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INTRODUCTION 

* How should an “Advanced Strength of Materials” course be useful for industry? 
Although the “Basic Strength of Materials” concepts are mandatory for all mechanical 
and civil engineers, they must use them in combination with some advanced concepts by 
working in industry for about 5 to 10 years with Codes, Standards and experienced 
engineers before becoming efficient as structure analysts. An “Advanced Strength of 
Materials” course should help young engineers to become efficient within about 5 years 
working as structure analysts in either small or large industries. 

* What subjects would help the most for structure analysts? Having acquired several 
subjects about advanced strength of materials throughout Engineering, Master and PhD 
programs, and by working more than five years as structure analyst for small and large 
industries, professor Lê Văn Ngàn found that, although any advanced subject could be 
helpful for some type of industry or for research, some subjects are more useful than 
others. Among the least useful for structure specialists: General energy methods 
including Castigliano’s theorem for deflections of complex problems; Stress strain 
tensors and 3D stress transformation; Extended theories on elasticity, plasticity, plates 
and shells … More useful for structure specialists: Designing thin plate structures for 
avoiding general and local buckling; Limit analysis applied to structure design; 
Understanding why allowable stresses vary from case to case; Welded joint design … 

* A proposed undergraduate engineering course for structure design and analysis: 

1. Title of the course : “Structure Design and Analysis”. 

2. Prerequisite knowledge : The students must have acquired following knowledge: Basic 
strength of materials, Finite Element Method. 

3. Alternation between theories and practices : In each typical week, there are about 3 
hours teaching theoretical subjects including 2 to 3 examples to be solved by hand, 
followed (one or few days later) by 2 hours of “hands on a FEM software” for 
comparison with hand calculations. The FEM examples must be prepared with enough 
guidance so that an average student could complete the answers within 90 minutes. This 
scenario is repeated for about 13 weeks and for about 7 selected subjects. 
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Chapter 1. Structures subject to buckling (9 h class +  6 h hands on FEM software) 

 [1 hour]- Buckling of column: Basic Strength of Materials. 

 

 

 

[2 hours]- Lateral buckling of beams:  

 

 

 

 

 

 [6 hours]- Local buckling of web and flanges:  

 

 

 

 

 

 

 

 

 

 
  

Slenderness ratio: λ = k∙L/r 
Euler buckling stress:       ScrE = π2E/λ2 
Correction to consider plasticity: 
If ScrE ≤ ½ SY ► Scr = ScrE 
If ScrE > ½ SY ► Scr = SY(1 - ¼ SY/ScrE) 

Example 1.1: De = 42,2 mm, Di = 35,1 mm 
E = 200000 MPa; SY = 250 MPa. Justify 
why the design (2) allow a load P about 5 
times higher than the design (1). 

FEM results: The beam would laterally buckle if load 
is multiplied by fcr = 0,52 at which bending stress is 
σcr = 58,5 MPa ► fsafety = 0,52 (not safe at all). 

Example 1.2: Welded steel beam loaded as shown on left. The 
beam is supported vertically but without lateral supports.  
(a) Determine the safety factor by using approximate design 

formulas (not show here); 
(b) Carry out linear buckling FEM analysis and compare results 

Steel: E = 200000 MPa 
400x20 mm flanges

10x1000 mm web

L = 20 m 

w = 20 kN/m 

FEM results: Lateral buckling mode 

Example 1.3: Same beam as previous example but the beam is 
laterally supported (lateral buckling eliminated). 
(a) Determine the safety factor by using approximate design 

formulas (not shown here); 
(b) Carry out linear buckling FEM analysis and compare results 

Example 1.4: Same beam as example 1.3 but the web near ends is 
reinforced by vertical stiffeners at 1000 mm intervals. 
(a) Determine the safety factor by using approximate design 

formulas (not show here); 
(b) Carry out linear buckling FEM analysis and compare results. 

FEM results: The beam would locally buckle in web 
near ends if load is multiplied by fcr = 1,41 at which
web shear stress is τcr = 64 MPa (safe but not enough). 
 

FEM results: According to elastic buckling, the 
beam would theoretically buckle in web at 
center region if load is multiplied by fcr = 4,54 
at which bending stress is σcrElastic = 255 MPa; 
Correction to consider plasticity: σcr = 188 MPa 
►fsafety = 188/56 = 3,37 (safe). 
 

