



	

Finite Element for  
 Seismic Analysis of a Pipe Line 
                                 Amr Abbas  
University of UNED SPAIN                  
Abstract 

The target of this Study is to execute a  a seismic analysis (response spectrum analysis) of a Pipe Line with the Performing of initially  a static analysis of the pipe line considering its self-weight. Then Perform a modal analysis and obtain the natural frequencies and eigenvectors.  Then Perform response spectrum analyses of the pipeline separately for the directions X, Y and Z.  The solution is extended to perform Combine solution and Check Integrity & Sanity . The Analysis will be conducted with Patran Nastran. 
.
The System is presented as per Trailing 
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Introduction 
Modal analysis is the process of identifying a system's natural frequencies, damping factors, and mode shapes in order to use them to create a mathematical model of the system's dynamic behavior. While Spectrum Analysis plot of the maximum response (maximum displacement, velocity, acceleration or any other quantity of interest) to a specified dynamic loading applied on all possible cases . The Dynamic behavior of piping systems is tremendously import specially when it is connected to high speed high value rotating equipment and the adjustment of the piping system dynamics is mandatory for smooth operation. In this study the Patran  uses finite element analysis to calculate the dynamics of piping system from two prospectives Modal Analysis & Spectrum Analysis and the behaviors are compared as what is going to be detailed in this study 
Solution Methodology :

1. Perform a static analysis of the pipe line considering its self-weight. 
2. Perform a modal analysis and obtain the natural frequencies and eigenvectors. 
3. Perform response spectrum analyses of the pipe line separately for the directions X, Y and Z. 
4. Combine step 1 and the three results of step 3 and obtain the combined result 
5. Check if the pipe line maintains integrity 
6. Sanity Checks 

Data of interest
· The section has the following values for the defined parameters
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· modal damping in the spectrum analysis of 5%.
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Sanity checks
· Compare the reactions of the own weight analysis done with Patran with analytical calculation of model mass.
· Compare the frequencies obtained in the modal analysis with the ones obtained in the response spectrum analysis.  Are there differences.
· Perform a static analysis applying the high acceleration of the spectrum as an inertial load.  Compare the results with the ones obtained at the response spectrum analysis.  Justify the comparative.
[bookmark: _Toc364066217]GEOMETRY CREATION
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· We  will  Take the Long  Radius with  thickness 10mm D= 1015 & A=1500 mm and generate  The curve and chain it as one curve 
[bookmark: _Toc364066218]MATERIALS , PROPERTIES AND ELEMENTS
See the next table for materials, properties and element types used in the model.
	Part
	Material
	Property
	Element

	
	E
	Poisson
	Density
	Damping Coeff.
	
	

	Pipe 
	2,00E+11
	0,3
	7850
	0,05
	1D Beam 
	Bar2

	
	
	
	
	
	
	



[bookmark: _Toc364066219]

MESHING
As Indicated we will mesh the chained curve with the element Bar2 , with around 4800 Elements & Nodes.
[image: C:\fe2\dynamic analysis\Exam final bza\propertbar_1.jpg]
[bookmark: _Toc364066220]LOADS AND BOUNDARY CONDITIONS
[bookmark: _Toc364066221]	Will  create a RBE2 and set at the independent node an embedment. The Independent node will be a new node located at the intersection of lines connecting embedment and embedments as dependent nodes   Then, let’s create a fixed support at the independent node. Both inertial load and fixed support are stored at the “self-weight” load case.
SELF WEIGHT ANALYSIS
	As it’s said at the statement we have to solve the own-weight load case and then combine it with the spectral analysis. Therefore let’s solve first the self-weight load case 
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Max Combined stress for self weight case 
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Displacement of the Self Weight Case 
[bookmark: _Toc364066223]SPECTRUM ANALYSIS. CONFIGURATION
We have analyzed the self-weight load case, and the scope of the model has been fixed.  We will  study the spectrum analysis having in mind these results.
“TABLED1,2” This card defines the frequencies vs. acceleration spectrum.( It will change depending on Y , Z direction ) 

TABLED1, 2										
+, 0.1, 0.0343, 0.25, 0.3263, 0.4, 0.7851, 1, 3.0547
+, 2, 5.3547, 3.98, 6.8708,  7.94, 6.8894, 11.22, 5.5262
+, 22.39, 3.3604, 34, 3.3545, 100, 3.3545,  ENDT



