
When we dump low to moderate slump concrete in-
to a form, it is in a honeycombed condition—con-

sisting of mortar-coated coarse aggregate particles and
t rapped air voids of va rying size s. The amount of en-
trapped air depends on the mix design, aggregate grad-
ing, size and shape of the form, amount of re i n f o rc i n g
steel and the method of depositing the concre t e. It is
usually in the range of 5 to 25 percent. (This is of course
in addition to any intentionally entrained air—the
much smaller bubbles resulting from the use of an ad-
mixture.)

What if we we re to allow the concrete to harden in this
condition? It would be weak, porous and poorly bonded
to the re i n f o rcement. It would lack dura b i l i t y, and the
a p p e a rance would be unsatisfactory. In order to re a l i ze
its full potential as a stru c t u ral and arc h i t e c t u ral materi-
al, concrete must be consolidated (compacted) by re-
m oving the entrapped air.

Today most concrete is consolidated by vibration. Vi-
b ration subjects the fresh concrete to ve ry rapid impuls-
es which tempora rily liquefy the mixture (Fi g u re 1) and
cause the concrete level to subside. The entrapped air,
being the lightest ingredient in the mix, rises to the sur-
face where it escapes.

EXTERNAL VIBRATION

Co n c rete may be vibrated externally by attaching a vi-
b rator to the form w o rk, by means of vibrating scre e d s,
and by vibrating tables. Ex t e rnal vibration is beyond the
scope of this art i c l e, but much useful information can be
found in Re f e rences 1 and 2. A description of vibra t i n g
s c reeds appears on page 729 of this issue.

INTERNAL VIBRATION

In t e rnal or immersion vibrators are most commonly
used in general construction. They are often called
spuds or stingers. Eu ropeans call them pokers. They are
g e n e rally of the ro t a ry type. A casing or head containing
an unbalanced weight called the eccentric is immersed
in the concre t e. The eccentric is turned at high speed,
causing the casing to re vo l ve in a small orbit which sub-
jects the concrete to vibra t o ry impulses. In t e rnal vibra-
tors generally have the eccentric turned by electric mo-

t o r s, but they may also be powe red by gasoline engines,
c o m p ressed air or a hyd raulic pump.

Motor-in-head vibrators

Of the electrically dri ven vibra t o r s, the motor- i n - h e a d
(MIH) type is probably the most common. It has the mo-
tor inside the vibrator head (Fi g u re 2). Most MIH vibra-
tors are high-cyc l e, which means that 180-cycle curre n t
is re q u i red for their operation. They use induction mo-
tors and operate in the concrete at a speed of about
10,000 re volutions per minute, which is only 5 to 10 per-
cent less than the speed in air. Hi g h - c ycle current may
be obtained by passing commercial power through a fre-
quency conve rt e r. Ge n e ra l l y, howe ve r, a small port a b l e
g e n e rator is used, and the frequency can be va ried by ad-
justing the throttle on the engine. MIH vibrators opera t-
ing on commercial (60-cycle) power are also now ava i l-
a b l e. They are convenient to opera t e, but are weak and
not ve ry effective in low slump concre t e.

Flexible shaft vibrators

In the flexible shaft type, an electric motor outside the
v i b rator is plugged into commercial current. A flexible
shaft leads into the vibrator head where it turns the ec-
c e n t ric weight. The motor is of the universal (un-
g ove rned) type, and the speed when operating in air is
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Figure 1. Internal vibrator liquefying low slump concrete.



ve ry high—of the order of 12,000 to 15,000 re vo l u t i o n s
per minute. When the vibrator operates in concre t e,
h owe ve r, the motor is under load and the speed is gen-
e rally down in the 8000 to 12,000 re volutions per minute
ra n g e. Flexible shaft vibrators (Fi g u res 3 and 4) can also
be dri ven by gasoline engines, an advantage where com-
m e rcial power is not ava i l a b l e.

Pneumatic and hydraulic power

For vibrators operated by compressed air, there is gen-
e rally an air motor inside the vibrator head. These vi-

b rators are particularly useful in mass concre t e. The fre-
quency va ries with the air pre s s u re, which is often a
d ra w b a c k .

Hyd raulic vibrators are coming into widespread use
for pavement construction because they are more tro u-
ble free in operation than electric vibra t o r s. Hyd ra u l i c
motors are used. The frequency can be va ried by chang-
ing the pre s s u re setting on the hyd raulic pump. Each vi-
b rator can be individually adjusted.

CHOOSING AN INTERNAL VIBRATOR

The vibrator must effectively consolidate the concre t e

mixes used on the job. It should have an adequate ra d i u s
of action (distance from the vibrator head over which the
c o n c rete is fully consolidated), and it should be capable
of “melting dow n” and deaerating the concrete quickly.
Insofar as possible the vibrator should be reliable in op-
e ration, light in weight, easy to handle and manipulate,
and resistant to we a r. Some of these re q u i rements are
conflicting, so compromises are necessary.

