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Dear Reader

The AcTA POLYTECHNICA journal that you have just opened is a scientific journal published by the Czech
Technical University in Prague. This journal first appeared in 1961 under the name “Proceedings of the Czech
Technical University”. The main purpose of the journal was to support publication of the results of scientific
and research activities at the Czech technical universities. Five years later, in 1966, the name of the journal
was changed to Acta Polytechnica, and it started appearing quarterly. The main title ACTA POLYTECHNICA is
accompanied by the subtitle JOURNAL OF ADVANCED ENGINEERING, which expresses the scope of the journal
more precisely. Acta Polytechnica covers a wide spectrum of engineering topics in civil engineering, mechanical
engineering, electrical engineering, nuclear sciences and physical engineering, architecture, transportation science,
biomedical engineering and computer science and engineering. The scope of the journal is not limited to the
realm of engineering. We also publish articles from the area of natural sciences, in particular physics and
mathematics.

Acta Polytechnica is now being published in an enlarged format. Our aim is to be a high-quality multi-disciplinary
journal publishing the results of basic research and also applied research. We place emphasis on the quality of
all published papers. The journal should also serve as a bridge between basic research in natural sciences and
applied research in all technical disciplines.

We invite researchers to submit high-quality original papers. The conditions of the submission process are
explained in detail on: http://ojs.cvut.cz/ojs/index.php/ap. All papers will be reviewed, and accepted
papers are published in English.

We hope that you will find our journal interesting, and that it will serve as a valuable source of scientific
information.

Editorial Board
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STUDY OF SURFACE ROUGHNESS WITH MHD AND COUPLE
STRESS FLUID ON POROUS CURVED ANNULAR PLATES

LM LL KSH NUM WD NNIHALLI N WD
SALMA ALLA BAKSH*, HA AGOWDA BA A NAGANAGOWDA

REVA University, School of Applied Sciences, Department of Mathematics, Bangalore-560064, India

corresponding author: salma.alla@gmail.com

ABSTRACT. The purpose of this article is to examine the effect of surface roughness on porous curved
annular plates lubricated with couple stress fluid in the presence of magnetic field. The MHD-Stochastic
Reynolds equation is derived using Christensen’s stochastic model and applied to predict the squeeze film
characteristics of porous curved annular plates. The expressions for squeeze film pressure, load-carrying
capacity, and squeeze film time are obtained analytically, the results are discussed for various values of
operating parameters, and are plotted graphically. It is found that the squeeze film characteristics of
porous curved annular plates are improved using a non-Newtonian fluid in the presence of an external
magnetic field. The effect of roughness parameter is to increase (decrease) the squeeze film attributes
for azimuthal (radial) roughness configuration as compared to the smooth case. Furthermore, the effect
of permeability parameter is to decrease the pressure, load-carrying capacity, and squeeze-film time as
compared to the non-porous case.

KEYWORDS: Couple stress fluid, MHD, surface roughness, porous medium, curved annular plates.

1. INTRODUCTION

In development of modernised machine equipment, a great attention is being paid to fluids which contain
microstructures, such as suspensions, long-chained polymers, and additives. Newtonian fluid is one which does
not depend on the dimension of fluid particles and hence such fluids are not a suitable engineering concept.
Since non-Newtonian fluid flow cannot be precisely explained by the classical theory of continuum, numerous
micro continuum theories have been constructed [1, 2] for explaining the particular behaviour of fluids featuring
substructures that have the ability to interpret, pivot, or even distort on their own. Among them, Stoke’s
theory [3] is the simplest theory. Numerous authors have considered this theory to examine the impact of
couple stresses for several kinds of fluid film bearings, for example, Lin [4] presented the sphere-flat plate,
Kashinath [5] presented the parallel stepped squeeze films plates and Naduvinamani et al. [6] presented circular
stepped plates. These authors have concluded that presence of couple stress fluid increases load and film time
as compared to classical case. Recently, the concepts of Magnetohydrodynamics (MHD) in lubrication theory
have caught the attention of numerous researchers. Since it is found that by using an electrically conducting
fluid, the load-carrying capacity in a bearing can be increased. Many theoretical studies have carried out and
detected that the impact of electromagnetic fields on squeeze films is beneficial particularly in the devices which
involve high speeds and high external temperature. The hydromagnetic bearings, when compared to solid
bearings, possess many advantages with couple stress fluid as lubricant. They are capable to function at high
temperatures, and they offer a significant resistance to radioactive radiation. To protect undesirable variation
in viscosity with temperature, the use of electrically conducting liquid-metal as lubricant is emphasized. In
the occurrence of a magnetic field, many authors presented MHD performance of bearings lubricated with an
electrically conducting fluid for smoothness, such as slider bearing by Snyder [7], inclined slider bearing and
finite step slider bearing by Hughes [8, 9], parallel plate slider bearing by Kuzma [10], Lin [11] for annular
disks, and Lin et al. [12] for curved annular If we compare the results with a non-magnetic case there is an
enhancement in film pressure, load and the length of the squeeze film time in presence of a magnetic field. In all
the above-mentioned papers, it has been observed that the work is limited only for smooth surfaces.

