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This standasd is issved uader the fixed designarion D G433, the munber inmedi

alely following ehe desigtation fudivates the year of

original adoption or, {n the case of nevision, the year of last revision, A aanber i paceathases indicates the year of last reapprovat, A,
superseript epsilon () indicates editorial clange sioce the jast revision or reagproval,

b Scope ‘ ,

L1 This practice covers the determination of roads and
parking Iots pavement condition through visual survays using
the Pavement Condition [ndex {PCT) method of quantifying
paverent condition, S -

1.2 The PCT for roads and parking lots was developed by the
U.S. Annty Corps of Engineers (4, 237 1L is further verified and
adopted by DOD and APWA, T -

L3 The values stated in inch-pound units are to be regarded
as the standard. The 81 umitg given in parentheses are far
information only, o '

L4 This standard does not purport to address all of the
safety concerns, if any, associzied with ity use. I is the
responsibility of the user of this standard 1o establish appre
priate sufety and health practices angd determine the applica-
hility of regidatory Emitations prive 1o use. Specific procay-
tiomary statements are miven in Section 6,

2. Terminelepy _

23 Definitions of Terms Specific to This Standard:

L addivonal semple-—a sample unit inspected in addi-
tion (o the random sample units 10 include nonrepreseniative
sample units in the determination of the pavement condition,
This includes very poor or excellent samples that are pot
typieal of the section and sample wnits, which conlain an
unusuai distress such as g utility cut. If a sample unit
comaining an unusual disiross is chosen at randorn it should he
counted as an additiona] samgre unit and another random
sample unit should be chosen, [f svery sample unit is surveyed,
then there are no additional sample anits,

2.L.2 asphalt concrete (AC) surface—-aggregate mixture
with ant asphalt cement binder. This term also refers to surfaces
vonstrucied of coal lars and natural tars for prrposes of this
practice, : '

L3 pavement branch—a branch 1$ an identifiable part of
the pavement network that s a single entity and has a disting

' This practive is ander the Jurisdiction of ASTM Committer D-04 o Road agd
Baving Materials and is the disect responsibitity of Subconuaittes [64.3¢ oy
Mondestrctive Testing of Yavement Servetuyes,

Current edition sppreaved hise 10, 146, Pubilished September 1999,

* The betdfsce momnbers in paveriboses refor o e lst of references at the ead of
ey sgunclard. '

Sopyright @ ARTA 100 Bag Haetr Urive, Wasl Conshohockan, #a, TS9428-2059, Unites Satus,

“Tunetion. For example,
separate branch.

tresses are cracks, rutting,

each roadway or parking area is g

2.1.4 pavement capdition index (PCH--g numerical rating
of the pavement condition that ranges from 0 1o 100 with 0
being the worst possible condition and 100 being the hest
possible condition.
© .13 pavement condition raiing—a verbal deseription of
pavement condition as a function of the PCT value that varies
from “failed” 1o “excellent” as shown in Fig, |.

- 2.1.6 pavement disiresy-—externsl indicators of pavement
detertoration caused by loading, environmenial factors, con-
struction deficiencies, or a combination thereof. Typical dig-
amd weathering of the pavement
surface. Thstress types and severity levels detailed in Appendix
X1 for AC, and Appendix X3 for PCC pavemnents must be used

“to obtain an sccurate PCY value.

20T pavement sample unit--a subdivigion of a pavement
section that has a standard sizc range: 20 contiguous slabs (¢
slabs if the total number of slabs in the section iy not evenly
divided by 20 or to accommodate st seific field condilion) for
PCC pavement, and 2500 contiguous square foet, = 1000 2
{225 2 20 m?y, if the pavement is not evenly divided by 25460
or te secommmodate specific field condition, for AC pavement.

LB pavement section—g CORIgUOUS pavement area haye

ing uniform construction, mainienance, usage history, and
condition, A section should have the same traffic volume and
load intensity,

LAY poridand cemens concrete (POCY pavemens-
aggregaie wixture with portland cement binder imcluding
wonrcinforced and reinforeed Jjuinted pavement.

2110 rondom sample—a saonple unit of the pavement
secltion selected for inspection by random sampi ing technigues,
such as a random number wable or s$ysiematic random proge-
dure,

3. Summary of Practiee

3.b The pavement is divided into branches that are divides
it sections, Each section is divided into sample wnits, The
type: and severity of pavernent disiress iy assessed by visual
mspection of the pavement sample units. The quantity of the
distress is measured as deseribed jn Appendix X1 and Anpen.
dix X2, The distress dita are wsed o saleulate the POT Tor cach
sample unit. The PCI of the pavernent section s determined




il D 8433 |

EMCELLENT

VERT GO0

FiG 1 Pavement Condition ndex (PS1) and Rating Scale

based on the PCT of the inspected sample units within the

section.

4, Signtficance and Use . :
4.1 The PCY is a nwmerical indicator that rates the surface
condition of the pavement. The PCI provides 1 measure of the
present condition of the pavement based on the distress
obsepved on the surface of the pavement, which also indicates
the structural integrity and surface operational eondition (fo-
catized roughness and safety). The PCI cannot measure siruc-
turaf capacity ner does it provide direct measurement of skid
resistance or roughness. [t provides an objective and rational
basis for determining snaintenance and repair needs and

priorities. Continuous monitoring of the PC is used to estab-

lish the rate of pavement deterioration, which permiis eardy
identification of major rehabilitation needs. The PCI provides
feedback on pavement performance for validation ar Improve-
ment of current pavement design and maintenance procedures,

8. Apparatus

5Y Do Zheets, or other figld recording instruments that
record at a minimum the following information: date, location,
branch, section, sample unit size, siab number and gize, distress
types, severity levels, quantities, and names of surveyors.
Example data sheets for AC and POC pavements ave shown in
Figs, 2 and 3. '

3.2 Hand Odomerer Wheel, that reads to the nearest 6.1 ﬁ.

{30 mun).
5.3 Swaightedge or String Line, (AC only), 10 ft {3 m).
5.4 Scale, 12 in. {300 mun) that reads to % in. (3 mm) or
better. Additional 12-in. (300 smin) ruler or straightedpe is
needed 1o measure faulting in PCC pavements.

5.5 Lavow Plan, for netwerk to be inspected,

6. Hazards : _
6.1 Traffic is a hazard as inspectors may walk on the
pavernent (o perform the condition survey,

7. Samwpling and Sample i

7.0 Identify branches of the pavement with ¢Hferent uses
such as rosdways and parking on ihe network layoui plan.

- 1.2 Divide ecach branch into sections based on the pave-
ments design, construction history, waffic, and eondition.

7.3 Divide the pavement sections into sample units, If the
pavement slabs in PCC have joint spacing greater than 25 i (8
m} subdivide each slab into imaginary slabs. The imaginary
slabs all should be less than or equal 1o 25 1 {8 ) in length,
and the bmaginary joints dividing the slabs are assumed to be
in perfect condition. This is needed because the deduct values
developed for jointed concrete stabs are less than or equal to 25
B (8 m). ' _ .

7.4 Individual sample wails o be inspected should be
matked or identified in a manner o allow inspectors and
quality control personnel to easily Iocate them on the pavement
surface. Paint marks along the edge and sketches with locations
connected to physical pavement features are acceptable. It is
necessary to be able to accurately relocate the sample units 1o
allow verification of current distress dala, 1o examine changes

. in condition with me of a particular sample unit, and to enable

future inspections of the same sample unit if desired,
7.5 Select the spmple units 1o be inspected. The number of
sample units to be inspecied may vary from the following: all

+ofthe sample units in the section, a number of sample units that

provides a 95 % confidence level, or a lesser number, .

7.5.1 All sample units in the section may be inspected to
defermine the average PCT of the seotion. This is usually
precluded for routine management purposes by availabie
manpower, funds, and time. Total sampling, however, iy
desirable for project analysis 1o help esthnate maintenance and
repair quansities,

7.5.2 The minimum pumber of sample units {7) that must be
surveved within a given section to obtain a statistically
adequate estimate (935 % confidence) of the PCI of the scotion
is calculated using the following formula and roundin gatothe
next highest whole number {see g 1),

o NEE XA - 1)+ 55 (1

where: :
e = aoeeptable error in estimating the section PCI: com-
manly, e==:5 PCL points; .
s = standard deviation of the PCT from one samaple unit to
“anather within the section, When performing the inital
inspection the standard deviation is assumed 1o be ten
fer AC pavements and 13 for PCC pavements, This
assumption should be checked a5 described below afier
PCI values are determined. For subsequent inspections,
the standard deviation from the preceding inspection
_ should be used o determing n: and,
N = (otal number of sample units in the section.
T.5.2.1 1 obtaining the 95 % coufidence level is critical, the
adequacy of the number of sample units surveyed must be
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CONDRETE SURFACED ROADS mm PARKING LOTS
CONDITION SURVEY DATA BHEEY FOR SAMPLE UNIT
BRANCH SECTION SAMPLE UNT _—
SURVEYED BY DATE SAMPLE AREA_ —
Disirass Types SRETCH:
2%, Slew uprHuckiing 3%, Pallshaed ﬁgqrégnm
2% Comer Broak 32, Popows
13, Dividad Slab 33« Pumpleg o & " 2 @
4. Durakility Sreck 34, Punchout
35, Faulling 35, Rutlrond Srovsing 90
8. Joint Seat 38. Sealing
AF. LaneSinoulder 37, Sheinkege @ & @ @ &
. Linger Crachng A, Spolling Cornuar
29. Potehing {Large) 38, Spalling Jod g
30, Petehing {Small) : :
: y : " @ ® » ®
DIST BV (a0 BENSITY | DEDLCT
TYPE SLAES % Vb LIE b
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FIG. 3 Joint Rigid Pavement Sonditlon Suwéy Data Sheot for Sarpde Uit

confirmed. The number of sample units was estimated based on
an assueped standard deviation. Calculate the actual standard
deviation {5) as follows {see Eg Iy

®

£ = 3 $PCT - PCLY 02~ 137 {2)

where!

