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ABSTRACT

This research provided a procedure to evaluate ( Elgaili—-Shendi Highway )
pavement condition in relative to surface distresses condition. The procedure consist
of a methodology to evaluate pavement distresses in terms of types, severity levels
and amounts of different distresses and combined these informations to develop a
standard pavement condition index (PCI).The pavement condition index is a
numerical index between 0 and 100 and was used to indicate the condition of the
highway. The highway was divided into sample units for field data collection.
Based on the number of sample units in the total section, a certain number of these
sample units were selected to be tested. The type and severity levels of pavement
distresses in each sample units were recorded. The PCI of each tested sample unit
were calculated. The calculations were involved the distress quantities and the
distress densities for each tested sample unit. Deduct values were determined and
subtracted from 100 to give the PCI value. The PCI of the total section was
determined based on the sample units values. To make effective decisions about the
type of treatment needed, the structural evaluation of a pavement should be taken
into consideration. The structural evaluation included Dynamic Cone Penetrometer
(DCP) test. Determination of pavement condition index and pavement layers

strength lead to the perfect maintenance.

111



TABLE OF CONTENTS

AcCKNOWIEd@IMENt ........c.eeiiiiieieiieeeeieeeetee et e e
ADSITACt (ATADIC) .evvieeeiiieeeiiie ettt et ere e e e

Abstract (English) .......oooiiiiiii
Table Of CONENLS .......cccveieciieeieeeieeee et eae e aeesaaeeas

1.1
1.2
1.3
1.4
1.5
1.6

ODJECHIVE ..eveeeeeiiieeiieeeiieeeie et e e aae e sare e e
Benefit of research .........cccccoovvvevevieeeieeeeieieeeceeeeee,
Research methodology ........cccoeeeevcieinieinieniieeienne,
Area of StUAY ...cccveeeiieeiiieiiee e
Research StruCture ............cooeevvvvviieiiieeieeeeeeeeeeeeeeeeeeees

2 ASPHALT PAVEMENT DISTRESS IDENTIFICATIONS AND
STRUCTURAL EVALUATION......coiiiiiiiiiiiiiiiiiiieeeee

2.1

2.1.

2.2
2.3
2.4
2.5
2.6
2.7
2.8
2.9

Asphalt pavement distress identification ..............
1 General .....c.cooviiiiiiiiieeeeee e
Ride qUality ....cccoveeeeiiiieieeeceeecreecee e
Alligator (fatigue) cracking .........cccceeevveevveeceeesneennne.
Bleeding .......ccceeeviieiniiiiiiecceeeee e
Block cracking ........oocceevveenvieinieeniieinieceeesee e,
Bumps and Sags ........cceeevveerieiniieenieenieenieeeeesee e
COTITUGALION ..eeeiiieiieeeeeeeeeeeeeeeeeee e e e e eneeeeeeeee e e
DePreSSION .....uuueeeeeiiieeeereeeriirteeeeeeeeeeerereeeeeeeeeenns
Edge cracking ........ccocceevvuienieeniieeieeeeceeeeee e

2.10 Joint reflection cracking ..........ccccceevvereeerieenieenneenne
2.11 Lane/shoulder drop off .........cccoeveeeiieeiieieeieeene
2.12 Longitudinal and transverse cracking ..............cc........
213 PatChing .....cooocveviriiiiieiieiteeceeecte e
2.14 Polished aggregate ........ccccceevevuieerrieenniieeeniieeenieeenns
2.15  POthOIeS ..o
2.16 Railroad €rossing .........ccccceeevueerveeeniieeneeeniesrieeneeenne
2.17  RUNG ceeeiiiiiiieieiteeeeeitee ettt e seieee e
2.18  SROVINEG ...evviieiieitieeeteeeeeeeee et
2.19 Slippage cracking ........cccocceeveernieeieennieenieenieeseeennes
220 SWELL oo

2.21 Weathering and raveling .........ccceccceeeeveeeciiveencneennnne.

2.22  Structural evaluation ............cocooiiiiiiiiiiiiiii

2.22.1 General «..oo.eviiiiiiii
2.22.2 Approaches for structural evaluation ...........
2.22.3 Dynamic Cone Pentrometer (DCP) test .........

