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Abstract - Several points on the Indonesia toll road have found cracks in the concrete slab early, especially on toll roads with
large volumes of vehicles (trucks) transporting materials and industrial products. The most common failure modes that occur
in rigid pavements are fatigue cracks in the concrete slab and/or erosion of the material in the subbase. The two are linked to
excessive stress and deflections in the concrete slab. Models and analytical solutions are generated from a number of studies
to regulate the mechanical properties occurring in concrete pavements, especially related to stress and deflection. Subbase
serves as a foundation to bear the pavement’s structure. The significant geotechnical parameters that describe the association
between stress and associated settlement of subbase are the modulus of subbase reaction (k). This study aims to predict the
modulus of subbase reaction by executing an in situ test. The in situ test was a test that obtained elastic modulus by
implementing the Light Weight Deflectometer (LWD), predicting the modulus of subbase reaction. Other in situ research
involved taking an undisturbed soil sample and testing it in a laboratory. A Triaxial test was conducted to collect the elastic
modulus, and then the modulus of subbase reaction was calculated. The location of the field study was in Cikampek —
Palimanan (Cipali) toll road, West Java, Indonesia. Two elastic modulus, which were obtained from LWD and Triaxial.
Modulus of elasticity from LWD statistically had 15.632 MN/m? as the average. The maximum value was 33.53 MN/m? and
5.94 MN/m? as the minimum value. The modulus of elasticity from Triaxial had 12.69 MN/m? as the average. The maximum

value was 19.30 MN/m? and 8.70 MN/m? as the minimum value. The calculated subbase reaction modulus (k) was 27.78

MN/m? on average. The minimum value was 18.90 MN/m® and 38.01 MN/m? was the maximum value.

Keywords - Elastic modulus, Rigid pavement, Subbase reaction modulus.

1. Introduction

Several points on the Indonesia toll road found cracks in
the concrete slab very early, not long after the road was
opened, especially on toll roads with large volumes of vehicles
(trucks) transporting materials and industrial products. The
most frequent types of failure in rigid pavements are fatigue
cracking in the concrete slab and disintegration of the subbase
material. These failures are primarily caused by excessive
stress and deflection within the slab.

Numerous models and analytical approaches have been
developed to understand the mechanical behavior of concrete
pavements, particularly regarding stress and deflection.
However, creating a universal analytical solution that applies
to all possible conditions in concrete slabs remains a
significant challenge. [9]

The subgrade refers to the soil layer that serves as the base
for pavement and any unbound soil layers above it. It functions

as the foundational support for the pavement structure. The
modulus of subgrade reaction is a key geotechnical parameter
that describes how the subgrade responds to applied stress in
terms of resulting settlement. It plays a vital role in assessing
the structural performance of rigid pavements. [7]

In structural engineering, instead of modeling the entire
complexity of subsoil conditions, a simplified geotechnical
parameter called the subgrade reaction modulus (Ks) is
commonly utilized. Ks represents the ratio between the
pressure exerted on the soil over a defined area and the
corresponding settlement at a specific point. Introduced by
Winkler in applied mechanics, this concept treats the soil as a
collection of uniformly spaced, independent linear springs. [6]

Studies on foundation models of concrete plates showed
that the spring layer varied from one model to another. The
coefficient of spring is represented by the modulus of subbase

EETERT This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)


http://www.internationaljournalssrg.org/
http://creativecommons.org/licenses/by-nc-nd/4.0/

Tjatur Haripriambodo et al. / 1JCE, 12(7), 83-95, 2025

reaction. Winkler’s foundation implements one layer of spring
(k). Pasternak’s foundation model implements one layer of
spring by putting a shearing layer between the plate and spring
layer. Instead of one spring layer, Kerr puts two layers of
spring in his foundation model. Between two spring layers,
Kerr puts a shearing layer.

Jawad (2016) conducted research to estimate the modulus
of subgrade reaction using an in situ testing approach. The
method involves measuring the elastic modulus with a Light
Weight Deflectometer (LWD), a portable and non-destructive
device used to predict the subgrade reaction modulus. Also
known as the dynamic plate load test, the LWD assesses the
properties of soil layers subjected to dynamic loads. [7]

This study was conducted to predict subbase reaction
modulus on a toll road in Indonesia by implementing primary
data (in situ). The mentioned data were LWD and an
undisturbed soil sample coming from the soil layer under the
demolished rigid pavement. By conducting Triaxial testing in
the laboratory, the elastic modulus was obtained, and then the
modulus of subbase reaction could be calculated.

