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FOREWORD 

This report is one volume of a four volume set of interim reports documenting 
a major field study and evaluation of the effectiveness of three structural 
overlay types for jointed portland cement concrete pavements and guidelines 
for their use. The three overlay types are sawing and sealing joints in 
asphalt concrete (AC) overlays of PCC pavements, cracking and seating PCC 
pavements prior to AC overlay and constructing a thin bonded PCC overlay on 
top of the existing PCC pavement. Condition survey, deflection testing and 
roughness measurements were performed on a total of 60 sections. It should be 
noted that the small sample of projects and the unknown condition of the 
pavement prior to overlay limit the conclusions that can be drawn from the 
study. Volume V (Summary of Research Findings) and the technical summary will 
be given widespread distribution in the near future. These reports will be of 
interest to those involved in design, construction and rehabilitation of 
jointed concrete pavements. 

Sufficient copies of this report are being distributed by FHWA memorandum to 
provide one copy to each FHWA Region and Division and two copies to each State 
highway agency. Direct distribution is being made to the division offices. 
Additional copies for the public are available from the National Technical 
Information Service (NTIS), U.S. Department of Commerce, 5285 Port Royal Road, 
Springfield, Virginia 22161. A small charge will be imposed for each copy 
ordered from NTIS. 

~·~Q 
Thomas J. Pask , Jr., P.E. 
Director, Off ce of Engineering and 

Highway Operations Research and Development 

NOTICE 

This document is disseminated under the sponsorship of the Department of 
Transportation in the interest of information exchange. The United States 
Government assumes no liability for its contents or use thereof. The contents 
of this report reflect the view of the contractor who is responsible for the 
accuracy of the data presented herein. The contents do not necessarily 
reflect the official policy of the Department of Transportation. This report 
does not constitute a standard, specification, or regulation. 

The United States Government does not endorse products or manufacturers. 
Trade or manufacturers' names appear herein only because they are considered 
essential to the object of this document. 



TECHNICAL REPORT STANO.a.RO TITLE PAGE 

1. ~ epo11 No. 2. Go,. ■rnm ■nt .lcc11aion No. J. ·--·· 

FHWA-RD-89-143 PB91-10060 2 

'· 'r,11. ana SYbt1tle 5. Reporr Dore 

STRUCTURAL OVERLAY STRATEGIES FOR JOINTED CONCRETE June 1990 
PAVEMENTS - Volume II: Cracking and Seating of 6. Periorm1n9 Organ11orion Coll• 

Concrete Slabs Prior to AC Overlay 
7. A1Jtl'lor>a) a. Pe,formin9 Organ,zarion Fleporr No. 

Walter P. Kilareski, Shelley M. Stoffels PTI 8919 

9. Perforfflin; Or;oniutioft Noma Ol"ld Addreu 10. Work Unit No. 

Pennsylvania Transportation Institute 3CIA2012 
Research Building B 11. Con,roct or G,onr No. 

University Park, PA 16802 DTFH61-86-C-00079 
13. Type of ~•port and Pa,10<1 Cowered 

12. Sp0n,o,1ni;i A;■ncy Noma ond Add,au Interim Report Office of Engineering and Highway Operations, R&D 
Federal Highway Administration Oct. 1986 - Jan. 1990 
6300 Georgetown Pike 1,. Spol'laorin; Agency Code 

McLean, VA 22101-2296 
15. Suppl•mantory Ho1as 

*This work was performed as a subcontract to ERES Consultants, Inc. 
COTR: Roger Larson 
Routing Code: HNR-20 

16. Abarrocl 

A major field study and evaluation has been conducted into the effectiveness of three structural overlay types for portland cement 
concrete CPCO pavements. These include sawing and sealing asphalt concrete (AO overlays of PCC pavements, cracking and seating = ~ 
PCC pavements prior to AC overlay, and constructing a thin bonded PCC overlay on top of the existing PCC pavement. Conciltion 
surveys, deflection testing, and roughness measurements were performed on a total of 55 sections. The performance of these sections 
was evaluated and the effectiveness of each overlay type analyzed. Based on the field data, guidelines were developed for the use of 
structural overlays. In addition, the results of this study were used to revise and enhance the EXPEAR rehabilitation advisory system. 

This volume examines the rehabilitation technique of cracking and seating PCC pavement prior to overlay, which has been used to 
reduce reflection cracking. Cracking the slabs reduces slab movement due to temperature changes; seating the slabs stabilizes lhe pieces. 
The first part of this report examines the lilerature and evaluales the performance of inservice crack and seat overlays from several States; 
the second part incorporates these research findings into guidelines for crack and seat techniques and specifications. 

This volume is second is a series. The other volumes are: 

FHWA No. Vol. No. Shorl Title 

FHWA-RD-89-142 I Sawing and Sealing of Joints in AC Overlays of Concrete Pavements 
FHWA-RD-89-144 III Performance Evaluation and Analysis of Thin Bonded Concrete Overlays 
FHWA-RD-89-145 IV Guidelines for the Selection of Rehabilitation Alternatives 
FHWA-RD-89-146 V Summary of Research Findings 
FHWA-RD-89-147 VI Appencilx A• Users Manual for the EXPEAR Computer Program 

17. !(•y 'Nards 18. _Oi 1trl bwrion Stotem..,.,, 

Reflection cracking, crack and seat, No restrictions. This document is 
asphalt concrete (AC) overlay, available to the public through the 
portland cement concrete (PCC) National Technical Information Service, 
pavements Springfield, VA 22161. 

19. S•cu,ity Cla111f, (of th,s r•pard 20, Sec1.1rily Cla••"· (af thi~ paael 21. No. of Pa~•• 22. Price 

UNCLASSIFIED UNCLASSIFIED 152 

Form DOT F 1700.7 11-01 



.... .... 

APPROXIMATE CONVERSIONS TO SI UNITS 

Symbol 

In 
ft 
yd 
mi 

in' 
na 
yd' 
ac 
mi' 

fl oz 
gal 
ft1 
yd' 

When You Know Multlply By 

Inches 
feet 
yards 
miles 

square inches 
square feet 
square yards 
acres 
square miles 

fluid ounces 
gallons 
clbic feet 
clbic yards 

LENGTH 

25.4 
0.305 
0.914 
1.61 

AREA 
645.2 
0.093 
0.836 
0.405 
2.59 

VOLUME 
29.57 
3.785 
0.028 
0.765 

To Find 

mDlimetres 
metres 
metres 
kilometres 

Symbol 

mm 
m 
m 
km 

millimetres squared mm' 
metres squared m' 
metres squared m' 
hectares ha 
kilometres squared km' 

m061itres 
litres 
metres Cl.bed 
metres Cl.bed 

ml 
L 
m' 
m' 

NOTE: Volumes greater than 1000 L shaD be shown in m1• 

oz 
I> 
T 

OF 

ounces 
pounds 
short tons (2000 b) 

MASS 
28.35 
0.454 
0.907 

grams 
kilograms 
megagrams 

TEMPERATURE (exact) 
Fahrenheit 
temperature 

S(F-32)/9 Celcius 
temperature 

• SI is the symbol tor the International System ol Measurement 

g 
kg 
Mg 

·c 

APPROXIMATE CONVERSIONS FROM SI UNITS 

Symbol 

mm 
m 
m 

km 

mm' 
m' 
ha 

km' 

ml 
L 

m' 
m' 

g 
kg 
Mg 

oc 

When You Know 

millimetres 
metres 
metres 
kilometres 

mUlimetrea squared 
metres squared 
hectares 
kilometres squared 

Multiply By 

LENGTH 
0.039 
3.28 
1.09 
0.621 

AREA 
0.0016 
10.764 
2.47 
0.386 

VOLUME 
mDlilitres 
litres 
metres etbed 
metres etbed 

0.034 
0.264 
35.315 
1.308 

MASS 

To Find 

Inches 
feet 
yards 
miles 

square inches 
11quare feet 
acres 
square miles 

fluid ounces 
gallons 
ciA>ic feet 
clblc y1mfs 

SymbQI 

in 
ft 
yd 
ml 

In' 
na 
ac 
mP 

"oz 
gal 

"' yd' 

grams 
kilograms 
megagrama 

0.035 
2205 
1.102 

ounces oz 
pounds a, 
short tons (2000 It) T 

TEMPERATURE (exact) 
Celcius 
temperature 

1.8C + 32 Fahrenheit 
temperature 

•f 
-40 0 

I I I I I I I I _I_ I 
-40 - -20 

"C 

•F 
32 98.8 212 

,14.", I I~. t. •
1
~• I •

1
~• I ,2!>0~ I I I I f f i 

80 t 0 20 ~ ~ _ 
37 -., 

•F 

(Revised April 1989) 



Chapter 

TABLE OF CONTENTS 

VOLUME I. SAWING AND SEALING OF JOINTS IN AC 
OV.ERLA YS OF CONCRETE PAVEMENTS 

PART I 

Im 
1. INTRODUClil(j)N: AND- RESEA\RCBi APPRO*Clf . .. . .. . . . . . . . .. .. .. . . . . . . . . . ]; 

BACKGROUND-' . . .. .. . . • •..... _ .. - .. .. .. • .. • . . . .. _ .. .. •. .. .. .. . . .. . . .. .. .. .. .. . .. .. . • .. . .. 1 
PROBLEM ST:71'.:rEMEN'Ii MITT) RESEARCH OB:JECTIV-Es: . . •. . . . . .. . .. . .. .. . .. • . . 2 
SCOPE .. OF THE STUDY' .. .. .. . . •• _ .. • . . . . . •. . . . . .. .. -. . . • . . . .. • • • .. • • • . • . . 4 
RESEARCH. ARPROACHi ... _ ••• ___ • • . . . . .. .. .. . . . . . . . .. . . • . . .. . .. . . . . . . . 5 

2.. THE REELECTION; c::RA.{:KING PROBLEM . .. . . . . . .. . . . . . . . . . . . . . . . . . . 6 

BACKGROUND . . .. .. .. . . .. .. . • • .. .. • . . . . . . . . . •. . . . . . . . . . • . . . . . • • . •. . .. • 6 
FAILil!RE'. M:ECHANI'51\.fS: • • .. • .. • • . . . . . . . • . . . . •. • • • . • . . . • . . .. • . . • • . • • 7 
REVIEW OF SAW! AND- SEAL- DESIGN PROCEDURES ....•...... _ • . • . • . . . IO 

Massachusetts: .. .. • .. • • • . . • • • . . . . . . . . .. .. • • • . . . • . • . • • .. • • . . . • . . • • 14 
Connecticut .. ·.. • .. .. . • • • . • • . • . . . . . . . . . . . • . . . . . . . . .. .. • . • .. . . . • . . . 14 
New· York .. .. . • . • • . . . • . • . . . . . . . . . . . . . . • • • . • • . •. • . • • • . . . . . . . 18 
Maine .. • . • • • • • • • • • • . . . . . . . • • • • • . • . • • • •. •. • • • • • . • • • . • • • • 19 
Pennsylv.anill; • • • • • . . • . . . . . . . . . . . • . . . • . • . . .. . . . . . . . . . . . . . . . . . 25 
Ohio • . . . . . • . . . . . . . . . . . . . . . . . . . . . . _ • . .. . . . • • . . . . . . . . . 25 

s.tlMMARY OF UTERATURE REVIEW . . . . . . • . • . • .. . .. • . . . . . . . . . . . . . . . 25 

3i DATA COLLECTION PROCEDURES . . . . . . . .. . • . .. . . • . . . . . . . . . . . . . . . . 28 

SELECTION OF STUDY SECTIONS . . . . . . . . . . . • . • . . • . . . . . . . . . . . . . . . . 28 
FIELD DATA COLLECilON . . . . . . . . . . . . . • . . • . • • • . . . . . . . . . . . . . . . . . 33 

Pavement Distress . . . . . . . . . . . . . . . . • . . . . . . • . . . . . . . . . . . . . . . . . . 33 
Roughness . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . 33 
Def! ections . . . . . . . . . . . . . . . . . . . . . • • . . . . . . . . . . . . . . . . . . . . . . . . 3 5 

lRAFFIC DATA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36 
ENVIRONMENTAL DATA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36 
DATABASE DESCRIPTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38 
DATABASE SUMMARY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38 

4. FIELD PERFORMANCE AND EVALUATION . . . . . . . . . . . . . . . . . . . . . . . . . 45 

OVERVIEW OF PERFORMANCE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45 
PAVEMENT ROUGHNESS ........ -. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46 
SA WED AND SEALED OVERLAY DISlRESS . . . . . . . . . . . . . . . . . . . . . . . . . . 51 

Transverse Joint Reflection Cracking . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53 
Loncitudinal Joint Refle.ction Cracking . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68 

DEFLECTION J.1EASURE!vfENTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70 

5. SUMMARY AND CONCLUSIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75 

SUMMARY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75 
CONCLUSIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75 

REFERENCES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77 

lll 



PART II 

PART A. DESIGN AND CONSTRUCTION GUIDELINES 

INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 81 

NEED FOR SAWING AND SEALIN'G . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 81 

EFFECTIVENESS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 83 

WORK PRIOR TO OVERLAY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 84 

DESIGN AND CONSTRUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 84 
Overlay Design and Existing Conditions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 85 
Selection of Sealant Materials . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 85 
Joint Reservoir Dimensions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 86 
Location of Saw Cut and Sawing Operation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 87 
Joint Sealing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 88 

IN'SPECTION AND QUALITY CONTROL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 89 

SUGGESTED REFERENCES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 89 

PART B. GUIDE SPECIFICATIONS 

GE1'.'ERAL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 91 

DESCRIP'TION OF WORK . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 91 

STANDARD SPECIFICATIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 91 

SUBMITIALS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 91 
Materials . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 91 
Equipment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 92 
Manufacturer's Recommendations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 92 

MATERIALS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 92 
Joint Sealant . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 92 
Backer Rod and/or Bond Breaker . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 93 

EQUIPMENT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 93 
General . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 93 
Joint Sawing Equipment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 93 
Joint Cleaning Equipment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 93 
Joint Sealing Equipment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 94 

CONSTRUCTION METHODS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 94 
Marking Joints . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 94 
Sawing Joints . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 95 
Cleaning of Joints . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 95 
Joint Sealing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 96 

IV 



MEASUREMENT AND PAYMENT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 96 
Measurement . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 96 
Basis of Payment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 96 

APPENDIX . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 97 

Chapter 

2 

3 

4 

VOLUME II CRACKING AND SEATING OF CONCRETE SLABS 
PRIOR TO AC OVERLAY 

PART I 

IN1RODUCTION AND RESEARCH APPROACH 1 

BACKGROUND . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
PROBLEM STATEMENT AND RESEARCH OBJECTIVES . . . . . . . . . . . . . . . . . . . 2 
SCOPE OF THE STUDY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 
RESEARCH APPROACH . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 

THE REFLECTION CRACKING PROBLEM ........................... . 5 

BACKGROUND OF REFLECTION CRACKING . . . . . . . . . . . . . . . . . . . . . . . . . . 5 
FAILURE MECHANISMS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 
REVIEW OF CRACK AND SEAT AND OVERLAY PROCEDURES . . . . . . . . . . . . . 9 

Design Procedures for Cracked and Seated PCC . . . . . . . . . . . . . . . . . . . . . . . 13 
Cracked Slab Size . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16 
Slab Cracking Equipment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18 
Cracking of JRCP . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19 
Seating of the Slabs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 
Other Considerations with Crack and Seat Treatment . . . . . . . . . . . . . . . . . . . . 23 

DATA COLLECTION PROCEDURES ............................... . 24 

SELECTION OF STUDY SECTIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24 
FIELD DATA COLLECTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29 

Pavement Distress . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29 
Roughness . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35 
Deflections . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36 

TRAFFIC DATA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36 
ENVIRONMENTAL DATA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36 
DATABASE DESCRIPTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37 
DATABASE SUMMARY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37 

FIELD PERFORMANCE AND EVALUATION .......................... . 46 

OVERVIEW OF PERFORMANCE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46 
PAVEMENT ROUGHNESS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47 
OVERLAY DISTRESS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55 

Reflection Cracking . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57 
Reflection Cracking and Overlay Age . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61 
Reflection Cracking and Overlay Thickness . . . . . . . . . . . . . . . . . . . . . . . . . . 61 
Reflection Cracking and Sel!ment Size . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64 
Reflection Cracking and Tvpe of Roller . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64 
Alligator Cracking . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64 

V 



Chapter :Page 

5 

Rutting . . . . . . . . . . . . . . . . . . . . . . . . .. . . .. . . . . . . .. . . . . . . .. . .. . . . . . --68 
Drainage . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . .. . . . . . . .. . . 70 
Fabric Interlayers . . . . . . . .. . . . . . . . . . . . . . . . .. . .. . . . .. . . .. .. . . . . . .. . . . !15 

DEFLECTION MEASUREMENTS .. . . . . .. . . . . . . . . . .. .. . . . .. .. . .. . .. .. .. .. . . . . . . il5 

SUMMARY DISCUSSION AND CONCLUSIONS .............................. . :81 

SUMMARY DISCUSSION . . . . . . . . . • . . . . . . . . . . . . . . . . . .. . . .. . .. . . . . . . . 81 
CONCLUSIONS ....................................... _. .. . . . . . . . . "82 

PART II. CRACKING, SEATING, AND OVERLAY OF PORTLAND 
CEMENT CONCRETE PAVEMENTS 

PART A. DESIGN AND CONSTRUCTION GUIDELINES 

Chapter 

1 IN1RODUCTION 84 

_NEED FOR CRACKING AND SEA TING . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 84 
EFFECTIVENESS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 88 
WORK PRIOR TO OVERLAY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 88 
DESIGN AND CONSTRUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 89 

Structural Design . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 89 
Crack Pattern and Segment Size . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 90 
Seating of the PCC Segments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 91 

MA1N1ENANCE OF TRAFFIC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 92 
lITILITIES AND CULVERTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 93 
SUGGESTED READINGS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 93 

PART B. GUIDE SPECIFICATIONS 

GENERAL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 99 
DESCRIPTION OF WORK . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 99 
STANDARD SPECIFICATIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 99 
SUBMITT ALS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 99 

Equipment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100 
Manufacturer's Recommendations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100 

CONSTRUCTION REQUIREMENTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100 
Breaking the PCC Pavement . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100 
Seating the PCC Pavement Segments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 101 
Overlaying the Cracked and Seated Pavement . . . . . . . . . . . . . . . . . . . . . . . . . 101 

MEASUREMENT AND PAYMENT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 101 
Method of Measurement . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 101 
Basis of Pavment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 101 

APPENDIX . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 103 

REFERENCES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 127 

Vl 



VOLUME III PERFORMANCE EVALUATION AND ANALYSIS OF 
TIDN BONDED CONCRETE OVERLAYS 

Chapter 

l INTRODUCTION l 

I. BACKGROUND . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . l 
2. PROBLEM STATEMENT AND RESEARCH OBJECTIVES . . . . . . . . . . . . . 1 
3. SCOPE OF STUDY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
4. RESEARCH APPROACH . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 
5. SEQUENCE OF REPORT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 

2 DATA COLLECTION PROCEDURES .............................. . 5 

1. INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 
2. SELECTION OF TlilN BONDED OVERLAY PROJECT SECTIONS . . . . . . . 5 
3. FIELD DAT A COLLECTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 

Surface Distress . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 
Debonding . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 
Roughness and PSR . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 
Deflection Testing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 
Material Testing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 
Traffic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14 
Environment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14 
Photographic Survey . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . 15 

3 FIELD PERFORMANCE AND EVALUATION ........................ . 16 

1. INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16 
2. INTERSTATE SI-SYRACUSE, NEW YORK (NY 6) . . . • . . • . . . . . . . . . • 16 

Preoverlay Pavement Condition . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16 
Overlay . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17 
Adhesive . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17 
Concrete . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17 
Curing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17 
Joints . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18 
Early Performance Observations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18 
Physical Testing ................. : . . . . . . . . . . . . . . . . . . . . . . . . . . 18 
Deterioration of the Pavement Section . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19 
Summary and Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19 

3. INTERSTATE 80-{;RINNELL, IOWA (IA 1) . . . . . . . . . . . . . . . . . . . . . . 19 
Preoverlay Pavement Condition . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19 
Overlay . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19 
Adhesive . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21 
Concrete . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21 
Curing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21 
Joints . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21 
Early Performance Observations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21 
Physical Testing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21 
Deterioration of the Pavement Section . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23 
Summary and Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23 

4. INTERSTATE SO-AVOCA, IOWA (IA 2) . . . . . . . . . . . . . . . . . . . . . . . . . 23 
Preoverlay Pavement Condition . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23 
Overlay . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23 
Adhesive . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24 
Concrete . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24 

vii 



Chapter Page 

Curing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24 
Joints . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24 
Early Performance Observations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24 
Physical Testing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24 
Deterioration of the Pavement Section . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26 
Summary and Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26 

5. COUNTY ROUTE C-17-CLAYTON COUNTY, IOWA (IA 3) . . . . . . . . . . . 26 
Preoverlay Pavement Condition . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26 
Experimental Variables . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27 
Adhesive . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27 
Reinforcement . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27 
Concrete . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27 
Curing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27 
Joints . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29 
Early Performance Observations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29 
Physical Testing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29 
Deterioration of the Pavement Sections . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29 
Design Features . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32 
Reinforcement . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32 
Surface Preparation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32 
Thickness . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35 
Summary and Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35 

6. S.R. 12-SIOUX CITY, IOWA (IA 4) . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35 
Preoverlay Pavement Condition . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35 
Overlay . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35 
Adhesive . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37 
Concrete . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37 
Curing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37 
Joints . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37 
Early Performance Observations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37 
Physical Testing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37 
Deterioration of the Pavement Section . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37 
Summary and Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39 

7. U.S. 20-WATERLOO, IOWA (IA 5) . . . . . . • . • . . . . . . . . . . . . . . . . . . . 39 
Preoverlay Pavement Condition . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39 
Overlay . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39 
Adhesive . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40 
Concrete . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40 
Curing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40 
Joints . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40 
Early Performance Observations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40 
Physical Testing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40 
Deterioration of the Pavement Section . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42 
Summary and Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42 

8. INTERSTATE SO-TRUCKEE, CALIFORNIA (CA 13) . . . . . . . . . . . . . . . . 42 
Preoverlay Pavement Condition . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42 
Overlay . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43 
Adhesive . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43 
Reinforcement . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . 43 
Concrete . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43 
Curing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43 
Joints . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43 
Early Performance Observations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44 
Physical Testing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44 
Deterioration of the Pavement Section . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44 
Summary and Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44 

9. S.R. 38A-SIOUX FALLS, SOUTH DAKOTA (SD 1) . . . . . . . . . . . . . . . . . . 46 
Preoverlay Pavement Condition . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46 
Overlay . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46 

Vlll 



Chapter Page 

Adhesive . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46 
Concrete . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46 
Curing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47 
Joints . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47 
Early Performance Observations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47 
Physical Testing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47 
Deterioration of the Pavement Section . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49 
Summary and Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49 

10. INTERSTATE 25-DOUGLAS, WYOMING (WY 1) . . . . . . . . . . . . . . . . . . 49 
Preoverlay Pavement Condition . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49 
Overlay . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50 
Adhesive . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50 
Concrete . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50 
Curing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50 
Joints . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50 
Early Performance Observations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50 
Physical Testing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51 
Deterioration of the Pavement Section . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51 
Summary and Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53 

11. U.S 61-BATON ROUGE, LOUISIANA (LA 1) . . . . . . . . . . . . . . . . . . . . . . 53 
Preoverlay Pavement Condition . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53 
Overlay . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53 
Adhesive . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54 
Concrete . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54 
Curing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54 
Joints . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54 
Early Performance Observations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54 
Physical Testing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55 
Deterioration of the Pavement Section . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55 
Summary and Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55 

4 EVALUATION OF SELECTED DESIGN AND ANALYSIS MODELS ......... . 57 

1. INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57 
2. CONCEPTUAL BASIS OF MODELS . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57 

AASHTO................................................ 57 
Nondestructive Testing Method <NDD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60 
Visual Condition Factor Method . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60 
Nominal Size of PCC Fragments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60 
Remaining Life Approach . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60 
Selection of the Remaining Life Factor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65 
Nondestructive Deflection Testing Approach . . . . . . . . . . . . . . . . . . . . . . . . . . 65 
Traffic Approach . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65 
Time Approach . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65 
Serviceability Approach . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67 
Visual Condition Survey Approach . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67 
University of Texas-TBCOl . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67 
TBCO! Drawbacks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70 
Performance Factors not Incorporated into the TBCOI Model . . . . . . . . . . . . . . . 71 
Federal Aviation Administration (FAA) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72 
Construction Technologies Laboratories/Ponland 

Cemem Association Procedure (CTL/PCA) . . . . . . . . . . . . . . . . . . . . . . . . . 73 
FHWA Equations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 74 

3. COMPARISON OF PREDICTED VERSUS ACTUAL RESULTS . . . . . . . . . . 78 
Design Methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 78 
AASHTO . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 78 
Reliability . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80 
Overall Standard Deviation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80 
Traffic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80 

ix 



Chapter 

0.0RJJ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . • . .. . . • 82 
0.0L . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . • . . • • . . . 82 
Bu..................................................... 82 
TBCOI . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 84 
FAA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 84 
CTL/PCA................................................ 84 
Predictive Models . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 86 
Faulting Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 86 
Reflective Cracking Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 88 

4. CONCLUSIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 93 

5 EVALUATION OF FACTORS AFFECTING OVERLAY PERFORMANCE ..... . 94 

1. INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 94 
2. FACTORS AFFECTING PERFORMANCE . . . . . . . . . . . . . . . . . . . . . . . . . 94 

Age of Original Pavement . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 94 
Condition of Original Pavement . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 96 
Preoverlay Repairs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 96 
Age/ESAL's of Overlay . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 97 
Climatic Zone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 97 
Temperalllre Range at Time of Paving . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 99 
Overlay Thickness . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 99 
Surface Preparation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100 
Type of Bonding Agent . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100 
Original Pavement Type . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 101 
Overlay Pavement Type . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . IOI 
Overlay Joints . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 103 

6 SUMMARY AND CONCLUSIONS ................................. . 104 

1. INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 104 
2. CONCLUSIONS AND RECOMMENDATIONS . . . . . . . . . . . . . . . . . . . . . . 104 

Condition of the Original Pavement . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 104 
Preoverlay Repairs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 106 
Surface Preparation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 106 
Paving Temperature/Climatic Conditions . . . . . . . . . . . . . . . . . . . . . . . . . . . . 107 
Type of Bonding Agent . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 107 
Bonding . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 108 
Perfonnance Expectations of Bonded Overlays . . . . . . . . . . . . . . . . . . . . . . . . 109 
Design Procedures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 109 
Design and Construction Guidelines . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 109 
General Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 109 

APPENDIX A DESIGN AND CONSTRUCTION GUIDELINES FOR 
BONDED CONCRETE OVERLAYS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 111 

1 

2 

3 

4 

5 

6 

INTRODUCTION ............................................ . 

