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Pavement structu re is ty pically composed of se veral layers  of diff erent mater ial,each of wh ich receives the 

loads f rom the above layer ,spreads th e mout, and then passes th e monto the l ayer below.Material layers are 

usually   ar ranged with in a pa vement s tructure in ord er of d escend ing load b ear ing capacity w ith the highest 

load b ear ing capacity mater ial on the top and the lo we st load b earing capacity m ateri al on the b ottom. In 

general pa vements sho uld be d esigned to p erform s atis factorily w ith out d eveloping u n acceptable level 

sofd istresses d uring the d esign life p eriod.The structura l adequacy of the existing pa vement is d emonstra ted 

based on the s tudy of s tructural performan ce of the pa vement. If a pa vement sho ws load associated dis tress 

like fracture, permanent d eformation etc.,th en it is consid ered to have failed s tructu rall y.To ensure that 

unacceptable levels of dist ressesd on ot o ccur during d esign p eriod, the crit ical s trains d eveloped un der the 

load sho uld be l ess than the li miting s train values corresponding to the d esign tr affic sel ected. Structu ra l 

evaluation of pa vements in volves application of a s tand ard load to the pa vement and m easuring its response 

interms of  s tr ess,s train ord eflection. Among the equipment available for s tructura l evaluation of 

pavements,the Falli ng Weight Deflectometer (FWD) is extensi vely us ed w orld-wide b ecause its imu lates,to a 

large extent, the actual loading conditions of the pa vement.  
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I.  INTRODUCTION  

The resulting loa d-deflection d ata can be 

int erpreted  throu gh appropr iate analyti cal 

techni ques, su ch as back  calcu lation te chni que,to 

est imate t he elast ic m odu li of the pavement 

layers.The comput ed mod u li are,intu rn,us ed 

for[1][3]  

¶ the s tr ength e valuation of diff erent l ayers of 

in-servi ce pavements  

¶ the  est ima t ion of the remaini ng life of in -servi ce 

pavement  

¶ determina t ion of st rength eni ng requir ement,if 

any and  

¶ Evaluation  of diff erent rehabil itation 

alt ernati ves(overlay,recycli ng,parti alreconstruc

tion, etc.). 

The gui de li nes for the test and evalua tion of 

st ructu ral cond ition of  i n -service pavements is 

detail edinI RC- 115:201 4.The  

 

II. ANALYSIS METHODOLOGY  

IRC:11 5-2014 provides detai led p rocedure for the  

evaluati on of s t ructu ral c ond ition of i n-servi ce 

pavements using d eflection d ata from Fall ing 

Weight Deflectom eter  as well as oth er pavement 

data as inp u ts to a back calcula tion m odel for 
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determini ng the  elast ic m odu li of pavement l ayers, 

and,th e reafte r,using th ese mod u li as in puts to 

apavement  design model for estim ating the o ver 

layr equ ir ement.[4]  

Accordin gly,the se quence of anal ys is s teps as per 

the I RC: 115 -2014 is as foll ows 

¶ The recorded data  will be no rmali zed to a 

stand ard l oad (IRC115) 

¶ The norm alized d eflections will be th en 

processed and back calcula ted using KGP 

BACK to o btain E last ic Mod u lus valu e so 

fBitumi nous, Granu lar l ayer and Sub-grade. 

¶ The corrections f actors for te mpera tu re 

corrections and se asonal v ar iations will be 

app lied to  all l ayers as su ggested in 

IRC:11 5-2014  

¶ Preparation of  Ho mogenous sections  and 

selecting 1 5thpercentile Modu li valu es for the 

purpose of d esign;[5][6]  

¶ Check ing the in -servi ce ability of the Pavement 

layers throu gh Perfor mance cr it er ia- analysing 

the Remaining life.  

Sequence of FWD data analysis and sn apshot of 

app lications us ed for analysis are presented in 

figu res below. 

 
Figure 1 Flow chart of FWD data analysis  

 

 
Figure 2: Sample Calculation ð KGPBACK  
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Figure 3: KGPBACK Output  

 
Figure 4: IITPAVE Module and Sample Results  

2.1 Procedure  

The FWD measurements have been carried out at 

spacing of 250 and 500 m per lane at slow lane and 

fast lane respectively in the provided stretches.  

 

  
Fig 5: FWD Photos  

Deflections measured by the FWD equipment are 

influenced by pavement temperature. 

Measurements made when the pavement 

temperature is different than standard 

temperature has be corrected. The deflection 

measurements, pavement temperature, subgrade 

soil & de flection, and other information collected 

during the deflection study have been 

recorded.[7][9]  

Following procedure has been followed for 

measurement of FWD:  

The test location is marked on the field.  