2. Literature Review

Sall et al. (2013) carried out a study to investigate the
impact of the elastic modulus of soil and concrete on the
displacement of a mat foundation. The research focused on
evaluating the behavior of a plate foundation on subsoil using
plate theory, incorporating the effects of soil-structure
interaction.

The main aim was to assess how the stiffness of both soil
and concrete affects the subgrade reaction (k) and the vertical
displacement of the mat (plate) foundation. The findings
showed that the resulting equations were more strongly
influenced by subgrade properties than by the characteristics
of the concrete foundation. [12]

A lot of research was conducted on modulus subbase
reaction (k). In 2010, Setiadji and FWA performed a study on
the correlation between modulus subbase reaction (k) and
subbase modulus of elasticity (E). Setiadji and FWA found
that the comparable k-E models based on the 1x-1g
relationship outperformed the other k-E correlations in their
capability to predict the k number that closely matches those
obtained from field measurements. [10]

[10] Setiadji, FWA. (2010). “Estimating Modulus of
Subgrade Reaction for Rigid Pavement Design”, Journal of the
Eastern Asia Society for Transportation Studies, Volume 8, 2010.
identified six k-E relationships, those are AASHTO in 1986
and 1993, Khazanovich in 2001, Vesic and Saxena in 1974,
Ullidtz in 1987, the equivalent k and E model based on 1x-1e
and the equivalent k and E models based on k-E correlation.
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Vesic and Ullidtz involved slab thickness in their equations.
[10] Other research predicted subgrade modulus reaction on
clayey soil by implementing group method of data handling,
also called Group Method of Data Handling (GMDH) — type
Neural Network (NN). This study utilizes 123 data sets from
Qasvin, Iran, to conduct the simulation. The results indicated
that the modulus of subgrade reaction estimated using GMDH-
based equations closely matched the values obtained from the
Plate Load Test (PLT). [6]

In 2017, Baruonis and Philpot conducted a study focused
on estimating vertical subgrade reaction using Cone
Penetration Test (CPT) data for shallow foundations on
cohesionless soils (Das, Braja M., 2010). They proposed a
methodology to derive an equivalent value to that obtained
through the Standard Penetration Test (SPT) method
introduced by Scott for determining the subgrade reaction
modulus (ki) using a 300 mm plate. The resulting foundation
value, KF, was found to be equivalent to the value derived
from the traditional SPT-based approach. [2]

In 2009, Baruonis et al. carried out a study to determine
the subgrade reaction modulus for clay-based foundations by
utilizing unconfined compression tests. Their findings
demonstrated that this laboratory method can effectively be
used to estimate the subgrade reaction modulus. Compared to
in situ plate load tests, the unconfined compression test proved
to be more cost-effective and time-efficient. [3] Various
studies of subgrade reaction modulus utilize soil elastic
modulus as the main parameter. Thus, the procedure for
obtaining soil elastic modulus becomes very important. Adem
(2015) conducted research on the estimation of modulus of
elasticity in unsaturated expansive soils by estimating the
vertical movement. Said vertical movements are heave or
shrinkage, which frequently occur on expansive soils. [14]

Alisjahbana et al. studied the dynamic behaviour of
pavement modelled as a thin orthotropic plate supported by
the Kerr foundation concept. The research employed a semi-
analytical method to evaluate deflection dynamics and the
internal force distribution within the plate subjected to
constant velocity loading. This approach aimed to resolve the
maximum dynamic deflection under varying soil conditions
and elastic foundation types to improve rigid pavement
design. The findings revealed that both the dynamic response
and resonance velocity are heavily influenced by the stiffness
of the resilient foundation. Specifically, when concrete
pavement is built on soft soil, it is more susceptible to loading,
especially at lower resonant frequencies. Additionally, the
study found that the Kerr model results in significantly lower
maximum dynamic deflections than the Pasternak model,
suggesting potential cost advantages when using the Kerr
model to represent the structural response of rigid pavements.
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Fig. 2 Kerr foundation modelling

The Pasternak foundation model consists of one spring
layer, where the spring layer represents the subbase layer
supporting the slab (see Figure 1). Kerr refined the modeling

by adding springs into two layers separated by a shearing layer
(see Figure 2).