NEED FOR BONDED CONCRETE OVERLAYS ....................... . 

EFFECTIVENESS OF BONDED CONCRETE OVERLAYS ................ . 

LIMITATIONS OF BONDED CONCRETE OVERLAYS .................. . 

CONCURRENT WORK ........................................ . 

PREOVERLAY REPAIRS ...................................... . 

X 

111 

111 

112 

115 

116 

116 



fm 
7/ OTHER CONCURRENT REHABILITATION WORK • • • . . . . . . . . . . . . . . . . . . 117 

;8 DESIGN AND CONSTI.UJCTION OF BONDED CONCRETE OVERLAYS....... 117 
Design Pnx:edwes • • . • • • . • • .. . . . . . . . . . . . . . • . . • • • . . . . . . . . . . . . . • . . . 117 
Materials for Construction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 120 

9 REPAIR OF PAVEMENT DISTR£SS PRIOR TO OVERLAY . . . . . . . . . . . . . . . 122 
Pumping and Loss of Support . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 122 
·iFaulting • . • . . . • . . . . . • • . • • • . . . . • . . • . . • . . • . • • . . . . • • . . . • • . • • • . • 122 
Cracked Slabs . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 122 
.Joint Deterioration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 123 
.Nonsealed Joints . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 123 
Pressure Relief Joints . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 123 

10 SURFACE PREPARATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 123 
Shot Blasting . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 124 
Cold Milling (Scarifying) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 124 
Sandblasting . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 124 
Water Blasting . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 125 
Air Blasting . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 125 

11 PLACEMENT OF BONDING AGENT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 125 

12 PLACING AND FINISIIlNG CONCRETE . . . . . . . . . . . . . . . . . . . . . . . . . . . . 126 

13 JOINT FORMING PROCEDURES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 127 

14 PREPARATION OF PLANS AND SPECIF1CATIONS . . . . . . . . . . . . . . . . . . . . 128 

15 SUMMARY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 128 

APPENDIX B PROJECT SUMMARY TABLES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 130 

APPENDIX C CORE LOG FOR THIN BONDED OVERLAY SECTIONS . . . . . . . . . . . . 142 

APPENDIX D BIBLIOGRAPHY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 146 

REFERENCES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 159 

Chapter 

1 

2 

VOLUME IV GUIDELINES FOR THE SELECTION OF 
REHABILITATION ALTERNATIVES 

INTRODUCTION I 

I. BACKGROUND . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I 
2. RESEARCH OBJECTIVE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . l 
3. RESEARCH APPROACH . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 

BASIC CONCEPTS OF PAVEMENT REHABILITATION ................. . 3 

1. THE SPECTRUJ\.1 OF REHABILITATION ALTERNATIVES . . . . . . . . . . . . 3 
The Pavement Performance Curve . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 
The "Maintenance Only" Alternative . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 

XI 



Chapter 

3 

4 

5 

6 

Page 

Restoration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 
Structural Resurfacing (Overlays) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 
Reconstruction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 

2. DETERMINING THE FEASIBILITY OF REHABILITATION ALTERNATIVES 9 
Construction Feasibility of the Rehabilitation Alternative . . . . . . . . . . . . . . . . . . 11 
Future Life of the Rehabilitation Alternative (Perfonnance Period) . . . . . . . . . . . . 12 
Initial And Life-Cycle Costs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15 

3. RECOGNIZING THE NEED FOR STRUCTURAL IMPROVEMENT . . . . . . . 17 
Slab Cracking Caused By Fatigue (Repeated Load) Damage . . . . . . . . . . . . . . . . 17 
Deterioration of Slab Cracking Caused By Non Load Factors . . . . . . . . . . . . . . . 19 
Slab Spalling Fractures From Repeated Loadings . . . . . . . . . . . . . . . . . . . . . . . 20 
Repeated Load Deterioration of Spalls Caused By Other Factors . . . . . . . . . . . . . 20 
Structural Damage Identified In An Existing Pavement . . . . . . . . . . . . . . . . . . . 20 

REHABILITATION SELECTION GUIDELINES ....................... . 

EVALUATION AND REHABILITATION WITH EXPEAR ................ . 

24 

33 

l. INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33 
2. PAVEMENT EVALUATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34 

Data Collection and Entty . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34 
Extrapolation of Overall Project Condition . . . . . . . . . . . . . . . . . . . . . . . . . . . 34 
Evaluation of Present Condition . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34 
Prediction of Future Condition Without Rehabilitation . . . . . . . . . . . . . . . . . . . . 35 
Physical Testing Recommendations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35 

3. PAVEMENT REHABILITATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35 
Selection of Main Rehabilitation Approach . . . . . . . . . . . . . . . . . . . . . . . . . . . 35 
Development of Detailed Rehabilitation Strategy . . . . . . . . . . . . . . . . . . . . . . . 36 
Computation of Rehabilitation Quantities . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36 
Prediction of Rehabilitation Strategy Perfonnance . . . . . . . . . . . . . . . . . . . . . . . 36 
Cost Analysis of Rehabilitation Strategy . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37 

4. EXPEAR OPERATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39 
System Requirements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39 
Running EXPEAR . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39 

CASE STUDIES IN REHABILITATION STRATEGY DEVELOPMENT ....... . 42 

l. INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42 
Sections Evaluated . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42 
Evaluation Procedures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42 

2. RESULTS OF THE EVALUATIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43 

CONCLUSIONS AND RECOMMENDATIONS ........................ . 58 

APPENDIX A NEW PREDICTION MODELS FOR BONDED PCC OVERLAYS, CRACK 
AND SEAT WITH AC OVERLAY, AND SAW AND SEAL AC OVERLAYS ... ; . . . . . 60 

REFERENCES 69 

VOLUME V SUMMARY OF RESEARCH FINDINGS 
Chapter 

1. INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 

BACKGROUND . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I 
PROBLEM STATEMENT AND RESEARCH OBJECTIVES . . . . . . . . . . . . . . . . 2 
RESEARCH APPROACH . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 

xii 



Chapter 

2. SA WING AND SEALING OF JOINTS IN AC OVERLAYS OF 
CONCRETE PAVEMENTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 

INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 
THE REFLECTION CRACKING PROBLEM . . . . . . . . . . . . . . . . . . . . . . . . . . 4 
REVIEW OF SAW AND SEAL DESIGN PROCEDURES . . . . . . . . . . . . . . . . . . 6 
SELECTION OF STUDY SECTIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 
FIELD PERFORMANCE AND EVALUATION . . . . . . . . . . . . . . . . . . . . . . . . . 7 
PAVEMENT ROUGHNESS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 
SAW AND SEAL OVERLAY DISTRESS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 
DEF1..ECTION MEASUREMENTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 
SUMMARY AND CONCLUSIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 

3. CRACKING AND SEATING OF CONCRETE SLABS PRIOR 
TO AC OVERLAY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14 

INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14 
REVIEW OF CRACK AND SEAT AND OVERLAY PROCEDURES . . . . . . . . . . 14 
DESIGN PROCEDURE FOR CRACKED AND SEATED PCC . . . . . . . . . . . . . . . 15 
CRACKED SLAB SIZE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15 
CRACK AND SEAT EQUIPMENT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17 
DATA COLLECTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18 
PAVEMENT ROUGHNESS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19 
OVERLAY DISTRESS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19 
DEFLECTION MEASUREMENTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22 
SUMMARY AI\D CONCLUSIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25 

4. THIN BONDED CONCRETE OVERLAYS . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26 

INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26 
SELECTION OF STUDY SECTIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26 
FIELD DATA COLLECTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27 
FIELD PERFORMANCE AND EVALUATION . . . . . . . . . . . . . . . . . . . . . . . . . 28 
EVALUATION OF SELECTED DESIGN AND ANALYSIS MODELS . . . . . . . . . . 30 
EVALUATION OF FACTORS AFFECTING OVERLAY PERFORMANCE . . . . . . 31 
CONDITION OF ORIGINAL PAVEMENT . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35 
PREOVERLAY REPAIRS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36 
SURFACE PREPARATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36 
PAVING TEMPERATURE/CLIMATIC CONDITIONS . . . . . . . . . . . . . . . . . . . . 36 
TYPE OF BONDING AGENT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37 
BONDING . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37 
PERFORMANCE EXPECTATIONS OF BONDED OVERLAYS . . . . . . . . . . . . . . 37 
DESIGN AND CONSTRUCTION PROCEDURES . . . . . . . . . . . . . . . . . . . . . . . . 38 
SUMMARY AND CONCLUSIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38 

5. GUIDELINES FOR THE SELECTION OF REHABILITATION ALTERNATIVES . 40 

THE SPECTRUM OF REHABILITATION ALTERNATIVES . . . . . . . . . . . . . . . 40 
DETERMINING THE FEASIBILITY OF REHABILITATION ALTERNATIVES . . 44 
RECOGNIZING THE NEED FOR STRUCTURAL IMPROVEMENT . . . . . . . . . . 48 
REHABILITATION SELECTION GUIDELINES . . . . . . . . . . . . . . . . . . . . . . . . 51 
EVALUATION AND REHABILITATION WITH EXPEAR . . . . . . . . . . . . . . . . . 56 

REFERENCES 58 

Xlll 



VOLUME VI APPENDlX A-USERS MANUAL 
FOR THE EXPEAR COMPUTER PROGRAM 

I. INTBODti!C'IION . • • • • . . . . .. .. . . . . .. -.. _ _ • • • . . . . . . . . . . . . . . . • • • . • . • . 

2. PAVEME:NlT EVAl:.U&"HON . __ . ___ •.•. _ ••••••.•........••••••.•. 
Step L Dami CoDedicPt. and Entry . • • • . • . •. • . • • • • . • . . . . . . . . . • . • • . • • • 
Step ?.. Extrapol'atioD of Overall ProJect Condition. . . . . . . . . . . . .. . . . • . . . 
Step 3.. Evaluatiml al Pnsent Condition • . .. . . . . • • . . . . . • . . . . . . . • • . . . . 
Step 4.. Predidiia al Future Co11161ioo W-dfmnt Rehabilitation .. . - ...•••••. 
Step "' Pli...,:,....i;, ro;o-:.. .... =::":::==' -'• r,.-. ,_._.....g aPCffllt ... ~----- · ••••.•.••••••••••••. - •.••••••• 

3. PAVEMENT REB4Bil..lTA TI(l)Iltt ••••••.•••..•••...• _ •. _ ••....•••.••••• 
Step 6. Selec:tion of Main Jlelral!n1ftation Approac.li• ......................... . 
Step 7. Development or Detail'ed. K:ebabititation S~ . .. .. . . ...... _ . . . . . . . 
Step 8. Prediction of Rehabilmdioa. Sbategy Performance: ....... __ ••••..... 
Step 9. Cmt Analysis or ReJia.bililatia Strategy ..••....... _ ..•....•••.•...... 
Step 10. Selection or Prefermd Rmabililation· Strateg;r, ·- ...........•••.•...... 

4. EXPEAR OPERATION- ................................................ . 
System Requirements. • . • .. .. • • . . . . . . . . . . . ... _ .. .. .. .. .. .. .. .. .. • • . . . . • . . ._ .. 
Running EXPEAR· • . . • .. • • • • • . . . . . . . . . . . ........ _ . .. . . .. • • . . • . . . . . . . 

Enter or Edit Project Dlnai_ •••••••.•.•.••••.•.•.•.•.••...•••••••••••.•. 
Conduct Project Evalmnioni .••.......... - ._ .........•.•..••.•....... 
Develop Rehabilitatim S ttmegy . . . . . . . . .. _ • . . .. . .. . . . .. • • • • •. . . . . ..... 

5. E~LE PROBLEM ................................................ . 

1 

2 
2 
2 
3 
3 
3 

T 
T 
8l 
8l 
s; 
9.> 

l(iJ 

REFERENCES ......••..•.............•..••.•..... - ... . • . • . . . . .. . .. .. . l2 

xiv 



I. 
2. 

. 3. 
4. 

5. 
6. 

7. 
8. 

9. 
10. 
11. 
12. 
13. 
14. 

15. 
16. 
17. 

18. 
19. 
20. 

21. 

22. 

23. 

24. 

25. 
26. 

27. 
28. 
29. 
30. 
31. 
32. 
33. 
34. 
35. 
36. 
37. 
38. 
39. 
40. 

LIST OF FIGURES 

VOLUME I SA WING- AND SEALING OF JOINTS IN AC 
OVERLAYS OF CONCRETE PAVEMENTS 

Schematic illustrating the saw and seal method of reflective crack control ......... . 
Shearing and bending stresses in an asphalt concrete overlay resulting from a moving 
traffic load . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Two distinct modes of crack propagation in an asphalt concrete overlay . . . . . . . . . . . . 
Stress concentrations in an AC overlay resulting from thermally induced movements of lhe 
PCC slab ...........•.•.....•...•..•....•.....••.......••... 
Thermal tensile stress in an AC overlay producing a crack above the joint or crack . . . . 
Stress concentrations in an AC overlay resulting from thermal curling of the 

. pavement slab . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Experimental joint shapes used in the Connecticut saw and seal study ............ . 
New York State DOT details for saw cutting ttansverse joints in asphalt concrete 
overlay .................................................... . 
Reflection cracking in control section of Maine study . . . . . . . . . . . . . . . . . . . . . . . 
Reflection cracking in saw and seal section of Maine study .................. . 
Age distribution of study sections . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Overlay thickness distribution of the study sections . . . . . . . . . . . . . . . . . . . . . . . . . 
FWD test pattern used on each saw and seal study section ................... . 
Comparison of roughness measurements taken on the four saw and seal overlays with 
control sections .............................................. . 
Pavement roughness versus AC overlay thickness ......................... . 
Pavement roughness versus overlay thickness divided by traffic since overlay ....... . 
Secondary cracking on (a) I-84, New Britain, CT, and (b) I-80, 
West Paterson, NJ ............................................. . 
Possible causes of secondary cracking in nominal and thick overlays ............. . 
Distribution of transverse joint reflection cracking on the 15 pavement sections . . . . . . . 
Comparison of transverse joint reflection cracking observed on the four saw and seal 
overlays with control sections ..................................... . 
Overlay condition of (a) control section, and (b) saw and seal section on 1-95, 
Falmouth, ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Overlay condition of (a) control section, and (b) saw and seal section on US-22, 
Somerville, NJ ............................................... . 
Overlay condition of (a) control section, and (b) saw and seal section on 1-80, 
West Paterson, NJ ............................................. . 
Overlay condition of (a) control section, and (b) saw and seal section on Route 5, 
Caledonia, NY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Percentage of transverse joints reflected versus overlay age ................... . 
Percentage of transverse joints reflected versus joint spacing divided by 
overlay thickness . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Percentage of transverse joints reflected versus overlay thickness ............... . 
Pavement roughness versus transverse joint reflection cracking ................. . 
Distribution of longitudinal joint reflection cracking on the 15 pavement sections ..... . 
Pavement roughness versus average load transfer efficiency ................... . 
Average load transfer efficiency versus transverse joint reflection cracking ......... . 
Average load transfer efficiency versus longitudinal reflection cracking ........... . 
Comer deflection profile for I-91, Meridan, CT .......................... . 
Comer deflection profile for I-84, New Britain, CT ........................ . 
Comer deflection profile for I-95, Falmouth, ME ......................... . 
Comer deflection profile for US 22, Somerville, NJ ....................... . 
Comer deflection profile for I-80, West Paterson, NJ ....................... . 
Comer deflection profile for Route 5, Caledonia, NY ...................... . 
Comer deflection profile for 1-81, Syracuse, NY .......................... . 
Corner deflection profile for I-87, Albany, NY ........................... . 

xv 

Page 

3 

8 
9 

11 
12 

13 
17 

21 
23 
24 
31 
32 
37 

48 
50 
52 

54 
56 
57 

59 

60 

61 

62 

63 
64 

65 
66 
67 
69 
72 
73 
74 
98 
99 

100 
101 
102 
103 
104 
105 



Figure Title 

41. 
42. 
43. 

Corner deflection profile for I-70, Columbus, OH (Sealant ASTM P-3405) ......... . 
Comer deflection profile for I-70, Columbus, OH (Sealant AASHTO M 173) ....... . 
Corner deflection profile for US 22, Huntingdon, PA ....................... . 

VOLUME II CRACKING AND SEATING OF CONCRETE SLABS 
PRIOR TO AC OVERLAY 

106 
107 
108 

Figure Title Page 

1. Shearing and bending stresses in an asphalt concrete overlay resulting from a moving 
traffic load . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 

2. Two distinct modes of crack propagation in an asphalt concrete overlay . . . . . . . . . . . . 8 
3. Stress concentrations in an AC overlay resulting from thermally induced movements 

of the PCC slab . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 
4. Thermal tensile stress in an AC overlay producing a crack above the joint or crack . . . . 11 
5. Stress concentrations in an AC overlay resulting from thermal curling of the pavement slab 12 
6. Effect of rolling cracked pavement on deflection measurements . . . . . . . . . . . . . . . . . 21 
7. States selected for crack and seat overlay study . . . . . . . . . . . . . . . . . . . . . . . . . . . 25 
8. Distribution of pavement type by environmental zone for crack and seat and overlay sections 28 
9. Distribution of crack piece size area by pavement type for crack and seat srudy sections . 30 
10. Distribution of overlay thickness of crack and seat and overlay sections . . . . . . . . . . . . 31 
11. Experimental matrix for crack and seat overlay thickness and crack pattern . . . . . . . . . . 32 
12. Age distribution of crack and seat and overlay study sections . . . . . . . . . . . . . . . . . . 33 
13. Comparison of roughness measurements taken on crack and seat and overlay sections 

with control sections . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50 
14. Pavement roughness versus overlay thickness . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52 
15. Pavement roughness versus traffic since overlay . . . . . . . . . . . . . . . . . . . . . . . . . . . 53 
16. Pavement roughness with respect to cracked piece size . . . . . . . . . . . . . . . . . . . . . . 54 
17. Pavement roughness with respect to type of seating e{J_uipment . . . . . . . . . . . . . . . . . . 56 
18. Quantity and severity of transverse cracking in the outside lane . . . . . . . . . . . . . . . . . 58 
19. Quantity and severity of longitudinal cracking in the outside lane . . . . . . . . . . . . . . . . 59 
20. Total linear cracking . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60 
21. Total linear cracking versus years since overlay . . . . . . . . . . . . . . . . . . . . . . . . . . . 62 
22. Total linear cracking versus overlay thickness . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63 
23. Total linear cracking with respect to cracked piece size . . . . . . . . . . . . . . . . . . . . . . 65 
24. Total linear cracking with respect to type of seating e{J_uipment . . . . . . . . . . . . . . . . . 66 
25. Alligator cracking quantities . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67 
26. Average outer lane rut depths . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71 
27. Rut depth versus overlay thickness . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72 
28. AASHTO drainage coefficients versus total linear cracking . . . . . . . . . . . . . . . . . . . . 73 
29. AASHTO drainage coefficients versus roughness . . . . . . . . . . . . . . . . . . . . . . . . . . 74 
30. Range of maximum deflections for each study section . . . . . . . . . . . . . . . . . . . . . . . 76 
31. Roughness versus average maximum deflection . . . . . . . . . . . . . . . . . . . . . . . . . . . 77 
32. Average maximum deflection versus overlay thickness . . . . . . . . . . . . . . . . . . . . . . . 79 
33. Deflection profile for CA 9-1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 103 
34. Deflection profile for CA 9-2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 104 
35. Deflection profile for CA 9-3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 105 
36. Deflection profile for CA 9-4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 106 
37. Deflection profile for CA 9-5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 107 
38. Deflection profile for CA 9-6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 108 
39. Deflection profile for CA 9-7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 109 
40. Deflection profile for CA 10-1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 110 
41. Deflection profile for CA 10-2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 111 
42. Deflection profile for CA 10-3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 112 
43. Deflection profile for CA 11-1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 113 

xvi 



44. 
45. 
46. 
47. 
48. 
49. 
so. 
51. 
52. 
53. 
54. 
55. 
56. 

Deflection profile for CA 11-2 ..................................... . 
Deflection profile for CA 12 ...................................... . 
Deflection profile for FL 4-1 . . . . . . . . . . ............................ . 
Deflection profile for FL 4-2 ...................................... . 
Deflection profile for MN 7-1 ...................................... . 
Deflection profile for MN 7-2 ..................................... . 
Deflection profile for MN 7-3 ...................................... . 
Deflection profile for WI 1-1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Deflection profile for WI 1-2 ...................................... . 
Deflection profile for WI 1-3 . . . . . . . . . . ............................ . 
Deflection profile for WI 1-4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Deflection profile for WI 3-1 . . . . . . . . . . ............................ . 
Deflection profile for WI 3-2 ...................................... . 

VOLUME III PERFORMANCE EVALUATION AND ANALYSIS OF 
THIN BONDED CONCRETE OVERLAYS 

~ Title 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 

13. 
14. 
15. 
16. 

17. 

1. 
2. 

3. 

Location of bonded overlay projects included in study ...................... . 
General field sw-vey sheet . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Drainage field survey sheet . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Field data collection form . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Layout for FWD testing for thin bonded overlays ......................... . 
Swnmary of concrete overlays on existing concrete pavements ................. . 
Determination of effective structural capacity (thickness) from NDT-derived modulus values 
Relationship of visual condition factor to modulus of a cracked rigid pavement ...... . 
Relationship of slab fragment size to modulus of a cracked rigid pavement ......... . 
Remaining life estimate predicted from the pavement condition factor ............ . 
Relationship between serviceability, structural capacity, condition factor, and traffic .... . 
Remaining life factor as a function of the remaining life of the existing and 
overlaid pavements . . . . . . . . . . . . . . . . ............................ . 
CIL/PCA design chan for bonded reswfacing . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Actual field measured faulting versus faulting as predicted by the FHWA faulting model . 
Actual field measured cracking versus cracking as predicted by the FHW A cracking model 
Edge load stress and comer deflection versus overlay thickness on a standard 9 in 
concrete pavement . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Comparison of free edge stress for bonded concrete overlay, to equivalent thickness of 
asphalt concrete overlay ......................................... . 

VOLUME IV GUIDELINES FOR THE SELECTION OF 
REHABILITATION ALTERNATIVES 

The spectrum of pavement rehabilitation alternatives ....................... . 
The pavement rehabiliation selection process (adapted from the AASHTO Guide for 
Design of Pavement Structures, 1986) . . . . ............................ . 
Effect of fatigue damage on development of cracking in JPCP ................. . 

XVll 

Page 

114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 

8 
9 

10 
11 
13 
59 
61 
62 
63 
64 
66 

68 
75 
90 
92 

113 

114 

4 

10 
18 



Figure 

1. 
2. 
3. 
4. 
5. 