The loading plate along with the deflection sensors 

have  been lowered at the test location.  

The target load has been applied and the 

deflections have been measured for 3 times.  

The first load is considered as a seating load and 

the values are not adopted for analysis.  

2.2 Temperature Measurement  

The standard t emperature for doing the experiment 

is 35 oC. Since it is not possible to conduct the test 

at the standard temperature, a correction factor 

has to be applied for the deflection. The correction 

factor is determined by knowing the temperature at 

the time of t he survey. The pavement temperature 

during the survey has been measured for every one 

hour by drilling a hole of 40mm in the pavement 

and filling it with glycerol[10].[4]  

 

 

III. BACK CALCULATION AND DATA REQUIRED  

Software used:  

KGPBACK ð Genetic Algorithm based software for 

back calculating the layer moduli. Works on three 

layer system (Bituminous, Granular & Subgrade)  

3.1 Data required:  

Deflections at various radial distances are given in 

Annexure -9. 
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Existing layer thickness ð the existing layer 

thicknesses of various stretches have been 

obtained from the test pit results[11][12]  

Layer moduli range ð the layer moduli adopted for 

the analysis is shown in next section  

Poissonõs ratio: BT-0.5, Granular -0.4, 

Subgrade -0.4 (For Back c alculation and IITPAVE 

analysis without considering overlay).  

3.2 Existing Layer thickness  

Thickness of existing bituminous and granular 

layer is as given below.  

Table 1 Existing crust thickness (MPa)  

Test 

Location  

Applicable 

Chainage  Side  
Crust Thickness  

From  To Bituminous  Granular  

2+000  0+000  3+000  LHS  200  430  

4+000  3+000  5+000  LHS  190  380  

6+000  5+000  7+000  LHS  160  450  

8+000  7+000  8+900  LHS  180  440  

9+800  8+900  10+900  LHS  160  430  

12+000  10+900  13+080  LHS  155  430  

14+160  13+080  16+080  LHS  190  350  

18+000  16+080  19+000  LHS  195  360  

20+000  19+000  22+950  LHS  190  365  

25+900  22+950  26+950  LHS  180  380  

28+000  26+950  29+000  LHS  200  500  

30+000  29+000  30+950  LHS  190  430  

31+900  30+950  32+950  LHS  200  420  

34+000  32+950  35+000  LHS  200  500  

36+000  35+000  37+000  LHS  190  480  

38+000  37+000  39+000  LHS  180  410  

40+000  39+000  42+000  LHS  190  370  

44+000  42+000  45+000  LHS  190  400  

46+000  45+000  47+000  LHS  185  410  

48+000  47+000  48+850  LHS  170  400  

49+700  48+850  50+775  LHS  180  420  

      
   

0+900  0+000  4+850  RHS 200  430  

8+800  4+850  10+900  RHS 170  400  

13+000  10+900  15+000  RHS 185  360  

17+000  15+000  19+020  RHS 190  360  

21+040  19+020  23+100  RHS 185  430  

25+160  23+100  25+955  RHS 180  380  

26+750  25+955  27+945  RHS 200  430  

29+140  27+945  30+070  RHS 190  400  

31+000  30+070  32+000  RHS 200  430  

33+000  32+000  34+000  RHS 285  300  

35+000  34+000  36+000  RHS 200  380  

37+000  36+000  40+000  RHS 200  420  

43+000  40+000  44+000  RHS 200  410  

45+000  44+000  46+000  RHS 210  420  

47+000  46+000  48+000  RHS 220  450  

49+000  48+000  51+000  RHS 210  450  

 

3.3 Range of Moduli  

Table 2  Range of moduli (MPa)  
Type of 

Layer  
Lower and Upper Limit (Mpa)  

Subgrade  

Based on deflections at 1200, 1500 and 1800 

mm; Equation III. 2 (of Appendix -III) -  

IRC:115 -2014  

Type of 

Layer  
Lower and Upper Limit (Mpa)  

Granular  100 to 500  

Bituminous  750 to 3000  

3.4 Correction for Temperature  

The stiffness of bituminous layer is highly 

susceptible to temperature and hence 

consequently the surface deflections of a given 

pavement will vary depending on the temperature 

of the constituent bituminous layers. If the depth of 

the BT surface is more than 40mm, then correction 

factor has to be applied. If the depth is less i.e., if it 

is a thin bituminous surfacing like premix carpet 

and surface dressing, then no correction is 

required. Correction for temperature variati on on 

deflection values measured at temperature other 

than 35 oC should be calculated by the formula 

provided in IRC 115[15].  

The key points to consider are:  

Pavement temperature range applicable for 

correction factor ð 20 oC to 45 oC. 

