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1. Introduction: India has large road 

network in which village roads have 

prominent length which is 80% of the total 

road network. Most of the pavements are 

Bituminous which have short life because 

of failures in the form of fatigue cracking, 

rutting and other failures. In general 

maintenance of the pavement was done 

with a bituminous overlay. White topping 

is a cement concrete overlay over the 

bituminous pavement which has less 

failures and act as good base layer for the 

overlay which will be a best option as the 

life of the pavement will be more when 

compared with bituminous overlay. There 

are three types of white topping. a) 

conventional white topping which have 

thickness about 200mm can be used for 

highways in which bond is not considered 

b) Thin white topping have thickness 

between 100 and 200mm can be used for 

city Internal roads and medium trafficked 

highways c) Ultra thin white topping have 

thickness between 50-100mm which can be 

used for village roads, colony internal roads 

and parking lots etc.  Ultra thin white 

topping can be considered as best overlay 

option because of less failure more life time 

when compared with bituminous overlay. 

The following are the advantages using 

ultra thin white topping extended design 

life, reduced life cyle cost, and reduced 

maintenance works, Usage of waste 

Industrial Byproducts like flyash, Silica 

fume etc, Superior solar reflectance and 

fast track construction by achieving high 

early strengths[1]. 

 

India has 27,49,805 km  village roads according to the 2011 census out of which most of the pavements are 

bituminous which have less life time and have more failures with in the design period. In general maintenance is 

done with a bituminous overlay. White topping is Plain Cement Concrete (PCC) overlay constructed on the top of 

an existing bituminous pavement. Ultra thin white topping   having thickness about 100mmcan be used as overlay  

for low volume trafficked village roads carrying less than 500cvpd.Moreover existing bituminous pavement should 

have less failures which should look sound in  condition as a base for concrete overlay and should have 75mm 

minimum  thickness. This concrete overlay use shorter joint spacing’s which reduces the temperature and load 

stresses in the pavement. Bond between the existing pavement and the new concrete overlay is very much important 

for which the existing pavement is milled up to a minimum depth of 25mm.Ultra thin white topping reduces 

maintenance cost as the concrete overlay have long life when compared with bituminous overlay. Ultra thin white 

topping is successfully executed in few locations of Delhi, Ghaziabad and Mumbai. In this paper a study on utwt 

projects executed in the country and important design concepts are discussed which influence life of ultra thin white 

topping. Bond between the concrete and bituminous materials, Critical stress locations, selection of optimum joint 

spacing and usage of high strength concrete are some of the key concepts which will be discussed. 
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1.2Literature on UTWT Projects: White 

topping- a relatively thin concrete overlay 

placed a top distressed asphalt pavement 

was introduced in the United States in 1918 

and its use has continued through today. 

In1988 thin concrete overlay of thickness 

about 90mm was placed on existing asphalt 

pavement in Kentucky. The performance of 

outstanding In early 1991, a new form of 

white topping named as thin whitetopping 

(TWT) and ultra-thin white topping 

(UTWT) emerged, which relies on a bond 

with the distressed pavement to act as a 

monolithic structure. From 1990 to 1996 

more than 800 projects representing 1 

million sqm have placed in North America. 

The first bonded white topping sections 

were constructed in October of 1997 by the 

Minnesota Department of Transportation 

(Mn/DOT) on I-94 test sections at the 

Minnesota Road Research facility 

(Mn/ROAD) .Use of UTW has become 

increasingly common across the U.S., 

although Tennessee has constructed more 

than other states (Delatte and Webb, 2000, 

ACPA, 1998).White topping in its various 

forms have been used in U.S.A, Europe and 

other countries on Airports, Inter-state 

roads, Primary and Secondary Highways, 

Local roads, Streets and Parking lots[2]. 

There have been several UTW projects 

completed in India, the first in Pune in 

2003, subsequently in New Delhi, 

Ghaziabad, Mumbai, and Thane. All 

projects have shown good to excellent 

performance so far, indicating that this 

rehabilitation strategy can stand up to the 

Indian climate and traffic conditions[3] The 

suitability of UTW rehabilitation for a 

particular site is dependent on several 

factors including existing asphalt thickness, 

volume of truck traffic, base and subgrade 

support, and pavement condition. 

 

1.3Literature on Design methods:  

Because of a considerably longer service 

life with less maintenance work, BCOAs 

are gaining popularity in many countries. 

