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The use of seawater concrete for the construction of infrastructure facilities in coastal and island areas
can be a sustainable solution to address global environmental problems such as water shortage.
However, the use of seawater has been limited for reinforced concrete due to the rebar corrosion and
loss of long-term strength. In this study, poly-aluminum chloride(PAC) aqueous solution was used to
overcome the reduction in strength since the amount of dissolved aluminum is higher and thus
Received : October 4, 2024 promotes the ettringite formation in early age to prevent loss of strength at 28 day. For this purpose,
Revised :November 18,2024 various concentrations of PAC solution were added to cement paste made of deionized and sea water,
Accepted : November 27,2024 and the hydration and strength development were evaluated. According to the experimental results,
seawater promoted the initial hydration of the cement paste and reduced 28 day compressive strength.
The reduction in strength was greater when cement paste was cured in seawater. Regardless of
whether deionized or sea water was used, the maximum compressive strength was shown at a PAC
concentration of 0.8%. Above 0.8% concentration, the hydration was delayed and the compressive
strength decreased as PAC concentration increased. However, it should be noted that a further
research needs to be conducted to clarify whether 0.8% PAC concentration was the optimal
concentration or not.
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Table 1. Potential reasons that PAC can be applicable for production of seawater concrete

Potential reasons that PAC can be applicable for seawater concrete application

» The amount of chloride ion is excessively present in seawater concrete, so it was expected that the increase in chloride

Strength development . . e .
g velop ion by use of PAC would not bring a significant impact on long-term strength development of seawater concrete.

* The amount of chloride ion in seawater concrete is already unacceptable according to the KS F 4009(less than chloride

Standard specification . . . . . . . .o
p ion content of 0.3 kg/m® in concrete), so the compliance with the standard specification has little significance.

* Aluminum ion present in PAC can react with sulfate ion in seawater at early ages, promoting the formation of ettringite
and potentially eliminating delayed formation of ettringite that causes 28-day strength deterioration.

Hydration * When aluminum ion reacts to produce the calcium aluminate phase, additional amount of Friedel's salt can be
produced, which can bind of chloride ion within its layered structure.

* Aluminum ion can also promote reaction of calcium silicate phases to produce C-A-S-H.
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Table 2. Chemical compositions of type | portland cement

CaO SlOz Ale} SO3 MgO F6203 Kzo TlOz PZOS MnO ZnO
63.42 19.48 4.69 4.08 3.11 3.04 1.32 0.38 0.20 0.13 0.11

Table 3. Chloride ion concentration(in %) of materials used for preparation of cement paste specimen

Cement Seawater 17% PAC solution
Chloride ion concentration(%) 0.005 1.780 21.270

2.2 HH%I- Ol OFAH

H X OO

Sl @ Z<(deionized water, 18.2 MQ-cm) S HI g2 AFESE] EAHEH|(W/C) 0.42] A|HE o] AEE A %5}
Ak 2 Ao vl H A= o2l €] Table 401l 2.°F 2|51t Table 49] A|HE Ho]| A~ E o] EAoh= Aelad,
Table 3°]| IG5 AHE, sli4- 2 PACS] A4 o] &5 tsto] AFg et gholw, drtugtol A o5& T4l =
B2 olfii= Yt ol 8ollE o] (H 4 2ol o5t FFS uiAIsH ] Sltelet. vt S PAC kv o R
=0l 17%2] PAC B/ =883 H]-&of 9| o, PAC 51 0.8%, 1.6% E 2.4%7} E| =5 24519t} o] ¢ AHE 5
O] AE O] Hj g2 ASTM C 305 Standard Practice for Mechanical Mixing of Hydraulic Cement Pastes and Mortars of Plastic
Consistency 9] tf<=ofl whet 218 = }let. Z7] vt TA| ol A<=, FeREgoll A 145 A=eAlell ot 2| A axtE WAA7]
2] 71 1ell 175 A=Al §lo] PAC -8 3hf A|HIE o] AE O] A| 25 A5t o U, E5] =2 5L 2 PACE T+t
27 24 o] Y& Yol AR tl-& HASH= A|HIE Hlo| AES] A 27} o] 9], H|FH 0= AHE F5F thH] 2%2]

s AAE RS AlEe AlEsHA =l
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S3to] FrH AT AIHE Ho|AEE= ASTM C 109 Standard Test Method for Compressive Strength of Hydraulic
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Table 4. Mix proportions of w/c 0.4 cement paste

Mixi
IXIng water Cement CI concentration in each ingredient(by weight of cement; %)  High range
PAC (8 (8
Specimen  concentration CI' content Total CI' water reducer
o Deionize CI content in CI content in . (by weight of
(%) Seawater .. by use of content in o
d water mixing water cement . cement; %)
PAC solution cement paste
Plain 0 0 0.005
i 0.8 0.400 0.405
Deionized 300 _ 0 0.005
- PAC 1.6 0.801 0.806
(D-PAC) 24 1.201 1.206
2000 2
Seawater 0 0 0.717
plain
Seawater 0.8 - 800 0.712 0.005 0.400 1.117
- PAC 1.6 0.801 1.518
(S—PAC) 24 1.201 1.958

sl vighe 2 28 AJIE Bo]AE % PAC 5E712.4%2] 79, 289 8l P4 5 BRlo] A slalo] Bato] 7
D55 AR B AEE B2 2HATA Follol i A T, 010 B AL x4 L AAE
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Figure 1. Heat of hydration of cement paste made of deionized water(Plain) and seawater(Seawater plain)

Table 5. Hydration characteristics of cement paste with PAC solutions

D-PAC D-PAC D-PAC Seawater S-PAC S-PAC S-PAC

Plain 0.8% 1.6% 2.4% plain 0.8% 1.6% 2.4%

Time to reach maximum peak(hour) 13.97 7.40 5.77 9.67 11.00 5.31 4.22 8.41
Maximum peak intensity(mW/g cement) 3.09 4.17 2.6 2.69 4.28 5.03 2.86 2.69
Cumulative heat(J/g cement) for 7 days 11.94 12.35 11.89 11.35 14.73 12.94 11.95 10.81
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Figure 2. Heat of hydration of cement paste made of deionized water(plain) and PAC solutions
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Figure 3. Heat of hydration of cement paste made of seawater and PAC solutions
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Figure 5. The 28 day compressive strength of cement paste made of 0.8%, 1.6% and 2.4% PAC solutions
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