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Abstract 

Since the beginning of times the forest is a most prized possession for the survival of Mankind, the origin 

of the trees that provide oxygen and the animals and plants that provide the supplement. The main 

threat to this valuable asset is fire that brings destruction and extinction, and hence the reduction of the 

benefits that can be delivered by the forest to civilization. 

With the increasing difficulty of fighting forest fires comes the need to optimize the accessibility of 

vehicles, thus making the fire-fighting more efficient and ensuring the safety of the human combatant. 

This project is based on this premise and is intended to optimize the accessibility to fire. This optimization 

will be based on the integration of alternative vehicle-soil interface systems having superior mobility 

capabilities in unprepared terrain, compared to the current system. 

The comparative study exposed here exalts the advantages of multiple interfaces, analysing which has 

superior mobility, and shows the interpretation of the results directed to a conclusion intended to real 

life purposes. Key variables presented in the study that characterize mobility are: sinking, forces at the 

interface and movement resistance. The quantification of the variables is presented, for comparative 

purposes, by analytical methods found in the literature and shows the superiority of the alternatives that 

present wide areas of contact with the soil decreasing the ground pressure and optimizing the mobility 

of such vehicles in unprepared terrains. 

It follows from this project, the need to study alternatives in order to optimize the accessibility of 

emergency vehicles, also the superiority of track’s mobility in non-prepared terrain is quantified related 

to the drawbar force, compared to the current vehicle-soil interface systems. 

1. Introduction 

The search of new and improved forms of transportation is one of the goals since the vehicle was 

invented. With this comes the search to improve the locomotion over all categories of terrain, being 

unprepared terrain one that has been subjected to all kinds of inventions. One of the major ones was 

the track which allowed to bring a more smoothing ride and an improved mobility to all sorts of vehicles. 

Whether it was considered military mission or farming the advantages of this technology were vast, 

mostly due to its reduced ground pressure derived from its wide contact area, this consequently aids in 

reducing the motion resistance and the sinkage intrinsic to the locomotion over unprepared terrain. 
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A track is developed according to the theory imbedded in a chain or a belt drive. It integrates two 

sprockets – the driving and the driven (sole purpose of tensioning track). The sprockets are linked with 

a rubber track, most efficient, that has its rotational movement transmitted from the driving sprocket. In 

addition, it can also integrate bogey wheels that will assist in the contact of the track with the ground, 

this allows the contact between the track and ground to be more efficient due to the increase of contact 

area and uniformization of ground pressure, as seen in Figure 1. 

 

Figure 1 - Distribution of ground pressure for several tracked vehicles [1] 

The characterization of mobility has some major parameter to be accounted for, some of which are: 

sinkage, defined as the height that the interface of a vehicle must surpass in order to take up movement; 

motion resistance, which is correlated to the sinkage of a vehicle; and the forces that interact in the 

vehicle-soil interface being the most relevant the drawbar force that is defined as the necessary tractive 

force for a vehicle to be able to tow its own weight [1, 2, 3]. 

The comparative study presented here is intended to evaluate the advantages of alternative methods 

of locomotion in order to improve the accessibility of fire-fighting vehicles making the fight more efficient. 

The methods of interface considered are the wheel, which is the currently used technology, and the 

track. It is clear that the first shows better performance over prepared terrain due to the superior 

resistances seen caused by superior friction over the contact area in the track-soil interface. On the 

other hand, the latter has better performance over unprepared terrains. The complementary aim of this 

project is to find a technology that represents the intermediate solution between the two technologies of 

interface, the track and the wheel. 

The comparative study is based on analytical theories that can quantify the performance of one vehicle 

under pre-defined circumstances, as exposed further in this paper and can draw accurate conclusions 

about the best choice between the two alternatives in study, in terms of its mobility and speeds, 

dependant of the tractive forces it can reach, depending on the terrain considered for the locomotion. 

