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EXECUTIVE SUMMARY 

Transverse cracking of asphalt pavements is a costly pavement 
distress occurring in states that experience cold/freezing temperatures 
during the winter months. The cracks are caused by low temperature­
i nduced tensile stresses that exceed the tensile strength of the pavement 
material. The majority of these cracks occur in the transverse direction 
relative to the pavement and with regular frequency along the roadway. 
The major obj ectives of this research included: 

determine the na ture and extent of transverse cracking in asphalt 
pavements in Oklahoma; 
conduct a field and laboratory investigation of pavement mater­
ials and highway features to de termine and eval uate the various 
factors that i nfluence transverse crac k ing ;  and 

3. review ODOT practices for dealin g with the problem of transverse 
cracking of asphalt pavements. 

The results of the res earch project confirm that transverse cracking 
of pavements is a thermally-induced problem. Based on evaluation of 
collected data, the number of cracks increased and the average spacing 
decreased as the average low monthly temperature decreased. Depressions 
associated with transverse cracks were influenced by subgrade moisture 
conditions ; specifically, as the average subgrade moisture content in­
creased, the occurrence and severity of the depressions increased. 
Transverse cracking and particularly depressed transverse crac ks appear 
to be more of a problem on fine-grained soil subgrades. Transverse 
cracking of asphalt pavements is a problem across the state of Oklahoma 
with severity of the problem varying from division to division based on 
such fa c tors as pavement age, pavement cross section, traffic, asphalt 
properties, and maintenance procedures. Al though maintenance and reme­
dial proc edures vary across the state, OOOT' s procedures are consistent 
with those reported by surrounding states. 
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CHAPTER I 

INTRODUCTION 

Background 

The performance of flexible pavements depends on a variety of 

design, construction. materials, traffic, maintenance, and climatic 

factors. Because of its diverse climatic conditei ons, Ok l ahoma flex i b le 

pavements are exposed to temperature- i nduced stress extremes which can 

resul,t in transverse cracking of the pavement structuree. 

Transverse cracking of flexible pavements i s  an  extensive and costly 

type of pavement distress in all states that exper i ence relatively cold 

temperatures dur i ng the w,i nter months. These cracks are caused by low­

temperature induced tensi le stresses that exceed the te nsi l e strength of 

the pavement mater i al s  and result in cracks or fractures. Due to the 

geometric configuration of the pavement, the principal axis of thermal 

contracti on is in the longitudinal di rection and a major portion of these 

thermal or low-temperature cracks occur transversely, typi cally with reg­

ular frequency along the roadway. 

These transverse pavement cracks are usually spaced at regular 

intervals that range from few feet to several hundred feet, depending a 

primarily on the age of the pavement and the rheoelogiecal propertie s of 

the asphalt mixtures. In some cases, these cracks are limited i n  depth, 

but others may penetrate through the total pavement structure. Cyclic 

temperature changes over a period of several years result i n  a gradual 

i ncrease in both width and depth of the crack. 

Initial ly, these cracks are not particularly harmful to the 

pavement, but poor ri d i ng quality can result as these c, ac ks becomer.

1 
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progressi vely wider and deeper. Open cracks permit the ingress of sub­

stantial quantities of urface water as well other detritus. Water. ofs. as 

cours e, can cause stripping in the asphalt-bound materials as well as 

softening of the base and/or subgrade. In extreme cases, depressions 

occur at these cracks due to subgrade softening, the application of heavy 

axle loads, and possibly pumping of fine subgrade materials. Secondary 

cracks. more or less parallel and on both sides of the primary transverse 

crack, may also occur. 

Objectives of the Research 

It is obvious that this type of progressive pavement distress can 

drastically reduce the serviceability of a highway and soon become a 

ser i ou s safety hazard for users. Solutions to the problem are undoubtedly 

related to characteristics of the subgrade soil and the pav i ng materials 

employed, the design of the flexible pavement structure, and the main­

tenance practices used. By developing a better understanding of these 

relationships, it should be possible to suggest remedial measures to 

eliminate or at least mitigate the problems associated with depressed 

transverse cracks. The maj or objectives of this research program are to: 

1. Determine the nature and extent or severity of depressed trans­

verse cracking of flexible pavements throughout the Oklahoma 

highway system; 

2. Conduct both field and laboratory investigations of paving mater­

ials and subgrade soils to characterize depression cracks at 

selected sites and ascertain un i,q ue and/or common elements that 

contribute to the occurrence and distribution of this type of 

distress; 
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Review Oklahoma Department of Transportation (OOOT) practi ce s and 

procedures pertaining to structural pavement design, design of 

surface paving mi xtures ,  construction, and roadway ma i ntenance to 

es tablish any corre l ations with the development of d ep ressi on 

cracking i n  flexi ble pavements; 

4. Based on the results of this study and evaluation , implement 

recomme ndations,  where warranted , regarding 

a .  revisions in paving materials and construction spe c i fications 

b. structural and mix des i gn procedures 

maintenance practices routine crack sealing 

remed ial measures used on depress i on cracks prior to over­

laying operations. 

3. 

c. for 

d. 



CHAPTER II 

THERMAL CRACKING OF ASPHALT PAVEMENTS: 

LITERATURE REVIEW 

Mechanisms and Manifestations 

Low temperature shrinkage crack i ng of asphalt pavements has been 

recognized as a problem since the mid-1930s. However, because of the low 

paved mileag e  with smaller traffic volumes and lighter loads, the problem 

not acu te prior to World War II. As performance requirements for 

pavement increased, the problem of low-temperature cracking started to 

become more serious. In the late 1950s and the early 1960s, a number of 

highway engineers became concerned. Several Canadian researchers conduc­

ted crack surveys to determine the extent of the problem. Concurrently, 

fie ld and laboratory research investigations were initiated by several 

state highway departments to find and eliminate the cause of the crack­
ing. In 1965, the Canadian Good Roads Association [1] recognized the 

severity of low-temperature cracking and gave it top priority for highway 

research needs. 

Kher [2] found that during the first winter transverse cracking 

begins as hair l i ne cracks which slowly widen with time. Because pave­

ments cannot contract i n the longitudinal direction, these low-tempera­

ture cracks form in the transverse direction. Hairline cracks begin as 

partial transverse cracks and extend completely across the roadway after 

subsequent winters. Hairline cracks progressively widen and eventually 

become 10 to 20 mm wide. 

Haas and Topper [3J confirm that low-temperature cracks may actually 

occur as very fine or micro-cracks during cold weather and then open up, 

4 
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becoming v isual ly apparent as warming occurs. However, they advance the 

hypothesis that thermally induced crac king occurs in two main p hase s: 

limited depth crack initiation and subsequent f ull-depth propagation 

which oc curs when air temperatures rise. These primary di s tre ss modes 

generally mani fest many types of secondary distress. Kher [21 describes 

two of these secondary distresses: 

Water and deicing sal ts infiltrate through the cracks and soften 

the base material underneath, resulting in partial loss of sup­

port. Furthermore, pumping or hydraulic pressure dislodges and 

expels aggregate and fine materia l from the cracks and subgrade, 

causing a void which results in the depressions associated with 

transverse cracking. 

2. Water entering the cracks may freeze and form an ice lense below 

the crack, thus elev at ing crack edges, lipping, or tenting. 

The primary distress that leads to transve rse cracking has little effect 

on riding quality of the pavement. The secondary distresses described, 

however, can be highly detrimental to the performance and the useful life 

of the structure. 

Haas and Hopper {3] discussed four reactions that cause transverse 

cracking: 

Simple thermal contraction of the surface. 

Base coarse restraint to contraction of the surface. 

3. Sudden warming and subsequent weakening of a highly stressed 

surface. 

4 Shrinkage crack ing of the subgrade and subsequent reflection 

through to the surface layer. 

1. 

1. 

2. 

• .  



Ande rson and Haas [4] elaborated on the fourth factor and determi ned 

that fre ezing causes shrinkage and cracking of the base or s ubbase ,  which 

is propagated through the bituminous s urface. Their study provi des a 

compilation of the factors of possible significance i n  low-temperature 

cracking { see Figure It beg i ns by di viding the pavement into compo­

n ents in which the cracking may begin: surface, base, subbase, and sub­

grade. The possible res u lts . external factors, and component factors 

that influence the extent of the rmal cracking are listed for each 

component. 

Stud i es which support the hypothes i s  that the major cause of trans­

verse cra ck ing of asphalt pavement is the bui ldup of tensile forces 

during the wi nter when the temperature drops to low levels include: Hills 

and Br ien (5), Shie lds and Anderson [61, and Monosmith et al. [7J. 

Studi es that e xplore d  the s i gnifi cance of vari able s  i n  relat i on to low 

temperature include Kari and Santu cci [8} and Bu s by and Rader [9}. 
Kari and Santucc i [8] have shown that the phenomenon of transverse 

cracking e x i sts on the basis of viscosity measurements. Their work is 

primarily re l ated to air void vari ations with depth on relatively new 

pavements. Busby and Rader ' s [9] su rvey s i n  Alberta, Canada, attempted 

to make correlations between transverse cracki ng and age , thickness , and  

foundation of the pavement. Increased cracking frequency, caused either 

by increased s t iffness of the asphalt mix or by increased ex posure to 

extreme low temperatures. were shown to i ncrease with pavement age. They 

affirm that cracking occurred because of l essened ela s tic i ty caused 

primarily by hardening of the asphalt with aging and the increased 

susceptibility of the pavement to low-temperature stres s  and cracking. 

6 
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Bituminous paving mixtures exhibit both plastic and elastic proper­

ties, depending the temperature to which the mixtures are subjectedon 

and to the viscosity of the asphalt in the mixture. Busby and Rader [9] 
determined that increase in the thickness of the asphalt concretean 

layer resulted in decrease of the low-temperature cracking frequencya 

when all other variables were the same. The cracking frequency also 

increased when the pavements were placed over clay subgrades. 

Thermal Prop ert i ,es of Asphalt Pavements 

Recent literature emphasizes the importance of considering the 

thermal properties of asphalt when studying pavement deterioration. 

Whiffen and Lister (10] reported that bituminous roads deteriorated 

markedly with the rise of temperature due to the reduction in viscosity 

of the bitumens and tars which in turn caused a reduction of the dynamic 

elastic moduli of the layer forming the road. These experiments empha­

sized the nece ss i ty of recording temperature when measuring dynamic 

stresses of deflections of loads under traffic. Kallas [llJ reported 

that the use of thicker asphalt courses in many heavy-duty highways has 

resulted i n  the need for more information on temperature ar i a t i ons inv.

pavement structures. Temperature data are necessary in studies on 

pavement deflections, stresses, and strains under moving wheel loads. 

Pavement temperature data are of interest in any study or test involving 

temperature-dependent mechanical properties of paving i, tures or pavingm x.

asphalts. 

Cold temperatures increase the stiffness of the asphalt concrete. 

This allows the pavement to offer greater resistance to loads. However, 

a pavement will not deflect as much when cold and heavy loading may cause 
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cracking in the asphalt. Conversely. high temperatures decrease the 

stiffness of the asphalt concrete, which increase s the possibility of 

densification and rutting of the pavement under heavy loads. 

Several studies suggest that thicker asphalt-treated sections are 

less effected by temperature than thinner sections. Dorman [12], Whiffen 

and Lister [ 10], and Jimeniz and Gallaway [13} indicated that the flexi­

bility of thin asphaltic concrete slabs is greater than that of thicker 

ones at higher temperatures,. In cold temperatures the flexibility of 

both thick and thin slabs is reduced. Although thick slabs retain their 

ability to resist cracking, stiffness in thin slabs leads to cracking. 

Previous Field and Laboratory Studies 

The problems of transverse cracking have been recognized since the 

late 1950s and several provinces in Canada have conducted experimental 

tests to determine the causes of and find practical solutions to the 

problem. 

One of the earliest experiments conducted at Arkona in southwas 

Ontario (14]. In 1960, pavements were laid to test the behavior of three 

different asphalts. The initial purpose of the test was not primarily to 

study transverse cracking, but to show the major differences between 

asphalts; however, a relationship between asphalt and cracki ng was found. 

The three test sections were constructed on a clay subgrade and were sim­

ilar in all respects, except for the asphalt supplier. Type A madewas 

from low-viscosity asphalt, Type B from medium-viscosity asphalt, anda a 

Type C from a high-viscosity asphalt. After eight years , Type A asphalt 

showed severe cracking, while Types B and C showed slight cracking. 
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Another i mportant e ar l y  i nvest i g at i on was a tran s verse crack study 

conducted on p aveme n t s  on three Ontar i o test road s i n  t he i r  e i g hth , 

n i nth , and tenth years I l 5 ] . The survey demonstrated a substant i a l 

i ncrease i n  the  number of tran sverse pavement crac k s  eac h  year . The 

i nv e s t i g at i on found that l ow temperatures were the p r i mary cau s e  of 

transverse pavement crack i ngr. 

I n  S a s k atchewan , three test s ect ion s were cond ucted i n  1963 o n  a 

roadway that was constructed i n  1960 [ 1 ] . The major vari  ab 1 e s  were 

asphal t source , asp h a lt grade , a nd t h i ckne s s  of the pr i me coat,. Crack 

pattern s  were recorded,. as we ll as cons i de r ab l e  i n i t i a l and p er i od i c  

mater i a l rs d at a . The p r i rnci p l e  f i nd ing was t h at the aspha l t  s ource was 

re l ated to the d egree of crack i ng .  F i gure 2 s hows that the degree of 

crack i ng was s i g n i f i cant l y  reduced w i th softer asphal ts .  I n  summary ,  a l  l 

t e s t  sect i o ns i nd i cated that aspha l ,t source and grade were two of t he 

mo s t  s i gn i f i cant var i ab l es .  

An i nv e s t i g at i on des i gned to survey ex i s t i ng paveme n t s  where con­

trast irng types of transverse crack i ng occu rred w i t h i n  l,o s e prox i m i ,ty toc.

each otherr, e ither o n  the s ame or d i fferent pav i,ng contrac t s  was con­

ducted [ 14 ] . The object i ve was t o  i de nt i fy t hose  factors wh i ch d i ffered 

between the  two pav i ng job and caused the crack i ng .  The f i e l d  samp l i ng 

for th i s  i nvest i gat i on was conducted du r i  ng two consecut i ve summersr. 

Dur i ng the f i rs t  s amp l i ng peri od , contracts were s e l ected from those 

reported by pav irng e ng i neers as exh i b i t i ng v ar i ou s  degrees of transverse 

crackri ng sever i ty .  Duri ng the second s amp l ri ng per i od,, more contract s were 

chosen to irnc l ud e pavements exh i b i t i ng l i ght crac k i ng a nd h av i ng greater 

age . A tota l of 33 contrac t s  were i nves t i g ated . 
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The f i e l d  program began by mappi ng the transve r s e  crac k s  a l ong 

s e l e cte d l engths of the contract . The se map s were ana l yzed by sort i ng 

t h e  transverse crac k s  i nto categor i e s - -mu 1t i p l fu h a lf .  and 

p art i a l l y  transverse . E x amp l e s are s h own i n  F i gure C rack i ng frequency 

d i agrams , s how i ng the quant i ty of e ac h  of these four typ e s  of transverse 

crac k i ng occurr i ng i n  consecu t i ve 500-foot l engt hs  of pavement , were then 

constructed from the crack map s . At each l ocat i on ,  an 18- i n .  squ are 

s amp l e  of t h e  asphalt concrete surfac i ng was cut from the outer whee l 

path i n  an u ncrac k ed port i on of the p avement . F i e l d mo i s ture s amp l e s  were 

then taken of the base for l ater te s t i ng .  F i na l ly , the base th i c k ne s s  was 

me as ured and s amp l e  l ocat i ons were mark ed on the crack map . 

Laboratory procedure s i nc l uded sep arat i ng the d i fferent aspha l t  l ay­

ers determi n i ng aspha l t  content , aggreg ate g radat i on ,  and bu l k  spec i f i c  

grav i ty for each l ayer . A mod i f i ed Abson procedure was u sed to extract 

the aspha l t  cement b i nder for further l aboratory t e s t i ng ,  wh i ch i nc l uded 

penetrat i o n t e st i ng ( 39 . 2 ° F ) , v i s co s i ty t e s t i ng , a nd r i ng and b a l l soft­

e n i ng te s t i ng . 

