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Abstract

This paper presents a summary of the results of 3 parametric three dimensional
analysis of 45 degree lateral connections with various d/D, 0/t and s/S values and suh-
Jected to internal pressure and external in-plane moment loading on the branch and the
run pipe. The objective of this parametric study, sponsored by the Pressure Vessel
Research Committee of the Welding Research Council is to develop and recommend to ASME,
stress indices for the structural evaluation of 45 degree Tateral connectons which are
numerous in nuclear and petrochemical installations. This program got underway in 1978
and the last of the four parametric studies was completed in May of 1982. A compra-
hensive summary with recommended stress indices ig being prepared far publication as a
Welding Research Council BulTetin. This Paper, in the present concise form, will serve
as a prelude to the ahove publication, with emphasis mainly on reporting of the resylts
obtained rather than recommending a set of stress indices.

The results of this study provide valuable insight and data on the impact of various
dimensional parameters such as d/D, D/T and t/T on the structural behavior of 45 degree
lateral connections. The stress indices calculated demonstrate certain consistency in
terms of D/T and. d/p ratios and consequently, the overall results may Tead a
recommendation on the stress index method of design of non-radial vessel and piping
connections. '

S - Membrane stress due to pressure in the run pipe
S ~ Membrane stress due to pressure in the branch pipe
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1. Introduction

Closed torm theoretical solutions are practically impossible to develop for complex
configurations such as reinforced tees and non-radial cennections. Consequently photo-
elastic and scale model tests are performed to determine stresses in the critical
regions. It is not, however, economically feasible to resort to the above means in all
situations. To alleviate this problem, the ASME Codes provide stress indices for
selected configurations and load cases which can be utilized te calculate the maximum (or
peak} stresses via the stress index method.

For 1lateral connections in cylinders, a single formula is provided in the code to
obtain an estimate of the normal index on the inside for pressure Tloading. This formula
is not of any value.if d/D is greater than or equal to 0.15. The limitations and
restrictions associated with this formula and the extensive use 45 degree lateral con-
nections in nuclear and petrochemcial applications prompted the Pressure Vessel Research
Committee (PVRC} to Taunch a long range program towards the development of a compre-
hensive set of stress indices for incerporation into the appropriate sections of the
code.

The purpose of this paper is to describe the PVRC parametric studies completed and
summarize the results obtained for various load cases. A detailed discussion on the
selection of geometric parameters, the choice of analytical tool, the development of the
finite element mesh, the details of loads and boundary conditions and the generation of
stress indices is alse included herein. Maximum stress indices are presented for four
models with different d/D and D/T ratios and under internal pressure and in-plane moment
loading on the run (vessel®) and the branch {lateral nozzle).

The need to expand this program to include additional configurations and lopad cases
is also explored. Detajls are presented on the proposed publication of this study in a
Welding Research Council Bultetin.

2. Model Parameters

Based on a literature survey and user/manufacturer data, four distinct models were
chosen for the parametric evaluation. Two key parameters which are known to impact the
maximum stress field were considered in the selection of the models. These are the
diameter to thickness ration (D/T) and the branch diameter to run diameter ratio (d/D).
A constant s/S ratio of 1.0 was chosen for all the models. The two d/D ratios chosen are
0.08 and 0.5 and the two D/T ratios selected are 10 and 40.

The generic geometric parameters used to develop the lateral models are identified

The entire program described herein and the stress indices developed thereby are
equally applicable to nozzle to vessel juncture in a pressure boundary component and
branch to run pipe juncture in a piping system. However, the text, will henceforth,
refer only to branch and run pipes for brevity and consistency.
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on Figure 1. Numerical values of these parameters are presented in Table 1. Dimensions
Lp, t, ris T and ry were normalized with respect to nominal run thickness T and the
normalized values along with D/T and d/D are presented in Table 2. It is worth noting
here that these models were carefully selected by a panel of experts serving on the Task
Group on Laterals under the Subcommittee of Reinforced Openings and External Loads and
the Subcommittee on Piping, Pumps and Valves of PVRC.