VOLUME V SUMMARY OF RESEARCH FINDINGS 

Schematic illustrating the saw and seal method of reflection crack control ......... . 
Pavement roughness versus AC overlay thickness ......................... . 
Pavement roughness versus overlay thickness . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Layout for FWD testing for thin bonded overlays . . . . . . . . . . . . . . . . . . . . . . . . . . 
The spectrum of pavement rehabilitation alternatives . . . . . . . . . . . . . . . . . . . . . . . . 

xvm 

5 
10 
21 
29 
41 



LIST OF TABLES 
VOLUME I. SAWING -AND·SEALING OF JOINTS IN AC 

OVERLAYS OF CONCRETE PAVEMENTS 

Table Title Page 

1. Observed reflection cracks and adhesive failures in Connecticut saw and seal study 16 
2. Reflection cracking on Route 30 saw and seal overlay in New York . . . . . . . . . . . . . . 20 
3. States using the saw and seal procedure and the effectiveness of the method . . . . . . . . . 27 
4. Pavement sections selected for inclusion in the study . . . . . . . . . . . . . . . . . . . . . . . . 30 
5. Original PCC pavement design variables . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34 
6. Rehabilitation design variables . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34 
7. Pavement distress data collected during the field surveys . . . . . . . . . . . . . . . . . . . . . 35 
8. Environmental data elements collected in the study . . . . . . . . . . . . . . . . . . . . . . . . . 36 
9. General and environmental data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39 
10. Perfonnance data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40 
11. Traffic data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41 
12. Pavement transverse joint data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42 
13. Drainage and shoulder information . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43 
14. Deflection data--outer lane . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44 
15. Mays meter roughness measurements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47 
16. Summary of falling weight deflectometer measurements . . . . . . . . . . . . . . . . . . . . . . 71 

VOLUME II CRACKING AND SEATING OF CONCRETE SLABS 
PRIOR TO AC OVERLAY 

1. AASHTO overlay equations used in flexible overlays over existing rigid pavements _ 15 
2. Deflection testing results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23 
3. Pavement sections selected for inclusion in the study . . . . . . . . . . . . . . . . . . . . . . . . 26 
4. Original PCC pavement design variables . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34 
5. Rehabilitation design variables . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34 
6. Pavement distress data collected during the field surveys . . . . . . . . . . . . . . . . . . . . . 35 
1: Environmental data elements collected in the study . . . . . . . . . . . . . . . . . . . . . . . . . 38 
8. General and crack and seat method data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39 
9. Environmental data ...... • ..................... -......... -. . . . . . . . . 40 
10. Pavement layer data . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . 41 
11. Drainage and shoulder information ............... -. . . . . . . . . . . . . . . . . . . . 42 
12. Performance data .. ·. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43 
13. Deflection data at 9000 lb from wheelpath of outer lane . . . . . . . . . . . . . . . . . . . . . 44 
14. Traffic data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45 
15. Projects with crack and seat and control sections of comp.ll'llble cross-section . . . . . . . . 47 
16, Mays Meter roughness measurements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49 
17. Averagernt depth (in) ... .'. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69 
18. California sections with fabric interlayer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75 

XlX 



VOLUME III PERFORMANCE EVALUATION AND ANALYSIS OF 
THIN BONDED CO~CRETE OVERLAYS 

I. Bonded overlay sections included in study . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 
2. NY 6 performance summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 
3. NY 6 bonding survey summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 
4. IA I performance summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22 
5. IA I bonding survey summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22 
6. IA 2 performance summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25 
7. IA 2 bonding survey summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25 
8. IA 3 (C-17) experimental variables . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28 
9. Performance dat.a for IA 3 from 1985 survey . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30 
IO. Performance dat.a for IA 3 from 1988 survey . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31 
11. Results of debonding survey for IA 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33 
12. Comparison of distresses on reinforced and nonreinforced sections on IA 3 . . . . . . . . . . 34 
13. Comparison of distresses on milled and sandblasted sections (averaged) . . . . . . . . . . . . 34 
14. Effect of overlay thickness on pavement deterioration . . . . . . . . . . . . . . . . . . . . . . . 36 
15. Performance dat.a for IA 4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38 
16. Results of debonding survey for IA 4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38 
17. Performance dat.a for IA 5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41 
18. Results of debonding survey for IA 5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41 
19. Performance dat.a for CA 13 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45 
20. Results of debonding survey for CA 13 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45 
21. Performance dat.a for SD 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48 
22. Results of debonding survey for SD 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48 
23. Performance dat.a for WY I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52 
24. Results of debonding survey for WY 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52 
25. Performance dat.a for LA 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56 
26. Results of debonding survey for LA 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56 
27. Traffic calculations to determine the 20-year design traffic . . . . . . . . . . . . . . . . . . . . 79 
28. Comparison of the actual overlay design thickness with the thickness designed using the 

AASHTO design method . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 81 
29. Current levels of serviceability and traffic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 83 
30. Comparison of the actual overlay design thickness with the thickness designed using the 

C1L/PCA design procedure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 85 
31. Dal.a required for the FHW A thin bonded overlay equations . . . . . . . . . . . . . . . . . . . 87 
32. Measured faulting versus predicted faulting using FHW A equations . . . . . . . . . . . . . . . 89 
33. Measured cracking versus predicted cracking using FHWA equations . . . . . . . . . . . . . . 91 
34. Key summary data for bonded overlay projects (outer lane) . . . . . . . . . . . . . . . . . . . 95 
35. Performance of bonded overlays relative to overlay age (outer lane) . . . . . . . . . . . . . . 98 
36. Performance summary of bonding agents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 102 
37. Example bonded overlay thickness design . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 119 
38. Iowa shear strength data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 121 
39. General and design data for projects included in study . . . . . . . . . . . . . . . . . . . . . . . 130 
40. $anded overlay surface design data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 131 
41. Original PCC surface design data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 132 
42. Design dat.a for supporting pavement layers and outer shoulder . . . . . . . . . . . . . . . . . 133 
43. Pavement joint data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 134 
44. Deflection dat.a for the outer lane . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 135 
45. Traffic information . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 136 
46. Outer shoulder information . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13 7 
47. Drainage information . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 138 
48. Bonding data for the outer lane . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 139 
49. Performance data for lane I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 140 
50. Performance data for lane 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 141 
51. Iowa Department of Transponation test method for shear strength of bonded concrete . . . 145 

xx 



VOLUME IV GUIDELINES FOR THE SELECTION OF 
REHABILITATION ALTERNATIVES 

1. Suggested limiting distress values for determining rehabilitation life . . . . . . . . . . . . . . 16 
2. Suggested visible distress criteria for judging significant structural damage . . . . . . . . . . 22 
3. Feasibility guidelines for restoration . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . 25 
4. Feasibility guidelines for bonded PCC overlay . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26 
5. Feasibility guidelines for conventional AC overlays . . . . . . . . . . . . . . . . . . . . . . . . . 27 
6. Feasibility guidelines for AC overlay with sawed and sealed joints . . . . . . . . . . . . . . . 28 
7. Feasibility guidelines for AC overlay with cracking and seated slab . . . . . . . . . . . . . . 29 
8. Feasibility guidelines for PCC unbonded overlay . . . . . . . . . . . . . . . . . . . . . . . . . . 31 
9. Feasibility guidelines for reconstruction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32 
10. Identification of 13 sections evaluated with EXPEAR . . . . . . . . . . . . . . . . . . . . . . . 42 
11. Results of EXPEAR Analysis of AZ. 1-6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45 
12. Results of EXPEAR Analysis of CA 6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46 
13. Results of EXPEAR Analysis of CA 1-3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47 
14. Results of EXPEAR Analysis of FL 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48 
15. Results of EXPEAR Analysis of NC 1-8 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49 
16. Results of EXPEAR Analysis of NC 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50 
17. Results of EXPEAR Analysis of MI 3 . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . 51 
18. Results of EXPEAR Analysis of NJ 2 . . . . . . . . . . . . . . .. . . . . . . . . .. . .. . . . . . . . 52 
19. Results of EXPEAR Analysis of MI 4-1 . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . 53 
20. Results of EXPEAR Analysis of MI 1-lOb . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54 
21. Results of EXPEAR Analysis of MN 3 . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . 55 
22. Results of EXPEAR Analysis of MN 2-3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56 
23. Results of EXPEAR Analysis of MN 1-8 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57 
24. Predicted and actual joint faulting for bonded concrete overlay prediction model . . . . . . 62 
25. Predicted and actual slab cracking (medium-high severity) for bonded concrete 

overlay prediction model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64 

Table 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 

VOLUME V SUMi\-1ARY OF RESEARCH FINDINGS 

States using the saw and seal procedure and the effectiveness of the ·method ........ . 
Mays meter roughness measurements for saw and seal projects ................ . 
Summary of falling weight•deflectometer measurements ..................... . 
AASHTO overlay equations used in fle:<ible overlays over existing rigid pavements ... . 
States selected for crack and seat overlay study ........................... . 
Mays meter roughness measurements for crack and seat projects ............... . 
Average Tut depth (in) ........................................... . 
Deflection data at 9,000 lb (4 Mg) from wheelpath of outer lane ............... . 
Bonded overlay sections included in study ............................. . 
Key summary data for bonded projects (outer lane) ........................... . 
Performance summary .of bonding agents .............................. . 
General guidelines for limiting values of distress for determining rehabilitation 'life .... . 
Suggested visible distress criteria for judging significant structural damage ........... . 
Feasibility guidelines for AC overlay with sawed and sealed joints .............. . 
Feasibility guidelines for AC overlay with cracked and seated slabs .............. . 
Feasibility guidelines for bonded PCC overlay ............................ . 

XXI 

7 
9 

13 
16 
18 
20 
23 
.24 
27 
33 
34 
47 
51 
52 
53 
55 



VOLUME VI APPENDIX A-USERS MANUAL 
FOR THE EXPEAR COMPUTER PROGRAM 

Table Title Page 

1. Project design data for NC 1-8 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 
2. Project survey summary for NC 1-8 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13 
3. Extrapolated (per mile) values for NC 1-8 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15 
4. Current ·pavement evaluation for lane 1 of NC 1-8 . . . . . . . . . . . . . . . . . . . . . . . . . 16 
5. · Current pavement evaluation for lane 2 of NC 1-8 . . . . . . . . . . . . . . . . . . . . . . . . . 18 
6. Current pavement evaluation for the shoulders of NC 1-8 . . . . . . . . . . . . . . . . . . . . . 20 
7. Physical testing recommendations for NC 1-8 . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21 
8. Future distress predictions without rehabilitation for lane 1 of NC 1-8 . . . . . . . . . . . . . 24 
9. Future distress predictions without rehabilitation for lane 2 of NC 1-8 . . . . . . . . . . . . . 25 
10. Future pavement evaluation for lane 1 of NC 1-8 . . . . . . . . . . . . . . . . . . . . . . . . . . 26 
11. Future pavement evaluation for lane 2 of NC 1-8 . . . . . . . . . . . . . . . . . . . . . . . . . . 27 
12. Rehabilitation strategy for NC 1-8 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28 
13. Predicted performance following restoration for lane 1 of NC 1-8 . . . . . . . . . . . . . . . . 29 
14. Predicted performance following restoration for lane 2 of NC 1-8 . . . . . . . . . . . . . . . . 30 
15. Life-cycle cost analysis of rehabilitation strategy for NC 1-8 . . . . . . . . . . . . . . . . . . . 31 

xx.ii 



PART" I 

1. INTRODUCTION AND RESEARCH APPROACH 

BACKGROUND 

The highway system in the United States represents one of the Nation's 

most important public works investments. Highways such as the Interstate 

system, arterials, and collection roads account for approximately 25 percent 

of the highway mileage; however, these same highways carry approximately 85 

percent of the traffic. [l] Interstate highways alone carry 21 percent of the 

Nation's traffic on only 1 percent of the total U.S. highway system. 

Many of the miles of pavement on the Interstate and arterial network are 

composed of portlaRd cement concrete (PCC). In most cases, these pavements 

have provided many years of service with relatively low maintenance costs. 

Many of these pavements are approaching the end of their design life, and 

consequently, they have reached their terminal serviceability level. The need 

to develop dependable and economic rehabilitation techniques for PCC pavements 

is becoming increasingly important. 

Numerous techniques and treatments have been tried to prevent or minimize 

the reflection cracking problem that is inherent in asphalt concrete overlays 

of jointed concrete pavements. Some of the treatments include the use of 

fabrics, stress-relieving interlays, crack arresting interlayers, and sawing 

and sealing of joints in the asphalt concrete overlay. The success of these 

treatments varies considerably. It appears that it is almost impossible to 

stop reflection cracking, although the severity can be reduced.[21 

Because this is the case, some agencies have decided to control the 

problem rather than eliminate it. One method is to "crack" the existing slab 

into smaller pieces and then "seat" the pieces to keep them from rocking and 

moving. With a reduction in slab movement there should also be a reduction in 

reflection cracking of the asphaltic concrete surface. The purpose of this 

report is to document the effectiveness of the "crack and seat" method of 

reflective crack control. 



PROBLEM STATEMSNT .AND RESEARCH OBJECTIVES 

Cracking and seating of portland cement concrete pavements before placing 

an overlay has been used as a rehabilitation technique for over 30 years. It 

is believed that cracking and seating will control the occurrence and severity 

of reflective cracks; thus, it will prolong the life of the overlay. There 

has been limited evaluation or documentation of the field performance of crack 

and seat on a nationwide basis_[3•4) It was felt that an in-depth evaluation of 

crack and seat and overlay could provide information .to determine expected 

performance life of the technique. This information can assist the highway 

engineer with the design of PCO pavement rehabilitation projects. 

The research discussed in this .report was part of a major Federal Highway 

Administration (FHWA) projec.t titled "Performance/Rehabilitation of Rigid 

Pavements." The specific objectives of the entire study (Phases I and II) 

were to: 

L Evaluate the performance of different rigid pavement design features 
on in-place ·pavement sections under similar environmental and traffic 
.loading conditions in each of eight different States. Relate the 
observed .distress to the probable cause to allow valid analyses of 
the data. 

2. Determine the adequacy of available models and design procedures to 
predic,t .the performance of in-place pavement sections. Estimate the 
expected ·pe.rformance periods of recently constructed projects 
incorpora,ting improved design features that provide drainage and 
reduced deflections. Determine the cost-effectiveness of these 
features. 

3. Improve the analysis and design procedures and guidance for the 
design of rigid pavements to reflect the effects of sealing, 
drainage, and deflection on pavement performance. 

4. Develop improved design and construction procedures for the following 
structural overlay techniques: thin bonded portland cement concrete 
(FCC) overlays, crack and seat and overlays, and sawing and sealing 
joints in asphalt concrete (AC) overlays over existing FCC joints. 

5. Develop guidance on how to determine the most appropriate structural 
overlay technique(s) so the cost effectiveness can be compared with 
other strategies (e.g., concrete pavement restoration, unbonded 
overlays, or reconstruct/recycle). 
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The overall objective of the st,ud'y was surnmarize.d .as the improvement of 

initial design procedures and the improvement of .ov.e,rlay design procedures 

through ,consideration of existing analytical techniques and field performance 

observations. 

The .objective of Phase Il[ ·of :ti:'lis study was to develop guidelines for the 

use of structural overlays of FCC pavements and to develop improved design and 

constructi:.O.I'l procedures for the three types of overlays. The specific 

obj ecti ve•s -w.ere to: 

1. Dev,e:U.op guidelines and constrisction specifications for sawing and 
sea·lilng of joints in AC overlays over existing PCC joints. 

2. Verify and/or improve recommended design and construction procedures 
for crack.and seat and overlay of rigid pavements. 

3. Verify and/or improve design.and construction procedures for thin 
bonded PCC overlays. 

4. Develop practical guidelines to aid the design engineer in the 
selection of the most appropriate type of structural overlay for a 
rigid pavement. 

A reported titled nRigid Pavement Structural Overlay Summary Report" was 

prepared under Phase I.I~ The Swnmary Report provided the details that were 

used to develop a work plan for the crack and.seat and overlay project. The 

research objective for Phase II, which included crack and seat, was listed 

above. 

The specific objectives for the crack and seat and overlay task were to: 

1. Evaluate the performance of inservice crack and seat and overlay 
projects. 

2. Verify existing recommended design and construction procedures. 

3. Evaluate the impact of drainage on the performance of crack and seat 
and overlay sections. 

4. Develop improved design and construction procedures as appropriate. 
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SCOPE OF THE STUDY 

As mentioned, several States have used crack and seat and overlay for 

many years. Consequently, several highway sections across the country have 

crack and seat treatments. Recognizing that the inclusion of an unlimited 

number of crack and seat overlays was beyond the resources of this project, 

the scope was limited to the evaluation ~f tes~ sections that included a wide 

range of design variables. Furthermore, the test sections were restricted to 

overlays of jointed concrete pavement. 

RESEARCH APPROACH 

The research objectives were accomplishe? primarily by evaluating the 

performance of inservice crack and seat and overlay projects in several 

locations in the United States. In the course of this evah1ation, an 

extensive database was developed that contained information regarding measured 

field performance, original pavement and rehabilitation d_esign, traffic, and 

environmental data. The following procedures were used ;to obtain the above

mentioned data elements: 

• The original pavement design and overlay designs were determined from 
as-built plans and specifications. 

• Field condition surveys were conducted on each pavement section to 
deteirmine the performance of the ove~lay. 

• Historical traffic volwnes and classifications were obtained from the 
State highway agencies for each project. 

• Environmental data were taken from docwnentation of the monthly 
normals of temperature, precipitation, and heating and cooling degree 
days· from the National Oceanic and Atmospheric Administration. 

The data were assembled in a temporary. database created by the SUPERCALC S 

Program for future inclusion into the main project database. [SJ Engineering 

analysis of the data was done to determine the performance of the crack and 

seat and overlay projects. 
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2. THE REFLECTION CRACKING PROBLEM 

The following background information and the information about failure 

mechanisms are paraphrased from chapter 2 of the FHWA report, "Improved Design 

and Construction Procedures for Sawing and Sealing Joints in AC Overlays Over 

Existing PCC Joints," since the reflection cracking problem is the same 

regardless of the overlay treatment.121 

BACKGROUND OF REFLECTION CRACKING 

Reflection cracking in an asphalt concrete overlay has always been a 

perplexing problem for highway engineers. This problem is becoming 

increasingly important because of the shift from new highway construction to 

rehabilitation of ~he existing highway system. The need for more pavement 

overlays increases the probability that more reflection cracking of pavements 

will occur around the country. 

Perhaps Treybig·et al. best defined this type of pavement distress: 

... Fractures in an overlay or surface that are a result of, and 
reflect, the crack or joint pattern in .the underlying layer, and 
may be either environmental or traffic -induced. [7] · 

Treybig et al. go on to state that: 

... It is imperative that such cracking be prevented or controlled 
in order to provide a smooth riding surface, maintain the structural 
integrity of the overlay, and prevent the intrusion of water into 
the pavement system.(71 

Attempts to prevent the occurrence of these reflective cracks have been 

reported in the literature as far back as 1932. (a] Since that time, most 

advances in the state of the art for reflective crack prevention have come 

primarily from the experience gained from trial-and-error experiments on 

inservice pavements. Only in the last 10 to 15 years have theoretical studies 

of reflection cracking been conducted. While these studies have not succeeded 

in developing a method that successfully prevents reflection cracking, they 
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have provided a better understanding of the mechanisms that cause an overlay 

to fail in this manner. 

FAILURE MECHANISMS 

An important step in developing a method to control reflection cracking 

is to develop an understanding of the mechanisms that cause such failures. 

Pavement researchers generally agree that the primary mechanisms leading to 

the development of reflection cracks in an asphalt concrete overlay are the 

horizontal and differential vertical movements at joints and cracks in 

the existing pavement with horizontal movements being considered more 

critical_ 17.s-,2J These damaging horizontal movements are caused by seasonal 

tempera'ture changes and daily temperature cycles. [11 l 

Traffic loadings are considered to be responsible for differential 

vertical movements that occur at underlying joints with poor load transfer and 

at working cracks. Jayawickrama et al. have stated that three stress pulses 

occur a-s .a moving wheel load travels across an underlying joint or crack as 

illustrated in figure l. 1' 3
•
141 According to Jayawickrama et al.: 

As the wheel load approaches the crack, the shear stress in the 
overlay above the crack will reach a maximum illustrated as point 
A .... When the wheel is directly above the crack, the maximum 
bending stress will occur as illustrated by point B .... As the 
wheel load crosses the crack, a second maximum shear stress in the 
reverse direction will occur as illustrated by point C .... 1•3J 

These stress pulses induce cracking in two distinct modes: opening 

(Mode I) and shearing (Mode II). These two stress modes are illustrated in 

figure 2. 

Seasonal temperature changes and daily temperature cycles cause 

expansion, contraction, and curling in the existing slabs and overlay. The 

actual amount of movement is controlled by the temperature change, thermal 

coefficient of expansion of the pavement materials, the joint or crack 

spacing, .and the amount of friction between the slab and base layer and 

also between the overlay and the FCC slab. 11 •1 
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The seasonal lowering of temperatures causes the existing PCC pavement to 

contract, which results in horizontal movements at the joints and cracks. As 

a result of this movement, the overlay is subjected to tensile stress 

concentrations in the opening mode as shown in figure 3. In addition, the 

overlay itself reacts to the lower temperatures, which results in additional 

tensile stress as shown in figure 4. 

Daily temperature cycles also cause a tensile stress in the overlay. 

When a FCC pavement is subjected to a temperature gradient through its depth, 

it will tend to curl. If the top of the slab is warmer than the bottom, the 

curling will be concave downward. If, however, the top of the slab is cooler 

than the bottom, the corners and joints of ,the slab will tend to curl upward 

as shown in figure 5. This upward curling produces an opening at the joints, 

causing an increase in the tensile stress in the overlay. 

REVIEW OF CRACK AND SEAT AND OVERLAY PROCEDURES 

The concept of cracking and seating the portland cement concrete slab 

prior to overlaying is based on reducing the movement of the ~racked slabs 

under the overlay. Horizontal movements cause'd by thermal effects and 

vertical movements with differential slab deflections caused by traffic 

loadings are both contributing factors to the r,eflection cracking.,problem. 

The intent of cracking the pavement is to creat~ pieces small enough such that 

horizontal movement will be reduced but full aggregate interlock will still be 

maintained. In this manner, reflection cracking will be reduced and the 

existing PCC pavement should maintain much of its original structural 

capacity. 

Cracking and seating of portland cement concrete pavements before placing 

an overlay has been used as a rehabilitation technique for almost 30 years. 

Historically, several different procedures and patterns of cracking have been 

used. The procedure of using a SO-ton pneumatic roller to break badly 

curled pavement slabs and seat them in the underlaying base was used in 

Minnesota.l1
~·

18
•
17J Of five States using heavy rollers to break and seat PCC 

pavement in 1968, all had apparent success in retarding reflective cracks. r•sJ 
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One of the earliest and most extensive reports on cracking and seating 

was written by Lyon in 1970. 1191 He reported on a, 10-year field study in 

Louisiana that determined the feasibility of using a 50--ton pneumatic-tire 

roller and an impact hammer to crack and· seat the curled concrete pavement 

slabs on a wet subgrade. Lyon concluded tha-t the best results were obtained 

when the hammer was used in conjunction with the roller. 

It should be noted that most of the aforementioned research with rollers 

was carried out on PCC pavements on wet. subgrades. According to Lyon, good 

results would not be expected on dryer, stronger subgrades. He recommended 

that this procedure only be used on projects where the subgrade moisture 

content was at optimum to 5 percent above the optimum value. This 

recommen4ation was confirmed when the use of a heavy roller failed to crack an 

8-in concrete pavement in California. Because the slabs did not always break 

as planned when using a. roller, this procedure never gained much popularity. 

Instead, the emphasis in recent years has shifted towards cracking the 

pavement with pavement breakers that have been modified to suit the pavement 

cracking process and then seating the pieces with a heavy pneumatic-tired 

roller. 

Design Procedures for Cracked and Seated PCC 

Since its inception, the crack and seat overlay procedure has 

remained a controversial rehabilitation technique. One of the reasons for 

this is the lack of an established pavement structural design method using the 

crack and seat and overlay technique. Most agencies using the crack and seat 

method rely on their past experience and engineering judgment when designing 

an overlay thickness. The new MSHTO Design Guide does, however, provide a 

procedure for the design of a "break and seat" overlay. 

The MSHTO method offers two alternatives for designing overlays on 

cracked and seated pavements. 1201 The equations for the two alternatives are 

given in table 1. The first approach assumes that a nominal slab fragment 

size of approximately 30 in will be obtained after cracking the pavement. 