Th i e  study conc l uded t h at transverse crack i ng i s  l arge l y  a temper­

ature phenomenon . Crack i ng i s  more severe i n  areas of h i g h freez i ng 

i ndex . A s p h a lt s  of good f l ow propert i es at l ow temperatures l ead to 

pavement s wh i c h d i sp l ay fewer transverse crac k s . F i na l l y , the s t i ff ne ss 

modu l u s  of t h e  b i tumi nou s concrete at l ow wi n ter temperature s  i s  the 

major f ac tor govern i ng transverse crack i ng . 

The St. Anne Test Road has been the mos t comprehens i ve f u l l - s ca l e  

e xpe r i ment to date [ l ] .  Twenty- n i ne ,  400-foot sect i o n s  were constructed 

i n  1966 on c l ay and sand s u bgrad e s , wi th a vari ety of mater i a l s and 

structur a l  var i ab l e s  i ncorporated i nto the exper i ment . Two of the major 

fou r e ,  1 1 .  

3 .  
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v ar i  ab l es were asphal,t type and grade  . The se consi  sted of two l ow 

v i scos i ty grades ( 150/200 and 300/400 penetrat i on grade)  and two h i gh 

v i  scos i ty grades ( 1 50/200 and SC-5 )4. Performance eval u at i on cons i sted of 

per i od i c  crack surveys , cont inuou s temperature measureme nts  , and crack 

i n it i at i on and propagat i on detect i on .  F i gure 4 i s  an examp l e  of some 

crack s urvey measurements for sect i ons w i th h i gh- and l ow-v i scos i ty 

aspha l ts o n  cl ay and sand subgrades,. The effect of vary i ng aspha l t  type 

i s  notab l e ,  w i t h  the h igh v i sco s i ty asphal t ( 150/200 penetrat ion) s howi  ng 

super i o r  performance . The effect subgrade so i l  type , when  crack i ng does 

occur, i s  very not i ceab l e .  

The A l berta experiment  , al,so constructed i n  1966 , u sed t hree d i f­

ferent sources of 200/300 penetrat i on grade asphal,t i n one contract , wi th 

uni form subgrade cond i t i  ons [ l J .  E ach source represented a major supp l ,i er 

and d i  fferent v i scos i ty l evel at 140 ° F .  Data mater i al propert ies ,a on 

s tructural cap ac i ty ,  mater i a l s  var i at i on ,  crack i n i t i at i on ,  and crack i ng 

frequency were co l l ected from the test s i tes  . One major f i nd i ng thatwas 

the sect i on wi th l ow-v i scos ity asphal t  cracked ear l  i er i n  i ts serv i ce 

l i fe . Th i s  i s  cons i stent w i th f,i nd i ng s of other stud  i es and prov i,ded the 

bas i s  for rev i s i on to the Al bert a spec i f i cat i on s  for aspha l t  cement . a 

I n  a detai,l ed study of transverse crack i ng i n  Ok l ahoma aspha l t  pave­

ment  , Noure l d i n  and Manke [ 16 ,  17 1 i nv e s t i gated the nature and extent of 

trans verse crack i g  wi  th pri mary emphas i s  on the bi tumi nou s  components of 

the pavement,. The study comb i ned f i e l d  observat i ons w i th a l aboratory 

t e st i ng program centered around the tens i l e  propert ies  of the aspha l t  

concrete  . The major conc l u s i ons d e r i  ved from the study were : 

1 .  Exam i nat i on of recently deve l oped transverse cracks reveal ed 

that,, i n  mos t  c se , the cracks had or i g i nated_ at the pavement a s.
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surface . Thu s ,  the major cau se of these cracks appears to be 

the co l d-temperature contract i on of the asph al t  concrete surface 

l ayer . 

2 .  Temperatu re had a h i gh l y  s i gn i f i cant effect on the measured 

tens i l e  propert i es of t he pav i ng mi xture s . As temperature de­

creased , te ns i le strengths and fai l ure s t i ffness remarkab l y  

i ncreased and tens il e  stra i ns at fail ure decreased . Th i s  i s  

pr i mar ily a resu lt of the i ncre as e  i n  sti ffness of the asphal t  

b i nder . 

3 .  A sati sfactory corre l at i on was found between the resu l t s of the 

tens i l e- sp l i tt i ng te sts and the observed degree of crack i ng .  The 

occu rrence of transverse crack i ng was fou nd to i ncrease as fai l ­

ure stra i n decreased and fai l ure st i ff nes s i ncreased . 

4 .  A permi s s i b l e  or stand ard fa i l ure strai n can be estab l i shed for 

a p avement mi xture i n  a g i ve n  geographi c reg i on .  Such a val ue 

cou l d  be u sed i n  futu re mix des i g n  p rocedures i n  wh i ch asphal t  

v i scos i ty ,  aspha l t  content , and aggregate gradat i on are mod i f i ed 

to meet des i gn cri teri a for f a i l ure stra i n .  

5 .  The s t i ffness modu l i  of recovered asphal ts , determ i ned at the 

expected m i nimum temperature i n  central Ok l ahoma , were s i gn i f i ­

cant l y  corre l ated w i th Crack i ng I ndexes of the pavement test 

s i te s .  The s t i ffer o r  harder the aspha l t  cement i n  a pavement 

was , the greater was the degree of transverse crack i ng .  

De s i gn Procedures to Mi n i mi ze Therma l Crack i ng 

The need for l ow-temperature mod if i cat i on s  to pavement des i gns i n  

some reg i on s  was recogn i zed over 30 years ago . S i nce that t i me ,  var i ou s  

f 
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agen c i  es and i nd i v i du a l s have d evoted cons i derab l e  res earch e ffort to 

so l ut i ons for the prob l em .  These i nvest i gat i ons  , both f i eld- and l abor­

atory-or i ented,, l ed to establ  i sh i ng des i gn concepts for control l i ng or 

e l i minat i ng l ow-temperature crack i,ng . Hajek a nd Haas [ 18 1 i ncl ude such 

concepts a s  sett i ng 1 i mi t i ng penetrat i on and vi scos i ty requ i rements on 

the aspha l t  cement s ,. l i m i t i ng the strai,n or s t i  ffness of the asphal t con­

crete,. and ca l cu l at i ng the fracture temperature . Most agree that asp hal,t 

source and grade are two i mportant vari  abl es  . Furthermore , crack i ng 

cou l d  be e l imi nated or s i gn i f i cantly  reduced by a l ter i ng l eve l ,s of these 

var i abl e s  . 

Haas et a l . [ 1 ]  descr i be a des i gn and treatment approach that u s e s  

i ndex propert i es of the aspha l t  and/or the asphal  t m i x t hat have been 

subject i ve ly corre l ated to mi n i m i ze f i e.l d  crack i ng f requency. The des i gn 

approach,, F i gure 5 ,  beg i ns by sett i ng the v i  scos i ty and penetrat i onsee 

spec i f i cat i ons s o  t hat certa i n  aspha l  t s  are e l  i m i  nated  , part i cu l arly hard 

grade aspha l t s .  Next , l i m i t i ng sti ffness o r  stra i  n i s  set for the par­a 

t i cu l ,ar des i gn app l  i cat i on and the aspha l t i s  compared to these l i mi ts .  

Fi nal4l y ,  a probabl e fracture temperature i s  ca l cu l ated for the mi x under 

con s i derat i on and compared w i th the expected l ow temperature . 

Us i ng th i s  des i gn approach , the cracking frequency and dens i ty are 

shown to i cre as e wi th decreas i ng fai l ure stra i n  and i ncre s i ng f a i  l u re n a.

stre s s  and s t i ffnes s .  F i na l,ly , l ow v i scos i ty asphal t  cement exh i b i ts the 

greate s t  change i n  m i x  dens i ,ty ,  fai  l u re stre s s  and stra i n ,  st i ffness,, and 

crack i ng frequency .  These f i nd i ng s  enab l e  a des i gn pred i cti on tocan 

determi ne if a mi x wi l l  crack by compar i ng strai n s ,, stre sses  , and s t i  ff­

nes ses from u ncracked and cracked sect i ons  . The greater the sti,ffness 

modu l u s ,  the greater the therma l s t re s s  deve l oped i n  the pavement by 
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temp erature  . Therefore , the mi xture s hou l d  be d e s i g ned and asphal t  grade 

sel e cted to have a h i gh modu l u s  of rupture to ensu re adequate tens i ,l e  

stre ngth ,  but a l ow s t i  ffness modu l us so that the mi  xture w i ,l l  be f l e x i ­

b l e rather than st i ff br i tt l e .  or 

Pre s e nt method s of d e s i g n i ng asphal  t pav i ng mi  xture s  requ i re mi,n i mum 

stab i l i ty at e l  evated temperature  , f l ow between cert a i n  l imi t s ,  spec i ­an 

f i ed rang e s  of a i r  vo i d s ,  and vo i d s  i n  mi,neral aggregate . I n  add i ti on ,  

the aggreg ate mu st mee t  certa i n  grad i ng requ i rements and tests for we ar 

and soundnes s .  Bu s by and Rader [ 9 1  contend that the aspha l t  cement wi th 

the l owe s t v i  sco s i ty meet i ng h i gh temperature stab i l i  ty requ i,rements 

shou l d  be  u sed,. F i gure 6 shows m i n i mum temperatures for e ach grade of 

aspha l t .  I f  h i gh temperature stab i  li ty requ i rements cannot be met , a 

l e ss des i rab l e  asphal  t wi,l l  have to be sel ected and some crack i ng shou l d  

be expected . 

Thi c k ne s s  o f  the aspha l t  concrete a l so appears to have some effect 

on l ow-temperature transverse crack i ng .  Burgess  , Kopv i ll em ,  and Young 
(19 I conc l uded that i ncreas i ng the asphalt thi ckne s s  appe ar s to reduce 

the crac k i  ng frequency . However , they po i nt out t hat i f  a mi x i s  suscep­

t i b l e  to crack i ng ,  the pavement wi l l  crack regard l e s s  of thi ckness . 

Ma i,ntenance Measures to M i n i mize 

Effects of Thermal Crack i ng 

Once t hermal c rack i ng has occurred,, i t  becomes nece s sary to mi nimize 

the adverse effects of the crack propagat i on or  i n  cases where the crack­

i ng has become s evere , restore the ri de qua l i ty of the damaged pavement . 

Essent i a l ,l y  the opt ions ava i l ab l e  for prevent i ve mai ntenance/surface 

restorat i on i nc l ude : 



w 
0: 30 � u.. � o  
w 

� �  
� 5 - 20 
z z 
(.!) 0 
(/) (..) w �  0 <( - 1 0 
� :r: :::> a.. 
� �  z 

20  

� 0 0 50 1 00 1 50 200 

ORIGINAL PENETRATION OF ASPHALT CEMENT 

AT 77 °F 

F i g u re 6 .  M i n i mum De s i g n Tempe ra t u re s  fo r 
V a r io u s  A s p h a l t G ra de s [ 9] 

� 

-



1. Fog s e a l i ng 

2 .  Crack f i l l i ng 

3 .  Crack repa i r ,  i nc l ud i ng rout i ng and m i l l i ng 

4 .  Patch i ng ,  i nc l ud i ng m i l l i ng and u s e  of pav i ng fabr i c s  

5 .  Over l ay s , i nc l ud i ng u se of pav i ng fabr i c s . 

2 1  

A l l o f  these opt i on s  tend to be s i te-spec i f i c  and l abor- i ntens i ve ,  there­

fore expe ns i ve .  The degree of succes s for u s e  of these opt i ons has been 

somewhat vari ab 1 e and 1 i m i  ted effort has been expended to thoroug h l y  

e v a l uate t h e  reasons f o r  t he var i a b i l i ty .  

A cooperat i ve ana l ys i s  by teams of eng i neers from Iowa , Kansas , 

Nebra s k a , North Dakota , and Ok l ahoma [ 20 ]  suggested that s i mp l e  ma i nte n­

ance may be the k ey to reduc i ng t h e  sever i ty of transverse cracks . Sev­

eral methods were d i scus sed and determi ned to be benef i c i a l or adverse . 

The f i rst of these was fog seal i ng the pavement . A ll  teams conc l uded 

that u s i ng th i s  as part of the i r  rout i ne ma i ntenance procedure retarded 

the deve l opment of crac k s  and was cost effect i ve .  They recomme nded that 

l arger tran s verse crac k s  be f il l ed w i t h  s ome type of b itumi nou s crack 

f i l l er .  Crack f i l l i ng mater i a l s i nc l uded cut back s ,  emu l s i on s , emu l s i on 

s l urry . aspha l t cements , and rubbe r i zed aspha l t s . I t  was a l so reported 

that sea l i ng crac k s  w i t h  ru bberi zed aspha l t b l e nded i n  the f i e l d  prov i ded 

exce l l ent resu l ts .  It was agreed that aspha l t  cement s , cut back s ,  and 

emu l s i ons do not seal  the  wi der crac k s  but do prov i de a f i ll er ,  t h u s  

reduc i ng the amou nt of water t hat can i nf i l trate the base and weaken t h e  

road s tructure . The procedure for restor i ng the r i d i ng qua l ity of t h e  

road w i t h  depre ssed transverse crac k s  was the same i n  most of the state s . 

N arrow cracks  were f i l l ed w i t h  a s l urry or b i tumi nou s mi x after wh i ch the 

d epre s s i on i s  l eve l ed u s i ng a co l d  mi x or s l urry . 

a 
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Many conc l  u s io n s  may be made about remed i al treatments of aspha l t  

pavement s with transverse crack i ng .  A 1 though there are no treatments 

cu rrent l y  av a i l ab l e wh i c h wi l l  comp l ete l y  e l  i mi nate transverse crack 

ref l ect  i on- -part i cu l ar l y  i f  t h e  crack i s  temperature-re l ated--t here are 

some treatments that effect  i ve l y  h i nder the i r  deve l opment  . 



CHAPTER I I I  

F I E LD ANO LABORATORY I NVEST I GAT I ON 

F i e l d  I nvest i g at i on 

The f i e l d i nvest i gat i on was d i v i ded i nto three phase s - - Phases I .  I I .  

and I II - -corre s pond ing to t hree s i te v i s i t s .  Study s i t e s  were s e l ected 

f rom l oc at i on s  recommended by Ok l ahoma Department of Transportat i on 

( OOOT } D i v i s i on Mai ntenance pers onne l . Duri ng Phase s ever a l  mi l es of 

roadway were i nventor i ed with reg ard to numbe r of crack s ,  l oc at i on of 

crack s , and whether the crac k s were depre s sed or nondepre s sed . Ph ase I I 

efforts i nvo l ved col l ect i on of var i ou s crack d i mens i on and pavement cro s s  

sect i on feature data.  Duri ng P h ase I I I ,  pavement core s amp l e s  and sub­

grade s o i l s amp l es we re co l l ected for l ater test i ng .  The l ocat i ons of 

the 26 s i te s  u sed i n  t he study are s hown i n  F i gure 

P hase I S i te V i s i t  

The i n i t i a l s i te v i s i t  cons i s ted of choo s i ng a two-m i l e  sect i on of 

pavement whi c h represented typ i cal  transverse crack i ng of the pavement . A 

reference po i nt such as a m i l e  marker or i ntersect i on was e stab l i s hed , 

and a crack su rvey was mad e of a two-mi l e  sect i o n . The survey i nc l uded 

l ocat i on of e ach crack u s i ng a survey i ng whee l and as sessment of the type 

crac k , d epre s s ed or nondepre s sed . The data co l l ected from the 

i n i t i a l s i te v i s i t  were u s ed to l ocate the transvers e  crac k s  on a p l an 

and prof i l e  s heet of the t e s t  se ct i on . A 1000-ft sec t i on was then 

se l ected accord i ng to the frequency and d i str i but i on o f  crac k s  and the 

prof i l e  of the h i ghway sect i on .  

