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Abstract — High-rise building design and construction 

require innovative structural systems to guarantee stability 

and withstand lateral stresses, especially in areas vulnerable 

to strong winds or seismic activity. With their ability to 

improve stiffness and decrease lateral displacements, 

outrigger systems have become an essential structural 

component in the design of tall buildings. The many outrigger 

systems used in high-rise buildings are reviewed in-depth and 

compared in this research. The study looks at several 

outrigger configurations, such as super column, belt truss, and 

perimeter outriggers, along with their variants and 

combinations. A variety of outrigger systems are compared 

in terms of structural performance parameters, including 

interstory drift, lateral displacement reduction, and overall 

building stiffness. Furthermore, the selection of outrigger 

configurations is influenced by various aspects such as 

building shape, height, location, and seismicity. The benefits 

and drawbacks of each outrigger system are clarified through 

a comparative analysis of case studies and mathematical 

models. Aspects like material utilization, architectural 

consequences, and building complexity are also discussed. To 

maximize system performance, the impact of outrigger 

geometry and placement on structural behaviour is also 

studied. The evaluation highlights how crucial it is to choose 

an outrigger system that is suitable for the project and site 

conditions. The study's conclusions can help developers, 

architects, and structural engineers develop and place 

outrigger systems for high-rise structures more effectively, 

which would enhance urban environments' overall safety, 

occupant comfort, and structural performance. 
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I. INTRODUCTION 

Modern high-rise structures can improve their stability and 

structural performance by using an outrigger structural 

system, especially when it comes to resistance to lateral 

forces like wind or seismic activity. Outrigger beams, which 

are horizontal constructions that connect the building's core 

to its exterior walls or columns, are used in this system. 

 Outrigger beams are primarily used to transfer and 

disperse the lateral stresses that the building experiences to 

the perimeter and core columns. This helps to increase the 

building's resistance to overturning moments and lessen the 

building's sway. The building's overall structural integrity is 

improved by this redistribution of forces, which lessens the 

impact of seismic and wind loads. 

 To construct a complete lateral load resisting 

system, outrigger systems are often combined with other 

structural components like shear walls, braces, or moment-

resisting frames. While maintaining structural integrity and 

safety, this integration enables the effective use of resources 

and space.  

 In general, outrigger structural systems are essential 

to the design and construction of tall buildings because they 

allow engineers and architects to create more innovative and 

more elevated structures while still ensuring structural 

stability and safety. 

 Wind or seismic loads can cause significant lateral 

displacement in high-rise structures. In a high-rise building, 

portal-type deformation affects the frame structures 

surrounding the core, whereas cantilever-type deformation 

affects the core structure. The structure experiences 

considerable drift and overturning as a result. The excessive 

drift caused by lateral forces is effectively controlled using 

outriggers. As a result, the structure can be protected from 

both structural and non-structural damage. Outriggers reduce 

the core moment under lateral load from top to bottom. The 

tension-compression couple formed in the outer columns is 

the base for the structural action of outrigger systems in high-

rise buildings. A structure without a lateral support system is 

vulnerable to overturning under the influence of lateral loads. 

High-rise structure, including an outrigger support 

mechanism. In this instance, the outriggers link to the 

perimeter column like a stiff arm. For secure load transfer, it 

engages both the central core and the outer columns. The 

lateral force of a structure with an outrigger system is 

transmitted from the core structure to the perimeter columns 

through the outriggers and ultimately to the ground when the 

structure experiences lateral load. In this manner, the overall 

moment of overturning is decreased. 

 
Fig. 1: Structural Behaviour of building with outrigger 

system 
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Fig. 2: Structural action of outrigger 

II. LITERATURE REVIEW 

A. Introduction to Outrigger and Belt-Truss System: 

1) Wael Alhaddad et. al. [8]: 

Researchers provide an overview of the belt truss and 

outrigger structural systems utilized in tall and high-rise 

buildings in this paper. In high-rise buildings, the gravity load 

increases with height; however, in addition to the gravity 

load, the lateral load also increases in comparison to 

multistorey or low-rise buildings. When compared to the 

strength criteria, the stability and rigidity criteria will 

therefore be much more important. Relying only on 

traditional lateral load-resisting technologies, including 

moment-resisting frames and shear walls, is not a cost-

effective solution when building height increases. To meet 

the needs of high-rise structures, engineers have created and 

implemented several new structural systems during the past 

few decades, including bundled-tube, tube-in-tube, diagrid, 

outrigger systems, etc. In many high-rise buildings, to 

minimize the amount of material utilized while also meeting 

the requirements for safety, serviceability, and aesthetics. The 

building's number of stories and type of construction material 

have a significant impact on the size and effects of horizontal 

loads, as well as the best structural system to withstand them. 

