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DISCLAIMER

All the data and technical information furnished in this report are based on the laboratory test
data, field test data and field investigations by CSIR - Central Road Research Institute
(CRRI). The responsibility of the CSIR - Central Road Research Institute (CRRI), New Delhi

is limited to the technical and scientific matters contained in this report.

Any use of the findings of the report without consulting CSIR - CRRI by any other agency or

person other than the client will be solely at their own risk and responsibility.
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EVALUATION OF THREE ROADS (KRISHNAPATNAM PORT (AP), PORANKI
(AP) & HYDERABAD (TS)) STABILIZED WITH CEMENT AND STABILROAD
STABILIZER

1. INTRODUCTION AND BACKGROUND OF PROJECT

Stabilroad stabilizer is available in powder form (Photo 1) for the purpose of soil stabilisation.
To evaluate the effectiveness of the Stabilroad stabilizer for Indian soils, M/s Vishwa
Samudra Engineering Pvt Ltd. (VSEPL), Hyderabad vide email dated 20" June 2018
requested CSIR-Central Road Research Institute (CRRI) to investigate the strength and
durability characteristics of stabilroad stabilisation when mixed with soil and cement at

dosages recommended by the manufacturer.

53

Photo 1 Pictorial view of Stabilroad stabilizer

CSIR — CRRI submitted the final report (October 2018) on laboratory evaluation to client.
The laboratory evaluation clearly indicated that Krishnapatnam (KP) Soil stabilized with
stabilroad stabilizer (0.3%) + cement (11.7%) showed significant improvement in the CBR
value (> 100%), UCS value (5.3 - 5.9 MPa) and satisfied the durability test (brushing loss

after wetting and drying) criteria (<1%) as compared to untreated soil.

Based on the laboratory evaluation it was suggested to evaluate the performance of these
stabilization material (stabilroad with cement) in field also by constructing a test track and

observing performance of the test track for at least two monsoon seasons for validating the

laboratory findings.
=
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M/s Vishwa Samudra Engineering Pvt Ltd. (VSEPL) has done some pilot projects in Andhra
Pradesh and Telangana with different combinations as presented in Table 1. Vishwa Samudra
Engineering Private Limited, vide letter dated 24.07.2018, had requested CSIR - Central
Road Research Institute (CRRI) to submit a project proposal for consultancy assignment
“Evaluation of roads (Krishnapatnam port (AP), Poranki (AP) & Hyderabad (TS))
stabilized with cement and stabilroad stabilizer”. Based on the discussions with Shri
Srinivas Vallabhaneni, CEO cum Director, Vishwa Samudra Engineering Limited and Shri
Krishna Madhav Ramella, Director, Avani EcoProjects Pvt Ltd, Hyderabad, CSIR-CRRI
considered to take up the consultancy assignment and submitted its acceptance vide letter no.
CRRI/GTE/CNP/SS/2018 - 19/VSEPL-2 dated 25/07/2018 to Vishwa Samudra Engineering
Limited (VSEPL), Hyderabad. VSEPL accepted the proposal and approved the project on
1/10/2018.

2. ROADS SELECTED FOR THE PRESENT STUDY

Stabilroad stabilized roads constructed in Krishnapatnam (KP) Port (Andhra Pradesh),
Vijayawada (Andhra Pradesh) and Hyderabad (Telangana) are selected for the present study
for detailed laboratory and field pavement evaluation for a period of two years. The details
(Location, Width, Length and Stabilroad stabilizer combinations with soil / asphalt mixes +
cement) of these roads are presented in Table 1 and locations are shown in Google map in Fig.