PCE = POL of surveyed sample units 7,

PO = PCT of section (mean PCT of surveyed sample
units), and

” = total nunber of sample units surveyed.

7522 Coleulate the revised minimum number of sample
units (Fg 1) to be surveyed using the calowlated standard
deviation (Bq 23 If the revised nurmber of sample uniis to be
surveyed i greater than the number of sample wnits already
surveyed, select and survey additional random sample units,
These sample units shoutd be spaced evenly across the section,

Bepeat the process of checking the revised number of sammple

units aad surveying additional random sample units uatit the
total number of sample units surveyed equals or exceeds the
minimum required sample wnits (a) in £q 1, using the actual
tedal sample standard deviation. ‘

7.5.3 Once the number of sample uniis to be inspected has
beon determined, compute the spacing interval of the unit
using systematic random sampling. Samples are spaced equally
throughout the seetion with the first sumple selecied at random.
The spacing interval {f} of the units to be sampled is calculated
by the following formula rounded o the next lowest whole
munber:

£ Nin h

where:
N = total mumber of sample units in the section, and
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n = number of sample unils to be inspected,

The first sample unit o be inspected is selected at random
from sample units 1 through 7. The sample units within g
seotion that are successive increments of the interval i afier the
figst randomly selected unit alse are inspecied, )

7.6 A lessor sampling rate than the above mentioned 95 %
confidence level can be used based on the condition survey
objective, As an example, one agency uses the following iable

for selecting the number of sample units to be inspected for
other than projest analysis:
Givan
110 5 sampla unds
G to 10 sample unity
T o 15 sampla Ly

1 1y 40 sample units
wver 44 sampie uhits %

Survay

1 sample unit
2 sample units
3 sampie units
4 sampia units

1.7 Additional sample units only are 16 be inspected when

lenrepresentative distresses are observed as defined in 21,1,

These sample units are selected by the user,

B. Imspection Procedure

8.1 The d{_ﬁ.ﬁﬁiti&ﬂg and guidelines for quﬁnaifying distresscs

for PCL determination are given in Appendix X for AC
pavements. Using this test method, inspeciors should identify
distress types accurately 95 % of the time. Linear measure-
ments shoutd be considered accurte when they are within
10 %4 if serneasured, and wrea measurements showld be consid-
cred scourate when they are within 20% §f remneasured,
Dvistress ée:vcritiq:s that one determines based on ride quality are
considered subjective. : S

8.2 dsphalt Concrete  (40) Surfaced  Pavement-—
Individually inspeet each saniple unit chosen. Sketeh the
saruple wnit, inchiding orientation. Record the branch and
section number and the number and type of the sample unit
(randlom or additional}. Record the sarnple wnit size measured
with the hand odometer, Conduct the distress inspection by
walking over the sidewall/shoulder of the sample unit being
surveyed, meagsuring the quamtity of esch severity level of
every distress type present, and recording the data. Fach
distress must correspond in type and severity to that deseribed

in Appendix X1, The method of measurement is included with,

each distress deseription. Repeat this procedure for each
sample unit fo be inspected. A copy of a Rlank Fleuible
Favement Condition Survey Data Sheet for Sample Unit 15
included n Fig, 2, :

8.3 PCC Pavemenis--Individually inspect each sample unit
chosen. Sketch the sample unit showing the location of the
slabs. Record the sample unit size, branch and section number,
and number and type of the sample unit (random or additionab),
the manber of stabs in the sample unit and the siab $ize
measured with the hand odometer, Perform the inspection by
walking over the sidewalk/shoutder of the sarmple unit being
surveyed and recording all distress existing in the siab slong
with their severity level. Fach distress type and severity must
correspond with that deseribed in Appendix X2 Swnmarize
ihe distress types, their severity levels and the number of slabs
in the sample unit containing each type and severity level,
Repeat this procedure for each sample unit to be inspecied. A
copy of a Blank Jointed Rigid Pavement Condition Survey

Data Sheet for Sample Unit is included in Fig. 3.

¥, Caleulation of PCY for Asphult Concrete (AL

Pavement .

9.1 Add up the total quantity. of each distress type at each
severity level, and record them in the “Total Severities”
section. For example, Fig. 4 shows five entries for the Phistress
Type 1, “Alligator Cracking™: SL, 4L, 4L, 8H, and 6H. The
distress at each severity level is summed and entered in the
“Total Severily” seetion as 13 1% (1.2 m®) of low severity and
14 f? (1.3 m®) of medium severity. The units for the quantities
may be either in square feet (square meters), iincar feet

(meters), or number of ocewurrences, depending on the distress

type. ' . :
9.2 Divide the iotal quantity of each distress type at each
séverity level from 9.1 by the 1otal ares of the sample unit and

" multiply by 100 10 obtain the percent density of each distress

type and severily, ] .
9.3 Determing the deduct value (DV) for sach distress type
and geverity level combination from the distress deduct vatue

eurves in Appendix X3, :

9.4 Detcrmine the maxinnmm comected {icduct.va{ue (Chvs

The procedure for determining maxiouen COV from indi-

vidual DVs is identical for both AC and POC pavement fypes,
9.5 The foliowing procedure tmust be used to determine the
maximum CDV, _
9.5.1 If none or only one individusl deduet value is greater
than two, the total value is used in place of the maximum CDV

.in determining the PCL otherwise, maxanum CDV must be
~determined vsing the procedure described in 9.5.2.9.5.5

9.5.2 List the individual deduct values in descending order.
For example, in Fig. 4 this will be 231,234,179, 113, 70,

15 6.9, and 5.3,

9.5.3 Determing the allowable number of deducts, m, fom
Tig. 3, or using the following formuta {see Eq 4);
: mo= ]k (9% 100-1DV) = 10 143

where:
H

i

aliowable number of deducts including Fractions
(mast be less than or equal to ten), and
HOV = highest individual deduct value,
(For the example in Fig. 4, m = | + {IREHI00-25.1) = 7.,
9.5.4 The number of individual deduct values is reduced o
the m largest deduct values, including the fractional part, For

:

- the example in Fig. 6, the values are 250,234,179, 11.2, 7.9,

7.5, 6.9, and 4.8 {the 4.8 is obtained by muitiplying 5.3 by (7.9
=7 = 0.99). If less than m deduet values are available, alt of the
deduect values are used.

9.5.5 Determine maximum COV iteratively, as shown in
Fig, 6.

9.5.5.1 Determine total deduct value by summing individual
deduct values. The total deduct vahie is obtained by adding the
individual deduct values in 9.5.4, that ig, 104.7.

9.5.5.2 Determine g as the mumber of deducts with 2 value
greater than 2.0 For example, in Fig. 6, ¢=8.

9.5.5.3 Determine the CIOV from total deduct value and 5
by laoking up the appropriste correction curve for AC pave
ments i Fig. X415 in Appendix X3,

%.5.54 Reduce the smallest individual deduct value greatey
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Adjustment of Number of Deduct Values

12 . i .
» : ? i
a4 ( ;
o X ;
"'Eﬁ 8 .J) - ..mh:ﬂ.__._..,,.“m.__.f f e e :_
= : . : ' :
3 = +{8/98) * (100 - MaxDV)
ol & o . et
B ! ! .
] : ‘
£ :
oo v
O 4 - - .
¢ :
pZa ?

2 B . |

0

20 40

- Highest Deduct Value

60 80 100 120

FIG. 5 Adjustmerit of Numbar of Deduct Vaiuss

thaw 2.0 to 2.0 and repeat 9.5.5.1.9.5.5.3 ontil ¢ = 1

9.5.5.5 Maximum CDV is the fargest of the CDVs,

9.6 Caleulate PCI by sublracting the maximom CDV from
FOG: PCY = 100-max OOV, '

9.7 Fig. 6 shows a summary of PCI caloalation for the
example AC pavernent data in Fig. 4. A blank PCI caleulation
form ix included i Pig. 2. :

18, Calendation of PCY for anand Cement Céﬁwrem
{(POC) Pavement

F0.1 For each unique combination of distress type and
severity tevel, add up the total number of slabs in which they
oveur, For the example in Fig. 7, there are two slabs containing
low-severity corner hreak {Distress 231 '

10.2 Divide the number of slabs from 101 by the total
mmber of slabs in the sample unit and multiply by 100 1o
abtiin the percent density of each distress type and severity
combination,

0.3 Determine the deduct values for each distress type
sevarity level combinstion using the corresponding deduct
cueve in Appendix X4,

10.4 Determine PCT by following the procedures in 9.5 and
9.6, using the correction curve for POC pavemenis {see Fig.
X4.20 in Appendix X4) in place of the correction curve for AC
pavements.

