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Experimental Validation shows that FE-
107 Provides More Accurate Results
than WRC-107

FE-107 Experimental Validation

Has your finite element analysis (FEA) software been validated against real -world pressure

vessel problems? FE -107 and other PRG software are
problems faced by practicing engineers. Follow this link for to

continuously validated against actual
learn more about an

experimental validation of the FE -107 solutions and see how WRC 107 fails to predict

accurate stresses in a real world application.
Real-world validation of PVP Designs

Validation comes in two forms: numerical validations and real
programs are numerically val
in the pressure vessel and piping industry.

-world validations. All FEA
i datedéfew are vali

An external load was applied to the nozzle located in an elliptical head as shown below.
Strain gauges were placed on the head adjacent to the pad and in the nozzle neck to
validate the finite element solution.

Detalils of the Epriment

The horizontal vessel was lifted from the bolted cover, resulting in a load of 20,000 Ibf.

Details of the pressure vessel and nozzle are given below.

10" Wide x 1" Thk Pad
(254 x 25mm)

L24" OD x 0.50"

(610 x 13mm)

2:1 Elliptical Head
91.375" OD x 0.9375"

91.375" OD x 0.9375" (2321 x 24mm)

(2321 x 24mm)
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F =100,000 Ibf (444,822N)

Nozzle Length = 11.0625" (281mm)
0.375" (10mm) Fillets at Junction
0.75" (19mm) Fillets at Pad Edge

dated

a
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The next step is to input the model in the FE -107 input screens.
FE-107 Input

FE-1 07 6 s i speaifitallyidesigned to make the design and analysis of typical pressure
vessel and piping (PVP) geometries with nozzle very easy. Unlike general FEA programs that
require the user to create models from scratch, FE -107 creates the model for you using
inpu t that is familiar to all PVP engineers.

In this case, the geometry can be defined using just 11 input fields as shown below. The
required input accompanied by a drawing for each type of model available in FE -107. This
makes it very easy to understand the input.

H FE-107 1.1 - C:\test\nozzle_in_head_example

D ﬁ E.f_rrl g Q L;;J W 9 Input Units:

New Open Save Save As | PlotModel Analyze Results Help @ English " Metric
Geometry Input ] Loads] Optional] Materials] Analysis Results]

Parent Data

Parent Type W
Outside Diameter [in] D = [91375—
Wall Thickness [in] 7= [0.9375
Elipse Ratio |Optional

StaightFlange [in] Lf= 2
ShellLengthfin] Ls= [
Shell Thickness [in] Ts= [Optional
Transition Length [in] Lts = I-Optionad_

[~ Branch Data-

1
1
| |
Branch Type [W l
Branch OD [in] d= |24.0 Lf D
Branch Thickness [in] t= |0.50 L
Pad Width [in] W = |10.0 | Lts ’
Pad Thickness [in] Tp= |1.0 l
Branch Lengthfin] Ln= [15.0 is ] = Ts
Nozzle Offsetfin] H= [Optional i
Lateral Angle [deg] A= W |
Filet Size at Nozzle fin] = [Optional
Filet Size at Pad Edge [in] = [Optional
Next, the orientation and loads are defined. FE -107 can accommodate any orientation of the

head and nozzle.
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Some other features:

Loads can be specified using WRC conventions or in a user defined convention.
Loads can be defined at the centerli ne, nozzle -shell junction, or end of the nozzle.

