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EXECUTIVE SUMMARY 

Transverse crack i ng of asphal t pavements i s  a cost l y  pavement d i stre s s  
occurr i ng i n  states that exper i ence co l d/freez i ng temperatures dur i ng t h e  
w i nter months . T h e  cracks are cau sed by l ow temperature- i nduced tens i l e  
stresses  that exceed the tens i l e  strength of the  pavement mater i a l . The  
major i ty of  these cracks  occur in  the transverse d i rect i on re l at i ve to  the  
pavement and w ith  regu l ar frequency a l ong the roadway . The major object i ves  
of th i s  research i nc l uded: 

1 .  determi ne the nature and extent of transverse crack i ng i n  asp ha 1t 
pavements i n  Ok l ahoma ; 

2. conduct a f i e l d  and l aboratory i nvest i gat i on of pavement mater i a l s and 
h i g hway features to determ i ne and eva l u ate the var i ou s  factors that 
i nf l uence transverse cracki ng ;  and 

3 .  rev i ew ODOT pract i ces  for deal i ng w i t h  the prob l em of transverse 
cracki ng of aspha l t pavements .  

The resu l ts of the research project conf i rm that transverse cracki ng of 
pavements i s  a therma l ly-i nduced prob 1 em . Based on eva 1 u at i on of co 11 ected 
d ata , the number of cracks i ncreased and the  average spac i ng decreased as the  
average l ow month l y  temperature decreased . Depress i ons as soc i ated wi t h  trans
verse cracks  were i nf l uenced by subgrade mo i sture cond i t i ons ; spec i f i ca l l y , as 
the  average subgrade moi sture content i ncrea�ed , the occurrence and sever i ty 
of the  depress i ons  i ncreased . Transverse cracki ng and part i cu l ar l y  depres sed 
transverse cracks  appear to be more of a prob l em on f i ne-gra i ned soi l sub
grades . Transverse cracki ng of aspha l t  pavements i s  a prob l em across the  state  
of Ok l ahoma w ith  sever i ty of  the prob l em vary i ng from d i v i s i on to  d i v i s i on 
based on such  factors as pavement age , pavement cros s sect i on ,  traff i c ,  
asp h a  1 t propert i es ,  and ma i ntenance procedures . A 1 t hough  ma i ntenance and 
remed i a l procedures vary across the state , ODOT's procedures are cons i stent 
w i t h  t hose reported by surrou nd i ng states .  
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CHAPTER  I 

I NTRODUCT ION  

Background 

The performance of f l exib l e pavements depend s on a variety of design , 

construct i on ,  materia l s ,  traffic , maintenance , and c l imatic factors . Becau se  

of i ts diverse c l imatic condit i ons , Ok l ahoma f l exib l e  pavements are  exposed to 

temperature-i nduced stress  extremes which can resu l t  in transverse cracking of 

the pavement structure . 

Transverse crack i ng of f l exi b l e pavements i s  an extensive and cos t l y  type 

of pavement distress  i n  a l l states that experi ence re l ative ly  co l d  tempera

tures dur i ng the wi nter months . These cracks  are cau sed by l ow temperature

; nduced tens i l e  stresses  that exceed the tensil e strength  of the pavement 

materi a l s and resu l t  i n  cracks  or fractures . Due to the geometr i c conf i gu ra

t i on of the  pavement , the pri nc i pa l  axi s of therma l contract i on i s  i n  the  

l ong i tud i na l  d i rect i on and a major port i on of these  therma l or l ow-temperature 

cracks  occur transverse l y ,  typical l y  w i th  regular frequency a l ong the  roadway . 

These transverse pavement cracks  are usua l ly  spaced at regu l ar i nterva l s 

that range from a few feet to several hundred feet , depending primar i l y on the  

age  of the  pavement and the rheo l ogical properties of the  aspha l t mixture s . 

I n  some cases , these  cracks  are l i mi ted i n  depth
·
, but others may penetrate 

t hrough  the tota l  pavement structure . Cyc l i c  temperature changes  over a 

per i od of several years resu l t  i n  a gradua l  i ncrease i n  both w i dth  and depth  

of the  crack. 

In i t i a l ly , these  cracks  are not particu l ar ly  harmfu l to the pavement , but  

poor r i d i ng qu ali ty can resu l t  as these cracks  become progress i ve l y  wider  and 

deeper . Open cracks  permit the ingress  of substantia l quant i tie s of surface 
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water as well as other detritu s .  Water , of course , can cau se stripp i ng in the  

asphal t-bound materia l s  as we l l  as softening of  the base  and /or subgrade . In 

extreme cases , depress  ions occur at these  cracks  due  to subgrade softening , 

the  app l ication of heavy ax l e  l oad s , and pos s i b l y  pump i ng of f i ne su bgrade 

mater i a l s. Secondary crack s ,  more or l e ss para l l e l  and on both  sides  of the  

pr i mary transverse crack , may a l so occu r .  

Object i ves  o f  t h e  Research 

It is obviou s that this type of progres sive pavement distres s  can dras

t i ca l l y  reduce the serviceab i l i ty of a highway and soon become a seriou s 

safety hazard for u sers. So l utions to the prob l em are u ndoubted ly  re l ated to 

c haracteris tics of the  su bgrade soil and the  paving materia l s emp l oyed , the  

design  of the f l exib l e  pavement structure , and  the maintenance practices  

u sed . By deve l oping a better understanding of these  re l ations h i p s , it shou l d  

be possib l e  to suggest remed i a l measures to e l i m i nate or at l east mit i gate the  

prob l ems as sociated w i th depres sed transverse crack s .  The  major objectives  of  

t h i s research program are to: 

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

cracking of f l exib l e pavements throughout the Ok l ahoma highway system ; 

2 .  Conduct both fie l d  and l aboratory investigations of paving mater i a l s 

and subgrade  soils to characterize depression cracks  at se l ected sites  

and ascertain unique and /or common e l ements that contribute to the  

occurrence and distribution of t h i s type of  distress ; 

3 .  Review Ok l ahoma Department of Transportat i on ( ODOT ) pract i ce s  and pro

cedures pertaining to structural  pavement design , design of surface 

paving mixtures , construction , and roadway ma i ntenance to estab l i s h 
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any correlations wit h the development of depre s s i on cracking in 

f l exi ble pavements ; 

4 .  Based on the  resu l t s of th i s  study and evaluat i on ,  i mp l ement recom

mendat i ons , where warranted , regard i ng 

a .  rev i s i ons  i n  pav i ng mater i a l s  and construct i on spec i f i cat i ons 

b .  structural  and m i x  des i g n  procedures 

c .  ma i ntenance pract i ces  for rout i ne crack seali ng 

d .  remed i al measures used on depress i on cracks  pr i or to over l ay i ng 

operations . 

3 



CHAPTER  I I  

THERMAL CRACK I NG OF ASPHALT PAVEMENTS : 

L ITERATURE REV I EW 

Mechani sms and Man i festat i ons 

Low temperature shr i nkage crack i ng of aspha l t  pavements has  been recog

n i zed as a prob l em s i nce the m i d - 1930s . However , becau se of the l ow paved 

m i l eage w i t h  sma l l er traff i c  vo l umes and l i ghter l oad s , the prob l em was not 

acute  pr i or to Wor l d  War I I .  As performance requ i rements for pavement 

i ncreased , the prob l em of l ow-temperature crack i ng started to become more 

ser i ou s .  I n  the  l ate 1950s and the ear l y  1960s , a number of h i ghway eng i neers 

became concerned . Several Canad i an researchers conducted crack surveys to 

determi ne the  extent of the prob l em .  Concurrent l y ,  f i e l d  and l aboratory 

research i nvest i gat i ons were i n i t i ated by several state h i g hway departments to 

f i nd and e l im i nate the cau se of the  crack i ng .  I n  1965 , the  Canad i an Good 

Road s Assoc i at i on [ 1] recogn i zed the severi ty of l ow-temperature crack i ng and 

gave i t  top pri ori ty for h i ghway research need s .  

Kher [2] found that duri ng the f i rst wi nter transverse crack i ng beg i ns as  

ha i r l i ne cracks  wh i ch s l ow ly  wi den wi th  t i me .  Becau se pavements  cannot 

contract i n  the  l ong i tud i nal  d i rect i on ,  these l ow-temperature crac k s  form i n  

the  transverse d i rect i on .  Ha i r l i ne cracks  beg i n  as part i a l transverse crac k s  

and extend comp l ete ly  across  t h e  roadway after subsequent wi nters . Ha i r l i ne 

cracks  progress i ve l y  wi den and eventua l ly  become 10 to 20 mm wi d e . 

Haas and Topper [ 3] conf i rm that l ow-temperature cracks  may actu a l l y  

occur a s  very f i ne o r  m i cro-cracks  duri ng co l d  weather and t h e n  open u p , 

becom i ng v i sua l l y  apparent as warm i ng occurs . However , they advance the  

hypothes i s  that t herma l ly- i nduced crack i ng occurs i n  two ma i n  phase s : l i m i ted 
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depth  crack in i t i at i on and subsequent fu l l -depth propagat i on wh i ch occurs when 

a i r  temperature s r i se .  These  pri mary d i stress  modes  genera l ly  man i fest  many 

types  of secondary distress . Kher [ 2] descr i bes  two of these  secondary d i s

tresses: 

1. Water and deicing sa l ts  i nf i l trate t hroug h  the  cracks and soften the  

base mater i a l u nderneath , resu l t i ng i n  part i a l l oss  of  support . 

Furthermore , pump i ng or hydrau l i c pressure d i s l odges and expe l s 

aggregate and f i ne materi a l  from the cracks  and su bgrade , cau s i ng a 

vo i d  wh i ch resu l ts i n  the depress i ons assoc i ated wi t h  transverse  

crack i ng .  

2 .  Water enter i ng the  cracks may freeze and form an i ce l ense  be l ow t h e  

crack , t hus  e l evat i ng crack edges , l i pp i ng ,  o r  tent i ng .  

The primary d i stress  t hat l ead s to transverse crack i ng has l i tt l e  effect on 

r i d i ng qu a l i ty of the  pavement . The secondary d i stresses  descri bed , however ,  

can be h i g h l y  detr i mental  to the performance and the  u sefu l l i fe of the  

structure . 

Haas and Hopper [3] d i scus sed four react i ons that cau se transverse 

crack i ng: 

1. S i mp l e  t herma l contract i on of the  surface . 

2 .  Base course restrai nt t o  contract i on o f  t h e  surface . 

3 .  Sudden warming and subsequent weakeni ng of a h i g h l y  stres sed surface . 

4. Shri nkage cracking of the  su bgrade and su bsequent ref l ect i on throu g h  

t o  t h e  surface l ayer . 

Anderson and Haas [4J e l aborated on the fourth factor and determi ned t h at 

freezi ng cau ses shr i nkage and crack i ng of the base or su bbase , wh i ch i s  propa

gated t hrough  the b i tumi nou s surface . The i r  study prov ides  a comp i l at i on of 

t h e  factors of poss i b l e  s i gn i f i cance i n  l ow-temperature crack i ng ( see Fi g ure 
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1). I t  beg i ns by d i v i d i ng the  pavement i nto components i n  wh i ch the  crack i ng 

may beg i n :  surface , base , subbase , and subgrade . The poss i b l e  resu l ts ,  

external factors , and component factors that i nf l uence t he extent of t herma l 

crack i ng are l i sted for each component . 

Stud i es whi ch  support the hypothes i s  that the  major cau se of transverse 

crack i ng of aspha l t  pavement i s  the bu i l dup of tens i l e  forces dur i ng the 

wi nter when the temperature drops to l ow l eve l s i nc l ude : H i l l s and Br i en ( 5 ) ,  

S h i e l d s  and Anderson (6)1 and Monosmi th  e t  a l . [7 ] . Stud i es that exp l ored t h e  

s i gn i f i cance o f  var i ab l es i n  re l at i on t o  l ow temperature i nc l ude Kar i and 

Santucc i (8) and Busby and Rader [ 9] .  

Kar i and Santucc i [ 8] have s hown that the  phenomenon o f  transverse crack

i ng ex i sts on the  bas i s of  v i scos i ty measurements . The i r  work i s  pr i mar i l y  

re l ated t o  a i r vo i d  var i at i ons wi th  depth on rel at i ve l y  new pavement s . Bu s by 

and Rader ' s  (9) surveys i n  A l berta , Canada , attempted to make corre l at i on s  

between transverse crack i ng and age , t h i ckness , and foundat i on o f  the  pave

ment . I ncreased crack i ng frequency , cau sed e i ther by i ncreased st i ffne s s  of 

the  aspha l t m i x or by i ncreased exposure to extreme l ow temperature s , were 

s hown to i ncrease wi t h  pavement age . They aff i rm that crack i ng occurred 

becau se of l e ssened e l ast i c i ty cau sed pr i mar i ly  by harden i ng of the  aspha l t  

w i t h  ag i ng and the  i ncreased su scept i b i l i ty of the pavement to l ow-temperature 

stress  and crack i ng .  

B i tumi nou s pav i ng mi xtures exh i b i t  both p l ast i c  and e l ast i c  propert i es ,  

depend i ng on the  temperature to wh i ch the  mi xtures are subjected and to the  

v i scos i ty of  the  aspha l t  i n  the mi xture . Busby and Rader (9 ) determ i ned t hat 

an i ncrease i n  the  t h i ckness of the  asphal t concrete l ayer resu l ted i n  a 

decrease of the l ow-temperature crack i ng frequency when a l l other vari ab l es 
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were the same . The crack i ng frequency a l so i ncreased when the pavements were 

p l aced over c l ay subgrades .  

Therma l Propert i es of Aspha l t  Pavements 

Recent l i terature emphas i zes  the i mportance of cons i deri ng the  thermal  

propert i es of  aspha l t  when studyi ng pavement deteri orat i on .  W h i ffen and 

L i ster [ 101 reported that b i tumi nou s road s deter i orated marked ly  wi t h  the r i se  

of temperature due  to the  reduct i on in  v i scos i ty of the  b i tumens  and tars  

wh i ch i n  turn cau sed a reduct i on of the  dynami c e l ast i c  modu l i  of  the  l ayer 

form i ng the  road . These exper i ments emphas i zed the nece s s i ty of record i ng 

temperature when measur i ng dynami c stresses  of def l ect i ons  of l oad s u nder  

traff i c .  Kal l as [ 1 1) reported that the use  of t h i cker aspha l t courses  i n  many 

heavy-duty h i g hways has resu l ted i n  the need for more i nformat i on on  tempera

ture var i at i ons i n  pavement structures . Temperature d ata  are neces sary i n  

stud i es on pavement def l ect i ons , stresses , and strai ns u nder mov i ng whee l 

l oad s .  Pavement temperature data are of i nterest i n  any study or test  

i nvo l v i ng temperature-dependent mechan i ca l  propert i es of pav i ng m i xtures or  

pav i ng aspha l ts . 

