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N00ENG.ATURE:

C,
primary plas-secondary stress indises for pressare

. C,
primary plas-secondary stress ladlees for namentI

{ C,
primary plus-secondary stress indises for thermal gradients

C
primary plas-secondary stress indes, moment loading, tes breachab

C, , primary plas-secondany stress indez, moment loading, too ram3

D, pipe OD
E modalas of elastielty1

i f
Code 2 syele-dependent factor ranglas from 1.0 for 7,000 sycles toj 0.5 for 100,000 eyeles or more

; h elbow parameter, tt/r s

1
Cods 2 stress intensifiention factor

{ K '

peak stress ladises for pressurea

f E, peak stresa indises for menest
'

'
E, peak stress indices for thermal gradients;

f E
sb peak stress indes, moment loading, too branch

E,, peak stress indes, moment loading, tee can'
) E, elastle-plastle adjastment f actor, see Eq. (3)

N moment

Ng range of resnitant moment
N, range of resultant moment sensed by thermal espassion
N misaber of design eyeles
N member of eyeles to fallareg

P, rease of service pressure
y laternal pressare It

mesa radias of pipe, brameh pipe for teos |r

|
!R

mesa radias of pipe, ran pipe for teos, or bend radias for elbows
8, Code 1 fatigue desiga stress amplitade |

8, Code 2 allevable stress at sold (100*F) temperstare ;

Sg design stress with festor of safety of 2 on g
g

S, endarasse limit (fatigas strength at ~10** eyeles) 1

S
E C"d" 2 **l'*l'I'd 'I#''' #"*8'

'

Sg fallare stress, sorrelated with N m
g

S
Code 2 allowable etreee at het (manissa) tesperatereg

Prece<5:1cr rwaa b'- '
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I

vi j,

|
i 8, Code 1 allowable stress latensity

8, salesisted primary plus-secondary stress rasse, see Eq. (1)

| 8, sales 1sted peak stress range, see Eq. (2)
'

S, Code 2 esetained load stress, see Eq. (6)
! S, sitimate tensile stremsth of material j
i S yield streasth of material
4 7

t wall thieksess of pipe, brameh pipe for toes
!

,

7 wall thioksess of pipe, run pipe for toes
i
l

|
9 fatisse sense factor
I (1 a)/[a(m - 1)], see Eq. (19)
Z section modulas of pipe

i
2 secties modulas of too brasek pipe6 {
2, secties modulus of too ran pipe
a coeffielest of thermal expansion
AT, thermal gradients, see Code 1 for detailed dettaitions

1

AT, thessel gradiests, see Code 1 for detailed definitions

T, thermal gradients, see Code 1 for detailed definitions
,

T thermal gradients, see Code 1 for detailed definitionsb ;

v Poisson's ratio I

I
.

1

!

I
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COMPARISGIS OF Asles CODE FATIGUE EVALUATION IErIEODs FOR1

NUGAAR Q ASS 1 PIPING WTIM Q, ASS 2 OR 3 PIPING

3 E. C. Rodabassh*
! i

!
4

ABSTRACT
.

i
he fetisse evaluation prooddare seed in the A9AE' Botter I

|
and Preneure Yeeeet Code, Sect. IIIs Fuclear Power Plant Com- ;'

ponente, for Class 1 piping is different from the procedure \
used for Class 2 or 3 piping. The basis for each procedurei

{ is described, and correlations between the two procedures a
pre sosted. re

i Conditions mader whiek either procedere er.both
!

may be sacosservative are noted. |

{ Potential eksages la the Class 2 or 3 piptag procedsre
to esplicitly cover all loadings are disenssed. However, thej

1 report is latended to be informative, and while the contents
! of the report may guide future Code skanges, specific recom-

sendations are not gives herois,
i

1. Df1RODUCTION

Fatisse-based eriteria for the evaluation of piping were introdsced
lato the Piplag Code, them Ameriosa Standards Association (ASA) 531.1,iis the 1955 edition.

These ortteria were based on moment fetisse testson piplag esoposeats by Markl,a Marki and George,8 sad Mark 1.s The eri-
teria involve use of stress latensifiestion f actors (1-factors) and stress
limits related to sold (8,) and hot (5 ) allowable stresses, me.*.ified byg
a f actor f, which depends upon the number of design eyeles.