1,2 and 3.
2.1. Krishnapatnam Port Roads

Krishnapatnam (KP) port is located in Nellore District (18 km East from Nellore), Andhra
Pradesh and is about 190 km (North) from Chennai airport. The KP port started operations in
the year 2008. Presently, the port has a capacity to handle about 92 million tonnes cargo from
10 berths. The port has handled about 54.37 million tonnes in the financial year 2019
(hitps://www.thehindubusinessline.com/economy/logistics/adani - ports - buys -
krishnapatnam — port — from — cvr — group — for - 13500-crore/article30471 749.ece). The trial
sections were laid in important locations like truck terminal parking yard, curved portion (S —
curve) and berth-3& 4 area. The combinations of stabilroad stabilized material with cement
and soil/ existing asphalt road material are presented in Table 1. The roads selected for the

present study is shown in Fig.1.
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2.1.1. Truck Parking Yard/Terminal Roads
This is the first location in KP port selected for the present study (Fig. 1). Original condition
of the ground adjacent to truck terminal is shown in photo 2. In the truck terminal area,
original soil was removed up to I m depth from the existing ground level and filled up with
Murrum soil (Photo 3). In the selected road width and length area, top 400 mm murom soil
was stabilized with cement and stabilroad stabilizer. In the year 2017, four roads were
constructed in Truck terminal area as indicated in Fig. 4. The length of each road is around
450 m and the width is 7m. Heavy loaded trucks and cement bulker are plying and parked on
these roads (Photo 4, 5 & 6).

e

~ Photo 2 Origl condition of the ound ajcnt to Truck Terminal

Photo 3 Original soil replaced with Murrum soil up to 1m depth from the EGL

%
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Stabilized Portion

Murom + Cement + Stabilroad Stabilizer

Photo 4 Condition of the Stabilized road number 3 in the year 2018

%
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Photo 5 Condition of the road number 4 in the year 2018
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Unstabilized Portion

Photo 6 Condition of Stabilized road and Unstabilized Portion in the truck terminal in
the year 2018.

2.1.2. S — Curve Road

S- curve portion is the second location in Krishnapatnam port selected for the present study
(Fig. 1 and Fig. 5). In this stretch the murrum soil was stabilized with cement and stabilroad
stabilizer. The details are presented in Table 1. The stabilized road with asphalt layer is
shown in Photo 7. The length of the stabilized road is around 120 m. Due to port activities

heavy loaded trucks and cement bulker are plying on this road as shown in Photo 8.

stabiliSed road in S <curve portion

s
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Photo 8 Heavy loaded trucks are passing in this stretch
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2.1.3. Berth Road

The Berth road is the third location in Krishnapatnam port selected for the present study as
shown in Fig. 1 and Fig. 6. In this stretch, existing asphalt road material was stabilized with
cement and stabilroad stabilizer. The details are presented in Table 1. The stabilized road
with asphalt layer is shown in Photo 9. The length of the stabilized road is around 350 m.
Here also, heavy loaded trucks and containers ply on this road due to port activities as shown

in Photo 10.

Photo 9 Roads Selected in Berth — 3 & 4Portion

[CSIR-CRRI] Page 12
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Condition of Road in the Year 2018

Condition of Road in the Year 2019

Condition of Road in the Year 2020

Photo 10 Pavement condition of the stabilised road in berth portion

[CSIR-CRRI] . Page 13
ek CSIR
fCIA

= 4



2.2, NTR Marg — Hyderabad

NTR Marg is adjoining the Hussain Sagar Lake, which connects the Necklace road to Telugu
Thalli flyover (Fig. 2), Hyderabad. In the year 2018, the existing asphalt road material was
stabilized with cement and stabilroad stabilizer. The details are presented in Table 1. The
stabilized road with asphalt layer is shown in Photo 11. The length of the stabilized road is
around 1100 m. The road is in CBD area having heavy mixed traffic ply on this road (Photo

11). Several cranes and trucks are also seen moving this road during Ganesh festival.

5 '-'J'

Photo 11 NTR Marg selected for the present study
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2.3. Poranki — Salipeta Road, Vijayawada

Poranki — Salipeta Stabilroad stabilized road, Vijayawada selected for the present study is
shown in fig. 3. This road starts from Penumuluru centre and ends at Poranki village (Photo
12). In the year 2018, the existing road material was stabilized with Murrum, cement and
stabilroad stabilizer. Total length of the stabilroad stabilized road is 2265 m. This road is
having two lane from Penumulu centre to Padmavathi garden Housing society (660 m) and
single lane from Padmavathi gardens to Poranki village (1605 m). The details are presented
in Table 1. The stabilized road with asphalt layer is shown in Photo 13. Bus, LCV, 2-Axle, 3-
Axle are plying on this road up to 660m and only LPV and tractors are plying on remaining

road.

