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T h i s paper desc r ibes a technique f o r m a k i n g and ana lyz ing cond i t ion su rveys 
of b i tuminous r e s u r f a c i n g s ove r concre te pavements . Successive su rveys 
p r o v i d e a bas is f o r eva lua t ing the p e r f o r m a n c e of d i f f e r e n t r e s u r f a c i n g types. 

Survey sect ions inc lude about 1,000 f ee t of t y p i c a l pavement . The l o c a ­
t i o n and extent of a l l defec ts a r e measured i n the f i e l d and r e c o r d e d d i r e c t l y 
on f o r m s p r e p a r e d f o r that purpose . A l l c r a c k s a r e c l a s s i f i e d by w i d t h and 
by t h e i r mos t l i k e l y cause, w h i c h can usua l ly be d e t e r m i n e d qui te accura te ly 
by obse rva t ion o r by inspec t ion of cons t ruc t i on and maintenance r e c o r d s . 

Indices a r e computed f r o m the f i e l d data and a re used to compare the p e r ­
f o r m a n c e of the d i f f e r e n t r e s u r f a c i n g s . They a re conq>uted f o r the incidence 
of c r a c k i n g o v e r t r a n s v e r s e and long i tud ina l j o i n t s , ove r j o i n t s between c o n ­
c r e t e and adjacent b i tuminous shou lders , a t cons t ruc t i on jo in t s i n the r e s u r ­
f a c i n g , and o v e r c r a c k s and o ther defec ts i n the u n d e r l y i n g concre te . 

The su rvey method d i f f e r s f r o m those appl icab le to concre te pavements o r 
to b i t uminous su r f aces on f l e x i b l e bases. Defec t s may be caused by d e t e r i ­
o r a t i o n of e i the r the concre te o r the b i tuminous r e s u r f a c i n g , o r by the d i s ­
s i m i l a r p r o p e r t i e s of the two m a t e r i a l s . The method has been developed and 
r e f i n e d th rough 2 y e a r s of data c o l l e c t i n g and has been succes s fu l l y used on 
repeated su rveys of 25 tes t sect ions t o t a l i n g ove r 6 m i l e s i n length . 

# T H E cond i t ion su rvey has long been recogn ized as a u s e f u l t o o l f o r evaluat ing pave­
ment p e r f o r m a n c e i n the f i e l d . I t may be used to de t e rmine the p resen t cond i t i on of a 
pavement , as i s o f t e n done f o r s u f f i c i e n c y - r a t i n g purposes , o r to de t e rmine the r a t e and 
na ture of d e t e r i o r a t i o n . The l a t t e r r e q u i r e s repea t ing su rveys at r e g u l a r i n t e r v a l s . 

I n m a k i n g s tudies of b i t uminous r e s u r f a c i n g s ove r concre te pavements , the need f o r 
cond i t ion su rveys soon became obvious . W h i l e the occu r rence of r e f l e c t i o n c r a c k i n g 
( c r a c k i n g of the r e s u r f a c i n g i m m e d i a t e l y o v e r j o i n t s , edges, and c r a c k s i n the unde r ­
l y i n g pavement) was r e a d i l y recognized , l i t t l e was genera l ly known r e g a r d i n g i t s extent , 
cause, and ra te of g r o w t h . The condi t ion su rvey desc r ibed i n t h i s paper has been de ­
s igned to co l l e c t quant i ta t ive data on these f a c t o r s . I n add i t i on , i t i s used to compare 
v a r i o u s types of r e s u r f a c i n g s . 

C O N D I T I O N C H A R A C T E R I S T I C S T O B E M E A S U R E D 

The f i r s t step i n se t t ing up a su rvey i s to de t e rmine what i s to be measured . I n e v a l ­
ua t ing r e s u r f a c i n g s , the f o l l o w i n g cond i t i on c h a r a c t e r i s t i c s a r e impor t an t : 

C r a c k i n g 

C r a c k i n g i s the f i r s t s e r ious defec t that develops i n r e s u r f a c i n g s . M o s t of i t i s r e ­
f l e c t i o n c r a c k i n g caused by the j o in t s i n the u n d e r l y i n g concre te . Since r e f l e c t i o n c r a c k ­
i n g i s the p r i m a r y ob jec t ive of the s tudy, i t i s des i rab le t o have as m u c h d e t a i l as p o s ­
s ible about c r a c k s . L o c a t i o n , s i ze , and shape should be de t e rmined . C r a c k s a lso v a r y 
i n appearance. Some tend to s p a l l a long the edges. Others tend to hea l due to the knead­
i n g ac t ion of t r a f f i c . I t i s necessary to know whether the c r acks have been sealed, and 
to note the presence of any excess sea l ing m a t e r i a l on the adjacent s u r f a c e . I n f o r m a t i o n 
should a lso be r e c o r d e d as to whether c r a c k s a r e f i l l e d w i t h d i r t and sand. 

T e x t u r e of Surface 

Surface t ex tu re i s an i m p o r t a n t c lue to p e r f o r m a n c e of the pavement . Uneven o r wavy 
su r f aces a re ind ica t ions of i n s t a b i l i t y . The extent of any wavy su r face should be noted, 
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along w i t h some quant i ta t ive i nd i ca t i on of the a x i s , amp l i t ude , and p e r i o d of the waves . 
I t should be noted whether the su r f ace i s open o r dense, rough o r smooth . Surface 

t e x t u r e w i l l v a r y w i t h the aggregate g rada t ion and asphalt content of the m i x e s , as w e l l 
as w i t h cons t ruc t ion p rocedure s such as f i n i s h i n g and r o l l i n g . Surface t e x t u r e o f t en 
changes w i t h age and may be a c lue to dens i f i c a t i on by t r a f f i c o r to sca l ing . Nonun i -
f o r m i t i e s should be espec ia l ly noted. 

