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PREFACE 

This is the sixth and final report in the series describing the research 

work accomplished on Research Project 3-8-80-256, liThe Study of New 

Technologies for Pavement Evaluation,lI Additionally, this report is also 

partly based on the research findings of Research Project 3-8-79-249, 

"Implementation of Rigid Pavement Overlay and Design System. 1I Researchers 

from both research projects have contributed to the preparation of this 

report. 

This report deals with the background material and development of 

guidelines for planning Dynaflect testing and analyzing the deflection data 

for rigid pavement evaluation. 

The authors gratefully acknowledge the comments and suggestions given 

by Dr. T. W. Sager and Dr. Mary Whiteside, Professors of Business Statistics 
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performed n the Dynaflect deflection data. Thanks are also due to Dr. K. H. 
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his invaluable comments regarding the sample size determination of Dynaflect 

deflections. Appreciation and thanks are also extended to the staff of the 

Center for Transportation Research for providing support. 
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ABSTRACT 

This report presents the development of a user's manual of Dynaflect 

testing for rigid pavement evaluation. The influence of environmental 

factors, Dynaflect position, and pavement characteristics on deflections and 

other sources of errors are discussed as they relate to rigid pavements. 

Guidelines and specific procedures are also described for determining sample 

size and application of the Dynaflect deflections to material 

characterization, void detection, and load transfer evaluation. 

KEYWORDS: Dynaflect, deflection measurement, rigid pavement. temperature, 

Young's moduli, voids, load transfer, evaluation. 
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SUMMARY 

This report describes tne development of procedures for monitoring and 

evaluation of rigid pavements based on the analysis of the Dynaflect 

deflection measurements. Different factors which influence deflections on 

rigid pavement are identified and their effects are quantified and discussed. 

The effect of temperature on deflections near a pavement edge is presented 

and a procedure for necessary correction is outlined. The extent of tne 

influence of other factors such as distance from pavement edge, voids under 

concrete slab, and position with respect to transverse cracks is also shown 

by including appropriate graphs based on theoretical and field studies. 

Other sources of errors, such as placement and replication errors, variation 

in slab thickness, and presence of very stiff foundation at shallow depth and 

their effects on observed deflections are also discussed. 

Guidelines step-by-step procedures for collecting and analyzing 

Dynaflec t de flec tions on rig id pavement s are presented for spec i fic 

applications to (1) materials characterization, (2) void detection, and (3) 

estimation of load transfer across transverse cracks and joints. A simple 

procedure for estimating temperature in the concrete slab using informati.on 

from daily weather reports is presented for use if field measurement of 

pavement temperature is not possible. The assumpti.on of normally distributed 

deflections has been checked by making appropriate statistical tests on a 

random sample of the Dynaflect data and found valid. Detailed guidelines for 

the selection of a minimum size of Dynaflect deflections for rigid pavement 

evaluation are also developed and presented. 
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IMPLEMENTATION STATEMENT 

Specific guidelines are included in this report for analyzing deflection 

data as applied to material characterization, void detection, and estimation 

of load transfer. 

It is recommended that these guidelines be used to generate a user's 

manual to be used in Texas for taking any future deflection data for 

structural evaluation of rigid pavements. If data are taken without 

consideration of these factors their usefulness is limited and the resulting 

predictions are suspect. Implementation of such a user's manual would be 

directly beneficial to the Texas State Department of Highways and Public 

Transportation and the Federal Highway Administration. 
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CHAPTER 1. INTRODUCTION 

BACKGROUND 

Extensive research has been carried out during the past several years to 

utilize Dynaflect deflections for assessing rehabilitation needs and for 

design of overlay of rigid pavements. The results of these research efforts 

are contained in reports generated from past and current research projects at 

the Center for Transportation Research, The University of Texas at Austin. 

This document presents an operating manual for the Dynaflect for the 

evaluation of rigid pavements and reflects the findings of related past and 

continuing research sponsored by the Texas State Department of Highways and 

Public Transportation (SDHPT). 

Review of the Development of This Manual 

The development of this manual for taking Dynaflect deflection 

measurements draws heavily from research conducted for the SDHPT. Several 

research reports produced by CTR which have been used in the preparation of 

this manual are outlined in Fig 1.1. 

Research Project No. 177 produced several reports including, a rigid 

pavement overlay design procedure for Texas SDHPT (Ref 1), a recommended 

procedure for detection of voids under rigid pavements (Ref 2), and 

theoretical models for load transfer at cracks (Ref 3). Research Project No. 

249 has generated improved procedures for material characterization (Ref 4), 

an studies on the effect of void size and placement error on measured 

defll~ctions and determination of sample size for the Dynaflect deflections 

(Ref 5). Use of deflection to determine the effectiveness of grouting to 

fill voids under rigid pavement has been discussed in Ref 6. 

Effects of temperature and location variables on measured deflections 

have been investigated in Project 256 (Ref 7). Specific recommendations (1) 

with respect to distance of Dynaflect tests fran the pavement edge, (2) 

operation of the Dynaflect as related to timE" of the day, (3) effect of 

RR256-6F/01 1 
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Project 177 Project 249 Project 256 
Design, Construction and Implementation of Rigid The Study of 1\ew 

f--
Rehabilitation of Pavement Overlay and Technologies for 
Rigid Pavements Design System Pavement Evaluation 

t t 
I Report 177-1311 Report 249-2 I Report 256-5 

Effects of 
;-- Temperaturel :--

Locations 
on Deflections 

Use of Dynaflect Reports 249-1, 256-5 
Deflections for 

f--
Material Characterization -Structural Evaluation Using Dynaflect -

and Overlay Design Deflections 

t , , + 
Report 177-18 Reports 249-3, 249-4 Reports 249-1, 249-4 
Detection of Effectiveness of Grouting Selection of DeSign 

Voids Using r- r Using Dynaflect Deflections Sections Based on 
Dynaflect Report 249-4 

Dynaflect Deflection 
Deflections Effect of Void Size and Profiles 

Placement Error on , Deflections 

Report 177-7 Report 249-6 ,I Report 249-4 
Study on Hechanisms Reflection Cracking AnalYSis Determination of 
of Load Transfer at Required Number of 
Transverse Cracks • Dynaflect Deflections 

La. Development of 
Procedures for Heasurement - and Analysis of Dynaflect Report 256-5 

~ 
Deflection Data for 

"'II-
Procedure of 

Rigid Pavement Temperature Correction 
Evaluation .. to Deflections 

Study on Load 
""- Transfer Evaluation 

Using Dynaflect 
r Deflections 

Report 256-6F 
Dynaflect Testing for -Rigid Pavement Evaluation 

\'olumes I and II 

Fig 1.1. A flow chart of contributions from different projects and 
research reports used in preparation of this user manual. 

~ 
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temperature measurements, and (4) the corrp.ctions necessary to remove the 

significant effect of temperature differential on the measured deflections 

are based on thp. findings of Rp.f 7 and the additional discussions contained 

in this report. Furtbp.rmore, thp. recommendations made in Ref 7 regarding 

insitu material characterization procedure are also considered herein. 

The Dynaflect System 

Thp Dynaflp.ct system (Fig 1.2) and its operating characteristics are 

discussed in Refs 5, 7, 8, and 9. A comparison of the Dynaflect with some 

other NDT devices has been made in Ref 8. 

Operating Cbaracteristics. 'lb.e Dynaflect is a trailer-mounted unit 

which induces a steady state vibratory force on the surface of pavemp.nt 

through two rubber covered steel wheels. !hP. dynamic force generator employs 

two counter rotating eccentric masses producing a peak to peak dynamic load 

of 1000 lb at a fixp.d frequency of 8 Hz. 

Deflection Measuring System. Five equally spaced geophones are used to 

mp.asure dp.flection response of the pavement (Fig 1.2). A sixth geophonp. is 

an option that can be hand-placed in any dp.sired configuration. Prior to 

testing, each geophone is calibrated at the driving frequency, 8 Hz. A 

geophone is a velocity transducer which employs an inertial reference and 

gives an output signal in volts. !hP. peak-to-peak dynamic deflection 1S 

proportional to tbe output voltage. The arrangement of five geophones in the 

automated system of the Dynaflect measures half of the deflection basin. A 

step-by-step procedure to use the Dynaflect for measuring a deflection basin 

is described in Ref 7. 

Purpose and Use of Deflection Measurement 

Structural Evaluation. Monitoring of pavements and the subsequent 

fepdback is an essential requirement of any working pavement managpment 

system (Ref 9). Structural monitoring of pavements is desirable before any 

major maintenance work or if a high level of distress is indicated from the 

RR256-6F/Ol 
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Housing and Tow Bar 

(a) The Dynaflect system in operating position (Ref 26). 

Geophones 

(b) Configuration of load wheels and geophones. 

(A sixth geophone is an available option.) 

Fig 1.2. Configuration of Dynaflect load wheels and 
geophones in operating position. 
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results of condition surveys. On a project level PMS, structural monitoring 

is performed by making deflection measurements on an extensive basis. The 

deflection data are then used to divide the length of road in the design test 

sections. Subsequently the deflection data in each test section are analyzed 

to estimate the structural adequacy by using an empirical, allowable 

deflection approach or a mechanistic approach using layered theory 

computations. 

lnsitu Material Characterization. The Dynaflect deflection basin 

measured on an existing pavement is also used to back-calculate Young's 

moduli for the pavement layers. It is an iterative procedure in which 

layered theory is used to calculate theoretical deflections under the 

Dynaflect loading, which is compared with the measured deflection basin. 

This approach reduces the need for characterization of the pavement materials 

by laboratory tests (Refs 4 and 7). 

Void Detection. The loss of soil support under rigid pavements 

assoc ia ted with voids leads to increased load stresses and increased 

deflections. This will cause significant reduction in the fatigue life of 

the pavement. To study this problem deflection profile along the pavement 

edge may be compared with the corresponding deflections in the inside lane. 

