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This manual was developed by Roger E. Smith, Michael I. Darter, and
Stanley M. Herrin, Department of Civil Engineering, University of Illinois,
Urbana Campus, under two separate contracts 'sponsored by the Structures
and Applied Mechanics Division, Office of Research of the Federal

Highway Administration (FHWA), and by the National Cooperative Highway
Research Program, administered and monitored through the Transp@rtation
Research Board as Project 1-19. This interim draft is to serve as an
updated replacement manual for Technical Information Pamphlet C-48

for use in conducting the nationwide survey, '"Highway Condition

and Quality of Highway Construction Survey."

Although this draft has not been officially approved for publication

by the sponsoring agencies, the material has been reviewedpand 1§ Gonsidered
an improvement over pamphlet C-48 and is being printed and distributed by the
Construction and Maintenance Division, Office of Highway Opef¥ations

of the FHWA. The purpose of the distribution is to hélp p¥omoté

the uniform evaluation of pavement conditions dufing ‘thel nationwice

survey. Final versions for public dissemination will € issued

later by the sponsoring agencies upon completion ©f the two réspective
research studies.




TECHNICAL REPORT STANDARD TITLE PAGE

1. Report No, 2. Government Accession No. 3. Recipient's Catalog Ne.
4, Title ond Subtitle 5. Report Date
March 1979
Highway Pavement Distress Identification Manual 6. Performing Organization Code
7. Author(s) ) | B. Performing Organization Report No,

Roger E. Smith .
Michael I. Darter Stanley M. Herrin

9. Performing Orgonizotion Name and Address 10. Work Unit No.

Department of Civil Engineering T vrw— ST
University of I1linois at Urbana-Champaign _ru-til _
Urbana, I11inois 61801 DOT-FH-T1-9175/NCHRP 1-19

13. Type of Report and Period Coverad

12. Sponsur’ing Agency Name ond Address o
Federal Highway Administration, U. S. Department of 1?35;1T9§8p0rt

Transportation, Washington, D. C. 20590; and
NCHRP, Transportation Research Board, 2101 Constitution]14. Sponséring Ageney Code
Avenue, Washington, D. C. 20418
15. Supplementary Notes
Tﬁ%s manﬂa] was developed under two contracts. The asphalt pavement portion was
developed under FHWA Contract DOT-FH-11-9175 (Geomge W. Ring, Contract Manager). The
concrete pavement portions were developed primarily uhlder NCHRP Project 1-19
(Harry A. Smith, Project Engineer) with some iWitial contBibution from the FHWA contract.

16. Abstract

This manual provides standardiZed identification 0fidistress types associated with
four types of conventional highway pavements. “These iriclude: jointed plain concrete,
jointed reinforced concrete, continugusly reinfovced concrete, asphalt surfaced with
granular or stabilized base and asphal® bverlays over portland cement concrete. Each
distress type is described algfig'with its primary mechanism, levels of severity are
defined, measurement criterid provided, and Bypical photographs of each type and
severity are provided.

17. Key Words 18. Distribution Stotement

Distress, Pavement, Condition,
Evaluation, Performance, Highway,
Transportation, Asphalt, Concrete

19. Security Clossif. (of this report) 20, Security Classif. (of this poge) 21. No. of Poges 22, Price
Unclassified Unclassified 198

Form DOT F 1700.7 (s-6s)






TABLE OF CONTENTS

1.0 INTRODUCTION . . . . . & . v v v e i e e e e e e e e e e e e e e e
2.0 ASPHALT SURFACED DISTRESS . . & « & & & v v v v v v v v v v v v s
2.1 Alligator or Fatigue Cracking . . . . . . . . . . . . . .. .48
2.2 Bleeding. . . . . . . . v o v e e e e e e e e e e e e e
2.3 Block Cracking. . . . . . . . . . .« v v v v e e e
2.4 Corrugation . . . . . .. .
2.5 Depression. . . . . . . . . L. L e e e e e e e e e e e e
2.6 Joint Reflection Cracking from PCC Slab . . . . . . " . .
2.7 Lane/Shoulder Dropoff or Heave. . . . . . . . . . A . . ... .
2.8 Llane/Shoulder Separation. . . . . . . . . ... ... .4 . &
2.9 Longitudinal and Transverse Cracking (Non-PCC,S1ab Joint
Reflective) . . . . . . . . .. .. .. ..CL .0 .. .4.
2.10 Patch Deterioration . . . . . . . . . . .. .00, .0 et .
2.11 Polished Aggregate. . . . . . ... . . . . . . 0K .. .00 ..
2.12 Potholes, . . . .. ... .. 4>, . &wm. . . 0. .. ... .
2.13 Pumping and Water Bleeding. . .. .4, . 0 e & % = o o 0 ..
2.14 Raveling and Weathering . . . . . < . . . 0% o . . . . ..
205 Rutting o . L L L L L s e s e e e e e e e
2.716 Slippage Cracking . . . . . .. - o e« v v v v v v v o
217 Swell . . o o oo o L s i e e e e e e
3.0 JOINTED PLAIN CONCRETE DISTRESS. a. . . . . « .« v v v v v v v .
3.T Blow-up . . . . A0 . o . . e e e e e e e e e e e e
3.2 Corner Break. . L . . . . . @ . . . . . ..o
3.3 Depression. .a. L 4 . . . .. ot e e e e e e e e e e e e e
3.4 Durability A"P") Cracking ./. . . . . . . ... D e e e e e e
3.5 Faulting of Transverseydoifits and Cracks. . . . . . . . c e e
3.6 Joint Load Transfer System Associated Deterioration . . . . . .
3.7, Joint Seal Damage of Transverse Joints. . . . . . . . . . . ..
3(8 “Lane/Shoulder Orepoff or Heave. . . . . . . . . . . . . . . ..
3.9 \Lane/Sheulder Joint Separation. . . . . . . . . .. e e e e
3.10 bongitudinalelracks . . . . . . . . v 0 e e e e e e e
3. 11 Lengidudinat™doint Faulting . . . . . . . . . . . . . . .. ..
3.12 Pateh Deterioration . . . . . . . . . . . . .. .00
3.13 Paten Adjacent Slab Deterioration . . . . . . . . . . . . . ..
314 POPOULS . . . L L L L e e e e e e e e e e e e e e e e e
3.15 Pumping and Water Bleeding. . . . . . . . . . . . .. .. ...
3.16 Reactive Aggregate Durability Distress. . . . . . . . . . . . .
3.17 Scaling, Map Cracking and Crazing . . . . . . . . . . . . . ..
3.18 Spalling (Transverse and Longitudinal Joints) . . . . . . . . .
3.19 Spalling (Corner) . . . . . . . . . . . v v v v v ... C e
3.20 Swell | . . . L L e e e e e e e e e e e e e e
3.21 Transverse and Diagonal Cracks. . . . . . . . . . . . . . ...




5.0

O N N Y N N O O S SO S S SO S S N N N S S

. . .
O oIy Pwn —

— et —
S whh— 0O

.15

4.0 JOINTED REINFORCED CONCRETE DISTRESS. . . . . . « . . . . . . . .. 102
BIow=UP . . . . & v v e e e e e e e e e e e e e e e e e . 103
Corner Break . . . . . . . . . . . . 0 e e e e e e e e 105
Depression . . . . . . . . . e e e e e e e e e e A e e e e e 107
Durability ("D") Cracking. . . . . . . . . . . .. .. .. 108
Faulting of Transverse Joints and Cracks . . . . U . . . . 112
Joint Load Transfer System Associated Deterioratione . . . . 114
Joint Seal Damage of Transverse Joints . . . . 40, 0w . . 117
Lane/Shoulder Dropoff or Heave . . . . . . . . L . . . . % » . 120
Lane/Shoulder Joint Separation . . . . . . . . L. . . .. . 122
Longitudinal Cracks. . . . . . . . . . . . . . e « . . . 124
Longitudinal Joint Faulting. . . . . . @@ . © et . . 126
Patch Deterioration. . . . . . . . . Ao . . 2 0. 000 . 127
Patch Adjacent Slab Deter1orat1on ............... 130
Popouts. . . . . . . « .« .« w. b A0 0L . 132
Pumping and Water Bleeding . . . €. .00 . . /o . . . . .. 133
Reactive Aggregate Durability D1stress ,,,,,,,,,,,, 136
Scaling, Map Cracking and Crazing. .\. . 050, . . . . . .. 137
Spalling (Transvers€ and Long1tud1ha1 Joints). . . . . . . .. 139
Spalling (Corner). .7, . . Ul . 0. . . .« . ... . 143
SweH..,.............i ............ 145
Transverse and Diagonal Ceaeks . . .0, . . . . . . . . . .. 147

CONTINUOUSLY RETWFORCED CONCREEE DISTRESS . . . . . . . . . . . .. 150
Asphalt Patch Deferiorations”. . . . . . . . . . .« « . .. . 151
Blow=upa® T .0 v v o e e e e e e e e e e e . 153
Concrefe Patch Deter10rat1on e e e e e e e e e e e e e e 155
Constiuction Joift DISLress. . « . + o v ¢ v v v v e e e .. 158
DepreSsion . . .1 d . . ... oo e e e e e e e e 160
Durability ("D") Cracking. . . . . . . . .. C e e e . 161
Edge PumCheutds - . - - - « . o o oo e e e 164
Lane/Shoulder Dropoff or Heave . . . . . . . . . . . . .. .. 168
Lane/Shoulder Joint Separation . . . . . . e e e e e e e e 170
Locabized Distress . . « . « + .« . D e e e e e e e e e e e e e 172
Longitudinal Cracking. . - . . . D e e e e e e e e e e e e e 176
Pongitudinal Joint Faulting. . . . - « « . « o o o o o o oL 177
Pateh Adjacent Slab Deter1orat1onJ -------------- 178
POPOULS « « ¢ v v v v e e e e e e e e e e e e e e e e 180
Pumping and Water Bleeding . . . . . . . . . . « . o o . . . 181
Reactive Aggregate Distress. . . . .« . « . « ¢« « o o .. 186
Scaling, Map Cracking and Crazing. . . . . « . « . . . . . . 187
Spalling . . « « « « « o « « .« . . e e e e e e e e e e e e e 189
Swell. . v v v v o v v v e e e e e e e e e e e e e e . 193
Transverse Cracking. . . « « « v o o o o v v v e e e e e 195

CITITUITCITOTOITGTUI I OTo1oT 1o o1 C1 o101 01 O1

ii



CHAPTER 1
INTRODUCTION

A “Higﬁhay Pavement Distress Identification Manual" has been devé@loped for
four basic types of pavements, These include (1) asphalt concrete surfaced
(including asphalt overlays over concrete), (2) jointed plain concreté,

(3) jointed reinforced concrete, and (4) continucusly reinforced concrete.
Each distress is described along with its general mechanism,evels of
distress severity are defined, measurement criteria provided, and Lypi&al
photographs of each type and severity.

The distress definitions were develgped baged inittahly on the
airfield distress identification manual by Shéhin, Davtemand Kohn] and
the "Standard Nomenclature and Definitions for Pavement Components and
Deficiencies" (Special Report 113. Highway Research Board); and considerably
further developed through extensive fiald surveys and discussions with state
highway engineers. The photdgraphs were ohtained during many field trips
and surveys conducted on highways locdted throughout the United States.

This manual can be uséd as a“sStandard{guide for distress identification and
measurement for highway pavements,

Atrecommended field“survey procedure is as follows for highway projects
having an‘overalld lengthiaf about 1 mile (1.6 km) or more: (1) divide the
project int@ ipspection units of approximately 0.1 mile (.16 km) length;

(2) randomly §€lect a minimum of one inspection unit in each mile of the
project; (3) conduct a detailed distress survey of each 0.1 mile (.16 km)

inspection unit selected.

1Shah1n, M. Y., M. I. Darter, and S. D. Kohn, "Development of a Pavement
Maintenance Management System, Vol. V, Proposed Revision of Chapter 3,
AFR 93-5," Report No. CEE-DO-TR-77-44, U. S. Air Force, 1977.




ASPHALT SURFACED DISTRESS




Name of Distress:

Description:

Severity Levels: L* -

M* -

H* -

How to Measurpe:

Alligator or Fatigue Cracking

Alligator or fatigue cracking is a series of interconnecting
cracks caused by fatigue failure of the asphalt concrete
surface (or stabilized base) under repeated traffic loading.
The cracking initiates at the bottom of the asphalt surface
(or stabilized base) where tensile stress and strain is
highest under a wheel load. The cracks propagat@ te the
surface initially as one or more longitudinal paratlel
cracks. After repeated traffic loading the cracks_connect,
forming many-sided, sharp-angled pieces that devédlop a
pattern resembling chicken wire or the skin of An alligator.
The pieces are usually less than 1 ft. on the 1@ngest side.
Alligator cracking occurs only in areas that are Subjected
to repeated traffic loadings. Thereforegiitiwould fot
occur over an entire area unless the edtire ared was subjected
to traffic loading. Alligator cracking doesdnot accur in
asphalt overlays over concrete siabs.| Patdern-type cracking
which occurs over an entire area¢hat 98/not subjected to
loading is rated as block cracking which 18, notda load-
associated distress. Alligator cracking TS considered a
major structural dighress.

Longitudinal disconnect@d hairline @racks running parallel
to each other. The cracks yare not spalied. Initially
there may only be_assingle crack in the wheel path (de-
fined as £hass lWeracking at AASHO Road Test).

Further development of Tow severity alligator cracking
into a pattern‘of, pieces fommed by cracks that may be
Tightly supface Spalied. Cracks may be sealed (defined
as Clagés 2 Cracking at AASHO Road Test).

Medium alligatort €racking has progressed so that pieces
are more,severely spalled at the edges and loosened
until the weellsd rock under traffic. Pumping may exist
(defined as £lass 3 cracking at AASHO Road Test).

Aligator cracking is measured in square feet or square
metevs wof surface area. The major difficulty in measuring
this type of distress is that many times two or three levels
0f Severity exist whthin one distressed area. If these
portions can be easily distinguished from each other,

they should be measured and recorded separately. However,
if the different levels of severity cannot be easily
divided, the entire area should be rated at the highest
severity level present.

*L - Low severity level
*M - Medium severity level
*H - High severity level




Figure 2.1. Low Severity Al1igator Cracking (fine Tongitudinal
cracks id whéel path)h

Figure 2.2. Low Severity Alligator Cracking (fine longitudinal
cracks in wheel path ).
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Figure 2.3. Low Severity Alligdfor Crackingntsealed longitudinal
cracks in wheel path @fouter truck lane).

Figure 2.4. Medium Severity Alligator Cracking in Wheel Paths.



Figure 2.5. Medium Severity Alligator Cracking in Wheel Paths.

Medium Severity Alligator Cracking in Wheel Paths
Near Longitudinal Joint|in Shoulder Due to Encroaching

Traffic and Loss of Support.
6

Figure 2.6.




Figure 2.7. Medium Severity Alligator Cracking gn Wheel Paths.

Figure 2.8. Medium Alligator Cracking at Free Edge of Lane.



