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Abstract- Renewable sources of energy are gaining popularity
worldwide, with solar energy emerging as one of the
prominent sources. However, a cost-effective and safe design
for solar panels remains a challenge, as they require accurate
information on loads and other factors that affect construction
cost. Currently, design standards do not cover effective loads
on solar panels mounted on residential buildings. This project
aims to analyze the effect of solar panel installation
arrangements on the structural stability of a building, using
advanced simulation techniques. The study will identify the
areas of the building most vulnerable to structural instability
due to the installation of solar panels. The findings will
provide valuable insights into the design and construction of
sustainable buildings, ensuring that the structural integrity of
buildings is not compromised by the installation of solar
panels, and the buildings remain safe for occupation. This
project contributes to the growing body of knowledge on the
impact of solar panel installations on building structures,
supporting architects, engineers, and builders involved in
designing and constructing buildings with solar panel
installations.
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I. INTRODUCTION

Many countries are now moving towards renewable
source of energy for power generation. Solar energy is
emerging as one of the prominent source of energy. There is a
renewed interest in using solar panels (photovoltaic/thermal)
as a renewable source of energy However, a cost-effective and
safe design that will make such energy generation alternative
competitive with traditional energy resources remains a
challenge.A safe,yet economical, design of the solar panels for
wind requires accurate information on the estimation of the
loads, among other factors, which can affect significantly the
construction cost. Since these structures are relatively new,
effective loads on solar panels are hardly covered by current
design standards.The existing exercise has less comprehensive
data for evaluating loads on solar panels mounted on
residential buildings. Furthermore, there is no provision in
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building codes and standards to guide the design of these types
of structures for load.The use of solar energy is becoming
increasingly popular due to its numerous benefits such as
reducing carbon emissions and providing a sustainable source
of energy. One of the ways to harness solar energy is through
the installation of solar panels on buildings. However, the
installation of solar panels on a building can have an impact
on its structural stability.This project aims to analyze the
effect of solar panel installation arrangements on the structural
stability of a building. The analysis will be carried out using
advanced simulation techniques and will focus on identifying
the areas of the building that are most vulnerable to structural
instability due to the installation of solar panels.The findings
from this project will be useful for architects, engineers, and
builders who are involved in the design and construction of
buildings with solar panel installations. The results will help to
ensure that the structural integrity of the building is not
compromised by the installation of solar panels and that the
building is safe for occupation.Overall, this project will
contribute to the growing body of knowledge on the impact of
solar panel installations on building structures and will
provide valuable insights into the design and construction of
sustainable buildings.

I1. LITERATURE REVIEW

A. Mihalidis (2009) Suggested the use of renewable
energy resources is increasing rapidly. Following this trend,
the implementation of large area solar arrays is considered to
be a necessity. Several design approaches of the supporting
structures have been presented in order to achieve the
maximum overall efficiency. They are loaded mainly by
aerodynamic forces. International regulations as well as the
competition between industries define that they must
withstand the enormous loads that result from air velocities
over 120 km/h. Furthermore, they must have a life expectancy
of more than 20 years.[1]

L. Lisell, T. Tetreault, and A. Watson, et.al (2009)
suggested A few simple considerations when designing
buildings will facilitate a smooth and cost effective transition
to solar later in the building’s life. In cases in which solar is
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not economically feasible during the initial construction phase,
making the structure solar ready will help reduce the carbon
footprint of the building over its lifetime and lower power
costs when the solar system is installed. Furthermore, a solar
ready building will position the building owner to take
advantage of falling renewable energy prices in the future.
Implementing policy that requires some or all new
construction to be solar ready is a simple way community
leaders can promote solar in their jurisdictions. With the aid of
the Solar Ready Building Planning Guide, city planners,
policymakers, and developers will be able to lay the
foundation for Solar Cities.[2]

Stephen Dwyer Alan Harper, William Lindau et.al
(2011) suggested the Structural Considerations for Solar
Installers provides a comprehensive outline of structural
considerations associated with simplified solar installations
and recommends a set of best practices installers can follow
when assessing such considerations. Information in the
manual comes from engineering and solar experts as well as
case studies. The objectives of the manual are to ensure safety
and structural durability for rooftop solar installations and to
potentially accelerate the permitting process by identifying
and remedying structural issues prior to installation.[3]

