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Abstract— In India, mostly of low volume roads (village 

and other district roads) are constructing/ rehabilitating with 

the earlier set design specifications/ standards, which have 

no concrete design procedures/methods. The existing 
designs have made without collecting the required data and 

its analysis. This becomes very true while going for 

strengthening of the existing pavement (overlay). The 

Dynamic Cone Penetrometer (DCP) is an instrument which 

can be used for the rapid measurement of the in-situ strength 

of existing flexible pavements constructed with unbound 

materials. Measurements can be made down to a depth of 

800 mm or to a maximum depth of 1500mm by adding an 

extension rod. Where the pavement layers have different 

strengths, the boundaries between them can be identified 

and the thickness of each layer determined using the 
software program called UK DCP 3.1. This Project aims to 

design the overlay for low volume roads by collecting the 

data through DCP test, and designing of overlay by using 

UK-DCP software and AASHTO design guidelines. To 

achieve this, initially it is planned to carry out traffic volume 

survey (7 days) on the project road and forecasting it to the 

design life. Thereafter DCP testing will be performed on the 

project road to collect the DCP penetration data. The 

collected data will be used to divide and analysis the 

existing pavement layers for its structural number, CBR 

values and thicknesses. Homogeneous sectional analysis 

will be performed with the obtained layer thicknesses, 
strength and materials properties. With the help of UK-DCP 

software and AASHTO design methodology, the existing 

pavement structural number (Ne) will be calculated from 

filed data and test results. At other end, the required 

structural number (Nr) for future design traffic will be 

designed as per AASHTO guidelines. The overlay thickness 

will arrive from the difference of Nr and Ne, and it will be 

provided as additional bituminous layers to sustain future 

traffic. UK-DCP software is also provide BOQ of the 

project road to the recommended design options for the 

given unit rates. 
Keywords: Pavement, UK-DCP, AASHTO, IRC, Traffic 

volume, Pavement 

I. INTRODUCTION 

India is agriculture based country for even today though 

there is a little change in the percentage of GDP that is 

contributing from this sector and 71 % of Indian population 

lives in Rural India. Out of 593,731 inhabited villages in 

India, the NRRDC has estimated that 290,480 villages are 
unconnected by assuming an average connecting length of 

4km.   

The Rural roads are the basic infrastructure 

requirement and play a vital role in socio-economic 

upliftment of rural community. They contribute significantly 

in rural development by creating opportunities to access 

goods and services located in nearby villages or major 

town/market centres. Provision of rural roads increases 
mobility of men and materials thus facilitating economic 

growth. These, in turn, assist in reducing poverty and leads 

over all social development. Several studies have already 

established that there exist a strong relationship between 

rural roads and socio-economic development. Since (1982) 

reviewed several impact studies conducted in about 16 

countries. Most of these case studies considered are 

optimistic about the relationship between road investment 

and agricultural development. IRC has studied the 

importance of the rural roads in its study made during 

1980’s and found that they help is increase in the 
agricultural production, fertilizer consumption, non-

agricultural activities, and aids in better utilisation of 

existing facilities like, school, health, banks and post offices. 

Road network provides the arterial network to 

facilitate trade, transport, social integration and economic 

development. It facilitates specialization, extension of 

markets and exploitation of economies of scale. It is used for 

the smooth conveyance of both people and goods. 

Transportation by road has the advantage over other means 

of transport because of its easy accessibility, flexibility of 

operations, door-to-door service and reliability. 

Consequently, passenger and freight movement in India 
over the years have increasingly shifted towards roads vis-a-

vis other means of transport. In 2009-10, the road network 

in the country carried 85.2 per cent of the total passenger 

movement by roads and railways put together. Similarly, the 

corresponding figure for freight movement by roads was 

62.9 percent. 

The total road length in India increased more than 

11 times during the 60 years between 1951 and 2011. From 

3.99 lakh kilometre as on 31st March 1951, the road length 

increased to 46.90 lakh kilometres as on 31st March 2011 

(Chart 1). Concomitantly, the Surfaced road length 
increased both in absolute and relative terms. The length of 

sufaced roads which was 1.57 lakh kilometres (39.35 per 

cent of total road length) as on 31st March 1951 increased to 

25.25 lakh kilometres (53.83 per cent of total road length) as 

on 31st March 2011. 
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Fig. 1.1: Chat showing total and Surfaced Road Length in 

India: 1951 to 2011 

 
Table 1.1: Road Network by Categories (in kilometres): 

1951 to 2011 

 
Fig. 1.2: chart showing Trend Growth in Road Length by 

Categories: 1951 to 2011 

A. Importance of the project: 

Though the surveys were made during 1980’s in 

understanding the importance of the rural roads, the actual 

implementation has come when GOI has launched PMGSY 

on 25 December 2000 under the Ministry of Rural 

Development. This program is formulated based on the 
recommendations of NRRDC and works as a 100 per cent 

centrally sponsored scheme. Fifty per cent of the cess on 

high speed diesel was earmarked for financing this scheme. 

The primary objective of PMGSY is to provide connectivity, 
by way of all-weather roads (with necessary culverts and 

cross drainage structures operable throughout the year) to 

unconnected habitations in the rural areas in such a way that 

habitations with populations of 1000 persons and above are 

covered in three years (2000–3) and all unconnected 

habitations with a population of 500 persons and above by 

the end of the Tenth Plan Period (2007).  

