DISCUSSION—VIBRATION IN PLACING CONCRETE

these tests, was not designed for the
higher speeds to which 1t was subjected

1 There was a marked decrease 1n the
length of time required to compact prop-
erly no-slump concrete mixes as the fre-
quency of the vibrator was raised from
4000 to 5000 rpm With such consist-
encles 1t would not appear practicable
to use frequencies less than 5000 r pm
The data indicate that the time of com-
paction can be further reduced and the
homogeneity and strength somewhat 1n-
creased by using still higher frequencies

2 Maixes of 3-n slump could be satis-
factorily compacted by this internal vi-
brator at a frequency of 4000 rpm
but the time of vibration was materally
shortened by the use of higher frequen-
cles

3 The estimated lengths of time re-
quired for satisfactory compaction of
these beams by this 12-in 1nternal vibra-
tor follow

Time 1n Seconds for Satisfactory Vibration
for Various Frequencies
Slump
4000 5000 | 6000 7000
4 1nch 90 45 | 25 | Not tested
None (5% | Over 200 | 80 | 50 40
water)

4 With the higher frequencies of vi-
bration and proper time intervals, surface
pockets were eliminated but more or less
air bubbles still remained

5 The power consumption of the in-
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ternal vibrator increased approximately
as the cube of the frequency

6 Considenng that the internal vibra-
tor was held throughout the wvibration
period at one end of a beam, the uni-
formly high strength and high density
data obtammed from the beams of no-
slump concrete vibrated at the hgher
frequencies are remarkable

7 The strength data from the well vi-
brated beams furmish additional proof of
the superior strength of wvibrated con-
crete to that of hand-rodded concrete of
hke cement content, also they emphasize
the superior economy of wvibrated con-
crete over rodded concrete when made of
equal strength

8 The well vibrated beams made with
the fine gramned sand had satisfactory
strengths for thewr cement contents and
exhibited good surfaces With hugh fre-
quency vibration for placement of con-
crete, 1t would appear possible to use
such sands much more effectively than
with puddiing or pouring methods of
placement

9 From the data secured regarding
the effect of frequency on the perform-
ance of the internal vibrator and the
effect of amphtude on the external vibra-
tor, 1t seems probable that more tests on
the influence of vanations in frequency
and amphtude on the effectiveness of ex-
ternal vibrators when placed above
beams or slabs would produce informa-
tion of particular value 1n concrete pave-
ment. construction

DISCUSSION ON VIBRATION

Mr E W BauMmaN, Depariment of
Highways and Public Works, Tennessee
In the papers on “Vibration of Concrete
for Pavements,” 1t 1s noted that the
strength factor of the vibrated concrete

was given primary consideration, and
only mncidentally did one of the papers
touch on the effect of honeycombing
when using vibrators While the strength
factor 1s very important, I believe atten-
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tion to the possibiity of elimnating
honeycombing should also come in for
1ts share of interest In my opinion the
real value of vibrating concrete for pave-
ments hes more in the ehmnation of
honeycombing than 1n the increase of
strength

Within the past year the trend on the
part of highway designing engineers 1s to
cut down the length of pavement sections
between expansion joints, so that the
possibiity for honeycombed sections 1n
the center of the pavement at the pomnt
where the transverse joint mntersects the
longitudinal joint, 15 increased as the
number of joints are mcreased In the
thickened edge design most commonly
employed, too often the thickness at the
center is already at a critical mimmum
If the thickness at this zone 1s reduced
by honeycombing at the bottom of the
pavement, so-called corner breaks mn the
center of the pavement and joint inter-
sections are bound to develop

In Tennessee, we mnvestigated the ex-
tent to which honeycombing occurred at
this section of concrete pavements by
having cores drilled 4, 6, and 8 in back
from the transverse joint and along the
edge of the longitudinal jomnts Two-
thirds of the cores taken from the 4-in
and 6-in 1ntervals had honeycombing at
the bottom of the cores, varying from
2.1n. to 13-in. It 1s 1n the elumnation of
this condition that I view with interest
the possibilities of vibrating concrete for
pavement construction

Mr F H. Jackson, U S Bureau of
Public Roads 1 mught add that the in-
ternal vibrator has been used quite suc-
cessfully for vibrating concrete mn the
proxumity of transverse jomts

I am mnterested also 1n surface scaling.
A number of construction engineers with
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whom I have talked have rased the
question of the possible scaling of a vi-
brated surface due to over-mampulation
At the Bureau we have been investigating
durability somewhat as a continuation
of our 1931 experiments We have been
freezing and thawing selected cores taken
from certain test sections and we now
have, I think, 1n the neighborhood of 400
alternations of freezing and thawing We
find no more tendency toward scaling 1n
the cores taken from the vibrated sec-
tions than we do m the cores from the
non-vibrated sections In general, the
vibrated cores are 1n much better condi-
tion now than those taken from sections
which were non-vibrated

