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CHAPTER I 

INTRODUCTION 

A " ~ i g h w a y  Pavement D i s t r e s s  I d e n t i f i c a t i o n  Manual" has been developed f o r  

f o u r  bas i c  types o f  pavements, These include ( 1 )  a s p h a l t  concrete sur faced  

( i n c l u d i n g  aspha l t  over lays  over  concre te ) ,  ( 2 )  j o i n t e d  p l a i n  concrete,  

(3)  j o i n t e d  r e i  n fo rced  concrete,  and ( 4 )  con t i nuous l y  r e i n f o r c e d  concrete.  

Each d i s t r e s s  i s  descr ibed a long  w i t h  i d s  general mechanism, l e v e l s  o f  

d i  s t r ess  s e v e r i t y  a r e  def ined,  measurelnent c r i t e r i a  provided, and t y p i c a l  

photographs o f  each type  and s e v e r i t y .  

The d i s t r e s s  d e f i n i t i o n s  were developed based i n i t i a l  l y  on t h e  

1  a i r f i e l d  d i s t r e s s  i d e n t i f i c a t i o n  manual by Shahi n, D a r t e r  and Kohn and 

t h e  "Standard Nomenclature and D e f i n i t i o n s  f a r  Pavement Components and 

Def i c ienc ies"  (Specia l  Report  11 3, Highway Research ~ o a r d )  ; and cons ide rab l y  

f u r t h e r  developed through ex tens i ve  f i e l d  surveys and d iscuss ions  w i t h  s t a t e  

highway engineers.  The photographs were ob ta ined  d u r i n g  many f i e l  d t r i p s  

and surveys conducted on highways l o c a t e d  t h r o u g h ~ u d  t h e  Un i ted  S ta tes .  

Th is  manual can be used as a  s tandard guide f o r  d i s t r e s s  i d e n t i f i c a t i o n  and 

measurement f o r  highway pavements, 

A recommended f i e l d  survey procedure i s  as f o l l o w s  f o r  highway p r o j e c t s  

hav ing  an o v e r a l l  l e n g t h  o f  about  1  m i l e  (1.6 km) o r  more: (1) d i v i d e  t h e  

p r o j e c t  i n t o  i n s p e c t i o n  u n i t s  o f  approx imate ly  0.1 m i l e  ( " 1 6  km) leng th ;  

(2 )  randomly s e l e c t  a  minimum o f  one i n s p e c t i o n  u n i t  i n  each m i l e  o f  t h e  

p r o j e c t ;  (3 )  conduct a d e t a i l e d  d i s t r e s s  survey o f  each 0.1 m i l e  (.I6 km) 

i n s p e c t i  on u n i t  se lec ted .  

'Shahin, M. Y . ,  M. I .  Darter ,  and S. D. Kohn, "Development o f  a  Pavement 
Maintenance Management System, Val. V, Proposed Rev is ion  o f  Chapter 3, 
AFR 93-5," Report  No. CEE-DO-TR-77-44, U. S, A i r  Force, 1377. 



ASPHALT SURFACED DISTRESS 



Name of Distress : A1 I igator o r  F a t i  gue Cracki ng 

Descri p t  i on: Alligator o r  fatigue cracking i s  a ser ies  o f  interconnecting 
cracks caused by fatigue fa i lure  s f  the asphalt concrete 
surface (or  s tabi l ized base) under repeated t r a f f i c  loading. 
The cracking in i t i a t e s  a t  the bottom o f  t h e  asphalt surface 
(or  stabilized base) where tens i le  s t ress  and s t r a in  i s  
highest under a wheel load. The cracks propagate t o  the 
surface i n i t i a l l y  as one or more longitudi~a7 paral leI 
cracks. After repeated t r a f f i c  l ead ing  the cracks connect, 
forming many-sided, sharp-angled pieces tha t  develop a 
pattern resembling chicken wire or the sk in  s f  an a l l iga tor .  
The pieces are  usually less  than l P t ,  en the longest side. 
A1 l igator  cracking occurs only in areas t h a t  are  subjected 
t o  repeated t r a f f i c  loadings. Therefore, i t  would n o t  
occur over an ent i re  area unless the en t i re  area was subjected 
to  t r a f f i c  loading. Alligator cracking does not occur in 
asphalt over? ays over concrete slabs. Pattern-type cracking 
which occurs over an en t i re  area tha t  i s  - no t  subjected to 
loading i s  rated as block erackirig which 4s not a load- 
associated d is t ress .  A1 1 igator erack.i ng is considered a 
major structural dis t ress .  

Severity Levels : L* - Longi tudi nal disconnected &a? r l  ine cracks runni ng paral l el 
to  each other. The cracks are not spalled. I n i t i a l l y  
there may only be a single crack in the wheel path (de- 
fined as Class 1 cracking a t  WASH0 Road T e s t ) .  

M* - Further development of low severity a l l iga tor  cracking 
into a pattern o f  pieces formed by cracks t h a t  may be 
1 ightly surface spalled. Cracks may be sealed (defined 
as Class 2 cracking a t  AASHB Woad T e s t ) ,  

H* - Medium a l l  igator c r a c k i ~ g  has progressed so tha t  pieces 
are more severely spalled a t  the  edges and loosened 
until the ce l l s  rock under t r a f f i c .  Pumping may exis t  
(defined as Glass 3 craek i  ng a t  A&HO Road Tes t ) .  

How to Measure: A1 l i ga t s r  cracking i s  measured in square fee t  o r  square 
meters of surface area, The major d i f f icu l ty  in measuring 
this  type of dis t ress  i s  t h a t  many times two or three levels 
of severity exist  wh tha 'n  one distressed area. I f  these 
portions can he easi ly  distinguished from each other, 
they should be measured and recorded separately. However, 
i f  the different levelis o f  severity cannnt be easi ly  
divided, t h e  ent i re  area should be rated a t  the highest 
severity level present. 

*L - Low severity level 
*M - Medium severity level 
*H - High severity 1 eve1 



F i  gure 2 . 1 .  Low S e v e r i t y  A1 1 i ga tor  C r a c k i n g  ( f i n e  1 o n g i  t u d i n a l  
cracks i n  wheel path) .  

F igure  2.2. Low Severity A l l i g a t o r  C r a c k i n g  ( f i n e  l o n g i t u d i n a l  
c ~ a c k s  i n  wheel path ) .  

4 



Figure 2.3.  Low Sever i ty  Alligator Cracking (sealed l o n g i t u d i n a l  
c racks  in wheel path o f  ou te r  truck fane) . 

Figure 2 . 4 .  Medium Seve r i ty  A1 1 i g a t o r  Crack ing  i n  Wheel Paths.  



F i  qure 2 - 5 .  Hedi urn Severity A1 S i gatsr Cracking i n  Wheel Paths. 

Figure 2.6,  Medium Severity A l l i g a t  r Cracking i n  Wheel Paths 

6 

Near Lesngl"tudina'1 h i n t  i n  Shoulder Due t o  Encroaching 
Traff ic  and LOSS o f  ~ u ~ b o r t .  



Figure  2.7. Medi urn Severity A1 l i g a t o r  Crack ing i n  Wheel Paths. 

F igure  2.8. Medium Alligator Crack ing a t  Free Edge o f  Lane. 
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Figure 2.9. Medium All  igaror Cracking i n  Outer Wheel P a t h  
(pumping  a ?  so e x i s t s )  . 

Figure 2.10. High Severity Alligator Cracking ( i n  pa r t i ons  o f  
p i c t u r e  where pieces are severely spalled), 
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Figure 2 . 1 1 .  High Severity Al l igator  C r a c k i n g  i n  Center o f  
Photo Where Pieces Are Severely Spalled. 

Figure 2 . 1 2 .  High Severity Al l igator  Cracking of Shoulder Where 
Large Amount of Trucks Park. 
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Name o f  Distress : 

Description: 

Severity Levels : 

How t o  Measure: 

Bleeding 

Bleeding i s  a film of bituminous material on the 
pavement surface which creates a shiny, glass-like,  
reflecting surface that usually becomes quite sticky. 
Bleeding i s  caused by excessive amounts of asphalt 
cement in the mix and/or low a i r  void contents. I t  
occurs when asphalt f i  71s the voids of  the mix during 
hot weather and then expands out onto the surface of 
the pavement. Since the bleeding process i s  not 
reversible during cold weather, asphalt wi 11 
accumulate on the surface. 

No degrees of severity are defined. Bleeding should 
be noted when i t  i s  extensive enough to  cause a 
reduction in skid resistance. 

Bleeding i s  measured in square feet  or  square meters 
o f  surface area. 

Figure 2.13. Bleeding in Wheel Paths. 
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Figure 2.14. Bleeding i n  Wheel Paths. 



Name af  Distress:  Block Cracking 

Description: 

Severity Levels : 

How t o  Measure: 

Block cracks divide t he  asphalt surface i n to  approxi- 
mately rectangular pieces. The blocks range i n  s i z e  
from approximately 1 f t 2  t~ 106 f t 2 ,  Cracking in to  
larger  blocks a r e  generally rated as longitudinal 
and transverse cracking. Block cracking i s  caused 
mainly by shrinkage of the  asphalt concrete and 
daily temperature cycl i n q  (which resu l t s  in dai 1 y 
s t r e s s j s t i a i n  cycl ing) .  -1t i s  nat  load-associated, 
a1 thouqh/'l oad can i ncrease t h e  sever i ty  of individual 
cracks ;from low t o  medi urn t o  high.  he occurrence 
of  block cracking usually indicates t h a t  the asphalt  
has hardened s i  gni f i  cantly . Block cracki ng normally 
occurs over a large  proportion of pavement area,  b u t  
sometimes will  occur only in  nontraff ic  areas. This 
type of  d i s t r e s s  d i f f e r s  from a l l i g a t o r  cracking i n  
t h a t  a l l i g a t o r  cracks form smaller, many-sided pieces 
with sharp angles. Also unlike block cracks, a1 l i ga to r  
cracks a r e  caused by repeated t r a f f i c  loadimgs, and 
are ,  therefore,  located only i n  t r a f f i cked  areas 
( i . e . ,  wheel paths). 

L - Blocks a re  defined by (1) norlsealed cracks t h a t  a re  
nonspalled (s ides  of the  crack a re  ver t ica l  ) o r  
only minor spal l ing with a 1/4 in .  (6 mm) o r  l e s s  
mean width; o r  ( 2 )  sealed cracks have a sealant  i n  
sa t i s fac tory  condition t o  prevent moisture i n f i l -  
t r a t i on .  

M - Blocks a r e  defined by e i t h e r  (1 )  sealed o r  nonsealed 
cracks t ha t  a r e  moderately spa1 1 ed; ( 2 )  nonseal ed 
cracks t ha t  a r e  not spal led o r  have only minor 
spa11 ing, b u t  have a mean width greater  than approxi- 
mately 1 /4  in .  ( 6  mm) or  (3 )  sealed cracks t ha t  are 
not spalled o r  have only minar spal l ing,  b u t  have 
seal ant i n  unsatisfactory condition. 

H - Blacks a r e  well -defined by cracks t ha t  are  severely 
spalled.  

Block cracking i s  measured in  square fee t  o r  square 
meters o f  surface area.  I t  usually occurs a t  one 
sever i ty  level i n  a given pavement section;  however, 
any areas of the  pavement section having d i s t i nc t l y  
d i f fe ren t  levels of sever i ty  should be measured and 
recorded separately.  



F i  gure 2.15. Low Severity B i  ock Cracking. 

Figure  2.16. Low Severity Block Cracking Near Center l ine .  
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Figure 2.17.  Medium Severity B l o c k  Crack' ing. 

Figure 2.18. Medium Severity Block Crackivig. 
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Figure  2.19. High Seve r i t y  Block Cracking. 

F igure 2.20. High Seve r i t y  Block Cracking. 



Name of Distress: 

Des cri  p t  i on : 

Severity Levels : 

How to Measure : 

Corrugation 

Corrugation i s  a form of p las t ic  movement typified 
by ripples across the asphalt pavement surface. 
I t  occurs usually a t  points where t r a f f i c  s t a r t s  
and stops. Corrugation usually occurs in asphalt 
layers that  1 ack s t ab i l i t y  i n  warm weather, b u t  
may also be attributed to  excessive moisture 
in a subgrade, contamination of the mix, or  lack 
of aeration of l iquid asphalt mixes. 

L - Corrugations cause some vibration of the vehicle 
whi ch creates no discomfort. 

M - Corrugations cause significant vibration of the 
vehicle which creates some discomfort. 

H - Corrugations cause excessive vibration of the 
vehicle which creates substanti a1 di scornfort, 
and/or a safety hazard, and or  vehicle damage, 
requiring a reduction in speed for safety. 

Corrugation i s  measured i n  square feet or  square 
meters of surface area. Severity levels are deter- 
mined by riding in a mid to  fu l l  sized sedan 
weighing approximately 3000-3800 1 bs (1 3.3-16.9 k N )  
over the pavement inspection unit a t  the posted 
speed limit .  

9 Corrugations in pavement surface 
+F .-a+". 

Figure 2.21. I1 1 ustrative Oiagram of  Corrugation Profile.  



Name o f  D i s t r ess  : 

Des c r i  p t  i on : 

Depression 

Depressions a r e  l o c a l i z e d  pavement su r f ace  areas 
hav ing  e l e v a t i o n s  s l i g h t l y  lower  t han  those o f  
t he  sur round ing  pavement. In many instances,  
1 i g h t  depressions a re  n o t  n o t i c e a b l e  u n t i  1 a f t e r  
a r a i n ,  when ponding wa te r  c rea tes  "b i r dba th "  
areas; b u t  t h e  depressions can a l s o  be l o c a t e d  
w i t h o u t  r a i n  because o f  s t r a i n s  c rea ted  by  o i l  
droppings f rom veh ic les .  Depressions can be 
caused by se t t lement  o f  the  foundat ion  s o i l  o r  
can be  "bu i  1 t i n "  du r i ng  cons t ruc t i on .  Depressions 
cause roughness, and when f i  1 l e d  w i t h  w a t e r  o f  
s u f f i c i e n t  depth coul  d cause hydrop lan ing  o f  
veh ic les .  

S e v e r i t y  Levels:  L - Depressions cause some bounce o f  t h e  v e h i c l e  
whi ch creates no d i  scomfor t .  

M - Depressions cause s i g n i f i  can t  bounce o f  t h e  
vehi  c l e  whi ch c rea tes  some d iscomfor t .  

H - Depressions cause excess ive bounce o f  t h e  
v e h i c l e  whi ch creates s u b s t a n t i a l  d iscomfor t ,  
and/or a s a f e t y  hazard, and/or v e h i c l e  damage, 
r e q u i r i n g  a r e d u c t i o n  i n  speed f o r  s a f e t y .  

How t o  Measure: Depressions are measured i n  square f e e t  o r  
meters i n  each i n s p e c t i o n  u n i t .  Each 
depression i s  r a t e d  accord ing  t o  i t s  1 eve1 
o f  s e v e r i t y .  S e v e r i t y  l e v e l  i s  determined 
by r i d i - ng  i n  a mid t o  f u l l  s i z e d  sedan weigh ing 
approxima tel ,y 3000-3800 1 bs (1 3.3-1 6.9 kN) over  
t h e  pavement i n s p e c t i o n  u n i t  a t  t h e  pos ted  
speed 1 i mi t. 



Figure 2.22. Low Severity Depression (identified by oil droppings 
on pavement surface). 

Figure 2.23. High Severity Depression in S h o u l d e r  (high severity 
a1 1 i g a t o r  c r a c k i n g  a1 so exists and woul d be recorded 
in addition to the depression). 
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Name of Distress: 

Description: 

Joint  Reflection Cracking from PCC Slab 

This dis t ress  occurs only on pavements having an 
asphalt concrete surface over a jointed portland 
cement concrete (PCC) slab and they occur a t  
transverse and longitudinal joints  ( i  . e . ,  widening 
jo in ts ) .  This d is t ress  does not include reflection 
cracking away from a joint  or from any other type 
of base ( i  . e . ,  cement s tabi l ized,  1 ime s tabi l ized)  
as these cracks a re  identified as "Longitudinal and 
Transverse Cracking." Joint reflection cracking i s  
caused mainly by movement of the PCC slab beneath 
the asphalt concrete ( A C )  surface because of thermal 
and moisture changes; i t  i s  generally not load ini-  
t ia ted.  However, t r a f f i c  loading may cause a break- 
down o f  the A C  near the i n i t i a l  crack, resulting in 
spalling. A knowledge of slab dimensions beneath 
the AC surface will help to  identify these cracks. 

Severity Levels: L - Cracks have e i ther  minor spa11 ing or no spalling and 
can be sealed or nonsealed. I f  nonsealed, the cracks 
have a mean w i d t h  of 1/4 in, (6  mm)  or less ;  sealed 
cracks are of any width, b u t  the i r  sealant material 
i s  i n  satisfactory condition to  substantially prevent 
water in f i l t r a t ion .  No signif icant  bump occurs when 
a vehicle crosses the crack. 

M - One of the following conditions exis ts :  (1) cracks 
are moderately spa1 led and can be e i ther  sealed or 
nonsealed of any width; ( 2 )  sealed cracks are  not 
spalled or have only minor spalling, b u t  the sealant 
i s  in a condition so that  water can freely i n f i l -  
t ra te ;  (3 )  nonsealed cracks are  not spalled or  are  
only 1 ightly spalled, but the mean crack width i s  
greater than 1/4 in.  (6 mm); (4 )  low severity random 
cracking exis ts  near the crack or a t  the corners of 
intersecting cracks; or  (5)  the crack causes a signi- 
f icant  bump to  a vehicle. 

