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ABSTRACTABSTRACT
The Semarang-Wirosari road was built on expansive soils. Since the beginning of its construction in 1970’s, the road has experienced
many damages and failures, causes significant traffic disturbances. The rehabilitation work results have not yet satisfied the road user,
because every rainy season, a lot of potholes, parallel cracks, slumping and heaving always occurred. Many constructions such as
rigid pavement, semi rigid pavement, geotextile reinforcement, retaining wall, and sheet pile have applied, but all of them failed. It
was identified that the road damages were due to the base failure, swelling-shrinkage subsoil, the bathtub structures and the presence
of trees. A rehabilitation works was design to overcome the destructive influence of expansive soil.
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pavement was designed according to the AASHTO Standard procedure (1993) that takes into account the impact of the expansive
sub-soil. This paper briefly presents the problems and the rehabilitation work design for Semarang – Wirosari road (Central – Java) on
expansive soil. 
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La route nationale a été construite des sol expansive. Depuis le commencement de la construction en 1970, la route a subi beaucoup
de dégâts et d�insuccès qui a provoqué la pertubation significative de la circulation. Le résultat des travaux ne satisfait pas encore des
usager parce que pendant la season pluviale il ya beaucoup de potholes,  paralles cracks, slumping.
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apliqué mais tout est échoué. Cela indique que la déstruction de la route est dû aux arbres, the base failure, swelling-shrinkage sub soil 
et the bathtub structures. La réhabilitation a été programmé pour maîtriser l’influence déstructive des sol expansive. A cause de la 
condition de l’environnement, countermeasures est base sur la condition locale qui est peut-être varier d’un lieu à l’autre. Cela inclus
l’implémentation de geomembrane, retaining walls, et piled slope. Le pavement est designé selon la procedure standard de AASHTO
(1993) qui en preudre en compte de l’impact de sub-soil expansive. Cette communication présente brièvement le problème et la 
réhabilitation du plan de travail pour la route de Semarang – Wirosari (Java Central) des sol expansive.
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Most parts of the road are located on expansive deposit. The
73.1 km long road from Mranggen to Godong and Wirosari 
frequently experiences damages. Since 1980 until now, the
rehabilitation result of road pavement construction on
expansive soil at Semarang – Wirosari have not yet satisfied for 
road user, because every rainy seasons a lot of hole and heaving
occurred. This condition may be caused by the limited
understanding of the technical characteristic of expansive soil 
and fail in identifying problems that have relation to the local
environment. The damages are identified as premature distress
of pavement structure, longitudinal cracking and
instability/failure of embankment, which are typical problems 
of road on expansive soils.
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Figure 1. Semarang – Wirosari Road

  

1.2 Brief Road Construction  History1.2 Brief Road Construction  History
The road pavement was built on embankment. The materials
used for the road embankment were dug from the adjacent rice
field. The material is expansive in nature with very high
potential of swelling and shrinkage, and low shear strength and 
bearing value (CBR < 1 %) at saturated condition. Further
construction of the road is briefly shown in Table 1.
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The damage due to the expansive soils to the existing
infrastructures in the region has cost the Central and Local
Government billion rupiahs annually to maintain the road
condition sufficiently acceptable to the road users. According to
the latest traffic survey conducted during the design phase of the
proposed rehabilitation project, the route currently services
traffic in the order of 6000 vehicles per day in which 35% of
them consist of heavy commercial trucks and buses.
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current traffic loading is very low. In addition to the very low
bearing capacity of the existing sub grade, the existing base
material was of sub-standard quality. These conditions are
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The pavement structures were constructed inadvertently in
clay trench. The ingress of water into the more permeable
pavement structure through cracks will be trapped by the
confining impermeable clay shoulder.

further worsened by damage from swelling and shrinkage of the
expansive soils below the pavement.

d). TreesTable 1: Construction history of  the road
In dry season, the roots of trees remove the moisture from 
the soil. The clay then shrinks inducing the development of
cracks in the pavement and depression on the pavement
surface.

Years Type of Construction
Before 1977 15-20 cm Telford
1977 - 1978 5 cm Macadam
1980 - 1983 5 cm Asphalt Concrete Overlay
1987 - 1988 5 cm Macadam
1989 - 1990 6 cm Hot Rolled Sheet 2.4 The Sub Soil 

A comprehensive site investigation has been carried out,
including the investigation of the existing pavement, swelling
and shrinkage properties of the subsoil, the depth of active zone,
and the depth of water table.

2 PRE-REHABILITATION CONDITION 

2.1 Pavement
From the plots of the Atterberg Limits on the Plasticity Chart

result, the soil can be classified as highly plastic clays (CH in
the USCS). The specific gravity value ranges from 2.6 to 2.69,
which conform the presence of montmorillonite clay mineral
identified by the X-Ray Diffraction test. 

