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This research compares the remaining life of flexible pavement that experiences agecrease in elastic modulus due
to road usage, utilizing The Bina Marga 2017 Method and The Asphalt, Institute Method. The study begins with a
structural evaluation of the pavement, field core sampling, and laboratory“modulus testing. Variations in the asphalt
mixture's elastic modulus are analyzed at 100%, 80%, and 60% of its originalvalue for each layer. Using KENPAVE
software, simulations determine the horizontal tensile strain on thefbottom of asphalt layer to predict fatigue life and
the vertical compressive strain on the top of subgrade for rutting life. The study also includes a traffic survey to assess
traffic load, and remaining life calculations provide longevity pfedictions across both methods. The results indicate
that a decrease in the elastic modulus value of the flexible pavemeént layer leads to a reduction in both fatigue life
and rutting life, ultimately affecting the overall remaining life of the pavement. Notably, the remaining life assessments
for fatigue and rutting calculated using The Bina Marga 2017 Method yield greater values than those determined by
The Asphalt Institute Method. Therefore, it is recommended to utilize The Asphalt Institute Method for planning
purposes, as it provides more conservative resultsf¢ensuring safer planning compared to The Bina Marga 2017
Method.
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HIGHLIGHTS
— Decrease in elastic modulus value of thedflexible pavement layer will shorten flexible pavement remaining
life.
— The Asphalt Institute method provides more conservative and safer results than The Bina Marga 2017
Method.

— The KENPAVE simulation isdused to analyze critical strain due to a decrease in elastic modulus, which is
used to predict the remaining lifejef flexible pavement.

1 Introduction

Pavements often fail to rea€h, theitdexpected service life due to several influences. These factors can include
unanticipated traffic growth, poegsubgrade conditions, overloaded traffic loads, the use of inappropriate materials,
environmental factofSpand inconsistencies in implementation compared to the initial planning [1]-[7]. The remaining
service life is primarily“determined by damage from repeated loading, which increases over time. As the load
repetitions accumulategthe condition of the pavement deteriorates, affecting its ability to accommodate traffic. This
leads to issues stieh as fatigue and rutting [8]-[17]. Over time, these distresses compromise the structural integrity
and surface quality ofithe pavement, resulting in decreased ride comfort, increased maintenance needs, and higher
lifecycle costs. If not addressed promptly, the progression of damage can lead to more severe failures, ultimately
shortening thelpavement's service life [18-27]. Fatigue and rutting significantly influence the remaining life of flexible
pavements [28]-[82]. Common performance assessment indicators for flexible pavements include fatigue cracking
beneath the asphalt layer and rutting at the surface level, both of which are important for evaluating the structural
performance ofgthe pavement. However, calculating the stress and strain responses in each layer of the pavement
structure manually can be quite challenging due to the need for high accuracy.

The elastic modulus of flexible pavement layers decreases with road usage and environmental factors, such as
weather. This reduction in the elastic modulus directly impacts the fatigue life, rutting life, and overall remaining
lifespan of the flexible pavement. Therefore, it is essential to conduct research on a pavement section to assess the
fatigue life, rutting life, and remaining life of flexible pavement that has experienced a decrease in the elastic modulus
of its layers.

An innovative approach is necessary to address the challenges associated with flexible pavements, particularly in
predicting their fatigue life, rutting life, and remaining life when there is a decrease in the elastic modulus of the
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pavement layers. This analysis will employ two methods: The Bina Marga 2017 Method [33] and The Asphalt Institute
Method. The aim is to find effective solutions for managing damage to flexible pavements. Additionally, the research
will compare the results obtained from these two methods to determine which one is more suitable for application to
flexible pavements in Indonesia. This study intends to evaluate the remaining life of flexible pavements as their elastic
modulus decreases over time with usage. Ultimately, the research contributes to the advanceme
particularly for professionals involved in road construction, design engineers, and relevant age
flexible pavements.

