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Characteristics of Antiwashout Underwater Concrete with the
Mineral Admixtures for Underwater Concrete Structures
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Abstract

Recently the use of the antiwashout underwater concrete with the antiwashout admixture is increased
considerably. Antiwashout underwater concrete is quite different in concept from conventional underwater
concrete. By mixing an antiwashout admixture with concrete, the viscosity of the concrete is increased and
its resistance to segregation under the washing action of water is enhanced.

The aim of this research is to evaluate the fundamental characteristics and permeability of antiwashout

underwater concrete with fly ash and blast-furnace slag.

Test Results of antiwashout underwater concrete with fly ash and blast-furnace slag fluence can provide
its excellent fundamental characteristics and resistance of permeability

Keywords : Antiwashout underwater concrete, Blast-furnace slag, Flg ash, Permeability.
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Table 2 Test Items

Test

Fresh Concrete

+ Washout resistance - pH
- Turbidity

+ Flowability - Slump flow
+ U-type box Test

+ Compressive strength

SEalololl Al (0] 5 s ol= = Hardened - 7days (air & water curing)
=eolelAl(el3k FS) o nzgd(e]st BS)E Concrete - 28 days (air & water curing)
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1 oz AMSe A e sy G2
oAl & TRESHT X = U7 AlEE = - N
A RREAL TRES A NS SR szuvdy sade dszomiE e
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Ao ABEEL Hohy 7o) Ut E5EHS B} hartint | Appeance | P V| e
. e vi cPs
stoich oy 2 APFEL Table 1 D Table [ ’
a0 Hydroxyethyl White 13 40,000 less than 1
2% 2t cellulose(HEC) | colored powder| | ~ 60000
Table 1 Mix Proportions
*® .
No FABS/C | C Fé‘s*f’ W G s | ATMEIO | mitures
) (%) (kg/ ) , (kg/m} | (ke/nf) | (kg/nt) , (Cx%)
(ke/ i) (ke/ )
Control 0 420 - 220 903 678 2.5 2
FA10 10 378 42 220 804 672 25 2
FA 20 20 336 84 220 884 664 25 2
FA 30 30 294 126 220 875 657 2.5 2
BS 40 40 252 168 220 893 671 2.5 2
BS 50 50 210 210 220 890 669 2.5 2
BS 60 60 168 252 220 888 667 25 2
* FA :Fly ash

** BS : Blast-furnace slag
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Table 4 Physical and chemical properties of Fly ash(FA) and Blast-furnace slag(BS)

Items| Specific e loss Si0; | FesO3 | Al203 | Tio; | MnO | CaO | MgO | K20 | Na,O | P,0O5
Type gravity | & ) | ) | @ | @ | @ | % | 9% | @ | % | (%
FA 2.15 3.00 61.35 5.56 23.20 1.16 0.10 312 092 116 | 019 017

BS 2.80 1.28 3335 0.22 12.88 0.80 022 | 4542 | 603 | 059 | 011 0.02
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Cement

Fly ash / Blast-furnace slag
Water

[—> | Superplasticizer ——>

150 second

Coarse aggregate

Fine aggregate

Antiwashout admixture

30 second

Fig. 1 Mixing procedure of antiwashout underwater

%71% AP KS F 24179 2A &L 2348
E9] ot o3t T7|Fa Ao E &4

L} & &
1,000cc Hle]#He)] 800ccd FHFE As1
ZEHaA ZJIE 500 g& 10 EEOE #

et

gt} FHAMRE 2 JEAZY. 23YEE
Ay GEA7E AR 10~20%0] Edth o
T 38 AA F volA Yo & AXo|EE o
£3lo] wjolA YR EagEV} EE Hx 4%
£ 718l 600ccE #A sk ©] 600cce] £l
tfate] BTAlE olgste] HEE FAsII

Ct pH
BT 230 39 or AT Eof digt
o} pH meter® AMLEtY] pHE &3t

CREEEE
ST Tz$ NP deEsu 4E 23
=g $EERIY TaAY FATEQ'Y TF
u}

Fyey 2auEY $3% B2 Y o
) N -
B AAsgn” $¥n Eze AYe $9E

NET 22 ABVTE AR &9 &2 A
Asty 5% A3} Fo 3= E7 7P 4dA H7
Zo|gt o] AzPEre] Holg FAsto] Fagks
AAtete o8 £y EES @O sgich

