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ABSTRACT

In this study, for improving of concrete properties, those are used ground granulated blast slag(GGBS) and fly
ash(FA). There are some advantage to add the GGBS and FA in plain concrete. The objective of this study is to
find the characteristics of fresh and hardened antiwashout underwater concrete which is followed by blended ratio

of GGBS and FA.

Experimental parameters were chosen that W/C was 50%, S/a was 409 and as the blended ratio of GGBS was
set at 0, 10, 20, 30, 40, 50, 60% and FA was set at 0, 10, 15, 20, 25, 30, 35% in order to prove the properties of

antiwashout underwater concrete can be changed by blended ratio of GGBS and FA.

It was measured pH, suspension and slump flow of fresh antiwashout underwater concrete and compressive

strength of hardened antiwashout underwater concrete in age of 7days, 28days and 56 days.
The experimental results of fresh concrete show that pH, suspension and slump flow were
KSCE (Korea Society of Civil Engineering) standard value and mix design standard value.

all satisfied with
To synthetically

consider, the optimum blended ratio is about 30 % of GGBS and FA.
Keywords ¢ ground granulated blast slag, fly ash, antiwashout underwater concrete, pH, suspension
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Table 1 Physical properties & chemical composition
of ordinary portland cement
Chemical composition (%)

Physical properties

Specific| Ignition | Insoluble |..
gravity |loss (%6) [residue (%) 5i02| AlOs|Fe-0s Ca0 |\ MgO |50
2101 45 [ 25 {630( 09 (10

314 |05~13| 02~09 | ~ | ~ ~ =~
22.5] 60 | 35 1660] 33 |20

Table 2 Physical properties of aggregates

Chloride

Item G |Specific Water Unit | Shell cont.

(mnxl?]x) gIrJavity abs. |FM welghst content] (x1079%)

M o, 0,

Kind (%) (kg/m”)| (%) Nacll cr

Coarse | o5 | oe7 | 10 1697 1520 | - | - | -
aggregate ;
Fine .

aggregate| - 2.58 1.8 |2.75| 15637 72 | 26 |20

(sea sand)

Table 3 Physical & chemical properties of GGBS
Blain | Specific
(cmz/g) gravity
4500 2.93 3417 | 1350 | 0972 | 4239 | 652
Blain | Specific
(em®/g) | gravity
4500 2.93 1.64 0.45 045 | 0.32 ~

Si0z | AlOs S CaO | MgO

TiO2 | FeO | Fex03 | MnO -

Table 4 Physical & chemical properties of FA

(fng%l/g) Zfr’jf]‘é‘yc Si0s| AlOs| Naz0 | Ca0 |Mg0| K20 | S0 [Fes0s

4440 | 2.15 |49.66/22.88] 0.38 1891[3.97|0.70]|0.27| 8.16

Table 5 Physical & chemical properties of admixtures

Specific
gravity

Item Main

Kind ingredient Phase

pH

Antiwashout Hydroxy 71 1.07 white
underwater agent| ethyl cellulose ’ : powder
Light
Melamine 12.0 1.23 ~brown
liquid

Superplasticizer

Table 6 pH & chloride contents of experimental water

Item Fresh water Sea water
pH 8.426 8.097
Chloride content (%) - 3.21~3.40
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Table 7 Experimental parameter

Blended of GGBS (%) Blended of FA (%)
Symbol (by unit weight Symbol | (by unit weight
of cement) of cement)

ST 0 ST 0
GGBS10 10 FA10 10
GGBS20 20 FA15 15
GGBS30 30 FA20 20
GGBS40 40 FA25 25
GGBS50 50 FA30 30
GGBS60 60 FA35 35

Table 8 Standard mix proportion

. Unit weight (kg/m®)
f |W/C Slump| Air G | S/2 A

(Pa)| %) | 0% 1O o) 09| w | ¢ | 5| G | W|sp
A

235 | 50 | 5045 bfll%w 25 | 40 | 220| 440! 619} 961)2.64/8.80

Table 9 Mix proportion of GGBS with blended ratio
Unit weight (kg/m®)
Admixture

GGBS [AWA| SP

ST 50 | 40 |220]4401619/961| O 264 | 66
GGBS 10| 50 | 40 [220/396|619/961] 44 | 264 | 6.6
GGBS 20| 50 | 40 |220|3521619]|961| 83 | 264 | 66
GGBS 30] 50 | 40 |220|308|619(961| 132 | 264 | 66
GGBS 40| 50 | 40 [220]264|619|961| 176 | 264 | 66
GGBS 50| 50 | 40 {220|220|619]961| 220 | 264 | 6.6
GGBS 60 50 | 40 2201766191961 264 | 264 | 6.6

