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Cement-Bentonite Fillings Mixing Sodium Carbonate for

Holes Formed by Pulling-Out Piles

Shinya Inazumr*, Shuichi Kuwanara** and Ko HasHmMoTo™ **

In a series of studies, it is aimed to develop fillings for holes formed by pulling-out piles. Cement-bentonite is used
as a filling in general. Although cement-bentonite has an advantage of being able to perform blending according to
circumstance of work on site, cement and water cause segregation, so uniform filling is difficult. In addition, there is a
disadvantage that cement-bentonite cannot perform a predetermined strength when diluted by penetration of groundwater
and so on. Sodium carbonate (Na2COs) is a substance expected to suppress the segregation of cement-bentonite and to
speed up the development of strength. In this study, we conducted an indoor mixing test on fillings mixed with Na2COs
into cement-bentonite which is a mixture consisting of water, cement and bentonite, and examined various characteristics
from the viewpoint of physical and chemical aspects. The following two points were clarified; (i) by mixing Na2COs3,
bleeding of cement-bentonite is suppressed and (ii) by mixing Na2COs, the strength development time of the cement-
bentonite becomes faster and the long-term strength also increases. These two points are considered to be due to the
improvement of the swelling property of bentonite, the early strength development of cement and the formation of

calcium carbonate (CaCOs).
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Table 1 Difference due to order of mixing.

Order of Bleeding ratio (%) Curing
No. . T e— Remarks
mixing ] hour 3 hours (hours)
A-1 B—-C-S 1.4 1.9 1 - C/B=5.6
A-2 B—-S—C 9.0 15.0 6.5 e = 316%
A-3 C—B—-S 25.0 32.0 1 « Rotation speed =
1500 rpm
A-4 S—B—C 250 31.0 L5 + Mixing duration =
A-5 C-»S—B 380 44.0 1.25 3 minutes

Table 2 Bleeding ratio due to difference of mixing conditions.

Rotation ~ Mixing  Bleeding ratio (%)
No. speed duration h h Remarks
(rpm) (min.) 3 hours 24 hours
B-1 1500 3 1.0 0.0 B4
- C/B=4.
B-2 1500 1 2.0 1.5 - WIC = 3746%
B-3 500 3 2.5 2.0
1.40
120 | | —e-C1 —0-C-2 —a-D-1 —-D2 |

Unconfined cimpressive
strength (N/mm?)
o o
[=2) [’}
(=] (=}

0.40
020 | /§.———0_‘
0.00 1 1 1 1 1 1
0 20 40 60 80 100 120 140
Elapsed time (daysl

Fig. 1 Results of the unconfined compression test.
(Open : with Na,CO;, Closed : without Na,COs3)
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Fig. 2 Results of the penetration test.
(Open : with Na,CO;, Closed : without Na,COs)
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A NSRFEN DR 28 H LR O IRIEFEEL~D R B SR
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IFKkE A2 FPHO/PNEZNE O SIEICEMECIS T 5 —
HEME TR XA KRE S RDMEMNH D, £z, Fig.d 25K
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TBGPERINTZOHTHY, TOHITTV -V 7
HENELT TR, LoT, NaCOs #IRATHZ LT
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Fig.3 Resistance ratio based on the unconfined compression test.
(Open : with Na,CO;, Closed : without Na,CO»)
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Fig. 4 Results of the unconfined compression test.
(Open : with Na,COs)
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Fig. 5 Resistance ratio based on the unconfined compression test.
(Open : with Na,CO3)

Table 3 Results of bleeding and fluidity test.

No. C/B w/C flowing
(%)  down time

Bleeding ratio (%)

(s) 1 hour 3 hours 24 hours

C-1 4.8 371 7.7 3.6 9.3 9.5
C-2 4.8 374 7.6 0.5 0.0 0.0
D-1 6 295 7.8 4.0 9.5 9.8
D-2 6 293 7.6 0.4 0.0 0.0

Table 4 Bleeding ratio due to difference in degree of swelling.

