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Thi s report descr ibe s  the resul ts of a pre l imi nary evaluati on the 
nature and exten t of depres s ed transversed cracki ng of asphal t  pavements 
in Okl ahoma. The pri mary purpos e  of the Pha s e  I study wa s to devel op and 
eval uate procedures for coll ecti ng fi eld da ta o n  a l arger scale in Phase II. 
Four s i tes were s e l ected using i nput from Di vi s i on Ma i ntenance Engi neers 
for deta i led evalua tion. Data such as crack occurrence and distri bution, 
crack cro s s  sect i on, pavement cross s ection, genera l topography, genera l 
soil s were co l l ected a nd eval uated. The resul ts of the Pha se I evalua t i o n  
indicate that: 

1. Transverse cracki ng of asphal t  pavements i s  a prevalent problem 
i n  North Centra l Okl ahoma. 

The depres s i o ns assoc i a ted  with transverse cracks occur because of 
a combina t i on of factors, incl ud i ng, at a mi ni mum; the type 
subgrade, the sti ffn e s s  of the a sphal t, a nd the s ize and number of 
vehicles. 

3. The fie l d procedures used to co l l ect test s ecti o n  data, al though 
time consumi ng, worked very we l l .  
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Because of the diverse climatic conditions in Oklahoma, asphalt pavements are 

exposed to temperature-induced tensile stress extremes which result in transverse 

cracking of the pavement structure. The transverse cracks are usually at :regular 

intervals that range from a few feet to several hundred feet, depending on the age of the 

pavement and the rheological properties of the asphalt mixtures. Other factors such as 

pavement design and construction methods, materials' characteristics, traffic conditions, 

and maintenance practices have a less-than-fully-understood influence on the occurrence 

and distribution of these cracks. 

Initially, transverse cracks are not particularly harmful to the pavement, but poor 

riding quality can result as the cracks become progressively wider and deeper. Open 

cracks permit surface water to enter the crack as well as other detritus. water can 

soften the base and/or sub grade as well as cause stripping of the asphalt-bound 

materials. When the base and subgrade materials soften, compression of these materials 

occurs and a depression is formed along the crack which further adversely affects ride 

quality and the pavement integrity .. 

The purpose of the research was to assess the influence of the design, construction, 

materials, maintenance, and climate factors on occurrence and distribution of 

depressed transversed cracks in asphalt pavement. report summarizes the results of 

Phase I of the research program which involved a review of current literature on the 

subject of transverse cracking and the development and evaluation of field procedures to 

collect the pertinent data necessary to evaluate the influence of the above factors. 

The results of Phase I confirm the description of the mechanism of transverse 

cracking (i .. e., temperature-induced tensile stresses), but revealed minimal information 

on the influence of the various factors. Based on the sites evaluated in Phase I, 

depressed transverse cracking is a prevalent problem in north central Oklahoma. The 

extent of the problem in other portions of the state be addressed in Phase II. A set 
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of field procedures, although time-consuming, were developed that work very for 

collection of the pertinent data. 
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INTRODUCTION 

Background 

The performance of flexible pavements depends on a variety of design, 

construction, materials, traffic, maintenance, and climatic factors. Because of its 

diverse cli matic conditions, Oklahoma flexible pavements are exposed to temperature­

induced stress extremes which can result in transverse cracking of the pavement 

structure. 

Transverse cracking of flexible pavements is an extensive and costly of 

pavement distress in all states that experience relatively cold temperatures during the 

winter months. These cracks are caused by low-temperature induced tensile stresses 

that exceed the tensile strength of the pave ment materials and result in cracks or 

fractures. to geometric configuration of the pavement, the principal axis of 

thermal contraction is in the longitudinal direction a major portion of 

or low-temperature cracks occur transversely. 

These transverse pavement cracks are spaced at regular intervals that 

range from a feet to several hundred feet, depending primarily on the age of the 

pavement and the rheological properties of the asphalt mixtures. In cases, these 

cracks are limited in depth, but others may penetrate through the total pavement 

structure. Cyclic teemperature changes over a period of several years in a gradual 

increase in both width and depth of crack opening. 

Initially, these cracks are not particularly harmful to the pavement, but poor riding 

qualities can result as these cracks become progre ssively wider deeper. Open cracks 

permit the ingress substantial quantities of surface water as other detritus. 

Water, of course, can cause stripping in the asphalt-bound materials as well as softening 

of the base and/or subgrade. In cases, depressions occur at these cracks due to 

subgrade softening, the application of heavy axle loads, possibly pumping of fine 

materials. Secondary cracks, more or less parallel and .on both of the primary 
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transverse crack, may occur along with faulting of the intermediate sections of 

p avement. 

Objectives of the Research 

It is obvious that this t ype of progressive pavement distress can drastically reduce 

the serviceability of a highway and soon become a serious safety hazard for the users. 