2 Materials and methods

The research approach consists of several methods. It begins with field observations, w,
thickness and type of material in each pavement layer. After this, test samples are coll
transported to the laboratory for Indirect Tensile Stiffness Modulus (ITSM) testing. Th
pavement structure, along with the ITSM test results, will be used as input for the KENPA
generate outputs in the form of horizontal tensile strain on the bottom of asphalt laye
on the top of subgrade. The output of the KENPAVE software will be utilized t
life of flexible pavement. By analyzing these calculations alongside traffic loadd
will predict the remaining life of the pavement. The remaining life of the flexibledpavement will be determined using
two different methods: The Asphalt Institute Method and The Bina Marga 2017 Methed. The goal of this research is
to provide a recommendation for the most suitable method for applicationgin Indonesia, based on the assessed fatigue
life, rutting life, and remaining life of flexible pavement that has experienc decrease in elastic modulus within its
layers. An overview of the research methodology is illustrated in Figure 1.
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Fig. 1. Research method illustration

sisted of eight stages, namely:

Stage 1: Literature study on fatigue life, rutting life, and remaining life of flexible pavement. Additionally, it evaluates
the structure of flexible pavement, including the thickness and material type of each layer. The research was
conducted on Ir. Juanda Road in Surakarta, Indonesia as illustrated in Figure 2. The evaluation results for the flexible
pavement section can be found in Figure 3.
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Research Location: Ir.
Juanda Street, Surakarta,
Central Java. Indonesia

Fig. 2. Research Location on Ir.Juanda Road Surakarta City, Indonesia (Source: Google Earth, 2023)

AC-wWC

AC-BC

AC BASE 48cm

Fig. isting Flexible Pavement Structure

2.2 Stage 2
Stage 2: Sampling of test specimensWill be conducted in the field using a core drill. The core drill, operated with a
specialized machine tool as shown in Fi 4, will produce cylindrical test samples measuring 4 inches in diameter

and 6.3 centimeters in height. In this study, six core drill samples will be collected from six different locations on the
flexible pavement section

(a)
Fig. 4. (a) Coredrill Machine (b) Coredrill sample illustration
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2.3 Stage 3

Stage 3: Conduct ITSM (Indirect Tensile Stiffness Modulus) testing on coredrill specimens. Additionally, six coredrill
specimens will be tested for ITSM, as shown in Figure 5.

2.4 Stage 4

Stage 4: According to the modulus test results fro

field, variations in the elastic modulus of the asph i ilbbe tested, specifically at 100%, 80%, and 60%. E =
100% (simulates the elastic modulus when the ro opened); E = 80% (simulates the elastic modulus

remaining at 80% due to road usage and the effects o onmental conditions); E = 60% (simulates the elastic
modulus remaining at 60%, also accounting oad usage and environmental influences). These variations will be
applied to each layer of flexible pavement.

2.5 Stageb5

Stage 5: Based on the data regarding the va
a design simulation of the flexible

ion of elastic modulus values in the pavement layer, we will conduct
ement thickness using KENPAVE software. This simulation aims to determine
the horizontal tensile strain occurri the bottom of the asphalt layer to predict the fatigue life of the flexible
pavement, as well as the vertical comp ive strain on the top of subgrade to estimate the rutting life. The main
interface of the KENPAVE program is illustrated in Figure 6.

Data Path 3 Filename: [ L]

KENPAVE

A Computer Package for

Pavement Analysis and Design

Developed by Dr. Yang H. Huang. P.E

Asphalt Professor Emeritus of Civil Engineering Concrete
University of Kentucky

LAYERINP Lexington KY 40606-0281 SLABSINP

KENLAYER Click help for information on the use of this Main Screen KENSLABS

LGRAPH |  HELP |  EDITOR ‘ X | eaaniy | contoun ‘ SGRAPH

Fig. 6. KENPAVE Program Main View [34]
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2.6 Stage 6

Stage 6: Calculation of fatigue life and rutting life. Calculation of fatigue life and rutting life using two methods,
namely The Asphalt Institute Method and The Bina Marga 2017 Method [33].

