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Abstract: Piping is a form of seepage erosion and refers to the development of subsurface channels 

in which soil particles are transported through porous media. If the piping process continues the 

structure may collapse. Hence, effective countermeasures against piping are needed and soil 

reinforcement technique  is useful in this application. Natural fibers mixed with soil have 

applications in irrigation and drainage projects for controlling seepage. This paper presents a study 

to examine the effect of randomly distributed fibers on the piping behaviour of sand.Through a 

laboratory modeling program a comparative study was done on the seepage velocity and piping 

resistance of sand , sand mixed with different percentage of natural fiber (arecanut fiber) and 

synthetic  fiber (polyester fiber)  . The experiments were carried out for various hydraulic head. The 

discharge velocity and seepage velocity of flow of water through the soil is calculated in each case 

and compared with plain sand. The two fibers used  for the study are arecanut fiber and polyester 

fiber. Fibers are mixed to sand in five different percentages – 0.25%,0.50%,0.75%,1.0% and 1.25%. 

It was observed that fibers reduced the seepage velocity, increased the piping resistance of sand and 

delays the attenuation of piping phenomena considerably. 
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1 INTRODUCTION  

Internal erosion is the phenomenon that 

small grains are washed out through the 

voids between the coarse grains by seepage 

flow leaving the soil skeleton. Piping is a 

subsurface form of internal erosion. Piping 

erosion is described as the formation of an 

open channel, or pipe, within or beneath the 

soil mass of a water-retaining embankment. 

Continued erosion caused by the increasing 

flow of water enlarges the channel size. 

This eventually lead to failure and collapse 

of the entire structure. Seepage induced 

failures in the form of piping are generally 

observed in irrigation and drainage projects 

such as contour bunds, temporary canal 

diversion works, temporary check dams, 

and soil structures. When the seepage 

velocity exceeds the critical velocity, 

piping occurs and the structures are 

weakened. Use of chemical stabilizers is 

one method of avoiding surface and 

internal erosion in earth structures. The 

limitations such as sulphate attack and 

problems with vegetation due to high pH 

level have encouraged researchers to find 

alternatives. Soil reinforcement technique 

with randomly distributed fibers is useful in 

this application. In recent years fibers have 

been mixed into soil to improve the 

strength of soil([2]). Fibers reduce the 

possibility of formation of weak zones and 

contribute to improved piping resistance 

([1]).The fibers effectively restrict soil 

particles movement ([3]). Coir fibers are  

effective in controlling seepage and 

improving the piping resistance of soils [4]. 

The inclusion of  polyester fibers in fly ash 

reduced the seepage velocity, increased the 

piping resistance and increased the critical 

hydraulic gradient hence, delaying the 

occurrence of piping ([1]). 
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The objective of the present study is to 

examine the feasibility of using arecanut 

fiber and polyester fiber for controlling 

seepage velocity and improving piping 

resistance of sand using laboratory 

experiments. 

2  THEORETICAL CONSIDERATIONS 

Discharge velocity is calculated for 

different hydraulic gradients using  

v= ki                                (1) 

where v=discharge velocity,k=coefficient of 

permeability of soil, i = hydraulic gradient. 

The seepage velocity is calculated by using 

vs = 
𝑣

𝑛
                        (2) 

where n=porosity of soil, which is 

calculated from the void ratio of fiber 

mixed sand. For the calculation of void 

ratio,  fibers are considered to be similar to 

soil solid particles. 

Seepage force acts in the upward direction. 

Piping resistance of soil acts in the 

direction opposite to seepage force. For 

equilibrium, piping resistance should have 

a magnitude equal to that of seepage force. 

Hence piping resistance of soil is equal to 

the seepage force at which soil particles 

start lifting due to the upward flow of 

water. The seepage force at this hydraulic 

gradient can be calculated by using 

P = ϒw hA                        (3) 

where P=seepage force at critical gradient; 

ϒw=unit weight of water; h=critical 

hydraulic head; and A=cross-sectional area 

of soil specimen. 

3 MATERIALS USED 

3.1 Sand 

The properties of sand are shown in Table 

1. The maximum and minimum  dry unit 

weights were found to be 16.7 kN/m3 and 

15.5 kN/m3. The gradation curve is shown 

in Figure 1. 

