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(Abstract) :  

 .
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Pavement Condition 
Index 
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Index 

PSI 
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Index 
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Prediction Models,  

 

Pavement Performance  
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]13.[

(HDM-4)

.

HMD-3.

HDM-4 ]11:[

:

 .  

HDM-4

 .
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 .
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:
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.

 .

]12.[

 .  

.

.

[15].  

)([17] 

.

.



-

 
- 2010                     

  
-

    

165 

 .

[6] .

 .  

.

.

 .  

2-(Methodology 

Plan):  

)1:(  

-  :

)PCI (

)PSI(

. 

- 

. 

- 

. 

- 

) (. 

- 

 

  :. 

- 

. 

- 

)PSI, PCI.( 



  

166 
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3-(Research goal) :  

   
(PCI   PSI) 

           

*

                    

)1:(
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.

.

  

.  

4-:  

:  

1- 

. 

2- 

. 

3- . 

4- 

)PCI   PSI.( 

-5

. 

-6. 

-7.  

4-1- 

(Study Zone Area & Road Samples) :  

.

 
)(

 
 .

.

.

         

. 

4-2-

(Data Source & 

Collection)   

) (

20072008 [2] 

)2 ()3 (

[3]. 

 

.  
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)2 :(  

)3 (  

:                  : -

 
       :.  

:16/6/2007  
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)3 :(

  

)2( 

 

 :-/45/   :   :2  :23 

:.

 

:16/6/2008  :23

 

: 

 :

    

2 :3.75                   

 

)( 

 

% 

                      

1 

           

2 

   

2x10 20    

3 

   

4x2 8     

4 

           

5 

    

10 3   30

             

1 

           

2 

           

3 

           

4 

   

5x2 10     

5 

           

6 

           

7 

                        

1 

   

30x20 6     

2 

                        

1 

           

2 

     

3 
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4-3  (Data Evaluation)   

 .

 .

.)1(

.  

)1 :(  

   

)( 

1 

 

846 3702 

2 

 

155 705 

3 

 

152 705 

4 

 

1153 5112 

4-4-
(Pavement Evaluation and Identifying the  

       Condition Indices): 

.

.

.

)PCI()PSI .(

)23(

.

)PCIPSI.(  

4-4 -1 )PCI(:  

 .

.

[9]:  

)PCI = (10 -0     

)PCI = (25 -10   

)PCI = (40 -25         

)PCI = (55 -40   

)PCI = (70-55    

)PCI = ( 85- 70   

)PCI = (100- 85   

)1(

[15]: 

 (1) PCI=100-  Deduct Point (distresses)  

4-4 -2 )PSI:(  
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: 

)PSI=(1-0  

)PSI = (2-1   

)PSI = (3-2  

)PSI = (4-3   

)PSI = (5-4   

]19. [  
PSI = 5.03 - 1.91 Log (1+SV) - 0.01 (C+P) 

1/2 
- 1.38 (RD) 

2 ..........(2) 

:  

SV: (Slope Variance))

 (

.  

 C:

  

1000 

. 

P:

 

1000

.  

RD:  .  

(IRI)

(SV)(IRI)

 

(Profiles)

)Romdas ([4] .

)4 (

)2 (

:  

  SV = 0.706891 x (IRI)2 + 1.42474 x (IRI)  
        R2 = 0.86 . (3)  

SV & IRI Relationship

y = 0.706891x2 + 1.4247x

R2 = 0.860046

0.00

1.00

2.00

3.00

4.00

5.00

6.00

7.00

8.00

0 0.5 1 1.5 2 2.5

IRI

S
V

  

)4 :(

 

[5]  

)2 :(

[5]  

POINT  IRI 
m/km 

SV SV from 
Equation 

S3

 

2.08

 

5.77E-6.02 E-06

 

S4

 

2.31

 

6.10E-7.06 E-06

 

S5

 

2.01

 

6.73E-5.72 E-06

 

S6

 

2.03

 

6.58E-5.81 E-06

 

S7

 

1.86

 

4.93E-5.10 E-06

 

S8

 

1.55

 

4.14E-3.91 E-06

 

S9

 

1.45

 

3.21E-3.55 E-06

 

S10

 

2.16

 

7.25E-6.38 E-06

 

S11

 

1.37

 

2.96E-3.28 E-06

 

S12

 

1.26

 

2.7E-06

 

2.92 E-06

 

S13

 

1.2

 

2.63E-2.73 E-06

 

S-2

 

1.35

 

2.29E-3.21 E-06

 

S-3

 

1.34

 

2.81E-3.18 E-06

 

S-4

 

