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Abstract: Light Weight Deflectometer (LWD) is a portable device, an equipment that measures the vertical deformation imparted by
a falling mass impacting a plate resting on the ground. It serves to determine the bearing capacity of compacted soil, sub-base and
base course of structural pavement layers at the precise construction site. For Cambodian practices, field compaction quality and
bearing capacity of the structural pavement layers evaluated by using sand cone testing and proof-rolling methods, respectively.
However, the use of proof-rolling method for evaluating structural bearing capacity is unclear and perceptive due to Engineer’s
experiences. Recently, the engineers of the Ministry of Public Works and Transport (MPWT) have used the LWD to evaluate bearing
capacity of the structural pavement layers in addition to the proof-rolling method. Although the use of LWD is beneficial because of
its precision, rapid testing, resulting, the criteria or specifications for evaluating structural pavement layers have been formulated
yet according to the Cambodian Road structure. Therefore, this study aims to determine the criteria for evaluating the structural
pavement layers in term of surface deflection and modulus with LWD data. The mechanistic framework with the Multi-Layered Elastic
Theory (MLET) for determining the surface deflection and modulus targets of structural pavement layers has been formulated.
Datasets of LWD testing on the various fields of pavement layers of Cambodian Roads have been collected and verified with the
target surface modulus. The results show a good agreement between the value of surface modulus testing from actual fields and the
MLET. This criteria is adopted for evaluating structural pavement as quality control of Cambodian Roads

Keywords: Compacting quality, Light weight deflectometer, Multi-layered elastic theory, Surface modulus, Surface deflection

1. INTRODUCTION

Light Weight Deflectometer (LWD) device is used
commonly for QC and QA for evaluating the pavement structural
performance in European Countries, especially in United
Kingdom [1] and many states in the United States such as
Minnesotal, Louisiana, Kansas, Montana, and Virginia [2-8]. Fig
1a illustrates the LWD German Technology equipment which
first developed by Germany specializing in pavement foundation
construction for quality assurance (QA) as well as quality control
(QC) during the stage of pavement construction [5] . The shape,
assemblies, and specifications of LWD HMP LFGpro are
described below with reference to Fig.1a and Tables 1 and 2.

LWD determines the target surface modulus (Esusrarge) Which
is the modulus equivalent from all the layer pavement, by
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measure the deflection from a given dropping weight to evaluate
the structural performance of pavement. Theoretically, a higher
Esumager iNduce a higher structural performance. However, there
are different value of Esurage depend on pavement layer and
evaluated condition. The Esus rage Which achieve by previous
studies are described as follow: Puppala [8] recommended the
value of Egwge Of the top of subgrade layer from 50-60 MPa
and the top of sub-base was 100 MPa for LWD as German
standard models by limiting the dropping height 0.72 meters
with dropping weight 10 kg and diameter loading plate 0.30
meters. ISSMGE [9] limited the value of Eg,ug Of top of base
course layer surface was from 70 to 82 MPa for LWD of German
model was the same in 1 meter of dropping the height with
dropping weight 10Kg and the same as 0.30 meters of diameter
loading plate. Moreover, Highways Agency [10] of UK standard



is suggested the value of the top of base course layer surface from
40 MPa to 50 MPa while Nunn et al. [11] suggested the value of
Esurragee @bOUt 30 MPa for the top of subgrade and 50 MPa for the
top of base course. Steinert et al. [12] determined the value of
Esur rage €QqUaled 60 MPa for the top of base course. Livneh &
Goldburg [13] calculated the value of Esus e (Subgrade, sub-
base and base course) by limiting the thickness of sub-base about
220 mm (220 mm Granular sub-base layer) and the base course
about 220 mm (200 mm Granular Base course layer) with the
transmitted power totals 22 KN. The result shows that Esus rage
equaled 80- 95 MPa for the top of the subgrade, from 95-105
MPa for the top of sub-base and from 131-149 MPa for the top
of base course. Each LWD equipment and experiment have
different types and condition, including load levels, load buffer
systems, plate diameter, technology for load and deflection
determination, a number of deflection sensors, data loading
oftendency levels, easy ways of usage and some experiences
of the engineer’s usage [14]. However, the value of Egyrag With
the above-mentioned shall be determined the standard value for
practical to evaluate the bearing capacity of pavement structure
in the local condition due to its different environment and
configuration.

