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Photo 1 Specimens at concrete-casting.
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Table 1 Types of exposure specimens and test items.

Type of speci- Test item

mens

Testing age

Compressive strength

. ) 7,28, 91 days
Young’s modulus N
Cyrlpdrlcal g 1.3.5. 10,20
specimens Density years
Ultrasonic wave propaga-
tion velocity
Appearance
Reinforced Half-cell potential
concrete beam - 5, 10, 20 years
specimens Corrosion property

Flexural capacity

Compressive strength

. Young’s modulus
Core specimens

taken from
reinforced
concete beam

Density

5, 10, 20 years
Ultrasonic wave propaga-

tion velocity

Carbonation depth

Chloride content
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Table 2 Mix-proportion of concrete.
MS " Spread Air content Ww/C s/a Quantity per unit volime of concrete (kg/m?)
(mm) (N/mm?) (cm) (%) (%) (%) w CH* S G UWB***
20 21 40~45% 35+1 52.6 42.8 202 384 710 983 2.44

* A spread of 40 to 45 cm is equivalent to a slump flow of 39 to 46 cm (In case of placing for structure with simple shape)
** Type of cement: Ordinary portland cement
*#% UWB: Admixture for anti-washout underwater concrete

Table 3 Quality test results (part 1).

Fresh concrete

Hardened concrete Specimens prepared in the

air (28 days)

Spread* Air content Density Concrete Compressive Young’s Density
temperature strength modulus
(cm) (%) (kg/m’) O (N/mm?) (kN/mm?) (kg/m’)
41.5 3.7 2240 22.0 28.7 24.1 2260
*Based on DIN1048
Epoxy-coated reinforcing bar D10 (SD295)
Compression reinforcement and stirrups Tension reinforcement D19 (SD295) R L . L
Concreting direction ~ Concreting direction
100 5@150=750 \\ 3@200=600 5@150=750 100
‘ \ | l |
Concret ; 40 €
 Concrete cover; 40mm @p/z | P/Q@

3] ‘ 13 — |3
<ER | ] 22 || | |e
5 ‘ Is — s

150 700 L 6(‘)0 L 700 150 0150 b0
L L 809080
2300 250 250 (mm)

Fig. 3 Shapes and dimensions of RC beam specimens.
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Table 4 Quality test results (part 2).

. Specimens prepared underwater
Test items
7 days 28 days 91 days
Comprissive strength 16.4 24.0 275
(N/mm*)
Young’s modulus
17.6 19.6 22.0
(KN/mm?)
Density (kg/m?) 2260 2250 2270
Ult.rasonic wave propa- 3580 3850 3310
gation velocity (m/sec)
Chloride ion content
0.21
ClI- (kg/m?)
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PR E A F —F v FITIF R ¥ S BESEET % v,
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Table 5 Test results on cylindrical specimens.

. . Exposure period
Test items Unit No.
28 Days | 91 Days 1Y 3Y 5Y 10Y 20Y
1 2.58 2.76 3.05 2.80 3.12 3.11 2.82
2 2.35 2.66 3.07 2.86 3.10 2.86 2.92
Compressive x10 N/mm? 3 2.29 2.88 3.00 — 3.14 — 2.86
strength
Average 2.41 2.77 3.04 2.83 3.12 2.98 2.87
Standard deviation 0.12 0.09 0.03 0.03 0.02 0.13 0.04
1 1.98 2.18 2.38 241 2.38 2.24 1.91
2 1.89 2.24 2.35 2.36 2.30 2.12 2.14
Young’s modulus x 10 kN/mm? 3 2.03 2.20 2.34 2.32 2.23 — 2.18
Average 1.97 2.21 2.36 2.36 2.30 2.18 2.08
Standard deviation 0.06 0.03 0.02 0.04 0.06 0.06 0.12
1 2.25 2.27 2.29 2.28 2.28 2.23 2.29
2 2.24 2.27 2.27 2.28 2.27 2.14 2.25
Density x10% kg/m® 3 2.25 2.28 2.27 2.27 2.28 — 2.27
Average 2.25 2.27 2.28 2.28 2.28 2.18 2.27
Standard deviation 0.005 0.005 0.009 | 0.005 | 0.005 | 0.042 | 0.015
1 3.86 3.71 4.20 4.16 3.60 4.01 3.57
Ukt . 2 3.86 3.86 4.13 4.16 4.12 4.00 3.99
rasomie wave x10° m/sec 3 3.84 386 | 424 | 412 | 409 | — | 398
propagation
velocity Average 3.85 3.81 4.19 4.15 3.94 4.01 3.85
Standard deviation 0.001 0.007 0.004 | 0.002 | 0.010 | 0.000 | 0.002

I |

\ c" L‘w %

4 [] [
AN i

Fig. 4 Crack retaining method.
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Notes: Explantory notes mean exposure period - cover thickness - with or without flexiral crack - specimen number

Fig. 5 An example of measurement of half-cell potential of reinforcement.
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Table 6 Measurement of reinforcement corrosion.

