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PREFACE 

This report is the second report related to nondestructive evaluation of 

pavempnts conduct~d und~r Research Projpct 3-8-84-387. "Purchasing and 

Adapting a Falling Weight .Deflectomettl'r for Nondestructive Evaluation and 

Rpsearch on Rigid Pavements in T~xas". This research project is bping 

conducted at the Center for Transportation Research. The University of Texas 

at Austin. as part of thp. Coo~rative Highway Research Program sponsor~d by 

the State Department of Highways and Public Transportation and the Federal 

Highway Administration. This report forms a user's guidp for th~ two splf­

iterative computer programs for pavement evaluation. developed and described 

in thp pr~ceding Res~arch Report 387-1. 
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LIST OF REPORTS 

Research Report 387-1, "A Structural Evaluation Methodology for 

PavE-ments Bas~d on Dynamic Deflections," by Wah@ed Uddin, A. H. Meypr, and W. 

Ronald Hudson, presents the development of two computer programs, R.PEDDI and 

FPEDDl, for comprehensive structural evaluation of rigid and flexible 

pavements using dyuamic deflectiou basin data, for use by Texas State 

Department of Highways and Public Transportation, July. 1985. 

Research Report 387-2, "A User's Guide for Pavement Evaluation Programs 

R.PEDDI and FPEDDI. It by Wahepd Uddin. A. H. Meyer. and W. Ronald Hudson is a 

stand-alone user's manual for computer programs R.PEDDI and FPEDDI developed 

and described in the preceding Research Report 387-1. 
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ABSTRACT 

A general background of computer programs RPEDDI (for rigid pavements) 

and FP£DDI (for flE'xiblE' pavements) is dPBcribpd. 'nlese programs arp us@d 

for nondestructive evaluation of pavE'llllents baaed on the deflection basins 

measurpd by a Dynaflpct or a falling weight deflpctometer. A detailpd input 

guide is presented as well as guidelines on implementation. 

KEYWORDS: Pavempnts, rigid, flpxible, nondestructive, Dynaflpct. falling 

weight deflectometer, deflection insitu aoduli. evaluation. 
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SUMMARY 

This report has been prepared to serve as a user's guide for thp. 

structural @valuation of in-service pavemp.nts using computp.r programs RPEDDl 

(for rigid pavements) and FPEDDI (for flexible pavements). These programs 

were deve\opp.d in Research Report 387-1 to analyze dynamic deflection basins 

measured#' by a Dynaflect or a falling wf!ight d@flectometer. A brip.f 

description of gf!np.ral background, a detailed input guidp.. and guidplines on 

imp1f!mentation ar@ also presented in this report. 
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IMPLEMENTATION STATEMENT 

The user's guide for the computer programs B.PEDDI (for rigid pavements) 

and FPEDDI (for flexible pavpmpnts) should be immediatPly implempnted by 

SDHPT. It will result in substantial savings in time and computational cost 

which is normally incurred using thp existing pavement evaluation procedures 

for analyzing nondestructive test data measured by tbe Dynaflect and falling 

weight deflectom .. t .. r. When impl@mented, the fr.amework of the structural 

evaluation system recommended in this study is going to be an indispensable 

part of thp overlay design systems used in Texas. 



!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
"#$%!&'()!*)&+',)%!'-!$-.)-.$/-'++0!1+'-2!&'()!$-!.#)!/*$($-'+3!

44!5"6!7$1*'*0!8$($.$9'.$/-!")':!



TABLE OF CONTENTS 

DISCLAIMER • 

PREFACE 

LIST OF REPORTS • . . 
ABSTRACT. 

SUMMARY . . . . 
IMPLEMENTATION STATEMENT • 

CHAPTER 1. INTRODUCTION 

Background 
Computer Programs RPEDDI and FPEDDI • 

Basic Input Data • 

• 

. . 

Back Caluculation of Insitu Moduli from Deflection Basin • 
Corrpctions for Nonlinpar Behavior of Pavement Sublayers • 

CHAPTER 2. 

Nonlinear, Strain-Sensitive Moduli 
Insitu Moduli of Stabilized Layers 

Temperature Correction • 
Rpmaining Life Analysis 
Output • 

INPur GUIDE 

Data Acquisition 
Nondestructive Test Data • 
Acquisition of Pavement Data • 

Pavement Type and Cross Section • 
Pavement Condition Data • 
Material Data • 
Ovprlaid Pavments • 

Traffic Infonaation 
Design Load Configuration 

Input Guide • 

xiii 

ii 

iii 

v 

. viii 

· . 

· . 

• • 

· . 

ix 

xi 

1 
2 
2 
2 
4 
4 
4 
4 
5 
5 

9 
9 
9 
9 

10 
10 
10 
10 
13 
13 



Input Data • • • . • . • • • • 
Idealized Pavpment Structure • 

Example Applications 
Summary • • . • • • • • . . . .. . . 

CHAPTER 3. APPLICAT10N/IMPLEMENTATION 

Application " . " .. ................. " .. . 
Application of Pavempnt Maintenance/Rehabilitation 
Ovpclay Design-Evaluation of Insitu Dpsign Moduli 

Needs • 

Implementation of Structural Evaluation System . . 
SUIDmar y " .. . • . .. . .. . . . . . • • . .. • • . 

REFERENCES • • • • • • • • • • • .. • • .. • • • .. • • • • • • • • • • • • 

APPENDIX A. EXAMPLE OUTPUTS OF RPEDDI AND FPEDDI 

xiv 

D 
26 
26 
28 

29 
29 
31 
32 
32 

35 

37 



CHAPTER 1. INTRODUCTION 

BACKGROUND 

Nondpstructivp evaluation of pavempnts is pprformpd using such dynamic 

load devices as a Dynaflect or a falling weight dpflectometpr. Referpnce 1 

presents a methodology to analyze dynamic deflection basins measured by thpsp 

devices. The framework proposed in this study for a structural evaluation 

system using dynamic deflection basins is comprised of several stages; as 

summarized below. 