How to Measure: 

H - (1) Cracks a re  severely spalled and/or there ex is t s  
medium or high random cracking near the crack or a t  
the corners of intersecting cracks, o r  ( 2 )  the crack 
causes a severe bump to  a vehicle. 

Joint reflection cracking i s  measured in l ineal feet  
or meters. The length and severity level of each 
crack should be identified and recorded. If the 
crack does not have the same severity level along 
i t s  en t i re  length, each general portion should be 
recorded separately. The vehicle used to  determine 
bump severity i s  a mid t o  ful l  sized sedan weighing 
approximately 3000-3800 1 bs (1 3.3-16.9 kN)  over the 
pavement inspection u n i t  a t  the posted speed limit .  



Fd gure 2.24. Low S e v e r i t y  J o i n t  R e f l e c t i o n  Cracking f rom 
Transverse J o i n t  i n  PCC Slab .  

F i g u r e  2.25. Low S e v e r i t y  J o i n t  R e f l e c t i o n  Cracking f r om 
Transverse J o i n t  i n  PCC Slab.  
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g u r e  2.26. Medi urn Sever i t y  J o i n t  R e f l e c t i o n  Cracking 
Long i tud ina l  Widening J o i n t  i n  PCC S l a b .  

from 

Figure 2.27. Medi urn Sever i ty  J o i n t  R e f l e c t i o n  Cracking from 
T ransve~se  J o i n t  i n  FCC Slab.  



Figure 2.28. High Severity Jo in t  Reflection Cracking from 
Transverse Jo in t  i n  PCC S l a b .  

Figure 2.29. High  Severity Jo in t  Reflection Cracking from 
Longitudinal Widening Jo in t  in PCC S l a b .  



Figure 2.30. High Severity Jo in t  
Transverse Jo in t  in 

Ref1 e c t i o n  Cracking f rom 
PCC Slab .  



Name of Distress: 

Description : 

Severity Level : 

4. 

How to  Measure: 

Lane/Shoulder Dropoff or Heave 

Lane/Shoulder dropoff o r  heave occurs wherever there 
i s  a difference in elevation between the t r a f f i c  
1 ane and shoulder. Typical ly the outside shoulder 
se t t l e s  due t o  consolidation or a settlement of the 
.underlying granular or subgrade material, or 
pumping o f  t h e  underlying material, Heave of the 
shoulder may occur due t a  f ros t  action or swelling 
so i l s .  Dropoff of granular or  soil  shoulder i s  
genera 1 1 y caused From bl owi ng away of s houl der 
material from passing trucks. 

Severity level i s  determined by computing the mean 
difference in elevation between the t r a f f i c  1 ane 
and s houl der: 

L 114 - 1/2 'in. (6 - 13 mm) 

M 1 / 2  - 1 in.  ( 3  - 25 m) 

H > l in .  ( 3  25 mm) 

Lane/shoul der dropoff or  heave i s  measured every 
700 f t .  (30 rn) in inches (or  mm) along the joint .  
The mean difference in elevation i s  computed from 
the data and used to  determine severity level.  

Fi gure 2.31 . Medi um Severity Lane/Shoul der Dropoff, 
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Name o f  D is t ress :  

Des c r i  p t  i on : 

Seve r i t y  Level : 

Lane/Shoul der  J o i n t  Separat ion 

Lane/Shoul der  j o i n t  separa t ion  i s  t h e  w i  dening o f  
the  j o i n t  between t h e  t r a f f i c  l ane  and t h e  shoulder  
genera l l y  due t o  movement i n  t h e  shoulder. I f  the  
j o i n t  i s  t i g h t l y  c losed o r  w e l l  sealed so water  
cannot e n t e r  ( o r  i f  the re  i s  no j o i n t  due t o  f u l l  
w id th  paving),  then 1  ane/shoulder j o i n t  separa t ion  
i s  n o t  considered a d i s t ress .  I f  the  shoulder i s  
no t  paved ( i  .e., gravel  o r  grass ) then  t h e  s e v e r i t y  
should be r a t e d  as high. I f  a  curb ing  ex i s t s ,  then 
i t  should be r a t e d  according t o  t he  w id th  o f  t h e  
j o i n t  between the aspha l t  sur face  and curb. 

Seve r i t y  1  evel i s  determined by the  mean j o i n t  
opening. No s e v e r i t y  l e v e l  i s  counted i f  t h e  j o i n t  
i s  w e l l  sealed t o  prevent  moisture i n t r u s i o n .  

L  0.04 - . I 2  i n .  (1  - 3 m) 

M > .12 - -40  i n .  (>  3 - 10 mm) 

H > . 4 0 i n  ( >  10 mm) ( a l s o  a  nonpaved 
shoul der)  

How t o  Measure: Lane/Shoul der  j o i n t  separa t ion  i s  measured i n  inches 
( o r  m i l l i m e t e r s )  a t  about 50 ft. (15.2 m) i n t e r v a l s  
a long t h e  sample u n i t .  The mean separa t ion  i s  used 
t o  determi ne s e v e r i t y  1  evel . 

Figure 2.32. Medi um Seve r i t y  Lane/Shoulder J o i n t  Separat ion (no te  
separat ion near ou ts ide  o f  edge p a i n t  s t r i p ) .  (See 
Figure 2.31 f o r  photo o f  h igh  s e v e r i t y  lane/shoulder 
j o i n t  separat ion.  ) 



Name of Distress: Longi tudi na1 and Transverse Cracking ( Non-PCC Slab 
Joint Ref1 ect i  ve) 

Description: Longitudinal cracks are  para1 1 el t o  the pavement's 
centerline or laydown direction. They may be caused 
by (1 ) a poorly constructed paving lane jo in t ,  
( 2 )  shrinkage of the AC surface due to  low tempera- 
tures or hardening of the aspha'l t, ~ r - ( 3 )  a reflec- 
t ive  crack caused by cracks beneath the surface course, 
including cracks in PCC slabs (but not a t  PCC slab 
jo in ts ) .  Transverse cracks extend across the pavement 
centerline or direction of laydown. They may be 
caused by items 2 or  3 above. These types of cracks 
are not usually load associated. 

Severity Levels: L - Cracks have e i ther  minor spalling or  no spalling, 
and cracks can be sealed or nonsealed. If sealed, 
cracks have a mean wid th  of 1 / 4  in. (6  mm) or less;  
sealed cracks are of any width, b u t  their  sealant 
material i s  in satisfactory condition to  substantial 1y 
prevent water in f i l t r a t ion .  No significant bump 
occurs when a vehicle crosses the crack. 

M - One of the following conditions exis ts :  ( 1 )  cracks 
are moderately spalled and can e i ther  be sealed or 
nonsealed of any w i d t h ;  ( 2 )  sealed cracks are not 
spalled o r  have only minor spalling, b u t  the sealant 
i s  in a condition so that  water can freely i n f i l t r a t e ;  
(3)  nonsealed cracks a re  not spalled or have only 
minor spalling, but mean crack width i s  greater than 
1/4 i n .  (6 mm); ( 4 )  low severity random cracking 
exis ts  near the crack or a t  the corners of inter-  
secting cracks; or ( 5 )  the crack causes a significant 
bump to a vehicle. 

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

How to Measure: Longitudinal and transverse cracks are  measured in 
lineal fee t  or lineal meters. The length and 
severity of each crack should be identified and 
recorded. If  the crack does not have the same 
severity level along i t s  en t i re  length, each genera1 
portion of the crack having a different  severity 
1 eve1 should be recorded separately. The vehicle 
used to  determine bump severity i s  a mid  t o  fu l l  
sized sedan weighing approximately 3000-3800 lbs. 
(1 3.3-16.9 kN) over the pavement inspection unit 
a t  the posted speed limit .  



Figure 2,33. how Severity Transverse Cracking. 

Fi gure 2-34. Low Severi ty  Longitudinal and Transverse Cracking. 



Fi gure 2.35. Low Severi t y  'Transverse Cracking Across Shoulder.  

F i g u r e  2.36. Medi urn S e v e ~ i  t y  Transverse Cracking. 
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Figure 2.37. Medium Severi ty Transverse Cracking. 

Figure 2.38. Medium Severity Transverse Cracking. 
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F igu re  2.39, Medi urn Severity Transverse Cracking. 

F igure 2 -40. Medi urn Severity Transverse Gracki  ng Across Shoulder. 

30 



Figure 2.41, High Severity Transverse Cracking. 

Figure 2 .42 .  High Severity Longitudinal Cracking. 
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Figure 2.43. H i g h  Severity Transverse Cracking. 

Figure 2,44. H i g h  Severity Transverse Crack ing ( t h i s  crack i s  
caused i n i  t i a l  l y  by reflection from cement 
stabi l i zed base) ,  
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Name o f  D i  s t r e s s  : Patch D e t e r i o r a t i o n  

Desc r i p t i on :  A pa tch  i s  an area where t h e  o r i g i n a l  pavement has been 
removed and rep laced  w i t h  e i t h e r  s i m i l a r  o r  d i f f e r e n t  
m a t e r i a l .  

S e v e r i t y  Levels :  L - Patch i s  i n  ve ry  good c o n d i t i o n  and i s  per fo rming  
s a t i s f a c t o r i l y .  

M - Patch i s  somewhat d e t e r i o r a t e d ,  hav ing  1  ow t o  medi urn 
l e v e l s  o f  any types  o f  d i s t r e s s .  

H - Patch i s  bad l y  d e t e r i o r a t e d  and soon needs rep lace -  
ment. 

How t o  Measure: Each patch i s  measured i n  square f e e t  o r  square 
meters o f  su r face  area. Even i f  a  pa tch  i s  i n  
e x c e l l e n t  c o n d i t i o n  i t  i s  s t i l l  r a t e d  low s e v e r i t y .  

F igure  2.45. Low S e v e r i t y  Patch. 



Figure 2.46. Low Severity Patch. 

Figure 2 .47 .  Low Severity Patch A l o n g  Shoulder J o i n t .  
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Figure 2.48. Medium Severity Patch. 

Figure 2.49. Medi urn Severity Patch (see a1 so Figure 
medi urn severi ty patch). 
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Figure 2.50. High Seve r i t y  Patch. 



Name o f  D is t ress :  Pol i s  hed Aggregate 

Descri p t  i on : Aggregate p o l i s h i n g  i s  caused by  repeated t r a f f i c  
app l ica t ions .  Pol ished aggregate i s  present when 
c lose examination o f  a pavement reveals t h a t  t h e  
p o r t i o n  o f  aggregate extending above t h e  aspha l t  
i s  e i t h e r  very smal l ,  o r  there  a r e  no rough o r  
angular  aggregate p a r t i c l e s  t o  p rov ide  goad s k i d  
r e s i  stance. 

Seve r i t y  Levels : No degrees o f  s e v e r i t y  are def ined. However, t he  
degree o f  p o l i s h i n g  should be s i g n i f i c a n t  i n  
reducing s k i d  res is tance before  it i s  i nc luded  
as a d i s t r e s s .  

How t o  Meas ure : Pol ished aggregate i s  measured i n  square ft. o r  square 
meters o f  sur face area. The ex is tance o f  p o l i s h i n g  
can be detected by bo th  v i s u a l l y  observing and 
running t h e  f i n g e r s  over  the  sur face.  

F igure  2.51. Pol ished Aggregate (photo taken i n  wheel path o f  
23 year  o l d  h igh  t r a f f i c  volume tu rnp ike) .  



Name o f  Distress: Potholes 

Des cri p t  i on : A bml shaped hole 05 various sines i n  the pavement 
surface. The  surface has broken into small pieces 
by a l l iga tor  cracking or  by l ocalized disintegration 
of the mixture  and t h e  material i s  removed by t r a f f i c .  
Traffic loads force the underlying materials o u t  o f  
the hole, increasing the depth. 

Severity Levels : 

Area ( f t2 )  < 1 1 1 - 3  > 3 

How t o  Measure: Potholes are counted in numbers o f  holes o f  each 
severity level i n  the inspection unit. 

Fi gure 2 52. Low Severity Pothol e. 
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F igu re  2.53. Low S e v e r i t y  Pothole. 

Fogure 2.54. Medium S e v e r i t y  Pothole. 
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Figure 2.55. Medium Severity Pothole. 

Figure 2.56. High Severity Pothole. . 
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Figure 2.57. High S e v e r i t y  Pothole. 



Name of Distress: Pumping and Water Eleeding 

Description: Pumping  i s  the ejection of water and Pine materials 
under pressure through cracks under movi ng 1 oads . 
As the water i s  ejected i t  carries fine material 
resulting in progressive material deterioration 
and loss of support, Several cases o f  pumping of 
stab7'l ized base materi a7 s have been observed 
for examp1 e.  Surface staining or  accumul ation 
of material on  the surface close t o  cracks i s  
evidence s f  pumping. Water bleeding occurs 
where water seeps slowly out o f  cracks in the 
pavement surface. 

Severity Levels : L - Water bleeding exists or  water pumping can be 
observed when heavy loads pass over the pavement, 
however no fines (or  only a very small amount) can 
be seen on the surface of the pavement. 

M - Some pumped material can be observed near cracks 
in the pavement surface. 

H - A s i  gni f i  cant amount of pumped material exists 
on the pavement surface near the cracks. 

How to Count: I f  pumping or water bleeding exists anywhere 
in the sample u n i t  i t  i s  counted as occurring. 

Figure 2 -58. Medi urn Severity Pumping (stabi 1 ized base i s  
pumping) (fdote: -- see a1 so Figure 2 . 9  for  medi um severi ty 
pumping photo). 



Figure 2 -59. Medi urn Sever i ty  Pumping ( s t a b i  I i zed  base i s  pumping). 

Figure 2.60. Medi urn Severity Pumping (stabilized base i s  pumping). 
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F i g u r e  2.61. High Seve r i t y  Pumping ( s t a b i l i z e d  base i s  pumping).  

F i g u r e  2.62.  High Severity Pumping ( s t a b i l i z e d  base i s  pumping).  
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F igu re  2.64. Medium S e v e r i t y  Rave l ing  and Weathering. 

F i gu re  2.65. Medium S e v e r i t y  Rave l ing  and Weathering. 
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Figure 2 .66 .  Medi urn Severi t y  Ravel i ng  and  Weathering. 

Figure 2.67. Medium Severity Raveling and Weathering. 



F igu re  2.68. High S e v e r i t y  Raveling and Weathering. 

F i gu re  2.69. H igh  S e v e r i t y  Ravel i n g  and Weathering. 
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Name o f  D is t ress :  Ru t t i ng  

Descr ipt ion:  A r u t  i s  a  sur face depression i n  the  wheel paths. 
Pavement up1 i ft may occur along the  sides o f  t h e  
r u t ;  however, i n  many instances r u t s  a re  no t iceab le  
on ly  a f t e r  a  r a i n f a l l ,  when t h e  wheel paths a re  
f i l l e d  w i t h  water. R u t t i n g  stems from a  permanent 
deformation i n  any o f  t h e  pavement l aye rs  o r  sub- 
grade, usual l y  caused by conso l i da t i on  o r  l a t e r a l  
movement o f  the  ma te r ia l s  due t o  t r a f f i c  laods. 
Ru t t i ng  may be caused by p l a s t i c  movement i n  t he  
mix i n  h o t  weather, o r  inadequate compaction du r ing  
cons t ruc t ion .  S i g n i f i c a n t  r u t t i n g  can l e a d  t o  
major s t r u c t u r a l  f a i l u r e  of the  pavement and hydro- 
p lan ing  p o t e n t i a l .  Wear o f  t he  sur face i n  the  
wheel paths f rom studded t i r e s  can a l so  cause a  type 
o f  " r u t t i n g . "  

Sever i ty  Levels : 

Sever i t y  Mean Rut Depth C r i t e r i a  

How t o  Measure: 

1/4 - f / 2  i n .  (6  - 13 mm) 

>1/2 - 1 i n .  (13 - 25 mm) 

> I  i n .  (>  25 mm) 

R u t t i n g  i s  measured i n  square f e e t  o r  square meters 
o f  sur face area, and i t s  s e v e r i t y  i s  determined by 
the mean depth o f  t h e  r u t .  To determine the  mean 
r u t  depth, a  4 ft. (1.2 rn) s t ra igh tedge should be 
l a i d  across the  r u t  and t h e  maximum depth measured. 
The mean depth should be computed f rom measurements 
taken every 20 ft. ( 6  m) along the  l eng th  o f  t h e  
r u t .  



Figure 2.70.  Low Seve r i t y  Rut t ing .  

Figure 2 .71.  Medium Severity R u t t i n g .  
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Figure  2.72. High Severity Rut t i ng .  



Name of Distress: 

Description: 

Severity Levels: 

How t o  Meas ure : 

S 1 i ppage Cracking 

Slippage cracks are crescent o r  half-moon shaped 
cracks generally having two ends psi nted into 
the direction of t r a f f i c .  They are  produced when 
braking or turning wheels cause the pavement 
surface t o  s l ide  and deform. This usually occurs 
when there i s  a low strength surface mix o r  poor 
bond between the surface and next layer of pavement 
structure.  

No degrees of severity are  defined. I t  i s  suff ic ient  
to indicate tha t  a slippage crack exis t s .  

Slippage cracking i s  measured in square meters o r  
in square feet  of surface area within the inspec- 
tion unit. 

F i  gure 2.73. S l  ippage Cracking. 



Figure 2.74.  Slippage Cracking. 

Figure 2.75. Sl ippage Cracking. 