FWD shall not be carrie d for pavement temperature 

more than 45 oC 

Temperature correction not required for following 

cases 

Bituminous layers (depth < 40 mm)  

òPooró sections 

Where average daily temperature is < 20 oC for more 

than 4 months  

3.5 Correction for Seasonal Variation  

Moisture content affects the strength of subgrade 

and granular subbase/base layers. The extent to 

which the strength is affected will depend on the 

nature of subgrade soil, gradation and nature of 

fines in the granular layers, etc. For the purpose of 

apply ing these guidelines, it is intended that the 

pavement layer moduli values should pertain to the 

period when the subgrade is at its weakest 

condition. As per IRC: 115 -2014, granular layers 

and subgrade will be in its weakest condition 

during the post -monso on season. Since survey was 

conducted during winter season seasonal 

correction as per Equation 6 and Equation 9 of 

IRC: 115 -2014 were applied.[16][17]  

 

IV. REMAINING LIFE AND OVERLAY 

ESTIMATION  

The in -servi ce thre e-layer pavement  system has 

been anal ysed with the  back-calcula ted corrected 

layer modu li and l ayer th ick nesses. The cr it ical 

st ra in  shave been cal cul ated  by II T PAVE progra m. 

From  the perform ance cr it er ia equation s, the  

residua l/ remaining  rutting  and fati gue life have 

been esti mated. 
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4.1 Performance Criteria  

The layer moduli of in -service pavement back 

calculated from FWD deflection data are used to 

analyse the pavement for critical strains which are 

indicators of pavement performance in terms of 

rutting and fatigue cracking. The remaining  life of 

pavement can be obtained using the Fatigue and 

Rutting criteria mentioned in IRC ð 115:2014 and 

in IRC -37:2012, the same approach can be used for 

design of bituminous overlays for existing flexible 

pavements. The performance models are as 

follows. [19][21]  

4.2 Fatigue in Bituminous layer:  

As it  specifi ed inIRC -37:2012, t he fati gue m odel 

for90 percent  reliability ( 4.35% air voids and 

13.0% bitumen) was used as below; Nf 

=1.0 *10-04x[1/ Ȅt ]
3.89*[1/ MR]0.85 4 

Wh ere, 

Nf =fat igue l ife in  nu mber of standardaxles, 

 

Ȅt=Maximu m Tensil e st rain  at the bottom o f the 

bitu minous layer 

 

MR=resi l ien t  modul us of the bitu mino us layer.  

4. 3 Rutting in Subgrade:  

Rutting m odelfor90p ercent reliability l evel 

as specifi ed in  IRC:115-2014 was used  

as below; N= 1.41 x 10 -08[1/ Ȅv]4.533 7 

Where, 

 

N= Number of cumulati ve standa rdaxles, and  

Ȅv=Verti calst ra in inthesub grade 

 

Table3 : Remaining Life of Existing Pavement 
 

Sl. 

No

. 

Homogenous 

Sections  
Side 

(LHS/R

HS) 

Thickness, mm  Moduli, MPa  Strains  

Remaining Life 90% 

reliability(msa) :4.35% air 

voids and 13% bitumen  

From  To 
Existi

ng BT  

Existin

g 

Granul

ar  

BT 
Granul

ar  

Subgra

de 
Tensile  Vertical  

Fatig

ue 

Ruttin

g 

Remaini

ng life  

1 
0+00

0 

24+2

50  
LHS  160  360  

234

9 
161  195  

0.00020

13  

-0.00020

13  
31.57  

806.2

7 
31.57  

2 
24+2

50  

31+2

50  
LHS  180  380  

210

3 
77  187  

0.00023

2 

-0.00026

75  
19.98  

222.1

6 
19.98  

3 
31+2

50  

38+7

50  
LHS  180  410  

211

2 
146  231  

0.00019

4 

-0.00017

11  
39.92  

1684.

74  
39.92  

4 
38+7

50  

49+5

00  
LHS  170  370  

227

7 
117  198  

0.00021

1 

-0.00022

15  
27.00  

522.6

3 
27.00  

              

1 
0+00

0 

25+3

60  
RHS 170  360  

235

9 
116  182  

0.00020

71  

-0.00022

73  
28.17  

464.8

4 
28.17  

2 
25+3

60  

35+5

00  
RHS 190  300  

189

4 
73  175  

0.00023

33  

-0.00031

61  
21.38  

104.2

2 
21.38  

3 
35+5

00  

41+2

50  
RHS 200  410  

230

2 
132  208  

0.00016

64  

-0.00016

12  
67.37  

2207.

