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THE CHOICE OF THE CONTRACTOR IN FOREST ENGINEERING

The paper considers the choice of the most favourable contractor for construction of
the investment structures in forest engineering. The choice of the contractor is a very im-
portant decision for the company assigned with the forest management, which is an inves-
tor, because the companies business always entails very limited financial resources, so the
choice is paid special attention, and the path to the optimal solution is analyzed in detail.

The issue of the choice of contractor is solved by the application of the multicriterion
optimization. The investor defines the general and special contractor evaluation criteria and
the limiting factors of the choice and then the mathematical model is formed and the prob-
lem is solved with the analysis of the obtained solution.
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Buoip miapsaaHuKa 1Jisl JTiCOIHKEHEPHOro OyIiBHULTBA

PosrnsiHyTo BUOip OomTHManibHOTO MiAPSATHUKA A7 OyHIBHMIITBA JIICOIHXKEHEPHUX
CIIOPYJI, IO € HAWBAXKJIMBIIIMM PIIICHHSIM ISl 1HBECTHIIMHOI KommaHii. [lpomy mpui-
JsI€TBCSL 0COOIMBA yBara TOMy, IO IHBECTHLIWHI KOMIaHii, SIK MpaBUI0, oOMexeHi B ¢i-
HAHCOBHX PeCypcax.

[IpoGnema BuOOpY MIAPATHUKY BUPIIIYETHCS LUISIXOM O0araTOKpUTEPIaabHOI ONTUMI-
3amii. [HBecTOp BU3HAUa€ 3arajbHi 1 CeiabHI KpUTEPil OIIHKK MIAPSIHUKA Ta 0OMEKEH-
HsI ONTUMI3aIli1l, TOTiM GOopMy€e MaTEMaTUYHY MOJIEh 1 BUPIIIY€E MPoOIeMy IUIIXOM aHaTi-
3y OJIepP’KaHOTO Pe3ybTary.

1. Introduction

In the environment of the transitional economy, the companies in the forest
engineering in Serbia, are shifting from the directed planning and command eco-
nomy, to the indicative and planning and market economy. One of the aspects of
the transition process in the forest engineering is the privatization of all the busi-
ness, so called "services in forest engineering" referring to the felling of the trees
and production of timber products, transport of timber and design and construction
of the investment structures. The construction of the investment structure in forest
engineering is preceded by the choice of the contractor building the primary and
secondary forest roads, bridges, culverts and other structures in the forest. Even
though the said investment structures have the prominent social and economic im-
portance, for which they should be supported by the state, the companies in the fo-
rest engineering are most frequently the independent investors. From the point of
view of the forest engineering company as of an investor, the investment structures
in forest engineering are characterized by the relatively large quantity and extent,
significant labor, machinery, and financial resources engagement, limited construc-
tion deadlines, and the location is always in difficult and inaccessible terrain requi-
ring a particular engagement in preparation of the construction site.
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A forest engineering company, as an investor, regularly faces the problem of
the optimum choice of the most favourable contractor for construction of the in-
vestment structure. The problem of choice is very complex, because in building of the
investment objects, there may be one or more contractors which could build the entire
investment structure, one of its parts or could take part only in one phase of the
construction, Apart from that, in participation in the tender, the contractors may offer
one or several variant solutions, and they can hire the specialized subcontractors.

The problem of the choice of contractor is solved by using the multicriteri-
on optimization methodology, for the criteria set in advance, such as: the minimum
building construction costs, with real time of building construction and the attain-
ment of the required quality.

2. Criteria for the choice of contractor

The criteria for choice of contractor are made by the investor. In respect to
the criteria, all the offers of the contractor are evaluated and analyzed where the
choice of the most favorable offer is made. The applied criteria may have the quan-
titative values or qualitative characteristics. To each of the criteria, depending on
its nature, a difficulty coefficient is assigned which expresses the degree of impor-
tance of the certain criteria, where some of the criteria require attainment of the
maximum and other, minimum values.

