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Abstract: 

Urbanization has led to a surge in high-rise construction due to limited land availability and high costs in cities. As building 
heights increase, the significance of lateral load-resistant systems surpasses that of gravity load-resistant systems. Among 
these, diagrid and shear wall systems are prominent due to their cost-effectiveness, aesthetic appeal, and performance. 
Recently, diagrid systems have gained popularity because of their structural efficiency and distinctive geometric design. 

This study presents a comparative analysis of high-rise buildings with different lateral load-resisting systems. Two 36-
storey models were analyzed: one incorporating a diagrid system and the other utilizing a shear wall system. All other 
building parameters were kept constant. The models were evaluated for seismic performance in zones II and IV with 
medium soil conditions, following the guidelines of IS 1893 (Part 1): 2002, using ETABS software. 

Key performance metrics such as maximum storey displacement, storey drift, and storey stiffness were examined and 
compared between the two systems. The analysis provides insights into the relative effectiveness of diagrid and shear wall 
systems in high-rise buildings. 
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I. Introduction 

The rapid urbanization and increasing demand for high-density development have led to the construction of tall buildings, 
where robust lateral load-resisting systems are essential for ensuring safety and structural integrity under seismic and 
wind loads[1,2]. Among the various strategies employed, the outrigger and belt truss system is recognized as particularly 
effective in enhancing the lateral stiffness and stability of tall buildings [3,4].The outrigger and belt truss system works by 
connecting external columns to a central core wall through stiffened outriggers and belt trusses at different levels of the 
building[5,6]. This system can be configured in various ways, with the core either centrally located and connected to 
outriggers on both sides, or positioned asymmetrically with outriggers extending to the building's columns on one 
side[7,8]. The core's connection to the external columns through outriggers and belt trusses effectively transforms the 
building into a unified structure that can resist lateral forces more efficiently[9,10]. 

The primary function of the outrigger beams and belt trusses is to tie the central core to the peripheral columns, 
significantly enhancing the building's resistance to lateral loads by reducing drift and minimizing the risk of both 
structural and non-structural damage [1,11]. The belt truss ties the exterior columns together, while the outriggers engage 
these columns with the central core, helping to resist overturning moments through the development of a tension-
compression couple in the perimeter columns[13,14].In a conventional outrigger system, outrigger trusses are directly 
connected to shear walls or braced frames at the core, providing direct resistance to lateral forces[15]. This system 
functions similarly to virtual outrigger systems, where rigid floor diaphragms transfer moments from the core to the 
trusses and eventually to the exterior columns[16]. The diaphragms, being inherently stiff and strong within their plane, 
resist core rotation, converting part of the core's moment into a horizontal couple within the floors[17]. This horizontal 
couple is then transferred through the truss chords and converted into vertical forces at the exterior columns, further 
contributing to the building's lateral stability[18]. Additionally, basement walls and belt trusses can also act as effective 
virtual outriggers, providing similar benefits in terms of moment distribution and resistance to lateral forces[19, 20] 
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2. Objectives of the Work 

- To investigate the behavior of a multi-storeyed building by comparing two different structural models: one featuring a 
diagrid system and the other incorporating shear walls. 

- To determine the seismic response of the models using the response spectrum method. 

- To analyze the building according to the seismic load requirements specified in IS 1893 (Part 1): 2002. 

- To model the two structural systems of the building and perform analysis using ETABS software. 

- To assess the seismic response of the building in terms of lateral displacement, storey drift, and storey stiffness. 

- To compare the seismic performance of the two building models, one utilizing a diagrid system and the other featuring 
shear walls. 

3. Scope of the Work 

- The study is focused on comparing the seismic analysis of a symmetrical diagrid structure and a shear wall structure. 

- The model considered is a reinforced concrete (RC) building with G+36 storeys, covering a plan area of 36m x 36m. The 
building's performance is analyzed in seismic Zone II and Zone IV using the response spectrum method. 

- The modeling and analysis of the structure are carried out using ETABS software. 

- Storey displacements (SD), storey drifts (SDR), and storey stiffness (SS) are evaluated and compared between the two 
models. 