Areas showing large deviations indicate partial loss of support and the 

possibility of voids (Ref 2). For any rigid pavement rehabilitation program, 

deflection surveys for the purpose of void detection should be considered as 

a integral part of the monitoring program. 

Load Transfer Evaluation. The monitoring program for an existing rigid 

pavement can also include deflection measurements across the transverse 

cracks and/or joints to estimate the adequacy of load transfer. Deflection 

measurements can also be used with the results of condition surveys for 

diagnostic checking of the condition of transverse cracks and joints. 

RR256-6F/Ol 
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OBJECTIVES 

General 

Tne Dynaflect deflections are used extensively to monitor rigid 

pavements. Tnere are several environmental and operational factors that 

influence measurements of Dynaflect deflections. Tilis report outlines these 

factors and presents procedures to quantify them. The causes of measurement 

errors plus the corrective procedures (which may be necessary before the 

deflection data are analyzed for structural evaluation) are also discussed. 

Specific 

This report provides specific guidelines for performing deflection 

measurements for the following purposes. 

Material Characterization. Design test sections are delineated on the 

basis of a preliminary deflection profile. Statistical tests are then used 

to divide thp sections that are significantly different from each other. 

Procedures are developed in Chapter 5 of this report in order to arrive at a 

suitable number of deflection measurements in each test section. 

The most desirable location of the Dynaflect with respect to pavement 

edge and transverse crack will be recommended. Procedure for calculation of 

insitu Young's moduli will also be outlined. 

Void Detection. Tile location of Dynaflect and frequency of deflection 

measurements will be discussed. Specific recommendations will be made to 

reduce the effect of temperature on deflections. A procedure to remove the 

influence of temperature differential on measured deflections will be 

presented. 

Load Transfer. Tile theoretical models for estimating load transfer 

across transverse cracks and/or joints are reviewed. Additional analysis is 

performed in order to estimate any loss in load transfer across the 

transverse cracks or joints using deflections. 

RR256-6F/Ol 
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SCOPE OF THIS REPORT 

This report presents a detailed operating manual for making reliable and 

accurate deflection measurements with the Dynaflect for structural monitoring 

and eyaluation of rigid pavements. Separate guidelines are included for each 

specific use of the data, in this report as described in the following. 

Chapter 2 summarizes factors that affect pavement defV~ctions and the 

findings of previous research efforts. 

temperature effects and seasonal 

These include enyironmental factors, 

effects. Effects of payement 

characteristics such as void size and discontinuities on deflections arp 

presented as one source of errors in deflections -- e.g., placement 

replication, effect of rigid bottom, and variation in slab thickness. 

Chapter 3 is devoted to the applications of deflection measurements in 

material characterization load transfer estimation and void detection. 

Chapter 4 presents and briefly discusses a theoretical model for estimating 

temperature at any depth of concrete slab using information from daily 

reports on climatological data providing an alternatiYe to the actual 

measurement of pavement temperatures at the top and bottom of the slabs. 

Statistical treatment of deflections is dealt with in Chapter 5, which 

includes tests for normality assumption and determination of sample size for 

deflection measurements. Chapter 6 summar1zes the earlier chapters and 

presents final conclusions and recommendations. 

RR256-6F/Ol 





CHAPTER 2. FACTORS WHICH AFFECT PAVEMENT DEFLECTIONS 

De flec t ion measurement s on rigid pavement s by NDT equipmpnt are 

influpnced by a number of factors. These factors can be broadly classified 

into two categories (1) environmental factors and (2) pavement 

characteristics. Other sources of error in measured deflections result from 

the presence of a rigid rock layer near the surface. The operation of the 

equipment could also be considered a source of error. 

ENVIRONMENTAL FACTORS 

Tpmperature effec t s, seasonal effec t s and moisture effec t s are 

considered. 

Temperature Effects 

Review of Past Research. Temperature affects rigid pavement behavior in 

two ways: 

(1) Seasonal variations ~n temperature cause pavement to contract or 

expand over a large time interval and affect the development of 

fri.ction force between tb.e slab and the underlying layer and 

expansion of joint and crack. 

(2) The daily variation of temperature causps temperature differential 

in the slab and results in curling and warping. 

Detailed literature reviews are presented in RPfs 7 and 11. In addition 

conceptual discussion is also made in Ref 5. 

Curling and Warping. Behavior of a rigid pavement is influenced by a 

vertical temperature differential in the slab, as discussed in Ref 7. 

Temperature differential is defined as the algebraic difference, temperature 

of top minus tpmperature at bottom of a concrete slab. The terms curling and 

RR256-6F/02 9 
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warping have been used to define the distortion of the pavement slab from its 

normal plane (Refs 11 and 12). Price (Ref 10) has done a literature review 

in order to establish clear definitions of these two terms. In this report, 

definitions adopted by Price are used. 

Accordingly, curling is lithe distortion of a pavement slab from its 

proper plane caused by differential expansion or contraction resulting from a 

difference in moisture content or in temperature between the top and the 

bottom of the slab." A temperature differential in the concrete slab will 

cause curl ing. Warping is defined as "the distortion or displacement of a 

pavement slab from its proper plane caused by external forces other than 

loads." An example of warping is the distortion caused by volumetric changes 

in the subgrade. 

Temperature Effects on Deflections. Reference 7 presents results of an 

investigation into the influence of temperature and distance from pavement 

edge on Dynaflect deflection data collected on CRC pavement at Columbus, 

Texas in summer and fall 1981. The results showed that temperature 

differential is significant in explaining variation in Dynaflect deflections. 

It was also concluded that the influence of temperature differential on 

deflections measured in the wheelpath or in the center of the slab is 

practically insignificant. However. errors involved in deflections measured 

at the pavement edge were significant. These findings are also illustrated 

in Fig 2.1. Another consideration in the evaluation of deflections is the 

dispersion of scatter of data around the mean. Standard deviation is a 

measure of dispersion. From the replicate edge deflection data (Ref 7). it 

has been established that the sample standard deviation of edge deflections 

is considerably higher as a result of temperature differential, as 

illustrated in Fig 2.1. 

Seasonal Effects 

Any seasonal changes in parent deflections are generally the result of 

seasonal variation of moisture in unbound base layer and subgrade. The 

seasonal effects on deflections on rigid pavements are thoroughly discussed 

RR256-6F/02 
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1n Refs 4, 5, and 7. The results of ANOVA on the Columbus Dynaflect data 

(Ref 13) show that there was statistically no significant differt'mce in the 

mp-ans of sensor 1 defV~ctions during summer and fall. This finding is also 

illustrated in Fig 2.2. Metwali (Ref 14) describes the results of ANOVA 

applied to the Dynaflect deflection data collected during fall and spring on 

different rigid pavement test sections. Metwali concluded that CRC pavements 

do not experience appreciable seasonal variations in their deflection. 

Jointed concrete pavements and asphalt pavements showed statistically 

significant changes in the maximum Dynaflect deflections due to seasonal 

variations. These findings by Metwali (Ref 4) are interesting and somewhat 

in conflict with the current data and belief. Further research is needed in 

this area. 

POSITION OF DYNAFLECT 

ThE" position of any NOT device with respect to the pavement edge and 

transverse crack or joint will greatly influence the measured deflection. 

Torres-Verdin and McCullougll (Ref 5) reported a theoretical investigation 

using the SLAB49 Computer program (Rpf 15) based on plate theory. By 

modeling thE" Dynaflect loading, deflections were found to decrease with an 

increase in distance from the pavement edge (Fig 2.3). Voids were also 

modeled at the edge. Significantly higher deflections were computed at tne 

pavement edge. 

sp.ction. 

The effect of void size is further discussed in a letter 

The experimental data collected at the Columbus, Texas, bypass and 

analyzed by Uddin P.t al (Ref 7) also indicate the significant effect of the 

distance of tne DynafLect with respect to pavement edge and position with 

respect to the transverse cracks. These findings are supported by the 

results of ANOVA (Ref 13) and illustrated in Fig 2.3. It is also shown in 

Chapter 5 that the normality assumption of the Dynaflect deflection data is 

valid only if the deflections are considered as sampled from the populations 

having different mp.ans and variances with respect to the distance of the 

Dynaflect from the pavement edge. In other words, if deflection data are 
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used to make statistical inferences, the data collected at different 

distances from the pavement edge should not be combined. 

PAVEMENT CHARACTERISTICS 

Basic assumptions in applying elastic layered thpory to the design of 

rigid pavements include intini te slab in all directions away from the load 

and uniform K (modulus of subgrade reaction) at all points under the slab. A 

uniform K under the slab is improbable in an old pavement as voids may be 

created under the slab near its outer edge. Similarly thE" first assumption 

is also violated in a rigid pavement due to presence of joints and other 

discontinuitiE"s such as cracks. There are times when these violations may 

produce unreliable results and this may warrant the use of testing technique 

which is capable of applying a variable load. Effects of void size and 

discontinuities on deflections are examined in this section. 

Effect of Void Size 

Creation of voids under concrete slab can principally occur by (1) 

pwnP1ng .,f subbase material, (2) movement or differential settlement in 

subsoil strata, and (3) slab jacking. A detailed discussion of the effect of 

voids on stresses and deflection and resulting reduction in the fatigue life 

of the pavement is given in lref 5. An analytical investigation into the 

effect of void size on deflections was carried out in Ref 5 by modeling 

Dynaflect loading between transverse cracks. A factorial design was used to 

make runs of the SLAB49 computer program (Ref 15). Slab size (23.3 ft x 60.0 

ft), crack spacing (S ft), pavement thickness (S inchE"s), concrete modulus of 

elasticity (5 x 106 psi), and concrete Poisson's ratio (0.20) were held at 

fixed values. The parameters varied were (1) K values at 3 levels, 100, 400, 

and SOO psi; (2) distance of Dynaflec t sensor no. 1 from the pavement edge 

also, at 3 levels 10,40, and SO inches; and (3) void size at 5 levels, 0, 7, 

13, 27, and 40 sq. ft. ThE" study showed that deflection increased as void 

area was increased, as illustrated in Fig 2.3. When the Dynaflect is moved 

toward the center of the slab, deflection decreases and at 5 ft from the 
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pavement edge there is practically no effect of void size on deflection (see 

Fig 2.4). 