Name of Distress: 

Description: 

Swell 

Swell i s  characterized by an upward bulge in the 
pavement's surface. A swell may occur sharply 
over a small area or as a longer, gradual wave. 
Either type of swell can be accompanied by surface 
cracking. A swell i s  usually caused by f ros t  action 
in the subgrade or  by swelling s o i l ,  b u t  a swell can 
also occur on the surface of an asphalt overlay 
(over PCC) as a resul t  of a blowup in the PC6 slab. 
They can often be identified by oi l  droppings on 
the surface. 

Severi ty Level s : L - Swell causes some bounce of the vehicle which creates 
no d i  scomfort. 

M - Swell causes significant bounce of the vehicle which 
creates some di scomfort. 

H - Swell causes excessive bounce of the vehicle 
which creates substantial discomfort, and/or a 
safety hazard, and/or vehicle damage, requiring 
reduction in speed for  safety. 

How t o  Measure: Swells within the inspection unit ape measured in 
square fee t  or meters. Severity level i s  determined 
by riding in a mid to fu l l  sized sedan weighing 
approximately 3090-3800 1 bs (1 3.3-1 6 .9  kN) over the  
pavement inspection unit a t  the posted speed l imit .  

Figure 2.76. Medium Severity Swell Occurring a t  a Patch Due to 
Buck1 ing o f  Concrete Slab Beneath Aspkal t Surface. 



Figure 2.77. High Severity Swell Due t o  Buck l ing  o f  Concrete 
S l a b  Beneath Asphal t  Surface. 



JOINTED PLAIN CONCRETE DISTRESS 



Name of  D is t ress :  

Descr ipt ion:  Blow-ups occur i n  ho t  weather a t  a  t ransverse j o i n t  
o r  crack which w i  9 1  n o t  permi t expansion 'of t h e  con- 
c r e t e  slabs. The i n s u f f i c i e n t  expansion w id th  o f  
j o i n t s  i s  usua l l y  caused by i n f i l t r a t i o n  o f  incom- 
p ress ib le  ma te r ia l s  i n t o  t h e  j o i n t  space. When 
compressi ve expansi on pressure cannot be re1 i eved, 
a l o c a l i z e d  upward movemnt of the s l a b  edges 
(buck l ing)  o r  s h a t t e r i n g  occurs i n  t h e  v i c i n i t y  o f  
t he  j o i n t .  Blow-ups can a l s o  occur a t  u t i l i t y  c u t  
patches and drainage in% e t s  . Blow-ups are accele- 
r a t e d  due t o  a  s p a l l i n g  away of t h e  s l a b  a t  t h e  
bottom c rea t ing  reduced j o i n t  contac t  area. The 
presence o f  "D" c rack ing a l s o  weakens t h e  concrete 
near t h e  j o i n t  r e s u l t i n g  i n  increased s p a l l i n g  and 
blow-up p o t e n t i a l .  

Sever i ty  Levels : L - Buck l ing  o r  s h a t t e r i n g  has occurred, bud o n l y  causes 
some bounce o f  t h e  veh ic le  which creates no discom- 
f o r t .  

M - Buckl ing o r  s h a t t e r i n g  causes a  s i g n i f i c a n t  bounce 
o f  t h e  veh ic le  which c reates  some discomfor t .  Tempo- 
r a r y  patch ing has been p laced because o f  a blow-up. 

H - Buckl ing o r  s h a t t e r i n g  causes excessive bounce of 
t he  veh ic le  which c reates  subs tan t ia l  discomfort,  
and/or a sa fe ty  hazard, and/or veh ic le  damage, 
r e q u i r i n g  a  reduct ion  i n  speed f o r  sa fe ty .  

How t o  Measure : Blow-ups are  measured by count ing  t h e  number e x i s t i n g  
i n  each inspect ion  u n i t .  Sever i t y  level i s  de ter -  
mined by r i d i n g  i n  a mid t o  f u l l  s i zed  sedan weighing 
approximately 3000-3800 9 bs. (13.3-96.9 kri) over t h e  
pavement inspect ion  u n i t  a t  t h e  posted speed l i m i t .  



Figure 3.1 .  Medium Severity Blow-up (temporary pa t ch ) .  



Name o f  Distress: Corner Break 

Descripti-on: A corner break i s  a crack tha t  in te rsec ts  the joints  
a t  a distance l e s s  than 6 f t  (1.8 m) on e i ther  side 
measured from the corner of the slab. A corner break 
differs  from a corner spa1 1 in tha t  the crack extends 
vert ical ly  through the en t i r e  s lab thickness, while 
a corner spa11 in tersec ts  the jo in t  a t  an angle. 
Load repetit ion combined w i t h  loss of support, poor 
load t ransfer  across joint ,  and thermal curling and 
moisture warping s t resses  usually cause corner 
breaks. 

Severity Level s : L - Crack i s  t i gh t  (ha i r l ine) .  Well sealed cracks will 
be considered t i g h t .  No faul t ing or  break-up a t  
broken corner ex is t s .  Crack i s  not spalled. 

M - Crack i s  working and spalled a t  low or  medium 
severity. Break-up of broken corner has not oc- 
curred. Faulting of crack o r  jo in t  must  be l e s s  
than 1/2 inch (13 m m ) .  Temporary patching has been 
pl aced because of corner break. 

H - Crack i s  spalled a t  high severi ty  or the corner 
piece has broken into two or  more pieces. If 
faul t ing of crack or jo in t  i s  more than 1/2 inch 
(1 3 m m ) ,  i t  will be considered high severity. 

How to  Measure: Corner breaks a re  measured by counting the number 
tha t  ex is t s  in each inspection u n i t .  Different 
levels of severity should be counted and recorded 
separately. Corner breaks adjacent to  a patch 
will be counted as patch adjacent slab deterioration 

Fi gure 3 . 2 .  Medi urn Severity Corner Break. 



Figure 3 . 3 .  Medium Severity Corner Break. 



Name of Distress: 

Description: 

Depression 

Depressions i n  concrete pavements are surface areas 
having elevations 1 ower than those of the surrounding 
pavement. There i s  generally s ignif icant  slab crack- 
i n g  in these areas due t o  uneven settlement. In many 
instances, light depressions a re  not noticeable until 
a f t e r  a rain when ponding water creates "bird-bath" 
areas. The depressions may also be located without 
rain by s ta ins  caused by o i l  droppings from vehicles. 
Depressions can be caused by settlement or  consolida- 
tion of the foundation soil  or can be "bu i l t  i n "  d u r i n g  
construction. They are frequently found above culverts.  
This i s  usually caused by poor compaction of so i l  
around the cul ver t  d u r i n g  construction. Depressions 
cause slab cracking, roughness, and hydroplaning when 
f i  1 led with water of suf f ic ien t  depth. 

Severity Level s: L - Depression causes some bounce of the vehicle which 
creates no discomfort. 

M - Depression causes s ignif icant  bounce of the vehicle 
which creates  some discomfort. 

H - Depression causes excessive bounce of the vehicle 
which creates substantial  discomfort, and/or a 
safety hazard, and/or vehicl e damage, requiring a 
reduction i n  speed for  safety.  

How to Measure: Depressi onst are  measured by counting the number 
tha t  ex i s t s  i n  each inspection unit .  Each depres- 
sion i s  rated according to  i t s  level of severity.  
Severity level i s  determined by r i d i n g  in a mid to  
fu l l  sized sedan weighing approximately 3000-3800 1 b. 
(13.3-16.9 kN$ over the pavement inspection u n i t  a t  
the posted speed limit. 



Name of Distress: Durabi 1 i ty I" D" ) Cracking 

Description: "D" cracking i s  a ser ies  of closely spaced crescent- 
shaped hair l ine cracks that  appear a t  a PCC pavement 
slab surface adjacent and roughly parallel t o  
transverse and 1 ongi tudi nal joi nts , transverse and 
longitudinal cracks, and the free edges of pavement 
slab. The f ine  surface cracks often curve around 
the intersection of longitudinal jointslcracks and 
transverse joints/cracks. These surface cracks often 
contain calcium hydroxide residue which causes a dark 
coloring of the crack and immediate surrounding area. 
This may eventually lead t o  disintegration of the 
concrete within 1-2 f t .  (0.30-0.6 m) of more of the 
joint  or  crack, particularly in the wheelpaths. 
"D" cracking i s  caused by freeze-thaw expansive 
pressures of certain types of coarse aggregates. 
Concrete durabi 1 i ty probl ems caused by reactive 
aggregates are rated under "Reactive Aggregate 
Distress." 

Severity Level s : L - The character is t ic  crack pattern of closely spaced 
fine cracks w i t h  cal c i  urn hydroxide residue appears 
near joints ,  cracks, and/or f ree edges; however, the 
width of the affected area i s  generally less  than 
12 in. wide a t  the center of the lane i n  transverse 
cracks and joints.  The crack pattern may fan out a t  
the intersection of transverse cracks/ joi nts w i t h  
longitudinal cracks/joints. No joint/crack spal 1 i n g  
or only minor corner spalling i s  present. 

M - The characteristic crack pattern of closely spaced 
cracks had developed near the crack, jo in t  or f ree 
edge and i s  generally wider than 12 i n .  (30 cm) a t  
the center of the lane in transverse cracks and/or 
joints .  A low or  medium severity level of joint/  
crack or  corner spal 1 i n g  has developed in the 
affected area. Temporary patching has been placed 
due to  "Dl' cracking induced spalling. 

H - The affected joint  or  crack has a high severity level 
of spalling a t  joints/cracks or corners. Considerable 
material i s  loose i n  the affected area. The crack 
pattern has developed generally over the en t i re  s lab 
area between cracks and/or joints .  

How to  Measure: "D" cracking i s  measured by counting the number of 
joints  or cracks (including longitudinal ) affected. 
Different severity levels will be counted and re- 
corded separately. "D" cracking adjacent to  a patch 
wi 11 be rated as patch-adjacent slab deterioration. 
"DM cracking should n o t  be counted i f  the f ine crack 
pattern has not developed near cracks, joints and 
free edges. Popouts and discoloration of joints ,  
cracks and f ree  edges may occur without "D" cracking. 



Figure 3.4. Low Severity "DM Cracking. 

Figure 3.5. Medium Severity "Dl '  Cracking. 
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Figure 3.6. High Sever i ty  "D" Cracking. 



Name of Distress: 

Description: 

Faulting of Transverse Jo in ts  and Cracks 

Faulting i s  the difference of elevation across a 
joint  or crack. Faulting i s  caused in part  by a 
buildup of loose materials under the approach slab 
near the jo in t  or  crack as  we1 1 as  depression of the 
leave slab. The buildup of eroded or in f i l t r a t ed  
materials i s  caused by pumping ( f ree  moisture under 
pressure) due t o  heavy loadings. The warp and/or 
curl upward of the slab near the jo in t  or  crack due 
to  moi s ture  and/or temperature gradient contributes 
t o  the pumping condition. Lack of load t ransfer  
contributes greatly t o  faul t ing.  

Severity Levels: L - Average faul t ing i s  equal to  or l e s s  than 1/16 inch 
(1.5 rnm). 

M - Average faul t ing i s  more than 1/16 inch (1.5 mm) 
b u t  l e s s  than 1/5 inch (5 mm). 

H - Average faul t ing i s  equal to  or more than 1/5 inch 
(5 mm). 

How to  Measure : Faultinq i s  determined by measuring the difference in 
elevation of slabs a t  jo in ts  for  the slabs in the 
sample unit. Faulting of cracks will be measured 
and recorded separately. Faulting wi 11 be measured 
one foot in  from the outside ( r igh t )  slab edge on 
a l l  lanes except the inner passing lane. Faulting 
will be measured one foot in from the inside ( l e f t )  
slab edge on the inner passing lane. 

Figure 3 . 7 .  Joint  Faulting. 
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F i g u r e  3.8. J o i n t  F a u l t i n g .  

F i g u r e  3.9. J o i n t  F a u l t i n g .  
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Name of Distress: Joint Load Transfer System Associated Deterioration 
(Second Stage Cracking') 

Description: This d is t ress  develops as  a transverse crack a 
short  distance from a transverse joint ,  usually 
a t  the end of jo in t  load t ransfer  dowels. T h i s  
usually occurs when the dowel system f a i l  s t o  
function properly due to  extensive corrosion or  
misalignment. I t  may a lso  be caused by a combination 
of small diameter dowels and heavy t r a f f i c  loadings. 

Severity Levels: L - Hairline ( t i g h t )  crack with no spalling or faul t ing.  
A well sealed crack with no v is ib le  faul t ing or  
spa1 1 i ng. 

M - The crack has opened to a w i d t h  1 ess than 1 inch (25 mn); 
the crack has faulted 1 ess  than 1/2 inch (1 3 mm); the 
crack may have spalled t o  a low or  medium severity 
level ; or  the area between the crack and jo in t  has 
s tar ted to  break up b u t  pieces have not been dislodged 
to  the point t ha t  a t i r e  damage or  safety hazard 
is  present. Temporary patches have been placed due 
to th i s  joint  deterioration. 

H - A crack w i t h  w i d t h  of opening greater than 1 inch 
(25 mm); a crack w i t h  a h i g h  severity level of 
spalling; a crack faulted 1/2 inch (13 mm) o r  
more; or ,  the area between the crack and jo in t  has 
broken up and pieces have been dislodged to  the point 
that  a t i r e  damage or safety hazard i s  present. 

How to  Measure: The number of joints  with each severity level a re  
counted i n  each inspection u n i t .  

Fi gure 3.10. Low Severi ty Joint Load Transfer Sys tern Asqoci ated 
Deterioration i n  Lane a t  Top of Picture. 
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Name o f  D is t ress :  J o i n t  Seal Damage of Transverse J o i n t s  

Descr ip t ion :  J o i n t  seal damage i s  any c o n d i t i o n  which enables 
incompressib le m a t e r i a l s  t o  i n - f i l t r a t e  i n t o  t h e  
j o i n t s  from t h e  surface o r  a l lows s i g n i f i c a n t  
i n f i  1  t r a t i o n  of water. Accumulation o f  incompres- 
s i b l e  m a t e r i a l s  w i t h i n  the  j o i n t s  r e s t r i c t s  i n - s l a b  
expansion and may r e s u l t  i n  buck1 ing ,  sha t te r i ng ,  
o r  spa11 ing .  A p l i a b l e  j o i n t  f i l l e r  bonded t o  the  
edges o f  t h e  s labs p r o t e c t  t h e  j o i n t s  f rom accumula- 
ti on o f  incompressible mater ia l  s, and a1 so reduces 
the  amount of water seeping i n t o  t h e  pavement s t ruc -  
tu re .  Typ ica l  types o f  j o i n t  seal damage are :  
(1) s t r i p p i n g  o f  j o i n t  sealant,  (2 )  e x t r u s i o n  of 
j o i n t  sealant ,  (3)  weed growth, ( 4 )  hardening of 
the f i  11 e r  (ox ida t i on ) ,  ( 5 )  l o s s  o f  bond t o  t h e  
s lab edges, and ( 6 )  l a c k  o r  absence o f  sea lant  i n  
the  j o i n t .  

Sever i t y  Level s  : L  - J o i n t  s e a l e r  i s  i n  genera l l y  good c o n d i t i o n  through- 
out  the  sec t ion .  Sealant i s  per forming w e l l  w i t h  
on ly  a  minor  amount o f  any o f  t he  above types o f  
damage present .  L i t t l e  water and no incompressib les 
can i n f i l t r a t e  through the  j o i n t .  

M - J o i n t  sea le r  i s  i n  genera l l y  f a i r  c o n d i t i o n  over  
the e n t i r e  surveyed sect ion,  w i t h  one o r  more o f  t h e  
above types o f  damage occu r r i ng  t o  a  moderate degree. 
Water can i n f i l t r a t e  the  j o i n t  f a i r l y  e a s i l y ;  some 
i ncompres s  i b l  es can i n f  i l t r a  t e  the  j o i  n  t . 
Sealant needs replacement w i t h i n  3 years.  

H - J o i n t  sea le r  i s  i n  genera l l y  poor c o n d i t i o n  over  
the e n t i  r e  surveyed sect ion,  w i t h  one 
the  above types o f  damage occu r r i ng  t o  
degree. Water and incompressibles can 
t r a t e  the  j o i n t .  Sealant needs immedi 
ment. 

How t o  Mea sure: J o i n t  seal damage o f  t ransverse j o i n t s  i s  r a t e d  
based on. t h e  o v e r a l l  c o n d i t i o n  o f  t he  ~ e a l a n t  over  
the  e n t i  r e  i nspec t ion  u n i t .  



F igu re  3.11. Low S e v e r i t y  J o i n t  Sealant  Damage. 

F igure  3.12. Medium S e v e r i t y  J o i n t  Sea lan t  Damage. 



Figure 3.13. High Severity Jo in t  Sealant Damage 
(sealant  general l y  missing). 



Name o f  D i  s t ress  : 

Description: 

Lane/Shoulder Dropoff or  Heave 

Lane/Shoulder drspoff or  heave occurs wherever there 
i s  a difference in elevation between t he  t r a f f i c  
lane and shoulder. Typi ca3 ly the ou ts ide  shoulder 
s e t t l e s  due t o  consolidation o r  a settlement of the 
underlying granular or subgrade material, o r  
pumping of the  underlying material. Heave of the 
shoulder may occur due t o  f ros t  action or  swell i n g  
so i l s .  Bropoff of granular or  soil  shoulder i s  
genera 1 ly  caused from bl owi ng away of s houl der 
material from passing trucks. 

