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The article proposes to reduce the duration of non-rhythmic flow lines on technologically identi-
cal processes by using the resource of “flow-line non-critical” divisions on interdependent works.

In non-rhythmic flow-line construction, there are processes with a reserve of non-used resources
with adjacent works (“flow-line non-rhythmic” works). As a result of the system study, it is proposed to
characterize “flow-line non-critical” works as having an increased period of deployment or convolution
of flow lines.

The work volume is redistributed on technologically identical processes, for which interdepend-
ent divisions are determined. General new working deadlines are limited by the target function. Addi-
tional restrictions determine the limits of change in the term of work on intermediate divisions.

Optimized works are performed in two variants for three and two shifts. This method is more ef-
fective in reducing construction and complements the optimization method by reducing the deployment
period.

Key words: non-rhythmic flow-lines, “flow-line non-rhythmic” works, deployment and convolu-
tion periods, sequentially parallel method, technologically identical works, flow-lines optimization.

Introduction

For energy-saving building construction technologies, harmoniously balanced systems should be in-
troduced by adopting rational constructive, organizational and technological decisions (COTD) based on
variant design. Variant design involves reducing the construction period by using the reserves of “flow-line
non-critical” works on the building (Determination of the construction duration of objects, NSU, 2014).

Today, construction requires a reduction in labor resources with a large amount of work (Ivaneiko,
Mudryi, Oleksiv, 2017). NULP has developed a methodology for reducing the construction period by re-
ducing the deployment periods of non-rhythmic flow-lines on two processes using the available resource.
(Ivaneiko, Oleksiv, 2022). The proposed system of redistribution of non-used resources is a continuation of
preliminary research on more technologically identical processes.

Reduction of construction is achieved by constructive, organizational, and technological measures.
For constructive reasons, it is achieved by choosing the type of materials and reducing the number of ele-
ments (Hicks, Lawson, Rackham, Fordham, 2004; Ivaneiko, Oleksiv, 2017; Mudryi, 2011, Shvydenko,
1983; Egnus, 1975). And for technological — changes in labor productivity, the number of machines in the
process and application of technology transport machines (Shumakov, 2015; Mudryi, 2017, Ivaneiko,
2021), and the replacement of simple manual works by mechanized by the use of hybrid, universal and
mini machines (Chebanov, 1994, Stilets, 1999; Ivaneiko, Ivaneiko, Vyshnevetsky, 2021). In the organiza-
tion of construction to reduce the term of construction solve optimization problems and apply flow-line
construction methods (Maj, 2007; Ushatsky, 2007) and many more changes.

One of the necessary optimization tasks is to solve the problem of reducing the construction period
for the system with a limited number of resources. For a certain resource and division into parts, the algo-
rithm for finding the optimal sequence of mastering fronts (species of works), proposed by S. M. Johnson
is applied (Pan, 2002; Schaller, 2005). One way to reduce the construction period of a given resource sys-
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tem is to search for an organizational and technological sequence of work by the method of branches and
boundaries (A. H. Land and A. G. Doig, 1960).

In the organization of construction to reduce the term of the building process, a parallel flow-line
method is used:

a) obtaining the same duration of all types of work (proposed in 1959 in the Kyiv Engineering and
Construction Institute by A. M. Clinduh);

b) achieving directive duration of construction using additional resources on works:

— critical, on the flow-line division (Kelley, Walker, 1959);

— the most time-consuming (proposed in 1965 by V. P. Hibukhin);

— he largest in terms of duration (proposed in 1982 A. V. Afanasiev).

It should be noted that the organization of works using parallel execution requires the involvement
of additional labor resources in the structure.

Studies of non-rhythmic flow-lines show that in the system of duration of work they decrease due to
a change in (greater or less) intensity of processes. One way for efficient processes selected for a given
amount of work is to change productivity, which introduces from an economic point of view to increase
costs (Ivaneiko, Mudryi, 2011). In some cases (with reduced intensity of work), it is enough to introduce
planned organizational downtime at work to obtain a shorter duration of construction. Such works in the
system have a reserve of non-used resources — “flow-line non-critical” works.

