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The influence of modeling effect of the structural zones of 
a corset for everyday purposes on ensuring its comfort was 
studied. It was established that the design structure of a corset 
varies significantly, depending on the magnitude of the mod-
eling effect on different torso sections. At the same time, the 
mechanism of application of zonal anthropometric correction 
of a torso varies depending on the comfort of materials. It was 
proved that morphological parameters of the women’s torso 
zones affect the methods and parameters of the formation of the 
typical segmentation of a corset.

Due to this, it became possible to substantiate analytically 
the ergonomic parameters of modeling effect in the «corset – 
torso» system for interactive designing the silhouette struc-
tures. Experimental studies proved the dispersion of the points 
of structural zones in the ranges of morphological types. It was 
shown that the rational variant of the combination of techno-
logical modules ensures a dimensional transformation of cor-
set zones by means of grouping. In particular, the prospects of 
adaptation of the combined shape of a corset to the individual 
figure type were revealed. 

This makes it possible to assert the possibility of adaptive 
regulation of the feeling of comfort in a corset by combining 
zonal-modular models of anthropometric features and trans-
formation of modeling effects in technological modules.

It was shown that the technological module of a bustier 
cup provides the polyvariance of the breast volume through 
vertical and horizontal segmentation. The technological mo- 
dule of a belt-corset, in addition to the properties of the basic 
fabrics, takes into consideration frame elements. This results in 
fixing the desired modeling effect. 

Thus, there are some grounds to argue that the introduction 
of a new type of corset design will increase the productivity of 
design works. The practical comfort of the proposed techno-
logical solutions will ensure the reduction of the number of cor-
set types and sizes, which in terms of comfort are universal for 
adjacent sizes
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1. Introduction

A wide range of the methods of 3-D imaging in traditio
nal processes of the shape formation of clothing from flat 
parts is based on 3D modeling methods. They imply using 
graphical software products from a 3D model of a person’s 
figure to designing a product and its sweep [1–3]. 

One of the tendencies in fashion trends of aesthetic per-
ception of the shapes of a female body is the use of different 
variants of adjustment of the breasts and torso shape with the 
help of corset items [4]. Corset items for cosmetic purposes 
are aimed at performing not only hygienic function, but also 
providing modeling effect on a torso using a set of functional 
elements from the position of shape fixing [5]. Corset items for 
medical purposes are aimed at the prevention and treatment 
of diseases and injuries of the muscular-skeletal system [6].

Exploration of designs and functions by manifestations 
of positive emotions through aesthetic and functional attri-

butes is based on qualitative analysis of interviews on the 
physical self-comfort of a person [7].

Gender differences in the motivation of the positive per-
ception of social identity at the level of psychogenic need of 
women to use a corset determine the controlling effect in the 
creation of a unique image [8].

The algorithm of manipulative actions in transformed 
clothing is based on the concept of argumentation of aes-
thetic values in the preservation of functional properties [9]. 
Accordingly, the research aimed at enhancing the comfort 
of a corset by means of regulating modeling effects on body 
sections should be considered relevant.

2. Literature review and problem statement

Paper [10] presents the results of the research into the 
methodology of using the sweep method and the convex 3D 
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method to restore the shape of a virtual body using a com-
puterized system to generate rigid images of a product. The 
variant of generating graphic 3D models of mannequins with 
typical shapes with subsequent anthropometric adjustment by 
means of proportional transformations in the grid of geodesic 
parallels is presented in article [11]. However, the issue of 
adaptation of a rigid mannequin shell to the action of the mo
deling effect during torso tightening by a corset to parameters 
of pressure in the zones of tight fitting for the «body-dress» 
system remained beyond consideration. The reason for this 
may be a fundamental impossibility of applying the typical de-
sign of underwear corset items to simulate a silhouette shape.

The criterial approach to designing a corset item for 
special purposes was proposed in [12]. An option of ensuring 
a level distribution of pressure for torso tightening may be 
the separation of functional zones for studying the tension 
points, which was outlined in [13]. However, a change of 
dart intakes in torso tightening areas was considered only in 
relation to a side seam. This suggests that it is advisable to 
conduct a study of zonal changes in the torso deformation.  
The study on the identification of the features of the volume- 
space shape of women’s dresses in 2D drawings of a structure 
was partially implemented in [14]. Since the technology of 
the generation of silhouette parameters is based on variable 
parameters of air layers, it does not make it possible to apply 
the principle of «reference» points to identify the comfort of 
negative allowances in horizontal planes.

The method for the construction of a corset sweep ac-
cording to research into the deformation of soft and hard 
shells was considered in [15]. The technological rationality 
of segmentation of three basic corset zones, which are swept 
as cylindrical or conical surfaces, into geometric modules was 
proved experimentally. The breast area is swept as spherical. 
The technical and economic advantages of 
using a general-modular model of the transfor-
mation of wedding clothing are studied in [16]. 
However, the parameters of the deformation of 
structural zones within silhouette allowances 
were not reasoned. Thus, it is advisable to con-
duct research into the silhouette deformation 
of a corset based on the coordination of poten-
tial energy of stretching and folding in corset 
segmentation zones.