3. Research Methods

The AASHTO Pavement Design Guide (1993) specifies
that rigid pavement design requires either the subgrade
reaction modulus (k), the subgrade elastic modulus (E), or a
correlation between them. This k-E relationship was
introduced because performing plate load tests to directly
measure K is generally not practical on-site. To develop this
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relationship, AASHTO assumed that the pavement slab could
be represented by a finite circular plate with a 30-inch (762
mm) diameter, irrespective of the slab’s actual dimensions.

[10]

The flow of the research adhered to the procedure
outlined below. Furthermore, this study had specific
boundaries and limitations. The field activities included LWD
testing and undisturbed soil sampling. LWD testing yielded
the elastic modulus directly. The soil samples were dispatched
to the laboratory. A triaxial test was conducted to determine
the elastic modulus. The subbase reaction modulus was
established by applying two empirical formulas.
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Fig. 3 Flow of research

Toll Road is concrete (rigid) pavement. Nonetheless, some

The location of the field study was in Cikampek —  locations have been overlaid by asphalt. The definite location
Palimanan (Cipali) tollway as part of the trans Java toll road. ~ where the field study was conducted was in Sta. 178 Jakarta
Cipali tollway stretches from Cikampek (Karawang regency)  direction. In this location, the pavement is concrete (rigid) with
to Palimanan (Cirebon regency). The total length of the Cipali  layers as shown below.
toll road is 116 kms. The original pavement type of the Cipali
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Fig. 5 Typical cross-section of concrete pavement

The original design of the Cipali toll road is two lanes in
each direction. The typical dimension of a slab is 5.0 x 4.0 m.
VEHICLE A cross-section is presented in Figure 5. The testing was
DIRECTION specifically intended to understand the subbase condition
TO JAKARTA beneath the rigid pavement on a toll road in Indonesia. The
< < initial condition of the existing rigid pavement was cracks in
SuB 3 SuB 2 SUAB 1 L whole areas; consequently, the reconstruction was held. The
concrete slab was crushed by a breaker, debris was removed,
and LWD tests and soil sampling were carried out. The
concrete slab was reconstructed at the 1%t lane of the traffic lane
while the 2" traffic lane was still active. The following figure

5000 3000 3000 depicts a definite slab in Sta-178, where the field study took
LAYOUT OF RIGID PAVEMENT place.
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ool Slab 1,23 to be demolished 3.2. Elastic Modulus from LWD

Os : Outer shoulder A Light Weight Deflectometer (LWD) is a non-damaging
testing apparatus that measures vertical deformation caused by
falling mass to determine the bearing capacity of soil and the
quality of soil compaction. The references for the LWD test
are Pd 03-2016-B, ASTM E2835-11, and ASTM E2583-07.
2 The LWD apparatus applied in this research was HMP LFG4,
TO JAKARTA which was produced by Magdeburger Prufgeratebau GmbH,
< 7 ,,,,,,,,,{f'{/ Germany. The specifications of the applied LWD are as

follows:
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Fig. 6 Location of field study Plat_e thickness +20.0mm

Weight : 15.0 kg

LAYOUT OF DEMOLISHED SLAB
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Figure 8 depicts LWD field testing. The total amount of
LWD testing is 40 points conducted on an area of 4 x 12 m as
shown in Figure 9.

3.3. Elastic Modulus by using Soil Mechanical Properties

The modulus of Elasticity (E) can also be resolved
through various laboratory tests, such as unconfined
compression and triaxial tests. Unconfined compression tests
often yield conservative estimates of E, typically resulting in
lower initial tangent modulus values, which in turn cause the
calculated displacement (DH) to be higher than observed
measurements. Triaxial tests, on the other hand, generally
provide more realistic estimates of E because the applied
confining pressure increases the soil’s stiffness, producing a
higher initial tangent modulus. The specific type of triaxial
test—whether it is unconfined (U), consolidated undrained
(CU), or KO consolidated undrained (CKOU) can also
influence the value of E obtained. In general, while triaxial
tests still tend to be conservative, they are less so compared to
unconfined compression tests. [4]

Undisturbed samples were taken in the same location and
at the same time where LWD tests were conducted. Points of
sample were distributed evenly with a total sample of 20. The
samples were taken by using a hand auger apparatus and then
sent to the laboratory in paraffin-sealed tubes. The length of
the tubes is 60 cm. Photos during the test are presented in
Figure 11.

