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Mortar for 3D printers using river sand, Portland cement

and hydraulic lime
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Introduction

The 3D printing in concrete is a new,
economically sustainable system that
provides multiple advantages such as
speed, automation and therefore the op-
timization of the process. Also, the inde-
pendence of human labor during execu-
tion would reduce labor costs and risks
(Hager, Golonka & Putanowicz, 2016).

Currently there are several compa-
nies that have bet big capital in the world
of printing according to Campillo Mejia
(2017). The printable materials for con-
struction can be concrete (mixture of ce-
ment, gravel, sand and water) or mortars
(mixture of cement, fine aggregate and
water). The mortars for these printers
are made according to the characteris-
tics that the developer requires without
reaching a standardization nor to define

the minimum desirable properties of the
materials for this new technology, which
prevents its application in a massive
way (Wu, Wang & Wang, 2016). Conse-
quently, many researchers begun to make
several mortars with different types of
raw material taking into account that the
main basis of all of them are Portland ce-
ment mixed with other materials such as
aggregate, natural fibers or synthetic fib-
ers, many combinations have been tested
(Altamirano, Cuevas & Sanchez, 2015).
The properties of the material to be
printed became a main element in the 3D
printing process in construction (Malaeb
et al., 2015) and many studies have been
developed on this issue. The properties
of a concrete made with fly ash, silica
fume and fibers, developing a printable
mortar, with constant flow and other me-
chanical properties such as the compres-
sive strength of the material were studied
by Le et al. (2012). The variation of the
physical and mechanical properties of the
mortar depending on the type of cement
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used were analyzed by Khalil, Aouad, El
Cheikh and Rémond (2017), and Salgue-
ro (2018). They produced mortars with
ordinary Portland cement (OPC) and
calcium sulfo aluminate cement (CSA),
however, the printed samples exhibited
a variable compression resistance at dif-
ferent points, due to the additional po-
rosity related with the workability of the
mixture. From the cited studies it is clear
that mortars for use in 3D printing must
comply with some properties before
their settlement such as workability, ad-
herence and speed of setting; and other
properties after their settlement such as
compressive strength, being the latter the
main characteristic considering the struc-
tural behavior of the printed elements.
The technology and the methods
of construction by means of 3D print-
ing have had a remarkable advance in
the last decade, from the first elements
printed in a workshop and that later had
to be assembled in site, until the appear-
ance of the portable printers that allow
the total elaboration of the constructions
on site (Torres Remon, 2016). Neverthe-
less, it is important to have local materi-
als that allow the execution of buildings
at low cost and efficiently, these materi-
als must have good properties of work-
ability, setting and resistance (Sakin &
Kiroglu, 2017). This construction tech-
nology that uses cement mortars, among
other materials, is spreading worldwide
and will soon arrive in Ecuador. Little
has been researched about the capac-
ity of local materials to satisfy the need
for 3D printing, although the systematic
application of mixing designs, with ap-
propriate adjustments for local materials
is an imperative for the development of
this technology (Van Zijl & Tan, 2017).

To fill this gap, the objective of the
present research was to investigate the
conditions of workability, setting and
strength of four mortars made with Port-
land cement types I and HE with the ad-
dition of hydraulic lime. In this way, it
seeks to reduce the limitations faced by
construction based on 3D printing, while
developing new materials that may pos-
sibly offer different properties for the
construction industry.

Material and methods

First, the research team explored
suitable dosages that according to the lit-
erature allows to design a printable mor-
tar. Considering the results obtained by
the dosage used by Salazar (2016), it was
taken as a reference to prepare 50 kg of
cement mortar: 62.25 kg of sand, 50 kg
of Portland cement, 17.3 kg of water and
0.13 kg of plasticizer. Mentioned dosa-
ges were elaborated with types I and HE
cement, fine aggregate, plasticizer addi-
tive and water with the addition of differ-
ent percentages of hydraulic lime. In ad-
dition, based on this information, seven
pilot dosages were elaborated and tested
for compression strength, based on the
ASTM C39-05 standard (American So-
ciety for Testing and Materials, 2005).

Analysis of physical properties

Moisture content. The ANSI/
/ASTM D2216-71 test procedure (Amer-
ican National Standard Institute/Ameri-
can Society for Testing and Materials,
1979) suggests to obtain the moisture
content of a soil. A representative por-
tion of fine aggregate is placed in a pre-
viously weighed container, then it is in-
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troduced to the drying oven, maintaining
a temperature of 110°C for 24 h. Then,
the dry weight is obtained and the mois-
ture content is calculated.

Granulometry. The ASTM D422
test procedure indicates drying a sample
of river sand to obtain a constant mass
at a temperature of 110°C, take 1,000 g
of the sample and place it in a series of
sieves located downwards: Nos 4, 8, 16,
30, 50, 100, 200 (American Society for
Testing and Materials, 2014).

Analysis of mechanical properties

Short-term compression resistance
test. Sixteen test tubes were manufac-
tured for each proposed dosage. These
specimens have a cubic form of 50 x 50
mm, the same ones that were tested un-
der compression at early ages, such as 6,
9, 12 and 24 h, following the procedures
of the ASTM C109/C109M-07 standard
(ASTM, 2007).

Long-term compression resistance
test. As experimental knowledge, 64
specimens were prepared, 16 for each
type of mixture in the form of standard-
ized cylinders of 10 cm in diameter by
20 cm in height, to be tested in com-
pression. The samples were subjected to
a water cure and were tested by compres-
sion at ages 7, 14, 21 and 28 days.

Workability. To measure the work-
ability of the mixtures, ASTM C187-04
standard (ASTM, 2004) was used, the
test determines the consistency of the
mortar in its fresh state. It is important to
define the exact time in which the coni-
cal mold rises to produce the runoff, this
is a variable defined by the decrease or
increase in the diameter of the stabilized
mixture as time increases.

Statistical analysis

Finally, after carrying out the de-
scribed tests, statistical analyzes were
performed using the software Minitab 16
(MiniTab Inc. PA, USA), in order to ob-
tain descriptive information on the mix-
tures developed.

Results and discussion

The results obtained based on the
dosage of Khalil et al. (2017) by variat-
ing amounts of lime and plasticizer, and
cement type are detailed in Table 1.

Moisture content

Results of moisture content measured
in nine river sand samples are shown in
Figure 1. The average water absorption
of 1.86% was taken as representative
value for mortar design, considering the
low variability. It is considered appropri-
ate that the percentage of absorption is
less than 5% in fine aggregates for mor-
tar uses.

Granulometry

Table 2 indicates a value of fine-
ness modulus of 2.66 and the results that
are within the limits established by the
ASTM C33-03 standard (ASTM, 2003),
not inferior to 2.3 nor superior to 3.1.
Therefore, it can be expected that the
material presents good workability and
texture.

Organic content in fine aggregate

This test was performed under the
ASTM C33-03 standard (ASTM, 2003),
which showed a similarity with color 1,
a sample is presented in Figure 2.

Mortar for 3D printers using river sand, Portland cement and hydraulic lime
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TABLE 1. Pilot dosages for 50 kg of cement

Sand | Cement| Lime

| Water |Additive

. nEEEE

FIGURE 1. Moisture content in river sand samples

TABLE 2. Summary of the granulometric test of fine aggregate

Specification "
g
Dosing for cement I with water percentage 62.25 50.00 0.00 2544 0.14
correction ’ ' ' ’ ’
Dosage 1 plus 10% lime in relation to the 69.72 50.00 500 2827 015
percentage of cement ' ' ' ’ '
Dosage 1 plus 7% lime in relation to the 67.19 50.00 350 2736 015
percentage of cement ’ ' ' ’ '
Dosage 1 plus 12% lime in relation to the 71.55 50.00 6.00 2891 0.16
percentage of cement ’ ’ ’ : :
Dosing for cement I with correction of the 62.25 50.00 0.00 21.00 1.00
percentage of plasticizer and water ’ ' ' ’ ’
Dosage for HE cement with correction of the 62.25 50.00 0.00 2075 1.00
percentage of plasticizer and water ’ ' ' ’ '
Dosage for cement I with correction of the
percentage of plasticizer and water 6225 5000 0.00 24.05 0.50
1.99%
1.88% 1.86% 1.86% 1.86% 1.86% 1.86%

RS8 RS9

Partial Accumulated
Specification retention retention Crosses
%

Sieve 4 0.00 0.00 100.00
Sieve 8 0.10 0.10 99.90
Sieve 16 14.20 14.30 85.70
Sieve 30 22.80 37.10 62.90
Sieve 50 28.30 65.40 34.60
Sieve 100 20.50 85.9 14.10
Sieve 200 9.80 95.7 4.30
Tray 4.30 100.00 0.00
Fineness module 2.66
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FIGURE 2. Collation through a color plate for the
analysis of organic matter content in the fine ag-
gregate

Mechanical properties

The results of compressive strength
for each of the dosages are shown in
Figure 3. As can be seen in Figure 3, the
higher strength was obtained with the D6
for cement type HE, it has a compres-
sive strength remarkable superior to the
other dosages for 7, 14, 21 and 28 days
age. Following, the best dosage with ce-

ment type I is the D5. The inclusion of
lime to 10% does not significantly affect
the compressive strength of the mortar
made with cement type I (D3, D4 and
D5). However, it produces lower re-
sistances than without the use of lime.
Table 3 lists the final dosages selected
for this research work.

Workability

The results of the ASTM C187-04
test are summarized in Table 4. The di-
ameters of workability have a tendency
of decreasing in time, which means that
there is no runoff and mixtures are stabi-
lized immediately. Mortar M-0-HE starts
with a diameter of 22 c¢cm and reaches
a 16 cm one, complying with the norm
that is 15 c¢m, which is considered as
a minimum diameter for good workabil-
ity (Table 4).

60,00
g
50,00 0
L
(-9 >
g Q
i 40,00 Q
o
g ;
2 +
s
W
g
& 30,00
z Q A
=] x
a *
& 20,00 ﬁ
2 X
o
10,00
0,00
0 5 10 15 20 25 30
TIME (DAYS)

<—-D1 —[0O0-D2 N D3

X—D4 O—D5 +— Db *— D7

FIGURE 3. Evolution of the long-term compressive strength
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TABLE 3. Summary of dosages

Sand Cement Lime Water | Plasticizer
Mortar Cement type
kg
M-0-1 Portland cement type I 62.25 50.00 0.00 21.00 1.00
M-7-1 Portland cement type [ 67.2 50.00 3.50 25.45 1.00
M-0-HE | Portland cement type HE 62.25 50.00 0.00 20.75 1.00
M-7-HE | Portland cement type HE 67.2 50.00 3.50 22.45 1.00
TABLE 4. Established diameters to evaluate workability
Time Diameter [cm]
[min] M-0-1 M-7-1 M-0-HE M-7-HE
1 21 18 22 19
2 19.5 16 19.5 16.5
3 19 15 18 15.5
5 16.5 14.8 16 143

Resistance to short-term compression

A statistical analysis of significance
for the results of the test was carried out
on 64 cube samples, values that are shown
and analyzed from Figure 4 and Table 5.

In Table 5, it is observed that the mor-
tar M-0-HE presented the best compres-

sion result at 24 h of setting and is also
superior to the others, while the mortars
M-0-1 and M-7-I they are partially the
same; as well as the significant differ-
ence of each one of the obtained values
is identified.

30
o
s 25
o A N
o
320 A R0 RO e ,_x
& VAN
o« 15
S _,-'/ o ........... O
g 10 |
£ 0
S s __
o O
o

0

0 5 10 15 20 - "
Time (Hour)
©— M-0-1 M-7-1 & M-0-HE —X—M-7-HE

FIGURE 4. Evolution of short-term compressive strength
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TABLE 5. Statistical analysis of specimens tested in the short term

Hour Specification M-0-1 M-7-1 M-0-HE | M-7-HE

average compression resistance [MPa] 4.08 3.04 10.11 8.59

6 deviation E 0.23 0.33 0.22 0.39
letter C D A B

average compression resistance [MPa] 7.60 4.05 17.73 17.58

9 deviation E 0.30 0.27 0.84 0.39
letter B C A A

average compression resistance [MPa] 12.29 8.45 23.56 19.01

12 |deviation E 1.34 0.75 0.25 0.87
letter C D A B

average compression resistance [MPa] 12.81 12.30 23.80 20.16

24 |deviation E 0.39 0.58 0.80 1.06
letter C C A B

A, B, C and D indicate significant differences through the Tukey test (p < 0.05).

Resistance to long-term compression

The results of ASTM C39-05 test
carried out on 64 specimens are shown
in Figure 5 and its summary of data in
Table 6.

It can be seen in Figure 5, that the
four types of mixtures show different re-
sults during the analyzed period, with the

mortar M-0-HE having the highest re-
sistance to compression at 28 days with
a remarkable difference. The results of
Tables 5 and 6 after analyzed, it can be
said that the mortar with the higher re-
sistance to compression in the short and
long term is the mortar M-0-HE, due to
the type of cement used (type HE). This
cement has less quantity of bicalcium

70
—_ A A
§ 60 A Lo
g 50 A Ly
Z 40 x—— —O— o
& ima
E 30 POt
E 20
vy
0 10
o
(=9
g 0
] 0 5 10 15 20 25 30

Time (Days)
<&— M-0-1 M-7-1

FIGURE 5. Evolution of long-term compressive strength
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TABLE 6. Statistical analysis of long-term tested specimens

Day Specification M-0-1 M-7-1 M-0-HE M-7-HE
average compression resistance [MPa] 21.46 19.09 37.97 42.39
7 |deviation E 1.63 1.25 0.82 2.30
letter C D A B
average compression resistance [MPa] 31.10 25.50 52.92 46.96
14 | deviation E 1.64 0.89 0.43 1.04
letter C D A B
average compression resistance [MPa] 37.63 26.56 58.54 55.40
21 |deviation E 1.22 1.94 0.92 2.36
letter C D A B
average compression resistance [MPa] 40.80 29.80 61.67 55.73
28 |deviation E 1.17 1.05 0.98 2.40
letter C D A B

A, B, C and D indicate significant differences through the Tukey test (p < 0.05).

silicate (C2S) which causes high early
resistance and increase at advanced ages,
thus confirming what is stated in the lit-
erature. It is noticeable that all the results
achieved exceed the specified value of
a structural concrete that is 21 MPa,
which is an advantage that must be ex-
ploited for the use of these mortars in
other applications. Moreover, the mortar
M-0-HE has the best results due to its
better workability and optimal long and
short term resistance, aiming to print-
ability. Nonetheless, mortars including
lime (M-7-1 and M-7-HE) has in aver-
age a 10% less compression strength

FIGURE 6. Mortar test in 3D printing

resistance at similar ages than non-lime
mixtures.

Figure 6 presents an image of the re-
sults of the various preliminary tests of the
mortars designed in this investigation.

Conclusions

With the local materials used in this
research it was possible to obtain a mortar
suitable to be used in 3D printers, since it
meets the required parameters of work-
ability and compression resistance. The
mortar that presents better mechanical
characteristics to be used in 3D printers
is the sample M-0-HE composed of Port-
land cement type HE of high resistance
and river sand. However, the remaining
mortars can also be tested for printing
process since their characteristics are in
accordance with the stipulations for such
purpose.

The inclusion of hydraulic lime to
the mortar mix reduces the compressive
strength of the studied specimens.
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The dosages developed in this re-
search were composed of a high content
of cement, resulting in high cost, how-
ever, more components could be added
to the mixture that can partially supply
the cement and that can preserve or im-
prove the properties of the mortars.
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Introduction

Stilling basins can be characterized
as vitality dissipaters built downstream
of water system frameworks. These dis-
sipaters’ elements mostly rely upon the
hydraulic jump’s properties. Ordinarily,
the stilling basins have more elements,
which implies that they require an enor-
mous region and that the development
costsare high. Forexample, Eshkou, Deh-
ghani and Ahmadi (2018) investigated
the impact of calculated confuse hin-
ders for improving water-driven hop at-
tributes in a continuously veering stilling
bowl with an unfavorable bed incline.
The best assembly point (i.e. the edge
between longitudinal pivot and stream
course) of the elements was found to be
30°, which decreased the length and pro-

fundity proportions of the water-driven
bounce by up to 35-16%. Whereas Ha-
bibzadeh, Loewen, Mark and Rajaratnam
(2016) presented laboratory estimations
of the disturbance in lowered water-
-driven bounces with squares down-
stream of a floodgate entryway, our work
provides knowledge regarding the crea-
tion and scattering of choppiness in low-
ered streams and clarifies why a lowered
hop with obstructs with a low submer-
gence factor (i.e. the DSJ stream system)
is as powerful as free hops in disseminat-
ing vitality.

Ali and Elhamaimi (2020) examined
stream boundaries with a lowered hop
under door-utilizing physical and math-
ematical models. Twenty test runs were
completed to consider the effect of dis-
persed layered beds on fundamental at-
tributes of a lowered pressure-driven hop
for estimations of Froude numbers from
1.5 to 9.5. Substantial agreement was
found among trial results and mathemat-
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ical simulations; creased beds decreased
bounce length and sequent profundity by
5.69% and 12.96%, respectively. Distur-
bance models k—¢ and RNG k—¢ can sim-
ulate this observation. Finally, the RNG
k—e model gives results that are more in
agreement with tests.

Recently, the concept of baftle blocks
has been used in advanced water treat-
ment units to mix water and dissipate
excessive energy (Al-Mansori, 2014;
Al-Baidhani, Al-Mansori & Al-Khafaji,
2018). The impacts of a chute hindering
both the length and increased dependabil-
ity of water-driven bounce were recently
numerically analyzed by Valero Huerta,
Garcia-Bartual and Marco (2015) for
both designed and adverse conditions.
The developed model showed an impres-
sive ability to reproduce the change in
the length and stability of the hydraulic
jump.

Numerous examinations have been
performed on sills under vertical sluice
gates for both free and submerged flow
conditions (e.g.: Mohamed, Saleh &
Ali, 2015; Elsaeed, Ali, Abdelmageed
& Ibrahim, 2016). Abdelhaleem (2017)
studied the lowered move through out-
spread doors with and without an entry-
way ledge. He combined the negative
effect of ledges under lowered outspread
entryways and found that the close by
scour phenomenon occurred instantly
downstream of the stilling bowl of some
current lowered spiral doors with a door
ledge in Egypt.

Ibrahim (2017) investigated the ef-
fect of block shapes on the flow pattern
downstream of a radial gate. The blocks
were highly proficient in limiting the de-
tached impact of the flow pattern down-
stream of the gate. Abbas, Alwash and

Mahmood (2018) concluded from their
study that utilizing an astound square
caused a decrease in sequent profundity
extent, length of hop extent and roller
length; however, vitality dispersal in-
creased. Maatooq and Taleb (2018) found
that utilizing a two-column arrangement
of standard USBR Recommendations as-
tound hinders blockage by 50—37.5%; at
predefined separations, this arrangement
can diminish sequent profundity, and the
speed becomes approximately consist-
ently circulated over the bowl width. Al-
-Husseini (2016) indicated that the
stream vitality dispersal diminishes with
stream rate increases, and the roughed
step spillway surface increasingly con-
trasts with the other spillway surfaces at
low or high stream rates.

Aydin and Ulu (2018) observed a de-
crease in scour downstream of a weir by
utilizing vitality dissipaters with various
calculations. The stream and scouring
events on the weir were demonstrated
in two measurements utilizing computa-
tional fluid dynamics (CFD). The find-
ings were discussed in the context of
various downstream conditions.

Hilo and Lafta (2019) used stream
3D programming in their mathemati-
cal examinations. The recreation model
utilized an RNG k—¢ disturbance model
with VOF. Utilizing three half balls (one
on the internal edge and two at the ex-
ternal edge of steps) gave higher vitality
dispersal by approximately 54% in the
skimming stream system; expansions of
at least 57% are considered to be at an
advanced level.

Mohammadzade-Habili, Heidarpour
and Samiee (2018) examined the vital-
ity scattering and downstream stream
system of maze weirs. To correlate the
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results, the condition of highest con-
ceivable vitality dispersal AE,, on
maze weirs was acquired by utilizing
the particular vitality bend. Dimen-
sional investigations demonstrated that
the relative vitality dissemination on
maze weir AE / E, was uniformly dimin-
ished with expanding relative basic pro-
fundity y./ Ey, where E is the absolute
upstream vitality. Consequently, vitality
dissemination structures are not required
downstream of the weir. The impact of
napes, coursing stream in constructed
pools behind the nappes, and a water-
-driven bounce on weirs downstream of
the face are primarily responsible for the
substantial vitality differences observed
on maze weirs. Mohammadzade-Habili
and Honar (2018) examined a pressure-
-driven hop on a creased bed, with a spe-
cific vitality bend being utilized. A wide
scope of existing test information from
water-powered bounces on smooth and
folded beds was similarly utilized; the
vitality dissemination of a water-pow-
ered bounce on a layered bed was found
to be affected by level good ways from
the floodgate door area to the beginning
of the ridged bed. These baffle blocks
could be used, for example, to enhance
water treatment unit performance (Ab-
dulhadi, Kot, Hashim, Shaw & Khaddar,
2019; Hashim et al., 2019; Hashim, Ali,
Al Rifaie et al., 2020; Hashim, Kot, Zu-
baidi et al., 2020).

In this context, the current examina-
tion explored the observation of a new
three-puzzle-square structure in terms of
reducing the number of required compo-
nents of stilling bowls in water system
frameworks. Moreover, this new be-
wilder square contrasts to a substantial
degree with standard perplex squares.

Because of the ongoing advancements
in innovation and utilization of perplex
plates in various water treatment offices,
Ryecroft et al. (2019) suggested utilizing
detection devices to screen drag power
and water bounce conduct, providing
useful data for future investigations. Teng
et al. (2019) carried out a naval labora-
tory study to evaluate the pressure-
-driven execution of another plan for be-
wilder squares utilized in stilling bowls.
These new three squares differed from
standard trapezoidal blocks.

Material and methods

Examined blocks

Another three shapes with standard
trapezoidal bewilder squares have been
produced at the research center of design
at the University of Babylon, utilizing
local wood as suggested by USBR pro-
posals. The shapes were painted with
waterproof paint to avoid water spill-
age that could damage their shape. The
examined customary confuse obstruct
as per USBR proposals (model A) has
a trapezoidal-formed segment with
outer elements of 37.5 cm in width and
5.0 cm in height. Three baffle block mod-
els were used with a trapezoidal shape.
Figure 1 illustrates the baffle block ar-
rangement inside the stilling basin and
Figure 2 shows the flow inside the still-
ing basin with the baffle blocks of model
D provided as an example of flow. Each
model was made with a specific apex an-
gle (55° for model B, 75° for model C
and 85° for model D). Table 1 provides
the baffle model dimensions.
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FIGURE 1. Arrangement of studied baffle blocks
of model A

17.5 m, 0.3 m and 0.3 m in length, width
and height. It was provided with a spill-
way, 0.355 m in height, introduced 6.50 m
upstream of the flume. Water profundity
and scour opening were estimated utilizing
a point gage, with a precision of 0.1 mm,
mounted on an aluminum outline that
could be moved vertically and horizontal-
ly along the flume bed. The territory and
length of the scour hole were estimated
utilizing a scale introduced on the inside

FIGURE 2. Flow inside stilling basin with blocks of model D

TABLE 1. Baffle block model dimensions

. Width Length (b)
Baffle Height (hb) [mm] [mm]
model [mm] - -
Wi w2 upper side lower side
A 50 37.5 37.5 10 60
B 50 25 37.5 21.5 21.5
C 50 25 37.5 154 154
D 50 25 60 12 12

Experimental setup

Trial work was completed utiliz-
ing a rectangular open-inclining flume
produced using Perspex. The flume was

mass of the flume. A rear end was utilized
to control the downstream water profun-
dity. Figure 3 provides longitudinal cross-
-section of the experimental setup.
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FIGURE 3. Experimental setup: a — cross-section; b — longitudinal section

Experimental procedure
and measurement

Three different baffle block shapes
were used as vitality dissipaters of the
spillway model downstream. An aggre-
gate of 120 runs was made. Six distinct
releases were considered for the dis-
charge (6.50, 10.70, 12.50, 16.33, 17.75
and 19.62 L / s). At each run, water must
be fixed, and a profundity of Y2 was uti-
lized. All utilized models were organ-
ized in the flume with approximately the
same level of conduit (around 40%) The
row location of the baffle block models
from the spillway end (X0 and Y2) was
downstream of the water depth.

Because for the given delivery, the
pressure-driven hop must be framed con-
sistently in the stilling bowl, there should
be several impediments for the Froude
number of the approaching stream, with
Fry indicating the profoundly waviness
and flimsiness of the water surface;
Fr; was observed to increase from 6.5
to 9.2.

The experimental work began with
the backwater first until the Y2 profundity
was more than the ideal water profundity
of a specific release. At that point, the

upstream section was progressively and
balanced. The back end was deliberately
brought down until the ideal downstream
water profundity (Y2) was achieved.
When there were no obvious changes in
scour hole estimations (from this explor-
atory work, a run took approximately 2 h
to arrive at an almost steady condition),
the flume delta valve was shut. Finally,
scour hole estimations were assessed us-
ing a point check and scale.

Results and discussion

Sequent depth proportion

Figures 4 and 5 illustrate that a 0.08
and 0.00 slope respectively explained
a decrease in y, /y; for model D when
compared with the smooth bed and mod-
els A, B and C. For a specific incline,
a decrease in the extent of y, / y; was not-
ed for the confound model D compared
to the smooth bed (Fig. 5). Examination
was conducted for two cases (at slopes of
0.00 and 0.08), as seen in Table 2. More-
over, replacing baffle model A at 0.00
slope (horizontal slope) by baffle model
D with 0.08 slope caused a reduction in
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FIGURE 5. Relation of y, / y; with Fry for suggested models at bed slope 0.00

TABLE 2. Decrease in y, / y; various cases with
0.00 and 0.08 slopes

Percent of reduction in y, / y; for
Bed state
0.08 slope 0.00 slope

Smooth 27.4 23.2
Model D 12.8 10.3
Model C 11.3 8.5
Model B 9.6 7.9
Model A 7.3 43

vy / y1 of approximately 12.8%. The de-
crease in y, /y; when model D utilized
was due to water particles facing con-
stant obstacles in the column and having
to course within the constrained zone;
hence, reducing the tail water is funda-
mental for reducing submerged jump ar-
rangements. Comparing baffle model A
with 0.00 slope with baffle model D with
0.08 slope led to a suitable reduction in
sequent depth proportion (7.3%). A re-
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duction in y, / y; resulted in a decreased
basin sidewall and, therefore, lower still-
ing basin construction costs.

Jump proportion length

Regarding basin bed changes due
to jump proportion (Z;/y;) length vari-
ations, outcomes for a specific incline
showed decreases in the extent of L,/ y;.
For instance, compare the results for
the model D baffle with smooth bed
cases and models A, B and C shown in
Figures 6 and 7 for bed slopes of 0.08
and 0.00. Results of various cases with

4 smooth ® baffle Model D
60 -+

0.08 slope are provided in Table 3. Ad-
ditionally, replacing the model A baffle
with the model D baffle with 0.08 slope
reduced L;/y; by 18.9% because water
particles constantly push and confine
its movement; hence, the jump does not
stretch out in the downstream direction.
Replacing the model A baffle with the
model D baffle with 0.00 slope produced
a significant decrease in jump proportion
length (Z;/y;) of approximately 13.8%.
This result was indicative of a stilling
basin length decrease and a subsequent
decrease in the total cost.

baffle Model A < baffle Model B ® baffle Model C

FIGURE 6. L; / y; in bed conditions for 0.08 slope

# smooth ® baffle Model D
60 +

8 9,5 10
Frl

baffle Model A > haffle Model B @ haffle Model C

FIGURE 7. L;/ y in bed conditions for 0.00 slope

9,5 10
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TABLE 3. Decrease in L;/y; for various cases
with 0.08 and 0.00 slope

(2018) was plotted, as shown in Figures 7
and 8. For both 0.00 and 0.08 bed slopes,

Percent of reduction in L, /y, for | at the bed surface, the highest velocity
Bed state 0.08 slope 0.00 slope tended to lead to a larger momentum ex-
Smooth 325 292 change between the eddles trapped in cor-
Model D 159 s ruggt_mns and the main flow. The normal
addition of energy (AE / E) reached 8.3%
Model € 157 10.7 when the model D baftle with slope 0.08
Model B 12.3 94 was utilized rather than the level smooth
Model A 8.7 5.3 bed (Fig. 8); for slope 0.00, this value was
5.2 (Figs. 8 and 9). The results for various
----- max.limit of E developed by by Mohammadzadeh-Habhili & Hoona
+ smooth
m baffle Model D
A baffle Model A
A baffle model B
1 —
09 +—m— e -
0,8 SR L -
- 07 — :;i_:_::"'":*“"'
:} 0,6 R— -i:::f‘: — == P —
a 0,5 P
0,4 *
0,3
0,2 * T T T 1
6 7 8 9 10

Fry

FIGURE 8. AE/ E; in bed conditions on 0.08 slope

Proportion of energy dissipation

When the bed situation changes, the
hydraulic jump energy dissipation propor-
tion also alters, as referenced previously
by utilizing a smooth stilling basin with
0.08 slope rather than an even, smooth
bed, which caused a decrease in vitality
dissemination. However, utilizing puzzle
squares led to this decrease increasing vi-
tality scattering. For comparison of energy
dissipation, the curve of maximum possi-
ble limit of energy dissipation developed
by Mohammadzadeh-Habili and Hoonar

cases are listed in Table 4. The additional
effect activity produce from the blocks
increased AE / Ey, and the chosen shape
(trapezoidal) of the model D baffle made
the water particles affect each one of it
and lose their vitality. Such streams are
flimsy and must be avoided downstream
of water-powered structures because even
relatively small changes in bed rise lead
to a substantial variety of stream profun-
dity. Given these clarifications, arriving at
the best conceivable measure of vitality
dissemination is not reasonable.
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FIGURE 9. AE'/ E; in bed conditions on 0.00 slope

TABLE 4. Decrease in L; / y; for various cases on
0.08 and 0.00 slopes

Gain in AE / E; for
Bed state
0.08 slope 0.00 slope B
Smooth 23.2 20.7
Model D 8.3 5.2
Model C 6.2 34
Model B 49 3.1 -
Model A 3.4 2.5
Conclusions

The main conclusions from this
study are:

— For the model D, the hydraulic jump _
in the stilling basin led to a lower
L;/y1, y2/y1 and higher AE/E;
compared to the models A, B and
C and smooth state. Therefore, the
most suitable model (trapezoidal)

9 10

appeared to be the model D, utilized
with the model A on different in-
clines showing their effects when the
bed slants are changed.

When the model D baffle was used
instead of a smooth bed at 0.08
slope, v, /y, decreased by 12.8%,
and L; / y; was 18.9%.

Among the difference in bed slopes
0f 0.00, 0.04, 0.06, 0.08, the average
decrease in y, / y; was approximately
10.3%, whereas the average decrease
in L;/ y; was about 13.8 % when the
model D baffle was used instead of
the model A baffle with a horizontal
slope bed (0.00).

At 0.08 slope, AE/E; was 8.3%
when the model D baffle was utilized
rather than the smooth bed. How-
ever, at 0.00 slope, AE / E; was 5.2%
when the model D baffle was used
rather than the smooth bed.
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Summary

Laboratory study of stilling basin us-
ing trapezoidal bed elements. When de-
signing dam spillway structures, the most
significant consideration is the energy dis-
sipation arrangements. Different varieties of
baffle blocks and stilling basins have been
used in this context. However, the hydraulic
jump form of stilling basin is considered to
be the most suitable. The main objective of
this research was to introduce four different
baffle block shapes (models arranged from A
to D, installed at slopes 0.00, 0.04, 0.06 and
0.08 in the stilling basins). To illustrate the
consequences for the qualities of pressure-
-driven bounce, each model was attempted
in the bowl. The trials applied Froude num-
bers between 6.5 and 9.2. The puzzle square
model D provided the best outcomes com-
pared to the models A, B, C and smooth.
Model D with different models at inclines
0.00, 0.04, 0.06 and 0.08 was used to con-
sider the impacts of perplex hinders on wa-
ter driven-bounce when bed slants were
changed. When the model D baffle used in-
stead of a smooth bed at 0.08 slope, the re-
duction in y, / y; reached 12.8%, and L;/ y;
was 18.9%. Among the different bed slopes,
a normal decrease in y, / y; ranged from ap-
proximately 10.3%, whereas the normal de-
crease in L;/ y; was about 13.8% when the
model D baffle was used instead of the model
A baffle with a horizontal slope bed of 0.00.
The results show that the new shapes led to
a decrease in sequent profundity proportion
and length of jump proportion; however, the
energy dissipation proportion increased.
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Introduction

The engineering-geological and en-
gineering-geotechnical surveys for the
construction of buildings and structures
are often associated with a large number
of different soil tests (static sounding,
dynamic testing of piles, dynamic sound-
ing, static testing of piles “production”
sizes, soil testing with a stamp and press-
ing meter, geophysical research, etc.).
The results of such tests can vary sig-
nificantly in their reliability and number
(Trofimenkov, Matyashevich, Leshin &
Khanin, 1983; Ryzhkov, 1995; Viana da
Fonseca, 2010; Abu-Farsakh, Yoon &
Tsai, 2014; Togliani, 2018). So it is diffi-
cult to generalize the data obtained, since

the researcher has to deal with many par-
ticular values of the desired indicator
which does not reflect the conditions of
various points on the site only, but also
the reliability of the tests themselves.
Neither Russian nor foreign regulatory
documents on geotechnical issues con-
tain clear guidelines for the analysis of
unequal tests, which in practice leads to
a simplified approach when decisions
are made based on the results of the most
accurate method, and the results of other
methods are considered as “safety net”
and practically do not affect the decisions
taken (Ryzhkov, 1995; Lunne, Powell
& Robertson, 2004; Viana da Fonseca,
2010; Zhang et al., 2010; Zhao, Sun,
Zhang & Li, 2012; Abu-Farsakh et al.,
2014; Davies, 2015; Ryzhkov, Norshay-
an & Khamidullin, 2016; Xia, Xiong,
Dong & Lu, 2017; Hu, Yuan, Mei, Qian
& Ye, 2018; Lu & Zhang, 2018; Melni-
kov, Kalashnik & Kalashnik, 2018; Qiu,
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Wang, Lai, Zhang & Wang, 2018; Khafi-
zov et al., 2019). Such an underutiliza-
tion of approximate test methods is char-
acteristic not only of Russian, but also
foreign research practice. This situation
seems abnormal, since it takes a lot of
time and material resources to conduct
approximate tests, and their influence on
the final result is minimal.

This situation occurs in surveys
for the construction of objects on pile
foundations, when the bearing capacity
of piles becomes the desired indicator,
and methods of varying accuracy are
used in parallel to determine it. Such
methods usually include static sounding
of soils and static tests of full-scale piles
(according to modern terminology “soil
testing with piles”) (Lunne et al., 2002;
Ryzhkov & Isaev, 2016; Ryzhkov et al.,
2016; SP 24.13330.2011). These are the
most accurate methods for assessing the
resistance of piles, but they differ sig-
nificantly in many of their qualities, and
therefore it is convenient to consider the
role of approximate and “accurate” test
methods in geotechnical surveys using
their example (Mustafin et al., 2018;
Khafizov et al., 2019).

Static sounding is a fast, cheap
method for assessing the resistance of
piles, which is widely used throughout
the world (Lunne et al., 2002). By the
reliability of the assessment of the re-
sistance of piles, sounding is inferior
to the static tests of full-scale piles, but
the static tests are much more expensive
and longer. Static sounding, conducted
to a depth of 10-15 m allows (using
the appropriate computer programs) in
a few minutes to evaluate the resistance
of piles of any length in the considered
depth range (e.g. 3—15 m). But the “er-

ror” in determining the desired resist-
ance of the pile is usually in the range of
30-35% ““according to sounding data by
Russian standards” (Trofimenkov et al.,
1983; Ryzhkov & Isaev, 2016). Approxi-
mately the same reliability is in using
the foreign methods for calculating the
resistance of piles according to sounding
data (Viana da Fonseca, 2010; Abu-Far-
sakh et al., 2014; Togliani, 2018).

At the same time, a static test of piles
(“soil test of piles”) lasts several days,
and before this, it is required to manu-
facture these piles, deliver these piles
(test and anchor) to the place of testing,
drive the piles and leave them for two or
three weeks in the soil (“rest” of piles).
All this takes about a month. Although the
reliability of the result of such an assess-
ment of pile resistance is high (“errors”
of less than £5%), its cost is about 20-30
times higher than the cost of determining
according to sounding data, and the time
spent (taking into account driving and
“rest”) is tens and even hundreds of times
more than when using static sounding. For
these reasons, static tests are usually car-
ried out in rare cases (during the construc-
tion of high importance or in difficult soil
conditions) and sounding is used every-
where (especially in foreign practice).
At the same time, geotechnical experts
all over the world consider the results of
static tests of piles as conditionally “accu-
rate”, and the results of calculations based
on sounding data as “close”.

Methods

For a theoretical assessment of the
information content of any approxi-
mate method, it is necessary to establish
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quantitative criteria for the reliability of
its results. These are usually data from
the previous experience, in the form of
a comparison of “accurate” and approxi-
mate indicators. When considering the
reliability of determining the resistance
of piles from sounding data, it is neces-
sary to compare the resistance of piles
determined by this method with the re-
sistances taken as a standard, 1.e. accord-
ing to the results of static tests of natural
piles (Ryzhkov & Isaev, 2016) in the pe-
riod 1960s—1980s. Static sounding was
performed by installation C-832 (heavy
CPT rig of the USSR-Russ; the tenso-
metric cone penetrometer).

The resistance calculations of
piles were conducted according to the
method described in the Russian regu-
latory documents in force at that time,
i.e. SNiP I1I-17-77, SNiP 2.02.03-85 (the
calculation procedure has remained un-
changed to date). The engineering and ge-
ological conditions of the sites on which
the comparison was carried out were
characterized mainly by alluvial, deluvi-
al deposits, mainly clay, but in some cas-
es, sites with other deposits (fluviogla-
cial, moraine, etc.) were found. The sites
were located in the European and West
Siberian parts of the former USSR (Ufa,
Sterlitamak, Salavat, Neftekamsk, Perm,
Tyumen, Samara, Tobolsk, Nizhnevar-
tovsk, Ryazan, Moscow, St. Petersburg,
Astrakhan, etc.). The tests were associ-
ated with industrial and civil buildings’
construction in the period 60-80 years
of the twentieth century. Soviet norma-
tive documents carried out probing and
static testing of the piles. The method of
testing and processing the obtained data
did not fundamentally differ from the
modern Russian rules. The test results

of 504 piles with a cross section from
0.2 x 0.2 to 0.4 x 0.4 m (mainly 0.3 x
x 0.3 m) and 3—18 m length were used.
The tests were carried out in accord-
ance with the requirements of the valid
standards for static testing of piles, i.e.
State standards GOST 5686-51, GOST
5686-78 (the criteria for assessing the
ultimate resistance of piles did not differ
significantly from the criteria currently
adopted according to the State standard
GOST 5686-2012. During static tests
of piles, the load at which the draft was
2 cm was taken as the ultimate resistance
“which corresponded to Soviet standards
(during this period, the requirements of
regulatory documents in the USSR were
mandatory)”.

Similar results for other approximate
tests were obtained in the 1980s by the
specialists of the Foundation Project In-
stitute (Ryzhkov et al., 2016).

Displayed on Figure 1 data allow to
evaluate the accuracy of individual (sin-
gle or generalized) values of the resist-
ance of piles. But in practice there is usu-
ally a situation where it is necessary to
assess not individual resistance values,
but of the site as a whole, including find-
ing out the location of its sections with
different pile resistances. In other words,
it may be necessary to evaluate the nu-
merical “image of the site” in the form of
a cartogram of the distribution (in terms
of) of the resistance of piles. If such
a cartogram is constructed according
to approximate data, it will inevitably
contain distortions of the true “image”.
A similar problem arises when construct-
ing a geological-lithological (or numeri-
cal) section from approximate initial
data. With inaccurate source data, such
a section will also be distorted.
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FIGURE 1. Results of comparison of ultimate resistance of driven prismatic piles, calculated according
to sounding data, F,,,; With the resistance obtained by their static tests, Fy,,: a — scattering diagram
of FyurFouna; b — histogram of the distribution of relations Fj,,,4/ Fsouna> cOnstructed according to

the same data

For a theoretical analysis of the in-
fluence of the accuracy of the source
data on the resulting cartograms, it is
necessary to introduce some quantitative
criteria.

Figure 2 shows a site of arbitrary
shape, divided into n small sections,
within which the ultimate resistance
of piles can be considered the same. In

practice, this is possible, for example,
with plot sizes of 10-20 m’. Each sec-
tion will be characterized by its ultimate
resistance of the piles (#}), so that the en-
tire site can be represented in the form
of a cartogram of these resistances. As
already been noted, depending on the
reliability of the method for assessing
the F}, this cartogram will differ to some

b

4|2
¥ 1

FIGURE 2. Scheme of dividing the site into sections and the scheme taking into account the hetero-
geneity of the soil when extrapolating the test results outside the test site: a — site plan (cartogram of
ultimate resistance of piles F;); b — zones of extrapolation of test results: 1 — “absolutely” heterogeneous
soil; 2 — high heterogeneity; 3 — medium heterogeneity; 4 — almost homogeneous soil
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extent from the true distribution of these
resistances. The described approach was
used by us earlier, but the methodologi-
cal methods used now seem somewhat
outdated (Shennon, 1963).

Let us consider this in more detail
from a modern perspective. The number
of possible “site images” (N) is very
large, it should be

N=m" (1

where:

m —number of possible values of piles re-
sistance (most often they are in the range
of 100-250 kH, which with an accuracy
of £10 kH corresponds to m = 10-25);

n —number of sites into which the site is
divided.

For objects of medium size (1,000—
-2,000 mz), with an accuracy of estimat-
ing the resistance of piles of +10 kH,
the number of “site images” will be
expressed with a value of two to three
dozen digits.

Before testing, complete uncertainty
is assumed, i.e., all possible values of F;
are assumed to be equally probable. The
number of “site images” (N), as noted,
should be equal to m". After any tests
are performed at the site, the uncertainty
will decrease, and this decrease should
depend on the accuracy of the tests and
their number (more precisely, the number
of sites on which they were carried out).

A quantitative analysis of such situ-
ations allows us to obtain a number of
interesting regularities given below.

Results

The need for operations with large
quantities is eliminated when using the
concepts and representations of informa-

tion theory as mathematical models. So,
for a quantitative assessment of the de-
gree of uncertainty of information about
the resistance of piles on the site, it is ad-
visable to use the fundamental concept of
information theory — entropy (Shennon,
1963; Yaglom & Yaglom, 1973). In the
general case, the entropy (/) is under-
stood as the quantity (Shennon, 1963)

N
H = zpi log, p; ()

i=1

with:
p;— probability,
i — that state of the system (in the given
case i — that “site image”),
N — number of states of the system (in
this case, the number of possible “site
images”).

