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       Abstract- Liquefaction is a aspects in which the 

strength and stability of soil is decline by earthquake 

shaking or rapid loading. Seismic events cause disturbance 

in the ground which are damage the building and structural 

stability. In this study we use biological process and 

admixture to develop the strength and stability of soil. In 

this review we focused on micro piles which change the 

properties of liquefied soil, and soil gain their strength. This 

paper review present the biological process by using 

microorganism and some suitable method to improve the 

strength of liquefied soil. 
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INTRODUCTION 

Liquefaction occurs by seismic and rapid loading and 

decrease the soil strength. Undrain saturated soil with a 

high risk of earthquake are inquest to liquefaction. During 

liquefaction the pore water pressure become high and 

effective stress of the soil is rapidly reduce to zero. These 

aspects change the properties of soil and its cause of the 

collapse building structures and loss of lives. As more 

recent example of Indonesia, liquefaction was major cause 

of damages in 2018 central Sulawesi Indonesia 

earthquake. When liquefaction occurs, soil stabilization 

techniques are commonly used at the site to eliminate the 

chances of site failure. These methods may include 

following action- [1]. Avoidance the liquefied site and 

relocation is provided to safer site. [2]. Improve the 

ground stability of liquefied soil by using some admixture. 

[3]. Strengthening of weak soil by using some physical 

methods or providing extra strength of structure against 

liquefaction by using Micro piles. [4]. Improve the stability 

of the ground by biological process using microorganism. 

All the above procedure have been used effectively to 

eliminate the risk or damages from liquefaction. When 

selecting one of the best and suitable method to reduce the 

hazard it is necessary to select the effectiveness of the 

improvement approach for the particular situation. 

Liquefied soil layers mostly includes in inner bed layer of 

gravel and sand with excess percentage of fines contents. 

Many researchers have investigate the strength of 

liquefaction following the result of Standard Penetration 

Test (SPT) and Cone Penetration Test (CPT). These study 

were conducted on the basis of case history of earthquake 

allover the world. The present state of art in liquefaction 

evaluation involves in-situ testing rather than the other 

laboratory testing because it is impossible to find these 

property in laboratory: degree of consolidation, age of soil 

profile, degree of cementation, which affect the strength of 

soil to liquefy under seismic or rapid loading. The study 

shows the approach to reduce the risk of soil liquefaction 

using jet grouted micro piles. Stabilization of soil after 

using jet grouted micro pile and compared with existing 

soil. In recent activity to improve soil stability to use of 

bio-mediated system. Bio-improvement technique is 

environment friendly and sustainable method to improve 

the bearing capacity of soil using microorganism. The main 

aim of this review to use of grouted micro piles and 

microbial process to improve the property of liquefied soil. 
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ASSESSMENT OF LIQUEFACTION 

[1]. Cone penetration test (CPT) 

This test is used for soil liquefaction characterization. In 

this test the Cyclic Resistance Ratio (CRR) is compared to 

the Cyclic Stress Ratio (CSR). And the ratio of cyclic 

resistance ratio and cyclic stress ratio is called factor of 

safety for predicting the risk of liquefaction. If the factor of 

safety value greater than one (1) then liquefaction 

triggered. 

The expression for cyclic stress ratio (CSR) is following: 

CSR7.5 = τcyc/σ0ν0 = 0.65(amax/g)*(σν0 /σ0ν0)*(rd/MSF)  

……                                                                      …….. (1) 

Where the variable τcyc is the maximum shear stress, σν0 

and σ0ν0 are vertical effective and total stress, amax is the 

horizontal ground acceleration, rd is the shear reduction 

coefficient and MSF is the moment magnitude. 

By the use of above expression find cyclic stress ratio. And 

cyclic resistance ratio expression is following: 

  CRR7.5 = 0.833[(qC1N)CS / 1000] + 0.05 

 If  (qC1N)CS < 50 

CRR7.5 = 93[(qC1N)CS /1000]3 + 0.08 

If   50< (qC11N)CS <160 

Where the variable (qC11N)CS is penetration resistance. 