Starting Point

Penumuluru centre

Photo 12 Starting and end point of Poranki — Salipeta Stabilroad stabilized road
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3. OBJECTIVES AND SCOPE OF THE STUDY
The Scope & Objectives of work will be as follows:

e Collection of core samples from stabilized road for two monsoon seasons

* Determination of compressive strength and durability of field core samples for two
monsoon seasons

e Field evaluation (Visual inspection, test pits and FWD) for two monsoon seasons

* Analysis of laboratory and field test results (FWD test)

* Submission of Report with Recommendations

4. LABORATORY EVALUATION

CSIR - CRRI scientists visited the Stabilroad stabilized roads of Krishnapatnam Port,
Vijayawada and Hyderabad in October 2018, July 2019 and October 2020. The locations for
the cores were chosen in such a way that they should cover the entire area and representative
stabilized samples are observed. The cylindrical core specimens (Field Sample) were
collected from the Stabilroad stabilized roads (Photo 14). These cores were properly packed
and transported to laboratory (photo 15) for evaluation of unconfined compressive strength

(UCS), durability and residual strength.

NTR Marg, Hyderabad Truck terminal, KP Port Poranki Road, Vijsyawada
e e -

Photo 14 Collection of Field cores for laboratory evaluation
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Photo15 Packing of field cores for transportation to laboratory

4.1 Unconfined compressive strength (UCS) test

To assess the gain / diminution in compressive strength characteristic of soils /asphalt road
materials due to stabilisation over a period of time, field cores were collected three times
(October 2018, July 2019 and October 2020) in a period of two years (minimum two
monsoon seasons). The collected cores were properly sliced to cylindrical shape of required
length and waxed on top and bottom surfaces to get uniform surface for unconfined
compressive strength (UCS) test (Photo 16). The unconfined compressive strength (UCS) test
on theses samples were carried out as per IRC: SP: 89 (Photo 17). The results of the same are
presented in Table 2A, 2B & 2C and shown in Figures 7, 8 & 9 for Krishnapatnam port,

Vijayawada and Hyderabad roads respectively. The failure patterns of UCS specimens are

i £3%
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shown in Photo 18. The UCS of Stabilroad stabilized soil / Stabilroad stabilized asphalt road
material cores collected from all the sites satisfied the criteria as per IRC: SP: 89 (Part II) -
2018 (section 7.3.2). The UCS value of stabilized field cores is well within and above the
IRC specified range (4.5 to 7 MPa in 7/28 days) for cementitious bases.

Photo 16 Field cdres Trimmed and Levelled with Wax for UCS test
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Photo 18 Failure pattern of UCS test cubes
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Figure 7 Average UCS of field cores vs. Age of Krishnapatnam stabilized road
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Figure 8 Average UCS of field cores vs. Age of Vijayawada Stabilroad stabilized road
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Figure 9 Average UCS of field cores vs. Age of Stabilroad stabilized road ( Hyderabad)
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4.2 Durability Test

