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Abstract
This research paper describes a laboratory-based unpaved pavement model study incorporating new types of jute geo-
textiles (JGTs) intended for low-volume roads under static loading. Tests on the pavement models were carried out to 
evaluate the performance of four types of JGTs, viz. (1) grey (untreated) JGT, (2) rot-proof treated JGT (using reasonably 
eco-friendly chemicals) and (3) two types of jute–polypropylene (PP) blended geotextiles laid in between a modelled 
Wet Mix Macadam layer and a suitably compacted subgrade layer. Three types of subgrade soils were used from differ-
ent geo-climatic regions of the Indian subcontinent including Black Cotton soil. Model tank preparation was done by 
judiciously selecting some combinations of JGT and subgrade soil based on the outcome of a fundamental study on 
biodegradability behaviour of these JGTs in the experimental saturated soils. Model tanks were water-treated for dif-
ferent durations up to six months to keep the subgrade soil and the JGT 100% saturated uninterruptedly before testing 
to study the effect of time-dependent biodegradability behaviour of the pavement models with and without JGT both. 
Experimental results clearly indicate that there is a substantial improvement in stress–strain behaviour of the pavement 
models due to incorporation of any type of the experimental JGTs over control models. The time-dependent model study 
reveals improvement in stress–strain behaviour of the system in spite of degradation of the JGTs, and jute–PP blended 
JGT is most effective in improving the pavement models. This indicates that consolidation of subgrade has occurred 
within a period of 3–6 months.
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1  Introduction

To improve the connectivity of the rural areas, the Govern-
ment of India has taken up massive rural road construction 
activities under the Pradhan Mantri Gram Sadak Yojana 
(PMGSY) programme since the start of this millennium. 
This envisages all-weather road access to all villages with 
population up to 500 and above (250 and above for hilly 
areas). According to Road Development Plan Vision: 2021 

[1], other district roads and village roads (low traffic vol-
ume roads) come under rural road category.

Expenditure for construction of these roads is increas-
ing every year, especially with poor subgrade soils found 
abundantly in the Indian subcontinent. According to 
Indian Road Congress manual IRC: SP-72-2015 [2], soil 
stabilization is recommended, whenever California Bear-
ing Ratio (CBR) value of the subgrade is less than 5% to 
achieve minimum design CBR strength of subgrade to be 
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5%. In such situations, use of geotextiles might be an alter-
nate and economically viable solution.

Rural roads are mostly constructed using local soils 
which have high variability with regard to soil geotechnical 
properties. Despite the designated quality control meas-
ures adopted in their construction, these roads often suf-
fer damages when they are constructed over clayey soils. 
The clayey soils are very susceptible to moisture, and the 
roads constructed over these soft soils will get damaged 
during monsoon due to strength loss and poor drainage 
conditions. In such cases, either an elevated embankment 
using favourable soils or stabilization of soft subgrade 
using suitable admixtures such as lime or cement can 
be advocated, provided the necessary finances could 
be allocated. For rural roads, the above approaches are 
unaffordable. Different types of geosynthetics are being 
widely used in the pavement system globally to improve 
the load distribution, separation of clayey subgrade soils 
from granular layers and to facilitate drainage. Later to the 
development of geosynthetics, natural geotextiles, a cat-
egory of geosynthetics, have also been produced using 
jute and coir fibres [3–5]. Jute, a natural eco-friendly fibre, 
can be effectively used as raw material for the manufacture 
of geotextiles due to its suitable mechanical and hydraulic 
properties. It has better mechanical properties in dry state 
than that of conventional polyester/polypropylene fibres 
used for geosynthetics. The fibre is reasonably resistant 
to biodegradation also being composed of 12–14% lignin 
[6]. Additionally, it is known to have good adhesion with 
asphalt and thermally stable which makes this fibre a suita-
ble raw material for asphalt overlay geosynthetic products 
[7]. India and Bangladesh are the major jute-producing 
countries in the world. Total jute and allied fibre produc-
tion in these two countries is about 3.2 million tonnes in 
2016–2017 [8]. Hence, use of natural geotextiles made of 
100% jute or suitable jute-blended geotextiles could be 
an alternate cost-effective and more environment-friendly 
approach for construction and maintenance of low-vol-
ume roads to improve the road network in these countries.

For the present application, jute geotextiles (JGTs) func-
tion as a ‘separator’ to prevent intermixing of the com-
pacted subgrade soil and the granular (aggregate) layer 
overlying it and thereby prevent unwanted contamination 
of granular material and loss in bearing capacity of the 
system. A JGT fabric simultaneously acts as a ‘reinforce-
ment’ layer to stabilize and protect weak subgrade in road 
construction owing to its good tensile properties. The high 
tensile strength and tear resistance make the JGT fabric to 
act as a support membrane to reduce localized stresses 
under wheel path by redistributing traffic loads over a 
wider area of subgrade [3].

In recent past, Indian Jute Industries’ Research Asso-
ciation (IJIRA) has developed a woven JGT having mass 