The available data compared to cone penetration 

resistance. Resulting graph and empirical curves to define 

the bearing capacity of soil against liquefaction and noting 

that liquefaction triggered or not. 

[2]. Standard penetration test (SPT) 

This test is the one of the most tools in assessment of soil 

liquefaction. In this test the cyclic stress ratio (CSR) 

equation is same as cone penetration test. 

CSR7.5 = τcyc/σ0ν0 = 0.65(amax/g)*(σν0 /σ0ν0)*(rd/MSF)   

In standard penetration test (SPT) the factor of safety one 

(1) was considered in calculation. Empirical curves to 

define the liquefaction were developed based on standard 

penetration test (SPT) data base in the site. On the basis of 

previous database compared to the equivalent corrected 

SPT blows count value (N1)60CS for the soil and the 

finalized curved for the SPT based liquefaction triggering 

analysis is presented: (N1)60CS versus CSR7.5. 

Soil profile and liquefaction risk is evaluated by 

BOULANGER and IDRIS method and soil liquefaction 

assessment by using (N1)60cs values. 

 

 STRENGTHENING OF LIQUEFIED SOIL 

 [1]. By grouted micro piles 

Micro piles are used effectively in different applications of 

ground improvement to develop the load carrying capacity 

of soil and reduce the settlement of foundation. Micro piles 

implementation is done on the guideline of Federal 

Highway Administration (FHWA-NHI). Micro piles have 

tendency to high load carrying capacity and self sustained. 

Micro pile is define as a pile 300 mm or less in diameter 

and length up to 4m with surrounded by cement grout. 

Their review focused on the use of micro piles as 

foundation and reduce the motion of structures. The micro 

piles are reinforcing members to reduce the risk of 

liquefaction by stiffening the soil. The effect of micro pile 

on ground to reduce the shear strain and due to this, the 

displacement are reduce. 

       CHARTON’S method used a cone penetrometer to push 

the micro pile in ground and use pressure grout pumping, 

this is called as jet grouting. According to the CHARTON’S 

two micro piles installed at 300 from vertical. Micro piles 

are in small diameter and grouted friction piles. Each piles 

are made of steel elements that are bounded in the bearing 

soil with grout material. In installation of micro piles the 

grout was injected into soil at high pressure (300 psi) to 

provide bonding at nearest soil around micro piles. The 

resulting grout was 100mm to 115mm in diameter. These 

reinforced micro piles reduce the shear strain and prevent 

the soil from liquefaction. The basic advantages of grouted 

micro piles in improving strength of weak soil is following: 

 The micro piles are installed for every type of 

ground and this is installed very quickly. 

 It offers high skin friction, it means soils have 

tendency to take extra loading and easily wear it. 

 It makes the ground dense. 

 This method is economical and easily installable. 

[2]. By bio-mediated technique 

The improving of soil by the concept of biological process 

is called bio-mediated soil improvement technique. 

Microbial persuade calcite precipitation is the important 

discovery in the field of geotechnical engineering. The bio-
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mediated technique is ecofriendly technique to improve 

the property of soil through microbial convince calcite 

precipitation. In bio-mediated process “SPOROSARCINA 

PASTUERII” microorganism is use to complete calcite 

precipitation which is called as microbial bacteria. 

Microbial persuade calcite precipitation utilizes bacteria to 

introduce calcite and impart the strength of liquefied soil 

due to formation of coating and bonds between soil 

particles. Microbial induced calcite precipitation (MICP) 

are also use to reduce permeability, compressibility and 

increase shear strength and stiffness of soil. In this process 

the calcium carbonate (calcite) is formed into the soil by 

biological process. The produced calcite bind the liquefied 

soil particles together by cementing and clogging. Due to 

this the soil increase shear strength and reduce void ratio, 

compressibility and hydraulic conductivity. This calcite 

achieved by persuading a greater amount of calcite 

forming microorganism and cementation reagent into the 

liquefied soil. They forming a cement compound that help 

to develop the engineering properties of soil. The 

procedure to formation of calcium carbonate (calcite) in 

three parts: (a) Bacteria growth, (b) Bacteria metabolism, 

(c) Calcium carbonate precipitation. Calcite (CaCO3) is a 

product of microbial induced calcite precipitation that can 

be produced by many pathway. The alternatives includes 

urea hydrolysis. Urea hydrolysis is the most desire 

precipitation method because this method is very easily 

controlled and strength forward. In 24 hours the process 

can produced almost 90% chemical conversion. 

