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Compressive Strength Estimation Technique of Underwater Concrete Structures using Both
Rebound Hardness and Ultrasonic Pulse Velocity Values
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Abstract

As the earth’s current global warming has caused elevation of sea water temperature, size of storms is foreseen to increase and
consequently large damages on port facilities are to be expected. In addition, due to the improved processing efficiency of port
cargo volume and increasing necessity for construction of eco-friendly port, demands for various forms of port facilities are
anticipated.

In this study, two kinds of nondestructive evaluation (NDE) techniques (rebound hardness and ultrasonic pulse velocity methods)
are investigated for the effective maintenance of smart green harbor system. A new methodology to estimate the underwater
concrete strengths is proposed and its feasibility is verified throughout a series of experimental works.

Keywords : Underwater concrete structures, Rebound hardness test, Schmidt hammer, Ultrasonic pulse velocity method,
Material property evaluation
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Fig. 1 ROV system concept
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Fig. 2 Rebound hardness test
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Fig. 3 Ultrasonic pulse velocity test
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(b) Schmidt hammer after
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(c) Design drawing that Schmidt hammer’'s underwater case

(d) 3D design drawing that Schmidt hammer’s underwater case

Fig. 4 Schmidt hammer
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Fig. 5 Underwater Ultrasonic Sensor
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Table 1 Concrete Mixing Design

Table 2 Testing Results

b0 | agnd | Gand | oamd | dahd | omm gl | el | Rebouna prraness @ | GRS
25 17.3 37.9 74.1 96.2 120 (MPa) (Mpa) in Air | under Water | in Air | under Water
28 165 40.1 72.3 98.8 124 % 24.45 34.3 429 40635 | 4092.8
32 15.8 448 715 94.3 110 Error Rate (%) 25.3 0.72
35 17.3 43.1 67.9 91.1 132 28 | 2813 372 | 461 41535 | 41817
37 187 52.8 64.4 90.8 159 Error Rate (%) 24.1 0.68
40 17.4 55.3 65.0 91.7 147 32 | 3178 389 | 478 42935 | 43252
44 17.1 57.8 66.7 98.8 146 Error Rate (%) 22.8 0.74
35 | 3436 412 | 503 44131 | 44458
Error Rate (%) 22.1 0.74
37 | 3751 431 | 523 14922 | 45213
Error Rate (%) 21.4 0.65
40 | 4012 446 | 539 45774 | 46053
Error Rate (%) 20.9 0.61
44| 4381 471 | 558 46115 | 46419
Error Rate (%) 18.4 0.66

(@) Ultrasonic pulse velocity (b) Ultrasonic pulse velocity
test in air condition test in under water condition

Fig. 6 Ultrasonic pulse velocity test

(@) Rebound Hardness Test (b) Rebound Hardness Test
in air condition in under water condition

Fig. 7 Rebound Hardness Test
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<Rebound Hardness(R) - Compressive Strength Graph>
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Fig. 8 Rebound Hardness — Compressive Strength

<Ultrasonic Pulse Velocity(Vp) - Compressive Strength Graph>
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Fig. 9 Ultrasonic Pulse Velocity — Compressive Strength

<Rebound Hardness(R) & Ultrasonic Pulse Velocity(Vp) - Compressive Strength Graph>
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The estimation equation using the rebound hardness and the

ultrasonic pulse velocity
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Fig. 13 Estimation strength & Real strength by rebound
hardness and ultrasonic pulse velocity

9 ke el A G, ol
gol 53l SJalel 37] 2] 5 7

I e 5ok geelet 719 £

Aol MRS HEes YEol

EEeTE Mon e 294l

Ean

=9 AA ZE kel A eals ER1E| R J Pyszniak?)
=

R @ QEAZEE o] o A

QI AEAl E2E A (14 AR =2 eargs 7)
o

A3 Gl ol BTN 088 WaEe

=

6] a

F9 3929 sl APFHA O WolAgle] Fehis:
= is

AUgk Wejef 7ksAdol EEef 3=

olgldt eakEs Fol7] fdl He TR Fato] 4

(15)5 =& A= Fig. 137 2tk

HEAE TPe R sk A 4 A9Es A BE
| A (15) ARt 7P wken o de SRl
Fato] 2z © 2 (13)3 A (14)xh FESSleh wEL =
= AHES 7P Al 71ES) WP TN e
7] AR FRAROE 52 RS 7L Qo] F

Q.

