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Abstract - The rapid growth of urban infrastructure has increased the demand for safe, economical, and
efficient reinforced concrete RC construction systems. The evaluation of the behavior of complicated building
frames and the assurance of conformity with design requirements are now facilitated by structural analysis and
design software. A G+3 reinforced concrete residential structure was modeled, analyzed, and designed in three
dimensions using STAAD in this work.Elite V8i. Elements of the structural system that adhere to the limit state
requirements of IS 456:2000 include reinforced concrete beams, columns, and slabs. With the use of frame and
plate components, an exhaustive analytical model was created, which included the characteristics of M30 grade
concrete and Fe500 reinforcing steel. In accordance with the applicable criteria of the Indian Standard, the
structure was evaluated under gravity loading circumstances, which included dead load, live load, and factored
load combinations. The structural response, nodal displacements, and member forces were all evaluated using
linear elastic analysis. Section of STAAD that deals with concrete design.Beams, columns, and slab
reinforcement needs were subsequently obtained using Pro.

It was determined from the design that all structural parts met the strength and serviceability standards set forth
by IS 456:2000. The structural sufficiency was confirmed by evaluating the maximum values of beam bending
moment, shear force, column axial load, and displacement. Using STAAD, we optimized the reinforcement
details.The entire amount of concrete used was about 84 m?3, and 6.84 tons of reinforcing steel was produced by
Pro. A strong agreement was seen when comparing software findings with reduced human calculations,
indicating that the numerical model could be relied upon. The results show that STAAD is effective.While
demonstrating the significance of engineering judgment and code-based verification in understanding software-
generated findings, Pro V8i is used as a computational tool for structural analysis and design of low-rise
reinforced concrete structures.

Important Terms - Using STAAD.Pro V8i for structural analysis, designing reinforced concrete buildings,
beams, columns, and slabs; adhering to IS 456:2000; and performing limit state designs.

This is an open access article under the creative commons license https://creativecommons.org/licenses/by-nc-
nd/4.0/

@®EECC BY-NC-ND 4.0

L. INTRODUCTION

Because of its strength, resilience to fire, versatility, and flexibility to various design needs, reinforced concrete
(RC) framed structures are very popular structural solutions for both commercial and residential buildings.
Precise analysis and design methodologies are now necessary to guarantee safety, economy, and conformity
with design requirements in light of the growing complexity of buildings and the need for optimum structural
solutions. Manual design methods have their uses for simple structures, but they quickly become impractical and
time-consuming when used to complex structures with several stories and a wide variety of structural parts and
loads.

The use of structural analysis software has greatly enhanced the effectiveness of contemporary design processes,
allowing for automated reinforcement design, three-dimensional modeling, load simulation, and assessment of
member forces. For structural engineers, STAAD is one of several tools available.The sophisticated finite
element-based solution techniques and integration with international design rules make Pro an ideal tool for the
study and design of reinforced concrete structures. Frame and plate element modeling, static analysis, and
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component design in accordance with code requirements are all within the software's purview. In this research,
we utilize STAAD to examine and plan a G+3 reinforced concrete home.Professional V8i in accordance with
the requirements of IS 456:2000. Elements such as beams, columns, and slabs were created to form a
comprehensive three-dimensional structural model. The study took into account both live and dead loads applied
by gravity, and then the structural components were designed to a limit state utilizing M30 grade concrete and
Fe500 reinforcing steel.

Finding out if the planned members are enough according to code requirements and using numerical modeling
to assess the structural behavior of a low-rise RC structure is the primary goal of this study. Important structural
factors such bending moments, shear forces, axial forces, reinforcing needs, deflections, and material amounts
are studied in the research. This is the STAAD.To further evaluate the computational model's correctness and
dependability, we compare Pro findings with approximate hand computations. This investigation's findings
show how computer-aided structural design may be used to build reinforced concrete buildings that are both
safe and cost-effective. In order to guarantee dependable structural solutions, the research stresses the need of
interpreting software-generated findings with a good grasp of structural mechanics, design regulations, and
engineering judgment.

