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A number of methods were developed to analyze bending moment and shear force diagrams for multi-
span continuous beams, including the three-moment equation, force method, displacement method,
moment distribution method, and finite element method (FEM), etc. The FEM can solve many kinds of
complex problems, many different types of loads, and different boundary conditions that cannot be

solved by classical methods. Presently, with the advent of simulation software such as ANSYS, a

FEM software specialized in numerical simulation in structural analysis, has made the analysis of complex

problems easier than other methods. In this paper, the authors have analyzed a three-span continuous

beam using finite element method and ANSYS via GUI method and APDL parameters, this is a simple

problem but here is the beginning to study more complex problems with ANSYS

1. Introduction

In the literatures of structural mechanics, many authors have used
different methods to calculate internal forces (the bending moment and
shear force) for continuous beams such as the force method,
displacement method, focusing method, and three-moment equation.
From the displacement method two approximate computations were
used called Cross and Kani methods [1]. Since the advent of computers,
other numerical methods have been developed such as: FEM, and finite
difference method. These methods are often applicable to simple

problems.

Another method has also proposed to calculate continuous beams and
using mathematical method in calculating continuous beams [2]. In
FEM, studies have analyzed many different types of problems [3-6], or
beam analysis according to Timoshenko [7], and simplified analysis of
continuous beams [8]. In this method, with the support of the software,
the analysis of continuous beams has become simple, the results are

quite accurate.

In addition to the methods mentioned above, the analysis of continuous
beams or building structures has become even easier with the advent of
ANSYS simulation software. ANSYS can simulate the process of systems with
complex boundary conditions, multiple environments, and various
interactions that are difficult to simulate using other methods. Therefore, in
this paper, the authors have analyzed the three-span continuous beam
problem using FEM and guided in ANSYS Release 16.0 software [9-12]. A

numerical result is performed and compared with the finite element solution.
2. Materials and methods

A three-span continuous beam has dimensions and loads as shown in
Figure 1, E = 2,6 X107 kN/m? modulus of elasticity of beam, bxh =
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0,3 x 0,6 m rectangular beam cross-section, I = 0,0054 m* second
moment of area. Calculate rotation displacement and bending moment

diagram at the end of elements using FEM and ANSYS.

45kNlv 15kN/m 40kN

1 A

L0 22 ® % ® g
1L 2m ‘L am 1|, 8m ‘L 3m . 5m IL

Figure 1. A three-span continuous beam.
3. Results and discussion
3.1. Analysis of the three-span continuous beam problem using FEM

- Step 1: Label the points, and elements. The points are numbered as 1,
2, 3, 4; The elements are numbered as (1), ), (3). (Figure 1)

- Step 2: Calculate the stiffness matrix of the elements:
[4E1  2EI]

1|6 6|_EfM4 2
K= 2k 4E1| =G l2 4
L6 6
[4EI 2EI
8 8 =E[4 2]
2EI 4EI 812 4

s 8|
[4EI  2EI]

[K]*=

s_|8 "8|_Eli4 2
KP=op 4m1|=73 [2 4]

s 8|

- Step 3: Establish global stiffness matrix:

0,667 0,333 O 0
0,333 1,167 0,25 0
0 0,25 1 0,25
0 0 0,25 0,5

[K] =EI
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- Step 4: Applying boundary conditions: Fixed at the left end of the
beam, 6; = 0. Proceed to edit row 1 column 1 corresponding to 6, in
global stiffness matrix. Or the component on the main diagonal is edited

to 1, the other element is 0. The stiffness matrix after editing is:

1 0 0 0
0 1,167 0,25 0
0 025 1 0,25
0 0 0,25 0,5

- Step 5: Calculate bending moment at fixed and load at equivalent

points: From structural mechanics, it is possible to determine:
Fy1 Fy2
{Ml} _ {—40} {Mz} _ {—80}
ME 200 M 80 J

{M§}3 _ {—46,875}
MFS T 128,125

Equivalent point load vector:

M, _Mfl 40
| Jemerom| ) 6o
Y=y (= \=mrz - mps [ = 1 -33,125

M, —Mf3 —28,125

- Step 6: Determine the angle of rotation of the points:

1 0 0 07 (6
Bl 0 1,167 0,25 0f)62( _
0 025 1 025()65(

0 0 025 05]1\9,
40
60
—33,125
—28,125
Solving system of equations, we get the rotation angle at the points:
0, = 0; 0, = 59,756/EI = 0,4256 x 1072 (rad)
0, = -38,904/EI = -0,2771 X 1072 (rad);

0, = -36,798/EI = -0,2621 x 10* (rad)

- Step 7: Determine the bending moment at the elements end:

1 EI 1 _
{113;} =% [; ﬂ {59,(;56}E + { 24;0} =

- (087 o
R M R S P B
- [ o
(o} =51 A0 g+ Ch-
_ {—75,61891} (kNm)

3.2. Analysis of the three-span continuous beam problem using ANSYS

simulation

* Perform the problem using the GUI method:

- Start ANSYS

- Label the name of problem: Utility Menu > File > Change Jobname
> DAMLIENTUC

- Label the title of problem: Utility Menu > File > Change Title >
TINH TOAN NOI LUC DAM LIEN TUC BA NHIP

- Definition of elements and constants: For ANSYS V16 software, no
BEAMS3 element is available in the beam element selection directory. So
we need to enter the command in the COMMAND window (Figure 2) to

call this element and declare the real constant for it.
/PREP7
ET,1,BEAM3

R,1,0.18,0.0054,0.6

File Select List Piol PloiCjEnummsgen
0| | 2| @ @ &| 7] BT 1BEAMY
Toolbar

SAVE_DB| RESUM_DB| QUIT| POWRGRPH;

Main Menu @
B Preferences [ | ANSYS
@ Preprocessor R16.0|
@ Solution
@ General Postproc
@ TimeHist Postpro
& ROM Tool
& Prob Design
= Radiation Opt
o Session Editor
B Finish
x

Figure 2. The window used to enter commands.

- Material definition: Main Menu > Preprocessor > Material Props >

Material Models > Structural > Linear > Elastic > Isotropic > EX

2.6E7 > PRXY = 0.2 > OK. Continue implementation Structural >
Density > DENS = 0 > OK > Close the window (Figure 3)

N Linear lsotropic Properties for Material Mumber 1 x

Linear Isotropic Material Properties for Material Number 1

T1
Temperatures
EX 2 6E7
PRXY

Graph

Cancel | Help |

Add Temperature | Delete Temperature |

0K |

A Density for Material Number 1 *

Density for Matenal Mumber 1

ik

Temperatures
DENS o

Graph

Cancel ‘ Help |

Add Temperature | Delete Temperature |

ok |
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Figure 3. Material property declaration window. The result of creating 6 points in the global coordinate system is shown

X i in Figure 5.
- Creating geometric models:

+ Create the lines: Main Menu > Preprocessor > Modeling > Create

+ Create points: Main Menu > Preprocessor > Modeling > Create > ] ] ] . ; ] ]
> Lines > Lines > Straight Line > Using your mouse to click on points

Keypoints > In Active CS > In Create Keypoints window in Active CS
. L 1 and 2, similar to 2 and 3, 3 and 4, 4 and 5, 5 and 6 > OK. The results
(Figure 4) > enter NPT = 1,X =0,Y = 0,Z = 0 > Apply > Similarly,
. . are shown in Figure 6.
enter points from 2 through 6 according to the table below:

NPT X Y Z NPT X Y 7Z I\ Global Element Sizes
1 0 0 0 14 0 0 [ESIZE] Global element sizes and divisions (applies only
2 0 0 17 0 0 to "unsized” lines)
6 0 0 29 0 0 SIZE Element edge length
NDIV Neo. of element divisions - |g |
A Create Keypoints in Active Coordinate System ) .
e ————— - (used only if element edge length, SIZE, is blank or zero)
NPT Keypoint number
XV,Z Location in active CS ‘ 0 ||D ‘ ‘D |
0K Cancel
0K | Apply ‘ Cancel ‘ Help |

Figure 4. Window in global coordinate system. Figure 7. Defines the element sizes.

