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Abstract:

Stability is one of the most critical requirements in construction frameworks such as buildings,
bridges, industrial sheds, towers, and support structures. Coplanar force systems commonly act on these
frameworks in the form of dead loads, live loads, wind loads, equipment loads, and reaction forces.
Improper balance of these forces can cause deformation, overturning, sliding, or structural failure. This
paper presents a detailed stability analysis of coplanar force systems in construction frameworks using
engineering mechanics principles. Equilibrium equations, moment analysis, support reactions, and factor
of safety concepts are applied to evaluate structural stability. The study compares conventional manual
methods with modern computational tools for analyzing real framework systems. Results show that proper
coplanar force analysis significantly improves safety, load distribution, and structural reliability.

Keywords — Coplanar Forces, Structural Stability, Construction Frameworks, Equilibrium, Support

Reactions, Engineering Mechanics.
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I. INTRODUCTION
Construction frameworks are load-bearing systems
made of beams, columns, trusses, slabs, and joints.
These frameworks are subjected to various external
and internal forces acting in the same plane, known
as coplanar force systems.
Examples of coplanar forces in construction:

e Dead load of structural members

e Live load of occupants and equipment

e Wind load on frames

e Support reactions

o Horizontal seismic components

o Bracing forces
For a structure to remain safe, all acting forces and
moments must satisfy equilibrium and stability
conditions.
The primary equations of equilibrium are:
> Fx=0
> Fy=0

> M=0
Failure to satisfy these conditions may lead to:
o Sliding failure
e Overturning
o Excessive deflection
e Member buckling
o Joint instability
This paper studies how coplanar force systems
influence framework stability.

2. LITERATURE REVIEW
Structural mechanics has long focused on
equilibrium and stability analysis of framed systems.
Classical methods used manual free body diagrams
and moment calculations.
Recent developments include:

o Finite element modeling

o Computer-aided structural analysis

o Load optimization systems
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e Real-time monitoring sensors

e Al-based failure prediction
Researchers found that many failures occur due to
improper load path understanding and insufficient
lateral stability.

3. OBJECTIVES OF THE STUDY
1. To analyze coplanar force systems in
construction frameworks.
2. To evaluate equilibrium and stability
conditions.
3. To determine support reactions and
overturning moments.
4. To compare manual and software-based
analysis.
5. To improve structural safety and design
efficiency.
6.
4. THEORY OF COPLANAR FORCE
STABILITY
4.1 Force Equilibrium
Horizontal balance:

> Fx=0
Vertical balance:
>, Fy=0
Moment balance:
SM=0
Condstion Equation
Equilibrium in X-direction. ) F, = 0
Equilibrium in Y-direction. 3 F, = 0)
Moment Eguilibrium E M =
Slidin | . _ W
g Check FOS =
Py
Crvertumning Check FOS = ""_.ﬁ'
My

4.2 Factor of Safety against Sliding
FOS = &%
PH
Where:
e (p) = coefficient of friction
e (W) =total vertical load
e (PH) = horizontal disturbing force

4.3 Factor of Safety against Overturning
FOS= =%

~ Mo
Where:
e (MR) = resisting moment
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e (MO) = overturning moment

5. TOOLS USED
The following tools were considered:

e STAAD.Pro
e ETABS

e ANSYS

e AutoCAD

« MATLAB

6. METHODOLOGY
Three construction framework cases were studied:
1. Portal frame under vertical load
2. Industrial shed under wind load
3. Retaining frame with horizontal earth
pressure
Each case was analyzed by:
e Free body diagram
e Manual equilibrium equations
e Support reaction analysis
e Software simulation

7. SAMPLE FRAMEWORK ANALYSIS

Vertical Load
= 40 kN

|

; 5=
Hicrizoetal
Wind Load
= 12 kN

=0 Toral weight (W) = 60 kN &

Coeffichnt of Friction (g = L85

A, ’ -

I 4m g

rectangular frame subjected to:
o Vertical load =40 kN
e Horizontal wind load = 12 kN
e Basewidth=4m
e Height=5m
e Total weight = 60 kN
e Friction coefficient = 0.45

Sliding Check
_ BW _ 045x60
FOS = PR 12
= 2.25

Safe against sliding. (FOS > 1.5)
Overturning Moment

MO=Pgx = 12x5
= 60 KN.M

Page 318



https://ijctjournal.org/
https://ijctjournal.org/
http://www.ijctjournal.org

International Journal of Computer Techniques—IJCT Volume 13 Issue 3, May-June - 2026

Open Access and Peer Review Journal ISSN 2394-2231

Resisting Moment
MR = W x —=60 x g

= 120KN.M
Factor of Safety
E—
FOS = s
=20

Safe against overturning. (FOS > 1.5)
8. RESULTS AND ANALYSIS

Parameter Manual Software
Method Method
Time Required High Low
Accuracy Medium Very High
Visualization Low High
Load Combination .
Study Difficult Easy
Findings:
1. Stable frameworks satisfy all equilibrium
equations.

2. Wider base improves overturning resistance.

3. Bracing increases lateral stability.
4. Software tools improve accuracy and speed.

9. APPLICATIONS

9.1 Buildings

Multi-storey frame stability under wind.
9.2 Bridges

Support frame reaction balance.

9.3 Industrial Sheds

Roof truss and side bracing systems.
9.4 Towers

Lateral load stability.

9.5 Temporary Structures
Scaffolding and stage systems.

10. DISCUSSION
Coplanar force systems are present in almost all
practical structures. Proper analysis ensures safe
load transfer and prevents catastrophic failure.
Benefits of proper stability analysis:

o Better safety

o Longer service life

o Efficient material use

o Lower maintenance cost
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e Code compliance
Limitations:
e Dynamic loads need advanced analysis
o Soil settlement effects may alter reactions
e Irregular geometry requires software tools

11. CONCLUSION

This study confirms that stability analysis of
coplanar force systems is essential in construction
frameworks. By applying equilibrium equations,
support reaction analysis, and safety factors,
engineers can ensure safe structural behavior.
Modern software tools further improve efficiency
and precision. Therefore, traditional mechanics
principles combined with computational tools offer
the best solution for structural stability analysis.

12. RECOMMENDATIONS

1. Analyze all framework loads before
construction.

2. Provide adequate bracing systems.

3. Use software for complex load
combinations.

4. Maintain sufficient factors of safety.

5. Include mechanics-based stability checks in
education.
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