10.5 Fig. 7 shows a sumwary of PCI calenlation for the
example PCC pavement distress data in Fig. 8.

. Determination of Seetion POCY

1 {fall surveved sample unils are selected randomly or if
every sample unit s surveyed then the PCI of the section ix the
average of the PCls of the sample units. If additional sarnple
usits, as defined in 2,11, are surveyed then g weighted averape
is used as follows:

PCL = (N~ AXPCRYN + APCT N {5

where;
PCI; = weighted PCT of the section,
N = total nurober of sample units in the section,
4 = number of additional sample units,
PClL, = mean PCI of randomly selected sample units, and
PCLy = mean PO of additional selected sample uniis,

HL.2 Detennine the overall condition sating of the section by

using the section PCI and the eondition rating scale in Fig, 1.

12, Report

121 Develop a summary report for cach section. The
sumnraary lists section location, size, tolal number of sarnple
units, the sample units inspecied, the PCls abtained, the
average PCT for the section, and the section condition raing.
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CONCRETE SURFACED ROADS AMD PARKIING LOTS

CONIDITION SURVEY DATA E'zf*iﬁﬁ"i'_ FOR SAMPLE UNT
BRANCH sSeconn SECTION, oot GAMPLE LT i -
SURVEYED 8Y_waxr DATE 10 1.1 B SAMPLE AREAR 05 sdadag
Distress Types : BRETCH: ’
1, Rlow upiBuckilag 31, Poliahed Agregats
3. Corper Broak 32, Papouts
23. Divided Stk 33, Pumplng w e "
A4, Durahility Crack ¥4, Puachoo e g '
14, Faulting 385, Rellrosd Crowsing i ; 10
2§, Jaint Sasl 38, Beating . ]
A7, LensiBhoowlder 7. Bhelnkage & g,w....«.,ﬁ;,__qu; so
8. Linasr Cracking 8. Snalilng Cormar 203 JIoL
28, Petching {Lawge) 38, Gpalilvg Juhed s N S 4
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FIG. 7 Example of a Jointed Rigld F”z&wénwﬁi Conditlon Survey Data Sheat
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FIGE. 8 Calewlation of Corrscted P Walug-——Jolniad Rigld Pavement

APPENDIXES

(Nenmnodatory laformation)

X1, Distress in Asphalt Pavements

AL1 During the field condition srveys and validation of
the PCI, several questions are commonly asked about the
identification and measurement of some of the distresses. The
AnSWETS to these questions for each distress are included under
the heading™ How to Measure,” Far converience, however, the
most frequently raised issues are addressed helow:

KLL1IF alligator eracking and rutting occur in the same
ares, each is recorded separately at {ts respective severily level,

XELZ I bleeding is counted, polished aggregate is not
counted in the same area.

K113 Spalling as used herein is the further breaking of
pavement or loss of materials around cracks or joints,

AL14 I a oreck dows not have the same severity level
along its emire length, each portion of the crack having a
different severity level should be recorded separately. [f,
however, the different levels of severity i a portion of 4 crack
cannot be casily divided, that portion sheuld be rawed at the
highest severity level present,

KLLS If any distress, including eracking and potholes, is
found in a patched area, it is not recorded, its effect on the
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pateh, however, i considered in determining the severity level
of the patch.
XL16 A sipnificant amouns of
be presemt befors it is counted.
&1.1.7 A distress is said to be caveled if the aren surround-
ing the distress is broken {sometimes to the extend that pieces
are removed),

potished ageregate should

X1.2 The reader should note that the Hems above are
general issues and do not stand alone as inspection criteria, To
properly measure each distress type, the ingpector nust be
familiar with its individual measurement criteria.

AL Nineteen distress types for asphalt-surfaced pave-
ments are listed alphabetically in this manual.

RIDE QUALITY

A1L4 Ride quality must be evaluated in order 1o establish a
severity level for the following distress types:

X141 Bumps.

X142 Corrugation.

XE43 Railroad crossings,

X1.4.4 Shoving.

X145 Bwells.

X1.4.6 To determine the effect those distresses have on ride

qualily, the inspector should drive at ihe nonmal aperating
speed and use the following severity-fevel definitions of ride
quality: _ .

KL46.0 L—Low Vehicle vibrations, for example, fom
corrugation, are noticeable, but wo reduction in speed iv
mevessaty for comfort or safely, Individual busnps or settle-
ments, or both, cause the vehicle to bounce slightly, but create
little discomfor, :

X1.4.6.2 M-Mediom, Vehicle vibrations are significant
and some reduction in speed is necessary for safety and
comfbort. Individuat buraps or setilements, or both, cause the
vehicle to bounce significantly, ereating some discomfort.

A14.5.3 H--High. Vehicle vibrations are so excessive that
speed must be reduced considerably for safety and comfort,
Individual bumps or settlemens, or both, cause the vehiole to
bounce excessively, creating substantisl discomfort, sufety
hazard, or high potential vehicle damage.

XEAT The inspector should drive at the posted speed in o

sedan that iy represeniative of cars typicaily seen in local

traliic. Pavement sections near stop signs should be rated at 1
deceleration specd appropriate for the intersection.

ALLIGATOR CRACKING (FATIGUE)

KLS5 Description—Ailigator or fatigue cracking 1§ 4 series
of imterconnecting cracks caused by fatigue fallure of the
asphall conerete swrface under repeated traflic loading, Crack-
i beging ai the bottom of the asphalt surface, or stabilized
buse, where tensile strese and strain are highest under a wheet
load. The cracks propagate to the surface initially as a series of
paralial longitudinal cracks. Afler repeated traffic toading, the
cracks connect, forming many sided, sharp-angled pleces that
develop a pattern resembling chicken wire or the skin of an
ailigator. The picces are generally less than 0.5 m (1.5 ftyon ihe

longest side. Alligator cracking oceurs only in areas subjected
to repeated traffic loading, such as wheel paths, Pattern-lype
cracking that ococurs over an enlire area not subjected to
leading is called “block cracking,” which is not 4 lowd-
associated distress,

X351 Severity Levels:

X1.5.01 E—Fine, longituding] hairline cracks FUAGRINE par-
aflel 1o cach other with o, or only a fow interconnecting
cracks, The cracks are not spalled (Flg, X1

X1.5.1.2 M—Further development of light alligator cracks
into & patlers or network of cracks that may be Hghtly spalled

(Fig. X1.2).

M55 H--Notwork or pattern cracking has progressed so
that the pieces are well defined and spalled at the edges. Some
of the pieces may rock under traffic (Fig. X1.3),

X132 Howio Measure-—Alligator cracking is measured in
Square meters {square feet) of surface area, The major di {Heulty
in meaguring this type of distress s that two or three levels of
severity often exist within one distressed area, If these poriions
can be easily distinguished from each other, they showld be
measured and recorded separstely; however, if the different
levels of severity cannot be divided easily, the entire arca
should be rated at the bighest severity present. 1§ alligator
cracking and rutting cccur in the same ares, each is recorded
separately as Ibs respeciive severity level.

BLEEDING

X6 Descriprion—Rleeding is a film of bituminous mte-
rial on the paverment surface that creates a shiny, glassiiie,
reflecting surface that usually becomes quite sticky. Rleedin g2is
caused by excessive smounts of asphaltic cement or targ in the
miix, exeess application of a bituminous sealant, or low air void

© content, or a combination thereof. I occurs when asphalt fills

the weids of the mix during hot weather and then expatids onto
the pavement surface. Since the bleeding process in not
reversible during cold weather, asphatt or tar will accumulate
on the surface.

X1.6.3 Severity Levels:

X164 Le—Bleeding only has ceourred to a very slight
degree and is noticeable only during 2 few days of the year
Asphalt does not stick 1o shoes or vehicles (Fig. X1.4).

" i

rity Alfigator Cracking
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X16L2 M--Bleeding has occurred to the extent that
asphall sticks 10 shoes and vehicles during anly a few weeks of
the year (Fig, X1.5). o

XL6.L3 W—DBleeding has occurred extensively and congid-
erable asphalt sticks 10 shoes and vehicles during at least
several weeks of the year (Fig, X1.6)

X162 How to Measare—Bleeding is measured in square
meters {squore feet) of surface arca. IF bloeding is counted,

FIG. X1.6 High-Sevarity Bleeding

- polished aggregate should not be counted.

BLOCK CRACKING
KVU7 Description-—Block cracks sre intercoanected cracks
that divide the pavement inte approximately rectangalar
pieces. The blocks may range in size from approximately (13
by 0.3 m (1 by 1 1) 163 by 3 m (10 by 10 0), Block cracking
is caused mainly by shrinkage of the asphalt concrete and daily

Stemperature cycling, which results in daily stess/strain ey

cling. It is not load-associated. Block eracking usually indi-
cates that the asphalt has hardened significantly, Block crack-
ing normally ocours over a large portion of the pavernent area,
but semetimes will eccur only in nontraffic areas. This type of
distress differs from alligator cracking in that alligator cracks
form snialier, many-sided pieces with sharp angles. Also,
unlike block, slligator cracks sre caused by repeated traffic
loadings, and therefore, are found only in waffie areas, that is,
wheel paths.
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XK1Y Severity Levels: _

XLT01 L—Blocks are defined by low-severity? cracks
(Fig, Xi.7), ' :

XL7.0.2 M--Blocks are defined by ma:jium«.s‘wcril.y3
cracks (Fig, X1.8), '

XL713 H--Blocks are defined by high- %w,;:fy cracks
(Fig, X1.9),

X122 How to Measure—Block eracking is measured in m*
(1) of surface area, It usually occurs at ane severity level ina
given paversent section; however, iF areas of different severity
levels can be distinguished easily from one another, they
should be measured and recorded separately.