B0INTS ANSYS AN SYS

S R16.0 POINTS R16.0

EPOIN NUM

I\ Apply UROT on KPs

[DK] Apply Displacements (U,ROT) on Keypoints
Lab2 DOFs to be constrained

Apply as Constant value -
If Constant value then:
WALUE Displacement value D
KEXPND Expand disp to nodes? ™ No

oK | ] ‘ Help |
TINH TOAN NOI LUC DAM LIEN TUC BA NHIP

TINH TOAN NOI LUC DAM LIEN TUC BA NHIP

POINTS ANSYS
FOINTS AN SYS POIN NUM R16.0

R16.0

TYPE NUM
= O SO

I\ Apply UROT on KPs

Figure 5. Create points.

[DK] Apply Displacements (U,ROT) on Keypoints
Lab2 DOFs to be constrained

& X 2 3 4 5 €
Apply as Constant value hd
If Constant value then:
VALUE Displacement value E'
KEXPND Expand disp to nodes? ™ No

Apply Cancel ‘ Help |

TINH TOAN NOI LUC DAM LIEN TUC BA NHIP

TINH TOAN NOI LUC DAM LIEN TUC BA NHIP

Figure 6. Create the lines. Figure 8. Assign boundary conditions.
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- Creating a finite element model:
+ Defines the element sizes:

Main Menu > Preprocessor > Meshing > Size Cntrls > ManualSize >
Global > Size > The Global Element Sizes window appears as shown
in Figure 7 > SIZE = 0.5 > OK.

ANSYS

R16.0

POINIS
POIN NUM

Z @ 3 4 5 €

I\ Apply F/M on KPs

[FK] Apply Force/Moment on Keypaints

Lab  Direction of force/mom FY -

Apply as Constant value -
If Constant value then:
VALUE Force/moment value
QK ‘ Apply ‘ Cancel | Help |
TINH TOAZNW NOI LUC DAM LIEN TUC BA NHIP
POINTS AN SYS
POIN NUM R16.0
i X 2 3 2

]

I\ Apply F/M on KPs

[FK] Apply Force/Moment on Keypoints

Lab  Direction of force/mom

FY -
Constant value hd

Help |

Apply as
If Constant value then:
VALUE Force/moment value

TINH TCOAN WOI LUC DAM LIEN TUC BZ NHIP

Cancel ‘

Figure 9. Assign a centralized load.
+ Divide elements:
Main Menu > Preprocessor > Meshing > Mesh > Lines > Picked all.
Main Menu > Finish.
- Assign boundary conditions and loads:

+ Assign gravitational acceleration: Main Menu > Solution > Define
Loads > Apply > Structural > Inertia > Gravity > Global > ACELY
= 10 > OK.

+ Assign a support boundary conditions:

Utility Menu > PlotCtrls > Numbering > click Keypoint numbers
Utility Menu > Plot > Keypoints

Main Menu > Solution > Define Loads > Apply > Structural >
Displacement > On Keypoints > click point 1 > Apply > Choose All
DOF, VALUE = 0 > Apply > Continue using the mouse to select the
points 3, 4 and 6 > OK > click UY, VALUE = 0 > OK (Figure 8).

+ Assign a centralized load:

Main Menu > Solution > Define Loads > Apply > Structural >
Force/Moment > On Keypoints > click point 2 > Apply > Lab = FY,
VALUE = -45 > Apply > Continue using the mouse to select the point
5 > OK > Lab = FY, VALUE = -40 > OK (Figure 9).

+ Assign the load to be distributed at the center span of the beam:
Utility Menu > Plot > Lines
Utility Menu > PlotCtrls > Numbering > Choose Line numbers

Utility Menu > Select > Entities > Select Entities > Lines > By
Num/Pick > From Full > OK > click L3 > OK.

Utility Menu > Select > Entities > Select Entities > Elements >

Attached to > Lines > Reselect > OK.

Main Menu > Solution > Define Loads > Apply > Structural >
Pressure > On Beams > Picked all > LKEY = 1 > VALI = 15 > OK
(Figure 10).

