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Abstract-The improvement of Tall structure has 

been quickly expanding overall acquainting new 

obstacles that demands to be met through basic 

plan by legitimate designing decisions. In present 

day tall structures, lateral loads actuated by wind or 

tremor are regularly opposed by a grouping of 

coupled core walls. when the building model 

increments in height, the rigidness of the building 

turns out to be progressively significant as height of 

the structure increases, the stiffness of the structure 

decreases then the horizontal load resisting system 

is utilized to give adequate lateral firmness by 

adding outrigger beams between the core and outer 

sections is frequently used to give adequate lateral 

firmness to the structure. The outrigger and Belt 

truss is employed as one of the vital system to 

successfully control the intemperate drift due to 

horizontal loads. In this manner, it will develop the 

execution by clearing of the structural and non-

structural termination of the building under seismic 

and wind loads. Applying outriggers in the building 

can minimize the risk of structural and non- 

structural damages. 
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I. INTRODUCTION 

Mankind is always fascinated for skyscraper [1]. 

Rapid improvement of tall skyscraper in the planet 

has been improvement, result of which buildings are 

growing taller [2]. Commercial places like offices are 

customarily for more capacity in tall structures [3]. 

Six types of forty-storied three dimensional building 

has been contemplated and analyzed for the gravity 

loading, seismic [4] and wind loading, for seismic 

loading both Equivalent Static Method (Static) and 

Response Spectrum Method (Dynamic) has been 

executed [5], and in a equivalent way for wind forces 

IS Code coefficient strategy has been done, IS 875 

section III has been used for wind forces calculation 

and analysis, and IS 1893:2016 has been utilized for 

seismic loading computation and analysis. The 

distinction in performance of concrete outrigger and 

belt truss had determined as most adequate when 

compared with different material [6]. When 

designing a tall structure, the architectural, 

mechanical and electrical conditions should be 

studied and the elements that are influencing the 

requirements of the basic structural system must be 

planned with intensive understanding of the effective 

and prudent tall structure [7]. The rapidly expanding 

improvements have been seen in many places like 

hotel towers and private buildings [8]. Due to the 

noteworthy economic advantages in dense urban 

land, there has always been some incredulity in the 

development of high rise building [9]. Metropolitan 
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guidelines, innovation, legislative issues, style and 

financial aspects are some of the complex factors 

[10] which are taken into account for the 

improvement of the tall buildings. 

The paper studies the efficient utilization  of 

outrigger and as well as belt truss system for an 

irregular plan of high rise building for horizontal 

forces for instance  seismic and wind loads, seeking 

to understand the efficient material that can 

minimize horizontal sway in tall structures The 

outcomes of efficient outrigger system is calculated 

and significant conclusions are categorized and 

summarized. 

 

II. METHODOLOGY 

The horizontal forces that are acting on the 

structure are mainly administered for the plan of a 

high rise building [11]. Considering the aesthetic 

effect of the structure, the structural designer has 

been progressively acted to meet the forced drift 

requirements as the buildings have become taller as 

well as narrower [12]. Because of this challenge, 

the line of work has proposed a huge number of 

horizontal plans that are currently expressed in tall 

structures over the globe. 

Three directing factors, strength (material limit), 

firmness (drift) and usefulness (movement 

discernment and accelerations), delivered by the 

activity of horizontal forces, for example, wind and 

seismic forces are constrained for the plan of tall 

structures. The general geometry of a structure 

regularly manages which factor governs the overall 

plan. As a structure ends up tall and increasingly 

slim, drift contemplation become progressively 

huge [13]. Passable stress criteria depend upon the 

configuration that overrides the proportioning part 

which depends on the most extreme horizontal 

displacements.To minimize the drift, the outrigger 

must be located at a distance of x=0.445L from the 

top or, say approximately at mid-height of the 

building (Fig. 1). 

The basic dimension of the structure, the state of 

solid core and the amount of columns or sizes are 

some various issues arrive, while the planning of 

tall buildings. For recognizing a proficient plan, 

there are some parameters for the fundamentals if 

the structural system, which is basically the 

geometry and some unknown, factors which would 

settle some portion and the structure is promptly 

characterizes the other imperatives. 

 

 
Fig. 1 optimum location of outrigger 

The stresses developed in the structure are not only 

the outcomes, but the drift that is outcome in the 

structure which will oversee the geometry and the 

plan of the building. For controlling the drift of the 

structure which is one of the critical things to look in 

tall building, there are various basic horizontal 

systems used in elevated plan like shear trusses, 

framed tubes, and frame with shear core, trussed 

tubes super frames and shear frames and more over 

the outriggers system will minimize the drift when 

located at the acceptable floor (Fig. 2). . 

