
Indian Geotechnical Conference IGC2016 
15-17 December 2016, IIT Madras, Chennai, India 

1 

EFFECT OF FINES ON PORE PRESSURE DEVELOPMENT DURING 

CYCLIC LOADING 

Muttana S Balreddy
1
 

S V Dinesh
2
 

1Assistant Professor, 2 Professor, Department of Civil Engineering, Siddaganga Institute of Technology, Tumakuru - 5720103. Karnataka 
1 muttanab@gmail.com. 2dineshsv2004@gmail.com 

T G Sitharam 
Professor, Department of Civil Engineering, Indian Institute of Science. Bangalore- 560012, Karnataka 
sitharam@civil.iisc.ernet.in  

ABSTRACT: Earthquake is one of the natural calamities that occur on large geographical area. During earthquakes, 

liquefaction of saturated soil deposit is a major cause for failure of various infrastructure as well as lifeline facilities. The 

cause for liquefaction is the build up of excess hydrostatic pressure due to the application of cyclic shear stresses induced 

during ground shaking.  From the literature review it is understood that the mechanism of pore pressure generation of sand 

and sand-fines mixtures is still not clear and require further investigation/research. In this paper, a series of stress 

controlled cyclic triaxial undrained shear tests were conducted on reconstituted sample of sand-fines mixtures for 

evaluating and understanding the pore pressure build up in soils. Sand was procured from Cauvery river bed, Karnataka 

and locally available low plasticity clay fines were used to prepare sand-fines mixtures. The results indicate that presence 

of fines reduces the pore pressure build up when compared to clean sand. 
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1 INTRODUCTION 

The liquefaction phenomenon has received intensive 

attention since the devastating earthquakes of Alaska 

and Niigata in Japan. The development of excess pore 

pressure under undrained loading condition is a 

hallmark of all liquefaction phenomena. Since then 

many investigations have carried out research in this 

area. For cyclic loading, two methods are used to study 

the rate and magnitude of pore pressure generation. 

The first method is stress-controlled cyclic tests, in 

which the generation of excess pore pressure is 

evaluated as a function of the number of loading 

cycles. The second method is strain-controlled cyclic 

tests with measurement of excess pore pressure with 

loading cycles for a given shear strain level. Lee & 

Albaisa (1974) found a continuous increase in excess 

pore pressure as the cyclic loading progressed. They 

suggested that the excess pore pressure falls within a 

narrow band for a given sand, and is insensitive to the 

soil‟s initial density and consolidation stress. Dobry et 

al. (1982) examined pore pressure generation during 

strain-controlled, undrained cyclic loading as a 

function of the shear strain. They too observed that the 

measured excess pore pressure fell within a narrow 

band, and found that it did not develop until a threshold 

shear strain is reached. Polito & Martin, (2003) and 

Sitharam & Govindaraju., (2007) studied the behaviour 

pore pressure generation, in which the parameters such 

as amount and the nature of the fines (plastic or non-

plastic) play a critical role.  

Hazirbaba & Rathje (2009) reported decrease in excess 

pore water pressure in silty sands and increase in 

threshold strain. They also reported that limited data 

are available w.r.t effect of plastic fines on pore 

pressure build up.  

Mohtar et al., (2014) examined the Pore pressure 

generation in sand with bentonite. They concluded that 

the presence of bentonite fines reduces the mean pore 

pressure generated per loading cycle.  

Bayat et al., (2014) showed that pore pressure build up 

in sandy soil mixed with plastic fines is slower than 

pure sand. 

Benghalia et al., (2015) conducted tests on Chelf sand 

with Chelf fines having PI = 13 (low plastic fines). 

They concluded that the pore pressure decreases upto 

10% fines content and then rises again moderately. 

Eswara Rao et al., (2015) studied the effect of plastic 

fines (PI=33) content on pore pressure generation. 

They found that the pore pressure increases for 10% 

plastic fines but there is decrement with increase in 

fines content upto15% for 20% fines and 40% for 40% 

fines. 

Therefore in the present paper an attempt is made to 

understand the pore pressure generation during cyclic 
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loading in sand-fines mixtures. The mixtures are silty 

sand and low plasticity clayey sands. 

