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Abstract

A finite element analysis of a trunnion pipe anchor is presented. The structure is analyzed for the

case of intemal pressure and moment loadings. The stress results are categorized into the average

(membrane) stress, the linearly varying (bending) stress and the peak stress through the thickness.
The resulting stresses are interpreted per Section IIl of the ASME Boiler and Pressure Vessel Code
from which the Primary(B:), Secondary{Ci) and Peak(Ki) stress indices for pressure, the Primary
{Be), Secondary(Cz) and Peak{Kz) stress indices for moment are developed. Based on the compari-
son between stress value by stress indices derived in this paper and stress value represented by the
ASME Code Case N-391-1, the empirical equations for stress indices are effectively used in the pip-
ing stress analysis. Therefore, the use of empirical equations can simplify the procedure of evaluat-

ing the local stress in the piping design stage.

1. Introduction

The support of a piping system for dynamic loads
such as seismic load or waterhammer is required to
weld an attachment to the pipe to form a part of the
supporting structure. These types of configurations
are commonly used in nuclear power plants to re-
straint or anchor the pipe. However, ASME Code
Section I [1] does not provide stress indices for
these types of configurations. The purpose of this
paper is to identify the primary(B., B2), secondary(C;,
C:) and peak(Ki, Ke) stress indices as defined by the
welded trunnions attached to pipe.

The trunnion support is shown in Fig.1. It repres-
ents a cylindrical support pipe welded to a run pipe.
The trunnion pipe does not penetrate the run pipe

in a 90 degree branch connection, and the trunnion
pipe is not pressurized. This type of component is
similar to an integral attachment.

Stress indices were introduced into the first edition
of Section Il of the ASME Code (1963) for nozzles
in pressure vessels subjected to intemal pressure load-
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ing only. These indices were obtained from photoel-
astic tests and/or from steel mode| tests. Dodge {2]
and Rodabaugh, Dodge, and Moore [3] determined
stress indices for small lug attachments, and prop-
osed the modified term to be added in ASME Code
equation to analyze such attachments. Sadd and

Avent [4] developed the primary and secondary stres-

s indices for trunnions attached to straight pipe sub-
jected to internal pressure and moment loadings,
and these stress indices Bi, Ci, Bz, Cz were devel-
oped in terms of d/D and D/T, D/T, /T and d/D,
d/D respectively. Williams and Lewis [5] provided
the primary stress indices B: and Ci of trunnion el-
bow supports for internal pressure. Hankinson, Bud-
long and Albano [6] developed the secondary stress
indices of trunnion elbow supports in terms of D/T,
d/D and t/T for in-plane moment, out-of-plane mo-
ment and torsional moment, respectively. The pur-
pose of this paper is to develop the primary stress in-
dices (Bi, Bz), the secondary stress indices (Ci, Cz)
and the peak stress indices {Ki, Kz) of the trunnion
pipe support in terms of the dimensionless ratio
(D/T, d/D, t/T, d/t) under pressure and moment
loadings.

2. 3-D Finite Element Analysis

The finite element mesh was generated using the
3-D isoparametric solid element (solid 45 of ANSYS)
which has eight nodal points with three degrees of
freedom at each node, except one region between
run pipe and trunnion supports, where solid 45 tet-
rahedra element was used. Because of the symmetry
of the model about the longitudinal Y-Z plane (Fig.
2), a half finite element mesh was generated to re-
duce the wave front used in the matrix solution. The
ANSYS preprocessor (PREP7) was used in generat-
ing the overall mesh. This preprocessor is an ex-
tended capability version of the node and element
generation routine in the ANSYS program [7]. The
mesh was generated in several segments. The three
elements through the thickness were used in all reg-
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Fig. 3. Deformed and Undeformed Plot

ions except in the trunnion support where 2 ele-
ments through the wall were considered. In the di-
rcumferential(#) direction, the run pipe had one el-
ement every 10 degrees and the trunnion support
had one element every 5 degrees. In the longitudinal
direction, the run pipe had 18 element and trunnion
support consisted of 10 segments(Fig. 3).

For the elastic analysis of the trunnion pipe sup-
port, a modulus of elasticity 'E’ of 206839.5 Mpa
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(30 10°psi) and a Poission’s ratio ‘v’ of 0.3 were
used for both cases of the loadings : internal pressure
and moment.

