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ABSTRACT

Machine foundations are designed such that the dynamic forces generated due to the
operation of machines does not produce any type of adverse effects on the machine,
foundation, operators and structures in close vicinity. When the block type machine
foundation does not fulfil the design requirements, either piled foundation is usually
provided or ground improvement techniques such as soil reinforcement can be adopted.
The use of natural fibers as reinforcement is an economical alternative in place of
commercial fibers. The present study investigates the effect of hair fiber (natural fiber)

reinforcement on static and dynamic properties of sand.

Laboratory direct shear tests were conducted on unreinforced and hair fiber-reinforced
sand under dry condition using unsorted hair fibers; under saturated condition, using both
sorted (uniform length) and unsorted hair fibers. Results obtained for sand reinforced with
sorted hair fibers were also compared with the results of sand reinforced with
polypropylene fibers. The shear stress and volume change behavior measured during
direct shear testing were quantified to assess the influence of (i) amount of fiber content
and (ii) fiber length. Results indicated that (i) strength parameters increased substantially
under dry condition, (ii) increase in strength parameters under saturated condition are
observed to be insignificant and (iii) unsorted hair fibers as collected from barber shops

can be effectively used as reinforcing elements.

Drained cyclic triaxial tests were conducted on sand reinforced with unsorted hair fibers.
Measured shear modulus and damping characteristics were compared with unreinforced
sand. Variation of shear modulus and damping ratio with shear strain were developed for
sand reinforced with hair fibers up to 1% by dry weight. Shear modulus of sand
reinforced with hair fibers exhibited an increase in modulus up to medium strains and

damping characteristics marginally reduced compared to unreinforced sand.



Free vibration tests were carried out on model foundation resting on unreinforced and
reinforced sand using three different reinforcing materials i.e. human hair fiber (HHF),
PET geogrid and HDPE geogrid. The effect of lateral and vertical extent of reinforcement
was also investigated using different reinforcement configurations. The data was
interpreted to quantify the optimum reinforcement parameters for improving the dynamic
properties of sand-foundation system. The results on different reinforcement
configuration indicated that the zone of reinforcement equal to the plan dimensions of
footing is adequate to shift the natural frequency of sand-foundation system. Damping
measured from the model tests was found to be less for reinforced ground as observed

from cyclic triaxial test results.

In-situ block vibration tests were conducted to determine the dynamic characteristics of
soil-foundation system. Additionally, influence of geocell reinforcement below the
foundation was also investigated. The results were interpreted to quantify the effect of
reinforcement on shifting the natural frequency and change in amplitude of soil-
foundation system. As observed in the model tests, results of field tests confirmed a shift

in natural frequency and a reduction in damping characteristics.

Application and economic benefits of hair fiber reinforcement in select geotechnical

problems (Retaining wall and machine foundations) were demonstrated.

Vi
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