@ 171 FolA ASE WA g 220 gk
FoollM ASE WA T 3 259G s gk 42

124 s=7rzsncexmz|ests =27 H18H XM45(2014. 7)

22.14%9} 0.64%= YERSTE RPEE0] B9 5%
o] ko] Het A& FoAlo] AL JEFo R 9l
sk Zoln] 2J5IEEC] A 7120 ASHE il
55 ASHER ARSSl % A Sl & Stk
(2) )JLH /\2 /\]64 Q;q,_% E]‘/Hi Al (13) )\1 (14) )\1
(5% FATHE Tt =58 4 A%loH oF
tEd A S FE =E2E 2 (157 7P w2 A
s YeRY L Qlo] oA e E84do] w5 Ao

(3) % &3] 7] a1 9)= % ROV (Remotely Control
Vehicle)oll & A-elld F3A3] sruEsfn o}
SN E GAAA Fo ZAYE F2E] Kt
olg-sithd NP LES} 2S5IEE ASE T8 =5

w5
st AEES vl gold Zlow dAttE

B RS g FRALE 38 g 7]
S BAR) (PMST3S1)3} FESHELE u-City A - WA} A
2 AIe] Aol ol s G

References

1. Department of Structure Civil Soil (Korea Land & Housing
Corporation) (2001), Questionnaire survey for the current
situation of the domestic use of non-destructive testing, Journal
of Housing & Urban Research Institute, 70(3), 171-179 (in
Korean).

2. Hedayati, M. R., Amidian, A. A., and Sadr, S. A. (2011),
Expert Systems for Human, Materials and Automation,
InTech, 222-236.

3. Hong, S. W,, and Cho, Y. S. (2011), A Study on the
Estimation of the Compressive Strength of Concrete Structures
using Ultrasonic Puls Velocity Method and Rebound Hardness
Method, Architectural Institute of Korea, AIK, 27(1), 19-26
(in Korean).

4. Hwang, 1. S., Hong, S. D., and Kim, H. D. (2007),
Typhoon Disaster and Reconstruction in Overseas, Korean
Society of Civil Engineering, KSCE, 55(10), 103-110 (in
Korean).

5. Hwang, M. Y., Lee, G. Y., Koo, B. H., and Kim, H. K.
(2002), Construction materials and Safety inspection test
Boseonggak, Seoul, 173-185 (in Korean).

6. Journal of the Korea institute for structural maintenance
inspection (2006), Non-destructive tests & Measurement
Engineering for Structure, Gumiseogwan, 61-74 (in Korean).

7. Lee, J. D. (2010), Concrete Structures Non-destructive Tests,
Ilgwang, Seoul, 5-21 (in Korean).



8. Park, S. B. (2003), Construction materials testing, Moonundang, Received @ 11/22/2013
Seoul, 188-190 (in Korean). Revised : 02/03/2014
9. Smith, A. P. (1986), Underwater nondestructive testing of Accepted @ 02/24/2014
concrete : an evaluation of technique, Port Hueneme, Calif,
1-16.
10. Yi, J. H,, Hang, S. H., and Park, W. S. (2011), Nondestructive
Testing for Concrete Harbour Facilities, Journal of the
Korea institute for structural maintenance inspection, KSMI,
15(3), 4-10 (in Korean).

2 N

2 s 7E T ZAPE 72 A 9 AW)el Fe4e ‘éi 7 ekl wek 7HHLE]J_ 9,,1‘: ROV (Remote Control

Vehicle)fl S8 = Sk vt 0 1% Aptslel Bl el 4rSe shaalslek $59k frlEdel 2vE
atol 30l G BAE BAE] AT D 2LAEEE ASstel ] G5 gt vmsielon] ol Bajel 23] 4
SRS EET BRE 3R] 4 S sl £ESHES B0 AHeHs Bl b4 Athert stor ole] o
o AA F5Ie) EARES FEE FHHA & BB AL Fobd 0w A

WA 80| | FEEAYETRE, WIFEAY, oIS, 2o, AREYA B}

SR ESFCIRX| YR 2sts| =27 X18E M4z (2014. 7) 125



