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construction contracts

Hubert Anysz!, Michal Oktabirnski?

Abstract: The article is based on data about 349 orders for road construction in Poland. The unit prices (per
one kilometer of roads) are compared, arising from the following two types of orders: design-bid-build (DBB)
and design & build (D&B). As the exact list of construction works, as well as, the precise number of works
is unknown before the contract is signed, the contractor’s risk is higher. The probability of underpricing the
offer in the case of D&B orders is higher than that of DBB orders. It is assumed that the contractors, to
avoid the potential loss (if the offer is underpriced), raise the value of their offers more than in the case of
DBB types of orders. This increase in offer price is usually named risk premium. The averaged unit prices
of the roads of the same kind ordered as DBB are compared to D&B orders. To find the risk premium, to the
values of DBB orders, the prices of the designs are added. This made the scope of the DBB and D&B orders
the same i.e. able to compare. It is discovered that the average unit prices for DBB orders are higher than
for D&B orders for four groups of orders, so the risk premium can’t be calculated there. For the other two
groups of orders, the risk premium is 19% and 49% of the total value of the DBB order i.e. value of the
design plus the value of construction works ordered.

Keywords: design & build, offer price, public procurements, risk, road construction

IPhD., Eng., MBA, Warsaw University of Technology, Faculty of Civil Engineering, Al. Armii Ludowej 16, 00-637
Warsaw, Poland, e-mail: hubert.anysz@pw.edu.pl, ORCID: 0000-0002-3804-5859

2MSc., Eng., Warsaw University of Technology, Faculty of Civil Engineering, Al. Armii Ludowej 16, 00-637 Warsaw,
Poland, e-mail: michal.oktabinski.stud @pw.edu.pl, ORCID: 0009-0007-9988-4166


https://doi.org/10.24425/ace.2025.156171
https://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:hubert.anysz@pw.edu.pl
https://orcid.org/0000-0002-3804-5859
mailto:michal.oktabinski.stud@pw.edu.pl
https://orcid.org/0009-0007-9988-4166

300 H. ANYSZ, M. OKTABINSKI

1. Introduction

Risk is an inherent part of a business activity of any kind. It also refers to the construction
projects. Risk arises from the uncertainty of achieving the assumed goals. It can be defined
as a probability of unfavorable conditions (i.e. materialization of risk factors) leading to
disturbances in a construction project and then not achieving the assumed goals of a project [1].
The contractors, as well as, the clients like to lower the risk of every project to make the success
of it more probable. The importance of managing the risk is so high that it became a separate
section [2] of project management [3]. In the traditional method, the risk factors are identified
and two-dimensionally assessed, by the probability of their occurrence and by the level of
harmfulness to the project. This process is called qualitative risk assessment. Then, from
hundreds of risk factors able to disturb a project, the decision maker chose several of them to
verify e.g. with the Monte Carlo method, which combination of risk factors, if they occur, can
make the highest damages in the assumed schedule and cost of the project [4]. This phase of
risk analysis is named quantitative risk analysis. It was found that the lean management can be
applied to risk analysis to make risk management simpler but almost equally successful [5], as
well as, other modern methods, like in [7, 8]. The next decision of the project manager referred
to each risk factor can be chosen from the following types of decisions:

— risk elimination,

— risk reduction,

— risk transferring,

— acceptance of risk,

— insurance.

Regardless the choice of risk limitation way, risk limitation requires additional cost to spend.
In the case of acceptance of risk, not the planned cost arises, but the real cost recorded after
completing the project can be much higher than the planned one. Considering the necessity of
achieving the profit [6], a contractor has to provide a certain amount of money for their reaction
to the identified risk associated with the contract to be executed. This amount is reflected in a
bid price. In case of risk acceptance, the contractor if possible provides a reserve for unexpected
events that may take place during the contract execution (as it was presented in [9]). The value of
this reserve is also reflected in the bid price. Regardless of type the type of contractor’s reaction
to risk, it can be stated that the higher the risk, the higher the share of the reserve for risk in a bid
price. The reserve for risk is understood as a sum of expenditures spent on risk lowering, insur-
ance, and the reserve for covering the unexpected cost that may appear during the project execu-
tion (arising from risk acceptance). Considering also the elements of the contractor’s cost [6,10],
the elements creating the contract sum i.e. contractor’s bid price are presented in Fig. 1.