A pressure of 6.895 MPa(1000 psi) was applied
on all exposed internal surfaces of the run pipe. The
moment of 1130 N-m(10000 Ib-in) was givenn on run
pipe and trunnion support. The boundary membrane
forces were applied as a negative(tensile) pressure
at the right end of the run pipe. For the bending
moment loadings, linear varying loads producing the
proper statically equivalent effect were applied at the
ends of the run pipe and trunnion support. Twisting
moments were generated by a uniform distribution of

tangential loading at the ends. A half symmetric mod-

el was utilized for all analyses. This modeling tech-
nique exploited each structure’s geometrical sym-
metry with respect to the plane of the pipe’s longi-
tudinal axis. Compatibility of the nodal deformation
between the half model and the equivalent whole
model was maintained by specifying symmetric dis-
placement fields.

3. Stress Analysis Results

The run pipe and trunnion support dimensions for
the representative models under consideration are
given in Table 1. From the dimensional parameters
outlined in Table 1, stress indices are later developed
in terms of selected non-dimension| parameters.

For all models, displacements (Ux, Uy and Uz)
were calculated at all nodal points. In addition, stress
components (ox, ay, 6:, 6, 6y and o), principal stres-
ses, and the maximum shear stresses were calculated
at all nodal points. Displacements and stress contour
plots were obtained for the Model No. 10 using the
3 dimensional solid element post-processor (POST
1) of ANSYS. These plots are intended to provide
an understanding of the pattern of stress distribution

in the model. Displacement plot under moment load-

ing is presented in Figure 3. In all of the displace-
ment plots, the dashed lipes show the undeformed
or original configulation and the solid lines indicate

ANSYS &.1
NOV 16 1996
312:52:36

Fig. 4. Stress Intensity Plot

the deformed shapes. The stress intensity (4} is de-
fined to be twice the maximum shear stress or simply
the difference between the algebraically largest and
smallest principal stresses. The stress intensity con-
tour about moment is shown on Figure 4. The maxi-
mum and minimum stress values based on extrapo-
lated values are indicated on the plots by ‘MN' and
‘MX’, respectively.

4. Stress-Index Development

To provide designers with a rapid approximate
analysis, the ASME Code Sec. Ill, recommends a
stress-index and stress-intensity method. These met-
hods categorize the total siress at any point in the
structure into primary, secondary and peak stress
components. Loadings are also classified into press-
ure, moment and thermal types. These simplified de-
sign stress formulas involve terms containing a stress
index multiplied by a nominal stress. Hence these for-
mulas allow a designer to rapidly check for allowable
stresses with previously computed stress indices.

The definitions of primary stress, secondary stress
and peak stress are included in reference [1]: Pri-
mary stress is any stress developed by an imposed
loading which is necessary to satisfy the laws of equi-
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librium. The basic characteristic of a primary stress is
that it is not self-limiting. Secondary stress is a stress
developed by the constraint of adjacent material or
by self-constraint of the structure. The basic charac-
teristic of a secondary stress is that it is self-limiting.
Peak stress is that increment of stress which is addi-
tive to the primary plus secondary stresses by reason
of local discontinuities including the effects, if any, of
stress concentrations. The basic characteristic of a
peak stress is that it does not cause any noticeable
distortion and is objectionable only as a possible sour-
ce of a fatigue crack or a brittle fracture.

ASME Code Section I of the ASME Boiler and
Pressure Vessel Code provides the definition of a
stress index to be

B, C or K=¢/S (1)

where B =Primary stress index

C =Secondary stress index

K=Peak stress index

o =Elastic stress intensity due to a load

S =Nominal stress due to a load

The three types of stress indices represented by B,

C and K are defined by the Code to be primary, sec-
ondary and peak indices, respectively. Each of the
three categories of stress indices are further subdiv-
ided according to the manner of loading and are
identified by the subscripts 1, 2 and 3, which signify
pressure, bending and thermal loads, respectively.

For B index, o represents the stress magnitude cor-

responding to the limit load. For C or K indices, o
represents the maximum stress intensity due to ap-
plied load. The nominal stress for isothermal condi-

tions are
S=PD/(2T) ; pressure loading (2)
S =MiD/(21) ; moment loading (3)

where P =Internal pressure.
D =Outside diameter of run pipe
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T =Thickness of run pipe

M =Applied moment

[=Area moment of inertia of pipe cross sec-
tion

The stress values computed by finite element anal-
ysis simply give a total stress which is composed of
the primary, secondary and peak components. For
the current study, the ANSYS Solid 45 element al-
low to categorize of the total stress into membrane
and bending components (LPATH command in
ANSYS classifies membrane, bending and peak stres-
s.). Consequently, the membrane values were used
to determine B; and Bz, the membrane plus bending
portion were used to determine C: and Cz , and the
total stress were used to determine Ki and K.

