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Abstract: When studying the impact of seismic activities on a structure, we focused on the efficient case and didn't consider the
worst-case scenario. If a telecommunication tower is planned on a multistoried building in the future, and the tower is in the
worst possible location, certain measures need to be taken to stabilize it and adjust the parametric values.

In this research, we analyzed a total of 5 semi-commercial apartment building cases with G+19 floors, each having different
telecommunication tower locations.

After the analysis, we identified the worst case and implemented an outrigger system, as discussed in the graphical
representations in the discussion section. In conclusion, we compared parametric results and observed that Case TTD is very
efficient, while Case TTA is the worst among all the cases.

We also improved the stability of the worst-case TTA and transformed it into Case TTO through the implementation of the
outrigger system, as indicated by our results and discussions.

Keywords: Seismic activities, Multistoried Building, Response spectrum method, telecommunication tower

I. INTRODUCTION
When considering the safety of human civilization, earthquakes emerge as a major threat, causing harm to lives, structures, and
property. Worldwide, ongoing experimental efforts aim to address this issue and create environments that can withstand earthquakes,
ensuring a secure and hassle-free life. Modern structures are designed with special techniques to withstand earthquake forces, often
at a higher manufacturing cost.
In India, the common practice for constructing tall buildings is using a reinforced concrete frame. The country is divided into
earthquake zones (Zone II, 111, IV, and V), and structures in these zones need to be analyzed and designed with extra stiffness and
ductility to minimize damage. Steel bracing arrangements within the frame structure are used to reduce lateral effects, providing
strength, stiffness, and architectural appeal. Bracings are crucial for resisting movement in structures.
Another element to enhance stiffness in construction is the shear wall, typically located around the lift area in what is known as the
core-type shear wall system. Shear walls not only increase stiffness but also enhance stability against overturning and reduce lateral
effects. Following Taranath's approach, shear walls can serve as an outrigger system to minimize deflection and mitigate the worst
effects of lateral forces.
This system can be implemented at 0.466 of the structural height, combining shear wall outriggers with shear core to form a
comprehensive outrigger system.

Il. PROCEDURE AND 3D MODELLING OF THE STRUCTURE

An earthquake analysis was conducted on a G+19 storey semi commercial apartment using a software-based approach. Five
different models were created in the software, initially placing the tower in various positions atop the apartment. Subsequently, the
most efficient and worst-case scenarios were identified, and optimization measures were applied to the parameters of the worst-case
using an Outrigger system.

The analysis involved assessing the impact on the building under different loads, including dead load, live load, and lateral loads
such as those from earthquakes and wind, using the software's mechanisms. Seismic data conforming to IS 1893(PART1):2016
standards was utilized, and the analysis employed the response spectrum analysis method to evaluate the building's behavior.
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Table 1: Descriptions of different models
Buildings framed for analysis

Abbreviation

Semi commercial apartment with telecommunication tower at A Case TTA
Semi commercial apartment with telecommunication tower at B Case TTB
Semi commercial apartment with telecommunication tower at C Case TTC
Semi commercial apartment with telecommunication tower at D Case TTD
Semi commercial apartment with telecommunication tower at E Case TTE

Semi commercial apartment with telecommunication tower at worst location with
outrigger support system

Case TTO

Table 2: Data taken for analysis of structure

Constraint Assumed data for all buildings
Soil used Medium Soil
Zone factor Z 0.16
Importance factor | 12
(For all semi commercial building) '
Build up area of building 625sg. m
Floors configuration G + 19 (Semi-commercial Apartment)
Depth of foundation 4m
Floor to floor height GF-4 m, All floors-3.5 m each
Fundamental natural period of vibration (T,) 0.09*h/(d)">

Earthquake parameters

Zone 111 with RF 4 & 5% damping ratio

Period in X & Z direction

1.341sec. for both direction

Slab thickness 128 mm

Shear wall and Outrigger thickness 138 mm
Tower horizontal and Vertical elements ISA 130x130x16
Tower bracing elements ISA 100x100x15