The cylindrical core specimens (Field Sample) were collected (October 2018, July 2019 and
October 2020) from the Stabilroad stabilized roads of Krishnapatnam Port, Vijayawada and
Hyderabad for durability test. Collected cores were sliced to proper cylindrical shape for
Durability test (Photo 19). Durability test was carried out as per IS 4332 Part 4. This test is
also known as “Wetting and Drying” test. Two different procedures are given in this code -
Wetting and Drying tests and Freezing and Thawing tests. Keeping in view climate of
Krishnapatnam Port (Andhra Pradesh), Vijayawada (Andhra Pradesh) and Hyderabad
(Telangana) regions, "Wetting and Drying tests’ were adopted. This test broadly determines
the weight loss produced by brushing, after repeated number of cycles of the wetting and
drying of hardened stabilised soil specimens. In this test specimens are subjected to 12 cycles
of wetting and drying, consisting of immersion in water for 5 hours followed by drying at
71°C for 42 hours. After each such cycle, the specimens are brushed in a standardised manner
using a wire-scratch brush (18 to 20 strokes on the sides and 4 strokes at each end). The loss
in weight of brushed specimen, after each cycle is determined. After 12 cycles of test, all the
specimens are dried to constant weight at 110°C. The oven dry weight at the end of the test is
required for determination of soil/ asphalt road material-cement- stabilroad stabilizer loss
after specified number of cycles. The percentage loss of different stabilised (soil/asphalt) road
material samples were estimated and compared with the permissible soil + cement +
Stabilroad stabilizer loss as per Indian Roads Congress specifications (IRC SP 89-2018). The
durability test results of cores collected from Krishnapatnam port, Vijayawada and
Hyderabad are presented in Table 3A, 3B and 3C respectively. Average % of weight loss
(Durability) of field cores Vs Age of Stabilroad stabilized roads for KP Port, Vijayawada
and Hyderabad are shown in Figure 10. As per IRC SP 89-2018 the stabilized soil loss for
clayey sand with gravel (SC) type of soil is up to 14 per cent of the original weight of test
specimen. The condition of stabilized soil specimens/ asphalt mixes after durability test is
shown in Photo 20. All these Stabilized cores satisfied the durability test (brushing loss after
wetting and drying) criteria as per IRC: SP: 89 (Part II) — 2018 even after more than 30
months. The weight loss of stabilized soil/asphalt mixes (soil/asphalt mixes + cement -+

Stabilroad stabilzer) is very within IRC specified limit i.e. less than 14%.
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Figure 10. Durability of Stabilroad Stabilized cores collected from KP Port, Vijayawada & Hyderabad

[CSIR-CRRI]

P 29
@ CSIR age
P 4]



Berth Road, KP Port

NTR Marg, Hyderabad

Photo. 19 Condition of stabilised cores before durability test(Samples collected in the year
October 2020)

CSIR-CRRI P 30
[ ] i CSIR _ 8¢
R



Truckterminal roads, KP Port

Berth Road, KP Part
5= Curve Road, KP Port

NTR Marg, Hyderabad

Poranki, Vijayawada

Photo. 20 Condition of stabilised cores after durability test (Samples collected in the year October 2020)
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4.3 Residual Strength Test

After durability test, as per IRC: SP: 89 (Part I1)-2018, residual strength test (UCS test after
12 cycles of wet/dry) was carried out on these stabilized soil/asphalt road material samples
(Photo 21). The residual strength test results are presented in Table 4. The residual strength of
Krishnapatnam port core samples (Stabilroad Stabilized soil samples/ asphalt road material),
Vijayawada core samples (Stabilroad Stabilized soil samples / road material) and Hyderabad

core samples (Stabilroad Stabilized asphalt road material) satisfied the IRC SP 89 criteria.

Photo 21 Residual UCS test (after durability cycles) on Stabilized cores

[CSIR-CRRI] Page 32

s



c¢ aged

aiss

[¥D-¥180]

§roc
(I M) 68 dS - DUT
A2d Sy pa1fSyps v

Qm.%w__.m.ﬁh jonpi1sad
_.m.mwwub.\m. YL J]D L0

SyIeWway

b6'CI 0Pl PEOY 19A0A ][Ry L
n3no ] -S1eN YLIN peqeropAy
ceel 19711
peoy eledifeg o) puero | epemelelip
6911 0E9]
peoy Yy
86°¢l [0°S1
PBOY 2AIND -G
8¢l 0°0¢
SpPROY [BUIULID) JOnI], wod I3
1% ;
5100 P[O1d JO (BJIN) (52122 21 124fy) wonEao |
WBURNs SONJO PAY | (edIN) SO [BUPISSY PAY

1S9 Aiqean(

1935% (070T 1940320 JO Yuow 2y} Ul PIaI[[0d) §3.103 [eLI)EwW prol (Jeydse /Jiog) pasyiqels pProIIqeIS JO YISUA.)S [ENPISY § B



3. FIELD EVALUATION

For structural evaluation of these stabilized roads, Falling weight Deflectometer (FWD) was
used, four times (October 2018, July 2019, October 2019 & October 2020) on Krishnapatnam
port, two times on NTR Marg-Hyderabad and one time on Poranki —Vijayawada.