Figure 2.9. Medium Alligatorfhacking in Outer Wheel Path
{(pumpTRghalso exists).

Figure 2.10. High Severity Alligator Cracking (in portions of
picture where pieces are severely spalled).
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Figure 2.11. High Severity Alligatoh Cracking ¥n Center of
Photo Where Piemes Are Severely Spalled.

Figure 2.72. High Severity Alligator Cracking of Shoulder Where
Large Amount of Trucks Park.
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Name of Distress:

Description:

Severity Levels:

How to Measure:

Bleeding

Bleeding is a film of bituminous material on the
pavement surface which creates a shiny, glass-like,
reflecting surface that usually becomes quite sticky.
Bleeding is caused by excessive amounts of asphalt
cement in the mix and/or low air void eontents. It
occurs when asphalt fills the voids of the mix during
hot weather and then expands out onto the Surface of
the pavement. Since the bleeding pro€ess 4§ not
reversible during cold weather, asphalt will
accumulate on the surface.

No degrees of severity are defimed. Bleedina/Should
be noted when it is extensive encugh to cause a
reduction in skid resistafce.

Bleeding is measureddin square feet or square meters
of surface area.

Figure 2.13. Bleeding in Wheel Paths.
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Figuren2.14. Bleeding in Wheel Paths.
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Name of Distress:

Description:

Severity Levels:

How \t0 Méasure:

L -

Block Cracking

Block cracks divide the asphalt surface into approxi-
mately rectangular pieces. The blocks range in size
from approximately 1 ft2 to 100 ft2. Cracking into
larger blocks are generally rated as longitudinal

and transverse cracking. Block crackihg, is caused
mainly by shrinkage of the asphalt concvébe and

daily temperature cycling (which results Wnndaily
stress/strain cycling). It is not load associated,
although-Toad can increase the severity of indiwidual
cracks from Tow to medium to high. The occurrence
of block cracking usually indicates that the asphalt
has hardened significantly. Blaeek cracking novmally
occurs over a large proportidn of pavement area, but
sometimes will occur only in nontpafftic areas. This
type of distress differs from aldigatdr cracking in
that alligator cracks form '‘smadler, many-sided pieces
with sharp angles. Als0\ unlike blockfcracks, alligator
cracks are caused by repeated traffic loadings, and
are, therefore, Jdocated Qnly in trafficked areas
(i.e., wheel pathsh

Blocks are defimed by (1) nonsealed cracks that are
nonspalied (sideshof the crack are vertical) or
only minor spallingwith a 1/4 in. (6 mm) or less
mean/width; ok (2) sedled cracks have a sealant 1in
satisfactory ‘condition to prevent moisture infil-
tration.

Blocks “are defined by either (1) sealed or nonsealed
cracks, thathare moderately spalled; (2) nonsealed
cracKs ‘that are not spalled or have only minor
spalling, but have a mean width greater than approxi-
mately 1/4 in. (6 mm) or (3) sealed cracks that are
not spalled or have only minor spalling, but have
sealant in unsatisfactory condition.

Blocks are well-defined by cracks that are severely
spalled.

Block cracking is measured in square feet or square
meters of surface area. It usually occurs at one
severity level in a given pavement section; however,
any areas of the pavement section having distinctly
different levels of severity should be measured and
recorded separately.

12




Figure 2.15. Low Severity BY¥oegk Cracking.

Figure 2.16. Low Severity Block Cracking Near Centerline.
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Figure 2.17. Medium Sev@fity Blogk Cracking.

Figure 2.18. Medium Severity Block Cracking.

<
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Figure 2.19. High Severity Bloek Cracking.

Figure 2.20. High Severity Block Cracking.
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Name of Distress:

Description:

Severity Levels:

How to Measure:

Figure 2.21.

L -

Corrugation

Corrugation is a form of plastic movement typified
by ripples across the asphalt pavement surface.

It occurs usually at points where traffic starts
and stops. Corrugation usually oc€urs in asphalt
layers that lack stability in warm weather, but
may also be attributed to excessive m@isture

in a subgrade, contamination of the@ix, or lack
of aeration of liquid asphalt mixés.

Corrugations cause some vibration of the vehicle
which creates no discomfort,

Corrugations cause significantdvibration of the
vehicle which creates some discomfont.

Corrugations cause‘@éxcesSive vibrdfion of the

vehicle which creates, substantial discomfort,
and/om a safety hazawdy, and or vehicle damage,
requiving a“veduetion'in speed for safety.

Corrugation »is measured in square feet or square
meters of surface area. Severity levels are deter-
mified by ridingyin a mid to full sized sedan
Weighing approximately 3000-3800 1bs (13.3-16.9 kN)
over the pavement inspection unit at the posted
speed Timite

/,'Corrugations in pavement surface
e

Y

<y ~<

I1lustrative Diagram of Corrugation Profile.
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Name of Distress:

Description:

Severity Levels:

How to Measure:

L -

Depression

Depressions are localized pavement surface areas
having elevations slightly lower than those of
the surrounding pavement. In many instances,
1ight depressions are not noticeable until after
a rain, when ponding water creates "birdbath"
areas; but the depressions can also be located
without rain because of strains created by o1l
droppings from vehicles. Depressions can be
caused by settlement of the foundation soillar
can be "built in" during construction. Dep¥éssions
cause roughness, and when filled with water of
sufficient depth could cause hydropld@hingnef
vehicles.

Depressions cause some bounce, of the s&hicle
which creates no discomfort.

Depressions cause significant bounce of the
vehicle which cr@ates.&ome. discomfort.

Depressions cause éxcessive bounee of the
vehicle which creates, substantial discomfort,
and/or a safetghazard, and/or vehicle damage,
requi®ing afreduction in'speed for safety.

Depressions are measuved in square feet or
meters_in each inspection unit. Each

depression is rated according to its level
of severity. Severity level is determined

By riding igfa mid to full sized sedan weighing
approximately 3000-3800 1bs (13.3-16.9 kN) over

theypavement inspection unit at the posted
speednlimid.

17




Figure 2.22. Llow Sevefity Depression (identified by oil droppings
on pavement surface},

Figure 2.23. High Severity Depression in Shoulder (high severity
alligator cracking alsoc exists and would be recorded
in addition to the depression).
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Name of Distress:

Description:

Severity Levels:

How to Measure:

L -

Joint Reflection Cracking from PCC Slab

This distress occurs only on pavements having an
asphalt concrete surface over a jointed portland
cement concrete (PCC) slab and they -occur at
transverse and longitudinal joints (i.e., widéhing
joints). This distress does not include reflection
cracking away from a joint or from any other type
of base (i.e., cement stabilized, lime stabiljizéd)
as these cracks are identified as "Longitudifial and
Transverse Cracking." Joint reflection cracking is
caused mainly by movement of the PCC slab beneath
the asphalt concrete (AC) surface because of thérmal
and moisture changes; it is generall@ not lead Tai=
tiated. However, traffic loading jiay causé a break-
down of the AC near the initial crack, r€sultdng in
spalling. A knowledge of slabadimensiéns beneath
the AC surface will help to identify these cracks.

Cracks have either minor spalling.or no spalling and
can be sealed of nonsedledn, If nonsealed, the cracks
have a mean width ofad/4 1n. {Gumm) or less; sealed
cracks are of any width, but their sealant material
is in satisfactory condition to substantially prevent
water infiltrafions, No Significant bump occurs when
a vehicle cnbsses the crack.

One of the following conditions exists: (1) cracks
are moderatelysspalled and can be either sealed or
nons@aled of anyhwidth; (2) sealed cracks are not
spalled or have“anly minor spalling, but the sealant
i§ in a conditfion so that water can freely infil-
trate; (3) nonsealed cracks are not spalled or are
only hightly/spalied, but the mean crack width is
greater whan 1/4 in. (6 mm); (4) Tow severity random
cracking exists near the crack or at the corners of
intersecting cracks; or (5) the crack causes a signi-
ficant bump to a vehicle.

(1) Cracks are severely spalled and/or there exists

medium or high random cracking near the crack or at

the corners of intersecting cracks, or (2) the crack
causes a severe bump to a vehicle.

Joint reflection cracking is measured in Tineal feet
or meters. The length and severity level of each
crack should be identified and recorded. If the
crack does not have the same severity level along
its entire length, each general portion should be
recorded separately. The vehicle used to determine
bump severity is a mid to full sized sedan weighing
approximately 3000-3800 1bs (13.3-16.9 kN) over the
pavement inspection unit at the posted speed 1imit.

19




Figure 2.24. Low Severity {Joint Reflection Cracking from
Transyerfse Join® in PCC Slab.

Figure 2.25. Low Severity Joint Reflection Cracking from
Transverse Joint in PCC Slab.
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Figure 2.26. Medium Severity Join€ Reflection“Cracking from
Longitudinal Widening Joint in PCC Slab.

Figure 2.27. Medium Severity Joint Reflection Cracking from
Transverse Joint in PCC Slab.
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Figure 2.28. 4High SeW¥erity JointyReflection Cracking from
Transverse Joint in PEC Slab.

Figure 2.29. High Severity Joint Reflection Cracking from
" Longitudinal Widening Joint in PCC Slab.
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Figure @.30. High Severity Joint Reflection Cracking from
Transverse Joint in PCC STab.
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Name of Distress:

Description:

Severity Level:

How to Measure:

Lane/Shoulder Dropoff or Heave

Lane/Shoulder dropoff or heave occurs wherever there
is a difference in elevation between the traffic
lane and shoulder. Typically the ghitside shoulder
settles due to consolidation or a settlement of the

underlying granular or subgrade materdial, or

pumping of the underlying material. g Heave, of the
shoulder may occur due to frost agtion or Swelling
soils. Dropoff of granular or sofil shoulder is
generally caused from blowing away' 0f shouldep
material from passing trucks.,

Severity level is deterniined byscomputing the mean
difference in elevation| betweén the traffic lane
and shoulder: :

L 1/4 S W/2 in. (6 - 13 mm)
M W2 - 1 in. (3 - 25 mm)
H > 1 1n. (> 25 mm)

Lapng/shoulder“drepoff or heave is measured every

100 ft. (30 m) Y@ vinches (or mm) along the joint.
The mean djfference in elevation is computed from
the data and Used to determine severity level.

Figure 2.31.

Medium Severity Lane/Shoulder Dropoff,
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Name of Distress:

Description:

Severity level:

How to Measure:

Lane/Shoulder Joint Separation

Lane/Shoulder joint separation is the widening of
the joint between the traffic lane and the shoulder
generally due to movement in the shoulder. If the
joint is tightly closed or well sealed so wat@r
cannot enter {(or if there is no joint due to Tull
width paving), then lane/shoulder joint separation
is not considered a distress. If the shoulder is
not paved (i.e., gravel or grass) then the géverity
should be rated as high. If a curbing exisis, then
it should be rated according to the width ot the
joint between the asphalt surface and_gurb.

Severity level is determined by the mean goint
opening. No severity level is counted 4 thé€ joint
is well sealed to prevent moigture fnfrusion,

L 0.04 - .12 1in. (T - 3 mm)

M > 1279740 T, (>3- 10 mm)

H > .40 in (>0 mm) (also a nonpaved

shoulder)

Lane/Shouldér join€ §eparatibn is measured in inches
(or millimesers) at abowt 50 ft. (15.2 m) intervals
along the ‘sample unit." The mean separation is used
to detemmine  Severity level.

Figure 2.32.

Medium Severity Lane/Shoulder Joint Separation (note
separation near outside of edge paint strip). (See
Figure 2.31 for photo of high severity lane/shoulder
joint separation.)
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Name of Distress:

Description:

Severity Levels:

How \todMeasure:™

L -

Longitudinal and Transverse Cracking (Non-PCC Slab
Joint Reflective)

Longitudinal cracks are parallel to the pavement's
centerline or laydown direction. They may be caused
by (1) a poorly constructed paving lafie joint,

(2) shrinkage of the AC surface due to lew tempera-
tures or hardening of the asphalt, or—(3) & reflec-
tive crack caused by cracks beneath th@Surface course,
including cracks in PCC slabs (but nbt at PCC slab
joints). Transverse cracks extend @cross the pavement
centerline or direction of laydown. | They may be
caused by items 2 or 3 above. _These Eypes of £racks
are not usually load associated.

Cracks have either minor $pallisg or@e spalling,

and cracks can be sealed dr indhsealed. If sealed,
cracks have a mean width of 1/4 in. {6 mm) or less;
sealed cracks are of any width, but their sealant
material,is in satisfactory condition to substantially
prevent‘water 4afiltration. No significant bump
occurs wheng vehiclénerosses the crack.

One of the following conditions exists: (1) cracks
are moderately spalled and can either be sealed or
pongealed @fhany width; (2) sealed cracks are not
spalied or have only minor spalling, but the sealant
1S 1n a condition so that water can freely infiltrate;
(3) “nomsealed cracks are not spalled or have only
minor<§palling, but mean crack width is greater than
1/4 in.“(6ymm); (4) low severity random cracking
exists near the crack or at the corners of inter-

~secting cracks; or (5) the crack causes a significant

bump’ £o a vehicle.

(1) Cracks are severely spalled; and/or medium or
high random cracking exists near the crack or at the
corners of intersecting cracks, or (2) the crack
causes a severe bump to a vehicle.

Longitudinal and transverse cracks are measured in
lineal feet or lineal meters. The length and
severity of each crack should be identified and
recorded. If the crack does not have the same
severity level along its entire length, each general
portion of the crack having a different severity
Tevel should be recorded separately. The vehicle
used to determine bump severity is a mid to full
sized sedan weighing approximately 3000-3800 1bs.
(13.3-16.9 kN) over the pavement inspection unit
at the posted speed limit.
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Figure 2.33. Low Severity Transverse Cracking.

Figure 2.34. Low Severity Longitudinal and Transverse Cracking.
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Figure 2.35. Low Severity lhansverse Cracking Across Shoulder.

Figure 2.36. Medium Severity Transverse Cracking.
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Figure 2.37. Medium Severity Teahsverse Cragking.

Figure 2.38. Medium Severity Transverse Cracking.

29



Figure 2.39. Medium Severity Transverse Cracking.

Figure 2.40. Medium Severity Transverse Cracking Across Shoulder.
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Figure 2.41. High Severity Transyerse Cracking.

Figure 2.42. High Severity Longitudinal Cracking.
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Figure 2.43. High Seve®ify Transverse Oracking.

Figure 2.44. High Severity Transverse Cracking (this crack is
caused initially by reflection from cement
stabilized base).
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Name of Distress:

Description:

Severity Levels:

How to Measure:

L -

Patch Deterioration

A patch is an area where the original pavement has been
removed and replaced with either similar or different
material.

Patch is in very good condition and is performing
satisfactorily.

Patch is somewhat deteriorated, having Tow t0 medium
levels of any types of distress.

Patch is badly deteriorated and soon_needs replace-
ment.

Each patch is measured in square feéet of ‘Square
meters of surface area. Evendif a' paten is in
excellent condition it is still\rated low severity.

Figure 2.45. Low Severity Patch.
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Figure 2.46. Low Severity Patch.

Figure 2.47. Low Severity Patch Along Shoulder Joint.
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Figure 2.48. Medium Severity Patch.