Tower steel standing plate

25mm thick steel plate

0 to 25.50m — 0.55m x0.40m

Beam sizes 25.50 to 50m — 0.50m x0.35m
50 to 75.50m — 0.45m x0.30m

0 to 25.50m — 0.65m x0.60m

Column sizes 25.50 to 50m — 0.55m x0.50m

50 to 75.50m — 0.45m x0.40m

Material properties

M 30 Concrete

Fe 415 grade steel

I1l. RESEARCH OBJECTIVES
To find the most efficient and worst location of telecommunication tower placements, following objectives have been decided for
Semi commercial apartment building:-
1) To obtain the minimum values of Nodal Displacement and Base Shear in both X and Z direction
2) To determine Time period and Mass participation factor in both X and Z direction.
3) To find Maximum Axial Forces, Shear Force and Bending Moment in Column.
4) To compare Maximum Shear Forces, Bending Moments and Torsional Moments in beams parallel to X and Z direction.
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To obtain the most efficient parametric case and worst case by comparing all and then to erect the worst one, following objectives
have been decided for both Semi commercial apartment buildings:-

a) To obtain the minimum values of Nodal Displacement and Base Shear in both X and Z direction

b) To determine Time period and Mass participation factor in both X and Z direction.

c) To find Maximum Axial Forces, Shear Force and Bending Moment in Column.

d) Tocompare Maximum Shear Forces, Bending Moments and Torsional Moments in beams parallel to X and Z direction

e) To obtain the minimum values of Nodal Displacement and Base Shear in both X and Z direction

f) To determine Time period and Mass participation factor in both X and Z direction.

g) To find Maximum Axial Forces, Shear Force and Bending Moment in Column.
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Fig. 1: Plan of different building telecommunication tower
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Fig. 3: Top view of Case TTA: Semi Fig. 4: Top view of Case TTB: Semi Fig. 5: Top view of Case TTC:
commercial apartment with commercial apartment with Semi commercial apartment with
telecommunication tower at A ° telecommunication tower at B telecommunication tower at C
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Fig. 6: 3D view of Case TTA: Semi Fig. 7: 3D view of Case TTB: Semi Fig. 8: 3D view of Case TTC:
commercial apartment with commercial apartment with Semi commercial apartment with
telecommunication tower at A telecommunication tower at B telecommunication tower at C
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Fig. 11: Top view of Case TTO: Semi

Fig. 9: Top view of Case TTD: Semi Fig. 10: Top view of Case TTE: Semi . .
- . . . commercial apartment with
commercial apartment with commercial apartment with L
L L telecommunication tower at worst
telecommunication tower at D telecommunication tower at E

location with outrigger support system
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Fig. 14: 3D view of Case TTO: Semi

Fig. 12: 3D view of Case TTD: Semi Fig. 13: 3D view of Case TTE: Semi . .
. . . . commercial apartment with
commercial apartment with commercial apartment with L
L L telecommunication tower at worst
telecommunication tower at D telecommunication tower at E

location with outrigger support system

IV. RESULTS ANALYSIS
The result parameters obtained by the application of loads and their combinations on various cases as per Indian Standard 1893:
2016 code of practice. Result of each parameter has discussed with its representation in graphical form below:-

For X and Z Direction For X and Z Direction
200
250
200 -
Maximum 0 B
Displacements
(mm} 100 1 —
) 1 -
o
Casa TTA Case TTB Case TTC Case TTD Caz= TTE Ca=e TTA Case TTE Case TTC Case TTD Caze TTE
m X direction Zdirection W X direction m Zdirection

Fig. 15: Comparative representation of Maximum Displacement and Base Shear in X and Z direction obtained for all Cases
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Fig. 16: Comparative representation of Time Period and Mass Participation Factor in X and Z direction obtained for all Cases
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Fig. 17: Comparative representation of Maximum Axial Forces in Column obtained for all Cases
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ig. 18: Comparative representation of Maximum Shear Forces and Bending Moments in Columns obtained for all Cases
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Fig. 19: Comparative representation of Maximum Shear Forces and Bending Moments in Beams obtained for all Cases
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Fig. 20: Comparative representation of Maximum Torsional Moment in beams obtained for all Cases

