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ABSTRACT

Nowadays, antiwashout underwater concrete is widely used for constructing underwater concrete structures but

they, especially placed in marine environment, can be easily attacked by chemical ions such as SO%7, €I~ and
Mg?*, so the quality and capability of concrete structures go down.
In this paper, to solve and improve those matters, flyash and GGBFS(ground granulated blast furnace slag) were

used as partial replacements for ordinary portland cement.

As results of experiments for fundamental properties of antiwashout underwater concrete containing 10, 20, 30 % of
flyash and 40, 50, 60 % of GGBFS respectively, setting time, air contents, suspended solids and pH value were
satisfied with the "Standard Specification of Antiwashout Admixtures for Concrete” prescribed by KSCE, and also
slump flow, efflux time and elevation of head were more Improved than that of control concrete. From the
compressive strength test, it was revealed that the antiwashout underwater concrete containing mineral
admixtures(flyash and GGBFS) is more effective for long term compressive strength than control concrete. An
attempt to know how durable when they are under chemical attack has also been done by immersing in chemical
solutions that were X2 artificial seawater, 5% sulphuric acid solution, 109 sodium sulfate solution and 10 % calcium
chloride solution. After immersion test for 91days, XRD analysis was carried out to investigate the reactants between
cement hydrates and chemical ions and some crystalline such as gypsum, ettringite and Fridel's salt were confirmed.

Keyword: Antiwashout underwater admixture & concrete, Ground granulated blast furnace slag, Flyash, chemical
attack, artificial seawater, sulphuric acid solution, sodium sulfate solution, calcium chloride solution, XRD
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Al Bt oplg} I Ak Mt EAEFZRES 3} 2.1.1 AHE
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T4 Ed wAEE TAES AAs] A dide] A AAL Table 13} 2tk
st B FFEEYY 2AYEY A IS EH
7] A3t FAHoR AN FAER BAEE 128 212 ZA)
#arlEd A Mek dgelA e &) Al v REHE AAES AHAE ARSI o,
oloAE XEHdle] HEXEUCAMEY T A3 & e HUASF mme) FEFAE AHEL B
o] 2R_FsHAl =k 23 A2-e Table 29} 7tk
+ AN E R TUEY 7|x2E4E
7Fl7| Hste] HEEENTAMERE ARES ot BE 2.1.3 sketEsA|
TEUCAMES] ZglolojA| ¥ nELPan)ERe 7} F430] HPMC(hydroxypropyl methyl cellulose) 7|1
7} SEAM ARG wisiAA Edtele] Alze 2 e TEEETAY EshA(antiwashout admixture ©l3F AWA)
TEELYUAY 23EY pH, ASRYE, TV, SEA ¢} WA 14 #A4Fl(olsk HRWR)E W-8ste] A
Hfed 2 USRS A3 A diste] Esls gataoH, st 9 B89 4F2 Table 3% 2t
o E3h FEREA E3E g T RELEUEA
HETS ARgs A9 FejojolA] 20 % 2 mE&UT 214 #=d EA
n| Bk 5)%E 747 S35k 3ujaluhe MASte] TEUAY B sfehbd ol 2308te] AAISH FetoofjAl(o]s}
3 247ke] A=A} A0 kef/emie] EEEQL uw 2u) FA)S} 3 AALoA A n2sdanddolst &
SE gals GAERL Jabngsd @ Pag AR EE SGE AMgsdon], 1 SsE 2 &
Aol 212t 919 B AT Avol e wlm n A B Table 4% ek
=S
22 AMEHE 4=E8Y
2. MEI ]
NFg oFEgAe 5 9% HS0, 10 % Na2504, 10 %
21 Al2XZ CaCl % 2M5 % & df(olat Q&ala)old, Qs
Table 1 Chemical compositions and physical properties of cement
SiOA%) | ALO3(%) | FexOx(%) | CaO(%) | MgO(%) | SOx(%) | Ig. loss(%) | Specific gravity | Blaine(cm®/g)
21.95 6.59 2.81 60.1 3.32 211 2.58 3.15 3,112
Table 2 Physical properties of aggregate
Items Specific . Unit weight Percentage of Abrasion value
Types gravity Absorption(%) F.M. (kg/m°) solids (%) (%)
Fine aggregate 2.60 0.94 2.60 1475 56.8 -
Coarse aggregate 2.54 0.78 6.47 1,741 6.4 28.9
Table 3 Chemical composition and physical properties of admixtures
Typigems Main composition Z? 5511{1; Density(kg/1) Arélg:;lgte()f pH Appearance
AWA HPMC - 0.840.1 1.2 (Wx%) - White powder
HRWR Melamine 1.23+0.02 - 1.8 (Cx%) 10+1 Transparent liquid
Table 4 Chemical composition and physical properties of FA and SG
tems Si0. AlOs FexOs Ca0O MgO SO3 Ig. loss Specific Blaine
Types (%) (%) (%) (%) (%) (%) (%) gravity (cm¥g)
FA 67.7 25.0 2.85 2.00 0.90 - 347 215 3,274
SG 323 14.8 0.40 4.1 550 1.0 1.10 2.30 4,580
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Table 5 Composition of artificial seawater(g/ ¢ )