However, some portions of the existing rural roads 

in India are unpaved/low volume roads. Heavy rainfall and 

floods affect almost all these roads frequently. The roads are 

severely damaged due to flood, currents and wave action. 

This situation needs maintenance of these roads every 
year/frequently. These adverse effects together with 

inadequate compaction significantly impair the durability of 

these roads. Therefore, the roads have to be designed as 

paved bituminous surface or concrete surface etc., to take 

care such climatic conditions.  

The existing IRC codes of flexible and rigid 

pavement of rural roads are not cost-effective and the 

designs are not taking a proper care of existing pavement 

characteristics like strength of each layer (structural number 

concept), CBR values and their thickness. Therefore, it is 

believed that, the UK-DCP software would overcome this 
problem by providing a cost effective and rational design. 

B. Types of Pavements: 

Based on the structural behaviour, the pavements are 

broadly classified into three categories as follows.  

1) Flexible Pavement 

2) Rigid Pavements 
3) Composite Pavements 

C. Aim / Objectives of the project:  

1) To understand the importance of Dynamic Cone 

Peneterometer (DCP) in evaluating the existing rods 

2) To understand the strength characteristics of the 

different layers of the road 
3) To divide the selected stretch of road into smaller 

sections based on the uniform characteristics of the 

layer 

4) To obtain the structural number of the road from the 

usage of UK-DCP software tool 

5) To project the future traffic for designing the pavement 

6) To design the overlay using the software tool (UK-

DCP) 

7) To estimate the cost of the up-gradation work. 

II. LITERATURE REVIEW 

A. Overview:  

Low Volume Road is considered a road that has relatively 

low use (an Average Daily Traffic of less than 400 vehicles 

per day), low design speeds (typically less than 80 kph), and 

Corresponding geometry. Most roads in rural areas are low-

volume roads. A well planned, located, designed, 

constructed, and maintained low-volume road system is 
essential for community development, flow of goods and 

services between communities, and resource Management 
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activities. However roads, and particularly road 

construction, can create more soil erosion than most other 

activities that occur in rural areas. Proper planning and 
design of the road system will minimize adverse impacts to 

water quality. Poorly planned road systems can have high 

maintenance and repair costs, contribute to excessive 

erosion, and fail to meet the needs of the users. 

It is very important from the outset to locate roads 

on stable ground, on moderate slopes, in dry areas away 

from drainages, and away from other problematic and 

difficult areas. Avoiding problem areas can save major 

design, construction, and maintenance costs and can 

minimize many undesirable impacts.  

For a road project to be successful, each step of the 

road management process must be performed. The basic 
steps are: 

1) Planning 

2) Location 

3) Survey 

4) Design 

5) Construction 

6) Maintenance 

If any one of these steps is omitted, a road may 

perform poorly, not meet its expectations, fail prematurely, 

require unnecessarily high maintenance, or cause 

environmental impacts. Without planning and good location, 
a road may not adequately serve its users or may be in a 

problematic area. Survey and design are needed to fit the 

road to the ground and have it function properly. Good 

construction insures that the design is implemented and built 

with some degree of quality Control. Maintenance is needed 

to keep the surface drivable and the drainages functioning. 

Finally, a bad road may need to be reconstructed or closed 

(decommissioned) to eliminate unacceptable problems. 

TYPICAL LOW-VOLUME ROAD DESIGN 

STANDARDS 

Design 

Element 

Rural Access 

Road 
Collector Road 

Design Speed 25-35 kph 45-60 kph 

Road Width 3.5 – 4.5 m 4 – 5.5 m 

Road Grade 15% max 12% max 

Curve Radius 15 m min 25 m min 

Crown/Shape 
Out slope/in 

slope (5%) 

In/out slope or crown 

(5%) 

Surfacing 
Type 

Native or gravel 
Gravel, Cobble Stone 

or Pavement 

Table 2.1: TYPICAL LOW-VOLUME ROAD DESIGN 

STANDARDS 

B. Types of Low Volume Roads (LVR):  

LVRs are categorized by TAC according to their traffic and 

land services: 

1) Category A: Rural road system and roads to and within 
isolated communities. These roads serve both functions 

of providing direct access to adjacent properties and 

access to land in low density remote areas. 

2) Category B: Recreational roads. These provide access 

to provincial and federal parks and resort developments.  

3) Category C: Resource development roads. These roads 

provide a link from remote resource development areas 

to the provincial highway system and ports or railheads. 

They do not include private access roads and logging 

roads within a tree farm license which come under the 
jurisdiction of the Ministry of Forests. In selecting 

design criteria for a particular LVR, the designer should 

consider its main service function. Should the road 

serve more than one function, the design standard 

corresponding to the highest service function should be 

used. 

III. DESIGN METHODOLOGY 

There are various design methodologies are in practice 
across the world to design a low volume road. However here 

we shall discus the design methodologies of UK-DCP, IRC: 

SP-72-2007 & IRC: SP: 62. 