 

Fig. 1 Gradation curve for sand 

Table 1 Properties of Sand 

Description Value 

Specific gravity 2.64 

Gravel (%) 2 

Sand (%) 97 

Silt and clay(%) 1 

Coefficient of uniformity, Cu 4.36 

Coefficient of curvature , CC 1.07 

Angle of internal friction( º ) 40 

3.2 Fibers 

The arecanut fibers were extracted from 

arecanut shell and it was cleaned  and air 

dried. Arecanet fibers of length varying 

from 45,55,65 mm and diameter  of   0.28 -

0.89  mm  are used. The equivalent 

diameter of polyester fiber was about 

32µm-55µm. Polyester fibers of length 

varying from 45,55,65 mm are used.  

4 EXPERIMENTAL PROGRAM 

Piping behaviour of sand was studied and 

compared with that of specimen prepared 

by mixing arcanut fiber and polyester fiber 

to sand.The experimental setup used in this 

study is shown in Figure 2. It consisted of a 

tank 40 cm in diameter and 100 cm in 

height with an attached graduated scale to 

measure the level of water. The mold for 

the soil specimen has a diameter of 10 cm 

and height of 11.7 cm. For all the cases a 

relative density of 60% was chosen for the 
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soil medium. The soil mixture was filled in 

the cylindrical mold and then the mold was 

connected to the water tank. Water was 

permitted to flow through the sample in an 

upward direction and discharge was 

collected in a measuring jar. Discharge 

under various heads was monitored. The 

experiment was continued by increasing the 

head of flow until piping failure of soil 

occurred. The experiments were conducted 

for different fiber content(0.25, 0.50, 0.75, 

1.0 and 1.25% of dry weight of sand) and 

fiber lengths( 45,55 and 65 mm) for both 

arecanut fiber and polyester fiber. 

 

Fig. 2  Schematic representation of water 

tank and specimen mold.  

It was observed that seepage velocity 

increased with the increase in hydraulic 

gradient. When the hydraulic head reached 

a certain level, small bubbles and local 

boiling were observed and finally the 

specimen failed by piping. Hydraulic 

gradient corresponding to this head was 

termed as critical hydraulic gradient.The 

critical hydraulic gradient increased with 

the increase in fiber content. 

 

(a) 

 

(b) 

Fig. 3 Variation of seepage velocity with 

hydraulic gradient for different fiber 

content at 55 mm fiber length for 

(a)arecanut fiber and (b) polyester fiber 

5 ANALYSIS AND DISCUSSION OF TEST 

RESULTS 

The seepage velocity decreased with the 

increase in fiber content due to the decrease 

in void ratio and blocking of pore spaces of 

sand by fibers replacing sand solids. It was 

observed that maximum seepage reducion 

was observed for fiber length of 55mm for 

both fibers. When long fibers or fibers at 

high dosages are mixed, the fibers tend to 

accumulate at one location and have a 

tendency to twist or fold. The variation of 

seepage velocity with hydraulic gradient for 

different fiber content at 55mm fiber length 
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are shown in Figures 3(a)and (b). The 

decrease in seepage is more for arecanut 

fiber mixed sand compared to polyester 

fiber mixed sand. 

 

Fig. 4 Variation of critical hydraulic 

gradient with fiber content at 55 mm fiber 

length  

 

Fig. 5 Variation of piping resistance with 

fiber content at 55 mm fiber length 

Inclusion of fibers in sand reduced the 

lifting of individual soil particles.From 

Figures 4 and 5 it is clear that piping failure 

is found to occur in fiber reinforced sand at 

high gradients. The optimum fiber content 

and length combinations for maximum 

piping resistance was observed as 1.0% and 

55mm respectively. There was an increase 

in piping resistance from 7.85N for 0% 

fiber content to 15.71N for 1.0% arecanut 

fiber content and 14.14N for 1.0 % 

polyester fiber content. The arecanut fiber 

imparts higher piping resistance compared 

to polyester fiber. 

6 CONCLUSIONS 

Experimental investigations have been 

carried out on sand mixed with fibers and 

their effect on the seepage and piping 

resistance is studied. The present study 

reveals that the addition of  fibers in sand 

is an effective method in improving the 

piping resistance of sand and is cost 

effective. Inclusion of fibers in sand 

reduced the lifting of individual soil 

particles. Sand mixed with arecanut fiber 

shows an improved resistance to the piping 

due to the higher shear resistance offered 

by the arecanut fiber. 
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