The offers of the potential contractors participating in the tender for the
construction of the structure are the alternatives of the multicriterion decision mo-
del. The same contractor may offer one or more variants of the investment structu-
re construction project. Each of the offered variants for the construction of the
structure have certain specifics in respect to the remaining variants in terms of the
criteria for the choice of the contractor and for each variant the values of each cri-
terion are separately determined.

The potential contractors are valued on the basis of the defined criteria,
which may be:

® General criteria, related to the concretely considered enterprise, and
® Special criteria, related to the concretely considered project.

2.1. General criteria for the evaluation of the contractor
The general criteria for the evaluation of the contractor are the general cha-
racteristics of an enterprise, which are defined by the investor itself. The general

criteria can be defined as follows.:
e Strength of the contractor enterprise,
Its presence on the foreign market,
Available equipment,
Existence of the specialized teams for certain works,
Possession of the required specialized facilities and their quality (for concrete, re-
inforcement, form, etc.), and
Status of the enterprise.
Strength of the contractor enterprise is measured by the number of employees:
Mini enterprises, up to 100 workers,
Small enterprises, from 100 to 500 workers,
Medium enterprises, from 500 to 1500 workers, and
Large enterprises, over 1500 workers.
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The value of the criterion is expressed by the total number of workers in
the enterprise.

Presence on the foreign market, is a criterion of an earlier successfulness
of the enterprise, which comprises that the job was obtained at an international
auction. The evaluation of this criterion is done according to the number of appe-
arances on the foreign market.

Available equipment for the execution of the planned works on an in-
vestment object is a very important criterion. The value of this criterion is done by
the type, number, power and capacity of the equipment of the enterprise.

Existing specialized team for certain works, are an advantage of the en-
terprise because it is not dependable upon the subcontractors. The evaluation of
this criterion is measured by the existence of the specialized teams for the executi-
on of the certain number of activities with its own labour or the subcontractors.

Possession of the required specialized facilities, is a significant asset for a
contractor. Possession of such facilities makes the potential contractor independent
from other enterprise which would participate as a subcontractor. The evaluation of
this criterion is done according to the capacity of the required facilities for the
completion of an investment object.

Status of the enterprise is used for the evaluation of the enterprise in its enti-
rety. The evaluation of the material and financial status, strategy and business policy,
and the perspectives of the development of the enterprise. The evaluation of this crite-
rion is done based on the: liabilities, break-even analysis, liquidating capacity, etc.

2.2. Special criteria for the evaluation of the contractor

The general criteria determined the characteristics of the enterprises, the
special criteria determine the characteristics of the concrete investment object.
Such as: the price of the object construction, deadline of the construction, the refe-
rences of the contractors from the similar objects, distance from the working facili-
ties to the construction site and whether the enterprise has the resources for the
completion of the object.

The cost of the object construction is the basic element of the offer for the
construction of an investment object. The value of this criterion is expressed in
dollars or euros...

The deadline of the construction is another very important element of the
offer. When evaluating this criterion, it is necessary to take into account the quality
of the completed works and their testing during construction, as well as after the
object has been constructed. The Evaluation of this criterion is expressed by the
number of days spent in the construction of an object.

The references of the contractor from the similar objects is an important
criterion while choosing the most favourable contractor of an investment object. The
enterprise which built the same or similar objects has the required experience. That
experience 1s indispensable in the construction of an object, and it is reflected in the
prediction of the possible problems met in the project realization phase. The referen-
ces of the contractor from the construction of the similar objects reassures the inves-
tor that the contractor will successfully complete the job. The value of this criterion
1s expressed by the number of previously completed objects (same and similar).
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The distance from the working facilities to the construction site greatly
affects the organization of the object construction. The smaller the distance betwe-
en the facilities and the construction site the more favourable the solution of the
production in these facilities is. That is particularly the truth for the coordination of
the production in the facilities and the dynamics of the object construction. The
proximity of the working facilities facilitates the construction with small, or witho-
ut any stockpiles at the construction site, as well as the minimal transport costs of
the prefab materials from the working facilities. All of that significantly affects the
decrease of the costs of an investment object construction. The value of this criteri-
on is expressed by the distance from the working facilities to the object, in metres.