L o c a l Defec t s 

L o c a l defec ts should be desc r ibed f u l l y to f a c i l i t a t e explanat ion of t h e i r occu r r ence 
and an a p p r a i s a l of t h e i r in f luence on pavement p e r f o r m a n c e . They inc lude such i t e m s 
as l o c a l i z e d a reas of w e a r , r a v e l l i n g , patches, shoving o r unevenness, and f a t spots 

Construction 
Records 

/ 
/ 

/ 
/ 
/ 

Field 
Measursments 

/ 

Pavement Sectional 
Sheet 

Sheet 

/ Figure 4 

Figure 2 
Crock 
ndex 

Figure 6 

Analysis 
Sheet 

Record 
Plan 
Sheets 

Figure 3 

Figure 5 

— • Steps required for first survey only. 
Steps required for each survey. 

Figure 1. Data f low diagram for survey data of one section. 

caused e i t he r by an excess o f b i t u m e n i n the pavement o r by o i l d r i p p i n g s . C r a w l e r 
t r a c k s , accident s ca r s , and o ther evidences of v e h i c l e damage should also be r e c o r d e d . 

Special Condi t ions 

A n y spec i a l condi t ions tha t m i g h t a f f e c t p e r f o r m a n c e should be r epo r t ed . T h r e e t j rpes 
w h i c h should be looked f o r a r e unusual subgrade condi t ions , dra inage cond i t ions , and 
t r a f f i c pa t t e rns . The l a t t e r m i g h t inc lude l a t e r a l p lacement of v e h i c l e s , unusual speeds, 
heavy t r u c k t r a f f i c , presence of bus s tops , stop s igns , t r a f f i c s igna l s , o r t r u c k t u r n i n g 
a reas . T r a f f i c pa t t e rns a t i n t e r s ec t i ons should be noted i f they a r e unusual . 

Misce l l aneous 

Other f a c t o r s tha t have a bea r i ng on pavement p e r f o r m a n c e should a lso be noted. I t 
i s be t t e r to have too much d e t a i l than too l i t t l e . Ext raneous data can be e l i m i n a t e d i n 
the ana lys i s , but m i s s i n g data i s se ldom ava i l ab le at a l a t e r date. 

O B T A I N I N G A N D RECORDING SURVEY D A T A 

B e f o r e l a y i n g out the su rvey p rocedure f o r r e s u r f a c i n g s , a r e v i e w was made of s u r ­
vey techniques developed f o r concre te pavements and f o r b i tuminous pavements on f l e x ­
ib l e bases. M o s t of these measure the s ize and ser iousness of defects . I n evaluat ing 
the defects i n r e s u r f a c i n g s , i t i s necessary to r e l a t e t h e m to f e a t u r e s i n the u n d e r l y i n g 
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concre te . F o r t h i s reason , a f u r t h e r c l a s s i f i c a t i o n , " cause , " was es tabl i shed. The 
cause re la tes the defects to the j o i n t s , edges, and c r acks i n the concre te w h i c h a re r e ­
sponsible f o r t h e m . 
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Figure 2. Typical sectional sheet for condition survey of faituninous 
resurfacing. 

Poss ib le Techniques 

Fou r poss ib le techniques of mak ing the su rvey w e r e cons idered . Each was evaluated 
as to r e l i a b i l i t y i n measu r ing the condi t ion c h a r a c t e r i s t i c s d e s i r e d and as to ease and 
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economy of ope ra t ion . The f o u r methods w e r e a e r i a l photography, g round photography, 
v i s u a l observa t ion w i t h r e s u l t s p lo t t ed to scale on p l a n sheets, and v i s u a l observa t ion 
w i t h data r e c o r d e d as f i e l d notes. Ne i the r type of photography w i l l show up c r a c k s i n 
b i tuminous pavement i n t h e i r n a t u r a l s tate. Pa in t ing the c r a c k s to emphasize t h e m i s 
f ea s ib l e only w h e r e the r o a d can be c losed to t r a f f i c , f o r any t r a c k i n g of the f r e s h pa in t 
by veh ic l e t i r e s w o u l d r e s u l t i n hopeless confus ion . Since v i s u a l inspec t ion of s u r r o u n d ­
i n g condi t ions i s necessary to adequately desc r ibe many of the defec ts , t he r e appeared 
to be no advantage i n c o l l e c t i n g p a r t of the data by photographic means. 

Having decided upon v i s u a l observa t ion as the su rvey technique, cons ide ra t ion was 
g iven to the best way of r e c o r d i n g the data i n the f i e l d s i m p l y , ye t i n the d e s i r e d de t a i l . 
The method adopted i s to p l o t the defec ts to scale on g r i d - p l a n r e c o r d sheets. The data 
i s subsequently analyzed s y s t e m a t i c a l l y to de t e rmine o v e r a l l t r ends . F i g u r e 1 shows 
the r e l a t i o n of the v a r i o u s sheets used i n the f i e l d w o r k and i n the ana lys i s . F i g u r e s 2 
to 6 show the ac tua l f o r m s used. 

