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Nondestructive Testing of Concrete Pavements

GeorGe R. Kozan, Engineer, Soils Division,
Waterways Experiment Station, Vicksburg, Mrssissippi

One of the prncipal factors cons'dered in the determination of allowable wheel loads
for existing rigid pavements by Corps of Engineers procedure is the flexural strength of
the concrete. Since speed is of vital importance in the success of a military mission, and
because use of available cutting and testing equipment is slow and laborious, an in-
vestigation was conducted to determine the suitability of an instrument, the elec-
tronie interval timer, for use as an expedient nondestructive means of flexural strength
determination.

Longitudinal wave velocities through a selected group of concrete test beams and
through a slab in situ were determined with the interval timer, and flexural strength
values were predicted by application of appropriate formulas. Actual flexural strengths
of the test beams and of beams cut from the slab were determined by conventional
technique, and these results are compared statistically and practically with the pre-
dicted values.

The validity of a general correlation between dynamic modulus of elasticity and
flexural stength of concrete is briefly reviewed. Additional related information per-
tinent to the use of the interval timer is discussed.

It was concluded that: (1) the electronic interval timer is capable of providing results
of practical utility for expedient rigid pavement evaluation as recommended by the
Corps of Engineers; (2) accuracy of flexural strength determinations of unreinforced
concrete with the electronic interval timer is well within the accuracy of a suggested
correlation between dynamic modulus and flexural strength; and (3) further investiga-
tion of the utility of nondestructive testing techniques for pavement evaluation is

warranted before its full potential or specific limitations can be established.

® THE study of the properties of concrete
by sonic or dynamic testing has, in the past
few years, attracted the interest of many inves-
tigators. Similarly, the development of several
instruments capable of measuring dynamie
properties has vastly broadened the scope of
nondestructive testing of conerete. One such
instrument, the eclectronic interval timer, de-
veloped by Henry J. Kurtz has been found
suitable for determining the traveling time of
a longitudinal or compressional wave between
two given points. Thus, the pulse velocity
through an assumed isotropic and elastic
medium such as concrete may be determined,
and by means of appropriate formulas a value
called the “dynamic modulus of elasticity”
may be obtained.

Further, Jones (4), Munger (6), Anderson
and Nerenst (1), Long, Kurtz, and Sandenaw
(6), and other investigators have attempted to

correlate dynamic ¥ with modulus of rupture
or flexural strength of concrete. Results of
these studies indicate a rather general and
broad relationship hetween the two values,
especially when properties of aggregates, mix
proportion, and curing conditions are un-
known. Thus, it is generally agreed that no
precise prediction may be made concerning
flexural strength of an “unknown’” concrete
specimen by dynamic means.

Evaluation of concrete pavements (allow-
able wheel load determination) for an existing
rigid pavement by use of Corps of Engineers’
evaluation curves (2) is based on consideration
of three factors: (a) concrete slab thickness,
(b) subgrade or base course modulus, and (c)
flexural strength of the concrete. Current pro-
cedures for measuring flexural strengths in-
volve sampling and cutting beams from repre-
sentative slabs and conducting conventional
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destructive tests. Available sampling and test-
ing machines are extremely bulky and evalua-
tion by such means is slow and laborious, and
not to be desired in military application where
speed and ease of operation are essential re-
quirements. A method for evaluation of con-
crete pavements in situ by measuring the
velocity of a sonic impulse through the ma-
terial has been under study by the Ohio River
Division Laboratories, CL, for several years.
The purpose of the investigation reported here
was to study the effectiveness of the electronic
interval timer for flexural strength determina-
tion, suitable for expedient pavement evalua-
tion as recommended by the Corps of Engi-
neers.
DESCRIPTION OF APPARATUS

The timer consists primarily of, (a) two
similar erystal cartridge pickups and am-
plifiers, (b) two similar thyratron tube cir-
cuits, (c¢) condenser and vacuum tube volt-
meter eircuit, and (d) batteries (see Figure 1).
The complete unit is assembled in a 17- by
19- by 18-in. ecarrying case and weighs about
50 1b., thus affording excellent portability
characteristics.