Figure 2.49. Medium Severity Patch (see also Figure 2.76 for
medium severity patch).
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Figure 2.50. High Severity Patch.
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Name of Distress:

Description:

Severity Levels:

How to Measure:

Polished Aggregate

'Aggregate'polishing is caused by repeated traffic

applications. Polished aggregate is present when
close examination of a pavement reveals that the
portion of aggregate extending above the asphdlt
is either very small, or there are no rough or
angular aggregate particles to provide good skid
resistance. '

No degrees of severity are defined. Howevep, the
degree of polishing should be significant in
reducing skid resistance before it is_included

as a distress.

Polished aggregate is measured in{Sgquapé ft.@r square
meters of surface area. The gxistancé of polishing
can be detected by both visually obSérving afid

running the fingers over the sUrface.

Figure 2.51.

Polished Aggregate (photo taken in wheel path of
23 year old high traffic volume turnpike).
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Name of Distress: Potholes

Description: A bowl shaped hole of various sizes in the pavement
surface. The surface has broken into small pieces
by alligator cracking or by localized disintegration
of the mixture and the material is pémoved by traffic.
Traffic loads force the underlying matérials out of
the hole, increasing the depth.

Severity Levels:

Area (ftz) < 1 1-3 > 3
Depth - ins. (mm) (m2) < 1/3 1/8- 1 > 1
<1 (< 25) 7 L M
1-2 (25-50) M M H
> 2 (> 51) M H H
How to Measure: Potholes ai@éycounted imphumbers of holes of each

severity leveh,in the 1nspection unit.

Figure 2.52. Low Severity Pothole.
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Figure 2.53.

Figure 2.54.

Low Severity Rothole.

Medium Severity Pothole.
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Figure 2.55.

Figure 2.56.

Medium Sevenity Pothole.

High Severity Pothole. .

40




gh Severity Pothole.




Name of Distress:

Description:

Severity Levels:

How to Count:

L -

Pumping and Water Bleeding

Pumping is the ejection of water and fine materials
under pressure through cracks under moving loads.
As the water is ejected it carries fine material
resulting in progressive material .deterioration
and loss of support. Several caseshof pumping of
stabilized base materials have heen observed
for example. Surface staining or accummlation

of material on the surface close £0 Cracks, is
evidence of pumping. Water bleeding occuws

where water seeps slowly out of {€racks in the
pavement surface.

Water bleeding exists of water pumping can be
observed when heavy loads pas€ over the pavement,
however no fines (or only afvery Small amount) can
be seen on the sugface 0ff the pavement.

Some pumped material \can be ebseérved near cracks
in the pavement surface.

A signifigant amountpot \pumped material exists
on the pavément surface near the cracks.

I& pumping or water bleeding exists anywhere
in the'sample unit it is counted as occurring.

Figure 2.58.

Medium Severity Pumping (stabilized base is
pumping) (Note:~ see also Figure 2.9 for medium severity
pumping photo).
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Figure 2.59. Medium Severity Pumping stabilized base is pumping).

Figure 2.60. Medium Severity Pumping (stabilized base is pumping).
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Figure 2.61. High Severity Pumping (stabiiized base is pumping).

Figure 2.62. High Severity Pumping (stabilized base is pumping).

44



a¥

‘BuLaayjesM pue Bul|sARY AILUDAS MO *€£9°Z [unbL4

‘eaJe 20etuns A0 sus3fll saenbs 40
1) 8Jenbs uL padnseaw a4e Burisyjeam pue bHul|aaby 1adnsea)y 03 MOH

‘po33Ld pue ybnoua A|D49A3S SL 24NIXD] 9ILLANS
9yl pue Aeme uJgoM Sey Japulq J4o0/pue 1ebadsbby - £

e *1Stx2 A||e4susb sa|oLjded 25007
‘po313Ld pue ybnoua A d3eUBpOU SL 94NIXIY 9IRLUNS
9yl pue Aeme uJOM SeYy JBpuLq J0/pue a3ebRUBBY - I

*AlaueaLstubLs passaubodd 0u sey
Ing “Aeme JeDM 03 Pa14R]S SRY JJpuLqg A0 33eboubby - 7 IS LOADT A3 LU9ADS

*AlauedLJLubLs pauapJaey sey J4apulq gejydse ayj
jeyl 8jeolpul A[|edsusb Asy] - (BuLasyjesam) 4spulq
3leydse jo sso| pue (buljarea) sa{oLjuaed ajebaubbe
J0 bulbpo|sLp ay3 Aq pasned adejuns jusawared ayj
40 Aeme Buraesm ayj aJ4e butdayjesm pue bul|arey . :u0L3d1uaseg

Butasyleap pue Bul|arey 1SS3U3SLQ 40 Bwey



Figure 2.64. Medium Severity Raveling and Weathering.

Figure 2.65. Medium Severity Raveling and Weathering.
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Figure 2.67. Medjum Severity Raveling and Weathering.

a7



Figure 2.68. High Severity Raveling and Weathering.

Figure 2.69. High Severity Raveling and Weathering.
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Name of Distress:

Description:

Severity Levels:

How to Measure:

Rutting

A rut is a surface depression in the wheel paths.
Pavement uplift may occur along the sides of tdie
rut; however, in many instances ruts are noticeable
only after a rainfall, when the wheel paths are
filled with water. Rutting stems from a permaneit
deformation in any of the pavement layers or Aub-
grade, usually caused by consolidation or latéeral
movement of the materials due to traffic laods.
Rutting may be caused by plastic movement in the
mix in hot weather, or inadequate compactiomduring
construction. Significant rutting £an lead o0
major structural failure of the pavement@nd hgdro-
planing potential. Wear of thessurfacefin the
wheel paths from studded tires'€an also causesa type
of "rutting."”

Severity Mean Rut Dépth .Criteria
L 1/6051/2 in. (6 - 13 mm)
M 21/2 - %in. (13 - 25 mm)
H >14 (> 25 mm)

Rutting is measured jin square feet or square meters
of (Surface area, and its severity is determined by
the'mean depth of the rut. To determine the mean
rut depth, ad ft. (1.2 m) straightedge should be
laid across the rut and the maximum depth measured.
The mean depth should be computed from measurements
taken every 20 ft. (6 m) along the length of the
rut.
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Figure 2.70. Low Severity Rutting.

Figure 2.71. Medium Severity Rutting.
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Figure 2. /2w High Severity Rutting.
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Name of Distress:

Description:

Severity Levels:

How to Measure:

Slippage Cracking

Slippage cracks are crescent or half-moon shaped
cracks generally having two ends pointed into

the direction of traffic. They are produced when
braking or turning wheels cause thedpavement
surface to slide and deform. This usually occurs
when there is a low strength surface miXyor poor
bond between the surface and next 1ay@F o0f\pavement
structure.

No degrees of severity are defined. \ It is suffieient
to indicate that a slippage crack exists.

Slippage cracking is meagured ip Square meters or
in square feet of surface areal within the inspec-
tion unit.

Figure 2.73. Slippage Cracking.
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Figure 2.74. Slippage Cracking.

Figure 2.75. S1fppage Cracking.
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Name of Distress:

Description:

Severity Levels:

How to Measure:

L -

Swell

Swell is characterized by an upward bulge in the
pavement's surface. A swell may occur sharply

over a small area or as a longer, gradual wave.
Either type of swell can be accompaiied by surface
cracking. A swell is usually caused By »frost action
in the subgrade or by swelling soil, but & swell can
also occur on the surface of an asph@)t ovenlay
(over PCC) as a result of a blowup/in the PCChslab.
They can often be identified by oill droppings Oh

the surface.

Swell causes some bounce of the veh1c1e which creates
no discomfort.

Swell causes signifi€ant ‘bouhce of the vehicle which
creates some discomfort.

Swell gauses excessive bounce of the vehicle
which creates sub&tantial discomfort, and/or a
safety hazéhd, and/or wehicle damage, requiring
reduction 10 Speed for safety.

Swedll s within theyinspection unit are measured in
square feethor meteps. Severity level is determined

bY riding 1A & mid to full sjzed sedan weighing
approximately. 3000-3800 1bs (13.3-16.9 kN) over the

pavement inspection unit at the posted speed limit.

Figure 2.76.

Medium Severity Swell Occurring at a Patch Due to
Buckling of Concrete Slab Beneath Asphalt Surface.
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Figure“2./7. High“Severity Swell Due to Buckling of Concrete
Slab Beneath Asphalt Surface.
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Name of Distress:

Description:

Severity Levels:

How to Measure:

L -

Blow=-up

Blow-ups occur in hot weather at a transverse joint
or crack which will not permit expansion 'of the con-
crete slabs. The insufficient expansion width of
joints is usually caused by infiltration of Jimcom-
pressible materials into the joint space. When
compressive expansion pressure cannot be relieved,
a localized upward movement of the slab edges
(buckling) or shattering occurs in the vicigity of
the joint. Blow-ups can also occur at utility cut
patches and drainage inlets. Blow-ups are accele-
rated due to a spalling away of the slab at ‘the
bottom creating reduced joint contaef aréa. The
presence of "D" cracking also weak€ns the eoncrete
near the joint resulting in increased spalling and
blow-up potential.

Buckling or shattering has ocQurred, but.enly causes
some bounce of the vehicle whi¢h creates no discom-

fort.

Buckling or shattering causes @ significant bounce
of the vehicle which ¢reates some“discomfort. Tempo-
rary patching has,beenplaced because of a blow-up.

Buckling an shattering causes excessive bounce of
the vehicle which €reates substantial discomfort,
and/or a safety hazard, and/or vehicle damage,
requiting a reduction in speed for safety.

Blow-ups aredimeasured by counting the number existing
in each inspection unit. Severity level is deter-
mined by riding in a mid to full sized sedan weighing
approXimately 3000-3800 1bs. (13.3-16.9 kN) over the
pavement tnspection unit at the posted speed limit.




Figure 3.1. "Medium Severity Blow-up (temporary patch).
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Name of Distress:

Description:

Severity Levels:

How to Measure: ..

L;4

Corner Break

A corner break is a crack that intersects the joints
at a distance less than 6 ft (1.8 m) on either side
measured from the corner of the slab. A corner break
differs from a corner spall in that the crack extends
vertically through the entire slab thickness,dhile

a corner spall intersects the joint at an angle.

Load repetition combined with Toss of support, poar
load transfer across joint, and thermal curling and
moisture warping stresses usually cause cornef
breaks.

Crack is tight (hairline). Well sealed.cracks will

be considered tight. No faulting orgbreak=up, at

broken corner exists. Crack is not/spalled.

Crack is working and spalled atalow Orfiedium
‘severity. Break-up of broken corner has not gc-

curred. Faulting of crack or joint must be'less
than 1/2 inch (13 4m). Temporary patching has been
placed because of gorner bieak.

Crack is spaT]ed at high4severity Or ‘the corner
piece has broken into twohor more pieces. If

faulting, of cragk 8p, joint f%s more than 1/2 inch

(13 mm)5 it will be considereth high severity.

Corner breaks are measured, by counting the number

that exists 1M @ach inspection unit. Different
leveld of severity should be counted and recorded

sepdrately. Cornerbreaks adjacent to a patch
willl be counted \as patch adjacent slab deterioration.

Figure 3.2. Medium Severity Corner Break.
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Figuve 8e3f Medium Severity Corner Break.
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Name of Distress:

. Description:

Severity Levels:

How to Measure:

L -

M -

H -

Depression

Depressions in concrete pavements are surface areas
having elevations lower than those of the surrounding
pavement. There is generally significant slab crack-
ing in these areas due to uneven settlement._. In many
instances, light depressions are not noticealile, until
after a rain when ponding water creates "bird=bath"
areas. The depressions may also be located without
rain by stains caused by oil droppings fromgehicles,
Depressions can be caused by settlement or €onsolida=
tion of the foundation soil or can be "built in" during
construction. They are frequently found ab@ve culverts:
This is usually caused by poor compaetieon ot Soil
around the culvert during construction. “Deépressions
cause slab cracking, roughness, afid hydréptaning when
filled with water of sufficient depth,

Depression causes some bounce of the wehiclé which
creates no discomfort.

Depression causes significant bounce of the vehicle
which creates some discomfort.

Depression causes excessive bounce of the vehicle
which reates’ substantial discomfort, and/or a

- safety hazapd, and/or vehicle damage, requiring a

reduction in speed Torysafety.

Depressions ‘are measured by counting the number

that 'exists in@ach inspection unit. Each depres-
sion is rated, accopding to its level of severity.
Severity level is determined by riding in a mid to
full sized sedan weighing approximately 3000-3800 1ib.
(13.3516.9 KNy over the pavement inspection unit at
the posted speed 1imit.
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Name of Distress:

Description:

Severity Levels:

How to Measure:

L -

Durability ("D") Cracking

"D" cracking is a series of closely spaced crescent-
shaped hairline cracks that appear at a PCC pavement
slab surface adjacent and roughly parallel to
transverse and longitudinal joints, transverse and
longitudinal cracks, and the free edges, of pavement
slab. The fine surface cracks often Curwe around

the intersection of longitudinal joints/¢racks and
transverse joints/cracks. These surfacegtrasks often
contain calcium hydroxide residue whigh causeshya dark
coloring of the crack and immediate surrounding area.
This may eventually lead to disinteggation of the
concrete within 1-2 ft. (0.30-0.6 m) @fymore of/ the
joint or crack, particularly_ 4@ the,wheelpathsd

"D" cracking is caused by fFeeze-thaw expansive
pressures of certain types/of coasfse aggregates.
Concrete durability problems cadsed by reactive
aggregates are rated yhder "Réactive Aggregate
Distress."

The chardéteristiic crack pattern of closely spaced
fine cracks with“caleium fiydroxide residue appears
near joints¢ eracks, andfer free edges; however, the
width of the affected area Js generally less than

12 in. wide at “the center of the lane in transverse
cracké and joints. »The crack pattern may fan out at
the fintersec¢tion of transverse cracks/joints with
Tongitudinal ‘¢racks/Jjoints. No joint/crack spalling
or@nly minor c@rher spalling is present.

The chardcteristic crack pattern of closely spaced
cracks had developed near the crack, joint or free
edge‘and is generally wider than 12 in. (30 cm) at
the center of the lane in transverse cracks and/or
joints. A Tow or medium severity level of joint/
¢Fack or corner spalling has developed in the
affected area. Temporary patching has been placed
due to "D" cracking induced spalling.

The affected joint or crack has a high severity level
of spalling at joints/cracks or corners. Considerable
material is loose in the affected area. The crack
pattern has developed generally over the entire slab
area between cracks and/or joints.

"D" cracking is measured by counting the number of
joints or cracks {(including longitudinal) affected.
Different severity levels will be counted and re-
corded separately. "D" cracking adjacent to a patch
will be rated as patch-adjacent slab deterioration.
"D" cracking should not be counted if the fine crack
pattern has not developed near cracks, joints and
free edges. Popouts and discoloration of joints,
cracks and free edges may occur without "D" cracking.
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Figure 3.4. Low Severity "R" Cracking.

