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1.	 Introduction
1.1	 It is undeniable that the road construction 
industry every day is looking for a greater effectiveness 
and efficiency in its techniques and methods. 
However, change in the construction environment is 
not willingly embraced by the construction industry 
and this conflict to change compromises innovation 
performance, and unenthusiastically impacts 
customer and industry goals. In other words, with 
rising globalization, roads have become a very vital 
infrastructure in enabling the transfer of freight as 
well as people, making the better and sustainable 
development of roads very important. 
1.2	 Innovation in road construction offers important 
industry and community benefit. There is high 
government spending in road construction as well 
as maintenance, so there is also a need for the use of 
innovation to find methods that will be cost effective. 
Conventional construction material like aggregate 
is becoming progressively scarce on account of 
environment concerns as well as legal restrictions on 
quarrying, while the construction activity has expanded 
phenomenally. This has shifted focus from large-scale 
use of conventional aggregate to use of local, recycled 
and engineered marginal aggregates in construction. 
1.3	 UP PWD understood the importance of above 
aspects and started executing projects using innovative 
and new technologies with the use of new materials 
instead of conventional aggregate. This resulted not 
only in saving of cost but also saved huge quantity 
of aggregate. Initially It was a uphill task to convince 
technical staff to adopt the new material but as time 
goes by Departmental Engineers executed a number 
of projects adopting different modes in widening and 
strengthening projects, maintenance of roads and 
special repairs. 

1.4	 Following technologies were adopted for the 
construction and up gradation of roads. 
●	 Cold Recycling Technology (CRT)
●	 Reclaimed Asphalt Pavement (RAP)
●	 Full Depth Reclamation (FDR)
●	 Cement Treated Base (CTB) and Sub-Base (CTSB) 

in Road Construction
Few case studies of the works executed by UP PWD by 
adopting above technologies are given below:

2.	 Case Study-1
A stretch of Ch. 71.00 to 85.00 of Bilgram-Unnao-
Allahabad (SH-38) in district Unnao of Uttar Pradesh 
was in very bad condition. Widespread cracks were 
visible on the pavement. This project was selected for 
rehabilitation with Cold in Place Recycling (CIPR). 
Existing bituminous crust of pavement was 40 mm. 
Total 75 mm depth of pavement was recycled. Some 
stretch of road was reclaimed with bitumen emulsion 
and some stretch was reclaimed with Foamed bitumen. 

2.1	 Design 
CBR			   =� 6%
msa			   =� 20
Existing Granular Crust	 =� 395 mm
Existing Bituminous Crust 	 =� 40 mm
Treated RAP	 =� 75 mm
BC			   =� 40 mm
2.2	 Construction
The top bituminous layer was replaced by 75 mm in situ 
cold mix recycled layer. The cold recycle mix consists 
of RAP material with addition of 1% cement, 15-20% 
fresh aggregate and 3.5% emulsion. The cold recycled 
mix was then compacted using heavy compactor to 
achieve required density. Finally wearing coat of 40 
mm BC was laid on top of cold recycled layer.
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A comparative study based on this project shows a 
significant savings of 15% & 25% respectively, in 
material and cost, in comparison to conventional method 
of rehabilitation. 
Construction of road work was completed in Nov, 
2015. Inspections of road were carried out frequently 
to evaluate the condition and after construction 
performance. Road was found in good condition. No 
cracks were appeared in the pavement. During the 
last inspection of road in October 2017, Deflections 
were calculated using Falling Weight Deflectometer. 
Layer moduli were calculated using KGPBACK 
programme. Using these, moduli strains were 
calculated at the bottom of bituminous layer and at 
the top of sub grade using IIT Pave. The results are 
as follows.
Strain as per IIT Pave