Table 3: Comparative result of optimum and worst results observations

S. no. Parameter Optimum case observed | Worst case observed
1 Maximum Displacement in X direction Case TTB Case TTE
2 Maximum Displacement in Z direction Case TTB Case TTE
3 Base Shear in X direction Case TTC Case TTD
4 Base Shear in Z direction Case TTD Case TTC
5 Mass Participation Factor in X direction Case TTB Case TTA
6 Mass Participation Factor in Z direction Case TTD Case TTA
7 Axial Forces in Column Case TTB Case TTD
8 Shear Forces in Columns Case TTD Case TTA
9 Bending Moment in Columns Case TTD Case TTA
10 Shear Forces in Beams Case TTA Case TTC
11 Bending Moment in Beams Case TTD Case TTB
12 Torsional Moment in Beams Case TTD Case TTA

After looking at many cases and comparing them based on different factors, it was found that the best scenario is Case TTD out of a
total of 6 cases, while the worst scenario is Case TTA out of a total of 5 cases. The same has mentioned in table 4.46 above. If it's
not possible to place the tower in the best scenario, the plan is to put it in the worst scenario, as suggested by this research. In this
case, an outrigger system will be added to make the tower more stable than before. The comparison between the worst-case and the
case with the added outrigger system is shown below:

For X and Z Direction For X and Z Direction
180

140 7200
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7200
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Displacements
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o B & B 8

6200
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m X direction u Zdirection WX direction B Zdirection

Fig. 21: Maximum Displacement and Base Shear in X and Z direction obtained in Worst Case and Erected Case
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Fig. 22: Time Period and Mass Participation Factor in X and Z direction obtained in Worst Case and Erected Case
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Fig. 23: Maximum Axial Forces in Column obtained in Worst Case and Erected Case
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Fig. 24: Maximum Shear Forces and Bending Moment in Columns obtained in Worst Case and Erected Case

©IJRASET: All Rights are Reserved | SJ Impact Factor 7.538 | ISRA Journal Impact Factor 7.894 |




International Journal for Research in Applied Science & Engineering Technology (IJRASET)
ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538
Volume 12 Issue Il Feb 2024- Available at www.ijraset.com

Maximum Shear Force in Beam Maximum Bending Moment in Beam
1000 815
990 810
380 805
H
£
570 ] 800
BEAM é?
SHEAR jé‘ a5
FORCE 50 HE
(rena) 32
550 i 730
=
940 785
Cas= TTA Case TTO Case TTA Case TTO
mCaseTTA mCaseTTO mCaseTTA mCaseTTO
BUILDING CASES USED BUILDING CASES USED

Fig. 25: Maximum Shear Forces and Bending Moment in Beams obtained in Worst Case and Erected Case

Maximum Torsional Moment in Beam
475

490

455

450
BEAM
TORSIONALASS
MOMENT
leMm) a5

Cam TTA

m Case TTA mCaseTTO

BUILDING CASES USED

Fig. 26: Maximum Torsional Moment in beams obtained in Worst Case and Erected Case

As per comparison between the worst case and the erected case, it has been proved that if such kind of provision situation arises,
provision of erection in the analysis phase should be performed before the construction to lessen the higher parametric values as
discussed in this research.
V. CONCLUSIONS
The conclusion can be pointed out are as follows:-
1) The least nodal displacement for X and Z directions for the semi commercial apartment is observed in Model Case TTB.
2) When determining the Base Shear for both X and Z directions, the Base Shear values observed least in Case TTC for X and
TTD for Z directions respectively.
3) When comparing the mass participation factor in both X and Z directions, the maximum mass over time is taken into account.
The optimal case is Case TTB and Case TTD, while the worst case is Case TTA for both X and Z direction.
4) In Column Axial Forces, Case TTB performs the best, and Case TTD is the least favorable when compared among all cases.
5) In Column Shear Forces, Case TTD performs the best, and Case TTA is the least favorable when compared among all cases.
6) In Column Bending Moment, Case TTD performs the best, and Case TTA is the least favorable when compared among all
cases.
7) In Beam Shear Forces, Case TTA performs the best, and Case TTC is the least favorable when compared among all cases.
8) In Beam Bending Moment, Case TTD performs the best, and Case TTB is the least favorable when compared among all cases.
9) In Beam Torsional Moment, Case TTD performs the best, and Case TTA is the least favorable when compared among all cases.
In general, it is noticed that Case TTD is the most efficient among all the cases. Additionally, we improved the stability of the
worst-case scenario, Case TTA, based on our findings and discussions by adding an outrigger system.
Therefore, the most appropriate location for the tower had always been taken but the worst case if taken should be re-structured first,
taking into account various result parameters, we attempted to reduce the adverse effects in certain parameters by incorporating
outrigger walls and erected the worst case to TTO with better outcomes.

