four-mile concrete pavement job in
Putnam County The construction was
delayed until''July 1935

In placing the job under contract, the

°

stead of the previous mmmmum of 6 .
the amount (by volume) of fine aggregate
was required to be 28 to 36 per cent of
the total aggregate instead of 30 to 40,
the slump of the concrete was to be
between 1 in and 1 in 1mstead of be-
tween 1 mn and 2% m, and two wvibra-
tory fimishers, one the Lakewood and the
other the Blaw-Knox were to be used,
each on one-half the job No attempt
was made to reduce the cement content
from that which would be required under
usual fimshing methods The primary
mtention to find out 1if vibration was
practical on the contract basis and to
obtamn the contractor’s reaction

The mx for the job was the usual Ohio
pavement mix, nominal proportions 1:53,
requring 6 3 sacks of cement per cubic
yard Ordinary portland cement, nat-
ural sand and crushed hmestone were
used The same mix 1:185:373, dry
loose volume, was used throughout, the
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batch weights being adjusted from time
to time to correct for the moisture con-
tent of the aggregate. After the first
two days a slump between £ in. and 1 in.
was maintained.

The two vibratory finishers were oper-
ated in a manner that imparted the same
general treatment to the concrete. This
consisted of two vibratory passes to com-
pact and place the concrete, one filling
or cutting pass to bring the concrete to
the proper grade and crown, and a finish-
ing pass to seal the surface.

The Lakewood Vibratory Finisher (Fig-
ure 5) was used on the first mile of the
job. This machine was equipped with an

Figure 5. The Lakewood Vibratory Finisher

18-in. front screed with a bull nose and
three vibratory units, and a 12-in. rear
screed with a square nose and two vibra-
tory units. The machine was gasoline
motor driven with automatic mechanical
screed lifts. It had a separate gas-elec-
tric unit which furnished power for the
vibratory motors which operated at 3600
rp.m. The machine was operated as
follows: A forward vibratory pass with
both front and rear screeds vibrating, a
filling pass with both screeds and no vi-
bration, and a finishing pass like the
second.

When the first mile was finished the
contractor went to the north end of the
job and finished the second mile with the
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same machine. On this mile the finisher
was operated as follows: two forward
vibratory passes with the front screed
vibrating and the rear screed up, a filling
pass with both screeds and no vibration,
and a finishing pass like the third. It will
be apparent that the same amount of
vibration was obtained on both miles.

The Lakewood machine transmitted its
vibration onto the forms inasmuch as the
two screeds carrying the vibratory units
rested on the forms. As a result no spad-
ing was required even though the concrete
was comparatively dry. There was prac-
tically no honeycomb throughout the
length of the two miles. In a few spots
where the concrete had a slump of less
than £ in. there was some honeycomb.
This machine vibrated the concrete to
crown and the belt on the rear aided in
sealing the surface. Visual inspection of
cores drilled from the pavement one foot
from each side of the center joint, in the
center of each 10-ft. lane and 1 ft. from
each edge, all indicated good density in
the slab and good bottom condition.
(Figure 6).

The middle two miles of this project
were finished with the Blaw-Knox Vibra-
tory Finisher (Figure 7). This was a gas-
electric machine with electric motor
drives, electric motor screed drives and
hydraulic screed lifts. It was equipped
with an 8-in. front screed and a 12-in. rear
screed. The vibratory unit consisted of a
pan which was split in the center and
acted as two separate vibratory units,
each unit vibrating half of the pavement.
The pans had straight bottoms thus giv-
ing an angular crown to the pavement.
The two vibrators mounted on each pan
were synchronized and adjustable. The
machine was operated as follows: a for-
ward and backward vibratory pass with
the pans vibrating on each pass, the for-
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ward pass with the rear screed up and the
front screed lowered enough to let the
correct amount of concrete under for the
pans to vibrate and the backward one
with both screeds up, a filling or cutting
pass with both screeds and no vibration,
and a finishing pass of the same descrip-

Figure 6. End Condition of Cores Cut from
Typical Section Finished with the Lakewood
and Blaw-Knox Vibrator.

Figure 7. The Blaw-Knox Vibratory Finisher

tion. This machine was equipped for a
mechanical belt but it was not furnished
on this job. A belt would have aided in
sealing the surface behind the machine.