Solutions to the problem a re u ndoubtedly related to the characteristics of the subgrade 

soil and the paving materials employed, the design of the flexible pavement structure, 

and the maintenance practices used. From the development of these relationships it 

should be possible to suggest remedial measures to eliminate or at least mitigate the 

problems associated with depressed transverse cracks. It is to this end that the major 

objectives of this research program are directed: 

Determine the nature and extent o r  severity of depressed t ransverse cracking 

of flexible pavements throughout the Oklahoma highway system; 

2. Conduct both field and l aboratory investigations of the paving materials and 

subgrade soils to characte rize depression cracks at selected sites and ascertain 

unique and/or common elements that contribute to the occurrence and 

distribution of this type of distress; 

3. Review Oklahoma Department of Transportation (ODOT) practices and 

procedures pertaining to structural pavement design, design of surface paving 

mixtures, construction, and roadway maintenance to establish any correlations 

with the development of depression cracking in flexible pavements; 

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

recommendations, where warranted, regarding 

(a) revisions in paving materials and construction specifications 

(b) structural and mix desig n procedures 

2 



(c) maintenance practices for routine crack sealing 

(d) remedial measures used on depression cracks prior to overlaying 

operations. 

3 



the 

One 

The 

OF ASPHALT PAVEMENTS 

-LITERATURE PRECEDENT 

The non-load associated transverse cracking of asphalt pavements is a serious 

problem which reduces ride quality and shortens the pavements service life. Low­

temperature shrinkage cracking of asphalt pavements and associated reduction in 

service was first noted in the 1930's, but because of low paved miles combined with small 

traffic volumes and lighter loads the problems were not as serious. With the 

authorization and initial construction of the interstate highway system, the problem 

became more acute by the 1960's, particularly in the northern states. During the past 25 

years a great deal of research has been conducted in an effort to find a practical solution 

to minimize the cracking problem in new pavements and to reduce the harmful effects 

and restore serviceability in existing pavements (l,2,3,4,5,6,7,8,9,10,11,12,13). These 

studies concluded that the transverse cracking problem was caused by thermal stresses 

induced by temperature changes, primarily in the low-temperature range. of the 

more significant variables influencing cracking was found to be the consistency 

characteristics of the surface layer asphalt. In addition, pavement thickness, pavement 

and subgrade type were shown to be significant. 

Haas (8) summarized the factors of possible significance in low-temperature 

cracking of asphalt pavements and categorized them into external and component 

factors, as shown in Figure 1. These factors do not act independently but are 

interrelated. For instance, the combination of traffic loads and decreased temperature 

could create sufficient stress to cause cracking at various stages depending on the 

magnitudes of load and temperature. 

Laboratory investigations conducted on asphalt cement have shown that they lose 

some of their elasticity at low temperatures and behave essentially in a plastic manner. 

At the same time, the asphalt layer tends to contract but is partially or wholly 

restrained. This combination induces tensile stresses in the pavement material. 

4 
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appearance of transverse cracks during rapid warming, following prolonged cold period, 

indicated to some that fracture was being initiated during and as a result of this 

warming. However, actual field records indicated that fracture occurred when pavement 

surface temperatures reached a minimum (14,15,16,17 ,18). Instrumentation revealed 

that most transverse cracks started at the surface, but initially only a 

limited depth. 

The previous findings partially substantia ted the fracture mec hanism hypothesis of 

Haas and Topper (19). This cracking hypothesis essentially postulated a two-stage 

phenomenon. the first stage, a microcrack initiates at the surface of the asphalt 

l ayer when the induced thermal stresses exceed the tensile strength to decreasing 

temperatures and this crack propagates only to some limited depth. the second stage, 

the c rack propagates to the depth of the surface layer after one or cycles of 

rapid warming.. Because of pavement geometrics, the principal axis of contraction is in 

the longitudinal direction and, hence, the majority of these cracks are to be expected in 

the transverse direction. 

Field investigations devoted to this problem can be divided into two broad 

approaches. The first was mainly oriented toward surveying, s ampling, a nd testing the 

existing cracked pavements in order to documen t  the extent of the problem and attempt 

to correlate certain factors with the frequency of cracking (4,8). The second approach 

was primarily concerned with studying the effect of different materials and structural 

variables on the actual field performance of full-scale pavement sections (16,18). Field 

te sting programs included mapping the different cracking patterns and coring and 

sampling of base and subgrade materials. Cracking frequency diagrams were prepared to 

help in selecting areas for further detailed examination. This cracking survey 

also included the number of part, half, full and multiple transverse cracks occurring in 

each 500 interval of the pavement. Figure 2 represents a diagrammatic illustration of 

the four categories of cracks. 

To develop a measure of cracking severity, a Cracking Index was developed 

6 
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(11) and is in the equation: 

(1) 

where 

C.I. = Cracking Ind ex. 