This has led to an increase in interest in the 

design procedures for these structures. 

These include the Portland Cement 

Association (PCA), the Colorado 

Department of Transportation (CDOT), the 

New Jersey Department of Transportation 

(NJDOT), the American Concrete 

Pavement Association (ACPA), the Federal 

Highway Administration (FHWA), and the 

Illinois Center for Transportation (ICT) 

have proposed their own design procedures 

and the BCOA-ME was developed at the 

University of Pittsburgh[4]. Also, the 

Indian Road Congress (IRC) also brought 

up a special publication (IRC: SP-76, 2008) 

as the ‘Tentative Guidelines for 

Conventional, Thin and Ultra-thin 

whitetopping.’ The design methodology in 

the IRC: SP-76 (2008) is not appropriate for 

BCOAs as the design stresses are computed 

based on the Westergaard formula in 

accordance with IRC: 58, with some 

adjustments. The primary distresses in the 

BCOAs are different than that in a 

conventional rigid pavement; therefore, the 

critical stress predicting structural models 

used in the conventional rigid pavement 

design procedure cannot be judiciously 

used in the case of BCOAs. India has 

recently released code IRC-SP-76-

2015”Guidelines for Conventional and thin 

White topping” which uses stresses 

equations given by Riley 2005 can be used 

for critical stress prediction. 

 

2. Mechanism of Ultra Thin white 

topping 
Ultra Thin White topping overlays, as a 

rehabilitation technique, provide a unique 

pavement structure which is fundamentally 

different from the conventional or 

bituminous pavements. Here, the UTWT 

are designed considering a sound bond 

between the overlying concrete pavement 
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and underlying asphalt pavement which is 

achieved by milling the top asphalt surface 

to a depth of 25mm-50mm. The bond 

between concrete and asphalt layer 

interface creates the necessary composite 

section which lowers the neutral axis and 

reduces the load stresses as shown in the 

figure[a].Due to lowering of neutral axis, 

more area of concrete slab comes under 

compression region and the underlying 

asphalt pavement bears the tension. As 

concrete is good in compression, hence, 

lesser thickness of the overlying PCC 

pavement is required. In case of thin white 

topping, a reduction of 35% in load induced 

stresses is considered as per IRC: SP: 76-

2008 while determining the stresses and 

thickness of concrete slab. The pavement 

uses shorter panel size which reduces the 

load and temperature stresses in the 

pavement. The stresses in the pavement are 

increased with increase in panel size under 

constant thickness, traffic and other 

parameters. 

 

2.1 Salient requirements and important 

features of pavement. 

The existing bituminous pavement may 

have minor failures without major problems 

in subgrade The bituminous pavement 

should be milled for a depth of 25mm for 

the bond with concrete overlay after which 

the effective thickness of existing pavement 

must be minimum 75mm. Generally joint 

spacing is 0.6m to1.2m and length to 

breadth ratio of the panel is selected not to 

exceed 1.2m.Fatigue cracking is primary 

failure mechanism and for long term 

performance bonding with the existing 

pavement is very important. Joint spacing 

should be decided in taking to account 

wheel load positions which will causes 

major distress at corners. It is preferable to 

use high strength concrete by substituting 

sustainable concrete materials like Flyash, 

GGBS and silica fume in the concrete to 

improve the Modulus of rupture which is 

very crucial In UTW overlays, early 

opening to traffic is often important and 

early age behaviour determines whether 

bond is achieved. Therefore, the use of high 

performance concrete (HPC) should be 

considered for these applications [5]. 

Examples of HPC characteristics that may 

be considered critical for an application are: 

 Ease of placement 

 Compaction without segregation 

 Ease of placement  

 Compaction without segregation  

 Early age strength  

 Long-term mechanical properties  

 Permeability  

 Density  

 Heat of hydration 

 Toughness  

 Volume stability  

 Long life in severe environments 

 

2.2 Primary failures of ultra thin white 

topping  

The types of distresses in bonded 

whitetopping are primarily a function of the 

thickness and size of the concrete slab. The 

deterioration rate of distresses depends on 

many variables, such as the characteristics 

of the hot mix asphalt (HMA) layer, such as 

thickness and stiffness, load transfer 

potential through the aggregate interlock 

and the underlying HMA layer, traffic and 

climate. Many research studies were 

conducted to investigate the types of 

distresses that occur in Ultra thin white 

topping and the role of different variables in 

the initiation and progression of different 

distresses (Barman, 2014; Li and 

Vandenbossche, 2013; Vandenbossche, et 

al., 2013; Barman, et al., 2010; 

Vandenbossche and Barman, 2010;; 
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Roesler, et al., 2008; Snyder, 2008; 

Burnham, 2006; Rasmussen & Rozycki, 

2004) [3]. 