2.7 Stage7

Stage 7: Average Daily Traffic (ADT) survey on the road section to calculate the traffic load. The /ADJ,survey was
conducted for three days, hamely Monday, Thursday and Sunday to determine the volume of traffic passing,through
the flexible pavement section. The traffic survey was conducted by 6 personnel per day, 3 personnel counted the
traffic volume in one lane direction and 3 other personnel counted the traffic volume in theether lane direction. An
overview of the LHR Survey is illustrated in Figure 7.

© © ©

S @) S

Fig. 7. lllustration of Average Daily Traffic (ADT) Survey
2.8 Stage 8

Stage 8: The calculation of the remaining life of flexible pavement is based on two primary factors: fatigue life and
rutting life. These factors help predict the pavement's loAgevity during its planned service life. There are two methods
for calculating the remaining life of flexiblegpavement: The Asphalt Institute Method and The Bina Marga 2017
Method. Then compare the two methods and reeemmend the most suitable one for flexible pavement in Indonesia.

3 Results and Discussion

This research has potential limitations. Despiteithe thorough approach adopted in this study, several limitations must
be acknowledged: Variations in Material Propéerties (The material properties used in the analysis were based on
assumed or average values from literature or standard specifications. In practice, materials such as asphalt, base,
and subgrade layers can exhibit significantyariability due to differences in local sourcing, construction practices, and
aging. This variability may affect the actual pavement performance compared to the simulation results),
Environmental Factors {I'he impact of environmental conditions—such as temperature fluctuations, freeze-thaw
cycles, and moisture variations—wasynot fully incorporated into the simulations. These factors can substantially
influence material behavior andipavement lifespan, introducing uncertainties when extrapolating the results to real-
world conditions), WUncertaintiesin KENPAVE Simulations (While KENPAVE is a widely recognized tool for
pavement analysis, it Operates under certain simplifying assumptions (e.g., linear elastic behavior of materials, static
loading). These assumptigns may not capture the complex, nonlinear, and time-dependent nature of pavement
response under-actual trafficand environmental loading. Consequently, the predictions may deviate from actual field
performance), Limited Scope of Load and Traffic Considerations (The research considered a specific range of
traffic loading scenariosyHowever, variations in axle loads, loading repetitions, and traffic growth over time were not
comprehénsiely modeled, which could affect the long-term accuracy of the simulation outcomes), and Model
Calibration andiValidation (The simulations were not calibrated or validated against extensive field data, which is
essential for improving the reliability of the predictive models. As a result, the findings should be interpreted with
cautionuntil further validation is conducted).

3.1 Test Results of Modulus of Elasticity of Flexible Pavement Layer

The results of the elastic modulus testing for the flexible pavement layers and the simulation of the elastic modulus
of the degraded material are summarized in Table 1. The elastic modulus values are as follows: E= 100% represents
the modulus when the road is first opened; E= 80% simulates the modulus after road use and environmental
influences reduces it to 80%; and E= 60% reflects the modulus after further degradation to 60% due to continued
pavement use and environmental factors on each layer of flexible pavement.
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Table 1. Test Results of Elastic Modulus of Flexible Pavement Layers

Elastic Modulus of flexible pavement layers, E (kPa)
Flexible Pavement Layers E_:100 % E=80 % =60 %

(Testing results)
Asphalt Concrete-Wearing Course (AC-WC) 1,100,000 880,000 000
Asphalt Concrete-Binder Course (AC-BC) 1,200,000 960,000 720,000
Asphalt Concrete-Base (AC-BASE) 1,600,000 1,280 960,000
Base Course 300,000 240,000 180,000
Subgrade 60,000 48,000 36,000

3.2 Flexible Pavement Structure of Ir.Juanda Road Surakarta City

Simulation of flexible pavement structures will be conducted to examine the effée
on the remaining service life of the flexible pavement, as shown in Figure 8.

ing the elastic modulus

AC-WC, E = 1,100,000 ¥ = 0.4 AC-WC, E= 830,000, V=04 4cm
T 10 cm
AC-BC, E = 1,200,000 V" = 0.4 AC-BC, E = 960,000, V=0.4 6cm
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(a) e}

Fig. 8. Flexible Pavement Structure of Ir, Surakarta City (a) The elastic modulus for the newly opened

ining 80% (c) Elastic modulus remaining 60%

3.3 ADT Survey Results and Calculation
Equivalent Standard Axle L

uivalent Standard Axle Load (ESA) and Cumulative
(CESA) of Flexural Pavement during the Design Life

The results of the Average Daily Tra DT) survey and ESA Value Calculation can be seen in Table 2. The
calculation of CESA 4 value for 20 years is‘presented in Table 3, and the calculation of CESA 5 value for 20 years is
presented in Table 4.

