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tubesheet joint. Acceptable values of fr may
range from O to greater than 1. When the fr
value is negative, it shall be set to 0.

= weld strength factor

factor for differences in the mechanical prop-
erties of tubesheet and tube materials

tube load factor

1.0 for loads due to pressure-induced axial
forces

1.0 for loads due to thermally induced or
pressure plus thermally induced axial forces
on welded-only joints where the thickness
through the weld throat (0.7ay + a,) is less
than the nominal tube wall thickness t

2.0 for loads due to thermally induced or
pressure plus thermally induced axial forces
on all other tube-to-tubesheet joints

length of the expanded portion of the tube
maximum allowable axial load in either di-
rection on the tube-to-tubesheet joint

axial load at which failure of the test speci-
mens occur

lowest axial load at which failure occurs at
operating temperature

lowest axial load at which failure of heat-
soaked specimen tested at room tempera-
ture occurs

tube expanding pressure

interface pressure between the tube and
tubesheet that remains after expanding the
tube at fabrication. This pressure may be es-
tablished analytically or experimentally but
shall consider the effect of change in material
strength at operating temperature.
interface pressure between the tube and
tubesheet due to differential thermal growth.
This pressure may be established analyti-
cally or experimentally.

mean tube radius

tube outside radius

allowable stress for the tube material at de-
sign temperature. For a welded tube or pipe,
use the allowable stress for the equivalent
seamless product. When the allowable stress
for the equivalent seamless product is not
available, divide the allowable stress of the
welded product by 0.85.

tensile strength for the tube material from
the material test report

allowable stress of the material to which the
tube is welded. See UW-20.5(d).

tensile strength for tube material at operat-
ing temperature taken from Section II, Part
D, Subpart 1, Table U

tensile strength for tube material at room
temperature taken from Section II, Part D,
Subpart 1, Table U
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S, = allowable stress in weld
S, = yield strength for tubesheet material at tube-
sheet design temperature, T (see UG-23)
= yield strength for tube material at tubesheet
design temperature, T (see UG-23)
T = tubesheet design temperature
t = nominal tube wall thickness
T, = ambient temperature
a = mean coefficient of thermal expansion of
tubesheet material at T
a, = mean coefficient of thermal expansion of
tube material at T

UW-20.3 Joint Strength by Calculation.

UW-20.3.1 Scope. These rules provide a basis for
establishing weld sizes and allowable joint loads by calcu-
lation for full strength and partial strength tube-to-
tubesheet welds. These rules apply to welded only joints
and welded and expanded joints in which the strength of
the expansion is not considered. These rules cover the
welds shown in Figure UW-20.1

UW-20.3.2 Full Strength Welds. Full-strength
welds shown in Figure UW-20.1 shall conform to the fol-
lowing requirements:

(a) The size of a full-strength weld shall be determined
in accordance with UW-20.3.4.

(b) The maximum allowable axial load in either direc-
tion on a tube-to-tubesheet joint with a full-strength weld
shall be L,,,x = kF,.

UW-20.3.3 Partial Strength Welds. Partial-
strength welds shown in Figure UW-20.1 shall conform
to the following requirements:

(a) The size of a partial-strength weld shall be deter-
mined in accordance UW-20.3.4.

(b) The maximum allowable axial load in either direc-
tion on a tube-to-tubesheet joint with a partial-strength
weld shall be L, .« = k(Fs + Fg), but not greater than kF,.

UW-20.3.4 Weld Size Design Equations.