3. Design of Ultra thin white topping 

according to IRC SP 76 2015 

3.1 Field data to be collectedGeneral 

Data,  

Crest details: General data regarding the 

pavement width, existing crest details and 

collection of subgrade soil sample will be 

done in this stage. 

1. Traffic volume count survey: Traffic 

in cvpd can be known by conducting 

volume count survey for 7 days 24 

hours and Average Daily Traffic can 

be estimated. Traffic growth factor is 

generally taken as 7.5%.Design traffic 

is taken as 25% of the total traffic. 

2. Pavement distress survey: This is 

one of the key aspects required for 

assessing the pavement condition 

which would help in finding 

rehabilitation alternatives. In the 

present work four types of physical 

distresses namely cracks, potholes, 

patches and rutting were considered. 

The identification of distress type, 

severity and amount were done 

through on-site visual survey 

according to ASTM: D6433-2011. 

The pavement distress measurements 

were carried out for every 15-m 

intervals on the selected roads 

manually. Pavement condition Index 

is found. 

3. Roughness measurements: The data 

is obtained from Bump Integrator 

were calibrated by recording its 

response and comparing the same with 

that of dipstick. Dipstick is class-1 

equipment which produces absolute 

road profiles in terms of International 

Roughness Index (IRI) in m/km. 

untreated roughness may affect 

vehicle the operating cost, comfort 

and safety. The reasons for higher 

range of roughness on all the roads 

may be the weathering or ravelling of 

wearing surface with time due to 

traffic loading, poor drainage 

condition and localized failures due to 

the combination of causes.  

4. Deflection measurements: Average 

deflection value of the existing 

pavement is known by conducting 

Benkelman Beam(BBD) according to 

the IRC 81-1981. 

Laboratory testing collected soil samples: 

Determination of engineering     properties 

of       sub grade soil samples collected in 

the field will be done in the laboratory 

which includes soil calssifiaction, atterberg 

limits, proctor density, free swell index and 

California Bearing ratio (CBR). 

3.2Design Parameters: 

1. Modified Modulus of subgrade 

reaction of the existing pavement 

can be determined with average 

deflection value obtained from 

Benkelman Beam according to the 

IRC 81-1981 or by knowing the 

modulus of subgrade reaction of 

subgrade and other layers can be 

computed from charts given in 

IRC-SP-76-2008. 

2. Modulus of rupture: Modulus of 

rupture of the concrete to be used in 

the pavement must be tested 

according to IS 516, value obtained 

from three point bending test. 

 

Critical stress location: Primary distress 

exhibited on UTWT projects has been 

observed to be thecornerbreaks.These 

corner breaks are frequently but not always 

preceeded by debonding between concrete 

overlay and underlying bituminous layer. 

The debonding mainly occurs due to 

upward curling at corners during night time. 
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The corner breaking being the primary 

distress suggests that the critical stress 

location for design of thin white topping is 

the corner and corner stresses due to load as 

well as curling are the critical stresses. Edge 

load and temperature stress which causes 

top-up transverse cracking in the middle of 

the slab in conventional rigid pavement slab 

are not critical in short UTWT panels. 

Stresses due to Load 

The primary stresses exhibited by the 

UTWT projects have been corner cracks. 

The corner breaking the primary distress 

suggests that the critical stress location for 

design of UTWT overlays is the corner 

stress. The corner tensile bending stress in 

a slab for 8T single axle load and16T 

tandem axle load can be computed by ② 

and equation③ respectively (Mack et.al 

1997) 

Log (σ8) =3.6525-0.465log (k) +0.686log 

(L/Le)-1.29log (Le).....(1) 

Log (σ16) =3.249-0.559log (k) +1.395 log 

(L/Le)-0.963 log (Le)-0.088(L/Le)..(2) 

Where σ8= bending tensile stresses at 

corner for 8T single axle load, 

kg/cm^2,σ16= bending tensile stresses at 

corner for 16T tandem axle load, kg/cm^2,             

k=modulus of sub grade reaction, kg/cm^3 

L=length of square slab, cm,Le=radius of 

relative stiffness, cm.The corner bending 

tensile stresses for other single and tandem 

axle loads can be computed proportionally 

by using σ8 and σ16 values respectively. If 

the panel size is less than 1.30cm, then two 

axles of a tandem axle vehicle will not fall 

on the same simultaneously, hence, stresses 

should only be considered for single axle. 

