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An Experimental Study of Antiwashout Underwater Concrete

blending with Crushed Sand

Kwang-Young, Oh

Department of Civil Engineering
Graduate School of Industry
Pukyong National University

Abstract

In this study, crushed sand is blended with river sand and sea sand, to
investigate the quality change of antiwashout underwater concrete with variation
of blend ratio of crushed sand(0%, 20%, 40%, 60%, 80x%, 100%).

To see experiment conclusion, the more blend ratio of crushed sand increases,
the more unit weight increases. Because the for that specific gravity of crushed
sand is higher comparatively than that of river sand and sea sand. Higher
compressive strength is measured following the order of river sand, crushed
sand, sea sand regardless of age and casting-curing condition. Except for case
of using river sand, blend ratio of 40x is appeared on most compressive strength

So the optimum blend ratio of crushed sand is 40% from the view point of

compressive strength.

Key words : antiwashout underwater concrete, River sand, Sea sand,

Crushed sand, blend ratio, casting and curing condition
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2.1 $zE2eld &3tH9 wSEHA

#2224 E3Ae ARE 84 S50 TAHES HAEI} BF
He zOAezA £35o A o 2o AP A AueeE ¥AE
E EAL AR Y3, FFEEAL EsAe FHEL £E84 2EAE
o] glon, A FEHY LE2 oAt ofATA 7o, 858 =2

Agze2~A7t FEE olFE FAolH
F22RAA TaAY FAE WE BFE Table 2.1% 21, F2
gelAE 19999 @=EAYEFS AN FFE FAUES FTELHL
&34 EFRAFE(KCI-AD-102), of deH, 97d 34 FAdES
Table 2.29 #t}.
Table 2.1 Main ingredient of antiwashout underwater agent
Type Chemical sign
Methyl Cellulose(MC)
Hydroxy Ethyl Cellulose(HEC)
Hydroxy Prophyl Cellulose(HPC)
Cellulose
Hydroxy Ethyl Methyl Cellulose(HEMC)
Hydroxy Prophyl Methyl Cellulose(HPMC)
Hydro Ether Ethyl Cellulose(HEEC)
Polyacrylamide
Acryl Polyacrylamide and acrylicacidsoda of Copolymer
Polyacrylamide part hydrolysis




Table 2.2 Quality standard of the antiwashout underwater agent

Item Standard
Bleeding ratio (%) Below 0.1
. . Initial Over 5
Setting time (hour) Final Below 30
Compressive strength of molded 7days Over 130
Compressive | underwater (kgf/cm) 28days Over 230
strength Compressive strength ratio molded Tdays Over 60
underwater/air (%) 28days Over 70
Flexural Flexural strength ratio molded 7days Over 50
strength underwater/air (%) 28days Over 60
Underwater Suspended solids (mg/ ¢) Below 150
dropping test pH Below 12
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Table 2.3 Quality standard of superplasticizer

Type Standard Retard
Item
Base concrete 8+1
Slump - 17q lasticized
. (em) uperplasticize 18+ 1
Experiment concrete
item . Base concrete 4.5x0.5
Alr value7g | plasticized
(%) uperplasticiz 4.5%0.5
concrete
Difference of bleeding (cm/crf) Below 0.1 Below 0.2
Difference Initial -30~+90 -60~+210
setting time
(min) Final -30~+90 Below +210
Decrease in slump as to time (15min) Below 4.0 Below 4.0
Decrease in air v?lue as to time Below 1.0 Below 1.0
(15min)
Compressive 3 days Over 90 Over 90
strength ratio 7 days Over 90 Over 90
(%) 28 days Over 90 Over 90
Length transformation ratio (%) Below 120 Below 120
Relative dynamic modulus
0 90
ratio of elasticity (%) ver Over 90
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o el kA dAel A7 Hobd Ay FFREE F7HHE
3ol itk