Co l d  temperatures i ncrease the st i ffness  of the  aspha l t concrete . Th i s  

a l l ows the  pavement to offer greater res i stance to l oad s . However , a pavement 

w i l l  not def l ect as much when co l d  and heavy l oad i ng may cau se crack i ng i n  the  

aspha l t .  Converse l y ,  h i gh temperatures decrease the s t i ffness  of  the  aspha l t 

concrete, wh i ch increases  the poss i b i l i ty of dens i f i cat i on and rutt i ng of the  

pavement u nder heavy l oad s .  

Severa l stud i es suggest that th i cker aspha l t-treated sect i ons  are l e s s  

effected by temperature than th i nner sect i ons . Dorman [ 12] , Wh i ffen and 

L i ster [ 10) , and Ji me n i z  and Ga l l away [ 1 3] i nd i cated that t he f l ex i b i l i ty of 
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th i n  aspha l t i c  concrete s l abs i s  greater than that of t h i cker ones at h i g her 

temperatures. In co l d  temperatures the f l ex i b i l i ty of both t hick and t h i n  

s l abs i s  reduced . Al though  t h i ck s l abs retai n t he i r  ab i l i ty to res i st 

crack i ng ,  stiffness  i n  t hin s l abs l ead s to crack i ng .  

Previou s F i e l d  and Laboratory Stud i es 

The probl ems of transverse crack i ng have been recogn i zed since the l ate 

1950s and several  prov i nces in  Canada  have conducted exper i mental  tests  to 

determ i ne the  cau ses of  and  f i nd pract i ca l  sol u t i ons to the  prob l em .  One of 

the earl i est experi ments was conducted at Arkona i n  south  Ontar i o  [ 1] .  I n  

1960 , pavements were l aid to test the behav i or of three d i fferent aspha l t s .  

The i n i t i a l  purpose of the  test was not pr imari ly  to study transverse crack

i ng ,  but  to  show the major d i fferences between asphal ts ; however , a re l at i on

s h i p  between aspha l t and crack i ng was found . 

Another i mportant ear ly  i nvest i gat i on was a transverse crack study con

d ucted on pavements on three Ontar i o test road s i n  t he i r  e i ghth , n i nt h , and 

tenth years I 1 5] .  The survey demonstrated a substant i a 1 i ncrease i n  the  

number of  transverse pavement cracks  each year . The  i nvest i gat i on found that 

l ow temperatures  were the pri mary cau se of transverse pavement crack i ng .  

In Saskatchewan , three test sect i ons were conducted i n  1963 on a roadway 

that was constructed in 1960 [ 1] . The major vari ab 1 es  were asp ha  1 t source , 

aspha l t grade , and thickness of the prime coat . Crack patterns were recorded , 

as we l l  as cons i derab l e  in i t i a l  and per i od i c  mater i a l s data . The pri nc i p l e  

f i nd i ng was that the  aspha l t source was re l ated to the  degree of crack i ng .  

F i gure 2 shows that the degree of crack i ng was s i gn i f i cant l y  reduced w i t h  

softer aspha l ts . I n  summary , a l l test sect i ons i nd i cated t hat aspha l t source 

and grade were two of the most s i gn i f i cant vari ab l es .  
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An investigation designed to survey ex i st i ng pavements  where contrasting 

types of transverse cracking occurred within c l ose proximity to each  other, 

either on the same or different paving contracts  was conducted [ 1 4] .  The 

objective was to identify those factors which differed between the two paving 

job and cau sed the  cracking . The fie l d  samp l ing for t his investigat i on was 

conducted during two consecutive summers . Duri ng the  f i rst  samp l ing period , 

contracts were se l ected from those reported by paving eng i neers as  exhibiting 

variou s degrees of transverse cracking sever i ty .  Duri ng the  second samp l ing 

period , more contracts were chosen to inc l ude pavements exh i b i t i ng l ig h t  

cracking and having greater age . A tota l  o f  33 contracts were i nvest i gated . 

The f i e l d  program began by mapp i ng the transverse cracks  a l ong se l ected 

l engths  of the  contract . These maps were ana lyzed by sort i ng the transverse 

cracks  into four categories--mu l t i p l e ,  fu l l ,  ha l f ,  and part i a l transverse . 

E xamp l es  are s hown in Figure 3 .  Crack i ng frequency d i agrams , show i ng the  

quant i ty of each  of these four types of  transverse cracks  occurring i n  conse

cutive 500-f oot l engths  of pavement , were then constructed from the crack 

maps . At each l ocation, an 18-i n .  square samp l e  of the  asph a l t concrete 

surfacing was cut from the outer whee l path i n  an uncracked port i on of the  

pavement . Fie l d  moisture samp l es were then taken of the  base for l ater 

testing . Fina l l y ,  the  base t h i ckness  was measured and samp l e  l ocat i ons were 

marked on the  crack map . 

Laboratory procedures inc l uded separat i ng the d i fferent aspha l t l ayers 

determining asph a l t content , aggregate gradat i on ,  and bu l k  spec i fic gravity 

for each l ayer . A modified Abson procedure was u sed to extract the  aspha l t 

cement b i nder for further l aboratory test i ng ,  wh i ch inc l uded penetration 

test i ng (39 . 2°F} , viscosity testing , and r i ng and bal l softening testing . 
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The study conc l uded that transverse crack i ng i s  l arge ly  a temperature 

phenomenon . Crack i ng is more severe i n  areas of h i gh freez i ng i ndex . 

Aspha l ts  of good fl ow properties at l ow temperatures l ead to pavements wh i ch 

d i sp l ay fewer transverse cracks . Final ly , the  st i ffness  modu l u s of the  

bitumi nou s concrete at  l ow wi nter temperatures i s  the  major factor governing 

transverse crack i ng . 

The St . Anne Test Road has been the  most comprehens i ve fu l l - sca l e 

experi ment to date [ 1] .  Twenty-nine , 400-foot sect i ons were constructed i n  

1966 on  c l ay and sand su bgrades , with a var i ety of material s and structural  

vari ab l e s incorporated into the  experiment . Two of the  major vari ab l es were 

aspha l t type and grade . These cons i sted of two l ow v i scosity grades  and two 

h i gh v i scos i ty grades .  Performance eva l uat i on cons i sted of per i od i c  crack 

surveys , cont i nuou s temperature measurements ,  and crack i n i t i at i on and propa

gat i on detect i on .  F i gure 4 i s  an examp l e  of some crack survey measurements  

for sect i ons  wi t h  high and  l ow viscos i ty asphal t s  on c l ay and  sand subgrades . 

The effect of varying aspha l t  type is notab l e ,  w i t h  the  hig h viscos i ty aspha l t 

s howing super i or performance . The effect su bgrade so i l type , when crack i ng 

does occu r ,  is very noticeab l e .  

The A l berta exper i ment , a l so constructed i n  1966 , u sed t hree d i fferent 

sources of 200/300 penetrat i on grade aspha l t i n  one contract , with u n i form 

su bgrade condit i ons [1] . E ach  source represented a major supp l i er and a 

d i fferent v i sco s i ty l eve l at 140 ° F .  Data on mater i a l propert i es ,  structura l  

capaci ty , mater i a l s variation , 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 nding was that the sect i on w i t h  

l ow-v i scos i ty aspha l t cracked earl i er i n  i t s serv i ce l ife . Th i s  i s  cons i stent 

w i t h  f i nd i ngs  of other stud i es and prov i ded the  bas i s  for a rev i sion to t he  

Alberta specifications for aspha l t cement . 
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In a deta i l ed study of transverse cracking in Ok l ahoma aspha l t  pavement , 

Noure l d i n  and Manke (16, 1 71 i nvest i gated the nature and extent of transverse 

cracking w i t h  pr i mary emphas i s  on the b i tumi nou s components of the  pavement . 

The study comb i ned f i e l d  observat i ons wi th  a l aboratory test i ng program 

centered around the  tens i l e  propert i es of the  aspha l t concrete .  The major 

conc l u s i ons  derived from the  study were : 

1 .  Exami nat i on of recent l y  deve l oped transverse cracks  revea l ed that , i n  

most cases , the cracks  had orig i nated at the  pavement surface . Thu s , 

the  major cau se of these cracks  appears to be the  co 1 d-temperature 

contract i on of the aspha l t concrete surface l ayer . 

2 .  Temperature had a h i g h l y  s i gnif i cant effect on the  measured tens i l e  

propert i es of the pav i ng mi xtures . As temperature decreased , tensil e 

strengths  and fa i l ure s t i ffness  remarkab l y  i ncreased and tens i l e  

strai ns  at fa i l ure decreased . Th i s  i s  pr i mar i l y  a resu l t  of  t he  

i ncrease i n  st i ffness  of  the  aspha l t binder . 

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

tens  i l  e - sp  1 i tt i ng  tests  and the observed degree of  cracking . The  

occu rrence of  transverse crack i ng was  found to i ncrease as  fa i l ure 

stra i n decreased and fa i l ure st i ffness  i ncreased . 

4. A permi ss i b l e  or stand ard fa i l ure stra i n can be estab l i s hed for a 

pavement mixture i n  a g i ven geograph i c  reg i on .  Such  a va l ue  cou l d  be 

u sed i n  future mix des i gn procedu res  i n  wh i ch aspha l t  v i scos i ty ,  

asphal t content, and aggregate grad at i on are mod i f i ed to meet des i gn 

cr i ter i a for fa i l ure strain . 

5. The st i ffness  modu l i  of recovered asphal ts , determi ned at t h e  

expected mi n i mum temperature i n  centra l Ok l ahoma , were s i gn i f i cant l y  

corre l ated wi th Crack i ng Indexes o f  t h e  pavement test s i tes . The  
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st i ffer or harder the aspha l t  cement in a pavement was , the  greater 

was the  degree of transverse crack i ng .  

Des i gn Procedures to Minimize Thermal Cracking 

The need for l ow-temperature modificat i ons to pavement designs  i n  some 

regions was recogn i zed over 30 years ago . S i nce that t i me ,  variou s agencies 

and ind i v i dua l s have devoted cons i derab l e  research effort to sol u t i ons for the  

prob l em .  These i nvest i gat i ons , both f i e l d- and l aboratory-oriented , l ed to  

estab l ishing design concepts for contro l l ing or
. 

e l i minating l ow-temperature 

cracking . Hajek  and Haas [ 18] i nc l ude such  concepts  as  sett i ng l imiting 

penetrat i on and viscosity requirements on the aspha l t cements , l imit i ng the  

stra i n or st i ffness  of the asphal t concrete , and  ca l cu l at i ng the  fracture 

temperature . Most agree that aspha l t source and grade are two i mportant 

var i ab l es .  Furthermore , crack i ng cou l d  be e l im i nated or s i gn i f i cant l y  reduced 

by a l tering l eve l s of these var i ab l es . 

Haas et a l . [1] describe a design and treatment approach that u ses  index 

properties of the  aspha l t and/or the aspha l t mix that have been subject i ve l y  

corre l ated t o  minimize fie l d  cracking frequency . The des i gn approach , see 

Figu re 5 ,  begins by setting the viscosity and penetrat i on spec i f i cat i ons  so  

t hat certain aspha l t s  are e l im i nated , particu l ar l y  hard grade aspha l t s . Next , 

a l imiting stiffness  or strai n is set for the  particu l ar design app l i cat i on 

and the  aspha l t is compared to these l imi ts . Fina l l y ,  a probab l e  fracture 

temperature is ca l cu l ated for the mi x u nder cons i deration and compared w i t h  

t h e  expected l ow temperature . 

Us i ng t h i s design approach , the crack i ng frequency and dens i ty are shown 

to i ncrease with decreas i ng fai l ure strai n and i ncreas i ng fai l u re stre s s  and 

stiffness . Fina l l y ,  l ow v i scosity aspha l t cement exhibits the  greatest  change 
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i n  m i x dens i ty ,  fa i l u re stress  and strai n ,  st i ffness , and cracking frequency . 

These f i nd i ngs  can enab l e  a des i g n  pred i ct i on to determ i ne i f  a mix w i l l 1 crack 

by compar i ng stra i ns ,  stresses , and st i ffnesses  from uncracked and cracked 

sect i ons . The greater the  st i ffness  modu l u s ,  the  greater the  thermal  stre s s  

deve l oped i n  t h e  pavement by temperature . Therefore , t h e  m i xture shou l d  be 

des i gned and aspha l t grade se l ected to have a h i gh modu l u s of rupture to 

ensure adequate tens i l e  strength ,  but a l ow st i ffness  modu l u s  so t hat the  

m i xture w i l l  be  f l ex i b l e rather than  st i ff or  bri tt l e .  

Present method s of des i gn i ng aspha l t pav i ng m i xtures requ i re mi n i mum 

stab i l i ty at an e l evated temperature , f l ow between certa i n  l i m i t s , spec i f i ed 

ranges  of a i r voi d s , and vo i d s  i n  mi nera l aggregate . I n  add i t i on ,  the  aggre

g ate mu st  meet certain grading requ i rements and tests for wear and soundne s s . 

B usby and Rader [ 9] contend that the aspha l t cement wi t h  the  l owest  v i scos i ty 

meet i ng h i g h temperature stabi l i ty requ i rements shou l d  be u sed . F i gure 6 

s hows m i n i mum temperatures  for each grade of aspha l t .  I f  h i g h  temperature 

stab i l i ty requ i rements cannot be met , a l ess  des i rab l e  aspha l t  w i l l  have to be 

se l ected and some crack i ng s hou l d  be expected . 

Th i ckness  of the aspha l t concrete a l so appears to h ave some effect on 

l ow-temperature transverse crack i ng .  Burgess� Kopv i l l em ,  and Young [ 19 ] 

conc l uded that i ncreas i ng the  aspha l t  t h i ckness  appears to reduce the  crack i ng 

frequency . However , they po i nt out that i f  a m i x i s  su scept i b l e  to crack i ng ,  

the  pavement wi l l  crack regard l ess  of t h i ckness . 