Briefly, the instrument operates as follows:
Pickups 1 and 2 are actuated in turn by a
wave impulse initiated by striking the concrete
with a hammer in line with the two pickups.
A voltage generated in the first pickup is
amplified and “fires” a thyratron tube which
starts a flow of constant current into a con-
denser. When the same wave impulse passes
the second pickup, the current passing through
the condenser is reduced to zero. The amount
of residual charge on the condenser is then
directly proportional to the time required for
the wave to travel the distance between the
two pickups. The time interval, expressed in
micro-seconds, is obtained by reference to a
calibration curve accompanying the instru-
ment. A more detailed discussion of the
fundamental principles of the interval timer
has been presented by Kurtz (5) and needs no
further explanation here. Although several
modifications and improvements have since
been incorporated in later model Interval
Timers, the basic instrumentation has not been
changed.

DETERMINATION OF FLEXURAL STRENGTH
Using the values of wave transmission times
obtained with the electronic interval timer, the
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Figure 1. Electronic interval timer.

longitudinal wave velocity through the con-
crete may be determined. In this investiga-
tion, the wave velocities were determined
graphically in all instances. BBy this method
corresponding values of pickup spacing (in
feet) and transmission time (in micro-see.)
are plotted, and a straight-line curve drawn
through the points, such that the vertical
distances from the points to the line are as
small as possible. The slope of this line repre-
sents the average longitudinal wave velocity
in feet per second.

The dynamie modulus of elasticity was com-
puted on the basis of longitudinal wave ve-
locity by the following expressions:

E.= 1% (for beams)
and
Eq = 1T7(1 — )

where E; = dynamic modulus of elasticity
(Ib. ft./sce.? ft.2)

(for pavements)

17 = longitudinal
(ft./sec.)

density (Ib./ft.?)

wave veloeity

©
I

u = Poisson’s ratio, assumed to be
0.20 in accordance with Corps
of ingineers design recommen-
dation (3).

The value of Ky mayv be expressed in psi by
multiplying by a conversion factor of 2.16 X
104,

Flexural strength values corresponding to
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Figure 2. Relationship between dynamic modulus of elasticity (E) and flexural strength of concrete beams.
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E4 were obtained from the relationship shown
in Fig. 2. The curve corresponds to the for-
mula:

R =203 +769E; 4 69 E?
where R = flexural strength (psi)
E; = dynamic modulus of elasticity in

millions psi

This relationship was obtained from a statisti-
cal analysis of 1400 concrete beam specimens
by Kurtz (8), relating E; values determined
by flexural resonance with corresponding
flexural strength values determined by third-
point loading. It is noted that a large spread of
strength values exists for a given Eg, repre-
sented statistically by a probable error of 70
psi.
INVESTIGATION

Three phases of tests were conducted during
the course of the investigation. The first tests
were basically for familiarization, conducted
to develop a testing technique, as well as to
establish a procedure for field utilization of the
Interval Timer. In order to determine a tech-
nique would would afford reliable wave veloc-
ity determinations, the effects of several
variable factors were investigated and the
following results noted:

Direction of tmpact

The propagation of the required longitudi-
nal wave is dependent on the direction toward
which the impact is delivered. With the pick-
ups in position on a conerete slab, the direction
of impact was varied from a blow parallel to
the top of the slab (in line with the pickups)
to a vertical blow applied on the slab surface.
Readings did not vary more than 5 micro-sec.
at a given pickup spacing with a parallel blow,
but became extremely erratic, varying as
much as 100 micro-sec. as the direction of

blow was varied toward the vertical. This may
be explained by the fact that transverse
wave forms, or complex combinations of
transverse and longitudinal waves, are intro-
duced as the direction of impact changes, and
it is these wave fronts which activate the
timer pickups.

Force of tmpact required

By varying the impact force from a light
tap to a heavy blow, the effects of this variable
were determined. Since the shape of the wave
front depends on the force of impact, decreas-
ing impact energy causes a decrease in ampli-
tude, with noticeably increased time readings.
This was evident when readings were at-
tempted with very light blows. As the force of
blow was increased, readings became more
consistent, until a point was reached where
further increase did not affect successive read-
ings. Extremely heavy blows caused erumbling
of the concrete, which also increased time read-
ings. Thus, it is necessary to determine the
force required by trial for a given type of
concrete.