The Frequency in X direction 

Table for mt/Sec sq calculation for spectrum 
	Frequency 
	Acceleration
	M/Sec sq...X & Z direction 
	Y direction 

	0.1
	0.0035
	0.0343
	0.0137

	
	
	
	

	0.25
	0.0333
	0.3263
	0.1305

	0.4
	0.0801
	0.785
	0.314

	1
	0.3117
	3.0547
	1.2219

	1.42
	0.4157
	4.0739
	1.6296

	2
	0.5464
	5.3547
	2.1419

	2.82
	0.6646
	6.5131
	2.6052

	3.98
	0.7011
	6.8708
	2.7483

	5.62
	0.7852
	7.695
	3.078

	7.94
	0.703
	6.8894
	2.7558

	11.22
	0.5639
	5.5262
	2.2105

	15.84
	0.4616
	4.5237
	1.8095

	22.39
	0.3929
	3.8504
	1.5402

	31.62
	0.3429
	3.3604
	1.3442

	34
	0.3423
	3.3545
	1.3418

	100
	0.3423
	3.3545
	1.3418




 
SPECTRUM ANALYSIS. SOLUTION Analysis 
	The following plots are the results in terms of stress tensor and displacements for Spectrum response  in X, Y ,Z AND COMBINED case
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Spectrum X direction
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Spectrum Y Direction 
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Spectrum Z Direction 
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Combined Spectrum 




The combined spectrum combined with Self Weight 
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Inertia Case with the Highest value of Gravity acceleration 
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Modal Analysis Shape 
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Modal 1
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Modal 2
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Modal3
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Modal 4
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Modal 5
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Modal 6
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Modal 7
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Modal 8
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Modal 9
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Modal 10
[bookmark: _Toc364066227]SANITY CHECKS
[bookmark: _Toc364066228]VERTICAL REACTIONS. SELF-WEIGHT LOAD CASE
We can check the reactions given by Nastran at the embedment of the independent node of the RBE2. Extracting the Same from F06 File 
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CHECKING FREQUENCIES
Below, we include the comparison between the normal modes obtained at a modal analysis and the normal modes obtained at the spectrum analysis,
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Conclusion 
The study had compared the self-Weight case with Applied with this acceleration like an inertial load in a static load case, we obtain the results shown at above for value of Y direction  the stresses is higher than the ones obtained at the spectral analysis (3.59e6 Pa the Static vs4.69e5 Pa the spectrum). This comparison verifies that the stress in the static inertial load case is higher than the spectrum case and the results of the spectral analysis are satisfactory. Also the Study had compared the Frequencies obtained from Spectrum Analysis & Modal Analysis with good match between values.

Reference 

1. NAS122 - Dynamic Analysis Using MD Nastran and Patran

2. NASTRAN Dynamic Analysis User's Guide 

3. NASTRAN Quick Reference Guide

4. Work Bench solved problem 

5. Introduction to the Finite Element Method by H. Ottosen & N.S. Petersson
6. A First Course in Finite Elements by Jacob Fish & Ted Belytschko
7. The Finite Element Method: Its Basis and Fundamentals by O. C. Zienkiewicz, R. L. Taylor, J.Z. Zhu
8. The Finite Element Method for Engineers by Kenneth H. Huebner, Donald L. Dewhirst, Douglas E. Smith & Ted G. Byrom
9. Finite Element Procedures by Klaus-Jürgen Bathe
10. MATLAB Guide to Finite Elements: An Interactive Approach by Peter I. Kattan
11. The Finite Element Method in Heat Transfer and Fluid Dynamics By J. N. Reddy, D.K. Gartling
12. Fundamentals of the Finite Element Method for Heat and Fluid Flow Roland W. Lewis
13. Patran Software https://hexagon.com/products/patran
14. Engineering equation Solver http://www.fchart.com/ees/
15. Engineering Equation Solver manual 
16. 