1.2

 

2.80E-2.73 E-06

 

S-5

 

1.5

 

3.79E-3.73 E-06

 

S-6

 

1.63

 

3.52E-4.20 E-06

 

S-7

 

1.67

 

4.93E-4.35 E-06

 

S-8

 

1.9

 

5.08E-5.26 E-06

 

S-9

 

1.73

 

5.10E-4.58 E-06

 

S-10

 

2.05

 

5.97E-5.89 E-06

 

S-11

 

1.79

 

3.62E-4.82 E-06

 

S-12

 

1.58

 

4.44E-4.02 E-06

 

S-13

 

2

 

5.76E-5.68 E-06

 

S-14

 

2.21

 

6.43E-6.60 E-06

 

S-15

 

1.73

 

3.70E-4.58 E-06
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POINT  IRI 
m/km 

SV SV from 
Equation 

S-16

 
1.16

 
2.99E-2.60 E-06

 
S-17

 
1.3

 
3.80E-3.05 E-06

 
S-18

 
1.21

 
3.96E-2.76 E-06

 
S-19

 
1.22

 
3.00E-2.79 E-06

 

S-20

 

1.18

 

2.91E-2.67 E-06

 

S-21

 

1.16

 

2.26E-2.60 E-06

 

S-22

 

1.16

 

2.39E-2.60 E-06

 

S-23

 

1.17

 

2.87E-2.63 E-06

 

S-24

 

1.43

 

2.92E-3.48 E-06

 

S-25

 

1.28

 

2.81E-2.98 E-06

 

S-27

 

1.38

 

3.37E-3.31 E-06

 

S-28

 

1.62

 

5.80E-4.16 E-06

 

S-29

 

1.28

 

3.02E-2.98 E-06

 

S-31

 

1.66

 

4.93E-4.31 E-06

 

S-32

 

2.21

 

6.27E-6.60 E-06

 

S-33

 

1.75

 

4.63E-4.66 E-06

 

S-34

 

1.35

 

2.59E-3.21 E-06

 

S-35

 

1.9

 

4.56E-5.26 E-06

 

S-36

 

1.32

 

2.82E-3.11 E-06

 

S-37

 

1.24

 

2.86E-2.85 E-06

 

S-38

 

1.11

 

2.19E-2.45 E-06

 

S-39

 

1.08

 

2.00E-2.36 E-06

 

S-40

 

1.19

 

2.38E-2.70 E-06

 

S-41

 

1.15

 

2.61E-2.57 E-06

 

S-42

 

1.39

 

2.78E-3.35 E-06

 

S-43

 

1.43

 

2.92E-3.48 E-06

 

S-44

 

1.71

 

5.23E-4.50 E-06

 

S-45

 

1.31

 

4.32E-3.08 E-06

 

1

 

1.18

 

2.54E-2.67 E-06

  

0

  

0.00

 

)

 (

(C)

)1000

 (

.  

)SV ()3 ()2 (

:  

PSI = 5.03   1.91 Log [1+0.706891(IRI)
2
 + 

1.42474(IRI)] - 0.01 . (C) 
1/2   

1.38 (RD) 
2

. (4) 

)c(:

  

4-4-3 

)PSI (

 

IRI SV,  Rut, Crack 

Area,  

)5( 

 .  

  

)5 :(

 [5]  

)4 ()SV (

)IRI  (

)5()PSI (

)IRI (

PSI)4 ()2 (
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 .

.  

4-4-4:  

4-4-4-1 

(General Pavement Evaluation ): 

  

)3(

.  

)3 :(

  

     

1 
)PCI( 

52,6 40,2 66,8 

2 
)PSI( 

2,6 2 3,3 

3 
)IRI( 

4,9 5,7 4,7 

4-4 -4-2-

 
(Pavement Age): 

.

.

.

:  

  3   0  

7   3  

7 - 10    

   10 <  

)4(

.

.  

)4 :(  

    

IRI PSI PCI IRI PSI PCI IRI PSI PCI 

 

-- 4,9 94,8 -- 4,9 99,3 -- 5 99 )  (1 

-- 3,5 54,5 -- 3,4 69,1 1,7 3,9 76,5 )  (2 

4,3 2,9 60 4,7 2,3 46,9 4,7 2,4 47,9 )  (3 

5,2 1,5 28 6,2 1,6 32,3 6,7 1,6 32 )  (4 

 

.  

7
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)4.(  

4-4 -4-3-(Traffic Levels)  

.

.  

)ADT.(

/ .:  

:3000  

:  30006000

  

:6000  

.

 .

 .

)5(

 .  