5.1. Structural Evaluation

Falling Weight Deflectometer (FWD) is used to measure pavement deflections in response to
a stationary dynamic load, similar to a passing wheel load. The interpretation of FWD data is
a key method for estimating the in situ moduli of pavement layer materials. The data obtained
are used to evaluate the structural capacity of pavements for research, design, rehabilitation,
and pavement management purposes. It is an impulse-generating device with a guided system.
This device allows a variable weight to be dropped from a variable height. It has a load cell
for measuring the actual applied impulse. It consists of minimum seven geophones to

measure deflection basin.

The principle of FWD is illustrated in Figure 11. SWECO PRI 2100 Falling Weight
Deflectometer (Photo 22) equipment was used for the survey. Nine geophones are arranged in
a geophone frame at radial distances of 0 mm, 200 mm, 300 mm, 450 mm, 600 mm, 900 mm,
1200 mm, 1500 mm and 1800 mm from the centre of the loading plate to measure the

pavement surface deflections.
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5.1.1 Traffic volume data

Traffic volume data for the study roads were collected by covering various categories of commercial
vehicles viz., Light Commercial Vehicles (LCVs), and different types of Heavy Commercial Vehicles
like, buses, 2&3 Axle trucks and multi-axle trucks etc. The data collected manually under the direct
supervision of VSEPL team by engaging the trained enumerators who recorded vehicle counts in a
prescribed Performa devised for the purpose. The traffic volume surveys were carried out for 72 hours

continuously for all the study roads and the data given in Table 5.

Table 5: Traffic Volume for various Study Roads

commercial
Road LCV | Bus | 2-Axle | 3-Axle | MUlti | vehicles
Axle | per day
(CVPD)
Krishnapatnam Port Roads: (S
curve and Berth Road) — — 83 L30 4292 =
NTR Marg, Hyderabad 91 131 25 33 2 282
Poranki Road, Vijayawada 95 45 93 63 2 298 J

5.1.2 Axle load data

Axle load survey was conducted to asséss the extent of actual loads carried by various types of heavy
commercial vehicles viz. buses, 2&3 Axle trucks and multi-axle trucks and to determine the damage
caused to the road by such axle loads. This data was essential to work out the current traffic loading
and the anticipated/ projected traffic loading of the road will be subjected to. Analysis of axle load data
was also done to determine the Vehicle Damage Factors (VDFs), for various categories of vehicles, in
order to compute the projected traffic loading over its service life. The survey was done for a
continuous period of 24 hours, for various study roads, using static Weigh Pads for all types of
vehicles. The axle load data was collected under the direct supervision of VSEPL for study roads and

the results of VDF are presented in Table 6.
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Table 6: VDF values for different category of vehicles for various roads

Road LCV| Bus | 2-Axle | 3-Axle | Multi Axle
Krishnapatnam Port Roads: (S
curve and Berth Road) = S o 5387 L
NTR Marg, Hyderabad 0.12] 0.32 1.09 0.98 3.15
E)ranki Road, Vijayawada 1.58 | 0.18 1.8 9.64 16.74

5.1.3 Projected design traffic loading

In order to examine the performance of existing pavement, corresponding to the current and
projected traffic loading, the information on composition of traffic using the road section, and
the axle loads, carried particularly by the heavy commercial vehicles, during its design life is
needed. For the analysis purpose, the data on directional traffic and axle loads, collected
during the field surveys were used. The relative damaging effect of different axle loads is
determined based on a characteristic relationship termed as the “Fourth Power Law”. The
design traffic in terms of Cumulative Standard Axles (CSA) is worked out by considering the
heavy commercial traffic and their damaging effects (VDF), as explained earlier, for a
convenient design life duly accounting for the anticipated traffic growth. In the present case,
the cumulative standard axles have been worked out for various periods (18, 27 and 42

months) of design life, by taking respective traffic and VDF values for each section.

