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PREFACE

This report documents work accomplished between July 1974 and
July 1976 by the U S Army Construction Engineering Research
Laboratory under MIPR No. FQ 89527666005 from the Air Force
Civil Eng ineering Center (AFCEC), Tyndal l AFB , Florida.
Mr Donald N. Brown was Project Engineer for the Civil Engi-
neering Center.

On 8 April 1977 AFCEC divided into two organizations . AFCEC
became part of the Air Force Engineering and Services Agency
(AFESA) . The Research and Development function remains under
Air Force Systems Command as Dot 1 (Civil and Environmental
Engineering Development Office (CEEDO) ) SQ ADTC. Both units
remain at Tyndall AFB FL 32403.

To assure continuity of publication of the remaining volumes
of this work e f f o r t, it is necessary to supersede the published
AFCEC Technical Report. CEEDO is the sponsoring agency and
Mr Donald N. Brown remains as the Project Engineer.

This report has been reviewed by the Information Officer (01)
and is releasable to the National Technical Information Service
(NTIS ). At NTIS it will be available to the general public,
including foreign nations.

This techni cal repor t has been reviewed and is a proved for

Projec~t Of ficer Director Civil Eng ineering
Developmen t

S. PIZZ , Col , USAF, BSC
Commander
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S E C T I O N  1

I N T R O D U C T I O N

BACKGROUND

The Air Force has a very large inventory of old pavements that are
rapidly approaching the end of their economic service lives. As a
result , the maintenance required to keep these pavements in service is

• steadily increasing, and it is anticipated that this increase will be—
• come progressively greater wi th time . Therefore , the Air Force has

identified the need for an adequate method of descr ibing and/or deter-
mining the relativ e condition of airfie ld pavements ; and for developing
procedures for evaluating the consequence of using various maintenance
strateg ies to extend the service life of existing pavements . In addi-
tion , improved methods are needed for assignment of maintenance
priorities to assure optimum use of available maintenance funds. ’

Assuring efficient and economical use of maintenance funds requires
a pavement maint enance management system . The U.S. Army Construction
Engineering Research Laboratory (CERL) is developing such a system under
contract with Air Force Civil Eng ineering Center (AFCEC). The complete
pavement maintenan ce management system is expected to include :

1. Improved and field-validated condition survey procedures for
jointed concrete and asphalt - or tar-surfaced airfield pavements .

2. Objective methods for determining pavement condition indices
based on data obtained from pavement condition surveys .

3. A revised version of Air Force Regulation (AFR) 93_ 5 ,
2 Chapter

3, entitl ed “Airfield Pavement Condition Survey Report. ”

4. Methods for evaluating the consequences of using various
maintenance strateg ies; the methods will provide procedures for
selecting the best specific maintenance strategies based on pavement
condition .

5. Methods for assigning maintenance prioritie s which will
assure efficient and economic use of available maintenance funds.

6. A computer package consisting of a data bank and computation
• system based on all the developments resulting from work described fn
• 

. 1 throug h 5. The computer package will provide an up—to—date pavement

‘“Statement of Work ,” Military Interdepartmental Purchase Request No.
FQ89527666005 (U.S. Air Force Civil Engineering Center EAFCEC]
11 August 1975).
~A [~~~cZ-.1 I~~~’~ “~‘~:t ~~~~~~~~~~ Program , AFR 93—5 (Department of the Air
Force , 17 July 1974).

— —~~~~~~~ -—-- --—— ~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _~~~~;T;;~~~~ • -
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maintenance management system and will be easily adapted to any existing
computer used by the Air Force.

7. Field demonstration of the final versi on of the pavement niainte-
nance management system at one Air Force base will be required.

OBJECTIVE

The objective of this study is to develop a pavement conditi on
index for rating airfield pavement condition. Some of the specific
objectives of the pavement conditi on rating procedure are :

1 . To indicate the present condition of the pavement in terms of
structural integrity and operational surface condition.

2. To provide the base civil engineer with an objective and
rational basis for determining maintenance and repair needs and prior-
ities , and wi th a warning system for early identification and/or projec-
tion of major repair requirements.

3. To provide the major commands w ith a common index for use in
comparing the condition and performance of pavements at all operational
bases wi thin their juri sdictions and in determining justif ication for

• major repair projects, and to provide a basis for in-depth pavement
eval uation by the AECEC .

4. To provide Headquarters , U.S. Air Force (HQ , USAF) with a
rational basis for assigning prioritie s for in-depth pavement evalua-
tions by AFCEC specialty teams .

5. To provide feedback on pavement performance for validati on or
improvement of current pavement design procedures and maintenance
prac tices.

APPROA CH

This report presents the results of work performed during fiscal
years 1975-76. The work primarily consisted of developing airfield
pavement condition survey and rating methods. These methods were field
tested, rev i sed , and validated at nine airfi elds located in different
climates and subjected to varying traffic. Fi gure 1 shows the names and
l ocations of the airfields surveyed .

Figure 2 sumarizes the condition rating procedure and indicates
the six steps necessary to determine an airfield feature pavement
conditi on rating. These six steps are described briefly below.

1. The pavement feature is inspected , and distress types and their
severity levels and density are recorded . Volume II of this report ,
entitled Airfield Pavement Thstreaa Identification Manual, prov ides a
reference for performing the condition survey . It is imperative that

______________- •.~~~ .. .._ . __.~~~~~~~~~~ ; 
z.
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STEP I. INSPECT PAVEMENT; DETERMINE DISTRESS TYPES AND SEVERITY STEP 6 DETERMINE
LEVELS AND MEASURE DENSITY. PAVEMENT CONDITION RATING
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V E RY GOOD

STEP 2 DETERMINE DEDUCT VALUES 
—— _______

~ T CRACXI NG ALL IGAT OR

- 

‘DC ——— .-— I~~ — - — — — —— - 

GOOD

CI DENSITY PERCENT “ ° °‘ DENSITY PERCENT ‘DC’
( Log Scale) (Log Scale )

~~~~~~~~~~ VERY POOR

STEP 3 COMPUTE TOTAL DEDUCT vALUE (TD V )z a +b _____

_____________________________________________________________________________________________ FAILED
ST EP 4 ADJUST TOTAL DEDUCT VALUE o _______

CI 1 ’DV- o .b  •CJ)

TOTAL DEDUCT VALUE

STEP 5 COMPUTE PAVEMENT CONDITION INDEX (PCI)-IOO-CDV

Fi gure 2. Steps for Determining Air f ie ld Pavement Condition Rating.
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• criteria in the manual be used in identif ying and recording the distress
types .

2. For each distress type, density , and severity l evel , a deduct
value is determined from the appropriate curve .

3. The total deduct value (TDV) is determined by adding all
deduct va l ues from each distress condition observed .

4. A corrected deduct value (CDV) is determined based on the TDV
and the number of distress conditions observed with individual deduct
values over five points (two such conditions were observed in the ex-
ampl e shown in Figure 2).

• 5. The pavement condition i ndex (PCI) is calculated as follows :

PCI = 100 - CDV

6. The pavement condition rating is determined from Figure 2 ,
which presents narrative terms describing pavement condition as a func-
tion of PCI value.

A preliminary revision of Chapter 3 of AFR 93-5 containing detailed
procedures was prepared (Appendix A). Preliminary guidelines for deter-
mining maintenance and repair needs of pavements as a function of the
PCI were also developed .

OR GANIZAT ION O F RE PORT

Section II describes current procedures which are available for
determining airfield pavement condition based on measured observable
pavement distresses. Section III provides information, about the types
and frequency of occurrence of distresses found on jointed concrete and
asphalt- or tar—surfaced airfield pavements.

Section IV describes the concepts and theory used in developing the
PCI. These concepts and theory are implemented for jointed concrete
p~~ements in Section V and asphalt- or tar-surfaced pavements in Section
1.

Section VI I presents guidel i nes for inspecting pavements and a
procedure for sampling when time does not permit inspection of the
entire pavement area . Section VIII presents the guidelines for deter-
mining maintenance and repair needs based on the PCI.

Section IX summarizes the work and presents the conclusions and
recommendations -

Complete guidelines prepared for use by the pavement inspector in
rating the condit ion of ai rf ield pavement are conta ined in Appendix A .

S

__________________________________________________________ — .4 
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SECTION I I

CURRENT AIRFIELD PA V EMENT
CONDITION SURVEY PR O CED UR ES

Two procedures are currently available for determining airfield
pavement condition based on measured observable pavement distresses ; one
of these procedures is being used by the Air Force and another by the
Na vy and Marine Corps. This section summarizes these two procedures and
evaluates their capability to measure pavement condition.

CURRENT AIR FORCE CONDIT ION SURVEY PROCEDURE

Air Force airfield pavement condition surveys are currently being
performed by major command civil engineers at all operationa l bases
within each command jurisdiction on a 5-year recurring cycle. The
survey is principally a visual examination of pavement facilities to
observe their reactions to imposed aircraft loadings and to determine
their operational conditions . In addit ion to establishing the pavement
condition , the results of the survey are used as supporting documents
for programming airfield maintenan ce and repair projects and establish -
ing the need for in-depth pavement evaluation by the AFCEC .

The ai rfield pavement network at each Air Force base is f irst
divided into features having the same design and construction history .
The features are outlined and identified on the airf ield layout plan
(Figure 3), and surveyed , as described be l ow .

Jointed Concrete Pavement (Ric; id Pavement) ~‘4.4ition ‘:3J~ ’c~

Each concrete paveme nt feature  is divided into lanes ( sing le rows
of slabs); the slabs comprising each pair of lanes are numbered in
ascending order in the direction of the survey ’ s progression. This
drawing is then used as the condition survey format (Figure 4). To
fa cili tate recording of distres ses on the condition survey format , each
distress is given a symbol , as shown in Figure 5. The inspector per-
forms the survey by walking along the feature and recording the distress
in each slab , as shown in Figure 6. When the survey has been completed ,
t he results are tabulated on a summary form , as shown in Figure 7. The H
“percentage of s labs no defects ” appearing on the summary form is corn-
puted by subtracting the percentage of slabs containing defects from
100 . The “percentage slabs no major defects ” 3 is calculated similarly.

The pa vement ’ s cond it ion is  cla s s i f i e d  according to five condition
categories--excellent, very good , good , f a i r , and poor--based on the
percentage of slabs having no major defects , the percentage of slabs

~i’àr purposes of this computation , major defects are defined as those
that  will impa ir a pavement ’ s load-carry ing capacity , inc lud ing
long i tudina l cracks , tra nsver se cracks , diagona l cracks , corner
breaks , and shattered slabs.
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END END END END
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_ _ _ _  _ _ _ _  15 _ _ _  _ _ _ _
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— - 13 ____  ____  13 ___  ____
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U
-j 5 __ _ _  w 5U,

4 ____  ____  

0

3 _ _  _ _  
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I 2 3 4
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Figure 4. Example Cond ition Survey Format for a Concrete Pavement Feature
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0 Pop-out
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Figure 5. Siqns and Symbols for Recording Concrete Pavement Distress.
Fr om .-~- . - ,/ : ; - ‘ ‘ - , ‘~~~ ~~ - 3 ; ’
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~~’ : i’~~~”;, AFR 93...5

(Depa rtl ient of the Air rorce , 1 7 Jul y 1974).
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LANE LANE

Fi gure 6. Exampl e Condi tion Survey Format Showing
Distresses in Concr e t Pavenent Feature .
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ha v i n g  no defects , and eng ineering judgm ent. Tab le 1 is a general
guideline used to establ ish concrete p a v e m e n t  condition . Regarding use
of this table to establ i sh pavement conditi on , AFR 93-5 recommends the
fol lowing :

“The condition of a rigid pavement is usually assi gned on the
basis of the ‘percentage of slabs , no major defects ,’
since minor defects do not impair the load -car rying capacity
of the pavement. However , when a number of minor defects
are encountered and are noted to be producing debr is or
otherwi se creating an aircraft operational hazard , they
must be cor’ . idered in the f inal assignment of a pavement
condition . ’

Examination of the results of over 20 condition surveys indicated that
the ‘ percent age slabs no major defects ” was used to determine the condi-
tion of cor~crete pavement features in 95 percent of the cases.

The current Air Force concrete pavement condition rating procedure
has two major shortcomings:

1 . Distresses are identified by type without considering severity .
For example , a hairline crack has the same impact on a feature ’s condi-
tion rating as a crack that is severely spalled and is causing high
foreign obj ect damage (FOD) potential to je t aircraft .

2. Determination of the conditi on of a pavement feature based on
percentage of slabs containing no defects or no major defects is in-
adequate . According to these guideline s (Table 1), a slab containing a
transverse or longitudinal crack has the same infl uence on the feature ’s
cond ition rating as a severely shattered slab that impairs aircraft
operations. Percentage slabs containing a certain defect wi th specific
severity would be a better parameter for condition rating.

Fi gures 8 and 9 compare the concrete pavement condition ratings for
severa l pavement sections made using this procedure and the average
subjective ratings of a group of experienced pavement engineers .

The comparison shown in Figure 8 is based on percent slabs no riajor
defects , and that in Figure 9 is based on percent slabs containing no
defects. Both figures show that the current Air Force ratings and
average engineers ’ ratings have reasonable correlation only when the
~tvement is very good or excellent. Otherwise , the current Air Force

I icedure usually underra tes a jointed concrete pavement. For example ,
ccncrete pavements rated as poor by the Air Force procedure were
ra ted as poor , fa ir , good , or very good by the engineers .

or Tar—Surf-z~ -~ .~ Pavement (F lc . r-H 1 /e J” - ? ’ (~”7 1 ) ( ‘ 
~~ i

’ ,
• (~~‘ , ‘~~3~~~~”4

The Air Force currently does not have an objective technique for
assigning a condition rating to asphal t- or tar-surfaced pavements .
These pavements are visually inspected for evidence of distress and
subjectively rated as good , fair , or poor hdsed on the following guide -
lines: - - -
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TABLE 1 . GE N ER A L G U I D E L I N E  FOR ESTABLISHING
CONCRETE PAVEMENT COND I T I ON 8

Percenta ge Sla bs Percen ta ge Sla bs
No Defects 

— 
Ho Ma jor Defects Condition

k=25 to 200 k -‘ 200 k25 to 200 k > 200

90 - 100 90 - 1 00 98 - 100 90 - 100 Excel lent

80 - 90 80 - 90 90 - 98 80 - 90 Very Good

70 - 80 60 - 80 80 - 90 70 - 80 Good

60 - 7 0  50 - 60 7 0 - 8 0  60 - 70 Fair

<60 <50 <70 <60 Poor

a From ,~~~~~- 2 l d  b~~~ : ’  ‘ Ii  t - ’
~~~~ -~~ ~~~~~~~~~~ f~ oir z’~, AFR 93 -5 (Department of the

Air Force , 17 July 1974).
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1. Good--pavements in better than average condit ion wi th no
conspicuous evidence of deformat ion or incipient fa i lures
and with few ( i f  any ) lingitudinal , transverse , or shrinka ge
cracks . Al l  exist ing defects are being properly maintained .

2. Fair—-pavements wi th a higher percentage of transverse ,
long itudinal , or pattern crack ing and minor  defects ,
such a s weathered or oxidized surface , random cracking,
and minor deformation or rutting .

3. Poor-—pavements with severe surface deformation , such as
rutting, shear failure , densification , heaving or raveling,
extensive cracking , or evidence of surface water intru-
sion into moisture — sensitive subsurface layers . A reduc-
tion in  a ll owable  gross  loading should be accomplished for
pavements rated as poor.

Th is rating method ’ s main shortcoming is that it is highly subjec -
t ive ; consequently, different individuals ’ ratings are not necessarily
cons istent. It is also inadequate for programming m a i n t e n a n c e  and repai r
requirements .

N AVY AND MA R I N E  CO RPS C O N D I T I O N  S U R V E Y  P R O C E D U R E

The first step in the Navy and Marine Corps 5 procedure is to divide
the airfield pavement network into ‘discrete areas ’ based on construc-
t ion history and defect distr ibution determined by a preliminary vis ual
survey . Statistical samp ling techni ques are then used to choose sample
areas from ea ch discrete area . The sampling areas are selec ted from the
centra l 100 feet of runways , cen tral 50 feet of taxiways , and entire
discrete area of other a i r fie ld  f a c i l i t i e s  such as ap rons .

The procedure identifies several defect types for jointed concrete
and asphalt — or tar—surfaced pavements . Each defect is issigned a
maximum wei ght based on its effect on the safe operation of aircraft, on
increased maintenance of pavement and aircraft , and on pave~ ent lo l-
carrying capacity . Tables 2 and 3 show the maximum wei qhts foe ~a hdefect type for jointed concrete arid asphalt- or tar-surfaced paVements .
respectively. As these tables show . axim u~i weigh ts can be reduced
based on the environmental conditions at the site . Table 4 shows the
specific defect weights used for U.S. Naval Air Station (~~ N A S ) Cecil
F ld , FL. After the defect weights are established , the condition
rating is determined as outlined below.

~~~~~ ~~ Pz ‘?c<t E!’a~~ a T i ~o~ ~
-
~~~ - ~~‘‘ ~~~~~ AFR 93—5 (Depa rtment of the Air

Force, 17 July 1974).
~~I - !~4 1’~~s ~fr Id ~~C I l  j? I~!.~ •:

• )~~ 
•
~~

- ‘ 1’ , ; A.~” .- L  . ~~~~~~~~ -
.

~
; 

~~~~~~~~~~~~~ I F- ~~ - - •~~ t ‘ 
~~~~~~~ - -I- ~ ~~~~~~~~~~ • . ,  DM— 2l (Naval C ivil Engineering

Laboratory , October 1972).
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Jointed Concrete Paveme~ t~

Each slab in a sampling area is considere d a unit and is counted as
defective if a distress type occurs once or more within the slab. I-f
more t han one d is tress type is found on a g i v e n  s l a b , the slab is tal-
lied once for each distress type . Once the defect tally has been made ,
defect densities are calculated (defec t density is defined as the ratio
of slabs containing the defect to the total number of slabs in the
sample area). The sum of eac h defect density times defect severity
weight gives the “weighted defect density ,” which is the final score for
the discrete area . The higher the score , the worse the pavement con-
dition is. Table 5 shows an example calculation of the “wei ghted defect
den si ty ’t for a runway discrete area.

Asp haZt- or Tar-Surfaced Pavements

Sample area s (50 x 50 feet each) are first located in the “discrete
area ” to be rated. The amount of each distress present is measured in
the units of measurement shown in Table 3. The defect density is then
calculated as the amount of the distress per 10 square feet proportione i
to the entire discrete area . The weighted defect density is obtained by
multiplying the defect density by the defect severity wei ght. The
higher the total weighted defect density , the worse the pavement con-
dition is. Table 6 shows an example calculation of the weighted defect
density for a taxiway discrete area .

Discussion of the Uavu and t-lar-Lne COP T-L~ Pro~ 1 -J uiy

The sampling techniques used in the procedure make the condition
survey less tedious than surveying the entire secti on without losing
much accuracy. However , the procedure has several shortcomings:

1. Severity levels for each defec t type are not considered . For
example , the final rating does not differentiate between a 1/4-inch-
deep rut and 2—inch-deep rut.

2. The list of defect types is not comprehensive. For example,
there is no place to record patching in jointed concrete pavements , a
distress which is common in nearly all airfields . In asphalt- or tar-
surfaced pavements , block (temperature-associated) and fati gue (load-
associated ) cracking are combined as pattern cracking. This combination
i s inadequate from a condition rating, maintenance , and repair pro-
gramming standpoint.

3. The relative severity wei ghting system is inadequate . For
example , pattern cracking is given the sane severity wei ght as long i-
tud i nal and transverse cracking (Table 3). Since fatigue cracking
(which is included in pattern cracking ) is a major structural distress ,
it should be given a much higher severity weight than linear cracking.

Figures 10 and 11 compare the Na vy procedure ratings and the
averagc rating by a group of experienced pavement eng ineers for jointed
concre te and asphalt- or tar-surfaced pavements , respectively. The
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TABLE 5. PORTLAND CEMENT CONCRETE DISCRETE AREA DEFECT SUMMARY
a

A irfi eld USNAS Cecil Field Facility Runway 181-36R

Di screte Area R18L-3 Total Slabs in Discrete Area (a) 2 ,400

No . of Slabs Sam p le d (b) 200 Ratio a/b = 12.0

Defect We ighted
Total Slabs Density Defect Defect

No. of Sample w/defect (per slab) Severity Density
Defect Type Slabs w/ De fect c x a/b d/a Weight e x f

(c) (d) (e) (f) (9)

Faul ting 
________________ ____________ ____________ ___________ _____________

Co rne r Break 
_________________ ____________ ____________ _____________

b
L . C .  or T .C. 

_____________ __________ __________ _________ __________

I.C .
C 

_______________ ____________ ___________ ___________ ____________

Depress io n 
_______________ ____________ ___________ ___________ ____________

Spalling 16 192 0.380 7 .5 0.60

Scali ng 
_______________ ____________ ___________ ___________ ____________

Shattere d
Slab 

_______________ ____________ ___________ __________ ____________

Joint Seal 50 
- 

600 0.250 3.0 (3.75

Pumping 
_______________ ____________ ___________ __________ ____________

‘D -li ne ’ cracking 
_______________ ____________ ___________ __________ ____________

______________________
Rema rks on Paveme nt Con d i t i o n - Total 1 .3SC d

The joint seal was hard and had bond failur es in the end 1 000 feet of runway.
The evalua tors were unable to determine If a diffe rent type of sea l was used in this
area . The remainder of the joint seal was generall y acce p ta b le .

Most spa l l s  were sma l l , less than 1 inch wide and 6 inches long . A few
spa ll s were up to 6 inches wide and 2 feet long. 

—

aFrom D. J . Lambio tte and R. B . Brownie , Air~’iC. ’~~! Pavement Con d i tf : ~
I . ~~~ -~~~ •~“ - - ! , • - ‘ r~~ a, Technical Note N-l 155 (Naval Civi l

Er-gineer ing Laboratory , March 197 1) .
bLong itudinal crack or transverse crack

C intersect ing crack
dLetter suffix C” represents PCC pavement
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f i gures show that as the wei ghted defect density i n c r e a s e s , the pavement
con d i t i on r a t i n g gene ra l l y decreases . However , the correlation between
the Nav y score (wei gh ted defect density) and the mean pavement condition
rat ina of the pavement engineers is poor. For example , pavement
engineers ratings of jointed concrete pavements with a weighted defect
density of 4 ranged from poor to very good , as shown in Figure 10. Simi-
larly, an asphalt - or tar-surfaced pavement with a score of 4 was rated
between Door and excellent by the engineers , as shown in Fi gure 11.

Figure 11 shows that several aspha l t— or tar-surfaced pavements had
very high weighted defect densities and no correlation with the actual
pavement defects at 100 percent density . For example , the defect
density according to the Navy procedure for an asphalt—surfaced pavement
wi th  100 percent block cracking (pattern cracking) is 10 square  feet per
10 square feet. The weighted defect density is calculated as the defect
density times defect severity weight. Assuming a defect severity weight
of 3.0 (Table 4), the weighted defect density is 10.0 x 3.0 = 30. The
reason for such a high score is that the Navy procedure considers the
inipact of a defect ’ s d e n s i t y  to be li near , an assumption on the proj~’otstaff found to be invali ~i during field surveys .

SUMMARY

Ratings determined from the procedures currently being used by the
Air  Force and Navy were found to have poor correlat i on wi th pavement
condit ion ratings made by a group of experienced pavement eng ineers .
Two of the reasons for this poor correlation are applicable to both
procedures :

1 . Distress severity is not considered ; i.e., a hairl i ne crack is
counted as being equal to a severely spalled crack.

2. The procedures used to assi gn a pavement condit i on  r a t i n g
( base d on inspection results) are inadequate ; e.g. ,  the impact of each
distress is added linearly to obtain the pavement condition rating
(especia lly in the Na vy procedure), a practice which tends to underra te
the pavement condition .