Mai ntenance Measures to M i n i mi ze 

Effects of Therma l Crack i ng 

Once therma l  crack i ng has occurred , i t  becomes necessary to m i n i mi ze t he  

adverse effects of t he  crack propagat i on or  i n  cases where t he  crack i ng has  
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become severe , restore the  r i de qual i ty of the  damaged pavement . E s sent i a l l y 

the  opt i ons  ava i l ab l e  for prevent i ve ma i ntenance/surface restorat i on i nc l ude : 

1 .  Fog sea 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 mi l l i ng 

4 .  Patch i ng ,  i nc l ud i ng m i l l i ng and use  o f  pav i ng fabr i c s  

5 .  Over l ays , i nc l ud i ng u se of pav i ng fabr i cs .  

A l l of these opt i ons tend to be s i te- spec i f i c  and l abor- i ntens i ve ,  therefore 

expens i ve .  The degree of success  for use  of t hese opt i ons  has been somewhat 

var i ab l e  and l i mi ted effort has been expended to t horough l y  eva l u ate t h e  

reasons for t h e  var i ab i l i ty .  

A cooperat i ve ana lys i s  by teams o f  eng i neers from I owa , Kansas , N ebrask a ,  

North Dakot a ,  and O k l ahoma [20 ) suggested that s i mp l e  mai ntenance may b e  t he  

key to reduc i ng the  sever i ty of  transverse cracks . Severa l met hods were d i s

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

t h at u s i ng t h i s as a part of the i r  rou t i ne ma i ntenan�e procedure retarded  the  

deve l opment of  cracks  and was cost effect i ve .  They recommended that l arger 

transverse cracks  be f i l l ed wi th  some type of b i tumi 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 backs ,  emu l s i ons , emu l s i on s l urry , aspha l t 

cements , and rubber i zed asphal ts . I t  was a l so reported that sea l i ng crack s  

w i th  ru bber i zed aspha l t b l ended i n  t h e  f i e l d  prov i ded exce l l ent resu l ts .  I t  

was agreed that aspha l t cements , cut backs , and emu l s i ons  d o  not sea l  the  

w i der crac k s  but do prov i de a f i l l er ,  thus  reduc i ng the  amount of water t h at 

can i nf i l trate the  base and weaken the road structure . The procedure for 

restor i ng t he r i d i ng qua l i ty of the road wi th  depres sed transverse cracks  was 

the same i n  most  of the states . Narrow cracks  were f i l l ed w i th a s l urry or 
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b i tum i nou s m i x after wh i ch the  depress i on is l eve l ed u s i ng a co l d  m i x or 

s l urry .  

Many conc l u s i ons may be made about remed i a l treatments of aspha l t pave

ments w i t h  transverse crack i ng .  A l t hough there are no treatments  current l y  

avail ab l e  wh i ch w i l l  comp l ete ly  e l imi nate transverse crack ref l ection-

particu l ar l y  if the  crack is temperature-re l ated--there are some treatments  

t hat effective l y  h i nder their deve l opment . 
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CHAPTE R I I I  

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

F i e l d  I nvestigat i on 

The f i e l d  i nvestigat i on was div i ded i nto three phases--Phases  I ,  I I ,  and 

I I I - -correspond i ng to three site visits . Study s i tes  were s e l ected from 

l ocat i ons recommended by O k l ahoma Department of Transportation ( ODOT ) Div i sion 

Mai ntenance personne l .  Duri ng Phase I ,  several mil es  of roadway were inven

toried with regard to number of cracks , l ocat i on of crac k s , and whether the  

crack s  were depressed or  nondepres sed . Phase I I  efforts invo l ved co l l ect i on 

of variou s crack d i mens i on and pavement cross  section feature data . D uring 

Phase I I I ,  pavement core samp l es and subgrade soil samp l es were co l l ected for 

l ater test i ng .  The l ocat i ons of the 26 s i tes u sed in the  study are s hown in 

F i gure 7. 

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 sted of choos i ng a two-mi l e  sect i on of pave

ment wh i ch represented typ i ca l  transverse cracking of the pavement . A refer

ence po i nt such as a m i l e  marker or i ntersect i on was establ ished , and a crack 

survey was made of a two-mi l e  sect i on .  The survey inc l uded l ocat i on of each  

crack u s i ng a survey i ng whee l and assessment of the  type of crack , i . e . , 

depressed or nondepres sed . The data co l l ected from the  in i t i a l s i te vis i t  

were u sed to l ocate the  transverse cracks  on a p l an and prof i l e  s heet o f  the  

test  sect i on .  A 1000-ft sect i on was then  se l ected according to  the  frequency 

and d i str i but i on of cracks  and the prof i l e  of the highway section . 
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Phase I I  Site V i sit 

Typica l  depres sed and nondepressed cracks  were p l otted for the 1000-ft 

sect i on l ocated in Phase I of the project , as s hown i n  Figure 8.  The trans

verse h i ghway profil e at two typ i ca l  cracks  was surveyed ( see F i gure 9) . At 

the  two se l ected typica l  cracks ,  detai l ed surveys of the  cracks  and depres

s i ons were made . The  standard for l ocat i on of the  transverse survey po i nts  is  

s hown in  Figure 10 . The  crack depth , crack wi dth , depres s i on width , and 

depres s i on depth were measured for the depressed crack at each sect i on .  Crack 

widt h  and depth were measured for the nondepres sed crack . Th i s was done by 

u s i ng a f l at meta l  stra i ght  edge p l aced on the pavement surface perpend i cu l ar 

to the  crack . Typ i ca l  resu l ts of the detai l ed crack survey are shown i n  

F i gure 1 1 .  Photographs  were taken to show the severity and extent of  the  

crack i ng .  

Phase I I I  S i te V i s i t  

Pavement cores and so i l samp l es were taken u sing an ODOT Research 

D i vis 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 obtain 

samp l es from the center of the trave l  l ane and whee l path at the typ i ca l  

depressed and nondepressed cracks  se l ected i n  Phase I I  of  t h e  fie l d  work . 

After cor i ng ,  each specimen was immed i ate l y  wrapped i n  an appropr i ate ly  marked 

p l ast i c  bag  for transport to the l aboratory . So i l samp l es were then taken at  

dept hs  of 0 . 5  to 1 . 0 ,  1 . 5  to 2 . 0 ,  2 . 5  to 3 . 0 ,  3 . 5  to 4 . 0 ,  and  4 . 5  to 5 . 0  ft . 

in one ho l e .  S he l by tube samp l es were attempted in the  other ho l e  at s i te s  

w i t h  more cohesive so i l s  b u t  wi th l imi ted success . A t  sites which cou l d  not 

be She l by tube samp l ed ,  a soi l samp l e  was augered from a depth of 0 . 5 to  3 . 5  

ft in the  hol e .  
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Laboratory I nvest i gat i on 

So i l samp l es taken ad j acent to depres sed and nondepressed crac k s  at 

depths rang i ng from 0 . 5  to 5 ft i n  0 . 5-ft i ncrements were tested for natu ral  

water content and percent mi nu s  U . S .  No . 200 s i eve . Atterberg L i m i t s  ( L i qu i d  

L i mi t ,  P l ast i c  L im i t ) were determi ned for the f i ne-gra i ned so i l samp l es .  

The asphal t concrete cores taken ad jacent to depressed and nondepres sed 

cracks  were tested i n  sect i ons . The cores were cut i nto segments correspond-

i ng to the  pavement l ayers ( i . e . , surface and base ) . Bu l k  spec i f i c  grav i ty/ 

bu l k  dens i ty of each core segment was determi ned u s i ng procedures out l i ned i n  

AASHTO T 166-88 . A mod i f i ed R i ce ' s spec i f i c  grav i ty test (AASHTO T 209-82 ) 
was u sed to determ i ne the max i mum spec i f i c  grav i ty of each m i x .  Percent a i r 

vo i ds i n  each spec i men were cal cu l ated from the bu l k  spec i f i c  grav i ty of each 

compacted spec i men and max i mum spec i f i c  grav i ty of the  m i x u s i ng the  fol l ow i ng 

equ at i on :  

. . _ ( 
Bu l k  Spec i f i c  Grav i ty ) Percent Ai r Vo i d s  or Spec i men - 100 - Maximum Specific Grav i ty 

x 100 

Tens i l e  propert i es of se l ected spec i mens were eval u ated u s i ng the  i nd i rect 

tens i l e  test as descri bed i n  AASHTO T 283-85 . 
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CHAPTER  I V  

RESU LTS 

I ntroduct i on 

The resu l ts of 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 the stat i st i cal  ana lys i s  program , SYSTAT . The computer 

program was  u sed to determi ne if  any two var i ab l es  were l i near l y  re l ated , 

rather t han deve l op i ng l i near regress i on equat i ons  to pred i ct responses . The 

corre l at i on coeff i c i ent 11 r 11 was u sed as a measure of the  strength  of the 

l i near re l at i ons h i p  between pai rs of var i ab l es .  The va l ue  of 11 r 1 1 may fa l l 

anywhere between - 1  and +1 . The coeff i c i ent 11 r 11 i s  equa l  to 1 i f  a l l ( X i • Y i ) 
pa i rs l i e on a stra i ght  l i ne w i t h  a pos i t i ve s l ope ; and r i s  equa l  to - 1  i f  

a l l ( X i , Y i ) pai rs l i e on a strai ght  l i ne wi th  negat i ve s l ope . Accord i ng to 

t h i s  property , the  l argest pos i t i ve and l argest nega-t i ve corre l at i ons  are 

ach i eved only when a l l poi nts l i e on a stra i g ht l i ne .  Any other conf i gurat i on 

of po i nts wi l l  y i e l d  an 11 r 1 1 va l ue l ess  than 1 i n  abso l ute magn i tude . Thu s , 

1 1 r 11 measures  the degree of l i neari ty of the re l at i onsh i p  between var i ab l e s .  

F i gure 1 2  i l l u strates several conf i gurat i ons o f  po i nts assoc i ated w i t h  

d i fferent va l ues  of  11 r 11 [2 1] .  

Resu l ts of  F i e l d  and Laboratory I nvest i gat i ons 

A l l data co l l ected duri ng the f i e l d  i nvest i gat i on s i te v i s i t s were e i ther  

p l otted on p l an and prof i l e  sheets or  on typ i ca l  data presentat i ons , as shown 

i n  F i gure 8 ,  9, and 1 1 .  Becau se of the l arge number of f i gures resu l t i ng from 

26 f i e l d  study s i tes , i t  was dec i ded to comb i ne and present the d ata  i n  tabu

l ar form . Genera l s i te and c l i mate data , i nc l ud i ng average da i l y  traff i c ,  

pavement age , pavement t h i ckness , and annua l  and mont h l y  temperature and 
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rai nfal l va l ues  are presented i n  Tab l e  1 .  The tota l  number of cracks , number 

of depressed and nondepressed cracks , 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 spac i ng 

of tot a 1 ,  depressed , and nondepressed cracks  was done on the  bas i s  of cut , 

f i l l ,  and at-grade port i ons  of the 1000-ft l ong f i e l d  study s i tes ; resu l ts are 

presented i n  Tab l e  3 .  Average end ( cross  sect i on )  areas at transverse sect i ons  

and average crack vo l ume were cal cu l ated for depressed and nondepressed 

cracks , and are presented i n  Tab l es  4 and 5 ,  respect i ve l y .  The resu l ts of 

1 aboratory tests on aspha l t  concrete cores and subgrade soi l s amp l es are 

presented i n  Tab l es 6 and 7 ,  respect i ve l y .  

Stat i st i cal  Compar i sons 

To eval uate the  factors that i nf l uence the occurrence and d i str i but i on of 

transverse cracks  i n  aspha l t pavements u s i ng stat i st i cal  met hods , i t  i s  neces

sary to estab l i sh some 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 abl e s ) . Crack I ndexes  were 

se l ected as dependent vari ab l es , and the  f i e l d  and l aboratory data  summar i zed 

i n  Tab l es  1 through  7 were se l ected as i ndependent var i ab l es .  Convent i onal  

Crack I ndexes , such  as number of transverse cracks  per 1000 ft , were u sed as 

we l l  as some var i at i ons to try to represent both the  number of crac k s  and the 

sever i ty of the crack . For examp l e ,  the  number of transverse cracks  t i me s  the 

cross  sect i onal ( average end ) area at the  pavement center l i ne of the  typ i ca l  

crack a t  each f i e l d  s i te was one var i at i on u sed i n  t h e  corre l at i on study . The  

fo l l ow i ng i s  a l i st of the dependent var i ab l es  wh i ch were u sed i n  t h i s  study : 

1 .  Number of fu l l  transverse cracks  per 1000 ft , 

2 .  Average transverse crack spac i ng i n  a 1000-ft sect i on ,  

3 2  



TABLE 1 

GENERAL S I TE AND C L I MATE DATA 

O r i g i nal  Average Ave rage 
Average Pave- Paveme nt Ave rage H i gh Low Average Average 

D a i l y  me nt Th i c k n e s s  Annua l  Mon th l y  Month l y  Annua l  Mo n th l y  
S i t e  Traff i c Age un . ) Temp . Temp . Temp . Ra i nfal l Ra i nfal l 
No . ( 1 987 ) ( Years ) Su rrace Base  ( 1 986-89 ) ( 1 986-89 ) ( 1 986-89 ) ( 1 986-89 ) ( 1 986-89 ) 

1 - 1 8500  16  2 . 0  6 60 . 9  83 . 7  37 . 9  40 . 8  8 . 2  
1 -2 47 00 19  3 . 5  1 6  6 2 . 9  84 . 4  39 . 0  42 . 0  8 . 2  
1 -3 1 300 1 4  4 . 0  8 60 . 9  82 . 5  36 . 7  45 . 2  8 . 3  
2 -1 29 00  16  4 . 0  8 6 3 . 8  84 . 8  4 1 . 0  43 . 2  7 . 3  
2-2 4400 16 4 . 0  8 6 3 . 8  84 . 8  4 1 . 0  43 . 2  7 . 3 
2 -3 900 1 1  6 . 0  6 63 . 8  84 . 8  4 1 . 0  43 . 2  7 . 3 
2-5 4400 20 4 . 5  7 6 2 . 4  8 1 . 5  37 . 9  38 . 8  7 . 2  
3 - 1  1 4000  27  4 . 5 8 59 . 2  8 1 . 6  35 . 9  42 . 6  7 . 8 

w 3-3 27 00 16 4 . 0  8 6 2 . 7  84 . 9  37 . 9  4 5 . 7  8 . 1  w 4-1 1 5500  1 5  4 . 5  8 57 . 2  82 . 2  33 . 4  36 . 4  7 . 2  
4-2 3900 1 5  4 . 5 8 6 1 . 1  83 . 3  35 . 9  3 7  . 6  8 . 2  
4-3 1 3 50 2 1  2 . 0  1 0  6 1 . 0  82 . 5  3 5 . 1  43 . 1  6 . 9  
4-4 3 100 19 4 . 5  8 60 . 8  83 . 1  3 2 . 8  40 . 8  9 . 2  
5 - 1 2600 37 0 . 5  8 60 . 4  8 2 . 8  34 . 6  29 . 4  7 . 1  
5 -2 1 00 00 20 4 . 5  9 60 . 3  8 1 . 1  34 . 6  3 2 . 8  8 . 5  
5 -3  9500  1 5  4 . 5 8 6 0 . 3  8 1 . 1  34 . 6  29 . 8  8 . 2  
5-4 2200 1 1  5 . 0  7 6 1 . 3  83 . 5  35 . 9  28 . 7  7 . 9 
6-2 2400 38 _ _  a _ _  a 6 1 . 2  83 . 8  3 3 . 5 34 . 1  7 . 8  
6-3  1800 53 1 . 5 6 59 . 2  80 . 3  34 . 2  1 6 . 1  4 . 9  
6 -4 4300 46 1 . 5  8 58 . 9  80 . 1  32 . 0  1 4 . 3 3 . 9  
7 -2 3800 2 3 4 . 5  8 6 1 . 9  83 . 9  37 . 5  44 . 7  1 0 . 4  
7 -3  2900 56 1 . 5  5 6 1 .  7 84 . 2 37 . 0  4 1 . 2  1 1 . 3  
7 -4 6400 23 4 . 5  8 6 1 . 7  84 . 2  36 . 4  28 . 7  8 . 1  
7 -5  4500  20 4 . 5 8 6 1 . 6  84 . 8  37 . 1  28 . 7  8 . 1  
8-1 1 00 1 2  3 . 0  6 6 1 . 5  81 . 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  

aoata not ava i l a b l e .  