per unit area of 724 g/m2 which has been applied at the 
interface of subgrade and sub-base layers in many road 
constructions under PMGSY scheme in five states of India. 
But from these field studies, exact conclusion regarding 
the effect of JGT on the entire pavement system cannot 
be drawn. One of the possible reasons is widely varying 
geo-climatic conditions in those five states. With regard 
to biodegradability of JGTs, researchers, e.g. Ramaswamy 
and Aziz [3] and Som and Sahu [9], reported their opinion 
that the strength and condition of the jute fabric beyond 
a period of one year after embedment should not be of 
any concern as by that time the fabric would have already 
played an important role in providing a self-sustaining 
subgrade for most types of soils. Under overburden pres-
sure, the weak subgrade becomes stronger with time due 
to consolidation which is further accelerated by the drain-
age action of the geotextile fabric along with its separa-
tion and reinforcement functions. The studies related to 
the performance of a biodegradable geotextile inside a 
pavement structure with time are still inadequate. To this 
end, efficacy of suitably engineered JGT for asphalt over-
lay application has been established at laboratory level 
[10, 11]. Additionally, hygral treatment for even a 6-month 
period is found ineffective in damaging the jute–asphalt 
interface and the encased jute element [7]. Another 
laboratory-based study reveals that ageing of soil up to 
6 months improves the overall performance of reinforced 
bed (unpaved road model) in spite of reduction in tensile 
strength of JGT in clayey soil [12]. But, necessity of chemi-
cal rot-proof treatment or blending with suitable coun-
terpart to enhance longevity of the jute product and its 
performance in different types of soil for application over 
subgrade are still to be systematically investigated. Hence, 
a research endeavour was made to investigate the men-
tioned issues based on pavement model tests at labora-
tory level in the case of low-volume roads. Initially, some 
new varieties of JGTs, viz. rot-proof treated woven JGT (by 
employing an eco-friendlier chemical formulation consist-
ing of an antimicrobial and a water-repellent chemical) 
and two types of jute–polypropylene (PP) blended woven 
JGTs, were developed and subsequently their biodegrada-
bility in different types of saturated soils was investigated 
[13]. Subsequently, laboratory evaluation of the efficacy 
of these newly developed JGTs placed at the interface of 
the subgrade and a modelled Wet Mix Macadam (WMM) 
layer within pavement models simulating unpaved roads 
was carried out under both static and cyclic loading con-
ditions. Three widely varying types of soils from different 
geo-climatic regions of the Indian subcontinent were 
employed as ‘subgrade’ in preparation of the pavement 
models. This paper presents the results of those static load-
ing tests performed on the model pavements having dif-
ferent subgrade soils and reinforced with newly developed 
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JGTs along with the grey (untreated) JGT. In addition, a 
comparison is made with the results where no geotextile 
(control) and synthetic geotextiles are used.

2 � Experimental materials and methods

The laboratory-based pavement model study was 
planned to be conducted in rectangular pavement 
model tanks each having outer cross-sectional area of 
500 mm × 500 mm and height of 450 mm. This is as per 
the dimension of the loading platform of the cyclic load-
ing machine (dimension: 950 mm × 500 mm) so that the 
model tank can be properly mounted on the platform.

2.1 � Types of experimental subgrade soils and their 
characterization

Three typical soils from different geo-climatic regions 
were used for preparation of the subgrade layer of the 
pavement models, viz. Kolkata Alluvial Silty Soil (Soil K01), 
Guwahati Lateritic Red Soil (Soil G01) and Andhra Pradesh 
Black Cotton Soil (Soil B01).

The following properties were tested for the experimen-
tal subgrade soils and are provided in Table 1:

•	 Soil classification based on Atterberg’s limits according 
to IS: 2720 (Part 5).

•	 Grain size distribution in soils following wet siev-
ing method for the part of soil larger than 75 micron 
IS sieve and hydrometer method for the part of soil 
passing 75 micron IS sieve according to IS: 2720 (Part 
4-1985)-Reaffirmed 2006.

•	 Maximum dry density (MDD) and optimum moisture 
content (OMC) from Standard Proctor compaction test 
according to IS: 2720 (Part 7)-1980-Reaffirmed 2011

•	 Soaked CBR values for the soils according to IS: 2720 
(Part 16)-1987.

2.2 � Types of experimental geotextiles and their 
characterization

Four types of JGTs and one type of synthetic geotextile 
were used for pavement model preparation. The experi-
mental JGTs are: untreated JGT designated as Grey JGT 
(developed by IJIRA earlier in a project), newly developed 
rot-proof treated JGT designated as Treated JGT and two 
types of jute–PP blended JGTs, designated as Blended JGT 
B1 (jute:PP = 75:25) and Blended JGT B2 (jute:PP = 60:40) 
henceforth. Physical and related functional properties of 
these geotextiles were determined and are provided in 
Tables 2 and 3. The biodegradability study [13] reveals that 
Grey JGT biodegrades in the fastest rate in Soil B01 and the 
slowest in Soil G01 and in a medium rate in Soil K01. Resid-
ual tensile strengths of the Grey JGT are 38.20%/23.87% 
(machine direction, MD/cross-machine direction, CD), 
29.89%/21.32% (MD/CD) and 7.17%/6.86% (MD/CD) after 
remaining embedded in saturated Soil G01, Soil K01 and 
Soil B01 for 6 months, respectively. Hence, JGTs having 
better longevity have been developed by chemically rot-
proofing the Grey JGT and by blending jute with polypro-
pylene. It has been experimentally found that Soil B01 
has higher microbial population growth capability than 
the other two soils. Evidently, Blended JGT B2 showed the 
best performance in Soil B01. Residual strengths of this 
fabric are 87.35%/95.64% (MD/CD) in saturated Soil B01 
even after 6 months. It is clear from the biodegradability 
test data that 100% grey JGT would not work in Soil B01, 
although the rot-proof treatment has enhanced the life of 
the JGTs to some degree, but jute–PP blended JGT is most 
effective in Soil B01. Hence, jute–synthetic blended JGT 
fabric is suitable for the Black Cotton soil. Based on this 
study, some subgrade soil–JGT combinations have been 
chosen for the pavement model tests which are provided 
below:  

Table 1   Properties of subgrade 
soils used for pavement model 
preparation

Sl. No Soil properties Guwahati Lateritic Red Soil Kolkata Alluvial Silty Soil Andhra Pradesh 
Black Cotton Soil

1 Liquid limit (%) 37 33 66
2 Plastic limit (%) 25 23 31
3 Plasticity index 12 10 35
4 Sand (%) 69 10 22
5 Silt (%) 20 65 19
6 Clay (%) 11 25 59
7 Soil classification SAND silty clayey SILT clayey sandy CLAY sandy silty
8 OMC% 14.2 15.0 34.0
9 MDD (kN/m3) 17.9 17.7 13.0
10 Soaked CBR% 8.2 4.2 1.7
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Guwahati Red Lateritic Soil (Soil G01): Grey JGT, Treated 
JGT.
Kolkata Alluvial Silty Soil (Soil K01): Treated JGT, Blended 
JGT B1.