Since before the tests all the values
F; are taken equally probable, the prob-
ability of each of the considered options
(“site images”) before the tests will be
the same and equal to p; = 1 / (m"). If we
evaluate the uncertainty of such a situa-
tion by the value of entropy (H), it will
be maximum and equal (in bits) (Yaglom
& Yaglom, 1973):

H =-Nlog, (%j 3)

With the accuracy of determining the
piles resistance 10 kH and the range of
possible values F; = 0-2,500 kH, i.e. at
m = 250 (250 possible values of F;), the
entropy will be 8 bits in each section be-
fore testing.

After the first test in any site, this
uncertainty will decrease. Suppose that
a test was performed at the k-th site and
the result F;, was obtained. The equal-
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ity of probability is broken. On the test
site (zone 1, shaded in black in Fig. 2b),
the value of the sought indicator corre-
sponding to the test result F; will have
the maximum probability. The closest
possible values of F; | and F4 will have
alower probability, more distant (F,_, and
F,4,) even less, etc. In adjacent sections,
probabilities can be taken by interpola-
tion between the values in the test sec-
tion and outside the extrapolation zone.
The distribution of £, (in the &-th section)
will depend on the accuracy of the test.
It should correspond to the distribution
of possible “errors”, which is considered
known for this method (from a statisti-
cal analysis of data from previous ex-
perience). For statistical sounding, such
a distribution is shown in Figure 1a.

The change in the probabilities in
the k-th section will entail a decrease in
the entropy (H}), which will also affect
the overall entropy of the site (H), since
according to the ideas of information
theory, the entropy of the components of
the system is equal to the sum of the en-
tropies of these components. In this case,
the total entropy of the values of F; over
the entire site is equal to the sum of the
entropies of individual sections.

H:Hl +H2 +H3 + ... +Hk+ +I‘In
“
This decrease in H will be the more
significant, the more accurate the test.
If, for example, the test had a zero error,
the uncertainty in the k-th section would
completely disappear: the probability of
the value of Fj, would become equal to
1, i.e. p(F;) = 1, and the entropy in the
k-th section (H;) would become equal
zero (H; =1 log 1 = 0). Thus, if we take
into account the result on the k-th site,

the total entropy would become 8 bits

less.

If the test result is partially extend-
ed to neighboring sites, the decrease in
H will be even greater. Obviously, the
possibility of such an extrapolation of the
results will depend on the heterogeneity
of the soil of the site. We conditionally
distinguish four cases of site heterogene-
ity (Fig. 2b):

“maximum” heterogeneity, which

does not allow any extrapolation of

the results outside the test site;

— high heterogeneity, allowing extra-
polation of the results to only one
row, that is, to the nearest sections
directly adjacent to the test site;

— average heterogeneity allowing ex-
trapolation to two rows in all direc-
tions;

— homogeneous soil, allowing extra-
polation to three rows in each direc-
tion.

Testing in any other part of the site
would cause a similar decrease in en-
tropy in this site, which also depends
on the accuracy of the test. This would
further reduce the overall entropy of the
site. Thus, each new test will reduce the
uncertainty of our ideas about the val-
ues of F; within the site, i.e. reduce the
entropy.

Let us consider the idealized ex-
ample mentioned above, when the en-
tropy became equal to 0 in the test site.
The dimensions of the sites were taken
to be the same and equal to 3 x 3 m. In
this case, in a homogeneous soil, the test
results can be spread by 10.5 m in each
direction, and the entropy value there
will be 4 bits in this zone (interpolation
between 0 and 8 bits). With medium het-
erogeneity, the test results can be spread
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over 7.5 m, and the entropy value in this
zone will be 4 bits, as in the previous
case. With high heterogeneity, distribu-
tion is possible at 4.5 m (entropy is also
4 bits) at maximum at 1.5 m (i.e. within
the test site, entropy should be assumed
to be 0, beyond it 8 bits).

Obviously, the decrease in the total
entropy (H) will be the more significant
the more homogeneous the soil.

The difference in entropy before and
after the test characterizes the amount of
information (Shennon, 1963; Yaglom &
Yaglom, 1973)

[:HO_HI (5)

with H, and H; the entropy before and
after the test, respectively.

The second test at another section
of the same site, as already noted, will
lead to a similar decrease in the entropy
of N. The third test will additionally also
reduce the entropy, etc. The difference
between the previous and subsequent
entropy values will each time give the
amount of information about the site (in
bits) introduced by the new test.

High heterogeneily

Absolufe
heleragenery

5w B T san

This technique allows to evaluate the
total amount of information contained in
the results of any test group for any ac-
curacy and heterogeneity of the soil.

Let us consider the question of how
much information this or that method
of determining the piles resistance can
bring depending on the reliability of its
results and the number of points on the
site at which such a determination was
made.

Figure 3 shows the curves of the
same amount of information on the piles
resistance obtained by two independent
types of tests of different accuracy for
a different number of such tests. In Fig-
ure 3a, we examined static sounding and
static tests of piles. In Figure 1b, the dy-
namic tests of piles (calculations of “fail-
ures” during driving) and static sounding
were compared.

The solid lines show the “equiva-
lent” informative volumes of work, the
dashed lines represent the same duration
of field work. The shaded areas corre-
spond to situations where the time spent
on testing the piles (without preparatory

b
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FIGURE 3. Lines of “equivalent” in their informative content quantities of soil tests of different reli-
ability (i.e. introducing the same amount of information about the piles resistance): a — comparison of
static sounding with tests of piles with static load; b — the same with dynamic tests of piles. N3, N,,, N,
are the numbers of tests, respectively, by sounding, static loads, and dynamic tests; T3, T;,, T, the dura-
tion of the test complex, respectively, by sounding, static load, dynamic tests
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and auxiliary works) is less than the time
spent on the sounding during single-shift
(single hatching) or two-shift (double
hatching) work.

At the first glance the calculation re-
sults shown on Figure 3 reveal a para-
doxical result: the amount of information
from a sufficiently large number of ap-
proximate tests may (due to heterogene-
ity of the soil) exceed the amount of in-
formation from small exact tests. In this
case, the concept of “test inaccuracy”
conditionally includes the insufficient
adequacy of the design scheme used.

The calculation performed for the
idealized conditions described above
shows that on a site divided into 100
sections in homogeneous soils (accord-
ing to the criteria adopted above), 20 ap-
proximate tests with a unit test error of
+30% characterize the site in much the
same way as one “exact” test with an er-
ror of £5%. With medium heterogeneity,
the same number of approximate tests is
equivalent to two exact ones, with high
heterogeneity — to five ones (with two
exact tests equivalent to six—eight ap-
proximate ones), and with “maximum”
heterogeneity nine (two exact tests are
equivalent to five approximate ones).
The accepted separation of soil heteroge-
neity levels in this mathematical model
is taken for reasons of convenience. It is
of no fundamental importance, i.e. tak-
ing any other division, we get about the
same result.

A similar conclusion is drawn from
a consideration of the average values of
the desired characteristic . In this case,
it is more convenient to use the standard
deviation of the test results (o) or its rela-
tive value — the coefficient of variation
(v = 0/ F) (Gmurman, 2000). The very

consideration of average characteristics
also deserves attention, since the aver-
aging of test results is one of the stages
in establishing the calculated charac-
teristics (according to the standard ISO
2394:2015 and the national standards of
many states, including Russia).

The value of the coefficient of vari-

ation v should be v = \[vf + 03, where v,
and v, are the coefficients of variation

due to the inaccuracy of the test and the
heterogeneity of the soil, respectively.
The coefficient of variation v, for ho-
mogeneous soils can be taken equal to
0.025, with an average heterogeneity
of 0.1, with a high heterogeneity of 0.2.
Non-accuracy of tests can be character-
ized by coefficients of variation of 0.2
(approximate test) and 0.025 (“accu-
rate”). Naturally, the coefficients of vari-
ation adopted for the example are not of
fundamental importance, since they are
only an illustration of the laws under
consideration.

Relative test errors should be equal
in accordance with the rules of error
theory:

A=t,v

(6)
where:

t, — Student’s coefficient, depending on
the accepted confidence probability (o)
and the number of test results.

The calculations of the errors of the
average test results of various accuracy
also confirmed the prevailing effect of
soil heterogeneity. For example, the er-
ror of the average result from two exact
tests turns out to be the same as the av-
erage of 15 approximate ones — in ho-
mogeneous soils; six approximate — in
soils of medium heterogeneity; and only
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three approximate ones — with high
heterogeneity.

Obviously, all of the above does not
apply to the site as a whole only, but also
to any part of it, to a separate engineer-
ing-geological element.

Thus, the heterogeneity of the soil
significantly reduces the value of “accu-
rate” tests. It makes the results of such
tests seem less representative. If, for
example, we assume that at some point
on the site an “exact” test revealed the
ultimate resistance of a pile of 600 kH,
is there a guarantee that at 15-20 m from
this point the ultimate resistance will not
be one and a half times lower if neither
sounding, nor drilling was carried out in
this part of the site? Obviously, the an-
swer is negative. For this reason, an in-
sufficient number of tests may in some
cases turn out to be more dangerous than
their insufficient accuracy. At the same
time, “accurate” tests, as already noted,
are very expensive, complex, and time
consuming. Complex and expensive
methods cannot be applied in volumes
that allow taking into account the actual
heterogeneity of the soil. The use of such
a simple method as static sensing com-
pletely solves the mentioned problem.

However, it should be noted that in
addition to random errors, the results of
any tests may contain a systematic er-
ror, which is not eliminated by increas-
ing the number of tests. Such an error
can be eliminated only by comparing
a part of the approximate results with the
“exact” ones taken as a standard. The
works by Ryzhkov (1995), Ryzhkov and
Isaev (2016), and Ryzhkov et al. (2016)
describe the method used in Bashkorto-
stan for sharing approximate and “accu-
rate” methods for determining various

geotechnical parameters, including the
bearing capacity of piles. Its essence is
that the whole territory of the studied site
is estimated by the approximate method
(“express method”), and in the most typ-
ical place or in several places called key
sites, “exact” tests are carried out, ac-
cording to which the adjustment is made
to the approximate estimates. The ad-
justment involves the refinement of the
calculation reliability coefficient (y;) as
applied to the conditions of a particular
site.

The theoretical basis for this adjust-
ment is the “Bayesian” approach to shar-
ing data obtained directly on the study
site, and as a result of a statistical analy-
sis of data from previous experience.
The Bayesian formula is used, which
allows to estimate the probabilities of
various assumptions (“a priori hypo-
theses”) again after obtaining any spe-
cific data about the studied object (Kay,
1977; Ryzhkov & Isaev, 2016). The role
of “a priori hypotheses” is played by sta-
tistically processed data from previous
experience. In this case, these are the
probabilities of the possible values of
the bearing capacity of piles. It should be
noted that domestic specialists usually
use discrete distributions without taking
into account the analytical distribution
law, while the foreign ones prefer con-
tinuous distributions.

In the process of practical applica-
tion of the obtained results we revealed
certain inaccuracies and unnecessary
complications that were eliminated, and
their modern interpretation is given be-
low (Djamaev, 2018).

The reliability coefficient (y;) is pro-
posed to be determined by the formula
(Abu-Farsakh et al., 2014):
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F
Ve = u,sound Asl (7)
F,
where:
Fusound | — average ratio of Fu,sound
B funn Fo fu

in key areas,

A, — an amendment that reflects the im-
pact of random events, determined by
Table 1 and correction reflecting the in-
fluence of random, determined by Tables
1 and 2,

F sound> Fu it — limit resistances of piles
based on probing data and static tests.

Obviously, the number of results of
“accurate” tests can be very insignifi-
cant and static sounding allows it to be
reduced to values that are economically
optimal.

In some cases, the corrective infor-
mation may be the data of previous sur-
veys, including that in neighboring ter-
ritories, similar in terms of engineering
and geological conditions. The above
considerations show that it is advisable
to consider the approximate methods of
soil testing such as static sounding as
anecessary element of research, comple-
menting more accurate tests. Small ex-
act tests, no matter how thoroughly they

TABLE 1. Values of A, at one key site (one static pile test)

K <0.7 0.8 0.9 1.0 1.1 1.2 1.25
A, 0.12 0.11 0.10 0.10 0.08 0.03 0.00
TABLE 2. Values of A, for two key sections (two static tests of piles)
K A, value at k’, equal
<0.7 0.8 0.9 1.0 1.1 1.2 1.25
0.7 0.11 0.10 0.07 0.05 0.03 0.01 -
0.8 0.10 0.10 0.09 0.07 0.05 0.03 0.04
0.9 0.07 0.08 0.09 0.08 0.07 0.06 0.04
1.0 0.05 0.07 008 0.07 0.07 0.06 0.05
1.1 0.03 0.05 0.07 0.07 0.06 0.06 0.05
1.2 0.01 0.03 0.06 0.06 0.06 0.03 0.03
1.25 - 0.04 0.04 0.05 0.05 0.03 0.00

As practice has shown, the coef-
ficients £’; and £, should be limited to
0.8 and 1.25, i.e. for values £’y or £,
less than 0.8, take 0.8, for £’; or £’, more
than 1.25, take 1.25. In addition, it was
proposed not to take the reliability coef-
ficient yy less than 0.95, i.e. upon receipt
of the values y, <0.95, the acceptor is
Yk = 0.95.

were carried out, without the use of “ex-
press methods”, which can be “probed”
the entire site, characterize only those
areas where they were carried out.

The conducted studies contribute
to the alternative to the approach estab-
lished in the survey practice to establish
estimated geotechnical indicators. The
adoption as the calculated indicator of
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the result of the most accurate test or
simply the minimum result does not fully
take into account the test conditions and
the specifics of a particular site. Never-
theless, despite the absence of objections
to the presented ideas, the “Bayesian”
methods for adjusting the approximate
results are not considered by most of
engineers. Apparently, the informational
concepts that are so familiar with the use
of computers are too unusual in theo-
retical questions of geological methods.
More than 40 years have passed since
the publication of the article by Kay
(1977) on the application of the Bayes-
ian approach to choosing the permissible
load on a pile; nevertheless, practically
no one develops this direction except
for a narrow circle of Russian geologi-
cal specialists. The Bayesian approach is
mentioned neither in the Western Euro-
pean, nor in the Russian regulatory docu-
ments (Doc, 1990; EN 1997-1:2004; EN
1997-2:2007; GOST 5686-78; GOST
5686-2012; ISO 22475-2:2005; ISO
22475-4:2005; 1SO 22475-1:2017; SP
47.13330.2012), nor in the textbooks on
the foundations. Nevertheless, its appli-
cation allows (without reducing the reli-
ability of the foundation) to take the load
on piles 5-10% higher than the current
regulatory documents recommend (Ry-
zhkov & Isaev, 2016).

Conclusions

Approximate tests performed on the
studied site in a sufficiently large amount
can carry more information than the small
number of “accurate” tests. This is due
to the fact that under conditions of real

heterogeneity of the soil, the accuracy of
a particular test does not guarantee the
representativeness of the result obtained
(i.e. its type for a given site).

Due to the fact that an increase in the
number of measurements does not re-
duce “systematic errors”, it is optimal to
use static sounding in combination with
a few “accurate” tests, which can be used
to correct the sounding results, minimiz-
ing systematic (for this site) errors. An
updated methodology for correcting ap-
proximate determinations of the piles re-
sistance with the data of static sounding
and statistical tests of piles is proposed.

Using this technique allows to make
more economical (5-10%) and more
reliable decisions when choosing pile
lengths. Inaccuracies in determining
the piles resistance are compensated by
a special reliability factor, adopted in-
dividually for each particular site. This
coefficient is established by comparing
the approximate values of the piles re-
sistance (according to the sounding data)
with the values taken as a standard (i.e.
the results of tests of full-scale piles with
a static load directly on the study site).
This approach is acceptable for the cor-
rection of any approximate indicators
(not necessarily according to sounding
data), and the calculation of particular
values of such indicators can be carried
out according to the norms of any coun-
try. It is only necessary to clarify the cor-
rections reflecting the influence of ran-
dom factors (see A, values in Tables 1
and 2) depending on the accuracy of the
calculations used. With the accuracy of
determination corresponding to the scat-
tering diagram in Figure 1, you can use
Tables 1 and 2.
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Summary

Role of accuracy and quantity of
field tests in engineering-geotechnical re-
searches for construction. The aim of this
work is to summarize previously conducted
studies on the optimization of the unequal ge-
otechnical testing program and on the selec-
tion of the desired calculation indicator based
on the results of such tests. The approximate,
but quick and cheap tests (“express methods™)
are recommended to be performed on a large
scale and considered as a means of assess-
ing the geotechnical structure of the site as
awhole. It is proposed to carry out expensive
“accurate” tests in a reduced volume and to
use them as a means of correcting approxi-
mate tests. In the article, these issues are
considered by the example of determining
the bearing capacity of piles according to
the data of static sounding (cone penetration
testing — CPT), dynamic and static tests of
full-scale piles. We propose the mathematical
model for evaluating the informative content
of the test complex, based on the concepts
of information theory. The site is mentally
divided into several sections, each of which
is characterized by one of the possible val-
ues of the ultimate resistance of piles of
a certain length. All variants of “placement
in the plan” of possible values of pile resist-
ances (“site images”) are considered. Ini-
tially, when nothing is known about the true
value of the pile resistances in each section,
all possible values of the pile resistances are
assumed to be equally probable, i.e. the un-
certainty of the situation is maximum. In the
theory of information, such uncertainty is
quantified by the value called entropy. When
any test is performed at the site, the uncer-
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tainty decreases, and the more accurate the
test the more significant is the decrease. The
difference in entropy before and after the test
represents the amount of information (in bits)
that these tests carry. The calculations using
this model showed that the information con-
tent of a large number of approximate tests
can (due to heterogeneity of the soil) exceed
the information content of small exact tests.
Only one approximate test method can lead
to the systematic error (overestimation or
underestimation of the average value of the
desired indicator). It is necessary to carry out
control “exact” tests and approximate tests to
eliminate such a danger. A technique is pro-
posed for adjusting approximate estimates
based on data from ‘“‘accurate” tests, which
ensures optimal “safety margins” in deci-
sions being made.
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Introduction

Rainwater harvesting is one of the
promising ways of supplementing the
surface and underground scarce water
resources in areas where existing wa-
ter supply system is inadequate to meet
demand. Rainwater harvesting has been
used for generations to cope with water
scarcity and climatic uncertainty in arid
and semiarid regions (Aladenola & Ade-
boye, 2010; Adham, Riksen, Quessar &
Abed, 2017).

The critical need to the water in
western areas of Mosul city and deserti-
fication progradation led to the study of
the major water resources and to select
the best site for the proposed dam on Al-
Shor Wadi to store different harvested
water types. Water harvesting in Iraq is
an old application with limited extent.

Western Desert, Jazeera Desert and East-
ern Valleys are the zones were the water
harvesting must be employed (Abdul-
lah, Al-Ansari & Laue, 2020). Two main
sources of water prevailing the area; the
precipitation in winter and the karstic
spring water runoff in the area around,
which collects their waters by the Al-
-Shor Wadi. The monthly average of:
temperature, wind velocity and relative
humidity for Tel Afar weathering station
for the period 1961-2006 are shown in
Table 1.

The dry years pass through Mosul
reflected the rainfall declination which
eventually affected the agricultural ac-
tivities particularly in the northeastern
part of Mosul and Al-Jazeera, weather-
ing stations display by Mosul, Sinjar
and Tel-Afer (Rasheed, 2010; Table 2).
As well as, there is limited opportunity
to recharge groundwater in Jazeera area
due to existence of gypsum layers (Ab-
dullah Al-Ansari & Laue, 2020), which
are belong to Fat’ha Formation.

Preliminary investigations of rocks and soil at the lower reach of Al-Shor...
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TABLE 1. Monthly average of temperature, wind velocity and relative humidity for Tel-Afer weath-

ering station for the period 1961-2006

Month Tem[[ficr'jmlre Wi[nlédm Y;l_()lc]:ity RelatiVFo/}:}.lmidity
January 6.7 2.7 74
February 8.7 2.9 67
March 13 2.9 61
April 17.8 29 55
May 24.8 3.1 37
June 304 34 25
July 339 34 20
August 33.6 34 20
September 30 3.1 22
October 222 2.8 35
November 14.7 2.4 52
Decemer 8.5 2.9 73

TABLE 2. The highest and the lowest annual precipitation and the statistical medians for Mosul,
Tel-Afer and Sinjar weathering stations for the period 1941-2002 (after Rasheed, 2010)

Weathering Annual precipitation [mm]

stations the highest the lowest median
Mosul 632 129 377
Tel-Afer 613 134 331.2
Sinjar 670 164 392.8

The harvested water could be used
for small agricultural projects and ani-
mals drinking. As well as, the stored wa-
ter could be used as a good source for
groundwater recharge. In an attempt of
water harvesting west of Mosul, Al-Ha-
madani, Abdul-Bagee and Al-Shakarji
(2010) used the WMS program to deter-
mine the best sites of dams on Al-Mur
Wadi and Al-Shor Wadi. Twelve poten-
tial water-harvesting sites within Salah
Al-Din Governorate, northern Baghdad,
Iraq have been identified according to
the remote sensing and GIS-based tech-

niques, which are used for this purpose
(Alwan, Karim, Nadia & Aziz, 2019).

Al-Shor Wadi

The wadi runs in SW-NE direction,
collects its rainfall water from the catch-
ment area from the northeastern limbs
of Shaikh Ibrahim and Saasan anticlines
and the southwestern limbs of Qusair
anticline (Fig. 1), to unite with Al-Mur
Wadi and eventually to drain water south
of Aski Mosul in the Tigris river. In the
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FIGURE 1. Geological map of the proposed dam site on Al-Shor Wadi (after State Establishment of
Geological Survey and Mining, Geological map of Mosul Quadrangle, sheet HJ-38-13)

selected dam area, the wadi forms curve
and give the northwestern Alaan anticli-
nal plunge its rounded shape.

Geology

It is worth mentioning that Alaan
anticline extends nearly E-W direction
with a slight shift to the NW-SE direc-
tion for its western plunge. Fat’ha For-
mation dominating all the outcrop areas
and the Quaternary sediments furnishing
the peneplain areas which were mostly
used for agricultural activities.

The Fat’ha Formation was divided
into two members by Al-Mubarak and
Youkhana (1976); the lower and the up-
per one (Fig. 2). Both members were
made up of a cyclic pattern of marl, lime-
stone, and gypsum, but the upper one
has a distinctive addition of red clastics
of mudstone and fine sandstone. These
additives represent successive coarsing

upward cycles of fluvial dominated del-
tas (Al-Naqib & Aghwan, 1993).
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FIGURE 2. Lithologic section of the proposed
dam site
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The best position selected for dam
construction on Al-Shor Wadi is con-
fined due 3630.084N and 04240.499E in
Figures 3 and 4 (according to the local
GPS program). The selection relays on
the presence of suitable very tough lime-
stone bedrock foundation, least gypsum
thickness, and high marl thicknesses, suit-
able elevation for dam height to achieve
expected large water volume storage and
the least or absence of karsts.

Anyhow, the main rock types fur-
nishing the proposed dam site and lake
beyond, from bottom to top:

— Marl 3-6-meter thick, yellow to
yellowish brown, tough to medium
tough, sometimes shows blocky ap-
pearance in fresh samples.

— Nodular gypsum 3-5-meter thick
overlain the previous marl bed. The
nodular gypsum bed is characterized
by white to yellowish-white, some-

spillway.‘ ‘ { ok
’ 3/ dam
L Marl 7
X beds |

[ Gypsum
1 ~ 4 Soil samn laca

Oil

storage
depot

times greyish white, tough to very
tough and has secondary gypsum
along bedding planes. Very thinly
laminated marl seams are occasion-
ally coating the nodules. This bed
forming scarps on both wadi sides
and is overlain by thick marl bed.
Marl 7-9-meter thick, yellowish-
-brown, medium tough to tough giv-
ing rise to its overlaying limestone
bed to appear as the ridge.
Limestone 3—5-meter thick, pale
brown to yellowish brown, thinly
bedded, jointed and fractured forms
V-shape valley. It is well outcropped
at the eastern (right) side of the wadi
forming ridge. The angle of bedding
planes went gentler at the western
side of the rounded Alaan plunge
furnishing relatively wide areas and
forming small limestone fragments
on the peneplane areas although its

FIGURE 3. Satellite view of the proposed dam location with geological structure of the area
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FIGURE 4. Location of the proposed dam

bed roots still appear in the valley

bottom.

Bader (2008) studied the soil in the
Al-Jazira area near Al-Jazira Irrigation
Project, she indicated that about 60% of
the area be saline and rising the level of
the groundwater. Sulaiman and Abdul-
-Bagee (2013) studied the water qual-
ity of Al-Mur Wadi, they indicated that
its water is regarded as very high saline,
which is considered negative indicators
for irrigation. Al-Youzbakey and Sulaim-
an (2017) studied the chemical composi-
tion of the springs in Al-Shor Wadi for
cations (Ca®*, Mg?*, Na* and K*) and
anion (HCO;~, SO4>~, CI” and NOy"),
which shows that there is an increase in
calcium and sulfate concentrations due to
the dissolving of aquifer rocks (gypsum,
limestone, and marly limestone). So that
Al-Shor Wadi water is not suitable for
drinking but it may be used for irrigation
for the high salinity bearing plants.

Limestone

gypsum bed

Methodology

1. The office works involved geologic
map preparation and Google Earth
photographic interpretation.

2. Fieldworks:

a) Field checking for the selected
proposed dam construction site.

b) Sampling of various rock types
and soils in the selected site of
the dam and the proposed lake.

3. Water sampling from the Al-Shore
Wadi tributaries.

4. Laboratory works:

a) Soil and rock samples prepara-
tion and physical tests for the
soil texture, field density, poros-
ity, bulk density, and salt con-
tents, according to soil physical
treatment standards (Blake &
Hartage, 1986).

b) Water quality for cations (Ca’",
Mg?*, Na®, K') and anion
(HCO;5~, SO4%, CI', NO;") were

Preliminary investigations of rocks and soil at the lower reach of Al-Shor...
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analyzed in the geochemical lab-
oratory in Dams and Water Re-
sources Research Center accord-
ing to the water analysis standard
methods (Abawi & Hassan,
1990). Sodium and potassium
were analyzed by flame spec-
trophotometer, calcium, magne-
sium, and alkalinity by titration,
sulfates by UV-method and the
other ions by the colorimetric
method.

Results and discussion

The high temperature during the
summer season, the dry years about 56%
and the wet years about 44%, according
to Rasheed (2010), and the drop in rela-
tive humidity for the years 1961-2006
could indicate the need for water har-
vesting in the drylands.

Table 3 revealed high clay and silt
percent and low sand percent in sites 1,
2, and 4 giving rise to silty clay. The sand
percent is noticed to be increased in site 3
which displays the valley bottom, which
can be classified as silty loam. The latter
resulted from different depositional proc-
esses like; valley shoulder rock washing
and sediments derived by surface runoff
from nearby areas. The results show rel-
atively low to medium permeability and

the salt content ranges from 1 to 1.6%,
whereas the total porosity ranges from
43.1 to 56.7%. So, the increase of clay
percent and the total porosity may indi-
cate a good sign for the increase of field
soil capacity. Consequently, less water
infiltration will be produced. This has
resulted in a marked increase in water
storage within the soil. Anyhow, the high
salt content in the area, in general, could
cause increase its solubility during water
storage and hence leads to increase water
movement activities within the soil ac-
cording to their persistence in the pro-
posed dam lake.

The chemical properties of the water
as shown in Table 4 represent the high
concentration of calcium, magnesium
and bicarbonates, which reflected the ef-
fect of dissolving and leaching on lime-
stones of Fat’ha Formation. Addition-
ally, the higher concentration of sulfates
could be related to the calcium in the
evaporite rocks (e.g. gypsum and anhy-
drite). Magnesium also presents in clay
minerals (e.g. chlorite) in marls in the
same formation, this type of rocks ex-
posed to the water activity which causes
dissolving magnesium.

In addition to the presence of sec-
ondary minerals-like halite, which dis-
solved easily by infiltrated water and
groundwater led to increased sodium
and chloride in the water. Potassium and

TABLE 3. The soil texture, porosity, and density of the soil in the studied sites

Location | Soil type Total Eorosity S(;alts Colay Soﬂt S';md dgr?sliliy dl;esli?y
[%] o1 |l || %) e | fgmeem 3]
1 silty clay 53.5 1.0 41.6 53.4 5.0 2.64 1.23
2 silty clay 43.1 1.6 435 46.5 10.0 2.30 1.13
3 silt loam 434 1.2 12.6 65.8 21.6 2.59 1.47
4 silty clay 56.7 1.2 472 44.8 8.0 2.70 1.17
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TABLE 4. The physical and chemical properties of water from the stream

Physical properties Chemical properties
Water . -
EC anion [ppm] cation [ppm]
sample y pH
[umhs-cm™] NO; | CI” | SO4 |HCOy | K" | Na™ | Mg* | Ca®*
S1 2721 8.0 5 174 | 1624 | 435 2 35 178 632
S2 2932 8.2 5 187 | 1774 | 448 3 46 171 671
S3 2 966 8.1 3 161 | 1482 | 391 1 32 144 612
S4 3139 8.1 3 182 | 1561 | 475 3 49 128 635
Water TH TDS anion [epm] cation [epm]
sample | [mg1'] |[mg1'][ NOy | ¢ [so2 [HCOy | K* | Na* | Mg?* | ca?*
S1 2240 3346 | 0.08 | 490 |33.83 | 7.13 0.05 | 1.52 | 14.65 | 31.60
S2 2290 3471 0.08 | 527 | 3696 | 7.34 | 0.08 | 2.00 | 14.07 | 33.55
S3 1870 3569 | 0.05 | 454 | 30.88 | 6.41 0.03 | 1.39 | 11.85 | 30.60
S4 1810 3552 | 005 | 513 | 3252 | 779 | 0.08 | 2.13 | 10.53 | 31.75

nitrites were found in low concentrations
because they represent mostly the activ-
ity of limited fertilization.

The most physical properties reflect-
ed by the type of aquifer rocks and their
ability to dissolve in groundwater.

The pH of the water samples about
8.0-8.2, it may be due to the effect of
alkalinity (bicarbonates), which yields
from the dissolution of limestones with-
in Fat’ha Formation. The electrical con-
ductivity (EC) related to the dissolution
of ions to groundwater from limestones
and gypsum. The EC values range of
2,721-3,139 pmhs-cm™! reflected the
high concentration of ions. The dissolu-
tion process by groundwater sharing with
the infiltration of runoff water rises the
activity of the dissolution of sulfate and
bicarbonate rocks of the aquifer. This
is increasing the total dissolved solids
(TDS) 3,346-3,569 mg-1"! and the total
hardness (TH) 1,810-2,290 mg-17".

According to the chemical and phys-
ical properties of Al-Shor Wadi, which
related to the water quality of the many

small springs along the wadi, the suit-
ability of water to use for agriculture is
low and related to the plants that bear the
high salinity water conditions, so that it
is not suitable for drinking too.

The water of Al-Shor Wadi is clas-
sified as very hard because TH > 300
mg-1™" (Tchobanoglous & Schroeder,
1985), and this water is a moderate saline
water type depends on the TDS value are
between 1,000-10,000 mg-1"! (Davis &
De Wiest, 1966). It is clear that, the solu-
bility of evaporites of Fat’ha Formation.
Classified the water as non-carbonate
hardness due to the high concentration
of sulfate which pointed in the sixth area
of Piper diagram (Khattab, 2000). Train
(1979) classified the water depending on
the TDS. The TDS values are between
2,000-5,000 mg'l‘l, which indicates the
ability to use water for irrigation plants
that bear high salinity water conditions.
As well as, the American Saline Lab.
classified the water according to EC and
TDS to four types (C1-C4), the studied
water samples represent the type C4,

Preliminary investigations of rocks and soil at the lower reach of Al-Shor...

441




which used for plants that bear the high
salinity water conditions.

The above assessment of Al-Shor
Wadi water encourage to improve the
water quality by water harvesting tech-
nique. This technique will collect the
precipitation behind a small dam in the
selected location. The precipitation will
dilute the concentration of dissolved
salts and improve the usage of water for
agricultural purposes.

Conclusions

The primary soil tests, the proposed
geological site for both the dam and the
lake behind it, and the good proposed
height of the dam at the site of about
17 m, can provide adequate water stor-
age volume, and improve water quality
for agricultural purposes, in addition to
the least karstification in the proposed
lake give good importance for the rec-
ommendation of the dam site.
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Summary

Preliminary investigations of rocks
and soil at the lower reach of Al-Shor Wadi
for water harvesting. The last four decades
weather forecasting data marks the precipi-
tation declination and increase dry years, in
addition to the desertification migration on
the west and northwestern Mosul city. This

led to studying the Al-Shor Wadi area to try
to make use of the karstic spring water flow
through it and to harvest the rainfall flow
water. These need to select the best site to
construct a dam taking into consideration the
geological and geotechnical characteristics
of both dam site and lake behind. The dam
site appears to be appropriate relying on the
large thickness and frequencies of the marl
bed, the restriction of gypsum bed thickness-
es and frequencies as well as, of the approxi-
mate nill karstification.
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Plyty kolowe Hencky’ego—Bolle’a spoczywajace na podlozu

sprezystym Wlasowa

Hencky-Bolle’s circular plates resting on the Vlasov’s elastic

subsoil

Stowa kluczowe: ptyty kotowe Hencky’ego—
—Bolle’a, podloze Winklera, podtoze Wtasowa
Key words: Hencky—Bolle’s circular plates,
Winkler’s subsoil, Vlasov’s subsoil

Wprowadzenie

W praktyce inzynierskiej istnieje po-
trzeba rozwigzania zagadnien zginania
plyt spoczywajacych na podtozu grunto-
wym, bedacych fundamentem budynkow
i innych obiektow inzynierskich. Na-
prezenia i przemieszczenia konstrukcji
w znacznym stopniu zaleza od witasci-
wego zaprojektowania fundamentu. Pty-
ty $redniej grubosci rozmaitego ksztattu
sg stosowane przy budownictwie duzej
liczby obiektow budowlanych (Gab-
basow i Hoang Tuan, 2014). Budynki,
zbiorniki, piece, kominy itp. konstrukcje
w ksztalcie kota, a takze maszty, wieze,

elektrownie wiatrowe czesto posado-
wione sa na plytach kotowych $redniej
grubosci lub grubych. Ptyty kotowe jako
fundamenty pod kominami czy masztami
sa glownie obcigzone sitg skupiong lub
rownomiernym obcigzeniem na okrggu
kota o danym promieniu, w szczegdlno-
$ci na brzegu plyty. Sposob rozwigzania
tak obcigzonych ptyt cienkich Kirchhof-
fa spoczywajacych na podtozu dwupara-
metrowym przedstawiono w monografii
Wiasowa i Leontiewa (1960).
Zagadnienia wspolpracy konstrukcji
z podlozem najczesciej dotycza funda-
mentowania i obudowy wykopow. Ak-
tualnie duze przedsiewziecia (np. funda-
menty wysoko$ciowcow) sa w praktyce
obliczane metodg elementéw skonczo-
nych przy wykorzystaniu sprezysto-pla-
stycznego modelu gruntu. Zdecydowa-
na wigkszo$¢ zagadnien dotyczacych
mniejszych obiektéw jest rozwigzywana
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przy wykorzystaniu programéow, w kto-
rych podloze reprezentowane jest przez
materiat sprezysty odpowiadajacy zalo-
zeniom Winklera. Takie podejscie jest
powszechnie krytykowane ze wzgledu
na nieadekwatnos$¢ zalozen teorii Win-
klera do podtoza gruntowego, np. w pra-
cy Bednarka (2014). Przede wszystkim
wspotczynnik sprezystosci podtoza (k)
nie jest wielkoscig stata dla danego grun-
tu. Takze model Winklera nie uwzgled-
nia przemieszczen podtoza poza obcia-
zonym miejscem, np. w przypadku belki
obcigzonej rownomiernie (Leontiew, Le-
ontiew, Sobolew i Anochin, 1982).

W literaturze przedmiotu znajduje-
my prace, w ktorych opisano zginanie
ptyt zaréwno cienkich Kirchhoffa spo-
czywajacych na podtozach Winklera
i Wlasowa, polprzestrzeni sprezystej
i innych modelach podtoza, jak i $redniej
grubosci (glownie teorie plyt Reissnera)
badz grubych spoczywajacych gtownie
na podtozu Winklera (Zwolinski, 1980).
Wybor teorii plyt zalezy od rozwazanego
problemu i zadanej doktadnosci rozwia-
zania. Teorie jednorodnych ptyt sredniej
grubos$ci nalezy stosowa¢ w przypadku,
gdy iloraz grubosci ptyty (4) do charak-
terystycznego wymiaru (a) jest wigk-
szy od 1/10, a mniejszy od 1/4 (Jemie-
lita 2001). Teorie te zastosowano m.in.
przy badaniu efektu brzegowego (Bolle,
1947; Nagirniak, 2019).

W prezentowanej pracy, w odrdznie-
niu od monografii Wtasowa i Leontie-
wa (1960), rozpatrzono ptyty Sredniej
grubosci Hencky’ego—Bolle’a spoczy-
wajace na podlozu sprezystym Wiaso-
wa. Poréwnano warto$ci przemieszczen
i sit przekrojowych otrzymanych wedhug
teorii ptyt Kirchhoffa i uogoélnionej teo-
rii ptyt Hencky’ego—Bolle’a spoczywa-

jacych na podtozu sprezystym Wtasowa.
Zbadano wptyw wspoétczynnika Pois-
sona materiatu ptyty na warto$ci ugieé
i sil przekrojowych.

Réwnanie rozniczkowe plyt
spoczywajacych na podlozu
sprezystym Wlasowa

W pracy Nagirniaka (2020) przedsta-
wiono m.in. nastgpujace réwnania phyt
na podtozu sprezystym Wtasowa, wias-
ciwosci ktorego sa opisywane dwoma
uogodlnionymi charakterystykami k& i ¢,
przy zalozeniu, ze kontakt mi¢edzy plyta
a podtozem zawsze istnieje (wigzy dwu-
stronne, oznacza to spetnienia réwnosci
W) = Welg, 0)):

—  plyty cienkiej Kirchhoffa

Vi)~ 22V20(x, ) + sl ) =

_p(x) (1)
D

gdzie

N @
E (1-ve) e a 2

k_(1+vg)(1—2vg){(5(3(2))] *
o ()

= £ z 2 Z

: 4(1+vg)'(['9( )y d )

Eg —modut sprezystosci gruntu [N-m™2],
Ve — Wspotezynnik Poissona gruntu [-],
hg — grubo$¢ warstwy gruntu [m],
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3 (z) — funkcja zanikania przemieszczen

z glebokoscig [-],

D — sztywno$¢ ptyty na zginanie [N-m],

p(x,) — obciazenie zewnetrzne dziatajace

na plyte [N'm™2];

—  plyty $redniej grubosci Hencky’ego—
—Bolle’a

Vi (g ) =23 Vi (g ) +52w(x, ) =

pLx 1
= (Da)—EVZp(xa)
(5)
2y _ 2K -0 (6)
(1-v)
gdzie:
%*5)
7+7
, \k D) 4 k
_ st =

¥ — czeg$¢ rotacyjna wektora prze-
mieszczen,

K — sztywno$¢ plyty na
[N-m].

Funkcja 9(z) jest funkcjg zanikania prze-
mieszczen w podtozu, przy czym przyj-
mujemy 3z) =1.

Scinanie

Wlasow proponuje przyjaé nastepu-
jace postacie funkcji 3(z):
— funkcje liniowa

gdzie:
y — wspoélczynnik zanikania osiadania
gruntu [m’l],
y1 — wspdlezynnik zanikania osiadania
gruntu [-].

Réwnanie modelu podtoza Wiasowa
zapiszemy w postaci (Witasow i Leon-
tiew, 1960):

q(x,) = bowy (3, ) =20V %y (x,, )
W przypadku ugie¢ obrotowo syme-

trycznych ptyt kotowych spoczywaja-

cych na podlozu sprezystym réwnania

(1)1 (5) staja sie rbwnaniami rozniczko-

wymi zwyczajnymi:

—  plyty cienkiej Kirchhoffa na podtozu
Wiasowa

2
1df,d )l _poldf d) al,_
rdr\ dr rdr\ dr

== (11)

(10)

— plyty $redniej grubosci Hencky’ego—
—Bolle’a na podtozu Wtasowa

(L2222 )]0

-l o

(12)

z 1d( d 2K

—1-= 8 — |- w(r)=0 (13)

8(z)=1 I, ® [rdr "ar ) D-v) ()
—  funkcje hiperboliczna Wprowadzmy wspotrzedna bezwy-
miarowg p— , przy czym a jest wiel-

z a
sh 7,( hy z) shy (1 - hg] koscig o wymiarze dlugosci, np. promien
= = (9) Dplyty.

shyh, shy W przypadku kiedy na ptyte nie dzia-
ta roztozone obcigzenie powierzchniowe
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(p), jednorodne réwnania rozniczkowe
(11) 1 (12) zapiszemy w postaci:

2
1d d _ lei ), =
{[pdp[pdpﬂ zapdp[pdpjﬂa}w(p) ’
(14)
gdzie:
P2 =r2a%, 5t =stat, a=1,2 (15)

a rownanie (13) przyjmuje postac:

1 d d 2K
LﬂpEE{pEZJ_Da—w}TU”ZO

(16)
Réwnania (14) mozemy zapisaé
W postaci iloczynowe;j:

Lo ) (22

pdp

[l -

Rozwigzanie réwnania rozniczko-
wego czwartego rzedu mozna zastgpic
uktadem dwoch réwnan drugiego rzgdu:

ltdf d| » —0 (18
Ldp[pdpJ ﬂaﬁ}waﬂ(p) 0 (18)

gdzie:

Hap =Ty £7y =5, (19)
gdzie:

a=12;4=12.

