






Vertical drains + Preloading 



Installation of Sand Drains (SDs)











Typical Improvement Patterns in the Deep Mixing Method
DMM improvements are designed as a solid structure in the ground
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Plug flow
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Grain size fractionNatural water 
content 
w (%)

Soil particle 
density

s (g/cm3)
Gravel
(%)

Sand
(%)

Silt
(%)

Clay
(%)

Liquid 
limit
wL (%)

Plastic 
limit
wp (%)

122.0 2.71 3.0 14.0 54.0 28.0 97.0 41.0

Slurry
(kg)

Cement
(kg)

Airfoam
(m3)

Density in 
design (g/cm3)

Unconfined compression
strength in design (kPa)

Above water level 849 140 0.279 1.0 196
Below water level 952 140 0.196 1.1 196

Physical properties of the material soil

Mix proportion (per 1 m3) of the air-foam-treated lightweight soil

No.1 No.3

1 : 2

–15.50

–7.80

H.W.L. +1.70
L.W.L. +0.00 –1.00

+1.80
+4.20

32.4m

R.W.L. 0.6m

12.4m
22.8m

No.2

S.C.P.

No.1 No.3

1 : 2

–15.50

–7.80

H.W.L. +1.70
L.W.L. +0.00 –1.00

+1.80
+4.20

32.4m

R.W.L. 0.6m

12.4m
22.8m

No.2

S.C.P.

: Sampling points
(No.1—3)

Lightweight soil

Caisson

Rubble

Backfill 
(stones)

Sand 
Compaction 
Piles Sand fill

Sand mound

Displaced sand
Clay Clay

H.W.L. +1.70 m
L.W.L. +0.00 m

–15.50 m

+4.20 m

+1.80 m
–1.00 m

–7.80 m

32.4 m

12.4 m
22.8 m

R.W.L. +0.6 m

covered by sand (650 mm) 
& pavement (220 mm).
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o

D

Sand (reclaimer )))1)

1. with vertical drains (acceleration of consolidation)
2. to be replaced by good material (clay sand)
3. to be strengthened (cement treatment)

  4. Lightening and solidification






