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Abstract. The methodology presented in the article is based on the simulation of technological process duration, re-
stricting on the available information about total duration of complex technological process in the conditions when there
are no possibilities to determine the time norm by traditional methods. This methodology allows determining the time
norm of repetitive technological processes with a defined probability without additional measurement of time for every
technological process. When more information about the duration of complex technological process duration is gath-
ered, the methodology lets to make the additional correction of separate process time norm, also increasing the reliabil-
ity of the revised time norm. The methodology lets to reduce the number of technological process duration measure-
ments, promptly evaluate the objective changes of the time norm, occurred because of the new technologies, new equip-

ment and skills of workers.
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1. Introduction

Time norms are very important for the manufacturing
companies, especially for civil engineering companies
[1-5]. The process of creating the norms requires large
expenditures of time [6]. Therefore sometimes com-
panies use the norms that do not evaluate new mate-
rials and new technologies and uncertainty enough [7].
Applying such norms for calculation of work duration,
big errors appear that are inconvenient for the proper
organisation of works. Accuracy of planning depends
on the nature and technical validity of norms and
proper application in practice.

2. Traditional methods of creating time norms

Depending on the purpose and accuracy of observation,
the methods for creating time norms are used [6, 7]:

* Technical record. The fulfilment degree of norms
in force is tested by this method. The actual la-
bour expenditures are compared with the stand-
ards and conclusions are made.

* Moment observation. This method is used when
the level of shift working time fund usage is ana-
lysed. The fulfilment degree of existing norms
may be determined. The work of one machine or
worker is not observed and labour expenditure,
but not separate moments are recorded.

» Use of stopwatch. The observed work process is
divided into work elements by fixation points.
There are several ways to use the stopwatch.

Selective way. This method is used for cyclic processes
with repetitive operations. The observer knowing start
and finish fixation points of the work element turns
on the stopwatch, stops it and writes the time. After a
certain number of observations the chronometric row,
containing all recorded durations of a work element,
is obtained. The duration average of each element is
calculated. If values of a chronometric row are very
close to separate work elements, the average is ob-
tained by adding all the values and dividing by the
number of observations. However, if values differ
widely, time is measured many times and the reasons
of variation are analysed. The number of time meas-
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urement is related to the permanence coefficient of a
chronometric row, which is calculated by formula:

e (1)

where Loax is the maximum value of a chronometric

row; ¢ . — the minimum value of a chronometric row.

Permanence coefficient describes the quality of a
chronometric row: the smaller the coefficient, the
steadier the row.

Continuous way. This method is used when the ob-
served elements of a work process proceed in se-
quence and the finish time of one element coincides
with the start time of the other element. In this way
the duration of separate elements is determined, keep-
ing their interrelationship. The continuous observation
is carried out in the following way: starting the work
two pointers of a stopwatch are released; when the
first work element is finished one pointer is stopped
and the time is recorded; when the second element is
finished the second pointer is stopped and the first
needle released and so on. The obtained data are ana-
lysed in the same way as using stopwatch and per-
forming the observation in a selective way.

* Photo records. Using this method all labour ex-
penditures are analysed and the necessary data
are obtained. Depending on the number of work-
ers required to perform a certain process, photo
record may be individual or team.

» Using a video recorder. Continuous work proc-
ess may be obtained in this way. The video re-
corder may be equipped with a time and date
generator, so that the exact time of recording each
image will appear on the monitor. This method
allows evaluating exactly all labour expenditures
of the latter analysed work elements.

* Workday picture. Making the workday picture,
continuous observation of all labour expenditures
is performed, the necessary data for creating the
norms are obtained. Photo records and the use of
stopwatch supplement workday picture.

All methods of observation allow complex evaluation
of work duration, however because of the lack of
methodology for handling the gathered data, usually
separate processes are standardised and this requires
much of additional time expenditures.
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3. Traditional methods for handling the
gathered data

The gathered data is analysed in such a way:

* The values of labour time expenditures are
grouped according to the structural processes;

» Data row for each observed element is written in
an increasing order;

* Analysis of the row is performed and the values
that do not belong to the investigated normal are
eliminated;

* Values of the row are checked using mathemati-
cal methods and the unnecessary ones are elimi-
nated;

* The average of the ordered row is calculated.

At first the values differing widely that are obtained
because of accidental factors are excluded. If differ-
ent values are left, they should be repeatedly checked.
Checking is made according to the permanency coef-
ficient, which is the ratio of maximum and minimum
values in a row [6]. According to the value of the
coefficient, such variants are possible:
e If the coefficient is not more than 1,3, it is as-
sumed that the row is uniform enough and noth-
ing should be excluded.