Nm= number of multiple 

= number of full cracks per 500 ft two-lane 

=-number of half cracksNh 

It felt smaller transverse usually occur subsequent to for ma tion 

of or c racks and, these cracks disrega rded in the 

calculation of the Index (11). 
Some field studies indicated that variables such as asphalt type, and source, 

as as age thi ckness p ave men t , showed a significant correlation with the 

degree of cracking of pavemen t sections (2). Consequen tly, several full-scale 

experimental section s were constructed in various areas, part i cularly in Canada, to 

evaluate the effect of these variables, including asphalt type and (17 ,18,21,22). 

Air subsurface te mperatures continuously rec orded sections. Periodic 

crack surveys were detect crack in itriation and to closely propagation 

and devel opment of these cracks. In addit ion, the structural capacity of these 

experimental sections ev aluated field test procedures (14,15,16,17). analysis 

of the data on these sections showed a significant correlation between the 

asphalt source, type and grade, and the degree cra cking. it 

emphasized that low-temperature cracking appeared to be a co mplex phenomenon with 

many factors involved that other variables highly in certain 

s ituat ion s  (8). 

8 
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In a detailed study of transverse crack.in g in Oklahoma asphalt pavement, Noureldin 

and Manke (23,24) investigated the nature a nd extent of transverse c racking with primaary 

e mphasis on the bituminous components of the pavemen t. The study combined fiseld 

observations with a laboratory testing progr a m  centered around the tensile propert ies of 

the asspha lt c oncre tea. The major c onc lus ions derived from the study: 

Examination of recently dev eloped transverse cracks revealed that, in m o st 

cases, the cracks had origsinate d a t  the pavement surface. Thus, the major 

cause of  these cr ack s  appears t o  be the cold-te mperature contraction of the 

asphalt c onc re te surface layer. 

2. Temperature had a highly significant effec t  o n  the measured ten s ile  properties 

of the paevin g  m ixtures. As temperature decreased , tensile strengths a nd 

failure stiffness re marksably increased and tens i le strains at failure 

d ecreased. This is primarily a resu lt of the increase in stiffness of the a sphalt  

bin der. 

3. A satisfactory correlation was found between the results of the tensile­

splitting tests and the observed deg ree of cracking. The occurrence of 

transverse cracking was found to increase as failure strain decreased and 

fa i lure st iffness i ncreased. 

4. A pe rmisssible or standard failure strain can be established for a pavement 

m ix ture in a giv en geogra phic reg.ion. Such a value could be used in future m ix 

des ign proced ures in which asphalt viscosity, aspha lt con.tent, and aggreg ate 

gradation a re mod.if ied to meet design cri teria for fai lure strain. 

5. The stiffness moduli of rec overed aspha lts, determ ined at  the expec ted 

m inimu m  temperature in central Oklaho ma, were significantly correlated with 

the Cracking Indexes of the pavement test sites. The stiffer or harder the 

asphalt cement in a pavement was, the greater was the degree of transverse 

craecking. 



These conclusions f urther support the results of research programs conducted in the 

northern states that the major cause of t ransverse cracking in asphalt pavements is 

temperature induced tensile stresses, even in a location without long-duration, extremely 

cold temperatures. 

Although the previously dis cussed research has significantly increased the 

u nderstanding of the mechanism of transverse cracking from an asphalt-materials point 

of view, limited effort has been expended on characterizing the depression problem. It is 

likely that the extensive loss of ride· quality caused by the depressions is related to the 

properties of th e subgrade, which has been treated as an important but secondary 

contribution to the overall problem. 

Equally disturbing is the emphasis on design alter natives for asphalt pavements (25) 
with minimal effo rt directed toward remedial options for in-service pavements. 

Essentially, t he options a vailable for post-construction treatment include: 

1. fog seals 

2.. crack filling 

3. crack repair, including routing and milling 

4 .  patching, including milling and use of synthetics 

options are obviously expensive and labor intensive and have exhibited varying 

degrees of success in improving serviceability. 

10 
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In the or ig inal proposal, the combined and labo ratory invest igation of 

depressed t ransverse cracks i nvolved collectio n of la rge a mount 20 to 

s ites aro und the state. There some concerns over site selection criteria, 

specifically, how would the s ites be cha racter ized in o rder objectively select the final 

group of s ites for sampli ng. In order to m in imize potential  problems with s ite selection,  

w ith pa rticular emphas is o n  cha racter izat ion  cr iteria ,  the resear ch was split into 

phases. Phase I, which is the subject of this report, included li terature 

rev iew on the general topi c of  transverse cracking and the characterization of two to 

four s ites to develop the cr iteria f inal s ite selection .  Phase II include selection 

o f  20 to  40 s i tes that  character ized using procedures developed in I plus a 

field sampling and laboratory test ing program. 

The f i eld invest igation p roc edures used in Phase I a t  a total o f  four s ites i ncluded: 

A wa lk-over survey o f  a selected sect ion o f  roadway exhibit ing both depressed 

and non-depressed transverse cra cks. In add iti on, cross-sect ion ( i .e., 

cut, f i ll, t rans it ion) were noted alo ng the s ecton. Typi cally t he section a 

minimum of 3 miles i n  length. The lo cation of t ransverse cracks with an 

ind i ca tion of being depressed o r  non-depressed noted relat ive to an i n it ial 

reference point. The location of t he t ransverse cracks was p lotted o n  plan 

and prof ile sheets. From these plots, a 1000-ft section was selected a 

second vis it. basis fo r selection was the occurrence and dis t ribut ion of 

depressed a nd non-depressed cracks, pavement cross-section features safe 

site distance. 

