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An Applicability of Seawater as Concrete Mixing Water

Hidenori Hamada" *, Dahlia Patah” and Sabrina Harahap®

V" Department of Civil Engineering, Engineering Division, Kyushu University
29 Civil Engineering Course, Engineering Division, Graduate School of Kyushu University

E-mail: h-hamada@doc kyushu-u.ac.jp

In this 21* century, sustainability is an issue of extreme importance for humankind. As regards drinking water, a
serious shortage is expected by 2050, when one-third of the world’s population is predicted to lack sufficient access
to drinking water. In the field of concrete, billions of tons of freshwater is consumed annually for mixing, curing and
washing concrete. Seawater is presently not permitted to be used for these purposes. Active use of seawater in the
field would contribute to more effective use of freshwater resources.

Based on this social situation, JCI (Japan Concrete Institute) set the committee to research the possibility of
seawater usage in concrete production, such as concrete mixing, concrete curing etc. Based on the results, issues
surrounding the use of seawater and possible solutions are proposed. In this report, readers are expected to find
the committee activities and committee attitude. In Kyushu University, recent several years, a research on concrete
characteristics mixed with seawater is continued. In this paper, a discussion on seawater utilization as concrete
mixing water based on the research results is also summarized.

Actually, this paper is a summary paper of three presentations by authors, Hamada, Patah, Harahap, in the JSCE

T 819-0395 1 [ 1 V6 [X IC [ 744 (744 Motooka, Nishi-ku, Fukuoka, 819-0395, Japan)

conference held in Toyama, 2018 October.
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Fig.1 Condition of Lighthouse.
(left: Just after Construction, right: Present)

Fig. 2 Gunkanjima-island (Right: under very strong wave).
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Fig.3 Specimens at the age of 25 years.

Table 1 Mix Proportion of Concrete.

o Unit Weight (kg/m?) Air
Mixing W/C | s/a Slump

max Content
water (%) [ (%) | W |OPC| G S WR | AE |(cm) %)

0

Tap-

20 | 60 | 46 | 165|275 |1,020| 852 | 5.5 | 1.0 | 6.5 3.3
water
Sea-

20 | 60 | 46 | 165|275 |1,020| 852 | 5.5 | 1.0 | 8.5 3.2
water
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| Concrete Casting in 1988 |

d | After de-moulding, water curing for 28days ‘

H|At 28days, initial data was taken (Compressive strength,

- |Tensile strength, Static Modulus of elasticity)‘

- |Air exposure in the laboratory, during 2years (1988~ 1990)‘

- ‘Seawater exposure in 80°C, during 1.5years (1990~ 1991)|

- |Seawater exposure in 20°C, during lyear (1991~ ]992)|

- |Air exposure in the laboratory, during 22years (1992~2014)|

— | Tested at the age of 25years (2014) |

Fig.4 Specimen History during 25 years (1988~2014).

Table 2 Test Results at the age of 25 years.

28 days
25 years
(initial data)
Test item
Tapwater Seawater Tapwater [Seawater
mixing | mixing | mixing | mixing
Compressive strength
33.18 37.93 48.18 51.87
f'e (MPa)
Static modulus of elasticity
23.93 23.58 32.63 31.54
E. (GPa)
Tensile strength
2.47 2.67 3.88 3.69
f' (MPa)
Pore volume P (%) 14.32 10.87
Ultra sonic velocity
4.59 4.30
V (km/sec)
Dynamic modulus of
o 38.76 35.70
elasticity Eq (GPa)
Chloride content
5 18.73 23.22
Cl™ (kg/m”)
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Table 3 Time-dependent change of the Grade of Passivity of steel bars

in seawater mixed concrete.

The age of concrete (year)

Specimen 0 0.5 1.5

2

3 4 5.5 6

The Grade of Passivity

(I) N40 3 4 33 4 4 - 3
(IT)

34 5 5 4 3 4 3
N40
(I) N50 2 4 4 4 4 2 2
(IDH)

34 4 4 4 4 2 2
N50
(I) N60 2 4 33 3 3 3 3
(IT)

302 4 4 4 4 3 3
N60

N : mixed with Ordinary Portland Cement

40, 50, 60 :

water to cement ration of concrete

(%)

I : mixed with tap water, II : mixed with seawater
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