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An Effect on the Properties of High Flowing Concrete by
Materials Variations
-Focused on Inchon LNG Receiving Terminal #213,214 Tanks-
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ABSTRACT

This research investigates experimentally an effect on the properties of the high flowing
concrete to be poured in the under-ground slurry wall of Inchon LNG receiving
terminal(#213,214-TK) according to variations of concrete materials. Variables for sensitivity test
were selected items as followings. 1) Concrete temperature (3cases), 2) Unit water (5cases), 3)
Fineness modulus of fine aggregate (Scases), 4) Particle size of lime stone powder (3cases), 5)
Replacement ratio of blast-furnace slag (4cases) and 6) Addition ratio of high range water
reducing agent (5cases). And fresh conditions of the super flowing concrete should be satisfied
with required range including slump flow(65+5cm), 50cm reaching time of flow(4~10sec), V-lot
flowing time(10~20sec), U-box height(min. 300mm) and air content{4+1%).

As results for sensitivity test, considered flow-ability, self-compaction and segregation
resistance of the high flowing concrete, material variations and conditions of fresh concrete
should be satisfied with the range as followings. 1) Concrete temperature are 10~207C (below 3
0C), 2) Surface moisture of fine aggregate is within +£0.6%, 3) Fineness modulus of fine
aggregate is 26%0.2, 4 Replacement ratio of blast-furnace slag is 45~50% and 5) Addition
ratio of high range water reducing agent is within 1%. Based on the specification for quality
control, we successfully finished concrete pouring on the under-ground slurry wall having 75,000
m'(#213,214-TK) and accumulated real data in site.
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Table 1 Materials for slurry wall concrete

T;Imk Cement | Binder | HR.W.R Viscosity
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AMEFE 11.7ke/mr, T3S AHEEFE 0.25ke
/moltt,
Table 2 The optimum mix design condition
Tank | W/C| S/a Unit weight (ke/m’)
No. (%) | % | W | C|LSP| S |G

213214 | 41 | 508 | 180|438 | 70 | 816 781
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Table 3 Performances for fresh concrete

Slump SF 50cm V-lot U-box Air
flow reaching flow height | content
(cm) time(sec) | time(sec) (mm) (%)

6515 4~10 10~20 | min300 | 4*1
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Table.4 Variation ltems for sensitivity test

Ttems Range of variations| Remarks
Concrete 10, 20, 30

temperature(C) | (3 Cases)

Unit water Wx5, W*10

(ke/m') (5 Cases)

Fineness 2.2~3.0 (Sand) | Viscosity
modulus (5 Cases) Flow-ability
Particle size 8.7, 9.7, 11.0

(L.S.P : um) (3 Cases) Self-
Dosage of Base*0.2, £0.4 | compaction
admixture(%) (5 Cases)

»Re;')lacement 1 40, 45, 50, 55

ratio of slag (4 Cases)

powder (%)

Eag|Ettel=2E M1232% 2000.4.

{714, Table 20 Yehd 14% FAYEQ]
Z12MEE 2AR, 1) FIIE 2%9] A3
sl 3FF, 2) JEAY HALE HB g
5%, 3) AZAY Y& AT s 55F,
4) M4 wEde] HE7A WHE Wl 3F
. 5) n2&Ha vjEHe X&) I 4%
5. 283 6) 1S AEUSAL Moty Ws
o sl 5%F & HFHAR sl ol W@
24 e 2AEY FA¥WE Wix ANEE
SR A=

3.2 Mgy

st &8 o] A18-d nfF TAEY A
Wye AR £23)9 AFAY an, 7zt
zte] Wo] i8] Table 39 B/FES 2A=
27 @& 2AYES V7= ARS AABHAT

olf, E2AYE LEE 9 2xz ZHIY
AEA9) zHEL AMES BT dexH o
Y AMESY X&F&L AHE FFAlA
T3 BEIXEUS AWES & vEd
< APt Yo AR WEAE A3
ot

TS, ol ¥yl nfE FAYEY {F
A, A7NFAR, AsEY APY F ApdE

o etz At A& A e

2 g

4. ANgza ¥ I8

4.1 3e|E9| 2T pso| WE AHZED

AAdEH & 1fF FAUEE A % 34
s AEZTAISE FHAZ Bol AHgHe ¥
71 g, FANE 2xstd & FAWUF

dRet. ol& HES] 95t ZAEYY
ZHiste] W #A g2 FTAYES] FAWUF
st en, AdddE Fig. 13 2t
Fig. 19 (el vephd uiel o] &= 2
Qo] g A FANE B, A ES 22}
o Mg FEH TS dFE HhTE WA 65

[e]

—_

o

o rlo

101



+5em) & WEI] Wil 4] Fe Ao ettt

a8y, Fig. 190 ® 2 @ vehd vieh 2
o] £HZ E2F 50cm EBAZF R V-Lot #3F
Azte Zazlee] exdgd W Aoz u
Ehsiet.

