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GUJARAT TECHNOLOGICAL UNIVERSITY 
BE-3 SEMESTER – PAPER SOLUTION – SUMMER 2025 

 
Subject Name & Code: 

    Mechanics of Solids- 3130608 
 
(Note: All Figures are in the last page.) 
   MARKS 

Q.1 (a) Define : (i) Space (ii) Resultant (iii) Couple 
 

Answer: 
 
(i) Space: 
Space is the geometric region in which bodies occupy positions. It refers to the 
three-dimensional extent (length, breadth, and height) in which all physical 
objects and phenomena exist and events occur. 
(ii) Resultant: 
A resultant is a single force which produces the same effect on a body as that 
of a system of forces acting together. It is obtained by vector addition of all 
the forces in the system. 
(iii) Couple: 
A couple is a system of two parallel forces that are equal in magnitude, 
opposite in direction, and do not share the same line of action. It causes 
rotation without translation and its moment is given by: 

 
where F is the force and d is the perpendicular distance between the forces. 
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 (b) Determine resultant of coplanar concurrent force system shown in fig.1 

 
Answer: 
 
Given: 
 100 N horizontal (→ along X-axis) 
 120 N inclined at 60° to X-axis (from Y direction) 
 150 N inclined at 30° to X-axis (from X direction, towards 2nd quadrant) 
Step 1: Resolve all forces into horizontal (X) and vertical (Y) components 

 
Force 1: 100 N (along X-axis) 

 
Force 2: 120 N at 60° above X-axis (1st quadrant) 

 
Force 3: 150 N at 30° above negative X-axis (2nd quadrant) 

 
 

Step 2: Add components 
Total X: 
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Total Y: 

  
 

Step 3: Resultant magnitude 

 
 

Step 4: Direction (angle with X-axis) 

 
 

膆 Final Answer for Q.1 (b): 
 Magnitude of resultant = 181.43 N 
 Direction = 80.43° above X-axis 
 

 
 (c) Find support reactions for the beam shown in fig.2 

 
Answer: 
 
Given beam: 
 Simply supported beam at A (pin) and B (roller), span = 8 m 
 Point loads: 5 N at 2 m from A, 3 N at 6 m from A 
 UDL: 2 N/m between 2 m and 4 m (length = 2 m) 

 
Step 1: Replace UDL with equivalent point load 

     
 Acts at the midpoint of UDL, i.e., 3 m from A 

 
Step 2: Let reactions be: 
 RAA at A (vertical) 
 RB at B (vertical) 
Apply Equilibrium Equations: 

 
(i) Sum of Moments about A = 0: 

 

 
(ii) Sum of vertical forces = 0: 

 
膆 Final Answer for Q.1 (c): 
 Reaction at A, RA=7 N 
 Reaction at B, RB=5 N 
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Q.2 (a) Enlist Fundamental principles of mechanics. State principle of transmissibility. 
 

Answer: 
Fundamental Principles of Mechanics: 
1. Newton’s First Law (Law of Inertia): 

A particle continues in its state of rest or uniform motion unless acted 
upon by a net external force. 

2. Newton’s Second Law: 
The force acting on a particle is equal to the mass of the particle times its 
acceleration. 

F=m⋅ a 
3. Newton’s Third Law: 

For every action, there is an equal and opposite reaction. 
4. Law of Parallelogram of Forces: 

If two forces acting simultaneously at a point are represented by two 
adjacent sides of a parallelogram, their resultant is represented by the 
diagonal of the parallelogram. 

5. Principle of Superposition: 
The net effect of multiple forces acting on a particle is the same as the 
vector sum of the individual forces. 

 
Principle of Transmissibility of Forces: 
This principle states that the external effect of a force on a rigid body remains 
unchanged if the point of application is moved along its line of action. 
Example: 
If a 100 N force acts on one end of a rigid rod, it can be shifted to the other 
end (along the same direction), and the mechanical effect remains the same. 
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 (b) A cord supported at A and B carries a load of 10 kN at D and a load of W at C 
as shown in Fig.3. Find the value of W so that CD remains horizontal. 