The American Seetety for Noehanical Engineers (AstE) Boiler and Pree /
twe Feese! Code, Seet. III, Nuotear Fessels, was initiated la 1963

It
envered Class A, B, and C vossata, now sailed Class 1, 2, and 3 vessels.
This Code, for Class A vessels, used a fatisse evainstion method that is
: based om fatisse tests of polished bars. It sees design f atigue carves
in which the allevable desiga stress 8, is plotted against the amater of
design eyeles M. ;

Stress indises were introiseed in the 1963 Code for thepartiestar ease of mosales with eyelle pressare loading.
In 1969, ANSI 331.7, Fustear Pbwer Nping was published. It covered

Class 1, 2, sad 3 piping. For Class 1 piping, 831.7 adopted a fatigue

85. C. Rodabassh Associates Ise. , E!!11 sed, Ohio.

tin 1955, 331.1 eovered all industrial piping. Later, it was split
!

;

into Ameriosa National Standards Institute (ANSI) R$1.1, Power Piping;
ANSI 331.3, Cheetest Plant and Petro 1 esse Refinery Nping; ANSI B31.4, )
Refrigeration Nping; ead AN$I E31.3, Gee Tranenteeton and Netribution j
Nping.

|

$ '
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2

analysis method analogous to that seed is the Noelear Yessel Code. He
esseeps of " stress indises" was espanded to oever pressure, moment, and
thermal gardient loads for commonly used pipiss components. For Class 1
as4 3 piping, ANSI B31.7 sostissed to use the f atisse evalsation method
originally introduced in ASA B31.1 in 1953.

In 1971, Seet. III of the ASSE Code was espanded to imelade vessels,
pumps, valves, and piples; the title was ekssged from Kuotear Fessels to
Fuotsar Power Plant Components. With respect to the fetisse evaluation
methoda Ne piping, Soot. III adopted, with one differosos, the rules
sost r5nd is ANSI 331.7-1969. Tts difference concerns the adjustment for
stresses +ut aseeed SS (sosceptss11y, esseed the shakedows limit). Die
adjustment, as will beeIme apparest is this report, is highly significant
is sorrelations between Class 1 and Class 2 or 3 pipiss fatisse evaluation
methods. He method seed is ANSI B31.7 is described in Appendix A, along
with a backgreemd disesssion of the equivalent E* factor introdseed in
Seet. III-1971 and earrently used. .

The present (1982) status of fetisse evaluation methods used is
Seet. III can be briefly sammarised as follows:

Class compostats Fatigue evcination basis

Class 3 vessels, pumps, valves, Design fatisse carves derived
and if ping from polished bar fetisse test

data, with K, adj ustment
C1sas 2 sad 3 vessels,* pumps, Mose
sad valves

Class 2 and 3 piping pipiss composest f atisse tests,
using stress intensification
f actors, moment loading only

he objective of this report is to show how the f atisse evalsatics
method for Class 1 piping sorrelates with that for Class 2 or 3 piping.
He methods for Class 2 and 3 piping are identiaal. For brevity, we w!!!
Adestify those methods as " Code 2"; those for Class 1 piping are identi-
fled ao " Code 1."

Qapters 2 and 3 of this report describe the fetisse evaluation
procedures for Code 1 and Code 2, respectively. Chapter 4 indientes the
correlations between Codes 1 and 2. Dese correlations are necessarily
limited to menest loadings, becatse Code 2 covers only monest leading.

Gepter 3 on kish-ayste f atigue is treated separately, beessee it is
not apparest that either Cede 1 or Code 2 adequately covers the f atigue
erstention of sesamstated eyeles of 10' or more. Chapter d disonsses a
differosos between Codes 1 and 2 that is applicable only to tees. Chapter
7 sostatas an esploratory disenssion of the possibility of esteading Code
2 fatigas evaluation to oever (or more esplicitly cover) loadings other
than moments.

*A fetisse evaluation may be required for vessels derigned to the
at tornative rates of NC-3200 (equivalent to ASIE Boller sad pressere Yes-
sel Code, Seet. VIII, Div. 2).

_ _ _ _ _ _ _ .
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3

Chapter 8 sumssarizes the observations sostalmed la Chaps. 2-7. The
report is latended to be informative and may provide a basis for future
Code chasset. Bowever, so recommendations for such changes are included
herein.