(1) The measured deflection basin is analyzed on an individual basis. 

(2) Insitu moduli are determinpd using the self-iterative inverse 

application of layered theory. 

(3) Insitu moduli determinpd from a Dynaflpct deflection basin are then 

corrected by equivalent linear analysis to take into account 

non 1 ine>ar; strain-softening behavior of granular layers and 

cohesive subgrade. 

(4) The> final combination of correctPd insitu moduli are thpn to be 

used to predict critical responses under a given design load 

configuration to makp a remaining life> analysis as discussed in 

d",tail in this chapter. The surface aspbalt concretp modulus (for 

the flexible pavements) is corrpcted for tpmperature effpct. 

(5) Tbe final outputs from the use of tbe computerized structural 

evaluation system are tablps whicb summarize tbp rpsults of 

critical responses, f.tigue life, remaini.ng tife and final 

combination of corrected insitu moduli with respect to each te>st 

location along tbe roadway. 

(6) Compute>r programs RPEDDl and FPEDDI were> developpd for rigid and 

flexible pavemp.nts. In tbe implemp.ntation/apptication pbase of 

tbese computeriz.pd evaluation systems; plots of rp.maining life, 

subgrade modulus. and moduli of otber layers with distance along 

RR387-2/01 1 
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the pavement are to be used to delineate areas in need of major 

rehabilitation for overlay design. 

COMPUTER PROGRAMS RPEDD1 AND FPEDD1 

RPEDD1 (a rigid pavement structural p.valuation system baspd on dynamic 

deflections) and FPEDD1 (a flexible pavement structural evaluation system 

based on dynamic deflections) were developed with the consideration of 

several features. A simplified flow diagram of the framework adapted in the 

later development of the computer programs is presented in Fig 1.1 and 

discussed in these sections. 

Basic Input Data 

Design load specifications and configuration are required for nonlinear 

characterization if a Dynaflect deflection basin is analyzed. Additionally, 

past traffic data in terms of cumulative IS-kip p.quivalent single axle loads 

are required. Specific guidelines practiced by different user agencil'>s or 

AASHTO Interim Guides (Rd 2) can be used for this purpose. In Fig 1. I, 

IOPT4 is an input option to omit correction for nonlinear moduli and 

remaining lifl'> analysis. 

Back Calculation of lnsitu Moduli from Deflection Basin 

lnsitu moduli of pavement layers are determined by the self-itera! iii., 

inverse application of ELSYM5. Separate routinf's have been developpd for 

RPEDD1 (rigid pavements) and RPEDDI (flexiblp. pavements), These routines are 

based on the procedure described in Chapter 4 of Ref 1. Thf' sal iflnt fpatlJl"es 

of the self-iterative procedure are briefly repeated here. 

(1) Handling thf" finite thickness of the subgrade layf'r (including a 

default procedure for consideration of a rigid bottom). 

(2) Capability to analyze dynamic deflection basins measured either by 

the Dynaflect (standard configurat ion of five sensors) or by a 



Dete~aLD. I .. itu lOYAl'. NDduli _, 
Calliac ... iD ,ittiac lDuti .. 

Call IUIW. co c:a.pute 
'treiD DepeedaDt NDduli aDd 

Critic.el "epo .. e of '...,_Dt 
uadar DeailD Load U.iDI 

C:O~racted Moduli. 

Skip Iquiveleac LiDee~ 
aDd .... iaiDS Life AAaly.ea 

r---------, 
t .. pe~eture c:o~ractioD I 

to AC lIodulul (for I 

.... iDial Life AAal,.ie. 
if ... i~ad _, tbe U •• r 

Calcula'a I~ar, Statlatic • 
• f .... lal.. Lif. 

aDd/or ,iDal Moduli 

l!=~l!.. '.!:~!!.._OD'!!!J 

I 

Fig 1.1. Simplified flow diagram of the proposed structural evaluation 
program based on dynamic deflection. 
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Falling Wpight Dpflectometpr (not more than seven or less than six 

sensors) with one SE!nsor under the center of load. Thp remaining 

are recommended to be placpd onf> foot apart on a line extpnding 

outwards in a perpendicular dirE!ction to ensure unique combinations 

of moduli.. 

(3) Handling a three or four-layprE!d pavement model. 

(4) Capability to determine a unique set of insitu moduli by generating 

initial sef>d moduli through a default procf>dure. 

(5) Better pfficiency and using a lesser number of iterations to kpep 

thp computational cost to a minimum. 

(6) The deflection basin fitting algorithm is not user deppndpnt 

because zero input valups are recommended for seed moduli. 

Corrections for Nonlinear Bphavior of Pavement Sublayers 

The self-iterature procedure for equivalent linear analysis devploped 

in Rf>f 1 is basically the same for rigid and flE!xiblp pavements. 

Nonlinpar, Strain-Sensitive Moduli. The equi.valpnt linear analysis 

approach is based on an iterativp use of ELSYM5 and generalizf'>d curVi>S of 

E/Emax vprsus shpar strai.n curves devploped using thp concppt of nonlinear 

strain-softpning materials when thE! shear strain inducPd by the dpsign lClad 

in thesp. laYPr8 exceeds cprtain threshold strain valup.s. This approach is 

drawn from thp dynamic/seismic response analysis procedurp and is well 

accepted in the field of geoteChnical pnginE!ering. 

lnsitu Moduli of Stabilized Layers. The insitu moduli detprmined for 

granular materials and cohesive soils which have been stabilized by asphalric 

materials, cement, or lime are considpred to be insensitive to shear srrain 

and not to exhibit nonlinear behavior. ThprfOforfO no correct'ions are applipd 

to the insitu moduli of such pavement layers. 