3. The aim and objectives of the study

The aim of this study is to form a zonal- 
modular model of the polyvariant design of an 
everyday corset based on plane sweeps of the 
tightened surface of the body torso.

To accomplish the aim, the following tasks 
have been set:

– to determine the impact of morphologi-
cal types of the female torso structure on the 
choice of the variant of tightening to ensure 
the comfort of a corset;

– to develop the procedure of forming a da-
tabase of negative allowances to take into 
consideration the deformation characteristics 
of the basic materials;

– to develop varied parameters of the size 
transformation of structural zones of a corset 
for correction of a female torso.

4. Materials and methods to study the functional 
properties of a corset 

4. 1. The procedure of identification of compositional 
dominants of functional properties of structural zones of 
a corset

The compositional aspect of the special function of an 
everyday corset involves fixing erotic zones by forming 
separate sections of the female body’s torso due to the 
deformation of soft tissues. The bra zone accentuates the 
shape and the position of breasts. The zones of a half-corset 
reduce the belly bulge and outline the areas of hips and  
buttocks.

The historical aspect of modeling a female figure by 
a  corset is demonstrated by the procedure of location of 
silhouette lines of the contour shape formation in the system 
of five horizontal lines (breast line I, breast line III, breast 
line IV, a waistline, a  thigh line) [17].

The graphic editor of the Auto CAD system provides the 
construction of frontal and horizontal projections using the 
dimensional features of current standards. 36 dimensional 
features are used to construct a technical sketch of a female 
figure of size 158-88-96. The silhouette lines in the contour of 
a modeled figure were determined by scaling horizontal and 
vertical segments [18].

As can be seen from Fig. 1, silhouette lines of corsets of 
the XX and XXI centuries in geometric symbols of a shape 
fix the constant position of the waistline and the variable 
position of the neckline and hip lines.

To determine the main points of fixation and the outline 
of a geometric symbol of modern female corsets using the 
RAY command, the fixation points were joined by beam-
lines (Fig. 2).

shoulders line

breast line ІІІ
breast  line IV
waist line

hips line
   

а b

Fig. 1. Formation of zones of silhouette lines of a modern corset: 	
a – erotic zones; b – functional zones

а b c

Fig. 2. Graphic interpretation of joining geometric symbols of a corset 
shape: a – rectangular; b – trapezoidal; c – oval
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Four fixation points ensure the construction of a rectan-
gular corset shape, eight points – a trapezoidal shape (four of 
which are for the length to the waist), six points – an oval shape.  
Geometric symbols of the corset shape are subordinated to 
the functional purpose of the torso modeling zones. Extrap-
olation of a torso of both rectangular and trapezium into an 
oval shape ensures the combinability of zones by the level of 
tightening.

The lack of proportionality and physiological comfort of 
corset zones for those who practice buying clothes through 
the network of Internet stores are often caused by the mis-
match of negative allowances of a corset with the bra cups size.  
The possibility of transformation of a corset into adjacent 
sizes is ensured by a polyvariant design of two separate tech-
nological modules – a bustier (bra) and a belt-corset. Since 
a bustier emphasizes the existence of an erotic taboo for the 
breast shape, the technological module of belt-corset acts as 
a compositional dominant for tightening the torso sections.

4. 2. A mechanism of studying the shape of the parts’ 
contours by means of anthropometric identification

The volume-spatial body shape is quite a complex object 
and at the same values of dimensional characteristics in dif-
ferent people, the sizes of separate body sections may differ, 
and the proportional structure of a body will have its own 
characteristics. The outer shape of a female body primarily 
depends on the skeleton, location, and distribution of fat 
deposits. The fat location and amount cause different magni-
tudes of tightening of a female figure by a corset. Three main 
types of body structure are separated according to constitu-
tional classifications:

1) the type with a normal (conventionally uniform) dis-
tribution of tissues and masses; 

2) the type of the upper distribution (upper part of a torso,  
specifically, breasts);

3) the type of the lower distribution (the largest volume 
is in the lower part, specifically, in the hips and abdomen 
sections).

The visual perception of the torso massiveness is assessed 
by grouping widths, in particular, narrow build, medium 
build, broad build types.

The metric index of the dimensional sizes of a fi
gure (height, the girth of the breast, waist, hips) is used to 
evaluate fat deposits. Indices of proportions of curves in the 

profile and horizontal planes characterize the upper and the 
lower torso types [19].

The consolidated matrix of indexing the proportions of  
a female body in the ranges of ratios is shown in Table 1.

A special anthropometric program for researching the 
modeling effect of a corset takes into consideration the ana-
tomical features: the torso shape facing front and in profile, 
size of the breasts, and the posture. It also takes into conside
ration the morphological features – fat layer thickness (F) 
and its elasticity (E) at the waist levels (Fw, Ew), hips (Fh, Eh), 
and the girth of the fourth (FGbIV, EGbIV).