During the secon d s ite vis it,  the exa ct loca tion of  each t ransverse cra ck was 

noted and sketched relat ive to the beginning o f  the 1000-ft length. The Crack 
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Index was defined for the secstion on a h asis of 500-ft lf-mqths. Two rlP.prnssnd 

and one non-depressed t ransverse c racks selected for detailed study. Thn 

depth and width of the transverse cracks and the depth and typical cross 

s ection of depressions were measured at seven locations across the pavement 

represensting the wheel paths, non-wheel paths, and the shouldsers, see Figure 

3. A photographic record was made of these c racks at each observtion point as 

well as the overall section. General drainage and topographic conditions were 

noted along with a general assessment of the pavement surface condition. The 

pavement cross section was surveyed at each of the depressed cracks selected 

for detailed study. Shallow grab-samples of the subgrade material were 

collected in the shoulder near each of the cracks. 

3. Additional information collected the sites, where available, included des ign 

cross section and mainte nance history, traffic volumes, PSI, and climatic 

conditions. 

the data collected during the two site visits were appropriately plotted for 

evaluation. 

Phase of the project extend the procedure.s developed in Phase I to a larger 

number of sites across the state. In addition, samples of t he pavement and subgrade 

materials will be collected adjacent to two selected cracks and at a location away from 

the t ransverse c racks. detailed laboratory investigation is planned to establish a 

"data-bank" characterizing each site. These data will be used to estab lish correlations 

between it and the occurrence and distribution of depressed (or non-depressed) transverse 

cracks in asphalt pavements. 

12 



of 

15 0 
11111 I ' ' I I I J .... 

- .. ,. �1- 3T3· .. ,. .,. ---

SECTION NO� (1)** 

SH OULDER OR 

ct 
© 

T 

pavements 

ODOT - Depressed Transverse Cracking in Asphalt Pavements Project 
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* Section· numbers assigned from left to right looking west or north 

**Section No. 1 located 13 ft from centerline for with reduced 

inside (median) shoulder width 

Figure 3. Location of Sectio ns fo r Transverse Crack/Depression Surveys. 
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RESULTS 

During Phase I of the research project, four sites were characterized for inclusion 

Phase The 1000-ft test sections were at 

following locations: 

Site l. SH 51 west of Stillwater in westbound lanes between Country Club 

Road and Camp Redlands Road (3 miles) 

Site 2. On SH 51 east of Yale, starting at SH 51 and SH 99 junction and extending 

east to Cimarron River bridge (3.. 6 miles). 

Site 3.. On SH 48 north of Bristow, starting t wo miles south of SH 33 and SH 48 

junction and extending south for 3.. 5 miles. 

Site 4. On US east of Enid, starting one mile east of SH 74 and US 64 junction 

and extending east 5 miles. 

The field procedures used to characterize the test sites, although time consuming, 

were successful in obtaining the required data. The data collected at the four sites is 

presented in summary and graphical form in the appendices to this report; specifically, a 

data summary sheet, crack survey, transverse crack/depression cross sections, and 

surface elevation cross sections were prepared each site. The results of the field 

surveys are discussed by field site in the following paragraphs. 

Site 1, SH 51 West of Stillwater A) 
A 1500-ft section was used at this site in order to determine the appropriate length 

to balance obtaining the necessary data with minimizing traffic-controlled work time. 

14 
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The length of the remaining sections was reduced to 1000 ft. For site 1, the Index 

varied 2 for the western third of the section to for the middle third. crack 

was relatively u niform in the eastern third, but erratic in the remaining two­

thirds. The highway cross section varied from cut to from east to with the 

eastern third predominantly on cut, the middle third on transition cut fill and the 

western third on fill. There were more depressed, transverse cracks the eastern third 

(4 of 5) than in the other portions of the test section (2 of 6). The subgrade consisted of 

sandstone material, which was excavated from the cut sections and used as fine 

ag gregate base course beneath the asphalt concrete surface. It is not clear whether the 

increased occurrence of depressed transverse cracks is due to the they occur in 

a cut section (i.e., subgrade greater stiffness) or some other of 

factors. The two depressed transverse c racks surveyed (Nos. 2 and exhibited 

wider depressions at sections and 6 which corresponds to the the 

outside lane and supports  the influence of traffic on the depressed 

behavior. Since completing the detailed survey, SH 51 west of has 

resurfaced using a latex modified e mulsion micro surface. All transverse cracks were 

individually sealed, then the entire pavement surface was sealed with the slurry. 