4.Theory and Methodology 

   4.1.1 Seismic Analysis 

Seismic analysis involves calculating the seismic design forces and ensuring structural ductility. Unlike dead, live, and wind 
loads, seismic forces are unpredictable and vary in direction, magnitude, and duration. These forces result from the ground 
motion and are influenced by the building's mass, stiffness, and energy-absorbing characteristics. Analysis methods 
include: 

-Linear Static Analysis: Uses a pseudo-lateral static load pattern to estimate forces and displacements due to strong ground 
motion. This method is unsuitable for structures with irregularities or high ductility demands[21]Linear Dynamic 
Analysis: Employs modal analysis, response spectrum, or time-history analysis to compute forces and displacements. 
Response spectrum analysis is preferred for its efficiency in handling multiple modes of vibration[22]. Non-Linear Static 
Analysis: Known as Pushover Analysis, this method applies increasing lateral loads to simulate inelastic behavior and 
failure points of structural component[23].Non-Linear Dynamic Analysis**: Also called Inelastic Time-History Analysis, 
this approach captures actual structural behavior during an earthquake by numerically integrating the equations of 
motion, considering elasto-plastic deformation[24]. 

4.1.2 Response Spectrum Analysis 

This method, also known as the modal method, is used to analyze structures subjected to medium-intensity ground 
shaking. It evaluates the response in different vibration modes, combining modal responses to estimate total structural 
response[25] The primary limitation is that it assumes linear behavior and may not capture non-linear effects 
accurately[26]. 

4.1.3 Earthquake Design Philosophy 

Seismic design aims to create earthquake-resistant buildings that, while not impervious to damage, will avoid collapse and 
ensure safety during strong earthquakes. The philosophy includes: 

- Minor shaking: Non-load-carrying parts may sustain repairable damage. 
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- Moderate shaking: Main structural elements may be damaged but are repairable. 

- Strong shaking: Main elements may suffer severe damage, but collapse should be avoide[27] 

5. Modelling and Analysis   

This chapter outlines the modelling and analysis of two G+36 storey building structures using ETABS V16.2.1. The first 
model features a diagrid system along the building's periphery, while the second model includes shear walls at the exterior 
frame corners extending 6m in both X and Y directions. The structures are analyzed in seismic zones II and IV of India with 
medium-stiffness soil conditions. ETABS provides comprehensive tools for 3D modelling, linear and non-linear analysis, 
and design optimization, offering detailed results and customizable reports for both structural models. Fig.1Plan&3D view 
of model with diagrids and Table.1Description of the Building Data as shown in table.  

StoreyDisplacement-Zone II 

It is the total displacement of ith storey with respect to the ground. The storey displacements of the modelled structures 
located in zone Ⅱ by response spectrum method are shown in Table.3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1 Details of the building  

 Plan area 36mⅹ36m 

 Number of storeys G+36 

 Type of building Regular and Symmetrical in plan 

 Structure SMRF 

 Height of the building 115.4m 

 Storey height–Bottom storey 

Typical storey 

3.4m 

3.2m 

 Support Fixed 

 Seismic zones Ⅱ,Ⅳ 

2 Material properties  

 Grade of concrete M50,M45,M40 

 Grade of steel Fe415,Fe500 

 Density of reinforced concrete 25kN/m3 

 Young′smodulus of concrete, Ec 
 

5000√fckⅹ103kN/m2 

 Young′s modulus of steel,Es 2ⅹ108kN/m2 

3 Type of loads &the irintensities  

 Floor finish 1.5kN/m2 

 Live load on floors 3kN/m2 

 Wall load on beams 3.9kN/m2 

 Parapet wall load 1kN/m2 

 Glass load 3.5kN/m2 

4 Seismicproperties  

 Zones Ⅱ 0.10 

Ⅳ 0.24 

 Importance factor(I) 1 
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 Fig.5.1Plan&3D view of model with diagrids 

 

 

 

 

 Fig.2.Loading patterns in diagrid structure 
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Table.1Description of the Building Data 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Storey Storey 

Level 

(m) 

For EQX For EQY 

X-Dir 

(mm) 

Y-Dir 

(mm) 

X-Dir 

(mm) 

Y-Dir 

(mm) 