In fact, in Cambodia, the studies about the standard value of
Esurrager 10 @nalyse the structural pavement quality by using LWD
have not been well documented. It is the major interest in this
study. Mostly, Ministry of Public Works and Transport (MPWT)
in Cambodia evaluated the field compaction quality and
structural bearing capacity of the pavement layers by using
conventional method such as the sand cone testing and proof-
rolling method. The in-situ density and moisture content values
of compacted layers by the Sand cone method (ASTM D4914)
[15] will be compared with the maximum or the optimum
content values from Laboratory (Modified proctors of
compaction test) according to ASTM D698 [16] and ASTM
D1557 [17]. MPWT limited each layer which shall be compacted
at least 98%, 95% and 90% of the maximum dry density for base
course, sub-base and embankment, respectively, and the
moisture content uniformly throughout the finished layer within
the limits of -2% and +2% of the optimum moisture content [18].
However, using sand cone test can only evaluate the compaction
on the most upper part of layer, which is limitation for evaluating
the overall pavement structure (equivalent modulus from each
layer). In addition, the proof-rolling method for evaluating
structural bearing capacity is unclear due to the engineer’s
experiences and there shall be incompleteness so as it is sensitive
with the operator while they are practising. However, the result
of sand cone test and the proof-rolling method results show good
agreement comparing to the LWD testing.

Recently, MPWT has been adopted the LWD method to
evaluate the field compaction quality and structural bearing
capacity of the pavement layers. However, criterion or specific
evaluations have not been formulated yet for the criteria value of
target surface modulus. Therefore, this study aims to determine
the criteria of Es,raqe DY USing Light Weight Deflectometer HMP
LFGpro [19], German Models for the provincial road in
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Cambodian condition. The value of Egy g Will be compared
with the Evd tested at the in-situ site in order to analyse the
bearing capacity of structural pavement.

The shape, assemblies, and specifications of LWD HMP
LFGpro are described below with reference to Fig.1a and Tables
1and 2.

Fig. 1a. The shape of LWD HMP LFGpro

The values of selected tests and settlement curves with
deformation rates be displayed with reference to Fig.1b.
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Fig. 1b. Selected tests and settlement curves with deformation rates

2. METHODOLOGY

To verify the bearing capacity of structural pavement that
is conformed to designed standard of the Ministry of Public
Works and Transport (MPWT), firstly we must determine the
values of Esu rarger and measure the values of surface modulus
by LWD (Evd) from the actual field. The flow chart to
calculate and compare the value of Esu rarget and Evd as shown
in Fig.2.

2.1 Methodology for determination of the target surface
modulus

The multi-layer elastic theory (MLET) was selected to
determine the surface deflection. To perform the MLET method,



Kenpave is the most suitable program is used Huang [20]. The
values of surface deflection calculated by Kenpave program and
Two-layer systems have similar values which are absolutely
acceptable. This theory can be applied to a multilayer system
with any number of layers including the basic assumptions to be
satisfied are Huang [20]:

e Each layer is homogeneous, isotropic, and linearly elastic
with an elastic modulus E; and a poisson ratio V.

e Each layer has a finite thickness h;, except that the lowest
layer is infinite in thickness.

e A uniform pressure g is applied on the surface cover a
circular area of radius a.

o Continuity conditions are satisfied at the layer interfaces, as
indicated by the same vertical stress, shear stress, vertical
displacement, radial displacement is replaced by zero shear
stress at each side of the interface.