A Apply PRES on Beams

[SFBEAM] Apply Pressure (PRES) on Beam Elements
LKEY Load key

WALl Pressure value at node | 5
WAL)  Pressure value at node J

(leave blank for uniform pressure)

Opticnal offsets for pressure load
IOFFST  Offset from | node

JOFFST  Offset from J node

L

LEMRAT Load effset in terms of

Length units A

OK Apply Cancel | Help |

Figure 10. Assign a distributed load.
- Analyze and calculate options set:
Utility Menu > Select > Everything.
Main Menu > Solution > Solve > Current LS.
- Calculation results:

+ Display of internal force diagram:
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General Postproc > Element Table > Define Table > Add > Define

Additional Element Table Items as Figure 11 > Lab = QI > By
sequence num > SMISC > SMISC,2 > Apply > Lab = QJ > By
sequence num > SMISC > SMISC,8 > Apply > Lab = MI > By
sequence num > SMISC > SMISC,6 > Apply > Lab = MJ > By

sequence num > SMISC > SMISC,12 > OK.

General Postproc > Contour Plot > Line Element Result > Plot Line-
Element Results > Labl = QI, LabJ = QJ > Fact = 1 > OK, Shear

force diagram as shown in Figure 12.

T I e —
B Prefarences Curranily Defined Data and Slatus: AN %1‘250
E Preprocessor Y
& Solution Label fiem Comp

= General Postproc
E Data & File Opts
= Results Summary
A Read Results
@ Fallure Criteria
& Plot Results.
2 List Results
2 Query Results
E Options for Qutp
E Results Viewer
2 Nodal Cales
3 Element Table

I\ Define Adatons Exnent Teble s
[PRIN] EIFHU for BQH strainy |

[ETABLE] Pefine Addtional Bemen Table ems
Lo s labl fer e

e, Comp Resuks datatern

=D

B Plot Elem Table
B List Elem Table
& Abs Value Option
E Sum of Each ltem Add..
B Add ltems
B Multiply
B Find Maximum ™ Apply Cance Help
B Find Minimum Close

Figure 11. Display element results.

ANSYS

R16.0

LINE STRESS

STEP=1

SUB =1
TIME=1

QT Q7
MIN =-58.0409
ELEM=13

MRX =€1.8531
ELEM=23

£ X

[T

-52.0403% -31.3743 -4.707¢
-44.707¢ -13.0409

TINH TOAN NCI LUC DAM LIEN TUC BA NHIP

Figure 12. Shear force diagram.

General Postproc > Contour Plot > Line Element Result > Plot Line-
Element Results > Labl = MI, LabJ = MJ > Fact = -1 > OK, bending
moment diagram as Figure 13.

+ Check the results of the rotation angle:
Utility Menu > Plot > Keypoints
Utility Menu > PlotCtrls > Numbering > Choose Keypoint numbers

Utility Menu > Select > Entities > in window, Select Entities >
Keypoints > By Num/Pick > From Full > OK > Click points 1, 3, 4,
6 > OK.

Utility Menu > Select > Entities > in window, Select Entities > Nodes
> Attached to > Keypoints > Reselect > OK.

General Postproc > List Results > Nodal Solution > List Nodal
Solution > Choose Nodal Solution > DOF Solution > Z-Component of
rotation > OK, The results obtained the rotation angle at the points as
shown in Figure 14.

ANSYS

R16.0

LINE STRESS

STEP=1

SUB =1
TIME=1

MI MJ
MIN =-T75.5085
ELEM=23%

MAX =52.3288
ELEM=21

-75.509% -47.1014 -18.€934
-€1.3055 -32.8574
TINH TCAN NOI LUC DAM LIEN TUC BA NHIP

38.1227

3.714€7
-4.4853¢ 23.5187 5Z.32e8

Figur 13. Bending moment diagram.

N\ PRNSOL Command 4
File

|
PRINI ROT NODAL SOLUTION PER NODE

#xxx% POST1 NODAL DEGREE OF FREEDOM LISTING wsxxx

LOAD STEP= 1 SUBSTEP= 1
TIME= 1.0088 LOAD CASE=
THE FOLLOWING DEGREE OF FREEDOM RESULTS ARE IN THE GLOBAL COORDINATE SY¥STEM

NODE ROTZ
1 A.6080
6 —8.42561E-83
14 9.27677E-83
36 B.26226E-83

MAXIMUM ABSOLUTE VALUES
NODE 6
UALUE -8.42561E-83

Figure 14. Angle displacement at points.