Site SH 51 East of Yale B) 

The Crack Index was 6.5 and 7 for the two· 500-ft lengths c omprising the overall 

test section. Depre ssed transverse c racks outnumbered non-depressed cracks by a to 

margin.. The distribution of cracks was relatively u niform over the entire section, even 

though the cro ss section varied from fill to cut to fill. Wider depressions were again 

noted at the sections representing wheel paths. The depth of the depressions was 

relatively u niform across the pavement. 

Site SH 48 North of Bristow C) 

The Crack Index was 6.5 and 8 for the two 500-ft lengths of the test section. 

15 
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Depressed transverse cracks outnumbered non-depressed cracks by an to 3 margin. The 

distribution of cracks was relatively uniform over the entire section.. Depressed cracks 

were more prevalent in the northern portion of test section in a cut section. larger 

number of half-way cracks (7) was noted at section.. In addition, a number of the 

cracks exhibited offsets at the centerline, could be the result of a poor 

longitudinal construction joint. Crack openings for the depressed cracks surveyed were 

considerably wider at this test section as compared to the other sections. 

Site US 64 East of Enid D) 

The Crack Index was 8.5 and 8 for the two 500-ft lengths of the test section. 

Depressed transverse cracks outnumbered non-depressed cracks by a 10 to 5 margin. The 

distribution of the cracks was uniform over the length of test section. Depressed cracks 

were more prevalent in the eastern portion of the test section which was in a cut 

section. The width and depth of the depressions were again larger for the wheel path 

sections .. 
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CONCLUSIONS 

Evaluation of the procedures used to obtain the field data and the results of the 

collected data yielded the following conclusions: 

Transverse cracking of asphalt pavements is a prevalent problem in the north 

central portion of Oklahoma.. The extent of the problem in other portions of 

the state be addressed in Phase II. 

2.  Transverse cracking of asphalt pavements is  primarily caused by temperature­

induced stresses, particularly at the low temperature range. The extent to 

which cracking influences ride qualit y  is primarily affected by maintenance 

procedures used after the crack has developed and extended through the 

pavement structure.. The depressions associated with transverse cracks occur 

because of a combination of factors, including, at a minimum: the type of 

subgrade, the stiffness of the asphalt concrete, and the size and number of 

vehicles. 

3. The field procedures used to collect the test section data, although time 

consuming, worked very well. During Phase II, additional input from the 

Division Of fices be extremely helpful in the site selection process. 
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ODOT - DE PRE SSE D T RANSVE RSE C RACK I NG I N  ASPHALT PAVEMENTS PROJ E CT 

TE ST S E CT I ON S H E E T  

LOCATI ON DATA : 

Te s t  S e c t  No . 1 H i eg hway SH 5 1  Co u n ty 

Co n t ro l  S e c t i on No . 5 1 - 60- 1 8  
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	of field procedures, although time-consuming, were developed that work very for collection of the pertinent data. 
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	INTRODUCTION 
	Background 
	The performance of flexible pavements depends on a variety of design, construction, materials, traffic, maintenance, and climatic factors. Because of its diverse climatic conditions, Oklahoma flexible pavements are exposed to temperature­induced stress extremes which can result in transverse cracking of the pavement structure. 
	Transverse cracking of flexible pavements is an extensive and costly of pavement distress in all states that experience relatively cold temperatures during the winter months. These cracks are caused by low-temperature induced tensile stresses that exceed the tensile strength of the pavement materials and result in cracks or fractures. to geometric configuration of the pavement, the principal axis of thermal contraction is in the longitudinal direction a major portion of or low-temperature cracks occur trans
	These transverse pavement cracks are spaced at regular intervals that range from a feet to several hundred feet, depending primarily on the age of the pavement and the rheological properties of the asphalt mixtures. In cases, these cracks are limited in depth, but others may penetrate through the total pavement structure. Cyclic teemperature changes over a period of several years in a gradual increase in both width and depth of crack opening. 
	Initially, these cracks are not particularly harmful to the pavement, but poor riding qualities can result as these cracks become progressively wider deeper. Open cracks permit the ingress substantial quantities of surface water as other detritus. Water, of course, can cause stripping in the asphalt-bound materials as well as softening of the base and/or subgrade. In cases, depressions occur at these cracks due to subgrade softening, the application of heavy axle loads, possibly pumping of fine materials. S
	transverse crack, may occur along with faulting of the intermediate sections of pavement. 
	Objectives of the Research 
	It is obvious that this type of progressive pavement distress can drastically reduce the serviceability of a highway and soon become a serious safety hazard for the users. Solutions to the problem are undoubtedly related to the characteristics of the subgrade soil and the paving materials employed, the design of the flexible pavement structure, and the maintenance practices used. From the development of these relationships it should be possible to suggest remedial measures to eliminate or at least mitigate 
	Determine the nature and extent or severity of depressed transverse cracking 
	of flexible pavements throughout the Oklahoma highway system; 
	2. 
	2. 
	2. 
	Conduct both field and laboratory investigations of the paving materials and subgrade soils to characterize depression cracks at selected sites and ascertain unique and/or common elements that contribute to the occurrence and distribution of this type of distress; 

	3. 
	3. 
	Review Oklahoma Department of Transportation (ODOT) practices and procedures pertaining to structural pavement design, design of surface paving mixtures, construction, and roadway maintenance to establish any correlations with the development of depression cracking in flexible pavements; 

	4. 
	4. 
	4. 
	Based on the results of this study and evaluation, make implementable recommendations, where warranted, regarding 

	(a) 
	(a) 
	(a) 
	revisions in paving materials and construction specifications 

	(b) 
	(b) 
	structural and mix design procedures 

	(c) 
	(c) 
	maintenance practices for routine crack sealing 

	(d) 
	(d) 
	remedial measures used on depression cracks prior to overlaying operations. 




