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ABSTRACT

The lack of accessibility of rural access roads has been identified as one of the main causes of 
poverty of the rural people in Papua New Guinea. In this study, a new design for all-weather rural 
access roads with “do-nou” (which is Japanese term for soilbag) is being developed. In the new 
design, the maintenance is conducted only by manual labour and available materials in Papua New 
Guinea. Therefore local farmers can participate in the process of restoration of the road. This leads 
to promotion of their ownership and motivation to solve their problems by themselves and 
ultimately poverty will be reduced. To check the trafficability of the road maintained with “do-
nou” and establish appropriate design, full size model tests were conducted in Japan. It was found 
from the results that the new method was effective and a typical design was proposed. In the 
villages in Papua New Guinea, real construction based on the proposed method were carried out 
with the involvement rural people. The practicability of the method was demonstrated so that in 
the village the access roads could be sustainably maintained by themselves. It made the roads 
trafficable under all weather conditions. 

1 INTRODUCTION

The lack of accessibility of the rural access roads has been identified as one of the main causes of 
poverty of the rural people in Papua New Guinea (hereinafter called PNG). Fig.1 shows a pattern 
diagram of a rural village. As seen in the diagram, the main road is paved and maintained while on 
the other hand the rural access road is unpaved and poorly maintained, thus during the rainy season 
the rural road loses its passability (Photo.1). Due to the difficulty in accessing markets to sell their 
agricultural produce and other goods during rainy seasons, the rural people are locked into 
subsistence farming. Buyers also cannot reach the village, thus the cash crops are not exchanged for 
money resulting in rotting. To keep the accessibility of the rural access road, it is efficient to 
maintain the roads with the available material and by labour, since the local farmers can 
participate in the process of restoration of the road. Rehabilitation of the rural road by themselves 
continuously will lead to the promotion of their ownership and motivation to solve their problems by 
themselves and ultimately poverty will be reduced (Kimura and Fukubayashi, 2005). In such a 
method, the new method to maintain the unpaved rural access roads with “do-nou”, which is the 
ultimate geotextile shown in Photo.2, is being developed. Studies have shown that the “do-nou” 
itself has a high compressive strength such that it can be applied to the earth reinforcement for soft 
building foundation and to the retaining wall (Matsuoka and Liu, 2003). In this study the “do-nou” 
technology is applied to the road structure. 
In this study, practical construction with the villagers in PNG was conducted. In order to keep 
continuously the accessibility of the road in the rural area, it is important not only that this new 
design is transferred to the local people but also that the system for the road maintenance is 
established in the community. It means the community is empowered. Through the construction, 
the new method and the systematic operation of road maintenance were suggested to the 
community and the local government, which can allocate a small amount of funds for the materials. 
The procedures for road maintenance is intended to be compiled in a manual and then extended to 
other developing countries. The flow of the study is shown in Fig.2. 
In this paper the applicability of the “do-nou” consisting of the available bags and gravel from the 
village to the road structure is demonstrated. The appropriate design with “do-nou”, which is more 
efficient to keep the trafficability compared to the design with only gravel is proposed. The 
practicability of the new proposed method was demonstrated so that in the village the system to 
keep the trafficability by villagers themselves could be in operation. 
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Fig.5  Parameter of full size model driving tests Fig.6  The cross section of the tests 

PNG, the plate compactor is not available, therefore it is necessary to develop an alternative
method for compaction. Through the full size model driving tests, it can be clearly seen that the
deformation of “do-nou” under wheel loading, when compacted with wooden mallet is almost same
as to that of “do-nou” when compacted by the plate compactor.
The next stage was to conduct full size model driving tests to decide the adequate material to put
inside the “do-nou”, the arrangement of the “do-nou” and the road structure with “do-nou” to keep
the trafficability on the soft ground during the rainy season. The parameters of these tests are as
shown in Fig.5. Through the series of the tests as shown above the method for the maintenance of
the unpaved road with “do-nou” was developed. 
Based on the results of the tests carried out in Japan, real construction of the road and
maintenance was conducted in the village in PNG. Through the construction the practicability of the 
new proposed method was demonstrated. At the same time, the base line data for the 
establishment of the road maintenance system in the village and district were collected. Now in a
village, the maintenance of the road with “do-nou” has been started by the villagers themselves. 
In this paper, some cases of the full size model tests and the practical construction are discussed. 

3 FULL SIZE MODEL DRIVING TEST 

3.1 Experimental overview 

The full size model driving tests were carried out in Ujigawa Open Laboratory of the Disaster 
Prevention Research Institute of Kyoto University. In these tests, the “do-nou” are put on the test
field and the car is actually made to pass over the road repaired by “do-nou”. The size of the test
field was 3 m x 5 m. The measured parameters are the settlement of the road surface and the
number of passes over the test area. Through these parametric studies, several cases of the tests
were carried out, however in this paper, the results of the following two cases are discussed.