 
Fig. 2 Moment figure when Outrigger placed mid-

height 

The steps embraced in the present research to 

accomplish the below mentioned objectives are as per 

the following: 

 Selected an RCC structure with plan irregularity 

of height 140m (40storey) having 6x6 bay  

spacing of 5m. 

 Modeled the structure by using Etabs Software. 

 For the same structure Outrigger and belt truss 

were provided and results were compared. 

 Performed the Equivalent static analysis and 

Response spectrum analysis and results were 

analyzed. 
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 Different material of outrigger and belt truss 

was studied and results were evaluated. 

 Validation of results. 

 Performed the analysis and evaluated the 

results. 

 

Model data 

 Structure type – SMRF 

 No. of stories – G+40 

 Typical storey height – 3.5m 

 Irregular plan (as per IS1893-I 2016) (Fig. 3). 

 

 
Fig. 3 Plan Irregularity as per IS1893 P1-2016 

 

Material properties 

o Column(0.5 x 0.5 & 0.75 x 0.75)-M40  

o Column (1.0 x 1.0) –M80 

o Slab- 

o Beam-M30 

o Reinforcement-Fe500 

o Concrete outrigger-M50 

o Steel tube- Fe250 

o Infill concrete- Fe250,M30 

Section properties 

 Slab thickness- 0.125m 

 Core wall- 0.3 m 

 Beam- 0.230 m X 450  m 

 Concrete outrigger- 0.4 m X 0.4m 

 

property modifiers (IS16700-2017) 

Loadings 

 Gravity loadings (followed Indian code) 

 Live load- 4kN/m2 

 Floor finish- 1.5kN/m2 

 Glass load- 4.375kN/m2 

 

 Wind loads ( IS875-partIII) 

 Hyderabad 

 Wind speed- 46m/s 

 Terrain category- 2  

 Structure class- B 

 Diaphragms- Rigid 

 Windward coefficient, Cp-0.8 

 Leeward coefficient, Cp-0.5 

 Seismic loadings (IS1893-PartI) 

 Hyderabad 

 Zone IV- 0.24 

 Importance factor- 1 

 Reduction factor- 5 

 No of modes considered- 12 

 Damping- 5% 

 Mass source- 1DL+0.5LL 

 

Method of analysis 

 Equivalent static analysis 

 Response spectrum analysis 

 

 
Fig. 4 Plan view 

 
Fig. 5.  3-D perspective view of model 

The main concept for a thin construction is to 

conceptualize the structural system is to view it as a 
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column from the ground (Fig 4, 5). As a result of 

waves, or as a result of inertia caused by a floor 

quake, the horizontal guided power produced 

appears to crush it (shear) and to move the pressure 

over (twisting/bending). 

The construction must not be overturned by the 

mixed gravity stresses and horizontal stresses 

owing to wind or seismic impacts; its deformation 

deflection should not go above the threshold of 

Elastic Recovery by means of early column 

collapse either through cracking or unnecessary 

tensile forces [14]. Moreover, a construction in 

seismically sensitive regions must be prepared to 

withstand the reasonable strength of earthquakes 

without leaving its vertical load ability. 

Load case 

 DL- Dead load 

 FF- Floor finish 

 LL- Live load 

 WL- Wall load 

 WDX,WDY- Wind load 

 EQX,EQY- Seismic load 

 RSX,RSY- Response spectrum case 

 

Load combinations (serviceability) 

 1(DL+LL) 

 1(DL±EQX) 

 1(DL±EQY) 

 1(DL±WDX) 

 1(DL±WDY) 

 1DL+0.8LL±0.8EQX 

 1DL+0.8LL±0.8EQY 

 1DL+0.8LL±0.8WDX 

 1DL+0.8LL±0.8WDY 

 1DL±1RSX 

 1DL±1RSY 

 1DL+0.8LL±0.8RSX 

 1DL+0.8LL±0.8RSY 

 

Load combinations (strength) 

 1.5(DL+LL) 

 1.5(DL±EQX) 

 1.5(DL±EQY) 

 1.5(DL±WDX) 

 1.5(DL±WDY) 

 1.2(DL+LL±EQX) 

 1.2(DL+LL±EQY) 

 1.2(DL+LL±WDX) 

 1.2(DL+LL±WDY) 

 1.5(DL±RSX) 

 1.5(DL±RSY) 

 1.2(DL+LL±RSX) 

 1.2(DL+LL±RSY) 

 Study model 

 Case 1 – Structural model without shear wall 

and without outrigger. 

 Case 2 – Structural model with shear wall and 

without outrigger. 

 Case 3 – Structural model with shear wall and 

concrete outrigger. 

 Case 4 – Structural model with shear wall and 

concrete outrigger and belt truss. 

 Case 5 – Structural model with shear wall and 

steel tube Outrigger and belt truss. 