Temperature Correction 

The insitu asphaltic concrete modulus detprmined from thp analysis of thp 

deflpction basin measured on a flexible pavpment is corrected for temperatur p 
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sensitivity using the procedure described in Ref 1. The correctf!d modulus 

corresponds to asphaltic concrete stiffness at the design tempP.ratur~. This 

step is performed after correcting the strain-dependent nontinf'ar moduli. 

Remaining Liff' Analysis 

The final combinations of (corrected) insitu pavement moduli is assumed 

to represent effective insitu stiffnesses (Young's moduli) under the design 

load. The existing pavement at this test location is again modelled as a 

layf'red "linearly" elastic system. for further evaluation. At this stage of 

structural evaluation existing pavement is analyzed for its remaining life at 

ea9h test location. The critical pavement responses determined for thf' 

computations of fatigue life and remai.ning life arf' made beforp applying 

tf'mperature correction to surface asphalt concrete modulus in FPEDD1. 

Output 

Al 1 the results trom thp analysis of individual deflection basins are 

printed. At the end, a summarized output is also produced. Table 1.1 

presents a summary of output. Note that if lOPT4 is specified a value of 

one. the equivalent linear analysis and remaining analysis are omitted by 

both RPEDD1 and FPEDD1. 
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TABLE 1.1. 

OUTPUT VARIABLES 

Identification and 
Initial Informat10n 

Input System Parameters 

Layering Information 

E{MAX) 

E(MIN) 

UNWTI 
Sensor No. 

Measured Deflection 
Calculated Deflection 
HERRP (Based on 

Seed Moduli) 

ITERATIONS BEGIN 

OOS 291 

SUMMARY OF DETAILED OUTPUT (REF 1) 

DESCRIPTION 

Problem No., Title, NDT Device (FWD/Dynaflect); 
Station, Test Date; No. of Layers; 
Type of Layer Above Subgrade (for Rigid favements); 
Type of Base and Subbase Layers (for Flexible 
Pavements). 

Maximum No. of Iterations; 
Tolerances for Discrepency in Deflections (TOLRl 
and TOLR2); Tolerances for Change in Moduli (TOLR3l, 
TOLR32, TOLR33). 

(Repeated for each layer, starting from the 
surface layer.) 
Layer No.; Thickness (Inches); Poisson's Ratio 
(No value in thickness indicates semi-infinite 
subgrade) • 

Input Seed Modulus in psi (if input is zero, then 
default seed modulus is printed). 

Maximum allowable value of modulus in psi (default 
value is printed if there is no input). 

Minimum allowable value of modulus in psi (default 
value is printed if there is no input). 

Unit weight of sub grade soil (lb leu. ft.) 
Sensor no. 1 assigned to the first sensor closest 
to the test load (5 sensors for Dynaflect and 
6 or 7 sensors for FWD). 

At each sensor in mils. 
At each sensor in mils. 
Largest absolute discrepency in measured and 
calculated deflections (in percent>.. 

Message when further iterations are stopped; 
also total number of iterations attempted in 
this run. 

(continued) 



OUTPUT VARIABLES 

Results of Iterations 

Young's Moduli 
Measured Deflections 
Calculated Deflections 
HERRP 

Design Single Axle­
Load Data 

Other Pavement Data 

RESULTS OF 
EQUIVALENT LINEAR 
ANALYSIS 

TEMPERATURE 
CORRECTION 
(Only for Flexible 
Pavements) 

REt-tAl NI NG LI FE 

NEXT PROBLEM 

SUMMARY OF 
STRUCTURAL EVALUATION 

005 292 
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TABLE 1.1. (CONTINUED) 

DESCRIPTION 

Message about skipping results of each iteration 
if 10PTI is zero. In that case, only summary of 
best iteration is printed. 
If IOPTI was 1, then summary of each iteration and 
finally of best iteration are presented. 
For each layer (in psi). 
In mils. 
In mils. 
The largest :iscrepency in percent. 

Load per tire (lb ); Tire pressure (psi). 

For Rigid Pavements: flexural strength; rigid 
pavement type; shoulder type. 
For Flexible Pavements: test temperature and 
design temperature (OF) 

Corrected values of Young's moduli. 

Corrected value of Young's modulus of AC surface. 

Printed in percent (only when IOPT2 was entered 
as 1). A value of 999.0 is printed if no positive 
value of remaining life could be determined. 

All the above output repeated for each successive 
problem. 

Following summary outputs printed for each 
deflection basin analyzed. 
(1) Station 
(2) Maximum Deflection (in mils; under design 

load) 
(3) Maximum critical response at bottom of 

surface layer 
(a) Tensile Stress (for rigid pavements) 
(b) Tensile Strain (for flexible pavements) 

(4) Deviator stress on top of subgrade, psi 

(continued) 
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TABLE 1.1. (CONTINUED) 

OUTPUT VARIABLES DESCRIPTION 

Summary Statistics 

005 293 

(5) Bulk stress in middle of subbase layer (psi) 
(6) Past traffic in IS-kip ESAL (as entered 

in input) 
(7) Maximum theoretical IS-kip ESAL applications 
(S) Remaining life. percent 
(9) Final values of Young's Moduli 

Mean, standard deviation and coefficient of 
variation (percent) for remaining life, and 
final moduli 



CHAPTER 2. INPUT GUIDE 

This chapter bri~fly discussps acquisition of input data rpquirpd for 

the computer programs. A detailed input guide is then presented for RPEDD1 

and FPEDDl. 

DATA ACQUISITION 

This spction dpscribps the data necpssary to prepare the input for thpse 

comput~r programs. 

Nondestructive Test Data 

For the Dynaflpct t~st. d~fa.ult valup.s of standard load and geophone 

configurations are provided in the programs. In the case of th,. falling 

weight dp.flpctometer, the radius of thp loading plate used in the test should 

be record~d. The FWD peak force recordpd during the measureuumt of pach 

deflp.ction basin is also rt"quired in input. Configuration of gpophones is 

also recorded if the default values are not used in the test. 