2. System to study 

2.1. Vehicle and mission [4, 6, 7] 

For the study to be precise certain assumptions need to be taken into account, one of which is the 

definition of the vehicle and its mission. Since the situation to be considered is the fight of forest fires 
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one can correctly assume that the comparative study can be based on a model car that participates in 

such fight. With this in consideration the vehicle taken into consideration is one that is part of the myriad 

of fleets of fire-trucks all over the country, MAN TGM 13290 [7]. The main characteristics of the vehicle 

can be found in the given bibliography [6], being the most relevant for the study presented here, where 

some values are taken directly from the bibliography and other (for the track) and supposed from the 

information taken from the bibliography. 

Table 1 – Characteristics of vehicle used for the comparative study 

𝑊 = 𝑊𝑣𝑒ℎ𝑖𝑐𝑙𝑒 + 𝑊𝑤𝑎𝑡𝑒𝑟 = 156960 𝑁 𝑃𝑜𝑡 =  213 𝑘𝑊 (𝑛 = 2300 𝑟𝑝𝑚) 

Wheel: 295/80 R22.5  ⟶  𝐷 = 1,0435 𝑚 𝑀 = 1150 𝑁. 𝑚 (𝑛 = 1200 − 1750 𝑟𝑝𝑚) 

𝑙𝑡𝑟𝑎𝑐𝑘 = 3,6 𝑚 𝑙𝑤ℎ𝑒𝑒𝑙 = 0,203322 𝑚 𝑖𝑡 = [10,37 − 0,81] 𝑖𝑑 = 5,07 

𝑏𝑡𝑖 = 0,295 𝑚 𝑛3 = [43,7463 − 560,06] 𝑟𝑝𝑚 (maximum power) 

𝐴𝑡𝑟𝑎𝑐𝑘 = 1,062 𝑚2 𝐴𝑤ℎ𝑒𝑒𝑙 = 0,12 𝑚2 𝑛3 = [33,29 − 426,13] 𝑟𝑝𝑚 (maximum torque) 
 

Where 𝑊 is the total weight of the vehicle plus its tank, this translates in the load applied to the interface; 

𝐷is the primitive diameter calculated from the wheel dimensions; 𝑙 is the contact length; 𝑏𝑡𝑖 is the contact 

width; 𝐴 is the contact area; 𝑃𝑜𝑡 and 𝑀 is the power output and binary from the engine respectively; 𝑖𝑡 

e 𝑖𝑑 are the gear ratios of the transmission and the differential respectively; 𝑛 is the rotation speed 

transmitted to the interface. 

The mission that the vehicle adopts is also an important matter to be defined. Considering it to be a fire-

fighting vehicle, the most common soil it will step will be unprepared terrain, which can be defined as 

terrains with low adhesion and traction, mostly due to its characterizing low friction that can affect the 

performance of a normal vehicle throughout. This choice was based on the bibliography related to the 

history of fire incidents in Portugal [4] saying the majority of fires happens in forests. 

2.2. Vehicle-soil interface 

For the comparative study, there is the need to account for some parameters that define the mobility of 

a vehicle passing over a certain terrain. The characterization of a terrain comes from the theory Bekker 

developed with the help of the cone penetrometer and is based on the quantification of the cone index 

where the interface in contact with the terrain is assumed to be similar to a rigid footing and its centre of 

gravity is located at the midpoint of the contact area, also ground pressure is assumed uniform. Being 

the interface simulated with a horizontal plate, it will have two directions where forces are applied: the 

vertical (equation 1), based on the pressure-sinkage relation; and the horizontal (equation 2), based on 

the shear stress-shear displacement relation. Based on this some parameter were possible to define for 

a panoply of soils [1, 2, 3]. 

 
𝑝 = (

𝑘𝑐

𝑏
+ 𝑘𝜙) ∗ 𝑧0

𝑛 
(1) 

 𝜏𝑚𝑎𝑥 = 𝑐 + 𝑝 ∗ tan 𝜙 (2) 
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Where 𝑝 stands for contact pressure; 𝑧0 stands for sinkage; 𝜏𝑚𝑎𝑥 stands for shear stress; 𝑏 is the 

characteristic dimension of the plate that simulates the interface; and 𝑘𝑐, 𝑘𝜙, 𝑐, 𝑛 and 𝜙 are soil 

parameters that can be found in Figure 3. 