Frequency  0.1 0.25 0.4 1 1.42 2 2.82 3.98 5.62 7.94 11.22 15.84 22.39 31.62 34 100	Frequency 	0.1	0.25	0.4	1	1.42	2	2.82	3.98	5.62	7.94	11.22	15.84	22.39	31.62	34	100	0	3.4299999999999997E-2	0.32629999999999998	0.78500000000000003	3.0547	4.0739000000000001	5.3547000000000002	6.5130999999999997	6.8708	7.6950000000000003	6.8894000000000002	5.5262000000000002	4.5236999999999998	3.8504	3.3603999999999998	3.3544999999999998	3.3544999999999998	
1

image3.emf

image4.gif




image5.jpeg
Qz Patran

MSCASoftware. Student Edition




image6.jpeg
Patran 2013 (Student Edition) 17-Nov-14 22066 23 3.59+008]
k 326+006]

Fringe: Default, Al Static Subcase, Bar Strégses. Maximum Combined... At Center o
Deform: Defauit, Al Static Subcase, Displacéments, Transiational, 2624006
g2

3 2.29+006]
1.97+006}
1.65+006
1.33+00
1.00+00
6.82+00!
3.69+00!
3.63+004)
-2.86+00!
-6.09+00!

9.82+00
51254008 |

defauit_Fringe
v 800 Max 3 59+006 @Nd 3
Lx b Min -1 25+008 @Nd 3057
g - defaLlt. Deformation
Mas 1.98-004 @Nd 677





image7.jpeg
Patran 2013 (Student Edition) 17-Nov-14 Z2:05:64
Fringe: Default, A1:Static Subcase, Displ en(S ans \aﬂongg@ggm(hde,(NON—LAYERED)
Deform: Default, Al:Static Subcase. Displ

en(S Translational,

1.98-004
1.85-004
1.71-004)
158-004
1.45-004]
1.32-004]
1.19-004f
1.06-004
9.23-00
7.91-00¢
6.59-001
5.27-00
3.95-00
2 64-001
1.32-00!

0

default_Fringe

Max 1.98-004 @Nd 677

Min 0. @Nd 2

deradit_Deformation
Mo 1.98-004 @Nd 677




image8.jpeg
16-003
Patran 2013 (Student Edition) 18-Nov-14 02:19:43

Fringe: SPECTRUM_X, Time=0., Bar Stresses, k}ﬂmum Combined, . At Center

Deform: SPECTRUM_X, Time=0., Displacements. Translational.
A\

\
\

4.32+008]
4.03+006)
3.74+008)
3.45+006)
3.17+008]
2.88+006
259+006|
2.30+008
2.02+00¢
1.73+00
1.44+001
1.16+00
8 .64+00!
5.76+00!

288+00!
5.16-003_|

default_Fringe
Max 4.32+006 @Nd 3087
Min 5.16-003 @Nd 1
defAlt. Deformation
Max 8117-004 @Nd 1994





image9.jpeg
4 .69+005]
Patran 2013 (Student Edition) 18-Nov-14 02:21 i

- 4.38+005
Fringe: SPECTRUM_Y, Time=0., Bar Stresses, rj\:.wmum Combined, . At Center oo

Deforrn: SPECTRUM_Y, Time=0., Displacements, Translational, 5754009}
\\ 3.44+005
3.18+005
281+005

250+00

2.19+00

1.88+00

156+00

| 1254001
/ 9.88+004
6.25+004

3.13+004
\ 598-011

default_Fringe
Max 4.69+005 @Nd 3087
Min 5.958-011 @Nd 1
defAlt. Deformation
Mag 2i68:005 @Nd 1811





image10.jpeg
Sy
Patran 2013 (Student Edition) 18-Nov-14 02:21:62 =
Fringe: SPECTRUM_Z, Time=0., Bar Stresses, M;

1.77+007

— 1.65+007
dmum Combined. At Center 1534007

Deform: SPECTRUM_Z. Time=0., Displacernents, Tanslational. 1424007
\ 1304007
1184007
1.06+007
9.44+00
8.26+00
7.08+00
5.90+00
472+00
354+00
2:86+00

1.18+00
236010 |

default_Fringe
Max 1.77+007 @Nd 8
Min 2.36-010 @Nd 1
liethbil_Deformation
Max 489-003 @Nd 1174





image11.jpeg
Patran 2013 (Student Edition) 18-Nov-14 02:21 7\ PRy 1.99+007)
1.86+007f
1.73+007|
159+007|
1.46+007|
1.33+007|

1.19+007|

Fringe: combined spectrum, Subcase 16, Bar Stregses, Maximum Conibined. . At Center

1.06+00

9.29+00¢

7 96+00f

6.64+001

5.31+008

3.98+00¢

2 B6+001

1.38+00!
5.16-008| |

default_Fringe
. MakiTlag+007 @Nd 8
16:003 @Nd 1





image12.jpeg
2.36+007
2.19+007)
2.04+007)
1.88+007|
1.72+007)
157+007|
1.41+007|

Patran 2013 (Student Edition) 18-Nov-14 02:22:36

Fringe: combinedspectrumand selfweight, Subcask 16, Bar Stresses, Faximum Combined, , At Center