3. Generation of 3-D Finite Element Model

Due to symmetry of the'models and the imposed loadings about the Tongitudinal plane
a half symmetric three dimensional finite element mesh was generated for each model using
isoparametric solid elements defined by eight nodal points having three degrees of
freedom at each node. Based on the results of a benchmark study [1] carried out earlier
by the Task Group on Laterals, the ANSYS (2] computer program was selected for use in
these studies. The ANSYS node and element generator (PREP7) was used in generating the
individual models. Each model was generated in segments and merged together at the end
to come up with a half symmetry model. The number of elements used to generate the model
ranged from 2135 to 2600. As a minimum, three elements through the thickness were used
in all regions except in the lateral branch pipe where two elements through the thin
walls were considered sufficient. In the circumferential (8) direction, the tateral
consisted of one solid element every 100 and one element every 150 was madelled around
the run pipe, In the critical acute crotch region, a row of six to seven elements was
used to obtain a smooth stress profile. For the innermost elements around the crotch
region, a 3 x 3 x 3 lattice of integration points was used with the numerical (Gaussian)
integration procedure.

Since the wave front size 1is dependent upon the order in which the elements are
input, the elements were reordered to optimize the wave front and thereby, reduce the
computer cost, Adequate attenuation lengths were modelled along the run and branch pipes
to miniumize the edge effects. Isometric and symmetric plane views and sectional plots
were obtained for all models. Isometric view and symmetry plane plots of Model 2 are
presented in Figure 2.

4, Material Properties

For the elastic analysis performed on all these models, a consistent set of
mechanical properties was specified. Accordingly, a modulus of elasticity 'E' of 30x106
psi and a Poisson's ratio of 0.3 were selected for all load cases.

5. Loads

Because of the Timited scope and funding of this program, only three load cases,
namely, internal pressure, external in-plane moment on the branch pipe and in-plane
moment on the run pipe were considered. Hopefully, other external forces and moments
will be treated in an anticipated extension to the current program.

5.1 Internal Pressure

A selected value of internal pressure (either a unit pressure of 1 ksi or a
pressure value which would result in a membrane hoop stress value of 1000 psi) was
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applied on all exposed internal surfaces of the lateral and the run pipe. The boundary
membrane forces were applied as negative {or tensile) pressure on the free edges of the

model. Since s/S was chosen to be 1.0, the same boundary membrane force was applied at
the branch and run pipe ends.

5.2 External Moments

Equivalent nodal forces were used to simulate in-plane moments on the branch
and run pipes. In order to make a quick evaluation of the calculated stresses and
attendant stress indices, the applied moment was normalized against the section modulus
to result in a bending stress of 1000 psi at the extreme fiber.

6. Boundary Conditions

The common boundary contraints applied for the three load cases are as follows:
The entire symmetry plane was constrained in the normal direction. One end of the entire
run pipe was constrained in the axial direction. In order to prevent rigid body dis-
placement one node on the symmetry ptane at the constrained edge of the run pipe was
fixed in all directions.

7. Analysis Procedure

In order to optimize the costs involved in performing these analyses, a data check
run was first made to verify the input. Upon complete verification of the data, the
analysis was performed for the internal pressure case and the stiffness matrix was saved
on tape for additional analyses. The results of the different analyses were saved on
tape for post-processing. The computed results were checked for accuracy and consistency
in the key regions. A check was also made to assure that the stresses away from the
discontinuities attenuated to membrane levels.

Subsequently, post-processing of the results was accomplished to obtain {1} nocdal
displacements (2) element centroidal stresses and strains and (3) Gaussian point stresses
and strains for the specified elements. The analysis for the in-pltane moment loading on
the branch and run pipes was performed using the stiffness matrix saved on tape.