components of the contractor's contract sum

A .
»

planned | reserve

direct costs overheads |"orofit | for risk

Fig. 1. The elements creating the contractor’s bid price
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The risk factors may concern the three critical areas of the project: time, budget (cost),
and the project’s scope. These elements are interdependent and they are also called project
limits [11] as presented in Fig. 2.
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Fig. 2. The triangle of project limits [11]

A single risk factor usually affects two or three of these limits, even if it arises mainly from
one of these three areas. For example, delays in the delivery of materials arises from time area, but
it influences budget and time sides of the triangle [12]. Variation and change orders (arise from
the scope of the project) affect the scope, time, and budget sides of the triangle [13,14]. Let’s anal-
yse the triangle of limits and risk issues regarding project delivery types. International Federation
of Consulting Engineers (FIDIC fr. Fédération Internationale des Inginieurs-Conseils) [15] pub-
lishes standard forms of contracts for several types of project delivery. They distinguish among
other types e.g. [16—18]) construction contract (so-called the red book) where a contractor exe-
cutes construction works based on the design provided by a client, and Plant and Design-Build
Contract (so-called the yellow book), where preparing a design and the construction works exe-
cution are subject of a single order. The construction contracts based on the red book are often
named Design-Bid-Build (DBB), and based on the yellow book are named Design-and-Build
(D&B) orders. The scopes of these two types of project deliveries are presented in Fig. 3.

L, total price for the design and the construction works K
Y 7
ordered by
the client components of the contractor's contract sum
separately
. - 5 planned | reserve
design construction works - direct costs overheads profit | for risk
1 price for the design price for the construction works
i Nl N
X F
(@)
total price for the design and the construction works equals to the contractor's contract sum <l
7 <
- : : planned | reserve
design construction works - direct costs overheads profit | for risk
(b)

Fig. 3. The scope of the contract with its cost components: (a) for DBB order, (b) for D&B order
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The differences between these two types of orders, and their advantages are widely
discussed [18-20]. However, it is clear that for the D&B orders, there are more risk factors
than in DBB orders [21] as the detailed scope of the project is uncertain — the design is the
subject of a contract. It leads to the conclusion that the reserve for the risk assumed by the
contractor should be higher than in the case of a DBB type of order. In trying to find the
average difference in the reserve for risk between DBB and D&B orders, several orders have to
be compared. The purpose of the study is to assess the risk premium for D&B orders.

2. Contractor’s risk premium

2.1. The set of analysed orders

The dataset of the road construction orders prepared for the purpose of [22] served as a
base. It is extended by the information concerning the value of the design (in the case of DBB
order) and it is published in [23]. Each of the 349 orders is described there by:

— type of works: construction of a new road, or modernization of an existing one,

— type of road: highway, express road, national road (excl. express roads), voivodeship

road, county road,

— location of the road by voivodeship (adm. region of Poland),

— type of order: D&B or DBB,

— price for design in PLN (only for DBB orders),

— price for works execution in PLN (only for DBB orders),

— total price in PLN,

— length of the section of the road in km,

— total price per 1 km.

The dates of these orders are Jul 1, 2014 to June 30, 2017.

2.2. Expected risk premium

Let’s assume that a given contractor is asked to give the bid price for the same section of
the road in two variants: excluding the design (DBB) and including preparation of the design
(D&B). Assuming also that the contractor accepting (D&B) order would pay the same for the
design as the client (in the DBB order) the risk premium could be presented as in Fig. 4.

As the D&B contract is more risky, the reserve for risk is expected higher than in DBB.
With the other elements (presented in Fig. 4) unchanged, the risk premium can be defined as
the difference between the value of the D&B order and the DBB order. Nevertheless, only one
type of order can be chosen for the procedure of ordering a single section of the road (to build
or to modernize). It was decided to compare the mean values of the unit prices (i.e. per 1 km of
the road) for the very similar roads. The similarity of the roads in a single set is provided by the
existence of the same type of works (e.g. only modernized), the same type of road (e.g. only
express roads), and the same voivodeship of the location. The only difference between the two
sets of compared unit prices is the type of order. For D&B orders the unit price is calculated
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total price for the design and the construction works -
»
ordered by
the client components of the contractor's contract sum
separately
5 ; T planned | reserve
design construction works - direct costs | overheads profit | for risk
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: JiN
design construction works - direct costs | overheads p'g?gﬁd reserve for risk
total price for the design and the construction works equals to the contractor's contract sum o
7 &

Fig. 4. The increase of the reserve for risk creates the risk premium

based on the value of order divided by the length of the section of the road. In DBB orders, the
price for the design (paid by the client) and the contractor’s contract value are summed and
then divided by the length of the section of the road to achieve the unit price. For the selected
two groups of contracts that differ only in the type order the average relative risk premium 7
can be calculated as follows:

db-b
@2.1) 7= = - b100%

where: db is the average unit price calculated for D&B orders, b is the average unit price
calculated based on the value of sums of design and construction works orders.