Table 1 The assemblies of LWD HMP LFGpro

No.  Descriptions

Load plate

1 Load plate carrying handles

2 Sensor socket ( to connect the measuring cable)
3 Cap with sensor

Loading mechanism

Resilient element with prestressed disc springs
Transportation lock
Drop-weight
Guide tube
Bubble level
Release mechanism
0 Handle
Carrying case
11 Carrying case
12 Settlement measuring instrument
13 USB car charger, USB stick
14 AC/DC adapter (beneath cover)
15 Thermal printer AP 1300 ( optional)

Settlement measuring instrument

16 TFT color display

17 Measuring cable

18 Ambient light photo sensor
19 USB port

20 Printer port

21 Function keys

P Ooo~NO O

2.2 Multi-layered elastic theory or MLET method

To determine Esut Targer, firstly, we must calculate the
surface deflection (do), then we convert this deflection to the
value of Esust rarget USing the following equation [20]:
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ﬂx(l—vz)qua
2xd,

E (Eqg.1)

Surf Target =

Where:

g = the maximum pressure in MPa (q=0.1 MPa)

do = the maximum surface deflection (mm)

v = the Poisson ratio (Poisson ratio is 0.212. It is constant for
all layers using LWD HMP LFGpro Device)

a = radius of loading plate is 150mm

Table 2 The specification of LWD HMP LFGpro

Specifications
Mechanical loading mechanism

Total weight 15.0 kg
Weight of drop-weight 10.0 kg
Maximum impact force 7.07 KN
Duration of impact 17.0+1.5ms

Resilient element Package comprising

prestressed disc springs

Load plate

Diameter 300 mm
Plate thickness 20.0 mm
Weight 15.0 kg

Electronic settlement measuring instrument

Power supply Rechargeable Lithium-ion
polymer battery pack
(Lithium polymer battery

pack)
Dimensions 210 mm x 100 mm x 31mm
Weight 0.45 kg

0.1t0 2.0 mm = 0.02 mm
Evq < 225 MN/m?

Settlement range measured
Range measured
deformation modulus
Temperature range
Display

Interfaces

0 bis 40 °C

3.5” TFT color display
Bluetooth, USB, thermal
printer

2.3 Parameter analysis
2.3.1. Determination of elastic modulus using California
Bearing Ration (CBR) values

The designed standard of pavement layers of the MPWT is
depending on the CBR value. In particularly, experimental data
of the pavement layers in Cambodia, the CBR result is received
and CBR value is used to calculate the elastic modulus. In this
calculation, the following equation is selected to determine
Elastic modulus (E;) with CBR value [21].

{10><CBR if CBR<5% (Eq. 2)

17.6xCBR** if CBR>5%
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2.3.2 Determination of elastic modulus using CBR Vvlues

In general, when we design structural pavement layers with
CBR values that related to MPWT standards, CBR values are 4-
day soaked CBR. However, when the structural pavement tests
with LWD device, it is always performed immediately after
completed construction of each layer. Therefore, the unsoaked
or optimum condition of CBR values needed to be considered.

In addition, moisture content influence makes the resistance
value (CBR, E;j) and bearing capacity of pavement layers
decreased depending on the moisture content influence
(quantity) and the kinds of land of pavement layers. There have
been studies inspired to evaluate the moisture content influence
of the resistance value of pavement layer soil [22-25]. Until now
there have not been definite studies show moisture content
influence to the value of Esur Targer OF direct pavement layer
surface, however, there have been the study of this influence to
the value of CBR and Ei too. Pandey and Agarwal [22] studied
about the soil’s characteristic of subgrade with the value of CBR
which is irregular depending on soaking time and the
experimental result of unsoaked CBR value showed that the
value of unsoaked CBR shall be from 17.83% to 25.25%, while
the CBR value soaked in 4 days (4-day Soaked CBR) shall be
from 5.02% to 8.37%. Depending on this result, it is concluded
that 4-day soaked CBR of subgrade soil and it is smaller between
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2.6 times and 4.1 times according to the value of plasticity index
of soil.

Obviously, Jigar and Patel [23] studied about the wetness
influence on CBR’s value of different kinds of soil such as CL
(Inorganic Clays of Low to Medium Plasticity), ML (Inorganic
Silts of Low to Medium Plasticity), SC (Clayey Sands), and
some kinds of SM (Silty Sands). The value of 4-day soaked CBR
was smaller than unsoaked CBR and they were similar from 1.3
to 2.9 times for ML, CL and SM, especially, it was similar
between 1.3 to 1.5 times for SC.

In the MPWT, the CBR shall be the soaked CBR. However,
the unsoaked CBR shall be studied. Therefore, in order to
transform the value of 4-day soaked CBR to unsoaked CBR, the
moisture coefficient of each layer shall be known. Table 3 shows
about the various studies of moisture coefficient by limiting
equal 1 of the value for natural soil, 3 of subgrade, 1.6 of sub-
base and 1.25 of base course.