The effectiveness of a vibrator depends mainly on
t h ree things—the head diameter, fre q u e n c y, and ampli-
tude or “kick.”

The larger heads engage more concrete during vibra-
tion, and are more effective with large size aggre g a t e s,
with low slump, and where a large radius of action is de-
s i re d .

The frequency and amplitude together establish the
v i b ration cycle which largely determines the nature and
e f f e c t i veness of the vibration. The frequency largely gov-
e rns the liquefaction of the concre t e, and the amplitude
d e t e rmines the radius of action (which gove rns the in-
s e rtion spacing). Frequencies and amplitudes are gener-
ally of the order of 10,000 re volutions per minute and
0.03 inch, re s p e c t i ve l y. Higher frequencies and lowe r
amplitudes are pre f e r red for plastic mixes in thin sec-

Figure 2. Motor-in-head immersion (internal) vibrator,
powered electrically. Usually MIH vibrators require 180-
cycle current.

Figure 4. Backpack
gasoline engine drive
for this flexible shaft
vibrator allows
complete freedom of
movement for most
vibrating operations.
The backpack power
unit weighs 211⁄2
pounds.

Figure 3. Flexible shaft vibrator with electric motor which
plugs into commercial current. Gasoline powered vibrators
of this type are also available.

FREQUENCY AND AMPLITUDE

The two factors most critical in establishing effec-
t i veness of a vibrator are defined this way:

Fre q u e n c y: number of vibration cycles per minute.

A m p l i t u d e : maximum distance a point on the vi-
b rator head moves from its position of rest. The au-
thor follows the ACI practice of using this term to
mean peak amplitude, which is half the peak-to-
peak amplitude or displacement used by some in
d e s c ribing vibra t i o n s.



t i o n s, while lower frequencies and higher amplitudes are
m o re suitable for the stiffer mixes used in heavy sec-
t i o n s.

Other chara c t e ristics are sometimes used as rough in-
dicators of the perf o rmance of a vibra t o r:
• Ce n t rifugal forc e. This equals the weight of the eccen-

t ric times its acceleration, and is a rough indicator of
the force output of a vibra t o r.

• Ho r s e p ower rating of the motor. This gives the powe r
consumption of a vibra t o r.
Sa t i s f a c t o ry values for centrifugal force horsepower do

not guarantee an effective vibra t o r, mainly because they
do not assure that the frequency and amplitude are in
the proper ra n g e.

Guidance for selecting vibrators for general building
c o n s t ruction is given in the table. The head diameter,
f requency and amplitude are shown. Ap p roximate va l-
ues are also given for the radius of action of the vibra t o r
and the rate of concrete placement. If frequencies are
near the lower end of their acceptable ra n g e, it is advis-
able that amplitudes be near the upper end of their

ra n g e, and vice ve r s a .
Equally good results can usually be obtained by using

a vibrator from the next larger size gro u p, provided suit-
able adjustments are made in the spacing and time of in-
s e rt i o n .

MEASURING VIBRATOR ACTION

The vibrator manufacturer should provide inform a-
tion on the frequency and amplitude of the vibra t o r s. As
a check on those va l u e s, and to determine whether the
v i b rators are working pro p e r l y, some field measure-
ments should be made.

Check of vibrator frequency

The frequency of internal vibrators should be checked
by a suitable tachometer. The vibrating reed type is most
commonly used. The resonant reed type is more expen-
s i ve, but it is more rugged and gives more accurate va l-
u e s. These tachometers are available from testing equip-
ment suppliers and from some vibrator manufacture r s.

The frequency should occasionally be determ i n e d
while the vibrator is operating in air, but it is the fre-

CHARACTERISTICS, PERFORMANCE, AND APPLICATIONS OF INTERNAL VIBRATORS

Gro u p D i a m e t e r Re c o m m e n d e d Re c o m m e n d e d Ap p rox i m a t e Ap p roximate ra t e Use of vibra t o r
of head, f re q u e n c y, a m p l i t u d e , radius of of placement,
i n c h e s v i b ra t i o n s i n c h e s * a c t i o n cubic yard s

per minute, i n c h e s * *✝ per hour per
while vibra t o r v i b ra t o r✝
is in concre t e

1 3⁄4 — 11⁄2 1 0 , 0 0 0 — 1 5 , 0 0 0 0 . 0 1 5 — 0 . 0 3 3 — 6 1 — 5

2 11⁄4 — 21⁄2 9 , 0 0 0 — 1 3 , 5 0 0 0 . 0 2 — 0 . 0 4 5 — 1 0 3 — 1 0

3 2 — 31⁄2 8 , 0 0 0 — 1 2 , 0 0 0 0 . 0 2 5 — 0 . 0 5 7 — 1 4 6 — 2 0

Plastic and flowing concrete in
ve ry thin members and confined
p l a c e s. May be used to
supplement larger vibra t o r s,
especially in pre s t ressed work
w h e re cables and ducts cause
congestion in form s. Also used for
f a b ricating labora t o ry test
s p e c i m e n s.