(8] 20 Memant Resisting Frame 6] 30 Space Frame (this study) {e) Frame » Siab Systom

Figure 1 Different Residential Building Structural Systems Utilizing RCC Frames
II. REVIEW OF LITERATURE

From more traditional, analytic procedures to more sophisticated, computer-based modeling approaches,
structural analysis methods have come a long way. For reinforced concrete buildings to be safe, serviceable, and
economically viable, it is necessary to accurately estimate how the members will behave under different stress
circumstances. Many studies have looked at how code-based design techniques, structural analysis tools, and
finite element methods may be used for reinforced concrete structures. Research by Jain and Murty (2002)
focused on seismic design methods in India and examined the behavior and design provisions of reinforced
concrete buildings under different loading circumstances. Proper structural modeling, accurate load assessment,
and code compliance are crucial for attaining safe building performance, as their studies shown. Insights on
structural response parameters and the impact of design assumptions on building behavior as a whole were
gained from the research. In their 2017 presentation, Pillai and Menon covered all the bases in terms of limit
state philosophy as it relates to reinforced concrete design. Their research clarified the significance of shear
resistance, flexural design, reinforcement details in accordance with Indian Standards, and column interaction
behavior. Structured analytic software is based on the described ideas, which provide a theoretical basis for its
design operations.

Subramanian (2013) looked on the optimization of designs, detailing needs, and analytical methodologies for
reinforced concrete structural design, among other things. The research highlighted the need of combining
computer-aided analytical techniques with engineering judgment and human verification to guarantee
dependable design solutions. A comparative research on multi-storey reinforced concrete structures was carried
out by Kadam and Bharti (2010) utilizing STAAD.For the benefit of the common and alternative methods. Their
research indicated that by taking three-dimensional structural behavior and load redistribution effects into
account, software-based analysis improves accuracy and efficiency. According to the study's findings,
commercial structural software drastically cuts down on computing effort without sacrificing sufficient technical
precision.

Using STAAD, Patil et al. (2012) examined a G+3 reinforced concrete structure.The structural reactions were
tested under various loading circumstances by experts. The research looked at the reinforcing needs of structural
elements as well as bending moments, shear forces, and axial forces. According to the findings, STAAD.Pro is a
powerful tool for structural analysis and can provide design solutions that adhere to the requirements of the
Indian Standard.
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The impact of slab modeling methods on the evaluation of reinforced concrete structures with many stories was
investigated by Mohan et al. (2015). Accurate modeling of slab elements impacts load distribution among beams
and columns, according to their study. The research emphasized that while doing structural analysis using finite
element methods, it is crucial to use appropriate modeling assumptions. Analyzing and designing multi-story
RCC residential structures using STAAD.Pro V8i was the focus of Kumar et al. (2017). Methods for modeling,
applying loads, evaluating structural responses, and designing reinforcements were the primary areas of study.
The results validated that, in accordance with IS 456:2000, software-generated designs provide realistic
reinforcement configurations. The utilization of stiffness methods and matrix-based solutions in contemporary
structural software were among the advanced structural analysis approaches covered by Bhavikatti (2010). The
research shown that by breaking complicated structures into smaller, more manageable parts, finite element
models can more accurately anticipate how those parts would react. In their 2005 publication, Zienkiewicz and
Taylor laid the groundwork for structural engineers to employ finite element techniques. Numerical modeling of
structural systems has its theoretical foundations in their work, which also proved that finite element methods
work well for analyzing complicated engineering issues. Numerical methods for structural systems finite
element analysis were developed by Bathe and Wilson (1976). By increasing the efficiency and precision of
solutions for big structural systems, their work greatly aided the evolution of computational techniques used in
contemporary engineering software.