The resources for the completion of the object (1abour, equipment, gear)
are very important for the successful completion of the object, but one should con-
sider the available resources, and not the total resources of the enterprise. The val-
ue of this criterion is expressed by the number of certain resources.

2.3. The choice of the contractor

After the collection of the offers, one commences the selection of the most
favourable one (a contractor can give one or more offers). The investor, according
to its own needs, evaluates the criteria. The appropriate difficulty coefficients co-
uld be introduced in order to have the successful problem analysis. When choosing
the most favourable contractor of an investment object, the following criteria are
most frequently applied:

® The most important criteria:
= Total costs of the object construction, and
= Terms of payment;
® Then, there are important criteria:
= Duration of the warranty period, and
= Quality of the performed works;
® Less important: duration of the investment object construction;
® The least important is the business cooperation up-to-date.

As it has been said, the criteria are determined by the investor itself accor-
ding to the nature of the object, its needs and requirements. On the basis of the
adopted criteria and their importance, the most favourable solution in the choice of
the contractor is determined, by the one of the known methods. This problem is the

task of the multi-attributive decision making.
3. The choice of several contractors for the investment object

As opposed to the previous problem, the choice of the several contractor for
the investment object is the problem of the multi-aimed decision making. If each of
the contractors perform only one phase (activity) in the object construction, then the
model of the choice of the contractor is the one criterion model, and is reduced to the
task of assignation [1]. This task comprises as well the problem of the choice of a
contractor with the independent phases (groups of activities). The efficiency of the
performed disposition of the contractors is optimized by the function of the criteria.
The function of the criteria is minimized or maximized, depending on the nature of
the criteria in the problem. This model can be modified, so that one or more of the
contractor can have the multiple phases (activities). Whether the problem will be
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considered as one criterion, two criteria or multiple criteria problem, depends on the
nature of problem and the goals to be achieved by the solution of this problem.

The general mathematical model of the multi-aimed decision making of the
minimization of the duration of the activities with the longest time of duration (eq-
uation 1) and the minimization of the total investment object construction costs
(equation 2), is formulated as the two-criteria non-linear problem of the 0-1 pro-
gramming:

min {Tp(x) =max ty, iel, keK}, (1)
{xa=1}
min (Cp(x)= X 2 Cix Xix) (2)
iely, kekK
with the limiting system:
2 Xk =1, ielk, (3)
keK
xik € {1,0} iel, keK, (4)
U L-=1, (5)
keK

where: m, i, 1 — is the number of activities, indices and set of activities, icl =
={1,2, ..., m}; n, k, K — is the number of the possible contractors, indices and set
of the contractor indices, ke K={1,2, ..., n}; Iy < 1 — set of the activity indices
which are performed by the specialized k contractor, keK; t; — duration of the i
activity, i€l; ¢ — costs of the i activity when it is performed by the k contractor,
iel, keK; x;, — variables for the decision making with the values:

® 1 —iftheiactivity is assigned to the k contractor, or

® ( — when the i activity is not assigned to the k contractor, iel, ke K.

By the limiting equation (3) it is defined that each activity can be executed
by only one contractor which is specialized for that kind of activity, and that each
activity can be executed only once. The equation (4) indicates the nature of the va-
riables. The equation (5) defines the problem in such a way that it has a solution
only if at least one contractor applies for each activity. The non-linearity of the eq-
uation (3) determines the non-linearity of the whole model (equations 1 to 5).