But practically, even the rough surface is very crucial. Keeping this in mind, few investigators have tried to
study the effect of porous medium on the rough surfaces. Nowadays, porous medium is one of areas of interest
for many authors in various fields of science and engineering. Porous bearings are found to be advantageous due
to its self-lubricating properties, lower costs, and design ease. Thus, the study of porous squeeze-film bearings
was based on Darcy model, in which fluid flow through porous matrix obeys Darcy’s law and no-slip condition
was expected on the film interface. Several authors have examined rough surface for hydrodynamic lubrication
using stochastic approaches. For example, the stochastic model for rough surfaces have been recognised by
Christensen [13]. Numerous investigators have considered this model to examine the impact of roughness for
distinctive bearings along with porous medium, such as Bhat et al. [14] for annular discs, Naduvinamani et
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FIGURE 1. Geometry of rough - porous curved annular plates.

al. [15] for circular stepped plates, Syeda et al. [16] for Elliptical Plates, Hanumagowda et al. [17] for circular
stepped plates, Biradar et al. [18] for Curved Annular Circular Plates, Hanumagowda et al. [19] for Conical
Bearing, Patel et al. [20] for long bearings, Sankar et al. [21] for vertical annulus, Kiran et al. [22] for porous
annulus, Shimpi et al. [23] for Curved Porous Annular Plates, and Niru et al. [24] for Curved Porous Annular
Plates considering the rotation of magnetic particles and slip velocity. All these authors studied the effect of
roughness in presence of porous medium and concluded that the effect of radial (azimuthal) roughness pattern
on the bearing surface decrease (increase) the pressure, load carrying capacity, and approach of squeeze film
time whereas the permeability parameter decreases these squeeze film attributes as compared to a non-porous
case. Motivated by these investigations and their applications, in the present article, the authors examine the
combined impact of MHD and surface roughness on the couple stress squeeze film lubrication between curved
annular plates by considering the porous medium. The results are analysed for different values of the physical
parameters — the pressure, load bearing capacity and squeeze film time. The obtained numerical results for
a special case are found to be in good agreement with those of the results available in the literature. Furthermore,
the results obtained reveal many interesting behaviours that warrant a further study of the equations related to
non-Newtonian couple stress fluid phenomena in the presence of pressure dependent viscosity and slip velocity.

2. MATHEMATICAL FORMULATION AND SOLUTION

The geometry of rough-porous curved annular plates is displayed in Figure 1, having internal radius b and

external radius a. The lower plate with permeable facing of thickness § is fixed while the upper smooth plate is

moving with a velocity V' = —dh; /dt towards it. A transverse magnetic field By is applied vertical to the plates.
The shape of the film thickness h is an exponential type as in Jaw-Rein Lin et al. [25]

h = hyexp(—pr?/a*), b<r<a, (1)

where 3 is the curvature parameter and h is the initial minimum film thickness.
In view of hydrodynamic and hydro-magnetic lubrication, the governing equations, which satisfies Stokes [3]
model, are considered as

0?u O*u 9 Op
Fo2z " gat —obBou= or’ @)
op
10 ow
;E(W) to, = 0, (4)

in which the components of velocities are u and w in r and z direction, respectively, p represents the pressure in
the region, n is the materialistic constant, o is the electrical conductivity and By is the applied magnetic field.
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For the porous region
190, .,  ow
——(ru®) + =0. )
r 87“( ) 0z (5)
Governing Modified Darcy’s equation given by Biradar et al. [26], the velocity components u* and w* in
porous region are

—k dp*

ut = : (6)
_ kM2 Or
p(1-2+ 2
s__—k op
u(l—d) 027 Q

where p* is the pressure in the porous region, k is the permeability parameter, @ is the ratio of the microstructure
1/2
size to pore size, M = ByHy (%) is the Hartmann number.
The velocity boundary conditions are:

e For lower rough-porous curved annular surface at z =0

u=0, 92 = 0, (Vanishing of couple stresses) (8a)
w = 0. (8b)
e For upper curved annular surface at z = h

0%u I

u=0, 92 = 0, (Vanishing of couple stresses) (9a)
—0hy
=V = . 9b
w 5 (9b)
Solving Equation (1) subject to boundary conditions (8a) and (8b), the expression for the velocity component
is
h2 Op
= —go) — 1} =2 E. 1
u={(g1 — g2) }MMQ g (10)
Here,

91 =911, g2 = g1z, for AM?I? /g < 1 (11a)
g1 = g1, g2 = gao, for AM>I*/h§ =1 (11b)
91 = gs1, g2 = gs2, for 4AM?I? /hg > 1 (11c)