Andhra Pradesh Black Cotton Soil (Soil B01): Blended 
JGT B1, Blended JGT B2, Synthetic GT.

Table 2   Properties of experimental JGTs

Numbers shown within parenthesis are values of co-efficient of variation percentages (C.V.%) for the test parameters
a MD × CD: machine direction × cross-machine direction

Test parameters Test standards Grey JGT Treated JGT Blended JGT B1 Blended JGT B2

Fabric construction – Double warp plain Double warp plain Double warp plain Double warp twill 
(2/1)

Jute:PP blend ratio – – – 75:25 60:40
Mass per unit area (g/m2) ASTM D5261:2010 721 [8.3] 750 [1.5] 729 [5.5] 843 [4.6]
Thickness (mm) at 2 kPa ASTM D5199:2012 1.62 [14.7] 1.55 [5.6] 1.74 [10.2] 1.95 [7.6]
Wide width tensile 

strength (kN/m): 
(MD × CD)a

ASTM D4595:2011 27.2 × 25.2
[13.3, 12.6]

26.1 × 25.5
[2.5, 7.2]

31.9 × 18.7
[5.4, 9.7]

60.8 × 30.1 [1.6, 4.4]

Elongation%: (MD × CD)a 14.1 × 8.2
[12.7, 8.5]

12.8 × 10.0
[8.3, 5.1]

31.2 × 12.5
[10.5, 14.1]

43.6 × 30.8 [1.5, 7.6]

Strip tensile 
strength(N):(MD × CD)a

Elongation% at break: 
(MD × CD)a

ASTM D5035:2011-
Reapproved 
2015-Ravelled strip 
test using specimen 
width 50 mm

1792.7 × 1618.5
[3.3, 9.7]
15.2 × 6.4
[8.5, 8.0]

1665.8 × 1643.6
[3.9, 7.8]
15.3 × 9.6 [16.8, 5.4]

1752.7 × 1035.0
[14.3, 11.8]
22.3 × 6.4
[16.6, 7.0]

3477.4 × 1648.4
[2.8, 4.3]
31.7 × 24.1
[5.3, 12.5]

Trapezoidal tear strength 
(N)

(MD × CD)a

ASTM D4533:2015 275.9 × 256.2
[10.7,17.5]

301.1 × 290.9
[9.5, 13.0]

771.4 × 298.5
[14.3, 9.7]

1235.6 x 580.9
[4.4, 10.4]

Apparent opening size 
(micron)

ASTM D4751:2016 130 225 407 230

Static puncture strength 
(kN)

ASTM D6241:2014 2.9 [16.4] 3.2 [13.1] 3.3 [12.7] 5.4 [4.5]

Permittivity (s-1) ASTM D4491:2017 0.23 [9.5] 0.31 [19.8] 0.44 [13.7] 0.19 [11.8]

Table 3.   Properties of experimental synthetic geotextile

Numbers shown within parenthesis are values of co-efficient of variation percentages (C.V.%) for the test parameters
a  MD × CD: machine direction × cross-machine direction

Property Test standards Mean (C.V.%)

Fabric construction and type – Polypropylene Nonwoven fabric
Mass per unit area (g/m2) ASTM D5261:2010 279.0 [9.8]
Thickness at 2 kPa (mm) ASTM D5199:2012 1.77 [7.9]
Wide width tensile strength (kN/m): (MD × CD)a ASTM D4595:2011 18.5 × 19.6 [5.2, 4.4]
Wide width extension%: (MD × CD)a ASTM D4595:2011 56.2 × 48.2 [5.4, 7.9]
Strip tensile strength (N): (MD × CD)a ASTM D5035:2011-Reapproved 2015-Rav-

elled strip test using specimen width 
50 mm

890.4 × 979.4[6.4, 4.9]

Strip elongation% at break: (MD × CD)a ASTM D5035:2011-Reapproved 2015-Rav-
elled strip test using specimen width 
50 mm

52.6 × 65.3 [4.7, 8.6]

Apparent opening size (micron) ASTM D4751:2016 66
Static puncture strength (N) ASTM D6241:2014 2825.3 [5.7]
Trapezoidal tear strength (N): (MD × CD)a ASTM D4533:2015 251.5 × 356.8 [2.6, 12.3]
Permittivity (s-1) ASTM D4491:2017 0.88 [18.4]
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2.3 � Selection of modelled Wet Mix Macadam 
(WMM) mix composition

A modelled WMM composition (provided in Table 4) was 
judiciously selected instead of actual WMM Grading 1 (IRC: 
109-1997) [14] to prepare the main load bearing layer of 
the pavement model. Modified WMM grading was so cho-
sen to accommodate with the cross-sectional area of the 
model tank, i.e. 500 mm × 500 mm.

2.4 � Preparation of the pavement model tanks

Two types of rectangular tanks with water inlet valve at 
the bottom were fabricated for this study, viz. (a) transpar-
ent plastic tanks (made of 11 mm thick acrylic plates fitted 
inside a rigid aluminium frame which is further secured by 
long mild steel nut–bolt sets at three vertically different 
positions) for hand compaction of subgrade layers to cre-
ate a very soft subgrade having CBR at tank density below 
2 and (b) metallic tanks (made of 2.5 mm thick stainless-
steel plates fitted along the outer edges and the middle-
height boundary with mild steel angles) for mechanical 
compaction of subgrade layers. The consecutive steps for 
preparation of pavement models of different composition 
in tanks are described below:

	 1.	 Dry soil of desired quantity was mixed thoroughly 
with required amount of water (either OMC amount 
or to prepare a subgrade having CBR below 2 
depending on the type of soil).

	 2.	 The wet soil in suitably wrapped condition was kept 
for 24 h to get a homogeneous mix. Soil B01 being 
a swelling soil, it was kept for 48 h for proper water 
penetration inside the bulk of the soil mass.

