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The initial, primary and secondary consolidation response of soft clay reinforced with a 
granular column under isolated loading 

 

ABSTRACT  

This paper presents the measurement and assessment of initial, consolidation and creep 

settlements of an isolated circular footing supported on soft clay samples reinforced with a 

single granular column. Clay samples (300mm diameter, 400 mm high) were formed from 

reconstituted kaolin and remoulded sleech which is an active material, exhibiting significant 

creep. These samples were tested in two identical testing chambers with various features to 

capture the settlement under constant foundation loading and dissipation of pore water 

pressure.  

 

The behaviour of a circular footing (70 mm in diameter) on a clay bed was observed.  In one 

model, the footing was supported by a 40mm diameter granular column formed by 

compacting crushed basalt in a preformed cavity. The model footings, with and without a 

granular column, were subjected to five vertical loading increments: 60 kPa, 120 kPa, 180 

kPa, 240 kPa and 300 kPa in the case of kaolin.  Similar tests were conducted in sleech, in 

this case with vertical loadings of 60 kPa, 120 kPa and 180 kPa. Each test lasted 

approximately 10 months. In the case of kaolin, the settlement reduction factor was marginal, 

although it was considerably better for sleech. Kaolin exhibited marginal creep settlement 

under low-moderate bearing pressure, which increased substantially under high bearing 

pressures. Creep settlement was more prominent in sleech at all levels of bearing pressures.  

The very interesting finding from the investigation is that the settlement reduction factors due 

to consolidation and creep are similar in order under low to moderate loadings. 
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installing the granular column) were used initially for assessing the void ratio distribution. The 

variation in the average void ratio of the sleech was approximately 1.00±0.01 and that for 

kaolin was 1.38±0.03. The sample was enclosed in a rubber membrane and a footing was 

carefully located on the inner annulus of the top flexible membrane. This specially 

manufactured rubber membrane was employed in order to model near-field conditions such 

as flexible boundary conditions away from the isolated footing. A graphical illustration of the 

footing arrangement is presented in Figure 2. The inner wall of the membrane was sealed 

against the footing and the outer wall was sealed against a metal ring. Drainage of the 

sample was allowed from the bottom of the sample and through an outlet located on the 

flexible top membrane. Under the top drainage line, a small cavity was formed on the clay 

bed and filled with fine gravel. Two layers of filter paper were located at the top of the sample 

to facilitate the free drainage of water. In the case of the sleech samples, the pore water 

pressure was measured close to the footing location (15 mm away from footing and 15mm 

below the top of the sample), by inserting a pore water pressure probe through another 

outlet located in the top rubber membrane (Figure 2). Identical measurements were 

attempted in the kaolin (tested in a separate, but identical testing chamber). However, the 

pore water probe got damaged and replacement was not possible due to cost implications). 

A simplified version of the complete test set-up is shown in Figure 3. Settlement was 

measured at two locations using internal displacement gauges (Linear Voltage Differential 

Transducer, LVDT), on the footing itself (LVDT 1) and at a point 135 mm away from the 

centre of the footing (LVDT 2). Ideally LVDT 2 should have been placed at least 5 times the 

diameter of the footing away to avoid the zone of influence upon foundation loading. 

However, it was not possible in the present study as the diameter of the sample was only 

300 mm. Data reported later seems to suggest that the measurements taken from LVDT 2 

were not significantly affected by the foundation loading.  

 

The tests carried out were on unreinforced and reinforced clay beds. In the case of the 

unreinforced clay bed, the sample of kaolin was saturated and consolidated to an effective 

confining pressure of 100 kPa (back pore water pressure 200 kPa and confining pressure 

300 kPa). Moorhead, 2013, reported that consolidation and creep settlement reduction 

factors were strongly influenced by the overconsolidation ratio. Therefore, for the sample of 

sleech, the effective consolidation pressure was kept at 50 kPa, to make it more 

overconsolidated than the sample of kaolin.  During this consolidation process a small 

amount of footing pressure (10 kPa) was applied in order to avoid any initial bedding-in 

errors. Upon completion of consolidation, the foundation pressures were increased to 60 

kPa, 120 kPa, 180 kPa, 240 kPa and 300 kPa in the case of kaolin. For the sleech, the test 

was terminated at a foundation pressure of 180 kPa. Each loading stage lasted between 6-
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Figure  2 Schematic of  footing, flexible boundary conditions and pore water 
pressure monitoring arrangement in proximity of the footing
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Figure  3: Simplified schematic of  the assembled testing chamber

Trolley

Extruded sample enclosed in latex membrane

Portable pedestal of testing chamber

Granular column



Figure  4: Settlement of footing (net) and away from  footing for kaolin under foundation 
pressures of 60 kPa,120 kPa,180 kPa ,240 kPa and 300 kPa
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(b) Settlement away from footing  vs Log Time
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Figure  5: Settlement of footing (net) and away from  footing for kaolin with a  fully penetrating 40 
mm �I column under foundation pressure s of 60 kPa,120 kPa,180 kPa ,240 kPa and 300 kPa

(b) Settlement away from footing  vs Log Time

(a) Net Footing Settlement vs Log Time
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Figure  6 Settlement (net)  of footing and away from  footing for sleech under foundation 
pressures of 60 kPa,120 kPa and 180 kPa
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Figure  7 Pore water pressure variation with time during  application of a bearing 
pressures of 60 kPa,120 kPa and180 kPa for sleech
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