80

. 75 - — e e
g 70— . S
IR |

S gl T
g’ % S — —— —

2 5 J R

? el v+ =-O0mn —&—3mn

| —+—60in —o— 0 rin|
10 20
Concrete terrperature(C)
(a) Slump flow for concrete temperature
e e—— |
1| -0mn —&— 30 mn ;
3 10—t —e—oomal |
! £ 9 |
B .
e 7 !
| § 6 \
B il
4t |
IS |
! S 3
.0 2 . |
i 10 20 30 i
) Concrete termperature (C) j
(b) 50cm flow time for concrete temperature

R S — o
@ g | [ e =0min ———l—-30m'n! i
| @ o | | —#*—60min —e—90min| !
JEBP— T
i > ‘
. € _—
H ; ‘
L
'3 \
1

~ Concrete temmperature (o]

P
\

(c) V-Lot time for concrete temperature
Fig. 1 Sensitivity for concrete temperature

z Zade 57t FUMESE HAdol Ha
e Aew Jelged, ol nEA IHIYEE
TAE ZAA} 5 2EUFE BEAY] %

102

o] GajA|yl w o Bt FUHE HFA]
A48 Aoz Atadd 28y, FAME 2=
Wsle] o8 U-box $84 2 7% AdEH
£ & zol7t gle ASE JERT

metd, FEASE $E"e d5H FAE
AL enda] @ ZHA AR 2-sle A
=@ E dhe Re) wEHE ez AEHY,
W] ALd ZAldle BYd AladlE A
o ZIFE L5 & 10Co|F2E fA 5 Ao
Aeg Aoz Aladrh

4.2 BHFo WEol e AFHER

U ARy ABAS] BBRSF BFE AU
A Bk AL Ao vlf oJF7] dEel,
olg1gh =4 g meisle] EHsY WF WE 1
#% ZaEd FFYTS Au4 Ut
%, Z1EHEA RS 4F)d deeEs A
B(+5,+10ke/m)A A 24 ¥ FIHUES A
E48 2sieon, AdEdde Fig. 29 &t

80
B —
570
z 65
260 |-
Qre |
g55
F)m [« age =0mn —&—30mn'
% | —4—B0min —&—90min’
-10 -5 0 5 10
Variation of unit water (kg/r3)
(a) Slump flow for variation of unit water
45 —
ol |ve®-0mn —#—30mn]
! e 60 (rin —€— 90 min|
=35 [T eumn T UMy
22
22
515 -
$10 -
5 N
-10 -5 0 5 10
Variation of unit water (kg/crB)

(b) V-Lot time for variation of unit water

Eaz|ests =2 H1232% 2000.4.



m N —
=l 7

S - == =0min —&— 30 min
% N —
—d— 60 rrin —6— 90 min|
200 ‘ oL S
-10 -5 0 10
Variation of unit water (kg/rTﬁ)

(¢) U-box height for variation of unit water
Fig. 2 Sensitivity for variation of unit water

Ewg Wge] we UL E2$ A¥as,
Fig. 29 @e] Jehd A%e] G943 WEEo]
10kg/mQ AgolE EUE F2SY BeRE
% Holut oz dehgen, od AP
AAge) s 45EE AL ¢ 4 Aok

EY, Fig. 29 © % ©ol4 BXo] V-Lot
F3NZ D Ubox 204 AUARE BoA5F
WEEo] -10kg/md ATE BAFEE VF
A %3 Aoz ZHAUG. FLP 50 £
AR FElE BEANT AASFo| A4 Y
5% /e 2% 2ioM PrIe 2 X
o7} gigiet.

53, e WEZol +10ke/me B¥
de BYFEL BEACRE ARy 3P
Bolt Ao vehget.

