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I. INTRODUCTION 

oncrete is the basic building construction material for 

most of the structures. Ingredients of concrete are easily 

available in the local market so the construction using 

concrete is preferred. Concrete has large range of shapes as it 

can be casted as per the required form work. The ingredients 

of concrete can be taken to site in dry form and concrete can 

be prepared as per mix design and in required quantity. 

Hence, we can say that concrete has great versatility. 

Concrete has many advantages over steel e.g. concrete is 

naturally fire resistance material. Concrete has very high 

compression strength compared to steel. Construction of 

concrete is cheaper than steel. Stability against wind and 

seismic loads can be achieved as concrete construction helps 

in reducing motion perception. Steel section have specific size 

and shapes but they do not have large range of shapes as 

concrete do. Structural steel cannot be prepared at the site it 

can only be riveted or welded at the site but concrete can be 

easily prepared and casted at the site. 

But, at the same time, Concrete has less tensile strength than 

steel. Concrete also possess low ductility. Concrete can be 

lifted up to 600m height but it is preferable to go for steel 

construction at top of the building exceeding 400m height. 

Also, due to heavy weight of concrete it becomes necessary to 

use steel at top of the buildings. 

Hence, we can say that due to above reasons it becomes 

necessary to go for composite construction for tall buildings. 

It would be one of the best solution for construction of tall 

building as both the materials can overcome each other’s 

flaws. Hence composite structures become unavoidable to 

minimize gravity loads on walls and columns at lower level. 

II. LITERATURE REVIEW 

A tall building can be mainly divided into 5 masses:
 [1]

 

1. Foundation 

2. Basement 

3. Podium 

4. Tower 

5. Tower top 

 

Fig.1 Massing of tall building[1] 

In tall buildings, selection of material depends on type of 

structural system selected for load transfer as well as to reduce 

vibration. In tall buildings, instead of simple framing of 

beams, columns and slabs, different structural systems can be 

adopted which can be useful for the strengthening purpose. 

Different systems such as outriggers at different levels of tall 

buildings, such levels are known as transfer levels. Reinforced 

outriggers rigidly link the core to columns and hence 

significantly reduce the bending action in core, also this 

system gives the solution to deals with the problem of 

differential shortening between core and columns. Another 

system, known as "offset outrigger”, is a wind resisting 

system and has been developed to reduce building deflection 

and core bending stresses. It overcomes some of the 

disadvantages of conventional outrigger system such as 

outrigger arms obstructing the valuable and useful floor space. 

In some cases, it may happen that the column at lower storey 

is missing (discontinuity) due to which the load of the upper 

column needs to be transferred to adjacent column. This 

results in increase in the load on that column. To avoid such 

heavy loading on the adjacent column, we can use transfer 

C 
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slab concept. A transfer slab is a solid thick slab of thickness 

not less than 2m. In tall building, a core of R.C.C can be 

provided for the whole height of the building on which 

transfer slab can be supported at certain intervals. Between 

two transfer slabs, regular size slabs are to be provided at in-

between floor levels. So, in case of discontinuity of any of 

upper column, the load of that column will be transferred to 

transfer slab and to the lower adjacent column. These will 

help to reduce the load on adjacent column to great extent in 

comparison to the load coming on it in the absence of such 

transfer floor. 

Transfer floor (made-up of thick slab & beams) and central 

core combinedly reduces the seismic vibrations due to its 

strength. It will also help to reduce wind pressure effect. 

Therefore, we can say that overall stiffness of the system is 

increased due this concept of transfer floor. The recommended 

grades of concrete may vary from 30-50MPa for floors and 

50-70MPa for columns, walls and cores.  

The above discussed structural system can be composite 

where outrigger is of structural steel and core part is RCC. 

[A] Variation in material requirement with increase in 

building height: 

Graph shows linear relationship of concrete material between 

no. of floors and average concrete thickness,  

Dar Al Handasah gave DAR'S Formula for this linear 

relationship for no. of floors between 22 to 85 for volume of 

reinforced concrete as, 

 V = (37.2+.62N) A/100 

where, 

 V = required concrete volume. (m
3
)  

 N = no. of concrete floors in the building. 

 A = total built up area of concrete superstructure of 

building. (m
2
) 

  

Fig. 2  Average concrete thickness vs. number of floors for concrete framed 
tall buildings [1] 

Whereas steel shows hyperbolic relationship between no. of 

floors and average weight of steel. 

Four times increasing no. of floors requires 70% increase in 

the needed weight of reinforced concrete whereas, for steel it 

requires 370% increase in needed weight of steel. 

From study of both the graphs, it is very clear that to construct 

tall building using steel only is not desirable from strength 

point of view as well as economic point of view. 

 

Fig. 3 Average weight vs. number of floors for 
steel frame tall buildings [1] 

Therefore, for tall buildings, composite structure is the best 

option. 

