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The soniscope was developed p r i m a r i l y as a non-des t ruc t ive m e t h -
of f o r f o l l o w i n g the c r a c k i n g behaviour i n concrete g r a v i t y dams by 
pulse v e l o c i t y techniques. I n t e r n a l c r a c k s a re detected by an abnor 
m a l increase i n t r a n s m i s s i o n t i m e and /o r r educ t ion i n pulse a m p l i 
tude. The depths of su r face c racks a re de t e rmined by measu r ing 
the t i m e r e q u i r e d f o r a pulse of sound to t r a v e l a round these c r a c k s . 
Subsequently, a r e l a t ionsh ip was es tabl i shed between pulse v e l o c i t y 
and the qua l i ty of concrete wh ich has made i t poss ib le to assess the 
r e l a t i v e condi t ion of s t r u c t u r e s . Consequently, having es tabl ished 
da tum pulse v e l o c i t y measurements , the p r o g r e s s of d e t e r i o r a t i o n 
i n both f i e l d s t r u c t u r e s and l a b o r a t o r y specimens i s f o l l o w e d by r e 
p e t i t i v e tes ts . Whi l e no w e l l - d e f i n e d c o r r e l a t i o n between pulse v e 
l o c i t y and 28-day s t reng th has been es tabl ished as yet by th i s l a b o r a 
t o r y , the soniscope has been used to some extent to f o l l o w s t reng th 
development of concre te at e a r l y ages. L i m i t e d success was a lso 
achieved i n us ing pulse v e l o c i t y techniques to study the se t t ing be 
hav iou r of concre te . 

L i k e mos t tes t equipment , the soniscope is subject to c e r t a i n 
l i m i t a t i o n s and poss ib le e r r o r s . Knowledge of these should not d i s 
courage i t s use but p rov ide a be t t e r unders tanding of the apparatus 
and thereby p e r m i t a m o r e in t e l l i gen t i n t e r p r e t a t i o n of r e su l t s . 
Pulse v e l o c i t y i s found to increase when specimens a re sa tura ted 
and a f u r t h e r s i gn i f i c an t increase i n v e l o c i t y i s observed when these 
specimens a re f r o z e n . L a r g e quant i t ies of r e i n f o r c i n g s tee l near 
and p a r a l l e l to the t r a n s m i s s i o n path, a lso inf luence the r e su l t s of 
pulse v e l o c i t y measurements . The best assurance f o r r educ ing the 
poss ib le e r r o r s to a m i n i m u m and obta in ing the mos t f r o m the equ ip 
ment , i s a competent ope ra to r capable of us ing sound judgement i n 
the i n t e r p r e t a t i o n of the r e s u l t s . 

• T H E SONISCOPE has been used by the Onta r io H y d r o f o r the evaluat ion of the c o n d i 
t i o n of concrete s t r u c t u r e s f o r the past seve ra l yea r s . T h i s i n s t r u m e n t was developed 
p r i m a r i l y as a r ap id , non-des t ruc t ive method f o r de tec t ing the presence of i n t e r n a l 
c r acks and to measure the depth and f o l l o w the behaviour of su r face c r a c k s i n mass 
concrete s t r u c t u r e s . Subsequently, i t was d i scove red that pulse ve loc i t y v a r i e d i n d i f 
f e r e n t locat ions of a s t r u c t u r e and f r o m spec imen to spec imen i n l a b o r a t o r y concre te . 
F r o m th i s was es tabl ished a genera l r e l a t ionsh ip between pulse v e l o c i t y and qua l i ty 
which has been used ex tens ive ly i n the evaluat ion of concre te s t r u c t u r e s , f o r o u t l i n i n g 
areas of probable d e t e r i o r a t i o n as w e l l as to f o l l o w the advance of such d e t e r i o r a t i o n by 
r epe t i t i ve measurements . 

The soniscope has been adequately desc r ibed i n e a r l i e r papers ' ^ l , 2) and the purpose 
of th i s paper i s to present a genera l r e v i e w of the app l ica t ion and i n t e r p r e t a t i o n of pulse 
ve loc i t y measurements as conducted by Onta r io H y d r o . I n add i t ion to c r a c k i n v e s t i g a 
t ions and the assessment of qua l i ty and d e t e r i o r a t i o n , a t tempts have been made to c o r 
re la te pulse ve loc i t y w i t h compress ive s t rength and to f o l l o w the se t t ing behaviour and 
s t rength development of f r e s h concre te . I n addi t ion , l i m i t e d data a re presen ted c o n 
c e r n i n g the e f f ec t of c e r t a i n v a r i a b l e s and poss ib le e r r o r s on pulse ve loc i t y m e a s u r e 
ments . I t i s hoped that the data presented w i l l con t r ibu te i n some s m a l l way to the gen
e r a l f u n d of knowledge and ass i s t i n a be t t e r unders tanding of the apparatus and i n t e r 
p r e t a t i o n of r e su l t s . 
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Figure 1. Crack depth vs age. 