 
Answer: 
 
Given: 
 CD is a light cord (no self-weight), must remain horizontal 
 Load at D = 10 kN 
 Find W such that CD stays horizontal 
 Angles: 

∠CAD = 60°, ∠CBD = 30° 
Let tensions in the cords be: 
 TAC in AC 
 TBD in BD 
 TCD is horizontal 

 
Step 1: Use equilibrium at joint D (vertical & horizontal) 
Let’s resolve tensions into horizontal and vertical components. 
At point D (horizontal equilibrium): 

 
At point D (vertical equilibrium): 
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Now using (1): 

 
 

Step 2: Use equilibrium at point C 
At point C (horizontal & vertical): 
Horizontal: 

 
Vertical: 

 
 

 (c) Analyse the truss shown in fig. 4 
 

Answer: 
 
We are to find internal member forces using the method of joints. 
Step 1: Support Reactions at A and C 
Let: 
 RA = vertical reaction at A 
 RC = vertical reaction at C 
Total load = 10 + 10 = 20 kN 
Total span = 4 m 
Both loads are at E (mid-span), symmetric 
So, by symmetry: 

 
 

Step 2: Joint E 
At joint E: 
 Two loads: 10 kN down and 10 kN right 
 Three members: DE (vertical), BE (horizontal), and CE (diagonal) 
Assume: 
 Force in DE = FDE (upward) 
 Force in BE = FBE (left) 
 Force in CE = FCE (direction assumed compressive toward E) 

 
Equilibrium in Y-direction: 

 
Equilibrium in X-direction: 

 
From triangle: 
Height = 2 m, base = 2 m 
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Now solve the two equations: 

 
Subtract (1) and (2): 

 
Substitute into one equation: 

 
Now assume value for FCE or move to other joints to continue solving. But 
due to symmetry and loads, you can also derive approximate forces or proceed 
joint-by-joint. 
 

 
  OR  
 (c) For the system of force on a lamina OABC shown in figure 5, find magnitude 

and direction of the resultant force. Also locate the resultant by perpendicular 
distance from point “O”. 

 
Answer: 
 
꾆 Step 1: Resolve All Forces into X and Y Components 
Force at point O: 
750at 40° below X-axis 

 
Force at point A: 
800 N vertically ↑ 
 F Ax=0 
 F Ay=+800 N 

 
Force at point B: 

600at 50° above X-axis 

 
Force at point C: 

a. → 

 
꾆 Step 2: Sum of X and Y components 
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꾆 Step 3: Resultant Force (Magnitude and Direction) 

  
 

Direction θ\thetaθ: 

  
 

꾆 Step 4: Find Location of Resultant from Point O 
Now we find the perpendicular distance d of the resultant from point O 
using moment about O: 

 
꾅 Moments of Forces about Point O: 
1. 800 N at A (↑) 

⟶ Distance = 1.5 m from O 
⟶ Clockwise moment = 800×1.5=1200 Nm 

2. 600 N at B (50°): 

 
3. 1200 N at C (→) 

→ Vertical distance = 0 
→ No moment 

4. 750 N at O 
→ Passes through point O 
→ Moment = 0 

5. Given moment = 900 Nm (anticlockwise) 
 

꾅 Net Moment about O: 
 

 
 

꾆 Step 5: Locate Resultant Using Moment Equation 

 
膆 Final Answers (Q.2 OR (c)) 
 Magnitude of Resultant Force = 2294.42 N 
 Direction = 19.78° above X-axis 
 Location of Resultant = 3.21 cm (clockwise side) from Point O 
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Q.3 (a) Determine resultant of coplanar concurrent force system shown in fig.1 using 
graphical method. 

 
Answer: 
 
꾆 Graphical Procedure: 
1. Select suitable scale, e.g., 1 cm = 20 N 
2. Draw the vectors tip-to-tail: 

o First, draw 100 N horizontally to the right. 
o From the tip, draw 120 N at 60° upward (right quadrant). 
o Then, draw 150 N at 150° (180°–30°) backward. 

3. Complete the triangle or polygon of forces. 
4. Resultant = vector from the starting point to the end tip. 
5. Measure length using the same scale to get magnitude. 
6. Measure angle with respect to X-axis using protractor. 
This method gives a visual solution of resultant force. 
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 (b) Derive relation between uniformly distributed load, shear force and bending 
moment with usual notations. 

 
Answer: 
 
꾆 Shear Force–Load Relationship: 
From equilibrium of a small element of length dx: 

 
So, slope of shear force diagram is equal to intensity of UDL (negative) 

 
꾆 Bending Moment–Shear Force Relationship: 
From mechanics of beam: 

 
So, slope of bending moment diagram equals shear force at that point. 