 

Figure 2 – Tool used for cone penetrometer test and simplified model of tracked vehicle considered [1, 3] 

 

Figure 3 – Values characterizing type of soil according to Bekker’s theory [1] 

3. Quantification of mobility 

3.1. Quantification of tractive effort [1, 2, 3] 

For the quantification of performance of a vehicle over unprepared terrain, some parameter need to be 

accounted for, being these taken from different theories found in the bibliography. 

Developing from the above relationships one can determine the motion resistance 𝑅𝑐 which is directly 

correlated with sinkage 𝑧0, this parameter comes from the quantification of work done in compacting the 

terrain to a depth equal in value to the sinkage, done on a contact area with uniform ground pressure 

and compaction made for a length in the horizontal direction 𝑙. 

The tractive effort, can now be determined and mobility can therefore be quantified, taking into account 

the assumption that the normal pressure on the interface is uniformly distributed and the shear stress-

shear displacement relationship is: 
𝑠

𝑠𝑚𝑎𝑥
= 1 − 𝑒−𝑗/𝐾, where 𝐾 is the shear deformation parameter and 
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can be defined as a measure of the magnitude of the shear displacement required for the development 

of maximum shear stress and 𝑗 is the shear displacement. 

In an equal manner, one can apply this methodology when the interface is represented by a wheel, since 

the theories are similar, being the only differences in term of formulation of the expression due to the 

differences in dimensional characteristics.  

A pneumatic tyre with a given load applied to it, may be able to behave either as a rigid wheel or as a 

flexible wheel, situation where it has a tendency to deflect significantly. This phenomenon can be 

predicted by simple calculations, developed by Bekker and Wong, and comparison between the actual 

ground pressure 𝑝𝑔 and the critical ground pressure 𝑝𝑔 𝑐𝑟, these parameters are dependant of the rigidity 

of the tyre and terrain conditions. Above this critical inflation pressure the tyre shall behave as a rigid 

wheel, whilst below this critical pressure the tyre shall behave as a flexible wheel. For this study case 

the wheel has a rigid behaviour considering all the unprepared terrains in Figure 3. 

 

𝑝𝑔 =
𝑊

𝐴
 

𝑝𝑔 𝑐𝑟 = [
𝑘𝑐

𝑏
+ 𝑘𝜙]

1/(2𝑛+1)

∗ [
3𝑊

(3 − 𝑛) ∗ 𝑏𝑡𝑖 ∗ √𝐷
]

2𝑛
2𝑛+1

 

(3) 

 

(4) 

Figure 4 - Behaviour of a tyre in the rigid and flexible operating modes [3] 

From here one can proceed to the determination of the mobility for the two vehicle-soil interfaces by 

applying the above formulas that quantify sinkage 𝑧0 motion resistance 𝑅𝑐 and tractive effort 𝐹𝑖. The 

conclusion that come out of this quantification can correlate with conclusions about mobility over 

unprepared terrains for the interfaces considered. 

Table 2 – Formulation of parameters that quantify mobility [1] 

Track Wheel 

𝑧0 =
𝑝

𝑘𝑐
𝑏

+𝑘𝜙

1/𝑛
 (5) 𝑧0 =

𝑝𝑔
𝑘𝑐
𝑏

+𝑘𝜙

1/𝑛
 (7) 

𝑅𝑐 =
𝑏𝑙

𝑙∗(𝑛+1)∗(
𝑘𝑐
𝑏

+𝑘𝜙)1/𝑛
∗ (

𝑊

𝑏𝑙
)(𝑛+1)/𝑛 (6) 𝑅𝑐 = 𝑏𝑡𝑖 ∗ [(

𝑘𝑐

𝑏
+ 𝑘𝜙) ∗

𝑧0
𝑛+1

𝑛+1
] (8) 