Przy oznaczeniach:

o =2+

a a (20)
) 4 a4
Ho2 =A\Tq =Ty =S¢

réwnania roézniczkowe (18) zapiszemy
W postaci:

tdf d)_ .21, —o
pdp pdp Ho1 | Wai

tdf d1_ .2 .. -0
pdp pdp Hoo a2

Rozpatrzmy dwa przypadki:
>80

21)

W tym przypadku rozwigzaniem
roOwnania rdézniczkowego (14) sa
zmodyfikowane funkcje Bessela ze-
rowego rzgdu, pierwszego i drugiego
rodzaju. Catke ogo6lng rownania (14)
zapiszemy w postaci:

W, (P)=Cily (Ha1p) +
+ CoKo (#1P) + Gl (g2p) +

+ C4Ko (H2P) (22)

2 gl
W tym przypadku parametry ,uglﬂ sa
liczbami zespolonymi

S N PV
Mys = Ty TINS, — 7,

Rozwigzanie réwnania (14) tym
razem mozna przedstawi¢ w postaci
(Kaczkowski, 2000):

(23)
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Wy (P) = Cber (Ko poy/y ) +
+ Gybei(k,p. v, )+
+ Gyker (K, p.w, )+

+ C4kei(1(ap,1//a ) (24)

gdzie:
1 22

K2=52, ¥, =—arccos[r”2’ j (25)
2 52

ber (p,y), bei (p.y), ker (p,y), kei (p,y)
— zmodyfikowane funkcje Bessela, przy

czym (Kaczkowski, 2000):

ber(pup Z[_va)] 06

—0 22n(n')
2n o;
. | p sm(2m//)
b — £ 27
ez(p,l//) HZ:(:)[ 22”(n!)2 } 27)
kei( p,y [ln2 C—In( )]bei(p,t//)—
—yber(p,y)+
= p*sin(2ny) L1
+Zl{ SRy (28)
ker(p,y/):[lnz—C—ln Yol }ber PV )—
2 [ p" cos(2ny ) &1
- bel ,
pretey Z( 2 ()] Z}
(29)

Przy v =% otrzymujemy tzw. funk-

cje Thomsona.

Plyta kolowa obciazona
roéwnomiernym obciazeniem

na brzegu spoczywajaca na podlozu
Wilasowa

Rozpatrzmy plyte kotowa
Hencky’ego—Bolle’a obcigzong réwno-
miernie rozlozonym na brzegu obcigze-
niem Py, spoczywajaca na podtozu Wia-
sowa (rys. 1).

Dla rzeczywistych gruntow wyste-
puja,cych w praktyce budowlanej mamy
do czymema z drugim przypadklem tzn.

< S2 Rozwu;zame réwnania réznicz-
kowego (14) zapiszemy w postaci (24).
Z uwagi na interpretacj¢ fizyczng roz-
patrywanego zagadnienia zmodyfiko-
wane funkcje Bessela ber, bei, ker, kei
musza spetnia¢ warunki: w,(0) < oo oraz
dw, (0)

dp

Uwzgledniajac powyzsze warunki,
stale C3 = C4 = 0. Ostatecznie rozwigza-
nie roéwnania roézniczkowego (14) zapi-
szemy w postaci:

w (p) = Cber (r,0,y5 )+ Cybei (0,175 )

(30)
gdzie xy, y, sa dane wzorem (25).

Poza granicg plyty przy R < p < o
stan naprezeniowo-odksztalceniowy
w podlozu sprezystym wyznacza sig¢
w ogblnym przypadku réwnaniem rdz-
niczkowym (10). Przy braku obciazenia
powierzchniowego dziatajacego na pod-
foze w granicach rozpatrywanego odcin-
ka rownanie (10) zapiszemy w postaci:
kw(p)—2tViw(p)=0 (31)

Rozwigzaniem rownania rézniczko-
wego (31) sa zmodyfikowane funkcje
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RYSUNEK 1. Przekroj ptyty kotowej obcigzonej rownomiernie na okrggu kota, spoczywajacej na pod-

tozu Wiasowa

FIGURE 1. Cross-section of a circular plate evenly loaded on a circle of a circle, resting on the Vlasov’s

subsoil
Bessela zerowego rzedu, pierwszego Q,=Ky, (35)
i drugiego rodzaju. Uwzgledniajac, ze
wz(@) =0, ostateczne rozwingnie row- 1 dg, 4,
nania (31) zapiszemy w postaci: K, = o Kp=——"—
adp ap

wy (p)=C3Ko (2p) G2 1dw (36)

. X adp '*
gdzie:

k
i:a\/; y 1dw(p)+D(1—v)
=— X

Ko(2p) — zmodyfikowana funkcja Besse- P a dp 2K
la zerowego rzedu, drugiego rodzaju. ) d |,

Warunki  brzegowe  zapiszemy ( - v) p %(V pW(P )) +
W postaci:

2 d

wi (1)=wy (1), M,(1)=0, (I_V)Ka%(}@) (37)
O, (N +8,(1)=5,,()+ 5 (33)

Dla ptyty Hencky’ego—Bolle’a sily _ _5hG
przekrojowe zapiszemy w postaci (Je- K=xhG= 6 (38)
mielita, 2001):

G
D= (39)

Mp=D|:(1—V)Kp+V(Kp+K¢)]+ 6(1—1/)

v p, .
+ gdzie:

10(1-v) G4 5= grubosé plyty,
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v — wspotczynnik Poissona materiatu
plyty,
a — promien ptyty.
We wzorze (38) przyjeto wspotczyn-
nik $cinania x = 5/6 (Jemielita, 2002).
Uogodlniong sit¢ poprzeczng S,
w podtozu gruntowym modelu Wiasowa
w uktadzie wspotrzednych biegunowych
wyznaczymy ze Wzoru:

_2tdw,(p)
a dp

S

” (40)

Przyjmujac funkcje zanikania prze-
mieszczen J(z) w postaci (8) oraz zakta-

h 1 h Ve
dajac 6= =—, & =2 21,6 =% =],
I a 10 % a Ty
0. —ﬁ—L dane dla gruntu przyjeto
> G, 5007 g

na podstawie Sorochan i Trofimenkow
(1985), a dla betonu wedlug PN-EN
1992-1-1:2004+AC:2008 (gdzie: 0 — sto-
sunek grubosci plyty do jej promienia, d;
— stosunek grubo$ci warstwy gruntu do
promienia ptyty, d, — stosunek wspot-
czynnika Poissona gruntu do wspot-
czynnika Poissona plyty, d; — stosunek
modutu sprezystosci gruntu do modutu
sprezystosci plyty).

Na rusunkach 2-4 przedstawiono
bezwymiarowe poréwnawcze wykresy
ugiecia oraz sil przekrojowych dla ptyt
Kirchhoffa oraz Hencky’ego—Bolle’a
spoczywajacych na podtozu sprezystym
Wiasowa. Porownano wyniki ugie¢ oraz
sit przekrojowych dla plyt kotowych
(otrzymane wedtug teorii Kirchhoffa
oraz Hencky’ego—Bolle’a) spoczywa-
jacych na podlozu sprezystym Wiaso-
wa. Widoczne jest, ze bardzo szybko
zanikaja przemieszczenia i zastepcze
sity poprzeczne w podtozu gruntowym.

Ugiecia otrzymane wedtug teorii ptyt
Hencky’ego—Bolle’a sg mniejsze od
tych wedlug teorii Kirchhoffa, a mo-
menty zginajace sg wicksze w ptycie
Hencky’ego—Bolle’a.

w

— plyta Hencky-Bolle'a

— — plyta Kirchhoffa

RYSUNEK 2. Wykres ugigcia ptyty spoczywaja-
cej na podtozu Wiasowa dla v =0

FIGURE 2. Diagram of deflection of plate resting
on the Vlasov’s subsoil for v= 0

— plyta Hencky-Bolle'a

— — plyta Kirchhoffa

~—te —

RYSUNEK 3. Wykres momentéw zginajacych
w plycie spoczywajacej na podtozu Wiasowa dla
v=0

FIGURE 3. Diagram of the bending moments in
the plate resting on the Vlasov’s subsoil for v=10

— plyta Hencky-Bolle'a

— — piyta Kirchhoffa

RYSUNEK 4. Wykres sity poprzecznej w ptycie
spoczywajacej na podtozu Wiasowa dla v =0
FIGURE 4. Diagram of lateral force in the plate
resting on the Vlasov’s subsoil for v=10

450

M. Nagirniak



W pracy przeanalizowano takze
wplyw wspolczynnika Poissona mate-
riatu plyty na warto$ci momentow zgi-
najacych, sit poprzecznych i ugie¢ pty-
ty (wyniki przedstawiono na rys. 5-7).
Wspodtczynnik Poissona w znacznym
stopniu wplywa na warto$ci momen-
tow oraz ugigC, praktycznie nie ma zas
wplywu na wartosci sit poprzecznych
zarowno w plycie, jak i podtozu grun-
towym. W tabeli przedstawiono bezwy-

RYSUNEK 5. Wykres ugigcia ptyty Hencky’ego—
—Bolle’a spoczywajacej na podtozu Wiasowa dla
v=0iv=1/4

FIGURE 5. Diagram of deflection of the Hencky—
—Bolle plate resting on the Vlasov’s subsoil for
v=0andv=1/4

RYSUNEK 6. Wykres momentow zginajacych
w plycie Hencky’ego—Bolle’a spoczywajacej na
podtozu Wiasowa dlav=0iv=1/4

FIGURE 6. Diagram of the bending moments of
the Hencky—Bolle plate resting on the Vlasov’s
subsoil for v=_0and v=1/4

RYSUNEK 7. Wykres sily poprzecznej w plycie
Hencky’ego—Bolle’a spoczywajacej na podlozu
Wiasowadlav=0iv=1/4

FIGURE 7. Diagram of lateral force of the
Hencky—Bolle plate resting on the Vlasov’s sub-
soil forv=0and v=1/4

miarowe warto$ci ugigcia oraz momen-
tow zginajacych dla ptyt Kirchhoffa oraz
Hencky’ego—Bolle’a spoczywajacych na
podtozu Wiasowadlap=0ip=1.

Wprowadzono oznaczenie: N,(p) =
= 0,(p) + S,(p) — suma sit poprzecznych
w plycie oraz w podlozu gruntowym.

Podsumowanie

W pracy rozpatrzono teorie ptyt cien-
kich Kirchhoffa oraz $redniej grubosci
Hencky’ego—Bolle’a na jednokierunko-
wym, dwuparametrowym podtozu spre-
zystym Wtlasowa. Ten model uwzglgdnia
napre¢zenia styczne w podtozu grunto-
wym, co z kolei daje doktadniejsze wy-
niki w porownaniu z modelem podtoza
Winklera i pozwala na wyliczenie prze-
mieszczen w podlozu gruntowym poza
granicami konstrukcji spoczywajacej
na podtozu (np. ptyty). Przyjeto liniowa
funkcje zanikania przemieszczen wraz
z glebokoscia. Dla plyty obrotowo-sy-
metrycznej funkcja ugigcia zalezy tylko
od jednej zmiennej przestrzennej (p).
Teoria ptyt Kirchhoffa, jak wiadomo,
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TABELA. Poréwnanie wynikow obliczen plyt Kirchhoffa i Hencky’ego—Bolle’a spoczywajacych na

podtozu Wiasowa w punktach charakterystycznych

TABLE. Comparison of the results of the calculations of Kirchhoff and Hencky—Bolle plates resting on

the Vlasov’s bedrock at characteristic points

1
Ugiecie w(v=0)G W(V:Z]G
plyty P, —

k
Rodzaj . Hencky’ego— . Hencky’ego—
plyty Kirchhoffa “Bolle’a Kirchhoffa “Bolle’a
p=0 134,2 93,1 121,8 93,8
p=1 292.1 2712 256,1 2415
Moment M, (v = 0) M [V = l)
zginajac — L 4
ginajacy RP

plyty k RE,
p=0 0058 | 0,065 0085 | 0,004

ma ograniczony zakres stosowania: za-
lezy od stosunku grubosci ptyty (%) do
jej wymiaru chrakterystycznego (a),
obcigzenia 1 warunkow brzegowych.
W przypadku plyt, ktorych iloraz 4 do
a jest wigkszy od 1/10, nalezy stosowaé
teorie ptyt sredniej grubos$ci, dlatego ze
wyniki moga by¢ obarczone duzym ble-
dem (Jemielita, 2001). Ten sam wniosek
dotyczy plyt spoczywajacych na pod-
fozu sprezystym. Roéznice migdzy war-
tosciami ugie¢ 1 sit przekrojowych plyt
spoczywajacych na podtozu Wtasowa
(uzyskane wedtug teorii Kirchhoffa oraz
Hencky’ego—Bolle’a) zostaly pokazane
na rysunkach 2—4 oraz w tabeli. Wplyw
wspotczynnika Poissona (v) na wyniki
jest istotny dla wartosci ugie¢ i momen-
tow zginajacych, a dla wartosci sit po-
przecznych jest za$ znikomy.
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Streszczenie

Plyty kolowe Hencky’ego—Bolle’a
spoczywajace na podlozu sprezystym
Wiasowa. W pracy przedstawiono roéwnania
teorii ptyt obrotowo symetrycznych, spo-
czywajacych na jednokierunkowym, jedno-
warstwowym, dwuparametrowym podtozu
Wilasowa. Przeanalizowano dwa przypadki
rozwigzania réwnania rézniczkowego ugie-
cia plyty cienkiej oraz $redniej grubosci na
podiozu gruntowym w zaleznosci od wielko-
$ci catkowych charakterystyk f; iS,. Roz-
patrzono przyktad obcigzenia ptyty kotowej
obcigzeniem P; rozlozonym réwnomiernie
na brzegu i przedstawiono bezwymiarowe
wykresy ugiecia, momentow zginajacych
oraz sil poprzecznych w ptycie oraz podto-
zu gruntowym. Zbadano wpltyw wspotczyn-
nika Poissona materialu plyty na wartosci
ugie¢ oraz sit przekrojowych. Wykazano, ze

wspotczynnik Poissona w znacznym stopniu
wplywa na warto$ci ugi¢¢, momentu zgina-
jacego, ma za$ pomijalny wplyw na wartosci
sit poprzecznych.

Summary

Hencky-Bolle’s circular plates rest-
ing on the Vlasov’s elastic subsoil. The
work presents the equations of the theory
of symmetrical plates, resting on one-way,
single-layer, two-parameter Vlasov’s sub-
soil. Two cases of differential equation so-
lution of the plate deflection of thin and me-
dium thickness on the ground substrate were
analyzed depending on the size of the integral
characteristics fé and S;. The example of
loading the circular plate with a P; load
evenly distributed over the edge was con-
sidered and shows dimensionless graphs of
deflection, bending torques and transverse
forces in the plate and in the ground sub-
soil. The effect of the Poisson’s coefficient
of the plate on deflection values and cross-
-sectional forces was investigated. The
Poisson’s number has been shown to have
a significant influence on deflection values
and bending torque, however shown negli-
gible effect on transverse forces values.
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Prospects of electrosleep therapy devices for long-distance

drivers

Key words: encephalogram, biorhythms, cor-
relation coefficients, impulse signals, electro-
sleep therapy devices, long-distance drivers

Introduction

Uncompensated exhaustion is a fair-
ly common problem for truck and bus
drivers on international routes. In case of
uncompensated exhaustion, the driver is
unable to overcome the resulting atten-
tion violations with will effort, which
increases the probability of errors and
accidents. The last claim is confirmed by
the increase in the number of incidents
after 7 h and especially 10 h of work. To
overcome this problem, it is necessary
to stop and fall asleep for a short time.
Recovery comes in about 10-15 min of
relaxation. In order for the recovery to be
as complete as possible within the speci-
fied short period of time, it is reasonable

to use portable devices of electrosleep

(transcranial) therapy (Fig. 1).
Electrosleep (other terms — cranial

electrostimulation therapy, transcranial

'H" BTFEinStimulator

Stimulate Your Life,

® [
O.5mA  10mA  15mA  20ma

FIGURE 1. Portable device for electrosleep the-
rapy (https://thebrainstimulator.net/wp-content/
/uploads/2016/11/tDCS-Brain-Stimulator-v3.jpg)
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electrotherapy) is a general name for
a group of methods aimed at inducing
a similar state in a subject (Peterchev et
al., 2012). The source of stimulation of
the brain is weak impulse current, which
causes sleep of varying depth and dura-
tion. Clinical studies have shown that the
strongest impact is on pulses with a du-
ration of approximately 0.3—0.5 ms and
a frequency of repetition ranging from
0.5-2 to 80-100 Hz. Current levels are
typically of 50-5 mA. More detailed
information can be found on some web-
sites, for example https://caputron.com/
pages/best-tdcs-device or https://www.
tdcs.com/best-tdcs-devices.

TABLE. Classes of devices and types of signals

Pulse repetition rate is selected for
each user individually, based on the func-
tional state of the central nervous sys-
tem, as well as the effect that is achieved
at certain frequencies (Peterchev et al.,
2012). The mechanism of pulsed cur-
rents influence is not completely studied
(Shekelle et al., 2018).

Transcranial electrotherapy is con-
sidered to stimulate endorphin produc-
tion and affect the hypothalamus, caus-
ing changes in neurohormonal regulatory
mechanisms and reticular formation of
the brain stem. The reticular formation
is involved in many behavioral reactions

Class Signal shape Spectrum
P
*
IA ] . - = . .
s Lt e .
-l i i :
7 0 10T 20T 30T
Frequency
A 0637P T
1A ' '
coor 0 10T 20T T
14P T
A Lo
. .
. .
1B A
w LI .- -
A i i :
T t 0 10T 20T 30T
Frequency
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and has a significant impact on body
functioning and thought processes.

There are several classes of electro-
sleep therapy devices studied (Shekelle et
al., 2018; Kernytskyy et al., 2020). They
differ in electrode parameters (number,
location and shape) and in signal shape
features such as intensity and general
shape, as well as pulse shape, amplitude,
duration, polarity, repetition rate, and
pulse series interval. Features of signal
forms of different classes of electrosleep
therapy devices are shown in the table.

In this regard, the development of
methods for determining the parameters
of the electrosleep signal, the action of
which will be most effective, is an im-
portant task.

Models and methods

The aim of this work was to deter-
mine correlation between human brain
biorhythms and electrosleep device signal
by calculating mutual correlation. For this
purpose, the model in MATLAB Simulink
environment was developed. The main el-
ements of the model were an impulse gen-
erator, filters that were used to extract brain
biorhythms from the common encephalo-
gram, and a block for calculating correla-
tion coefficients. The encephalogram was

a b
e N ppe——
e ———] | e e e
Qude K RA09EL- 2/ 0B =0

previously obtained and processed using
the EEGLAB program (Guleyupoglu,
Schestatsky & Fregni, 2015). ICA and AD-
JUST accessories were used for rejecting
the artifact components (https://scen.ucsd.
edu/wiki/EEGLAB). According to the
recommendations (http://xai-medica.com/
neurocom/ica.htm), 4 (F4) lead was taken
for delta and alpha rhythm separation, and
30 (O1) lead was taken for theta and beta
rhythm separation according to the scheme
“10-20". The processed signals of the
leads are shown in Figure 2.

Analysis of simulation results

Subsequent model studies were
conducted in several stages. First, the
frequency dependencies of correlation
coefficients for the signal of devices of
classes IA and IIA were calculated. For
this purpose, the frequency of the rec-
tangular pulse generator was changed
within 0.25—-100 Hz, the pulse width was
20% of the period of repetition.

Figure 3 shows the graphs of cor-
relation coefficient dependence on the
frequency for a unipolar signal is com-
mon for delta, theta and alpha rhythms.
The values of correlation coefficients are
within 0.42-0.63 and reach the maxi-
mum values in the frequency range of

C

P repe———
Fpee Dy S Fabs

- :

ﬁ

W

,1

¥

Y P

ﬂ lﬂ% ‘

o

FIGURE 2. The processed signals of the leads: a — the leads placement; processed signals; b — signal

F4; ¢ — signal Ol
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FIGURE 3. Dependence of the correlation coeffi-
cient on frequency

30-60 Hz. The values of correlation co-
efficients for beta and gamma rhythms
are approximately within the same lim-
its, but the dependence is monotonous.
For a bipolar signal, the situation is sig-
nificantly different. For theta rhythm at
frequencies up to 20 Hz, the correlation
coefficient is close enough to 0, and then
gradually increases to 0.8 at 100 Hz. For
all other rhythms, the correlation coeffi-
cient in the frequency range of 0.25-70
Hz is negative. The maximum modulus
values are for the frequencies 15-25 Hz,
and then they gradually decrease to al-
most zero values. At frequencies 80—100
Hz correlation coefficient changes its
sign and then gradually increases to 0.2.

The next stage was the study of the
correlation coefficient dependence on
the pulse duration for cases of unipolar
(Fig. 4a) and bipolar signal (Fig. 4b).
The frequency of the oscillator was
1 Hz. On the diagrams it is visible, that
for the delta rhythm this dependence in
both cases has approximately the same
character: the maximum on the modu-
lus correlation coefficient corresponds
to the pulse duration of 10%. It can also
be argued that the polarity of the signal
almost does not affect the general type of
correlation coefficient dependencies for
alpha and beta rhythms.

Finally, correlation coefficients for
signals characteristic of class [IB devices
have been calculated. In Figure 5 there
are the families of graphs of correlation
coefficients dependence on frequency
for bipolar signals with the values of
pulses of negative polarity (0.1-0.5) on
the maximum amplitude of the signal.
The graphs show that in the dependen-
cies for delta and theta rhythms is not ob-
served strongly pronounced minimums
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FIGURE 4. Dependencies of the correlation coefficient on the pulse duration from: a — unipolar signal;

b — bipolar signal

and maximums. In the case of alpha
rhythm the maximum is at 20 Hz. In beta
and gamma rhythms there is a change in
signs of correlation coefficients.

Figure 6 shows the graphs of correla-
tion coefficients dependence on frequen-
cy for signals, consisting of the sequence
of two pulses, the amplitude of the sec-
ond pulse was (0.1-0.5) the amplitude of
the first pulse. In general, the character
of the graphs coincides with the graphs
in Figure 5, but the values of correlation
coefficients are higher.

Common to Figures 3, 5 and 6 is that
the correlation coefficients reach their
maximum modulus values in the fre-
quency range of 15-25 Hz.

Conclusions

The encephalogram was processed
using the EEGLAB tool to remove arti-
facts. A model in the MATLAB Simulink
environment was developed to evaluate
the effect of the signal characteristics
of electrosleep therapy devices on brain
biorhythms, with the help of which cor-
relation coefficients were calculated.

Impulse signals of different forms are
investigated, in particular, the influence
of repetition frequency, duration and po-
larity of impulses on the value of correla-
tion coefticients is shown. It is shown that
the strongest influence of the signal from
electrosleep therapy devices on delta and
alpha rhythms of the brain is observed.
This is consistent with a study of enceph-
alograms (Borges et al., 2020), which
states that these rhythms are related to the
resting state, while their stimulation pro-
motes deep sleep and improves memory
and attentiveness. In this regard, the intro-
duction of electrosleep practices for long-
distance drivers is promising, as it will
contribute to improved driving safety. It
is possible to increase the effectiveness of
the stimulation signal by individual selec-
tion of amplitude characteristics.
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Summary

Prospects of electrosleep therapy de-
vices for long-distance drivers. Accomu-
lated exhaustion is a fairly common problem
for long-distance truck and bus drivers on in-
ternational routes. In case of uncompensated
exhaustion, the driver is unable to overcome
the resulting attention violations with will ef-
fort, which increases the probability of errors
and accidents. The last claim is confirmed by
the increase in the number of incidents after
7 h and especially 10 h of work. To overcome
this problem, it is necessary to stop and fall
asleep for a short time. Recovery comes in
about 10—15 min of relaxation.

The source of stimulation of the brain is
weak impulse current, which causes sleep of

varying depth and duration. Clinical studies
have shown that the strongest impact is on
pulses with a duration of approximately 0.3—
—0.5 ms and a frequency of repetition rang-
ing from 0.5-2 to 80—-100 Hz. Current levels
are typically between 50 and 5 mA.

Transcranial electrotherapy is consid-
ered to stimulate endorphin production and
affect the hypothalamus, causing changes in
neurohormonal regulatory mechanisms and
reticular formation of the brain stem. The re-
ticular formation is involved in many behav-
ioral reactions and has a significant impact
on body functioning and thought processes.

The aim of this work was to determine
correlation between human brain biorhythms
and electrosleep device signal by calculat-
ing mutual correlation. For this purpose, the
model in MATLAB Simulink environment
was developed.

The encephalogram was processed us-
ing the EEGLAB tool to remove artifacts.
A model in the MATLAB Simulink environ-
ment was developed to evaluate the effect
of the signal characteristics of electrosleep
therapy devices on brain biorhythms, with
the help of which correlation coefficients
were calculated.
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NajczeSciej wystepujace uszkodzenia fundamentow shupow
linii elektroenergetycznych najwyzszych napiec i sposoby

ich napraw

The most common damage to the foundations of poles of
extra high voltage power lines and the methods of their repair

Stowa kluczowe: trwatos¢ konstrukceji, koro-
zja, badanie pull-off, naprawy niekonstrukcyj-
ne, badanie zaggszczenia gruntu

Key words: durability of the structure, cor-
rosion, pull-off test, non-structural repair, soil
compaction test

Wprowadzenie

W polskiej sieci elektroenergetycz-
nej istnieje tacznie ponad 40 000 km linii
110-750 kV, z czego okoto 14 000 km
stanowig linie najwyzszych napie¢ (NN),
tj. o napieciu 220, 400 lub 750 kV (Doto-
wy, Kraszewski i Rozycki, 2015; PN-EN
50341-1:2013-03). W sklad sieci elek-
troenergetycznej wchodza polaczone
ze soba linie i stacje elektroenergetycz-
ne, ktoérych zadaniem jest rozdzielanie

1 przesytanie energii elektroenergetycz-
nej. Cata sie¢ charakteryzuje si¢ duza
jednolitoscia stosowanych rozwigzan
stupow 1 fundamentow (Zawodniak,
2015). Konstrukcje wsporcza linii NN
stanowig zazwyczaj stalowe stupy kra-
towe (rys. 1a), a w przypadku nowo bu-
dowanych linii coraz cze¢sciej sg to stupy
rurowe (rys. 1b).

Rodzaj fundamentu zalezy glow-
nie od wielkosci podstawy konstrukcji
wsporczej. W przypadku stupow krato-
wych na ogot wykonuje si¢ fundamenty
pod kazda noga konstrukcji wsporczej,
tak zwane fundamenty rozdzielone (wie-
lostopowe) (Scheibe i Szwarczewski,
2019). Wowezas kazdy fundament pra-
cuje niezaleznie, a nieduza wspotpraca
miedzy nimi wynika z potaczenia ich za

Najczesciej wystepujgce uszkodzenia fundamentéw stupow...
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RYSUNEK 1. Konstrukcja wsporcza linii NN: a — stup kratowy. Linia 400 kV Milosna—Ptock (fot.
O. Szlachetka); b — stup rurowy. Linia 220 kV Mory—Mitosna (fot. A. Brzezinska)

FIGURE 1. Support construction of the EHV line: a — lattice tower. Power line of 400 kV Mitosna—
—Plock (photo by O. Szlachetka); b — tubular pole. Power line of 220 kV Mory—Milosna (photo by

A. Brzezinska)

pomoca konstrukcji wsporczej majacej
mala sztywnosci. Fundamenty wielo-
stopowe moga by¢ wykonywane jako
monolityczne (terenowe) badz prefa-
brykowane (grzybkowe) w postaci stop
fundamentowych, ktorych  wymiary
i ksztalt dobiera si¢ na podstawie ro-
dzaju konstrukcji wsporczej, wielkosci
przenoszonych obcigzen oraz cech wy-
trzymatosciowych podloza i warunkéw
gruntowych (Mendera, Szojda i Wandzik,
2014; Zawodniak i Nowicki, 2017).

Zywotno$¢ linii elektroenergetycz-
nych wynosi maksymalnie 50 lat, a wigk-
sz0s$¢ z nich powstata w latach 50. i 60.
XX wieku. Wydluzajacy si¢ czas eksplo-
atacji wymusza koniecznos¢ doskona-
lenia systemu monitoringu stanu tech-
nicznego tych obiektéw, a tym samym
rowniez rozwo6j metod diagnostycznych
pozwalajacych na kontrolowanie, zapo-
bieganie i wczesne identyfikowanie za-
grozen mogacych prowadzi¢ do awarii
(Abramowicz i Lewandowska, 1995;
Freeseman i in., 2016).

Dotychczas w Polsce nie notowano
awarii linii NN, ktorej pierwotng przyczy-
ng bylyby uszkodzenia fundamentéw stu-
péw. Niemniej jednak fundamenty i stupy
istniejacych linii z biegiem lat wymagaja
renowacji 1 modernizacji (Katuga i Za-
wodniak, 2016). Ponadto ograniczeniem
rozbudowy polskiej sieci elektroener-
getycznej linii NN sa restrykcje prawne
— przepisy prawa budowlanego i w za-
kresie ochrony s$rodowiska przyrodni-
czego. Z tego wzgledu wigkszego zna-
czenia nabiera ocena stanu technicznego
juz istniejacych elementow, planowanie
dziatan konserwatorskich oraz stosowa-
nie odpowiednich srodkow naprawczych
tak, aby infrastruktura linii elektroenerge-
tycznych w Polsce doréwnata standardom
europejskim.

Diagnostyka powinna by¢ przepro-
wadzana w wyniku okresowych kontroli
lub wyzszej konieczno$ci spowodowa-
nej potrzebg rozbudowy lub narusze-
niem struktury konstrukcji (Rajwa, 1995).
W zalezno$ci od wynikow przeprowa-
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dzonej diagnostyki wykonywane sa
mniej lub bardziej skomplikowane dzia-
tania naprawcze (Harris, 2001).

Celem gléwnym pracy jest uwypu-
klenie, jak wczesna diagnostyka funda-
mentoéw konstrukeji wsporczych stupow
linii NN, wykorzystujaca nieinwazyjne
1 nieniszczace metody oceny stanu tech-
nicznego, przeklada si¢ na dlugolet-
nig 1 niezawodng pracg calego systemu
przy jednoczesnych matych naktadach
finansowych. Celem posrednim pracy
jest przedstawienie programu napraw
niekonstrukcyjnych oraz zabezpieczen
antykorozyjnych fundamentéw shupoéw
linii elektroenergetycznych NN w wy-
branych lokalizacjach.

Warunki wplywajace na trwalos¢
konstrukcji fundamentow shupow

Zgodnie z normg PN-EN 1992-1-
-1:2008 konstrukcje zelbetowe nalezy
projektowa¢ w taki sposob, aby przez
przewidywany okres uzytkowania spet-
niaty wymagania no$nosci, statecznosci
i uzytkowalnosci bez nieprzewidywa-
nych kosztow utrzymania. Rozroznia
si¢ trzy fazy wplywajace na trwalo$é
konstrukcji — projektowa, wykonawcza
i eksploatacyjna.

W fazie projektowej fundamentom
stupa linii NN nalezy przypisa¢ odpo-
wiednig kategori¢ geotechniczng. Zgod-
nie z normg PN-EN 1997-1:2008 tego
typu fundamenty klasyfikuje si¢ do dru-
giej lub trzeciej kategorii (Runkiewicz,
2011). W przypadku drugiej katego-
rii parametry geotechniczne ustala sig
na podstawie istniejacej dokumentacji
oraz analizy porownawczej wynikow
pochodzacych z badan polowych i la-

boratoryjnych. Jezeli fundamenty sg za-
klasyfikowane do trzeciej kategorii geo-
technicznej, nalezy wykona¢ dodatkowe
badania specjalistyczne (PN-EN 1992-
-1-1:2008; Rozporzadzeniec MTBGM
z 2012 r. w sprawie ustalania geotech-
nicznych ~ warunkéw  posadawiania
obiektow budowlanych). W fazie pro-
jektowej nalezy wzig¢ pod uwage okres
uzytkowania, a klas¢ betonu dobra¢ na
podstawie klasy ekspozycji zaleznej od
warunkow $§rodowiskowych. Z punktu
widzenia trwato$ci fundamentu wazne
sg rowniez grubos$¢ otulenia zbrojenia
oraz szeroko$¢ rozwarcia rys. Zgodnie
z normg PN-EN 1992-1-1:2008 mini-
malna grubo$¢ otulenia powinna chronié
zbrojenie przed korozja oraz zapewniac
bezpieczne przekazanie sit przyczep-
nosci, a rysy nie powinny powodowac
zmniejszenia ochronnego dziatania otu-
liny i1 przyczynia¢ si¢ do wnikania agre-
sywnych sktadnikéw do betonu.

W fazie wykonawczej nalezy za-
chowaé szczegolng ostroznosé, gdyz
podczas wykonywania fundamentow
linii elektroenergetycznych NN mozna
popehi¢ wiele bledow wplywajacych
na ich trwato$¢. Najczesciej popetniane
btedy to: staba jakos$¢ betonu, wykony-
wanie konstrukcji w niesprzyjajacych
warunkach atmosferycznych, zte roz-
mieszczenie przerw roboczych przy be-
tonowaniu, brak zgodnosci wykonanego
zbrojenia z projektem, niezachowanie
projektowanej grubosci otuliny, brak za-
bezpieczenia zbrojenia przed przemiesz-
czeniem, zbyt rzadkie rozmieszczenie
elementéw dystansowych zbrojenia, za-
stosowanie nieodpowiedniego materiatu
na elementy dystansowe, niewlasciwe
zageszczenie lub jego brak, niewlasciwa
pielegnacja, prowadzenie prac w czasie
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twardnienia betonu, zbyt wczesne rozde-
skowanie konstrukcji (Lapinski, 2011).

W fazie eksploatacyjnej w przypadku
linii elektroenergetycznych najwickszym
zagrozeniem sg agresywne substancje ze
srodowiska oraz uszkodzenia mechanicz-
ne. Uszkodzenia fundamentu dzielg si¢ na
te zachodzace w betonie oraz zbrojeniu.
Podczas uzytkowania nie wolno dopuscic¢
do uszkodzenia otuliny w wyniku koro-
zji betonu badz jego catkowitego rozpadu
(Abramowicz i Lewandowska, 1995).

Wyréznia si¢ trzy stadia uszkodzen
betonu. Pierwsze nastgpuje, gdy beton
zobojetnieje inasyci si¢ agresywnymi
substancjami. Jest to najdtuzsze stadium,
beton wtedy zachowuje swoje wlasciwo-
$ci. Poczatek kolejnego stadium nastgpu-
je w chwili, gdy otulina traci swoje wlas-
ciwosci, a zbrojenie zaczyna korodowac.
Pojawienie si¢ oraz nasilenie korozji na
zbrojeniu generuje naprezenia w betonie,
powodujac ostatnie stadium — pekanie
oraz odpadanie otuliny. Proces korozji
mozna spowolni¢ poprzez zachowanie
szczelnosci betonu oraz utrzymanie wy-
sokiego pH otuliny betonowej (Zybura,
Jasniok i Jasniok, 2011).

Podsumowujac, przyczynami uszko-
dzen fundamentoéw linii NN sa: btedy
projektowe, zte poczatkowe zabezpie-
czenie fundamentow przed korozja,
uszkodzenia mechaniczne, czynniki
atmosferyczne, agresywne dzialanie
substancji z otoczenia oraz brak odpo-
wiedniego ksztaltu. Chcac zapobiegac
uszkodzeniom lub usuwac juz powstate,
nalezy przeprowadzaé staly monitoring
oraz wykonywac¢ okresowe remonty.
Jezeli naprawa nie zostanie wykonana
w odpowiednim czasie, uszkodzenia fun-
damentow beda postgpowaty, co zwiek-
sza pdzniejsze koszty naprawy.

Uszkodzenia fundamentow
linii elektroenergetycznych
najwyzszych napieé

Rodzaj i wielkos¢ uszkodzen funda-
mentow linii elektroenergetycznych de-
cyduja o sposobie ich naprawy. Podsta-
wa wyboru odpowiedniego sposobu jest
wlasciwa diagnostyka. Niestety czesto
na podstawie dokumentacji projektowe;j
nie mozna ustali¢, co jest przyczyna po-
wstatych uszkodzen. Duzym problemem
w zakresie oceny stanu technicznego
fundamentow stupdw linii elektroenerge-
tycznych jest czesty brak dokumentacji
technicznej oraz to, ze fundamenty znaj-
duja si¢ pod warstwa gruntu, a odkrywki
sa czgsto kosztowne lub ze wzgledow
eksploatacyjnych niemozliwe.

Najlepsza metoda do sprawdzenia
stanu konstrukcji jest ocena wizualna.
Jest to pierwszy 1 najwazniejszy krok
podczas diagnostyki (Piekarczyk, 2014).
Jezeli na nadziemnej cze$ci fundamen-
tu widoczne sg uszkodzenia w postaci
wykwitow soli, odpryskow, zluszczen,
rys itp., nalezy odkopaé¢ go do gleboko-
$ci maksymalnie 1-1,1 m (odkopanie
na wicksza glebokos¢ moze spowodo-
waé utrate statecznos$¢ konstrukeji). Je-
sli uszkodzenia fundamentu wystepuja
glebiej niz 1-1,1 m, dalsze prace nalezy
prowadzi¢ pod nadzorem do$wiadczo-
nego projektanta linii NN. Dodatkowo
w trakcie ogledzin na miejscu budowy
mozna wykona¢ badanie wytrzymatosci
metoda sklerometryczng, ultradzwig-
kowa, pull-off lub pull-out. Najczgsciej
jest to badanie pull-off. Jest ono najmnie;j
czasochtonne (Biernat, 2018). W badaniu
tym mierzy si¢ wytrzymato$¢ na odry-
wanie od powierzchni fundamentu stalo-
wego krazka o $rednicy 50 mm. Srednia
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wytrzymatos¢ podtoza na odrywanie nie
moze by¢ mniejsza niz 1,5 MPa.

Na podstawie przeprowadzonej wizji
lokalnej podejmuje si¢ decyzj¢ o napra-
wie niekonstrukcyjnej malej badz duzej
z ewentualnym zabezpieczeniem zbroje-
nia lub naprawie konstrukcyjnej. Napra-
wy niekonstrukcyjne ograniczaja si¢ do
napraw powierzchniowych. Przywraca-
ja one ksztatt i wyglad oraz gwarantujg
ochrong przed korozjg. Takie naprawy
mozna wykonywa¢ wedlug informacji
z karty technologicznej i instrukcji ma-
terialow uzywanych do napraw, nie jest
wymagany projekt techniczny. Naprawy
konstrukcyjne majg na celu przywro-
cenie nosnosci 1 trwatosci fundamentu.
Do przeprowadzenia napraw konstruk-
cyjnych wymagane sa projekt i eksper-
tyza obejmujaca identyfikacj¢ przyczyn
powstania uszkodzen, ocen¢ stanu tech-
nicznego obiektu oraz zalecenia doty-
czgce napraw.

Jak podaje instrukcja PSE-Ts.FUND.
NN PL/2014v1, mate naprawy niekon-
strukcyjne przeprowadza si¢ w przypadku
uszkodzen powierzchniowo-wgtebnych,
tj. gdy stwierdzono odpryski, ztuszcze-

nia i osypywanie si¢ betonu, niewielkie
ubytki powierzchniowe, drobne raki, ka-
werny i rysy o szerokosci ok. 0,2 mm,
bez sladéw rdzawych zaciekow. W przy-
padku licznych ubytkow o glebokosci
do kilku centymetrow oraz rys i spekan
o szerokosci wiekszej niz 0,3 mm napra-
wa niekonstrukcyjna klasyfikowana jest
jako duza (rys. 2b). W zakres duzej na-
prawy niekonstrukcyjnej wchodzg row-
niez uszkodzenia w postaci rys otuliny
zbrojenia oraz odspojen badz ubytkow
otuliny, ale bez widocznych wzerow
(rys. 2a). W przypadku duzych ubytkéw
betonu, odspojenia otuliny zbrojenia
na duzych powierzchniach, wystepo-
wania wzerow w stal zbrojeniowa ko-
nieczne jest przeprowadzenie naprawy
konstrukcyjne;.

Zakres napraw niekonstrukcyjnych
ustala si¢ nastgpujaco: jezeli powierzch-
niowe zabezpieczenie fundamentu ule-
glo zniszczeniu i wystepujg niewielkie
ubytki betonu, wowczas nalezy usunac
pozostata powloke ochronng, a nastgp-
nie oczysci¢ podloze z luznych elemen-
tow 1 naprawi¢ zaprawg wyrownawcza.
Przy braku zabezpieczenia i wystepuja-

a b

%y

RYSUNEK 2. Przyktad uszkodzenia fundamentu: a — z odkrytym zbrojeniem; b — z widocznymi od-

pryskami betonu (fot. A. Brzezinska)

FIGURE 2. An examle of foundation’s damage: a — with visible reinforcement; b — with visible chip-

ping of concrete (photo by A. Brzezinska)
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cych uszkodzeniach otulenia zbrojenia
z widoczng warstwa korozji nalezy zas$
usung¢ zdegradowane czgéci betonu,
nastepnie oczysci¢ powierzchni¢ funda-
mentu i zbrojenia, po czym uzupeinié
ubytki betonu zaprawg.

Zakres napraw konstrukcyjnych obej-
muje, jak juz wspomniano, wykonanie
ekspertyzy stopnia degradacji fundamen-
tu z ewentualnymi badaniami uzupeknia-
jacymi, nastepnie usunigcie uszkodzo-
nych czgéci betonu, odtworzenie otuliny
zbrojenia oraz uzupetnienie brakujacego
betonu. Szczegdtowe zasady 1 metody na-
praw betonu oraz ochrony zbrojenia okre-
slaja normy serii PN-EN 1504 (PN-EN
1504-3:2006, PN-EN 1504-7:2017).

Systemy naprawcze i ochronne pod-
czas napraw fundamentéw na liniach
elektroenergetycznych moga by¢ taczone.
Nalezy jednak zwroci¢ uwage, ze potacze-
nie dwoch roznych systeméw moze przy-
nies¢ zarowno dobre, jak i zte skutki. Na
przyktad ochrona powierzchniowa moze
spowodowa¢ zatrzymanie wilgoci, co do-
prowadzi do obnizenia mrozoodpornosci
betonu, a wykonanie dobetonowania przez
wzrost zawilgocenia moze przyspieszy¢
korozje (Czarnecki i Emmons, 2007).

Wykonanie napraw
oraz zabezpieczen fundamentow
shupow na wybranych przykladach

Na podstawie przeprowadzonej wi-
zji lokalnej stwierdzono, ze na analizo-
wanych stanowiskach wystepuja cechy
kwalifikujagce fundamenty do napraw
niekonstrukcyjnych. Ze wzgledu na trud-
ny dostep do stupow wykopy wykonano
szpadlem na szeroko$¢ ok. 40 cm od
granicy fundamentow. Nastepnie funda-

menty oczyszczono metoda piaskowania.
Na stanowiskach 134 (rys. 3a) oraz 123
(rys. 3b) po oczyszczeniu fundamentéw
nie stwierdzono znaczacych uszkodzen
— zbrojenie nie byto widoczne. Na stano-
wisku 38 zbrojenie rowniez nie byto wi-
doczne, zaobserwowano jednak znaczne
uszkodzenia goérnej czesci fundamentu
(rys. 3c). Odspojenia otuliny zbrojenia
przy braku widocznych na odstonigtym
zbrojeniu wzer6w zaobserwowano na sta-
nowisku 108 (rys. 3d).