For these reasons, the choice of the mentioned structural 

systems is heavily dependent on these factors. The hybrid 

lateral load-resisting system known as the outrigger and belt-

truss system consists of rigid horizontal beams called 

outriggers that connect the exterior and interior structural 

systems, and perimeter columns of the exterior structural 

system that are connected by a rigid horizontal beam called a 

belt-truss. To maximize the effectiveness of these systems, 

the exterior and interior systems outriggers and belt-truss 

work together to act against lateral loads and raise the 

structure's effective depth when it deflects as a cantilever. To 

prevent story drift, the main goal of this system is to position 

belt trusses and the outriggers on strengthening stories at 

suitable heights.  

Basically, Outrigger and belt truss system are combined into 

four components: 

 Interior structural system: It can be a concrete core wall, 

steel braced core wall, or a composite core wall. 

 Exterior structural system:  It can be a frame tube system, 

moment resisting frame system, or any other type of 

structural system. 

 Outriggers:  It is a rigid link that connects the interior and 

exterior system. They can be a truss with different 

topologies, a deep beam, or a composite of truss and deep 

beam. 

 Perimeter belt: It is a link that ties all or part of the 

perimeter column together. It could be a deep beam, a 

steel truss, or a composite of both. 

 Different configurations for outrigger and belt truss 

systems may be utilized, depending on the nature of the 

dominating loads, available space, necessary behaviour, etc. 

An outrigger-braced building's core is subject to rotation and 

overturning moments when it is loaded laterally. Lateral loads 

also attempt to shift the points of the outrigger trusses up and 

down. Opposing forces are generated as the movement is 

resisted by the outriggers restrained by columns. The 

outriggers are turned in the opposite direction by these forces, 

which also cause the core to experience reverse story shear 

forces and create an inflection point in the deflection curve. 

The rotations, lateral movement, and overturning moments at 

the top are reduced by this reversal of curvature. Floor 

diaphragms at belt-truss levels on various floors will attempt 

to move right and left due to lateral loads, which result in 

rotation and an overturning moment of the core. due to rotate 

and follow itself, the belt-truss that engages both floors 

moves one face down and one face up. The corner columns 

often experience the strongest force development. These 

vertical pressures operate through the belt truss, causing a 

reverse story shear in the core that lessens rotations and 

overturning moments as well as horizontal forces in the floor 

diaphragms acting in the opposite direction. 

B. Steel Truss Outrigger: 

1) Reza Kamgar et. al. [6]: 

To minimize roof displacement and column axial force, 

researchers in this study determined the best location for 

outriggers and belt trusses in high-rise buildings. The best 

location for the belt truss and outrigger systems is determined 

by researchers using the energy method. This study looked at 

a fifty-story structure with outrigger systems and continuous 

stiffness along its height, supported by belt trusses, shear 

cores, and framed tubes. A numerical example of a 50-story 

concrete building is used to validate the applicability and 

accuracy of the suggested method, and the outcomes will be 

compared with those obtained using Stafford Smith's 

approach. The external loads that are applied to the structure 

can be stored as strain energy in the structural parts. The belt 

truss and outrigger systems in the structure have the capacity 

to store some of this energy. Because of this, those positions 

are optimum when belt truss systems are positioned at a 

specific level and their system's absorption of energies is at 

its maximum. Static analysis was performed on high-rise 

structure with a belt truss, shear core, framed tube, and 

outrigger system by researchers. SAP 2000 software was used 

to analyse an asymmetric 50-story building. The framed tube 

system has been modelled using a cantilevered beam. In this 

case, outrigger-belt truss structures are represented by 

rotational spring. After doing research, the researchers 

determined that four crucial factors were the type of load, the 

axial stiffness of the exterior columns, the spacing between 

the exterior columns and the shear core, and the number of 

outriggers and belt truss systems. The optimum location for 
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the belt truss and outrigger systems is influenced by this 

crucial factor. The first belt truss and outrigger system were 

placed in the optimum position as they moved on down. This 

pattern applies to the outrigger and second and third belt truss 

systems as well. Furthermore, reducing roof movement is 

achieved by adding more belt trusses and an outrigger system. 