Select ion of Survey Sections 

I n d e t e r m i n i n g the length of highway w h i c h may be p r o p e r l y represen ted by a sample 
sec t ion , the f o l l o w i n g f a c t o r s mus t be considered: (1) type of o r i g i n a l pavement and 
cond i t ion at t i m e of r e s u r f a c i n g ; (2) type of r e s u r f a c i n g , date l a i d , and cons t ruc t i on 
cond i t ions ; (3) subgrade and dra inage cond i t ions ; and (4) g e o m e t r i c des ign, t r a f f i c v o l ­
umes , whee l loads , etc. 

The en t i r e roadway should be inspected to de t e rmine the l i m i t s of areas w i t h i n w h i c h 
the above f a c t o r s a r e consis tent . Once these areas a r e es tabl i shed, saDq)le sect ions 
can be se lec ted i n each at a loca t ion w h i c h appears to be represen ta t ive and w h i c h i s 
convenient f o r the f i e l d w o r k . 

The sample of highway adopted as a survey sec t ion i s usua l ly 1,000 f ee t long. T h i s 
has been found to be an adequate sample s ize f r o m w h i c h to evaluate r e f l e c t i o n c r a c k i n g . 

C o l l e c t i n g Bas ic Data on the Section 

B e f o r e m a k i n g the s u r v e y s , a l l ava i lab le cons t ruc t ion r e c o r d s should be r e v i e w e d to 
secure basic pavement data. T h i s i n f o r m a t i o n i s r e co rded on the sec t iona l sheet ( F i g ­
u r e 2) and p r o v i d e s a bas i s f o r c l a s s i f y i n g and evaluat ing the data co l l ec t ed i n the f i e l d 
su rvey . Bas ic data inc lude the sec t ion loca t ion , dates of cons t ruc t i on and r e s u r f a c i n g , 
subgrade and dra inage c h a r a c t e r i s t i c s , t r a f f i c data, and a l l de ta i l s of pavement design. 

F i e l d P rocedure 

The f i e l d p rocedure cons is t s of s y s t e m a t i c a l l y loca t ing and r e c o r d i n g the defec ts . A 
t e m p o r a r y g r i d , co r respond ing to the g r i d on the r e c o r d sheets ( F i g u r e 3) , i s es tab l i shed 
on the pavement w i t h two i n t e r s e c t i n g tapes. Defec t s a re p lo t t ed to scale and i d e n t i f i e d 
by appropr i a t e symbols shown on the r e c o r d sheets. The w i d t h of c r a c k s i s measured 
v i s u a l l y i n un i t s of 0. 01 f o o t and r e c o r d e d on the sheets w i t h a l e t t e r c o d e . ' Whi l e t h i s 
i s only a p p r o x i m a t e , the meander ing a l inement of the c r a c k s makes m o r e p r e c i s e de­
t e r m i n a t i o n s i m p o s s i b l e . The s tep-by-s tep p r o c e d u r e , together w i t h de ta i l s of the p e r ­
sonnel and equipment r e q u i r e d , i s g iven i n Appendix A . 

D e s c r i p t i o n of the R e c o r d Sheet 

On the r e c o r d sheet t he re a r e th ree i d e n t i c a l g r i d s , w h i c h a r e used f o r successive 
su rveys of the same area . T h i s t jrpe of sheet has p r o v e d m o r e s a t i s f a c t o r y than one 
having a s ingle g r i d on w h i c h the v a r i o u s su rveys a r e super imposed . On the sheets 
shown, each g r i d co r responds to 200 f ee t of highway. Thus , s e v e r a l sheets a r e needed 
f o r each sec t ion . The scale i s 25 fee t to the i nch , w h i c h i s s a t i s f a c t o r y f o r modera te amounts 
of d e t e r i o r a t i o n . L a r g e r - s c a l e sheets should be u s e d f o r badly d e t e r i o r a t e d pavements . 

^The c r a c k w i d t h code desc r ibed has been used f o r s e v e r a l y e a r s by the au thors . Con­
venience j u s t i f i e s i t s continuance i n t h e i r o rgan iza t ion , but they r e c o m m e n d tha t any 
f u t u r e c l a s s i f i c a t i o n s be based on tenths of inches , not hundredths of f ee t . 



23 

D i f f e r e n t c o l o r s can be used to advantage. The f o r m has l e t t e r i n g and b o r d e r i n b lack 
and the g r i d s i n l i g h t blue. The f i e l d data a re r e c o r d e d i n b lack p e n c i l l ines over the 
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Figure 3. Typical record plan sheet for condition survey of bitumi­
nous resurfacing. 

blue g r i d , thus , avo id ing confus ion between g r i d l ines and c r acks . A s an a i d i n c l a s s i -
f y m g and ana lyz ing c r a c k s , a t h i r d c o l o r may be used to delineate the out l ines of the un­
d e r l y i n g concre te s labs. 
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PAVEMENT DATA SHEET 
P - . . . a T — L<txmiif„n 
Sto *'>'> 81 * Of 

MEASUREMENTS OF THE SECTION 
1. Length of section at in ft _l^OO 

// 
Section 

4-^ 

2. Width of reiurfocing, in ft "f & 
3. Area of total resurfacing, in sq. ft. 

length x width J * ? . 6 0 0 
other areas 

Total ar.a (.,. ft.) ^ 7 . <.00 
Ar.o of resurfaced concrete, in sq. ft, 

length x width O^'O 
other areas 

Total concrete area (sq. ft.) ^ ^ o ^ a 
5. Number of standard slobs*. Line No^4 Tc-ol t t Z 

NUMBER AND LENGTH OF TRANSVERSE JOINTS 
6. Number of transverse |Olnts, 10 ft. wide — 
7. Number of |Oint ends ad|acent to bituminous shoulder (or lane) 
8. Total length of transverse joint, m ft s s ^ ^ t & a a a 
LENGTH OF LONGITUDINAL JOINT, IN F T . , BETWEEN 
7 odiocent slabs S,t,00 
10. slab ond bituminous shoulder ^ O O — 
11 slob and bituminous center lane. 
12. Totol length of longitudinal |oint, in ft < OOP 
• Standard slabs are 10 ft. by 57 ft. E T. Il/5i 

Figure 4. Typical pavement data sheet. 