Measurement and De tec t ion of Cracks 

I n v i e w of the On ta r io H y d r o ' s technique of p l a c i n g concrete i n l i f t s up to 50 f t , a 
p r a c t i c e v iewed w i t h m i x e d fee l ings by other o rgan iza t ions , an extensive inves t iga t ion 
was under taken to study the c r a c k i n g behaviour of t h e i r mass concrete s t r u c t u r e s . 
L e s l i e and Cheesman (1̂ ) found that h igh f r equency sound would not c r o s s an a i r - f i l l e d 
c r a c k and thereby es tabl ished the basic p r i n c i p l e of c r a c k detec t ion by u l t r a son i c s . 
A c c o r d i n g l y , l a rge i n t e r n a l c r acks cou ld be detected by an a b n o r m a l l y long t r a n s m i s s i o n 
t i m e a n d / o r a la rge decrease i n the ampl i tude of the sound pulses . L i k e w i s e , by meas
u r i n g the t i m e r e q u i r e d f o r sound to t r a v e l a round a sur face c r a c k and the pulse ve loc i t y 
i n adjacent , sound concre te , the depth of a sur face c r a c k could be de t e rmined . 

B e f o r e adopting the pulse ve loc i t y method f o r c r a c k depth de t e rmina t ions , the r e 
sul ts we re compared w i t h measurements on the same c r a c k s by the d y e - i n j e c t i o n method 
Good c o r r e l a t i o n was obtained between the two methods and because of speed and c o n 
venience, c r a c k depth measurements have since been made exc lus ive ly w i t h the s o n i -
scope. 

Since e a r l y 1949, pe r iod i c su r face c r a c k su rveys have been conducted on a l l of the 
C o m m i s s i o n ' s new g r a v i t y s t r u c t u r e s . The m a i n c r acks s tudied were those appear ing 
on the downs t r eam face of the dams and these measurements were taken by a man l o w 
e red down the face of the d a m i n a bosun's c h a i r . A t t e m p t s were also made to measure 
c r a c k s appear ing i n the inspec t ion tunnels but due to the concen t ra t ion of s tee l i n these 
regions , the measurements were of doub t fu l v a l i d i t y . 

In genera l , c r acks examined s h o r t l y a f t e r f o r m r e m o v a l were found to have an ave r 
age depth of 2 f t . However , r epe t i t i ve measurements d i sc losed that these became g rad 
u a l l y sha l lower w i t h t i m e u n t i l a f t e r a p e r i o d of 5 years , when they averaged only 4 i n 
i n depth ( F i g . 1). 

Concur ren t w i t h the su r face c r a c k surveys , pulse ve loc i t y measurements were made 
through the i n t e r i o r s of the dams to es tab l i sh whether o r not they were f r e e of i n t e r n a l 
c r a c k s . Due to the l i m i t i n g range of the soniscope f50 f t ) , however , these measu re 
ments were r e s t r i c t e d to about the upper t h i r d of mos t s t r u c t u r e s . Al though the inspec 
t i on tunnels p r o v i d e d l i m i t e d access to the l o w e r and m o r e c r i t i c a l p o r t i o n s near the 
foundat ion , these regions cou ld not be comple te ly s tudied. T h i s r e s t r i c t i o n was o v e r 
come at one loca t ion by d r i l l i n g two v e r t i c a l 6 - i n . holes 40 and 80 f t f r o m the ups t r eam 
face of the dam. T w o spec ia l t r ansduce r s that would operate i n these holes were c o n 
s t r u c t e d thereby p e r m i t t i n g pulse v e l o c i t y measurements to be made the t o t a l depth of 
the dam. These measuremen t s d i sc losed on ly a r e l a t i v e l y s m a l l zone i m m e d i a t e l y be 
low one cons t ruc t i on j o i n t suggestive of t h e r m a l c r a c k i n g but not cons idered as a threa t 
to the s t a b i l i t y of the s t r u c t u r e . 



No c l a i m s a re made f o r h igh p r e c i s i o n , p a r t i c u l a r l y w i t h the measurement of c r a c k 
depths, s ince i t mus t be assumed that (a) the path of the c r a c k i s n o r m a l to the sur face 
of the concrete and (b) no f o r e i g n substance i s b r i d g i n g the gap between the w a l l s of the 
c r a c k . I t i s f e l t , however , that the apparatus w i l l d i f f e r e n t i a t e between deep and s h a l 
l o w c r acks as w e l l as detect i n t e r n a l c r a c k s l a rge enough to cause s ign i f i c an t increases 
i n the t r a n s m i s s i o n t i m e o r abno rma l reduc t ion i n pulse ampl i tude . On the bas is of the 
soniscope inves t iga t ions on these s t r u c t u r e s , t h e r e f o r e , i t was concluded that there 
were no c r a c k s that posed a th rea t to the s t ab i l i t y of the s t r u c t u r e s and that su r face 
c r acks tend to become sha l lower w i t h t i m e and a f t e r a p e r i o d of three to f o u r yea r s 
they average less than half a f oo t i n depth. 

Condi t ion Surveys of S t ruc tu res 

The soniscope has been used i n assess ing the cond i t ion of many of the C o m m i s s i o n ' s 
s t r u c t u r e s as w e l l as some owned by o ther o rgan iza t ions . Si tuat ions that r e q u i r e d i n 
ves t iga t ion have inc luded f r o s t damage at e a r l y ages, exposure to f i r e and na tu r a l de
t e r i o r a t i o n r e s u l t i n g ove r a p e r i o d of yea r s . The mos t extensive survey under taken was 
on a slab and bu t t ress d a m b u i l t i n 1914. Pulse ve loc i t y measurements were made on 
eve ry foo t of a l l s labs and bu t t resses r e s u l t i n g i n ove r 48, 000 test po in t s . W i t h th i s 
close spacing of readings, i t was poss ib le to p lo t v e l o c i t y " con tou r s " and thereby out l ine 
and c l a s s i f y the zones of d e t e r i o r a t i o n . 