Input for weight, operating, and occasional loads.
Specify the number of fatigue cycles for an automatic fatigue analysis of external
loads and pressure.

rwbdpE

H FE-107 1.1 - C:\test\nozzle_in_head_example

DO EHAE A @

New Open Save Save As | PlotModel Analyze
Geometry Input Loads] Optional ] Materials] Analysis Resulm]

Z @

Results Help

Input Units:
¢ English ¢ Metric

~ Load Conventions

S Loads applied at nozzle-shell junction per
WRC 107 Convention

(" Define Loads in User Defined Convention IJ

S~

ZY M

Pressure / Temperature / Fatigue
Pressure [psi]

Nozzle Inside Temperature [deq. F]
Nozzle Outside Temperature [deg. F]
Shell Inside Temperature [deq. F]
Shell Outside Temperature [deg. F]

Operating cycles for fatigue analysis

Occasional cycles for fatigue analysis

Nozzle Loads

1 [Ib]

P [ib]

Y2 [Ib]

M1 [ft-Ib]

MT [ft-Ib]

M2 [ft-Ib]

Weight [

|200000

[184375

Operating | I

|200000

[184375

Dccasional | [

Run the Analysis

To start the analysis, the user cli

cks

t he

ARuno i

¢ 0 h07 toatbaraFE e-d07 o0 n

will automatically construct the model, apply the loads, and boundary conditions based on
donoét n

the userds input You
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| & @@

s | PlotModel Analyze | Results
onal ] Materials Analysis Rest

During the analysis, FE -107 will give the user useful information and provide alerts when
assumptions must be made. In this case, neither WRC -107 nor WRC -297 methods are
ideally suited for the analysis since the nozzle is located in an elliptical head.

YWARNING - There are assumptions and/or warnings for this analysis which may affect the results,
M Please review the Warning Messages in the Text Report.

-

WRC-297 results are not available for head parent types, WRC-297 is only applicable to cylinder-cylinder intersections.

The nozzle is located in an elliptical head. A spherical radius of 81.58 [in.] has been assumed for the WRC-107 calculations.

Analysis Results 7 WRC 107 FAILS

The following are the comparative results between the experimental stresses, FE -1076s FEA
solution, and the WRC -107 & WRC -297 comparisons.

As shown below, FE -107 predicts conservative and accurate stresses in all cases.

WRC- 107 fails the validation by signi ficantly over predicting the stresses in the pad and not
providing any stress calculation for the highest stresses which occur in the nozzle neck. This
clearly shows why the WRC methods are not adequate for PVP designs.

Can you afford to miss the highest s tress by a factor of 4.0 using outdated analysis

methods?

Location Strain Gage FEA Results WRC-107 WRC-297
Results
7000 psi (48 6350 psi (44 32140 psi (109 Not

Shell near pad weld MPa) MPa) MPa) applicable
23440 psi (162 20240 psi (140 31882 psi (109 Not

Pad near nozzle weld MPa) MPa) MPa) applicable

Nozzle neck near 51500 psi (355 64750 psi (446 Not available Not

nozzle weld MPa) MPa) applicable

FE-107 Output

The FE-107 results are presented in an easy to use interface and include ASME Code
compliance reporting.
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Some features of the FE  -107 output:

1. Finite element results are given in three easy to use formats (spreadsheets, printable
reports, 3D interactive graphics)

2. Automatic ASME stress classification T no other FEA software offers this for shell
elements.
3. Automatic ASME Code compliance reports