 
꾆 Final Relationships: 

 
These equations form the basis for constructing SF and BM diagrams. 
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 (c) Draw shear force and bending moment diagrams for the beam shown in fig. 6 

 
Answer: 
 
꾆 Given: 
 Beam: Fixed at A, free at C 
 UDL = 40 kN/m over AB = 3 m 

 Point load = 10 kN at point C 
 Span: AB = 3 m, BC = 2 m ⇒ Total length = 5 m 

 
꾆 Step 1: Reactions at A 
Let: 
 RA = vertical reaction 
 MA = fixed end moment 
Take moment about A: 

 
Now, vertical reaction: 

 
 

꾆 Step 2: Shear Force Diagram (SFD) 
Start from left (A): 
 From A to B (0 to 3 m): 

  
At B: 

 
 From B to C (3 to 5 m): 

SF drops by 10 kN at C ⇒ final SF = 0 (Free end) 
 

꾆 Step 3: Bending Moment Diagram (BMD) 
At C (free end): 
BM=0  
From C to B: 
 Linear rise (due to point load) 
 At B (x = 3 m): 

 
From B to A (due to UDL): 
Use general BM equation from A to x: 

 
At B (x = 3): 

 
So, BMD goes from 230 at A → 20 at B → 0 at C. 

 
꾆 Final Answers (for diagram reference): 
 Reactions: 
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 SFD: 

o Linear drop from 130 kN at A to 10 kN at B (due to UDL) 
o Sudden drop to 0 at C (due to point load) 

 BMD: 
o Parabolic drop from 230 kNm at A to 20 kNm at B 
o Linear drop from 20 kNm at B to 0 at C 

 
 

  OR  

Q.3 (a) Define (i) Shear force (ii) Point of zero shear (iii) Point of contraflexure 
 

Answer: 
 
(i) Shear Force: 
Shear force at a section of a beam is the algebraic sum of all vertical forces 
acting either to the left or right of the section. 

 
 

(ii) Point of Zero Shear: 
The location on a beam where the shear force changes sign (from positive to 
negative or vice versa). This point typically coincides with the location of 
maximum bending moment. 

 
(iii) Point of Contraflexure: 
The point along a beam where the bending moment is zero and changes sign. 
It occurs in overhanging or continuous beams. 
At this point, the curvature of the beam changes direction. 
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 (b) State assumption made in theory of pure bending. 
 

Answer: 
 
Assumptions in Pure Bending Theory (Euler–Bernoulli Beam Theory): 
1. Beam is initially straight and has constant cross-section. 
2. Material of the beam is homogeneous and isotropic. 
3. Modulus of elasticity is the same in tension and compression. 
4. Plane sections remain plane after bending. 
5. Stress is proportional to strain (Hooke’s law is valid). 
6. No shear stress acts on the cross-section (pure bending). 
7. Radius of curvature is large compared to depth of the beam. 
These assumptions help derive the bending equation: 
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 (c) Find centroid of lamina shown in fig. 7 
 

Answer: 
 
Description of Fig.7: 
 Sector with radius = 100 mm (i.e., ¼ of a circle or 90° sector) 
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 Height = 100 mm (suggests vertical bounding rectangle) 
 Hole: 50 mm diameter circular hole at 100 mm radius from center 

 
Approach: 
Use composite area method, with: 
1. Large circular sector (positive area) 
2. Circular hole (negative area) 
 
Step 1: Area of Sector (A₁) 

 
Centroid of sector (from center along bisector): 

 
 

Step 2: Area of Hole (A₂) 

 
Coordinates of center of hole (from figure): 
 X-direction: 100 mm (on arc) 
 Y-direction: 0 mm (center at bottom of arc) 
So: 

 
 

Step 3: Use Composite Centroid Formula 

 
Substitute: 

 
Compute X̄: 

 
 

Compute Ȳ (Same): 

 
 

膆 Final Answer : 
The centroid of the lamina is located at: 
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from the vertex (O) along both axes 
 

 

Q.4 (a) State and explain Pappus Guldinus first theorem using appropriate example. 
 

Answer: 
 
꾆 Pappus–Guldinus First Theorem (Surface Area Theorem): 
Statement: 
The surface area generated by rotating a plane curve (line) about an external 
axis (in its plane, not intersecting the curve) is equal to the product of the 
length of the curve and the distance travelled by its centroid during 
rotation. 