Figure 3.5. Medium Severity "D" Cracking.
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Figure 3.64 High Severity "D" Cracking.
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Name of Distress:

Description:

Severity Levels:

How to Measure:

L -

M-

H -

Faulting of Transverse Joints and Cracks

Faulting is the difference of elevation across a
joint or crack. Faulting is caused in part by a
buildup of loose materials under the approach slab
near the joint or crack as well as depression of the
leave slab. The buildup of eroded or infil€rated
materials is caused by pumping (free moisture uhder
pressure) due to heavy loadings. The warp and/or
curl upward of the slab near the joint or cyck due
to moisture and/or temperature gradient coptributes
to the pumping condition. Lack of load transfer
contributes greatly to faulting.

Average faulting is equal to or J&ss than /16 anch
(1.5 mm).

Average faulting is more thafi\1/16 ifich (1.5 mm)
but Tess than 1/5 inch (5 mm).

Average faultindyis egeal to or more than 1/5 inch
(5 mm).

Faulting is determinedyby measuring the difference in
elevation of slabs at ‘Joints for the slabs in the
samplghunit £ Faulting of eracks will be measured

and recokded separately. Faulting will be measured
one foot il from the omtside (right) slab edge on

all Tanes ‘except the Tnner passing lane. Faulting
willgbEmmeasured one foot in from the inside (left)
sldb edge on theninner passing lane.

Figure 3.7. Joint Faulting.
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Figure 3.8.

Figure 3.9.

Joint Faulting.

Joint Faulting.
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Name of Distress: Joint Load Transfer System Associated Deterioration
(Second Stage Cracking)

Description: This distress develops as a transverse crack a
~ short distance from a transverse joint, usually
‘at the end of joint load transfer dowels. This
usually occurs when the dowel system fails to
function properly due to extensive corrosion or
misalignment. It may also be caused by a combimation
of small diameter dowels and heavy traffic l@adings.

Severity Levels: L - Hairline (tight) crack with no spalling or faulting.
A well sealed crack with no visible faulting or
spalling.

M - The crack has opened to a width 1ess thafi | inch (25 m);
the crack has faulted less than 1/2 inch (13 mm); the
crack may have spalled to a 10w or wmedium seyerity
level; or the area between the €rack antgieint has
started to break up but pieces hidve not been dislodged
to the point that a tiv€ damage Or safety hazard
is present. Temporary patchesyhave been placed due
to this joint deteri@ration.

H - A crack with widthyof opéning greater than 1 inch
(25 mm)ha crack with a highyseverity level of
spallings & crack faulted 1/2 inch (13 mm) or
more; or, ‘the area between the crack and joint has
broken up and pieces have been dislodged to the point
thatg@ TiPe damage or safety hazard is present.

How to Measure: The number offioints with each severity level are
counted in eath inspection unit.

Figure 3.10. Low Severity Joint Load Transfer System Associated
Deterioration in Lane at Top of Picture.
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Name of Distress:

Description:

Severity Levels:

How to Measure:

Joint Seal Damage of Transverse Joints

Joint seal damage is any condition which enables
incompressible materials to infiltrate into the
joints from the surface or allows significant
infiltration of water. Accumulatiofiof incompres-
sible materials within the joints resthicts in-slab
expansion and may result in buckling, shattering,

or spalling. A pliable joint fillenfbonded to the
edges of the slabs protect the joifits from @aecumula-
tion of incompressible materials, @and also reduces

‘the amount of water seeping into the,pavement Sfruc-

ture. Typical types of jointsseal damage aré:
(1) stripping of joint seadlant, (2) extrusion of
joint sealant, (3) weed drowth,4#) hardening of
the filler (oxidation), (8) 1965 offbond to the
slab edges, and (6) dack orbsence of sealant in
the joint.

Joint sealer is in generally good condition through-
out thelsection. mSealant is performing well with
only a mindr amount Of,any of the above types of
damage present. LittTe water and no incompressibles

- can infiltrate through the joint.

Joint sealér is 10 generally fair condition over

the entire Supveyed section, with one or more of the
above types of tamage occurring to a moderate degree.
Waterncan infiltrate the joint fairly easily; some
incompressibles can infiltrate the joint.

Sealant needs replacement within 3 years.

Joint sealer is in generally poor condition over

thef entire surveyed section, with one or more of

the above types of damage occurring to a severe
degree. Water and incompressibles can freely infil-
trate the joint. Sealant needs immediate replace-
ment. :

Joint seal damage of transverse joints is rated

based on the overall condition of the sealant over
the entire inspection unit.
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Figure 3.72. Medi um Severity Joint Sealant Damage.
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Figure 3.13.°°High Severity Joint Sealant Damage
(sealant generally missing).
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Name of Distress: Lane/Shoulder Dropoff or Heave

Description: Lane/Shoulder dropoff or heave occurs wherever there
is a difference in elevation between the traffic
lane and shoulder. Typically the outside shoulder
settles due to consolidation or a settlement of the
underlying granular or subgrade material, or
pumping of the underlying material. Heave of the
shoulder may occur due to frost action or swelling
soils. Dropoff of granular or soil shoulder/is
generally caused from blowingaway of shoulder
material from passing trucks.

Severity Level: =~ .. . Severity level is determined by compuEing the mean
difference in elevation between the traffif Tane
and shoulder: e

L 1/4 - 1/2 in. (6 - 13 mm)
M 1/2 - 1in. (3 =25 mm)
H > 1 in. (> 25 m)
How to Measure: : Lane/shoulder dropoff @rhheave is measured every
ke 100 ft.. (30 m)gifninches (or mm) along the joint.
- The me@nhdifference in elevation is computed from
the data and used to determine severity level.

Figure 3.14. Lane/Shoulder Dropoff. '
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Lane/Shoulder Heave.

5.

3

FTouke
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Name of Distress: Lane/Shoulder Joint Separation

Description: Lane/shoulder joint separation is the widening of
the joint between the traffic lane and the shoulder
generally due to movement in the shoulder. If the
joint is tightly closed or well sealed so that water
cannot easily infiltrate, then lane/shoulider{jaint
separation is not considered a distress.

Severity Level: No severity level is counted if the joint is £ightly
sealed.

L - Some opening but less than or equal to 0.12 Wnch
(3 mm).

M - More than 0.12 inch (3 mm) but equal to@r less
than 0.4 dinch (10 mm) opening.

H- More than 0.4 inch (10 mm) opéping.

How to Measure: - . Lane/shoulder joint separation i5.measured and
"~ recorded in inches (or mm) mear transverse joints
and at mid slab. ThEymean sepakation is used to
determine the severity level.

Figure 3.16. Low Severity Lane/Shoulder Separation.
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Figure 3.17. High Severity Lane/ Shoulder Separation.

Figure 3.18. Gravel Shoulder Recorded as High Severity Lane/
Shoulder Separation.
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Name of Distress: Longitudiné] Cracks

Description: Longitudinal cracks occur generally parallel to
the centerline of the pavement. They are often
caused by improper construction of longitudinal
joints, or by a combination of heavy load repeti-
tion, loss of foundation support, and thermal
and moisture gradient stresses.

Severity Levels: L - Hairline (tight) crack with no spalling or/faulting.
- *A well sealed crack with no visible faulting or

spalling.

M - Working crack with a moderate or leSs Sewerity level
of spalling and/or faulting less /than 1/2 inch
(13 mm).

H - A crack with width greater than 19inch (25 um); a
crack with a high severity level of spalding; or,
a crack faulted,1/2 inch (13 mm) or more.

How to Measure: Cracks are measured, in Tinear, feet or meters for
each level of distress. The length and severity
of each crack should be, identified and recorded.
If the crackqdfEs, not hawe the same severity level
along the éntire length, @ach general portion of
the crack having a“different severity level should
be recorded separately:

Figure 3.19. Low Severity Longitudinal Crack.
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Figure 3.200 Medium Severity Longitudinal Crack.
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Name of Distress: Longitudinal Joint Faulting
Description: Longitudinal joint faulting is a difference in
elevation at the longitudinal joint between two
traffic lanes.
Severity Levels: L - Some faulting but less than 1/4 inch (6 mm).
M - Faulting of 1/4 inch (6 mm) to 1/2 inch (13 mm)s
H - Faulting of 1/2 inch (13 mm) or more
How to Measure: ,Whereythe'1ongitudina] joint has faulted, the

length of the affected area and thegdiaximum, joint
faulting will be recorded.

Figure 3.21. Longitudinal Joint Faulting.
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Name of Distress:.

Description:

Severity Levels:

How to Measure:

L -

Patch Deterioration

A patch.is an area where the original pavement has
been removed and replaced by either similar or
different material (i.e., concrete or asphalt).
Only permanent patches should be codsidered.

Patch is functioning well with 1ittle Or mo deter-
joration. Some low severity spalling of the patch
edges may exist. Faulting across the slab-patch
joint must be less than 1/4 inch (6 mm). Pateh,is
rated Tow severity even if it is in éxcellent condi-
tion.

Patch has cracked (low severitydevel) and/or some
spalling of medium severity le¥el eXists around the
edges. Minor ruttind.may befpresent. Faulting at

1/4 to 3/4 inch (6-19 mm) exists. <Iemporary patches
have been placed because of permanent patch deteriora-
tion.

Patch has dbterioratéfy, either by spalling of the
patch ruttingwer cracking within the patch, to a
condition which wequires replacement.

The number of patcheés within each sample unit is
recorded. Pateches at different severity levels are
counted and recorded separately. Additionally, the
approximate square footage (or meters) of each patch
and type, (i.e., PCC or asphalt) is recorded. Loca-
tiongof the patch should be identified (joint or
slab)i, A1l patches are rated either L, M, or H.

Figure 3.22. Low Severity PCC Patch Deterioration.
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Figure 3.23. Medium Severity PCC Pateh Detericration.

Figure 3.24. Low Severity Asphalt‘Patch Deterioration.
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Figure 3.25.

Medium

Severity Asphalt Patch Deterioration.
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Name of Distress:

Description:

Severity Levels:

How to Measure:

Patch Adjacent Slab Deterioration

Deterioration of the original concrete slab adja-
cent to a permanent patch is given the above name.
This may be in the form of spalling of the slab at

‘the slab/patch joint, "D" cracking of the slab

adjacent to the patch, a corner break in the adjacent
slab, or a second permanent patch placed adjacent
to the original patch.

Severity levels are the same as that described for

the particular distress found. A second permanent
patch placed adjacent to a previously placed pérmanent
patch will be rated as medium severitgl "Temporahy
patches placed because of this deteftoration will

also be rated as medium severity.

The number of permanent patchés with @istress in the

original slab adjacent to the patch @l weachdSeverity

level will be counted and recorded separately. Addi-

tionally, the tyge,of gatch (AC or PCC) and distress
will be recorded separatelyipalong with the location

(joint or slab).

Figure 3.26.

Patch Adjacent Slab Beterioration.
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Name of Distress:

Description:

Severity Levels:

How to Measure:

Popouts

A popout is a small piece of concrete that breaks
loose from the pavement surface due to freeze-thaw
action, expansive aggregates, or nondurable aggre-
gates. The occurrence of extensive popouts may be
indicative of unsound aggregates and "B" cracking.
Popouts usually range from approximatelyn] inch
(25 mm) to 4 inch (10 cm) in diametepgand from

1/2 inch to 2 inch (13-51 mm) deep;

No degrees of severity are defined| for popouts.
However, popouts must be extensive Before they are
counted as a distress; i.eqf avefage popoutddensity
must exceed approximately @ne popout per square yard
(square meter) over the entiredStabgirea.

The density of popouts can be deteriined by counting
the number of popouts per squamegyard of surface in
areas having typical amounts.

Figure 3.27. Popouts.
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Name of Distress: Pumping and Water Bleeding

Description: : Pumping is the ejection of material by water through
: ' joints or cracks, caused by deflection of the slab
under moving loads. As the water is ejected, it
carries particles of gravel, sand clay, or sdlt,
resulting in a progressive loss of pavement Support.
Surface staining or accumulation of base or subghade
material on the pavement surface close to joimks Ok
cracks is evidence of pumping. Pumping canfoccur without
such evidence, particularly when stabilized bases are
~used. The observation of water being ejected by heavy
traffic loads after a rain storm can also be used to
identify pumping. Water bleeding p€curs When waben
seeps out of joints or cracks.

Severity Levels: L - Water is forced our of a joint or eratk when trucks

- S D pass over the joints or cracks, water is forced out
of the lane/shoulder joint when trucks pass along
the joint, or water bleeding €xists. No fines can
be seen on the Surfacé ofy,the traffic lanes or
shoulder.

M - A small amount of pumped material can be observed near
some of the jefints, or craeks on the surface of the
trafficylang or shoblder.

H - A significant amount ‘0f ypumped materials exist on the
pavement surface of the traffic lane or shoulder along
thedjoints or cracks.

How to Measure: IT pumping or \water bleeding exists anywhere in the

sample unit It is counted as occurring at highest
severity level noted.

83



Figure 3.28. _low Severity Pumping.

Figure 3.29. Medium Severity Pumping.
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ty Pumping.
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Name of Distress:

Description:

Severity Levels:

Reactive Aggregate Distress

Reactive aggregates either expand in alkaline environ-
ments or develop prominent siliceous reaction rims in
concrete. It may be an alkali-silica reaction or an
alkali-carbonate reaction. As expansion occurs, the
cement matrix is disrupted and cracks. B\t appears

as a map cracked area; however, the cracks may go
deeper into the concrete than in normalgmaphcracking.
It may affect most of the slab or itdiay firss appear
at joints and cracks.

Only one level of severity is defined. » If alkal1-
aggregate cracking occurs anywhérenin theyslab, it
is counted. If the reactiofi has Caused spalling or

~map cracking, these also aré counted.

How to Measure:

Reactive-aggregate digtress 16 measungd in square feet
or square meters.

Figure 3.31. Reactive Aggregate Distress.
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Name of Distress:

Description:

Severity Levels:

How to Measure:

L -

M-

Scaling, Map Cracking, and Crazing

Map cracking or crazing refers to a network of shallow,
fine, or hairline cracks which extend only through
the upper surface of the concrete. The cracks tend
to intersect at angles of 120 degrees. Map gracking
or crazing is usually caused by over-finishina, the
concrete, and may lead to scaling of the surface,
which is the breakdown of the slab surface to_2
depth of approximately 1/4 in. (6 mm) to 1/2 in.

(13 mm). Scaling may be caused by deicing/salts,
traffic, improper construction, freeze-thaw cycles,
and steel reinforcement too close to the surface.

Crazing or map cracking exists over most of the
slab area; the surface is in good condifion with

no scaling. (Note: the low severitydlevel |is an

indicator that scaling may dévelop in the future).
Less than 10% of any slab exhibits scaling.

More than 10% of any.slab @xhibits \scaling.

Scaling, map cracking.»and crazing are measured by
recording % ofgarea affetted by each type severity
leveld

Figure 3.32. Scaling.
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Figure 3.33. Scaling“liéar Transverse Joint.