The associated relations in Equations (11a), (11b) and (11c) are given in Appendix A.
The continuity equation in polar form is obtained by integrating Equation (3) over film thickness using the
boundary conditions (8b) and (9b), resulting in

19
ru Or

{rS(hJ,M)gf} = wp, — Wo, (12)

but upper surface is not porous wp = 0.
The velocity component in z-direction is continuous at the interface between the lower plate and film so that

o e (5) L @

By substituting Equation (13) in (12), we obtain

1 0 op dh k ap*
A PO V) L e L. 14
T,u(()r{r (k1 )81"} dt+,u(1—4'>)<3z>z_0’ (14)
where
2
% ﬁ(%ﬁtanh%—%ﬁtanh% +h for M21%/h3 < 1,
2
S(h,l, M) = % b sec h? (QL@) — 32l tanh (%\/27) + h} for M?1%2/h3 =1,
2 {ay (a0t otbedion 80) ) or a3 > 1
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In porous region, fluid pressure satisfies the equation

10 op* D dp*
il _— =0 15
7“87"<T8r>+<1—¢> 0z ’ (15)
where D = (1 — o+ ’:njv}{;)
0
Let us integrate the above equation using Morgan-Cameron approximation [27] that is %L: at z = —9 yields,

(ap*> (1-@) /0 19 ( 8p*>
=—|— —-——|r dz.
0z ), D _sror or

Since porous thickness layer ¢ is exceedingly small, Morgan-Cameron approximation [27] is considered and

Equation (15) yields
W (1= 10 ([
(82)2_0__6< D ) ror <T8r>’ (16)

Ip*

where %~ =0 at 2 = —4 has been used.
Using Equation (16) in (14) the Reynold’s modified equation results in
1 0 o0k\ Op
—_—— hi M)+ —=|r—,=V. 1
r,uar{(s(” )+D>T8r} v (17)

According to the stochastic model of Christensen [13], the film thickness H is
H =h+ hg(r,0,8), (18)

where h is the nominal thickness, hg is the part owing to surface roughness as measured from nominal level and
¢ is a stochastic variable which describes roughness geometry.

2.1. STOCHASTIC REYNOLDS EQUATION
Let us take the stochastic mean of Equation (17) with respect to probability density function g(hs), we get

:M;KE (S(h,l,M)#?))r‘%f@}% (19)

where E(e) = [7_(e)g(hs)dhs.
The roughness distribution function based on Christensen’s theory is in form

g(hs) = oo (0 —h3)?, —n<hs<n
) 0, otherwise

where n = 3¢ and @ is the standard deviation.
Generally, there are two kinds of roughness configuration, namely:

¢ Radial Roughness configuration: It is one-dimensional roughness in the form of long, narrow ridges and
valleys running in r-direction. Film thickness and average modified Reynold’s equation is

H =h+ hy(6,€), (21)
10 0k] OE(p)\ _
o <{ES(h,l,M) + D} T >_ v, (22)
where a5 "
E(S(h,1,M)) = 37n7/ S(h,1, M)(n* — h?)*dhs.

e Azimuthal Roughness configuration: It is one-dimensional roughness in the form of long, narrow ridges
and valleys running in #-direction. Film thickness and average modified Reynold’s equation is

H = h+ hy(r,€), (23)
%% <([E1/S(h, LMY ‘Z“) ragip)> _v, (24)

where

n o2 12\3
- 1 I / (=12
S(h,1,M)) ~ 3207 J_,, S(h,1, M)

—n
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Introducing the following non-dimensional quantities in Equation (19),

r*:g, h}‘:%, h*:h%, z*:%, p:,MZ:I;I;/, 5*:}%, W:% Dy = (1@+iﬁf), C:h%'
Here, hg is the minimum film thickness.
The modified-stochastic Reynold’s equation for film pressure is given by
ri*@?* {J(H,l*,M,W,C)r*gﬁ} =-1, (25)
where i
gy (BT ot e
The relevant boundary conditions to present the squeeze problem is
p=0 forr"=a="0/a, (26a)
p=0 forr*=1. (26b)

The non-dimensional stochastic Reynold equation (25) is integrated using the boundary conditions (26a)
and (26b), which results in the expression for non-dimensional MHD mean squeezing film pressure:

f2(r) f1(1) = f1(r*) f2(1)
2f2(1) ? @)

p:

where

1 1
r* 1
1) = * 1) = dr*.
A1) /r*:a J(H,l*,M,W,C)dT > f(D) /r*:a rJ(H, 1%, M,0,0) "