[B] Other factors affecting the design of tall buildings 

1) Wind induced vibrations: One of the load which 

affects the design of tall building is wind. Wind 

causes vibrations, due to which bending, shear and 

torsion is created on different structural components. 

These building vibrations is studied under 3 topics: 

(i) Drift of building under wind load 

(ii) Period of vibration of the building 

(iii) Acceleration of vibration of the building. 

2) Heat of hydration: In tall buildings reinforced 

concrete walls, columns, core, etc. are of larger size 

especially at lower portion of building. Also, the 

concrete mixes will be used of higher grades. Due to 

these the heat of hydration is released of higher 

quantity. There is differential temperature between 

the surface and the core which usually exceeds the 

safe limit of 20˚C. 

3) High Strength Concrete: High strength concrete 

combined with normal strength concrete used for 

core and column helps to increase efficiency of 

lateral system due to increase strength resulting from 

higher Young's Modulus. It also helps to reduce 

differential shortening between core and column. 
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4) Low Shrinkage, Low Creep Concrete: It also helps to 

reduce axial shortening of vertical elements and 

differential shortening between core and column.  

A comparison between two material on various 

parameters is tabulated in Table 1.  

Also, the engineering properties of both the materials is 

tabulated in Table 2. 

For in-depth studies, more parameters can be added 

depending on specific requirement. 

 

TABLE I 

COMPARISON BASED ON VARIOUS FACTORS/ PARAMETERS 
[3]

 

 
Factor Steel Concrete 

Safety 

Steel possess good strength and ductility, it 
can take high load because it can bend 

without breaking. It requires fire protection. 

Vibrations under wind are at uncomfortable 
level in high rise buildings. 

It can resist high temperature and no fire 
proofing is required. It is brittle hence less 

tensile strength. Because of heaviness, 

strength and mass it can resist wind more 
than 200 miles/hour 

Cost 

Steel structure can be installed very quickly 

hence low labour cost. Price variation in 

market can impact construction cost. 

Price of concrete remains steady despite of 

variation in rates of other material. Overall, 

it is more economical. 

Material availability 

Structural steel is available easily as there 

are many companies worldwide producing 

tones of structural steel. Structural steel is 
readily available. 

Cement companies are expanding all over 

to meet the demand easily. Non-availability 

of various ingredients can affect cost and 
schedule of construction. 

Construction scheduled 

Framing of prefabricated steel can be done 

very rapidly with good quality. Shop 

fabrication is possible. 

Concrete structure can be built faster almost 

twice faster than structural steel which 

leads to increase in profit. 

Design possibilities 

It has highest strength-to weight ratio to any 

other material hence it is popular choice for 

office and multifamily developers 

Concrete can be moulded in different 

shapes which helps in increasing aesthetic 

view. 

Environmental impact 

Steel can be recycled easily with very less 

by product and its by product can also be 

easily recycled. After recycling the quality 
of the steel is maintained. 

Concrete can be crushed and can be 

recycled but can't use for new construction. 

Also, percentage concrete which can be 
recycled is low compare to steel. 

TABLE II  

COMPARISON BASED ON VARIOUS PROPERTIES 

 
Properties Steel Concrete 

Density It is around 7.75-8.1 kg/m3 It is around 2400 kg/m3  

Modulus of Elasticity 

Its value is considered in the range of 
180- 210 GPa, it may vary with grade 

and thickness of steel. 

It is function of aggregates and the cement matrix 
and their relative proportions. 

At low stress level, it is constant but starts 

decreasing at higher stress level. 
Its value for hardened paste may be of order 10-

30 GPa & aggregates about 45-85 GPa.  

Poisson ratio 0.27-0.30 0.1-0.2 

Shear Modulus 70-85 GPa 8-20 GPa 

Fire resistance  Low fire resistance Good fire resistance 

Hardness Steel has more hardness. Concrete has less hardness than steel. 

Toughness High toughness Low toughness 

Ductility Steel has good ductility Concrete is a brittle material 

Durability 

Properly designed and constructed 
steel structures provide long term 

durability. 

Durability of concrete is the ability to resist 
weathering action, chemical attack, abrasion. 

Hence its durability depends on environment. 

 

III. CONCLUSIONS 

1. In Steel structures, slender elements are required 

compared to RC structure for same building, resulting into 

more floor area. At the same time, four-fold increase in no. 

of floors requires less increase in needed weight of 

reinforced concrete than steel. 

 

2. Wind vibrations greatly affect steel structures; hence 

composite structures are more suitable in high rise. 

3. The problem of high release of heat of hydration in case 

of concrete can be solved by introducing structural steel in 

composite structure. 
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4. In case of steel structures, it is faster to erect, easy to 

expand and repair/ retrofit, but, at the same time it requires 

skilled labours, fire protection and anti-corrosion treatment. 

5. By adopting appropriate composite structural system, the 

use of both the materials can be further optimized. 

6. After studying various parameters and properties, we can 

conclude that both the materials are complementary to each 

other, if selected at proper place and desire properties. 
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