©IRASET: All Rights are Reserved | SJ Impact Factor 7.538 | ISRA Journal Impact Factor 7.894 | 1243




International Journal for Research in Applied Science & Engineering Technology (IJRASET)
ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538
Volume 12 Issue Il Feb 2024- Available at www.ijraset.com

VI. ACKNOWLEDGEMENT

I, Shantilal Katare, M. Tech. Scholar, would like to thank Prof. Prachi Chincholikar, Assistant Professor, Department of Civil
Engineering, Vikrant Institute of Technology and Management, Indore (M.P.), India, for her valuable guidance from the
commencement of the work up to the completion of the work along with her encouraging thoughts.

REFERENCES

[1] Nitin Bhosale, Prabhat Kumar, Pandey A. D, (2012), “Influence of host structure characteristics on response of rooftop telecommunication towers”,
International Journal Of Civil And Structural Engineering, ISSN: 0976-4399, Volume 2, Issue 3, pp. 737-748.

[2] G. Ghodrati Amiri, M, A. Barkhordari, S.R. Massah and M.R. Vafaei, (2007), “Earthquake Amplification Factors for Self-supporting 4-legged
Telecommunication Towers”, World Applied Sciences Journal, ISSN: 1818-4952, VVolume 2, Issue 6, pp. 635-643.

[3] Ghyslaine McCLURE, Laura GEORGI and Rola ASSI, (2004), “SEISMIC CONSIDERATIONS FOR TELECOMMUNICATION TOWERS MOUNTED ON
BUILDING ROOFTOPS”, 13th World Conference on Earthquake Engineering, Paper No. 1988.

[4] C. Preeti and K. Jagan Mohan, (2013), “Analysis of Transmission Towers with Different Configurations”, Jordan Journal of Civil Engineering, Volume 7, Issue
4, pp. 450-460.

[5] G. Ghodrati Amiri, M. A. Barkhordari, S. R. Massah, (2004), “Seismic Behavior Of 4-Legged Self-Supporting Telecommunication Towers”, 13th World
Conference on Earthquake Engineering, VVancouver, B.C., Canada, Paper No. 215.

[6] Gholamreza Soltanzadeh, Hossein Shad, Mohammadreza Vafai, Azlan Adnan, (2014), “Seismic performance of 4-legged Self-supporting Telecommunication
towers”, International Journal of Applied Sciences and Engineering Research, ISSN: 2277-9442, VVolume 3, Issue 2, pp. 319-332.

[7]1 Shailesh S. Goral, Prof. S. M. Barelikar, (2017), “Review on Wind and Non-Linear Dynamic Analysis of Self-Supporting Telecommunication Tower”, IJSTE -
International Journal of Science Technology & Engineering, ISSN: 2349-784X, Volume 3, Issue 10, pp. 183-185.

[8] Arpit Chawda, Vijay Baradiya, (2015), “Influence Of Structure Characteristics On Earthquake Response Under Different Position Of Rooftop
Telecommunication Towers”, International Journal Of Engineering Sciences & Research Technology, ISSN: 2277-9655, Volume 4, Issue 10, pp. 73-78.

[9] Sourabh Rajoriya, K.K. Pathak, Vivekanand Vyas, (2016), “Analysis of Transmission Tower for Seismic Loading Considering Different Height and Bracing
System”, International Journal for Research in Applied Science & Engineering Technology (IJRASET), ISSN: 2321-9653, VVolume 4, Issue 9, pp. 108-118.

[10] Patil Vidya M., Lande Abhijeet C., (2016), “Structural Response of Lattice Steel Masts for Seismic Loading”, IOSR Journal of Mechanical and Civil
Engineering (IOSR-JMCE), ISSN: 2278-1684, pp. 36-42.