Table2. ADT Survey Results and ESA Calculation

2
Type of ESA4 ESA5
Vehicle ADT VIBIES: | VRIES biD) B (ESAL) | (ESAL)
(vehicle)
1 7,752 0 0 0.5 1 0 0
2,894 0 0 05 1 0 0
4,854 0 0 05 1 0 0
Pick Up &

4 el 2,726 0 0 05 1 0 0
5A | Light bus 1,101 0.3 0.2 0.5 1 165,15 110
5B | Heavy bus 179 1 1 05 1 89,5 89,5
6a | 2AXlelight 120 0.55 0.5 0.5 1 33 30

truck
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\T)gr’ﬁcg Description ADT VDF4 | VDF5 DD DL (Egﬁ‘t) (Egﬁﬁ)
(vehicle)
6B 2 Axle heavy 65 4 5.1 05 1 130 165,75
truck
7a1 | 3Axelight 50 4.7 6.4 05 1 117,5 60
truck
7a2 | 3Axleheavy 5 47 6.4 05 1 1,75 16
truck
8 Un Motor 259 0 0 0.5 1 0 0
Total CESA 437,4
Table 3. Calculation result of CESA 4 for 20 ye
Year to ESA R A 4 (ESAL)
1 437,4 1.00 159,651
2 2.048 326,965
3 3.146 502,62
4 4.297 686,020
5 5.503 878,559
6 6.767 1,080,358
7 8.09 1,291,895
8 9.84 1,571,125
9 10.936 1,745,943
10 12.461 1,989,411
11 14.059 2,244,533
12 2,511,948
13 2,792,136
14 3,085,734
15 3,393,541
16 . 3,716,036
17 25.394 4,054,177
18 27.613 4,408,443
19 29.938 4,779,631
20 32.275 5,152,736
4. Calculation result of CESA 5 for 20 years
Year to ESA R CESAGS (ESAL)
1 457 1.00 166,805
2 2.048 341,616
3 3.146 524,768
4 4.297 716,761
5 5.503 917,927
6 6.767 1,128,769
7 8.092 1,349,786
8 9.841 1,641,528
9 10.936 1,824,179
10 12.461 2,078,557
14.059 2,345,111
15.734 2,624,509
17.489 2,917,252
19.328 3,224,007
21.256 3,545,607
16 23.276 3,882,553
17 25.394 4,235,846
18 27.613 4,530,924
19 29.938 4,993,808
20 32.275 5,383,631
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3.4 Flexible pavement response affected by reduced elastic modulus

The flexible pavement response refers to the strain occurring on the bottom of asphalt layer, which is determined
using the elastic modulus values for different variations (100%, 80%, and 60%). This data is essential for predicting
the pavement's fatigue life. Additionally, the vertical compressive strain on the top of subgrade, whichfis also based
on these elastic modulus variations, helps in predicting rutting life. The results are summarize Table 5 and
illustrated in Figure 9. The flexible pavement response is obtained using KENPAVE software.

Table 5. Strain occurring in flexible pavement for each variation of elastic modulus (i.e. 100%, 80%, an %)
Depth E= 100 % E=80 % E= 60 %
(cm) eh eV eh eV ev
10 0.003326 - 0.004157 - 0.0 -
48 - 0.001123 - 0.001164 - 0.001551
0.006 0.0055

0.005
0.004157

0.004 0.003326

0.003

0.002
001123

0.001

0

E=100%

Fig. 9. Strain occurring in flexible pavement fo of elastic modulus (i.e. 100%, 80%, and 60%)

occurring on the bottom of asphalt layer increases as
epth of 10 cm. This trend is also observed in the vertical compressive
a depth of 48 cm. As the elastic modulus value decreases, both
er and the vertical compressive strain on the top of subgrade
lower elastic modulus indicates a reduction in the strength quality of
the flexible pavement layer. As a result, the ible pavement becomes less capable of supporting traffic loads and
is more susceptible to weather efféets, resultin increased horizontal tensile strain on the bottom of asphalt layer
and greater vertical compressive str n the top of subgrade.

