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Since snow load is one of the loads of designing the industrial shed roof, this research
presents a new system to reduce the industrial sheds roof design. In this system, sensitive units
of moisture and temperature, which can be adjusted with different areas, are installed on the
shed’s roof. The mechanism of system is that the sensors in the units detect the presence of
snow on the shed roof and send an order to connect electricity to the elements; therefore, the
snow on the roof melts by the heat generated. In this system, solar panels are used to supply
electricity. As with the help of this mechanism, snow does not remain on the roof, it is possible to
eliminate the snow load in the calculations of the shed and apply at least the live load of the sixth
regulation (Due to having a one-story shed, minimum live load applied and it used only for the
foundation design of the structure.), this issue will create an economic plan in shed designing.
According to the study conducted in this research, it is shown that the dimensions of the sheet
beam used in the shed are reduced, which will significantly reduce the cost of construction and
installation to some extent. In the following, two samples of sheds with a span of 20 meters in the
presence of snow and the absence of snow in the software were modelled, and the results were

compared with each other.

Introduction

With the development of societies and countries, the
need to use environmentally friendly energy in various
industries increases. On the other hand, the lack of resources
and pollution from artificial resources has destroyed the
environment and looted its non-renewable resources. This
research presents a new mechanism to convert solar energy
into heat energy to so that melts the snow accumulated on
the shed roof. Thus the snow loads would be removed in
the structural design calculation, and with the design load
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reduction, the lighter sections would be considered, which is
economical. A new mechanism for economic and structural
changes in the shed design has been presented in this research.
One of the most important advantages of the proposed design
is economical design of the shed by lightening its structural
weight. Lightweight structure also has positive effects in the
field of construction, assembly and installation on-site, saving
time and positive seismic effects [1-5].

By using H.S.S construction sections in the construction of
sheds, significant time and cost of construction can be saved.
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These new structures, while weighing less, have a higher
torsional strength than conventionally built sheds. Another
important advantage of these sheds is the elimination of
the architectural limitations caused by the protrusion of the
column haunch in the conventional construction method of
the sheds. Most steel structural manufacturers, due to their
ease of use, prefer to use ST37 quality steel in steel structural
construction operations. While in the industrial production
method of H.S.S construction sections, higher quality steels
such as ST44 and ST52 steels can be used, which saves 17% to
27% in the total weight of the structure. Meanwhile, the price
of ST44 and ST52 steels is about 2 to 3 per cent higher than
ST37 steels [6-8].

Other researches include an article entitled “Optimization
of industrial bridges and sheds construction using a
combination of different steel grades used in plate girder
components”), which this study refers to the selection of
variables of steel grade, And suggests that by choosing steel
type ST37 (steel with less resistance) in less load-bearing
components and ST52 (steels with higher yield strength)
in more load-bearing components, the total weight of steel
used in single-span sheds and multi-span sheds reduces in
comparison with using only mild steels, 53.22% and 11.18%,
respectively, and in comparison with using only high-strength
steels, by 3.10 and 12.9, respectively. This research is related
to the selection of initial parameters in casting and its effects
on structural properties [9-11].

This study is the first parameter is the casting and its
impact on structural properties.

The project is divided into several sections: solar systems,
thermalload, structural analysis and arrangement of elements:

Solar system

Components of the solar system can be divided into the
following 3 sections:

Solar Cells: There are different types of solar cells,
which are generally divided into three categories in terms of
differences in construction and operation:

A) Polycrystalline b) Monocrystalline ¢) Amorphous silicon

However, it should be considered that if an obstacle
prevents the radiation of light to the surface of mono and poly
cells, this will lead to the output voltage reduction of the cells.
In this research, amorphous panels are selected according
to the environmental condition of solar cells which the
main purpose of their installation in this project is to reduce
snow load because these panels give a more comprehensive
response to energy needs in adverse weather conditions.

Parameters affecting the production capacity of solar
panels can be examined in the following 3 factors:

A) Load intensity of solar energy: I (direct relationship)
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B) Surface size of solar cells: A (direct relationship)
C) Cell temperature: T

Laboratory experience has shown that in the design and
arrangement of solar panels, using several small solar panels
with series connections gives better results than the use of
one large solar panel. If the average output voltage of small
panels, which have standard dimensions in the market, (0.5
is considered, the output voltage of the panels is calculated as
follows) [12-14].

Equation 1
Output voltage = (number of series cells) * 0.5

Electronic power converter: As mentioned, electronic
power converters or inverters can have 3 modes AC-DC,
DC-DC and DC-AC depending on the type of consumer.
These converters are available in two types of reducers and
boosters. Since sometimes the designs require a voltage that
is either more than the capacity of the circuit or cannot power
the circuit, this converter has many uses.