As mentioned before, it is desired to compute the
largest stress index for each component studied, and
then to develop an empirical equation expressing this
controlling index in terms of particular non-dim-
ensionl parameters. Table 2 shows the maximum
stress indices for the various loadings. Results are giv-
en for both the trunnion and run pipes. Locations of
these maximum values generally occured near the in-
tersection zone.

The following relationship was used to derive stres-
s indices for pressure and moment loadings :

B1, C1 or Ki=Ao (D/T)™ (d/D)™ (t/T)™
Bz, Cz or Ke=Ao (d/t)™ (D/T)a? (d/D)F** (t/TV™  (4)

where D =Qutside diameter of run pipe
d =Outside diameter of trunnion pipe support
T =Thickness of run pipe
t=Thickness of trunnion pipe support
Ao =Constant
mi, mz, ms, msa =Exponent

In order to determine the By, Bz, Ci, Cz, Ki and Ko
indices in terms of the dimensional parameters given
in Table 1, the maximum primary, maximum primary
plus secondary and maximum total stress intensities
were chosen for each model. The following equa-

tions (5) to (16) for Bi, Bz, Ci1, Cz, Ki and Kz indices
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were derived from the results of numerical data in
Table 2. All results presented here are proposed only
for the dimensional ranges 10<D/T<40, 047<
d/D<084, 05<t/T<20. Fig. 5 to 10 show the
comparison between finite element analysis and
Eqns. (5) to (16) curvefitted.

B =0953 (D/T)*"* (d/D)*™* (t/T)°™" for

{t/T=1 {5)
B =0.953 (D/T)*"% (d/D)*™* (t/T)"** for
{t/TI<1 (6)

Cw=0.829 (D/T)*" (d/D)™*** (¢/T)*"®

for (t/T)>1 @
Cw=0.829 (D/T)™" (d/D) ™ (t/T)°

for (/T)<1 8
Kin=1.085 (D/T)°%® (d/D)**™* (t/T)***

for (t/T)>1 (9)
K =1.085 (D/T)™°%® (d/D)**™ (t/T)*"*

for (t/T)<1 (10)
B =0946 (d/t) ™ (D/T)* (d/D)**”

{t/TV*® for (YT)>1 (11)
Bw=0.946 (d/t) " (D/T)**¥ (d/D)"*?

{t/TI°* for (YT)<1 (12)
Ca=0.585 (d/t)"* (D/T)*™ (d/D)™*** (t/T)"

for (t/T)>1 (13)
Ca=0.585 (d/t)** (D/T)*™ (d/D)*%* (¢/T)*®

for (/T)<1 (14)
Ka=1.690 (d/t*** (D/T)"*** (d/D)**

{t/T™ for {t/T)>1 (15)
Ko =1.690 (d/t1™* (D/T)"*'# (d/D)**®

{t/TP* for (t/T)<1 (16)

where B =Modified primary stress index due to

internal pressure

Bam =Modified primary stress index due to
moment

Cw =Modified secondary stress index due to
internal pressure

Cav =Modified secondary stress index due to
moment ‘

Kin =Modified peak stress index due to inter-
nal pressure

Kem =Modified peak stress index due to mo-

ment

i o Results from F EA.
[o Resuits from Eqs.(5) & (6),
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Fig. 5. Comparison of the Results From F.E.A. vs Eqs.
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Fig. 6. Comparison of the Results from F.E.A. vs Equ.
(7) & (8) for C:
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Fig. 8. Comparison of the Results from F.EA vs Equ.
(11) & (12) for B:
5. Discussions

When the attachments such as lugs or trunnion
supports are attached to the piping, the ASME Code
Case [8] is recommened to evaluate the integrity of
the piping system. Eq. (17) shows the primary plus
secondary stress intensity except the thermal term in
ASME Secll NB-3653.1. The stress indices derived
in this paper are used in Eq. (17). Eq. (18) used in

317
50.00
45.00 1 o Resuits from F.EA.
[-_ O Results from Eqs.(13)8(14)
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15.00 ? o 8
10.00 }— 8
= 8 a 8
5.00 &,
0.00 [ [l 1 1 l L I 1
0.40 0.80 1.20 1.60 2.00
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Fig. 9. Comparison of the Results from F.E.A. vs Eqgs.
(13) & (14) for C:
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it

1.50 L
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Results from Eqs.(15)8(16)

0.50 —

PN I N B B
0.40 0.80 1.20 1.60
7

2.00

Fig. 10. Comparison of the Results from F.E.A. vs Egs.
(15) & (16) for Kz

the ASME Code Case N-391-1 represents the evalu-
ation equation for attachments on piping.