BUMPS AND SAGS

X1 t{ Description:

KLE 1 Bumps are small, locatized, upward dsaplacumms
of the pavement sucface. They are different from shoves in that
shoves are caused by unstable pavernent. Bumps, on the other
hand, can be caused by several factors, including:

X1.8.1.1 Buckling or bulging of umierlymg} PCC slabs in
AC overlay over PCC pavement.

X1.8.1.2 Frost heave {ice, lens g;mwt% 3

X1LE13 Indiltration and buildup of materis] in a crack in
combination with traffic toading (sometimes called “tenting™),

XLA& LA Sags are small, sbrupt, downwarg displcements
of the pavement surface, If bumps appear in a pattern perpen-
dicwlar to traffic flow und are spaced at less than 3 m (10 fi), the
distress is called corrugation. Pistortion and displacement that
oceur over farge areas of the pavement surface, causing large or
long dxps‘ or both, i the pavement should h«' recorded syt
3wufimg

X182 Severity Levels:

X’\.S.ml L—Bump or " sag causes How-severity ride qu.}luy
(Fig, X1.10).

H18.22 M--Bump or sag causes mf:dmm -severity ride
quatity {Fig, X1.11).

AL8.23 He-Tump or sag causes high severity ride thl;ty
(g, X1.12).

' See definitiony of longitudinal transverse cracking within Appendix X210,

FIG. X1.10 Low-Severity Bumps and Sags

X183 How o Messure-——Bumps or sags are measured in
linear meters (feet). I the bump occurs in combination with a
erack, the crack alse iy recorded,

CORRUGATION

XLY Description—Corrugalion, alsa known as “wash-
everity Block Cracking boarding”, is a series of closely spaced ridges and valleys

Fis, X1.7 Low-




(vipples) occurring at fairly regular intervals, usually less than
3 m {10 ) along the pavement. The ridges are perpemdicular 1o
the gattic direction. This type of distress usaally is caused by
traflic action combined with an unstable pavement surface or
base.

X190 Severity Levels: .

XL9 LU L Corrugation produces low-saverity ride qual-
ty (Fig. X1.83), .

XES L2 M- Corrugation produces mediom-severity ride
guality (Fig, Xi.14).

XL LY H--Corrugation
iy (Fig, X115,

#1.9.2 How to Meawwre—Corrugation is measurcd in
seuare meters {square feot) of sarface area,

produces high-severity ride qual-

DEPRESSION

XL Description—Depressions are locslized paversent
surface areas with elevations slightly lower than those of the
sutrounding pavement. In many inslances, light depressions are
not noticeable antil after a rain, when pondimg water crestes a
“birdbath” area; on dry pavement, depressions can be spotied
by looking for stains caused by ponding water. Depressiona are

created by settlement of the foundation soil or dre a result of

FiG. ¥1.43 Low-Severity Carrugation

il e

Lhggakion

Fits. X1.15 High-Beverity Corrugation

improper construction. Depressions cause some roughness, and
when deep envugh or filled with water, can cause hydroplan-
ng,
KLHLT Severity Levels (Maximum Depih of Depression):
KUT0LL E-13 10 25 mm (Y Lo | in) (Fig. X1.16).
AL W0L2 M-25 10 50 mm (1w 2 in) {Fig. X117
X1.10.1.3 H--More than S0 mm £2 in) (Fig. X1, 18),
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" FHI. X146 Low-Severity Depression

2 st

FUs, X'i_.t_“! Medium-Soverity Depression

spuare meters (square {eet) of surface area.
EDGE CRACKING

KU Deseription-— Edge cracks are paralie] 10 and usually
within 0.3 10 0.5 m () to 1.5 1) of the outer edge of the

 pavement, This distress is accelersted by waffic loading and can

be cansed by frost-weakened base or subgrade near the edge of
the pavement. The area between the erack and pavemnent edge
is classified as raveled if it is broken up (sometimes to the
extent that pleces are removed). -

XL Severisy Levels:

X113 L—Low or medium cracking with no breakup or

-raveling (Fig, X1.19).

KLAIL12 M—Medium cracks with some breakup and rave
eling (Fig. X120, .

XLILLS H--Considerable breakup or raveling atong the
edge {Fig. X121} ,

KLAL2 How 1o Measure—{idge cracking s maasure in
lincar meters {feet}.

JOINT REFLECTION CRACKING
{From Lowgitudinal and Transverse POC Slabs)

K112 Description—This distress oceurs only on asphalt-

ssurfaced pavements that have been laid over & PCC slab. |

- does not include reflection cracks from any other type of base,
" that is, coment- or lime-stabilized; these cracks are caused

thainly by thermal- or moisture-induced movement of the POC
stab beneath the AC surface. This distress is not toad-related,
however, waffic loading may cawse 3 breakdown of the AC

- surface near the crack. If the pavement is feagmented along a

~erack, the crack is said to be spalied. A knowledge of slab

dimension beneath
distresses.

XL12.1 Severity Levels: _

XLA2.11 L—One of the following conditions esisis (Fig.
X1.22): Nonfilled crack width is less thag 10 i (¥ in), or
filled erack of any width (filler in satisfactory condition).

XLI2.02 8—-One of the following conditions exisls (Fig.
X123y Nonfilled crack width is greater than or equal to 10
von (Min) and less than 75 mm (3 in.); nonfitled crock less
than ar equal to 75 mm (3 in.) surounded by light secondary
eracking; or, Blled crack of any widith surrounded by light
secondary cracking,

XKELP203 H--One of the following conditions exists (T,
X124} Any crack filled or nonfilled surrounded by medivm-
or high-severity secandary erackiog nonfilled eracks gredier

the AC surface will help to identify these

Wk i
FIG. X1.1% Low-Bay
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“FIG. X1.20 Medium-Severlty Edge Cracking

we-Savarity Jolnt ReSection Cracking

than 75 mm (3 in); or, a erack of any width where approxi-
mately 100 mm (4 in) of pavement around the crack are
severely raveled or broken,

K122 How to Measure—Joint refiaction cracking is mea-

sured in linvar meters (feet), The length and severity level of

cach crack should be identified and recorded separately, For
exanple, a crack that is 15 m (50 1) long may have 3 m (10 {1

16

FIG. X1.23 Medﬁurﬁ«ﬁaveﬁ%’y Jolnt Reflection Cracking

ot B e L e

FiG. X1.24 High-Severity Join Reflaction Crackig

of high severity cracks, which are alf recorded separately, I a
bump soeuss st the reflection erack, it is recorded also.

LANE/SHOULDER DROP-OFF

KLAY Description—{.anefshonider drop-off is o ditfference
in elevation between the pavement edge and the shoulder, This
distress is caused by shoulder erosion, shoulder seltternent, or
by building up the roadway withoul adiusting the shoulder
tevel,

KL Severiry Levels:




KLI3LE L—The difference in elevation between the pave-
ment edge and shoulder is > 25 mun (1 in.) and< 30 un {2in)
(Fig. X1.28) ' o '

X143.1.2 M-—The difference in elevation is
iny and < OO mm {4 i) (Fig. X1.26},

X1LELLY H--The difference in elevation is »
o (Fig X1.27). ‘ ‘

NI1.I3.2 How o Measure—Lane/shoulder drog-off is mea-
sured in Haear meters {foet),

LONGITUDINAL AND TRANSVERSE CRACKING
(Mow-PCC Slab Joint Reflective)

= 50 mm (2

160 mm (4

X L34 Deseription: .

X1.14.1 Lonpitudinal cracks are paraliel o the pavement's
cendertine or laydown direction. Thoy may be caused by:

X114.1.1 A poorly constructed paving lane joint.

X412 Shrinkage of the AC surface due 10 low tempera- _.

tures or hardening of the asphalt, or daily temperature cycling,
or boih, _ L : : :
X1.14.13 A reflective crack caused by cracking beneath the

surface course, including cracks in PCC slabs, but not I’_CC_

Joints, : K N -
X114.L4 Transverse cracks extend across the pavement at

approximately sight angles 1o the pavement centerline or

direction of laydown. These types of cracks are not usually
lowd-associated. ‘ ' :
X1 142 Severity Levels: : _
KILM.21 L—~One of the following conditions exists (Fig,
XE28Y: nonfilled erack width is less than HEmm (3 inl), or
filled crnck of any width (filier in satisfactory condition),

N1.14.2.2 #—One of the foflowing conditions exists (Fig.

X129y nontilled crack width is greater than or equal o 10 mm
and less than 75 nun (Ye to 3 i) nonditled crack is loss than
or equal te 75 mm (3 in) surrounded by light and random

cracking; or, filled crack is af any width surrounded by Hght

rangorn eracking, . :
XL14.23 H—One of the following conditions exists {Fig.
A 1.30% any crack filled ar nonfifled surrounded by medium- or
high-severity random cracking; nonfilled crack greater than 73
a3 i, on, g erack of any width where approximately 100
mun {4 in} of pavement around the crack is severely broken.

