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1. Introduction

Along with the mechanisation of  forest operations the quality of the work is getting
an ever increasing emphasis. Forest machinery interact considerably with
environment, hence improper selection and operation of harvesters and forwarders
can have major negative environmental impacts. Harvesting conditions vary
considerably across Europe, from the peat based soils of Ireland, Scotland and
Finland, to the steep escarpments of northern Italy and Spain and the frozen soils of
the Nordic countries. Many of these sites may be classified as ’sensitive’ and a need
exists to develop appropriate mechanisation systems for them. By selecting and using
forestry machinery in an integrated manner, the negative environmental consquences
of wood harvesting and extraction/delivery processes can be minimised. Designers
and manufacturers of such machinery also need to be fully aware of the potential
environmental consequences of inappropriate machine design, selection and operation
on such sites. There is a 3-year European Union financed research project called
ECOWOOD going on to develop a protocol for ecoefficient wood harvesting on
sensitive sites.

2. The objective

What is a sensitive forest site? To be able to know, what eventual actions are needed
to  properly  plan  and  execute  the  forestry  operations,  one  must  be  able  to  assess  the
sensitivity of a forest site in advance. How can it be done? What kind of instruments
and methods are needed in the field surveys to measure the site sensitivity? In this
article some alternative assessment methods will be introduced.

3. The objects and parameters to be measured

31. Classification of the sites for forest operations

There are several site classifications in use. For forest operations the classification
must be dynamic, since e.g. the weather is continuously changing the trafficability of
soils. An appropriate database based on criteria useable in the field conditions should
be developed. The database would illustrate to the user the appropriate parameters
from a harvester or forwarder operation point of view.

32. Vehicle/terrain interaction

There are a lot of studies, where the interaction of forestry vehicles and various terrain
components have been modelled. Several publications on terramechanics are giving
guidance to the interpretation of the databases both concerning the vehicles and the
terrain.
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33. Parameters to be measured

In addition to the many parameters being used in the literature in the models
concerning the trafficability and the mobility, we have this time made a choice in
favour of the following ones:

the rut depth caused by the vehicle wheel as a dependent variable and
the soil penetration resistance (e.g. Freitag, D.R. & Richardsson, B.Y. 1967),
the E-modulus and
the soil moisture as independent variables

The rut depth can be measured with a simple tool based on ruler-like scales. The soil
penetration resistance is measured by a penetrometer, the E-modulus by a
deflectometer  and  the  soil  water  content  by  a  time  domain  reflectometer  (TDR).  In
addition, local habitat and soil types have been recorded from each test area. There
also has been a chance to get daily rainfall observations from a part of the test areas.

4. The assessment methods

41. Collecting the field data

The assessment procedure should be matched to the practical forest operation. The
measurements should indicate the sensitivity of the ground conditions from the use of
each machinery point of view. Thus the data for the study was collected from ordinary
work sites without choosing them especially for this purpose. Observations were
recorded during summer and autumn seasons to consider the variation in soil and its
moisture and other environmental factor values. Edge zones of stands, transitional
zones (peat vs. mineral soils), or soils commonly with a low bearing capacity, were
wanted points for the test assessment.

42. Measuring of the rut depth at a forwarding track

The rut depth on a track was measured by an instrument, which was made for that use.
The measuring instrument gives three observations (mm) for the rut at each measuring
point. It is very important to take into account, that a mound is formed near to the rut.
That mound is not giving a baseline for the measurements, but it has to be levelled
down to the original ground surface before the measurement. The measuring
instrument is put across the track, and the measuring rods pushed down to the bottom
of the track. The values are then read from the scale. The most usual case in the
measurements is that the measurer is following the ruts about 6-8 meters along both
wheel tracks of the forwarding track. In both wheel tracks 3-4 measurements are
taken, and in each measurement point three values are recorded.

