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A Study on the Surface Soil Stabilization on Marine Clay
by the Hardening Agent
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Civil Engineering, Hanyang University, Seoul 133-791, Korea
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ABSTRACT: Hardening agents have been the traditional material for surface soil stabilization of soft ground. This study aims at
determining the optimal mixture ratio of the hardening agent in accordance with the required design specifications. Hardening agents
which consists of fly ash, gypsum, slag and cement for the ettringite hydrates is effective for early stabilization of unconsolidated soil.
The raw ground material is the clay that is widely found in Korea. In this study, preliminary tests were performed to get an optimal
mixture ratio of the stabilizer ingredient and marine clay from Jinhae was used to get physical and chemical properties. Laboratory
tests of 50 stabilized soils were performed to get an optimal mixture ratio for 16-stabilizer materials of 6 types, and a mixture ratio of
the stabilizer ingredient and marine clay was determined.
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Table 2 Laboratory mechanical test results of subject soil

Compaction test Consolidation test

Testing Yd OMC Pc Cv
method (t/,’;?;x (%) RS (kg/cm’)  (em’/sec)
Standard
Proctor 1.303 2488
test 529~
.607 0.08 .27
Modified 0.60 0 8.9
Proctor 1515  20.00
test
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Fig. 1 Determination of Pc by Mikkasa’s method

Table 3 The result of XRF analysis for marine clay in Jinhae

Chemical disposition (%)
Si0, ALO Fex0; CaO MgO NaO SO; KO TiO, P05 Ig-loss
5421 17.94 680 127 178 253 028293 070 012 1144
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Fig. 2 The result of Scanning Electron Microscope analysis
(SEM)
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Fig. 3 The result of XRD analysis for marine clay in Jin-Hae
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Table 4 Hardening agent material

Material of
hardening agent Level 1 Level 2 Level 3
Portland cement (P) Type 1 Type 3 -
4000cm?/ 6000cm?/ 8000cm?/
Slag powder (S) (30%, 50%,  (30%, 50%,  (30%, 50%,
70%) 70%) 70%)
4000cm?/ 6000cm?/
Fly ash powder (F) (10%, 20%,  (10%, 20%, -
30%) 30%)
Gypsum (G) 5% 10% 15%
Arwin (A) 5% 10% 15%
*Inorganic saline (M) 1% 2% 3%
* Inorganic saline(M) is mixed material
(KCl: NaCl : MgCl, =5:3:2)
Table 5 The result of chemical component analysis for

hardening agent materials

Chemical properties (%) 5
SiO; ALO; Fex03 CaO MgONa,O 503 CaO Ig-Loss KO

Item

T@‘?N} N8 567 274 @5 33 014 234 051 13 106 100
TYCP/QN? 1974 58 329 @70 230 011 3% 080 118 089 10
Sag BB 153 04 £ 50 0% 208 00 02 045 10
Arwin 651 3657 167 4172 111 010 1050 030 119 063 100
Gypsum 238 032 004 3% - 000 B5 - 208 004 100

Table 6 Average grain size and specific gravity of hardening

agent
Slag powder Cement
Specific Specific  Specific
Item  Arwin Gypsum gurface surface surface Type Type
4000 6000 8000 1
cm’/g  cm’/g  am’/g
Mean
particle 939 2019 1246 426 304 1545 1210
Dso( # m)

True
gravity 2.89 3.08 3.09 312 321 32 332
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Table 7 Hardening agent mixture

Base cement Mixture 1 Mixture 2 Mixture 3
P154. 3 P154. 5 P154_7
P156_3 P156_5 P1S6_7
- P1S8_3 P1S8_5 P1S8_7
(Type 1 P1F4 1 P1F4 2 P1F4_3
Potland cement) P1F6_1 P1F6_2 P1F6_3
P1G5 P1G10 P1G15
P1A5 P1A10 P1A15
P1M1 P1IM2 P1IM3
P354 3 P354 5 P354 7
P356_3 P356_5 P356_7
3 P358_3 P358_5 P358_ 7
(Type 3 P3F4_1 P3F4 2 P3F4_3
Portland P3F6_1 P3F6_2 P3F6_3
cement) P3G5 P3G10 P3G15
P3A5 P3A10 P3A15
P3M1 P3M2 P3M3
* P: Protland cement S : Slag powder F : Hyash powder
G : Gypsum A Arwin M : inorganic saline

P1, I3 : Type 1, Type 3 Portland cement
$43, $45 S47 : 0% 50% 70% added amount Slag powder (specific
surface 4000 cnii'/g) v, cement amount
$6.3, 565 567 : 0% 0% 7% added amount Slag powder (specific
surface 6000 cn/g) vs. cement amount
8.3, 85 S87 : 0% 50% 70% added amount Slag powder (specific
surface 8000 cnr/g) .vs. cement amount
F41, K2 K3 : 30% 50% 70% added amount flyash powder (specific
surface 4000 cnf'/g) .vs. cement amount
1 F2 F3: 0% 0% 70% added amount flyash powder (specific
surface 6000 cnf/g) .vs. cement anount
G5, GIO, GI5 = 5%, 10%, 15% added amount Gypsum .vs, cement amount
A5, A10, Al5 : 5%, 10%, 15% added amount Arwin .vs. cerrent amount
ML, M2, M3 : 1%, 2%, 3% added amount inorganic saline .vs. cerment amount

* Added amount to cement was estimated 100% of cement amount plus
added material amount
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(a) Type 1 Portland cement (b) Type 3 Portland cement

Fig. 4 In case of mixing Arwin
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(a) Type 1 Portland cement (b) Type 3 Portland cement

Fig. 5 In case of mixing Gypsum
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(a) Type 1 Portland cement (b) Type 3 Portland cement

Fig. 6 In case of mixing Inorganic saline
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Fig. 7 In case of mixing Fly ash (4000 cm’/g)
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(a) Type 1 Portland cement (b) Type 3 Portland cement

Fig. 8 In case of mixing Fly ash (6000 cm’/g)
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Fig. 9 In case of mixing Slag (4000 cm’/g)
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Fig. 10 In case of mixing Slag (6000 cm’/g)
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Fig. 11 In case of mixing Slag (8000 cmzlg)
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