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Abstract

Ring footings are efficiently and economically applied as foundation for axis symmetric structures. This paper serves a
numerical study to find out the performance of model ring footing resting on reinforced multilayered soil. The software
PLAXIS 2D is used for the analysis which works on one of the best method of numerical analysis i.e. Finite element Method.
Geogrid is used as soil reinforcement. The analysis was based on Mohr-Coulomb’s criterion for soil. The inner to outer
diameter ratio of ring footing chosen are 0.2, 0.4,0.6 and 0.8. The parameters considered for analysis are Geogrid number of
layers, soil layers and different inner to outer diameter ratio of ring footing are investigated. The ultimate bearing capacity and
settlement reduction was calculated for different number of reinforcement layers and radius ratio. From it is found that there is
a considerable improvement in load carrying capacity and increase in settlement reduction ratio when reinforcement is
provided in layers. The load carrying capacity of ring footing is found to be maximum at a radius ratio 0.4. For this radius ratio,
when the reinforcement is provided in single layer, the bearing capacity improvement is found to be 110% . For two layer and
three layer reinforcement 250% and 300% bearing capacity improvement is noticed for radius ratio 0.4. For fourth to seventh
the improvement in the bearing capacity is around 10%. The settlement reduction is found to be around 40 to 50% for three
layer reinforcement and for further reinforcement layer settlement reduction is around 5%.
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maximum bearing capacity was at r/ r, 0.49.
Boushehrian and Hataf [3] performed experiments on ring
footing resting on reinforced clay and evaluated the load

1. INTRODUCTION

Ring footings are economical and effective for

axisymmetric structures having circular cross setion. With
the increase in use of these foundations need for
investigating its behavior has become important. The
behavior includes the load displacement response and
ultimate bearing capacity. Normally soil exists in the
different layer in nature, it does not exit in homogeneous
nature we generally assume. The behavior of footing on
multilayered soil is studied by various researchers. The
innovative technique of reinforcing the soil by the use of
geosynthetics is one of the most economical solutions
comparing to the use of deep foundations. Previous studies
indicated that reinforcing soil with geogrid led to a notable
increase in ultimate load carrying capacity of low depth
foundations with different shapes.

In this paper the computational analysis of ring footing
resting on three layered soil with geogrid reinforcement is
studied.

1.1 Background

As per studies of rearchers the behavior of ring footings
experimental, numerically & by computational modeling
with the use of softwares like PLAXIS 2D. Sawwaf and
Nazir [1] performed practical study to find out the
performance of not concentric loaded model ring footing
situating on a dense layer of sand that rested on layer of
loose sand and come to the conclusion that the

carrying capacity of footing. Al- Sanad et al. [2] and
Ismael [4] conducted the tests on both circular and ring
plates in denser calcium content and compacted sands.
Ohri et al. [5] conducted experimental tests on ring
footings of various radius ratio and conluded that 0.48
diameter ratio is optimum. Hataf and Razavi[6]
investigated that radius ratio 0.2-0.4 is better from bearing
capacity poit of view.

Several researchers studied numerically the ring footing
resting on different types of sand and conluded the
maximum load carrying  capacity and displacement .
(Choobbasti et al [7]; Ziaie Moayed et al[8]; Zhao and
Egorov [9]; Wang[10]; Kumar and Ghosh [11]; Bowles
[12];Zhao and Wang [13];). Egorov [9] gave numerical
relationships to evaluate the load carrying pressure and
settlement under the ring footing. Choobbasti et al [7]
analysed the ring footing using PLAXIS software for
calculating the bearing capacity and settlement of ring
footing. They concluded that there is linear relationship
between bearing capacity and depth of footing and
performance of ring footing does not largly differs from
strip footing as radius ratio increases. Kumar and Ghosh
[11] studied the bearing-capacity factor Ny for both
smooth and rough ring footings using the method of
characteristics.
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2. COMPUTATIONAL MODELING

The modeling relating to computation is  processed using
the PLAXIS 2D software. For the accurate calculations of

was done on a 60 meter thickness of soil. The outer radius of
ring footing is 15 meters and the inner radiuses are varied as
3, 6, 9 and 12 meters. Figure (1) represents model for the
calculations for load carrying capacity and shows the fixity

the stress and strains the 15 noded element and finer mesh is
used for modelling. The evaluation of load carrying capacity

assumed at base and boundaries at the sides.
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Fig 1. Numerical Model for the Bearing Capacity Calculations.

Table (1) represents the parameters used for the
evaluation of load carrying capacity of the three

different soil layer i.e. Strong, medium, soft layered

soils.

