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ABSTRACT: The soft soils area in Indonesia covers about 10 million hectares or 10 % of the 
total land area. Because of the low bearing capacity and high compressibility of the soft soils, 
many roads in this area lose their serviceability before the end of their original design life. 
One of the causes is that due to the lack of thorough understanding of the behaviour of the soil 
and its influence on pavement performance, no optimum maintenance measures are carried 
out. This paper presents a case study of a road on a soft marine clay subsoil in Cilincing, 
North Jakarta, Indonesia. The road was built in 1980 and since that date many severe 
structural damages in the pavement occurred due to uneven settlement of the subsoil. To 
investigate the effects of uneven settlements on pavement response, the finite element method 
was utilized on a large scale in this study. From an extensive series of analyses, which 
included uneven settlements as well as traffic loadings, it can be concluded that an integrated 
soil/pavement analysis provides a much better understanding of the interaction mechanism 
between pavement and subsoil.  
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1 INTRODUCTION 
 
Cakung-Cilincing road section (further referred as Cilincing road) extends from the south to 
the north of Jakarta. Jakarta is the capital city of Indonesia, which is situated on Java Island 
(Figure 1). The road was built in 1980 and nowadays this road has a rigid pavement with a 
length of 9.06 km. Every day the road is subjected to busy traffic and heavy loads from trucks 
and trailers from the largest harbour in Indonesia, Tanjung Priok harbour. 

The current composition of the Cilincing road is a rigid pavement with segmental concrete 
blocks of 5.5 m by 3.5 m wide and 0.25 m thick. The height of the road embankment is 1.5 m 
to 2.5 m. In some parts of the road, timber piles and geofabric separator were used beneath the 
embankment to improve bearing capacity and to avoid mixing between embankment material 
and subsoil.  
 



 

 
 

Figure 1: Cilincing site, North Jakarta, Indonesia. 
 
Recently, with the growing traffic volume and with the increasing number of heavy 

vehicles, structural damages on the rigid pavement are becoming worse and worse. 
Continuous maintenance is performed in two ways: firstly, if settlement or pavement 
depression occurs then the rigid pavement blocks will be overlaid in situ with concrete. 
Secondly, if severe cracks in the rigid pavement blocks are found, then the concrete blocks 
will totally be reconstructed. However, Kimpraswil (2002) concluded that these solutions 
(making the pavement as stiff as possible) do not solve the problems; cracking still occurs 
both in the rebuilt blocks and in the concrete overlaid blocks. This is the reason that in this 
study the behaviour of a flexible pavement structure (= asphalt layers on an unbound granular 
base) has been examined as part of a M.Sc.-project at IHE in Delft, the Netherlands. 

 
 

2 GEOTECHNICAL CONDITION OF THE SITE 
 
Based on geotechnical data interpretation, the subsoil in this site can be classified as a very 
soft clay layer from the Holocene age down to 14 m deep. The underlying layer is a clayey 
silty sand layer and below is a medium dense sandy gravel layer which can be considered as 
the bearing layer. Figure 2 shows some of the laboratory soil tests results. As seen in the 
figure, the water content of the soil is very high and makes the subsoil in nearly liquid state. 
The undrained shear strength profile of this soil is less than 40 kPa, which indicates that the 
soil has a low bearing capacity. The last right figure shows a soil classification based on the 
Coduto (1994) chart. Based on this chart, the soil can be classified as moderately 
compressible to very highly compressible.  
 
 
3. FINITE ELEMENT MODELLING 
 
A finite element code for geotechnical analysis (Plaxis 8.2) was used in this study. In the 
Plaxis approach, the asphalt layer is modelled with volumetric elements so that a constitutive 
model can be assigned to it. Another reason of using the volumetric elements is to be able to 
select a stress point at the bottom of the asphalt layers. Interface elements were drawn 
between the asphalt and the underlying base layer in order to investigate the slip (and 
potential gap) between these layers. The strength reduction factor of these interface elements, 
which determines the friction between the layers, is assumed to be 0.7 (Brinkgreve, 2002).  
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Figure 2: Geotechnical data on the site. 
 