W kolejnym etapie wykonano ba-
dania pull-off zgodnie z normg PN-EN
1542:2000. Pomiary wykonano cztery/
/pig¢ razy na danym stanowisku. Wyniki
pomiarow dla trzech stanowisk zesta-
wiono w tabeli.

Do naprawy fundamentéw zostaly
uzyte materialy firmy SIKA, ktore maja
krajowe 1 miedzynarodowe aprobaty
techniczne. Do wyréwnania powierzch-
ni oraz uszczelnienia rakéw 1 rys na
stanowiskach 123 i 134, po uprzednim
zwilzeniu  fundamentu, zastosowano
szpachlowke z cementu portlandzkiego
modyfikowanego polimerem z dodat-
kiem kruszywa Sika MonoTop 620. Na
rysunach 4a i 4b przedstawiono funda-
menty z naniesiong warstwg wyrow-
nawczg. Na stanowisku 108 do zabez-
pieczenia antykorozyjnego odstonigtego
zbrojenia zastosowano zapraw¢ na bazie
cementu modyfikowanego polimerami
z dodatkami kruszywa Sika MonoTop
610. Jej gtéwnymi zaletami sg duza od-
porno$¢ na penetracje przez wodg oraz
duza przyczepnos¢ do stali i betonu. Cat-
kowita grubo$¢ powloki zabezpieczaja-
cej miata ok. 1 mm. W miejscu wigk-
szych ubytkéw betonu (stanowisko 38
i 108) zastosowano jednosktadnikowa
zaprawe Sika MonoTop 412 NFG zawie-

466

J. Witkowska-Dobrev, O. Szlachetka, A. Brzeziriska



e )

[

RYSUNEK 3. Oczyszczony fundament: a — stanowisko 134; b — stanowisko 123; ¢ — stanowisko 38;

d — stanowisko 108 (fot. A. Brzezinska)

FIGURE 3. Cleaned foundation: a — workplace 134; b — workplace 123; ¢ — workplace 38; d — work-

place 108 (photo by A. Brzezinska)

TABELA. Wyniki badan pull-off (badania wiasne)

TABLE. Pull-off test resultes (own study)

Srednia wytrzymato$é
Stanowisko na odrywanie Wymaganie
Workplace Mean peel strength Requirement
[MPa]
38 1,89
123 1,74 > 1,5 MPa
134 1,73

rajacg zbrojenie z wildkien. Nastepnie,
tak jak w przypadku stanowisk 1341123,
uzyto szpachlowki Sika MonoTop 620.
Wykonujac ,,czapke”, zachowano mate
spadki, aby na fundamentach nie groma-
dzita si¢ woda. Wyglad fundamentow na

stanowiskach 38 i 108 po natozeniu pro-
duktéw naprawczych przedstawiono na
rysunkach 4c i 4d.

Warto pamigta¢, ze nawet po na-
niesieniu warstw naprawczych funda-
ment bedzie pod wpltywem tych sa-
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RYSUNEK 4. Fundament z naniesiong warstwa wyrownawcza (a — stanowisko 134; b — stanowisko
123) oraz z naniesiong warstwa zabezpieczajaca zbrojenie wraz z warstwa wyrdéwnawczg (¢ — stanowi-

sko 38; d — stanowisko 108) (fot. A. Brzezinska)

FIGURE 4. Foundation with an applied leveling layer (a — workplace 134; b — workplace 123) and with
an applied reinforcement’s protecting layer and with a leveling layer (c — workplace 38; d — workplace

108) (photo by A. Brzezinska)

mych oddziatywan, ktoére spowodowaty
uszkodzenia, dlatego nalezy wykonac
zabezpieczenia antykorozyjne. Dzigki
nim przedtuzy si¢ trwato$¢ fundamen-
tu. Przed przystapieniem do wykonania
warstwy ochronnej natozono warstwe
gruntujagca poprawiajaca przyczepnosc
materialow ochronnych do podioza. Na-
stepnie nalozono material na bazie oleju
antracenowego 1 zywicy epoksydowe;j
z dodatkami wypemiaczy (np. Sika Po-
xitar F). Materiat ten natozono na czgsc
fundamentu znajdujacego si¢ ponizej

powierzchni terenu (PN-B-01807:1988).
Gorng cz¢$¢ fundamentu zabezpieczono
materiatem na bazie zywicy akrylowe;j,
ktory utwardza si¢ pod wptywem pro-
mieni UV. Na styku kotwy z betonem
natozono kit uszczelniajacy, ktory wigze
si¢ pod wptywem wilgoci zawartej w po-
wietrzu. Wyglad fundamentow po nanie-
sieniu warstwy ochronnej przedstawiono
na rysunku 5.

Po pracach zabezpieczajacych fun-
damenty wykop zasypano zageszczo-
nymi co 20-30 cm warstwami gruntu
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RYSUNEK 5. Fundamenty z naniesiong warstwa ochronna: a — stanowisko 134; b — stanowisko 123;
¢ — stanowisko 38; d — stanowisko 108 (fot. A. Brzezinska)

FIGURE 5. Foundation with an applied protecting layer: a — workplace 134; b — workplace 123;
¢ — workplace 38; d — workplace 108 (photo by A. Brzezinska)

rodzimego az do otrzymania wskaznika
zageszezenia (1) wickszego lub rowne-
go 0,95. W przypadku stanowisk, gdzie
grunt rodzimy nie nadaje si¢ do zasy-
pania, nalezy zastapi¢ go gruntem nos-
nym. Grunt spoisty plastyczny nalezy
najpierw przesuszy¢ na odktadzie az do
uzyskania optymalnej wilgotnosci po-
zwalajacej na prawidtowe zaggszczenie.
Na stanowiskach 108, 123 oraz 134 wy-
konano zageszczenie ptyta dynamiczng
HMP-LFG-SK.

Nastepnie przeprowadzono po jed-
nym pomiarze wskaznika zageszczenia

przy kazdej z czterech stop fundamen-
towych danego stanowiska. Zmierzo-
ny wskaznik zageszczenia (/) wynosit
0,95, a dynamiczny modut (£,;) byt
wiekszy niz 10 MPa. Nalezy podkreslic,
ze wiele stanowisk znajduje si¢ w bezpo-
srednim sgsiedztwie pol uprawnych, co
moze prowadzi¢ do zmian wskaznika za-
geszczenia gruntu. Na koniec prac teren
w odleglosci 1 m od fundamentu wyrow-
nano i uksztattowano tak, aby spadek
znajdowal si¢ na zewnatrz stopy. Wyglad
stanowisk 134 i 108 po zaggszczeniu
gruntu przedstawiono na rysunku 6.
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Podsumowanie

Polska sie¢ elektroenergetyczna
osiggneta wiek 50-70 lat i wigkszo$¢
jej elementow zaczyna ulega¢ degra-
dacji. Rozpoznanie i okreslenie stopnia
zaawansowania tego procesu jest trud-
ne zwlaszcza w przypadku fundamen-
tow konstrukcji wsporczych z powodu
braku fizycznego dostepu do tych ele-
mentoéw. Jednoczesnie ocena stanu tech-
nicznego jest niezbedna w planowaniu
odpowiednich prac naprawczych i mo-
dernizacyjnych oraz shuzy utrzymaniu
niezawodno$ci catego systemu sieci.
W celu zminimalizowania kosztéw i za-
pewnienia niezawodno$ci konstrukeji
na dalsze lata eksploatacji nalezy reali-
zowac systematycznie program diagno-
styki i renowacji elementow linii. Wazne
jest, aby do oceny niezawodnosci eks-
ploatowanych konstrukeji budowlanych,
w tym szczegolnie fundamentdéw, wyko-
rzystywa¢ wiarygodne metody diagno-
styczne, dzigki ktorym mozna okresli¢
stan oraz stopien zniszczenia konstruk-
cji  (Abramowicz 1 Lewandowska,

RYSUNEK 6. Zageszczony grunt wokot fundamentu: a — stanowisko 134; b — stanowisko 108 (fot.
A. Brzezinska)
FIGURE 6. Compacted soil around the foundation: a — workplace 134; b — workplace 108 (photo by
A. Brzezinska)

1995) oraz dobra¢ dla nich odpowied-
nie dziatania naprawcze. Bardzo duze
znaczenie w zakresie prowadzonych
renowacji i modernizacji fundamentéw
stupéw linii NN w kontekscie ich trwa-
fosci maja prace zabezpieczajace anty-
korozyjnie beton i zbrojenie. Wykonana
w pore¢ ochrona fundamentow jest w
stanie zminimalizowa¢ wydatki spowo-
dowane zniszczeniami. Przy doborze
materialow potrzebnych do naprawy
i zabezpieczen fundamentow konstrukceji
wsporczych linii elektroenergetycznych
wazne jest, aby w trakcie uzytkowania
zapewnialy one nieprzekraczalne do-
puszczalne odksztatcenia i odpre¢zenia
(Czarnecki, Lukowski i Garbacz, 2017).
Skuteczna naprawa ma na celu przywro-
cenie stanu pierwotnego fundamentu.
Nalezy jednak pamigtaé, ze wykonane
zabiegi remontowe daja mozliwos¢ pra-
widlowego zabezpieczenia obiektu na
dtuzszy czas, ale ich skuteczno$¢ mozna
oceni¢ dopiero po kilku latach.

Poddane diagnostyce fundamenty
stupow linii NN Wielopole—Noszowice
po wizji lokalnej zakwalifikowano do
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napraw niekonstrukcyjnych. Zapropono-
wane dziatania naprawcze miaty na celu
przywrocenia ksztattu oraz estetycznego
wygladu fundamentom. Zastosowane
zabezpieczenia powierzchniowe przy-
czynity si¢ do zwigkszenia odpornos$ci
fundamentow na dziatanie szkodliwych
czynnikoéw uzytkowania, a dzieki wyko-
nanemu zabezpieczeniu antykorozyjne-
mu przedtuzono ich zywotnos¢.
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Streszczenie

NajczeSciej wystepujace uszkodzenia
fundamentéw stupéw linii elektroenerge-
tycznych najwyzszych napieé¢ i sposoby
ich napraw. W pracy omoéwiono zagad-
nienia zwigzane z trwatos$cig fundamentow

stupéw linii elektroenergetycznych naj-
wyzszych napie¢ (NN) oraz przedstawiono
sposoby ich renowacji. W czgéci badawczej
przeprowadzono diagnostyke wybranych
fundamentow stupéw linii NN (400 kV)
Wielopole—Noszowice. W trakcie wizji lo-
kalnej ustalono, ze istnieja odpryski i nie-
wielkie ubytki powierzchniowe betonu, a w
niektorych przypadkach ubytki otuliny zbro-
jenia bez widocznych wzerow. Na podstawie
stopnia uszkodzen okreslono zakres napraw
niekonstrukcyjnych oraz zabezpieczen anty-
korozyjnych, przedstawiajac kolejne etapy
ich realizacji.

Summary

The most common damage to the
foundations of poles of extra high volt-
age power lines and the methods of their
repair. The paper consists of the discussion
of issues related to the durability of foun-
dations of extra high voltage (EHV) power
line poles and possibilities of their renova-
tion. The research part is the diagnostics of
selected foundations of the EHV line poles
(400 kV) Wielopole—Noszowice. During the
on-site inspection, it was found that there
are chipping and small surface defects, and
in some cases losses of the reinforcement
cover without visible pits. Based on the de-
gree of damage, the scope of non-structural
repairs and anti-corrosive protection was de-
termined, presenting the next stages of their
implementation.
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Introduction

Project management in the con-
struction industry is generally based on
a detailed decision analysis, as the deci-
sions made today are crucial for achiev-
ing project goals in the future. This is
particularly important in early project
phases without reducing the importance
of decision-making throughout the project
life-cycle. Fundamental reasons for the
existence of decision-making problems
in civil engineering arise from: specific
conditions of the construction industry
(the final products are inseparable from
the location, i.e. the location has a strong
influence on the building design and its
structural characteristics as well as on the
technology used during construction), the
wishes and attitudes of investors, and the
influence of socio-economic and environ-

mental aspects. Therefore, as Marovi¢ and
Hanak (2017) argued, decision-making
can be considered a critical success fac-
tor in construction management, as deci-
sions drive projects from start to finish.
To solve such problems, the multi-crite-
ria decision-making methods (MCDM),
such as analytic hierarchy process (AHP)
and PROMETHEE, have gained increas-
ing attention over the last two decades in
the field of construction management as
techniques to analyze complex situations
and to support decision makers in their
decisions. These two outranking methods
are well used in the existing literature,
where the decision problem in construc-
tion management is often viewed as single
decision-making approach, but this is not
the case with the group decision-making
approach, where the environment of deci-
sion-making poses even more challenges.
Therefore, this paper consolidates and
discusses the current state of knowledge
regarding the application of both methods
against the background of the specifics of
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the group decision-making in construction
industry.

The main objective of this paper is to
summarize the results of recent research
articles on the application of the AHP
and PROMETHEE methods as tools for
group decision-making to achieve sus-
tainability in civil engineering. Some
of the other objectives have also been
evaluated, such as (i) identifying spe-
cific problems and research areas where
the above mentioned methods can help,
and (ii) evaluating and highlighting the
possible applications and their syner-
getic use.

Research methodology

In order to address how the existing
body of knowledge in civil engineering
has developed in the direction of group
decision-making methods, in particu-
lar the AHP and PROMETHEE meth-
ods, a systematic literature review was
conducted in this study. The research
workflow was designed and developed
(Fig. 1) in such a way that all relevant

Data collection

Literature analysis
(distribution of publications)

literature on a specific research topic can
be identified, examined and evaluated at
an early stage.

The conducted workflow of system-
atic literature review consists of three
processes: data collection, literature
analysis, and thematic discussion. The
first step of data collection process was
database selection, followed by data re-
trieval, and literature screening and sup-
plement. In order to collect the most re-
cent and relevant references, we decided
to use renowned databases Scopus and
Web of Science to get a global overview
of the research topic. The search scope
in those databases was restricted to the
“Title/Abstract/Keywords” field. The
collected contributions and subsequent
reviews reflects papers published in peer-
-reviewed journals, preferably articles
and reviews. To ensure the high quality
and novelty of analyzed knowledge, only
journal papers published between Janu-
ary 2000 and December 2019 were con-
sidered. The survey was conducted using
selected keywords (group decision-mak-
ing, multi-criteria, AHP, PROMETHEE,
civil engineering, sustainable develop-
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FIGURE 1. The systematic literature review workflow
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FIGURE 2. The distribution of AHP and PROMETHEE published papers from 2000 to 2019

ment), and their syntax derivatives. This
resulted in two sets of papers:

Set 1: Papers that consider the AHP
method as a tool for group decision-
-making in civil engineering;

Set 2: Papers that consider the PRO-
METHEE method as a tool for group
decision-making in civil engineering
The literature screening/supple-
ment was performed on all identified
sets. During screening, both sets were
checked in order to filter duplicates and
off-topic ones. Then, a backward search
(cross-referencing) was performed along
the references to avoid missing impor-
tant references. This led to the addition
of several older references, and the pos-
sibilities of the synergic effect of the
methods were discussed.

Concerning the first set, the conduct-
ed survey resulted in a total number of
503 (Scopus) and 443 (Web of Science)
papers. As this paper focuses solely on
group decision-making in civil engi-
neering, a detailed analysis was carried
out with regard to the decision support
method, which allows a sustainable ap-

proach and/or sustainable development.
For the second set 169 papers were
found in Scopus and 78 in the Web of
Science database. In addition, these sets
were reduced by removing duplicities
and papers that are outside the scope of
this study. As the aforementioned clearly
show, there is a large body of knowledge
on group decision-making methods, but
as far as papers related to civil engineer-
ing and sustainable development are
concerned, the range of available litera-
ture is significantly narrower. The result-
ing number of studies that were included
in a detailed investigation dropped sig-
nificantly to a total of 463 (AHP) and
136 (PROMETHEE) papers. This proce-
dure enabled grouping the thematically
similar papers from the entire body-of-
-knowledge before the in-detail literature
analysis.

The literature analysis process con-
sists of two-step analysis: (1) the statisti-
cal distribution of collected publications
across the year of publication, (2) their
distribution across the research areas,
and (3) published journals. The number
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of identified publications and their cor-
responding year of publication are sum-
marized in Figure 2. The following con-
clusions can be drawn from this brief
overview: (i) that there is a significant
difference in their application and pub-
lication between these two outranking
methods in the years 2000-2019, and (ii)
that both methods have been used more
widely by the research community over
the last 10 years.

The majority of the published papers
are oriented towards Business, manage-
ment and accounting, Environmental sci-
ence, Engineering, Social sciences and
Energy research areas. These research
areas are harmonized with the Scopus re-
search areas. All considered publications
are published along with a huge number
of journals indexed in the Scopus and
Web of Science databases. Following
are several journal names with the most
published scientific papers: Sustainability
(21 papers), Expert Systems with Appli-
cations (15 papers), Economic Research
(10 papers), Energy (9 papers), Water Re-
sources Management (9 papers), Interna-
tional Journal of Multicriteria Decision
Making (8 papers), Land Use Policy (8 pa-
pers), Mathematical Problems in Engineer-
ing (8 papers), Resources, Conservation
and Recycling (6 papers). Other journals
published five or fewer papers on the sub-
ject topic and their number exceeds 200.

The final process of the conducted
research workflow based on analysis
and synthesis method, named “Thematic
discussion” consists of three steps: (1)
determining the main areas, (2) critically
addressing them, and (3) identifying fu-
ture challenges and directions. The syn-
thesis of the conducted research is pre-
sented in the following sections.

Results and discussion

Over the last 20 years there have been
numerous papers dealing with decision-
-making and the AHP and PROMETHEE
methods covering various areas of civil
engineering, such as road management,
water management, waste management,
construction site location selection,
building design, facility refurbishment,
logistics, etc. In addition, an overview of
both methods has been published from
time to time. For example, Danesh, Ryan
and Abbasi (2015) presented a detailed
literature review of the AHP method
including its advantages and disadvan-
tages, while Darko et al. (2019) gave
an overview of the AHP application in
the construction industry or specifically
civil  engineering  (Deluka-Tibljas,
Karleusa & Dragicevi¢, 2013). The most
recent literature review of the PRO-
METHEE method with application in the
civil engineering was given by Marovic¢
(2020). Unfortunately, in none of these
reviews was much attention paid to the
problem of group decision-making.

Overview of the AHP as a tool
for group decision-making in civil
engineering

The solution to the problem of deter-
mining the best location or the best con-
struction site for individual facilities is
very popular with researchers. Some of
the authors who have also dealt with this
problem are, Cheng, Li and Yu (2005),
Ishizaka and Labib (2011), Jajac, Bili¢
and Mladineo (2012), Wang, Shen, Tang
and Skitmore (2013), Jeong, Garcia
Moruno and Hernandez Blanco (2013),

Group decision-making in civil engineering based on AHP and PROMETHEE methods 477



Abdullahi, Mahmud and Pradhan (2014),
Jajac, Marovi¢ and Hanak (2015), Jeong,
Garcia Moruno, Hernandez Blanco
and Jaraiz Cabanillas (2016), Giler
and Yomralyoglu (2017), Marovi¢ and
Hanak (2017). The facilities for which
they were looking for the best location
are diverse and include different types of
power plants, hospitals, shopping malls,
wastewater treatment plants, tourist fa-
cilities, landfills, parking areas, etc. The
AHP is most often used in combination
with GIS, (Jajac et al., 2015; Marovic,
Zavrski & Jajac, 2015; Kili¢, Jajac &
Marovi¢, 2018), which has proven to be
a very good solution for such complex
decisions.

Choosing the best alternative when
designing a new facility or reconstruct-
ing an old one is also a problem that is
widely discussed in the literature. Hence,
Nassar, Thabet and Beliveau (2003) has
developed a system that helps to make
appropriate decisions about the assem-
blies to be used in the various building
elements. This decision has a significant
impact on the performance of the build-
ing in relation to the various design cri-
teria and AHP is used to determine the
relative importance weights of these
criteria. Similarly, Marovi¢, Car-Pusi¢
and Hrvatin (2014) developed a model
based on AHP to evaluate public admin-
istration projects. At the scale of single
project, Macieira, Mendonca, Miranda,
Guedes and Tereso (2019) presented an
efficient solution for refurbishment with
architectural membranes, while Hsich,
Lu and Tzeng (2004) used fuzzy logic to
determine the weightings of the evalu-
ation criteria among decision-makers
for selecting planning and design alter-
natives in public office buildings. The

choice between two HVAC system de-
signs by Hopfe, Augenbroe and Hensen
(2013) led to practical way to jointly
evaluate design options based on stake-
holder’s preferences and taking into the
account the uncertainties associated with
the designs.

In the field of road construction and
management, Khademi and Sheikholes-
lami (2010) combined Delphi and AHP
to develop decision-making tool for low-
-class roads maintenance programs.
Their method can be useful in the con-
text of decision-making at government
agencies where decisions for all types
of road facilities (pavement, bridges,
traffic signs, etc.) are made together in
one framework. Road maintenance has
also been addressed by Jajac, Knezi¢
and Marovi¢ (2009), Jajac et al. (2015)
as they dealt with the pavement condi-
tion assessment. Using a case study of
pavement condition, a flexible method
is proposed that can accommodate the
complexity of different roads. Similarly,
Kusar and Selih (2017) presented the
development of a multi-criteria decision
model based on AHP. Their model can
be used in the planning and selection of
passes within the national road network
that intersects with a highway.

In the water management area the
AHP method is mostly used as one of de-
cision tools in decision support systems
for selecting the best plan alternatives
in the environment watershed (Chen et
al., 2011), identifying flood-prone areas
(Arabameri, Rezaei, Cerda, Conoscenti
& Kalantari, 2019), managing flood dis-
asters (Nivolianitou, Synodinou & Man-
ca, 2015), wastewater treatment plants
(Jajac, Marovi¢, Rogulj & Kili¢, 2019),
etc. Also, Ahmad and Verma (2018) ap-
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plied AHP in combination with remote
sensing and GIS to identify the most suit-
able water storage site. They all pointed
out that the integration of AHP and GIS
could be useful in decision making and
in handling large data for effective water
resources management.

The problem of making design deci-
sions from an energy-saving and envi-
ronmental perspective was handled by
Liu, Hsueh, Wu and Chen (2012) with
goal to provide a type of construction
that can effectively provide high energy-
-saving building designs. Prioritization
of large infrastructure projects handled
Ziara, Nigim, Enshassi and Ayyub (2002)
showed synergy of the Delphi technique
and AHP as a framework for prioritiza-
tion of urban infrastructure projects that
are based on project deliverables and
project life-cycle and implementation
guidelines.

All authors highlighted the impor-
tance of reaching consensus in case of
a synergistic group i.e. stakeholders. In
other case, mathematical aggregation is
mandatory. Regarding their research ar-
eas, all authors perform aggregation uni-
formly both at the comparison level and
at the priorities level.

Overview of the PROMETHEE
as a tool for group decision-
-making in civil engineering

The PROMETHEE is an outrank-
ing method for a finite set of alterna-
tive actions to be ranked and selected
among criteria, which are often conflict-
ing (Behzadian, Kazemzadeh, Albadvi
& Aghdasi, 2010). The method requires
very clear additional information that is

easily obtained and understood by both
decision-makers and analysist (Brans &
de Smet, 2016), and therefore is widely
used in helping to solve civil engineering
problems in more sustainable way.
Hence it is often used in the energy
sector, to achieve sustainable energy de-
velopment, where transition to invest-
ment and production of renewable en-
ergy sources is necessary. Some of the
transition strategies include decarbon-
ization of energy system, development
and deployment of low-carbon technolo-
gies, acceleration of energy productivity
improvement and falling fossil fuel use.
Mardani, Jusoh, Zavadskas, Cavallaro
and Khalifah (2015) emphasized use of
MCDM in energy system options, plan-
ning, management, and the economy is
helpful to energy systems development
as well as evaluating their sustainability.
Thus regarding multi-criteria and group
decision-making, some of the research-
ers use PROMETHEE method to evalu-
ate and prioritize the energy system con-
sidering a wide range of environmental,
economic, technical, political and social
criteria. Therefore, Papapostolou, Kara-
kosta, Kourti, Doukas and Psarras (2019)
presented multi-criteria approach based
on an extension of the PROMETHEE
method for group decision-making that
incorporates fuzzy set theory in order to
evaluate alternative transformation path-
ways for achieving a sustainable energy
system while Soni, Singh and Banwet
(2016) prioritize energy sector projects,
namely, coal, gas, hydro and solar using
the MCDM outranking approach of PRO-
METHEE under a fuzzy environment.
Building and construction manage-
ment is another field in civil engineer-
ing where some researchers propose
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their MCDM based models for solving
complex decision-making problems.
Balali, Zahraie and Roozbahani (2014)
developed an algorithm combining two
MCDM methods, namely, ELECTRE III
and PROMETHEE 1I for ranking of
structural systems, while Marovi¢ et al.
(2015) gave a group decision support
concept based on synergic effect of AHP
and PROMETHEE based on GIS. Such
followed by Kili¢ et al. (2018) as they
described and tested their research based
on the establishment of GIS-based de-
cision support for the planning of land
acquisition for the realization of urban
public projects, while Jajac, Rogulj and
Radoni¢ (2017) presented a decision
support concept for the management of
rehabilitation projects during the plan-
ning phase, using PROMETHEE and
AHP methods.

The MCDM can provide solutions
for complicated water infrastructure
management decision-making problems.
For example, Inamdar, Sharma, Cook
and Perera (2018) developed a compre-
hensive methodology framework for
evaluating stormwater harvesting sites
in urban areas using MCDM. In their
research, the decision analysis meth-
odology broadly consisted of deriving
PROMETHEE rankings of eight alterna-
tives, under two distinct group decision-
making scenarios. Alhumaid, Ghumman,
Haider, Al-Salamah and Ghazaw (2018)
evaluate stormwater drainage options
for urban areas of arid regions using
MCDM on the basis of four sustainable
criteria, i.e., flood risk, economic viabil-
ity, environmental impacts, and techni-

cal constraints. In their research, criteria
weights were established through group
decision-making using both AHP and
PROMETHEE. Silva, Morais and Al-
meida (2010) presented a tool to support
the committee responsible for the man-
agement of the watersheds in order to
promote decentralization and the partici-
pation of all involved in water resources
management.

The method is also effective consid-
ering field of road, transportation and lo-
gistics management such as maintenance
management of road infrastructure (Jajac
et al., 2009), selection of the optimal toll
collection system (Milenkovi¢, Glavié
and Mladenovi¢, 2018), as well as loca-
tion selection of a multimodal logistics
center (Pamucar, Tarle and Parezanovi¢,
2018). They highlighted that PRO-
METHEE can offer consistent solutions
and have a stable and well-structured
analytical framework for ranking the al-
ternatives. Macharis, de Witte and Ampe
(2010), Macharis, Turcksin and Lebeau
(2012) proposed a group decision sup-
port system as a tool to support sustaina-
ble decisions in transport projects, while
Sarrazin and de Smet (2015, 2017) ap-
plied a multi-criteria clustering technique
based on PROMETHEE to carry out an
integrated and preventive assessment of
road projects at their design stage.

Regarding their research areas, all
authors perform either scenario ranking
(where scenario represents group con-
sensus) or two-step ranking approach
(individual ranking of each involved
stakeholder then group ranking based on
the previously aggregated values).
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Synergy of both methods
in achieving sustainability in civil
engineering

It is evident that many research-
ers combined both the AHP and PRO-
METHEE method or additional methods
in order to achieve the most appropriate
and sustainable solution in their field of
interest. Such became more of use since
2004, when Macharis, Springael, de
Brucker and Verbeke (2004) proposed
model based on the idea of combining
PROMETHEE and AHP whose syn-
ergy effect is most evident during the
decision-making hierarchy setup. Since,
many researchers used the synergic ef-
fect of these methods in order to solve
their research problem in more sustaina-
ble way and can be found in building and
construction management, road transpor-
tation and logistics management, energy
management, water infrastructure man-
agement, etc.

Many combined AHP and PRO-
METHEE with other MCDM methods,
but also introduced fuzzy logic to both
methods. Especially interesting is the fact
that almost all researchers suggest the
use of GIS with both methods as a plat-
form for visual representation of group
decision-making in civil engineering.

Conclusions

Both AHP and PROMETHEE has be-
come a popular methods for organizing,
analyzing, and modelling complex deci-
sions within the civil engineering. This
paper attempted to review both methods
in support group decision-making as to
improve understanding of the decision

areas and decision problems that could
be efficiently resolved in more sustain-
able manner. The findings revealed that,
although popular, both methods has still
lot to offer in group decision-making in
civil engineering.

This paper could be useful for re-
searchers and practitioners interested
in the application of AHP and PRO-
METHEE to analyze and model their
decisions in managing construction
projects. For researchers, this paper pro-
vides a comprehensive review of past
studies during last two decades, which is
necessary for conducting future studies.
In addition, this paper could help practi-
tioners better understand and judge the
usefulness of AHP and PROMETHEE in
tackling specific decision-making prob-
lems in civil engineering.

Acknowledgements

This research has been fully sup-
ported by the University of Rijeka un-
der the project uniri-pr-tehnic-19-18 and
uniri-tehnic-18-125.

References

Abdullahi, S., Mahmud, A.R.B. & Pradhan, B.
(2014). Spatial modelling of site suitability
assessment for hospitals using geographical
information system-based multicriteria ap-
proach at Qazvin city Iran. Geocarto Inter-
national, 29(2), 164-184.

Ahmad, I. & Verma, M.K. (2018). Application of
analytic hierarchy process in water resources
planning: a GIS based approach in the
identification of suitable site for water stor-
age. Water Resources Management, 32(15),
5093-5114.

Alhumaid, M., Ghumman, A.R., Haider, H.,
Al-Salamah, 1.S. & Ghazaw, Y.M. (2018).
Sustainability evaluation framework of

Group decision-making in civil engineering based on AHP and PROMETHEE methods 481



urban stormwater drainage options for arid
environments using hydraulic modeling and
multicriteria decision-making. Water, 10(5),
581. https://doi.org/10.3390/w10050581

Arabameri, A., Rezaei, K., Cerda, A., Conoscenti,
C. & Kalantari, Z. (2019). A comparison of
statistical methods and multi-criteria decision
making to map flood hazard susceptibility in
Northern Iran. Science of the Total Environ-
ment, 660, 443-458.

Balali, V., Zahraie, B. & Roozbahani, A. (2014).
Integration of ELECTRE III and PRO-
METHEE II decision-making methods with
an interval approach: Application in selection
of appropriate structural systems. Journal
of Computing in Civil Engineering, 28(2),
297-314.

Behzadian, M., Kazemzadeh, R.B., Albadvi, A.
& Aghdasi, M. (2010). PROMETHEE: A
comprehensive literature review on method-
ologies and applications. European Journal
of Operational Research, 200(1), 198-215.

Brans, J.P. & Smet, Y. de (2016). PROMETHEE
methods: Multiple criteria decision analysis.
New York, NY: Springer.

Chen, V.Y., Lien, H.P,, Liu, C.H., Liou, J.J., Tzeng,
G.H. & Yang, L.S. (2011). Fuzzy MCDM
approach for selecting the best environment-
watershed plan. Applied Soft Computing,
11(1), 265-275.

Cheng, E.W., Li, H. & Yu, L. (2005). The analytic
network process (ANP) approach to location
selection: a shopping mall illustration. Con-
struction Innovation, 5(2), 83-98.

Danesh, D., Ryan, M.J. & Abbasi, A. (2015). Us-
ing analytic hierarchy process as a decision-
making tool in project portfolio management.
World Academy of Science, Engineering and
Technology International Journal of Eco-
nomic and Management Engineering, 9(12),
4194-4204.

Darko, A., Chan, A.P.C., Ameyaw, E.E., Owusu,
EXK., Parn, E. & Edwards, D.J. (2019).
Review of application of analytic hierarchy
process (AHP) in construction. International
Journal of Construction Management, 19(5),
436-452.

Deluka-Tibljas, A., KarleuSa, B. & Dragicevi¢,
N. (2013). Review of multicriteria-analysis
methods application in decision making

about transport infrastructure. Gradevinar,
65(7), 619-631.

Giiler, D. & Yomralyoglu, T. (2017). Alternative
suitable landfill site selection using analytic
hierarchy process and geographic informa-
tion systems: a case study in Istanbul. En-
vironmental Earth Sciences, 76(20), 678.
https://doi.org/10.1007/s12665-017-7039-1

Hopfe, C.J., Augenbroe, G.L. & Hensen, J.L.
(2013). Multi-criteria decision making under
uncertainty in building performance assess-
ment. Building and Environment, 69, 81-90.
https://doi.org/10.1007/s12665-017-7039-1

Hsieh, T.Y., Lu, S.T. & Tzeng, G.H. (2004). Fuzzy
MCDM approach for planning and design
tenders selection in public office buildings.
International Journal of Project Manage-
ment, 22(7), 573-584.

Inamdar, P.M., Sharma, A.K., Cook, S. & Per-
era, B.J.C. (2018). Evaluation of stormwater
harvesting sites using multi criteria decision
methodology. Journal of Hydrology, 562,
181-192.

Ishizaka, A. & Labib, A. (2011). Selection of
new production facilities with the group
analytic hierarchy process ordering method.
Expert Systems with Applications, 38, 7317-
-7325.

Jajac, N, Bili¢, I. & Mladineo, M. (2012). Appli-
cation of multicriteria methods to planning
of investment projects in the field of civil
engineering. Croatian Operational Research
Review, 3(1), 113-124.

Jajac, N., Knezi¢, S. & Marovi¢, 1. (2009). Deci-
sion support system to urban infrastructure
maintenance management. Organization,
Technology & Management in Construction,
1(2), 72-79.

Jajac, N., Marovi¢, I. & Hanak, T. (2015). Deci-
sion spport for management of urban trans-
port projects. Gradevinar, 67(2), 131-141.

Jajac, N., Marovi¢, 1., Rogulj, K. & Kili¢, J.
(2019). Decision support concept to selection
of wastewater treatment plant location — the
case study of town of Kutina, Croatia. Water,
11(4). https://doi.org/10.3390/w11040717

Jajac, N., Rogulj, K. & Radni¢, J. (2017). Se-
lection of the method for rehabilitation of
historic bridges — a decision support concept
for the planning of rehabilitation projects.

482

1. Marovi¢ et al.



International Journal of Architectural Herit-
age, 11(2),261-277.

Jeong, J.S., Garcia Moruno, L. & Hernandez
Blanco, J. (2013). A site planning approach
for rural buildings into a landscape using
a spatial multi-criteria decision analysis
methodology. Land Use Policy, 32, 108-118.

Jeong, J.S., Garcia Moruno, L., Herndndez
Blanco, J. & Jaraiz Cabanillas, F.J. (2016).
Sustainable modeling of new second homes
placement in rural area. Estudios Geografi-
cos, 77(280), 191-216.

Khademi, N. & Sheikholeslami, A. (2010). Multi-
criteria group decision-making technique for
a low-class road maintenance program. Jour-
nal of Infrastructure Systems, 16(3), 188-198.

Kili¢, J., Jajac, N. & Marovi¢, 1. (2018). GIS-
-based Decision Support Concept to planning
of land acquisition for realization of Urban
Public Projects. Croatian Operational Re-
search Review, 9(1), 11-24.

Kusar, M. & Selih, J. (2017). Determination of
refurbishment priorities for passes on road
network level. Technical Gazette, 24(4),
1129-1135.

Liu, K.S., Hsueh, S.L., Wu, W.C. & Chen, Y.L.
(2012). A DFuzzy-DAHP decision-making
model for evaluating energy-saving design
strategies for residential buildings. Energies,
5(11), 4462-44380.

Macharis, C., Springael, J., De Brucker, K. &
Verbeke, A. (2004). PROMETHEE and
AHP: The design of operational synergies
in multicriteria analysis. Strengthening
PROMETHEE with ideas of AHP. European
Journal of Operational Research, 153(2),
307-317.

Macharis, C., Turcksin, L. & Lebeau, K. (2012).
Multi actor multi criteria analysis (MAMCA)
as a tool to support sustainable decisions:
state of use. Decision Support Systems, 54(1),
610-620.

Macharis, C., Witte, A. de & Ampe, J. (2010). The
multi-actor, multi-criteria analysis methodol-
ogy (MAMCA) for the evaluation of trans-
port projects: theory and practice. Journal of
Advanced Transportation, 43(2), 183-202.

Macieira, M., Mendonga, P., Miranda Guedes, J.
& Tereso, A. (2019). Evaluating the efficien-
cy of membrane’s refurbishment solutions to

perform vertical extensions in old buildings
using a multicriteria decision-support model.
Architectural Engineering and Design Man-
agement. https://doi.org/10.1080/17452007.
2019.1656597

Mardani, A., Jusoh, A., Zavadskas, E.K., Caval-
laro, F. & Khalifah, Z. (2015). Sustainable
and renewable energy: an overview of the ap-
plication of multiple criteria decision making
techniques and approaches. Sustainability,
7(10), 13947-13984.

Marovi¢, 1. & Hanak, T. (2017). Selection
of adequate site location during early
stages of construction project management:
a multi-criteria decision analysis approach.
1OP Conference Series: Materials Science
and Engineering, 251, 012044. https://doi.
org/10.1088/1757-899X/251/1/012044

Marovi¢, 1. (2020). Multi-criteria decision-mak-
ing in civil engineering — A PROMETHEE
way. Outranking & Decisions [in print].

Marovié, 1., Car-Pusi¢, D. & Hrvatin, Z. (2014).
Establishing a model to evaluate public ad-
ministration projects. e-GFOS, 5(8), 56-66.

Marovi¢, 1., Zavrski, I. & Jajac, N. (2015). Rank-
ing zones model — a multicriterial approach
to the spatial management of urban areas.
Croatian Operational Research Review, 6(1),
91-103.

Milenkovi¢, M., Glavi¢, D. & Mladenovi¢, M.N.
(2018). Decision-support framework for
selecting the optimal road toll collection
system. Journal of Advanced Transportation.
https://doi.org/ 10.1155/2018/4949565

Nassar, K., Thabet, W. & Beliveau, Y. (2003).
A procedure for multi-criteria selection of
building assemblies. Automation in Con-
struction, 12(5), 543-560.

Nivolianitou, Z., Synodinou, B. & Manca, D.
(2015). Flood disaster management with the
use of AHP. International Journal of Multi-
criteria Decision Making, 5(1-2), 152-164.

Pamucar, D.S., Tarle, S.P. & Parezanovi¢, T.
(2018). New hybrid multi-criteria deci-
sion-making DEMATEL-MAIRCA model:
sustainable selection of a location for the
development of multimodal logistics centre.
Economic research-Ekonomska istraZivanja,
31(1), 1641-1665.

Group decision-making in civil engineering based on AHP and PROMETHEE methods 483



Papapostolou, A., Karakosta, C., Kourti, K.A.,
Doukas, H. & Psarras, J. (2019). Supporting
Europe’s Energy Policy Towards a Decar-
bonised Energy System: A Comparative
Assessment. Sustainability, 11(15), 4010.
https://doi.org/10.3390/sul1154010

Sarrazin, R. & De Smet, Y. (2015). Applying mul-
ticriteria decisiopn analysis to design safe road
projects. European Journal of Transport and
Infrastructure Research, 15(4), 613-634.

Sarrazin, R. & De Smet, Y. (2017). Solving
a multicriteria road design problem: a practi-
cal example multiple criteria decision mak-
ing. In C. Zopounidis, M. Doumpos (eds.),
Multiple criteria decision making applica-
tions in management and engineering (pp.
113-136). Springer International Publishing.

Silva, V.B., Morais, D.C. & Almeida, A.T. (2010).
A multicriteria group decision model to sup-
port watershed committees in Brazil. Water
Resources Management, 24(14), 4075-4091.

Soni, V., Singh, S.P. & Banwet, D.K. (2016). Precise
decisions in Indian energy sector by imprecise
evaluation. International Journal of Energy
Sector Management, 10(1), 118-142.

Wang, H., Shen, Q., Tang, B.S. & Skitmore, M.
(2013). An integrated approach to supporting
land-use decisions in site redevelopment for
urban renewal in Hong Kong. Habitat Inter-
national, 38, 70-80.

Ziara, M., Nigim, K., Enshassi, A. & Ayyub,
B.M. (2002). Strategic implementation of
infrastructure priority projects: case study in
Palestine. Journal of Infrastructure Systems,
8(1), 2-11.

Summary

Group decision-making in civil engi-
neering based on AHP and PROMETHEE
methods. The Analytical Hierarchy Process
(AHP) and PROMETHEE have gained in-

creasing attention in the field of construction
management as techniques for the analysis
of complex situations and as decision sup-
port for decision makers. However, these
two methods in themselves or their poten-
tial applications to problems of construction
management are not sufficiently defined in
the existing literature. The environment of
group decision-making bring even more chal-
lenges. This paper consolidates and critically
discusses the current knowledge on the appli-
cation of AHP and PROMETHEE methods
in the light of the specifics of the construc-
tion industry. A systematic literature review
was used to select the contributions indexed
in the databases Scopus and Web of Science.
The findings indicate that the studies deal
with broad topics and different aspects in
different phases of civil engineering projects.
This paper provides a useful reference work
for researchers and practitioners interested in
the application of AHP and PROMEETHEE
as tools for group decision-making in civil
engineering.
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Wprowadzenie

Nadrzgdnym celem prawidtowego
i skutecznego zarzadzania przedsiewzig-
ciami budowlanymi jest zrealizowanie
zadania inwestycyjnego w okre$lonych
parametrach czasowych, kosztowych,
zgodnie z ustalonymi wymaganiami
technicznymi 1 jakoSciowymi. Podsta-
wowymi elementami  decydujacymi
o powodzeniu lub porazce przedsiewzie-
cia budowlanego sa wiec: czas, koszt, ja-
ko$¢ oraz zakres zadania inwestycyjnego
(Mingus, 2001).

Kazde przedsigwzigcie budowlane
wymaga zrownowazenia tych elemen-
tow, poniewaz wszystkie od siebie wza-
jemnie zaleza. Nie mozna modyfikowac
budzetu, harmonogramu ani zakresu
przedsiewzigcia, nie zmieniajac co naj-
mniej jednego z pozostatych elementow
(Kerzner, 2003). Przyktadowo gdy za-
kres przedsiewzigcia wzro$nie, musi to
wplynaé na pozostate elementy i wow-
czas jedynym sposobem utrzymania sta-
tych relacji miedzy tymi elementami jest
wydtuzenie czasu, zwickszenie kosztu
przedsiewzigcia badz obu naraz (Polon-
ski, 2018).

