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1. Introduction

 High intensive investments to the
national truck roads in past vears in

N2

 For examples, in Year 2003, new roads —
46,000 km including 4,600kg expressway;

e More attentions to the rural roads in the




1. Introduction

e Soil stabilization with ‘“Standard’’ and/or

e Studies and applications of the non-
standard chemical stabilizers have been

e The national transportation research
project on — “Construction Technologies

e In the project, comprehensive laboratory




2. Brief Review of Soil Stabilizing Materials
2-1. Standard Stabilizing Agents, such as:




2. Brief Review of Soil Stabilizing Materials
2-2. Non-Standard Stabilizing Agents, such as:

H B B B
e (Chemical Modified Cement - / Lime-Base
Stabilizers in Powder Form

 Enzyme-Base Stabilizers in Liquid Form

e Various compound chemical stabilizers




3. Basic Stabilizing Mehanism of Non-Standard

Stabilizers

3-1. Non-Standard Stabilizers in Powder Form

e Chemical Reactions
* Physical-Chemical Reactions

* Physical Reactions

3-2. Non-Standard Stabilizers in Liquid Form
e Changing of Surface Energy

e Exchange of Irons

 Setting up Net-Shape Structure

e Forming of Water-Repellent Materia
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4. Laboratory Test Results

Table 1. Physical Properties of Tested Soil Samples

Sample No Name Location LL PL Pl
) Silt el Monogol 21.4 17.5 34
2 Clay Beijing 34 21 13
2K sand Beijing 0 0 0

Table 2. Physical Properties of Tested Soil Samples

Grain Size Distribution (%)
Sample
Mo 2 ~ 3 mm 05~2mm | 025 ~05mm | 0074 ~ 025 mm | < 0.074 mm
=) .2 0.2 0.4 4.5 4.5
=y 1.2 0.4 249 7.4 64.5
=3 I I 0.2 57.5 47 3




4. Laboratory Test Results

Table 3. Selected Soil Stahilizers and Their Codes

Category Product Name Country Chemical Code
of Origin Base/Grade Name
Non-Standard Chemilink 55-108 Soil Singapare Modified
- Stabilizing Agent cementitious Th
Stabilizer
In Powider form L5 Stabilizers™ China Lime-cement | CZN
Lime CiH
Non-Standard |55 Stabilizer Australia Surface |5
active agent
Stabilizer Perma-Zyme Stabilizer USA Qrganic bio- P
BNZYyme
In Liguid Form Better-Base Stabilizer USA Organic salt =SB
Standard Lirme China Grade 3 SH
Stabilizer Crdinary Partland Cement China Grade 325 Sl

* Mote: The specific formulas of LG Stabilizers were especially designed for the particular tested sails.




4. Laboratory Test Results

Table 4. Mizing Ratios and Compaction Test Results

Compaction Test Resulis
atahilizer Mixing HRatio For &1 For &2 For &3
Code Powder Liguid MDD OMC MDD OMC MDD OMC
Name Form Form (L'm*) (%o) (t'm?) (%) (t'm’) (%o)
i 2% 0 187 14 1,209 16 1.75 14
CZH 2% 0 1.24 15 1.25 16 1.20 16
CZH 2% 0 1.20 16 1.87 15 1.72 16
PII+2H 3% 1:1000 1.51 ] 1.54 17 1.74 14
PIA+EH 2% 1:1000 157 14 1.509 14 1.77 13
SB+2H 3% 0.5Lim? 1.51 ] 1.54 17 1.74 14
SBE+HIN 2% 0.50LMm? 187 14 1.59 14 1.77 13
[53+2H 2% 1:100 1.51 16 1.54 17 1.74 14
I3+3H 2% 1:100 1.E7 14 1.59 14 1.77 13
mH 2% 0 1.51 16 1.54 17 1.74 14
Al 2% 0 1.E7 14 1.59 14 1.77 13
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Fig. 1. Test Results of Unconfined Compressive Strength (UCS) after 7-Day Curing
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Fig. 2. Test Results of Indirect Tensile Strength (ITS) after 7-Days Curing
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4. Laboratory Test Results

Important Conclusions derived from both strength test
results :

i) The non-standard modified cement-base
stabilizers in powder form have
outstanding performances in strengths
among the whole stabilizer family which
includes the standard ones and non-
standard ones;

