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machine – are suitable as a transport vehicle. In this study, a standard four-wheel-tractor was 
compared with alternative transportation concepts in the area of road haulage to determine the 
conditions under which the test vehicles can optimally exploit their respective strengths.  
The main test parameters were the transport capacity, required time and fuel consumption.
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n According to a new survey, tractor tires perform up to 
30 percent of their service life on road haulage. Therefore, it 
must be questioned under which circumstances tractors (as a 
universal agricultural machine)are suitable as transportation 
vehicles. In this study, a standard four-wheel-tractor is com-
pared with alternative transportation concepts in the area of 
road haulage to determine the conditions under which the test 
vehicles can optimally exploit their respective strengths. The 
main test parameters were the transport capacity, required 
time and fuel consumption.

Today, a multitude of elements cause an abundantly clear 
increase of the transport-volume in the agricultural business. 
A main factor is the reorganization of the agriculture itself and 
the industries up- and downstream. With increasing size of the 
agricultural businesses, the transport-volume as well as the 
average haulage distance is for the most growing, too. Increas-
ing transport-volumes are also a direct result of centralization-
processes in the farming business structure and the closing of 
numerous sugar beet processing plants. Likewise, an increas-
ing demand of biogas substratesis boosting the agricultural 
transport-volume. Keeping these facts in mind, it therefore 
becomes a challenging question, under which circumstances 
a tractor is a suitable transport-vehicle and which situations 
require specialized transport-equipment like an Unimog or 
tractor-trailer.[1]

The perpetual area of conflict between agriculturist and 
transportation is often described using the quotation “An agri-
culturist is forwarding agent against his wishes”. Therefore, it 
is self-explanatory that agricultural transports have often been 
the object of (scientific) investigations. Fröba and Mührel, for 
example, are able to show that in the Federal Republic of Ger-
many as well as in the former DDR 40–50 % of the required 
working-hoursin arable farming, fall in the category of trans-
portation and handling or storing of goods. [2,3] Recent sur-
veysconducted by the German Agricultural Society show, that 
agriculturists estimate the share of road haulage of the tractor 
tire service life to be 30 %. [4] How important the agricultural 
transportation has become can be derived from Figure 1, which 
shows a comparison between the main modes of transport in 
the national commercial transportation.

National transportation in Germany regarding transport-
volumeand transport output (product of volume times distance) 
is dominated by road haulage. Annually, about 3,209 x 109 kg 
are shipped over a 135 Kilometer (km) distance by road haulage. 
That adds up to a total amount of nearly 400 BillionTon-Kilom-
eters (tkm; t = metric ton = 103 kg). Therefore, the Agribusiness 
(428 x 109 kg) comes second in comparison on a quantity ba-
sis, even before rail (341 x 109 kg) and inland water transport 
(235 x 109). Regarding the transport output the agribusiness 
comes in last. In comparison to the other transport types, the 
agribusiness rather comes up with short distances (about 4 km) 
to accomplish the haulage of farm fertilizer or silage. The long-
est distances that have to be bridged in agribusiness appear, 
while carrying the sugar beet crop to the processing plants: On 
average, the transport roadway is 110 km. When weighting the 
roadways by the quantity of shipped goods, the average haul dis-
tanceis 16 km. The resulting transport output of 5 Billion Ton-
Kilometers could be the reason why experts on logistics often 
underestimate the impact of agricultural transportation.
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age. Variant 5 falls under the same category as it combines a 
standard four-wheel-tractor via dolly-axle with a semi-trailer. 
The dolly-axle (Figure 4) is the long missing link between ag-
ricultural motor tractor and semi-trailer, since the dolly can be 
hitched with conventional semi-trailers but can be moved by 
tractor. That enables safe transportation on unhitched rural 
roads. That way, the loaded semi-trailer can be movedto a cen-
tral collecting point by tractor and is picked up by a semi-trailer 
tractor for further transport from there.

Variant 6 and 7 both contain semi-trailer tractors but differ 
in their emission standard and engine output. These semi-trail-
er tractors are both used in road haulage by default (Figure 5)

The semi-trailer tractor used in variant 6, has a power out-
put of 323 kW and is classified in emission standard Euro 5 due 
to its ad-blue technology. It is equipped with 12 automatically 
shiftable gears and current safety standards. The second semi-
trailer tractor that is used for variant 7 was constructed in 2005 
and is equipped with a 335 kW V6-engine, a semiautomatic 
8-gearshift and is Euro 3 classified. An overview on the relevant 
parameter and employed vehicles is shown in Table 1. 