On the other hand, the results indicate that one, two, and 

three-belt truss and outrigger systems were positioned at their 

optimum locations using the proposed method. Values of the 

axial force and roof displacement decreased more than those 

found using Stafford Smith's method. The proposed method 

yields minimal values for the sums and averages of the axial 

forces in the building for the two and three-belt truss and 

outrigger systems. However, there is very little and no 

difference between Stafford Smith's method and the 

suggested method for one-belt truss and outrigger systems. 

The analysis's findings suggest that, as it involves reducing 

roof displacement and axial forces, the structure with two belt 

truss and outrigger systems performs better than those with 

one or three outriggers and belt truss systems. 

 
Fig. 3: Mathematical Modelling of Outrigger System 

2) M. Samadi et. al. [5]: 

This work investigates the effectiveness and capacity of 

outriggers in mitigating the collapse of tall buildings 

equipped with braced core systems in the event of two distinct 

sets of near-field and far-field earthquakes. Based on the 

findings of a non-linear time history study, tall buildings with 

a braced core comprised of stronger braces and designed in 

compliance with UBC97 will collapse under extreme near-

field records due to column failure. Similar structures may 

withstand the same earthquakes if they had RC shear wall 

core or optimized braces that were developed in accordance 

with AISC341-16. Researchers examine various outrigger 

levels to prevent building collapse. Researchers discovered 

that two outriggers, one at the second story level and another 

0.14 times the structure's height, are required to prevent the 

structure from collapsing in the case of an earthquake. The 

model under research is a braced core with special concentric 

bracing and a special moment frame that can be studied in 

both directions. Three 10 m spans in each direction are 

included in the structure's layout. Every story's height was 

taken as 4 meters. In the inner span, inverted V chevron 

bracing was used. Two structural models, comprising 28 and 

56 stories, are analysed, with the outriggers positioned at 

different locations. Nine destructive earthquake motions are 

used in this study, five of which are near-field and four of 

which are far-field. A thorough evaluation of the seismic 

behaviour of structures has been accomplished by the 

widespread application of incremental dynamic analysis. 

This methodology examines the nonlinear dynamic response 

of structures to different seismic intensity levels, i.e., those 

produced by scaled records. To examine the full spectrum of 

behaviour in structure, from elastic to collapse, multiple 

levels of scaled records are employed. Using two outriggers 

may prevent structural collapse, but in some stories and 

during some earthquakes, it may also increase lateral drift. 

Drift is therefore not a reliable indicator of damage, at least 

not for structures that are vulnerable to collapse during strong 

ground motions. The 28-story building that had one outrigger 

placed at different levels collapsed during the Darfield, 6906 

earthquakes. Due to this one outrigger's poor performance, 

researchers tried two outriggers at different levels. 

Researchers discovered that in these near-field earthquakes, a 

structure with two outriggers placed at the second and fifth 

storey may withstand just minor damage. The lack of the first 

story column's axial load carrying capacity causes the study 

of 56-story building with a single outrigger to fail during the 

Cheutsu 4875 earthquake. In Contrast Researchers use two 

outriggers at second and nine stories un 56 stories building 

the first story columns are survive at the end of the 

earthquake. Using the Cheutsu4875 and Darfield6906 

earthquakes, researchers discovered that in a 56-story 

structure with outriggers at the second and nine-story levels, 

the maximum drift is observed at the second outrigger 

position and the drift is increased at some story level 

compared to a structure without outriggers; however, the 

structure survives the earthquake and does not collapse. This 

demonstrates that the drift ratio is not a perfect indicator of 

damage, or at least it does not perfectly match the likelihood 

that structures that collapse because of a column's axial 

capacity will collapse. The greatest way to gauge a structure's 

risk of collapsing is to keep an eye on the vertical 

displacement. 

