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EMPLOYEES OF PIPELINE COMPANIES

Purpose. This article suggests the improvement of the quality indicators of clothes for
employees of pipeline companies due to substantiation of parameters of garments design.

Methodology. The general methodology of the systematic approach to the design of
special clothes is used. To conduct anthropometric measurements and calculate dynamic growth to

the measure, a standardized method is used.

Results. According to the study of dynamic growth, substantiated of parameters of clothes
design for employees of pipeline companies. As a result of the study, constructive means of
providing dynamic correspondence of clothes to human movements were recommended.

Scientific novelty. Based on the study of dynamic growth to the measure of an employee
while performing professional movements, the recommendations for making changes to jacket's and

Jjump suit’s garments design were worked out.

Practical value. The operation conditions of this type of clothes were studied, including the
labor routine of employees of pipeline companies, nature of activity, basic and additional

movements and poses.

Keywords: clothes for employees of pipeline companies, dynamic growth, design

parameters.

Introduction.The main functions of
the gas pipeline system of Ukraine are: natural
gas supply to domestic consumers and natural
gas transit through Ukraine to Western and
Central Europe. The efficiency of the system
depends on the level of equipment’s service
quality provided by experts in operation and
maintenance of gas equipment for various
purposes. During the performance of
professional duties, an employee of a pipeline
company uses a variety of tools and devices
for measurement, diagnostics, installation of
gas equipment, repair of gas stoves, water
heaters, gas cylinder units with condensed
gas, domestic gas installations, equipment
adjustment, etc. [1]. Therewith an employee is
provided with individual protective gear,
including clothes. Timeliness of the topic is
that the current range of clothes for
employees of pipeline companies does not
meet operational requirements due to
imperfect technological and design
approaches of products, which is the absence

of  reasonable recommendations on
technological and design parameters of
clothes.

For a long time, the subject of
designing special clothes including ergonomic
properties is discussed by scientists from
Ukraine and other countries worldwide,
including famous works of A. Mychko,
M. Kolosnichenko, Masaki Onishi, Tadashi
Odashima, Zhiwei Luo, Shigeyuki Hosoe,
James Anderson, Catherine M. White, Z.
Chubarova, E. Surzhenko, that are dedicated
to scientific bases of designing highly-
effective variation of special clothes for
various scope of human activity [2-5]. Those
were considered as specific studies, which
dealt with functional parts of clothes, selection
of materials during package assembling,
without taking into account the movements’
characteristics during clothes usage. We are
considering the use of clothes in the "human-
production environment” system, so the study
is directional in accordance with the operating
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conditions and materials’ performance while
performing professional movements.

Objectives. To solve the
abovementioned problems, the general
methodology of the systematic approach to
the design of special clothes is used. To
conduct anthropometric measurements and
calculate dynamic growth to the measure, a
standardized method is used. An important
aspect of the research is to provide improved
ergonomic properties, which consist of
anthropometric, hygiene, psychological and
physiological indicators.

Researches results.For design of
ergonomic clothes the objective information
about size of the body is important not only in
statics, but also in dynamics. Anthropometric
quality indicators of clothes include static and
dynamic correspondence of clothes to human
body [6]. Static correspondence suggests the
correspondence of clothes to a form of
human body, as well as the degree of
correspondence of clothes design to figure
size. Dynamic correspondence takes into
account customization of a particular product
to the performance of all types of movements
foreseen by operation conditions (free lifting
and movement of arms, freedom of product
movement when lifting arms, when leaning,
etc.) [7]. Dynamic effects are used more widely
to determine the volume of functional
widening while designing protective, special
and sports clothes. It is important to consider
this while designing clothes which should not
only provide protection from dangerous and
harmful production factors, but also comfort
during working process [8,9].