The vibratory unit of the Blaw-Knox
machine was not in contact with the
forms. Form spading or vibrating with
a spud vibrator (Figure 8) driven from the
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same power plant was necessary in order
to prevent honeycombing. In some in-
stances, where spading was not adequate,
the honeycomb extended as much as 3 in.
into the slab although the vibrating pans
extended to within 1} in. of the pavement
forms. Visual inspection of cores drilled
from a section finished by this machine,
indicated good density for the four center
cores and the core drilled from the edge
on which the spud vibrator was used.
The core drilled 1 ft. from the spaded

Figure 8. Spud Vibrator used in connection
with the Blaw-Knox Vibratory Finisher

edge, that had vibration from the finishing
machine, only had a honeycombed bottom
(Figure 6).

Both finishing machines were capable
of handling the output of the 27-E Paver
used on the project. A seven sack batch
with a minimum mixing time of 13 min.
was used. Thirty-three per cent sand, by
volume, was found to be the minimum
amount of sand in a mix that could be
finished in a practical fashion. While
both vibratory finishers could handle
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mixes with somewhat less sand than this,
the necessary hand finishing was too dif-
ficult.

The effect of vibratory finishing was
observed under three kinds of curing;
water curing, using wet burlap for three
days; calcium chloride surface applica-
tion, two pounds per square yard; and
calcium chloride admixture, one pound of
calcium chloride per sack of cement.
The admixture solution was discharged

Figure 9. Making Test Cylinders by the Vibra-
tory Method on the Lakewood Vibrator

from an automatically operated batch
tank into the mixing drum at the same
time the mixing water was introduced and
through the same pipe.

The calcium chloride admixture accel-
erated the hardening of the concrete and
made it necessary to finish the concrete
more promptly than was required where
the admixture was not used. However,
when the finishers once became ac-
quainted with the fact that they must
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keep up with the finishing machine, no
difficulty was encountered.

Figure 10. Making Test Cylinders by the Vi-
bratory Method on the Blaw-Knox Vibrator

Figure 11. Making Beam Test Specimens by the
Vibratory Method on the Lakewood Vibrator

Occasion was taken on the job to com-
pare cylinder and beam test specimens
made by the standard rodding method
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nd by the vibratory method. In mak-
ng the cylinders by the vibratory method
he usual paraffin molds were placed 1n a
netal reinforcing mold with a steel base
The mold was filled with concrete and the
mit held on the vibratory part of the
imishing machine (Figures 9 and 10)
he cylinders were cured!in moist earth
g)‘r three days, sent to the Laboratory

e night of the third day and cured 1n the
Laboratory moist room until they were
'roken
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as by vibration and there was no appre-
ciable difference between the strength of
the beams made by the two methods
The same was true for the cyhnders
Cores were cut every 250 ft when the
concrete was six days old and broken 1n
the laboratory on the seventh day A
few additional cores were cut when the
concrete was 27 days old for testing at
28 days The results of the tests made
on the beams, cylinders, and cores are
presented by means of tables and figures
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In prepanng beams by the vibratory -

method the beam mold was held on the
front screed of the Lakewood machine
(Figure 11) No beams were made by
the vibratory method on the Blaw-Knox
machme because 1t would have been
necessary to have built a special platform
for the beam mold on one of the vibratory
pans However, as will be pointed out
later, concrete of the consistency used on
this job could be made as satisfactorily
into beams by the usual spading method

The Daily Record Chart (Figure 12)
shows the average slump of the concrete,
the average air temperature and the aver-
age compressive strength of the 7 day
cores It wil be noted that very low
slump concrete was used at the start
While this low slump concrete could be
handled by the vibratory fimsher it did
not prove practical from the contractor’s
pomt of view to finish such stiff concrete
Temperatures did not fluctuate a great
deal, 1t being only 10 degrees cooler when
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the job was completed than when 1t was
started It can be assumed that con-
sistency of the concrete and air tempera-
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tures were reasonably umform through-
out the job and did not affect the strength
of the concrete to any marked extent
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The comparatively lower strengths be.
tween August 13th and August 29th were
associated with one of three brands o
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Figure 18. Comparison Summary. Aver-
ages for the vibrated project shown shaded;
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shown plain. All 28-day cores were drilled
from concrete containing Cement F. The
percentage of the 1935 average would have been
greater if the 28-day cores had included all
brands of cement.