W/C| S/a
symbol 1 (o) | (96)

W|C|S|G

Table 10 Mix proportion of FA with blended ratio

Unit weight (kg/m?
W/C| S/a :
( %) (%) wl ¢ s G Admixture

: FA |AWA| SP
ST 50 | 40 [ 220|440 | 619 | 961 0 264 | 66
FA 101 50 | 40 [220(396|6191961 | 44 | 264 | 66
FA 15| 50 | 40 (2203741619961 | 66 | 264 | 66
FA 20| 50 | 40 {220 352619961 | 83 | 264 | 6.6
FA 25| 50 |40 [220(330(619(961 | 110 | 2.64 | 6.6
FA 30| 50 | 40 (2201308619 961 | 132 | 264 | 66
FA 35] 50 | 40 [220[286[619[961 | 154 | 264 | 6.6

Cement ¢
+

Symbol

Aggrfgate o Dr'y First . Second > Fresh
mixing || mixing mixing
AWA Dseo) | | 0sed | | @sec) | | OnCTete
Cementitious

Fig. 1 Production flow of antiwashout underwater
concrete
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Table 11 Results of fresh antiwashout underwater
concrete

Suspended solids
pr (mg/¢) |Slump

Distilled|Fresh{ Sea |Distilled| Fresh | Sea {lc%
water |water|{water| water | water | water
ST(GGBS)| 11.59 [11.49]9.34 | 47.70 |45.00 | 33.30| 51
GGBS 10| 1154 [11.48] 9.08 [ 50.00 |46.70 (3330 [ 52
GGBS 20 | 11.50 |11.42]9.21 | 53.30 [46.70|33.30| 52
GGBS 30 | 11.32 [11.21] 9.25 | 55.00 | 48.30 | 41.00 [ 54
GGBS 40 | 11.30 |11.14]9.13 | 58.30 |55.00 | 46.00| 52
GGBS 50 | 11.29 [11.13]9.01 | 63.30 |57.30]47.00| 52
GGBS 60 | 11.14 111.00] 8.83 | 71.70 |68.30|50.00 | 52
ST(FA) | 1147 |1145|9.35| 2735 (302412229 | 46
FA 10 11.47 1133|1930 | 36.75 | 7217 | 2880 | 46
FA 15 1145 {11.28] 928 | 4542 |90.24 | 32.41 | 47
FA 20 11.40 |11.26] 9.04 | 44.70 [100.36| 33.86 | 47
FA 25 11.39 |10.97] 867 | 56.99 |107.59] 36.02 | 48
FA 30 11.39 |10.83] 8.55 | 82.29 |11843|36.75| 50
FA 35 11.35 [10.71) 836 | 99.64 1124.94]| 38.19 | 48

Symbol

780

Qsfe] el vjoll pHZF W GGBS 4 FAS) 4%
7¥sted pHe GGBS 2 FAS) A#hgo] F7)1e+%
6}%“:} 53] sl pHE s Foll 2FE @
259 Ao sl fgegoz Asdd g
SR s goid ez w2 ghs Bath %‘%‘za
AAHOZ GGBSS FAS) A|3+& %71 we} A4

o2t 371 Aotk GGBSE ABF A9t

& Aoz ZrlelR o, FAR A8F A9ole &

AR o8 EAA AL 7}A FA BA RS 3ol
s M & 2ol BT

-&Q—HOINL
)r..tu:ijz

ro

.E‘,Jﬁo

[UADA)S

o
T

o)) FH4 B

412 554

Fig. 4= GGBS % FAS] A&& Wgle] 2 24 &

& TEEEYAN 2AYEY FEA4S Hoshr] Hstd
SHIZZSE S Aot} o] A7E AvrY &
ALZZ o= B Ao Q78 F05emE BT wE
k= Aoz vehdth a8y GGBS ¥ FAY A& 30
%A EREER7} A S} X 3Heo] 30%E
293, 2388 fradhe AoE Yeiyth o EUE