Based on these findings , it was concluded that a meaningful pave—
.erft condition rating can only be obtained by appropriately combining
the effects of pavement distress types , densities , and seven ties . This
combined effect shou ld be field tested , improved , and validated through
a comparison with ratings obtained by experienced pavement engineers .
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SECTION Iii

AIRFIELD PAVEMENT DISTRES S ANAL YSIS
Developing a pavement condition index requires that each type of

distress existing in the type of pavement under evaluation be identified
and described . This chapter provides information about the types and
frequency of occurrence of different distresses found on jointed con-
crete and asphalt- or tar-surfaced airfield pavements . The information
was derived from surveys of 123 pavement sections located at nine air-
fields (Figure 1) subjected to different environmental and traffic
conditions. Descriptions of-distress types and severity levels , photo-
graphs , and measurement criteria are presented in Volume II of this report.

DISTRESS ON JOINTED CONCRETE PAVEMENTS

Appendix B presents distress types , seven ties , and densities found
on 40 jointed concrete pavement sections . Table 7 summarizes the dis-
tress ty pes ~nd percent slabs containing each distress type for surveyed
pavements at each airfield. The following conclusions are based on the
results presented in the table:

1 . The most coniiion distress types found on jointed concrete
pavements are :

a. Longitudinal/ transverse/diagona l cracks

b . Scaling/ma p cracks/crazing

c. Patching , less than 5 square feet

Each of these distress types occurred in approximately 20 pe rcent of the
surveyed slabs .

2. Approximately 5 percent of the slabs contained corner breaks ,
shr inkage cracks , joint spalling, and corner spal l ing.

3. Approximately 3 percent of the surveyed slabs were shattered.

4.. Jointed seal damage was found in most of the airf icids. No
per’entage of slabs containing this distress is g iven , since it is not

— counted on a slab-by-slab basis. Joint seal damage ratings are based on
the condition of the sealant over the ent ire pavement section .

5. “D” cracking and popouts6 were onl y found at Wright-Patterson
AFB and Scott AFB. This can be explained by the many freeze-thaw cycles

bpopouts were only recorded when the average popout density exceeded
three popouts per square yard .
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the pavements in these two areas are subjected to and the aggregate
c haracteristics in the areas.

6. All distress types were found to occur at various severity
levels. For example , cracks were found to be hairline on some slabs and
severe ly spalled on others.

DISTRESS ON ASPHALT- OR TAR-SURFACED PAVEMENTS

Appendix C presents the distress types , seven ties , and dens i t ies
found on 83 asphalt- and tar-surfaced pavement sections. Table 8
sumarizes the distress types and percent area containing each distress
for surveyed pavements at each airfield. The following conclusions are
based on the results presented in the table:

1 . The most common distress type is block cracking, which was
present on approximately 20 percent of the area surveyed . This i:
partly due to the fact that most of the airfield pavement is not sub-
jected to traffic (especially near the pavement edges); in warm climates ,
such areas tend to block crack faster than traffic areas due to hard-
ening of the asphalt. Bl ock cracking caused by severe cold weather can
be seen in Eielson AFB (about 60 percent) where the temperature drops to
approximately —60°F. High solar radiation in southern regions can also
cause asphalt hardening and resulting block cracking , as can be seen in 4
George , Williams , and Homestead AFBs .

2. Each of the following distresses occurred on 3 percent of the
surveyed area :

a. Alligator or fatigue cracking

b. Longitudinal and transverse cracking 7

c. Raveling/weathering.

3. All distress types occurred at various degrees of severity .
For example , rutting was 0.25 inch deep on some pavements and 2.0
inches on others.

‘Longi udinal and transverse cracking and joint reflection cracking are
shown in terms of feet/100 square feet, which is equivalent to percentage.
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SECTION IV

AIRFIELD PAVEMENT CONDITION INDEX DEVELOP MENT--
CONCEPTS AND THEORY

INTROD UCTION

A comprehensive pavement condition evaluation requires measurement
of several condition indicators , including roug hness , skid resistance ,
structura l capacity , and surface physical deterioration or distress. 8’9
If all these condition indicators were measured on an airfield pavement
section , a complete and thorough evaluation of the section could be con-
ducted to satisfy almost any purpose. However , direct measurement of
rou ghness , skid resistance , and structura l capacity requires specialized
and very expensive equipment and personnel; consequently, these measure-
ments cannot be performed for routine evaluation. However , considerable
field experience has shown that observation of existing pavement physical
deterioration or distress provides a useful and important index of the
pavement’s present condition and also gives an indication of future per-
formance under existing traffic condit ions.

The extent of existin g pavement distress , which can be determined
by physical observation and simple rieasurements (i.e., us i n g a strai ght-
edge and measuring wheel ), also provides an indirect measurement of
roughness , skid resistance and , in some respects , structura l capacity .
Existing pavement distress gives a direct measure of present structural
i ntegrity and operational surface condition . It also provides an early
indication of possible pavement failure and ‘Idintenance and repair re-
quirements , and a basis for scheduling more comprehensive evaluation
if necessary . This section presents the concepts and theory used to
develop a meaningful pavement condit ion index based on observable ~- -ve-
ment distress.

CONCEPT S AND THEO RY

The degree of pavement deterioration is a function of:

1 . Types of distress

2. Severity of distress , such as spa l l ing i:f c- racks or depth
o~ ruts

~M. V. Shahin ar.d M. I. Darter , ‘Development of a Pavement Evaluation System ,”
Pr oceedinas of an A.~Y’E ~ - “ - i - ~ l~- -~ -~~

‘ -
~~~~

- ‘. ~~~~~~~~~ ~~. I ’~~~~I - - -
- ~~~~ 5 I

Pn ii~ieers , co—sponsored by Georgia Institute of Technology , June 1975.9M. V.  Sha hin and Fl. I. Darter , i I I ’~~I , - -
~~:~ L I’~~~ -~ i ~~ Technical

Report C- 15/ADAOO7 152 (Construction Engineering Research Laboratory [CERL] ,
February 1975).
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3. Amount or density of distress , which can be expressed as a
percentage of the tota l pavement area .

Eac h of these distress characteristic s has a significant effect on
determination of the overall amounL of physical pavement deterioration.
If any of these three characterist i cs is ignored, developing a meaning-
ful condition index will be difficult.

Be’~ u;e there are several types of distress , seve ral poss i b le
degrees of severity for each type , and a wide range of amount or density
for each type , combining the effects of these three characteristics into
one index is the major problem in deriving a condition index. Deduct
weighting factors are needed for each characteristic. Although several
methods for expressing a condition index were evaluated (Appendix D),
the following expression represents the most comprehensive and accurate
model. It is based on the assumption that the pavement condition can be
adequately estimated by summ ing al l visible distresses over their
severity and density levels using appropriate weighting factors.

p n
~PC I = C - 

~ a(T~ , S., D~ .) F(t, d) [Equatior. 1]
i’:l j=l ~

where PCI = pavement condition i ndex
C = a constant depending on desired maximum scale value

a( ) = deduct weighting value depending on distress type ~~
level of severity S~, and density of distress D~

i = counter for distress types
j = counter for severity levels
p = total number of distress types for pavement type under

consideration
m
~ 

a- number of severity levels on the ~
th type of distress

F(t, d) a- an adjustment factor for mul tiple distresses that
var ’ wi th total summed deduct value (t) and number
of deducts (d).

A pavement section ’ s PCI can be determi ned from Equat ion 1 on ly when the
following are known (Figure 12):

)j~~ pc-~jc-

Each distress type 1° existing in the type of pavement under evalua-
tion must be identified and described . Figure 13 shows an example
description of alligator or fatigue cracking .

rusee Section III for a discussion of the distress types found in both
jointed concrete and asphalt - or tar—surfaced pavements.
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Figure 12. Information Needed to Determine the Pavement
Condition Index Jsin n Equation 1
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Name of D i stress : All igator or Fat igue Crac ki ng

Descr iption: Alligator or fatigue cracking is a series of inter-
connecting cracks caused by fatigue failure of the
a s p h a l t  concrete surface under repeated traffic
loading . The cracking initiates at the bottom of
the asphalt surface (or stabilized base) where
tensile stress and strain is highes t -under a wheel
load. The cracks propagate to the surface initiall y
as a series of parallel cracks. After repeated
traffic loading the cracks connect, forming many-
sided, sharp-ang l ed pi eces tha t develop a pattern
resembling chicken wire or the skin of an alli gator.
The pieces are less than 2 feet on the longest side .

Alli gator cracking occurs only in areas that are
subjected to repeated traffic loadings , such as
wheel paths. Therefore , it would not occur over
an entire area unless the entire area was subjected
to traffic loading . Pattern-type cracking which
occurs over an entire area that is not subjected
to load ing  is rated as block cracking , which is not
a load-associated distress.

1~l l i gator cracking is considered a major structural
distress.

Severity Levels: L - Fine , long i tudinal hairl i ne cracks running parallel
to each other with none or only a few interconnect-
ing cracks. The cracks are not spalled .

M - Further development of light alligator cracking
into a pattern or network of cracks that may be
l i g h t l y spalled .

H - Network or pattern cracking has progressed so that
the pieces are well defined and spalled at the
edges; some of the pieces rock under traffic.

How to Measure : Alligator cracking is measured in square feet of
surface area . The major difficulty in measuring
this type of distress is that many times two or
three levels of severity exist wi thin one dis-
tressed area . If these portions can be eas~1ydistinguished from each other , they should be
measured and recorded separa tely . However , if
the different l evels of severity cannot be easily
di v ided , the enti re area should be rated at the
highest severity level present.

Legend :

L - Low severity level
M - Medium severity l evel
H - High severity lavel

Fi gure 13. Example Description of a Distress and Three
Levels of Severity .
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Distress Severity

As discussed in Sect ion II I , most distress types occur in various
levels of severity , which mus t  each be explicitly defined . These
definitions must be written so that field engineers can consistently
identify a given distress type and severity . Fi gure 13 also gives
example descriptions of the level s of severity of alligator or fatigue
cracking .

Deduct Weighting Valuso--a(T., S~, D~~)

Deduct values as functions of distress type (Ti), level  of sever ity
(S
~)~ and density (D~~) must be determined . This determination is de-

scribed in detail later in this section and in Sections V and VI , but
an example is given here to illustrate the concept. A major structural
distress of asphalt-surfaced pavement is alligator or fatigue cracking
(Figure 13). Weighting deduct values must be determined over a range of
density (i.e., percent area) of distress. The deduct values must be
based on some selected rating scale , such as a scale rang ing from 0 to
100, with 0 deduct indicating the distress has no impact on pavement
condition and 100 deduct indicating an extremely serious distress which
causes the pavement to fail. Deduct values can then be assi gned to a
given density and level of severity based on the impact of the distress
on pavement condition , as d i scussed i n Section V . Fi gure 14 g i ves
example deduct value curves for alligator cracking for three levels of
severity (low, med i um , and high), and densities rang ing froni 0.1 to 50
percent of total pavement area . A pavement section having 1 percent of
light alligator cracking would have a deduct value of 22 , and the PCI
(maximum = 100) would be:

PCI 100 — (22)(l.O) a- 78

Curves like those shown in Figure 14 must be derived for each
distress type and level of severity . These curves are based on the
assumption that on ly one distress type at a given level of severity
exists in the pavement section , and are based on a scale t rOl l 0 to 100 .

Adjustment Factor for M -~7t ~~~7c? 7J L~~~ ’1 -cr - ~
.

An adjustment factor must be developed so that pavement sections
hav ing more than one distress can be evaluated using the curves
descr ibed above . The deduct values are not l inearly additive, because
as additional distress types and/or severity levels OCCUr i n  a g i ven
pe ement sect ion , the resu lt i n g  impact of those distresses become
smaller . For example , for a pavement section containing three distress
types , the deduct values are determine d based on individ ua l distress
ratings (Table 9). The tota l deduct value for the distr c ses shown
in the table is 57 points; however , the PCI cannot be determined by
subtractir’~j 57 points from 100 , because the deduct values were ori gi-
nally developed for only one distress type. The total r i u ,t be modified
by a factor F which is a function of the magnitude of the to ta l deduct
and the number of deducts (three in this example):

F = f (magnitude of total deducts , number of deducts).
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TABLE 9. EXAMPLE OF CALCULAT ION OF DEDUCT VALUES

Distress Type Density Severity Deduct Va lues

Alligator Cracking 1 percent Light 22 pts

Rutting 1 percent Light 15 pts

Raveling 10 percent Medium 2~~pts

Total Deduct Value 57 pts

The func t ion F is derived from experimental ratinc’ data , as described
in Sections V and VI .  The value of F in this ex~mn1e , ~s ~eterminr’d in
Section Vl , is 0.70; hence a PCI which ciives a more accurate estimation
of pavement condition is

PCI = 100 - 57(0.70)  = 60.

DEDUCT WEIGHTING VALU ES

The determination of deduct weighting val ues is the most diff icult
part of PCI development. Ideally, the deduct values should be based on
the measured impact that each pavement distress situation (i.e., com-
binat ion of type , severity , and density ) has on pavement structural
integri ty and operational condition. However , measuring this effect
requires extensive field testing. Due to the complexity of pavement
systems and the current state of the art , anal ytical or theoretical
determination would also requ i re a large research effort.

Howeve r, a subjective approach based on the collective opinion of
experienced pavement eng i neers can be used to “bridge the gap ’ and
develop reasonable deduct values that can be used wi th confidence . The
subjective approach , however , must be carefully planned and carried out
in an iterative manner; i.e. , the deduct values must first be determined
based on e x i s t i n g  know ledge , field tested and evaluated , and then re-
vised where necessary (Figure 15).

Selection of the initial distress definitions and deduct values re—
quires a rating scale that is subdivided into distinct subjective cate-
gories such as those shown in Table 10.

This scale provides the descriptive index needed to permit a rational
subjective rating of the impact of a given distress. For example ,
several experienced pavement engineers could independently rate a joint-
ed concrete pavement haviig 30 percent of its slabs containing trans-
verse cracks which are working (i.e., moderately spalled) according to
the above scale based on their experienc e as to the impact of this
distress type, density or amount , and severity . If the i:iean of their
ratings was 65, which is a “good ” cond i t ion , the deduct value for this
situa Lion would be 35 points (100-65 = 35) .
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TABL E 10 . DES CRI PT IVE RA T I NG SCALE 
- -

Rating Scale Descri pt ive Categp~ ies

100 — 86 E x c e l l e nt - 
-

85 — 71 Very Good

70 - 56 Good

55 — 41 Fair

40 - 26 Poor

25 — 11 Very Poor

10 — 0 Failure

After the first set of definitions has been develo ped and deduct
values determined based on the definition s and experie ’~ice of the projectstaff , several pavements , such as those at a given airfield , must be
surveyed , and the existing distress measur ed . In addition , severa l
experienced pavement engineers must subjectively rate each section
according to the indicated scale. The means of these ratings is termed
the pavement condition rating (PCR). The PCI is then calculated for
each pavement section and compared wi th the subjective PCR. The results
are evaluated , and modifications in the existing distress definitions H
and deduct values are made where necessary .

This entire process is then repeated at another airfield , and addi-
tional improvements are made in the defini tions and deduct values. The
process must be repeated several times due to the widely varying pave-
ment designs , climates , materials , and distress condit i ons. After
several iterations , howev er , the procedure will become adequate for
fie~d usage and can then be implemented .

The concepts and theory described in this chapter are implemented
for jointed concrete pavements in Section V and for asphalt- or tar-
surfaced pavements in Section VI .
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SECTION V

PAVEMENT CONDITION INDEX FOR JOINTED C ONCRETE PAVEMENT

This section describes details of the development of the PCI for
jointed concrete pavements and presents results from the field verifi-
cation. As described herein , developing an acceptable procedure re-
quired many months of trial testing, evaluation , and improvements .
Appendix A presents the overall procedure for field usage.

DEVELOPMENT OF DISTRESS DEFINITIONS AND DEDUCT VALUE CURVES

f r i  ~~ 1 -
. 

-~ -~ 
• f  

-
-

The first steps were (1) to review previous literature on concrete
pavement distresses ’’’’2’’3’~~ and condition survey reports for more
than 20 airfields and (2) to observe airfield pavement condition first-
hand (at Tinker AFB , OK). Based on these sources of information and ~he
project staff’s previous experience , an ini tial set of distresses was
selected and severity levels were defined . Preliminary surveys and
discussion wi th eng ineering personnel at Tinker indicated that a “sample
unit ” of ap p roximate ly  20 slabs would provide an adequate area of pave-
ment for evaluation and computation of PCI . An area of 20 slabs is
large enough for meaningfu l distress measurement , and any large pavement
feature can be divided into sample units of about 20 slabs . The amount
(or density ) of distress was determined by counting the number of slabs
in the sample unit that had a particular distress at a particular level
of severity , and d i v i d i n g  it by the total number of slabs in the sample
u n i t .

Initial weighting deduct values were determined based on the limited
exper ience gained thus far. The deduct values were set according to the
scale in Table 10 by subjectively estimating the maximum deduct for each
distress and severity level at a maximum density , and then assuming a
curvilinear relationshi p between the deduct va l ue and density . Deduct
value versus density curves were derived in this manner for each dis-
tress type and l evel of severi ty.

~~E. J. Ba renberg, C. L. Bartholomew , and M. Herrin , Pavement Distress
i i ckLt i~ i-~~: :/on and R~ r ’air , Technical Report P-6l/AD758447 (CERL , Ma rch
1973).

‘2 M V. Shahin , M. I. Darter , and F. M. Rozanski , Pavement Iu~~-~’ction
~~~ t 1 ’ (1fll~ C - i ? l : 4 ~~~~, Tec hnical Information Pamphlet C—48 /ADAO 17329 (CERL ,
September 1975).

1 3 St-i : ( T P ~~~! 
-~-~-~r ~iture and Defini t ions fo r  J 1 n c m ~ nt Components and

D f ~~~; : - ,:~;, Special Report (Highway Research Board , 1970).

~ri. I . Darter and E. J. Barenberg , ~
- i’o r~~~r~z ’L~

-
~c Pw ~’meu t: Per—

~ ~~~~ ~~~~~ ~~7 ~~auir~~~’nts Preliminary Interim Report
(University of Illinois , 1975).
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The PCI of the pavement section was calculated by the foll owing ex-
pression :

PCI = 100 — E a(T 1, S., D~ . )  [Equation 2]
i l  j=l ~

where: a(T1, S3
, D~~) = deduct value for a given distress type T

~
,

at a severity level S
o
., and density ~~

i counter for distress types
j  = counter for severity levels
p = tota l number of distress types

= number of severity levels of the
ith ty pe of dis t ress .

This expression provides that the PCI can be determined by adding
all individual deduct values , a( ) ,  that exist for a pavement section
and subtracting the total from 100 .

First Field Test , Evaluation , a-nd Revi.sien

A field test of the initial procedures was conducted on five jointed
concrete pavements at Wright-Patterson AFB , OH. Each sec ti on was surveye d ,
all distresses were recorded , and a PCI for each section was computed
according to Equat ion  2. Four experienced pavement eng i neers (two
members of the project s t a f f , the major command pavemen t eng i neer , and
the base pavement engineer subjectively rated each pavement section
us ing the rati ng form in Figure 16. The major criteria for rating were
pavement structural integri ty and operational surface condition . The
average of the four engi neers ’ pavement condition ratings w coinputed
for each section and called the pavement condition rating (PCR).

Evaluation of the results obta i ned indicated two major deficiencies:

1. The definitions of several dis tress types and levels of severity
did not describe actual cond itions adequately.

2. The calculated PCIs for all five sections were nuch lower
(i.e ., 30 to 65 points) than the average subjective PCRs of the en-
gineers .

There fore , the procedures , including both the distress definitions
and deduct values , were extensivel y revised . The definitions of dis-
tress were revised using the numerous sl ides taken at Wri ght-Patterson
and Tinker AFBs and discussions with the major command eng i neer.

The deduct value curves for each distress type at a particular level
of severity were revised in the fol l owing manner :

1 . Pavement sections containing a tota l of 20 slabs (and vary ing
amounts of distress) were subjectively rated independently by three

40
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A I R F I E L D :  
_____ 

FEATURE NO: 
________

DA T E :  
_____ 

INSP ECTOR: 
_______________

PC I RATING INST RUCTIONS :  Please rate pavement
________ 

wi t h regard to its overall struc-
tOO , tura l in t e~ri~y and operationa l

-
/ - 

- - 

- cond ition (excellent rating m di- 
- 

EXCELLENT cates none or very mi nor d istress
- present and very poor rating mdi-

- - 
cates severe distress and imminent

—- 

- - fai lure).
85

V ERY GOOD

___________ 
On the rating sca le shown here ,

GOOD 

how would  yo u rate th is feature?

~~~~~~~~~ Give an approx imate numer ica l

FAIR score.

40 t’ 
—

POOR ~~~~~~~~~~ influencing your

— ‘~~~~~
~~~~ ~~~~~~~~~~~~~~~~~~~~~

.............~~.:.:.:
:::::::::::::::::::.: VERY POOR 

_________________________________________________________

::::::::::~ ___________________________________________________________

~~~~~~ 

~
‘f1( 3~~~ 4J

CAl l  rr~rp~ U L~~IJ

F’ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _U ~~~~~~~~~~~~~~~~~~~~~~

I-
Fi gure 16. Subjective Rating Form Used by Pavement Engineer. —
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project staff engineers according to the scale in Figure 16. Each rater
gave the pavement section a subjective rating such as “excellent ,”
“good ,” . . . . or “failed ,” and a numerical value wi thin that rating .

2. The rat ings were made for four to five levels of density (or
amount). For example, linea r crac ki ng was rated at dens ity levels of 1
slab cracked per 20 slabs , or 1/20 , and 3/ 20 , 5/20 , 10/20 , and 20/20.

3. The mean of the three subjective rating~ (~t~) was computed for
each density level , and the mean deduct value (DV) computed as:

DV= 100 - PCR

A plot of density of distress versus mean deduct value was de-
velo ped , and a best fit smooth curve was fit through the points . Figure
17 illustrates these curves for linear cracking .

This procedure was repeated for each of 15 distress types and one
to three l evels of severity of each type. The procedures were revised
and prepared for additional field testing.

Second Field Test , Evaluation , and Revis ion

A field test of the revised procedures was conducted on 11 jointed
concrete pavement sections at Williams AFB , AZ , and Crai g AFB , AL.
Distress data were recorded according to the new defini tions , an d four
experienced pavement engineers (two from the CERL project staff , the
major command engineer , and the local base engineer) subjectively rated
each section . The PCI and the mean PCR were computed for each section.
Evaluation of the results obtained indicated the following deficiencies:

1. Some of the definitions did not clearly describe existing
distresses.

2. The PCIs of sections containing several distress types werp
signif icantly less than the PCRs . 

/
There fore , severa l of the distress defini tions were revised to

reflect the experience gained during the second field test. Further
considera t ion and a n a l y s i s  of the d i s c r ep a n c y  between PCI and PCR led
to the conclusion that since the deduct value curves were derived for
only one distress type, the deduct values cannot simply be added to-
gether when more than one distress type occurs in a pavement section. A
correction factor must be applied so that the PCI will better predict
the ~~L

Analysis of the available data indicate d that the tota l deduct
va l ue (i.e., the sum of all deducts in a section of pavement) must be
adjusted to reflect the number of deducts (or distress types plus levels
of severity) and the magnit ude of the total deduct value .

This adjustment function for multiple distresses was determined by
subjectively rating many pavement sections containing from two to eight

42
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distress types and/or l evels of severity . The tota l SLIm of calculate d
deduct va l ues determined using the individual deduct value curves and
the corrected deduct value determined by subtracting the PCR fro~ 100for each section were then plotted ; Figure 18 shows an exampl e plot I ~ra section where q = 3 (q is the number of distress types at specific
levels of severity wi th deduct values exceeding 5). The reason for only
counting deduct values greater than 5 is that the data indicate t h a t
smaller deducts have little effect on pavement condition. For example ,
a pavement mi ght have eight distresses that are mostly minor; thus , the
correction curves for q = 8 would give too large an adjustment.