1.26+00

1.10+00

9.40+00¢

7 83+001

6.27+001

4.70+00¢

3.13+00¢

167400
5.16-003 |

default_Fringe
. Mak Pls5+007 @Nd 8
16-003 @Nd 1





image13.jpeg
59+006
Patran 2013 (Student Edition) 18-Nov-14 03:02:13 =
Fringe: inertia. A4:Static Subcase. Bar Stress imum Combined. At Center

.
Deform: inertia. A4 Static Subcase. D\Sp\aoemen(a,\(rana\aﬂona\,
A\

\

26+006

3.59+006]
3.26+006)
2.94+006)
262+006
2.29+008
1.97+006}
1.65+006
1.33+00
1.00+00
6.82+00!
3.69+00!
3.63+004)
-2.86+00!
-6.09+00!

9.82+00
51254008 |

default_Fringe
Max 8.59+006 @Nd 8
Min -1.25+006 @Nd 3087
defd it Deformation
Mas 1198-004 @Nd 677





image14.jpeg
Patran 2013 (Student Edition) 17-Nov-14 22:0742 1. 9.8;[104\
Fringe: Default, A1:Static Subcase, Displ ewen(a Translational. Magnitiide. (NON-LAYERED)
Deform: Default, A2:Mode 1 : Freq. = 7.027. \g\envectora Translational, , (NON-LAYERED)

1.98-004
1.85-004
1.71-004)
158-004
1.45-004]
1.32-004]
1.19-004f
1.06-004
9.23-00
7.91-00¢
6.59-001
5.27-00
3.95-00
2 64-001
1.32-00!

0

default_Fringe

Max 1.98-004 @Nd 677

Min 0. @Nd 2
defauli_Deformation
Max2188-002 @Nd 11

74




image15.jpeg
Patran 2013 (Student Edition) 17-Nov-14220804 1 qg.o0.
Fringe: Defautt, A1 Static Subcase. Displacaments. Translational. Magnitiide, (NON-LAYERED)
Deform: Default, A2 Mode 2  Freq. = 16.7 é&genvectors, Transtational. . (NON-LAYERED)

X

N } \
; \

1.98-004
1.85-004
1.71-004)
158-004
1.45-004]
1.32-004]
1.19-004f
1.06-004
9.23-00
7.91-00¢
6.59-001
5.27-00
3.95-00
2 64-001
1.32-00!

0

default_Fringe

Max 1.98-004 @Nd 677

Min 0. @Nd 2
defauli_Deformation

Man817-002 @Nd 1994




image16.jpeg
Patran 2013 (Student Edition) 17-Nov-14 22:08:18 — 198-004

Fringe: Default, A1:Static Subcase, Displ ents, Translational. Magnitide. (NON-LAYERED)
Deform: Default, A2:Mode 3 : Freq. = 18 2 eX.(gerwec(ora, Trana\aﬂona\,‘, (NON-LAYERED)

5

o

1.98-004
1.85-004
1.71-004)
158-004
1.45-004]
1.32-004]
1.19-004f
1.06-004
9.23-00
7.91-00¢
6.59-001
5.27-00
3.95-00
2 64-001
1.32-00!

0

default_Fringe

Max 1.98-004 @Nd 677

Min 0. @Nd 2
default_Deformation
Man 276-002 @Nd 21

24




image17.jpeg
Patran 2013 (Student Edition) 17-Nov-14 22:0836 1.98-004
1.85-004

Fringe: Default, Al Static Subcase. Displ en(s apsiations), Magritude, (NON-LAYERED) o
Deform: Default, A2:Mode 4 : Freq. = 39.1 genvectors B (NON-LAYERED) 1 58:004

1.45-004]
1.32-004]
1.19-004f
2 1.06-004
9.23-00
7.91-00¢
6.59-001
5.27-00
3.95-00
2 64-001
1.32-00!
0

default_Fringe
Max 1.98-004 @Nd 677
Min 0. @Nd2
deralit_Deformation
Mz1250-002 @Nd 658





image18.jpeg
Patran 2013 (Student Edition) 17-Nov-14 Z2:08562 198-004,

Fringe: Default, A1:Static Subcase, Displ ents, Translational. Magnitide. (NON-LAYERED)
Deform: Default, A2:Mode & : Freq. = 411 eX.(gerwec(ora, Translational.| (NON-LAYERED)

5

o

1.98-004
1.85-004
1.71-004)
158-004
1.45-004]
1.32-004]
1.19-004f
1.06-004
9.23-00
7.91-00¢
6.59-001
5.27-00
3.95-00
2 64-001
1.32-00!