 
Fig. 4: Plan of Building, Outrigger, and Belt truss 

3) Han-Soo Kim [2]: 

In this study, the goal is to limit the maximum differential 

axial shortening of the column by determining the optimum 
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outrigger location. Reducing lateral displacement is the 

primary goal of outriggers, but this research also aims to 

minimize DAS. Differential column shortening, also known 

as differential axial shortening (DAS), is the difference in the 

vertical displacements developed in a building's column and 

wall at the same floor. To minimize the maximum DAS, 

researchers employ the optimization method to determine the 

optimum outrigger location. Nonlinear minimization problem 

with constrained condition is used by researchers. 

Additionally, several models are used for finite element 

analysis. Researchers examine three distinct models of eighty 

stories, both with and without outriggers. Researchers take 

into consideration three models: the general model, which has 

sectional properties that vary with height; the constant-

section model, which maintains sectional properties 

throughout the building's height; and the constant stress 

model, which determines column and wall sectional 

properties based on applied gravity load so that the member 

experiences roughly the same axial stress from the gravity 

load. Researchers first placed an outrigger system at the 40th 

story, where they found that all three types of models had a 

lower maximum DAS when compared to without outrigger 

system. However, they also discovered that the maximum 

DAS developed at approximately the 65th story, and that the 

DAS below the 40th story is significantly lower than the 

maximum value. Thus, after experimenting with several 

outrigger locations, the researchers discovered that the 60th, 

45th, and 58th stories were the optimum places for the general 

model, constant-section model, and constant stress model, 

respectively. Additionally, researchers are working on two 

distinct schemes: divided area and constant area. Assuming 

two outriggers are used in place of one outrigger, the area of 

the horizontal members of the outrigger is divided into two 

parts, or 0.1 m2 for each outrigger, assuming the cross-

sectional area of one outrigger is 0.2 m2. Therefore, the 

overall area of the outrigger remains constant in this 

configuration. Another scheme is the constant area scheme, 

which uses many outriggers to maintain a constant outrigger 

area. The area of the outriggers is multiplied by the number 

of outriggers in this scheme. Researchers conclude that both 

schemes, for up to two outriggers, roughly produce the same 

results; but, for more than two outriggers, the constant area 

scheme is not as effective as the divided area scheme. 

Additionally, researchers find that while two outriggers 

substantially decrease the maximum DAS, more outriggers 

do not significantly decrease the DAS. 

 
Fig. 5: Outrigger System 

4) Dhanaraj M. Patil et. al. [1]: 

The goal of this study is to better understand how outrigger 

braced buildings behave during earthquakes to determine 

where outriggers should be placed in high-rise steel 2-D 

buildings. To investigate the seismic response, a nonlinear 

static pushover analysis is performed on various outrigger 

braced high rise steel buildings of 20, 25, 30, and 35 stories. 

Researchers positioned one outrigger at the top of the 

building, analysed the structure, and observed its seismic 

behaviour. Additionally, to determine the optimum outrigger 

location in relation to seismic behaviour, researchers place 

two outriggers: one at the top of the building and another at a 

different story level. SAP2000 software is used by 

researchers to do nonlinear static pushover analysis. On the 

simulation of buildings, displacement-controlled pushover 

analysis is performed using a 4% target displacement of the 

building's overall height, as specified by the ATC-40 

standard. Researchers analyse steel-braced buildings under 

seismic response using various lateral load patterns. The IS 

1893(part I)2002 describes the push-two load pattern. The 

forces derived from the primary mode of vibration are 

represented by the coddle lateral load shape. The elastic first 

mode lateral load pattern is called push 3. The first 

displacement mode shape (Φ) of vibration acts as a base for 

the first mode load pattern. A storey's lateral force is 

determined by multiplying its mass at the storey by the 

amplitude of its elastic first mode. Push 4 load pattern is a 

lateral load pattern with multiple models. The multimodal 

load pattern considers the behaviour features of the structure 

as well as the long-term impacts of elastic higher modes of 

vibration. To compute the multimodal lateral load pattern, the 

contribution of the first three elastic modes of vibration is 

considered. The lateral load pattern of Push 5 is uniform. This 

means that the lateral force at a storey is a function of the 

story's mass. A comparison is made between the seismic 

performance of various structures using various parameters, 

including fundamental period, base shear, roof displacement, 

story displacement, and inter-story drift ratio. Researchers 

discovered that in 20 story buildings, the outrigger at 4 to 9 

stories exhibits a lower period of vibration, indicating a stiffer 

structure; in 25 story buildings, the outrigger at 5 to 13 stories 

exhibits a lower fundamental period, indicating a stiffer 

structure; in 30 story buildings, the outrigger at 9 to 19 stories 

and in 35 story buildings, the outrigger at stories exhibits a 

stiffer structure. The load versus displacement curve of a 

structure, or capacity curve, shows the overall response of the 

structure in terms of base shear vs roof displacement. When 

it comes to varying load patterns, multi-story MRF structures 

are not as strong as other outrigger braced buildings. When 

comparing MRF buildings to other braced buildings with a 

higher roof displacement, foundation shear is reduced. 