Additional information useful in determin-
ing a useable technique such as other methods
to create wave front, and orientation and
spacing of pickups was obtained but will not
be elaborated on in this presentation.

The second series of tests was conducted
with the electronic interval timer on three
groups of concrete test beams to compare
values of flexural strengths predicted with
the interval timer with results obtained by
conventional test methods. All beams were
cast in wooden molds, 6- by 6- by 72-in., and
were prepared in accordance with ASTM
designation (31-49. The specimens were
removed from the molds after three days and
buried in wet sawdust for an additional 25 days
prior to testing. Table 1 shows the design mix

TABLE 1
CONCRETE MIX PROPERTIES
Mix by Weight R . .
Test Group \g‘f (“El:}]’{’ (?rllé‘}:]ez) Description of Materials
Cement | Sand ‘ Gravel |

1 1.00 3.08 1.43 0.71 2 Normal Portland Cement; Poorly graded Belvoir sand and
gravel (rounded) with excess fines present; 1 in. maximum

size aggregate.

11 1.00 2.13 3.07 0.53 1 Same as Test Group I.
111 1.00 1.62 2.27 0.40 1 Normal Portland Cement; Well-graded Warrenton crushed
stone (angular), 34” maximum size aggregate; Medium-
graded Belvoir eand with excess fines removed.
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and type of materials used in preparing the
beam specimens for each group.

Tests on beams of Groups I and II were
conducted as follows: (1) Beams were
placed on a level section of soil subgrade. (2)
Pickups were placed on the beam, with the
first pickup 1 ft. from the point of impact, and
the second pickup varied from 1 to 5 ft. from

CONSTRUCTION

the first pickup. (3) Interval timer readings
were taken with an impaet produced by plac-
ing a 34-in.-diameter rounded bar against
the end of the beam and striking the bar with a
hammer. (4) Interval timer readings were
taken with a pendulum device designed to
afford repetitive impact forces. (5) The beam
was placed on a layer of thick sponge rubber