The model of the organization of the numeric series of 
the sample volume for a special anthropological program for 
studying the tightening should take into consideration the 
segmentation of variability of morphological types by the 
feature of the narrow age interval. The numeric series of the 
sample volume is converging and uniform based on the feature 
of arithmetic progression in the sequence of numbers [20].

Calculation of the sample size for medical research in 
self-comfort is based on the magnitude of the minimum arith-
metic progression: dmin = 10, which is the supporting base for 
ensuring the objectivity of results of computer diagnostics.

Thus, the sample size of 10 people ensures the represen-
tativeness of grouping of subordinate dimensional features 
for the main structural size by the principle of intra-group 
variability minimization.

4. 3. Algorithm of application of the zonal-modular 
model to determine the comfort of the modeling effect of 
a corset

The study of the impact of modeling effect of a corset on 
the degree of the body surface deformation is to study the 
character of changes in human body size in a corset compared 
to dimensions of standard measurements. The researchers 
used a group of women aged 20 to 24 who do not have muscu-
lar-skeletal pathologies and chronic diseases according to the 
results of computer diagnostics in the laboratory of medical 
and biological examinations [21].

 To determine the figure type, we used the leading dimen-
sional features for corset products: H, GbІІІ, GbІV, Gw, Gh 
using the standard measurement procedure. The confidence 
boundaries of the sample volume are assessed according to 
the parameters of the distribution of statistical data proba-
bilities (Table 2).

Table 1
Matrix of indexing the proportions of a female body for figure types

Description type Range of relations in calculations of indices Conditional type

Indices of proportions of dimensional sizes М = GbІІ/H K1 = GbІІІ/H K2 = Gw/H K3 = Gh/H

Narrow build <0.56 <0.556 <0.435 <0.582 N

Medium build 0.594 ± 0.038 0.514 ± 0.038 0.475 ± 0.040 0.633 ± 0.051 M

Broad build >0.633 >0.633 >0.515 >0.684 B

Indices of proportions in the profile plane Kbw = dsvb/dsvw Kbl.b = PDbІ/dsvh KtІ = PDbI/dsvbІІІ KtІІ = PDbII/dsvh

Narrow build <1.4 ≤0.026 <1.4 0.026 N

Medium build 1.4 0.029±0.03 1.4 0.029±0.03 M

Broad build >1.4 >0.029 >1.4 >0.029 B

Indices of proportions in the horizontal plane Kwb = dw/dbІІІ Kwh = dw/dh Kbl.f = PDf/dsvw Kb = СbІІ–СbІ

Narrow build <0.8 <0.8 <0.8 4.5 N

Medium build 0.85 ± 0.05 0.85 ± 0.05 0.85 ± 0.05 4.0 M

Broad build >0.9 >0.9 >0.9 3.5 B
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To study a change in the magnitudes of size features 
during corset tightening on the base waistline, three variants 
of magnitudes of modeling effect were selected: minimum – 
1–2 %, medium – 3–5 %, maximum – 6–10 %.

A digital model of a typical mannequin of the 158-88-96 
size, which can be converted into a frame model of layers 
of horizontal cross-sections in the zones, was selected as 
a graphic model of the research object. It is advisable to 
represent a graphic model of breasts by an ellipsoid (Fig. 3) 
using the recommendations of [22]. To study the defor-
mation ability of corset fabrics to tighten, we selected the 

standard procedure of studying viscous-elastic and strength 
characteristics in the «loading-unloading – rest» cycle.  
In accordance with the operational requirements for pre
servation of shape and durability, we selected deformations 
of stretching and rigidity, taking into account weaving and  
raw composition. The characteristics of fabrics are presented 
in Table 3.

The bioenergy impact of fabrics on human health taking 
into consideration the level of deformation capacity was 
assessed according to the procedure of electron point diag-
nostics PSI Vector LIA COR [23].

Table 2
The values of statistical indicators of leading size features

Statistic indicator
Leading size feature, cm

H GbІІІ GbІV Gw Gh

Minimum 158 87.93 74 66 92

Maximum 164 89.96 78 73.06 96

Class interval 6 2.03 4 7.06 4

Arithmetic mean 160.4 88.57 76.15 70.0 94.8

Mode 158 89 75 69.5 96

Median 158 88.45 76.25 70.98 96

Root mean square deviation 3.098 0.697 1.2 2.745 1.932

Variance 9.6 0.486 1.441 7.536 3.733

Asymmetry 0.484 0.77 –0.357 –0.32 –1.035

Excess –2.276 –0.179 –0.36 –1.87 –1.22

Standard error 0.979 0.22 0.379 0.868 0.61

Calculation 10 10 10 10 10

Reliability level (95.0 %) 2.216 0.498 0.858 1.96 1.382
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Fig. 3. Schematic of an ellipsoid as a prototype of the breast shape: 	

а – geometric model; b – physical model; c – calculation model of breast volume (а – half the transverse diameter 	
of the breast; b – half the vertical diameter of the breast; с – breast depth)

