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ABSTRACT 

The word Multi layer has a broad spectrum that has been widely used by various discipline is science, specifically 
in the pavement (eg pavement) has been used as a medium that provides theoretical information regarding the response of 
pavement layers. Multi layer as a concept has been used as an approach in the planning of thick layers of added pavement 
as the main principle of the mechanistic method, and become part of the method of artificial neural network, multi-layer 
also has been used as part of the analysis of pavement computerization with specific loading models. for this study as a sort 
of multi-layer testing of its own with a literature review, experimental. A literature review using internalization-adduct 
approach. Experimental study of wear approach to results-mechanistic empirical methods modification, literature review 
and analysis results are validated experimentally using software Bisar 3. The final results of the study into consideration 
policy makers on road maintenance management stages for the implementation of the pavement structure is integrated and 
synergistic with the performance of the pavement structure. 
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INTRODUCTION 

Pavement is usually used in the construction of 
parking terminals, offices, campuses, schools, houses of 
worship, shopping centers and housing sites; airport 
runway construction and road construction [4]. All 
construction is made of pavement as a major part of the 
construction. In general, construction of pavement 
pavement divided into three types, namely: flexible 
pavement, rigid pavement and pavement composites, 
where the pavement composite is a combination of 
flexible and rigid pavement [14]. 

Talk about the pavement inseparable pavement 
performance. Performance capability of pavement can be 
seen from the pavement (pavement responses) receives 
load acting on it. Every time loading him, there will be 
deformation. If the charge / chargeng excessive then 
layered pavement structure will lose its power and when 
the incident happened in a long time and repeatedly then 
cause problems such functional safety and comfort and 
structural problems such as a wave or cracks which will 
continue to collapse / failure / damage early on 
construction [17]. Therefore, after the design before 
construction should be considered for new testing (ide 
testing of name ideas offer multi-layer testing) were 
allegedly able to provide new information for policy 
makers to be continued or not a result of the design. 
Therefore, it should be understood that the multi-layer test 
is intended to test the results of an existing design before 
the design is not implemented in the field, and also not the 
case settlement studies. Also it is important to prove that 
the multi-layer testing can provide information on the 
results of the design being tested. Despite such a manner 
desired, but because the investigation is carried out not 

commonly used in the manufacture of the test object in the 
two spectrum empirical circumstances. (covered and 
uncovered) 

It is known that the practices were carried out 
during this time is simply relying on the results of the 
design (either the material or a model construction) and 
supervision of the implementation on the ground in the 
hope of what is being implemented does not deviate from 
the design, it turns out anything like this still has not been 
able to reduce premature failure on the construction [17] 

Also realized that there has been no form of 
previous testing that is similar to the spectrum covered 
showing that "the addition of a layer of concrete and 
asphalt can increase the load destroyed and reduce 
deflection occurs and reduces the voltage that occurs in the 
subgrade due to the expenses incurred on the surface of 
the pavement structure" Tjaronge Wihardi, M, Herdiman 
Indra (2015) [14]. From the results of this study suggested 
that it happened because the specimen restrained by a rigid 
wall. 
Therefore, in this study will be tested multi-layer on the 
spectrum covered (use a box of steel wall elastic) and open 
(located freely without the box) that is assumed will 
provide / add information on the construction of pavement 
(prior to the construction of pavement) as structural 
pavement observed that the composite pavement (concrete 
and porous asphalt) where concrete as a base course and 
asphalt surface of the porous layer, which both placed on 
the basis of clay soil..   

Boussinesq theoretical results [14] and theoretical 
Westergaard [14] [7] on both spectra  can be seen in 
Table-1. 
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MATERIALS AND METHODS 
 
Dimension material tested 

Configuring the composition of the surface layer 
in the form of porous asphalt, cement concrete form 
foundation layer, a layer of subgrade in the form of closed 
and open spectrum [13]. Both spectrum and three-
dimensional illustrations as shown in Figure-1. 
 

 
 

Figure-1. Configuration specimen spectrum. 
 