 Case 6 – Structural model with shear wall and 

concrete infill outrigger and belt truss (Fig 6). 

 
Fig. 6  3D perspective view of outrigger and belt 

truss 

III. RESULT AND DISCUSSION 

Lateral displacement 

For bare frame models with 935.8 mm value, the 

maximum displacement from the diagram is 

observed. With the addition of the central wall, 

displacement is decreased by 64.55%.  Later, 

concrete outrigger was added to the model and 

displacement was further decreased by 41.7%. By 

adding belt-truss to the model, displacement was 

reduced to further reduce to 6.28%. Steel tube 

outrigger and Concrete infill outrigger increments the 

displacement by 6.6% and 4.2% respectively. When 

only shear wall is used, the maximum directional 

displacement on top of the structure is 331,72 mm, 
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which is lowered by the selection of the lateral 

scheme. The horizontal shift is decreased to 181 

mm by putting the concrete outrigger more 

efficiently than the concrete infill and the steel pipe at 

mid-high (Fig 7). 

 
 

Fig. 7.  Variation of lateral displacement for different type of models 

 

The least side displacement is observed for type 4 

that represents concrete outrigger with belt-truss 

when compared to all other types of models [15]. The 

displacement of 45.43 per cent is controlled by 

adding a concrete belt-truss outrigger, which is the 

most efficient way to control lateral movement in 

lateral forces such as the wind loads and seismic 

loads. Steel tube outrigger and concrete infill 

outrigger signifies  reduction  in   lateral 

displacement, but when discussing about least 

displacement  calculated,  concrete outrigger is best 

suitable as also shown in graph above. The maximum 

space drift for a bare frame model can be found at 

floor 7. When one looks at the graphic representation 

of the bare frame, the story drift is reduced at the 

level of the belt truss. The drift at the center of the 

building has dropped to 38.38%. Figure 6.2 shows 

the drifting indices for irregular model composition, 

which means that the strap and frame truss have a 

major effect on ground flow, as the ground becomes 

more rigid [16]. The shear wall minimizes the  drift 

by 82.8%. The addition to the belt and outrigger truss 

reduces the shell drift by 29.4%, which is identical 

also for the steel tube and concrete outrigger (Fig 8).  

. 
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(a) 

 
(b) 

Fig. 8. (a)Variation of drift index for different models  (b) variation of time period for different types of models 
 

When the bare frame model is compared between the 

different models, it is more time-effective than other 

models. Model with shear wall gives slightly more 

time period than structure with outrigger system. 

Time period depends upon the mass and stiffness of 

the structure. If  the time  period is more , the modal 
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mass is more, but the stiffness of the structure is less, 

vice-verse. The substance of the outrigger is the most 

important and important parameter for the outrigger 

structural system since it directly influences the 

stiffness, storey drift, storey shear, time period and 

material  consumption  of the structure (Fig 9). 

 
Fig .9. Variation of base shear for different types of models 

 

Base shear graph for model with shear wall gives the 

maximum base shear of 28290 KN, where as bare 

frame shows a reduction in base shear up to 42.07%. 

Model with concrete outrigger and belt truss also 

shows decrements in base shear of 1.1 %. Steel tube 

outrigger and concrete infill outrigger displays 

approximate values of that of concrete outriggers. 

Considering this graph the maximum base shear after 

considering the shear wall model is that of concrete 

outrigger and belt truss model.  

IV. CONCLUSION 

The primary goal of the initiative was to explore the 

characteristics, in an irregular scheme and vertical 

irregularity, of 40-story buildings with distinct 

material types of outriggers under action of lateral 

forces. The utilization of outrigger structural system 

in high rise structures expands the stiffness with 

decreasing lateral displacement and makes the 

structure more efficient under wind and seismic 

loads. Considering the lateral displacement, time 

period and storey drift concrete outrigger is more 

efficient than that of concrete infill and steel tube at 

the mid-height of the structure, which reduces the 

displacement by 41.7%. The storey drift at the middle 

height of the building has been reduced up to 38.3%.  

The use of belt truss shows significance variation 

with reduction in displacement by 6.285%. Material 

such as concrete is most suitable to be used for 

outrigger and belt truss when considering 

displacement, but when considering the economy of 

the structure the conclusion may vary and steel tube 
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outrigger can be more productive which would also 

assist in less man power. The layout contributes to 

the reduction and facilitation of the wind power on 

the building. It's also a highly efficient structure 

which allows for the resistance of gravity waves to be 

used to enhance its use in lateral load resistance. The 

deformation gets reduced in the building and as well 

as other factors where storey drift is also minimized. 

The inverse torque introduced to the centre at each 

outrigger attachment can reduce central overrunning 

situations. 
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