HMP LFGa

Fig. 7 LWD apparatus

Fig. 8 LWD field testing

KANAN

TENGAH

KIRI

13 12 11 10 8

7

_n ARAH JAKARTA

KM 1774900 Lajur 1B

6

Fig. 9 LWD point of test
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Fig. 10 Undisturbed soil sampling (UDS) point of sampling

Fig. 11 UDS sampling using a hand auger

3.4. Properties of Soil

Soil samples tested in the laboratory also showed the
characteristics of the soil, which were indicated by the index
and engineering properties. Index properties include grain
size, relative density, Atterberg limits and consistency.

Engineering properties consisted of cohesion, internal
friction angle, permeability, elasticity, and compressibility.
Another important result was soil classification, which was
guided by the above properties.

Laboratory testing revealed that the soil’s specific gravity
ranges between 2.555 and 2.679 ton/m3, and the plasticity
index varies from 24.49% to 44.84%.

Referring to the Unified Soil Classification System
(USCS), the soils are identified as silts and clays, specifically
classified as MH (inorganic silts), CH (inorganic clays with
high plasticity), and OH (organic clays with medium to high
plasticity). Under the AASHTO classification system, the
soils are categorized as clayey silts with a liquid limit
exceeding 40%.

Table 1. Soil classification

Particle Size Distribution imi
ID Gravel Saartu;: T Seilt . bglta(;/ Fines Lﬁtterbe;?_leltSPI cl U_?C_CSt_ C;AA-SfHTt-O
%) 06) %) o) (%) %) o) | (o) assification assification
BH-01 3.94 17.57 38.99 39.51 78.5 72.97 | 40.96 | 32.02 MH or OH A-7-5
BH-02 4.82 17 51.15 27.04 78.19 76.52 | 41.14 | 35.38 MH or OH A-7-5
BH-03 3.94 16.57 39.48 40.01 79.5 73.12 | 38.22 34.9 MH or OH A-7-5
BH-04 1.96 18.27 46.08 33.69 79.77 77.5 37.65 | 39.85 MH or OH A-7-5
BH-05 3.39 18.87 43.3 34.45 77.75 77.09 43.78 | 33.31 MH or OH A-7-5
BH-06 2.46 16.28 | 40.42 40.85 81.27 77.93 | 40.68 | 37.25 MH or OH A-7-5
BH-07 2.67 15.45 55.52 26.36 81.89 78.32 42,71 | 35.61 MH or OH A-7-5
BH-08 1.61 11.74 37.88 48.78 86.66 77.4 41.53 | 35.87 MH or OH A-7-5
BH-09 49 18.47 39.47 27.17 76.64 74.9 35.34 | 39.56 MH or OH A-7-5
BH-10 3.35 15.78 38.44 42.44 80.88 80.62 | 31.96 | 48.66 CH A-7-5
BH-11 3.47 18.04 | 45.16 33.34 78.5 68.91 35.7 | 33.21 MH or OH A-7-5
BH-12 14.87 19.88 | 42.01 23.25 65.26 70.21 | 34.32 | 35.89 MH or OH A-7-5
BH-13 9.21 19.48 | 42.47 28.85 71.32 71.16 | 34.56 36.6 MH or OH A-7-5
BH-14 8.96 17.98 39.29 33.77 73.07 81.2 36.36 | 44.84 CH A-7-5
BH-15 13.38 22.29 34.91 29.42 64.34 63.73 | 33.06 | 30.67 MH or OH A-7-5
BH-16 9.68 22.19 39.73 28.4 68.13 54.48 | 29.98 | 24.49 MH or OH A-7-6
BH-17 7.86 25.71 41.23 25.2 66.43 51.43 26.31 | 25.13 CH A-7-6
BH-18 4.02 19.77 42.13 34.08 76.22 58.77 | 28.94 | 29.83 CH A-7-6
BH-19 21.9 17.93 36.39 23.79 60.18 55.91 | 28.18 | 27.73 CH A-7-6
BH-20 11.32 32.92 37.82 17.95 55.77 67.37 | 34.04 | 33.33 MH or OH A-7-5
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BH-16 BH-13 BH-10 BH-07 BH-04 BH-01
BH-19 MH or MH or CH MH or MH or MH or
OH OH OH OH OH
CH
BH-14 BH-11 BH-08 BH-05 BH-02
BH-17 MH
cH MH or or MH or MH or MH or
OH OH OH OH OH
BH-20
MH or BT BH-15 BH-12 BH-09 BH-06 BH-03
OH CH MH or MH or MH or MH or MH or
OH OH OH OH OH
Fig. 12 Mapping of USCS soil classification
BH-16 BH-13 BH-10 BH-07 BH-04 BH-01
BH-19 A-7-6 A-7-5 A-7-5 A-7-5 A-7-5 A-7-5
A-7-6
BH-17 BE=1A BH-11 BH-08 BH-05 BH-02
A-7-6 A-T-5 A-7-5 A-7-5 A-7-5 A-7-5
BH-20
A-7-5 BH-18 | BH-I5 BH-12 BH-09 BH-06 BH-03
A-7-6 A-7-5 A-7-5 A-7-5 A-7-5 A-7-5