44  
67.37  

4 
41+2

50  

49+5

00  
RHS 200  410  

249

6 
75  209  

0.00017

87  

-0.00021

44  
47.64  

605.8

2 
47.64  

 

Table  4 : Overlay requirement for a design period of 10 years  

 

S

l

. 

N

o

. 

Homogenous 

Sections  
Sid

e 

(LH

S/

RH

S) 

Overlay  Thickness, mm  Moduli, MPa  Strains  

Remaining Life 90% 

reliability(msa) 

:4.35%  air voids and 

13% bitumen  
Des

ign 

ms

a 

Ch

ec

k  

From  To 

Th

ic

kn

es

s 

Mo

dul

i, 

MP

a 

Existi

ng BT  

Existi

ng 

Gran

ular  

BT 

Gr

an

ula

r  

Sub

grad

e 

Tensile  Vertical  
Fati

gue 

Rutti

ng 

Remai

ning 

life  

Over lay for design period of 10 years  

1 
0+00

0 

24+2

50  

LH

S 
- - 160  360  

23

49  

16

1 
195  

0.0002

013  

-0.0002

013  

31.5

7 

806.2

7 
31.57  

25.

3 

Saf

e 

2 
24+2

50  

31+2

50  

LH

S 
40  

30

00  
180  380  

21

03  
77  187  

0.0001

786  

-0.0002

085  

55.2

7 

687.5

2 
55.27  

25.

3 

Saf

e 

3 
31+2

50  

38+7

50  

LH

S 
- - 180  410  

21

12  

14

6 
231  

0.0001

94  

-0.0001

711  

39.9

2 

1684.

74  
39.92  

25.

3 

Saf

e 

4 
38+7

50  

49+5

00  

LH

S 
- - 170  370  

22

77  

11

7 
198  

0.0002

11  

-0.0002

215  

27.0

0 

522.6

3 
27.00  

25.

3 

Saf

e 
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S

l

. 

N

o

. 

Homogenous 

Sections  
Sid

e 

(LH

S/

RH

S) 

Overlay  Thickness, mm  Moduli, MPa  Strains  

Remaining Life 90% 

reliability(msa) 

:4.35%  air voids and 

13% bitumen  
Des

ign 

ms

a 

Ch

ec

k  

From  To 

Th

ic

kn

es

s 

Mo

dul

i, 

MP

a 

Existi

ng BT  

Existi

ng 

Gran

ular  

BT 

Gr

an

ula

r  

Sub

grad

e 

Tensile  Vertical  
Fati

gue 

Rutti

ng 

Remai

ning 

life  

                  

1 
0+00

0 

25+3

60  

RH

S 
- - 170  360  

23

59  

11

6 
182  

0.0002

071  

-0.0002

273  

28.1

7 

464.8

4 
28.17  

25.

3 

Saf

e 

2 
25+3

60  

35+5

00  

RH

S 
40  

30

00  
190  300  

18

94  
73  175  

0.0001

799  

-0.0002

434  

58.7

6 

340.8

5 
58.76  

25.

3 

Saf

e 

3 
35+5

00  

41+2

50  

RH

S 
- - 200  410  

23

02  

13

2 
208  

0.0001

664  

-0.0001

612  

67.3

7 

2207.

44  
67.37  

25.

3 

Saf

e 

4 
41+2

50  

49+5

00  

RH

S 
- - 200  410  

24

96  
75  209  

0.0001

787  

-0.0002

144  

47.6

4 

605.8

2 
47.64  

25.

3 

Saf

e 

 

V. SUMMARY OF OBSERVATIONS AND FIELD 
INVESTIGATIONS  

 

5.1 Determination of Maintenance 
Requirement  
The perfor mance of a pavement  is  affected  by the  
ty pe, time of app lication, q uality  of the  
mainte nance it  receives. Preventi ve tim ely 
mainte nance slows the  ra te of pavement  
deterio ration  due  to  t raffic and  environ mental ly 
app lied load s. Delays in  main tenan ce and  deferred 
maint enance in crease the  quant ity  of defects  and  
th eir  severity so  th at,  when corrected, the  cost  of 
repair  is  greater  as shown in the figure  below. 

 
Figure6 : Pavement Deterioration / Rehabilitation 
Relationship  
 

As the operation period is 30 years (i.e. from FY 

2019 to 2048), the operation period is divided into 

4 cycles for the purpose of analysis and the 

functional and structural overlays are proposed 

to be carried as mentioned in the table below. The 

maintenanc e cycles in 30 -year period is divided 

as follows.  

S. 

No.  