Table 3
Characteristics of materials

No. b/o
Conditio
nal desig-

nation
Fabric

Width of 
material, 

cm

Density, number of 
threads per 10 cm

Surface  
density,  

g/m2

Thickness, mm 
(ISO 5084:1996) Weaving Raw material 

composition, %
To Ty

1 CL Calico 150 240 180 128 0.2 linen Cotton

2 SD Silk dress 
fabric 150 650 306 78.4 0.13 linen AC-60, 

PE-40

3 SC Dress fabric 
(crepe satin) 150 336 220 141.8 0.3 satin 5/3 AC-60, 

PE-40

4 ST1 Satin  
fabric 150 320 260 214 0.34 satin 5/3

PA-60, 
PE-20, 
IЕА-20

5 ST2 Satin  
fabric 150 360 320 171.6 0.39 satin 5/3

PA-50, 
PE-30,  
IЕА-20

6 BR Brocade 120 273 283 196 0.52 plain  
large-patterned

Cotton-70, 
PE-30

Note: To – density on base; Ty – density on weft
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5. Results of studying the transformation  
parameters of the modeling effect  

of a corset

5. 1. Determining conditional morphological types of 
a female torso structure to ensure functional properties of 
structural zones of a corset

Statistical assessment of the leading size 
features within confidence boundaries of the 
sample volume (Table 2) proves the reliability 
of the anthropometric database for research 
into the comfort of a corset in the process of 
torso tightening.

The generalized type of the women of 
the experimental group according to fat 
deposits corresponds to the narrow build  
type (Table 4).

The research [20] analytically proved  
a significant impact on the magnitude of maxi
mum modeling effect of a corset on the waist-
line of size features GbІV and Gw (rxy = 0.982).

The influence of morphological features 
of a torso facing front and in profile (Table 5) 
determines the figure in the simulation zones 
and affects the choice of tightening option for 
studying the comfort.

The variability of the figure types in the 
characteristics of torso areas proves the ap-
propriateness of using the detachable tech-
nological modules of a corset: for zone 1 – 
a bustier (bra), for zone 2 – a corset belt. 

Since the magnitudes of the bend rela-
tive to the waistline differ for the upper and 
the lower parts of a torso, the recommended 
magnitudes of waist darts should take into 

consideration the morphological characteristics of a figure in 
the static state (Table 6).

The variant of the typical figure of an electronic man-
nequin: 158–88–96: δtb = 0.35δt, δtf = 0.3δt, δts = 0.36δt was 
selected as the compromise magnitude of distribution of 
waste darts δt.

Fig. 4 shows the results of the zones generation by hori-
zontal cross-sections of the mannequin surface.

Table 5
Indexing the morphological characteristics of a torso of experimental female figures 	

(size 88; growth 158, 164; fullness 1–a, 2–a)

Torso 
section 

Descriptive morphological features  Ratios of size features
Figure 

typeFacing front Profile 
Coeffi-
cient

158 164

88–92 88–96 88–92 88–96

Chest Broad Round Kb 3.7 3.7 3.5 3.5 B

Contour  
of the back 

Convexity of shoulder 
blades relative to the 

waist

Insignificant 

KtІ

– 0.21 – 0.21 N

Medium 0.22 – – – M

Significant – – 0.23 – B

Convexity of buttocks 
relative to the waist

Insignificant

KtІІ

0.15 – 0.15 – N

Medium – 0.16 – – M

Significant – – – 0.17 B

Contour  
of the front 

Convexity  
of breasts 

Semispherical
Kbw

1.4 1.4 – 1.4 M

Oval – – 1.5 – B

Convexity  
of belly 

Flat

Kbl.f

0.026 – – – N

Normal – 0.029 – – M

Round – – 0.029 0.031 B

Contour  
of side lines 

Concavity  
by waistline 

Relative to breast 
diameter 

Kwb

0.8 – – – N

– 0.9 – – M

– – 0.91 0.953 B

Relative to hips 
diameter 

Kwh
0.76 0.77 – – N

– – 0.8 0.812 M

Table 4

Characteristics of the female figure type by proportionality coefficients

Number  
of subject

Proportionality coefficients
Generalized 
figure type

М = GbІІ/H K1 = GbІІІ/H K2 = Gw/H K3 = Gh/H

1 0.537 N 0.543 N 0.402 N 0.561 M N-N-N-M

2 0.537 N 0.537 N 0.439 M 0.585 M N-N-M-M

3 0.557 N 0.563 M 0.430 N 0.608 M N-M-N-M

4 0.557 N 0.557 M 0.424 N 0.582 N N-M-N-N

5 0.557 N 0.570 M 0.462 M 0.608 M N-M-M-M

6 0.537 N 0.537 N 0.439 M 0.585 M N-N-M-M

7 0.557 N 0.563 M 0.462 M 0.608 M N-M-M-M

8 0.557 N 0.557 M 0.424 N 0.582 N N-M-N-N

9 0.537 N 0.537 N 0.439 M 0.585 M N-N-M-M

10 0.557 N 0.563 M 0.443 M 0.608 M N-M-M-M

Mean value 0.548 N 0.55259 N 0.43651 N 0.5912 M N-N-N-M
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а b c