According to Table 5 and Figure 9, the horizontal tensil
the elastic modulus decreases, particularly a
strain on the top of subgrade, which is measure
the horizontal tensile strain on the botto
become more pronounced. This is beca

3.5 Fatigue life of flexible pavement affécted by decrease in elastic modulus

In this research, the fatigue life of flexible pavement will be predicted using two equations proposed by The Asphalt

elastic modulus values for different variations: 100%, 80%, and 60%. This will
train occurring at a depth of 10 cm beneath the asphalt layer. Two methods will
ation: The Asphalt Institute Method and The Bina Marga Method. To determine fatigue life
thod, we will use Equation 1. For calculations using The Asphalt Institute Method, we

be employed for this ¢
using the Bina
will refer to Equ

918 x{0,856V; +1,08)

0.26 ]5 (1)

Smix Ec

Nf= RF

Nf = 0.0796 (g,) 3921 |E|~0834 2

where:
— Nf =Number of load repetitions to achieve fatigue/Fatigue life (ESAL)
— &t = Horizontal tensile strain on the bottom of asphalt layer
— E = Elastic modulus (kPa)
— RF = Reliability Factor
— Vb = Volume of asphalt in the mix (%)
—  Smix = Asphalt mix modulus (MPa)
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The results of the calculation for the fatigue life of flexible pavement, which is influenced by reductions in the modulus
of elasticity (specifically at levels of 100%, 80%, and 60%), are presented in Table 6 and Figure 10. This analysis is
based on both The Bina Marga 2017 Method and The Asphalt Institute Method.

Table 6. The results of the calculation of the fatigue life of flexible pavement affected by decreas
modulus (namely 100%, 80%, and 60%) based on The Bina Marga 2017 Method and The Asphalt

f elastic

Fatigue Life, Nf (ESAL)
Method E=100% E=80%
The Bina Marga 2017 Method 16,324,224 14,817,512 11,124,596
The Asphalt Institute Method 15,924,224 13,652,21 10,164,556
18.000.000
m The Bina Marga
16.000.000 Method
= 14.000.000
W
=, 12.000.000
E 10.000.000
o
é‘ 8.000.000
& 6.000.000
ey
4.000.000
2.000.000
0

E= 100% E= 80 Wariasi 60 %

Fig. 10. Relationship Graph of Fatigue Life utilizing The Bina Marga 2017 Method and The Asphalt Institute Method
with Variations in thedDecrease of Elastic Modulus

decrease in the elastic modulus of the flexible pav
Bina Marga 2017 Method and The Asphalt Institute
the horizontal tensile strain on the bottom of halt layer-at a depth of 10 cm.

The fatigue life calculated using The Bina Ma 2017 Method is greater than that calculated using The Asphalt
Institute method. According to The Asp
is 15,924,224 Equivalent Single Axle L
13,652,211 ESAL with 80% remammg elasti
elastic modulus. In contrast, The
experiencing a decrease in elastic
modulus and to 11,124,596 ESAL
consideration of pavement materials and conditions during maintenance planning [35].

Additionally, the impact fatigue life becomes more pronounced as elastic modulus decreases, which results in

. After a decrease in elastic modulus, the fatigue life drops to
dulus and further declines to 10,164,556 ESAL with 60% remaining

The evaluation of fati ife values is critical for effective decision-making in pavement maintenance, particularly
when compari

e fatigue life diminishes as the elastic modulus of flexible pavement decreases. This
indings that highlight the significant contributions of high temperatures and heavy axle loads

or this calculation: The Bina Marga 2017 Method and The Asphalt Institute Method The Rultting Life

will be calculated using Equation 3 for The Bina Marga 2017 Method and Equation 4 for The Asphalt Institute Method.
Detailed calculations of rutting life can be found in Table 7 and illustrated in Figure 11.