TABLE 2
COMPARATIVE TEST RESULTS OF PLAIN CONCRETE BEAMS
Electronic Interval Timer Results
Impact with Hammer B N Reproducible Impact
Beam . Density Flexural Str and Punch (Beam on I?]esproduc1bsle_}népa(§ {Beam on Sponge
¢ Side S 1 (psi) 3rd-Pt. Soil Base) eam on Sotl base Rubber)
No. (Ib/ft3) ) 3rd
04
|
Dyn. E| Flex Dyn. E| Flex Dyn. E Flex
Vel. SAIRE I, Vel. i Vel. . h
| (X 10| str (X 105 | Str N RS U
B I B R e R I
I-1 A 145.0 128 11,330 | 4.02 | 450 | 11,270 | 3.98 | 444 | 11,200 3.04 | 440
B 308 10940 | 3.75 | 414 | 11.330 | 402 | 450 | 11270 | 3.98 | 444
C 115 11,270 | 3.08 | 434 | 11,200 | 3,94 | 440 | 11,430 | 4.09 | 488
I-2 A 145.0 407 15,110 | 3.86 | 428 | 11,000 | 3.85 | 426 | 11,010 | 3.80 | 420
B 397 11200 | 394 | 440 | 11,130 | 3.88 | 432 | 11,230 | 3.95 | 440
C 362 11,010 | 3.80 | 420 | 110110 | 3.86 | 428 | 11,050 | 3.82 | 421
1-3 A 143.0 195 11,950 | 4.41 | 500 | 11.600 | 4.16 | 467 | 11,660 | 4.20 | 472
B 434 11,3570 4.00 446 11,430 4.04 152 11,600 4.16 467
C 21 110200 | 3094 | 40 | 110140 | 3.84 | 425 | 11,010 | 375 | 413
I-4 A 156 1,400 | 407 | 456 | 11,430 | 4.09 | 458 | 11,400 | 4.07 | 456
B 144 11,230 | 3.06 | 441 | 110210 | 3.94 | 439 | 11,370 | 401 | 182
C 139 11,050 | 3.82 | 422 | 11,050 | 3.8 | 2 |11.(70| 300 | 433
15 A 145.5 188 11,700 | 4.28 | 484 | 11,460 | 4.11 | 460 | 11,500 | 4.14 | 464
B 186 1,430 | 110 | 450 [ 110500 | 4.15 | 466 | 11,300 | 4.00 | 146
c 156 11,030 | 3.81 | 421 | 11,140 | 3.80 | 432 |11.300 | 4.00 | 446
1 A 7.5 506 12,100 | 4.66 | 536 | 12,400 | 4.88 | 568 | 12,400 | 4.87 | 568
B 549 11,050 | 455 | 522 | 11,500 | 4.20 | 472 | 11700 | 4.36 | 496
C 568 11950 | 4.55 | 522 | 12,400 | 4.88 | 568 | 12500 | 4.06 | 580
112 A 145.5 504 12,160 | 4.63 | 533 | 12,200 | 4.65 | 535 | 11,950 | 4.47 | 510
B 475 11,830 | 4,40 | 500 | 12,200 | 4.65 | 535 |10.950 | 4.47 | 510
C 451 11,900 | 4.45 | 507 | 12,200 4.65 | 535 | 11,700 | 4.30 | 486
113 A 146.0 168 11,900 | 4.45 | 507 |12,200| 4.67 | 536 |12,000| 4.53 | 520
B 489 12,150 | 4.65 | 535 | 12,080 | 4.57 | 524 | 11,900 | 4.45 | 506
C 140 11,850 | 443 | 504 | 120000 | 4.53 | 520 | 11,000 | 4.45 | 506
I1-4 A 146.0 160 11,550 | 4.20 | 472 | 11,700 | 4.31 | 488 | 11,730 | 4.31 | 402
B 158 11,900 | .46 | 508 | 11,700 | 431 | 488 |11.860 | 4.44 | 506
C 470 1,600 | .24 | 478 | 110620 | 4.26 | 481 | 11,700 4.31 | 188
11 A 153.5 675 13,460 | 6.02 | 740 I - -
B 685 13460 | 6.02 | 780 | — - — — - -
C 703 13,460 | 6.02 | 740 - - - _ — -
III-2 A 153.0 687 13,150 | 5.71 | 690 | — — - - -
B 758 13,110 | 5.68 | 685 — -~ — - - —
C 736 13,110 | 5.68 | 685 — — - - - —
1113 A 154.0 708 13,120 | 5.71 | 693 | — | — — — — =
B 693 13370 | 5.95 | 730 _ — - — _ —
C 697 13,240 | 5.82 | 710 - - — - - -
1114 A 153.0 698 13,060 | 5.60 | 676 — — — - — —
B 719 13,420 | 5.91 | 724 — - = — — —
C 702 13330 | 5.83 | 712 — — — _ -
1115 A 155.0 711 13,250 | 5.86 | 717 — - = — —
B 755 13,560 | 6.15 | 762 — - — — —
C 758 13,450 | 6.06 | 748 - = -
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and readings taken using the pendulum device
to create the pulse. (6) The above procedures
were repeated on two other sides of the beam,
affording results on the top, side, and bottom
of each beam with respect to its position as
molded. (7) The beams were sawed to 6- by 6-
by 24-in. specimens and flexural strengths
determined by the third-point loading tech-
nique in accordance with ASTM designation
C78-49.

The procedure used to test beams of Group
III was the same as described above, except
that the method of creating the pulse was re-
stricted to the use of the hammer and punch,
and testing was accomplished on a soil base
only. This was done because it soon became
evident that no significant differences were
created by use of the pendulum device or with
the beam resting on a different base. A subse-
quent statistical comparison of the data veri-
fied this observation.

Comparative test results obtained from the
plain concrete beam specimens are given in
Table 2. Density determinations of each beam
were obtained by comparison of normal and
submerged weights of at least three samples
obtained from each beam. The column of
Table 2 headed “Side” distinguishes that area
of the beam upon which the pickups were
placed, with A, B, and C referring to the top,
side, and bottom, respectively, of the beam
with respect to its molded position.

Although not tabulated herein, two beams
containing single 14-in.-diameter reinforeing
rods were tested. An average increase of
veloeity of 4 to 6 percent over the average
values obtained from beams of the same group
without reinforcing was evident.