cement which were used on the job The
same drop 1n strength was apparent in the
cylinders and beams
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Figure 13 compares the effectiveness of
the different methods of curing and of the
ifferent brands of cement
A summary of the transverse strengths
[)f the 7 day beams 1s given in Figure 14
" hus confirms the 3-day observations
Figure 15 15 a summary of the 7-day
yhnder strengths Whle the differences
re not so marked as with the beams, they
re m the same direction. The 7-day
» bservations are confirmed by the 28-day
esults shown in Figure 16
r Figure 17 is a summary of the 7-day
core strengths, which are 1n quite general
conformity with the 7-day cylinders
Figure 18 gives a summary of the com-
pressive strengths of concrete placed dur-
ing 1935, vibrated and not vibrated It
shows the increased strength of the vi-
brated concrete as compared with con-
crete of the same class placed by the usual
methods The results for the vibrated
concrete are an average of all tests of each
type made on the project. The results
for the ordinary concrete are averages of
all tests made 1n 1935 on the same class of
concrete. The percentage ncrease for
the 28-day class would have been greater
if the vibrated cores had included all
brands of cement instead of only Brand F,
which developed noticeably lower
strength 1n concrete at the ages tested
than the other two brands
Figure 19 1s a cement content chart
including data from the 1933 job in Craw-
ford County which was presented pre-
viously and also data on the same basis
for the 1935 Putnam County job The
1935 job was noticeably more favorable
from the standpomnt of compressive
strength as measured by the 7 day cores
It indicates that the average strength
without vibration could have been ob-
tained by vibration with approximately
one sack of cement less per cubic yard of
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concrete The same is true of the 1933
experience It should be kept in mind 1n
comparning Figure 19 with Figure 4, which
covers the Crawford County job only,
that the companson on Figure 4 1s on the
basis of the vibrated and unvibrated con-
crete on the same job whereas 1in Figure 19
the unvibrated concrete represented is the
average of all unvibrated jobs of the same
class of concrete, that 15, same mix and
same coarse aggregate, built during the
years concerned
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Summarnzing our contract experience
with vibratory finishers, it has been very
defimtely demonstrated that this method
of finishing makes 1t possible to place
concrete with a lower water-cement ratio
and lesser sand content than 1s possible
with the fimshmng methods m common
use, with an attending increase in com-
pressive strength of approximately 36 per
cent, based on the 7 day core strengths
This suggests an alternative of reducing
the cement content of the mix and em-
ploymmg wvibration to secure the same
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strength that would normally result with-
out vibration using the normal cement
content As pomnted out earlier, the
cement content of the vibratory fimshed
job covered by this account could have
been reduced approximately 15 per cent
or one sack 1n a seven sack batch and the
usual strength of our pavement concrete
obtamed.
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Figure 20

Further, 1t was demonstrated that the
two wibratory fimshers could handle
satisfactorily, concrete 1n which calelum
chloride was used as an admixture It
showed also that calcium chlonde as an
admixture and as surface application,
compared favorably with water curing,
so far as strength of the resulting concrete
was concerned.

HIGHWAY RESEARCH BOARD

It showed that test cylinders and beam
made by the usual rodding process we:
correctly representative of strength o
concrete finished by the vibratory methoc
with consistencies such as were used oj
this job

The effect which different brands o
cement have on the strength of the con
crete in which it 1s used 1s very clearl
demonstrated in this study. Th
strength of concrete contamning Brand F
was consistently lower than of that mad
with two other brands on the job 1

It also showed that the two vibratory
finishers were for all practical purpose
equally effective, with each possessing
mdividual features which might result in
one contractor preferring one and an-
other, the other |

Following the practice of identifyin
test sections on the Ohio Highway sys
tem, the several sections on the Putn
County job have been marked with stand
ard signs (Figure 20) and a corresponding
record made available at the laboratory‘
m Columbus It 1s thus possible fo
those who are interested to make ther
own observations as opportunity presents

VIBRATING PAN TYPE FINISHING MACHINE FOR
CONCRETE PAVEMENTS

By F V ReaceL anp T F WiLLis
Mssour: State Highway Department

SYNOPSIS

For the purpose of investigating the efficacy of the vibrating pan type of
finishing machine, one of these machines was used in the construction of a 20
foot concrete pavement Two series of concrete mixtures were used In one the
cement factor was kept constant while the ratio of fine to coarse aggregate was
varied, 1n the other series the cement factor was varied Beams, 2 ft by 5 ft
were removed from the pavement, tested for flexural strength and observed for
honeycombing, and tested for density One set was then tested for compressive
strength and the other set subjected to freezing and thawing 1 an attempt to

determine relative durability

The results indicate that this type of machine can finish concrete mixtures
which are much leaner, harsher and drier than mixtures ordinanly considered

suitable for pavement concrete