Figure 3.34. Map Cracking or Crazing.
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Figure 3.35. WMap Cracking or Crazing.
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Name of Distress:

Description:

Severity Levels:

How topMeasure:

M -
- { extends more, than three inches from joint or crack.
“Some pieces may be 1o0se and/or missing but the

L -

Spalling (Transverse and Longitudinal Joint/Crack)

Spalling of cracks and joints is the cracking,
breaking or chipping of the slab edges within 2 ft.
(0.6 m) of the joint. A joint spall usually does
not extend vertically through the whole slab thick-
ness, but extends to intersect the joint at an
angle. Spalling usually results from (1)hexcessive
stresses at the joint or crack caused by infiltra-
tion of incompressible materials and &ubsequent
expansion or traffic loading, (2) diSintegration of
the concrete, (3) weak concrete at the joint (Caused
by over-working) combined with traffig\loads, or

(4) poorly designed or construgi@dnload thansfer device.

A spall less than two feet/ long; A¥ spall is broken
into pieces and fragmented, itduust not extend more
than three inches from the Jjodnt or crack. A spall
more than two feet long with'spall _h€ld tightly in
place; if spall is cracked, it cannot be broken into
more thaid ‘threedpieces. | The joint is Tightly frayed
with fray extending he, more than three inches from the

edge of the{aint or Cragk.

A spallgis brokeninto pieces or fragmented and spall

spalled area does not present a tire damage or safety
hazardy The joint or crack is moderately frayed with
fpay extending more than three inches from the edge
of the joimt or crack but not causing a tire damage

- or safety hdzard. Temporary patching has been placed

becauseé of spalling.

Thedioint is severely spalled or frayed to the extent
that a tire damage or safety hazard exists.

Spalling is measured by counting and recording
separately the number of joints with each severity
level. If more than one level of severity exists
along a joint, it will be recorded as containing

the highest severity level present. Although the
definition and severity levels are the same, spalling
of cracks should not be recorded separately. The
spalling of cracks is included in rating severity
levels of cracks. Spalling of transverse and longi-
tudinal joints will be recorded separdtely. Spalling
of the slab edge adjacent to a permanent patch will
be recorded as patch adjacent slab deterioration.
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Figure 3.36. Low Severity Spalling (Fransverse Joint).

Figure 3.37. Low Severity Spalling (Transverse Joint).
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Figure 3.38. Low/Severit¥ Spalling (Transverse Joint).

Figure 3.39. Medium Severity Spalling (Transverse Joint).
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Figure 3.40. Medium Severity Spallifigh(Transverse Joint).

Figure 3.41. Medium Severity Spalling (Transverse Joint).
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Figure 3.42. Medium Severity Spalling (Transverse Joint).

Figure

3.43. High Severity Spa]]iné (Transverse Joint)
(safety hazard).
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dium Severity Corner Spalling.
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Name of Distress:

Description:

Severity Levels:

How to Measure:

L -~

Swell

Swell is characterized by an upward bulge in the
pavement's surface. A swell may occur sharply over

a small area or as a longer, gradual wave. Either
type of swell is usually accompanied by slab@racking.
A swell is usually caused by frost action in the
subgrade or by swelling soil. Swells can often be
identifijed by o011 droppings on the surface.

Swell causes some bounce of the vehicle whigh creates
no discomfort.

Swell causes significant bounce of tiie velicle which
creates some discomfort.

Swell causes excessive bounce of the véhicle
which creates substantial diseomfort, and/or/a
safety hazard, and/or vehicle ‘damage, reguiting
a reduction in speed for safety.

The number of swellsgwithin the inspection unit are
counted and recorded by severity 'leyel. Severity
levels are determined By riding ina mid to full
sized sedan weighiing approkimately 3000-3800 1bs.
(13.3-1609 kNJ over the pavement inspeétion unit

at the posted speed 1imit.

Figure 3.46. Swell Due to Frost Heave.
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Figure 3.47.

Swell Due to Frost Heave located in
same area as Figure 3.46(a cut area).
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Name of Distressi

Description:

Severity Levels:

How to Measure:

L -

Transverse and Diagonal Cracks

These cracks are usually caused by a combination of
heavy load repetition, thermal and moisture gradient
stresses, and drying shrinkage stresses. Medium or
high severity cracks are working cracks and are
considered major structural distresses. (Note:
hairline cracks that are less than 6 feet (1.8"m)
long are not rated.

Hairline (tight) crack with no spalling or faulting.
A well sealed crack with no visible faulting or
spalling.

Working crack with a medium severify level
of spalling and/or faulting less than 1/2 ‘inch
(13 mm) .

. A crack with width of opening gkeater shand inch

(25 mm); a crack with a high severity Tevel of
spalling; or, adthack famlted 1/2. inch (13 mm) or
more.

The number and severitynlevel of each crack should

be identified amdprecorded. If the crack does not
have the, samé severity level along the entire length,
the crack will be rated as the highest severity level
present. “Cracks in patehes will be recorded as

patch deterioration.

Figure 3.48. Low Severity Transverse Crack.
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Figure 3.49. Low Approaching ¥edium Severity Transverse Crack.

Figure 3.50. Medium Severity Transverse Crack.
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Figure 3.51. Medium Severi®yyTransversentrack.

Figure 3.52. High Severity Transverse Crack.
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Name of Distress:

Description:

Severity Levels:

How to Measure:

L -

Blow-up

Blow-ups occur in hot weather at a transverse joint
or crack which will not permit expansion of the con-
crete slabs. The insufficient expansion width of
joints is usually caused by infiltration of ineom-
pressible materials into the joint space. When
compressive expansion pressure cannot be relieved.
a localized upward movement of the slab edges '
(buckling) or shattering occurs in the vicinify of
the joint. Blow-ups can also occur at utilify cut
patches and drainage inlets. Blow-ups are accele-
rated due to a spalling away of the slab at the
bottom creating reduced joint contacig@rean, The
presence of D" cracking also weakefis the concrete
near the joint resulting in increased spal¥lingdand
blow-up potential.

Buckling or shattering has occurkred, Dutpend¥y causes
some bounce of the vehicle which &reates no discom-
fort.

Buckling or shatteringicauses a significant bounce
of the vehicle which creates some discomfort. Tempo-
rary patching hasmbeen plaeed because of a blow-up.

Buckling ok, Shatteringcauses excessive bounce of
the vehicle which creates substantial discomfort,
and/or a safety hazard, @and/or vehicle damage,
requifing a redudtion in speed for safety.

B1ow-ups are ¢fieasured by counting the number existing
inteach inspection unit. Severity level is deter-
mined by riding in a mid to full sized sedan weighing
approximately 3000-3800 1bs. (13.3-16.9 kN) over the
pavement inspection unit at the posted speed limit.
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Figure 4.1. High SeverityyBuckling Type Blow-up.

Figure 4.2. High Severity Shattering Type Blow-up.
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Name of Distress: Corner Break

Description: A corner break is a crack that intersects the joints
at a distance less than 6 ft (1.8 m) on either side
measured from the corner of the slab. A corner break
differs from a corner spall in that the crack extends
vertically through the entire slab thicknessg while
a corner spall intersects the joint at an angle.

Load repetition combined with loss of support, poor
load transfer across joint, and thermal curlin@ and
moisture warping stresses usually cause corpéer
breaks.

Severity Levels: L - Crack is tight (hairline). Well sealed.cracks will
be considered tight. No faulting of breakswp at
broken corner exists. Crack is ndt spalled.

M - Crack is working and spalled at Tow .o# medium
severity. Break-up of broken €orner has nots{ oc-
curred. Faulting of crack or Joint mustube Tess
than 1/2 inch (13 mm). _Temporagy patching has been
placed because ©f "corn@r break.

H - Crack is spalled at“fitgh severity or the corner
piece has broken into“twe or more pieces. If
faulting of crackrar jointyis more than 1/2 inch
(13 mm)it/will De eonsidered high severity.

How to Measure: Corner breaks are measured by counting the number
that exists imeach inspection unit. Different
levéls“af severity should be counted and recorded
s@parately. Corpér breaks adjacent to a patch
will be counted as patch adjacent slab deterioration.

Figure 4.3. Low Severity Corner Break.
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High Severity Corner Break.
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Name of Distress:

Description:

Severity Levels:

How to Measure:

L -

M-

H -

Depression

Depressions in concrete pavements are surface areas
having elevations lower than those of the surrounding
pavement. There is generally significant slab crack-
ing in these areas due to uneven settlement.4hIn many
instances, Tight depressions are not noticeable bptil
after a rain when ponding water creates "bird-bath'
areas. The depressions may also be located without
rain by stains caused by oil droppings from/vehicles.
Depressions can be caused by settlement on €onsolida=
tion of the foundation soil or can be "buil® in" during
construction. They are frequently found above culverts.
This is usually caused by poor comp@ction er soil
around the culvert during construgtion. JDepressions
cause slab cracking, roughness, apnd hydfoplauing when
filled with water of sufficient depthd

Depression causes some bounce \0f the“wehigle which
creates no discamfort.

Depression causes significantwbounce of the vehicle
which creates some discomfort.

Depression camSesnexcessive bounce of the vehicle
which“Cheatés substantial“discomfort, and/or a
safety hazard, and/or wehiclte damage, requiring a
reductionin speed for Safety.

Depressions ave measured by counting the number

that exists in @aeh inspection unit. Each depres-
sion is ratefl\according to its Tevel of severity.
Severity levél is determined by riding in a mid to
full sized s@dan weighing approximately 3000-3800 1bs.
(13.3<16u97kN) over the pavement inspection unit at
the posted speed Timit.
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Name of Distress: Durability ("D") Cracking

Description: = "D" cracking is a series of closely spaced crescent-
shaped hairline cracks that appear at a PCC pavement
slab surface adjacent and roughly parallel to
transverse and longitudinal joints, transverse and
longitudinal cracks, and the free edges of pavement
slab. The fine surface cracks often Clrve around
the intersection of longitudinal joints/€racks and
transverse joints/cracks. These surfage cracks often
contain calcium hydroxide residue which causeés a dark
coloring of the crack and immediate Surrounding,area.
This may eventually lead to disintegration of \the
concrete within 1-2 ft. (0.30-0.6 m) of more of the
joint or crack, particularlyfin the wheelpaths.

"D" cracking is caused by #reeze-thaw expansive
pressures of certain type§ of ce@rsegiggregates.
Concrete durability problems g@used by reactive
aggregates are rated ‘Under “Reactive/Aggregate
Distress."

Severity Levels: - L - The charaéterigtis, crack pattern of closely spaced
: fine cracks with cal@ium hydroxide residue appears

near joints @racks, andjfor, free edges; however, the
width of the affected area is generally less than
12 ingWide at the, center of the lane in transverse
cracks and joints. 'The crack pattern may fan out at
the lintersection of transverse cracks/joints with
Tongitudinal ¢racks/joints. No joint/crack spalling
or only minor corner spalling is present.

M - The charaéteristic crack pattern of closely spaced
crack® had developed near the crack, joint or free
edge 'and is generally wider than 12 in. (30 cm) at
the genter of the lane in transverse cracks and/or
joifits. A low or medium severity level of joint/
crack or corner spalling has developed in the
affected area. Temporary patching has been placed
due to "D" cracking induced spalling.

H - The affected joint or crack has a high severity level
of spalling at joints/cracks or corners. Considerable
material is loose in the affected area. The crack
pattern has developed generally over the entire slab
area between cracks and/or joints.

How to Measure: "D" cracking is .measured by counting the number of
~ joints or cracks (including longitudinal) affected.
Different severity levels will be counted and re-
corded separately. "D" cracking adjacent to a patch
will be rated as patch-adjacent slab deterioration.
"D" cracking should not be counted if the fine crack
pattern has not developed near cracks, joints and
free edges. Popouts and discoloration of joints,
- cracks and free edges may occur without "D" cracking.
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Figure 4.5. Low Severity "0"»Cracking.

Figure 4.6. Medium Severity "D" Cracking.
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Figure 4.7. Medium Severity “O% Chacking.

Figure 4.8. High Severity "D" Cracking.
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Eigure 4.9, nHigh Severity "D" Cracking.
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Name of Distress:

Description:

Severity Levels:

How to Measure:

L -

M -

H -

Faulting of Transverse Joints and Cracks

Faulting is the difference of elevation across a
joint or crack. Faulting is caused in part by a
buildup of loose materials under the approach slab
near the joint or crack as well as depression of the
leave slab. The buildup of eroded or infiltrated
materials is caused by pumping (free meisture under
pressure) due to heavy loadings. Thewarp and/or
curl upward of the slab near the joini.0r crack due
to moisture and/or temperature graddent contributes
to the pumping condition. Lack off load transfer
contributes greatly to faulting.

Average faulting is equal t@@0Fmless than 1416 inch
(1.5 mm).

Average faulting is more| thap{)/16 inch (1.5 mm)
but Tess than 1/5 idch (5 mf).

Avera?e faulting is equal to ormore than 1/5 inch
(5 mm)¢

Faulting 18 'determinediaby measuring the difference in
elevation of &labs at joints for the slabs in the
samplesunit. “Faulting of cracks will be measured

and pecorded sepapately. Faulting will be measured
one foot nifrom the outside (right) slab edge on

all lanes except the inner passing lane. Faulting
wilh be measured one foot in from the inside (left)
slab @dge on the inner passing lane.

Figure 4.10. Crack Faulting.
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Figurend. 1t Joint Faulting.
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Name of Distress:

Description:

Severity Levels:

How to Measure:

L -

H -

Joint Load Transfer System Associated Deterioration
(Second Stage Cracking)

This distress develops as a transverse crack a

short distance from a transverse joint, usually

at the end of joint load transfer dowels. This
usually occurs when the dowel system fails to
function properly due to extensive cé¥rbsion or
misalignment. It may also be caused by '@ sombination
of small diameter dowels and heavy traffi€ loadings.

Hairline (tight) crack with no spalling or faulting.
A well sealed crack with no visible{faulting or
spalling.

The crack has opened to a width Tess thanlinch (25rm);
the crack has faulted lesg than 27ingh (13mm); the
crack may have spalled to @ Tow or medium severity
level; or the area beduween' th& crack and joint has
started to break up buf \pieceshhave#ot been dislodged
to the point that a ting \damage or safety hazard

is presefit. Temporary patches have been placed due

to this jJoint deterieration.

A crack with“width of opening greater than 1 inch

(25 mm)s.a crack with a high severity level of
spalldngs aycrack faulted 1/2 inch (13 mm) or

more; or, theéyarea between the crack and joint has
oroken up and pieces have been dislodged to the point
that a tire damage or safety hazard is present.

The numbér of joints with each severity level are
counted 11 each inspection unit.

Figure 4.12.

Low Severity Joint Load Transfer System Associated
Deterioration in Traffic Lane at Top of Photo.
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Figure 4.13. Medium Severity Joint Load Transfer System
Associated Deterioratien.