In order to substantiate parameters of
clothes design for employees of pipeline
companies the conditions of its operation,
including labour routine, the nature of
movements in accordance with the duties,
were analyzed. Analysis of employees’
movements allowed to reduce the most
typical poses that are different from the basic
anthropometric  provisions.  During  the
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research, the following was determined: a list
of basic and additional movements of an
employee, places of measurement of figure
size measure in dynamics, movements with
maximum values of dynamic growth to the
measure. To obtain numeric and qualitative
information that will describe changes of body
size in motion, comprehensive anthropometric
researches were made. The measurements
program included determination of dynamic
measures and corresponding static ones. The
research was made with five parallel
researches. Characteristics of the test person:
male, engineer of the 4™ category on
operation and repair of in-house gas
equipment, working experience — 22 years,
age — 40 years old, with the following
size/height parameters: height — 182 ¢cm, chest
circumference — 88 cm, waist circumference —
76 cm [10]. The main criterion for choosing
the test person was a long-term working
experience in the company, which allowed to
use the obtained results for the development
of recommendations on the clothes design
parameters and configuration of patterns on
typical sizes of male figures. During dynamic
measurements, the following problems were
resolved: identification of a set of basic and
additional movements of an employee of
pipeline company, choice of figure measuring
points in dynamics, designation of necessary
anthropometric points in accordance with the
methods of measurement set forth in ISO
7250-1:2008 Basic human body
measurements for technological design - Part
1: Body measurement definitions and
landmarks [11], and immediate measurement
in positions at which the largest dynamic
growth to the measure is seen.

During the research, five parallel
researches were made, with the help of
whichX;', X2, X;?, X;*, X;°were determined. For
each "j"-type of movement, the research the
calculation of arithmetic mean, calculation of
ordinal error mean square (estimation of
parallel research error) and verification of



Art and Design N21, 2018

HaykoBWI GaxoBWA XXypHa

Mucmeymeo3Hascmeo. TexHiYHI HayKu.

homogeneity of variance by Cochran’s Q test
Gt were performed.
Verification of homogeneity  of

variance performed by Cochran'’s Q test Gt
2

S uimax

G az M
Zu:lSu
S° -
U max —maximum calculated
dispersion.
The fulfillment of the condition

Gp<Giavle (g, f1, f2) is checked. In case the
condition is fulfilled, then the process is
deemed to be repeatable.n case the
condition is not fulfilled, it is necessary to
increase the number of parallel researches, or
to increase the accuracy of variables control,
or to change the control method in general.
Tabulated value of Cochran’s Q test Gr
is determined by reference data [12] and

depends on gparameters—significance value(g
= 0,05), fi — numbers of degrees of freedom
of each estimate of ordinal dispersion (fi=m-
1), f2 — number of independent estimates of
dispersion.

During measurement of measure in
statics, value of Cochran’s Q test: g=0,95,
m=5, andfi=4, Giwne=0,192, with 95%
probability.

After verification of homogeneity of
variance, standard deviation was determined,
random error volume by Student's test was
calculated, absolute error volume (when
measuring with the help of measuring

tape AX iy = 0,01 cm)and ratio error volume

were calculated. Calculation example is given
in Table 1.

Table 1. Mathematical expressions and calculation example of statistical data processing
figures (as exemplified by Movement No. 1)

Name of Calculated value for Movement No. 1

statistical Figure formula Designation of changing measures*
processing figure Wb WI Ssh Uag Al Swf
Arithmetic X5 =2 X/m
mean of the ) = 3882 | 4342 | 51,54 | 118,02 | 66,64 | 27,38
figure m — quantity of parallel researches;

X;™— measure volume.

. 1 m 2
Ordinal error §i=—— ()( "~ X j) 0727 | 0,217 | 0,253 | 0027 | 0,103 | 0217
mean square I m-14%
Standard Zm (X _ )? )Z
deviation S = mL \/A § i 0,3813 | 0,2083 | 0,2249 | 0,0735 | 0,1435 | 0,2083
volume ! m- (m —1)
Random error AX 1ondom = S_y -1
volume by tr — tabulated value of Student’s 1,068 | 0,583 | 0,630 | 0,206 | 0,402 | 0,583
Student's test test, for five researches tr = 2,8

_ 2 2
Absoluteerrorv AXon = AX Jrandom +AX Jup 1
| , 8457 | 0,754 | 1,024 | 0,012 | 0,1699 | 0,754
olume AX j random — random error volume
AX gen
Ratioerror & =——-100% 2,178 | 1,735 | 1,987 | 0,009 | 0,255 | 2,752
j

*Width of back, Wb, Center back waist length, W/ Slash shoulder height of back, Ssh;