The third test phase was conducted on a
concrete pavement slab to determine the
ability of the interval timer to perform under
field conditions, and to investigate its applica-
bility for evaluation of pavement in situ. A
conerete slab, 10 ft. by 13.5 ft. by 10 in. thick
with no visible evidence of cracks, was used
in the test, and three sets of Interval Timer
readings were taken, with the pulse originating
from each of three exposed sides of the slab.
The average of five individual time readings
at each pickup spacing was used in the
velocity determination. Results of this test
are shown in Table 3, along with comparative
flexural strength values obtained from two
beam specimens cut from the slab.
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TABLE 3

RESULTS OF TEST CONDUCTED ON CONCRETE
PAVEMENT SLAB*

Interval Timer Results
S Flexgral
. . Strength (psi)
Test Designation Vel. ?ynlfﬁ Flex Str (Ifrd;il')()im
(ft/sec) >[§si) (psi) oading)
A 11,410 4.04 152
B 11,580 4.17 468
C 11,600 4.18 469
Average values 11,530 4.13 463 4871

* Density determined as 150 lb per cu ft.
1 Average of two beams with flexural strengths of 482 and
492 psi, respectively.

ANALYSIS AND DISCUSSION

To provide sufficient data for analysis, in-
dividual results obtained from testing each
side of each beam were used, thus avoiding
average beam values, which may differ appre-
ciably from individual determinations. Any
strength differences existing in a given beam
with respect to its test position should be ap-
parent in the results of both test methods used.
Further, only the results obtained using the
hammer method to create the pulse were used
for comparative analysis, since the effects due
to using the pendulum device and different
base support were determined to be insignifi-
cant.

Inspection of the data shown in Table 2 in-
dicates relatively good agreement between
predicted values of flexural strength obtained
from E; and results of the third-point load test
for the beam specimens. A graphical compari-
son of values obtained by the two methods is
shown in Figure 3. The greatest individual
difference between any predicted and beam
break value is 16 percent.

A method of statistics is suggested to deter-
mine the extent of significant difference be-
tween the two test methods. Assuming a nor-
mal distribution of flexural strength differences
between the two methods, a test of significance
called the “t-test” may be used. Here the as-
sumption is made that corresponding observa-
tions have the same value, apart from random
variations, and that the differences between
corresponding values (d;) are assumed to be
normally distributed with estimated variance
S42. The mean difference may be expressed as

3 d
=

0§ -

d=
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where n = number of observations. The esti-
mated variance then is

l " _
2 — d; — 4)?
Ss n—lfz:;( d)

The form
d
b= S,[/'\/;i;
has a t-distribution with n — 1 degrees of

freedom. If the computed value of ¢ is signifi-
cant (level established as a probability of 5
percent with n — 1 degrees of freedom), then
the assumption of equal corresponding values
is rejected and a statistically significant dif-
ference exists between the two methods of
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observation. Applying this to the data:

d = 12.0 psi (mean difference)
Sq® = 1016.56 (estimated variance)
whence

t = 2,44 (standard error units).

From a table of ¢-distribution values with 41
degrees of freedom, the probability of exceed-
ing a deviation of 2.44 standard error units due
to chance alone is only about 2 percent. Since
this value is less than the critical probability
of 5 percent, a statistically significant differ-
ence is suggested between results obtained by
the interval timer and by the third-point
loading method.

The probable error which can be expected
is approximately 22 psi, which is a relatively
small amount in comparison with the magni-
tude of flexural strengths existing in most
airfield pavements. This value is well within
the probable error of 70 psi indicated by
Kurtz, and suggests validity of the general
relationship of Ey and flexural strength to a
degree useful for expedient pavement evalua-
tion purposes.