Figure 4.14. High Severity Joint Load Transfer System
Associated Deterioration.
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Figure:4J15t High Severity Joint Load Transfer System
' . Associated Deterioration (transverse crack
~ occurs at end of dowel bars).
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Name of Distress:

Description:

Severity Levels:

How to Measure:

Joint Seal Damage of Transverse Joints

Joint seal damage is any condition wh1ch enab1es
1ncompress1b1e materials to infiltrate into the
joints from the surface or allows s1gn1f1cant
infiltration of water. Accumulation of 1ncompres-
sible materials within the joints restricts in-glab
expansion and may result in buckling, shattering,

or spalling. A pliable joint filler bonded to_gdhe
edges of the slabs protect the joints from acéumula-
tion of incompressible materials, and also reduces
the amount of water seeping into the pavement Struc-
ture. Typical types of joint seal damage are:

(1) stripping of joint sealant, {2; extrusion of
joint sealant, (3) weed growth, (4)/hardening of

the filler (ox1dat1on), (5) ]oss of bond £0 thg

slab edges, and" (6) 1ack or absence of sea]ant ih
the joint. :

L - Joint sea]er is in generaTTy good cond1t1on throuqh-
out the section.< Sealant wis performing well with
only a minor amount of any of Jbhe @bove types of
damage present. Littléswater and ho \incompressibles
can infiltrate through the joint.

M - Joint dgaler 45 ingenerally fair condition over
the entir@ surveyed Seetion, with one or more of the
above types 0f damage océurring to a moderate degree.
Water can infiltrate the Joint fairly easily; some
incompressibles ean infiltrate the joint.
Sealant needs replacement within 3 years.

H -oJoint sealer 15 in generally poor condition over
the'entire surveyed section, with one or more of
the abowe types of damage occurring to a severe
degree. “Water and incompressibles can freely infil-
trate the Jo1nt 'Sea]ant‘needs immediate replace-
ment. '

Joint seal damage of transverse joints is rated
based on the overall condition of the sealant over
the entire inspection unit.
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Figure 4.16. Low Sevetity Joint Seal Damage.

Figure 4.17. Medium Severity Joint Seal Damage.
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Figure 4.18. “HighrSeverity Joint Seal Damage.




Name of Distress:

Description:

Severity Level:

How to Measure:

Lane/Shoulder Dropoff or Heave

Lane/Shoulder dropoff or heave occurs wherever there
is a difference in elevation between the traffic
lane and shoulder. Typically the outside shoulder
settles due to consolidation or a setflement of the
underlying granular or subgrade materialy or

pumping of the underlying material. gHEaveyof the
shoulder may occur due to frost acfion or Swelling
soils. Dropoff of granular or soil shoulder Is
generally caused from blowing away 0f, shoulder
material from passing trucks.

Severity level is determined by £omputing the mean
difference in elevation betweefi thedtraffic lane
and shoulder:

L 1/4 -1/2 in. (6 - 13 mm)
M W2 -~ 1a. (3 - 25 mm)
H > 1 in. (> 25 mm)

Lane/shoulder dropoff or heave is measured every

100/ Ft. (30wm) in inches (or mm) along the joint.
The mean difference in elevation is computed from
the data and ‘used to determine severity level.

Figure 4.19. Lane/Shoulder Dropoff.
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Figure 4220« "Lane/Shoulder Heave.
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Name of Distress: Lane/Shoulder Joint Separation

Description: Lane/shoulder joint separation is the widening of
the joint between the traffic lane and the shoulder
generally due to movement in the shoulder. If the
joint is tightly closed or well sealed so that water
cannot easily infiltrate, then lang/shoulder joint
separation is not considered a distress.

Severity Level: No severity level is counted if ghe joinfiis tightly
sealed.

L - ?ome 3pening but less than or equah to 0.12 inch
3 mm).

M - More than 0.12 inch (8 mm) #ut eghal to or less
than 0.4 inch (10 sm) (Opening.

H - More than 0.4 inch (10 mm) hepening.

How to Measure: Lané/shouldén, joint Separation is measured and
recorded in fnches (or.mm) near transverse joints
and at 4uid slab. “The mean separation is used to
determine the severity level.

Figure 4.21. Lane/Shoulder Separation (Asphalt Shoulder).
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Figure 4.22. Lane/Shoulder Separatien (PCC Shoulder).

Figure 4.23.

Lane/Shoulder Separation (high severity due to
gravel shoulder).
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Name of Distress: Longitudinal Cracks

Description: Longitudinal cracks occur generally parallel to
the centerline of the pavement. They are often
caused by improper construction of longitudinal
joints, or by a combination of heavy load repeti-
tion, loss of foundation support, @hd thermal
and moisture gradient stresses.

Severity Levels: L - Hairline (tight) crack with no spadding ok faulting.
A well sealed crack with no visible faulting or
spalling.

M - Working crack with a moderate,or Tess severdty level
of spalling and/or faultihg Tesshthan /2 inch
(13 mm).

H - A crack with widthgreatecdthan 1 finch (25 mm); a
crack with a high severity level 6f spalling; or,
a crack faulted 1/2Vinch (13 §) or more.

How to Measure: Cracks are fieasured in linear feet or meters for
each Teveh of distreéss. \ The length and severity
of each craek should be ¥Pdentified and recorded.
If the crack does not have the same severity level
alang the entire, length, each general portion of
the crackshaving @, different severity level should
be recorded separately.

‘Figure 4.24. Low Severity Longitudinal Crack.
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Figure 4.25. High Severitly Longitudinal Crack in Center Lane.
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Name of Distress: Longitudinal Joint Faulting
Description: Longitudinal joint faulting is a difference in
elevation at the longitudinal joint between two
traffic lanes.
Severity Levels: L - Some faulting but less than 1/4 inchy.(6 mm).
M - Faulting of 1/4 inch (6 mm) to 1/2gimch {13 mm).
H - Faulting of 1/2 inch (13 mm) or more
How to Measure: Where the Tongitudinal joint has ‘faulted, the

length of the affected asfea and, the maximdn joint
faulting will be recorded.

Figure 4.26. Longitudinal Joint Faulting.
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Name of Distress: Patch Deterioration

Description: A patch is an area where the original pavement has
' been removed and replaced by either similar or
different material (i.e., concrete or asphalt).
Only permanent patches should be considered.

Severity Levels: L - Patch is functioning well with Tittle or no detev-

' joration. Some Tow severity spalling of the pateh
edges may exist. Faulting across the slab-patch
joint must bé Tess than 1/4 inch (6 mm). Patch is
rated Tow severity even if it is in excellent condi-
tion. ‘

M - Patch has cracked (Tow severity lewel) and/or some
spalling of medium severity level exists aroufid the
edges. Minor rutting may be present.« Faulting at
1/4 to 3/4 inch (6-19 mm) exists. “emporary/patches
have been placed because of pepmanent pateh deteriora-
tion.

H - Patch has deteriorated, etitherpby Spalling of the
patch rutting or cracking within the patch, to a
condition which requires,replacement.

How to Measure: The number df patches withimeach sample unit is
recorded, »Patches at different severity levels are
counted and recorded separately. Additionally, the
approximate square footage (or meters) of each patch
anddtype (i.e., RCC or asphalt) is recorded. Loca-
tion of the patch should be identified (joint or
slab). All1@atches are rated either L, M, or H.

Figure 4.27. Low Severity Asphalt Patch Deterioration.
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Figure 4.28. High Severity Asphalt Pateh Deterioration.

Figure 4.29. Low Severity Concrete Patch Deterioration.
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Figure 4.30 Medium Severity Concrete Ratch Deterioration.

Figure 4.31. High Severity Concrete Patch Deterioration.
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Name of Distress:

Description:

Severity Levels:

How to Measure:

Patch Adjacent Slab Deterioration

Deterioration of the original concrete slab adja-
cent to a permanent patch is given the above name.
This may be in the form of spalling of the slab at
the slab/patch joint, "D" cracking afhthe slab
adjacent to thepatch, a corner break ‘innthe adjacent
slab, or a second permanent patch placed adjacent

to the original patch.

Severity levels are the same as that described for

the particular distress found. A sg@cond permanent
patch placed adjacent to a prewiously placed permanent
patch will be rated as medilm severity. Tefporary
patches placed because off this deterioration will

also be rated as medium severitiy.

The number of permangnt patches with distress in the
original slab adjacent to the patéh at each severity
Tevel will be counted and recorded separately. Addi-
tionally, the®tybe,of patch (AC or PCC) and distress
will be regorded sepamatély, along with the location
(joint or slah).

Figure 4.32.

Patch Adjacent Slab Deterioration (Corner Break).
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Figure 4.33. Patch Adjacent Slab Detérioration (!B" cracking
& temporary patching).

Figure 4.34. Patch Adjacent Slab Deterioration (second patch,
spalling, "D" cracking and temporary patching).
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Name of Distress:

Description:

Severity Levels:

How to Measure:

Popouts

A popout is a small piece of concrete that breaks
loose from the pavement surface due to freeze-thaw
action, expansive aggregates, or nondurable aggre-
gates. The occurrence of extensivé popouts may be
indicative of unsound aggregates and "B" cracking.
Popouts usually range from approximately.1 inch
(25 mm) to 4 inch (10 cm) in diamet@r and from

1/2 inch to 2 inch (13-51 mm) deef.

No degrees of severity are defined for popouts,
However, popouts must be extensive béfore they are
counted as a distress; ig8., averkage popout density
must exceed approximately one pbpout per square yard
(square meter) over the éntixé slab area.

The density of popouts can be deteérmined by counting
the number of popouts per SquaFe yard of surface in
areasghaving,typical ‘amounts.

Figure 4.35. Popouts.
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Name of Distress:

Description:

Severity Levels:

How to Measure:

Pumping and Water Bleeding

Pumping is the ejection of material by water through
joints or cracks, caused by deflection of the slab
under moving loads. As the water is ejected, it
carries particles of gravel, sand clay, or sidty
resulting in a progressive loss of pavement support.
Surface staining or accumulation of base or subgrade
material on the pavement surface close to joip£s or
cracks is evidence of pumping. Pumping can g€cur without
such evidence, particularly when stabilized bases are
used. The observation of water being ejected by heavy
traffic loads after a rain storm can alse,be used to
identify pumping. Water bleeding ogfurs when water
seeps out of joints or cracks.

L - Water is forced our of a jointdor crack when trucks
pass over the joints or cracks, water is forgéd out
of the lane/shoulder joint when trucks pass aiong
the joint, or water bleeding exists. No fines can
be seen on the surface<of "the traffic lanes or .
shoulder.

M - A small amount of pumpedimaterial can be observed near
- some of the jodntShor cracks on the surface of the
traffi€ lanel or shoulder.

H - A significant amount of pumped materials exist on the
pavement sur€age of the Traffic lane or shoulder along
thedjoints or Cracks.

If pumping of water bleeding exists anywhere in the
sample unit 1t is counted as occurring at highest
severity level noted.




Figure 4.36. Low Severity Plmping (Water Bleeding).

Figure 4.37. Medium Severity Pumping (pumped material like this
occurs only at a few of the joints and cracks).
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Figure 4238. High Severity Pumping.
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Name of Distress:

Description:

Severity Levels:

How to Measure:

Reactive Aggregate Distress

Reactive aggregates either expand in alkaline environ-
ments or develop prominent siliceous reaction rims in
concrete. It may be an alkali-silica reaction or an
alkali-carbonate reaction. As expansibn occurs, the
cement matrix is disrupted and cracks.” Lt appears

as a map cracked area; however, the cracksway go
deeper into the concrete than in normal map eracking.
It may affect most of the slab or it/may firstiappear
at joints and cracks.

Only one level of severity is_defined. »If alkali-

aggregate cracking occurs anywhere tin the slab, it

is counted. If the reactifn has gaused spalling or
map cracking, these also are couhted.

Reactive-aggregate distress 15 measureéd in square feet
or square meters.

Figure 4.39. Reactive Aggregate Distress (Photo For Jointed Plain

Concrete Pavement).
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Name of Distress:

Description:

Severity Levels:

How to Measure:

L -

Scaling, Map Cracking, and Crazing

Map cracking or crazing refers to a network of shallow,
fine, or hairline cracks which extend-only through
the upper surface of the concrete. The cracks tend
to intersect at angles of 120 degrees. Map cpracking
or crazing is usually caused by over-finishing &he
concrete, and may lead to scaling of the surface,
which is the breakdown of the slab surface to a
depth of approximately 1/4 in. (6 mm) to 1/24n.

(13 mm). Scaling may be caused by deicing salts,
traffic, improper construction, freeze-thaw €ycles,
and steel reinforcement too close to the surface.

Crazing or map cracking exists over' most of the
slab area; the surface is in good /[€onditiOn with
no scaling. (Note: the Tow severity J@vel i§ an
indicator that scaling may defélop' inl the futlre).

Less than 10%0of any slab exhibits scaling.
More than 10%of any slab éxhibits scaling.
Scaling, map cracking, and crazing are measured by

recording % of area affected by each type severity
levelg

Figure 4.40. Scaling.
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ure 4.41. Scaling.
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Name of Distress:

Description:

‘Severity Levels:

How to Measure:

L -

Spalling (Transverse and Longitudinal Joint/Crack)

Spalling of cracks and joints is the cracking,
breaking or chipping of the slab edges within 2 ft.
(0.6 m) of the joint. A joint spall usually does
not extend vertically through the whole slabf Bhick-
ness, but extends to intersect the joint at an
angle. Spalling usually results from (1) excessive
stresses at the joint or crack caused by infiltra=
tion of incompressible materials and subsequént
expansion or traffic loading, (2) disintegration of
the concrete, (3) weak concrete at the joint (caused
by over-working) combined with traffig.,loadsy or

(4) poorly designed or constructed d0ad Cransfer dewice.

A spall less than two feet Tong; [If spall isf Broken
into pieces and fragmented, it must 4ot extend more
than three inches from the joint o¥ crack. £/A spall
more than two feet long with §pall held #ightly in
place; if spallgis cracked, it\€annot be broken into
more than three pieceS. 'The joint is 1ightly frayed
with fray extendinghno more £han three inches from the
edge of the joint o¥ erack.

A spadl is brbkeminto pieces or fragmented and spall
extendsymore than three faches from joint or crack.
Some pieces may be Jobse and/or missing but the
spalled area does not present a tire damage or safety
hazard, The Joint or Crack is moderately frayed with
frdy extending more than three inches from the edge
of the joint or €rack but not causing a tire damage
or safety Wazard. Temporary patching has been placed
pecause of spalling.

The“Joini™ i's severely spalled or frayed to the extent
that a tire damage or safety hazard exists.

Spalling is measured by counting and recording
separately the number of joints with each severity
level. If more than one level of severity exists
along a joint, it will be recorded as containing

the highest severity level present. Although the
definition and severity levels are the same, spalling
of cracks should not be recorded separately. The
spalling of cracks is included in rating severity
levels of cracks. Spalling of transverse and longi-
tudinal joints will be recorded separately. Spalling
of the slab edge adjacent to a permanent patch will
be recorded as patch adjacent slab deterioration.
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Figure 4£42. 1Ow Sevenity Spalling (Fray).

Figure 4.43. Low Severity Spalling.
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Figure 4.44. Medium Seve¥isy Spallingn Passing Lane At
Top Of photo"Ald High Severity Spalling In
Trugklbane,

Figure 4.45. Medium Severity Spalling.
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Figure 4.46.

