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The soniscope as a laboratorj- instrument for non-destructive testing of concrete has 
been tlie subject of numerous papers. I ts uses and limitations for the field testing of 
concrete, for which i t was intended, are not as well known. This paper describes some 
aspects of such use, being based on a series of tests on piers, abutments, slabs, and 
other concrete members. 

The significance of sound velocities in various materials are discussed, along wi th 
the added information that can be secured f rom measurement of signal amplitude. 
Special test patterns and layouts for apph'ing the transducers to the surfaces being 
tested wi l l often facilitate data interpretation. These vary with the design and type 
of structure under test. 

Practical problems of soniscope field testing are described, including procedures used 
and difficulties encountered. Inaccuracies introduced by components of this complex 
electronic instrument are also discussed. 

• I X recent years the nondestructive test
ing of materials has gained widespread in -
tci-est. Se\'eral such methods for testing con
crete have been advanced and some of them 
ha\e found considerable use. Of these the 
hammer rebound method has the insurmount
able disadvantage that i t wi l l test onh- a 
limited depth below the surface of the ma
terial. The resonant frequency method, which 
is probabh- the most widely used today, can
not be used on concrete in place because i t is 
limited to specimens of simple geometric di
mensions. The soniscope, which the authors 
believe to be the most promising device de-
\-eloped so far, has neither of these limitations. 
I t suffers, howevei-, f rom a considerable com
plexity in the collection and interpretation of 
data. 

The soniscope measures the group velocity 
of a sound wave passing through concrete. 
This has been found to ha\-e a close correla
tion with condition. Quality, amount of de-
terioi'ation, extent of cracking, and other 
characteristics can all be determined with i t 
for structures varying from a few inches to 
more than fifty feet in thickness. 

As to operation, a series of high frequency 
(20,000 cycles per second) sound waves are 
generated in a sending ti'ansducer, passed 

through the material, and picked up on a re
ceiving transducer. By means of electronic cir
cuits the received signal in the form of a 
standing wave is made to appear on a cathode 
ray tube. A means is provided whereby the 
position of this wave can be measured to get 
the time of travel through the concrete in 
micro-seconds. 

The construction of the soniscope and its 
operation have been described extensively 
elsewhere (1-6); i t wi l l be assumed that the 
reader is familiar with i t . 

P U R P O S E O F P A P E R 

I t is the purpose of this paper to discuss 
in some detail the significance and dependa
bi l i ty of each of the main factors which affect 
soniscope testing. Their interrelationship 
might be outlined briefly as follows: 

The instrument measures the elapsed time 
of the transmitted sound waves. This is com
bined wi th a measured path length to yield 
velocity which is the basic information desired 
from testing. Additional information can be 
gained from the amplitude of the received 
signal. An important source of information is 
the "test strategy" which governs the collec
tion of data. 
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S I G N I F I C A N C E O F S O N I S C O P E DATA 

Velocity 

I t is well known that the velocity of the 
transmitted wave is directly related to the 
modulus of elasticity of the concrete under 
test. Formulas have been advanced for this 
relationship (2). I t is usually more conven
ient, however, to relate velocity directl j ' to 
concrete quality. The following tentative 
classification has been suggested (5) for nor
mal concrete having a unit weight of approxi
mately 150 lbs. per cu. f t . , i n which conti
nuity is not affected by cracks or joints. 

Group Velocity, feet per 
second Concrete Condition 

Above 15,000 Excellent 
12,000-15,000 Generally good 
10,000-12,000 Questionable 
7,000-10,000 Generally poor 

Below 7,000 Very poor 

I n a concrete structure of uniform quality, 
with no reinforcing, cracking, etc., present, a 
calculated velocity can be compared to these 
ranges to determine its approximate quality.* 

There is, unfortunately, no means available 
to measure velocity directly. Rather, i t must 
be calculated by dividing the path length of 
travel by the elapsed time which i t takes the 
sound wave to pass through the material. Ob
viously, the resulting velocity wi l l be in error 
if either of these quantities is not correct. A 
consideration of each of them follows. 