𝐹 = (𝐴𝑐 + 𝑊 tan 𝜙) ∗ [1 −
𝐾

𝑔𝑙
(1 − 𝑒−

𝑔𝑙

𝐾 )] (9) 

 

3.2. Quantification of drawbar performance [1, 2, 3] 

Another methodology that can predict and compare performance of different interfaces of an off-road 

vehicle is the ability to overcome motion resistance or to develop drawbar force 𝐹𝑑. The major forces 

acting in the interface vehicle-soil are presented below and include the aerodynamical resistance 𝑅𝑎 

and the thrust 𝐹𝑖 as the most relevant. With this in mind an analytical method for prediction of mobility 

was developed based on the drawbar performance of a vehicle considering different interfaces and the 

unprepared terrains presented in Figure 3. 
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Figure 5 - External forces acting on a tracked vehicle [2] 

The equation of motion according to these methods can be formulated and from that derives the 

quantification of drawbar force 𝐹𝑑, which can give the traction efficiency 𝜇𝑑𝑜 and traction coefficient 𝜇𝑡𝑟, 

two dimensionless parameters that compare mobility of different interfaces. The drawbar is defined as 

the net force available at the drawbar hitch which is the same as stating the drawbar force is the 

necessary value of force that enables the towing of a vehicle with the same dimensional characteristics 

as the one to be studied. Where 𝑀𝑐ℎ𝑎𝑖𝑛 is the binary at the interface, 𝜌 is the volumetric density, 𝐶𝐷 is 

the drag coefficient, 𝐴𝑓 is the frontal area of the vehicle and 𝑣 is the speed of the vehicle. 

 
𝐹𝑑 = 𝐹𝑖 − ∑ 𝑅 ⇔ 𝐹𝑑 = 𝐹𝑖 − 𝑅𝑎 − 𝑅𝑐 = (

𝑀𝑐ℎ𝑎𝑖𝑛𝜂𝑡

𝐷/2
) − (

1

2
∗ 𝜌 ∗ 𝐶𝐷 ∗ 𝐴𝑓 ∗ 𝑣2) − 𝑅𝑐 

(10) 

The characterization of the efficiency of a vehicle in converting engine power to the power available at 

the drawbar that will perform the productive work is represented by the below. Where 𝑃𝑜𝑡𝑑 is the drawbar 

power and 𝑃𝑜𝑡𝑒 is the engine power. 

𝜇𝑑𝑜 =
𝑃𝑜𝑡𝑑

𝑃𝑜𝑡𝑒

 
(11) 

𝜇𝑡𝑟 =
𝐹𝑑

𝑊
=

𝐹𝑖 − ∑ 𝑅

𝑊
 

(12) 

 

3.3. Quantification of plastic equilibrium force [3] 

Last but not least, the theory of plastic equilibrium can give the maximum force that can be applied in 

the interface (to the soil) in order for a vehicle to take movement. This parameter considers the situation 

when the vehicular load applied to the terrain surface exceeds a certain limit which is when the stress 

level within a certain boundary of the terrain may reach a state that initiates the plastic flow of the soil. 

The state that precedes the one exposed is considered plastic equilibrium and the transition between 

the two states represents the failure of the terrain material. These methodology bases itself on the 

criterion of Mohr-Coulomb, from here comes the formula that quantifies the force of plastic equilibrium 

𝐹𝑚𝑎𝑥. The quantification is dependent upon the parameters related with soil surface tensions, the soil 

cohesion 𝑐 and the angle of internal resistance  𝜙. 