Table 11 presents data for an example 20-slab section with q 3.
The mean PCR of this section is 74 , and hence the corrected deduct value
is 100 — 74 = 26. This result indicates that the tota l deduct value of
46 shown in Table 11 is too large and must be adjusted towa rd 26.
Figure 18 plots data for 39 sections with q equal to 3. All the data
points lie below the l i n e  of equality , and the extent below increases as
the total sum of calculated deduct values increases.

This analysis was repeated for q = 2 ,4 ,6 , and 8. The resu lts
(Figure 19) show that the curves shift as q increases. The correction
curves shown in Figure 19 were used in all subsequent ratings and
significantly improved the estimation of PCR.

Third Field Test) Evaluation, and Revision

A third field test was conducted at Homestead AFB , FL , and Scott
AFB , IL. Fourteen pavement sections were surveyed and subjectively
rated by four experienced pavement eng ineers . The PCI of each section
was computed using the revised procedure , which included the multiple
distress correction curves.

Evaluation of results obtained indicated the following :

1. Nearly all of the distresses observed at the two Air Force
bases were adequately defined by the existing definitions . The def-
initions found to be deficient were revised .

2. The calculated PCI values for each section corresponded closely
with the mean ~~ ratings. However , a few of the deduct value curves
required revision. The multiple distress curves definitely improved the
procedure significantly.

Fi gure 20 shows an example of the improvements made in the distress
definitions. Linear cracking, which is defined in Figure 20, was found
at every airfield surveyed . The fina l definition , which developed as
experience with the distress increased , is considerably different from
the initial definition . Obtaining clear and complete descriptions of
distress is essential to the success of the pavement condition rating
procedure so that existing distress can be correctly identified . Al so,
correct deduct values cannot be assi gned unless the distress is adequately
identified and defined .
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I N I T I A L  D E F I N I T I O N

Name of Distress: Lon gitudinal , Transverse , Diagonal , and
Corner Cracks

Descri ption : These cracks divide the slab into two or
three pieces. (If the slab is divided into
four or more pieces , it is shattered.)

Severity Levels: I-I - Cracks dividing the slab into two pieces
that are wide (average more than 3/4 in.)
and badly spalled ; cracks that are modera tely
wide (average 1/4 in. - 1 3/4 in.) and/or
moderately spa lled and divide the slab into
three pieces .

M - Cracks that are moderately wide (average
1/4 in. - 3/4 in.) and/or moderately spalled
that divide the slab ir *n two pieces ; narrow
cracks (averag e less than 1/4 in.) and/or
sliahtly spalled cracks that divide the slab
into three pieces .

L - f lar r o~-i (average less than 1/4 in.) and/or
sli ghtl y spalled cracks that divide the
slab into two pieces.

Figure 20. Initial and Final Description and Definition
of Linear Cracking.
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FINAL

Name of Distress: Longitudinal , Transverse , and Diagona l Cracks

Descripti on: Thes e cracks , which divide the slab into two
or three pieces , are usually caused by a
combination of load repetition, curling
stresses , and shrinkage stresses. (Slabs
divided into four or more pieces are con-
sidered shattered.) Low-severity cra ks
are usually warping - or friction -related
and are not considered major structura l . -

distresses. Medium or hi gh severity cracks
are usually working cracks and are consider—
ed major structura l distresses.

NOTE: Hairline crack s that are only a few
feet long and do not extend across the en-
tire slab are rated as shr~rikage cracks.

Severi ty Levels: L - ( 1) crack has no spal ling or minor spal l ing
(no FOD potential). If nonfilled , i t  is
less than 1/8 in. wide ; a filled crack can
be of an y wi d th , but its filler material
must be in sa tisfactory condition.-

N — One of the following conditions exists :
(1) a filled or nonfilled crack is moder-
ately spalled (some FOB potential); (2)
a nonfille d crack has a mean width between
1/8 in. and 1 in.; (3) a filled crack has
no soallin g or mi nor spal ling, but the
filler is i i unsatisfactory condition;
or (4) the slab is divided into three pieces
by low severity cracks.

H - One of the following conditions exists :
(1) a fille d or nonfilled crack is severely
spall ed (definite FOB potential); (2) a
nonf i l l e d crack has a mean widt h a pproxi-
mately greater than 1 in., creating tire
damage potential; or (3) the slab is divided
into three pieces by two or more cracks , one
of which  is at  least  medium sever i ty .

How to Count: Once the severity has been identified , the
distress is recorded as one slab.

Fi gure 20. Initial and Final Description and Definition
of Linear Cracking (concluded).
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TABLE 11. EXAMPLE JOINTED CONCRETE PAVEMENT SECTION DATA

Distress Dens it1 Deduct Value

Linear  Crack i ng

light severity 2/20 slabs 9
mediuii , severity 1/20 slabs 12

Corner Spall

-
. li ght severity 2/20 slabs 4

Crazing

li ght severity 2/20 slabs 4

Corner Break

med i um severity 2/20 slabs 15

Small Patch

light severity 2/20 slabs 2

Total deduc t va lue  = 46

= number of deducts -5 = 3

ILLUST R ATION OF DEDUCT VALUE CURVES

The deduct value curves for the 15 distress types differ consider-
ab ly . F ig ure 21 shows the effect of d i f ferent  distress types (for a
med ium severity level for example) on deduct values. t-lost of the curves
have similar shapes , but the i r  effects on the PCI differ greatly.
Shattered slabs have a much larger deduct value than does shrinkage
cracking, for example. Table 12 shows the PCI values for a pavement
section wi th 10 out of 20 slabs having various distress at a medium
‘- -~verity l evel .

F i g u r e  17 shows typical differences between the deduct value curves
for the three levels of severity of linear cracking (defined in
Figure 20). Table 13 shows the deduct values obtained in a pavement

F 
section if 5 out of 20 slabs are cracked .

The data in Table 13 show that a 20-slab section of jointed
concre te pavement containing five slabs with linea r cracking (longi-
tud inal transverse , or diagonal cracks), has a PCI of 55 to 8f and
a “atino of “fair ’ to “very goo d ,” depending on the severity ot the
cracks , even thoug h the density of cracking is the same .
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Figure 21. Illustration of Deduct Value Curves for Several Distress
Types, All Distresses at Medium Severity Levels.

50

- — ~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- ~~~~~~~~~~~~~~~~~~~~~~ --



— - 0- - !“ ~ ~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -——-— — ----—— -—- ——— — — -—5- --—-—- — —

TABLE 1 2 . PCI VALUES FOR DIFFERENT DISTRESS TYP ES IN
JOI NTED CONCRETE PAVEMENT

Distress Deduct V a l u e  PC I Genera l Condition

Shrinkage Crack 8 92 Excellent

Joint Spall 25 75 Very Good

Settlement 40 60 Good

Linear Crack 45 55 Fair

Shattered Slab 60 40 Poor

TABLE 13 . DEDUCT VALUES FOR DIFFERENT LEVELS OF SEVERITY
OF LINEAR CRACKING

Severity Deduct Value PCI Rating

Low 15 85 Very Good

Medium 32 68 Good

High 45 55 Fair

The general shape of the curves is significant because it indicates
the relative effect that amount or density of distress has on pavement
condition . The deduct values increase rapidly up to about 50 percent
cracked slabs and then level off. Hence the initial development of
linear rracking in jointed concrete slabs has a very significant impact
on pavet --ent condition.

EXAMPLE CALCULATION OF PCI . -

This section illustrates the calculat ion of the PCI for a taxiway
at Homestead AFB , FL. The taxiway is 50 feet wi de and has 25 x 25 feet
slabs . To determ i ne the section ’s PCI , a two-slab-wide and 10-slab—long
section of the taxiway is surveyed . The section is diagramed on the
final condition data sheet used for .~ointed concrete pavements (Figure22). The distress occurring in each slab is recorded as indicated . For
example , the slab at the lower l eft has 3L and lOL , which are coded to
distress types as shown on the data sheet:

3L -- Low-severity longitudinal , transverse , or diagonal crack.

1OL -- Low-severity scaling or map cracking or crazing.
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JOINTED CcWCRETE PAVEMENT
CONDITION SURVEY DATA SHEET FOR SAMPLE UNIT

AIRFIELD skad 4 ‘~~~ 
-— 

FEATURE______________

DATE ~ / 76 SAMPLE UNIT___________

SURVEYEDSBY______________ SLAB SIZE ~~~~~~~ 
‘

~ ~~~~~~
G2O ~k~&s

• 
__  

_ _ _ _ _ _ _ _ _ _ _

6 1.. ~~~~ ~~~_ 

tress Types 
-

IO L. 1. Blow-Up 10. Scaling/M ap
• r - —  

~~~~~~~~~~~ • 2. Corner Break Crk/Crazing
3. Long/Trans/ 11 . Settlement !

IA Diag. Crk Fault9 10 1... ‘~~~ 4. “D” Crk 12. Shattered Slab
5. Joint Seal 13. Shrinkage Crk

• - 

~ 
— ----- —

~ S Damage 14. Spai ling,
6. Patching, <5ft2 Joints

8 /0 ~ ~~~~ 
7. Patching/Ut Ility 15. Spa ll inq,

• 8. Popouts Corner

34.. ~~~ 
9. Pumping

,o~
... 104. .

• ——--— —.—-—-— . WI/Ilifif ‘1JjJJ~ iiJIuII tii’IiiiiiiiT IIlI/IIII_
O4ST NO. OEOL%.T

6 /O L. /01... TYPE SLABS SLABS VALUE

• — . 
- 

~~~
- ~~~ 

g 
~~~~~~~~~~~ ,.~~

.2 ~~~ I 
_ _  _

5 io s. /‘~ ~
- 3 ~~~~~~~~ S A~~~~~~~ 

I (.
• - ~ . 

.2. /0 • 6 .2.’
/31.. 

_ _ _ _  
L ~20 /oo. O ii

/D ~~, 

_ _ _ _  • 

“3 (~ / 6.6 
_ _ _ _

iO L. /0 4..
3

i~~~~~~ 
“ I 

_ _ _  _ _ _  _ _ _  _ _ _

2 

- • 
DEDL.CT TOTAL ~cg

,‘0~. /0I..
• - • 

CO~RECTED DEDUCT VALUE (CO~ i’2.
$ L. 

PCI • 100 — CDV~ 
J.8 

-

/0 
~ RATiNG’ Goo.~

• 11 — _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

/ 2 3 4

Fi gure 22. Condition Survey Data Sheet for Example Calculat ion of PCI.
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The deduct values for each distress are determined from the deduct
curves presented in Appendix A , Fi gure A-4. These deducts are then
summe d to ci lve 59. Since there are four deduct values areater than
5, the 59 v a l u e  mus t be ad juste d us i ng the q = 4 curve in Figure 19.

The adjusted deduct value is 42. The PCI is then calculated to be 58,
which  i n di ca tes a low “good” ratin g. The subjective ratings for this
section were 50, 58 , 60, and 70 for a mean PtIt of 59 .5.

EVALUATION AN D FIELD VALIDATION

The pavement condition rating procedure was evaluated using results
from all 30 sections at the five airfields. The PCI of each of the 30
sections was computed using the revised procedure , and these results
were compared with the mean subjective ratings (PCR) of experienced
pavement eng ineers . Table 14 summar izes these data . Results showed
that:

1. The overall avera ge ~~~ and PCI of a l l  sections at each of the
five airfi elds com pare very closely (within 2 points).

2. The mean absolute difference between the ~~~ and PCI for a l l
sections is relatively small (5.2 points). The differences range from 0
to 14 points .

Althou qh these results provided strong field verification of the
procedure an d the ca1cu 1a~ed PCIs appeared to predict closely the mean
subjective opinion of experienced pavement engineers , additional tests
were still believe d to be necessary to test the procedure with data
other t~ian that from which it was developed .

Four additiona l airfields (George AFB , CA , Elmendorf AFB , AK ,
Eiel son AFB , AK , an d For t W a inwr i ght , AK) were visited and 10 jointed
r’~ncre te pavement sections were surveyed . Table 15 summarizes the
results obtained from these bases. The mean absolute difference between
PCR and the calculate d PCI is 3.5 points , which is less than the 5.2
mean difference for the original 30 sections. The differences range
from 1 to 6 points. The overall mean PCR of al l the sections is 48, and
the mean PCI is 46.

The ~~~ was subjectively ra ted by two CERL project staff engineers
and the base or major comman d pavement eng ineers for the bases evalu-
ated . A few defici encies in the distress definitions and deduct curves
wer’e identified and corrected.

The differences between PCR and PCI can be compared to the range of
differences between the individual raters for each airf ield. For ex-
amp)e , at Homestead AFB , the mean absolute difference between the
PCR and the PCI is 4.0 points for 10 sections. However , the mean range
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TABLE 14. SUMMARY OF PCI AND PCR DATA FROM FIELD SURVEYS
AT FIVE AF BASES F OR JOINTED

CONCRE TE PAVE M ENT S - 
-

Pavemen t Pavemen t Mean
Loca tion Feature P CR PC I

Wright-Patterson R6B 85 82
AFB , OH R1OD 68 65

T7C 41 50
T2A 80 72
A14B 81 74

Mean 71 69

Williams AFB , R3OL(M9/l) 45 41
AZ R3OR(M8/l) 89 93

R3OL(M6/4) 90 91
TW6 49 57
Al 64 70
A2 50 46
A3 37 26

Mean 61

Craig AFB , R 14L 93 96
AL R32l 57 45

Al 76 71
Al 85 89

Mean 78

Homestead AFB , R35(END) 89 89
FL R35(l) 77 84

R35(13) 91 93
R35(20) 92 96
R35 (3l) 93 94
R35(40) 92 98
R35(A1) 61 65
R35(A2) 59 51
TW1 59 57
PCP 71 77

Mean 78 80

S:ott AFB , A9B1 47 33
I L - A9B2 65 72

A9B3 65 62
A3B 56 54

Mean 58 56

Overal l  Mean 70 70
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TABLE 1 5. SUMMARY OF CONDITION RESULTS FROM ADDITIONAL TESTS
FOR JOINTED CONCRETE PAVEMENTS

Pavem ent Pavement Mean Subjecti ve - Calculated
Location Feature 

— 
PCR PC I

George AFB , TW3 78 73
CA TW2 18 23

TW 5C 61 55
Mean 52

Elmendorf AFB , A l ( # l )  93 90
AK A l ( East ) 30 2 7

TW8 7 5
Mean 43 4T

E i e l s o n  AFB , Refuel Pad 86 80
AK

Fort Wa inwright , RW .1l 23 21
AK 27 2~#3 56 58

Mean 35

Overal l  Mean 48 46 
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between the highest and l owest rater for each of these 10 sections is
14.4 points , illustratin g the high variab ility in opinion from one rater
to another even though all four raters were experienced pavement en-
gineers . Figure 23 presents a plot which shows simil ar results from
each airfield. The mean absolute difference is generally much l ower
than the mean range between raters. The mean of the four subjective
ratings for each section (PCR) is a much less variable rating which
therefore reasonably estima tes the condition of the pavement . Table 16
summarizes all subjective ratincs.

Figure 24 shows the correlation between PCI and PCR for all 40
sections. Analysis of the data resulted in the following statistics:

1. The correlation coeff icient between the PCI and P~W is 0.97 .

2. The mean PCI for all sections is 63.8.

3. The mean ~~ for all sections is 64.7.

4. The mean difference between the PCI and i~~ for all sec tions
is -0.9.

5. The standard deviation of the differences between the PCI and
PCR is 5.73.

Assuming that  the differences between the PCI and i~ are normally
dis t r ibuted , the conf idence interval on the differences can be calculated
as 

+ K ~~-~-7-~

where K = value from norma l tables based on confidence level (K = 1.96
for 95 percent confidence), and

n = number of sample units surveyed in the pavement feature.

For example , if five sample units were surveyed and the PCIs of the
samples were averaged to determine the PCI of the pavemen t feature , the

~~jercent confidence interval or the difference between the PCI and
PCR of the feature would be

+ 1.96 = -5 to +5
-

i.e., there is 95 percent confidence that the PCI of the feature is
within +5 of the average condition rating, PCR , that would have been
determined by a group of experienced pavement engineers. Thus , the final
PC I procedure is a reliable pavement condition rating technique. The
resulting PCI and its corresponding rating (“good ,’ “poor ,” etc.) can be
very significant in determining maintenanc e and repair needs , as discussed
in Section V III.
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Fi gure 23. Comparison Between the Mean Range Between Raters
~1 nl the Mean Absolute Difference Between P~R an d PCI.
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TABLE 16. INDIVIDUAL RATINGS FOR EACH JOINTED CONCRETE PAVEMENT FEATURE

Pavement Pavement Ratersa

Location Feature Cl C2 C3 81 82 PCR

Wright-Patterson R6B 77 90 -- 88 85 85
AFB , OH R100 63 67 -- 56 85 68

T7C 35 40 -- 45 42 41
T2A 75 81 -- 83 80 80
A 14B 80 71 -- 85 90 81

Williams AFB , - R3OL(9/l) 35 30 -- 56 60 45
AZ R3OR(MR/l) 88 95 -- 90 84 89

R3OL (M6/4) 95 90 -- -- 85 90
TW6 54 50 -- 51 41 49
Al 64 62 -- 69 60 64
A2 44 50 -- 62 4 5 50
A3 41 30 -- 41 38 37

Craig AFB , R 14L 98 -- 94 84 95 93
AL R32L 53 -- 47 65 65 57

Al 75 -- 73 80 78 76
A2 78 -- 80 90 90 85

Homestead AFB RW35(END) 95 90 -- 95 77 89
FL RW35 (INT 1) 83 83 -- 70 70 77

RW35(INT 13) 95 90 --  95 85 91
RW35 ( INT 20) 96 90 -- 95 85 92
RW35(INT 31) 95 93 -- 95 90 93
RW35(INT 40) 97 95 -- 85 90 92
RW35(ADD 1) 65 62 -- 45 70 61
RW35 ( ADD 2 ) 56 60 -- 55 65 59
TW 1 58 60 -- 50 70 59
PCP 75 62 -- 82 65 71

Scott AFB , A9B1 50 42 48 - -  50 47
IL A9B2 66 62 72 -— 60 65

A9B3 71 60 72 - -  57 65
A3B 61 55 47 60 56 56

George AFB , TW3 76 72 -- -- 85 78
CA TW2 15 18 -- -- 20 18

TW 5C 57 60 -- -- 65 61

Elmendorf AFB , A1(# l ) 90 90 -- 98 -- 93
AK Al (EAST) 24 25 -- 40 -- 30

TW8 5 10 -- -- -- 7
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TABLE 16. INDIVIDUAL RAT INGS FOR EACH JOINTED CONCRETE
PAVEMENT FEATURE (CONCLUDED)

Pavement Pavement Ratersa
Location Feature Cl C2 C3 81 82 PCR

E iel son AFB , Refuel Pad 88 85 -- 85 -- 86
AK

Fort Wa i nwright , RW#l 20 25 —— 25 -- 23
#2 27 30 —— 25 —— 27
#3 57 65 -- 45 —— 56

aCl , C2 , C3 = CERL project staff engineers
Bl = major command pavement engineer
82 = base pavement engineer or AFCEC pavement engineer

59

_ 5.



- -‘--5- -——-.----5 -—--- - - -—-——-—5--—5-.- -—-— -5- -— 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~ -,

100 -

- o J
JOINTED CONCRETE PAVEMENTS
n 4 0  oj ’O
r=0.97 

0 /Z0
80 0

_ 16O 
0~~~~~~~~~~~~~

0

0

0
0

~~~~~~~~~~~~~~~~~

•

~~~~~~ 40- /0
0
U 0

.0 0
0

20 0

0
0
0 20 40 60 80 100

~~~ (mean subjective rat ing )

Figure 24. Correlation Between ~~~ and PCI for A llJointed Concrete Pavement Sections Surveyed .
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SECTION V I

PAVEMENT CONDITION I N D E X  FOR ASPHALT- AND TAR-SURFACED PAVEMENTS

This section provides complete details of the development of the
PCI for asphalt - and tar—surfaced pavements , including asphalt or tar
surfacing over granular or stabilized mse and over Portland cement
concrete (i.e., an overlay). Field verification and other results are
also provided . This developmental work required many months of trial
testing, eva 1 uation , and improvement to produce an acceptable procedure.
Appendix A presents the overall procedure for field use.

DEVELOPMENT OF DISTRESS D E F I N I T I O N S  AND DEDUCT VALUE CURVES

I P ~? t7 ZZ ~e~~~ : z ~~~~ zn~i ~‘z Z u ~~

The first steps were ~l) to review previous literature on asphalt
pavement distresses 15 ’’6’’ ,~~ 8 and condition survey reports conducted by
the Navy from five airfields and (2) to observe airfield pavement condi-
tion firsthand (at Tinker AFB , OK) . Based on these sources of informa-
tion and the project staff’s previous experience , an initial set of
distresses was selected and severity levels were defined . Initial
surveys and other information indicated that a ‘sample unit” of approxi-
mately 5000 square feet would provide an adequa te area of pavement for
evaluation and computation of the PCI; such sample units c~in be con-veniently obtained by subdividing a large feature . The amount or den-
sity of distress was determined by measuring the surface area of dis-
tress (such as area of raveling) and dividing by the total area of the
sample unit. One exception to this determination was for linear crack-
ing (longitudinal or transverse), which was measured by length in feet;
its density was expressed in feet~1OO square feet. If the width was
considered to be 1 foot , this procedure gave the same numerical results
as if the linear crack were measured by “area .” Hence a 150-foot-long
crack in 5000 square feet section would give a density of

x 100 = 3.0 percent

‘ E. J. ~arenberg , C. L. Bartholomew , and Ii. Herrin , Pavement ~stress 
—

- - : - ~~, Technical Report P-6l/AD758447 (CERL, March
1973).

‘ M . V. Shah in , Ii. I. Darter , and F. M . Rozanski , Pavement Iwpcction
- - m - & : - , Technical Information Pamphlet C-48/ADAO17329 (CERL,

September 1975).
/ .~- ! - . - - -~~‘r ~zm~] -~~- / ~- f  ~~: - ~~

-
~ for ~~~~~~~ Coniponents and

~~~~
- /  ..

~~~~~
. . 5 .

.
, Special Report (Highway Research Board , 1970).

‘~M. I. Dar te r  and E. J. Barenberg , Zc?ro Maintenance Pavement : Per—
r -

~~~‘: :‘ - “~ ~~~:- :h/ - - 
~~~~ z~~~ ! /~eq ’~i~ cr?1en ~~ , Preliminary Interim Report

(University of Illinois , 1975).
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The initial wei ghtin g deduct values were determined based on the
limited experience gained thus far. A discrete method was used for
density , rather than the continuous curve used for concrete pavements.
For example , the density of alli gator cracking was divided into three
ranges: 0.1 to 3.9 percent , 4.0 to 10.9 percent , 11.0 to 100.0 percent.
Weighting deduct values were assigned for each combination of severity
l evel and density according to the subjective scale shown in Figure 16.
Table 17 shows an example for alligator cracking.

TABLE 17. INiTIAL WEIGHT iNG DEDUCT VALUES FOR
AL L IGATOR CRA CK ING SEVERIT Y

Density Low _~~~~ Medium __H~j9~
Low (0.1 to 3.9 percent) 10 21 41

Medium (4.0 to 10.9 percent) 21 43 84

High (11.0 to 100 percent) 41 84 100

The PCI of the pavement sections was calculated using Equation 2 as
for concrete pavemen ts.

Firs t Field Test, Evaluation , and R e v / s - / o~1

A field test of the initial procedure was conducted on four asphalt—
surfaced pavements at Wright-Patterson AFB , OH. Each section was surveyed ,
all distresses were recorded for each section , and a PCI was computed for
each according to Equation 2. Four experienced pavement engineers (two
CERL project staff members , the major command pavement eng i neer , and
the base pavement engineer) subjectively rated each pavement section
using the rating form in Figure 16. The rating criteria included pave-
ment structura l integrity and surface operational condition. The average
of the four i ndependent subjective pavement condition ratings (PCR) was
computed for each section.

Evaluation of the results obtained indicated two major deficiencies :

1. The definitions of severa l distress types and levels of severity
did not describe actual conditions adequately.

-— 
2. The cal culated PCI of two sections was reasonably close to the

PCR; however , two sections were considerably different.

The evaluation was limited by the fact that all the pavement sections
were asphalt overlays over concrete. Certain distress types such as
alligator or fatigue cracking therefore did not exist and could not be
evaluated .

Ba sed on this f irst field test , the procedures , including both
distress definitions and ded uct values , were extensively revised . Con-
siderable analysis of the deduct values indicated that a continuous curve
similar to that used for concrete would provide a more adequa te result.
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The deduct value curves were revised in the following manner for each
distress type at a particular level of severity :

1. Three project staff eng i neers independently rated 50 x 100 feet
pavement sections having varying amounts of distress according to the
scale in Figure 16. Each rater gave the pavement section a subjective
rating such as “excellent ,” “good ,” or “fair ,” and a numerical value
within that rating.

2. The ratings were made for 4 to 5 levels of density (or amount).
For example , alli gator cracking was rated at density levels of 0.1 , 1 ,
5, 20, and 50 percent.

3. The mean of the three subjective ratin~~ (PCR) was computed for
each density level , and the mean deduct value (DV) was computed as:

DV = 100 - PCR.

A plot of density of distress versus~mean deduct value was developed ,
and a best fit smooth curve was fit through the points . Figure 25
illustrates these curves for alligator cracking.

This procedure was repeated for each of 16 distress types and one
to three levels of severity for each type. The procedures were revised
and prepared for additional field testing.

Second P~e ‘ I Tcs ~, E : ’a -/7 ~at -L~~: , -v: - 7 Revision

A field test of the revised procedures was conducted on 17 asphalt -
or tar-surfaced pavement sections at Williams AFB , AZ , and Craig AFB ,
AL. Distress data were recorded according to the new definitions , and
subjective ratings of each section were made by four experienced pave-
ment engineers (two from the CERL project staff , the major command
engineer , and the local base engineer ). The PCI and the mean PCR
were computed for each section. E~-~luation of the results obtainedindicated the following deficiencies:

1. Some of the definition s did not clearly describe existing
distresses.

2. The PCIs for several sections conta i ning severa l distress types
were si gnificantly less than the PCRs .

Therefore , several of the distress definitions were revised to
reflect the experience gained during the second field test. Further
consideration and analysis of the discrepancy between PCI and PCR led
to the conclus ion that since the deduct va l ue curves were derived for
onl y one d istress type , the deduct values cannot simply be added to-
gether when more than one distress type occurs in a pavement section.
A correction factor must be applied so tha t the PCI will better predict
t he PCR.

Anal ysis of the available data indicated that the total deduct
-.llue (i .e., the sum of all deducts in a section of pavement) must be

63

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



-5- 5.—— — —5 -
~~~~~~~~ 

-
~~~~ 

- 
~~~•~~--5-5~~~~~~~ ~ -5,

— — 5---

100

ALLIGATOR CRACKING
90

80 
0

/
70 

/~~~~~~~~~~~~~~~~~/

60

Ui
D
-i 50

0D
0
Ui
o

30

ii
20

10

0- — I , , , .  r i  I I 1 1
0.1 0.5 I 5 10 50 tOO

DISTRESS DENSITY - PERCENT

FIgure 25. Example Showing Development of Deduct Value Curves forAlligator Cracking.
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adjusted to reflect the number of deducts (or distress types plus levels
of severity ) and the magnitude of the tota l deduct value.