With this particular crack spacing, the existing concrete slab is assumed to 

have an effective (in situ) structural number that represents 40 percent of 
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its precracked structural number. This value along with the in situ layer 

properties for all pavement layers, other than the existing concrete, as 

determined by nondestructive testing (NOT), is then used to calculate the 

required thickness of the asphalt overlay. 

The other approach is a postcracking design that uses NDT to determine 

the actual in situ properties of the cracked pavement. Depending on the 

particular design and construction sequence of each project, this approach 

will not always be feasible. 

The equations shown in table l have two different forms: for a "normal" 

structural overlay and for a "break and seat" overlay. Regardless of which 

equation is selected, the form of the equation is the same. Essentially, the 

structural number of the overlay, SNoL, is the total structural number, SNv, of 

a new design minus the effective structural capacity of the existing pavement 

system. As seen in table 1, the most significant difference in the equation 

is how the "effective" structural capacity is determined. The "normal" 

structural overlay uses NOT to determine in-situ layer properties, E, from 

backcalculation techniques. The remaining life factor, FRL, is determined by 

the normal AASHTO procedure. 

The AASHTO "break and seat" equations also use NOT as a postcracking 

evaluation to determine the structural capacity of the cracked slabs. In the 

first equation, a value of F~ = 0.7 was selected since the cracking process 

transforms the pavement into a common "state of damage." The SN,eff-,p is the 

same for all equations. It represents the effective structural capacity of 

the sublayer, which can be the aggregate subbase or base layer. 

After the design analysis begins, the engineer must assign "a structural 

layer coefficient (a)" to the crack and seat FCC layer. In the AASHTO Guide, 

it is noted in table 5.5 that "a" varies from 0.35 for a nominal crack spacing 

of approximately 2.0 ft to a value of 0.45 for a nominal crack spacing of 3.0 

ft. Pennsylvania uses engineering judgment to assign an "a" of 0.2 to the 

cracked and seated FCC slab. The National Asphalt Paving Association (NAPA) 

suggests that "a" should be between 0.28 and 0.32. 
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Table 1. AASHTO overlay equations used in flexible overlays 
over existing rigid pavements. [20] 

Major Overlay Condition 

Normal Structural Overlay 

Break-Seat Overlay 

Specific Method Used 

NOT Method 1 

NOT Method 2 

Visual Condition Factor 

Estimating Nominal Crack 
Spacing 

Post Cracking NDT 

(aJNOT Method 1 

(b) NDT Method 2 

SNol = SNY- F,.L(0.8 o.,tt + SN,ett-,J 

SNol = SNY - FIILSN,eff 

SNol = SNY- FIil( alroo + SN,eff-rp 

SN 01 = SNY - 0.7( abs D0 + SN,eff-rp) 

SN 01 = SNY - 0.7 SNaeff 

Special Note: The coefficient of O (ie .. 0.4I actually varies from 0.35 for a nominal crack spacing of approximately 2.0h 
to a value of 0.45 for a nominal crack spacing of approximately 3.0 h. 
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Other States such as Minnesota convert the crack and seat PCC slab to an 

equivalent asphaltic concrete thickness using a conversion factor of 0.7. 

This defines an "a" value of 0.28. Wisconsin assigns an "a" value of 0.20 to 

0.25. Overall, the range of "a" values for crack and seat PCC slabs is from 

0.2 to 0.45. 

The minor exception to this is Kentucky, which assumes an "equivalent 

thickness" of crushed stone with an "a" equal to O .13. t211 

Michigan does not have an overlay design procedure for crack and seat 

overlays. They have used a variety of reasons to select overlay thicknesses 

ranging from 2 to 8 in.1zi1 

California's current practice is to crack and seat PCC slabs in most 

instances where an AC overlay has been designated as the rehabilitation 

strategy.l231 In California's design, two alternative crack patterns are 

used.l24J The existing PCC slabs are cracked into nominal 4 ft by 4 ft 

subpanels if the pavement will be overlaid prior to opening to traffic. If 

the cracked pavement is to receive traffic before being overlaid, the existing 

PCC slabs are cracked into subpanels measuring 6 ft transversely by 4 ft 

longitudinally. This crack pattern avoids a longitudinal crack in the wheel 

path. California uses a standard thickness design of 1.2 in of leveling AC 

with 3.0 in of surface material. The overlay contains an interlayer of paving 

fabric (polypropylene, nonwoven polyester, or polypropylene/nylon materials). 

Slotted plastic edge drains are also installed to facilitate the removal of 

trapped water. 

Cracked Slab Size 

An important design consideration in crack and seat overlays is 

determining what size the cracked pieces should be. Few theoretical data are 

available for determining the optimum size of the cracked pieces. Engineering 

experience implies that the smaller the size of the cracked pieces, the better 

the chance that reflection cracking due to thermal movements will be reduced. 

However, cracking the concrete pavement into small pieces greatly reduces the 

effective slab structure of the existing concrete layer and causes it to 
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behave much like a flexible or semi-rigid system. Consequently, there should 

be some optimum compromise in cracked slab size to maximize the structural 

sup~ort of the existing slab. 

A typical PCC slab that is intact can be evaluated with various 

structural models including those as simple as Westergaard equations. Modulus 

values for the intact slab can be backcalculated with finite element programs 

such as ILLISL\B or with deflection basin calculations using "AREA" and 

deflection inputs. 1251 

After the PCC slab has been cracked, the slab can have segment sizes 

ranging from small "shattered" pieces to a size of 30 to 40 in or even larger 

(up to 6 ft). It has been assumed that the broken slab does not have any 

moment carrying capacity. The broken pieces, however, do have shear transfer 

between the slab segments due to aggregate interlock. Also, as the slab size 

is reduced, the flexural stress in the slab will decrease. Because of this, 

the "modulus" of the cracked PCC slab can be much less than the original slab. 

Surface deflections and subgrade stress (fine-grained soil can be stress 

dependent) will increase. The resulting performance of the cracked slab is 

therefore a function of the size of the pieces. 

In the past, a major problem during the breaking of JRCP slabs has been 

with rupturing the reinforcing steel. Several of the older devices that have 

been used to break the concrete did not shear the steel or break the bond with 

the concrete. Consequently, the fragmented pieces were still held together. 

This situation does not permit an effective seating of the broken fragments. 

Since the steel holds the fragmented pieces together, horizontal movements can 

be very similar to uncracked pavements. Cracking devices that will break the 

bond between the concrete and the steel are now available, and thus the 

problem can be reduced. 

As an alternative to cracking JRCP slabs in order to reduce the joint 

movement caused by changes in temperature, Minnesota has attempted to reduce 

the existing concrete pavement panel size by sawing new skewed transverse 

joints.1261 The theory is that, with reduced panel size, the joint opening 

caused by thermal stresses will be smaller, resulting in a reduction of the 
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stresses on the AC overlay at the joints. The saw cuts were skewed so that 

any reflective cracks that developed over these cuts would have a minimum 

impact on the rideability of the new surface. The 39.3-ft existing panels 

were saw cut into two sizes--13.1 ft and 6.5 ft. After the saw cuts were 

made, a 5 1/4-in AC overlay was placed. The study concluded that, of the four 

methods tried (saw cutting, full coverage fabrics, strip fabrics, and stress 

absorbing layers), the five saw cuts per panel (along with the stress 

absorbing layer) was the most effective procedure in terms of ability to 

reduce the amount of reflective cracking. 

As in the case of any overlay design, most agencies rely on their past 

experience and engineering judgment when determining the optimum cracked piece 

size for a particular project. 

Slab Cracking Equipment 

The first step in the crack and seat and overlay construction process is 

to effectively crack the existing concrete slabs to the desired slab size. 

The typical range of slab size is approximately 18 in to 48 in. Today, some 

agencies "rubble" the slab into very small pieces (4 to 6 in), which is 

considered to be another option to the crack and seat technique. 

Most pavement breakers. in use today have been specially designed and 

modified to suit the cracking process. The variety of equipment includes: 

• Pile drivers. 

• Drop-type guillotine hammers. 

• Impact hammers. 

• Resonant breakers. 

The equipment manufacturers have used very ingenious methods to develop 

equipment capable of breaking a concrete slab. 1~ 1 

Whip hammers are devices that have been developed as a direct result of 

the cracking and seating process. This versatile machine is mounted on the 

rear of a conventional truck. The whip hammer is a 6-ft-long leaf-spring arm 
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that can be controlled in a horizontal as well as a vertical direction, which 

enables the machine to crack an entire lane width in one pass. 

The guillotine machine utilizes a large steel-edged breaking head that is 

approximately 3 ft wide and weighs 5 to 7 tons. The amount of impact can be 

varied by changing the stroke height. This machine is ideal for making 

transverse cracks, which, according to current thinking, are the most 

important cracks in the process. 

Another common type of pavement breaker is a pile driver with a modified 

shoe. The hammer is frequently mounted on a tractor-drawn trailer. The rate 

of impact is varied by changing the fuel input into the machine. These 

machines are capable of a very high rate of production, but are considered 

noisy and dirty. [271 

After a pavement breaker has cracked a lane of pavement, it has been 

found necessary, on most projects, to place water on the cracked pavement to 

reveal the crack pattern. On dry, properly prepared pavements, the crack 

pattern is difficult to see. Without spreading water to locate the crack 

pattern, it is difficult for inspection personnel to determine if the desired 

crack pattern has been achieved. It is critical that the slab be broken to 

the point where cracking can be seen. 

Cracking of JRCP 

As was mentioned above, reinforcing steel in JRCP can present a problem 

for the cracking process. To facilitate the cracking process, some States 

have sawed the pavement transversely to reduce slab size. Michigan has sawed 

slabs into 20-ft pieces, while West Virginia has used 15-ft spacings. 

Regardless of the type of equipment or whether slabs are presawed, the bond 

between the concrete and the steel must be broken or the steel must be 

ruptured. 
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Seating of the Slabs 

In many cases, old concrete pavements have warped panels or voids in the 

subgrade caused by pumping. After the pavement has been cracked, it is 

essential that the pavement be rolled thoroughly to ensure that all of the 

cracked pieces are firmly seated on the existing sublayer. Without proper 

seating, the cracked-pieces might rock and cause reflection cracking in the 

asphalt concrete overlay _c2s1 

In general, in the past, a 50-ton pneumatic tire roller has given the 

best results in seating cracked pavements. Two passes with this roller have 

proven successful on some projects. It has been reported that too many passes 

of the roller have resulted in loosening the cracked pieces instead of seating 

them. 1271 

Indiana has conducted some recent research in an attempt to determine if 

the seating of cracked pieces is actually beneficial. During the 

rehabilitation of a 12.4-mi section of 1-74 in 1984, deflection measurements 

were made after cracking the slabs and after application of a variable number 

of passes by a 50-ton pneumatic-tired roller to determine the degree of 

seating_C29l Dynaflect measurements were taken after three passes on most 

sections and after a variable number of passes for seven additional 

subsections. The deflection measurements obtained in this study before 

rolling and after a given number of passes of the roller are plotted in 

figure 6. The slope of each line represents the average increase in 

deflection per pass for each section tested. The combined average increases 

in deflections were 2. 3 x 10-5 in/pass for the No. 1 sensor and O. 8 x 120·5 

in/pass for the No. 5 sensor. 

As can be seen in figure 6, the deflection of both the No. 1 and No. 5 

sensors increased with each pass of the roller. Thus, the concrete slab and 

the subbase lost strength with each pass of the 50-ton roller. The 

researchers conducting this study concluded that rolling with a 50-ton roller 

should not be used since it unseats the pieces rather than seats them as was 

intended. 
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Figure 6- Effect of rolling cracked pavement on deflection meas11rements.[29] 



California has also conducted research into the benefits of seating the 

cracked pavement.f30,3 tl On a 1,500-ft test section of pavement near Davis, a 

vibratory sheepsfoot roller with a rolling load of 44,000 lb was used to seat 

the pavement after cracking. The machine was set to produce 1,700 vibrations 

per minute with a rolling speed of 5 mph. Deflection measurements made after 

seating showed that deflections after seating operations were actually greater 

at 23 of the 42 measuring locations. In addition, 8 locations indicated 

additional reduction in deflection, while 11 exhibited no change. Thus, at 

approximately 80 percent of the measuring locations, the seating operating had 

either a negative effect or no effect at all on differential vertical 

movements at joints and cracks. f30l 

A second study was conducted on US-99 in Bakersfield, California, to 

determine the benefits of seating the cracked pavement_I31I A 13-ton vibratory 

sheepsfoot roller was used to roll the typical rolling sections, while a 

single section was seated using a 13-ton rubber-tired roller. Deflection 

measurements were made before cracking and seating, after cracking, and after 

seating. The results of the deflection testing are swrunarized in table 2 Y'1 

The study concluded that "seating broken FCC slabs using a vibratory 

sheepsfoot or a pneumatic rubber-tired roller had little effect on 

differential vertical measurements. There was no detectable difference 

between these two methods of seating slab segments." 

Just as there is debate concerning the size of the cracked slab, there is 

no consensus as to the proper seating technique. It should be kept in mind 

that the objective of slab seating is to ensure that the cracked segments are 

in contact with the sublayer. Experience has shown that some rolling must 

take place, but it is easy to over-roll the slab. It appears that five passes 

by a 35-ton pneumatic-tired roller are best; three passes of a 50-ton 

pneumatic-tired roller are also acceptable . 1301 Steel drum rollers tend to 

bridge the slabs, and their use has not been successful. 
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Change in Deflection 

Reduced 
Increased 
Unchanged 

Change in Deflection 

Reduced 
Increased 
Unchanged 

Table 2. Deflection testing results. 

After Breaking/Before Seating 

Number of Joints 

36 of 39 (92%) 
l of 39 (3%) 
2 of 39 (5%) 

After Seating 

Number of Joints 

9 of 35 (26%) 
14 of 35 (40%) 
12 of 35 (34%) 

Other Considerations with Crack and Seat Treatment 

Amounts 

Average= 0.006 in 
Average= 0.001 in 

Amounts 

Average= 0.001 in 
Average= 0.001 in 

Several State agencies have added edge drains on their crack and seat 

overlay projects. The benefits of the edge drains have not been documented. 

There has been some concern that fines are created during the cracking process 

and that these fines will migrate and clog the drainage system. The 

detrimental effects have not been confirmed. 

With respect to the asphalt concrete overlay, conventional construction 

practice has been used without any problems. The only suggestion has been to 

avoid traffic on thin asphalt concrete lifts. California suggests that the 

"full overlay thickness" should be placed to avoid cracking of a thin lift if 

traffic is allowed on the overlay during construction. 
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3. DATA COLLECTION PROCEDURES 

Five categories of data were used in the analysis and the development of 

improved design. and construction procedures: original PCC pavement design 

factors, overlay design factors, measured field performance, traffic, and 

environmental data. These data were obtained from pavement condition surveys, 

State highway agency as-built plans and special provisions, and other agency 

records. In general, the procedures specified in the "Distress Identification 

Manual for the LTPP Studies" were used.1321 This chapter describes the 

pavement sections selected for the study, the procedures used in collecting 

data, and the types of data obtained. 

SELECTION OF STUDY SECTIONS 

Pavement sections suitable for study were identified by several methods. 

An extensive literature se-arch identified experimental projects, research 

projects, and other pavement sections for which performance data had been 

reported in published studies. A computer search of the Transportation 

Research Information Services (TRIS) on-line computer files was conducted by 

the FHWA; in addition, a manual search of the card catalogues and HRIS 

abstracts of the library of the contractor was conducted. Publications from 

major transportation organizations such as the Transportation Research Board, 

FHWA, and the National Cooperative Highway Research Program were reviewed. 

The literature search indicated that 24 States have had experience with 

crack and seat overlay projects. Only a few of these States either have an 

experimental plan or use the technique on a regular basis. From these States, 

the actual study sections were selected using several criteria. The first 

criterion was to have study sections located in each of the four major 

environmental zones of the country. Figure 7 shows the distribution of States 

containing selected projects on an environmental basis. 
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Wet/Freeze Wet/Nonfreeze 

Wisconsin California • 
Florida• 

Dry/Freeze Dry/Nonfreeze 

Minnesota • California • 

*Phase I States 

Figure 7. States selected for crack and seat overlay study. 

The literature search showed that several important design features are 

associated with crack and seat overlays. Included are the overlay thickness, 

size of cracked pieces, and the type of existing pavement (JPCP or JRCP) that 

is cracked and seated. The study sections were selected based on their 

ability to address as many of these design features as possible while staying 

within the resources of this study. They were also selected to be in Phase I 

States. The 8 projects selected for study contained 20 crack and seat 

sections and 9 control sections. Table 3 lists the 29 selected pavement 

sections. 

Perhaps the most important design feature is the type of existing 

pavement (JPGP or JRGP) that is cracked and seated. The presence of 

reinforcement in the existing pavement is considered to have a significant 

impact on the performance of this rehabilitation technique. Figure 8 shows 

the distribution of pavement type (plain or reinforced) by environmental zone 

for crack and seat overlay sections. Only the Wisconsin sections were 

initially constructed with reinforced concrete pavement. The Wisconsin 

sections are also the only study sections in the wet-freeze environmental 

zone. 
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Table 3. Pavement sections selected for inclusion in the study. 

Pavement 
Project No. Route Location Lane Type 

CA 9-1 SR 99 Bakersfield County, CA (control) SB JPCP 
CA 9-2 SR 99 Bakersfield County, CA SB JPCP 
CA 9-3 SR 99 Bakersfield County, CA (control) SB JPCP 
CA 9-4 SR 99 Bakersfield County, CA SB JPCP 
CA 9-5 SR 99 Bakersfield County, CA SB JPCP 
CA 9-6 SR 99 Bakersfield County, CA SB JPCP 
CA 9-7 SR 99 Bakersfield County, CA SB JPCP 

CA 10-1 I-80 Davis County, CA WB JPCP 
CA 10-2 I-80 Davis County, CA WB JPCP 

N CA 10-3 I-80 Davis County, CA WB JPCP a, 

CA 11-1 I-80 Albany County, CA (control) WB JPCP 
CA 11-2 I-80 Albany County, CA WB JPCP 

CA 12 I-5 Yreka County, CA NB JPCP 

FL 4-1 I-4 Hillsborough County, FL (control) EB JPCP 
FL 4-2 I-4 Hillsborough County, FL EB JPCP 

MN 7-lA TH-71 Willmar, MN NB JPCP 
MN 7-lB TH-71 Willmar, MN SB JPCP 
MN 7-2A TH-71 Willmar, MN NB JPCP 
MN 7-2B TH-71 Willmar, MN SB JPCP 
MN 7-3A TH-71 Willmar, MN (control) NB JPCP 
MN 7-3B TH-71 Willmar, MN (control) SB JPCP 
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Table 3. Pavement sections selected for inclusion in the study (continued). 

Project No. Route 

WI 1-1 I-94 
WI 1-2 I-94 
WI 1-3 I-94 
WI 1-4 I-94 

WI 3-lA SH 140 
WI 3-lB SH 140 
WI 3-2A SH 140 
WI 3-2B SH 140 

Location 

Eau Claire, WI (control) 
Eau Claire, WI 
Eau Claire, WI 
Eau Claire, WI 

Rock County, WI 
Rock County, WI 
Rock County, WI (control) 
Rock County, WI (control) 

Lane 

EB 
EB 
EB 
EB 

NB 
SB 
NB 
SB 

Pavement 
Type 

JRCP 
JRCP 
JRCP 
JRCP 

JRCP 
JRCP 
JRCP 
JRCP 
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Figure 8. Distribution of pavement type by environmental zone 
for crack and seat and overlay sections. 
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Cracked piece size. ranged from a minimum of 6 in by 10 in to a maximum of 

3.75 ft by 11 ft. The distribution of the cracked piece size area by pavement 

type is shown in figure 9. Only the reinforced sections were cracked/broken 

into small pieces; all of the reinforced sections were broken into pieces 

smaller than 1 ft2 . Earlier studies have shown that an overlay range of 3 to 

7 in was commonly used on crack and seat projects. Consequently, study 

sections were selected that provided overlays within this range. The 

distribution of overlay thicknesss is shown in figure 10. As can be seen from 

this figure, overlay thicknesses are, for the most part, evenly distributed 

throughout the 3 1/2- to 7 1/2-in range with the 3 1/2- to 5-in overlay being 

the most heavily represented. In addition, figure 11 shows the interrelation 

between the overlay thicknesses and crack patterns. 

The ages of the selected overlays ranged from a minimum of 4 years to a 

maximum of 11 years. The age distribution is shown in figure 12. 

The original PCC pavement and rehabilitation designs were determined from 

as-built plans, specifications, and special provisions, which were obtained 

from the appropriate State agency for each study section. The original PCC 

pavement and rehabilitation design variables obtained (when available) during 

the study are swnmarized in tables 4 and 5, respectively. 

FIELD DATA COLLECTION 

Three categories of field data were collected: pavement distress, 

roughness, and deflections. These data collection efforts are described in 

the following sections. 

Pavement Distress 

A thorough condition survey was conducted on each pavement section. The 

Wisconsin sections were surveyed in early May 1988; the remainder of the 

sections were surveyed during July and August 1987. The "Distress 

Identification Manual for the LTPP Studies" was used as a guide to identify 

the types, severities, and quantities of the various distress.~2] Table 6 
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Figure 9. Distribution of cracked piece size area 
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Approximate Asphalt Concrete Overlay Thickness (in) 

Maximum Cracked 
Piece Area 

SMALL 
0. 25 ft2to 
1 ft2 

MEDIUM 
8 ft2 to 
12 ft2 

l.ARGE 
24 ft2 to 
40 ft2 

3.5 - 4.0 4.1 - 5.0 5.1 - 6.0 6.1 - 7.0 

WI 1-4 WI 3-1 l,,TI 1-2 l,,TI 1-3 

CA 11-2 FL 4-2 CA 10-3 CA 10-1 
CA 10-2 

CA 9-2 CA 9-4 MN 7-2 
CA 9-7 CA 9-5 

CA 9-6 

Figure 11. Experimental matrix for crack and seat 
overlay thickness and crack patterns. 
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Figure 12. Age distribution of crack and seat 
and overlay study sections. 
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Table 4. Original PCC pavement design variables. 

Identification and Location Data 

Project ID 
Date of data collection 
Highway number 
Direction of survey 
Test section location (beginning and ending mile 

markers or stations) 
Date constructed 

Geometric and Shoulder Data 

Number of through lanes (one direction) 
Lane width 
Lanes included in study section 
Outside shoulder width 
Inside shoulder width 
Shoulder surface type 
Shoulder base type 
Shoulder surface thickness 
Shoulder base thickness 

PCC Pavement Joint Data 

Average construction joint spacing 
Skewness of transverse joints 

Table 5. Rehabilitation design variables. 

Variables 

Date of construction of AC overlay 
Thickness of AC overlay 
Presence of fabric in overlay 
Size of cracked pieces 
Type of cracking equipment 
Type and weight of rolling equipment 
Broken pavement exposure to traffic 
Preoverlay repair information 
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contains a summary of the types of distress data collected during the field 

surveys. 

Table 6. Pavement distress data collected during the field surveys. 

Roughness 

General 

Date of distress survey 
Lane number 
Number of transverse joints in the study section 

AC Overlay Distress 

Alligator cracking 
Bleeding 
Block cracking 
Crack between lane and shoulder 
Longitudinal cracking 
Longitudinal joint reflection cracking 
Mean lane shoulder dropoff 
Mean rut depth inner wheel path 
Mean rut depth outer wheel path 
Patch deterioration 
Potholes 
Pumping and water bleeding 
Raveling/weathering 
Transverse cracking 
Transverse joint reflection cracking 
Transverse reflection cracking at patch 

The roughness of each pavement section was determined using a May's Ride 

Meter--an electromechanical device that continuously logs the pavement surface 

by recording the magnitude, direction, and summation of rear axle to body 

excursions of its patent automobile together with synchronized distance 

increments. 1~ 1 This is accomplished by a photocell sensing system that drives 

a stepping motor for pen and chart movements on a paper tape recorder. By 

measuring the amount of chart movement per unit of road length traveled, a 

roughness index, in inches per mile, was computed for each study section. 
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The same automobile was used for all measurements to provide 

compatibility of results. In addition, standard pavement sections were rated 

before and after each distress collection trip to maintain calibration. 

In addition to th~ roughness measurements, the survey crew rode each of 

the pavement sections to give a subjective present serviceability rating 

(PSR). 

Deflections 

Pavement deflections were measured on each cracked and seated study 

section to determine the stiffness of the pavement layers and foundation. The 

deflections were measured using a Falling Weight Deflectometer (FWD) at three 

approximate load levels: 9,000, 13,000, and 17,000 lb. Deflection 

measurements were made in the wheel path at approximately 100-ft intervals. 

The Minnesota deflection data was collected by the Minnesota Department 

of Transportation. This data was collected at slightly lower load levels. 