W/C Bleeding ratio (%)
No. c/B (%) 1hour 3hour 24hour
F-1 4.4 410 2.0 2.5 2.5
F-2 5.6 316 1.4 1.9 1.4
G-1 44 416 1.0 1.0 0.0
G-=2 5.6 320 1.0 1.0 0.0

EITREEDME < 72 D APE Y lEZ L U9 < 20 %23, HiEh
PERRBRAE R LV, NaxCOs ZRLE L7zlat AL b b



576

kg ik, S5

T
7y

—, A I

FA MRFEEMEIT Y — 2 IR R A TR
BELRW. Ko T, NaxCOs it Lz A b b
FA FRFEMIL, MBS EEZT 2 &< TR
&L TOEEMENTER STV DM kit 24 LT
WhHEEZLND.

3:3:5 Ry MFA FOEEE Table 4 1L NaxCOs %L
HBLIZEAY "RV Mo RRFEEMIZONWT, RZME
DI D 2 FHOR M A NERWEGEOT Y —Y
VTROEER LTS, F CHIBAME 4 OKRM~
r A &, G TIHIEME 20 OEEE< M A R EH0
TW5. F-1 & G-1, F2 & G2 2kt 5L, wing
GDTY =V VHEMRNMEZRT. FOT Y=V 7
VR I PPN —E B 2 W I 2 S b b

DITHRL, GITRHERRE ISR IS 5 2 & 72 < 24 e
BRIZIX 0% E TR LTS, 2k v, BAEEREWNR K
FA FEGEHTHZLET, BAV MRV M A FRFEE
MZBWTEWT Y =2 Z IR 2 54 % .

4 FEHOFEFERRAD=XL

4-1 BERBRAH=XL

X #RElr (XRD) #7217V, NaxCOs ZRLE L7z A
25000 E : Euringite 25000
C : Calcium Carbonate
CH : Calcium Hydroxide
20000 . A: Ale 20000
z A CF : Ferrite 2
g 15000 M : Montmorillonite g 15000
= =
Z 10000 Z 10000
E =

5000

VR N A N RIEEAM O TREER BRI OV TE S
T5. 22T, (BR) VA2 R Smart Lab & FV 2R X ##
FYEETT>CTEY, AT 5 X #it CuKa (A=1.5418A)
Th 5. Fig. 6 ITHAR X MREHHEIZ LD XRD 2HrOfES
Zod. A No. 1121 NaxCOs % Rfid A D Fedih4, No.

2 120 NaaCOs A Fl A L7 FEXEHE, No. 3 IZIX Mg~
hF A R 2 L NaxCOs 2Bl A L 72 Rt 2 v 4 (No.
11X C-1, No.2 % C-2, No.3 X G-1 L[FEEE).

B 3 FERIICIRWT, No. 1 TIEKBRE A /L T A
(Ca(OH2) R ENTNDHDIZHEL, No.2, No.3 Tix
M ST, L LD, M1 BHickuy\Tix
No.1 T Ca(OH)lIMiH &4, No. 2, No.3 Tidirt S
TWA. Ca(OH) M STV WEAITIE, 46°1TIC
R L I (CaCOs) D E—27 BHANATEY, NaxCOs
ML ERET D REEA A (COsY) 12X > T Ca(OH2) 2N kTR
{fb L, CaCOs Z AR L7 AIREMENR B 2 b5 . 72, CaCOs3
IR A MR oOBRIBGA A AZEHEND LT T L
A A (Ca?) B, WA A 2 AHASED 1T NaaCOs 702 5
BEET 5 COT LG T2 2 & CARINIZTHEE DL B 2
HiL%. CaCO3 I IR DOME TH Y, /1 FEIFED

E : Ettringite 25000 + Ettri
C : Caleium Carbonate E ?:l:;f::—;ecmbona(e
At Alite A : Alite
M : Montmorillonite 20000 M : Montmorillonite
. g 15000
A
Z 10000
2
c ‘ A -
5000

50 20

20 (deg)

(a) No.1 (No Na,CO; Low Swelling), 3hours

20 (deg)

(b) No.2 (Na,CO;, Low Swelling), 3hours

40
20 (deg)

(c) No.3 (Na,CO,, High Swelling), 3hours

50 70 70

25000 E : Ettringite 25000 E : Ettringite 25000 E : Ettringite
€ : Cakium Carbonate C : Cakium Carbonate CSH  C: Caleum Carboate
CSH : C-S-H CSH CH : Caleium Hydroxide L CH : Caleium Hydroxide
20000 A Alite 20000 C CSH CSH:C-S-H 20000 CSH : C-S-H
= M : Montmorillonite = CH A Alite P CSH A : Al
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Fig. 6 Results of XRD analysis.
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