Integrating structural analysis platforms with Building Information Modeling (BIM) has also been the subject of
investigation for a number of scholars. In their study, Chandra and Verma (2022) investigated structural
modeling and drawing production using BIM-based automation methodologies. Their findings highlight the
potential of digital workflows to enhance design coordination and decrease human mistakes. Previous research
demonstrate that STAAD.When using the right modeling assumptions, loading circumstances, and design
regulations, structural analysis tools like Pro provide dependable solutions for reinforced concrete structure
design. Software outputs, however, should always be checked using reduced analytical calculations and
interpreted by engineering judgment. This research validates STAAD and expands upon these ideas by
examining a G+3 reinforced concrete residential structure.The findings are compared to manual estimates and
the evaluation of conformity with the design standards of IS 456:2000.

III. STUDY DESIGN

Using STAAD, this research models a G+3 reinforced concrete home in three dimensions, analyzes its structural
integrity, and validates its concrete design.Elite V8i. The selected technique includes structural modeling,
material property specification, loading condition application, finite element-based analysis, reinforcement
design in accordance with IS 456:2000, and software result validation using manual calculations. The study's
systematic approach is shown by the order of structural modeling, analysis, design, and assessment of results.
The building's geometric layout was first conceived in STAAD.With the use of a support condition definition,
slab plate components, nodes, and beam-column members may be defined. Beams, columns, and slab
components that up the three-dimensional reinforced concrete moment-resisting frame that portrayed the
structural system.

3.1 Modeling and Configuration of Structures

A four-story residential building with G+3 reinforced concrete construction was chosen. The overall height of
the structure is 12 meters, and its dimensions are about 16 meters by 8.5 meters. With 18 permanent foundation
supports connecting the 116 nodes and 248 frame members, the structural model also includes 30 shell plate
pieces.

Slab panels were represented by finite element shell plates, while beams and columns were simulated using
frame elements. To allow for two-way slab activity between the supporting beams, a thickness of 150 mm was
chosen for the slab. As a representation of the limited base circumstances, the foundation level was idealized
utilizing permanent supports. Preliminary design constraints dictated the rectangular cross-sections allocated to
the structural parts. The research took into account a typical beam size of 350 mm X% 230 mm, and columns were
represented using a cross-section of 460 mm % 350 mm. These measurements were chosen to ensure that the
building layout under consideration would have sufficient stiffness and strength.

3.2 Physical Characteristics of the Substance

The qualities of the material were determined in accordance with the specifications of the Indian Standard for
reinforced concrete design. The skeleton of the building is constructed from M30 grade concrete and reinforced
with Fe500 high-strength deformed steel. The primary STAAD material characteristics. The following are the
pro models:
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The selected material grades represent commonly used construction materials for reinforced concrete residential
structures.(Table 1)

Parameter Value

Concrete Grade N30

Concrete Characteristic Strength((30 IN/mm?

Femforcement Grade Fe>00

Miain Steel Yield Strength 300 MNimm?*

Secondary Steel Yield Strength || 300 N/mm?

Unit Weight of Concrete 25 kMN/m?

3.3 Conditions for Loading

Following the guidelines laid forth by the Indian Standard, the structural study took gravity loads into account.
They tested the structural response using dead load, live load, and factored load combinations.
Structural members' self-weight, slab weight, and extra floor loads made up dead load. The stand.With the given
material qualities and member dimensions, Pro automatically determined the self-weight of beams, columns,
and slabs.

We examined the following scenarios:

The Dead Load (DL) factor:

e  Self-weight of structural components.
e Floor load contribution.
e Beams and slabs receive extra, long-term stresses.

Current Life (LL):
e Residential floor areas subjected to a load of 3 kN/m?
Combining Factored Loads:

The following combination of ultimate loads was considered:

1.5(DL + LL)

Beams, columns, and slabs were designed with this load combination in mind for their limit states in accordance
with IS 456:2000.

3.4 Methodology for Structural Evaluation

Using STAAD's stiffness matrix technique, we ran a linear elastic static analysis.Elite V8i. After solving the
equilibrium equations, the software produced the structure's global stiffness matrix, which allowed it to derive
nodal displacements and member forces. Key structural response characteristics were derived from the study,

which included:

Displacements of joints.

Beam bending moments.