F;V ; ¥

Fig, X128 Low

! -
Severity Lana/Shaulder Drop-Off
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Fﬁ(ﬁ.. X4.28 Low-Severity Longitudinal and Transverss Gracking

XUA43 How to Measure—Longitudinal and transverse
cracks are mieasured in loenr mweters (feet), The length and
severity of each erack should be recorded. 11 the crack does not
have the same severity level adong its entire lengih, cach
portion af the crack having s dilforent severity leved should be
recorded separately,
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FHG, X130 Highmﬁaverii:y.hnn itudinal and Transverse Crackdng

i :

PATCHING AND QTH;ETY CUT !":;&TCHING

XVLIS Description-—& pateh is an ares of pavement that hag

been reptaced with new material 1o repair the existing pave-
ment, A pateh is considered a defect no matter how well it is
performing (a patched srea or adjacent arca usually does not
perform as well 25 an original pavement section), Generally,
sonmw rovghness is associated with this distress,

KLES 1 Severity Levels: '

KEI5. LD L—-Patch is in good condition and satisfactory.
Ride quatity is ried as low severily or better {Fig. X131y

XL15.1.2 M—Palch s moderately deteriorated, or ride
quality is rated as medium severity, or both (Fig. X1.32).

X153 #H--Pateh is badly deteriorated, or ride qualily is
rated ay high severity, or both; needs replacement soon {Fig.
XE3D).

XUA52 How o Measwre—Palching is raled in A2 of
surface wrea; however, if a single pated has areas of differing
severity, these arcas should be measured and recorded sepa-
rately. For example, 2 2.5 m? (27.0 () patch may have | m?
(1 %) of medium severity and 1.5 m? (16 8%} of low severily.
These areas wodd be recorded separately. Any distress found
in a patched area will not be recorded; however, its clfect on

D433 L

_' FIG, %131 Low-Sevarity Pamm:ng'and Utility Cut Patehing

: u.l{tﬂa. fg
Gug Patehling

R

Fi5. ¥1.33 High-Sovarity Patebing and Utitity

the patch will be considered when determining the pateh’s
severity level. No ather distresses, for example, are reconled
within a patch. Even if the pach material is shoving or
cracking, the arca is rmed anly as @ patch. If a large amount of
pavement has been replaced, it should not be recorded as a
patch bui considered as new pavement, for example, replace-
ment of a complete nlorsection.
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POLISHED ACOREGATE

X116 Deseription—This distress is caused by repeated
adlic applications. Polished aggregate i present when close
examination of a pavement reveals thal the portion of aggre.-
gate extending above the asphalt is cither very small, or there
are no rouph or angular agarepate particles ‘o provide good
skid resistunce. When the aggregate in the surluce becomes
smooth o the touch, adhesion with vehicle tires iy considerably
redtuced. When the portion of aggregate extending above the
surface is small, the pavement texture does not significantly
contribute o reducing vehicle speed. Polished apgregate
should be counted when close examination reveals thal the
agsregate extending above rthe asphalt is negligible, and the
surface aggregate is smooth to the touch, T bis type of distress
is indicated when the number on a skid resistance test is low or
has dropped significantly from a previous rating, '

ALA6. Severity Levels—No degrees of severity are do-

fined; however, the degree of polishing should be clearly
evident in the sample unit-n that the aggregate surface should
be smooti (o the ta.ue‘rff'ii'ig. X134

KE18.2 How o Measure—Polished sggregate is measured
I square motess {square feet) of surfice area, H bleeding is
counted, polished aggrecate should not he counted,

POTHOLES

XLLT Description-—Pothates are smadl—usually Tess than
750 mm (30 i) in diameter—bowl-shaped depressions in the
pavement surface. They gererally have sharp edges and
vertical sides near the top of the hole, When holes are created
by high-severity alligator cracking, they shoutd be identified og
palimles, 0ol as weathering,

AT Se verity Levely:

X1A7.11 The levels of severity {or potholes less than 750
m 364} In diameter are based on both the diameler and the
depth of the pothote, according to Table X1.1.

KiA732 H the pothole s more than 750 mm {3 ) m
diameter, the area should be determined in square feet and
divided by 0.3 m* (5.3 8%} find the equivalent number of holes,
Hthe depth is 25 {1 in.) or less, the holes are considered

TARLE X1.1 Levels of Jeverity for Potholes
Avdrayge Oiametar {mray ing
200 oy 450

Maxisum Depth of 108 1o 200 il 450 4 750 nws

Pothicte Pita8ing (8t 18 in) (18 t0 30 )
13 fo %28 mm L. L 2]
Y10 1in)
>25 and =50 mm i L3 M
{tia2in)
>58 i A H
{2

medium-severity. [f the depthy is more than 25 mm {) i), they
are considered high-severity {Figs, X1.35-X1.37).

XLAT2 How io Measure—DPotioles are messured by count-
ing the number that ae towe-, medium-, and high-severity and
recording thetn separately.

RAILROAD CROSSING

XLI8 Description-—Railroad crossing defeets are depres-
sions or butps arcund, or betwean fracks, or both.

KLARL Severity Levels:

KIAB. L] L—Rallyoad crogsing causes low-seventy ride
quality (Fig, X{.38),

o XE18.4.2 M—Raitmad Crossing causes medimmeseverity
ride quafity (Fig. X1.39). .

XUAB LI H-—Raitroad Crossing Caises high-saverity ride
quality (Fig, Xt40), ' .

X182 How to Meastre—The ares of the crossing iy
measured i square meters (squase feel) of surface area. If the
crossing does not afiect vide quality, il shouid not be counted.
Any large bump created by the tracks should be counted s part
of the crossing,

RUTTING

KL Deseription—=A rut is o surface depression in the
whee! paths. Pavement aphift may occur along the sides of the
rat, but, i many instances, ruts are noticeable ondy afler a
rainfall when the paths are filled with water. Ruiting stems
from a permanent detformation in any of the pavament layers or

S S
FiG, X1.35 Low-5

2% % R

everity Pothole
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subgrades, usually cavsed by consolidated or latera) movement
of the nunerials due 1o waffic load.
X1198 Severity Lavels {Mean Rut Depth):
XIW9 Lt Le—6 to 13 mm (2 0 4% in) (Fig. Xt41)
XEISLZ M350 25 mum 24 to | inld {Fig, X142,
KU LD He»25 gum (1 in) Fig, X1.43)

20

Low-Saverity Rust

ng

KL192 How to Meapwre—Ratting 18 measured in sguare
mefers (square feet) of swisce area, and ifs SEVerily s
detemined by the mean depth of the rut {see Xi494.1-
11903 The mean rut depth is ealoulated by laying a
straight edge acress the i, measuring s depth, thea vamg
measurements ken alony the length of the it o compuie is




] ‘m AR
¥y Rutting

FIG. X1.43 High-Saverit

niesn depth in u‘liliimeters.
SHOVING

X120 Descripiion: ‘ .

X1.20.1 Shoving is 2 permanet, tangttudingl displacement
of & localized area of the pavement surfics caused by traffic
loading. When trathic pushes against the pavement, it produces
a short, abropt wave in the pavemeni surface, This distress
normatly oceurs only b unstable liguid asphalt mix (cutback or
cmulsion) paventents,

X1.20.2 Shoves alse oecur where asphalt pavements abut
PCT pavements, The PCC pavemenls increase in length and
push the asphalt pavement, cobsing the shoving.

K203 Severity Levels: _

KL20.31 Le-Shove causes low-severity ride quality (Fig,
A4y,

CX1.203.2 Me-Bhove causes medinmeseverity ride quality
(Fig, X143},

X1.2033 He—Shove causes Wigh-severity ride quality {Fig,
Xida) . . '

XE204 How to Meusure—Shoves are measured in square
emeters {feet) of surfacd area. Shoves occurring in patches are
constdered in vating the patel, not as a separate distress,

fh o 6433

FIG. X1.48 High-Severity Shoving

SLIPPAGE CRACKING

X121 Descripfton-—Slippage ¢racks are crescent or halls
moon staped cracks, wsually transverse to the direction of
travel, They are produced when brking or taraing wheels
cause the pavement surfuce o shide or deform. This distress
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wsually octurs in overlaps when there is a poor bond between
the surface and the next layer of the pavement structiure,
XE2E Severity Level: .
XLag L—-Average crack width s < 18 mm 4% inj (Fiu.
X147) : ,
X202 M—One o! the following conditions exists {Fig.
XEA8) averge erack width is 2= 10 and < 40 mm (= Y ard<
[-4% () or the area arouwnd the crack is moderately spalled, or
swreunded with secondary cracks, -
X1ZLL3 H-~One of the lollowing conditivns exists {(Fig,
K1493 the average coack width is > 40 mm {1-% in) or the
ared around the crack js broken inlo easily removed pieces,
X L2122 How o Measure-The area assecialed with a given
slippage crack 15 measured in squine meters (square feet) and
rated according 1o the highest tevet of severity in the area.