CBR = 6 Et = 128.8 x 10-6 Fatigue 
Life

= 161.4 msa

msa = 20 EV = 421.0 x 10-6 Rutting 
Life

= 28.4 msa

2.3	 Conclusion 
The modulus of fresh WMM is 250 MPa, whereas 
of WMM RAP stabilized with 3.50% emulsion & 
1% cement ranges from 600 to 1200 MPa. Thus RAP 
provides a higher strength parameter in terms of modulus 
of resilience & in turn it leads to saving in aggregate 
& saving of 15% to 25% in cost. This technique is 
environment friendly also as it consumes less aggregate, 
less energy & saves the natural resources. 
It was observed that even after passage of 2 years, 
pavement was in good condition with no cracks 
anywhere and fatigue & rutting life were 242 msa & 
28.4 msa respectively for 90% reliability against the 
designed traffic of 20 msa, which implies that against 
the remaining period of 13 years of original design, the 
life of pavement even now since Oct 17 is 19 years.

3.	 Case Study-2	
Unnao bypass (Commonly referred as Dostinagar Unnao 
Bypass) connecting NH-25 (Lucknow –Kanpur road) to 
State Highway- 40 (Bilgram –Unnao- Allahabad Road) 
was in very bad and dilapidated condition as CBR of 
sub grade was very low ranging from 3% to 4%. The 

Fig. 1(i) Distressed Pavement before Rehabilitation Fig. 1(ii) Distressed Pavement before Rehabilitation

Fig. 1(iii) Construction Work in Progress Fig. 1(iv) Road after Completion of Work
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strengthening of road was taken up more than 3 times 
within a short span of 10 years from 2002 to 2011, but 
each time it failed because of poor soil of subgrade. Crust 
thickness of existing road was 25 cm including damaged 
bituminous layer. This 4.30 kms long road was selected 
for rehabilitation by Full Depth Reclamation. 
A pavement rehabilitation technique in which the full 
flexible pavement section and a predetermined portion 
of the underlying materials are uniformly crushed, 
pulverized or blended, resulting in a stabilized base 
course. In its simplest form, FDR consists of in-situ 
pulverization of existing pavement and underlying 
layers, uniform blending of pulverized material, grading, 
and compaction. Cement, emulsion or foamed asphalt or 
combinations of these materials are added to produce a 
strong durable base. 

3.1	 Design Parameters:
1. Length (Ch. 0.000 – 4.300) = 3.80 km
2. CBR of existing sub grade = 3.4%
3. Effective CBR of sub grade after 

soil stabilization with lime
= 10%

4. CVPD = 1589
5. msa = 18

6. Carriageway width = 7.0 mtrs
7. Existing crust = 250 mm
8. Surfacing = SDBC (Damaged)
9. Design crust 

- �Full Depth Reclamation with 
2% OPC

= 250 mm

- �Cement Treated Base (WMM 
+ 4% OPC)

= 90 mm

- Crack Relief Layer (WMM) = 100 mm
-B C = 50 mm

The existing sub grade to the depth of 30 cm was 
stabilized with 2% lime after removing existing granular 
base and sub base. After soil stabilization material of 
existing road was re-laid and mixed in addition of 10% 
fresh aggregate to improve the gradation of aggregates. 
FDR with 2% cement was executed and compacted at 
optimum moisture content. 90 mm fresh base layer of 
aggregate with 4% cement was placed over cemented 
sub base as per design carried out by IIT Pave. 100 mm 
inter layer of WMM and 50 mm of Bituminous Concrete 
were also placed as per design. The photographs showing 
the existing pavement before rehabilitation and after 
construction is placed below: 

Fig. 2(i) Damaged Road Pavement Fig. 2(ii) Distressed Pavement

Fig. 2(iii) Stabilised Subbase During Construction Fig. 2(iv) Road after Rehabilitation Work
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3.2	 Significant Cost and material savings 
A comparative study based on Unnao Bypass shows 
a significant savings of 49% & 39% respectively, in 
material and cost, in comparison to conventional method 
of rehabilitation as depicted in graph. 