% 28% 2359 44 2 334 a9
g o, gasge WEEAst +5ke/m ol
Aol 274%S BESE Aow vehke,
1% TEAS TAEET B L0 6%

whekA] zls}@&‘ﬁoﬂ AEE s n8%E 233
e 29+ HAEHgE t5kg/m(EHUFEE
0.6%) oWz #asle o] TAR ulE3
g Aoz Algdrt

4.3 T2Xe| =€ #HSo| WE AlgZED

LNG A&z FxEo WdE 18dty
RS AR E FAstT 7 wFEell, nict

E3z|E&s=FF M1232% 2000 4.

2t g FEAY ZYPEL WHFo] u$ A}
oleld WL FESI] it VIA 2Y&
HEd W n§E ZIYES TANEE =3
s on, AldZAAE Fig. 37 2h

e

Slump flow (cm)
55888834 8
|

|

|
- -+ -0mn —a— *wm_nL N
_ [m#—e0mn —e—o0mn)

e,

22 24 28 28 30 |
| Fineness modulus of sand

(a) Slump flow for variation of F.M(sand)

2
L E 13
: 8 8
57
'8 er
I E 5
g 4
m 2 . - 1
22 2.4 26 28 3.0
) F«nenes§ rmdulqi gf sand
(b) 50em flow time for variation of F.M{sand)
{‘ B
1@ | , ]‘--&-Orrin —&—0min|| |
|24 |8 T* 80 —6—%0mn
‘é, 16 B
3 14
: g 12 T
1810} 11
T !
ERd |
6 1 L L J
22 24 26 28 3.0 ¢
Hrql&gs”rmq{lys of sand J

(c) V-Lot time for variation of FMisand)

Fig. 3 Sensitivity for variation of F.M(sand)

A®A3, Fig. 39 @0 e vis) o] B2
Ao} ZPE WEo| WE YL F9E T Aol
7 ey, Fig. 39 () 9 (e)ellA Bxo] HAY
2 324N 4GS vIAE Ao vebsrh

103



&, AAEe] mel AEAe] =YL Ha
45 HAo] FUHE AR Ueiged, oe
wAQiztel FA7E BA sbbe AEE s
oz AR, 53, ZY&l & WA
(F.M=3.0)4% ZAA1dsge) @& V-lot #3}
Azt & U-Box 34 Eolaprt dlHe AL
2 23-99ed, olv SAYALY nEY Fd
2 g2 Ao wE Hog gt

oy AEAe 2P & o IR 93
& AFS JepiA ge Aoz JEg

wgtd, AR nfE TAYNEE YN
g, AFAQe ZUE WEo] o FH& 2.6%
0.2¥ ¢l #ejste Aol 84T S N
Rol nlgAE Ro g Algdn).

4.4 L.S.Pe| HE ME AMEHENY

HEH mREE(L.S.P)e £33 Fr AAF
B34E€ 22 g 1d Edolxgt g 9y
dx EAz EHBUC nRF 2FEA Y
3N ol ds BA2 AL, EAE 2
£ dAT F 9 B¢ o IA=FY ¢
Aaee Agge] ALz Bt

53], wjEde] EAAY BEUdTo] 9§ Fiko]
Vg FasAg, F Adzd 2 FAY 5&
st FY BETE(8,000cm/g) ol FEH
AAEE 3N ulide) HEYAd i 24
ge faee 4 g gEsgon, od g
NEAHAE Fig. 4% 2o}

NaAF, FFYA wE 58 € 3NF
& 2 Aoz} glen, A= 2 Aaial AP
Q7o met okzke] Aol JEhiRich iy
olF g Aol AL JYHRT YERF H$
He Aoz Hrbdd, weld, vjmgos by
Aol AAE Yebd HFYE 9.7mE NG
on JYERYEE AFEXZ AYFEE stHTH