Fig. 13 Mapping of AASHTO soil classification

The soil classification was plotted at the point where the
samples were taken, and then a map of soil classification was
developed. The USCS soil classification map is shown in
Figure 12. The ASHTO soil classification map is presented in
Figure 13.

Other laboratory test results were Triaxial and one-
dimensional consolidation, which provided engineering
properties. Cohesion was at 0.25 — 0.89 gr/cm® and the
internal friction angle was in the range of 2.10 — 5.33°
Compression index ranges from 0.224 to 0.634.

Measuring data Settlement

s(1)=2008mm

s(2) =1, 980mm
s(3)=1,971mm
s(m) =1, 986mm

v(1)=313,6mm/s
v(2)=318,9mm/s
v(3) = 315,4mm/s
v(m) = 316,0mm/s

4. Results and Discussions
4.1. Modulus of Elasticity from LWD Testing

Processes to have elastic modulus were described by
taking testing on point no 8 as a calculation example, which is
shown below. From three attempts, both for settlement and
velocity were calculated (s(m) and v(m) respectively). By
implementing a formula correlation between settlement and
velocity, the elastic modulus (Evq, notation which is taken from
the LWD apparatus) of the subbase was obtained (Eva= 11.33
MN/m?). By using similar calculations, 40 E.,; were
successfully measured.

Velocity

s/v=6,28ms

Evd=11.33 MN/m?

Settlement[mm]-Time[ms]-Chart

o)

Fig. 14 Measuring data of LWD
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Table 2. Modulus of elasticity from LWD (Eq)

Point 1 2 3 4 5 6 7 8 9 10
Evd [MN/m?] | 31.91 | 13.94 | 23.36 | 33.53 | 12.35 | 13.7 | 594 | 11.33 | 10.58 | 9.84
Point 11 12 13 14 15 16 17 18 19 20
Evd [MN/m?] | 10.2 | 14.8 | 10.18 | 19.89 | 21.84 | 13.2 | 17.4 | 22,52 | 17.12 | 10.89
Point 21 22 23 24 25 26 27 28 29 30
Evd [MN/m?] | 11.44 | 20.16 | 24.86 | 845 | 11.49 | 8.25 | 19.75 | 15.09 | 18.44 | 19.82
Point 31 32 33 34 35 36 37 38 39 40
Evd [MN/m?] | 793 | 8.73 | 16.36 | 21.87 | 15.96 | 15.2 | 8.6 | 15.72 | 15.19 | 17.44

The modulus of elasticity for 40 points is presented in
Table 2.

Modulus of elasticity from LWD (Evq) as listed above
statistically has 15.632 MN/m? as the average. The maximum
value is 33.53 MN/m? and 5.94 MN/m? as the minimum value.