2 EXPERIMENTAL  INVESTIGATION 

2.1 Index Properties of Sand, fines and sand-

fines mixtures 

The sand sample used in the present investigation was 

collected from the Cauvery river bed, Karnataka. In 

order to study the effect of fines in the sandy soil on 

pore pressure build up, clayey sand with low plasticity 

was collected from local area. Fig. 1 shows the grain 

size distribution curves of both soil samples used in the 

present investigation. Table 1 gives the summary of the 

Index properties of these soils. 

 

Fig. 1 Grain size distribution curves of sand, clayey-sand 

and those susceptible to liquefaction proposed by 

Tsuchida (Iwasaki, 1986)   

Table 1 Index properties of soils 

Properties Cauvery  

River Sand (S1) 

Clayey 

 Sand (F1) 

Specific Gravity (G) 2.62 2.65 

Gravel (%) - 1 

Sand (%) 100 53 

Silt (%) - 28 

Clay (%)  18 

Cu 2.40 - 

Cc 0.90 - 

emax 0.99 - 

emin 0.72  

LL (%) 0 46 

PL (%) 0 27 

PI 0 19 

IS classification SP SC 

The fines < 75μ size used in the experimental program 

were obtained from the clayey sand. These fines were 

mixed with the clean Cauvery river sand in 90:10, 

80:20 and 70:30 (i.e., S1:70+F1:30) proportions. Fig. 2 

shows the grain size distribution curves of sand-fines 

mixtures used in the present investigation. Table 2 

shows the index properties of sand fines mixtures  

 

Fig. 2 Grain size distribution curves of soil mixture 

Table 2 Index properties of sand and sand-fines mixtures 

Soil mixtures S1:90+ 

F1:10 

S1:80+ 

F1:20 

S1:70+ 

F1:30 

Fines (%) 10 20 30 

D10 0.075 0.021 0.0008 

emax 0.98 1.06 1.31 

emin 0.60 0.61 0.72 

LL 22 26 37 

PI 0 6 17 

IS Classification SW-SM SC SC 

2.2 Sample preparation 

Triaxial cylindrical soil specimens of 50 mm diameter 

and height 100 mm were prepared by dry deposition 

method. The required mass of oven dried Cauvery river 

sand (S1) and F1 fines corresponding to gross void 

ratio were weighed separately and both mixtures were 

divided into ten equal parts. The sand and fines were 

mixed uniformly and each part was gently poured into 

the mould by using a funnel having a 12mm diameter 

nozzle in dry state with zero fall height so that a loose 

soil   sample is formed. The required relative density is 

achieved by giving uniform blows on all four sides of 

the mould by wooden mallet. In this way, the sample 

was prepared by filling the mould in ten layers of equal 

height. Then the sample was subjected to small vacuum 

of 5kPa and carbon-dioxide gas was passed for one 

hour.  

2.3 Saturation, consolidation and shearing 

The specimens were drained by de-aired distilled water 

through soil sample at a very small head of 5kPa. The 

specimens were saturated by applying a back pressure 

of 100kPa and saturation time was maintained till the 

Skempton‟s pore pressure coefficient „B‟ value 

exceeds 0.95. Required cell pressure (100kPa) was 

applied and specimens were isotropically consolidated 

till the end of Casagrande‟s primary consolidation. 

After the consolidation process, the specimens were 
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subjected to undrained shearing at constant confining 

pressure. 

2.4 Stress controlled test 

The isotropically consolidated cylindrical specimens 

were subjected to undrained stress controlled, constant 

amplitude cyclic loading tests at a frequency of 0.1Hz. 

ASTM D 5311 (1996) code was followed for Stress 

controlled technique. The loading system consists of a 

submersible load cell of 5kN capacity and the 

deformation was measured by LVDT. Four transducers 

were used to record the lateral deformation, volume 

change, pore water pressure and cell pressures. The 

data was acquired by a computer controlled data 

acquisition system (CCDAS). 128 data points were 

captured in each loading cycle. The cyclic stress, axial 

strain, pore water pressure and confining pressures are 

the test parameters and were recorded by CCDAS. 

Tests were continued till excess pore water pressure is 

equal to confining pressure or the double amplitude 

axial strain is in excess of 5%.  