A N A L Y S I S O F T H E SURVEY 

Computa t ion of C r a c k Indices 

N e a r l y a l l the defects d i scove red i n the pavements f o r w h i c h t h i s su rvey was designed 
a re c r acks of v a r i o u s types . T o insu re a u n i f o r m , sys temat ic g ro tq i ing s y s t e m f o r 
c r a c k s , a s tandard " C r a c k A n a l y s i s Sheet" has been designed. T h i s i s shown i n F i g u r e 
5 and each i t e m i s desc r ibed i n d e t a i l i n Appendix C. One sheet i s used f o r each survey 
of each sec t ion . The c r a c k s a r e c l a s s i f i e d by cause, and each cause group f u r t h e r sub­
d iv ided by w i d t h . The re a re nine cause c l a s s i f i c a t i o n s and s i x w i d t h c l a s s i f i c a t i o n s , 
g i v i n g a t o t a l of 54 groups . Usua l ly a l l of these do not apply to any one pavement sec­
t i o n . The ac tua l g roup ing process cons is t s of s y s t e m a t i c a l l y going th rough the r e c o r d 
sheets and s u m m i n g the lengths of c r a c k s i n each of the 54 groups . The sums a re de­
t e r m i n e d g r a p h i c a l l y by p l o t t i n g the lengths of the c r acks i n each group consecut ive ly 
a long the edge of a s t r i p of paper . 

The Pavement Data Sheet ( F i g u r e 4) l i s t s basic i n f o r m a t i o n about the r e s u r f a c i n g and 
the u n d e r l y i n g concrete pavement i n a survey sec t ion . A de ta i led d e s c r i p t i o n of t h i s 
sheet i s g iven i n Appendix B . Data a re obtained f r o m the sec t iona l sheet and f r o m r e c ­
o r d p l a n sheets as a p a r t of the f i r s t su rvey of each sec t ion . M u c h of i t can be i n f e r r e d 
f r o m the c r a c k pa t t e rns . 

The data on the ana lys i s sheets i s used i n con junc t ion w i t h that on the pavement data 
sheet to compute a s e r i e s of ind ices , w h i c h have been developed to f a c i l i t a t e c o m p a r i ­
sons of v a r i o u s su rveys . These indices a r e r e co rded on the s tandard C r a c k Index Sheet 
( F i g u r e 6) , one of w h i c h i s used to s u m m a r i z e each su rvey . D e t a i l e d de f in i t i ons of the 
indices a re g iven i n Appendix D . 
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UI Figure 5. Typical crack analysis sheet. 
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Section 

CRACKS OVER INTERIOR OF S L A B S 
Linear feet per slab. 

(Transverse cracks o n l y ) . o.t 

CRACKS IN CONSTRUCTION JOINTS IN RESURFACING Survey Number 

Feet per 1000 sq. f t . 0.36, 
O 

JOINT HIGHWAY RESEARCH PROJECT 
M.I.T.-Mass. D.P.W. 

EXTENSIONS OVER BITUMINOUS SHOULDER (or LANE) CONDITION SURVEY OF BITUMINOUS 
PAVEMENT SURFACE LENGTH Average length of transverse 

a. I a. I 
FREQUENCY. 

Number of crock extensions 
0.7 FREQUENCY. 

to bituminous shoulder (or lane) 

0.7 CRACK INDEX SHEET 
_ Town _ : ^ £ £ i £ 2 f ^ ^ 2 _ 

CRACKS OVER JOINTS 

Route. 
Sto. . 
Date of Survey. 

69-t-oo to SI oo 

Width 

TRANSVERSE 
Percent of length 
of transverse 
|oint cracked 

LONGITUDINAL: Percent ot Length cracked 

Width 

TRANSVERSE 
Percent of length 
of transverse 
|oint cracked 

Of longitudinal 
joint between 
ad|acent slobs 

Of longitudinal 
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slob and ad|acent 
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Of longitudinal |oint 
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adjacent bituminous 
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Of total 
longitudinal 
joint 
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C Z6- — — 
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F — - — ) — 

Total 9^ n t 2.7 
E.T 12/54 

Figure 6. Typical crack index sheet. 
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I n genera l , each index compares the amount of c r a c k i n g of a c e r t a i n type w i t h a meas­
u r e of the f ea tu re s of the u n d e r l y i n g pavement to w h i c h t h i s c r a c k i n g i s r e l a t ed . C r a c k ­
ing over j o in t s i s expressed by the percentage r a t i o between the length of c r a c k and the 
length of j o i n t , as f o r example , "pe rcen t of l eng th c r a c k e d of t r a n s v e r s e j o i n t . " C r a c k ­
ing ove r the concre te , but not at j o i n t s , i s expressed as the average length of c r a c k p e r 
un i t a rea of concre te . C r a c k i n g of the cons t ruc t i on j o i n t s i n the r e s u r f a c i n g i s expressed 
by the r a t i o of length of c r a c k to a rea of r e s u r f a c i n g . Such c r a c k i n g i s not r e l a t e d to the 
concre te but i s p u r e l y a phenomenon of the r e s u r f a c i n g i t s e l f . 