N

File

PRINT ELEMEMT TABLE ITEMS PER ELEMENT

wxexd POST1 ELEMENT TABLE LISTING e

STAT CURRENT CURRENT
ELEM MI MJ
1 —-28.882 —8.3945
13 —59.837 —32.671
29 —75.518 —-58.298
MIMIMUM UALUES
ELEM 29 29
UALUE -7/5.518 —-58.2978
MAXIMUM UVALUES
ELEM 1 1
UALUE —28.882 —8.3945

Figure. 15. Bending moment values at the elements.

Result of calculating the displacement of rotation at positions 1, 3, 4, 6
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in Figure. 14 and the calculation results given in the example at

positions 1, 2, 3, 4 are approximately the same.
+ Check the bending moment result:

The value of bending moment calculated by software at positions 1, 3,
4 in Figure 15 is also approximately the same as the results of manual

calculation at positions 1, 2, 3 in the three-span continuous beams.

Comment: FEM and ANSYS methods match.

* Perform the problem according to APDL parameter:
FINI

/CLEAR

/FILNAME,DAMLIENTUC

/TITLE,TINH TOAN NOI LUC DAM LIEN TUC BA NHIP
! Enter the geometry parameter

A=2 $B=4 $C=3 $D=5
L1=A+B$L2=8 $L3=C+D

BD=0.3 $HD=0.6
! Enter the load parameter
F1=45 $F2=40 $Q=15
! Enter the material parameter

E=2.6E7 $M=0.2

$G=2.5 ! Enter 0 when the self weight of the beam is not taken into
account
/PREP7
ET,1,BEAM3 ! 2-D beam element

R,1,BD*HD,BD*HD*HD*HD,/12,HD

MP,EX,1,E ! Material definition
MP,PRXY,1,M $MP,DENS,1,G
K,1,0,0,0 $K,2,A,0,0 $K,3,L1,0,0 K,4,L1+12,0,0

$K,5,L1 +L2+C,0,0 $K,6,L1+L2+L13,0,0
LSTR,1,2 $LSTR,2,3 $LSTR,3,4
LSTR,4,5 $LSTR,5,6
ESIZE,0.5 $SLMESH,ALL
FINISH
/SOLU

ACEL,0,10,0 ! Gravitational acceleration

DK,1,ALL,0 ! Boundary conditions at fixed
DK,3,UY,0 IRoller

DK,4,UY,0 $DK,6,UY,0

FK,2,FY,-F1 ! Assign the centralized load
FK,5,FY,-F2

LSEL,S,,,3! Assign the distribution force
ESLL,R

SFBEAM,ALL,1,PRES,Q

ALLSEL $SOLVE

FINISH

/POST1

ETABLE,QILSMISC,2
ETABLE,QJ,SMISC,8
ETABLE,MI,SMISC,6
ETABLE,MJ,SMISC,12

PLLS,QLQJ,1,0,0 IDraw the shear force diagram
PLLS,MI,MJ,-1,0,0 ! Draw the moment diagram
KSEL,S,,,1 $KSEL,A,,,3
KSEL,A,,,4 $KSEL,A,,,6
NSLK,R
PRNSOL,ROT,Z
ALLSEL
ESEL,S,,,1 $ESEL,A,,,13
ESEL,A,,,29

PRETAB,MI,MJ

ALLSEL

FINISH

Comment: With the use of the ADPL parameter method, it is possible to
use this program code to investigate the effects of different initial
parameters. However, using the ADPL parameter, we should know the

functions of each command line.
4. Conclusions
Based on the results of the study lead to the following conclusions:

1. Through research shows that with the use of simulation software

ANSYS gives quite accurate results with other methods, when using
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the ADPL parameter method, it is easy to examine the initial

parameters affecting the continuous beam.

ANSYS is a multi-environment, multi-structural simulation
software, etc., and needs to be studied extensively, especially in the
field of civil engineering, they can simulate the working of

structures, thermal processes, interact with each other.

In ANSYS, the three-span continuous beam problem can create
reinforced concrete elements, in order to calculate the reinforced

concrete structure in the beams calculation.
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