[11] Suyash Malviya, Sagar Jamle, (2019), “Response of Multistorey Building with Rooftop Telecommunication Tower in Different Positions: An Approach to
Efficient Case", International Research Journal of Engineering and Technology, (ISSN: 2395-0072(P), 2395-0056(0)), vol. 6, no. 4, pp. 3783-3790.

[12] Siddesha H., (2010), “Wind Analysis of Microwave Antenna Towers”, International Journal Of Applied Engineering Research, Dindigul, ISSN: 0976-4259,
Volume 1, Issue 3, pp. 574-584.

[13] Jithesh Rajasekharan, S Vijaya, (2014), “Analysis Of Telecommunication Tower Subjected To Seismic & Wind Loading”, International Journal of
Advancement in Engineering Technology, Management and Applied Science, ISSN: 2349-3224, Volume 1, Issue 2, pp. 68-79.

[14] Richa Bhatt, A.D.Pandey, Vipul Prakash, (2013), “Influence of modeling in the response of steel lattice mobile tower under wind loading”, International
Journal of Scientific Engineering and Technology, ISSN: 2277-1581, Volume 2, Issue 3, pp. 137-144.

[15] Hemal J shah, Dr. Atul K Desai, (2014), “Seismic Analysis Of Tall Tv Tower Cosidering Different Bracing Systems”, International Journal of Engineering,
Business and Enterprise Applications (IJEBEA), ISSN: 2279-0020, Volume 7, Issue 1, pp. 113-120.

[16] [15] Sagar Jamle, Dr. M.P. Verma, Vinay Dhakad, (2017), “Flat Slab Shear Wall Interaction for Multistoried Building under Seismic Forces”, International
Journal of Software & Hardware Research in Engineering (IJSHRE) ISSN: 2347-4890 Vol.-05, Issue-3, pp. 14-31.

[17] [16] Sagar Jamle, Dr. M.P. Verma, Vinay Dhakad, (2017), “Flat Slab Shear Wall Interaction for Multistoried Building Analysis When Structure Length is
greater than width under seismic Forces”, International Journal of Software & Hardware Research in Engineering (IJSHRE) ISSN: 2347-4890 Vol.-05, Issue-3,
pp. 32-53.

[18] [17] Prakash Mandiwal, Sagar Jamle, (2018), "Use of Polyethylene Glycol as Self Curing Agent in Self Curing Concrete - An Experimental Approach”,
International Research Journal of Engineering and Technology, (ISSN: 2395-0072(P), 2395-0056(0)), vol. 5, no. 11, pp. 916-918.

[19] [18] Surendra Chaurasiya, Sagar Jamle, (2018), “Determination of Efficient Twin Tower High Rise Building Subjected to Seismic Loading”, International
Journal of Current Engineering and Technology, INPRESSCO, E-ISSN 2277 - 4106, P-ISSN 2347 - 5161, Vol. 8, No. 5, pp. 1200 - 1203, DOI:
https://doi.org/10.14741/ijcet/v.8.5.1.

[20] [19] Archit Dangi, Sagar Jamle, (2018), "Determination of Seismic parameters of R.C.C. Building Using Shear Core Outrigger, Wall Belt and Truss Belt
Systems". International Journal of Advanced Engineering Research and Science(ISSN : 2349-6495(P) | 2456-1908(0)),vol. 5, no. 9, pp.305-309 Al
Publications, doi:10.22161/ijaers.5.9.36

[21] Mohd. Arif Lahori, Sagar Jamle, (2018), "Investigation of Seismic Parameters of R.C. Building on Sloping Ground", International Journal of Advanced
Engineering Research and Science, (ISSN: 2349-6495(P), 2456-1908(0)), vol. 5, no. 8, pp.285-290 Al Publications, doi: 10.22161/ijaers 5.8.35.

[22] Suyash Malviya, Sagar Jamle, (2019) ,“Determination of Optimum Location of Rooftop Telecommunication Tower over Multistory Building under Seismic
Loading”, International Journal of Advanced Engineering Research and Science(ISSN : 2349-6495(P) | 2456-1908(0)),vol. 6, no. 2, 2019, pp. 65-73, Al
Publications, doi:10.22161/ijaers.6.2.9.

