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Abstract— The issues faced during the structural design of a 

high-rise structure in a seismic location are presented in this 

research. The structure is an office building with a narrow 

base and 20 floors, including the basement levels. Providing 

a correct structural system to withstand wind and earthquake 

effects, as well as designing a good base to prevent the whole 

building from flipping, are some of the obstacles. Another 

crucial consideration is to keep the tales from drifting while 

yet providing enough open space for the workplace. Hybrid 

structures do not act like reinforced concrete structures in the 

Eurocode 2 sense, nor do they behave like composite 

structures in the Eurocode 4 meaning. As a result of this, and 

because of a lack of understanding of the issue of force 

transfer between steel and concrete, designing buildings with 

hybrid steel-concrete parts may be challenging. Several 

models are compared to structural systems comprised of 

reinforced concrete, Hybrid steel-concrete components, and a 

variety of other systems. 
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I. INTRODUCTION 

Building strength and safety are the most critical criteria that 

the structural engineer must meet and carefully design. This 

may be accomplished by having a thorough grasp of the 

primary aspects that determine the structure's behaviour. At 

the same time, selecting the right structural system is critical. 

Man's major objectives have been to build higher and to cover 

large distances from the beginning of time. The Great Fire of 

Chicago and New York City's limited building space 

heightened the need to develop taller. The first and second 

Chicago Schools of architecture were founded by influential 

engineers and architects. Their work is seen in the skylines of 

these two cities today. The standard frame approach for 

resisting wind loads for high-rise structures is too costly, 

according to Fazlur Kahn, a Bangladeshi American structural 

engineer. He advocated looking at the skyscraper as a 

massive vertical cantilever beam. Thus was born the framed-

tube system. This method was eventually improved to a 

trussed-tube system for Chicago's John Hancock Centre, 

which uses 30% less steel than comparably tall structures, and 

to a bundled-tube system for Chicago's Sears Tower (now the 

Willis Tower), which was the world's tallest building for 

almost 20 years. For structures above 50 storeys, these 

structural methods are effective. The frame system remains 

the greatest option for skyscrapers of 15-20 floors. For 

constructions built of iron and reinforced concrete, rigid 

frames were created in the late 1800s. If the structure's base 

is narrow in comparison to its height, however, an inner core 

is required to counteract lateral stresses. The inner core of 

reinforced concrete buildings is often constructed up of 

reinforced concrete load-bearing walls, with frames around 

the periphery. At the foot of the inner core, even for structures 

of 10-20 floors, considerable uplift pressures develop. These 

stresses might result in the necessity for extensive inner core 

wall strengthening as well as foundation design issues. Deep 

beams and somewhat closely spaced columns may be used on 

the building perimeter to disperse the inner core stresses to 

the perimeter frames. However, the architectural solution 

often does not allow for these obstacles. The structural 

structure becomes uneconomical when the building's height-

to-width ratio surpasses 6 [1].  Most contemporary high-rise 

buildings have an inner core with a column-free floor area 

between the core and perimeter columns, which houses the 

stairwell and elevators. This technique improves functioning 

while also efficiently disconnecting the two key structural 

parts that may withstand overturning pressures. The system's 

lateral load resistance is considerably reduced as a result of 

the inner core's separation from the outer frames. Outriggers 

are one approach for addressing this issue. Within the past 35 

years, outriggers have become common in high-rise 

structures. By linking the inner core to the outer columns, an 

outrigger is a rigid horizontal structure that improves the 

building's overturning stiffness and strength. It may be 

positioned at the top, mid-height, or in pairs at the mid-height 

and top, depending on the building height range. Belts – such 

as trusses or surrounding walls – may be constructed at the 

level where the outrigger is positioned to evenly transmit the 

forces to the perimeter columns [1] Steel profiles integrated 

with the concrete may be used for heavily laden buildings. 

Hybrid structures, often known as SRCs, are these structures 

(Steel Reinforced Concrete). These are neither reinforced 

concrete nor composite steel-concrete constructions in the 

sense of Eurocode 2 [2] or Eurocode 4 [3]. Eurocode 4 

provides no guidelines on how to assess and build such 

structures. There is also no information in the references to 

classical literature [4, 5, 6, 7, 8]. Eurocode 8 [9] and AISC 

341-10 [8] both discuss partial design provisions, however, 

they aren't particularly specific. Extensive experimental 

research [10, 11, 12, and 13] and numerical models, such as 

multiple vertical-line-element models [14, 15], PEER fiber 

beam-column models [16], and multi-layer shear element 

models [17, 18], have been carried out in the last decade for 

the study of hybrid walls. All of this effort, however, has not 

resulted in usable design tools [19]. 

 The purpose of this study is to provide several 

structural system configurations – some of which are 

discussed in this chapter – as well as their behavior and 

efficiency for a 21-story reinforced concrete office building 

in a seismic zone. 
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Fig. 1: High-rise building design using hybrid steel-concrete 

 
Fig. 2: Structural Components of High-Rise Building 

II. HIGH-RISE BUILDING DESIGN USING THE ETABS MODEL 

A. Structural Analysis by Etabs 

Etabs is a structural analysis and building design software 

tool. The program contains capabilities such as automatic 

optimization of steel and concrete frames, composite beams, 

composite columns, steel joists, concrete and masonry walls, 

and more [20]. 

B. Description of models  

The following are common characteristics of the models 

considered: • The building's overall height is 60.5 meters, 

with a bottom floor height of 4.5 meters and a present level 

height of 3.5 meters; 

 Bottom floor to 16th level; 

 19.2 m x 18.0 m floor dimensions 

 5.4-meter-wide-open office space 

 8.4 x 7.2 meter inner core with two stairwells and two 

elevator shafts; 

 60 cm inner core thickness for the first three levels, 50 

cm for the following three levels, and 40 cm for the 

remainder, with uniform 80 cm thick bulbs at the corners 

and in the mid-span. 