This adjustment function for multiple distresses was determined by
subjectively rating many pavement sections containing from two to six
distress types and/or levels of severity . The tota l sum of calculated
deduct va l ues determined using the indivi dual- deduct va l ue curves and
the correc ted deduct value determined by subtracting the PCR from 100
for each section were then plottLd .

Figure 26 shows an example of plot of these variables for a section
where q=3 (q is the number of distress types at specific levels of
severi ty with deduct values exceed ing 5). The reason for only counting

-
- deduct values greater than 5 is that the data show that smaller deducts

have little effect on pavemen t condition. For example , a pavement might
have six distresses that were mostly very min or; therefore , the cor-
rection curve for q=6 would give too large an adjustment. Table 18
presents data for an example pavement section.

— 

TABLE 18. EXAMPLE ASPHALT- OR TAR-SURFACED PAVEMENT DATA

Distress Dens ity Deduct Va l ue

Alligator Cracking 2 percent 21
light severity

Linear Cracking
li ght severity 4 feet/lOO square feet or

4 percent 12
med i um severity 

- 
1 percent 11

R a v e l i n g
light 2 percent 4

Patching
light 2 percent 5

Tota l deduct value = 59

q number of deducts>5 = 3

The mean ~~~ of th i s section i s 67 , and hence the corrected deduct
value is 33 (100-67 = 33). This result indicates that the total deduct
value of 59 shown in the table is too large and must be adjusted toward
33. Fi gure 26 plots data for 17 sections where q3. All the data
points lie below the line of equality and the amount below increases as
the total sum of calculated deduct value increases .

This analysis was repeated for q~~~~~~, 4, and 6; the results show that
the curves shift as the q increases i F iqu ~’e 7). The correcti on curves
shown in Figure 27 were used in all subsequent ratings and significantly
improved the estimation of pavement condition .
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Third Field Test, Evaluation, and Revision

A third field test was conducted on 17 pavement sections at Home-
stea d AFB , FL , and Scott AFB , IL. The sections were surveyed and sub-
jectively rated by four experienced pavement engineers . The PCI of each
section was computed using the revised procedure , which included the
multiple distress correction curves.

Evaluation of results obta i ned indicated the following:

1. Nearly all of the distresses observed at the two Air Force
bases were adequately defined by the existing definitions. A few were
found to be deficient and were revised (particularly alligator cracking,
which occurred extensivel y at these airfields).

— 
2. The calculated PCI values corresponded closely with the mean

PCR ratings for each section. A few of the deduct value curves , how-
ever , required revision. The multiple distress curves definitely im-
proved the procedure significantly.

Figure 28 illustrates the improvements made in distress defini-
tions . Longitudinal and transverse cracking, which is described in the
figure , was found at every airfield surveyed . The initial and final
definitions differed considerably. Similar improvements were made to
other distress definitions. Obtaining clear and complete descriptions
of distress is essential to the success of the pavement condition rating
procedure so that existin g distress can be correctly identified . Also ,
correc t deduct values cannot be assigned unless the distress is ade-
quately identified and defined .

ILLUSTRATION OF DEDUCT VALUE CURVES

The deduc t value curves for the 16 distress types differ consider-
ably. Fi gure 29 illustrates the effect of different distress types (for
a medium severity level for example) on deduct values . Most of the
curves have similar shapes , but their effects on the PCI differ greatly.
Alligator or fatigue cracking has a much larger deduct value than does
block cracking for example. Table 19 shows the PCI values obtained for
a section wi th 10 percent having the indicated distress at a medium
severity l evel .

Figure 30 shows typical differences between levels of severity for
i~ngitud i nal and transverse cracking (defined in Figure 28). Table 20
shows the deduct values and genera l ratings obtained for a pavement
section containing 10 feet/l00 square feet or 10 percen t cracking of
different severity levels. The results in Table 20 show that a section
of asphalt- or tar-surfaced pavement havin q 10 feet/lOO square feet of
longitudinal and transverse cracking has a PCI of 46 to 76 and a rating
of “fair ” to “very good” depending on the severity of the cracks.

The general shape of the curves is signifi cant because it indicates
the relative effect that amount or density of distress has on pavement
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INITIAL

Name of Distress: Longi tudinal and Transverse Cracking
(Non-PCC Joint Reflection)

Description: Long itudinal cracks are parallel to the
pavement ’s centerline and usually run
along the wheel path. Transverse cracks
extend across the pavement at approximately
right angles to the pavement eye. If the
pavement is fragmented along a crack , the
crack is said to be spalled . Longitudinal
cracks can be an early sign of alligator
crac king, lane joint cracking , or re-
flective cracking from a PCC base . Trans-
verse cracks are caused by low temperature
shrinkag e of reflection from a PCC base.

Severi ty Levels: H — Crack is severely spalled and/or averages
1 in. or more in width .

M - Crack is s l i g h t l y  to moderately spal led
and/or averages less than 1 in. wide.

L - Hairline crack wi th no spalling (1/4 in.
wide )

FINAL

Name of Distress: Longi tudinal and Transverse Cracking
(Non-PCC Joint Reflective)

Descri ption: 
~2~~itudinal cracks are parallel to the
pavement ’s centerline or l aydown direction .
They may be caused by (1) a poorly con-
structed paving lane joint , (2) shrinkage
of the AC surface due to low temperatures
or hardening of the asphalt , or (3) a
re f l e c t ive  crack caused by cracks beneath
the surface course , including cracks in
PCC slabs (but not at PCC joints). Trans-
verse cracks extend across the pavement
at approximately right angles to the pave-
ment centerline or direction of l aydown .
They may be caused by i tems 2 or 3 above.
These types of cracks are not usually load
associated . If the pavement is fragmented
along a crack , the crack is said to be
spa lled .

Severity Levels: L - Cracks have either minor spal ling (little or
no FOD potential) or no spalling. The

Figure 28. initial and Fina l Description of Longitudinal
and Transverse Cracking.
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cracks can be filled or nonfilled . Non-
filled cracks have a mean width of 1 /4 in.
or less; filled cracks are of any width ,
but their filler material is in satis-
factory condition .

M - One of the following conditions exists :
(1) cracks are moderately spalled (some
FOD potential) and can be either filled or
nonfi lled of any width; (2) filled cracks
are not spalled or are only lightly spalled ,
but the filler is in unsatisfactory condi-
tion; (3) nonfil led cracks are not spalled
or are only lightly spalled , but mean crack
width is greater than 1/4 in.; or (4) li ght
random cracking ex ists near the crack or at
the corners of intersecting cracks.

H - Cracks are severely spalled , causing definite
FOD potential. They can be either filled or
nonf illed of any width.

How to Measure : Longitudinal and transverse cracks are
measured in lineal feet. The length and
severity of each crack should be identi-
f ied and recorded . If the crack does not
have the same severity level along its en-
tire length , each port ion of the crack
having a different severity level should be
recorded separately. For an example , see
Jo int Reflection Cracking.

Fl ‘ire 28. Initial and Fina l Description of l ong itudinal
and Transverse Cra cki n g (conclude L).
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Fi gure 29. Illustration of Deduct Value Curves for Several Distress
TyDes , All Distresses at Medium Severity Level .
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Fi gure 30. Example Deduct Value Curves for Three Severity Levels of
Longitudinal and Transverse Cracking .
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TABLE 19. PCI VALUE S FOR DIFFERENT DISTRESS TYPES
IN ASPH ALT - OR TAR-SURFACED PAVEMENT

Distress Deduct Value PCI General Condition

Polished Aggregate 16 84 Very Good

Bl oc k Cracking 24 76 Very Good

Depression 40 60 Good
— L o n g i t u d i n a l  and 37 63 Good

Transverse  C r a c k i n g

Alli gator Cracking 56 44 Fair

TABLE 20. DED UCT VAL UES FOR D IFF E RENT LEVEL S OF SEVERITY
OF LONGITUDINAL AND TRANSVERSE CRACKING

Severity Deduct Value PCI Rating

Low 24 76 Very Good

Medium 37 63 Good

High 54 46 Fair

condition . The deducts increase rapidly up to about 20 percent area
and then level off . Hence the initial development of linear cracking
in asphalt pavement has a very signifi cant impact on a pavement’s condi-
tion .

EXAMPLE CALCULATION OF PCI

This section illustrates the calculation of the PCI for a 50—foot-
wide taxiway at Homestead AFB , FL. To determine the section ’s PCI , a
sample unit of the taxiway 50 feet wide by 100 feet long is surveyed .
Thc? amounts of each of the four distress types found are summarized
un the field condition data sheet used for asphalt- and tar—surfaced
pavements (Figure 31). For example , 594 square feet of alligator
cracking (No . 1) were found in the section : four areas of 90 feet x 3
feet = 270 square feet , 90 feet x 3 feet = 270 square feet, 15 feet x 2
feet = 30 square feet , and 12 feet x 2 feet = 24 square feet. Its
density is calculated as (594/5000) 100 11.88 percent. The deduct
values for each distress are determined from curves presented in Appen-
dix A , Figure A-9. The total deduct of 81 is adjusted to 56 using the
curve in  Fi gure 27 for q 2 , since two deduct values are greater than
5 . The PCI i s then ca l cu l a t ed  to be 44, which indicates a “fair ”
r-ting. The subjective ratings for this section were 42, 50 , 50 , and 50
for a mean PCR of 48.
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ASPHALT OR TAR SURFACED PAVEMENT
CONDITION SURVEY DATA SHEET FOR SAMPLE UNIT

AIRFIELD ~~~~~~~k4c& ~~~~~~ FEATURE
DATE________________ SAMPLE UNIT I
SURVEYED BY ~~~ IM$ AREA OF SAMPLE ~~~ 00 sq

~~~~~ s ;r~pes .9(ETCH:
I. All iqator Crackinq 10. P at c h i n~ I
2. Bleeding 11 . Polished Aqo reqate
3. Block Crackin a 12. Raveling/weathering
4. Corrugat ion 13. Rutting
5. Depression 14. Shoving from CC 1OO
6. Jet Blast 15. Slippag e Cr ac kina I
7. Jt. Reflection (PCC) 16. Swell
8. Long. ~ Trans. Cr aL kIn
9. Oil Spilla ge 50’

_ _ _ _ _ _  
EXISTING DISTRESS TYPES 

_ _ _ _ _  _ _ _ _ _ _

4 :  

_ 
_

~~~~~~~45~~4 __~~
p_& _ ~~~~~~ S4’O3~~~

_ _ _ _ _  _____- --5— — 5.- —5--- - - - —-5--- --

_ _ _ _ _ _ _  _ _ _ _ _ _  
PC! CALCULATION 

_ _ _ _ _ _ _  _ _ _ _ _ _

DISTRESS DENSITY SEVERITY DEDUCT
TYPE VALUE

I  .i... _____

a o.io~ 
-- 

i... 
_ _ _ _ _ _ _ _  

PCI = /00 -CDV=
_ _ _ _  

ô.80 L 
_ _ _ _ _  

_ _ _ _ _/3 iO.80 
_ _ _ _ _  _ _ _ _ _ _-

_ _ _ _ _  _ _  
RATING~

DEDUCT TOTAL 1a  
_ _ _ _ _ _ _  _ _ _ _ _ _

CORRECTED DEDUCT VALUE (CDV)I ~5(. 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Figure 31. Condition Survey Data Sheet for Example Calculation of PCI.
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EVAL UATIO N AND F IELD VERIFICATION

Eva~ ’ta t -i-~ n

An evaluation of the pavement condition rating procedure was con-
ducted using results from all 38 sections at the five airfields . The
PCI of each of the 38 sections was computed using the final procedure,
and these results were compared wi th the subjective ~tings (PCR) ofexperienced pavement eng i neers. Table 21 sumariz€ .- i. ~se data .Results showed that:

1 . The mean PCR and PCI sections at each of the airfields compare
very closely, with the overall mean showing only one point difference .

2. The mean absolute difference between the PCR and PCI for all
sections is relatively small at 4.8 points . The differences range from
0 to 21 points .

Field Validation

A l though the results from the 38 sections provided strong field
verification of the procedure and the calculated PCIs appeared to pre-
dict closely the mean subjective opinion of experienced pavement en-
gineers , additional tests were believed to be necessary to test the
procedure with data other than that from which it was developed .

Three additional airfields (George AFB , CA , Elmendorf AFB , AK , and
Eilson AFB , AK) were visited and 35 asphalt— and tar-surfaced pavement
secti ons were surve yed .

Table 22 summarizes the results obtai ned from these bases. The
mean absolute difference between the ~~~ and the calculated PCI is 3.4
points , which is less than the 4.8 for the origina l 38 sectIons. The
d i fferences range from 0 to 14 point; . The overall mean ~~~ of all  the
sections is 54 and the mean PCI is 56.

The ~~~ was subjectively rated by two project staff members fromCERL and the base or major command pavement engineers for the base
surveyed. A few deficiencies in distress definitions and deduct curves
were identified and corrected .

The differences between ~~ and PC I can be compared to the ran ge of
differences between the 1ndiv idu~l raters for each airfield. For ex-
am ple , at Homes tea d AFB , the mean absolute difference between the ~~

- 

. and the PCI is 3.8 points for nine sections. However, the mean range
between the highest and l owest rater for each of these nine sections is
12.2 points , illustrating the high variability in opinion from one rater
to another , even though all four raters were experienced pavement
eng i neers. Fi gure 32 presents a plot which shows similar results from
each airfield. The mean absolute difference is generally much lower
than the mean range between raters. Table 23 sumarlzes all the
subjective ratings.
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TABLE 21. SUMMARY OF PCI AND ~~ DATA FROM FIELD SURVEYS FOR
ASPHALT- AND TAR-SURFACED PAVEMENTS

Pavement Pavement Calculated
Location Feature PCR PCI

Wright—Patterson R3C 87 82
AFB , OH T12B 65 71

T23B 48 41
T24B 71 75

Mean
Williams AFB , TW4 62 70
AZ / R3OC (end) 42 49

R3OC (M 2/7) 93 100
R3OR (M 7/2) 84 86
TW6 57 78
RW (coolIdge #1) 53 57
RW (coolidge #2) 48 57

Mean 7T
Craig AFB, R14L (M44 80 81
AL R14L (M62 86 90

TW3B (#1) 88 88
TW3B (#2) 84 79
TW3B (#3) 84 89
TW3B (#4) 81 82
TW3B (#5) 85 84
RW 1 78 81
RW (s. end ) 83 79
TW7

Mean 83 83
Homestea d AFB , 1W (Par #7) 48 46
FL N (Par #14) 48 43

1W (Par #33) 71 73
N (Par #46) 61 55
TW (Par add 1) 40 42
TR6 50 53
TR9 48 46
TWA 4 75 80
1W (old) 25 18

Mean
Scott AFB, R3c (#1) 56 64
IL R4c (#1 ) 51 51

R4c (#2) 51 54
1W (s. #1) 42 36
T’v (5. #2) 29 22
A (s . #3) 69 72
IWF 69 79
1 13 B(#20 ,21 ,22) 69 72

rlean 56

Overall Mean 64 66
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TABLE 22. SUMMARY OF RESULTS FROM ADDITIONAL TESTS FOR
ASPHALT- AND TAR-SURFACED PAVEMENTS

Pavement Pavement Mean Calculated
Location Feature PtT~ PCI 

—

George AFB , TW6 #1 46 42
CA # 2 34 33

#3 49 53
#4 29 39
#5 22 23
#6 26 25
#7 37 36
#8 37 38
#9 49 35
#10 (before 27 25

repair)
#10 (after 54 52

repair)
~l1 34 32

Mean ~
7-5

Elmendorf AFB , RW #1 70 71
AK #2 71 78

#3 75 82
76 77

#5 74 72
~6 79 80
#7 79 78

Al 82 83
A2 53 64
TW 1 62 66
TW2 67 65
TW3 68 - 66

Mean 71

Eiel son AFB , RW #1 63 65
AK #2 64 61

#3 66 68
#4 71 71
#5 68 65
#6 64 65
~~ 7 58 66
#8 62 65
~9 56 48

TW6 #l 28 26
TW6 #2 56 63

Mean ~~

Overall Mean 56 57
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Figure 32 . Comparison Between the Mean Range Betwee . Raters and
the Mean Absolute Difference Between PC’ and PCI.

78

‘

~

‘ - - - __________________



~
-
~r~

- - - 
_ _  ~~

TABLE 23. INDIVIDUAL RATINGS FOR EACH PAVEMENT FEAT”RE SURVEYED
FOR ASPHALT - OR TAR-SURFACED PAVEMENT

Paveitient Pavement Ratersa

Loca tion Feature Cl C2 C3 Bl B2 PCR

Wri ght-Patterson R3C 90 84 - 90 85 87
AFB , OH T12B 65 69 - 59 65 65

T23B 52 37 — 47 55 48
T24B 78 62 - 65 81 71

— .
- Williams AFB , TW4 67 65 - 60 54 62

AZ R3OC (end) 41 41 - 60 25 42
R3OC (M2/7) 95 95 - 90 90 93
R3OR (M7/2) 85 82 - 90 80 84
TW6 57 50 - 65 56 57
RW (coolid ge

#1 54 54 — 50 54 53
RW (coolidge

~2 48 42 - 45 57 48

Craig AFB , R14L (M44) 73 — 80 80 85 80
AL R14L (M62) 80 - 87 95 80 86

TW3B (~ l) 90 - 90 84 90 88
TW3B (r2) 83 - 83 84 85 84
TW3B ( -t 3) 83 - 83 84 85 84
TW3B (~4) 82 - 82 78 83 81
TW 3B (~5) 83 - 80 90 88 85
RW 1 73 - 75 80 83 78
RW9 (s. end ) 80 - 80 86 85 83
1W7 70 - 80 80 80 78

Homestead AFB , T’~I ( Par ~7) 50 42 - 50 50 48
FL TW (Par ~l4) 49 48 — 50 45 48

TW (Par ~33) 70 75 — 62 75 71
TW (Par ~46) 61 56 - 66 60 61
TW (Par addl ) 38 38 - 40 45 40
TR6 53 47 - 48 50 50
TR9 50 35 - 53 56 48
TWA4 71 70 - - 85 75
TW (old) 21 25 — 15 40 25

Scott AFB, R3C (il) 60 57 53 53 54 56
IL R4C (el) 50 47 52 58 47 51

R4C ( i ?)  50 47 52 58 47 51
TW (s. ~l) 44 50 48 30 40 42
TW (s. ~2) 30 24 38 25 28 29
A (s. :3) 69 70 60 - 75 69
T W F  63 62 71 - 80 69
T13B 68 62 70 66 80 72
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TABLE 23. INDIVIDUAL RATINGS FOR EACH PAVEMENT FEATURE SURVEYED FOR
ASPHALT- OR TAR-SURFACED PAVEMENT (CONCLUDED)

Pavement Pave ment
Location Feature Cl C2 C3 81 B2 PCR

George AFB , TW6 #1 42 47 - - 50 46
CA #2 37 40 - - 25 34

#3 50 47 - - 50 49
#4 38 30 - - 20 29
#5 25 30 - - 10 22
#6 26 40 - - 12 26
#7 39 26 - - 50 38
#8 32 38 - - 40 37
#9 46 45 - - 55 49
#10 (before

repair)25 20 - - 35 27
#10 (after

repair)56 45 - - 60 54
#11 35 32 - — 35 34

Elmendorl AFB , RW#l 70 70 - 70 - 70
AK #2 70 78 — 65 - 71

#3 75 82 - 68 - 75
#4 73 80 - 75 - 76
#5 72 71 - 80 - 74
#6 76 82 - 80 - 79
#7 76 82 - 80 - 79
Al 93 87 - 65 - 82
A2 64 55 - 40 - 53

1W8 #1 55 60 - 70 - 62
#2 67 65 - 70 - 67
#3 68 70 - 65 - 68

Eielson AFB , 1W #1 63 60 - 65 - 63
AK #2 65 62 - 66 - 64

#3 65 70 - 62 - 66
#4 72 75 - 66 - 71
#5 68 70 - 65 — 68
#6 63 70 - 60 - 64
#7 60 55 - 58 - 58
#8 65 62 - 60 - 62
#9 57 55 - 55 - 56

TW6#l 28 29 - - - 28
#2 55 56 - - - 56

ad C2 , C3 = CERL project staff engineers
Bi = major coninand pavement engineer
B2 = base pavement engineer or AFCEC pavement eng ineer
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Figure 33 shows the correlation between PCI and P~~ for all 73
sections. Analysis of the data resulted in the following statistics:

1. The correlation coefficient between the PCI and ~~U is 0.96 .

2. The mean PCI for all sections is 61.2.

3. The mean ~~ff for all sections is 60.2.

4. Tie mean difference between the PCI and ~~ for all sections
is +1 .0.

5. The standard deviation of the differences between the PCI and
PCR is 5.42.

Assuming that the differences between the PCI and PCR are normally
distributed , the confidence interval on the differences can be calculated
as

+ K 5.42- v,~

where K = value from normal tables based on confidence level (K = 1.96
for 95 percent confidence), and

n = number of sample units surveyed in the pavement feature .