TAB LE 2 

CRACK TYPE , NUMBER  OF CRACKS , AND AVE RAGE 
CRACK SPAC I NG AT F I E LD STUDY S I TES 

DeQres sed Cracks  NondeEressed Cracks  Total  Crac k s  
Average Average Average 

S i te Spac i ng Spac i ng Spac i ng 
No . N umber ( ft ) Number { ft ) Number ( ft) 

1 - 1  6 149. 7 b b 6 149 . 7  --
1-2  10 94 . 4  27 36 . 2  37  27 . 4  
1 -3  4 291 . 3  5 1 30 . 6  9 9 7 . 1  
2- 1  4 236 . 7  20 43 . 9  24 40 . 6  
2-2 5 189 . 8  10 88 . 9  1 5  6 1 . 1  
2-3  a a 32 3 1 . 7  32 3 1 . 7  
2-5  3 142 . 5  19 52 . 6  22 46 . 2  
3- 1 14 65 . 5  12 84 . 1  26 37 . 0  
3-3  13  69 . 0  1 7  63 . 5  30 3 1 . 7 
4- 1 5 164 . 5 4 1 32 . 0  9 128 . 6  
4-2 9 1 10 . 0  4 274 . 5  1 3  79 . 8  
4-3  8 103 . 3  3 387 . 5  1 1  93 . 9  
4-4 10 84 . 2  5 90 . 2  1 5  72 . 0  
5- 1 6 133

(;
8 12 84 . 4 . 18  54 . 6  

5-2 1 5 208 . 2  6 1 66 . 6  
5-3  6 184 . 2  5 1 55 . 5  1 1  92 . 1  
5-4 1 c 16  46 . 1 1 7  46 . 1  
6-2 9 120 . 1 12  79 . 6  2 1  47 . 9  
6-3 23 39 . 7 7 58 . 7  30 25 . 7  
6-4 27  35

(;
2 4 144 . 0  3 1  33 . 0  

7-2 1 2 222 . 0  3 1 1 1 . 0  
7-3  4 238

(;
3 10 74 . 5  14  7 3 . 8  

7-4 1 6 135 . 8  7 1 40 . 5  
7-5  2 423 . 0  1 3  75 . 3  1 5  70 . 1  
8- 1 5 207 . 2  1 5  65 . 3  20 50 . 6  
8-3  2 469 . 0  6 1 37 . 8  8 1 26 . 8  

aNo  depressed cracks  at s i te .  
bNo  nondepres sed cracks  at s i te .  
c l nsuff i c i ent number of cracks  to ca l cu l ate . 
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TABLE 3 

NUMBER AND AVERAGE SPACING OF DEPRESSED AND NONOEPRESSED CRACKS 

IN CUT, FILL, AND AT-GRADE PORTIONS OF FIELD SITE 

Site 

No. 

1-1 

1-2 

1-3 

2-1 

2-2 

2-3 

2-5 

3-1 

3-3 

4-1 

4-2 

4-3 

4-4 

5-1 

5-2 

5-3 

5-4 

6-2 

6-3 

6-4 

7-2 

Length 

of Cut 

(ft) 

1000 

0 

0 

200 

0 

190 

0 

735 

330 

800 

510 

510 

450 

455 

150 

0 

380 

500 

0 

1000 

320 

7-3 _,�.. 210 

1-5 

8-1 

8-3 

·- .;· 
0 

1000 

470 

330 

Depressed 

Average 

Spacing 

Number (ft) 

6 

0 

0 

0 

0 

0 

0 

11 

3 

5 

3 

6 

7 

0 

0 

0 

6 

0 

27 

0 

0 

2 

2 

0 

149.7 

53.6 

79.7 

130.5 

96.7 

64.2 

68.5 

98.2 

35.3 

423.0 

133.0 

Cracks in Cut Portion 

Non depressed 

Average 

Spacing 

Number (ft) 

0 

0 

0 

·O 

0 

6 

0 

11 

6 

2 

3 

0 

8 

0 

8 

10 

0 

4 

0 

0 

13 

5 

3 

40.3 

80.1 

42.3 

156.0 

465.0 

50.7 

49.6 

49.2 

144.0 

75.3 

67,8 

91.5 

35 

Total 

Average 

Spacing 

Number (ft) 

6 

0 

0 

0 

0 

6 

0 

22 

9 

7 

6 

7 

7 

9 

0 

8 

16 

0 

31 

0 

2 

0 

15 

7 

3 

149.7 

40.3 

32.9 

33.9 

109.7 

123.2 

89.5 

68.5 

42.0 

49.6. 

29.6 

33.0 

70.0 

70.1 

53.2 

91.5 

Length 

of Fi 11 
(ft) 

0 

710 

1000 

760 

1000 

610 

1000 

265 

670 

200 

490 

430 

550 

545 

850 

1000 

620 

500 

150 

0 

680 

790 

1000 

0 

530 

610 

Depressed 

Average 

Spacing 

Number (ft) 

0 

7 

4 

3 

5 

0 

3 

3 

10 

0 

6 

2 

3 

5 

6 

3 

20 

0 

3 

0 

3 

2 

62.5 

291.3 

236.7 

189.8 

142.5 

63.0 

61.4 

99.8 

98.0 

138.5 

95.0 

184.2 

217.0 

38.0 

57.0 

181.0 

469.0 

Cracks in Fi 

Nondep1 

Number 

0 

20 

5 

20 

10 

19 

19 

11 

2 

2 

5 

4 

4 

5 

8 

2 

12 

0 

2 

9 

6 

0 

10 

3 



..... .. ..... . 

: i I I Port ion Cracks on At-Grade Port ion 

1ressed Total Length Depressed Non depressed Total 

Average Average of At- Average Average Average 

Spac ing Spac ing Grade Spac ing Spac ing Spac ing 

(ft) Number (ft) (ft) Number (ft) Number (ft) Number (ft) 

0 0 0 0 0 

37.6 27 26.1 290 3 56.7 7 38.8 10 22.1 

130.6 9 97.1 0 0 0 0 

43.3 23 44.6 40 9 0 

88.9 15 61.1 0 0 0 0 

31.5 19 31.5 200 0 7 25.4 7 25.4 

52.7 22 46.2 0 0 0 0 

4 57.7 0 0 0 0 

31. 7 21 29.6 0 0 0 0 

117.0 2 117.0 0 0 0 0 

7 79.8 0 0 0 0 

42.0 4 68.7 0 0 0 0 

90.3 8 63.4 0 0 0 0 

143.3 9 65.4 0 0 0 0 

194.3 5 145.8 0 0 0 0 

155.5 11 92.1 0 0 0 0 

37.6 9 37.6 0 0 0 0 

329.0 5 108.5 0 0 0 0 

53.5 32 22.6 250 3 28.5 0 3 28.5 

0 0 0 0 0 

222.0 3 111.0 0 0 0 0 

65.9 12 58.4 0 0 0 0 

135.8 7 140.5 0 0 0 0 

0 0 0 0 0 

51.2 13 40.4 0 0 0 0 

200.5 5 150.0 60 0 0 0 



TABLE 4 

AVERAGE ENO AREA AT TRANSVE RSE SECTI ONS ANO AVERAGE 
C RACK VOLUME FO R TYP I CAL DEPRESSED C RACK 

( I NCLUDES C RACK ANO DEPRESS I ON }  

Average 

I n . 2 Vol ume of 
S i te Avera e C ros s- Se c t i onal  Area of C rack  at Sect i on C rac� 

No . ( I n .  } 

1 - 1 3 . 4  6 . 2  5 . 4  8 . 4  7 . 1  6 . 3  5 . 5  182 . 6  
1 -2 _ _ _  a o . o  2 . 2  0 . 1  o . o  0 . 9  0 . 3  1 6 . 2  
1 -3 8 . 0  1 0 . 2  6 . 4  9 . 5  1 9 . 3  3 . 3  3 . 3  2 59 . 7  
2 -1 1 . 4 7 . 3  5 . 8  3 . 3  3 . 8  4 . 7  0 . 2  1 30 . 2  
2 -2 �:�b �:�b ::�b : : :b :::b :::b �:�b 1 ::�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  3 . 0  8 . 1  1 . 3 93 . 3  
3 -3 0 . 7  4 . 1 2 . 1  0 . 6  2 . 9  4 . 2  0 . 6  7 7  . 5  
4- 1 7 . 8 7 . 0 7 . 4 1 2 . 5  1 3 . 6  1 0 . 1  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  1 3 . 0  27 0 . 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  1 1 . 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  0 . 2  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 1 1 . 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 1 1 . 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 1 0 . 1  
7- 5 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  

ase ct i on 1 not wi th i n  roadway because  of narrow or nonex i stent shou l der . 
b i n s u ff i c i ent  dat a .  
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T A B L E  5 

AVERAGE END AREA AT TRANSVE RSE SECT I ONS 
AND AVE RAGE CRACK VOLUME FOR 

TYP I CAL NONDEPRESSEO CRACK 

Average 

I n . 2 Vo l ume of 
S i te Area of Crac k  at Se c t i on  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 . 1  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 a . a  a . a  a . a 0 . 1  o . o  o . o  a . a  0 . 5  
2 - 5 0 . 2  0 . 3  o . o  0 . 2  a . a  o . o  0 . 3  4 . 2  
3-1 0 . 3  o . o  o . o  a . a  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  35 . 5  
4-3 3 . 3  0 . 3  0 . 2  0 . 7 0 . 1  0 . 1  0 . 7 1 8 . 2  
4 -4 0 . 5  o . o  0 . 7  2 . 4  0 . 3  3 . 8  2 . 0  4 2 . 7 
5 -1 0 . 7 o . o  a . a  0 . 4  0 . 1  o . o  0 . 4  5 . 9  
5-2  0 . 1 0 . 2  o . o  a . a  0 . 1  0 . 1  0 . 1  3 . 2  
5-3 0 . 1  o . o  0 . 1  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  _ _ _  a o . o  o . o o . o  a . a o . o  _ _ _  a 0 . 3 
6-3 _ _ _  a a . a  

� :�b o . o  
�:� 

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

asect i on 1 not wi th i n  roadway because of narrow or nonex i s tent  sh ou l der . 
b i n s u ff i c i ent  da t a .  
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TABL E 6 

RE SUL IS 01 I A BORA rORY n s I s ON ASPHAL T CONCRI: r E COl�L s 

T y pe Bu l k  

S i te o f  Spec i f i c  Grav i ty 
No . Crack S u r f ace Base 

1 - 1  

1 -2 

1 -2 

1 -3 

1 -3 

2- 1 

2- 1  

2-2 

2-2 

2-3 

2-5 

2-5 

3 - 1 

3 - 1 

3-3 

3 -3 

4 - 1  

4 - 1  

4 -2 

4 -2 

4-3 

4 - 3  

4 - 4  

4-4 

5 - 1  

5 - 1  

5-2 

5 -2 

5 - 3  

5 -3 

5 - 4  

5 -4 

6-2 

6-2 

6-3 

6- 3  

6-4 

6-4 

7 - 2  

7 -2 

7 - 3  

7 - 3  

7 - 4  

7 -4 

1 -5 

7 - 5  

8 - 1  

8 - 1  

8-3 

8-3 

D 
D 
ND 
D 
ND 
D 
ND 
D 
ND 
D 
D 
ND 
D 
ND 
D 
ND 
D 
ND 
D 
ND 
D 
ND 
D 
ND 
D 
ND 
D 
ND 
D 
ND 
D 
ND 
D 
ND 
D 
ND 
D 
ND 
D 
ND 
D 
ND 
D 
ND 
D 
ND 
D 
ND 
D 
ND 

2 . 26 

2 . 24 __ a 

2 . 22 

2 . 1 8  

2 . 26 

2 . 30 

2 . 29 

2 . 1 1  

2 . 2 1  

2 . 25 

2 . 35 

2 . 28 

2 . 26 

2 . 3 1  

2 . 1 3  

1 . 86 

2 . 27 

2 . 4 3 

2 . 42 

2 . 36 

2 . 4 3 

2 . 23 

2 . 23 

2 . 37 

2 . 37 

2 . 36 

2 . 34 

2 . 35 

2 . 31 

2 . 36 

2 . 35 

2 . 1 9  

2 . 23 

2 . 1 9  _ _  a 

a 

2 . 33 

2 . 30 

2 . 39 

2 . 35 

2 . 32 

2 . 34 

2 . 34 

2 . 30 

2 . 27 

2 . 3 1  

2 . 38 

2 . 42 

2 . 3 7 

2 . 22 

2 . 26 _ _  a 

2 . 04 

2 . 07 

1 . 97 

1 . 97 

1 . 97 

1 . 93 

1 . 9 1  

2 . 2 1  

2 . 25 

1 .  79 _ _  c 
1 . 87 

1 , 86 

1 . 9 1  

1 . 94 

2 . 02 

2 . 04 

1 . 98 

1 . 99 __ b 

b 
c 

c 
2 . 24 

c 
c 

c 

_ _  b _ _  b 

1 . 98 _ _  c 

2 . 03 
a 

a 

b 
1 . 94 

1 . 97 

1 . 8 7  

1 . 9 1  

2 . 1 4  

2 . 1 4  

2 . 33 

1 . 86 _ _  c 

2 . 2 1  

1 . 90 

1 . 90 

aGood q u a l i ty cores not ava i I ab l e . 

bsamp l e  not i n t a c t . 

cBase m a t e r i a l  not samp l e d .  