These deflection measurements were normalized so that direct comparisons could 

be made. 

TRAFFIC DATA 

Traffic volumes, including percentage of truck traffic, were collected 

from the appropriate State highway agency for each study section. Requests 

were made to the State agencies for traffic volwnes from the time the pavement 

was opened to traffic to the date of survey. However, in some instances 

traffic counts were unavailable for each year the overlay experienced traffic 

and thus traffic data quite often had to be interpolated and extrapolated. 

ENVIRONMENTAL DATA 

Environmental data were taken from documentation of monthly temperatures 

and precipitation published by the National Oceanic and Atmospheric 

Administration. The nearest weather station was assumed to be representative 

of the environmental conditions at each study section. In addition, the U.S. 
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Army Corps of Engineer~ freezing index cdntour map was used to determine the 

mean freezing indices of the study sections.1341 Table 7 summarizes the 

environmental data elements that were collected. 

DATABASE DESCRIPTION 

The raw data obtained from the aforementioned sources were in several 

formats, such as field distress forms, construction plans, and research 

reports. After reduction, these data elements were entered into a database 

that resides on a hard storage disk of an IBM personal computer. SUPERCALC 5 

was used to manage the database; this software enabled researchers to 

efficiently enter, retrieve, and manage data. The data elements can be 

easily exported in several forms. The completed database has also been 

incorporated into the overall UNIFY database developed to compile all phases 

of this research effort. 

DATABASE SUMMARY 

The data elements that were collected from the crack and seat sections 

are presented in tables 8 through 14. Many of the data fields represent the 

raw data; however, several of the fields are the results of data analysis. 

For example, the 18-kip ESALs were calculated based upon ADT, growth rates, 

and truck factors. Data elements that were not available are listed as N/A. 
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Table 7. Environmental data elements collected in the study. 

Temperature 

Average monthly temperature 
Average maximum daily temperature by month 
Average m1n1mum daily temperature by month 
Freezing index 
Elevation above sea level 

Precipitation 

Average monthly precipitation 
A~erage annual number of days of precipitation 
Thornthwaite Moisture Index 

General 

General type of environment (zone) 
Visual indicators of poor drainage 

Cross-Section 

Longitudinal slope 
Transverse slope 
Cut or fill depth 
Depth of ditch line 
Lane/shoulder joint integrity 
Type of subsurface drainage present 
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Table 8. General and crack and seat method datR. 

-----------------------------.---------------------------------------------------------------~~----------------------------------------------------------------------------------------------------, , , , , , a , ttuNBEII , a , , , Pee DREAr.AGE , , rYrE 
: I I I :II I I OF ' I ' I ,-------------, I Of 
II 1PROJ[Cr1 YEIIR 1SrRRTIHGi [NOIIIG I I LANES I I OVERLAY 1CRIICK1 I I I PAVEHrNr I PROOF 
: I iSEOION:Oll[RLAY: Nil[ . ' NII.[ I I IN OH[ 1L[HGrH,rlHO'.HESS1 llHD I ,MIDrH 1LE11GrH: Ll<n1nR I Rllll.(A 
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11SA CJCJ, IIHt;[RFltLO COllllfY, Cll1CA 1-J I 1911] I 10.22 I iD,i! 151! I l I 1!02 I 1,D 1N 11' I I I I 
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1,9f, I 

1.CJS 
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2. 7 1H/A 
'!\ .. l 1Hl'A 
5.l 1H,A 

I 

,NB 
,se 
1118 
1'i8 
1HB 
,sa 
I 
,CB 
1£8 
,EB 
rEB 
I 
,se 
,so 
,se 
1sa 

,1. 

l I 
I 
I 
I I 

I I 

I I 

2 
2 
2 
2 

1056 
105& 
500 
500 
510 
510 

1osr. 
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2.11 '" 

'" '" '" 1H 
,v 
•" 
I 

11' 

'" '" '" I 

1H 
,N 
1Y 
11' 

I 12.Q 
12.0 
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Table 9. Environmental data. 

-----------------------------------------------------------------------------------------------------------------------------------.. :HIGtlEST:LOI-IEST :DESIGN . . .. : CORPS OF :AVERAGE:AVfRAGE: TfHP : AIINIIAL : . . 
:a : F'RO.JECT: : THORtfflll-lAJTE: ENGltlEERS I DAIL\' : OflI l.',' : r::11nm,E : Al,.'[RflGE :LATI TllOE: LOIIGITIJOE:: 
: I : ~-EC. Tl 014: EtlVI RONHENTAL HOISTUli:E : FREEZING :HAXIHUH:HI"IHUH:OEGkfES:Pli:ECIP 0 :0E6~EES: DEGREES:: 
:1PROJECT LOCATION [O ZONE : IHOEX I ItfDE:< :TEHP, F:TEHP. F: F 111 : 110~:rn : I-IEST .. 
··---------------------------- -·--------------------------------------------------------------------------------------------------
::SR 99 0 BA~ERFIELO COUIITY, CA:C'A 9-1 sORY-110 FREEZE: 0 : 0 : 99 38.7: G0.3: 5.72 I 3525 11903 u 
::SR '9'9, BAKEli:FIELD COUIITY, CA:C:A ~-2 :ORY-NO FREEZE: 0 : 0 99 38.7 t:.0.3 5. 72 : 3525 l l'~03 : : 
1 :SR '99, BAl<:ERFIELO COUlffY, CA:C:A 9-3 :DRY-HO FREEZE 1 0 I 0 I 99 .:IIJ.7 : G0.3 5.72 I )525: l 1'303 : : 
::SR '99, BflKEli:FIELD COUNTY. LA:(:A 9-~ :ORY-HO FREEZE: 0 0 I 99 )8.7 60.3 5.72 35,~S ll-:t03 : : 
::SR 99, BAKERFIELO COUHTY, CA:CA 'l-S :DRY-"0 FREEZE 1 0 I 0 : 99 ::18.7 I 60.3 I 5.72: 3525: ll':103 II 

::SR 91, B~~ERFIELO COUNTY, CA:C·A 'l-6 :DRY-NO FREEZE 0 0 '39 38.7 €.0.) 5. 72 35.::5 ll':1113 : : 
:1SR 99, 0Al<:ERF[ELD COUHTY, fA:CA 9-7 :ORY-HD FREEZE 1 0 I 0 I ,, : 38.7 l:>0.3 I 5. 72 : 3525 11903 i: 

: : : : : .. 
::I-80, ORVIS COUNTY. CA :C'A 10-1:DRY-HO FREEZE: -to : 0 : <JJ.2: 37.2: ~i6 : 17. 11 : 3832 : 121-l6 1: 
::I-80, DAVIS COUHTY, CA :CA 10-2:DRY-HO FREEZE -10 0 93.2 3"' ·) I•- 56 17.1-l 38).? 121'16 : : 
::I-80, DAVIS COUHTY, CA :CA 10-J:ORY-HO FREEZE 1 -10 I 0 ':ll.2 37.2 56, li'.11: 3832 121-16 :: 
. . .. 
::I-80, ALBAHY COUNTY, CA :(.A 11-1 :ORY-HO FREEZE 0 : 0 I 71. l' •13 • .Z 2R.5 23.21: 3752 12215 :: 
::I-80, ALBAIIY COUHfY, CA :CA 11-2:DRY-HO FREEZE 0 0 71. 7 ~3.2 28.5 23.21 3752 12215 : : 

po .. I : : : .. 
0 ::I-5, YREKA COUNTY, CA :CA 12 :MET-HO FREEZE 20 0 90.7 21.6 66.l 19.2 111) 122313 :: .. I : : : .. 

::I-1, HILLSBOROUGH COUNTY, FL:FL 1-1 :MET-NO FREEZE 20 0 91 51 -io -16.,3 2i'S8 82)2 :: 
::I-1, HILLSBOROUGH COUHTY, FL:FL 1-2 :MET-HO FREEZE: 20: 0 'l 1 : 51 : ·m -i6. 73 2l~.1tl 13232 : : .. . . 
:iTH-71, I-IILLHAR, HN :HN 7-lA:DRY/I-IET-FREEZE: 0 : 2000 : 83 -o.~: 83.1: Zi".71: -1508 ':151) 1 : : 
::TH-i"l 0 I-IILLHAR, HN :HN 7-1B:ORY/I-IEf-FREEZE: 0 2000 83 -o.~ 8).1 27. i' 1 -1508 '35111 : : 
::TH-71 0 I-IILLHAR, HN :HN 7-2A:ORY/I-IET-FREE2E: 0 : 2000 83 -0.1 83.1 2i'.i"l I -isna 1 '350 l : : 
::TH-71, I-IILLHAR, HN :HN i"-20:0RY/I-IET-Fli:EEZE: 0 : 2000 83 -0.1 83. "l 27.71 -iSll:3 '35u l : : 
11TH-71, I-IILLHAR, HN :NH 7-lA:DRY/I-IET-FP.EEZE: 0 I 2000 I 83: -0.1 8).-l: 27.71 : -t51J8 : '350 l : : 
::TH-71, MILLHAR, HH :HN 7-)B:DRY/MET-FREE2E: 0 2000 8) -0.1 83.1 27.71 -'15118 ·~so 1 : : 
: : : : : : .. 
c:I-91, EAU CLAIR, MI : I-II 1-1 :I-IET-FRE£ZE I ~QI 1500 I 06 6 I 80 : )0. 31 : 1155: 'H31) : : 
111-'9-l, EAU CLAIR, MI : I-II 1-2 :MET-FREEZE : 10: 1500 I 86 I 6 : 80: 30.31: -1-155 : 91]1) : : 
::I-~-1, EAU CLAIR, 1-11 :I-II 1-3 :MET-FREEZE : '10: 1500: 86 t. 81) 30. 31 : 1-155 '3 IJO : : 
::l-91, EAU CLAIR, I-II :Ml 1-1 :MET-FREEZE : -to: 1500 I 86: 6 80 : )0.31 : 1-155 9131) : : .. : : .. 
11SH l~O, ROCK COUNTY, 1-11 :MI 3-lA:I-IET-FREEZE : 30 I 075: 01.9 11.1 : 73.9 I 32: "l2JO I 1:1')02 : : 
::SH l~O, ROCK COUNTY, 1-11 :I-II 3-lB:I-IET-FREEZE : 30 875 I 8~.,: 11.1 : rl.8 : )2 -1230 I 0902 :: 
11SH MO, ROCK COIIIITY, 1-11 :M[ 3-2A:MET-FREEZE I 30 I 8i'5 I 8-l.9 I 11.1 I i'J.8 I ::,, . - . -12]0 I r~c:i112 : : 
::SH 110, ROCK COUNTY, 1-11 :I-II 3-2B:I-IEr-FP.EEZE : )0 I 8i'S: o~.9 11.1 : 73.8 32 "1230 o·:.02 : : 
-----------------------------------------------------------------------------------------------------------------------------------



Table 10. Pavement layer data. 

---------------. ------------------· --------------- -------------------- ------------·-------------------·----------- ... ------- --- ------------- .... ---------------- ----------- ----------------------------------------
II I I I I AC l)Vt: PLAY •. r(c suArncE 11811~,( 1(0,.Jl,,Hi t• ( 11 

II I I I 1---- -- --- ...................................... .., ........... .., .. 1 • - .................................. ..,., ................................................................................................... II .................................................................... ,of 8,ISe •rad 11 

II :Proj,h~l 1 11rHHKtl£SS. ltl ,E. 11:.~I I 110RICilttnL I fltlO:uESS. I II 1.Jol nl ,c. t:51 1[, kSI I ,ft .• PSI 11 ,nun.ucss. , $•Jb•J•·•d• II 

II rSecllonJP'-·"l 1 ,-------- -------- 1 rron ,m.•ER'LA'r'1, l.•lNsr. 1---- ---------- 1 "ipac.i "9• 1 fr-,,. 1rro .. :Nr. 1 1 fr•Jn 1-----------1 Ira .. fMO " 
" LDCllrl0N ,10 1r 11p•110,1u19n;C,'lrol'As 8 1dll1FMD t DIUE " nnrE ,o.,t ~n ,rare ,rr 1F~D 1core 1f-~I 1..:ur,;,•l I I r1Jp• 1Plans:f1•llli1 1(51 II 

. 1-----•---------• ---•-----•--• -----•-1- · -- I.---- -- . · --- -------- -1----••--1-•---- -1 1 ••------1-------. ------1------- ■■ 1- -- -------1---- ----. ------- ■ ----- -- ■ ■ ... ·•------------------1 •-"" --1----- • .............. ·••-• 1 I 
115R ,9, 8At.[RFIUD COUlffY, tA1(A ,-1 1JPCP11 }.& I 1.6 I 1000 I 1101 II l')GA 1 'J I 9 I 15 I ?000- lll0001 f,,}1lt; I 71:,,l.8 I c:-12 , :c re I ◄ .,.! I 0 I 18 II 

11SR ~i, B~tCRFIHO COUNrY, ll1:CII 9-l 1JPCP11 ].b I 1.7 ,,z,-1000, lit)) 11 1%9 I 'f I 9.l 1 1'5 12.751)-;"'1)1lO 1 HJA I H•'A I tll'fl I :Ufll I 1.~ I I) I ;:~ " 
I l~R n. 8Ht.CRFICLD co•mrY, (A:(A ,-1 ,Jrr.P, 1 }.6 I 1 .~00-1000, 118] 11 1-=tbA I 'J I ') I 15 I 7000- IIJOOOt one , ~b~., , 1_. ■1.· 11(r8 I 1. ~ I 0 I 18 II 

11SR -Ii, BIIICRFICLO COUNIY, IA:CA 'J-1 1,IPLP:i ).6 I 1, I , 1011-1000 l'"Jfi) I I l'lt°,IJ 1 'JI q,2 I 15 1tOOIJ-8500 1 (11'52 I Ul.!.2 I ":ibl : 1f.l(t 1,l t 0 19 II 

11SR 19, D11r.CRfl[lD (OUNIY, (A1CA 'J-5 1J~CP11 l.6 1 1,1 I ,,o t•JO] 11 191;8 I 9 I 8.5 I 11 151100•11)(11) I 11;'8 I f,111.] I ·1&1 11fl El 1 1.Z t 0 I 18 II 
11SR 1-1, 8AU~Fl[LD COUNII', IA:CA 9·6 1JPCP11 ).6 1,6 ,210-12, l'JQ) 11 l'l(~d t '!I I i.5 I 15 I 5000-11.100 I 1t176, I i"Q1J.& I nu 1 :1:1e I 1.l I 0 I 18 II 
11SR 'Ii, BA~UFIELD COUNII', llhCA '!1·1 1JPCP11 J,(, I J,1 1J50-600 1'18) :, 1%8 I 'J I 'J,2 I 15 :£.000-71100 I N/fl I NIA I NIii r :(Ill I 1.i? I 0 I l'I II 

II I I II I II I I I I I " I I I " 111-80, DAVIS COllllll', CA 1CA IO-l1-JPCP11 (, I &.l t ]50 l'!182 11 1'!112 I , I 7.2 I 15 I 2500 I 0~117 I 81,.5 i=.z] 1 1L u 1• Rock I 5 I 6 I u " 
111-80, IJFIVIS COUNIY, CA iCA I0-.?1JP(P11 (, I ,.s i 350 1'!~2 11 M1Z 1 9 I 1 I 15 12500-)500 t 1713 I u.?1 I 1-,02 s :lug• kockl'cl •\t I 5 I l I 11 II 

111·80, DAI/IS COIJNII', CA :CR IO·l1JPCP11 6 I 6 I )50 1182 II 19-1Z , '!I I Hl'A r 15 ,2uCIO-JOOO t HIA 1 ti.JR I Hl'fl 1 :NIA I 5 1 HIA 1 11 II 

II I I II I ,_ II I I I I I I I II I I I II 

111 ·80, ALBANY COUNII', CR 1rA ll-l1JPCP11 J I J.5 ,,oo-500 l'lOZ 11 1155 I 8 I H/A I 15 ,21100-eooo , HiA I ti/A I tun I 1NIR I 1.8 I Hl'A I I& II 
111-80, lllBANY COUHIY, CA :(II I l•l1JPCP11 l I l. 7 : l00-500 1•)82 II 1'!55 I 8 , 1.?.5 , 15 I 150-1500 I 1100::1 1 ':lbf.i i:: i·13 11'ih.'l.n•,.•'bl•clr: cl•" I 1.8 I 1 15-lO 11 

~ II I I II I I II I I I I I I I II I I I II 

..... :zl-5, YREKA COUNIY, CA :CA 12 :JPCP11 5.1 I -1.6 I Nill l'IQJ II NIA I 8.1 8.5 , 15 I NIA I ~860 61l.9 1 39'5 1 1 l•.en PCC I 1.8 I J I Nlfl :: 
II I I II I II I I I I I I I II I I I " :rl-1, HILLSOOROUGH COUNrY, rl:FL 1-1 1 1rcP11 l.! I l-1 500 1')1'i 11 1"!57 'l I '!I-IQ I 20 I 3500 9f.7tJJ~i:St.216)l:JI0/115r :Co,.•nl Sl-•b• I 12 I N/A I 2~ II 

111•1, HILLSOOROUGH COUHIY, FL1FL -t-2 1JPCP11 ).5 I 1.0 I 500 1'17'1 11 1 .. 57 I '!I I 9 I l.0 I 2500 22i'1 50i'.1 I .. HO I EC•""'lll Sl-•b. I,? I H/H 1 l5 11 

II I I II I I II I I I I t: I I I II 

I ,rH-,a. WILL"AR. "" '"" r-1A1JPCP11 7., • 1., ,zoo-1000, 1'9;96 11 l'!1•16 I ,-7-'J I H/A I 15 I 2500-11)01) 31-16 '3~.1 120 11';RUO I ' 1 N/A I 8 II 

nrH-71, NILLl1AR, 11N ,NN r-18,JrCP:z 7.5 I 7.5 ,100-1000, 1976, 11 l'l-lG I '!1-7-'J • N/11 1 15 I N/A NIA Ji,•H I :$11H0 I (. I N, fl I 8 II 

11rH-PI. Wlllt1RR. "ti 1NH l'-2A1JPCP11 6 I , ,zoo-1000, ICJ?& 11 1'01!, I ,-7•'1 I HIA I IS 11500-E.000 -IS◄ ~ &ab.) ·IE.1 11~Utl0 I 6 1 U/'A I 8 " 
11rH-l'I, MILLHHlt. "" 1t'1" 7-211JPCP1 I !, I 6 ,zoo-1000, l'l?G l•~ ■t6 I 9-1-9 I HIA I 15 I It/A NIA H/H 11SIINO I f, I N•M I 8 II 

urH-l'l, MILLHAR. "" :Hrt r-,A1Jr(P11 7,S I 7.S 1350-'!100 t Info II l'J16 I 9-7-'J I "'IR I 15 t ]000- 70D0 11/11 11,A N/fl I 1S11UO I (. I N,.,R I e 
111H-7I, NILLNAR, rlN rl1N 7·381JPCP:t 7.5 I 7.5 :700-'!150 I 1'176 11 1~16 I 9-7-9 I N,•A I 15 I NIA N/11 Hl'A 1 :~lttfD I ft I Hl'a:1 I 

8 ~· 
II I I II I I I II I I I I II I I I " 111-94, [AU CLAIA, NI ,wl 1-1 1JRCP11 1 I NIA I J00-11'J I 1992 II 1-167 I g I NIA I 80 I 1500-71)00 NIA H/A NIA 11r.[N-AOG NIM. I 1.'S I Hl'A I 22 II 
111-,1, [AU CLAIR, Ml 1WI 1-l 1JM.fP11 5.5 I 111A ,zoo-1so , 1'102 II 1%7 I ') I NIA t 90 a '5~00- 71)00 11111 II/A N •'fl I u:l"-111.;G l'llk. I .... 1 I NIA I 22 11 
111 ·'11, [AU CLnlA, Ml ,111 l·J 1J~CP11 7 I NIA I 225 I 1-11)2 II l'167, 'I I N/A I 90 1 lll00-1UOII H/fl N.JA H/fl 11(LH-t11,G NIM. I ◄.~ I H.-A I 22 II 
111-11, [AU CLAIR, NI 1NI 1-1 1JR(P11 1 I 11,A 12D0-10001 1'182 11 1%1 I g I IIIA t 80 t )U00·1,'25 NIH n,A NIA t 1~[11·Hli0 11111, I 1,, I Nl'R I 22 II 
II I I II I I I II I I I I II I I I II 
115H 110, ~0CK COUNfl', Ml 1MI ,-1 1JRCP11 1 I 1.875 I Nill t 118.:! 11 l':111 1'J-6.S-9t 10,'J I 20 I NIA NIA NIA NIA I ,N .. A I Nl'R I Hl'A I N/A 11 
11SH 110, ROCIC COUNIY, Ill rMI l-2 :JRCP11 1 I 2..i'5 I NIA I l'j92 11 l~H 1'1··6.5·'11 N.-A t 20 I NiA HtA NIA Hlfl : ;U1 .a;""•l~'Cru•h•d Ston•••1 •) 8.5 I N.,,t II 

•• lie lw••n AC •nd PCC 



Table 11. Drainage and shoulder information. 

-------------·---------------------------------------------------------------------------------------------------------------.. : : I : : : our ER SHOULDER : I HIIER SHOULDER : SllllULOER: .. 
.. : :DEPrH :RVERAGE:AVERAGE:---------------:---------------: JOIHr .. 
:a :PRO.IECr 1 sue- C OF :Hmt~S. :LOIIGI r.: s : : : SEAL : OVERALL I: .. :SECrIOH:DRRIHRGE:OirCH,:SLOPE, :SLOPE, :SURFACE :MIDrH,:SURFACE :MIDrH,1 D~H~GE: D~AIIIA6E :: 
1 :PROJECT LOCl=ITIOH ID I Y,'N I FT : 1! : :! C r'r'PE I H : r'r'PE : H : H.l'L/H/11 1 EVHLUH fl ON: 1 
::--~--------·-------------------------------------------------------------------------------------------------------------.1 
11SR 99, BRt.:ERFIELD COUHr'r', CA:CA 9-1 s H : 1 : 1.01 I 0 : AC : 11 I nc J I ti : GOUD II 
::SR 99, ruu:El<FIELD COUHf'r', C:A:CA 9-2 " : 2 : 1.01 0 ftC 9.5 AC 3 : " : GOOD .. 
: : SR 99 • BAl~El~FI ELD cou11n•, CA: CA 9-3 1 H : 3 I 1.0-1 : 0 : AC 9.5: nc : 3 : ti : GOOD : : 
::SR 99, BAKERFIELO COUHr'r', CA:CA 9-1: " £,-8: 1.01 : 0 AC 11 IIC 3 N : 13000 .. 
::SR 99, BA~ERFIELD COUHf'r', C:A:CA 9-5: H I 10: 1.01 I 0 : AC : 11 : AC : 3 : ti I GllOO I I 

::SR 99, BAKERFIELD COUHf'r', Cft:CA 9-6: H : £, : 1.01 : 0 AC : 9.5 AC : 3 : " : liOOO .. 
: :SR 99, BH~;ERFI ELD COUHr'r', CA:CA 9-1 : H I £, : 1.01 0 I AC : 11 : AC 3 ; " : GOOD .. 
: I I I I I I I : : : I: 
::1-80, ORVIS couNrY, CA :CR 10-h " I 5 I 0 I 0 I AC I 10 I AC : HIR I N I GCIOO II 
1:1-80, DAVIS couHr'r'. CA :CA 10-2; " : 5 : 0.52: 0 I AC : 10 AC : II/A : " I GOOD .. 
::I-80, DAVIS cou11rv, CA :CA 10-3: " I 5 : 0 : 0 I AC : 10 I AC : It/A I H : GOOD a: 
I : : : : : : : : : I I I 

:11-80, ALBANY COUHT'r', CA :CR 11-1: H I 3 I 3.61 I 0.£,8: AC I 7 : RC : II/A I II I GOOD :a 
::I-80 0 ALBANY COUHr'r'. CA :Cft 11-2: H I 3.5: 6.25: 0.52: AC 1 AC IN/A : N I C.00D .. 