James Rossman Anderson, Cody Anthony Beckel,
Mariela Lizet Castillo, et.al (2012) suggested a Small,
residential solar power can be part of the solution to the
energy crisis. However, there are very few options for a
homeowner to purchase household solar mounting systems.
To meet this need, a single solar panel ground mounting
system has been designed that is functional, economical and
easy to install. The design includes a base with a detachable
center square pole and an angle adjuster allowing residential
use throughout the US. The retail price is less than $1,500 and
includes the mounting system, solar panel, power converter,
and easy to follow instructions for installation.[4]

Aly Mousaad Aly (2012)suggested the existing
literature has limited aerodynamic data for the evaluation of
design wind loads for solar panels. Furthermore, there are no
provisions in building codes and standards to guide the design
of these types of structures for wind. This paper presents a
systematic wind tunnel study to evaluate wind loads on solar
panels mounted on low-rise gable buildings. A preliminary
geometric scale effect study using a simple isolated solar panel
was carried out to permit design appropriate wind tunnel
experiments. Following the scale effect study, wind loads on
solar panels mounted on different critical zones of low-rise
residential roof are systematically investigated. The results of
the current paper provide useful information for the design of
the solar panels.[5]
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Yixian Lee, Andrew A. O. Tay, etal (2012)
suggested Snow loading poses a significant problem to the
integrity of photovoltaic (PV) modules. The weight of
accumulated snow exerted on the PV modules can cause
breakage of the glass cover and cells. The mechanical load test
in IEC 61215 is designed to test the reliability of PV modules
subjected to 2400 Pa, and subsequently to 5400 Pa of uniform
load, in the revised standard. In this paper, finite element
analysis is conducted to study the stresses in PV modules with
non-tempered float glass, subjected to conditions in the
mechanical load test. In this analysis, residual stresses that are
induced during the module lamination process are taken into
account in order to give an accurate representation of the
existing stresses in the module. These residual stresses arise
when the temperature of the PV laminate is lowered from the
lamination temperature (typically 145 °C) to room
temperature, due to the differences in coefficient ofthermal
expansion (CTE) of the constituent PV laminate materials.[5]

Eleni Xypnitou (2012)suggestedthe scope of this
study was to better understand the wind pressure distribution
on stand-alone panel surfaces and panels attached to flat
building roofs. For this purpose, sophisticated physical models
of solar panels of different configurations wereconstructed and
appropriate instrumentation was used during the experimental
process in the boundary layer wind tunnel in order to evaluate
relevant wind-induced loads. A complex model was
constructed using a 1:200 geometric scale. Three model panels
were equipped with 36 pressure taps in total (both surfaces)
for point and area-averaged pressure/force measurements.
Pressure and force coefficients were computed for every
pressure tap and for all the panels. Different configurations
were tested under similar conditions in order to examine the
effect of each parameter on the experimental results.[6]

Alex Mathew (2013)suggestedthe design and stability
analysis of a solar panel supporting structure used as a fuel
station in green automobile engineering. The present work is a
part of the project named “Sun 2 Car” of Mahindra Reva Ltd
and the design is used by the company to meet their industrial
needs. The design of solar panel supporting structure and the
effects of wind force on its structural stability is discussed in
this paper. The measures for preventing the overturning of the
structure are also discussed. Due to the wind force, a reaction
force is experienced on the structure and the structure will
retain its stable state, only if this reaction force is compensated
by the force due the self-weight of the structure. The structure
under consideration is able to hold 8 solar panels of 1kW
capacity each and can withstand the wind velocity
experiencing at different locations of India. This structure can
use anywhere in India (calculations are based on wind zones
of India), and can freely place anywhere as the base has no
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holding arrangements. The design is optimized for easy
assembly, dismantle and transportation.[7]

Hema Venkatesh Bezawada (2014)suggested solar
energy has a large potential to become the fuel of the future.
The challenge however remains to effectively capture the
available solar energy and efficiently convert the captured
solar energy into electrical energy. The project is a definitive
attempt to explore the opportunities in effectively capturing
the solar energy by designing a mechanical system and
support structure to rotate a set of photo voltaic modules
which are capable of generating 1 kWh electricity. Large scale
solar power generation is the broad framework of the current
problem statement.[8]

I11. AIM AND OBJECTIVE OF THE PROJECT

The aim of the project is Analysis of structure stability
of building due to effect of solar panel and different panel
arrangement installation.

