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An Experimental Study for The Solidifying of Clay Sediments
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ABSTRACT : The present study investigated the physical changes and reaction products with setting
time after mixing of various mineral admixtures such as lime, hydrated lime, gypsum, kaolin, zeolite
and diatomaceous earth with four types of cement (portland cement, slag cement, quick lime, hydrated
lime) and clay rich sediments in soft foundation. As results, slag cement showed the greater
compressive strength than normal portland cement. The rﬁixing experiments with various mineral
admixtures and slag cement resulted that gypsum showed the greatest compressive strength.
Additionally, we conducted mixing experiments with various mixing ratios of gypsum and slag cement.
The experiments showed that the mixing ratio of 30% gypum and 70% slag cement has the greatest
compressive strength. Ettringite was produced as a reaction product. This fact indicates that gypsum
effectively promotes hydration reaction and contributed to the greater compressive strength. These
experimental results can be used as fundamental data for the stabilization of soft clay foundation.

Key words : soft foundation, clay, solidifying, clay mineral, cement

* WA A 2} hmlee61@hotmail.com

— 301 —



M

e

Syt E JZ B0 gaiade g
AT 59 783 o] FrAste] sy
o] &ustA o] F oA o], AL Rk Ul
1ol thFEE2 At 53] gaita A
FTH0Z 3= ARG L: EF 2 X
A ZH A AlFo] Belg A Aute
A= A57F Bol, AdFA ] 4A A
U AR Bt=EA] Had Ao
AFIFAE Q3 B3-S, AA3
| nAE o]&F FHI A
A== o
< A sed AMEEE 13}
AE 1938d A FoA HE 2t¢H FHo
IR #AL i) Azl o 9y
o] T&HAUY. 1Y o}F EETE S 2T
Hol AAHA Fa om, Akt HES
aEA ] g 334, FEFHQL VFATE
EEslch 2o dHANE ngiAs ot Yo}
o=, AIRMEA, H3A, o}~FEA, 84T
A, $Eed, HEd 58 A UE F
o o|FoAN AAZH, BAH SHAAM F
AEA st A7t g Beol AMgEI 9l
(SEIREEL 9, 1985; UIRtE A3 3], 1986;
98 9, 1995).
2zl M 1976~19799) Zx =Y AL
AAoA QA FA Tyl o A Z
N FAHZTEALAT L, 1976, 1977, 1979, 1980;
g BEA FAL 1999)0] HLH o, FE A
ANEA 1A L AFHE Il Audstg
aelshe o]&skar JTHulgFE AL 1989; =
98 5, 1995; AW 5, 1998; £ 8, 1995).
T, AHEA n3Az FA AXIE o] &
g dokxjult sfEke] #E AwbFEtH A4w
39 nf AP A T, 1995, 1996). Gk
o] A o] #4313 e AEFEY
A Atoldle WAHT #FEAo] e HAoE
AR JTHEFAA 5, 1998; AT A4,
1999; o} A7}, 1999; ZAHF, 1998; ©] A<, 2000).
T g o3 dokARte] kX HI}
He ngtAgel AAR ) dEFEC] AH
Hhgste] FEE dEE olgsteg gk
F-HEFE HSIAY L 7IEHo|H )
S Fedith e B d7e 44 ¥HFE

O
=
X,

of r
1% o

=
B
e
2
rir

>
=2
i
3

20k f S %
w
2

2
48 ofd
XN oE
Z O
T, O

p

o

% 30

A

e

-olEY - A7) - 2

Table 1. Geotechnical properties of clay ' rich
sediments used in this study

Soil properties Clay
Gravel 0
L Sand 4
Grain size .
proportion (%) Silt >0
Clay 46
No. 200 96
Water content (W,) 55.2%
Liquid limit (W) 56.4%
Plastic limit (Wp) 22.4%
Plasticity index 34%
Specific gravity 2.65
Unconfined compression strength | 0.17 kg/em®
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Fig. 1. X-ray diffraction patterns of major cementing
materials. C: calcite, G: gypsum, A: alite, B: belite,
L: lime, P: portlandite.
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Fig. 2. X-ray diffraction patterns of clay rich sedi-
ments mixed with major cementing materials. Q:
quartz, F: feldspar, I: illite, K: kaoline minerals, Ch:
chlorite, C: calcite, P: portlandite, HC: hydrated
cement, SC: slag cement, PC: portland cement, L:
lime, HL: hydrated lime.