The analyses of the database [23] are summarized in Table 1. There are only 6 pairs of
possible comparisons between D&B and DBB orders (marked from C1 to C6 in the table). It
was assumed that to compare means of sets, there should be at least 3 elements in each of the
compared sets.

Table 1. Possible to compare groups of orders based on [23]

Label of the Number of Number of
comparison Voivodeship | Type of works | Type of road orders type orders type
D&B DBB

C1 masovia new Constr. express road 19 9

Cc2 masovia new constr. national road 6

C3 masovia new constr. | voivodeship road 8

C4 masovia modernization | voivodeship road 9 17

(68 lesser poland | new constr. express road 3

Co6 lower silesia | modernization | voivodship road 3
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Four of these comparisons are based on orders in Masovia (C1 to C4), one in Lesser Poland
(C5), and one in Lower Silesia (C6). Four of these order groups are for building new roads
(C1, C2, C3, C6), and two for modernisation (C4 and C6). Two of the comparisons refer to the
express roads (C1 and C5), three refer to the voivodeship roads (C3, C4, and C6), and one
refers to the national roads (C2).

2.3. Risk premium calculation

The descriptive statistics of the 12 samples (subsets of unit prices) are presented in Table 2.

Table 2. Descriptive statistics of the samples

Number of
I;::):Il)l(;f Mean (Siglil;?;s Minimum Maximum elements in the
sample
C1 D&B 46 908 330 58 539 156 13426 924 | 265 703 564 19
C1 DBB 31461937 21569 822 10889 609 | 72600 758 9
C2 D&B 25957 751 19 196 281 7 897 464 62 105 834 6
C2 DBB 21 816 655 10352 673 8410 195 32312787 4
C3 D&B 6271 243 3234 409 3576 796 11773 939 8
C3 DBB 12 086 447 10 823 442 3810348 30 054 847 9
C4 D&B 5 288 665 4997 168 1575674 17 571 429 9
C4 DBB 7268 417 7751 466 1193 440 30395 655 17
C5D&B 87451372 123191021 6252958 229199681 3
C5 DBB 123 546 967 125 307 561 23778468 | 334113 300 5
C6 D&B 2483102 589 692 1903 144 3082 069 3
C6 DBB 6426 491 9294 969 1040 139 17 159 372 3

Then, the 6 comparisons of mean unit prices can be done. Results are presented in Table 3.

Table 3. Calculation of risk premium

Label of the Difference of means D&B as a .Relative
comparison Mean of DBB | Mean of D&B (D&B — DBB) percentage mcreas.e/
of DBB |/decrease in %o

Cl 31461937 46908 330 15 446 393 149.1 49.1

Cc2 21 816 655 25957 751 4141 096 119.0 19.0

C3 12 086 447 6271 243 -5 815204 51.9 —48.1

C4 7268 417 5 288 665 -1979 752 72.8 272

C5 123 546 967 87451372 —36 095 595 70.8 -29.2

C6 6426 491 2483102 -3 943 389 38.6 -61.4
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It can be observed that the risk premium exists only in comparisons C1 and C2. In the remain-
ing four comparisons, the average unit price is lower for D&B orders than for DDB. Therefore
the difference can’t be named the risk premium. The means — as a part of a box-plot — together
with all unit prices are presented in Fig. 5 (for C1 comparison) and Fig. 6 (for C4 comparison).