The existing pavement structure was investigated by means of
test pit investigation. The thickness of the base was measured
and the material was tested. As shown in Table 2, the base 
material has a CBR value in the order of 30%, far below the
minimum requirements of 80%.  By plotting the values of liquid limit, plastic limit and

plasticity index with respect to the longitudinal section of the
road, the result indicated that most of the Plasticity Index values
were above the lower limit, which categorized by Chen (1975)
as high swelling potential soils. 

Table 2: Base Course Properties

Properties
Number

of
 samples

Range Average

Thickness, cm 17 20 – 62 42
Field Density (%max in lab) 17 91 – 109 99
CBR insitu, %, (from DCP) 17 20 – 48 19
CBR laboratory (%) 17 22 – 55 47
PI (%) 17 0 – 9 7
% Fines (passing no #200) 17 1 – 3 2

The result of plotting the liquid limit and plasticity index
indicated the high potential swell of the sub soils (refer to
classification of Snethen, 1979, which classified soils as high
potential swell soil if having liquid limit value > 60 and
plasticity index value > 35), and the result of plotting the
percentage of materials passing sieve no. 200 and the Liquid
Limits indicated a very high degree of expansion according to
the criteria developed by Chen (1975).

Further, plots of clay content versus activity showed a high
to very high swelling potential of the subsoil according to the
criteria developed by Seed (1962).

2.2 Stability of the embankment slope
There are signs of embankment slope instability in several
locations which might lead to catastrophic failure in the form of 
slip or slide. The causes of instability are probably due to the
low shear strength of the embankment material, shrinkage and
swelling of the expansive soils and repeated loading from the
traffic.

The Summary of the soil properties is shown in Table 3. 

Table 3: Soil Properties
properties Number

 of
samples

range average

PI, % 111 31 – 69 48
% Clay 111 18 – 60 35
Activity 111 1.02 – 5.01 1.37
Swelling Pressure, kN/m2 34 28 – 380 125
CBR insitu, % 17 0.9 - 3.6 2
CBR lab, % 17 1.35 – 3 2
Suv 51 17 – 40 25
Seff, peak strength , kN/m2 , c’ 34 15 – 30 23

φ’ 34 7 – 8 13
Seff residual strength ,  c’ 34 10 – 22 13

φ’ 34 9 – 18 12
Depth of Active Zone, m 5 4 – 6 5

The failure is progressive in nature and in the past has been
resolved by constructing retaining structure at the slope of the 
embankment. Inspection of the existing retaining structures in
several locations indicated the effectiveness of the retaining
structure in improving the stability of the slope is dependent
upon the placement of the structure relative to the position of
the critical sling surface.

In analyzing the stability of embankment slope the residual
strength is used to accommodate progressive straining.

2.3 Identification of the Source of Distress
Some factors that may cause the early road structure failures
were identified as : 
a). Base failure

The failures were seated in the substandard base course.
Result from present testing confirms the earlier finding. The
base course has a CBR value in the order of 20% to 30%. 

3 GEOTECHNICAL ANALYSIS

3.1 Stability of Embankment Slope
b) Expansive Clay Analyses were performed to check the stability of embankment

slope against sliding. The Simplified Bishop method of analyses
for circular sliding and Janbu Method for non-circular sliding
were used and then checked by a finite element analysis
program (Plaxis). Various critical geometrical sections were 
analyzed.

Cyclic shrinkage and swelling of expansive clay accelerate
damage to the pavement. In the dry season, the shoulder and
the outer pavement experience the development of cracks. 
Ingress of water in the following rainy season saturates the
pavement layers and the sub grade. The damage due to the
cyclic of expansion and shrinkage to the pavement on
embankment were more pronounced as the soil deforms in
both vertical and horizontal directions in an irreversible
manner.

With the exception of locations at km 38+050, 44+350,
44+450, 48+350 and 69+000, the result indicated that the slopes
have factor of safety against sliding greater than 1.20. For the
location where the Factor of safety of the embankment slopes isc). Bathtub Structure
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� Progressive slumping of the pavement in slopeless than 1.20, the construction of retaining structures is
recommended. � High ground water level and floods.

To address the above problems, the following remedial 
measures were adopted : 

3.2 Active Zone 
Expansive soil problems usually as a result of an increase in
water content in the upper few meters. These water contents are
influenced by climatic environmental factors. This zone is 
generally termed active zone. Water content will increase with 
depth until a point at which the water content becomes nearly
constant with depth should define the active zone depth.

� The pavement overlay were designed by demoting the 
existing pavement component as follows:
� The existing asphalt bound layer was demoted to

granular base course
� The Base course was demoted to sub base and
� The clay stone base was demoted back to its origin:

clay sub gradeWhere the soil is not uniform with depth, the differences in
soil type can be compensated for by plotting either water
content divided by Plasticity Index (w/PI) or Liquidity Index
(LL-w) / PI.

� Serviceability Loss due to swelling was taken into account. 
� Weak lateral support to the existing pavement was resolved 

by replacing soft shoulder by hard shoulder 
Site Investigation has been undertaken to estimate the depth

of the active zone, za, From Mranggen to Wirosari the active
zone, za, varies from 4 to 6 m in depth and correlate with the 
high embankment ( Refer to Figure 2).