Laboratory tested 

Tests on the pavement structure both spectra with 
static loading monotonic simultaneously using a set of test 
tools in the form of a steel frame, medium steel plate 
(conditions covered and uncovered), hydraulic jack / 
compression machine, load cell, strain gauge concrete, 
strain gauge asphalt, LVDT / Linear vertical differential 
transducer, transducer soil), as well as the data logger and 
a computer station along with the program, as shown in 
Figure-2 below. 
 

 
 

Figure-2. Setup for multi layer static monotonic 
loading testing. 

 
Through the compression engine along with a 

load cell capable of providing Axis Load continuously at a 

steady pace on the surface of the pavement (to uncover all 
the events of all road pavement layer structure 
simultaneously, the surface layer and the base layer and 
subgrade). 
 
RESULTS AND DISCUSSIONS 

Results of study on the spectrum with monotonic 
static loading models only viewpoint was interior position 
value table maximum condition (when the load is 
stagnant), while the graph gives an overview on all 
conditions. on the relationship between the behavior of the 
load, deflection and surface stress; the relationship 
between the behavior of the load, the vertical stress and 
the subgrade. The test results in the second test specimen 
spectrum described as follows: 
 
Result closed spectrum 

Result obtained deflection testing tabulated 
Table-2 measured deflection of specimen. 
 

 
 

Table-2 shows that the decline simultaneously 
and varied in composite plates (porous asphalt concrete 
slab +). The average decline that occurred in the 
composite plate angle of 10:46 mm, while in the central 
region decreased on average greater is 10.91 mm. This 
shows that the central region occurs deflection composite 
plate is 0.46 mm. Correlation of both can be observed 
through graphs the relationship between load and 
deflection which occur in Figure-3. 
 

 
 

Figure-3. Load relation and deflection. 
 

The Result of testing and calculation of surface 
stress according to Table-3. 
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Table-3. Calculated surface stress. 
 

Maximum Load 
(kN) 

Surface stress 
(MPa) 

126,78 2,58 

 
Correlation Load and is directly proportional to 

the surface stress, it can be observed through a graph of 
load, deflection that occurs in Figure-4. 
 

 
 

Figure-4. Load relation and surface stress. 
 

While the connection surface stress and soil 
stresses looks as follows: 
 

Table-4. Calculated surface stress and measured soil 
stresses under static monotonic load. 

 

 
 

Table-4 shows the surface stress value of 2.58 
MPa. Soil stress at a depth of 20 cm, stress soil vertical 
direction is read by the pressure transducer soil of 0.127 
MPa and at a depth of 40 cm, stress soil vertical direction 
is read by soil pressure transducer at 0.106 MPa. The 
value of the relationship of surface stress and vertical soil 
stress is shown in Figure-5. Horizontal soil stress at a 

depth of 20 cm read by soil pressure transducer at 0.017 
MPa and at a depth of 40 cm read by soil pressure 
transducer at 0.004 MPa. The value of surface stress 
relations and horizontal soil stress is shown in Figure-6.  
 

 
 

Figure-5. Surface stress relation and vertical soil stress, 
at 20 cm depth. 

 

 
 

Figure-6.  Surface stress relation and vertical 
soil stress, at 40 cm depth. 

 
Further testing of the open spectrum Result 

described as follows: 
 
Result open spectrum 

Result obtained deflection testing tabulated 
Table-5. 

 
Table-5. Measured deflection of specimen. 

 

 
 

Table-5 shows that a decline simultaneously on 
the composite plate, the average decline in the composite 
plate corner area of 8.65 mm and in the central regions of 
composite plates decreased on average greater that 9.71 
mm. This shows that the central region occurs deflection 
composite plate is equal to 1.06 mm. Charts the 
relationship between load and deflection which occur can 
be seen in Figure-7. 
 

 
 

Figure-7. Load relation and deflection. 
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The Result of testing and calculation of surface 
stress according to Table: 
 

Table-6. Calculated surface stress. 
 