 
Where: 
 A = Surface area generated 
 L = Length of the curve 
 R = Distance of centroid from axis of rotation 

 
꾅 Example: 
Find the surface area of a semicircular arc of radius r rotated about the x-axis: 
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 (b) A rectangular beam 300 mm deep is simply supported over a span of 4.0 m. 
What uniformly distributed load the beam may carry if the bending stress is 
not to exceed 120 MPa? Take I = 8 x 106 mm4 

 
Answer: 
 
Given: 

 
꾆 Step 1: Max BM for simply supported beam under UDL: 

 
꾆 Step 2: Use bending stress formula: 
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Where y=d/2=150 mm 
 

 
꾆 Step 3: Use BM to find www 

 
 

 (c) Calculate stresses in each portion and the total change in length for steel bar 
ABCD as shown in figure 8. Take E = 200 GPa 

 
Answer: 
 
Given (From Fig. 8): 
The steel bar is divided into three segments, with different cross-sections 
and loads: 

Segme
nt 

Length 
(L) 

Diameter 
(d) 

Load (P) Nature 

AB 600 mm 20 mm 
80 kN 
(←) 

Tension 

BC 800 mm 32 mm 
90 kN 
(→) 

Compressio
n 

CD 600 mm 25 mm 
60 kN 
(←) 

Tension 

 Take E = 200 GPa = 200 × 10³ N/mm² 
 

꾆 Step 1: Find Area of Each Portion 

 
 AB: 

 
 BC: 

 
 CD: 

 
 

꾆 Step 2: Determine Nature and Net Internal Forces 
Let’s check equilibrium to determine actual internal forces (we follow 
section-wise analysis): 
 Section AB: 
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External pull = 80 kN (→), so bar is in tension 

 
 Section BC: 

Net pull from AB and CD = 80 (←), 60 (←) 
But central portion gets compressed between two pulls 

 
 Section CD: 

Pulling force at right end = 60 kN (→), hence tension 

 
 

꾆 Step 3: Calculate Stress in Each Portion 

 
 AB: 

 
 BC: 

 
 CD: 

 
 

꾆 Step 4: Calculate Elongation or Contraction 
Use: 

 
AB: 

 
BC (Compression): 

 
CD: 

 
꾆 Step 5: Total Change in Length 
Add elongation and subtract contraction: 

 
 

膆 Final Answers: 
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Segment Stress (MPa) Nature 

AB 254.6 Tension 

BC 111.9 Compression 

CD 122.2 Tension 

 Total change in length = 0.683 mm (Extension) 
 

 
  OR  
Q.4 (a) Define : (i) Shear Stress (ii) Modulus of Rigidity (iii) Volumetric strain 

 
Answer: 
 
(i) Shear Stress (τ): 
Shear stress is the internal resistance per unit area offered by a material when 
it is subjected to tangential forces. 

 
Where: 
 F = tangential force 
 A = area resisting the force 

 
(ii) Modulus of Rigidity (G): 
Also called Shear Modulus, it is the ratio of shear stress to the corresponding 
shear strain within elastic limits. 

 
Where: 
 τ = shear stress 
 γ\ = shear strain 

 
(iii) Volumetric Strain: 
It is the change in volume per unit original volume of a material under 
stress. 
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 (b) Determine moment of inertia about its horizontal centroidal axis for T section 
having flange and web dimensions 100mm x20 mm each. 

 
Answer: 
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꾆 Given: 
 Flange: 100 mm × 20 mm 
 Web: 100 mm × 20 mm 
 Both centered (web below flange) 
We’ll use composite section method. 

 
꾆 Step 1: Split the section into two rectangles: 

Part 
Dimensions (b × 

h) 
Area (A) y (from base) 

1 (Flange) 100 × 20 mm A1=2000 mm² y1=120 mm 

2 (Web) 20 × 100 mm A2=2000 mm² y2=50 mm 

Total height = 20 + 100 = 120 mm 
 

꾆 Step 2: Find centroid yˉ\bar{y}yˉ from bottom: 

  
 

꾆 Step 3: Moment of Inertia about horizontal centroidal axis using 
parallel axis theorem: 

 
 

Flange: 
  

 
Web: 

 

 
꾆 Final Answer: 

 
 (c) A short concrete column 300mm x 300mm in section is carrying axial load of 

360 kN. The column is reinforced by four 12mm diameter steel bars each one 
at corner. Calculate stresses in concrete and steel. 
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  Take Ec = 14GPa and Es = 210Gpa. 

