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The Evaluation of Optimum Hardening Agent Mixture Ratio for
Surface Stabilization on Extremely Soft Marine Clay
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Abstract

Hardening agent has been the traditional material for surface soil stabilization of soft
ground. The aim of this study is to determine optimal mixture ratio of hardening agent in
accordance with the required design specifications. Hardening agent consists of fly ash,
gypsum, slag and cement for the ettringite hydrates and is effective for early stabilization
of unconsolidated soil. The raw ground material is the clay that is widely found here and
there in Korea.

In this study, preliminary tests were performed to get optimal mixture ratio of stabilizer
ingredient and marine clay in Jinhae was used to get physical and chemical properties.
Laboratory tests of 50 stabilized soils were performed to get optimal mixture ratio for
16-stabilizer materials of 6 types, and mixture ratio of stabilizer ingredient and marine clay
was determined.
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. % By Liquid Plasticity
Specific . " Water . Group
Gravity weight finer than Content Ll;nlt Indf:x Symbol
2¢m (%) (%)
Subject ) RBO -
Sl 265 72 1000 565.7 26.43 CH
¥ 22 AU Ay Az
Cormmpaction Test Consolidation Test
Testing Y dmax QMC R
Metod iy 99 Ce Gs tglerd) (e
Standard
Subject Proctar Test L8 U 087 008 07 529~
Soil Modified ’ ’ 8%
Proctar Test 1515 2000
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Chemical Disposition (26)

Sioz ALO Fex0s Ca0 MgO Na0 50, K0 TiO, POs Ig-loss

5421 | 1794 6.80 1.27 1.78 253 0.28 2.93 0.70 0.12 11.44
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: Quartz (& -SiOp)

: Mussovite (K30 - 3AROs - 8Si0p * 2H:0)
* Kaolnite (AROy * 25:Cr + 2820)

* Altate (Nar0 - AXO - 65102)

+ Orthoclase (KeO AlO3 - 6Si00)
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ag. 21 The resut of Scanning o ™ A v L
Hectron Microscope analysis(SEM) %, 22 X-ray SAEN(XRD) 23

J3 AYPLEA ¥ XRF £48%d o3, I diy-de J9Ee Z2o] 2 FAHALEL SO
% ALO:EA ¢ 722%T AASI duh AMH o2 MY(Quartz, SiOo) FE olFn oz AYA
(Orthoclase, KAISizO0s), ¥ulo]E(Albite, NaAlSizOp) oIt CaO9) #HFL 1.271%2 323 HL
Ae2 vt 3734 (Anorthite, CaAbSiO06)E 433 AA ¥#E Aoz wvdg. £ 129,
2.29] XRD €423 ded, 94 499 HAAAZ 7B wA veEgte™ gdgoez AN, gt
oJE FolA}.
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Material of
hardening agent Level 1 Level 2 Level 3
Partland cement (P) Type 1 Type 3 -
4000cm’/g 6000cm®/g 8000cm*/g
Sg powdr ) (30%, 50%, 70%) (309, 50%, 70%) (306, 50, 70%)
4000cm®/g 6000cm®/g _
By ash powder B) (10%, 20%, 30%) (10%, 20%, 30%)
Gypan (@ 5% 10% 15%
Arvin (A 59 10% 15%
Anorganic sdine (M) 1% 29 3%

* Inorganic saline(M) is mixed material
(KCl:NaCl: MgClz =5:3:2)
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Chemical properties (%)
Item 2

SiO: | AO; | Fes | CaO | MgO | NaxO | SOz | CaO | Ig-Loss | K0
Typel

M 08 | 567 274 | &5 | 3% | 014 | 23 | 09 132 16 10

%ﬁ 974 | 580 | 3® | @ | 20 | on | 3B | 00 | 118 | 0% 100

Slag BB | BAU | 4 | L2 50 0B | 28 | 00 027 056 100

Arwin 651 3657 167 | 472 | 11 010 | 1090 | 00 119 063 100

Gypsum 23 032 0 | BB - 001 | BS7 - 208 004 10

& 26 anspAe) AF 43 R uF

Slag powder Cement
It Arwi G Specific Specific Specific
em n ypsum surface surface surface Type Type
4000 6000 8000 1 3
cm/g cm’/g cmz/g
Mean particle | g 59 2019 12.46 426 3M 1545 12.10
Ds( ¢ m)
True 289 308 300 312 321 322 33
gravity
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Base Cement Mixture 1 Mixture 2 Mixture 3
PS4 3 PI1S4.5 PI1S4.7
P1S6.3 PIS6.5 P1S6.7
P1S8_3 PIS8.5 PIS8.7
(T;l . PIF4_1 PIF4_2 PIF4.3
Potlansd cement) PIF6_1 PIF6_2 PIF6 3
PIGS PIGIO PIGIS
P1A5 P1A10 PIAL5
PIM1 PIMZ PIM3
P354.3 P334.5 P3S4.7
P3S6.3 P336.5 P3S6.7
P3S8.3 P3S8.5 P3S8 7
P3 P3F4_1 P3F4_2 P3F4.3
M?};“',”‘;mt) P3F6_1 P3F6_2 P3F6_3
P3G5 P3G10 P3G15
P3A5 P3A10 P3A15
P3MI P3M2 P3M3
+P: ¥EME AE S: &aEd F: EEolREY G Fdn Aol M: F794%

Pl P3: 1% 3% SLEAAE AME

43 A5 S47 : AHEz] Ujgk 3004 06 106 Alke] el B (2UE 400 anie)
6.3, 6.5 H7: AESR] Oigt 3004 5024 026 kel Seia B2 (RUE 6000 an/p)
83 S85, SR 7: AlME) thet 09 5006 06 W] el B (RUE 800 anf/g)
FA1 FA2 FA3: AeEsie] ol 1004 A4 1% 27leke] Exlojol] 22 (YT 4000 onf/p)
Rl 6.2 F63: AiEai) ol 106 A0g 106 2712k Salojoh] £ (RU= 6000 ari/g)
@ GO, GIS : AlEsiol oith 596 1096 196 W1ae] B4 An
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A dAERE HPAAAE)G ANENFE, 3F)0E TP FAAY dFAEE o dHFES HS-
o 0.3kg/cm’, 12 AIRE £ FAAE 072%ke/cm’, 32 ANE E£8 TAAE 0.79%g/em’2 e
wrt,
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3} 2= 23A Slag R I54=

44 No. %) A7 B Z = (kg/cr) 73 E (kg/cm)

° (kg/m) (%) (1ZEAHE) BEAHE)
1 100 100 30 21.18 23.99
2 100 100 70 16.17 18.69
3 100 200 30 33.73 3753
4 100 200 70 40.16 44.03
5 200 100 30 10.13 1131
6 200 100 70 955 10.22
7 200 200 30 18.06 19.68
8 200 200 70 1347 15.88
9 150 150 50 21.04 23.89
10 80.2 150 50 36.17 40.02
11 210.8 150 50 14.63 15.83
12 150 89.2 50 13.23 12.95
13 150 210.8 50 45.59 50.71
14 150 150 25.68 13.20 14.23
15 150 150 74,32 14.31 15.40
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