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Abstract - The primary goal of this project is to perform a
comprehensive analysis and structural planning of a G+12 IT
Park building using STAAD Pro software. The process begins
with preparing the architectural layout, centerline diagram,
and column positioning in AutoCAD, ensuring proper
alignment and structural feasibility. This model is then
imported into STAAD Pro, where detailed structural analysis is
carried out in accordance with IS 456:2000 guidelines for
reinforced concrete design. The project focuses on
understanding the behavior of a high-rise structure under
various loading conditions. Different types of loads such as
dead load, live load, wind load, and seismic load are carefully
defined and applied. Load combinations are generated based
on codal provisions to simulate real-world scenarios and
ensure structural safety and stability. The software enables
accurate modeling of beams, columns, slabs, and other
structural elements, allowing for efficient analysis of forces
such as bending moments, shear forces, and axial loads. One of
the key advantages of using STAAD Pro in this project is its
flexibility in modifying input parameters, which helps in
identifying and rectifying design errors effectively. Iterative
analysis is performed to optimize the structural design,
ensuring both safety and economy. The results obtained from
the analysis are used to design structural members with
appropriate dimensions and reinforcement details.
Furthermore, the analyzed model is transferred to STAAD
Foundation for designing the foundation system. Based on soil
conditions and load transfer data, suitable foundation types
are selected and designed as per standard guidelines. The
foundation analysis ensures proper load distribution and
prevents issues such as settlement or structural instability.
Overall, this project provides a practical understanding of
modern structural design tools and demonstrates how
software like STAAD Pro and STAAD Foundation can be
effectively used to design safe, efficient, and cost-effective high-
rise buildings.

Key Words: Structural Analysis, STAAD Pro, G+12 Building,
AutoCAD, IS 456:2000, Load Analysis, Load Combinations,
Reinforced Concrete Design, Foundation Design, High-Rise
Structures.

1. INTRODUCTION

This project focuses on the planning, analysis, and design of
a G+12 IT Park office building. The proposed structure is
classified as a high-rise building intended to provide

commercial workspace for IT companies. High-rise buildings
are particularly beneficial in densely populated urban areas,
as they help in efficient utilization of limited land space. The
selected location for this project is Perungudi, Chennai, and
the design is carried out in accordance with NBC (National
Building Code) standards. The planning stage involves
preparing a detailed 2D layout of the building, including the
arrangement of rooms, placement of doors and windows,
furniture layout, and column positions. This approach makes
modifications easier and saves time during the design
process. Structural analysis is performed to evaluate internal
forces such as compression, bending moments, and shear
forces acting on different members under various loading
conditions. Based on these results, the design phase
determines appropriate structural sections to ensure safety
and efficiency. The overall design aims to satisfy both
functional and structural requirements, ensuring stability as
well as usability. A key factor in foundation design is the
nature of the soil. In areas with marshy land, soil
improvement techniques such as removing vegetation and
replacing it with suitable fill material are adopted. Once the
site is properly prepared and leveled, construction can
proceed. In such soil conditions, pile foundations are
commonly used to provide adequate support and stability to
the structure.

1.1 Problem Statement

The design of a G+12 IT Park building on marshy soil
presents several engineering challenges, mainly due to the
weak nature of the soil and its low load-bearing capacity.
This makes the use of conventional shallow foundations
unsuitable and requires careful consideration in foundation
selection. In addition, relying solely on software tools like
STAAD.Pro for structural design may not always be sufficient
unless the results are verified through manual calculations.
Another challenge arises from the presence of multiple load
combinations, including dead load, live load, wind load, and
seismic load, which increases the complexity of the analysis.
Identifying the most critical loading condition becomes
difficult under such circumstances. Furthermore, an
improper design approach can either lead to overdesign,
resulting in unnecessary construction costs, or under design,
which may affect the safety and stability of the structure.
Therefore, it is essential to adopt a well-organized design
approach that integrates proper foundation selection,
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manual validation, and careful analysis ofload combinations
to ensure both safety and cost-effectiveness.

1.2 Motivation

In many conventional structural design projects, thereis a
heavy reliance on software tools like STAAD.Pro, often
without sufficient manual verification. This can limit a clear
understanding of how the structure behaves in real
conditions. The problem becomes more significant when
working with marshy soil, where factors such aslow bearing
capacity, high compressibility, and the risk of settlement
require careful and informed design decisions. To address
these challenges, it is important to verify software-generated
results through proper manual validation techniques. In
addition, selecting a suitable foundation system for weak soil
conditions should be based on comparative analysis rather
than assumptions. This project is therefore aimed at
combining manual calculations, foundation optimization, and
detailed evaluation of critical load cases to develop a
structural design that is safe, efficient, and reliable for
practical implementation.