Niedotrzymanie zaplanowanych pa-
rametrow czasowych, kosztowych 1 ja-
kosciowych przedsigwzigcia budowlane-
go moze by¢ konsekwencja istniejacego
ryzyka lub niepewnosci. Kazde zadanie
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inwestycyjne narazone jest na roznego
rodzaju ryzyko. Do najczgstszych ro-
dzajow zwiazanych z realizacja przed-
siewzie¢ budowlanych naleza: ryzyko
czasowe, ryzyko kosztowe, jako$¢ pra-
cy, ryzyko budowlane i ryzyko techno-
logiczne (Zavadskas, Turskis i Tamosa-
itien€, 2010). Z kolei niepewnos¢ moze
mie¢ mierzalng i niemierzalng forme
(Araszkiewicz, 2016). Zarzadzanie nie-
pewnoscia to zarzgdzanie zarowno ryzy-
kiem oraz szansami, jak i zagrozeniami
oraz potencjatami (Gtodzinski, 2014).

Niestety przekroczenie planowanego
budzetu i/lub czasu jest bardzo charak-
terystyczne dla przedsiewzig¢ budow-
lanych i istnieje mato prawdopodobien-
stwo, ze inwestycja budowlana bedzie
przebiega¢ zgodnie z zaplanowanym
harmonogramem rzeczowo-finansowym
(Al-Jibouri, 2003).

Celem niniejszego artykutu jest ana-
liza wybranych przedsiegwzi¢¢ budowla-
nych monitorowanych przez nadzor ban-
kowy w odniesieniu do wystepujacych
odchylen od harmonogramu i budzetu.
Przedmiotem analiz byly trzy budynki
zbiorowego zamieszkania, a do analizy
odchylen zastosowano powszechnie zna-
ng metode wartos$ci wypracowanej (ang.
earned value method — EVM).

Metoda wartoSci wypracowanej
— przeglad literatury

Prawidlowe zaplanowanie i skutecz-
ne kontrolowanie oraz monitorowanie
realizacji przedsigwzie¢ budowlanych
jest istotne dla pomysinej realizacji za-
dania inwestycyjnego. Obszerng grupe
stosowanych metod kontroli i monito-
rowania przebiegu realizacji przedsie-

wzig¢ budowlanych stanowi metoda
warto$ci wypracowanej. Metoda ta po-
lega na kontroli zadania inwestycyjnego
poprzez cykliczne poréwnywanie rze-
czywiscie zrealizowanego zakresu prac
z ich planowanym czasem wykonania
i planowanym kosztem realizacji zgod-
nie z przyjetym planowanym harmono-
gramem i budzetem projektu na poczat-
ku realizacji zadania. Metoda warto$ci
wypracowanej jest uwazana za jedna
z zaawansowanych technik kontroli
projektdw. Zarzadzanie projektami z jej
wykorzystaniem to dobrze znany system
zarzadzania, ktory integruje koszty, har-
monogram i wydajnos¢ techniczng. Me-
toda ta umozliwia obliczanie odchylen
kosztow i harmonogramu oraz wskaz-
nikdw wydajnosci, prognoz kosztow
projektu i czasu trwania harmonogramu.
Wezesne poznanie tych wartosci jest po-
mocne przy planowaniu ewentualnych
dziatan naprawczych (Project Manage-
ment Institute [PMI], 2008).

W literaturze mozna odnalez¢ wiele
prac przedstawiajacych skuteczne zasto-
sowanie metody warto$ci wypracowanej
w rzeczywistych przedsiewzigciach bu-
dowlanych, np. budowa trzech lotnisk
w Belgii (Vandevoorde i Vanhoucke,
2006), budowa centrum logistycznego
w Korei Potudniowej (Kwon, Kim, Paek
i Eom, 2008), budowa infrastruktury ko-
lejowej na potwyspie w Malezji (Kha-
midi, Ali i Idrus, 2011) czy budowa bu-
dynku uzytecznosci publicznej w Polsce
(Potonski i Komendarek, 2011).

Metoda wartosci wypracowanej jest
przystepna i zapewnia stosunkowo do-
ktadng ocen¢ problemu, jednak zauwa-
zalne sg pewne niescistosci i problemy
z jej praktycznym wykorzystywaniem.
Istotnym problemem jest jako$¢ uzy-
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skanych danych finansowo-rzeczowych
z placu budowy. Metoda jest bardzo
,wrazliwa” na wprowadzane dane, a naj-
bardziej newralgicznym punktem analiz
sa modyfikacje harmonogramu z uwagi
na sytuacje losowe wystepujace na placu
budowy oraz sposob klasyfikacji kosz-
tow (Dziadosz, Kaplinski i Rejment,
2014). Dodatkowymi problemami, ktore
pojawiaja si¢ w praktycznym zastosowa-
niu metody warto$ci wypracowanej, sa:
trudno$¢ w prawidtowym i rzeczywistym
okresleniu procentowego zaawanso-
wania wykonanych prac, niepetne dane
o rzeczywistych kosztach poniesionych
na dzien kontroli. Wskazane nieprawid-
lowosci moga prowadzi¢ do btednych
interpretacji otrzymanych wskaznikow
i szacowanych terminow zakonczenia
oraz kosztow projektu (Czarnigowska,
2008). Co podkreslaja przeprowadzone
badania, szacowany koszt i czas trwania
sa bardzo ,,wrazliwe” na dane wyko-
rzystywane w analizie. Chcac uzyskaé
najbardziej wiarygodne oszacowanie
kosztow i czasu trwania inwestycji, na-
lezy prowadzi¢ analizy zgodnie z fak-
tycznym postgpem realizacji projektu.
Szacowane rzeczywiste koszty 1 czas
trwania nie sg niezawodne w pierwszym
okresie projektu, a stabilizuja si¢ dopiero
w drugim okresie, w ktorym w zalez-
nosci od scenariusza przyjetego dla dal-
szych prac szacujg rzeczywiste wartosci
z duzg doktadnoscig (Zidtkowska i Po-
tonski, 2015).

Klasycznie metode wartosci wypra-
cowanej stosuje si¢ przy zarzadzaniu
kosztami, a nie do prognozowania cza-
su trwania projektu. Najnowsze trendy
badawcze wykazuja wzrost zaintereso-
wania wykorzystaniem dodatkowych
wskaznikow wydajnosci do przewidy-

wania catkowitego czasu trwania pro-
jektu (Khamooshi i Golafshani, 2004).
Rozszerzeniem metody wartosci wypra-
cowanej jest np. dodanie elementu do-
tyczacego zarzadzania wypracowanym
czasem (ang. earned duration manage-
ment — EDM). Wiaze si¢ to z wprowa-
dzeniem standardowo niestosowanych
dodatkowych miary, takich jak: wskaz-
nik wydajnosci projektu, wypracowany
wskaznik czasu trwania oraz wspolczyn-
nik zgodnosci (Andrade, Martens i Van-
houcke, 2019).

Zrodia danych
o przedsiewzieciach budowlanych

Aby osiggna¢ postawiony cel badan,
tzn. dokonaé analizy trzech wybranych
przedsiewzig¢ budowlanych monitoro-
wanych przez nadzor bankowy w od-
niesieniu do wystepujacych odchylen od
harmonogramu i budzetu, niezb¢dne byto
pozyskanie rzeczywistych danych doty-
czacych zakonczonych i skutecznie zrea-
lizowanych przedsigwzig¢ budowlanych.
Podstawowymi danymi niezbednymi do
przeprowadzenia badan sg zaplanowany
budzet i czas trwania inwestycji w formie
harmonogramu rzeczowo-finansowego
oraz informacje o rzeczywistym prze-
biegu procesu budowlanego, zwtaszcza
warto$ciach zaptaconych i wykonanych/
/wypracowanych robot budowlanych.

Dane do badan zgromadzono podczas
wieloletniej praktyki autoréw $wiadcza-
cych ustugi bankowego inspektora nad-
zoru w imieniu bankéw udzielajacych
kredyty inwestycyjne dla zamowien nie-
publicznych. Pozyskano dane dotycza-
ce 40 inwestycji budowlanych, tj. 536
raportow sporzadzonych przez uczest-
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niczgcych w przebiegu analizowanych
przedsiewzig¢ budowlanych inspekto-
réow nadzoru bankowego (Bauer-Celny,
Konior i Szostak, 2006-2019).

Autorzy artykutu gromadzili i prze-
twarzali znaczaca czes¢ tych danych
podczas prowadzonych comiesigcznych
bezposrednich inspekcji techniczno-fi-
nansowych na placach budéw realizo-
wanych inwestycji. Zebrane dane byty
wynikiem pomiaréw biezacego stanu
zaawansowania harmonogramu i wyko-
nanych robot budowlanych. Narastajace
warto$ci wykonanych prac na terenie
budowie stanowily skumulowany koszt,
ktory okre$lany cyklicznie 1 spojnie
przez tych samych autorow z audytor-
skim podejs$ciem do pomiaru wyznaczat
przebieg krzywej odpowiadajacej mo-
nitorowanej i kontrolowanej inwestycji
budowlanej. Kazda warto$¢ kosztu wy-
konanych robot budowlanych w kontro-
lowanym okresie rozliczeniowym byla
wielokrotnie sprawdzana i weryfikowa-
na — najpierw przez generalnego wyko-
nawce 1 podwykonawcow, potem przez
wielobranzowych inspektorow nadzoru,
nastepnie przez zespot bankowego in-
spektora nadzoru i ostatecznie przez de-
partament analiz ryzyk inwestycyjnych
banku finansujacego. Wartosci kosztow
wykonanych robot budowlanych byty
kazdorazowo przedstawiane i przetwa-
rzane dokumentacyjnie — w protoko-
fach przerobu i raportach BIN. Wyda-
nie raportu wstepnego, miesigcznego
i koncowego BIN byto poprzedzone we-
wnetrznym sprawdzeniem poprawnos$ci
i weryfikacja spojnosci srodkow finan-
sowych wskazywanych do finansowania
lub refinansowania przez bank.

Zgodnie z przyjeta metodologia
znajac planowany koszt catkowity ro-

bot (BAC) 1 czas wykonania (PD),
po oszacowaniu kosztow rzeczowe-
g0 postepu robdt (EV), poréwnaniu go
z warto$ciami zaplanowanymi w okresie
objetym aktualizacja (PV) oraz po ze-
braniu danych o rzeczywistych kosztach
wykonanych robot (4C) mozna wyzna-
czy¢ podstawowe wskazniki $wiadczace
o realnym postepie prac, tj.: wskaznik
wykorzystania kosztu (CPI) oraz wskaz-
nik wykonania harmonogramu (SPJ),
a takze prognozowane catkowite koszty
zakonczenia robot (EAC) oraz progno-
zowany catkowity czas wykonania robot
(ETTC). Formuty obliczeniowe wedlug
EVM s3 powszechnie znane i opisane
w wielu publikacjach (Potonski i Komen-
darek, 2011; Potonski, 2015; Potonski
i Ziotkowska, 2018).

Analiza pomiaru czasu i kosztu

W niniejszym artykule przedstawio-
no przyktadowa analiz¢ przeprowadzo-
ng dla wybranych trzech przedsiewzig¢
budowlanych dotyczacych budynkdéw
zbiorowego zamieszkania. Podstawowe
dane o analizowanych przedsigwzigciach
przedstawiaja si¢ nastepujaco:

— przedsiewziecie A.l:  planowa-
ny koszt calkowity robot wynosit

17 002 557 PLN netto, planowany

czas wykonania: marzec 2017 — ma-

rzec 2018 1. (tj. 13 miesiecy), rzeczy-
wisty koszt catkowity robot wyniost

17 002 557 PLN netto, a rzeczywisty

czas wykonania: marzec 2017 — czer-

wiec 2018 r. (tj. 16 miesigcy),
— przedsiewzigcie  A.2:  planowa-
ny koszt catkowity robot wynosit

12 580 200 PLN netto, planowa-
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ny czas wykonania: wrzesien 2017
— pazdziernik 2018 r. (tj. 14 miesie-
cy), rzeczywisty koszt catkowity ro-
bot wynidst 12 580 200 PLN netto,
a rzeczywisty czas wykonania:
wrzesien 2017 — grudzien 2018 r. (4.
16 miesiecy),

przedsiewziecie A.3: planowany koszt
calkowity robot wynosit 15231 003
PLN netto, planowany czas wykona-
nia: grudzien 2018 — styczen 2020 .
(. 14 miesigcy). Analiza dla tego
przedsigwzigcia obejmuje okres od
grudnia 2018 do pazdziernika 2019 r.,
dlatego planowany koszt w analizo-
wanym okresie wynosit 12 313 827
PLN netto, a rzeczywisty koszt robot
wyniost 10 457 726 PLN netto.

A1

Na rysunku 1 przedstawiono plano-
wany koszt calkowity robdt w porow-
naniu do rzeczywistego kosztu robot dla
analizowanych przedsiewzie¢ budow-
lanych. Wykresy kosztow skumulowa-
nych przypominajg ksztaltem litere ,,S”.
Krzywe na poczatku i koncu realizacji sa
bardziej ptaskie, a pomiedzy nachylenie
jest strome.

Analizowane przedsiewzigcia bu-
dowlane realizowane byly zgodnie z pla-
nowanymi budzetami. Krzywe ACWP
pokrywaja si¢ z krzywymi BCWP. Dla
przedsiewzigé A.1 i A.2 w pierwszych
miesigcach (0,2 < ¢ < 0,6, gdzie ¢ to cal-
kowity czas trwania przedsigwzi¢cia
budowlanego) tych realizacji dostrze-
galny jest wigkszy postep niz planowa-
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RYSUNEK 1. Planowany koszt catkowity rob6t w poréwnaniu do rzeczywistego kosztu robot dla ana-
lizowanych przedsigwzie¢ budowlanych (opracowanie wlasne)

FIGURE 1. The budgeted cost of the work scheduled versus the actual cost of the work performed for
the analyzed construction projects (own elaboration)
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no (ACWP > BCWS). Potwierdzajg to
wykresy wskaznikow oceny stopnia za-
awansowania robot (rys. 2).
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RYSUNEK 2. Zmienno$¢ podstawowych wskaznikow SV, SV% oraz SPI dla analizowanych budyn-

kow zbiorowego zamieszkania (opracowanie wiasn

e)

FIGURE 2. Variability of basic indicators SV, SV% and SPI for the analyzed residential buildings (own

elaboration)

W trzecim miesigcu budowy wyko-
nano o 20-30% wigcej prac niz zaktada-
no (dotyczy to przedsiewzig¢ A.2 oraz
A.3), od czwartego miesigca widocz-
ny jest za$§ trend spadkowy wszystkich
krzywych wskaznikow. Zauwazalne sa
rowniez ujemne odchylenia od harmo-
nogramu SV, ktore $§wiadczy o opdz-
nieniu. W przypadku przedsigwzigcia
budowlanego A.l sytuacja ta zwigzana
byta z trudnosciami technologicznymi
oraz wigksza pracochtonnoscia niz prze-
widywano w wykonaniu dwukondygna-
cyjnego wykopu szerokoprzestrzennego
w $cianie szczelinowej, warunkami po-
godowymi (kilkunastostopniowy mréz
dobowy) oraz rynkowymi trudnosciami
kontraktowania podwykonawcow przez
generalnego wykonawce. Zbyt mata
liczba pracownikow byta rowniez przy-

ne odchylenie (op6znienie) od harmono-
gramu, co wigzato si¢ z konieczno$cig
jego aktualizacji. Wystapienie opdznien
potwierdza wykres wskaznikow wy-
konania harmonogramu przedstawiony
na rysunku 3 (SPI < 1). Z tego powodu
podczas trwania realizacji wykonano ak-
tualizacje harmonograméw rzeczowo-fi-
nansowych w celu utrzymania mozliwo-
$ci wiarygodnego monitorowania kosztu
i czasu prowadzonego zadania.

Na rysunku 3 zaprezentowano wy-
kresy rozktadu zmiennej ETTC anali-
zowanych realizacji. Widoczne jest, ze
w pierwszej fazie przedsiewzigcia (25%
zaawansowania harmonogramu) pro-
gnozy maja matg trafno$¢. Dwa przed-
siewziecia inwestycyjne (A.1 oraz A.2)
zakonczono po 16 miesigcach. Dostrze-
galne jest, ze w drugiej potowie reali-
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RYSUNEK 3. Wykresy prognozy calkowitego czasu trwania analizowanych budynkéw zbiorowego
zamieszkania (opracowanie wlasne)
FIGURE 3. Forecasts of the total duration of for the analyzed residential buildings (own elaboration)

zacji warto$¢ wskaznika ETTC zdeter-
minowana jest nieduzym odchyleniem
od rzeczywistego terminu zakonczenia
prac.

Whioski ogolne i podsumowanie

Analiza odchylen i wykonania bu-

dzetu oraz harmonogramu przedsigwzig¢
budowlanych monitorowanych przez
nadzor bankowy wykazata, ze:

obliczenia wykonane zgodnie z meto-
dyka wartosci wypracowanej pozwa-
laja na ocen¢ rzeczywiscie wypra-
cowanych kosztéw poszczegolnych
przedsiewzie¢ inwestycyjnych,

na podstawie kilku prostych parame-
trow (EV, PV, AC) i wynikajacych
z nich wskaznikéw (CPI, SPI, EAC,
ETTC) mozna szybko ocenic¢ rzeczy-

wisty postep przedsiewzig¢ budow-
lanych,

szacowane rzeczywiste koszty i czas
trwania nie sg niezawodne w pierw-
szym okresie projektu, a stabilizu-
ja sie dopiero w drugim okresie,
w ktorym w zaleznosci od scena-
riusza przyjetego dla dalszych prac
szacuja rzeczywiste wartosci z duza
doktadnoscia, co wskazuja uzyskane
wyniki dla analizowanych przedsie-
wzig¢ budowlanych,

analiza 1 cykliczne monitorowanie
wskaznikow CPI i SPI pozwala na
prawidlowe zarzadzanie przedsie-
wzieciami inwestycyjnymi. Otrzy-
mane wartosci pozwalaja w odpo-
wiednim czasie na podjecie dzialan
zwigzanych z aktualizacjag harmo-
nogramoéw rzeczowo-finansowych
w celu odzwierciedlenia stanu fak-
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tycznego i prawidlowe oszacowanie

rzeczywistych kosztow i wyznacze-

nie realnego terminu zakonczenia
przedsiewzigcia.

W artykule analize przeprowadzono
tylko dla wybranych budynkow zbioro-
wego zamieszkania. Uzasadnione jest
kontynuowanie badan w odniesieniu do
wystepujacych odchylen od harmono-
gramu i budzetu dla réznych obiektow
budowlanych, np. budynkéw biuro-
wych, obiektow handlowo-ustugowych,
budynkéw hotelowych 1 innych.
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Streszczenie

Odchylenia i wykonania budzetu
oraz harmonogramu przedsiewzie¢ bu-
dowlanych monitorowanych przez nad-
zor bankowy na przykladzie budynkow
zbiorowego zamieszkania. Kluczowymi
elementami decydujacymi o powodzeniu lub
porazce przedsiewzie¢ budowlanych sg czas
i koszt. Celem artykutu jest analiza i ocena
przebiegu zroéznicowanych przedsigwzigé
budowlanych w zakresie badania odchylenia
i wykonania budzetu oraz harmonogramu
przedsigwzie¢ budowlanych. Obliczenia wy-
konane zgodnie z metodyka wartosci wypra-
cowanej (ang. earned value method — EVM)
pozwolity na ocen¢ rzeczywiscie wypraco-
wanych harmonogramoéw oraz kosztow po-
szczegolnych zadan inwestycyjnych. Dane
do analizy pozyskano z wlasnych do$wiad-
czen i pracy zawodowej autordéw artykutu
swiadczacych ustugi bankowego inspektora
nadzoru w latach 2006-2019 w imieniu ban-
kéw udzielajacych kredyty inwestycyjne dla
zamoOwien niepublicznych.

Summary

Deviations and implementation of
the budget and schedule of construction
projects monitored by the bank supervi-
sion on the example of residential build-
ings. Time and cost are key elements that de-
termine the success or failure of construction
projects. The aim of the article is to analyze
and assessment of the course of various con-
struction projects in the field deviations and
implementation of the budget and schedule
of construction projects. Calculations made
in accordance with the earned value method-
ology allowed the assessment of the actual
cost of the work performed and scheduled for
the analyzed construction projects. The data
for analysis was obtained from the authors’
own experience and professional work. The
authors carried out bank investment supervi-
sion in the years 20062019 on behalf of the
banks that grant investment loans for non-
-public contracts.
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Wprowadzenie

Planowanie inwestycji (w tym in-
westycji budowlanych) dotyczy przy-
szto$ci, wigc obarczone jest bledem pre-
dykcji. Nie mozna na wstgpnym etapie
przewidzie¢ wszystkich potencjalnych
zaktocen, dlatego aby lepiej odzwier-
ciedli¢ rzeczywisto$¢ a priori, zaktada
si¢ mozliwo$¢ wystgpienia czynnikow
ryzyka. Czynniki te wystepuja nie tyl-
ko na etapie planowania, ale takze na
etapie realizacji przedsiewzig¢ budow-
lanych. Problem ten dotyczy roznych
przedsigwzig¢ budowlanych (Les$niak
i Janowiec, 2019; Les$niak, Juszczyk

i Piskorz, 2019), w tym realizacji przed-
siewzig¢ budowy drog. Mozna w nich
zidentyfikowac wiele czynnikow ryzyka
wystepujacych na réznych poziomach
zaawansowania poszczegdlnych zadan.
Poprawna realizacja robot ziemnych,
ktore w tego typu przedsigwzigciach
wystepuja juz na etapie poczatkowym,
moze mie¢ ogromny wplyw nie tylko na
koszt realizacji inwestycji, ale rowniez
na czas trwania poszczeg6lnych prac czy
konieczno$¢ wystapienia robot napraw-
czych (Sobotka, Radziszewska-Zielina,
Plebankiewicz, Zima i Kowalik, 2014).
Wystgpienie okreslonych czynnikow
ryzyka moze spowodowa¢ konsekwen-
cje czasowe, kosztowe lub jakosciowe.
Podczas analizy literatury mozna réw-
niez wyselekcjonowa¢ konsekwencje
spoteczne zwigzane np. z utrudnieniami
w przemieszczaniu si¢ ludnosci lub wy-

494

M. Kowacka i in.



padkowoscia na placach budowy (Hota,
2010; Hota i Szostak, 2014).

Prace geodezyjne sa niezbednym
elementem podczas trwania catego
przedsigwzigcia budowy drogi. Obec-
no$¢ geodety na placu budowy zwigzana
jest z pomiarami wstepnymi, domiara-
mi, pomiarami kontrolnymi biezacych
elementow czy elementéw do rozbiorki.
Zatem, jak tatwo wywnioskowa¢, ich
btedna realizacja ma bardzo duzy wptyw
na wykonywane prace budowlane, co
bylo jednym z gtdéwnych powodow zba-
dania tego tematu.

Celem niniejszego artykulu jest
przedstawienie praktycznego zastosowa-
nia logiki rozmytej jako elementu autor-
skiej metody MORAG (ang. Method of
Risk Analysis for Geodesy) z wykorzy-
staniem danych pozyskanych z faktycz-
nych przedsigwzi¢¢ budowlanych.

Logika rozmyta

Autorska metoda MORAG, czyli
metoda analizy czynnikéw ryzyka prac
geodezyjnych w przedsiewzigciach bu-
dowy drég (Kowacka, 2019), polega
na jednoczesnym zastosowaniu metody
analitycznej i logiki rozmytej. Logike
rozmyta przedstawiono przy uzyciu pro-
gramu MATLAB do okreslenia charak-
teru 1 wartosci ryzyka na podstawie bazy
regul oraz funkcji przynaleznosci poda-
nych przez ekspertow. Ekspert podaje
swoje oceny, ktore sg obarczone pew-
nym btedem i pewna niepewnos$cia tym
mniejszymi, im wigksze sa jego wiedza
i doswiadczenie. Charakterystyczne
jest réwniez to, ze problem wystepo-
wania geodezyjnych czynnikow ryzyka
w pracach budowy drog nie jest deter-

ministyczny, wystepuja tu niepewnosci
w okreslaniu wartosci w dtuzszym cza-
sie. Zaobserwowa¢ mozna, ze czynniki
ryzyka, a przede wszystkim ich wptyw
na przedsiewzi¢cie nie sa zamknieta li-
sta. Zarowno ich liczba, jak i poziom
wyliczonego ryzyka moze ulec zmianie,
np. przy wystapieniu mniej awaryjnego
sprzetu zwigkszy si¢ poziom ufnosci,
a co za tym idzie zmniejszy si¢ mozli-
wos¢ popetnienia bledu (Pedrycz, 1993;
Kacprzyk, 1997). Uwzgledni¢ nalezy
to, ze przy ocenie zaréwno ryzyka, jak
1 samych jego czynnikach kluczowy
jest czynnik ludzki, co w sposob istotny
wplywa na oceny ekspertow.

Na rysunku 1 przedstawiono kla-
syczny system typu MISO (ang. Mul-
tiple Input Single Output) jako model
wyznaczania ryzyka dla pojedynczego
czynnika ryzyka, na ktorym znajduja
si¢ trzy wejscia wygenerowane dzigki
pozyskanej wiedzy ekspertow, okresla-
jace hierarchie mozliwo$ci wystepowa-
nia danego czynnika oraz konsekwencje
czasowe i kosztowe. W wyniku analizy
otrzymujemy jedno wyjscie bedace od-
powiednio wartoscig ryzyka. Zastosowa-
no metode wyostrzania (defuzyfikacji)
na podstawie parametru srodka ciezko-
$ci obszaru wystepujacego pod krzywa
funkcji przynaleznosci (Sivanandam,
Sumathi i Deepa, 2007).

Zastosowano tutaj regulator rozmyty,
tzw. sterownik Mamdaniego, wyliczajac
funkcje przynaleznosci. Dla dwuwej-
sciowego modelu reguta begdzie miata
posta¢ (Ficon, 2013)

o (LIS ADAND

OR
NOT

(x21S A2)THEN(y IS C)
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gdzie:

x1, x2, y — zmienne lingwistyczne,

Al, A2, C — zbiory rozmyte, ktore okre-
slajg warto$ci zmiennych lingwistycz-
nych x1, x2, y.

wykazaly wigksza zbieznos¢ wynikow
uzyskanych przy uzyciu sterownika
Mamdaniego od wynikoéw uzyskanych
przy uzyciu sterownika Takagiego—Su-
gena, w ktorym na wyjsciu modelu

I

i
!!ll!

opeyie

\ Raoarang ot vacble 315 lorasbench_louctoms”

RYSUNEK 1. Schemat z programu MATLAB dla czynnika R13 (badania wtasne)
FIGURE 1. Diagram from MATLAB for R13 (own studies)

Dla omawianego modelu reguta
sprowadzi si¢ do postaci (Ficon, 2013)

(x11S A1) AND

— OR  (x2ISA2)AND
NOT

OR
3IS A3)THEN(yISC
NOT (x ) ISC)

gdzie:

x1, x2, x3, y — zmienne lingwistyczne,
Al, A2, A3, C — zbiory rozmyte, ktore
okreslaja wartosci zmiennych lingwi-
stycznych x1, x2, x3, y.

Sterownik Mamdaniego zastoso-
wano w modelu z dwdch powodow. Po
pierwsze warto$¢ wyjsciowa jest w po-
staci zbioru rozmytego. Po drugie mo-
del Mamdaniego dobrze si¢ sprawdza,
gdy system ma stosunkowo mato wejs¢.
Liczba regul bowiem ro$nie wyktadniczo
wraz z liczbg wejs¢ modelu. Dodatko-
wo badania wlasne na kilku czynnikach

zamiast zbior6w rozmytych otrzymywa-
ne sa funkcje najczesciej liniowe. Au-
torzy planuja kontynuacje tego watku
w przysztych publikacjach.

Model systemu rozmytego zostat od-
powiednio przeskalowany tak, aby kore-
lowat z modelem analitycznym. Zakre-
sy odpowiednich warto$ci wejsciowych
1 wyjsciowej musza by¢ zgodne z otrzy-
manymi za pomocg metody analityczne;j,
gdyz trudno byloby w innym przypadku
poréwnac obie metody.

Na rysunku 2 przedstawiono funkcje
przynaleznosci przyktadowej wartosci
wejsciowe] — zmiennej konsekwencje
czasowe, w ktorej okreslono dziedzi-
ne funkcji w skali 0-20. Podobnie jak
w przypadku zmiennej mozliwosé, zato-
zenie dziedziny jest stuszne dla tego kon-
kretnego przyktadu, w kazdym innym
przypadku stosowana jest dziedzina do
n. Gorna granica skali okresla bowiem
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RYSUNEK 2. Przyktadowy model wartosci wejsciowej — zmienna konsekwencje czasowe (badania

wiasne)

FIGURE 2. Sample input value model — variable time consequences (own studies)

liczebnos¢ zbioru czynnikow ryzyka,
a w tym przypadku autorzy wspomaga-
jac si¢ informacjami otrzymanymi od
ekspertow, sprecyzowali 20 czynnikow
ryzyka geodezyjnego w przedsiewzie-
ciach budowy drog. Przedstawiona funk-
cja przynaleznos$ci wizualizuje ksztatt
funkcji jako trapezowy.

Analogicznie przedstawione sg po-
zostale wartosci wejSciowe modelu, tj.
zmienna mozliwos¢ oraz zmienna konse-
kwencje kosztowe. W wyniku przegladu

literatury dokonano wyboru okreslonych
ksztaltow funkcji przynaleznosci, kto-
rych zastosowanie zaowocowato otrzy-
maniem przedstawionych wynikow. Po
przetestowaniu roznych mozliwosci au-
torzy dokonali takiego wyboru funkcji
przynaleznosci, poniewaz najlepiej kore-
lowaty z wynikami otrzymanymi wprost
z metody analityczne;j.

Na rysunku 3 przedstawiono ryzyko
za pomocg funkcji trojkatnych oraz dzie-
dziny 0-0,1. Warto$¢ ryzyka zawarta jest

RYSUNEK 3. Model wartosci wyjsciowej ryzyka (badania wtasne)

FIGURE 3. Risk baseline model (own studies)
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w przedziale [0, 0,1], co pokazano na ry-
sunku 1. Zakres przedstawiania ryzyka
zostal przeskalowany w celu zwigksze-
nia przejrzystosci wynikow oraz uta-
twienia poroOwnania wartosci uzyska-
nych za pomoca zmiennych rozmytych
z warto$ciami wyznaczonymi wprost
przy uzyciu metody analityczne;.

Na rysunku 4 przedstawiono baze
regut zamodelowang w przeznaczonym
do tego edytorze. Kazdy czynnik ryzyka
zdefiniowano osobno jako system z trze-
ma wej$ciami i jednym wyjsciem. Zgod-
nie z danymi od eksperta kazda ze zmien-
nych wyjsciowych jest zamodelowana
z uzyciem pieciu funkcji przynaleznos$ci,
dlatego liczba regut dla kazdego czynnika
wynosi 125 = 5°. Wartosé ryzyka jest ob-
liczana na podstawie mozliwosci wysta-

pienia czynnika, konsekwencji czasowej
oraz kosztowej (Klir i Folger, 1988).

Ostatecznie otrzymano schematy,
ktore wskazuja na zmienno$¢ ryzyka
1 wizualizujg okreslone wyniki (rys. 5).
System jest zamodelowany w przestrze-
ni czterowymiarowej (trzy wejscia oraz
jedno wyjscie), zatem mozliwos¢ wizu-
alizacji wynikow wymaga wizualizacji
cze$ciowych. Na ptaszczyznie w sposob
czytelny mozna przedstawi¢ przestrzen
maksymalnie tréjwymiarows. Z tego
powodu na rysunku 5 przedstawiono
wykresy ukazujace zalezno$ci wartosci
wyjsciowej (ryzyka) umiejscowiongj
zawsze na osi Z (pionowej) od warto-
$ci wejsciowych podanych parami od-
powiednio na osiach X 1 Y (Kacprzyk,
1986; Bubnicki, 2005).

sk mence_ctmawe a

ean

70. f (moziwosc is mi3} and (konsekwenci__czasowe is mi4) and (konsekwencie__kesziowe is miS) then (ryzyko is mi3} (1)
71, If (moziwosc is MI3} and (konsekwenc _czasowe i mIS) and (kansekwencie_ koeziowe ig mi1 ) then (ryzyko iz mi3} (1)
72. f (moziwoscis mf3) and (konsekwencie__czasowe is mfS) and (konsekwencie_koszlowe is mi2} then (ryzyko is mf3) (1)

moziwosc is MI3) and (koneekwencys_czasowe ie MIS) and (konsekwencie_ kpeziowe ie mid) then (ryzyko i mi3) (1}
moziwosc is mf3) and (konsekwencie__czasowe is mfS) and (konsekwencie_koszlowe is mfS} then (ryzyko is mf4) (1)

wosc is mid) and (konsekwence__czasowe is mi1) and (konsekwencie_kpsziowe is mi2) then (ryzyko i mf1} (1)
wosc is mfd) and (konsekwencie__czasowe is mf1) and (konsekwencie__kosziowe is mf3) then (ryzyko is mf} (1)
ziwosc is mfd) and (konsekwencie__czasowe is mf1) and (konsekwencje__kesztowe is mfd) then (ryzyko is mf1) (1)
is g} and ) j__czasowe i mf1) and (konsekwencie_kpeziowe is mfS} then (ryzyko i mf2) (1)

e |

‘ 71 rane: rzpenev

B1. If (moziwosc is mid} and (konsekwencie__czasowe is mf2) and (konsekwencie_koszlowe is mfl} then (ryzyko is m ) (1)
82 If (moziwosc is mf4} and {konsekwencie_czasowe is mi2) and (konsekwencie__kosztowe is mf2) then (ryzyko is m2) (1)
3. f (moziwosc is mf4) and (konsekwencie__czasowe ie mf2) and (konsekwencie_kesziowe is mf3) then (ryzyko & mt2} (1)

RYSUNEK 4. Edytor regut (badania wtasne)
FIGURE 4. Rules editor (own studies)

[ —————— e o ==

RYSUNEK 5. Zaleznos$¢ ryzyka od konsekwencji: czasowych i prawdopodobienstwa (a), kosztowych
i prawdopodobienstwa (b) oraz czasowych i kosztowych (c) (badania wlasne)

FIGURE 5. Risk dependence on consequences of: time and probability (a), cost and probability (b), and
time and cost (c) (own studies)
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Dane do obliczen

Obliczenia sporzadzono dla 20 czyn-
nikow ryzyka prac geodezyjnych, opisa-
nych szczegotowo w innej publikacji au-
torow (Kowacka, Skorupka, Duchaczek,
Waniewska i Dudziak-Gajowiak, 2019),
ktore wyspecyfikowano na podstawie
analizy literatury przedmiotu, dos§wiad-
czenia, wiedzy eksperckiej, dostgpnej

dokumentacji oraz analizy studium
przypadku.
Okreslenie  hierarchii  prawdopo-

dobienstwa oraz konsekwencji przy
uwzglednieniu kryteriow czasu i kosztu
daly wyniki okreslone w tabeli 1.

Analizy z wykorzystaniem logiki
rozmytej

Podstawowym uzasadnieniem zasto-
sowania logiki rozmytej w autorskiej me-
todzie analizy ryzyka prac geodezyjnych
MORAG jest konieczno$¢ uwzglednienia
niepewno$ci w wiedzy eksperta. Prze-
prowadzenie analizy dostgpnej literatury
przedmiotu wykazalo, ze zastosowanie
zmiennych losowych i rozkladéw praw-
dopodobienstwa nie spetnia wymagan dla
metody analizy ryzyka prac geodezyjnych
w przedsiewzigciach budowy drog, zato-
zonych przez autoréw. Istotnym elemen-
tem jest wigc zastosowanie logiki rozmy-
tej. Otrzymane wyniki wartosci ryzyka
oraz ryzyka z uwzglednieniem wptywu
na koszt 1 czas realizacji harmonogramu
przedstawiono w tabeli 2.

Analiza wynikéw

W wyniku zastosowania logiki roz-
mytej otrzymano konkretne warto$ci
zarowno catkowitego ryzyka (tj. przy

uwzglednieniu wpltywu na czas i koszt
przedsiewzigcia), jak i ryzyka dla po-
szczegolnych czynnikdéw przy uwzgled-
nieniu tylko jednej z tych konsekwencji
(tylko czasowych lub tylko kosztowych).
Otrzymane wyniki wyraznie nie prze-
kraczaja dla poszczegolnych czynnikéw
10% wartosci catosci.

Ideg zastosowania rozmytej repre-
zentacji wiedzy byto uwzglednienie nie-
pewnosci zarbwno eksperta, jak i tej wy-
nikajgcej z samego charakteru ryzyka.

Autorzy planujag w kolejnych bada-
niach skupi¢ si¢ na analizie zastosowania
innych parametrow modelu rozmytego,
a takze na pozyskaniu wigkszej liczby
ekspertoéw w celu uzyskania jeszcze bar-
dziej precyzyjnych wynikow.

Podsumowanie

Warto zwroci¢ uwage, jak znaczace
jest, aby prace geodezyjne podczas rea-
lizacji przedsiewzie¢ budowlanych bytly
w jak najmniejszym stopniu obarczo-
ne wystgpowaniem czynnikow ryzyka.
Wykonanie btednych pomiaréow, ktoére
zostang wdrozone do realizacji bez wy-
chwycenia ich niepoprawno$ci, moze
nie$¢ za soba znaczace koszty, a takze
opoznienia w realizacji przedsiewziecia
oraz moze spowodowaé¢ koniecznosc
rozbiorki elementow gotowych. Z tego
powodu podjeto prace nad opracowa-
niem metody analizy ryzyka prac geo-
dezyjnych w przedsigwzieciach budo-
wy drog, czego element przedstawiono
w artykule. W pracy przedstawiono
rowniez zastosowanie logiki rozmytej
do okreslenia charakteru i wartos$ci ry-
zyka prac geodezyjnych na podstawie
bazy regul oraz funkcji przynalezno$ci

Okreslenie charakteru i wartosci ryzyka prac geodezyjnych...
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TABELA 1. Okreslenie hierarchii prawdopodobienstwa i konsekwencji wystapienia zidentyfikowa-
nych czynnikow ryzyka (Kowacka, 2019)

TABLE 1. Determining the hierarchy of probability and consequences of occurrence of identified risk
factors (Kowacka, 2019)

> = =
ElT 2 |2 oz
25| 2 £ 5 2
28| & £ g .8
. SE| 282|222
C;ynmk ryzyka < & E¥G 2| 5885 S
Risk factor <20 | desg8|tesgs
£E82| =285 |E28%
25 2| 288¢e| 2832
gz | g E» 2 E | E E\ 23
SE8| 8085|8558
T eZ| T 0! | @m0
R1 — blednie przyjety uktad poziomy 2 11 13
R2 — btednie przyjety uktad wysokosciowy do opracowania 3 13 14
danych i wyniesienia w teren
R3 — brak opracowania planu generalnego, a p6zniej 1 1 7
jego aktualizacji
R4 — brak pozyskania z zasobu PODGiK informacji GESUT 2 12 12
R5 — btedne opracowanie numerycznego modelu terenu 5 11 11
R6 — brak odpowiedniego transportowania instrumentow 9 6 3
geodezyjnych
R7- brak biezacej kontroli sprzgtu 9 10 11
R8 — brak odpowiedniego doboru sprzgtu 7 12 11
RY — btedne nawigzanie wysoko$ciowe 7 13 11
R10 — bledne nawigzanie sytuacyjne 5 14 12
R11 — brak kontroli wykonanego tyczenia 7 9 11
R12 — blednie wykonane tyczenie poprzez opisywanie 5 9 10
na paliku przewyzszenia do poziomu projektowego
R13 — nieodpowiednie dobranie sposobu markowania 4 9 9
tyczonych
R14 —brak tyczenia obiektow kubaturowych na tawicach 3 7 8
R15 — brak inwentaryzacji istniejacych elementow
P 0 8 7
przeznaczonych do rozbiorki
R16 — nieprawidtowa lokalizacja punktéw kontrolnych, 1 13 9
punktow osnowy
R17 — nieprawidlowa lokalizacja punktéw osnowy realizacyj-
. . . L7 . 11 12 10
nej — punkty powodujace kolizje z elementami projektowymi
R18 — brak kontroli danych z zasobu PODGiK 4 9 9
R19 — brak komunikacji z wykonawcami poszczegdlnych
. 12 15 14
asortymentow
R20 — brak odpowiedniej generalizacji pomiarow 7 6 5
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TABELA 2. Warto$¢ ryzyka dla i-tego czynnika (Kowacka, 2019)
TABLE 2. Risk value for the i-th factor (Kowacka, 2019)

Cominola| Vewinie | e | v
Value of cost risk Value of time risk
1 0,0369 0,0466 0,0343
2 0,0471 0,0482 0,0449
3 0,0262 0,0214 0,0324
4 0,0369 0,0423 0,0386
5 0,0472 0,0495 0,0471
6 0,0415 0,0495 0,0385
7 0,0616 0,0664 0,0570
8 0,0612 0,0558 0,0689
9 0,0618 0,0558 0,0705
10 0,0547 0,0522 0,0597
11 0,0498 0,0558 0,0501
12 0,0453 0,0452 0,0420
13 0,0368 0,0359 0,0378
14 0,0283 0,0319 0,0263
15 0,0192 0,0161 0,0185
16 0,0785 0,0650 0,0828
17 0,0781 0,0750 0,0815
18 0,0368 0,0359 0,0378
19 0,0939 0,0900 0,0917
20 0,0313 0,0265 0,0294

podanych przez ekspertéw, co pozwala
na poréwnanie uzyskanych wynikéw z
tymi otrzymanymi przy uzyciu tradycyj-
nych metod (analitycznych).
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Streszczenie

Okreslenie charakteru i wartosci ry-
zyka prac geodezyjnych z zastosowaniem
logiki rozmytej. Artykut jest kontynuacja
cyklu prac nad metoda analizy ryzyka prac
geodezyjnych w przedsiewzigciach budowy
drog. W pracy przedstawiono zastosowanie

logiki rozmytej do okreslenia charakteru
i wartosci ryzyka prac geodezyjnych na
podstawie bazy regut oraz funkcji przyna-
leznos$ci podanych przez ekspertow. Uzasad-
nione jest to tym, iz problem wystgpowania
geodezyjnych czynnikow ryzyka w pracach
budowy drog nie jest deterministyczny.
W pracach tego typu wystepuje wiele niepew-
nos$ci w okreslaniu wartosci czasu ich trwania
w dhuzszym okresie. Metod¢ przedstawiono
W postaci teoretycznej wraz z przyktadem jej
zastosowania. Zaprezentowano réwniez ze-
stawienie wynikéw badan w formie porow-
nawcze] w odniesieniu do wczesniejszych
publikacji wykorzystujacych inne narze¢dzia
badawcze.