	3 
	OF ASPHALT PAVEMENTS -LITERATURE PRECEDENT 
	Figure

	The non-load associated transverse cracking of asphalt pavements is a serious problem which reduces ride quality and shortens the pavements service life. Low­temperature shrinkage cracking of asphalt pavements and associated reduction in service was first noted in the 1930's, but because of low paved miles combined with small traffic volumes and lighter loads the problems were not as serious. With the authorization and initial construction of the interstate highway system, the problem became more acute by t
	and subgrade type were shown to be significant. 
	Haas (8) summarized the factors of possible significance in low-temperature cracking of asphalt pavements and categorized them into external and component factors, as shown in Figure 1. These factors do not act independently but are interrelated. For instance, the combination of traffic loads and decreased temperature could create sufficient stress to cause cracking at various stages depending on the magnitudes of load and temperature. 
	Laboratory investigations conducted on asphalt cement have shown that they lose some of their elasticity at low temperatures and behave essentially in a plastic manner. At the same time, the asphalt layer tends to contract but is partially or wholly restrained. This combination induces tensile stresses in the pavement material. 
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	appearance of transverse cracks during rapid warming, following prolonged cold period, indicated to some that fracture was being initiated during and as a result of this warming. However, actual field records indicated that fracture occurred when pavement surface temperatures reached a minimum (14,15,16,17 ,18). Instrumentation revealed that most transverse cracks started at the surface, but initially only a limited depth. 
	The previous findings partially substantiated the fracture mechanism hypothesis of Haas and Topper (19). This cracking hypothesis essentially postulated a two-stage phenomenon. the first stage, a microcrack initiates at the surface of the asphalt layer when the induced thermal stresses exceed the tensile strength to decreasing temperatures and this crack propagates only to some limited depth. the second stage, the crack propagates to the depth of the surface layer after one or cycles of rapid warming.. Beca
	Field investigations devoted to this problem can be divided into two broad approaches. The first was mainly oriented toward surveying, sampling, and testing the existing cracked pavements in order to document the extent of the problem and attempt to correlate certain factors with the frequency of cracking (4,8). The second approach was primarily concerned with studying the effect of different materials and structural variables on the actual field performance of full-scale pavement sections (16,18). Field te
	To develop a measure of cracking severity, a Cracking Index was developed 
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	(11) and is in the equation: 
	(1) 
	where 
	C.I. = Cracking Ind ex. 
	Nm= number of multiple = number of full cracks per 500 ft two-lane 
	=-number of half cracks
	h 
	N

	It felt smaller transverse usually occur subsequent to for ma tion of or c racks and, these cracks disrega rded in the calculation of the Index (11). 
	Some field studies indicated that variables such as asphalt type, and source, as as age thi ckness p ave men t , showed a significant correlation with the degree of cracking of pavemen t sections (2). Consequen tly, several full-scale experimental section s were constructed in various areas, parti cularly in Canada, to evaluate the effect of these variables, including asphalt type and (17,18,21,22). Air subsurface temperatures continuously rec orded sections. Periodic 
	crack surveys were detect crack in itriation and to closely propagation and development of these cracks. In addition, the structural capacity of these experimental sections ev aluated field test procedures (14,15,16,17). analysis 
	of the data on these sections showed a significant correlation between the 
	asphalt source, type and grade, and the degree cra cking. it emphasized that low-temperature cracking appeared to be a co mplex phenomenon with 
	many factors involved that other variables highly in certain 
	situations (8). 
	8 
	In a detailed study of transverse crack.ing in Oklahoma asphalt pavement, Noureldin and Manke (23,24) investigated the nature and extent of transverse cracking with primaary emphasis on the bituminous components of the pavement. The study combined fiseld observations with a laboratory testing program centered around the tensile properties of the assphalt concretea. The major conclusions derived from the study: 
	Examination of recently developed transverse cracks revealed that, in most cases, the cracks had origsinated at the pavement surface. Thus, the major cause of these cracks appears to be the cold-temperature contraction of the asphalt concrete surface layer. 
	2. Temperature had a highly significant effect on the measured tensile properties of the paeving mixtures. As temperature decreased, tensile strengths and failure stiffness remarksably increased and tensile strains at failure decreased. This is primarily a result of the increase in stiffness of the asphalt 
	binder. 
	3. 
	3. 
	3. 
	A satisfactory correlation was found between the results of the tensile­splitting tests and the observed degree of cracking. The occurrence of transverse cracking was found to increase as failure strain decreased and failure stiffness increased. 