The pulse ve loc i t y readings were grouped in to f o u r ranges: under 5, 000, 5,000 -
10,000, 10,000 - 12,000, and ove r 12,000 f p s . L o w v e l o c i t y areas , those i n wh ich the 
values f e l l be low 10,000 f p s a re shown i n F i g u r e 2. Since low v e l o c i t y measurements 
do not r evea l the exact nature of the t roub le but may r e f l e c t e i t h e r a low modulus i n 
the m a t e r i a l o r a long t r a n s m i s s i o n path in t roduced by i n t e r n a l c r a c k i n g , 2 - i n . 
d i a m e t e r co res were r emoved f r o m the s t r u c t u r e f o r add i t iona l study. The locat ions 
se lected f o r s a m p l i n g were chosen to p e r m i t compar i sons of zones . represent ing the 
f u l l range of pulse ve loc i t y values . Compress ive s t rength values were made on a l l 
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Figure 2. Soniscope tests on slab and buttress dam 
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specimens of sui table length; however , due to the poor condi t ion of the concre te i n the 
low v e l o c i t y regions , i t was not poss ib le to obta in sui table test specimens i n such zones. 
Thus , wh i l e a pulse v e l o c i t y - s t r e n g t h r e l a t ionsh ip was obtained ^Fig. 3) t h i s was c o n 
f i n e d to concre te above 2, 000 p s i and 10, 000 f p s , the range of r e l a t i v e l y good concrete 
and where s t reng th d i s c r i m i n a t i o n i s d i f f i c u l t . On the o ther hand, d r i l l i n g observat ions 
and core r ecove ry c o r r e l a t e d v e r y w e l l w i t h pulse v e l o c i t i e s . In areas where the v e l o c 
i t y was be low 5,000 f p s , concrete was weak and could not be co red and no samples were 
obtained. Between 5,000 and 10,000 f p s , only th ree co res sui table f o r t e s t ing were 
r ecovered . The core r ecove ry co r re spond ing to ve loc i t i e s above 12,000 f p s was ex 
t r e m e l y good. 

A s a f u r t h e r evaluat ion of the soniscope, pulse v e l o c i t y measurements were compared 
w i t h an index of d r i l l i n g res is tance . D u r i n g the c o r i n g opera t ion , d r i l l i n g res is tance 
was a r b i t r a r i l y assessed and d iv ided in to three ca tegor ies , h igh , m e d i u m and low. 
Each hole was ra ted i n accordance w i t h the number of inches of the three types of r e 
s is tance encountered i n twelve inches of d r i l l i n g . Data f o r holes not d r i l l e d the f u l l 
12 i n . we re su i tab ly adjus ted . H i g h res is tance was a r b i t r a r i l y es tabl ished as th ree 
un i t s of res is tance p e r inch and m e d i u m and low res is tance two and one un i t s , respec
t i v e l y . Ratings t h e r e f o r e , ranged f r o m a l ow of 12 f o r 12 i n . of l ow res is tance to 36 
f o r 12 i n . of h igh res i s tance . The ra t ings were p lo t t ed against the co r re spond ing pulse 
v e l o c i t y readings f o r the concre te i n - s i t u ^Fig. 4) . I t was noted that a reasonable c o r 
r e l a t i o n was obtained. 

Subsequent to the i n i t i a l survey, 6 slabs were selected f o r r epe t i t i ve measurement 
to p rov ide a genera l p i c t u r e of the p r o g r e s s of d e t e r i o r a t i o n . In the o v e r - a l l ana lys i s 
of the r e su l t s , ove r a p e r i o d of 5 yea r s , l i m i t e d extensions of the low v e l o c i t y zones 
were observed (Fig. 5) as w e l l as a p r o g r e s s i v e r educ t ion i n pulse v e l o c i t y . A p a r t 
f r o m th i s genera l t r e n d , a p o i n t - b y - p o i n t study of the measurements revea led a n u m 
b e r of d i sc repanc ies due i n p a r t to poss ib le m i s a l i g n m e n t of the t r ansducer s , i n c o r 
r ec t c a l cu l a t i on of path length and n o r m a l l y poor r e p r o d u c i b i l i t y i n d e t e r i o r a t e d c o n 
c re t e . These sources of poss ib le e r r o r a re covered m o r e comple te ly i n a l a t e r sec
t i o n . 
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40 

Strength Development 

E a r l y re -use of f o r m w o r k o r discontinuance of c u r i n g and p r o t e c t i v e measures a re 
o f t e n necessary f r o m an economic poin t of v i ew. The ra te at which concre te develops 
s t reng th i s genera l ly the l i m i t n g f a c t o r i n such opera t ions . A c c o r d i n g l y , the a b i l i t y 
to f o l l o w non-des t ruc t ive ly the s t rength development i n a s t r u c t u r e i s o f t e n des i r ab le . 