For example , if five sample units were surveyed and the PCIs of the
samples were averaged to determine the PCI of the pavement feature, the
~~~percent confidence interval or the difference between the PCI and
PCR of the feature would be

+ 1 .96 5.42 = -4.75 to +4 .75

i .e., there is 95 percent confidence that the PCI of the feature is
w i t h i n  +4.75 of the average condition rating , PCR , that would have been
determ ined by a group of experienced pavement engineers. Therefore, the
final PCI procedure is a reliabl e pavement condition rating technique.
The resulting PCI and its corresponding rating (“good ,” “poor ,’ etc.)
r n  be very significant in determining maintenanc e and repair needs , as
discussed in Section VI II.
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SECTION V I I

PAVEMENT INSPECTIO N

INTRODUCT I ON

Determination of the pavement condition index requires measurement
of all distress ex isting on the pavement surface. A thorough pavement
ins pection must be made to determine the types , severity , and amounts
(density ) of distress present. The pavement inspection must be care-
fully organ ized and planned to provide the necessary information for
determining the airfield pavement ’s condition .

This section presents gu idelines for inspecting jointed concrete
and asphalt- or tar-surfaced pavements. It also provide s a procedure
for sampling when time does not permit inspection of the entire pavement
area . Equipment needed includes a measuring wheel (odometer), 12-inch
measurement scale , and a 10-foot straightedge.

JOINTED CONCRETE PAVEMENT INSPECTION

The pavement must first be divided into features based on the
pavement ’ s des ign , construc tion history , and traffic area . A pavement
feature shoul d therefore (1) have consistent structural thickness and
materials , ( 2) have been constructed at one t ime , and (3) be located in
one traffic area . Condition of the pavement (based on observable dis-
tress) is an additional consideration for feature determination . These
defined features should be outlined and identified o~ the airfieldl ayou t p lan , as illustrated in Fi gure 34.

Ins pec~.ion of an indivi dual feature begins with dividing the feature
into “sam p l e units ” of a pprox i ma tely 20 slabs (Figure 35). There are
several reasons for div iding the feature into sample units of approxi-
ma tely 20 sla bs:

1. The deduct value curves for each distress were developed based
c~ a 20-slab pavement section .

2. The correc ted deduct valu e curves used with multiple distresses
were also hased on a 20-slab pavement section .

3. The field val idation indicated that this size section is con-
venient to inspect and rate .

4. Deteri’ m at-ion of a meani ng ful “ percent slabs distressed ” den-
sity rating for each distress type requires a total of at least 20
sla bs.
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Each sample unit should also be numbered to permit relocatin g the
section for future inspections or maintenan ce needs. Each “samplin g
uni tH is inspected individually, and the PCI is calculated for each.
The actual inspection is performed by walking over each slab of the unit
and recording distress(es) found in the slab on the condition survey
data sheet for sample unit (Figure 36). A sketch is made of the sample
unit using the dots as joint intersections. The appropriate number code
for each distress found in the slab is placed in the square representinu
the slab. The letter L , M , or H is noted with the distress number code
to indicate the severity level of the distress. For example , 151 m di-
cates that low severity corner spal ling exists in the slab.

Volume II of this report contains the name , description , severity
levels , and photographs of each distress type used in the inspection
procedure . This manual should be available to the pavement inspector to
assist in distress identification . The manual also includes a detailed
description of how to measure the distresses in the individual slabs.
The guidelines for conducting inspections established in the distress
identification manual must be followed very closely to obtain an accu-
rate distress count. From this count , a summary of the distresses and
the seven ties of each distress contained in the section are compiled on
the survey data sheet for the samp le unit. This summary is then used to
compute the section ’s PCI as discussed in Section V. The PCI for the
entire feature is then calculated by averag ing the PCi of the sample
units. Figure 36 also shows the summary of the distress densities
located in the section and the computed PCI for the section . One data
sheet is used for each sample unit. Features can be divided into two or
more features based on distress condition during the survey if the
density , severity , and types of distress differ greatly for different
sample units in the feature. The sample units having similar distress
conditions can be divided into separate features.

The PCIs for each sample unit should be compiled into a summary ,
with each sample unit identified so that it can be located for future
inspections. A graph of PCI versus time for the features can be develop-
ed to assist in determining maintenance and repair needs.

ASPHALT- AND TAR-SURFACED PAVEMENTS

The pavement must first be divided into features based on the
pavement ’s design , construction history , and traffic area . A pavement
feature should (1) have consistent structura l thickness and materials ,
(2) have been constructed at one time , and (3) be located in one traffic
area . Condition of the pavement (based on observable distress) is an
additional consideration for feature determination. The feature should
be outlined and identified on the airfield layout plan , as illustrated
in Figure 34.

Inspection of an individual feature begins with dividin q it into
“sample units ” of pavement which are approximately 5000 square feet in
surface area (such as 50 x 100 feet (Figure 37). The reasons for
dividing the feature into 5000-square feet sample units are :
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JOINTED COVCRETE PAVEMENT
CONDITION SURVEY DATA SHEET FOR SAMPLE UNIT

AIRFIELD A FEATURE

DATE 71~ /7~ SAMPLE UNIT / Z

SURVEYED . BY ~~ 
J1t(~) SLA8 s~z 20 X ~5 4~(:26 j Io.~ s

• 
~
- - . --?

~
- - -.-

~~~~~. S

10 1 Distress Types
I 1. Blow-Uc 10. Scaling/Map

• 2. Corner Break Crk/Crazinq
T 3. Long/Trans/ 1). Settlement/

Diag. Crk Fault
9 

~~ 
I. 4. ‘D” Crk 12. Shattered Slab

I 5. Joint Seal 13. Shrinkage Crk
• $— - —1-- — • Damage 14. Spa ll in~,6. Patching, <5ft2 Joints

8 7. Patching/Utility 15. Spa ll inq,

• 
.
~~~~~~ 

8. ~~ outs Corner
9. Pumping

7 3M
• —— S 7ff/If/IL U/I/JIlL’ WI//If/I ‘IJIl/Illi

31... 01ST 
~~~~~~ 

Na 0EOL~CT
6 TYPE SLABS SLABS VALUE

• h~~~~~—-- ____ — 
/ 

_ _ _ _  _ _ _ _

3 —s- 3 _ _ _  
II

5 3L 
~~~~~~ _ _  _ _  /1

• ~— - -~-—
--- • Ia ~~ / 5 7

/2. 1.. / _ _ _ _  
/0

4 3’t.. 
~~~~ I.. 

_~~~~~_ /0 
_ _ _ _

• —.—-.-— -- -

3 
_  _  _

• —.----——1 • _ _ _ _ _  _ _ _ _ _  _ _ _ _ _

2 DEDUCT TOTAL 
~‘ 6

• • CORRECTED DEDUCT VALUE (COp 32~
PCZ . I O O— C D V :  

_ _ _ _

RATW Gx GOO i
• I —  

~~~~~~~~~~~~~~~~~~~~~~~~ •I 2 3 4

Figure 36. Condition Survey Data Sheet for Sample
Unit Jointed Concrete .
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1. The field validation indicated this size section is very con-
venient to inspect and rate .

2. The deduct-density curves for each individual distress were
developed based on a 5000-square foot area .

3. The corrected deduct value curves used with multiple distresses
were also based on a 5000-square foot area .

This division established a convenient grid system for reference
when inspecting the feature . The sample units should be numbered in a

• convenient manner to provide easy location for present and future
inspections.

Each sample unit is inspected individ ually, and the PCI is cal-
culated for each. The distress inspection is conducted by walking over
the unit , measuring each distress type and severity , and recording the
data on the condition survey data sheet for sample unit (Figure 38). A
hand odometer is helpf ul in measuring the distresses , and a 10—foot
strai ghtedge and 12-inch scale should also be avail able. Figure 38
shows an example of a completed form. All information on the top of the
data sheet could be completed ; the number of the unit being inspected
should be entered on the line labeled sample number. Each column on the
form is used to represent a distress type, and the amount and severity
of each distress located is listed in the col umn . Space is provided at
the end of each col umn to sum the tota l distresses existing in the
section .

Distress is recorded differently than for jointed concrete pave-
ments. For example , in Figure 38 for distress No. 8 (longitudinal and
transverse cracking), six different cracks were recorded on the inspec-
tion sheet as 1OL , 5L , 15L , 5M , 1OL , and 5M. The 1OL indicates 10 feet
of light severity cracking, 5M indicates 5 feet of medi um severity , etc.
The total amount of long itudinal and transverce cracking in this sample
unit is 40 feet of li ght severity and 10 feet of medium . Other distress
types such as No. 1 (alligator cracking) are measured in areas. Two
areas of alligator cracking were recorded : a 4 x 4 foot section of
medium severity , and a 2 x 3 foot section of light severity . This data
sheet was found to be very convenient for recording in the field.

• Volume II of this report contains type , description , severity
levels , photographs , and measurement criteria for each distress type
used in the survey of asphalt - and tar-surfaced pavements . This manual
should be available to the pavement inspector to assist in distress
identification . These guidel i nes must be followed closely in order to
obtain an accurate distress measurement and PCI .

If the feature contains a significant portion of pavement that has
a much different amount of distress than the rest of the feature, this
arer~ can be seoarated into another feature.

The tota l distress data are used to calculate the PCI of the sec-
tion , as explained in Section V I. The PCIs for each sample unit should
be compiled into a summary . It is important that each sample unit be
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ASPHALT OR TAR SURFACED PAVEMENT
CONDITiON SURVEY DATA SHEET FOR SAMPLE UNIT

AIRFIELD .4 FEATURE r5
DATE ~~~~ 81 7~’ SAMPLE UN! T -

~~~~

SURVEYED BY M2)J/ ’(S Jsi~ AREA OF SAMPLE ~~~~~~~~~

Distrcs.~ Types 9 CE
1 . Al ligator Crackino 10. Patching
2. Bleeding 11 . Polished Agoreqate
3. Block Crackinq 12. Rave lingfWeathe rinq
4. Corrugation 13. Rutting ‘

5. Depression 14. Shoving from PCC I
6. Jet Blast 15. Slippa ge Cracking
7. Jt. Reflection (PCC) 16. Swell
8. Long. & Trans. Crack~n ,9. 011 Spillage

_ _ _ _ _ _  
EXISTING DISTRESS TYPES 

_ _ _ _ _ _  _ _ _ _ _ _

• _ _ _  

4.~~~~ L. ,0’. 3J( IO 1’j 
_ _ _ _  _ _ _ _

I 
_  

% • 

_  _

~~L 
~~~~~~~~~~~~~ ~~~~~ ‘1O~~~~~~~ _____ _____ —___

_ _ _ _ _  
10P~ Z~O~~ fb

_ _ _ _ _ _ _  _ _ _ _ _ _ _  
PC! CALCULATION 

________________

DISTRESS DENSITY SEVERITY DEDUCT
TYPE VALUE

I 0.12. 
_ _ _ _ _ _  _ _ _ _ _ _

_ _ _ _ _ _  _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  

PCI 2/ 00
_ _ _  _ _ _  _ _ _ _  

75
8 0.80 s.. 

~~~

-

___8___ c) ,~ O 
_ _ _ _ _  

_~~~5
/2.. O~(.0 _ _ _ _ _  7

________ _______ _______ ________ RATING = Ver,~f Goo~
DEDUCT TOTAL 

_ _ _ _ _ _ _ _  
_ _ _ _ _ _ _ _

CORRECTED DEDUCT VALUE (CDV)! ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Figure 38. Condition Survey Data Sheet for Asphalt- or Tar-Surfaced
Pavements.
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i dentified adequately so that it can be located for future surveys . A
graph of PCI versus time for the features can be developed to assist in
determining maintenance and repair needs .

SAMPLING PLAN

A condition survey inspection of an entire feature may require con-
siderable effort, especially if the feature is very large. This is
particularly true for asphalt - or tar-surfaced pavements containing much
distress. Because of the time and effort involved , frequent surveys of
an entire feature such as a heavily used runway may be beyond available
manpower , funds , and time . Therefore , a sampling plan was developed to
allow adequate estimation of the PCI by inspecting only a portion of the
sample units in a feature . Use of the statistical sampling plan de-
scribed in this section will reduce inspection time considerably wi thout
significant loss of accuracy . Use of the sampling plan presented is
entirely optional. In fact, inspection of the entire feature may be
necessary if exact quantities of distress must be known for contractual
maintenance work.

A feature is subdivided into several sample units of approximately
20 slabs (for jointed concrete) or 5000 square feet (for asnhalt- or
tar-surfaced pavements). The number of sample units may range from one
to over 100. How many sample units must be surveyed to obtain an ade-
quate estimate of the feature ’s PCI depends on:

1. How large an error can be tolerated in the estimate of the mean
feature PCI (let this error be denoted by e).

2. The desired probability that the PCI egtimate will be within
this limit of error (usuall y set fairly high , suc h as 95 percen t ).

3. ~\ri estima te of the variation of the PCI from one sample unit to
another within the feature (denoted by a).

4. The total number of sample units in the feature (denoted by N).

The allowable error e must first be expressed in terms of confidence
limits . If e is the allowable error in estimating the mean PCI of the
feature , and the desired probabili ty that error will not exceed e is 95
per~;ent,

’9 the 95 percent confidence limits computed from a sample mean ,
assumed approximately normally distributed , are

~ + -?2- [Equation 3]
,/fl

~~~~~~~~~~~~~~~~~~ hi gh so tha t it is reasonably certain tha t
the error will not exceed e.
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where n = number of surveyed sample units

X = the average PCI computed from sample units

a = standard deviation of PCI.

Therefore : 2e = _2~ [Equation 4]

Solving for the required sample size n gives

n = ~
2_

~ [Equation 5]
e2

This expression can be used if the tota l number of sample units in the
feature is very large. However , if the computed value of n is greater . 

-

than 10 percent of the total number of sample units in .the feature , a
revised value n should be used ; the modified equation 2° is:

n = Na 2 
[Equation 6]

(~- ) (N-i ) +

where n~ = number of sample units required from feature
N = total number of sample units available in feature
a = standard deviation of PCI between sample units

within the feature
e = allowable error in determining the true PCI of

the entire feature.

Before Equation 6 can be used to compute the required number of
sample uni ts to be inspected for a pavement feature , the N , a, and e
must be determined .

The PCIs of the individual sampling units within a given feature
vary due to the heterogeneous nature of pavements and subgrade soils.
Varying traffic loadings also cause differences in distress occurrence.
Data were collected from several features , and the standard deviation of
PCI within a feature was computed for jointed concrete pavement and for
asphalt-surfaced pavements (Table 24). These standard deviations pro-
vide an estimate of the variability that exists in pavement features .
These data indicate that considerable variation in pavement condition
can exist in a given pavement feature.

An example will illustrate use of Equation 6 to compute the number
of sample units required for inspection . Assume that a taxiway feature

LUG. W. Snedecor and W. G. Cochran , •~ lLZ $ t~~a? ~~~~~~ 6th Ed. (Iowa
State Press , 1967).
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TABLE 24. SUMMARY OF DATA SHOWING THE VARIATION OF PCI BETWEEN
SAMPLE UNITS WITHIN A FEATURE

Asphalt -Surfaced Pavements

No. of
Sample Mean Range of PCI Standard

Feature -Airfield Units PCI PCI Deviation

Taxiway - Scott 22 88 68 - 96 9

Taxiway - Homestead 5 52 42 - 73 13

Taxiway - George 11 35 25 - 53 10

Runway - Elmendorf 7 77 71 - 82 4

Runway - Eielson 9 63 48 - 71 7

Jointed Concrete Pavements

Apron - Scott 3 56 35 - 72 19

Taxiway - Homestead 5 60 28 - 74 19

Runway - Homestead 6 83 51 - 98 20

Runway - W a i n r i g h t  3 36 23 - 57 19

III
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of the size indicated in Figure 37 must be inspected and the mean PCI
determined . Convenient samp le units of 50 x 100 feet are selected; 25
units result. Determining the true PCI of the feature within + 5 points
with a confidence level of 95 percent is desired . A standard deviation
of 10 points is selected based on data in Table 24. The parame ters are
therefore:

N = 2 5
e = 5 points
a = 10 points

- - 25 (10)2 
-— ______________ — 10

(
~- )(25 — 1) + (10)’

Therefore, 10 sample units must be selected at random and be inspected
the PCI of each sample unit and the mean PCI of the feature must be computed .

Figures 39 and 40 show plots developed using Equation 6 to permit
ready determination of the number of required samples. The following
parameters were used in developing the graphs:

For jointed concrete: a = 15 points , e = 5 points , Confidence Level = 95
percent.

For asphalt or tar surface: a = 10 points , e = 5 points , Conf id ence Level =

95 percent.

The standard deviations of 15 for jointed concrete and 10 for asphalt
have been tentatively selected to r€ present averaQe field conditions. The
actual standard deviation for each pavement feature can be determined after
the inspection has been performed using the foll owing equation:

~Ji=l~~~~
h i~~~~~fl

where PCI .~ = pavement condition index of surveyed sample units
n = numbered of surveyed random sample units

PCI = ~PCI 1 /n

The minimum number of sample units can then be recalculated usin g Equation
6. However , the value of 4 in the equation should be replaced by the square
of the t value obtained from the t-student distribution based on the number
of random samples surveyed and 95 percent confidence. - 

•

91

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



T~~~
E
~~~~~~ ~~~~~~~~~~~~~

- — — — — —— —~~~- 
,
~ _ i_ _~~~~~~~~ _~~~~~~~~ _ _ ~~~

_ _
~~~~~ -~~ —~~~~

- - -- - -~~~~~~~~~~ -~~~~~ -L

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

- I -

- + ~I :  _ _  - - -

- - j_ -
~~ 

‘
~5~~~

- - I -  - - -~~~ - -~~
- _ _

- 
- - - - L • - ~ - - - 

• I 
- - 0 ~~ L)

~~~~~~~~~~~~~~~~ ~L-. - -
~~~

— — - — I — - — - —
~~~~~ 

- 

- -

~~

-

~~~~~~~ ~~~~~_ _ if~~\ I~~~~~
II iI III iiIIL _1Ii. 

~

L - ‘   

+

- - ~~~~~~~~ L L  ~ -
• , ,

~~~~~~~ 
-1- 

~
-
~ J ~~~-J 

~ r - -
• • ; I 1 j~~~~~~~~ ~~~~~~~~~ •~L~ -

~~~ ~~~~~~~~~~~~~~~~ ~~~~• ~~~z ~ 9
a3A3A .&ns 39 O.L SI/Nfl .Tldtif VS dO è139Vt~flN U

- ______



F - • •—--—

~~~~~~

—. -

~ 

.----

~

,-.-‘ - . —------ -• •— ---- .—.
~

• •
~
.—--..-‘--- — -—- •

~
.—•-.--

~
—• .•  

-—‘—--- ,---,-•. •—— --~~~~~~~ •.~ --—.---•--.- -• — - • -~~

~~~~~~~~~~~~~~~~~~~~~~~~~~ T~± - ±- _ _ _ _ ±-_ __ _ -__ _ _t ___

:~~~ --- - ~~~- — ~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
• • -  

~~~~
- 0

~~~~~~ I 

~~~~~ — — — — — t - -  LiJ- 
- : - : ..  : : . ~~~~~t

-
~ : I • 

- 
- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
• • - -

~~
-- -

- 
~~~

- • :  • - - - - I .  • • 
—--- --—---— ._.4 . .  E E

- • I _ • • - - - - —~~~~~~ ~~~~~~~
• : . : - -

~~ • :  - •  (fl ~~~~~~>

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ----F-- —~-—- -—~ — - — —-- -—
~~~~

-—
• L. ~~~~—~ ..- _..- V. L— -—_~

__ 0 o• - ~ •
- i -  - - • • -  • - - . i - - - -~~ • t  _ _ _ _ t _ _ _ _ _  

— - - - --  — —  L W  
- • . . . .  : . . I . .  

- Lii ~
•-~ . — .~—i.~-- _ L_  — — _-

~--_ _. a~ •
~~~~~~~- — • j : . I - —

~~~~~~ 3 L
— — — - —— -  — -  4-  4- ~~~~~~~~ 

—
~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~—4--- — — — - - —~~~
—

~~~~~~~~
- - — — - - - - - — ----

~~~~~~~~~
- 

~~~~~~~
- - • I - •  I • ‘~ C)  

~~~~~~~~~~~~~~___ _ -_ _ _ _ -_ -_ __ _ __ -_ _ _ _
~~t _ _ _ _ _ .~J__ __

~__ _ ___
• • - - - I  • -

- - t -j -

— T H r — — t - — - ~~~~~~I - -  4- ~~
- . -

~~
• - -  C L

ii
i~~i i i~~~•~~~~iI ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~

~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~:, . ,~ .~~~ ~ ~: :~: :~~~~j~ ij~j :~ ~~~L {
~~~ 

-j~ ~ ~~~~~: .  I~j L :~L g ~ I~ 2 ~
O3A3AèJflS 38 01 S.UNfl 31dV4YS JO d38I~flN = u

96

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~ ,---
~~~~‘ —~~~~~



r - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

_ _ _ _

- ——

SELECTION OF SAMPLES

Determination of how to select the sample units is as important as
determining the minimum number of samples . Samples must be selected
randomly to assure an unbiased PCI. If the number of sample units in a

• feature exceeds 10, stratifying the feature is recommended . Stratifying
the feature invo l ves dividing it into d number of parts called strata .
An equal number of sample units are randomly selected from each strata ,
and the sample t~ean is computed by avera g ing the PCI of all surveyed
sample units , as illustrated in the following example.

Figure 37 shows the feature to be inspected ; it contains a total of
25 sample units numbered from I to 25. The required minimum number
of sample units is determined to be 10 (from Equation 6 or Fi gure 39).
Strata can be selec ted in severa l ways , such as dividing the feature
into five strata:

Strata 1 Samp le units 1 through 5

Strata 2 Sample units 6 throu gh 10

Strata 3 Sample units 11 through 15

Strata 4 Sample units 16 through 20

Strata 5 Sample units 21 through 25

Two sample units are selected at random from each strata using a
random number table , such as Table 25. For example , units can be
selected for this example by starting at columns 05 and 06 and row 10
and proceeding down the page selecting the first two numbers between 01
and 05, which are 03 (row 16) and 01 (row 25). The process would then
be repeated for the other four strata . If the required units have not

- - been obtained when the bottom of the column is reached , they can be
obtained by proceeding up from row 49 in columns 20 and 21. The numbers
selected using this procedure are circ l ed in Table 25.

Strata Sample Units

Strata 1 (1 - 5) 03, 01

Strata 2 (6 - 10) 09, 10

Stra ta 3 (11 - 15) 12 , 13

Strata 4 (16 - 20) 16 , 17

Strata 5 (21 - 25) 21 , 23

Therefore , sample units numbered 01 , 03, 09 , 10 , 12 , 13 , 16 , 17 ,
21 , and 23 rnus* be in~:pected and the PCI determined for each. The mean
PCI of the taxiwa y feature is then estimated as the mean of all 10

I~ p ie units. To illustrate how the resul ts of this sampling compare to
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the true PCI of the feature , cons i der the resul ts shown in  F ig ure 41 ,
which shows the PCI measurements for each of the 25 sections . The true
overall ‘lean is 36. The mean PCIs of the 10 randomly selected sections
is 38, wh ich is within ± 5 points of the true mean of 36.

One of the ~1jor objections to “random sampling ” some engineers
express is the problem of not including a very ‘poor ” or “excellent ”
sam ple unit which may exist in the feature . However , one or more addi-
tional samples selected by the engineer can be inspected i-f desired ; the
followin g equation must then be used to compute the mean PCI:

• PCI f 
- 

C) 
+ 

~~
- PCI~ [Equat ion 7]

where : PCIf 
= overall PCI of feature

N = total number of sample units in the feature or subfeature

C = number of additional sample units

~~
1l = arithmetic mean of PCI for random units

= arithmetic mean of PCI for the additional sample units.