Effect of Discontinuities 

The presence of discontinuities, such as transverse crack or joints, is 

an inherent characteristic of rigid pavements. Test load applied near these 

discontinuities results in higher deflection than the corresponding 

deflection measured away from the discontinuity. A discontinuity implies 

reduced slab bend ing sti ffness in the ort hogona l d irec t ion. Co lumbus 

Dynaflect data (Ref 7) provide experimental evidence of significantly higher 

deflection near the transverse crack as compared to the corresponding midspan 

deflection (see Fig 2.5). This figure also demonstrates the variations in 

deflections caused by different types of edge supports. In Fig 2.5 distances 

are measured from the pavement edge with the inside asphaltic concrete 

shoulder. '!be abnormalities in deflection measured at 18, 21, 23, and 31 

feet from the pavement edge show the influence of the longitudinal joint 

located (at 24 feet). Deflections near the longitudinal joint (one foot from 

the joint which is 23 feet from the pavement edge) are higher than the 

deflections measured away from this joint. In this study (Ref 13), test 

section was also found to be a significant main effect. Plots of mean 

deflection versus distance from edge are similar for sections 2 and 3 but 

different for section 1. This can be explained by possible changes in the 

subgrade characteristics. '!be deflections near the transverse crack will 

also be affected by temperature changes. This subject is discussed further 

in Chapter 3, where a procedure is developed to use deflections for load 

transfer evaluation at transverse cracks. 

ERRORS 

Effect of Placement Error 

The deflections are significantly influenced as distance of the test 

load is varied from the pavement edge, as illustrated in Figs 2.2 and 2.3 in 
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Refs 5 and 7 respectively. The effect of placement error of the Dynaflect 

was theoretically analyzed in Ref 5. Placement error was considered to be 

the difference between the deflection at any distance greater than 20 inches 

from the pavement edge which results from placing both wheels of Dynaflect on 

the pavement. Figure 2.6 illustrates typical results of the influence of 

placement error of the Dynaflect on deflection as a function of void size. 

The error due to the void size is found to be generally greater than the 

placement error. It is concluded that the placement error should be kept as 

small as possible and should never exceed 5 inches. 

Replication Error 

Replication error is associated with any deftection measuring device. 

It is also referred to as repeatability of the device. A review of several 

NDT deflection measuring devices and repeatability is made in Ref 8. 

Additional discussion and experimental data are also presented by Uddin et al 

(Ref ]). The coefficient of variation of replicate measurements of the 

Dynaflect sensor 1 deflections is in general below 10 percent (for locations 

which are not appreci.able affected by temperature) and is as low as 2.1 

percent. 

Effect of Rigid Layer 

If a rigid bottom or rock layer exists at SOme depth, deflection 

measurements and subsequently Young's modulus of the subgrade will be 

significantly affected. Surface deflection 18 the integration of vertical 

strain over some depth which is considered to be infinite in most elastic 

layered theory programs. Presence of a rigid base at shallow depth will 

result in a reduction in the deflections. But, if the same deflection basin 

is to be used for calculation of Young's moduli, the subgrade modulus will be 

significantly overestimated if the rigid base 1S not modeled in the layered 

theory program used for basin fitting. Taute et al (Ref 4) made a detailed 

study of this problem. They developed regression equations that can be used 
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to determine reduction in the subgrade modulus if the depth to rigid bottom 

is known, as illustrated in Fig 2.7. 

Consideration of rigid bottom in the basin fitting programs and 

estimating he depth to rigid bottom based on stress wave propagation theory 

have also been studied by Uddin et al (Ref 7) and are discussed in the next 

chapter. 

Variation in Slab Thickness 

The variation of thickness of the surface concrete layer is a source of 

error in deflections and it also influences the back-calculated Young's 

moduli. The error due to a variation in slab thickness has been investigated 

by Torres-Verdin and McCullough (Ref 5) in conjunction with the development 

of procedure to determine sample size for the Dynaflect deflection tests. 

From studies made in Ref 5, it is recommended that a change in slab thickness 

of + 0.25 inch typically causes a variation of approximately 2.5 percent in 

the sensor 1 deflection. 

SUMMARY 

Investigations made to examine and quantify the effects of different 

factors that influ@nce deflection measurements on rigid pavement have been 

reviewed in this chapter. These are summarized below. 

(1) It is established that temperature differential significantly 

affects edge deflections indicating tbe need for temperature 

correction. 

(2) The deflection data collected at different distances from the 

pavement edge should not be combined as they are significantly 

different from each other. 

0) Effects of void size and discontinuities on the Dynaflect 

deflections are also reviewed. 
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(4) Different sources of errors in the deflections are reviewed and 

guidelines regarding the size of errors are also presented. These 

include 

(a) placement errors, 

(b) replication error, 

(c) error due to the presence of a rigid bottom of snallow depth, 

and 

(d) error due to variation in the thickness of the surface 

concrete layer. 
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CHAPTER 3. APPLICATIONS OF DYNAFLECT DEFLECTIONS 

This chapter deals with several applications of Dynaflect deflections 

measurements for rigid pavement evaluation. The principal use of deflection 

measurements is to estimate the inplace structural adequacy of pavements. In 

combination with the condition survey data, deflections may be used for 

prioritization at the network level. The Dynafl~ct is then used extensively 

to evaluate the following for each design section. 

(1) To calculate Young's moduli of subgrade and pavement layers which 

are also input in the overlay design procedure. 

(2) Diagnostic checking for void detection and loss of load transfer 

across cracks and joints, using Dynaflect deflections. 

The following sections in this chapter present step-by-step procedures 

recommended for the use of Dynaflect deflections in four application areas-

material Characterization, void detection, load transfer evaluation, and 

reflection cracking analysis. 

MATERIAL CHARACTERIZATION 

Elastic layered theory is applied to analyze the Dynaflect deflections 

for material characterization. The procedure for analyzing the Dynaflect 

deflection basin for material characterization is based on work described in 

Ref 4. 

Input Data 

Deflection Data. nUl! Dynaflect deflection basin (Fig 3.0 measured in 

the wheel path or near the center of slab and away from a transverse crack or 

joint (in the mid-span position) is to be utilized for material 

characterization. 
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Pavement Layers and Thickness Information. 

layers and the ir correspond ing thic knesses 

The number of pavement 

are to be gathered from 

construction plans or from cores extracted as part of the evaluation program 

or the use of Spectral-Analysis-of-Surface-Waves method (Ref 16). 

Initial Estimate of Material Properties .£!. Pavement Layers. Initial 

estimates of Young's modulus and Poisson's ratio for each individual layer 

and subgrade are required at the start of the iterative basin fitting 

procedure. Typical values of Poi.sson' s ratio for different pavement 

materials are given in Table 3.1. Theoretical deflections calculated from 

elastic layered theory are not appreciably affected by small deviations from 

the recommended values of Poisson's ratios. 

The initial estimate of Young's modulus I E, for each pavement layer is 

to be obtained from any available information on laboratory test data or 

seismic tests, such as Spectrum-Analysis-of-Surface-Waves (SASW) tests (Ref 

16). The practical range of Young's moduli, E, for typical pavement 

materials and natural soils is presented in Table 3.2. An indication of the 

type and extent of distress, based on the condition survey data and 

information on the age of thP. pavement, can be very helpful in selecting a 

reasonable value of E from Table 3.2. Surface concrete and base layers show 

a lesser degree of variation in E values than natural subgrade layers. 

Basin Fitting Procedures 

Computer Based Iterative Procedure. A rigid pavement structure can be 

modeled as a multi-layered linearly elastic system with homogeneous and 

isotropic material within pach layer. Thp. iterative procedure for back

calculation of Young's moduli is summarized below. 

(1) Select a computer package based on layered theory, such as ELSYM5, 

LAYER15, or BISAR, for the calculation of the theoretical 

deflection basin. 

(2) Determine data assumed to be known for input: 

(a) thickness information of each layer, 

(b) loading configuration of the Dynaflect, and 
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TABLE 3.1. POISSON'S RATIOS OF PAVEMENT MATERIAL 

Material 

P. C. Concrete 

Cement stabilized 
base material 

Granular base 
(unbound) 

Asphalt concrete 

Subgrade Soil 

Lime- treated 
subgrade 

1 (After Ref 12) 

Recommended Value 

0.15 

0.20 

0.40 

0.35 

0.40 

0.40 

1 Observed Range 

0.10 - 0.25 

0.20 - 0.50 

0.25 - 50 

0.5 (cohesive soil) 
0.3 (non-cohesive soil) 
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TABLE 3.2. YOUNG'S MODULUS OF ELASTICITY OF PAVEMENT MATERIALS 

Materials 

P. C. Concrete 

Asphalt concrete 

Cement-stabilized base 

Unbound granular base (~) 

(a) Low confining pressure (5 psi) 

(b) High confining pressure (50 psi) 

Subgrade soils (M
R) 

(a) Cohesive clay type 

(b) Fine grained sandy soil 

Lime-treated subgrade 

* (After Ref 12) 

Typical Range of Young's Moduli, E 

3 6 
x 10 - 6 x 10

6 * 
0.2 x 106 6 

- 1.1 x 10 * 
0.5 x 105 _ 20 x 105 * 

15 x 10
3 

- 35 x 10
3 * 

6 x 10
4 

- 11 x 10
4 * 

3 x 10
3 

- 4 x 10
3 * 

25 x 10
3 

- 30 x 10
3 * 

5 x 10
4 - 30 x 10

4 * 
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(c) points on thp. surface and their offsets from the load wnere 

deflections are measured (Fig 1.2). 