Viscosity of beams.

Axial forces on the column.
Individuals that finish their missions.
A few moments on the slab.

The analysis was finished after all the degrees of freedom in the structural model were satisfied. Concrete
member design was then informed by the resultant forces.
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3.5 The Method for Creating Concrete Structures

The STAAD is used after the conclusion of structural analysis.The IS 456:2000 design code was used to activate
the Pro Concrete design module. The computer assessed the reinforcing needs of various structural parts
automatically.

These were the parameters used for the design:

Standard: IS 456:2000 on Design.

Material: M30 concrete.

Primary fortification: Fe500.

Iron (Fe500) for secondary reinforcing.

The maximum diameter of the main bar is 20 mm.
Side bars cannot be wider than 16 mm.

There were five key points along the beam's length where flexural reinforcement calculations were
performed:0%, 25%, 50%, 75%, and 100%. The requirements of IS 456, Clause 40, were used to calculate the
shear reinforcement. The effects of biaxial bending and coupled axial compression were taken into account
during column design. P-M interaction tests were used to confirm that the column sections were adequate in
accordance with IS 456 Clause 39.6. Using the Wood-Armer approach, which involves converting bending
moments in two orthogonal directions into equivalent design moments for reinforcement computation, the slab
reinforcement was computed.

3.6 A Method for Validation

In order to ensure that STAAD is trustworthy. Using reduced manual calculations, we compared the findings
with the chosen structural characteristics. Traditional methods of structural engineering were used to do the
manual calculations, which included:

e Beams with fixed-end moment approximations?
e Assessment of column loads using the tributary area technique.
e  For deflection, the standard calculation is IS 456, which is used for serviceability.

Important reaction metrics including axial load, deflection, bending moment, shear force, reinforcing amount,
and material consumption were the primary focus of the comparison. The chosen approach guarantees that the
numerical outcomes acquired by STAAD are accurate.Products are not only made by computers, but they are
also checked by basic engineering calculations.

IV. Findings and Analysis

The G+3 reinforced concrete home's structural study was conducted using STAAD.We used Pro V8i and
analyzed the findings to learn how the structure reacts when subjected to gravity loads. According to the design
standards of IS 456:2000, the study took dead load, live load, and the governing factored load combination into
account. Forces on members, displacements at nodes, reinforcing needs, and estimated material quantities are all
outputs of the program. All beam, column, and slab elements' structural responses were derived from the created
three-dimensional model after it successfully finished the finite element analysis procedure. The results of the
study show how the reinforced concrete frame reacts to loads and provide the design parameters needed to
check the structural members.

4.1 Response of Structures to Gravity Loads

The estimation of linear elastic parameters using STAAD.Pro supplied the distribution of internal forces and
displacement pattern across the building. At the critical node point, the controlling load combination yielded a
maximum vertical displacement of 1.45 mm. The structural system has sufficient rigidity under the imposed
gravity loads, as shown by this number. In comparison to the allowable deflection limit set forth by IS
456:2000, the computed displacement is much less. The chosen dimensions of the beam, column, and slab
impart sufficient stiffness, which in turn causes a minimal displacement reaction. With no numerical instability
or analytical warnings, the structural model behaved steadily, proving that the chosen modeling technique and
supporting circumstances were appropriate.

4.2 Analysis of Beams: Findings

The effects of gravity loading on the beam members' bending moments and shear forces were examined. The
bending moment distribution changed along the beam spans as a result of continuous frame action, with the
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greatest negative moments emerging at the beam-column junctions and the greatest positive moments
developing in the mid-span areas. At the support area, Beam 35, a beam with a 5 m span, showed the highest
bending moment, which was around 122 kN-m. The constant structural activity and load transfer from nearby
floor sections caused this increased moment requirement. At 142.16 kN, Beam 36—a brief 1.5 m stair-landing
beam—obtained the greatest shear force. The concentrated loading effects linked to the stair connection were
the primary cause of the greater shear demand in this part.