In the general case, in the methodology of the multi-aimed decision making
problem solving, there is a set Q with the finite number (h) of the efficient soluti-
on, marked as the q solutions:

(Tp'?, Cp?, xu?, tu @, iel, keK), qeQ={12, ..., h}. (6)
In the decision making phase, one solution will be used. The total duration of

the project is determined by the time of the duration of the activities in the critical way,
while the non-critical activities have the appropriate times of the latest beginnings:

Tp? - ¥,  qeQ,iel, keK. (7)

For the choice of one of the contractors for each phase (activity) of the project

design, the previous model (1 to 7) should have an addition of the sub-set of the limi-

tations, with the conditions that each contractor can be assigned by only one phase
(activity) of the project, from the set activities for which the contractor is specialized

ZXikS 1, keK . (8)

iElk
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In the concrete case, the assigning of the execution of the certain phases
(activities) of the project, can be connected to the series of other specific activities.
There may be present the cases when the times of the execution of the certain pha-
ses (activities) are not defined in advance, but the concrete potential contractor de-
fine the time of the duration of those phases (activities).

Especially interesting is the possibility of crediting of the project execution
by the contractors. This crediting can be in the form of delayed payment of the
executed works. It most often means an advantage, though the costs could be hig-
her due to the delayed payment of the executed works. The problem of the choice
of the most favourable contractor can be even more complex if the additional ele-
ments are involved as the choice criteria. Those could be: long term business co-
operation with some of the potential contractors, or favouring of some of the po-
tential contractors for other reasons. In that case, the general variant of the choice
of the contractor is formed, through the introduction of the new parameters:

® |l < I, Ko © K— The set of the i phases (activities) which are obligatory assigned to
the k contractor and the set of the k contractors with such characteristics, i€ly, ke Kj;

o K, c{K..Kp}, K; — The set of the k contractors where the maximum number of
phases (activities) by project is limited, ke K, and the contractors without such
characteristics, keK,, K, =K. . Kj;

® my — The highest possible number of phases (activities) which the k contractor can
have to execute, ke Kj;

® r,s, S — The possible number of the variants of payment to the contractors, indices
and the set of indices of the payment variants, se S={1,2,..., r};

® S;cS — The set of the indices of the payment variants for the i phase (activity) if it
1s executed by the k contractor, icly, kcK;

® t — The time unit of the duration of the execution of a phase (activity) in the pro-
ject, most often it is: an hour, a day, a week or a month;

® tis— The duration of the i phase (activity), when this phase (activity) is executed
by the k contractor with the s manner of payment, i€ly, ke K, seS;;

® X; — L'he variables to which the following values are assigned:

* 1-—when the i phases (activities) are assigned to the k contractor, who has the s variant

of payment, or

= (0 —in the opposite case, icly, ke K, seSy;

® ;s — T'he monthly costs of the i phase (activity), when that phase (activity) is exe-
cuted by the k contractor with the s variant of payment [EUR/month], i€ly, keK,
s€Sik;

® T — Duration of the project execution [month];

® cyst — Monthly costs of the i phase (activity), when that phase (activity) is executed
by the k contractor with the s variant of payment in the t month [EUR/month],
icl, keK, seS;, t=1,2,....T;

. _ start . _ _
[ Cixs tis, 1ft —stt§1r<ts , o ifs =1, Xjx1 = 1)
Cikst = ) Ciks, 1f tis Sdt Stiks ifs=2, Xyo =11,
. _ en . _ _
Ciks tiks, 1 t=tiys if s =3, Xik3 = 1)

where: t"™" — is the start of the i activity; ty™ — is the end of the i activity; s = 1 —
total costs of the initial month of the execution of the phases (activities); 1 = 2 —
monthly costs in each month of the activity execution; s = 3 — total costs of the en-
ding month of the phase (activity) execution.

1. Texnika Ta TexHoJI0rii JJiCOBOro rocnogapcTea 153



YxkpaiHcbKHil Jep:kaBHHI JIiCOTeXHIYHUI YHIBepCHTET

According to the previously given parameters, one can form the general
postulate of the multi-criteria mathematical model for the choice of the most fa-
vourable contractor of an investment object with the independent phases:

min {Tp = max ty,, i€ly, keK, seSi}, 9)
{ Xiks=1}
(min)Cp=2 X 2 X Cikst Xiks - (10)
icly keK seS; teT

The criterion (9) minimizes the duration of the project, while the criterion
(10) minimizes the costs of the project.