Optimization methods to reduce the flow-line deployment period allowed the use of duration re-
serves “flow-line non-critical” divisions with intensity on “flow-line critical” operation, and reduce its
volume and duration of construction (Ivaneiko, Oleksiv, 2022). This procedure can be used for all unbal-
anced pairs at the facility but cannot be used for technologically incompatible processes. A study of the
flow-line construction performance showed that from a mathematical point of view, with a large number of
divisions, there are more than two interdependent divisions (Ivaneiko, Ivaneiko, 2020), which may be
technologically compatible and among which there are “flow-line non-critical” works not related to the
flow-line deployment period.

The article proposes dependencies to determine “flow-line non-critical” works, the criterion of the
effectiveness of redistribution of non-used resources and the term of work on interdependent divisions.

Development of theory and improvement of flow-line non-rhythmic construction for technologi-
cally identical processes by redistribution of volumes of works “flow-line non-rhythmic” divisions on in-
terdependent divisions using a sequential-parallel method to reduce the duration of work without attracting
additional resources.

Material and Methods

Sequential-parallel methods in the flow-line organization of works are used to balance the duration
of two or more processes in order to obtain a reduction in the construction period.
As a rule, there is a variable number of divisions and types of work in construction. The maximum

number of interdependent divisions f _ is equal to the minimum size of fronts and types of work:

f_ =min(m,n), (D
where m is the number of divisions (fronts of works) during the flow-line of the building; » — number of
types of work.

To be able to implement a sequential-parallel method in the flow-line organization of works on in-
terdependent divisions (placed on one rank) they must be technically and technologically compatible in
characteristics.

For calculation, consider the matrix in the OTW system (organization of types of work). The number
of interdependent divisions equal to the value of the works, is determined by the matrix in the ROTW sys-
tem by moving the tapes per unit. For the system nxm = 6x7 matrices are defined in the OTW system
(Table 1) and ROTW (Table 2) with the calculation of the number of interdependent divisions for rank (f)
and technologically combined works (g).
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Table 1
OTW matrix for the number of works #=6 on divisions m=7
Divisions and duration of work

OTW -

L2 3 4| s e |

A 1 ti1 | tiz | tiz | tia | tis | tie | tiy

'M: b 2* t21 t22 t23 t24 t25 t26 t27

‘é B 3% |ty | taz | taz | t3a | t3s | t3g | 37

g r 4% tay (PP} t43 gy lys tae a7

= E 5% | b5y | tsy | tsz | tsq | tss | tse | tsy

A n=6 | to; | tez | tes | tea | tes | tes | Cle7

Table 2
ROTW matrix n x m=6 x 7 with technologically identical processes 2—5
Ranks and duration of work
ROTW
1 2 3 4 5 6 7 8 9 10 11 p=12
A 1 t11 t12 t13 t14 t15 t16 t17 O O O O O
'Mm b 2* O t22 t23 t24 t25 t26 t27 t28 O O O O
E B 3 0 0 t33 | T34 | t35 | l36 | T37 | l3g | t39 0 0 0
2 r 4* 0 0 0 tas bys | tye | tay | lag | ta9 | 110 0 0
E E 5% 0 0 0 0 bss | tse | sy | tsg | tso | Us10 | Ts11 0
A n=6 | 0 0 0 0 0 tes | o7 | les | leo | lero | le11 te12

f 1| 2| 3| 4 5 16| 6 | 5 | 4|3 |2 1
q(for b ...E) 0 1 2 3 4 4 | 4 4 3 2 1 0

* Technologically interdependent works (four combined works — B..

E).

Non-rhythmic flow-lines differ in time and time of work. To search for critical and non-critical
works in Critical Path Method, the calculation of early beginnings and late endings and their comparison
by time reserves is made.

It is possible to pre-determine small works as critical, in accordance with the principle of increasing
the flow-line deployment period. That is, the first sign of non-critical work in the system is less than the
value of the duration of work compared to the neighbouring ones and its less value from the average value
of interdependent divisions. At the same time, studies have shown that “flow-line non-critical” work is

increased during periods of deployment or convolution of flow-lines.

The flow-line deployment period is calculated by the direction calculation and non-critical works are

determined in which the deployment period of the Tj” flow-line is greater than the duration (j-)-work on

the first division (front works):

TP

J

> t(jfl)l ?

2
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k k-1
T = maX(ZI(H)’i —Ztﬁ) 1<k<m, 3)
i=1 i=1

where T] ? is the period of deployment of the j flow-line (processes); T, — the duration of the first cap-

)
ture for (j-7) stream (robots); L — duration of the j flow-line (processes) on the i front; 1,2,..., j,....k,...,n —
partial flow-lines (processes); 1,2,...,1,...,m — partial fronts of works.

