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Abstract 

 

The main objective of this research is to analyze and design a multi-storey building (3D-dimensional reinforce concrete frame), 

the design of reinforced concrete slabs, beams, columns, footings and Staircase were made by hand calculations according to ACI 

code and compare the results by using STAAD.PRO. In order to design, it is important to first obtain the plan of the particular 

building that is, positioning of the particular rooms (Drawing room, bed room, kitchen toilet etc.) such that they serve up their 

respective purpose and also suiting to the requirement and comfort of the inhabitants. An office building were used with reinforced 

concrete frame consists of three floors where the maximum area of floor = (21.9*40.9) m2. Each floor consists of twelve offices. 

We used AutoCAD programs to complete the architectural design, STAAD Pro v8iSSS to design and analyze the structure of 

building. Finally, we arranged the outcome as architectural and structural maps for this building. STAAD PRO has a very 

interactive user interface which allows the user to draw the frame and input the load values dimensions and materials properties. 

Then according to the specified criteria it analysis the structure and design the members with reinforcement details for reinforced 

concrete frames. The design procedure of structural planning along with design requires not only imagination and theoretical 

thoughts but also sound knowledge of science of structural engineering. The knowledge of practical aspects, such as recent design 

codes, bye laws, backed up by ample experience, intuition and conclusion. The purpose of standards is to ensure and improve the 

safety, keeping careful balance between economy and safety.  
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_______________________________________________________________________________________________________ 

I. INTRODUCTION 

There is growing responsiveness of multi-storey reinforced concrete structures, to accommodate growing population. Generally 

such structures have prismatic sections which are common in developing countries, which resist applied loads without any 

appreciable deformation of one part relative to another. There is a need to accomplish some function, one of them is to receive 

loads (usually known as service loads) at certain points & transmit them safely to other points, that prompts the designer to give 

life to a structure further, more over it is the need for a safe, serviceable, feasible and aesthetically pleasing fulfillment of a structure.  

Many structures are built of reinforced concrete: bridges, viaducts, buildings, retaining walls, tunnels, tanks, conduits, and others. 

To analyze and design of a multistorey building we must analyze and design the elements that combined it, such slabs, beams, 

columns and footing. Large amounts of concrete are used in the construction industry in Iraq and most countries due to its 

availability. Concrete is arguably the most important building material, playing a role in all structures. It has the virtue of versatility, 

i.e. its ability to be molded to take different shapes and the structural work. It is also very durable and fire resistant with good 

control and correct construction procedures are followed. 

 Reinforced Concrete: 

Reinforced concrete is simply concrete in which steel bars with desirable magnitude are introduced in the casting stage; the 

resulting composite material can resist the tensile stresses developed by the external loads. The revolutionary engineering concept 

of reinforcing the weak tensile zone of the concrete with steel bars was developed in the mid-19th century. The early 20th century 

witnessed significant improvement in the development and use of reinforced concrete mainly due to the production of a good 

quality concrete with improved strength and the improved quality of steel with surface characteristics suitable to develop a good 

bond with the steel and concrete. 

 Structural Elements: 

Each building structure consists of the following elements:- 

1) Slabs: horizontal plate elements carrying the loads. 

2) Beams: horizontal members carrying the load from slabs. 

3) Columns: vertical members carrying mainly axial loads (interior columns) but sometimes they carry axial loads and moments 

in the case of exterior beams. 

4) Walls: vertical plate elements resisting vertical, lateral or in-plane loads. 

5) Bases and foundations: directly supported by the soil, they help to distribute the loads, transferred by the elements above, and 

on a larger area thus reducing the stresses applied to the soil. 
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 Design Philosophy: 

The main objective of reinforced concrete structural design is to comply with the following essential requirements. 

1) Structures designed should satisfy the criteria of the desirable ultimate strength in flexural, shear, compression, tension and 

torsion development under a given loading conditions and their combinations. 

2) The structure designed should satisfy the criterion for serviceability, which limits the deflections and keeps the cracks width 

with acceptable limits. 

3) The structure should also have adequate durability, impermeability, resistance to acids, corrosion, frost, fire etc. 