	 3.	 A layer of medium-grained sand was laid at the base 
of the tank just below the level of water inlet valve.

	 4.	 All the four side walls and the bottom of the tank 
were covered with filter paper properly to provide a 
passage for water to get drained out up to the tank 
bottom. Inner walls of the metallic tank were covered 
with thin perspex sheet (thickness: 2 mm) to create 
almost frictionless boundary walls.

	 5.	 Subgrade layer of 300 mm design thickness was pre-
pared by compacting six layers of wet soil succes-
sively from bottom to top each having a compacted 
thickness of 50 mm. To do this, homogenized wet 
soil for each layer was weighed separately and sub-
sequently poured into the tank followed by appli-
cation of desired compaction effort. To keep initial 
CBR value of subgrade layer of the pavement models 
below 2, compaction effort applied was different for 
each type of subgrade soil. The moisture content and 
compaction effort details for preparation of the sub-
grade layers of the pavement models are provided 
below:

(a)	 Subgrade layer of Soil K01: 20% moisture con-
tent (i.e. nearly at plastic limit of the soil); each 
of the six layers was hand-compacted. To keep 
the density of the hand-compacted subgrades 
nearly similar for all the tanks containing Soil K01, 
same person had compacted all those tanks by 
applying pressure using his fist. In this manner, 
dry density obtained in tank is 70% of the soil’s 
MDD. CBR of this soil at tank density is 1.2%.

(b)	 Subgrade layer of Soil G01: Two types of models 
were prepared using this soil. For both the types, 
14% moisture content (i.e. at OMC) was kept; but 
the six layers were mechanically compacted 
using a suitable rammer applying dissimilar 
number of blows to achieve at two different dry 
densities, viz. 74% and 100% of the soil’s MDD. 
CBR of this soil at tank density of 74% MDD is 
0.9%.

(c)	 Subgrade layer of Soil B01: 34% moisture con-
tent (i.e. at OMC); six layers were mechanically 
compacted using a suitable rammer to achieve 
a dry density of 100% of the soil’s MDD.

	 6.	 For geotextile-embedded tanks, after preparation 
of subgrade of 300 mm thickness, the geotextile of 
suitable size securely mounted in a rectangular alu-
minium anchoring frame in unfolded taut condition 
was placed over the subgrade.

Table 4.   Composition of 
modelled WMM mix

IS sieve designation Percentage passing by weight for WMM 
as per IRC: 109-1997

Percentage passing by 
weight of the modelled 
WMM mix

14 mm 100 (Assumed) 100
11.20 mm 40–60 49.72
4.75 mm 25–40 31.94
2.36 mm 15–30 19.24
600 micron 8–22 10.73
75 micron 0–5 5.23



Vol:.(1234567890)

Research Article	 SN Applied Sciences (2020) 2:797 | https://doi.org/10.1007/s42452-020-2539-0

	 7.	 Modelled WMM mix of desired quantity was thor-
oughly mixed with water at OMC of the mix.

	 8.	 The wet mix was laid either on top of JGT or directly 
over subgrade (for control model) and subsequently 
levelled up to the layer thickness of 75 mm by apply-
ing very mild compaction effort to achieve a dry den-
sity of 17.95 kN/m3 which was 82.68% of MDD of the 
mix. This was done to avoid penetration of the WMM 
layer inside soft subgrade layer beneath.

	 9.	 A lightweight plastic sheet was kept over the pre-
pared WMM layer to place the surcharge loads and 
uniformly distribute the loads over the cross-sec-
tional area of the tank.

	10.	 Surcharge loads were placed on the mentioned 
sheet to provide the total design pavement load 
over the compacted subgrade along with the WMM 
layer. Desired surcharge loads were calculated as per 
IRC:72–2015 for cumulative ESAL (Equivalent Stand-
ard Axle Load) repetitions 30,000–60,000 for 10 years 
and subgrade CBR of 2.

	11.	 All model tanks were then supplied continuously 
with sufficient water from bottom through the inlet 
valve for one week so that the subgrade became 
nearly 100% saturated.

	12.	 After one week, the model tanks were kept further 
under surcharge loads for different durations, e.g. 
zero week, 4 weeks, 12 weeks and 24 weeks, main-
taining the subgrade soil 100% saturated by water-
ing them continuously. This exercise was undertaken 
to investigate deterioration of JGT with time within 
completely saturated pavement and its effect on the 
performance of the entire pavement. Water treat-
ment of the pavement models for 24 weeks would 

provide the effect of two monsoons considering 
12 weeks for each monsoon.

	13.	 After desired time period, the water-treated model 
tanks were ready for static loading test.

Three different types of pavement models were pre-
pared. These were:

(a)	 Pavement models having only compacted subgrade 
layer of 300 mm thickness which simulate a mud road 
without any pavement. These models were water-
treated without any surcharge loads.

(b)	 Control pavement models having compacted sub-
grade layer of 300 mm thickness and modelled WMM 
layer of 75 mm thickness; these simulate conven-
tional unpaved roads

(c)	 JGT/geotextile-embedded pavement models hav-
ing compacted subgrade layer of 300 mm thickness, 
modelled WMM layer of 75 mm thickness and a geo-
textile at the interface of the two layers which simu-
late geotextile-embedded unpaved roads.

In Fig. 1, the cross-section of a pavement model tank 
is shown.

2.5 � Static loading test

To determine the complete stress–strain behaviour of the 
pavement models, static loading tests were carried out. 
After removing surcharge loads, the tank was placed on 
the loading platform of the cyclic loading machine. The 
dimension of the loading plate was selected to be 150 mm 
considering the linear dimension of the test area (i.e. 

Fig. 1   Schematic cross-sec-
tional view of pavement model
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500 mm) and the nominal size of the larger aggregates 
(≈14 mm) of the modelled WMM. Now, the models were 
subjected to static loading through this loading plate at 
a deformation rate of 0.05 mm/s for undrained condition. 
The actual test arrangement is shown in Fig. 2.