(a) The size of tube-to-tubesheet strength welds shown
in Figure UW-20.1 shall conform to the following
requirements:

(1) For fillet welds shown in sketch (a)
(-a) calculate the minimum required length of the
fillet weld leg

ar = (0.75d,)? + 2.73¢(dy — £ f; - 0.75d,

(-b) for full strength welds, ar > max(a,, 1.4t)
(-c) for partial strength welds, af 2 a,
(2) For groove welds shown in sketch (b)
(-a) calculate the minimum required length of the
groove weld leg

ar = (0.75d,)? + 176¢(dy — £ f; — 0.75d,

(-b) for full strength welds, a, > max(a,, t)
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UW-20.3.4

Typical Test Fixtures for Expanded or Welded Tube-to-Tubesheet Joints

Figure UW-20.3
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UW-20.3.4 - UW-20.4.2

(-c) for partial strength welds, a, 2 a,

(3) For combined groove and fillet welds shown in
sketch (c), where ay = ag

(-a) calculate the minimum required length of the
combined weld legs

a = 2{\/ (0.75dp)" + 1.07¢(dy — t)f, f; - 0.75d0}

(-b) for full strength welds, a. = max[a,, 1.2t]
(-c) for partial strength welds, a. = a,

(-d) calculate a; and ay

af=ac/2

ag = ac/2

(4) For combined groove and fillet welds shown in
sketch (d), where ay is not equal to a

(-a) choose a, and calculate the minimum re-
quired length of the fillet weld leg

a = \/(0.75%)2 +273(dy ~ O, fof p - 075,

(-b) for full strength welds, a, 2 max[(a, + ag),
(1.4t - 0.4a,)]

(-c) for partial strength welds, a. 2 (a, + ag)

(-d) calculate ay
df=ac — ag

(5) For inset fillet welds shown in sketch (e)

(-a) calculate the minimum required length of the
fillet weld leg

[
a, = 0.75d, — \/(0.75010)2 - 2.73t[do - t)fwfd

(-b) full strength welds are not possible with this
configuration

(-c) for partial strength welds, t zas>a,.Ifa, > ¢,
joint load cannot be calculated in accordance with this
section. See UW-20.4.

(6) For combined groove and inset fillet welds shown
in sketch (f)

(-a) choose ay and calculate the minimum re-
quired length of the groove weld leg

[
a = \/ (0.75d,)* + 1.76t(d0 - t)fwfdfg ~ 0.75d,

(-b) for full strength welds, a, 2 max[(a, + ay),
(t + 0.3ay)]

(-c) for partial strength welds, a. = (a, + ay)
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(b) Weld strength factors used in (a) above shall be cal-
culated using the following equations:

f = — _g
T R

F,
f
fg=1-—%
g faft

S
fo=5
where
fa = 1.0 for full strength welds

F4/F, for partial strength welds

Fy = min[0.55mas(d, + 0.67ag)S,, F.] for face fillet
welds as shown in Figure UW-20.1, sketches (a),
(c), and (d)

= min[0.55mas(d, - 0.67a)S,,, F.] for inset fillet

welds as shown in Figure UW-20.1, sketches (e)
and (f)

F, = min[0.85ma,(d, + 0.67a,)S,, F]

nt(d, - £)S
_7= min(S, S;)

UW-20.4 Joint Strength by Factors.

UW-20.4.1 Scope. These rules provide a basis for
establishing allowable joint loads using strength factors.
Some acceptable geometries and combinations of brazed,
welded, and mechanical joints are described in Table
UW-20.1. Some acceptable types of welded joints are illu-
strated in Figure UW-20.2.

(a) Geometries, including variations in tube pitch, fas-
tening methods, and combinations of fastening methods
not described or shown may be used provided qualifica-
tion tests have been conducted and applied in compliance
with the procedures set forth in UW-20.4.3 and
UW-20.4.4.

(b) Materials for welded or brazed tube-to-tubesheet
joints that do not meet the requirements of UW-5 or
UB-5, but in all other respects meet the requirements of
this division, may be used if qualification tests of the
tube-to-tubesheet joint have been conducted and applied
in compliance with the procedures set forth in UW-20.4.3
and UW-20.4.4.

UW-20.4.2 Maximum Axial Loads.