Ae AL AEL7AA AU F2 SelA 2
#aATh AFYL YR ANy FAUNZ
1497} 4298 7NFoz dgon, dBAZ &
A E 4 Age BeE e o o FA] ¥
Bo] 7b53 vid £ RAEA olF Fo
F E45 WASAY. $A] o] AR d
ZUSAEAEE FHFL T FA] g
A% pH 54 283 X-4 -AERS 44
AT EAAEL FA3AL Folrde EF
Ao s o, FFFAIFL KS F
23060 wet AAEAT a2y AGIAAEY
3 2ARANGL A7 KS F 23037 KS F
23040) ulg} o] F o] Hom, Y= AYL KS F
23029 mt HAASFHT. AFUEAEE T2
3|A} Folx| Ao EFAPANA KS F 23149 w}
2t AH SASAH(F 150 kg, & A 11101,
Z7 £ 224 mm/min), &58E 110CY A
zZ71M &% Ax #x ¥ Ay ysgosn
A4, pHEA S OaktonAle] pH &4 7]
Z 25 mLe| FHF 5 g9 ARE Wil A3
b FE3] s Al & 2 A S48l o

26 (CuK @)
Fig. 3. X-ray diffraction patterns of variable mineral
admixtures used as hardening agents. G: gypsum
Q: quartz, K: kaolinite, Cr: cristobalite, M: mullite,
Mo: mordenite, C: clinoptilolite, GY: gypsum, FA:
fly-ash, DIA: diatomaceous earth, KAO: kaolinite,
ZEQ: zeolite.
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Table 2. Physicochemical properties of clay rich sediments mixed with major cementing materials

Cementing material Total unit weight i Water content UCs**
¢ (¥, glom’) P (0. %) | (Q kglom’)
Slag cement 1.45 10.9 91.32 4.52
Portland cement 1.47 11.2 95.18 3.77
After 14 days . .
Quick lime nd 12.08 91.01 nd
Hydrated lime nd 12.2 102.43 nd
Slag cement 1.56 9.52 89.40 8.83
Portland cement 1.50 10.89 91.57 540
After 42 days . .
Quick lime nd* 12.15 84.19 nd
Hydrated lime nd 12.2 99.60 nd

* nd: not determined due to weakness
** UCS: unconfined compressional strength
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Table 3. The mixing ratios of slag cement and mineral admixtures used in the experiments

Samples Mixing ratio

1 Sc slag cement 100%

2 Sct+gy slag cement 70% + gypsum 30%

3 Sc+1 slag cement 70% + fly ash 30%

4 Sc+di slag cement 70% + diatom earth 30%

5 Sc+ka slag cement 70% + kaolinite 30%

6 ScHfl+di slag cement 70% + fly ash 15% + diatom earth 15%

7 Sctzetka slag cement 70% + zeolite 15% + kaolinite 15%

8 Sc+ditka slag cement 70% + diatom earth 15% + kaolinite 15%
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Table 4. Physicochemical properties of clay rich sediments mixed with slag cement and various mineral

admixtures
Sambles Total unit weight " Water content *UCS
P (¥, g/em’) P (@, %) (Q, kg/em®)
1 1.39 10.8 91.94 452
2 1.39 9.93 98.98 6.52
3 1.39 9.97 99.92 1.18
4 1.39 10.20 100.08 2.04
After 14 days 5 1.38 9.81 100.07 1.87
6 1.40 11.14 97.58 1.76
7 1.40 11.00 96.96 1.78
8 1.42 10.97 98.65 1.62
1 1.40 9.35 91.71 8.83
2 1.38 8.60 . 98.74 10.08
3 1.39 8.57 99.14 1.72
4 1.40 8.87 100.17 3.24
After 42 days 5 1.38 8.67 99.90 2.54
6 1.40 8.47 97.18 2.25
7 1.40 8.56 96.52 2.13
8 1.39 8.59 96.50 2.61
*UCS: uncontined compressional strength
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Fig. 4. X-ray diffraction patterns of clay rich sedi-
ments mixed with slag cement and various mineral
admixtures. G; gypsum Q: quartz, K: kaolinite, I
illite, F: feldspar, C: calcite, E: ettringite, G: gypsum,
SC: slag cement, GY: gypsum, FL: fly-ash, DI:
diatomaceous earth.
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Fig. 5. X-ray diffraction patterns of clay rich
sediments mixed with slag cement and various
mineral admixtures. Q: quartz, K: kaolinite, I:
illite, F: feldspar, C: calcite, E: ettringite, SC: slag
cement, FL: fly-ash, DI: diatomaceous earth, KA:
kaolinite, ZE: zeolite.
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Table 4. Physicochemical properties of clay rich sediments mixed with slag cement and various mineral