Descr i pt io

n  

Year 

ofOv er la

y  

DesignTr af f i

c Pe r iod  Rema rks  

From  To  

1 
Base Year 

Cycle  

2023  2018  2027  Overlay as 

per FWD 

analysis 

As per 

Table 8 -12  

2 Cycle 1  

2025  2025  2034  Functiona

l Overlay 

as per 

AASHTO 

analysis.  

3 Cycle 2  

2032  2032  2041  Functiona

l Overlay 

as per 

AASHTO 

analysis.  

4 Cycle 3  

2039  2039  2048  Functiona

l Overlay 

as per 

AASHTO 

analysis.  

Table 5: Maintenance Cycles  

 

VI. FUTURE MAINTENANCE REQUIREMENTS  

Thecycle1, 2 and 3 overlay iswork ed out  as per 

AASHTO gui deli nes. 

6.1 Overlay (Cycle 1, 2 and 3)  

The overlay thickness 

wascalculatedasperAASHTO guidelines . The d esign 

methodology/ procedure  is explain ed asbelow; 
 
The design MSA (n1) adopted for design is 

mentioned in the table below.  

Sl.No.  Descr i pt ion  
Design  
MSA(n1)  

1   Cycle 1  33  

2   Cycle 2  40  

3   Cycle 3  47  

Table6: Design msa for cycle 1, 2 and 3  

Ste p-A:Cal cu lat ionof  

existing st ruct ur al t h ick ness(SNe) 
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SNe=a1*D1+a2*D2*m3+a3*D3*m3  

a1, a2, a3= layer coefficients for surface, base and 
subbase courses respectively.  

D1, D2, D3= layer thickness for surface, base and 
subbase courses respectively (in inches)  

m2, m3=1, Drainage coefficients.  

 

Ste p-B: Cal cu lat ion  of  requ i red st ruct ur al  

t h ick ness (SNf)for  t he  design  t raf fi c 

The requ ir ed pavement  crust  thick ness for  the  
design t raffic is calcula ted with the given b elow 
equation; this  empiri cal equation  is widely  used 
and has the  foll owing  form:  

 
Where, 

W18    =Predi cted 

nu mberof80 kN( 18,000 
lb.)ESALsi.e.,design l ife 

ZR        =standardn ormald eviate 

So  =combinedstandarderr oroft he 

t rafficpred iction and p erforman cepred iction  

SN =Structu ra l Number(an ind ex 

thatisin dicati ve oftheto tal 

pavementthi ck ness requ ir ed)requir ed 

forthed esign t raffic  

æPSI =diff erencebetw een t he 

initiald esign servi ceability 

in dex,po,andthed esign 

terminalservi ceability in dex,pt 

 

MR        =sub graderesili entm odu lus(in kpsi)  

 

Step -C: Determination of Overlay Index  

The thickness of Overlay is computed as follows;  

SNol= requir ed overlay st ructur al Number= SNf - 

SNe 

aol= 

Structu ralCoeffi cientf ortheBitumi nousOverlay 

(0.44 wasconsid erasperAASHTO)  

Dol= Requ ir edOverlayThi ckness,in ches 

SNol= aol*Dol.  

 

Asitisd escrib ed 

inthe abovesta teds tepsAto C,the required overlay 

thi cknesswascalcula ted f orthe  cycle 1, 2 and 

3.O btain ed recommend ed overlay 

thi cknessis presented in T able below.Iftheo btain ed 

calcula ted t h icknessisl essthan30 mm,ami n im umof 

30mmof ov erlayis assumed for executio n. 

 

Table  7: Cycle 1, 2 and 3 overlay  

CYCLE-1 

` 

Homogenous 

Sections  
Side 

(LHS/RH

S) 

Thickness after first 

overlay, mm  
SN 

Existin

g (inch)  

Desig

n msa  

Subgrad

e 

Moduli, 

MPa 

(MR) 

SN 

require

d 

(inches)  

SN for 

Overla

y 

(inches

) 

Thicknes

s for 

Overlay 

(mm)  

Adopte

d 

overlay 

(mm)  From  To 
BT, 

h1  

WMM

, h2  

GSB

, h3  

1 0+000  
24+25

0 
LHS  

16

0 
160  200  4.43  33  195  3.81  0.00  0 30  

2 
24+25

0 

31+25

0 
LHS  

22

0 
180  200  5.58  33  187  3.87  0.00  0 30  

3 
31+25

0 

38+75

0 
LHS  

18

0 
200  200  5.00  33  231  3.58  0.00  0 30  

4 
38+75

0 

49+50

0 
LHS  

17

0 
240  130  4.77  33  198  3.79  0.00  0 30  

              

1 0+000  
25+36

0 
RHS 

17

0 
160  200  4.61  33  182  3.91  0.00  0 30  

2 
25+36

0 

35+50

0 
RHS 

23

0 
200  100  5.48  33  175  3.97  0.00  0 30  

3 
35+50

0 

41+25

0 
RHS 

20

0 
220  180  5.38  33  208  3.72  0.00  0 30  

4 
41+25

0 

49+50

0 
RHS 

20

0 
230  180  5.43  33  209  3.71  0.00  0 30  

              
CYCLE-2 

Sl. 