(3) Assign a reasonable estimate of Poisson's ratio and Young's modulus 

for each layer for the initial input. 

(4) Determine the only output needed from the program, an array of 

surface deflections calculated on the relative positions of the 

five geophones. 

(5) Compare the computed deflections with the measured insitu 

deflection basin. Once these are within a reasonable closure 

tolerance, 2 percent, the assumed values of Young's moduli become 

the final values. 

(6) Otherwise go to step 3 and change the previous value of the modulus 

for one or more layers and continue the iterative procedure until a 

best fit to the measured deflection basin is achieved. 

(7) Record the final combination of Young's moduli as the insitu 

moduli. 

(8) Tnis procedure is used to estimate Young's moduli for each 

deflection basin. 

The following limitations should be recognized in the procedure of 

material characterization using the basin fitting technique: 

(1) This iterative procedure does not give a unique solution, and 

therefore the final moduli should be checked to be within a 

reasonable range, as indicated in Table 3.2. 

(2) Consideration should be given to the possibility of the existencp

of rigid bottom which is discussed later. 

The measured and calculated (the best fit) deflection basins should be 

plotted to ensure that there are not shape breaks especially in the initial 

portion of the basin near Sensor 1. The shape of the fitted basin can be 

improved only by adjusting the moduli. The results of a parametric study on 
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a rigid pavement (Ref ]) can be used to improve the iterative procedure for 

calculating Young's moduli as summarized below. 

(1) Change in the modulus of the subgrade layer causes the largest 

change in all deflection values, 

(2) A corresponding change in the surface concrete layer results in 

relativply fewer changes in all deflection values. and change in 

sensor 5 deflection is less than half of the change in sensor 1 

dpflection. 

(3) The deflection basin is least sensitive to changes in the moduli of 

the intermediate layers. 

Graphical Procedure. An approximate procedure has been developed in Ref 

4, based on a large number of elastic layered theory computations. The 

following conclusions were drawn from these computations: 

(1) The subgrade modulus can be predicted with reasonable accuracy from 

sensor 5 deflection, and 

(2) Basin slope (Fig 3.1) is not appreciably affected by changes in 

the modulus of subgrade and therefore the basin slope or (sensor 

I-sensor 5) deflection can be used to estimate moduli of pavement 

layers. 

The step-by-step procedure is outlined as follows: 

(1) Estimate the subgrade modulus using sensor 5 deflection and 

thickness of concrete, from Fig 3.2. 

(2) Use basin slope and subgrade modulus to estimate pavement layer 

moduli using the nomograph shown in Fig 3.3. This is an iterative 

procedure. 

(a) Use slope (W1-W5) from measured deflection basin and estimate 

of E1 to find the turning point on line number 3. 
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(0) Use this turning point and the value of slab thickness, D, on 

line 4 to locate the next turning point on line number 5. 

(c) Locate the subgrade modulus value, E (determined from step 1) 

on line 6; connect it with the turning point on line 5. 

Extend this line to the next turning line number 7. 

(d) Use this turning point on line 7 and thickness of the 

intermediate layer DZ on line number 8 to draw a line passing 

through these points and extend it to line number 9 and read 

the value, which will be an estimate of Young's modulus of the 

intermediate layer, EZ' 

This procedure can be used to obtain initial estimates of layer moduli 

for the earl ier computer based procedure, and also as a check on the 

computer's results, but is not recommended for use in a final design. 

Consideration of Rigid Bottom 

Correction for the Effect of a Rigid Layer ~ ~ Known Depth. Layered 

theory programs in general assume an infinite subgrade. A laboratory 

resilient modulus, MR value is often used in the material characterization. 

Using this value in the elastic layered thpory program will result in a 

larger deflection in the case in which a rigid bottom exists at some shallow 

depth. in ordpr to match the computed deflections with the measured 

deflection basin, the subgrade modulus is adjusted. The required reduction 

in the sub6rade modulus (detprmined for an infinite subgrade) can be obtained 

by using the known depth of the subgrade to the rigid bottom or using 

Fig 2.7. 

Selection of the Depth .!£. Rigid Bottom. If a computer based basin 

fitting procedure is employed for material characterization, it is still 

possible to consider a rigid layer. This condition can be simulated by 

assigning a very large and fixed value to Young's modulus (e.g., 1099 psi) at 

the bottom of a subgrade layer of a known finite thickness. The deflection 

basin fitt ing procedure can then be used in the similar way as described 

earlier. 
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In the case in which a very stiff bottom, e.g., bed rock, is present at 

some unknown depth the depth to the rigid layer must be selected. The theory 

of the propagation of stn~ss wave in an elastic half space can bi'> used as a 

rational. approach. If the velocity of compression wave, P-wave (V p) is 

known, then the wave length (Lp) can be determined by using the relationship 

= f 

where f is the frequency of Dynaflect (8 Hz). The thickness of the subgrade 

layer can then be assumed to vary between half and full wave length. If data 

on sub-soH classification in the test area are accessible, then TablE> 3.3 

can be used to select the depth to the rigid bottom. However this approach 

is applicable only when it is certain that a rock stratum does not exist at a 

depth of 20 feet or less on tne test site. If it is suspected that the rigid 

layer 1S at a depth of less than 20 feet, thE>n it is necessary to either bore 

for tne depth or use SASW method as described in Ref 16, to determine the 

depth to the rock layer. 

Stress Sensitivity ~ Subgrade 

The subgrade value estimated from deflection basin can be adjusted for 

stress sensitivity of subgrade when considered critical by (1) determining MR 

on cores at different stress levels (Ref 4) or (2) use of an NDT technique 

tnar allows variable load. 

VOID DETECTION 

Use of Deflection Measurements 

Dynaflect deflections provide a fast and reliable means for dptecting 

voids under rigid pavement and also for judging the effectiveness of any 

grouting operation for corrective maintenance. Birkhoff and McCullough (Ref 
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TABLE 3.3. ESTIMATION OF DEPTH TO RIGID BOTTOM (DSG) 

Compression Wave* Suggested Thickness** 
(P-Wave) Velocity of Subgrade 

Soil Typp V , p ft/sec. DSG ' ft. 

A. Unsaturated Condition 

Very Soft 
800 50 

Soft 
1200 75 

Medium 
1800 R;' 113 

Stiff 

Very Stiff R;; 250() ~ R:: 156 

B. Saturated Condition R;; 500r R;; R::313 

* Typical values of V , compression wave velocity are based on 
recommendations by p Dr. K.H. Stokoe II, Professor of Soil 
Dynamics at The University of Texas at Austin. 

** Depth of subgrade over the rigid bottom, DSG\is based on half 
wavelength corresponding to P-wave at 8 Hz. 
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2) have recommended two methods for using the Dynaflect deflection data to 

identify the areas likely to ha\le voids. These methods involve (l) 

deflection basins and (2) WI deflection profiles. The Dynaflect data are 

co llec ted along the road way. Two sets of deflection measurements are taken 

in each test section, one in the outside lane at 3 feet from the outside edge 

and the other at 3 feet from the center of the inside lane. This procE"dure 

has been revised (Ref 6) and is described later in this chapter. 

Deflection Basin Method. The deflection basins at each station are 

p lotted using Texas SDHPT computer program STCOE I (Ref 2). In the first 

method, the basin plots (Fig 3.4) are compared on a relative basis to 

determine the areas where high and deep basins exist, which indicate presence 

of voids. 

Sensor 1 Deflection Profiles. In the second method deflection profile 

plots are produced based on maximum (sensor l) deflection. This method is 

more efficient than the first method. The interior and edge deflection 

profiles (see Fig 3.5) are again compared on a relative basis. 

The experimental Dynaflect data (Ref n and theoretical investigations 

on the effects of void size (Ref 5), and recent studies (Ref 6) as discussed 

in Chapter 2 have resulted in minor modifications to the procedurE" presented 

in Ref 2. 

Recommended Procedure. Use of only sensor 1 deflections for plotting 

deflection profiles is preferred. The step-by-step procedure for analyzing 

the deflection data for \loid detection is presented in the following. 

(1) Obtain the outside lane deflections at one foot from the pavement 

outside edge. The sensor 1 deflections are to be corrected for 

zero temperature differential condition. 

(2) Obtain the outside lane deflection at center line. If the 

deflection measurements are also being made for material 

characterization at the center of the outside lane then this data 

will be sufficient to provide relati\le comparison. 

(3) Plots of the two deflection profiles are to be produced as 

illustrated in Fig 3.5. 
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(4) Areas susceptible to voids are to be marked on the plots on a 

relative basis, as illustrated in Fig 3.5. 

Sources of Errors 

Placement Error. The Dynaflect deflections can be significantly 

affected by the placement error, as discussed in Chapter 2. The Dynaflect 

loading wneels and sensor 1 should be as close to the marked position on the 

pavement as possible but no more than 5 inches out in any case. 

Error Due ~ Temperature Differential. Temperature differential has a 

significant effect on Dynaflect edge deflections. In the early morning 

hours, a negative temperature differential will cause an increase in 

deflection. In the mid-afternoon when the maximum positive temperature 

differential occurs, observed deflections will be less than the corresponding 

deflections at zero temperature differential condition. Therefore, it is 

necessary to transform all edge deflections measured at different times of 

the day to the standard condition of zero temperature differential in the 

slab. An example of applying this correction is given in Ref 7. 

Effectiveness ~ Grouting Operation 

Dynaflect deflections are also used to evaluate the effectiveness of 

grouting operations to fill voids under the pavement. Practical examples are 

presented in Ref o. A graphical procedure for this purpose has been 

developed in Ref 5. The step-by-step procedure is presented below. 

(1) Obtain Dynaflect deflec tions after the underseal ing operation at 

one foot from the outside edge in the outside lane. 

(2) Apply temperature correction to sensor 1 deflections to correspond 

to zero temperature differential condition. 