To determine a measure of consistency of
results, the coefficient of variation (ratio of the
measure of variability to the arithmetical
mean about which the variation oceurs) was
calculated for each of the three groups of
beams, using predicted values of flexural
strength obtained with the Interval Timer.
Similarly, for comparison, the coefficients of
variation were determined using values of
flexural strength by the third-point loading
test. These values are plotted against average
beam group flexural strengths for both
methods of test in Fig. 4. Although the curves
shown are purely hypothetical they do indicate
the general trend of reproducibility for each
test method. It is of interest to note that, as
the quality of the concrete becomes poorer,
strengths obtained by the third-point load test
show an increasingly greater variation from
the mean than do results predicted with the
interval timer. This might well be expected,
however, since the strengths predicted on the
basis of wave velocity are representative of
average values over a given span of concrete,
whereas the third-point load test will indicate
the fiber stress at the weakest point of a much
smaller portion of a span.
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Since the field data were limited to a single
slab, evaluation of the interval timer based
on consideration of these data would not be
justified. Tt originally was expected that the
flexural strength of the concrete in the slab
would be in the order of 600 psi or more. Re-
peated tests with the electronic interval timer
indicated a much lower strength, and it was
believed that the instrument was not affording
correct wave traveling times. Upon removing
and breaking two beam specimens, however,
the actual strengths were found to average
only 487 psi, a difference of 24 psi from the
predicted strength of 463 psi. This represents
an error of approximately 5 percent, which
compares favorably with the previous results
obtained from the laboratory beam specimens.

During the course of the investigation the
interval timer was found to be effective in
determining the presence of cracks in a section
of pavement, including those not readily indi-
cated by visual inspection. This knowledge is
particularly useful as an indication of pave-
ment condition based on consideration of slab
defects. The effect of these cracks on interval
timer readings is obvious. Any interruption of
the impact-created longitudinal wave, such
as that created by the presence of a crack, is
reflected by an increased wave traveling time.
Furthermore, a deep or wide crack may be
differentiated from a shallow or narrow crack
by a very great increase in traveling time, in
most instances outside of the range of the
interval timer, as compared to a considerably
smaller increase in the case of a finer crack.
Thus, an added utility of the interval timer
for pavement evaluation may be realized.

CONCLUSIONS

It would be misleading to state that the
electronie interval timer is capable of ac-
curately determining the flexural strength of
concrete about which there is little informa-
tion. The fact that a statistically determined
difference did exist between the predicted and
actual measurements of strength for the beam
specimens cannot be entirely neglected, the
assumption being that the third-point loading
test provides a satisfactory criterion. Similarly,
the conclusion that the instrument is com-
pletely unsatisfactory for evaluation would be
erroneous, since sufficient evidence was pre-
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sented to indicate a good practical agreement
between the two test methods. It therefore is
concluded that, (a) the timer is capable of
providing results of practical utility for ex-
pedient rigid pavement evaluation as recom-
mended by the Corps of Engineers and (b) the
accuracy of flexural strength determinations
of unreinforced concrete with the interval
timer is well within the accuracy of the sug-
gested correlation between dynamic modulus
of elasticity and flexural strength.

Further, the results obtained, although
limited in scope, are believed to be indieative
of the performance of the electronic interval
timer. The results of this investigation have
also indicated the highly controversial position
currently existing in the field of nondestruc-
tive testing. It is therefore evident that further
investigation of the utility of nondestructive
tests and techniques must be made before its
full potential or specific limitations can be
established.
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DISCUSSION

C. A. ANDERSON, Engineer, Ohio River Division
Laboratories, Corps of Engineers, U. S. Army—
The paper describes excellent and very worth-
while laboratory work in evaluation of the
electronic interval timer. There is considerable
incentive for continuing this work and the
practical field evaluation of the instrument,
which is the subject matter of this discussion.
The prime incentive for continuing is that
comparative costs indicate that flexural
strength determinations measured by the
electronic interval timer at a field location,
are about 1{¢¢ of the cost of the same informa-
tion obtained by sawing beams from the pave-
ment and testing them in flexure.

In practical field use of the timer, correla-
tion tests have been made, (1) to test the ac-
curacy of the instrument in measuring sonic
velocities in concrete pavements, and (2) to
directly compare pavement flexural strengths
computed from timer measurements, with
pavement flexural strengths measured by
actual tests. This work permits an appraisal
of the advantages and limitations of this in-
strument for use in the field.

Tests of the first type, for accuracy of sonic
velocity measurements by this instrument,
were initially made in the laboratory, and then
attention was turned to field tests of this ac-
curacy.

