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An Experimental Study on the Quality Characteristics of Soil-Cement
for Deep Mixing Method Using Carbon Capture Minerals(CCM)

1, x5t 3% 4
¥e8' - FYE - QNE - 5oy

Woo-Yong Jung' * Hyang-Jong Ju® - Sung-Rok Oh*®" + Yun-Wang Choi*

(Received November 13, 2019 | Revised March 27, 2020 | Accepted May 5, 2020)

In this study, the optimum ratio of soil-cement was derived to utilize carbon capture minerals(CCM) as soil-cement for deep
mixing method, quality characteristics of soil-cement mixed with carbon capture minerals were evaluated. The CCM is
generated in the form of a slurry, and as a result of evaluating water content, it was found to be about 50%. Accordingly,
the water content of CCM was removed in the unit water of Soil-cement mix. As a result of field mixing of soil-cement
using CCM on field soil, it showed that the design allowable bearing capacity was satisfied by showing 3.0MPa or more as
of 28 days of age. As a result of the hazard verification of carbon capture minerals, 0.055mg/L of Cu was detected, but
satisfies the acceptance criteria, and no other harmful substances were eluted.
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Table 1. Chemical composition and physical properties of binders used in the experiment
Type SiO, ALOs Fe 03 CaO MgO SOs L.OI Density Specific
P (%) (%) (%) (%) (%) (%) (%) (¢fem’) | surface area(cm’/g)
CCM 0.67 0.39 0.51 95.69 1.76 0.17 429 2.51 12,239
OPC 21.60 6.00 3.10 61.40 3.40 2.50 0.03 3.15 3,540
GGBF 3333 15.34 0.44 42.12 5.70 2.08 3.00 2.90 4,160
FA 58.20 26.28 7.43 6.51 1.10 0.30 3.20 2.18 3,550
HE 3.65 1.39 0.52 64.50 1.43 22.40 2.75 2.97 3,970
A 30.29 12.34 2.83 39.32 432 2.83 2.52 2.94 3,850
B 11.36 16.49 22.06 34.30 5.57 0.15 1.89 2.78 3,742
) C 6.30 0.16 0.36 55.53 0.98 28.22 2.94 291 3,988
Soil- D 4.69 0.15 043 56.87 091 31.92 487 2.64 4022
Cement
E 28.04 11.57 3.04 41.82 4.10 4.06 0.98 3.07 3,549
F 27.43 11.47 3.46 41.55 3.80 5.19 2.63 293 3,802
G 7.90 0.17 0.29 54.18 1.05 24.52 3.98 2.57 3,952
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Table 2. Physical properties of the soil used in the experiment
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Table 3. Experiment plan and method

Experiment plan Contents

Comparison of Physical and Mechanical

Powder composition ratio . .
P Performance of Seven Commercial Soil

Sampling | Passing | Liquid Plastic | Plastic | Water

place rate” limit limit index | content | USCS?
of soil | (%) | (@L %) | ®L, %) | ®D | (%)

Clay | os0 | 200 | 2t | 75 | 184 | oo
soil

Ssi?l‘i)y 3925 | 2042 | NP - | 2179 | sw®

! Passing rate of standard sieve of #200(%)

? USCS : Unified soil classification system

¥ Sandy soil : Yongin, Gyeonggi-do
silty sand

% Clay soil : Songdo, Incheon

9 ML : Low Plastic Silt 9 SM :

(a).Clay soﬂML) (b) Sandy soil(SM)

Fig. 1. Field soil used in the experiment

(a) Curing

(b) test foreground

Fig. 2. Test specimen of soil-cement with field soil
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selection of soil-cement

Enhancers

Determination of the
optimal mixing rate of the
CCM

Selection of optimum mixing rate
according to change of mixing rate
(6 levels)

Mechanical Evaluation of
Field Soils

Mechanical performance evaluation of
soil-cement mixed with CCM for field

soil
Table 4. Composition ratio of soil-cement
- OPC GGBF FA HE
P %) %) %) %)
No.1 20 60 0 20
No.2 20 60 10 10
No.3 20 60 20 0
No.4 30 50 0 20
No.5 30 50 10 10
No.6 30 50 20 0
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Table 5. Mix table of soil-cement with CCM N
(Unit : kg/m’)

