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14.60 PIPE60 — Plastic Curved Pipe (Elbow)

14.60 PIPE60 — Plastic Curved Pipe
(Elbow)

2N

Matrix or Vector

Shape Functions Integration Points

Stiffness Matrix

No shape functions are explicitly None
used. Rather, a flexibility matrix
similar to that developed by Chen (4)
is inverted and used.

Mass Matrix

No shape functions are used. Rather None
a lumped mass matrix using only
translational DOF is used.

Pressure, Thermal, | No shape functions are explicitly 8 around

and Newton— used. See development below. circumference at

Raphson Load each end of the

Vector element. The points
are located midway
between the inside
and outside surfaces

Load Type Distribution

Element Temperature

Bilinear across cross—section, linear along length

Nodal Temperature

Constant across cross—section, linear along length

Pressure

Internal and External: constant along length and around
circumference.
Lateral: varies trigopnometrically along length
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Chapter 14 Element Library

14.60.1 Assumptions and Restrictions

The radius/thickness ratio is assumed to be large.

14.60.2 Other Applicable Sections

The stiffness and mass matrices are identical to those derived for PIPE18 in Section
14.18. Section 14.16 discusses some aspects of the elastic stress printout.

14.60.3 Load Vector
The element load vector is computed in a linear analysis by:

[Fol =K, {uf] (14.60-1)

and in a nonlinear (Newton—Raphson) analysis by:

Fol =18, ([ - fuam]) (14.60-2)
where: [F,J = elementload vector (in element coordinates) (applied loads
minus Newton—Raphson restoring force) from previous
iteration
K, = -element stiffness matrix (in element coordinates)
{uF} = induced nodal displacements in the element (see equation
(14.60-3))
{un_1} = displacements of the previous iteration

The element coordinate system is a cylindrical system as shown in Figure 14.60—1.

The induced nodal displacement vector {uF} is defined by:
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where:
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vPL+ v, at end |

ylzlh +v< at end J
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j#Z2,]#%6

j#=4,)#28
(14.60-3)

]Z2,)#Z6

j#=4,)#28

e + el + egl + e+ €V at end |

e + el + egl + el +eVatendJ
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o (Ty-Tger) (= thermal strain)

thermal coefficient of expansion (input as ALPX on MP
command)

temperature at integration point j

axial strain due to pressure (see equation (14.16—10)

plastic axial strain (see Section 4.1)
axial creep strain (see Section 4.3)
swelling strain (see Section 4.4)

plastic shear strain (see Section 4.1)

creep shear strain (see Section 4.3)

radius of curvature (input as RADCUR on R command)
1/2 (Do + Dj) (= average diameter)

outside diameter (input as OD on R command)

Do — 2t ( = inside diameter)

thickness (input as TKWALL on R command)
subtended angle of the elbow

angular position of integration point j on the circumference
Figure 14.60-2 (output quantity ANGLE)

Figure 14.60-1 3-D Plastic Curved Pipe Element Geometry

There are eight integration points around the circumference at each end of the element,
as shown in Figure 14.60—-2. The assumption has been made that the elbow has a
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large radius—to—thickness ratio so that the integration points are located at the
midsurface of the shell. Since there are integration points only at each end of the
element, the subtended angle of the element should not be too large. For example, if
there are effects other than internal pressure and in—plane bending, the elements
should have a subtended angle no larger than 45°.

N
—_—

Figure 14.60-2 Integration Point Locations at End J

14.60.4 Stiress Calculations

The stress calculations take place at each integration point, and have a different basis
than for PIPE18, the elastic elbow element. The calculations have three phases:

1. Computing the modified total strains (g’).

2. Using the modified total strains and the material properties, computing the
change in plastic strains and then the current elastic strains.

3. Computing the current stresses based on the current elastic strains.

Phase 2 is discussed in Section 4.1. Phase 1 and 3 are discussed below. Phase 1:
The modified total strains at an integration point are computed as:

e} = D] o) (14.60-4)

€
where: € = h
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D]

E
v

oy oop oo
BERIE
SR
_ooow

= subscripts representing axial, hoop, and radial directions,

respectively

= Young’s modulus (input as EX on MP command)
= Poisson’s ratio (input as PRXY or NUXY on MP command)

{op}, the integration point stress vector before plasticity computations, is defined as:

where:

Ox
o

{Ob} _ Ofrl (14.60-5)
Txh

These terms are defined by:
Oy = N + SyM, + S, M, + TOO (14.60-6)
1 .
R + =1 sing;

_ Do _ 2 2 Wip. - 14.60-7
vSyMy + vS,M, +( o 5) R T 1 sing, (P; — Py) ( )
_PitP (14.60-8)

2
T = — & (Fycos py + F,sin ) — > M (14.60-9)
Fv. F2, My = forces on element at node by integration point (see equation
(14.60-10) below)
2 2
AV = % (Do - Di)
s, - 32D,
4 _ pé
acE
Sy = - Sx(sinq)j +C, ((1.5C, — 18.75) sin3¢; + 11.25 sinSq)j))
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S, - Sx(cosq)j +C, ((1.5C, — 18.75) cos3p; + 11.25 C0$5¢j))
) _ _ Tt
¢ = B -2
. _ Do+D
= =
P, = internal pressure (input on SFE command)
P, = external pressure (input on SFE command)
- 2 PR?
Ci = 17 + 600 Cy* + 480 2
Cr = 1
2 (1 = v2) (C,Cy — 6.25 — 4.5C))
Cg = —~L
I'2 \/1 — Vz
- 2 PR?
Cs = 5+ 6C7+ 240
P = P-P,

Note that Sy and S, are expressed in three—term Fourier series around the

circumference of the pipe cross—section. These terms have been developed from the
ASME Code(60). Note also that ¢; is the same angle from the element y axis as f}j is
for PIPE20. The forces on both ends of the element (F,, My, etc.) are computed from:

[ = [Te] ([KP] {Au) - [F)) (14.60-10)

where: {F} = LF4 ...M, ] =forceson elementin element coordinate
system

[TR] = globalto local conversion matrix (note that the local x axis is

not straight but rather is curved along the centerline of the
element)

element stiffness matrix (global Cartesian coordinates)
element incremental displacement vector

[Ke]
{Aug}

Phase 3: Performed after the plasticity calculations, Phase 3 is done simply by:
{o} = [D| (e} (14.60-11)
where: {e®} = elastic strain after the plasticity calculations

The {o} vector, which is used for output, is defined with the same terms as in equation
(14.60-5). But lastly, o, is redefined by equation (14.60-8) as this stress value must be
maintained, regardless of the amount of plastic strain.

As long as the element remains elastic, additional printout is given during the solution
phase. The stress intensification factors (Cy) of PIPE18 are used in this printout, but
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are not used in the printout associated with the plastic stresses and strains. The
maximum principal stresses, the stress intensity, and equivalent stresses are compared
(and replaced if necessary) to the values of the plastic printout at the eight positions
around the circumference at each end. Also, the elastic printout is based on outer—fiber
stresses, but the plastic printout is based on mid—thickness stresses. Further, other
thin—walled approximations in equations (14.60—-6) and (14.60—7) are not used by the
elastic printout. Hence some apparent inconsistency appears in the printout.
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