(3) plot tne corrected deflections before and after the grouting 

operation, as illustrated by dots in Fig 3.6. Also draw the 

equality line (solid line), which is at 45 degrees with respect to 

the abscissa. 
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the effectiveness of undersea1ing operations (Ref 5). 
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(4) Using a programmable calculator or a statistical package accessible 

at the Texas SDHPT computer. estimate a best fit simple linear 

regression line (dashed) having its origin in the area of greatest 

concentration of dots near the line of equality. 

(5) Compare the estimated slope of the fitted line> m, with the values 

shown in Table 3.4 to estimate the effectiveness of the grouting 

operation. 

LOAD TRANSFER EVALUATION 

Background 

The presence of discontinuities in the surface concrete layer is an 

important characteristic of rigid pavements. These discontinuities are (1) 

irregular transverse cracks i.n continuously reinforced concrete pavement, (2) 

controlled transverse cracking in sawed contraction joints in plain or 

reinforced jointed concrete pavement and (3) contraction or expansion joints 

where dowels are used for providing load transfer. The transverse cracks in 

CRC pavements and JRC pavements are held tight by reinforcement. In designing 

a new pavement, full load transfer across these di.scontinuities is always 

i.mplied. However gradual deterioration of the discontinuities over the years 

caused by environmental changes and accumulation of traffic loads results in 

partial load transfer. A loss in load transfer is associated with an 

increase in deflection. 

Mechanism of Load Transfer 

Strauss et al (Ref 3) present discussions on the mechanisms of load 

transfer and theoretical models to estimate load transfer. For CRC pavement, 

three mechanisms of load transfer across cracks are discussed--through moment 

transfer, aggregate interlock, and dowel action of steel reinforcement. 

Mathematical models are developed for the three cases and compared with the 

field data. It is concluded that (1) the probability of moment transfer at a 

crack is very small unless crack width i.s very narrow which is possible only 
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TABLE 3.4. PERCENT OF VOID AREA FILLED AS A 
FUNCTION OF SLOPE, m 

Percent of 
m Void Area Filled 

1.0 0 

0.8 20 

0.6 40 

0.4 60 

0.2 80 

0.0 100 
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for new pavements; (2) and the burden of the load transfer has to be carried 

by aggregate interlock and dowel action of the longitudinal steel 

reinforcement. 

Use of the Dxnaflect Deflections 

Analytical Investigations. A crack in a rigid pavement can be simulated 

by reducing the slab bending stiffness in the SLAB49 computer model (Ref 17). 

It can be assumed that the load transfer at a transverse crack is a function 

of the percentage reduction in the slab bending stiffness along the crack. 

This assumption makes it convenient to use deflection measurements to 

estimate loss in load transfer. 

Numerous SLAB49 computer runs were made to develop a dimensionless chart 

for load transfer evaluation. The eRe pavement structure assumed in the 

study is 10 inches surface concrete layer ( E = 4 x 106 psi, Poisson's ratio 

= 0.15 ) over a stabilized base with K on top equal to 800 pcL Average 

crack spacing is assumed to be 8 feet. A 9-kip wheel load is applied at 5 

feet from the outside edge of the outside lane and computations are made at 

differpnt levels of reduction in slab bending stiffness to calculate 0) 

dpflections di when the load is applied in between cracks and (2) deflections 

dc when the load is applied at the crack. 

Estimation of Loss in Load Transfer. Figure 3.7 illustrates a curve on 

a dimensionless plot developed from the results of the analytical study (also 

valid for Ktop of 2000 pci). The curve represents a relationship betwepn 

deflection ratio (DR) and load transfpr factor (LTF) which are definpd below. 

DR .. d /d. c 1 
(3.1) 

where dc and di are deflections at the crack and in thp mid span position, 

respectively. 
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LTF = 100 - percent reduction in slab bending stiffness (3.2) 

The relationship shown in Fig 3.7 is unique for CRC pavements with and 

without tied concrete shoulder. Assumption of linearity in the theoretical 

model used for computations validates use of the Dynaflect deflection 

measurements to obtain deflection ratio dc/di and estimate the corresponding 

load transfer using Fig 3.7. The same figure can also be used for evaluation 

of contraction or warping joints in JRC pavements. 

Application of the Developed Procedure 

The dimensionless curve in Fig 3.7 has been used to evaluate loss in 

load transfer using the Dynaflect data collected at Columbus, Texas, (Ref 7). 

Deflection ratios, dc/di , of 1.06 or lower are observed for the fall data of 

sensor 1 deflections measured in the wheel path, which is typical of a new 

CRC pavement. This corresponds to an LTF equal to or more than 70 percent. 

REFLECTION CRACKING ANALYSIS 

Background 

A recent study has been carried out by Mendoza and McCullough (Ref 23) 

to develop design charts for use in the design of hot mix asphalt concrete 

(HMAC) overlays on portland cement concrete (PCC) pavements to prevent 

reflection cracking. Reference 24 is the source for a detailed theoretical 

treatment of the reflection cracking analysis procedure. 

Procedure of Dynaflect Testing 

An important step in the reflection cracking analysis procedure is to 

make field deflection measurements prior to overlay placement on a number of 

joints or cracks in a given design section by loading on one side of each 

joint (or crack) and measuring the deflections on both loaded and unloaded 
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sides. The Dynaflect device may be used for these measurements. 

deflection factor for each joint, Fw' can be computed as: 

where 

F 
w 

= 

"" 

deflection on loaded side, and 

deflection on unloaded side. 

(3.3) 

47 

The 

Figures 3.8 and 3.9 show the location of the Dynaf lec t load and 

geophones in order to determine the required deflection values. 

Application 

References 23 and 24 present the concept that the maximum shear strain, 

OV to which an overlay can be subjected is expressed as 

= f [ NT' EDV] (3.4) 

where 

Nt = repetitions of design 18-kip single axle load, and 

EDV "" dynamic modulus of elasticity of the overlay material. 

Next, an impression is obtained for the maximum allowable deflection factor, 

Fw 

"" f [ y OV' EDV, THOV, ED 2, TH2 ] (3.5) 
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Fig 3.9. Illustration of Dynaflect deflection load and geophone 
configuration for determining required deflection 
values (after Ref 24). 
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where 

THOV == 

ED2 ::0 

TH2 == 

overlay thickness, inches. 

dynamic modulus of the intermediate layer, 

thickness of intermediate layer. and 

y OV and EDV are defined earlier. 

Based on the relations 3.4 and 3.5, a graphic procedure has been prepared by 

Mendoza and McCullough (Ref 24) to determine the critical deflection factor 

as illustrated in Fig 3.10. This chart is applicable to the six composite 

climatic zones of Texas as shown in Fig 3.11. The critical value of 

deflection factor obtainpd from Fig 3.10 must not be exceeded by thp actual 

deflection factors of each joint (or crack) obtained from the field 

deflection measurements for the particular section being designed. Those 

joints (or cracks) whose deflection factors exceed the maximum deflection 

factor should be subjected to an appropriate measure of rehabilitation before 

overlay placement so that premature reflection cracking will be avoided (see 

Fig 3.12). 

SUMMARY 

The three major applications of the Dynaflect deflections as related to 

rigid pavement evaluation have been presented in this chapter. Detailed 

guidelines are included on insitu material characterization of pavement 

materials using Dynaflect deflections. Step-by-step procedures for detecting 

voids beneath rigid pavements and evaluating the effectivenpss of grouting 

operations are described. A brief background on load transfer evaluation and 

spec Hic recommendations on using the Dynaflect deflections to estimate loss 

in load transfer and diagnostic checking of the cracks or contraction joints 

are also presented. Use of Dynaflect deflections in reflec tion cracking 

analysis is also discussed. 
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Temperature correction is required in the case of the Dynaflect sensor 1 

deflec tiona measured at one foot from the pavement edge for the purpose of 

void detection. Tnis necessitates measurement of temperature both at top and 

bottom of the concrete slab. As an alternative, a simple procedure for 

predicting temperatures in a concrete slab using local climatological data is 

presented in the next chapter. 
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CHAPTER 4. ESTIMATION OF TEMPERATURE IN CONCRETE SLABS 

Dynaflect deflection measurements made for the purpose of void detection 

must be corrected to remove the influence of temperature differential. This 

implies measurement of temperature at toP top and bottom of thp concrete slab 

simul taneously with the use of Dynaflect. This chapter describes an 

alternate procedure for estimating temperature in the concrete slab based on 

climatological data and thermal properties of concrete. The development of 

the temperature predictive model is described in detail in Ref 7. 

INFORMATION REQUIRED TO ESTIMATE PAVEMENT TEMPERATURE 

Different climatological information from daily weather report and 

material properties required to estimate temperature in concrete pavement are 

prespnted in this section. 

Climatological Data 

Ambient Air Temperature. The daily air temperature variations follow a 

sinusoidal function of time and the temperature is the most important factor 

to influence the surface temperature of a concrete pavement. The hourly 

record of air temperature is not maintained in all weather stations. 

TherE' fore , the model relies on daily maximum and minimum air temperatures 

which are always included in daily weather reports. 

Solar Radiation. Solar radiation is also a major contributor to 

temperature changes in concrete pavement. The local weather stations report 

total solar radiation in Langleys per day. Solar radiation is affected by 

the cloud cover. 

Wind Speed. Average wind speed is also an input in the model bpcause 

it influences the surface temperature. 

surface temperature. 
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Thermal Properties of Concrete 

Table 4.1 presents the tMrmal properties of concrete and 

values for pavement-quality concrete. 

TEMPERATURE MODEL AND APPLICATION 

Theoretic Model 

typical 

The theoretical model described by Shahin and McCullough (Ref 18) nas 

been revised by Uddin et al (Ref 7) for applicability to concrete pavements. 

The mathematical model is based on the theory of conduction of heat through a 

semi-infinite homogeneous mass. The final form of the model is described in 

Ref 7. 

