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A Study on Compressive Strength Estimation of Underwater
Concrete Structures According to Water Depths

ABSTRACT

Harbor facilities require long-term durability and safety, and also maintain the performance requirement until the durability life.
However, existing harbor facilities are becoming superannuated with durable years and durability is declined by erosion of the sea and
damage from sea. In addition, harbor facilities will be in demand for the expansion of harbor and offshore structures with rising
economic power by enhancement of domestic industry and increase of import and export. Therefore, in this study, two kinds of
nondestructive test (NDT) techniques (schmidt rebound hammer and ultrasonic sensor) are verified for the effective maintenance of
underwater concrete structures including harbor facilities. Sea field applicability of Schmidt hammer and ultrasonic sensor was verified
by comparing field test result with sea field test result and also deduced the compressive strength estimation equation by depth of the
water. On the basis of the sea field test result, compressive strength estimation equation which was deduced by multiple regression
analysis indicated highest accuracy compared to other equations, especially it will be more likely to be used in underwater because of
the depth of water correction. In the future, if schmidt hammer and ultrasonic sensor which were invented as waterproofing are used
with ROV (Remotely Operated Vehicle), it will be possible to make a diagnosis of high reliability for underwater concrete structures
and set up a ubiquitous concept of NDT system.
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Fig. 1. Design Diagram for Schmidt Hammer's Waterproof Case

Fig. 2. Schmidt Hammer with a Waterproof Case
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Fig. 3. Ultrasonic Sensor with a Waterproof Case

Fig. 4. Details of Waterproof Case for Ultrasonic Sensor
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Table 1. Concrete Mixing Design Contents

Design Strength | Water |Cement| Sand | Gravel | SP admixture
(MPa) kg | kg) | kg) | (kg (&
30 3.795 7.59 | 19.67 | 10.65 37.95
40 3.795 8.83 | 17.98 | 22.40 44.13
45 3795 | 10.84 | 1647 | 22.5 108.43
200\ 3pMPa 201 40MPa 2001 45MPa

300 300 300

Fig. 5. Experimental Specimens for Field Tests
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Fig. 7. Field Test Photos
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Table 2. Results of Experiment by the Depth of the Sea
Desi Real Ultrasonic Wave Velocity (m/s) Rebound Hardness
esign .
Compressive In air In air
Strength 4 . 2M 4M In ai M 4M
el Strength | (before taping) (after taping) frai
30 31.35 4297 3080 3036.5 3027 42 - -
Relative error (%) - 28.32 29.33 29.55 - - -
40 ‘ 38.91 4529 3305 3268.5 3267 48 - -
Relative error (%) - 27.03 27.83 27.86 - - -
45 ‘ 46.2 4676.5 3457.5 3424 3419.5 60 - -
Relative error (%) - 26.07 26.78 26.89 - - -

Table 3. Results of Experiment by the Depth of the Sea After Correction - Ultrasonic Wave Sensor

. Real Compressive Ultrasonic Wave Velocity (m/s)
Design Strength

Strength In air (before taping) In air (after taping) 2M aM
30 3135 4297 4330 4260 4247
Relative error (%) - 0.07 0.86 1.16
40 ‘ 38.91 4529 4525 4488.5 4487
Relative error (%) - 0.09 0.89 0.93

45 ‘ 46.2 4676.5 4677.5 4644 4639.5
Relative error (%) - 0.02 0.70 0.79
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Fig. 8. Ultrasonic Wave Velocity by the Depth of the Sea -
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Table 4. Compressive Strength Estimation Based on Ultrasonic Wave Velocity-Relative Error

Equation of Compressive Strength Estimation Based on Ultrasonic Wave Velocity

Depthof|  Compressive Ultrasonic Wave
thesea | Strength (MPa) Velocity (m/s) A.rchitectural K. Yamada et al. |J. Pyszniak Y. Tanigawa Korhea Institute of Ocean| Eq.
Institute of Japan etal. Science & Technology | (17)
31.35 29.59 32.15 29.66 23.53 25.25 31.25
Relative error (%) 4260 5.61 2.55 5.39 24.94 19.46 0.32
38.91 1488.5 34.50 39.68 36.54 27.47 31.01 39.29
2M | Relative error (%) 11.33 1.98 6.10 29.40 20.30 0.98
46.2 2644 37.85 44.80 41.78 30.15 35.68 44.77
Relative error (%) 18.08 3.03 9.57 34.74 22.77 3.10
Average relative error (%) 11.66 2.52 7.02 29.69 20.84 1.47
31.35 e 29.31 31.73 29.29 23.30 24.96 31.09
Relative error (%) 6.51 1.21 6.58 25.68 20.38 0.83
3891 e 34.47 39.63 36.49 27.44 30.97 39.54
4M | Relative error (%) 11.41 1.85 6.22 29.48 20.41 1.62
46.2 4639.5 37.75 44.66 41.61 30.07 35.53 4491
Relative error (%) 18.29 3.33 9.94 3491 23.10 2.79
Average relative error (%) 12.07 2.13 7.58 30.02 21.30 1.75
Table 5. Compressive Strength Estimation Based on Rebound Hardness & Ultrasonic Wave Velocity-Relative Error
Equation of Compressive Strength Estimation Based on Rebound Hardness
Depthof|  Compressive Ultrasonic Wave
thesea | Strength (MPa) Velocity (m/s) Architectural U. Bellander Y. Tanigawa | T. Akashi |Korea Institute of Ocean| Eq.
Institute of Japan etal. etal. Science & Technology | (18)
31.35 40.41 68.26 48.96 57.84 29.56 31.59
Relative error (%) 4260 28.90 117.74 56.17 84.50 5.71 0.77
38.91 53.53 107.61 59.18 192.86 36.84 39.75
2M Relative error (%) 88 37.57 176.56 52.09 395.66 532 2.16
46.2 2644 61.77 136.70 65.31 86.47 42.37 45.22
Relative error (%) 33.70 195.89 41.36 87.16 8.29 2.11
Average relative error (%) 33.39 163.40 49.87 189.11 6.44 1.68
31.35 oy 40.01 68.15 48.86 57.66 29.21 31.27
Relative error (%) 27.62 117.38 55.85 83.92 6.83 0.26
38.91 1487 53.49 107.60 59.17 192.80 36.80 39.81
4M | Relative error (%) 37.33 176.54 52.06 395.50 5.42 2.31
46.2 4639.5 61.65 136.66 65.28 86.39 42.23 45.18
Relative error (%) 33.44 195.80 51.30 87.0 8.59 2.21
Average relative error (%) 32.80 163.24 53.07 188.81 6.95 1.59
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