Table 3 The summary of the moisture coefficient.

Material for Moisture
Pavement coeff References
Layer '

JTG D40 (2011) & Osouli et al.
Base 1.25 (2017)

Osouli et al. (2017) & Lab
Sub-base 1.60 MPWT

AASHTO (1993); Pandey &
Subgrade 3.00 Agarwal (2019)
Natural soil 1.00 Natural soil is assumed to be in

saturated Condition

The study about the value of Esuf tager t0 evaluate the
bearing capacity of structural pavement practised following the
standard of MPWT. The practice limits the CBR value of
subgrade layer to be greater than or equal to 2% (S1), and CBR
value of sub-base layer which is greater than or equal to 30% has
0.2m (T3) and 0.25m (T4) of thickness. CBR of base course
which is greater than or equal to 80% has 0.2m of thickness.

Table 4 shows the input value of elastic modulus, thickness
and poisson ratio. These values shall be used to calculate the
surface deflection of each pavement layer by using Kenpave
program.

2.4 The target surface modulus calculation

The value of target surface modulus is to evaluate the
bearing capacity of structural pavement following the standard
of MPWT and that shall be calculated up to the mode in Figs.3
and 4.

2.5 Verify the value of target surface modulus in the
construction site



When we measure the pavement layers by using the LWD
HMP LFGpro (German Models) at the construction site in
Cambodian condition, we have to follow steps and figures
below:

— Conduct 9 experimental points of LWD

— Experimental locations leave from the edge
approximately 60cm of LWD

— The distance from experimental point is about 60cm of each
LWD

shoulder

Table 4 The summary of input parameters to determine the deflection

Layer Base Sub-base Subgrade Ngtouirlal
4day-
Soaked >80 >30 2&4 2
CBR(%)
Moisture 4 g 16 3 1
coeff.
Unsoaked
CBR(%) 100 48 12 2
Elastic 86.34
Modulus (CBR=4%)
(MPa) 335.36 209.66 554 20.00
(CBR=2%)
Thickness 20 & 25 100 ;
(cm)
Poisson ) 35 0.35 0.4 0.45
Ratio
LWD (7.07kN)
B _
I T
CBR > 80% Base Course Hbc =020m
CBR = 30% Sub-base Hsb: 0.25m

CBR > 4% Subgrade I Hsg: 1m

CBR=2% Natural Soil

Fig. 3. Structure of pavement to calculate the Esurf Target for road T4, S1

LWD (7.07kN)

H,_=020m

CBR > 80% Base Course

Sub-base

CBR > 30% H =0.20m

CBR >2% Subgrade I H'!: 1.0m

CBR=2% Natural Soil

Fig. 4. Structure of pavement to calculate the Esurf Target for road T3,
S1
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Table 5 explains locations of testing roads with nine points by
using LWD HMP LFGpro on the subgrade layer.

Table 5 The location data of experimental construction site (Resource
Data from Ministry of Public Works and Transport).

Provincial road Provincial road

construction work

construction

Road names 1441 in Chbar work in Svay
morn town. Chrum District.

Location Kom_pong Speu Svay_ Rieng
province Province

Road types Gravel DBST

Road length 2000 1680

(m)

Testing layer Subgrade Subgrade

Testing date 11/11/2020 16/11/2020

Representative s1 $2

code




3. RESULTS AND DISCUSSION

3.1 Checking between the calculating value following the
theory and the experiment at the construction Site

3.1.1Checking at road S1 ( Kompong Speu Province)

In this checking, the value of unsoaked CBR equals
29.73%, which receives from laboratory data. The value of CBR
equals 154.29 MPa (Eq. 2) of E; value. As for other targets please
see in the Fig.7 below:

— On the top of subgrade
LWD (7.07kN)

l

Unsoaked CBR = 29.73% H
Subgrade 2
(Embankment + Selected Subgrade)

CBR =2% Natural Soil

Fig. 7. Graph of model to calculate the Esurf Target for checking

Using multi-layer elastic theory, we obtain surface
deflection equal to 0.189mm from Kenpave program. The value
of target surface modulus for subgrade equal 119 MPa (Eq. 1).

