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Abstract:- Soil stabilization is the one of the method to
increase the strength of subgrade soil. It is necessary to study
the contribution made by each pavement layer to reduction in
stresses in the pavement system. In the present study an
attempt has been made to study the reduction in vertical
compressive stress in subgrade layer which has varied
stabilizing materials used as reinforcement. Pavement is a two
layered pavement system with GSB as the surface layer and
subgrade is layer beneath. There are five test sections which
compose of controlled subgrade section (un-stabilized), coir
geotextile reinforced section, jute geotextile reinforced section,
coir fiber reinforced section and jute fiber reinforced section.
The cyclic plate load test is conducted on each layer of
different sections of semi -field test track. The stress on
subgrade is measured using pressure cells embedded at
200mm depth from the surface of the pavement, where one is
along the axis of loading and another one 20cm offset from
axis of loading. The theoretical method is also employed to
determine the vertical stress using Bermister’s two layer
graphs and with the IIT PAVE software. The comparison of the
vertical compressive stress between the field test, theoretical
methods and IIT PAVE Software is made. From the test result
stabilized subgrade distributes the stress more efficiently by
increasing the load influencing area. The overall test results of
the study shows improvement in spreadability of vertical
compressive stress using natural coir and jute fiber and
geotextile.
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1. INTRODUCTION

The flexible pavements consist of wearing surface built over
a base course and they rest on compacted sub grade. The
various layers of the flexible pavement structure have
different strength and deformation characteristics which
make the layered system difficult to analyze in pavement
engineering [1]. Deflection, stress and strain are three
parameter developed due to application ofload. Boussineq’s
equations represent an elastic solution to the one layer
system, Burmister (1943) developed solutions first for two-
layer and later for three-layer systems, which advanced
pavement analysis considerable [2]. He obtained the solution

for maximum surface deflection for a two layer pavement
system under a normal surface load uniformly distributed
over a circular area. The vertical stress on the top of
subgrade is an important factor in pavement design. The
function of a pavement s to reduce the vertical stress on the
subgrade so that detrimental pavement deformations will
not occur [3]. The allowable vertical stress on a given
subgrade depends on the strength or modulus of the
subgrade.

1.1 Objectives of the present study

1. Evaluation of vertical compressive stress on subgrade in
semi field model pavement.

2. Determination of effectiveness of pavement of different
subgrade soil treated with Geotextiles.

3. To compare the vertical stress obtained from field

studies, theoretical graphs and IIT PAVE Software.

1.2 Pavement sections of semi-field testrack

The pavement consists of subgrade and subbase layer.
Granular subbase (GSB) course grade Il used as a subbase.
There are five different subgrade sections they are
SECTION A: Controlled subgrade section + GSB layer
SECTION B: Coir geotextile stabilized subgrade + GSB layer
SECTION C: Jute geotextile stabilized subgrade + GSB layer
SECTION D: Coir fiber stabilized subgrade + GSB layer
SECTION E: Jute fiber stabilized subgrade + GSB layer
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Fig -1: Plan and cross section of semi-field test track
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1.3 Instrumentation of subgrades Vertical stress influence coetficient = y7p
0 .02 D.I4 06 OiE 10 L
53
e Pressure Cells are designed to measure stresses or et | | 1 §§
pressure in soil. ¢ L //’; | Eé’
e The conversion of pressure into an electrical signal is E g 4 - Interface 1-2 i
1 1 1 1 I3 '; i TS 4
achieved by the physical deformation of strain gauge |4 > AL il
which are bonded into the diaphragm of the pressure 5 |5 / _@-i“ Layer 2 =
cell and wired into a wheat stone bridge configuration. i . /@“’9 E,
e Pressure applied to the pressure cell produces a / i
deflection of the diaphragm which introduces strain to ) /
the gauge. The strain will produce an electrical ) ) o
resistance which changes proportional to the pressure. Fig -3: Vertical stress distribution charts (two layers)
e Cells are embedded at a depth of 5cm below the Table -1: Vertical stress from distribution chart
subgrade or 20cm below the top of granular subbase
layer. load kg z/a E1/E:2 Prlfs;lcl::z o/p Sl:rf/e:;,lg
e Two pressure cells are embedded one is at centre of P g g
loading and another one at distance of 20cm offset from SECTION A
centre of loading. 1000 0.533 13 0.23 0.72 0.163
2000 | 0.533 13 0.45 0.72 0.325
3000 0.533 13 0.68 0.72 0.488
4000 | 0.533 13 0.90 0.72 0.651
5000 | 0.533 13 1.13 0.72 0.814
SECTION B
1000 | 0533 | 9 0.23 0.76 | 0172
2000 0.533 9 0.45 0.76 0.344
3000 0.533 9 0.68 0.76 0.515
4000 0.533 9 0.90 0.76 0.687
5000 0.533 9 1.13 0.76 0.859
Fig - 2: Pressure cell installation SECTION C
. . 1000 0.533 9 0.23 0.76 0.172
2. Approaches for evaluation of vertical stresses 2000 0533 9 D45 076 0344
e Burmister’s layer theory 3000 0.533 9 0.68 0.76 0515
e IIT PAVE Software
4000 0.533 9 0.90 0.76
o Field test method by Plate load test 0.687
. . 5000 | 0.533 9 1.13 0.76 0.859
2.1 Computation of vertical stress on subgrade by
two layer theory SECTION D
o 1000 | 0.533 6 0.23 086 | 0194
e Intwo layer system considering subgrade and subbase
as two layers where GSB layer as a second layer. 2000 0.533 6 0.45 0.86 0.389
e The thickness of GSB layer (h) is 150mm and thickness 3000 0.533 6 0.68 0.86 0.583
of compacted subgrade layer is 300mm.
p 8 Y _ . 4000 | 0.533 6 0.90 086 | (778
e Plateload test by 75cm diameter plate and radius (a) is
37.5cm. 5000 0.533 6 1.13 0.86 0.972
e The pressure cells installed at 200mm depth from the SECTION E
surface of the GSB layer so z is 200 mm. 1000 0533 7 023 084 019
e Forthe analysis modulus of elasticity of GSB layer E;and
modulus of elasticity of subgrade E; taken from cyclic 2000 0.533 7 0.45 0.84 0.38
plate load test by conducting in each section[5][6]. 3000 0.533 7 0.68 0.84 0.57
e From Burmister's two layer chart vertical stress 4000 0.533 7 0.90 0.84 076
distribution calculated for each sections [1][2][3].
5000 | 0.533 7 1.13 0.84 0.95
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2.2 Computation of vertical stress on subgrade by e The loading was done with increment of 250kg up to
IIT PAVE Software 5000kg and unloading also done at the same interval.