The chosen test track is equal to the average profile of com-
mon German agricultural transportation distances. [8] All-in-
all the circuit length is 36,6 km and can be divided in overland 
and highway sections. The 17,1 km overland section consists of 
1,3 km rural roads, 3 km of cross-town routes, 6,5 km country 
roads and 5 km federal roads, all in different stages of devel-
opment. The altitude difference to be surmounted in the over-
land section is measured with 60m which emerge from up and 
downhill grades in the range of 3–5 %. The highway section 
with a length of 19,5 km consists of two highway segments and 
one segment of multilane federal road. Since only the vehicle 

Material and Methods
The conducted examination included the analysis of seven vehi-
cle configurations. Variant 1 represents classic agricultural lo-
gistics: A standard four-wheel-tractor, mediumpower spectrum 
(140 kW) combined with two 2-axle trailers (triple side-dump 
body, Figure 2). A set of this kind is available at most farms 
and, therefore, is considered as standard variant for the trans-
port examination. 

Variant 2 contains a tractor of a higher power spectrum 
(240 kW). The input rating can be classified between Unimog 
and tractor-trailer. In consequence to its construction, the max-
imum speed is 60 kilometers per hour (kmH). 

Transport Variant 3 is a combination of Unimog and a 
3-axle trailer (triple side-dump body, Figure 3).The provided 
vehicle is a U 500 with an actual power output of 210 kW and 
Euro 5 emission standard. At this point it is necessary to men-
tion, that, in contrast to all the other variants, the gross vehicle 
weight in this configuration is only 38 t instead of 40 t what af-
fects the meaning of the term “maximum payload”. The Unimog 
is licensed as motor tractor in agriculture and forestry and is 
permitted – by directive through public authorities to § 30 of 
the German Road Traffic Licensing Regulations – only a maxi-
mum pay load of 40 % of its gross vehicle weight. Speaking of 
a gross vehicle weight of 15 t, hence, the maximum payload 
is only 6 t. The gross vehicle weight of the already mentioned 
3-axle-trailer is 24 t. With a dead weight of 6,7 t, the payload 
is 17,3 t.  

To compare and contrast the Unimog-Variant to the experi-
mental series of the tractor-trailer-versions, in variant 4 the Un-
imog is combined with a road semi-trailer via dolly. This vehicle 
configuration factors out thelower maximum payload difficulty 
of variant 3 since it is now seen as articulated train and, there-
fore, is permitted a maximum payload of 40 t. 

A vehicle configuration as seen in Variant 4 is building the 
transition between agricultural transport and actual road haul-

Fig. 2

Tractor trailer truck

Fig. 3

Unimog U 500 with 3-axle trailor 

German freight transport volume (own calculations) 

Fig. 1
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configuration variants 3, 6 and 7 provide the required speed, 
these vehicles only use the highway section of the test circuit.

Each vehicle variant is driven three times with three differ-
ent loads (that means 9 times in total) in the circuit by a trained 
and experienced driver. 

The three tested states of loading are “empty”, “partly-
loaded” (12,5 t) and “fully-loaded” (ca. 23 to). The current po-
sition, speed and altitude above sea level of the test vehicles 
are constantly collected during each test run via 12-channel 
DGPS-Receiver.The diesel fuel consumption is determined by 
flow measuring for each section of the test circuit. The applied 
flow measuring device AIC 4008 Veritas (Automotive Informa-
tion &  Control Systems) determines the effective fuel-consump-
tion by leading the return flow in front of the metering box of 
the measuring device, into the inlet flow.

Results
The cumulated lap-times of the overland section are shown 
in Figure 6. Comparing the lap-times of the unloaded to the 
fully loaded trips it becomes obvious that the time difference 
is very small when driving semi-trailer trucks (variant 6, 7) or 
the 240-kW-tractor (variant 2). The gross load weight of 40 t 
in combination with the route altitudes of the chosen circuit 
obviously is not enough of a challenge for the engines to raise 
the lap times explicitly. The fully loaded 240 kW tractor (vari-
ant 2) achieves the same lap-times as the Unimog. The analysis 