80000000 80000000
70000000 70000000
60000000 60000000
50000000 50000000
40000000 40000000
30000000 30000000
20000000 20000000
10000000 10000000

0 0

(a) (b)
Fig. 5. Box-plots for the C1 comparison samples: (a) DBB orders,
(b) D&B orders (outliers are excluded in b)

14000000 14000000
12000000 12000000
10000000 10000000
8000000 8000000
6000000 6000000
4000000 4000000
2000000 2000000

0 0

(@ (b)

Fig. 6. Box-plots for the C4 comparison samples: (a) DBB orders, (b) D&B orders

3. Discussion

3.1. Unit prices of DBB vs D&B

Even if the database has information about 349 orders, there are 160 possible comparisons
(2 types of works, 5 types of roads, 16 voivodeships), so an average 2.18 of orders per sample.
Therefore, only 6 comparisons are possible to calculate (see Table 1). There were no D&B
orders for modernisation of the county roads in any voivodeship. If a sample in a given
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voivodeship has less than 3 elements, it is excluded from the analysis i.e. it can’t be compared.
Statistical importance of the mean calculated based only on 2 values is low (as economic
values are considered — that is unit prices). Secondly, to verify the normal character of data,
Shapiro—Wilk’s test [24] is assumed to be done. This test is recommended for the samples with
low number of elements, however the minimum number of elements is 3.

The average risk premium calculated for the new express roads in Masovia is very high
(49.1%). For the new national roads — also in Masovia — it is equal to 19.5%. Nevertheless,
four out of six results of the comparison (C3 to C4) are negative. It means that the mean value
of the unit price is lower if the D&B type of order is applied (see Fig. 5). It is suspected, that
having the possibility to decide about the design (as in D&B orders), contractors are able to
optimize the design and the construction works, lowering their costs. Then, even if the reserve
for risk is higher, the total cost (for D&B) is lower than for DBB. It is presented in Fig. 7.

total price for the design and the construction works

»
7 o
ordered by
the client components of the contractor's contract sum
separately
. . > planned | reserve
design construction works - direct costs | overheads profit | for risk

DECREASE of total cost: contractor's design and works optimization |
leading to lowering the total cost, even the reserve for risk is higher I

v

construction works - direct planned

design e overheads profit

reserve for risk

»

>
total price for the design and the construction works equals to the contractor's
contract sum

Fig. 7. The effect of suspected contractors’ optimization in D&B orders

3.2. Statistic verification

It is decided to verify the statistical importance of the difference between the mean unit
prices for DBB and D&B orders with ANOVA [25,26]. There are two alternative hypotheses
in ANOVA: Hy— the means of all samples are equal, and H the mean of at least one sample is
different from the means of other samples. The comparisons of just two samples are considered
in the article (DBB and D&B). These hypotheses are tested with the following procedure based
on [24,27]:

— calculating means x; for each of k samples (fori =1,2,...,k)

— calculating the mean for all samples x; (global mean) with the following formula (3.1):

(31) YZ%ZZXU‘
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where:

(3.2) n= Zk]ni

n; is a number of elements in i-th sample, x;; is a value of j-th element in i-th sample,
— calculating SSpy 1.e. sum of squared deviations of means (of each sample) from the
global mean with the following formula (3.3):

k
(3.3) SShiw = Y, (F=%0)" -1i
i=1

— calculating SSyo i.e. sum of squared deviations of x;; (all values from all samples) from
the mean of each sample with the following formula (3.4):

k n;
(3:4) S =) Y iy =)’

i=1 j=1

— calculating variances two variances: variance between samples named M Sy, and
variance within the samples named M Sy, with the following formulas (3.5) and (3.6):

SSbtw

3.5 M Spiw =
" A
SSiot
(3.6) MSit = ——
T df

where degrees of freedom (df,, and df ) are as follows:

3.7 Afy =k - 1
(3.8) df g =n—k

— calculating the statistics F with the following formula (3.9):

_ M Soiw

3.9 F =
MStot

— reading the F, value from the Fisher’s tables. F, depends on: the assumed confidence

level @, df 1y, and df ;.

If F > F, there is no reason to reject the hypothesis Hy, so it can be stated that the means
of samples are equal. Statistica software returns p value. If p > « there is no reason to reject
the hypothesis Hy. The condition F > F, is met, if and only if the condition p > a is met.
However, to apply ANOVA, four assumptions must be met:

— independence of random variables for each sample,

— measurability of variables,

— normality of distribution of random variables in each of the compared samples,

— variance homogeneity in all compared samples.
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Independence of each unit price is provided, as well as, measurability of them. In Shapiro—
Wilk’s test for normal distribution of the sample W statistics defined as

n/2 2

Z ani (Xn—iv1 — X))
i=1
n
Z (x; —X)
i=1

where: x; — non-ordered values in the sample, x;) — values in the sample ordered increasingly,
X — mean value, n — number of values in the sample, [n/2] — total part of the half of the
number of unit prices in a sample, a,, ; — tabularized coefficient dependent on n is compared
to theoretical Wy, that depends on n and the assumed confidence level a. If the W > Wy,
there is no reason to reject hypothesis Hy (normal distribution is confirmed). In Statistica
software statistics W is calculated and presented together with the value of p. If p > « then
also W > Wy,. Then homogeneity of variances (of the compared samples) can be verified with
Levene’s test [28—30]. The statistics W for this test is calculated based on formula (3.11).