.r::- :a I I I : : I : : I I : .. . . 
N :11-s. 'r'REKA COUNr'r', CA :CA 12 I H 5 2.0&: 2.08 AC I 10 : nc 11,·R : tt GOOD : : 

:: I I I : I I I : I I I I 
::1--1, HILLSBIJROIJGH COUHr'r', FL:FL 1-1: " : .. 2.08: 1.01 : AC : 7 .5 : AC : 2 I H : GOOD .. 
~:I-1, HILLSBOROUGH COUlff'r', FL:FL 1-2: " I 5 : 2.09: 1.01: AC I i' .5 : nc : 2 : L : POOR I ; 

: : : : : : : .. 
: :rH-71, Mllll1AR, HH :Htl ?-IA: H j' I 1.01 I 0 : AC I 10 I ti/A : II/A I N : GOOD : I 

: : rH- i'l • Ml LLl1AR • HN :HII 7-1B: " : 7 : 1.01 : 0 : ftC : 10 11,'A HIA " : GOOD .. 
::TH-71, MILLHAR, HII :Htl 1-2As " I 6 : 1.01 I 1.01 I AC I 10 : tl,'A : II/A I II I GOOD I I 
: :rH-11 0 MILLl1AR, HH :HII 1-2B1 H I 6 : 1.01 1.01 I AC 10 II/A NIA : N I GOOD : : 
::rH-11, Mllll1AR, HN :1111 i"-JA1 " I 6 I 1.01 I 1.01: AC I 10 II/A ti/A : II I GOOD :i 
::rH-71, MILL11AR, HN :NH 1-39: " : 6 : 1.01 1.01: AC 10 11,'A II/A : " : t'lOuO .. 
I I : I I : : : : I : : : 
111-91, EAU CLAIR, MI :MI 1-1 H : 5 : 1.01 : 0 AC I 9 AC 1 H : GOOD : : 
::I-9-1, EAU CLAIR, MI :MI 1-Z : N I 11 I 1.0-1 : 0 : AC I ':I : AC : -I I H I 1'3000 I : 

::I-91, EAU CLAIR, MI :Ml 1-3 : " : 12 s 1.01 : 0 AC : 8.5 ilC 1.5 N : GOOD .. 
111-91, EAU CLAIR. MI :MI 1-1 I H I 1-10 S 1.01 I 0.52: AC I 8.5: AC 1 : II : GOOD .. 
:: : : : : : .. 
11SH 110, ROCK cou11rv. MI :Ml 3-lR: H I J I 1.56 I l. 01 1 GRANULAR 1 7 :GRAIII.ILAR: 7 I N I GOOD I I 
11SH 110, ROCK COUHrY, MI :MI l-18: " : 3 : l. SE', 1 1. 01 : GRANULAR; 1 : GF:AtlllLAR 1 i' : H : GOOD I I 
11SH 110, ROCK COUHf'r', MI :Ml 3-2A1 " I 2 I 2.51; I 1.01 1GRAtlULAR1 7 : GRlllll.lLAF!: 7' I ti I GOOCI I I 
::SH 1~0. ROCK cou11rv, MI :MI 3-28: H : 2 2 2.56: l. 01 : r.RtUIIJLf1R: i' : fiRflllULAR 1 1 : " I 0000 I : 

-------------·------------------- --------------------------------------------------------------------------------------------



Tahle 12. Performance data. 

-------------------------------------·-----------------------------------·~-------------------------------------------------------------------------
: I : : I : : : CRtlC K : : .. . . 
.. I : nvi:; : :l.OHG. : : BH~fEH :~EArttERIHG:: 

n :PROJFC.T: I 1t1AY•S: RIIT :TRAtlSV£RSE:CEtHER-:LOIIGITUOIHt1L:LAHE mm :AU IGRTIJR: AIID .. 
.. :SEL.1 IUH: l flHE AUG :ROUGH:UEPTH: CRtlfKIHG :LINE CRtlO'.lHO : SI luULDH: : O:tKKI HG :BIEEOIHG:P~TCHES: rAV~LlHG :: 

. . LOCArIOH ID :HUHBER: PSR :IH/111: Ill :LUI FT/HI :CRACKS I LIH FT/HI :LIH FT/HI:SO FTiHI :SQ FTiHl:SU ff/HI: SO FT/HI .. 
--------------------------------- --- ------------------------------------------------------------------------------------------------------ .. 
1:SR 1~, BR~ERFIELO COUNTY, CA:CA 9-1. 1 l : "I .1 51 :0.03 : .. 1139: 0 I 1£.f,5 0 0 0 : 0 0 •• 

: :$P. •J'3, Bftl(EP.FIELO COIIHTY, CA:CA '3-,: l -1.1 50 :0. 12 : '37 0 1153 I) 00 0 0 37-10 :: 

: :SR '19, em:ERFIELO COUHTY, CA:CA '3-21 l ". 1 'i£, : 0. 10 2i'f.1£, I 0 I :JaH 0 0 0 0 SJ:: 

: :SR '3'3, BllkEP.FlELO COIJHTY, cn:CA '3-•I l '1.1 '15 :o.oe 25'1 0 : 3i'65 (I 0 0 0 0 •• 

I :SR '3'3, enr.ERFIELD COIJltTV, CA1CA '3-~; I l : '1.1 -t2 : 0. 15 I 0 I 0 : 1298 I (I 0 0 0 I 0 a: 

::SR 9'3, BAKEP.FIELD COUHTV. CA:CA '3-~ 1 1.1 37 :0.12 2£, 0 : 1'323 0 227 : 0 0 175 :: 

:1SR '39, BAKERF[ELO COUHTV, CR:C~ '3-~ l 1.1 3'3 : 0 .00 E-1 0 1'1£.5 n 0 0 0 0 •• 

: I 
: I 

: : 

11I-BO, DAVIS COUHfV, CA :CA llJ•· 11 l 1.1 "' : 0. 30 I 
0 : 0 I 2£,'1 : 0 I) 0 0 : 0 :: 

::[-80. DAV[S (OUHTY, CA :CA 10-·2: l 1 .1 -17 :0.27 0 I 0 0 (I 0 0 0 0 :: 

::1-eo. DAVIS CUUHfY, CA :CA 10-·3: l '1.1 17 10.2"! I 0 I 0 : 0 I) £,€, 1-13 0 0 : : 

I I I I : : : 

111-80, ALElAIIV COUHTV, CA :CA l l •· 11 l 1 .l.1 82 10.10 I 2•158 I 0 : (l(,5 I 0 0 0 ';11 -1£, :I 

::1-80, ALBHHY COUHTY, tA :CA 11-·2: I 1. l ':1'3 :0.12 0 0 0 0 0 0 35 05 :: 

: I : : : .. 
::1-5. YREKA tOUHTY. CA :CA 12 l 1 £,':I :0.21 : 0 0 0 0 0 105Et0 0 •• 

.. I 2 I 1.1 -10: H/A I 0 : 0 I 0 0 0 : 1051:lO 0 :: 

.c-
L,J .. : .. 

: :1-1. HlLLSBOROllGH COIJHfY, FL:Fl 'i-1. l 1 3.7 58 :0. l'3 1J57 0 I 5'1'1 2'"'8l 0 f) 0 11£,'3 :a 

: : 2 '1.2 33 : I). 11 1JOO 0 : 591) 2"100 0 0 0 1130 : : 

::I-1, HILLSBOROUGH COUHfY, FL:Fl 1-2 l I 1.1 21 :0. 17 770 0 I 3800 0 0 0 0 0 •• 

.. 2 •1.3 35 :0.1-1 787 0 3823 0 0 0 0 0 •• 

: I I I : : I : 
. . 

::TH-71, Mill.HAR. HH :HH 7-IA: l : 3.1 60 :0.00 1135 .. 150: '15'10 0 0 0 50 0 •• 

:1TH-71 0 MILLHAR, Hit :Hit i"-IB: l I 3. 1 5£, :0. 13 : 1'310 1'~50 I :1B75: 0 I) 0 50 0 1: 

::TH-71 0 MILLHHR, HH :HH 7-,·A: l 3.3 I 70 :0.03 5111 lb'JO : JOSI:, I) 3062 0 )1)£,2 0 :: 

:1TH-7l, MllLHAR 0 HH :HII i"-;:·B: l 3.0 '3'3 :0.15 5227 I 0 I 11)51:, I I) ·15'1 l 0 i'20£, 0 II 

::TH-71, M[LLHAR. HH : HH 7-2:A: l 3.3 17 :0. 10 5691 '.Hl I 207: I) :,n9 0 li'C.O 0 •• 

11TH-71, MI LLHAR, Htl :Hit i"-~:B: l 3.l 113 :0.15 : 5352 I 0 I 20l 0 ·1"5 0 5-:- • 0 •• 

. . : : .. 
:11-"J'i, EAU CLAIR. MI :MI 1-1. 1 3.8 62 :0.21 l•lOO 1 0 I 22ll £,00 12 0 0 0 :: 

.. l 3.'3 "11 :O.ll'J 111)0 0 215 Stl5 13 0 0 0 •• 

::l-'31, EAU CLAIR, MI :MI l ,, l : 3.£, 50 :0.]'3 I 0r0 I 0 I 90 ':110 I) 0 1) 0 :: 

.. 2 3.'3 12 :0. JO 870 0 95 '31 S 0 0 0 0 •• 

11[-'3'1 0 EAU r,LAIR 0 Ml :Ml 1-21 l 3. £, 57 :0."15 I 630 II I 125 250 "II) 0 0 I) •• 

: : 2 3. '3 •n :ll.13 r.;;•5 I) 125 .?50 35 0 0 0 •• 

::1-~'1. EAU CLAIR. Ml :1-H 1-•1 : 1 ).(, 5f, :0."l2 I 211no I 221)0 I 230 I S50 '3011 0 I) : I) : : 

.. 2 3.8 51 : 1). 11 l'J!:,O 2200 2,.?1) 525 .251) 0 0 0 •• 

: : I : . I : I : 

1 tSH MO, ROC~'. COUHTV • MI :Ml l-lt1: I 3.7 r.1 :IJ.20 1 t"IO 0 125 0 £,~S 0 I) I 0 •• 

I 1Slt 1"0, R1JCK (OIIIITV, Ml 11-11 J-18: 1 I 3.7 i"l :0.~".1 I 'J~,O I 0 I li"~ I 0 50 0 : 0 0 II 

I 1SH 1"10, P.OCI<: U1UHrY • Ml =~• .:,-,·tl: 1 : J.5 8£, :O.ll : :2~20: l) : ·1751) ii 2"115 0 0 000 :: 

::SH 1"10 • ROC.K C:OIJHTV • Ml :Ml J-.:'.Et: l : J. £, eu :o.z;o 22€,5: 0 sc:;o 0 E-00 u 0 0 •• 

--------·---------------------------··-------------- ----------------------------------------------------------------------------------------------



Table 13. Deflection data at 9,000 lb from wheelpath of outer lane. 

.. . . 
: De+ l ec:ti on (mil sl 

:Project:--------------------------------: 
Location :Number: High Low Avg. 

··----------------------------·-------·----------·----------------------. . . . . - . 
::SR 
; : SR 
::SR 

: : SR 
: : SR 
: : SR 

99, 
99, 
99, 
99, 

EAKERFIELD COUNTY, 
aAKERFIELD COUNTY, 
BAKE~FIELD C□UNTY, 

BAKERFIELD COUNTY, 
BAKERFIELD COUNTY, 
BAKERFIELD COUNTY, 
BAKERFIELD COUNTY, 

::I-BO, DAVIS COUNTY, CA 
::I-80, DAVIS COUNTY, CA 
::I-80, DAVIS COUNTY, CA 

::I-BO, ALBANY COUNTY, CA 
::I-80, ALBANY COUNTY, CA . . . . 
::I-5, YREKA COUNTY, CA 

CA:CA 9-1 
CA:CA 9-2 
CA:CA 9-3 
CA:CA 9-4 
CA:CA 9-5 
CA:CA 9-6 
CA:CA 9-7 

: 
: CA 10-1: 
:CA 10-2: 
: CA 10-3: . . 
: CA 11-1: 
:CA 11-2: 

:CA 12 

::I-4, HILLSBOROUGH COUNTY, FL:FL 4-1 
::I-4, HILLSBOROUGH COUNTY, FL:FL 4-2 

::TH-71, WILLMAR, MN 
::TH-71, WIL~MAR, MN 
::TH-71, WILLMAR, MN . . . . 
::I-94, EAU CLAIR, WI 
::I-94, EAU CLAIR, WI 
•. I-94, EAU C~AIR, WI 
::I-94, EAU CLAIR. WI 

: :SH 140, ROCK COUNTY, WI 
::SH 140, ROCK COUNTY, WI 

:MN 7-1 
:MN 7-2 
:MN 7-3 . . 
: WI 1-1 
: WI 1-2 
: WI 1-3 
:WI 1-4 

: WI .3-1 
:l.JI 3-2 

44 

4.80 
4.70 
4. ::.o 
4.70 
4.6() 
5.00 
4.50 

10.70 
6.00: 
5.90 

12.80 
9.10 

11. 00 

25.50 
4.80 

9.60 
9.00 

11. 30 

4.80 
4.80 
6.90 
6.20 

26.20 
36.20 

3.20 
3.00 

2.50 
4.00 
4.20 
3.60 

4.80 
4.40 
4. 10 

3.90 
3.80 

4.20 

3.00 
3. 10 

4.80 
4.70 
4.00 

2.80 
3.30 
3.40 
3.60: 

14. l 0 
'19.70 

3.80 
3.65 
~ ---, 
-• • I.:... 

3.75 
4.35 
4.52 
3.9() 

: 
6.20 
5. 11 : 
5,01 

6.64 
6.13 

6.52 

6.40 
3.99 

6.79 
6.47: 
6.93 

3.47 
4.06 
5.19 
4.61 

20.87 
'.26. 88 



Table 14. Traffic data.[35} 

: . OUTER :CUMULATIVE. . : . . 
: . TWO-WAY PERCENT LANE :ESALS SINCE: : . 
: : ADT : TRUCKS : ESALS OVERLAY : : 
: :PROJECT 1987 1967 1987 :OUTER LANE : : 
-----------·---------·---------·---------·-----------· : ■ • • ■· • 

: :CA-9 20900 25 600744- .. 3514665 : : . . : . . . . 
: :CA-10 58000 9.2 736208 4216900 : : 
: : •· : : . : CA-·1'1 141000 . 8 .. 5 857407 5077384 : : . ., 
: : : : 
: :CA-12 . 1.1000 30 57334·2· 2802847 : : 
: : : : : 
: :FL-4 : 71'316 15 1398024 : 9490912 .. .. 
: : .. ·: : . : Mt-J-7 . 3053 11.3 74286 824652 : : . •· . : .. . . . . . . 
: :WI-1 : 16000 l:5* 438438 2604659 : : 
: : : . : . 
: :WI-3 : 2000 10* 57196 303571 . : . 

..-ESTIMATED 
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4. FIELD PERFORMANCE AND EVALUATION 

OVERVIEW OF PERFORMANCE 

Pavement performance can be evaluated using criteria from several 

categories. These categories include functional and structural 

characteristics, safety, and appearance. [34
] In this study, it was decided to 

evaluate the field performance of the pavement sections based on functional 

and structural characteristics. 

Functional performance can be described as the ability of a pavement to 

provide a serviceable surface in terms of the quality of the ride experienced 

by the roadway user.[34] This serviceability can be evaluated subjectively or 

by using physical measurements correlated with subjective evaluations. 

Research has shown that the primary factor affecting the serviceability, and 

hence the functional performance of a pavement, is its surface roughness.136
] 

In this study, the functional performance of the study sections was determined 

using longitudinal roughness measurements, in particular, roughness measured 

with a Mays Meter. The results of this testing are presented in "Pavement 

Roughness," found later in this chapter. 

Structural performance refers to the ability of a pavement to maintain 

its structural integrity without experiencing distress.1361 In this study, the 

structural performance of the study sections was determined using the 

nondestructive deflection testing methods described in chapter 3. These test 

results and the occurrences of distress, observed in the field, are summarized 

in "Overlay Distress" and "Deflection Measurements," found later in this 

chapter. 

The evaluation of safety primarily involves the measurement of skid 

resistance, but can be expanded to include other factors such as hydroplaning, 

icing potential, and severe surface distortion, such as rutting.13n While 

such considerations are certainly of paramount importance when evaluating a 

pavement, the inclusion of such factors (with the exception of surface 

distortion) was considered beyond the scope of this study. 
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The evaluation of a pavement's appearance is rather self-explanatory and 

is not as important a consideration as the first three factors. It was not 

considered when evaluating the performance of the study sections. 

Only five projects had control sections with overlay thicknesses 

approximately equal to that of at least some of the corresponding crack and 

seat sections. These five projects are the only basis for true comparisons of 

performance between the crack and seat sections and a standard asphalt 

concrete overlay. Therefore, although general conclusions and comparisons 

were made considering all of the study sections, when a statistical comparison 

was desirable between the crack and seat and control sections, only these five 

projects as listed in table 15 were utilized. 

Table 15. Projects with crack and seat and control 
sections of comparable cross-section. 

Project 

CA 9 

CA 11 

FL 4 

MN 7 

WI 1 

PAVEMENT ROUGHNESS 

Control Sections 

CA 9-1 
CA 9-3 

CA 11-1 

FL 4-1 

MN 7-3A 
Mi.'< 7-3B 

WI 1-1 

Comparable Crack 
and Seat Section 

CA 9-2 
CA 9-4 
CA 9-5 
CA 9-6 
CA 9-7 

CA 11-2 

FL 4-2 

MN 7-lA 
MN 7-lB 

WI 1-4 

Pavement Type 

JPCP 
JPCP 
JPCP 
JPCP 
JPCP 

JPCP 

JPCP 

JPCP 
JPCP 

JRCP 

Pavement roughness is a phenomenon that manifests itself at the surface 

of the pavement structure. It has been defined as" ... the longitudinal 

deviations of a pavement surface from a true planar surface with 
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characteristic dimensions that affect vehicle dynamics., .ride ,qual'i.ty, and 

dynamic pavement loads." [3B) The three main ,c·omponents o.f ·.pav.ement .roughness 

are: longitudinal variations, transverse -variati.ons, and :horizontal 

variations of the ,pavement alignment .'[37] Longitudinal variations ·have been 

shown to be the rnaj or cause of undesirable vehicle forces _:[39] 1'raasver.se 

variations, or the roll component transmitted to the vehid.e, ar-e the second 

major cause of roughness. The least offens-ive is the horizontal curvature of 

a roadway, which, if poorly designed, can imp.art undesirable yaw forces to a 

vehicle. 

The longitudinal roughness of each pavement section was measured with a 

Mays Meter as -described earlier. The roughness measurements obtained on each 

of the 29 study sections are listed in table 16. It can be seen that there 

was a wide variation in the amount of surface roughness; from a low of 24 

in/mi to a hi_gh of 113 in/mi. The study section with the least amount of 

roughness, 24 in/mi, was the crack and seat and overlay section on I-4 near 

Tampa, FL. The study section found to have the most roughness, 113 in/mi, was 

one of the control sections on TH-71 near Willmar, Minnesota. The average 

roughness for the crack and seat and control sections was found to be 56 and 

73 in/mi, respectively. 

The present serviceability rating of each section is also listed in 

table 16. 

Five projects had control sections with overlay thicknesses approx

imately equal to that of at least some of the corresponding crack and seat 

sections. The roughness measurements taken on the 17 sections in five 

projects from table 15 are depicted in figure 13. On four of the five 

projects, the crack and seat and overlay sections exhibited from equivalent 

roughness to 59 percent less roughness than the control sections. The one 

crack and seat and overlay section with significantly more roughness than its 

control section was the overlay built on I-BO in Albany County, CA, in 1982. 

The crack and seat sections have significantly less roughness (approximately 

14.5 in/mi less). 
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Table 16. Mays Meter roughness measurements. 

Section Outer Lane Outer Lane 
ID Roughness PSR 

CA 9-1* 51 4.4 
CA 9-2 so 4.4 
CA 9-3* 46 4.4 
CA 9-4 45 4.4 
CA 9-5 42 4.4 
CA 9-6 37 4.4 
CA 9-7 39 4.4 

CA 10-1 43 4.4 
CA 10-2 47 4.4 
CA 10-3 47 4.4 

CA 11-1* 82 3.4 
CA 11-2 99 .... 4 .-1 -

CA 12 69 4.0 

FL 4-1* 58 3.7 
FL 4-2 24 4.4 

MN 7-lA 60 3.4 
MN 7-1B 56 3.1 
MN 7-2A 70 3.3 
MN 7-2B 99 3.0 
MN 7-3A* 77 3.3 
MN 7-3B* 113 3.3 

WI 1-1* 62 3.8 
WI 1-2 so 3.6 
WI 1-3 57 3.6 
WI 1-4 56 3.6 

WI 3-lA 61 3.7 
WI 3-1B 73 3.7 
WI 3-2A* 86 3.5 
WI 3-2B* BO 3.6 

*Control sections 
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AND SEAT 
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Figure 13. Comparison of roughness measurements taken on crack 
and seat and overlay sections with control sections. 
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The PSR on the five control projects was also evaluated. Although the 

PSR on the crack and seat sections is slightly higher than on the control 

sections, the magnitude of the difference is statistically insignificant. 

The roughness of each study section was plotted against overlay thickness 

to determine the effects of this variable on performance. The graph is shown 

in figure 14. As can be seen in the figure, there is an increase in roughness 

with an increase in overlay thickness for the control sections. This trend 

does not follow engineering experience where an increase in thickness usually 

reduces roughness. Viewing figure 15, it is seen that the control sections 

with the lower amount of traffic also experienced more roughness. One would 

expect, however, that the thicker overlay will be rougher if there is more 

traffic on the section. This data shows the opposite. However, both of the 

7.5-in sections with high roughness are located in project MN7 (the oldest 

project) and, therefore, really represent only a single observation. These 

Minnesota sections did not, however, exhibit high levels of rutting as a 

possible cause of the roughness. The remaining control sections follow the 

expected pattern. 

Observing the figure with respect to the crack and seat sections 

(figure 14) shows that the thickness of the overlay does not influence 

pavement roughness. 

Figure 15, however, indicates that both the crack and seat and control 

sections with higher traffic volumes experienced less roughness. Again, the 

trend does not seem logical since one would expect an increase in roughness on 

high traffic routes. Consequently, other factors must have an overriding 

effect on roughness. 

One important parameter is the size of the cracked pieces. It has been 

assumed that it is better to have smaller segments rather than large pieces, 

thereby reducing the thermal movements to a lower level. The roughness of the 

sections was plotted with respect to segment size as shown in figure 16. 

Observing the figure, it can be seen that there is no distinct difference in 

performance for the large, medium, or small pieces. The sections with small 

pieces were all constructed of JRCP and might be expected to perform 
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differently. However, there is no statistically significant difference 

between the performance of the medium and large pieces on the JPCP sections. 

The roughness was also plotted as a function of the type of roller that 

was used to seat the slabs. The plot (figure 17) did not show any significant 

difference in roughness between the different types of rollers used to seat 

the slabs. 

Reviewing the roughness data, there is a statistically significant 

difference in average roughness between the control sections and the crack and 

seat sections. There was no difference in roughness with the roller type or 

the size of the pieces. 

OVERLAY DISTRESS 

The primary goal when designing a pavement is to design and construct a 

structure able to support the estimated axle loads expected during its design 

life and to withstand the adverse effects of the environment. These traffic 

loadings and environmental effects cause stresses, strains, and deflections in 

the pavement system. It is the accumulation of these permanent strains and 

the repeated application of stress that can cause the limiting strains of the 

material involved to be exceeded, and causes pavement distress in the form of 

fracture or permanent deformation. Failure of the pavement structure occurs 

only when the accumulation of distress results in a lowering of the pavement's 

serviceability below a minimum acceptable level. 

Hudson et al. have identified the most important distresses that affect 

the performance of an AC-overlaid PCC pavement.1401 Two of the more important 

distresses were found to be reflection cracking and rutting. The occurrences 

of these distresses observed during the field surveys are discussed in the 

following sections. Fatigue cracking of the overlays is also discussed. 
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Reflection Cracking 

Reflection cracks are a common distress manifestation of AC overlays of 

PCC, the causes of which were discussed in chapter 2. After these cracks 

develop, traffic loading and environmental effects tend to spall and 

deteriorate these cracks. The deteriorated cracks create serious maintenance 

problems as well as allow moisture to enter the pavement system. The cracking 

and seating of the PCC slab is supposed to effectively reduce the amount of 

reflection cracking. 

For purposes of the study, all cracking was considered to be reflective. 

It is possible that some of the observed cracking can be due to temperature 

differentials or other AC material problems; however, it is difficult to 

distinguish the exact cause when only a condition survey was conducted. 

The severity of the cracking was classified as low, medium, or high, 

while the amount of cracking was combined as total linear feet per mile. 

The transverse cracking for the outside lane is shown in figure 18. It 

can be seen that the Minnesota section (the oldest section) had the highest 

amount of cracking with the majority of the cracking being medium severity. 

In all cases except Minnesota and Wisconsin, the control sections had more 

transverse cracking than the crack and seat section. 

A plot (figure 19) of longitudinal cracking in the outside lane was also 

prepared. It includes centerline cracking but not lane/shoulder joint 

cracking. As seen in the figure, Minnesota had the highest amount of 

longitudinal cracking. The control sections had an average cracking of 

1,688 ft/mi, while the crack and seat had 1,759 ft/mi, or a difference of only 

4 percent. 