The output voltage amount of the DC-DC converter circuit
is obtained from the following Equation:

Equation 2

1

You = Tp

n

Equation 3

_ Ton
T

In the above relations Ton and T are the parameters
of external load and temperature, respectively. Further
explanation of this issue is beyond the scope of our discussion.
In this research, according to the type of element used in the
ceiling and the ability to change the voltage, a DC-DC converter
has been used [15].

D

Energy storage batteries (charger batteries): One of
the specifications of batteries is the amount of load stored in
them, which is expressed in units A/h, for example, a 10 A/h
battery (ampere per hour) can produce up to 3 hours of load
required for 30A to produce and deliver it to the network.
The output power of the batteries is calculated from Equation
P =V *1Equation 4 [16-18].

And it can be calculated according to the formula
mentioned in Code 19 of the National Building Regulations
based on Kcal/h:

Equation 5
Hjcal =1.63 \ZV
m~-h°C m~°C

Thermal load calculation (Q)

The required thermal energy for the industrial shed
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consists of two parts:
1 The heat required to melt the snow

2 The heatrequired to heat the industrial shed is obviously
the priority of the design.

Calculation of required thermal load for melting snow
(Q1): The heat generated due the snow load is calculated by
the following formula:

Equation 6
Q, =M*L,

In the above relation, M is the mass of the molten material
and L, is the fusion latent heat coefficient. To create a
reliability coefficient, the maximum value of M is taken into
account, and this maximum value is obtained from the hydro-
meteorological studies of each region [19-21].

Calculation of industrial shed heating need (Q2): The
pattern of wall heat transfer in present study is illustrated in
Figure 1.

Here we need to understand the wasted energy amount
which in relation to it we have:

Equation 7
Q=AU(8,-6)
Equation 8

U= !

—+R1+R2+‘.‘+l
fr fy

Equation 9
R=Leg
[§

In Equation (7), Aand U are the cross section perpendicular
to the thermal flow passage and the thermal conductivity,
respectively. In relation to U we must note that this coefficient
is the inverse of the thermal resistance and is obtained from
Equation (8).

02115 22 5122

e . bbb

5,

In this Equation, fi is the air thermal resistance inside and
outside of the shed and R, is the wall components resistance,
which the resistance parameter obtained from Equation (9)

2
and M™7C js its unit. All this information is taken from Code
%

19 of the National Building regulation. The sum of the thermal
energies Q1 and Q2 is called QT. QT is the required thermal
energy which is provided by the solar system [22-25]. To make
this mechanism smarter, a programmed system with MATLAB
has been used. In this program, based on hydrological studies
of each region, snow temperature gradient is obtained, in
other words, two parameters of relative humidity and snow
temperature are the starting point of the elements so that the
solar energy absorbed by DC-DC converters is converted into
electricity. And transferred to the elements and thus melt the
accumulated snow. The written program calculates 2 required
thermal energy outputs fortheroofofthe shed and therequired
heat energy for heating the shed. Units containing LN-35
(temperature and humidity sensitive) sensors have been used
for intelligence. Another conditional factor in the program is

that the heat flow induction rate from the elements in terms of
K 1Kcal 3 W

—<al what is obtained from the conversion =1.

h m*h°C m*°C
(Equation 5) obtained from Equation P = V * I (Equation 4) to
the average snowfall time obtained from hydrological studies
of an area is restricted [26].

The elements arrangement

In determining the elements arrangement, it should be
noted that due to the 11% slope of the sheds roof, the snow will
be more concentrated in the corners of the roof. In designing
and selecting the placement and arrangement of the elements,
several models such as simple circle, longitudinal, Zigzag,
and Circular circle (Figure 2) is considered. The purpose of
geometric modeling of these shapes is to determine the best
and most optimal arrangement of elements to achieve 2 goals:

1. The highest area of elements coverage
2. The lowest consumption of the elements

The mentioned examples have been converted into
mathematical models and solved by simplex method. The
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Figure 1: The schematic plan of utilized wall and heat transfer from it in present study.
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Figure 2: The schematic plan of solar elements arranges on the roof in present

research. (Longitudinal arrangement of circular elements).

results of these modeling’s show that the circular model has
the highest coverage area and the lowest element consumption
[27-30].

The obtained model is placed at distances of 0.5 m from
the center to the center so that their inner radius reaches R
= 8m and the difference in radius of two consecutive circles
of the center reaches AR=1m, this can provide the optimal
conditions for the arrangement of the element. Then, by using
the approximate parameters of the heat function and limiting
its variables to the experimental environmental conditions,
we achieved that the concentric circle model is the best model

of heat emission. In general, the heat Equation is expressed

as ﬁ:cz
ot

6u2 , in which u is a function of heat emission in

terms of the variables t (time) and x (place). We analyze this
Equation by the method of separating variables from the
methods of differential Equations, which may have 3 opposite
states: 1) The finite object and boundary conditions are zero.
2) The object is infinite. 3) The object is semi-finite.