If the coefficient is between 1,3 and 2,0, the row is
checked by the method of limit values. For checking
different values for the first time, these approximate
formulas are used:

limA,, =4, +K(ALx = Amin ) 2)

lim Amin = Aav - K(Amax - Amin ), (3)

where limA,,,,,limA,;,, are maximum and minimum
allowable values of a row;

A, — average value of a row;

K — coefficient, depending on the number of values
in a row.

Next checking the row data, the following formulas
are applied:

Z Ai - An
lim Amax < i=l + K(An—l - A] )’ (4)
e
2A-A
lim Ay 25— =K (4, - A, ®)
n—
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n
where 2 4; is sum of all values in a row;

i=1

n — number of the values;

K — coefficient, depending on the number of values
in a row;

A, — maximum value in a row;
A4, - minimum value in a row.

All values in a row should not overstep the determined
limit values.

» If the coefficient is more than 2,0, the row is
checked by the method of relative average square
error. The determined relative average square
error should not be bigger than the allowable one.

The allowable relative square error of the row depends
on the number of cyclic elements in the work; for
example, if there are up to 5 cyclic elements in a row,
the allowable error is £ 7 %; if more than 5, then
+ 10 %.

The actual relative average square error is calculated
by formula:

_ 100 | ¥ A
o _iAm, nn—1)" (6)

where
A, is an average of the values in a row;

A — variation of each value in a row from the average
value;

n — number of measurements in a chronometric row.

If the actual value of the relative average square er-
ror is bigger than the allowable one, the values that
differ most are eliminated from the row: from 10 val-
ues one is eliminated, from 25 two values and when
there are more than 25 values, 10 % of all values are
eliminated. Which value — the maximum or mini-
mum — should be excluded is determined by the
method of average square error. Two coefficients are
calculated:

n

ZAi _Al

K1 — i=l1 ,
n 7
ZAz _An ( )
i=l1

YA -AYA
K _i=l i=1
? (®)

When K, <K,, the minimum value 4, of the row is
eliminated; when K, >K,, the maximum one A4,. If
after elimination of an intended number of values, the
actual relative square error is bigger than the allow-
able, one can conclude that the rows are made not
precisely enough and that the observations should be
continued further on.

4. Concept of the virtual time norm

Virtual time norm is understood as probabilistically
evaluated constantly revised time norm for complex
typical works, determined according to the actual
durations of the finished product creation stages [8,
9]. Such norms may be estimated for specialised
works, consisting of limit number of separate differ-
ent size technological processes, but performed by the
same team working with certain technological equip-
ment.

The method offered is applicable for time rating of
typical technological processes performed by a spe-
cialized group of workers with the available equipment
and ordinary technology. The methodology lets to
evaluate the objective changes of the time norm, oc-
curred because of the new technologies, new equip-
ment and skills of workers, however it is not applied
in that cases, when the duration of technological proc-
ess is influenced by such casual factors as shortage
of materials or bad weather conditions, that influence
is hardly foreseen. It is recommended to apply the
methodology for the processes, performed inside the
room or for these, that are not influenced by weather
conditions. If it is not possible to avoid the casual
factors, special analysis for determination of influence
of subjective factors to technological process duration
should be performed and during estimation of the time
norm the time losses occurred because of that reasons
should be eliminated.

5. Evaluation of virtual time norm

If one would fix the duration of a complex technologi-
cal process consisting of n technological processes for
m times, where m ° n, one could write a system of
equations and mathematically find the unknown vari-
ables of the system.

In this work duration and amount of the works per-
formed are related by linear. Repeating the work sev-
eral times, the time norm is changing. Part of these
changes is objective and based on the theoretical ar-
guments, for example, influence of the repetition ef-
fect; another part of the changes is of stochastic na-
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ture, what should also be evaluated with a correspond-
ing probability. According to the traditional methods
of time rating [6], the values of work duration that
differ from the average signally are eliminated. When
methodology presented here is applied, this can’t be
done; therefore time norm of the work is determined
with corresponding reliability. The way of determina-
tion reliability is presented thereinafter. The maximum
allowable variation could be defined by standard de-
viation — s. The system of equations for complex
works is presented below.

ZKlj'Chj'klj =T-0,
j=I

n
Kyj-ay-ky =T:-0;,

J=1

n..., (9)

Zij “Ymj 'kmj =Tm 'Qm’

J=1

where K;;,K;,K,; —work quantities of the j-th tech-
nological process for the first, the i-th and the m-th
project (j = 1,n), (i = 1,m);

n — technological processes;
m — total amount of projects;

41;-9;-9mj — time norm of the j-th technological proc-
ess for the first, the i-th and the m-th project;

ki;.k;.k,; — coefficient, evaluating subjective time
losses because of various subjective causes (shortage
of materials, bad weather, etc.) for the first, the i-th
and the m-th project;

T,,T:, T, — total duration of works for the first, the i-th

and the m-th project;
0, 0;, 0, — total number of workers for the first, the
i-th and the m-th project.

