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Pavement Design Report

1. Genersl

The Government of India has entrusted 1o the National Highways & Infrastructure lk;t::"::
Comomton Lid (NHIDCL) for the development, maintenance and management ¢ -
Highway No 17 (NH-17) in the State of Assam.

The Projoct Road s a part of National Highway NH-37 which starts at km 562.525 to km 581 700
(approximately 19 078 km) on the End of Moran Bypass (km 562.525) to Bogibee! Junction near
Lapetketa (km S81.700) in the state of Assam. M/s Manaranjan has been nvrd_ed the project on
Engineering. Procurement and Construction (EPC) basis through Competitive Bidding process

This report pertains to the design of pavement structure comprising design process and design
recommendations for Flexible Pavement for the Main Carriageway along with Truck Lay Bye and
Bus Bays.

2. Brief Review of the EPC Agreement

This section presents a review of the Contract Agreement (CA), including its Schedules to
establish contractual framework for pavement design. From the review of various articles / clauses
of the CA and its schedules, the key details / provisions are summarized below:

The CA supulates under sub-clause 5.3.1 & 5.3.2 of Schedule B (i.e. design period and strategy.
& design traffic) that the pavement of the Project Highway shall be designed for 15 Years and for
wraffic loading of 60 million standard axles (MSA) and under Clause 5.4 the entire project road
shall be reconstructed.

As per Schedule B (Clause 5.1) and Annex-I of Schedule D of CA, the pavement design shall be
camed out as per the provisions of Section 5 of the Manual of Specifications and Standards for
Four-Laning of Highways (IRC: SP: 84-2014). IRC: SP: 84-2014 refers to the following IRC
gwdelines for pavement design:

e IRC: 37- 2012 (Tentative Guidelines for the Design of Flexible Pavements)

3. Project Background

The project involves upgradation of existing two road 1o four-laning with paved shoulder for the
section of NH-37 from end of Moran Bypass to Bogibeel Junction near Lapetketa. The present
width of the carriageway varies from 5.4m to 7m and the existing pavement is flexible.

4. Objective

Thc objective is o select the uqilabl_c pavement type requiring minimal maintenance under the
given traffic loading for the design life adopted. To achieve this objective and thereby to predict
the performance of any pavement structure, it is necessury 10 analyse material charaetenistics,

lnfﬁc, local environment and its impacts, modes of tuilure of exisling pavement and technology
available for construction.
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5. The Approach of Pavement Design

To have sound engineering judgment considering th
performance in this region and analysis for 15 years design life, all acti
surveys, materials investigations have been done as per relevant good in
attempt has been made to work out the design of pavement struclure as pr

Guidelines IRC: 37-2012.

¢ local environment and past pavement
vities related to field

dustry practice. The
escribed in IRC

technically and economically
loading. Hence, a few
tion presented in duc

The goal of the pavement design is to optimize the road construction
on long term basis, based on the pavement investigation and given traffic
pavement options have been studied before proposing the pavement scc
course.

6. Effective Subgrade CBR

Reference to evaluate effective CBR is drawn
conducting CBR test is taken at every Skm interval and analysis is
500mm from top of subgrade soil is collected at every Skm interval and testing is done for CBR
of embankment while subgrade sample is taken for its CBR analysis. According to IRC:37-2012,
90th percentile CBR is considered for analysis and the summary is shown below:

from clause 5.2 of IRC: 37-2012. Soil sample for
done. Soil sample of soil below

Table 1. CBR of Embankment and Sub rade

Location CBR of Embankment CBR of Subgrade

1 9.7 10.33

2 9.9 10.69

3 8.2 10

4 9.7 10.8

5 9.26 10.86

6 8.37 10.69

7 9.4 10.86

8 10.3 11.04

9 9.26 11.04

10 9.99 10.33

11 9.8 10.15

12 9.9 10.3

13 9.9 10.7

14 8.37 10.69

15 9.2 10.5

16 9,08 10.68
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Table 2, CRR of Embankment and pereentile
Loca Ascending order CBR
ton Im:'mkmcnl o Percentile
2 82 S
. 837 | 95
- A I X )
17 8727 - 84
16 9.08 79
15 9.2 74
3 9.26 68
3 9.26 63
19 9.26 58
7 9.4 53
1 9.7 a7
4 9.7 42
11 9.8 37
2 9,9 32
12 9.9 26
13 9.9 21
10 9.99 16
18 10.15 3L
8 10.3 5
Table 2. CBR of Subgrade and percentile
Location Ascend;r:'gb::::; CBR of Percentile
17 9.99 100
3 10 95
11 10.15 89
12 10.3 84
19 10.3 79
1 10.33 74
__1_6#_ 10.33 68
15 10.5 63
18 10.57 58
16 10.68 53
2 10.69 47
6 10.69 42
14 10.69 37
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tables and graphs, it is observed that 90" percentile Effective CBR is 9.25% but

From the above ,
for pavement design purposes, an ¢ffective CBR of 9 % is adopted.