The mechanism is done into two stages: (1) urea 

hydrolysis, (2) CaCO3 precipitation. 

CO(NH2)2 + 2H2O-----CO3
--  + 2NH+

4………(1) 

Ca++ + CO2
-- ------- CaCO3 …………(2) 

During hydrolysis stage urea is hydrolyzed and produced 

carbonates and ammonia ions. Ammonia ions increase the 

pH. In calcite precipitation stage cementation solution 

react with carbonates ions and forms calcium carbonates 

crystals. 

         Calcite precipitation generally affected by four major 

factors: pH, temperature, bacteria cell concentration, 

concentration of cement agent. Formation of calcite is 

alkaline in nature, so the pH range under alkaline 

condition from 7.5 to 9.5. calcite precipitation is 

temperature dependent also. The peak temperature of 500  

give the highest strength with respect to other low 

temperature. Bacteria are the most microorganism found 

in soil with size range from 0.5 to 3.0 micro meter. High 

concentration of bacteria cell increase the amount of 

calcite precipitation. This indicates that higher 

concentration of calcite precipitation for binding and 

clogging the soil particles that leads to increase the 

strength of liquefied soil. 

CONCLUSION 

Liquefaction is occurs during the heavy loading or 

earthquake or some construction process. We have to 

prevent liquefaction from above methods are adopted. 

This paper review define the load carrying capacity of the 

foundation soil is developed by using micro piles. This 

method is quick and easily controlled. This paper also 

review on bio-mediated soil improvement technique using 

MICP in alleviation of liquefiable soil. Several researchers 

have been carried out on the use of  MICP to reduce the 

liquefaction, none of the study about the effect of bacterial 

concentration and cementation concentration. This 

method is ecofriendly and superior to sandy soils. After 

both methods are adopted then again apply cone 

penetration test (CPT) and standard penetration test (SPT) 

to check liquefaction and compare with initial data. And 

verifying that these two methods are superior to mitigate 

liquefaction from soils. 

REFERENCES 

1. Potter,S.H.;Becker,J.S.;Johnston,D.M.;Rossiter,K.P.A

noverviewoftheimpactsofthe2010–

2011Canterbury earthquakes. Int. J. Disaster Risk 

Reduct. 2015, 14, 6–14. 

2. Morgenroth, J.; Almond, P.; Scharenbroch, B.C.; 

Wilson, T.M.; Sharp-Heward, S. Soil profile 

inversion in earthquake-induced liquefaction-

affected soils and the potential effects on urban 

trees. Geoderma 2014, 213, 155–162. 

3. Chiaro,G.;Koseki,J.;Kiyota,T.AnInvestigationontheL

iquefactionInducedSlopedGroundFailureDuring 

the 1964 Niigata Earthquake. In Geotechnical 

Hazards from Large Earthquakes and Heavy 

Rainfalls; Springer: Tokyo, Japan, 2017; pp. 133–

143. 

4. Sassa, S.; Takagawa, T. Liquefied gravity flow-

induced tsunami: First evidence and comparison 

from the 2018 Indonesia Sulawesi earthquake and 

tsunami disasters. Landslides 2019, 16, 195–200. 