Here are the key points from the beam analysis (Table 2):

Member|Span [Maximum Response

Beam 1 |4.0 m(Moment = 60 kN-m

Beam 34| 3.0 m|High support moment region

Beam 35| 3.0 m|Maximum bending mement = 122 kN-m

Maximum shear force = 142,16 kN

._
[
E

Beam 36

The beam forces that were acquired were then used in the reinforcement design process in accordance with the
rules outlined in IS 456:2000.

4.3 Reinforcement of Beams Assessment

This is the STAAD.The necessary reinforcement area for important beam sections was determined using the Pro
concrete design module, which then chose appropriate reinforcement configurations. The design took into
account the needs for shear reinforcement as well as flexural reinforcement at mid-span and support points. In
order to provide sufficient safety against flexural and shear failure, the reinforcement that was given for the
representative beams was more than what was needed. The top reinforcement at the support for Beam 1 was
determined to be 553.7 mm?, and 565 mm? was supplied by means of 5 sets of 12 mm diameter bars. Beam 34
also needed 917.8 mm? of top reinforcement, which was brought to 942 mm? by means of three sets of bars with
a diameter of 20 mm. Shear reinforcement, in the form of two-legged stirrups with a diameter of 8 mm and a
center-to-center spacing of 120 mm, was regularly used to meet the shear strength criteria of IS 456:2000.

Span  Top @ Bottom @

Beam No. Top@Mid Stirrups
\

Beaml 4000 512 4100 >l 2L 3¢ @ 120 cle

| (mm)  Support Mid

Beam? 3000 4-l0g 3100 2100 2L 3g @ 120 clc
Beam3 2000 3-l0g 3100 2100 3L 8p @ 120 e
Beam4 3000 4-l0g 3-10p 2100 2L 89 @ 120 e
Beam33 4000 512 100 *-lo 2L 8p @ 120 e
Beam3d 5000 3-20g 7-10p 2200 2L 3 @ 120 cle
Beam3s 5000 10-12¢  3-l6o 2o 2L 3 @ 120 cle
Beam36 1500 10-12p  3-l6o 2o 2L 3g @ 120 clc

Beam37 1500 10-12p  3-16o -l 2L 3g @120 cle

Beam Reinforcement Schedule (Sample, from STAAD) (Table 3).

The Pro G+3.ANL In terms of structural adequacy and suitability for practical construction, the reinforcement
findings validate the chosen beam size and reinforcement configurations.

4.4 The Outcomes of Column Analysis

When designing the columns, we took into account the combined effects of axial compression and bending. The
stand.Using the interaction technique outlined in Clause 39.6 of IS 456:2000, Pro carried out the column design.
The buildup of floor loads from higher levels caused the inner columns to experience the maximum axial load.
Axial force of around 2000 kN was applied to the crucial column.
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Below are the results of the representative column design (Table 4):

Column Reinforcement|Tie Arrangement Interaction Ratio
Colomn 175(|8-12 mm barz |8 mm ties @ 190 mm c/c||0.99
Colomn 176(|8-12 mm barz |2 mm ties @ 190 mm c/c||0.26
Colomn 177(|8-12 mm barz |8 mm ties @ 190 mm c/c||0.99

An interaction ratio of 0.99 at its highest point suggests that the critical column is being used at or near its
design capacity while still being within the allowable range. The column section with Fe500 reinforcement,
which measures 460 mm x 350 mm, is strong enough to withstand the combined effects of axial load and

bending.

4.5 Slab Design Outcomes

Modeling the slab system with shell plate parts allowed us to analyze the reinforcing needs using the Wood-
Armer design approach offered in STAAD.Pro. According to the results, minimum reinforcement needs, not
strength requirements, were the primary determinants of slab reinforcement. A reinforcement of around 156
mm?/m was necessary in both directions. Based on the findings, the 150 mm slab thickness is suitable for the
residential spans under consideration. The slab system meets the minimal reinforcing criteria of IS 456:2000 and
offers enough bending resistance.

