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Foreword 

This publication, Nondestructive Testing of Pavements and Backcalculation of Moduli: Third 
Volume, contains papers presented at the symposium of the same name held in Seattle, Washington, 
on 30 June and 1 July, 1999. The symposium was sponsored by ASTM Committees D18 on Soil and 
Rock and D4 on Road and Paving Materials. The symposium co-chairmen were Shiraz D. Tayabji, 
Construction Technology Laboratories, Inc., and Edand O. Lukanen, Braun Intertec Corporation. 



Contents 

Overview ix 

KEYNOTE PRESENTATIONS 

Pavement Testing and Backcalculation Technologies---Challenges for the 21 st 
Century--J. p. MAHONEY 

Will Nonlinear Backcalcnlation Help?--p. ULLIDTZ 

Integrating Ground Penetrating Radar and Falling Weight Deflectometer 
Technologies in Pavement Evaluation--T. SCULLION AND T. SAARENKETO 

3 

14 

23 

DEFLECTION TESTING AND BACKCALCULATION OF AC PAVEMENTS 

Small-scale Dynamic Devices for the Measurement of Elastic Stiffness Modulus on 
Pavement Foundations---p. R. FLEMING 

Nevada's Approach to the Backcalculation Process---P. E. SEBAALY, S. BEMANIAN, 
AND S. LANI 

Evaluation of Laboratory Determined and Nondestructive Test Based Resilient 
Modulus Values from WesTrack Experiment--s.  SEEDS, S. ALAVI, W. OTT, 
M. MIKHAIL, AND J. MACTUTIS 

Prediction of Pavement Deterioration Based on FWD Resnlts--J. w. MAINA, 
H. YOKOTA, O. A. MFINANGA, AND S. MASUDA 

41 

59 

72 

95 

DEFLECTION TESTING AND BACKCALCULATION--SEASONAL VARIATIONS 

Variations in Baekcaleulated Pavement Layer Meduli in LTPP Seasonal 
Monitoring Sltes---R. C. BRIGGS AND E. O. LUKANEN 

Seasonal Variations in Baekealculated Pavement Layer Moduli in Milmesota--  
J. M. OVIK, B. BIRGISSON, AND D. E. NEWCOMB 

Seasonal Trends and Causes in Pavement Structural Properties---H. ALl AND 
O. SELEZNEVA 

Comparison of Backcalculated and Laboratory Measured Moduli on AC and 
Granular Base Layer Materials---H. zHou 

113 

129 

144 

161 



vi NONDESTRUCTIVE TESTING OF PAVEMENTS 

DCP TESTING 

Comparison of the Dynamic Cone Penetrometer with Other Tests During Subgrade 
and Granular Base Characterization in MinnesotamJ. A. SIEKMEIER, D. YOUNG, 
AND D. BEBERG 

The Israeli Experience with the Regular and Extended Dynamic Cone 
Penetrometer for Pavement and Subsoil-Strength EvaluationmM. LIVNEH, 
N. A. LIVNEH, AND I. 1SHAI 

Use of Instrumented Dynamic Cone Penetrometer in Pavement 
Characterization--s. NAZAPaAN, V. TANDON, K. CRAIN, AND O. YUAN 

175 

189 

214 

DEFLECTION TESTING AND BACKCALCULATION--PCC PAVEMENTS 

Characterization of Transverse Cracks in Jointed Concrete Pavements (JCP's) 
Using Nondestructive Test (NDT) Methods---M. A. F~BIZZIO AND N. J. BUCH 

LTPP Rigid Pavement FWD Deflection Analysis and Backcalcniation Proeedure--- 
L. ~ N O V I C H ,  T. J. MCPEAK, AND S. D. TAYABJI 

Closed-Form and Semi-Closed-Form Algorithms for Backcalculation of Concrete 
Pavement Parameters---T. F. FWA, K. H. TAN, AND S. LI 

Evaluation of Concrete Pavement Conditions and Design Features Using LTPP 
FWD Deflection D a t a - - Y .  J. JIANG AND S. D. TAYABJI 

231 

246 

267 

281 

GPR AND NEWER NDT 

A New Backcalculation Procedure Based on Dispersion Analysis of FWD 
Time-History Deflections and Surface Wave Measurements Using Artificial 
Neural Networks---Y. R. K]M, B. XU, AND Y. KIM 

Pavement Characterization Using Ground Penetrating Radar: State of the Art And 
Current  Pract ice---K.  R. MASER 

Seismic Pavement Analyzer Vs. Falling Weight Deflectometer for Pavement 
Evaluation: Comparative Study--K. TAWnQ, J. ARMAGHANI, AND J. SOBANJO 

Use of Seismic Pavement Analyzer in Forensic Studies in Texas---M. MCDANmL, 
D. YUAN, D. H. CHEN, AND S. NAZARIAN 

DYNAMIC ANALYSIS OF DEFLECTION DATA 

Effect of Frequency-dependent Asphalt Concrete Layer Moduli on Pavement 
Response---K. CHATrl AND TK. rdM 

Use of Multifrequency Backcaiculation for Determining Moduli of a Pavement 
Structure--Y. v. KANG 

297 

313 

327 

346 

365 

383 



CONTENTS vii 

Dynamic Analysis of FWD Test Results for Rigid Pavements---L. KHAZANOVICH 398 

Dynamic Backcalculation and Overlay Design Based on FWD DataDJ. w. MAINA 
AND H. YOKOTA 413 