In reading the subsequent sections of this report, the expert om
fatisse ovaluation methods will resegaise that, in both Code 2 and 2
methods, many simplifylas approximations are involved. For example, use
of the linear sumulative damage hypothesia esa be inacesrate for certain
sequesses of Iceding. Nowever, la addition to and parksps justifying the
simplifying approximations, the operating history of the piping systems
must be postulated. Beesuse the operating history extends 20 to 40 years
into the fatsre, its postalsted details are deemed to be the most sacer-
tala aspeet of the f atisse evaluation method. The f atisse evaluation
methods are based on test data la an envirossomt like dry air. Environ-
montal effects, seek as corrosion or stress-oorrosion-eracking, are act
oevered or, at best, are only partially covered by factors of safety on
the test data.

.

1
!

.

Oe
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2. CODE 1 BASIS
|
t

;

The Code 1 fatisse evaluation method * involves the calculation of the!

primary plat-secondary stress reage 8, by the equaticas
\t

\ 'o'o 1
| 5, = C Ea 2t nZ s sb "a a ~ "b b (I''

J
i

and the peak stress range by the equations
:

P,D, N 1g

| S,= I,C + I C, { + 2(1 - v) E Eal AT,|1 2t s
!

| |
1j l T+ E,C,Esb *a , a T | + 1 - V BalAT,I . (2)bhi

i

;
If 8,138, (conceptually, 28 , the shakedowa limit), 8 is divided by 2

j
to convert from stress range ,to stress amplitude. Thebde1designfa-'

tisse carves (Fige. I-9.1, I-9.2, or I-9.3, depending upon the matorisi)i
are entered with 8,/2, and design oycles N are read from the carves. If
the antleipated number of ommutative f atisse oycles la operation is lessthan N, them the piping product i

(e.g., girth butt weld, elbow) is deemed !- to be acceptable.
1 If S > 38

calesistiIn of Itress range may be too low.the strata range corresponding to the elastic-based!
With primary plus-secondaryi

stresses that onceed 28 , shakedown to elastic response may not ocent
! and

plastic stratas, is addition to the calemisted elastic stralas, may occurduring each cycle.:

To provide a simple way to deal with this conditier,!
Code 1 (M-3228.3) permits the use of a simplifled elastle plastic analy-'

sia that involves mattiplying 8, by K,, where E, is given by ),

i

[8, )1a
K,=1+ -1 ; for 38 ,1 S ,1 3m8, , (3),g, . 3) 3\g )a

E, = 1/n for 8,) 3mS,.

i---.

_

* Code 1 permits the use of the more general rates given la NB-3200;
this report is restricted to the rates gives la 2-3650, " Analysis of ,

'

Fipirs Prodsets."
:

|

i
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Valses of a and a are [ ,

'

I

Material a a
'

|_.

'

Carbon steel 3.0 0.2
|

Low-alloy steel and martensitie stataloss steel 2.0 - 0.2

|
Amstematie stataloss 6 teel, nickel-ehrome-iros, 1.7 0.3 . ,

}
sad afskel-copper

'

of the basis of Eq. (3), whiah is
'Tagart has prepared a descriptions

included herein as Appendix A.
O Code 1 Figs. I-9.1, I-9.2, and I-9.3 are based on sitrain-controlled, .

'sero mean strain, f atisse tests of polished bars. he design f atigue
carves were derived from the f ailure curves by lacorporating a f actor of I,.

'

safety of 2 on stress or 20 on eyeles, whichever is more conservative. (
+(he 20 os cycles contrei m at low eyeles, the 2 om stress sontrols at ,

i
high eyeles.) As adjustaant for the offset of mesa stress is lastaded , '

! in Fig. I-9.1 for attimate tomelle strength (UIS) 180 kai. Appendia B
{ oontains a detailed discussion of Fiss. I-9.1 and I-9.2.

Code 1 uses the 11asar samalative demase hypothesis as empressed by:' i

d
i,.

/J
.

: j a
U=[ i 1.0 , (4) ;d

i i }$
y

.]I where
< .g>

a = anaber of cycles with amp 11tede S , y
g g

'yN = allowable aanber of oycles from Code 1 Fig. I-9.0 for S . ,

g
, g

3
!

Each type of stress cycle with emplitude S must be identified from the 'j
g

postalsted operating history of the piping system. H ere are usually ten ]
'or more of such identifiable cycles, each occurring m times. H e totalg

anaber of types of cycles is J.

'.*
r

%

i

.

.

,

[1 ',1 y.