2 3  

I ,  

7 .  

of i . e . , 
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Phase I I  S i te V i s i t  

Typ i ca l  depres sed and nondepre s sed crack s were p l ot ted for the 1000-

ft sect i on l ocated i n  Phase I of the pro j ect . as s hown i n  F i gure 8 .  The 

transverse h i g hway p rof i l e  at two typ i ca l  crac k s  was su rv eyed ,  see F i gure 

9 ) . At the two se l ected typ i ca l  crac k s , detai l ed s u rvey s of the  crac k s  

and depre s s i o ns were made . The stand ard for l ocat i on of the transverse 

su rvey po i nt s  are s hown i n  F i gure 10 . The crack depth , crack wi d t h , 

d e pre s s i on w i dth , and depres s i on depth we re measu red for t h e  depre s sed 

crack at each sect i on .  Crack w i d t h  and depth were measured for the 

nond e p re s s ed crack . Th i s  was done by u s i ng a f l at met a l  stra i g ht edge 

p l aced on the pavement surf ace perpend i cu l ar to the  crac k . Typ i ca l  

resu l t s of the d e t a i l ed crack survey are s hown i n  F i gure 1 1 .  Photographs 

were taken to show t h e  severi ty and extent of the crack i ng .  

P h as e  I I I  S i te V i s i t  

Pavement core s and s o il s amp l e s were taken u s i ng an ODOT Research 

D i v i s i on dr i l l i ng r i g .  A 6 . 0- i n . d i ameter core barre l was u sed to obta i n  

s amp l e s  f rom the center of the trave l l ane and whe e l  path at the typ i ca l  

depres sed and nondepre s s ed crack s  s e l ected i n  Phase I I  of t h e  f i e l d  work . 

After cor i ng ,  each spec i me n  was i mmed i ate l y  wrapped i n  an appropr i at e l y  

mar k ed p l ast i c  bag for transport to t h e  l aboratory . Soil s amp l es were 

then t a k e n  at depths of to  1 . 0 ,  to 2 . 0 ,  2 . 5  to 3 . 0 .  3 . 5  to 4 . 0 ,  

and 4 . 5  t o  5 . 0  ft . i n  one ho l e .  S he l by tube s amp l e s were attempted i n  

the other ho l e  at s i tes w i t h  more cohe s i ve s o i  l s ,  but w i th l i m i ted suc­

ces s .  At s i tes wh i ch cou l d  not be She l by tube s amp l ed ,  a s o i l samp l e  was 

augered from a depth of 0 . 5  to 3 . 5  ft i n  the ho l e  i n  the second ho l e .  

0 . 5  1 . 5  
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Laboratory I nves t i g at i on 

So i l samp l es taken ad j ace nt to depres sed and nondepre s sed cracks  at 

depth s ra ng i ng from 0 . 5  to 5 ft i n  0 . 5 - ft i nc reme n t s  were t e s ted for nat­

ura l water content and percent m i nu s  U . S .  No . 200 s i eve . Atterberg L i m i t s 

( Li qu id L i m i t ,  P l ast i c  L i m i t )  were determ i ned for the f i ne-gra i ned so i l 

samp l es .  
The aspha l t concrete core s taken adjacent to depre s sed and nonde­

pre s s ed crack s were tested i n  sect i ons . The core s were cut i nto s egments 

corre spond i ng to the pavement l ayers s u rface , base , subbase ) .  Bu l k  

spec i f i c  grav i ty and a mod i f i ed R i ce ' s  spec i f i c  grav i ty test , AASHTO T 

209-82 , were u sed to determ i ne the max i mum spec i f i c grav i ty of the spec­

i me ns . Percent vo i d s  were c a l cu l ated from the bu l k  spec i f i c  grav i ty of 

each compacted spec i me n  and max i mum spec i f i c  grav i ty of the pav i ng m i x ­

ture u s i ng the fol l owi ng equat i on :  

Pe rcent A i r Vo i d s = 100 ( Bu l k  Spec i f i c  Grav i ty ) J  
Max i mum Spec i f i c  Grav i ty 

Tens i l e  propert i es of se l ected s p ec i mens were e v a l uated u s i ng the i nd i ­

rect t e ns i l e  test as descri bed i n  AASHTO T 283-85 . 

{ l  

( i . e .  , 

-



CHAPTER I V  

RESU LTS 

I ntroduct i on 

The re s u l t s f i e l d  and l aboratory i nvest i gat i ons  were comp i l ed and 

eva l u ated u s i ng a s i mp l y  l i near regre s s i on mode l conta i ned i n the stat i s ­

t i ca l  ana l y s i s  program , SYSTAT . The computer program was used to deter­

mi ne if any two var i ab l e s were re l ated . rat her tha n  deve l op i ng l i near 

reg res s i on equat i ons to p red ict re sponses . The corre l at ion coeff i c i ent 

1 1 r 1 1  
was u s ed as a measure of the dependence of one var i ab l e  on another . 

There are severa l i mportant propert i e s  of that shou l d  be noted 

before u s i ng SYSTAT . F i rst , the va l ue of " r "  does not depend on wh i ch of 

t h e  two v ar i ab l es u nder study i s  l abe l ed X and The v a l ue of 11 r 11 i s  

i ndependent o f  the u n it s  u sed t o  quant i fy X and Y .  The val ue of 11 r 11 i s  

a l way s  l e s s  than or equ a l  to and greater than or equ a l  to F i na l l y ,  

the va l u e of 11 r 11  may be e qu a l  to 1 if and onl y  if a l l ( X ; , Y ; } pa i rs l i e 

on a stra i g ht l i ne wi th a pos i t i ve s l ope ; and r may be equ a l  to - 1  i f  and 

onl y  if a ll  ( X ; , Y ; ) pairs l i e on a stra i ght l i ne with negat i ve s l ope . 

Accord i ng to t h i s property , the l arge st pos it i ve and l argest negat i ve 

corre l at i ons are ach i eved on l y  when a l l po int s l i e o n  s tra i g ht l i ne .  

Any other conf i gu rat i o n  of po i nt s  w i  11 y i e l d  an 11 r 11 va l ue l es s  t h an 1 i n 

abso l u te magni tude . Thu s , measures the degree of l i near i ty of the 

re l at i o n s h i p  between var i ab l e s .  F i gure 1 2  i l l u s trates s e ve ra l conf i gur­

at i ons of po i nt s a s soc i ated with d if f e rent v a l ues 11 r 1 1  [ 2 1 ] . 

3 1  
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Resu l ts of F i e l d  and laboratory I nve s t i gat i ons 

A l l d a t a  co l l ected dur i ng t h e  f i e l d  i nvest i gat i on s i te v i s i t s  were 

e it her p l otted o n p l an and prof il e  sheets or o n  typ i ca l  data pre senta­

t i on s , as shown i n  F i gure 8 ,  9 .  and 1 1 . Becau s e  of the l arge numbe r of 
f i gures re su l t i ng from 26 f i e l d  study s it e s , it was dec i ded to comb i ne 

and present t h e  d ata i n  tabu l ar form .  Genera l s ite and c l i mate data , 

i nc l ud i ng average d a i l y  traff i c , pavement age , pavement t h ic k ne s s , and 

annua l  and mont h l y  temperature and ra i nf a l l v a l ues  are presented i n  Tab l e 

1 .  The tot a l  number of crack s ,  number of depressed and nondepre ssed 

crack s ,  and the average spac i ng for each group i s  s hown i n  Tab l e  2 .  

Further categor i zat i on of the number and average s p ac i ng of tota l , de­

pres sed , and nondepre s sed crac k s  was done on t h e  bas i s  of cut , f i l l ,  and 

at-grade port i on s  o f  the 1000-ft l ong f i e l d  study s i t e s . The res u l t s  are 

pre s ented i n  Tab l e  3 .  Average e nd ( cros s  sect i on )  areas at transverse 

sect i on s  and a verage crack vo l ume we re ca l cu l ated for depres sed and non­

depres sed crack s ,  and are presented i n  Tab l es 4 and 5 ,  respect i ve ly .  The 

resu l t s of l aboratory tests o n  aspha l t  concrete core s a nd subgrade s o i l 

s amp l es are presented Tab l es 6 and respect i ve l y .  

S t at i st i cal  Compari sons 

To eva l uate the factors that i nf l uence the occu rrence and d i s t r i bu­

t i on of transverse crack s i n  aspha l t  pavements u s i ng s t at i s t i c a l  method s , 

i t  i s  nece s s ary t o  e s t ab l i s h s ome parameter ( s )  as dependent var i ab l e s and 

compare them to the  rema i n i ng parameters ( i. e . , i ndependent var i ab l e s ) . 
Crack I ndexes were s e l ected as dependent vari ab l e s .  and the f i e l d  and 

l aboratory d ata summar i z ed i n  Tab l es 1 throu gh 7 were s e l e cted as 

i nde pendent v ari ab l es .  Convent i onal  Crack I ndexes , such as number of 

i n  7 ,  



TABLE 1 

GENERAL S I TE ANO C L I MATE DATA 

O r i g i na l  Ave rage Average 
Average Pave- Pa veme n t  Ave rage H i gh Low Average Ave rage 

D a i l y  me nt Th i c k ne s s  A n nual Mon th l y  Mo nth l y  Annual  Month l y  
S it e  Tra ff i c  Age pn . }  Temp . Temp . Temp . Ra i n fa l l Ra n fa 11 

No . ( 1 987 ) { Years ) �urf ace �ase ( 1986-89 ) ( 1 986-89 ) ( 1 986-89 ) ( 1986-89 ) { 1 986-89 ) 

1 - 1  8500 16 2 . 0  6 60 . 9  83 . 7  37 . 9  40 . 8  8 . 2  
1 -2 4 7 0 0  1 9  3 . 5 1 6  6 2 . 9 8 4 . 4 39 . 0  42 . 0  8 . 2  
1-3 1 300 1 4  4 . 0  8 60 . 9  82 . 5  3 6 . 7  45 . 2  8 . 3  
2 - 1  2900 16 4 . 0  8 6 3 . 8  84 . 8  4 1. 0 43 . 2  7 . 3 
2-2 4400 1 6  4 . 0  8 6 3 . 8  84 . 8 4 1 . 0  43 . 2  
2 - 3  900 1 1  6 . 0  6 63 . 8  84 . 8  4 1. 0  4 3 . 2 7 . 3 
2 - 5  4400 20 4 . 5  7 62 . 4  8 1 . 5  37 . 9  38 . 8  7 . 2 
3 - 1  1 40 0 0  27  4 . 5 8 59 . 2  8 1. 6  35 . 9  4 2 . 6  7 . 8 
3-3 2700 16 4 . 0  8 62 . 7  84 . 9  37 . 9  45 . 7  8 . 1  

1 5500 1 5  4 . 5  8 57 . 2  8 2 . 2  33 . 4  36 . 4  7 . 2 
4-2 3900 1 5  4 . 5  8 6 1. l  83 . 3  35 . 9  37 . 6  8 . 2  
4-3  1 3 50 2 1  2 . 0 1 0  6 1. 0  82 . 5  35 . l  43 . l  6 . 9  4-4 3 10 0  1 9  4 . 5  8 60 . 8  83 . l  32 . 8  40 . 8  9 . 2  
5 - 1  2600 3 7  0 . 5  8 60 . 4  8 2 . 8  34 . 6  29 . 4  7 . 1  
5 -2 10000 20 4 . 5  9 60 . 3  8 1. l  34 . 6  32 . 8  8 . 5  
5 -3 9500 1 5  4 . 5  8 60 . 3  8 1. l 3 4 . 6  29 . 8  8 . 2  
5-4 2200 11 5 .0 7 6 1 . 3  8 3 . 5  35 . 9  28 . 7  7 . 9 
6 - 2  2400 38 a a 6 1. 2  83 . 8  3 3 . 5 34 . l  7 . 8 
6�3 1800 53 1. 5  6 59 . 2  80 . 3  34 . 2  1 6 . l  4 . 9  6 -4 4300 46 1. 5  8 58 . 9  80 . 1  32 . 0  14 . 3  3 . 9  
7 - 2  3800 2 3  4 . 5  8 6 1. 9  83 . 9  3 7 . 5 44 . 7  10 . 4  
7 - 3 2900 56 1. 5 5 6 1 .  7 8 4 . 2 3 7 . 0  4 1. 2  1 1. 3  
7 -4 6400 23 4 . 5  8 61. 7 84 . 2  36 . 4  28 . 7  
7 - 5 4500 20 4 . 5  8 6 1. 6  8 4 . 8  37 . 1  28 . 7  8 
8-1  1 00 1 2  3 . 0  6 6 1. 5  8 1. 9  38 . 9  3 1. 4  7 . 2 
8 - 3  4800 18 4 . 5 8 6 1. 2  84 . 3  3 5 .  7 41 . 9  7 . 6  w 

.p. 

aoa ta not ava i l ab l e .  

_ _  _ _  

i 
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TAB LE 2 

CRACK TYPE . NUMBE R  OF CRACKS , AND AVERAGE 
CRACK SPAC I NG AT F I E LD STUDY S I TES 

OeQres sed Crac k s  NondeQres sed Crack s Tota l  Cracks 
Average Average Average 

S ite Spac i ng Spacing Spac i ng 
No . Number ( ft )  Number { ft ) Number (ft )  

1 - 1 6 1 49 . 7 b b 6 1 49 . 7  - -

1-2 10 94 . 4  27 36 . 2  37 27 . 4  
1 - 3  4 29 1 . 3  5 130 . 6  9 97 . l  
2- 1 4 236 . 7  20 43 . 9  24 40 . 6  
2-2 5 189a.8 10 88 .9  15  61. 1 
2-3 a 32 3 1. 7 32 3 1 . 7  
2- 5 3 142 . 5  19 52 . 6  2 2  46 . 2  
3 - 1  14  65 . 5  1 2  84 . l  26  37 . 0  
3- 3 1 3  69 . 0  1 7  63 . 5  30 31. 7 
4- 1 5 1 64 . 5  4 1 32 . 0  9 128 . 6  
4-2 9 11 0 . 0  4 274 . 5  13 79 . 8  
4- 3 8 103 . 3  3 387 . 5  11 93 . 9  
4-4 10 84 . 2  5 90 . 2  1 5  72 . 0  
5- 1 6 1::ca 1 2 84 . 4  18 54 . 6  
5-2 1 5 208 . 2  6 166 . 6  
5- 3 6 l��c2 5 1 55.5 1 1  92 . 1 
5-4 1 1 6 46 . 1  1 7  46 . l 
6- 2 9 120 . l  12  79 . 6  2 1  47 . 9  
6-3 2 3  39 . 7  7 58 . 7  30 25 . 7  
6-4 27  3sc2 4 144 . 0  3 1  33 . 0  
7 - 2  1 2 222 . 0  3 11 1 . 0  
7-3  4 2:�c3 10 7 4 . 5 14  73 . 8  
7-4 1 6 1 35 . 8  140 . 5 
7 - 5  2 423 . 0  1 3  75 . 3  1 5  70 . l  
8-1 5 207 . 2  1 5  6 5 . 3  20 50 . 6  
8-3 2 469 . 0  6 1 37 . 8  8 126 . 8  

aNo depressed cracks at s i te .  
bNo nondepres sed crack s at s i te .  
c l nsuff i c i ent number of cracks to c a l cu l ate . 