I t was found that many t r a n s v e r s e - r e f l e c t i o n c r a c k s extended in to the r e s u r f a c i n g over 
the b i tuminous shoulder adjacent to the o l d concrete pavement ins tead of ending at the 
edge of the concre te as m i g h t be expected. C r a c k extensions w e r e a lso found ove r b i ­
tuminous center lanes used i n " d u a l " type p a v e m e n t . ' Many of these c r ack extensions 
w e r e 2 o r 3 f e e t l ong , some as much as 6 f e e t , r unn ing to the edge of the r e s u r f a c i n g . 
Indices w e r e set up to measure t h e i r f r equency of occur rence and average length . 

I n the Massachuset ts pavements f o r w h i c h these su rveys w e r e designed, only expan­
s ion jo in t s a r e used i n the t r a n s v e r s e d i r e c t i o n . T h e r e a re no con t r ac t i on j o i n t s and no 
w a r p m g j o i n t s . I n pavements having m o r e than one type of t r an sve r se j o i n t , the c r a c k s 
over each type should be analyzed separa te ly . 

C o m p a r i s o n of P e r i o d i c Surveys 

Data f r o m p e r i o d i c su rveys of the same sec t ion can be compared by means of the i n ­
dices and, a l so , by a d i r e c t c o m p a r i s o n of defects p l o t t e d f r o m successive su rveys on 
the f i e l d r e c o r d sheets. The indices f o r v a r i o u s types of c r a c k i n g , be ing r a t i o s w i t h a 
f i x e d denommato r , can be tabula ted o r p lo t t ed f o r compara t ive purposes . 

The success ive r e c o r d of v a r i o u s sect ions taken thus f a r shows a de f in i t e p r o g r e s s i o n 
of r e f l e c t i o n c r a c k i i ^ i n the e a r l y yea r s . D i f f e r e n t types of c r a c k i n g develop at d i f f e r ­
ent r a tes , but a l l types tend to increase w i t h each add i t iona l c l i m a t i c c y c l e . F o r m -
stance, by the t h i r d y e a r many pavements have c r a c k s ove r m o r e than 75 percent of the 
length of t r a n s v e r s e j o i n t . A f e w reach 95 to 100 percen t i n 3 o r 4 y e a r s . Successive 
su rveys then show p r o g r e s s i v e g r o w t h of c r a c k w i d t h a f t e r each annual t empe ra tu r e c y ­
c l e , r a t h e r than an inc rease i n l eng th of c r a c k i n g . 

Surveys made i n d i f f e r e n t seasons show a c y c l i c a l change i n c r a c k w i d t h f o l l o w i n g the 
annual t e m p e r a t u r e cyc l e . C r a c k s a re wides t i n the w i n t e r and e a r l y s p r i n g . I n c e r t a i n 
sec t ions , they c lose d u r i n g the s u m m e r and n a r r o w c r acks tend to " h e a l , " espec ia l ly i n 
the whee l t r a c k s . The ind ices of t o t a l c r a c k i n g and the indices of w i d t h d i s t r i b u t i o n both 
show these t r ends . I n c o m p a r i n g the c r a c k w i d t h s , a l lowances must be made f o r unus­
u a l annual cyc les and f o r wide t empe ra tu r e v a r i a t i o n s between days on w h i c h su rveys 
w e r e made. 

The m o s t - s i g n i f i c a n t r e s u l t s shown by the su rveys made to date i s that r e s u r f a c i n g s 
l a i d i n the f a l l u sua l ly do not c r a c k u n t i l t h e i r second w i n t e r . Those l a i d i n the s p r i n g 
and s u m m e r a lmos t a lways begin to c r a c k d u r i n g the f i r s t w i n t e r . The amount of c r a c k ­
ing presen t i n la te-season r e s u r f a c i n g s a f t e r 2 y e a r s i s about the same as that p resen t 
i n ea r ly - season r e s u r f a c i n g s a f t e r only a yea r . T h i s conc lus ion i s d e r i v e d p r i m a r i l y 
f r o m surveys of e x p e r i m e n t a l pavements but i s f u r t h e r borne out by l e s s - f o r m a l obse r ­
v a t i o n of many o ther r e s u r f a c i n g p r o j e c t s . 

C o m p a r i s o n of D i f f e r e n t Surface Types 

The p e r f o r m a n c e of d i f f e r e n t types of r e s u r f a c i n g m a t e r i a l s can be compared by t h e i r 
ind ices . Compar i sons of p resen t cond i t ion can be made d i r e c t l y . These w o u l d show the 
r e l a t i v e su scep t ib i l i t y of the v a r i o u s m a t e r i a l s to d i f f e r e n t types of c r a c k i n g . The c r a c k 
w i d t h compar i sons a re espec ia l ly valuable i n t h i s respect . C r a c k s i n some m i x e s tend 
to r a v e l f a s t e r than m o the r s , and t h i s i s r e f l e c t e d m the apparent w i d t h at the su r f ace . 