Such a p r o b l e m arose r ecen t ly i n connection w i t h the tunnel conc re t i ng at the C o m 
m i s s i o n ' s new S i r A d a m B e c k Generat ing Stat ion at Niagara F a l l s , On ta r io . T h e r e i t 
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Figure ^. Soniscope tests on slab and buttress dam. 
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was r e q u i r e d that the concrete a t t a in ade
quate s t reng th to p e r m i t s t r i p p i n g of the 
s tee l f o r m s at the age of twe lve hours . 
D u r i n g the test p r o g r a m , cons iderable data 
were obtained r e l a t i n g pulse v e l o c i t y and 
s t reng th . These data were p r e v i o u s l y r e 
p o r t e d by P a r k e r (4) who demons t ra ted 
that t h i s r e l a t ionsh ip between pulse v e l o c i t y 
and s t rength would be p r a c t i c a l at l eve l s 
be low 1,000 o r 1,500 p s i where v a r i a t i o n s 
wou ld not be l i k e l y to exceed a f e w hundred 
pounds p e r square inch . A t the h igher 
s t rengths , however , the poss ib le e r r o r s 
cou ld exceed 1,000 p s i and such v a r i a t i o n 
would be too l a rge to p r e d i c t s t reng th w i t h 
s u f f i c i e n t accuracy . 

I n a l a t e r inves t iga t ion (5), the s o n i -
scope was used to study means of f a c i l i t a 
t i n g w i n t e r cons t ruc t i on of t ower foo t ings 
i n r emote n o r t h e r l y loca t ions . P r e l i m i 
na ry tes ts i n the l a b o r a t o r y es tabl i shed 
the pulse v e l o c i t y - s t r e n g t h r e l a t ionsh ip 

shown i n F i g u r e 6 f o r an a luminous cement concre te us ing job m a t e r i a l s . T w o tes t 
s labs , u s ing these m a t e r i a l s , we re cast and c u r e d under f i e l d condi t ions . Both slabs 
w e r e p ro t ec t ed by i n s u l a t i o n but one was cast ins ide a tent where the average founda
t i o n t e m p e r a t u r e was 40 F w h i l e the o ther was cast outs ide where the founda t ion t e m p e r 
a ture averaged 20 F . F o r compar i son , companion slabs, u s ing a h i g h - e a r l y - s t r e n g t h 
cement and 2 percen t c a l c i u m c h l o r i d e , we re s i m i l a r l y p r e p a r e d and c u r e d . F r o m the 
pulse v e l o c i t y measurements on the a luminous cement specimens , wh ich w e r e s t a r t ed 
as e a r l y as hours a f t e r cas t ing, the age-s t reng th r e l a t ionsh ip shown i n F i g u r e 7 
was es tabl i shed. However , i t was not poss ib le to t r a n s m i t th rough the HES specimens 
under these condi t ions , u n t i l they had reached an age of 18 h r . F u r t h e r i n d i c a t i o n of 
the s u p e r i o r i t y of the a luminous cement i n t h i s app l i ca t ion was p r o v i d e d by an examina 
t i o n of specimens r emoved f r o m the slabs 4 days a f t e r cas t ing . T h i s revea led that 
f r a c t u r e s , w h i c h o c c u r r e d i n the specimens d u r i n g r e m o v a l , w e r e conf ined to the 
m o r t a r i n the HES concre te but i n the a luminous cement concre te were also th rough 
the aggregate. P o r t i o n s of r o c k adher ing to the bo t tom of the l a t t e r specimens also i l 
l u s t r a t e d the exce l len t bond that ex i s ted between the concre te and the founda t ion . 

Figure 7- Estimated strength vs age, 
aluminous cement concrete (mixed and 

placed at 5 0 F ) . 



Figure b. Specimen mould f o r studying 
s e t t i n g "behaviour of concrete. 

This last example has demonstrated 
a pract ica l application of the soniscope 
in providing quantitative data on the be
haviour of these mater ia ls under actual 
f ield conditions where other testing meth
ods would have been impossible and only 
limited qualitative information could have 
been obtained. 

Pulse Velocity vs Strength .. . : 

The previous investigations, while 
demonstrating reasonably good c o r r e l a 
tion between pulse velocity and strength 
at early ages, have also shown that pulse 
velocity is an insensitive index of strength 
at higher levels. Further confirmation of 
this was provided by soniscope measure
ments on more than 200 standard test 
specimens immediately before they were 
tested in compression. Although a relationship did exist, it was not sufficiently p r e 
c i se to allow the accurate prediction of compressive strength. 

In condition surveys of structures in serv ice , most soniscope operators have been 
requested, at one time or another, to predict the compressive strength of the concrete 
on the basis of pulse velocity measurements. T h i s , of course, i s generally impossible, 
not only because of the relatively poor relationship between pulse velocity and strength in 
in mature concrete but also the effect of the various ingredients of the concrete on these 
properties. S imi lar ly , it has been shown that pulse velocity measurements are greatly 
influenced by either a cracking condition in the structure or a low modulus concrete, 
whereas compressive strength is a poor indication of these conditions. 

Setting Behaviour of Concrete 

In view of the relationship established between pulse velocity and age of concrete by 
these previous tests, as well as work done by Whitehurst C6), Jones (7) and others, 
it seemed only natural that pulse velocity techniques should be used to study the setting 
behaviour of concrete. Although the accuracy of soniscope measurements decreases as 
the path length i s shortened, early tests showed that a short path length is necessary 
in plastic concrete due to the high attenuation of the signal strength. Hence, a special 
mold (Fig. 8) was made for such studies. T h i s consisted of rubberized cork sides and 
steel end plates in which the transducers were set. It was therefore possible to make 
pulse velocity measurements immediately after the concrete was placed. T h i s pro
cedure did, however, l imit the number of specimens that could be tested at any one 
time. Figure 9 shows the velocity vs age relationship for severa l batches of a high 
early strength concrete mix. It was observed that the pulse velocity remained steady 
at values between 1, 000 and 2, 000 fps for approximately 1% h r and then, at a time 
closely coinciding with the time of set fVicat) of the cement, abruptly began to increase 
at a constant rate. Eventually another change in slope of the curve was observed, 
but this was gradual, often poorly defined and varied from specimen to specimen. 
While these tests seem to give a good picture of the actual hardening process in the con
crete they do dispel any idea that "final set" is a well-defined condition. '•>. 