Table 6 shows about Evd value which measured by LWD
HMP LFGpro and Esut tager Value calculated following the
theory of S1 pavement layer conforming to the Ministry of
Public Works and Transport and the different percentage values
of both datas.

Table 6 LWD results at the road construction site S1 (Kompong Speu
Province)

Testing Points In-Situ Theory, Rt_elative
layer Testing Evd Esurf Target  Different
(MPa) (MPa) (%)

1 105.63 119 11.23

2 84.91 119 28.64

3 102.74 119 13.66

4 95.74 119 19.54
Sub-grade 5 73.29 119 38.41

6 109.22 119 8.21

7 101.81 119 14.44

8 99.56 119 16.33

9 106.13 119 10.81
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Comparison Calculated Value Using MLET Method with Field
Measurement (Road S1)

140.0
1200 == m e e e —

100.0 4
84.91

73.29

Evd (MPa)
(=2}
=
=

mmmm Evd
= = = E Surf Target = 119 MPa (MLET)

Testing Point

Fig. 8. The value of Esurf Target cOmes from MLET methods and Evd
measurement at the construction site

Depending on the results in Fig. 8 shows that the Esurf Target
value is bigger than the Evd value which is precisely measured.
In Table 6 the both value shall be different from 8.21% to 38%.
Therefore, it can conclude that the subgrade layer of road S1 has
the lower quality because the constructors may not grind and
compact the road well or the thickness of structural pavement
might not qualified enough following the design which makes
the Evd value irregular, so there will be the differences happen.

3.1.2Checking at road S2 (Svay Rieng Province)

In this checking, the value of unsoaked CBR equals 15.89%
which receives from laboratory data. The value of CBR equals
103.33 MPa (Eq. 2) of E; value. As for other targets please see
in Fig. 9 as the following:

— On the top of subgrade

LWD (7.07kN)

W

Unsoaked CBR = 15.89% H ~1lm
Subgrade B
(Embankment + Selected Subgrade)

CBR=2% Natural Soil

Fig. 9. Graph of model to calculate Esurf Target for checking

By using multi-layer elastic theory, we obtain surface
deflection equal to 0.2538mm from Kenpave program. The value
of target surface modulus for subgrade equals 88.65MPa (Eg. 1).

Table 7 shows the value of Evd which gets from the test to
calculate the value of surface deflection using LWD HMP
LFGpro and transforms the value of already tested surface
deflection to become the value of Evd using the (Eq. 1) and Esur



Target Value calculates following the theory of S2 pavement layer
conforming to the Ministry of Public Works and Transport and

the different percentage values of both datas.

Table 7 LWD results at the road construction site S2 (Svay Rieng
Province)

Testing Points In-Situ Theory, E Rt_elative
layer Testing Evd suf  Target  Different
(MPa) (MPa) (%)

1 1415 88.65 59.61

2 122.3 88.65 37.95

3 117.2 88.65 32.20

4 94.1 88.65 6.14
Subgrade 5 91.1 88.65 2.76

6 88.6 88.65 0.05

7 97.4 88.65 9.87

8 84.3 88.65 4.90

9 76.5 88.65 13.70

The results which are shown in Table 7 at the point 1,2,3,
the value of Evd at the road site has a big value because of the
best compaction in the middle of the road. As for the point
4,5,6,7,8 and 9, it is shown that the Evd value at the road site
has similar values to Esur Target Which is calculated through its
theory.

3.1.3Values checking limited by the multi- layered elastic
theory at the construction site

Table 8 shows the road location for LWD testing in some
provinces to verify that with Esus Targer Value following its
theory.

Table 9 shows the test to calculate the value of Evd at the
construction site road S3 to road S10 which are on the subgrade
and base-course pavement structure. There are 8 points to 21
points to do the test from road S3 To road S10 by using LWD
equipment.