365« A*{(1+r)*—1})
N, = *

s

D= F

r

N; : The cumulative number of standard axles to be catered for in the design

A :Initial traffic, in the year of completion of construction, in terms of the number of

commercial vehicles per day (CVPD).

r : Annual growth rate of commercial vehicles
X : Design life (in years)

D - Lane distribution factor

F : Vehicle damage factor

The cumulative standard axles (in million standard axle (msa)) computed for various periods,
are given in Table 7.
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Table 7: Computation of Cumulative Standard Axles

Traffic (msa)
Road CVPD | VDF LDF
18 months | 27 months | 42 months | 10 years

Krishnapatnam
FOROIUEES | gmy | 1385 | 05 | 2580 38.97 6255 | 211.24
curve and
Berth Road)
NTR Marg,
Hyderibad 282 0.426 0.75 0.05 0.08 0.12 041
orand Road, | oo | 3243 | 1 0.54 0.82 1.31 4.44

jayawada

5.1.4 Elastic Modulus

Elastic Modulus of pavement layers are critical inputs for the analysis and design of

pavements. Selection of appropriate elastic moduli of pavement is an important step in the

design of new pavements. Layer moduli is determined as per IRC: 115-2014 “Guidelines for

Structural Evaluation and Strengthening of flexible road pavements using Falling Weight

Deflectometer (FWD) Technique”. Back calculation of layer moduli is carried out by

KGPBACK program for the actual load and deflection data measured. Falling weight

detlectometer (FWD) survey was carried out for the study roads and the summary of test

section locations and the period of testing are given in Table 8.

Table 8: Summary of Test Section Locations

Section . Age of road at the
Section Location Length g;g:]h of time of FWD
(m) » Survey
3;2;11; terminal 1800 7
Krishnapatnam 1*' time: 18 months,
HiTt (AP) § Cirve Reud 120 5 2" time : 27 months,
3" time: 42 months
Berth Road 350 7
. 1* time: 4 months
NTR Marg Road, Hyderabad 1100 9.5 2™ time: 32 months
, - 0 to 660 7 )
Poranki Road, Vijayawada —— o 1 time: 27.5 months
0 :
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Steps to determine Elastic modulus values

% The raw data was normalized to a standard load (40 kN)
** The normalized deflections were then back calculated using the KGPBACK application to
obtain Elastic Modulus values of Bituminous layer, Granular layer and Sub-grade.

*¢ The correction factors are applied to all layers as suggested in IRC 115:2014.

KGPBACK has been used to back calculate the effective layer moduli from the measured
deflections. For back calculating the layer moduli, one has to input upper and lower limits of
the moduli value in the program. The upper and lower bounds were adjusted for subsequent
analysis when the back calculated value was close to either of these two bounds. Elastic
Modulus values (average) for various sections for 1%, 2nd and 3™ time survey are given in

Table 9 and Table 10 respectively.

Table 9: Elastic Modulus (average) values for Krishnapatnam port (AP) of various study
sections

Study Sections Stabilised layer Moduli Value, MPa

(First observation: 18
months old)

(Second observation: 27
months old)

(Third observation: 42
months old)

Truck Terminal

Roads 7494 7240 7422
(Parking)

S Curve Road 8225 7717 6341

L Berth Road 9453 8613 7321

Table 10: Stabilised Layer Elastic Modulus (Average) values of NTR Marg and Poranki road

Road Elastic Modulus, MPa Remarks
7214 Age of the road: 4 months
NTR Marg Road, Hyderabad
7987 Age of the road: 32 months
Poranki Road, Vijayawada 6806 Age of the road: 27.5 months
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Figure 12 and 13 shows the stabilised layer elastic modulus values with cumulative traffic
loading for S curve and Berth roads in KP port. After plying traffic of around 62 MSA, the
back calculated elastic modulus values (both S Curve and Berth roads) are significantly
higher than the cement treated base (CTB) design value (5000 MPa). Reduction in back
calculated elastic modulus for stabilised layer after plying traffic around 62 MSA is around
23 % for both S - Curve and Berth roads.

12000

11000 - ® S Curve: Soil Stabilisation

10000 -
9000
ok PR
nd

: oy
5000 +

4000 4

Stabilised layer Elastic Modulus, MPa

3000 T T T T T T
1] io 20 30 40 50 €0 70

Cumulative Traffic Loading, MSA

Figure 12: Elastic Modulus of Stabilroad Stabilized soil section (S - Curve road)
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0 10 20 30 40 50 60 70

Cumulative Traffic Loading, MSA

Figure 13: Elastic Modulus of Stabilroad Stabilized bituminous layer (Berth Road)

4
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Figure 14 shows the stabilised layer elastic modulus values for different periods of truck
terminal parking area of KP port. Similar to the S - curve and Berth roads, the back calculated
elastic modulus values are significantly higher than the cement treated base (CTB) design
value (5000 MPa). Generally, Slow-moving traffic imposes greater damage to pavement than
fast-moving traffic. No significant change was observed in stabilised layer elastic modulus

values after plying traffic around 62 MSA.