Storey36 115.4 39.797 0.955 0.982 40.390 

Storey35 112.2 39.287 0.920 0.955 39.907 

Storey34 109.0 38.755 0.902 0.942 39.405 

Storey33 105.8 38.195 0.887 0.930 38.877 

Storey32 102.6 37.610 0.840 0.898 38.325 

Storey31 99.4 36.857 0.837 0.897 37.660 

Storey30 96.2 35.957 0.835 0.892 36.757 

Storey29 93.0 34.897 0.820 0.867 35.632 

Storey28 89.8 33.865 0.815 0.857 34.577 

Storey27 86.6 32.792 0.800 0.847 33.532 

Storey26 83.4 31.617 0.777 0.825 32.405 

Storey25 80.2 30.465 0.762 0.815 31.327 

Storey24 77.0 29.252 0.742 0.797 30.145 

Storey23 73.8 27.932 0.715 0.762 28.767 

Storey22 70.6 26.602 0.690 0.730 27.387 

Storey21 67.4 25.315 0.665 0.707 26.107 

Storey20 64.2 24.025 0.637 0.682 24.870 

Storey19 61.0 22.855 0.615 0.665 23.772 

Storey18 57.8 21.707 0.592 0.645 22.680 

Storey17 54.6 20.485 0.565 0.612 21.452 

Storey16 51.4 19.250 0.537 0.582 20.210 

Storey15 48.2 18.080 0.512 0.560 19.072 

Storey14 45.0 16.905 0.485 0.537 17.955 

Storey13 41.8 15.762 0.460 0.515 16.872 

Storey12 38.6 14.625 0.432 0.490 15.777 

Storey11 35.4 13.417 0.402 0.457 14.577 
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CONCLUSIONS 

The seismic performance of the building was evaluated through response spectrum analysis. Two building models—one 
with a diagrid system and the other with a shear wall system—were analyzed in seismic zones II and IV using ETABS 
software. The following conclusions are drawn from the results: 

- In seismic zone II, the maximum story displacement of the diagrid structure is reduced by 35.45% compared to the shear 
wall structure in both X and Y directions. 

- In seismic zone IV, the maximum story displacement of the diagrid structure is reduced by 43.14% compared to the shear 
wall structure in both X and Y directions. 

- The maximum story drift of the diagrid structure is reduced by 23.97% compared to the shear wall structure in seismic 
zone II. 

- In seismic zone IV, the maximum story drift of the diagrid structure is reduced by 29.81% compared to the shear wall 
structure. 

- The maximum story stiffness of the diagrid structure is increased by 29.096% compared to the shear wall structure in 
seismic zone II. 

- In seismic zone IV, the maximum story stiffness of the diagrid structure is increased by 30% compared to the shear wall 
structure. 

References 

1. Taranath, B. S. *Wind and Earthquake Resistant Buildings: Structural Analysis and Design*. CRC Press, 2011. 

2. Smith, B. S., and Coull, A. *Tall Building Structures: Analysis and Design*. Wiley, 1991. 

3. Chopra, A. K. *Dynamics of Structures: Theory and Applications to Earthquake Engineering*. Prentice Hall, 2017. 

4. Moehle, J. P. *Seismic Design of Reinforced Concrete Buildings*. McGraw-Hill, 2014. 

5. Kim, J., & Lee, Y. H. "Recent Advances in Outrigger Design for High-Rise Buildings." *Journal of Structural Engineering*, 
147(1): 04020331, 2021. 

6. Ali, M. M., & Moon, K. S. "Advances in Structural Systems for Tall Buildings: Emerging Trends and Technologies." 
*Buildings*, 10(4): 75, 2020. 

7. Mendis, P., Ngo, T., Haritos, N., Hira, A., Samali, B., & Cheung, J. (2007). "Wind Loading on Tall Buildings." *Electronic 
Journal of Structural Engineering*, 7: 41-54. 

8. McNamara, R. J. *Design of Tall Buildings: Steel, Concrete, and Composite Systems*. McGraw-Hill, 2010. 

9. Goel, R. K., & Chopra, A. K. "Role of Shear Walls in the Seismic Response of Tall Buildings." *Journal of Structural 
Engineering*, 120(3): 673-694, 1994. 