--

--

7 

· 
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Nl.M)fR ANO AVERAGf SPA.C i te  Of Ol PRUSHl AN() NONDf.PRE SSH> CRACXS 
I N  CUT • f lt.I. , AN[) Al --ORAOl PORTI ONS Of F I HO S IT E  

Cnu::k s  I n  Cut Por t  I on 
Deeressed Nondeeressed Tota l Deer es 

Length Average Average Average length 
S i te of Cut Spac i ng Spac i ng Spac i ng of f 1 11 

No .  ff f) Number (f t)  Number ( H  l N1.1111ber ( f t )  ( ft )  Number 

1 - l 1000 6 1 49 . 7  0 6 149 . 7 0 0 

l -2 0 0 0 0 7 1 0  1 

1 -3 0 0 0 0 t OOO 4 

2- 1 200 0 0 0 760 3 

2-2 0 0 0 0 1 000 5 

2-3 1 90  0 6 40 . 3  6 40 . 3  6 1 0  0 

2-5 0 0 0 0 1 000 3 

3 - l 735 1 1  53 . 6  ll 80 . 1  n 32 . 9  265 3 

3-3 :no 3 79 . 7  6 42 . 3  9 .n . 9  670 lO 

4- 1 800 5 no . 5  2 1 56 .0 7 1 09 .  1 200 0 

4 -2 5 1 0  3 96 . 7  3 465 . 0  6 1 23 . 2  490 6 

4 - 3  5 70 6 64 . 2  7 89 . 5  430 2 

4 - 4  450 1 68 . 5  0 1 68 . 5  550 3 

5 - 1 455 8 50 . 7  9 42 . 0  545 5 

5-2 1 50 0 850 

5 - 3  0 0 0 0 1000 6 

5-4 380 0 B 49 . 6  8 49 . 6  620 

6-2 500 6 98 . 2  1 0  49 . 2  1 6  29 . 6  500 

6-3 0 0 0 0 750 20 

6-4 1 000 27 35 . 3  4 144 .0 3 1 :n . o  0 0 

1 -2 320 0 0 0 680 

7 - 3 2 1 0  2 70 . 0  790 3 

0 0 0 0 1 000 

7-5 1 000 2 423 . 0  l 3  75 . 3  1 5  70 . 0 0 

8- 1 470 2 1 33 . 0  5 67 . 8  1 53 . 2  5 30 3 

8-3 330 0 3 9 1 , 5  3 9 1 . 5 6 10  2 

7 -4 

I 

3 
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1 . 3  

9 . 8  

3 . 0  

. 1. 4  

53 . 5  

I nCr111ck !> f l  1 1  Por t  l on  Cr ock. to on At -Gr ode Por t i on  
Nori0e2n:iue<1 Oeeressed Nc>n<Jeeressf!d Tota l lengt h  Tot a .l 

Average Average Average· •ge Average Average of At -
: i, Spac,i ng Spac,i ng Grade Spac,i ngng Spac i ng Spac i ng

Humber ( ft ) (f t)1 n  NU111ber ( ft )  (f t)  ( ft )  Number ( f 1)  Nµmber Humber 

0 0 0 0 0 0 

:? . 5  20 31 . 6  27 26 . 1 m 3 56 . 7  7 38 . 8  1 0  22 . l 

5 1 30 . 6  9 !H . 1  0 0 0 0 

40 9 06 . 7 20 43 . 3  23 44 . 6  

2 . 5  

1 0  6 1 . 1 0 0 0 088 . 9  1 5  

1 9  3 1. 5  1 9  3 l. 5  200 0 7 25 . 4  7 25 . 4  

1 9  52 . 7  22 46 . 2  0 0 0 0 

4 57 , 7  0 0 0 0 

1 29 . 6  0 0 0 01 3 1 .. 7 21  

2 l 17 . 0 2 l 1 7 . 0 0 0 0 0 

� . 8  7 79 . 8  0 0 0 0 

l8 , 0  2 42 . 0  4 68 . 7  0 0 0 0 

>8 . 5  5 90 . 3  6 63 . 4  0 0 0 0 

0 015 . 0  4 1 4 3 . 3  9 65 . 4  0 0 

4 1 94 . 3  5 1 45 . 8 0 0 0 0 

14 . 2  5 1 55 . 5  t1 92 . l 0 0 0 0 

9 :n . 6  0 0 0 08 37 . 6  

1 7  . o  1 08 . 5  0 0 0 02 329 . 0  5 

�8 . 0  

5 7 .. 0  

6 1. 0  

69 . 0  

12 32 22 . 6  250 3 28 . 5  0 3 26 . 5  

0 0 0 0 0 0 

2 1 1 1 . 0222 . 0  3 0 0 0 0 

0 0 0 09 65 . 9  1 2  58 . 4  

6 1 35 . 8  7 1 40 . 5  0 0 0 0 

0 0 0 0 0 0 

1 0 0 0 0 05 1 . 2 n 40 . 4  

1 50 . 0  3 200 . 5  5 60 0 0 0 

https://Crock.to
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TABL E 4 

AVE RAGE ENO AREA AT TRANSVE RSE SECT I ONS AND AV E RAGE 
C RACK VOLUME FOR TY P I C AL DE P RE SSED C RACK 

( I NCLUDES C RACK ANO D E P RE S S I ON )  

A v e rage 

I n . 2  
Vol ume o f  

S i te Ave ra e C ros s-Se ct i onal  Area of C rack  at  Se c t i on C rac� 
No . ( I n .  ) 

1 - 1  3 . 4  6 . 2  5 . 4  8 . 4  7 . 1  6 . 3  5 . 5  1 8 2 . 6  
1 -2 a o . o 2 . 2  0 . 1  o . o 0 . 9 0 . 3  1 6 . 2  
1 - 3 8 . 0  10 . 2  6 . 4  9 . 5  1 9 . 3  3 . 3  3 . 3  2 59 . 7  

1. 4 7 . 3 5 . 8 3 . 3  3 . 8  4 . 7  0 . 2  130 . 2  
2 - 2 �:�b �:�b ::�b :::b :::b :::b �:�b 7 : :�b 2 - 3  
2 - 5  0 . 1  0 . 1 0 . 1 0 . 1 0 . 1  0 . 1  0 . 6  2 . 9  
3 - 1  a 4 . 1  1. 6 2 . 5  8 . 1  1. 3 93 . 3 
3 -3 0 . 7 4 . 1 2 . 1  0 . 6  2 . 9  4 . 2  0 . 6 77 . 5  
4- 1 7 . 8 7 . 0 7 . 4  1 2 . 5  1 3 . 6  1 0 . l  6 . 9  278 . 5  
4 - 2  1. 6 1 0 . 7  5 . 9  5 . 5  8 . 0  9 . 4  3 . 0  2 1 3 . 6  
4-3 1. 4 7 . 8 9 . 2  1 3 . 7  1 0 . 4  8 . 5  13 . 0  270 . 0  
4 - 4  o . o  1 1. 0  7 . 5  3 . 8  6 . 2  6 . 9  6 . 9  201. 4 
5-1  0 . 1  2 . 2  3 . 4  2 . 1  6 . 2 11 . 4  a 97 . 4  
5 - 2  0 . 2  1 . 9  1. 2 0 . 4  0 . 7  o . o  0 . 4  2 1. 9  
5-3 o . o  2 . 0  2 . 2  o . o  8 . 3  6 . 1  96 . 8  
5 - 4  a 1. 6  1. 1  0 . 2  0 . 1  0 . 1  a 1 1. 2  
6 - 2  a 0 . 8  1. 0  o . o 0 . 5  0 . 9  a 11 . 6 
6 - 3  a :::b 1. 5 0 . 1  1. 3 o . o  a 2 5 . 5  
6-4 a 0 . 1  3 . 3 4 . 8  5 . 6  o . o 65 . 6  
7 -2 11 . 2  :::b :::b 1 3 . 9 8 . 6  8 . 2  1 2 . 6  304 . 9  
7 -3 8 . 9  6 . 6  6 . 1  7 . 2  3 . 4 1 44 . 7  
7 - 4 a o . o  o . o  0 . 8  0 . 8  1. 3  a 10 .  l 

2 . 2  1. 2 o . o 1. 3 2 . 7  3 . 5  0 . 7  53 . 5  
8 - 1  o . o  3 . 1  7 . 5  6 . 2  5 . 0  4 . 9 0 . 8  1 2 5 . 8  
8-3 2 . 2  3 . 3  1. 2 4 . 6  6 . 2  3 . 3  0 . 8  9 5 . 7  

a se c t i on l not w i th i n  roadway b e c a u se of  narrow or nonex i s t e n t  s h o u l der . 

b r n s u ff i c i ent  data . 

_ _ _  

_ _ _  

_ _ _  

_ _ _  _ _ _  

___  _ _ _  

_ _ _  _ _ _  

_ _ _  

_ _ _  - - -

2 - 1  

3 . 0  

0 . 2  

7 - 5  
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TABL E  5 

AVE RAGE ENO AREA AT TRANSVE RSE SECTI ONS 
ANO AV E RAGE CRACK VOLUME F O R  

TYP I CAL NONOEPRE SSEO CRACK 

A v e ra ge 

I n . 2  
V o l ume of 

S ite Crac� 
No . ( I n .  ) 

1 - 1  b b b b b b b b 
1 -2 0 . 2  o . o  0 . 2  0 . 1  b 0 . 1 0 . 4 3 . 5  
1 - 3 2 . 1  4 . 8  0 . 8  0 . 8  4 . 6 3 . 9  3 . 9 96 . 7  
2 - 1  0 . 8  0 . 1  0 0 . 1  0 . 2  0 . 2 0 . 4  7 . 0 
2 -2 a 0 . 5  0 . 4  0 . 8  0 . 1  0 . 2  0 . 5  1 2 . 1  
2 - 3  o . o  o . o  o . o  0 o . o o . o  o . o  0 . 5  

2 - 5 0 . 2  0 . 3  o . o  0 . 2  o . o  o . o  0 . 3  4 . 2  
3-1  0 . 3  o . o  o . o  o . o  0 . 3  0 . 5  o . o  5 . 6  
3 -3 �::b �:�b �::b ::�b �::b :::b �::b :::5 4-1  
4 - 2  6 . 0  0 . 3  0 . 3  1. 4 0 . 1  0 . 1  2 . 8  3 5 . 5  
4-3 3 . 3  0 . 3  0 . 2  0 . 7  0 . 1  0 . 1  0 . 7 18 . 2  
4 - 4  0 . 5  o . o  0 . 7  2 . 4  0 . 3  3 . 8 2 . 0  42 . 7  
5-1 0 . 7  o . o  o . o 0 . 4  0 . 1  o . o  0 . 4  5 . 9  
5 - 2  0 . 1 0 . 2  o . o  o . o  0 . 1  0 . 1  0 . 1  3 . 2  

0 . 1  o . o o . o o . o  o . o  0 . 2  2 . 4 
5-4  a 0 . 4  0 . 2  0 . 2  0 . 1  0 . 2  a 7 . 4 
6-2  o . o  o . o o . o  o . o  o . o  a 0 . 3  
6-3 a o . o  �:�b o . o  �:5 o . o  a 0 . 5 
6-4 a 0 . 1  o . o  0 . 1  0 . 2  1. 5 
7 -2 0 . 1  o . o  o . o  0 . 1  0 . 1  o . o  0 . 3  2 . 4  
7 - 3  2 . 5  o . o o . o  2 . 5  o . o  0 . 2  0 . 4  17 . 7 
7 - 4 a 0 . 2  o . o  0 . 1  o . o  o . o  a 2 . 8  
7 - 5  2 . 0  o . o  o . o  0 . 1  0 . 1  o . o  0 . 6  9 . 2  
8 - 1  o . o  0 . 4  3 . 5 2 . 1  0 . 3  1. 5 2 . 4  43 . 1  
8-3 0 . 6  0 . 1  o . o  o . o  o . o  o . o o . o 2 . 9 

a se c t i on 1 not w i th i n  roa dway be c a u s e  of n a r row or n o nex i s t e n t  shou l der . 
b r n s u f f i c i e n t  dat a .  

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

_ _ _  

_ _ _  

_ _ _  _ _ _  

_ _ _  

_ _ _  _ _ _  

_ _ _  

_ _ _  _ _ _  

_ _ _  

. 1  

. 1  

5-3 0 . 1  

_ _ _  a 



TABL E 6 

RESULTS OF LABORATORY TESTS ON AS PHAL T  CONCRETE CORES 

S i te o f  

No . 

2-2 
2-2 
2-3 

2- 5  

3-3 
3 -3 

4-2 

4 - 4  

5 -2 
5-2 

5 -3 

5 -4 

6-2 

6 -2 

6-3 

6-4 

6-4 

7-3 

7 - 5  

8- 1 

8-3 

D 

ND 

D 

ND 

D 

ND 

0 

NO 

D 

ND 

D 

ND 

D 

ND 

D 

ND 

NO 

D 

ND 

D 

NO 

D 

ND 

D 

ND 

D 

ND 

D 

ND 

NO 

D 

ND 

0 

ND 

D 

D 

ND 

D 

ND 

Bu l k  
Spec i f i c Grav i ty 

Sur f ace Base 

2 . 24 
a 

2 . 22 
1 8  

2 . 26 

2 . 30 

2 . 25 

1 . 86 

2 . 43 

2 . 4 3  
2 . 23 

2 . 23 

2 . 36 

2 . 1 9 

2 . 23 

a 

2 . 30 
2 . 39 
2 . 3 5 

2 . 32 

2 . 34 

2 . 30 

2 . 38 
2 . 42 

2 . 22 

2 . 26 
a 

2 . 04 

1. 9 3 

79 

1. 87 
1 . 86 

1. 9 1  

. 94 

1 . 98 

c 

c 

c 
c 

l. 98 
c 

2 . 03 
a 

a 
b 

1 . 97 

1. 87 
1 . 9 1  

1. 86 

1 . 90 
1. 90 

a
Good qua cores not ab l e . 

bsamp l e 

Ma x i mum 

Spec i f i c  Gr av i ty Vo i ds 
Sur f ace Base ace Base 

2 . 4 3 
a 

2 . 46 

2 . 44 
2 . 59 

2 . 4 5 

2 . 02 

2 . 42 

2 . 53 
2 . 50 

2 . 59 
2 . 58 

2 . 5 4 

2 . 5 5 

2 . 46 

2 . 50 

2 . 50 

2 . 5 1 

2 . 48 
2 . 46 
2 . 45 

2 . 4 3 

a 

2 . 50 

2 . 46 

2 . 45 

2 . 48 

2 . 48 

2 . 46 

2 . 46 

2 . 48 

2 . 4 8  
2 . 56 
2 . 56 

2 . 47 
2 . 5 3  

a 

2 . 45 

2 . 42 
2 . 43 
2 . 44 

2 . 46 
2 . 45 

2 . 46 

2 . 4 3 

2 . 4 3 
2 . 48 

2 . 45 

2 . 45 

2 . 44 

2 . 43 
c 

2 . 48 
c 
c 

2 . 4 3 

c 

2 . 36 
a 
a 

2 . 44 

2 . 4 3 

2 . 46 

2 . 56 

2 . 4 4 

7 , 8 

11 . 2 

1 3 . 9 

3 . 7  

7 . 8  
8 . 7  

1 4 , 8 

24 . 4 

6 . 6 

6 . 4  
6 . 0 
5 . 2  

9 . 0  

a 
6 . 8  

6 . 5  

6 . 5  
8 . 5  

4 . 0  

1 0 . 1 

22 . 4  

26 . 3  

23 . 8  
23 . 9  
20 . 2  

1 6 . 7 

b 
b 
c 

9 . 8  

c 

b 
b 

1 6 . 1 

1 4 . 0 

a 
b 

1 8 . 9  

2 1. 

9 . 0  

23 . 8  

1 0 . 9  

2 1 . 8  

22 . 1  

Ten s i l e 
Stren�th 
S u r f ace Base 

1 85 .  1 
2 1 2 . 9  

1 46 . 9  
1 57 . 5  
20 1 . 5 

1 29 . 0  

b 

1 08 . 4  

1 49 . 9  

1 42 . 3  

1 00 . 0  

1 00 . 