For each tank, degree of saturation and dry densities of 
the compacted subgrade were determined after conduct-
ing the static loading test.

3 � Results and discussion

3.1 � Properties of experimental soils

The properties of three types of experimental subgrade 
soils are provided in Table  1. Soil classification study 
reveals that Soil G01 is basically a plastic sand, Soil K01 is 
mostly a silt and Soil B01 is a swelling clay. Hence, the three 
soils are widely different from each other with respect to 
their geotechnical behaviour and are representing the 
majority of the Indian subcontinent soils.

3.2 � Properties of experimental JGT fabrics

The properties of Grey JGT and newly developed rot-
proof treated and jute–PP blended JGTs are reported in 
Table 2. From the table, it is observed that for development 

of blended JGTs, if proportion of PP is increased, then 
tensile strength (both Strip and Wide width) of the fabric 
increases. However, there is the simultaneous increase in 
considerable amount of extensibility of the product which 
is undesirable for this application. For the present end-use, 
moderate extensibility of the geotextile product is desir-
able. The developed jute–PP blended products will rein-
force the unpaved roads through tensioned membrane 
support due to their high extensibility feature.

At this juncture, it is noteworthy to mention that 
jute–PP blended geotextiles have been developed to sub-
stantially enhance the longevity of the product in prob-
lematic soils, like Soil B01 where chemical rot-proofing of 
Grey JGT has been found unsatisfactory [13]. One objec-
tive of the present study is to reduce the carbon footprint 
by reducing the quantity of synthetic materials/fibres 
and introducing a mechanically robust natural fibre jute 
for manufacturing geotextiles, whereas 100% synthetic 
geotextile products are being used all over the world in 
different road construction projects.

If a comparison can be made among all the experimen-
tal JGTs vis-à-vis the synthetic geotextile (used in model 
pavement study; Table  3), then the following general 
observations can be made:

(a)	 JGTs are heavier than the synthetic geotextile
(b)	 Experimental JGTs are woven, and the synthetic geo-

textile is nonwoven
(c)	 In general, the synthetic geotextile (Synthetic GT) is 

weaker fabric than the experimental JGTs, but the 
former is having much higher extensibility than the 
experimental JGTs. The cross-directional strength of 
Blended JGT B1 is comparable with this geotextile 
only.

3.3 � Modelled WMM layer

Selected modelled WMM (Table 4) was laid in the tank by 
light compaction to avoid intrusion of WMM inside sub-
grade or puncturing of geotextile at the interface. Hence, 
MDD of the modelled WMM could not be achieved. Dry 
density of modelled WMM achieved in tank is 17.95 kN/
m3, whereas MDD of the modelled WMM is 21.71 kN/m3. 
Hence, 82.68% of MDD has been achieved in tank. The CBR 
of the modelled WMM as compacted in tank is 35.78% of 
the actual CBR of the selected WMM mix.

Fig. 2   Pavement model test in progress using cyclic loading 
machine
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3.4 � Static test results for the pavement models

3.4.1 � Static test results for the pavement models having 
Soil G01 as subgrade soil

In Fig. 3, the vertical stress versus per cent strain behaviour 
of control test models consisting of Soil G01 as subgrade 
soil and compacted at 74% MDD for curing periods up 
to 24 weeks and also results of the subgrade-only model 
cured for zero week (i.e. 7 days water-treated for achieving 
nearly 100% saturation level) are depicted. The values of 
subgrade soil dry density (γd) for subgrade-only model, 
control models with no curing, 4-week curing, 12-week 

curing and 24-week curing, are determined to be 14.80 
kN/m3, 14.97 kN/m3, 15.02 kN/m3, 15.98 kN/m3 and 16.00 
kN/m3, respectively. It is to be noted that the density of 
the subgrade layer is found to improve with curing time as 
expected. From these curves, it is observed that the con-
trol model cured for 24 weeks exhibits the best behaviour 
which depicts the stresses at 10% strain and 30% strain 
being 80 kPa and nearly 116 kPa, respectively, vis-à-vis 
the corresponding stresses at the same strain levels for 
control model with no curing being 52 kPa and 76 kPa, 
respectively.

Figure 4 presents the behaviour of the pavement mod-
els embedded with Grey JGT having subgrade Soil G01 

Fig. 3   Vertical stress versus 
per cent strain plots for control 
and subgrade-only pavement 
models having Soil G01 as 
subgrade soil compacted at 
74% MDD

Fig. 4   Vertical stress versus per 
cent strain plots for Grey JGT-
embedded pavement models 
having Soil G01 as subgrade 
soil, compacted at 74% MDD



Vol.:(0123456789)

SN Applied Sciences (2020) 2:797 | https://doi.org/10.1007/s42452-020-2539-0	 Research Article

compacted at 74% MDD and the associated tanks cured 
up to 24 weeks. The vertical stress versus per cent strain 
curve for 24-week cured pavement model is observed to 
be lower than the 12-week one possibly due to the higher 
level of biodegradation of the JGT as the dry densities 
of subgrade soils are same for the two tanks, i.e. 15.22 
kN/m3. The biodegradability study [13] reveals that the 
residual strengths in Grey JGT in saturated Soil G01 after 
3 months are 66.4% in warp-way (MD) and 55.7% weft-
way (CD), respectively, and those for the same JGT embed-
ded in the same soil after 6 months are 34.5% and 23.0%, 
respectively. The curve for 4-week curing is lower than 
that of zero-week curing owing to the lower density of 
the 4-week cured tank (14.48 kN/m3) in comparison with 
the zero-week tank (15.62 kN/m3). The profile for 24-week 
cured model almost follows zero-week curve up to 21% 
strain level and thereafter falls below the latter to some 
extent. In spite of enormous geotextile degradation (about 
70% strength loss) and lower subgrade density (i.e. 15.22 
kN/m3) in 24-week model, the pavement model performs 
almost at par with the zero-week model.

It is observed in general that the influence of JGT is 
hardly seen up to the strain level of 10%, but at higher 
strain levels, it is evident.