A. UK-DCP Methodology:   

DCP analysis and design of low volume roads by new TRL 

software UK –DCP has introduced by Piouslin Samuel and 
Simon Done, TRL Limited, UK. The design of roads based 

on this software is more popular and much validated in 

African countries. The software has a provision to estimate 

the cost of the pavement along with the design. In the 

process of designing certain major steps shall be performed 

and they are segregated by having test panel & Design 

Panel. 

In the test panel, certain functions like layer 

analysis shall be made where the sub-grade layers are 

divided based on the penetration data, Structural Number 

calculations, DCP sectioning for the entire corridor (based 
on CBR values at each test point, SN etc.) will be made. 

In design panel, one has to add the survey details of 

the project stretch including condition of the road at 

different interval and also has to give the unit rates of 

various types of materials/works for the purpose of 

estimation. The traffic data also need to give for obtaining 

the design traffic. Finally, the design of the pavement is 

done by using UK-DCP based on the average sub-grade of 

the soil, design traffic & Weinert N Value (which accounts 

temperature conditions and shall be taken as 2-4 for tropical 

countries like India). 

B. IRC Design Methodology: 

It is the instance of central government a semi-official 

technical body known as Indian Roads congress (IRC) was 

formed in 1934. The twenty four hours traffic volume count 

over a period of 7 days for a single lane Rural Roads traffic 

count is done according to guidelines given in IRC:SP:72-
2007. After traffic volume survey ADT (Average Daily 

Traffic), AADT (Annual Average Daily Traffic) is 

determined IRC: SP: 72-2007 is used to find ESAL 

(Equivalent Standard Axle Load), MSA (Million Standard 

Axles). In the project to find ESAL, VDF( Vehicle Damage 

Factor) is determined from IRC:72-2007.The VDF for 

LCV’S Heavy vehicles, bus, cars, vans, bikes, carts, etc. By 

using IRC: SP:72 for available traffic data Yearly Repetition 

No .of ESA and cumulative No .of ESA in Millions is 

calculated. By using CBR value from the UK-DCP software 

and MSA of traffic volume, the design Thickness of sub-

grade, sub base, base layer is find according IRC:SP:72 sub-
grade thickness Catalogues .PCU (Passenger Car Unit) and 
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growth rate of annual traffic is determined from 

IRC:108:1996.To find tensile strain below bituminous layer 

and compressive strain above sub grade (critical points of 
pavement) IITPAVE software  is used. Again from this 

tensile strain below bituminous layer is used to find fatigue 

criteria and fatigue life, for detailed formula for fatigue refer 

IRC:37-2001 which is used to design pavement through 

software. Elastic modulus layer is determined from IRC: 37-

2001, The Poisson’s Ratio of bituminous layer may be taken 

as 0.50 for pavement temperatures 350Cto 400 C. and 0.35 

for temperatures 200C -300C.  

IV. TRAFFIC STUDIES, FORECASTING AND FIELD 

INVESTIGATIONS 

A. General  

The prime motive behind the design of any road pavement is 

to facilitate the safe, quick and comfortable movement of 

various types of vehicles on that road. This goal can only be 

achieved when the pavement designer has an accurate 

estimate of the number of vehicles that is going to use the 

road during its design life period. If the pavement is 
designed to withstand only some roughly estimated traffic 

load rather than correctly predicted loads, the pavement will 

become failure-prone even before it reaches its design life. 

Therefore a pavement designer must be able to forecast the 

cumulative traffic volume that is expected to use the road 

for the coming 15 or 20 years.  

In order to obtain that data, Traffic volume studies 

must be conducted. These studies consist of counting 

different classes of vehicles which are using the road for 

both ‘in’ and ‘out’ directions. To get an exact estimate of the 

total number of vehicles using the road for the duration of an 

entire year, one must count the number of vehicles using the 
road for the whole year, day in and day out. This not only a 

tedious job but also impractical in real-time. To overcome 

this obstacle the Indian Road Congress has recommended in 

its publication IRC: 37-2012, that assessment of the present 

day average traffic should be done based on seven-day-24-

hour count. It means that the Traffic Volume Studies must 

be conducted on a road, at a particular junction, throughout 

the day for a period of 7 days continuously. ‘Design traffic’ 

for the purpose of pavement design shall be computed by 

modifying the data obtained from these 7 day traffic volume 

studies by incorporating some modification factors such as 
Vehicle Damage Factor, Lane Distribution Factor, and 

Traffic Growth Rate. 

B. Traffic volume studies 

The length of our project-stretch is 13.1Km (from point A to 

point B shown in the figure below). This road stretch 

connects two major highways i.e, Nagarjuna sagar highway 
and Nehru Outer Ring Road at Adhibatla village. The major 

sources of traffic on this project-stretch are, Guramguda 

villagers, Three Engineering colleges located in Nadergul 

village (Sphoorthy Engineering college, Vishwa Bharathi 

Engineering College, Nobel Engineering college). Buses 

used by the aforementioned educational institutions, 

Aerospace sez located near Adhibatla village contributes 

good amount of traffic in that road section. Apart from these 

vehicles, the two and three wheelers used by villagers also 

make use of this road to ply between the city of Hyderabad 

and their respective villages. 

To determine the traffic volume on the project-
stretch, traffic volume studies were conducted at two 

junctions on the project-stretch, as depicted in the Fig 3.1. 

The red colored star marks indicate the traffic survey 

locations. 