 80 cm x 80 cm columns and 40 cm x 60 cm beams make 

up the perimeter frames; 

 Flat slabs 20 cm thick 

 Concrete type C40/50. The following features are unique 

to the models considered: 

 Model A is the foundation model with the characteristics 

described in the preceding paragraphs. Structure.   At the 

upper level of the structure, model C features one 

outrigger and a truss belt around the perimeter. The inner 

core is connected to the perimeter columns (only at these 

levels) with reinforced concrete 40 cm x 60 cm beams, 

and the outrigger and belts are braced with 200 mm x 200 

mm x 12.5 mm tube profiles. The steel grade is S355 

(model D has one outrigger and belts on the structure's 

eighth story. The outrigger and belts are the same as in 

model C; model E has two outriggers and belts: one at 

the top level and one at the height of the structure's eighth 

floor. The outrigger and belts are the same as in model C 

the inner core is joined to the perimeter columns with 40 

cm x 60 cm reinforced concrete beams in model F.  

III. METHODOLOGY  

A reaction spectrum function is used to add seismic activity 

into the software. The equation is used to calculate the design 

spectral values according to P100-1/2013. 

 
Where: 

• Sd(T) is the design/inelastic spectral value; 

• ag – peak ground acceleration; 

• β(T) – normalized elastic spectral value; 

• q – Behaviour factor of the structure. 

IV. RESULT 

The following findings were discussed: • the needed 

reinforcement area in the structure's inner core; • the tale drift. 

Figure 3 shows the tale drifts for all models. The permitted 

storey drift in the Serviceability Limit State is 0.005 and in 

the Ultimate Limit, State is 0.025, according to P100-1/2013, 

appendix E. The Etabs program is used to design the needed 

reinforcement area for the inner core. Figure 4 shows the 

values at the foundation of the construction. A decrease of 

11.9 percent in the reinforcing area was seen when models A 

and B were compared. The variants with outriggers and belts 

(models C, D, and E) all have significant reinforcement area 

decreases (13.3 percent, 20.8 percent, and 24.2 percent, 

respectively). Model F, with reinforced concrete beams 

connecting the inner core to the exterior columns, is a unique 

design. 15.7 percent decrease in reinforcement in the inner 

core, but extra beam reinforcement is required. 
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Fig. 3: The Structure Drifts 

 
Fig. 4: All models need an inner core reinforcing area 

 
Fig. 5: Models A and D have the required reinforcing area 

for the inner core 

 For one outrigger, around 20 t of steel is needed. For 

the first six floors of the structure, the model D decrease in 

reinforcement is roughly 50.3 t. Figure 5 depicts these regions 

of reinforcement. 

V. CONCLUSION 

Today's structural engineers have significant difficulty in 

designing tall structures that are economically efficient. At 

the same time, architectural specifications grew increasingly 

stringent. The use of load-bearing walls, bracing, trusses, or 

deep beams is hampered by the need for open office space 

and huge windows. The structural systems examined in this 

research are typically employed for structures with at least 

40-50 storeys. However, the findings demonstrate that 

employing these technologies may save money on 

reinforcement even for structures that are less than 20 storeys 

tall. The outriggers' steel requirements do not exceed the 

amount of reinforcement saved in the inner core. Model D has 

a considerable decrease in steel amount (approximately 30.2 

t). From an architectural standpoint, outriggers and truss belts 

have a major drawback. Both in the office and on the 

periphery of the building, in the window area, braces and 

trusses are employed. However, this result may be 

appropriate in terms of sacrificing the design of a single floor 

of the structure in exchange for material savings. Models C, 

D, and E reflect the fact that one outrigger should be placed 

in the middle of the structure. As seen by the consumption of 

reinforcement, the efficiency of the outrigger positioned in 

the center of the structure is almost twice that of the outrigger 

put at the top (figures 8 and 9). In comparison to the mid-

height location, the inclusion of two outriggers – one at the 

top and one in the center of the structure – shows very little 

improvement. Model B is just somewhat better. Steel profiles 

inserted in the inner core, on the other hand, are helpful for 

constructions with very high axial forces in these places. The 

fundamental issue continues to be a lack of information about 

the design of such buildings, load transmission, and steel-

concrete connections. For all models, the tale drift does not 

exceed the permissible limit set out in P100-1/2013. 

However, models with outriggers show a significant decrease 

(figure 3). As predicted, the highest values were observed for 

the basic model A and model B with the hybrid column 

structural system. 

REFERENCES 

[1] Taranath, B. S., Structural Analysis and Design of Tall 

Buildings (CRC Press Taylor & Francis Group, 2012), 

pp. 2-64. 

[2] Leon R T and Hajjar J F 2008 Limit state response of 

composite columns and beam-columns: Part II. 

Application of design provisions for the 2005 AISC 

specification Engineering Journal 44 4 pp 341-358 

[3] Wallace J W, Orakcal K, Cherlin M and Sayre B L 2000 

Proc. of sixth ASCCS Conf.  Composite and Hybrid 

Structures (Los Angeles) (University of Southern 

California) pp 801-808 

[4] D. Oehlers and M. A. Bradford, Composite Steel and 

Concrete Structural Members, Pergamon Press, Oxford, 

1995, p. 549. 

[5] R T Leon, D J Kim, and J F Hajjar, 2007 Part I. 

Formulation of design requirements for the 2005 AISC 

standard Engineering Journal 45 1 pages 21-46 Limit 

state response of composite columns and beam columns. 