(a) The maximum allowable axial load in either direc-
tion on tube-to-tubesheet joints shall be determined in ac-
cordance with the following:

(1) For joint types a, b, ¢, d, and e

Limax = kAtSfr

(2) For joint types f, g, and h

Lmax = min(kAsS f,, kAS)
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(3) For joint types i, j, and k

Lmax = min(kAtngfrfyfT' kAS

A, =n(d, - t)t
fe = min[(l/d,), 1.0] for tube joints made with ex-
panded tubes in tube holes without enhancement
= 1.0 for tube joints made with expanded tubes in
tube holes with enhancement
fre = maX[(fe‘frfyfT)' fr(h)]
freny) = 0.70 when established by shear load test per
UW-20.4.4
= 0.50 without shear load test
fy = min[(S, /S, ), 1.0] for expanded joints. When f,,
< 0.60, qualification of joint by shear load test is
required

fT = ma){o’ @}

o]

(b) P,, Pr may be established experimentally or analy-
tically. The following equations may be used to calculate
P, and Py:

N

¢ y
e )
P,=S, ——27211.945 - 1.384—L
M AL I dy

(- 1) - ado(T - )]

r= 2
d E,
[L - RmJ + Rm(Z.QE’f - 0.3]

t

t
Rm=ro—5

UW-20.4.3 Shear Load Test.
UW-20.4.3.1 Flaws in the specimen may affect
results. If any test specimen develops flaws, the retest
provisions of UW-20.4.3.11 below shall govern.

UW-20.4.3.2 If any test specimen fails because
of mechanical reasons, such as failure of testing equip-
ment or improper specimen preparation, it may be dis-
carded, and another specimen taken from the same heat.

UW-20.4.3.3 The shear load test subjects a full-
size specimen of the tube joint under examination to a
measured load sufficient to cause failure. In general, the
testing equipment and methods are given in ASTM E8. Ad-
ditional fixtures for shear load testing of tube-to-
tubesheet joints are shown in Figure UW-20.3.

UW-20.4.3.4 The test block simulating the tube-
sheet may be circular, square, or rectangular in shape, es-
sentially in general conformity with the tube pitch
geometry. The test assembly shall consist of an array of
tubes such that the tube to be tested is in the geometric
center of the array and surrounded by at least one row
of adjacent tubes. The test block shall extend a distance
of at least one tubesheet ligament beyond the edge of
the peripheral tubes in the assembly.

UW-20.4.3.5 All tubes in the test block array
shall be from the same heat and shall be installed using
identical procedures.

(a) The finished thickness of the test block may be less
but not greater than the tubesheet it represents. For ex-
panded joints, made with or without welding, the ex-
panded area of the tubes in the test block may be less
but not greater than that for the production joint to be
qualified.

(b) The length of the tube used for testing the tube joint
need only be sufficient to suit the test apparatus. The
length of the tubes adjacent to the tube joint to be tested
shall not be less than the thickness of the test block to be
qualified.

UW-20.4.3.6 The procedure used to prepare the
tube-to-tubesheet joints in the test specimens shall be the
same as used for production.

UW-20.4.3.7 The tube-to-tubesheet joint speci-
mens shall be loaded until mechanical failure of the joint
or tube occurs. The essential requirement is that the load
be transmitted axially.

UW-20.4.3.8 Any speed of testing may be used,
provided load readings can be determined accurately.

UW-20.4.3.9 The reading from the testing de-
vice shall be such that the applied load required to pro-
duce mechanical failure of the tube-to-tubesheet joint
can be determined.

UW-20.4.3.10 For determining f, s for joint
types listed in Table UW-20.1, a minimum of three speci-
mens shall constitute a test. The value of f, (s shall be
calculated in accordance with UW-20.4.4 using the lowest
value of Li.s¢. In no case shall the value of f, s using a
three specimen test exceed the value of f, .5 given in
Table UW-20.1. If the value of f, (.s: S0 determined is less
than the value for f, s: given in Table UW-20.1, retest-
ing may be performed in accordance with UW-20.4.3.11,
or a new three specimen test may be performed using a
new joint configuration or fabrication procedure. All pre-
vious test data shall be rejected. To use a value of f; (est
greater than the value given in Table UW-20.1, a nine-
specimen test shall be performed in accordance with
UW-20.4.3.11.
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Figure UW-20.3
Typical Test Fixtures for Expanded or Welded Tube-to-Tubesheet Joints
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