Computer Program and Application 

Complete listing of thp. revised computer program PTEMP based on thp. 

tneoretical model is givp.n in Ref 7 with examples of input and output. A 

simplified flow chart of the program, is presented in Fig 4.1. Temperature 

parameters of the concrete slab at the eRe pavement, at Columbus, Texas, in 

August. 191H have been estimated using computer program PT£MP. The 

climatological data thermal properties and the calculated hourly distribution 

of temperatures are given in the example output in Table 4.2. The estimated 

and measured temperature data are plotted in Fig 4.2 for comparison. Weather 

data were obtained from weatner reports published by NOAA (Ref 19). 

SUMMARY 

A temperature predictive model has been described in this chapter for 

use in an alternate procp.dure if actual measurement of temperature in 

concrete pavement is not possible. Typical values for thermal properties of 
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TABLE 4.1. THERMAL PROPERTIES OF PAVEMENTS P.C. CONCRETE (REF 7) 

Properties 

Absorptivity of surface 
to solar radiation 

Thermal conductivity 

(BTU/ft2/hr, OF) 

Aggregates: 

Gravel 

Igneous 

Dolomite/limestone 

Specific heat 
(BTU/lb, OF) 

* (Ref 35) 
** (Ref 4) 

Portland Cement Asphalt Cement 
Concrete Concrete 

0.65 - 0.80 0.95** 
(Ref 23) 

0.7** 

0.9** 

0.83* 

2.13* 

0.20 - 0.28* 0.22** 
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START 

.. 
/READ, NTOT (Number of Total problems; 

PRINT, NTOT 

t 
LOOP FOR 

NTOT PROBLEMS 

+ 
~READ, TA, TR, V, W, S, AK, B, AL, if PRINT, TA, TR, V, W, S, AK, B, AL, 

t 
CALCULATE H, C, R 

H = f(V, AK) 
AK = Thermal Conductivity 

C = f(AK, S, W) 
R = HB, AL, V) 

AL = Solar radiations 
t 

I Call subroutine WTEMP, to calculate hourly I 
temperature of top of slab, TEMPI 

t 

I 
Call subroutine WTEMP to calculate hourly I 

temperature of bottom of slab, TEMP2 

t 
LOOP TO 

-- CALCULATE 
DT, TMID 

+ 
DT = TEMPI - TEMP2 

TMID = (TEMPI + TEMP2)/2 

l' 
LOOP TO 

PRINT 
OUTPUT 

~ 
IPRINT, HOUR, TIME, TEMP; 

TEMP2, DT, TMID 
(From 7 AM to 6 AM) 

I ..... 

( END ) 
(continued) 

Fig 4.1. Simplified flow chart of temperature prediction program, ::PTE!1P. I: 



SUBROUTINE WTEMP 

CALCULATE, Z2, Z3 
Z 2 = (-X) * C/12.0 

Z3 = H * EXP (Z2)/[(H + C) ** 2 + C ** 2] ** .5 

+ 
LOOP 

J = 2,25 

No 

59 

J.GT.9 Zq = 6.81768 * (0.0576 * J ~ 
+ .144 * Z2 - .288) 

Z = 
q 

Yes 

No 

J .GT .14 

Yes 

>--~~1iI>I Zq = 14.7534 * (.02057 * J 
+ 0.75 * Z2 - .288) 

-6.94274 * (.02057 * J 
+ .12 * Z - .288) 

2 

I 

Calculate Z 
Z = 5 in (Z 4

5 
) 

~- TM TA+R 
~L...T_V ___ 0r-.4_*_T_R....J 

0, + 

TM = TA + R 
TV = .5 * TR + 3 * R 

Calculate TEMPI, TEMP2 

STOP AND 
RETURN TO 

PTEMP 

.......... -
Fig 4.1. (continued) 
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TABLE 4. 2 • EXAMPLE OUTPUT 

PROBe NO. t CnUJMRU5 RYPASS 5H 11 AUG,0&,1981 

AVE. AIR TEMP.: p. c.;. 'h~0 DE-G.F 
TfMP.RANGE - 2r;.~Ae nE.G,F -
\Ioi I ~ln VF"lnCITY - ~. hH1 MP~, -
MATL. nt::NSTTv :I tli"'.~~Pl PCF. 
!IIIPFCJFTC HEAT = • (? tHl PTU,PEIol pOUND OEG,F 
rnNIJUCTIVITV :: .QA" ATu"HQUR,FT.,DEG,F 
.ARSO R8TlvITV = .75~ 
~nlAR QAn, - r;7r;,~IJQI LANGLEYS PE~ DAy -nEPTH = l~,~"P TNCMES 

HIIIIR nF /JAV TF:~P,T{]P TEt-IP,AOTT()M D1 T~ID 

HnlrQ3 nFG:.f DEG,.F OEG •• ~ DEG.-F 

1 7 A,.~ , R9;~ 95,6 .'5,9 9i,7 
i> a A,~. Ql,1 95,3 .4,1 C:13,i , 9 A,~' , rn,2 9S,e .1,7 94,1 
(j h' A. /1, Q5,7 qQ,8 ,9 95,3 
Ii 11 A, ,. , lV1tl," 9l1,fI 11,& 100,& ,., 12 NO()t: 115,4 qU.,9 2"'.5 105,t 
7 t ~'''''. 1"t,1I 95.t 2&.3 108,3 
lit -;. "',"', 1t~J:«; 95." 28,t 109,5 
~ ~ P.M, 121;e QS,S ?b,2 108.1 

t~ l.I p,~. t 1 '7.7 'lb,i? 21.5 10b,~ 
1 t 5 p.~. t 1 t ~ b 97." 14.2 104,5 
1, 6 P.M. 1 III Q • '1 9S.'5 S.b ua I, 2 
tl 7 P,'"'. (115:7 99.3 .3,5 97,5 
t II R p ..... 9Q:A 9q~8 -15,0 91.1 
t~ 9 P,M, 93;" 99.' -5.8 9&,8 
1 ~ 10 p.'"', q3.~ 99.5 -b.5 96,3 
1 '1 1 1 p."". 92;2 q9.2 .7,0 95.1 
\" 12 M I I1N H;IoH Qt.5 9A~q -7,4 95,2 
1 q 1 A,~, qVl~A Q8,5 .7,~ 94,1 
?f} 2 A.t-t, CH~ "S CH~, ~ .1,1 Q4.1 , 
?, J A,I-1. P.q,A 97,S .7,1 Q3,7 
?, (,j A ,"1, Aq,r; qe.q .7." cn,2 
21 5 A,~. I4q,~ Qe,4 -7,0 Qa,8 
i'LJ 6 A.M. ~9.3 q~,A .b,,5 92,5 
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Fig 4. 2. Comparison of predicted and measured 
temperature differential (Ref 7). 

II 15 

61 



62 

concrete and a source for obtaining the pertinent daily weather information 

are also described. The estimated temperature parameters from computer 

program P.&:EMP compare reasonably well with the measurl"d data. 
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CHAPTER 5. DETERMINATION OF THE REQUIRED NUMBER OF DYNAFLECT DEFLECTIONS 

The assumption concerning the normally distributed population of 

deflections is a basic step toward the determination of sample size. 

Statistical procedures described in the first section were used on a sample 

of the Dynaflect data (collected in Project 256) to check and validate the 

assumption of normal distribution. In the later sections, a procedure is 

developed for determining the required number of Dynaflect deflections based 

on sound statistical theory. This procedure is an improvement and an 

extension of the study presented in Ref 5. 

DISTRIBUTION OF DEFLECTIONS 

Normality Tests 

A number of procedures used for making statistical inferences from 

sampled deflections are based on the assumption that the population being 

sampled is (or is at least approximately) normally distributed. There are 

several procedures available to decide whether the normality assumption is 

reasonable. 

Empirical Rule. The characteristics of normal distribution can be used 

to make an informal check on the normality assumption. Figure 5.1 

illustrates examples of hypothetical continuous probability distribution 

which is normal. A normal distribution can be completely defined by the two 

parameters population mean, ].l, and population standard deviation, O. The 

estimate of ].l is the sample average W which is a measure of location of 

the sample. Standard deviation is a measure of the spread of the 

distribution and can be estimated from the sample standard deviation, s. The 

probabil ity that a single Observation will fall within,:, 0, 20 or +30 is, 

respectively, around 0.68, 0.95, or 0.997. This has led to an empirical rule 

for checking normality (Ref 20). 
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(a) Location lL (1 ft from 
edge) • 

0.16 0.26 

117 
(b) Location 4L --i ~ 

(3 ft from edge) 

0.16 0.26 

JL 

I.,. I- ~I 

0A-6 0.56 0.36 

JL ----Wl, mils 

JL = Population Mean 
17 = Standard Deviation 

(Note: Population mean and 
standard deviation are 
estimated from sample) 

0.36 

----i ........ w 1 t mils 

Fig 5.1. Examples of theoretical normal distributions at edge (lL) and 
wheelpath (4L) locations on rigid pavement. 



or 

If 

l. 

2. 

3. 

number in W 

number in W 

number in W 

s, W + s 0.68n I > 1.41 ~ 
2s, W + 2s - 0.95n > 0.654,rn 

3s, W + 3s 0.997n I > 0.164 rn 

(5.1) 

(5.2) 

(5.3) 

65 

then the assumption of normality is of doubtful validity (where n = number of 

observations in the sample). 

Use of Probability Paper. An informal cneck on the normality assumption 

can also be made by plotting the sample data points on tne special normal 

probabil ity paper. A sample drawn from a normally distributed population 

should give roughly a straignt line plot on this specially constructed paper. 

Goodness-of-Fit Tests. These statistical tests are used to compare the 

observed sample distribution with the theoretical distribution of the 

population. There are several goodness-of-fit tests used by statisticians. 

The co~nonly used tests are the chi-square test, the Kolmogorov-Smirnov test, 

and the Shapiro-Wilk test (Ref 20). 