3
'

i

5 .

y .

e ; -

; \ v ,

* 2i

I ?

t, ,

1
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3. CODE 2 BASIS

:

he Code 2 fatigue evaluation method involves the eatentation of the |stress rcesge S by the equation
E i

SE " I"e/Z . (5)
l

If S satisfies the equationE
j

l

S 1 f[1.25(8g + 8,) - 8,] , (6)
l

R

!

and 8, f S the piping component is deemed to be acceptable from a |h
fatisse evalastion standpoint. j

'

he Code 2 method is based on the results of moment-loading f atigue
tests given by Markt * Marki and George,s and Marki.s ne test arrange-
neat for various piping prodseta is indicated in Fig. 1. Test assemblies
were muted in the f.tigue test machine and subjected to a preliminary
load-teflootion calibration, no assemblies were filled with water to

i
)

i
ORNL-DWG s3-4695 ETD

| a.
i, 1s

5 ' 4,

a -

,G , o s,-

P ,, ,

P: GIRTH BUTT WELD P: ELBOW
PLAIN PIPE PIPE BEND
F LANGED JOINT (fillet weld) MITERg,
CONCENTRIC REDUCER TEE. MOMENT THROUGH BRANCH
TEE MOMENT THROUGH RUN

MARKL/ GEORGE CORRELATION EQUATION:

IM/Z = 430,000 N(0.2

i STRESS INTENSIFICATION FAGTOR,i = 1.0 FOR TYPICAL GBRTH BUTT WELD

M MOMENT RANGE ELASTICALLY CALCULATED FROM TEST LOAD VS
DISPLACEMENT CALIBRATION

4

2 SECTION MODULUS OF PIPE
N, CYCLES-TO FAlLURE,THROUGH WALL CRACK

Fig. 1. Displacement-controlled, completely reversed eye 11e monest
tests on 4-la, nominal slae, SA106 Grade B p!plus products at room tem-
perature. Soures: Rafs. 1-3.
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1

provide a ready means for detecting failure and were them flered eyeli-
ently (eempletely reversed displacements) through a predetermined dis-
placement until a leak that indleated a orack through the wall developed. |

he results were reported as points on S vs N plots. -N is the j
)

g g gmumber of eyeles to f allare (erack through the wall). H e correspondlag '

monisat stress was sempsted by the ordinary beam foresla, gg = TL/Z. heload range W was taken from the load-deflection salibration, or for loads
iessaias plastie deformation, from straight-line est:capolation of the elas-

tio portion of the load-deflection onlibration. He lever arm L was mes-
sared from the point of load application to the point of initial failure. |

De test method is oossistent with an elastic analysis of a piping
system, even though salesisted stresses may be above the material yield

!strength and some plastie deformation may ocear. Aeoordingly, as adj ust-
most analogous to the E, used la Code 1 is not needed. j

All tests were run on 4-in, nominal size piping eesponents at room :

he material ased to make the test specimens was American |temperatsee.
Society of Testias Materials (ASIN) A106 Grade R. i

He tessile stremathsranged fran 62,400 to 36.300 psi; yield strengths ranged from 33,900 to
56,200 pais and elongation for 2-in. sage section ranged from 32 to 55%.
All weldlag was done massally using Fleetweld No. S eteatrodes. Most
specimens were tested "as welded." A few girth butt weld speelmens were
stress relieved af ter welding and before testing with no detectable dif-
Ceresses in the test results.4

To make the test information aseful to the piping designer, Mark 1
developed a sorrelation of the form

is,= aN ,g (1)
.

where a and b are coastsats developed from the test data. Rossits.of
tests for st,.tn batt welds are shows in Fig. 2, la whiok S and N ang gplotted on tog seales. Equation (7) is skova la Fig. 2. It is a bestfit of the test data with b = 0.2. He value of b = 0.2 was selected
af ter evaluating test date ' for all types of pipiss prodsets. Individual
test series gave values of b ranslag from 0.1 to 0.3, bat most values
were within 205 of 0.2, wktek represents a f air average. For girth butt
welds, the best fit value of a is 490,000. Aeoordingly, Eg. (7) for a
girth butt weld is

Sg = 490,000 N -* ** (psi, range) .g (8)

Mark 1's more general equation is

18g = m.m N d.: (psi, range) , Wg

where i a 1.0 for a girth butt weld and i is the f atisse-based stress
intensificattom f actor for piping prodsets other than girth butt welds.