 

𝐹𝑚𝑎𝑥 = 𝑐 ∗ 𝐴 + 𝑊 ∗ tan 𝜙 (13) 

Figure 6 - Shearing action of a track and a wheel [1] 
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4. Developed work 

The work developed throughout this project lead to the quantification of mobility, specifically to the 

determination of certain parameters that are aimed to compare the capacity of a vehicle to perform in a 

given soil. The consideration for this comparative study was unprepared terrain as justified previously 

and the quantification of mobility was divided in three stages with different methodologies. This was 

aiming to have more than a single form of comparison of mobility, making it possible to draw conclusions 

in a more supported way. The methodologies were applied according to the order exposed in chapter 3 

and for the myriad of soils presented in Figure 3, they were based on the parameters that were 

considered to be the most relevant: contact area, motion resistance and drawbar force. 

Table 3 - Values of sinkage 𝑧0, motion resistance 𝑅𝑐 and tractive force 𝐹 for the various vehicle-soil interfaces 

 

Table 4 - Values of drawbar force 𝐹𝑑, traction efficiency 𝜇𝑑𝑜 and traction coefficient 𝜇𝑡𝑟 for various vehicle-soil interfaces 

 

  

z0 (track) 

[m]

z0 (wheel) 

[m]

z0 (half-

track) [m]

Rc (track) 

[kN]

Rc 

(wheel) 

[kN]

Rc (half-

track) [kN]

F (track) 

[kN]

F 

(wheel) 

[kN]

F (half-

track) [kN]

Areia seca (1) 6,355E-02 4,393E-01 1,409E-01 0,6597 38,2865 1,5833

Areia argilosa 

(LLL)
(2) 1,314E-02 2,836E-01 4,591E-02 0,1686 31,3927 0,4045

Argila pesada 

(WES)
(3) 5,359E-11 5,904E-02 4,506E-08 1,0339E-09 17,2688 2,4815E-09

Argila magra 

(WES)
(4) 1,232E-07 6,942E-02 9,810E-06 2,2381E-06 18,0738 5,3714E-06

Areia LETE (5) 4,133E-03 1,143E-01 1,252E-02 0,0503 19,6960 0,1208 47,9581 34,6603 46,1125

Areia argilosa 

(Terras altas)
(6) 4,335E-02 3,280E-01 9,609E-02 0,4501 33,0835 1,0802 48,6342 10,0177 37,7844

Areia argilosa 

(Rubicon)
(7) 2,839E-02 4,781E-01 1,070E-01 0,3729 41,0256 0,8949 46,0921 16,5995 40,2210

Areia argilosa 

(North Gower)
(8) 7,568E-03 1,888E-01 2,511E-02 0,0954 25,4985 0,2289 42,9169 13,6771 35,7073

Argila 

(Grenville)
(9) 1,312E-02 1,666E-01 3,123E-02 0,1423 23,5162 0,3416 45,6922 17,4935 40,4530

Neve (EUA) (10) 4,619E-01 1,444E+00 7,983E-01 3,8725 76,0766 9,2941 33,2947 18,8126 31,5372

Fd (track) 

[kN]

Fd 

(wheel) 

[kN]

Fd (half-

track) [kN]

traction 

efficiency 

(track)

traction 

efficiency 

(wheel)

traction 

efficiency 

(half-track)

traction 

coefficient 

(track)

traction 

coefficient 

(wheel)

traction 

coefficient 

(half-track)

Areia seca (1) 10,1442 -27,4826 9,2206 0,8871 -2,4033 0,8063 0,1293 -0,3502 0,1293

Areia argilosa 

(LLL)
(2) 10,6354 -20,5888 10,3994 0,9300 -1,8004 0,9094 0,1355 -0,2623 0,1355

Argila pesada 

(WES)
(3) 10,8039 -6,4649 10,8039 0,9448 -0,5653 0,9448 0,1377 -0,0824 0,1377

Argila magra 

(WES)
(4) 10,8039 -7,2699 10,8039 0,9448 -0,6357 0,9448 0,1377 -0,0926 0,1377

Areia LETE (5) 10,7536 -8,8921 10,6831 0,9404 -0,7776 0,9342 0,1370 -0,1133 0,1370