3.3	 Evaluation of Constructed Pavement
Construction of road work was completed in May, 2014. 
Inspections of road were carried out in June 2014, January 
2015, June 2015, August 2015 & October 2015 to valuate 
the condition and after construction performance. Road 
was found in good condition. No cracks were appeared 
in the pavement. During the last inspection of road in 
October 2017, Deflections were calculated using Falling 
Weight Deflectometer. Layer moduli were calculated 
using KGPBACK programme. Using these, moduli 
strains were calculated at the bottom of bituminous layer 
and at the top of sub grade using IIT Pave. The results 
are as follows.

Strain as per IIT Pave

CBR = 3 Et = 10.2 x 10-6

msa = 18 EV = 160.0 x 10-6

3.4	 Conclusion
Horizontal Tensile Strain at the bottom of bituminous 
layer is 10.2x10-6 which is less than 70 micron. Similarly 
Vertical Compressive Strain on subgrade is 160.0 x 
10-6, which is less than 200 micron, thereby making this 
pavement as Perpetual Pavement. 

4.	 Case Study-3
The main objective of stabilization is to improve the 
performance of material by increasing its strength, 
stiffness and durability. The addition of even small 
amount of stabilizer, for example upto 2 percent cement 
can modify the properties of a material. Large amount of 
stabilizer will cause a large change in properties of that 

material, for example 5 to 10 percent of cement added 
to clean gravel will cause it to behave like concrete & 
the pavement layer will be subjected to large shrinkage 
cracks. Not all materials can be successfully stabilized, 
for example if cement is used as the stabilizer with sandy 
soil, it is more likely to yield satisfactory results as 
compared to soft clays. 
IRC:37-2012, Tentative Guidelines for the Design of 
Flexible Pavement usually suggests stabilization of 
granular layer with small quantity of cement ranging 
from 2% to 4%. IRC:37 also suggests usage of reclaimed 
asphalt pavements with the use of emulsion or foamed 
bitumen. 
With these guidelines, a project was selected in Uttar 
Pradesh named as Lucknow Bangarmau Bilhaur Road 
ch. 86.450 to 87.350 (old portion of State Highway-40) 
based on traffic census. The spectrum msa for the design 
was taken as 19 msa and CBR of sub grade 6%. Width 
of existing pavement was 5 m which has been widened 
to 10 meters. Design of flexible pavement based on 
conventional method vis-a-vis with the use of stabilized 
layer is as follows :

Bituminous 130 mm Bituminous 40 mm

Granular 510 mm

Stabilized WMM 150 
mm

CT sub base 200 mm
Granular 150 mm

Conventional 
640 mm

With stabilised 
layer 540 mm

Total thickness of existing granular layer was 250 mm. 
Upper 100 mm part of existing layer and 100 mm fresh 
granular layer mixed with 2% cement was provided 
as sub base. Over cement treated sub base 150 mm 
stabilized WMM (fresh aggregate treated with 3.5 % 
bitumen emulsion & 1% cement) was placed. Over 
stabilized WMM base layer 40 mm bituminous concrete 
was placed. Design of pavement was carried out using IIT 
PAVE software. As seen from the above bars nearly 100 
mm saving in crust of granular along with bituminous 
layer and approximately 16% cost saving was achieved 
using stabilized base and cement treated sub base. 
As described in IRC:37-2012 cold mix recycling is 
a method of recycling where RAP, new aggregate (if 
needed), and emulsified bitumen or foamed bitumen 
without the need for heat are mixed in a centrally 
located cold mix plant. In the similar manner fresh 
WMM grading conforming to grading of WMM as per 
MORT&H was mixed with 3.5% bitumen emulsion (SS) 
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and 1% cement at WMM Plant and was subsequently 
laid at site. Bituminous concrete was laid over stabilized 
layer after gap of 10 days.