The pressure field over the plate surface is integrated to find the load supporting capacity and is

a
W = / 2mwrpdr. (28)
r=>b
The non-dimensional MHD mean load-supporting capacity W is
E(W)hi -1 /! LA@) [
ompat(—dhy Jdt) 2 /T*:a A + 550 / fa(rt)rtdr (29)
The non-dimensional squeeze film time for film thickness is
E(W)h? ! 2f5(1
T — ( )41t=/ - f2( ) - th. (30)
THa ny \ fo(1) [, fu(r)redrs — f1(1) [._ fo(r*)r dr*

3. RESULT AND DISCUSSIONS

In the present article, the impact of roughness, MHD, and couple stress fluid is investigated. The MHD-Stochastic
Reynolds-type equation is derived using Christensen’s stochastic model and applied to predict the squeeze film
characteristics of porous curved annular plates. The results are discussed for various values of non-dimensional
quantities, such as Hartmann number M, couple stress parameter [*, roughness parameter C, permeability
parameter ¥, curvature parameter 3, and radius ratio a. To discuss the squeeze film characteristics, the following
parameters range is considered:

M =0,2,4; I*=0.0,0.2,0.4; C =0.0,0.2,0.4; 8 =-0.5,0,0.5; ¥ =0,0.001,0.1; o =0.2,0.4,0.6

and m = 0.6; 0™ = 0.01; & = 0.2 are fixed.

Limiting cases:
(i) As C' — 0, corresponds to the smooth case discussed by Hanumagowda et al. [28],

(ii) As C — 0, M — 0, corresponds to the non-magnetic case discussed by Gupta et al. [29],
)
)
)

(v) As 8 =0, corresponds to the annular plates discussed by Syeda et al. [30].

(iii) As C — 0, M — 0, I* — 0, corresponds to the Newtonian case studied by Jaw et al. [25],

(iv) As ¥ — 0, corresponds to the non-porous case discussed by Hanumagowda et al. [28],
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3.1. MEAN FILM PRESSURE

Figure 2 presents the profile of mean pressure P along dimensionless co-ordinate axial r* as a function of C' for
both roughness configurations and clearly shows that for larger C' values, the mean pressure inclines (declines)
for azimuthal (radial) roughness structures, and also, when C' — 0, it reduces to smooth case. In Figure 3,
a graph of P against r* as a function of ¥ is presented and can clearly be seen that for increasing ¥ values, the
mean pressure decreases for azimuthal roughness rather than radial roughness structure. Figure 4 shows the
distinctive values of Hartmann number, the graph P against r* is presented and shows that for increasing M
values, the pressure increases. The profile of P against r* for various [* values is described in Figure 5 and it
can be seen that the impact of [* is to enhance P. Figure 6 displays the graph of P against r* for distinctive
values of 8 and it can be seen that the pressure is a significant factor for increasing £ values.

3.2. MEAN LOAD SUPPORTING CAPACITY

The deviation of mean load supporting capacity W against curvature parameter [ as a function of C' is displayed
in Figure 7 for both roughness configurations and it can be seen that when C' = 0, an azimuthal and radial
roughness configurations coincide and reduce to a smooth case. In Figure 8 the profile of W against 3 as
a function of permeability parameter ¥ is depicted and shows that the mean load declines for larger ¥ values.
The graph W along f for several values of Hartmann number is illustrated in Figure 9 and for distinct values of
I* in Figure 10. It is found that the impact of couple stress fluid in the existence of applied magnetic field is to
substantially enhance the load supporting capacity as compared to Newtonian fluids. This is due to the use of
magnetic field normal to the flow, which results in a lower velocity of the lubricant in the fluid film region. Thus,
a large amount of the fluid is retained in the film region, and this yields a rise in pressure. Figure 11 represents
the load profile W along /3 for distinct values of radius ratio « for both roughness configurations and it shows
that the mean load decreases for rising values of «. Furthermore, the mean load increases for larger 8 values.

3.3. SQUEEZE FILM TIME

Figure 12 shows the deviation of dimensionless squeeze film 7" against dimensionless film height h] for distinct
values of C, illustrated for both roughness configurations. From the results obtained, squeeze film time 7' is
predicted to increase (decreases) for azimuthal (radial) roughness configurations as compared to the solid case.
The time profile T" against hi for distinct values of ¥ is presented in Figure 13 and it clearly shows that T’
increases for decreasing ¥ values, even more significantly for the azimuthal roughness structure. Figure 14 depict
the time variation 7" against h] as a function of Hartmann number M and shows that T increases for larger M
values.

The graph of T against hj for various values of couple stress parameter [* is shown in Figure 15 and it can
clearly be seen that the impact of [* enhances the squeeze film time. Figure 16 represents the deviation of T
against A} for distinct values of radius ratio o and shows that 7" decreases for larger values of radius ratio. The
time profile T" along h] as a function of curvature parameter 3 is illustrated in Figure 17 and shows that for
increasing ( values, T" also increases.