NaCl MgCl; - 6H:0 NazS04 CaClp KCl
24.53 5.20 4.09 1.16 0.69%
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Table 6 Mix proportions of antiwashout underwater concrete

Items | Gmax. | Slump flow | Air | W/B | S/a Unit weight (kg/m®) AWA HRWR
Types (mm) {cm) (%) (%) (%) C |FA|SG| G S w (Wx%) (Cx%)
orPC 25 5045 4 50 42 1420 0 0 | 9381674 210 1.2 18
FA10 3718 | 42 | 0 | 928 | 667
FA20 ” ”» ” ” ” 336 84 0 918 660 ” ” ”
FA30 294 1126 | 0 | 909 | 653
SG40 252 | 0 | 168 | 927 | 666
SG50 ” ” ” ” ” 210 0 210 924 664 " " ”
SG60 168 | 0 252 921 | 662
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Table 7 Pre-curing period for compressive strength

of 200 kgf/cm®

Types of concrete OPC

FA20 SG50

Age(days)
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Table 8 Compressive strength of antiwashout underwater concrete immersed in chemical solution (kgf/cm?)

T x2 Artificial 10 % Na:S04 . .
P ypes Water seawater solution 10 % CaCl; solution | 5% HzS0;s solution
age(days) OPC |FA20{ SG50 | OPC | FA20| SG50 | OPC | FA20 ) SG50 | OPC | FA20 | SG50 | OPC | FA20 | SG50
7 260 | 210 | 224 | 226 | 208 | 224 | 250 | 228 | 222 | 242 | 214 | 231 | 210 | 206 | 220
28 304 | 295 { 299 | 287 | 304 | 314 | 294 | 327 | 326 | 306 | 310 | 338 | 232 ) 283 | 296
56 340 | 348 | 357 | 327 | 351 | 376 | 299 | 358 | 367 | 328 | 359 | 38 | 215 | 312 | 335
91 349 | 360 | 384 | 286 | 328 | 370 | 285 | 317 | 338 | 292 | 336 | 377 | 1890 | 274 | 300
180
%2, Artificial seawater 10%, Na,SO,solution 10%, CaCl;solution 5%, H,S0, solution
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Fig. 8 Compressive strength ratio of antiwashout underwater concrete
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Fig. 11 XRD analysis(x2, Artificial seawater, 91 days)
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Fig. 12 XRD analysis(10 %, NaxSO4 solution, 91 days)
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Fig. 13 XRD analysis(10 %, CaClz solution, 91 days)
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Fig. 14 XRD analysis(5 %, HoSO4 solution, 91 days)
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