 
Fig. 3.1: Illustrative diagram of project road showing Traffic 

survey locations 

C. Description of Junctions along the project stretch 

As depicted in the above Fig 3.1, there are two junctions 

located at distances of 4.0km, 6.0Km away from the starting 

point of the project-stretch. The road which meets the 

project-stretch at J1 (Junction-1) leads to the village of 

‘Thuka Yamjal’. The road which meets the project-stretch at 

J-2 (Junction-2) leads to the village of ‘Nadergul’ and 

finally the road which meets the project-stretch at J-3 
(Junction-3) leads to the ‘Nehru ORR Toll road ’.  

D. Location of Traffic Survey Stations 

As indicated in the above Fig 3.1, most of the human 

settlements and centers of activity are located in Guramguda 

Village. In addition to that, the peripheral roads at 

J1(Junction 1) which lead to other villages are seldom used 
by vehicles. Their usage is limited only to cattle and 

occasional pedestrian traffic. So, it is safe to neglect the 

traffic that leaks into those roads. 

After we cross the Nagergul village, the nature and 

intensity of Traffic changes abruptly. This sudden change of 

traffic can be attributed to the fact that two out of three 

sources of traffic (Educational institutions and Guramguda 

villagers) are located in between guramguda and Nadergul 

villages. Once the Nadergul village is crossed, the only type 

of vehicles that can be seen using the project-stretch road 

are Govt buses, Aero Sez buses, tandem-axle, tridem-axle 

and multi axle trucks apart from two and three wheelers of 
villagers.  

Therefore, the entire length of the project-stretch is 

divided into two parts to reflect the change in the nature and 

intensity of traffic within the project-stretch. 
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1) Survey Station – I:  The project length between the 

starting point to Second Junction (J2) called as section 

one, and the Survey Station – I is located near to 
Guramguda village.  

2) Survey Station – II:  The project length between the 

Second Junction (J2) to Point B called as section two, 

and the Survey Station – II is located near Nobel 

Engineering college.  

E. Features of Survey Station-I 

This survey station is located at a distance of 150m from the 

starting point of the project stretch. The location of this 

station is selected strategically; as it enabled us to accurately 

measure the volume of traffic that occurs in the whole of 

project-stretch.  

The chief classes of vehicles that can be counted 

from this station are College buses, Government Buses, two 

and three wheelers, cars/jeeps and LCVs passing through 

our station used by college students and villagers. 7.30AM 

to 10:00 AM in the morning and 4:00PM to 6:30PM in the 

evening can be regarded as peak hours for traffic volume on 
this road. This is because the Educational institutions open 

and close at that times respectively. 

All the vehicles which hail from the three major 

sources of traffic on the project-stretch are compelled to use 

the same road to come-in and go-out of the villages. We 

have ascertained that there is no alternative route connecting 

the villages to the Nagarjuna sagar highway by interacting 

with several road users (like truck drives, bus drivers etc). 

So, the data collected from this station can safely be 

attributed to the first part of project-stretch 

 
Photo 3.1:  shows the traffic volume count conducted at 

survey station -I 

 

F. Features of Survey Station- II 

The data obtained by conducting traffic volume studies at 

station-1 cannot be applied to the second part of project-

stretch because of the previously mentioned reasons. To 

determine the traffic that occurs on the second part of the 

project-stretch we have decided to conduct Traffic Volume 

Surveys at another station, located farther inside the project-

stretch. 

The Station-II for traffic volume studies is located 
at a distance of 6500m, inwards the road, from the starting 

point of the project-stretch. This location is selected for 

Station-2 of the traffic volume studies because it is well 

suited to reflect the change in nature and intensity of traffic 

which arises as one crosses the Nadergul village. As this 

station can be reached only after crossing the Educational 

institutions, (major source of traffic on the project-stretch), 

the traffic volume that can be recorded from this station is 

only the traffic that uses the second part of the road which 

arises from the Nadergul village to Adhibatla village. Thus, 

the huge number of college buses, two and three wheelers 
used by college students and Guramguda villagers are 

eliminated at this station. Photo 3.2 shows the traffic volume 

count conducted at survey station –II 

G. Conducting the Traffic Volume Studies 

As per IRC: 37-2012, it is recommended that traffic volume 

studies should be conducted at each station, around the day, 
for a period of 7 days continuously. But since this only an 

academic project work and due to lack of man-power 

(usually each survey station is manned by seven individuals) 

and resources the traffic surveys are only conducted for a 

period of three days, i.e., two working days and one 

weekend  (for 24 hours each day) at two stations on the 

project-stretch.  

It was observed by us that the traffic remains 

largely unchanged during the remaining four week days.  

So, the average daily traffic volume for the remaining four 

days of the week in each station was estimated by using the 

data obtained by conducting traffic volume studies for three 
days at each of the two stations.  

The traffic volume data was recorded for 8 different classes 

of vehicles which include… 

1) Two and Three Wheelers 

2) Cars/jeep/van 

3) Light Commercial Vehicles (LCV) 

4) Government Buses 

5) College Buses 

6) Two Axle Trucks 

7) Three Axle Trucks 

8) Multi Axle Trucks 
Even though the IRC: 37-2012 explicitly states that 

‘Only the number of commercial vehicles having gross 

vehicle weight of 30kN or more and their axle-loading is 

considered for the purpose of design of pavement’, we have 

also included vehicle classes that do not fall under the 

commercial vehicle category only to enhance the accuracy 

of our data sample. 