A. Objective
The objective of the project are as follows,

e To study the impact of solar panel installation on
the structural stability of the building.

e To analyze the various solar panel arrangements,
such as parallel connection, and their effects on
the building's structure.

e To evaluate the load distribution and stresses
exerted on the building's structure by different
solar panel configurations.

e To assess the structural integrity of the building
under  different solar panel installation
arrangements, including varying angles, weights,
and positions.

IV. OUTLINE OF PROJECT

The work to be carry out is divided into different
phases which are given as follows,

Selection of site

1) Selection of structure/building for the project.

2) Overview of the building and solar panel installation
arrangements.

3) Goals and objectives of the project.

Project Scope
1) Scope and extent of the structural analysis required.
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2) Methodology and tools for conducting the analysis.
3) Assumptions and limitations of the analysis.

Solar Panel Installation Arrangement

1) Description of the different installation arrangements
being considered.

2) Technical details of the solar panels and their
mounting systems.

3) Environmental factors affecting the performance of
the solar panels.

Structural Analysis

1) Methodology and tools for conducting the structural
analysis.

2) Modeling and simulation of the building and solar
panel installation arrangements.

3) Analysis of the structural stability of the building
under different installation arrangements.

Result and Finding
1) Summary of the analysis results.
2) Comparison of the structural stability of the building
under different installation arrangements.
3) Identification of any structural issues or concerns.
Recommendations
1) Recommendations for optimizing thesolar panel
installation arrangements for structural stability.
2) Suggestions for improving the structural design of the
building to accommaodate the solar panels.
Conclusion
1) Summary of the project and its outcomes.
2) Lessons learned and recommendations for future
projects.
V. METHODOLOGY
Collect data
This step involves collecting the necessary data for
the project. This could include data on the building structure,

solar panel installation arrangements, and weather conditions.

Analyze data
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This step involves analyzing the collected data using
appropriate tools and techniques. This could include computer
simulations, mathematical models, and statistical analysis.

Identify potential issues

Based on the data analysis, potential issues related to
the installation of solar panels on the building structure can be
identified. This could include issues related to weight, wind
load, and structural integrity.
Develop solutions

Based on the identified issues, solutions can be
developed to mitigate the potential risks. This could involve
modifying the solar panel installation arrangements or
strengthening the building structure.

Evaluate solutions

This step involves evaluating the effectiveness of the
proposed solutions through further simulations and analysis.

Report findings

The final step involves documenting the findings of
the project and presenting them in a clear and concise manner.
The report should include an overview of the project, the data
collected, the analysis conducted, the identified percentage

variation, proposed solutions, and evaluation of the solutions.

VI. ANALYSIS OF BUILDINGS AND SOLAR PANEL
ARRANGEMENT

A. Case 1

1) Foundation plan

:-Foundation plan of building.
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Table Al:- Strucural analysis details

E’_;' Content Derails
1 Euilding Typs Commerrial + Foazidantial
1 Brildine location Tumszar, bhandara
3 Constroction complatad 201w
4 | No.ofstories 4
5 | FloomoFlooshsizht .65m
§ | FoundsrionHsight 3m
— Totalhsight 14.6m
B GradeoflC oncrsta B3
o Fahar Fad15&Fai00
10 | SlsbThickness 122mm
11 Esamzizs Bl :-230 x 300 mm
B2 :-230x 450 mm
12 Columnsize: C1:-130 x 300 mm
= C2:-230x 450 mm
13 Dizad Load 3115 EN'm
14 Livaload IEMN/'m
15 Floor Finishes load 1.5k m
Wallload Outar wall=17. 00K /'m
16 Intemsl wall = 957 EN'm
Parapat wall =1.3EM'm
17 Load Combdination factor land 1.5
18 | Load Combination I 1.0{DL~+LL)
10 Load Combination IT 1.5{DL~-LL}