Vehicle type overview

Kennwert  
Parameter

Einheit
Unit

Schlepper/Tractor Unimog Sattelzug/Articulated lorry

Variante 1  
 Variant 1

Variante 5  
Variant 5

Variante 2  
 Variant 2

Variante 3 
Variant 3

Variante 4  
Variant 4

Variante 6 
Variant 6

Variante 7  
Variant 7

Nennleistung
Nominal power 

kW/PS 140/190 140/190 >240/>326 210/286 210/286 323/439 320/455

Zuglänge 
Train length

m 18,30 16,55 18,75 15,40 17,50 13,60 13,6

Leergewicht  
Zugmaschine
Unloaded weight 
of tractor

kg 7 185 7 185 10 895 8 115 8 115 7 600 7 900

Leergewicht  
Anhänger 
Unloaded weight 
of tractor

kg 9 536 10 395 9 536 6 700 1 0395 8 595 8 595

Zulässiges  
Gesamtgewicht
Gross vehicle 
weight

kg 40 000 40 000 40 000 38 000 40 000 40 000 40 000

Zuggewicht leer 
Unloaded trailer 
truck

kg 16 721 17 580 20 431 14 700 18 510 16 195 16 495

Max. Zuladung
Max. payload

kg 23 279 22 420 19 569 23 300 21 490 23 805 23 505

Table 1

Fig. 4

Dolly with semi trailer

Fig. 5

Articulated lorry
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of the average speed shows, that modern tractors are, on coun-
try roads, able to compete with semi-trailer trucks, this is due 
to modern gearboxes. Looking at the lap-times (in direct com-
parison of unloaded and fully loaded states) the same picture 
occurs. The variants containing the tractors need 21–27 min-
utes to complete one circuit and are closely outmatched by the 
unimog (18–21 minutes). The best lap-times were achieved 
driving the semi-trailer trucks (17–18 minutes). At a closer 
look, these times result from a higher average speed in built-
up areas. At first, this sounds rather astonishing because the 
tractor variants have actually quite similar dimensions as the 
semi-trailer trucks, but in the end, their acceleration-perform-
ance is not as good. To get statistically verified results when 
looking at the single circuit sections (rural road/built-up areas/
outside of built-up areas/highway) the vehicle variants have to 
be allocated in three groups: tractor, Unimog and semi-trailer 
truck. The results of the performed Anova-Analysis show, that 
the groups have a weak significant influence on the perform-
ance time (p < 0,09) and the average speed in kilometers per 
hour (p < 0,01). Significant, however is the share of the circuit 
section on the average speed (p < 1,27 x 10-6) as a result – for 
example – of a speed limit of 30 km/h in one of the built-up 
areas. Figure 7 shows the measured fuel consumption of each 
vehicle variant in empty and fully loaded status. Taking a closer 
look into the tractor-group, it becomes obvious that while driv-
ing empty, the 140-kW tractor, combined with the dolly-axle 
and the semi-trailer is most fuel-efficient. Compared to the two 

2-axle-trailer variant, the dolly/semi-trailer configuration uses 
47 L fuel and therefore, 1 L less per 100 kilometers. A pos-
sible explanation could be the special (high pressure) tires of 
the semi-trailer, which are optimal equipment for the transport 
business. This finding confirms the research results of Seufert 
[9] who found, that the fuel consumption could vary up to 3 L/h 
when directly comparing low and high-pressure tires. The 243-
kW-tractor has a significant higher fuel consumption, which 
can be traced back to its higher dead weight and the higher 
unloaded weight of the whole vehicle configuration. Even when 
fully loaded, a similar result as in the unloaded state can be 
discovered. The fuel consumption, of course, is located on a 
higher level: On country roads, the 140 kW tractor uses 71 L, 
when combined with two 2-axle trailers and 68 L, when hitched 
with the semi-trailer. The 240-kW-tractor, on the other hand, 
uses 81 L on exactly the same distance. The Unimog combined 
with a 3-axle trailer uses 32 L/100 km when driving empty and 
53 L/km when driving fully loaded which indicates its speciali-
zation as a transport vehicle. The combination of Unimog and 
semi-trailer uses 36 L fuel/100 km when driving empty and 
58 L when running fully loaded. What should be kept in mind 
is the following fact – the semi-trailer variant was allowed a 
maximum gross vehicle weight of 40 t while the Unimog/3-axle 
trailer variant was only allowed 38 t.

The semi-trailer truck 1 shows a fuel consumption of 
29 L/100km while driving empty in the overland section of the 
circuit. The semi-trailer truck 2 uses 34 L/100 km on exactly 

Average lap time at the trip ‘overland drive’ of all test vehicles

Fig.  6
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the same section. The average fuel consumption of semi-trailer 
truck 1 while driving fully loaded (40 t gross vehicle weight) is 
51 L/100 km and 62 L/100 km for semi-trailer truck 2. The dif-
ference in fuel consumption seems to be higher, when driving 
loaded trucks. In this case, the additional fuel-consumption is a 
result of a combination of technique and driving style.