Application .£!. Normality Tests to Sampled Deflection Data Dynaflect 

Deflection Sample 

The variability in the deflection measuremlimts can occur duE" to (1) 

random error, (2) equipment and operator errors, and (3) inherent variability 

due to subgrade soil and pavement characteristics. In our case the selection 

of pavement test sections are based on the same subgrade soil. The mistakes 

due to faulty equipment or human errors can not be considered in normality 
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tests. The variability due to only chance errors is considered in the 

population distribution. Another important aspect is location of the 

deflection measurements. As illustrated in Figs 2.2 and 2.5, the mean 

deflection is significantly different with respect to the distance of 

Dynaflec t from the pavement edge. It may imply that the deflections are 

normally distributed but have different means and variances at each location. 

The Dynaflect maximum deflection data collected at Columbus, Texas (Ref 

7) during 1981 have been used in this study. Random samples were drawn from 

this data set and their plots on normality paper were cheeked. They 

significantly deviated from a straight line I and the data were therefore 

divided into subsets with respect to the distance from the pavement edge. 

Tests for Normality Assumption. Tests for normality made on random 

samples drawn from the subsets showed that the deflection data are normally 

distributed. However samples corresponding to different distances from the 

pavement edge correspond to populations with theoretical normal distribution 

having different means. The normality tests performed on a random sample of 

28 sensor 1 deflections measured at :3 feet from the pavement edge, i.e., in 

the wheelpath are described in the following paragraphs. 

Table 5.1 shows the results of applying the empirical rule. It can be 

seen that none of the inequalities are satisfied; therefore an assumption of 

normality is presumably correct. The plot of the sampled data points on a 

normality paper is approximately a straight line (Fig 5.2). A detrended 

normal plot was also generated. This plot indicates that the sample is 

probably drawn from a normally distributed population if the data points are 

clustered about zero on the vertical axis, as illustrated in Fig 5.3. 

The Kolmogorov-Smirnov (2-tailed) test was employed as a goodness-of-fit 

test to check the normality assumption. It is a nonparametric test in which 

the null hypothesis states that the population is a normal distribution. The 

mean and standard deviation of the population are estimated from the sample. 

The results are presented in Table 5.2. Additionally I based on 2-tailed 

probabil ity associated with the Kotmogorov-Smirnov Z statistic the null 

hypothesis cannot be rejected. Therefore it is reasonable to assume that the 
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TABLE 5. 1. NORMALITY CHECK BY EMPIRICAL RULE 

Sample Size 
(n) 

Mean, mils Standard Deviation 
(s) (x) 

28 0.263 

Intervals 

1 : (~ - -s, x + s) 

2 : (i - 2s, x+ 2s) 

-
3 : (x - 3s, x + 3s) 

Ineg uali ties 

1 : 117 - 0.68 x 28 

2 : 127 - 0.95 x 28 

3 : 128 - 0.997 x 28 

Result: Since none of 
satisfied, an 
plausible. 

= 

= 

I 
I 
I 

0.013 

0.250, 0.276 

0.237, 0.289 

0.224, 0.302 

> 1.41 ./28 

> 0.654 Jz8 

> 0.164 Jz8 

Observations 
in the Intervals 

17 

27 

28 

the three inequalities are 
assumption of normality is 
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TABLE 5.2. KOLMOGOROV - SMIRNOV GOODNESS OF 
FIT TEST ON SAMPLE DEFLECTIONS 

1. Null Hypothesis, H 
o 

The observed distribution comes from a normally 
distributed population. 

2. 

3. 

Alternate Hypothesis. H : 
a 

The observed distribution comes from a 
population that does not have a normal 
distribution. 

Test Statistics: D a 
= Maximum absolute differences between observed and 

theoretical frequencies expressed as proportions. 

At a 0.05; D = 0.25 a 
for n 28 (Ref 23). 

4. Criterion: Reject H if D > 0.25; 
o 

5. Assuming normal distribution with mean 0.2620 and standard deviation = 
0.013 estimated from the samples; it is found that: 

D = 0.1728. 

6. Since D(0.l728) < D (0.25); Do not reject H • a 0 
In other words. the 

assumption of normal distribution is reasonable. 



distribution of the population is normal. 

frequency distribution of the sampled data. 
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Figure 5.4 illustrates the 

The results and discussions presented so far indicate that (1) the 

normal ity assumption for thes!'! Dynaflect deflections appears reasonable and 

(2) the deflection data coll!'!cted at different distances from the pavement 

edge should be treated separately keeping in view that these may be from 

normally distributed populations with different means and/or variances. 

Development of ~ Procedure !£ Determin!'! the Required Number ~ Dynaflect 

Deflections for Materials Characterization Purposes in Rigid Pavements. 

Several attempts have been made in the past to estimate the sample size of 

pavement deflections under the assumption that deflection measurements are 

normally distributed. This assumption has been validated in the preceding 

section of this chapter. 

Generally, if the value of (J (universe standard deviation) is known, a 

level of confidence is specified, and the allowable error (e) in estimating 

~ (universe mean) is given , a confidence interval of ~ can be produced by 

selecting a sample of the correct size (Ref 22). Reference 5 presents 

previous work related to the estimation of deflection sample size for 

materials characterization of in-service rigid pavements. 

The formal expression to determine required sample size is written as 

where 

e 

= 
= 

n 
r 

(5.4) 

required sample size 

the abscissa of the normal curve that cuts off an area (level 

of significance) at the tails, and 

allowable error. 

(J is the unbiased estimate of the universe standard deviation, (J , 

and 1S obtained from a representative sample by 
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a ~~ (x ... -
i=l 1 = ~----n-l 

(5.5) 

where 

X· = value of the sample's ith observation, 
1 

n = sample size, and 
-..;.. 

X = sample mean. 

Since a is the parameter commonly available, a Student's t distribution 

should be used according to statistical theory. Thus, Eq 5.4 can be modified 

as follows: 

where 

t 
a 

= 

n 
r 

(5.6) 

t-value corresponding to a certain combination of lpvel of 

significance, a , and number of degrees of freedom. 

Number of degrees of freedom (d. f.) is defined as the sample Slze minus 

one (nr - 1). 

Equation 5.6 computes the required number of deflections 
;., 

for a 

particular pavement section if a is used instead of the universe standard 

deviation. Equation formula 5.6 is very seldom used because t a is a 

function of the sample size, which is what must be determined, and an 

iterative process needs to be followed until the val~ of t a input is equal 

to that corresponding to the final sample size minus one (nr - 1), 

However, any of both equations provides an estimate of the required 

sample size for a given section, disregarding its length. Hence, in general, 

for sections with similar standard deviations, allowable errors, and Z a (or 
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t a ) values, basically the same required number of deflections is obtained 

for both a short section and a considerably longer section. 

This serious incongruity can be surmounted by considering the fact that 

for materials characterization purposes in rigid pavements the universe or 

population of deflections is a finite number for a given design section, 

which makes necessary tbe application of a finite multiplier, namely 

N - n r 

N - 1 

N :II population size. 

Deflections for materials characterization are generally taken at a 

midslab position to minimize the effect of discontinuities and temperature on 

recorded deflections. For practical purpose, only one deflection measurement 

is required between successive discontinuities in the longitudinal direction 

along a certai.n lane and witbin a selected pavement design section, since an 

interior loading position should be approximated in the field in order to use 

elastic layered theory to back-calculate the pavement layer stiffnesses. 

where 

L 

S 

N = 

III 

L (5.8) 

pavement section length, feet, and 

average spacing between successive discontinuities in tbe 

longitudinal direction, feet. 

S can be determined from condition survey information. In the case of 

continuously reinforced concrete pavements the average crack spac ing should 
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be used, whereas for jointed pa\1ements thp. average joint spacing should be 

estimated. 

It must be pointed out that it is assumed that sample size is to be 

computed after pavement design sections are established. The common 

procedure followed for selecting design sections is to plot prp.vious 

deflection measurements to scale as a function of distance; the roadway can 

then be divided into sections based on stratified variation of deflection 

data. 
~ 

Sections are selected subjectively, accorciing to the plotted profile 

of the deflection parameters. Tne reader should consult Refs 4 and 5 for a 

more detailed p.xplanation about the selection of design sections. 

If a is unknown, the estimated standard error of the mean of a finite 

universe is computed: 

where 

a
x 

A f2-n a r 

Fr N-l 

a - = estimated standard error of the mean. 
x 

(5.9) 

Now, a new expression to determine the required number of Dynaflect 

deflections can be derived. 

LPt the allowable error, e, be equal to 

e x (5.10) 

e can also be expressed as 

e = (5.11) 

1 
e = 

N - 1 

RR256-6F/05 



76 

Solving for nr , after some algebraic simplifications 

n = r 

N t 2 
a. 

A 2 
a 

(N - 1) e 2 + t 2 ~ 2 
a. 

(5.12) 

By dividing both the numerator and the denominator of the right-hand 
. b 2 A 2 11' ... S1de of Eq 5.12 y to. a, the fo oW1ng alternate equat10n 1S obta1ned 

n = 
r 

2 
e 

(5.13) 

+ 1 

Torrps-Verdin and McCullough (Ref 5) correlated slab thickness variation 

with sensor 1 mean deflection, and since allowablp error is often expressed 

as a percent of sensor 1 mean deflection, it was found that an allowable 

error of 5 percent of the sensor 1 mean deflection resulted in a + 0.5 in 

variation thicknpss, which, in turn, can be expressed as a percent of the 

sensor 1 mean deflpction. 

Com put a tions were made to find the required number of Dynaflect 
" 

deflection measurements for various combinations of values of a , e and N, 

and for two different confidence levels (90 and 95 percent). 

The confidence interval was defined as 

< x + 
A 

t 0'a. x 
(5.14) 

Hpnce, onp-tail hypothesis tests were used to determine sample sizp, for 

which the major concern was to state at a given confidence level that was 

less tnan or equal to thp upper limit of the int ... rval corresponding to that 

confidence level. 