Researchers noticed that base shear varies when the position 

of the outrigger changes based on the force-displacement 

relationship between base shear and displacement of the 

outrigger. Compared to previous load patterns, the 

multimodal lateral load pattern (Push 4) for all structural 

systems of a 20-story 2-D OBF building exhibits stronger 

base shear with reduced roof displacement. Various high-rise 

steel buildings ranging from 25 to 35 stories exhibit 

comparable behaviours. When comparing the coddle and 

elastic first mode load patterns to the other lateral load 
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patterns, the storey displacement prediction is almost the 

same. Given that one has an inverted triangle load profile and 

the other a parabolic load profile, the coddle and first mode 

load patterns are almost identical. Reduced story 

displacement is indicated by the outrigger placed at a position 

between 0.2 and 0.5 heights of the building's overall height. 

The outrigger for 25, 30, and 35-story buildings, respectively, 

exhibits reduced story displacement at positions 0.3H to 

0.6H, 0.35H to 0.66H, and 0.4H to 0.68H. In MRF, the inter-

story drift ratio is greater for all lateral load cases than for 

outrigger braced buildings. The difference in the inter-story 

drift ratio is observed increasing with the number of stories in 

a building. The stiffer outrigger braced system causes the 

inter-story drift ratio to decrease at the position of outrigger. 

As along the height of the building, there is a decrease in the 

inter-story drift ratio at the outrigger story. In middle-height 

of buildings, there is a higher percentage of inter-story drift 

ratio. There is a decreased inter-story drift ratio when 

outriggers are placed at the middle and lower story compared 

to other outrigger positions. In 20 story outrigger braced 

building, the inter-story drift ratio for push 2 and push 3 load 

cases is lower in OBF 4-20 than OBF 10-20 configurations. 

The addition of outrigger at the top story significantly 

increases the base shear with a decrease in roof displacement 

than MRF for all story 2-D outrigger braced buildings. To 

increase rigidity and withstand greater stresses during seismic 

excitation, outriggers are added to buildings between 0.3 and 

0.6 height. 0.3H to 0.6H are hence the ideal outrigger 

positions. When it comes to various seismic parameters like 

fundamental time period, base shear, roof displacement, 

storey displacement, inter-storey drift ratio, and performance 

point, outriggers at their optimum locations in outrigger 

braced 2-D buildings exhibit greater seismic resistance than 

MRF and other outrigger locations. Different patterns of 

invariant lateral loads have a major impact on how outrigger 

braced two-dimensional buildings behave seismically. 

Compared to coddle, elastic first mode, and uniform load 

pattern, the multimodal lateral load pattern overestimates the 

seismic response characteristics. It has been discovered that 

providing dual outriggers, one at the top and another at the 

recommended height of buildings, is Quite beneficial. 

 
Fig. 6: Plastic Hing in Building 

5) Soobum Lee et. al. [7]: 

By employing topology optimization to identify a 

limited number of outrigger structural systems, researchers 

aim to reduce the building's structural response to wind loads. 

Using a combination of solid, beam, and truss elements, 

researchers produced a finite element model of a tall building 

based on a practical tall building configuration. The 

ANSYS software is used by researchers to perform finite 

element analysis. Researchers make use of the design 

continuation approach and design sensitivity analysis. 

Finding the locations of a limited number of outriggers is the 

goal to minimize compliance under wind loading. The ability 

of a structure to deform and change shape in response to wind 

is referred to as compliance. Researchers analyse the 68-story 

structure, which measures 36 x 36 x 201 meters. Initially, 

researchers tried a single outrigger placed in a structure to 

determine its optimum location. To determine the minimum 

compliance under wind loading, researchers analysed the 

placement of outriggers at each storey. Researchers 

discovered that the 24th story outrigger had the lowest level 

of compliance. On the other hand, studies discovered that the 

33rd floor is the best spot for an outrigger if the lowest top 

displacement criterion is considered. An investigation was 

conducted to determine the best location for two outriggers. 