Table 6. The condition of official wastes test method

0 T Item Official wastes test method

Type Field soils cement ccM mass Sample preparation 0.05~5mm(crushed material)
13-0 1,249 164 0 Preparation of eluate Pure+HCI (pH=5.8~6.3)
T 1,248 156 8(5%) 164 Solid / liquid ratio Sample (g): Eluent (ml) = 1:10
13-10 1,248 148 16(10%)
15-0 1,199 187 0 Elution time 6 hour
15-5 ML 1,199 178 9(5%) 187 - Horizontal shaking
15-10 1,198 163 19(10%) . . (about 200 times / minute)
170 1,175 198 0 Dissolution - Shaking width 4~Scm, normal
17-5 1,175 188 10(5%) 198 temperature, normal pressure
1173-_1(? i’;g 12 20(1)0%) Preparation .of sample Filtration with glass fiber filter paper

> solution (1pm)
13-5 1,248 156 8(5%) 164
13-10 1,248 148 16(10%) Application standards Comparison with soil environmental
150 1,199 187 0 standards
15-5 SM 1,199 178 9(5%) 187
15-10 1,198 168 19(10%) onf Uit 3 WRI0| HAOLS 0 SAIS = CHZbA RuEEO
17-0 1,175 198 0 ) —|Of—|— -U-1|:| | OT M= [[H So= I|I—|'\_ EH_|I_ 3oo—|
17-5 1,175 188 10(5%) 198 XE2 &Hol 1 HA4LE HIOIE 22 42E ofict
17-10 1,174 178 20(10%)
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Fig. 4. Compressive strength for optimal composition ratio
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Fig. 8. Compressive strength of soil-cement using CCM mixed with
clay(ML)

5 H3day E7day B 28day

Compressive strength (MPa)

13-0 13-5 13-10 15-0 15-5 15-10 17-0 17-5 17-10

Fig. 9. Compressive strength of soil-cement using CCM mixed with
sandy soil(SM)

9= AEEO| thatd CCM 2 Soil-cement2] @
LIEFH Z0|C Fig. 92| Z1t Fig, 82| FEE X9
IEtSol, CCMe| 2UE0| E7tde=

v o] &
wole pEtMo R URZE A 40| AXl= 4
0 o 22|18 Edez

7t
=}

1
@

]
0y
1

iy
=
i

ox e ruE
Hh

tm

i)

1o
ol
ne
o
oY

9.,'.'

=

~

oy
o]

P
r
Boqr

F

ol

=

oo
gl

o
m
ro

08
oot
N
|0
Hu
e
r
rn
inl
=
izl
o
m.u_
=
i
ofm
_O'ﬂ
il
F

H1
o

J

[¢]

rr
>
nA
Hm
e
alal
0x
Hm
oM

nr 4o

HZ

SN
[0
HU
=
rl
i
o
=)
=]
ol
=

F

oy
P~
_o£
rr
oY
ook
o <
i
m
s
Ral
2
O
O
=

N
40
ol
p
rr
AT
T
rok
0
Hm
[T
in]
Ho
oM
~
>

N

Mol
o
o
4>
e}
mjo
pau|
N
e
[
o

is

SQIEFS 10% 0|Ao=2
Cf It EX-S1E d] 7101 2 CCM
EX-SINE ] S710f T2 AN ZAt

1Qot IS 2o WerEln, HEnio) X

Mol
s}
o
ol
AN
Its)
folr
=]
rr

ini
MHI
<
o
oy
m

a
]
_O'ﬂ
|_ﬂ
I
I
il
ox
or o

158 vol. 8, No. 2 (2020)

Table 7. Dissolution test result

Type Allow criteria Result

Cd 0.3 (mg/L) non.

Cu 3.0 (mg/L) 0.055

Pb 3.0 (mg/L) non.

Cr®* 1.5 (mg/L) non.

CN 1.0 (mg/L) non.

Hg 0.005 (mg/L) non.

As 1.5 (mg/L) non.
Org:z;‘;};‘f:g’ms 1.0 (mg/L) non.
Oil components 5.0% non.
Trichloroethylene(TCE) 0.3 (mg/L) non.
Tetrafluoroethylene(PCE) 0.1 (mg/L) non.
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