Summary

Determining the nature and value of
the risk of geodetic works using fuzzy logic.
The article is a continuation of the series of
works on the method for risk analysis in sur-
veying works in road construction projects.
The paper presents the application of fuzzy
logic to determine the nature and value of the
risk of surveying works based on a database
of rules and affiliation functions provided by
experts. The fact that the issue of occurrence
of risk factors in road construction works is
not deterministic justifies the above. In such
works, there are many uncertainties in es-
tablishing the value of their duration in the
long term. The theoretical framework of the
method is presented together with an ex-
ample of its application. Moreover, research
results are compared with previous publica-
tions using other research tools.
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Wplyw alkoholu na ryzyko wypadku na stanowiskach pracy
z wykorzystaniem rusztowan budowlanych

The effect of alcohol at the workplace with the use of
scaffolding on individual’s occupational accident risk

Slowa Kkluczowe: rusztowanie budowlane,
wypadek przy pracy, bezpieczenstwo pracy,
uzywki, alkohol

Key words: scaffolding, accident at work, oc-
cupational health and safety, drugs, alcohol

Wprowadzenie

Naduzywanie spozywania alkoholu
jest powszechnie uwazane za powazne
zagrozenie dla zycia, zdrowia 1 bezpie-
czenstwa pracownikow oraz osob po-
stronnych (Miller, Zaloshnja i Spicer,
2007). Wedlug World Health Organi-
zation alkohol znajduje si¢ na trzecim
miejscu wsrdéd czynnikow ryzyka dla
zdrowia ludzi, a ponad 60 rodzajow cho-
rob 1 urazoéw ma zwigzek ze spozywa-
niem alkoholu (Anderson i Baumberg,
2006; Panstwowa Agencja Rozwigzywa-
nia Problemow Alkoholowych [PARPA]
2010).

Powszechnie wiadomo, ze stoso-
wane uzywki (m.in. alkohol, papierosy,
atakze substancje psychoaktywne) wply-
waja na zaistnienie sytuacji wypadkowej
w roznych galeziach gospodarki, m.in.
w budownictwie (John, Hanke i Freyer-
-Adam, 2018). Wedlug badan nauko-
wych poswieconych naduzywaniu alko-
holu grupa pracownikow budowlanych
nalezy do czotowki zawodow, w kto-
rych odsetek alkoholikow jest znaczacy
(du Plessis, Corney i Burnside, 2013; Yi
i Chan, 2016).

Pracownik budowlany to typowo
meski zawod wymagajacy wysitku fi-
zycznego, wykonywany na zewnatrz,
zespolowo, niejednokrotnie w trudnych
warunkach pogodowych. Te uwarun-
kowania sprzyjaja, aby po wysitku dla
rozprezenia zespotowo spozy¢ alkohol.
Dodatkowo czynnikiem przyczyniaja-
cym si¢ do naduzywania alkoholu wérod
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pracownikéw budowlanych jest napigcia
psychiczne wywotane pracg w budowni-
ctwie, a mianowicie: stres, presja czasu
i przetozonych, a takze depresja (Flan-
nery, Ajayi i Oyegoke, 2019).

Jak zostalo to udowodnione, spozy-
wanie alkoholu wplywa negatywnie na
zdrowie czlowieka, zmniejsza zdolnos¢
do prawidlowego bezpiecznego, tj. bez-
usterkowego 1 bezwypadkowego, wy-
konywania codziennych standardowych
czynno$ci (np. prowadzenie pojazdow,
poruszanie si¢), a takze czynno$ci za-
wodowych (np. praca w biurze, na bu-
dowie, na rusztowaniach) (Demirel i in.,
2018). Ponadto alkohol wplywa m.in. na
zdolnosci psychomotoryczne (zaburze-
nia rownowagi, mowienia i mys$lenia,
spadek koncentracji, uposledzenie koor-
dynacji ruchowej, pogorszenie zdolnosci
postrzegania zagrozen i inne), uszkadza
wiele organow (Howland i in., 2001).
Spozycie znacznej ilosci alkoholu na
czczo moze prowadzi¢ do hipoglikemii
i spadku poziomu cukru we krwi (Huang
iin., 2015). Taki stan moze prowadzi¢ do
ograniczenia umiejetno$ci manualnych,
zmeczenia i rozdraznienia, co moze by¢
przyczyng wypadkoéw. Czgsto osoby, kto-
re poprzedniego dnia spozywaly alkohol,
przeswiadczone sg o swojej trzezwosci
na podstawie wiasnej oceny i dobrego
samopoczucia, co jest niejednokrotnie
nieprawda. Nawet popularny wsrod wie-
lu 0s6b mit, ze tempo spadku zawartosci
alkoholu we krwi mozna przyspieszy¢
poprzez dtugi sen, zimny prysznic, picie
wody 1 kawy, jest nieprawdziwy.

Badania statystyczne pokazuja, ze
organizm przecigtnego czlowieka jest
w stanie spali¢ od 0,12 do 0,15%o alkoho-
lu na godzine. Proces spalania alkoholu
zalezy od wielu czynnikdéw, m.in.: plci,

masy ciata, indywidualnych predyspo-
zycji zwigzanych z przemiang materii,
ilosci i rodzaju spozywanych pokarmow
czy stanu zdrowia. Przy matych ilo§ciach
spozytego alkoholu wydalany jest on
z wydychanym powietrzem i moczem,
dopiero wigksze ilosci atakuja organizm,
docierajac do mézgu i innych narzadow.
Nadmierne i dlugotrwate spozywanie
alkoholu moze prowadzi¢ do wystapie-
nia alkoholowego uszkodzenia watroby,
uszkodzenia mig$nia sercowego i uszko-
dzen moézgu (Liu i in., 2019).

Opublikowane przez Gtéwny Urzad
Statystyczny dane dotyczace $redniego
rocznego spozycia alkoholu na glowe
statystycznego obywatela polskiego sa
niepokojace (GUS, 2016). Wedtug nich
poziom spozycia alkoholu wzrost z ok.
61w 2002r do 101w 2018 r. Zwigk-
szenie ilosci spozycia alkoholu wptyneto
na zmniejszenie tempa przyrostu dhu-
gosci zycia, a od 2013 r. zatrzymania tej
tendencji. Ponadto wedtug tych danych
alkoholicy stanowig ok. 2% populacji
w Polsce, tj. 600—800 tys. oséb, a nad-
uzywajacy alkohol stanowig ok. 12%
populacji.

Celem prowadzonych badan byto zi-
dentyfikowanie glownych probleméw
zwigzanych z naduzywaniem i ze spo-
zywaniem alkoholu w pracy wsrod pra-
cownikow budowlanych, ze szczegdlnym
naciskiem na prac¢ na rusztowaniach bu-
dowlanych, a takze okreSlenie wzorcow
spozywania alkoholu, ktore jest niezbedne
do ukierunkowania dziatan prewencyjnych
w ramach skutecznej ochrony zdrowia
publicznego (Biggs, Williamson i Davey,
2012). Jak dotad nie przeprowadzono po-
dobnych badan w Polsce i brak jest obec-
nie dostepnych informacji o spozywaniu
alkoholu na polskich placach budowy.
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Przeglad literatury

Spozywanie alkoholu w miejscu
pracy w poczatkowym etapie prowadzi
do pogorszenia wydajnosci pracowni-
ka, ktora moze doprowadzi¢ do absencji
pracownika w pracy, powstania wypad-
ku przy pracy lub innych istotnych prob-
lemow zwigzanych z bezpieczenstwem
pracownikéw na stanowiskach pracy,
a takze do probleméw interpersonalnych
miedzy pracownikami (Elliott i Shelley,
2006).

Zwickszone ryzyko mozliwosci
wystgpienia wypadku pod wplywem
alkoholu wynika m.in. ze zmniejszonej
koncentracji 1 z ograniczenia zdolnos$ci
poznawczych, opdznienia w podejmo-
waniu decyzji i dziatan mogacych zapo-
biec powstaniu wypadku (Martin, Ga-
degbeku, Wu, Viallon i Laumon, 2017).
Pracownik pod wptywem alkoholu staje
si¢ zagrozeniem zarowno dla siebie, jak
i innych osob znajdujacych sie w jego
otoczeniu (Marques, Jesus, Olea, Vairin-
hos i Jacunto, 2014).

Aby zapobiega¢ nadmiernemu spo-
zywaniu alkoholu przez obywateli,
w wielu panstwach na §wiecie okreslano
wytyczne dotyczace ,,.bezpiecznej” kon-
sumpcji alkoholu. Wytyczne na temat
spozycia alkoholu przedstawiane sg w
dwojakiej formie: jako gramy alkoholu
etylowego lub jako ilo$¢ ,standardo-
wych” napojoéw spozywanych w ciagu
dnia. W przypadku ilosci ,,standardo-
wych” napojow okresla si¢ 1lo$¢ gramow
alkoholu etylowego w jednostce objeto-
$ci, co pozwala na tatwe przeliczenie na
poziom czystego alkoholu. W Polsce
,Standardowa” dawka alkoholu wyno-
si 10 g lub 12,5 ml czystego alkoholu
etylowego. Dawka ta w przeliczeniu na

najczescie] spozywane rodzaje napo-
jow alkoholowych wynosi odpowiednio
200 g piwa 4,5%, 100 g wina 10% oraz
25 g wodki 40%. Biorac pod uwage,
ze napoje alkoholowe zwyczajowo sa
sprzedawane w typowych jednostkach
handlowych, miary objetosciowe alko-
holu wynosza: 500 ml piwa (duze piwo)
4,5% to 22,5 ml (18 g) alkoholu, 175 ml
wina (kieliszek) 10% to 21 ml (16,8 g)
alkoholu, 50 ml wodki 40% to 20 ml
(16 g) alkoholu.

Zgodnie z zaleceniami World Health
Organization sugeruje si¢, aby spozywa-
nie alkoholu w Polsce wynosito maksy-
malnie 2 jednostki dziennie (tj. 20 g),
maksymalnie pie¢ razy w tygodniu (nie
wiecej niz 100 g) z zachowaniem dwu-
dniowej abstynencji w ciggu tygodnia
(International Center for Alcohol Poli-
cies [ICAP], 2003).

Istotne z punktu widzenia analizo-
wanego zagadnienia s wyniki badan
przeprowadzonych przez zespot Bennera
relacji miedzy iloscig spozycia alkoholu
a 0golng przyczyna $mierci pracowni-
kéw budowlanych (Brenner i in., 1997).
Badania przeprowadzono na 8043 nie-
mieckich pracownikach budowlanych
w wieku 25-64 lat, zatrudnionych na
nastepujacych stanowiskach pracy: hy-
draulik, stolarz, malarz, tynkarz, murarz,
niewykwalifikowani pracownicy budow-
lani, pracownicy biurowi, inzynierowie
i architekci. Na podstawie przeprowa-
dzonego wywiadu uzyskano informacjg
dotyczaca liczby o0s6b spozywajacych
alkohol oraz ilosci dziennego spozywa-
nego alkoholu. Tylko 7,4% responden-
tow zadeklarowato abstynencje, a po-
zostali spozywali codziennie alkohol
w dziennej dawce od 1 g do ponad 100 g.
Najliczniejsza grupe, ponad potowa pi-

506

M. Sawicki, M. Széstak



jacych — 53,3%, stanowili pracownicy
pijacy okazjonalnie (1-49 g dziennie).
Podczas prowadzonych badan zaobser-
wowano 172 zgony, gldwnie w grupie
deklarujacych spozycie 1-49 g dziennie.

Z kolei australijski zespot badawczy
pod kierunkiem Biggsa zrealizowal pro-
jekt majacy na celu okreslenie wptywu
spozywania alkoholu i stosowania in-
nych uzywek na bezpieczenstwo w bu-
downictwie (Biggs 1 Williamson, 2012).
Badaniom ankietowym poddano 494
osoby w srednim wieku 35,7 lat (x11,4).
W ankietach pracownicy pytani byli
o0 ilo$¢ i czestotliwos¢ spozycia alkoholu,
0 zachowania zwigzane z piciem, ktore
moglyby wskazywa¢ na uzaleznienie od
alkoholu, oraz o negatywne konsekwen-
cje zwigzane ze spozywaniem alkoholu.
Otrzymane wyniki wykazaty, ze 58% ba-
danych o0sob (tj. 286 0sob) w codziennej
pracy ma styczno$¢ z alkoholem. Wyso-
kie ryzyko wystepowania problemow al-
koholowych zidentyfikowano wérod 185
badanych 0sob, a uzaleznienie od alko-
holu wystgpito u 43 respondentow.

Jak zostalo to wykazane w doko-
nanym przegladzie literatury, zjawisko
naduzywania 1 spozywania alkoholu
W pracy jest powszechnie wystepujacym
problemem w wielu sektorach gospodar-
ki. Szczegodlnie ten problem wystepuje
w branzach zdominowanych przez mez-
czyzn (Roche i in., 2015).

Metodyka badan

W prowadzonych badaniach badano
spozycie alkoholu przez pracownikow
pod katem dziennej ilo$ci spozywanego
alkoholu przez pracownikow budowla-
nych pracujacych na stanowiskach pra-

cy z udziatem rusztowan budowlanych.
Dane do analizy pozyskano z dwoch
zrodet.

Pierwsze zrédto danych o wypad-
kach przy pracy stanowita dokumentacja
powypadkowa sporzadzana przez in-
spektorow Panstwowej Inspekcji Pracy
w Polsce. Analizie poddano 219 0s6b po-
szkodowanych w wypadkach przy pracy
z udzialem rusztowan budowlanych
w latach 2008-2017. Na podstawie pro-
tokotu, tj. na podstawie opisu okoliczno-
$ci i przyczyn wypadku, mozliwe byto
pozyskanie informacji o stanie zdrowia
poszkodowanego w trakcie i po wypad-
ku. W protokole znajduje si¢ rowniez
informacja, potwierdzona przez funkcjo-
nariusza policji lub lekarza przyjmujace-
go poszkodowanego na oddziat szpital-
ny, o zawartosci alkoholu we krwi (w %o
lub mg-17") i ilosci spozytych napojow
alkoholowych, badz stwierdzenie ,,stan
wskazujacy na spozycie alkoholu” lub
,stan nietrzezwos$ci”. W Polsce spozycie
alkoholu przez pracownikow klasyfikuje
si¢ wedhug zawartosci alkoholu etylowe-
go we krwi. Wedlug Kodeksu karnego
,,Stan wskazujacy na spozycie alkoholu”
rozumie si¢ jako zawartos$¢ alkoholu ety-
lowego we krwi od 0,2 do 0,5%o lub od
0,1 do 0,25 mg-l‘l, a ,,stan nietrzezwo-
$ci” oznacza zawarto$¢ powyzej 0,5%o
lub 0,25 mg-17".

Drugie zrédlo danych stanowity
ankiety. Dane ankietowe byly zbiera-
ne od stycznia 2016 do grudnia 2018 r.
podczas realizowanego projektu nauko-
wo-badawczego ,,Model oceny ryzyka
wystgpienia katastrof budowlanych, wy-
padkow 1 zdarzen niebezpiecznych na
stanowiskach pracy z wykorzystaniem
rusztowan budowlanych” (,,ORKWIZ”).
Podczas badan 120 rusztowan budowla-
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nych na wytypowanych terenach budowy
przeprowadzono 573 badan ankietowych
0s6b pracujacych na takim sprzgcie. Na
podstawie uzyskanych informacji od
kierownictwa buddéw oszacowano, ze
dotyczy to tacznie 1500 osob. We wstep-
nej ankiecie, w czesci dotyczacej ze-
spofu montujacego rusztowanie pytano
o wiek pracownika, staz pracy i posia-
dane do$wiadczenie w zakresie wyko-
nywania tego typu pracy. Z kolei w an-
kiecie osobowej pytano respondentéw
pracujacych na badanym rusztowaniu
o stosowanie uzywek (alkoholu i innych
srodkow odurzajacych czy papierosoéw).
W pierwszej kolejnosci pytano ich, czy
kiedykolwiek spozywali alkohol, a na-
stepnie czy spozywali go w ciggu ostat-
nich 12 miesigcy. W badaniach osobeg
niespozywajaca alkohol zdefiniowano
jako taka, ktora nigdy nie spozywata al-
koholu Iub ktoéra go spozywata, ale nie
w ciggu ostatnich 12 miesigcy. Jezeli re-
spondenci twierdzagco odpowiedzieli na
oba pytania, zadano im kolejne pytania
dotyczace czestotliwosci picia. Odpo-
wiedzig na zadane pytanic byta ilos¢
spozywanych ,,standardowych” napoi
alkoholowych, tj. piw o pojemnosci
500 ml 4,5% (,jedno duze piwo”),
w ciaggu dnia (co jest rOwnowazne spo-
zyciu kieliszka wina 10% o pojemnosci
175 ml lub wodki 40% o pojemnosci
50 ml). Pozyskane dane poddano szcze-
gotowej analizie wedlug wieku, stanu
cywilnego, miejsca zamieszkania pra-
cownikow biorgcych udziat w badaniu.

Wyniki badan — analiza
dokumentacji powypadkowej

Zgromadzone protokoty kontroli
dotyczace 219 o0sob poszkodowanych
w wypadkach przy pracy na stanowi-
skach pracy z wykorzystaniem rusz-
towan budowlanych przeanalizowano
pod katem przyczyn wypadku. Dla au-
torow niniejszych badan interesujgca
byla przyczyna ludzka: spozycie alko-
holu, $rodkéw odurzajacych lub sub-
stancji psychotropowych (Hota, Sawicki
i Szostak, 2018). Przyczyna zwigzana
ze spozywaniem alkoholu wystgpita
u 38 o0séb poszkodowanych, co stano-
wi 17,4% wszystkich poszkodowanych
w wypadkach na rusztowaniach. Ozna-
cza to, ze co szosty wypadek przy pracy
spowodowany jest nieprawidtowym sta-
nem trzezwosci pracownika.

W 22 protokotach kontroli inspekto-
rzy pracy okreslili doktadng zawarto$§¢
alkoholu etylowego we krwi poszkodo-
wanego, a w pozostatych 16 przypad-
kach w protokole umieszczono jedynie
informacje o przyczynie wypadku: spo-
zycie alkoholu.

Szczegotowa analiza zawartoS$ci
alkoholu etylowego we krwi poszko-
dowanego wykazata, Ze najmniejsza
jego zawarto$¢ wynosita 0,20%o (stan
wskazujacy na spozycie alkoholu o ty-
powych objawach: rozproszona uwaga),
a najwicksza 4,16%o (stan nietrzezwo-
$ci o typowych objawach: zaburzenia
rownowagi, zaburzenia mowy, sennos¢,
spadek kontroli zachowania i poruszania
sie, uposledzenie koordynacji ruchowo-
-wzrokowej). Srednia zawarto$¢ alko-
holu etylowego we krwi u poszkodowa-
nych wyniosta 1,20 £1,10%.. U dwoch
0s0b okreslono stan wskazujacy na spo-
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Wiek osoby poszkodowang)
The age of Injured people

A
18-19
20-19

30-39

40-49

[

Liczba ossb poszkodowanych
The number of injured people

RYSUNEK 1. Poszkodowani w pracy pracownicy budowlani bedacy pod wptywem alkoholu wedtug
wieku (opracowanie wlasne na podstawie protokotéw kontroli)
FIGURE 1. Builders injured at work, who were under the influence of alcohol, according to age (own

elaboration based on control protocols)

. wypadak §misrtsiny
the fatal accident

. wypadek clezkl
the severe accident

1] wypadek lekii
the light accldent

RYSUNEK 2. Skutek wypadku w pracy, jakiemu ulegli pracownicy budowlani bedacy pod wptywem
alkoholu (opracowanie wlasne na podstawie protokotow kontroli)
FIGURE 2. Result of an accident at work in which injured builders were under the influence of alcohol

(own elaboration based on control protocols)

zycie alkoholu, a u pozostatych 20 os6b
stan nietrzezwosci.

Najliczniejszg grupg stanowili pra-
cownicy w wieku 4049 lat (34,2%
wszystkich osob, u ktorych stwierdzono
alkohol etylowy we krwi) oraz 30-39 lat
(31,58%). To wiasnie w tych przedziatach
wiekowych (30—49) stwierdzono najwigk-
szg zawarto$¢ alkoholu etylowego we

krwi. Sredni wiek 0sob poszkodowanych
wyniost 40 £8 lat. Jednoznacznie mozna
stwierdzi¢, ze wraz z wiekiem zwigksza
si¢ odsetek pracownikow pijacych.
Analizie poddano réwniez sku-
tek wypadku, ktéry przedstawia si¢
nastepujaco:
—  wypadkowi $miertelnemu ulegto
8 0s6b, co stanowi 21% analizo-
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wanych wypadkéw; stwierdzona

zawarto$¢ alkoholu w ich krwi wy-

nosita 0,53-4,16% (warto$¢ $rednia

1,97 £0,94%),

— wypadkowi ciezkiemu ulegto 17
0s0b, co stanowi 45%; stwierdzona
zawarto$¢ alkoholu w ich krwi wy-
nosita 0,22-3,40% (warto$¢ $rednia
1,47 £0,81%),

— wypadkowi lekkiemu uleglo 13 0sdb,
co stanowi 34%; stwierdzona za-
warto$¢ alkoholu w ich krwi wyno-
sita  0,44-3,00% (warto$¢ S$rednia
1,37 £0,86%).

Analiza zawartos$ci alkoholu we krwi
pod katem skutku wypadku wskazuje, ze
wraz ze wzrostem zawarto$ci alkoho-
lu etylowego we krwi wzrasta ciezko$¢
wypadku. Duza zawarto$¢ alkoholu
przyczynia si¢ do $mierci pracownika
budowlanego.

Wyniki badan — analiza danych
ankietowych

Badania ankietowe wykonane wraz

z badaniem 120 rusztowan w latach
2016-2018 miaty na celu okreslenie pro-
filu pracownika pracujgcego z rusztowa-
niami, ustalajagc m.in. czynniki powia-
zane ze spozyciem alkoholu. Sposrod
1500 os06b pracujacych na badanych 120
placach budowy udziat w ankiecie wzig-
to 573 z nich, co stanowi 38,3% o0s6b
zatrudnionych w badanych przedsiebior-
stwach budowlanych. Struktura zatrud-
nienia przedstawiala si¢ nastgpujaco:

— najliczniejsza grupa badanych byli
pracownicy z przedzialu wieko-
wego 30-39 lat, co stanowi 36,5%
wszystkich ankietowanych. Sa to
glownie pracownicy ze $rednim do-
swiadczeniem, ktorzy w zawodzie

przepracowali minimum 10 lat, i we-

dtug ustalen autoréw ta grupa w po-

dobnej proporcji stanowi zatoge na
budowie,

— druga grupg stanowili pracownicy
w wieku 20-29 lat (31,1%) z duzo
krotszym stazem pracy — od kilku
dni do maksymalnie 10 lat,

— pozostali respondenci to doswiad-
czeni pracownicy z ponad 15-letnim
stazem pracy, z przedzialow wieko-
wych 40-49 lat (17,8%) oraz 50—
-59 lat (9,2%), kilku pracownikoéw
w wieku przekraczajagcym 60 lat,
nierzadko w wieku emerytalnym
(3,1%) oraz pracownicy miodociani
(2,3%) — tabela 1.

Wsrdd  respondentéw  dominowa-
li pracownicy zonaci (53,1% wszyst-
kich ankietowanych) oraz kawalerowie
(43,8%), ktorzy wskazuja jako miejsce
zamieszkania stalego male miasto (do
100 tys. mieszkancow) — 35,6%, wies
—33,2%, oraz duze miasto (powyzej 100
tys. mieszkancow) — 31,2% (tabela 1).

Analiza miejsca zamieszkania wyka-
zala, ze najczesciej pily osoby deklaruja-
ce zamieszkanie na wsi — 99 oséb, oraz
w malych miastach (do 100 tys. miesz-
kancow) — 95 osoéb. Niewiele mniej, bo
80 o0sob, deklarowalo, ze mieszka na
state w miastach o zaludnieniu powyzej
100 tys. osob.

Grupa 274 os6b (tj. 47,8% ankieto-
wanych pracownikow) zadeklarowata,
ze w ciggu dnia spozywa alkohol, po-
zostate 299 oso6b (52,2%) zadeklarowa-
to, Zze nigdy nie spozywato alkoholu lub
spozywato alkohol, ale nie w ciggu ostat-
nich 12 miesigcy. Podczas badan zaden
pracownik nie deklarowat naduzywania
alkoholu, choroby alkoholowej czy spo-
zywania alkoholu w pracy.
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TABELA 1. Spoteczno-demograficzne informacje o respondentach (badania wtasne)
TABLE 1. Socio-demographic information about respondents (own elaboration)

Profil spoteczno-demograficzny ankietowanych o
Respondents socio-demographic profile " &
Wiek pracownika [lata] — Age of employee [years]
18-19 13 2,3
20-29 178 31,1
30-39 209 36,5
40-49 102 17,8
50-59 53 9,2
> 60 18 3,1
Stan cywilny — Marital status
kawaler — single 251 43,8
zonaty — married 304 53,1
rozwiedziony — divorced 11 1,9
wdowiec — widower 7 1,2
Miejsce statego zamieszkania — Place of residence
rpiasto powyzej 100 tys. mieszkaﬁcéw 179 312
city of over 100 thous. residents ’
male miasto d.o 100 tys. mieszkaﬁcéw 204 356
small town with up to 100 thous. residents ’
j’i‘ﬁ:ge 190 33,2

Odpowiedzig na zadane w ankiecie
pytanie byla liczba spozywanych ,,stan-
dardowych” napoi alkoholowych, tj.
piw o pojemnosci 500 ml 4,5% (,,duze
piwo”). Sposrod udzielonych odpowie-
dzi najwicksza liczba spozytych w ciggu
dnia ,,duzych piw” wyniosta 10 i zostala
zadeklarowana przez 9 osob. Najczes-
ciej wystepujaca odpowiedzia byto jed-
no piwo, a informacja taka padta od 144
respondentow, tj. 25,1% wszystkich an-
kietowanych osob. Wartos$¢ srednia dla
badanej populacji wyniosta 2 +2 piwa.

Analizie poddano réwniez wiek 0sob
spozywajacych alkohol i1 abstynentow.
Z otrzymanych danych wynika, Ze:

— najliczniejszg grupg Spozywajaca
alkohol w ciggu dnia stanowili pra-

cownicy w wieku 30-39 lat (100
0s0b) oraz 20-29 lat (85 o0sob),
najwigkszy procent 0s6b spozywaja-
cych alkohol wystapit wsrdd pracow-
nikow w wieku powyzej 60. roku zy-
cia (55,6%) oraz u 0sob z przedzialu
wiekowego 50-59 lat (54,7%),

wraz z wiekiem zmniejsza si¢ liczba
0s0b pijacych (tendencja malejaca)
i zmienia si¢ na niekorzy$¢ proporcja
pijacych do abstynentow (zwigksza si¢
liczba 0sob spozywajacych alkohol),
u miodszych pracownikéw (1819,
20-29, 30-39 lat) procent 0séb spo-
zywajacych alkohol jest mniejszy
niz abstynentoéw (tabela 2).
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TABELA 2. Respondenci spozywajacy alkohol i abstynenci wedlug wieku (badania wtasne)
TABLE 2. Consuming alcohol respondents and abstainers according to age (own elaboration)

Przedziat wiekowy N Grupa " %
Age range Group
18-19 13 spozywajacy alkohol — alcohol consumers 3 23,1
abstynenci — abstainers 10 76,9
spozywajacy alkohol — alcohol consumers 85 47,8
20-29 178 PoZyWaay - -
abstynenci — abstainers 93 52,2
spozywajacy alkohol — alcohol consumers 100 47,8
30-39 209 PoZyWaAY - -
abstynenci — abstainers 109 52,2
spozywajacy alkohol — alcohol consumers 47 46,1
40-49 102 POZyWaAY - -
abstynenci — abstainers 55 53,9
spozywajacy alkohol — alcohol consumers 29 54,7
50-59 53 POZYWaAY : : =
abstynenci — abstainers 24 453
- 60 1% spozywajacy alkohol — alcohol consumers 10 55,6
abstynenci — abstainers 8 44.4
Whioski — analiza zawarto$ci alkoholu we krwi

Analiza 219 protokotéw kontroli po-
wypadkowych z wypadkoéw przy pracy
w budownictwie z udzialem rusztowan
budowlanych, do ktérych doszto w Pol-
sce, pozwolila na sformutowanie naste-
pujacych wnioskow:

— alkohol jest jedng z przyczyn prowa-
dzacych do wypadkoéw przy pracy;

w analizowanych wypadkach na rusz-

towaniach przyczyna zwigzana ze spo-

zywaniem alkoholu wystapita u 17,4%

wszystkich 0sob poszkodowanych, co

oznacza, ze co szosty wypadek przy
pracy spowodowany byt nieprawidto-
wym stanem trzezwo$ci pracownika,
— najliczniejsza grupg osdb spozywa-
jacych alkohol stanowig pracowni-
cy w wieku 40-49 oraz z przedzialu

30-39 lat; sredni wiek oso6b poszko-

dowanych wynosi 40 £8 lat; wraz

z wiekiem zwigksza si¢ odsetek pra-

cownikow pijacych,

pod katem skutku wypadku wska-
zuje, ze wraz ze wzrostem ilosci
alkoholu we krwi wzrasta cigzkos¢
wypadku; duza zawarto$¢ alkoholu
przyczynia si¢ do $mierci pracowni-
ka budowlanego.

Analiza 573 pracownikow budow-
lanych pracujacych na badanych 120
rusztowaniach budowlanych pozwolita
na sformutowanie nastgpujacych wnio-
skoéw dotyczacych spozycia alkoholu na
budowach:

— 47,8% ankietowanych pracownikow
deklaruje, ze w ciagu dnia spozywa
alkohol,

— najczestszg deklarowang iloScig spo-
zywanego alkoholu poza godzinami
pracy jest 1 ,,duze piwo” (500 ml,
4,5%),

— analiza miejsca zamieszkania wy-
kazata, ze najczesciej pija osoby de-
klarujace zamieszkanie na wsi oraz
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w matych miastach (do 100 tys.
mieszkancow);

— najliczniejsza grupg Spozywajaca
alkohol w ciggu dnia stanowig pra-
cownicy w wieku 20-39 lat, z kto-
rych 47,8% deklaruje, ze spozywa
alkohol.

Analiza poréwnawcza protokolow
kontroli i ankiet wykazata, ze:

— wraz z wiekiem zmniejsza si¢ liczba
0s6b pijacych, co wynika z tego, ze
od 40. roku zycia spada udzial po-
szczegolnych grup wiekowych (ten-
dencja malejgca w przedziatach wie-
kowych 4049 lat — 17,8%, 50-59
lat — 9,2%, powyzej 60 lat — 3,1%),

— wraz z wiekiem zmienia si¢ nie-
znacznie proporcja pijacych do abs-
tynentow — od ok. 48% w przedziale
wiekowym 20-39 lat do blisko 56%
dla pracownikéw powyzej 60 lat
(zwicksza si¢ liczba 0s6b spozywa-
jacych alkohol).

Dyskusja

Bardzo niekorzystnym czynnikiem
wplywajacym na tatwos¢ spozywa-
nia alkoholu bezposrednio przed pra-
ca lub w trakcie przerwy w pracy jest
duza powszechna dostepnos¢ alkoholu.
W Polsce, w odroznieniu do innych kra-
jow europejskich, alkohol mozna kupi¢
w kazdym dyskoncie lub hipermarkecie.
Asortyment jest bardzo szeroki i dostep-
ny w roznych objetosciach, zaczynajac
od buteleczek o pojemnosci 50 ml wod-
ki 40% (ksztatt buteleczki pozwalajacy
zmiesci¢ ja w kieszeni lub saszetce),
przez buteleczki o pojemnosci 200 ml
wodki 40% (o wymiarach 7,8 X 17 cm
o ptaskim ksztatcie pozwalajacym scho-

wac ja np. w kieszeni kurtki). Nalezato-
by wigc ograniczy¢ dostepnos¢ butelek
o matych pojemnosciach tak jak w in-
nych krajach.

Dodatkowo, aby poprawi¢ bezpie-
czenstwo pracownikow w miejscu pra-
cy i zlikwidowa¢ problem nietrzezwych
pracownikéw budowlanych nalezaloby
zezwoli¢ pracodawcom (w tym kierow-
nikowi budowy, kierownikom robot, in-
spektorom ds. bhp) na przeprowadzanie
kontroli trzezwosci. Obecnie prawo do
przeprowadzenia kontroli pracodawca
ma jedynie przy spetieniu dwoch wa-
runkow: po pierwsze pracownik wyrazit
zgode na przeprowadzenie takiego bada-
nia (badanie ma charakter dobrowolny)
oraz pracodawca ma uzasadnione podej-
rzenie, ze pracownik jest pod wyptywem
alkoholu. W zwiagzku z powyzszym obec-
nie pracodawca nie moze samodzielnie
przeprowadzi¢ badania, jezeli pracownik
nie wyraza na to zgody. Pracodawca ma
jedynie prawo wystapienia z zadaniem
o0 przeprowadzenie przez uprawiony
organ, np. policje. Pracodawca rowniez
nie ma mozliwo$ci prowadzenia rutyno-
wych kontroli trzezwosci w stosunku do
wszystkich badz tez losowo wybranych
pracownikow.

Podsumowanie

Budownictwo jest uznawane za jed-
ng z najbardziej niebezpiecznych branz.
Wiele wysitkéw po§wiecono na poprawe
bezpieczenstwa 1 redukcje zagrozen na
stanowiskach pracy, jednak mniej uwa-
gi poswigca sie czynnikowi ludzkiemu,
tj. pracownikom na stanowiskach pracy.
Nalezy pamietaé, ze w rozwazaniach
na temat bezpieczenstwa pracy najwaz-
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niejszy jest cztowiek. Niniejsze badanie
potwierdzilo, Zze spozywanie alkoholu
wplywa negatywnie na organizm czlo-
wieka, zmniejsza zdolno$¢ do prawid-
lowego bezpiecznego, tj. bezusterkowe-
go 1 bezwypadkowego, wykonywania
standardowych codziennych czynno$ci
(takich jak np. prowadzenie pojazdow,
poruszanie si¢), jak i czynnosci zawo-
dowych (np. praca w biurze, praca na
budowie, praca na rusztowaniach) oraz
moze prowadzi¢ do §mierci na stanowi-
sku pracy.

Uzywanie alkoholu jest waznym te-
matem bezpieczenstwa pracy w branzy
budowlanej. Badania te sg istotne dla
rozwoju interwencji majacych na celu
zmniejszenie liczby wypadkow przy
pracy i1 bedacych przedmiotem zainte-
resowania zdrowia publicznego. Wyniki
uzyskane na podstawie przeprowadzo-
nych badan moga stanowi¢ uzasadnienie
dla kierunkow dziatan profilaktycznych
przeprowadzanych w celu zmniejsze-
nia liczby wypadkow przy pracy spo-
wodowanych alkoholem w budowni-
ctwie. Znaczaco przyczyni si¢ to do
wzrostu poziomu bezpieczenstwa pracy
w budownictwie.

Finansowanie

Praca jest wynikiem realizacji przez
autoréw projektu badawczego 244388
»Model oceny ryzyka wystapienia kata-
strof budowlanych, wypadkow i zdarzen
niebezpiecznych na stanowiskach pracy
z wykorzystaniem rusztowan budowla-
nych” finansowanego przez NCBiR w ra-
mach Programu Badan Stosowanych na
podstawie umowy PBS3/A2/19/2015.
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Streszczenie

Wplyw alkoholu na ryzyko wypadku
na stanowiskach pracy z wykorzystaniem
rusztowan budowlanych. Spozywanie al-
koholu w miejscu pracy jest surowo zabro-
nione. Niestety zakaz ten jest czgsto famany.
Nietrzezwos$¢ pracownika moze stworzy¢
zagrozenie, a w najgorszym przypadku moze
rowniez doprowadzi¢ do trwalego kalectwa,
anawet $§mierci. Celem prowadzonych badan
byto zidentyfikowanie gléwnych problemow
zwigzanych z naduzywaniem i ze spozywa-
niem alkoholu przez pracownikéw budow-
lanych w trakcie pracy. Dane do analizy
pozyskano z dokumentacji powypadkowe;j
(analizie poddano 219 0s6b poszkodowa-
nych w wypadkach przy pracy z wykorzysta-
niem rusztowan budowlanych) oraz ankiet
zebranych podczas realizowanego projektu
naukowo-badawczego ,,Model oceny ryzyka
wystgpienia katastrof budowlanych, wypad-
koéw 1 zdarzen niebezpiecznych na stanowi-
skach pracy z wykorzystaniem rusztowan
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budowlanych” (573 badan ankictowych oséb
pracujacych na rusztowaniach, na ankieto-
wanych terenach budowy).

Summary

The effect of alcohol at the workplace
with the use of scaffolding on individual’s
occupational accident risk. The consump-
tion of alcohol in the workplace is strictly
prohibited. Unfortunately, this interdict is
often broken. Alcohol intoxication of an em-
ployee could lead to a threat, and in the worst
case could also lead to permanent disability
or even death. The aim of the research was to
identify the main problems associated with
heavy drinking of alcohol and consumption
at work among construction workers. Data
for the analysis were obtained from post-ac-
cident protocols (analyzed 219 people injured

in accidents at work involving scaffolding)
and surveys collected during the research
project “Model of the assessment of risk of
the occurrence of building catastrophes, ac-
cidents and dangerous events at workplaces
with the use of scaffolding” (573 surveys of
people working in the construction scaffold-
ing of respondents).
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Estimate the probability density function of maximum
temperature for the Middle East
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Introduction

Since 1950 the number of heat waves
worldwide has increased, and heat waves
have become longer. The hotter days and
nights have become hotter more frequent.
In the past several years the global area
hit by extremely unusual hot summer-
time temperatures has increased (Stef-
fen, Hughes & Perkins, 2014). A heat
wave is generally defined as a period of
several days to weeks of abnormally hot
weather. The National Weather Service
(NWS) defines a heat wave as “a period
of abnormally hot weather, uncomfort-
able and unusually humid”, and usually
takes two or more days (Karl, Melillo
& Peterson, 2009). In recent years, the
Middle East region has witnessed a no-
ticeable rise in temperatures (Brown &

Crawford, 2009), which clearly affects
the daily behavior of the human being
and his health in addition to its effects
on plants, which led to the expansion of
desertification and the deterioration of
the vegetation cover, as well as affect-
ing the food supply, water resources, and
ecosystems. Hence, the increase of tem-
perature average is considered one of the
signs of climate change, which is one of
the causes of environmental pollution so
it is expected that heat wave incidence
and intensity continue.

The Middle East spans several cli-
mates zones, where the eastern part is
Mediterranean, the northern part is con-
sidered to be subtropical while the Ara-
bian Peninsula has a hyper-arid desert
climate. Different climate zones are
found in the various mountain areas. The
region has among the hottest and driest
conditions found in the world. Numer-
ous heat records were in the Middle East
in the summer of 2010 with temperatures
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reaching 52.0°C in Jeddah (WMO2011)
(Brown & Crawford, 2009).

The first region-wide trend analysis
of the Middle East extreme indices ob-
served in the period 1950-2003 at 52
stations covering almost 15 countries
was reported by Zhang et al. (2005).
The results observed from this study
shows statistically significant and spa-
tially reasonable trends in temperature
indices, which clearly indicate tempera-
ture increase in the region. Analysis of
long-term temperature data suggests that
since the 1970s the frequency of heat ex-
tremes has increased in the MENA (Tan-
arhte, Hadjinicolaou & Lelieveld, 2015).
Simulating the climate of the region is
a challenge for climate models (Evans,
Smith & Oglesby, 2004), due in part to
the high natural inter-annual variabil-
ity, the topography of the region which
includes multiple mountain ranges and
inland seas, and the presence of a slight
cooling trend in recent decades despite
the global trend being a warming. This
paper attempts to determine the most
suitable probability distribution of daily
maximum temperature and check the ac-
curacy of the fitted probability distribu-
tions using the goodness of fit criteria.

Middle east climate

Middle Eastern climatic conditions
vary greatly, depending on the season
and the geography, but simply can be
characterized in two words: hot and dry,
although winters are mild with some
rain. Is a region that spans southwestern
Asia, western Asia, and northeastern Af-

rica. Although much of the Middle East
region has a Mediterranean climate type,
with wet winters and dry summers. Al-
though the hot arid, or desert, climate
predominates in the region, the well-wa-
tered highlands of Turkey and the moun-
tains of Iran and Ethiopia are important
as sources of the region’s major rivers.
The Middle East is as one of the regions
most affected by dust, in the world, next
to Africa. Dust or sand storms are caused
by the outflow from low-pressure cells
passing through a desert area from West
to East. Sand storms can occur through-
out the year in the Middle East, but the
prime months are May—September.

The climate of the Middle East
ranges from the warm summers and cold
winters of highland Turkey and Iran,
through hotter summers and cool winters
of northern Mesopotamia and the Medi-
terranean coast, to the extreme tempera-
tures of the Arabian Desert. Most, but
not all, of the region is arid (Hasanean,
2015).

Study area

Middle East region located approxi-
mately between 10° and 40° latitudes
and with 20° and 65° of longitude line
approximately, and this region located
basically southwestern Asia and north-
eastern Africa. It extends over 2,000
miles from the Black Sea in the northern
region of the Arabian Sea in the South,
and about 1,000 miles from the Mediter-
ranean Sea in the West to the mountains
of Iran. The Middle East domain used in
this study is shown in Figure 1.
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FIGURE 1. The Middle East

Material and methods

Data

The data used in this study are
monthly daily mean of maximum tem-
perature at height of 2 m covered Mid-
dle East as a grid of 1,581 points extends
from 15-65° N latitudes and 15-45°E
longitudes with a uniform grid interval
of 1.5° longitude and 1.5° latitude for
selected months (March, April, May)
represent spring and selected months
(June, July, August) represent summer
for the period 1979-2018, at the time
00.00 UTC, from the European Centre
for Medium-Range Weather Forecasts
(CMWF), model ERA-interim. This
model is characterized by providing data
with clarity degree (0.75° x 0.75°) by
having two forms of data (full resolution
and low resolution) in the first type, the
amount of spatial accuracy of the data

can be controlled, while the second type
is the degree of clarity as shown in Fig-
ure 2 (Paul, 2013).

Probability distributions

Many probability distribution func-
tions (PDFs) have been proposed in re-
cent past years, but in this paper logistic,
Rayleigh and gamma distribution are
used to describe the characteristics of
maximum temperature.