Table A2:- Analysis of Solar panel Arrangements

5r.
o, Conrent Derails
Monocrystallins 72 call solar
1 Zolar Typa panal {jinko solar panals)
2 | Solarwan 320wt
(1856 x 002 = 40
3 Solsr panal dimemzions N x H01x dl)mm
A5 g
4 Solar panal waight Bkg
5 | r%0.ofpma B
. i S0 ke
] Total Waight of solar panal
WLE. mngls frams
T Supportad with e
1241ks
g Total Waight of supportad =
system
o DadastalSiza 0.3x0.3x0.6mm
10 | Mo. of pedastal 0
1484 ke
11 | Totsl Weight of Padastal =
12 | ind zona Zppa Il - Nagpur =44 m/zs
13 | Windlosd 0.788 K}m
14 Toitsl load of increasa on 102 ENim:
Tomacs floor

2) Analysis Result
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T >ea T Table B1:- Structural analysis details
287 301 E
T 262 263 ‘\.';. Cantent Details
288 302 296 . Euildine Tv Commearcis] {Hospital
T 260 T 261 T SRS PR Buildirg)
>89 hos - 2 Euilding location Lodhikheda , chindwada MP
T 258 T 259 T 3 | Constroction complatad 2005
290 315 298 4 Kop.ofstories 4
| ) i il O | 5 | FloomoFloorkeigt 3.6m
291 285 2o3 sl —
1 253 T 254 Lo § | FoundationE=ight 3.65m
292 286 i o d 7 Tﬂ'bau'.—'_'l;!tt 145513'
- =15 T s —— 2 GradepfConcrste M5
311 z an
211 300 o Roshar Fadl5&Fa500
B S e N
265 e
10 | SlsbThicknass 125 mm
FIG 2 :- Terrace floor beam plan of building. L | B El -300% 400 mm
B2 -300 x 500 mm
. Columnzizes - 3 2
Table A3:- for Intermediate terrace beam no. 303 12 Eif%’;i:iﬁ
SE | o amerer H'{;L?;fﬂ HTJE;W o 15 | D=t 3 I25ENm
Mo dITaR gerens TR GETHER T Variarien
Livalpad 2EN/'m
1 Shear Fy 33.44 B 18,321 B 12.31 % 14
15 | FlocrFinishes load T580m
2 Bending bz | 22 100K m | 185345 KN m 12.51 % )
Wallload Outar wall=17.00EN 'm
16 Intemalwall = £.57EN/m
3 Deflaction | -0.746mm | 0,684 mm 231 % Paapat wall =2.3KN'm
17 Load Combination factor land 1.5
1g | Le=d Combinstion T T0{DL-LL)
Table A4:- for Intermediate terrace beam no. 297 1o | Le=d CombinstionTl 1.5 DL-LL)
St With sodar Wik on s sola 5
. Paramerer panrsl panel o
Ko ArrdaR geriens AXTER FErienl Vartarion R
Table B2:- Analysis of Solar panel Arrangements
1 Shesr Fy 23.40 kN 21.307 K BT % o
® ’ Conrent Dexaily
I,
" = : -, : : Monocrystallins 72 gall zolar
2 Bonding Mz | 14276 ENm | 12776 EMN.m 10,50 % J
- | SelarTyps pamal (jigp solar panals)
320 watt
3 Deflaction | -0.746mm | -0.684 mm 8.31 % 2 | Solarwat
{1056 x 002 x 40
3 Solar pansl dimensions N ® % 40) man
5ke
B. Case 2 4 | Zolarpansl weight =
120
i 5 No.ofpanal
1) Foundation plan P
§ | Totd Weightofsolmpama | © o
N5, anple frama
T Suppotted with e
: = g | Totl Weightofsupportad | 1431KE
syitem
| [ [} = 1] 0.3x0.6
o | padestalsize JRESRbEm®
3 3 . - - - 120
! ¥ T o 10 | Mo of padaztal
| 19804 kg
f ‘ 1 11 | Totsl Waight of Pedastal =
| | 12 | Wind zons Zoma Il - Iahalows =47 ms
0768 Bt
- 5 13 | Windload =
" i ¥ 14 Total load ofincraasa on LO2EM/m
v ! & Tarace floor
¥ 1 ¥ -
i ' i v 2) Analysis Result
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fissr 1215 | 12igl217 12187 q219] 12200 1221]  1222]  123lTamas 1226 ‘3
1352 1370
1362 1300 13882 1320 1324 1328 1332 (336 13308 227 |
‘ 1353 1371
1 1228 | 12230 12317 232] 12337 234 a35]  i236li2amde 1239
1363 1301 13893 1321 1325 1329 1333 337 133491354 32
1240 | 1241242 1243° 1244 1245 1246 1247  1248|124@50 1251
1364 1302 1314 1342 1355 1373
125 1253 1254 1255
1365 1303 1315 1343 1356 1374
125 1257 1238 1259
1366 1304 1316 1344 1357 1375
1260 1261 1262 1263
1367 1305 1317 1345 1358 1376
171380 | 1264265 12667  1267] 12687 12697 12701  f2ri|T2m@rs 1274
1368 1306 13308 1322 1326 1330 1334 133601359 1317
1275 | 1216277 12787 12719 12800 12817  1282] 1283128085 1286
‘ 1360 1378
f 1287
1369 1307 1339 4323 4327 4331 1335 339 13351
‘ 1361 1379
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FIG 3:- Terrace floor beam plan of building.