Severity Level : Severity level i s  determined by computing t h e  mean 
difference in  elevation between the t r a f f i c  lane 
and s houl der : 

I 114 - 1/2 i n ,  (6 - 13 mm) 

1/2 - 1 in.  

H > 1 i n .  (> 25 mm) 

How to Measure: Lane/shoul der dropoff or  heave i s measured every 
100 f t .  (30 m) i n  inches (or  m) along the jo in t .  
The mean difference i n  elevation i s  computed from 
the data and used to  determine severity level.  

Figure 3.14. bane/Shoulder Dropoff. 
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F igu re  3.15. Lane/Shoul der Heave. 



Name of Distress: 

Description: 

LaneIShoul der Joint  Separation 

Lane/shoulder joint  separation i s  the widening of 
the jo in t  between the t r a f f i c  lane and the shoulder 
generally due t o  movement i n  the shoulder. I f  the 
jo in t  i s  t i gh t ly  closed or  well sealed so tha t  water 
cannot easi ly  i n f i l t r a t e ,  then Iane/shoul der j o i n t  
separation i s  not considered a d is t ress .  

Severity Level : No severi ty  level i s  counted i f  the j o in t  i s  t i gh t ly  
seal ed. 

L - Some opening but l e s s  than or equal to  0.12 inch 
( 3  m). 

M - More than 0.1 2 inch ( 3  mm) but equal to  o r  less 
than 0.4 inch (10 mm) opening. 

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

How to  Measure: Lane/shoulder jo in t  separation i s  measured and 
recorded in inches (or  mm) near transverse jo in ts  
and a t  mid slab. The mean separation i s  used t o  
determine the severity 1 eve1 . 

Figure 3.16. Low Severity Lane/Shoul der Separation. 
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F i  gure 3.1%. High Sever i ty  Lane/ Shoul der Separat ion.  

Figure 3-18 .  Gravel Shoulder Recorded as  High Seve r i ty  Lane/ 
Shoulder Separat ion.  
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Name of Distress: Longi tudinal Cracks 

Description: Longitudinal cracks occur general ly  para7 l e l  t o  
the center l ine of the pavement. They a re  often 
caused by improper construction of longitudinal 
jo in ts ,  o r  by a combination of heavy load repe t i -  
t ion,  l a s s  of foundation support, and thermal 
and moisture gradient s t resses .  

Severity Level s:  L - Hairline ( t i g h t )  crack with no spalling or  faul t ing.  
' A  we17 sealed crack with no v is ib le  faul t ing o r  
spa11 ing. 

M - Working crack with a moderate o r  l e s s  severi ty  level 
of spal l ing and/or faul t ing l e s s  than 1/2 inch 
(1 3 mm). 

H - A crack w i t h  w i d t h  greater than 1 inch (25 mm); a 
crack w i t h  a high severi ty  level of s ~ a l l i n g ;  or ,  
a crack faulted 1/2 inch (1 3 mm) o r  more. 

How to Measure: Cracks a re  measured i n  l inear  f e e t  or  meters f o r  
each level of d is t ress .  The length and severi ty  
of each crack should be ident i f ied and recorded. 
If the crack does not have the same severity level 
along the en t i r e  length, each general portion of 
the crack having a d i f fe rent  severi ty  level should 
be recorded separately. 

F i  gure 3.19. Low Severi ty Longi tudi nal Crack. 
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Figure 3.20. Medi urn Sever i ty  Long i tud ina l  Crack. 



Name o f  D is t ress :  Long i tud ina l  J o i n t  F a u l t i n g  

Descr ipt ion:  Long i tud ina l  j o i n t  f a u l t i n g  i s  a  d i f fe rence i n  
e l e v a t i o n  a t  t h e  l o n g i t u d i n a l  j o i n t  between two 
t r a f f i c  1  anes. 

Sever i ty  Level s : L - Some f a u l t i n g  b u t  l e s s  than 114 i n c h  (6  m). 

M - F a u l t i n g  o f  114 i n c h  ( 6  mm) t o  1/2 i n c h  (13 mm). 

H - F a u l t i n g  o f  112 i n c h  (13 mm) o r  more 

How t o  Measure: Where the  l o n g i t u d i n a l  j o i n t  has fau l ted ,  t h e  
l eng th  o f  t h e  a f f e c t e d  area and the  maximum j o i n t  
f a u l  ti ng w i l l  be recorded. 

F igure 3.21. Long i tud ina l  J o i n t  Fau l t i ng .  



Name o f  Dist ress:  Patch D e t e r i o r a t i o n  

Descr ipt ion:  A patch  i s  an area where t h e  o r i g i n a l  pavement has 
been removed and r e p l  aced by e i t h e r  s imi  1 a r  o r  
d i f f e r e n t  ma te r ia l  ( i  . e., concrete o r  aspha l t )  . 
Only permanent patches should be considered. 

Severi ty Level s : L - Patch i s  func t ion ing we l l  w i t h  1 i t t l e  o r  no deter -  
i o r a t i o n .  Some low s e v e r i t y  s p a l l i n g  o f  t h e  patch 
edges may e x i s t .  F a u l t i n g  across t h e  s lab-patch 
j o i n t  must be l ess  than 114 inch  (6  mm). Patch i s  
r a t e d  low s e v e r i t y  even i f  i t  i s  i n  e x c e l l e n t  condi- 
t i o n .  

M - Patch has cracked ( low s e v e r i t y  l e v e l )  and/or some 
s p a l l i n g  o f  medium s e v e r i t y  l e v e l  e x i s t s  around t h e  
edges. Minor r u t t i n g  may be present .  F a u l t i n g  a t  
1/4 t o  3/4 i nch  (6-19 mm) e x i s t s .  Temporary patches 
have been placed because o f  permanent patch d e t e r i o r a -  
ti on. 

H - Patch has deter io ra ted,  e i t h e r  by spa1 1 i n g  o f  t h e  
patch r u t t i n g  o r  c rack ing w i t h i n  t h e  patch, t o  a 
c o n d i t i o n  which requ i res  r e p l  acement. 

How t o  Measure: The number o f  patches w i t h i n  each sample u n i t  i s  
recorded. Patches a t  d i f f e r e n t  s e v e r i t y  l e v e l s  a r e  
counted and recorded separate ly .  A d d i t i o n a l l y ,  t h e  
approximate square footage ( o r  meters) o f  each patch 
and type ( i  . e., PCC o r  asphal t )  i s  recorded. toca-  
t i o n  o f  t h e  patch should be i d e n t i f i e d  ( j o i n t  o r  
s lab) .  A l l  patches a re  r a t e d  e i t h e r  L, M, o r  H. 

Figure 3.22. Low Sever i ty  PCC Patch Deter io ra t ion .  
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Figure 3.23. Medi urn Severity PCC Patch Deteriorat ion.  

Figure 3.24. Low Severi ty Aspha l t  Patch Deterioration. 



Figure 3.25. Medium Severity Asphal t  Patch Deterioration. 



Name o f  Distress: 

Description: 

Patch Ad%jacen% S l a b  Deterioration 

Deterioration of the original concrete slab adja- 
cent t o  a permanent patch i s  given the above name. 
This may be i n  the form o f   palling o f  the slab a t  
the slab/patch jo in t ,  "D" cracking of the slab 
ad,jaeent to  the patch, a corner break i n  t h e  adjacent 
s l a b ,  o r  a second permanent patch placed adjacent 
to the original patch* 

Severity Levels: Severity levels  a re  the same as  tha t  described for  
the part icular  d i s t r e s s  found. A second permanent 
patch placed adjacent to  a previously placed permanent 
patch w i  7 1 be rated as  medium severity. Temporary 
patches placed because of t h i s  deterioration wi 11 
also be rated a s  medium severity.  

How t o  Measure: The number o f  permanent patches with d is t ress  i n  the 
original s lab adjacent to  the patch a t  each severi ty  
level wi l 1 be coun ted and recgrded separately. Addi - 
tionally, the type o f  patch (AC or PGC) and d i s t r e s s  
wil S be recorded separately,  alohg w i t h  the location 
( j o i n t  or s lab) .  

Figure 3.26.  Patch Adjacent Sl ab Beteri oration. 
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Name of  Distress: 

Description: 

Severity Levels : 

How to Measure: 

A popout i s  a small piece of concrete tha t  breaks 
loose from the pavement surface due to freeze-thaw 
action, expansive aggregates, or nondurable aggre- 
gates. The occurrence of extensive popouts may be 
indicative of unsound aggregates and "D"  cracking. 
Popouts usual ly range from approximately 1 inch 
(25 mm) t o  4 inch (10 em) in diameter and from 
1/2 inch to  2 inch (13-51 m) deep. 

No degrees of severity are  defined for  popouts. 
However, popouts m u s t  be extensive before they are  
counted as a d is t ress ;  i . e . ,  average popout density 
must exceed approximately one popout per square yard 
(square meter) over the en t i re  s lab  area. 

The density of popouts can be determined by counting 
the number of popouts per square yard of surface in 
areas having typical amounts. 

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

Description: 

Severity Level s : L - 

Pumping i s  the ejection of material by water thraugh 
joints  o r  cracks, caused by deflection of the  s lab  
under moving loads. As the water i s  ejected, i t  
car r ies  par t ic les  of gravel, sand clay, or s i l t ,  
resul t ing in a progressive loss  of pavement support. 
Surface staining or  accumulation of base or  subgrade 
material on the pavement surface close t o  jo in ts  or  
cracks is  evidence of pumping. Pumping can occur without 
such evidence, par t icular ly when stabilized bases a re  
used. The observation of water being ejected by heavy 
t r a f f i c  loads a f t e r  a rain storm can also be used to  
identify pumping. Water bleeding occurs when water 
seeps out of jo in ts  or  cracks. 

Water i s  forced our of a jo in t  or crack when trucks 
pass over the jo in ts  or cracks, water i s  forded out 
of the lane/shoulder jo in t  when trucks pass along 
the jo in t ,  o r  water bleeding exis ts .  No f ines  can 
be seen on the surface of the t r a f f i c  lanes or  
shoul der. 

M - A small amount of pumped material can be observed near 
some of the jo in ts  or  cracks on the surface of the 
t r a f f i c  lane or  shoulder. 

H - A s ignif icant  amount of pumped materials ex i s t  on the 
pavement surface of the t r a f f i c  lane or shoulder along 
the jo in ts  or  cracks. 

How to Measure: If pumping or  water bleeding exis ts  anywhere in  the 
sample uni t  i t  i s  counted a s  occurring a t  highest 
severity level noted. 



F i g u r e  3.28. Low S e v e r i t y  Pumping.  

F i g u r e  3 .29 .  Medium S e v e r i t y  Pumping.  



F igu re  3.30. High S e v e r i t y  Pumping. 



Name of Distress: Reactive Aggregate Di s t r e s s  

Description: Reactive aggregates e i the r  expand in alkaline environ- 
ments or develop prominent si l iceous reaction rims in 
concrete. I t  may be an a1 kal i - s i l  ica reaction or  an 
a1 kal i-carbonate reaction. As expansion occurs, the 
cement matrix i s  disrupted and cracks. I t  appears 
as a map cracked area; however, the cracks may go 
deeper into the concrete than in normal map cracking. 
I t  may af fec t  most of the slab or i t  may f i r s t  appear 
a t  joints  and cracks. 

Severity Level s : Only one level of severi ty  i s  defined. I f  a lka l i -  
aggregate cracking occurs anywhere in the s lab,  i t  
i s  counted. If the reaction has caused spalling or 
map cracking, these a l so  a re  counted. 

Wow to Measure: Reactive-aggregate d i s t r e s s  i s  measured i n  square fee t  
or square meters. 

Figure 3.31. Reactive Aggregate Distress. 
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Name of Distress: Scaling, Map Cracking, and Crazing 

Description: Map cracking or  crazing refers  to  a network o f  shallow, 
f ine,  or  hair l ine cracks which extend only through 
the upper surface of the concrete. The cracks tend 
to  in te rsec t  a t  angles of 120 degrees. Map cracking 
or crazing i s  usually caused by over-finishing the 
concrete, and may lead to  scaling o f  the surface,  
which i s  the breakdown of the s lab  surface t o  a 
depth of approximately l /4  in. ( 6  mm) t o  1/2 i n .  
(13 m). Scaling may be caused by deicing s a l t s ,  
t r a f f i c ,  improper construction, freeze-thaw cycl es ,  
and s t ee l  reinforcement too close to  the surface.  

Severity Level s : L - Crazing or  map cracking exis t s  over most of the 
s lab  area; the surface i s  i n  good condition w i t h  
no scaling. (Note: the low severi ty  level i s  an 
indicator t h a t  scaling may develop i n  the future) .  

M - Less than 10% of any s lab exhibits scaling. 

H - More than 10% of any s lab exhibits scaling. 

How to Measure: Scaling, map cracking, and crazing are  measured by 
recording % of area affected by each type sever i ty  
level.  

Fi gure 3 . 3 2 .  Scal i ng . 
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Figure 3 .33 .  Seal i n g  Near Transverse Jo in t .  

Figure 3.34. Map Cracking o r  Craning. 
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Figure 3.35. Mag Cracking or Crazing. 



Name of Distress: 

Description: 

Spal 1 i ng (Transverse and Longitudinal Joi nt/Grack) 

Spalling of cracks and jo in ts  i s  the cracking, 
breaking o r  chipping of the slab edges within 2 f t .  
(0.6 rn) of the jo in t ,  A jo in t  spall usually does 
not extend ver t ica l ly  through the whole s lab thick- 
ness, b u t  extends to  intersect  the jo in t  a t  an 
angle. Spal 1 ing usually resu l t s  from (1)  excessive 
s t resses  a t  the jo in t  or crack caused by i n f i l  t r a -  
tion o f  incompressible ma teriaf s and subsequent 
expansion or t r a f f i c  loading, ( 2 )  disintegration of 
the concrete, ( 3 )  weak concrete a t  the jo in t  (caused 
by over-working) combined with t r a f f i c  1 oads, o r  
(4)  poorly designed or constructed load t ransfer  device. 

Severity Level s: L - A spa11 l e s s  than two f e e t  long; .if spa11 i s  broken 
into pieces and fragmented, i t  m u s t  not extend more 
than three inches from the jo in t  or crack. A spall  
more than two fee t  long with spall held t igh t ly  in 
place; i f  spa71 i s  cracked, i t  cannot be broken into 
more than three pieces. The jo in t  i s  l i gh t ly  frayed 
with Pray extending no more than three inches from the 
edge of the jo in t  or crack. 

M - A spal l  i s  broken into pieces or  fragmented and spal l  
extends more than three inches from jo in t  or crack. 
Some pieces may be loose and/or missing but the 
spalled area does not present a t i r e  damage or  safety 
hazard. The joint  or  crack i s  moderately frayed w i t h  
fray extending more than three inches from the edge 
of the jo in t  or crack but not causing a t i r e  damage 
or safety hazard. Temporary patching has been placed 
because of spa1 1 ing. 

H - The jo in t  i s  severely spalled ar  frayed to  the extent 
tha t  a t i r e  damage or safety hazard ex is t s .  

How to Measure: Spalling i s  measured by counting and recording 
separately the number of jo in ts  w i t h  each severi ty  
level.  If  more than one level of severi ty  e x i s t s  
along a jo in t ,  i t  will be recorded a s  containing 
the highest severity level present. Although the 
defini t ion and severity levels a re  the same, spal l ing 
of cracks should not be recorded separately. The 
spalling of cracks i s  included in rat ing severity 
levels of cracks. Spalling of transverse and longi- 
tudinal jo in ts  will be recorded separately. Spalling 
of the s lab edge adjacent to  a permanent patch will 
be recorded as patch adjacent slab deterioration. 



Figure  3.36. Low S e v e r i t y  S p a l l i n g  (Transverse J o i n t ) .  

F igu re  3.37. Low S e v e r i t y  Spa1 1 i ng  (Transverse J o i n t ) .  
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F i g u r e  3.40. Medium S e v e r i t y  Spal  1 i n g  (T ransve rse  J o i n t ) .  

F i g u r e  3.41. Medi urn S e v e r i t y  Spal 1 i n g  (T ransve rse  J o i n t ) .  



Figure 3.42. Medium S e v e r i t y  Spa1 1 i n g  (Transverse J o i n t )  . 

F igure  3.43. High S e v e r i t y  Spa1 l i n g  (Transverse J o i n t )  
( s a f e t y  hazard) .  
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Figure 3.45. Medi urn Severity Corner Spa1 1 i ng. 



Name of Distress : 

Description: 

Swell 

Swell i s  characterized by an upward bulge in the 
pavement's surface. A swell may occur sharply over 
a small area or as a longer, gradual wave. Either 
type of swell i s  usually accompanied by slab cracking. 
A swell i s  usually caused by f ros t  action in the 
subgrade or by swell i n g  s o i l .  Swell s can often be 
identified by oi l  droppings on the surface. 

Severity Level s : L - Swell causes some bounce of the vehicle which creates  
no discomfort. 

M - Swell causes s igni f icant  bounce of the vehicle which 
creates some discomfort. 

H - Swell causes excessive bounce of the vehjcle 
which creates substantial  discomfort, and/or a 
safety hazard, and/or vehicle damage, requiring 
a reduction in speed for  safety.  

How to  Measure: The number of swells within the inspection u n i t  a re  
counted and recorded by severi ty  level.  Severity 
levels a re  determined by riding in a mid to  fu l l  
sf zed sedan weighing approximately 3000-3880 1 b s .  
(1 3.3-16.9 kN) over the pavement inspection u n i t  
a t  the posted speed l imit .  