Effect of Reinforcing Steel 

Since the velocity of sound in steel i s somewhat higher than in concrete there is na
turally speculation as to the effect of steel in the proximity of the transmiss ion path on 
the apparent pulse velocity. Limited studies were made on a 6-, 12-, 20-in. block of 
concrete with a i - i n . diameter steel bar paral le l to and 3 in. from the 6-, 12-in. face. 
The velocities of sound in the steel and concrete were measured and the shortest periods 
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f o r t r a v e r s i n g the b lock were ca lcu la ted 
f o r v a r i ous pos i t ions of the t r ansducer s . 
Measurements were then made and the r e 
sul ts compared w i t h the t heo re t i c a l cu rves 
( F i g . 10). Al though these tests showed 
such exce l len t c o r r e l a t i o n between the ac
tua l and t heo re t i c a l behaviour , s i m i l a r 
tes ts on a precas t concrete slab w i t h ' A - i n . 
d i a m e t e r ba r s showed neg l ig ib le e f f ec t when 
t r ansmi s s ions were p a r a l l e l to and w i t h i n 
an inch of the s tee l . When one t r ansduce r 
was located d i r e c t l y on the s tee l , o r when 
t r a n s m i s s i o n s were d iagonal ly ac ross i t s 
pa th only s l igh t e f f ec t s were observed. 
S i m i l a r l y , i n tes ts on concre te p i e r s i n the 
f i e l d , i t was not poss ib le to detect the p r e s 
ence of % - i n . d i ame te r s t i r r u p s by an i n 

crease i n pulse v e l o c i t y . On the o ther hand, a t tempts to a sce r t a in the depth of c r a c k s 
i n inspec t ion tunnels were n u l l i f i e d by the concen t ra t ion of r e i n f o r c e m e n t i n these r e g 
ions . 

Al though the d e t e r m i n i n g f a c t o r i s the bond between the concre te and the s tee l , c e r 
t a i n obvious conclus ions were d r a w n f r o m these ejqperiences. These a re , that the e f 
f e c t of s tee l on pulse v e l o c i t y measurements depends upon the p r o x i m i t y of the s tee l to 
the t r a n s m i s s i o n path, the size and concen t ra t ion of the r e i n f o r c i n g , the distance be 
tween t r ansduce r s and, of course , the r e l a t i v e v e l o c i t i e s i n concrete and s teel . Al though 
l i g h t r e i n f o r c e m e n t seems to have neg l ig ib le e f f ec t upon pulse v e l o c i t y measurements , 
i n v i e w of the many unce r t a in t i e s , i t i s advisable to avo id where poss ib le t r a n s m i s s i o n s 
c lose and p a r a l l e l to the d i r e c t i o n of s tee l p a r t i c u l a r l y i n heav i ly r e i n f o r c e d s t r u c t u r e s . 

E f f e c t of M o i s t u r e Content on Pulse V e l o c i t y 

I n o r d e r to evaluate the qua l i ty of the concre te i n one of the C o m m i s s i o n ' s g r a v i t y 
s t r u c t u r e s , 6 - i n . co re s w e r e r emoved f o r s tudy. L a b o r a t o r y tes ts inc luded soniscope 
measurements on 6- , 1 2 - i n . specimens i n both the d r y and sa tura ted condi t ions . W i t h 
a f e w except ions, the r e s u l t s showed increases i n pulse v e l o c i t y , when the specimens 
w e r e sa tura ted , by amounts v a r y i n g f r o m 6 to 22 percent . The average increase was 
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T A B L E ! 