Table B3:- for Intermediate terrace beam no. 1328

Sr. With solar Witionr solar o
No. Paramerer panel panel Fariation
arrargeniend | arrangement
1 Ehaxr Fy 186,416 kN 180,236 KW 021 %
7 Bending Mz 178.231KM. 153._933 802 %
m EM.m
3 Diaflaction -1.65 mm -1.572 mm 5 %
Table B4:- for Intermediate terrace beam no. 1221
Sy With solar Withonr solor o
- Parameter panel panel .
No. QITARGENIENE | arrangemient Variation
1 Bhaxr Fy 55.703 kN 51.743 KW T.10 %
2 Eanding Mz | 50081 EW.om | 46308 KN.m T.53 %
3 Di=flaction -1.645 mm -1.572 mm 5%
VII. RESULT
Table 1:- Shear moment on Intermediate beam
Sr. No. Shear ¥ % Varigfion Average shear T
1 Caza 1 1231 %
2 Caza 2 021 %
Table 2:- Bending moment on Imtermediate beam
Sr. No. Shear ¥ % Varigion Average shear T
1 Caza 1 12,51 % 10,265 %
2 Caza 2 B.02 %
Table 3:- Shear moment on End beam
Sr. No. Shear ¥ % Varigfion Average shear T
1 Casz 1 B.87 % B.035 %
1 Casa 2 T.10 %
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Table 4:- Bending moment on End beam

5r. No. Shear ¥ % Wariarmon Average shear T
1 Cazal 10.50 % 2015 %
2 Cazal 7.53 %
Table &:- Deflection on Intermediate beam
S5r. No. Shear ¥ % Variarmen Average shear ¥
1 Cazal 23l % 6.655 %
2 Cazal 5 %%
Table &:- Deflection on End beam
Sr. No. Shear ¥ % Variarmen Average shear ¥
1 Cazal 231 % 5.655 %
2 Cazzl 5%

VIIl. CONCLUSION

Based on the results of our project, it can be
concluded that the installation of solar panels on a building
can have an impact on the building's structural stability. The
variations in shear, bending moment, and deflection among
the different cases suggest that the position, weight, and angle
of the solar panels can affect the structural integrity of the
building. Therefore, it is essential to carefully evaluate and
analyze the impact of solar panel installation on the building's
structure to ensure its stability and safety. The analysis of
shear and bending moment on intermediate and end beams
showed variations in different cases. The deflection on the
beams also varied with different solar panel arrangements.
Overall, it is important to carefully analyze and evaluate the
structural integrity of a building when installing solar panels.
The results of this project can provide valuable insights for
architects, engineers, and builders who are considering the
installation of solar panels on buildings. Further research can
also be conducted to explore the long-term effects of solar
panel installations on building structures.
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