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Summary: The paper presents the results of investigation of the
consequences of accidents involving a farm tractor used in a moun-
tainous region with a specific landform. The injuries sustained by
victims of the accidents were analysed. The basis for analyses was
the documentation prepared by the Agricultural Social Insurance
Fund. The results of the analyses allowed for indicating the spec-
ificity of such accidents. The human body parts most exposed to
damage and the severity of injuries were determined. The tractor
drivers sustain the injuries of a different kind than the other par-
ticipants of accidents (for example — the passengers). The drivers,
apart from the upper and lower limbs injuries, sustain damage to
head and trunk. Because of accidents, 2/3 of the victims sustain
irreparable damage to the body. In majority, it is 1-5% of perma-
nent damage to health. There are also fatal accidents.
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INTRODUCTION

The principal element in agricultural engineering is a farm
tractor. At present, in the fields of Poland, more than half
a million of farm tractors of different types are in operation.
They are used for typically agricultural works (tractor + unit)
as well as in the transport (tractor + trailer). They are exploited
under different conditions resulting from the specificity of
agricultural lands where they are used.

In mountainous lands, because of steep slopes, the work
of a tractor is difficult as it is necessary to keep its stability.
Classic, traditionally designed farm tractors should be able
to maintain their stability on a slope of 12°. Special construc-
tions of mountain tractors are designed for working on the
slopes of 25-30°. In Poland tractors of traditional designs
are used in mountainous regions [5, 8, 11, 12].

The specificity of using tractors in mountainous lands,
i.e. on steep slopes, involves the risk of accident if due cau-
tion is not observed, when a tractor working with a unit
loses its transverse stability. Such accidents usually have
considerable effects on mechanical damages of the tractor

and the units (or trailers) co-operating with it and on the
accident participants [7, 18].

In order to identify and classify the injuries sustained by the
persons participating in such accidents, an investigation was per-
formed,; the results of the investigation are discussed in this work.

RESEARCH METHODOLOGY

The research included the accidents occurred in Lesser
Poland/Matopolska Voivodeship, in the following counties:
Limanowa, Nowy Sacz, Nowy Targ, Tatra. The structure
of using lands in selected counties is presented in Table 1.

The analysis of the above table comparing the charac-
teristics of examined counties shows that the part of the
arable land in these counties amounts to 8% — 31,1%, of
the orchards 1,5% — 3,8%, of meadows and pastures 7,4%
— 16%, of forests and woodland 36% — 57%.

The accidents were analysed based on the documents of
the Agricultural Social Insurance Fund (KRUS) from 2005
—2010. According to its statute, KRUS keeps the documen-
tation of all accidents that happened in agriculture. Therefore,
the accident documentations gathered by KRUS can be used
as source material for analysing accidents with the participa-
tion of farm tractors. In the paper, we used the materials from
KRUS local post in Nowy Sacz, which activity includes the
counties of Nowy Sgcz, Limanowa, Tatra and Nowy Targ.

From the whole documentation, 46 accidents were se-
lected. The authors assumed these accidents as a representa-
tive sample of the accidents with the participation of a farm
tractor in the mountain region.

RESEARCH RESULTS

The accidents occurred on the meadows and pastures
area — 46%, on the dirt and forest roads — 25%, asphalt
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Table 1. Structure of using lands in selected counties of Malopolska Voivodeship [10]

Arable lands [ha] Forests | Remained
County Total area Arable and wood-| lands and
[ha] Total Orchards | Meadows | Pastures land waste land
lands [ha] [ha]
Tatra 47162 14620 3772 1415 4716 4716 26882 5660
% of total 100 31 8 3 10 10 57 12
Nowy Targ| 147466 72996 16221 2212 23594 30968 53088 21382
% of total 100 49,5 11 1,5 16 21 36 14,5
Limanowa | 95196 49471 29596 3588 9256 7031 39161 6564
% of total 100 52 31,1 3,8 9,7 7,4 41,1 6,9
Nowy Sacz| 155024 72322 36663 5924 16892 12843 69226 13476
% of total 100 46,7 23,6 3,8 10,9 8,3 44,7 8,7
Matopolska| 1514410 | 880807 | 598159 22599 178406 81643 441642 | 191961
% of total 100 58,2 39,5 1,5 11,8 5,4 29,2 12,7

roads — 19%, other — 10%. The most frequently participating
tractors were: URSUS C-330 — 44%, SAM (individually
assembled tractors) — 24%, URSUS C-360 — 13%, others
(URSUS, MF, Wtadymirec) — 19%. None of the farm trac-
tors was a mountain tractor, adapted to work on a land with
a steep slope.

The results of research are presented in diagrams. Be-
cause of the small sample size, the results give rather quality
than quantity information.

The number of accidents in individual counties is pre-
sented in Fig. 1
Limanowa county — 10 accidents
Nowy Targ county — 13 accidents
Nowy Sacz county — 17 accidents
Tatra county — 6 accidents
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Fig. 1. Number of accidents with the participation of a tractor
in individual counties

From the source material it appears that the number of
accidents was the highest in Nowy Sacz county (17 acci-
dents), and that it was the lowest in Tatra county (6 acci-
dents). In Limanowa county, 10 accidents took place, while
in Nowy Targ county — 13. It is clear that the number of
accidents correlates with the surface development in these
regions. In Nowy Sacz county, arable lands represent up to
46% of the county area, while in Tatra county only 31% of
the county total area.