4. CONCLUSION

Using a stochastic model of Christensen for rough surfaces, the present analysis predicts the influence of
roughness on squeeze film attributes for porous annular plates with MHD and couple stress fluid. Through the
above discussions, conclusions are drawn as follows:

e The surface roughness impact increases the pressure, load supporting capacity and prolongs film time in
comparison with the smooth case. This impact is greater for the azimuthal roughness than the radial
roughness structure.

e In a comparison with non-magnetic case, the impact of Hartmann number enhances the squeezing attributes
for both roughness structures.

e The couple stress effects for azimuthal roughness are more pronounced than for the radial. Also, the squeeze
film attributes are very significant for non-Newtonian case.

e The permeability parameter effect reduces the performance of squeeze-film characteristics as compared to
the solid case.

e The load and film time are reduced due to an increase in radius ratio.

e Obtained results are compared with previous analysis carried out by Hanumagowda et al. [28] and shown
in the Table 1. It is observed that there is a substantial increase in load and time for both roughness
configurations in the porous region. An increase of 14 % (15 %) in radial (azimuthal) roughness configuration
is observed when M =6, C = 0.2 and ¥ = 0.001.

o It is anticipated that these results will help the design engineers in choosing the most suitable structure,
magnetic field, and lubricant additives to prolong the bearing’s life. These results are in agreement with the
experimental study by Artur et al. [31] that the final composition of the lubricant should be supplemented
with suitably selected additives.
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FIGURE 6. Variation of P against r* for distinct values of § with C = 0.3, M = 3, « = 0.4, I* = 0.3, ¥ = 0.001,
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FIGURE 14. Variation of T against h] for different values of M with C =0.3,1* = 0.3, « = 0.4, 8 = 0.5, ¥ = 0.001,
m=0.6, 5* = 0.01, & = 0.2.
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m=0.6, 5" = 0.01, & = 0.2.

8
Radial Azimuthal
—_— @ =02 EEE-TER
X —— =04
6 —— @ =06 s==Ases
T
4
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FIGURE 17. Variation of T against h] for different values of 8 with C = 0.3, M =3,1* =0.3, « = 0.4, ¥ = 0.001,
m=0.6, 5* = 0.01, & = 0.2.

Hanumagowda Present analysis

M et al [28] C=0,0=0 C=021"=04, C=0210"=04,
¥ = 0.001 ¥ =0.01

*=0 1"=02 [*=0 ["=02 Radial Azimuthal Radial Azimuthal

0 03740 0.4471 0.3740 0.4471 0.5854 0.6588 0.3743 0.4016
W 2 0.4610 0.5371 0.4610 0.5371  0.6946 0.7713 0.6678 0.7378
4 0.7128 0.7980  0.7128 0.7980  0.9802 1.0591 0.9740 1.0518
6 1.1194 1.2200 1.1194 1.2200 1.4230 1.5033 1.4201 1.5000
0 0.1496 0.1788 0.1496  0.1788  0.2341 0.2635 0.1497 0.1606
T 2 0.1844 0.2148 0.1844 0.2148 0.2778 0.3085 0.2671 0.2951
4 0.2851 0.3192 0.2851 0.3192  0.3920 0.4236 0.3896 0.4207
6 0.4477 04880 0.4477 0.4880  0.5692 0.6013 0.5680 0.6000

TABLE 1. Numerical comparison of the Non-dimensional load carrying capacity W and Non-dimensional squeeze
film time T between Hanumagowda et al. [28] and the present analysis with h* = 0.5, 8 = 0.5, « = 0.4, m = 0.6,
0" =0.01, & = 0.2 as fixed.
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A. APPENDICES
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ABSTRACT. The surface of building stones on historic buildings often bears traces of the original
craftsmanship. These are an integral part of the visual appearance of the monument and thus its
value, which needs to be protected. For studying and identifying traces and subsequent reconstruction
of stonemason’s tools, we use the methods of traceology and mechanoscopy. Using modern imaging
techniques, we can identify the stonemason’s tool used, reconstruct the shape of its blade, and determine
how it was used. The obtained results can be used in the process of monument care, especially in
the process of preparation and implementation of restoration interventions on the objects, but they
are also useful for completing the historical context of the monument. Our research is focused on
a systematic study of the surface topography of stone monuments in Prague. The obtained results
were systematically divided according to individual historical periods. As a model example of the use
of the above-mentioned methods and approaches, we present the topography of stone elements and
the development of stonemason’s craft in Gothic Prague. The development of the stonemason’s craft
within one city in a given period can be documented on selected examples arranged chronologically in
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Published by the Czech Technical University in Prague

succession.

KEYWORDS: Stone topography, stonemason’s tool, Gothic Prague.