Plastic concrete in thin walls,
c o l u m n s, beams, precast piles,
thin slabs, and along constru c t i o n
j o i n t s. May be used to supplement
l a rger vibrators in confined are a s.

Stiff plastic concrete (less than
3-inch slump) in genera l
c o n s t ruction such as walls,
c o l u m n s, beams, pre s t re s s e d
p i l e s, and heavy slabs. Au x i l i a ry
v i b ration adjacent to forms of
mass concrete and pave m e n t s.
May be gang mounted to prov i d e
full width internal vibration of
p a vement slabs.

*   Me a s u red or computed as described in Re f e rence 1. This is the ave rage of the values at the tip and back end, with the vibrator 
o p e rating in air.

** Distance from vibrator over which concrete is fully consolidated.
✝ Assumes insertion spacing is 11⁄2 times the radius of action, and vibrator operates two-thirds of time concrete is being placed.
✝ These ranges reflect not only the capability of the vibrator but also differences in workability of the mix, degree of deaeration desire d ,

and other conditions experienced in constru c t i o n .



quency in concrete which is most important. It should
be regularly checked. The frequency may be determ i n e d
by holding the tachometer against the back end of the
o p e rating vibrator while it is almost submerged in the
c o n c re t e. For an air vibra t o r, holding the device against
the hose is equally satisfactory. The measure m e n t
should be taken just before the vibrator is withdra w n ,
and is always the fastest speed while it is operating in
c o n c re t e.

Check of vibrator amplitude

The amplitude or kick may also be determined by
m e a s u rement, by using a visual effect scale (Fi g u re 5)
called an optical we d g e. The wedge must be care f u l l y
d rawn and printed on a heat- and moisture - resistant pa-
p e r. Paper with an adhesive backing will simplify attach-
ment to the vibrator at any point where the amplitude is
d e s i red. No rmally one measurement is made near the

tip and another near the back end, and the ave rage is
c o n s i d e red as the amplitude of the vibra t o r. Me a s u re-
ments are made with the vibrator operating in air. Re-
s e a rch has shown that the amplitude is reduced about
25 percent when operating in concre t e. The wedge is
a vailable from some vibrator manufacturers and other
s o u rc e s. The amplitude may also be computed. Me t h o d s
of measuring and computing amplitude including the
v i b ro g raph used for external vibrators are described in
Re f e rence 1 in more detail.

It is important to agree on the definition of amplitude.
Te x t b o o k s, ACI, and many vibrator manufacturers de-
fine it as peak amplitude. Un f o rtunately some U.S. man-

u f a c t u rers still speak in terms of peak-to-peak ampli-
tude or total throw, which is twice the peak amplitude.

FIELD EXPERIENCE WITH 
VIBRATOR MEASUREMENTS

A few years ago a study was made of 27 concrete vi-
b rators on 9 construction jobs, va rying from the 1 3/8-
inch-diameter pencil size to 6-inch mass concrete vibra-
t o r s, to determine their compliance with the new job
specifications patterned after the ACI re c o m m e n d a-
t i o n s. Head diameter, frequency and amplitude we re
m e a s u red, and the effectiveness of the vibrators in the
c o n c rete was observe d .

We had expected that field personnel might have
some difficulty in using the optical wedge to determ i n e
a m p l i t u d e. We we re there f o re pleased to find that the re-
p o rted amplitude results generally appeared to be re a-
s o n a b l e. Values for the same model of vibrator we re fair-
ly consistent on any given job and for different jobs.
These results also checked the manufacture r s’ data fair-
ly well where such we re ava i l a b l e.

We we re surprised to find that the frequency va l u e s,
usually determined by a vibrating reed tachometer,
s h owed as much va riation as the amplitudes. For the air
v i b rators the low frequencies may result from low air
p re s s u res on the job.

It was found that low amplitude and low fre q u e n c y
we re the most frequent causes of failure to comply with
the specifications. The 60-cycle motor-in-head type and
some of the air vibrators we re particularly prone to low
a m p l i t u d e. We remember that field personnel had com-
plained that these vibrators “did not move the head.”

In some cases the vibrator selected for the job was too
small or too large for the concrete mix. Using an under-
s i zed vibrator makes it ve ry difficult or impossible for
the operator to get good consolidation. Using a gro s s l y
ove r s i zed vibrator (such as a 6-inch-diameter size in a
plastic 3/4-inch-aggregate mix) is also unsatisfactory. Al-
though it will eliminate honeyc o m b, it will likely cause
s e g regation and result in rather poor surfaces because of
g e n e rally low frequencies and wide spacing of vibra t o r
i n s e rt i o n s.
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Figure 5. This optical wedge, accurately drawn and printed
on heat-resistant paper, is adhered to the vibrator in one
method of checking vibrator amplitude. How-to-use-it details
are given in Reference 2.
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