Conclusion
Transport logisticsin farmingincreases its importance due to 
the increasing size of the agricultural businesses. The right 
choice of transportation system depends on different factors. 
These are the accruing amount of goods and their timely distri-
bution as well as the distance of transportation, in the form of 
field-to-farmyard – or farmyard-to-storage building – distance.
The identified fuel-consumptions show, that -regarding only 
road-haulage activity – standard tractorsare no competitorsto 
special transport vehicles. But the fuel consumption is only 
one factor contrasting the transportation concepts. The stand-
ard four-wheel tractor stands out in a direct comparison from 
the other experimental variants, since it can be used economi-
cally for different jobs on the farm and has for field and forest 
conditions necessary off-road capability. In many cases, such 
as the corn harvesting or during the application of fertilizer, 
the transport vehicle must also have a high off-road ability, if 
working with a single-phase process. A separation, in process 
technology for field and road transport, requires an additional 
capital expenditure and thus reduces the relative advantage of 
the transport vehicles. Thinking of such a separation of process 
technologies, it is urgently necessary to calculate the step ac-
curately. Often it is more favorable for the individual farmer to 

use the standard tractor on field and simultaneously as a trans-
port vehicle on the road, to achieve high utilization rates for the 
equipment. But if a separation of the process technologiesis 
actually performed, it can often be used economically only by 
specialized service providers or very large farms, as only then a 
sufficient utilization rate is reached. Alternatively, smaller com-
panies can “source-out”the transportation to specialized agri-
cultural trucking companies or rent appropriate vehicles for the 
harvesting season. 

Since standard tractors are designed for very different ap-
plications, their use in transport logistics onlyaffects the agricul-
tural sector, in which it is mandatory for working, respectively 
driving, on the fields. The lap times on the road with “empty 
runs” have shown that the modern standard tractor is with max-
imum speed of 50 and 60 km/h to the truck, with a speed limit 
on country roads of 60 km/h, not so inferior. For longer trans-
portation, the truck – due to the advantages of 80-kmh-gearing 
and a possibility of using the highway – has a better play off.
The low fuel consumption of the Unimog is comparable with that 
of the truck. It must be noted, however, thatthe Unimogused 
inthe driving testwas equipped with tires that are specialized 
for driving on streets. That had a positive influence on its trans-
port characteristicsand – compared to the AS-profile – led to 
lower fuel consumption. The Unimog is – in this case – due to 
its four-wheel drive although navigating the field, but since it is 
equippedwith tires that are meant to be driven on the street it 
has limited off-road capabilityunder unfavorable weather condi-
tions. Its top speed and handling characteristics are similar to 
those of the truck and yet it can be used in a wider range of ag-
ricultural tasks. The lap times show that the semi-trailer trucks 

Average fuel consumption per 100 km of all test vehicles

Fig. 7

0

10

20

30

40

50

60

70

80

90

Va
ria
nt
e 1

/

Va
ria
nt
1

Va
ria
nt
e 5

/

Va
ria
nt
5

Va
ria
nt
e 2

/

Va
ria
nt
2

Va
ria
nt
e 3

/

Va
ria
nt
3

Va
ria
nt
e 4

/

Va
ria
nt
4

Va
ria
nt
e 6

/

Va
ria
nt
6

Va
ria
nt
e 7

/

Va
ria
nt
7

M
it
tl
er
er

Kr
af
ts
to
ff
ve

rb
ra
uc
h
/

av
er
ag

e
fu
el
co
ns
um

pt
io
n

[l
/1
00

km
]

ohne Zuladung / no playload maximale Zuladung / max. payload



386

5.2011 | landtechnik

tractors

could play off their strengths under full load and – due to their 
high performance engine – cancover long ascending slopes at 
maximum speed.The lap times are another important indicator 
for the selection of the right transport system. It should be noted 
also, that -to ensure a flowing transport chain during the harvest 
– transport units with a similar loading-capacity are chosen.

For long-haul operations, the truck is, due to its high aver-
age speed, the most appropriate vehicle because it is faster in 
normal traffic conditions. Therefore, it is very important espe-
cially for trucks to achieve a very high mileage per year. 

For tractors, the required annual utilization in many cases 
is not achieved through transport. For a more detailed calcu-
lation the exact requirements of the tractor have to be taken 
into account in order to evaluate the transport via tractor more 
accurately. Regardless of the chosen transport vehicle in the 
future – as in commercial road haulage – even in the field of 
agricultural transport,appropriate return-loads will be a must 
when driving distances of 60–80 km to reduce the number of 
empty-runs.

Therefore, the formation of regional and supra-regional ag-
ricultural networks isa necessary step to transport the accruing 
quantities, tobetter organize and use thevehicles at full capac-
ity. Further studies with extended data base and data density 
are focused on the determination of a regression equation to 
estimate the fuel requirements and the transport time in line 
with regional and company characteristics. This database will 
include a traffic count at several sections of the circuit, as well 
as vehicle-specific drag-curves for evaluating the trafficability 
of bottlenecks and country lanes.
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