EFFECT OF FREEZING 
ON 

PULSE VELOCITY AND RESONANT FREQUENCY 
OF GREEN CONCRETE 

A ... PULSE VELOCITY IN FPS 

CONDITION 
AGE AT INITIAL FREEZING IN HOURS 

CONDITION NON-AIR-ENTRAINED AIR-ENTRAINED CONDITION 
24 48 72 24 48 72 

BEFORE FREEZING 12,700 14,200 14,700 11,000 13,100 13,500 

6 HRS. IN FREEZER 17,000 17,500 17,100 16,000 15,900 15,700 

23 HRS. IN FREEZER 17,500 17,300 17,600 16,200 16,000 16,100 

AFTER THAWING - 7 HRS. AT 73F 12,600 14.100 14,700 11,700 13,000 13,400 

B ... RESONANT FREQUENCY IN CPS 

BEFORE FREEZING 1510 1760 1850 1380 1600 1720 

6 HRS. IN FREEZER 2190 2240 2220 2060 2070 2060 

23 HRS. IN FREEZER 2260 2290 2260 2100 2070 2090 

AFTER THAWING - 7 HRS. AT 73F 1600 1750 1810 1480 1600 1700 

approx ima te ly 12 percent . I t was f i r s t suspected that perhaps the l a r g e r increases 
were associated w i t h h ighe r absorp t ion a n d / o r voids content of the specimens. How
ever , a c o m p a r i s o n of these p r o p e r t i e s w i t h the increase i n pulse v e l o c i t y showed no 
coherent r e l a t ionsh ip . Al though, the e f f e c t of m o i s t u r e content of concrete mus t ob 
v ious ly be taken into account i n ana lys ing pulse v e l o c i t y data, i t s magnitude cannot be 
p r ed i c t ed w i t h c e r t a i n ty . However , i n o r d e r to reduce the v a r i a b i l i t y i n l a b o r a t o r y 
specimens, i t i s cus tomary to c a r r y out compara t ive measurements i n the sa tura ted 
condi t ion , a p r ac t i c e f o l l o w e d by mos t o rganiza t ions f o r resonance tes t ing , wh ich i s 
s i m i l a r l y a f f ec t ed by the m o i s t u r e content of the specimen. In surveys of s m a l l 
s t r u c t u r e s such as tower foo t ings , the a t tempt to repeat measurements i s made at the 
same t i m e of yea r . I n l a rge masses of concre te , i t i s f e l t that m o i s t u r e content w i l l 
change v e r y s l i g h t l y and the v a r i a t i o n wou ld t h e r e f o r e be less i m p o r t a n t . 

Recently, soniscope measurements were made on a 4 - , 6 - f t s lab, 6 i n . deep that 
had been a l lowed to d r y . Due to an a b n o r m a l amount of i n t e r f e r e n c e on the screen , i t 
was not poss ib le to def ine the f i r s t r ece ived pulse p r o p e r l y . However , when the slab 
was again sa turated, the i n t e r f e r e n c e was e l i m i n a t e d and v e l o c i t y measurements were 
r ead i ly obtained. S i m i l a r i n t e r f e r e n c e has been encountered i n r e l a t i v e l y d r y co res 
and d i sca rded d u r a b i l i t y specimens. The p r o b l e m was diagnosed as a case where 
r eve rbe ra t i ons were set up i n the d r y concre te due to the r e l a t i v e l y high pulse r e p e t i 
t i o n ra te (100 p e r second). T h i s p r o b l e m was subsequently ove rcome by reduc ing the 
pulse r e p e t i t i o n ra te i n the i n s t rumen t to 50 p e r second. Whi l e t h i s i n f o r m a t i o n may 
be of l i t t l e t echn ica l impor t ance , i t has been inc luded f o r the bene f i t of those who may 
have exper ienced s i m i l a r d i f f i c u l t i e s . 

E f f e c t of F r e e z i n g Concrete on Pulse V e l o c i t y 

Severa l specimens of both a i r - and n o n - a i r - e n t r a i n e d concre tes w e r e made and f r o 
zen at d i f f e r e n t ages, v i z , 24, 48 and 72 hours . Bo th pulse ve loc i t y and resonant f r e 
quency measurements were made, i m m e d i a t e l y be fo re f r e e z i n g , 6 and 23 hours a f t e r 
f r e e z i n g and 7 hours a f t e r thawing (Table 1). Pulse ve loc i t y and resonant f r equency 
values increased apprec iab ly w i t h 6 h r f r e e z i n g , and a f u r t h e r s l igh t increase was 
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TABLE II 

EFFECT OF FREEZING 
ON 

PULSE VELOCITY AND RESONANT FREQUENCY 
OF DETERIORATED CONCRETE 

A ... PULSE VELOCITY 

CONDITION SPEC. 
NO. I 

SPEC. 
NO. 2 

SPEC. 
NO. 3 

SPEC. 
NO. 4 

DRY f l 6 7 DAYS IN LAB. AIR] 4700 7300 8500 9400 

SATURATED [48 HRS. IN WATER AT 73F] 9400 10,200 11,900 12,200 

FROZEN [21 HRS. AT OF 15,800 16,200 16,200 16,200 

THAWED [23 HRS. IN WATER AT 73F] 9000 10,400 11,400 12,000 

B ... RESONANT FREQUENCY 

DRY [167 DAYS IN LAB. AIR] 1480 1190 1090 94 C 

SATURATED [48 HRS. IN WATER AT 73Fl 1360 1240 1040 HOC 

FROZEN [21 HRS. AT OF] 2070 2060 2070 2000 

THAWED [23 HRS. IN WATER AT 73F] 1520 1220 980 1060 

observed a f t e r the add i t iona l 17 h r at below f r e e z i n g empera tu res . Of p a r t i c u l a r i n t e r 
est was the f a c t that a l though the younger specimens had l o w e r i n t i t i a l v e l o c i t y and 
f r equency values than the o lde r specimens, a f t e r 23 h r i n the f r o z e n condi t ion the values 
w e r e a p p r o x i m a t e l y the same i n a l l specimens, regard less of age. A l s o , when the 
specimens w e r e thawed, the pulse v e l o c i t y and resonant f r equency r e tu rned to the values 
observed i m m e d i a t e l y be fo re f r e e z i n g . 