Figure 3.46. Swell Due t o  Frost Heave. 
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Figure 3.47. Swell Due to  Frost Heave located i n  
same area a s  Figure  3.46(a cut a rea ) .  



Name o f  Distress: Transverse and Diagonal Cracks 

Description: These cracks a re  usually caused by a combination of 
heavy load repet i t ion,  thermal and moisture gradient 
s t resses ,  and drying shrinkage stresses.  Medium or 
high severity cracks a re  working cracks and a r e  
considered major structural distresses.  (Note: 
hair1 ine cracks tha t  a re  l e s s  than 6 f ee t  (1.8 m)  
long are  not rated. 

Severity Level s: L - Hairline ( t i g h t )  crack with no spalling or faul t ing.  
A well sealed crack w i t h  no vis ible  faul t ing o r  
spa11 ing. 

M - Working crack w i t h  a medium severity level 
of spalling and/or faul t ing less  than 112 inch 
(13 rnm). 

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

How to  Measure: The number and severi ty  level of each crack should 
be identified and recorded. If  the crack does not 
have the same severity level along the en t i r e  length, 
the crack will be rated as the highest severi ty  1 eve1 
present. Cracks i n  patches will be recorded a s  
patch deterioration. 

Figure 3.48. Low Severity Transverse Crack. 



Figure 3.49. Low Approaching Medium Seve r i ty  Transverse Crack. 

Figure 3.50. Medi um Seve r i ty  Transverse Crack. 



Figure 3.51. Medi urn Severity Transverse Crack. 

Figure 3.52. High  Severity Transverse Crack. 



JOINTED REINFORCED CONCRETE DISTRESS 



Name o f  D is t ress :  

Descr ip t ion :  Blowkups occur i n  h o t  weather a t  a  t ransverse j o i n t  
o r  crack which w i l l  n o t  pe rm i t  expansion o f  t h e  con- 
c r e t e  s labs.  The i n s u f f i c i e n t  expansion w id th  o f  
j o i n t s  i s  u s u a l l y  caused by i n f i l t r a t i o n  o f  incom- 
p r e s s i b l e  ma te r i a l s  i n t o  t h e  j o i n t  space. When 
compressive expansion pressure cannot be re l i eved ,  
a  l o c a l i z e d  upward movement o f  t h e  s l a b  edges 
(buck l ing)  o r  s h a t t e r i n g  occurs i n  t h e  v i c i n i t y  of 
t h e  j o i n t .  Blow-ups can a l so  occur a t  u t i l i t y  c u t  
patches and drainage i n l  e t s  . B l  ow-ups are accel e- 
r a t e d  due t o  a  s p a l l i n g  away o f  t h e  s l a b  a t  t h e  
bottom c r e a t i n g  reduced j o i n t  con tac t  area. The 
presence o f  "DM crack ing  a l s o  weakens t h e  concrete 
near  t h e  j o i n t  r e s u l t i n g  i n  increased s p a l l  i n g  and 
blow-up p o t e n t i  a1 . 

Seve r i t y  Levels:  L  - Buck l ing  o r  s h a t t e r i n g  has occurred, bu t  o n l y  causes 
some bounce o f  t h e  veh i c le  which creates no discom- 
f o r t .  

M - Buck l ing  o r  s h a t t e r i n g  causes a s i g n i f i c a n t  bounce 
o f  t h e  v e h i c l e  which creates some d iscomfor t .  Tempo- 
r a r y  pa tch ing  has been p laced because o f  a  blow-up. 

H - Buck l ing  o r  s h a t t e r i n g  causes excessive bounce o f  
the  veh i c le  which creates subs tan t i a l  discomfort, 
and/or a  sa fe t y  hazard, and/or veh i c le  damage, 
r e q u i r i n g  a  reduc t i on  i n  speed f o r  sa fe ty .  

How t o  Measure: Blow-ups a r e  measured by count ing  t h e  number e x i s t i n g  
i n  each i nspec t i on  u n i t .  Seve r i t y  l e v e l  i s  de ter -  
mined by r i d i n g  i n  a  mid t o  f u l l  s i z e d  sedan weighing 
approximately 3800~3800 I bs. (1 3.3-16.9 k ~ i )  over  t h e  
pavement i nspec t i on  u n i t  a t  t h e  posted speed l i m i t .  



Figure  4.1. High S e v e r i t y  Buck1 i n g  Type Blow-up. 

F i gu re  4.2. High S e v e r i t y  S h a t t e r i n g  Type Blow-up. 
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Name of Distress: Corner Break 

Description: A corner break i s  a crack tha t  intersects  the joints 
a t  a distance less  than 6 f t  (1.8 m) on ei ther  side 
measured from the corner of the slab. A corner break 
d i f fe rs  from a corner spall i n  that  the crack extends 
vert ical ly  through the en t i re  slab thickness, while 
a corner spall intersects  the joint  a t  an angle. 
Load repetit ion combined w i t h  loss of support, poor 
load transfer across joint ,  and thermal curling and 
moisture warping s t resses  usually cause corner 
breaks. 

Severity Level s:  L - Crack i s  t igh t  (ha i r l ine) .  Well sealed cracks will 
be considered t ight .  No faulting or break-up a t  
broken corner exis ts .  Crack i s  not spalled. 

M - Crack i s  working and spalled a t  low or  medium 
severity. Break-up of broken corner has not oc- 
curred. Faulting of crack or jo in t  must be less  
than 1/2 inch (13 mm). Temporary patching has been 
placed because of corner break. 

H - Crack i s  spalled a t  high severity or the corner 
piece has broken into two or more pieces. If 
faulting of crack or jo in t  i s  more than 1/2 inch 
(1 3 mm) , i t  will be considered high severity. 

How to Measure: Corner breaks are measured by counting the number 
that  exis ts  in each inspection u n i t .  Different 
levels of severity should be counted and recorded 
separately. Corner breaks adjacent to  a patch 
will be counted as patch adjacent slab deterioration. 

Figure 4.3. Low Severity Corner Break. 
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Figure  4.4. High Seve r i t y  Corner Break. 



Name o f  D is t ress :  

Descr ipt ion:  

Depression 

Depressions i n  concrete pavements are  sur face areas 
having e leva t i ons  lower than those o f  t h e  surrounding 
pavement. There i s  genera l l y  s i g n i f i c a n t  s lab  crack- 
i n g  i n  these areas due t o  uneven set t lement .  I n  many 
instances, l i g h t  depressions a r e  n o t  no t iceab le  u n t i l  
a f t e r  a  r a i n  when ponding water creates "b i rd -ba th"  
areas. The depressions may a l so  be l oca ted  w i thou t  
r a i n  by s ta ins  caused by o i l  droppings from vehic les.  
Depressions can be caused by set t lement  o r  consol ida- 
t i o n  o f  the  foundat ion s o i l  o r  can be " b u i l t  i n "  du r ing  
cons t ruc t ion .  They are f requen t l y  found above cu l ve r t s .  
This i s  u s u a l l y  caused by poor compaction ol' s o i l  
around the  c u l v e r t  du r ing  cons t ruc t ion .  Depressions 
cause s lab  cracking, roughness, and hydroplaning when 
f i l l e d  w i t h  water o f  s u f f i c i e n t  depth. 

Seve r i t y  Level s: L  - Depression causes some bounce o f  the v e h i c l e  which 
creates no d iscomfor t .  

M - Depression causes s i g n i f i c a n t  bounce o f  the  veh ic le  
which creates some discomfor t .  

H - Depression causes excessive bounce o f  t he  veh ic le  
which creates subs tan t i a l  d iscomfor t ,  and/or a  
sa fe ty  hazard, and/or veh i c le  damage, r e q u i r i n g  a  
reduct ion  i n  speed f o r  safety.  

How t o  Measure: Depressions are  measured b y  count ing t h e  number 
t h a t  e x i s t s  i n  each i nspec t i on  u n i t .  Each depres- 
s ion  i s  ra ted  according t o  i t s  l e v e l  o f  seve r i t y .  
Sever i ty  l e v e l  i s  determined by  r i d i n g  i n  a  mid t o  
f u l l  s ized sedan weighing approximhtely 3000-3800 I bs . 
(13.3-16-9 kN) aver t h e  pavement i nspec t i on  u n i t  a t  
the  postea speed l i m i t .  



Name of Distress: Durabi 1 i ty ("D" ) Cracking 

Description: "D" cracking i s  a ser ies  of closely spaced crescent- 
shaped ha i r l ine  cracks tha t  appear a t  a PCC pavement 
s lab  surface adjacent and roughly parallel  t o  
transverse and l ongi tudinal joints ,  transverse and 
longitudinal cracks, and the f ree  edges of pavement 
slab. The f ine  surface cracks often curve around 
the intersect ion of longitudinal joi nts/cracks and 
transverse joi nts/cracks. These surface cracks often 
contain calcium hydroxide residue which causes a dark 
coloring of the crack and imed ia t e  surrounding area. 
This may eventually lead t o  disintegration of the 
concrete within 1-2 f t .  (0.30-0.6 m) of more of the 
jo in t  o r  crack, par t icular ly i n  the wheelpaths. 
I'D" cracking i s  caused by freeze-thaw expansive 
pressures of cer tain types of coarse aggregates. 
Concrete durabi 1 i ty problems caused by reactive 
aggregates are  rated under "Reactive Aggregate 
Di s t r e s s .  ' 

Severity Level s : L - The charac ter i s t ic  crack pattern of closely spaced 
f ine cracks w i t h  calcium hydroxide residue appears 
near jo in ts ,  cracks, and/or f ree  edges; however, the 
width of the affected area i s  generally less  than 
12 i n .  wide a t  the center of the lane i n  transverse 
cracks and joints .  The crack pattern may fan out a t  
the intersect ion of transverse cracks/ jo in ts  w i t h  
longitudinal cracks/joints. No joint/crack spalling 
or  only minor corner spalling i s  present. 

M - The charac ter i s t ic  crack pattern of closely spaced 
cracks had developed near the crack, j o in t  or  f ree  
edge and is  generally wider than 12 i n .  (30 cm) a t  
the center of the lane i n  transverse cracks and/or 
jo in ts .  A low o r  medium severity level of jo in t /  
crack o r  corner spalling has developed in the 
affected area. Temporary patching has been placed 
due t o  "DM cracking induced spalling. 

H - The affected jo in t  or  crack has a high severity level 
of spal l ing a t  joints/cracks or  corners. Considerable 
material i s  loose i n  the affected area. The crack 
pattern has developed generally over the en t i r e  s lab  
area between cracks and/or jo in ts .  

How t o  Measure: "D"  cracking i s  -measured by counting the number of 
jo in ts  o r  cracks (including longitudinal ) affected. 
Different severi ty  levels will be counted and re- 
corded separately. "D" cracking adjacent to  a patch 
will be rated a s  patch-adjacent s lab  deterioration. 
"D" cracking should not be counted i f  the f ine  crack 
pattern has not developed near cracks, jo in ts  and 
f ree  edges. Popouts and d i  scol oration of jo in ts ,  
cracks and f r ee  edges may occur without "D" cracking. 



F igu re  4.5. Low S e v e r i t y  "D" Crack ing.  

F i gu re  4.6. Medium S e v e r i t y  "DM Cracking. 
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Figure 4.7. Medi urn Sever-i ty " D" Crack? ng . 

Figure 4.8. High Severity "5" Cracking. 
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F igu re  4.9. High S e v e r i t y  I'D" Cracking. 



Name of Distress: 

Descripti on : 

Faulting of Transverse Joints and Cracks 

Faulting i s  the difference of elevation across a 
joint  or crack. Faulting i s  caused in part  by a 
buildup of loose materials under the approach slab 
near the joint  or  crack as well as depression of the 
leave slab. The buildup of eroded or in f i l t r a t ed  
materials i s  caused by pumping ( f ree  moisture under 
pressure) due to  heavy loadings. The warp and/or 
curl upward of the slab near the jo in t  or crack due 
to  moisture and/or temperature gradient contributes 
to  the pumping condition. Lack of load transfer 
contributes greatly t o  faulting. 

Severity Level s:  L - Average faulting i s  equal to  or less  than 1/16 inch 
(1.5 mrn). 

M - Average faulting i s  more t h a n  1/16 inch (1.5 mm) 
b u t  less  than 715 inch ( 5  mm).  

H - Average faulting i s  equal to  or more than 115 inch 
(5 mm).  

How to Measure: Faul tinq i s  determined by measuring the difference in 
elevation of slabs a t  joints  for  the slabs i n  the 
sample unit. Faulting of cracks will be measured 
and recorded separately. Faul ting wi 11 be measured 
one foot in from the outside ( r ight )  slab edge on 
a1 1 lanes except the inner passing lane. Faul t i  ng 
will be measured one foot in from the inside ( l e f t )  
slab edge on the inner passing lane. 

Figure 4.10. Crack Faulting. 
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Figure 4.7 1. Jo in t  Faul  t i  ng. 



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

Description: This dis t ress  develops as a transverse crack a 
short distance from a transverse joint ,  usually 
a t  the end o f  joint  load transfer dowels. T h i s  
usually occurs when the dowel system fai  1 s t o  
function properly due t o  extensive corrosion or  
misalignment. I t  may also be caused by a combination 
of small diameter dowels and heavy t r a f f i c  loadings. 

Severi t.y Level s : L - Hairline ( t i g h t )  crack with no  spalling or faulting. 
A well sealed crack with no visible  faulting or 
spa1 ling. 

M - The crack has opened to a width less  than I inch (25mn); 
the crack has faul ted  less  than 1/2 inch (73mm); the 
crack may have spalled to  a low or medium severity 
level; or the area between the crack and joint  has 
started to break up b u t  pieces have n o t  been dislodged 
to the point that  a t i r e  damage or safety hazard 
i s  present. Temporary patches have been placed due 
to th i s  joint deterioration. 

H - A crack with width o f  opening greater than 1 inch 
(25 m m ) ;  a crack with a high severity level of 
spalling; a crack faulted 7/2 inch (13 rim) or 
more; or ,  the area between the crack and joint  has 
broken up and pieces have been dislodged to the point 
tha t  a t i r e  damage or safety hazard i s  present. 

How to  Measure: The number of joints with each severity level are 
counted in each inspection u n i t .  

Figure 4.12. Low Severity Joint  Load Transfer System Associated 
Deterioration in Traffic Lane a t  Top of Photo. 
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F igu re  4.13. Medi um S e v e r i t y  J o i n t  Load T r a n s f e r  System 
Assoc ia ted D e t e r i o r a t i o n .  

F i gu re  4.14. High S e v e r i t y  J o i n t  Load T r a n s f e r  System 
Assoc ia ted D e t e r i o r a t i o n ,  



Figure 4.15. High Severity Joint  Load Transfer System 
Associated Deterioration (transverse crack 
occurs a t  end o f  dowel bars). 



Name o f  D is t ress :  

Descr ipt ion:  

J o i n t  Seal Damage o f  Transverse J o i n t s  

J o i n t  seal damage i s  any cond i t i on  which enables 
incompressi b l  e ma te r ia l s  t o  i n f i l  t r a t e  i n t o  the  
j o i n t s  from the  surface o r  a l lows s i g n i f i c a n t  
i n f i l t r a t i o n  o f  water. Accumulation of incompres- 
s i b l e  mater ia ls  w i t h i n  the  j o i n t s  r e s t r i c t s  i n -s lab  
expansion and may r e s u l t  i n  buckl ing,  shat te r ing ,  
o r  spa l l i ng .  A p l i a b l e  j o i n t  f i l l e r  bonded t o  the  
edges o f  t he  s labs p r g t e c t  t h e  j o i n t s  f rom accumula- 
t i o n  o f  incompressible mater ia ls ,  and a l so  reduces 
the  amount o f  water sseping i n t o  the  psvement s t ruc-  
tu re .  Typical  types o f  j o i n t  seal damage are: 
(1) s t r i p p i n g  o f  j o i n t  sealant,  (2 ex t rus ion  o f  
j o i n t  sealant, (3)  weed rowth, ( 4  hardening o f  9 1 
t he  f i f  l e r  (ox ida t ion) ,  5 )  l o s s  ~f bond t o  the  
s lab edges, and (6)  l ack  or absence of sealant  i n  
the  j o i n t .  

Sever i ty  Level s  : L - J o i n t  sea ler  i s  i n  genera l ly  good cond i t i on  through- 
out  the sect ion. Sealant f s  performing w e l l  w i t h  
on ly  a minor amount o f  any o f  t h e  above types o f  
damage present. L i t t l e  water and no incompressibles 
can i n f i l t r a t e  through the  j o i n t .  

M - J o i n t  sea ler  i s  i n  genera l ly  f a i r  cond i t i on  over 
the e n t i r e  surveyed sect ion, w i t h  one o r  more o f  t h e  
above types of damage occur r ing  t o  a moderate degree. 
Water can i n f i l t r a t e  the  j o i n t  f a i r l y  e a s i l y ;  some 
incompressi b les can i n f i l t r a t e  the  j o i n t *  
Sealant needs replacement w i t h i n  3 years. 

H - J o i n t  sealer  i s  i n  genera l l y  poor cond i t i on  over 
the e n t i r e  surveyed sect ion, w i t h  one o r  more o f  
the  above types o f  damage occur r ing  t o  a severe 
degree. Water and incompressibl es can f r e e l y  i n f i  1  - 
t r a t e  the j o i n t .  Sealant needs immediate rep1 ace- 
ment . 