ROLLING WEIGHT DEFLECTOMETER 

Continuous Profiling of Flexible and Rigid Highway and Airport  Pavements With 
the Rolling Dynamic D e f l e c t o m e t e r - - J .  A. BAY AND K. H. STOKOE, II 429 

A Comparison of the Rolling Weight Deflectometer with the Falling Weight 
DeflectometerDR. C. BRIGGS, R. F. JOHNSON, R. N. STUBSTAD, AND L. PIERCE 444 

Development of a Laser-Based High Speed Deflectograph----o. HILDEBRAND, 
S. RASMUSSEN, AND R. ANDRt~S 457 

Comparative Studies of Backcalculated Results from FWDs with Different Loading 
Duration--K. MATSUI, V. KIKUTA, T. NISHIZAWA, AND A. KASAHARA 470 

NOTEWORTHY PAPERS NOT PRESENTED AT SYMPOSIUM 

Prediction of Remaining Life of Flexible Pavements with Artificial Neural Networks 
Models---i. ABDALLAH, C. FERREGUT, S. NAZARIAN, AND O. M. LUCERO 484 

Estimation of Design Season Modulus for Overlay Design--N. M. JACKSON, 
J. W. ANDREW, AND E. C. DRUMM 499 

Flexible Pavement Condition Evaluation Using Deflection Basin Parameters And 
Dynamic Finite Element Analysis Implemented by Artif idal  Neural 
Networks---v. R. raM, Y.-C. LEE, AND S. R. RANJITHAN 514 

Author Index 531 

Subject Index 533 



Overview 

This proceedings represents the papers presented at the Third International Symposium on 
Nondestructive Testing of Pavements and Backcalculation of Moduli, June 30-July 1, 1999, Seattle, 
Washington. The Third Symposium carried on the tradition established by the two previous symposia 
on the same subject--the 1998 symposium held in Baltimore, Maryland and the 1993 symposium 
held in Atlanta, Georgia. As with the previous two symposia, the Seattle Symposium presented the 
advances in nondestructive testing (NDT) of pavements using conventional falling weight deflec- 
tometer (FWD) technique and other promising techniques such as ground penetrating radar (GPR), 
rolling weight deflectometer (RWD) testing, and seismic techniques. In addition, topics presented in- 
eluded dynamic analysis of deflection data, the use of neural network analysis and the use of dynamic 
cone penetrometer (DCP) testing. 

The FWD technique has matured over the past ten years. Field procedures have been reasonably 
well established and significant progress has been made in backcalculation techniques. However, 
gaps still remain in achieving comprehensive, bias-free, backcalculation methodologies for asphalt 
concrete (AC) and hydraulic cement concrete (HCC) pavements that rationally account for depth to 
bed-rock, water-table effects, and slab curling effects. 

The FWD testing is playing an important role in evaluating the structural condition of existing 
pavements and in understanding the effects of seasonal variations on pavement response (and subse- 
quently on pavement performance). The RWD, when fully developed, will significantly change the 
manner in which we perform deflection testing. Similarly, it is expected that in the near future, the 
more rapid GPR and seismic techniques will become more established tools for pavement evaluation. 
All these developments promise an exciting next decade for pavement evaluation. 

The papers presented at the Seattle Symposium represent an international effort in both the practi- 
cal as well as the developmental aspects of NDT of pavements. As included in these proceedings, the 
papers cover a broad range of topics that will be of interest to practitioners as well as researchers. The 
topics presented at the symposium and included in these proceedings are as follows: 

The proceedings section is divided as follows: 

Session 1--Keynote presentations 
Session 2--Deflection Testing and Backcalculation of AC Pavements 
Session 3--Deflection Testing and Backcalculation--Seasonal Variations 
Session 4---Dynamic Cone Penetrometer Testing 
Session 5--Deflection Testing and Backcalculation of PCC Pavements 
Session 6----GPR and Newer NDT 
Session 7--Dynamic Analysis of Deflection Data 
Session 8---Rolling Weight Deflectometer 

A total of twenty-nine papers were presented at the Seattle Symposium which are included in this 
proceedings. Also included in this book are three additional papers which were not presented. The 
symposium was attended by over 120 engineers from several countries. 

The presentations and discussions at the symposium indicate that although the FWD field testing 
protocols appear to be fairly well standardized, there is still a need to bring the various backcalcula- 
tion techniques into a standard format to ensure consistency of results from one technique to another. 
This problem is somewhat complicated by the fact that there is lack of agreement among researchers 
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on how to establish the ground truth for the layer moduli, especially if non-linearity and other 
material characterization issues are considered. 

The geographic diversity of the presenters and attendees at the symposium indicate the continuing 
growth in the acceptance of NDT for pavement evaluation. The combination of the growth in usage 
of NDT and the continuing development of new techniques emphasize the need for continuation of 
development of standard guidelines, practices, and test methods. 

The editors wish to thank all those who participated in the Seattle Symposium, those who con- 
tributed to this Special Technical Publication (STP) and importantly the many peer reviewers who 
provided important feedback to the authors. The editors also wish to thank ASTM Committees D 18 
and D04 for sponsoring the symposium, the members of Subcommittees D18.10 and D04.39 for sup- 
porting the symposium and the ASTM staff for their assistance with the planning for the symposium 
and for preparation of this STP. Specifically, the assistance of Ms. Dorothy Fitzpatrick, Ms. Hanna 
Sparks, Ms. Annette Adams, and the editorial staff at ASTM is gratefully acknowledge. The high 
quality of the symposium and this STP would not have been possible without their dedicated and 
professional effort. 
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Erland O. Lukanen 
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Minneapolis, Minnesota 
Symposium Co-chair and Co-editor 
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