(3.10) W=

k
Zni(zi -2)°
n—k i=1

A1 =
31D W k-1

where: n is the total number of cases in all samples, k is a number of different samples to
which the sample cases belong, n; is a number of cases in i-th samples, and

(3.12) zij = [xij — X2

where: x;; is a j-th value in i-th sample, x; is mean value in i-th sample, 7; is a mean value of
z;j in i-th sample given by the formula:

|
(3.13) Zi=n—i;zﬁ
Zis amean of all z;; given by the formula:

L
(3.14) 7=~ Z Zij

Similarly to ANOVA statistics W is approximately F distributed, and it is compared to F'
value read from Fisher’s tables based on confidence level «, and degrees of freedom i.e. k — 1
and n — k. The Levene test rejects the null hypothesis (variances of all samples are equal) if
W > Fyae (i.€. when returned from Statistica software p < «@).
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Table 4. Results of Shapiro—Wilk’s tests

Sample Number of elements in the sample w )4
C2 D&B 6 0.826475 0.100319
C2 DBB 0.969816 0.840342
C5D&B 3 0.818812 0.160247
C5 DBB 5 0.823216 0.123602
Table 5. Results of Levene’s tets
Samples SSbtw dfbtw MSbtw SSmt dftot MSmt F P
C2 DBB
vs C2 8.38E+13 1 8.38E+13 | 7.87E+14 | 8 | 9.84E+13 | 0.851063 | 0.383231
D&B
C5 DBB
vs C5 1.98E+14 1 1.98E+14 | 3.09E+16 | 6 | 5.15E+15 | 0.038419 | 0.851075
D&B
Table 6. Results of ANOVA for C2 and C5
Samples SSbtw dfbtw MSbtw SSmt dftot MStot F P
C2 DBB
vs C2 4.12E+13 1 4.12E+13 | 2.16E+15 | 8 | 2.71E+14 | 0.15215 | 0.706669
D&B
C5 DBB
vs C5 2.44E+15 1 2.44E+15 | 9.32E+16 | 6 1.55E+16 | 0.157337 | 0.705343
D&B

Only two comparisons (C2 and C5) have passed Shapiro—Wilk’s test and Levene’s test at
the confidence level a = 0.05. The result of them are presented in Table 4 and Table 5.

The ANOVA test has confirmed that the means in the samples of comparison C2 are equal,
and the means in the samples of comparison C5 are equal. The results are presented in Table 6.

It can be concluded that even the differences between the mean unit prices seem to be
significant (see Table 3), they can not be confirmed by ANOVA test (for C1, C3, C4, C5),
or ANOVA results shows that the means of two samples (DDB and D&B) are equal (at the
confidence level 0.05). Based on [24] it can be said that the lack of the statistically important
difference between mean values of samples DBB and D&B is visible, as the significant part of
the left and right boxes are overlapped as presented in Fig. 8.
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o Mean o Mean
[1 Mean+/-Std.dev [] Mean+/-Std.dev.
_I_ Mean+/-1,96*Std.dev. T Mean+/-1,96*Std.dev.
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C2DBB C2D&B C5DBB C5D&B
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Fig. 8. The comparison of confidence intervals for C2 (a) and CS5 (b) for DBB and D&B samples

4. Conclusions

The risk premium i.e. the increase in the mean unit price (per 1 km of the road) — in the
case of D&B orders, compared to DBB orders — is defined in the article. The theoretical
increase i.e. risk premium, is confirmed only for the new express roads and the new national
(but not express) roads in Masovia. According to the increased risk of D&B orders (compared
to the risk DBB orders), the unit price — so, also the total price — can be 49.1% higher (for new
express roads in Masovia) and 19.0% higher (for new national roads in Masovia) if D&B order
is applied, instead of DBB order.