Another instrument for measuring sonic
velocities in concrete (the soniscope) had been
developed by others, and a test to compare
these two independently developed instru-
ments was arranged. The soniscope normally
measures velocities between two parallel faces

of concrete, such as is encountered in mass
concrete structures, whereas the electronic
interval timer was designed primarily for
use on concrete pavements. Personnel of the
Portland Cement Association Laboratory at
Skokie, Illinois, have used their soniscope for
pavement concrete, and furnished their
soniscope and operators for comparative tests.
For the time measurement of a horizontally
traveling wave as is normal with the interval
timer, it was necessary in a similar application
of the soniscope to “Pick out” the small hori-
zontal component of a vertically propagated
wave. The soniscope transducers occupy two
or three square inches of surface of the pave-
ment, so for this test it was assumed that the
impulse and reception of the wave fronts oc-
curred at the center of the area of these
transducers.

Table 1 shows a sample of the comparative
velocities measured in the tests with the two
instruments. Readings were taken on concrete
pavements at an airfield, alternately with each
instrument, on precisely the same spots on the
pavement at intervals between pickups of 2,
4, 6, 8, and 10 feet. It may be noted that some
discrepancies occur at short measured inter-
vals and again at the longer intervals. A pos-
sible explanation of these differences is that the
soniscope transducers may have been operat-
ing other than in the center of the contact
areas they cover, introducing a relatively large
error for the short interval; and at the greatest
intervals the extremely high amplification
necessary for the soniscope to discern the tiny
horizontal component of the vertical wave,

TABLE 1
RESULTS OF COMPARISON TESTS WITH INTERVAL TIMER AND SONISCOPE
Velocities, ft/sec. at Spacings of:
Test No. 24 26! 28’ -0 212

Soniscope h:ltf;:r‘ll Soniscope Ir;it::gral Soniscope Iré%re;gfl Soniscope Ix:}f;g}al Soniscope I?,l;:e\:]
1 15,750 — 15,750 — 16,000 — 16,100 — 16,100 —
2 15,750 19,400 16,050 16,100 16,150 15,500 16,250 14,400 16,250 14,000
3 16,000 17,200* 16,200 16,700* 16,100 16,200* 16,200 15,900* 16,100 15,000*
4 15,050 15,500* 15,300 15,400* 15,400 15,100* 15,550 15,000* 15,350 13,9 0*
5 16,000 16,200* 16,000 15,450* 16,100 15,390* 16,300 15,500* 16,300 14,500*
6 14,300 17,100* 14,600 15,800t 14,900 15,100% 15,200 14,200t 15,200 13,6001

* Reudings taken with the AMINCO Timer,

t Rendings taken with ORDL Timer with AMINCO needles in pickps.
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may have caused slight distortion in that in-
strument’s circuit. Velocities at the inter-
mediate intervals of 4 feet and 6 feet compare
favorably. These are the intervals commonly
used in practice.

A program of testing was begun about a year
ago to make comparisons of timer-measured
flexural strengths, with flexural strengths
measured by actual tests, on beams sawed
from the same pavement. Timer-measured
flexural strengths are derived by computation
from velocity readings, through application of
the relation curve of dynamic modulus of
elasticity vs. flexural strengths described in
the paper just presented. Field cut beams and
slabs are used for correlation measurement of
flexural strengths by actual tests, in order to
eliminate as many variables as possible. The
data from field cut beams and slabs are difficult
to obtain; however, due to the high cost of
sawing and transporting the concrete, and
patching of the pavements. As a result the
data are not too plentiful for this correlation
work. The current practice is to find locations
where beams are to be sawed out of field con-
crete, and record timer readings before the
sawing occurs. The data to date, although
sketchy, are encouraging.

Table 2 shows a few of the velocity measure-
ments made by the interval timer during the
soniscope comparison tests, converted to flex-
ural strengths. These quantities are compared
with flexural strengths measured convention-
ally at the same location a few years before.
This correlation is considered exceptionally
good,

Table 3 shows a sample of similar compara-
tive data taken recently from six different air-
field pavements. In this case the sawed beams
were broken in flexure immediately after in-
terval-timer readings were taken on the pave-
ment in place. Notes in the “Remarks” column
are information taken from airfield records
and observed from beam-break operations. At
Fields 1 and 2, peculiar emergency conditions
during construction of the pavements justified
the use of aggregates loosely coated with sub-
stantial thicknesses of soft lime. Discrepancies
between the figures at Field 3 and at Locations
A and C of Field 5 are unexplainable at pres-
ent. The figures at Field 4 are indicative of the
effect of bottom honeycomb in a pavement.
Table 3 is typical of comparative data of this
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TABLE 2
COMPARISON OIF CONCRETE STRENGTHS AS
OBTAINED WITH INTERVAL TIMER AND
MEASURED, CHANUTE AFB, ILLINOIS