No

. 

Homogenous 

Sections  Side 

(LHS/RH

S) 

Thickness after 

cycle -1, overlay, 

mm  SN 

Existin

g (inch)  

Desig

n msa  

Subgrad

e 

Moduli, 

MPa 

(MR) 

SN 

require

d 

(inches)  

SN for 

Overla

y 

(inches

) 

Thicknes

s for 

Overlay 

(mm)  

Adopte

d 

overlay 

(mm)  From  To 
BT, 

h1  

WMM

, h2  

GSB

, h3  

http://www.pavementinteractive.org/1993-aashto-flexible-pavement-structural-design/the-aashto-reliability-concept
http://www.pavementinteractive.org/1993-aashto-flexible-pavement-structural-design/the-aashto-reliability-concept
http://www.pavementinteractive.org/1993-aashto-flexible-pavement-structural-design/the-aashto-reliability-concept
http://www.pavementinteractive.org/1993-aashto-flexible-pavement-structural-design/structural-number
http://www.pavementinteractive.org/1993-aashto-flexible-pavement-structural-design/present-serviceability-index
http://www.pavementinteractive.org/1993-aashto-flexible-pavement-structural-design/present-serviceability-index
http://www.pavementinteractive.org/1993-aashto-flexible-pavement-structural-design/resilient-modulus
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1 0+000  
24+25

0 
LHS  

19

0 
160  200  4.95  40  195  3.93  0.00  0 30  

2 
24+25

0 

31+25

0 
LHS  

25

0 
180  200  6.10  40  187  3.99  0.00  0 30  

3 
31+25

0 

38+75

0 
LHS  

21

0 
200  200  5.52  40  231  3.69  0.00  0 30  

4 
38+75

0 

49+50

0 
LHS  

20

0 
240  130  5.29  40  198  3.91  0.00  0 30  

              

1 0+000  
25+36

0 
RHS 

20

0 
160  200  5.13  40  182  4.03  0.00  0 30  

2 
25+36

0 

35+50

0 
RHS 

26

0 
200  100  6.00  40  175  4.09  0.00  0 30  

3 
35+50

0 

41+25

0 
RHS 

23

0 
220  180  5.90  40  208  3.83  0.00  0 30  

4 
41+25

0 

49+50

0 
RHS 

23

0 
230  180  5.95  40  209  3.83  0.00  0 30  

              
CYCLE-3 

Sl. 

No

. 

Homogenous 

Sections  Side 

(LHS/RH

S) 

Thickness after 

cycle -2 overlay, mm  SN 

Existin

g (inch)  

Desig

n msa  

Subgrad

e 

Moduli, 

MPa 

(MR) 

SN 

require

d 

(inches)  

SN for 

Overla

y 

(inches

) 

Thicknes

s for 

Overlay 

(mm)  

Adopte

d 

overlay 

(mm)  
From  To 

BT, 

h1  

WMM

, h2  

GSB

, h3  

1 0+000  
24+25

0 
LHS  

22

0 
160  200  5.47  47  195  4.03  0.00  0 30  

2 
24+25

0 

31+25

0 
LHS  

28

0 
180  200  6.62  47  187  4.09  0.00  0 30  

3 
31+25

0 

38+75

0 
LHS  

24

0 
200  200  6.04  47  231  3.79  0.00  0 30  

4 
38+75

0 

49+50

0 
LHS  

23

0 
240  130  5.81  47  198  4.01  0.00  0 30  

              

1 0+000  
25+36

0 
RHS 

23

0 
160  200  5.65  47  182  4.13  0.00  0 30  

2 
25+36

0 

35+50

0 
RHS 

29

0 
200  100  6.52  47  175  4.19  0.00  0 30  

3 
35+50

0 

41+25

0 
RHS 

26

0 
220  180  6.42  47  208  3.94  0.00  0 30  

4 
41+25

0 

49+50

0 
RHS 

26

0 
230  180  6.47  47  209  3.93  0.00  0 30  

 

 

6.2 Summary of Structural / Functional Overlays  

The recommended st ructu ra l/fun ctionalo verlayis  

given in Table below 

 

S. 