3.2 Case-1 and Case-2

To make it clear that it was more efficient to maintain the road with “do-nou” when compared to
the method in which gravel only was used, Case-1 and Case-2 were conducted as shown in Fig. 6. In 
both Cases the roadbed soil was clay whose thickness was 500 mm with a flat surface. The liquid
limit of the clay was 75.0 % and the plastic limit was 25.0 %. The water content of the clay
measured just before the driving tests was 42.0 %. To check the trafficability of the roadbed, cone
penetration tests were carried out. The cone penetration resistance in the range of 500 mm depth
was below 1,000 kN/m2, which meant that the field was so soft that it was necessary for it to be
reinforced to maintain trafficability. In these tests the “do-nou” bags made from polyethylene 
which is used generally in Japan (Weight : 46.0 g per bag, Tensile strength : 6.0 kN/m ) were used. 
The car used in these tests had a minimum ground clearance of 150 mm. After the road was
maintained by both “do-nou” and gravel as shown in Case-1 and Case-2, the surface in both cases
was sprinkled with water for 30 minutes so as to simulate rainy condition of 40 mm per hour 
intensity.
In Case-1 the 2 layers of “do-nou” packed with the gravel were put at the wheel track on the clay
ground as shown in Fig.6 (a). In the figure only half cross section is shown. To protect the “do-nou”



c
O

m
m

O
n

 g
r

O
u

n
d

 0
7

Common Ground ProCeedinGs 10th AustrAliA new ZeAlAnd ConferenCe on GeomeChAniCs BrisBAne 

c
O

m
m

O
n

 g
r

O
u

n
d

 0
7

333reseArch ANd prActice 

0

50

100

150
0 50 100 150 200
The number of the passes by the car

D
e
p
th

 o
f 

th
e
 r

u
t 

 (
m

m
) : Case-1 

: Case-2 

-100

0

100

200
0 1000 2000 3000

Se
tt

le
m

e
n
t 

(m
m

)

Distance from the measuring point (mm)

a

b

: Case-1 

: Case-2 

Fig.7  Settlement of the surface

(after 10 passes) 

Fig.8  Depth of the rut – the number of the
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from breaking due to the friction between the tire and the “do-nou”, the surface of the “do-nou”
was covered with gravel. The thickness of the gravel layer was 50 mm. Previous research showed
that the “do-nou” packed with the crush stones made the soft ground to be more efficiently
reinforced (Matsuoka and Liu, 2003). It shows that the “do-nou” packed with crush stones are able
to be applied to the road structure. However in developing countries crush stones are not available
and instead, the efficiency of the gravel from the river which is available in rural area should be
investigated to determine its suitability for use as material inside “do-nou”. In Case-2, the gravel
was just spread on the clay ground as shown in Fig.6 (b). 
In Case-1, the gravel reinforced by the “do-nou” bags generates the bearing capacity and the car 
allowed to pass over it. Therefore deep rut will not be generated. On the other hand, in Case-2 the 
gravel will be moved around or inside the clay ground. It shows that the effect for reinforcing is not
sustained.
To simulate the construction in rural areas of PNG the “do-nou” were compacted using a wooden
mallet, which seems to be an efficient method when compared with the case where compactor was 
used. The surface of “do-nou” was given 10 blows each by the mallet during the compaction process.
In Case-2 the gravel spread over the clay was placed in 3 layers of 100 mm, 200 mm and 250 mm
with each layer compacted by the mallet. 

3.3 Experiment results and discussion

Fig.7 shows the settlement of the surface after 10 passes by the car. The rut was gradually formed
at the place of contact with the tire of the car as the number of passes increased. Here the rut
depth is defined as the vertical interval between the highest point and lowest point (for example, in
Case-2, a and b, shown in Fig.7) of the formed rut. In the Case-2, the formed rut was 150 mm deep
such that it prevented the car from driving more on the road because the bottom of the car touched
the “do-nou” put on the road. If the rut depth becomes 150 mm, the normal car cannot pass over
the road. On the other hand, in Case-1, the rut depth was 50 mm which was 33.0 % of that in Case-2.
The depth of the rut–the number of the passes by the car relation at the point where the formed rut 
was deepest is plotted in Fig.8. In Case-2, the deformation generated whenever the car passed was 
decreasing after 100 times. The car could drive more than 200 times.
These results revealed that the passability of the road maintained with “do-nou” and gravel could 
be kept longer than the road maintained with only gravel. This method requires only the available
material and labour. Therefore it seems that the method of maintenance with “do-nou” is efficient 
for the maintenance of the rural access road by the villagers in PNG. The cross section shown in 
Fig.6 (a) is ascribed standard cross section of the maintained road with “do-nou”.
Next, to demonstrate the practicability of the method of the road maintenance with “do-nou” the
real construction was conducted in PNG. 

4 PRACTICAL CONSTRUCTION IN PAPUA NEW GUINEA 

4.1 The maintained road with “do-nou”
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In collaboration with the member of the parliament who was eager to improve the road condition in 
his District where he often allocates funds to the village, the unpaved road was maintained with
“do-nou”. In Fig.9 the structure of the local government in PNG is shown. The member of
parliament introduced us to an organized village where the villagers participated in the road
maintenance activities as volunteers. The District was in the mountain-ringed region in PNG as
shown in Fig.10. The location of the road is as shown in Fig.11. The road connects Kerenaga village 
to the primary road. The village is located at the end of the road, therefore the villagers were
motivated to keep trafficability. In the village there are about 170 people and 4 cars, 3 of them are 
4 wheel drive and 1 is a 2t truck. The amount of the traffic per day is between 8 and 12. Main cash
crops such as coffee and other crops are transported by car along the road. The road is under the
community control.

4.2 Construction
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Fig.12  The longitudinal profile of the roadFig.11  The location of the maintained road

Photo.3  The situation of the constructionPhoto.2  The original situation of the road
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