Fig. 4. Zones generation by horizontal cross-sections 	
of the mannequin surface: а – horizontal cross-sections of 
the surface of a typical mannequin torso, size 158-88-96; 	

b – outline of a typical mannequin without tightening; 	
c – outline of the tightened typical mannequin

5. 2. Development of the algorithm of assessment of cor-
set comfort depending on the magnitude of a modeling effect

The procedure of developing a database of negative al-
lowances for the construction of a 3D model of a tightened 
mannequin was taken into consideration in the construction 
of the outline of a tightened mannequin [11].

At the maximum modeling effect, the value of transverse 
diameters of a figure decreases on average on breasts girth 
line III by 0.35 cm, on breast girth line IV – by 1.75 cm, on 
the waistline – by 4.35 cm, on the hips line – by 1.1 cm. The 
values of the front-back diameters decrease on breast girth 
line III by 1.75 cm and increase on the breast girth line by 
0.65 cm, waist – by 0.15 cm, hips – by 1.6 cm.

According to the results of the studies of three stages of 
tightening (maximum, medium, minimum), we determined 
the rational negative allowances in silhouette designs of a cor-
set (Table 7), which were implemented in the silhouette trans-
formation of the optimal design of a female corset (Fig. 5).

Table 7

Rational negative structural ease allowances for a corset

Name  
of a silhouette 

Silhou-
ette de

signation

Allowance 
on breast 

line (GbІІІ)

Allowance 
on breast 

line (GbІV)

Allowance 
on waist-
line (Gw)

ACGbІІІ, cm ACGbІV, cm ACGw, cm

Tight-fitting Si01 –3.0 –3.0 –6.0

Close fitting Si02 –2.5 –1.4 –4.0

Semi-close fitting Si1 –2.0 –1.3 –2.0

1'11"2'22"3'33"4'44"5'55"

9 8 х 7 6А

F

E D

C

B

14'1414"13'1313"12'1212"11'1111"10'1010"

Fig. 5. Silhouette transformation of the optimal design 	
of a belt-corset Siopt→Si01→Si02→Si1: 	

 Optimal design Siopt;  Silhouette design 	
of a corset Si01;  Silhouette design of a corset Si02; 	

 Silhouette design of a corset Si1

The optimal design of a corset takes into consideration 
the conditions of a stable balance of fabric in longitudinal 
seams.

Potential energy deformation of material stretching in 
seams Ps is described (1):

P
T E S l

s

y y y k ti j i j=
⋅ ⋅ ⋅ ⋅

, , ,
δ2

8
	 (1)

where Ty is the fabric density on a weft, n/10сm (according 
to technical conditions of the sweep, the warp thread passes 
perpendicularly to the waistline) (Tу = 180 n/10 cm); Ey is 
the module of fabric elasticity, N·сm2 (Еу = 3.363 N·сm2); 
Sy is the area of the transverse cross-section of the weft 
threads, сm2 (Sy = 3.46 ·10–4 сm2); lki j,

 is the length of the con-
tour of, cm ( . ; . ),i j= =1 6 1 6  і is the right contour; j is the left 
contour; δti j,

 is the magnitude of stretching of the right and 
left contour on the part join area, cm.

Potential energy of folding deformation Pf in corset parts 
is described by (2): 

Table 6 
The ratio of morphological characteristics of dart intake points

Waist dart 
intake 

Name of a dart by location Formula

Figure size

158 164

88–92 88–96 88–92 88–96

Back
Dart on a back area  δtb1 = 0.06 Сw 2.0 2.1 1.9 2.0

Dart on a buttocks area δtb2 = 0.084 Сh 3.9 4.0 3.9 4.0

Mean value 2.95 3.05 2.9 3.0

Front
Dart on a front area  δtf1 = 0.5 (СbІІ–СbIV) 4.1 4.0 4.2 4.1

Dart on an abdomen area δtf2 = (Сh–Сh.l) 0.8 1.2 0.5 0.9

Mean value 2.45 2.6 2.35 2.5

Side
Upper dart δts1 = (dbІІІ–dw)/2 2.6 1.2 1.3 0.6

Lower dart δts2 = (dh–dw)/2 4.4 4.5 4.7 4.8

Mean value 3.5 2.85 3.0 2.7

Total dart intake on the waistline, cm 8.9 8.5 8.25 8.2

Note: C – half-girth; d – transverse diameter
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where π – 3,14; d0 – 0.021 cm; аі is the mean value of the area 
width, cm.

The graphic interpretation of the results of the calcula-
tion of potential energies of fabric stretching and folding on  
the areas of joining the longitudinal segmentation is shown 
in Fig. 6.
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Fig. 6. Change of potential energy of stretching and folding 
deformation on the contours of corset parts joining: 	
а – stretching deformation, b – folding deformation

According to the results of research into breaking charac-
teristics of fabrics shown in Table 3, the basic fabric for ensur-
ing the physiological-hygienic characteristics of a corset was 
selected (Table 8).