Areia argilosa 

(Terras altas)
(6) 10,3539 -22,2796 9,7238 0,9054 -1,9483 0,8503 0,1319 -0,2839 0,1319

Areia argilosa 

(Rubicon)
(7) 10,4311 -30,2217 9,9090 0,9122 -2,6428 0,8665 0,1329 -0,3851 0,1329

Areia argilosa 

(North Gower)
(8) 10,7086 -14,6946 10,5750 0,9364 -1,2850 0,9248 0,1364 -0,1872 0,1364

Argila 

(Grenville)
(9) 10,6616 -12,7122 10,4623 0,9323 -1,1116 0,9149 0,1359 -0,1620 0,1359

Neve (EUA) (10) 6,9314 -65,2727 1,5098 0,6061 -5,7079 0,1320 0,0883 -0,8317 0,0883
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Table 5 - Values of plastic equilibrium force for various vehicle-soil interfaces 

 

Making a thorough analysis of the results one can ascertain that the track is indeed a much-suited 

decision to consider for locomotion over unprepared terrain, which is the most important part of the 

journey that a fire-truck takes according to the bibliography. Furthermore, one can see that the proposed 

alternative (half-track) goes according to expectations since its mobility is quantified with values that go 

in between the ones presented for the other interface technologies. 

The values of sinkage and motion resistance, and in consequence of tractive force, are all aligned with 

the premise here exposed that the wheel is the poorest of the technologies taking into account the 

mission here considered. Also, the drawbar force shows a lack of tractive abilities when considered the 

wheel as interface, this is shown by the negative values presented in the table above. The negative 

drawbar values are of extreme relevance as it means that the system will not be able to maintain the 

desired speed for the considered terrains, on the contrary if it passed from prepared terrain at 80 km/h 

to unprepared terrain, it would suffer deacceleration according to its negative value of drawbar. 

4.1. Presentation of alternative 

After a careful analysis of the results presented here one can assume some interpretations. Having 

been proven the superior mobility of the interface composed by tracks has been proven for unprepared 

terrain and that the most relevant parameter to be considered is the contact area of the interface, one 

can try to find an alternative system to be mounted in the emergency vehicles considered for this study. 

First of all, consider the process of building a fire-truck [10], it begins with the acquisition of a chassis 

from a company working in the sector (Jacinto) and the modular completion of it with the addition of 

components relevant to fire-fighting to the chassis. The proposition here made is for the company to buy 

an alternative chassis, the Volvo FMX chassis, with a tandem axle for the following reasons [5]. 

A tandem axle is an axle between the front and rear axle that enables a vertical motion. This would 

make possible the variation of the contact area of the interface vehicle-soil and bring the benefits studied 

above in the thesis. Moreover, if one was to integrate a track between the tandem and rear axles it 

would be possible to alternate the contact area of the system’s interface between one similar to the four 

Fmax 

[kN] 

(track)

Fmax 

[kN] 

(wheel)

Fmax [kN] 

(half-track)

Areia seca (1) 42,8330 41,8533 42,2511
Areia argilosa 

(LLL)
(2) 45,3288 43,7085 44,3664

Argila pesada 

(WES)
(3) 126,1603 61,2067 87,5814

Argila magra 

(WES)
(4) 101,7893 36,8356 63,2104

Areia LETE (5) 48,7228 47,4981 47,9954
Areia argilosa 

(Terras altas)
(6) 55,8443 52,7355 53,9978

Areia argilosa 

(Rubicon)
(7) 48,8753 45,3898 46,8051

Areia argilosa 

(North Gower)
(8) 45,7781 40,0316 42,3650

Argila 

(Grenville)
(9) 48,2381 45,3178 46,5036

Neve (EUA) (10) 34,2950 33,7109 33,9481
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wheels’ interface system and one similar to the half-track interface system. As shown in the graphs and 

tables above the half-track system would have a mobility superior to the system used nowadays (the 

wheel) and the fire-truck would benefit from it since it would be able to reach higher velocities over 

unprepared terrains as the quantification shows. 