41

3  PAVEMENT CONDITION SURVEY AND RATING PROCEDURE 44

3.1
3.2

GeNeTAl ..o

DEfINItIONS evveeeeeeeee ettt eeeeeeeeeeeeeeeeeeeeeeeeeeas



3.3  Pavement iNSPECLION ......cccceeveeeererrureeereriireeeeenneeeeenns 46

3.4  Inspection procedures for asphalt pavement .............. 46

3.5 Inspection by sampling ........cccccceeveviieeriieencciieeniieens 47

3.6  Determining the number of samples ............cccceeruene. 48

3.7  Selection of sSaMPIeS .......ccccccverrieereeerieeierieeeieeeee 49

3.8  Selection of additional sample units .............ccccuene.. 49

3.9  Inspection Procedure ...........ccceceeeeevueeeesveeesiueeessineennns 49

3.10 Calculating the PCI ......cccceeiviiiiiiiiiiieeeieeeeeeee 50

3.11 Calculating the PCI Steps ......cccceevuveerrueerrcreeenreeennnnn 50

3.12 Calculating the PCI for a pavement section ................. 51
RESULTS AND DISCUSSION ....cooiiiiiiiiieeitenieeeieereeeeee e 52
4.1 RESUILS ..o 53

4.2 DISCUSSION ..euuvreiriiiiiieeiiiieeeeeeeeee e e eereee s e 56

4.2.1 Distresses of Elgaili-Shendi Highway ............ 56
CONCLUSION AND RECOMMENDATIONS ......cccceevervirniennnen. 58
5.1  ConcluSion ......cccceevieeiiiniiiniiiieeeeeeeee e 59

5.2 Recommendations ........cccccceeceeereeeniernieeneenneessneennnes 60
REFERENCES .....oooiiiietteteteecteeeeeie e 61
APPENDICES ...t 63
APPENAiX-A it 64
ApPendiX-B ..o 83



LIST OF TABLES

Table Title Page
3-1 PClandrating scale ........ccoovviiiiiiiiiiiiiiiiiiieeieenns 45
3-2  Flexible pavement condition survey data sheet for sample unit47
4-1  PCI and rating of the sample units (appendix A) .............. 53
4-2  DCP field test data .........ocevvriiiiiiiiiiiiiieeieeeeann 54
4-3  DCP field test final result (kmO-km4) ...................ooii. 55
A-1 Deduct values of sample unit (kmO-km4) ...................... 65
A-2  CDV calculation sheet of sample unit (km0-km4) ............ 65
A-3  Deduct values of sample unit (km4-km9) ...................... 66
A-4 CDV calculation sheet of sample unit (km4-km9) ................ 66
A-5 Deduct values of sample unit (km12-km17) ......cccceevvrenneenee 67
A-6 CDV calculation sheet of sample unit (km12-km17) ............ 67
A-7  Deduct values of sample unit (km20-km25) .........cceevvveeunenns 68
A-8 CDV calculation sheet of sample unit (km20-km25) ............ 68
A-9  Deduct values of sample unit (km28-km33) .........ccccecveeneenee 69
A-10 CDV calculation sheet of sample unit (km28-km33) ............. 69
A-11 Deduct values of sample unit (km36-km41) .........ccccecuvennennne 70
A-12 CDV calculation sheet of sample unit (km36-km41) ............. 70
A-13 Deduct values of sample unit (km44-km49) .........ccceeevveennenns 71
A-14 CDV calculation sheet of sample unit (km44-km49) ............. 71
A-15 Deduct values of sample unit (km52-km57) ........cccceruenenee 72
A-16 CDV calculation sheet of sample unit (km52-km57) ............ 72
A-17 Deduct values of sample unit (km60-km65) .........ccccccvveeenenne 73
A-18 CDV calculation sheet of sample unit (km60-km65) ............ 73
A-19 Deduct values of sample unit (km68-km73) .........ccccecvenneene. 74
A-20 CDV calculation sheet of sample unit (km68-km?73) ............ 74
A-21 Deduct values of sample unit (km73-km76) .........c.ccuven.ee. 75
A-22 CDV calculation sheet of sample unit (km73-km76) ........... 75
A-23 Deduct values of sample unit (km76-km81) ........................ 76
A-24 CDV calculation sheet of sample unit (km76-km81) ........... 76
A-25 Deduct values of sample unit (km84-km89) ...........ccceeunee. 77
A-26 CDV calculation sheet of sample unit (km84-km81) ............ 77
A-27 Deduct values of sample unit (km92-km97) .........cccceveeneen. 78
A-28 CDV calculation sheet of sample unit (km92-km97) ........... 78
A-29 Deduct values of sample unit (km100-km105) .................... 79
A-30 CDV calculation sheet of sample unit (km100-km105) ........ 79
A-31 Deduct values of sample unit (km108-km113) ..................... 80
A-32 CDV calculation sheet of sample unit (km108-km113) ........ 80
A-33 Deduct values of sample unit (km116-km121) ..................... 81
A-34 CDV calculation sheet of sample unit (km116-km121) ....... 81
A-35 Deduct values of sample unit (km124-km129) ..................... 82
A-36 CDV calculation sheet of sample unit (km124-km129) ........ 82