Max i mum Sp l i t  Ten s i l e  

Spec i f i c Grav i ty Per cen t Vo i d s St rength <ps i ) 
Sur f ace Base S u r f  ace Base S u r f ace Base 

2 . 4 1  

2 . 4 3 
a 

2 . 46 

2 . 46 

2 . 44 

2 . 59 

2 . 43 

2 . 4 5 

2 . 02 

2 . 4 3 

2 . 4 4 

2 . 42 

2 . 4 5 

2 . 5 3 

2 . 50 

2 . 46 

2 . 47 

2 . 59 

2 . 58 

2 . 5 4 

2 . 5 5 

2 . 46 

2 . 45 

2 . 5 1  

2 . 49 

2 . 5 1  

2 . 50 

2 . 50 

2 . 50 

2 . 5 1  

2 . 48 

2 . 46 

2 . 45 

2 . 4 3 
a 

_ _  a 

2 . 50 

2 . 46 

2 . 4 5 

2 . 48 

2 . 48 

2 . 46 

2 . 4 7 

2 . 46 

2 . 48 

2 . 48 

2 . 48 

2 . 56 

2 . 56 

3 8  

2 . 47 

2 . 5 3 _ _  a 

2 . 44 

2 . 44 

2 . 45 

2 . 42 

2 . 43 

2 . 44 

2 . 46 

2 . 4 5 

2 . 46 

2 . 4 3 _ _  c 
2 . 4 7 

2 . 4 4 

2 . 5 1  

2 . 4 3 

2 . 48 

2 . 4 5 

2 . 45 

2 . 47 

2 . 44 

2 . 4 3 _ _  c _ _  c 

2 . 48 
c 

_ _  c _ _  c 
2 . 4 3 

2 . 4 3 

2 . 36 
c 

2 . 36 _ _  a 

_ _  a 

2 . 40 

2 . 44 

2 . 4 3 

2 . 4 5 

2 . 4 4 

2 . 46 

2 . 46 

2 . 56 

2 . 4 4 _ _  c 
2 . 48 

2 . 4 3 

2 . 44 

6 . 2  

7 . 8 
a 

9 . 8  

1 1 . 4 

7 . 4  

1 1 . 2 

5 . 8  

1 3 . 9  _ _  b 

7 . 4  

3 . 7  

5 . 8  

7 . 8 

8 . 7  

1 4 . 8  

24 . 4  

8 . 1 

6 . 2  

6 . 2  

7 . 1  

4 . 7  

9 . 3  

9 . 0  

5 . 6 

4 . 8  

6 . 6  

6 . 4  

6 . 0  

5 . 2  

6 . 0  

5 . 2  

1 1 . 0 

9 . 0  

9 . 9  _ _  a 

_ _  a 

6 . 8  

6 . 5  

2 . 4  

5 . 2  

6 . 5  

4 . 9  

5 . 3  

6 . 5  

8 . 5  

6 . 9  

4 . 0  

5 . 5  

7 . 4  

1 0 . 1 

1 0 . 7  
a 

1 6 . 4  

1 5 . 2 

9 . 8  

1 8 . 6  

1 8 . 9  

20 . 9  

22 . 4  

9 . 8  

8 . 5  

26 . 3  _ _  c 

24 . 3  

23 . 8  

23 . 9  

20 . 2  

1 8 . 5  

1 6 . 7 

1 9 . 2  

1 9 . 4  
b 

b 

_ _  c _ _  c 
9 . 8  _ _  c _ _  c 
_ _  c 

b 

_ _  b 

1 6 . 1 
c 

1 4 . 0 
a 

_ _  a 

_ _  b 

20 . 5  

1 8 . 9 

23 . 1  

2 1 . 7 

1 3 . 0  

1 3 . 0  

9 . 0  

23 . 8  _ _  c 
1 0 . 9  

2 1 . 8  

22 . 1  

1 85 . 1  

2 1 2 . 9  

1 46 . 9  

1 5 7 . 5  

20 1 . 5  

1 75 . 0 

1 29 . 0  

1 46 . 5  

1 62 . 5  __ b 
1 70 . 0  

1 47 . 5  

1 08 . 4 

1 49 . 9  

1 79 . 1 

1 42 . 3  

1 00 . 0  

1 00 . 7  

1 43 . 7  

1 64 . 9  

1 25 . 2  

1 22 . 6  

76 . 5  

97 . 9  

1 04 . 9  

85 . 9  

1 05 . 0 

9 1 . 1  

90 . 7  

99 . 3  

1 27 . 4  

1 29 . 3  

62 . 3  

58 . 5  

1 09 . 3  

1 08 . 0  

1 1 1 . 9 

1 1 3 . 5  

1 20 . 7 

1 4 7 . 5  

1 47 . 9  

1 24 . 4  

1 5 1 . 2  

1 5 3 . 6  

1 65 . 7  

1 94 . 8  

1 82 . 1 

1 69 . 1 

1 89 . 3  

1 40 . 1 

76 . 5  

1 20 . 0  
a 

_ _  b 

1 1 5 . 7  

7 3 . 6  

5 8 . 5  

59 . 9  

1 02 . 5  _ _  b 
7 4 . 0  

4 7 . 2  

90 . 2  

269 . 5  

28 . 5  

52 . 3  

52 . 1 

5 5 . 3  

78 . 8  

86 . 4  

79 . 4  

1 0 1 . 7  

92 . 4  

5 3 . 6  

8 4 . 3  _ _  c 

9 1 . 0  

79 . 5  

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  

5 4 . 8  

92 . 5  

84 . 6  

1 34 . 2  

1 35 . 8  _ _  b 

25 . 8  

1 67 . 5  

1 67 . 2  

7 1 . 7 

68 . 7  



TABL E 7 

RESUL  r s  OJ L ABORA I Of{Y I E S I S ON SUBGRADE SO I L  SAMPL E S  

T y p e  

S i te o f  

No . Crack 

1 - 1 D 

1 - 1 D 

1 -2 

1 -3 

1 -3 

2- 1 

2- 1 

2-2 

2-2 

2-3 

2-5 

2-5 

3- 1  

3- 1 

3 -3 

3 - 3  

4- 1 

4 - 1  

4 -2 

4 -2 

4 - 3  

4 - 3  

4 - 4  

4 - 4  

5 - 1  

5 - 1  

5 -2 

5 -2 

5 - 3  

5 -3 

5 - 4  

5 - 4  

6-2 

6-2 
6-3 

6- 3  

6- 4  

6- 4  

7-2 

7-2 

7 - 3  

7 - 3  

7 - 4  

7 - 4  

7 - 5  

7 - 5  

8- 1 

8- 1 

8-3 

8-3 

ND 

D 

ND 

D 

ND 

D 

ND 

ND 

D 

ND 

D 

ND 

D 

ND 

D 

ND 

D 

ND 

D 

ND 

D 

ND 

D 

ND 

D 

ND 

D 

ND 

D 

ND 

D 

ND 

D 

ND 

D 

ND 

D 

ND 

D 

ND 

D 

ND 

D 

ND 

D 

ND 

D 

ND 

N a t u r a l 

Water 
Con ten t 

< % >  

1 6 . 5  

1 0 . 7  
a 

1 8 .  1 

1 1 . 2 

1 4 . 1 

1 5 . 9 

1 7 . 0 

1 4 . 7  

7 . 8  

1 4 . 0  

1 4 . 0 

1 4 . 5  

1 3 . 1 

1 3 . 8  

1 1 . 9 

1 3 . 1 

1 2 . 1 

1 0 . 4  

1 2 . 8  

1 5 . 0 

1 5 . 7  

1 5 . 3 

1 2 . 0  

1 3 . 2  

1 8 . 8  

1 6 . 3 

1 6 . 9  

1 2 . 2  

1 4 . 3  

8 . 3  

6 . 9  

5 . 5  

6 . 5  

8 . 5  

8 . 3  

1 4 . 8  

1 3 . 6  

1 0 . 4  

7 . 2  

1 7 . 7  

1 4 . 8  

1 5 . 3  

1 1 . 2  

1 9 . 6  

22 . 9  

1 9 . 2  

22 . 0  

1 5 . 0 

1 5 . 6  

a So i I samp l es not t aken . 
NP--Nnn n I ;;ri c  + i ,.. 

Percen t L i q u i d  

M i n u s  L i m i t  

No . 200 ( % ) 

8 5 . 9  0 

40 . 0  0 
a 

76 . 7  

23 . 4  

3 1 . 7 

3 7 . 9  

42 . 2  

36 . 5  

29 . 4  

7 4 . 8  

7 5 . 1  

7 5 . 2  

80 . 1  

4 1 . 1 

50 . 4  

3 4 . 9  

4 5 . 2 

39 . 1  

4 1 . 5  

6 5 . 3  

6 5 . 3  

66 . 3  

69 . 4  

6 3 . 7  

5 9 . 7  

79 . 7  

80 . 5  

4 5 . 5  

64 . 8  

25 . 9  

2 1 . 5  

33 . 1  

26 . 0  

58 . 0  

5 4 . 4  

5 7 . 7  

5 7 . 8  

2 1 . 9  

20 . 5  

65 . 4  

68 . 2  

46 . 2  

6 4 . 6  

79 . 8  

7 7 . 1  

8 4 . 3  

90 . 1  

65 . 1  

62 . 2  

0 

0 

0 

0 

a 

30 . 6  

25 . 2  

0 

29 . 1  

28 . 0  

32 . 6  

3 1 . 4  

25 . 0  

22 . 0  

20 . 7  

2 1 . 7 

0 

24 . 0  

22 . 2  

23 . 3  

0 

3 1 . 4  

22 . 8  

0 

32 . 9  

33 . 8  

3 1 . 7 

37 . 4  

0 

0 

0 

0 

24 . 5  

23 . 2  

22 . 2  

23 . 1  

0 

0 

34 . 0  

4 1 . 0  

27 . 5  

27 . 1 

33 . 5  

0 

35 . 1  

38 . 9  

0 

0 

3 9  

P l a st i c  

L i m i t  P l ast i c  

< % >  I n dex 

0 NP 

0 NP 

0 

0 

0 

0 

a 

1 7 . 6  

20 . 0  

0 

1 7 . 2  

1 7 . 4  

1 6 . 5  

1 7 . 0 

1 5 . 5  

1 6 . 5  

1 7 . 3 

1 6 . 0 

0 

1 6 . 7  

1 5 . 1 

1 6 . 7  

0 

20 . 9  

1 6 . 0 

0 

1 5 . 7  

20 . 4 

1 4 . 5  

1 7 . 8 

0 

0 

0 

0 

1 2 . 6 

1 3 . 3  

1 1 . 4 

1 2 . 0 

0 

0 

1 8 . 5  

23 . 5  

1 5 . 9  

1 5 . 1  

1 9 . 5  

0 

2 1 . 5  

26 . 0  

0 

0 

a 

NP 

NP 

NP 

NP 

1 3 . 0 

5 . 2  

NP 

1 1 . 9 

1 0 . 6  

1 6 . 1  

1 4 . 4  

9 . 5  

5 . 5  

3 . 4  

5 . 7  

NP 

7 . 3  

7 . 1 

6 . 6  

NP 

1 0 . 5  

6 . 8  

NP 

1 7 . 2  

1 3 . 4  

1 7  . 4  

1 9 . 6  

NP 

NP 

NP 

NP 

1 1 . 9 

9 . 9  

1 0 . 8  

1 1 . 1 

NP 

NP 

1 5 . 5  

1 7 . 5  

1 1 . 6 

1 2 . 0  

1 4 . 0 

NP 

1 3 . 6  

1 2 . 9  

NP 

NP 

AASHTO 

So i I 
C l ass . 

A3 

A2 _ _  a 

A3 

A l  

A2 

A2 

A6 

A4 

A2 

A4 

A6 

A6 

A6 

A6 

A6 

A2 

A6 

A2 

A6 

A4 

A4 

A2 

A4 

A6 

A3 

A6 

A6 

A6 

A6 

A2 

A l  

A2 

A2 

A6 

A6 

A6 

A6 

A l  

A l  

A6 

A7 

A6 

A6 

A6 

A3 

A6 

A6 

A3 

A3 



3 .  N umber of fu l l  transverse cracks  t i mes  the average end area at 

pavement centerl i ne of typ i cal  cracks ,  and 

4 .  Average transverse crack spac i ng t i mes  the  average end area ( i n . 2 ) at 

pavement center l i ne of typ i ca l  cracks . 

Other dependent vari ab l es were tri ed , but they gave no measurab l e  corre

l at i on w i th  the f i e l d  and l aboratory dat a .  Resu l ts o f  the  stat i s t i ca l  compar

i sons that y i e l ded reasonab l e  corre l at i ons ( i . e . , r > 0 . 4 ) are d i scussed i n  

the  fol l owi ng sect i ons . 

N umber of Cracks  Per 1000 Feet 

Corre l at i on coeff i c i ents on the range 0 . 4  to 0 . 7  were found between the  

number of cracks  per 1000 ft and c l i mat i c  factors such  as average h i gh mont h l y  

temperature (AHMT ) , average l ow mont h l y  temperature (ALMT ) , and average 

mont h l y  ra i nfal l .  The corre l at i on wi th  ALMT was obv i ou s l y  not u nexpected , 

s i nce transverse crack i ng of aspha l t pavements i s  a therma l prob l em ,  the  fact 

that as the  ALMT decreased the number of cracks  i ncreased was not supri s i ng .  