The total cracking, including centerline cracking, is presented in 

figure 20. The figure also shows that Minnesota had the highest amount of 

cracking with a large amount of centerline cracking. Wisconsin experienced 

the same. Observing figure 20, it can be seen that several of the control 

sections had more cracking than the crack and seat sections. The average 
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amount of cracking for all of the control sections was 4,800 ft/mi, while the 

average amount for all of the crack and seat sections was 3,068 ft/mi. This 

represents a 36 percent reduction in total cracking. 

The five control projects were examined on the basis of both total 

linear crackiii;i Jand ::medium/high linear cracking. The crack and seat sections 
, '. · ·· JV~ . .. ~71:; 1'" 

had less total cracking (only 67-percent confidence), but more medium/high 
- --·---·--- ·---- - --- -- ----- -------------- ---·----- ---------------------,--

crac,king '(84-percent confidence). 

Reflection Cracking and Overlay Age 

f- C ( 

When the total cracking is plotted against the year of the oYerlay, a~ 
;--- !:' 

different view of the comparative performance of the crack and 

is presented. Observing figure 21, it is seen that during the 

the overlays (less than 6 years), the controlcsections had more 

cracking than the crack and seat sections. With additional age 

seat section~ 
L;:; • 

ear.1y-· life:;qf 
I •:: ·.·; 

reflectio~ ~ 
; ; >' 

( rnbrE:! than '~ . "-
6 years) , · the crack and seat sections apparently had more cracking! than tne; 

' " 
control sections. 

For all the crack and seat sections, total linear cracking was· 

regressed as a function of age. A clear relationship existed: total linear 

cracking increases with age. However, when the same function was ~egressed 

for t}le control sections, no relationship could be determined for the control 
-- --- --- -.--- - ~--

sections. Therefore, it is not possible to extract significant comparisons 

of performance with age from the av~ilable data. 

Reflection Overlay Thickness 

Figure 22 shows that the overlay thickness for most of the control 

sections was in the range of 2.75 to 4.75 in, while the crack and seat 

overlay thickness was from 3.75 to 7.75 in (two control sections had 7.75 

in). Since the crack and seat sections generally had thicker overlays, one 

would expect that it would take longer for the reflection cracking to =cur; 

however, this could not be shown statistically from the available data. 

Although figure 22 may appear to indicate that a thicker overlay produced 

more linear cracking, this is again a result of the oldest sections having 

the thickest overlays. 
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Reflection Cracking and Segment Size 

The size of the broken pieces should influence the amount of reflection 

cracking. Figure 23 is a plot of amount of cracking as a function of piece 

size. It can be seen that the sections in Minnesota that had large pieces 

experienced· "tn•e::, highest amount of cracking. However, these are also the 

oldesf~~~tiin~·: {n Wisconsin, one section with small pieces had a 

significant amount of cracking. The remaining sections had less cr~~king. 

The Wisconsin sections, however, are JRCP. The one section with significant 

cracking had the thinnest overlay placed over a crack and seat JRCP section. 

No real conclusions can be drawn regarding the influence of piece 'size due to 

the confounding factors of pavement type, age, and overlay thickne'ss·. 

Reflection Cracking and Type of Roller 

The amount of reflection cracking with respect to type of rol'ler was :also 

evaluated. The results are shown in figure 24. The Minnesota sectii:ms h'.i:d:: 

the_ highest amount of cracking, and these sec·tions were seated with a 

pneumatic tire roller. CA 9-2 was also seated using a pneumatic roller; 

however, that section did not exhibit a greater quantity of cracki,ng than the 

other CA 9 sections. CA 9-6, which was not seated, also did not fall outside 

of the range of cracking exhibited by the remaining sections. The· other study 

sec:tions· were•s·e·ated ·etther with a vibrating· sheepsfoot-or· steel 0 whe'eled 

roller. These sections had less reflection c:··racking than the Minn~sota 

sections. It should be noted',h~~ev~r," t:hat.the Minnesota sections had the 

largest size cracked pieces. Consequently, there probably is an interaction 

between roller· typ~ and. s'ize of pi~ces; which"makes it: difffrul't t6"" draw 

conclusions about the effects of roller type. In addition, the Minnesota 

sections were the oldest sections, further confounding the analysis. 

Alligator Cracking 

The typical type of reflection cracking in- an AC overlay on PCC pavements 

is usually transverse or longitudinal cracking. The condition survey also 

revealed some interconnected cracking with the appearance of fatigue, or 

alligator, cracking. A plot of this cracking is shown in figure 25. 
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Minnesota sections experienced the most alligator cracking, while Wisconsin 

also had some. Both the control and the crack and seat sections experienced 

alligator crack.~~~d: •;~.!~1if{ti:~; ·ti.;~·•caiii~'rii'.i.a""~•r;;k .. ;~a ·;;~-t ~~~-t~~;;;· ;r;~·had 

minor amounts of··~1}iga'1,:or/c-f~ck~u.,g: .. '. :Th~;:;allfgca.,'tor cracking indicates basJ. 

failure, which ~/~{~f~;:·i-~ -~;· j~s-~~·f; :whe~··: ~~~--~ase fo composed: of PCC " 

pieces. However, ,the,.cr~~ki:ng is· generally :interconne:cted with linear 
::··: . :_,,.. ~ -- : . . ·- ' ' -

cracking. Therefore_, th·e)alligator cracking may be du'e to the further ·,· - ·- .• 

breakdown of the pav~me_nt in the ~reas where. traffic l·_oading interacts with; 
- ~: ,. ;' ,: ' .·, 

existing cracks. 

Rutting 

Rutting 

wheelpiths. 

the 

of the 

paveme~t lay.e-is ·or;, sµbgrade, which can be caused by lateral movement or 

consolfdatiort.· oLthe, materials due to traffic loadings:. In an AC overlay o'f 

PCC, this movement" or·• c'onsolidation takes pl-ace entirely in the hot mix AC,' . . 

due to .the P_GC be:iri.g .m~ch stiffer than the AC. Inadequate compaction of th_e 
··'. 

AC overlay d~ring construction can also lead to rutting. 

During the.• field·. S',!rveys, rut depths were measured at 200-ft intervals' in 

both wheelpaths :111· 'the '.outer (travel) lane for each of the study sections. 

Where traffic condit16ris permitte~, measurements were made in additional\ 

lanes. Rut depths; were: measured as the maximum distance from the bottOill\ of a 
. ·. 

6-ft straightedge placed- across one half of the traffic lane to the bottom i:,f 
.. _,:;·· ' , r·: :. ··;-t .~ -

the rut. The average· measurements are given in table 17. 

The average 'i:u't ... de.pths varied from a low of 0.02 in on Minnesota s~ctiim 
•'"," ·,., ... -·. 

7- 2A to a high of O. 48 ''in on Wisconsin section 1-3. The rut dept;hs measured 

on the cracked and s~lt'ed overlay~ were comp.ared with the amount measured o'n 
. --- ·- -- .. ·-· .-- ·-, ·- . ____ , .•.. -. " .. -:, . ...... ,. -·. 

their control sections:._: The avera_ge rutting .on the cr_fcked and ~eated 
1-·· 

overlays was 0.19 in, while on th~ control ci;;,.erlays th~ average w,~s 0.14 
.-··, 

i tj;;; 

.-' 

Average rut depth was analyzed for the five control projects. The crack 

and seat sections exhibited greater rutting by 0.02 in (87-percent 

confidence), which is an insignificant difference. 
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A plot of rut depth is shown in figure 26. It can be seen that in many 

cases, the crack and seat section had more rutting than the control sections. 

In particular, the crack and seat sections in Wisconsin and California had 

significantly more rutting. A plot of rut depth versus overlay thickness is 

shown in figure 27. The figure shows that the rutting on the control sections 

decreased with overlay thickness, while rutting on the crack and seat sections 

did not show any trend. 

The higher rutting on the crack and seat sections is probably due to 

secondary movement of the cracked slabs under traffic loading. The slabs in 

the control section still provide a rigid base, while the cracked slabs can 

now move. Observing the figure, it is seen that Wisconsin had the highest 

rutting; Wisconsin also had the smallest cracked pieces. The smaller pieces 

will have secondary movement before the large pieces, thus explaining 

increased rutting. 

Drainage 

The surface and visual drainage evaluation as described in chapter 3 

indicated drainage problems only for section FL4-2. FL4-2 is a crack and seat 

section with the overlay placed in 1979; the 1987 PSR rating was 4.4. 

Therefore, no basis for evaluating surface drainage characteristics is 

provided. 

The 1986 AASHTO Design Procedure added several elements to the Interim 

Guide for the design of pavements.[201 One significant addition was the 

inclusion of drainage coefficients. Volume V of Phase 1, "Appendix B - Data 

Collection and Analysis Procedures," describes a rational procedure to 

determine a combined •whole pavement" drainage coefficient that represents the 

impact of drainage on the potential life of the pavement being analyzed. 1411 

This procedure was used to evaluate each of the pavement sections. The 

resulting AASHTO drainage coefficients are plotted versus total linear 

cracking in figure 28 and versus roughness in figure 29. 
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Fabric Interlayers 

In California, the standard AC overlay used with the crack and.seat 

treatment is 0.35 ft thick and contains an interlayer of paving fabric 

(nonwoven polyester, polypropylene, or polypropylene/nylon materials).~31 

Table 18 presents the California sections (of those studied on this project) 

that contained a fabric interlayer. 

Table 18. California sections with fabric interlayer. 

Controls Crack and Seat 

CA 9-3 CA 9-2 
CA 9-7 

CA 10-2 
CA 10-3 

CA 11-1 CA 11-2 

On project CA 9, the two crack and seat sections with a fabric interlayer had 

less average linear cracking (1,388 ft) than the three corresponding crack and 

seat sections without fabric (2,422 ft). The control section with fabric, 

CA 9-3, also exhibited less linear cracking (6,610 ft) than the control 

section without fabric, CA 9-1 (7,854 ft). On CA 10, neither of the sections 

with fabric exhibited any linear cracking, while the section without fabric 

contained a small amount of linear cracking (264 ft). 

DEFLECTION MEASUREMENTS 

Nondestructive testing of all 29 study sections was conducted using a 

falling weight deflectometer (FWD) as described previously. The deflection 

measurements obtained were summarized in table 13. It can be seen that there 

was a wide variation in the measured wheel path deflections; from a low of 

2.50 mils to a high of 25.5 mils. The range of deflections for each section 

is illustrated in figure 30. The roughness of each study section was plotted 

against average deflection as shown in figure 31. As would be expected, 
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sections with higher deflections tend to exhibit greater roughness. Average 

deflection was also plotted against overlay thickness as shown in figure 32. 

No clear pattern is apparent. Although a thicker overlay may contribute to 

the overall structural capacity, the asphalt concrete will deform more than 

the underlying PCC. 

The maximum deflections for each wheel path testing point were plotted 

along the length of each section. These are presented in the appendix. Three 

deflection basins from each section were analyzed using the BISDEF elastic 

layer analysis program.1421 Points were selected to indicate the variations of 

values along the sections. The results, which were included in the design 

data summary table, generally did not indicate as great a reduction in modulus 

as might be expected. Only two sections had low values for the cracked and 

seated concrete of"less than 2 million psi. Only the Yreka County, California 

section had any backcalculated modulus values of less than 1 million. 

The results in the design data summary table indicate a broad range of 

values for many of the sections. Two factors contributed to these ranges. 

First, there was a wide variation in the results obtained. Second, many of 

the deflection basins could not be matched with an acceptable tolerance. 

Therefore, the results had to be considered within a wide margin of error. 

If the analysis of the crack and seat sections is considered carefully, 

the cause of both of the above factors is revealed. A cracked and seated 

layer is not an elastic layer and is not easily modeled as such. The location 

of an underlying crack with respect to the load influences the shape of the 

resulting deflection basins. The same load applied at different distances 

from an underlying crack results in different deflection basins. These 

different basins will result in the calculation of varying moduli for the 

cracked and seated layer. In addition, a deflection basin resulting from an 

applied load near an underlying crack may have an erratic shape that cannot be 

fitted by a smooth curve. Such basins are difficult to match with confidence 

using an elastic layer program. Therefore, answers could not be obtained for 

some of the analyzed deflection basins. The analysis was further complicated 

by the presence of cement-stabilized or lean PGG bases in some of the 

sections. 
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Since the evaluation of layer properties was largely unsuccessful, an 

alternative approach to evaluating the structural effects of cracking and 

seating was undertaken. For each section, the average deflection at each 

sensor position was analyzed. These average deflections were presented in 

table 13. In addition, the cross-sectional areas of these average deflection 

basins were calculated. Finally, a volumetric k (applied load/displaced 

volume) was determined for each pavement structure. These results were also 

provided in table 13. 

These values were then compared for the five control projects. The 

differences between the measured maximum deflections and calculated basin 

areas for the crack and seat and control sections were not statistically 

significant at the 95-percent confidence level. However, the average 

volumetric k's calculated for the crack and seat sections were slightly 

greater than those for the corresponding control sections. So, on the basis 

of the available data, no reduced layer structural properties can be predicted 

as a result of crack and seat procedures. 
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5. SUMMARY DISCUSSION AND CONCLUSIONS 

SUMMARY DISCUSSION 

A common method used to rehabilitate PCC pavements is the placement of 

az; AC overlay. These overlays often deteriorate rapidly due to the problems 

associated with reflection cracking. Numerous techniques such as sawing and 

sealing of joints, cracking and seating of the concrete slabs, crack arresting 

interlayers, and fabrics have been used in an attempt to reduce the adverse 

effects of these cracks. The results have shown wide variations in 

performance. The crack and seat method (not rubblizing) produces slab pieces 

much shorter than the original slab length, thus reducing movement due to 

temperature changes. The seating of the slab is designed to prevent rocking 

and other slab movements. Since the PCC slabs are not cracked into very small 

pieces, some structural capacity still remains in the existing pavement system. 

The purpose of this study was to evaluate the performance of and verify 

and/or develop improved design and construction guidelines for cracked and 

seated FCC pavements. These objectives were accomplished by evaluating the 

performance of cracked and seated pavements that have been in service for up 

to 12 years. Field condition surveys, roughness measurements, rut depths, 

deflection measurements, traffic, envirol'Ull:!ntal, and other data were obtained 

and analyzed to document and evaluate the performance of the cracked and 

seated FCC pavements. Design construction guidelines and guide specifications 

were developed using information from past research studies, existing design 

procedures, and field performance results from this study. 

It should be noted that the conclusions presented herein on the 

effectiveness of the crack and seat and overlay procedure are based on a 

limited number of sections. A total of 29 sections were evaluated, and of 

those there were only 5 true control sections which allowed direct performance 

comparisons between the crack and seat and AC overlay technique and the 

conventional AC overlay procedure. Further limitations to the analysis include 

the relatively few JRCP sections included in the study, the unequal 

distribution of crack and seat sections across climatic regions, the lack of 

JPCP crack and seat sections with small cracked pieces, and the lack of JRCP 

crack and seat sections with medium to large cracked pieces. 
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Although the conclusions presented herein are based on a limited number 

of sections, the conclusions are consistent with the previous findings of the 

Federal Highway Administration. An FHWA Review Report "Crack and Seat 

Perfonnance" states: r44 i 

"Of the 22 projects reviewed, only four projects showed 
appreciably less reflective cracking in the crack and seat (C&S) 
sections than in the control sections. To quantify the benefits 
of C&S, a measure of the difference in the percent of transverse 
joints which had reflected through the overlay was employed. 
Observations made during this review coupled with previous State 
condition surveys, where available, indicated a reduction in the 
percent transverse joints reflecting through the overlay during 
the first few years when C&S is applied. However, after 4 to 5 
years the C&S sections generally have approximately the same 
cracking as the control sections. Therefore, it can be concluded 
that overall, C&S appears to provide benefits under some 
conditions by delaying, not elilllinating, reflective cracking." 

The analysis conducted for this study did, however, show that the crack 

and seat procedure did not significantly reduce the structural capacity 

(IllOdulus of elasticity) of the pavement. This differs frOlll the FHWA review 

which states: 1441 

"Since the structural capacity of the existing pavement is reduced 
by cracking, more overlay thickness is required to maintain the 
same structural number as the non-cracked pavement. Using an 
overlay analysis such as AASBTO would typically result in the need 
for up to 3 inches to maintain equivalent structural capacity. 

The additional cost of: 1) the additional overlay thickness; 2) 
the cracking and seating; and 3) other required work such as 
shoulder and guardrail raising, must be evaluated to determine if 
these costs are justified. 

Based on this review and the lilllited field performance data 
available to date, it appears these extra costs may not be 
justified since the condition of the C&S and control sections 
seemed to be the same after some period of ti.me on most of the 
projects reviewed." 

The purpose of crack and seat is to significantly reduce reflection 

cracking, particularly the deterioration of cracks (:rredium and high severity). 

The data analysis did not show that the crack and seat and AC overlay 

technique significantly reduced medium and high severity reflection cracking 

except in California. In addition, reflection cracking for the crack and seat 

projects increased significantly with age. 

CONCLUSIONS 

It should be noted that the number of field evaluations under this 

research contract was limited by available funding and by the more 

comprehensive work (which is now underway) that was anticipated under the 
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Strategic Highway Research Program. Also, additional evaluations of the 

performance of the crack and seat and AC overlay technique are being conducted 

by the FHWA (under Demonstration Project SP-202). States using this technique 

are encouraged to establish control sections (same AC overlay thickness but 

without cracking and seating) to verify that their specified procedures result 

in the benefits desired or expected from the use of this rehabilitation 

technique. other procedures used elsewhere or subsequently developed may 

result in different pavement perfo:anance. 

Based on work-conducted during this study and reported herein, the 

following conclusions were drawn (the conclusions are presented in no 

particular order): 

Over the past 30 years, 24 States throughout the United States 
have experimented with the crack and seat and overlay of jointed 
portland cement concrete pavements. States that have documented 
their experiments with cracking and seating have reported 
experiences that range from poor to excellent. 

The crack and seat sections in California exhibited significantly 
less reflection cracking than the control sections. In addition, 
the use of a fabric interlayer further reduced the quantity of 
reflection cracking. 

The crack and seat sections with adjacent control sections studied 
in this project exhibited significantly less roughness than their 
corresponding control sections. The initial roughness of the 
sections, however, was unknown. 

Based on the analysis of the falling weight deflectcmeter (FWD), 
there was no significant loss of structural support (decrease of 
the modulus of elasticity) on the crack and seat sections. 

The crack and seat sections exhibited significant increases in 
cracking with age. 

The crack and seat sections with adjacent control sections 
exhibited more medil.llll and high severity cracking than the 
corresponding control sections, but less total cracking than the 
control sections. 
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INTRODUCTION 

PART II. CRACKING, SEATING, AND OVERLAY OF PORTLAND 
CEMENT CONCRETE PAVEMENTS 

A. DESIGN AND CONSTRUCTION GUIDELINES 

These guidelines provide information for engineers, technicians, and 

contractors involved with the design and construction of asphalt concrete (AC) 

overlays on portland cement concrete pavements. In particular, the guidelines 

discuss the cracking and seating and asphaltic concrete overlay of an existing 

jointed PCC pavement. 

NEED FOR CRACKING AND SEATING 

An accepted rehabilitation strategy for jointed portland cement concrete 

pavements is to overlay the pavement with an asphalt concrete material. The 

overlay should provide a new, smooth riding surface with good skid resistant 

characteristics. Thicker overlays will also increase the structural capacity 

of the pavement. Highway engineers often select an AC overlay because the 

work can be completed in a reasonable amount of time and initial capital costs 

are usually less than portland cement concrete overlays and concrete pavement 

restoration (CPR). 

There is a perplexing problem, however, with AC overlays on PCC 

pavements--the phenomenon of reflection cracking. Reflection cracking is the 

propagation of cracks and joints in the existing PCC pavement through the new 

overlay. Movement of the existing pavement causes reflective cracks in the 

overlay. Movement can be caused by temperature change, moisture content 

change, traffic loadings, and a combination of these conditions. The 

movements are usually classified as horizontal or vertical: traffic loading 

and poor load transfer efficiency cause vertical movements; temperature 

changes create horizontal movements. Movement of the PCC slab causes stress 

to concentrate above the existing joint or crack, and when the stress exceeds 

the limiting strength of the material, a crack will propagate. 
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The major oo.ncern wi:t:h reflection cracking is the possibility that it 

will lead to rapid de.terioration of the overlay. Reflection cracking allows 

moisture into the pavement .system and causes a loss of support from the 

subgrade and base layers. The crack can also deteriorate and spall, creating 

a :maintenance problem. Excessive spalling can lead to potholes or peeling of 

,the AC surface. 

The reflection cracking problem has been the focus of a significant 

amount of research. Many highway engineers are looking for a solution because 

of the large number of miles of pavement overlaid each year. Typically, these 

overlays will fail because of reflection cracking or other types of 

deterioration caused by cracking. Each load passing over the pavement or each 

change in temperature creates additional damage. 

Currently, there are two basic approaches to the solution of the 

reflection cracking problem. The first approach is to let the crack occur, 

but control it. This approach assumes that reflection cracking is inevitable; 

however, with proper construction techniques, the severity of cracking is 

minimal and good performance can be achieved. Sawing and sealing joints in 

asphalt concrete overlays on PCC pavements is the only treatment that 

effectively reduces the severity of reflection cracking. Other approaches, 

such as very thick overlays, will defer the cracking; however, a trade-off 

exists with increased overlay costs versus delay of cracking. 

The sawing and sealing of joints in asphalt overlays eliminates or 

reduces the severity of spalling at the reflective crack. Without the sawing 

and sealing, the reflective crack usually spalls and deteriorates to the point 

where a rough ride results from rapid breakdown of the pavement. 

The second approach is to mitigate the propagation of cracks in the AC 

overlay. Some of the treatments include: 

• Fabrics. 

• Stress-relieving interlayers. 

• Crack-arresting interlayers. 
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• Preoverlay repair. 

• Crack and seat. 

In one way or another, all of these treatments are designed to stop or 

reduce the rate of crack propagation. For example, fabrics act as a 

reinforcement layer in the AC overlay. The fabric physically restrains the 

opening of cracks. However, excessive movement will still cause reflection 

cracking. 

Stress-relieving interlayers dissipate the stresses from joint movement 

within the interlayer. Rubberized asphalt chip seals are an example of a 

stress-relieving interlayer. Crack-arresting interlayers are comprised of 

aggregate graded to create large voids designed to st9p crack propagation. 

The crack and seat procedure involves cracking the PCC slab into small 

segments, seating the segments into the sublayer, and then overlaying the PCC 

slab with an asphalt concrete. The purpose is to create small pieces of 

concrete so slab movement by thermal or other causes is minimal. The 

segments, however, are still large enough to have some structural integrity 

due to aggregate interlock. The slab seating is intended to ensure that the 

segments are in contact with the sublayer in order to eliminate any voids. 

Since the PCC slabs will be cracked, the condition of the existing PCC 

slabs can be less than desirable; some types of distress can be present 

without ~ffecting the overlay performance. In fact, crack and seat is a 

technique that can be used when conditions are beyond a level of acceptability 

for other treatments. Some of the distresses that are addressed by crack and 

seat are: 

• Faulted joints and cracks. 

• Rocking slabs due to voids. 

• Longitudinal cracking. 

• Patch deterioration. 

• Lane separation. 

• Joint deterioration due to D-cracking. 

• Deterioration due to reactive aggregate. 
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• Uneven slab settlement. 

• Corner breaks. 

• Spalling. 

The limits of distress severity are usually established by engineering 

judgment. The engineer should take into account the type and severity of 

cracking, load transfer ability, void size, pumping, etc., before making a 

decision about any treatment. 

California is one of the few States that have established criteria for 

cracking and seating. Their policy is: 

When a pavement has developed an unacceptable ride and there are 
extensive structural problems indicated by multiple cracking of over 
10% of the slabs in the individual truck lanes, the strategy is to 
crack and seat in the deteriorated lanes, install edge drains, and 
overlay with 0.35 ft. of AC including a pavement reinforcement 
fabric interlayer_ 1431 

The California Department of Transportation (CALTRANS) uses the following 

criteria to determine the extent of the cracking and seating: 

A. Use in all lanes expected to carry an appreciable amount of 
truck traffic. On facilities with six or more lanes, this 
would generally include the outer two lanes. On four-lane 
facilities, it would often include all lanes, especially in 
urban areas. 

B. Use in lanes expected to carry primarily auto traffic if 
there is 1/8 in or more average faulting with or without 
slab breakage. Where there is less than 1/8 in average 
faulting and no slab breakage, cracking and seating is not 
recommended. 

Other States use crack and seat on an experimental basis or use 

engineering judgment to determine when and where to use this procedure. 
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EFFECTIVENESS 

The crack and·. seat and over-Ia)\' te"d'mique has been used. for: over. 30 years 

by 24 State highway agencies. The. results, of its· effectiveness have ranged 

from poor to very good depending upon the agency. 