309741 GGBS 2 FAS wlgAe] o 2lola &3}
2 AnE Holree] §54E NI Aow AzdT

Distilled water  Fresh water ~ Sea water Distilled water Fresh water Sea water
6 (GGBS) (GGBS) (GGBS) (FA) (FA) (FA)
—— —_— —— — —— e
5 ! A 1 i L 1] ! L 1 ] J I B —|
STGGHE GEE610 GRS GOESH) (GBS0 GOER) GEBD SHAY R0 RS RO RS R S

Variation of GGBS & FA(%)

Fig. 2 pH as to variation of GGBS & FA blended (%)

150 —
,.//-
o
4/
o L »
.‘.‘/' -
3 :""'
E d/"’__/ / &
D, ¢ o
Q_é_/d/g ; e v
Iy ',@//G—W
Distiled water ~ Fresh water ~ Sea walLr aBisfiled water Fresh water Sea water
(GGBS) (GGBS) (GGBS) (FA) (FA) (FA)
—— —— —— el —— e

0
STIGUE) GAESI0 CLESY) GERRY) QS0 GOS0 QB ST A0 FAIS  FD RS FADD AR
Variation of GGBS & FA(%)

Fig. 3 Suspended solids as to variation of GGBS &
FA blended (%)

S22 30| E8E =2 M6 65(2004)



3, AEE S
u 7< ]ﬂfl\_% 9]’ xﬂ-’] =
TV Arg EHIE A% A0 A}

42 B5is 522N 238|E0| S
Table 125 GGBS 2 FA®] A8& Wl me A
79, BY, A +EREY TAEY dE4ES

ZA% Azjoj},

Figs. 5, ~ 72 GGBS % FA9] A)3-g w3 z
7t g 2 sigolA Al FAE A’ $FEEYUA
ZazEe9 Y 7Y, B8Y, 56U ¢=REE 4
ot}

B 7o) 9ahd GGBSY FA, AE 2 23889 W3}
of #AGel FgollAl Al 4] GEREI)
FollA Az FAS FeRo 27 gtk o] sl
A2 - FA ZABEQ] YFele ofv 57} EAE
aiel sl EE FFol 23 ok ZM?% =
AZG(F el 71849 A ST & EHE E4)
At AstA] 22¢] &5 gHEo] T st %Oi 2l
g Gl vl G2 g5 HZJ} WA g
T3, GGBS‘/} FA9] &g Wste] #Aglo] ZH%’ 7
do] AEFHEE GGBSE A% fs& 49 BT} FAZ X331

$7F =A ugtoy, AE 28Y, A 6UR Alzte] A
A3 =W GGBSZ X33k 491} FAZ X33t 44
b AR B AEEdE vtk 513 Alzte] Aes
E GGBSY ALd:= wolA] Az FAE G4 E7)
el vl AiEoz 1 Xolrt AXE BIHAH 28Y
AME F 12%, AA 6UANE o 17%)01eH, FA

Table 12 Results of compressive strength

Compressive strength | Compressive strength
Symbol | in fresh water(MPa) | in sea water(MPa)
Tdays |28days|b6days| 7days |28days |56days
ST (GGBS)| 137 284 30.6 12.6 239 26.0
GGBS 10 | 135 | 283 | 307 126. ] 245 | 26.1
GGBS 20 134 28.3 30.7 12.5 25.1 26.0
GGBS 30 12.3 30.6 32.3 12.4 217 28.4
GGBS 40 11.0 | 29.7 311 10.2 268 | 270
GGBS 50 10.3 29.1 29.9 85 26.0 26.5
GGBS 60 9.8 25.5 28.4 7.0 24.2 26.4
ST (FA) 179 26.1 29.0 184 254 | 260
FA 10 16.3 234 25.5 155 23.0 25.1
FA 15 153 22.8 24.3 149 214 23.9
FA 20 14.9 21.1 23.7 14.3 194 | 235
FA 25 14.6 17.8 21.7 13.7 15.0 21.4
FA 30 145 16.6 19.5 12.5 14.6 18.8
FA 35 9.9 13.3 18.3 9.8 12.2 17.8
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