1. INTRODUCTION

Topography is a discipline concerning the configura-
tion of a surface, including its relief and the positions
of its natural and artificial features. In common prac-
tice, we encounter topography in terms of shapes on
the surface of the Earth or other celestial bodies. It
deals, among other things, with their description, mea-
surement, display, and mapping. In our case, however,
we are talking about the topography of surfaces of
much smaller scales whose formation is due to human
activity [1]. Our object of interest is the surface to-
pography of historical building stone that bears traces
of historical craftsmanship. Each tool trace represents
a valuable source of historical information. Each work
is specific in its own way due to the unique pattern im-
printed by the hands of the stonemason. From our ex-
tensive experience, we know that the traces on individ-
ual historic objects show, among other things, the in-
fluence of stonemason’s workshops and local traditions.
They also often reflect the economic and social con-
ditions of the time e.g. [2]. Traces of working are also
an integral part of the visual appearance of historic
buildings and thus of their value, which needs to be
protected. Within our project “Building stone surface
topography and its application in the field of stone fea-
tures restoration” Nr. DG20P020VV021 founded by
Ministry of Culture of the Czech Republic, we focused,

in particular, on the investigation of the craftsmanship
of selected historical stone artefacts of the Prague Con-
servation Area, on which we identified working traces
using traceologic and mechanoscopic methods. These
methods allowed us to identify the traces of historical
tools, create 3D models of them, and then identify
and reconstruct the stonemason’s tools used and the
actual reconstruction of working with them. The ob-
tained results can be used in the process of monument
conservation, especially in the process of preparation
and implementation of restoration interventions on
given objects, however, they are also useful for com-
pleting the historical context of a given monument.
The paper is, therefore, a summary of the results of
our research in the field of documentation and identifi-
cation of traces of historical craftsmanship. Like other
crafts, the craft of stonemasonry has evolved over time
and has been a subject, among other things, to fashion
and social pressures. Some techniques are thus typical
for certain historical periods, while others were rarely
or never used in other periods. This fact can be used,
for example, when dating disputed stone objects.

2. TRACEOLOGY OF TRACES AND THE
TOOL USED

As we have already mentioned above, we use the
methods of mechanoscopy and traceology for the iden-
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tification of the traces themselves, on the basis of
which we are able to reconstruct the tool and the
working process itself. Both methods are based on
forensic science and are used for criminal identification
of traces. According to Maskové [3], mechanoscopy
is based on expert knowledge of mechanics, physics
and proven knowledge of the design and function of
tools and instruments. It deals with the identification,
way of use and mechanism of tools and other similar
instruments. In criminalistics, traceological expertise
deals with the examination of the traces themselves
(e.g. the suspect’s shoe prints). These traces can be
either areal or volumetric. In our case, traceology
deals with the blade of the tool itself, especially its
shape, and in the case of analytical traceology, the
identification of its metallic abrasions [4]. For this
reason, this method is very popular in archaeology
and related fields [5-7]. In addition to the analyses
themselves, in traceology, there is a need to create
a system of trace catalogues and also to make copies
of supposed tools and to verify the excavated traces on
them. The methods used in our traceological research
are briefly described below.

2.1. RELIEF PHOTOGRAPHY

Relief photography is one of the important documen-
tation photographic methods, where images of a given
object are taken with lateral illumination. The light
is set perpendicular to the processing traces, whereby
each trace creates a shadow that highlights the cor-
responding raster. This method is primarily used for
basic orientation on the surface of the stone being
imaged. Photographs with direct illumination alone
do not give any idea of the state of the surface work-
ing under examination. Lateral illumination can be
achieved either with a steady light or with a flash.
When adjusting the illumination intensity, it is nec-
essary to pay attention to the illumination intensity
so that the surface is not overexposed in the final
photograph [4].

2.2. MECHANOSCOPY

The interpretation of data in terms of determining the
actual trace is called mechanoscopy. The aim of this
analysis is to identify tool traces, reconstruct the tools
that produced them and outline the stone working
process. As a result of the analyses, an attempt is
made to reveal the process and working technique of
the historical craftsmen in the making of the work
concerned. Mechanoscopy works with 3D imaged ma-
terials, so it is necessary to create a 3D model of
the object under study. Currently, two techniques are
used for 3D modelling — laser scanning and photogram-
metric scanning. For the purpose of our modelling,
we use multi-frame photogrammetry. The basis of
this method is spatial analytical geometry in a chosen
coordinate system. First, we perform a focusing of the
main points on the object to be photographed. The
method of determining these points is trigonometric
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calculations in the polar coordinate system. The az-
imuth height angles are determined using the camera,
where the software calculates both angles from the
position of the point on the sensor. The essential
information is then the determination of the unknown
position of the camera. This can be calculated by the
software by creating a continuous strip of images with
a minimum overlap of 50 %. Once all the necessary
data are obtained, a finer structure consisting of a
triangular mesh can be constructed from the original
point cloud. This is a simple approximation of the
shape of the object. Such a mesh can then be replaced
by the corresponding cutouts in the photograph [4].