1 64 . 9  
1 25 . 2  

97 . 9  

1 04 . 9  

85 . 9  
1 05 . 0  

9 1. 1 

99 . 3  

1 29 . 3  
62 . 3  

5 8 . 5  

1 09 . 3  
1 08 . 0  

1 1 1. 9  

1 1 3 . 5 

1 20 . 7 

1 47 . 5  
1 47 . 9  

1 5 3 . 6  

1 65 . 7  

1 94 . 8 
1 82 . 1  

1 89 . 3  

76 . 5  
1 20 . 0  

a 

7 
73 . 6  
58 . 5  

59 . 9 
1 02 . 5  

b 
74 . 0  

90 . 2  
269 . 5  

5 2 . 3  
52 . 1 

5 5 . 3  

78 . 8 

86 . 4  

92 . 4 

c 

9 1. 0  

1 70 . 5  

1 52 . 6  
b 

7 1. 1 

46 . 0  

5 9 . 6  
85 . 4  
46 . 3  

4 4 , 6  

46 . 0  
66 . 3  

92 . 5  

84 . 6  

1 34 . 2  
1 35 . 8  

b 

1 67 . 2  

7 1.  7 
68 . 7  

3 9  

_ _  _ _  _ _  _ _  

_ _  _ _  

_ _  _

_ _  

_ _  

_ _  _ _  

_ _  _ _  

_ _  

_ _  

_ _  

_ _  _ _  

_ _  _ _  __ _ _  

_ _  _ _  

_ _  

_ _  __ 

Sp l i t 

1 - 1  

2 . 4 4 

1 -3 2 . 4 4 

5 . 8  

1 70 . 0  

3- l 

8 . 5  1 47 . 5  

5 . 8 

1 79 . 1 

2 , 47 7 

1 43 . 7  

79 . 4  

1 22 . 6  

2 . 37 

2 . 35 
1 1 . 0 

20 . 5  

5 . 2  23 . 7  

7 

5 . 3  

6 . 9  

7 . 4  8-3 

cBase mater i a l  nnT � �mn•f � rl 

( ps i  ) 
Type 

Percen t  
Cra c k  Sur f 

D 2 . 26 2 . 4 1  6 . 2  

1 -2 1 0 . 7
_ _1 -2 a a 

_ _bl -3 2 . 46 9 . 8  1 6 . 4  

1 1  . 4 1 5 . 2 1 1 5 .  2 . 2 . 07 
2- 1  9 . 8  1 7 5 . 0  1 . 97 7 . 4
2- 1 1 8 . 61 . 97 

1 . 97 2 . 43 1 46 . 5  2 . 29 1 8 . 9 
1 62 . 5  2 . 1 1  

_ _b 
20 . 9  

2 . 2 1  l . 9 1 
2-5 D 2 . 2 1  9 . 87 , 42 . 43 

2 . 442 . 3 5  2 . 25 
2 . 28 1 .  
2 . 26 

c c3- 1 2 . 45c _ 

2 . 3 1  2 . 4 7 24 . 3  
2 . 1 3 2 . 44 

4 - 1 2 . 5 1 2 . 46 
4 - 1 2 . 27 1 8 .  1 

D 2 . 02 6 . 2  1 8 . 5  
2 . 42 4-2 2 . 04 6 . 2

4-3 1 9 . 2 2 . 36 7 .  1 
4 - 3 2 . 4 7 1 0 1 . 71 9 . 41 . 99 

_ _b 
4 . 7  

4 -4 76 . 5  9 . 3
b _ _2 . 45 9 . 0  

2 . 5 1 5 . 6 8 4 . 3  5 - 1  D 
c2 . 37 

2 . 37 2 . 49 4 , 8c _ c _ _ 
_

- 1 ND5.
2 . 24 2 . 5 12 . 36 

_ _  _ _  _ _ND 79 . 5  2 . 34 
_ _  _ _  

c 
_ _D 90 . 7 2 . 35 

_ _  _ _  c
2 . 50 

c5-3 
2 . 43 6 . 0 b 1 27 . 4  

b 5 . 25 -4 

2 . 36 
_ _ c 

2 . 1 96-3 9 . 9
a_ _ a _ _  _ _a a 

D 

2 . 40 2 . 33 
1 , 94 6 . 57-2 

7-2 

2 . 4 5 7 -3 
2 . 44 

2 . 4  

1 24 . 4  
1 5 1 . 2 2 . 34 2 . 1 4  1 3 . 0 4 . 97 -4

7 1 3 . 02 .  1 4  2 . 47-4 ND 2 . 46 
2 . 33 7-5 

ND 2 . 27 
c 

1 69 .  1 

D 2 . 3 1  2 . 48 8- 1 c __ c 
2 . 48 2 . 2 1  
2 . 43 5 . 5  

2 . 44 2 . 37 

I i ty a v a i I 

1 40 .  1 

not i n tact . 

47 . 2  

28 . 5 

5 3 . 6  

5 4 . 8 

25 . 8  
1 67 . 5  



TABLE 

OF LABORATORY TE STS ON SUBGRADE SAMPL ES 

Type 
S i te 

Crack 

D 
D 

ND 
D 
ND 
D 
ND 
D 
ND 
NO 

2-5 D 
ND 
D 
ND 
0 
ND 
D 

NO 
4-2 D 

NO 
4-3 D 
4- 3 NO 

D 
4-4 ND 

D 
ND 

5 -2 
ND 
D 
ND 
D 
ND 

6-2 D 
6-2 ND 

D 
6-3 
6-4 D 
6-4 NO 
7 -2 D 

ND 
D 
NO 
D 
NO 

7- 5  D 
ND 
D 
ND 

8-3 ND 

Percent l i qu i d  
Content 

( % )  

1 6 . 5  

a 

1 1. 2  

7 . 8  

1 4 . 0  

1 4 . 5  

13 . 8  

1 3 . 2 

1 1. 2  

No . 200 

40 . 0  
a 

3 l. 7 

42 . 2  

29 . 4  

50 . 4  

4 1 . 5 

66 . 3  
69 . 4 

63 . 7  

59 . 7  

80 . 5  

25 . 9  
2 1. 5  
33 . 1 
26 . 0  
58 . 0  
5 4 . 4 

68 . 2  

46 . 2  

77 

6 5 . l  

62 . 2  

(%) 

0 

a 

0 
0 
0 

30 . 6  
25 . 2  

0 

29 , 
28 . 0 

32 . 6 
3 1 . 4 

25 . 0  

22 . 0  

20 . 7  

2 1. 

22 . 2  
23 . 3  

3 1. 4  
22 . 8  

0 
32 . 9  

3 1.  7 

0 
0 

0 
24 . 5  

0 

0 
34 . 0  
4 1. 0  
27 . 5  
2 7  

0 

38 . 9  
0 

0 

Li m i t 
(%) 

0 

0 
0 
0 
0 

20 . 0  
0 

1 7 . 0  

1 6 . 5 

1 6 . 0  
0 

20 . 9  
1 6 , 0  

20 . 4  
1 4 . 5  

0 
0 
0 
0 

1 1. 4  

0 
0 

23 . 5  

0 

0 

3So i samp l es 

AASHTO 
P l ast i c  

C l ass . 

NP A3 
NP A2 

a a 
NP A3 
NP A l  

NP A2 
NP A2 

1 3 . 0  A6 
5 . 2 A4 
NP A2 

1 1 . 9 A4 

1 0 . 6 A6 
A6 
A6 

9 . 5  A6 
5 . 5 A6 

A2 
A6 

NP A2 
A6 

7 A4 
6 . 6  A4 
NP A2 

1 0 . 5  A4 
A6 

NP A3 
A6 
A6 

1 7 . 4 A6 
A6 

NP A2 
NP A l  
NP A2 
NP A2 

1 1. 9  A6 
9 . 9  A6 

1 0 . 8  A6 

A6 
NP A l  
NP A l  

A6 
A 7  
A6 

1 2 . 0  A6 
A6 

NP A3 
A6 

1 2 . 9  A6 

NP A3 
NP 

4 0  

_ _  _ _  _ _  

76 . 7  

37 . 9  

1 74 . 8  

7 5 . 2  

3 . 4  3 4 . 9  
4 5 . 2  4 - 1  

39 . l 
7 . 3  4 -2 

65 . 3  

1 5 . 3  

5 - 1  

5-3 

5 - 4  

5-4 

6-3 

5 7 . 7  

5 7 . 8  

20 . 5  
1 5 . 5  6 5 . 4  

1 5 , 9  

1 9 . 5  79 . 8  

84 . 3  

I not taken . 

NP--Non p l as t i c .  

7 

RESULTS SO I L  

Natur a .l 
Water P l a st.i c  

M i  n u sof  l i m i t  So i. l 
No . I n dex 

1 - 1 85 . 9  
1 0 . 7  1 - 1 0 0 

1 -2 a 
1 -3 1 8 .  1 

1 -3 23 . 4  

1 4 . 12- 1 
2- 1 1 5 . 9  0 

1 7 . 6  2-2 1 7 . 0  
1 4 . 7  36 . 5  2-2 

2-3 
1 7 . 2
1 7 . 4 2-5 1 4 . 0 

3- 1  
7 5 . l 

1 6 . 5  1 6 . 1 

1 3 .  1 80 . 1 3- 1 1 4 . 4  
4 1  . 1  3-3 1 5 . 5 

1 1 . 9 3-3
4 - 1 1 7 . 3  

7 5 . 7
0 

1 3 . 1
1 2 .  1 

1 0 . 4  

1 6 . 71 2 . 8  24 . 0  

1 5 . 0 1 5 .  1 . 1  
6 5  . 3  1 6 . 71 5 . 7  

04 -4 0 
1 2 . 0  

6 . 8  

1 8 . 8  05 - 1  
1 7 . 2 D 1 6 . 3 79 . 7 1 5 . 7  
1 3 . 433  . 8  1 6 . 95-2 

1 2 . 2  4 5 . 5  
1 4 . 3  64 . 8  37 . 4  1 7 . 8 1 9 . 6  5-3 

8 . 3  

6 . 9  
05 . 5  

6 . 5  
8 . 5  1 2 . 6  

3 . 38 . 3  23 . 2  1ND 
22 . 2  1 4 . 8 

1 2 . 0  1 1 . 1 23 . 11 3 . 6 
1 0 . 4 2 1  . 9  

7 . 2  
1 7 . 7  1 8 . 5  
1 4 . 8 1 7 , 5  

1 1 , 67 -4 1 5 . 3  

7 -4 6 4 . 6  

33

.

. 5 

1 1 5 . 1 
1 4 . 0 1 9 . 6  

7-5 22 . 9  . 1  
8- 1 1 9 . 2  35 . 1  2 1 . 5  1 3 . 6  

22 . 0  26 . 08- 1 90 . 1  
D 1 5 . 0 8-3 

1 5 . 6 0 A3 

7 -2 

7-3 
7 -3 
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transverse crac k s  per 1000 we re u s ed a s we l l  as  some v ar i at i on s to 

try to re pre s e nt bot h the number of crac k s  and the se ver i ty of the crack . 

For e x amp l e ,  the number of transve rse crack s t i me s  the cro s s  sect i on a l 

( average end } area at pavement cente r l i ne of t h e  typ i c a l  crack at 

each f i e l d  s it e  was one vari at i on u sed i n  the corre l at i on s t u dy . The 

fo l l ow i ng i s  a l i st of the dependent v ar i ab l es that gave 1 1 weak 11 or better 

corre l at i ons wi th the  f i e l d  and l aboratory dat a :  

Number of fu l l  trans verse cracks  per 1000 ft 

2 .  Average trans verse crac k  spac i ng over a 1000-ft sect i on 

3 .  Number of fu l l  transverse c racks t i me s  the average e nd area at 

pavement center l i ne of typ i c a l crac k s  

4 .  Average t rans ve r s e crack s p ac i ng t i me s  the average e nd area 

( i n . 2 ) at p a v eme nt center l i ne of typ i ca l  crack s .  

Other v ar i at i ons were t r i ed , but they gave no me as u ra b l e corre l at i on 

w i t h  t h e  f i e l d  and l abortatory data  so they were not i nc l uded . The 

re s u lt s of t h e  s t at i s t i ca l  compar i sons that y i e l ded mathemat i cally and 

l og i cal l y  s i g n i f i cant corre l at i on s  0 . 4 ) wi l l  be  d i scu s sed i n 

the fo l l ow i ng sect i ons based on the v ar i ou s  dependent var i ab l e s sel ected . 

Number of Crac k s  Per 1000 Feet 

The stat i s t i c a l  eva l u at i on i nd i cated that t he number of crack s  per 

1000 ft corre l ated (0 . 4  < r 0 . 7 }  w i t h  c l i mat i c  factors such as  average 

h i g h mont h l y  temperatu re ( AHMT ) , average l ow month l y temperature ( A LMT ) , 

and average mont h l y  ra i nfa ll . The corre l at i on w it h  ALMT was obv i ou s l y  

not u nexpected , s i nce transverse crack i ng of asphal t pavement s i s  a 

therma l prob l em ,  the fact that as the ALMT decreased the number of crac k s 

i ncrea s ed was not supri s i ng .  I n  other word s , the co l der the temperature 
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the more t he aspha l t pavement crack s .  The corre l at i on w i t h  AHMT i nd i cated 

that as the AHMT i ncreased , the number of crack s per 1 000 ft i ncreased . 

Th i s  mos t  l i k e ly ref l ec t s  the fat i gue effect of t h e  expan s i o n/contract i on 

cyc l e s i nduced by the temperature extreme s . I n  other words , the  greater 

the t emperature range f rom l ow to hi g h , the greater the expans i on/con­

tract i on deformat i on cyc l e  ( i . e . , more deformat i on ) t he greate r  the 

crack i ng .  

The corre l at i on wit h  average month l y  rai nfall ( AMR ) i nd i cated t hat 

as ra i nfa l l i ncreased , t he number of crac k s  i ncreased . Th i s  mo st l i k e l y 

ref l ect s  the mo i s tu re degradat i on i nf l uence an t h e aspha l t  concrete and 

the worsen i ng of t h e  crac k i ng as water enters t h e  transverse crack and 

stri p s  the aspha l t  ad j ace nt to t h e  crack and softens the subgrade s o i l .  

Average Crack Spac i ng 

The s t at i s t i c a l  eva l u at i on i nd i cated that t h e  average crack spac i ng 

corre l ated ( 0 . 4  < 0 . 5 ) w i t h  the average natu r a l  water content of the 

upper 2 ft  of the su bgrade and the max i mum spec i f i c  g rav ity of the sur­

face course mater i al . However , bat h  corre l at i ons were contrary ta what 

was expected or i nd i cated i n  the l i terature . Far examp l e ,  the average 

crack s pa c i ng i ncreased ( i . e . , fewer crac k s  i n  1000-ft sect i on ) as t h e  

average natura l water content i ncre a s ed . I t  i s  genera l l y  accepted that 

the wett i ng of the subgrade from wate r  mov i ng through the transverse 

crack resu lt s  i n  the notab l e  depre s s io n  wh i ch character i st i c  of the 

"mature" transverse crack . Based on th i s fact , i t  i s  a l so a genera l ly 

accepted fact t h at softer subgrades w i l l  resu l t  i n  more c rack i ng rather 

than l es s . The corre l at i on between average crack spac i ng and max i mum 

spec i f i c  grav i ty i s  a l so contrary to expectat i on s . The corre l at i on s hows 
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an i ncreas i ng average crack s p ac i ng ( i . e . , fewer crac k s )  w i th i ncre as i ng 

max i mum spec i f i c  g r av i ty .  The maximum spec i f i c grav i ty d ef i ne s the den­

s i ty of t h e  aspha l t  m i x and the g reater the d e ns i ty t h e  s t i ffer the m i x  
w i l l  b e  and , genera l l y  speak i ng ,  t h e  more crac k i ng l ower average 

crack spac i ng ) .  There was no obv i ou s  i nd i c at i on of the reason for t h e s e  

contrary corre l at i on s . 

Number of Crac k s  Per 1000 Feet T i me s  Average 

End Area at Paveme nt Center l i ne 

The s t at i st i ca l  e v a l u at i on i nd i cated t hat the number of crac k s  t i me s  

average e nd area corre l ated ( 0 . 42 r 0 . 53 )  w i t h  max i mum spec i f i c  grav­

i ty of the  base cou rse and the average p l ast i c  l i m i t of the upper port i on 

of the su bgrade . The corre l at i o n  w i t h  the max i mum spec i f i c  grav i ty of the 

base co u rse conf irms and s u pports the genera ll y  accepted trend of i n­
creased crac k i ng wi th i ncre ased dens i ty and s t i ffnes s of the aspha l t  m i x .  

The corre l at i on w i t h  one of the measures of p l as t i c i ty of so i l s  conf i rms 

the accepted trend that transverse crack i ng ,  part i cu l ar l y  depres sed 

tra ns ve rse crack i ng and sever i ty of d amage , i s  more s i gn i f i cant i n  pave­
ment s founded on  cohe s i ve subgrades . Th i s  due to the " softeni ng "  of 

cohe s i ve subgrades a s water moves through the cracks i nto the su bgrade . 