Elapsed Time. The only value measured 
directly by the instrument is the elapsed time 
between signal initiation and reception. I t is 
a total time equal to the summation of all the 
time intervals that i t takes the sound wave to 
travel through the various masses of different 
quality (sound paste, sound aggregate, de
teriorated paste, deteriorated aggregate, etc.) 
in the concrete. I t would be highly desirable 
to know each of these intervals, as thej- are 
directly related to the problems that are under 
investigation, but, unfortunately, thei-e is no 
way of measuring each one separately in place 
in the concrete. 

Path Length. Direct Path: The minimum dis
tance between the two transducer faces. The 
calculation of the velocity of sound is generally 
based on this minimum distance between the 

* Velocity through reinforcing steel is approximately 
17,00 Oft./sec. 

two transducer faces. This is determined from 
field measurements or f rom construction 
drawings. I n material of uniform quality wi th
out major defects this direct path should be the 
same as the actual path. 

Actual Path: The path actually traveled by 
the fastest sound wave. I t would be pai-ticu-
larly useful to know the path actually traveled 
by the sound that first reaches the receiving 
transducer, for this is the wave that is actually 
measured to determine elapsed time. Unfortu
nately, there is no way of positively determin
ing i t . 

Assumed Path: The best possible attempt 
at assuming the actual path. When i t is de
sired to know the distance that the fastest 
wave actually traveled, an assumption must be 
made as to what the path was. I t is hoped that 
this assumed path wi l l be as close as possible 
to the actual one. For transverse I'eadings 
through uniform concrete i t wi l l be identical 
to the direct path. I n the cases of a crack ex
tending into the structure beyond the direct 
path, in the presence of reinforcing steel, some 
zones of deterioration, or diagonal dii'ect 
paths, there may be a considerable difference 
between the direct and assumed paths. 

The assumed path length can be calculated 
if the proper test strategy has been used in 
taking readings, and may then yield the de
sired information about structural defects 

7). ^ 
Illustrative Examples. Five simplified 

sketches of sound waves traveling through con
crete under varying conditions show the in
fluence of path length and elapsed time on 
calculated velocities (Figure 1). Other similar 
situations could be drawn. The circles radiat
ing from the sending tiansducer represent the 
progression of sound wave fronts. The dis
tances between them represent a unit of time, 
say 100 microseconds. 

I f a structure is of uniform quality with no 
reinforcing, cracking, etc., present, the sound 
would travel along a direct path. Uniformly 
deteriorated concrete is distinguished hy a uni
form drop in velocity, resulting from an in
crease in elapsed time of travel of the sound 
wave through the concrete (Sketch a and b). 
Values should compare wi th the accepted 
ranges indicated earlier. 

A mass of good concrete enclosing a badly 
deteriorated zone of limited width is shown in 
Sketch c. This zone would cause a local reduc-



B R E U N I N G A N D R O G G E V E E N : S O N S I C O P E T E S T I N G 3 8 1 

t ion of velocity as shown by very short dis
tances (t) between successive wave fronts. Out
side this zone the velocity would be that of 
good concrete. The resulting calculated value 
could be very similar to that for uniformly 
deteriorated concrete (Sketch b) . 

A n equal resulting velocity might be ob
tained if an internal crack extends across the 
direct path (Sketch d). The received sound 
would not have traveled along the direct path 
as an air gap of as l i t t le as 0.001 inches wi l l 
not transmit i t (S). Rather, the waves would 
be diverted around the end of the crack along 
a considerably longer actual path. A velocity 
computed from the direct path might be iden
tical to that for uniformly deteriorated con
crete, and would obviously give an incorrect 
impression of internal conditions. 

A high velocity can result f rom the presence 
of reinforcing steel (7). Sketch e shows a situa
tion with a reinforcing rod jjarallel to the direct 
path. Although only a small percentage of the 
sound would travel through the rod, i t would 
arrive at the receiving transducer ahead of the 
rest of the sound that would have traveled 
through concrete. The i-esulting calculated 
velocity would not be at all representative of 
true conditions. Fortunately, the presence of 
reinforcing rods can usually be determined 
from construction drawings. 