R




4. Laboratory Test Results

Important Conclusions derived from both strength test
results :

ii) The strengths of the non-standard
stabilizers in powder form with three
types of soils are much higher than those
of cement-soils or lime-soils and generally
better than those of the combined
stabilizers; and




4. Laboratory Test Results

Important Conclusions derived from both strength test
results :

ili) To add the stabilizers in liquid form into
cement-soils or lime-soils cannot
significantly improve their compressive
strengths and even make them worse
(except the case of PM stabilizer with
cement-silt with surprising), while the
adding of the stabilizers in liquid form
looks partially useful for increasing of the
elasticity of the mixtures;




4. Laboratory Test Results

Fig. 3. Relationship hetween Drying-Shrinkage Indes and Loss of Water Fig. 4. Relationship between Thermo-Shrinkaye Index and Temperature
Shrinkage Index vs. Loss of Water Shrmkage Idexvs. Terperature
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5. Field Trial Roads with Various Stabilizers

5-1. Stabilization Methods

of the powder f *

of the powder

Spreading & Mixing of
the Liquid

Stabilized Base after
Curing




5. Field Trial Roads with Various Stabilizers

5-3. Field Test Results

est Results

* 4 Trial roads with 3-5 km long in Sichuan (South-West p—

China), Nei Monggol (North-West China) and Xinjiang ' @
(Western China). E

* A lot of field tests/measurements have been conducted.

* The measured deflection values from the trial road — Nei
Monggol are taken as example.




5. Field Trial Roads with Various Stabilizers

Table 3. The Measzured DOl ection WYalues of Lobhzmn Tial FRosd i;m sl Moregool,. China

=aectiorns

Fooomd=h om Te=t e BS Max. B Mirmn. BES Represamtimng
Tupe* o=, Eloe rEloe wrEl e S E S walue™= Rernark=
[1%%e rarn] | (1% mann] [1%% mnmn ] [Fa] [1%% marn ]
| LicoedGrawe | 534 | F=62 )] [ I B A I SN W Fair____ |
FHatural sub-grad= 10z =] = e 122 10 el 101
112 Z0.0= s ] o 3= Sood
| vGrawe LV V. A\ ___\ ]
FHatural sub-grade= 1< G 37 138 ] 45 10
SE+SE 16 pER T b b 12 26 =1 Sood
Hatural =ub-grad= z0 S <0 102 ] =0 -t
| Codxs | A4 | F461 ) 21 5 __{_ #_ 1 _om]] Fair |
FHatural sub-grade= s Gi<l 0= 121 z25 25 a1
| Cobeat, | 4= | F¥.18 ) s 1 F_ 1 i I L S W Fair ___ |
FHatural sub-grad= < S9.00 121 1] A7 110
| EMtLimetGravsl | 734 |  =e.27 ) [t S I LLL N FCA I . N W Fair____ |
FHatural sub-grad= = G 3 176G ] =R 123
| EMEGramal, | S5 | =01 ) ga 1 = 1 0 s
FHatural sub-grad= Gt T1.0=F 176G ] (=15 1<
Stabilized ba=e for 26 27 .63 =1 ] < A5
| whole thial sectiors | )}V & L ]
FHatural =ub-grade L] e G 2h 121 ] <0 11=
for whole trial

MHote: ™-- Z00mm thick for all stabilized base=s and ™™ -- weighted gverags wvalus

Design Deflections

life and 720mm thick pavement

the real expressway and the same other conditions




CONCLUSIONS

low-cost rural roads for Western China has been carried
out and the non-standard soil stabilizers have been studied,
as a part of this project, from the development history,
basic stabilizing mechanisms, comprehensive laboratory
tests to the large-scale field road trials with a lot of rich
results.




CONCLUSIONS

2) The laboratory and field tests results have proven that the non-
standard stabilizers in powder form are generally more
effective than the standard stabilizers for soil stabilizations. The
non-standard stabilizers in liquid form are generally ineffective
in improving the strengths of the stabilized sols but they may
have some effects on improving some properties of cement-soil
and lime-soil.




CONCLUSIONS

3) The soil stabilization with the non-standard stabilizers in
powder form is a technically reliable and practically applicable
construction method for rural roads and it could be cost-
effective for those areas where there are lacking in good quarry

materials.
4) In order to achieve better and cost-effective results, it is very

important to select the proper soil stabilizer based on various
stabilization mechanisms, different types of soils and localized
conditions.
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