During p.ach test, dynamic deflections arp measured at each geophone in 

both the Dynaflect and the FWD to define the deflection basin. The programs 

rpquire dpflections to bp coded in mils (1/1000's of an inch). 

Acquisition ~ Pavement ~ 

Pavempnt ~ and Cross Section. This information includes rigid 

pavempnt type (jointed concrete pavement. continuously -reinforced concrete 

pavement). Siloulder type, and number of layers in the pavement structure. 

Layering information can be obtained from construction plans and design cross 

section but prpfprably sbould bl" supported by field evidence, such as from 

extractf"d cores. Thp. SASW test is another mpthod for obtaining layering 

information. If thprp. is any evidencp of thp existpncp of a rock laypr at a 

RR387-2/02 9 
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shallow depth (within 20 to 30 f@et), then it is import~nt to know the 

pr~cise depth, as discussed in Ref 1. 

Pavement Condition Data. Pavement condition should also be recorded at 

@ach test location, especially if signs of severe distress are obvious on the 

pavempnt surfacp o Information obtained from a n·cently performpd condition 

survey can also b@ utilized for this purpose. 

Mat@rial E..!!.!.. Information should b@ acquir@d about the type of 

material used in intermediate layers (base and/or subbase materials), It is 

essential to know Whether these materials are stabilized or can be considered 

as unbound granular materials. This information is used in the basin fitting 

routine as well as for nonlin@ar characterization. Any data avai lablf;~ from 

laboratory characterization of all materials will also be uSf!ful later to 

ascertain allowabl@ ranges of maximum and minimum moduli for each layer, 

Ov@rlaid PavE'ments. The programs are basically designed to evaluate 

non-overlaid pavements. If th'" deflections test is made on oVE'rlaid rigid 

pavement, it can still b@ evaluated by specifying the total thickness of 

concrete layers in the input as thE' first layer if thp ovprlay is bondpd 

concrete overlay type. In the case of unbonded overlay, the user should 

providE' the initial seed and permissibl p ranges of moduli for this layer. 

The ways actual overlaid pavements are to be idp.alized for input to thp. 

program are illustrated in Fig 2.1. In casp of a flexibl@ overlay, (Fig 2.2) 

the FPEDDI program should be used to analyze measured deflection basins. For 

composite pavements, the FPEDDI program can be used by considering the 

original PCC slab (overlaid with an asphaltic concrete lay@r) as a stabilized 

layer. 

Traffic Information 

Past traffic data should b@ converted to 18-kip ESAL. If RPEDDI is 

being used only for insitu material Characterization, then traffic data are 

not rE'quired and the option for the remaining life analysis need not be used. 

RR387-2/02 



(a) Bonded P. C. Concrete Overlay 

Existing' Pavement 
(5 Layers) 

01 Thin Bonded Concrete rlay 

02 Original P.C.C. 

03 Bose 

04 Subbase 

Subgrade 

(b) Unbonded P. C. Concrete Overlay 

Existing Pavement 
(5 Layers) 

01 Unbonded Overlay 

02 Original P.C.C. 

0 3 Bose 

01 

°2 

°4 Subbase 03+0. 

"'r Subgrade 

. 

.. 

.: 

Pavement Model for 
Analysis( 4 Layers) 

P.C. Concrete Loyer 

Bose 

Subbase 

Subgrade 
tI. 

Pavement Model for 
Analysis (4 Layers) 

Unbonded overlay 

Assumed as Stabilized 
Bose (Seed Modulus 
Must be Entered 
Assuned as Subbase & 
Stabilized if Bose is 

tabilized 
Subgrade 

Fig 2.1. Idealized pavement models for rigid pavements overlaid with 
concrete layer. 
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. 

Existing Pavement 
(5 Layers) 

A.C. Overlay 
Original AC. Surface 
Base 

Subbase 

;::a.. Subgrade 
~ 

Pavement Model for 
Analysis (4 Layers) 

Combined A.C. Layer 

Base 

Subbase 

; Subgrade 
"?- tt&. 

Fig 2.2. Idealized pavement model for a flexible pavement overlaid 
with one or more AC layers. 
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Design Load Configuration 

If the uspr wants to specify a design load other than the default 

configuration (Fig 2.3), that is possible by using the option for user­

specified design load. 

Th@ asphaltic concrete (AC) modulus in flexible pavement is tem~rature 

sensitive. The insitu derived AC modulus is based on the test temperature at 

which deflection basin was measured. For subsequent use in overlay desiin or 

even for making comparisons, it is recommended to correct the insitu modulus 

from test temperature to a design temperature. Therefore, it is necessary to 

obtain information about the design temperature (the default value is 10°F). 

The test temperature is taken as tempprature at the mid-d"'pth of AC layer. 

It can be estimated fran a record of climatological data using computer 

program FTEMP, which is described in by Uddin et al (Ref 1). 

INPUT GUIDE 

A detailed input guide. swmnary formats. and examples of applications 

are presented in this section. 

Input ~ 

A summary of formats for input data appears in Figs 2.4 and 2.5 for 

RPEDDl and FPEDDl. Several of the input variables have built-in default 

values in the program. All the input variables are explained in this 

section. All integers (I-format) must be right justified. F-formats are for 

real values. Whenever default is mentioned, the user can choose not to enter 

any value. Input seed moduli should be entered only i'f the user strongly 

feels that these values are reliable (based on laboratory or field tests). 

All card types are explained in the following. Except for card types 5, 1, 

and 10, the rest of the cards are similar for both programs. 

B.R381-2/02 
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-

58" 

(a) Standard lS-kip axle: 4 tires. 
each 4500 lb at 75 psi tire pressure. 

,-+~ 
I I \ 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
\ J 

Load magnitude 

( 4500 Ib 

Toto t res ponse 

(b) Simulated lS-kip axle load (half the standard axle) 
and illustration of superposition of responses. 

Fig 2.3. Standard IS-kip axle configuration for default design load. 



