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Determination of the level of redundancy
of the complex construction flow of the cluster-
territory of the existing city development

Among the methods of increasing reliability envisaged in the design, a special place is occupied by the use of re-
dundancy. Redundancy is additional means (or capabilities) beyond the minimum required to perform a given
function. Reservation is a method of increasing reliability by introducing redundancy. The special place assigned
to this method is explained by the fact that redundancy most fully solves the problem of obtaining the required
reliability with relatively unreliable elements. Depending on the type of redundancy used, the following types
of redundancy are distinguished: structural — providing for the use of redundant elements; in the structure
of the object (nodes, blocks similar to those available); temporary — providing for the use of excess time; func-
tional — providing for the use of the ability of elements to perform additional functions; informational — provid-
ing for the use of the ability to perceive additional information coming to the object; load — providing for the use
of the ability to perceive an additional load. One of the main ways to increase the reliability of systems is structur-
al redundancy, which provides for the inclusion of additional facilities in the system. Structural redundancy differs
in a number of ways: the reserve is switched on permanently or the reserve element is switched on as needed (re-
placement reservation, unloaded reserve); individual or group redundancy; the transition to the reserve element
occurs instantly or it takes a finite time to switch; the system of health monitoring and reserve management is ab-
solutely reliable or has ultimate reliability, etc. The variety of types of redundancy has led to the creation of doz-
ens of different models that take into account the specific specifics of the systems.
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he level of resource reservation (power type) is

I determined by the additional intensity that

should ensure the performance of a given

amount of work in the estimated time with a given re-

liability [1, 2]. To determine this level, taking into ac-

count the optimality criterion, the following sequence
can be proposed:

1. Statistical data on the intensity of private
flows in the studied investment and construction
project of the real estate object are collected
and analyzed.

2. The average statistical values of the alternat-
ing intensities of partial flows — /, as well as their
variances 02 and average deviations — o are calcu-
lated.

3. The earliest dates for the entry into operation
of the main specialized flows of the complex flow
are found. These deadlines are found as a result
of analyzing the linear or network construction
schedule of the entire facility as a whole. If the found
average value of the intensity of the final specialized
flow I does not allow the completion of the con-
struction of the facility as a whole within a specified
period, then a corresponding increase in intensity
should be ensured by attracting reserve resourc-
es [3-5].

4. The optimal level of reliability P — P is de-
termined for the corresponding specialized flow,
which makes it possible to complete the construc-
tion of the facility as a whole in the optimal time pe-
riod Topr

5. The average shift intensity of the final special-
ized flow /y is calculated, the value of which is de-
termined, in addition to the many factors affecting it
by the intensity of the preceding factors, also spe-
cialized flows interconnected by a single system

of parameters of the construction flow, /i is neces-
sary to comply with the construction period T,
which ensures the commissioning of the entire facil-
ity within the estimated time, according to the for-
mula [6]:

s Q, (r=0.5)
/sf = qch = Sf sf)’ (1)
(Tupt - Tdep/)

where Tsp, — construction period; T, — the de-
ployment period of the specialized (final) flow.

6. The required shift intensity is calculated /;
according to the formula:

rel _ prel
f=qr= TRl ®
(Tapt - Tdep/)

7. The necessary increase in the volume of work
is determined Q"

Q= QE(P[E’ = P’E’) - Qﬁ(P’e’ < P’e/), (3)

opt opt

rel

were Qﬁ(P < Po’:t/) — amount of work that will be
completed on time 7, at an intensity /.

8. There is a deadline for which the volume
Q(F;’e’ = F;’:t’) will be completed at an intensity /¢
and P < P by the formula [7]:

opt
rel rel
T — Qc (Pr = R)p[).
f lsf

4)

9. The excess of the expected period over
the optimal period T, ( R,’,f,’ = T, is determined as
a result of low reliability P < P,/ by the formula [8]:

AT =T (P < B} - T,

opt opt

rel _ prel
(ri=ri) ®
where AT = T working or dt calendar days.

10. Losses (C,,s,) are calculated from the delay
in commissioning of an object or complex of objects
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as a result of exceeding the construction period for the final construc-
tion flow by dt days [9, 10].

11. The cost of maintaining the reserve resources C,, should not
exceed the value C,,4, in accordance with the condition.