admixtures
Samples Total unit weight o Water content *UCS
P (Y, glom’) P (w, %) (@, kg/em?)
1 1.39 10.8 91.94 4.52
2 1.39 9.93 98.98 6.52
3 1.39 9.97 99.92 1.18
4 1.39 10.20 100.08 2.04
After 14 days 5 1.38 9.81 100.07 1.87
6 1.40 11.14 97.58 1.76
7 1.40 11.00 96.96 1.78
8 1.42 10.97 98.65 1.62
1 1.40 9.35 91.71 8.83
2 1.38 8.60 98.74 10.08
3 139 8.57 99,14 1.72
4 1.40 8.87 100.17 3.24
After 42 days 5 1.38 8.67 99.90 2.54
6 1.40 8.47 97.18 225
7 1.40 8.56 96.52 2.13
8 1.39 8.59 96.50 2.61
*UCS: unconfined compressional strength
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Fig. 4. X-ray diffraction patterns of clay rich sedi-
ments mixed with slag cement and various mineral
admixtures. G; gypsum Q: quartz, K: kaolinite, I:
illite, F: feldspar, C: calcite, E: ettringite, G: gypsum,
SC: slag cement, GY: gypsum, FL: fly-ash, DI:
diatomaceous earth.
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Fig. 5. X-ray diffraction patterns of clay rich
sediments mixed with slag cement and various
mineral admixtures. Q: quartz, K: kaolinite, I:
illite, F: feldspar, C: calcite, E: ettringite, SC: slag
cement, FL: fly-ash, DI: diatomaceous earth, KA:
kaolinite, ZE: zeolite.
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Table 5. Physicochemical propertics of clay rich sediments mixed with slag cement and gypsum in
various mixing ratios

Mixing ratio Total unit weight - Water content *UCS
€ (Y, glem’) P (o, %) (Q, kg/em?)
S0 G100* nd 8.16 105.43 nd
$20 G20 145 10.36 104.54 0.55
S40 G60 143 10.86 100.85 3.29
S60 G40 1.45 11.15 100.60 534
After 14 days S70 G30 1.45 10.74 98.27 9.84
S80 G20 1.46 11.12 97.50 789
$90 G10 143 10.84 99.45 5.05
S$100 GO 145 10.96 91.32 4.52
SO G100 nd 8.26 106.17 nd
$20 G20 1.46 10.07 100.14 0.62
S40 G60 1.48 10.20 100.88 3.61
S60 G40 1.47 10.64 98.44 7.06
After 42 days S70 G30 1.48 10.23 96.25 13.01
S80 G20 148 10.70 94.77 10.20
S90 G10 1.51 9.75 92.67 9.87
$100 GO 1.56 9.53 89.40 8.83

* UCS: unconfined compression strength
* S0 G100: slag cement 0% + Gypsum 100%
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LN DU SN v SN Fig. 7. Variations with aging days in X-ray

‘ ' ’ ] i diffraction patterns of clay rich sediments mixed
0 10 20 30 40  with 70% slag cement and 30% gypsum. quartz,
26 (CuK @) F: feldspar, Ch: chlorite, V: vermiculite, I: illite,
Fig. 6. X-ray diffraction patterns of clay rich sedi- C: calcite, G: gypsum.
ments mixed with slag cement and gypsum in
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SE/BSE, 25%

Fig. 8. EDAX element maps showing clay rich sediments mixed with 70% slag cement and 30% (A:
X40, B: X800).
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