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Abstract - Construction of roads involves the design, construction and quality controls of roads which ususlly based on collected or
estimated road layers parameters. In this contest, it has become interesting to correlate testing parameters collected by simple tests to be
used in Mechanistic-Empirical Pavement Design software. The current research has focused on determining the deflection basins and
material stiffnesses from simple, cheap and time saving field test such as the light weight deflectometers (LWD). To reach this goal
different field LWD have been carried out on compacted sandy subgrade soil at different moisture contents and applied dynamic loads.
In addition, field moisture contents and material characterizing laboratory tests have been carried out. The layer stiffness moduli were
also predicted using backcalculation process based on Multi-Layer Elastic Theory (MLET) and compared with dynamic deformation
moduli measured by LWD for judging stiffnesses. The tests results showed that the percent difference between the stiffnesses measured
by LWD and the stiffnesses predicted by backcalculation process increased with increasing the moisture contents and the applied loads.
A minimum percent difference of 3.5% between the measured and predicted stiffness were reported for points loaded with lowest falling
weight of 3 KN and tested at lowest water content of 3%. For heaviest tested falling weight of 7 kN and highest tested moisture contents
of 9%, the calculated and predicted stiffnesses were mismatched recording 21% percent difference.
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1. Introduction

The calculations of important parameters for the pavement design purposes, in the mechanistic method, concerns the
estimation of the Young’s modulus E and Poisson ratio v. The resilient modulus (Mr) is a stiffness measurement of pavement
layers and defined as the unloading modulus of the hysteresis loop after many cycles of repeating loads usually collected by
repeated load triaxial (RLT) tests. In fact, the resilient modulus tests of road materials are relatively expensive and time
consuming. Therefore, the development of a simple and reliable alternative testing technique for Mr is desirable [1-3]. As a
result, many of the pavement design standards are based on materials properties evaluated using simpler and faster tests such
as the static plate loading test, static CBR, and others [4]. In spite of the fact that these static tests are very common all over
the world, but they are not correlated efficiently to the dynamic response of the pavement structure under the actual traffic
loading of moving vehicles. The falling weight deflectometer (FWD) tests have been used in the evaluation of material
properties of pavement system for decades [5]. The FWD applies impulsive load to a pavement surface and the deflection
response is recorded at a series of radial point. The load amplitudes and frequency content intend to provide pavement
deformation levels similar to those induced by truck wheal loads in heavy urban traffic loading and it can also produce a
huge amount of deflection data in a short period of time [6].The evaluation of the FWD data requires the inversion of
mechanical pavement properties using a backcalculation tool that includes both a forward pavement response model and an
optimization algorithm. In order to reduce further the testing time and the effort spent in running the FWD tests, this test has
been replaced by a light weight deflectometer test (LWD).The LWD theory and the measured modulus have been discussed
in several studies [7-9]. In this study, the data collected from tthe LWD test were analyzed using the Multi-Layer Elastic
Theory backcalculated program in order to find the layer structural capacity and to evaluate the changes in the tested layer
deformation moduli for different moisture contents and applied impulsive loads.
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2. Selected Material Properties
Commonly available sandy subgrade soil has been selected to be tested in this study. The particle size distribution of the
tested soil is illustrated in Table 1 below:

Table 1: Particle size distribution of the tested sandy soil.
Sieve 4 2 1 0.5 0.25 0.125 0.063

% finer than 100 100 98 69 27 8 2.2

The tested soil is a SP sand (poorly graded sand) according to ASTM D-2487 [10].

The specific gravity of the selected sandy soil was tested according to SS-EN 1097-6 [11] and it was found to be 2.664.

In this test, the compaction properties were determined by modified Proctor test as per ASTM D1557 [12]. The test was
performed by compacting several soil samples using a cylindrical mold of 152.4 mm diameter. The results of a set of
modified Proctor compaction tests on the selected sandy soil gave a maximum dry density of 1.72 g/cm?® at an optimum
moisture content of 12%.

3. Field Testing

The field LWD and moisture content tests have been conducted on a large test pit of the compacted material under
controlled conditions. The test pit was approximately 9.5 m long x 5 m width x 1.5 m depth and equipped with a concrete
well with a water discharging motor that was used to control the ground water level during testing, as shown in Figure 1 (A).

When the compaction completed, the final sandy surface was marked with circles representing the selected places of the
points to be tested, see Figure 1 (B).

4. Equipment Used and Working Principles

4.1. Light Weigh Deflectometer (LWD) Test

The Light Weight Deflectometer (LWD) is a modulus-based measurement tool that has significant potential for use as
part of the compaction control process [13]. It measures the deflection from a falling weight to estimates the dynamic
deformation modulus (Evd). The Evd is calculated using the elastic half-space theory for one-layer system based on
Boussinesq theory [14], see Eq. (1). This equation assumes the test media to be a linearly elastic, isotropic, homogeneous
semi-infinite continuum. Two of the parameters required for determining the modulus, the shape factor for distribution of
the contact stress between the plate and the soil (A) and Poisson’s ratio (v), are assumed.

E = 2k (1-v?)/Ar, (1)
where, k=load (peak)/deformation (peak), ro = the plate radius, A= stress distribution factor and v= Poisson’s ratio

The light weight deflectometer working principle is based on measuring the deflection induced by dropping weight of
up to 20 kg and detected by built-in geophones, see Figure 1 C.
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Fig. 1: (A) Compacted final surface in the test pit, (B) Marking the points to be tested and (C) KUAB LWD used in the study.

