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Abstract — The study conducted dynamic analyses of various 

configurations of Hybrid Outrigger Systems, encompassing 

different models of outriggers, to comprehensively evaluate 

and compare their response under seismic loading conditions. 

This study presents a comprehensive time-history analysis of 

a 40-storey building subjected to three distinct ground motion 

records: El Centro, Bhuj, and Mexico. The dynamic behavior 

of the structure is rigorously simulated, accounting for 

nonlinear effects to assess parameters such as story drift, 

lateral displacement, story shear, and overturning moment. 

The comparative analysis aids engineers and designers in 

understanding the effectiveness of different ground motion 

records and informs decision-making regarding seismic 

design and risk mitigation strategies for tall buildings. 
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I. INTRODUCTION 

A. General 

An outrigger system is a lateral load resisting system that uses 

horizontal beams, called outriggers, to transfer loads from the 

exterior columns of the building to the central core. The 

outriggers are typically connected to the core by means of 

trusses or other stiff members, creating a rigid framework that 

helps to resist lateral forces. 

 
Fig. 1: Behavior of Outrigger in tall buildings 

 The inclusion of outriggers in the design of high-rise 

buildings serves as an effective measure to control excessive 

drift resulting from lateral loads. This is instrumental in 

preventing both structural and non-structural damage within 

the building. The impact of outriggers can be observed in the 

reduction of core moments from the top to the bottom of the 

structure when subjected to lateral loads. In the structural 

behaviour of outrigger systems, the key mechanism involves 

the creation of tension-compression couples in the outer 

columns. This structural arrangement helps resist lateral 

forces and contributes significantly to enhancing the overall 

stability of the building, preventing issues such as overturning 

that may occur in structures lacking lateral support systems. 

 

 The direct or conventional outrigger system 

employs columns- restrained outriggers to counteract lateral 

loads imposed on the building. When subjected to lateral 

loading, the building's core experiences significant 

overturning moments and rotational forces. Concurrently, 

lateral loads induce vertical movements in the outrigger 

trusses. These movements are resisted by the outriggers, 

which generate opposing forces. Consequently, reverse story 

shear forces are induced in the core, resulting in a reversal of 

curvature in its deflection curve. This reversal diminishes the 

magnitude of overturning moments, rotational forces, and 

lateral displacements at the upper levels of the structure. 

Essentially, the introduction of compression in leeward 

columns and tension in windward columns increases the 

effective depth of the structure, thereby enhancing its 

resistance to lateral loads. 

 
Fig. 2: Transfer of force to core wall from outrigger system 

II. OBJECTIVE 

 To perform non-linear Time-history analysis of various 

outrigger system for G+40 story building. 

 To evaluate the response of Hybrid Outrigger system and 

compare it with Rigid and Flexible Outrigger System. 

 To compare modal response of Outrigger system. 

 Time-history Analysis for 3 ground motions. 

 Comparison Response Parameters: 

Mode Shape, Displacements, Story drift, Shear and 

Moment. 
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III. METHODOLOGY 

A. Model Details 

 
General details: 

 Plan Dimensions: 32.98 m x 32.98 m 

 No of Outriggers – 2 at 0.34h & 0.67h 

 Size of Columns: 

 G+40- 650 mm x650 mm. 

 Size of Beams: 300 mm x 900 mm in all Models 

 Size of Rigid Outrigger- 300 mm 

 Size of Flexible Outrigger- ISMB 450. 

 Size of Core: 300 mm thickness. 

 Grade of Concrete: M60. 

 Grade of Steel: HYSD500. 

B. Model Configuration 

Configurations of Outrigger System 

 Model-1: Moment resisting frame. 

 Model-2: Flexible Outrigger. 

 Model-3: Rigid Outrigger. 

 Model-4: Hybrid (Flexible at Bottom and Rigid at Top) 

Outrigger-1. 

 Model-5: Hybrid (Rigid at Bottom and Flexible at Top) 

Outrigger-2. 

 
Fig. 3: Moment resisting frame-MRF & Rigid outrigger – RO 

 
Fig. 4: Flexible outrigger-FO & Hybrid outrigger-HO-I 

 
Fig. 5: Hybrid outrigger-HO-II 

IV. TIME HISTORY ANALYSIS 

Ground motions must be either selected from previous 

recorded earthquake event or supplemented by simulation 

where there is lack of appropriate recordings, such as for large 

magnitude earthquakes at short site-to-source distances. 

Recorded ground motions are selected from PEER database 

or COSMOS database. 

Ground motion are selected based on: 

1) Distance of site from location of faults and type of fault. 

2) Magnitude of the earthquake. 

3) Soil type 

For this research study following Ground motions are 

selected for time-history analysis: 

 
Mexico Earthquake 1940 
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El-Centro earthquake 1940 NS 

 
Bhuj Earthquake 2001 

V. RESULTS 

A. Modal Analysis 

 Rigid Outrigger system showed least modal time period 

and MRF showed maximum modal time period which is 

6.67%. 

 Also Hybrid Outrigger-II showed reduction in modal 

time-period as 6.17%. 

 
Mode-1  Mode-2  Mode-3 

 
Fig. 6: Modal time-period comparison of Outrigger 

Configurations 

B. Lateral Displacement 
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C. Story Shear 

 

D. Story Drift 

 
E. Overturning Moment 

 
Fig. 7: Comparison of seismic response parameters of Outrigger configuration (FO, RO,HO-I,HO-II) with MRF 

 It is observed that with change in type of Ground 

motion the structural seismic response parameter’s 

magnitude varies. in present study it is observed that out of 

three ground motions outrigger system performance increases 

from Mexico ground motion, then Bhuj and highest is 

obtained in El-Centro ground motion. This is observed for 

displacement, drift, story shear and over-turning moment 

parameters which leads to reduce magnitude of all response 

parameters. 

 The drift pattern is less sensitive to type of ground 

motion for outrigger structural system as compared to MRF 

response. The distribution pattern of response parameters is 

observed to be sensitive to be as ground motion changes for 

lower stories. However, as the building height increases the 

response distribution sensitivity decreases but the difference 

in the magnitude for response parameter changes as per type 

of ground motion to which the structure is subjected to. 

VI. CONCLUSION 

The preferred present study on Seismic analysis of Outrigger 

system of buildings having different outrigger configurations 

namely Flexible Outrigger system, Rigid Outrigger system, 

Hybrid Outrigger system-I, Hybrid Outrigger system-II and 

Moment Resisting frame investigated and compared for 

effect of building height and ground motion with non- linear 

time history analysis and conclusions deduced are presented 

as under. Within the scope of the present study, it can better 

be concluded that Hybrid Outrigger system proves to be more 

efficient as it leads to marginal reductions in displacement, 

drift, story shear and over-turning moment, with increased 

structural flexibility Performance of hybrid system is 

unbeatable when it comes to effect of variations in height and 

ground motion in comparison with other systems. Seismic 

response of HO-II Hybrid Outrigger system seems best for 
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most of the parameters however for G+40, HO-I - Hybrid 

Outrigger system with Flexible Outrigger at Bottom and 

Rigid at Top system is observed to be more efficient 

structural system. 
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