1.3 Objectives

To analyze the structural behavior of a G+12 IT Park building
under various loading conditions and identify critical load
combinations governing the design » To determine the most
suitable foundation system for marshy soil and optimize
structural components for safety and economy e To verify
the results obtained from STAAD.Pro through manual
calculations and ensure adherence to Indian Standard codes.

2. LITERATURE REVIEW

e Dr. PKR. Rao et al. [3] performed structural
analysis of a G+12 building using STAAD.Pro based
on IS 456:2000 and IS 875 standards. The study
evaluates bending moments, shear forces, and axial
loads under various load combinations using 3D
modeling. The results show that STAAD.Pro
provides accurate and reliable analysis with
reduced design time. Validation with manual
calculations improves confidence in results,
ensuring safe and economical structural design.

e Parth Akbari et al. [4] presented a study on pile
foundation design considering different soil layers
using IS 2911 standards. The analysis focuses on
single and group pile behavior, pile spacing, and cap
geometry affecting load distribution. Results show
that pile spacing reduces deflection while pile caps
enhance lateral resistance. The study improves
understanding of soil-structure interaction but
lacks experimental validation and dynamic analysis.

e T.Sasidhar etal. [5] conducted structural analysis of
a G+10 building using STAAD.Pro by applying load

combinations as per IS 875 and IS 456:2000. The
study evaluates shear forces, bending moments, and
deflections to achieve economical design. Results
indicate maximum forces under combined loading
cases and confirm STAAD.Pro as an efficient and
accurate design tool. However, the analysis is
limited to static loads without seismic
considerations.

e Tejaswini Wagh etal. [6] analyzed seismic behavior
of a G+9 building using STAAD.Pro based on IS
1893:2016. The study calculates base shear, lateral
forces, and displacements using the Equivalent
Static Method. Results show close agreement
between manual and software analysis, confirming
reliability in earthquake-resistant design. However,
the study is limited to static seismic analysis
without dynamic methods.

e Akash Sagaretal. [7] performed seismic analysis of
a G+12 building across different seismic zones using
STAAD.Pro and IS 1893:2002. The study evaluates
shear force, bending moment, and displacement,
showing increased forces in higher seismic zones.
Results confirm structural safety within permissible
limits and highlight STAAD.Pro’s efficiency in
seismic design, though limited to static analysis
methods.

e Karegari Tilak et al. [8] conducted structural
analysis of a G+12 building using STAAD.Pro
integrated with AutoCAD. The study evaluates shear
forces, bending moments, and deflections using IS
code-based load applications. Results show
improved accuracy and reduced manual effort,
making STAAD.Pro effective for high-rise design.
However, the study lacks detailed seismic and wind
analysis.

e Sneha Pimpalkar etal. [9] performed wind analysis
ofa G+12 building using STAAD.Pro based on IS 875
(Part 3):2015. The study evaluates wind pressure,
displacement, and storey drift at different heights.
Results show accurate prediction of wind effects
and validation with manual calculations. However,
the analysis is limited to wind loads and does not
include seismic effects.

3. METHODOLOGY

From the literature studies conducted on high-rise building
analysis using STAAD.Pro [3-9], a comprehensive
understanding of structural behavior under differentloading
conditions has been obtained. Based on these contributions, a
systematic methodology is proposed for the analysis and
design ofa G+12 IT Park structure. The methodology involves
an integrated approach combining planning, structural
analysis, validation, and foundation optimization.
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1) Architectural Planning The initial stage involves
preparing the building layout using AutoCAD, including
column positioning, beam alignment, slab arrangement,
and space utilization. Proper planning ensures efficient
structural configuration and serves as the foundation for
further analysis.

2) Structural Analysis Using STAAD.Pro The AutoCAD
model is imported into STAAD.Pro, where a 3D structural
model is developed. Material properties and boundary
conditions are defined, and loads such as dead load, live
load, wind load, and seismic load are applied as per IS
codes. Various load combinations are considered to
simulate real-time conditions, and analysis is carried out
to determine bending moments, shear forces, axial
forces, and displacements.