<:> 
C> 

'" 
Column Numbers 

~ CARD1 10 20 30 40 50 60 70 
TYP E I I I I I I I I 

1 NSYM 

~ 
2 NINE TITLE KTEST 7S 

113 1 IX, 14A4 4A4 I 

3 STATN DEVICE SO 

I AIO lOX IOA4 I 
4 NDEV NXY FORCE FPSI RL DSIG 50 

I 15 I 15 I F10.2 F10.2 F10.2 I F10.2 I 
rOPT2 RPTYPE BTYPE IOPT4 

5 IOPT1 IOPT3 ISHOL UNWT1 ICON' 50 

115 115 I 15 I I5 I 15 115 FlO.. 115 115 I 

6 DE F M ( 1<) t I< = , t N XY 70 

I F10.21 F10.2 I F10.2 F10.2 F10.2 FIO.2 I F10.2 I 
7 NEL XP(Kl,K=I,NXY 47 

115 I FS.2IF S.2 I F6.21 FS.2 I F 6.2 I F6.21 FS.2 I 

Fig 2.4. Summary of formats of input data for RPEDDI. 
(continued) 

..... 
lJ'I 



<:> 
<:> 

'" ... 
<:> 

'" CARD 
TYPE 

8 IN(I) TH(I) V(I) ESEED(I) EMAX(I) EMIN(I) SO 

I IIO F10.2 F10.2 I FIO.O I FIO.O I FIO.O I 
I I I I I 
I I I I I 

CARD TYPE 8 TO BE REPEATED FOR EACH lAYER (I=I,NEl) 
I I 1 I 1 
I I I I I 

I I I f 
9 MITER TOlR 1 1 TOlR2 TOlR 31 TOlR 32 TOlR33 55 

I 15 I FlO. 3 I FlO. 3 I FlO. 3 I FlO. 3 I FlO. 3 I 
10 NDAXl DlOAD TI REP FlEST PTRAFF SO 

I 15 I F 15.0 FlO. I FlO. I I 20 I 
*11 

NDNXY SS 
NDlOD oxun OYl(l) DXL(2) OXL(2) OX PO ) DYP(I) DXP(2) DYP(2) OXP(3) DYP(3) 
~3) FS.I I FS.' I Fe.1 IFe.1 II31 FS.q FS.I I FS.I I Fs.II FS.q FS.I] 

* IF NDAXl :I:- I ; SKIP CARD TYPE II. 

(FOR THE NEXT PROBLEM; REPEAT CARD TYPE 2 TO '1) . 

Fig 2.4. (continued) 

..... 
0\ 



o 
<:> 
.." 

Column Numbers 

~ CARD 1 10 20 30 40 50 60 70 
TYPE I I I I I I I I 

t NSYM 

QI] 
2 NINE TITLE K TEST 76 

1131 IX, 14A4 4A4 I 
3 STATN 0 EVICE 60 

I AIO lOX IOA4 I 
4 NOEY NXY FORCE FPSI RL OSIG 50 

I I5 I 15 I F10.2 F10.2 F10.2 I F10.2 I 
rOPT2 BTYPE IOPT4 

5 IOPTI IOPT3 SBTYP UNWT1 ICON 1 45 
I 15 I 15 I 1.5 I I5 I 15 I FIO.l I 15 1:1:5 I 

6 0 E F M (K) t K· t t N XY 70 

I FlO. 2 I FlO. 2 I FlO. 2 FlO. 2 FlO. 2 FlO. 2 FlO. 2 I 
7 TEMPT TEMPO CFACT XP( K) K = 1 , NXY 70 

FIO.I I FIO.I F10.3 

Fig 2.5. Summary of formats of input data for FPEDD1. 
(continued) 

I-' 
"-J 



o 
o 

'" 
"" o 
.... CARD 

TYPE I 

8 LN tIl TH (I) v tI) ESEED(I) E MAX (I) EMINtI) SO 

[ilo--- I Flci2 I FIO~-=r-FIO.O--r-Flo.o-TFltiO r 
I I I I I I 
: I I I I I 
I CARD TYPE 8 TO BE REPEATED FOR EACH LAYER (1= I,NEL) 
I I I I I I 
• I I' I 
I I I I 

9 MITER TOLR 1 I TOLR2 TOLR 31 TOLR 32 TOLR33 55 

115 I F10.3 I F10.3 I F10.3 I F10.3 I F10.3 I 
10 NDAXL DLOAD TI REP PTRAFF 50 

1151 F15.0 I FIO.I 120 I 
NDNXY SS 

tt II NDLOD DXL(I) OYUI) DXL(2) DXU2) DXPU) DYPU) DXP(2) DYP(2) DXP(3) DYP(3) 

lal FS.I I FS.I I FS.II FS.I 1131 FS.I I FS.I I FS.I I FS.I I FS.II FS.q 

* IF NDAXL :1= I ; SKIP CARD TYPE II. 

( FOR THE NEXT PROBLEM i REPEAT CARD TYPE 2 TO 11) • 

Fig 2.5. (continued) 

..... 
(Xl 



Card 1 

NSYM: 

Card 2 

NINE: 

TITLE: 

KTEST: 

Card 3 

STATN: 

DEVICE: 

Card 4 

NDEV: 

19 

Total number of deflection basins to be entered for analysis 

(maximum of 50). 

999 (must be entered). It is a flag to indicate thp start of 

the next problem. 

Identification information. 

Date of test. 

Station at which thp deflection basin was measurpd. 

Name of NDT device. 

Codp. for NDT dp.vice 

(1 for Dynaflecti 2 for FWD). 

NXY: Number of spnsors wheorp. deflections were measur~d (it should 

FORCE: 

FPSI: 

RL: 

DSIG: 

be entered only for FWD. at least 6). 

Pp.ak force of FWD-force signal {in Ib). 

Peak stress of FWD at surface (can be left blank if FORCE and 

RL are entered). 

Radius of FWD loading plate (in inches). 