S i m i l a r tes ts were made on specimens of hardened concrete that had f a i l e d i n the 
f r e e z i n g and thawing tes ts and were cons idered to represen t v a r i o u s degrees of d e t e r 
i o r a t i o n . A f t e r a p e r i o d of seve ra l months i n l a b o r a t o r y a i r , these specimens were 
sa tura ted , f r o z e n and subsequently thawed. Pulse ve loc i t y and resonant f r equency 
measurements were made on each spec imen i n the d r y , sa turated, f r o z e n and thawed 
condi t ions (Table 2). A s expected, the ve loc i t y inc reased a f t e r the concre te was 
sa tura ted but the resonant f r equency inc reased i n two specimens and decreased i n the 
o the r s . When f r o z e n , however , both the pulse v e l o c i t y and resonant f r equency values 
inc reased apprec iab ly and were again app rox ima te ly equal f o r a l l specimens regard less 
of the l e v e l of these values be fo re f r e e z i n g . Upon subsequent thawing, the values dropped 
to a l e v e l v a r y i n g only s l i g h t l y f r o m those observed i n the e a r l i e r sa turated, u n f r o z e n 
condi t ion . Apparen t ly , the c r acks and d i scon t inu i t i e s of the d e t e r i o r a t e d concre te , 
wh ich n o r m a l l y act as sound b a r r i e r s , when f i l l e d w i t h i ce , increase the r i g i d i t y of 
the specimen and the concrete behaves l i k e a homogeneous m a t e r i a l . Consequently, 
there i s a danger of e r roneous conclus ions when pulse v e l o c i t y measurements a re made 
on a d e t e r i o r a t e d s t r u c t u r e i n wh ich the concre te i s i n a sa tura ted and f r o z e n state. 

Detec t ion of S m a l l Vo ids i n Concrete 

I n o r d e r to assess the a b i l i t y of the soniscope to detect s m a l l voids o r o ther i n 
c lus ions , s eve ra l b locks of concrete were cast i n which misce l laneous objec ts were 
b u r i e d . Wi thou t p r ev ious knowledge by the ope ra to r of e i t h e r the nature o r the l o c a 
t i o n of these objec ts , soniscope measurements were made on each b l o c k and zones 
having doub t fu l p r o p e r t i e s were ou t l ined . A b n o r m a l responses were observed i n r e 
gions w h i c h were l a t e r revea led to conta in pockets of aggregate and pieces of i n su la t ing 
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boa rd ; i t was not poss ib le , however , to 
locate s eve ra l lengths of % - i n . d i ame te r 
s tee l conduit ( F i g . 11). T h i s i s p robab ly 
due to a combina t ion of the n o r m a l v a r i 
a b i l i t y of pulse ve loc i ty i n concrete and 
the f a c t that the sound pulses a re not suf 
f i c i e n t l y d i r e c t i o n a l and could t h e r e f o r e 
t r a v e l a round the s m a l l e r voids wi thout 
a detectable increase i n the t r a n s m i s s i o n 
t i m e . However , i t mus t be r e a l i z e d that 
the soniscope was developed p r i m a r i l y as 
a f i e l d t o o l f o r assess ing mass ive concre te 
s t r u c t u r e s and the f r equency , t r ansducer 
s ize and range were designed acco rd ing ly . 
Al though i t has on occas ion been su i tab ly 
adapted f o r t e s t ing s m a l l specimens i t 
does s u f f e r c e r t a i n l i m i t a t i o n s i n the 
s h o r t e r path length . However , w i t h c e r 
t a in m o d i f i c a t i o n s some of the s h o r t c o m 
ings may be ove rcome . 

Poss ib le E r r o r s i n Soniscope T e s t i n g 

13 a 14 0 14 3 14 3 

13 3 13 8 13 5 13 7 13 9 

14 9 13 6 13 6 13 6 13 3 

13 9 14 I 13 a 14 0 

13 9 13 9 13 9 13 6 14 0 

151 \m 
14 O^IZ 

13 9 12 

14 0 0 2 

S L A B NO I 

NO INCLUSIONS 

SLAB NO 2 
TWO - X 6 X 22 IN PIECES 

INSULATING BOARD 

L-lS-f-.U J . J14_ J3 1_ J l S J 

13 6 13 6 12 9 13 a 13 5 I 

^ _ 13 7 13 J _ J 3 . 7 _ J3_7_ _ 13 7 ^ 

SLAB NO 4 
THREE BAGS OF DRY AGGREGATE 

Figure 1 1 . Detection of voids in concrete 
blocks. Figures shovm are pulse velocity 
X 1 0 3 throiigh 8 i n . of concrete showing 
normal variation i n uniform concrete (slab 
No. l ) and the effects of various discon

t i n u i t i e s (slabs No. 2 , 3 and 4 ) . 

L i k e mos t tes t equipment, the s o n i 
scope i s not wi thou t l i m i t a t i o n s and i s 
subject to c e r t a i n t e s t ing e r r o r s . I n gen
e r a l , the magni tude of the e r r o r o r e r r o r s 
i s dependent upon the t r a n s m i s s i o n path , 
and may be neg l ig ib le i n the long path 
lengths but cou ld be apprec iab le i n the 
s h o r t e r dis tances . However , even i n the l a t t e r case, the poss ib le e r r o r s can be l i m 
i t e d by though t fu l p lann ing and e x e r c i s i n g c e r t a i n p recau t ions i n t e s t ing . 

I n the survey on the slab and bu t t r e s s dam, desc r ibed e a r l i e r , some d i f f i c u l t y was 
encountered i n m a i n t a i n i n g a l ignment of the t r ansduce r since the t r a n s m i t t e r had to 
be l o w e r e d in to the headpond by ropes. Since the slab v a r i e d i n th ickness f r o m 11 to 
27 i n . , i f the t r a n s m i t t e r were o f f by as l i t t l e as s i x inches, e r r o r s up to 14 percen t 
cou ld be in t roduced . I t was found , however , that m i s a l i g n m e n t of the t r ansduce r s cou ld 
o f t e n be detected when an apprec iab le and unexpected increase i n t r a n s m i s s i o n t i m e 
was observed and p a r t i c u l a r l y i f the re was no co r r e spond ing e f f e c t upon the pulse a m 
p l i tude . To reduce the p o s s i b i l i t i e s of e r r o r s caused by the t r a n s m i t t e r d r i f t i n g f r o m 
i t s t e s t po in t , p e r i o d i c checks were made by m o v i n g the r e c e i v e r u n t i l the p o s i t i o n of 
m i n i m u m t r a n s m i s s i o n t i m e was obtained. B y these precau t ions , i t was e s t ima ted 
that e r r o r s due to m i s a l i g n m e n t alone were kept be low 7 percent . 