4. Comparisons against WRC -107 and WRC -297 methods

H FE-107 1.1 - C:\test\nozzle_in_head_example E]@
NP HWAE P e
: : : o  English ¢ Metric
New Open Save Save As | PlotModel Analyze  Results Help
Geometry lnputl Loads] Optional] Materials Analysis Resuits I
HE B )
Tables  TextReport | Print Table
FEA Stress | Allowables | Flexibilities | FEAvs. WRC | WRC107 | WRC297 |
. ASME Allowable 3D
Location Category Stress R % Allowed Plot
1 Elliptical Head | Pl=Pb < 1.5(k)Smh [Pb=0] | 7,174.08 30,000.0 § 24 Plot...
2 Nozzle 1 Next te Shell PI=Pb < 1.5( 28,332.31 | 20,000.0 Plot...
3 Nozzle 1 Pl=Pb < 1.5(k} 2202219 | 30,000.0 73 Plot...
4 Shell Next to Nozzle 1 Pad Pl=Pb < 1.5(k] | 7,187.24 | 20.000.0 24 Plot...
5 Shell In Nezzle 1 Vicinity PI=Pb < 1.5(k)Smh [Pb=0] | 7,174.08 | 20,000.0 . 24 Plot...
3 Pad Next to Nozzle 1 PI-Pb < 1.5(kjSmh [Pb=0] | 8250.87 | 30,000.0 B 28 Plot...
7 Nozzle 1 Pad VWeld Area PI=Pb < 1.5(k)Smh [Pb=0] | 2,552.29 | 30,000.0 I 12 Plot...
8 Parent Base SCR | PI+Pb < 1.5(k)Smh [Pb=0] | 3,031.47 | 30,0000 | 10 Plot..
9
10  Eliptical Head | PI-Pb=Q < 3(k)Smavg 9,807.28 | 60,0000 | 16  [Plot..
1 Nozzle 1 Next te Shell 80,340.73 | 60,000.0 Plot... _:_l
12 Nozzle 1 PI=Pb+Q < 3(k}Smavg 24,120.88 = €0,000.0 - < Plot...
13 Shell Next to Nozzle 1 Pad Pl=Pt+Q < 3{k}Smavg 9,848.8¢ | &0,000.0 I 16 Plot...
14 Shell In Nozzle 1 Vicinity PI+Pb+Q < 3(k)Smavg 9,878.12 €0,000.0 l 17 Plot...
15 Pad Next to Nozzle 1 PI+Pt+Q < 3(k)Smavg 21,121.74 | €0,000.0 KB Plot...
16 Nozzle 1 Pad Weld Area | ) 9,569.35 | 60,0000 | 18 Plot...
17 Parent Baze SCR Pl+Pb+Q < 3(k)Smavg 3,182.25 €0,000.0 5 Plot...
18
19
20
21
22

More FE -107 Output Screens
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Interactive 3 -D graphical results for evaluating results.

a1 FE/Pipe 3D - ViewFE - Model :  4) PL+Pb+Q < 3(Smavg) (OPE Outside) Case 2 =9
File Edit Data Rendering Navigaton Clipping View Help

=] Aldie]spl| plLL ww e« o

BOEOAls kel 3| ale]

olor Legend__(X] " Animate ¢ Slider
80232.57C peed Loc ~ Limit—
41943.32¢
- 3654.0861 I

1845.7645
37.44303¢

TilL

Colorize Scale

" Sync Min 0.0
(% Static Max |1.0
" Gray Set Scale
Limit

" Percent ¢ Yalue

37.4430
Current Limit _ Set ]

Location
[ Paticles [ Lines

| 80227.109375
Seek Value

NUM /4

Ready
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A text report is provided for documentation and distribution to clients and inspectors. The
report includes drawings, dimensions, tabulated stresses, and graphical results

H FE-107 1.1 - C:\test\nozzle_in_head_example

€ L g i 2)
B - i (& .
New Open Save Save As | PlotModel Analyze  Results Help
Geometry Input] Loads] Optional] Materials Analysis Results |
= P o
Tables  TextReport | PrintReport Save Report
Dirensicns fcr Elliptical Head v ]
Cutside Diameter o= 91.375 [in.]
Wzll Thickness T = 0.8375 [in.]
Strazight Flange Length Lz = 2 [in.] e
Attached Shell Length Ls = 45 [in.]
Dirxensicns Zcr Pad Reinfcrced Branch
Branch Diameter d = 24.0 [in.]
Branch Wzll Thickness t = 0.50 [in.]
Reinfecrcing Pad Width W= 10.0 [in.]
Reinfcrecing Pad Thickness Ip = 1.0 [in.]
Fillet Weld Size at Intersecticn = 0.375 [in.]
Fillet Weld Size at Zdge of Pad = 0.75 [in.]
Ln
T
Lf
Lts
== Ts
Ls
A
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A text report is provided for documentation and distribution to clients and inspectors. The
report includes drawings, dimensions, tabulated stresses, and graphical results (contd.)

