
Operacijske raziskave v gradbenǐstvu
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4. 4. 2023

5.1 Izvedba projekta gradnje

V spodnji preglednici podajamo osnovne podatke za zelo poenostavljeno izgradnjo stavbe. Za vsako
aktivnost so podani neposredni predhodniki in trajanje v tednih (za trajanje posamezne aktivnosti so
podani pesimistična, najbolj verjetna in optimistična vrednost, ter najkraǰse možno trajanje in stroški
skraǰsanja na teden).

a) Prikažite potek projekta v mrežnem diagramu (z aktivnostmi po vozlǐsčih in aktivnostmi po
lokih) in Ganttovem diagramu.

b) Ob upoštevanju porazdelitve beta določite srednje vrednosti in variance trajanj posameznih
aktivnosti.

c) Določite trajanje projekta ob upoštevanju srednjih vrednosti trajanj aktivnosti in predpostavki,
da ne bo zamud.

d) Določite najzgodneǰse začetke in konce aktivnosti (ES in EF ) ter najpozneǰse začetke in konce
aktivnosti (LS in LF ).

e) Določite aktivnosti na kritični poti in rezerve pri aktivnostih, ki niso na kritični poti.

f) Ob običajnih predpostavkah metode PERT določite srednjo vrednost in varianco trajanja pro-
jekta ter verjetnost, da bo projekt zaključen v predvidenem roku 54 tednov.

g) Določite stroške, če želimo trajanje projekta skraǰsati za določeno število tednov. Ob pred-
postavki, da za vsak teden skraǰsanja projekta dobimo nagrado 30 tisoč evrov, določi optimalni
način skraǰsanja projekta.

Aktivnost Neposredni Optimistično Najbolj verjetno Pesimistično Najkraǰse Cena kraǰsanja
predhodnik trajanje trajanje trajanje možno na teden (tisoč evri)

1 -
2 1
3 2
4 2
5 2
6 3,5
7 4
8 7
9 6
10 8,9
11 3,5

Uporabite Excel ter program Mathematica.



5.2 Izvedba projekta v jedrski elektrarni

Na spodnji preglednici so osnovni podatki o izvedbi projekta izgradnje reaktorja jedrske elektrarne
(vir: L.E. Juanico, P.C. Florido, J.E. Bergallo, Probabilistic model for the economic evaluation of
nuclear projects, Nuclear Engineering and Design 211 (2002) 237-244.)

L.E. Juanicó et al. / Nuclear Engineering and Design 211 (2002) 237–244 239

associated with delays in the main construction
works (Civil, Mechanic and Electric+I&C
works) over the final cost. On this point, we have
considered only delays due to financial reasons
(not due to constructor failures themselves) in
constructor works, and so they must be added to
the total cost of the project.

Table 1 illustrates the tasks considered for the
CANDU 6 construction (Kakaria and Azeez,
1989), whose Gantt diagram is illustrated in Fig.
1. This diagram shows the complexity of the
construction schedule, since there are many cou-
pled tasks. The starting and ending times have
been calculated by using the most probable dura-
tion of each task (i.e. their media probabilistic
values), just like a best estimate case, but certainly
they have stochastic values.

The cash flow is defined from the project sched-
ule with the cost list shown in Table 2. Items with
an asterisk have a penalty factor associated with
delays in their effective ending time, that are
calculated as a percentage of the total cost for the
number of months delayed. The set of data for
economic evaluation is completed including the
main economic parameters.

All values included within Tables 1 and 2 came
from our estimation, but we have treated to keep
the general project schedule reflected in a previous
work (Kakaria and Azeez, 1989). However, the
main tasks have been fragmented in order to
better model the time relationship between them,
and their delays. Let us note that the actual
number of tasks involved within a nuclear plant
construction are about several hundreds, against

Table 1
Construction schedule and probabilistic parameters estimate for the CANDU 6 reactor (all values are in month units)

Xmin�X�EndingStartsItems

9Feasibility+siting 0 12 12 4
11315Contract signature 12

18 3Construction licenses 215 1
19 4Preliminary safety report approval 315 2

301236Owner costs 5115
18Civil work (up 60%) 32 14 4 12

Civil work (100%) 1010124432
–1 12019Basic engineering completed

23 3Detail engineering (up 25%) 120 2
23 27Detail engineering (up 50%) 4 1 3

Detail engineering (up 75%) 27 32 5 2 3
Detail engineering (100%) 4263832

26 43832Mechanic work (up 25%)
38 46Mechanic work (up 50%) 8 3 7

7Mechanic work (up 75%) 446 1056
69Mechanic work (100%) 861 4 8

RPV construction 4020 6 3660
1–Transport of RPV to siting 160 61

4 2 3Electric+I&C works (up 22%) 38 42
73Electric+I&C works (up 66%) 846 54

167256Electric+I&C works (100%) 146
8 254 7Commiss. of Auxil. Sys. (up 55%) 46

Commiss. of Auxil. Sys. (100%) 1254 66 104
72 1.5Commiss. of Conventional Sys. 1274
74 75First core load authorization 1 0.53

2 2Commiss. of nuclear systems 1.575 77
50 12Final safety report approval 538 9
79Nuclear start authorization 277 6 1
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Aktivnost Neposredni
predhodnik

1 -
2 1
3 2
4 2
5 2
6 3
7 6
8 4
9 8
10 9
11 10
12 6,11
13 6,8
14 12,13
15 7,14
16 12,15
17 8,10
18 5,12,15,17
19 12,13
20 14,19
21 15,20
22 7,14,19
23 20,22
24 16,21,23
25 24
26 25
27 12,13,22,26
28 27

Dodatno moramo podati še neposredne predhodnike za vseh 28 aktivnosti, kar je prikazano v pregled-
nici na desni.

a) Prikažite potek projekta v mrežnem diagramu (z aktivnostmi po vozlǐsčih) in Ganttovem dia-
gramu.

b) Določite trajanje projekta ob upoštevanju srednjih vrednosti trajanj aktivnosti in predpostavki,
da ne bo zamud.

c) Določite najzgodneǰse začetke in konce aktivnosti (ES in EF ) ter najpozneǰse začetke in konce
aktivnosti (LS in LF ).

d) Določite aktivnosti na kritični poti in rezerve pri aktivnostih, ki niso na kritični poti.

e) Ob običajnih predpostavkah metode PERT določite srednjo vrednost in varianco trajanja pro-
jekta ter verjetnost, da bo projekt zaključen v 7 letih.