Answer: 
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꾆 Given: 

꾆 Step 1: Cross-sectional Areas 
 Concrete area: 

 
 Steel area (4 bars): 

 
 Net concrete area (excluding steel): 

 

꾆 Step 2: Modular Ratio (m): 

 

꾆 Step 3: Equivalent Area 
Convert steel area into equivalent concrete area: 

꾆 Step 4: Stress in Concrete 

 

꾆 Step 5: Stress in Steel 

 

膆 Final Answers (Q.4 OR (c)): 
 Stress in Concrete = 3.736 MPa 
 Stress in Steel = 56.04 MPa 
 

 

Q.5 (a) Sketch qualitative shear stress distribution diagrams for following sections 
(i) Circular (ii) I section and (iii) T section 

Answer: 
 
꾆 (i) Circular Section: 
 Shear stress is maximum at the neutral axis (center) and zero at outer 

surface. 
 Follows parabolic distribution. 
굽굾굿궀긍긎긏긐긑 Sketch: Semi-ellipse shape, symmetric about center 
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꾆 (ii) I-Section: 
 Most shear is carried by web; very little by flanges. 
 Shear stress is almost uniform in web, and very small in flange. 
굽굾굿궀긍긎긏긐긑 Sketch: Narrow rectangle at web, negligible in flange 

꾆 (iii) T-Section: 
 Similar to I-section but asymmetric. 
 Maximum shear is in web, and top flange carries some. 
굽굾굿궀긍긎긏긐긑 Sketch: Asymmetric web with larger top 
 

 
 (b) A steel tube of 2 m length is subjected to 50º C rise in temperature. Determine 

(i) free natural expansion and (ii) stress developed in the tube, if expansion is 
prevented. Take Es = 2.0 x 105 N/mm2 and α = 12 x 10-6 per º C. 

Answer: 
 
꾆 (i) Free Expansion: 

 
膆 Free expansion = 1.2 mm 

꾆 (ii) Stress if expansion is prevented: 
Use thermal stress formula: 

 
膆 Thermal stress = 120 MPa (compressive) 
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 (c) Define: (i) Poisson’s ratio (ii) Bulk modulus (iii) Modulus of Elasticity. 
Derive relation between bulk modulus, Poisson’s ratio and modulus of 
elasticity. 

Answer: 
 
(i) Poisson’s Ratio (μ): 
Ratio of lateral strain to longitudinal strain in a stretched material. 

 

꾆 (ii) Bulk Modulus (K): 
The ratio of hydrostatic pressure to volumetric strain. 

 

꾆 (iii) Modulus of Elasticity (E): 
The ratio of normal stress to longitudinal strain (Young’s modulus). 
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꾆 Derivation of Relation: 
Under triaxial stress condition (equal pressure from all directions), 
longitudinal and lateral strains add up to volumetric strain. 
Volumetric strain (εv): 

 
Since: 

 
Then: 

 
But: 

 
Substitute: 

 

膆 Final Relation: 

 
 

  OR  

Q.5 (a) Define (i) Torsional Rigidity (ii) Principal Plane (iii) Neutral axis 

Answer: 
 
꾆 (i) Torsional Rigidity (GJ): 
It is the resistance offered by a shaft to twisting. It is the product of the 
modulus of rigidity (G) and polar moment of inertia (J). 

 

꾆 (ii) Principal Plane: 
A principal plane is a plane within a stressed body where the shear stress is 
zero and the normal stresses reach maximum or minimum values (called 
principal stresses). 

꾆 (iii) Neutral Axis: 
It is an imaginary axis in a beam cross-section where the bending stress is 
zero during bending. It passes through the centroid of the cross-section. 
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 (b) A solid steel shaft of 60 mm diameter is subjected to torque of 5 kNm. 
Determine maximum shear stress developed in the shaft. G= 80GPa 
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Answer: 
 
Given: 

꾆 Step 1: Use torsion formula: 

 

 
 

 (c) For an element shown in fig.9. 
Determine (i) Principal stresses and location of corresponding principal planes. 
(ii) Maximum shear stress and location of planes containing it 

Answer: 
 
꾆 Given Stresses (From Fig. 9): 

꾆 Step 1: Principal Stresses 
Use formulas: 

 

꾆 Step 2: Orientation of Principal Planes 
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膆 Principal planes are at −31.72° and +58.28° w.r.t. horizontal 

꾆 Step 3: Maximum Shear Stress 

 

꾆 Orientation of Shear Stress Planes: 
Shear stress is maximum at planes 45° from principal planes, i.e., 

 

膆 Final Answers (Q.5 OR (c)): 

Quantity Value 

σ1 137.08 N/mm² (major principal) 

σ2 2.92 N/mm² (minor principal) 

Max shear stress τ 67.08 N/mm² 

Principal plane angle −31.72° 

Max shear plane angle 13.28° 

 
 

 

 

 
Fig. 1 

 
Fig. 3 

 

 

 
Fig. 2 

 
 

Fig. 4 
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Fig. 5 

 

 
Fig.6 

 
 
 
 
 
 
 
 
 

Fig. 8 

 
Fig. 7 

 
 
 

 

 
Fig. 9 

 
*********** 