4) The building should have adequate stability against overturning, sliding, buckling and vibration under the action of loads. 

A satisfactory structural design should ensure the three basic criteria of strength, serviceability and stability. A good designer 

should also take into account economy and aesthetics. 

 Design Bases: 

The single most important characteristic of any structural member is its actual strength, which must be large enough to resist, with 

some margin to spare, all foreseeable loads that may act on it during the life of the structure, without failure or other distress. It is 

logical, to proportion members, to select concrete dimensions and reinforcement, so that member strengths are adequate to resist 

forces resulting from certain hypothetical overload stages, significantly above loads expected actually to occur in service. This 

design concept is known as strength design. For reinforced concrete structures at loads close to and at failure, one or both of the 

materials, concrete and steel, are invariably in their nonlinear inelastic range. That is, concrete in a structural member reaches its 

maximum strength and subsequent fracture at stresses and strains far beyond the initial elastic range in which stresses and strains 

are fairly proportional. Similarly, steel close to and at failure of the member is usually stressed beyond its elastic domain into and 

even beyond the yield region. Consequently, the nominal strength of a member must be calculated based on this inelastic behavior 

of the materials. A member designed by the strength method must also perform in a satisfactory way under normal service loading.  

For example, beam deflections must be   limited   to acceptable values, and   the number and width of flexural cracks at service 

loads must be controlled. Serviceability limit conditions are an important part of the total design, although attention is focused 

initially on strength. 

 Multi-Storey Buildings: 

The tallness of a building is relative and cannot be defined in absolute terms either in relation to height or the number of stories. 

But, from a structural engineer's point of view the tall building or multi-storied building can be defined as one that, by virtue of its 

height, is affected by lateral forces due to wind or earthquake or both to an extent that they play an important role in the structural 

design. Tall structures have fascinated mankind from the beginning of civilization. The Egyptian Pyramids, one among the seven 

wonders of world, constructed in 2600 B.C. are among such ancient tall structures such structures were constructed for defense 

and to show pride of the population in their civilization. The growth in modern multi-storied building construction, which began 

in late nineteenth century, is intended largely for commercial and residential purposes. The development of the high-rise building 

has followed the growth of the city closely. The process of urbanization that started with the age of industrialization is still in 

progress in developing countries. Industrialization causes migration of people to urban centers where job opportunities are 

significant. The land available for buildings to accommodate this migration is becoming scarce, resulting in rapid increase in the 

cost of land. 

 Concrete Frame Structures: 

Concrete frame structures are a very common - or perhaps the most common- type of modern building. As the name suggests, this 

type of building consists of a frame or skeleton of concrete. Horizontal members of this frame are called beams, and vertical 

members are called columns. Humans walk on flat planes of concrete called slabs. Of these, the column is the most important, as 

it is the primary load-carrying element of the building ,lf you damage a beam in a building, it will usually affect only one floor, 

but damage to a column could bring down the entire building .When we say concrete in the building trade, we actually mean 

reinforced concrete. Its full name is reinforced cement concrete, or RCC. RCC is concrete that contains steel bars, called 

reinforcement 

 Reinforced Concrete (RC): 

Is a composite material in which concrete's relatively low tensile strength and ductility are counteracted by the inclusion of 

reinforcement having higher tensile strength and/or ductility. The reinforcement is usually, though not necessarily, steel reinforcing 

bars (rebar) and is usually embedded passively in the concrete before the concrete sets. Reinforcing schemes are generally designed 

to resist tensile stresses in particular regions of the concrete that might cause unacceptable cracking and/or structural failure. 

Modern reinforced concrete can contain varied reinforcing materials made of steel, polymers or alternate composite material in 

conjunction with rebar or not. Reinforced concrete may also be permanently stressed (in compression), so as to improve the 

behavior of the final structure under working loads. 

In the United States, the most common methods of doing this are known as pre-tensioning and post-tensioning. 

For a strong, ductile and durable construction the reinforcement needs to have the following properties at least: 

 High relative strength, High toleration of tensile strain 
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 Good bond to the concrete, irrespective of pH, moisture, and similar factors 

 Thermal compatibility, not causing unacceptable stresses in response to changing temperatures, Durability in the concrete 

environment. 