The convolution period is calculated in the opposite direction of calculation and non-critical works
(-1) are determined, in which the convolution period of the flow-line 7/* is longer than the duration of the

j work on the last division:
T/ >t *)

k k+1
TF=max(Ye, =)  mzk=l, (5)
where T;" is the period of deployment of the j flow-line (processes); 7T . — duration of the m division

mj

(front of works) for j flow-line (processes); ¢

; — duration of the j flow-line on the i front;
L2,..,J,....,k,...,n —partial flow-lines; 1,2,...,i,...,m — partial fronts of works.

The work is non-critical if one of the conditions (2) or (4) is met.

To be able to implement a sequential-parallel method in the flow-line organization of works on in-
terdependent divisions (placed on one rank) they must be technically and technologically compatible in

characteristics and for them the average value on the division is determined:

y
Coeep = thg /q ’ (6)
Jj=x
T:'gcep ® T:'g =T (7)
i=g—j+1, (8)

where T:-gcep is the average value on interdependent divisions (¢) on the rank g; t:.g — the accepted duration
of the j work on the g-th rank; 7, — accepted duration of the j work on the 7 division; /... g ...p — partial

ranks of works; g — number of interdependent divisions (Table 2); x and y — numbers of the first and last
work on interdependent divisions.

The main purpose of dividing the duration of work (in integers) by average values is to achieve a to-
tal difference between all dependent divisions within:

k k-1
02AT! =>7,,—2F,)2-1 1<k<m, )
i=2 i=l

where AT" is the difference in duration between dependent divisions, which show how much non-used

time reserves in “flow-line non-critical” works. Time reserves are used 100 % with an odd difference
of — 1, and odd - 0.

The additional difference in values for intermediate divisions may be less than — 1, but in any case
must be less than zero:

h A=l
ATJ.}' :min(Z‘r(H)i —Z‘rﬁ)SO ...... 1<h<m-1, (10)
i=2 i=l

where £ is the number of work divisions in the matrix of OTW within 1,2,...,7,...,h...(m—1); AT;‘ — the

difference in the duration of work (j-7) and j on (m-1) divisions.
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For each division, the number of changes required to perform the work is determined:
tji
Ji

where W, is the number of changes at the work of the j flow-line on the i division (front works); 7, — the

W, =

: (11)

accepted duration of the j flow-line on the i division (front works).
Within the framework of solving the problem it is possible to adjust the duration of 7 ; work, to re-

duce the number of changes in performance.

Results and discussion

To compare the terms of work, a matrix model (Ivaneiko, Oleksiv, 2016) was taken (Table 3). The
table calculates the timing of work, periods of deployment and convolution of flow-lines according to the
formulas (3), (4) and defines “flow-line critical and non-critical” works by the formulas (2) and (4).

Table 3
Output data for the calculation of non-rhythmic flow-lines
Technological processes and duration of work
G G [ ¢
. 2 S .2 z °E ¢ £
5} S o= S ETS o jﬁ) S P2 z
c e | 3E| 3T | %2 | 3Eg 1
a g < 5 ® se° &
A B B T E i
| 1 10 12 5 10 12
II 3 6 10 6 20 8
11T 4 5 6 4 8 18
v 3 3 8 3 11 9
A" 1 2 14 2 17 7
VI 2 4 7 8 12 4
VII 3 1 9 7 16 5
Amount 17 31 66 35 94 63
TP 1 10 38 5 36
T 15 45 7 54 5
Works* NC NC C NC C | NC

* To the “flow-line critical” works belongs C, D (C), and to the “flow-line non-critical” — A, B, E and F (NC).

Process analysis shows that they are technologically identical processes: A and B — as union by a
universal machine; B, C, D, F — are combined by installation of elements with professional workers and
partially specialized machines.

Systemic association of all works (B, C, D, F) is included in the matrix of OTW (Table 4).

We combine the data of these processes in time (in different shifts).