The most accidents with farm tractors in the mountain-
ous lands happened in 2007 — 13 accidents, the least acci-
dents happened in 2009 — only 4 accidents.

The results of the analysis of the accident participants
age groups are presented in Fig. 2.
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Fig. 2. Age groups of accident participants:
above 51 years — 14 persons
50 — 41 years — 16 persons
40 — 31 years- 15 persons
till 30 years — 7 persons

52 persons participated in 46 accidents. The analysis
shows that in a majority of accidents, the participants
were more than 31 years old (87%). The most numer-
ous group, that is 28%, in mountainous regions includes
the persons from the age interval 41 — 50. The group of
people more than 51 years old is also large — 27% of
all the participants of accidents with farm tractors. The
persons younger than 30 constitute a small group of 7
persons, i.e. 17% of the total number of victims in such
accidents. This age structure is presumably the effect
of the advantageous opinion on abilities and routine of
middle-aged and older people in the works using a farm
tractor in mountainous regions. It is notable, at the same
time, that the country ‘grows old’ and elderly people have
health problems, which can influence the increase of the
number of accidents in country lands.

In 2007, the accidents with the largest group of victims
happened. In this period up to 14 persons participated in the
accidents with farm tractors, % of whom were the persons
above 41 years old.

The analysis of the victims (driver, passenger, observer)
of the accidents with farm tractors is presented in Fig. 3.
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Fig. 3. Victims of agricultural accidents

The analysis shows that not only the persons actively
participating in the works with a farm tractor: driver — 77%
and passenger — 17%, but also passive observers of the event
sustain injuries — 6 %.

Statistical participation of the victims of accidents with
farm tractors is as follows: 0.23 passengers and 0.07 observ-
ers to one injured driver.

M Problems due to
the mountainnous
land

Other

M Bad technical
condition of tractor

H Alcohol

Fig. 4. Cause of accidents

The analysis of the accidents causes demonstrates that
more than a half — 52% of accidents is caused by wrong
driving technique, not adapted to the current conditions,
and by insufficient driver abilities required for operating
tractors under heavy mountainous conditions. Bad technical
condition of the farm tractors contributes to an increase
in the number of accidents, as well. Among 46 analysed
accidents with a tractor, only 1/6 of all tractors had been
tested. Alcohol and other causes like carelessness or gross
negligence are the causes of 1/3 accidents with farm tractors.

The operation of a farm tractor in a mountainous region
needs knowing, experience, good equipment and perceptive-
ness as well as full concentration, because it often happens
that some little error involves heavy accidents and injuries.
The best solution for the work in mountainous regions is
a mountain tractor, which by its design and technology in-
creases the safety and facilitates the work.

INJURIES OF ACCIDENT PARTICIPANTS

It results from the analysis of injuries severity of the vic-
tims of accidents with the participation of farm tractors, that
within a period of 6 years (2005 — 2010), 50% of victims (27
persons) sustained constant, irreversible damage to health,

16 people sustained prolonged injuries and 8 persons died.
Moreover, the attention must be paid to the severity degree
of prolonged and constant injuries. The severity of prolonged
damages to health, i.e. the percentage of damage to health,
is significantly lesser than in the case of constant injuries.
From the group of 52 persons, half of them will be disabled
for life. The scale of danger involved in the work using
a tractor in the regions with significant slopes is very large.
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Fig. 5. Injury severity rate of the victims
The location of the post-accident injuries is presented
in Fig. 6
M Lower limb
Upper limb

M Trunk

B Head

Fig. 6. Location of post-accident injuries

The analysis of the post-accident injuries shows that
half of them are the injuries to the limbs: upper (26%) and
lower (27%). Trunk injuries are % of all the injuries. Head
injuries and multiple-organ injuries are seldom encountered,
they represent 25% of all post-accident injuries.

A comparison of injuries sustained by a driver and a pas-
senger is presented in Fig. 7
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7%
14%

20% 36%

29%
7%

50%
37%

Fig. 7. Comparison of injury location in accident victims:
A — driver, B — passenger
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It results from the analysis of post-accident injury loca-
tion in a driver and in a passenger, that the passenger mostly
sustains the injuries to a lower limb (50% of all injuries) and
to an upper limb (36%). Drivers are often hurt in upper and
lower limbs. However, a comparative analysis demonstrates
a difference in location of the remaining post-accident inju-
ries; 1/5 injuries of drivers are damages to trunk, a passenger
suffers such injuries twice less. It is similar in the case of
head injuries — a driver suffers such injuries twice more
often than a passenger.