The quality of photogrammetric imaging is mainly
determined by the software and the quality of the
sensor. The lens projects an image onto the sensor,
which is made up of a mosaic of photocells called
pixels. The sensor is essentially a photoelectric ele-
ment that produces a voltage and corresponds to the
intensity of light. The photocells are connected to
a computer that is able to focus any photocell in X,
Y coordinates. Ideally, the computer transfers the
pixels in the matrix to memory, so that each memory
cell should correspond to one X, Y pixel. In our case,
however, everything depends mostly on the quality of
the sensor. In practice, the sensor does capture every
pixel in X, Y, but with little intensity. Therefore,
it helps itself significantly by sensing the immediate
surroundings of the intensity of a given point. The
result in the computer’s memory is, therefore, not the
intensity value of the X, Y point, but the arithmetic
mean of its surroundings [8]. Laser scanning works on
a similar principle, except that the scanning is done
directly. The laser is emitted from a static head and
oscillates on the object. Again, this is not a point
focusing, but a numerical averaging of the point’s
surroundings. For this method, the distance of the
sensor from the object is decisive. The greater the
distance, the greater the oscillation of the laser. In
manual scanning, the range of the beam is controlled
by the camera system. However, if we have a good
quality camera and lens, then the focus is at a high
level, the area around the intensity of the point is re-
duced and the surface texture of the object is focused
quite accurately. In contrast, with laser handheld
scanners, where the scanning range of the laser is
stable, there is a considerable blurring of the image
detail. Such a method, therefore, precludes working in
millimetre dimensions. Currently, photogrammetric
examination of an object is significantly more suitable
for mechanoscopy [9].

The photogrammetric documentation itself can be
performed using a high quality, high resolution digital
SLR camera, a fixed focal length lens and a set of lights
that allow for a choice of directional and diffuse surface
illumination. The lights themselves can be shone
continuously or used in flash form. A 3D model of
the surface with its topography is created from sets of
photographs using Agisoft Photoscan Professional [11].
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FIGURE 1. Experimental traces created by double-pick on the Mseno sandstone (a), hypsometric image of the trace
(b), its contour model (c) used to calculate the excavated volume (d), transverse height profile of the trace (e) and
longitudinal height profile of the trace (f) (M. Cihla, adapted from [10]).

FIGURE 2. Traces of an almost perpendicular strike
with an axe with flat pointed teeth (left), strikes with
the same axe on a tilted face (drawing by A. Musilov4,
taken from [10]).

To study the surface sections and profiles, we use
the Global Mapper software, in which the data are

further processed using hypsometry or contouring.

The selected trace is sectioned both longitudinally to
determine the dynamics of the strike and transversally
to generate the optimal shape of the tool blade (see
Figure 1).

Every trace of a stonemason’s tool found requires
verification. This is only possible by experimenting
with the tool itself. That is why there are copies of the
stonemason’s tools in question and attempts to imitate
the way they work. Each work with a given tool has its
own characteristics, which are reflected in the traces
on the related surface (see Figure 2). The creation
of a catalogue of historical stone processing traces is
then the result of the knowledge of stonemason’s ways
of stone processing with tools in a historical context.

3. MODEL EXAMPLE — STONE
PROCESSING OF GOTHIC PRAGUE

One of the main objectives of our research was a sys-
tematic study of the surface topography of the stone
monuments of Prague. The obtained results were sys-
tematically divided according to the individual histo-
rical periods and clearly organised into a database [12].
As a model example of the use of the methods and
approaches described above, let us consider the to-
pography of stone elements and the development of
stonemason craft in Gothic Prague.

Building activities in Prague during the 13th cen-
tury continued the previous Romanesque architectural
achievements [14]. The stone craftsmanship tradition
continued to the full extent in the intentions of the
so-called Prague School. Surface faces were cut in
diagonally centred rasters, and the axe with a pick
was still the most commonly used stone tool, just as
in the Romanesque period. In the 1330s, a major
building contract was ordered for the construction of
a stone wall, part of the fortification of the Old Town.
This monumental undertaking required not only an
adequate quantity of material but also a change in
the approach to its processing [13]. According to
current knowledge, the material used in the construc-
tion of the wall, except for two short sections, was
“opuka” [15]. This stone can be characterised as sandy-
marly siltstones or sandy-silty marlstones or silicified
marlstones and or marly silicites [16]. It was broken
in so-called quarry “flatbreads” and then split into the
necessary small blocks. The “opuka” building blocks
were usually worked by stonemasons only on the load-
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Ficure 3. Old Town — Old Town Walls, between 1230 and 1253. Above, photo by M. Cihla, individual stages of

working (drawing by A. Musilové, adapted from [13]).

ing surfaces, i.e. in the areas necessary for the stone to
settle into the row. In this way, the common perimeter
masonry was very simply designed. In contrast, the
corner reinforcement of the tower walls was much more
carefully manufactured in terms of craftsmanship [17].
The “opuka” blocks were of larger dimensions, around
30 x 30cm. The tool traces testify to the fact that
these blocks were first roughly modelled with the pick
of a handled tool and then a circumferential path was
made with a 1.5 cm wide straight-edged chisel. Finally,
the surface was realigned in an oblique grid with a
straight-bladed axe with a blade size of approximately
4 cm (see Figure 3).