 Beam -and-Column Construction: 

This is often called as "skeleton construction". The floor slabs, partitions, exterior walls etc. are all supported by a framework of 

steel beams and columns. This type of skeleton structure can be erected easily leading to very tall buildings. In such a beam and 

column construction, the frame usually consists of columns with beams and girders framed into them from both directions at each 

floor level. Generally columns used in the framework are hot-rolled I-sections or concrete encased steel columns. Where the 

loading requirements exceed the capacity of available section. The selection of beam sections depends upon the span, loading and 

limitations on overall depth from headroom considerations. Simple beams with precast floors or composite metal deck floors are 

likely to be the most economical for smaller spans. For larger spans, plate-girders or plated- beams are used. 

 One-way and Two-Way Reinforced Concrete Slabs: 

These are much heavier than most of the newer light weight floor systems and they take more time to construct, the floor system 

is adopted for heavy loads. One way slabs are used when the longitudinal span is two or more times the short span. In one-way 

slabs, the short span direction is the direction in which loads get transferred from slab to the beams. 

Hence the main reinforcing bars are provided along this direction. However, temperature, shrinkage and distribution steel is 

provided along the longer direction. 

The two-way concrete slab is used when aspect ratio of the slab supported along all four edges i.e. longitudinal span/transverse 

span is less than ‘2’. The main reinforcement runs in both directions. 

All permanent constructions of the structure form the dead loads. The dead load comprises of the weights of walls, partitions 

floor finishes, false ceilings, false floors and the other permanent constructions in the buildings. The dead loads may be calculated 

from the dimensions of various members and their unit weights. The unit weights of plain concrete and reinforced concrete made 

with sand and gravel or crushed natural stone aggregate may be taken as 24 KN/m3. 

In reinforced concrete construction slabs are used to provide flat, useful surfaces, a reinforced concrete slab is a broad, flat plate, 

usually horizontal with top and bottom surfaces parallel.  It may be supported by reinforced concrete beams, by masonry or 

reinforced concrete walls, by structural steel members, directly by columns, or continuously by the ground. 

Concrete slabs in some cases be carried directly by columns without the use of beams or girders. such slabs are described as flat 

plates and are commonly used where spans are not large and loads not particularly heavy. 

Flat plates can be constructed in less time and with minimum labor costs. 

In many cities the maximum height of buildings is restricted, and then the thin flat plate permits the construction of the maximum 

number of stories in a given height. 

Flat plates also provide for the most flexibility in the layout of columns, partitions and small openings, etc 

Another advantage of flat plate slabs that should not be over looked in fire resistance. 

And the slabs are classified to one-way slab or two-way slab according to the method of transfer of moments in the both 

directions depends on the ratio of long span/short span 

If the ratio is more than or equal to two, load transfer predominantly by bending in the short direction and the panel acts as one-

way slab. 

And if the ratio is less than two, then the load is transferred by bending in both orthogonal directions, and the panel is two-way 

slab. 

We have several methods to design the slabs like direct design method, method three, etc. 

 Beams: 

A beam is a structural element that is capable of withstanding load primarily by resisting bending. The bending force induced into 

the material of the beam as a result of the external loads, own weight, span and external reactions to these loads is called a bending 

moment. 

Beams generally carry vertical gravitational forces but can also be used to carry horizontal loads (i.e., loads due to an earthquake 

or wind). The loads carried by a beam are transferred to columns, walls, or girders, which then transfer the force to adjacent 

structural compression members. In light frame construction the joists rest on the beam. 

Beams are characterized by their profile (the shape of their cross-section), their length, and their material. In contemporary 

construction, beams are typically made of steel, reinforced concrete, or wood. One of the most common types of steel beam is the 

I-beam or wide- flange beam (also known as a "universal beam" or, for stouter sections, a "universal column"). This is commonly 

used in steel-frame buildings and bridges. Other common beam profiles are the C-channel, the hollow structural section beam, the 

pipe, and the angle. 