® AYZA+F

zoRge AWAASE Table 25948 Rol BB F¥ol wt oz
W, 1 A4E o Aol £ Wt o8 A% WE ¢4 Yo
o By gdo] walstel 4 ¥Iel B Aol Wk o] AFE £E

Table 25 Coefficient of linear expansion as to kinds of rock (X 107%C)

Temperature
(C) 300 500 600 750 900 1060
Kinds

Granite 0.10110.063|0.137 | 0.339 ] 0.337 | 0.264
Andesite 0.023|0.051 | 0.124 | 0.105 | 0.086 | 0.093
Tuff 0.027 - 0.035 | 0.070 { 0.094 | 0.021

Lime ston 0.0901] 0.170 | 0.220 - - -

® 213 54

Jutrd o Zeld JA2E HF(Specific gravity), = & (Porosity

h=

) 848 (Water content), 7% (Hardness), Z%=(Strength) & S
2 9. BeEe 2 AZE 4 2 EAE dstd ®¥F, F5E.

b b, A4 Ade dan, Wel meNE 2E, ARE FAshe

>

atdo] e el AL ¥wads Table 2.67 #Hh,
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Table 2.6 Physical of properties

e Abrasion Compressive
Division Classification SI;;CI;SC ?;S) loss ha(r)c(l);iss strength
gravity 0 (%) (kgf/cr)
Granite 2.5~2.8(0.2~2.8| 5~70 38~95 [ 800~3.,050
Diorite 2.7~3.0(0.3~0.9f 5~30 80 800~3.100
Igneous rock Liparite 25~28[0.3~0.9/ 6~19 |42~108 | 700~3.000
Propylite |2.6~3.0{0.3~1.5 8~21 52~92 | 800~2.,800
Basalt 2.7~3.210.5~1.3| 8~27 72~89 [1,400~3,600
Conglomerate|2.6~2.7{0.2~1.2| 6~14 | 40~108 |1.100~3.800
Sedimentary | Sandstone [2.2~2.7{0.2~2.5| 10~41 - 900~2.200
rock Tuff 1.8~2.6|/0.7~5.5| 9~45 | 65~102(1,100~4,300
Lime stone |2.5~2.7]/0.3~1.1| 15~32 | 40~58 | 500~1,200
Metamorphic Vasion 2.5~2910.3~2.6| 714 - 800~3,000
rock Schist 26~3.0{0.2~1.8] 7~15 23 800~3.500
gye Ay LEAAE WaAolAT 48 WAE 2 H” FA3
Fa5e 44E AAD Ak ol 44 F ¢ vk FE gREE A
Asta Qe dAge 400CHAE FEZET d22 e 22rEA4E UE
Wout 500~600TC AlolalAE Zxe FAZ} #A2dLES vz,
800C olAdNE ¢&27A=7 A BHHA &= AL & F v ol
Adx exolAo]l HA A e AA HFo| dojut 1 AA ¥} A
ole] mao] G3e A Bk 2y A FUeA Aidse A9 4
Mol Ry slgtolmg Algo] EUHIE Aol
@ 338 E5A4
EAel stets E4 oz ehibs zgo] ledH, AEHEA AHEHE &
Aol fREEo] Z7)Fd BAb @Al e FabFol o A AAI o
E ABZ T3 2o FFo o BA, FFo] wEEHE Gt 2 A
A gargtel og Ae)E wol =aYEe WY 7Y P AT RAg %
ANFIBZ old g Abd HEZ a9
ZAe e wrge ANE Fo 47 F(Na20+0.685K:0)3 w3
A A Fre] wkgd oa] ARG He A22 Si02+2NaOH+H20
— NaH2Si04 - 8H202 FEAETH ARE Fo ¢Z%Fe H4 0.6%.
AW 1.05% 28lm HF 0.73% A==, A Fo g4 A2 7HA o]
Foso] e Ao ALge] ANEY 2 BF T& HUsto Ab
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3 mewele] Algo] BAsEel we Y EARSe] g FA
b awEn o]g Audez 8t Zlo| wEAsttn ARd