7. Pavement Thickness Design

The scope of pavement design for the project includes:
e Upgradation of existing pavement from 2-lune 1o 4-lane with paved shoulder

e Construction of Service Road.

¢ Construction of Truck Lay Byc and Bus Bays.
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Co-ordnate of Pomt °C* ' ) 140 195 000 .
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¥ flexural fatigue cracking if the tensile strain at the bottom of

are the critical loc
ations for tensile strains (e,). Maximum value of the strain is adopted for

as per IRC-37-201:
Ne = 2,021 x 10 x [1/n]**° x [1/E 05

where
N: = Fatigue life in number of standard axles
&= Mémmum tensile strain at the bottom of Bituminous layer
E =Resilient Modulus of bituminous layer (MPa)

Ponts “C" and “D" are the critical locations for the vertical subgrade strains (:). Maximum value of the strain
« adopted for design.

AS per IRC-37-2012:
Na = 1.41 x 10% x [1/e:]*S

where,

Ns = Number of cumulative standard axles
gz = Vertical subgrade strain

Qutput of IIT Pave:-

I-'.::I:"?:: 3096 90 21§ oo 71 00
M values 0. 350 380 35
thickassses (M 140 00 428 00
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single wheel load W 0
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, Main Camageway. Truck Lay Bye and Bus Bays

Bituminous Concrete (BC) - 40 mm
Dense Bituminous Macadam (DBM) - 100 mm il
Wet Mix Macadam (WMM) - 225 mm S
Granular Sub-Base (GSB) - 200 mm _
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7.3, Pavement Thickness for Service Road

Materials for Pavement
surfacing material with variation 10 the
the proposed pavement composition.
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SUBGRADE (CBR = 9%, € = 71 Mpa) J-u
Figure 2- Proposed Pavement Composition
INPUT FOR IITPAVE SOFTWARE:
Number of layers (n) 3
Elastic Moduli (E), in MPa | 300019871
Poisson’s Ratio (/1) 0.350.350.35
Thickness of Layers (h), mm 90350
Single Wheel Load (N), Tyre Pressure (kPa) 20000.00 0.56
Number of points to be considered 4
Co-ordinate of Point "A" 90 0.000
Co-ordinate of Point "B" 90 155.000
Co-ordinate of Point "C" 440 0.000
Co-ordinate of Point "D" 440 155.000
CHECK FOR FATIGUE CRITERIA:

Bituminous surfacing of pavements display flexural fatigue cracking if the tensile strain at the bottom of
bituminous layer is beyond certain limit.
Points “A” and "B" are the critical locations for tensile strains (e:). Maximum value of the strain is adopted for

design.

As per IRC-37-2012:
Ne = 2.21 x 10" x [1/ed>2 x [1/E]22%4

Where,
Nr = Fatigue life in number of standard axles
e = Maximum tensile strain at the bottom of Bituminous layer

£ =Resilient Modulus of bituminous layer (MPa)

CHECK FOR RUTTING CRITERIA:
Points "C" and "D" are the critical locations for the vertical subgrade strains (e:). Maximum value of the stran

is adopted for design.

AS per IRC-37-2012:
N = 4.1656 x 10 * x [1/e,]***"

Where,
N« = Number of cumulative standard axles

T 10 éﬁeﬁdﬂ
M anr‘l‘i 50 NP VL %

(ar A=sam
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e of layers N
T valwe OBw 300000 1%0.00 71.80
Ma veluse 0.350.350.38
ackessser WA 0.00 380.00
sangle wheel load (N 10000.0

tyre presrare (NFa) 2.56

Doal Eheel o
R Sigmal Sagmal Sigmad pispl ol
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2.80-2_3421E-01 0.3184K-02 0.2038%-03-0. 63008-02 0.3656E+00-0-4 -
s 155.00-0.3712E-01 0.4521F-01 0.38768-01-0.96712-02 0.3799E+00-0-33%
I 155.30=0.3TiaE-32 0.3388E-02 0.1070E-02-0.3676%-02 0.37988+00-0-
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from TIT Pave) tensile strain and vertical strain for the proposed

The allowable and computed (
below in Table 2:

pavement composition are given
Table 2- Tensile & Vertical Strain Calculations for 10MSA traffic

[ Tensile Strain in Bituminous Layer Vertical Compressive Strain on
: (microns) Subgrade (microns) Remarks

Computed from IIT Allowable

The recommended pavement composition for the service road designed according to IRC-37-2012

is given below:

Design traffic loading = 10 MSA
Effective CBR of Subgrade = 9%

e Service Road

Bituminous Concrete (BC) - 40 mm
s Macadam (DBM) - 50 mm

Dense Bituminou
Wet Mix Macadam (WMM) - 150 mm

r Sub-Base (GSB) - 200 mm

Granula
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