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Mechanical Properties such as Slope stability
and Water Behavior of Landfills Containing Plastics

Nagasaki University - Graduate School of Engineering
' Atsushi Yamawaki

There are a large number of landfills containing plastics such as inert waste landfills (about 1100
sites in Japan), small-scale landfills out of law (Cabinet Order article 269 on Waste Disposal and
Public Cleansing Act, 1997) and illegal dumping sites, etc. It is pointed out by experts that it can be
occurred slope collapses when it is deposited in a steep slope and that it cannot be used in fluffy
when using the site. Thus there is little utilization by heavy construction.

In additidn, due to the fact that the landfills of non-industrial waste is mainly composed of
incineration ash, studies on mechanical aspects of landfills containing plastics such as inert waste
landfilis are not sufficient in Japan. For this reason, the ground assessment method based on
conventional soil mechanics is being used for evaluating the slope stability and bearing capacity ete.
éf the landfills containing plastics. However, in the case of the landfills containing plastics, since the
waste size ranges from a few centimeters to meters, it is difficult to apply the conventional ground
assessment method. '

On the other hand, it is known that the slope stabiiity of the landfills containing plastics in lapan is
much higher than the usual ground. Therefore, the ground strength is appropriately evaluated, it is
possible to landfill with a steep slope than the current situation and increasing capacity of the
landfills. And the slope stabilization cost for illegal dumping sites will be reduced. Furthermore, the
effective utilization of the landfills is expected. In recent years, large-scale slope collapse disasters
occurred frequently in landfills in developing countries, and the technology transfer overseas can
also be expected.

| For this reason, this research on landfills containing plastics aim to understand basic strength
characteristics by appropriate ground strength tests (including proposed simple on-site tests), to
understand slope stability and to propose its evaluating methods, to understand bearing capacity /
settlement and to propose its evaluating methods, to understand water behavior and to propose a
calculating method for amount of seepage water.

The outline of the results is as follows.

(1) Ground strength tests

On site box shear test and plate loading test and etc. were conducfed at 20 sites (30 places) on

landfills containing plastics and others.




‘Landfills containing plastics of about ]0_-cm or more in length have low coefficient of subgrade
reaction, but it has large internal friction angle. As a simple fest method, impact acceleration test and
repose angle test were proposed, and it was found that cohesion and internal friction angle can be
estimated respectively. In éddition, we proposed an on-site air pore volume test, and it was
confirmed that the ultimate bearing capacity was increase with decreasing air pore volume.

(2) Slope stability

Landfills containing plastics has extremely high slope stability because of its specific tensile
resistance working. Also, there is no landfill of organic waste, the water content is low, the water
permeability is extremely high, and the residual pore water pressure hardly works contfibutes to the
slope stability. Furthehnore, it was confirmed that the horizontal earth pressure working during the
earthquake is smaller than that of the standard sand in the shaking table test, and the slope stability
during the earthquake was also high.

As for the analysis method, slope stability of the sites and the actual slip surface can be well
expressed by circular arc method considering tensile resistance. In addition, the slope stability could
also be evaluated by a simple calculation formula based on the infinite slope method considering the
tensile resistance.

Furthermore, it was found that the repose angle after avalanching obtained by the repose angle test
can serve as a guide for knowing the steady gradient of the siope.

(3) Bearing capacity and settlement .

Although landfills containing plastics continues settlement for a long period of time, the ultimate
bearing capacity is generally larger than ordinary soil ground, and it is difficult for differential
settlement to occur even for the installation of heavy construction by field experiment. As a factor
which makes differential settlement less to occur, tensile resistance acts in the horizontal direction
due to the virtual horizontal connection of plastics in the ground, and it is inferred that the load
distribution in‘the horizontal direction against the vertical load becomes much wider than the soil
ground.

(4) Water behavior in the waste layer

Landfills containing plastics have extremely high water permeability, but in the waste layer the
rainwater flows down while accumulating in the waste surface and the Alike, and the stored water
slowly flows down. The proﬁosed method of calculating the amount of seepage water, it was found
that fd1e seepage water amount can be calculated by the storage function derived from the storage
phenomenon for the landfills mixed with plastics of about 100 cm_2 or more

(5) Towards the utilization of landfills containing plastic

It is expected that the effective utilization of landfills containing plastics in Japan will proceed by

the proposed on site test method and evaluation method.