Amplitude 

The received wave on the cathode ray tube 
is used primarily for the measurement of 
elapsed time. The amplitude can be roughly 
measured, although the instrument does not 
provide any means of doing so directly. Data 
on i t have been found b>- the authors to have 
considerable usefulness. 

Amplitude is practicall_v independent of 
velocity, for as the sound wa\-e travels through 
the concrete i t is attenuated, though velocity 
may not change. The extent of this is in 
fluenced by the quality of or defects in the 
material. Data on i t are therefore helpful as 
sujjplementary information. 

The usefulness of amplitudes in interpreting 
velocities is shown by the ])ermanent installa
tion of the transducers on specimens being 
subjected to structural tests (Figure 2). The 
transducers were placed on a jM-estressed beam 
being tested in flexure (7). The test path was 
about two feet long, diagonally through the 
bottom flange of the beam. The wave before 

• Good Concr«t» 
ElopiodTimo 3t 
V.locity l.ON F f / S . c 

. UnKormI/ Oolorioratod Concralo 
Elopiad Tim* 41 
Volocily 0.75N Ft/S«( 

• Concreto With Aroo of Bod Dotoriora 
Elop.-d Time 4t 
Volocity 0.75 N Fl/Soc 

. Concreto With Intotnol Cioch 
Elop.od Tim* 41 
Volocity 0.75N Ft/Soc 

. Concroto With Roinforeing Stool 
Elap»odTioto 2t 
Volocity I .5N Ft/Soc 

Ttonoduct 

Figure 1. DioBromi Showing Progroiiion of Sound Through Concroto. 

Figure 1. Diagrams showing progression of sound 
through concrete. 

load application is shown in (a), while (b) 
shows i t after several cracks had appeared in 
the bottom flange and the beam had undergone 
considerable deflection. The difference in am
plitudes is obvious, while the difference in 
velocities is fair ly small. 

This might be explained as follows: As the 
cracks develop they cut off the direct path and 
force the fastest sound wave to travel farther 
up into the uncracked zone, causing an in 
creasingly long actual path and increasing 
deviation in direction (Figure Id ) . The longer 
actual path results in a slight decrease in the 
velocity calculated from the direct path (6). 
The changes of direction and attenuation oc
curring in the weakened material just beyond 
the end of the crack cause a marked drop in 
amplitude. Thus, in this case, the amplitude 
change has indicated the presence of cracking 
far more than velocity readings would alone. 

Amplitude readings have been found to be 
a valuable general check on velocity data. Mis
takes in reading or recording data on the 
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Reduc t i on 

V = 28% 

A = 75% 
Figure 2. AmpUtude and velocity changes due to cracking In prestresscd concrete beam. 

latter may occur in the field and can cause 
confusion later during interpretation. I n 
several cases amplitude data have clarified the 
problem of whether an unusual calculated 
velocity was an error or was in fact a correct 
value. 

Finally, amplitudes are an indication of the 
accuracy of a given set of data. As discussed 
later under dependability of data, readings 
taken with waves of high amplitude can be 
relied upon to be free of error far more than 
with those of low amplitude. 

Test Strategy 

One of the most important of all considera
tions in collecting and analyzing soniscope 
data is the test strategy or plan of attack by 
which the structure is tested. I t has been 
found that if the test progiam is not properly, 
adequately, and systematically planned in 
advance the resulting data are of only limited 
usefulness. 

Obviously, as in any test program, enough 
test readings must be taken to yield a statisti
cally valid sample. I t would be easy to apply 
the transducers to only a few locations on a 
structure, and then flraw conclusions from the 
data obtained, but these would be of l i t t le 
value. A t the other extreme, the entire struc
ture could be covered with readings, lesulting 
in a program of interminable magnitude. A 
compromise between these extremes must be 
found. Advance surveying and preparation, 

and the setting up of the instrument and 
auxiliary equipment take so much time that 
collection of a reasonable amount of additional 
information represents only a small amount 
of extra effort. 

A decision usually cannot be made in the 
field as to whether or not enough readings 
have been taken, because the data must be 
computed and plotted before their significance 
or trend becomes obvious. B y that time a re
turn to the structure may be impossible. 

The need, then, is to combine all the factors 
that wi l l contribute information to a soniscope 
test program into a pattern of testing that wi l l 
give the maximum amount of information in 
return for the minimum of effort. 