N

o 

Yea

r  

Descr i pt ion  Recom m en dedOv er la

y  

1  2023  

Over lay 

(th icknessasperFW

D anal ysis) 

 
Asspecifi ed 

in Table8-12(Average 

40 mm on LHS and 40 

mm on RHS)  

2  2025  
Functional Overlay 

as per AASHTO  

 
Asspecifi ed 

in Table8-15( Average 

30 mm BC ) 

3  2032  
Functional Overlay 

as per AASHTO  

As specified in Table 

8-15( Average 30 mm 

BC) 

4  2039  
Fu nctionalO ver lay 

as per AASHTO  

As specified in Table 

8-15( Average 30 mm 

BC) 

 

 

VII. ANALYSIS OF NSV DATA -PAVEMENT 

CONDITION  

The anal ysis  of var ious pe rforman ce parameter  

data col lected during  NSV su rvey is  present ed in 

th is section.  

7.1 pavement Condition Index (PCI)  

Anal ysisof pavementdis t resses(crack s,pot holes,pa

tch in g,etc.)isun dertaken to d etermi ne Pavement  

Condition Ind ex (PCI) of the  Project  Stretch. The 

PCI rates condition  of su rface of aroad and  

pro vides a nu merical rating for  the  condition  of 

pavement se gments  with in t he Project  Stretch, 

whe re 0 is  the  worst  possible condition  and  100 is  

the  best  possible  condit ion.[22][23]  PCI provide 

same a su re of pr esent  condition  of pavement  

based on dis t ress observed on su rface of 

pavement, wh ich also in dicates structu ra 

lint egrity  and  su rface operatio nal c ond ition  

(localized  roughness and  safety). PCI cann ot 

measu re structu ra l capacity nor  does it  pro vide 
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dire ct  measu rement  of skid  resistance or  

roughness. It pro vides an objecti ve 

and ra ti onalb asisford etermi n ingmai ntenanceand r

epairn eedsand priorities.  

 
 

100  

 

GOOD 

 

 

85  

 

SATISFACTORY 

 

70  

 

FAIR 

 

55  

 

POOR 

 

40  

 

VERY POOR 

 

 

25  

 

SERIOUS 

 

10  

 

FAILED  

 

Figure 7: Pavement  Condition  Index (PCI) rat in g 

scale 

7. 2 Pavem ent Cond i t ion  Index(PCI) r at in g sca le  

The PCIfora se ction of  the  pavement  is  calcula ted 

in  foll owing fi ve steps. 

Step I  

The fi rst  step is the  determin at ion of di st ress ty pes 

and se verity l evels of each d istr ess ty pe in t he 

insp ection uni ts. This  data  is  obtain ed after  

pro cessing  the  field s urvey da ta. Fi rst ly, the  total 

quantity  of each dist ress ty pe a teach severity l evel 

is  added. Then the tot al quantity of each distr ess 

ty pe at  each severity l evel is  di vided by the  tot al 

area of the sample un it(10m  section) and 

mu ltipli esby100 to obt ain  the  percent  density  of 

each dis t ress. 

Step II  

Determina tion of dedu ct  valu es for  each of the  

dis t resses and  un der each se verity l evel from 

the  dist ress dedu ct  value  curv es as shown in 

the  Figure 8.  

 
Step III  

Comput ation of  to tal dedu ct  value  by add ing the  

dedu ct  values of all  dis t ress types un der each 

severity l evels.  

 
Step IV  

Determina tion of the  maxi mum c orr ected d edu ct  

value (CDV)from the  graph  as sho wn 

intheFi gure8 -16.  

Step V  

Compute Pavement  Condition  Ind ex(PCI)= 

100ðCDVfor each s ample un it  in  spected 

 

 

 
Figure 8: DeductValue Curv es 
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Figure 9: CorrectedDeduct Value(CDV)curve 

 
The PCIobservedforall 4 lanes(2-LHSand 2 -RHS) are 
pr esented in the fi guresbelow.  
It canbeseenfromthe abovefiguresthat PCIvalueissim
ilarinb oth lanes.Fromfi eldsurv ey,simil arty pesof 
dist ress have been obs erved atb oth t he 
lanesforb otht hedirection.  

 
 

Figure  10 Pavem ent Condition IndexforLHSa ndRHS 
carr iageway 

 

Itiso bservedt hatPCIvalue wassim ilarin 

boththedire ctio n.10 0%PCIvalue  condition 

wasgoodatb oththe dire ctions.  

7.3 Roughness  
Roughnessisoneoftheim portant parametersf ord eter
min ingthefun ctional chara cter isticsof p avements. 
According 
toAmericanSocietyforTesting and Mater ials(ASTM),r
oughnessisdefin edasòthedeviationsofapavement 
surf acefroma true planarsurf acewith 
characteristic dimensionstha taffectvehicledynamics,
ridequalit y,dynamic 
load s,anddrainag e,forexample,longitud ina lpr ofile,tr
ansverseprofile a nd crosss lopeó. 