How t o  Measure: J o i n t  seal damage o f  transverse j o i n t s  i s  r a t e d  
based on the  o v e r a l l  cond i t i on  o f  the  sealant  over 
the  e n t i  r e  inspect ion  u n i t .  



Figure 4.16. Low Severity J o i n t  Seal Damage. 

Figure 4.17. Medium Severity J o i n t  Seal Damage. 
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Figure 4.18. High Severity Jo in t  Seal Damage. 



Name of Distress: Lane/Shoul der Dropoff or Heave 

Description: Lane/Shoulder dropoff or heave occurs wherever there 
i s  a difference i n  elevation between the t ra f f ic  
lane and shoulder. Typically the outside shoulder 
sett les due t o  consolidation or  a settlement of the 
underlying granular or subgrade material , o r  
pumping o f  the underlying material, Heave of the 
shoulder may occur due t o  fmst action or swelling 
soils. Dropoff of granular or soil  shoulder is 
generally caused from bbw-tng away 0% shou3der 
material from gassing trucks. 

Severi ty Level : Severity level i s  determined by computing the man 
difference i n  elevation between the t ra f f ic  lane 
and shoulder: 

L 1P4 - 1/2 i n .  (6 - 13 mfn) 

M 1/2 - 3 in. (3 - 25 m) 

How to Measure: Lanelshoulder dropoff or heave i s  measured every 
100 f t .  (30 rn) i n  inches (or m) along the joint. 
The mean difference i a  elevation i s  c~mputed from 
the data and used to detemS we reveri  ty 1 eve1 . 

F i  gure 4.19. Lane/Shoul d e ~  Dropoff. 
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Figure 4.20. Lane/Shoul der Heave. 



Name of Distress: Lane/Shoulder Joint Separation 

Description: Lane/shoul der joint  separation i s  the widening o f  
the joint  between the t r a f f i c  lane and the shoulder 
generally due t o  movement in the shoulder. If  the 
joint i s  t igh t ly  closed or well sealed so that  water 
cannot easi ly  i n f i l t r a t e ,  then lanejshoufder jo in t  
separation i s  not considered a d is t ress .  

Severity Level: No severity level i s  counted i f  the jo in t  i s  t ight ly  
sealed. 

h - Some opening b u t  l ess  than or  equal to 0.12 inch 
(3 mm). 

M - More than 0.1 2 inch ( 3  mm) b u t  equal to o r  'less 
than 0.4 inch (18 mm) opening. 

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

How to  Measure: Lane/shoulder joint  separation i s  measured and 
recorded i n  inches (or mm) near transverse joints 
and a t  mid slab. The mean separation i s  used to  
determine the severity 1 eve1 . 

Figure 4.21. Lane/Shoul der Separation (Asphalt Shoulder). 
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Fi gure 4.22. Lane/Shoul d e r  Separa t ion  (PCC Shoulder) . 

Figure 4.23. Lane/Shoulder Separa t ion  (high s e v e r i t y  due t o  
gravel shoulder )  . 
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Name of Distress: Longitudinal Cracks 

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

Severity Level s :  L - Hairline ( t i g h t )  crack with no spalling or faulting. 
A well sealed crack with no vis ible  faulting or  
spa1 1 ing. 

M - Working crack with a moderate or less  severity level 
of spa11 ing and/or faulting less  than 1/2 inch 
(13 mm). 

H - A crack with width greater than 1 inch (25 m m ) ;  a  
crack with a high severity level of s ~ a l l i n g ;  or,  
a crack faulted 1 / 2  inch (13 mm) or  more. 

How to Measure: Cracks are  measured in l inear fee t  or meters for  
each level of d is t ress .  The length and severity 
of each crack should be identified and recorded. 
I f  the crack does n o t  have the same severity level 
along the en t i re  length, each general portion of 
the crack having a different  severity level should 
be recorded separately. 

F i  gure 4.24.  Low Severity Longitudinal Crack. 
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Figure 4 .25.  High  Seve r i ty  Longitudinal Crack i n  Center Lane. 



Name of Di s t ress  : Longitudinal Joint  Faulting 

Description: Longitudinal joint  faulting i s  a difference in 
elevation a t  the longitudinal joint  between two 
t r a f f i c  lanes. 

Severity Levels : L - Some faulting but l e s s  than 1 /4  inch (6 m). 

M - Faulting of 1/4 inch (6 mrn) t o  1/2 inch (13 mm) . 
H - Faulting of 1/2 inch (13 mm) or  more 

How to Measure: Where the longitudinal joint  has faulted, the 
length of the affected area and the maximum jo in t  
faul t i  ng will be recorded. 

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

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

Severi ty Level s : L - Patch i s  functioning well with l i t t l e  or no deter- 
ioration. Some law severity spa37ing o f  the patch 
edges may exis t .  Faulting across the slab-patch 
joint  must be less  than 114 inch ( 6  mm). Patch i s  
rated low severity even i f  i t  i s  in excellent condi- 
t i  on. 

M - Patch has cracked (low severity level) and/or some 
spalling of medium severity level ex is t s  around the 
edges. Minor rutt ing may be present. Faulting a t  
114 to 3/4 inch (6-19 mm) exists .  Temporary patches 
have been placed because of permanent patch deteriora- 
tion. 

H - Patch has deteriorated, e i ther  by spa11 ing of the 
patch rut t ing or  cracking within the patch, to  a 
condi t i  on which requires rep1 acement. 

How to Measure: The number of patches w i t h i n  each sample u n i t  i s  
recorded. Patches a t  different  severity level s a re  
counted and recorded separately. Additional ly ,  the 
approximate square footage (or meters) of each patch 
and type ( i  . e . ,  PCC or asphalt) i s  recorded. Loca- 
tion of the patch should be identified ( jo in t  or 
s lab) .  All patches are rated e i ther  L, M ,  or  H, 

Figure 4.27. Low Severity Asphalt Patch Deterioration. 
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Figure 4.28. High Severity Asphal t  Patch Deteriorat ion.  

Figure 4.29,  Low Severity Concrete Patch Deterioration. 
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Figure 4.3P Aedi urn Severity Concrete Patch Deterioration. 

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

Description: 

Severity Level s: 

How to Measure: 

Patch Adjacent Slab Deterioration 

Deterioration of the original concrete slab adja- 
cent to  a permanent patch i s  given the above name. 
This may be in the form of spalling of the slab a t  
the slab/patck jo in t ,  "D"  cracking o f  the slab 
adjacent to thepatch ,  a corner break i n  the adjacent 
slab, or  a second permanent patch placed adjacent 
t o  the original patch. 

Severity levels are  the same as tha t  described for  
the particular dis t ress  found. A second permanent 
patch placed adjacent to  a previously placed permanent 
patch will be rated as  medium severity. Temporary 
patches placed because of t h i s  deterioration w i  11 
also be rated as  medium severity. 

The number of permanent patches with d is t ress  i n  the 
original s lab adjacent to  the patch a t  each severity 
level w i  11 be counted and recorded separately . Addi - 
t ionally,  the type of patch ( A C  o r  PCC) and d is t ress  
will be recorded separately, along w i t h  the location 
( j o i n t  or s lab) .  

Figure 4.32. Patch Adjacent Slab Deterioration (Corner Break). 
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Figure  4.33. Patch Adjacent S l a b  D e t e r i o r a t i o n  ("D" c rack ing  
& temporary patching)  . 

F igure  4.34. Patch Adjacent Sl  a$ De te r io ra t i on  (second patch, 
spa1 l ing,  '3" c rack ing  and temporary pa tch ing) .  
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Name of Distress: 

Description: 

Severity Levels : 

How to  Measure: 

Popouts 

A popout i s  a small piece of concrete that  breaks 
loose from the pavement surface due to freeze-thaw 
action, expans i ve aggregates , or  nondurable aggre- 
gates. The occurrence of extensive popouts may be 
indicati ve of unsound aggregates and "D"  cracking. 
Popouts usual 1y range from approximately 1 inch 
(25 mm) to  4 inch (10 cm) i n  diameter and from 
1 / 2  inch to  2 inch (13-51 mm) deep. 

No degrees of severity a re  defined for  popouts. 
However, popouts must be extensive before they are 
counted as a d is t ress ;  i .e.,  average popout density 
must exceed approximately one popout per square yard 
(square meter) over the en t i re  s lab area. 

The density ~f popouts can be determined by counting 
the number of popouts per square yard of surface i n  
areas having typical amounts. 

F i  gure 4.35. Popouts. 
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Name of Distress: Pumping and Water Bleeding 

Description: Pumping i s  the ejection of material by water through 
joints  or  cracks, caused by deflection of the slab 
under moving loads. As the water i s  ejected, i t  
carr ies  par t ic les  of gravel, sand clay, or s i l t ,  
resulting in a progressive loss of pavement support. 
Surface staining or  accumulation of base or subgrade 
material on the pavement surface close t o  joints  or 
cracks i s  evidence of pumping. Pumping can occur without 
such evidence, particularly when stabilized bases a re  
used. The observation of water being ejected by heavy 
t r a f f i c  loads a f t e r  a rain storm can also be used to 
identify pumping.  Water bleeding occurs when water 
seeps out of joints or cracks. 

Severity Level s: L - Nater i s  forced our of a jo in t  or crack when trucks 
pass over the jo in ts  or cracks, water i s  forced out 
of the lane/shoulder joint  when trucks pass along 
the joint ,  or water bleeding exis ts .  No f ines  can 
be seen on the surface of the t r a f f i c  lanes or  
shoul der . 

M - A small amount of pumped material can be observed near 
some of the joints or cracks on the surface of the 
t r a f f i c  1 ane or shoulder. 

H - A significant amount of pumped materials ex i s t  on the 
pavement surface of the t r a f f i c  lane or shoulder along 
the joints  or  cracks. 

How to Measure: I f  pumping or water bleeding exis t s  anywhere in  the 
sample unit  i t  i s  counted a s  occurring a t  highest 
severity 1 eve1 noted. 



Figure 4.36. Low Severity Pumping (Water Bleeding). 

Figure  4.37. Medi urn Severity Pumping (pumped material 1 i ke this 
occurs only at a f e w  o f  the joints and cracks). 
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Figure  4.38, High Sever1 ty  Pumping. 



Name of Distress: 

Description: 

Sever i ty Level s : 

How to Measure: 

Reactive Aggregate Distress 

Reactive aggregates e i ther  expand i n  alkaline environ- 
ments or develop prominent si l iceous reaction rims in 
concrete. I t  may be an a lka l i - s i l ica  reaction or an 
alkali-carbonate reaction. As expansion occurs, the 
cement matrix i s  disrupted and cracks. I t  appears 
as a map cracked area; however, the cracks may go 
deeper into the concrete than in normal map cracking. 
I t  may af fec t  most of the slab or i t  may f i r s t  appear 
a t  joints  and cracks. 

Only one level of severity i s  defined. If a lkal i -  
aggregate cracking occurs anywhere in the slab, i t  
i s  counted. I f  the reaction has caused spalling or 
map cracking, these a1 so are counted. 

Reactive-aggregate dis t ress  i s  measured in square feet  
or square meters. 

Figure 4.39. Reactive Aggregate Distress (Photo For Jointed Plain 
Concrete Pavement). 
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Name of Distress: 

Description: 

Scal i n g  , Map Cracking , and Craning 

Map cracking or crazing refers  to  a network o f  shallow, 
fine,  or hairl ine cracks which extend-only through 
the upper surface of the concrete. The cracks tend 
to  intersect  a t  angles of 120 degrees. Map cracking 
or crazing i s  usually caused by over-finishing the 
concrete, and may lead to  scaling of the surface, 
which i s  the breakdown of the s lab surface to a 
depth of approximately 7/4 in.  (6  mm) t o  1/2 i n .  
(13 mm). Scaling may be caused by deicing s a l t s ,  
t r a f f i c ,  improper construction, freeze-thaw cycles, 
and s teel  reinforcement too close to  the surface. 

Severity Levels: L - Crazing or map cracking exis t s  over most of the 
slab area; the surface i s  i n  good condition with 
no scaling. (Note: the low severity level i s  an 
indicator tha t  scaling may develop in the future) .  

M - Less than lOZof any slab exhibits scaling. 

H - More than 10%of any s lab exhibits scaling. 

How to Measure: Scaling, map cracking, and crazing are  measured by 
recording % of area affected by each type severity 
level. 

F i  gure 4.40. Scal i ng . 



Figure 4.41 . Scal i n g .  



Name of Distress: Spa1 1 i ng (Transverse and Longitudinal Joi nt/Crack) 

Description: Spalling of cracks and jo in ts  is the cracking, 
breaking or chipping of the slab edges within 2 f t .  
(0.6 m )  of the joint .  A jo in t  spa11 usually does 
not extend vert ical ly  through the whole slab thick- 
ness, b u t  extends to  intersect  the jo in t  a t  an 
angre. Spal 1 ing usually resu l t s  from (1 ) excessive 
stresses a t  the joint  or crack caused by in f i l  t ra-  
tion of incompressible material s and subsequent 
expansion or t r a f f i c  loading, ( 2 )  disintegration of 
the concrete, (3 )  weak concrete a t  the jo in t  (caused 
by over-working) combined with t r a f f i c  1 oads, or 
(4) poorly designed or constructed load t ransfer  device. 

Severity Level s: L - A spa11 less  than two f e e t  long; i f  spa11 i s  broken 
into pieces and fragmented, i t  must not extend more 
than three inches from the jo in t  or crack. A spall 
more than two fee t  long w i t h  spall held t ight ly  in 
place; i f  spall i s  cracked, i t  cannot be broken into 
more than three pieces. The joint  i s  l igh t ly  frayed 
with fray extending no more than three inches from the 
edge of the joint  or crack. 

M - A spall i s  broken into pieces or fragmented and spall 
extends more than three inches from jo in t  or crack. 
Some pieces may be loose and/or missing b u t  the 
spalled area does not present a t i r e  damage or safety 
hazard. The joint  or crack i s  moderately frayed with 
fray extending more than three inches from the edge 
of the jo in t  or crack b u t  not causing a t i r e  damage 
or safety hazard. Temporary patching has been placed 
because of spa1 1 ing. 

H - The joint  i s  severely spalled or frayed to  the extent 
that  a t i r e  damage or safety hazard exis ts .  

How to Measure: Spalling i s  measured by counting and recording 
separately the number o f  joints  with each severity 
level. If  more than one level of severity ex is t s  
along a jo in t ,  i t  will be recorded as containing 
the highest severity 1 eve1 present. A1 though the 
definit ion and severity levels are the same, spalling 
of cracks should not be recorded separately. The 
spalling of cracks is included i n  rating severity 
levels of cracks. Spalling of transverse and longi- 
tudinal joints  wi 11 be recorded separately. -Spa1 1 ing 
of the slab edge adjacent to  a permanent patch will 
be recorded as patch adjacent slab deterioration. 





F igu re  4.44. Medium S e v e r i t y  Spa l l  i n g  I n  Passing Lane A t  
Top O f  photo And High S e v e r i t y  S p a l l i n g  In 

Truck Lane. 

F igure  4.45. Medi urn S e v e r i t y  Spa l l  ing .  
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F igu re  4.46. High Sever i ty  Spa1 1 ing.  

F i g u r e  4.47. High S e v e r i t y  Spal l  i ng .  
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Name of Di s t ress  : 

Description: 

Spal 1 ing (Corner) 

Corner spalling i s  the ravelling or breakdown of the 
slab within approximately 2 f t  (0.6 m) of the corner. 
A corner spal 1 d i f fe rs  from a corner break in that  
the spa11 usually angles downward a t  about 45" t o  
intersect the joint ,  while a break extends vertical l y  
through the slab. Corner spal 1 ing can be caused by 
freeze- thaw, " D" cracking, and other factors.  

Severity Level: L - Spall i s  not broken into pieces. No spalling of cracks 
exis ts .  Spall i s  in place and i s  not loose. Corner 
spal ls  with both edges less  than 3 inches long will 
not be counted. 

M - One of the following conditions exis ts :  Spall i s  
broken into pieces; cracks a re  spalled; some or  a l l  
pieces a re  loose or absent b u t  do not present t i r e  
damage or  safety hazard. Corner spal 1 i s  patched. 

H - Spal 1 i s  broken into and/or pieces of the spal 7 have 
displaced to  the extent tha t  they present a t i r e  
damage or safety hazard. 

How to Measure: Corner spalling i s  measured by counting and recording 
separately the number of corners spalled a t  each 
severity level within the inspection unit .  

Figure 4.48. Medi um Severity Corner Spal l . 



F i g u r e  4.49. High S e v e r i t y  C o r n e r  Spa1 1 . 

F i g u r e  4.50. H i g h  Severity C o r n e r  Spa1 1 . 
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Name of Distress: 

Description: 

Swell 

Swell i s  characterized by an upward bulge in the 
pavement's surface. A swell may occur sharply over 
a small area or as  a longer, gradual wave. Either 
type of swell i s  usually accompanied by slab cracking. 
A swell i s  usually caused by f ros t  action i n  the 
subgrade or  by swell ing s o i l .  Swell s can of ten be 
identified by soil  droppings on the surface. 

Sever i ty Level s : L - Swell causes some bounce of the vehicle which creates  
no discomfort. 

M - Swell causes s ignif icant  bounce o f  the vehicle which 
creates some discomfort. 

H - Swell causes excessive bounce of the vehicle 
which creates substantial discomfort, and/or a 
safety hazard, and/or vehicl e damage, requiring 
a reduction i n  speed for  safety. 