Concrete Initial Corrosion area percentage (%) Corrosion weight loss (%)
cover crack Exposure period (years) Exposure period (years)
(mm) 5 10 20 5 10 20
Yes 16.6 63.7 — 0.79 1.35
40 1~3
No 20.2 76.2 — 0.75 1.46
70 Yes 11.7 78.1 0.56 1.48
No 10.0 50.9 0.60 1.33
Table 7 Test results of core specimens and flexural capacity of RC beam specimens.
Type of specimens Test results for core specimens
Concrete | Flexural crack | Exposure | Compressive | Young’s | Density | Ultrasonic wave | Carbonation | Bending test
cover before exposure | period strength modulus propagation velocity depth Maximum load
(mm) (years) (N/mm?*) | (kN/mm?) | (kg/m’) (m/sec) (mm) (kN)
— 0 — — — — — 125.5
5 30.1 23.3 2220 4280 0.0 128.5
Yes 10 30.6 26.0 2220 4050 — 129.6
40 20 30.1 26.1 2230 3960 2.8 136.8
5 27.5 23.6 2230 4340 0.0 121.6
No 10 30.2 25.1 2240 4110 — 134.2
20 28.1 26.1 2260 4060 0.3 132.2
— 0 — — — — — 119.1
5 24.6 21.6 2170 4100 0.0 128.5
Yes 10 29.0 23.0 2190 3990 — 134.0
70 20 29.6 25.7 2220 3940 2.7 135.7
5 26.4 23.6 2220 4290 0.0 118.7
No 10 31.4 25.5 2230 4140 — 124.7
20 27.9 24.7 2250 3980 0.0 132.5
5 27.2 23.0 2210 4250 0.0 —
Average of measured 10 30.3 249 | 2220 4070 — —
values for core specimens 20 28.9 256 | 2240 3980 14 —
91-days results for cylinder 27.5 22.0 2270 3810 — —

Tension reinforcement

Photo 5 Reinforcement uncovered (after 20 years xposure).
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Fig. 7 Relatikon between exposure period and ratio of flexural capacity (after exposure/before exposure).
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Fig. 6 Chloride content distribution in cores.
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= v = Logarithm approximation
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Notes: Related equation between corrosion weight loss (y) and exposure period (x) used for above mentioned Figure,
logarithm approximation: y = 1.0052 In(x) — 1.6251, R? = 0.9867
linear approximation: y = 0.0719x — 0.0436, R*> = 0.953

Fig. 8 Prediction of future on flexural capacity of RC beam speciomens.

Table 8 Subjunctive physical properties of concrete in the future prediction.

Properties of | Maximum compres- | Young’s mod- | Strain at maximum com- | Strain atend of yield-
concrete sive stress (N/mm?) ulus (kN/mm?) | pressive stress (x107%) ing shelf (x107°)
Design value 17.9* 17.9 2000 3500

Age of 28 days 24.0% 19.6 2000 3500

*] Maximum compressive stress of design strength: 21.0 (N/mm?)x0.85
*2 Maximum compressive stress at 28 days: measurement of compressive strength test
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A STUDY OF ANTI-WASHOUT UNDERWATER CONCRETE
ON UTILIZATION FOR RC MARINE SUBMERGED STRUCTURES

Kenichi MOTOHASHI, Toshio OHNO and Motoyuki SUZUKI

In order to evaluate the utilization of anti-washout underwater concrete for RC marine submerged structures, RC
beam specimens and cylindrical specimens prepared in artificial seawater have been exposed into actual marine envi-
ronment in Tokyo bay for 20 years. RC beam specimens were arranged for four types of beam specimens (with or
without flexural cracks, with a concrete cover 40mm or 70mm). This report describes a series of test including tests
on flexural capacity and reinforcement corrosion of RC beam specimens, and physical properties of concrete such as
compressive strength, Young’s modulus, ultrasonic wave propagation velocity and chloride content. The results of test
showed RC beam specimens have kept on sufficient flexural capacity as compare with the design requirement after 20
years marine exposure. The prediction the future change of flexural capacity of RC beam specimens was conducted,
and it can be said RC beam specimens could maintain sufficient performance over 100 years long. Furthermore, the
progressive period until the initiation of longitudinal cracking on RC beam specimens could be estimated approximately

69 years.
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