The test strategy varies for each structure 
and can be best determined after preliminary 
field inspection and previous experience with 
similar jobs. 

A shrewd layout of the test paths is probably 
the most important way to increase the value 
of data. Testing a structure by passing waves 
through i t in one direction onlj- might yield 
results of limited usefulness, as many of the 
internal defects might not show up at all in 
this manner. On the other hand, a proper se
lection of diagonal paths superimposed on 
transverse ones may create various patterns of 
direct and assumed paths that wi l l yield valu
able information. The value of such patterns 
has been shown previously (6). I n tests on a 
bridge pier at Amesbury, Mass. (7), the only 
significant findings about cracks at right angles 
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to the surfaces resulted from the use of di 
agonal paths. 

The depth of a crack may be found by a 
comparison of velocities computed along 
direct and assumed paths, when the average 
velocity of the structure is known (1). The 
presence of I'einforcing steel is a majoi' con
sideration in planning the test strategy. 

D E P E N D A B I L I T Y OF MEASUREMENTS 

So far this paper has discussed the various 
kinds of data that must be gathered and syn
thesized when determining concrete quality 
with the soniscope. Each type of data is sub
ject to certain limitations in collecting i t , 
which if not treated properly can cause eri'ors 
in the test results. 

Elapsed Time 

Inaccuracies in elapsed time may be due to 
one or more of several factors: 

Leading Edge. Determining the beginning 
of the I'eceived signal and measuring the lead
ing edge of i t in microseconds can be one of the 
most vexing pioblems when operating the 
soniscope. Wi th high amplitudes the wave is 
steep, making determination of the leading 
edge relatively easy. Different operators wi l l 
have li t t le trouble getting identical readings. 
On waves of low amplitude, however, (Figuie 
3), this determination is more difficult. I n 
that case a much greater spread in readings 
must be expected from the different operators. 

The authors have observed that leading 
edges of low amplitude result in elapsed time 
readings which are as much as four micro
seconds higher than readings on the same path 
with steep leading edges. Others have ob
served that the wave front can be determined 
to an accuracy of about two percent in a 20-
inch specimen of concrete (4). 

Another problem of even greater importance 
occurs when the first wave or waves are ob
scured by small ambient noise or "grass". One 
of the later waves may then be mistaken for 
the first one, resulting in a calculated velocity 
which is too low. 

Zero Correction. The zero correction is 
mainly the time taken by the signal to travel 
through the oil within the transducers. I t is 
measured by placing them together, face to 
face, and reading the elapsed time. Since the 
path length in this case is zero, with reference 
to the material being tested, the value ob-

Figure 3. Leading edge of very low amplitude. 

tiuned must be subtracted from elapsed time 
values for all readings taken through the 
structure. 

Care must be taken that the pressure on the 
transducers used in determining the zero cor
rection* is the same as that with which al l 
readings on the structure are taken, so that 
the path length of the signal through the oil 
wi l l not vary. This can be assured by placing 
a cork spacer ring on both transducer heads 
and pressing unt i l this ring is in contact with 
the concrete surface. On very rough or uneven 
surfaces, however, the spacer ring may be more 
of a hindrance than a help. 

The zero correction on the equipment used 
by the authors varies considerably, f rom over 
a usual range of about three microseconds to 
as high as 12. This former value would cor-

* Zero correction is called "initial delay" in our organiza
tion in order to avoid confusion with the zero adjustment 
(1) which has to be made at the same time. 
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respond to an inaccuracy of four percent on 
a path length of one foot in good concrete. 

Electrical Drift. Warm-up: Many electronic 
devices change their characteristics slightly 
as they warm up, and the soniscope is no ex
ception in this legard. A variation in readings 
of four microseconds can occur as the instru
ment operates. This wi l l occur gradually along 
a curve similar to that in Figure 5. The rate 
and extent wi l l depend on numerous factors, 
such as outside temperature, supply voltage, 
etc. I t is recommended that the instrument be 
turned on at least ten minutes before use, and 
that frequent zero adjustments be made dur
ing the first hour of operation. 
. Voltage Change: Power for the soniscope is 
usually supplied by a portable generator, the 
output voltage of which may vary consider

ably. On the instrument used by the authors, 
signal output fails at about 100 volts (Figure 
5) and the screen blacks out in the expanded 
ranges at about 110 volts. An error of from 
two to ten microseconds can be introduced 
into data by a variation of five volts in input 
current. This particular instrument works best 
at 105 volts, necessitating a voltage regulator 
even when normal line current is used. 