According to the complex indicator of deformation abi
lity in providing comfort, there is fabric No. 5 (satin 5/3, 
PA – 50 %, PE – 30 %, IEA – 20 %). The totality of fabrics 
in divided into three groups by the indicator of deformation 
ability: with small ≤35 %, medium 35–70 %, high ≥70 % de-
formation ability.

A combination of deformation ability of fabric in uniting 
the torso zones using the transformation techniques was 
proved by research [25].

The selected prototype of the ellipsoid (Fig. 3, c) pro-
vides a description of the ability of breast areas (zone 1) to 
be deformed under the influence of external forces by calcu-
lating the approximated breast volume (3):

V a b c
d d

cb
t v= ⋅ ⋅ ⋅ = ⋅ ⋅ ⋅

2
3

2
3 2 2

π π , 	 (3)

where dt is the transverse diameter of breasts, (dt = 15.0 cm); 
dv is the vertical diameter of breasts, (dv = 11.6 cm); с is the 
breast depth.

The breast depth is determined from (4):

c
Dn=
2π

, 	 (4)

where Dn is the vertical breast arc, (Dn = 23.6 cm).
The depth of cup C, which is 3.75 cm was calculated for 

size 75B. The calculated breast volume is 341.5 сm3. The 
weight of the breast is 307.4 g. Conditional force of sagging 
is 0.0003 kg∙m/s2.

Since the cup size increases by 2.0 cm, the weight of 
breast from 75А to 75D makes a variation series: 300.5; 307.4; 
314.2; 321.0 g, that is, increases by 6.8 g. This influences the 
selection of reinforcing elements.

5. 3. Recommendations for the use of compromise op-
tions of the adaptive transformation of polyvariance of the 
corset design

A priory ranking of results of the estimation of human 
self-comfort in the experimental samples of corsets is taken 
into consideration in recommendations for the use of design 
solutions to achieve the desired modeling effect (Table 9).

Table 8
Results of studying the deformation characteristics of basic fabric for a corset

Number  
of material 

sample  

Complete 
deformation, 

ε, %

Residual 
deformation, 

ε3, %

Rigidity, 
N·сm2

Relative indicators of studied materials  
in the percentage of the basic ST2 Area of  

triangle, сm2

Generalized 
indicator of 

deformation, %
ε, % ε3, % T, %

Wr Wf Wr Wf Wr Wf Wr Wf Wr Wf Wr Wf Wr Wf Wr Wf

CL 3.0 7.5 1.05 2.77 3.63 3.63 18.0 17.8 11.29 9.23 61.7 62.47 58.36 53.74 44.5 41.5

SD 2.65 9.0 0.65 4.8 9.071 5.70 15.9 21.4 6.99 16.0 154.2 98.0 44.98 36.75 34.3 28.4

SC 5.5 11.65 1.0 5.0 3.95 3.96 33.03 27.6 10.8 16.7 67.2 68.2 14.24 15.73 10.85 12.2

ST1 4.85 36.5 2.5 27.15 8.43 4.66 29.1 86.6 26.9 90.5 143.4 79.4 37.2 96.88 28.3 74.8

ST2 16.65 42.15 9.3 30.0 5.88 5.81 100 100 100 100 100 100 131.3 129.5 100 100

BR 11.65 21.65 5.0 9.85 5.56 5.81 69.9 51.4 53.8 32.8 94.6 100 70.5 42.25 53.7 32.6

Note: О – warp; Y – weft
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Compromise values of modeling effects, which should be 
taken into consideration in the construction of the ergono
mic corset design, are shown in Table 10.

The means of deformation interaction of the design 
corset zones using the transformation techniques by the 
stretching-compression principle for ensuring its polyva-
riance is shown in Fig. 7. Practical implementation of the 
polyvariability of corset design sizes is based on the method  

for grouping the details of bra and belt-corset parts, which 
are implemented in typical schemes of details’ grada-
tion (Fig. 8) and schemes of adaptive dimensional transfor- 
mation (Fig. 9).

In contrast to the traditional use of coefficients of gra-
dation of the size features [26], the adapted magnitudes of 
increments ensure fixation of eponymous cuts in the details 
of technological modules at the tightening level.