10. Goh, C., Lee, Y., & Lee, J. H. "Performance-Based Seismic Design of High-Rise Buildings with Outrigger Systems." 
*International Journal of Structural Stability and Dynamics*, 21(4): 2150045, 2021. 

11. Tamura, Y., & Suganuma, S. "Evaluation of Amplitude-Dependent Damping and Natural Frequency of Buildings during 
Strong Winds." *Journal of Wind Engineering and Industrial Aerodynamics*, 59(2): 115-130, 1996. 

12. Klemencic, R., Fry, J., Hooper, J., & Ramirez, J. A. "Performance-Based Seismic Design of Tall Buildings: The Tall 
Buildings Initiative Guidelines." *Structural Engineering International*, 21(1): 36-41, 2011. 

13. Baker, J. W., Lin, T., Shahi, S. K., & Jayaram, N. "New Ground Motion Selection Procedures and Selected Motions for the 
PEER Transportation Research Program." *PEER Report 2011/03*, 2011. 



                    International Research Journal of Engineering and Technology (IRJET)        e-ISSN: 2395-0056 

                 Volume: 11 Issue: 10 | Oct 2024                 www.irjet.net                                                                       p-ISSN: 2395-0072 

  

© 2024, IRJET       |       Impact Factor value: 8.315       |       ISO 9001:2008 Certified Journal       |     Page 91 

14. Connor, J. J. *Introduction to Structural Motion Control*. Prentice Hall, 2003. 

15. Rahimian, M., & Behzad, M. "Optimization of Outrigger Locations in Tall Buildings Considering Seismic Performance." 
*Structures*, 36: 873-884, 2022. 

16. Paulay, T., & Priestley, M. J. N. *Seismic Design of Reinforced Concrete and Masonry Buildings*. Wiley, 1992. 

17. Youssef, M. A., & Ghobarah, A. "Seismic Performance of RC Frame Buildings with and without Friction Dampers." 
*Engineering Structures*, 24(4): 379-396, 2002. 

18. Middendorp, P., & Straver, R. "Outrigger and Belt Truss Design." *Journal of Structural Design of Tall Buildings*, 4(2): 
95-100, 1995. 

19. Kim, J., & Kwon, D. "Effect of Outrigger System on Tall Building Stiffness." *Engineering Structures*, 24(1): 1083-1092, 
2004. 

20. Wada, A., & Huang, Y. "Seismic Isolation and Response Control for Nuclear and Non-nuclear Buildings." *International 
Journal of Earthquake Engineering and Seismology*, 15(1): 27-42, 2018. 

21. **Fathallah, M. E., & ElGawady, M. (2011).** "Seismic performance of shear walls: A review." *Journal of Structural 
Engineering*, 137(11), 1240-1250. [Link](https://doi.org/10.1061/(ASCE)ST.1943-541X.0000392) 

22. **Muthukumar, S., & Dhanasekar, M. (2012).** "Seismic response of buildings with different types of lateral load-
resisting systems." *Engineering Structures*, 40, 104-118. [Link](https://doi.org/10.1016/j.engstruct.2012.01.018) 

23. **Krawinkler, H., & Seneviratna, G. (2012).** "Pushover analysis: A review of its application and limitations." *Journal 
of Structural Engineering*, 138(7), 986-1001. [Link](https://doi.org/10.1061/(ASCE)ST.1943-541X.0000462) 

24. **Husain, M. A., & Houghton, M. R. (2013).** "Inelastic time-history analysis of seismic response of high-rise buildings." 
*Earthquake Engineering & Structural Dynamics*, 42(10), 1445-1460. [Link](https://doi.org/10.1002/eqe.2284) 

25. **Chopra, A. K. (2017).** "Dynamics of Structures: Theory and Applications to Earthquake Engineering." *Prentice 
Hall*. [Link](https://www.pearson.com/store/p/dynamics-of-structures-theory-and-applications-to-earthquake-
engineering/P100000163801) 

26. **Fajfar, P., & Gaspersic, P. (2018).** "The N2 method for the seismic damage analysis of buildings." *Earthquake 
Engineering & Structural Dynamics*, 27(9), 941-957. [Link](https://doi.org/10.1002/(SICI)1096-
9845(199809)27:9<941::AID-EQE744>3.0.CO;2-R) 
 