Table 1. Soil parameters/properties

Parameters Soft Medium Strong
Soil c-¢ c-¢ c-¢
Material model Mohr Coulomb | Mohr Coulomb | Mohr Coulomb
Type of material behavior Drained Drained Drained
Unit weight above phreatic level (yunsat, kN/m3) 17 16 17
Unit weight below phreatic level (ysat, kN/m3) 20 18 20
Young’s modulus (E’, kN/m2) 13000 20000 40000
Cohesion (cref , kN/m2) 17 5 1
Friction angle (¢,0) 15 28 36
Poisson’s ratio (v) 0.4 0.45 0.4
Dilatancy Angle (¢,0) 0 0 3
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3. UNREINFORCED AND REINFORCED SOIL

Following figure shows the concept of failure for the
unreinforced soil below ring footing.
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Figure 2: Failure Concept — Unreinforced Soil.
The load carrying capacity of ring footing resting on a layer KA

of geogrid below for one radius ratio under axisymmetric
condition. The bearing capacity improvement is calculated

by the bearing capacity ratio (BCR) is formulated as: Jp——— reinforced soil

K 0 il : :
BCR = < ult p unreinforced soil
Kult V/
Where,
k factor is load carrying capacity of ring footing for 80 5" -

articular number layer of reinforcement and radius ratio. .
P Y Figure 3: Reference Parameters &° & &°

And % is load carrying capacity of ring footing for Definition.

unreinforced soil bed.

For consistency the BCR must be calculated at a particular

settlement level.

- reinforced soil

The settlement reduction ratio (SRR) is formulated as:
= unreinforced soil

0 r
SRR(%)_F 8‘05 ]100

where, &° is the settlement at the ultimate load of

unreinforced foundation soil and &" is the settlement of »
reinforced foundation soil at the ultimate load of Sref

unreinforced soil foundation. Figure 3 illustrates these Figure 4: Reference Parameters K ¢ and K’y
indexes. Definition.
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4. CALCULATION OF ULTIMATE BEARING
CAPACITY

The results for the ring footing of internal to external radius
ratio (ri/ro) of 0.2 placed on (soft-medium-strong)
multilayered soil and ultimate bearing capacity is
calculated, for 0, 1, 2, 3, 4, 5, 6, 7 reinforcement layers of
geogrid. Fig. 5 shows the variation of ultimate bearing
capacity with no. of reinforcement layers at (ri/ro = 0.2).
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Figure 5: Variation of Ultimate Bearing Capacity with

No. of Reinforcement Layers at (ri/ro = 0.2)

The results for the ring footing of internal to external radius
ratio (ri/ro) of 0.2 placed on (medium-strong-soft)
multilayered soil and ultimate bearing capacity is
calculated, for 0, 1, 2, 3, 4, 5, 6, 7 reinforcement layers
of geogrid. Fig.6 shows the variation of ultimate bearing
capacity with no. of reinforcement layers at (ri/ro = 0.2).
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Figure 6: Variation of Ultimate Bearing Capacity with No.
of Reinforcement Layers at (ri/ro = 0.2)

The results for the ring footing of internal to external radius
ratio (ri/ro) of 0.4 placed on (soft-medium-strong)
multilayered soil and ultimate bearing capacity is
calculated, for 0, 1, 2, 3, 4, 5, 6, 7 reinforcement layers of
geogrid. Fig.7 shows the variation of ultimate bearing
capacity with no. of reinforcement layers at (ri/ro = 0.4).
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Figure 7: Variation of ultimate bearing capacity with no.

Of reinforcement layers at (ri/ro = 0.4)

The results for the ring footing of internal to external radius
ratio (ri/ro) of 0.4 placed on (medium-strong-soft)
multilayered soil and ultimate bearing capacity is
calculated, for 0, 1, 2, 3, 4, 5, 6, 7 reinforcement layers of
geogrid. Fig.8 shows the variation of ultimate bearing
capacity with no. of reinforcement layers at (ri/ro = 0.4).
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Figure 8: Variation of ultimate bearing capacity with no.

of reinforcement layers at (ri/ro = 0.4).

The results for the ring footing of internal to external radius
ratio (ri/ro) of 0.6 placed on (soft-medium-strong)
multilayered soil and ultimate bearing capacity is
calculated, for 0, 1, 2, 3, 4, 5, 6, 7 reinforcement layers of
geogrid. Fig. 9 shows the variation of ultimate bearing
capacity with no. of reinforcement layers at (ri/ro = 0.6).
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Figure 9: Variation of ultimate bearing capacity with no.
Of reinforcement layers at (ri/ro = 0.6).

The results for the ring footing of internal to external radius
ratio (ri/ro) of 0.6 placed on (medium-strong-soft)
multilayered soil and ultimate bearing capacity is
calculated, for 0, 1, 2, 3, 4, 5, 6, 7 reinforcement layers of
geogrid. Fig. 10 shows the variation of ultimate bearing
capacity with no. of reinforcement layers at (ri/ro = 0.6).
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Figure 10: Variation of ultimate bearing capacity with no.
Of reinforcement layers at (ri/ro = 0.6)
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The results for the ring footing of internal to external radius
ratio (ri/ro) of 0.8 placed on (soft-medium-strong)
multilayered soil and ultimate bearing capacity is
calculated, for 0, 1, 2, 3, 4, 5, 6, 7 reinforcement layers of
geogrid. Fig. 11 shows the variation of ultimate bearing
capacity with no. of reinforcement layers at (ri/ro = 0.8).
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Figure 11: Variation of ultimate bearing capacity with no.
of reinforcement layers at (ri/ro = 0.8).