Logistic distribution

The logistic distribution is a continu-
ous probability distribution. Its distri-
bution function is the logistic function,
which appears in logistic regression and
feed forward neural networks. It resem-
bles the normal distribution in shape but
how heavier tails. Its probability density
function is given as (Al-Kadim, 2011):

Estimate the probability density function of maximum temperature for the Middle East

519



. et o

[2s3 oelyal] results.xisx

xo - ® b e ambe oM o Gwaimes ol | sediens |
TonaaZ | == | (B 3 |- ]| ool [ = NS R =T NS
i ewp | TR e e R ]| s et | T | B
o i b a 5 = sisiza o s o agsial
AL - @ i | -34.9409794129394 v
A B C D E b G H | J K L M N (o] P Q R T
1 349411 -489392 -2.67673 -8.75016 -23.0542 -20.3166 -16.5774 -2.64647 -0.63319 -0.05727 0.283827 -0.34383 -1.26578 -4.49122 -28.6308 -149.288 -166.337 -162972 -8
2 177218 -017188 0723846 -30837 -225556 -378539 -506582 -14.0665 -985055 -109124 -450231 -218008 -7.47876 -17.9495 -567293 -181854 -207644 -212973 -8
3 -15.594 -288026 -2.51134 -8.42846 -20.5539 -20.1414 -18.3401 -3.97979 -1.43446 -0.50503 -0.066 -0.2764 -0.67138 -1.73563 -11.4075 -82.8593 -86.1771 -77.4661 -
4 | -304111 2168262 3646705 0190436 -126195 -090759 -046976 3236463 1091114 1975192 1992432 6735834 1679322 -007825 -49667 -404817 -488314 -405828 -1
5  -452842 (050929 04127 -192413 984049 -127025 -111016 -152323 -025921 -008344 0567187 -0.05886 -043525 -110522 -58892 -32.0477 -297033 -239421
6 | -1.08008 2208963 2.129759 -0.20619 -1.59353 -1.65647 -0.98537 1.455397 4446461 6459063 7.037738 3.833121 1.155507 -0.18101 -3.20093 -34.4561 -62.4732 -69.5201 -
7 669195 0104136 0901217 -0.18499 -105116 -159785 -103025 2100036 1156653 1604 1690458 1288886 121407 8079322 0051127 -11.318 -127008 -955346
8 -094037 2881864 3203531 0464101 -068473 -122027 -082162 1190305 4032115 6294046 4250453 1712896 0855201 0024452 -150614 -196739 -257024 -305947 |
9 | 5404427 30.63372 28.42207 12.36285 4.221046 6.866759 11.03418 28.19785 41.91432 48.28714 51.00194 47.42668 33.13601 21.64561 9.342834 0.057394 -0.59112 -0.47457 2.3=
10 -244251 0586196 1403298 -0.1844 -14437 -182384 -23179 -021899 0112177 007399 0432893 -003635 -077875 -216382 -109817 -621408 -867438 -952096 -
11 -37.5886 -854987 -673063 -195646 -366688 -359873 -344367 -907176 -360449 -177571 -12083Q -384836 -745606 -118911 -510071 -225533 -276004 -297925 -1
12 344972 -740148 -397971 -153929 -380413 -316732 -208014 -487739 -236555 -132064 -118263 -348931 -542093 686103 -287486 -127.993 -146485 -134179 -6
13| -41.0645 -578289 -4.11034 -12.1104 -24.3221 -228039 -14.0919 -1.43805 0.021298 0528198 1.191094 0.432096 -0.09015 -0.53879 -3.39343 -30.3045 -33.3457 -31.4238 -1
14 10717 -097979 -024993 -158222 -378175 -274758 -173828 0299353 1641967 2253446 2851895 0922746 -0274 -148177 -113622 -863628 -109027 -101309 -4
15 -1.09411 3442081 7333013 2861472 0257651 0293379 0526962 3512416 622728 8204232 1072971 7213541 6317337 4474551 -041644 -143697 -237586 -267483 -1
16 -65.7808 -9.15523 -3.84981 -8.66339 -19.9987 -16.0821 -16.3206 -4.41986 -2.04751 -1.0222 -0.30698 -0.66495 -1.19097 -1.79228 -8.96351 -50.2039 -50.4814 -47.7218 -2
17 -281572 098819 2260643 0110365 -152625 -183316 -217748 -020623 0718221 177895 2503755 0610225 -026249 -125033 -107125 -590623 -758078 -766241 -
18 -030168 1641912 347354 1872731 3672314 1731765 2667198 209194 4017468 4090473 4275664 3773556 2516549 1421435 0844035 617367 -129557 -150532
19| -10.3422 0707754 6.90702 1.772068 -0.35135 -0.03787 0270464 3.39947 6.98491 8630375 10.58435 3.752783 1.330992 0511656 -2.02087 -24.2032 -26.613 -21.6949 -
20 -197123 2605236 8371514 3192525 0118738 0804836 1293315 879396 1367891 1997323 1978401 682555 1858041 056136 -152745 -169987 -284422 -335857 -1
21 -192728 -208836 -121574 -338125 -109767 -7563121 -680895 -124613 -030507 0458196 062416 -033978 -08144 -254351 -151947 -700408 -87.955 -016324
22 10463 -070068 -009374 -131284 -330841 -217716 -18002 0326775 2580958 6101953 6442528 2372354 03003 -06968 -607894 -449214 574667 -55519 -2
23 637782 -24.1462 -20.0551 -32.589 -51.8697 -556094 -46.7622 -12.9448 -4.50885 -1.77706 -1.14996 -2.52511 -6.35078 -12.5894 -41.1614 -131.256 -143.848 -128.691 -
24 305249 654272 -401864 -116864 -219836 -197107 -175669 -4.04135 -18192 -085413 -055121 -250355 665101 -136012 -452735 -190601 -233218 -222372 -1
25 700561 0053877 0977675 -031309 -071251 -028049 0045033 4224996 1252691 2197545 2279568 1892261 1324133 618834 -003004 -104715 -136492 -13891 -3
26 -0.95797 2033218 0612028 -1.11992 -3.21353 -3.17153 -2.22991 0.012406 0.231731 -0.03553 0.156546 -0.91447 -2.1434 -370686 -13.3802 -46.1485 -61.5372 -69.6896 -4)
> % Gpha min . beta hamax . beta max . £a ABG SRSt ettt S e i ittt ettt i it it

(M

—o0 < x < o0

where:

4 — location parameter,
s — scale parameter,

x —random variable.

Rayleigh distribution

Rayleigh distribution is a continuous
probability distribution named after the
English Lord Rayleigh. The distribution
is widely used:

In communications theory to model
multiple paths of dense scattered sig-
nals reaching a receiver.

In the physical sciences to model
wind speed, wave heights and sound/
/light radiation.

In engineering to measure the life-
time of an object, where the lifetime
depends on the object’s age, for ex-
ample: resistors, transformers, and
capacitors in aircraft radar sets.

In medical imaging science to model
noise variance in magnetic resonance
imaging.

Rayleigh distribution is a special
case of the Weibull distribution with
a scale parameter of 2. When a Rayleigh
is set with a shape parameter (o) of 1, it
is equal to a y* distribution with 2 de-
grees of freedom.

The notation x Rayleigh means that
the random variable x has a Rayleigh dis-
tribution with shape parameter (o). The
probability density function (x > 0) is:

7x2

iezo'z
0_2

2

The expected value of a probability
distribution is:
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E(x)= jxf (x)dx 3)
Substituting in the Rayleigh prob-
ability density function, this becomes:

w 2
E[x]= j x%exp [Zx—z] dx

4
0 = “

This Wolfram calculator will solve
the integral for you, giving the Rayleigh
expected value of o\(n/2).The variance
of a Rayleigh distribution is derived in
a similar way, giving the variance for-
mula of (Aslam, Tahir, Hussain & Al-
Zahrani, 2015):

var(x) = 6 (ﬂj

5
5 )

Gamma distribution

Gamma distribution is a family
of right-skewed, continuous probabil-
ity distributions. These distributions are
useful in real-life where something has
a natural minimum of 0. For example, it
is commonly used in finance, for elapsed
times, or during Poisson processes.

Gamma distribution PDF

If x is a continuous random variable
then the probability distribution function
1s:

where:

I(x) — gamma function,

o — shape parameter.

s (sometimes 6 is used instead) — rate
parameter (the reciprocal of the scale
parameter).

Variables ¢ and s are both greater
than 1. When ¢ = 1, this becomes the ex-
ponential distribution. When s = 1, this
becomes the standard gamma distribu-
tion. Alpha and beta define the shape of
the graph. Although they both have an
effect on the shape, a change in s will
show a sharp change (Artemiou, 2009).

Goodness-of-fit test

Goodness-of-fit tests are used to
check the accuracy of the predicted data
using theoretical probability function. To
evaluate the goodness-of-fit of the PDFs
to the monthly maximum temperature
data, Z-test was used.

7Z-test

The one-sample Z-test assumes that
the data are a simple random sample
from a population of normally distrib-
uted values that all have the same mean
and variance (known). This assumption
implies that the data are continuous and
their distribution is symmetric. The cal-
culation of the Z-test proceeds as follows
(Weaver, 2011):

_X-4

f(x;o58)= {,;x'(a ~1)e’ (ﬁj} z s ®)
(S'ol (0)) o In
x>0
where:
(6) X —mean of sample,
o A — mean of population,
I"'(x)= Io £ledt (7) s standard deviation of population,
n — number of observations.
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Results and discussion

Basic statistics of maximum temper-
ature for the study area for each month
are shown in Table 1.

The estimation of parameters of all
the PDFs considered in this study were
carried out using maximum likelihood
method and estimated parameters for the
mean of each month of different PDFs
used are presented in Table 2.

June, July and August was as follows:
0.119, 0.1395, 0.1399 (Figs. 3, 4).

The highest probability of an average
maximum temperature in the Rayleigh
distribution in March, April and May
was as follows: 0.0289, 0.0331, 0.0201,
in June, July and August was as follows:
0.0182, 0.0177, 0.0179 (Figs. 5, 6).

The highest probability of an aver-
age maximum temperature in the gamma
distribution in March, April and May was

TABLE 1. Basic statistics of maximum temperature for all month at the study area

Month Mean Median Maximum Minimum g;i?i?;i
°C
March 21.11 23.44 45.65 -16.43 1.41
April 22.03 25.49 36.30 —24.29 0.96
May 30.18 31.34 50.62 -23.99 1.10
Jun 34.49 35.21 52.63 5.89 0.92
July 35.67 36.20 53.79 8.83 0.84
August 36.32 36.33 54.70 8.39 0.94

TABLE 2. Parameters of different probability distribution

Probability .
distribution Parameter March, April, May June, July, August
L location 25.76 339
Logistic
scale 3.00 1.91
Rayleigh scale 25.76 339
Gamma shape 80.1 321.8

By using STATSTIC program to es-
timate the probability density function
was calculated using a number of distri-
butions (logistic, Rayleigh and gamma
distribution). Through the distributions
the table was obtained.

In the logistic distribution the high-
est probability of an average maximum
temperature in March, April and May
was as follows: 0.077, 0.079, 0.093, in

as follows: 0.064, 0.049, 0.036, in June,
July and August was as follows: 0.0259,
0.0219, 0.0211 (Figs. 7, 8).

Value of statistical test for different
distribution of Middle East, test was per-
formed between the calculated and tabu-
lated value of each distribution as shown
in Tables 3, 4 and 5 for all distributions
(logistic, Rayleigh and gamma).
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FIGURE 3. Logistic distribution for the maximum temperature in March, April and May at the study
area
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FIGURE 5. Rayleigh distribution for the maximum temperature in March, April and May at the study area
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FIGURE 6. Rayleigh distribution for the maximum temperature in June, July and August at the study area
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FIGURE 7. Gamma distribution for the maximum temperature in March, April and May at the study area
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TABLE 3. Value of the calculated and tabulated
probability by using logistic distribution for all
months

Month Tabulated Z Calculated Z

March 0.9573 1.723
April 0.9429 1.58
May 0.9821 2.10
June 0.9778 2.01
July 0.9599 1.75

August 0.9941 2.52

TABLE 4. Value of the calculated and tabulated
probability by using Rayleigh distribution for all
months

Month Tabulated Z Calculated Z
March 0.9474 1.62
April 0.9306 1.48
May 0.9744 1.95
June 0.9713 1.90
July 0.9554 1.70

August 0.992 241

TABLE 5. Value of the calculated and tabulated
probability by using gamma distribution for all
months

Month Tabulated Z Calculated Z
March 0.6179 0.3030
April 0.6217 0.3210
May 0.6443 0.370
June 0.6808 0.476
July 0.7088 0.550
August 0.7291 0.610

Determine the null and alternative
hypotheses null hypothesis: No differ-
ence in average and the mean of maxi-
mum temperature alternative hypotheses.
There is a difference in average and the
mean of maximum temperature, by us-
ing Eq. (8) for Z-test as shown in Tables

3, 4 and 5 for three probability distribu-
tions, find tabulated Z from Table 6. If
the value of significance level 0.05, so
tabulated Z = 1.96. Decision and inter-
pretation: Therefore, we reject the null
hypothesis.

Conclusions

Probability analysis of monthly daily
mean of maximum temperature of Mid-
dle East was carried out by employing
three probability distributions namely lo-
gistic, Rayleigh and gamma distribution.
Goodness of fit of these distributions was
tested by Z-test for monthly daily mean
of maximum temperature. Logistic’s
distribution is found the best fit distribu-
tion. By comparing the value that was
extracted for each of the summer and
spring months with the tabular values, it
was found that the calculated values are
greater than the calculated values and
when compared with the tabular values,
it was found that the table values for sum-
mer months are greater than the tabular
values of the spring months, therefore,
we reject the null hypothesis and accept
the alternative hypothesis, and this is
concluded in this research through this
distribution. This same statement applies
to the other two distributions: Rayleigh
and gamma distribution (Bhakar, Igbal,
Devanda, Chhajed & Bansal, 2008; Wat-
terson, 2008).
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Summary

Estimate the probability density func-
tion of maximum temperature for the
Middle East. Pollution is one reasons for
increase temperature which leads to increase
the heat waves which have large socioeco-
nomic and healthy impacts on Middle East.
By using monthly daily mean of maximum
temperature at height of 2 m covered Mid-
dle East as a grid of 1,581 points for selected
months (March, April, May) represent spring
and June, July, August represent summer for

the period 1979-2018, from the ECMWE,
model ERA-interim. Many PDFs have been
proposed in recent past, but in present study
logistic, Rayleigh and gamma distribution
are used to describe the characteristics of
maximum temperature. This paper attempts
to determine the best fitted probability dis-
tribution of maximum temperature. To check
the accuracy of the predicted data using theo-
retical probability distributions the goodness
of fit criteria Z-test used in this paper. Ac-
cording to the goodness-of-fit criteria and
from the graphical comparisons it can be said
that logistic distribution provides the best fit
for the observed monthly daily mean of max-
imum temperature data.
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transportation infrastructure in Indonesia using the green

concept
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Introduction

In 2017, the Jati Terminal, lo-
cated at Kudus Regency, Central Java
Province, Indonesia, was classified as
a type-A transportation terminal (Baed-
howi, 2018). This terminal functions as
an inter-city and inter-provincial public
transportation node that connects the
Surabaya city, East Java Province, with
Jakarta city through Pantura. The op-
eration is also based on the Indonesian
Minister of Transportation Regulation
No 132 of 2015. However, this terminal
tends to experience a continual decline in
its operation and service, thereby leading
to a decrease in the number of passengers
and transport vehicles. The implementa-

tion of the social distancing policies and
large-scale restrictions due to the Covid-
-19 pandemic, which struck Indonesia in
March 2020, has in variably decreased
the operational rate of transportation ter-
minals, including the Jati Kudus Termi-
nal. In March 2020, data on the number
of public transport vehicles and passen-
gers in Jati Kudus Terminal consists of
3,638 buses operating, 42,331 passen-
gers arriving, and 53,402 passengers
departing. In April 2020, it decreased
to 1,428 buses operating, 8,319 passen-
gers arriving, and 8,831 passengers de-
parting. Meanwhile, in May 2020, there
was a significant decrease to 33 buses
operating, 476 passengers arriving, and
380 passengers departing (Rahman &
Munthoha, 2020). Therefore, this study
aims to determine the effect of the green
concept in Jati Terminal for the develop-
ment of sustainable transportation infra-
structure in Indonesia. Terminals play
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essential roles in connecting various is-
lands separated by oceans in Indonesia.
However, a technical study is needed to
evaluate and improve the Jati Terminal’s
performance, to prevent it from experi-
encing failure similar to Terboyo Sema-
rang Terminal. Yasa (2020) stated that
in 2018, the Terboyo Terminal, a type-A
road transport passenger company, be-
came a freight terminal due to a decline
in performance and service. According to
a research carried out by Sedayu (2019)
at Tawang Alun Terminal, Jember Re-
gency, East Java, 12 factors tend to affect
terminals’ performance level in accord-
ance with the regulation of the Indone-
sian Minister of Transportation Regula-
tion No 132 of 2015 on the operation of
the road transport passenger terminals.
These are: security, safety and health;
management responsiveness; building
utilities; architectural aesthetics; ease
and accessibility; transportation reliabil-
ity; building durability; frequency and
density; comfort and regularity; avail-
ability and capacity of public facilities;
application of environmentally friendly
concepts. Therefore, the green terminal
concept is used to ensure passengers,
public transport operators, and tenants of
commercial areas are satisfied. Humans
need optimal environmental conditions
because their comfort is influenced by
physical and psychological environmen-
tal factors (Sugiono, Nurlaela, Kusuma,
Wicaksono & Lukodono, 2020). The
buildings and surrounding environment
of'a terminal act as a place of social, eco-
nomic, and environmental interaction.
Transportation infrastructure also has an
impact on spatial and cultural develop-
ment in the surrounding area (Stangel,
2019). The negative impact of transpor-

tation infrastructure can be minimized
by the application of green concepts on
buildings and facilities. The application
of the green concept to terminal build-
ings and facilities, refers to the Green
Building Council of Indonesia (GBCI,
2013). The green building principles can
be applied to the built environment used
by humans, especially public infrastruc-
ture such as road transport terminals.

Material and methods

Determination of research variables

Sedayu’s (2019) study on the green
terminal concept and the provisions in
the Regulation of the Indonesian Minis-
ter of Transportation No 132 of 2015 on
the operation of the road transport pas-
senger terminal, were used to determine
the research variables. The green con-
cept of terminal buildings and facilities,
refers to the green building principles by
the Green Building Council of Indonesia
(GBCI, 2013). A total of 10 prioritized
attributes supporting the green concept,
were also obtained in previous studies.
These attributes are: a guarantee, re-
sponsiveness, performance, aesthetics,
ease, reliability, durability, frequency,
pleasure, and comfort, as well as avail-
ability (Sedayu, 2017). Furthermore, Se-
dayu (2018) conducted similar research
at Tlogomas Terminal in Malang, East
Java, Indonesia. The results showed an
increase in public transport terminal
services based on user expectations. The
research target combines the technical
and non-technical aspects of transporta-
tion with green terminals used to prevent
damages to the environment. The green
building emphasizes the physical aspects
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and the surrounding area of the termi-
nal (Sedayu, 2019; Figiel & Leciej-Pir-
czewska, 2020). Kuruvilla, Sreekumar,
Valsalan, Nabeela and Kurian (2018) de-
fined terminal as a public transportation
node that causes environmental damages
such as air pollution, noise, congestion,
clean water damage, and land-use cri-
sis. Complex efforts are needed for the
planning and design stages of terminal
infrastructure.

Validity and reliability tests
of research instruments

The validity and reliability tests of
research instruments were conducted on
30 respondents. The validity test uses
Pearson’s product-moment correlation
which is to calculate the correlation
coefficient of each item in the research
instrument on the total score. The re-
search instrument is called valid if the
correlation value is above 0.60 (Sedayu
& Mangkoedihardjo, 2019). The reliabil-
ity test uses the consistency coefficient
(Cronbach alpha). The research instru-
ment is called reliable if the alpha coef-
ficient (Cronbach alpha coefficient) is
above 0.60 (Sedayu & Mangkoedihard-
jo, 2019). The measurement scale for the
level of user importance and satisfaction
is shown in Table 1.

TABLE 1. Measurement scale of research instru-
ments

The Slovin formula was used to de-
termine the number of respondents (Se-
dayu & Mangkoedihardjo, 2019). This
study obtained data from a total of 1,800
people that use terminal services, con-
sisting of passengers, public transport
operators, and tenants of commercial ar-
eas. The number of respondents is daily
data of terminal users during the 24-hour
public transport service in the Jati Kudus
Terminal. The respondent is aware of the
daily development of the terminal so as
to provide accurate information about
the service and performance of the Jati
Kudus Terminal. The public transport
passengers chosen as respondents are
daily users of the terminal. The number
of respondents is calculated as follows:

N
e N
(1+(N-e))

Thus, it becomes

1,800

n= ——=327.3%328
(1+(1,800-0.05%))

where:
n — number of samples or respondents,
N — total population,
E — 5% error rate.

The results of these calculations ex-
plain that the research instrument was
distributed to 328 respondents.

Multiple linear regression analysis

The multiple linear regression meth-
od was used to determine the effect of
the research variables on the green con-
cept. The multiple linear regression gen-
erates a mathematical model that can be
used by Jati Kudus Terminal managers to

Measure-

ment User importance | User satisfaction
scale

1 not important not satisfied

2 not too important | less satisfied

3 quite important | quite satisfied

4 important satisfied

5 very important very satisfied
534

A. Sedayu



evaluate terminal performance based on
the green concept. The terminal manager
is the Directorate General of Land Trans-
portation of the Indonesian Ministry of
Transportation. This analysis phase used
for a computer program called the SPSS
23 statistics to produce a regression
model based on the level of terminal user
satisfaction. In addition, the classical as-
sumption test comprising of normality,
linearity, multicollinearity, autocorrela-
tion, heteroscedasticity, and the partial
effect was used to carry out multiple
regression analysis (Sedayu & Mang-
koedihardjo, 2019). Figure 1 shows the
relationship between independent and
dependent variables. The multiple linear
regression model is stated in the follow-
ing function:

Y=a0+a1X1 +Cl2X2+...+Cl,J(n

where:

Y — dependent variable (green terminal
performance),

ag — constant,

a, ap, az — coefficient of independent
variables,

X1, X5, X, — 1st, 2nd, and n-th independ-
ent variables.

Variable 1 (X4)

Variable 2 (X3)

Variable....(X )

Variable n (X))

E——-
I

Results and discussion

Results of research instrument
determination

The results used to determine the re-
search instrument consists of 12 green
terminal performance variables, as shown
in Table 2. In addition, it also shows the
average scores of user importance and
satisfaction on the performance of the
Jati Kudus green terminal. The perform-
ance variables refer to the Indonesian
Minister of Transportation Regulation
No 132 of 2015 on the operation of the
road transport passenger terminals. The
green concept in terminal buildings and
facilities was developed based on green
building principles by the Green Build-
ing Council of Indonesia (GBCI, 2013).
The performance variables emphasize
service to the terminal users by reducing
environmental damage caused by trans-
portation activities. The green terminal
also provides convenience for users of
disabled persons, including seniors, in-
fants, pregnant women, and people with
disabilities to use public transportation
in the terminal. Green building also em-
phasizes the building and its facilities

Performance (Y)

FIGURE 1. Relationship between green terminal performance variables
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can guarantee comfort, safety, health,
and safety for disabled persons (Sedayu,
Setiono, Subaqin & Gautama, 2020).
Table 2 explains that the variable of the
transportation service reliability, ticket-
ing, and travel costs (Xg) have the high-
est and lowest average scores based on
user importance and satisfaction. This
shows that timely and affordable trans-
portation services are important (with an
average score of 3.98) for users, but ac-
tual performance are less satisfied (with
an average score of 2.24).

The green terminal concept is one
of the solutions used to solve transpor-
tation problems in developing countries,
including Indonesia. However, there
are numerous problems associated with
transportation terminals such as traffic
congestion, unreliable service, accidents,
environmental damage, and the difficul-
ty in implementing non-motorized rules.
(Babatunde & Perera, 2016; Yapicioglu,
Mogbo & Yayani, 2017; Ahmed & El

Monem, 2020). The twelve performance
variables shown in Table 2 are the regres-
sion model variables used to evaluate
terminal performance. The green termi-
nal is part of green transportation in the
development of infrastructure that can
use electric vehicles as an effort to apply
environmentally friendly concepts. The
benefits of this technology can reduce
air pollution emissions and energy effi-
ciency, especially in densely populated
areas (Hamurcu & Eren, 2020).

The validity and reliability test results
of research instruments

A total of 30 respondents were used
to test the validity and reliability levels
of the research instruments in Table 2.
The validity test results of the instru-
ments showed that the correlation coeffi-
cient of each item had a total score above
0.60, therefore, the instrument is valid.
While the reliability test results explain
that the Cronbach alpha coefficient is

TABLE 2. Levels of importance and satisfaction on the performance of the Jati Kudus green terminal

) . Average score
Green terminal performance variable - - -
importance | satisfaction

Security guarantee and freedom from criminal acts (X) 3.72 2.58
Safety and health guarantee and freedom from accidents (X;) 3.85 2.78
Responsiveness of the terminal manager in providing services (X3) 3.64 3.47
Availability and capacity of supporting facilities (Xy) 3.80 3.06
Architectural aesthetics within and outside the buildings (Xs) 3.69 3.49
Ease of obtaining general travel information (Xg) 3.76 291
Affordability and accessibility in and out of the terminal (X7) 3.66 3.58
Reliability of transportation services, ticketing, and travel costs (Xg) 3.98 2.24
Performance durability and visual of terminal building facilities (Xy) 3.63 3.73
The density of people and vehicles in the terminal area (X) 3.71 3.82
Comfort, regularity and cleanliness (X7;) 3.75 3.81
Applicatiop of enyi.rf)nmentally friendly concepts on terminal and 387 231
transportation facilities (X7,)
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above 0.60, so it can be concluded that
the instrument is reliable. The validity
and reliability test results showed that
the research instrument is feasible and
can be used as a data collection tool.
Also, the use of questionnaires in carry-
ing out surveys integrated the technical
and non-technical aspects of the termi-
nal. Data collection tool in the form of
questionnaires that can obtain the per-
ception of respondents, namely users of
the Jati Kudus Terminal. The non-tech-
nical aspects of the terminal are sourced
in the user interests and satisfaction used
to evaluate the technical aspects of the
terminal, thus manifesting conformity
between the two aspects. User percep-
tion is considered to improve terminal
performance, as terminals as public fa-
cilities and infrastructure aim to meet
the public interests and needs (Sedayu,
2017; Dakhil, Shaheed & Alobaidi,
2019; Ferza, Hamudy & Rifki, 2019).
Sustainable transportation networks by
integrating infrastructures also consider
the perception of all stakeholders, in-
cluding users (Tadic, Krstic, Roso &
Brnjac, 2019). Road transport terminals
can be integrated with airports, seaports,
railway stations, and other supporting
transport hubs to realize effective and ef-
ficient sustainable transportation. Trans-
portation infrastructure such as terminals
can also connect with other public fa-
cilities can make it easier for people to
reduce the use of private vehicles. This
can solve transportation problems in the
form of traffic congestion and accidents,
environmental pollution, and travel cost
inefficiencies.

Results of multiple linear regression
analysis

The multiple linear regression ana-
lysis results in Table 3 were used to ob-
tain the level of influence of 12 green
terminal performance variables with an
R? value of 0.94. This means that the re-
gression equation is used to determine
performance by 94%, while the remain-
ing 6% analyzes external variables.
R value of 0.97 means that the influ-
ence of 12 performance variables is very
strong. The equation of the regression
model obtained is as follows:

Y=16.23 +2.27X; + 4.30X, + 2.19X; +
3.56X, + 2.85X5 + 5.13X; + 2.76X, +
+6.34X5 + 3.08Xo + 171X, + 342X, +
+5.78X)5

where:

Y — green terminal performance,

X — security guarantee,

X, — safety and health guarantee,

X3 — responsiveness, and responsibility
of the terminal manager,

X, — facility availability and capacity,
X5 — architectural aesthetics,

X — easy access to information,

X7 — terminal affordability and access-
ibility,
Xy -
services,
Xo — performance durability and visual
of building facilities,

Xjo — density of people and vehicles,
X;; — comfort, regularity, and clean-
liness,

X1, — application of environmentally
friendly concepts.

reliability of transportation
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TABLE 3. Results of multiple linear regression analysis

Variable eoetficints t-Count -Table
constant 16.23

X, 227 4.82

X 430 3.55

X3 2.19 474

Xy 3.56 3.92

Xs 2.85 4.15

Xo 5.13 2.54 = 5%).;0;: )
X7 2.76 3.90

Xg 6.34 2.85

Xy 3.08 5.18

Xio 1.71 523

Xy 3.42 4.02

Xin 5.78 3.19

22::06?974 number of datg (respondent) = 328

a=0.05 dependent variable ()

The regression model shows that the
variable constant is positive, therefore,
a positive value is obtained when X is
added to Y. This regression model is
used as a model to evaluate the perform-
ance of the green terminal.

The classic assumption results were
used to obtain the z-value of the Kol-
mogorov—Smirnov test. These results
explained that each performance varia-
ble has an asymptotic significance value
of 2 which is greater than the alfa level
of 0.05. This means that the data comes
from normally distributed populations.
Furthermore, the linearity test results ob-
tained significance values above 0.05 for
12 performance variables, therefore, the
regression model is linear. The results
showed no multicollinearity among the
independent variables because the sig-
nificance value is greater than the alpha

level of 0.05. The autocorrelation test
results obtained a Durbin—Watson value
of 1.996, which is close to 2. Therefore,
there was no autocorrelation between the
observational data. There was no signifi-
cant value in the heteroscedasticity test
results for 12 variables because the sig-
nificance value of the alpha level is above
0.05. The partial effect test results show
that the 12 variables have a very strong
and significant effect on the results of the
t-count > t-table. The regression model
fulfilled the needed concept, therefore, it
can be used to calculate the performance
of the green terminal.

The Jati Kudus Terminal needs to
improve its service to prevent customer
decline and other forms of failures in-
curred by the Terboyo Semarang Ter-
minal. In 2018, the Terboyo Terminal,
a type-A road transport passenger com-
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pany, became a freight terminal due to
a decline in performance and service. It
is connected to the Jati Kudus Terminal
through Demak Regency and the North
Coast (Pantura) route and links public
transportation between Jakarta city and
the Surabaya city, East Java Province.
The Pantura route is a national road
and a major alternative means of trans-
portation on the Java island. Figure 2
shows the current quite condition of the
Jati Kudus Terminal due to the limited
number of passengers and public trans-
portation. Figure 3 shows that the Ter-
boyo Terminal is associated with the
disruption of services due to the occur-
rence of tidal floods from the Java sea
coast. The coastal area adjacent to this
terminal was initially a mangrove forest
with the ability to withstand a tidal flood,
however, it has been converted into pub-
lic facilities and infrastructure. Figure 3
shows water inundating the Terboyo Ter-
minal area due to tidal flood from the
Java Sea. The Jati Kudus Terminal man-
agement needs to learn from the failed
experience of the Terboyo Terminal in
providing infrastructure.

A

FIGURE 2. Jati Kudus Terminal which is quiet
from passengers and public transportation (Bae-
dhowi, 2018)

4 "

FIGURE 3. The terminal which is flooded due to
tidal flood from the Java Sea (Purbaya, 2017)

Terminal becomes a node of chang-
ing modes of transportation for passen-
gers and freights. Terminals can connect
many areas with transportation activities
that are the main needs of the commu-
nity. This is because the terminal plays
an important role in connecting regions
(Idicula, Syam, Joseph & Harithamol,
2016). Road transport terminals can
connect between regions in Indonesia
as an archipelago country separated by
many oceans that have high disparities
in all development sectors. The national
development can be evenly distributed
throughout the region supported by
transportation infrastructure including
road transport terminals. Even develop-
ment throughout Indonesia can reduce
the level of disparity in the economic
and investment sectors. Road transport
terminals are also integrated with other
infrastructures within urban and rural
areas. Urban and rural areas can be con-
nected with transportation infrastructure
to realize the interaction between the
two regions, thus preventing the nega-
tive impact of urbanization. Jati Kudus
Terminal is connected to international
airports, international seaports, and na-
tional railway stations in Indonesia’s
Central Java Province. Road transport
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terminals integrated with airports, rail-
way stations, seaports, and other trans-
portation infrastructure can support
the transfer of passengers and freights
between domestic and international re-
gions. The application of the green con-
cept to airports, railway stations, and
seaports provides many benefits and im-
pacts on the economic, energy, environ-
mental, and transportation safety sectors.
Airports managed on a sustainable prin-
ciple can reduce inefficiencies of energy
consumption and operational costs. The
life cycle of the airport and its facilities
can be maintained with the use of renew-
able resources (Wan, Peng, Wang, Tian
& Xu, 2020). In addition to serving as
a node for passenger transfer, the seaport
becomes a node of export and import ac-
tivity between domestic and international
regions, thus improving the national eco-
nomic. A greening of port management
in view of safeguarding their license to
operate, and increasing their economic
and environmental competitiveness
(Notteboom & Lam, 2018). The integra-
tion between the road transport terminal
and the railway station can provide ease
of transfer of modes for passengers and
freights by land line. The transfer of pas-
senger mode between trains and public
transport in urban areas can prevent traf-
fic accidents and travel delays (Hasiak,
2019).

Conclusions

The results showed that the trans-
portation service reliability, ticketing,
and travel costs have the highest and
lowest average score based on the level
of user importance and satisfaction, re-

spectively. The influence of the 12 vari-
ables, represented by the R? value of
0.94, showed a regression equation of
94%, while external variables explain
the remaining 6%. The influence of 12
performance variables is very strong
and significant, with an R value of 0.97,
therefore, the resulting regression model
has also fulfilled the classical assump-
tion requirement test. The twelve vari-
ables include Security guarantee; Safety
and health guarantee; Responsiveness,
and responsibility of the terminal man-
ager; Facility availability and capacity;
Architectural aesthetics; Easy access to
information; Terminal affordability and
accessibility; Reliability of transporta-
tion services; Performance durability
and visual of building facilities; Density
of people and vehicles; Comfort, regu-
larity, and cleanliness, and; Application
of environmentally friendly concepts.
The Jati Kudus Terminal managers need
to pay attention to the 12 performance
variables to improve their performance
and support the sustainable development
of transportation infrastructure in Indo-
nesia. Jati Kudus green terminal concept
can reduce transportation problems in
the form of traffic congestion and ac-
cidents, waste of energy consumption,
environmental pollution, and inefficien-
cies of travel costs. The Jati Kudus Ter-
minal plays an essential role in connect-
ing various islands separated by oceans
in Indonesia. The terminal is connected
to airports, railways, seaports, and other
transportation infrastructures, thereby
increase the national economy and in-
vestment. Jati Kudus Terminal connects
rural and urban areas so as to prevent the
negative impact of urbanization.
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Summary

Developing Jati Kudus Terminal into
a sustainable transportation infrastruc-
ture in Indonesia using the green concept.
The Jati Kudus Terminal, which plays an im-
portant role as a public transportation node
on the North Coast of Java Island, has ex-
perienced a continual decline in performance
and service. This study aims to determine the
effect of green terminal concept variables in
the Jati Kudus Terminal using the multiple
linear regression methods with SPSS 23. Data
collection tool in the form of questionnaires
distributed to respondents, namely terminal
users who know the development of the Jati
Kudus Terminal every day. The perception
data used in the analysis is the level of in-
terest and satisfaction with the service and
performance of the Jati Kudus Terminal. The
evaluation of terminal performance refers to
the regulation of the Indonesian Minister of
Transportation No 132 of 2015 on the opera-
tion of the road transport passenger terminals.
The green concept of terminal buildings and
facilities refers to the Green Building Coun-
cil of Indonesia. The results showed that the
variable of transportation service reliability,
ticketing, and travel costs have the highest
and the lowest average scores based on user
importance and satisfaction, respectively.
The other variables include: security guar-
antee and freedom from criminal acts; safety
and health guarantee and freedom from acci-
dents; responsiveness of the terminal manag-
er in providing services; availability and ca-
pacity of supporting facilities; architectural
aesthetics within and outside the buildings;
ease of obtaining general travel information;
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affordability and accessibility in and out of
the terminal; the density of people and vehi-
cles in the terminal area; comfort, regularity,
and cleanliness; and application of environ-
mentally friendly concepts on terminal and
transportation facilities. Therefore, manag-
ers of the Jati Kudus Terminal need to repair
and improve their services according to these
12 variables. The implementation of the
green concept can develop Jati Kudus Ter-
minal into a green terminal in Indonesia that
serves as a node of sustainable and environ-
mentally friendly public transportation.
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Introduction

Insects harm crops in the field and
may cause extensive damage during
storage. The amount of insect damage
in stored grain is 10—40% in countries
that do not apply modern storage tech-
niques (Banga, Kotwaliwale, Mohapatra
& Giri, 2016; Pandey, Tripathi & Singh,
2018). In Africa the rate of insect dam-
age in stored products can potentially
reach 100% if control methods and stor-
age conditions are poor. These environ-
mental effects and the need to maintain
a sustainable environment have created
the need for environmental-safe, degra-

dable and target-specific insecticides
(Cheng et al., 2017; Bottrell & Schoenly,
2018; Costa, Freitas, Cruz, Silveira &
Morais, 2019). Many extracts and com-
pounds have insecticidal activities, most
being repellants, ovipositional deterrents
and antifeedants against both agricultur-
al pests and medically important insect
species (Singh & Kaur, 2018; Vetal &
Pardeshi, 2019; Isman, 2020).

The rather broad use of conven-
tional insecticides as grain protectants
remains a dominant pest management
tactic against stored product insects par-
ticularly in warmer climates (Lamich-
hane et al., 2016). Such use and recom-
mendations are largely based on acute
lethal studies, which although valuable,
neglect the likely occurrence and im-
portance of potential sublethal effects
of insecticides on these pest species and
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associated community (Vélez, Barbosa,
Quintero, Chediak & Guedes, 2017).
Nonetheless, sublethal effects of con-
ventional grain protectants have been
recorded in the granary, but compounds
of more recent use in stored product pro-
tection were not targeted in such studies,
as the biopesticide spinosad, in contrast
with pyrethroids (Awan, Ahmad, Saleem
& Shakoori, 2019).

The sustained levels of pyrethroid use
against grain weevils have been leading
to problems of resistance to these com-
pounds in Sitophilus granarius (Puthur,
Anoopkumar, Rebello & Aneesh, 2019).
Therefore, new alternatives have been
developed and launched in the market
as grain protectants. One of them is the
biopesticide spinosad, which belongs to
a class of naturally derived compounds
currently available in many countries
(Shah et al., 2019). Therefore, essential
oils have emerged as viable alternatives
to synthetic pesticides for control of
stored-grain insect pests; they are gener-
ally non-toxic to mammals, birds, fish,
or humans, have limited persistence, are
readily biodegradable, and are renewable
resources (Owolabi, Ogundajo, Alafia,
Ajelara & Setzer, 2020).

In this study, we assessed the insec-
ticidal activities of Eucalyptus globulus
and Rosmarinus officinalis essential oils
against Sitophilus granarius adults. We
also examined the effect of essential oils
on the microbial activity against: Staphy-
lococcus aureus, Enterococcus faecium,
Listeria monocytogenes, Bacillus subti-
lis, Escherichia coli, Yersinia enterocol-
itica and Candida albicans. This research
provides the first view of the molecular
events underlying the response to plant

essential oils in Sitophilus granarius. In
the future, it could provide the founda-
tion for developing plant essential oils as
a novel environmentally friendly bioin-
secticide against insect pests.

Material and methods

Plant material

The aerial part of plant were random-
ly collected from FEucalyptus globulus
and Rosmarinus officinalis in planting
base (the planting base belongs to EST-
-Khenifra) in Morocco country (Mid-
dle Atlas in Morocco, 32°58°22.9” N
5°39°38.7” W), and the samples were
collected once a month from March 2018
to May 2019. The plants were identified
by our team from the research laboratory
(University Sultan Moulay Slimane),
and a voucher specimen for each plant
(ESTK/2018/25 and ESTK/2018/29)
were deposited in the laboratory col-
lections. The herbs were air-dried in the
room and then were milled into 80 mesh
powder before hydrodistillation.

50 g dried of samples (50 g) were dis-
tilled by Clevenger-apparatus to collect
3 L of distillate (distillation time: 6 h),
and the distillate was collected for ex-
tracting essential oils of the plants using
100 mL anhydrous diethyl ether under
room temperature. The organic phases
were dehydrated with anhydrous sodium
sulfate and concentrated to obtain es-
sential oils for each biomass. The es-
sential oils were stored at —20°C in dark
glass bottles until required for chemical
and biological analyzes (maximum four
weeks). The process was executed in
10 replicates.
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Essential oil analysis

Gas chromatography-mass spec-
trometry (GC/MS) analysis was carried
out using a GC/MS apparatus (Hewlett
Packard 5971A, Vienna, Austria). The
samples of essential oils components
were separated on capillary column (30 m
x 0.25mm x 0.25 um thickness). Helium
(99.999%) was employed as carrier gas
at a constant linear velocity of 35cm-s .
The sample volume of 1 pL was injected
using AOC-20i+s autoinjector. The in-
jection port was set at 290°C in splitless
mode. The GC oven temperature was
programmed as follows: Smin at 50°C,
heated in 1 min from 2°C to 300°C and
held for 10 min. [onization by MS of the
sample components was performed in
the EI mode (70eV).

The identification of the essential oil
constituents was accomplished by com-
paring retention indices from the litera-
ture data and mass spectra by computer
library search.

Insecticidal activity

The insects Sitophilus granarius
were reared respectively on wheat, ten-
der in plastic boxes of one-liter capacity,
transparent and wire mesh (Yattinamani,
Bharati & Chimmad, 2019). The whole
is placed in enclosures whose tempera-
ture is 30°C and the relative humidity
is 70%. The insecticide evaluation pro-
cedure used in this work is as follows:
in Petri dishes (experimental chambers)
containing 10 insects, the EOCS were
tested at increasing concentrations:
C, =0.01 pL-cm™, C, = 0.02 pL-cm™
and C3 = 0.03 pL-cm™ and at different
temperatures: 77 = 25°C, T, = 30°C and
T5=35°C. The essential oils were placed

in steel cylinders with a constant depth
of 0.5 cm and diameters: D; = 1 cm,
D, =2 c¢cm and D3 = 3 cm. The assem-
bly was introduced into a fumigation
chamber included in the experimental
enclosure (semi-ventilated). Repetitions
were carried out in triplicate for mini-
mize errors with an oil-free control. The
number of dead insects was recorded as
a function of time after 24 h (Paventi et
al., 2020).

Adjusted mortality in treated insects
is expressed according to the equation:

M, —M
M= —L_—C 1100[%]
100-M -

where:

M — mortality;

M;— mortality observed in insects;
M — mortality observed in controls.

The determination of the lethal dose
of 50% LDs, was determined by linear
interpolation on curves giving the per-
centage of mortality as a function of the
logarithm of the concentration tested.