==

Fuve waes Anands 3408
A wry FREAE olgeT
o

S A& WA #F F¢el 40

et ZIYEE A1 387 ANE & £
S So] &7 58 9 10% F9 Fo] 2polE =
3ttt

TRIERTE:

A2 TE KS F 2405 "2FYE UEHE A

S 53 A A48 4635, 2002



A% Y - 943

(¢}

Sk ol Ssted A 7Y 9 28Ye ¥UF ¥
Z Az A diste) 242 ZFs 7]
FAA S A2 WL KS F 24030 @t o
20 cm8 9F% EEE ojgskgla, ol Al
AAE AFsSlLt. 75 FAAY AZL o
gERsty] “EIYES FEEEYY E34 54
ﬁf("}) o) TeF AF FAA L wet A8
b

5 ol Hr &

o
X

o}:]

0
]

AL B

FEEEYY 23YEY B4 AEE ASTM
C 1202-91 (Electrical Indication of Concrete's
Ability to Resist Chloride lon Peneration) ¥}
AASHTO T 259(Rapid Determination of
Chloride Permeability of Concrete)l} &30 4
Al FAAE 5 2 371504 o 10X
20 cm9 2712 AFste] 289 T FEAM &
At 5 ZojugEo 2 Seny) HEE Adsiglon,
FAA Yo EXshs 23715 Sds] AA
T B2 TN YA FAIAE wAAOE
¢lof] Wy AZHIE 347 B9k AEA7] & &
AAZE B2 ¢de] A gy 92 v %
HEE 1A B o Azt 29a 13

oo
I E.

3 E 407 9As] XA AreolA

18+1 ]{ % FRAEST A FAAe] 4
2 650x1VALER A AQ AFH o] T3
N ’6‘} ot AFE719 (HAEFE 0.3MY
NaOH €9& A1, (=) ATz 3.0%28 NaCl

He ALt 0.3M8 MaOH &4 & 1000 mt
of NaOH 12 g& &3AA Az 3%9
NaCl €& & 900 meell NaCl 30 g& &ar)
B 298 7lste] 1000 mo) L4 whEglon &
6217 B¢ AFHS YQlth Fig 2& Q3E ¥
T AFE AAE BEE HoEh AEE 7))

el tsiA 37hel BAAE Aol Ak

Journal of the Korean Society of Agricultural Engineers, 44 (6), 2002.11

Fig. 2 The chloride permeability test set-up

I degs o nd

I=AES

Table 5= ZojoAl 2 TR &#T X e
2 371 Agdyoeld A¥Ad xggo| F
7hekell Wl F7iEe] ZAshe ATEE Uehd
o 1@ EelM S 371FS Bl RE AHE
7} FFEEEY EaAY wksl] HAdol Sk
of Wt ZIYE o Z3F7|Z A3t F7IF
o] AW ZoZ AlEEr} Nhdel| EgjolofA] dl
121 AT A H54 L FANY F
7h 9 EefoloAlgt m2& 1S wAEt YAt
Lol FAYE YellH FHans d3jste 23z
E 3o 2913717} 448 Aoz Algdo. 3
Joke) EeolofAl 2 vREYIR AMEE A§
& g AEA J)EelAM AAE 4.5% o]k
HENZD £ Qe FEEREA

TEEY
F A

Table 5 Results of air content test according to re-
placement of FA and BS

- Mix

Control |[FA 10[FA 20 FA 30 [BS 40] BS 50[ BS 60
ar | 1|35 | 420|320 | 230 | 320 | 290 | 280
content| 2 | 530 | 500 | 380 | 350 | 350 | 350 | 360
(%) | average] 540 | 460 | 350 | 315 | 335 | 320 | 320
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Table 6 The pH and turbidity test according to replacement of FA and BS