For calculation we need to determine:

a) average values of works by option B-E (j=2 .../=5) for ranks g= 2 ...10 number of interdependent
divisions ((6), Table 2) are:

7, =(10)/1=10; 7, =(6+10)/2=9; 1, =(5+10+5)/3=6.67;1,,, =(3+6+6+10)/4=6.25;
T, =(2+8+4+20)/4=825; 7, =(4+14+3+8)/4=725; 7, =(1+7+2+11)/4=525;
Ty, =(9+8+17)/3=11.33;7,, = (7+12)/2=9.5;1;,,, =(16)/1=16;
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b) by (7) taking into account the target function in (9) determine the duration of work on ranks (dura-
tion Ty,..T5,) = (T, T35 T4y Ts, ) and divisions (7,7 ,,,7 5,7,4) (7), (9);

¢) define the construction period of T=97;
d) determine the number of changes in the performance of works (11). For divisions E2 and E4 it is
necessary to perform works in three shifts, because W, =20/9=2.22- 3-shifis and

W, =11/5=2.2 >3- shifts .

Table 4
Redistribution of volumes of works by sequentially parallel method
in technologically compatible processes
Option 1 Option 2 Option 3
Fronts and duration of work
Output data B+B+T+E B+B+T+E
OBP
T] T3 T}
I |||V | V| VIWVIDT| T\ Tl = | T[Tz | = | T | Tusl —
j Jj 1 Ti 6 2 T‘% 1 3 ’Ig
0 0 0
A 1 1 3 4 3 1 213 15 17 17 17 17 17 17
1106|532 4|1 |1 : 1 : 1 :
B|2|10]9|6|6|8]| 7|6 45 | 31 | = 52| 52|
" 3 11019 |6 6 8 8 |5 32 52 52
A2
1
§ . 12110 | 6 8 | 14| 7 9 11 11 11
SB[ 2|9 7| 6|8 |8 |5 |10 7 |66 |10]54| |10|54]
b 3197168 |7]|5]12
[0
& 1 5 6 | 4 3 2 8 7
>
Fr*zzggzggmmm%é—i955%955%
3 7 6 8 7 5 11210
I {10[20] 8 |11 |17 |12 ] 16
Ex[ 2 | 79|z |35|12|9]|16]|5 9415?487655—;7655—1
3 7 110 7 6 |10 9 | 16 5
90 34 34
Jd1 1 112 8 | 18] 9 7 415 |36 63 153 7 | 63 97 7 | 63 97
Deployment period 90 34 34
* Technologically identical processes.
Table 5
Purpose function and additional difference of values on divisions
Purpose function Additional difference in values on grips
Options h h h
AT AT} AT AT; AT, AT
Option 2 -1 0 -1 -2 -1 -2
Option 3 0 0 -1 -1 0 -4

To perform all the work on two divisions, a third version of the duration distribution has been
developed, in which the greater required values of the execution of the E-job on 2 and 4 divisions
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(15, =10(w,, =20/10 = 2 shifts), 7, =6(W,, =11/6 =1.83)) followed by redistribution of terms accord-

ing to the (9) and (10).

The purpose function and the additional difference in values on divisions are shown in Table 5.

The duration of flow-line is less than or equal to division planning. For data developed options for
the duration of flow-line work and Critical Path Method coincide and are equal to 97 days. The duration of
option 1 is 128 days when calculating Critical Path Method.

According to the system of redistribution of the resource of works, the duration decreases the more
the combined technologically identical works. The introduction of this sequential-parallel method with
coordination of works in time should take into account the cost of machines and working tools.

Conclusions

1. The proposed system method of redistribution of non-used work resources on technologically
identical processes with the introduction of a sequential-parallel flow-line method of the construction or-
ganization. Non-used work resources have “flow-line non-critical” work with increased deployment or
convolution periods. This method will reduce construction times.

2. The implementation of this organizational method of work should be carried out with coordina-
tion with structural elements and means of mechanization with a justification of economic expediency.

3. The use of non-used resources of non-critical works in network planning (Critical Path Method) was
investigated.
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I. 1. IBaneiiko
Haunionanshuii yHiBepcuteT “JIbBiBChKa MOMiTEXHIKA”,
kadeapa OyaiBETBHOrO BUPOOHHUIITBA

CUCTEMA IIEPEPO3IIOALTY HEBUKOPUCTAHOI'O PECYPCY POBIT
Y HEPUTMIUYHHUX ITIOTOKAX

© lsanetixo 1. J[., 2023

3anpornoHoBaHO 3MEHIIUTH TPUBAJIICTh BUKOHAHHS HEPUTMIYHMX MOTOKOBHX POOIT HA TEXHOJIOTIYHO
OJTHOTHUITHUX IPOIIEcaxX IUIIXOM BHKOPHCTAHHS PECYPCY “NOTOKOBO HEKPUTHYHHUX 3aXBATOK Ha B3a€MO3AJIEK-
HHUX poOoTax.