4.2. Modulus of Elasticity from Soil Engineering Properties

Modulus of elasticity from engineering properties was
approached by implementing equation 1 as suggested by [13],
which is stated as the following:

_ Ao

E = - 1)
E: modulus of elasticity
Ao deviator stress/increment of axial effective stress

Ao =0, — 03 (2)
61: major principal stress

o3. minor principal stress
Aeg: increment of strain

The calculation of the modulus of elasticity (E) was taken
as the secant modulus. It was calculated by incrementing stress
and strain, most often referring to the initial values at the stage
of the test. [12]

Ao = Ag; — Ag, (3)

The calculation of the modulus of elasticity (E) from the
Triaxial test results (ASTM D2850-03) is shown through the
triaxial bore hole 1 (BH 01) data, as explained below.

Ao =0.121 — 0.00 = 0.121 kg/cm?2

Ae=01-0=0.1%

_od2_
T01% g/cm

E = 11,866 kN/m2

Strain vs stress

2.5

=
3

[EEN

Ds (kg/cm2)

0.5

0 2 4 6
8i=0.1

10 12 14 16

e (%)

Fig. 15 Strain vs stress curve of borehole 1
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Table 3. Modulus of elasticity from Triaxial (Etrx)

Eﬁ)ﬁ 1 2 3 4 5 6 7 8 9 10
(El(ﬁ/xmz) 12,100 | 11,200 | 10,300 | 9,300 | 9,300 | 11,200 | 12,100 | 14,000 | 12,100 | 9,300
(E,\m/mz) 1210 | 1120 | 1030 | 930 9.30 1120 | 1210 | 1400 | 1210 | 930
Efc);: 11 12 13 14 15 16 17 18 19 20
(Em/xmz) 14000 | 9,300 | 9,300 | 11,200 | 16,800 | 18700 | 15900 | 12,100 | 16,800 | 18,700
(E,\m/mz) 1400 | 930 | 930 | 1120 | 1680 | 1870 | 1590 | 1210 | 1680 | 1870

By having a similar procedure, the modulus of elasticity
for another borehole was obtained. Comprehend the modulus
of elasticity, which has been calculated and listed in Table 3.
Modulus of elasticity from Triaxial (Evrx) as presented above
statistically has 12.685 MN/m? as the average. The maximum
value was 18.700 MN/m? and 9.300 MN/m? as the minimum
value.

4.3. Analysis of Elastic Modulus

There are two elastic modulus that were obtained from in
situ tests (LWD, Eyq) and laboratory tests (Triaxial, Etrx) as
explained above. Analysis of the two source data is presented
in Table 4.

The statistical analysis in Table 4 shows that the mean of
Triaxial 12.69 MN/m?) was lower than LWD’s (15.63
MN/m?). The standard error of Triaxial (0.71) was lower than
LWD’s (0.99). Bowles (1988) proposed reference value of
elastic modulus for a few types of soil as presented in Table 5.
[4] By referring to Bowles’ table, the range of E may be at 2 —
20 (silt) (see sub-3.4).

Compared to the reference, Triaxial’s modulus (9.30 —
18.70) was closer to silt (2 — 20); therefore, for the next
analysis of k, Triaxial’s modulus was implemented. Figure 16
shows the diagram that compares E, where Triaxial’s modulus
is likely close to Bowles’s.

Table 4. Descriptive statistics of elastic modulus from LWD and

Triaxial
LWD Triaxial
Mean 15.63 12.69
Standard Error 0.99 0.71
Median 15.14 12.10
Standard Deviation 6.24 1.00
Sample Variance 38.99 31.70
Kurtosis 1.05 -0.67
Skewness 0.95 0.72
Range 27.59 9.40
Minimum 5.94 9.30
Maximum 33.53 18.70

Table 5. Bowles’ modulus of elasticity

Type of soil E (MN/m?)

Clay

Very Soft 21 - |15

Soft 5|1 - 125

Medium 15| - |50

Hard 50 | - | 100

Sandy 25| - | 250
Sand

Silty 5| - |20

Loose 10| - | 25

Dense 50| - |81
Sand and gravel

Loose 50| - | 150

Dense 100 | - | 200

1| Silt 2| - ]20 i

Modulus of elasticity comparison

E (MN/m2)
= 2 N DN
O 01 O o1 O O

Minimum Maximum
Range of E

=0—Bowles LWD Triaxial

Fig. 16 Modulus of elasticity comparison
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Triaxial elastic modulus (ETRX) was shown to be smaller
than LWD elastic Modulus (ELWD). These value
discrepancies may come from the testing method, where LWD
is ‘a pure’ in situ test, while Triaxial is a laboratory-based test.