TYPICAL SLAB PANEL - Reinforcement Layout (M30, Fe500)

'Tnp Steel @ S.Jppnrts‘
i—{—| (distribution bars)

Bottom Main Steel
i ] 1 | 8¢ @ 150mm clc
""" |{Both directions)

Lx = 5000 mm

Pictured in Figure 2, is a common layout for reinforcing slab panels, showing the bottom steel in both

directions.

4.6 Evaluating the Quantity of Materials

Thanks to STAAD.Pro's CONCRETE TAKE command, we were able to get an estimate of the overall amount.
The research calculated the overall volume of concrete and the amount of reinforcing steel needed for the whole

construction.

We have calculated the following amounts (Table 5):

Material

Quantity

Concrete Volume 24 0m?

Feinforcement Steel||6.84 tonnes

Steel Intensity 1.5 kg/m?®
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This building's computed steel intensity is typical for low-rise residential reinforced concrete structures. The
findings point to a cost-effective structural design that makes good use of reinforcement and concrete. All things
considered, the study proves that the G+3 reinforced concrete construction is strong enough and serviceable
enough to withstand the gravity loading circumstances that were evaluated. This is the STAAD.Verification of
designs according to IS 456:2000 may be firmly based on pro-generated findings, which provide realistic
structural behavior.

V. CONCLUSION

The current research shown that STAAD may be used for the structural analysis and design of G+3 reinforced
concrete residential buildings.Adhering to the requirements of IS 456:2000, Pro V8i. To assess the structure's
behavior under gravity loading, a comprehensive three-dimensional finite element model was created, which
included elements of reinforced concrete beams, columns, and slabs. The results of the investigation showed
that the structural model that was created behaved well in regard to stiffness, serviceability, and strength.
Results showed a maximum vertical displacement of around 1.45 mm, much below the allowable deflection
limit set forth by IS 456:2000. So, for the building design under consideration, the chosen size of the structural
members provide sufficient stiffness. The findings of the beam design demonstrated that all shear and flexural
criteria were met. The support given by STAAD.Pro ensured sufficient safety against bending and shear failure
by exceeding the specified steel area at crucial parts. In beams with greater spans, the bending moment was
greatest, but in those with shorter connecting members, the shear pressures were highest. It was determined that
the reinforcing configurations that were chosen were both feasible and appropriate for the construction site.

All columns met the standards of IS 456:2000, according to the examination of column designs based on axial
compression and bending interaction. With an interaction ratio close to one, the crucial column made good use
of the structural section without going above its intended capacity. The transverse tie arrangement and
longitudinal reinforcement that was given were sufficient to meet the requirements of the code. For the
residential spans under consideration, the selected 150 mm thick slab system was found to be adequate
according to the slab design findings. The slab thickness ensured sufficient flexural capacity and serviceability
performance, since most slab pieces were limited by minimum reinforcement needs instead of strength
requirements.

The STAAD-obtained material quantity assessment. A total volume of roughly 84.0 m* of concrete and about
6.84 tons of reinforcing steel were shown by Pro. An efficient structural design with balanced use of concrete
and steel resources is indicated by the reinforcing consumption of around 81.5 kg/m? of concrete. Evaluate
STAAD against manual calculations.For important structural parameters including axial forces, shear forces,
bending moments, and material amounts, the pro findings were quite concordant. The measured variations were
within acceptable engineering limits, which validates the correctness and dependability of the analytical model
that was built.

Researchers found that by combining code-based verification, automated reinforcement design, and finite
element modeling, STAAD.Pro V8i is a powerful tool for analyzing and designing reinforced concrete
buildings. Nonetheless, only gravity loading situations were considered in this study. To get a more thorough
understanding of the structural behavior, future research may include nonlinear analysis, soil-structure
interaction, performance-based design methods, seismic and wind impacts. In conclusion, the study shows that
STAAD may be effectively used comprehensively. Reinforced concrete building analysis and design may be
made much more efficient, accurate, and reliable by combining Pro with the requirements of IS 456:2000.
Academic research and early-stage professional structural design projects may both benefit from the technique
used in this study.
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