. - - - ._ _ . -
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Fig. 2. Essalts of moment fatisse tests on girth batt weide.
Sete'oe Esf. 3.

Etnation (9) does not appear la Code 2. The basis for the eriteriacontained in Code 2 was disenssed by Mark 1.8 Bis concept was that the
salentated stress range S should be limited to

E

S i 1.6(8,+ S I * II'Ig h

where 8, is the allowable stress at the staisum temperstare in the erste
and bg is the allevable stress at the assimum temperature in the eyele.
At that time (1955), the allowable stresses la the Awar Mpsy Code werelimited to (5/8)S , where S

Aseerdingly, k.is the materini yield strength at operattag7temperatore. (10) is ooseeptually equivalent to

Sg i 18 , , (11)7

where S is the average of the hot and sold yield strengths. Users of
$11 recognise that Eq. (11) is the equivalent of the shakedownCode 1

eriteria implied by 8 1 35 . Rosever, the ogs.ivalence is not that
straightforward, becaIse S

imelades peak stresses, whereas 8, does not.E t

Parther, besanse the l's are refereseed to the f atisse strength of a ftypteal girth batt weld, S
g is not equel to either 8, or 8p (as disenssedlater, i = C E,/2) .

Equation (11) is an interesting step on the way to the Code 2 eri-
teria, 54. (6). Bewever, the writers of the piping code la 1955 were
faced with the bread problem of integrating room temperstare test data
on the fetisme life of A196 Grade B piplas eenpements into destga guidance
for many materials sad temperatures. Eew te limit sustained (someyelle)
stresses, seek as those sensed by preseare and weight, was one aspect.

- - -___
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| dypticability of the design saidance at elevated temperatures, where sis-j
' mifienst eroep oseurs, was a major soneers. Brentan11y, after seasider-

| ation of several proposed eriteria, the eriteria indiented by 4. (6)
{ were published la ASA B31.1-1955, Code for PreseasPe M pssg.j hastiosa (6) and (9) are oespared la Fig. 3. Moting that Eg. (9) isj for eyelse to fallasre, a factor of safety is needed for design saidasse.
i Figure 3 instades a " design" line representias 4. (9) with a f actor ofj safety of 2 on stress, anatosome to the factor of safety of 2 on stress
! ased la Code 1. (no faster of 20 os eyeles is aise satisfied beensee
j 1s = 32.) he design egnation is then
.

!

! 15g = 245,000 W*** (psi, range) . (12)
,

i

Assuming, as in Code 1, that fatigue at temperatures up to 650*F is
I not significantly differest from that at roem temperature, then Fig. 3
s

ladicates that eyes for 5 = 0, 4. (6) for A106 Orade 3 material at
temperstaresupto650*F!S,=Sg = 15,000 pel) has a factor of safety of
2 or greater up to a400,000 syst e s. De f-factor, whtok varies between

i 1 for 7,000 eyeles to 0.5 for 100,000 or more eyeles, gives the stepped
} veristles between 7,000 and 100,000 eyel e s. H e factor of safety is high! at low eyeles (e.g., 5.2 at 100 eyeles). Comparisons between Egs. (9) andI

(11) for estorials other than SA106 Orade 3 are diseassed la Sects. 4.3~

and 4.4.
'

,

!
:
!

!
j

OML-DWG s3-ess7 ETD
3 | I | 4

| g iI

EO. (9), CYCLES-TO-FAILURE

EO. (9), WITH FACTOR-OF-
1009 SAFETY OF 2.0 ON STRESS

-
-

t.

* M %=0-

-

[ S"Sh %S

G
/ (6) CODE 2 STRESS RANGE LIMITS %E

~
EO.10 . "-

FOR A106 GRADE S UP TO 6500F _,a

# Se . Sn = 15 hel PE R 831.1, ,

-

, i l i l i i Ii .
10 tot 103 104 105 10s I

CYCLES
)

Fig. S. Comparison of Eg. (9) with Code 2 allowable stresses for
SA106 Orade 3 material.

l
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Code 3,1the Code 1, uses the 11asar eumstative damage hypothesis as j
empressed by the egnation given la NC-3411.2(e)(3): ,

!