7 3

Ne=[22] 3)

Ee

r=1. X107 (s.) ™™
Nr = 1.365 x 10~%(g,) 44 “)
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where:
— Nr = Number of load repetitions to achieve rutting/Rutting life (ESAL)
£, = Vertical compressive strain on the top of subgrade

Table 7. Results of the calculation of the rutting life of flexible pavement affected by decrease of e
(namely 100%, 80%, and 60%) based on The Bina Marga 2017 Method and The Asphalt Ins

Rutting Life, Nr (ESAL
Higined E=100 % E=80 % E=60%
The Bina Marga 2017 Method 13,347,177 9,251,90 4,304,576
The Asphalt Institute Method 6,739,505 4,452, 4,096,916
16.000.000 m The Bina ga
14,000,000 Method
= 12.000.000
o
& 10.000.000
S 8000000
2 6.000.000
£ 4000000
2.000.000 l
Q
E= 100% E= 80 % E= 60 %

Fig. 11. Relationship Graph of Rutting Life utilizing The Bina Marga 2017 Method and The Asphalt Institute Method
with Variations in ase of Elastic Modulus

The rutting life calculated using The Bina Marga 2 elds a higher initial value than The Asphalt Institute
Method, suggesting potential advantages in predictive . Specifically, The Bina Marga 2017 Method indicates
an initial life of 13,347,177 Equivalent Sin xle Load SAL) compared to 6,739,505 ESAL according to the
Asphalt Institute method. Notably, the decre t in rutting life upon reduction of elastic modulus (with values
dropping to 9,251,909 ESAL and 4,452, 0% modulus, respectively)

Cheng et al. affirm the importance of urate performance predictions for effective pavement management,
particularly highlighting how rutting and e metrics influence maintenance decisions [38]. Moreover, the
differential outcomes of the methodologies underline the need to select appropriate design and evaluation methods
based on specific environmental an fic conditions.

For instance, the consistent predictions e Bina Marga 2017 Method across various elastic modulus levels could
lead to more robust maintenance strategies; this is supported by research that compares various pavement condition
assessment methods, affisgming the effectiveness of The Bina Marga 2017 Method in practical evaluations [39].

Understanding the implicat ed elastic modulus not only aids in immediate maintenance scheduling but
also aligns long-term strategy tructural resilience goals. In summary, the comparative analysis of rutting life
data reveals significant insights into how variations in elastic modulus influence pavement performance and
maintenance strategieSiikhis critical understanding will enable more informed decision-making, aligning design
methodologies wi ervice conditions and ultimately prolonging pavement life.

3.7 Remaining L ue to Fatigue and Rutting Affected by Decrease in Elastic Modulus

The remaining life due to fatigue and rutting will be determined using Equation 5.
RL )] (5)

- Remaining Life (%)

— Np = Total Traffic to date (ESAL)

— N1.5= Total Traffic to pavement failure (ESAL)
— N1.5 Fatigue= Nf (Table 6)

— N21.5 Rutting= Nr (Table 7)
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Table 8 and Figure 12 present the calculation of the remaining life due to fatigue and rutting affected by the decrease
in elastic modulus of the flexible pavement layer using The Bina Marga 2017 Method, while those using The Asphalt

Institute Method are presented in Table 9 and Figure 13.