For exam p le , if the mean PCI of the 10 sample units previously dis-
cussed was 38, and one additiona l section inspected because ft had
serious distress had a PCI of 10 , the final PCI f of the feature wouldbe com pute d as:

PCI f = ~~ ) (38) + (10) = 37

- ______________________________________________  ,. . - ‘c ‘ r.~~ ~~~ ‘- - • , • - - -•-____



Pavement Feature : Taxiway 5
Total No. of Units: 25
Date of Survey: 7/13/1976

Unit Unit Uni t Unit
No. Area Sq Ft PCI No. Area Sq Ft PCI

1 5000 42 16 5000 35

2 5000 33 17 5000 22

3 5000 53 18 5000 30

4 5000 39 19 5000 39

5 5000 23 20 5000 35

6 5000 25 21 5000 32

7 5000 36 22 5000 41

8 5000 38 23 5000 49

9 5000 35 24 5000 30

10 5000 25 25 5000 22

11 5000 32

12 5000 45 -
•

13 5000 40

14 5000 55

15 5000 46

Average PCI for Feature : 36
Pavement Rating: Poor

Figure 41. Feature SunRil ary--A sph alt- or Tar-Surfaced Pavement.
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SECTION VI I I

TENTATIVE GUIDELINES FOR DETERMINING
MA INTENANCE AND REPAIR REQUIREMENTS

INTRODUCTION

There are several maintena nce and repair (M&R) alternatives that
• can be used to restore the structural integrity and/or operational

condition of a pavement feature . However , there are no guidelines or
rational methods for determinin g the most economical alternative and

• priority of repair based on the existing pavement feature condition .
Such procedures are needed to provide efficient planning and use of
available maintenance funds . A major reason for the lack of such pro-
cedures has been the lack of a comprehensive pavement condition in-
dicator that relates to mainte nance requirements . Development of the
PCI presented in this report , however , has eliminated this deterrent.

This section provi des tentative guidelines for determining mainte-
nance and repair needs and pri orities based on the PCI. The following
subsections define M&R categories and describe tentative guidelines re-
lating the PCI to M&R requirements .

PAV EMENT MAINTE NANCE AND REPAIR CATEGORIES

M&R can be classified into four main categories :

1. Preven tive--Maintenan ce activities that preserve pavement -
•

condition and retard its deterioration. Preventive maintenance may or
may not increase the PCI; it does not increase the pavement’ s s t r u c t u r a l
ca pacity. Preventive maintenanc e includes joint seal , crack filling of
ligh t severity cracks (nonspalled), fog seal , and application of rejuve-
nators .

2. Localized --Maintena nce activities that restore the pavement ’s
• peration~

T’condition. Localized maintenance usually increases the PCI
but does not increase the pavement structural capacity . It includes
deep patching, crack fill ing of medium or high severity cracks , removal
of bum ps or shoving with a heater-planer , grinding , and sla b-jacking.

3. Ma jor--Maintenance activities that restore pavement condition ;
an extensive form of localiz ed maintenance . Major maintenance increases
the PCI considerably but does not increase the pavement’ s structural
capacity . Major repair includes deep patching over 3 percent of the
pavement area for asphalt - or tar-surfaced pavements , and slab replac€ -
merit over 3 percent of the slabs in a jointed concrete pavement.

4. Overall --Maintenanc e and repair activities that cover the
entire pavement feature . Overall maintenance usually increases the
PCI to an excellent ratin g and may increase the pavement structural
capacity . Overall M&R include s overlay , surface treatment , and re-
processin ’o .
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DETERMINATION OF M&R REQUIREMENTS BASED ON PAVEMENT COND T ION

Choice of any of the above M&R categor ies is a function of the
existing pavement conditi on , economic considerations , and the mission of
the pavement feature . To relate the PCI to M&R needs , the pave ment
condition rating scale (0 to 100) has been divided into three zones
(Table 26). The general categories of needed M&R are deter mined from
this table based on the zone in which the PCI is loca ted. The A an d B
values that identify the zones are functions of pavement feature ~isSionas defined at the bottom of the table for runways , taxiways , and ap rons .
These values were tentatively selected based on pavement condition
rating results of numerous pavement features at nine airfields.

As previously stated , the PCI measures the pavement structural
integrity and surface operational condition based on measured distress
types, severity , and density . The PCI , however , does not directly
measure the pavement structural capacity (for change in traffic mission),
skid resistance , or long-wave roughness. The direct measurement of each
of these i tems requires special equipment and personnel.

Every Air Force base receives periodic (approximately once every 5
years) skid resistance testing by a specialty team from AFCEC; this is
generally sufficient. In-depth evaluation of the pavement structura l
capacity is also provided by HQUSAF on request from the base civil en-
gineer through the major command . This evaluation of structural capa-
city is usually reques ted when the traffic mission changes or the
pavement condition warrants overall repair or reconstruction . The
latter can be justified by the value of the PCI. Although the PCI
provides an adequate measurement of localized roughness , it cannot

• detect long—wave roughness. However , serious long-wave roughness will
prompt pilot complaints , which should justify special roughness measure-
ment by AFCEC.

A rational procedure for determining maintenance and repair require-
ments for a pavement feature is shown in Figure 42 and described briefly
below.

1. The base civil enqineer performs the pavement condition survey
and calculates the PCI as outlined in this report. Before M&R require-
ments are determi ned based on the PCI , it shoul d be ascertained whether
a change in traffic mission , pilot complaints from long-wave roughness
(localized roughness is adequately considered in the PCI), or a skid
- •~ard exist. If any of these situations exist , the base civil engineer
may request that the AFCEC conduct a pavement evaluation to evaluate
these problem areas.

2. If none of the above i tems exist , preventive and localiz ed or
major and overall repair can be selected based on the va l ue of the PCI
as follows :

a. If the PCI is greater than or equal to A , onl y preventive and
localized maintenance are performed when needed.

b. If the PCI is between A and B (i.e., warning zone), the PCI
should be recalculated assuming 311 needed preventive ~nd l,’lo li zed
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TABLE 26. RELATIONSHIP BETWEEN PCI AND I1&R CATEGORIE S

. - — 
M&R -• 

Catego ry
Preventive and Major and Overall

Localize d
PCI Zone M&R M&R

PCI ;; A Zone Flay be needed Not needed wi thin
I next 2 years

B~PCI<A II May be needed Possibl y needed
within next 2 years

PCI<~B Zone May be nee ded Defin i tely needed
III wi thin nex t 2 years

A and B Values

Mi ss ion A B

Runway 65 50

Tax i way 60 40

Apron 60 40

1 •
11
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Perform Pavement Condition

Survey and Calculate PCI

Report PCI to Change
HQ USAF , Civ il YES in traffic
Engineering missi on
Center and
request NO
pavement
evaluation Pilot

YES omplaint from
long-wa ve
roughness

NO

Skid
YES resistance

hazard

_ _ _ _ _  
- 

NO

1. Identify PCI ~ A - 
_____________probl em areas r~erform

2. Develop preventive
major and over- NO PCI ~ B 

and
all repair localized
alternatives YES main tenance

as needed
3. Conduct Recal culate pci
economic anal- assuming needed
ysis between preventive and
M&R alterna- • localized main-
tives. tenance are per-

formed .
4. Selec t k -

optimum repair ~~~
-‘-~~~~

alternative NO PCI A YES

5. Establish
priori ty

Figure 42. Procedure for Determining M&i~ Requirements for a Pavement
Feature Based on the PCI Value.
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maintenance is performed . If the recalculated value of the PCI is
greater than or equal to A , only preventive and localized maintenance is
applied. If the recalculated PCI is less than A , economic analysis is
con duc ted to selec t the op timum repa i r alternat i ve .

C . If the PCI is below B , major and overall repair alternativ es
should be developed and economic analysis should be conducted to select
the optimum alterna tive.

3. After repair requirements are identified , priorities should be
esta b lished base d on the value of the PCI and uti li zation of the pave-
ment feature (i.e., runway, taxiway, or apron). Timing of maintenance
and repair application is also important when establishing priorities
and should be considered when conducting economic analysis of repair
alternatives . This point can be illustrated by considering the PCI for

• a pavement feature over several years (Figure 43). At time 11 the cost
necessary to restore a pavement to its ori ginal operational condition is
undoubtedly much less than the cost necessary at time T2. -‘

SUMMARY OF M&R METHODS CURRENTLY USED FOR REPAIRING DIFFERENT DISTRESS
TY PES

Tables 27 and 28 give brief summaries of the common methods of
maintenance and repair used for different distress types on asphalt - or
tar-surfaced and jointed concrete pavements . Although these repair
methods are already familiar to base civil engineers , the tables will be
hel pfu l in developing maintenance and repair alternati ves for a pavement
feature. Alth ough several methods of M&R can be used for a specific
distress , the appropriate alternatives are functions of the distress
density , other distress types in the pavement feature , and in terruption
of traffic operations .

FIELD CASE STUDIES

F1lur field case studies of different Air Force bases illust ra te use
of the guidelines for determining M&R requirements for pavement features .

•L~~~ 
‘
~~~~ •~ ~~~~~~~ ‘.0. 1

1 . Pavement Feature Identification: Primary taxiway 5B , feature No.
T26B , George AFB , CA. The feature is 75 feet wide and 5760 feet long.

2. Pavement Structure :

Surface :  5 i nch , as phalt concrete

Base: 6 inch , sandy gravel , Californ ia Bearing Ratio (CBR) 40

Sub base:  4 i nch , gravell y sand , CBR = 20

Su bg ra de: c laye y s i lty san d , CBR = 5
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TABLE 27. M&R METHODS FOR DISTRESS TYPES ON ASPHALT-
OR TAR-SURFACED PAVEMENTS

Sever i ty
Distress Type Level Maintenanc e and Repair

1. Alligator Crack L Do nothing , deep patch , or cons ider
overlay if there is a large amount.

M Do nothing , deep patch , overlay , or
reconstruction .

H Deep patch , overlay , or reconstruc-
tion.

2. Bl eeding Remove wi th blade or heater-planer ,
appl y and roll sand coat, or overlay .

3. Block Cracking L Do nothing, or crack filling, slurry
seal, fog seal , or rejuvenator.

M Crack filling or slurry seal , fog
sea l , or rejuvenator.

H Reprocessing or crack filling that
may be followed by slurry seal , fog
seal , rejuvenator , or overl ay.

4. Corrugation L Do nothin g or remove with blade or
heater—planer.

M Remove with blade or heater-planer ,
reprocessing, or surface l eveling
and overlay . -

H Reprocessing, reconstruction , or
surface leveling and overlay .

5. “epression L Do nothing or shallow patch.

£4 Do nothing, shallow patch , deep
patch , or surface level and overlay .

H Shallow patch , deep pa tch , or
surface level and overlay .

6. Jet Blast Erosion Do nothing , tar seal , deep patch , or
apply a rejuvenator.
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TABLE 27. M&R METHODS FOR DISTRESS TYPES ON ASPHALT - OR TAR-
SURFACED PAVEMENTS (CONTINUED)

Severity• Distress Type Level Maintenance and Repa ir

7. Joint Reflection L Do nothing or crack filling.
Crack

M Sealin g, or crack fillin g, or
shallow patch .

H Crack fillin ci , shallow patch , or
surface  seal

8. Longitudinal and Trans—
verse Crack L Do nothing or crack filling.

M Sealin g, rep lace sealant , crac k
f i l l i n g, or shallow patch .

H Crack fill in g , shallow patch , or
surface seal

9. Oil Spillage Do nothin g, shallow patch , tar-
rubber overla y when economica ll y
advisa ble , or tar-emulsion seal
coat .

10. Patching and Utility L Do nothing.
Cut Patch

M Do nothing, surface level ing, or
re p lace patch .

H Rep lace patch.

11. Polished Aggregate Do nothi ng, grooving, or t h i n
overlay .

12 . Raveling and L Do nothing or fog seal.
Weathering

M Surface seal (surface treatment
slurry seal , san d seal , etc.).

H Surface seal or thin overlay.

13 . Rutting L Do noth i ng or shallow patch .

M Shallow patch , dee p patch , sur-
face leveling and overlay ,
reprocessing , or reconstruc-
tion .

H Shallow pat ch , deep patch ,
reconstruction . or overlay.
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TABLE 27. M&R METHODS FOR DISTRESS TYPES ON ASPHALT- OR TAR-
SURFACED PAVEMENTS (CONCLUDED)

Severity
Distress Type Level Mainten ance and Repair

14. Shoving L Do nothing or clean and seal
concrete joint if possible.

M Do nothing or remove with blade
or heater-planer.

-
l H Remove with blade or heater-planer.

15 . Sli ppage Crack Do nothing or deep patch.

16. Swell L Do nothing.

M Heater-planer , surface leveling ,
reprocessing, or reconstruction.

H Heater-planer , surface leveling ,
reprocessin g, or reconstruction .
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• TABLE 28. M&R METHODS FOR DISTRESS TYPES ON JOINTED
CONCRETE PAVEF-1ENTS

Severity
Distress Type Level Maintenance and Repair

1. Blow—Up L Deep patch , sla b grind ing and
reseal i ng joint .

M Deep patch or slab replacement.

H Deep patch or slab replacemen t .

2. Corner Break L Do nothin g or crack filling.

M Do nothing or crack fillin g.

H Crack fillin g or deep patch.

3. Longitudinal , Transverse , L Do nothin g or crack filling .
and Diagonal Crack

M Crack f i l l ing .

H Crack filling or deep patch.

4. “D” Cracking L Do nothing, shallow patch , or
deep patch.

M Shallow patch or deep patch.

H Shallow patch , deep patch , or
slab replacement .

5. Joint Seal Damage L Do nothing .

M Do nothing or rep lace sealant .

H Replace sealant.

6. Small Patching L Do nothing.

M Do nothing or replace patch.

H Replace patch .

7. Large Patching and L Do nothing.
Utility Cut

M Do nothin g, repair patch , or
re p lace patch .

H Repair patch , replace patch . or
slab rep lacetTlent .
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TABLE 28. M&R METHODS FOR DISTRESS TYPES ON JOINTED
CONCRETE PAVEMENTS (CONCLUDED)

Severity
Dj~~~~ss yp~ Level 

— 
Maintenance and Repair

8. Popouts Do nothing.

• 9. Pui’iping Sea l joints , or dra i nage cor-
rection and/or undersealing .

10. Scaling , Map L Do nothing.
Cracking, and
Crazing M Do nothing or shallow patch.

H Shallow patch or slab replace—
nient.

• 11 . Settlement L Do nothing or grinding.
— (Faulting)

M Do nothing, shallow patch ,
grinding, or slab jacking .

H Grindin g, slab- jacking, or
shallow patch .

12. Shattered Slab L Do nothing or crack filling .

M Crack filling or slab replacement.

H Crack fill ing or slab replacement.

13. Shrinkage Cracks Do nothing .

14. Spalling Along Joints L Do nothing or small patch.

M Do nothing, crack filling,
shallow patch , or deep patch.

H Crack filling , shallow patch , or
deep patch.

15. Corner Spall L Do nothing or crack filling .

M Do nothing , crack filling , or
small patch.

H Small pa tch.
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3. Background Information : A recent in-depth pavement evaluation
(structural capacity) performed at George AFB by a team from AFCEC,
Tyndall A4FB, resulted in the following conclusion :

“Taxiway 5B (T26B) is at or rapidly approachin g a failed
condition . All pavement components are beyond restoration by

• normal maintenance. Environmenta l erosion , load repetition , and
a weak subgrade soil has resulted in a progressive shear failure .
Reconstruction will be required in the near future . Strength-
ening of the base course and additional subgrade cover is re-
quired . Both objecti ves can probably be accomplished by re-
cycling the existing surface and some of the base course and
placing a new wearing course. An alternative is to cons truct
a pavement on top of the existing facility . The existing
pavement is not suitable for a bonded overlay placement. ”2 ’

The CERL project staff visited George AFB to determine the Pavement
Condition Index (PCI) of the taxiway feature and to conduct preliminary
validation of the tentative guidelines for determining M&R needs pre-
sented in this section .

4. Pavement Cond i tion Index: Two members of the CERL project staff and
the George AFB civil engineer inspec ted the taxiway according to the
guidelines presented in Section VII .  Eleven 37-foot-wi de (half the
width of the feature) and 100-foot-long sample units were surveyed . The
sample uni ts were selected at random on both sides of the centerline of
the taxiway . Table 29 summarizes the pavement distress and calculated
PCI for each sample unit.

5. Maintenance and Repair Needs: As Table 29 shows , the average PCI
for the entire feature is calculated to be 35. This value is below the
“B” value for taxiways , which is 40. Table 26 and Figure 42 indicate
that , based on the determined PCI value , a major and/or overall repair’
is definitely needed . The several possible alternatives should be
analyzed , and an economic analysis should be conducted to determine the
best solution . This conclusion agrees with the conclusion reached by
the AFCEC based on full-scale in-depth pavement evaluation , anal ysis of
several pavement core samples , and performance of in-situ CER tests .

i-’~ aid C’a&~ Study No.  2 - 
-

1. Pavement Feature Identification: East/west runway, stations 46 + 00
to 124 + 75. Elmendorf AFB , Anchora ge , AK . The fea ture is 200 feet
wide and 7875 feet long.

2. Pavement Structure :

a. Stations 46 + 00 to 66 + 00

T’~zvement E ? ’- z l u z t i o r z  in1  Co’~]~ —~or • 
• 

~r ’z ’ - ‘~~ -
- - - -  

, -
• 

~i :  ~~~~~~~

Ca ’n -~-~ (AFCEC , February 1976).
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Surface : 4 inch , asphalt concrete

Base: 6 inch , crushed gravel , CBR 80

Subbase: 20 inch , gravel , 100 percent compaction
42 inch , gravel , 95 percent compaction
6 inch , old PCC slab

b. Stations 66 + 00 to 122 + 00

Surface: 4 inch , asphalt concrete

Base: 4 inch , crushed gravel , CBR 80

Subbase : 6 inch , old PCC slab

3. Background Information : Before visi t ing Elrnendorf AFB , the project
staff at CERL was informed that the runway is scheduled for overlay in
the near future . However , the reason for the overlay was not given at
that time .

4. Pavement Condition Index: Seven 38- foot-wide and lOO-f oot-lo no sample
units were inspected and rated by the CERL staff and the Alaska major corn-
mand pavement engineer . The sample units were selected at 1000-foot inter-
vals along the runway . Table 30 summarizes the pavement distress and
calculated PCI for each sample unit.

5. Maintenance and Repair Needs: The average PCI for the feature was
calculated to be 77. The feature is therefore rated as “very good ” and
i s  wel l  above the “A” value for runways , which is 65. Therefore , only
preventive and localized repair should be performed as needed .

After this determinatio n had been made , the project staff asked the
major command about the reason for the overlay . The reason was that the
runway cross section was constructed parabolically, without adequate
transverse slope for surf-ice water drainage. This fact was reported by
an AFCEC team which found that the runway had a very low skid number.
The major command eng ineer , however , agreed that the runw ay condition is
very good otherwi se, and would not require repair if the cross slope was - -

adequate . Based on the recommended procedure for determining M&R re-
quirements (Figure 43), the project staff agrees that the need for over-
lay is justified based on skid resistance problems , but not on pavement
distress conditions.

P ~~~~~~~~ •:~ :&L1 :/() . 3

1 . Pavement Feature identification : Taxiway ~l , fea ture no. TIA ,
Homestead AFB , FL. The surveyed feature , which was constructed in 1961-
1962 , was 50 feet wide and 1250 feet long.

2. Pavement Structure :

Surface : 16 inch , jointed concrete pavement , 25 x 25 foot slabs.
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Subgrade: lime rock , k (subgrade modulus) = 500 pci.

3. Background Information : The feature was rated by the current USAF
condition survey procedure as fair in December 1975. No major repair or
reconstruction was scheduled at the time the CERL project staff per-
formed the inspection.

4. Pavement Condition Index : The taxiway feature consisted of one hun-
dred 25 x 25 foot slabs. It was divided into five sample units con-
taining 20 slabs each; all the sample units were inspected . Table 31
shows the results of the inspection and the calc ulated PCI for each
sampl e unit. The entire feature was rated by four raters (two eng i neers
from CERL , the major command pavement engineer , and the project tech-
nical monitor from AFCEC).

5. Maintenance and Repair Needs : The average PCI for the taxiway
feature is 60, which places it in zone 1 for taxiways . According to
Figure 42 only preventive and localized repair should be performed as
needed . However, since the PCI for the feature is near the top of the
warning zone , the PCI was recalculated assuming that preventive and
localized repair activities are performed (Table 32).  The recalculated
value for the PCI was found to be 66 , which is wel l above the A value of
60. Therefore , it is recommended that localized maintenance be per-
formed and that the feature be reinspected at least annually to monitor
any change in the PCI.

Field Case Study No. 4

1. Pavement Feature Identification: North runway, feature #4C, Fort
Wa i nwright , Fa i rbanks , AK . The feature is 150 feet wi de and 5000 feet
long.

2. Pa vement Structure :

Surface : 6 inch , jointed concrete pavement , concrete flexural strength
is 650 psi.

Base: 16 inch , sandy gravel , k = 200 pci.

Subgrade : silt, CBR 7.

3. Background Information : The feature which was constructed during
1940 - 1941 , was selected for inspection by the project staff because it

- subjected to severe cold weather. The inspection team (CERL proj ect
staff and the major command pavement engineer) was accompanied by an
officer from the base operation office who expressed dissatisfaction
with the condition of the pavement feature and indicated that they have
been trying to initiate a major repair or reconstruction project for the
past 2 years.

4. Pavement Condition Index : Due to time limitations , only three sample
units were surveyed . The units were randomly selected 1 500 to 2000 feet
apart. It must be emphasized that three sample units in a feature of
that size is not enough to obtain an accurate PCI for the fedture ; the
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TABLE 32. RECALCULATED PCI VALUES FOR TAXIWAY AT HOMESTEAD AFB
ASSUMING PREVENT I V E AND LOCALIZED ~-1AINTENANCEACTIVITIES ARE PERFORMED

Sample Preventive and Local ized Recalculated
Unit No. PCI ~~pair PI~I ________

1 60 Crack filling of meii , .Im 62
severity corner break.

2 64 Do nothin g. 64

3 74 Do nothing. 74
4 74 Crack fil lin a of medium 7f

corner break.

5 28 Crack filling of medium 52
and high severity long-
itudinal /transverse !
diagonal crack.

Ave . PCI 60 66
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number of sample units for a pavement feature should be determined based
on the guidelines provided in Section V I I . Table 33 summarizes the
pavement distresses found during the survey , and the calculated PCI.
The PCI for sample unit 3 is much higher than for samples 1 and 2 be-
cause the area from which sample 3 was randomly selected recentl y
received a major repair--several slabs were replaced and many of the
other slabs were deep patched .

5. Maintenance an d Repair Requirement: The average PCI for the feature
is calculated to be 35, which is well below the “B” value of 50 for
runways . According to guidel i nes in Figure 42, a major or overall

. repair is definitely needed . Several repair alternatives should be
developed , and economic analysis should be conducted to select the most
economical alternative.

F
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TABLE 33. SUMMARY OF PAVEMENT DISTRESS PCI , AND Pd1~FOR RUNWA Y AT FORT WAI NWRIGHT

Distress Density ,
Sev. Percent Slabs

Distress Type Level 1 2 3

2; Corner L 25 20 5
Break M 15 15 10

H 5
3; Long/Trans/ L 20 5 5

Diag. Crk. M 15
-

. H 5 5
5; Joint Seal L ‘I,

Damage M
H

6; Patching, Less L
t h a n 5 f t 2 M

H 5
7; Patching! L 10 35

Utility Cut M
H

10; Scaling /Map L 20
Crk /Crazing £1

H
12; Shattered L 10 25 5

Slab M 5
H

13; Shrinkage L 35 25 45
Crk . M

H
14; Spalling , L 5

Jo in t  M 5
H 5

15; Spalling, L 5
Corner H 5 -

21 26 58 Ave . PCI for feature 35
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SECTION IX

SUMMARY , CONCLUSIONS , AND RECOMMENDATIONS

SUMMARY

A pavement condition index (PCI) for airfield pavements has been
developed . The PCI , which is expressed as a numerical rating rang ing
from 0 to 100, provides a measure of airfield pavem ent structural
integrity and surface operational condition. The PCI is calculated
based on pavement distress types , seven ties , and densities measured
during an inspection of the pavement. Distress types , descriptions ,
severity levels , and measurement criteria for jointed concrete and
asphalt— or tar-surfaced pavements are presented in Volume II of this
report . In order to obtain an accurate PCI , the recommendations of
Volume II must be followed when conducting the pavement inspection .

The procedure for rating a pavement feature includes the following
steps: (1) dividing it into sample units (a sample unit is approxi-
mately 20 slabs for jointed concrete pavements and 5000 square feet for
asphalt— or tar-surfaced pavements); (2) inspecting each sample unit in
the pavement feature; (3) calculating the PCI for each sample unit; and
(4) averaging the PCIs of the sample units to obtain the overall PCI of
the pavement feature .

The pavement rating procedures have been field—tested and validated
on 123 pavement sect - ions at nine airfields located in widely different
environments and subjected to different traffic conditions . Preliminary
guidelines for determining maintenance and repair (M&R) needs based on
the PCI have also been developed .

CONCLUS IONS

The PCI is an accurate and objective tool for airfield pavement
condition rating. The following conclusions are based on field testing
and validating the PCI on over 100 pavement sections at nine airfields:

Evaluation of existing airfield pavement rating procedures
indicates that they do not correlate wel l with ratings of experienced
eng ineers.

2. The calculated PCI for a pavement feature agrees closely (or
correlates highly) with the mean pavement condition rating (PCR) ob-
ta m ed by averag ing the individual ratings of a group of experienced
pavement eng i neers .

3. The absolute mean difference between the PCI and ~~~~ for all
pavement sections was found to be 4.8 for jointed concrete pavements and
4.1 for asphalt- or tar-surfaced pavements . However , the average range
between raters for the same pavement features was 11.3 for both types
of pavements . Therefore , pavement condition rating based on PCI is much

12 1

~~.- - 
- - ‘--7 ‘-~av-.



more consistent than the individual subjective rating, s i nce it is based
on measured distress data and not on subjective judgment.

4. The base engineer ’s staff can determi ne the PCI , since the
determination does not require special equipment. The onl y equipment
needed to perform the pavement inspection is a measuring wheel (odometer),
measuremen t sca l e, and a 10-foot straightedge (p 112). A certain amount
of training is necessary , however.

5. To minimize inspection time and reduce cost, only a portion of
the sample units of a pavement feature need be inspected. Use of the
recomended guidelines for determining the number and location of sample
units to be inspected will result in an adequate estimate of the PCI.

6. The PCI can be effectively used to determine maintenance and
repair requirements.

7. The PCI measures pavement structural integrity and surface
operational condition (localized roughness and safety) accura tely and
objectively; however, it does not directl y measure structural capacity
(for change in traffic mission), skid resistance , or long-wave roughness
(over 50-foot waves). These items can only be measured by specialty
teams and equipment provided by Headquarters U.S. Air Force Civil En-
gineering Center (HQUSAFCEC). The PCI , however , can be used to justify
the need for in-depth pavement evaluation by USAFCEC evaluation teams .

8. The PCI provides the major commands with a common index for
comparing the condition and performance of pavements at all operational
bases within their jurisdictions. It al so provides feedback on pavement
performance for validation or improvement of current desi gn procedures
and maintenance practices.

9. The PCI provides a rationa l basis for assigning priorities for
in-depth pavement evaluations by AFCEC specialty teams .

RECOMMENDATION S

1. The airfield pavement condition rating procedure has been field-
tested and verified and should be implemented on a trial basis. Success-
ful implementation of the procedure will require training of personnel in
pavement inspection and determination of the PCI; all needed manuals have
been prepared and are ready for use.

2. The guidel i nes for determining ma interance and repair (M&R)
needs based on the PCI should be further developed and field-tested . - 

- 
-

3. Measurement of the PCI of a feature over a number of years
would provide valuable data to analyze pavement performance and to
determine the optimum time for performing needed M&R .

4. Procedures for determining the consequences of performing
different M&R alternatives should be devel oped to enable engineers to
conduct meaningful economic analysis to determine optimum alternatives .

122

-

~ 

- -
~~~~~~~~~~~~~