At each station a section is assumed and two 

individuals were engaged in conducting the traffic volume 

studies. One of them is concerned with counting the number 

of vehicles going in to the section, i.e. IN-direction, while 
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the other one is engaged in counting the number of vehicles 

that are coming out of the assumed section at the station, i.e. 

OUT-direction. In-fact each vehicle class in each direction 
must be allocated for separate individual to be counted. 

However, in this case, considering the fact that the 

magnitude of traffic volume survey is small when compared 

to surveys that are conducted on Highways and due lack of 

man-power,  one person has taken charge of counting all the 

vehicles coming in one direction. This liberty to deviate 

from the guidelines prescribed by IRC: 9-1972, has been 

taken keeping in mind that this project-work is entirely 

academic in nature. 

H. Summary of Pavement Condition Survey 

The experienced professionals have undertaken this 

investigation to collect the detailed visual information of the 

pavement and its associates. The observations are recorded 

at an interval of 200m along the project corridor, and the 

required information as per IRC: SP: 19-2001 is collected. 

The detailed pavement condition survey data is presented in 

Table 3.6.  Photo 3.4 Shows the measuring of pavement 
distress. 

S.No Type of distress Affected % area of pavement 

1. Pot-holes 15% 

2. Raveling 45% 

3. Edge-breaking 30% 

4. Shoulder-drop off 20% 

5. Patching 15% 

Table 3.6: Summary of Existing Pavement Condition 

 
Photo 3.3: Measuring of Pavement Distresses on Project 

Road 

I. Dynamic Cone Penetration Test (DCPT) 

Overview: In geotechnical and foundation engineering in-

situ penetration tests have been widely used for site 

investigation in support of analysis and design. The standard 

penetration test (SPT) and the cone penetration test (CPT) 

are the two in-situ penetration tests often used in practice. 

The SPT is performed by driving a sampler into the ground 

by hammer blows uses a dynamic penetration mechanism, 

while in the CPT a cone penetrometer is pushed quasi-
statically into the ground. In the DCPT, a cone penetrometer 

is driven into the ground, so that the DCPT shows some 

features of both the CPT and SPT. 

The dynamic cone penetration test (DCPT) was 

developed in Australia by Scala (1956). The current model 

was developed by the Transvaal Roads Department in South 

Africa (Luo, 1998). The mechanics of the DCPT shows 

features of both the CPT and SPT. The DCPT is performed 

by dropping a hammer from a certain fall height measuring 

penetration depth per blow for a certain depth. Therefore it 

is quite similar to the procedure of obtaining the blow count 
N using the soil sampler in the SPT. In the DCPT, however, 

a cone is used to obtain the penetration depth instead of 

using the split spoon soil sampler. In this respect, there is 

some resemblance with the CPT in the fact that both tests 

create a cavity during penetration and generate a cavity 

expansion resistance. 

Quality road construction requires an assessment of 

the adequacy of a subgrade to behave satisfactorily beneath 

a pavement. Present practice in determining the adequacy of 

a compacted subgrade is to determine the dry density and 

water content by the sand-cone method or with a nuclear 

gauge. The use of the resilient modulus (Mr) has recently 
become mandatory for pavement design. To find the Mr, a 

time-consuming test is required, which demands significant 

effort.  

The DCP is operated by two persons, and is a quick 

test to set up, run, and evaluate on site. Due to its economy 

and simplicity, better understanding of the DCPT results can 

reduce significantly the efforts and cost for evaluation of 

pavement and subgrade soils. The intention of this project is 

to generate sufficient data to create appropriate correlations 

among subgrade parameters and DCPT results. 

Procedure: The Dynamic Cone Penetration Test 
provides a measure of a material’s in-situ resistance to 

penetration. The test is performed by driving a metal cone 

into the ground by repeated striking it with 8 Kg weight 

dropped from a distance of 575 mm. The penetration of the 

cone is measured after each blow and is recorded to provide 

a continuous measure of shearing resistance up to 1.5 m 

below the ground surface. 

1) Health and Safety issues 

In order to avoid any potential damage to the underground 

utilities, it is essential to ensure that there are no utilities 

beneath the test location before the test starts. Adequate 

warning signs should always be used to caution the road 
users that work is in progress. 

During testing the operators should NOT put their 

hands near the Anvil to ensure that their fingers are not 

trapped underneath the Hammer when it is dropped. 
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After assembly, the first task is to record the zero 

error of the instrument. This is done by holding the DCP on 

a hard flat surface such as concrete, checking that it is 
vertical, and then entering the zero reading in the 

appropriate place on the DCP Test Data Form shown in 

Table 3.7 -Prior to testing, site details should also be 

recorded on the Test Data Form, these include: 

1) Chainage (km) 

2) Location - either Carriageway, Shoulder, Verge or other 

3) Lane number – 1/2/3/4 if the location is carriageway 

4) Offset (m) As defined by user 

5) Direction 

6) Cone angle – either 30o / 60o cone 

7) Zero error (mm) 

