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A Study on the Estimation for the Guaranteed Strength and Construction
Quality of the Combined High Flowing Concrete in Slurry Wall

Yeong-Ho Kwon"*
"Dept. of Architectural Engineering, Dong Yang University, Youngju 750-801, Korea

ABSTRACT The primary purpose of this study is to estimate the guaranteed strength and construction quality of the combined
high flowing concrete which is used in the shury wall of underground LNG storage tank. The required compressive strength of
this type of concrete become generally known as a non economical value because it is applied the high addition factor for
variation coefficients and low reduction factor under water concrete. Therefore, after estimation of the construction quality and
guaranteed strength in actual site work, this study is to propose a suitable equation to calculate the required compressive strength
in order to improve its difference. Application results in actual site work are shown as followings. The optimum mix design
proportion is selected that has water-cement ratio 51%, sand-aggregate ratio 48.8%, and replacement ratio 42.6% of lime stone
powder by cement weight. Test results of slump flow as construction quality give average 616~634 mm. S00mm flowing time and
air content are satisfied with specifications in the rage of 6.3 seconds and 4.0% respectively. Results of strength test by standard
curing mold show that average compressive strength is 49.9 MPa, standard deviation and variation coefficients are low as 1.66 MPa
and 3.36%. Also test results by cored cylinder show that average compressive strength is 66.4 MPa, standard deviation and
variation coefficients are low as 3.64 MPa and 5.48%. The guaranteed strength ratio between standard curing mold and cored
cylinder show 1.23 and 132 in the 2tanks. It is shown that applied addition factor for variation coefficients and reduction factor
under water concrete to calculate the required compressive strength is proved very conservative. Therefore, based on these results, it
is proposed new equation having variation coefficients 7%, addition factor 1.13 and reduction factor 0.98 under water concrete.
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Table 1 (a) Chemical compositions of belite cement

Loss

SO3 F%O:; Mgo . C3S Czs C3A
It tion. Remark
BRI RN W RO RECORRCON i

o

Results) 2.0 {411 | 1.9 | 07 |286 (514 L1 Tvpe
KS L| max. | max. | max. | max. | max. | min. { max. I)’\I;
5201 23 | 65 | 50 | 25 35 | 40 | 70
Table 1 (b) Physical properties of belite cement

Blaine Autoclave|Setting time| Hydration | Compressive
Items (eme) expansion| (hrimin) | heat (cal/g) | strength(MPa)

(%) |Initial| Final| 7d | 28d | 7d | 28d

Results| 3,492 | 0.03 [ 330 ]9:15/58.0|68.5]| 18.6 | 345

KS L| min. max. |min. |max.|max.|max.| min. | min.
5201 | 2,800 0.8 60 | 10 | 60 | 70 7.5 18.0

Table 2 Properties of lime stone powder

Chemical compositions(%o) Physical requirements

Items | _. Blaine [Specifiq Moisture
F 1
SiO, [Fe,05|AlL O3] Ca0 | MgO (e gravity| (%)

Results| 1.2 | 02 | 0.7 | 527 | 1.7 | 6,350 | 2.61 0.1
JIS A min. max.

5008 2.60 0.5

812 | et=2ac|Esls| =2 M18H X6Z (2006)

Table 3 Properties of high-range water reducing agent

Water |Setting time Compressive  |Length) Relative
Items |content| (hr:min) strength(%0) changeldurability
(%) |Initial| Final | 3d | 7d | 28d | (%) | factor
Results| 81.0 | +15 | +10 | 134 | 121 | 119 | 85 89
ASTM| max. | 1:00 earlier| min. | min. | min. | max. | min.
C 494| 88 |norl:30later] 125 | 115 | 110 | 135 80
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Table 4 Mix proportions for optimum mix condition
Unit material weight(kg/m’)

Mix proportions(%o)

W/C[ Gy | S/a | Air [Water|Cement|L.S.P| Sand |Gravel| AD| VA
479 174 | 363 | 236|745 | 785 |7.49(0.16
51.0 174 | 341 | 254|745 | 785 |7.44|0.16
52.4 33.014838) 4 174 | 332 | 262|745 | 784 |7.43|0.16
54.0 174 | 322 | 270|745 | 784 |7.40|0.16