	4. 
	4. 
	A permisssible or standard failure strain can be established for a pavement mixture in a given geographic reg.ion. Such a value could be used in future mix design procedures in which asphalt viscosity, asphalt con.tent, and aggregate gradation are mod.ified to meet design criteria for failure strain. 

	5. 
	5. 
	The stiffness moduli of recovered asphalts, determined at the expected minimum temperature in central Oklahoma, were significantly correlated with the Cracking Indexes of the pavement test sites. The stiffer or harder the asphalt cement in a pavement was, the greater was the degree of transverse 


	craecking. 
	These conclusions further support the results of research programs conducted in the northern states that the major cause of transverse cracking in asphalt pavements is temperature induced tensile stresses, even in a location without long-duration, extremely cold temperatures. 
	Although the previously discussed research has significantly increased the understanding of the mechanism of transverse cracking from an asphalt-materials point of view, limited effort has been expended on characterizing the depression problem. It is likely that the extensive loss of ride· quality caused by the depressions is related to the properties of the subgrade, which has been treated as an important but secondary contribution to the overall problem. 
	Equally disturbing is the emphasis on design alternatives for asphalt pavements (25) with minimal effort directed toward remedial options for in-service pavements. Essentially, the options available for post-construction treatment include: 
	1. fog seals 2.. crack filling 
	3. 
	3. 
	3. 
	crack repair, including routing and milling 

	4. 
	4. 
	patching, including milling and use of synthetics 


	options are obviously expensive and labor intensive and have exhibited varying degrees of success in improving serviceability. 
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	Figure

	In the original proposal, the combined and laboratory investigation of depressed transverse cracks involved collection of large amount 20 to sites around the state. There some concerns over site selection criteria, specifically, how would the sites be characterized in order objectively select the final group of sites for sampling. In order to minimize potential problems with site selection, with particular emphasis on characterization criteria, the research was split into 
	phases. Phase I, which is the subject of this report, included literature review on the general topic of transverse cracking and the characterization of two to four sites to develop the criteria final site selection. Phase II include selection of 20 to 40 sites that characterized using procedures developed in I plus a field sampling and laboratory testing program. 
	The field investigation procedures used in Phase I at a total of four sites included: A walk-over survey of a selected section of roadway exhibiting both depressed and non-depressed transverse cracks. In addition, cross-section (i.e., cut, fill, transition) were noted along the secton. Typically the section a minimum of 3 miles in length. The location of transverse cracks with an indication of being depressed or non-depressed noted relative to an initial reference point. The location of the transverse crack
	During the second site visit, the exact location of each transverse crack was noted and sketched relative to the beginning of the 1000-ft length. The Crack 
	Index was defined for the secstion on a hasis of 500-ft lf-mqths. Two rlP.prnssnd and one non-depressed transverse cracks selected for detailed study. Thn depth and width of the transverse cracks and the depth and typical cross section of depressions were measured at seven locations across the pavement represensting the wheel paths, non-wheel paths, and the shouldsers, see Figure 
	3. A photographic record was made of these cracks at each observtion point as well as the overall section. General drainage and topographic conditions were noted along with a general assessment of the pavement surface condition. The pavement cross section was surveyed at each of the depressed cracks selected for detailed study. Shallow grab-samples of the subgrade material were collected in the shoulder near each of the cracks. 
	3. Additional information collected the sites, where available, included design cross section and maintenance history, traffic volumes, PSI, and climatic conditions. 
	the data collected during the two site visits were appropriately plotted for evaluation. 
	Phase of the project extend the procedure.s developed in Phase I to a larger number of sites across the state. In addition, samples of the pavement and subgrade materials will be collected adjacent to two selected cracks and at a location away from the transverse cracks. detailed laboratory investigation is planned to establish a "data-bank" characterizing each site. These data will be used to estab lish correlations between it and the occurrence and distribution of depressed (or non-depressed) transverse c
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	Figure 3. Location of Sections for Transverse Crack/Depression Surveys. 
	RESULTS 
	During Phase I of the research project, four sites were characterized for inclusion Phase The 1000-ft test sections were at following locations: 
	Site l. SH 51 west of Stillwater in westbound lanes between Country Club Road and Camp Redlands Road (3 miles) 
	Site 2. On SH 51 east of Yale, starting at SH 51 and SH 99 junction and extending east to Cimarron River bridge (3.. 6 miles). 
	Site 3.. On SH 48 north of Bristow, starting two miles south of SH 33 and SH 48 junction and extending south for 3.. 5 miles. 
	Site 4. On US east of Enid, starting one mile east of SH 74 and US 64 junction and extending east 5 miles. 
	The field procedures used to characterize the test sites, although time consuming, were successful in obtaining the required data. The data collected at the four sites is presented in summary and graphical form in the appendices to this report; specifically, a data summary sheet, crack survey, transverse crack/depression cross sections, and surface elevation cross sections were prepared each site. The results of the field surveys are discussed by field site in the following paragraphs. 
	Site 1, SH 51 West of Stillwater A) 
	A 1500-ft section was used at this site in order to determine the appropriate length to balance obtaining the necessary data with minimizing traffic-controlled work time. 
	The length of the remaining sections was reduced to 1000 ft. For site 1, the Index varied 2 for the western third of the section to for the middle third. crack 
	was relatively uniform in the eastern third, but erratic in the remaining two­thirds. The highway cross section varied from cut to from east to with the eastern third predominantly on cut, the middle third on transition cut fill and the western third on fill. There were more depressed, transverse cracks the eastern third (4 of 5) than in the other portions of the test section (2 of 6). The subgrade consisted of sandstone material, which was excavated from the cut sections and used as fine aggregate base cou
	Site SH 51 East of Yale B) The Crack Index was 6.5 and 7 for the two· 500-ft lengths comprising the overall test section. Depressed transverse cracks outnumbered non-depressed cracks by a to 
	margin.. The distribution of cracks was relatively uniform over the entire section, even though the cross section varied from fill to cut to fill. Wider depressions were again noted at the sections representing wheel paths. The depth of the depressions was relatively uniform across the pavement. 
	Site SH 48 North of Bristow C) The Crack Index was 6.5 and 8 for the two 500-ft lengths of the test section. 
	Depressed transverse cracks outnumbered non-depressed cracks by an to 3 margin. The distribution of cracks was relatively uniform over the entire section.. Depressed cracks 
	were more prevalent in the northern portion of 
	were more prevalent in the northern portion of 
	were more prevalent in the northern portion of 
	test section in a cut section. 
	larger 