. AI"'@;;"___E]1 ol I:!H:é-l

x o

1 A uelolg

B APy A7 EFREE 240kef/af, W/CE 50%, €HZFEZS 50

+5em, F71% 4%0°lst, GAFEFE 220kg/mE DHAI| L, FHEFA FTH
g (R), Bl = (S), FEEH(C) 3FTHE AH&stn, Zrefe wio

2o ztzt Rendg S 0%, 20%. 40%. 60%, 80%, 100%% EJ&ES

WA FFEReY 3229 4¥detvEE Table 3.1 Yeblle}.

Table 3.1 Experimental parameter

Variation of Blend
Kinds of fine aggreate | Ratio of Crushed Sand
(%)

0

20

40

60

80

100

0

20

40

60

80

100

River sand (R)

Sea sand (S)
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3.2.1 #3244 23=|e9 HAH

Zagleo] AL EF}EA(Mixing capacity) 6021 A2 HAE A}
£33, Fig. 3.13 Zo] A=A, F2&A, AWE, £FE2UAN &34 «©
o7 "Md FQled ziHWE HAAG F s FERAE FAdStH

W +SP
Cement ;
Aggregate > | mixing > | Mixing - - underwater
+ concrete
AWA

Fig. 3.1 Production flow of antiwashout underwater concrete

E(410x20)& AtEsta, =&
s3] FEol wel Fx&d B=g AAstd Ex9 Aol 10cmH7t

2 22 o3, vy 23 ES A= AFZ(Hand scoup) & &3t 105
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3.2.3 ZXx|g2 232 EAH
(1) MzEaNsHAH

AEAAFHANRL RIESSI AN #HF ZAAEL #3224
A EAFE, o "FEEEAE I, o 3] dAlsta, AlEdye

1000cc® o)A (472 110mm, ¥°l 150mm)el 800cc® FH/HFE AHF2
500g9] ZIANEEZ 105E o4 HA FHAAN 522 283 £ FUT
thg, "lolAel 600cce! VEHEAE A et Z+ EFANRY PrIFel @E
FzEReA ZadE dgde pHY EEAZFS S I

(2) ws4AH

FEA L Toterl dad RHFEES}I A AAG ZANES FEEE
&

1

(3) 37IEAMd

magEed woig 273 ZEAS] AN 9P AR, FAYL
Zagee) 2AGHSFE TKS F 2421 2ARL 2aed ¢Fyd o 3
AT A (Br1AG ), o Fokel A4Y oAojuE S ALgstd 23
@t
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9 & Wzt wet gst ol a4 Az - &

ZAEEHE FAAY FFE AP T, 28

(2) x4 AH
te2R A deEe TKS F 2405 22 E9 &%= Ay o F3ho
AAE, FEZEAE

o Fag dadA Az AR - FHE FAAE AL
79, 289 FFstAch.

3.3 AIEN=

3.3.1 MjHIE

2 a7 E T SAHY 1% REXEWAEA

38t 54 & Table 3.29 #oh.

Table 3.2 Physical & Chemical properties of ordinary portland cement
Physical property

Chemical composition (%)
Specific Ignition | Insoluble
. loss residue Si0; ALOs FexOs Ca0 MgO SO3
gravity | (%) (%)
3.14 05~13 | 02~09 |21.0~225

25| 45~60 | 25~35

63.0~66.0| 09~33 | 1.0~20

3.3.2 ZX

B AT e F
257t 25me FeATE A sHA Aol A A A @
ZArelst g A= gutvkelA 2

L

¢85 AGste] Ags



Ax, Ag &4 AAdA ARG FeRAE A& e, AHgEAe =2
A EA L Table 3.3% Zth.