(min) C;=2 2 X Cikst Xiks for some months teT, (11)
ielk keK SESik
(opt) Ck=2. 2 X Cist Xiks for some contractors ke K, (12)

icl, seSi teT

The equation (11) considers the monthly costs of the project, while the eq-
uation (12) comprises the costs of the individual contractors. One can perform the
minimization of the payment of the certain contractors and maximize the value of
the works assigned to the certain contractors.

This formed general multi-criteria mathematical model for the choice of the
most favourable contractor of an investment object with the independent phases (9,
10, 11 1 12) has the following limiting system:

2 XX =1, iel, (13)
keK seSj
Xiks — 15 kEK()a iElﬂka SESik, (14)
2 2 X <my, kekj, (15)
iel, seSi
> 2 2 Cikst Xiks < Cor,  for some months teT, (16)
iel, keK seS
2 2 2 Cikst Xiks < Cor,  for some contractors keK, (17)
iElk SESik teT
2 2 2 Cist Xiks > Cox,  foOr some contractors keK, (18)
iElk SESik teT
Xis€{1,0}, iely, keK, seSi. (19)

Each phase (activity) in the project has to be executed, as defined by the li-
mitation (13). The limitation (14) ensures that the required phases (activities) are
assigned to the certain contractors. The limitation (15) maximizes the number of
the phases (activities) which are assigned to the certain contractors. The limitation
(16) limits the cost of the project for the given months (to values C,), while (17)
limits the total costs of the certain contractors (to the value C,x). The limitation
(18) ensures that the contractors have the smallest realization of the costs from the
¢k value, and the nature of the variables is defined by the limitation (19).
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4. Conclusion

Here is presented the application of the method of the multi-aimed decision
making. The general postulations of each group of the problems are given, the ge-
neral and the concrete mathematical models are formed and the methods for the so-
lution of the efficient solutions to the choice of the most favourable investment ob-
ject contractors are given. When solving the multi-attributive decision making, the-
re 1s a provision that through the definition of the starting data, a matrix of decision
making is formed, and so the appropriate mathematical model. Then, the choice of
one or more methods for solution 1s done, and the solutions are determined and
analyzed. The repeated problem solving is done with the appropriate changes of
some of the parameters in the mathematical model.

The researches in different fields of planning of the organized business and
realization of certain tasks confirm that, most often, it is necessary to simultane-
ously consider many criteria for the evaluation of the efficiency of the solution.
The number of the criteria depends on the very type of the solved problem.
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VIIK 63 0°377.4 Acucm. M.1. OJIIHHHK, inxc. — Yxp/UITY

EKCIIEPUMEHTAJIBHI BUIIPOBYBAHHA
INIVIAHETAPHO-KOJIICHOI'O PYHIIA

Po3risnaroThes MUTaHHS eKCIIEPUMEHTAIbHUX BUNIPOOYBaHb BEACHOTO IUIAHETAPHO-
kousticHoro pymis. Ilogano omuc KOHCprKI_III nocmm}cyBaHoro pyuis 3 YCTaTKyBaHHAM
JUISL TIPOBE/ICHHS BUIIPOOYBaHb, TapyBaJIbHI Tpadiky 1aBayiB Ta OTPUMAaHI 3aJ€KHOCTI JJIs
PI3HUX PEXKHUMIB PYXY.

Kro4oBi ci1oBa: rmianeTapHO-KOJIICHUM py1Iii, AaBay, ocuuiorpad, ociuiorpama.
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Experimental tests of planetary-wheeled mechanism

The questions of experimental tests of conducted planetary-wheeled mechanism are exa-
mined in the article. Description is given to construction of explored mechanism with the equip-
ment for testing, tare graphics of sensor and dependences are got for different modes of motion.

Keywords: planetary-wheeled mechanism, sensor, oscillograph, oscillogramm.
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