)5( :  

    

IRI PSI PCI IRI PSI PCI IRI PSI PCI 

 

-- 4 38 5,2 1,9 38,4 5,2 3,9 77 

 

4,5 3,3 65 6,7 2,9 57 4,6 2,5 50,2 

 

5,2 3 61 5,9 1,9 37 5,2 2,4 48,8 

 

  

 

4-4-4-4-) Maintenance Type(: 

 

.

)(

. .

)6(

 

.  
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)6 :(  

    
IRI PSI PCI IRI PSI PCI IRI PSI PCI 

 

4.7 2.1 43 5.6 1.8 37 5.2 2,2 44 

 

-- 4 80 -- 4.2 83 -- 5 98 )( 

 

.

. 

.

.  

5-4-

(Statistical analysis of 

factors affecting the Pavement 

Performance) :  

 .P-Value > 

0.05

 

[14]. 

.  

Minitab.

.  

P-Value

 .  

)ANOVA(

:AGE   

DCLU   

 

ADT.

)PCI, PSI(

)PCI,PSI (
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)

 
 (

. 

)outliers(

 

)R-Sq(. 

)7(

 

P-Value = 0.2230,05 

. )8(

 .

. 

.  

) 7 :(  

P-Value F-test Source Road Type Pavement Condition 

0.0001 3662.694 Pavement Age 

0.0001 82.534 Traffic Level 

0.0001 2770.095 Maintenance Type 

0.223 1.504 Land Use 

-- -- Drainage Condition 

International 

0.0001 249.024 Pavement Age 

0.0001 13.227 Traffic Level 

0.0001 301.608 Maintenance Type 

-- -- Land Use 

-- -- Drainage Condition 

Primary 

0.0001 416.879 Pavement Age 

0.0001 6.847 Traffic Level 

0.0001 235.810 Maintenance Type 

-- -- Land Use 

-- -- Drainage Condition 

Secondary 

PCI 

  
  



-

 
- 2010                     

  
-

    

177 

)8 :(

  

P-Value F-test Source Road Type 
Pavement Serviceability 

Index 
0.0001 3446.855 Pavement Age 
0.0001 85.511 Traffic Level 
0.0001 3037.915 Maintenance Type 
0.172 1.766 Land Use 

-- -- Drainage Condition 

International 

0.0001 250.087 Pavement Age 
0.0001 13.282 Traffic Level 
0.0001 301.932 Maintenance Type 

-- -- Land Use 
-- -- Drainage Condition 

Primary 

0.0001 311.480 Pavement Age 
0.004 5.710 Traffic Level 
0.0001 232.818 Maintenance Type 

-- -- Land Use 
-- -- Drainage Condition 

Secondary 

PSI 

5-4 -1-

 

Statistical Analysis of the Road 

Classification on the Pavement 

Performance):  

 .

.

 .)9 (

.  

)9 :(  

P-Value F-test Source Road Type Pavement Condition 

0.625 0.239 Drainage Condition 

0.0001 20.683 Land Use 

0.0001 59.090 Road Type 

All Roads PCI 

0.531 0.392 Drainage Condition 

0.0001 20.516 Land Use 

0.0001 57.847 Road Type 

All Roads PSI 

  



  

178 

5-
(Development of the Performance 

Prediction Models):  

 .

) (

)12.(   

5-1-

 

Model Definition:  

) (

 .

 .

[7].  

)5( .

)PCI (

)PSI(:  
(PCI or PSI)=a+b*Age+c*TL+d*MT . (5) 

:  

PCI, PSI=

  

Age=)1 =3

2 =7

 

3 =10

4=10(  

TL=)1 =3000 

2 =  

60003 =6000 

( 

MT=)0 = 1 =

( 

A, b, c, d=  

 .

 .

 

 .

.  
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5-2-

Design of Experiment :  

.

:  

- 

. 

- 

. 

- )R2(

. 

- P-Value0,05

. 

- 

.  

5-3-Results of 

Mathematical Models :  

5-3 -1-

Pavement Performance Models 

Using PCI : 

.

.

 

.  

P-Value0,05 

.

)6()7()8(

.

)6(

.

)7(

)8(10

5080 

.

 .

.

10

40.  

)9()10(
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.

.)12(

.

.  

5-3 -2- 

 

Pavement Performance 

Models Using PSI : 

 

)PSI(

 .

P-Value0,05

.

)12(

 .

)11(

.  

)12()13 (

10

2,5

3,5

.

.

) (

 .  

103 

2,5.  

)10(

)4(

R-Square 

92,4%91,8%

.  

 .