The best c o m p a r i s o n of p e r f o r m a n c e is made by r e l a t i n g the c r a c k indices f o r the 
pavements at the same age. Since the c l i m a t i c cyc le tends to be f a i r l y r e p e t i t i v e each 

^D ua l type pavements have two lanes of concrete separated by one o r two lanes of b i t u ­
minous macadam. Many of these a r e used i n Massachuset ts . 
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y e a r , val id comparisons can be made a m o i ^ pavements laid in different years . Unusual 
extremes in the annual c l imatic cycle and wide variations in temperature on the day of 
survey must of course be considered in making the comparisons. Different types of r e ­
surfacing mixes have been found to show somewhat different rates of c r a c k development. 

E V A L U A T I O N O F T H E S U R V E Y T E C H N I Q U E 

Sample Size 

The 1,000-foot survey section adopted as a sample of pavement has been found ade­
quate. Comfiarisons were made between two such samples of each of s evera l different 
pavements. The indices derived for each of the two samples agreed closely, indicating 
that one sam])le adequately represents a given pavement. 

P r e c i s i o n of Data 

T h e r e a r e sources of e r r o r inherent in any process of measuring and computing. In 
the survey technique described in this paper, the two-most-important sources are the 
f ie ld measurement and recording and the process of graphical addition. 

The locations and lengths of defects are recorded to the nearest foot. T h i s i s suf f i ­
cient to give reasonable prec i s ion to the computed indices, and yet i s consistent with 
reasonable f ie ld progress . Smal l e r r o r s in the alinement of the transverse tape a r e 
negligible. F a c t o r s such as uphill taping, ver t i ca l i rregular i t i e s , and determination of 
the exact end of fine c r a c k s can be ignored. Smal l i rregular i t ies in the alinement of 
c r a c k s also disappear. It must be pointed out, however, that very - shor t c r a c k s tend to 
be plotted too long. 

F o r the indices which are expressed as percentages, the following rules for prec is ior 
are recommended: (1) Indices greater than one percent sha l l be expressed to the nearesi 
whole percent. (2) Indices l e s s than one percent sha l l be expressed to one significant 
f igure. T h i s prec is ion i s consistent with that of the original data. 

The data-recording process in the f ie ld and the graphical addition in the analysis are 
both susceptible to personal e r r o r s . In the f i r s t of these, the chance of e r r o r is m m i -
mized by pre l iminary marking of the defects followed by subsequent recording of the 
data, which provides double coverage. In the second, e r r o r is minimized by careful 
duplicate checking until the computers become f a m i l i a r with the process . The c o r r e l a ­
tion between independent totals i s usually quite close with experienced personnel. 

The Need for Engineering Judgment 

The survey and its resulting indices alone show certain factual quantitative data r e l a ­
tive to the deterioration of resurfacings . Considerable judgment i s needed to interpret 
some of the resul ts . The width indications a r e one example of this. The experienced 
engineer can evaluate the ser iousness of various width c r a c k s by their surface appear­
ance. But to base conclusions on the coded indices, he must be fami l iar with what a " B ' 
crack looks l ike. A s another example, the edges of the white l ines used to delineate 
traf f ic lanes show a coarseness which closely resembles the ravel led edges of c r a c k s . 
Often it i s impossible to distinguish a c r a c k located adjacent to the painted l ines. F o r 
this reason, much care must be used in interpreting the "percent of length cracked of 
longitudinal joint between adjacent s l a b s , " since the centerline marking often occurs 
directly over the center jomt between s labs . 

C O N C L U S I O N 

The condition survey outlined in this paper can be a useful r e s e a r c h tool if used with 
reasonable c a r e and s k i l l . The sample s ize adopted i s adequate to give a reasonable 
prec is ion to the data. The individual defects have been grouped and arranged in such 
f o r m that they can be analyzed in any degree of detail desired. While judgment i s r e ­
quired in interpreting any such collection of information, the method described for ana­
lyzing the data faci l i tates the c loser examination of certain parts of it. It records con­
ditions as they appear at the time of survey and reduces the otherwise incomprehensible 
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mass of data to s imple f igures which can be interpreted meaningfully. 

A C K N O W L E D G E M E N T S 

The condition surveys are part of a study of reflection cracking being conducted by 
the Joint Highway R e s e a r c h Projec t , established at the Massachusetts Institute of T e c h ­
nology by a grant f r o m the Massachusetts Department of Public Works for r e s e a r c h in 
the f ie ld of highway engineering. The maintenance and survey divisions of the Depart­
ment of Publ ic Works are cooperating in making the surveys . 

The authors wish to express their s incere appreciation to R . E . Pyne and J . McCarthy , 
ass istant maintenance engineers; the distr ict survey superv i sors ; and others who have 
helped to set up and c a r r y out these surveys . V . J . Roggeveen, professor; S. M . Breuning, 
r e s e a r c h assistant; E . Tons , r e s e a r c h engineer, a l l of the Joint Highway R e s e a r c h P r o j ­
ect staff, have contributed many helpful suggestions. 

Appendix A 
F I E L D P R O C E D U R E 

Personnel 

The f ield survey requires four men, one of whom should be an engineer. The organ­
ization used by the Joint Highway R e s e a r c h Projec t includes one of their engineers and 
a regular survey party of the Massachusetts Department of Public Works. The engineer 
directs the operation and takes notes. Two men handle the t ransverse tape. The r e ­
maining man m a r k s defects with lumber crayon to facil i tate recording. He a lso directs 
traf f ic . 

