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What is causing damage of the forest road?
• Climatic conditions

• Frequency and type of traffic

• Surface and ground drainage

• Type and frequency of maintenence

• Road geometry

• Errors in road design

• Quality of built in materials

• Type of road
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Why is it important to maintain the road?

• Enables the fulfilment of all the tasks in forest management plans

• Reduces costs of timber transportation

• Extends the life of the forest road

• Reduces vehicles’ costs and frequency of repairs

• Makes the forest road transit throught the year

• Increases the safety of all traffic participants

• Reduces fuel consumption and fuel costs

• Improves the state of forest road
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Current methods
• Subjective assesment methods

• Based in individual filling forms

• An examination of a particular road segment is performed

• Grades from 0 to 5 are given, 0 meaning worst and 5 best state of the
road

• Expensive methods
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• Objective assesment methods

• Utilization of different types of measuring instruments

• Classic method of terrain surveying

• Use of the Dipstick Profiler

• Test wheel (fifth wheel)

• Road roughness meters (RTRRMs)

• Road profile measuring devices
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New approach
• Simplification of road condition estimates

• Gonzalez et al. (2008) put the accelerometer in the test vehicle to estimate 
the condition of the road

• Erikson et al. (2008). Mohan et al. (2008) use a mobile phone instead of a 
specialized vibration measuring devices

• Strazdins et al. (2011) use smartphones with an Android operating system, 
where the smartphone embedded accelerometers and simple algorithms 
determine the location of impact holes on the road

• Douangphachanh and Oneyama (2013) explore the ability to determine road 
conditions using smartphones by means of vibration measures and conclude 
that using smartphones significantly simplifies the road condition estimation 
methods
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Materials and methods
• Research was performed in FRTC Zalesina on the 300 meters long

segment of forest road

• Selected segment was on flat terrain without longitudinal slope, with
two curves, one at the beginning, the other at the end of the segment

• Vibrations were measured using Huawei MediaPad 7 Lite tablet with
built-in three-way accelereometer MMA8452Q and specially developed
application for the Android platform

• The goal was to measure relative vibration values, that is, their change
with respect to changes in condition of the upper forest road layer
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Data recorded by the application

•Vibrations in three axes

•Vehicle location

•Driving speed

•Number of satelites

• Longitudinal road inclination between two recorded
points

• Travelled distance between two recorded points
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• During field measurements tablet was placed on the windshield of the
vehicle (Lada Niva)

• The measurements were recorded during 12 passes on the same forest
road segment in both directions at a constant speed of 20 km/h, with
tyre inflation pressure of 2,5 bar

• The influence of different driving speeds (20, 40 and 60 km/h) and
various tyre pressures (2, 2,5 and 3 bar) to vibration values were also
investigated
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• VTV was calculated from vibrations measured in all three axes

• Vibration recording frequency was 10 Hz, while the GPS 
coordinate frequency was 1 Hz

• Collected data was sorted in MS Excel, while te ArcGIS 9.3 was
used for graphic display of field measurements

• Statistical data processing was performed in the StatSoft
STATISTICA 8 programme package

• Descriptive statistics was used to describe observational data 
sets, and median and arithmetic mean with standard deviation
were chosen
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Research results
Frequency 10 Hz 5 Hz 2 Hz 1 Hz

No. of measurements 6484 3241 1293 643

VTV Average

m/s2

9.85 9.85 9.85 9.85

VTV Median 9.81 9.81 9.82 9.80

VTV 

Maximum
13.2 13.2 12.4 11.5

VTV 

Minimum
6.6 6.6 8.4 8.9

VTV Standard 

deviation
0.50 0.45 0.35 0.28

Measuring 

time
s 648.4 648.2 646.5 643.0

Velocity km/h 19.99 19.99 20.05 20.16
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Driving speed

km/h
Values

Tyre inflation pressure, bar

2 2,5 3

20

No. of measurements

530 514 511

40 271 277 278

60 186 187 184

20
VTV Average

m/s2

9.77 9.85 9.93

40 9.89 9.90 9.96

60 9.91 9.94 10.40

20
VTV Standard deviation

m/s2

0.34 0.38 0.43

40 0.65 0.67 0.66

60 0.66 0.67 0.68
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Discussion

• Is it possible? Does it work?

•What are the influencing factors?

•Which recording frequency to use?

•Speed?

•Tyre pressure?
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Problems during research

• GPS accuracy

• Driving speed

• Travelled distance

• Inclination

• Vibration value data recorded in unusable format (0,5% of total data)

• Space between the wheels?
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Planned improvements

•Use a more precise GPS device

•Plan field measurements during winter season

•Remove unusable data recording formats

• Integrate START/STOP measurement feature in application

• Integrate possibility of selecting recording frequency
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Future studies
• Determine accuracy and reliability of method by comparing it with

subjective (descriptive) method

• Investigate possibility of determining type of damage via vibration
differences for each type of road construction damages

• Determine the impact of different smartphones and vehicle types on 
vibration values

• Standardize the measuring procedure
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Thank you for your attention!

Questions?
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