Side waist to floor, Vag, Arm length, Al; Knee girth, Swf[10,11]
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The difference in volume of measuring o d]f"
dynamic and static measures is a dynamic d; :7'100% 3)
effect or dynamic growth. Its volume can be J
measured in centimeters (absolute value) or in
percent (relative value) and is calculated by
two formulas (2) and (3):
di =X -X7, @)

un

df absolute dynamic growth of “j" person;

usn

R
dj relative dynamic growth of “j” person

[12].
The values obtained are given in
Table 2.

un

XjD measure value in dynamics of “j" person;

un

X JS measure value in statics of “j" person;

Table 2. Dynamic growth to the measure while performing typical movementsof employees
of pipeline companies

Measure
. volume, cm
'”Scher‘patlc f o o ' . Volumes
illustration o aract.erlstlcso Designati v | to wards Dynamicgrowt
movements of dynamic pose of on of = | dvnamic
employees corresponding changing ¢ % ¢ hvolumetome
. i b= c | growth asure, %
while doing movement measures + 3
work £ £
Xc Xcd dRmedium
1 2 3 4 5 6 7
Width of 361 | 3882 | 75346 | 7,542,178
back
Center
back waist 42,6 43,42 1,9249 1,93+1,735
length
MovementNo.1
(G=" Slash
shoulder 51 51,54 | 10588 | 1,06%1987
Legsapart, corpus height of
isslightlytiltedfor back
ward, . .
handslaidforward f‘(')df'fo‘g?'“ 17,5 [11802 | 04426 | 0,440,009
andbentatelbowa
tanobtuseangle | A"™ 665 | 6664 | 02105 | 0,21£0255
length
Shoulder 274 | 2738 | -0073 | -0,07£2752
girdle
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Table 2 continuation

1 2 3 4 5 6 7
Width of 36,1 48,44 34,183 34,18+1,295
Movement No.2 back
(4=2) Center
back waist 42,6 45,10 5,8685 5,87+0,003
Fullbodyframetilt, length
kneess lightly bent, Slash
hands put down or | shoulder
+
bent at height of 51 54,52 6,902 6,90+1,382
elbow.Single back
ol , ,
support 'eg Sidewaist | 1175 | 118,74 | 1,0553 | 1,06:0,014
to floor
Width of 36,1 50,28 39,28 39,28+0,023
back
Center
back waist 42,6 43,80 2,8169 2,820,234
Movement length
No.3(=3) Slash
Knee bending with | Shoulder 51 5422 | 63137 | 631£0,021
one knee lean. height of

Bending angle is back

45° Hands slightly Side waist 175 12086 | 28596 8620265
laid forward and to floor

bent at the elbow Arm 665 | 69,04 | 38195 | 3,820,913
length

Knee girth 38 44,34 16,684 16,68+3,313

Waist
girth

79 79,36 0,4557 0,46+0,174

Width of
back
Center
back waist 51 51,38 0,7451 0,75+0,009
length

Movement Slash
No.4(j=4) shoulder

height of
Sitting position: back

legs bent at knees | Side waist
at 80-90°. Hands to floor 17,5 118,62 09532 09520154

36,1 47,4 31,302 31,30+0,041

42,6 43,52 2,1596 2,160,692

laid forward
Arm 66,5 66,4 -0,15 -0,15+0,656
length
Knee girth 38 4148 | 9,1579 | 9,18+0,484
Waist 79 7924 | 03038 | 0,30+0,022
girth

Table 2 continuation
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Movement No.5(j=5)

Back lying: straight
legs, slightly raised
body frame, hands
laid forward and bent
at elbow at 100°.

[

Width of
back

36,1 41,08 13,795 | 13,79+£0,011

Movement No.6(j=6)

Stairs climbing: one
leg is straight and the
other one is bent at
909, hands laid for
ward and slightly
bentatel bow

&

Width of
back

36,1 49,1 36,01 36,01+0,003

Provision ofdynamic correspondence
of system "human-work clothes” for use in
environment is one of the relative objectives
of designing clothes for employees of pipeline
companies. Therefore, to create high-quality
designs it is important to make experimental
researches on changing employee’s body
measure in terms of dynamic loads. Dynamic
growth are determined bythe change of
human’s measure volume while performing
the specified movements. The maximum
dynamic growth volumes are given in Table 3.