In this project, we select conditions (1) according to the
environmental condition of the elements, and after analyzing
it from the above method, we have the answer to the Equation:

_(nlle 2 ]
a e[ ( - ) t ”‘sin(nHX
L

Equation 10

u(x.t)= > la, )]
n=l1
Equation 11
L
a =2 jf(x)sin(nnx)dx n=1,2,3, ...
Lo L

As per Figure 3, we simulated the answer from the u(x. t)
Equation in MATLAB and acquired the following model
according to the written program [31-33].

The model shows that after the equilibrium time, we reach
the thermal equilibrium, that is, the heat of melting snow.
Based on the simulated models, we came to the conclusion
that the ring model can be selected as the optimal model.

Structural analysis

To investigate the effect of reducing snow load on the
structural sections, two sheds in the following 2 situations
have been modeled in X-Steel software.

https://doi.org/10.29328/journal.acee.1001030
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Figure 3: The trends of heat transfer in the roof of sheds in present research
according to simulation outcomes.

Status 1: The existence of dead and live loads due to wind
and snow

Status 2: Existence of dead and wind loads and minimum
live load specified in Code 6 of the National Building
Regulations

Both industrial sheds have a span of 20 meters, a length of
30 meters, and the distance between their forms is 6 meters.
The place of shed construction is considered in Mashhad.

It should be noted that the design snow load for the city
of Mashhad based on hydrological studies of the Gamble
distribution is considered to be 150 kg / m”2. Both sheds
have been modeled in the software and have been analyzed
and designed under the mentioned load [34,35].

Finally, the sections obtained for both sheds are compared
with each other. The following Table 1 shows a comparison
between the executive details of status (1) and status (2).

According to Figure 4, the thickness of frame is reduced
from PL10 to PL6 by solar system application. Moreover, the
thickness of column plate is optimized from PL200*12 to
PL200*8 with applying photovoltaic system. As per Figure 5,
the size of Z shape in girder putting is changed from Z180
to Z160 by molding snow load by solar radiation. Finally,
according to Figure 6, with putting solar systems in roof,
the flange dimension is optimized from PL800*250*20 to
PL800*200*15.

Table 1: Comparison of solar based and conventional system in designing sheds.
Status 1 Status 2

Executive details (mm)

Thickness of form and column PL10 PL6
Dlmen5|onsc¢:)f|Jcr:nm wings and PL250%12 PL200*8
Column flange dimensions to form PL800*250*20 PL800*200*15
Form flange dimensions to form PL350*200*15 PL350*200%12

Framing section Z180 2160
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Status 1

Figure 4: Comparison of column and frame details in both (Status 1) conventional
and (Status 2) solar based design.

Status 1

Figure 5: Comparison of framing on the sheds roof in both (Status 1) conventional
and (Status 2) solar based design.

Status 1 Status 2

Figure 6: Comparison of column flange connection to form in both (Status 1)

conventional and (Status 2) solar based design.

Author’s suggestion

We must note that by changing the general policies of
the electricity company and, consequently, the government
apparatus, this system can be made very economical. To
illustrate this, we have a comparison between buying energy
in Third World and First World countries; According to
interviews with several citizens living in Europe, including
Sweden, the electricity company and, consequently, govern-
ment policies buy the provided energy created by the people
at 3 times the price. It means that this system is inclusive in
summer and spring, and even in some areas in autumn, it
only generates 300% revenue, which is responsible for the
costs of reviewing and replacing the system battery for 3
years due to reduced efficiency. In addition, it also includes
income generation; this policy encourages people to use free
and environmentally friendly free energy. In the hope that

https://doi.org/10.29328/journal.acee.1001030
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one day, with the increase of scientific projects to exploit solar
energy in various sciences, the macro-policies of the country
will move towards the exploitation of this divine blessing.

Conclusion

In this research, a new mechanism for optimizing the
structure of sheds has been presented. Elements are installed
in the roof of the shed with an optimally ordered arrangement,
which converts solar energy into heat energy with the help of
solar cells that are attached to it, and uses this heat to melt
the accumulated snow on the roof of the shed. Due to this
mechanism, snow does not remain on the shed roof. The snow
load effects in the design of the shed can be ignored. In the
presented numerical example, two sheds were analyzed and
designed once under snow load and once without snow load.
Numerical results show that the shed designed without snow
load has smaller cross-sectional dimensions than the original
shed. By comparing the cost construction of these two sheds,
(in the first shed includes the weight of the structure with
larger dimensions and in the second shed includes the weight
of the structure with smaller dimensions and the cost of the
solar system), a cost reduction of about 8% was obtained for
the second shed. Finally, it should be noted that the results
of this study show that designers and accounting engineers
can use this mechanism to design optimal dimensions with a
higher risk factor.
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