SWELL

KA2T Deseription—Swell s characterized by an upward
bulge in the pavement’s surface, o fong, gradual wave more
(han 3 m (10 £y Jong {Fig, X130 Swelling can be accompa-
med by surface eracking, This distress usually is caused by
trost action in the subgrade or by swelling soil,

AVL322.0 Severity Level: o

X1220 L—Swell causes fow-severtty ride quatity. Low-
severity swells are not afways edasy to see but can be detecled
by driving at the speed lmit over the pavemeni seciion, Ap
upwird motion will ocour al the swell if it is present,

X1L2202 M—Swell cayses mun-severity ride qualiy,

X122.03 H-—Swell causcs gh-severity ride guality,

X1.22.2 How to Measure—The surface area of e swell is
messured in sguare meless (snuare teet),

1S B ;
D e
SRR e T
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SORTERAH o

MG FIG. X1.49 High-Severity Slippage Cracking

WEATHERING AND RAVEL

X1.23 Buseription-—Weatkering and raveling are the wear-
ing pway of the pavement surface due to a loss of asphalt or tar
binder and dislodyed aggregate particles. These distresses
inbwate that sither the asphalt binder has hardened appreciably
or that a poor-quatity mixture is present. In addilion, raveling
iy be cunsed by certain types of ratlic, for example, racked

FIG, X1.50 Exampla Swell, Severity level s based on ride gisality
criteria,

velicles, Softening of the surface and dislodging of the
aggregates due o oil spillage also are included ander raveling,
K123 Severity Levels;

i SR S XLZI L L-—Aggregate or binder hus stinted to weur away,
FIG. X1.47 Low-Saverity Stippage Cracking In some sreas, the surface i3 stasting to pit (Fig. X1.51). [n the




ring and Raveling

cuse of oif spillage, tie off stain can he seen, but the surface s
hard and canrol be penetrated with a coin,

X123.42 M—-Ageresate or binder has worn away, The
surface texture s moderately rough and pitted {Fig. X3.52). In
the case of ofl spillage, the surface is soft and can be penetrated
with @ coin, . o '

XE23.03 H—Aggregate or binder has heen WOER away
considerably. The surface texiure is very rough and severely
pited. The pitted areas are less than 10 mm {4 in.) in diameter
and less than §3 mm (4 i) deep (Fig. X1.53); pitted. areas
larger than this are counted as Dbotholes. In the case of oil
spilage, the asphalt binder has lost s binding etlect and the
agiregate has become loose. _

X1.23.2 How fo Menyure—Weathering and raveling are
meksured i square muters (square feet) of surface area.

FiGs.

KZ. DISTRESS IN JOINTED CONCRETE PAVEMENTS

XI1 This Appendix tists aiphabetically 19 distress types  exception of lnear cracking distress, which is defined S¢ P
for jointed conerele pavernents. Distress definitions apply to rately for plain and reinforeed joinied concrete,
bath plain and reinforced jointed conerete pavements, with the

=)
[
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X201 During the tieli condition surveys and validation of

the PCL several questions often are asked about the identifi-
vation and counted methed of some of the distresses. Answers
lo these questions are included under the heading “How o
Counl.” Far conventence, Gowever, the most frequently raised
tisaeed are addressed below. :

X2 LY Fauhing s counted enly at Joints, Faulting associ-
ated with eracks is not counled separately since it is incorpo-
cated o the severity-level definitions of eracks. Crack defi-
itiens are also used In defining comer breaks and divided
stubs, ‘ L :

X2.5.1.2 Joint seal damage is net counted on a slab-by-slab
buasis. Instead, a severity level is assigned based en the overal}
condition of the joint seal in the area, _ _

X21.1.3 Cracks in reinforced concrete slabs that are less
than Vi in. wide are counted as shrinkage cmcks. Shrinkage
cracks shouid rot be counted to determine if the slab is broken
nto tour or more pisces. '

XI5 14 Low-severity scaling, tiat is, crazing, should only

be counted if there 15 evidence that future scaling is likely 1o
ooewr. _

X2EZ The user should note that the dems above are general
issues and do not stand alone as mspection eriteria, To measure
cach distress type propery, the inspecior must be familiar with
the individual distress criteria.

2 Ride Quality:
2,

X2
X2

tevel for ihe following distress 1ypes:

4 Blowup/buckling,

.2 Railroad crossings, ‘

2 T determine the elfect these distresses have o ride
quality, the inspector should drive al the normal pperating
speeit and use the following severity-level definitions of ride
gulity: .

XAL221 LeLow. Vehicle vibrations, for example, from
corrugnlion, are noticeable, but no reduction in speed s
secessary for combort or safety, or individual bumps or
seltlements, or both, cause the vehicle (o bounee shightly but
create fittle discomfort, :

X2.222 Me=Medinm. Vehicle vibrations are significant
ad some reduction in speed s necessary  for safely and
comiort, o individual bumps or setilements cause the vehicle
to bounee significantly, or both, creating soine discomiant,

X123 H-—High. Vehicle vibralions ure so oxcessive that
speedmust be reduced considerably tor salery and comibet, or
individual bumps or settlerments, or both, cause the vehicle o
bounce excessively, creating substantial discomfon, a safely
hazard, or high potentint vehicle damage, or a combination
thersof.

X223 The inspector should drive at the posted speed in a
sedan that is representative of cars typically seen in locsl
teatfie, Pavement sections near stop signs shoutd be rated at a
deeeleration speed appropriate for the wtersection,

BLOWURBUCKLING

ALY Deveription—Blowups or buckles scour in hot
weather, useally at o frassverse crack or joint thot is not wide

Rade quality must be evaluated in order to establish

eneugh to permit slab expansion. The insufeient width usuaily
1s caused by infiltration of iwcompressille materials into i

Joint space, When expansion cannol relieve enough pressure, a

tocatized wpward movement of te slab edges (buckling) or
shattering will oecur in the vicinity of the Jjoint. Blowups abso
cam perur at utility cuts and desinage nlers.

X234 Saverity Levels:

XZ3 44 L—Buckling or shattering causes low-severity

~ride quality (Fig, X2.1).

K232 M-—Buckling or shattering causes medium-
seventy ride quakivy (Fig. X2.23

XI3.03 H—Buckling or shultering calscs high-seventy
ride quality (Fig, X2.3). '

K232 How ta Count—Ar a craek, a Biowup {5 counted as
betug in one slab; however, if the blowup occurs at a joint and
affects two shabs, the distress should be recarded as QLLUITINg
In bwo slabs. When a blewup renders the pavement unpassable,
it should be repaired immediate]y,

CORNER BREAK

K24 Descripfion—A corner bresk is o erack thal ersects
the joints 4t a distance less than or equal to one-halt e siab
lengsh on both sides, messured from the corner of the slab, For
example, & slab measuring 3.5 by 60 m (115 by 2000 1) tha

“has norack L5 m (3 1) on one side and 3.5 m {HES )Y on the

other side is not considered a comer break: it is a diagonal
crack, However, a erack thar miersents 0.5 m {4 1) on one side
and 2.5 m (8 it) on the other is considered a cormer break. A
comer break dilfers foan 4 comer spall in that the crack .
extends vertivally through the entire slab thickness, wheleas a

eormner spall intersects the joint at an angle, Load repetition

combined wvaith loss of support and curling siresses usually
cause cormer broaks,

X240 Sevariy Levely—

K24 L0 Le—Brzak is defined by a low-severity® crack. A
tow severity crack s < {3 mm (14 ind cracks of any widih with

4 Fhe abave crack severity deliniis are for aonncininreed slabs, For teinfomeed
stabs, sve Hnear cracking,

3R

FiG. X2.1 Leow Severity Blowup/8uckting
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%

salislactory fller; no Lautting. The nres between the break and
the jains is zot eracked or may be lightly cracked [Fig, X2.4),

X2.4.42 M-—Break is defined by a medium-severity? crack,
or the ares between the braak and the Jomis, or bath, has o
redisn erack. A medium severily crack is s nonfilled crack >
I3 man and < 30 nun £>Vin, and < 2 in}, a nonfiled crack <
Momm (2 i) with faulting < 10 mm (¥ i), or a any filled
cravk with fulting < 10 mm [Van.y {Fig, X235

XZA43 He-Break is defined by a high-severity® eracl, or
the ares between the break and the Jjoints, or both, is highly
cracked, A high severity crack is a nonfitled crck 50 mm {2
i} wide, or any filled or nonlilled erack with faulting =10 mm
(W dr) {Fin, X2.6),

KEAL Mow i Convi—(istressed slab i recorded g8 one
slab i 11

A2421 A single comer break,

RIALZ More than one break of o particular seventy.

X2 423 Two or move breaks of dillerent severities, For bwo
or more breaks, the bighest level of severity should be
recorded. For example, a slab containing bhoth low- and
medium-severity comer bresks shouid be connted ag one slah
with o smedmm corner bresk,

DIVIDED S1LAB

KL3 Deseription—>S8lab is divided by cracks inte four or

FiG, X2.4 LQW"SAZWEHW Carner Break

¥

FlG. X2.5 Mediuim-Severity Comer 8r

moere peces due to overloading, or inadequate support, o both,
I all pieces or eracks are conbined within g corner hresk, the
distress is categorized as a severe comer break,
X251 Severity Levelr--Table X1 lists severity fevels for
divided slabs, Examples are shown in Figs, X2.7-X2.9
X252 How to Connt—F the divided slab is maegdivm. o
high-severity, no other distress is counted for that siab.

BURABILITY (*D") CRACKING

K26 Deseription-—- cracking is cansed by freeze-thaw
expunsion of the farge agurepate, which, over tise, graduatly
breaks down the concrere. This distress usuzally appears a3 o
pattern of cracks running paratiel und close (o 3 joint ar Linear
crack. Since the concrete becomes saturated near joints and
eracks, o dark-colored depasit can usvally be found ground
fing* D cracks. This type of distress may eventually lead o
disintegration of the entire slab,
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FiG. X2.6 High-Severity Corner Break

TABLE X2.1 Levels of Severity for Faulting

Sevarily Level Csfforance of Elevatian

L. »3 and <10 mm
. (»¥h and <% in}
it =11 and <20 mm
¥ arad <Y in)
h >20 mn
: (=% inL}

FIG, X2.7 Low-Severity Divided Slab

X281 Severity Levels:

XLO.L1 L—"012" cracks cover fess than 15 % of slab area,
Muost of the cracks are tight, but o low pieces may be loose and
or missing (Fig, X2,10).