4.4. Estimating Modulus Subbase Reaction (k)

By calculating the elastic modulus of subbase as presented
above, subbase modulus reaction (k) may be obtained easily.
AAHSTO (1993) proposed an empirical equation to be
calculated using the elastic modulus (E). [1] Khazanovich et al
(2001) also proposed their empirical equation, which needs the
elastic modulus parameter only. Other researchers proposed
other empirical equations that need different parameters other
than the elastic modulus. [10]

The AASHTO 1993 equation is expressed below.
_E (4)

T 0492

Khazanovich’s is stated as follows.
k = 0.296E (5)

Since the elastic modulus from Triaxial (Etrx) Was more
accepted, the calculated k by using the elastic modulus from
Triaxial is presented in Table 6. Descriptive statistical analysis
is presented in Table 7. The scattered chart for k is described
in Figure 17.

Table 6. Calculated k by using E from triaxial

Bore hole Etrx (MN/m?) k-AASHTO k-Khazanovich
1 12.1 24.59 3.58
2 11.2 22.76 3.32
3 10.3 20.93 3.05
4 9.3 18.90 2.75
5 9.3 18.90 2.75
6 11.2 22.76 3.32
7 12.1 24.59 3.58
8 14.0 28.46 4.14
9 12.1 24.59 3.58
10 9.3 18.90 2.75
11 14.0 28.46 4.14
12 9.3 18.90 2.75
13 9.3 18.90 2.75
14 11.2 22.76 3.32
15 16.8 34.15 497
16 18.7 38.01 5.54
17 15.9 32.32 4,71
18 12.1 24.59 3.58
19 16.8 34.15 4.97
20 18.7 38.01 5.54
Table 7. Statistical analysis on calculated k
k-AASHTO k-Khazanovich
Mean 25.78 Mean 3.75
Standard Error 1.44 Standard Error 0.21
Median 24.59 Median 3.58
Mode 18.90 Mode 2.75
Standard Deviation 6.44 Standard Deviation 0.94
Sample Variance 41.53 Sample Variance 0.88
Kurtosis -0.67 Kurtosis -0.67
Skewness 0.72 Skewness 0.72
Range 19.11 Range 2.78
Minimum 18.90 Minimum 2.75
Maximum 38.01 Maximum 5.54
Sum 515.65 Sum 75.10
Count 20 Count 20
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Fig. 17 Modulus subbase reaction

Table 8. Das’s modulus subbase reaction (k)

Soil type k (MN/m?)
Dry or moist sand
Loose 8-25
Medium 25-125
Dense 125 - 375
Saturated sand
Loose 10-15
Medium 35-40
Dense 130 - 150
Clay
O stiff | ] 10-25 |
Very Stiff 25-50 |
Hard >50

Das, in his book (8" edition), presented k, which is taken
as a reference. [6]

Comparison k with Das’s (Clay stiff and very stiff; 10 —
50), k-AASHTO tended to be similar (18.9 — 38.01). The

References

diagram presented in Figure 18 demonstrates that k-AASHTO
is closer to Das’s.

60

B O
o O

k (MN/m3)
w
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Fig. 18 Modulus subbase reaction comparison

5. Conclusion

Subbase modulus reaction (k) value from the AASHTO
equation ranges between 18.9 and 38.01 MN/m?. It is close to
the k value suggested by Das. This value may become a
reference as subbase modulus reaction (k) for dynamic
analysis or other related purposes.

Subbase layers in the Cipali toll road were classified into
silts and clays. Its elastic modulus ranges between 9.30 and
18.70 MN/m?2. This value is relatively close to Bowles’s elastic
modulus.

Compared to Bowles’s elastic modulus, LWD’s modulus
tended to be higher (5.94 — 33.53 MN/m?). Triaxial modulus
was more accepted (9.30 — 18.70 MN/m?).

The findings of this study can contribute to further
pavement design to achieve more efficient design and produce
long-lasting pavement performance.
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