To create the simulation of the uneven settlement, a local zone of poor soil below the 
pavement structure was introduced in the axi-symmetric pavement model. This model is 
further referred to as the inhomogeneous soil layer model. It is found that due to this uneven 
settlement a cavity occurs somewhere under the asphalt pavement. The model should point 
out what the effect of the cavity is on the stress and strain conditions in the asphalt. As a 
comparison, a homogeneous soil layer model was also analysed. A wheel load of 280 kPa is 
applied on a circular area (150 mm in diameter) at the centre of axis of symmetry. The finite 
element geometry is shown in Figure 3. Note that the pavement structure thickness is 
determined according to the Indonesian design standard (DPU, 1987), which is based on an 
empirical approach. 
 

 
 

Figure 3: Axi-symmetric model for inhomogeneous soil layer.  
 

The Mohr-Coulomb model with elastic-perfectly plastic behaviour was used for the asphalt 
layer and unbound granular materials. To model the viscoelastic behaviour of asphalt with 
this model, the stiffness modulus of asphalt for settlement calculation (long duration loading) 
was set to 100 MPa and for traffic loading (short duration loading) to 3000 MPa. Besides the 
stiffness modulus, the model requires cohesion (c) and angle of internal friction (φ). For that, 



 

a research from Fwa et al (2001) was used and the c and φ for asphalt were taken respectively 
120 kPa and 35o. The soil and clay embankment was modelled with the soft soil model in 
Plaxis V8.2, which is a Cam-Clay type model, especially meant for primary compression of 
nearly normally consolidated clay-type soils. 

 
Six calculation phases were performed on both axi-symmetric models with an 

inhomogeneous and a homogeneous soil layer to simulate the effect of an uneven settlement. 
At three moments during the consolidation process a wheel load is applied to determine the 
response of the pavement. An elasto-plastic consolidation analysis was applied to all phases, 
as follows:  
1. Construction of subbase layer (gravel sand), base layer (crushed stone) and asphalt layer, 

followed by a wheel load application. The time duration to simulate this phase is 1 day. 
2. Consolidation analysis for 500 days to "create" a cavity at the bottom of the asphalt layers. 

It was assumed that the cavity occurs in half of the duration of the total settlement or 
approximately in 500 days.  

3. After the cavity has occurred, a wheel load is applied in 1 day to determine the effect of 
the cavity on the pavement response. 

4. Consolidation analysis for 1000 days to allow for the pavement to fall into the cavity. It 
was assumed to occur when 90% of consolidation has been reached or in a total of about 
1500 days. 

5. A wheel load is applied in 1 day when the pavement has fallen into the cavity, to 
determine the effect of the cavity on the pavement response. 

6. Consolidation analysis for 1000 days. 
The calculation stages are summarized in Table 1. 
 
Table 1: Calculation stages. 
 

Phase 
No. 

Identification Time 
(days) 

Total time 
(days) 

Calculation 
type 

Load input Remarks 

0 Initial phase 0 0 Plastic  Total 
Multipliers 

 - 

1 Wheel load when 
construction just 
finished 

1 1 Consolidation Staged 
Construction

E Asphalt = 3000 MPa 

2 Consolidation 500 501 Consolidation Staged 
Construction

E Asphalt = 100 MPa 

3 Wheel load when 
cavity has 
occurred 

1 502 Consolidation Staged 
Construction

E Asphalt = 3000 MPa 

4 Consolidation 1000 1502 Consolidation Staged 
Construction

E Asphalt = 100 MPa 

5 Wheel load when 
pavement has 
touched cavity 

1 1503 Consolidation Staged 
Construction

E Asphalt = 3000 MPa 

6 Consolidation 1500 3003 Consolidation Staged 
Construction

E Asphalt = 100 MPa 

 
The pavement response (in terms of horizontal tensile strain at the bottom of the asphalt 

layers) along with the calculation scheme (top part) is shown in Figure 4. The figure compares 
the tensile strain in the homogeneous and in the inhomogeneous model. As can be seen, the 
tensile strain in Phase 1, 3 and 5 in the homogeneous model is relatively constant. On the 
contrary, the strain in the inhomogeneous model is increasing particularly from Phase 1 to 