The possibility of wheels of two adjacent 

vehicles simultaneously placed on one 

panel on one panel is also excluded. 

Stresses due to Temperature Curling: 

Negative temperature gradients (top cooler 

than the bottom) produce tensile curling 

stresses on top of the slab at the corner. The 

temperature curling stresses σt at the top of 

the slab corner can be computed by the 

equation 1(Mack et.al 1997). The equation 

has been adopted by modified ACPA 

design procedure for white topping 

overlays (Riley 2005)[6]  

σt=1.933-241000(α∆T) +1.267(L/Le)..(3) 

Where, σt= curling tensile stress at corner, 

kg/cm^2,σ=coefficient of thermal 

expansion, /◦C, ∆T=negative temperature 

differential,/◦C,L=length of square slab, 

cm, Le=radius of relative Stiffness, cm. 

Maximum negative temperature 

differential measured through 30cm to 

34cm thick instrumented concrete slabs   in 

INDIA was observed to be 0.17◦C/cm at 

Kota.0.23◦C/cm at Siliguri and 0.21◦C/cm 

at Allahabad with an overall average of 

0.20◦C/cm. For thinner slabs lesser values 

of 15◦C/cm can be adopted. 

3.3Steps for Design Procedure: 

1. Find traffic in terms of commercial 

vehicles per day (CVPD) and their 

percentages of the total traffic 

including single axle and tandem 

axles. 

2. Evaluate soaked CBR/k value of sub 

grade. Find Modified ‘k’ value or 

support modulus on sub base of 

asphalt pavement from the modulus 

of sub grade reaction of the sub 

grade. 

3. Assume a trial thickness and joint 

spacing (say 1 or 1.2m) 

4. Find Temperature stresses 

5. Find corner load stresses and curling 

stresses using equations 1 or 3. 

Calculate stress ratio using corner 

load stresses and find out total fatigue 
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life consumed which should be less 

than one. 

6. Calculate total of maximum load 

curling stresses at corner. It should be 

less than flexural strength of 

concrete. 

7. Formula for determining flexural 

strength at third point loading as per 

IS 516-1959 is given below:  Flexural 

Strength at third point loading = 

[PL/bd2] 

Where, L=effective length of beam 

or distance between two supports in 

cm b&d  are breadth and depth of 

beam in cm ,     P=the load at failure 

of the beam in kg.  

8. Determine fatigue of consumed, 

which shall be less than one. 

 

Stresses Ratio and Fatigue of Concrete 

Slab:  

Fatigue criteria based on Miner’s 

hypothesis and IRC: 58 have been 

considered. The fatigue resistance not 

consumed by repetition of one load is 

available for repetitions of loads from other 

vehicles (other loads). In the design, total 

fatigue should not generally exceed 100 

percent. The concrete fatigue criterion 

based on stresses ratio and allowable 

repetitions are given in IRC: 58. Stress ratio 

is computed as the load stresses divided by 

the flexural strength or Modulus of Rupture 

(MOR) of the concrete.  

The design of ultra thin white topping has 

done for a village road carrying traffic 450 

cvpd and other input data taken from the 

Table no1 thickness of 100mm with joint 

spacing of 60cm  is found to be safe as per 

the calculations using IRC SP 76 2015. 

Table 2, 3 shows the increase of thickness 

and stress respectively for other constant 

design parameters. 

Conclusions 

1. Ultra thin white topping can be 

considered as best overlay 

alternative as it reduces life cycle 

cost, improves life term when 

compared with bituminous overlay 

for rural roads. 

2. From the literature considering 

optimum joint spacing taking in to 

account wheel load position is most 

important. 

3. From the design calculations it is 

observed with increase of joint 

spacing thickness of the pavement 

has to be increased under constant 

traffic and other design parameters. 

4. The Corner stress are increasing 

with the increase in joint spacing 

due to single and tandem axle load 

under constant thickness and other 

design parameters. 
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