12000

11000 @ Truck Terminal Roads (Parking)

g
3

9000 A

8000 -

Elastic Modulus for Stabilised Layer, MPa
w8

4000 -

3m0 T T T T T T
0 10 20 30 40 50 &80 70

Traffic, MSA

Figure 14: Elastic Modulus of Stabilroad Stabilized sections (Truck Terminal: KP Port)
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Figure 15 shows the back calculated elastic modulus values for NTR Marg and Poranki
Roads, similar to the other study roads the back calculated elastic modulus are si gnificantly

higher than the design value (5000 MPa).

NTR Marg and Salipeta-Poranki Road

8000

8000
, Descion Valile —|

7000

6000

5000

4000

3000

2000

Elastic Modulus for Stabilisied Layer, MPa

1000

NTR Marg_1st Visit NTR Marg_2nd Visit Poranki

Figure 15: Elastic Modulus of Stabilroad Stabilized sections (NTR Marg and Poranki Road)

The FWD tests were performed on the control sections (Without Stabilisation) along with the
stabilised sections for the comparison purpose. The FWD test results (Back calculated
modulus values) are presented in Figure 16 and 17 for NTR Marg and Poranki Roads
respectively. Relative to control (conventional) sections, all the stabilised sections shows

significantly higher average elastic modulus values.
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NTR Marg, Hyderabad
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Figure 16: Comparison of Elastic Modulus of Stabilroad bituminous Stabilized sections

with Conventional Section (NTR Marg, Hyderabad)

Poranki, Vijayawada
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Figure 17: Comparison of Elastic Modulus of Stabilroad soil Stabilized sections with
Conventional Section (Poranki, Vij ayawada)
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5.2. Condition Survey

Condition survey of KP Port roads (Truck terminal roads, S-curve road and Berth roads),
Salipeta — Poranki road (Vijayawada) and NTR Marg — Telugu Thalli fly over (Hyderabad)
have been carried out manually to identify the cracks and its propagation on pavement
surface. Field cores are also taken on cracked surface of pavement to find its depth of
propagation (Photo 23). Longitudinal and Transverse cracks were observed on these roads

(Photo 24).

Majorly transverse cracks were observed in all selected study roads at an interval of 5 to 50 m.
These cracks were seen in the entire length of the road (all sections under investigation) and
in full depth of the layer (Photo 23). At some locations these cracks were sealed at the surface
by bituminous material. Transverse cracks/shrinkage cracks/reflection cracks are very
common in chemical stabilized with stabilzers such as cement (Adaska and Luhr (2004),
Sebasta, S. and Scullion, T. 2004, D. H. Chen, F. Hong, and F.J. Zhou, 2011), lime, fly ash
and other cementitious stabilizers (IRC — 37 — 2012 & 2018). IRC — 37 — 2012 & 2018
recommended that pavements with cementitious base, a crack relief layer should be provided
between the bituminous layer and the cementitious base which delays considerably the
refection crack in the bituminous course. Since all these pilot projects (stabilroad stabilized
soil sections and stabilroad stabilized asphalt material sections) were constructed without
crack relief layer (SAMI/Aggregate/WMM layer), the reflective cracks due to stabilization

have been extended up to bituminous surface.

IRC 37 — 2018 states that 20% of cracking area in bituminous layer is considered as failure
criteria for pavements. From the condition survey, it was observed that very few longitudinal

cracks (i.e. <3 - 4%) are there in all the considered roads after 27 to 42 months of their age.

For all the study roads, no permanent deformation (Rutting) and Potholes were observed even

after 2.5 - 3.5 years (age of road) of traffic.