Figure 4.47.

Hign“Severity Spalling.

High Severity Spalling.
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Name of Distress:

Description:

Severity Level:

How to Measure:

L -

Spalling (Corner)

Corner spalling is the ravelling or breakdown of the
slab within approximately 2 ft (0.6 m) of the corner.
A corner spall differs from a corner break in that
the spall usually angles downward at about 45 ‘to
intersect the joint, while a break extends vertically
through the slab. Corner spalling can be caused by
freeze-thaw, "D" cracking, and other factors,

Spall is not broken into pieces. No spalling of crack$§
exists. Spall is in place and is not loose." Corner
spalls with both edges Tess than 3 inghesplong will

not be counted.

One of the following conditions exists:d Spall is

broken into pieces; cracks arg spalled; some or all
pieces are loose or absent but do not present tire
damage or safety hazard. Corner spall“is patched.

Spall is broken iWto and/orwpieces of the spall have
displaced to the exient that théy present a tire
damage or safety hazavd:

Cornergdspallifig 18 measuredyby counting and recording
separately the numberof corners spalled at each
severity level within the inspection unit.

Figure 4.48. Medium Severity Corner Spall.
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Figure 4.49. HightSeverity Corner Spall.

Figure 4.50. High Severity Corner Spall.
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Name of Distress:

Description:

Severity Levels: L -

M -

How to Measure:

Swell

Swell is characterized by an upward bulge in the
pavement's surface. A swell may occur sharply over

a small area or as a longer, gradual wave. Either
type of swell is usually accompanied by slab craeéking.
A swell is usually caused by frost action in_the
subgrade or by swelling soil. Swells can offen be
identified by soil droppings on the surface}

Swell causes some bounce of the veh1c1e which creates
no discomfort.

Swell causes significant bounce of the vébicle which
creates some discomfort.

Swell causes excessive bounce 0f the vehiclé
which creates substantial discomfort, and/or a
safety hazard, dnd/or ¥Ehicle damage, requiring
a reduction in speed, for Safety.

The number of swells within the inspection unit are
counted and regorded by Séverity level. Severity
levels are déterminéd by widing in a mid to full
sized sedan we1gh1ng approximately 3000-3800 1bs.
(13.3-16.9 kN) jover theypavement inspection unit

at the posted speed Tim1¥.

Figure 4.51. Swell Due to Frost Heave.
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FiguedndsB2. Swell Due to Swelling Soils.
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Name. of Distress: Transverse and Diagonal Cracks

Description: These cracks are usually caused by a combination of
heavy load repetition, thermal and moisture gradient
stresses, and drying shrinkage stresses. Medium or
high severity cracks are working cracks and are
considered major structural distresses. (Note:
hairline cracks that are less than 6 feet (1.8m)
long are not rated.

Severity Levels: L - Hairline (tight) crack with no spalling or faulting.
A well sealed crack with no v1s1b1e fau1t1ng or
spalling.

M - Working crack with a medium severify level
of spalling and/or faulting 1ess than T/2 nch
(13 mm).

H - A crack with width of opening greater;than 1 1inch
(25 mm); a crack with a high severity tevel of
spalling; or, ad@rack famlted 1/2 inch (13 mm) or
more.

How to Measure: The number and severitylevel of each crack should
be identified_and, recorded. If the crack does not
have £he samé severity Tevel along the entire length,
the crack will be rated as the highest severity level
present.™ Cracks in patehes will be recorded as
patch deterioration.

Figure 4.53. Low Severity Transverse Crack.




Figure 4.54. Low Severity Diagemal Crack (Crack is tight even
though itghi@s, some low spalling).

Figure 4.55. Medium Severity Transverse Crack.

148




Figure 4.56. High Severity@lpansverse Crack.

Figure 4.57. High Severity Transverse Crack.
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Name of Distress: Asphalt Patch Deterioration

Description: An asphalt patch is where a portion of the original
: concrete slab has been removed and replaced by a hot
mix asphalt/aggregate mixture as a permanent patch.

Severity Levels: L - Patch is functioning well with Tittle or no detériora-
tion.

M - Patch is somewhat deteriorated: settlement <1/ in.(I3m),
cracking, rutting or shoving has occurred which affects
the riding quality but does not cause tire damage.

H - Patch is badly deteriorated and affect® Fide quahity
significantly. Patch presents tirefdamage potentials
Patch needs to be replaced or repafired sobn.

How to Measure: The number of patches at each¢Severity Tevel within
the inspection unit are counted and vecerdeds
Patching is measured in square ¥eet or square meters
of area.

Figure 5.1. Low Severity Asphalt Patch Deterioration.
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Figure 5.2. Medium Severity Asphalt Patch Deterioration (same
patch as Figmre 5.1 afiter 2 years).

Figure 5.3. High Severity Asphalt Patch Deterioration.
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Name of Distress: Blow-up

Description: Blow-ups are caused by a combination of thermal and
moisture expansive forces which exceed the pavement
system's ability to absorb, in conjunction with a
pavement discontinuity. Blow-ups occur at comstruc-
tion joints or at wide transverse cracks at which
the steel has previously ruptured. The result 9§
a localized upward movement (buckling) of the slab
at the edges of the crack or construction joinht
accompanied by shattering of the concrete in that
area, or a crushing of the slab in that area.

Severity Levels: L - Buckling or shattering has occurred, Ut Only causes
some bounce of the vehicle which cpéates no discoim=

fort.

M - Buckling or shattering causes(a\ significant bounce
of the vehicle which creates some discomfont. Tempo-
rary patching has been placed because of“a blow-up.

H - Buckling or shatteripng causespexcessive bounce of the
vehicle which créates substantial discomfort, and/or
a safety hazard, and/or wehicle damage, requiring a
reduction in speed, for Safety.

How to Measure: The number, of blow-ups,with“edch severity level in
the inspection unit wilh.be counted and recorded
separately. Severity levels are determined by riding
in agiid Bo fullhsized sedan weighing approximately
3000-3800 1bs(13.3%16.9 kN) over the pavement
inSpection unit at the posted speed limit.

Figure 5.4. High Severity Blow-up.
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Flgure 5.5. High Severity Blow-up.
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Name of Distress: Concrete Patch Deterioratien

Description: A concrete patch is an area where a portion of the
original concrete slab has been removed and replaced
by concrete or other rigid (i.e., epoxy) material.

Severity Levels: L - Patch is functioning well with 1ittle or no deteriora-
tion. A1l cracks and edge joints are tight (hairline)
with no spalling.

M - Patch is somewhat deteriorated: some low sevérity
level spalling and/or faulting around the edggs and/or
cracks in the patch exists.

H - Patch has deteriorated either by cradking, Tawlting
and/or spalling around the edges of/the padich on
within the patch to a state which werranté replacement.

How to Measure: The number of patches at each severity level #iChin
the inspection unit are counted and recorded.
Patching is measuged in sguare feet or square meters
or area. )

Figure 5.6. Low Severity Concrete Patch Deterioration.




Figure 5.7. Medium Severity Concrete Patch Deterioration.

Figure 5.8. Medium Severity Concrete Patch Deterioration.
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Figure@9. High Séwewity Concrete Patch Deterioration.
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Name of Distress: Construction Joint Deterioration

Description: Construction joint distress is a breakdown of the
concrete or steel at a CRCP construction joint. It
often results in a series of closely spaced trans-
verse cracks near the construction jointdor a large
number of interconnecting cracks. These ‘@xgessive
cracks can, in time, lTead to spalling and breakup of
the concrete. If an inadequate steel lapg@F a steel
rupture occurs at a construction joint,/the resul® is
often spalling and disintegration of the surrounding
concrete, and a possible pumpout. This{ €an also
lead to a readily accessible entrance fo¥ water.

The primary causes of construction joint distpess are
poorly consolidated concrete @nd inadéquate steel
content or placement.

Severity Levels: L - 0n1y closely spaced tight eracks with ng spalling or
fautling occur within 10 T8\ (2 m) @fgedch side of
construction, joint,

M - Some low severisy spaldifg,of cracks,or a low severity
punchout exists within 1078 (2 m) of either side of
the construction Joint. Temporary patching has been
placed.

H - Significant deterioration and breakup exists within 10 ft.
(2 m)“of the constrliction joint, that requires patching.

How to Measure: The number bf construction joints at each severity
level is noted and recorded.

Figure 5.10. High Severity Construction Joint Deterioration.
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Figure 5.T%. \High Severity Construction Joint Deterioration.




Name of Distress:

Description:

Severity Levels:

How to Measure:

Depression

Depressions in concrete pavements are surface areas
having elevations Tower than those of the surrounding
pavement. There is generally significant slab crack-
ing in these areas due to uneven settlefient. In many
instances, light depressions are not noticeable until
after a rain when ponding water creates "bird-bath"
areas. The depressions may also be locat@d without
rain by stains caused by oil droppings{ from vehiigles.
Depressions can be caused by settlement or conselida-
tion of the foundation soil or can be ¥built in" [during
construction. They are frequently found above culverts.
This is usually caused by impx@per-compactiomof soil
around the culvert during cofiStructi@n. _Depressions
cause slab cracking, roughness, anfl 'nydfoplaning when
filled with water of suffiicientddepth.

Depression causes some bguhce of thervenicle which
creates nogdiscomfort.

Depression cauSes signifieant, bounce of the vehicle
which creates SOme discomfort.

Depressifn causes extessive bounce of the vehicle
which freates Substantial discomfort, and/or a
safety hazard, @nd/or vehicle damage, requiring a
reduction in speed for safety.

Depressionsyare measured by counting the number

that exists ip each inspection unit. Each depres-
sion i§ kated according to its level of severity.
Severity level is determined by riding in a mid

bo fullfSized sedan weighing approximately 3000-
3800m1bs. (13.3-16.9 kN) over the pavement inspection’
unit at the posted speed limit.

Figure 5.12. Depression.
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Name of Distress:

Description:

Severity Levels:

How to Measure:

Durability ("D") Cracking

"D" cracking is the name applied to concrete deter-
joration identified by a series of closely spaced
crescent-shaped hairline cracks that appear in a

PCC pavement slab adjacent and roughly parallel to
transverse cracks, longitudinal joints, and free
edges of pavement slabs. These fine surface“€hacks
often curve around the intersection of longitudinal
joints and transverse cracks. The surface craeks
often contain calcium hydroxide residue whigh causes
a dark coloring of the crack and immediaté Surrounding
area. This may eventually lead to disintegration
(i.e., spalling) of the concrete within 1-2fh,
(1.3-0.6 m) or more of the joint org€racks, pavtis
cularly in the wheelpaths. "D" c¢packing 18" caused
by freeze-thaw expansive pressure of cértainftypes
of coarse aggregates. Concrete durability problems
caused by reactive aggregatef are‘rdted under
"Reactive Aggregate Distress.’

"D" cracking shouwld ngfpbe counted if the fine crack
network has not 'developed near transverse cracks,
Tongitudinal joint§ or free edges., Discoloration

or staining of joint§.ncracks or ¥ree edges may
exist that aregmet "D €kacking associated. Popouts
may Henpresént without "“Dficracking.

The characteristic Tine, crack pattern of closely
spaced fine eracks has developed near cracks, joints
or fréenedges iyhowever, the width of the affected
area is generally < 12 inches (30 cm) wide at
transverse gracks 'at the center of the lane. The
¢rack pattevn may fan out at the intersection with
Tongitudinal joints or free edges. No spalling has
occUrred, dnd no patches have been placed because

of "D"ieracking.

A fine crack pattern has developed near the crack,
Joint or free edge and: (1) the affected area around
transverse cracks exceeds 12 in. (30 cm) in width at
the center of the lane; or (2) lTow or medium severity

~spalling has developed in the affected area around

the joint, crack, or free edge; or (3) temporary
patches have been placed due to "D" cracking.

The pattern of fine cracks has developed near cracks,
joints and free edges and: (1) the pattern has
developed generally over the entire slab area bet-
ween transverse cracks; and/or (2) high severity
spalling has developed in the affected areas.

"D" cracking is measured by rating the longitudinal
joints and each transverse crack affected according
to its severity level.
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Figure 5.15. High Severity "B" Cracking.

Figure 5.16. High Severity "D" Cracking (note exposed edge
of slab at bottom of photo).
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Name of Distress: Edge Punchout

Description: An edge punchout is first characterized by a loss of
aggregate interlock at one or two closely spaced
cracks (i.e., usually less than 48 in. (122 cm) apart)
near the edge joint. The crack or cmpacks begin to
fault and spall slightly which causeS the portion
of the slab between the closely spaced“€packs to act
essentially as a cantilever beam. Asgheavi truck
load applications continue, a short/ ongitudinal
crack forms between the two transvérse cracks about
24-60 in. (61-152 cm) from the pavement edge.| Ewen-
tually the transverse cracks breakdown, further, the
steel ruptures and the piegés of Boncreteypufich down-
ward under load into the gubbase and subgrade. There
is generally evidence of [pumpin@ nea# edge punchouts,
and sometimes extensive pumpifig. The distressed
area will expand in §ize t0 adjoining cracks and
develop into a very Targe aredwif#hot repaired.

The edge punchout is the major structural distress
of CRCR.

Severity: L - A longitudinal crack develaps between two closely
spaced transvepse cracks.” The Tongitudinal and
transs@pse cracks are fairly tight and only slight
faul £1ng spalling is present.

| M - The transverseiand/or longitudinal cracks have
begun, to widen“and spall with faulting or punching
down 0f. the concrete less than 1/2 inch (13 mm).

H - Theféoncrete within the boundary of the punchout is
breaking up, has been punched down into the subbase
morgé than 1/2 inch.(13mm)and/or has an asphalt patch
gl top. If the area has been asphalt patched with
asphalt it is still considered a punchout and not
an asphalt patch since this is only a temporary
patch.

How to Measures The number of edge punchouts and their level of
severity are recorded for each inspection unit.

164




Figure 5.17. Low Severity Edge Punchout (Note: @ fine Tongitudinal
crack has developed between the two closely spaced
transvefi8e cratks).

Figure 5.18. Medium Severity Edge Punchout (this photo is same
edge punchout as Figure 5.17 after one year).
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Figure 5.19. Medium Severity Edde Punchout.

Figure 5.20. High Severity Edge Punchout.
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Figure 5.2, High Severity Edge Punchout.
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Name of Distress:

Description:

Severity Level:

How to Measure:

Lane/Shoulder Dropoff or Heave

Lane/Shoulder dropoff or heave occurs wherever there
is a difference in elevation between the traffic
lane and shoulder. Typically the outside shoulder
settles due to consolidation or a settlément of the
underlying granular or subgrade material, or

pumping of the underlying material. 4Heave of the
shoulder may occur due to frost action or swebling
soils. Dropoff of granular or soil shoulder 1%
generally caused from blowingaway of shoulder
material from passing truckss

~Severity level is determipéd by £omputing the mean

difference in elevation bgtweer the traffic lane
and shoulder:

L 1/4 - 1/2 in. (6 - 13 mm)
M 21 in. (3 - 25 mm)
H > 1 1in. (> 25 mm)

Lane/shoulder dropoff or heave is measured every

100 ft. (30'm) in inches (or mm) along the joint.
The mean difference in elevation is computed from
the'data and used to determine severity level.