Pospaxynku Critical Path Method BxitouatoTh KpuTHYHI POOOTH, SIKi PO3PAXOBYIOTHCS 32 PaHHIM MO-
YaTKOM Ta IMi3HIM 3aKiHYEHHsIM 1 He MaloTh pe3epBiB 4acy. [lomepeaHi JoCiiKeHHs MOKa3aiy, 0 “MOTOKOBO
HEKPUTHYHI pOOOTH BU3HAYAIOTHCS MIEPIOOM PO3TOPTAHHS ITOTOKIB.

Y HepUTMIYHOMY IOTOKOBOMY OyiBHHUIITBI ICHYIOTH TPOIIECH 13 3aI1aCOM HEBHKOPUCTAHOTO PECYPCY 3
CYMDKHUMH poOoTaMu (“TIOTOKOBO HEPUTMIiYHI” poOOTH). 3 MOCIIPKEHHS! CUCTEMH 3aIPONIOHOBAHO XapaKTe-
pHU3yBaTH “IOTOKOBI HEKPUTHYHI” POOOTH SIK Taki, sIKI MaroTh 30UIBIIEHHUH NIepio po3ropTaHHs abo 3ropTaH-
HSI TTOTOKIB.

OO0csr poOiIT Nepepo3noAIIETHCS Ha TEXHOJIOTTYHO OJAHOTHITHI MPOLECH, [UIS IKUX BH3HAYAIOThCS B3a-
€MO3aJIeKHI 3aXBaTKU. 3arajbHi HOBI TEpMiHM pOOOTH OOMEXEeHI IIIbOBOIO (DYHKINIEI0. Y MOAaTKOBUX 0OMe-
KEHHSIX BU3HAYAIOTHCS MEX1 3MIHM TEpMiHYy BUKOHAHHS pOOIT Ha MPOMIXXHUX 3aXBaTKaX.

Jly1s NOpiBHSTHHS BapiaHTIB BUOPAHO MIICThH MPOLIECIB 13 BUKOHAHHAM pOOIT Ha ceMu 3axBaTkaX. BusHa-
YEHO TEXHOJIOTIYHO OHAKOBI mporecH. Po3paxyHok Bukonyetbest y marpuisix OBP i OBPP mist Bapianta Ha
YOTUPHOX TEXHOJOTIYHO OJTHAKOBHX IpOIIEecax.

Hogi Ta crapi TpuBanocTi Ha 3aXBaTKax BCTAHOBIIOIOTH Ha “NIOTOKOBO KPUTHUYHHX POOOTAX KLIBKICTH
3MiH. J[J11 3MEHIIICHHS KIJIbKOCTI 3MiH Ha 3aXBaTI[i MOXKYTh YBOIUTHCS HOBI TEPMiHH, OLTBIII 3a CepeiHi, 1 3
LIUMH 3HAYSHHSIMH 32 METOIUKOIO JIOCATAETHCS IIJIhoBa (PYHKIIIS.

OnrtumizoBaHe BHUKOHAaHHS POOIT 3I1MCHIOETHCS Yy ABOX BapiaHTaX Ha TpW Ta ABi 3MiHW. HaiiGinbie
CKOpOYEHHSI TepMiHY OYIiBHHUITBA JOCATAETHCS 31 301IBLICHHSM B3a€MO3AJIC)KHUX 3aXBAaTOK HAa TEXHOJIOTIYHO
OHAKOBHX Mporiecax. Llei meron € eeKTUBHINIMM 1 JOMOBHIOE METOJ] ONTUMI3allii 31 3MCHIIICHHSIM TIepiony
PO3TOPTAHHS MOTOKIB.

Kiro4oBi c10Ba: HepuTMiYHI MOTOKH, “IOTOKOBO HEKPUTHYHI” Po0OTH, Mepioau po3ropTaHHs i
3ropTaHHsl MOTOKIB, MOCJiIOBHO-NIApAJIeJbHUH METO0/], TEXHOJIOTiYHO OJHAKOBI po00TH, onmTUMIi3amist
MOTOKiB.