(13)N=Ng + r8(N,) + r8(N,) + ..... r8(N,) ,

i

where

N = aanber of eyeles at run temperature chassa AT, twE
whiek the onpansion stress S ** *** ** ** *** #

E
N , N , ... N = aumber of eyeles for smaller temperature changes.* * *

AT,, AT,, ... AT,;
r,, r,, ... r ,= AT,/AT 'E s E *** a E'

The exponent of the r's, assumias S is proportional to E , folles fremg g
the esponsat of M in Eq. (9). Note that Eq. (13) does met laelade eye 11e
moments eassed by other than restraint of free thermal espaaston (e.g.,
eyolle moments eassed by relief valve discharge). Equation (13) implies
that there is no endsranee limit (stress below which fatisse damage does
not oesse). This is deemed to be alright provided the N's are not greater
than los eyele s. Eqsatian (13), of sonroe, does not esplisitty sover
loadians esek as grossare on thermal gradients (Sect. 7.4).

Equation (6) represents the f atisse evalastion 1strodseed into the
piping code in 1955. He right-hand side of Eq. (6) Amelades the sal- i

Iesisted stress 5, that was defined as "... the sua of the longitudinal
stresses due to pressure, weight and other sustained leads." As egastion
was gives for salestatf.sg the longitsdinal prosesre stress: 8 = pd8/
(D8 - 48), where p = internal pressere, d a pipe ID, and D = pipe OD.
His ogmation is reasonably correct for straight and earved pipes it is
not defined for redselag ostlet tees. (Are the brasek pipe or the ran

pipe dimenstems to be used?) An appropriate method to be used is sales-
lating the " longitudinal stresses. due to weight and other sustsised loads"
was not gives. Essept for straight pipe, the longitudiant stress eassed i

'

by a moment loading is not given by N/E. Indeed, for elbows subjected to

an in plane bending moment, the maaimum stress esselag f atigue f allare is
in the hoop direction. To gasatify how to salestate 5,, Code 2 now uses
the eriteria egnations

i

(14)* Z1Sh * NI*I"o + 0.2SS )PD,/4T + 0.751NA C
,h

where

P = destga pressure.
= ress1 test soment eensed by weight and other eastained toede,
= range of rossitant moment essoed by thessel empension.

-_-. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _. . --
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The intest was that S = PD /4T + 0.7515 /Z. With that etsivalence, 1
a e A

Eqs. (6) and (14) are the same for f = 1.0. In meet appalestions, f is

takes to be unity. The sigstfisance of 5, is a f atisse evaluation is dis-
onesed f arther is Seets. 4.6 and 4.7. )
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} d. CotRE.ATIONS* BETTEM CODES 1 AND 2

i

f i
,

4.1 Reistionship Between i and C.E.
j

. Note under Eq. (9) that i is unity for a sirth butt veld. The weldej' tested by Mark 1 were typical of ladestrial practice for welds la serboa
{ steel pipias. He roots of the welds were not smooth, and the weld over-
i

lay on the outside serfsee was tyyles11y irregular and preseeably Ameladed
! minor sadoresttlag. seek welde are not the ogstestent of polished bars
i that form the basis for Code 1 fatisse evaluation with the associated C,
{ and E, sement-loadias stress indeses. Aeoordingly, to egapore Code 2 and
| Code 1 fatisse evaluations, a relationship between i and C.E most be
j established.
| For elbows subjected to in plane moment, tike maximas primeipal stresa

e, is given by theory (for the elbow parameter k less than about one) as
I

! e , = (1.8/k'#')M/E . |
|

(g33

:

| he validity of Eq. (15) has been oomfirmed by anaerous tests is skick;

strata sages were placed on elbows subjected to in plane moment. The
i-factor for elbows, with i = 1.0 for a typical girth butt veld, is

i = 0.9/h'#' . (16)

He fetisse tests' that led to Eg. (16) were in-plane moment tests. He
f atisse f ailure loestless sad directions agreed very well with the thee-
retical loestion and direction of the maximum primelpal stress. Bowever, j
i is essetly one-half of 1.3/h"#* E C . Beessee the fallares oseurred la

!the body of the elbows remote from wefds, K = 1.0 and
I

i = C.E,/2 . (17)

Equation (17) is !aeladed la Code 2. NC-3673.2(b).
jhe elbow theory and fetisse tests provide the fundamental basis for |

Eg. (17). Bowever, other evideseo esists to confism its general validity
as disenssed in the followlag.