The result shows that the Evd value at the road site and the
Esurf target fFOllowing the theory have the failed results and passed
results because of the influence of the compaction. In
particularly, the compaction from the constructors has been
regrinded and compacted and the result of LWD testing at the
construction site is well done with the passed results.
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Table 8 The Location Data of Roads at Construction Site for Testing
by Using the LWD (Resource Datas from Ministry of Public Works
and Transport)

Road . .
Road Road length Testing  Testing Code
names types (m) layer date
Korkor - serite 2500 Subgrade 14/07/20  S3
District
Road
gSS_O? DBST 1800 Subgrade 11/12/20 S4
roads)
Road
3SVR1 DBST 9000 Subgrade 23/01/21 S5
Road
separated
from Gravel 6500 Subgrade 20/01/20 S6
national
road 8
Road  ppor  qgpp Base 17/12/20  S7
385 course
Road DBST 15320 0&se 12/01/21 S8
310 course
Road  ppor 4600 BESE 25/01/21 SO
121 course
Road
ES-12 Base
(38 DBST 600 course 04/06/21  S10
Roads)

Table 9 Summary data and results at site by using LWD from one

kilometer to another one

Testing  No. of No.of Reason  Recom
Code . X - .
layer Testing Failure  Failure  -paction

Sub

S3 grade 9 4 Q) Pass
Sub

S4 grade 14 4 Q) Pass
Sub

S5 grade 9 1 Q) Pass
Sub

S6 grade 21 15 Q) Pass
Base

S7 Course 8 6 Q) Pass
Base

S8 Course 9 7 Q) Pass
Base

S9 Course 8 4 Q Pass

sio  Base 11 0 No No
Course




3.2 Summary of result of surface deflection by multi-layered
elastic theory

Table 10 shows the surface deflection value through the
calculation following MLET theory which conforms to the
parameter extracted from the standard of the Ministry of Public
Work and Transport.

Table 10 The value of surface deflection

Value of surface deflection (mm)

Structural Layer

Road T3, S1 Road T4, S1
Top of Base do=0.1401mm  do=0.1623mm
Course
Top of Sub-base do=0.1911mm  dp = 0.2436mm
Top of Subgrade do=0.2911mm  do =0.4141mm

3.3 Summary of Result of Target Surface Modulus

Depending on the calculation of the equation to total the
Esurf Target Value, the result has shown in Table 11 below:

Table 11 The value of target surface modulus

Value of target surface modulus

Structural Layer (MPa)
Road T3, S1 Road T4, S1
Top of Base 161 MPa 139 MPa
Course
Top of Sub-base 118 MPa 93 MPa
Top of Subgrade 77 MPa 54 MPa

4. CONCLUSIONS

After the study about the evaluation of pavement layer
quality in Cambodian condition by using LWD equipment, it is
concluded that:

e The Evd value measured at construction site shall be irregular
at the point and Evd value is low on the shoulder because of
bad grinding and compacting. Some factors which make Evd
value irregular are:

- The compaction is the crucial factor to build the road. If
the compaction is not performed appropriately with
limited standards, there will be waste money on the re-
grinding and compacting road.

- The materials used to build shall be chosen carefully
following the determination in designing standards of
structural pavement.

- After grinding and compacting, the thickness of structural
pavements shall be greater than or equal to the structural
pavement thickness, which is designed to guarantee the
best quality of the road.
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- During the construction time, the temperature factor was
also important. If it rains or is too hot during the road
construction, it will damage or harm the compaction and
materials used in pavement.

e The Esurfrarger Value calculated following the standard of the
Ministry of Public Works and Transport, is comparable with
the Evd value measured by LWD HMP LFGpro.

There are some shortages in this research study and some
parts shall be continued to be studied such as :

1. CBR, which calculated shall be 4-day soaked CBR, although,
it is measured by LWD at the construction site, CBR shall be
unsoaked CBR. Thus, unsoaked CBR shall be needed to
calculate from the laboratory.

2. Elastic modulus of each pavement layer must be calculated
from CBR value, so Elastic modulus value is needed to
calculate from the direct laboratory.

3. Some materials calculated must be assumed that they are
linear, even though material of each pavement layer is not
linear.

4. As for Evd measurement at the construction site, the road
moisture has changed and caused Evd value irregular
following the temperature.

5. Up to the Evd value at the construction site and Esurf Target
value calculated in Cambodian condition. Therefore, a
standard shall be created to evaluate the pavement layers by
using LWD under the supervision of the Ministry of Public
Works and Transport.
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