Another important finding is that for four comparisons — out of six possible to analyse —
the mean unit prices are lower for D&B orders. The decrease varies from —27.2% (for new
voivodeship roads in Masovia) to — 61.4% (for the modernization of voivodeship road in Lower
Silesia). The lower unit price in the case of D&B order is not in contradiction with the risk
premium existence. It can be concluded that the contractors — in the case of D&B orders —
are able to optimise the design which makes the construction works much cheaper (and the
analysed unit prices lower). It is hard not to agree with the statement that the higher the risk,
the higher the reserve for risk should be assumed. Even, if the reserve for risk is higher in D&B
orders — for the four analysed cases i.e. C3 to C6 — the cost of the design and construction works
(due to contractors’ optimization) is much lower than it would be expected in DBB orders.

Nevertheless, the ANOVA test does not confirm that the mean unit price is different for the
two samples analysed in C2. The same is true for C5 comparison i.e. ANOVA confirmed the
equality of mean unit prices in the samples anaylsed there. For the other four comparisons (C1,
C3, C4, and C6) normality of data (calculated separately for each sample) is not confirmed, so
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the ANOVA couldn’t be applied. It could happen if the unit prices for a given sample vary a lot.
It is assumed for the article that, if it is the same type of works, the same type of road, the
same voivodeship, and the same type of order, the unit prices should not vary a lot. In fact,
each road section has a different number of crossings, junctions, bridges, flyovers, etc. These
elements are included in the total price and make it vary a lot.

There are two possible ways to get to the more general, statistically proven results. The
median values of the unit prices can be compared (for DBB and D&B) orders. The alternative
approach is to analyse the unit prices of typical elements of the road construction, but applying
this method can be limited by the difficult access to the source of data.
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Premia za ryzyko wykonawcy w kontraktach budowlanych
typu projektuj i buduj

Stowa kluczowe: budowa drég, ceny ofertowe, projektuj i buduj, ryzyko, zaméwienia publiczne

Streszczenie:

Zlecenia obejmujace swoim zakresem jednoczesnie projekt i wykonanie odcinka drogi sa w Polsce
co raz czestszym typem zlecent wykorzystywanym przez zamawiajacych. Jedna z przyczyn, dla ktérych
ten typ zlecei jest stosowany, jest zapewne duza liczba sporéw z wykonawcami dotyczacymi przyczyn
powstawania wad ujawniajacych si¢ w okresie gwarancyjnym. Zwicksza to zakres odpowiedzialnosci
podmiotu, ktéry przyjmuje zlecenie na zaprojektowanie i wybudowanie odcinka drogi. W przypadku,
gdy w okresie gwarancyjnym ujawnia si¢ wady przedmiotu zlecenia, wykonawca — w przypadku
zlecenia typu projektuj i buduj — nie ma mozliwosci unikniecia odpowiedzialnosci ze wzgledu na bledy
projektowe wskazywane jako przyczyng wad. Projekt jest w zakresie wykonawcy zlecenia. Konsekwencja
rozszerzenia zakresu zlecenia o projektowanie jest takze zwickszenie zakresu niepewnosci dotyczacego
ograniczen przedsiewzigcia inwestycyjnego. Kazde budowlane przedsigwzigcie inwestycyjne ma trzy
podstawowe ograniczenia: budzet przedsiewziecia, czas jego wykonania oraz zakres prac do wykonania.
Wykonawca, ktdry przyjat zlecenie na wybudowanie obiektu (nie obejmujace projektowania) otrzymuje
od zamawiajacego dokumentacje projektowa. Zakres zlecenia jest wigc pewny — opisany dokumentacja.
Oceniajac szanse na powodzenie danego przedsi¢wzig¢cia wykonawca analizuje, z jaka pewnoscig jest
w stanie dotrzymac¢ planowanego terminu zakoriczenia budowy oraz z jaka pewnoscig jego koszty zamkna
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si¢ w planowanej wysokosci tj. dokonuje analizy ryzyka dotyczacego czasu oraz kosztéw. W przypadku,
gdy nie ma pewnosci co do rodzajéw robét, ktére beda wykonywane, ani co do ilosci prac, ktére musza by¢
wykonane dla wykonania catosci zlecenia, maleje pewno$¢ dotrzymania umownego terminu ukoriczenia
zlecenia, a takze maleje pewnoS$¢ nieprzekroczenia planowanych kosztéw. Innymi stowy dla wykonawcy
takiego zlecenia rosnie jego ryzyko. Dla nieprzerwanego, wieloletniego dziatania przedsigbiorstwa
niezbedne jest osigganie zysku. Nalezy si¢ spodziewac, ze zwigkszona niepewno§¢ kosztow przedsiewzied
zlecanych w trybie projektuj i buduj powoduje zwigkszanie cen ofertowych wykonawcéw. Chcac uniknaé
ujemnego wyniku (straty) podwyzszaja oni ceny ofertowe tak, by ewentualny zwickszony zakres robot
budowlanych czy ich ilo§¢ — w przypadku materializacji czynnikéw ryzyka — nie spowodowat straty.
W artykule przedstawiono wyniki analiz dotyczacych budowy 349 odcinkéw drég w Polsce, dla ktérych
wybor najlepszej oferty miat miejsce pomiedzy 1 lipca 2014 roku a 30 czerwca 2017 r. Dane opublikowano
w [23]. Wigkszo$¢ z nich, tj. 226 byla zlecona w trybie buduj, tzn. wykonanie projektu bylo zlecone
weczesdniej przez zamawiajacego, a ceny tych zlecen takze wlaczono do zakresu analiz. Zlecen typu
projektu i buduj poddanych analizie byto 123. Analizowano ceny jednostkowe (za 1 km drogi danego
typu). Poréwnywano ceny jednostkowe zlecen typu projektuj i buduj do cen jednostkowych wynikajacych
z sumy cen za zaprojektowanie i wybudowanie odcinkéw drég. Analizy podzielono na nastepujace piec
rodzajéw drég: autostrady, drogi ekspresowe, drogi krajowe (niebedace ani autostradami, ani drogami
ekspresowymi), drogi wojewddzkie (niebedace drogami ekspresowymi) praz drogi powiatowe. Analiz
dokonano odrebnie dla nowobudowanych drég oraz odrebnie dla kontraktéw dotyczacych modernizacji
istniejgcych drég. W artykule zdefiniowano premi¢ za ryzyko. Warto$¢ premii za ryzyko — obliczonej
dla ceny jednostkowej na 1 km drogi — wynosi 49,1% w przypadku C1 oraz 19,0% w przypadku C2.
W pozostatych przypadkach poréwnati tj. C3 do C6, Srednia cena za 1 km drogi byfa nizsza w przypadku
zleceni typu projektuj i buduj, niz dla zlecen typu buduj, co oznacza optymalizacj¢ kosztéw calego
przedsigwziecia przez wykonawcdéw zlecen typu projektu i buduj oraz brak mozliwosci oszacowania
premii za ryzyko. W artykule wykorzystano analiz¢ wariancji (ANOVA), by potwierdzic¢ (lub zaprzeczyc),
ze §rednie pomigdzy dwoma poréwnywanymi zbiorami cen jednostkowych (jeden dla zlecen typu
buduj; drugi projektuj i buduj) sg réwne. Tylko préby z dwéch poréwnan (C2 i C5) spelnily cztery
warunki zastosowania analizy wariancji. W przypadku poréwnani C1, C3, C4 i C6 wyniki w prébach
nie mialy charakteru rozktadu normalnego, co potwierdzono testami Shapiro—Wilka. Co wigcej, wynik
z ANOVA przeprowadzonej dla C2 oraz C5 wykazal, Ze nie mozna odrzucic¢ hipotezy zerowej (o réwnosci
$rednich w badanych prébkach). Oznacza to, trzeba przyjac, ze pomimo obliczonej réznicy Srednich cen
jednostkowych pomiedzy zleceniami buduj oraz projektuj i buduj, Srednie te nie réznig si¢ znaczaco
na zatlozonym w obliczeniach poziomie istotnosci @ réwnym 0,05. Brak statystycznego potwierdzenia
istotnos$ci réznic Srednich bedzie przedmiotem dalszych badan. Warto jednak podkreslié, ze dla dwéch
typéw zlecent wyznaczono procentowg wielko$¢ premii za ryzyko wykonawcy. Po wtére, w C5, gdzie
Srednia cena 1 km drogi dla zlecen typu projektuj i buduj jest nizsza niz dla zlecen typu buduj, mozna
stwierdzi¢, ze wykonawcy zleceri typu projektuj i buduj potrafig tak optymalizowac projekt i obnizyc¢
koszty wykonawstwa, ze pomimo wyzszej rezerwy na ryzyko (bo ryzyko zlecen projektuj i buduj jest
wyzsze niz w zleceniach typu buduj), Srednia cena jednostkowa 1 km drogi jest nizsza.
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