I n  other words , the  co l der the temperature the more the aspha l t pavement 

crack s .  The corre l at i on wi th  AHMT i nd i cated that as the AHMT i ncreased , t he  

number of cracks  per  1000 ft i ncreased . Th i s  most l i ke l y  ref l ects  the  fat i gu e  

effect of t h e  expans i on/contract i on eye l es  i nduced by temperature extreme s . 

I n  other word s , the  greater the temperature range from l ow to h i gh ,  t he  

greater the expans i on/contract i on deformat i on cyc l e  ( i . e . , more deformat i on )  

t h e  greater the crack i ng .  

The corre l at i on wi th average mont h l y  rai nfa l l (AMR ) i nd i cated t h at as  

ra i nfal l i ncreased , the number of  cracks  i ncreased . Th i s  most  l i ke l y  ref l ects  

the  mo i sture degradat i on i nf l uence on the asphal t  concrete and the  worse n i ng 
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of the crack i ng as water enters the  transverse crack and str i ps  the  aspha l t 

ad jacent to the crack and softens the subgrade so i l .  

Average Crack Spac i ng 

The stat i st i ca l  eval uat i on i nd i cated that the  average crack spac i ng 

corre l ated (0 . 4  < r < 0 . 5 )  wi th  the average natural  water content of the  upper 

2 ft of the  subgrade . However , t h i s was contrary to what was i nd i cated or 

expected i n  the l i terature . For examp l e ,  the average crack spac i ng i ncreased 

( i . e . , fewer cracks  i n  1000-ft sect i on )  as the average natural  water content 

i ncreased . I t  i s  genera l l y  accepted that the wett i ng of the su bgrade from 

water mov i ng through  the transverse crack resu l ts i n  the  notab l e  depres s i on 

wh i ch i s  character i st i c  of the "mature " transverse crack . Based on t h i s  fact , 

i t  i s  a l so a general l y  accepted fact that softer subgrades  w i l l  resu l t  i n  more 

crack i ng rather than l ess . 

N umber of Cracks  Per 1000 Feet T i mes Average 

E nd Area at Pavement Center l i ne 

The stat i st i ca l  eva l u at i on i nd i cated that the number of cracks  t i mes  

average end  area corre l ated (0 . 42 < r < 0 . 53 )  wi th  the  average p l as t i c l i m i t 

of the  upper port i on of the subgrade . The corre l at i on w i th  one of the  mea

sures of p l ast i c i ty of soi l s  conf i rms the accepted trend that transverse 

crack i ng ,  part i cu l ar l y  depressed transverse crack i ng and sever i ty of d amage , 

i s  more s i gn i f i cant i n  pavements founded on cohes i ve subgrades . Th i s  i s  due  

to  the " soften i ng "  of  cohes i ve subgrades as  water moves throug h  the  cracks  

i nto the  subgrade . 
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Resu l ts 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  eva l uat i on of depressed transverse crac k s  i n  

Ok l ahoma aspha 1 t pavements i nvo l ved a rev i ew of ODOT procedures for con

struct i on and ma i ntenance of aspha l t pavements . To comp l ete t h i s rev i ew ,  

v i s i ts were schedu l ed wi th  construct i on and mai ntenance personne l i n  a l l e i g ht  

d i v i s i on off i ces . One member of the  OSU research project staff and at l east 

one representat i ve from the  ODOT Research D i v i s i on trave l ed to each d i v i s i on 

off i ce .  Spec i f i c  top i cs of d i scu ss i on i nc l uded : 

1 .  Occurrence/extent of depressed ( or nondepres sed ) transverse crack i ng 

prob l em w i th i n  the d i v i s i on .  

2 .  Extent that ODOT mater i a l or construct i on spec i f i cat i ons  and/or con

struct i on procedures i nf l uence the depressed/nondepressed transverse 

crack i ng prob l em .  

3 .  Local  exper i ence or pract i ce wi t h  regard to ear l y  detect i on of trans

verse crack i ng prob l em and mai ntenance and remed i a l procedures for 

dea l i ng w i t h  depressed/nondepressed transverse cracks . 

The d i scu ss i ons were l i mi ted to sma l l groups  and the  exchange of i nform

at i on was very good . Sununari es  of the  d i scu s s i ons wi t h  each d i v i s i on off i ce 

are presented i n  the  Append i x  to th i s  report . The fo l l ow i ng sect i ons present 

the major f i nd i ngs  from the v i s i ts accord i ng to the  d i scu ss i on top i cs l i sted . 

Occurrence/Extent of Transverse Crack i ng Prob l em 

The extent of the  transverse crack i ng prob l em var i e s  from d i v i s i on to 

d i v i s i on wi th  the l owest occurrence of transverse cracks  i n  D i v i s i on 1 ( i . e . , 

moderate prob l em ) . Ser i ou s  transverse crack i ng prob l ems were noted i n  

D i v i s i ons 3 ,  5 ,  6 ,  and 7 .  I n  other word s , transverse crack i ng i s  a prob l em 

that ex i sts statew i de  wi th vary i ng degrees of ser i ousness . Depre ssed trans-
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verse crack i ng i s  a prob l em that a l so var i e s  across  the  state . E s sent i a l ly  

a l l d i v i s i ons reported some depre s s i ons or  fau l t i ng as soc i ated w i t h  the  

transverse crack i ng .  The  extent of the occurrence of depress i ons  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 ngress i on of water i nto the  su bgrade . 

Other factors wh i ch i nf l uence the occurrence/extent of transverse 

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

traff i c .  Aspha l t pavements between 1 5  and 20 years o l d  seem to exh i b i t  a 

greater amount of transverse crack i ng .  Th i s  i s  the  resu l t  of the  change i n  

aspha l t propert i es that occurred i n  the ear l y  to m i d- 1970s becau se  of the  

energy cri s i s .  Ref i n i ng processes  changed so that more petro l eum products  

cou l d  be obtai ned , at  the  cost of  the  propert i es of  the  aspha l t be i ng pro

duced . 

Base course mater i a l s cons i st i ng of soi l aspha l t and to a degree hot s and 

aspha l t genera l l y  resu l t  i n  more transverse cracks . Both mater i a l s have 

essent i a l ly  been e l i m i nated from rout i ne u se . A l though  severa l d i v i s i ons  

ref l ected an i nf l uence of subgrade �o i l type on transverse crack i ng ,  the  

resu l ts were i nconc l u s i ve .  For examp l e ,  one d i v i s i on be l i eved that f i ne

grai ned so i l s  posed more of a prob l em wh i l e  another b l amed sandy subgrades . 

The  actu a l  occurrence of transverse cracks  i s  sure l y  re l ated to the  subgrad e , 

but more than l i ke l y  the subgrade i nf l uence i s  ref l ected i n  the  cond i t i on of 

the  subgrade rather than the  soi l type . For examp l e ,  the  r i g i d i ty of the  

subgrade so i l as ref l ected i n  the  dens i ty of  the so i l i s  probab l y  a greater 

i nf l uence than soi l type . 

The occurrence of depre s s i ons or fau l t i ng i s  more re l ated to so i l type  

s i nce f i ne-gra i ned so i l s  are more l i ke l y  to soften than coarse-grai ned 

so i l s .  The obv i ou s  i nf l uence of traff i c  i s  supported by the  d i v i s i on off i ce 
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d i scu s s i ons ; that i s ,  the more traff i c  and the  heav i er the  traff i c ,  the  more 

transverse crack i ng and more depress i ons or fau l t i ng .  

Spec i f i cat i ons/Mater i a l s  I nf l uence 

The major conc l u s i on from th i s  d i scu s s i on top i c  was t hat aspha l t proper

t i es changed i n  the ear ly  to mi d - 1970s . The aspha l t was more bri tt l e ,  l es s  

" st i cky , "  and appeared to b e  more temperature-dependent . Recent l y ,  d i fferent 

add i t i ves  ( i . e . , po l ymers ) have been mi xed wi th  asphal ts  to reduce the  effects 

brought  on by the ref i n i ng process . Coarse graded asp ha  1 t m i xes d e s i g ned  to 

reduce the rutt i ng prob l em pose more of a transverse crack i ng probl em and 

reduced "waterproof i ng "  effect , both of wh i ch resu l t  i n  faster pavement 

d egradat i on .  Omi tt i ng so i 1 aspha l t  bases and u se  of greater t h i ckness  of  

fu l l -depth aspha l t  have both he l ped reduce the transverse crack i ng prob l em .  

Mai ntenance/Remed i a l Procedures 

The general p h i l osophy of ODOT d i v i s i on off i ces w i t h  regard to mai nten

ance procedures and po l i c i es ,  wi th  a few except i ons , i s  to react to prob l ems 

as they occur rather than try to prevent the prob l em .  Th i s  p h i l osophy works  

we l l  w i t h i n the manpower , money , and t i me constra i nts p l aced on  d i v i s i on 

mai ntenance personne l ;  however , i t  a l l ows some prob l ems to deve l op to detri 

mental  extents before act i on i s  taken . I n  cases where prevent i ve mai ntenance 

procedures are u sed , the extent of the  transverse crack i ng prob l em i s  great l y  

reduced . For examp l e ,  D i v i s i ons 1 ,  2 ,  and 5 rou t i ne l y  use  fog sea l i ng as  a 

way to sea l  surf ace crack i ng and waterproof the surf ace , thus  reduc i ng the  

harmfu l effects of  mo i sture on the  aspha l t mi x .  

D i v i s i ons 1 and 2 both report mi n i ma l  transverse crack i ng prob l ems wh i l e  

D i v i s i on 5 reports ser i ou s  prob l ems . ( Note : D i v i s i on 5 does not rout i ne l y  
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use  fog seal i ng over the roadway ; rather i t  uses  i t  more frequ ent l y  on t he  

s hou l ders . )  Prevent i ve mai ntenance i n  the form of crack seal i ng ear l y  i n  the  

deve l opment of  the  transverse crack i s  reported by a l l d i v i s i ons . E ar ly  

detect i on of  transverse cracks  i s  d i ff i cu l t  and t here i s  no  un i form procedure 

i n  wh i ch some form of roadway cond i t i on rev i ew i s  made . Most of the  earl y 

detect i on i s  done by a l ert ma i ntenance personne l wi th  exper i ence i n  recog n i z

i ng the  prob l em .  

Succes sfu l remed i a l ma i ntenance procedures for restor i ng r i d e  qu a l i ty 

general l y  fal l i nto one of the fol l owi ng categori es : 

1 .  Crack f i l l i ng/seal i ng wi th  aspha l t ( l i qu i d ,  emu l s i on ,  cutback , rub

ber , po l ymer-heated ) and sand , screen i ngs , or ch i ps .  The cracks  are 

general ly  a l ways c l eaned , u s i ng a i r pressure , but the  use of rou t i ng 

or mi l l i ng var i es  from d i v i s i on to d i v i s i on .  

2 .  Seal  coat or ch i p  or armor coat fo l l owi ng crack f i l l i ng/  sea l i ng .  

Th i s  i s  done wi th  or wi thout pav i ng fabr i cs .  

3 .  Over l ay fo l l owi ng l eve l i ng course and/or crack f i l l i ng/seal i ng .  Th i s  

i s  general l y  done u s i ng pav i ng fabr i c over the  o l d  pavement surface . 

A vari at i on of th i s  procedure i s  mi crosurfac i ng ,  u s i ng a po l ymer

treated aspha l t and screeni ngs s l urry to f i l l  depre s s i ons  and prov i de 

a new wear i ng surface . 

A var i ety of crack f i l l i ng product and crack restorat i on met hod s h ave  

been tr i ed but wi t h  l i mi ted success . For examp l e ,  some of the  var i ou s  crack 

f i l l i ng products i nc l ude cement/sand grout , f l y  ash s l urry , hot m i x ,  f i ber 

re i nforced asphal t ,  none of wh i ch performed we l l .  M i l l i ng and rep l acement of 

the aspha l t concrete in trenches  as w i de as 28 i nches  d i d  not prove to be 

successfu l .  
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CHAPTER  V 

CONCLUS IONS AND RECOMMENDAT I ONS 

Conc l u s i ons 

The major cohc l u s i ons that can be drawn from the study may be sum-mari zed 

as fo l l ows : 

1 .  Exami nat i on of the l i terature and eva l uat i on of transverse cracks  at 

the 26 f i e l d  test s i tes  confi rm that , i n  most cases , transverse 

cracks  ori g i nate at the  pavement surface and extend down i nto and /or 

through the pavement . The pri mary cau se of transverse crack i ng i s  

therma l - i nduced stress  cau s i ng contract i on of the  asphal t  concrete  

surface l ayer . Average l ow temperature was  found to have  a s i gn i f i 

cant effect on transverse crack i ng .  The number of cracks  i ncreased 

and average spac i ng between the  cracks  decreased wi t h  decreas i ng 

average l ow temperature . 

2 .  Transverse crack depress i ons or fau l ts are cau sed by an the  i ngres

s i on of water through  the  cracks  i n  the  pavement to the  subgrade 

so i l s .  Th i s  cau ses softeni ng of the  subgrade  soi l and subsequent 

depress i on or fau l t i ng ad jacent to the  crack . Add i t i onal l y ,  pump i ng 

of f i nes  from the base and subgrade t hrough  the  cracks  contr i butes  to 

the l oss  of support . 

3 .  The p l asti c l i mi t of the  f i ne-grai ned soi l s  corre l ated wi t h  crack 

i ndexes such as number of cracks  per 1000 ft . Th i s  i nd i cates that 

pavements over l y i ng f i ne-gra i ned so i l s  pose a greater r i s k  of trans

verse  crack i ng .  

4 .  Transverse crack i ng ,  whether depressed or nondepres sed , i s  a state

wi de  prob l em w i th  the extent of the prob l em vary i ng w i t h  such  factors 
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as pavement age , pavement cross  sect i on ,  traff i c ,  and aspha l t proper

t i es .  

5 .  There i s  a genera l consensus  that asphal t propert i es changed for the  

worse in  the  ear ly  1970s . Spec i f i ca l l y ,  the  aspha l t was  more br i tt l e  

and l ess  1 1 s t i cky . 11 The change i n  propert i es general l y  resu l ted i n  

asphal t concrete pavements that were more su scept i b l e  to therma 1 -

i nduced property changes .  