Structural member of reinforced concrete placed horizontally to carry loads over openings. Because both bending and shear in 

such beams induce tensile stresses, steel reinforcing tremendously increases beam strength. Usually, beams are designed under the 

assumption that tensile stresses have cracked the concrete and the steel reinforcing is carrying all the tension. See also stress and 

strain sections can be singly or doubly reinforced (sections with only tensile reinforcement or sections with both tensile and 
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compressive reinforcement). In practice most beams are designed with only tensile reinforcement (singly reinforced). However, in 

certain situations it might be necessary to design beams with both tensile and compression reinforcement (doubly reinforced). For 

example, when beam cross section is limited because of architectural or other considerations, it may happen that the concrete 

cannot develop the compression force required to resist the given bending moment. In some cases if a beam is designed with only 

tensile reinforcement, the section may become over reinforced, which is neither desirable nor acceptable by most codes of practice, 

in these situations the section must also be designed as doubly reinforced. There are situations in which compressive reinforcement 

is used for reasons other than strength. 

It has been found that inclusion of some compression reinforcement will reduce the long-term deflections of beams. 

In addition, in some cases, steel will be placed in the compression zone for minimum- moment loading or as stirrup-support bars 

continuous throughout the beam span. It is often desirable to account for the presence of such reinforcement in flexural design. In 

practice T, L, and U sections rarely need compression steel for strength reason, and often if this steel is present it is ignored in 

design. However, the Beam Strength applet is capable of evaluating the strength of T, L, U section with both tensile and 

compression steel. 

The program performs the design of a non-prestressed T or inverted-T concrete beam when subjected to a combination of 

bending, torsion and shear loading, based on the latest ACI torsion design criteria and the Ultimate Strength Design Method. 

As per ACI, the contribution of concrete to torsional strength (Tc) is disregarded. Thus, Vc is unaffected by the presence of 

torsion. Design for torsion is based on a thin-walled tube, space truss analogy. The interaction of bending with shear and torsion 

in a concrete beam is accounted for by adding the torsion longitudinal steel to that required by flexure. 

 Columns: 

Columns are defined as members that carry loads primarily in compression. Usually columns carry bending moments as well, 

about one or both axes of the cross-section, and the bending action may produce tensile forces over apart of cross-section. Even in 

each case, columns are generally refer to as compression members, because the compression forces dominate their behavior. 

There are three types of reinforced concrete compression members are in use: 

1) Members reinforced with longitudinal bars and lateral ties. 

2) Members reinforced with longitudinal bars and continuous spiral. 

3) Composite compression members reinforced longitudinally with structural steel shapes, pipe, or tubing, with or without 

additional longitudinal bars, and various types of lateral reinforcement. 

The ACI-code gives the limitations of the area of longitudinal reinforcement, for no composite compression members shall be 

not less than 0.01 Ag or more than 0.08 Ag. Minimum number of longitudinal bars in compression members shall be 4 for bars 

within rectangular or circular ties, 3 for bars within triangular ties, and 6 for bars enclosed by spirals. The slenderness ratio have 

great effective in describe the type of columns (short or long) where, when (KL/r ≤ Cc) then the column defined as short column, 

otherwise the column defined as long column, Where: 

Cc=√2πϵ/fy 

But the effect of slenderness neglected in the following cases: 

1) In sway frame when KL/r<22 

2) In non-sway frame when KL/r ≤ 34-12 M1/M2. 

 Foundation: 

A foundation is a lower portion of building structure that transfers its gravity loads to the earth.  Foundations are generally broken 

into  two  categories: shallow foundations and deep foundations. A tall building must have a strong foundation if it is to stand for 

a long time. To make a foundation, we normally dig a trench in the ground, digging deeper and deeper until we come to subsoil, 

which is more solid than the topsoil that is used to grow plants and crops. When the trench is deep enough, we fill it with any 

strong, hard material we can find. Sometimes we pour in concrete into the trench, which we strengthen even more by first putting 

long thin round pieces of steel into the trench. When the concrete dries, the steel acts like the bones in our body to tie the foundation 

together. We call this reinforced concrete. Once the foundation has been packed down tightly, or dried hard, we can begin to build 

the building superstructure. 