In connection with the work in Mis-
sour, Mr Wills mentioned the fact
that we have about reached the ultimate
n the way of harsh dry mixes due to the
Limutations of the present equipment for
mixing and distnbuting the concrete
There 15 no question but that the present
types of external vibrators are capable
of satisfactonly compacting much drier,
harsher concrete than can be efficiently
handled by the other umts in the con-
struction operation I think we should
emphasize from now on the necessity of
developing these other features, namely,
muxer design, distrbuting operations,
etc, so as to be able to handle the very
dry concrete which we believe can be
placed provided we can get it to the
vibrators

Mr R. B GaGEg, New Jersey Highway
Department: 1 am particylarly mterested
1n the statements made by Mr ILitehiser
with reference to the variation 1n the rel-
ative strengths of the concrete secured
on the different contracts, and on the
same contract Apparently several dif-
ferent brands of cement were used, and
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the compressive strengths of the con-
crete thus produced appear to vary
greatly with these different cements

1 am curious to know what, if any-
thing, has been done about the future use
of those cements that produce low
strength concrete Is 1t the mntention to
continue to use these cements or 1s 1t
intended to have the manufacturers im-
prove the quality of their product so that
the concrete constructed from 1t wall be
comparable with that secured from other
cements? The standardization of the ce-
ments that are being used appears to be of
vital importance

The average compressive strength at
28-days of the cores taken from all pave-
ments constructed during the first six-
months of 1935 has been a little over
6100 1b , and about 5900 lb for the cores
from pavements constructed since July
1st The average compressive strength
for the season has not yet been computed
but I feel fairly certain that the average
will not be less than 6000 pounds

It may be that the equipment and
methods used mn the construction of the
concrete mentioned by -Mr Latehiser 1s
responsible 1n part for the low strength
secured, but they cannot be entirely to
blame, for even when we finished con-
crete by hand and the materials were not
so well graded as those we are using
today, we usually secured compressive
strength of not less than 4500 lb at
28-days, and considered the concrete very
poor if the compressive strength did not
go over 4000 Ib

Unfortunately very little data were
given regarding the methods of prepara-
tion of the concrete, that 1s, the grading
of the aggregates, mixing time, mixing
water used, etc, and whether the aggre-
gates were of the proper cleanliness If
these conditions were normal, I cannot
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understand why they did not get better
results There must be something wrong
when one State requires the use of con-
crete that has a compressive strength of
5000 lb and usually secures 6000 lb,
while another State only secures 4000 1b ,
especially if the quantity of cement used
per cubic yard 1s about the same

Securing the strengths which we are
now getting in New Jersey, requires us
to use special precautions 1n preparation
of the mixtures, method of mixing, water
content, and the manner in which the
pavements are fimshed If the sand 1s
not of the nght composition, the aggre-
gates dirty or improperly graded, or ex-
cess mixing water 1s permitted, 1t 1s self-
evident that very few, if any, cements
will overcome the handicap to which
they are thus subjected It 1s frequently
claamed that unless excess mixing water
1s used, the pavements will be porous and
full of voids, but with properly balanced
maxtures and the elimination of abbrevi-
ated mixing periods, no such defects have
developed on any of the pavements con-
structed mn New Jersey during the past
season In other words, there has been
no honeycombing, and the density of
the concrete 1s equal to or exceeds that
which would be secured with a sloppy
concrete mixture

Mr GorLpBEck Do you attach much
importance to the presence of fines in the
sand

Mr GAGE Yes We have a muni-
mum requirement on that

Mr GorLpBECKk What 1s 1t?

Mr GaGe Not less than 12 per cent
shall pass a 50-mesh sieve, and we prefer
to have from 15 to 18 per cent When
the sand 1s deficient 1n such fine matenal,
both the density and workabihity of the
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concrete 1s affected When the concrete
does not naturally have the desired work-
abihty, it 1s safe to assume that the con-
tractor will make it work by adding more
water, also, harsh and unworkable con-
crete mixtures do not have the plasticity
needed for proper and easy placement
When these vanous factors are properly
controlled, we have very httle if any
trouble with the workabuity of the con-
crete and 1n securing the desired density
and strength

Mr R R Litenriser, Ohiwo Slate
Highway Department: I can hardly let
this pass without some minor comment
On this particular project which Mr
Gage 1s referring to we had concrete of
around 4000 Ib at seven days and a
hittle over 5000 1b at 28 days Now that
15, I will say, above the average of our
usual practice It may be that we have
not reached the proficiency in Ohio as
far as concrete practice is concerned that
my friend Mr. Gage has 1n New Jersey
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Again, it may be that the chmate is more
favorable to the development of higher
compressive strength in New Jersey than
mn Ohio I won’t attempt to explain all
of that

I would hke to call attention to one
thing that was presented in the chron-
ological strength batch We start with
5000 pounds at seven days Now we
were featuring this project largely from
the contractor’s pomnt of view and 1t was
not practical to fimish that 5000 pound
concrete the way we desired 1t  Per-
haps with a httle more experience we can
acqure some of the increased proficiency
they have in New Jersey I think we can
get 5000 pound concrete n Ohio and
perhaps a little more as we go along So
far as placing penalties on low strength
cements 1s concerned we do not do that
We do not have a strength specification
On every Job we endeavor to get as good
concrete as we can I realize that is not
a complete answer I doubt if a com-
plete answer could be given