[23] Suyash Malviya, Sagar Jamle, (2019), “Response of Multistorey Building with Rooftop Telecommunication Tower in Different Positions: An Approach to
Efficient Case", International Research Journal of Engineering and Technology, (ISSN: 2395-0072(P), 2395-0056(0)), vol. 6, no. 4, pp. 3783-3790.

[24] Yash Joshi, Sagar Jamle, (2019), "Effect of Curtailed Shear Wall on Dynamic Analysis of RC Building", International Journal of Management, Technology
And Engineering, (ISSN: 2249-7455(0)), vol. 9, no. 7, pp. 223-230.

[25] Yash Joshi, Sagar Jamle, Kundan Meshram, (2019), "Dynamic Analysis of Dual Structural System", International Journal of Research and Analytical Reviews,
(ISSN: 2348-1269 (0O), 2349-5138 (P)), vol. 6, no. 2, pp. 518-523.

©IJRASET: All Rights are Reserved | SJ Impact Factor 7.538 | ISRA Journal Impact Factor 7.894 | 1244



International Journal for Research in Applied Science & Engineering Technology (IJRASET)
ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538
Volume 12 Issue Il Feb 2024- Available at www.ijraset.com

[26] [25] Rajesh Chouhan, Sagar Jamle, Kundan Meshram, (2019), "Dynamic Analysis of Tuned Mass Damper Steel Structure: A Review", International Journal of
Management, Technology And Engineering, (ISSN: 2249-7455(0)), vol. 9, no. 7, pp. 212-216.

[27] Rajesh Chouhan, Sagar Jamle, Kundan Meshram, (2019), “Dynamic Analysis of Tuned Mass Damper on Steel Structure: A Technical Approach”, International
Journal of Research and Analytical Reviews, (ISSN: 2348-1269 (O), 2349-5138 (P)), vol. 6, no. 2, pp. 956-960.

[28] Neeraj Patel, Sagar Jamle, (2019), “Use of Shear Wall Belt at Optimum Height to Increase Lateral Load Handling Capacity in Multistory Building”,
International Journal for Research in Engineering Application & Management (ISSN : 2454-9150),vol. 4, no. 10, pp. 596-603, doi: 10.18231/2454-
9150.2018.1372.

[29] Neeraj Patel, Sagar Jamle, (2019), “Use of Shear Wall Belt at Optimum Height to Increase Lateral Load Handling Capacity in Multistory Building: A Review”,
International Journal of Advanced Engineering Research and Science(ISSN : 2349-6495(P) | 2456-1908(0)),vol. 6, no. 4, pp. 310-314, Al Publications,
doi:10.22161/ijaers.6.4.36

[30] Taha A. Ansari, Sagar Jamle, (2019), “ Performance Based Analysis of RC Buildings with Underground Storey Considering Soil Structure Interaction”,
International Journal of Advanced Engineering Research and Science (ISSN: 2349-6495(P) | 2456-1908(0)),vol. 6, no. 6, pp. 767-771, Al Publications,
doi:10.22161/ijaers.6.6.89.

[31] Taha A. Ansari, Sagar Jamle, (2019), “Performance Based Seismic Analysis of Regular R.C. Building”, International Journal of Management, Technology And
Engineering, ISSN: 2249-7455, Vol. 09, no. 07, pp. 342-351, DOI:16.10089.1JMTE.2019.V917.19.28639.

[32] Markanday Giri, Sagar Jamle, (2019), "A Review on Response Spectrum Analysis over Flat Slab-Shear Wall Interface", International Research Journal of
Engineering and Technology, (ISSN: 2395-0072(P), 2395-0056(0)), vol. 6, no. 5, pp. 5173-5177.

[33] Mariyam, Sagar Jamle, (2019), "A Technical Approach to Flat Slab Multistorey Building under Wind Speed of 39 m/s", International Research Journal of
Engineering and Technology, (ISSN: 2395-0072(P), 2395-0056(0)), vol. 6, no. 5, pp. 7629-7636.

[34] Mariyam, Sagar Jamle, (2019), "Wind Analysis over Multistorey Building Having Flat Slab-Shear Wall Interaction: A Review", International Journal of
Advanced Engineering Research and Science, (ISSN: 2349-6495(P), 2456-1908(0)), vol. 6, no. 5, pp. 340-344, Al Publications,
https://dx.doi.org/10.22161/ijaers.6.5.45.