Table 3.3 Physical properties of aggregates

) Water Unit Shell Chloride cont.
Item Gmax | Specific ) ]
Kind (o) ) abs. FM weight | content (% 107%%)
T mm ravic
i ) ta/m® | (%) | NaCl |«
Coarse 2% 262 10 697 1520 - - -
aggregate.
Fine regate.
agereea - 258 1.80 2.66 1540 - - -
(River sand)
Fine aggregate.
egree - 258 1.80 275 1537 7.0 26 2.0
(Sea sand)
Fi te. 3.00
ine aggregate, B 266 300 - B . B
(Crushed sand) below
3.3.3 E8A=
B dpoae U AdbdA AAEe dE2e 2 JdHE2AY FFEEd
§ gatA s AaNAs] +EHAS Agsdon, 2zt 23 - e
& Table 3.49% #t}.
Table 3.4 Physical & Chemical properties of admixtures
Item| Specific s
Kinds gravity Phase pH Main ingredient
i i , Hyd ;
Antiwashout 1.06=0.02 White 7401 ydroxy Ethyl
underwater agent powder Cellulose
Light- .
Superplasticizer  |1.22%0.02 ‘gli::ird"wn 11.5+1.5  Melamine

3.3.4 84S
2 A7 E AZed Be £3EEy avee 54¢ =
dald g, A5S AL EY, B FEFE ASHE FEFES AES

o et padedn AMARE2e AAASE At AgDTh A



TE° pHS 43S 54 ¢ 2= Table 3.59% £},

Table 3.5 pH and chloride contents of experimental water

Fresh water Sea water
pH 8.426 8.097
Chloride content (%) - 3.21 ~ 3.40

3.4 eI AA
B QApoAe MBAAES susy] da ¥AGGm AARAALA
"W/CHise] hE 432Pe 2aYE F2S4d BY 4¥F A7, o
A =2d WgdEs AdE-Buge BANE oSt e e &Alst
W oz WEAAS A

O WMFE=(fe) 7t 240kef/cnd @ BFANS FPed g7 2o

® W/C AR
f. = —353 + 295 C/WelA
9295 _ 295 _
W/IC = 3mTf. T 33ro - 09
S 50% < 65% ————— 0.K

LA IZTZ 22 50cm, Gmax 25 ®, &8 220 kg/mieln).

@ HGHAIREZE(C) AH
C = 220+0.50 = 440 (kg/m?)

HEEA FeAEln, AHAF(Gra) 7t 26mY W FSEA A&

_19_



(Vo) 364 £ /melth,
2 AFadE READ ZRAS AESn 2BAE(s/a) 40%2 A,
e Aed 2 2 BAY wAFe GE 2

e

Vigss = 1000— (220+—54%+40)

= 599.9 ( ¢ /m?)

Vs =V gsg Xsfa = 599.9%0.40 = 240 (¢ /m®)
S = 240%2.58 = 619 (kg/m®)
Vo= Vigig—Vs = 599.9-240 = 359.9 (¢ /m’)
G = 359.9%2.62 = 943 (kg/m®)

HNANEREE 240kef/cit, W/CE 50%, ZEAE 40%, €HZER

o
50+5cm, B71% 4%c°l3t, GAFFL 220ke/m 2 RFAI R, JIAHZ A

neE AR ALE s1Foz s WIHAS F4Y 23 Table 3.6%

Table 3.6 Standard mix proportion

fok W/C | Slump Air Gmax | S

Unit weight (kg/m’)
flow content

(kgf/em) | (%8) | (em) (%) (@m) | (% | W | C S G |AWA| SP

240 50 | 50*5 {below 40| 25 40 | 220 | 440 | 619 [ 943 | 264 | 880

® 71EAEEe] AR S ees dexd

o

TR

rlot
fincs
i
re

go] e wEAAE A AFHE Table 3.7% 2o
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Table 1 Mix proportion of antiwashout underwater concrete
foo  |Gmax|Slump| Air |s/a|W/C Unit weight (kg/m’)