6 .  A l though  detai l ed f i e l d  eval uat i ons were not conducted for most  of 

the f i e l d  tri a l s of the  var i ou s  preventat i ve ma i ntenance or remed i a l 

repai r procedures u sed by the D i v i s i on off i ces , the  observat i ons  made 

and exper i ence gai ned i nd i cated that some procedures performed better 

than others . For examp l e ,  fog seal i ng u sed as a preventat i ve mai n

tenance procedure reduced and/or de l ayed the extent and sever i ty of 

transverse crack i ng .  I n  the t hree D i v i s i ons  where fog seal i ng was 

rout i ne l y  u sed ( i . e . , annua l l y  or semi -annua l l y )  on pavements start

i ng 3 to 4 years after construct i on ,  the  reported i nc i dence of trans

verse crack i ng was s i gn i f i cant ly  l ess . The key to a successfu l fog 

seal i ng program i s  to start as soon as ha i r l i ne cracks  appear i n  the 

roadway surface and to cont i nue  the  process per i od i ca l l y  as l ong as  

the  transverse cracks  are no  more than 1/4 to  1/2 i n .  w i de . Once the  

cracks  reach 1/4  to  1/2 i n .  wi de or more , crack seal i ng s hou l d  be  

started and cont i nued on an  as-needed bas i s .  Succes sfu l crack seal i ng 

depend s on how t horough l y  the  cracks  are c l eaned and the  type of 

mater i a l u sed for seal i ng the  cracks  ( i . e . , CRS-2 or rubber aspha l t ) . 

7 .  S i mi l ar observat i onal  method s u sed for remed i a l repa i r procedures  

i nd i cated that some procedures performed better than others ; spec i 

f i ca l l y ,  crack f i l l i ng/ l eve l i ng ,  mi crosurfac i ng ,  and over l ay i ng u s i ng 
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geotext i l es ( i . e . , pav i ng fabr i cs ) . Crack f i l l i ng/ l eve l i ng goes 

beyond crack sea 1 i ng becau se it  i ncorporates  sand , screen i ngs , or 

c h i ps i nto the  crack seal i ng mater i a l to prov i de some " st i ffne s s "  to 

the f i l l er ,  so that i t  not on l y  seal s the crack but l eve l s the sur

face and restores some of the l ost r i de  qua l i ty .  Rout i ng the  crac k s  

somet i mes  he l ps b u t  i s  not a necess i ty .  M i crosurfac i ng has  performed 

we l l  i n  restor i ng r i de  qua l i ty i n  many app l i cat i ons , espec i a l l y  where 

the  transverse cracks  and depress i ons  are i nd i v i du a l l y  f i l l ed and 

l eve l ed pri or to p l ac i ng the surface treatment . Over l ay i ng w i t h  

pav i ng fabr i cs , a l though cost l y ,  prov i des  t h e  most i mproved r i d i ng 

surface of a l l the remed i a l repa i r  procedure . The performance of an 

over l ay on a pavement w i t h  transverse cracks  depend s  on how effec

t i ve l y  cracks  and depress i ons  are f i tted and l eve l ed pr i or to over

l ayi ng .  For extens i ve l y  cracked and depressed pavements ,  m i l l i ng t he  

surface he l ps w i t h  the  l eve l i ng of  t he  pavement pr i or to over l ay i ng .  

8 .  Some remed i a l repai r method s that have not worked we l l  i nc l ude : 

crack f i l l i ng/ l eve l i ng w i t h  st i ff mater i a l s l i ke cement and f l y  ash  

grout , sawi ng out  cracks  w ith  rock  saws and backf i l l i ng w i t h  hot  m i x

co 1 d 1 ay , and mi 1 1  i ng transverse s l ots  i n  the  pavement over crac k s  

and backf i l l i ng wi th  hot mi x .  

Recommendat i ons 

The fo l l owi ng recommendat i ons are cons i dered pert i nent to the  resu l ts of 

t h i s research i nvest i g at i on :  

1 .  Further comprehens i ve test i ng of cracked and u ncracked pavement 

sect i ons shou 1 d be u ndertaken to deve 1 op a better u nderstand i ng of 

actua l  therma l effects on stres s ,  strai n ,  and st i ffness  va l u e s . 
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Aspha l t chemi stry and aggregate propert i es s hou l d  a l so be  cons i dered 

i n  the eva l u at i on .  

2 .  Current aspha l t  spec i f i cat i ons are pr imar i l y  concerned w i t h  rheo l og i 

cal  propert i es at h i gh and moderate temperatures (penetrat i on at 

77 ° F ,  v i scos i ty at 140 ° F  and 275 ° F ,  and softe n i ng poi nt ) . Some 

cons i stency measurement , such as v i scos i ty ,  at l ower temperatures 

s hou l d  be cons i dered i n  future spec i f i cat i ons . 

3 .  ODOT shou l d  cont i nue  wi th i ts p l ans to u se res i l i ent propert i es 

( i . e . , Res i l i ent Modu l u s ) to des i gn aspha l t  pavements s i nce i t  pro

v i des  a method to accommodate the change i n  st i ffness  from l ayer to 

l ayer , wh i ch has an i nf l uence on occurrence of transverse crack i ng .  

4 .  A comprehens i ve eva 1 u at i on of prevent i ve and remed i a 1 mai ntenance 

procedures s hou l d  be conducted to estab l i sh t he cond i t i ons  u nder  

wh i ch the  var i ou s  procedures perform best . 

4 9  



REFERENCES 

[ 1 ]  Haas , R .  C .  G .  e t  a l . 1 1 Low Temperature Pavement Crack i ng i n  Canad a :  
The Prob l em and I t s  Treatment . "  Proceed i ngs of the  Canad i an Good 
Roads Assoc i at i on ,  1970 , pp . 69-96. 

[ 2 ]  Kher , Ramesh . Road Test to Determi ne Impl i cat i ons of Prevent i ng Therma l 
Ref l ect i on Crack i ng i n  Asphal t Over l ays . Ontar i o :  Research and 
Deve l opment D i v i s i on ,  M i n i stry of Transportat i on and 
Commun i cat i ons , 1977. 

[ 3 ]  Haas , R .  C .  G . , and T .  H .  Hopper . "Thermal Fracture Phenomena i n  B i tum
i nou s Surfaces . "  H ighway Research Board , Spec i al Report 101 ( 1969) , 
pp . 136- 153. 

[ 4 ]  Anderson , K .  0. , and R .  C .  G .  Haas . "A  Des i gn Subsystem for the  Response 
of F l ex i b l e Pavements at Low Temperature . 11 Proceed i nps of the  
Assoc i at i on of  Asphal t Pav i ng Techno l ogi sts , Vo l . 38 ( 969) , pp . 
179-223. 

[ 5 ]  H i l l s ,  J .  F . , and D .  Br i en .  1 1 The Fracture of B i tumens and Aspha l t  M i nes  
by Temperature- I nduced Stresses . 11 Proceed i ngs of the AAPT , Vo l . 35  
( 1966 ) , p .  292. 

[ 6 ]  S h i e l d s ,  B .  P . , and K .  D .  Anderson . 11 Some Aspects of Transverse Crack-
i ng i n  B i tumi nou s Pavements . 1 1 Proceed i ngs , Canad i an Techn i ca l  
Aspha l t Assoc i at i on ,  Vo l . 9 { 1964 ) , p .  209. 

[ 7 ]  Monosmi th , C .  L .  et a l . 1 1 Temperature- I nduced Stresses  and Deformat i on 
i n  Aspha l t i c  Concrete . 11 Proceed i ngs of the  AAPT , Vo l . 34 ( 1965 ) , 
p .  248. 

[ 8 ]  Kari , W .  J . , and L .  E .  Santucc i . 11 Control of Aspha l t  Concrete Con
struct i on by the  Ai r Permeab i l i ty Test . 11 Proceed i ngs of the  AAPT , 
Vo l . 32 ( 1963 ) , pp . 124- 189. 

[ 9 ]  Busby ,  E .  0 . , and L .  F .  Rader . 11 F l exural  St i ffness  Propert i es of 
Aspha l t  Concrete at Low Temperatures . 11 Proceed i n�s of the  
Assoc i at i on of  Aspha l t Pav i ng Techno l ogi sts , Vo l . 4 1 1972) , pp . 
163- 187. 

[10]  Wh i ff i n ,  A .  G . , and N .  W .  L i ster . 1 1 The App l i cat i on of E l ast i c  Theory to 
F l ex i b l e  Pavements . 1 1 Proc . ,  I nt l . Conf . on Structural  Des ign  of  
Aspha l t  Pavement , Un i v .  of M i c h i gan , 1963. 

[11]  Kal l as ,  Benard . 11 Low Temperature Mechan i ca l  Propert i es of Aspha l t  
Concrete . 11 The Asphal t I nst i tute Research Report 82-3 (Sept . , 
1982) . pp . 1- 1 1. 

[ 12 ) Dorman , G .  M .  1 1 The Extens i on of Pract i ce of a Fundamental  Procedure for 
the  Des i gn of F l ex i b l e  Pavements . "  Proc . ,  I nt l . Conf . on Struc
tural Des i gn of Aspha l t .  Un i v .  of M i ch i gan , 1963. 

5 0  



[ 1 3 ]  J i menez , R .  A . , and B .  M .  Gal l away . " Behav i or of Aspha l t i c  Concrete 
D i aphragms to Repet i t i ve Load i ngs . "  Proceed i ngs , I nt l . Conf . on 
Structural Des ign of Aspha l t Pavement , U n i vers i ty of Mich i gan ,  
1963. 

[ 14 ]  Fromm , H .  J . , and W .  A .  Phang . 11 A Study of Transverse Crack i ng of 
B i tumi nou s Pavements . 11 Proceed i n  s of the Assoc i at i on of As ha l t 
Pav i ng Techno l ogi sts , Vo l . 41  1972 , pp . 424-493. 

[ 1 5 ]  Mcleod , N .  W .  11 A Four-Year Survey of Low Temperature Transverse Pave
ment Crack i ng on Three Ontar i o  Test Road s . "  Proceed i ngs of the  
Assoc i at i on of Asphal t Pav i ng Techno l ogi sts , Vo l . 41  ( 1972) , pp . 
424-493. 

[ 1 6 ]  Manke , P .  G . , and M .  S .  Noure l d i n .  A Study of Transverse Crack i ng i n  
O k l ahoma F l ex i b l e H ighway Pavements .  Research Project No . 72-03- 3 ,  
I nter i m  Report 5 .  Schoo l  of C i v i l E ng i neeri ng , Ok l ahoma State 
Un i vers i ty ,  1977 . 

[ 1 7 ]  Noure l d i n ,  M .  S . , and P .  G .  Manke . " Study of Transverse Crack i ng i n  
F l ex i b l e  H i g hway Pavements i n  Ok l ahoma . 11 Transportat i on Research 
Record 695 .  Transportat i on Research Board , Was h i ngton , DC , 1978 , 
pp . 28-33. 

[ 18 ]  Hajek , J .  J . , and R .  C .  G .  Haas . " Pred i ct i ng Low-Temperature Crack i ng 
Frequency of Asphal t Concrete Pavements . "  H ighway Research Board , 
Research Record No . 407 ( 1972 ) , pp . 39-54 .  

[ 19 ]  Burgess , R .  A . , 0 .  Kopv i l l em ,  and F .  D .  Young . " Ste . Anne Test Road-
Re l at i onsh i p  Between Pred i cted Fracture Temperatures and Low
Temperature F i e l d  Performance . "  Proceed i n  s Assoc i at i on of 
Asphal t Pav i ng Techno l ogi sts , Vo l . 40 197 1  , pp . 148-226 . 

[ 20 ]  Transverse Crack i ng of Aspha l t Pavements . Summary report of a coopera
t i ve ana lys i s  by teams from Iowa , Kansas , Nebrask a ,  North Dakota , 
and Ok l ahoma . U . S .  Department of Transportat i on ,  Nov . , 198 1 . 

[ 2 1 ]  Devore , J .  L .  Probab i l i ty and Stat i st i cs for E ng i neer i ng and the  
Sc i ences . 2nd Ed . New York : Brooks/Co l e Publ i sh i ng Co . , 1977. 

5 1  



APPEND I X  

SUMMARY O F  D I SCUSS IONS FROM D I V I S ION  OFF I CE V I S ITS 
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ODOT--Depressed Transverse Cracks i n  Asphal t Pavements 

ODOT Pract i ces 

D i v i s i on 1 

Occurrence/Extent 

• Transverse crack i ng i s  not a ser i ou s  prob l em ( probab l y  4% or l es s  of 
asphal t  pavements exh i b i t  transverse crack i ng ) . 

• Depressed transverse cracks  are a mi n i mal  prob l em ( probab ly  2% or l e s s  of 
aspha l t pavements exh i b i t  depressed transverse crack i ng ) . 

• Transverse crack i ng prob l em evo l ved i n  m i d- 1970s on 1 - to 2-year-o l d  
roadways . 

Spec i f i cat i ons/Materi al s 

• Th i cker pavements pose l ess  of a prob l em .  

• Construct i on trends are mov i ng t o  l arger aggregate m i xes w i t h  fewer 
f i nes . 

• Propert i es of aspha l t changed � 1972 . 

Mai ntenance/Remed i al Procedures 

• Fog seal i ng (w i th  asphal t emu l s i on or cutback ) i s  u sed on a l l aspha l t 
pavements 3 to 4 years o l d .  

• Crack seal i ng (wi th CRS-2 )  for ear ly  detected cracks  ( <3/4 i n . ) ,  then  
CRS-2 w i th  screen i ng/ch i ps as cracks  open w i d er .  

• Other crack seal i ng/crack f i l l i ng opt i ons tri ed : 

1 .  Cement/s i l t grout 
2 .  Remov i ng crack and adjacent aspha l t concrete and rep l ac i ng w i t h  hot 

m i x/co l d  l ay 
3. Geotext i l es--beneath ch i p  seal  or overl ay 
4 .  M i crosurfac i ng-- l atera l crack f i l l i ng ,  then l ong i tud i na l  app l i cat i on ,  

then over l ay .  
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D i v i s i on 2 

Occurrence/Extent 

• Transverse crack i ng i s  a moderate prob l em wi th approx i mate ly  1 5  to 20% of 
aspha l t pavements exh i b i t i ng the prob l em .  Tend s to occur over certa i n 
stretches of roadway and appears to be preval ent i n  east-west roadways . 

• Depressed transverse cracks  are not a ser i ou s  prob l em .  

Speci f i cat i ons/Materi al s 

• Major prob l ems wi th  asphal t  pavements i nvo l ve aggregate str i pp i ng and 
changes  i n  propert i es of aspha l t .  

• Construct i on trend s are mov i ng toward coarse aggregate m i xes  to reduce 
rutt i ng but  at  a l oss  of  "waterproof i ng "  and f l ex i b i l i ty . 