7- -- --

-- 7 - - . - -



—; - —-_
,_w-- _7_.-______- _______ 7_’_ _‘_

~
_;

~
-

~ 
- -nfl --,-----_-w_____;_r—__ - 7 - -

5 . An ~-1&R requirement prediction , opti~iiz atio n , and priority
systei’ should be developed based on the PCI , ski d res i stance , lon a—
wave rouq hness , an d structural capacity .
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APPENDIX A

AIRFIELD PAVEMENT CONDITION SURVEY REPORT
(Propose d Revision of Chapter 3, AFR 93-5)

1. Scope

2. General

3. Basic Airfield Data

4. Jointed Concrete Pavement Condition Survey

5. Asphalt - or Tar-Surfaced Pavement Condition Survey

6. Condit i on Survey by Sampling

7. Airfield Pavement Condition Survey Reports

8. Distribution of Condition Survey Reports
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1. Scope. This appendi x describes the procedures for performing air-
field pavement condition surveys and outlines the methods and data
requirements for preparing condition survey reports.

2. General —

a. The airfield pavement conditi on survey as accomplished by the
base and major command civil engineer is the primary means of obtaining
and recording vital airfield pavement performance data .

b. The condition survey for both jointed concrete an d asphalt - or
tar—surfaced airfiel d pavements consists of the following steps (Figure
A-l):

(1) Each pavement feature is inspected , and existing distress
types, severity l evels , and densities are recorded . Volume II of this
report has been prepared for use by the pavement eng ineer as a reference
for performing the inspection . It is imperative that the engineer
follow the guidelin es in the manual when recording the distress data .

(2) A deduct value is determi ned from the appropriate curve for
each d is t ress  type , density , and severity level.

(3) The total deduct value (TDV) is determined by summing all
deduct values from each distress conditi on observed.

(4) The corrected deduct value (CDV ) is determined based on the
TOy and the number of distress conditions observed wi th individual
deduct values greater than five points .

(5) The pavement condition index (PCI) is calculated as follows :

PC I = 100 - CDV

(6) The pavement condition rating is determi ned based on the PCI
value according to the scale in Figure A-l (excellent , very good 
or failed).

c. The results of the condition survey are recorded and compiled
into a precise report which supplements and updates the pavement data
previously known about the airfield. The condition survey fulfills the
following objectives :

(1) Indicates the present condition of the pavement in terms of
structural integrity and operational surface condition .

(2) Provides the Base Civil Engineer with an objective and ration-
al basis for determining maintenance and repair needs and priorities ,
and a warning system for early identification and/or projection of major
repair requirements .

(3) Provides the major commands with a common index for comparing
the condition and performance of pavements at all operatio nal bases
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wi thin their jurisdicti ons , and also prov ides a rational justifi cation
for major repair projects and for requesting in-depth pavement evalu-
ation by the AFCEC.

(4) Provides HQ USAF with a rational basis for assigning priority
for in-depth pavement evaluations by AFCE C specialty teams .

(5) Provides feedback on pavement performance for validation or
improvement of current pavement procedures.

3. Basic Airfield Data . A considerable amount of basic airfi eld
data is incorporated into the condition survey report. Most of this
information is contained in construct ion and maintenance records , and
previous pavement evaluation and condition survey reports , wh i ch are
usually available in the Base Civil Eng ineer files . To facilita te
report preparation , the basic data shoul d be accumu l ated and mainta i ned
by the base—leve l pavement engineer-manager in a format similar to the
condition survey information i tems . These i tems should be compiled at
base l evel for subsequent use in the survey reports as follows :

a . Construction History . The history of maintenance , re pa i r , and
reconstruction from original construction of the primary airfield pave-
ment system to the present should be maintained. The data should reflect
airfield pavement projects accomplished by the construction agent , con-
tract services , and BCE work forces .

b. Traffic History . The character and composition of aircraft
traffic and frequency of operations should be obta i ned from base opera-
tions and tabulated by aircraf t type .

c. Weather and Prec i pitation Data . Annual tempera ture ranges and
precipitation data in the form of a weather summary should be obta i ned
from the base weather office .

d. Pl ans and Cross Sections of Major Airfield Components . Draw-
ings reflecting as-built construction su pplement the construction his-
tory ; they should be maintained to depict the pavement features as they
exist .

e. Airfield Dra inage Features. The locations and types of both
surface and subsurface drainage structures should be indicated on the
airfield l ayout plan.

f. Grades . Longitudinal and transverse grades should be indicated
on runway profile and cross-section drawings.

g. Frost Action. If a pp l icable , records of pave eent behavior dur-
irI g freezing periods and subsequent thaws should be obtained.

h. Joints. The type , location , and condition of all joints in
rigid pavements should be determined .

i. Photographs. Photographs depic ting both general and specific
airfield conditions are desirable.

130

— -- -~~~— —



JT:~T~~ T~~~~~~ 

- - -

j . Pavemen t Evaluation and Condition Survey Reports. All previous
pavement evaluation and condition survey reports should be on hand and
maintained in chronolog ical order .

4. Join ted Concrete Pavement Condition Survey . The pavement must
i- irst be divided into “ feat ures ” base d on the pavement ’s design , con-
struction h istory , an d traf fi c area . A designated pavement feature
therefore (1) has consistent structural thickness and materials , (2) was
constructed at one time , and (3) is located in one traffic area . The
f e a t u r e s  are outlined and identified on the airfield l ayout plan.

Eac h feature is divided into “sample units ” of approximately 20
slabs ; each sample unit is inspected individually, and its PCI is cal-
culated. Figure A-2 illustrates division of a feature into sample
units . Each sample unit is numbered so it can be relocated for future
inspections , ma intenance needs , or random sampling purposes .

The actual inspection is performed by walking over each slab of the
sample unit and recording distress(es) existing in the slab on the
jointed concrete pavements - condition survey data sheet for sample unit
(Figure A-3). One data sheet is used for each section . A sketch is
made of the sample unit using the dots as joint intersections . The
appropriate number code for each distress found in the slab is placed in
the square representing the slab. The letter L (low), M (medium), or H
(high) is included along with the distress number code to indic&te the
severity level of the distress. ror example , l5L indicates that low
severity cornier spa lling exists in the slab.

Volume II of this report contains the types , descri p tions , severity
l evels , and photographs of jointed concrete pavement distresses. This
manual must be available to the pavement inspector to assist in distress
i dentification. The manual also inc l udes a detailed description of how
to count th~ distresses in the individual slabs. When conducting the
inspection , the inspector must follow the guidelines established in the
distress identification manual very closely to obtain an accurate dis-
tress count.

From the di stress coun t, a summary of the distresses and the
sr verities of each distress contained in the sample unit is compiled on
oie survey data sheet. This summary is used to compute the PCI for the
sample unit by following the steps presented in paragraph 2 of this
appendi x . F i g u r e  A-4 presents the deduct curves for each distress type
and Figure A--5 gives the corrected deduct curve . Figure A-3 shows the
summa ry of the distress densities and seven ties and the computed PCI
for the sample unit.

One feature can be divided into two or more features based on dis-
tress condition during the survey . If the density , severity , and types
of distress for a group of sample units differ greatly from those of the
rest of the feature , these sample units can be separated into another
feature if dc-~.ired .

The PCIs for all the sample units are compiled into a sunuiary , as
shown i n Figure A-6 . The overall condition rating of the feature is
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JOINTED C~~CRETE PAVEMENT
CONDITION SURVEY DATA SHEET FOR SAMPLE UNIT

AIRFIELD____________________ FEA TURE 7 L412

DA TE 3/ ~ 9/ ia SAMPLE UNIT___________

SURVEYED - BY__________________ SLAB SIZE / ..~~ 6 X i5 4~
~ O ~~~~~

• S S S 
- 

S

Distress Types
1. Blow-Up 10. Scaling/ M an

• • • • 2. Corner Break Crk/cra zino
3. Long/Trans/ 11 . Settlement ,-

Diag. Crk Fault9 4. “0” Crk 12. Shatter~d S lah
5. Joint Seal 13. Shrinka ge Crk• • • Damage 14. Spa l l i n o ,
6. Patching, <5ft 2 Jo in ts

8 7. Patching/ Utility 15. Spa l l in a ,
Cut

o ~ Corner• • • 0. r~pOU~S
ec.6/ôn ~~3~w’vej 9. Pumpi nq

7 ‘1’
• UI//fl II! (II11I/ f//’I/f///f/ T 11/11/1714

01ST NO. OEDIX T
6 TYPE SLA8S SLABS VALUE

--
~~~~~~~~~~~~~~~~ -— --- - -~~~~~~ _ _ _ _  ~~~ / S 

-
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S ~ L_ 15 ’!
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•~~ r (  L 3 •~j / S 
— ii

- - -—- — — — —~~~~~ --
~ - ... ~~L ‘ _ _ _ _  7

/2.. 1. / 5 /6
4 g i~~ i..~ 1.. _~~~~~~~~~~ i~ ___ _  

/6 3

- - —

— _  _  _ _ _

2 JO Pt 3 ~ 
DEDUCT TOTAL ‘4

- CORRECTED DEDUCT VALUE (COp J.Z

/ / 5 L  PCIiIOO CDV- 
_ _ _ _

RATINGs G~oc~1 — — L__ - —.4
/ 2 3 4

Fig~re A-3 . Jointed Concrete Pavements - Condition Survey Data Sheet.
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1. Blow-up.

Fgure A-4. Jointed Concrete Distress Deduct Value s .
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2. Corner break.

Fiq ~.re ~~~~~~~~ ~yir~ed Concrete Distress Deduct V lues (continued).
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3. Longitudinal/transverse/diagonal cracking.

Figure A-4. Jointed Concrete Distress Deduct Values ccntinued ~ .
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Joint seal damage is not rated
by density . The severity of the
distress is determined by the seal-
ant ’s overall condit ion for particu-
lar section .

The deduct values for the three
levels of severity are as follows :

1 . High severity - 12 points
2. Medium severity - 7 points
3. Low severity - 2 points

5. Joint seal damage .

Fi gure A-4. Jointed Concrete Distress Deduct Valu es (‘ ontinueo) .
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Fi gure A-4. Jointed Concrete Distress Dedu~~ VaL~ s (c ritin ued ).
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Pavement Feature : Taxiway 1

Total No. of Units: 5

Date of Survey : 3/28/76

Unit No. of Slab Unit ~~~~No . of Slab
No. Slabs Size PCI No. Slabs Size PCI

1 20 l2.5xl5 60 
_______________

2 20 12.5xl5 64

3 20 12.5xl5 74 
__________ ____ -

~~~

4 20 l2 .5x15 74

5 20 l2.5xl5 28

Average PCI for feature : 60

Condition rating: Good

Figure A-6. Feature Summary - Jointed COfll ~ -to P- ve ~ent.
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determined by averag ing the PCIs from each sample unit. It is important
that each sample unit be identified adequately so that it can be located
for future inspections. A pl ot of PCI values against time can be
developed to assist in determining maintenance and repair needs.

5. Asphalt - or Tar-Surfaced Pavement Condition Survey . The pave-
ment mus t f ir st be di vi ded i n to  fea tures ” based on the pavenient ’s
design , construction history , an d traffic area . A designated pavement
feature therefore (1) has consistent structura l thickness and materials ,
(2) was const ructed at one time , and (3) is located in one traffic area .
The features are ou tlined and identifi ed on the airfield layout plan.

Each feature is divided into ‘ sample units ’ hav ing surface area of
approxima tely 5000 square feet (such as 50 x 100 feet). This division
will provide a convenient grid system for reference when inspecting the
feature . Each sample unit is inspected individually and its PCI is
calcula ted . Figure A-7 shows an example of dividing a feature into
sample units. Each sample unit is numbered so it can be relocated for
future i ns pec ti ons , ma i ntenance  needs , or ran dom sam p l i n g pur poses .

Each sample unit of the feature is inspected. The distress in-
spection is conducted by walking over the sample unit, measur i ng each
distress type and severity , and recording the data on the asphalt — or
tar—surfaced pavements-condition survey data sheet for sample unit
(Fi gure A-8). One data sheet is used for each sample unit. A hand
odometer is very helpful in measuring the distress lengths and areas.
A 10—foot strai ghtedge and 12— inch scale must be availa ble for measuring
depth of ruts or depressions. Each column on the data sheet is used to
represent a distress type , an d the amount and sever i ty of each distress
located are li ste d i n the column . For exam p le , distress No. 5 (de-
pression ) is recorded as 6x4L , wh ich indicates that the depression is 6
feet by 4 feet and of low severity . Distress type No. 7 (longitudinal
and transverse crack ing) is measured in linear feet; thus 1OL indicates
10 feet o f ligh t cracking, 5M indicates 5 feet of medium cracking, etc .

— This f o- lna t  is very convenient for recording data in the field.

The total distress data are used to compute the PCI for the sample
un it by fol lowin g the ste ps p resen ted i n parag raph 2 of this ap pend i x.
Fi gure A-9 g ives the deduct curves for each distress type , and Fi gure
~-l 0 presents the corrected ded i - t curve . A summa ry of the distress
densities and se- ;erities and the computed PCI for the samp le  u n i t  are
given in Figure A— 8 .

One feature can be divided into two or more features based on di s-
tress condit ion -luring the survey . If the density , sever i ty , and types
of distress for ~ çjr IIp of sainpl~ units in the feature greatly differ
from those - 

~he rest of the feature , these sam p le  un i ts may be se pa-
r itc i  into J ! l I Y l  ‘e i t ~ re.

f re PCIs ‘ ur  ~--Ich -~r ; l e  unit are compil ed into a summary as shown
in F iqu rn  A - i  . - is i r I o o r t o n t  I hlI t each sampl e unit be identified
adequatel y so ‘a ’ it can In- located for future inspect ions ,  maintenance
needs , or ra n—lot ,  s d I - p l in q  purposes. A plot of PCI values against time
can be developed to - iss is ’ in determining maintenance and repair needs.
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A SPHALT OR TAR SURFACED PAVEMENT
CONDITION SURVEY DATA SHEET FOR SAMPLE UNIT

A IRFIEL D 
- 
11 FEATURE / 5

DATEJ ~_ _ _  _ _ _ _ _ _ _ _ _  SAMPLE UNIT .2

SURVEYED BY ~~~~~~~~~~~~ AREA OF SAMPLE ‘-~~ ‘~~~~~~~~ ‘c’
- - - Ic- I 9(ETCH:

- ft - - - 
- - 

~a tch i no  
I  1 - ~o1 i shed - 

0 ~ - - -  r rr~ - t - 
~~~ 

r) a v e 1 i n ; / t~~~- i r~
- i i ? ’ ’  1 

~~. ~~tti ,1q I
- 

- I I  - 1 . ~~~~~~~~~~~~ 
- cc

1 - S1 i p n~ ie C 1 r l  
~~

- -

~~7 . V - ~~~~ 4 ]  - -  I ’~ ~
I-

~~. C- i l  cI- 1H I&  4- .50’

~~~~7/7 EXISTING DISTRESS TYPES 
_ _ _ _ _ _ _  _ _ _ _ _ _ _

P)IJI~~~i~~~~I ± 
_ 

_ _  _ _ _

-—- -7 -_ _

iii:ii jIiiiiii i~~*ii iiui ~~~~
_ _ _  -

~~ _ _  
~~~~~ - -

~~~~~~/~~~__~~~~~_~~~~~~~ ___ _____ iaf~_ ~3’o.s~f~
PCI CALCULATION 

_ _ _ _ _ _ _ _ _  ____

DISTRESS DENSITY SEVERITY DEOUCT
TYPE VALUE

/ O.~’ z-. 1.. 7
L~~~ O~32. PCI = IOO-CDV=

~1~~~~~~o. 4’8 -_--~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -— 
_ _ _ _ _

—--~~~~--- - ------ - o.ao~_~
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~

/ 2 .  O. ( ,O 
(7

11111 1 L RAT/NG~~~~~ &OOJ)
DEDUCT_TOTAL 

_ _ _ _ _ _  
_ _ _ _ _ _ _

CORRECTED DEDUCT VALUE(CDV)[ c~5 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Fi gure A-8. Asphalt - or Tar-Surfaced Pavements -

Condition Survey Data Sheet.
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Pavement Feature : Taxiway 5

Total No. of Units: 25

Date of Survey : 7/13/76

U n i t  Unit 2 Unit Unit 2
— 

No. Area_ft PC I No. Area ft PCI

1 5000 42 16 35

2 5000 33 17 50r~~ 22

3 5000 53 18 500’) 30

4 5000 39 19 5000 39

5 5000 23 20

6 5000 25 21 5000 32

7 
- - 

5000 36 22 5000 41

8 5000 38 23 5000 
____________

9 5000 35 24 5000 30

10 5000 25 25 5000 22

11 
- - 

5000 
-- 

32

12 5000 45

13 5000 40

14 5000 55

15 5000 46 Average PCI for feature : 36

Condition rating: Poor

Fi gure A-i l. Feature Summary - Asphalt - or Tar-Surfaced Pavements .
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6. Condition Survey by Samplin g. Inspection of an entire feature
may require considerable effort , especially if the feature is very
large . This is particularly true for asphalt - or tar-surfaced pavements
containing significant distress. Because of the time and effort in-
volved , frequent surveys of the entire feature may be beyond available
manpower , funds, and time ; for example , closing a heavily used runway
for any extended time period is difficult. A sampling plan has there-
fore been developed so that an adequate estima te of the PCI can be
determined by inspecting only a portion of the sample units in a fea-
ture. Use of the statistical sampling plan described here will con-
si derabl y reduce the time required to inspect a feature wi thout si gnifi-

— cant loss of accuracy. Inspection of the entire feature may be desired
or even necessa ry , however , if exact quantities of distres s must be
known for contractual maintenance work.

a. Number of Sample Units to Be Inspected. The number of sample
units that must be surveyed to obtain an adequate estima te of the PCI of
the feature depends on:

(1) How l arge an error can be tolerated in the estima te of the
mean feature PCI (denoted by e).

(2) The desired probabi hty that the PCI estima te will be wi thin
this limit of error (usually set fairly hi gh , such as 95 percent).

(3) The estima te of the variation of the PCI (or standard devia-
tion ) from one sample unit to another wi thin the feature (denoted by -).

(4) The total number of sample units in the feature (denoted by
N). For 95 percent confidence that the error in estim ating the feature
PC! is no greater than -fe , the minimum number of sample un its to h-
spected , n , is calculated from the following equation .