Time norm cannot be equal to zero, therefore:
q; >0, (j = L,n). (10)

From the theoretical point of view, the time norm
should not change, however practice shows that in
every project it will be different. Sometimes it hap-
pens because of objective reasons — when workers
acquire skills, when new materials or new technolo-
gies are used. However sometimes casual variations
also appear. When traditional methods are used [6],
such cases are eliminated. In our case there are no
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possibilities to eliminate casual values. Therefore the
reliability of the estimated time norm is determined.
In order that accidental measurement values would not
be in a system of equations, allowable limits of norm
change are defined:

9 2 qp —k-sj5 gy <qpytk-s;, (1)

where y; is the base of the j-th technological process
time norm;

8; = standard deviation;

k — coefficient defining the probability limits of the
determined time norm. One should seek the value of
k to be smaller.

At the beginning the base of time norm can be found
from technical documentation or practice, when sev-
eral measurements are made this base of time norm
can be calculated according to normal distribution like
a virtual time norm:

i +4q,..0+
qu=qmm qgud Qmax’ (12)

d.miq — the most likely value of time norm;

G — the minimum value of time norm;

q... . — the maximum value of time norm.
max

Standard deviations s; are calculated by formulas:

(13)

where g, is the average time value for unit of the j-th
technological process.

Limits of the time norm change depend on the accu-
racy required. One should seek the value of the coef-
ficient defining the probability limits of the determined
time norm k to be smaller. If it is assumed that calcu-
lations should be performed with 99,7 % accuracy,
k=3.

In order the calculated values of the time norm sat-
isfy the system of equations (9) at the maximum, the
sum of square residuals (SSR) is minimised [10]:

MW%@=§§%—%Y. (14)

i=1 j=I

In this way the problem becomes the programming
task, the result of which is the estimated time norm
satisfying the system of equations (9).



SIMULATION OF VIRTUAL TIME NORMS FOR TECHNOLOGICAL PROCESSES

6. Example of calculations

Let’s say duration measurements of two technologi-
cal processes in three constructional projects are per-
formed. Work duration for 5 workers in the first
project was 10.4 hours, in the second 7, and in the
third one 38 hours. Quantity of the first technological
process in the first project was 20, in the second one
10, in the third 60. Quantities of the second techno-
logical process were such: in the first project 15, in
the second 22, in the third 100. Let’s say that coeffi-
cient of subjective time losses is equal to 1 in all
projects.

We can write system of equations:

20-gy,-1+15-;, - 1=10.4-5,
10'q21'1+22'q221=7'5, (15)
60'q31 '1+100'q32 1238'5.

Objective function (6):
Min(SSR) = (g, — 5111)2 +(g5 — 421 Y+ (g5 — 31 )+
+(gp0 — 412 )2 +(qp2 — 92 )2 +(9p2 — g3 )2-

Taking into account the restrictions applied to the time
norms (10), (11), solving the programming problem,
the following time norms are obtained: ¢,, = 2,133,
q,,= 0,623, q,, = 2,131, q,, = 0,622, g5, =2,131, g, =
0,622. Calculated standard deviations, s, = 0,00084,
s, = 0,00062 and coefficient k = 1,4, reliability inter-
vals for the time norm of the first and the second tech-
nological process, with the probability of 0,838, may
be determined:

[q,, — 1.4s,; q,, + L4s,], [2,130; 2,132],
[q,, — L.4s,; q,, + 1,4s,] , [0,621; 0,623].

Virtual time norm of the first technological process
q,, = 2,131, virtual time norm of the second techno-
logical process ¢,, = 0,622.

The results received of time norm dependence on the
quantity of works may be presented in the diagram

(Fig).

The calculations performed show that often there is a
non-linear dependence between time norm and quan-
tity of works (Fig). This phenomenon is called the
repetition effect [11].

a) The first technological process
E
2 |2133
]
E
[ \
\ 2,131
2431
0 20 40 60 80 100
Quantity of works
b) The second technological process
E
o
c 0,623
g \
= L\
\ 0,622
c,elzz
0 50 100 150
Quantity of works

Technological process time norm dependence on the
quantity of works

7. Conclusions

The methodology presented in the article allows de-
termining the virtual time norm of the technological
process by non-traditional methods with a defined
probability and without additional expenditures for
time rating.

The methodology lets to evaluate the objective
changes of the time norm, occurred because of the new
materials, new technologies, acquirement of skills and
allows making the corrections of the work duration
planned.
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