The used LWD has a basic 10 kg falling mass. During the test, the falling mass impacts the plate, producing a load pulse
of up to7 kN depending on the falling height. The centre deflection of the tested material surface is measured through a hole
in the loading plate by a highly accurate, seismic transducer (geophone). Two more deflection geophones have been added
at 30 cm and 60 cm from the loading centreline. The basic diameter of the loading plate used in this study was 300 mm
during field measurements. The drop height can be easily and quickly adjusted by a movable release handle and the peak
value of the impact force is based on actual measurements from the load cell, see Figure 1 C.

The data collection software is installed in PC coupled to the LWD. The deformation modulus of the surface and/or
plate (Evd) in addition to time history graph from both the deflection sensors and the load sensor can be displayed in the PC
screen in real time. For LWD at field, the Evd is calculated using eg. 1 and assuming, A=4 and v=0.35.

Furthermore, the deformation moduli measured by field LWD at 30 cm and 60 cm from the drop load centreline were
calculated based on Eq. (2) for stresses at eccentricity from the load centreline. The dynamic deflection of the subgrade
and/or base material is determined by considering that the media is a semi-infinite elastic body and the loading is uniform
over a circular area. This can be mathematically calculated as:

Evd field= F*(1-v2)/(r.r. dr) @)

where, dr= deflection at distance r from the center and F = peak force.
4.2. Nuclear Density Gauge (NDG)
The Nuclear Density Gauge (NDG) was used to determine the in-situ moisture content of the tested soil in the test pit.

The test method is useful as a rapid, nondestructive technique for in-place measurements of wet density and water content
of soil and soil-aggregate and the determination of dry density [15].
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5. Results and Discussion

Different points under relatively low moisture contents (about 3%) and higher moisture contents of about 9% (after
watering) have been tested using a multifunctional LWD developed by KUAD AB.

The field LWD tests were carried out at three different drop loads by changing the drop height of 10 kg drop weight, to
resulted in namely 3 kN, 5 kN and 7 kN drop loads corresponding to 45 kPa, 70 kPa and 100 kPa vertical contact pressure
respectively.

Falling weight deflectometer (FWD) testing software has been used to evaluate the structural condition of pavements
to predict the layer moduli using backcalculation process based on deflection data measured by LWD tests.

A comparison of the average dynamic deformations of similar tested points at the surface of the sandy subgrade layer
using field LWD and backcalculation process based on Multi-Layer Elastic Theory (MLET) is illustrated in Figure 2 for
different moisture content and loading conditions.
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Fig. 2: Measured and back-calculated dynamic deflection basin for points tested at 3, 5 and 7 kN falling weight at different moisture
contents.

Note that MLET uses the data of falling weight deflectometer tests based on the second drop. During the routine
LWD measurements, the average dynamic deformation modules for the last three drops after the first three pre-test drops
usually considered (i.e. the Evd is taken to be the average for the Evds measured for drops 4, 5 and 6). The average Evd
recorded for drops 4 to 6 have been adopted in the comparison presented in this study. In Figure 2, it can be seen that the
influence lines for surface deformation at the top of the soil using backcalculation process match very well the measured
total deflections using field LWD for points tested at low moisture contents of about 3% and relatively low dropping
weights of 3 and 5 kN. For points tested at higher moisture contents of 9% and heaviest drop weight of 7 kN, it can be
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seen that the backcalculated deflections diverse slightly from the corresponding deflections measured by field LWD, but
the differences are still within the acceptable limits.

Regarding the layer stiffness, it can be seen from Figure 3 that the backcalculated layer stiffnesses are reasonably close
to the corresponding dynamic deformation modulus measured by field LWD tests. It has been found that the percent
difference between the stiffnesses measured by LWD and the stiffnesses predicted by backcalculation process increased
with increasing the moisture contents and the applied loads. A minimum percent difference of 3.5% between the measured
and predicted stiffness were reported for points loaded with lowest weight of 3 kN and tested at lowest water content of
3%. On the other hand, a maximum percent difference of 21.3% between the measured and predicted stiffness were
reported for points loaded with heaviest weight of 7 kN and tested at highest water content of 9%.
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Fig. 3: Measured and back-calculated layer stiffnesses vs dynamic deflection moduli measured by LWD test for different falling
weights and moisture contents.

6. Conclusions

The main objective of this study has been to verify the validity of estimating the dynamic properties of selected sandy
subgrade soil using LWD instead of determining the dynamic materials properties from large scale tests, namely, the falling
weight deflectometer test (FWD). The LWD tests have been performed at different moisture contents and various applied
dynamic loads on a compacted sandy soil at a pre-constructed test pit. The deflection basins and compacted layer stiffnesses
have been measured by field LWD and also predicted by backcalculated process based on Multi-Layer Elastic Theory
(MLET). It has been found that the deflection basins and the compacted layer stiffnesses measured by LWD have matched
best the predicted data from backcalculation process for the points tested at lowest moisture contents and falling drops
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weights. For highest moisture contents of 9% and heaviest falling weight of 7 kN, the calculated and predicted stiffnesses
were mismatched recording 21% percent difference.
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