’ . Dynamic Flexural Flexural
ft\/eelgc&tyr Modulus Strength Strength
Test No. | 5% $pac. | LT Cor- | LT. Cor- [1944 Airfield
in pa relation, relation, |Evaluation,
g psi 1076 psi psi
1 — — — 1,035
2 16,100 8.1 1,110 —
3 16,700 8.3 1,150 1,154
4 15,400 7.4 960 970
5 15,500 7.5 995 —
6 15,800 ¥.7 1,040 960
TABLE 3

COMPARISON OF CONCRETE STRENGTHS AS
OBTAINED WITH INTERVAL TIMER AND
BEAM BREAK METHOD, SIX AIRFIELDS

- Flexural
Flexural | ¢
Field Lo- | Strength Stlx;ength
No. ca- | Interval Bfeaarﬂ Remarks
tion Tlmier, Method,
bs psi
1 A TH 512 Coated uggregate, very
weak bond
2 A 685 690 Coated aggregate,
somewhat weak bond
B 580 515 Couated aggregate,
somewhat weak bond
3 A 680 765
4 A 815 135 Bottom badly honey-
combed
5 A 785 655
B 655 640
C 640 500
D 650 640
|
6 | A 905 925

type. It may be seen that about one-third of
the comparisons are very close, a second third
are explainable differences and the other
third unexplainable differences (at least at the
present time).

There are a few limitations and precautions
to be borne in mind when using the electronic
interval timer.

The longitudinal wave fronts must travel in
a horizontal direction through a pavement.
Otherwise the transverse wave (slower but of
greater magnitude) will trip the pickup cir-
cuits and give a reading of no value. The wave
fronts are created by hammer blows in a hori-
zontal direction against the edge face of pave-
ments. The wave travel is interrupted by a
construction joint in the pavement; therefore,
in military airfield pavements we cannot as yet
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measure veloeities, dynamic modulae of elas-
ticity or flexural strengths beyond the first
construction joint from the edge of the pave-
ment. For highway application this would not
be a limitation.

If pavement is honeycombed near the bot-
tom, sawed beams will show a lower flexural
strength by beam break methods than by sonic
wave measurements made on the pavement.
This is because the beam is weaker in its area
of greatest tensile strain, whereas the sonic
wave will be carried by the more dense con-
crete higher in the pavement’s cross section. It
also appears that the tvpe of break in flexure
(whether through the aggregate or around it),
and whether the aggregate is round or elon-
gated, makes some difference in flexural
strengths; these differences are not discernible
when flexural strengths are measured using
sonic wave instruments. Thus it is necessary
where quantitative data are desired, to know
something about the concrete characteristics.
This can often be obtained from job records.
This is a limitation of the application, rather
than of this instrument.

Field readings with sonic wave measuring
equipment are not as consistent through a
presumably uniform area of field pavement as
thev are throughout the area of cast beams or
slabs made in a laboratory. This can be caused
by a lesser degree of uniformity control in
placing field concrete, or may be due to the

MATERIALS AND CONSTRUCTION

beginning of internal cracking from traffic
loads on the field pavement.

CONCLUSION

The electronic interval timer is found to
measure sonic velocities nondestructively,
cheaply, and with good aceuracy when used
with proper techniques.

Computations of dynamic modulae of elas-
ticity from these velocities are found to com-
pare favorably with laboratory determination
made on beams.

Computations of flexural strengths from
timer measurements compare sufficiently well
with actual measurements to warrant con-
tinued correlation studies.

Due to a few characteristies of sonic methods
and to some variables of pavement concrete,
field testing with the timer cannot at present
give conclusive data in every individual test
measurement. However, its ability to produce
a great number of measurements in a small
amount of time at very low cost, makes it a
valuable tool to obtain an overall evaluation
of the strength of pavements. It is particularly
valuable when such overall evaluation is coor-
dinated with a few selected specimens taken
from the pavement for determination of
concrete characteristics, including flexural
strengths. Subgrade evaluation requires some
opening of the slab, which can be the source of
beams for flexural strength correlation.