• Fu l l -depth aspha l t pavements over aggregate base and a proper l y  prepared 
su bgrade perform we l l . 

• Typ i ca l  prob l em l ead i ng to crack i ng i s  the  u se by contractors of the  
m i n i mum (or l ower ) aspha l t  percentage wh i ch resu l ts i n  a st i ffer , more 

bri tt l e  m i x wh i ch i s  more su scept i b l e  to transverse crack i ng .  

Mai ntenance/Remed i al Procedures 

• Ma i ntenance approach i s  more react i ve than prevent i ve .  I n  other word s , 
mai ntenance act i v i t i es respond to f i rst observat i on of transverse crack
; ng . 

• Fog seal i ng (wi th  aspha l t emu l s i on at 0 . 1 5  ga l /yd2 ) i s  u sed at l east once 
a year on a l l asphal t pavements .  Fog seal i ng has been very successfu l i n  
reduc i ng transverse crack i ng becau se i t  tend s to " rejuvenate " the  surface 
and f i l l s  and/or seal s sma l l cracks . 

• Sma l l cracks  can be i dent i f i ed after a l i ght  rai n ;  the  pavement surface 
ad jacent to the crack wi l l  appear dr i er than the surround i ng area becau se  
of surf ace tens i on effects a l ong the crack . 

• Seal  coat and ch i ps , w i th  or wi thout pav i ng fabr i c ,  i s  an a l ternat i ve 
prevent i ve measure u sed . 

• As crack i ng progresses , crack seal i ng (wi th CRS2 ) w i th  sand , screen i ng s , 
or ch i ps i s  u sed depend i ng on s i ze of crack . 

• Po l ymer-treated aspha l ts are u sed for ch i p  seal  and crack seal i ng .  

• No exper i ence w i t h  rubber asphal t :  cons i dered a v i ab l e a l ternat i ve .  

• L i m i ted u se of mi crosurfac i ng ,  pr i mar i l y  as a l eve l i ng course for ruts . 
L i m i ted success . 
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D i v i s i on 3 

Occurrence/Extent 

• Transverse crack i ng i n  asphal t pavements i s  a ser i ou s  prob l em i nvo l v i ng 
50 to 60% of the  pavements .  

• Depressed transverse cracks  occur i n  approx i mate l y  20% of the  asphal t  
pavements . 

• Genera l prob l em i s  i n  northwest port i on of d i v i s i on where fu l l -depth 
aspha l t i s  u sed more often and traff i c  i s  greater . 

• Fu l l -depth asphal t pavements appear to pose a greater probl em ,  espec i a l ly 
when hot sand asphal t and so i l aspha l t are u sed as bases . Crack i ng or 
depress i ons do not seem as severe when stab i l i zed aggregate base courses  
are u sed . 

Speci f i cat i ons/Materi al s 

• Aggregate source appears to have same effect on crack i ng behav i or .  Loca l  
11 bromi de 11 aggregate exh i b i t s  mi crocrack i ng prob l em becau se of ox i dat i on .  

• Character i st i cs of aspha l t changed i n  ear l y  to m i d - 1970s . Transverse 
crack i ng of aspha l t pavements appears to be greater i n  aspha l ts  w i t h  
11 changed 11 character i st i cs ( i . e . , not as st i cky or f l ex i b l e ) . 

• Construct i on procedure i s  u s i ng a l ower percent f i nes ; t herefore , the  

tendency to  take  on water i s  greater . 

Mai ntenance/Remed i al Procedures 

• Detect i on of transverse cracks  i s  based on observat i on ;  then prevent i ve 
mai ntenance act i ons  are taken . 

• Prevent i ve mai ntenance approaches i nc l ude : fog seal i ng ( u sed pr imar i l y  
on o l der roads w i th  open graded mi xes , seal  coats w i th  c h i p s  [ u s i ng CRS-
2S ] ) ,  and crack seal  ( u s i ng AC 2A or rubber asphal t  i n  routed crack s ) . 

• Remed i a l ma i ntenance act i v i t i es ( i . e . , restor i ng r i de qual i ty )  i nc l ude  
crack seal i ng wi th  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 asphal t concrete , m i x i n  f i ne 
aggregate , reheat , and compact . 

• No experi ence wi th  m i crosurfac i ng but , cons i der i t  to be a v i ab l e  
al ternat i ve .  
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D i v i s i on 4 

Occurrence/Extent 

• Aspha l t  pavements constructed i n  ear ly  to m i d - 1970s appear to pose more 
prob l ems wi th transverse crack i ng .  

• Aspha l t pavements constructed on stab i l i zed aggregate base courses  d o  not 
s how s i gns of transverse crac k i ng .  

• Transverse crack i ng prob l em appears to occur more when pavements are 
constructed on f i ne-grai ned so i l subgrades . 

Spec i f i cat i ons/Materi al s 

• Aspha l t character i st i cs changed i n  ear l y  1970s , i . e . , aspha l t was more 
bri tt l e ,  l ess  st i cky . Asphal t propert i es vary great l y ,  i . e . , penetrat i on 
and v i scos i ty may be wi th i n acceptab l e  l i m i t s , but chemi cal  compos i t i on 
and therefore eng i neeri ng propert i es vary . 

• Low percent f i nes  i n  mi xes i s  conduc i ve to transverse crac k i ng prob l em .  

• I n  l ate 1970s , ODOT opted for 11 softer 11 asphal ts ; the  resu l t  was more 
rutt i ng . 

Mai ntenance/Remed i al Procedures 

• E ar ly  detect i on of transverse crack i ng i s  d i ff i cu l t . 

• Bas i c  mai ntenance ph i l osophy i s  react i ve ,  i . e . , respond s to prob l ems as 
they come up . Most ma i ntenance dol l ars go to safety and r i d e  qua l i ty 
rather than prevent i ve mai ntenance . 

• Mai ntenance procedures for transverse cracks  i nc l ude  crack f i l l i ng /  
seal i ng (wi th  l i qu i d  asphal ts  and screeni ngs o r  ch i ps )  and m i crosur
fac i ng .  

• M i crosurfac i ng u s i ng l eve l course for depre s s i ons fol l owed by total  
surface app l i cat i on has  performed very we l l .  

• Some remed i a l procedures that were tri ed and d i d  not perform we l l  
i nc l uded : 

Sawi ng transverse crack wi th rock saw and backf i 1 1  i ng w i t h  type C 
m i x .  

F l y  ash-cement grout f i l l er .  

• Pav i ng fabr i cs are not u sed , e i ther w i t h  seal  coats o r  over l ays , o n  
roadway w i t h  wi de  transverse cracks . 

• Need a comprehens i ve demonstrat i on project to e v a l u ate bot h  prevent i ve 
and remed i a l mai ntenance procedures . 
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D i v i s i on 5 

Occurrence/Extent 

• Transverse crack i ng of aspha l t  pavements i s  a ser i ou s  prob l em i n  the  
D i v i s i on .  

• Depressed transverse cracks  appear more common by job . , i . e . , i nterstate  
h i ghways  show more depressed cracks  because of greater traff i c  vo l ume s . 

• Transverse cracks  appear to occur more i n  pavements on sandy subgrades . 

Spec i f i cati ons/Materi al s 

" No spec i f i c  comments . "  

Mai ntenance/Remed i al Procedures 

• Fog seal i ng i s  u sed extens i ve l y  for protect i ng the  pavement surface , 
i . e . , he l ps remed i ate hai r l i ne cracks . Used extens i ve l y  on s hou l ders of 
i nterstate h i ghways as we l l  as roadway surfaces .  Typ i ca l ly  app l i ed twi ce 
a year . 

• Crack f i l l i ng/sea l i ng has genera l l y  not been �uccessfu l .  

• Common approach i s  seal coat (SS I or CRS2S ) and ch i ps ( 3/8 i n .  or screen
i ngs ) to ma i nta i n r i de qual i ty .  If crack s  become depressed , str i p  sea l 
i ng may be u sed . 

• M i crosurfac i ng has worked successfu l ly for mai ntai n i ng r i de qua l i ty ,  but  
it  i s  expens i ve .  

• Severa l remed i a l procedures that have been tri ed w i t h  mi n i ma l  succe s s  
i nc l ude : 

Crack f i l l i ng w i t h  fast sett i ng cement grout , f l y  ash s l urry , l i qu i d  
aspha l t and ch i ps , hot mi x .  

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

M i l l i ng 28- i nch  wi de by 6- i nch deep trenches across the  pavement , 
p l ac i ng pav i ng fabr i c  and hot m i x  i n  the  trench , and over l ay i ng .  

• Most ma i ntenance procedures do not 1 1 stop 1 1 the crack i ng ;  they on ly  d e l ay 
the reappearance of the crack . 
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D i v i s i on 6 

Occurrence/Extent 

• Near l y  al l aspha l t  pavements exh i b i t  some transverse crack i ng .  

• Recurr i ng mai ntenance prob l ems occur i n  approx i mate l y  50% of the  
roadways . 

• Most probl ems occur i n  roadways wi t h  soi l aspha l t bases , i . e . , sand and 
aspha l t m i xed i n-p l ace . 

Spec i f i cat i ons/Materi al s 

• Most road s i n  the  D i v i s i on are 30 to 40 years o l d  and were constructed 
when st i ffer aspha l t s  were u sed to reduce rutt i ng .  

• Aspha l t propert i es changed i n  ear ly  to m i d - 1970s , but few roads were 
constructed duri ng th i s  peri od . 

• No prob l ems have been noted wi th coarse aggregate m i xes . 

• Fu l l -depth asphal t pavements have not been a prob l em wi th  respect to 
transverse crack i ng .  

Mai ntenance/Remed i al Procedures 

• Common mai ntenance approach to transverse crack i ng i s  crack sea 1 i ng or 
crack l eve l i ng .  

• Crack seal i ng u s i ng CRS-2S wi thout f i l l er i s  the rout i ne ma i ntenance 
approach . It i s  genera l ly  done i n  the fal l and spr i ng ,  and pri or to any 
ch i p  seal  or overl ay .  

• Probl ems w i t h  pav i ng fabr i cs beneath seal  coats or over l ays have occurred 
when the cracks  were not seal ed or l eve l ed . 

• Fog seal i ng i s  occas i onal ly  u sed to he l p  rave l i ng prob l em .  I t  i s  not 
u sed for transverse crack i ng prob l em becau se of s k i d  res i stance prob l ems 
and cost . 

• M i crosurfac i ng has not been u sed extens i ve l y  becau se of cost . 

• Pav i ng fabr i cs are u sed extens i ve l y  between l eve l i ng course and over l ay .  

• Th i n  over l ays are often u sed to mai ntai n r i de qual i ty .  
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D i v i s i on 7 

Occurrence/Extent 

• Transverse crack i ng of asphal t pavements i s  a ser i ou s  prob l em .  

• Transverse crack i ng i s  more preval ent i n  pavements constructed i n  ear l y  
1970s . Pavements constructed earl i er d o  not seem t o  crack extens i ve l y .  

• Transverse crack i ng occurs i n  pavements p l aced o n  sandy o r  c l ayey 
subgrades , i . e • •  subgrade has no effect . 

Spec i f i cat i ons/Materi al s 

• Aspha l t character i st i cs changed for the worse i n  ear l y  1970s . 

• Pavement des i gn changed , i . e . , changed from hot sand aspha 1 t base to 
stab i l i zed aggregate base to reduce rutt i ng prob l em .  

• Aggregate performance has a n  i nf l uence o n  crack i ng behav i or .  

Mai ntenance/Remed i al Procedures 

• Prevent i ve mai ntenance procedures bas i ca l l y  i nvol ve  crack f i l l i ng /  
seal i ng and s e a l  coat and ch i ps .  

• Crack i ng f i l l i ng/seal i ng u ses  CRS-2S and e i ther sand or ch i ps p l aced i n  
l ayers i n  the  crack s .  

· Crack i ng f i l l i ng/seal i ng u sed rout i ne l y  before seal  coat and ch i ps or 
over l ay .  

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

• M i crosurfac i ng has been u sed wi th  some success to f i l l / l eve l transverse 
cracks  before general l ong i tud i nal app l i cat i on .  

• Fog sea 1 i ng w i t h  CRS-2S has been u sed to sea 1 surface crack s  when they 
are very sma l l .  General l y  not effect i ve as cracks  w i den i n  prevent i ng 
mo i sture i ngres s i on .  
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D i v i s i on 8 

Occurrence/Extent 

• Transverse crack i ng of aspha l t pavements i s  a moderate l y  ser i ou s  prob l em 
affect i ng approx i mate l y  25% of the  aspha l t pavements . 

• Pavements between 1 5  to 20 years o l d s how s i gn i f i cant crack i ng .  

• No apparent s i gn i f i cant i nf l uence of pavement cross  sect i on or subgrade 
soi l .  

Spec i f i cat i ons/Materi al s 

• Asphal t propert i es changed i n  ear l y  1970s . Mater i a l became more bri tt l e  
and l es s  " st i cky . " 

• D i v i s i on i s  u s i ng po lymer mod i f i ed aspha l t to try to addres s  prob l ems 
w i t h  poor qua l i ty aspha l ts .  

• Omi tt i ng soi l aspha l t  bases has he l ped reduce transverse crack i ng 
prob l em .  Many propl ems st i l l  occur w i t h  fu l l -depth aspha l t .  

Mai ntenance/Remed i al Procedures 

• Prevent i ve mai ntenance procedures i nc l ude crack i ng seal i ng w i t h  CRS-2S 
and b l ot wi th  sand 1 and fog seal i ng of road s showi ng hai r l i ne crack i ng .  
Fog seal i ng i s  genera l ly  u sed wi th  open-graded mater i a l s .  

• Remed i a 1 ma i ntenance procedures i nc 1 ude crack f i 1 1  i ng wi t h  CRS-2S and 
ch i ps  p l aced i n  a l ternat i ng l ayers 1 pav i ng fabr i cs  w i th  over l ays 1 and 
geotext i l e str i ps  saturated wi th  asphal t  fo l l owed by co l d  m i x/co l d  l ay .  

• Rout i ng or m i l l i ng has not been u sed 1 but p l ans are to try i t  i n  
conjunct i on wi th  crack f i l l i ng .  

• M i crosurfac i ng has been u sed on on ly  one job . N o  record avai l ab l e  on 
success . 

• Crack f i l l i ng u s i ng cement/sand s l urry was moderate l y  successfu l .  

• Expanded c l ay aggregate and aspha l t has been u sed as a crack f i l l er w i t h  
some success . 
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