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Beam Deflection 
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Design Concepts 
 Design based on Stresses 
 Design based on Stiffness 
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Design Concepts 
 Design based on Stresses 
 Design based on Stiffness 
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Slope and Deflection vs. M(x) 

Slope = θ 

Deflection = y = δ  

Ch.4 p. 147 Ch. 12 p.573 

Elastic Curve 
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Deflection and Slope Correlations in Different 
Types of Supported and Loaded Beams  
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Beam Deflection Derivation 

Case No. (1) Tabulated 

δ  
Delta 

√ √ 
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Beam Deflection Derivation 
Case No. (1)  

Derived by Integration Method 
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Beam Design on Both  
Stresses and Deflection 

Solved Problem (Practice No.1) 

Two cross-sections 

1. Design standard two cross-sections: Solid 
square (section I), and Box square (Section II) 
(Use static flexural stress formula only). 
2. Calculate the maximum deflection in (mm) 
and slope in (rad) of the loaded beam for each 
cross-section and identify its position.  
3. Comment on the previous results and state 
one conclusion. 
Given: 
Young's modulus = 210 GPa, yield strength = 390 MPa 
and Design factor = 3, P = 10 kN, L = 1 m 

Cantilevered Beam 
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Beam Design on Both  
Stresses and Deflection 

Solved Problem (Practice No.1) 

M(max) = PL = 10x1= 10 (kN.m) at the support as [M(max)/ Z] = [σy/nd] 
Z = (10x1000X1000) N.mm/130 (N/mm2) = 76.9231x1000 (mm3) 
For solid square (Z  = a3/6), a = 77.28 mm,  for standard use ast. = 80 mm 
For box square (Z  = 0.0813 b3), b = 98.16 mm, for standard use bst. = 100 mm 
--------------------------------------------------------------------------------------- 
I (moment of Inertia) for solid square = ast

4/12 = 3413333.333 mm4  
I (moment of Inertia) for Box square = (bst

4-(0.8b)4)/12 = 4920000 mm4 
---------------------------------------------------------------------------------------- 
Maximum Deflection at free end = PL3/3EI =  
{[(10000(1000)3 N.mm3)]/[3(210x1000 N/mm2)(I)]} = {15873015.87/(I)} (mm) 
 
Maximum Slope at free end = PL2/2EI =  
{[(10000(1000)2N.mm2)]/[2(210x1000 N/mm2)(I)]} = {500000/21(I)} (rad.) 
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Beam Design on Both  
Stresses and Deflection 

Solved Problem (Practice No.1) 

For solid square cross-section (Maximum Deflection) = 4.7 mm  
For solid square cross-section (Maximum Slope) = 0.00698 rad. = 0.40 degrees 
 
For Box square cross-section (Maximum Deflection) = 3.2 mm 
For Box square cross-section (Maximum Slope) = 0.00484 rad. = 0.28 degree 

Comments 
1- Deflection and Slope of the loaded beam showed lower values by using box square 

cross section instead of solid square cross section. 

2- Beams with box square cross-section not only lighter in weight but also behave more 

rigid (stiff) in its elastic curve (deflection and slope) than solid square cross-section. 

Conclusion: Cross-section profile and orientation is very important parameter in 

designing of beams; not only to save weight (money) but also to make firm, stiff and 

rigid beam in its applications.  
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Beam Deflection Derivation 

Case No. (2) Tabulated 

δ  
Delta 

√ √ 
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Beam Deflection Derivation 
Case No. (2)  

Derived by Integration Method 

(Student Competition No. 1) 
one Pones point for any student derived the 

deflection and slope equations for case 2 in the 
next lecture (Lecture No. 8). 
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Beam Deflection Derivation 

Case No. (3) Tabulated 

√ √ 

δ  
Delta 
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Beam Deflection Derivation 
Case No. (3)  

Derived by Integration Method 
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Beam Design on Both  
Stresses and Deflection 

Solved Problem (Drill No. 1) 

Simply Supported Beam 

Two cross-sections 

1. Deduce the deflection and slope equations for the shown simply 
supported beam shown in Figure (1). 
2. Design standard two cross-sections: Solid square (section I), and 
Box square (Section II) (Use static flexural stress formula only). 
3. Get the factor of safety for each standard cross-section to the 
corrected nearest 5 mm of each side length.  
4. Calculate the weight of the beam for each cross-section in (kg) and 
identify the lighter beam weight?  
5. Calculate the maximum deflection in (mm) and slope in (rad) of the 
loaded beam for each cross-section and identify its position.  
6. Comment on the previous results (parts 4 and 5) and state one 
conclusion. 
 
Assume the loaded beam has the following data 
Young's modulus = 210 GPa, yield strength = 390 MPa and Design 
factor = 3, w = 10 kN/m, L = 1 m and material's density = 7.8 g/cm3 
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ما عملت من خير  يوم تجد كل نفس  »  
تود لو ان بينها  سوء  محضرا وما عملت من  

ويحذركم الله نفسه والله    بعيدا وبينه امدا
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         آل عمران  30

 بسم الله الرحمن الرحيم

Prof. Ashraf A. Ali 
PhD Drexel University, USA 2002  
Visiting Scientist, MIT, USA 2007 