Maximum Load (kN) Maximum stress (MPa) 

111,12 2,26 

 
Correlation Load and is directly proportional to 

the surface stress, it can be observed through a graph of 
load, deflection that occurs in Figure-8. 
  

 

Figure-8. Load relation and surface stress. 
 

While the connection surface stress and soil 
stresses looks as follows: 

 
Table-7. Calculated surface stress and measured soil stresses under static monotonic load. 

 

Maximum surface stress 
(MPa) 

Soil stresses (MPa) 

Soil pressure Gauge 
vertical

Soil pressure Gauge horizontal  

2, 26 Table-9. Result hitungan 
tegangan permukaan dan 
pengujian tegangan tanah 
benda uji closed spectrum 

0,09804 0,00354 

0,02916 0,00185 

 
Table-7 shows the surface stress value of 2.26 

MPa. Soil stress at a depth of 20 cm, stress soil vertical 
direction is read by the pressure transducer soil of 0, 098 
MPa and at a depth of 40 cm, Soil stress vertical direction 
is read by soil pressure transducer at 0.029 MPa. The 
value of the relationship of surface stress and vertical soil 
stress is shown in Figure-9. Horizontal soil stress at a 
depth of 20 cm read by soil pressure transducer at 0.0035 
MPa and at a depth of 40 cm read by soil pressure 
transducer at 0.00185 MPa. The value of surface stress 
relations and horizontal soil stress is shown in Figure-10. 
 

 
 

Figure-9. Surface sress relation and vertical soil stress, 
at 20 cm depth. 

 

 
 

Figure-10. Surface stress relation and vertical soil stress, 
at 40 cm depth. 

 
Validation with Bisar 3 

Of course Bisar 3 obtained as follows: 
 

Tabel-8. Surface stress. 
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Table-9. Pavement stresses under static monotonic load. 
 

 
 

Table-10. Pavement deflection under static 
monotonic load. 

 

 
 

The results in Tables 8, 9 and 10 and show the 
relationship behaviors synchronization results and 
performance of the pavement structure, or in other words 
proved some parameters obtained simultaneously in a 
multi-layer testing does not keep away from the theoretical 
results and the results Bisar 3. 
 
CONCLUSIONS 

Multi layer worth increased to testing his theory 
because the device is clear. Multi layer worthy of testing 
because it meets the context of input-process-input and 
assumptions. Approach - an addition, result comparation 
and validation strengthens the argument that the multi-
layer deserves to be considered a separate test able to 
provide information to policy makers. 
 
ACKNOWLEDGEMENT 

The author acknowledge the support of the 
ministry of research nd technology and higher education 
Indonesia 

The author acknowledge the support of the eco 
material laboratory UNHAS 

The author would like to thank Prof. M. Wihardi 
Tjaronge, Dr. Nur Ali and Rudy Djamaluddin of the 

University of Hasanuddin and graduate students at both 
the University of Hasanuddin for their assistance. 
 
REFERENCES 
 
[1] Creswell W.J, 2010. Research Design. Pendekatan 

Kualitatif, Kuantitatif, dan Mixed. Edisi ke-3. Pustaka 
Pelajar, Yogyakarta, Indonesia. 

[2] El-Nakib, M. 2007. Faulting in Rigid Pavement 
System of Highways. The Institute of Transport 
Engineering and Planning of Hannover University, 
Germany. 

[3] Emmanuel O. Ekwulo, Dennis B. 2009. Fatigue and 
rutting strain analysis of flexible pavements designed 
using CBR methods, African Journal of 
Environmental Science and Technology. 3(12): 412-
421. 

[4] Fergusen Bruce. K. 2005. Integrative Studies in Water 
Management and Land Development. CRC press, 
2000 N.W. Corporate Blvd, Boca Raton, Florida 
33431. 

[5] Hardiyatmo, H.C., 2008. Sistem “Pelat Terpaku” 
untuk Perkuatan Pelat Beton pada Perkerasan Kaku 
(Rigid Pavement). Makalah Seminar Nasional 
Teknologi Tepat Guna, Penanganan Sarana Prasarana 
Indonesia, Yogyakarta, Indonesia. 