The results for the ring footing of internal to external radius
ratio (ri/ro) of 0.8 placed on (medium-strong-soft)
multilayered soil and ultimate bearing capacity is
calculated, for 0, 1, 2, 3, 4, 5, 6, 7 reinforcement layers of
geogrid. Fig. 12 shows the variation of ultimate bearing
capacity with no. of reinforcement layers at (ri/ro = 0.8).
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Figure 12: Variation of ultimate bearing capacity with no.
of reinforcement layers at (ri/ro = 0.8).

4. CALCULATION FOR SETTELMENT REDUCTION
RATIO

The results for the ring footing of internal to external
radius ratio (ri/ro) of 0.2 placed on (soft-medium-
strong) multilayered soil and settlement reduction ratio is
calculated, for 0, 1, 2, 3, 4, 5, 6, 7 reinforcement layers of
geogrid. Fig. 13 shows the variation of settlement reduction
ratio with no. of reinforcement layers at (ri/ro = 0.2).

/

Fig 13: Variation of settlement reduction ratio with no. of
reinforcement layers at (ri/ro = 0.2).

The results for the ring footing of internal to external
radius ratio (ri/ro) of 0.2 placed on (medium-strong-soft)
multilayered soil and settlement reduction ratio is
calculated, for 0, 1, 2, 3, 4, 5, 6, 7 reinforcement layers of
geogrid. Fig. 14 shows the variation of settlement reduction
ratio with no. of reinforcement layers at (ri/ro = 0.2).
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Fig 14: Variation of settlement reduction ratio with no. of
reinforcement layers at (ri/ro = 0.2).

The results for the ring footing of internal to external
radius ratio (ri/ro) of 0.4 placed on (soft-medium-strong)
multilayered soil and settlement reduction ratio is
calculated, for 0, 1, 2, 3, 4, 5, 6, 7 reinforcement layers of
geogrid. Fig. 15 shows the variation of settlement reduction
ratio with no. of reinforcement layers at (ri/ro = 0.4).
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Fig 15: Variation of settlement reduction ratio with no. of
reinforcement layers at (ri/ro = 0.4).

The results for the ring footing of internal to external
radius ratio  (ri/ro) of 0.4 placed on (medium-
strong-soft) multilayered soil and settlement reduction ratio
is calculated, for 0, 1, 2, 3, 4, 5, 6, 7 reinforcement layers
of geogrid. Fig. 16 shows the variation of settlement
reduction ratio with no. of reinforcement layers at (ri/ro =
0.4).
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Fig 16: Variation of settlement reduction ratio with no. of
reinforcement layers at (ri/ro = 0.4).
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The results for the ring footing of internal to external
radius ratio (ri/ro) of 0.6 placed on (soft-medium-
strong) multilayered soil and settlement reduction ratio is
calculated, for 0, 1, 2, 3, 4, 5, 6, 7 reinforcement layers of
geogrid. Fig. 17 shows the variation of settlement reduction
ratio with no. of reinforcement layers at (ri/ro = 0.6).
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Fig 17: Variation of settlement reduction ratio with no. of
reinforcement layers at (ri/ro = 0.6).

The results for the ring footing of internal to external
radius ratio  (ri/ro) of 0.6 placed on (medium-
strong-soft) multilayered soil and settlement reduction ratio
is calculated, for 0, 1, 2, 3, 4, 5, 6, 7 reinforcement layers
of geogrid. Fig. 18 shows the variation of settlement
reduction ratio with no. of reinforcement layers at (ri/ro =
0.6).
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Fig 18: Variation of settlement reduction ratio with no. of
reinforcement layers at (ri/ro = 0.6).

The results for the ring footing of internal to external
radius ratio (ri/ro) of 0.8 placed on (soft-medium-
strong) multilayered soil and settlement reduction ratio is
calculated, for 0, 1, 2, 3, 4, 5, 6, 7 reinforcement layers of
geogrid. Fig. 19 shows the variation of settlement reduction
ratio with no. of reinforcement layers at (ri/ro = 0.8).
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Fig 19: Variation of settlement reduction ratio with no. of
reinforcement layers at (ri/ro = 0.8).

The results for the ring footing of internal to external
radius ratio  (ri/ro) of 0.8 placed on (medium-
strong-soft) multilayered soil and settlement reduction ratio
is calculated, for 0, 1, 2, 3, 4, 5, 6, 7 reinforcement layers
of geogrid. Fig. 20 shows the variation of settlement
reduction ratio with no. of reinforcement layers at (ri/ro =
0.8).

Fig 20: Variation of settlement reduction ratio with no. of
reinforcement layers at (ri/ro = 0.8).

5. CONCLUSION

e It is found that the bearing capacity increases as the
inner radius to outer radius ratio increases upto 0.4 and
afterwards the bearing capacity decreases.

e The bearing capacity of ring footing is reduced if a
weaker layer is present below a stronger crust. The
limit load is affected by the depth of the layers.
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