Average Crack Spaci ng T i me s  Average 
End Area at Pavement Center l i ne 

A s  w i th the prev i ou s  d i scu s s i on o n  average crack spac i ng ,  the 

average crack spac i ng t i me s  average end area corre l ated ( r  = 0 . 45)  wi th 

max i mum spec i f i c  grav i ty of the base course , but i n  a fash i on contrary to 

expectat i ons . The ave r age crack spac i ng t i me s  average end area i ncreased 
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a s  t he max i mum spec i f i c  grav i ty of the base cou rse i ncreased ,  i nd i cat i ng 

fewer and l e s s  s evere crack s as the dens i ty and s t if f ne s s  i ncreased . 

wh i ch does not f o l l ow conf i rmed behav i or . 

Re s u l t s  of D i v i s i on Off i ce V i s i t s 

The f i na l  port i on of the e v a 1 u at i on of depressed transverse crac k s  

i n  Ok l ahoma aspha l t  paveme n t s  i nvo l ved a rev i ew of ODOT procedures for 

con s t ruct i on and ma i ntenance of aspha l t pavement s . To comp l ete th i s  

rev i ew 9  v i s i t s were schedu l ed w i t h  cons truct i on and ma i ntenance personne l 

i n  a l l e i ght d i v i s i on off ice s . One member of the OSU research project 
s t aff and at l ea s t  one repre s e ntat i ve from the ODOT Research D i v i s i on 

trave l ed to e ach d i v i s i on off i ce .  Spec i f i c  top i cs of d i scu s s i on i nc l uded : 

Occurrence/extent of d epre s sed ( o r  nondepre s sed ) transverse 

crack i ng prob l em w i t h i n  t h e  d i v i s i on .  

Extent that OOOT materi a l  o r  construct i o n spec i f i cat i ons and/or 

construct i on p rocedures i nf l uence the depre s s ed/nondepres sed 

transverse crack i ng prob l em .  

Loc a l  expe r i ence or pract i ce w i th regard to e ar l y  detect i on of 

transverse crack i ng prob 1 em and ma i ntenance and remed i a 1 pro­

ced u re s  for dea l i ng w i t h  depre s s ed/nondepres sed transverse 

crack s .  

The d i scu s s i on s  were l i m i t ed to sma ll grou p s  and the exch ange of 

i nformat i on was very good . Summar i es of the d i s c u s s i ons w i th each d i v i ­

s i on off i ce are presented i n  t he Append i x  to t h i s  report . The fo l l ow i ng 

sect i ons pre s e nt the major f i nd i ng s  from the v i s it s  accord i ng to the 

d i scu s s i on top i cs l i s ted . 
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Occurrence/Extent of Trans verse  Crack i ng Prob l em 

The extent of the transve rse  crack i ng prob l em v ar i e s  from d i v i s i on 

to d i v i s i on w i t h  the  l owe s t  occu rrence o f  transverse crack s Divi s i on 1 
( i . e .  moderate prob l em ) . Ser i o u s t ransverse crack i ng prob l ems were noted 

D i v i s ions 3 ,  s .  6 ,  and I n  ot her word s , trans verse crack i ng i s  a 

prob l em that ex i st s  statew i d e  w i th vary i ng degrees of ser i ou s ne s s . 

Depre s s ed tran sverse crack i ng i s  p rob l em that a l s o  var i e s  across  the 

state . E s se nt i a l l y  all d i v i s i on s  reported some depre s s i ons or fau l t i ng 

assoc i ated w i t h  the transverse crack i ng .  The ext e nt of the occu rrence of 

depre s s i on s appears to be re l ated to how act i ve and effect i ve ma i ntenance 

programs are i n  reduc i ng the i ng re s s i o n of water i nto the  subgrad e . 

Other factor s  which i nfl u ence the occurrence/extent of trans verse 

crack i ng i nc l ude pavement age , pavement cro s s  sect i on ,  su bgrade type , and 

traff i c .  Asph l t  paveme n t s  between 1 5  and 20 years o l d  seem to ex h i b i t a 

g re ate r amount of transverse crac k i ng . Th i s  i s  the resu l t  of the c hange 

i n  aspha l t  propert i es that occu rred i n  the e ar l y to m i d- 1970s becau se of 
the e nergy cr i s i s .  Ref i n i ng proce s s e s  changed s o  that more petrol eum 

products  cou l d  be obta i ned , at the co s t  of the propert i e s  of the a s pha l t 

be i ng produced . 

B a s e  course mater i a l s  cons i st i ng of s o i l aspha l t  and to degree hot 

s and aspha l t genera l l y  r e s u l t  i n  more transverse crack s .  Both mater i a l s 

have e s s e nt i a ll y  been e l i m i nated from rou t i ne u s e . A l though several 

d i v i s i ons  ref l ected a n  i nf l uence of su bgrade s o i l type on tra n s verse 

crack i ng ,  t h e  resu l t s were i nconc l u s i v e . For examp l e ,  one d i v i s i on 

be l i e ved that f i ne-gr a i ned so i l s  posed more of a prob l em wh i l e  another 

b l amed sandy s u bg rade s . The actua l  occurrence of transverse crack s i s  

sure l y  re l ated to the subgrade , but more than l i k e l y  the subgrade i nf l u -

i n  

i n  7 .  

a 

a 



46 

ence i s ref l ected the cond i t i on of the subgrade rather than the so i l 

typ e . For examp l e .  t h e  r i g i d i ty of t h e  subgrade s o i l as ref l ected i n  the 
d e ns i ty of the so i l  i s  probab ly  a greater i nf l ue nce than so i l  type . 

Th e occurrence o f  depre s s  i ons or fau l t i ng i s more re l ated to s o il 

type s i nee f i ne-gra i ne d  so i1 s are more 1 i k e 1  y to soften than coarse­

gra i ned soil s . The obv i ou s  ; nfl u e nce of traff i c  i s  s u pported by the 

d i v i s io n  off i ce d i s cu s s i on s ; that the more traff i c  and the heav i er 
t h e  traff i c ,  t he more t ransverse crac k i ng and more depre s s i ons or 

f au l t i ng .  

Spec i f i cat i ons/Mat e r i a l s I nf l u e nce 

The major conc l u s i on from th i s  d i scu s s i on top i c was that a s p h a l t  

propert i e s c hanged i n  t h e  e ar l y  to m i d - 19 70s . The aspha l t was more 

britt l e ,  l e s s  11 st i cky , and appeared to be more temperature-dependent. 

Recent ly . d i fferent add i t i v e s  pol ymers ) have been mi xed w i t h  

aspha l t s  to reduce t h e  effect s brought on by the ref i ni ng process . 
Coar se graded aspha l t  m i xes  des i g ned to reduce t h e  r u tt i ng prob l em pos e  

more of a t ran s verse crack i ng prob l em and reduced " waterproof i ng "  effect, 

both of wh i ch resu lt i n  faster pavement degradat i on .  Omi tt i ng soi 1 

a s p h a lt  bases and use of greater t h i ckne s s  of fu ll -depth aspha l t  have 

both he l ped redu ce the trans verse crack i ng prob l em .  

Ma i ntenance/Remed i a l Procedure s 

The g en e ra l ph i l o sophy of OOOT d i v i s i on off i ces w i t h regard to 

ma i ntenance p rocedures and po l i c i es ,  with a few except i ons , i s  to react 

to prob l ems as they occu r rather than t ry to prevent the p rob l em .  Th i s  
ph il osophy works we ll w i t h i n  t h e  manpowe r , money , and t i me const ra i nts  
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p l aced d i v i s i on ma i ntenance personne l ; however , i t  a l l ows some prob­

l ems to de v e l op to detr i ment a l  extents before act i on i s taken . I n  cases 
where prevent i ve ma i nte nance proced u r e s  are u sed , the ext ent of the 

tra n s v e r s e  crack i ng prob l em i s  great l y  reduced . For examp l e ,  D i v i s i ons 

1 ,  and 5 rou t i ne l y  u s e  fog seal i ng as a way to s e a l  surf ace crack i ng 

and waterproof the su rface , t h u s  reduc i ng t he harmfu l effects of mo i s ture 

on the aspha l t  m i x .  

D i v i s ions 1 and both report m i n i ma l  transverse crac k i ng prob l ems 

wh il e  D i v i s i on 5 report s ser i ou s  prob l ems . ( Note : D i v i s i on 5 doe s  not 

rou t i ne l y u s e  fog s e a l i ng o ver the roadway ; rather i t  u s e s  i t  more f re­

quent l y  on the s hou 1 de rs . )  Pre ve nt i ve ma i nt e nance i n  the form of crack 

s ea l i ng e ar l y  t he deve l opment of the transverse crack i s  reported by 

a ll  d i v i s i on s . Early d e tect i on of transverse crack s i s  d if f i cu l t  and 

there i s  no u n i form procedure i n  wh i ch some form o f  roadway cond i t i on 

rev i ew i s  made . Most of t h e  ear l y  detect i on d o ne by a l ert ma i ntenance 

pers onne l wi t h  expe r i e nce i n  recog n i z i ng the prob l em .  

Succes sfu l remed i a l ma i ntenance procedures  for re s tori ng r i de qu a l ­

i ty g e ne ra l l y  f a l l  i nto one of the fo l l ow i ng categor i e s : 

1. Crack f i ll i ng/se a li ng wi th  asph a lt ( l i qu i d ,  emu l s io n , cutback , 

rubbe r ,  po l ymer-heated ) and s and , screen i ng s , or c h i p s . The 
crac k s  are genera l ly  a l ways c l eaned , u s i ng a i r  pres sure , but the 

u s e  of rou t i ng or m i l l i ng v ar i e s from d i v i s i o n to d i v i s i on . 

Seal  coat or ch i p  or armor coat fol l owi ng crack fi l l i ng/ 
s e a l i ng .  Th i s  i s  done w i th or wi thout pav i ng fabr i cs . 

Ove r l ay fo l l ow i ng l eve l i ng course and/or crack f i l l i ng/seal i ng .  

Th i s  i s  genera l l y done us i ng pav i ng fabr i c ove r the o l d  pavement 

surface . A v ar i at i on of t h i s procedure i s  mi crosurfac i ng .  u s i ng 
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a po l ymer-treated aspha l t  and screen i g s s l urry to f i  l l  depre s ­n 

s i on s  and prov i de a new we ar i  ng su rface,. 

A vari ety of crack f il l i ,ng product and crack restorat i on methods 

have been tr i ed but w it h  l i mi ,t ed success . For examp l e ,  some of the 

vari ous crack f i l l i ng product s i nc l ude cement/sand grout , f ly a s h  s l u rry , 

hot mi x ,  f i ber re i nforced aspha l t ,  none of wh i ch performed we l l .  M i 1 1 i ng 
and rep l acement of the asp ha l ,t concrete i n  tre nches a s  wi de as 28 i nches 

d i d  not prove to be succe s sfu l .  



CHAPTER  V 

CONCLUS IONS AND RE COMMEN DAT I ONS 

Conc l u s i on s  

T h e  major conc l u s ions that can be drawn from t h e  study may be 

s ummar i zed as fo l l ows : 

1 .  Exam i nat i on of t h e  l i  terature and eva l  uat i on of trans vers e 

crac k s  at t h e  26 f i e l d  test s.i te s conf i rm that , i n  most casese. 

t ra n s ve rse crac k s  or i g i nate at the pavement surfac e  and extend 

down i nto and/or through the pavement . The pr i mary c au se of 

transverse crac k i ng i s  t herma l - i nduced stres s cau s i ng contrac­

t i on of the aspha l et concrete surface l ayer . Average l ow t empea­

ture was fou nd to have a s i gn i f i cant effect on transverse crack ­

i ng .  The number of crack s i ncre as ed and average spac i ng between 

the cracks decreased w i t h  decreas i ng average temperatu re  . 

2 .  Transverse crack depre s s i ons or fau l ts cau s ed by an the i n­are 

gre s s i on of water through the crac k s  i n  the pavement to the sub­

grade s o i l,s . Th i s  au se s softe n i ng of the subgrade s o i ,l andc.

subsequent depre s s i on or f au l t i ng adjacent to the crack . Add i ­

t io na ll y ,  pump i ng of f i nes from the base and su bgrade through 
the crac k s  cont r i bu t es to the l os s  of support . 

3 .  The p l eas t i c  l i m i t of the f i ne-grai ned so i l s  corre l ated w i t h  

crack i ndexes s u c h  as number o f  crack s per 1000 ft . Th i s  i nd i ­

cate s  that pavement s over l y i eng f i ne-grai ned so i,l pose a greater s 

r i s k of transverse crack i ng . 

4 .  Trans verse crack i ng ,  whether depre s sed or nondepre s s ed , i s  a 

statewi  de prob l em w it h  the extent of the prob l em v ary i eng with 
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s u c h  f actors as paveme n t  age , pavement cros s s e ct i on ,  t raff i c .  

and asph a l t propert i e s .  

There a gene r a l  con s e n s u s  that aspha l t  propert i e s  c hanged for 

the wor s e  i n  the e a r l y  1970s . Spec i f i ca l l y , the aspha l t was more 

br i tt l e  and l ess 11 s t i c ky . The change i n  propert i es genera ll y  

re s u l ted i n  aspha l t  concrete pavements that were more su scep­

t i b l e  to therma l i nduced property chang e s . 

6 .  OOOT mai ntenance / remed i a l proced ure s  are cons i stent wi th those 

reported by other s tates and p rov i de reasonab l e  contro l of the 

transverse crac k i ng prob l em .  L i m i ted prevent i ve ma i nte nance 

procedures  are taken to reduce the potent i a l ad verse effect o f  

trans v e r s e  crack i ng . 

Recommend at i ons 

The fo l l owi ng recomme ndat i ons are cons i d e red pert i nent to the 

r e s u l t s of th i s  r e s e arch i nvest i g at i o n :  

Furthe r comprehe n s i ve t e s t i ng of c rack ed and u ncracked pavemen t  

sect i on s  s hou l d  be u ndertaken to deve l op a better under s tand i ng 

of actu a l  therma l effects on stre s s , s t ra i n ,  and st i ffness  

v a l u e s . Aspha l t  chem i s t ry s hou l d  a l so be con s i dered i n  t h e  

ev a l u at i on .  

2 . Cu rrent aspha l t  spec i f i cat i o n s  are pr i mar i l y  concerned wi t h 

rheo l og i ca l  p ropert i es at h i gh and moderate temp e ratu res ( pene­

trat i on at v i scos i ty at 140 ° F  and 27 5 ° F , and soften i ng 

po i nt ) . Some con s i stency mea s u rement . such as v i scos ity , at 

l ower temperatures s hou l d  be con s i d ered i n  future spec i f i ca­

t i on s . 
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3 .  OOOT s hou l d  cont  i nue w i t h  i t s  p l ans to u se re s i  l i e nt propert i es 
( i . e . 4, Res i ,l,i ent Modu l u s }  to des i gn aspha l t  pavement s s i nce it 

prov i de s  a method to accommodate t h e  change i n  s t i f f ne s s  from 

l ayer to l ayer , wh i ch has an i nf l uence on  occu rrence of 

transverse crack i ng .  

4 .  A comprehens i ve eval u at i on of prevent i ve and remed i a l ma i,nten­

ance procedures shou l d  be conducted to estab l ,i sh the cond i t i ons 

under wh i ch the var i ou s  procedu re s  perform best,. 
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OOOT--Oepressed Transverse Cracks i n  Asphal t Pavements 

OOOT Pr act ices 

Divi s ion 

Occurrence/Extent 

Transverse crack i ng i s  not a s er i ou s  prob l em ( probab l y  4% or l e s s  of 
aspha l t  paveme�ts exh i b i t  transverse crac k i ng ) . 

· Depre s sed t ransve r s e  crac k s  are a m i n i ma l  prob l em { p robab l y  2% or 
l es s  of aspha l t pavements e x h i b i t depressed transverse crack i ng ) . 

Transverse c rack i ng prob l em e vo l ved i n  m i d - 19 70s on 1 - to 2-year-o l d  
roadways . 

Speci f i cat i ons/Mater i a l s 

Th i c k e r pavement s pose l es s  of a prob l em .  

Construct i on tre nd s are mov i ng to l arger aggregate m i xes wi t h  fewer 
f i nes . 

Propert i e s of aspha l t  changed 1972 . 