3) Manual Validation To ensure accuracy, selected
structural members such as beams and columns are
manually analyzed using standard design equations. The
results are compared with STAAD.Pro outputs to validate
the correctness of the analysis and improve reliability.

4) Foundation Design and Optimization Different
foundation systems such as pile foundation, raft
foundation, and combined footing are evaluated based on
soil conditions, load-bearing capacity, and settlement
characteristics. For marshy soil conditions, pile
foundation is identified as the most suitable option due
to its ability to transfer loads to deeper stable strata.

5) Design of Structural Elements Based on analysis results,
structural components such as beams, columns, slabs,
and foundations are designed as per IS 456:2000
guidelines. Each element is checked for strength,
serviceability, and safety under critical loading
conditions.

6) Result Evaluation The performance of the structure is
evaluated using parameters such as maximum
displacement, stress limits, and load-carrying capacity.
Critical load combinations are identified, and the design
is refined to achieve safety and economy.
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Fig -1: Methodology for G+12 IT Park Structural Analysis

A. Site Consideration The project considers marshy soil
conditions, which have low bearing capacity and high
compressibility. This requires careful selection of
foundation systems and proper analysis to avoid
excessive settlement and ensure structural stability.

B. Data Preparation Input data such as material properties,
load values, soil parameters, and geometric dimensions
are defined based on IS codes. Proper data preparation
ensures accurate modeling and reliable analysis results.

C. Analysis Process The structure is analyzed under
different load combinations including DL+LL,
DL+LL+Wind, and DL+LL+Seismic. STAAD.Pro is
used to compute internal forces and displacements,
which are then used for designing structural members.

D. Design Validation The results obtained from software
analysis are verified through manual calculations. This
step improves confidence in the design and ensures
compliance with standard engineering practices.

E. Foundation Selection A comparative study of different
foundation systems is carried out. Based on
performance and suitability for marshy soil, pile
foundation is selected as the optimal solution.

F. Final Design Output The final output includes detailed
structural design, reinforcement details, and foundation
layout. The design ensures safety, stability, and cost-
effectiveness under all loading conditions.

4. RESULTS AND ANALYSIS

A. Structural Analysis Results The modeling of the structure
was done as shown in the 3D rendered isometric view from
STAAD.Pro. The structural analysis of the G+12 IT Park
building was carried out using STAAD.Pro by considering
various load combinations such as Dead Load (DL), Live Load
(LL), Wind Load (WL), and Seismic Load (EL). The results
obtained include bending moments, shear forces, axial forces,
and nodal displacements.

The analysis shows that the structure behaves efficiently
under all loading conditions. Maximum bending moments
and shear forces are observed under combined loading cases
such as 1.5(DL + LL + WL) and 1.2(DL + LL + EL), which are
critical for design considerations.

The seismic loads were also considered during the
analysis, and the results were studied to ensure the structure
performs safely under both seismic and wind loads, thereby
satisfying the environmental conditions of the project. :
content Reference [oaicite:0]index=0
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Fig -2: Bending Moment Diagram of the Structure

B. Displacement and Stability Analysis

The displacement results obtained from STAAD.Pro
indicate that the maximum lateral displacement is within
permissible limits as per IS code provisions. The deflection
values are found to be safe, ensuring serviceability and
structural stability. Figures show the deflection diagram of
the structure obtained from analysis. The controlled
displacement values confirm that the structure is stable
under both wind and seismic loading conditions, making it
suitable for high-rise applications.
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Fig -4: Deflection Diagram of the Structure

Table -1: Beam Summary

Case Beam L/C Node Fx Fy Fz Mx My Mz
MinFx 20059 | 41WINDLOAD(+X) 191 -464.454 -03 -0.045| 0.005 -0.004 -0.598
MaxFy 16071 200FACTORED 5137 159.445 42742 |0.129| 0.002 0.164 508.24
MinFy 16076 200FACTORED 5138 159.677 -37822 |-0.291| 0.002 -0.66 420.09
MaxFz 21809 208SEISMIC 4925 736.814 -11554 [150.0 | 0.081 -170.84 | -96.71
MinFz 20709 207SEISMIC 2803 4624.556 | -36.886 |-133.6| 0355 |257.303 | -74.08
MaxMx 4040 203SEISMIC 2539 -5121 13075 |0.228| 17.32 -0.424 | 156.04
MinMx | 15233 200FACTORED 5009 -0.142 21256 |-0.181| -2343 0 0
MaxMy | 21809 208SEISMIC 5131 639.425 -11554 [150.0| 0.081 | 429.447 | 365.47
MinMy 20042 208SEISMIC 302 7159.915 -0.071 |-8842| -0.29 -424.16 | 0217
MaxMz 16071 200FACTORED 5137 159.445 42742 |0.129| 0.002 0.164 508.24
MinMz 21816 205SEISMIC 5138 797.603 174.07 |-37.92| 2.125 -147.02 | -4375