	number of half-way cracks (7) was noted at 
	number of half-way cracks (7) was noted at 
	section.. 
	In addition, 
	a number of the 

	cracks 
	cracks 
	exhibited 
	offsets 
	at 
	the 
	centerline, 
	could 
	be 
	the 
	result 
	of 
	a 
	poor 


	longitudinal construction joint. Crack openings for the depressed cracks surveyed were considerably wider at this test section as compared to the other sections. 
	Site US 64 East of Enid D) 
	The Crack Index was 8.5 and 8 for the two 500-ft lengths of the test section. Depressed transverse cracks outnumbered non-depressed cracks by a 10 to 5 margin. The distribution of the cracks was uniform over the length of test section. Depressed cracks were more prevalent in the eastern portion of the test section which was in a cut section. The width and depth of the depressions were again larger for the wheel path sections .. 
	CONCLUSIONS 
	Evaluation of the procedures used to obtain the field data and the results of the collected data yielded the following conclusions: 
	Transverse cracking of asphalt pavements is a prevalent problem in the north central portion of Oklahoma.. The extent of the problem in other portions of the state be addressed in Phase II. 
	2. 
	2. 
	2. 
	Transverse cracking of asphalt pavements is primarily caused by temperature­induced stresses, particularly at the low temperature range. The extent to which cracking influences ride quality is primarily affected by maintenance procedures used after the crack has developed and extended through the pavement structure.. The depressions associated with transverse cracks occur because of a combination of factors, including, at a minimum: the type of subgrade, the stiffness of the asphalt concrete, and the size a

	3. 
	3. 
	The field procedures used to collect the test section data, although time consuming, worked very well. During Phase II, additional input from the Division Offices be extremely helpful in the site selection process. 
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	APPENDIX 
	SCHOOL OF CIVIL ENGINEERING OKLAHOMA STATE UNIVERSITY ODOT-DEPRESSED TRANSVERSE CRACKING IN ASPHALT PAVEMENTS PROJECT TEST SECTION SHEET 
	LOCATION DATA: 
	Test Sect No. 1 Hieghway SH 51 County 
	Control Section No. 51-60-18 Date-Preliminary Survey 5/24/88 
	Detaileed Survey 6/29/88 
	Detaileed Survey 6/29/88 
	Sampleing 

	Location of Test Section: Test section located Ł 3.25 miles of SH 51 and Western Road intersection between Stations 752 ± 50 (east end) 737 + 50(west end) in westbound lanese. 
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	SCHOOL OF CIVIL ENGINEERING OKLAHOMA STATE UNIVERSITY ODOT-DEPRESSED TRANSVERSE CRACKING IN ASPHALT PAVEMENTS PROJECT TEST SECTION SHEET 
	LOCATION DATA: Test Section No. Highway County 
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	Contr o 1 Section Date-PrelEimiEnary 5/25/88 
	Detailed Survey Sampl3ing 
	Location of Test SectionE: Test section located Ł 3.1 miles south of and SH 33 intersection between stations + 00 (north end) and 493 + 00 (south end) . 
	PAVEMENT/DESIGN 
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	Pavement: Description in AC on 10 in Hot Sand AsphalEt Base Width ft Thickness centerline edge 
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