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ABSTRACT

Immersion tests with artificial seawater were carried out to investigate the resistance to seawater attack of 5 types
of cement matrices.

From the results of compressive strength and length change, it was found that blended cement mortars due to
mineral admixtures, were superior to portland cement mortars with respect to the resistance to seawater attack.
Moreover, XRD analysis indicated that the peak intensity ratio of low heat portland cement(LHC) paste, in portland
cement pastes, had better results, and so did that of blended cement paste.

Pore volume of pastes by mercury intrusion porosimetry method demonstrated that total pore volume of ordinary
portland cement(OPC) paste had a remarkable increase comparing with that of other pastes. In case of immersion of
artificial seawater, the use of ground granulated blast—furnace slag and fly ash, however, showed the beneficial effects
of 56 % and 32 % in reduction of total pore volume, respectively.
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Fig. 1 Schematic diagram on seawater attack of concrete
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Table 1 Chemical composition of cements and mineral

admixtures (Unit © 9)

=

pes
Ttem OPC | LHC | SRC | FAC | SGC | FA | BFS

Si0; | 202 | 254 | 226 | 292 | 280 | 576 | 332
AlOs | 58 | 40 | 38 | 84 | 112 | 255 | 152
FesOz3 | 30 | 36 | 43 | 51 | 16 | 61 | 03

CaO | 633 | 615 | 628 | 516 | 51.0 | 34 | 430
MgO | 34 | 26 | 25 | 20 | 47 | 09 | 64

S0s | 21 | 13 | 20 | 10 | 18 - 1.0
Igloss | 12 | 12 | 12 | 19 | 09 | 43 | 01

Table 2 Physical properties of cements and precuring
period

Types
Ttems OPC | LHC | SRC | FAC | SGC
Specific gravity 3131317 | 318 | 296 | 3.01

Surface area
(Blaine, sz(;g) 3,120 | 3,580 | 3,280 | 3,390 | 4,010

Setting time| Initial | 430 | 6:15 | 450 | 450 | 445
(hour'min) | gyna | 640 | 9:40 | 7:40 | 7:50 | 8:35
7days | 245 | 172 | 235 | 181 | 207
28 days | 422 | 328 | 415 | 323 | 378
91 days | 452 | 430 | 446 | 391 | 461
Precuring period (days) | 7 11 6 9 7

Compressive
strength of
mortar,

(kgf/cm?)

Table 3 Mineralogical composition of portland cements

(Unit : %)
Topesllems | ¢5 | S | CGA | CAF
OPC 549 | 166 | 103 | 9l
LHC 21 | 5711 | 45 | 109
SRC 460 | 301 2.8 130

MRl SHAl 2ZIHE 0188t Ad FEEMe| Az

Table 4 Composition of 2 times concentrated artificial

seawater (Unit : g/
NaCl MgClz - 6H20 | NazSO4 CaClz KCl
50.86 10.40 8.18 2.32 1.39
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Fig. 2 XRD patterns of portland cement pastes
immersed in artificial seawater

FAC

SGC

Freidel's salt

I Thaumasite

I I IBrucite

Y Gopn

1 Ettringite

| , I  Portlandite
T T T T T

10 20 30 40 50
2 Theta

Fig. 3 XRD patterns of blended cement pastes
immersed in artificial seawater
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Fig. 4 Peak intensity ratio of pastes immersed in
artificial seawater by XRD results
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Fig. 5 Variation of pore volume of portland cement
pastes immersed in artificial seawater
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Fig. 6 Variation of pore volume of OPC and SGC
pastes immersed in artificial seawater
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Table 5 Pore volume of pastes immersed in artificial seawater

Ttems Total pore volume (mé/g) Pore volume over 0.1ym diameter (mé/g)
Types Before immersion Afte_r 800 d.ays of Before immersion Aftgr 800 d_ays of
immersion immersion
OoPC 0.0595 (100) 0.4060 (100) 0.0198 (100) 0.1875 (100)
LHC 0.0646 (109) 0.1445 (36 0.0186 (94) 0.0571 (30)
SRC 0.0626 (105) 0.2995 (74) 0.0206 (104) 0.1466 (77)
FAC 0.0486 (82) 0.2029 (50) 0.0159 (80) 0.0833 (44)
SGC 0.0669 (112) 0.1783 (44) 0.0165 (83) 0.0714 (38)

() is the percentage of pore volume of other pastes to pore volume of OPC paste
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Fig. 7 Variation of pore volume of SRC and FAC
pastes immersed in artificial seawater
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Table 6 Compressive strength and length change of mortars immersed in artificial seawater

Compressive strength (kgf/cm”)®
Types Items Length change (X107, %)™
0 day 91 days 180 days 300 days 400 days 800 days
OPC 245/245+% 345/450 290/446 272/438 242/463 -
0/0%= 73/21 143/43 195/48 229/70 480/145
LHC 204/204 398/431 368/448 322/450 281/472 -
0/0 56/9 103/37 162/31 165/56 279/97
SRC 200/200 385/440 322/436 309/456 260/458 -
0/0 50/19 79/30 118/43 188/68 362/104
FAC 220/220 384/3%6 310/404 293/403 266/422 -
0/0 32/6 62/29 78/31 99/50 129/82
SGC 242/242 440/461 366/472 346/469 311/472 -
0/0 47/28 69/49 80/52 96/73 106/87
* Compressive strength of mortars immersed in artificial seawater and water, respectively.
*x Length change of mortars immersed in artificial seawater and water, respectively.
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