[35] Prakash Mandiwal, Sagar Jamle, (2019), “Tensile Strength & Durability Study on Self-Curing Concrete as a Partial Replacement of Cement by PEG-400",
International Journal for Research in Engineering Application & Management(ISSN : 2454-9150),vol. 4, no. 10, pp. 244-248, doi: 10.18231/2454-
9150.2018.1314

[36] Surendra Chaurasiya, Sagar Jamle, (2019), “Twin Tower High Rise Building Subjected To Seismic Loading: A Review". International Journal of Advanced
Engineering Research and Science (ISSN : 2349-6495(P) | 2456-1908(0)), vol. 6, no. 4, pp. 324-328, Al Publications, doi:10.22161/ijaers.6.4.38.

[37] Archit Dangi, Sagar Jamle, (2019), Stability Enhancement of Optimum Outriggers and Belt Truss Structural System", International Research Journal of
Engineering and Technology, (ISSN: 2395-0072(P), 2395-0056(0)), vol. 6, no. 2, pp. 772-780.

[38] Mohd. Arif Lahori, Sagar Jamle, (2019), "Response of Multistory Building Located on 200 and 300 Sloping Ground under Seismic Loading", International
Research Journal of Engineering and Technology, (ISSN: 2395-0072(P), 2395-0056(0)), vol. 6, no. 1, pp. 1063-1069.

[39] Markanday Giri, Sagar Jamle and Kundan Meshram (2020), “Response Spectrum Analysis”, LAP LAMBERT Academic Publishing, Mauritius.

[40] Sapan Chawla, Sagar Jamle, Kundan Meshram, (2020), "A Review on Economical Design of Intz Water Tank as per 1S-875-111, for Wind Speed in India",
International Journal of Advanced Engineering Research and Science, (ISSN: 2456-1908 (O), 2349-6495(P)), vol. 7, no. 1, pp. 147-151.
https://dx.doi.org/10.22161/ijaers.71.19

[41] Romesh Malviya, Sagar Jamle, Kundan Meshram, (2020), "Examination on Increasing Stability of Multistoried Building: A Theoretical Review", International
Journal of Advanced Engineering Research and Science, (ISSN: 2456-1908 (O), 2349-6495(P)), vol. 7, no. 1, pp. 162-164.
https://dx.doi.org/10.22161/ijaers.71.22

[42] Romesh Malviya, Sagar Jamle, (2020), "Increasing Stability of Multistoried Building using Different Grades of Concrete in Column Member Sets at Different
Locations", International Journal of Current Engineering and Technology, (ISSN: 2277-4106 (O), 2347-5161(P)), vol. 10, no. 2, pp. 208-213.
https://doi.org/10.14741/ijcet/v.10.2.3

[43] Sapan Chawla, Sagar Jamle, Kundan Meshram, (2020), "An Analytical Approach to find out the Efficient Design of Intz Water Tank as per Different Breeze
Speed of India", International Journal of Current Engineering and Technology, (ISSN: 2277-4106 (O), 2347-5161(P)), vol. 10, no. 1, pp. 48-52.
https://doi.org/10.14741/ijcet/v.10.1.9

[44] Prafoolla Thakre, Sagar Jamle, Kundan Meshram, (2020), " Opening Area Effect of Shear Wall in Multistorey Building under Seismic Loading", International
Journal of Advanced Engineering Research and Science, (ISSN: 2456-1908 (O), 2349-6495(P)), vol. 7, no. 2, pp. 122-129.
https://dx.doi.org/10.22161/ijaers.72.17

[45] Mohit Kumar Prajapati, Sagar Jamle, (2020), "Strength irregularities in multistoried building using base isolation and damper in high Seismic zone: A
theoretical Review", International Journal of Advanced Engineering Research and Science, (ISSN: 2456-1908 (O), 2349-6495(P)), vol. 7, no. 3, pp. 235-238.
https://dx.doi.org/10.22161/ijaers.73.37