The height of the stonemason’s craft in Prague
at that time was the construction of the St. Agnes
Monastery, whose first construction phase was com-
pleted with its consecration in 1234 [18]. This phase,
which falls into the period of late Romanesque con-
struction, prefigured a completely new trend that
carried throughout the Middle Ages. It is clearly the
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dominant use of toothed tools. The perimeter ma-
sonry of the Church of St Francis in the Convent of
St Agnes still shows the receding approach typical of
the Romanesque period, edging with a double-pick or
other pointed handed tool and then resurfacing with
an axe in areas of protruding material. In contrast,
corner armatures and other architectural features are
modelled with extreme precision using chisels or an
axe with fine flat teeth. In architectural profiles, sur-
face worked with toothed tools is also beginning to
be used as a decorative grid (see Figure 4).

The orientation of stonemason’s work towards the
straight-edged chisel, which reflected European trends,
came in the late 15th and early 16th centuries. Rough
stone modelling still used a pointed handed tool. The
paths tend to be narrow, cut with a straight chisel,
and in some cases, still visible. However, the final
realignment of the face is always done in an angled
grid, in parallel rows with a straight-bladed chisel. An
example of such a precise work is the processing of the



VOL. 62 NO. 6/2022

Stone topography — Useful tool in monument restoration process

FIGURE 4. Old Town — Agnes Monastery, refectory, after 1234. Surface processing with toothed tools in a decorative

grid (photo by M. Cihla, taken from [13]).

FIGURE 5. Mald Strana — Malostranskd Bridge Tower, 2nd half of the 15th century. Final realignment of the face in
an oblique grid in parallel rows with a straight-edged chisel (photo by M. Cihla, taken from [13]).

blocks of the perimeter masonry of the Malostranska
Bridge Tower (see Figure 5).

4. CONCLUSION

All of the above methods of surface working are more
than typical and accompany the construction activity
in the Gothic period. Like other crafts, stonemason
craft developed and evolved over time. We have illus-
trated this development in the Prague Conservation
Area with the example of the processing of Gothic
stone elements. It is clear that the way of stone ele-
ments working and the traces of individual tools create
the visual perception of a given monument and are
indeed an integral part of its value. This value needs
to be protected as a valuable part of the cultural and
historical heritage. The use of new modern methods
enables the precise identification of the tool traces,
their reconstruction and even the reconstruction of
the working process itself. The working process itself
can also be seen as a cultural heritage of our ancestors.
Furthermore, systematic research and documentation

of traces is an important source of information in the
process of heritage conservation.
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ABSTRACT.

Building structures with integrated energy-active elements (BSIEAE) present a progressive al-
ternative for building construction with multifunctional energy functions. The aim was to determine
the energy potential of a building envelope with integrated energy-active elements in the function
of direct-heating, semi-accumulation and accumulation of large-area radiant heating. The research
methodology consists in an analysis of building structures with energy-active elements, creation of
mathematical-physical models based on the simplified definition of heat and mass transfer in radiant
large-area heating, and a parametric study of the energy potential of individual variants of technical
solutions. The results indicate that the increase in heat loss due to the location of the tubes in the
structure closer to the exterior is negligible for Variant II, semi-accumulation heating, and Variant III,
accumulation heating, as compared to Variant I, direct heating, it is below 1% of the total delivered
heat flux. The direct heat flux to the heated room is 89.17 %, 73.36 %, and 58.46 % of the total heat
flux for Variant I, Variant IT and Variant III, respectively. For Variant II and Variant III, the heat
storage accounts for 14.84 %, and 29.86 % of the total heat flux, respectively. Variants IT and III appear
to be promising in terms of heat/cool accumulation with an assumption of lower energy demand (at
least 10 %) than for low inertia walls. We plan to extend these simplified parametric studies with
dynamic computer simulations to optimise the design and composition of the panels with integrated
energy-active elements.

KEYWORDS: Building Structures with Integrated Energy-Active Elements (BSIEAE), Active Thermal
Protection (ATP), Thermal Barrier (TB), Large-Scale Radiant Heating/Cooling (LSRHC), Heat/Cool
Accumulation (HCA), Absorption of Solar and Ambient Energy, Thermally Activated Building Structure
(TABS).

1. INTRODUCTION

Mass production of prefabricated panels and standardised building modules with integrated energy-active
elements represents a variant of building construction with advantages in the form of fast assembly of building
objects with combined building-energy systems without significant technological downtime, higher economic
efficiency, high potential for the use of ren<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>