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Simple Bending Equation:


Second Moment of Area of common shape:
a. Rectangular cross-section:

b
d
Neutral Axis













b. Circular cross-section:
r
Neutral Axis













c.     section:

	d
b
d1
d1
b1







Neutral Axis









Slope and Deflection of Beams:




1. QUESTION ONE (30 marks)

A beam 7 m long has a rectangular cross section and is simply supported as shown in Fig. 1 and Fig. 2. The beam, that has a modulus of Elasticity of 200 MN/m2, carries a distributed load of 55 kN/m. Determine:
i. The radius to which the upper surface of the beam is bent.
ii. The maximum stress set-up.

	55 kN/m 

5cm
8 cm
Neutral Axis







5 m
1 m
1 m


Fig. 2: Beam’s applied load and supports


Fig. 1: Beam’s cross section




Solution:

Calculation of second moment of area:


(6 marks)
385kN

Calculation of reactions R1 and R2:
A





5m
1m
R1
1m
R2












The load w will cause the beam to deflect such that its neutral axis will sag with the maximum deflection acting in the middle of the beam. Therefore, considering the origin at the left end side of the beam, the maximum bending moment can be expressed as,






(10 marks)

According to the simple bending equation,



Where,

(2 marks)



(2 marks)


Therefore,


(5 marks)

According to the simple bending equation,




Therefore,




(5 marks)





2. QUESTION TWO (35 marks)
Solution:5 kN
3 kN
10 kN


B
D
5 kN/m

E
A

D

C



2 m
2 m
6 m
2 m


40 kN
38 kN



23kN

SFD




13kN

30 kN

3kN






7kN

6 m

5kN


15kN




17kN

4.6 m
27kN



1.4 m




(8 marks)


32.9kN.m

28kN.m











BMD





16kN.m


-20kN.m

(8 marks)




Calculation of reactions RA and RD:






(4 marks)

From the SFD the position and magnitude of Mmax can be determined as follows:


(2 marks)
Therefore Mmax is located at distance d to the right of point B where d is,


(3 marks)
At point B the magnitude of the bending moment is,



Hence the maximum bending moment magnitude is,


(2 marks)

From the SFD + BMD (to be plotted) there are 2 points of inflexion.
One lies between B and C (BM at B negative, BM at C positive). If the required point is a distance x from B, then at that point,







(1.5 marks)

Thus the bending moment BM is zero where,



That is,





Since the answer greater than 6 can be ignored, the point of inflexion must be situated at 0.972 m to the right of C.
(2.5 marks)

The other point of inflexion lies between C and D (BM at C positive, BM at D negative). If the required point is a distance x to the left from D, then at that point,








(1.5 marks)
Thus the bending moment BM is zero where,



That is,





Since the answer less than 8 can be ignored, the point of inflexion must be situated at 0.721 m to the left of D.

(2.5 marks)











3. QUESTION THREE (35 marks)
Solution:
 10 kN
5 kN



10 kN/m





3 m
1.5 m
2m
1 m kN
3m
2.5 m







Fig. 4: Beam’s applied loads and supports





r = 0.2m
Neutral Axis


Fig. 5: Beam’s cross section







Calculation of reactions RA and RB:






(2 marks)

Calculation of second moment of area:



(2 marks)



10 kN
5 kN

10 kN/m





3 m
1.5 m
2m
1 m kN
3m
2.5 m


25.893 kN
14.107 kN

9.107kN

10kN















SFD




25kN


0.9107m
5kN






1.5893m






15.893kN
2.5m




(5 marks)






16.467kN.m


12.32kN.m





3.838kN.m


BMD








15kN.m



(5 marks)20kN.m


From the SFD the position and magnitude of Mmax can be determined as follows:


(2 marks)
Therefore Mmax is located at distance 7m + d from the left-end end of the beam where d is,


(3 marks)
X

x


10 kN
5 kN



10 kN/m

A




3 m
1.5 m
2m
1 m kN
3m
2.5 m



25.893 kN
14.107 kN



X


According to the Macauley method the Bending Moment equation for any general section XX is given by,






(5 marks)
Integrating gives,


(2 marks)
Integrating a second time gives,


(2 marks)
Where singularity functions must be ignored when negative.
Determination of the constant of integration A and B:
· At , . Therefore,



· At , . Therefore,









(3 marks)

Hence the slope and deflection at , are:





(2 marks)
And,
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