How to  Measure: The number o f  swells within the inspection uni t  a r e  
counted and recorded by severi ty  level.  Severity 
levels a re  determined by riding i n  a mid t o  fu l l  
sized sedan weighing approximately 3000-3800 lbs.  
(13.3-16.9 kN) ;over the pavement inspection u n i t  
a t  the posted speed l imit. 

Figure 4.51. Swell Due to  Frost Heave. 
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Figure 4.52. Swell Due t o  Swelling S o i l s .  



Name of Distress: 

Description: 

Transverse and Diagonal Cracks 

These cracks a re  usually caused by a combination of 
heavy 1 oad repet i t ion,  thermal and moisture gradient 
s t resses ,  and drying shrinkage stresses.  Medium or 
high severity cracks are  working cracks and are 
considered major structural distresses.  (Note: 
hairl ine cracks tha t  are  less  than 6 fee t  (1.8 rn) 
long are n o t  rated. 

Severity Level s: L - Hairline ( t ight )  crack with no spalling or faulting. 
A well sealed crack with no vis ible  faulting or 
spa11 ing. 

M - Working crack with a medium severity level 
of spalling and/or faulting less  than 1/2 inch 
(13 rnm). 

H - A crack w i t h  width of opening greater than 1 inch 
(25 mm) ; a crack with a high severity level of 
spalling; or ,  a crack faulted 1/2 inch (13 mrn) or 
more. 

How to Measure: The number and severity level of each crack should 
be identified and recorded. I f  the crack does not 
have the same severity level along the en t i re  length, 
the crack will be rated as the highest severity level 
present. Cracks i n  patches will be recorded a s  
patch deterioration. 

Figure 4.53. Low Severity Transverse Crack. 

14 7 



Figure 4.54. Low Severity Diagonal Crack ( c rack  i s  t i g h t  even 
though i t  has some I ow spa1 1 i n g )  . 

F igu re  4.55. Medi urn Severi t y  Transverse Crack. 
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F igu re  4.56. High Severity Transverse Crack. 

F i  glnre 4.57. High Severity Transverse Crack. 
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CONTINUOUSLY REINFORCED CONCRETE DISTRESS 



Name of Distress: Asphalt Patch Deterioration 

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

Severity Levels: t - Patch i s  functioning well with l i t t l e  or no deteriora- 
ti on. 

M - Patch i s  somewhat deteriorated: settlement < 1/2 in. (13m), 
cracking, rut t ing or shoving has occurred which affects  
the riding quality b u t  does not cause t i r e  damage. 

H - Patch i s  badly deteriorated and af fec ts  r ide  quality 
significantly.  Patch presents t i r e  damage potential .  
Patch needs t o  be replaced or repaired soon. 

How to Measure: The number of patches a t  each severity level within 
the inspection u n i t  are  counted and recorded. 
Patching i s  measured i n  square fee t  or square meters 
of area. 

Figure 5. I .  Low Severity Asphalt Patch Deterioration. 



Fi gure 5.2. Medi urn Severity Asphalt Patch Deterioration (same 
patch as Figure 5.1 a f t e r  2 years).  

Figure 5.3.. High Severity Asphalt Patch Deterioration. 
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Name of D is t ress :  E l  ow-up 

Descr ipt ion:  51 ow-ups a re  caused by a combination o f  thermal and 
moisture expansive fo rces  which exceed the pavement 
system's a b i l  i t y  t o  absorb, i n  con junc t ion  w i t h  a 
pavement d i s c o n t i n u i t y .  Blow-ups occur a t  construc- 
t i o n  j o i n t s  o r  a t  wide t ransverse cracks a t  which 
the s tee l  has p rev ious l y  ruptured.  The r e s u l t  i s  
a l o c a l i z e d  upward movemnt (buck1 i n g )  o f  the  s lab  
a t  t he  edges o f  the  crack o r  cons t ruc t i on  j o i n t  
accompanied by s h a t t e r i n g  o f  the concrete i n  t h a t  
area, o r  a crushing o f  t h e  s lab  i n  t h a t  area. 

Seve r i t y  Levels: L - Buckl ing o r  sha t te r i ng  has occurred, b u t  o n l y  causes 
some bounce o f  t he  veh ic le  which creates no discom- 
f o r t .  

M - Buckl ing o r  s h a t t e r i n g  causes a s i g n i f i c a n t  bounce 
o f  t he  veh ic le  which creates some discomfor t .  Tempo- 
r a r y  patching has been placed because o f  a blow-up. 

How t o  Measure: 

H - Buck l ing  o r  s h a t t e r i n g  causes excessive bounce o f  t h e  
veh ic le  which creates subs tant ia l  d iscomfor t ,  and/or 

a sa fe ty  hazard, and/or v e h i c l e  damage, r e q u i r i n g  a 
reduct ion  i n  speed f o r  sa fe ty .  

The number o f  blow-ups w i t h  each s e v e r i t y  l e v e l  i n  
the  inspect ion  u n i t  w i l l  be counted and recorded 
separately.  Seve r i t y  l e v e l s  a r e  determined by r i d i n g  
i n  a mid t o  f u l l  s i zed  sedan weighing approximately 
3000-3800 l bs (1 3.3-1 6.9 kN) over the pavement 
inspect ion  u n i t  a t  the  posted speed l i m i t .  

F i  gure 5.4. High Severi t y  Bf  ow-up. 
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Fi  gure 5.5. High Severity Blow-up. 



Name of  Dis t ress :  Concrete Patch D e t e r i b r a t i e n  

Descr ipt ion:  A concrete patch i s  an area where a  p o r t i o n  of the 
o r i g i n a l  concrete s lab  has been removed and replaced 
by concrete o r  o the r  r i g i d  ( i .e . ,  epoxy) ma te r i a l .  

Seve r i t y  Levels: L - Patch i s  f unc t i on ing  we17 w i t h  l i t t l e  o r  no de te r i o ra -  
t i o n .  A l l  cracks and edge j o i n t s  a r e  t i g h t  ( h a i r l i n e )  
w i t h  no spa11 ing. 

M - Patch i s  somewhat de ter io ra ted :  some low s e v e r i t y  
l e v e l  spa1 l i n g  and/or f a u l t i n g  around the edges and/or 
cracks i n  the patch e x i s t s .  

H - Patch has de te r i o ra ted  e i t h e r  by cracking, f a u l t i n g  
and/or s p a l l i n g  around the  edges o f  the  patch o r  
w i t h i n  the  patch t o  a  s t a t e  which warrants replacement. 

How t o  Measure: The number o f  patches a t  each s e v e r i t y  l e v e l  w i t h i n  
the inspect ion  u n i t  a r e  counted and recorded. 
Patching i s  measured i n  square f e e t  o r  square meters 
o r  area. 

F igure 5.6. Low Sever i ty  Concrete Patch De te r i o ra t i on .  
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Figure 5.7. Medium Severi ty Concrete Patch Deterioration. 

Figure 5.8. Medi um Severity Concrete Patch Deteriorat ion.  
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F igure  5.9. High S e v e r i t y  Concrete Patch D e t e r i o r a t i o n .  



Name of Distress: 

Description: 

Severity Level s:  

Construction Joint  Deterioration 

Construction joint d is t ress  i s  a breakdown of the 
concrete or steel a t  a CRCP construction joint .  I t  
often resul ts  in a ser ies  of closely spaced trans- 
verse cracks near the construction joint  or a large 
number- of interconnecting cracks. These excessive 
cracks can, in time, lead to  spa11 ing and breakup of 
the concrete. If an inadequate steel lap or a steel 
rupture occurs a t  a construction jo in t ,  the resul t  i s  
often spalling and disintegration of the surrounding 
concrete, and a possible pumpout.  This can a1 so 
lead to  a readily accessible entrance for  water. 
The primary causes of construction jo in t  d is t ress  are  
poorly consol ida ted concrete and inadequate steel 
content or pl acemen t. 

L - Only cl osely spaced t ight  cracks with no spa1 1 ing or 
fautling occur within 10 f t  ( 2  m )  of each side of 
construction joint .  

M - Some low severity spalling of cracks, or a low severity 
punchout ex is t s  within 10 f t  ( 2  m) of ei ther  side of 
the construction joint.  Temporary patching has been 
placed. 

H - Significant deterioration and breakup exis t s  within 10 f t .  
( 2  m )  of the construction joint ,  tha t  requires patching. 

How to Measure: The number of construction joints a t  each severity 
level i s  noted and recorded. 

Figure 5.10. High Severity Construction Joint Deterioration. 
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Figure 5.11. High Severity Construction Joint Deterioration. 



Name of Distress: 

Description: 

Depression 

Depressions in concrete pavements are surface areas 
having elevations lower than those of the surrounding 
pavement. There i s  generally significant slab crack- 
ing in these areas due to  uneven settlement. In many 
instances, light depressions are  not noticeable unti 1 
a f t e r  a rain when ponding water creates "bird-bath" 
areas. The depressions may also be located without 
rain by s tains  caused by o i l  droppings from vehicles. 
Depressions can be caused by settlement or consolida- 
tion of the foundation soil  or can be "bui l t  in" during 
construction. They are frequently found above culverts. 
This i s  usually caused by improper compaction of soil 
around the culvert during construction. Depressions 
cause slab cracking, roughness, and hydroplaning when 
f i l l e d  with water of suff ic ient  depth. 

Severity Level s:  L - Depression causes some bounce of the vehicle which 
creates no discomfort. 

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

H - Depression causes excessive bounce of the vehicle 
which creates substantial discomfort, and/or a 
safety hazard, and/or vehicle damage, requiring a 
reduction in speed for safety.  

How t o  Measure: Depressions are measured by counting the number 
tha t  ex is t s  in each inspection unit. Each depres- 
sion i s  rated according to  i t s  level of severity. 
Severity level i s  determined by riding in a mid 
to ful l  sized sedan weighing approximately 3000- 
3800 lbs.  (13.3-76.9 kN) over the pavement inspection 
unit a t  the posted speed l imit .  

Figure 5 .12.  Depression. 
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Name of Distress: Durabi 1 i ty ( "  D" ) Cracking 

Description: "D" cracking i s  the name applied to concrete deter- 
ioration identified by a ser ies  of closely spaced 
crescent-shaped hairl ine cracks that  appear in a 
PCC pavement slab adjacent and roughly parallel to 
transverse cracks, longitudinal jo in ts ,  and free 
edges of pavement slabs. These f ine  surface cracks 
often curve around the intersection of longitudinal 
joints and transverse cracks. The surface cracks 
often contain calcium hydroxide residue which causes 
a dark coloring of the crack and immediate surrounding 
area. This may eventually lead to  disintegration 
( i . e . ,  spall ing) of the concrete within 1 - 2  f t .  
(1.3-0.6 m )  o r  more of the joint  or crack, par t i -  
cularly in the wheelpaths. "D" cracking i s  caused 
by freeze- thaw expansi ve pressure of certain types 
of coarse aggregates. Concrete durabili ty problems 
caused by reacti  ve aggregates are rated under 
"Reactive Aggregate Distress." 

Severi ty Levels : "D" cracking should n o t  be counted i f  the fine crack 
network has not developed near transverse cracks, 
longitudinal joints or  f ree edges. Discoloration 
or staining of joints ,  cracks or  f ree edges may 
exis t  that  are not "D" cracking associated. Popouts 
may be present without "D" cracking. 

L - The character is t ic  fine crack pattern of closely 
spaced fine cracks has developed near cracks, joints  
or f ree edges; however, the width of the affected 
area i s  generally < 12 inches (30 cm) wide a t  
transverse cracks a t  the center of the lane. The 
crack pattern may fan out a t  the intersection with 
longitudinal joints  or free edges. No spalling has 
occurred, and no patches have been placed because 
of "DM cracking. 

M - A fine crack pattern has developed near the crack, 
joint or free edge and: (1) the affected area around 
transverse cracks exceeds 1 2  in.  (30 cm) in width a t  
the center of the lane; or  (2) low or medium severity 
spa1 1 i ng has developed in the affected area around 
the jo in t ,  crack, or free edge; or (3)  temporary 
patches have been placed due t o  "Dl' cracking. 

H - The pattern of f ine cracks has developed near cracks, 
joints and free edges and: (1) the pattern has 
developed generally over the enti re s lab area bet- 
ween transverse cracks; and/or ( 2 )  high severity 
spalling has developed in the affected areas. 

How t o  Measure: " D "  cracking i s  measured by rating the longitudinal 
joints and each transverse crack affected according 
t o  i t s  severity 1 eve1 . 



Figure 5.13. Low Severity " D" Cracking. 

Figure 5 .14.  Medium Severi tj/ "D "  Cracking. 
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F i g u r e  5.15. High S e v e r i t y  "D"  Crack ing .  

F i g u r e  5.16. High S e v e r i t y  "D"  Cracking ( n o t e  exposed edge  
o f  s l a b  a t  bottom o f  p h o t o ) .  
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Name of Distress: 

Description: 

Severity: 

How to  Measure: 

Edge Punchout 

An edge punchout i s  f i r s t  characterized by a loss  of 
aggregate interlock a t  one or two closely spaced 
cracks ( i . e . ,  usually less  than 48 in. (122 cm) apart)  
near the edge ~ o i n t .  The crack or cracks begin to  
f au l t  and spall s l ight ly  which causes the portion 
of the slab between the closely spaced cracks to a c t  
essentially as a cantilever beam. As heavy truck 
1 oad appl ications continue, a short longitudinal 
crack forms between the two transverse cracks about 
24-60 in. (61-1 52 cm) from the pavement edge. Even- 
tually the transverse cracks breakdown further,  the 
steel ruptures and the pieces of concrete punch down- 
ward under load i n t o  the subbase and subgrade. There 
i s  g e ~ e r a l l y  evidence of pumping near edge punchouts, 
and sometimes extensive pumping. The distressed 
area will expand in s ize to  adjoining cracks and 
develop into a very large area i f  not repaired. 
The edge punchout i s  the major structural d is t ress  
of CRCP. 

L - A l ongitudinal crack develops between two closely 
spaced transverse cracks. The longitudinal and 
transverse cracks are  f a i r ly  t i gh t  and only s l igh t  
faul t i  ng spa1 1 ing i s  present. 

M - The transverse and/or longitudinal cracks have 
begun to widen and spall with faul t ing or punching 
down of the concrete less  than 1/2 inch (13 m m ) .  

H - The concrete within the boundary of the punchout i s  
breaking up,  has been punched down into the subbase 
more than 7 / 2  inch,(l3'mm)and/or has an asphalt patch 
on tap. If  the area has been asphalt patched w i t h  
asphalt i t  i s  s t i l l  considered a punchout and not 
an asphalt patch since th is  i s  only a temporary 
patch . 
The number of edge punchouts and their  level of 
severity are  recorded for each inspection unit .  



Figure 5.17.  Low Severity Edge Punchout (Note: a f ine longitudinal 
crack has developed between the two closely spaced 
transverse cracks). 

Figure 5.18. Medium Severity Edge Punchout ( th i s  photo i s  same 
edge punchout as Figure 5.17 a f t e r  one year) .  
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Figure 5.7 9. Medium Severity Edge P u n c h o u t .  

Figure 5.20. High Severity Edge Punchout. 
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F i g u r e  5.21. H igh S e v e r i t y  Edge Punchout. 



Name of Distress: Lane/Shsulder Dr~poff or Weave 

Description: Lane/Shsulder dropoff or heave occurs wherever there 
i s  a difference i n  elevation between the t ra f f ic  
lane and  shoulder. Typically the outside shoulder 
sett les due t o  consolidation or a settlement of the 
underlying granular o r  subgrade material, or 
pumping s f  t h e  underlying material. Heave of the 
shoulder may occur due t o  frost action or swell ing 
soils. Dropoff of granular or soil shoulder i s  
genera'9ly caused From blowing away of shoulder 
material from passing trucks. 

Severity Level : Severity level i s  determined by computing the mean 
difference in elevation between the t ra f f ic  lane 
and shoulder: 

L 114 - 5 /2  i n .  (6 - 13 m) 

M 1/2 - '9 i n .  ( 3  - 25 mn) 

H > l i n .  (> 25 mn) 

How to Measure: Lane/shoulder dropoff o r  heave i s  measured every 
100 f t .  (30 rn) i n  inches (or n) along the joint. 
The mean difference in elevation i s  computed from 
the d a t a  and  used to determine severity level. 

Figure 5 . 2 2 .  High Severity l .ane/Shoulder Dropo f f .  
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Figure 5.23. High Severity LanelShoulder Heave. 



Name of Distress: Lane/Shoul der Joint Separation 

Description: 

Severity Level : 

Lane/Shoul der joint separation i s  the widening of 
the joint  between the t r a f f i c  lane and the shoulder 
generally due t o  movement in the shoulder. I f  the 
jo in t  i s  t ight ly closed or well sealed so that  
water cannot inf i l t r a t e ,  then lane/shoulder joint  
separation i s  not considered a d is t ress .  

Severity 1 eve1 i s  determined by the mean jo in t  
opening. No severity level i s  counted i f  the 
joint  i s  t igh t ly  sealed. 

L - Some opening b u t  less  than or equal to 0.1 
( 3  mm). 

M - More than 0.12 inch ( 3  mm) b u t  equal to  or less  
than 0.4 inch (10 mm) opening. 

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

How to Measure: Lane/shoulder joint  separation i s  measured in inches 
(mm)  a t  100 foot (30 m) intervals. The mean separation i s  
used to determine the severity level for  the ent i re  
inspection unit. 

Fi gure 5.24. Medi urn Severi ty Lane/Shoul der Joint Separation 
(asphalt shoulder) . 
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Figure  5.25. High S e v e r i t y  Lane/ Shoulder J o i n t  Separat ion 
(concre te  shoul der)  . 