The following general recommendations can be made regard-
ing the nature and conditions of the allocation of reserve resources
[11,12]:

e along with the collection and analysis of statistical data
on the intensity of private flows, the level of unproductive time
losses characteristic of each of them is also revealed;

e average values of total intra-shift losses (X) and the probabil-
ity of whole shift P(X,,) losses of working time in private flows
are calculated. In each private flow, the amount of critical
downtime X, is determined, taking into account the degree
of loading of the main machine or the flow crew (of this private
flow);

e REL (organizational and technological reliability) of private
flows is calculated using the formula:

Pjre/ = e—q)xcd/ (6)

in individual flows, the degree of influence of various factors
causing unproductive time losses is assessed and significantly in-
fluencing risk factors are identified [13];

e reserve resources are selected to neutralize the factors that
significantly affect P/’e’ of private flows;

e measures are being developed to use reserve means
of mechanization of machines or crews outside the flow or
in the flow, depending on the technological content of this
particular flow. This means that if a private thread is working
flawlessly, backup resources are not idle outside of it (for ex-
ample, on backup objects or in parallel threads). Thus, a sig-
nificant part of the cost of maintaining reserve resources is
repaid [14];

¢ the cost of maintaining all reserve resources Cg;,, of each
specialized flow is calculated, where such resources are
used. Then from Cg;,, the value of the economic effect C,q,
obtained as a result of the use of reserve resources and dur-
ing periods of uptime of the flow is subtracted. Then the ac-
tual cost of maintaining reserve resources for the entire period
of operation of the specialized flow will be:

Crf.r = Cffr - cuse; (7)

. Pj""/ of private flows is calculated, taking into account redun-

dancy. To do this, new values of X, P(X,4), X, are defined;

e condition T = Pj’e/ is checked for the final specialized flow as

part of a complex one.

Thus, the assignment of the type of reserve resources and their
distribution to specialized flows are made on the basis of an analy-
sis of the REL of private flows, an assessment of the degree of influ-
ence of various factors causing unproductive time losses. Reserve
resources are being selected to neutralize risk factors that signifi-
cantly affect the reliability of private flows.

The presented basic principles for determining the level of re-
dundancy assume:

1. The method of backup grips.

2. The main method of increasing the REL of the construction
complex flow should be recognized as economically justified resource
reservation. The main requirement for the optimality of reserving re-
sources (such as capacity) is that the cost of maintaining these re-
sources does not exceed the amount of the economic effect

of increasing REL and reducing construction time. As a criterion
for the optimality of the level of resource reservation during the con-
struction of a complex of facilities, a minimum of total costs can be
selected. The REL level, which allows the construction to be complet-
ed in the optimal time, is proposed to be considered optimal. Increas-
ing REL with the help of reserve resources by maintaining the actual
flow rate at a given level with the necessary probability [15].

3. The type of reserve resource is determined by destabilizing
factors specific to this particular flow, since downtime due
to the lack of a front of work cannot be used as reserve resources.

4. The use of reserve resources to increase P/’Q/ of a complex
construction flow can be justified only if it satisfies some criterion
of optimality.

5. The requirements for the optimality of resource reservation,
based on the optimality criterion, can be formulated as follows:
the problem of the construction flow, which is insufficiently devel-
oped, is taken into account, while the issues of resource reservation
are also included. It can be assumed that in the process of devel-
oping research on this very important problem, various methods
of economic justification for reserving resources will be proposed.
One of the possible methods of economic justification of resource
reservation is proposed in order to increase the efficiency of the in-
tegrated construction flow, which allows taking into account
the specifics of the urban construction complex.

In general, the principle of choosing the optimality criterion for re-
serving resources can be characterized as follows: there is a depend-
ence between the reliability P/‘““ and the construction period T (Fig. 1).

But although with an increase in REL, the construction period de-
creases, and the economic effect of putting the facility into operation
at an earlier date increases, this happens to a certain limit, after which
a further increase in reliability becomes unprofitable. It follows from this
that there is some optimum, after which a further reduction in the con-
struction period of an object or group of objects becomes unprofitable.

Let's prove this position on a concrete example of the restora-
tion of the housing stock of Mariupol (DPR).

Therefore, if we design a complex construction flow for a given
construction period, then it is advisable to take the optimal period
as such. Then, if the REL of the flow is such that the construction
period T, is longer than the optimal period, then it is necessary to in-
crease reliability by so much that the construction period is equal

to the optimal one — T, (P = P5™).

C, ths RUB/200

«©

0 Topf T, years

Fig. 1. Graph of the dependence of the total cost C, on the dura-
tion of construction T,
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Losses from late
commissioning of the facility
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0 Ptre/ < PO’;/ Ptre/ — POI;/ Ptre/ =1
Fig. 2. The fundamental relationship between reliability, the cost
of maintaining reserves and the magnitude of the economic effect

The minimum of total costs is taken as the criterion for the opti-
mality of the construction period, and the dependence between
the amount of total costs C, and the duration of construction 7, is
established. The nature of this dependence is shown in Fig. 2.
A delay in the entry of the final object by t working days will cause
a delay in the commissioning of the entire complex by at calendar
days, where:

o= -3 ®
T T

work work

is a coefficient equal to the ratio of the number of calendar days per
year to the number of working days of the year.