They discovered that minimum compliance is achieved if two 

outriggers are positioned at the 18th and 31st stories. 

Additionally, researchers discovered where three and four 

outriggers should be put in a structure. Minimum compliance 

is found when three outriggers are positioned at the eleventh, 

nineteenth, and twenty-eighth storeys. The 11th, 28th, 37th, 

and 47th stories are the best locations for researchers to 

analyse with four outriggers, and this results in the lowest 

compliance. Researchers also discovered that a decrease in 

compliance occurred with an increase in the number of 

outriggers; however, the number of outriggers is dependent 

on several design factors, including construction costs and 

efficient building space utilization. Researchers focused 

solely on static wind load conditions and linear building 

behaviour. 

 
Fig. 7: Displacement of Building with Outrigger 

C. Buckling Restrain Braced Steel outrigger: 

1) Lili Xing et. al. [4]: 

To reduce vibration in high-rise structures, researchers in this 

study created a damped outrigger system as an alternative to 

a traditional outrigger system with additional damping. This 

work uses a simplified model based on spectrum analysis to 

examine the optimal seismic performance of a buckling 

restrained brace outrigger system. ANSYS is used to initially 

calibrate this simplified model via response history analysis. 

The optimum location for the outrigger and damping ratio is 

then found using a variety of parametric evaluations using 
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this model. a frame-core building with a BRB outrigger 

simplified in model form. The core portion is represented by 

a homogeneous cantilever column of length H with flexural 

stiffness EI. The corresponding linear mass was m, and it was 

assumed that the masses were distributed uniformly on the 

cantilever column. An expression for the axial rigidity of the 

outer column was kc. The outrigger truss and the outer 

column have been provided vertically with a BRB with the 

following parameters: yield force Fy, initial stiffness kB, 

stiffness ratio between after and before yielding η. In this 

study, the bending rigidity of the horizontal beams and slabs 

on non-outrigger floors was ignored. The outer column and 

BRB were hinged with the outrigger truss in this reduced 

model, which was set up in series. Comparing the natural 

periods and optimal damped outrigger location with those 

obtained through the FEM-based model verifies the 

efficiency and accuracy of the simplified model. The 

efficiency of the SM was confirmed by comparing the time 

history between the FEM and SM, since the BRBs in the FEM 

cannot operate under a seismic response spectrum analysis. 

The ideal damped outrigger position and related top 

displacement gradually decreased as outrigger stiffness 

increased, according to the researchers' findings. As the 

stiffness of the core or column increases, the optimal damped 

outrigger location experiences an ascending behaviour, while 

the top displacement exhibits a descending behaviour. Both 

the optimal damped outrigger location and the related top 

displacement first decreased and subsequently stayed 

constant with an increase in the BRB's yielding force. With 

respect to the overall height, increasing the total height 

resulted in a decrease optimal damped outrigger location and 

a higher top displacement. The optimum positions appear to 

be more dependent on the structural intrinsic stiffness than on 

damping since they can cause a reduced damping ratio. 

 
Fig. 8: Simplified Model of Building 

 
Fig. 9: Improved Simplified Model of Building 

 
Fig. 10: ANSYS Model & Simplified Model of Building 

2) Z. Bayati et. al. [10]: 

A stiff beam called an outrigger joins the outer columns to the 

shear walls. The outrigger and columns prevent the core from 

rotating when the structure is subjected to lateral stresses, 

which greatly lowers the base moment and lateral deflection 

that would have resulted from a free core. places at different 

heights. According to Smith and Coull's study, the reduction 

in the core base bending moment for one-outrigger, two-

outrigger, three-outrigger, and four-outrigger structures is 

roughly 58%, 70%, 77%, and 81%, respectively. To 

determine the deflection, researchers present the outrigger 

equation. An 80-story steel skyscraper with belt trusses 

serving as a virtual outrigger is the subject of a case study by 

researchers. Belt truss is presented by researchers as a virtual 

outrigger. Researchers provide a comparison between the belt 

truss system and outriggers. Three distinct locations for the 

belt truss were chosen by the researchers. Belt trusses are 

located at the top between 73 and 77 stories, in the middle 

between 46 and 50 stories, and at the bottom between 21 and 

25 stories. They are 4 stories deep. The floor level is not 

disturbed by belt trusses, which is an advantage. In 

basements, this kind of system is most utilized. For the 

analysis, ETABS software is employed. It was discovered 

that the top of the building's lateral displacement because of 

wind loading was 70 cm for the design with traditional 

outriggers and 95 cm for the design with belt trusses acting as 
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virtual outriggers. After analysing the construction without 