Changes i n the pulse v e l o c i t y of the concrete i n the dam, a f t e r an i n t e r v a l of f o u r 
yea r s , a re i l l u s t r a t e d i n F i g u r e 12. A p a r t f r o m d e t e r i o r a t i o n that had taken place 
d u r i n g th i s p e r i o d , m i s a l i g n m e n t of the t r ansduce r s a long w i t h ope ra to r and random 
e r r o r s undoubtedly account f o r p a r t of the v a r i a t i o n s . The l a rge d i sc repanc ies i n the 
zones of o r i g i n a l l y l ow v e l o c i t y , however , a re m a i n l y due to pulses i n c r acked o r 
d e t e r i o r a t e d concre te be ing i l l - d e f i n e d i n any case. Ma the r (8) a lso observed that 
r e p r o d u c i b i l i t y i s poor i n concre te of t h i s qua l i ty . L o w ampl i tude a n d / o r p o o r l y de
f i n e d pulses a re o f t e n i n themselves an i n d i c a t i o n of l ow qua l i ty concre te al though they 
do compl ica te a t tempts to es tab l i sh t r ends i n d e t e r i o r a t i o n . I n t h i s concre te , however , 
i t was es t ima ted that ove r the 4 - y r i n t e r v a l , the average pulse v e l o c i t y decreased by 
480 f p s and 750 f p s , r e spec t ive ly , i n the l ow and h igh ve loc i t y reg ions . 

I n c o r r e c t measurement of the t r a n s m i s s i o n path i s a f u r t h e r source of e r r o r that 
i s d i f f i c u l t t o assess. Such e r r o r s m a y be in t roduced where the path length m u s t be 
ca lcu la ted o r sca led f r o m cons t ruc t i on d rawings o r m e r e l y by inaccura te measurements . 
I f the e r r o r i s l a rge , i t may be detected by the ejcperienced o p e r a t o r by readings that 
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Figure 12. Changes in pulse velocity i n a 
kO year old dam frcan 19l̂ 9 to 1953. 

are obviously inconsistent with amplitude 
of the pulses and the apparent quality of 
the concrete. 

Many er rors could be introduced into 
pulse velocity measurements by inexper
ienced or disinterested personnel handling 
the equipment. Obviously, the only way to 
overcome this problem, is to use consci
entious operators who are fu l ly aware of 
the implications and are wi l l ing to put for th 
a l i t t l e extra effor t to produce consistent 
results. In order to reduce er rors result
ing through the incorrect reduction of re
sults, special data sheets, in which the 
calculations follow a systematic order, have 
been found part icularly helpful. 

From past experience the following 
sequence has been established and proven 

to be of considerable assistance in preparing f o r a series of soniscope measurements. 
The set is permitted to warm up f o r a period of 10 to 20 minutes before tests are com
menced, after which i t is calibrated on a l l ranges to be used and suitably adjusted if 
required. With the time dial set to zero, the strobe and the transmitted pulse are 
aligned. Since i t has been found that the polarity of the f i r s t received pulse may be 
either positive or negative, depending upon the transducer combination, i t is advisable 
to establish this polarity by transmitting through a few feet of a i r p r io r to beginning 
the tests. Zero er ror , or the transducer delay time, is determined by holding the 
transmitter and receiver in contact and measuring the delay t ime. In this operation i t 
may be necessary to reduce the output of the transmitter to its minimum to prevent 
overloading the circui t and hence avoid erroneous results. The transducer delay 
should be recorded and must be subtracted f r o m a l l subsequent measurements. If 
tests with the soniscope continue f o r an extended t ime, periodic checks of the calibra
tion and the transducer delay time are recommended to determine any shift in the rela
tive position of the traces. 

Concluding Comments 

The Ontario Hydro has found pulse velocity testing with the soniscope the best method 
to date f o r assessing the quality of concrete in place. The depth of surface cracks has 
been measured with what is considered to be a reasonable degree of accuracy. Success
f u l transmissions through mass concrete blocks are considered indicative of freedom 
f r o m internal cracks. Although the soniscope has been used to fol low the strength 
development of concrete, the accuracy with which strength can be estimated f r o m 
pulse velocity values is l imited; however, under certain conditions, this may be ade
quate. In condition surveys there is no attempt, at the present, to reduce pulse veloc
ity to other properties (e. g. compressive strength or modulus of elasticity) but base 
assessment on the measurements themselves part icularly when datum readings are 
available. Undoubtedly, if a relationship could be established between strength and 
velocity, the value of the soniscope would be increased appreciably. 

Like most other test equipment, the soniscope is not without limitations, and per
haps these may have been over-emphasized. However, this is not intended to induce 
a lack of confidence in the apparatus but to provide a better understanding and perhaps 
a more intelligent interpretation of the results. Undoubtedly, the best assurance f o r 
reducing the possible er rors to a minimum and obtaining the most f r o m the equipment 
is a competent operator capable of using sound judgement in his interpretation of the 
results. 
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