Therefore, in this case, it is possible to compare the reliability
of the final specialized flow for the restoration of housing stock with
the criterion for the entire range of costs.

Certain costs are required to increase the REL of the complex
flow. At the same time, of course, with increasing reliability, the cost
of maintaining it at the required level increases, and the construc-
tion period decreases.

At the same time, with increasing reliability, losses from late
commissioning decrease. Given the inverse relationship between
the reliability P/’S/ and the duration of construction T, the cost func-
tion C = f(r) will be the inverse of the one shown in Fig. 2.
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Haunboree NofHO NO3BOMSET PELLUTL 3adady NonyYeHns Tpebyemon
HafEXHOCTUN NP OTHOCUTENBHO MasnioHaAEeXHbIX aneMeHTax. B 3a-
BMCYMOCTU OT BUAA MUCMOMb3YEMON N3ObITOYHOCTU pasnuyatoT cre-
JyroLye Bubl pe3epBrpOBaHUS: CTPYKTYPHOE — NpefycMaTpmBato-
LLiee MCMOoNb30BaHME N36bITOYHBIX ANEMEHTOB; B CTPYKTYpE O6beKTa
(y3noB, 6510KOB, aHaNorM4HbIX MMEKLLMMCS); BPEMEHHOE — MNpef-
ycMaTpuvBaroLLiee UCMOoSb30BaHNE N36bITOYHOMO BPEMEHW; hyHKLUU-
OHaJlbHOe — npefycMaTpuBaloLLiee UCroib30BaHNe CoCOO6HOCTU
3M1EMEHTOB BbIMOMHATb [OMOMHUTENbHbIE (PYHKLIMK; MHADOPMALIMOH-
HOe — npegdycMaTp1BatoLLEee UCMONMb30BaHNE CMOCOHBHOCTH K BOC-
NPUSTUIO JOMONHUTESIbHOM MHAbOpMaLMK, MOCTYNAKOLLIEN HA OOBEKT;
Harpy3o4Hoe — npegycmMarpuBaroLLee UCNoNb30BaHME CMIOCOOHO-
CTV K BOCMPUSATIO [OMOMHUTENBbHOM Harpy3ku. OfHUM 13 OCHOBHbIX
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CMOCOGOB MOBbILLIEHWS HALLEXXHOCTU CUCTEM SBMSETCS CTPYKTYPHOE
pe3epBYpOBaHIe, KOTOPOE NPedyCMaTpUBAET BKIIOYEHVE B COCTaB
CHCTEMbI [OMOMHUTENbHBIX 06bEKTOB. CTPYKTYPHOE Pe3epBupoBa-
HWe pasnuyaeTcs No psgdy NPY3HAKOB: Pe3epB BKIIOYEH MOCTOsH-
HO WY Pe3epBHbIN ANEMEHT BKITKOHAETCS MO Mepe Heo6XoayMOoCTH
(pe3epBMpoBaHNe 3aMeLLEHNEM, HEHArPY>XEHHbIN Pe3epB); MHAN-
BULyasibHOe UMW rpynnoBoe Pe3epBH1POBaHIE; MEPEXOR Ha Pe3epB-
HbIA 371EMEHT MPOUCXOAUT MTHOBEHHO UMM TPebyeTcsi KOHeYHoe
BPEMS Ha MEepeKIIioHeHNe; CUCTEMA KOHTPOSISt paBoTOCMOCOGHOCTH
1 yrpaBrieHnsi pe3epBoM aGCoMOTHO HAAEXHa U UMEET KOHEYHYIO
Ha#eXHOCTb 1 T.4. MHOroo6pasue BULOB pe3epBUPOBaHIS NpUBe-
J10 K CO3AaHMIO JECATKOB PasnnyHbIX MOAENEeN, YHUTLIBAOLLMX KOH-
KPETHYO CreumtuKy CUCTEM.

Knto4eBble c/oBa: pe3epBupoBaHne PecypcoB, UHTEHCUBHOCTb
crneynann3npoBaHHOro NoToKa, KOMIMIEKCHbIVM CTPOUTEbHbIM
MOTOK, CTOMMOCTb COAEPXAaHUS Pe3ePBHbIX PECYPCOB, MPUHLMIT
BbIGOPA KPUTEPUS ONTUMATIbHOCTH
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