m]o

4.5 12&al0 x|@E viso OE AR

UM BAEE gda AWMEY nESdY

104

80

75
5 70 + . . i
z 66 ﬁ= = M
2 60
Qg
£ 55
250 - -
@ |- ¢ <0min —8—30nmin

45 I mreme 60 rrin —6— 90 min

40 e

87 97 "
Particle size of L.S.P(urm

(a) Slump flow for variation of L.S.P

. [
|
|
|

L1 »}- - =0mn ——I—-&In'uﬁ -
Q40— &—60mn —e—Pmn}—-—r

>
[
;
: a7 ;
~ Paticlesizeof LSP(um |

(b) 50em flow time for variation of L.S.P

2 e
220 [« w4 ~0min —®— 0 min
o ———&0 min —6— 90 min,
g 18 e e
‘é 16
5 4
g [ S —

L8 10

e e e e e

87 97 11
_ PatdesizedLSPm
() V-Lot time for variation of L..S.P
Fig. 4 Sensitivity for variation of L.S.P
O AT YAIAE Aol ok, YA
2 AgAnt} d8de) Afgo] Z7EE 4
& woln glvk. 2 Al A8 22 AW
Ev o X8Eo] HT 46.5%°4, W
56%., #& 42% HAE JeEAT.
metr, nzEdae] APgE AFe] A ¥
< FAES FHA nmiAe F¥E FEI

E232|E 8=l =RE M12322 2000.4.



e, n2&Ha AMES] Az AssHE F
UF AFe REIXEI= AWES Sy vlE
g WEHESe HlgR @t AEE dAst
Qer, 1 A¥E Fig. 5% &t

NEAH n2&gae] Ego] IWITF
454 Frtete ddel HA4 2 AnEd A
FAL Fa=Ee S Uil

ol EEHL vl EF HEJE Al

[Fee<omn —m—30mn]
\—t—ﬁo mn —e——QOmn‘

Slump flow (cm)
85858838338
‘ T

40 45 50 55
Replacement ratio of stag (%)

(@) Slump flow for variation of Slag

1 - }
CRINE 1--0—-Om‘n —&— 30 min
@ 10 | - T —60mn —6—90min |
£
o
| €
£
(&}
4]
@
g
=]
’LO
|

40 45 50

Replacerrent ratio of slag (%)

(b) 50cm flow time for variation of slag

2 |
B |-+ -Omn —8—30min | :
© ~—&—60 mn"—6—90mn | ;
i g 18 FHr e i e S ]
516 |- |
£
€14
:_O_ 12 p— i
510} !
5 »
L 8 i
6 |
20 45 50 5
Pedlacesment ratio of stag (%) |

(c) v-Lot time for variation of slag
Fig. 5 Sensitivity for variation of slag powder

Eoe|es=2% H12322 2000 4.

AEs} 2ol ZAHAQN FXLE A d& ¥
g ool feEjde] HEF YAEHEE A

7] dgez Algd” weld, o983 FA
ALdEe 545 wE HeZdi 2 ZHA
Jge nsd n=EPae] XL HWHE 4
5~50%c1 2 #a)dte Ho) uigha st

4.6 Eatxe| Myte WSO mE AYAED

e O —— @
A 80mn_—6— 0 mn|

JE M

Slump flow {cm)
8458888358

-04 02 0 02 04
Variation of HRW.R (%)

() Slump flow for variation of HRW.R

45

P =& ~0min —l——SOm'n‘

@ g5 || TH— 8Om0 —6—90mi|

£

a - i
3 25

22

9 15

L 10

5 .
-04 -02 0 02 04
Variation of HRW.R (%)
(b) V-Lot time for variation of HRW.R

400 A — p———————
a7 ;‘- -+ -0min —&—30min
Eapl oo AT B0 MIN =60 min))
Bas |-
&30 ¢
X5 |
Poso |-
D2‘25 -

200

04 02 0 02 04
Variation of HRWR (%)

() U-box height for variation of HRW.R
Fig. 6 Sensitivity for variation of HRW.R

106



A% AERSFAIC AMEFo] AT, 37
Ed nixlE FF o § A} wZky, AFea
Sol g% wEE e VE ALF
(2.3%)°) *+0.2%.+0.4%8H4=2 HA/FE W
FAA old] wE ZA ¥ FTAYES FEAW
& 333, Agd e Fig. 6% ot

AgdH, Fig. 62 (@l veld bpe} o] 1
e AEZTA ArlEe wEd g £¥= §
Z2S$E +0.2%°H MM A2(65E5em)
& W& Ao et

a8y, 0.4%9 ZASde EAE @4
Elgon -0.4%9 Hle 7Y +5 2
Aol ZUH e Ao g et

=3 Fig. 69 s (oo vEpd vhe} 2ol
V-Lot #8417t 2 U-box FAEold gl 4]
HA7E BN B o, AAHE 3087 o
FEE 8745 S USRS, 60EFEH O+
0.4% WA e FEHE Holvtes Aoz o}
Ebtcl. &, 0.4%9 Afole AR o
A REY dABez, -0.4%9 Bede &
3 BE2EN0E Zp7he] FFolM Heolwn}.