Table -2: Reaction Summary

Forces Moments
Case Node Fx Fy Fz Mx My Mz
MaxFx 309 97.763 7763.671 13.797 5.566 -0.458  -433.476
MinFx 328 -102.388 7360.9 -16.379 -23.324 1.591 436.855
MaxFy 320 -5.201 12545.17 -19.381 -18.525  -0.288 -8.492
MinFy 319 03 -464.454 0.045 0.138 0.005 -0.302
MaxFz 310 -9.593 9268.402 98.127 420.676  -0.154 -0.722
MinFz 320 -8.32 10467.55  -101.193 -423.12  -0.237 -0.454
MaxMx 302 0.071 7159.915 88.428 424.16 -0.29 -0.217
MinMx 320 -8.32 10467.55  -101.193 -423.12 -0.237 -0.454
MaxMy 364 -87.581 7183.889 9.683 -2.071 4.17 389.606
MinMy 365 69.762 4047.236 -13.724 -29.696  -4.141 -359.449
MaxMz 328 -102.388 7360.9 -16.379 -23.324 1.591 436.855
MinMz 313 97.308 7585.8 1.216 3.029 0.011 -435.48

Key Observations:

e Maximum bending moment occurs in beams under
combined load cases.

e  Shear forces are within permissible design limits.

e Axial forces in columns are safely resisted without
failure.

e Support reactions indicate proper load transfer to
the foundation.

These results confirm that the structural members are
adequately designed and satisfy strength requirements.

D. Foundation Analysis Results

The foundation system is analyzed considering marshy soil
conditions. Different foundation types such as pile, raft, and
combined footing are compared based on settlement, load
bearing capacity, and suitability.

Foundation Comparison:

Pile Foundation: Low settlement, high stability, best suited
for weak soil.

Raft Foundation: Moderate settlement and performance.

Combined Footing: Economical butless suitable for marshy
soil. The results indicate that pile foundation provides the
best performance by transferring loads to deeper stable
layers, ensuring long-term stability.

E. Overall Performance Evaluation

The overall performance of the structure is evaluated based
on strength, stability, and serviceability criteria.

The results show that:
e The structure is safe under all load combinations.
e Displacementand deflection are within permissible limits.

e Structural members IS 456:2000 design

requirements.

satisfy

e Foundation system ensures stability under weak soil
conditions.
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The integration of STAAD.Pro analysis with manual
validation improves the reliability and accuracy of the design.
The proposed G+12 IT Park structure is found to be safe,
economical, and suitable for real-world implementation.

5. CONCLUSION AND FUTURE WORK

This study presents a comprehensive and integrated
approach for the analysis and design of a G+12 IT Park
building using STAAD.Pro, considering marshy soil
conditions. The methodology effectively combines structural
planning, load analysis, manual validation, and foundation
optimization to ensure accuracy and reliability. The use of
STAAD.Pro enables efficient evaluation of structural behavior
under various loading conditions such as dead load, live load,
wind load, and seismic load. The comparison of different
foundation systems identifies pile foundation as the most
suitable solution for weak soil conditions due to its ability to
transfer loads to deeper stable strata and minimize
settlement. The proposed design demonstrates a balance
between safety, performance, and cost-effectiveness, making
it suitable for real-world implementation. However, the study
is limited by assumptions in soil properties and reliance on
static analysis methods, which may not fully capture complex
soil-structure interactions. In future work, the methodology
can be enhanced by incorporating advanced analysis
techniques such as soil-structure interaction (SSI) and
dynamic analysis methods like response spectrum or time
history analysis for improved accuracy. Integration with
Building Information Modeling (BIM) tools such as Revit can
further improve visualization and project coordination. The
design approach can also be extended by applying
optimization techniques and artificial intelligence for better
material utilization and cost reduction. Additionally,
expanding the study to include different soil conditions, taller
structures, and more complex loading scenarios will improve
its applicability. Further research can focus on enhancing
foundation design strategies to improve long-term durability
and structural performance under varying environmental
conditions.
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