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CONTENTS

• Beam model: 2D

 Textbook of “Solid Mechanics”

• Beam model: 3D

• Assignment
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STRUCTURAL MECHANICS MODULE
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• Beam model: 2D

 Textbook of “Solid Mechanics”

• Beam model: 3D

• Assignment
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BEAMS
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EXAMPLE 7.1 (PP.471)

• Geometry 

• L = 10 ft

• PB = 4.5 kips

• MB = 50 kips-in

• Material Properties

• A-36 steel

• E = 29 x103 ksi

• Element Properties

• Wide-flange beam

• W10x30

• I = 170 in4

kips: kilo pounds

ksi: kilo pounds per square inch

 

2 3

2

1
0.0730 0.5258 0.5988 in

2 3

1
0.00122 0.00657 0.00779 rad

2





     
         

     


  
      

  

B B B

B B B

L L
M P

EI

L
M L P

EI

Analytical solution
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WIDE-FLANGE BEAM
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DIMENSION SELECTION
2D 선택

Done 클릭
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PHYSICS SELECTION
Structural Mechanics 의
Beam 추가

Study 클릭
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STUDY TYPE SELECTION
Stationary 선택

Done 클릭
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DIMENSIONLESS UNIT
Untitled.mph 클릭

Unit System 을 None 으로
변경
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GEOMETRY CREATION
Bezier Polygon 생성

120 길이의 선분 생성

lb-inch 단위로 계산할 예정
따라서 10 ft = 120 in.
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MATERIAL PROPERTY
Linear Elastic Material 클릭

E: 29e6
mu: 0
rho : 0

입력

lb-inch 단위
E = 29e3 ksi = 29e6 psi
= 29e6 lb/in.2
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CROSS SECTION
Cross Section Data 클릭

A: 8.84
I: 170

입력
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BOUNDARY CONDITION
Beam 마우스 우클릭

Fixed Constraint 클릭
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BOUNDARY CONDITION
왼쪽 절점 선택
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LOADING CONDITION
Beam 마우스 우클릭

Point Load 클릭
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LOADING CONDITION
오른쪽 절점 선택

y 방향에 4.5e3 입력

lb-inch 단위
PB = 4.5 kips = 4.5e3 lb



Copyright ©  2019 Computational Design Lab. All rights reserved.

CAE

19

MESH
한 개의 요소가 되도록 메시
생성

그 후 compute 로 유한요소
해석 수행
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POST-PROCESSING
2D Plot Group 에서 Line 
추가 후 beam.disp 를 확인

최대 변위는 0.5258

Analytical solution
0.5258

 

2 3

2

1
0.0730 0.5258 0.5988 in

2 3

1
0.00122 0.00657 0.00779 rad

2





     
         

     


  
      

  

B B B

B B B

L L
M P

EI

L
M L P

EI
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POST-PROCESSING
Expression 을 thz 로 변경

최대 각도는 6.57e-3

Analytical solution
6.57e-3

 

2 3

2

1
0.0730 0.5258 0.5988 in

2 3

1
0.00122 0.00657 0.00779 rad

2





     
         

     


  
      

  

B B B

B B B

L L
M P

EI

L
M L P

EI
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LOADING CONDITION
Point load 설정에서 모멘트
추가

50e3 입력
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POST-PROCESSING
beam.disp 를 확인

최대 변위는 0.599

Analytical solution
0.599

 

2 3

2

1
0.0730 0.5258 0.599 in

2 3

1
0.00122 0.00657 0.00779 rad

2





     
         

     


  
      

  

B B B

B B B

L L
M P

EI

L
M L P

EI
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POST-PROCESSING
Expression 을 thz 로 변경

최대 각도는 7.79e-3 rad

Analytical solution
7.79e-3 rad

 

2 3

2

1
0.0730 0.5258 0.599 in

2 3

1
0.00122 0.00657 0.00779 rad

2





     
         

     


  
      

  

B B B

B B B

L L
M P

EI

L
M L P

EI
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SYSTEM EQUATION BY HAND
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SYSTEM EQUATION BY HAND

8 6 7 6

2

6 6

2

6 4 6 4

2

7 6 8 6
1

6 6
1

6 4 6 4
1

1.64 0 2.05 8.22 0 2.05

0 2.14 0 0 2.14 0

2.05 0 3.42 2.05 0 3.42

8.22 0 2.05 1.64 0 2.05

0 2.14 0 0 2.14 0

2.05 0 3.42 2.05 0 3.42

x

Me e e e

Pue e

ve e e e

e e e e

ue e

ve e e e





   
   

   
     

   
   

   
   
      

0

0

0

yP

 
 
 
 
 
 
 
 
  
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ASSEMBLE OPTION
Solution 마우스 우클릭

Assemble 클릭
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ASSEMBLE OPTION
Stiffness matrix 체크박스에
체크

Compute to Selected 클릭
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COMPARISON

8 6 7 6

6 6

6 4 6 4

7 6 8 6

6 6

6 4 6 4

1.64 0 2.05 8.22 0 2.05

0 2.14 0 0 2.14 0

2.05 0 3.42 2.05 0 3.42

8.22 0 2.05 1.64 0 2.05

0 2.14 0 0 2.14 0

2.05 0 3.42 2.05 0 3.42

by hand

e e e e

e e

e e e e

e e e e

e e

e e e e

 
 

 
   

  
 

 


 
  

K

Stiffness matrix by COMSOL
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• Beam model: 2D

 Textbook of “Solid Mechanics”

• Beam model: 3D

• Assignment
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CANTILEVERED HANDLE

50 mm

50 mm

300 mm

24-mm dia.