Table 9
Features of the use of design solutions for the achievement of the desired modeling effect

Adjustment 
magnitude, 

cm

Desired modeling effect on the waistline

Figure tightening on the waistline 

Basic fabric Frame elements 

2–3 Dense material with medium/high deformation ability Regilin/plastic underwire at longitudinal seams

3–5 Closely-woven fabric with low deformation ability Plastic underwire in longitudinal seams 

5–8
Closely-woven fabric with low deformation ability, sling on the 
waistline 

Plastic/ metal underwire in longitudinal seams

More than 8
Closely-woven fabric with low deformation ability, sling on the 
waistline, reinforcing details (interlay materials)

Plastic/metal underwire in longitudinal seams 

Decrease in belly bulging

1–2 Closely-woven fabric with medium/high deformation ability Rigilin/plastic underwire in longitudinal seams

2–3
Closely-woven fabric with low deformation ability, sling on the 
waistline

Plastic/metal underwire in longitudinal seams  

3–4
Closely-woven fabric with low deformation ability, sling on the 
waistline, reinforcing details (interlay materials)

Plastic/metal underwire in longitudinal seams, brisk in the 
central part of detail/underwire in the middle of the detail

Table 10
Variable conditions for determining the rational parameters of correction of female-typical figures 

Boundaries of ratio, сm Modeling 
effect

І fullness ІІ fullness
І fullness ІІ fullness

2.1<GbІІІ<–6.7; ∆ = –3.0 Min

GbІІІÎ84.0÷96 GbІІІÎ84.0÷960.4<GbІІІ<–6.8; ∆ = –2.4 Med

–1.1<GbІІІ<–6.5; ∆ = –1.8 Max

–2.1<GbІV<–1.5 ∆ = 0.2 –2.4<GbІV<–1.5 ∆ = 0.3 Min
Р Î158. 164; 

GbІІІ Î84.0÷96; 
GbІV Î72.6÷82.8

Р Î158. 164; 
GbІІІ Î84.0÷96; 

GbІV Î73.4÷83.6
–1.9<GbІV<–1.3 ∆ = 0.2 –1.9<GbІV<–1.3 ∆ = 0.2 Med

–3.0<GbІV<–1.8 ∆ = 0.4 –2.9<GbІV<–1.7 ∆ = 0.4 Max

–2.8<Gw<–1.9 ∆ = 0.3 –2.7<Gw<–1.8 ∆ = 0.3 Min
Р Î158. 164; 

GbІІІ Î84.0÷96; 
GbІV Î62.6÷75.2

Р Î158. 164; 
GbІІІ Î84.0÷96; 

GbІVÎ64.6÷77.2
–6.5<Gw<–1.4 ∆ = 1.7 –5.7<Gw<–0.6 ∆ = 1.7 Med

–4.7<Gw<–5.3 ∆ = –0.2 –4.8<Gw<–5.4 ∆ = –0.2 Max

Porolone insert

Lacing Elastic insertі

Tape-zipper Tape-zipper

Tape-zipper  
а

Porolone insert

Lacing Elastic insertі

Tape-zipper Tape-zipper

Tape-zipper  
b

Fig. 7. Means of ensuring polyvariability of corset sizes by the stretching-compression principle: а – bra; b – belt-corset
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Fig. 8. Schemes of gradation of details: 	
а – of a bra; b – of a belt-corset
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Fig. 9. Scheme of adaptive dimensional transformation: 	
а – of a bra cup; b – of a front of a belt-corset

6. Discussion of the results of studying the impact of the 
elements of parametric transformation of segmentation 

contours on the corset comfort 

The feeling of corset comfort is subordinated to the aesthe
tic function in modeling the erotic areas of a body (Fig. 2). The 
difficulty of design is related to the fact that in order to form the 
female torso and breasts, corsets are designed either without al-
lowances or with negative allowances to the figure dimensions.

The graphic interpretation of the eponymous «reference» 
points of erotic zones indicates the difficulty of interpreting 
the zones of modeling effect due to the complexity of the 
volume-spatial body shape. In this sense, indexing the body 
proportions by figure types is of special interest [19]. The ma-
trix of indexing proportions for figure types (Table 5) indicates 
the polyvariability of descriptive morphological features of 
contours. Variability of figure types in body areas proves the 
ergonomic appropriateness of using detachable technological 
corset modules: zone 1 – a bra, zone 2 – a belt-corset.

A comparison of the magnitudes of the potential energy 
of stretching deformation in the basic fabric for a corset in-
dicates the silhouette subordination of negative allowances. 
This is in line with the practical data of papers [11, 12]. 

The largest proportion of potential stretching energy 
belongs to the side contour of the typical design, which is 
due to the contour concave and the larger dart intake. The 
potential energy of stretching deformation on parts join 

contours is described by a parabolic function (Fig. 6, a).  
In details of the front, potential folding energy is caused by 
the shifting of abdominal muscle tissues upwards, and of the 
back – downwards from the waist, which explains the linear 
dependence (Fig. 6, b).

The results of research into biologically active areas of 
the human body [20, 21] indicate the influence of the width 
of anthropometric levels of an item on operational comfort. 
The resulting outlines of the tightened mannequin (Fig. 4) 
prove the influence of the size features on the different 
magnitude of waist darts in the spatial shape of the upper 
and lower areas (Table 6). However, unlike the results of the 
studies on the impact of pressure on a change of contours of 
side cuts in torso modeling [24], the obtained data on the 
zoning of modeling effects make it possible to propose the 
adaptive design of corset zones. The principle of coordinat-
ing the action of increments of size features was used in the 
change of the size of the technological module. According 
to the compression-stretching principle, the structure of 
the polyvariant design of a corset (Fig. 7) is influenced by 
simulation of the transformation of the mesh frame zones of 
the typical mannequin – into the typological types of shape 
sizes within the tightened corset. Regulation of the identity 
of zone contours in the transformation of technological mo
dules ensures the mechanism of increments by the grouping 
principle (Fig. 9). However, the experimental magnitudes 
of transitions impose certain restrictions on the use of com-
bined sizes in corset purchasing, which can be offset by the 
compression properties of knitted inserts [25].

