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Experimental study for the Non-destructive testing of the concrete in water

Shinya WATANABE, Shigemi SAKODA, Yoshimatsu TETSU and Akihito TAKEUCHI

Abstract

In Japan, modern engineering structures have begun to be built since the Meiji era. Concrete or iron and steel
are used in these structures mainly. Although such concrete structures are a few, they are rather in use. However,
it is known that the concrete may deteriorate when it is exposed to water. Therefore, that the concrete is exposed
to deteriorate in long term under water environment. As a result appropriate repair and reinforcement actions must
be implemented in order to prolong the serve life of structures and to sustain their sapid the in safety. It is necessary
to understand the state of the concrete before repair and reinforcement. Many nondestructive testing methods are
developed, and, the techniques for, investigation and check it are used for land concrete structures. However, the
conventional techniques are not suitalde for structures under the water. Therefore we attempted to diagnosis the a
nondestructive testing method for the concrete in the water in this study. The method we developed is a combination
of rebound value and supersonic wave velocity. As a result, it was clarified that it is possible to estimate compressive
strength of the concrete by waterproofness and pressure tightness to nondestructive testing device of the concrete

under water-environment.
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Photo1 Underwater rebound hammer

Photo 2 Underwater supersonic wave measurement device
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Table 1 Mixture proportions of concrete

welsa |l w | ¢ | s | G Ad
(%) (%) (kg/m?®) (CX%)
30 42 | 163 | 543 | 690 | 961 | 0.6
50 43 | 163 | 326 | 785 | 1048 | 0.6
70 45 | 163 | 233 | 856 | 1054 | 0.4
90 47 | 163 | 181 | 914 | 1039 | 0.4

Ad : High-range water-reducing and air entraining admixture
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Table 2 Measurement items and methods

Items Method
Unit mass of concrete Mass/Volume
Longjtudinal wave velocity JCI Recommendation
Dynamic modulus of elasticity JIS A 1127
Compressive strength JIS A 1108
Elastic modulus of elasticity JIS A 1149
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Fig. 2 Relationship between compressive strength and longitudinal wave velocity in underwater
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Appearance Underwater Compressive Compressive
No. longitudinr?ll wave | rebound number | strength qf the strength of the
velocity core specimen standard

(km/s) (=) (MPa) (MPa)
1 3.84 23.1 23.7 21.8
2 3.80 17.1 13.5 11.0
3 4.39 42.9 50.4 54.8
4 3.71 17.3 7.1 8.3
5 4.13 28.0 30.0 30.8
6 4.00 23.2 17.7 17.3
7 4.54 42.2 51.9 62.4
8 4.00 18.4 11.6 12.4
9 4.19 29.1 32.2 33.8
10 4.22 24.1 21.1 20.3
11 4.59 45.8 51.9 64.6
12 4.12 18.3 13.7 14.9
13 4.31 30.2 36.1 37.0
14 4.22 23.8 25.1 23.4
15 4.70 51.6 60.1 72.5
16 4.19 23.5 14.9 15.9
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Table 4 Mixture proportions of concrete

welsal w | c| s | 6 | ad
(%) (%) (kg/m?) (Cx%)
30 | 42 | 163 | 543 | 690 | 961 | 0.7
90 | 47 | 163 | 181 | 914 | 1039 | 0.7

Ad : High-range water-reducing and air entraining admixture

7cm, 10cm, 15cm 3 & OF20cm @ 8 SAERAIERIL 72, 2
Y7V — MITERIHBRICHA, 2 0% 20+ 2°C T28HM
KL BT 1z,

(3) RBEHB L OB

ARHPIERER A 2 BN O KR (1t 85cm, f# 63cm, ¥
& 38cm, & 204L) AW THBREZIT - /2, KEHE
WL L Ok ) N > Ry = —HBR 21T - 121k,
a7y ERAWTERZE 10mXE S 20cm O a2 7 B A
BRI 7. 20k, 3 7 HEEEE W CIEBE - B
Bixfrolz, BBHEEB X OHIE % Table5 1277,

Table 5 Measurement items and methods

Items Method
Mass/Volume

Unit mass of concrete

Longjtudinal wave velocity JCI Recommendation

Dynamic modulus of elasticity JIS A 1127
Compressive strength JIS A 1108
Elastic modulus of elasticity JIS A 1149
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