X16.L.2 8O of the following vonditions exists (Fig.
XL A1y »D" cracks cover less than 5 9% of the area and most
of the peces are loose and or missing, or “I cracks pover
more than 15 % of the aren, Most of the eracks are tight, but a
few pieces may be lpose and or missing.

X16.13 H—"D" cracks cover more than 15 % of the srea
and most of the pleces have come owt or could be removed
casity (Fig, X2,12).

2262 Hew to Count—When the distress is located and
rated at one severity, it s counted as one slab. 1f more (han one
severily level exists, the slab is counted a3 hurvinyg the higher
severity distress. For example, i fow and medium “D"

Glah

Fi, X2.8 Medium-Severity Divide

o

crocking are on the same slab, the slab is counted as mediome
severty eracking only.
CAUTTING
X327 Descriprion:
H27.0 Faulting is the difference in elevation across a Joint
Some common causes of Faulting are as follows:




Tty Fauiting

FIG. X212 High-Severity Durability Cracking

XITAT Seulement because of soit foundation,

X272 Pumping or eroding of material fom under the
slish, -

X27.L3 Curling of the slab edges due to femperature and
moisture changes.

X272 Severity Levely—Severily levels are defined by thé
difference n elevation across the jolo as indicated in Table
X220 Figs. XN2.13.X2.15 show exatiples of the differen:
severiy fevels, )

X273 How to Counr-~Fauliing across a joit is counted as
ove slab. Only alfected slabs are counted. Faulis across & crack
are not counded as distress but are considered wlhen detining,
crack severity.

JOINT SEAL DAMACGE

FiG. X215 Righ-Severity Fautting
K28 Deseription: :

TABLE X2.2 Levels of Sevesity for Punchous X284 Jouw seal damage is any condition it enables soil

Sevanty of the Mastiy of Murriter of Plonas o }'e‘,}ck;‘ w0 &C!‘:ill‘ﬂlliillé. in !Iu_\.; Jomts or ai‘mws szgn‘tfmzml water
Cravky 2103 4105 =5 wnfiltration. Accwnulation of ncempressible materials prevens

I; {’: ; :‘ the slab from expanding and may result in buckiing, shattering,

H " H N of spalling. A pliable joint filer bonded to the edpes ol the

slabs profects e juints fom material acoenmulation aml




prevents waler rom seeping down und saflening the founda-
ten supporiing the slab. Typical types of jownt seal damage are
as follows: ‘

X281 Swripping of joint sealass.

XIB.12 Extrusion of joint seatant,

X28.13 Weed growih,

K284 Hardening of the Rller (nxidation),

XIE L3 Loss of bond 1o the siab edges,

XXB.16 Lack or absence of seafu in the foint,

K2B.2 Severity Levels o

XA L-~Joind sealan is in senerally good condition
tHirtughout section (Fig, XZ.16). Sealant is performing well,
with only minos damage (ses XZEL1-X2.8.1.8), Joint seal
durnage is at low severty if a few of the joints have sealer,
which has debonded from, bt is stll in contact with, the join
edge. This conditien exists if 2 knife blade can be inserted
between sealer and joint face withour resistance, '
COXLE2Y M-—Joint sealant is in generally fair condition
over the entire section, with one or more of the above ypes off
dirnage ccurting to o moderale degres. Sealant needs replace-
ment willtin twe years {Fig. X2.17). Joint seal damage s a1
medium severity ifa fow of the joints have any of the following
conditions: joint sealer is in place, but water access is possible
through visible openings ae more than 3 mm (¥ .} wide, 1¢
aknife blade cannot be inserted asily between seater and joint
laee, tis condition does not exist; purmping debris are evident
at the Joimt; joint sealer is oxidized and “lifeless” but pliable
tike u rope), and generaliy fills the joint ppening; of, veyeta-
ton i the joinl s ohwious but does nel obscure the joiu
opening. :

X28.23 H——Joml sealant is in generally poor condition
aver e enlive section, with oae or more aof the above types of
dinage ocowring o a severe degree, Sealant needs homediate
replaverent (Fig. X2 18). Joint seaf damage is at high severity
H 0% or more of the joint sealer excoeds limiting criteria
lstead sbove or 3 1 % or more of sealer is missing.

X283 How to Comnte—Joing seal damgge 15 10l counted on
d stab-by-skab basis but is rated based on the overall condition
of the sealant over the entire ares.

LANE/SHOULDER DROP-OFF

X219 Deseription—Lanc/shoulder drop-oif is the ditference

FIG, X216 Low-Severity Joint Seal Damage
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FiG

between the settieruent or erosion of the shoulder and the
pavement fravel-line edge. The vlevation difference can be o
safety hazard, snd it also cen cause mereased water infiltration.
K2 Severiry Levels:
XLYLL L—The difference between tie pavement edge
and shoulder 15 >33 and =350 nm U1 and =2 i) (Fig. X2.08 N

PG, X219 Low-Severity Lane/Shoulder Drop-Gft
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N19L2 MoThe dillerence in slevation is =30 ang 00
B =2 and w4 mn.} (Fiy, X2.300.

KEYAZ HomThe difference in elevalion is > 100 mm (=4
o} {Fiy, X221,

X302 How o Courrt~The mean lavesshouider drop-off is
computed by averaging fhe maximum ang minimm drop
along the siah Each stab exbibrting distress s measured
sepaately and counred 48 one slab with the Appropriate
SEVEIY feved,

LINEAR CRAC KING
(Limgitudizml, ’!‘mzzsveme, and Dinganal Cracks)

K2 Das‘c';';’,wr'mzw']'hr.“m: cracks, which divide the slah
IO two or threp picces, usually are caused by a combination
al repeated traffic foading, thermal gradiont curling, ang
repeated moistyre loading. (Slabs divided inso four or more
PiECes are counted us divided slabs.y Mairiine eracks that are
only a few feet long and do net extend across the entire slahb,
are counted gy shrinkage cracks.

X2 Severity Levely (Nonreinginved Stabs}:

X2 Le-Nonfilled? eracks £ 13 pym (a1 iy or
led cracks of iy width with the filler in satiskctory
combition, No faulting exisis Frg. N2.om,

N2H0.82 AfeDpe ol the fbliowing conditions exists: pon.
Hiled eraek with dwidth =13 apd «5p a (W and = 2 in;
ronfilled erack of any width = 50 mun {2 in. with
<TG mum (3 m., ar filled crack of any width with faulting <Jg
mm (i) (Fig. X2.23).

ALI0L3 HeOne of the fellowing condifiong EXists: non.
lled crack with 4 width >30 (2 i}, o Blled op nonéitled
crack ol any widih with Faulting > 10 jun (¥4 i) {Fig. X224y,

XI.i02 Reinforced Shbi

X202 L—Nonfilled oracks Fand 2 25 (= 34 o
C e in) wide; filieg crack of any width with the fifter iy
sulisfactory condition, No faulting aviss

fanlting of

VI,

Litear Cracking

FIG, X222 Low~$avarify

X2H02.2 MeOnp of the following conditions exists: non.
Blted eracks with awidth 2 23 and < 73 m{E | and w3 1)
and ne faulting: nontilied erack of any widih = 73 mu (3 )
with = 10 mm (Moin) ol fauliing, vr filled crack of any widt),
wih = 10 nun (3% i} faulting,

X203 HewOnee of e lollowing conditions  exisgy-
nonfitled cragk 75 (3 i) wide, or Bliod arnontilled erack
of any width witl, faulting =10 mg (¥ in).

X2403 How 1o LCamt-—One tie severily has been idep.
fed, the distress 1y recorded as one siub, It two medigm
severily cracks are withm one siub, the b i3 counted g




%

o

i

FIG, X2.24 High-Severity Linear Gracking

having one high-seventy crack. Siabs divided into four OF J1ore
preces are counted as divided slabs. in reinforced slabs, cracks
<3 mun (Y i) wide are counted as shrinkage cracks. Slabs
longer than 9 m {295 {1} are divided into approximalely equai
length™ slabs™ having imaginary joinis assumed to be in perfect
condition,

PATCHING, LARGE (MORE THAN 0.5 0 |55 £72))
AND UTILFTY CUTS

X2.H Deseription—A patclt is an area where tie origing!
paventent has been removed and replaced by filler material, A
utility cut is a patch that has replaced the origina! pavement to
allow the fustailation or awinlenanee of underground wiilities.
The severity levels of a utility cuf sre assessed aceording o the
swne criteria as large patching.

KLU Severiny Levels,

XKLL B—Parch s functioning well, with little or no
deterioration (Fig. X2.233.

X242 M—Pach is moderately deteriorated, or mnder-
ale spailing can be seen around the edges, or both, Patch
mdterial van be dislodged with cousiderable effon {Fig.
X2.26)

X2ALE3 HewPalch is badly deteriorsied. The extent of the
deterioration warrmnts replacemen (Fig, X227,

30
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thility Suts

FIG. X227 High-Severity Patching, Large and Utifity Cuts
K212 How to Cotnt—i1 2 smgle slab has one or more
patches with the same severity level, it s counted as one shab
contmning that distress. 11 a single slab has more i one
severity fevel, it is counted s one slab with the higher severity
lavel,
PATCHING, SMALL (LESS THAN 0.5 8% 155 1)

A212 Deseripion-—A pateh is sn area where the ariginal
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puavement has been removed and replaced by g filler materiaf,

X2A21 Severtty Levels:

KEIA20 LPatch is functionmg well with little or no
deterioration (Fig. X2.283.