A.D : high range water reducer
V.A : segregation reducing additive
Gv : aggregate volume
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Fig. 1 Test results for mixing time-mixer load
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Fig. 3 50 mm flowing time for elapsed time
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Fig. 4 V-type flowing time for elapsed time
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Table 7 Specification of concrete purring time

Specification | Primary panel [Secondary panel Drainage pit
. N . . - 1 .
Ta.ble 5 Ml)f proportion of rlea.dy muxe.d. con.crete - Purring 've ocity 30 mhr 20 m¥hr 30 m*hr
Mix proportion (%) Unit material weight (kg/m’) per tremi
W/C | W/B| S/a |Water|Cement|L.S.P|Sand|Gravel{ A.D | VA Remove time . . .
510292488 | 174 | 341 |254|745| 785 |7.44]0.16 per treri > min/hr > min/hr > min/hr
Purring time . . .

Table 6 Specifications and size of slurry wall panel per agitator > min 3 min > min

Specifications | Primary panel [Secondary panel Drainage pit Required agitators | 12cars/panel | 8cars/panel | Scars/panel
Panel size(m) | 7.24x1.74x75 | 2.80%1.74x75 | 2.80x4.94x75 ;

Concrete , 975 376 937 Table 8 Concrete control plan for construction quality

ti

duan .ty(m ) Test items Standard range | Test frequency | Remark
Tremi 3 ) )

pipe Slump flow(cm) 65%5

- : . . Initiall

Purring max 8.0 max. 8.0 max 45 500 mm flowing time(sec 73 1time/100 m’ ;tlimez
velocity(m/hr) Air content(%) 441

Purring 100 40 60 ;

quantitym’hry | T max max Chloride content(kg/m’) |  max 0.3 Initially

: in 2times/da

Total purring f i I Itime
. 13~15 9~10 15~16 Unit weight -

time(hr)

Total panels 26 26 2 Mold for strength(set) |3 (7,28, 91days)| 1time/100 m’

814 | =22 H2|E5S =2F H187 HM6E (2006)



AAEE Aor Agude ZAYE HFEZo] 960 m’ Table 11 Statistical results for compressive strength(Cored)

o]7] W] 103), THWIL HFEH 370m’E 43]9) o A-Tank B-Tank

- Classification Total

HAAM AA 263E@¥ S AA AT SHE F299 aglalaglalalc
ek AF FF AlY A= Table 99 o) Test frequency (n) 24 [ 24 (24|24 |24 | 24 | 144
NE A}, £YTZ 200 EF 6545 cm)yS &3} max. (MPa) 67.8]69.5|71.51669(70.1|76.5(76.5
Aon EEHa 2 HEASI) o9 WA vEgTE min. (MPa) 58.1/58.8]66.9|582]63.5/70.5)58.]
gt 500 mm F25F ZEAIZE Hd 630 FU|EE Average m (MPa) 62.5|64.0|683(62.1{672(743| 664
Bt 4.0%E YERR A Standard deviation ¢ (MPa} 5.05 | 5.14 | 2.15| 4.04 | 2.84 [ 2.63 | 3.64
Variation coefficients (%) |8.08{8.033.15|643|4.24|3.54|548