Table 8. Calculation of remaining life due to fatigue and rutting affected by decrease in elastic mo
flexible pavement layer using The Bina Marga 2017 Method

Np=CESA5 Remaining life due to fatigue (%) Remaining life d (%)
Year to
(ESAL) E= 100% E=80% | E=60% E= 100% E= 80% 0%
1 166,805 98.98 98.8 98.3 98.8 8.2 96.3
2 341,616 97.9 97.6 96.6 97.6 92.4
3 524,768 96.7 96.4 94.8 96.3 4.3 88.3
4 716,761 95.6 95.1 92.9 95.0 84.1
5 917,927 94.3 93.7 90.9 90.1 79.5
6 1,128,769 93.1 92.3 88.8 87.8 74.8
7 1,349,786 91.7 90.8 86.7 85.4 69.9
8 1,641,528 89.9 88.8 83.8 82.2 63.5
9 1,824,179 88.8 87.6 80.2 59.4
10 2,078,557 87.3 85.8 .6 77.5 53.7
11 2,345,111 85.6 84.1 83.7 74.6 47.8
12 2,624,509 83.9 82.2 81.8 71.6 41.6
13 2,917,252 82.1 80.1 79.8 68.5 35.1
14 3,224,007 80.2 78.1 77.6 65.2 28.3
15 3,545,607 78.3 9 65.1 75.4 61.6 21.1
16 3,882,553 76.2 73. 61.8 73.1 58.0 13.6
17 4,235,846 74.1 58.3 70.6 54.2 5.8
18 4,530,924 72.2 55.4 68.6 51.0 failure
19 4,993,808 69.4 66.1 50.8 65.4 46.0
20 5,383,631 7.0 63.4 47.0 62.7 41.8
=== Fatigue, E= 100 %
== Rutting, E= 100 %
Fatigue, E= 80 %
Rutting, E=80%
120 == [atigue, E= 60 %
—@-— Rutting, E= 60 %
100
& 80
e
-
w 60
=
£
m
g 40
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 20
-40 Design Life (year)

Fig. 12. Remaining life due to fatigue and rutting influenced by decrease in elastic modulus of flexible pavement
layers using The Bina Marga 2017 Method
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Table 9. Calculation of remaining life due to fatigue and rutting affected by decrease in elastic modulus of the
flexible pavement layer using The Asphalt Institute Method

Np= CESA5 Remaining life due to fatigue (%) Remaining life due to rutting (%)
Year to
(ESAL) E= 100% E=80% | E=60% E= 100%
1 166,805 98.9 95.7 91.3 98.8
2 341,616 97.8 91.3 86.7 97.6
3 524,768 96.7 86.2 81.8 96.3
4 716,761 95.4 81.8 76.7 95.0
5 917,927 94.2 76.7 714 93.6
6 1,128,769 92.9 71.4 65.8 92.2
7 1,349,786 915 65.8 58.4 90.6 .
8 1,641,528 89.6 58.4 53.8 55.1 50.3
9 1,824,179 88.5 53.8 47.4 50.1 44.7
10 2,078,557 86.9 47.4 40.6 43.1 37.1
11 2,345,111 85.2 40.6 335 83.7 35.7 29.0
12 2,624,509 83.5 335 26.1 81.8 28.1 20.5
13 2,917,252 81.6 26.2 A4 .8 20.1 11.7
14 3,224,007 79.7 18.4 10. 77.6 11.7 2.4
15 3,545,607 7.7 10.3 75.4 2.9 failure
16 3,882,553 75.6 1.7 fai 73.1 failure
17 4,235,846 73.3 failure 70.6
18 4,530,924 715 68.6
19 4,993,808 68.6 65.4
20 5,383,631 66.2 62.7
=== Fatigue, E= 100 %
== Rutting, E= 100 %
Fatigue, E= 80 %
Rutting, E=80%
120 == Fatigue, E= 60 %
100 === Rutting, E= 60 %
g
S
£
£
L ¥]
o
5 6 7 8 9 10 11 12 13 14 1 1748 19 20
Design Life (year)
Fig. ng life due to fatigue and rutting influenced by decrease in elastic modulus of flexible pavement

layers using The Asphalt Institute Method

Figure 12 shows that remaining life due to fatigue and rutting calculated using The Bina Marga 2017 Method tends
to decrease as the elastic modulus of the flexible pavement layer decreases. Remaining life to fatigue and rutting
calculated using The Asphalt Institute Method also decreases as the elastic modulus of the flexible pavement layer
decreases, as can be seen in Figure 13.
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3.8 Comparison of Remaining Life due to Fatigue and Rutting Using The Bina Marga 2017 Method and The
Asphalt Institute Method

Comparison of remaining life due to fatigue and rutting using The Bina Marga 2017 Method and The Asphalt Institute
Method at each value of elastic modulus of flexible pavement layer is presented in Figure 14 to Figurgh16.