The results of· a nat:ional study, "PerfD,rmancejRehabilitation of Rigid 

Pavements," highlighted these mixed: result$. In the study, the crack and seat 

test sections had slightly less roughness than. the control sections. With 

respect to reflection c·racking, the contro.l sections initially had more 

cracking, but after & years the crack- and, se~t sections had more reflective 

cracking. The crack and seat sections: had. s1!.ightly mo,re rutting than the 

control sections. Consequently, it; was- concluded that the cracking and 

seating did not significantly improve, the. performance of the AC overlay. 

WORK PRIOR TO OVERLAY 

The nature of cracking and seating implies that the pavement w.£11 be 

broken and, consequently, that the cond:l:tion of the existing paveme-nt is 

irrelevant. This is only true in a limited sense. Cracking and se.ating should 

not be thought of as a panacea for rigid pavements with severe prob-lems. For 

example, extensive fatigue damage may be an indication that slabs are poorly 

supported and the foundation is inadequate. Therefore, the base will not 

provide sufficient support for the cracked and seated segments. 

Distress conditions such as severe joint spalling require full or partial 

depth repairs prior to the cracking and seating process. Join-ts and cracks 

should also be sealed prior to the cracking and seating construction. It 

should be remembered that the objective of the cracking process is to leave 

PCC segments that are large enough to provide structural capacity. If the 

pavement is broken into very small pieces, such as a rubbled condition, then 

the structural integrity of the slab is lost. 

Drainage problems should also be considered and corrected when a crack 

and seat treatment is used. Adequate drainage is important regardless of the 
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rehabilitation scheme. No extra benefit from crack and seat eliminates the 

need to provide adequate drainage for the pavement. 

DESIGN AND CONSTRUCTION 

The design of a crack and seat project requires a complete engineering 

evaluation of the entire project. A condition survey, nondestructive testing, 

a pavement design evaluation, and an economic analysis should be conducted to 

determine if cracking and seating is the most effective rehabilitation scheme. 

Like any other pavement project, each crack and seat job must be evaluated and 

designed on an individual basis. No two projects are ever alike. In general, 

however, a crack and seat project can be appropriate for most jointed PCC 

pavements. Both plain and reinforced slabs have been successfully cracked, 

seated, and overlayed. The pavement should be in fair condition, and the 

sublayer should be capable of supporting the expected traffic loads. 

Structural Design 

Many State agencies use engineering judgment to determine the required 

thickness of AC overlay. The AC overlay thickness is a function of the 

effective structural capacity of the existing PCC slab. The design of the 

thickness varies considerably across the United States. 

California, for example, overlays with a standard AC thickness of 

0.35 ft with a fabric interlayer. In Minnesota, the cracked PCC pavement is 

considered to be an asphalt concrete base that is 70 percent of the original 

slab thickness. Pennsylvania assigns a structural coefficient of 0.20 to 

all cracked and seated pavements. Kentucky assumes the cracked and seated 

pavement is equivalent to a dense graded aggregate. 

The only documented crack and seat design procedure is found in the 

1986 AASHTO Pavement Design Guide.r20I The AASHTO procedure is based upon a 

structural deficiency concept. Essentially, the AC overlay thickness is the 

difference bct· .. een a "new" pavement structure and the "effective" thickness 

of the existing slab. The design procedure follows the same method as the 

flexible overlay over existing rigid pavement analysis. Since it is assumed 
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that the cracking will create a common state of "damage," the F~ factor is 

held constant at 0.7. The effective thickness of the existing PCC slab is 

assumed to be 40 percent of the original thickness with a slab fragment size 

of approximately 30 in. If a postcracking NDT evaluation is done, then the 

a~ value is a function of the backcalculated modulus value with an a~ range 

of values equal to 0.14-0.44. The effective thickness of the existing subbase 

is also added to the cracked PCC slabs. 

Using the AASHTO design procedure with the selection of a structural 

coefficient does not guarantee the elimination of reflection cracking. Other 

types of AC overlay cracking can occur. For example, if the AC overlay is too 

thin, then fatigue cracking can occur. Overlay thickness has been in the 

range of 3 to 7 in. 

In the national study, the deflection data indicated a broad range of 

data. Many of the deflection basins could not be matched to theoretical 

basins. Based upon volumetric k and maximum deflection, there was no 

statistically significant difference (95-percent confidence) between the 

control sections and the crack and seat sections. On the basis of the 

available data, no reduced layer structural properties could be predicted as a 

result of the cracking and seating procedure. 

Crack Pattern and Segment Size 

The size requirement for cracked PCC slabs is subject to question. Crack 

sizes (longitudinal direction) have varied from 18 in to 6 ft. For design 

purposes, the question of slab size necessitates a compromise. The smaller 

the slab size, the less chance of movement due to temperature change. The 

larger the slab size, the more structural support from the existing slab. 

These two requirements are in competition during design. The trend has been 

to develop a smaller cracking pattern, which should reduce the reflection 

cracking. In the national study, no real conclusion could be drawn regarding 

the influence of piece size. 

The length to width ratio of the segments should be kept at 1:1 with a 

segment area of 4 to 6 ft 2
• 
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It is important that the cracking of the slab extends through the entire 

depth of slab. More important, however, is rupturing the steel reinforcement 

(if used) or breaking the bond between the steel and concrete. If the steel 

and concrete· bond remains intact, then the cracked slabs will still act as if 

they wer.e not broken. Slab movements due to temperature changes will be much 

larger than if the segments are short. 

A large variety of cracking equipment is available to contractors for the 

cracking process. In fact, the equipment is constantly being modified. The 

most common type of equipment is a pile driver with a modified shoe. Another 

similar piece of equipment is the guillotine hammer. The impact force can be 

controlled by changing the drop height. Another type of device is the whip 

hammer, which consists of a hammer attached to a leaf-spring arm. The fourth 

type of device is the resonant breaker. There have been problems, however, 

with this device since controlling the crack pattern is difficult. 

Keep in mind that the purpose of the cracking process is to crack the 

pavement--not destroy it. If the cracking device shatters the concrete into 

very small pieces, then the process is nrubbling," not cracking and seating. 

Care must be exercised so the device does not severely spall existing cracks 

or joints. It is good practice to keep the cracking device at least 10 in 

from an existing crack or joint. 

Seating of the PCC Se~ents 

After the PCC slabs have been cracked, the pieces must be firmly seated 

into the sublayer. The purpose of the seating operation is to ensure that all 

PCC segments are in contact with the support layer, which eliminates the 

rocking or movement of the slab. If the slabs are not properly seated, then 

excessive movement will take place and reflection cracking can occur. 

Slabs have been seated using very heavy rollers in the load range of 35 

to 50 tons. Steel wheel, pneumatic tire, sheepsfoot, and vibratory rollers 

have all been used. The most effective rollers found in the national study 

were the vibratory sheepsfoot drum rollers. The steel drum rollers (without 

vibrations) tend to bridge the slab segments; consequently, the roller does 

91 



not seat the segment. Pneumatic tire rollers are also considered effective by 

many agencies. 

In the past, a variety of rolling speeds, passes, and weights has been 

used. Experience has shown that the cracked pavement can be "over-rolled," 

which tends to weaken the subgrade. The strength of many fine-grained 

subgrade soils is stress dependent, and the over-rolling process reduces the 

modulus of the soil. It has been shown that deflections continue to increase 

with continued rolling. 

California suggests that not less than five passes of a 15-ton 

oscillating pneumatic-tired roller or a vibrating sheepsfoot roller that 

exerts a dynamic centrifugal force of 20,000 lb be used. The consensus 

implies that 2 to 3 passes of a SO-ton pneumatic tire or 4 to 5 passes of a 

35-ton pneumatic tire are adequate to seat the slabs. Additional rolling will 

not be beneficial to pavement performance. 

MAINTENANCE OF TRAFFIC 

There is a wide range of opinions concerning the maintenance of traffic 

and time to overlay. Some States, such as Kentucky and Tennessee, require 

that the overlay be placed within 24 hours of the crack and seat process. 

Other States, such as California and New York, allow up to 14 or 15 days of 

traffic before the overlay is placed. 

Obviously, if the subgrade is weak, it is possible that traffic will 

disturb the seated pieces. Also, the longer a section remains uncovered, the 

greater the possibility of water infiltration due to rainfall. 

Once again, the decision to open the section to traffic must be made on 

an individual basis as determined by the individual agency or the project 

engineer. 
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UTILITIES AND CULVERTS 

Cracking and seating should not be done over any subsurface utilities or 

~ulverts; the process can damage utility structures. The cracking process 

should be performed more than 5 ft from the utility/culvert locations. 
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B. GUIDE SPECIFICATIONS 

GENERAL 

The following guide specifications are recommended for use only after 

revision to reflect local agency policy and standards. 

DESCRIPTION OF WORK 

The work shall consist of cracking, seating, and overlaying portland 

cement concrete pavements. 

STANDARD SPECIFICATIONS 

The standard specifications applicable to the work on this project are as 

published in the current edition of (Local, State, Federal, Military) 

"Standard Specifications." 

SUBMITTALS 

Asphalt cement, aggregates, fabrics, and other materials associated with 

the construction shall be inspected and approved by the agency or engineer 

prior to their incorporation into the work. All asphaltic concrete mix 

designs shall be submitted for approval prior to the start of work. The 

contractor shall provide advance notice to the agency to permit testing and 

approval of materials before placing orders. All samples and the collection 

of samples will be forwarded without charge to the agency. 

Unless otherwise designated, all tests will be done in accordance with 

the most recently cited standard methods of ASTM or MSHTO--those current on 

the date of advertisement for bids--or with other testing methods approved by 

the agency and/or engineer. All materials are subject to inspection, testing, 

or rejection at any time. Any work done with unacceptable materials used 

without approval will not be paid for. The unacceptable materials will be 

removed and replaced with acceptable materials at the contractor's expense. 
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Equipment 

A list of equipment to be used shall be submitted to the agency and/or 

engineer for approval prior to use on the project. 

Manufacturer's Recorrmendations 

Copies of the manufacturer's installation procedures that are applicable 

to the material and equipment shall be submitted to the agency and/or engineer 

at the time the materials are submitted for approval. 

CONSTRUCTION REQUIREMENTS 

Breaking the PCC Pavement 

Prior to the cracking of the pavement, any existing asphalt patching or 

overlay shall be removed to the satisfaction of the engineer. 

Breaking of the PCC pavement shall be accomplished with equipment that 

has positive controls for the magnitude and location of the breaking force. 

Unguided free-falling weights such as "wrecking balls" shall not be permitted 

to crack the pavement. The equipment for cracking the concrete shall be 

approved by the engineer and shall be capable of producing the desired 

cracking without excessive displacement (no more than 1/2 in) or spalling of 

the concrete. 

Before the cracking operation takes place, the engineer shall designate a 

test section area where the contractor can test the cracking procedure and 

equipment. The contractor shall crack the pavement with various load 

magnitudes and spacing until a satisfactory crack pattern is 

established. 

The PCC pavement shall be cracked such that the majority of the pavement 

shall be in 18- to 24-in pieces with occasionally up to 30-in pieces. 

Acceptance of the cracked slab size shall be at the discretion of the 
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engineer. The contractor shall apply a minimum amount of water to the 

pavement surface to help determine the extent of the cracking. 

The contractor shall be required to crack the PCC slab for the full depth 

of the pavement section. If the slab contains reinforcement steel, the bond 

between the steel and the concrete shall be broken by the cracking process. 

The contractor shall not crack the pavement within 5 ft of subsurface 

utilities or culverts. Also, the contractor shall make provisions to protect 

passing traffic from any flying debris. 

Seating the PCC Pavement Segments 

After the pavement has been cracked, the contractor shall seat the 

cracked pieces into the existing sublayer. The pavement shall be seated with 

a pneumatic tire roller weighing a minimum of 35 tons or a vibratory 

sheepsfoot roller. The number of passes of the roller shall be determined by 

the engineer during the cracking and seating of the test section. A minimum 

number of roller passes shall be used to minimize softening of the subgrade. 

Overlaving the Cracked and Seated Pavefflent 

Traffic can be maintained on the cracked and seated pavement at the 

discretion of the engineer; however, the pavement shall be cleaned of all 

loose debris prior to overlay. The overlay shall be placed according to the 

standard operating procedures of the agency. 

MEASUREMENT AND PAYMENT 

Method of Measurement 

Cracked and seated concrete pavement will be measured by the square yard. 
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Basis of Payment 

The unit bid price shall include the cost of furnishing all labor, 

materials, and equipment necessary to complete the crack and seat and overlay 

work. 
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APPENDIX 

Figures 33 through 56 are plots of the maximum deflections measured in 

the wheel path of the outer lane during the FWD testing. 
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Figure 36. Deflection profile for CA 9-4. 
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Figure 37. Deflection profile for CA 9-5. 
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Figure 38. Deflection profile for CA 9-6. 
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Figure 40. Deflection profile for CA 10-1. 



I-' 
I-' 
I-' 

,...._ 
(/) 

::! 
~ .._, 

•J 

m 
...J 

0 
0 
0 
(J1 

,_ 
'1. 

z 
0 
i= 
(.I 
Lil 
...J 
IL 
L,J 
0 

X 
,f 

L 

6 

5.9 

5.8 

5.7 

5.6 

5.5 

5.4 

5.3 

5.2 

5.1 

5 

4.9 

4.8 

4.7 

4.6 

4.5 

4.4 

CA 10-2 

0 0+50 1 +00 1+50 2+00 2+50 3+00 3+50 4+00 4+50 

STATION IN SECTION 

Figure 41. Deflection profile for CA 10-2. 
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Figure 42. Deflection profile for CA 10-3. 
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Figure 43. Deflection profile for CA 11-1. 



. CA 11 -2 

10 -.---------

9 
,-., 
(11 
..J 

::'.! 
-..., 

8 
(J) 
..J 

0 
0 
0 7 
(11 

I-
<( 

;;:: 
6 0 

f:": 
I-' 
I-' .,,.. 

'-.> 
w 
J 
LL 

5 
l.u 
0 

X 
•( 
;::; 

4 

3 

0 0+50 1 +00 1 +50 2+00 2+50 3+00 

STATION IN SECTION 

Figure 44. Deflection profile for CA 11-2, 
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Figure 45. Deflection profile for CA 12. 
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Figure 46. Deflection profile for FL 4-1. 
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Figure 49. Deflection profile for MN 7-2. 
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Figure 51. Deflection profile for WI 1-1. 
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Figure 54. Deflection profile for WI 1-4. 



WI 3-1 

27 

26 

25 
r-,, 

(fl 
24 _J 

;; .__, 
23 

: 
m 
_J 22 
0 
0 
0 21 ,1, 
I 20 • r 
~ ,_ 
0 19 

I-' ,-·: 
Is.) ,_, 
V, lt/ 18 

_J 

IL 
w 17 0 

X 16 •.( 

L 
15 

14 

13 

0 1 t-00 2+00 3+00 4+00 5+00 6+00 7+00 8+00 9+00 10+00 

STATION IN SECTION 

Figure 55. neflection profile for WI 3-1. 



WI 3-2 
37 

36 

35 
I I 'Q, 

,...... 34 
(/1 
.J .3.3 
~ 
'--' 32 

CD 31 .J 

0 .30 
0 
0 

29 7 m .f Ill 
I-
•f 28 

z 27 0 .... t-- 26 N u 
a, w 

_j 25 ,,_ 
IJI 
(J 24 

Y. 2.3 "( 

~ 22 

;H ~0 

I I I 

0 1 +00 2+00 3+00 4+00 5+00 6+00 7+00 8+00 9+00 10+00 

STATION IN SECTION 

Figure 56. Oeflection profile for WI 3-2. 



1. 

REFERENCES. 

U.S. Department of Transportation, OUr Nation's Highways: Selected 
Facts and Figures, (Washington, DC: Federal Highway Administration, 
1982). 

2. W. P. Kilareski and R. A. Bionda, Improved Design and Construction 
Procedures for Sawing and Sealing Joints in AC Overlays Over Existing 
PCC Joints, Final Report, FHWA-RD-89-142, (Washington, DC: Federal 
Highway Administration, 1989). 

3. M. B. Snyder, M. J. Reiter, K. T. Hall, and M. I. Darter, 
Rehabilitation of Concrete Pavements: Volume I - Repair Rehabilitation 
Techniques, Final Report, FHWA-RD-88-071, (Washington, DC: Federal 
Highway Administration, 1988). 

4. Natiqnal Cooperative Highway Research Program, Breaking/Cracking and 
Seating Concrete Pavements, Final Draft, NCHRP Project 20-5,: Topic 
17-09, (Washington, DC: Transportation Research Board, January 1988). 

5. W. P. Kilareski and R. A. Bionda, Rigid Pavement Structural Overlay 
Summary Report, (Washington, DC: Federal Highway Administration, July 
1987). 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

RBASE System V User's Manual (Bellevue, WA: Microrim, Inc., 1987). 

H.J. Treybig, B. F. McCullough, P. Smith, and H. Von Quintus, Vol. 1 
Development of New Design Criteria, Overlay Design and Reflection 
Cracking Analysis for Rigid Pavements, FHWA-RD-77-66, (Washington, DC: 
Federal Highway Administration, August 1977). 

B. E. Gray and G. E. Martin, "Resurfacing of Concrete Pavements with 
Bituminous Types of Surfaces," HRB Proceedings, Vol. 12, (Washington, 
DC, December 1932) pp. 177-92. 

A. J. Bone and L. W. Crump, "Current Practices and Research on 
Controlling Reflection Cracking," Bulletin No. 123, Highway Research 
Board (Washington, DC, 1956) pp. 33-9. 

G. Shennan, "Minimizing Reflection Cracking of Pavement Overlays," 
NCHRP Synthesis of Highway Practice 92, (Washington, DC: 
Transportation Research Board, September 1982). 

R. E. Smith, R. P. Palmieri, M. I. Darter, and R. L. Lytton, Pavement 
Overlay Design Procedures and Assumptions, Vol. II: Guide for 
Designing and Overlay, FHWA/RD-85/007, (Washington, DC: Federal 
Highway Administration, October 1984). 

F. R. Mccullagh, Refection Cracking in Bituminous Overlays on Rigid 
Pavements, Special Report 16, (Albany, NY: New York State Department 
of Transportation, Engineering Research and Development Bureau, 
February 1973). 

127 



13. 

14. 

P. w. Jayawickrama and R. L. Lytton, "Methodology for Predicting 
Asphalt Concrete OVerlay Life Against Reflective Cracking," 
Proceedings, Sixth International Conference on the Structural Design of 
Asphalt Paveuents, Vol. I, (July 13-17, 1987) pp. 912-24. 

P. W. Jayawickrama, R. E. Smith, R. L. Lytton, and M. R. Tirado-, 
Development of Asphalt Concrete OVerlay Design Equations., Vol. I: 
Devel9P"'eT\t of Design Procedures, (Champaign, IL: ERES Consultants, 
Inc., March 1987). 

15. O. L. Kipp and C. K. Preus, "Minnesota Practices in Salvaging Old 
Paveuents by Resurfacing," BRB Proceedings, Volume 30, (1950), pp. 260-
273. 

16. P. G. Velz, "Effect of Pavement Breaker Rolling on Crack Reflectance of 
Bituminous OVerlays," BRB Bulletin 290, (1961), pp. 39-50. 

17. G. R. Korfhage, "Effect of Pavement Breaker Rolling on Crack 
Reflectance of Bituminous overlays," Highway Research Record 327, 
(1970), pp. 50-63. 

18. S. M. Kanarawski, "Study of Reflection Cracking in Asphaltic Concrete 
overlay Pavements," Phase I, Technical Report No. AFWL-TR-71-142, 
(Construction Engineering Research Laboratory, U.S. Army Engineers, 
1968). 

19. J. W. Lyon, "Heavy Pneumatic Rolling Prior to overlaying: A 10-Year 
Project Report," Highway Research Record 327, (1970), pp. 45-49 

20. "AASBTO Guide for Design of Pavement Structures," (American Association 
of State Highway and Transportation Officials, 1986). 

21. E. B. Drake, "Breaking and ·Seating of Portland Cement Concrete 
Pavements Prior to Bituminous Concrete OVerlays in Kentucky," Volume 
54, (American Association Paving Technologists, 1985). 

22. R. A. Welke, A. B. Webb, Jr., and c. van Deusen, "Cracking and Seating 
of Jointed Portland Cement Concrete Pavements in Michigan," 
(Association of Asphalt Pavement Technologists, 1984), pp. 51-79. 

23. R. D. Smith, "California Implements Crack and Seat Strategy," Roads and 
Bridges, (May 1985). 

24. "Design Strategies for PCC Pavement Rehabilitation Projects," Design 
Information Bulletin No. 61, ccalifornia Depa.rtnEnt of Transportation, 
1982). 

25. M. I. Darter, E. J. Barenberg, and w. A. Yrjanson, Joint Repair Methods 
for Portland Cement.Concrete Pavements, NCBRP Project 1-21, Report No. 
281, (Washington, DC: National Cooperative Highway Research Program, 
1985). 

26. ~- s. Allen,· "Methods and Materials for Reducing Crack Reflectance,• 
Report No. FIOOVHN/RD-84/09, (Minnesota Department of Transportation, 
January 1985). 

128 



27. c. Crawford, "Cracking and seating of PCC Pavements Prior to OVerlaying 
with Hot Mix Asphal.t state pf the Art," Information services 91, 
(National Asphalt Pavement Association, 1985). 

28. J. w. Lyon, "Beavy Pneumatic Rol-ling Prior to OVerlaying: A 10-Year 
Project Report," Highway Research Record 327, (Bighway Research Board, 
Washington, DC, 1970), PP• 45-49. 

29. M. D. Bainess and J. J. Sudal, "Cracking and Seating of Concrete 
Pavement on I-74;" Initial Construction 1µ1d Interim Performance Report, 
(Indiana Department of Bighway, September 1986). 

30. "Effects of Slab Breaking and Seating oil Diffe";rential Vertical Movement 
at PCC slab Joints and Cracks," (Califo:tnia Depa.rtn'ient of 
Transportation, May 1982). 

31. 

32. 

33. 

34. 

35. 

36. 

37. 

38. 

39. 

40. 

R. D. Smith, "Effects of Slab Breaking and Seating on Differential 
Vertical Movement at PCC Slab Joints and Cracks," (California 
Department of Transportation, July 1983). 

K. Smith, M. I. Darter, J.B. Rauhut, and K. T. Ball, Distress 
Identification Manual for the Long-Term Pavement Performance Studies, 
(Washington, DC: Strategic Highway Research Program, March 1987). 

R. s. Walker and R. W. Hudson, "Method for Measuring Serviceability 
with the May's Ride Meter," Special Report 133, (Washington, DC: 
Bighway Research Board, 1973) pp. 68-72. 

C. L. Monismith.and F. N. Finn, "Asphalt OVerlay Design Procedures," 
NCHRP Synthesis of Highway Practice 116, (Washington, OC: 
Transportation Research Board, December 1984). 

The Asphalt Institute, Thickness Design-Asphalt Pavement for Bighways 
and Streets, Manual Series No. 1 (MS-10), (College Park, MD, September 
1981). 

E. J. Yoder and M. w. Witczak, Principals of Pavement Design. (New 
York, NY: John Wiley and l?<)ns, 1975). 

R. Baas and w. R. Hudson, Pavement Management Systems, (New York, NY: 
McGraw-Bill, Inc., 1978). 

A!Derican Society for Testing and Materials, "Standard Definitions of 
Terins Relating to Traveled Surface Characteristics," Annual Book of 
ASTM standards, Part 4; Volume 4;03, 1983. 

w. N. Carey and P. E. Irick, "The Pavemerit Serviceability-Performance 
concept," HRB Bulletin 250, (Washington, DC: Highway Research Board, 
1960). 

W.R. Blldson, F. N~ Finn, R. D. Pedigo, and F. L. Roberts, Relating 
Pavement Distress to Serviceability and Performance, Report.No. 
FHWA/RD-80/098, (washington, DC: Federal Highway Administration, 
February 1981). 

129 



41. ERES Consultants, Inc., Appendix B - Data Collection and Analysis 
Models, FHWA-RD-89-140, (Washington, DC: Federal Highway 
Administration, 1989). 

42. A. J. Bush, III, Nondestructive Testing for Liaht Aircraft Pavements, 
Phase II: Development of the Nondestructive Evaluation Methodology, 
Report No. FAA-RD-80-9-II, (Washington, DC: Federal Aviation 
Administration, November 1980). 

43. K. Y. Mori, Pavement Design and Rehabilitation in California, 
(California Department of Transportation, undated). 

44. Crack and Seat Perfonnance, Review Report,·Denonstration Projects 
Division and.Pavement Division, (Washington, DC: Federal Highway 
Administration, April 1987). 

130 