Fig. 3  8 Days after the Stabilized WMM

Fig. 4 Finished work After BC

4.1	 Evaluation of constructed pavement
Construction of road was completed in March 2016. First 
visual inspection of road was carried out in the month 
of April 2016 & the road was in very good condition. 
Second inspection was carried out in the month of 
October 2017. Road was in good condition and no cracks 

were visible. Deflections were measured using Falling 
Weight Deflectometer 

4.2	 Conclusion
Normally modulus of fresh WMM over a granular base 
is 250 MPa, whereas modulus of WMM stabilized with 
3.5% emulsion or 2.5% foamed bitumen ranges from 
600 to 1200 MPa. IRC:37-2012 suggests modulus of 
aggregates treated with bitumen emulsion/ foamed 
bitumen as 600 MPa. The cost of road in this project 
as per conventional method was 3.11 Cr/km while 
using stabilization of granular layer cost was 2.56 
Cr/km, there by cost saving of approximately 16% 
was achieved, in addition to 10 cm reduction in crust 
thickness&a saving of 700 cum/km. This technique is 
environment friendly also. It was also observed that 
after 1 1/2 year after construction, pavement was in 
good condition and fatigue/rutting life were 102.10 
msa and 178.30 msa respectively, against the designed 
19 msa. Stabilization of aggregate with emulsion 
(confirming to MoRTH WMM grading) is much easier 
as compared to stabilization of aggregate with cement 
because proper stabilization of aggregate with cement 
requires cement spreaders and recycler. Normal to 
medium traffic can be easily allowed directly over 
emulsion stabilized layer after few hours, whereas in 
case of cement stabilized layer only after 7 days, light 
traffic can be allowed. Execution and quality control 
of emulsion stabilization is easier than aggregate 
stabilized with cement. 

4.3	 Projects Completed/in Construction with 
Cemented base and Sub-base

Use of cemented base and sub-base is described in 
details in IRC:37-2012. Being named as tentative guide 
lines, most of the field Engineers were not very confident 
to adopt these guidelines. Public Works Department 
took the initiative and started many projects with this 
New Technology. Few projects are detailed below in 
Table-1: 

Table-1 Projects of U.P. PWD

Sl. Name of Work Road 
Category

Road Length 
(in km )

Cost of Project 
(in cr.)

1 Widening and Strengthening of OLD Lucknow-Bangermau-Bilhour Road 
ch. 86.250 to 87.350 (SH-40) SH 1.100 3.77

2 Dostinagar Bypass Road. ODR 4.3 4.97

3 Construction of Two Lane to Four Lane of Paliya-Shahjahanpur-Hardoi-
Lucknow Road (SH-25) km 118 to 159 (500m) District Hardoi SH 41.50 277.63

4
W/S of BilrayanPanwari Road (SH-21 Sitapur-Kheri) from ch. 56.300 to 
ch. 98.000 &NepalapurBijwar Road (ODR) from ch. 0.000 to 3.000 (2 
Lane to 4 Lane) District Sitapur&Kheri

SH 44.700 342.40
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Sl. Name of Work Road 
Category

Road Length 
(in km )

Cost of Project 
(in cr.)

5
Construction work of Two Lane with Paved Shoulder of Paliya- 
Shahjahanpur-Hardoi- Lucknow Road in km 159 (500) to 224 District 
Hardoi

SH 65.50 177.50

6
Construction work of Four lane widening of PaliyaShahjahanpurHardoi 
Lucknow, State Highway No. 25 from km 225 to 260(400) in Distt 
Lucknow

SH 35.400 202.05

7 Widening & Strengthening of Sandila- Rasoolabad-Chakalvanshi Link 
Road from km 9 to 20,District Unnao MDR 12.00 18.86

8 Four Laning Widening of Unnao Kanpur road SH-58 (Ch. 3.100 to 15.800) 
(Length 12.70 km) District Unnao SH 12.700 102.69