Duration of F~D iorc@ signal (default is 25 msec). 

Card 5 (For RPEDD1) ---
IOPT1 : 

IOPT2: 

RR387-2/02 

Option for output of back-calculated Young's moduli. 

(0 for summary onlYi 1 for detailed output.) 

o to skip rf'!maining li ff!. analysis. 1 to make remaining life 

analysis. 
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IOPT3: 

RRTYPE: 

lSHOL: 

BTYPE: 

UNWT1: 

ICONl: 

lOPT4: 

o for ignoring the default procedure to create a rigid layer, 

1 to activate the default procP.dure to create a rigid layer at 

a finite thickness of subgrade. 

Type of rigid pavement (0 for JCP/JRCP, 1 for CRCP). 

Shoulder type (0 for JCP/JRCP, 1 for CRCP). 

Type of layer above subgrade (l for granu lar, 2 for 

stabi! ized). 

Unit weight of subgrade soil (lb/cft). An approximate valuE' 

can be used if no test data are available. 

Condition of concrpte pavement (0 normal, not severely 

damaged; 1 severely cracked). 

o for making a complete analysis, 1 to skip equivalent linear 

analysis as well as remaining life analysis (it overrides 

lOPt2) • 

Card 5 (For FPEDDl) 

lOPTl: 

lOpr2: 

lOPT): 

BTYPE: 

bBTYP: 

UWITl: 

ICONl: 

IOPT4: 

B.R)87-2/02 

Option for output of back-calculated Young IS moduli (0 for 

summary only, 1 for detailed output). 

o to skip remaining life analysis, 1 to make remaining lifp 

analysis. 

o for ignoring the default procedure to create a rigid layer, 

1 to activate the default procedure to create a rigid layer at 

a finite thickness of subgrade. 

Type of base layer (1 for granular, 2 for stabilized). 

Type of subbase layer (above subgrade), (0 for a thrpe laypr 

pavement, 1 for granular. 2 for stabilized). 

Unit weight of subgrade soil (lb/ cft) • An spproximate valup 

can be used if no teet data are available. 

Condition of the pavement; (0 for normal, not sevprE'ly 

damaged; 1 for severely cracked, class 2 or 3 cracking). 

o for making a complete analysis. 1 to skip equivalent linpar 

analysis as well as remaining lifp analysis. (It overridl"s 

IOPT2. ) 
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Card 6 

DEFM.(k): Nf'asured deflections in mils, starting from thp first sensor 

(not exceeding 7 sensors). 

Card 7.. (For RPEDDl) 

MEL: NumbfOr of layers in thp. idf'al ized pavf'mpnt modd including 

subgrade (not less than 2 and not p-xceeding 4; see additional 

discussion in thp. next section). 

Radial distance of FWD sensors from the cpnter of the loading 

plate, starting from the first sensor and not excef'ding 7 

sensors. 

Card 7 (For FPEDDl) ---
NEL: Number of layers in thp. idp.al izp.d pavement modp.1 including 

subgrade (not less than 2 and not exceeding 4; see additional 

discussion in thp npxt sec~ion). 

TEMPT: 

TEMPD: 

CFACT: 

XP(k) : 

Card 8 

Test temperature of surfacp AC layer, OF. 

Design tpmperaturp. of AC p8vement$ OF (dpfault is 70°F). 

Ratio of AC stiffnp.ss at design temperature to the stiffness 

at tt'lst temppraturp basPd IOn laboratory Ma vs temperatur,. 

relationship. If not known, leave blank, the program will 

acti\1ate a default pr'Olt::edurll! to makp. thf' tempf'ratur p 

correction. 

Radial distance of FWD sensors from the centpr of the loading 

plate. starting from the first sensor and not exceeding 7 

Sf'nsors. 

(Note: Card type 8 is to be repp.ated for each pavement laypr; starting 

from the surface layer). 1 ranges from 1 to MEL. 

R.R387-2/02 
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LN( I) : 

TH(I) : 

Vel): 

Layer numbpr (must b@ entpred). 

Thickness in inches (must be entered; blank or zero for sPmi­

infinit@ subgrade). 

Poisson's ratio (must be entered; Tabl@ 2.1 can be consultpd 

for guidance). 

ESEED(I): Initial estimatp (sepd valup ) of Young's modulus in psi. 

(Generally 0 should be ent@red here; this will pnsure 

convergence to a unique solution.) 

EMAX(I): Maximum allowable value of Young's modulus (see Table 2.2 for 

d@fault valups). 

EMIN(r): Minimum allowable values of Young's modulus (spp Tablp 2.2 for 

default values). 

Card 9 ---
(Note: All values in this card can bp ent@rpd as zpro or lpft blank.) 

MITER: Maximum numbpr of iterations for each trial (de fault is 10). 

TOLR1 : 

TOLR2: 

TOLR3I: 

TOLR32: 

TOLR33: 

Card 10 --
NDAXL: 

A spcond trial is activatpd if the maximum difference is 

computed and mpasur@d deflections are greater than 10 percent. 

Toleranc~ for individual deflections, in mils (dpfault is 0.05 

mils) • 

Tolerance for the absolute total error at all sensors in 

computed and measured deflections (default is 2 percent). 

Tolerance for thE" modulus of thp surface asphaltic concrete 

layer (default is 4 p@rcent). 

Tolprancp for moduli of intermediatp layers (dpfault is 3 

p@rcent). 

Tolprance for the subgrade modulus (default is 0.05 percpnt). 

Zero or blank for dpfault design load as illustratpd in Fig 

2.3. (In this case the next card. type II, is to bE" omitted.) 