Figure  5 presents vertical stress–strain (%) behav-
iour of Treated JGT-embedded pavement models cured 
for different durations up to 24 weeks. The stress–strain 

profile of the 12-week cured model falls below that of the 
4-week model beyond 15% strain level. The profile for 
24-week cured model almost follows zero-week curve. 
This is possibly due to the higher level of fabric degrada-
tion in 12-week and 24-week cured models than that of 
4-week model. The zero-week tank is showing the lowest 
stress–strain curve among the three models embedded 
with Treated JGT. The tank subgrade density values for the 
pavement models cured for zero-week, 4-week, 12-week 
and 24-week are nearly the same: 15.34 kN/m3, 15.37 kN/
m3, 15.43 kN/m3 and 15.42 kN/m3, respectively. It can be 
also observed that Grey JGT- and Treated JGT-embedded 
models produce higher stress–strain curves than all the 
control models even after considerable biodegradation of 
JGT fabrics in 24 weeks.

In Fig. 6, vertical stress versus per cent strain profiles 
for the control and Grey JGT-embedded pavement mod-
els having subgrades compacted at MDD are plotted. The 
model tanks were cured from zero week up to 12 weeks. 
Evidently, both the control and Grey JGT reinforced mod-
els are showing higher stress–strain profiles than those for 
which subgrade densities are lower, i.e. subgrades com-
pacted at 74% of MDD (Figs. 3 and 4). The effect of JGT can 
be found beyond 10% strain level increasing significantly 
thereafter. Effect of consolidation of subgrade soil is clear 
from the 12-week curves as they are showing the highest 
positions for both the control and the reinforced models; 

Fig. 5   Vertical stress versus per cent strain plots for Treated JGT-embedded pavement models having Soil G01 as subgrade soil, compacted 
at 74% MDD
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especially, it is very prominent in the reinforced model. 
In spite of the decomposition of the JGT, the subgrade 
becomes stronger due to consolidation.

In the cases of zero-week cured models for subgrade 
layers compacted at 74% of MDD and 100% MDD, advan-
tage of JGT reinforcement over the control is more for the 
former than the latter. This fact is more prominent at the 
higher strain levels. Hence, it can be concluded that imme-
diate road construction work can be started employing a 
suitable JGT as ‘separator-cum-reinforcement’ layer over 
soft subgrade. This effect gradually reduces with time as 

the soil itself becomes stronger due to consolidation and 
the JGT biodegrades. Hence, JGT is helping in rapid con-
struction of roads like other synthetic geotextiles as also 
reported by Pancar and Akpınar [15].

3.4.2 � Static test results for the pavement models having 
Soil K01 as subgrade soil

Referring to Figs. 7, 8 and 9, which present the vertical 
stress versus per cent strain behaviour of control models 
and Blended JGT B1- and Treated JGT-embedded models 

Fig. 6   Vertical stress versus per 
cent strain plots for the control 
and Grey JGT-embedded 
pavement models having Soil 
G01 as subgrade compacted at 
100% MDD

Fig. 7   Vertical stress versus per 
cent strain plots for control and 
subgrade-only pavement mod-
els having Soil K01 as subgrade 
soil compacted at 70% MDD
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up to 24 weeks of curing and also the results of subgrade-
only model (zero-week cured) testing, the following can 
be observed:

(a)	 Subgrade-only model is showing the lowest stress–
strain profile than the control models (Fig.  7) as 
expected. Stress–strain profiles for 12-week and 
24-week treated control models are almost similar 
which are higher than the zero-week control model 
but lower than 4-week control model. The subgrade 
densities of the zero-week, 4-week, 12-week and 
24-week control models and subgrade-only model 
are 15.53 kN/m3, 15.76 kN/m3, 15.60 kN/m3, 15.58 
kN/m3 and 15.32 kN/m3, respectively. It can be con-

cluded from these curves that there is a considerable 
improvement in the pavement system due to consoli-
dation of subgrade within 12 weeks and no further 
improvement beyond 12 weeks indicates that con-
solidation is almost complete by that time. The den-
sity of the 4-week model is slightly higher than other 
control models which may be due to hand compac-
tion and hence yielded highest stress–strain curve.

(b)	 Tank subgrade densities for the pavement mod-
els embedded with Blended JGT B1 cured for zero 
week, 4 weeks, 12 weeks and 24 weeks are 16.04 
kN/m3, 15.77 kN/m3, 15.12 kN/m3 and 15.59 kN/m3, 
respectively. For Blended JGT B1-embedded pave-
ment models, the curves for 12-week and 24-week 

Fig. 8   Vertical stress versus per 
cent strain plots for Blended 
JGT B1-embedded pavement 
models having Soil K01 as 
subgrade soil compacted at 
70% MDD

Fig. 9   Vertical stress versus per 
cent strain plots for Treated 
JGT-embedded pavement 
models having Soil K01 as 
subgrade soil compacted at 
70% MDD
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almost merge with each other beyond 30% strain 
level. For 12-week and 24-week cured models, resid-
ual strengths of the embedded blended JGT fabric 
become almost similar, i.e. about 90% in machine 
direction and 80% in cross-machine direction, though 
tank densities differ to some extent, i.e. 15.12 kN/m3 
(12-week) and 15.59 kN/m3 (24-week). This occurs due 
to the fact that the strength contribution from the 
jute part of the blended JGT becomes around 25% 
and 14% of its initial contribution after remaining 
embedded inside saturated Soil K01 for 12 weeks and 
24 weeks, respectively, as per the biodegradability 
study [13]. Hence, major strength contribution comes 
from the polypropylene part which is non-biodegrad-
able.