Path Length. The direct path length is 
usually either taken from the construction 
drawings or measured in the field. I n both 
cases the probable error in measuring i t is 
practically independent of the overall length 
of path. However, the relative effect on veloc
i ty of such an error is closely related to the 
path length. I f the thickness of a bridge slab 
is seven inches, an error in measurement of 
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only one inch introduces an inaccuracy of 14 
percent. On the other hand a one inch error 
in measuring a 35-foot abutment results in an 
inaccuracy of only 0.24 percent. 

A frequent source of error occurs when i t is 
assumed that the structure was buil t in accord
ance wi th the construction drawings. An i l 
lustration of this is given in Figure 4, showing 
test results on a deck slab of the East Boston 
Expressway. I t should be noted that the 
measurements of slab thickness at all test 
points were made by a survey party and that 
this required roughly as much time as the ac
tual soniscope testing. The figure shows how 
camber in the structural steel caused slabs 
which were supposed to be of uniform thick
ness to vary by as much as several inches. The 
use of design dimensions in calculating velocity 
would have resulted in a false impression of the 
structure. 

I n some cases the absolute value of the 
velocities is not needed; then the accurate 
determination of the direct path length may be 
an unnecessary expense. This can occur i f 
observations of identical paths over a period 
of time are being made for comparative pur
poses, or i f neighboring test readings on the 
same structural member are to be compared 
for continuity of data. I t must always be kept 
in mind, though, that \'elocities obtained 
without accurate field measurements may be 
of no significance. 

Path lengths can also affect computed 
velocities when there is improper positioning 
of one or the other transducer. This occurs 
when the surveyed test pattern on one side of 
a structure is not located exactly opposite its 
mate on the other side, or when the transducer 
is not positioned over a test spot. The former 
condition wil l cause a constant error, the latter 
a random one. The error wi l l be small if the 
direct path length is not changed much by this 
displacement but could in some cases become 
serious enough to cause significantly faul ty 
velocity results. 

Amplitude 
Variations in amplitude are of interest only 

if caused by the material being tested. I t is 
important, thei'efore, to keep the other condi
tions that might affect i t constant. These 
occur at the interface between transducers 
and concrete suifaces and within the instru
ment itself. The former conditions include the 

WAI?M-UP DRIFT Time After Cot-on 

Roodings S -2 

1 . - H 

VARIATION WITH V O L T A G E 
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1.000 M 

200 M 
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Figure 5. Varlatlon'[of Instrument readings caused 
by warm-up and voltage fluctuation. 

loss of signal strength due to poor contact 
of the transducers with the surface, as a result 
of its texture and condition, as well as insuffi
cient contact pressure or presence of air 
voids.* The latter are affected by the settings 
of the output and gain control switches on the 
instrument. 

On tests of any given structure the authors 
have found that texture and surface condi
tion of the structure are usually similar over 
the entire test area, and that they can hold the 
four variables that are due to the instrument 
essentially constant. B j - doing this they gain 
the amplitude as an additional item of col
lected data (2). 

CONCLU.SIONS 

The authors feel that a soniscope oilers 
definite possibilities as a useful tool for field 
testing of concrete structures, especially in 
connection wi th periodic maintenance work. 
However, they have attempted to point out 
some of the factors which can affect the results 
obtained. I t has been shown that velocity 

* Lubrication with water, castor oil, etc., serves to assure 
good contact. 
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computed from elapsed time and direct path 
is often not a conclusive indication of the 
quality of a concrete structure. Other factors 
contribute important additional information, 
and should be considered in planning a test, 
gathering the data, and analyzing the results. 
The accuracy of the final results depends 
heavily on the accuracy of each factor con
tributing to i t . 
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