The post-accident injuries to upper (Fig. 8) and lower
(Fig. 9) limbs were analysed in detail.
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Fig. 8. Post-accident injuries to upper limbs

The analysis shows that 1/3 of all upper limb injuries are
the damages to the upper limb pectoral girdle, and 2/3 are
the injuries to the upper limb self. The most frequent injury
as a result of accidents with a farm tractor in a mountainous
region is collarbone fracture and sprain of hand as well as
fracture within the shoulder. The most frequent injury is
fracture — 45% of injuries, and less serious ones— bruise
and damage to the upper limb — constitute 30% of injuries.
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Fig. 9. Post-accident injuries to lower limbs

The analysis of the injuries to a lower limb shows that
86% of injuries were the injuries of the limb itself; other
14% are the injuries to the pelvic girdle. Mostly, as a result
of accidents, damages to thigh follow — they constitute 1/3
of all the injuries — next are damages to knee and shank
(shin). The most common is the fracture of shin, knee sprain
and fracture of thigh. Fracture is the most common injury to
a lower limb. It happens in almost half of cases.

Decisive for the extensiveness of injuries are the follow-
ing factors: place, surface and energy of the vehicle impulse
contact between the tractor and the victim. Furthermore,

it is notable that the extensiveness as well as the quality
of injuries would be dependent on the physical condition
(properties) of a particular person. It depends, among other
things, on the features like bone and soft tissue elasticity, i.e.
damping capacity and energy dissipation [2, 6, 17].

Determinants of the injury type are the kind of the
collision, the position occupied by the person and the
safety measures used by this person, like safety cabin,
safety belts [3, 4, 16, 19].

The collected and analysed source material proves
that the most common location of injuries occurring in
both tractor drivers and passengers is a lower limb. The
type of injury most commonly sustained by the victims
is fracture.

Fracture is a break of bone continuity on its whole cross
section. It happens under the action of an external force
applied to the bone. These forces act on the bone until the
moment of surpassing the allowable stress causing destruc-
tive deformations — crack and fracture of the bone.

The mechanism of the fracture depends on the position
and direction of the force causing the injury. There are two
principal mechanisms: direct — when the injury force acts
directly on the bone, and indirect — when the injury force
acts through another bone, articulation, tendon etc. [6, 15].

In the case of the accidents with a tractor, 2/3 victims
are the drivers. The injury type is determined by the acci-
dent run, the position occupied by the particular person, as
well as the safety measures used by this person, like safety
cabin, safety belts.

CONCLUSIONS

The number of accidents within a representative sample
from a mountainous region correlates with the region’s
development.

— More than 50% of accidents are caused by wrong driv-
ing technique, not adapted to the working conditions in
a mountainous region and by problems connected with
agriculture.

— The injured are mostly (80% of accidents) the drivers.
The passengers participate in every fifth accident, and
the observers constitute 6% of the injured. The largest
age group affected are people after 41 years of age. The
‘ageing agriculture’, both in terms of technology and hu-
mans, influences the increase of the number of accidents.

— Inthe accidents, the injured drivers and passengers sus-
tain different kind of damages. The passengers are more
exposed to the injuries of lower and upper limbs, which
may be connected with jumping down the tractor during
the accidents. The drivers sustain damages to lower and
upper limbs as well, but they are exposed almost as often
to head and trunk injuries.

— Inthe accidents, half of victims sustain irreparable dam-

age to the body, though the severity of these injuries

usually is not significant (the largest group within 1%

— 5% of permanent damage to health), however a farmer

with a leg or hand motor disability would have trouble

performing his duties.
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— The work with a farm tractor in a mountainous region
requires knowledge, experience, good equipment as
well as perceptiveness and full concentration on the per-
formed task, because it often happens that some small
error or an oversight results in heavy accidents. The
best solution for the work in mountainous regions is
a mountain tractor, which by its design and technology
increases the safety and facilitates the work.
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OBRAZENIA OSOB W WYPADKACH
Z UDZIALEM CIAGNIKOW ROLNICZYCH
NA OBSZARZE GORSKIM

Streszczenie. W pracy przedstawiono wyniki badan skutkow
wypadkow z udziatem ciagnika rolniczego eksploatowanego
w specyficznym pod wzglgdem uksztaltowania terenie gorskim.
Analizowano obrazenia jakich doznaty osoby uczestniczace
wypadkach. Podstawa do przeprowadzonych analiz byta doku-
mentacja wypadkéw prowadzona przez Kasy Rolniczego Ubez-
pieczenia Spotecznego. Wyniki analizy pozwolity na wskazanie
specyfiki takich wypadkow. Okreslono jakie cz¢sci ciata czlo-
wieka sa najbardziej narazone na obrazenia oraz cigzkos¢ tych
obrazen. Kierujacy ciggnikiem ulegaja obrazeniom innego typu
niz pozostali uczestnicy wypadku (np. pasazerowie). Kierowcy,
obok obrazen konczyn dolnych i gornych, doznajg obrazen glo-
wy 1 tutowia. W wyniku wypadkow 2/3 poszkodowanych ulega
statemu nieodwracalnemu uszkodzenia ciata. W wigkszosci jest
to 1%-5% stalego uszczerbku na zdrowiu. Zdarzaja si¢ takze
wypadki ze skutkiem $miertelnym.

Stowa kluczowe: ciggnik rolniczy, wypadek, obrazenia.
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