 

Phase 3. It also appears that in Phase 2, the strain is increasing although no wheel load is 
imposed onto the pavement model. This effect occurs due to uneven settlement, which creates 
a small cavity between the asphalt and the base layers. When the pavement falls in the cavity 
by its own weight, it will generate extra tensile strain. This extra strain is further referred to as 
the pre-straining effect. The location of the cavity between the asphalt and the base layers in 
phase 2 is visualized in Figure 6 (with a higher zoom-factor it would be actually visible). 

 

 
 

Figure 4: Horizontal tensile strain at the bottom of the asphalt layers in time. 
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Figure 5: Vertical strain at the top of the subgrade. 



 

Figure 5 shows another flexible pavement design criterion, i.e. vertical compressive strain at 
the top of subgrade. It is clear that the effect of differential settlement on the vertical 
compressive strain is significant; the difference in vertical strain in the zone of bad soil and 
the adjacent soil is about 2 %. It is also clear that the vertical compressive strain is primarily 
due to subsoil deformation (consolidation settlement).   

Cavity

70 cm

 
 

Figure 6: Deformed mesh in phase 2: consolidation 500 days. 
 
 
4. PARAMETRIC ANALYSIS OF EFFECT ASPHALT THICKNESS 
 
Figure 7 shows the influence of asphalt thickness on the horizontal tensile strain at the bottom 
of the asphalt layers. Interesting to note is, that when the asphalt is less than 170 mm thick, 
the tensile strain increases in Phase 2, although the wheel load has been deactivated in the 
model. It can be inferred that this behaviour is due to the pre-straining effect.  
 

 
Figure 7: Effect of asphalt thickness on horizontal tensile strain at bottom asphalt. 

asphalt 

crushed stone

gravel/sand 

poor soil 



 

The reason for the behaviour described above, becomes understandable from Figure 8. It is 
obvious that the thick asphalt pavement provides a better load-spreading capability than the 
thin layer. The sharp vertical stress distribution in the thin asphalt layer will create larger 
differential settlement as shown in Figure 8. Because the thin asphalt layer has a low flexural 
rigidity (bending stiffness), only some part of the asphalt layer under the loaded area falls into 
the cavity. Because of that, the occurring gap in the thin asphalt layer is larger than in the 
thick layer. This causes that the pre-straining effect becomes more pronounced in the thin 
asphalt layer. 
  

 
 

Figure 8: Gap between asphalt-base layers for two asphalt thicknesses. 
 
 
5. PARAMETRIC ANALYSIS OF EFFECT ASPHALT STIFFNESS 
 
Figure 9 shows the influence of asphalt stiffness and asphalt thickness on the vertical stress at 
the top of the subgrade. It appears that the asphalt stiffness is more important than the asphalt 
thickness in reducing subgrade vertical stress. Because of this, the horizontal strain at the 
bottom of the asphalt is also reduced considerably more by asphalt stiffness than by asphalt 
thickness (see Figure 10). 
 

 
Figure 9: Vertical stress on top of subgrade as a function of asphalt stiffness and thickness. 
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Figure 10: Asphalt stiffness and thickness vs. horizontal tensile strain in phase 1. 
 

The subgrade strain reduction by increasing the asphalt stiffness causes higher shear stress 
in the asphalt layers themselves. Figure 11 shows shear stress distributions with depth directly 
under the edge of the loaded area for various asphalt stiffnesses in Phase 1. It can be observed 
that shear stresses increase vastly when the asphalt layer becomes stiffer.  

