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and transmission wave pressure. Their relationship is

Pr_pg . ()

e

=D, 3)
(4
in which R and D is respectively called reflective
and transmission coefficient. Use the impedance of
difference material at interface to compute

= 2Z,
D=yt ®)

The equation of equilibrium of sound pressure is
Pr+Pe=pgor 1+R=D (6)

In order to detect the behavior of reinforced
concrete by using the ultrasonic technique. Applica-
tion of ultrasonic pulse velocity to predicting whether
the steel corrosion of reinforced concrete or not is
described in the following:

Chung and Law [4] considered that when ultra-
sonic pulse propagates in concrete, the passing time
is the sum of pulse through the coarse aggregate,
fine aggregate and cement paste. Let L¢, Ly, L, and
Lp are respectively denoted the passing length in
corresponding ultrasonic pulse velocity is respec-
tively V¢, Vi, V, and V,. Hence:

Le=Li+ L, + Lp, @)
However,

Li=KALp, ©)
L, = KAyLp. (10)

in which K is test constant (K=0.3 for experience
value ), A; is the volume ratio of coarse aggregate to
cement paste, A, is the volume ratio of fine aggregate
to cement paste. From Eqs. (7) and (8), one gets

Y

- 1
=1+KA,+KA, KA, K&, - (11)

When ultrasonic pulse propagates in the rein-
forced concrete, the wave velocity is

L

Vo= A (12)

+

t~

L¢
V.

<L

in which Le and Ls are respectively reinforced con-
crete and steel length, Vs is the wave velocity in steel.

Chung [1] pointed out that when wave path is
vertical to steel, the wave velocity of reinforced con-
crete is

V-,
d ’

V.=V, —-104x (13)
in which Ve, Vc and Vs are respectively the wave
velocity of reinforced concrete, concrete and steel, d
is the diameter of steel.

British Standard institution [5] suggested that
when the ultrasonic pulse propagates vertically
the steel direction, the measured velocity must be
multiplied a modified coefficient according to the
ratio of sum of steel diameter (Ls) to total pass length

(L).
EXPERIMENTAL PROGRAM

Table 1 indicates the test sample size. Figure 1
shows the test equipments of ultrasonic pulse veloc-
ity and amplitude. For the ultrasonic pulse velocity,
turn the decay control gate on the line of wave front
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Fig. 1. Test equipment.

Table 1. Test sample size

Sample kind Without corrosion  With corrosion
Sample diameter (cm) 10,12,15 10,12,15
Sample length (cm) 20 20
Steel number (#) 4,58 4,5.8
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and adjust the velocity button so that numerical indi-
cator shows sample length. Finally, turn DIS to VEL
from transducer to get velocity. In the case of the
ultrasonic pulse amplitude, firstly place the dry col-
umn sample on the rotational disk and turn the ultra-
sonic tester to zero and then countclockwise it for
beginning scan. The scanner will turn up 0.508cm
after rotational disk taking a round. The ultrasonic
tester associated with C-SCAN Signal Analysis and
Display (Version 4) software acquires the percent
of amplitude of reflective wave. This percent can
be shown on the screen with different color (see
Figure 2). The amplitude graph obtained from C-
SCAN can be used to predict the corrosive damage of
reinforced concrete cylinder.

RESULTS AND ANALYSIS
Ultmsonic Pulse Velocity

Tables 2 and 3 present the velocity of reinforced
concrete with different steel diameters and cover
thickness. In neglecting the influence of cover thick-
ness, the velocity obtained from Eq. (12) is larger
than the measurement velocity. However, the veloc-
ity obtained from British Standard Institution is
closed to the measured velocity. Comparing with the
velocity estimated from Eq. (12), the mean error of
specimens with w/c = 0.5 is higher than that of speci-
mens with w/c = 0.6. Hence, when ultrasonic wave
propagates vertical to the steel direction, one can
use ultrasonic pulse velocity to detect the steel within
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reinforced concrete structures provided that the
steel diameter is larger than or equal to 1.27 cm or
the cover thickness is less than or equal to 6.23 cm.

Table 4 shows the velocity of corrosive damage
of reinforced concrete structures. The velocity with
corrosion is less than the velocity without corrosion.
The velocity of corrosive specimen with wic = 0.5
decreases 0.05 - 0.09 km/sec while ihe velocity of
corrosive sample with w/c = 0.6 decreases 0.14 -
0.18km/sec. Hence, one can use the ultrasonic pulse
velocity to detect the corrosion of steel within rein-
forced concrete structures.

Ultrasonic Pulse Amplitude

Table 5 shows the reflective and transmission
coefficient and decay value at interface between
concrete and steel. Figures 3 - 4 show the results
of ultrasonic pulse amplitude for A-team of rein-
forced concrete. From Figure 4 one knows that the
decayed value of No. 8 without corrosive steel of
reinforced concrete is ranged from 10 % to 15 %.
This decayed value is lower than the theoretical value
does. The less steel diameter, the lower decayed
value. Hence, the decayed value of No. 5 without
corrosive steel of reinforced concrete (see Figure 4)
is lower than 5 %. If the steel number is lower than
No. 5, then the ultrasonic pulse amplitude can not
detect the existence of steel in reinforced concrete
structures.