H FE-107 1.1 - C:\test\nozzle_in_head_example

AR = e % e .
\ ~-,J ﬂJ i (4 g) Input Units:
New Open Save Save As | PlotModel Analyze  Results Help ¢ English ¢ Metric
Geometry Input] Loadsl Optional] Materials Analysis Results I
E B | @ u
Tables  TextReport | PrintReport Save Report
~
FINITZ ELEM=ENT STRZSS RESULTS T
The fclleowing table ccntains the finite element stress scluticns Zor
the znalyzed gecmetry. The analysis is in acccrdance with ASMEZ Secticn VIII-2
requirements. Primery lcczl mexbrzne, seccndary, znd pezk stress categeries
gre included. In additicon, fatigue calculaticns zre provided based cn the =1
specified nuxber oI cycles.
< ASME Allowable
Location Category Stress e % Allowed Plot#

Elliptical Head PI+Pt < 1.5(k)Smh [Pb=0] 7.147.48 30,000.0 22 2

Nozzle 1 Next to Shell mh [Pb=0] | 28,903.17 | 30,000.c G :

Nezzle 1 mh [Pb=0] | 22,022.88 | 20,000.0 73 -

Shell Next te Nozzle 1 Pad mh [Pb=0] 7,161.62 30,000.0 22 5

Shell In Nozzle 1 Vicinity mh [Pb=0] 7,175.68 30,000.0 § 24 6

Pad Next to Nozzle 1 mh [Pt=0] 8,125.05 30,000.0 B8 27 7

Nezzle 1 Pad Weld Area mh [Pb=0] 2468288 30,000.0 I 12 8

Parent Base SCR PI+Pt < 1.5{(k)}Smh [Pb=0]} 3,031.63 30,000.0 | 10 9

Elliptical Head Pl+Pb+Q < 3(k)Smavg 9,884.72 60,000.0 l 17 10

Nozzle 1 Next to Shell PI=PE=Q < 2 80,222.57 | so0,000.c [ 1

Nozzle 1 Pl+Pb+Q < 3 24,025.28 | 60,000.0 N 20 12

Shell Next to Nozzle 1 Pad Pl+Pb+Q < 2 9,9s8.16 | so0,000.0 | 17 13

Shell In Nozzle 1 Vicinity PI+PE=Q < 3( 10,127.43 | 60,0000 | 17 4

Pad Next to Nozzle 1 PI=Pb~Q < 2(k)Smavg 21,648.08 | 60,000.0 JN 36 15

Nezzle 1 Pad Weld Area Pl+Pb+Q < 3(k)Smavg 9,155.81 60,000.0 l 15 16

Parent Base SCR Pl+Pb=Q < 3(k)Smavg 3178.82 60,000.0 S 17

A
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FE-107 also provides allowable loads and flexibility results for the nozzle. Flexibilities can be
used by piping engineers for more accurate pip ing anal ysis.

H FE-107 1.1 - C:\test\nozzle_in_head_example

1 s | o= d \
f» J Lir] i W |7 Input Units:
N \_‘! 3 o = == \ {-' 2 ("‘ M S
New Open Save  SaveAs | PlotModel Analyze Results Help * English etric
Geometry Input| Loads] Optional| Materials Analysis Results ]

E B | ®

Tagés TextReport | Print Table

FEAStress | Allowables | _ Flexibilities | FEAvs. WRC |  WRC107 | WRC297 |

The following are the allowable loads which can be applied to the geometry.