8. Stress Indices

The purpose of the PVRC lateral program, as explained earlier, is to generate stress
indices for the 450 lateral connections in order that the maximum stresses can be cal-
culated from these indices at selected locations due to internal pressure and in-plane
moments. To illustrate, the maximum stress due to internal pressure can be obtained from
the indices by the eguation

Smax = Ip P—_? (1)
where Zp = stress inaex due to pressure, P = dinternal pressure, D = vessel diameter and T

= yessel wall thickness. In the case of moment loading, the maximum stress is ‘obtained
from the indices developed by the equation

Smax = IM % (2)
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where Iy = stress index due to moment, M = moment or moment range, Z = section modulus of
pipe. In terms of Class 1 nuclear power plant piping design, Ip index is relevant to Cp,
and Ky indices and Iy index to €2 and K» indices.

Stress indices based on the equations above are presented in Table 3 for three
principal locations in the Jateral comnection. These locations are (1) inside acute
corner (2) inside obtuse corner and (3) branch pipe to lateral nezzle transition (Section
A-A}.  The maximum I, (or 1K1} index of 5.50 is obtained for Model 2 at the acute crotch
region. The maximum IM (or CpKz) index of 1.40 for the in-plane moment on the branch
pipe is obtained for Model 2 at Section BA. The maximum Im(or CoK2} index of 2.35 is
obtained for Model 1 at a Jocation away from the symmetry plane. The above stress
indices are developed based on the calculated maximum stresses. Stress indices based on
the calculated stress intensities are not presented here.

A comprehensive summary report is being prepared for publication as a Welding
Research Bulletin towards the end of 1983. This bulletin will include complete details
an the analysis dincluding displacement and stress plots, stress profiles and stress
indices with respect to the maximum stress and stress intensity.

9. Conclusion

The objective of developing stress indices for the three Joad cases selected has
been successfully accomplished for the four Jateral models. The final goal of this PVRC
program is to recommend a set of stress indices far incorporation into the relevant
sections of the ASME Code. This will be addressed in the forthcoming WRC bulletin.

The author is, however, of the opinion that further studies are needed in the d/D
range of 0.5 to 1.0 to complement the current investigation. GOther load cases, though
cumbersome and expensive to analyze, need to be addressed in the long run. The effect of
boundary conditions on the moment loading may have to be studied further. Experimental
investigation on a selected basis is also warranted to correlate and confirm finite
element resuits,
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Table

MOOEL
1

2
3
4

Table 1

Lateral Model Geometry Selected for the PVRC

Parametric Study

MODEL DO/T 4/0 L /T t /T /T r3/T T ri/T  ra/T
1 10 0.08 2.0 0.782 0.08 0.50 3.0 0.5 1.0
2 10 0.50 2.0 1.733 0.50 0.a7 3.0 0.5 1.0
3 40 0.08 2.0 1.033 0.08 0.70 0.75 0.5 1.0
4 40 0.5D 4,0 3.466 0.50 2.10 0.75 0.5 1.0
2 Lateral Model Dimensions
D d T t tn 51 r2 "3
30.0 2.4 3.0 0.24 2.35 1.5 3.0 1.5
30.0 15.0 3.0 1.5 5.20 1.5 3.8 2.61
30.0 2.4 0.75 0.06 0.77 0.375 0.75 0.525
30.0 15,0 0.75 0.375 2.60 0.375 0.75 1.575
Table 3 Summary of Stress Indices
Max. Stress Index = /5§
Moment on Moment on
Description a/D b/T Location Pressure Run Lateral
PYRC Model 1 0.08 10 Acute 4.15 0.50 0.004
Obtuse 3.20 0.35 0,003
Section A-A  0.80 0.03 1,110
PVRC Madel 2 0.5 10 Acute 5.56 1.31 -
Obtuse 3.0% 0.56 -
Section A-A  0.62 0.05 1.40
PYRC Model 3 0.08 40 Acute 3.60 1.15 0.03
Obtuse 3.03 0.61 0.03
Section A-A  1.04 0.15 1.25
PYRC Model 4 0.5 40 Acute 4,92 1.55 0.06
Obtuse 2.40 0.61 0.19
Section A-A 0.65 0.22 1.60
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