 

-1

-0.9

-0.8

-0.7

-0.6

-0.5

-0.4

-0.3

-0.2

-0.1

0
0 50 100 150

Shear Stress (kPa)

De
pt

h 
fr

om
 to

p 
of

 a
sp

ha
lt 

(m
)

E Asphalt = 3000 MPa

E Asphalt = 5000 MPa

E Asphalt = 7000 MPa

Asphalt

Base: 
crushed stone

Subbase: 
gravel sand

Compacted 
subgrade: clay

 
 

Figure 11: Shear stress distribution for various asphalt stiffnesses. 
 

As mentioned above, an increase in asphalt stiffness will reduce horizontal tensile strain at 
the bottom of the asphalt layers significantly; however, it will create a larger tensile strain at 
the top fibre of the asphalt. It is clear that in the stiff asphalt a counter flexion occurs at 1.2 m 
to 2.5 m from the axis (Figure 12). In Figure 13, the tensile strain at the top of the asphalt 
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occurs at 0.5 m to 2.0 m from the axis and the maximum strain can be as high as 0.7 %. 
Because of this effect, crack initiation may occur from the top of the asphalt instead of from 
the bottom. 
 

 
 

Figure 12: Effect of asphalt stiffness on vertical displacement profile. 
 

 
 

Figure 13: Horizontal strain at the top of the asphalt layer in phase 2. 
 
 
6 CONCLUSIONS AND RECOMMENDATIONS 
 
By using the finite element method, the mechanisms of subsoil-pavement interaction on soft 
soils have been examined in a M.Sc.-study. One of the most important mechanisms seems to 
be the so-called pre-straining effect. This effect occurs due to uneven settlement at weak 
spots, which creates a cavity between asphalt and underlying layers. It will generate a higher 
tensile strain in the asphalt layer even when there is no wheel load imposed onto the pavement 
structure. The effect of a weak spot is also more pronounced in thin asphalt layers than in 
thick asphalt layers, because the cavity is larger underneath the thin layer.  
 

Based on the investigation, the use of a very stiff pavement in soft soil areas (like the 
current Cilincing road) is not the correct measure against the uneven settlement. The key in 
suppressing differential settlement in the pavement structure is by sufficient asphalt thickness 
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with sufficient stiffness modulus. However, increasing the stiffness modulus of thin asphalt 
layers will make the structure prone to build up of high tensile strains at the surface and high 
shearing stresses in the asphalt layers themselves. Therefore, in determining the optimum 
stiffness modulus of the asphalt, a thorough evaluation of flexural resistance and shearing 
(rutting) resistance should be carried out, especially for climatic conditions such as in 
Indonesia. 
 
 
REFERENCES 
 
Brinkgreve, R.B.J (ed), 2002. PLAXIS 2D-Version 8: Finite Element Code for Soil and Rock 

Analyses. Delft University of Technology & Plaxis b.v., A.A. Balkema, Rotterdam. 
Coduto, D.P., 1999. Geotechnical Engineering, Principles and Practices. Prentice-Hall Inc., 

New Jersey. 
DPU, 1987. Petunjuk Perencanaan Tebal Perkerasan Lentur Jalan Raya Dengan Metode 

Analisa Komponen. SKBI-2.3.26.1987, Departemen Pekerjaan Umum, Jakarta. 
Fwa, T.F., Tan, S.A. and L.Y. Zhu, 2001. Reexamining C-Ø Concept for Asphalt Paving Mix 

Design. Journal of Transportation Engineering, Vol. 127 No. 1, January/February 2001, 
American Society for Civil Engineer (ASCE), [online], 
http://scitation.aip.org/dbt/dbt.jsp?KEY=JTPEDI&Volume=127&Issue=1, [2004, March 
23]. 

Kimpraswil, 2002. Laporan Akhir Penyelidikan Tanah Ruas Cakung Cilincing. Report No. 
KU.08.08-Km/PPJJJP/IX/2002/05. Departemen Permukiman dan Prasarana Wilayah, 
Jakarta.  

Taufik, R., 2004. Study on soil-asphalt structure interaction in dikes and road constructions. 
MSc. Thesis HE 178. IHE, Delft. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


