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Figure 3.1: Liquid limit, moisture content and plastic limit profile (Gold Coast Highway) 
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Figure 3.2: Liquid limit, moisture content and plastic limit profile  

(Sunshine Coast Motorway) 
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Figure 3.3: Liquid limit, moisture content and plastic limit profile (POB Motorway) 







• Organic Soils and Peat 

Low specific gravity 1.1 to 2.5 

Voids ratio   2 – 25 



Historical Developments of DMM (Probaha, 1998) 
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Historical Developments of DMM (Probaha, 1998) 



Historical Developments of DMM (Probaha, 1998) 



   

 

 
Laboratory studies on 

Bangkok clays 
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Figure 19b Effective stress paths for lime treated clay (10% lime content, 1 month curing) 
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Figure 20b Effective stress paths for lime treated clay (10% lime content, 2 months curing) 









Applications of deep mixing 





Figure 3. Applications of deep mixing for various purposes. 



Figure: Flowchart of various applications of deep mixing technology 



Figure: Flowchart of various applications of deep mixing technology 



Figure 2 A variety of deep mixing applications after CDM Association (Terashi, 1997) 





Terminology of the DM family 

· DCM: deep chemical mixing 

· CDM: cement deep mixing 

· DMM: deep mixing method 

· CMC: clay mixing consolidation method 

· CCP: chemical churning pile 

· DCCM: deep cement continuous method 

· DJM: dry jet mixing 

· DLM: deep lime mixing 

· SWING: spreadable WING method 

· RM: rectangular mixing method 

· JACSMAN: jet and churning system management 

· DeMIC: deep mixing improvement by cement stabilizer 

· Mixed-in-place piles 

· In situ soil mixing 

· Lime±cement columns 

· Soil±cement columns 

· SMW: soil mix wall 

· DSM: deep soil mixing. 



Figure: Generic classification of DMM techniques 



Figure 2.1 Clarification of Deep Mixing methods 





Table 5.1 General application of Deep Mixing for each Asian countries 



Table 1.1 Soil Properties in Asia (after Tanaka, 2001) 



Installation Patterns 

(e) (a) (b) (c) 

(f) 

(d) 

(l) (m) 

(g) (i) 

(j) (k) 

(h) 



Figure 6.9 Long rod type deep mixing machines 



Figure 7.3 Dry type machine for two rods type 



Figure 6.11 Photograph of Self-standing retaining wall in Haneda airport 



Figure 6.13 are the photograph of DMM machine for Self-standing retaining wall in Singapore 



Soil Mixing Methods  

Dry Mixing – Nordic Method 



Soil Mixing Methods  
Wet Mixing – Central European 

Methods 



Soil Mixing Methods  

Recently developed wet Mixing Methods 



Figure 2. General classification of equipment used by the deep mixing methods included 

in the Code and by hybrid mixing methods not included. 



Figure 7.7 Mixed column with Dry mixing 



MEGAPLEX,  Poland 
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Wet mixing 
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Bridge supports on DM columns – A2, Poland (ca 80 bridges) 

Wet mixing 
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Figure 1. Deep mixing installation to reduce vibrations at high speed trains (Holm et al, 2002) 



Factors influencing strength 

increase 



Table 1 Factors affecting the strength increase (Terashi, 1997) 



Figure 12. Relative strength increase based on laboratory tests on European soils. 











Figure 5 Relation between average field strength quf and laboratory strength qul for on-

land works (Public Works Research Center, 1999) 



Figure: Distribution of shear strength in overlapped columns 



Figure: Distribution of shear strength in overlapped columns 



Figure: Distribution of shear strength in overlapped columns 



Figure 7 Relation between standard deviation and mean strength for on-land works (Matsuo, 2002) 



Figure 8 Comparison of failure load of full-scale columns and unconfined compressive 

strengths on core samples (BCJ, 1997) 



Figure 10 Profile of unconfined compressive strengths at 3 months and 20 years after 

the construction (Ikegami et al 2005) 



Figure 1 Work flow common to all the applications (Terashi, 2001) 



Figure 4. Principles of execution of deep mixing. 



Figure 5. Iterative design process, including laboratory testing, functional design, field trials and process design. 



Bangkok case history 





Fig. 2. Soil profile along station STA-28 . 000 to 34 . 500, Bangna-Bangpakong 



Table 6.1 Specification of DMM in Bangkok 



Fig. 3. Undrained shear strength from unconfined compression test in Section 3 









Fig. 4. Variation in strength of cement-treated clay with cement content, Bangna-

Bangpakong Highway, km 29 . 500, at depths of  

(a) 3 m, (b) 6 m, (c) 12 m, (d) 15 m 





Figure 6.15 Monitoring section of Expressway widening project near Bangkok 



Fig. 1. Rehabilitation scheme for Bangna-Bangpakong Highway using DMM ground improvement 



Fig. 5. System for manufacturing cement columns 



Fig. 6. (a) Mixing blades of DMM installation machine 



Fig. 6. (b) installation of cement piles by DMM machine 











Fig. 8. Settlement-time relationship for pile tip at 16´00 m and embankment height 2´5 m with various column spacings 



Fig. 9. Factors of safety for embankment heights of 2.5 and 3 m on cement-column-treated ground 



Fig. 10. Deformed mesh for 2´5 m high embankment on treated ground (undrained 

analysis) 



Figure 7.1 Comparison of improvement pattern 



Table 7.1 Settlement estimation for LiDM 



Table 8.1 Check-boring in Asian region 



Figure 8.3 Pulling out the column in Thailand 



Figure 8.4 Machine in Vietnam and Column Loading 

test using Concrete block as counter weight 



Deep Mixing Methods 

Bergado et al 



Deep Mixing Methods 


