the outriggers, a displacement of roughly 275 cm was 

discovered. The in-plane stiffnesses of the floor slabs at the 

top and bottom of each belt truss were increased tenfold for 

the structure with virtual outriggers during analysis. The 

displacement dropped to 80 cm. Additionally, the 

displacement dropped to 65 cm when the belt truss member 

sizes were increased tenfold. The challenging outrigger truss-

to-core connection is removed. There is little risk of 

complications from the outrigger columns and core being 

shortened differently. The building's seismic response can be 

successfully reduced by utilizing an optimal multi-outrigger 

system, according to the results. 

 
Fig. 11: Effect of Outrigger in Building 

D. Viscous Damping Steel Truss Outrigger: 

1) Jiemin Ding et. al. [3]: 

Researchers present the viscous damping outrigger (VDO), a 

seismic energy dissipation system made up of viscous 

dampers and outrigger trusses, in this article. Viscous 

dampers are arranged in an innovative and very efficient 

manner at the end of outrigger trusses, vertically. The 

structural lateral deformation of super high-rise buildings is a 

property that VDO can fully utilize to increase the 

effectiveness of viscous dampers for improving seismic 

performance, strengthening structural security, and lowering 

construction costs. It should be noted that the three 

installation techniques diagonal brace, chevron brace, and 

toggle brace primarily depends on the shear deformation of 

the structure to activate dampers. Applying bucking 

restrained braces in a high-rise building with outriggers is 

recommended by certain studies. However, with frequent 

earthquakes, outriggers with bucking restrained braces 

provide rigidity without dissipating energy; under medium 

earthquakes, they yield and dissipate a limited amount of 

energy. By combining the benefits of VD and rigid outrigger 

truss, VDO can reduce seismic energy and increase the lateral 

stiffness of the structure. At the end of the outrigger truss, the 

VD is positioned vertically and simultaneously connects to 

the outer column, according to the VDO. The working 

principle of VDO appears because VD is positioned 

vertically, transforming bending deformation of the core tube 

into vertical deformation of VD through the leverage of the 

outrigger truss in the frame-core tube structural system. The 

research results also show that the best damping effect is 

achieved when VD is positioned vertically at the end of the 

outrigger truss. The three aspects of VD deformation are the 

rotational deformation of the core tube, the axial deformation 

of the column, and the bending of the outrigger truss under 

the damping force. Since VDO's end is directly connected to 

the outer column, VD's deformation is influenced by the axial 

deformation of ΔC of the outer column. A 300-meter-tall, 65-

story building in China is used by the researchers. The 

Chinese Code specifies that seven seismic wave types five 

natural and two artificial are used to analyse earthquakes on 

a regular basis. The two factors that determine the efficiency 

of energy dissipation at the damping outrigger story are the 

vertical velocity difference (VVD) and the vertical 

displacement difference (VDD) between the outer columns 

and core tube. Given its comparatively significant vertical 

displacement difference (VDD) and vertical velocity 

difference (VVD), the story is a good fit for VDO placement. 

The VDO is arranged on 025H, 0.4H, 0.5H, 0.6H, and 0.75H 

by researchers to determine the optimum position. 

Researchers conclude that by using VDOs, the structural 

periods of the damping scheme are longer than those of the 

rigid scheme, which might contribute to reducing the action 

of structural earthquakes. The damping scheme exhibits an 

overall damping ratio of 7.2%, which is eighty percent greater 

than the stiff scheme. It is evident that for an increase in the 

structural vibration period and more damping, base shear 

force can be decreased by roughly 12% and 15%, 

respectively. Additionally, the maximum inter-story drifts of 

the damping scheme are 21% and 20% lesser in the x and y 

directions, respectively, than those of the rigid system due to 

the function of VDOs. With an ADR of 3.2%, VDOs are an 

efficient way to dissipate seismic energy and decrease the 

structure's seismic reaction. The total damping ratio in the 

damping scheme is 7.2%, which is 80% greater than in the 

rigid scheme. The optimum VDO location, according to 

researchers, is between 0.6 and 0.7. Bending deformation is 

the most common type of deformation in the frame-core tube 

system, and damping outriggers are a good way to absorb 

vibration energy.  