TEST | Repeated No, Mix
Contrdl | FA10 | FA2 | FA30 | BS40 | BS50 | BSEO
1 11070 | 11060 | 11030 | 1098 | 11040 | 11040 | 10960
pH 2 11120 | 11090 | 11040 | 11000 | 11080 | 11070 | 10990
average 11095 | 11075 | 11035 | 1099 | 11060 | 1105 | 10975
- 1 1000 1150 1250 1300 1100 1400 1600
T:‘;;’f:)ty 2 105.0 1100 1200 1350 1150 1450 1550
average 1025 1125 1225 1325 1125 1425 1575
Table 7 Results of slump flow test according to replacement of FA and BS
TEST Mix
Control | FA10 | FA20 | FA30 | BS40 | BS50 | BS60
1 52,00 56,00 58.00 58,00 5600 5750 | 58,00
Sl“‘(‘;‘r’n?"w 2 52,00 5450 5600 57,50 55.50 5750 | 57.00
Average 52,00 55.25 57.00 5775 55.75 5750 | 5750
94 Fxaets R A4d 6%, 2002
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Table 8 Results of U-type box test according to replacement of FA and BS
Mix
TEST Repeated No.
Control | FAILO FA20 FA30 BS 40 BS50 BS 60
. 1 13.00 6.00 13.00 14.00 4.00 9.00 14.50
After 5 minutes

2 14.50 8.50 1150 16.00 7.00 11.00 12.00

Box test average 13.75 725 12.25 15.00 5.50 10.00 13.25

(cm) ) 1 11.50 450 12.00 13.00 3.50 12,50 13.00

After 10 minutes
2 12.00 6.00 10.00 1450 5.50 11.00 11.00
average 11.75 525 11.00 13.75 4.50 11.75 12.00
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Table 9 Results of compressive strength test according to replacement of FA and BS

Mix
T Repeated No.
EST epeated No. 1= ol | FA 10 | FA 20 | FA 30 | BS40 | BS50 | BS60
2040 | 1580 | 1370 | 1150 | 1620 | 1380 | 1330
1 2000 | 1640 | 1400 | 1180 | 1550 | 1420 | 1300
2120 | 1670 | 1360 | 1190 | 1630 | 1440 | 1360
Wat 2100 | 1640 | 1350 | 1210 | 1590 | 1440 | 1290
ater 2 2130 | 1610 | 1390 | 1190 | 1620 | 1450 | 1350
2080 | 1680 - 1190 - 1440 | 1320
Average 2003 | 1636 | 1374 | 1185 | 1602 | 1428 | 1325
(StDev) | (3204) | (3724) | (2074) | (1970) | (3271) | (2563) | (2.739)
7 Days 2700 | 2200 | 1780 | 1660 | 2030 | 1820 | 1820
(kef/em?) 1 2510 | 2190 | 1980 | 1580 | 2070 | 1790 | 1740
200 | 2170 | 1930 | 1680 | 1920 | 1770 -
2640 | 2140 | 1850 | 1550 | 1980 | 1850 | 1760
, 2 2580 | 2190 | 1910 | 1630 | 2010 | 1790 | 1750
Air 957.0 - 186.0 - - - 180.0
Average 2600 | 2178 | 1885 | 1620 | 2002 | 1804 | 1774
(StDev) | (6481) | (2387) | (7.007) | (5430) | (5:630) | (3.131) | (3435)
Wa(t%A“ 805 | 751 | 79 | 1 | s00 | m2 | 747
2560 | 2290 | 2020 | 1690 | 2550 | 2320 | 2270
1 2530 | 2360 | 2050 | 1720 | 2450 | 2550 | 2360
2500 | 2160 | 2040 | 1630 | 2470 | 2420 | 2320
Wat 2580 | 2210 | 2040 | 1670 | 2430 | 2400 | 2310
ater 2 262.0 2260 | 2000 1710 | 2420 | 2480 | 2330
- 2200 | 2120 | 1660 | 2390 | 2380 | 2260
Average 576 | 2247 | 2045 | 1680 | 2457 | 2425 | 2308
” (StDev) | (3362) | (7202) | (4.087) | (3350) | (5529) | (8.044) | (3764)
Dass 3100 | 2960 | 2760 | 2330 | 3240 | 3160 | 2900
, 1 3120 | 2740 | 2610 | 2150 | 3300 | 3060 | 2840
(kgf/cm’) 340 | 2930 | 2590 | 2240 | 3330 | 2970 | 2960
3040 | 2840 | 2670 | 2210 | 3200 | 3070 | 2850
A 2 3060 | 2810 | 2680 | 2180 | 3240 | 3090 | 2970
Air - 2830 | 2610 | 2170 | 3180 | 2990 | 3010
Average 3004 | 2852 | 2653 | 2213 | 3248 | 3057 | 2922
(StDev) | (4147) | (8643) | (6346) | (6530) | (5742) | (6919) | (6911)
Wit;or)/ ar |\ g3 | 78 | 72 | m9 | m5 | 793 | 790
(St.Dev.) : Standard deviation
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Table 10 Chloride permeability based on charge passed