Cw(PD/2T) + C(MD/21) (17)

C.(PD/2T) + C,(MD/21) + Syr (18)

where Snr =Local stress {primary and secondary stres-
s) for attachments
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Table 3. Comparison between Eq. (17) and Eq. (18)

Table 4. Comparison between Eq. (19) and Eq. (20)

Eq. (17} Eq. (18)
Model 7
pipe : 10" sch.60 1290 psi 11.82 psi
sup’t: 6" sch40
Model 10
pipe : 127 sch.120 7.18 psi 6.65 psi
sup’t : 8" sch.80
pipe : 8" sch.80 10.34 psi 9.70 psi
sup’t: 67 sch.40
pipe : 127 sch.60 1342 psi 12.32 psi
sup’t: 6" sch.40

To evaluate the equations {17) and (18), the pres-
sure of 6.895 kPa(l psi) and moments of 0.113
N-m(1 Ibs-in) are applied. Two examples (model 7 &
10) shown on Table 3 & 4 are selected from Table 1
and remaining two examples shown on Table 3 & 4
are selected from arbitrary piping with trunnion at-
tachment to compare the stress results of the prop-
osed equations with those of the ASME Code Case
N-391-1.

Table 3 shows that the stress results of Eq. (17)

derived in this paper have good agreement with thos-

e of the ASME Code Case N-391-1 for secondary
stress. The maximum deviation in Table 3 is within
10%.

Eq. (19) shows the peak stress intensity except the
thermal term in ASME Sec.lll NB-3653.2. The stress
indices derived in this paper are used in Eq. (19).
Eq. {20) used in the ASME Code Case N-391-1 rep-
resents the evaluation equation for attachments on

piping.

KiCiu(PD/2T) + KaCo{MD/21) (19)
KiC,{(PD/2T) + KiCo(MD/21) + S (20)

where Ser =Local stress(primary, secondary and peak
stress) for attachments

Table 4 shows that the stress results of Eq. (19)
derived in this paper also have good agreement with

Eq. (19) Eq. (20)
Model 7
pipe : 10" sch.60 13.23 psi 12.65 psi
sup't: 6" sch40
Model 10
pipe: 12”sch.120 7.32 psi 6.85 psi
sup't: 8" sch.80
pipe : 8" sch.80 10.57 psi 10.42 psi
sup'’t: 6" sch40
pipe : 12 sch.60 13.88 psi 13.08 psi
sup't: 6" sch.40

those of the ASME Code Case N-391-1 for peak
stress. The maximum deviation in Table 4 is within
10%.

The current procedure of evaluating the local stres-
s for attachments is followed ;

First, the piping system stress is determined by
ASME Code NB-3653 for straight pipe (without attac-
hments). Second, the result of straight pipe is used
to perform the local stress for attachments. The com-
plicate equation for the local stress is given in ASME
Code Case N-391-1. Therefore, the evaluation of lo-
cal stress is determined by two steps.

Because the pipe and attachment are analyzed
with together, the empirical equations derived in this
paper contain the result of the local stress. If the dim-
ensional parameters of the pipe and attachment are
given, the integrity of piping systerns with attach-
ments is evaluated directly. Therefore, the use of em-
pirical equations (5) to (16) can simplify the pro-
cedure of evaluating the local stress.

6. Conclusions

Stress analysis and stress index results have been
presented for a trunnion pipe supports when loaded
by internal pressure and moments. The component
was analyzed as a three-ended branch component,
and the stresses were categorized by loading type
and Code decomposition (Primary, Secondary and
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Peak).

The empirical equations were developed for the
Bi, Bz, C1, Cz, Ki and Kz indices. The maximum de-
viation between the empirical equations and Code
Case results is within 10 percent. All results pres-
ented here are proposed only for the dimensional
ranges 10<D/T<40, 047<d/D<084, 0.5<t/T<
20.

Based on the comparison between stress value by
stress indices derived in this paper and stress value
represented by the ASME Code Case N-391-1, the
empirical equations for stress indices are effectively
used in the piping stress analysis.

The current procedure of evaluating the local stres-

s for attachments is determined by two steps. But,
the empirical equations (5) to (16) evaluate the local
stress directly. Therefore, the use of empirical equa-
tions can simplify the procedure of evaluating the lo-
cal stress in the piping design stage. )
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