An alternative design is shown below, focusing on the idea of variable contact area, since it was proved 

to be the most relevant parameter for mobility over an unprepared terrain. 

 

Figure 7 – Alternative interface system modelled by author in SolidWorks 

 

Figure 8 – Alternative interface system modelled by author in SolidWorks 

5. Conclusion 

The search for knowledge on this subject took to the conclusion that, in order to properly define and 

quantify the mobility of a certain vehicle, one must study the parameters that characterize the terrain 

over which the vehicle shall move and the parameters that quantify such mobility. The theories that 

relate these two are presented in this paper. Therefore, the most relevant parameter that participate on 

the comparative study here exposed are: sinkage, motion resistance, drawbar performance (drawbar 

force) and the parameters that define a certain soil shown in figure 3 of this paper. 

The comparative study focused mostly on the tractive forces present in the vehicle-soil interface when 

over unprepared terrain, taking into consideration the two most relevant technologies, wheel and track. 

The results that came out of the calculations gave significant advantage to the track which means that 

the best technology for the job (forest fire’s fighting), in terms of interface, is the track and not the 

currently used wheel. The study did not make focus on the locomotion over prepared terrain (roads) due 

to the clear advantage of the wheel and the fact that this type of terrain is not the widespread part of the 

journey that the fire truck takes. 
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The parameter that supports the superiority of the track more relevantly is the drawbar force which is 

indicative that this interface is able to achieve better performance over unprepared terrain since it is this 

force that allows the movement of the vehicle over the soil. 

The application of these methodologies to a technology that one reckons to be the intermediate between 

the wheel and the track, or the equilibrium, led to the conclusion that the half-track represents, in fact, 

an equilibrium between the track and wheel. The results presented here show that this technology 

presents better results in terms of mobility over unprepared terrains than the currently used system, the 

wheel, and therefore is an alternative to be taken into consideration on the project of fire fighting vehicle. 

The conclusions taken from this study can lead to different interpretations all based on the quantification 

shown here of the superiority of a vehicle with an interface vehicle-soil constituted by tracks. In a 

nutshell, the presented alternative is only the interpretation of the author to the results exposed and is 

based on the authors knowledge of the subject and should be only seen as a proposal for an alternative 

of the current system. 

6. Future developments 

The development of this project must be followed by a more complete study of the alternative, one that 

must include experimentation and prototyping. Moreover, it is of the utmost importance to study the 

mechanical systems around the alternative, specifically the structural and dynamic study that may 

approve its fabrication. 

In accordance to this an impact study should also be conducted, taking into consideration the 

economical differences between the alternatives here mentioned. The study of costs should integrate 

the maintenance cost and the fabrication costs of the alternative interface bearing in mind that the 

alternative presented considers minimal changes to the building process used by Jacinto for the fire-

trucks used nowadays. 

7. Bibliography 

[1] Wong, J. Y. Theory of Ground Vehicles. John Wiley & Sons, Inc, Third Edition 2001. 0-471-35461-9 

[2] Wong, J. Y. Terramechanics and off-road vehicle engineering: terrain behaviour, vehicle design and 

performance. Butterworth-Heinemann, 2nd edition 2010. 978-0-7506-8561-0 

[3] Mastinu, Giammpiero e Ploechl, Manfred. Road and off-road vehicle system dynamics handbook. 

CRC Press 2014. 9780849333224  

[4] [Online] www.icnf.pt/portal/florestas/dfci/relat/rel-if. [November 2015] 

[5] Volvo. [online] http://www.volvotrucks.com/trucks/portugal-market/pt-pt/trucks/VOLVO-

FMX/Key-features/Pages/tandem-axle-lift.aspx. [January 2016] 

[6] TGM Technical information, MAN Automotive Imports Pty Ld 

[7] Jacinto. [online] https://www.youtube.com/watch?v=haW6JrngipI. [January 2016] 

https://www.youtube.com/watch?v=haW6JrngipI