38-mm dia.

3-mm R

18-mm dia.

38-mm dia.

300 mm

The cantilevered bar is made from mild steel 

and is statically loaded. At cross section A,

• Determine the location of the critical stress.

• Determine the principal stresses and the 

maximum shear stress.

• Determine the angle of twist in bar OC.

• Determine the vertical deflection at the tip.

@

207GPa

79.3 GPa

1000 N





y D

E

G

F

1

2

max

298.8MPa

-40.9MPa

169.8MPa

0.0367 rad

24.005mm

C

Dy


















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DIMENSION SELECTION
3D 선택

Done 클릭
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PHYSICS SELECTION
Structural Mechanics 의
Beam 추가

Study 클릭
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STUDY TYPE SELECTION
Stationary 선택

Done 클릭
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GEOMETRY CREATION
Bezier Polygon 생성

Segment1
(0,0,0)~(0.05,0,0)

Segment2
(0.05,0,0)~(0.35,0,0)

Segment3
(0.35,0,0)~(0.4,0,0)

Segment4
(0.4,0,0)~(0.4,-0.3,0)

기하형상 생성
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MATERIAL PROPERTY
Linear Elastic Material 클릭

Specify 를
Young`s modulus and 
shear modulus 로 변경 후

E: 207e9
G: 79.3e9
rho : 0

입력
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CROSS SECTION
Cross Section Data 를
Duplicate 로 2 개 더 복사
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CROSS SECTION
Cross Section Data 1 클릭

Common sections 변경

Circular 변경

지름 0.038 입력
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CROSS SECTION
Cross Section Data 1 하위
메뉴인 Section Orientation 
1 클릭

Orientation vector 변경 후
(0,1,0) 입력
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CROSS SECTION
Cross Section Data 2 클릭

AB 부재 선택 후

Common sections 변경

Circular 변경

지름 0.024 입력
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CROSS SECTION
Cross Section Data 2 하위
메뉴인 Section Orientation 
1 클릭

Orientation vector 변경 후
(0,1,0) 입력
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CROSS SECTION
Cross Section Data 3 클릭

CD 부재 선택 후

Common sections 변경

Circular 변경

지름 0.018 입력
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CROSS SECTION
Cross Section Data 3 하위
메뉴인 Section Orientation 
1 클릭

Orientation vector 변경 후
(1,0,0) 입력
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BOUNDARY CONDITION
Fixed Constraint 를 그림에
표기된 절점에 입력
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LOADING CONDITION
Point Load 조건을 그림에
표기된 절점에 z 방향으로
1000 N 입력
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MESH
Distribution 1 를 갖는 메시
생성

확인 후 유한요소 해석 실행
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POST-PROCESSING
1D Plot Group 에서 Line 추
가

2번 부재 선택 후
beam.smax 입력

Plot 클릭

A 지점에서 σx = 258 MPa
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POST-PROCESSING
beam.ttmax 입력 후 결과
확인

A 지점에서 τmax = 110.5 
MPa

따라서 principal stress 를
계산하면

σ1 = 298.9 MPa
σ2 = -40.9 MPa
τmax = 169.9 MPa

2

2

1,2
2 2

 
 

 
   

 

x x
xy

2

2

max
2


 

 
  

 

x
xy
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POST-PROCESSING
3번 부재의 회전 각도는 thx 
Expression 으로 확인

0.0367 rad 회전
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POST-PROCESSING

Derived Values에서
Point Evaluation 생성

4번 Point 선택 후
w 입력

z 방향 변위는 24.006 mm

Anal. FEM

1 (MPa) 298.8 298.9

2 (MPa) -40.9 -40.9

max(MPa) 169.8 169.9

 (rad) 0.0367 0.0367

yD (mm) 24.005 24.006
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ASSIGNMENT

Loads

• Fy = -800 N

• Fx = Fz = 0 N

25-mm dia.
18-mm dia.

150 mm

50 mm

125 mm

38 mm

6 mm

[Obtain both analytical and numerical solutions]

The cantilevered handle is made from mild steel that has been welded at the joints.

• Determine the location of the critical stress.

• Determine the principal stresses and the maximum shear stress.

• Determine the vertical deflection at the tip. (Use superposition for the analytical 

solution.)

 

1 2 max

solutions

113.7MPa, 9.4MPa, 61.6MPa, 2.55mmDy       