(c)	 Tank subgrade density values for the pavement mod-
els embedded with Treated JGT are 15.68 kN/m3 (zero-
week cured), 15.07 kN/m3 (4-week cured) and 15.58 
kN/m3 (12-week cured). Referring to Fig. 9, 12-week 
cured curve shows the highest profile, while those for 
4-week and zero-week are in the lowest and interme-
diate positions, respectively. From biodegradability 
study of the Treated JGT fabric in Soil K01 [13], it was 
found that residual strength values for zero-week and 
4-week are nearly the same (80–89%), but those val-
ues for 12-week cured model are only 35%/31% (MD/
CD). But, as subgrade soil consolidation has already 
taken its effect in 12-week model which supersedes 
the detrimental effect of fabric degradation during 
12-week duration, hence, 12-week cured model pro-
duced the highest stress–strain profile among the 
three.  

3.4.3 � Static test results for the pavement models having 
Soil B01 as subgrade soil

In Fig. 10, vertical stress versus per cent strain plots for 
subgrade-only and control pavement models consisting 
of Soil B01 as subgrade are depicted. The control model 
tanks were subjected to water curing for durations from 
zero week to 24 weeks, whereas the subgrade-only models 
were water-cured up to 12 weeks. The following can be 
observed from these plots:

(a)	 Curves for the subgrade-only models occupy much 
lower levels of vertical stresses in comparison with 
the control ones for the entire strain range of 0 to 
45%. The 12-week treated subgrade-only model has 
produced the highest stress–strain profile in compari-
son with the other two subgrade-only models. This 
indicates that Soil B01 becomes stronger due to sub-
stantial consolidation within 12 weeks even without 
any surcharge loads.

(b)	 Curves for the control zero-week cured models are 
gradually increasing though initially show lower verti-
cal stress values in comparison with those obtained 
from the 4-week and 12-week treated models.

(c)	 Curve for the control 12-week cured model shows the 
highest position up to 30% strain level; thereafter, it 
falls below the curve for zero week.

(d)	 Curve for the control 4-week cured model shows 
the intermediate stress values in comparison with 
12-week and zero-week ones. But it falls below zero-
week curves beyond 24% strain level.

Fig. 10   Vertical stress versus 
per cent strain plots for 
subgrade-only and control 
pavement models contain-
ing Soil B01 as subgrade soil 
compacted at 100% MDD
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(e)	 Curve for the 24-week cured control model occupies 
the lowest position amongst all the control model 
curves though it gradually increases and crosses the 
4-week cured control model curve at 25% strain level.

It should be mentioned that the subgrade densities are 
in the same range for all the control models, i.e. 13.0 kN/
m3 (zero-week), 13.0 kN/m3 (4-week) and 12.9 kN/m3 (12-
week) except the 24-week cured control model as it has 
the lowest density of 12.0 kN/m3. This may be the reason 
for having the lowest stress–strain profile for the 24-week 
cured control model.

The following may be observed from Figs. 10 and 11:

(a)	 There is a significant improvement in stress–strain 
behaviour in Blended JGT B1-embedded pavement 
models in comparison with the control models for all 
the treatment durations up to 24 weeks.

(b)	 Starting from the initial strain levels, the Blended 
JGT B1 pavement models are showing higher lev-
els of vertical stresses than the control ones except 
the 12-week treated models. The 12-week control 
model has shown slightly better performance than 
the 12-week reinforced one up to 10% strain level. 
But, above this strain level the reinforced model has 
shown higher stress values than its control counter-
part. Due to gradual biodegradation in the jute part 
of the blended geotextile fabric, there will be little 
or no contribution from the jute part beyond three 
or four months practically. So, the entire load will 
be sustained by the more extensible synthetic part 
only which starts taking load after getting extended 
beyond 10%. But there is again improvement in ver-

tical stress values for all the strain levels for 24-week 
treated reinforced model due to the effect of further 
consolidation of the subgrade.

(c)	 If comparison is made among the reinforced models 
for different treatment durations, then the stress–
strain profiles are lower for 4-week, 12-week and 
24-week cured tanks in comparison with the zero-
week treated tank. This is due to the fact that zero-
week cured tank has the highest subgrade density of 
12.89 kN/m3 in comparison with the 4-week (11.34 
kN/m3), 12-week (12.56 kN/m3) and 24-week (12.83 
kN/m3) models.

(d)	 The biodegradation of Blended JGT B1 for 24-week 
cured model (residual strengths, MD/CD: 79%/71% 
after being kept embedded in the model pavement 
in contact with saturated Soil B01 for 175 days and 
subsequently undergone a static loading test) might 
have yielded the lower stress values beyond 11% 
strain level than that of the zero-week cured model 
embedded with Blended JGT B1(residual strengths, 
MD/CD: 96%/87% after embedment in model in con-
tact with saturated Soil B01 for 7 days and subjected 
to a static test).

The following findings can be observed from Figs. 11, 
12, and 13:

(a)	 Zero-week curves for all the pavement models 
embedded with Blended JGT B1 and Blended JGT B2 
are showing higher stress–stain profiles than their 
4-week counterparts, while the associated curves 
with Synthetic GT are nearly similar. Among them, 
Blended JGT B2 is showing the highest profile. This 

Fig. 11   Vertical stress values at 
different per cent strain levels 
for Blended JGT B1-embedded 
pavement models having Soil 
B01 as subgrade soil com-
pacted at 100% MDD
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is possibly due to the fact that subgrade soil densi-
ties for 4-week cured models with the two former 
geotextiles are considerably lower than those of the 
zero-week counterparts. Subgrade densities are very 
close for the two zero-week cured tanks, i.e. 12.89 kN/
m3 and 12.95 kN/m3, respectively, vis-à-vis those for 
4-week cured tanks, i.e. 11.33 kN/m3 and 12.39 kN/m3, 
respectively.

(b)	 For 4-week cured models, pavement model embed-
ded with Synthetic GT is showing the highest position 
than the other two. This is possibly because the sub-
grade densities in model tanks for Blended JGT B1- 
and Blended JGT B2-embedded models are 11.33 kN/

m3 and 12.39 kN/m3, respectively, vis-à-vis the same 
for Synthetic GT-embedded model is 13.13 kN/m3.