� To overcome the damaging impact of the 
swelling/shrinkage clay, vertical barrier was to be installed
to prevent evaporation and infiltration of water to the
expansive soils. 

� Trees and their roots system were removed from the 
vicinity of the pavement. 

� The pavement in flood area and high ground water level
were raised 

� Earth retaining structures were constructed in areas prone 
to sliding 

The following criteria were adopted for the design : 
� Po (Initial Serviceability Index) = 4.0 
� Pt (Terminal Serviceability Index) = 2.0
� Lost of Serviceability due to swelling is take into account

(∆ PSISWELL = 0.41) 
� Stability of embankment slope against sliding: Factor of

Safety minimum of 1.20.
� All trees within 3 m of the vertical barrier to be removed

with roots structures.
� Flooding area and high water level to be resolved by raised

pavement.

4.2 Design of PavementFigure 2. Depth of the Active Zone

The AASHTO Guide For Design Pavement Structure 1993 is
used to determine the thickness of overlay required for the
rehabilitation of the road. The AASHTO Guide has already
dealt with the environmental impact from the expansive soils

3.3 Heaving

Potential heaving of the pavement due to the expansive soils 
was analyzed by taking the thickness of the active zone of 6 m.
The calculation was performed by using the following equation: 4.3 Design of Vertical Moisture Barrier

There are 3 basic approaches to overcome the damaging impact 
from expansive clay:
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  (1) � Removal of the expansive clay and replacement with non-
expansive material.

� Stabilize or treat the expansive clay with lime.
� Control of the soil moisture content to minimize the

moisture changeWhere: S = total heave; Cs  = swelling index; zi = initial
thickness of layer I; eo = initial void ratio; σf = final effective
stress state; σsc = corrected swelling pressure from constant
volume test 

The first two approaches require removal of the existing
pavement, which is not practically feasible due to the
disturbance to the traffic. Therefore, control of moisture content
is selected for remedial works for the expansive soils. 

The magnitude of heave is predicted in the order of 9 cm 
(average), this far greater than the tolerated rise the road surface
of 1.25 cm. The depth of vertical barrier should be as deep as the active

zone i.e. to 6 m deep to seal off the embankment entirely from
moisture change but this is not consider practicable. Therefore: 
The minimum depth of vertical barrier recommended, 
d = 0.5*za (m) in view that 75% of swelling and shrinkage of
the expansive soils occurred in the top 2 to 3m of the active
zone.

4 DESIGN APPROACH

4.1 Design Consideration and Criteria 
The following factors were taken into account in the design of 
the rehabilitation works: 
� The structural adequacy of the pavement to support future

traffic.
4.4 Design of Retaining Structure 
Various remedial methods are available for overcoming slope 
instability. Considering the effectiveness, cost, construction and� The damaging factor from the swelling and shrinkage of

the expansive soils
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availability of space, the retaining structure is adopted to
increase the stability of the existing embankment slope. 

Two type retaining structure were selected: Gravity wall
(stone masonry) for slope height less than 2.5 m and piling for
slope height more than 2.50 m. 

The required dimension of the structures is calculated
manually and further checked by finite element analyses using
computer program PLAXIS 

Figure 5. Typical cross section for geomembrane combined with piles 
(After Anon., 2003).
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Figure 3. Typical cross section for geomembrane (After Anon 2003).
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Figure 6. IRI versus Time

7 SUMMARY AND CONCLUSIONS

This paper briefly presents the problem, design process and
considerations taken for the rehabilitation of the Semarang-
Wirosari road. The following conclusions can be made:
� The sub-soil can be identified as highly expansive soils.
� The damage of the roads were due to the swelling-

shrinkage behavior of the sub-soil, the poor construction of
the base layer, the presence of trees along the shoulder, and
the formation of bathtub pavement structure.

Figure 4. Typical cross section for geomembrane combined with 
retaining wall (After Anon., 2003).

� The subsoil can be classified as inorganic clay with high
plasticity.

5 TYPICAL DESIGN � The expansive subsoil produced pavement heave far
greater than the tolerated value.

For practical construction and financial consideration, the
existing road is divided into 8 design segments. The division of
existing road into design segments is based on the pavement
condition, height of embankment, environment and width of the
existing pavement. However, basically there are three typical
geotechnical treatments, i.e. the use of geomembrane (Figure 3), 
the use of geomembrane combined with retaining walls (Figure
4), and the use of geomembrane combined with pile (Figure 5) 

� Due to the project constructions, the installation of
geomembrane combined with the earth retaining used as
the countermeasures technology.

� The depth of the geomembrane was taken as seventy five
percent of the depth  of the active zone 

� The section with geomembrane installation showed lower 
initial pavement roughness and tend to be more stable with
time than the section without the geomembrane.

6 THE EFFECT OF THE TREATMENT ON THE
ROUGHNESS OF PAVEMENT
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