5. Sawicki, A.; Mierczyn´ski, J.; Sławin´ska, J. 

Compaction/liquefaction properties of some 

          International Research Journal of Engineering and Technology (IRJET)              e-ISSN: 2395-0056 
            Volume: 07 Issue: 05 | May 2020                 www.irjet.net                                                                          p-ISSN: 2395-0072 



 

© 2020, IRJET       |       Impact Factor value: 7.529       |       ISO 9001:2008 Certified Journal       |     Page 6771 
 

model sands. Arch. Hydroeng. Environ. Mech. 

2015, 63, 121–133.  

6. R.D. Andrus, P. Piratheepan, B.S. Ellis, J. Zhang, and 

C.H. Juang, "Comparing liquefaction evaluation 

methods using penetration-Vs relationships." Soil 

Dynamics and Earthquake Engineering, 2004. 24 

(910): p. 9. 

7. S.A. Greenhalgh, D.N. Love, K. Malpas, and R. 

McDougall, "South Australian earthquakes, 

198092." Australian Journal of Earth Sciences, 

1994. 41:  p. 13. 

8. B.A. Gaull, M.O. Michael-Leiba, and J.M.W. Rynn, 

"Probabilistic earthquake risk maps of Australia." 

Australian Journal of Earth Sciences, 1990. 37:2: p. 

19. 

9. D.N. Love,  "Seismic hazard and microzonation of 

the Adelaide metropolitan area." 1996, Sutton 

Earthquake Centre, Department of Mines and 

Energy, South Australia: Adelaide. 

10. H. Poulos, D.N. Love, and R.W. Grounds, "Seismic 

zonation of the Adelaide area," in 7th Australia 

New Zealand Conference on Geomechanics. 1996: 

Adelaide, South Australia. 

11. Farhangi, V.; Karakouzian, M. Design of Bridge 

Foundations Using Reinforced Micropiles. In 

Proceedings of the International Road Federation 

Global R2T Conference & Expo, Las Vegas, NV, 

USA, 19–22 November 2019; pp. 78–83.  

12. FEDERALHIGHWAYADMINISTRATION(FHWA).Mi

cropileDesignandConstruction;FHWA—NHI-05-

039; FHWA: Washington, DC, USA, 2005. 

13. Hwang, T.H.; Kim, K.H.; Shin, J.H. Effective 

installation of micropiles to enhance bearing 

capacity of micropiled raft. Soils Found. 2017, 57, 

36–49. 

14. N. W. Soon, L. M. Lee, T. C. Khun, and H. S. Ling, 

“Improvements in engineering properties of soils 

through microbial-induced calcite precipitation,” 

KSCE J. Civ. Eng., 17, no. 4, pp. 718–728, (2013). 

15. M. Umar, K. A. Kassim, and K. T. P. Chiet, 

“Biological process of soil improvement in civil 

engineering: A review,” J. Rock Mech. Geotech. 

Eng.,  8, no. 5, pp. 767–774, (2016). 

16. S. Stocks-Fischer, J. K. Galinat, and S. S. Bang, 

“Microbiological precipitation of CaCO3,” Soil Biol. 

Biochem.,31, no. 11, pp. 1563–1571 (1999).  

17. H. L. Mobley, M. D. Island, and R. P. Hausinger, 

“Molecular biology of microbial ureases.,” 

Microbiol. Rev., 59, no. 3, pp. 451–480 (1995).  

18. K. D. Arunachalam, K. S. S. Sathyanarayanan, B. S. 

S. Darshan, R. B. Raja, K. D.Arunachalam, and B. 

Raja, “Studies on the characterisation of 

Biosealant properties of Bacillus sphaericus,” Int. 

J. Eng. Sci. Technol., 2, no. 3, pp. 270–277 (2010).  

19. L. M. Lee, “Bio-Mediated Soil Improvement under 

Various Concentrations of Cementation Reagent,” 

Appl. Mech. Mater., 204, pp. 326–329, (2012).     

    

                                                                                                                

 

          International Research Journal of Engineering and Technology (IRJET)              e-ISSN: 2395-0056 
           Volume: 07 Issue: 05 | May 2020                               www.irjet.net                                                              p-ISSN: 2395-0072
 