Dynamic growth to measures, which
are typical for defined movements, are crucial

for calculating widening while designing
clothes. The established dynamic growth as a
result of ergonomic researches, allow to
determine rational widening and constructive
means of dynamic compliance for shoulder
and belt clothes for employees, and can be
recommended for use while designing range
of special clothes that meet requirements
while in operation.

The next stage of work was the
calculation of absolute values of dynamic
growth to the measure, based on their
maximum in percentages, the results of
calculation sare given in Table 3.

Table 3. Maximum dynamic growth volume

. . Absolute dynamic Dynamic growth volume,
Name of measure, designation
growth volume, cm %
1.Width of back, Wb 4,99 39,28+0,023
2. Center back waist length, Wl 2,6 6,10+1,955
3. Slash shoulder height of back, Ssh 3,52 6,90+1,382
4.Side waist to floor, Vag 3,36 2,86+0,269
5.Arm length, Al 2,54 3,82+0,913
6. Knee girth, Swf 6,34 16,68+3,313
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The obtained values allowed to make
changes in clothing design for the employees
of pipeline companies (jackets and jump
suits), in particular, Figure 1 provides the
schemes of configuration of back patterns of
male jacket including the increase in its width
in the process of exploitation to the absolute
value of the dynamic growth with the total
value of about 5 cm, which is divided into two
symmetrical pleats of 2.5 cm each. This figure
shows the position options of an additional
adjustable part in the form of a pleat on the
jackets’ back details.

Similarly, recommendations for
constructive means of providing the dynamic
correspondence of clothes to movements of
an employee of pipeline company during the
performance of professional duties were

suggested.

J

Fig. 1. The illustration of recommendations on
changing male jackets’ back design with pleats
of 2,5 cm in width each

15

Conclusion.According to the study of
dynamic growth, the recommendations for
making changes in design of garments, jacket,

jump suit and clothes ensemble for
employees of pipeline companies were
worked out. As a result of the study,

constructive means of providing dynamic
correspondence of clothes to human
movements were recommended.

Study of types and methods of work of
employees of pipeline companies allowed to
select six movements of different purpose and
difficulty category that lead to maximum
movement of upper and lower extremities,
corpus, which significantly influences the
dynamic correspondence of clothes indicators.
This set of movements allowed to investigate
to the greatest possible extent the changes in
human body’s measures while designing
shoulder and belt clothes for employees of
pipeline companies.

Based on the chosen movements of an
employee of pipeline companywhich could
characterize changes of human body size
during labour activity, the measurement of
working person instatics and dynamics was
made, followed by processing of results using
mathematical statistics methods.
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OBI'PYHTYBAHHA NMAPAMETPIB
KOHCTPYKLLIT 0AArY ANA NMPALIBHUKIB
FA30TPAHCMOPTHMUX KOMMAHIN
TAJTATAH T.B., BAPKOBCbKA T.O.,
KONOCHIYEHKO M.B.
Kuiscokuli HayioHaneHul yHigepcumem
mexHos02ili ma ou3aliHy

Mera. B cmammi 3anponoHo8aHo
NoKpaujeHHA NoKasHukie fkocmi odsey O0na
npayisHuUKi8 2azompaHcnopmHux KOMNadit 3a

pAxyHOK 06rpyHmysaHHs napamempis
KoHCcmpykyit demaned.
MeTtoauka. Ana suplweHHs

nocmassieHux 3a80aHb BUKOPUCMAHO 3a2a/16HY
memodosioeito  cucmemMHoz20  nidxody 0o
npoekmyeaHHs  cneyianbHozo  odsey.  [ns
nposedeHHs aHMPONOMeMPUYHUX B8UMIPHOBAHb
ma po3paxyHKy OUHAMI4YHUX npupocmis 0o

pO3MIPHUX 03HaK, 8UKOPUCMAHO
cmaHoapmu308aHy MemoouKky.

Pesynbtatm. 3a  pe3ysemamamu
docnioxeHHs OUHAMIYHUX npupocmis

06rpyHmMo8aHo napamempu KOHCMPpyKkyii oos2y
ons npayisHukie 2a30MpaHcnopmHuUX
KOMNGAHIU.