8) Test date 
9) Remarks, if any to a maximum of 60 spaces 

10) Layers removed – None, One or Two -Surface type – 

either Thin Bituminous Seal, Hot Mixed Asphalt, 

Unpaved, Concrete or Other Thickness of surfacing, if 

removed (mm) 

11) Surface condition – where the road has a bituminous 

surfacing 

12) Strength coefficient of surface, if surface condition 

unknown 

13) Base type – either Bituminous, Cement treated or 

Coarse granular (Water Bound Macadam)  
14) Thickness of base, if removed (mm) 

15) Strength coefficient of base, if removed 

 

 
Photo: 3.5. Dynamic Cone Penetration Test in the field 

The DCP needs three operators, one to hold the instrument, 

one to raise and drop the weight and a technician to record 
the readings as shown in Figure 3.5. The instrument is held 

vertical and the hammer lifted to the handle. Care should be 

taken to ensure that when the hammer is raised, it does not 

‘lift’ the instrument and just before the hammer is allowed 

to drop it is just touching the handle. The operator must let it 

fall freely and not partially lower it with his hands.  The 

Dynamic Cone Penetrometer in operation is shown in below 

photo 3.5. 
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Table 3.7: DCP Test Data Form 

V. TEST PROCEDURE 

A. Test spacing 

Sampling frequency will depend on the objective of the 

testing. Table 3.8. gives recommended minimum distances 

between DCP tests. 

Objective 
Minimum test 

spacing 

Routine testing for the rehabilitation of 

paved roads 
500m or less 

Areas of distress in paved roads 100m or less 

Upgrading of gravel roads to sealed 

roads 
500m or less 

Design of spot improvements 50m or less 

Table 3.8: Recommended DCP test spacing 

B. Tolerances and Repeatability: 

The cone is case-hardened but requires replacing. The cone 

should be replaced when its diameter is reduced by more 
than 10 percent, when its surface is badly gouged or the tip 

very blunt. The cone should be examined for wear before 

any test. A visual comparison to an new cone is a quick way 

to decide if the test should proceed. When used on subbase 

and subgrade materials, the cone can be expected to last 30 

to 40 tests before replacement. The DCP has a relatively 

high degree of repeatability. Should the rod leave its vertical 

alignment, no attempt should be made to correct this, as 

contact between the bottom rod and the sides of the hole 

lead to erroneous results. It is recommended that if the rod is 

deflected, a second test in the same vicinity should be 
completed. 

C. Sources of Error: 

When used on base course material, the DCP consistently 

produces high and sometimes misleading results. The type, 

coarseness and compaction of the granular particles affect 

the penetration. While the DCP can be driven through 

asphalt and base course it is recommended that the results 

from these materials be viewed with some caution 

A graph is drawn for the test data, between 
Penetration Vs Number of Blows and change of slope in the 

graph indicates the interface of two layers of different 

penetration resistance.  Test results can be correlated to 

California Bearing Ratios, in-situ density, resilient modulus, 

and bearing capacity.   

From the graph, thickness of layer and slope 

(penetration mm/blow) were calculated. As the value of 

CBR is most important parameter in reflecting the strength 

of the subgrade, the following TRRL equation has been used 

to calculate the layer DCP-CBR value for each layer: 

log10 CBR = 2.48 − 1.057 × log10(mm/blow) 
These layered CBR values have been converted to 

overall CBR value using Japanese formula for the purpose: 
Overall CBR

= {
∑ layer thickness × (DCP − CBR)1/3

∑ layer thickness
⁄ }

3

 

 14 number of test pits were dug to evaluate the existing 

sub-grade strength and characteristic. At each and every test 

pit DCP test was performed and no. of blows and also 
corresponding penetration is recorded for the future analysis 

to determine the DCP-CBR value by using TRL and 

Japanese equation as described above. The sample 

calculation data, Graph and DCP-CBR calculations are 

given in Table 3.9 & Table 3.10 respectively. The complete 

field DCP tests data is provided in the Annexure 1.  

Stratum 
Thickness 

(mm) 
Blows 

DCP-

CBR 

Equivalent 

CBR 

Layer-I 90 9 96 

10.3 

Layer-II 277 28 10.3 

Layer-

III 
159 16 11.0 

Layer-

IV 
   

Layer-V    

VI. RESULT ANALYSIS 

Converting DCP Analysis to IRC Design for Indian Road 

Conditions 

There are three types of cross sections available in design 

section box during the Design  

A  For two lane Roads of width 7m, 

B  For Single lane Roads of width 5m,  

C   For Single lane Roads of width 3.75m. 

A. Calculation of Design Section-I  (0-6 km) 

As per UK-DCP 3.1 Catalogue for 2.07msa & 26% CBR 

will provide. 

120mm Sub-grade with 30% CBR, 

200mm Base with 80% CBR, 

40mm surface wearing course  
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Fig. 5.16: UK-DCP Final analysis Output for section-I 

But existing sub-base is 94mm. 

 Then additional sub-base required is (h1) = (120-94) = 

26mm with CBR 30%, 

Base = 200mm = 200mm with CBR 80%, 

Surface course = 40mm = 40mm (Bituminous macadam) 

Proposed pavement: 

New Layer 
Base 200mm 

Sub-base 26mm 

Required Layer 
Base 0 

Sub-base 94mm 

Total Pavement Thickness 320mm 

Table 5.3: Proposed pavement for section-I 

However since the existing road has a bituminous 

wearing course, the above proposed pavement thickness can 
be converted into equivalent bituminous layer thickness as 

follows from equation. 