Symbol flow [Value Admixture

(kef/c) | () | (ew) | (%) [(9%)| (%) | W | C |RSIS.8|C.81 G FyyaTap
RC- 0O 240 25 | 505 | 4013 | 38 | 50 |220(440{619| - 0 |943(2.648.8
RC- 20| 240 25 {505 | 4013t | 40 | 50 |220{440(495| - |128|943|2.64 |8.8
RC- 40| 240 25 | 505 { 40]3} | 42 | 50 |220]440(372| - |255|943[2.64 (8.8
RC- 60| 240 25 | 505 | 4013t | 45 | 50 |220|440|248| - 1383(943|2.64|8.8
RC- 80| 240 25 | 505 | 4°]3 | 38 | 50 [220[440124] - 1511|943|2.64 |8.8
RC-100| 240 25 | 505 | 4013t | 40 | 50 |220|440| 0 | - |638]|943|2.64|8.8
SC- 0| 240 25 | 50+5 | 4013t | 42 | 50 |220(440| - |619] 0 |943|2.64 8.8
SC- 20| 240 25 | 50+5 | 40]3k | 45 | 50 |220(440| - |495|128|943|2.64 |8.8
SC- 40| 240 25 | 50+5 | 4°)3t | 38 | 50 [220[440| - |372|255|943|2.64 8.8
SC- 60| 240 25 | 505 | 40138t | 40 | 50 |220|440] - |248|3831943|2.64 | 8.8
SC- 80| 240 25 | 50+5 | 40]8} | 42 | 50 |220]440| - |124(511(943}2.64 |8.8
SC-100{ 240 o5 | 50+5 | 4018t | 45 | 50 [220[440{ - | O {638|943|2.64 8.8
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Table 4.1 Results of fresh concrete

Symbol pH Suspension Slump flow {Air content
(mg/2) (cm) (%)
RC- 0 11.131 75.3 52.0 1.8
RC- 20 11.086 73.0 51.0 1.3
RC- 40 11.042 68.5 51.3 2.8
RC- 60 10.995 57.2 49.8 2.8
RC- 80 10.981 47.2 50.0 2.6
RC-100 10.939 42.7 48.0 2.5
sC- 0 11.067 80.3 49.3 2.5
SC- 20 11.032 75.9 49 2.5
SC- 40 10.994 69.8 51.8 3.0
SC- 60 10.963 59.8 50.8 2.8
SC- 80 10.992 49.6 50.5 2.5
SC-100 10.939 42.7 48.0 2.5
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Table 4.2 Results of hardened concrete ( 7days )

Unit weight

Compressive strength

Symbol (kg/m’) (kgf/cm)
Fresh water Sea water Fresh water Sea water
RC- O 2267 2262 238 214
RC- 20 2271 2266 222 197
RC- 40 2275 2275 225 206
RC- 60 2276 2281 196 170
RC- 80 2282 2283 211 195
RC-100 2324 2301 208 198
SC- 0 2287 2273 208 188
SC- 20 2291 2281 198 185
SC- 40 2294 2288 237 204
SC- 60 2302 2289 223 191
SC- 80 2308 2296 209 180
SC-100 2324 2301 208 198
Table 4.3 Results of hardened concrete ( 28days )
Unit weight Compressive strength
Symbol (ke/m’) (kgf/cn)
Fresh water Sea water Fresh water Sea water

RC- O 2273 2264 289 254
RC- 20 2278 2285 278 219
RC- 40 2294 2289 285 248
RC- 60 2301 2289 283 220
RC- 80 2302 2303 259 225
RC-100 2327 2314 244 231
SC- 0 2295 2274 234 217
SC- 20 2302 2288 272 215
SC- 40 2303 2289 280 247
SC- 60 2308 2293 264 217
SC- 80 2308 2298 245 239
SC-100 2327 2314 244 231
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