2) Ying Zhou et. al. [9]: 

In this study, buckling restrained bracings are used in place 

of the diagonal members to create the damping outrigger 

system. Four outrigger system configurations are compared 

in terms of stiffness, strength, and capacity to dissipate 

energy. The best configuration of damping outriggers uses 

braces that are restricted by buckling to function as the 

diagonal web members of the outriggers. Outrigger systems 

frequently use as common buckling steel elements to prevent 

excessive strength and stiffness loss during occasional 

earthquakes. Researchers present a new type of outrigger that 

uses buckling restrained braces (BRB) in place of tilted belt 

members. This outrigger behaves like a combination between 

a rigid frame and a truss model. The diagonal bracing 

behaviour of the truss model and the behaviour of the top and 

bottom chord members of the rigid model are considered as 

nonlinear properties. The web members in the truss model 

contribute to 96% of the energy dissipated by the damping 

outrigger, while the rigid frame model contributes to only 4% 

of the total energy dissipation. As a result, the outrigger's 

major energy-dissipating component is the web members. To 

study the impact of damping outriggers in tall buildings, 

researchers used a 124-story, 632-meter-tall building. The 

PERFORM-3D software is used to carry out the analysis. 

When earthquakes frequently occur, the new outrigger that 

BRB replaces is just as stiff as conventional outriggers. 
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Therefore, the inter story drift of the entire structure is 

equivalent to that of traditional outriggers. A new dampening 

outrigger system can reduce inter story drift more than 

conventional outriggers in areas subject to rare earthquakes. 

In summary, an average of 0.5% more damping ratio is 

effectively added to the building by the 48 BRB members. 

Based on the dissipation energy capacity, ultimate strength, 

and initial stiffness, both type C and D outrigger systems 

perform better than the other types, according to the 

comparison analysis. The findings suggest that the damping 

outrigger can function as an energy-dissipating component 

during infrequent earthquakes and a rigidity member during 

frequent earthquakes to prevent significant damage to the 

main structure. 

 
Fig. 12: Different types of bracing in Truss Outrigger 

III. CONCLUSION: 

Compared to outrigger braced building frames, MRF building 

frames exhibit lower base shear and higher storey 

displacement and interstorey drift ratio. The inter-storey drift 

ratio and storey displacement rises as MRF building height 

increases, suggesting that these are more flexible structures 

[1]. The results of the optimal design demonstrate that the 

ideal locations for the outriggers to be placed were those that 

might decrease the peak DAS. It was also observed that the 

tall building's maximum DAS was lowered by adding more 

outriggers. Even with the constant-area design, which raised 

the overall sectional area of the outriggers in a linear fashion, 

the maximum DAS did not appreciably decrease when the 

number of outriggers exceeded two [2]. The middle-upper 

section of the building is typically where VDO is best 

positioned. The ideal location for a structure's uniform 

distribution of mass and stiffness is roughly 0.6–0.7H [3]. 

Under the same conditions, the ideal dampened outrigger 

location, and the related top displacement of the BRB 

outrigger system was both smaller than those of the 

conventional outrigger system [4]. When assessing the 

seismic collapse of structures, vertical displacement is a more 

useful index than the traditional drift ratio index, which is not 

accurate in determining the exact "point of collapse" [5]. Four 

key factors are the type of loading, the axial stiffness of the 

external columns, the distance between the exterior columns 

and the shear core, and the number of belt truss and outrigger 

systems. The ideal positions for the outrigger and belt truss 

systems are influenced by these factors [6]. Based on the 

dissipation energy capacity, ultimate strength, and initial 

stiffness, types C and D outriggers perform better than the 

other types of outrigger systems, according to the comparison 

analysis [9]. Because the indirect force transfer mechanism is 

less stiff than with conventional direct outriggers, virtual 

outriggers will not be as effective with the same outrigger 

column sizes and positions [10]. 
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