Applied load w = 20 kN/m 
Bending stress σ = 56 MPa 

FEM results: Local 
buckling of web near ends 

FEM results: Local 
buckling of web at center 
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Chapter 2. Limit Analysis of Structure (9 h class +  6 h hands on FEM software) 

[2 hours]- Elastic perfectly plastic idealization & limit analysis of axially loaded bars  

 

 

 

 

 

 

[4 hours]- Elastic and fully plastic bending moments & limit analysis of compact beams 

 

 

 

 

 

 

 

 

 

 

 

 

[3 hours]- Limit criteria for combined load: One of the mostly used criteria is: 

/
 + 

/
 + 

/
 ≤ 1  for bending M, torsion T and shear force V. 

 

 
Engineers who use basic strength of materials would calculate Von-Mises stress, 
compare with Se/2 and would conclude Wallowed = 11960 N : too conservative. 

Type 1 example: 

1st yield bending 
Me = ·Se 

Fully plastic 
ML = · ·Se 

Se 

Se 
 Shape factor 

k =  

Type 2 example: 
Calculate the 
shape factor for 
each of cross 
section shown on 
right. 

Type 3 example: Calculate the required fully plastic moment 
(ML) and select the lightest standard S shape steel beam to resist 
the load shown with a safety factor of 2, knowing that shape 
factor of S shape is 1.1 and yield stress of steel is Se = 270 MPa. 
Answer: ML = 30 kNm; Choice: S 150 x 18.6 

Type 4 example: Using limit analysis, calculate the allowable load W at 
end B for a safety factor fs = 2 knowing that the tube is made of steel 
with yield stress Se = 270 MPa.                  Answer: Wallowed = 14 340 N 

300 mm 
250 mm 

 

W 

De = 108 mm 
Di =  100 mm 

O A 

B 
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 Chapter 3. Allowable stresses for compact regions – Static load (3 h class) 

[3 hours]- Compact region = where buckling is practically not possible. Example: thick plates, short columns … 

Although the general design criterion is   Stress due to load ≤ Allowable stress , most engineers do not 
understand why allowable stresses are different from case to case. Since Codes and Standards establish 
allowable stresses based on limit analysis, it is helpful for engineers to understand the following subject: The 

general formula for allowable stress in compact regions is Allowable stress = Shape factor x 	
	

  where 

the “Shape factor” is different for different loads and shapes according to limit analysis. Some allowable 
stresses are (σp, τp, subscript p means “permise” in French): 

 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

* Stress criteria for combined loads: Similarly to limit analysis, mostly used criterion is 

      
	

 + 
	

 + 	

	 	
 ≤ 1 . 

 

 

 

  

300 mm 
250 mm 

 

W 

De = 108 mm 
Di =  100 mm 

O A 

B 

Example: Using basic strength of materials, calculate stresses due to 
individual loads (bending, torsion and shear force) and, using the 
criterion for combined loads shown above, calculate the allowable load 
W at end B for a safety factor fs = 2 knowing that the tube is made of 
steel with yield stress Se = 270 MPa. 
Answer: Wallowed = 14 340 N (same answer as given by limit analysis) 
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Chapter 4. Design of welded joints (6 h class +  4 h hands on FEM software) 

[3 hours]- Design of structural welded joints 

Introduction to: 

* Welds that need calculation; 

* Weld treated as lines; 

* Linear force on weld (f): 

      f = lim∆ →
∆
∆

 

* Practical formulas for calculating linear force f: 

 

 
 

* Canadian Standard Association criterion for weld treated as lines:    ≤ 0,3·Su weld . 

 

 

 

 

 

[3 hours]- Design of longitudinal welds of beams 

* Linear force on longitudinal weld of beams due to shear for V:  f = 
	

 . 

 

 

 

 

 
 
  

Resultant linear force 
f/tw treated as shear stress 

(here: tw = AB + CD) 

Type 1 example: F = 15000 N. 
(a) Calculate shear stress in weld at A by treating weld as a line.                    
Answer: 144 MPa 

(b) Study this assembly by using a FEM software and determine: 
(b.1)  Maximum Von-Mises stress in weld.   Answer: not converged
(b.2) Membrane shear stress across weld throat A.   Ans.: 149 MPa 

Type 2 example: 

 treated as shear force 
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Chapter 5. Design of structural bolted joints  (3 h class + 2 h hands on FEM software) 

 

Criterion of combined loads for bolts: 

 

 

 

 

 

 

 

 

 

 

Details will be presented and discussed on site 

Chapter 6. Structural design against fatigue (6 h class + 4 h / FEM) 

 

 

 

 

 

 

 

 

 

Details will be presented and discussed on site 

Chapter 7. Practical advanced notions of bending and torsion  (3 h class + 2 h / FEM) 

Details will be presented and discussed on site 

. . . 