Li.kewise, the requireC1 deflection sample sizp can also be computed using 
A 

a normal distribution approach. Assuming that a is equal to a , Eq 5.13 

can be modified as follows: 
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(5.15) 

+ 1 

The above equation has an advantage over the Student I s-t-distribution 

approach that Zo. is solely dependent on the particular confidence level 

selected, while t a. is obtained for a given confidence level and number of 

degrees of freedom. 

In ordpr to determine nr when employing the Student I s-t-distribution 

approach, an iterative procedure was followed because number of degrees of 

freedom is equal to sample size minus one (nr - 1) and nr is unknown at the 

outset of the analysis. First, a value of to. was assumed in Eq 5.13 to 

obtain an initial nr ; the t (l corresponding to the initial nr was input into 

the same equation to compute a second nr , and this process was repeated, until 

tne number of degrees of freedom plus one (d.f. + 1) was approximately equal 

to the resulting nr • It is important to mention that nr was rounded up to 

the next integer because sample size for Dynaflect deflection measurements is 

always an integer number. 

The following general conclusions can be drawn from the above study: 

(1) The normal-distribution approach results in sample sizes similar to 

ones obtained from the application of formula 5.13. Besides, Z (l 

does not vary with sample size and to. does. 

(2) The required number of Dyna£lec t de flec tions increase s wi th 
'" 

• • (J l.ncreas l.ng , population size and confidence level. An increase 

in nr is also observed when the allowable error, e, is decreased. 

Figures 5.5 and 5.6 graphically show the results obtained for different 

combinations of a • e, and N. Both the x and y axes were deformed so that 

the wide range of values corresponding to Nand nr , respectively. could be 

accommodated. These charts are recommended when it is not possible to use Eq 

5.16, which is a simplification of Eq 5.15. 
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GenF'r8olly, the size of the population is sufficiently large so that the 

difference between Nand N-l is negligible. Hence, the finite multiplier can 

be modified. 

N - n 
r 

N - 1 

N - n r 
N 

Finally, a less complicated version of Eq 5.12 is obtained: 

1 
n = 

r 2 
1 e + 2 "2 N Z CJ 

(5.16) 

a 

Values for Z a depending on the selected confidence level are provided 

in Tab le 5. 3. In some instances a required sample size of less than two 

measureents can be obtained; however, a minimum value of two should always be 

used. 

If no previous deflection information is available about a particular 

pavement section) the required number of Dynaflect deflections could be 
" 

estimated as the testing is conducted by computing CJ and x corresponding to 

the sensor 1 deflections taken so far. This could be done for every 

additional deflection until both CJ and x remained reasonably constant. The 

process described above could be made very simple by connecting a 

microcomputer to the device in which thp deflections are permanently 

recorded. Likewise, if this improvement were made) either Eq 5.15 or 5.16 

could be easily included in a computer program to calculate the required 

number of Dynaflect deflection measurements. 

Determination of the Required Sample Size of Dynaflect Deflections for Void 

Detection and Load Transfer Evaluation 

For void detection and load transfer evaluation, thF' sample size would 

depend on the condition of the pavement. Data from condition surveys are 

very useful in trying to locate the areas susceptible to voids in a given 

pavement section in wnich there is evidence of pumping along the pavement 
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TABLE 5.3. VALUES OF Za FOR VARIOUS CONFIDENCE LEVELS 

Confidence Level, 
Za a, Percent 

80.0 0.842 

85.0 1.036 

90.0 1. 282 

95.0 1. 645 

97.5 1.960 

99.0 2.326 
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edge. Dum. the Dynaflec t could be taken to the site so that deflectlons 

could be analyzed to either confirm or deny the findings from the condition 

survey. 

TIlP. requ ired number of Dynaflec t de flec tions for load-transfer 

evaluation is a decision that is left to engineed.ng judgement, since a 

visua 1 inspection of the joints and/or cracks is required prior to using the 

Dynaflect. Wide crack widths may indicate low load transfer in eRe pavements 

since in these pavements coarse aggregate interlock is an important influencp. 

on load transfer across a crack. 

SUMMARY 

The commonly employed normality assumption for deflection data was 

checked in the first part of this chapter. The normality checks were 

performed on a random sample of the Dynaflect deflection data. It has been 

The normality assumption is rp.asonably acceptable for the set of data tested. 

A detailed procedure was also developed to determi.ne the number of 

Dynaflect de flec t ion bas ins on rig id pal1ement required for mater ial 

characterization. Similarly recommendations arp. also madp. regarding sample 

size for the purpose of void detection and load transfer evaluation. 
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CHAPTER 6. SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 

SUMMARY 

The effects on measured deflections of seasons of the year, temperature, 

and distance from the pavement edge and other pavement characteristics such 

as voids and discontinuities on de flee tions are described in this report. 

The influence of placement and replicate errors and effects of rigid layer 

and variations in slab ttdckness are also discussed. 

Guidelines for the applications of Dynaflect deflections to material 

characterization, void detection and load transfer evaluation are presented. 

A procedure for estimation of pavement temperature from da ily weather reports 

is described to provide an alternative to the actual measurement. The 

assumption of normality has been checked on a random sample of the Dynaflect 

deflections based on sound statistical theory. 

CONCLUS IONS 

Factors Affecting Deflections and Sources of Errors 

The major findings regarding effects of different factors and sources of 

errors on deflections measured on rigid pavements are stated below. 

(1) Temperature diffenmtial is the most important temperature variable 

influenc ing deflections on rigid pavement. The extent and nature 

of this influence depends on distance from pavement edge and the 

load. 

(a) Edge deflections are significantly affected by temperatun~ 

differential and require a temperature correction. 

(b) The influence of temperature differential on deflections 

measured in the wheelpath or near the center line is not of 

practical significance. 
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(2) Seasonal changes in the deflections on eRe pavements are not 

significant. However deflections on other types of rigid pavements 

show se asonal effec t s. The find ings for eRe pavements are 

interesting but based on limited data and somewhat in conflict with 

the present data and belief. Further research is needed in this 

area. 

(3) It is important to recognize that distance of the Dynaflect with 

respect to pavement edge should be based on the purpose for which 

the deflection data is required. Pavement characteristics such as 

void size and transverse cracks or joints should also accordingly 

be considered in the selection of test location. 

(4) The load:ing wheels of the Dynaflect should be placed as c lose as 

possible to the designated test position on the pavement. Any data 

where placement error is greater than ~ 5 inches tolerance should 

be dropped. Dynaflect deflection data is very reliable and 

coefficient of variation is generally less than 10 percent. 

(5) Infinite subgrade is generally assumed in the calculation of 

subgrade modulus from a measured deflection basin. This modul us 

value should be reduced to account the effect of any rigid layer 

existing below a finite thickness of the subgrade. 

Applications of the Dynaflect Deflections 

Material eharacterizat ion. The principal conclusion related to the 

procedure of material characterization from Dynaflect deflections are 

summarized as follows: 

(l) Guidel inps presented in Chapter 3 can be used to estimate the 

initial values of Young's moduli of pavement layers and subgrade. 

(2) Step by step procedures presented in the text can be used to 

back-calculate Young's moduli by fitting the measured deflect ion 

basin, either using computer based iterative methods or a graphical 

method. 
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(3) Correction of subgrade modulus for tne presence of a rigid layer 

results in a reduction in the final subgrade modulus. However) a 

rigid bottom can be simulated in any layered theory computer 

program by assigning a very large value (say 1099 psi) of Young 1 s 

modulus to the last layer. 

(4) The Dynaflect deflection basin should be measured in midspan 

position and in the wheelpath or near the center line of the 

outside line for the purpose of material characterization. 

Void Detection 

(1) Dynaflect deflections are to be measured at 1 ft from pavement edge 

and compared with midspan deflections measured at the center of the 

lane. 

(2) The Dynaflect edge deflections measured for void detection and for 

checking the effectiveness of grouting are to be corrected to 

remove the influence of temperaturf> difff>rential. 

Load Transfer. The conclusions from tne study of load transfer 

evaluation are as follows: 

(1) Load transfer at transverse cracks can be estimated by comparing 

the Dynaflect sensor 1 deflections at the crack to the deflections 

at midspan between cracks. 

(2) The diagnostic checking of tb.e structural condition of pavements at 

transverse cracks can be made by the deflection ratio (dc/d i ) 

obtained from Dynaflect deflection measurements. 

Reflection Cracking Analysis 

Those joints (or cracks) whose deflection factors exceed the maX1mum 

deflection factor should be subjected to an appropriate rehabilitation 

measure before overlay placement. 
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Estimation of Temperature in Concrete Slab 

(1) If it is not possible to actually measure temperatures in concrete 

slab then temperature differential can be estimated from 

(a) daily maximum and minimum air temperature, 

(b) solar radiation data, 

(c) wind speed, and 

(d) thickness of slab. 

(2) Computer program PTEMP can be used to estimate temperature at any 

depth in a concrete slab. 

(3) The model predictions for temperatures compare very well with the 

measured temperature data, 

Determination of Required Number of Dynaflect Deflections 

Check for Normality: Assumption. A procedure for determining the 

normality of the distribution of the data have been presented. 

Sample Size Determination. A simplified procedure has been developed 

and is presented that can be used to select the requi.red deflection sample 

size based on the section length for the purpose of material 

characterization. 

RECOMMENDATIONS 

The Dynaflect deflection measurements on rigid pavements are made for 

structural evaluation. The following recommendations are based on the 

find 1.ngs of thi s report, 

(1) This report provides detailed background material to: 

(a) determine sample size and performing deflection measurements 

to obtain reliable and useful data and 
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(b) analyze the respective deflection data according to the 

purpose for which the Dynaflec t was used. 

(2) Specific guidelines in Chapter 3 of this report should be used for 

analyzing the deflection data to do material characterization, void 

detection and load transfer evaluation. 
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