312 UEAT AIY Ht
AE =3 #2] AZolA AR A vz ual A ANF T Zo] FAIAY] FEEEE Fig. 73 Zrh
25 BESFA FAA ] g 919 AR AH5AEE T Al A, ol FAAY dFee AstasHe 3
Aoz B4% A3l Table 103 2t} oo g ZrE Frlstd e, HAH(Cp3m)e Ht
EEUA FAA S HEATE 2.18-4.3% H o = A-®ANA 62.5MPa, B-8ZlA 62.1 MPa
o, AAHE WEAFLE 336% HAE WEA I/HF = e
ZAYES FAWFo ws ‘e AL ¢ F Adth ol g Fo] A=l HYHC)E 1022 & o,
Table 112 X 3tA&HEA HHFH e Hof FAIA A-E39 CRTm)dNA  1.024(64.0/62.5), C4(48 m)ol A
o Q}E7vE EAHoR BA AzE UEhd Aot 1.09(68.3/62.5)Z, B-EJ=12] C,(27 m)oliAlE 1.08(67.2/62.1),
A71A, C2 Astd&EH o) XA o2 Zo] 3m C(48 m)oll M= 1.19(74.3/62.1)F WERAITE.
AANA, C, B Cy2 72 27 me} 48 mollA] e = Z Fo| ZAEHlE Cy(1.14)> Cx(1.05) > C;(1.0)2 3HF-
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—
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2ol wet ok o2 NE, g o W ol R E A3} olgE ZH3g Aot}
%ol o) FAAhe g TS FEo WFo) FagEe] Lxolde Folhael met ok ek
o5 e Jez AtgEn. AE A3, FE AA)
EAE=40MPayE A3t 202 A HIATH ASS ——A-1 —O—A-2 A-Tank |
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Table 9 Statistical results for slump flow éso X
L. Primary panel | Secondary panel Qe |
Classification A-Tank | B-Tank | A-Tank | B-Tank ° 5 , .
Test frequency(n) 260 260 104 104 3 27 48
max.(mm) 654 643 641 633 Cored depth from GL (m)
min.{mm) 616 612 614 608
(a) A-Tank
Average m(cm) 634 623 62.9 616
Standard deviation G(mm 11 7 7 6 85 o - -
Variation coefficients%) | 1.7 | 1.1 1.1 1.0 =l oy oot B-Tank
S|
Table 10 Statistical results for compressive strength(Cured) £ 1
e A-Tank B-Tank . |
Classification - - Total o
Primary|Secondary|Primary|Secondary a6l
Test frequency(n) 260 | 104 | 260 | 104 |728 § o |
max.(MPa) 532 53.1 549 550 |54.9 50 . .
min.(MPa) 451 | 475 | 485 460 [45.1 3 27 43
Average m(MPa) 48.6 50.9 513 | 487 499 Cored depth from G.L {m)
Standard deviation o(MPa} 2.07 1.11 1.57 1.89 |1.66 (b) B-Tank
Variation coefficients(%o) | 4.3 218 1307 ] 39 1336 Fig. 7 Compressive strength for cored depth
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Fig. 8 Concrete temperature for cored depth

Table 12 Guaranteed strength by statistical results
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Zr& Table 133} 7t}

A% 4745 B, AE 91Y dF7F=dA 9] 4
Al 2 F5ATE 242 3.66% 2 1.0602 vt
E 2R str] 93 m‘wﬂ ZETh o A e

ABEANE 12302 2319 BA vehsoh
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WL E(f,) =BANEZE(fo)x _21938(((;)) (4)

O

olPie ARE ol gl Y YNl BAEY #7
s

e Guaranteed strength o] A ﬁia‘lzﬂ IeE ZaYE BT HAA W o]
Classification Panel No. o
Mak [F, MP)  we Bupels @ 4+ 92 Aoz Amg.
C 53.8
[ 55.1 > o=
A-Tank — 4 =
G 645 =
oyl Aevee | R —r Ber 1% 2ANEe 4= ABE AL A
1 .
G, 63 4 9 RS HUiERE A2 A7 AAE
B-Tank C3 697 _5'}‘1:5_ ‘:}%34‘ 71%]‘:}
Average 62.3 .
Primary panel 451 Table 13 Proposed value by statistical analysis
A-Tank |Secondary panel 489 fems Designed Actual | Proposed Remark
Cured Average 47.0 . value | data value B
mold Primary panel Fom 485 Compressive strengthMPa)| 505 | 49.9 46.1
B-Tank |Secondary panel 454 Standard deviation(MPa) - 1.66 -
Average 47.0 Variation coefficients(%6) 10 3.36 7.0 9idays
Guaranteed | A-Tank | Cored / Cured 123 Addition factor(o) 12 1.06 1.13
strength ratio| B-Tank | Cored / Cured | ' 132 Reduction factor under :
; 0.95 1.23 0.98
Fos = m-1.73c water concrete(y) .

816 | =22 A2|ESE| =2% M18H X6E (2006)
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