[46] Gagan Yadav, Sagar Jamle, (2020), "Opening Effect of Core Type Shear Wall Used in Multistoried Structures: A Technical Approach in Structural
Engineering", International Journal of Advanced Engineering Research and Science, (ISSN: 2456-1908 (O), 2349-6495(P)), vol. 7, no. 3, pp. 344-351.
https://dx.doi.org/10.22161/ijaers.73.50

[47] Durgesh Kumar Upadhyay, Sagar Jamle, (2020), "A Review on Stability Improvement with Wall Belt Supported Dual Structural System Using Different
Grades of Concrete", International Journal of Advanced Engineering Research and Science, (ISSN: 2456-1908 (O), 2349-6495(P)), vol. 7, no. 3, pp. 293-296.
https://dx.doi.org/10.22161/ijaers.73.43

[48] Gagan Yadav, Sagar Jamle, (2020), "Use of Shear Wall with Opening in Multistoried Building: A Factual Review", International Journal of Current
Engineering and Technology, (ISSN: 2277-4106 (O), 2347-5161(P)), vol. 10, no. 2, pp. 243-246. https://doi.org/10.14741/ijcet/v.10.2.9

[49] Durgesh Kumar Upadhyay, Sagar Jamle, (2020), "Stability Enhancement in Wall Belt Supported Dual Structural System using Different Grades of Concrete",
International Journal of Current Engineering and Technology, (ISSN: 2277-4106 (O), 2347-5161(P)), vol. 10, no. 2, pp. 237-242.
https://doi.org/10.14741/ijcet/v.10.2.8

©IJRASET: All Rights are Reserved | SJ Impact Factor 7.538 | ISRA Journal Impact Factor 7.894 | 1245



International Journal for Research in Applied Science & Engineering Technology (IJRASET)
ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538
Volume 12 Issue Il Feb 2024- Available at www.ijraset.com

[50] Pankaj Kumar Dhakad, Sagar Jamle, (2020), "Base Shear Reduction by using Optimum Size of Beams with same Grade of Concrete: An Informative Review",
International Journal of Current Engineering and Technology, (ISSN: 2277-4106 (O), 2347-5161(P)), vol. 10, no. 2, pp. 259-262.
https://doi.org/10.14741/ijcet/v.10.2.12

[51] [50] Manoj Patidar, Sagar Jamle, (2020), "Optimization of Stability of Multistoried Structure by Changing Grades of Concrete in Shear Wall Member",
Journal of Xi'an University of Architecture & Technology, ISSN: 1006-7930, vol. 12, no. 4, pp. 2479-2497. https://doi.org/10.37896/JXAT12.04/979

[52] Pankaj Kumar Dhakad, Sagar Jamle, (2020), "Base Shear Reduction by Using Optimum Size of Beams in Top Floors with Different Grades in Multistoried
Building at Different Levels", International Journal of Advanced Engineering Research and Science, (ISSN: 2456-1908 (O), 2349-6495(P)), vol. 7, no. 4, pp.
293-296. https://dx.doi.org/10.22161/ijaers.74.20

[53] Sagar Jamle, Nirmal Delmiya, Rahul Singh, (2020), "Efficient Use of UPV Meter: A Non Destructive Test of Concrete by Fragmentation Analysis", Journal of
Xi'an University of Architecture & Technology, ISSN: 1006-7930, vol. 12, no. 4, pp. 3385-3394. https://doi.org/10.37896/JXAT12.04/1078

[54] Manoj Patidar, Sagar Jamle, (2020), "Use of different Grades of Concrete in Shear Wall: A Comprehensive Review", International Journal of Advanced
Engineering Research and Science, (ISSN: 2456-1908 (O), 2349-6495(P)), vol. 7, no. 4, pp. 355-359. https://dx.doi.org/10.22161/ijaers.74.44

©IJRASET: All Rights are Reserved | SJ Impact Factor 7.538 | ISRA Journal Impact Factor 7.894 | 1246



d lIsRA

ef n\m
cross’ COPERNICUS

10.22214/1JRASET 45,98 IMPACT FACTOR: IMPACT FACTOR:
7.129 7.429

INTERNATIONAL JOURNAL
FOR RESEARCH

IN APPLIED SCIENCE & ENGINEERING TECHNOLOGY

Call : 08813907089 (V) (24*7 Support on Whatsapp)