Mai ntenance/Remed i al Procedures 

Fog s e a l i ng (wi th aspha l t emu l s i on or cutback ) i s  used o n  a l l 
aspha l t  paveme nts 3 to 4 years o l d .  

Crack s ea l i ng (with CRS-2 )  for e ar l y  detected crac k s  {<3/4 i n . ) ,  
t h e n  CRS-2 w i t h  scree n i ng/ch i p s as crac k s  open wi d e r .  

Other s e a l i ng/crack f i l l i ng opt i ons tr i ed :  

1 .  Cement/s i l t  grou t 
Remov i ng crack and adjacent aspha l t  concrete and rep l ac i ng w i th  

hot  m i x/co l d  l ay 
Geotext i l e s - - beneath ch i p  sea l overl ay 
M i c ro s u rfac i ng - - l atera l crac k f i l l i ng ,  then l ong i tud i n a l  app l i ­
cat i on .  then ove r l ay .  
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D i vi s ion 2 

Occurrence/Extent 
Tran sverse crack i ng i s  a moderate prob l em w i t h  approx i mate l y  1 5  to 
20% of a s p h a l t  paveme n t s  ex h i b i t i ng the prob l em .  Tend s t o  occu r 
o ve r certa i n  s t retches of roadway and appears to be p rev a 1 en t i n  
e a s t -we s t  roadways . 

Depres sed t r a n s v e r s e  crac k s are not a s er i ou s  prob l em .  

Specifications/Materi al s  
Major p rob l em s  w i t h  aspha l t paveme n t s  i nvo l ve agg reg ate str i pp i ng 
and changes i n  propert i e s of aspha l t .  

Construct i on t re nd s are mov i ng toward coarse aggregate m i x e s  to 
redu c e ru t t i ng but at a l os s  of 11 waterproof i ng 11 and f l ex i b il ity . 

Fu ll -depth a s p h a lt pavements over aggregate b a s e  and a proper l y  
prepare d subg rade perform we l l . 

Typ i c a l  p rob l em l ead i ng to crack i ng i s  t h e  use  by contractors of t h e  
m i n i mum (or l ower )  asphalt perce ntage wh i ch re s u lt s  i n  a s t i ffe r ,  
more b r i tt l e  m i x  wh i ch i s  more s u scept i b l e  to transverse crack i ng . 

Mai ntenance/Remedial Procedures 
Mai ntenance approac h i s  more react i ve than prevent i ve .  I n  other 
word s ,  ma i nte nance act i v i t i e s  respond to f i r s t  observat i on of tran s ­
v e r s e  crack i ng .  

Fog s e a l i ng (wi t h  aspha l t  emu l s i o n at 0 . 1 5  ga l /yd2 }  i s u sed at l east 
once a year on a 11 asphalt p av eme nt s . Fog sea 1 ng h a s  been very 
succe s s fu l red uc i ng transverse crac k i ng because i t  tend s  to 
" re j u venate " the s u rface and f i ll s  and /or sea l s sma l1 crack s .  

Sma ll crac k s  can be i dent if i ed after a l i ght rai n ;  t h e  pavement 
surface adjacent to the crack w i l l  appear dr i er than the s u rround i ng 
area becau se of s u rface tens i on effect s a l ong t h e  crack . 

Sea l coat and c h i ps ,  w i t h  or wi t hout pav i ng fabr i c ,  i s  an a l terna­
t i ve prevent i ve me a s u re u sed . 

As crack i ng progre s s e s , crack s e a l i ng (with CRS2 ) wi t h  sand , scre e n -
i ng s , or c h i p s i s  u sed depend i ng o n  s i ze of crack . 

Po l ymer- treated a s p h a l t s are u sed for ch i p  s e a l and crack sea l i ng . 

No expe r i ence w i th  ru b be r asphal t ;  cons i dered a v i ab l e  a l ternat i ve .  

L i m it e d  u s e  of m i crosurfac i ng ,  pri marily as a 1 eve 1 i ng cou rse for 
ru t s . L i m i ted succe s s . 
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Div i s ion 3 

Occurrence/Extent 

Transverse crack i ng i n  a s p ha l t  p aveme n t s  i s  a ser i ou s  prob l em 
i n vo l v i ng 50 to 60% of the paveme n t s . 

Depre s s ed transverse crac k s  occur i n  approx i ma t e l y  20% of t he 
aspha l t  pavemen t s . 

Genera l pro b l em i s  i n  nort hwes t  port i on of d i v i s i on where fu l l -depth 
asp ha l t i s  u s ed more often and traff i c  i s  greate r . 

Fu l l -depth aspha l t  paveme nts appear to po s e  a greate r prob l em ,  e spe­
c i a ll y  when hot s a nd aspha l t  and soil aspha l t are u sed as  bases . 
Crack i ng or d e pre s s i on s  do not seem as s e vere when s t ab i l i zed aggre­
gate base cou rse s  are u sed . 

Spec i f i cat i ons/Materi al s 

Aggregate source appears t o  have same effect on crack i ng behav i or .  
Loc a l  " brom i d e "  aggreg ate ex h i b i t s mi crocrack i ng prob l em becau s e  of 
ox i d at i on .  

C haracter i s t i c s  of asphalt c h anged i n  ear 1 y to m i  d- 1970s . Tran s ­
ver se crack i ng of aspha l t  pavements appears to be greater i n  
aspha l ts wi th " c hanged " character i st i cs not as s t i cky or 
fl e x i b l  e ) . 

Construct i on proce d u re u s i ng a l ower percent f i ne s ; therefore , 
t h e  tendency to t a k e  on water i s  greater . 

Mai ntenance/Remedi al Procedures 

Detec t i on of transverse crac k s  i s  based on o b s e rvat i o n ;  then pre­
vent i ve ma i ntenance act i ons are take n .  

Pre v e nt i ve ma i ntenance approaches i nc 1 ude : fog seal i ng ( u sed p r i ­
mar i ly  on o l der roads wi th open graded mi x e s , seal  coat s w i t h  ch ips  
[ us i ng CRS-2S l ) ,  and crack s e a l  ( u s i ng AC 2A or rubber as p h a l t i n  
routed crack s ) . 
Remed i a l  mai nte nance act i v i t i es ( i . e ., restor i ng r i de qua l ity ) i n­
c l u de crack seal i ng wit h rubber aspha l t  and over l ay i ng u s i ng pav i ng 
fabr i c .  

P l an to try i nfra-red heater to soften aspha l t concrete . mi x i n  f i ne 
aggregate , reheat , and compact 

N o  exper i ence with mi crosurfac i ng but cons i der it to be a v i ab l e  
a l ternat i ve .  
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D i v i s ion 4 

Occurrence/Extent 
Aspha l t  pavemen t s  cons tru cted i n  ear l y  to m i d - 1970s app ear to pose 
more prob l ems w i t h  t rans v e r s e  crack i ng .  

Aspha l t  pavements constructed o n  s t a b i zed aggregate b a s e  cou r s e s  
do not s how s i g ns  o f  transverse crack i ng . 

Trans v e r s e  crack i ng prob l em appears to occur more when pavements are 
constru cted on f i ne-gra i ned soi l s u bgrade s .  

Spec i f icat i ons/Materi al s  

• Asp h a l t character i st i c s changed i n  ear l y  19 70 s , i . e .. asphalt was 
more b r i t t l e ,  l e s s  s t i cky . Aspha l t  propert i e s vary great l y ,  
penetrat i on and v i scos i ty may be w i th i n  acceptab l e  l i m t t s 9 but 
c h em i ca l  compos i t i on and therefore e ng i neer i ng propert i e s vary .  

Low pe rcent f i nes  i n  m i x e s  i s  conduc i ve to transve rse crack i ng 
prob l em .  

I n  l ate 1970s , ODOT opted for 1 1 softer 11 asphal t s ; the resu l t  was mare 
ru t t i ng .  

Mai ntenance/Remed i al Procedures 

E ar l y  detect i on of transverse crac k i ng i s  d i ff i cu l t . 

B as i c  ma i ntenance p h i l osophy i s  react i ve ,  i . e . , re s pond s to prob l ems 
a s  they come u p .  Most ma i nte nance do ll ars go to safety and r i de 
q u a l i ty rather than prevent i ve ma i ntenance . 

Ma i ntenance procedu re s  for transverse cracks  i nc l ude crack f i l l i ng/ 
s e a l i ng (with l i qu i d  aspha l ts and screen i ngs  or c h i ps ) and m i cro­
surfac i ng .  

M i crosurfac i ng u s i ng l eve l cou r se for depress i ons fal l owed by tot a l  
surface app l i cat i on has p e rformed very we l l .  

Some remed i a l p rocedures t h at were tri ed and d i d  not p erform we ll 
i nc l uded : 

S aw i ng transverse crack w i th roc k  s aw and backfi l l i ng wi th type 
C m i x .  

F l y  ash-cement grout 

• Pav i ng f abr i cs are not u sed , e i ther w i th seal coats or over l ays , on 
roadway wi th  w i de t r a n s v erse crack s .  

N eed comprehens i ve demonstrat i on project to eva l u ate both preven­
t i ve and remed i a l ma i ntenance procedures . 
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D i v i s i on 5 

Occurrence/Extent 

Tran s v e r s e  crack i ng of aspha l t  paveme n t s  i s  a ser i ou s  prob l em t h e  
D i v i s i on .  

Depre s sed transverse crac k s  appear more common by job . , i nter­
state h i ghway s  show more depre s s ed crac k s  becau s e  o f greater traff i c  
vo l umes . 

Transvers e  crac k s  appear to occu r mo re i n  pavements on sandy sub­
grade s .  

Spec i f i cat i ons/Materi al s 

11 No s p e c i f i c  comment s . "  

Mai ntenance/Remed i al Procedures 

Fog se a l i ng i s  u sed extens i ve l y  for protect i ng the p avement surface , 
h e l ps remed i ate h a i r l i ne crack s .  Used exten s i ve l y  on s hou l ­

ders of i nterstate h i g hways as we l l as roadway surface s .  Typ i ca l ly 
app l i ed twi ce a ye ar . 

Crack f i l l i ng/sea l i ng has genera l l y  not been succes s fu l .  

Commo n approach seal coat ( SS I  or CRS2S ) a nd ch i p s  { 3/8 i n . or 
screen i ng s )  to ma i nt a i n r i de qu a l i ty .  I f  crack s become depre s s ed , 
s t r i p  s ea l i ng may be u s ed . 

M i cro s u rfac i ng has worked succe s sfu l l y for ma i nt a i n i ng r i de qu a l i ty ,  
but expens i ve .  

Severa l remed i a l procedure s that have been tr i ed w i t h  m i n i ma l suc­
ce s s  i nc l ude : 

Crack f i ll i ng wi th fast sett i ng cement grout , fl y a s h  s l urry , 
l i qu i d  aspha l t  and ch i p s ,  hot m i x .  

C l ean i ng crack , f i l l i ng wi t h  hot mix and over l ay i ng w i th pav i ng 
fabr i c .  

M il  i ng 28- i nch wi de by 6- i nch deep trenche s acro s s  the pave­
ment , p l ac i ng pav i ng fabr i c  and hot mi x i n  t h e  trench . and 
over l ay i ng .  

Mos t  ma i ntenance proced ures  do not " stop" the crack i ng ;  they on l y 
d e l ay the reappearance of the crack . 
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Div i sion 6 

Occurrence/Extent 
Near l y  a l l a s ph a l t  paveme n t s  exh i b i t  some tran s v e r s e  crack i ng .  

Recurr i ng ma i ntenance pro b l ems occur i n  approx i mate l y  50% o f  t h e  
roadway s . 

Mos t  prob l ems occur i n  roadway s  w i t h  s o i l aspha l t  base s t i . e . , s and 
and aspha l t  m i xed i n- p l ace . 

Specif icati ons/Material s 
Most road s i n  the D i v i s i on are 30 to 40 years o l d  and were con­
s t ru cted when s t i ffer a s p h a l t s  were u sed to reduce rutt i ng . 

A s p ha l t p ropert i es changed i n  e ar l y  to m i d - 19 70s , bu t few road s were 
con s tructed dur i ng t h i s per i od .  

N o  prob l ems have been not ed w i t h coarse aggrega t e  mi xed . 

Fu l l -depth a s p ha l t paveme n t s  have not been a prob l em w i th re s pect to 
t r an s v e r s e  crack i ng .  

Mai ntenance/Remedi al Procedures 

Common ma i ntenance a pproach to transverse crack i ng i s  crack sea l i ng 
or crack l eve l i ng . 

Crack sea l i ng u s i ng CRS-25 w i thout f i l l er i s  t he rou t i ne ma i ntenance 
approach . It g e nera l l y  done i n  t h e  fa l l and spr i ng ,  and pr i or to 
any ch i p  s e a l  or over l ay .  

Prob l em s  w it h  pav i ng fabr i c s  beneath s e a l  coat s or over l ay s  have 
occurred when the crac k s  were not s ea l ed or l e ve l ed .  

Fog s ea l i ng i s  occas i ona ll y  u s ed to he l p  rave l i ng prob l em .  I t  i s  
not u sed for transverse crack i ng p rob l em becau s e  of sk i d  res i s t ance 
prob l ems and cos t .  

M i cro surfac i ng h a s  not been u sed extens i ve l y  becau se of co s t . 

P av i ng f abr i c s are u sed extens i ve l y  between l eve l i ng cou rse and 
over l ay .  

Th i n  over l ays are often u sed to ma i nt a i n r i d e qu a l i ty .  
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D i v is i on 1 

Occurrence/Extent 
Trans v e r s e  cr ac k i ng of asph a l t pavements i s  a ser i ou s  prob l em .  
Tran s verse crack i ng i s  more pre v a l ent i n  paveme n t s  cons tructed i n  
ear l y  1970 s . Paveme n t s  cons tructed e a r l i er do not se em to crack 
extens i ve l y . 

Tran sverse c rack i ng occurs i n  pavement s p l aced o n  sandy or c l ayey 
su bgrades .  su )qrade has no effect . 

Specificati ons/Material s 
Aspha l t  c h aracte r i s t i c s changed for t h e  worse i n  ear l y  1970s . 

Pavement de s i gn changed , changed from hot s and aspha l t  base to 
stab i l i zed aggreg ate base to reduce rutt i ng prob l em .  

Aggreg ate performance has an i nf l u ence o n  crack i ng behav i or . 

Mai ntenance/Remed i al Procedures 

Prevent i ve ma i nte nance procedures  bas ica 11 y  i nvo l ve crack f i ll i ng/  
seal i ng a n d  s e a l  coat and c h i ps .  

Crack i ng f i l l i ng / s e a l i ng u s e s  CRS-2$ and e t her s and or ch i p s p l aced 
i n  l ayers i n  the crack s .  

Crac k i ng f i ll i ng / s e a l i ng u sed rou t i ne l y before sea l coat and ch i p s  
o r  overl ay .  

Pav i ng fabr i cs are often u sed before over l ay i ng . 

M i cro s u rfac i ng has been u sed w i t h  some succe s s  to f i l l / l eve l trans ­
verse crac k s  before genera l l ong i tud i na l  app l i cat i on .  

Fog s e a l i ng wi th  CRS-2$ has been u sed to s e a l  s u rf ace crack s when 
they are very sma 11 .  Genera l l y  not effect i ve a s  cracks w i den i n  
prevent i ng mo i s ture i ngres s i on .  
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D iv i s i on 8 

Occurrence/Extent 

Transverse crac k i ng of a s p h a l t  paveme n t s  i s a mod e rate l y  se r i ou s  
prob l em affect i ng approx i mate l y  25% the asph a l t p avements . 

P aveme n t s  betwe e n  1 5  to 20 years o l d  s how s i gn i f i cant crack i ng .  

No apparent s i g n i f i c ant i nf l uence of p avement cro s s  s ect i on or 
s u bgrade s o i l .  

Speci f i cat i ons/Mater i al s  

Asphalt proper t i e s c h anged ear l y  19 70s . Mater i a l  became more 
br it t l e  and e s s  11 st i cky . 
D i v i s i on i s  u s i ng po l ymer mod i f i ed aspha l t  to try to addre s s  prob­
l ems w i t h  poor q u a l i ty asphal t s . 