[6] Hardiyatmo H.C. 2010. Mekanika Tanah 2 Edisi Ke-
5. Gadjah Mada University Press, Yogyakarta. 

[7] Iqbal M.A. 1985. Rigid Pavement, Departemen 
Pekerjaan Umum. 

[8] Iriansyah. 2010. Laporan Kajian dan Pengawasan Uji 
Coba Skala Penuh Teknologi SMA dan Porous 
asphalt, Kementerian Pekerjaan Umum, Badan 
Penelitian dan Pengembangan, Pusat Litbang Jalan 
dan Jembatan, Bandung, Indonesia.  

[9] Khairi Fadhlan., Zulkarnain A. Muis. Evaluasi 
perencanaan tebal perkerasan lentur metode bina 
marga Pt T-01-2002-B dengan menggunakan program 
kenpave. 

[10] Ling H.I and Liu Z. 2001. Performance of 
Geosynthetic-Reinforced Asphalt Pavements. Journal 
of Geotechnical and Geoenvironmental 
Engineering/February 2001/177. 

[11] Lu Sun, Feiquan Luo, dan Wenjun Gu. 2011. 
Elastodynamic Inversion of Multilayered Media via 



                               VOL. 11, NO. 11, JUNE 2016                                                                                                                  ISSN 1819-6608 

ARPN Journal of Engineering and Applied Sciences 
©2006-2016 Asian Research Publishing Network (ARPN). All rights reserved. 

 
www.arpnjournals.com 

 

 
                                                                                                                                               7179 

Surface Waves-Part I: Methodologies. Journal of 
Applied Mechanics July 2011, Vol. 78 / 041005-
1Copyright © 2011 b y ASME. 

[12] Nyoman Suaryana. 2012. Kajian Material Stone 
Matrix Asphalt Buton Berdasarkan Kriteria 
Deformasi Permanen www1.pu.go.id/ uploads 
/services /service20130717131250. Pdf. 

[13] Sabaruddin. Tjaronge Wihardi Ali, Nur DJ. Rudy. 
2015. Mewujudkan Keteraturan Pembuatan Benda Uji 
Pengujian Utama Melalui Pengujian Pra Kondisi. 
Proceeding of the 17th International Symposium of 
Indonesian Inter University Transportation Studies 
Forum. 2(1): 1299-1301, 2014 ISSN: 2356-0509. 

[14] Tjaronge Wihardi. M, Arsyad A,Herdiman I. 2015. 
Analisa tegangan dan regangan pada lapisan struktur 
perkerasan komposit beton dan aspal, Program 
Pascasarjana UNHAS. 

[15] Tjaronge M. Wihardi, R. Irmawaty, Risman Shidiq L. 
2015. Analisa Numerik Tegangan Akibat Beban 
Monotonik Pada Pelat Beton Sebagai Lapis 
Perkerasan Kaku. Program Pascasarjana UNHAS. 

[16] Tjaronge Wihardi. M, Arwin A. A, Maulidiyah 
Isnaeny H. 2015. Perilaku lapis komposit beton dan 
aspal yang mengandung buton granular asphalt 
(BGA) dengan pembebanan monotonic, Program 
Pascasarjana UNHAS. 

[17] Tjaronge Wihardi.  M, Arwin A. A, Urfan. 2015. 
Analisis tegangan pada struktur perkerasan kaku yang 
dilapisi aspal berongga akibat beban monotonik.  

[18] Tranggono M, dkk. 2005. Teknik Pengelolaan Jalan 
Seri Panduan Pemeliharaan Jalan Kabupaten 
(Puslitbang Bandung - JICA), Balai Bahan dan 
Perkerasan Jalan - Puslitbang Prasarana Transportasi  
jl. A.H. Nasution 264, Ujung Berung - Bandung 
40294.  

[19] Tu W. 2007. Response Modelling of Pavement 
Subjected to Dynamic Surface Loading Based on 
Stress-Based Multi-Layered Plate Theory. The Ohio 
State University, Columbus, Ohio.  