Figure 5.22.

High Severity Lane/Shoulder Dropoff.
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Figure 5.23% High! Severity Lane/Shoulder Heave.
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Name of Distress: Lane/Shoulder Joint Separation

Description: Lane/Shoulder joint separation is the widening of
the joint between the traffic lane and the shoulder
generally due to movement in the shoulder. If the
joint is tightly closed or well sealedgso that
water cannot infiltrate, then lane/shotlder joint
separation is not considered a distress.

Severity Level: Severity level is determined by the méan joint
opening. No severity level is counted if the
joint is tightly sealed.

L - Some opening but less than org@qualnto 0.1
(3 mm).

M - More than 0.12 inch (3 4mm){ Butdequal £o or less
than 0.4 inch (10 mm) Opening.

H - More than 0.4 inch (10 mm)\ opening.

How to Measure: Lane/shouldergjoint séparation is measured in inches
(mm) at 100 Foot (30 m)“inbervals. The mean separation is
used to determinéythe severity level for the entire
inspecti@imunit.

Figure 5.24. Medium Severity Lane/Shoulder Joint Separation
(asphalt shoulder).
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Figure 5.26. High Severit# Lane/ Shoulder Joint Separation
(concrete“shoulder).




Name of Distress:

Description:

Severity Levels: L -

M -

How to Measure:

Localijzed Distress

A Tocalized area of slab where the concrete has
broken up into pieces or spalled. The Tlocalized
distress takes many shapes and forms. Many times
it occurs within an area between{intersecting,
Y-shaped or closely spaced cracks.™ hocalized
distress can occur anywhere on the slah, surface,
but is frequently Tocated in the diheelpaths.
Inadequate consolidation of concdrete is often a
primary cause of localized distress.

A Tow severity spalling ormbreakup of the £oncrete
has occurred.

A moderate amount of spallifg or Breakup of the
concrete has develboped, of tTemponary patching has
been placed becausé of €he,localdzed distress.

Highaseverity spalling and/or settlement of the
concrete has dexeloped resulting in a definite
safety dlazard.

The_number<0f, localized distress areas are counted
afid reeorded at, each severity level in the inspec-
t1on unitb,

Figure 5.26.

Medium Severity Localized Distress.
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Figure 5.27. Medium Severity Losalized Distress.

Figure 5.28. Medium Severity Localized Distress.
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Figure 5.29. Medium Severity Localized Distress.

Figure 5.30. Medium Severity Localized Distress.
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Name of Distress: Longitudinal Cracks

Description: Longitudinal cracks occur generally parallel to
the centerline of the pavement. They are often
caused by improper construction of longitudinal
joints or by settlement or heave qfithe foundation.

Severity Levels: L - Hairline (tight) crack with no spalliaghor faulting.
A well sealed crack with no visiblegfaulting or
spalling.

M - A crack with a moderate or Tess seVerity level
of spalling and/or faulting less tham 1/2 ingh
(13 mm).

H - A crack with width greater thdn 1 dfich (25 mm); a
crack with a high severiity devel of spalling; or,
a crack faulted 1/2 dinch. { 13 mm) or more.

How to Measure: Cracks are measured |n Tinear feet or meters for
each€lével df wistress., The Tength and severity of
each crack should he Tdéntified and recorded. If
the crack dees not have the same severity level
along the enbire length, each general portion of
theg@Pack having a different severity Tevel should
bé recorded separately.

Figure 5.32. Medium Severity Longitudinal Crack.
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Name of Distress:

Description:

Severity Level:

How to Measure:

Longitudinal Joint Faulting

Longitudinal joint faulting is a difference in eleva-
tion at the longitudinal joint between two traffic
lanes. Longitudinal joint separation is the widening
of the longitudinal joint between two traffict lanes.
Maximum faulting of less than 1/4 inch (6 rmm),

Maximum faulting of 1/4 inch (6 mm) to 1/2/inch
(13 mm).

Maximum faulting of 1/2 inch ( 13 mm)gemsmore.

Where the Tongitudinal joint has faulted 4he length
of the affected area and the maximum joint faUlting
and separation will be used tpfdetermine severity
level.

Figure 5.33.

High Severity Longitudinal Joint Faulting.
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Name of Distress:

Description:

Severity Level:

How to Measure:

Patch Adjacent Slab Deterioration

Deterioration of the original concrete slab adjacent
to a permanent patch is given the above name. This
may be in the form of spalling of the slab at the
slab/patch joint, "D" cracking of the{Slab adjacent
to the patch, a corner break in the adjacent slab,
or a second permanent patch placed adjacenthto the
original patch.

Severity levels are the same as that| described ‘fok
the particular distress found. A second permanent
patch placed adjacent to a prewiously placed permna-
nent patch will be rated asiedium seyerity.

The number of permanent pafchesMith distress in

the original slab adjacent ‘tothe patch at each
severity level will be €ounted and reCorded separately.
Additionally, the type of patch (A€ or PCC) and
distress will be recorded separately.

Figure 5.34.

Medium Severity Patch Adjacent Slab Deterioration
(Spalling)
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Figure 5.35. High Severity Patch“Adiacent Stab Deterioration
(Edge Punchout ).

Figure 5.36. High Severity Patch Adjacent Slab Deterioration
(Spalling).
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Name of Distress:

Description:

Severity Levels:

How to Measure:

L -

Pumping and Water Bleeding

Pumping is the ejection of material by water through
joints or cracks, caused by deflection of the slab ~
under moving loads. As the water is ejected, it
carries particles of gravel, sand, clay, or silt,
resulting in a progressive loss of pavement support.
Surface staining or accumulation of base or subgrade
material on the pavement surface close to joints. or
cracks is evidence of pumping. However, pumping

can occur without such evidence, particularly when
stabilized bases are used. The observation of

water being ejected by heavy traffic loads after

a rainstrom also can be used to identify pumping:
Water bleeding occurs when water seéps out of joints
or cracks.

Water is forced out of the cofistruction joint or
crack when trucks pass over the jointser cracks,
water is forced out of the lane/shoulder joint when
trucks pass alon@ihzthe jéint. or ‘water bleeding exists.
No fines can be seen on the surface of the traffic
lanes or shoulder. <There is evidence of the lane/
shoulder joint being ‘wokn away by high pressure water.

A smaldhamoun® of pumped material can be observed
near somenof the joints or ¢racks or on the shoulder.

A significant)amount of pumped material exists on
the paveément “Surface along the joints or cracks or
on/the shoulder.

If pumping or water bleeding exists anywhere in the

sample unit it is counted as occurring at highest
severiby level noted. _ '
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Figure 5.38. Low Severity Pumping (wafer ejected out of
: transverse crackunder truck wheel).

Figure 5.39. Low Severfty Pumping (water ejected out of
Tongitudinal joint under truck wheel).
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Figure 5.40. Low Severity Water Bleeding:

Figure 5.41. Medium Severity Pumping of Fines.
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Figure 5.42. Medium Severity Pumping of Fines.

Figure 5.43. High Severity Pumping of Fines.
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Figuce 5.44. “ Very High Severity Pumping of Fines.
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Name of Distress: Reactive Aggregate Distress

Description: Reactive aggregates either expand in alkaline
environments or develop prominent siliceous reac-
tion rims in concrete. It may be an_alkali-silica
reaction or an alkali-carbonate rea€tion. As
expansion occurs, the cement matrix 7§ disrupted
and cracks. It appears as a map cracked area; how-
ever, the cracks may go deeper intothe Conerete
than in normal map cracking. It may affect mest
of the slab or it may first appear at joints ‘and
cracks.

Severity Levels: Only one level of severitylis defined.” Ifralkali-
aggregate cracking occurg anywhefe in the slab, it is
counted. If the reaction has£aused spalling or map
cracking, these alsofare coufited.

How to Measure: Alkali-aggregate reaction is meédsured in square feet
or square meters.




Name of Distress: Scaling; Map Cracking, and Crazing

Description: ‘ ~Map cracking-or crazing refers to a network of shallow,
fine, or haijrline cracks which extend only through the
‘upper surface of the concrete. The cracks tend to
intersect at angles of 120 degrees. Map cracking or
crazing is usually caused by over-finishing the
concrete, and may lead to scaling of the surface,
which is the breakdown of the slab surface to a
depth of approximately 1/4 in. (6 mm) to 1/2 Ap.
(13. mm). Scaling may be caused by deicing salts,
improper consturction and freeze-thaw cycles.

Severity Levels: L - Crazing or map cracking exists over m@st ofathe
cw slab.area; the surface is in good céndition with
no scaling (Note: the low severity leveldis ad

indicator that scaling may develop \in the future).

M - Less than or equal to 10% of any \inspectionglnit
exhibits scaling.

H - More than 10% of any dnspecti@n,unit exhibits

scaling.

How to Measure: ~ Scaling, map cra@king, andicrazing are measured by
recording. % of area affected by each type severity
level.

Figure 5.45. Low Severity Map Cracking or Crazing.
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Figure 5.46n Medium Severity Scaling (steel close to surface).
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Name of Distress:

Description:

Severity Levels:

How to Measure:

L -

Spalling

Spalling of cracks and joints is the breakdown or
fraying of the slab edges within 2 ft. (0.6 m) of

the crack or joint. A spall usually does not extend
vertically through the whole slab thickness, but
extends to intersect the crack or joint at af amgle.
Spalling usually results from (1) excessive stresses
at the joint or crack caused by infiltration of
incompressible materials and subsequent expap&ion

or tarffic loading, (2) disintegration of theé concrete
from durability problems, (3) weak concretelat the
surface (caused by overworking), or (4) a keyed longi-
tudinal joint failure.

A spall less than two feet Tong (0.6 m); A% spall

is broken into pieces and fragmented, id€ must not
extend more than three inches@{76 mm) from the joint
or crack. A spall more than twe feet (0.6 m) long
with spall held tightly in placey if spall s cracked,
it cannot be bro#en inte,more thah three pieces. The
crack is lightly “frayed withy,the fray extending no
more than three incHiés from théwedge of the joint or
crack.

A spaldyis bpbken into pieces or fragmented and
spall extends more than thre® inches (76 mm) from
joint or‘gpack. Some pieces may be loose and/or
missing but the spalled area does not present a

tire damage or safety hazard. The joint or crack is
modérately frayedywith fray extending more than
three inches £rom the edge of the joint or crack

but does noticause a tire damage or safety hazard.
Temperary patching has been placed because of
spalling.

The joint or crack is severely spalled, frayed,
or faulted to the extent that a tire damage or
safety hazard exists.

IDf more than one level of severity exists along a
joint, it will be recorded at the highest severity
level present. Spalling of construction joints will
be recorded under "Construction Joint Deterioration."
Spalling of Tongitudinal and transverse cracks will
be recorded under "Longitudinal Joints" and "Trans-
verse Cracks." Spalling of the slab edge adjacent

to a permanent patch will be recorded as "Patch
Adjacent Slab Deterioration." Spalling of longitu-
dinal joints will be recorded under "Spalling."
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Figure 5.47. Low Severity Sgalling of Brausverse Crack .

Figure 5.48. Low Severity Spalling of Transverse Cracks
(these cracks are tight beneath the spalled
surface).
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Figure 5.50. Medium Severity Spalling of Transverse Crack .
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Figure 5.51. Medium Severity Spalling @fpbongitudinal Joint.

Figure 5.52. High Severity Spalling of Transverse Crack
(Note: see Figure 5.11 for an example of
high severity construction joint spalling).
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Name of Distress:

Description:

Swell

Swell is characterized by an upward bulge in the
pavement's surface. A swell may occur sharply over

a small area or as a longer, gradual wave. Either
type of swell is usually accompanied by slab _gracking.
A swell is usually caused by frost action in the
subgrade or by swelling soil. Swells can often be
identified by soil droppings on the surface.

Severity Levels: L - Swell causes some bounce of the vehicle whith creates

no discomfort.

M - Swell causes significant bounce of thE& Véhicle which

creates some discomfort.

H - Swell causes excessive bounce of the véhicle

How to Measure:

which creates substantial dis€emforts and/or/a
safety hazard, and/or vehicle'damage, heguifing
a reduction in speed for safety.

The number of swells withinwuthe Ynspection unit are
counted and recorded by severitymleével. Severity
levels are determined By riding Tara mid to full
sized sedan weighing appreximately 3000-3800 1bs.
(13.3406.9 ki) 6verthe pavement inspection unit

at the“posted speed Pimit.

Figure 5.53.

Swell Caused by Frost Heave (located behind
truck). :
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Swell Caused by Frost Heave.
194

Swell Caused by Swelling Soil.

Figure 5.54.
Figure 5.55.




Name of Distress: Transverse Cracking

Description: Transverse cracking of continuously reinforced slabs
s a normal occurrence and is not in itself consi-
dered to be a distress. As soon as the slab is placed
and begins to harden, drying shrinkage of th€ soncrete
occurs. Reinforcement in the slab and subbase ¥fric-
tion oppose the shrinkage and cracks soon form.

After about 2-4 years, the crack spacing becaes
constant. The purpose of the steel is to hold these
random spaced transverse. cracks tightly togéther so
that load transfer across the crack will betobtained
through aggregate interlock. If the_steel ruptures
or shears, load transfer across thel crack #s Tost
and the crack becomes a potential/locatigh for major
distress. When deicing salts and watex Infiltrate
through a wide crack, the reififorc¢ing steel 18
subjected to corrosion, and the effective diameter
of the steel begins to decrease. Whea thE stresses
due to temperature chapges and leading are greater
than the strength’ of €the steel, the reinforcing bar
ruptures. Indicatofs of sheaked or decreased dia-
meter reinforcing bars, are faulted and/or widened
spalled cracks. Some“€packs may have widened sub-
stantially affer steel vupture. (Note: sometimes
the teansvetse cracks runtdiagonally across the
pavement and intersefh. Havrline cracks that are
less tharn' 3 feet long ake not rated.

Severity Levels: SexEprity levelsnof transverse cracking are determined
b crack spallthguand faulting.

lo- Tight (hairTine) cracks with no faulting, steel
rupture, orgspalling.*

M\- A crack with no steel rupture, faulting Tess than
or equal to 0.2 inch (5 mm) and/or low severity
spalling.*

Hwe Faulting greater than 0.2 inch (5 mm), or steel
rupture, or medium to high severity spalling.*

How to Measure: Faulting is determined by measuring elevation dif-
ference across transverse cracks one foot from the
slab edge. Any cracks wider than 1/8 inch (3 mm)
can be assumed to have some or all steel ruptured.
Thus, all cracks in the inspection unit will be
identified as L, M, or H, and the number of each
recorded. Mean crack spacing can be determined
from this information. Cracks having a Tength less
than six feet are not considered. ATl cracks within
the sample unit will be sketched with severity Tlevels
indicated.

*See definition provided under "Spalling."
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High Severity Iransverse Crack.

Figure 5.58.

High Severity Transverse Crack.

Figure 5.59.
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