(E1h1
3)

(1 − μ1
2)

 =  
(E2h2

3)

(1 − μ2
2)

   

 Equivalent thickness of Bituminous layer for sub-base 

with 30% CBR of 26mm.Here  

E1 = Elastic modulus of Sub-base, Base layer 

E2 = Elastic modulus of Bituminous layer  

μ1 = Poisson’s ratio of Sub-base, Base layer = 0.4 

 μ2 = Poisson’s ratio of Bituminous layer = 0.5 
 E1  = 17.6(CBR)0.64 

(Referred from IRC: 37: 2001, Annexure-I, Rutting Criteria) 

if CBR > 5%       

= 17.6(26)0.64 = 141.61Mpa 

E1  ≅ 142Mpa 

E2 = 1695Mpa for 60/70 bituminous grade @ 35oC 

Temperature. (Referred from IRC: 37: 2001, Annexure-I, 

Fatigue Criteria) Elastic modulus values of BT at different 

Temperatures. 

= h2 =  [
E1h1

3(1−μ2
2)

E2(1−μ1
2)

]

1

3
= [

142(26)3(1−0.52)

1695(1−0.42)
]

1

3
 

h2 = 10.95mm ≅11mm 

i.e., 11mm Thickness of Bituminous layer to substitute 
26mm thick sub-base. 

Similarly, base thickness in terms of equivalent thickness of 

bituminous layer is  

E1  = 17.6(h)0.64 = 17.6(200)0.64  

= 522.6 ≅ 523Mpa 

h2  = [
𝟓𝟐𝟑(𝟐𝟎𝟎)𝟑(𝟏−𝟎.𝟓𝟐)

𝟏𝟔𝟗𝟓(𝟏−𝟎.𝟒𝟐)
]

𝟏

𝟑
 

= 130mm B.T layer 

 As per IRC and MORTH Section 401 & 406. 

MORTH 401  Granular sub-base GSB minimum CBR = 

30%. 

Hence, we are considering 30% CBR Material as GSB. 

MORTH 406 Hot mix macadam (WMM) minimum CBR 

= 80%. 

Hence, we used 80% CBR as WMM in our project. 

 As recommended minimum Bituminous layer is 40mm. 

Hence the required Overlay thickness as bituminous 

macadam is  

= 11+130+40  
= 181mm B.M (Bituminous Macadam) Layer  

B. Calculation of Design Section-II (6-10 km) 

As per UK-DCP 3.1 Catalogue for 1.68msa & 19% CBR 

will provide. 

120mm Sub-grade with 30% CBR, 

200mm Base with 80% CBR, 
40mm surface wearing course  

 
Fig. 5.17: UK-DCP Final analysis Output for section-II 

But existing sub-base is 103mm. 

 Then additional sub-base required is (h1) = (120-103) = 

17mm with CBR 30%, 

Base = 200mm = 200mm with CBR 80%, 

Surface course = 40mm = 40mm (Bituminous macadam) 

1) Proposed pavement: 

New Layer 
Base - 200mm 

Sub-base - 17mm 

Required Layer 
Base - 0mm 

Sub-base - 103mm 

Total Pavement Thickness 320mm 

Table 5.4: Proposed pavement for section-II 
However since the existing road has a bituminous wearing 

course, the above proposed pavement thickness can be 
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converted into equivalent bituminous layer thickness as 

follows from equation. 

(E1h1
3)

(1 − μ1
2)

 =  
(E2h2

3)

(1 − μ2
2)

  

Equivalent thickness of Bituminous layer for sub-base with 

30% CBR of 26mm.Here  

E1 = Elastic modulus of Sub-base, Base layer 

E2 = Elastic modulus of Bituminous layer  

μ1 = Poisson’s ratio of Sub-base, Base layer = 0.4 

 μ2 = Poisson’s ratio of Bituminous layer = 0.5 

E1  = 17.6(CBR)0.64 

(Referred from IRC: 37: 2001, Annexure-I, Rutting Criteria) 

if CBR > 5%       

= 17.6(17)0.64 = 107.89Mpa 

E1 ≅ 108Mpa 

E2 = 1695Mpa for 60/70 bituminous grade @ 35oC 

Temperature. (Referred from IRC: 37: 2001, Annexure-I, 

Fatigue Criteria) Elastic modulus values of BT at different 

Temperatures. 

= h2 =  [
𝐄𝟏𝐡𝟏

𝟑(𝟏−𝛍𝟐
𝟐)

𝐄𝟐(𝟏−𝛍𝟏
𝟐)

]

𝟏

𝟑
= [

𝟏𝟎𝟖(𝟏𝟕)𝟑(𝟏−𝟎.𝟓𝟐)

𝟏𝟔𝟗𝟓(𝟏−𝟎.𝟒𝟐)
]

𝟏

𝟑
 

h2 = 6.53mm ≅6.5mm 

i.e., 6.5mm Thickness of Bituminous layer to substitute 

26mm thick sub-base. 