Equipment 

The following equipment i s used in the field: one 100-foot cloth tape; s e v e r a l 50-foot 
cloth tapes; two pins or weights for securing the 100-foot tape; portable "Men Working" 
signs, or other suitable protection devices; s tr ips of cloth to be used as tape handles; 
light truck o r other conveyance; cl ipboard, data sheets, lumber crayon, etc. 

Cloth tapes a r e used in preference to metall ic or steel tapes so that they w i l l break 
if cai^ht on vehic les , thus avoiding the danger of the user ' s being dragged into the path 
of traf f ic . 

P r e l i m i n a r y Preparat ion of Survey F o r m s 

When a section of pavement i s being surveyed for the f i r s t t ime, the only pre l iminary 
preparation necessary i s to establish the l imits of the section and to tie them in to an 
established system of stationing, if there is one. F o r succeeding surveys the road edge 
and permanent features , such as intersections, curbs , manholes, catchbasins, dr ive ­
ways , cu lverts , and highway boundary monuments, should be drawn on the sheets before 
the f ie ld survey begins. Enough information should be mcluded so that locations on the 
road can be established easi ly . E a c h sheet should have at least one distance reference , 
s ince taping with cloth tapes can accumulate considerable e r r o r unless checked frequently. 

Detailed Procedure 

The f i r s t step in the f ie ld procedure i s to locate the point of beginning and to reestab­
l i sh the stationing f rom the references . The next step is to locate defects on the pave­
ment by systematic v i sua l inspection. Convenient areas are panels 100 feet long by one-
half the width of the roadway, bounded by even station marks and the centerline and edge 
of the pavement. Inconspicuous defects and the boundaries of defective areas should be 
emphasized with lumber crayon. 

A temporary gr id i s established on the panel by using the two tapes at right angles to 
each other. The 100-foot tape i s stretched along the centerline (along the median curb 
on divided highways), between even station m a r k s , the zero end being placed at the low­
e r numbered station. The 50-foot tape i s stretched a c r o s s half of the roadway, with the 
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zero end at the centerline. Defects a r e thus located by station-plus and offset f rom the 1 
centerhne. On two-lane roads the 100-foot tape is placed on one side and the entire 
width of the pavement i s surveyed in one pass . 

The 100-foot tape remains in place for some time, and it has been found expedient to 
secure it with nai l s , pins, or weights. The 50-foot tape i s moved along as the data are 
recorded. It i s held by two men and runs f rom one man's hand, under his instep, across 
the road, under the other man's instep, and up to his hand. Strips of cloth a r e attached 
to the ends for handles. These must be weak enough so that they w i l l break if the tape 
should be suddenly c a r r i e d away by the traf f i c , which is free ly passing over it. 

The defects are plotted to scale on the record sheets as the recorder comes to them. 
T h i s i s the slowest function, and necessar i ly sets the pace for the entire procedure. 
The chainmen can be of great ass istance by cal l ing out locations to the recorder . E x ­
perienced chainmen can also determine the width of c r a c k s and the descriptions of the 
various other defects. With a trained, cooperative four- or f ive -man crew, a l l func­
tions proceed simultaneously and continuously, interrupted only by an unusually heavy 
barrage of traf f ic . 

Appendix B 
D E S C R I P T I O N O F T H E P A V E M E N T D A T A S H E E T 

Numbers re fer to item numbers on the form. 

Measurements of the Section 

1. Length of the section at centerline, in feet. 
2. Width of resurfac ing , in feet. Any variations in width should be noted. 
3. A r e a of total resurfacing, in square feet. Other a r e a s include a l l areas not en­

closed in the rectangle bounded by the length and width. The boundaries of the section 
should be rigidly defined. 

4. A r e a of resurfaced concrete, in square feet. T h i s area includes only that part 
of the resurfac ing which i s actually underlain by the original concrete s labs . 

5. Number of standard s labs. A standard s lab, in Massachusetts , i s 10 feet wide 
and 57 feet long. The number of standard s labs is equal to the area of resurfaced con­
crete divided by 570 sq. ft. 

Number and Length of T r a n s v e r s e Joints 

6. Number of t ransverse joints 10 feet wide. The usual width of the s labs encount­
ered in old concrete pavements in Massachusetts i s 10 feet. Equivalent 10-foot joints 
should be used if s labs of odd width are encountered. 

7. Number of joint ends adjacent to bituminous shoulder (or lane). T h i s includes 
joint ends adjacent to either shoulders or bituminous center lanes of "dual" type pave­
ments. T h i s f igure represents the number of potential locations of t ransverse crack 
extensions over bituminous materia l . 

8. Total length of t ransverse joint, in feet. 

Length of Longitudinal Joint in Feet 

9. Length of longitudinal joint between adjacent s labs. 
10. Length of longitudinal joint between slab and bituminous shoulder. 
11. Length of longitudinal joint between slab and adjacent bituminous center lane. 

Many pavements in Massachusetts are of the "dual" type, having two lanes of concrete 
pavements separated by one or two center lanes of bituminous macadam. 

12. Total length of longitudinal joint. The sum of Items 9, 10, and 11. 
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Appendix C 
D E S C R I P T I O N O F C R A C K A N A L Y S I S S H E E T 

Numbers refer to item number on the form. 

General C r a c k Data 

13. Number of t ransverse joints 10 feet wide having some kind of crack over them. 
T h i s i s a very rough index of transverse reflection cracking which can be determined 
from a quick inspection of the record sheets. It can be found without the usual process 
of graphical addition. 