)11(

)12.(

)4 (.  
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)10 :(  
P-

Value 
Adjusted R 

Square 
R Square 

No. Of 
Observation 

Prediction Models No. 

Pavement Condition Index (PCI) 

0.0001 0.909 0.909 846 PCI = 118.9- 22.8 * Age 1 

0.0001 0.663 0.664 717 PCI = 102.7 

  

18 * Age              for (Routine 
Maintenance)

 

2 

0.0001 0.634 0.637 129 PCI = 109.7 - 10.5 * Age            for (Overlay 
Maintenance)

 

3 

0.0001 0.924 0.924 844 PCI = 102.9 + 14.3 * MT - 18.1 * Age               
(Best Model)

 

4 

Present Serviceability Index (PSI) 

0.0001 0.895 0.895 846 PSI = 5.96 - 1.15 * Age 1 

0.0001 0.616 0.617 717 PSI = 4.96 - 0.85 * Age              for (Routine 
Maintenance)

 

2 

0.0001 0.645 0.647 129 PSI = 5.94 - 0.93 * Age              for (Overlay 
Maintenance)

 

3 

0.0001 0.918 0.918 844 PSI = 4.96

 

+

 

0.89

 

*

 

MT

 

-

 

0.85

 

*

 

Age               
(Best Model)

 

4 

)11 :(  

P-Value 
Adjusted 

R-Square 
R Square 

No. Of 
Observation 

Prediction Models No. 

Pavement Condition Index (PCI) 

0.0001 0.793 0.794 155 PCI = 108.6 -19.4 * Age 1 

0.0001 0.540 0.543 143 PCI = 83.69 - 12.84*Age for (Routine Maintenance) 2 

0.0001 0.896 0.881 12 PCI =113.69-16.33*Age  for(Overlay Maintenance) 3 

0.0001 0.869 0. 870 155 PCI = 86.70 + 22.08* MT- 13.66* Age  (Best Model) 4 

Present Serviceability Index (PSI) 

0.0001 0.793 0.794 155 PSI = 5.43 - 0.97 * Age 1 

0.0001 0.540 0.543 143 PSI = 4.18 - 0.64 * Age for (Routine Maintenance) 2 

0.0001 0.868 0.880 12 PSI = 5.69 - 0.82 * Age for (Overlay Maintenance) 3 

0.0001 0.868 0.871 155 PSI = 4.33 + 1.10 * MT - 0.68 * Age  (Best Model) 4 

)12 :(  

p -Value 
Adjusted R 

Square 
R Square 

No. Of 

Observation 
Prediction Models No. 

Pavement Condition Index (PCI) 

0.0001 0.854 0.855 152 PCI = 116.61 - 19.97 * Age 1 

0.0001 0.739 0.744 54 PCI=128.45-25.07*Age  for (Routine Maintenance) 2 

0.0001 0.860 0.862 98 PCI = 107.92 - 14.08* Age for (Overlay Maintenance) 3 

0.0001 0.911 0. 912 152 PCI = 86.70 + 22.08 * MT - 13.66 * Age (Best Model) 4 

Present Serviceability Index (PSI) 

0.0001 0.843 0.844 152 PSI = 5.97 - 1.05 * Age 1 

0.0001 0.568 0.576 54 PSI = 5.29 - 0.93 * Age   for (Routine Maintenance) 2 

0.0001 0.805 0.807 98 PSI = 5.63 - 0.79 * Age   for (Overlay Maintenance) 3 

0.0001 0.901 0.902 152 PSI = 4.87 + 0.79 * MT - 0.81 * Age    (Best Model) 4 
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)6 :()1( 

  

)7 :()2(  
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)9 :() 4(  

  

)10 :()5(  
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)11 :()1(  

 

)12 :() ()2(  
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5-4-

Pavement Performance Models 

Validation and Verification:  

 .

 .

.

  .

.  

  

5-4-1-

)Comparison Report:( 

)Age, MT.(  

) . (

.  

5-4-2- 

)Verification Report:( 

)PCI (

 .

)4 (

) .(

)15 ()16 ()17 (

) (

 .

 .

)15 (

10 %

88.4 % 

96.9 %10 %

3 %11.5 .%

0.5 % 

85.3 %96.9 .%

0.5 % 

3 %14.6 % .

)15 (

 .)14 (

)4 (
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.  

)16 ()17  (

.  

  

)14 :(

  

6-(Conclusion):  

.

.

: 

 

.  

 

)

(

.

)

(

.  

 

.

. 

 

. 
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. 

7-: 

) (

 .

 .

 

)R2 (

80 %

. 