[CSIR-CRRI] Page 44

o



Photo 23 Depth of Crack propagation on Stabilized Pavement

e ———— ey
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Photo 24 Types of cracks observed on field
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7. CONCLUSIONS

M/s Vishwa Samudra Engineering Pvt Ltd. (VSEPL) has done some pilot projects in
Krishnapatnam (KP) Port (Andhra Pradesh), Vijayawada (Andhra Pradesh) and Hyderabad

(Telangana) with different combinations (Stabilroad stabilized soil and stabilroad stabilized

road asphalt material) are selected for the present study for detailed field pavement

evaluation for a period of two years. The major conclusions based on laboratory tests (UCS,

Durability, Residual strength) carried out on field cores collected from Krishnapatnam Port
roads (Andhra Pradesh), Salipeta — Poranki road (Vijayawada, Andhrapradesh) and NTR
Marg — Telugu Thalli fly over (Hyderabad, Telangana) and Field studies (Condition survey

and FWD test) on these roads are given below.

[ ]
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The UCS of field stabilized cores (collected from Krishnapatnam port (AP), Poranki
(AP) & Hyderabad (TS)) satisfied the criteria as per IRC: SP: 89 (Part II) -
2018(section 7.3.2). The UCS value of stabilized cores/samples is well within and
above the IRC specified range (4.5 to 7 MPa in 7/28 days) for cementitious bases.

All field stabilized cores/samples satisfied the durability test (brushing loss after
wetting and drying) criteria and Residual UCS after durability test are significantly
higher than that of specified by IRC: SP: 89 (Part II) - 2018.

The field performance of the stabilised roads was investigated through FWD. The use
of stabilroad stabilised base leads to a significant improvement in the structural
capacity of the pavement.

After traffic plying around 62 MSA, the back calculated elastic modulus values
(Truck terminal roads (Parking), S-curve and Berth roads) are significantly higher
than the cement treated base (CTB) design value (5000 MPa).

Reduction in back calculated elastic modulus for stabilised layer after traffic
consuming around 62 MSA is around 23 % for both S - Curve and Berth roads.
However there is no significant change in elastic modulus for stabilised layer was
observed for truck terminal roads (Parking).

The FWD tests were performed on the controlled (Conventional) sections (Without
Stabilisation) along with the stabilised sections (NTR Marg — Telugu Thalli road and
Poranki Road) for the comparison purpose. Relative to conventional sections, all the

stabilised sections shows significantly higher average elastic modulus values (> 5000

MPa). C,B‘ L




* The back-calculated elastic modulus for the stabilized layers are higher than the
design values mentioned in IRC 37-2018 (i.e. > 5000 MPa) and IRC SP: 89-2018 (=
1700 MPa) respectively.

° Cracks (majorly transverse cracks) were observed in all selected study roads.
Transverse cracks/shrinkage cracks/reflection cracks are very common in chemical
stabilized with stabilzers such as cement, lime, fly ash and other cementitious
stabilizers (IRC — 37 — 2012 & 2018). Since all pilot projects (stabilroad stabilized
soil sections and stabilroad stabilized asphalt material sections) were constructed
without crack relief layer (SAMI/Aggregate/ WMM layer), the reflective cracks due to
stabilization have been extended up to bituminous surface. IRC 37 — 2018 specified
that crack relief layer should be laid in between bituminous surfacing and stabilized
base layer for retarding the reflective cracks in bituminous layer.

e IRC 37 — 2012 & 2018 states that 20% of cracking area in bituminous layer is
considered as failure criteria for pavements. From the condition survey, it is observed
that very few longitudinal cracks (i.e. < 3 - 4%) are there in all the considered roads
after 27 to 42 months of their age.

° For all the study roads, no permanent deformation (Rutting) and Potholes were
observed even after 2.5 - 3.5 years (age of road) of traffic.

® The riding quality of all stabilroad stabilized roads are good even after more than 2.5
years period (age of road) for NTR Marg — Telugu Thalli road and Poranki road; 3.5
years period ((age of road) for Krishnapatnam port roads.

The stabilroad stabiliser with cement can be used Jor the stabilized base and sub-base
of pavements after satisfying the laboratory criteria as per IRC: SP: 89 (Part IT) — 2018
with crack relief layer (SAMI/Aggregate/WMM layer) as indicated in IRC 37 — 2018
(Sec. 8.3)
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