VI



Figure

1-1
2-1
2-2
2-3
2-4
2-5
2-6
2-7

2-9

2-10
2-11
2-12
2-13
2-14
2-15
2-16
2-17
2-18
2-19
2-20
2-21
2-22
2-23
2-24
2-25
2-26
2-27
2-28
2-29
2-30
2-31
2-32
2-33
2-34
2-35
2-36
2-37
2-38
2-39
2-40
2-41
2-42
2-43

LIST OF FIGURES

Title Page

Overview of Elgaili-Shendi Highway ........ccccccceevvieirernnnennen. 3

Low severity alligator cracking ...........cccceeeeveereceeeecieeecnneenns 9

Medium severity alligator cracking ..........ccocceeeveerveeenveennnennne 9

High severity alligator cracking ..........cccceevveevevieiniiieennieennnne. 9

Low severity bleeding .........ccoeceeveviiriiiiieinieeeieeeeeeeeiee e 11
Medium severity bleeding ...........cceceeveevernernennennenneneniene 11
High severity bleeding ...........ccocceeevieriieiniieinieiieeieeeeeeeee 11
Low severity block cracking ..........ccceceeieciienniieenniieeieieeenne 13
Medium severity block cracking ...........cccceeeveeercieeieiieeniieennns 13
High severity block cracking ..........cceccevvvieeviieinienceennieenieene 13
Low severity bumps and Sags .........ccecceeevveerieereerneeeseenneeennn 15
Medium severity bumps and Sags .......cccccceeeevieerirreeesveeeennenn. 15
High severity bumps and Sags ........cccccceeeeviieiecieeecieeeseeeennee 15
LOW Severity COITUZAtION ........cceeeruereerenrireeereriireeesesireeeeenans 16
Medium severity COrrugation ..........cceevveerevueerrrveeesiueeessineennns 16
High severity COrTugation ..........ccoecueerveeenieeneeenieeseeesee e 17
LoW severity depression ........c..ceoeeeeereereenreenennrensvenssenssennes 18
Medium severity depreSSion ..........cceeceeeeceeeereeeenieeeesseeeesneens 18
High severity depression ..........ccceceevevieeeciieeinsieeessieesseeeeenne 18
Low severity edge cracking .........ccccceveeveerneerneenseenieenseenseeneens 19
Medium severity edge cracking ..........ccccceeveerveerreenieensneennne. 20
High severity edge cracking ..........cccccceevevieiniiieenniieencieeceen. 20
Low severity joint reflection cracking ..........cccceeeveeevvesvieenneens 21
Medium severity joint reflection cracking ..........ccccceevveeuennen. 21
High severity joint reflection cracking .........ccccceeeeeverveernuenne. 22
Low severity lane/shoulder drop off ..........ccccccvveiveereennnee. 23
Medium severity lane/shoulder drop off ............ccccoeeereennnen. 23
High severity lane/shoulder drop off .........ccccccveeieieieeniennneen. 23
Low severity longitudinal and transverse cracking ................. 25
Medium severity longitudinal and transverse cracking ........... 25
High severity longitudinal and transverse cracking ................. 25
Low severity patChing .........cceeveevevieriiiieieieeerieeeeeee e 26
Medium severity patChing ........cccccceeeevvieeriieeniieeeneee e 27
High severity patChing ..........cccecveeevierieiniieenieceeesee et 27
Polished ag@regate .........c.cceceeeeeereeenieeeeecee e 28
Low severity pOtholes ..........cccccoveeeeiieieiiieeieeeceee e 29
Medium severity potholes ..........cccccveeeeiieieiieeeiieeeciee e 29
High severity potholes ..........ccoeocvirreiiiiniiiiniieeeieeciee e 30
Low severity railroad crossing .........cccecceevevveerrvieenneeeensneeenne 31
Medium severity railroad crossing ...........cceccceeeeeercveerceeennennne. 31
High severity railroad Crossing .........cccceeceeveevernenseerseensuennnens 31
LOW SEVETILY TULHING ..eeeverririeereriiieererieeeeeeeiieeeeessineeeeesaenees 33
Medium Severity FULtiNg ........ccccceeeerveerriieeesreeesieeeeesreeesneeenns 33
High Severity rutting ........ccccceeeeeerveeeniieerieenie e 33