(c)	 For the Synthetic GT-embedded models, the stress–
strain profiles are gradually declining with curing 
period though the tank densities are improving from 
12.88 kN/m3 to 13.40 kN/m3 in 12 weeks. This may be 
due to substantial amount of stress relaxation in the 
synthetic fabric. In spite of extensive biodegradation 
in the jute part of Blended JGT B2, the 24-week cured 
model embedded with the same JGT performed bet-
ter than 12-week cured model embedded with Syn-
thetic GT though the subgrade density of the former 
is lower (12.73 kN/m3) than the latter (13.40 kN/m3). 
In general, Blended JGT B2 performed better than 

Fig.12   Vertical stress versus 
per cent strain plots for pave-
ment models embedded with 
Blended JGT B2 containing Soil 
B01 as subgrade soil, com-
pacted at 100% MDD

Fig.13   Vertical stress versus 
per cent strain plots for pave-
ment models embedded with 
Synthetic GT containing Soil 
B01 as subgrade soil, com-
pacted at 100% MDD
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blended JGT B1 and the experimental synthetic geo-
textile product. The reason may be reasonably higher 
strength of Blended JGT B2 than the two latter geo-
textile products as also reported by the researchers 
[16].

4 � Summary and conclusions

To investigate the efficacy of some newly developed 
JGTs, e.g. rot-proof treated JGT and jute–PP blended JGTs, 
with different blend proportions and weave construc-
tion, in reinforcing low traffic volume pavements, several 
unpaved pavement models were prepared. The models 
were constructed in rectangular tanks incorporating any 
one of the four different JGTs (grey or rot-proof-treated or 
blended JGTs) or a synthetic geotextile at the interface of 
a compacted subgrade and a modelled WMM layer. Three 
widely varying subgrade soils from different geo-climatic 
regions were employed for the model preparation. To this 
end, some suitable combinations of subgrade soil and 
geotextile were chosen for model preparation based on 
biodegradability behaviour of these JGTs in those satu-
rated soils. Some control and subgrade-only models were 
also prepared for comparison purpose. Static loading tests 
were carried out on each of the pavement models after 
completion of the desired water-curing period according 
to the experimental plan. Residual tensile strengths of 
the exhumed JGTs from the model tanks were also deter-
mined. The conclusions from these experimental activities 
are:

	 1.	 From all the experiments under this test regime, it is 
evident that there is a substantial improvement in 
stress–strain behaviour of the pavement models due 
to incorporation of any type of the experimental JGTs 
(may it be grey or rot-proof treated or blended type) 
over control models for all the treatment time dura-
tions up to 24 weeks. So, all types of the experimental 
JGTs are stabilizing/reinforcing the pavement models 
built over soft subgrade.

	 2.	 There is an immediate improvement in the stress–
strain behaviour of the pavement model due to 
application of any of the JGTs like any other synthetic 
geotextiles vis-à-vis the time-consuming methods 
of soil stabilization, e.g. cement or lime stabilization. 
Hence, JGT provides an advantage of rapid construc-
tion of roads at low costs (jute being indigenous in 
Indian subcontinent).

	 3.	 There is an improvement in stress–strain behaviour 
with curing periods for control tests also. The results 

of the JGT-embedded tests have shown a significant 
improvement over the controls, more so at higher 
strains (which reflects the rutting in a real pavement).

	 4.	 Improvement in vertical stress–strain behaviour of 
the pavement systems is found in spite of biodegra-
dation of the JGTs up to 24 weeks (equivalent to two 
monsoons). This indicates that substantial consoli-
dation of subgrade has occurred within the water-
curing period (within 12–24 weeks). For Kolkata Silty 
Soil, the consolidation is almost complete within 
12 weeks (i.e. 3 months), while that for Black Cotton 
soil is continuing up to 24 weeks (i.e. 6 months).

	 5.	 While comparing the zero-week cured models having 
same type of subgrade soil layers but compacted at 
two different subgrade densities, (i.e. models having 
Soil G01 subgrade compacted at 74% of MDD and 
100% MDD), efficacy of JGT reinforcement over the 
control is found more in lower density models than 
the higher density models. This fact is more promi-
nent at the higher strain levels. This infers that imme-
diate road construction work can be started employ-
ing a suitable JGT as ‘separator-cum-reinforcement’ 
layer over a soft subgrade. This effect gradually 
reduces with time as the soil itself becomes stronger 
due to consolidation and even biodegradation of the 
JGT does not substantially affect the pavement sys-
tem within the experimental time domain.

	 6.	 For Guwahati Lateritic Red Soil pavement mod-
els: improvement in stress–strain behaviour: 53% 
to 128% due to use of Grey JGT and 44% to 175% 
using rot-proof treated JGT over control (considering 
improvement at 30% strain level).

	 7.	 For Kolkata Alluvial Silty Soil pavement models: 
improvement in stress–strain behaviour: 39% to 
106% due to use of Blended JGT B1 and 52% to 136% 
using rot-proof treated JGT over control (considering 
improvement at 30% strain level).

	 8.	 For Andhra Pradesh Black Cotton Soil pavement 
models: improvement in stress–strain behaviour: 
46% to 117% due to use of Blended JGT B1 over con-
trol and 49% to 181% due to use of Blended JGT B2 
over control (considering improvement at 30% strain 
level).

	 9.	 Blended JGT B2 performed better than Blended 
JGT B1 and the experimental synthetic geotextile 
product. But, both the blended JGT products’ ten-
sile strengths in cross-machine direction have to be 
improved keeping the extensibility same or even 
lowering it to get further enhancement in perfor-
mance.

	10.	 Synthetic GT-embedded models showed gradually 
declining vertical stress–strain profiles with curing 
time. This happened possibly due to considerable 
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effect of stress relaxation in the extensible synthetic 
fabric.

	11.	 The test results overall establish the fact that inclu-
sion of geotextile reinforcement (either any of the 
experimental JGT or the synthetic geotextile) results 
in redistributing the applied vertical load to a wider 
area, thus reducing the stress concentration and 
achieving an improved vertical stress distribution 
on top of subgrade layer. This was also observed by 
other researchers [3, 16, 17].
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