X122 Me—Patch is moderately deteriprated. Pateh ma-
tertad ean e distodged with considerabie effort {Fig. X229}

KIALLY H—Putch is badly detedorated. The extont of

deterioration warrants replacement {Fig, X2.30),

X2IL2 How o Count—I1F 3 single slab hws one or more
patchies with the same severity Jevel, it is counted 2% ane slab
contaning that distress, 11« single shb has more than one

severity level, it is counted as one slab with the higher severiy

leved, _
POLISHED AGGREG ATE

X213 Descriprion—This distress is caused by repeated
ralfic applications. Polished aggregate is present when close
examination ol a pavement reveals that the portion of aggre-

gute extending above the asphalt is either very small, or there _

are na rough or angular sggregate particles to provide good

skid resistance.

XEADY Severigy Levels—Mo degrees of severily are de-

thed; however, the degree of polisiung should be significant
belore It s included in the condition survey and rated as a
defect (Fig. X231, :

X132 How io Cown—A shab wilh pelished aggregate is
counted a8 one slab, :

POPOUTS

X244 Descriprion-—A popout is a smalf piece of pavement
thet breaks foose from the surlice due to revze-thaw action,
comsbined with expansive oggregnies. Fopours usually range in
ditumseter from approximately 25 to 100 mm (] 1o 4 Y and in
depth from 13 1o 30 mm (Vo 2 in 3

X240 Severiy Leveli-—No depress ol severity are de-
tined for popouls; however, popouts must be extensive belore
ey are counted as a distress, Average popout density st
exceed approximately three popouts'm? over the entire slab
area {Fig. X2.323

FilG. X3.28 Law-Savarity Patching, Smait

v

Fi&, X2.31 Polished Aty

gate

KAI42 How o Cotni—The density of the distress must be
measured. I there {s any doubt that tie average 18 grealer than
three popouts per square vard, ot least three random | om? (1)
%) areas should be checked, Whe the average is greater than
this density, the siab should be cowmted.
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FiG. X432 Popouts

PUMPING

X213 Descriprion~~Pumping is the gjection of material
fromy the siab foundation through joints or emcks. Tiss is
vaused by deflection of the slab wilk passing loads, As & load
froves aeross the joint between the slabs, waier is first forced
wider the leading slab, and then forced back under the trailing
slab. This action erodes and eventuaily removes soll particles
resulting in progressive foss of pavement suppart, Pumping can
be identitied by surtace stains and evidence of hase or subgrade
material on ihe pavement close 1o Joinls or cracks. Pumping

uear jeints is caused by poor joint seafer and indicates logs of

suppart, repeated loading evenhuatly will produce cracks,
Pumping also can occur along the sl edge causing loss of
SPPOTL, '

w XIASL Severity Levely—-HNo degrees of severity are de-
lised. 1t is enough o indicate i pumping exists (Fig. X233
und Fig, X234y '

Fi3, X2.33 Pumplog

FIG. X2.34 Pumping

XLI15.2 How to Counte{ipe punping oint between two
slabs is counted ag two siabs; hiowever, i the remaning johts
dround the slab are also pumping, ous slab is added per
additional pumping joint.

PUNCHOUT

X246 Dascriphron—This distress is a localived area of the
stab that is broken into pieces. The punchout can take many
different shapes and forms, but it is usually defined by g crack
and a joint, The distance between the join end the crack or pwo
closely spaced cracks s = 1.5 1 (3 1) wide, This distress is
cansed by heavy repeated loads, inadequale slab thickness, loss
ol foundation support, or a localized concrete construction
deficiency, for example, hoteyeombing,

A216.1 Severity Lovels—Table X372 lists the severify lev-
els for punchowts, and Figs. X2.35.X2.37 shaow CRAMPICS.

X262 How to Counr—If 4 sloh coniaing more than one
punchout or a punchout ond a erack, it is comted s shattered.
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“FIG. X2.37 High-Saverity Punchout

RAILROAD CROSSING

K2AIT Deseripfion-—Raitroad crossing disiress is characler-
teed by depressions or bumps arcund the tracks,

X247 Severiy Levels:

K27 LY b~—Ruilroad crossing causes low-severty ride
quality (Fig, X2.38),

: SRR
FIG. X238 Low-Severity Rallroad Crassing

X21702 M—Rauilroad Crossing causes medium-severiy
ride quality (Fig. X2.39),

XZA203 He-Railroad crossfng causes high-severity ride
quality (Fig. X2.40). .

X212 How 10 Count—~The munber of stabs crossed by
the raflroad twaeks is counted. Any large bumyp eresied Byt
racks should be counted as piit of the crossing,

BCALING, MAP CRACKING, AND CRAZING

K28 Description—— Map cracking or crozing refers o o
network of shallow, fine, or hairling cracks tha extend only
through the upper surtice of the concrete, The cracks tend 1o
intersect at angles of 1209, Map cracking or erazing usually is
caused by concrele over-finishing and may feud to surfaee
seating, which is the oreakidovny of the slab surface 1o a depth
of approximalely 6 1w 13 mm (Vs te 1 in), Scaling also may
be cansed by deicing salts, fmproper construction, freeze-thaw
cycles and poor aggregate. The type of sealing defined here js
not cised by “D7 cracking, It scaling s caused by "D
cracking, it should be counted under that distress oaly,

KIARA Severity Levels:

K208.11 L—Crazing or AP cracking exists over most of
the slab srea; the suriace i in good condition, with only minor
scaling present {Fig, X241n

X2 18.1.2 M—Slab is scaled but fess than i35 Y of i
Is aflected (Fig. X2.42),

X2AB 13 H—Slab is scaied over more than E3 % of ftsarea
{Fig. X243,

X282 How 1o Count—a scaled slab i$ counted as one
slab, Low-severity crazing only should be counted jf the
patential for scaling appears to be et or o tew smali
pretes come out.

i s it

SHRINEAGE CRACKS

X249 Deseription—Shrinkage cracks are haidine cracks
that wsunlly are less than 2-m lorg aned do not extend acrogs e
entire slab, They are formed during the setting and euring or
the concrete and usually do net extend through the depth ol the
shals, _ .

K2A9.0 Severity Levelo—No degrees of severity are de-
fined. 1t [s encugh 10 indicate that shrinkage eracks are present
{Fig, X2.44)

FiG. X238 Medium-Severity failread Crossing
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FiG. X242 Medium-Severity Scaling, M

R

ap Cracking, and Crazing

X219 How to Coy-—1 any shrinkage coacks exist an a
particular stab, the slaly is counled as one slab with shrinkage
crachs,

SPALLING, CORNER

the breakdown of
1) of the corner, 4

X229 Daveriptiva—Comer spalling,

iq
the stab withiin approximstely 0.5 m {13

3

4

comer spall differs from a corner break in that the spail sty
angles downward 1o intersect the joinl, whereas a breuk
axtends vertically through the stab corner. Spalls fess than 130
m {3 i) from the erack to the corner on both sides shouid
not be counted.

K22000 Severity Levels—Table X2.3 lists the levels of
severity for comer spolling. Figs, X245.X2.47 show ex
amples. Comer spalling with an ares of less than 650 om [y
in?) from the crack so the comer on both sides should not by
cotmted,

R2202 How i Count—if one or move comer spadis with
tha sume sevenity Jeved are in a slab, the slab is counied as O
stab with cormer spalling. If more fhan one severily level
oeeurs, it is counted as one slab with the higher severity level.

TABLE X231 Lavels of Severity for Corner Spallisg

Diransions of Sides of Spatt
VHY #1330t e 300 4 300 mm J00 & 300 mm
B St (12 2 12y {=12 » 12 wn)

Capth of Spal

<25 mun L [
{3 i)
226 40 50 mm i ]
[V 2}
=80 orn i H
{2 in)
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SPALLING, JOINT

X22V Deseripion: .

X2.ZLT Joinl spalling i the breakdown of the stab edges
withln 0.3 m (1.5 {1) of the joint. A joint spali usually does not
extend vertieally through the siab, but miterseets the joint at an
angle. Spalling results from:

XKLL LT Excessive stresses al the joint caused by teadlic
loading or by iafiltation of incompressible materials.

X221 02 Weak conerete at the joint caused by overwork-
iy, .

K220 L3 Water accwmulation o e joint and freeze-thaw
action,

X222 Severity Levels—Table X24 and Figs, X2.48-
X230 show the severity levels of joint spaliing, A frayed joint
where the concrete hus been worn away along the entire doin
is rated as fow severity,

K223 How o Comne—If spail is along the edee of one
stab, it is counted as one slab with joint spatling. (¥ spafling is
on more than sne edge of the same sfab, the edpe baving the

FiG. X2.47 High-Severity Spalling, Cornar

TABLE X2.4 Levels of Severity for Jolnt Spalling
S Lungth of Spal

o e i85 >3.8
Spall Piac Sps . ’
nlas Piaces Widit of Spali (1.5 iy (1.5 K}
Tight—cannot be remaovad sy <8 mm i L
{maybs a few piaces missing. {#in}
. =100 mim L L
Lowsg--can be remaved and <100 mm [ ]
SO pIBLas drs missing,
mosl or ell mecas are mwsing,
spalt is shallow, less than 25 .
i {1 inj, >0 i E ]
Missing—mast or all pieces have =100 mn L
“Baan camovad, =100 mm 4 H

AR

FIG. X2.48 Low-Severity Spaliing, Join

highest severity is counted and recorded as one stab, Joint
spalling also con oerur along the edges of 1wo adiacent slabg.
I this is the case, each slab s connted as having joint spalling,
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