2-44
2-45
2-46
Figure

2-47
2-48
2-49
2-50
2-51
2-52
2-53
2-54
2-55
2-56
3-1

3-2
4-1

B-2
B-3

B-5
B-6
B-7
B-8

B-10
B-11
B-12
B-13
B-14
B-15
B-16
B-17
B-18
B-19
B-20

Low severity ShOVING .......ccccceevieiriiiinieiieeiececeee e 34
Medium severity ShOVINg .......ccccccevevieirriieiniiienieeciee e, 35
High severity ShOVING .........ccccvieiiiiriieeiiieeeieeccee e 35
Title Page

Low severity slippage cracking ........cccccceevveeeveereerceeeseeennnen. 36
Medium severity slippage cracking ..........cccceeeveeeeveeeccvreennnen. 36
High severity slippage cracking ..........cccceeeevveeeieeeeccieeencreeenans 37
Low severity SWell ........cooouiiiriiiniiiiiieteceeeeeee 38
Medium severity sWell ........ccccceevvviiiiiiiiinniiiiieecieeeeeeen 38
High severity swell ........cccoeieeiiieeiiiieieeceeecee e 38
Low severity weathering and raveling ...........ccccceeveevieneennenne 40
Medium severity weathering and raveling ..........c.cccecuvevennenn. 40
High severity weathering and raveling ...........ccccceevveeveveennnnen. 40
Dynamic Cone Penetrometer (DCP) ..........c.cceviiiiinenn... 42
Determination of minimum number of sample units to be

SUIVEYEA ....evviiiiiieeeiieeeie ettt ree e ree e s seae e e seaeessnsaeenasaeas 48
Steps for calculating PCI for a sample unit ...........ccccevveennenne 50
Dynamic Cone Penetrometer (DCP) field test graph .............. 55
Deduct value curves for alligator cracking ...................... 83
Deduct value curves for bleeding ...............ccoooeiiiinn.... 83
Deduct value curves for block cracking ......................... 84
Deduct value curves for bumps and sags ........................ 84
Deduct value curves for corrugation ...............cccceeevnnennn. 85
Deduct value curves for depression ..............ccoeevviinnnnn. 85
Deduct value curves for edge cracking .......................... 86
Deduct value curves for joint reflection cracking .............. 86
Deduct value curves for lane/shoulder drop off ................ 87
Deduct value curves for longitudinal and transverse cracking 87
Deduct value curves for patching and utility cut patching .... 88
Deduct value curves for polished aggregate .................... 88
Deduct value curves for potholes ...............coeeviiiiiinin. 89
Deduct value curves for railroad crossing ...................... 89
Deduct value curves for rutting .............ccooeviviiinnennn... 90
Deduct value curves for shoving ...............ccoeeviiiiiinn... 90
Deduct value curves for slippage .........c.ccvveiviiiiinnnn... 91
Deduct value curves for swell .............coooiiiiiiiiinn... 91
Deduct value curves for weathering and raveling ............. 92
Corrected deduct value curves for asphalt-surfaced pavement 92

VIII