 Staircases: 

Staircases provide means of movement from one floor to another in a structure. Staircases consist of a number of steps with 

landings at suitable intervals to provide comfort and safety for the users.  

1) Rise: vertical distance between two consecutive treads. 

2) Flight: a series of steps provided between two landings. 

3) Landing: a horizontal slab provided between two flights. 

4) Waist: the least thickness of a stair slab. 

5) Winder: radiating or angular tapering steps. 

6) Soffit: the bottom surface of a stair slab. 

7) Nosing: the intersection of the tread and the riser. 

8) Headroom: the vertical distance from a line connecting the nosing's of all treads and the soffit above. 
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 Types of Stairs: 

For purpose of design, stairs are classified into two types; transversely and longitudinally supported. 

 Transversely supported (transverse to the direction of movement): 

Transversely supported stairs include: 

§ Simply supported steps supported by two walls or beams or a combination of both. 

§ Steps cantilevering from a wall or a beam. 

§ Stairs cantilevering from a central spine beam. 

 Longitudinally supported (in the direction of movement): 

These stairs span between supports at the top and bottom of a flight and unsupported at the sides. Longitudinally supported stairs 

may be supported in any of the following manners: 

1) Beams or walls at the outside edges of the landings. 

2) Internal beams at the ends of the flight in addition to beams or walls at the outside edges of the landings. 

3) Landings which are supported by beams or walls running in the longitudinal direction. 

4) Combination of (a) or (b), and (c). 

5) Stairs with quarter landings associated with open-well stairs. 

 Effective Span: 

The effective span is taken as the horizontal distance between centerlines of supporting elements. 

Loading: 

a) Dead Load: 

The dead load, which can be calculated on horizontal plan, includes: 

§ Own weight of the steps. 

§ Own weight of the slab. For flight load calculations, this load is to be increased by dividing it by cosα to get it on horizontal 

projection, where α is the angle of slope of the flight. 

§ Surface finishes on the flight and on the landings. For flight load calculations, the part of load acting on slope is to be increased 

by dividing it by cos α to get it on horizontal projection. 

b) Live Load: 

Live load is always given on horizontal projection. 

 Design for Shear and Flexure: 

The stairs slab is designed for maximum shear and flexure. Main reinforcement runs in the longitudinal direction, while shrinkage 

reinforcement runs in the transverse direction. Special attention has to be paid to reinforcement detail at opening joints. 

II. CONCLUSION 

In the present study building of two storey is designed and explored with its (Slabs, Beams, Columns and Footings and staircase) 

using software like (Auto CAD, MD solid, Excel, and Staad Pro). The loads are designed specifically the dead loads which depend 

on the unit weight of the resources used (concrete, brick) and the live loads using the code. The safety of reinforced concrete 

building will depend upon the early architectural and structural configuration of the total building, the quality of the structural 

analysis, design and reinforcement detailing of the building frame to achieve stability of elements and their ductile performance. 

Proper quality of construction and stability of the infill walls and partitions are additional safety requirements of the structure as a 

whole. 

 The advantages of using computer program is, It is faster to analysis the structural element and reduce time consuming. 

 In this project we design and analyze the Multi storey building using the equations to design and analyze and solve. So that 

the time for solving the equation of design in project reduces. This is done by using a computer software programs, which 

takes the inputs of design and carried out the calculations easily and quickly so that we saved time and ensure that the design 

was correct. 

Comparison between the results of hand calculation and the program calculation we find that: 

 The programs are very fast so that the results are shown in a minute while the hand calculations take longer time to calculate. 

 The degree of agreement of the results with the program is good. 

 Accuracy of the results depends upon the inputs accuracy. 

 It is very easy for user while the hand calculation is difficult.  

III. RECOMENDATIONS 

1) Design and analysis of different type of Multi storey building (concrete and steel).  

2) Design and analysis of multi storey building with other codes not just ACI codes. 

3) Design and analysis of multi storey building with different type like, Agricultural, Commercial, Residential, Educational, 

Government, Industrial, Military, Parking structures and storage, Religious, Transport, Infrastructure and PowerStation/plants. 
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