3 RESULTS AND DISCUSSION 

Figure 3 shows the plot of residual pore pressure ratio 

versus cycle ratio for sand-fines mixtures with 0-30% 

fines content at relative density 50%.  The pore 

pressure ratio was computed based on residual pore 

water pressure at zero deviator stress at the end of each 

loading cycle. The term ru is a function of the cycle 

ratio (N/NL), which is the ratio of number of applied 

uniform cycles of loading (N) to the number of cycles 

required to cause liquefaction (NL). It is observed that 

all the specimens failed by flow liquefaction. It is 

clearly observed from figure 3 and 4 that the pore 

pressure development in sand and silty sand with 10% 

fines shows the same trend.  

Sand-fines mixtures containing 20% fines with PI = 6 

and 30% fines with PI =17 also fail by flow 

liquefaction. However the rate of pore pressure 

generation is faster than compared to sand and sand-

fines mixtures containing 10% fines. The results 

indicate that pore pressure generation is faster with 

increase in PI.  

 

Figure 5 shows the plot of residual pore pressure ratio 

versus cycle ratio for sand-fines mixtures with 0-30% 

fines content at relative density 70%. It is observed that 

the specimens of sand-fines mixtures containing 20 and 

30% fines fail by cyclic mobility due to residual pore 

pressure not reaching one and effective stress not 

becoming zero. The residual pore pressure values vary 

in a narrow band more or less uniformly for all the 

mixtures.  

 

Figure 6 shows that the specimens with 20% and 30% 

fines with PI = 6 and 17 compacted at Dr = 70% fails 

by cyclic mobility. The results also indicate that the 

pore pressure build up is faster with 20% fines than 

specimen with 30% fines. This indicates that in dense 

samples the pore pressure build up decreases with 

increase in PI>6 and shows clay like behaviour and this 

results are in agreement with Bayat et al., (2014). 

 

 

Fig. 3 Residual pore pressure ratio versus cycle ratio of 

sand-fines mixtures at Dr = 50%  

 

Fig. 4 Excess peak pore pressure generation at Dr = 50% 

for sand-fines mixtures. 

 
Fig. 5 Residual pore pressure ratio versus cycle ratio of 

sand-fines mixtures at Dr = 70% 
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Fig. 6 Excess peak pore pressure generation at Dr = 70% 

for sand-fines mixtures. 

Figure 7 shows the plot of residual pore pressure ratio (ru) 

versus cycle ratio (N/NL) for S1 sand and sand-fines 

mixtures containing 10% fines at loose and dense state. In 

addition, the band of pore pressure ratio for sample is 

shown along with the data of Lee and Albaisa (1974). The 

Lee and Albaisa (1974) band is generated from large 

number of tests conducted at 30 to 100% relative density 

for Monterey sand. The shape of pore pressure ratio band 

of S1 sand and sand-fines mixtures are similar to that of 

Lee and Albaisa (1974). The upper band of present work 

clearly locates above that of Lee and Albaisa (1974) and 

lower band of S1 sand locates below that of Lee and 

Albaisa (1974) but the lower band of S1:90+F1:10 locates 

above the lower band of S1 sand and Lee and Albaisa 

(1974). The pore pressure ratio is much wider at any cycle 

ratio for S1 sand compared to sand-fines mixtures. 

 

Fig. 7 Residual pore pressure ratio versus cycle ratio of 

present work with the work of Lee & Albaisa (1974) 

4 CONCLUSIONS 

The following conclusions are drawn from the 

experimental evidence. 

1. The clean sand and sand-fines mixtures containing 

10-30% fines attain pore pressure ratio of 1 and 

fails by flow liquefaction at Dr=50%. However, 

sand-fines mixtures with 20 and 30% fines content 

at Dr =70% will have ru<1, fails by cyclic mobility.  

2. The excess pore water pressure in dense sand-fines 

specimens (Dr =70%) decreases with increase in PI 

(PI >6)   

3. The pore pressure build up is faster with increase in 

PI in loosely compacted specimens (Dr =50%) 

when compared to dense specimens (Dr =70%). 

4. The shape of pore pressure ratio curves of sand and 

sand-fines mixtures are similar to published Lee 

and Albaisa (1974). The S1 sand and sand-fines 

mixture band is broader than Lee and Albaisa 

(1974).  
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