Name of Distress: Localized Distress 

Description: A localized area of slab where the concrete has 
broken up into pieces or spalled. The localized 
dis t ress  takes many shapes and forms. Many times 
i t  occurs within an area between intersecting, 
Y-shaped or closely spaced cracks. Localized 
dis t ress  can occur anywhere on the slab surface, 
b u t  i s  frequently located in the wheelpaths. 
Inadequate consolidation of concrete i s  often a 
primary cause of localized dis t ress .  

Severity Levels: L - A low severity spa1 ling or  breakup of the concrete 
has occurred. 

M - A moderate amount of spalling or  breakup of the 
concrete has developed, or temporary patching has 
been placed because of the localized dis t ress .  

H - High severity spalling and/or settlement o f  the 
concrete has developed resul t i  ng in a def ini te  
safety hazard. 

How to  Measure: The number of localized dis t ress  areas are counted 
and recorded a t  each severity level in the inspec- 
tion unit. 

Figure 5.26. Medium Severity Localized Distress. 
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Figure 5 .27.  Medium Seve r i t y  Local imed Distress. 

Figure 5.28. Medi urn Severi ty Local i z e d  Distress. 



Figure 5.29. Medi urn Severity Localized Distress. 

Figure 5.30. Medium Severity Localized Distress. 
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Figure 5.31. High Severity L o c a l i z e d  D i s t r e s s .  



Name of Distress: Longitudinal Cracks 

Description: Longitudinal cracks occur generally parallel t~ 
the centerline o f  the pavement. They are often 
caused by improper construction of 1 ongi tudinal 
joints or by settlement or heave of the foundation. 

Severity Level s : L - Hairline ( t i g h t )  crack with no spalling or faulting. 
A well sealed crack with no vis ible  faulting or 
spalling. 

M - A crack with a moderate or less severity level 
of spalling and/or faulting less  than 1 / 2  inch 
( 1 3  m m ) .  

H - A crack with width greater than 1 inch (25 mm)  ; a 
crack with a high severity level of spa11 ing; or,  
a crack faulted 1 / 2  inch ( 13 mm) or more. 

How to Measure: Cracks are  measured in l inear  fee t  or meters for  
each level of d is t ress .  The length and severity of 
each crack should be identified and recorded. If 
the crack does not have the same severity level 
along the ent i re  length, each general portion of 
the crack having a different severity level should 
be recorded separately. 

Figure 5.32. Medi urn Severity Longitudinal Crack. 
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Name of Distress: Longitudinal Joint Faulting 

Description: Longitudinal joint  faulting i s  a difference in eleva- 
tion a t  the longitudinal joint  between two t r a f f i c  
lanes. Longitudinal joint  separation i s  the widening 
of the longitudinal joint between two t r a f f i c  lanes. 

Severity Level : L - Maximum faulting o f  l ess  than 1/4 inch ( 6  mm). 

M - Maximum faulting of 1/4  inch ( 6  mm) to 1/2 inch 
( 1 3  mm). 

H - Maximum faulting of 1 / 2  inch ( 13 mm) or more. 

How t o  Measure: Where the longitudinal joint  has faul ted the length 
of the affected area and the maximum joint  faulting 
and separation will be used to  determine severity 
level. 

Figure 5.33. High Severity Longitudinal Joint  Faulting* 
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Name o f  Dist ress:  Patch Adjacent Slab De te r io ra t i on  

Descr ipt ion:  De te r io ra t i on  o f  t he  o r i g i n a l  concrete s lab  adjacent  
t o  a permanent patch i s  g iven the  above name. Th is  
may be i n  the form o f  s p a l l i n g  o f  t h e  s lab  a t  the  
s lablpatch j o i n t ,  "D" cracking o f  the  s lab  adjacent  
t o  the  patch, a corner break i n  the  adjacent slab, 
o r  a second permanent patch placed adjacent  t o  the 
o r i g i n a l  patch. 

Sever i ty  Level : 

How t o  Measure: 

Sever i t y  l e v e l s  are  t h e  same as t h a t  described f o r  
the p a r t i c u l a r  d i s t r e s s  found. A second permanent 
patch placed adjacent  t o  a p rev ious l y  placed perma- 
nent patch w i l l  be ra ted  as medium sever i t y .  

The number of permanent patches w i t h  d i s t r e s s  i n  
t h e  o r i g i n a l  s lab  adjacent t o  the patch a t  each 
seve r i t y  l e v e l  w i l l  be counted and recorded separately. 
Add i t i ona l l y ,  the  type o f  patch (AC o r  PCC) and 
d i s t r e s s  w i l  l be recorded separately. 

F igure 5.34. Medium Sever i ty  Patch Adjacent Slab De te r io ra t i on  
(Spa1 1 i ng) 
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Figure 5.35. High Severity Patch Adjacent Slab  Deterioration 
(Edge Punchsut ) . 

Figure 5.36. High Severity Patch Adjacent Slab Deterioration 
(Spa1 l i ng) . 
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Name o f  Distress: 

Descript ion : 

Pumping and Water Bleeding 

Pumping i s  the e jec t ion  o f  mater ia l  by water through 
j o i n t s  o r  cracks, caused by de f lec t ion  o f  the slab - 
under moving loads. As the water i s  ejected,, i t  
car r ies  p a r t i c l e s  o f  gravel, sand, clay, o r  s i l t ,  
r e s u l t i n g  i n  a progressive loss o f  pavement support. 
Surface s ta in ing  o r  accumulation o f  base o r  subgrade 
mater ia l  on the pavement surface c lose t o  j o i n t s  o r  
cracks i s  evidence o f  pumping. However, pumping 
can occur wi thout  such evidence, p a r t i c u l a r l y  when 
s t a b i l  ized bases are used. The observation o f  
water being ejected by heavy t r a f f i c  loads a f t e r  
a ra instrom a lso can be used t o  i d e n t i f y  pumping. 
Water bleeding occurs when water seeps ou t  o f  j o i n t s  
o r  cracks. 

Sever i ty  Level s: L - Water i s  forced ou t  o f  the construct ion j o i n t  o r  
crack when t rucks pass over the j o i n t s  o r  cracks, 
water i s  forced ou t  o f  the lane/shoulder j o i n t  when 
t rucks pass along the j o i n t ,  o r  water bleeding ex is ts .  
No f ines  can be seen on the surface o f  the t r a f f i c  
lanes o r  shoulder. There i s  evidence o f  the lane/ 
shoulder j o i n t  being worn away by high pressure water. 

M - A small amount o f  pumped mater ia l  can be observed 
near some o f  the j o i n t s  o r  cracks o r  on the shoulder. 

H - A s i g n i f i c a n t  amount o f  pumped mater ia l  ex i s t s  on 
the pavement surface along the j o i n t s  o r  cracks o r  
on the shoulder. 

How t o  Measure: I f  pumping o r  water bleeding ex i s t s  anywhere i n  the 
sample u n i t  i t  i s  counted as occurr ing a t  highest 
sever i ty  1 eve1 noted. 



Figure 5.38. Low Severity Pumping (wa te r  ejected out s f  
transverse crack under truck wheel ) . 

Figure 5.39. Low Severity Pumping (water ejected out of 
longitudinal joint  under truck wheel). 



F i  gure, 5.40. Low S e v e r i t y  Ha te r  B leeding.  

F i g u r e  5.41. Medium S e v e r i t y  Pumping o f  F ines.  
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F igu re  5.42. Medi urn S e v e r i t y  Pumping of  F ines.  

F i gu re  5.43. H ig l i  S e v e r i t y  Pumping o f  Fines. 
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F i g u r e  5.44. Very High S e v e r i t y  Pumping o f  Fines.  



Name o f  Dist ress:  

Descr ip t ion :  

Seve r i t y  Level s : 

How t o  Measure: 

Reactive Aggregate D is t ress  

React ive aggregates e i t h e r  expand i n  a l k a l i n e  
environments o r  devel op prominent s i  1 iceous reac- 
t i o n  r ims  i n  concrete. I t  may be an a l k a l i - s i l i c a  
reac t i on  o r  an a1 ka l  i -carbonate reac t i on .  As 
expansion occurs, the  cement ma t r i x  i s  d i s rup ted  
and cracks. I t  appears as a map cracked area; how- 
ever, t he  cracks may go deeper i n t o  the  concrete 
than i n  normal map cracking.  I t  may a f f e c t  most 
o f  the  s lab  o r  i t  may f i r s t  apPear a t  j o i n t s  and 
cracks. 

Only one l e v e l  o f  s e v e r i t y  i s  def ined. I f  a l k a l i -  
asgregate c rack ing  occurs anywhere i n  t he  slab, i t  i s  
counted. I f  the  r e a c t i o n  has caused s p a l l i n g  o r  map 
cracking, these a l s o  are  counted. 

Alkal i -aggregate r e a c t i o n  i s  measured i n  square f e e t  
o r  square meters. 



Name of Distress: 

Description: 

Sealing, Map Cracking, and Crazing 

Map cracking or crazing r e f e r s  t o  a network of shallow, 
f i ne ,  o r  ha i r l ine  cracks which extend only through the 
upper surface of the  concrete. The cracks tend t o  
i n t e r s ec t  a t  angles of 720 degrees. Map cracking o r  
crazing i s  usually caused by over-finishing the 
concrete, and may lead t o  scaling of the  surface,  
which i s  the  breakdown of the  s lab  surface t o  a 
depth of a~proximately  1/4 in. ( 6  mm) t o  7 /2  i n .  
(1 3 mm) . Sca1 ing may be caused by deicing sal t s ,  
improper consturction and freeze-thaw cycles.  

Severi ty Level s: L - Crazing o r  map cracking e x i s t s  over most of the 
s lab  area;  the  surface i s  in good condition with 
no scaling (Note: the low sever i ty  level i s  an 
indicator t h a t  scal ing may develop in the fu tu r e ) .  

M - Less than or equal t o  10% of any inspection uni t  
exhibi ts  scal ing. 

H - More than 70% of any inspection uni t  exh ib i t s  
scaling.  

How t o  Measure: Scaling, map cracking, and crazing a r e  measured by 
recording % of area affected by each type sever i ty  
1 eve1 . 

Figure 5.45. Low Severity Map Cracking o r  Crazing. 



Figure 5.46. Medi urn Severity Scal i n g  (s teel  c lose  t o  surface).  



Name of Distress: 

Description: 

Spal 1 ing 

Spalling of cracks and joints i s  the breakdown or 
fraying of the s lab edges within 2 f t .  (0 .6  m )  of 
the crack or joint.  A spall usually does n o t  extend 
vertically through the whole s lab thickness, b u t  
extends t o  intersect  the crack or joint  a t  an angle. 
Spa1 1 ing usually resul t s  from ( 1  ) excessive s t resses  
a t  the jo in t  or crack caused by in f i l t r a t ion  of 
incompressible materials and subsequent expansion 
or t a r f f i c  loading, ( 2 )  disintegration gf the concrete 
from durability problems, ( 3 )  weak concrete a t  the 
surface (caused by overworking), or ( 4 )  a keyed longi- 
tudinal jo in t  fa i lure .  

Severity bevels : L - A spa11 less  t h a n  two fee t  long (0.6 m); i f  spall 
i s  broken into pieces and fragmented, i t  must not 
extend more than three inches (76 m m )  from the joint  
or crack. A spall more than two fee t  (0.6 m )  long 
with spall held t ight ly in place; jf spall i s  cracked, 
i t  cannot be broken into more than three pieces. The 
crack i s  l ight ly frayed with the fray extending no 
more than three inches from the edge of the jo in t  or 
crack. 

M - A spa11 i s  broken into pieces or fragmented and  
spall extends more than three inches (76 mm)  from 
joint or crack. Some pieces may be loose and/or 
missing b u t  the spalled area does not present a 
t i r e  damage or safety hazard. The joint  or crack i s  
moderately frayed with fray extending more than 
three inches from the edge of the joint  or crack 
b u t  does not cause a t i r e  damage or safety hazard. 
Temporary patching has been placed because of 
spa1 1 i ng. 

H - The joint  or crack i s  severely spalled, frayed, 
or faulted t o  the extent tha t  a t i r e  damage or 
safety hazard exis ts .  

How t o  Measure: If more than one level of severity exis ts  along a 
joint ,  i t  will be recorded a t  the highest severity 
level present. Spal 1 ing of construction joints will 
be recorded under "Construction Joint  Deterioration." 
Spalling of longitudinal and transverse cracks will 
be recorded under "Longitudinal Joints" and "Trans- 
verse Cracks." Spalling of the s lab edge adjacent 
to  a permanent patch will be recorded as "Patch 
Adjacent Slab Deterioration." Spa11 ing of longi t u -  
dinal joints  wi 11 be recorded under "Spal 1 ing. " 



Figure 5.47. Low Severity S p a l l  i n g  o f  Transverse Crack . 

Figure 5.48. Low Severity Spa1 1 i n g  of Transverse Cracks 
( t h e s e  cracks are  t i g h t  beneath t h e  spalled 
sur face) .  
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F i  gure 5.49.  Low Severity Spa1 l i n g  o f  Transverse Cracks. 

Figure 5.50. Medium Severity Spalling of Transverse Crack . 



Figure  5.51.  Medium S e v e r i t y  Spa1 7 ing of Longi tudinal  J o i n t .  

F igure  5 .52.  High S e v e r i t y  S p a l l i n g  o f  Transverse  Crack 
(No te :  s e e  F igure  5.71 f o r  an example o f  
h igh s e v e r i t y  c o n s t r u c t i o n  j o i n t  spa1 l i ng) .  
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Name of Distress:  

Description: 

Swell 

Swell i s  characterized by an upward bulge in the 
pavement's surface. A swell may occur sharply over 
a small area or as  a longer, gradual wave. Either 
type of swell i s  usually accompanied by s l a b  cracking. 
A swell i s  usually caused by f r o s t  ac t ion in the 
subgrade or by swell i n g  s o i l .  Swell s can often be 
ident i f ied  by soi l  droppings on the surface. 

Severity Level s: L - Swell causes some bounce of the vehicle which c rea tes  
no discomfort. 

M - Swell causes s ign i f i can t  bounce of the vehicle which 
creates  some d i  scomfort. 

H - Swell causes excessive bounce of the vehicle 
which creates  substantial  discomfort, and/or a 
safe ty  hazard, and/or vehicle damage, requiring 
a reduction in speed f o r  safe ty .  

How to  Measure: The number of swells within the inspection un i t  a re  
counted and recorded by sever i ty  level . Severi ty 
levels  a r e  aetermined by r iding in a mid t o  f u l l  
sized sedan weighing approximately 3000-3800 lbs .  
(13.3-16.9 kN) over the pavement inspection uni t  
a t  the posted speed l imi t .  

Figure 5.53. Swell Caused by Frost Heave ( located behind 
t ruck) .  

*, 
r. 
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Figure 5.54,  Swel l  Caused  by F r o s t  Heave. 

F i g u r e  5.55. Swel l  Caused by S w e l l i n g  S o i l .  
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Name of Distress: Transverse Cracking 

Description: Transverse cracking of continuously reinforced slabs 
i s  a normal occurrence and i s  not in i t s e l f  consi- 
dered to be a d is t ress .  As soon as the slab i s  placed 
and begins to  harden, drying shrinkage of the concrete 
occurs. Reinforcement in the slab and subbase f r i c -  
tion appose the shrinkage and cracks soon form. 
After about 2-4 years, the  crack spacing becomes 
constant. The purpose of the steel i s  to hold these 
random spaced transverse cracks t ight ly  together so 
that  load transfer across the crack will be obtained 
through aggregate inter1 ock. If  the steel ruptures 
or shears, load transfer across the crack i s  l o s t  
and the crack becomes a potential location for  major 
dis t ress .  When deicing s a l t s  and water i n f i l t r a t e  
through a wide crack, the reinforcing steel i s  
subjected t o  corrosion, and the effect ive diameter 
of the steel begins to decrease. When the s t resses  
due to temperature changes and loading are  greater 
than the strength o f  the s tee l ,  the reinforcing bar 
ruptures. Indicators of sheared or decreased dia- 
meter reinforcing bars are faul led and/or -- widened 
s ~ a l l e d  cracks. Some cracks may have widened sub- 
s tant ia l  ly a f t e r  steel rupture. (Note: sometimes 
the transverse cracks run diagonally across the 
pavement and intersect .  Hairline cracks that  are 
less  than 3 fee t  long are not rated. 

Severi ty Level s :  Severi t v  1 eve1 s of transverse cracking are  determined 
by crack spall ing and faul tinq. 

L - Tight (hair l ine)  cracks with no faulting, steel 
rupture, or spalling.* 

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

H - Faulting greater than 0.2 inch (5 mm), or steel 
rupture, or medium to high severity spa1 ling.* 

How t o  Measure: Faulting i s  determined by measuring elevation dif-  
ference across transverse cracks one foot from the 
slab edge. Any cracks wider than 1/8 inch ( 3  mm) 
can be assumed to have some o r  a l l  steel  ruptured. 
Thus, a l l  cracks in the inspection unit will be 
identified as L ,  M ,  or H ,  and the number of each 
recorded. Mean crack spacing can be determined 
from th is  information. Cracks having a lenqth less  
than s ix fee t  are not considered. All cracks within 
the sample unit will be sketched with severity levels 
indicated. 

*See definition provided under "Spalling." 





Figure 5.58. High Severity Transverse Crack. 

Figure 5.59. High  S e v e r i t y  Transverse Crack. 



Figure 5.60. High Severity Transverse Crack. 