Antimicrobial activity

Antimicrobial tests of essential oils
were performed against strains Gram(+)
bacteria such as: Staphylococcus au-
reus (CECT 976), Enterococcus faecium
(CECT 4932), Listeria monocytogenes
(CECT 911) and Bacillus subtilis (CECT
4071), strains Gram(—) bacteria such
as: Escherichia coli (CECT 431), Yer-
sinia enterocolitica (CECT 4315) and
the yeast Candida albicans.

The MIC and the MBC were deter-
mined in 96-well plates (12 columns
and 8 rows). For each EO, 10 different
concentrations were tested (3.125, 6.25,
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12.5, 25.0, 50.0 and 100.0 pl'mL7").
Negative (MH broth and DMSO) and
positive (MH broth and microbial inocu-
lum, without essential oils). The plates
were incubated overnight at 37°C. The
MIC values corresponded to the first well
of each row where no visible microbial
growth was detected. The MBC was de-
termined from the first three wells of each
row that showed no microbial growth af-
ter plate incubation (Man, Santacroce,
lacob, Mare & Man, 2019; Abedini et
al., 2020). For that, 10 pL from the cor-
responding wells were seeded on Mac-
Conkey agar plates. After overnight in-
cubation at 37°C, any microbial growth
was checked. The MBC values represent
the concentrations from plates where no
bacterial colonies were found.

Statistical analysis

All experiments were performed in
triplicate and data were expressed as
mean values +standard deviation (SD).
The statistical software used for this
analysis is SPSS V20.

Results and discussion

The results of chemical analysis car-
ried out by GC/MS of two essential oils
of Eucalyptus globulus and Rosmarinus
officinalis were mentioned in Tables 1
and 2, respectively. All spectroscopic
data revealed the presence of 82 organic
volatile compounds representing 98.63%
of the total constituents of Eucalyptus
globulus and the presence of 45 organic
volatile compounds representing 98.53%
of the total constituents of Rosmarinus
officinalis.

Moreover, the major compounds
for Eucalyptus globulus were estragole

(28.14%), terpinolene (7.12%), 1,4-hex-
adiene-5-methyl-3-(1-methylethylidene)
(7.01%), linalool (5.54%) and furfural
(4.66%). According to Ferrentino, Mo-
rozova, Horn and Scampicchio (2020),
1,8-cineole or/and eucalyptol are the
main constituents (70-80%) and the
other constituents are mainly terpene
with low concentration.

On the other hand, the major com-
pounds for Rosmarinus officinalis were
(-)-camphor (31.16%) and B-caryophyl-
lene (18.55%), 3.,4-dimethyl-(Z,Z)-
-2,4-Hexadiene (9.08%), a-fenchene
(4.67%), cis-verbenone (4.33%) and
Bornyl acetate (3.4%). According to
numerous previous studies, the essen-
tial oil composition of Rosmarinus of-
ficinalis strongly related chemotypes as
well as the degree of development of the
plant. Its main constituents can be 1,8-
-cineole, a-pinene, camphor, other com-
pounds such as: borneol, bornyl acetate,
verbenone, p-cymene or p-myrcene.
They can be accompanied by B-caryo-
phyllene, limonene, linalool, sabinene,
y-terpinene, a-terpineol and terpinenol-4
(Conde-Hernandez, Espinosa-Victoria,
Trejo & Guerrero-Beltran, 2017; Chung,
Lee, Lee, Chung & Lee, 2020).

The results of the insecticidal tests of
the essential oils of Eucalyptus globulus
and Rosmarinus officinalis against Si-
tophilus granarius are displayed in Ta-
ble 3 in the form of lethal doses of 50%
(LD5p), according to the studied parame-
ters such as: the cylinder diameter (D) and
the temperature of the incubation (7). The
study of the insecticidal activity of these
essential oils on an organism harmful to
stored products Sitophilus granarius con-
firmed that the two essential oils stud-
ied have important insecticidal activity.
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TABLE 1. Chemical composition of the essential oil of Eucalyptus globulus

Peak Ry Compound C [%]
1 4.19 | (-)-camphor 31.16
2 4.31 |(+)-2-Bornanone 2.17
3 4.64 |3.4-dimethyl-(Z.Z )-2.4-Hexadiene 9.08
4 4.82 | 3-Cyclopentene-1-ethanol. 2.2.4-trimethyl- 4.57
5 4.95 |Isoborneol 4.37
6 5.17 |a-Fenchene 4.67
7 5.25 |cis-Verbenone 4.33
8 5.35 | D-Verbenone 2.08
9 5.55 |Cyclohexanone. 5-methyl-2-(1-methylethylidene)- 0.24

10 5.61 |5-Hepten-1-ol. 2-ethenyl-6-methyl- 0.11
11 5.65 | Cyclodecene. 1-methyl- 0.10
12 5.73 | Piperitone 0.15
13 6.26 | Bornyl acetate 3.44
14 6.47 | B-Terpinene 0.58
15 6.69 |p-Cymen-7-ol 0.18
16 6.78 |4-Hydroxy-3-methylacetophenone 0.17
17 6.89 | (Z)-Ocimenone 0.14
18 6.98 |4-Hydroxy-3-methylacetophenone 0.24
19 7.11 | 2H-Inden-2-one. 1.4.5.6.7.7a-hexahydro-7a-methyl-. (S)- 0.33
20 7.45 | a-Copaene 0.51
21 8.51 |B-Caryophyllene 18.55
22 8.86 | 1.4.7.-Cycloundecatriene. 1.5.9.9- tetramethyl-. Z.Z.Z- 3.67
23 9.19 |y-Muurolene 0.43
24 9.39 |ar-Curcumene 0.48
25 9.52 | 9-epi-(E)-Caryophyllene 0.15
26 9.62 | a-Bergamotene 0.11
27 9.71 | a-Amorphene 0.23
28 9.85 |B-Bisabolene 0.85
29 9.95 | 9-Cadinene 0.24
30 10.01 |B-Sesquiphellandrene 0.23
31 10.19 | Caryophyllene oxide 0.27
32 10.69 | (-)-Globulol 1.85
33 11.02 | Humulene epoxide II 0.22
34 11.48 | B-Longipinene 0.31
35 11.48 | 10.10-Dimethyl-2.6-dimethylenebicyclo[7.2.0Jundecan-5.beta.-ol 0.31
36 11.87 |trans-Z-a-Bisabolene epoxide 0.44
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TABLE 1, cont.

Peak Ry Compound C [%]
37 112.06 1-Methyl-6-methylenebicyclo[3.2.0] heptane 0.15
38 13.93 Succinic acid. 3-methylbut-2-yl non-5-yn-3-yl ester 0.12
39 [15.05 Isopimara-9(11).15-diene 0.19
40 11533 1(131 :::RJR)- 1.4.9.9-Tetramethyl-5.6.7.8-tetrahydro-4H-3a.7-methanoaz 016
41 16.05 Phosphonous dichloride. (1.7.7-trimethylbicyclo[2.2.1]hept-2-yl)- 0.18
42 |16.17 (2.6.6-Trimethylcyclohex-1-enylmethanesulfonyl)benzene 0.24
43 16.62 Cyclohexanemethanol. 3.3-dimethyl- 2-(3-methyl-1-butenyl)- 0.29
44 |17.17 Aminosalicylic Acid 0.11
45 |17.55 |4-Carene. (1S.3R.6R)-(-)- 0.13

Ry — retention time.
TABLE 2. Chemical composition of the essential oil of Rosmarinus officinalis

Peak Ry Compound C [%]
1 3.17 | Terpinolene 7.12

2 3.27 |trans-Verbenol 0.47

3 3.36 |Linalool 5.54

4 3.35 | Spiro[2.4]heptane. 4-methylene- 1.00

5 3.58 | 4-Acetyl-1-methylcyclohexene 0.51

6 3.68 | 1.4-Hexadiene. 5S-methyl-3-(1-methylethylidene)- 7.01

7 3.83 | Tricyclo[4.1.0.0(2.7)]heptanes 2.15

8 3.90 |4-Methyl-1.4-heptadiene 0.94

9 4.05 | Dicyclopentadiene. tetrahydro. exo 0.83

10 4.11 | Isoborneol 0.66
11 4.24 | Terpinen-4-ol 2.07

12 4.33  |Furfural 4.66

13 4.43 | Myrtenal 1.50
14 4.69 |Estragole 28.14

15 5.04 |2.6-Dimethyl-3.5.7-octatriene-2-o0l . Z.Z- 0.75

16 5.19 | Propanal. 2-methyl-3-phenyl- 0.27

17 5.30 [(-)-Carvone 1.59

18 5.79 | Dihydrocarveol 0.14

19 5.88 a-Terpinen-7-al 0.21
20 6.03 | Bornyl acetate 0.75
21 6.23 | I-Methyltricyclo[2.2.1.0(2.6)]heptane 0.97
22 6.29 | Artemisia triene 2.08
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TABLE 2, cont.

Peak Ry Compound C [%]
23 6.46 | Cyclohexane. 4-methyl-2-methylene-1-(1-methylethylidene)- 0.61
24 6.65 |p-Menth-8-ene. 3-methylene- 1.39
25 6.78 | 2H-Inden-2-one. 1.4.5.6.7.7a-hexahydro-7a-methyl-. (S)- 0.91
26 6.90 |a-Longipinene 2.64
27 7.07 | 4-(2.4.4-Trimethyl-bicyclo[4.1.0]hept-2-en-3-yl)-butan-2-one 0.83
28 7.14 | cis-Carvyl Acetate 1.91
29 7.42 | 5-Isopropenyl-2-methyl-7-oxabicyclo[4.1.0]heptan-2-ol 1.10
30 7.58 | a-Bulnesene 0.78
31 769 \C/Dﬁ/;;l(l)heptane. 4-methylene-1-methyl-2-(2-methyl-1-propen-1-yl)-1- 0.66
32 7.82 | a-Santalol 0.94
33 8.02 | (2S.4R)-p-Mentha-[1(7).8]-diene 2- hydroperoxide 0.89
34 8.23 | 5-Isopropenyl-2-methyl-7-oxabicyclo[4.1.0]heptan-2-ol 0.56
35 8.33 | cis-Sabinene hydrate 0.49
36 8.43 | a-Himachalene 0.50
37 8.63 | 8-Oxabicyclo[5.1.0]oct-5-en-2-0l.1.4.4-trimethyl- 0.52
38 8.93 | B-Humulene 0.44
39 9.26 | Eremophilene 0.59
40 9.36 | B-Himachalene 0.65
41 9.79 | a-Sinensal 0.23
42 9.85 | p-Longipinene 0.25
43 9.98 | Z-Ocimene 0.22
44 10.09 | Methane. tribromo- 0.36
45 10.29 | Ethanone. 1-(3-methylene cyclopentyl)- 0.15
46 10.44 | B-Ocimene 0.38
47 10.53 | Spiro[cyclopropane-1.6’-[3]oxatricyclo[3.2.1.0(2.4)]octane] 0.33
48 10.65 | p-Menth-8-ene. 3-methylene- 0.19
49 10.96 | Cyclohexane. (2-ethyl-1-methyl-1-butenyl)- 0.29
50 11.08 |Limonene dioxide 0.12
51 12.60 | cis.o-Santalol 0.13
52 12.77 | Ocimene 0.10
53 13.28 | (E)2.3-Dimethylcyclohex-2-en.oxime 0.37
54 13.38 | 1.2-Dipropylcyclopropene-3-carboxylic acid 0.36
55 14.13 | 2(5H)-Furanone. 4-methyl-3-(2-methyl-2-propenyl)- 0.16
56 14.78 | (3S.6R)-3-Hydroperoxy-3-methyl-6-(prop-1-en-2-yl)cyclohex-1-ene 0.17
57 15.00 |Camphene 0.16

550 A. Ainane et al.




TABLE 2, cont.

Peak Ry Compound C [%]
58 15.08 | Triselenothane 0.22
59 15.26 |o-Farnesene 0.46
60 15.34 | Acetic acid. 2.2-selenobis- 0.10
61 15.39 |(E.E.E)-3.7.11.15-Tetramethylhexadeca-1.3.6.10.14-pentacne 0.24
62 15.69 gsl}g)}?ifiZ Tetracosahexaen-3- ol. 2.6.10.15.19.23-hexamethyl-. 043
63 15.84 | (Z)-B-Santalol 0.32
64 16.02 | p-Menth-8-ene. 3-methylene- 0.28
65 16.13 | p-Camphorene 0.91
66 16.2 | B-Terpinene 0.21
67 16.35 | Hexane. 1-chloro-5-methyl- 0.45
68 16.55 | B-Bisabolene 0.57
69 16.71 | Acetic acid. 2.2’-selenobis- 0.39
70 17.02 | Succinic acid. 2-methylpent-3-yl 2.2-dichloroethyl ester 0.73
71 17.27 | (3R.6R)-3-Hydroperoxy-3-methyl-6-(prop-1-en-2-yl)cyclohex-1-ene 0.31
72 17.43 | Formic acid. 3.7.11-trimethyl-1.6.10-dodecatrien-3-yl ester 0.47
73 17.57 | Acetic acid. 2.2’-selenobis- 0.75
74 17.83 | 7-Methylene-bicyclo[3.3.1]nonan-3-one oxime 0.33
75 18.41 | Formic acid. 3.7.11-trimethyl-1.6. 10-dodecatrien-3-yl ester 0.55
76 20.21 |1.5.6.7-Tetrahydro-4-indolone 0.23
77 20.61 | B-Elemenone 0.26
78 20.84 | (Z)-epi-B-Santalol 0.12
79 21.00 |2-Ethyl-2-[(E)-(4-methoxyphenyl)diazenyl]malononitrile 0.16
80 21.30 | Epi-B-Santalol 0.12
81 22.18 | (3R.6R)-3-Hydroperoxy-3-methyl-6-( prop-1-en-2-yl)cyclohex-1-ene 0.10
82 28.12 | Phenol. 2-(2-aminoethyl)- 0.18

Rz — retention time.

According to the lethal dose of 50%
(LDsg), the activity of the essential oils
tested varies widely depending on the
nature of the essential oil and the factors
used (Diniz do Nascimento et al., 2020).
In addition, the insecticidal activities of
these essential oils studied are probably
due to the major constituents of each es-
sential oil, thus and their synergetic. All

these tests carried out can confirm that
the treatment of foodstuffs with essential
oil from aromatic and medicinal plants
can be very effective in controlling pests
of stored foodstuffs. All these tests car-
ried out can confirm that the treatment of
foodstuffs with these two essential oils
can be very effective in controlling pests
of stored foodstuffs (Ainane et al., 2019).
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TABLE 3. LDs insecticide activities of different essential oils

Diameter Temperature Eucalyptus globules Rosmarinus officinalis
T, =25°C 0.041 +0.005 0.016 +0.005
D;=1cm T, =30°C 0.007 £0.005 0.003 +0.005
T3 =35°C 0.005 +£0.005 0.002 +0.005
T, =25°C 0.020 +0.005 0.011 £0.005
Dy=2cm T, =30°C 0.009 +£0.005 0.002 +0.005
T5=135°C 0.004 +0.005 0.001 +0.005
T1=25°C 0.020 +0.005 0.007 +0.005
D;=3cm T, =30°C 0.007 +0.005 0.002 +0.005
T5=35°C 0.002 +0.005 *

*LDs is less than 0.001 uL'cm’3.

TABLE 4. Parameters of the antibacterial activity of two essential oils

Strains Parameter Eucalyptus globules | Rosmarinus officinalis
MIC [ul'mL™"] 655.13 4731
Staphylococcus aureus MBC [ul'mL™] 815.13 58.21
MBC/ MIC 1.24 1.23
MIC [pl'mL ™ 713.11 54.23
Enterococcus faecium MBC [ul'mL ™ 992.11 84.32
MBC /| MIC 1.39 1.55
MIC [pl-'mL™"] 791.31 68.33
Listeria monocytogenes MBC [pl'mL™] 871.31 89.53
MBC/ MIC 1.10 1.31
MIC [ul'mL™"] 803.35 64.23
Bacillus subtilis MBC [pl'mL™"] 996.35 7433
MBC | MIC 1.24 1.16
MIC [pl-mL™"] 941.21 69.21
Escherichia coli MBC [ul'mL ] 1471.21 88.21
MBC /| MIC 1.56 1.27
MIC [ul'mL™"] 804.61 71.53
Yersinia enterocolitica MBC [pl'mL_l] 994.41 91.13
MBC/ MIC 1.24 1.27
MIC [ul'mI™] not detected 56.23
Pseudomonas aeruginosa MBC [pl'mL™1] not detected 78.13
MBC/ MIC not detected 1.39
MIC [pl'mL™"] 867.75 89.15
Candida albicans MBC [;.Ll-mL’l] 1234.75 101.05
MBC /| MIC 1.42 1.13
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FIGURE. Graphical representation of parameter data: MIC, MBC and MBC / MIC

The results of the antibacterial activ-
ities of the microdilution broth method
applied to the essential oils of Eucalyptus
globulus and of Rosmarinus officinalis
are expressed in terms of the minimum
inhibitory concentration (MIC), the min-
imum bactericidal concentration (MBC)

and the fraction (MBC/MIC). All the
values obtained are shown in Table 4 and
the figure. It can be concluded after re-
sults obtained, that the two essential oils
have interesting antimicrobial activities
against Staphylococcus aureus, Entero-
coccus faecium, Listeria monocytogenes,
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Bacillus subtilis, Escherichia coli, Yer-
sinia enterocolitica and Candida albi-
cans. The minimum inhibitory concen-
trations MIC vary from 47.31 to 941.21
ul'mL™! and the minimum bactericide
concentrations MBC vary in the range
from 58.21 to 1,234.75 ul'mL~". The
essential oil of Eucalyptus globulus has
weak antimicrobial activities while the
essential oil of Rosmarinus officinalis
has moderate and acceptable antimicro-
bial activities (E1 Abboubi et al., 2019).
Finally, all the results obtained dur-
ing the insecticidal activities and the
complementary antibacterial activities,
we can target the two essential oils in ag-
ricultural uses as bioinsecticides. They
can be used as natural insecticides while
respecting environmental standards.

Conclusions

During this study, the research car-
ried out gave us a general work of view
on the development of these two es-
sential oils of Eucalyptus globulus and
Rosmarinus officinalis, from where, we
carried out a chemical composition with
other biological studies for agricultural
applications. The results obtained have
shown that the two essential oils have
interesting prospects for the conserva-
tion of seeds against biotic aggressions
(insect pests and infection microbials).
These results can help reduce the amount
of insecticides applied, and subsequently
decrease the negative impact of synthetic
agents, such as residues, resistance and
environmental pollution.
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Summary

Evaluation of biological activities of
two essential oils as a safe environmental
bioinsecticides: case of Eucalyptus globu-
lus and Rosmarinus officinalis. All works
of this article were conducted to investi-
gate chemical composition and insecticidal
and antimicrobial properties of Eucalyptus
globulus and Rosmarinus officinalis essen-
tial oils isolated by hydro-distillation of its
aerial parts. Analysis of the essential oils on
the basis of gas chromatography and mass
spectrometry (GC/FID and GC/MS) re-
vealed the presence of 82 organic volatiles
representing 98.63% of the total constituents
of Eucalyptus globulus and the presence of
45 organic volatiles representing 98.53% of
the total constituents of Rosmarinus offici-
nalis. The major compounds for Eucalyptus
globulus were estragole (28.14%), terpino-
lene (7.12%), 1,4-hexadiene-5-methyl-3-(1-
-methylethylidene) (7.01%), linalool (5.54%)
and furfural (4.66%) and for Rosmarinus of-
ficinalis were (-)-camphor (31.16%) and
B-caryophyllene (18.55%), 3,4-dimethyl-
-(Z2,Z)-2,4-Hexadiene (9.08%), a-fenchene
(4.67%), cis-verbenone (4.33%) and Bornyl
acetate (3.4%). The efficacy of the two es-
sential oils was evaluated on the insect pests

Sitophilus granarius of wheat and was re-
markable with lethal doses of 50% tending
towards 1 uL-cm’3. The broth microdilution
method as a complementary test was con-
ducted to test the antimicrobial activity of the
essential oil against: Staphylococcus aureus,
Enterococcus  faecium, Listeria monocy-
togenes, Bacillus subtilis, Escherichia coli,
Yersinia enterocolitica, Pseudomonas aeru-
ginosa and Candida albicans, further for the
two oils of shows promising activity against
all strains.
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Introduction

In historic buildings, the selection
of appropriate methods of renovation
works should always take into account
the historic character and historical val-
ues of not only the objects as a whole,
but also its individual elements (Radzi-
szewska-Zielina & Sladowski, 2017;
Drozd & Le$niak, 2018; Korentz &
Nowogonska, 2018; Hota & Sadowski,
2019; Monczynski, Ksit & Szymczak-
-Graczyk, 2019). In the case of historic
half-timbered buildings, the conse-
quences of erroneous decisions regard-
ing renovation or neglected conservation
lead to irreversible damage processes.
The effective undertaking of protection

activities thus requires carrying out ap-
propriate diagnostic studies (Hola &
Schabowicz, 2010; Cruz et al., 2015;
Nowogonska, 2019; Rogala & Anysz,
2019; Sztubecka, Skiba, Mrowczynska
& Bazan-Krzywoszanska, 2020). The
results of these studies will make it pos-
sible to put forth renovation solutions
which do not interfere with the historic
architectural-structural layout of the
building.

The aim of the research is to ana-
lyze the effects of inappropriate renova-
tion decisions on the example of a chess
building. The indirect goal is to raise
the awareness of the owners of the fa-
cilities that the renovation works should
be planned correctly. Renovations of the
building should be carried out compre-
hensively and not fragmentarily. A bad
example is the replacement of a wooden
foundation beam with a brick substruc-
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ture only in a few walls of the building
and not on the whole perimeter.

Wooden frame constructions have
been used in Western Europe since the
12th century. Basing off of German frame
architecture, rural houses, outbuildings,
were erected in the area of the middle
Odra region in the 17th century, peasant
houses, outbuildings, taverns and inns,
bourgeois house, churches, rectories and
parish school (Franke 1936; Klein, 1985).
The rich German ornamentation of the
facades, however, was reduced to simple
systems of posts, angle struts and stiffen-
ers. The village of Sekowice (formerly
Schekendorf) was first mentioned in 1301.
The source materials from 1442 give the
name of Has Wesenberg as its owner until
the year 1482. Up until the 16th century,
the village was under the ownership of the
von Kocktritiz family. In 1523, S¢kowice
(at that time known as Schenkendorf) was
bought by the former Master of the Order
of Joanites — George von Schlabendorf.
During the Thirty Year’s War, similarly
to other towns and villages, fire was set
to churches. In Sc¢kowice, the castle of
the owner and church were destroyed at
this time. In the second half of the 17th
century, most likely in place of the former
temple, a half-timbered octagonal struc-
ture was erected, covered by an octago-
nal-slope roof with drum and lantern. The
temple is maintained in such state to this
day. In the 18th century, nearby the church,
a wooden, free-standing tower covered
by a hip roof was added on. In 1813, the
village also came under royal ownership,
and this is when renovation of the church
was carried out. Later major renovations
were done at the beginning and near the
end of the 20th century [Karta ewiden-
cyjna zabytkow architektury i budow-

nictwakosciotafilialnego pw. Sw. Rodziny
w S¢kowicach]. During World War 11, the
building was taken on by Catholics, with
the church being blessed at the beginning
of 1946.

Short description of the building

In S¢kowice, a village located ap-
proximately 7 km south of Gubin, there
is a church on a small hill, surround by
old trees. The temple was erected in the
second half of the 17th century. It is
a single-naive building constructed using
traditional frame technology. The outside
walls are created by wooden posts, rafters
and angle struts, with the areas lying be-
tween them laid with brick and plastered
on both sides. The building was set up on
the layout of a regular octagon with addi-
tions: a church porch from the south and
a sacristy from the east. The structure of
the church is formed by perimeter walls
and eight inside posts supporting the gal-
leries and structure of the drum, as well
a roof framework.

The foundation was constructed
as strip foundations made from erratic
boulder on lime mortar. The depth of the
foundation is 50 cm below the level of
the terrain. On the foundation, there is a
plinth made of solid fired brick measur-
ing, on average, 28 x 14 x 9 ¢cm, on lime
mortar with the addition of clay. Over
the plinth in the southern, south-eastern
and north-western elevation, there are
wooden 30 x 30 cm ground beams. The
remaining walls lack beams; the original
elements underwent biological corro-
sion, and, most likely in the first half of
the 20th century, were removed and re-
placed with a brick wall base (Fig. 1).
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FIGURE 1. The south-western elevation. Dam-
aged and damp foundation plinth, corroded wood-
en structure, significant missing areas of plaster
in the masonry wall filling the post and beam
structure

The post and beam structure of each
outside wall comprises four posts meas-
uring 30 % 30 cm placed directly on the
foundation plinth, four levels of beams
with 20 x 20 cm cross sections, as well
as angle struts in corner areas, measuring
20 x 20 cm. Modern-day masking boards
2.4 cm in thickness and 30 cm (posts)
and 19 cm (beams and struts) wide are
nailed onto all original wooden struc-
tural elements (with the exception of the
walls of the additions). The fill between
wooden elements is a wall of fired solid
brick, with dimensions of 28 x 14 x 9
cm on lime mortar, and mortar depth of
2 cm on average, plastered on the inside
and outside.

The perimeter walls along with
eight inside posts support the galleries
and structure of the drum as well as the
wooden roof framework. The western
part of the gallery turns into a balcony on
the layout of a circle segment, protruding
and bracket-mounted in the direction of
the main naive. The galleries are struc-
tures supported on inside posts, with
cross sections measuring 25 x 31 cm and

beams 20 x 20 cm, as well as on posts
of outside walls. The ceiling beams with
dimensions of 20 x 25 and 20 x 20 cm, in
a radial layout, are supported by beams
and inside posts, as well as posts in the
outside walls. Rigidity of the structure is
increased with angle struts between the
inside posts and ceiling beams as well as
wooden supports between the posts of
the inside walls and ceiling beams. The
supports are attached to the posts with
screws. They were most likely applied
during renovation works during the first
half of the 20th century. The structure
of the drum is post and beam. From the
outside, it is covered by pine boards laid
vertically; the connections between the
boards are covered with strips of wood.
The structure of the crowning tower wall
is a post one, with areas between posts
filled in with plastered brick.

The cover over the galleries is
a wood-beamed ceiling with sound
boarding without a floor and a ceiling
from boards. In the tower part, the ceil-
ing is beamed, at the same time function-
ing as horizontal elements of the roof
framework. The boards are nailed from
the bottom to the wooden structure creat-
ing a ceiling over the main naive. In the
middle of the ceiling there is an octago-
nal opening, most likely the remains of
a former lighting (lantern), currently
covered up with boards (Fig. 2).

The area of the galleries is separated
from the main naive by a wooden penal
wall, creating a balustrade with a parapet
wall. Painted scenes from the Stations of
the Cross from the 1960s are found on
the panels. In the western part, between
the balcony and the main naive, there is
a wall with vertical boarding. The gal-
lery over the parapet is covered by mod-
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FIGURE 2. Inside of the church

ern wooden plank paneling. In the tower
part, there is a post and beam wall with-
out angle struts, with brick infill, plas-
tered and painted with chalk paint. The
church roof is comprised of a three-story
wooden structure. The lower part covers
the space over the galleries. The mid-
dle part, along with the structure of the
drum, covers the middle part of the main
naive, the upper — the tower.

The structure of the roof over the
gallery is a single monopitch, with
a slope 0f 90%. The trusses are supported
by roof purlins and a roofing wall plate,
which makes up the upper girt of the
wall structure. The roof over the drum
is also a monopitch. The trusses are sup-
ported by the girt beam of the drum wall
and the girt of the tower. The roof over
the tower is a tented, truss roof. That of
the addition (the porch) is a monopitch
inclined roof. The roof covering is of
double-lapped plain tiles laid on lime
mortar. The eaves are of profiled trusses
supported by a beam with profiled ends.
The crowning cornice is made of profiled
boards coated with oil paint, nailed to the
eave and protruding beyond the external
face of the wall.

On the plinth and foundations is
cement-lime plaster. The walls of the
ground floor and gallery are covered by
lime plaster with a smooth finish, with the
entirety covered by an integrally colored
(sand color) sand-lime coating. The half-
timbered walls are covered by a smooth-
finish lime plaster on the outside, which
had been painted multiple times, most re-
cently with emulsion paint.

Technical condition of the building

During on-site visits, detailed in-
spections of all structural and finishing
elements of the building were carried
out. Two foundation uncoverings were
carried out, in the north-western build-
ing as well as in the corner between the
sacristy and the main naive in the south-
-western part. Surface damp from rainwa-
ters as well as some minor loosening of
the stones was confirmed (Figs. 3, 4, 5).
The mortar is washed away in some
areas, with missing areas partially re-
filled with cement-lime mortar. Based on

FIGURE 3. Northern elevation — fragment. The
corroded wooden post and beam structure. Loose-
ned brick connections, missing plaster. Corroded
attached canopies over the ground-floor window
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FIGURE 4. Northern elevation. Corroded ground
beam, loosened connections of plinth brick, miss-
ing areas of plaster. Between the post and the cor-
roded and crushed ground beam, the crevice is
filled with an insert from boards

FIGURE 5. North-western elevation — fragment.
The corroded and compressed ground beam.
Damp foundation plinth

current geotechnical documentation, it
was confirmed that the existing geotech-
nical conditions are favorable, the ground
waters are at a level of approximately
3.4 m below the surface of the terrain.
At the time of site inspections, the
masking strips were removed with the
aim of uncovering the wooden con-
struction. The wooden construction ele-
ments have undergone damage by pests
(old-house borer and common furniture

beetle). The woodworking joints are
separated, with movement of the beams
reaching as much as 7 cm. Numer-
ous secondary strengthening elements
are visible — iron clamps and ties. The
wooden structure requires general re-
pairs, partial reinforcement, and partial
replacement of elements. Additionally, it
is recommended that pesticide and fun-
gicide impregnation be carried out.

The infill between the wooden ele-
ments is a wall from solid fired brick. In
the western and south-western wall, there
is a clear vertical crack of the plinth in
the area of the base of two middle posts,
and in the corner from the north-western
side (Fig. 6).

FIGURE 6. Fragment of the south-western eleva-
tion. Cracking of the plinth in the corner between
the south-western wall, missing plaster, cut-out
fragment of post

On the western and north-eastern and
south-eastern walls, from the inside of
the church, two vertical structural cracks
along the posts (vertical and diagonal)
can be seen along the central posts, at
the level up to the height of the galleries
(Fig. 7). There are also two cracks of each
kind (vertical and diagonal) on the north-
ern and north-western side, between the
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FIGURE 7. Inside part of the north-eastern wall.
Vertical cracks of the wall along the posts

window and the post, and two structural
diagonal ones on the eastern wall.

Abundant cracks and scratches can
be found on the outside of all walls of
the church. In addition to this, two brick
areas on the north-western side protrude
outwards and deviate from the vertical by
approximately 10 cm. The entire south-
-eastern wall is leaning in the direction
of'the interior of the church. Insulation in
the form of a bitumen-based membrane
can be found on the northern elevation
as well as in the walls of the sacristy. The
membrane has flaked away, is cracked
and in bad technical condition.

The deflection of the ceiling in the
middle of its spread reaches 5 cm under
dynamic loading. Due to changes in the
geometry of the structure of the gallery,
there is loosening in the woodworking
joints reaching as much as 3 ¢cm in some
places. The structure of the ceiling had
undergone rather significant superficial
biological pest infestation by the com-
mon furniture beetle.

The post situated in the main naive
of the inside of the church, between the
southern and south-eastern part, is re-
connected at a height of 1.65 m from

the level of the floor with the lower part,
which had been replaced. The ceiling
beams in the middle of their spread have
been temporarily supported with wooden
shoring posts due to their deflection and
displacements.

In the structure of the roof, there
are numerous missing areas in the form
of cut out elements of the roof frame-
work. Sprockets are partially enforced
by boards. Some elements (angle struts,
beams, posts) have been replaced by new
ones. The entire structure of the roof
framework has undergone infestation
with wood-boring pests.

In the main naive, the floor finish is
of ceramic tiles. Along the north-eastern
part of the wall, the floor is deflected
parallel to it, at a distance of 80 cm, and
sagging near the wall up to a depth of
10 cm; a crack 2 cm in width has emerged.
Along the western wall, loosening of the
floor tiles is observed.

Numerous cracks of the outside plas-
ters and areas of missing plaster have
occurred. Near the ground, the plasters
are damp and covered with mosses; un-
der the cornice, water stains are visible.
The plasters gave off a hollow sound in
many places when being tapped, which
signifies their separation from the base.
The boards covering the wooden struc-
ture are damp.

Analysis of changes in the
geometry of the building

Measurements of deviations and dis-
placement of the post structure of the
church were carried out. The deviations
from the vertical were measured for all
corner posts of outside walls to a height
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of 5.5 m (to the level of the cornice) as
well as inside posts to a level of 3 m from
the level of the floor of the main naive
(to the level of the gallery beams).

Deviations from the vertical of out-
side posts at the level of 5.5 m fall within
the range of 100-360 mm. The results
of measurements of all posts have been
shown in Figure 8.

In the case of the inside posts, all
deviations from the vertical are directed
towards the inside of the building; in the
northern part, the deviations are directed
to the south, and to the north for posts
in the southern part. The greatest values
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when it comes to deviations were noted
in posts in the south-eastern part of the
building, reaching up to 360 mm.

Deviations from the vertical of in-
side posts are smaller; at the height of
3 m, they fall within the range of
40-130 mm (according to Fig. 8).

In the northern and western part of
the church, the posts lean towards the in-
side walls. In the southern part, leaning is
in the direction of the inside of the main
naive. The highest values of deviations
from the vertical (up to 130 mm) were
observed in posts in the southern part of
the building.
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FIGURE 8. Values of deviation from the vertical of inside posts (SW1-SW8) and posts in the outside
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Assessment of the geometry
of the building

The results of the carried out meas-
urements indicate significant deviation
and displacements of the post and beam
structure:

— the posts of the outside walls are
leaning in the direction of the in-
side of the building and partially to
the North; the posts of the inside
post and beam structure in the main
naive are leaning to the North and
the West,

— the deviations from the vertical of
the outside posts in the south-east-
ern wall are alarming; the value of
360 mm deviation of SZ2 post meas-
uring 30 x 30 cm indicates the pos-
sibility losing its stability,

— thesouth-eastern wall is leaning in the
direction of the inside of the building
to a degree that poses a threat to the
stability of the structure,

— the direction of changes to the geom-
etry of the inside posts is caused by
the settling of the structure on biolog-
ically corroded ground beams on the
north-western and northern walls,

— the magnitude of changes in the ge-
ometry of the post and beam struc-
ture of the church points to the un-
disputable necessity of carrying out
additional bracing, reinforcement
and protection of the structure from
further deformation.

Summary and discussion

In other studies, the analysis of
changes in building geometry (Cruz et
al., 2015) was also conducted. Geometric
changes are a picture of the consequences

of wrong renovation decisions. Deviations
from the vertical and displacement are an
indication of the cause of building dam-
age. Building diagnostics carried out cor-
rectly consists in determining the extent
of damage effects, determining the cause
of damage and then proposing a method
of repair. For the building in S¢kowice
an analysis of changes in the building ge-
ometry was performed. The direction of
movements is an indication of the cause
of negative changes in the building.

The table presents the most important
wrong renovation decisions in the build-
ing in Sekowice and their consequences.

Conclusions

Uneven deformations of structural
elements of the church are caused by the
natural wear of elements of the building,
the detrimental effect of atmospheric,
biological and mechanical factors and,
above all, negligence when it comes to
conservation and removing the resulting
damage. The assessment of the technical
condition of the historic half-timbered
church in Se¢kowice and conclusions
drawn from it are the first stage of works
connected with saving this great build-
ing. The obtained results set the stage
for further action. Subsequent stages,
renovation works with the possible ap-
plication of modern-day technical and
technological solutions, will return the
building to the community of Sgkowice.
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TABLE. Summary of the most important consequences of erroneous renovation decisions

Type of wrong
decision

Consequence

Method of correction

Remove the
wooden foun-
dation beams
partially and
replace them
with a brick
foundation

Some of the walls settled on the corro-
ded ground beams, and the uneven set-
tling resulted in the distortion of the
beam structure. Posts in the outside walls
as well as inside posts are leaning in the
direction of the interior of the church in
varying degrees.

Due the missing parts in the brick areas
that fill the half-timbered construction,
it is necessary to carry out renovation
works based on filling in the missing
bricks and mortar; the areas of brick be-
tween the post and beams diverging from
the vertical ought to be re-laid, making
partial use of demolition material.

Due to changes in the geometry of the
wooden structure, it is necessary to
immediately take measures to protect
it from further distortions. In the next
stage, the structure ought to be straighte-
ned, next increasing its rigidity both in
the horizontal as well as vertical planes.
After repairing and stabilizing the struc-
ture, small cracks 4 mm in depth running
only through the joints require merely
filling with mortar whose structure and
physical-chemical properties are close
to those of the original, and fragments
of the brick walls where cracking and
scratches are observed ought to be re-laid
with brick.

The use of
wood boarding
on facades

A significant part of the elements of the
wooden structure underwent biological
corrosion, due to which it lost its original
strength parameters; the original wood-
working joints were separated, which led
to a loss of rigidity of the structure. The
inside perimeter walls form the eastern
side settled a few dozen cm vertically as
aresult of corroded ground beams, which
is signified by the drop in the floor of the
galleries in the western direction.

The wooden post and beam structure re-
quires renovation based on the partial re-
placement and filling in of wooden stru-
ctural elements and impregnation with
pesticides and fungicides as well as fire
retardants.

When replac-
ing the roof,
the drainage of
water from the
roof was not
done properly

All downpipes drain water in the direct
proximity of the plinth, which leads to
significant dampening of the foundation
and plinth as well as washing out of the
dust fraction of the granular soil structure
in the active zone of the ground.

Missing pieces in the foundations requi-
re filling in, loosened masonry elements
— relaying, and a damp-proof mem-
brane of the foundation ought to be
placed between the plinth and the ground
beams, next drying out the foundation
and plinth.
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Summary

Consequences of improper renova-
tion decisions in a 17th century half-tim-
bered building. In the case of historic half-
-timbered buildings, the consequences of er-
roneous decisions regarding renovation or
neglected conservation lead to irreversible
damage processes. The effective undertaking
of protection activities thus requires carry-
ing out appropriate diagnostic studies. The
results of these studies will make it possible
to put forth renovation solutions which do
not interfere with the historic architectural-
-structural layout of the building. The article
presents the results of the assessment of the
technical conditions of a 17th century church
in S¢kowice, built using traditional frame
construction. As a consequence of earlier,
inappropriate decisions pertaining to renova-
tion works, a significant portion of the ele-
ments of the wooden construction underwent
biological corrosion, as a result of which it
lost its original mechanical properties. Some
of the walls settled on corroded ground
beams, with the uneven settling leading to
distortions of the entire structure.
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autorow na stronie http://iks.pn.sggw.pl).

Wymagania techniczne dotyczace przygotowania prac:

1.

Tekst i tabele nalezy zlozy¢ w formie elektronicznej, w plikach o formacie MS Office, a rysunki
— wstawione do tekstu i w oddzielnych plikach graficznych, w programach pracujacych w $rodo-
wisku Windows (Excel, Photoshop itp.) w wersji czarno-biatej. Rysunki i zdjecia w wersji papiero-
wej sa drukowane w skali szarosci, a na stronie internetowej czasopisma wygenerowane w wersji
kolorowe;j.

Objetos¢ artykutu wraz z ilustracjami nie moze przekracza¢ 10 stron formatu A-4, interlinia —
1,5 wiersza, marginesy — 2,5 cm, czcionka TNR 12 pkt., tekst w uktadzie jednokolumnowym.

Uklad pracy (zgodnie z szablonem: http://iks.pn.sggw.pl/do_autorow.html):

L O R

10.

11.
12.

13.

. Imig¢ i nazwisko autora(-6w) — u gory z lewej strony.

. Pod nazwiskiem — miejsce pracy w polskim i angielskim jezyku.

. Tytut pracy — w polskim i angielskim jezyku.

. Stowa kluczowe (Key words) — w polskim i angielskim jezyku.

. Tekst pracy (w jezyku polskim lub angielskim) powinien obejmowac: wprowadzenie, material

i metody, wyniki, podsumowanie i dyskusje, wnioski, literature, streszczenie w jezyku angiel-
skim (Summary), streszczenie w jezyku polskim, adres autora(-6w).

. Tytuly tabel i rysunkdw, opisy gtowki pionowej i poziomej tabel oraz wszystkie napisy na ilustra-

cjach musza by¢ w polskim i angielskim jezyku w wersji czarno-biale;.

. W tekstach w jezyku polskim do oznaczania pozycji dziesigtnej liczb nalezy uzywac przecinka,

a w jezyku angielskim — kropki.

. Przy powotywaniu si¢ w artykutach angielskojezycznych na publikacje w Przeglgdzie Naukowym

autorzy proszeni sg o uzywanie jego angielskiej nazwy.

. Wykaz pismiennictwa i powolania nalezy sporzadzi¢ wedlug migdzynarodowego formatu APA

i zestawi¢ w porzadku alfabetycznym. Blizsze informacje, przyktady formatowania i program do
tworzenia opiséw bibliograficznych w wymaganym formacie znajduja si¢ na stronie Przeglgdu
Naukowego (http://iks.pn.sggw.pl/do_autorow.html), np.:

Kowalski, J. i Nowak, P. (2009). Analiza regresji stosowana. Warszawa: Wydawnictwo Naukowe
PWN.

Kowalski, J., Nowak, P. i Bartnik, Z. (2009). Suspended sediment sources in two small lowland
agricultural catchments in the UK. Journal of Hydrology, 252(1-4), 1-24. doi:10.1016/s0022-
1694(01)00388-2

Procedura recenzowania. (2014). Pobrano z lokalizacji Przeglad Naukowy Inzynieria i Ksztatto-
wanie Srodowiska: http://iks.pn.sggw.pl/recenzje.html.

Przy pierwszym powotywaniu si¢ w tekscie na innych autoréw podaje si¢ np.: ,,zdaniem Kowal-
skiego (2002)” lub ,,(Kowalski, 2002)”. Przy wigkszej liczbie autoréw ,,(Kowalski, Malinowski
i Witkowski, 2002)”.

Streszczenia powinny zawiera¢ ok. 500 znakow.

Author’s address:

Jan Kowalski

Nazwa miejsca pracy w jezyku polskim (uczelnia, wydzial, katedra)

ulica, kod pocztowy miejscowosé, Poland

e-mail

Oswiadczenie o oryginalnos$ci pracy (http://iks.pn.sggw.pl/oswiadczenie.doc).
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