 
The Inter national RoughnessInd ex(IRI),Bump 
Inte gratorRoughness(BI)isus edtod efinethe chara cte
r istics ofa lo ngitudi nal road 

profile and constitutesas tandardizedroughnessmea
su rement. IRI,BIism easu redinm etresperkil ometre 
(m/k m)ormi lli metresperm etre(mm/m).  

 
The 
roughnessofroadsu rfacesism easu redusingdiff erent
equi pment/te chni quessu chasrodand l evel survey, 
dip s t ick pr ofil er,profil ographs, response 
typeroadroughnessmeters andprofilingd evices. 

 
In Ind ia,the roughnessism easured using fi fth w heel 
bu mp i n tegra tor(d eveloped by CRRI)and 
isreportedasUnevenn essInd ex(UI)inm m/ km.  

However,National Highw ayAut hority ofInd ia(NHAI), 
vial etterno.11 041/ 218/ 2007ðAdmndated03.1 1.20
09 on 
POLICYMATTERSðTECHNICAL(37/2 009)hasappro
ved t he use ofLaserProfili ngdevicesfor NHAIworks.  

 
Cor relat i onbe t ween Bum pIn t egrat orR oughnessa
nd In t erna t i onalRoughn essIndex (IRI ) 
The accept ed 

worlds tandardistheInt ernatio nalRoughnessInd ex(I

RI)forroughness.TheI RIwasan out come of 

theIntern ational RoadRoughnessExp erim ent condu

ctedin Brazil (Sayersetal.,19 86a)and is  

reproduc ible, 

port ableands tablewithtim e.Theequ ip mentisin clu d

ed wi th soft ware 

tocalcula teand print var iousprofiles ta tisticsin clu din

gtheI RIaswell asthein dividualpoi ntelevation andlo ca

lsurface curva tu res.For correlation with 

BIvalu esthefoll owing relations houldbeus ed: 

BI=630*(IRI)1.12 

Where,BI= 
BumpInte grator Roughnessor Unevenn essIn dex in 
mm/ km 
 
IRI= I n tern ational RoughnessInd ex 
 
Roughnesscondition d etailsl ength w ise forb oth t he 
direction given in table below 

 

 
The RoughnessInd ex obs erved for all 
4l anes(2-LHSand 2-RHS)are pr esented in 
thefi guresb elow 
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Figure 11 :Roughness Index for Inner and Outer 
Lane for LHS carriageway  
 
 

 
 
Figure 12  Roughness Index for Inner and Outer 
Lane for RHS carriageway  
It iso bservedt hatroughnessindexwassimil arin b oth 

lanesforRHSbutinLHSo uter laneroughnessis  h igher 

as compare 

toin ner.The RoughnessInd exofout erl aneofL HSatma

nysections were beyond t hedesi rablelimit of 20 00 

mm/ km.  

 
 

Figure 13 :  Roughness Index for LHS and RHS 
carr iageway  

It iso bservedt hatRoughnessInd ex in LHS 

washigherascomparedto RHS,because m ore 

nu mberofload edand o verload ed vehicle observed 

inL HS.Also,LHShashigherVDF compared to RHS. 

 
 

Figure 14: Roughness Condition Index for LHS and 
RHS carriageway  

Itiso bservedfrom pi e-cha rt ,90% of the 
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projectst retchonL HShasroughnessvaluein g ood 

condition whe reas 97% in RHS. 

 

 

VIII. CONCLUSIONS  

The structu ra l adequacy of the existing pa vement 

is d emonstra ted based on the s tudy of s tr uctu ral 

performan ce of the pa vement. If a pa vement sho ws 

load associated dis t ress li ke fractu re, permanent 

deformat ion etc.,th en it is consid ered to have fail ed 

structu rall y.To ensure that u naccept able levels of 

dist ressesd on ot o ccur during d esign p eriod, the 

cr it ical s t rains d eveloped un der the load sho uld be 

less than the li miting s train valu es correspondi ng 

to the d esign tr affic sel ected. Structu ra l evalu ation 

of pa vements in volves app lication of a s tand ard 

load to the pa vement and m easu ring its response 

interms of  s tr ess,strain ord eflection. Among the 

equ ip ment  available for s t ructu ra l evaluation of 

pavements,the Falli ng Weight Deflectom eter (F WD) 

is ext ensi vely us ed w orld-wide b ecause its 

imu lates,to a l arge ext ent, the actual l oadi ng 

conditions of the pa vement  
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