e At the stage of loading and unloading rebound
e Thereqired input entered in software and run the data. deflection value and pressure cells value were
The output of the sofware noted[4]. recorded.
e IIT PAVE Software is used to determine vertical stress e Like this there are six loading and unloading cycles
using plate load data. were conducted and corresponding stress level
e The inputs for IIT PAVE Software are modulus of readings were recorded.

elasticity of two layers in MPa, poisson’s ratio p = 0.45
for subbase and p = 0.5 for subgrade respectively and
thickness of subbase h = 150mm.

e For a 5000kg load, for each section input in terms of
Newton and corresponding tyre pressure in MPa.

e Analysis point to be taken as two, depth of analysis will
be 200mm for test on subbase. Two radial distances
where taken, r =0 and r=200cm

e Intheresult sheet all the input will be displayed and o,
O, Or, &, & €rand displacement are output.

Where

o, = vertical stress

o.= Tangential horizontal stress
or= Radial horizontal stress

€, = vertical strain

€= Tangential horizontal strain
€= Radial horizontal strain

Table -2: Vertical stress from IIT PAVE Software

Fig - 3: Cycilc plate load test
SECTION r (mm) oz (Mpa) oz (kg /cm?)
Table -3: Vertical stress from pressure cell
SECTION A 0 0.084 0.857
200 0.071 0724 Applied Measured pressure cell value,
Load St kg/cm?2
SECTION B 0 0.115 1.173 kg kg;(::z SECTION
200 0.088 0.898 A | B[ c[D]E
5 0109 112 Loading cycle, pressure cell at centre
SECTION C : : 2500 0.57 049 | 042 | 044 | 0.32 0.38
200 0.085 0.867 5000 1.13 097 | 0.84 | 0.84 | 0.67 | 0.79
0 0.146 1.489 Loading cycle, pressure cell at 20cm offset from centre
SECTION D 2500 | 057 | 023 | 027 | 033 | 0.20 | 026
200 0.102 1.040 : : : : : :
1.1 .62 4 . 42 .54
0 0134 1367 5000 3 0.6 048 | 066 | O 0.5
SECTION E Unloading cycle, pressure cell at centre
200 0.097 0.989 5000 1.13 1.06 | 0.79 | 0.84 | 0.60 | 0.85
2500 0.57 0.51 | 040 | 044 | 030 | 0.61
2.3 Field test method by plate load test (IS: 5249- Unloading cycle, pressure cell at 20cm offset from centre
1992) 5000 1.13 0.78 | 048 | 0.63 | 047 | 0.60
2500 0.57 031 | 022 | 0.29 | 0.26 | 0.36

e Cyclic plate load test conducted on GSB layer of each

section. A 75cm diameter plate is used in the semi-field
test track to conduct cyclic plate load test.

e Theequipment for the test shall be assembled according
to IS 1888: 1982.

e  After the set-up has been arranged the initial readings of
the dial gauges should be noted and the first increment
of static load should be applied to the plate.
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Chart -1: Vertical stress on subgrade at 2500kg loading
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2.4 Comparison of the vertical stress value on 2 08 Stress
5}
subgrade by three approches g computed from
'7"5 04 - graph
Table -4: Vertical stress comparison by three approaches g f(t)';i‘;sute dfrom
Stress from | Computed Computed 00~ 5 TPAVE
semi field stress stresg from 000
kg/cm? from Load kg
IIT PAVE
. (Pressure graph 5
Section 1 K N kg/cm )
cell) g/cm Chart -5: Section C
r= r=
r=0 20cm r=0 r=0 20cm - e
centre | oo centre centre ffeet g
otise olise ;ﬁ 1.2 - m Measured
A 0.969 | 0.618 0.814 0.857 | 0.724 2 stress
B 0.839 | 0.452 0.859 1.173 | 0.898 £ s
2 M Stress
C 0.838 0.659 0.859 1.112 0.867 = computed from
D 0.667 | 0.420 0.972 1.489 | 1.040 g o4 sraph
5 I Stress
E 0.787 0.545 0.950 1.367 0.989 > 0.0 computed from
0 - IITPAVE
5000
Comparison of the vertical stress value between field stress Load kg

by pressure cell reading using 75cm plate for cyclic plate

load test, computed stress from graphical method and IIT

PAVE software for 5000kg stress level.

Chart -6: Section D
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3. CONCLUSION

The magnitude of stress to be transferred on subgrade less
compared to that of applied stress. The stress directly under
loading is higher compare to that of stress at offset. From
Burmister’s two layer graphical method, vertical stress
transmitted on subgrade decreases considerably with
increase in the value of (E1/E) ratio. Among five sections,
section A having higher modular ratio and section D having
least modular ratio. Hence section A transfers lower vertical
stress value compared to stabilized pavement sections.
Section D shows higherload spreadability compared to other
sections.
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