Similarly, base thickness in terms of equivalent thickness of 

bituminous layer is 

E1  = 17.6(h)0.64 = 17.6(200)0.64  

= 522.6 ≅ 523Mpa 

ℎ2  = [
𝟓𝟐𝟑(𝟐𝟎𝟎)𝟑(𝟏−𝟎.𝟓𝟐)

𝟏𝟔𝟗𝟓(𝟏−𝟎.𝟒𝟐)
]

𝟏

𝟑
 

= 130mm B.T layer 

 As per IRC and MORTH Section 401 & 406. 
MORTH 401  Granular sub-base GSB minimum CBR = 

30%. 

Hence, we are considering 30% CBR Material as GSB. 

MORTH 406 Hot mix macadam (Wmm) mimimum CBR 

= 80%. 

Hence, we used 80% CBR as Wmm in our project. 

 As recommended minimum Bituminous layer is 40mm. 

Hence the required Overlay thickness as bituminous 

macadam is  

= 6.5+130+40 = 176.5mm  

= 176mm B.T layer with CBR 80% 

C. Calculation of Design Section-III (10-13 km) 

As per UK-DCP 3.1 Catalogue for 2.69msa & 29% CBR 

will provide. 

120mm Sub-grade with 30% CBR, 

200mm Base with 80% CBR, 

40mm surface wearing course  

 
Fig. 5.18: UK-DCP Final analysis Output for section-III 

But existing sub-base is 280mm. 

 As there is sufficient Sub-base in this Section, therefore 

additional Sub-base is not necessary to provide. 

 Additional Base = 200mm = 200mm with CBR 80%, 

Surface course = 40mm = 40mm (Bituminous macadam) 
1) Proposed pavement: 

New Layer 
Base - 200mm 

Sub-base - 0mm 

Required Layer 
Base - 0mm 

Sub-base - 120mm 

Total Pavement Thickness 320mm 

Table 5.5: Proposed pavement for section-III 

However since the existing road has a bituminous wearing 

course, the above proposed pavement thickness can be 

converted into equivalent bituminous layer thickness as 

follows from equation. 

(E1h1
3)

(1 − μ1
2)

 =  
(E2h2

3)

(1 − μ2
2)

  

 Equivalent thickness of Bituminous layer for sub-base 

with 30% CBR of 26mm.Here  

E1 = Elastic modulus of Sub-base, Base layer 

E2 = Elastic modulus of Bituminous layer  

μ1 = Poisson’s ratio of Sub-base, Base layer = 0.4 

 μ2 = Poisson’s ratio of Bituminous layer = 0.5 

E1  = 17.6(CBR)0.64 

(Referred from IRC: 37: 2001, Annexure-I, Rutting Criteria) 

if CBR > 5%       

= 17.6(29)0.64 = 151.86Mpa 

E1 ≅ 152Mpa 

E2 = 1695Mpa for 60/70 bituminous grade @ 35oC 

Temperature. (Referred from IRC: 37: 2001, Annexure-I, 

Fatigue Criteria) Elastic modulus values of BT at different 

Temperatures. 

= h2 =  [
𝑬𝟏𝒉𝟏

𝟑(𝟏−𝝁𝟐
𝟐)

𝑬𝟐(𝟏−𝝁𝟏
𝟐)

]

𝟏

𝟑
= [

𝟏𝟓𝟐(𝟎)𝟑(𝟏−𝟎.𝟓𝟐)

𝟏𝟔𝟗𝟓(𝟏−𝟎.𝟒𝟐)
]

𝟏

𝟑
 

h2 = 0mm ≅0mm 
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i.e., 6.5mm Thickness of Bituminous layer to substitute 

26mm thick sub-base. 

Similarly, base thickness in terms of equivalent thickness of 
bituminous layer is 

E1  = 17.6(h)0.64 = 17.6(200)0.64  

= 522.6 ≅ 523Mpa 

h2  = [
523(200)3(1−0.52)

1695(1−0.42)
]

1

3
 

= 130mm B.T layer 

 As per IRC and MORTH Section 401 & 406. 

MORTH 401  Granular sub-base GSB minimum CBR = 

30%. 

Hence, we are considering 30% CBR Material as GSB. 

MORTH 406 Hot mix macadam (Wmm) mimimum CBR 

= 80%. 

Hence, we used 80% CBR as Wmm in our project. 

 As recommended minimum Bituminous layer is 40mm. 

Hence the required Overlay thickness as bituminous 

macadam is  

= 0+130+40 = 170mm  

= 170mm B.T layer with CBR 80% 

VII. CONCLUSIONS 

In this experimental study, the following value conclusions 

are drawn based on the experimental test results & 

discussions. 

1) The overlay pavement to be laid from Gurramguda 

Junction to Adibatla ORR Junction is designed. 

2) According to our design methodology the overlay 
thickness of B.M (Bituminous Macadam) layer with 

10years life-time span to be provides are as follows. 

3) From 0-6 km chainage the overlay thickness of 181mm 

of B.M (Bituminous Layer) is to be provided. 

4) From 6-10 km chainage the overlay thickness of 

176mm of BT Layer is to be provided. 

From 10-13.1 km chainage the overlay thickness of 

170mm of 1B.M (Bituminious Macadam) layer is to be 

provided 
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