RR387-2/02 



TABLE 2.1. RECOMMENDED VALUES OF POISSON'S RATIO FOR 
DIFFERENT PAVEMENT MATERIALS 

Material Type 

Portland cement concrete 
Asphaltic concrete 
Cement stabilized base 
Asphalt stabilized base 
Unbound granular base 
Granular subgrade 
Clayey or silty sub grades 
Lime treated sub grade 

005 1 I " 

Range of 
Poisson's Ratio 

.15 - .20 

.25·- .35 

.20 - .30 

.25 - .35 

.20 - .50 

.30 - .50 

.40 - .50 

Recommended 
Value 

0.15 
0.35 
0.30 
0.35 
0.40 
0.40 
0.45 
0.40 

23 
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OOS 116 

TABLE 2.2. DEFAULT VALUES OF MAXIMUM AND MINIMUM RANGES 

El 

E2 

E3 

E4 

* 

** 

*** 

OF MODULI OF PAVEMENT LAYERS 

RIGID FLEXIBLE 
l«)DULI PAVEMENTS PAVEMENTS 

Maximum 6,500,000 psi 1,110,000 psi 
*(5,000,000) * (100,000) 

Minimum 2,000,000 psi 80,000 psi 
* (1 ,000,000) * (50,000) 

Maximum 2,000,000 psi ** 300,000 psi 
*** 90,000 

Minimum 50,000 psi ** 80,000 psi 
*** 25,000 

Maximum 500,000 psi ** 250,000 psi 
*** 70,000 

Minimum 30,000 psi ** 25,000 pSi 
*** 20,000 

Maximum 70,000 psi 70,000 psi 

Minimum 5,000 psi 10,000 psi 

Default values to be assumed when ICON! = 1 is entered 
in input (badly cracked surface layer). 

Stabilized layer. 

Granular material. 

(El is for the surface layer. E2 and E3 are for intermediate 

layers. and E4 represents the modulus of subgrade.) 



DLOAD: 

*FLEST: 

TIREP: 

PTRAFF: 

25 

Enter I for the user specified des ign load. {Card type 11 

must b@ completed.} 

DPsign load per tire in Ib (assuming single axl~. dual tires). 

The default valu@ is 4500 lb. 

Flexural strength of concrete in psi (must be entered if 

remaining life calculation is asked by the user). 

Tire pressur@ in psi (default value is 75 psi). 

Cumulative past traffic in 18-kip ESAL (must bE' entered if 

remaining life is to be computed). 

*(This input is required only for RPEDDI and omitted for RPEDDI). 

Card 11 ---
NDLOD: Number of loads (e. g .• 2 for the default design load 

simulating dual tires in Fig 2.3). 

DXL(l) : Position of x-coordinate for first load. 

DYL(l) : Position of y-coordinatE' for first load, 

DXL(2): Position of x-coordinate for second load. 

DYL(2) : Position of y-coordinate for second load. 

NDNx:'{ : Numb@r of locations wherE' pavement responsp. is to be 

calculated under thp. user specified design load (enter 3), 

DXP(l) : position of x-coordinate of the nearest location for response. 

DYP(l) : position of y-coordinate of the nearp.st location for response, 

DXP(2) : Position of x-coordinate of tne intermediate location for 

response. 

DYP(2) : Position of y-coordinate of the intermediate location for 

response. 

DXPO) : Position of x-coordinate of the fart·hest location for 

response. 

DYP(3) : Position of y-coordinate of th@ farthest location for 

responsp.. 

(Note: All distances in Card 11 are in inches, ) 

RR387-2/02 
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Id~aliz~d Pavem~nt Structure 

A major aspect of thp- RPEDD1 program is that it handles a thrpe or four 

layer pavement. Therefore. thp- actual pavement structures are to be 

idealized by an p.quival~nt three or four lay~rp.d pavement. Examples of some 

of these cases are illustrated in Figs 2.1 and 2.2. If the actual pavempnt 

is of two layers only. then a third layp-r should be crpatpd out of the 

subgradp and BTYPE should be assigned a value of 1. For pavempnts of more 

than four layers, intPrmediatp layers can bp combined into onp. layer so as to 

make four layered pavements. Program FPEDDI can be used for insitu material 

characterization of composite pavempnts (rigid pavp.ment overlaid with 

asphaltic concrete layer) within the following constraints: 

(1) The top layer should be a combined overlaid AC layer. 

(2) The second layer is a PC concrete layer. An ESEED value must be 

ass igned for this layer (say 4.000. 000 ps i) • EMU and EMIN mus t 

also be entered by the user. 

(3) BTYPE must be assigned a valup of Z. 

(4) IOPT2 must be zero. 

EXAMPLE APPLlCATIONS 

An example of partial output for RPEDD1 program is prpsented in Appendix 

A. Result s of the analysis of only the first basin are reproduced in th 

table which also includes the final tabulated summary output. Fig 2.6 

illustrates plots of moduli along the test section based on the summary 

output. These plots shown the analysis of FWD as well as Dynaftpct 

deflection basins measured almost at the same time. 

An example of a partial output from FPEDDI is presented in Ref 1. The 

basic form of output is similar to the output of RPEDD1. A summary output of 

FPED1 is also printed in Appendix A, which also illustrates summary 

statistics. 

&&387-2/02 
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Fig 2.6. Example applications of RPEDDl on a JRC pavement (Ref 1). 
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SUMMARY 

Ttu~ data requirpd to prepare inputs for computpr programs RPEDDI and 

FPEDDI were summarized in this chapter. followed by a detailed input guide. 

RR387-2/02 



CHAPTER 3. APPLICATION/IMPLEMENTATION 

Detailed guid~lines for application/implementation of computer programs 

RPEDD1 and FPEDDl are presented in Ref 1. These guidelines are summarized in 

this chapter. 

APPLICATION 

The sUilllIlary output s from the computer programs RPEDDl and FPEDDl could 

be sued to gpnerate plots such as illustrated in Fig 3.1. These plots 

providp a global look on thp structural condition of the existing pav~mpnt. 

Application ~ Pavement Maintenancp/Rehabilitation Needs 

An important decision to be madp on thp project l~vel has to do with 

delineating pavement sections according to their maintenancp or 

rehabilitation npeds. To provide a rational and mpchanistic method for 

delineation of pavpmpnt sections which are to be considered for structural 

strengthening, thp following approach is rpcommended. 