14. Number of t ransverse crack extensions over bituminous shoulder (or lane). T h i s 
figure is a count of the number of crack extensions without regard to either length or 
width. See Item 17. 

Length of C r a c k s , in Feet 

15. Length of t ransverse c r a c k s over transverse joints. F o r each width c l a s s the 
length of crack is found by graphical addition. 

16. Length of t ransverse c r a c k s not over joints, but over concrete. T h i s includes 
a l l t ransverse c r a c k s lying over the original concrete. C r a c k s oriented 45 degrees or 
l e s s from the t ransverse direction are considered transverse . 

17. Length of t ransverse c r a c k extensions over bituminous shoulder (or lane). An 
"extension over bituminous shoulder (or lane)" occurs when a c r a c k extends a c r o s s the 
junction between a concrete slab and an adjacent bituminous s tr ip . The extension is 
only that part over the adjacent s tr ip , the part over concrete being included in a p r e ­
vious category. C r a c k s over bituminous bases which are not extensions of c r a c k s over 
concrete are not included. In this item, 'bituminous" includes any base which i s not 
cement concrete. 

18. Length of transverse c r a c k s in construction joint in resurfacing. T h i s includes 
only c r a c k s in construction joints where two runs of the paver butt together. Usually 
this jointing can only be identified in the top course of the resurfacing. 

19. Total l inear feet of transverse c r a c k s . T h i s i s the sum of Items 15, 16, 17, 
and 18. 

20. Length of longitudinal c r a c k s over joints between adjacent s labs . 
21. Length of longitudinal c r a c k s over joints between slab and shoulder. T h i s group 

includes a l l c r a c k s occurring over the outside edges of s labs. 
22. Length of longitudinal c r a c k s over joints between slab and bituminous center lane. 

T h i s group is used only for resurfacings of original pavements of the "dual" type. The 
condition represented by this item is s i m i l a r to that at slab edges adjacent to bituminous 
shoulders. 

23. Length of longitudinal c r a c k s in construction joint in resurfacing. T h i s group 
Includes a l l c r a c k s in construction joints between adjacent runs of the paver. Usually 
it i s necessar i ly l imited to construction jomts m the top course. 

24. Total length of longitudinal c r a c k s . T h i s i s the total of Items 20, 21, 22, and 23. 
25. Miscellaneous - A l l c r a c k s not l isted otherwise. T h i s group includes c r a c k s 

around manholes, over pipes, over settled a r e a s , c r a c k s over concrete that are oriented 
more than 45 degrees f rom the t ransverse direction, and any other c r a c k s not previously 
included. 

26. Total length of a l l c r a c k s . T h i s i s the sum of Items 19, 24, and 25. 

Appendix D 
C R A C K I N D E X S H E E T 

D E S C R I P T I O N S AND F O R M U L A S F O R T H E I N D I C E S 

Item numbers re fer to items on Pavement Data Sheet and on the C r a c k Analys i s Sheet. 
Crack ing Orer Interior of Slabs 

The index i s expressed as "l inear feet per slab. " It i s computed by dividing the total 
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of Item 16 by Item 5. Since ltem 16 includes only transverse c r a c k s , only these a r e 
iShown by the index. 

T h i s index is a measure of reflection cracking over transverse c r a c k s in the concrete, 
A direct correlat ion cannot be made by length since the l e i ^ h of c r a c k s in the underlying 
concrete is difficult to determine in resurfaced pavements. T h i s index i s highest where 
s labs a r e badly broken due to poor foundation conditions. 

C r a c k m g of Construction Joints in Resurfacing 

T h e r e a r e two indices, one for t ransverse construction joints and one for longitudinal 
joints. The f i r s t i s found by: 

Item 18 ^ 

and the second by: 
Item 23 
Item 3 

X 1000 

The cracking shown by these f igures i s p r i m a r i l y a function of the care used in laying 
the resurfacing mater ia l and the conditions prevai l ing when this was done. 

Extensions Over Bituminous Shoulder (or Lane) 

Two indices a r e used to measure the occurrence of this phenomenon. T h e f i r s t gives 
the average length of the extensions (Item 17 total divided Item 14), and the second 
the frequency of occurrence , expressed as the ratio of extended crack ends to the num­
ber of locations where crack extensions potentially could occur (Item 14 divided by Item 7 

Crack ing Over Joints 

E a c h of the indices below i s computed for each width of crack . The index for the to­
tal i s the sum of the indices for the various widths. 

Percent of length of t ransverse joint cracked. T h i s i s computed by dividing the 
f igure in each width c l a s s of Item 15 by Item 8 and converting to percent. 

Percent of length cracked of longitudinal joint between adjacent s labs . T h i s i s 
computed by dividing the f igures in Item 20 by Item 9 and converting to percent. 

Percent of length cracked of longitudinal joint between slab and adjacent bituminous 
shoulder. T h i s i s computed by dividmg the f igures in Item 21 by Item 10 and convert­
ing to percent. 

Percent of length cracked of longitudinal joint between slab and adjacent bituminous 
center lane. T h i s i s computed by dividing the f igures in Item 22 by Item 11 and convert­
ing to percent. 

Percent of length cracked of total longitudinal joint. T h i s i s computed by dividing 
the sum of the f igures in Items 20, 21, and 22 by Item 12 and converting to percent. It 
i s not the sum of the three previous indices. 