0

default_Fringe

Max 1.98-004 @Nd 677

Min 0. @Nd 2

deradit_Deformation
Mo 2 E57-002 @Nd 640




image19.jpeg
=<

1.98-004
1.85-004

1.71-004
genrectoe LR . (NON-LAYERED) 158-004

Patran 2013 (Student Edftion) 17-Nov-14 25:09706 E
Fringe: Default, Al ‘Static Subcase, Displacérnents, Translational, Magnifude. (NON-LAYERED)
Deform: Default. A2 Mode 6 - Freq. = 50,0 ég
| 1.45-004
, 152-004
/ 116-004
/ 105-004
92300
791-00!
65001
527-00!
595-00!
264-00
15200
o

default_Fringe
Max 1.98-004 @Nd 677
Min 0. @Nd2
deralit_Deformation
Mz42.79-002 @Nd 613





image20.jpeg
Patran 2013 (Student Edition) 17-Nov-14 22:09:18 198-004

Fringe: Default, A1:Static Subcase, Displ ents, Translational. Magnitide. (NON-LAYERED)
Deform: Default, A2:Mode 7 : Freq. = 57 6! ngenvec(ora, Trana\aﬂona\,‘, (NON-LAYERED)

5

o

1.98-004
1.85-004
1.71-004)
158-004
1.45-004]
1.32-004]
1.19-004f

1.06-004

9.23-00

7.91-00¢

6.59-001
5.27-00
3.95-00
2 64-001

1.32-00!
0

default_Fringe

Max 1.98-004 @Nd 677

Min 0. @Nd 2

deradit_Deformation
Mo 2.99-002 @Nd 511




image21.jpeg
T 98004
Fringe: Default, Al Static Subcase, Displaéments, Translation: \agm(‘ude,(NDN—LAYERED)
Deform: Default, A2:Mode 8 : Freq. = 70.4 sggenvec(ors, Translational, , (NON-LAYERED)

32

o

Patran 2013 (Student Edition) 17-Nov-14 0934

1.98-004
1.85-004
1.71-004)
158-004
1.45-004]
1.32-004]
1.19-004f
1.06-004
9.23-00
7.91-00¢
6.59-001
5.27-00
3.95-00
2 64-001
1.32-00!

0

default_Fringe

Max 1.98-004 @Nd 677

Min 0. @Nd 2
default_Deformation

Man 253-002 @Nd 1260




image22.jpeg
T 1.98-004
Patran 2018 (Student Edition) 17-Nov-14 22:09748 =X

Fringe: Default, Al Static Subcase, Displacéments, Translational. Mmde, (NON-LAYERED)
Deform: Default, A2:Mode 9 : Freq. = 82.0 ngenvectors, Translational, , (NON-LAYERED)
32

y )
/ 17

1.98-004
1.85-004
1.71-004)
158-004
1.45-004]
1.32-004]
1.19-004f
1.06-004
9.23-00
7.91-00¢
6.59-001
5.27-00
3.95-00
2 64-001
1.32-00!

0

default_Fringe

Max 1.98-004 @Nd 677

Min 0. @Nd 2
defauli_Deformation

Max2:80-002 @Nd 1380




image23.jpeg
Patran 2013 (Student Edition) 17-Nov-14 Z2:10:00 198-004

Fringe: Default, A1:Static Subcase, Displ ents, Translational. Magnitide. (NON-LAYERED)

Deform: Default, A2:Mode 10 : Freq. = 88, Z] ~‘Eigenvectors, Translational. . (NON-LAYERED)
\

o

1.98-004
1.85-004
1.71-004)
158-004
1.45-004]
1.32-004]
1.19-004f
1.06-004
9.23-00
7.91-00¢
6.59-001
5.27-00
3.95-00
2 64-001
1.32-00!

0

default_Fringe

Max 1.98-004 @Nd 677

Min 0. @Nd 2
default_Deformation

Max2189-002 @Nd 2684




image24.emf

image25.emf

image1.emf

image2.emf