HaykoBa HoBuU3Ha. 3a pe3ysemamamu
docnioxeHHs — OUHAMIYHUX  npupocmis 00
pPO3MIPHUX 03HAK NpayiBHUKA NpU BUKOHAHHI
npogpeciliHux pyxie po3pobsieHo pekomeHOayil
w000 BHeCceHHs 3MIH 8 KOHCMpykyii demaneli
Kypmku ma HanigkombiHe30Ha Komnaekmy
00sey. Ak pe3ynemam  docnioxeHs  byau
pekoMeHO08aHI KOHCMpYKMUu8Hi 3acobu
3abe3neyeHHa duHamiyHol sidnosidHocmi 0dsa2y
Pyxam JIr00UHU.

MpaktuHa 3Hauumictb. BusuyeHo
ymosu ekcnayamayii 0aHoeo 8udy o0szy,
30kpema pexum npayi npayieHukie
2a30MpaHCNOpmMHUX ~ KOMNAaHil,  xapakmep

disneHocmi, ocHo8HI ma dodamkosi pyxu ma
nosu.

KnrouoBi cnoBa: 0052 015 npayisHukis
2a30MpaHCNOpMHUX ~ KOMNAHil,  OUHAMIYHI
npupocmu, napamempu KOHCMPpYyKyit.
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OBOCHOBAHUE MAPAMETPOB
KOHCTPYKLUUN OAEXAbI ANA PABOYNX
FA30TPAHCIMOPTHbIX KOMMAHUN
FTAJIATAH T.B., BAPKOBCKAA T.A.,
KOJTOCHNYEHKO M.B.
Kuesckuli HayuoHabHbIU yHiBEpcumem
mexHos02uli u du3atHa

Lenb. B cmamee 060cHOBGHO ysyduieHue
nokaszameneli kadyecmea o0exdbl 045 paboyux

2a30MpaHcnopmMHeIx KoMmnaHudi 3a cyem
0bocHo8aHUS napamempos KOHCMpyKyuU
demauned.

Metoauka. [i1s pewieHuss NocmasieHHbIx
3a0aHuli  ucno/sL308aHO 0b6WYH0 Memodos102ur0
cucmemHo20  nodxoda K NpoeKmupo8aHuro
cneyuaseHol 00ex0bl. s nposedeHus
aHmponomempuyeckux usmMepeHuli U pacdyema
OuHamudeckux  npupdwjeHuli K  pasMepHeiM
npu3Hakam npumeHeHa cmaHAOapmMHaa MemoOouKa.

Pesynbratbl. Vcxo0s u3 pesysemamos
uccnedosaHus  OQuHamu4yeckux — npupaujeHud,
060CHOBAHLI napamempsi KOHCMpPYyKyuU 00ex0b!
015 paboyux 2a30mpaHcNoOpmHsix komnaHud. Kak
pe3ysiemam uccredosaHuli beiiu pekomMeHA08aHs!
KOHCMpYKmMugHble cpedcmea obecneyeHus
OuHamu4eckozo coomeemcmausi 00ex0bl
08UXXEHUAM Yes108eka.

HayuHas HOBM3Ha. Ucxo0os us
pesynemamos  uccnedosaHus — OUHAMUYeCKUX
npupawjeHuli K pasmepHsiM npusHakam paboyezo
80 8pems  8blNOJIHEHUs  NPogheccUOHANbHbIX
dsuxeHuli, paspabomaHel pekomeHOayUU  No
BHeCeHUr0 U3MeHeHUll 8 KoHcmpykyuu Jdemasnel
KypmKuU U nosiykoMOUHe30Ha Komniekma 00exob!.

MpakTnueckaa 3HAUMMOCTb. M3yyeHsl
yorosusa skcnayamayuu 0aHHo2o suda odexosl, a
UMEHHO, pexum pabomel paboyux
2a30MpaHcnopmHebix komnaHud, xapakmep
desmenibHOCMU, OCHOBHbIE U OONOJHUME/bHbIE
dsuxxeHUA U no3bl

KnroueBble cnoBa: odexda 014 pabodux
2a30MpaHcNoOpmHelx  KoMnaHull, OuHamuyeckue
npupocmel, napamempsl KOHCMPYKYUU.