=4 Fatigue, The Asphalt Institute Method
~— Rutting, The Asphalt Institute Method
~— Fatigue, The Bina Marga 2017 Method

Rutting, The Bina Marga 2017 Method

120

100 | it s

S
g

—,
.
e

"—o._.._“-’

Remaining Life (%)
3

40

20

1 2 3 4 5 6 7 & 9 10 11 12 13 14 15 16 17
Design Life (year)

Fig. 14. Comparison of Remaining Life due to Fatigue and Rutting Using ina Marga 2017 Method and The
Asphalt Institute Method at 100%felastic modu

Remaining Life (%)
(=]
(=]

9 10 11 12 13 14 15

sign Life (year)

Fig. 15. Comparison of Remaining due to Fatigue and Rutting Using The Bina Marga 2017 Method and The
Aspha titute Method at 80% elastic modulus

—&— Fatigue, The Asphalt Institute Method
=@~ Rutting, The Asphalt Institute Method
&~ Fatigue, The Bina Marga 2017 Method

Rutting, The Bina Marga 2017 Method

Remaining Life

9 10 11 12 13 14 17 18 1920

Design Life (year)

Fig. 16. Comparison of Remaining Life due to Fatigue and Rutting Using The Bina Marga 2017 Method and The
Asphalt Institute Method at 60% elastic modulus

Based on Figures 14-16, the remaining life due to fatigue and rutting at all elastic modulus values is greater when
using The Bina Marga 2017 Method compared to The Asphalt Institute Method. Additionally, the remaining life due
to fatigue is longer than that for rutting, indicating that rutting damage is more critical than fatigue damage.
Improvements to the subgrade can enhance its elastic modulus, which helps minimize rutting issues.
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From the analysis of Figures 14-16, it is recommended that the Asphalt Institute Method be preferred for planning
purposes, as it yields more critical results, making the planning process safer compared to The Bina Marga 2017
Method. The Asphalt Institute Method is preferable because it produces more conservative results. Specifically,
conservative results in pavement design are critical for ensuring structural reliability, especially under, conditions of
traffic growth, environmental variability, and material inconsistencies that are often underestimated during the design
phase. The Asphalt Institute Method'’s conservative predictions provide a higher margin of safety, aligning with best
practices in risk management and infrastructure sustainability. This is particularly important for projectsiwith limited
maintenance budgets or in regions where early pavement distress could have significant economic and opesational
impacts.

4  Conclusions

Based on this research, we can draw the following conclusions:

1. Fatigue life of flexible pavement decreases as the elastic modulus of the pavement lay@Fdecreases. This is
evident when calculating fatigue life using The Bina Marga 2017 Methodd@hg,The Asphalt Institute Method.
Fatigue life calculated with The Bina Marga 2017 Method yields a higher compared to calculations made
using The Asphalt Institute Method.

2. Rutting life of flexible pavement also decreases when the elastic modulus of the flexible pavement layer
declines. This relationship is evident when calculating rutting life using both"ihe Bina Marga 2017 Method
and The Asphalt Institute Method. Rutting life calculated with The'Bina Marga 2017 Method yields also higher
compared to those derived from The Asphalt Institute Method.

3. Remaining life due to fatigue and rutting, calculated usingdbhe Bina Marga 2017 Method, tends to decrease
as the elastic modulus of the flexible pavement layer degreases.

4. Remaining life due to fatigue and rutting, calculated uSihg The Asphalt Institute Method, tends to decrease
as the elastic modulus of the flexible pavement layer decreases.

5. The remaining life due to fatigue and rutting at all values of elastic modulus is higher using The Bina Marga
2017 Method compared to The Asphalt Institute Method. Therefore, it is recommended to use The Asphalt
Institute Method for planning, as it providesnore critical results, ensuring that the planning is safer than
when using The Bina Marga 2017 Method.
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