b1k AE ZrpAle] #Hrbge]l 0.4%A A5
AAE | el 4.7~5.3% BE U
T Hojxten, 1 Qo= g
o2 Jepgtt 2% 50cm E9AIZE

AhRed, FEL VIHE Aoz Uy
getd, 14% AEZSAC He AZexel &
£+ 1% oMz 3l KS F 4009 383t
(3%°1) 2T} s Beleke Aol e,

53 B

A LNG A3teize] z|std<ge]o] e
B84 nHE S3EQ HHuigd distd A
fA5e] EAYFo] 2R &e FIYE nlX
E Y99S AED URE AFdAM de FEs
Aeshd, o2 2

1) FadEe £l mE2 HAel ogke

ZHA Fgozm At ufg WEHA
243817 g Eo, 10~20CE #Hste A

106

o] gy, EHde BLE 30CE
gx FEE fFelshe Aol i s,

2) 1#% E3IYES HA 2 AFAAEE
aesld AITAe BHS4E HEFEL O+
0.6% °|W= #elste Aol aFd),

3) AEAY 2YLL 2FF F2YESY HA
2 ANSAAY 9L vH7l R,
2.610.2 ¥Y0r Beste Aol Fot,

4) A3 vlRde HFYAel dit nHF
EaEe Hge AR gy, 9.7mE
Z1Boz UYAEEE AHWEERZ #Yst=
Ro| nigA}, a8lm n2&Hae X
Hee §E4, A 2 2xoE4E 19
dto] 45~50% WM BEste Ao
ukgz s},

5) 1A% AEZFAY Algeate 1% oz
ste] AF38] #wElshe 3] L€

=gk

CFhRR, RS M RS 23 ES HHE 9

BEL B2, e BSRHEER&D/94
-0022, 1996 10, '

TR AR Sb TENEE Y gilEs

FAYES] TR B A7, RFAE
FAGSERAS] =2, A17A1E, 1997 4,
pp.691~694.

CERE, EEH S THHEds FTAYE] )

W g AR BAAEC] A T, A%
3] FASE AR =EY A15¥23, 1995 11,
pp.757~1760.

LB, PTRR, LEE PHELI CHRR

WALNGHT 7 > 7 &AL T - R 57 AMRE
THTL-41LNGHWTREE-" L4} - 2> 71)-
F, No.572, 1994 10,pp.8~13.

L ERENES TRAE TR LICEA L o EEES T

EFEED > 70 - P OGEIZ DN T EARREE46
B R B, Vol 317, 1991

. BATAREE., BB 7 ) - METES 2

>79-+F24771)-93. 1998,

CEARER, SHEE, DUSeE., CH IR R

R R SRR EEE D 7 ) - L ICEIT 3
HEEWFE. 2> 7)-FI8 Vol.15, No.l,
1993, pp.37~42.

E32|Efsl=FF H1282% 2000.4.



2 %

£ dA7E 93 LNG 4714 A3t Alsldgud elde 2/5 EAYE sl AHgA4s
o FAWFo] X ¥ EAEY FHEA VA e S BAT Aol wAE ARE 4§ He
2E iialE L= (3FF), BHF HEGEF). A2 =¥E& VEGEF). A3 v
YAHE(3ER), n2eH Y 8E VEUFF) 2 24% AELSA 371 AS(5FF) Sold

TP, YR ¥T 229 50em EBAZ, V-lot #3417, U-box 234 2 7% 53 2
o] x| ¥ aalE«l oz Zgsgd

AEdn, /84, 44 2 A8F AYAYE nsio, iaalz 2EE 10~20C, FEAe &
& HELS 20.6%°U, AEAY 2HE HEL 2.610.2, 229 XNFL WYL 45~50%2
#sle Aol wigdF Aow AR 23, 1T AEASTAL] AFLAE 1% U2 AR s
FHBEE sy}, ol @ EFAFE FEE ugo 2 A LNG X33 Astdge] A 75,000
me nHE FTIAYUEE +5 FA2 g4 £ dled, old dF AZ2AE ol 5 U

-

(H+2%t :© 2000. 1. 15)

Z32|ESE=FE H1232% 2000.4. 107