9 Widening & Strengthening of Bijnor-Sisendi-MaurawanRoad,District 
Lucknow ODR 17.05 31.42

10 Strengthening of Lucknow-Kursi-MahmoodabadRoad,DistrictSitapur MDR 3.19 4.27

11 Widening & Strengthening of Lucknow Varanasi Road (Telibagh) District 
Lucknow

City 
Road 2.70 33.34

12 Widening & Strengthening of Pickup Tiraha to Shahid path (Gomtinagar) 
District Lucknow

City 
Road 1.735 21.07

13 Widening & Strengthening of Butler Road (VaikundDham Road) District 
Lucknow

City 
Road 1.175 2.13

15 Widening & Strengthening of Gola-Aliganj Road, District Kheri ODR 10.50 15.99

16 Construction of Sharda Cannel Road (Sultanpur Road to Faizabad Road) 
District Lucknow ODR 12.06 248.79

17 Widening & Strengthening of Indira Cannel patri Road, District Lucknow ODR 2.15 5.00

18 Widening & Strengthening of Bacharawa-Maurawan Road, District 
Raebareli ODR 12.00 14.58

19 Widening & Strengthening ofBijnor-Sisendi-Maurawan-Baksar-Bihar 
Road, District Unnao MDR 22.90 38.89

Total 302.66 1545.35

18 Widening & Strengthening of Bacharawa-Maurawan Road, District 
Raebareli ODR 12.00 14.58

19 Widening & Strengthening ofBijnor-Sisendi-Maurawan-Baksar-Bihar 
Road, District Unnao MDR 22.90 38.89

Total 302.66 1545.35

Fig. 5 Bilrayan Panwari Road (SH-21) (Nepalapur Bijwar 
Road, ODR)

Fig. 6 Four Laning Widening of PSHL (SH-25) 
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5.	 Initiative by UP PWD for New 
Technologies in Road Construction: 

UP PWD has pioneered in implementation of new 
designs and construction methodologies in a large scale 
across the state and the success story speaks loud and 
clear about it. To share the experience and exchange 
views on new technology. UP PWD organized a 
“National Conference on use of New Technology in 
Road Construction” on 8th and 9th December, 2017 
at Lucknow. The conference was a huge success and 

attended by Hon'ble Minister, MORTH, Shri Nitin 
Gadkari; Hon'ble Chief Minister UP; Deputy Chief 
Minister UP; Hon'ble Ministers of UP Government, 
PWD Ministers of various other States, Principal 
Secretaries of many States, distinguished Professors, 
Scientists, Research Scholars of IIT, CRRI, MoRTH, 
State PWD, IRC, Scientists from Germany and 
Netherlands, Engineers of PWD, NHAI, MORTH, 
Contractors and representatives of engineering 
consultants and firms.

Photo 1  Lucknow Conference on "New Technology in Road Construction"

Photo 2  View of Technical Exhibition
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UP PWD showcased the success story of new designs 
and construction methodologies implemented on the 
state roads to the participants and several brain storming 
sessions were held with them to exchange views and 
enhance learning. The participants also presented 
several success stories of the innovative ideas being 
implemented elsewhere and enriched the practicing 
engineers considerably.

This success story will be carried forward at large scale 
and decision has been taken that all the road under 

construction/rehabilitation will be constructed using 
the new technologies by harnessing the experience 
gained through implementation on the roads covered 
under the case study. The author is upbeat about the 
success so far achieved and hopes that this will open a 
new chapter in the history of road construction, which 
will not only increase the life span of the roads, but will 
augment the resources of the state by reducing the cost 
of construction. 

Photo 3  View of Technical Exhibition

IRC TECHNICAL COMMITTEE MEETING SCHEDULE FOR November, 2018

Date Day Time Name of the Committee

03-11-18 Sat 11.00 AM Concrete (Plain, Reinforced and Pre-Stressed) Struc-
tures Committee(B-4)

16-11-18 Fri 11.00 AM Maintenance and Rehabilitation Committee (B-8)

17-11-18 Sat 10.30 AM Loads and Stresses Committee (B-2)

30-11-18 Fri 11.00 AM Steel and Composite Structures Committee (B-5)