(1) Establish a threshold value of remaining life (based on structural 

~valuation) below which considpration must be givpn to thp 

designing of an overlay thickness. For example. for CRC pavempnts. 

40 percent can be taken as the threshold limit of remaining lif@. 

(2) Delineate the sections along the length of the pavement for 

consideration of overlay design that in general show a computed 

rp.lDaining life equal to or less than the threshold value. This 

step is illustratpd in Fig 3.1(a), 

(3) To achieve efficiency and east r4;'duction in designing overlays, 

s~v~ral recently devploppd procedur~s rely on dividing thp stretch 

of pavem@nt to be overlaid into several design sections. Then, 

RR387-2/03 29 
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Fig 3.1. Application/implementation of structural evaluation programs. 
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using the design values of insitu moduli and other parameters 

rl'!presentative of each Sl'!ction, thp overlay thickness is designpd 

for that section. In general, a deflection parampter is used to 

identify thp dpsign section. The approach proposed in this study 

is to used the subgrade modulus. ESG profile. as illustrated in Fig 

3. H b). ESG values in the final output are representative of 

insitu nonlinear moduli under design load condition. Guidelines in 

the Sl'!lection of design sections are briefly described in the 

following. 

(a) Select preliminary design sl'!ctions for visual examination of 

the ESG plot along the length of pavement considered for 

overlay design. This selection is basically based on an 

approximate graphical contrast observl'!d in the relative 

stiffnpss of the subgrade as shown in Fig 3.1(b). 

(b) Compute the mpan value and a standard dpviation of ESG for 

each design section. 

(c) Perform hypothesis testing to find if tbP diffprence in the 

means of two adjacent sections is statistically significant. 

Appropriate statistical tests are to be used. recognizing that 

thl'! variances of ESG in the two sections mayor may not bl'! the 

samp. A detailed procedurl'! of hypothesis testing is prl'!sentl'!d 

in Appendix E of Ref 1. If the difference din means is not 

significant, the two sections can bp pooled into onp combined 

sl'!ction and then testPd against the next "selected" section. 

Oncp the design sections have bpen established, the next step is to 

evaluate the design moduli. 

Overlay Dpsign-Evaluation ~ Insitu Design Moduli 

BP-fore proceeding to & comprphpnsive oVl'!rlay design. design insitu 

moduli are to be evaluated for I'!ach establishpd dpsign sl'!ction. ThP dpsign 

value of insitu moduli are important input for any oVl'!rlay design and field 

RR387-2/03 
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variability should be taltpn into account, usinS known statistical mf'thods. 

The design modulus of each layer of existing pavempnt in a design section can 

bp determined from th..- mean value, standard deviation, and a pr..-selected 

value of confidpnce level (say 95-97 percent). The recommended procP.dure for 

computing design moduli is also presented in Appendix E of Ref 1. 

IMPLEMENTATION OF STRUCTURAL EVALUATION SYSTEM 

The implementation phase of the output generated from the computerized 

structural evaluation systp.m based on dynamic deflections and thp.ir 

appl ications warrants s~cial emphasis. All thp concepts and recommendpd 

procedures havp bepn discussed in Ref 1. A self-explanatory summary is 

presented in tne simplified flow diagram illustrated in Fig 3.2. 

SUMMARY 

A framework for structural evaluation of pavempnts, applicablp to both 

rigid and flexible types, has been presented in this chapter. Guidelines for 

proc..-ssing and managing information related to thE' evaluated pavp.mE'nt are 

presented so that rational decisions can be made concerning rehabilitation 

needs. MP-tbodologies are also recolIUJlf~nded for identifying design sections 

and determining design insitu moduli for subspqupnt use in compr..-hensive 

overlay design. 

RR387-2/03 
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DefiDe Test PlaD 
aDd Frequeocy of Tests 

FLEXIBLE 

PAVEM:NT -

RICID 

PAVEMENT 

DefiDe Teat Plan 
PositioD of HDT Devicej 

Frequency of Tests 

Select MDT Device (FWD 
or DYDaflect) 

Collect Dynamic Deflection Basin 
Data. (For FWD, Uae SeDsors at 

Radial DietaDces of 0, 12, 24, 36, 48. 
60 aDd 72 iD fre. LoadiDi Plate of 
11.8 iD Diameter.) Allo Record FWD 

Peak Force for Bach Test. 

Collect Temperature Data for Flexible PavemeDts I 

Prepare IDputl for FPIODl (Plexible PavemeDts) 
or RPEDDl (Rigid ysvements). 

Analyze All Basins (,0 Bach Time). 

/ 

______ O_U_TP_U_T_:~_l_. ___ T_a_b_u_l_a_te_d __ r_e_s_u_lrtl--_____________________ ~~i) 2. Plotl of the following with StatioDs (Fig 
(a) RemainiDi Life 
(b) IDsitu Moduli of Pavement Layers 

APPLICATIONS: 
1. Existing Structural Capacity 
2. SelectioD of DeligD SectioDs for OVerlay, 

if Heceslary, aDd Design Moduli 
3. BvaluatioD of Structural ConditioD of 

Pavement Layers Based on Moduli. 

(STOP) 

Fig 3.2. A conceptual flow diagram for implementation of the proposed 
structural evaluation systems (Ref 1). 
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EXAMPLE OUTPUTS OF &PEDDl AND FPEDDl 
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APPENDIX A. EXAMPLE OUTPUTS OF RPEDDI AND FPEDDI 

This appendix pr@sp.nts examples of partial outputs of comput@r programs 

RPEDDI (for rigid pavemp.nts) and FPEDDI (for flexible pavements). The 

detailed results are pre~ented in Rp.£ 1. 
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TABLE A.!. EXAMPLE OF PARTIAL OUTPUT FOR RPEDDl 
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TABLE A.!. (CONTINUED) 
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