Omi tt i ng soil a s p h a lt b a s e s  h a s  he l ped red uce transverse c rac k i ng 
prob l em .  Many p ro b l ems s t i l l  occur wi th  fu l l -depth a s p ha l t .  

Mai ntenance/Remed i al Procedures 

Preve nt i ve ma i ntenance procedures i nc l ude crack i ng seal i ng w i t h  CRS-
2S and b l ot w it h  s and , and fog sea l i ng of roads show i ng hai r l i ne 
crack i ng .  Fog sea l i ng i s  genera l l y  u sed w i t h  open-graded mater i al s .  

Remed i a l ma i ntenance procedures i nc l u de crack fi 11 i ng with CRS-2S 
and ch i p s p l aced i n  a l ternat i ng l ayers , pav i ng fabr i cs w it h  over­
l ays , and geotext i l e s tr i p s s aturated wi th  a s p h a l t fo l l owed by co l d  
m i x/co l d  l ay .  

Rout i ng or mi l l i ng has not been u sed , but p l ans are to try i t  i n  
con ju nct i on wi th  crack f i l l i ng .  

M i crosurfac i ng has been u sed on on l y  one job . No record avai l ab l e  
o n  succe s s . 

Crack f i l l i ng u s i ng cement / s and s l urry was moderate l y  succe s sfu l . 
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w i t h  some succe s s . 

• 

of 

• 

• 

• i n  
1 11 

• 

• 

• 

• 

• 

• 

• 

• 


	Structure Bookmarks
	Figure
	P
	Figure

	NO. 2. NO.
	1. 3. 
	SUBTITLE 
	5. 6. 7. 8. 
	R. 
	10. 9. 11. 
	of 

	13. 
	12. AGENCY 
	14. 
	15. 
	16. 
	17. 18. 
	CLASSIF. THIS CLASSIF. NO.
	19. 
	DEPRESSED TRANSVERSE CRACKS IN 
	ASPHALT PAVEMENTS IN OKLAHOMA 
	FINAL REPORT 
	By 
	Donald R. Snethen, Ph.D., P.E. and Samir Ahmed, Ph.D., P.E. 
	School of Civil Engineering Oklahoma State University Stillwater, Oklahoma July, 1991 
	Submitted to Research and Development Division Oklahoma Department of Transportation and 
	U.S. Department of Transportation Federal Highway Administration 
	U.S. Department of Transportation Federal Highway Administration 
	The contents of this report reflect the views of the author who is responsible for the facts and the accuracy of the data presented therein. The contents do not necessarily reflect the official views of the Okla­homa Department of Transportation or the Federal Highway Administration. This report does not constitute a standard, specification, or regu1ation. While company and product names are used in this report, it is not inten­ded as an indorsement. 

	1. 2. 
	Figure
	. -
	-

	.. ..
	· 
	1 

	-1
	.. 
	1.61
	ml -
	.. 
	:!!
	= 
	. m• 
	(10
	-
	.. 
	.. 
	ha 
	-
	.. 
	"' .. 
	_ (1 
	-
	• o 
	-
	• 
	-

	1 
	-
	"' 
	.. 

	.. 
	1 
	n 
	.. 
	-
	.. 
	" 
	Celsius
	511 
	• 
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	.....•..•..•. ....•...•..•.......•.•. ....•.•.....•....... 
	.......................................... 
	•.•••••••••••••••••••••••••.••• 
	I . ....•..•...•..........•.. 
	. ....•...•..•......•..•....•... . 
	.....................•...........•...............•....... 
	-
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	2. 
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	••••••••••••• .••••• •••••••••• •• •••••••••••••••••• 
	. . . .,. . . .. . . . . ... . .,... . . 
	4. 
	•• ••••••• .•• ••• ••••••••••••• •••• ••••• •••• 
	.••••••••••••• ••••. . . .••.•••.•••••• 
	7. 
	••• ••. •••.•• •••••••••••••••• .••••••••• 
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	CHAPTER I 
	INTRODUCTION 
	Background 
	The performance of flexible pavements depends on a variety of design, construction. materials, traffic, maintenance, and climatic factors. Because of its diverse climatic conditeions, Oklahoma flexible pavements are exposed to temperature-induced stress extremes which can resul,t in transverse cracking of the pavement structuree. 
	Transverse cracking of flexible pavements is an extensive and costly type of pavement distress in all states that experience relatively cold temperatures during the w,i nter months. These cracks are caused by low­temperature induced tensile stresses that exceed the tensi l e strength of the pavement materials and result in cracks or fractures. Due to the geometric configuration of the pavement, the principal axis of thermal contraction is in the longitudinal direction and a major portion of these thermal or
	These transverse pavement cracks are usually spaced at regular intervals that range from few feet to several hundred feet, depending 
	a 
	primarily on the age of the pavement and the rheoelogiecal properties of the asphalt mixtures. In some cases, these cracks are limited in depth, but others may penetrate through the total pavement structure. Cyclic temperature changes over a period of several years result in a gradual increase in both width and depth of the crack. 
	Initially, these cracks are not particularly harmful to the pavement, but poor riding quality can result as these c,ac ks become
	r.
	1 
	progressi vely wider and deeper. Open cracks permit the ingress of sub­stantial quantities of urface water as well other detritus. Water. of
	s.as 
	course, can cause stripping in the asphalt-bound materials as well as softening of the base and/or subgrade. In extreme cases, depressions occur at these cracks due to subgrade softening, the application of heavy axle loads, and possibly pumping of fine subgrade materials. Secondary cracks. more or less parallel and on both sides of the primary transverse crack, may also occur. 
	Objectives of the Research 
	It is obvious that this type of progressive pavement distress can drastically reduce the serviceability of a highway and soon become 
	a 
	seri ou s safety hazard for users. Solutions to the problem are undoubtedly related to characteristics of the subgrade soil and the pav i ng materials employed, the design of the flexible pavement structure, and the main­tenance practices used. By developing a better understanding of these relationships, it should be possible to suggest remedial measures to eliminate or at least mitigate the problems associated with depressed transverse cracks. The major objectives of this research program are to: 
	1. Determine the nature and extent or severity of depressed trans­verse cracking of flexible pavements throughout the Oklahoma 
	highway system; 
	2. Conduct both field and laboratory investigations of paving mater­ials and subgrade soils to characterize depression cracks at selected sites and ascertain un i,q ue and/or common elements that 
	contribute to the occurrence and distribution of this type of distress; 
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	Bituminous paving mixtures exhibit both plastic and elastic proper­ties, depending the temperature to which the mixtures are subjected
	on 
	and to the viscosity of the asphalt in the mixture. Busby and Rader [9] determined that increase in the thickness of the asphalt concrete
	an 
	layer resulted in decrease of the low-temperature cracking frequency
	a 
	when all other variables were the same. The cracking frequency also increased when the pavements were placed over clay subgrades. 
	Thermal Prop erti,es of Asphalt Pavements 
	Recent literature emphasizes the importance of considering the thermal properties of asphalt when studying pavement deterioration. Whiffen and Lister (10] reported that bituminous roads deteriorated markedly with the rise of temperature due to the reduction in viscosity of the bitumens and tars which in turn caused a reduction of the dynamic elastic moduli of the layer forming the road. These experiments empha­sized the nece ssi ty of recording temperature when measuring dynamic stresses of deflections of l
	v.
	pavement structures. Temperature data are necessary in studies 
	on 
	pavement deflections, stresses, and strains under moving wheel loads. Pavement temperature data are of interest in any study or test involving temperature-dependent mechanical properties of paving i,tures or paving
	mx.
	asphalts. 
	Cold temperatures increase the stiffness of the asphalt concrete. This allows the pavement to offer greater resistance to loads. However, a pavement will not deflect as much when cold and heavy loading may 
	cause 
	cracking in the asphalt. Conversely. high temperatures decrease the stiffness of the asphalt concrete, which increase s the possibility of densification and rutting of the pavement under heavy loads. 
	Several studies suggest that thicker asphalt-treated sections 
	are 
	less effected by temperature than thinner sections. Dorman [12], Whiffen and Lister [ 10], and Jimeniz and Gallaway [13} indicated that the flexi­bility of thin asphaltic concrete slabs is greater than that of thicker ones at higher temperatures,. In cold temperatures the flexibility of both thick and thin slabs is reduced. Although thick slabs retain their ability to resist cracking, stiffness in thin slabs leads to cracking. 
	Previous Field and Laboratory Studies 
	The problems of transverse cracking have been recognized since the late 1950s and several provinces in Canada have conducted experimental tests to determine the causes of and find practical solutions to the 
	problem. 
	One of the earliest experiments conducted at Arkona in south
	was 

	Ontario (14]. In 1960, pavements were laid to test the behavior of three different asphalts. The initial purpose of the test was not primarily to study transverse cracking, but to show the major differences between asphalts; however, a relationship between asphalt and cracking was found. The three test sections were constructed on a clay subgrade and were sim­in all respects, except for the asphalt supplier. Type A made
	ilar 

	was 
	was 
	from low-viscosity asphalt, Type B from medium-viscosity asphalt, and
	a a 
	Type C from a high-viscosity asphalt. After eight years , Type A asphalt showed severe cracking, while Types B and C showed slight cracking. 
	Another important early investigation was a transverse crack study conducted on pavements on three Ontario test roads in their eighth, ninth, and tenth years Il5]. The survey demonstrated a substantial increase in the number of transverse pavement cracks each year. The investigation found that low temperatures were the primary cause of transverse pavement crackingr. 
	In Saskatchewan, three test s ections were conducted in 1963 on a roadway that was constructed in 1960 [1]. The major vari ab 1 
	es were 
	asphalt source, asphalt grade, and thickness of the prime coat,. Crack patterns were recorded,. as well as considerable initial and periodic materialrs data. The prirnciple finding was that the asphalt source was rel ated to the degree of cracking. Figure 2 shows that the degree of cracking was significantly reduced with softer asphalts. In summary, al l test sections indicated that asphal,t source and grade were two of the most significant variables. 
	An investigation designed to survey existing pavements where 
	con­
	trastirng types of transverse cracking occurred within l,ose proximi,ty to
	c.
	each otherr, either on the same or different pavi,ng contracts was con­ducted [14]. The objective was to identify those factors which differed between the two paving job and caused the cracking. The field sampl ing for this investigation was conducted duri ng two consecutive summersr. During the first sampling period, contracts were selected from those reported by pavirng eng i neers as exhibiting various degrees of transverse crackring severity. During the second samplring period,, more contracts were chos
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	vari ables were asphal,t type and grade . These consi sted of two low vi scos ity grades (150/200 and 300/400 penetration grade) and two high vi scosity grades (150/200 and SC-5)4. Performance evaluation consisted of periodic crack surveys, continuous temperature measurements , and crack initiation and propagation detection. Figure 4 is an example of 
	some 
	crack survey measurements for sections with high-and low-viscosity asphalts on clay and sand subgrades,. The effect of varying asphalt type is notable, with the high viscosity asphalt (150/200 penetration) showi ng superior performance . The effect subgrade soil type, when cracking does occur, is very noti ceable. 
	The Alberta experiment , al,so constructed in 1966, used three dif­ferent sources of 200/300 penetrati on grade asphal,t in one contract, with uniform subgrade conditi ons [lJ. Each source represented major suppl,ier and di fferent viscosity level at 140°F. Data material properties,
	a 

	a on 
	structural capacity, materials variation, crack initiation, and cracking frequency were collected from the test sites . One major finding that
	was 
	the section with low-viscosity asphalt cracked earl ier in its service life . This is consistent with f,i ndi ng s of other stud ies and provi,ded the basis for revision to the Alberta specifications for asphalt cement . 
	a 
	In a detai,led study of transverse crack ing in Oklahoma asphalt pave­ment , Noureldin and Manke [16, 171 investigated the nature and extent of transverse crackig wi th primary emphasis on the bituminous components of the pavement,. The study combined field observations with a laboratory testing program centered around the tensile properties of the asphalt concrete . The major conclusions deri ved from the study were : 
	1. Examination of recently developed transverse cracks revealed that,, in most c se , the cracks had originated_at the pavement 
	as.
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	agenci es and individuals have devoted considerable research effort to soluti ons for the problem. These investi gations , both field-and labor­atory-oriented,, led to establ ishing design concepts for controlling 
	agenci es and individuals have devoted considerable research effort to soluti ons for the problem. These investi gations , both field-and labor­atory-oriented,, led to establ ishing design concepts for controlling 
	or 
	eliminating low-temperature cracki,ng . Hajek and Haas [ 181 include such concepts as setting 1 imiting penetration and viscosity requi rements on the asphalt cements,. limiting the strai,n or sti ffness of the asphalt con­crete,. and calculating the fracture temperature. Most agree that asphal,t source and grade are two important vari ables . Furthermore , crack ing could be eliminated or significantly reduced by altering level,s of these 
	variables . 
	Haas et al. [1] describe a design and treatment approach that uses index properties of the asphalt and/or the asphal t mix that have been subjectively correlated to minimize fi ld cracking frequency. The design approach,, Figure 5, begins by setting the vi scosity and penetration
	e.

	see 
	specifications so that certain asphal ts are el imi nated , particularly hard grade asphalts. Next, limiting stiffness or strai n is set for the par­
	a 
	ticul,ar design appl ication and the asphalt is compared to these limits. Final4ly, a probable fracture temperature is calculated for the mix under considerat ion and compared with the expected low temperature . 
	Using this design approach, the cracking frequency and density 
	are 
	shown to icre ase with decreasing failure strain and i ncre s i ng fai lure 
	na.
	stress and stiffness. Final,ly, low viscosity asphalt cement exhibits the greatest change in mix densi,ty, fai lure stress and strain, stiffness,, and cracking frequency. These findings enable a design prediction to
	can 
	determine if a mix will crack by comparing strains,, stresses , and sti ff­nesses from uncracked and cracked sections . The greater the sti,ffness modulus, the greater the thermal stress developed in the pavement by 
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	temperature . Therefore, the mixture should be designed and asphalt grade selected to have a high modulus of rupture to ensure adequate tensi,le strength, but a low sti ffness modulus so that the mi xture wi,ll be flexi­ble rather than stiff brittle. 
	temperature . Therefore, the mixture should be designed and asphalt grade selected to have a high modulus of rupture to ensure adequate tensi,le strength, but a low sti ffness modulus so that the mi xture wi,ll be flexi­ble rather than stiff brittle. 
	or 
	Present methods of designing asphal t paving mi xtures require mi,nimum stability at el evated temperature , flow between certain limits, speci­
	an 
	fied ranges of air voids, and voids in mi,neral aggregate . In addition, the aggregate must meet certain grading requi rements and tests for 
	wear 
	and soundness. Busby and Rader [91 contend that the asphalt cement with the l owest vi scosity meeting high temperature stabili ty requi,rements should be used,. Figure 6 shows minimum temperatures for each grade of asphalt. If high temperature stabi lity requi rements cannot be met, a less desirable asphal t wi,ll have to be selected and some cracking should be expected. 
	Thickness of the asphalt concrete also appears to have some effect low-temperature transverse cracking. Burgess , Kopvillem, and Young 
	on 

	(19 I concluded that increasing the asphalt thi ckness appers to reduce the cracki ng frequency. However, they point out that if a mix is suscep­tible to cracking, the pavement will crack regardless of thickness. 
	a

	Mai,ntenance Measures to Minimize Effects of Thermal Cracking 
	Once thermal crack ing has occurred,, it becomes necessary to minimize the adverse effects of the crack propagation or in cases where the crack­ing has become severe, restore the ride quality of the damaged pavement. Essential,ly the options avai lable for prevent ive maintenance/surface restoration include: 
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	Many concl usions may be made about remedial treatments of asphalt pavements with transverse cracking. A1 though there are no treatments currently avai l abl e which will completely el iminate transverse crack reflect i on--particularly if the crack is temperature-re l ated--there are some treatments that effect ively hinder their development . 
	Many concl usions may be made about remedial treatments of asphalt pavements with transverse cracking. A1 though there are no treatments currently avai l abl e which will completely el iminate transverse crack reflect i on--particularly if the crack is temperature-re l ated--there are some treatments that effect ively hinder their development . 
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