The potentially interesting direction is further studying 
the corsets in terms of dynamics of modeling effects based 
on the geometric properties of models of the structure of the 
auxetic materials, examined in [27]. The geometric model 
of materials combined with the technology of generating 
silhouette parameters makes it possible to substantiate the 
silhouette comfort of separate technological modules for the 
individualization of the compositional dominant.

7. Conclusions

1. The conducted research proved the impact of morpho-
logical types of female torso structure on the individualiza-
tion of functional properties of a corset. Due to this, it can 
be argued that the historical aspect of corset development 
in the XX, XXI centuries reproduces the anthropometric 
correction of a torso shape in typical segmentation of the 
design. The dimensional variability of figure types is mani-
fested in indexing the proportionality of body contours. The 
generalized figure type by average values of proportionality 
coefficients (M = 0.548, K1 = 0.553, K2 = 0.437, K3 = 0.591) cor-
responds to a narrow build type B-B-B-S.

2. The peculiarities of determining the deformation effect 
of a corset imply determining potential energy of stretching 
and folding deformation of fabric in joining seams, which 
makes it possible to assess self-comfort depending on the 
comfort of the modeling effect. The maximum of the parabo
lic function of the potential energy of stretching deformation 
is due to the concave of the side contour, which is explained 
by a larger dart intake Psmax = 0.14 g·сm2/s2. The linear nature 
of potential energy of folding deformation is explained by the 
peculiarities of shifting muscle tissues relative to the waist-
line: those of abdomen – upwards Pfbl = 0.05–0.041 g·сm2/s2, 
those of the back – downwards Pfbl = 0.41–0.039 g·сm2/s2.
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3. The ergonomic feasibility of the zonal technological 
modules was proved by compromise variants of adaptive 
size transformation of silhouette segmentation of parts, 
which should be based on the auxetic effect of insert ma-

terials. The magnitudes of increments for the dimensional 
transformation of the bra cup width in the upper part are 
1.1 cm, in the lower part – 1.4 cm; in the front of a belt- 
corset – 1.4 cm.
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The rapid development of digital printing and the popularity 
of corrugated packaging production encourages manufacturers to 
improve product quality. Therefore, research into the quality of dig-
ital prints, using modern procedures for determining the qualimetric 
indicators, is important for both consumers and manufacturers. We 
have studied the prints made by the inkjet printing machine Durst 
Rho 1312. The printing involved the inks CMYK+Light Cyan+Light 
Magenta (Austria)+Light Cyan+Light Magenta. The prints were 
obtained directly on five-layer corrugated cardboard using the 
post-print technology. In addition, the printing was performed on 
a liner, followed by its pinning to fluting (the preprint technology).

The paper describes a procedure for determining the qualimet-
ric prints’ indicators, in particular, optical density, the increase 
in the tonality of the raster image, color reproduction, resolution, 
print stability on prints, and in the printing process, and lightfast-
ness. The imprints’ quality was evaluated in accordance with the 
requirements set by the standard ISO/TS15311-2:2018. The quali-
ty of digital and offset prints has been compared. It has been estab-
lished that the digital post-print technology on the five-layer corru-
gated cardboard BE and the pre-print technology on the cardboard 
GD180 ensure the same print quality parameters. This includes such 
a quality indicator as the reproduction of raster image tones, opti-
cal density, color difference, printing stability. The print resolution 
of the imprints has slight deviations.

It was found that the color transfer of offset prints is higher (by 
10 %) than that of the digital prints based on the pre-print technology.  
Offset printing also provides higher resolution (by 93 lines/cm)  
than digital printing. However, in terms of print stability and color 
difference, the inkjet prints are inferior to the offset technology. 
Digital prints have good lightfastness (10–20 times better than offset  
samples)

Keywords: digital and offset printing, five-layer corrugated 
board, pre-print, post-print, prints’ quality 
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1. Introduction

Requirements for the design of printed packaging are 
constantly growing. Packaging is becoming more attractive 
while the requirements for reproducing multi-color images 
are constantly increasing. The modern market offers a wide 
range of different packaging materials but priority by both 
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producers and consumers is given to environmentally friend-
ly materials. These include cardboard and corrugated card-
board. Based on data from the research institute Smithers 
Pira, the global needs in corrugated cardboard in recent years 
have exceeded 143 million tons. Experts predict an annual 
increase in the use of corrugated cardboard for the packaging 
manufacturing at the level of 3.7 % Packaging made from 