N 2
n = - — -----

~~
-- -  -- - --— - - -

~ [Equation A-i ]
~~~ (N-i ) +
‘4 /

For example , an asphalt-surfaced taxiwa y feature 50 feet wide and
2500 feet long must be inspected and the mean PCI determined . Con-
ven i ent sample unitS of 50 x 100 feet are selected ; 25 units result.
Determining the true PCI of the feature within +5 points , wi th a con-
fidence level of 95 percent , is desired . A standard deviation of 10
points is selected based on data obta i ned from many asphalt features .
The parameters are therefore :

N = 25

e = 5 points
a = 10 points

— 
25 (102 ) 

— -

2

(4-) (25-1) + (10)
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Therefore , a minimum of 10 sample units rlust be selected at random
and inspected; the PCI of each unit , and the mean PCI of the feature are
then computed based on the inspection data .

Plots which permit the number of required samp les to be readily
obtained were developed using Equation A-i . These qraphs , shown in
Fi gures A-i? and A -13 , can be used to select the -l inimum number of
sample units tha t must be inspec ted to provide d reasonable estima te of
the true PCI of the feature . This estim ate wi l l  be within +5 points
approx imately 95 percent of the time . —

b. Sel ect 1 0  of Sample n i~ -, to Be Inspected . Sample unit ’. -‘ust
be selec ted random l y to assui-e an unbiased esti i -a~~~’ - f the pavement
feature ’s PCI. If the tota l n it-iber o1 sample m i ? - . in a fI--a t ure exceeds
10, st r a t i  fy in~ the t t - - m t u r m  S 11 111 4 n(lnd - Ihis -I !lv - lvec (1 V I  -1 1fl~ the
feature into - numbe r of pa~ t - - c-~l 1 ed strala . An equa l nIl -lw !- - , san ple
units - i re r’ indu’il y selo ted ~~1~~ 1- c’ach Sti - i t i , m d  ‘h~ sar~ - 1 e  - -pan
computed by averaging ~b~ - ~

“ of a l l  w rv ~~y~~ 1 - -, i-ple j f li

‘ h~ fol l~- w m r m - i  e faf -~~1e i l l -  t r - i ’~~S n-H- procedure 1 s’,-a t i f ie d
random samp i in . ~h~’ • • .~ u - . t - be inspected ‘1- i - ; - ~~‘ 

• -  A — i )  - -n  - 1 f l S

25 - .-m --
~i1 e un i . ~~

‘ -  1 m . d  minim um nhlnlbe r f - l i - L i  1 .  Un i~ 
- 15 m ip t  . -

mined to be 10. - ‘me - i rmip l e ~n i  ~ ~~ numbered - tI) 25 I-e -~ - nn i ng m
one i - m d . S~ - ~~

‘ - can he - ,i-- li - - oI in severa l ways , .~~.n as - I i , - nq the
feature i n ~ ‘ i ve stra ti :

- - * - - 1 - i - - L i e  fl 1 ~~ -, 1 ~~- • :P— 5

• .i 2 1. - n — ~, ~h ~h 10

- r i  ~ -i 3 - 
- h u h  I e jn 1 1 1 h~ a - - - 15

- ta 4 S d - I )  i i-  - e r -  - - - 1 t hi - :n 20

Strdta 5 Sample uni ’’, 21 t hr i~ qh 25

lu ll ‘ - ~ are sele ( ted at randou- t rO l l each S? r ,1~~. m u Si fl -1 a
1 i l I d o j l I r  r i U l l i b i ’ ,  t I t l i f -  - oc b as able A — i . For the example, the ~n i  ts could
)“ selec ted by star ’ in - ; it cOlur n~ 05 and 06 , and row 10 , and proceedlnq

- - n the page sele ting two numbers from I to 5 (03 from row 16 and 01
from row 25), then 6 to 10 , t i  - Since the required sections are not
obtain ed when thm ~ bottom of the column ha s been reached , the additiona l

1v ’ i t s  can be ‘~bta ined by proceed ng upward fro m- row 49 in colunins 20
v’d 21 . The sample units selected for the example using this procedure
are:

Strata Sample Units

Strata 1 (1-5 ) 01, 03

Stra ta 2 (6-10) 09, 10

Strata 3 (11— 15) 12 , 13
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TABLE A -i. TYPICAL RANDOM NUMBER TABLE

00—04 05—09 10-14 15-19 20-24 25-29 30-34 35-39 40-44 45-49

00 54463 22662 65905 70639 79365 67382 29085 69831 470 58 08186
01 15389 85205 18850 39226 4224 9 90669 96325 23248 60933 26927
02 85941 40756 82414 02015 13858 78030 16269 65978 01385 15345
03 6 1149 69440 fl286 88218 58925 03638 52862 62733 33451 /7455
04 05219 81619 10651 67079 92511 59888 84502 72095 83463 75577

05 4 1417 98326 87719 92294 46614 50948 64886 20002 97365 30976
06 28357 94070 20652 35774 16249 75019 21145 05217 47286 76305
07 1 7783 00015 10806 83091 91530 36466 39981 6248 1 491 77 75779
08 40950 84820 29881 85966 62800 70326 84740 62660 77379 90279
09 82995 64157 66164 41180 10089 41757 78258 96488 88629 3723 1

10 96754 17676 55659 44105 47361 34~33 86679 23930 53249 27083
11 34357 88040 53364 71726 45690 66334 60332 22554 90600 711 13
12 06318 37403 49927 57715 50423 67372 63116 48888 21505 80182
13 62111 52820 07243 79931 89292 84767 85693 7 3947 22278 11551
14 47534 09243 67879 00544 23410 12740 02540 54440 32949 1 3491

15 98614 75993 84460 62846 59844 14922 48730 7 3443 48167 347 10
16 2486 7 03648 44898 09351 98795 18644 3976 5 71058 90368 44104
17 96887 12479 80621 66223 86085 78285 02432 6 3342 42846 947 11
18 90801 21472 428 15 77408 37390 76766 52615 ~~141 30268 18106
19 55165 773 12 83666 36028 28420 70219 81 369 41943 47366 110-67

20 75884 1 2952 84318 95108 72305 64620 91381 89872 45375 ~5436
21 16777 37116 58550 42958 21460 439 10 01175 87894 ~1378 10620
22 46230 43877 80207 88877 89380 32992 91380 03164 9~-t56 59337
23 42902 66892 461 34 01432 94710 23474 20423 60137 60609 13119
24 81007 00333 39693 28039 10154 95425 39220 19 774 31782 49037

25 68089 01122 51 1 1 1 72373 06902 14373 96199 j7-)1 7 41273 21546
26 20411 67081 89950 16944 93054 87687 96693 - 7236 77054 33848
27 58212 13160 06468 15718 82627 76999 35999 58680 96739 63700
28 70577 42866 24969 61210 76046 67699 42054 12696 93758 03283
29 94522 74358 71659 62038 79643 79169 44741 05437 ~903d 13163

30 42626 86819 85651 88678 17401 03252 99547 ~2404 17918 62880
31 16051 33763 57194 16752 54490 19031 5S5~ 0 -17629 54132 60631
32 08244 276~~7 33851 44705 94211 46716 11738 65784 95374 72655
33 59497 04392 09419 89964 5121 1 04894 7 2 - 8 ?  17805 21896 83864
34 97155 1 3428 40293 09985 58434 01- 112 69124 10?17 1 59058 82859

35 98409 66162 95763 41420 20792 61527 2 - 0 44 ; ~94 35 11 859 41557
36 45476 84882 65109 96591 25930 66790 65706 1 203 53634 2255 7
37 89300 69700 50141 30329 11658 23 166  05400 66669 48708 03887
38 50051 95137 91631 66315 91428 12275 24816 68091 71710 33258
39 31753 85178 31310 89642 98364 02306 24617 09609 83942 2 3716

40 79152 53829 77250 20190 56535 18760 69942 ‘74 48 33278 48805
41 44560 38750 83635 56540 64900 42912 13953 79149 187)0 68618
42 68328 83378 63369 7138 1 39564 05615 42451 64559 97501 65747
43 46939 38689 58625 08342 30459 85863 20781 09284 26333 91777
44 83544 86141 15707 96256 23068 13782 08467 89469 93842 55349

45 91621 00881 04900 54224 461 77 55309 17852 27491 89415 ~3466
46 91896 67126 04151 03795 59077 11848 12630 98375 52068 60142
47 55751 62515 2 1108 80830 02263 29303 37204 96926 30506 09808
48 85156 87689 95493 88842 00664 55017 55539 ~777 1 69448 87530
49 07521 56898 12236 60277 39102 62315 12239 01105 11844 0 1 1 1 7

17G



—

~

-— --,I---~~~~—~
-- - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

r Strata 4 (16—20) 16 , 17

Strata 5 (21-25) 21 , 23

Each of these sample units must be inspected and its PCI deter-
mined . The mean PCI of the taxiway feature is then estimated as the mean
of the 10 sample units . Using the data in Fi gure  A -i l , the PCI of the
feature de termined using the sample option is as shown in Figure A-14.
PCI of the 10 sample  u n i t s  is  38 , which is close to the true mean of 36 ,
as q i ven  in  F i g u r e  A - i l.

One of the majo r  ob jec t ions  to “random s a m p l i ng ” that engineers
sometimes express is the problem of not including a very “poor ” or
“excellent” sample unit(s) which may exist in the feature . However , one
or more additional samples may be selected by the engineer if desired ;
the following equation must then be used to compute the mean PCI:

PCIf 
= 

(N - C) 
~~

h i + N ~~‘2 [Equation A — ? ]

where PCI f = overall PCI of f e a tu r e

N = total number of sample units in the feature or subfeature

C number of additional sample units
= arithmetic mean of PCI for random units

PCI 2 = arithmetic mean of PCI for the additional sam p le units .

For example , if the mean PCI of the 10 sample units previously dis-
cussed was 38, and one a d d i t i o n a l  sec t ion  inspected because it had
serious d i s t ress  had a PCI of 10 , the final PCIf of the feature wouldbe computed as:

— (25-1) (38) 
+ 1 — 37r uI f 

— 25 —

7. Airfield Pavement Condition Survey Reports . The format for
reporting the findings of the major command-conducted airfield condition
survey has been designed to preclude the necessity for extensive draft—
•ng and typ i n g  services  a t  the command level . Presentation of the data H
i n  g ra ph i c  or ta b u l a r  form is desirable from the standpoint of simple
interpretation . Rather than a complete summary of construction history
and other repetitious data , the report will primarily reflect changes in H
the airfield pavement system which have occurred since the last report
(either pavement evaluation or condition survey) was accomplished . The
condition survey report format in Figure A-15 has been prepared for
major comand use to assure that the completed reports are standardized .
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Pavement Feature : Taxiway 5B

Total No. of Units : 25

Date of Survey : 7/ 13/76

Unit Unit Unit Unit 2No. Area ft2 PCI No~. Area ft P~i

1 5000 42

3 5000 53

9 5000 35

— 10 5000 25

12 5000 45

13 5000 40

16 5000 35

17 5000 22

21 5000 32

23 5000 49

Average PCI for Feature : 38

Condition Rating: Poor
S

Figure A-14. Feature Summary--Asphalt- or Tar-Surfaced Pavements ,
Sampling Option .
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TITLE PAGE AND COVER . The title page will indicate the major command
responsible for the report , base on which the survey was performed , date
of inspection , and date of the report,

Construction History . Reference the latest condition survey or
pavement eva l uation report and update construction history to depict
airfield construction , maintenance , and repair projects accomplished
since last survey or evaluation. Record the construction history
changes in the same manner as presented in the last condition survey or
evaluation report. Indicate whether pavement was built ori ginally to
light , med ium , or heavy loa d desi gn specifications.

2. Character and Composition of Aircraft Traffic and Load Repetitions.
Provide a brief narrati ve paragraph which reflects past and present
mission aircraf t, by type and estimated frequency of operations.

3. Plans and Cross-Sections of Major Airfield Components:

a.  Airfield Layout Plan. The airfield l ayout plan is an integra l
part of each report. It should be coded to depict airfield pavements
required to support the mis sion; pavements not presently used , but
mainta ined for possible mission support; and pavements not required and
not maintained . The drawing should be symbol-keyed and annotated to
in dicate cracks , s pal ls , pop-outs , and other pavement defects as wel l as
separately identifying pavement features. It should also reflect new
construction , ma jor repai rs area s , and major maintenance project accom-
plishment.

b. Cross-Section . Cross-sect i ons (pavement structure sect ions)
should be provided in the report only when the original sections have
been modified by major reconstruction , maintenance , or repair.

4. Character and Condition of Pavement Surfaces. Only genera l state-
ments as to the condition of the iarious pavement facilities are desired;
detai l1j results , such as the summary of defects , are not to be include d
in this section of the report. Any areas showing distress as noted
dur ing the condition survey will be described as to type of distress and
extent. No conclusvie statements should be made regarding the effect of

~ie pavement conditions on aircraft operations. (This is to be in-
corporated into i tem 7, Narrative Summary.)

5. Summary of Physical Pr~pe~~y~~~~~. Using the same forma t contained
in the referenced condition survey or pavement evaluation report , change
the summary to reflect the modifications to pavement structures resultin g
from recent airfield projects. Use asterisks to annotate the changes.

6. Summary_of Allowable Gross Loads. Compute the allow able gross loads
for pavement features which have been altered from the last evaluation
report by reconstruction or other major change in the pavement structure .
The computation procedure is outlined in AFM 88-24, cha p ters 2 and 3 ,
fo r f l e x i b l e  and ri gid pavemen ts , respectiv ely. Use the tabu iar in

Figure A-15. Condition Survey Report Format.
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figure 4-1 of this regulation for displaying results . If there have
been no changes, the summary of allowable gross loads will still be
submitted as item 6 of the Condition Survey Report.

7. Narrative Summary. A paragraph which incorporates statements re-
garding operational condition of the airfield , recommendations for
maintenance and repair, and major conclusions developed during the
inspection. Probl em areas should be highlighted .

8. Photographs Depicting Airfield Conditions. Optional at the discretion
of the comand pavements engineer.

9. Attachments. Attach the summary of defects and any other data which
supports conclusions and recommendations developed from the Condition
Survey.

10. Reports. The basic report size will be 8 x 10 1/2 inches . The
maximum permissible size for a foldout sheet (drawing, gross load
sunnnary, etc.) is 15 1/2 x 10 1/2 inches . The completed report shall be
securely bound ; pages should be numbered in sequence; and each foldout
sheet shall be folded properly.

‘1

Figure A-15 (concluded).
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SUMMARY OF DISTRESS DATA FOR JOINTED CONCRETE
PAVEME NTS FROM NINE AI RFIELDS
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* VALUES INDICAT E PERCENT SLABS WITH DISTRESS
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APPENDIX D

SUMMARY OF SELECTED HIGHWAY AGENCIES
CONDITION INDEX PROCEDURES

Several highway agencies have developed procedures for determining a
pavement condit ion index. Al though the methods were developed for hig h-
way pavements , the general concepts are applicable to the development of
a condition index for airf ield pavements. This append ix summar izes the
methods of three agencies: Kin g County , WA , the Maine Department of
Transportation , and the State of Washington.

KING COUNTY PROCEDURE

The King County , WA , procedure developed by Voss , et a l. , 2 2  uses a
credit system to determine the condition index . In a credit system,
positive numerical values are cred i ted to individual distresses at given
l evels of density and severity . A maximum credit is desi gna ted if the
distress is not found on the pavement. If the distress is found at a
hi gh degree of severity and density , the credit is zero. All credits
are accumulated , and their sum is the pavement’ s condition index. The
procedure can be expressed by the equation :

n
PCI* = a(T., S, D)

1=1 1

where n = number of distress types in the
procedure

a(T1, 5, D) = credit of each distress type (Ti )
• as a function of severity (5) and

density (D).

*Riding quality is determined separately, and a combined i ndex is cal-
cli ’ ated .

Table D-l shows the distresses and maximum credits used in the King
County procedure . Summing the maximum cred i ts for each distress type
indicates that 60 is the maximum score for a pavement section. Table D-
2 contains the credits assigned to the distresses as a function of their
severity and density levels.

As an example , a pavement section containing the following dis-
tresses is rated :

22b
~~~~~ A. Vo~ L7i~erre l , F. Finn , and D. Hovey , -~ 

I- ’v€ ’r ’ient Evaluation
•
~~ 1 ~~~~~ 

•
-~~- -~~~ •~~~~~‘ ?  “- 1 V ’ Z ;  ~~ , paper presented at the Western Summer

Meeting . Hiqhway Research Board , August 1973.
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TABLE D-1 . CREDITS FOR DISTRESSES USED BY KING COUNTya

Distress Type Maximum Credit

Corrugations, shoving, and slippage 10

Flushing 5

Ravelin g 10

Rutting 10

Transverse cracking 5

Longitudinal cracking 5

Alligator crack ing 10

Waves , sags, and humps 5

MAXIMUM CREDIT 60

a0 A. Voss , R. L. Terrel , F. Fi nn, and 0. Hovey , A P avemc-~z~ Eva -ua t ioi-~System for Maintenance ManaGlement, paper presented at the Western
Suniner Meeting , Hig hway Researc h Board , August 1976.
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TABLE D-2 . CREDITS FOR DISTRESSES USED BY KING COUNTYa

Corrugations , % Area <l/41n. l/4-3/4in. >3/4in.
shoving, and 0 - 10 10 5 0
slippage 11 - 25 8 4 0

>25 4 2 0

Area Slight Mod Severe
~~-2O 5 3 0

Flushing 21 - 35 4 2 0
>35 2 1 0

~ Area Slight Mod Severe

0 - 2 5  10 5 0
Raveling 26 - 50 8 4 0

>50 4 2 0

% Area 0-1/2 in. 1/2-1 in. >1 in.
0 - 9  10 5 0

Rutting 10 - 30 8 4 0
>30 4 2 0

No./Section <1/4 in. > 1/4 in. Spalled

0 - 4  5 3 0
Transverse 5 - 9 4 2 0

cracking 10 2 1 0

Length /station <1/4 in. > 1/4 in . Spal led
0 - 2 0  5 3 0

Longitudinal 21 - 50 4 2 0
cracking >50 2 1 0

4

~ Area 0—1/8 in . 
- 

1/ 8—1/4 in. >1/4 in.
0 - 5  10 5 0

Al ’ ~gator 6 - 15 8 4 0
cracking 16 - 30 4 2 0

31 - 50 4 2 0
>50 2 0 0

Area Slight Mod Severe
Waves , 0 - 10 5 3 0

sags , and 11 - 50 4 2 0
humps -.50 2 1 0

a0 A. Voss , R. L. Terrell , F. Finn , and D. Hovey , A Pavement Eva luation
S~stem f ~r M7 - - t ~~~-:~:ce Ma naqement , paper presented at the Western Sumer

~~ Meeting, Highway Research Board , August 1976.

215

— , - ~~~~-~~-,-~~.-.-.-~ .—‘-— .,-- .,., .- --.-,



-___~
__ _•-5T_ _•_ .-fl- 5 ~‘ -~~~5•- “5• 5- • •~ --5- - 

-~_-,------ ~~~~~~~~~ •5-5~~~55--55- 5~~~~~~~~~~~~~~~~~~~~~ • •

ii
1. 3/4-inch rutting over 15 percent of the area

2. an average of two spalled transverse cracks per 100-feet sta-
t ion

The credit for the rutting is 4 and the credit for the transverse cracks
is 0. Since no other distresses are indicated , maximum credits are
ass igned for them, and the sum of the credits is 49.

The King County procedure is limited because credits are balanced
based on distress types, as shown in Table 0-1 . Therefore, only one
severity level and one density level can be considered for each distress
in a gi ven sec tion. Al so , the effects of individual distress types are
added linearly; field surveys in this study showed that their effects
combine nonl inearly.

MAINE DEPARTMENT OF TRANSPORTATION PROCEDURE 
- 

--

The procedure used by the Maine Department of Trans portati on
(001)23 is also a credit system. Weighting coefficients are assi gned
based on distress type alone, with the sum of all the coefficients being
equal to 1.0. Within each distress type, a credit of 1, 2, 3, 4, or 5
is determined based on the subjective evaluation of distress condition
(Table D-3). The pavement condition index is the sum of the product of
the weighting factor and credit for each distress type. This can be
expressed in an equation form as follows :

n
PCi = ~~ w.c

1=1 •‘

where n = number of distress types in the
procedure I -

WI 
= weight coefficient for each distress
type (I)

c = credit as function of distress condition .

As an example , the PCI of the same pavement section used to illus-
trate the King County procedure (3/4 inch ruttin.g over 15 percent of
area and two spalled transverse cracks per station is calculated here:

PCI = (0.05 x 5) + (0.14 x 2) + (0.02 x 5) + (.15 x 5) + (.08 x 5)

+ (.14 x 2) + (.14 x 5) + (.05 x 5) + (.14 x 5) + (.09 x 3)

= 3.98 (out of a possible 5.0)

Z30• w• Rand , Pavement Evaluation III , Tec hnical Paper (Mai ne Department
of Transportation, Materials and Research Division , August 1973), pp
73—8.
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Al though the procedure is simple , examination of Table 0-3 reveals that
severity and density levels are not well considered (e.g., rutting
credit s are ass igned by severity only). Also , the effects of distresses
are added linearly.

STATE OF WASHINGTON PROCEDURE

The State of Washington procedure developed by Leclerc and Marsh all2~is a deduct value system which is similar to the credit system except —

that negative numerical values are assigned to the distresses. The
negative val ues are a function of the distress type, severity leve l , and
density level . The deduct va l ues are totaled for a given pavement
section and then subtracted from a constant (100) to determine the
pavement condition i ndex. Table 0-4 contains the deduct values for
distress types used in the Washington procedure at different density and
severity levels. Table 0-5 is used to correct the total deduct values
before subtraction from 100 to avoid negative va l ues . The procedure can
be expressed in equation form:

n
PCI~ = 100 - E a(T

~ 
S, D)

i=l
n = number of distress types identified

in the pavement
a(T 1, S, 13) deduct value for each distress type (Ii)

as function of severity (S) and density
(D).

*Riding quality is determined separately, and a combined i ndex is cal-
culated .

Evaluating the pavement section used in the Ki ng County and Maine
procedure examples gives a pavement condition index of 85 out of 100:
PCI = 100 - E(5 + 10).

The Washington method is also limi ted by the fact that deduct ~- 
-

values cannot be totaled for different severity levels within a given
distress type, so that only one severity of a distress can be rated for
a given section . As in the other methods, the effects of different
distress types are added linearly.

OTHER METHODS

Methods similar to those presented here have been developed . They
include the Sas katc hewa n Department of Hig hways and Transpor ta tion

Z14R V. LeClerc and T. R. Marshall, “A Pavement Condition Rating System and
Its Use ,” AAP T Proceedings of Syrnpo ai-~o: CII? ~“; ‘,-r- 7 -~nt j - ’~,a L u , ’ ’? (” n, 1969 .
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TABLE 0-4. DEDUCT VALUES IN WASHINGTON METHOD
a

of road length 0 - 25 25 - 50 50+

0 - 1/2 in. ave . di pth 0 2 5
1/2 - 1 in. ave . depth 5 7 10

Rut t ing 1 - 4 in . ave. depth 10 12 15
2 - 4in . ave. depth 15 20 25
4 in. ave . depth 30’ 35 40

% pavement area hairl i ne spalling spali ing -f
pumping

0 - 2 4 2 5 10
Alli gator 2 4 - 44 5 10 15
Crack in g 50 - 74 10 15 20

75 15 20 25

% pa~enient area slight mod severe

0 - 1 5  5 8 10
Corru ga t ion  16 - 35 10 12 15

35-s- 15 18 20

l ineal ft/sta . <1/4 in. >1/4 in. spalled

Longitudinal 10 - 99 5 10 15
Crac k ing 100 - 99 10 15 20

- 200+ 15 20 25

~ cra cks <1/4 in. >1/4 in. spa lled

TransverCe 0 - 4 per station 3 5 10
Crack i ng 5 - 9 per station 4 7 12

10+ per station 5 10 15

% pavement area 0 - 1/2 in. 1/ 2 — 1 i n .  1 in. +

0 - 5  2 5 7 —

• Patching 6 — 25 5 7 10
25+ 7 10 15

• in. change/ lO ft. 0 — ‘ ‘
~ 25 — 75 75+

Waves 1 — 2 10 15 2~ 1”Sags & 2 - 4  20 25 30
Humps 4 +  30 35 40

aR. V Leclerc arId T R. Marshal l , ‘~~~
. Pavement Condition Rating System

and Its Use ,” A-~P~ J”o :’ ~~~~~~~~ r’ C ”~~~~
, ur1 on T,w ~ ’r ’- 7cnt Evaluation , 1969.
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procedure developed by Winnitoy ; the Minnesota Department of Highways
method developed by Hughes ; and the 0. E. Currier - SURF Evaluation
deve l oped by Forbes.

TABLE 0-5. CORRECTION OF TOTAL DEDUCT VALUES IN WASHINGTON METHODa

Use This for Subtraction
Total Deducts From 100

up to 90 as calculated

91 - 94 91

9 5 — 1 0 5  93

1 0 6 — 1 1 5  95

116 - 125 97

126-140 98

140+

aR V. Leclerc and T. R. Marshall , “A Pavement Condition Rating System
and Its Use,” AAPT Proceedi ngs of S~j rnp osiw ’i on P averr~ent EI’J 7-I~~C i t’Z On,

1969.
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