Maximum Conservative Realistic

Individual Simultaneous Simultaneous

Occurring Occurring Occurring
SECONDARY ALLOWABLES v
Axial Force [Ib] 312841.60 _ 104280.50 _ 156420.80
In-Plane Moment [ft-1b] 2305534.00 543419.70 1152767.00
Out-of-Plane Moment [ft-Ib] 2280437.00 537504.10 1140218.00
Torsional Moment [ft-1b] 6376340.00 2125447.00 3188170.00
Pressure [psi] 0.00 0.00 ' 0.00
PRIMARY ALLOWABLES
Axial Force [Ib] 175784.60 _ 58594.87 _ 87892.30
In-Plane Moment [ft-1b] 1156845.00 272670.90 578422.40
Out-of-Plane Moment [ft-1b] 1155304.00 272307.90 577652.20
Torsional Moment [ft-1b] 8594649.00 2864883.00 4297324.00
Pressure [psi] 0.00 0.00 0.00
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FE-107 also provides allowable loads and flexibility results for the nozzle. Flexibilities can be
used by piping engineers for more accurate pip ing anal ysis. (contd.)

H FE-107 1.1 - C:\test\nozzle_in_head_example

2 s | o= ¢ .
NP DA EPR| @
New Open Save Save As | Plot Model Analyze  Results Help ¢ English " Metric
Geometry Input| Loads] Optional| Materials ~Analysis Results]
B | @

Tage TextReport | Print Table

i 11?"

FEAStress | Allowables | Flexibilites | FEAvs. WRC | WRC107 | WRC297 )

The following are the nozzle flexibility results generated by the Finite Element Method. These values can be
used in a piping beam analysis for a more accurate medel of the actual nozzle intersection stiffnesses.

Axial Stiffness [Ibfin.] 4.47E+06
In-Plane Bending Stiffness [in.|b./deg] 1.18E+07
Out-of-Plane Bending Stiffness [in.lb./deg] 1.18E+07
Torsional Stiffness [in.lb./deg] 1.79E+08
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Automatic comparisons between FE -107, WRC -107, and WRC -297 are given to show when
the WRC methods are not appropriate.

H FE-107 1.1 - C:\test\nozzle_in_head_example

D fj % g Q; @ W @ Input Units:

New Open Save Save As | PlotModel Analyze  Results Help @ English " Metric
Geometry Inputl Loadsl Optional] Materials Analysis Resuits I

= )
Tables  TextReport = Print Table

FEAStress | Allowables | Flexibilities | FEAvs.WRC |  WRC107 | WRC297 )

A comparison between the maximum ASME Code stresses according to FEA, WRC-107, and WRC-297 are given in the fellowing
table. WRC-107 and WRC-297 results may be subject to error depending on the geometric parameters used in the analysis.
More meaningful comparisons are made using the stress indices (see below ).

Lotution Stress FEA WRC ?07 WRC _297 Allowa_;ble
Category [psi] [psi] [psi] [psi]
Nozzle Max PL 28303 NA. 30000
Nozzle IMax PL=Pb=CQ 80233 NAL 60000
Nozzle Max PL+Pb+Q=F N.A. Varies
Shell or pad Max PL 8125 21728 30000
Shell or pad IMax PL+Pb+Q 21848 22140 60000
Shell or pad IMax PL=Pb=Q-<F Varies

The following are stress indices for FEA, WRC-107, and WRC-297. The stress indices are the calculated stress divided by the
nominal stress. These indices provide a more realistic comparison between FEA and WRC results since each load component
may be evaluated independent of other load components. As a result, issues such as off-axis loading, stress combinaticns, lcad
combinations, etc. do not introduce complexity and assumptions.

Source Case Pressure  Axial In-Plane m‘ Torsion ﬂ
FEA Peak 0.00 8.70 7.61 7.62 1.02

WRC 107 | Peak £.06 3.05 3.05 0.48

WRC 287 Peak

FEA Secondary 0.00 | 8.70 761 | 762 1.02

WRC 107 | Secondary 5.06 305 | 3085 | 048

WRC 287 | Secondary

cC A Pleinam e o nnn DEA e B /-3 2 ™Tn 4 NN l]
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