43. Measuring of the penetration resistance by a penetrometer

The data collected by a newly designed penetrometer is saved into a data logger. It
has to be configured by the PC before the measurements. The allowable measurement
time varies between one and two hours, depending on how many channels of the data
logger are being used. When the ‘drilling’ is carried out, it is commonly required that
two persons operate together as a counter weight (i.e. two persons are standing on the
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lowest part of the equipment). If the test area is 6-8 meters long, 3-4 drillings are
made at both sides of the forwarding track. It should be noted here, that the drilling
can not be carried out right beside the wheel track, but there must be a distance of at
least  one  metre  from the  outer  edge  of  the  wheel  track  to  the  drilling  point.  This  is
because the logging machines probably have changed the soil properties near to the
track.

The drilling site is prepared for the measurements by digging away with a hoe the top
of the organic layer. Next, the beginning time of the drilling is tallied, because it is
needed for separating the data at the later analysis. The sensor of the penetrometer is
pushed so deep into the ground that the resistance exceeds the counter weight and the
instrument starts to rise. Next the sensor is elevated up again and the next drilling may
start. If there is any factor during the drilling, which may have affected the results,
like a stone or a tree root, those observations are tallied to the notes.

44. Determining of the E-modul and the ground bearing capacity by a deflectometer

In each test area 2-3 measurements by a deflectometer (LOADMAN) are taken on
both sides of the forwarding track. It is important that a base plate (diameter 300 mm)
is laid onto the ground so, that there is no rough objects between the base plate and
the soil. That is why the surface of soil is opened. Also as a rule, soil surface in
mobility analysis is the surface of A-horizon, which means that the humus layer is
omitted.  Its  influence  can  be  taken  into  analysis  by  other  means.  The  spot  must  be
rather even and be at least of equal size as the base plate. When the base plate is in
order and the deflectometer has been positioned on it, the falling object is put into the
upper position and the actual measurement can be done by releasing the weight to fall.
The result of the measurement is seen on the display and it is written down for later
analysis.

45. Determining of the soil moisture content by TDR

Usually 1-2 values are taken from each test point. The top of the organic layer in the
point will  be removed with a hoe.  The metal  sensors of the TDR are then pushed to
the soil. The length of the sensors varies between 20 to 60 centimetres. The most
usual length of the sensors in our tests was 20 centimetres, because the stoniness of
moraine soils and the other harmful factors would anyhow have prevented the
penetration of any longer sensors into the ground. The TDR gives a value (in meters)
on the display. This value is written down. Later it will be used in the water content
calculations. A very important task in the use of the TDR is to calibrate exactly the
equipment before the measurements.

46. Number of vehicle passes

The effect of vehicle passes on the rut depth was monitored on some of the test areas.
In this case, all the measurements were done after the first vehicle pass and after the
following passes just the rut depths were measured.



4

47. Recording of other factors affecting the rut depth

For example, the amount of slash (extremely important), stoniness, amount of stumps,
closeness to stream / ditch or gradient / ground roughness are written down from each
test area. Also the comments and opinions of the drivers are recorded to the notes.

5. Equipment used in the field tests

The  mechanical  instrument  for  the  measurement  of  the  rut  depth  was  of  a  simple
design and manufactured locally.

Even the electronic penetrometer was designed for the project, and in principle, it did
the same as the original handheld penetrometer used in the WES –method. The most
essential thing is that a standard cone of 30o and 0,5 sq. inch base was used.

The portable falling weight deflectometer LOADMAN is a commercial instrument
available  on  the  market.  It  was  especially  designed  for  road  construction  to  monitor
the level of packing during the work. This was the first time, when the instrument was
used to test the bearing capacity of virgin forest terrain in forest operations.

6. Concluding remarks

At this state it is not possible to report any final and accurate results from the tests.
The data is being analysed and comparision made between the test areas etc. Here we
only wanted to illustrate the principles of measurements and hopefully get some
comments  from  the  international  audience.  Our  work  is  continuing  and  the  results
should be ready in two years time from now.
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