Charge passed(coulombs) | Chiloride permeability
> 4,000 High
2,000~4,000 Moderate
1,000~2,000 Low
100~1,000 Very low

{100 Negligible

Table 11 Result of chloride permeability test
(Unit : coulombs)

Mix
Repeated No Control | FA 20| BS 60
072 | 9142 | 383
Water 2 9220 | 8750 | 3191
3 955 | 9526 | 4531
Average 9416 | 9139 | 3852
Pziziz?ﬁgyt:‘ig;ﬁm High | High |Moderate
1 8869 | 8004 | 2412
Air 2 8819 | 6952 | 2312
3 8937 | 8057 | 2966
Average 8875 7671 2563
P:;gi?fgi:fg;ﬁ“ High | High |Moderate

aA 74 + »
Aod, J—’—i’}a:aﬂli 7‘]@% AL 2 ESAGA
o AL B 2 9t o) Zglolojalz X3
# gpy n24AR02 AR A9 FIYE
Bt A8 28dedM te XUsies delF
= Zold, ole 0|5 43 2HA 229

ke SRARIE AR Aol

Lo

g £

224 TIAS AGE $FERYY 2adE
o e 54 9 ATEAE sl Sl @
A7AE 71284 NBL Fotol
¥e 7122 Folol U 324
o ARFE %
98 BHIIA HeH AR
Qorstd The st Bk

3 Eejolop 9

mlo
of
s

Z7}sh= Age Rtk
ZglolojA] @ pRESHIE HBIIRE BE

4 A3 Zatolol] ¥ nEsUIE A8
A4 3a40] B RS FUsigo, uR
(o]

5. ZetolofA] @ R2EYIE AT FFER
gl 232 EQ AL 7|EuE T vy 1 B
FoA AEZTIF Ao, APl
2} AZAE2| Apo|7} Fidhe B
3], 12&YIR @ A G4FHEI 71
gug o 3AY HlR3Ssith

6. FEA A A FFE

:

Journal of the Korean Society of Agricultural Engineers, 44 (6), 2002.11 97



% ZAYE F2EL AT FEA ERAE F0MY FFEEAUY 22 ES

At

4

E9 Ay FrAYAEY IS HEpglen, §
S
=

3 p2EYaE AV FF 71ENYI Setoldl
A2 g FFEEUY SAUAESY vlasy 3

98] 958 SFATYE derigich

98

. Won,

References

. Ministry of construction & transportation.

1996. Concrete standard specifications. KSCE.
Jong—Pil, Kyung—Ha Lim, Chan—-Gi
Park. 2001. Statistical Evaluation of Mix
Proportion Factor of Antiwashout Underwater
Concrete. Journal of the korean society of agri-
cultural engineers 43(3): 66—76. (in Korean)

. Billy D. needly and Jerry Wickersham. 19809.

Repairs of red rock dam. Concrete International:
36~39.

. Kawai, T. 1987. Non—dispersible underwater

. Khayat,

concrete using polymers. Marine Concrete In-
ternational Congress on Polymers in Concrete.

Chapter 11.5. 23. Brighton, England

. Kenneth L. Saucier and Billy D. Needly.

1987. Antiwashout admixtures in underwater con-
crete. Concrete international 9(b): 42~47.

. Khayat, K. H.,, and A. Yahia. 1997. Effect of

welan gum high-range water reducer combinations on
rheology of cement growt. ACl Materials Journal
94(5): 365~372.

K. H, and W. T. Hester. 1990.
Evaluation of concrete mixtures for underwater pile
repairs, Cement, Concrete,
Journal 13(1): 32~41.

and Aggregate

. Khayat, K. H., and Z. Guizani. 1997. Use of

viscosity-modifying admixture to enhance stability of
Sluid concrete. ACl Material Journal 94(4): 33
2~ 340.

dZ 5T A A44d AH6E, 2002