: 

P - 
Value 

Adjusted R 
Square 

R Square 
No. Of 

Observation 
Prediction Models No. 

0.0001 0.924 0.924 844 PCI = 102.9 + 14.3 * MT - 18.1 * Age 

0.0001 0.918 0.918 844 PSI = 4.96 + 0.89 * MT - 0.85 * Age 

 

0.0001 0.869 0.870 155 PCI = 86.70 + 22.08 * MT - 13.66 * Age 

0.0001 0.868 0.871 155 PSI = 4.33 + 1.10 * MT - 0.68 * Age 

 

0.0001 0.911 0.912 515 PCI = 86.70 + 22.08 * MT - 13.66 * Age 

0.0001 0.901 0.902 152 PSI = 4.87 + 0.79 * MT - 0.81 * Age 

 

)15 :(  

 

)PCI( 

1st Equation 2nd Equation 3rd Equation 4th Equation 

PCI = 118.9- 22.8 * 

Age 
PCI = 102.7 

 

18 * Age PCI = 109.7 - 10.5 * Age 
PCI = 102.9+14.3*MT-

18.1*Age 
N

o.
 

P
SI

 

P
C

I 

M
T

 

A
ge

 

P
C

I 

(P
re

di
ct

ed
)

 

D
ef

er
en

ce
 

PCI 

(Predicted) 
Deference 

PCI 

(Predicted) 
Deference 

PCI 

(Predicted) 
Deference 

32
 

1.
96

 

39
.1

4 

0 4 27.7 11.44 30.7 8.44     30.5 8.64 

33
 

1.
98

 

39
.6

6 

0 427.7 11.96 30.7 8.96     30.5 9.16 

34
 

2.
29

 

45
.7

2 

0 3 50.5 -4.78 48.7 -2.98     48.6 -2.88 

The Differences 
Section 

No. 
% Section No. % Section No. % Section No. % 

% of PCI Difference Less 748 88.42% 665 93.14% 128 96.97% 794 93.85% 

% of PCI Difference Less 98 11.58% 49 6.86% 4 3.03% 52 6.15% 

% of PSI Difference Less 722 85.34% 641 89.78% 128 96.97% 771 91.13% 

% of PSI Difference More 124 14.66% 73 10.22% 4 3.03% 75 8.87% 
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)16 :(  

N
o.

 

P
SI

 

P
C

I 

M
T

 

Age 
PCI = 108.6 -19.4 

* Age 

PCI = 83.69 - 12.84 

* Age 

PCI = 113.69 - 16.33 

* Age 

PCI 

=86.70+22.08*MT-

13.66*Age 

33 1.59 31.88 0 4 31.0  0.88 32.33 -0.45 48.37   32.06 -0.18 

34 1.46 29.15 0 4 31.0 -1.85 32.33 -3.18 48.37   32.06 -2.91 

36 1.17 23.42 0 4 31.0 -7.58 32.33 -8.91 48.37   32.06 -8.64 

The Differences 
Section 

No. 
% 

Section 

No. 
% 

Section 

No. 
% 

Section 

No. 
% 

%of PCI Difference Less than 10 142 91.61% 137 95.80% 10 83.33% 146 94.19% 

%of PCI Difference Less than 20 13 8.39% 6 4.20% 2 16.67% 9 5.81% 

%of PSI Difference Less than 0.5 145 93.55% 134 93.71% 10 83.33% 149 96.13% 

of PSI Difference More than 0.5 10 6.45% 9 6.29% 2 16.67% 6 3.87% 

)17 :(  

No. PSI PCI MT Age 
PCI =116.61-

19.97*Age 

PCI =128.45-

25.07*Age 

PCI =107.92-

14.08*Age 

PCI=86.7+22.08 

*MT-13.66*Age 

32 2.88 65.00 0 3 56.7 8.30 53.24 11.76     45.72 19.28 

33 2.65 64.00 0 3 56.7 7.30 53.24 10.76     45.72 18.28 

34 2.79 50.00 0 3 56.7 -6.70 53.24 -3.24     45.72 4.28 

The Differences 
Section 

No. 
% 

Section 

No. 
% 

Section 

No. 
% 

Section 

No. 
% 

% of PCI Difference Less than 10 113 74.34% 46 85.19% 96 97.96% 129 84.87% 

% of PCI Difference Less than 20 39 25.66% 8 14.81% 2 2.04% 23 15.13% 

% of PSI Difference Less than 0.5 107 70.39% 45 83.33% 86 87.76% 128 84.21% 

% of PSI Difference More than 0.5 45 29.61% 9 16.67% 12 12.24% 24 15.79% 
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