Figures 5 - 6 show the results of ultrasonic pulse
amplitude for B-team reinforced concrete. The per-

Table 2. The ultrasonic pulse velocity of reinforced concrete with w/c = 0.6

Use different steel under the  Use different diameter of Mean
same diameter of sample sample under the same # 8 error
Concrete velocity 4.33 441
(km/sec)
Steel No. #8 #5 #4 #38 #8 #8
Diameter of sam- 10 10 10 10 12 15
ple (cm)
Measured 4.77 4.62 4.53 4.71 4.65 4.56
velocity
Velocity esti- 4.61 4.5 4.47 4.68 4.63 4.58 0.068
mated from
Eq. (12)
Velocity esti- 5.13 4.8 4.57 5.16 5.16 5.16 0.357
mated from
Eq. (13)
Velocity esti- 4.71 4.58 4.53 4.79 475 4.68 0.067

mated from
modified coefficient
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Table 3. The ultrasonic pulse velocity of reinforced concrete with w/c = 0.5

Use different steel under the Use different diameter of Mean
same diameter of sample sample under the same # 8 error
' steel
Concrete velocity 4.47 4.54
(km/sec) ‘
Steel No. # 8 #5 #4 #8 #8 # 8
Diameter of sam- 10 10 10 10 12 15
ple (cm)
Measured 4.85 4.75 4.65 4.81 4.78 4.7
velocity
Velocity esti- 4.73 4.63 4.59 4.78 4.74 4.7 0.062
mated from
Eq. (12) .
Velocity esti- 5.18 4.89 4.69 521 5.21 5.21 0.308
mated from
Eq. (13)
Velocity esti- 4.86 4.73 4.68 4.93 4.89 4.82 0.068
mated from

modified coefficient

Table 4. The velocity of corrosive damage of reinforced concrete structures A team: Sample diameter 10
cm with different steel No.

w/C 0.5 0.6

Steel No. #8 #5 #4 # 8 #5 #4

Without corrosion 4.85 4.75 4.65 4.77 4.62 4.53

Saw type corrosion 4.85 4.74 4.66 4.77 4.7 4.53
Natural corrosion 4.74 4.6

B team: use steel No. 8 with different sample diameter

Sample diameter 10 12 15 10 12 15

Without corrosion 4.81 4.78 4.7 4.71 4.65 4.56

With corrosion by us- 4.72 4.73 4.63 4.57 4.51 4.38

ing electric potential

Fig. 2. The relationship of decayed amplitude of reflective wave with
color.

Fig. 5. Amplitude diagram without steel corrosion in the RC structures
(diameter = 12 cm, W/C = 0.6, 62 dB).

Fig. 3. Amplitude diagram of No. 8 without steel corrosion in the RC
structures.

Fig. 4. Amplitude diagram of No. 5 wihout 1 001on 1the C Fig. 6.  Amplitude diagram of steel corrosion in the RC structures with
structures. electric potential (diameter = 12 cm, W/C = 0.6, 62 dB).
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Table 5. The reflective and transmission coefficient at inter-
face between concrete and steel

Team W/C Concrete-Steel Steel-Concrete Decay value (%)
R D R D

A 05 0602 1602 -0.602 0.398 36.24
0.6 0616 1.616 -0.616 0.384 37.95
B 05 0592 1592 -0.592 0.408 35.05
0.6 0.062 1602 -0.602 0.398 36.24

Table 6. Percent (%) of decayed amplitude of B team

reinforcent concrete
wie 0.5 0.6
Sample diameter (cm) 10 12 15 10 12 15
Without plus 80 70 55 80 70 60
electric potential
With plus 50 55 20 55 35 15

electric potential

cent of amplitude after decay is indicated in Table 6.
Table 6 denotes that the sample diameter increases,
the decayed value increases. Hence, one can use the
ultrasonic pulse amplitude to predict the steel corro-
sion.

CONCLUSIONS

Based on ultrasonic pulse velocity and ampli-
tude, the steel in reinforced concrete structures can
be detected. Using equation (12) and Table 4, the
measured pulse velocity of reinforced concrete struc-
tures is reliable. For measuring the corrosive steel
in reinforced concrete structures, the corrosive steel
modeled by the saw-shape reinforced concrete can
not be detected whether steel corrosion or not by
the method of ultrasonic pulse velocity. However,
using ultrasonic pulse amplitude to measure the de-
cayed value is larger (10 % - 15%) than the amplitude
without steel corrosion does. After the steel corrodes,
the crack is formed at the interface between steel
and concrete. Therefore, the pulse velocity tends to
decreasing and the decayed value of amplitude of
reflective wave increases. Hence, both ultrasonic
pulse velocity and amplitude can be used to measure
the steel corrosion of reinforced concrete structures.
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