If i = 1.0 for a typical girth butt weld and 5 . (17) is generally4
appliesble, them we vos14 espect that ! = 0.5 for fetisse tests run on a i

straight pipe with polished surfaces, besasse C, = K = 1.0. Seek te st s
are not available, but Markis imeladed tests of "plata straisht pipe." ,

'

he ress1 ting 1-fNtor was 0.64. Fatigue tests of a plata straight pipe,
with the f atisse ar.4 hine used by Mark 1, poses a problem boessee alaest

*Correlattions are restrieted to moment loadings, beessse Code 2
eovers only moment leadiass. See Gep. 7 for diseassies of this aspect.

. - - . - - - -
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any feasible way of awhering the pipe to the test frame will latrodseea stress sessentration.
forging, with about a 1:10 taper seing from 0.237-tm. menimal well toMarki solved the problem by asias a tapered-wall!

4.6-in. menisc1 well asehered-end.'

lef t "ae-forged" to simulate a typteal serben steel pipe surface.The surface of the test section was;

ers,e,' seing resonant bending testing is which the pipe is vibrated laOth- !

the " free-free" mede with the pipe supported at the mode points
obtained A-fasters for eerben steel pipe of about 0.65. , al so

0.55, perhaps beesase of the better serfsee finish of austeat tle steelaise tested type 30d austesitie steel pipe and obtataed am 1-factor of
Reference 7

pipe.

and/or the weld everlay gresad fissh also gave 1-fasters less thsa ossNament fatisse tests'-* en girth butt volds with fasion root pass
I

la whieb stresses sensed by brameh moment loads were measarsd with strainReferesses 10-15 give reestts of tests on branch comaections or teos
.

;

1eading eye 11e moment fatisse tests. sages, af ter whlek the branch commsetions or teos were subjected to branch-
'

These tests also indicate that i E |C E,/2 (more speelfically, i 2 C K ;/2).ab ab

d.2 F --
meinos of code 1 with Code 2 Basis._
an 06 Grade B as to dOO'F

Esving the relationship i = C E,/2 and E !

semparisona can be made between Code 1 and EqI (12).as defined by Eq. (3),
The Code 1 8 vs Nearwes saa be adjusted for the E

paragraph. We start with the ogIstionf actor as described la the follo!!as i

E,8, a 25, (ranges) , |
(13)

where 5
gives almber of eyeles N.is obtstaed from Code 1 Figs. I-9.1, I-9.2, or I-9.3 for the
$90 ks! for serben steels with UTS 130 kel.For emample, for N (design eyeles) = 10, 8, =
E, defined by Eq. (3), Eq. (18) bovener: Because 8, = E,8; and with

[1 + 1(5,/38, - 1)]E,5, = 28, ; for 38, i 8 , 1 3,5, , (19)

where I = (1 a)/[a(m - 1)]. Solving E . (19) for 8,gives1

3,= ((1 - 1)t, + ((1 - 1) E + gIE,8,/38,] )/(21K,/38,)
*

(20).

u s. ,

8,= 2as,/E,; for 8,) 3mS, , (21)

________ --_. -- . -
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and

5,= 28,/E,3 for 8,( SS,. (22)

Af ter detesalaing 5, by Sq. (20), the peak streee ie

S ESy aa. (23)=

Figure 4 shows the Code 1 5, vs N surve, Code Fig. I-9.1, for ITTS 1
80 ket. Aloe shavn, as dashed lines, are the adjusted (for E,) surves
for a serben steel with 8 = 20 kat, m = 3, a = 0.2, I = 2.0, eseh as
SA196 Grade 3 at temperatIres up to 400*p. An esemple of the devotepnest
of the dashed earves, for N = 10s . T = 2.0, ist3

1. At M = 10s, 8,= S3 kat (from c>de Table I-9.1).
2. Egnaties (20) with I = 2.0, E, = 2.0, and SS = 60 ket gives 5 =

s a n
[2 + (4 + 32 a 88/60) /s]/(8/60) = 47.1 kei.

3. Beessse S > 38,, St. (20) applies; set Eq. (21) er (22).
4. Equationf23): S = 2 a 67.1 = 134 kel.
S. S is pletted at | = 108 to establish a point en the dashed line

!!belodE,=2.

His precedure is repeated to obtais other pelats en the dashed lines la
Fig. 4. He E, adjusteest steps to the right when S, = SS, and there is a
portion of the desks 4 earves at the omtreme lef t where Eq. (21) eentrols,

onwo-own s -sees Ero
I | I | I | 5 [ I

* *

CODE 1
~

6 CODE 1 ADJUSTED FOR Ky = 2.0
1

'

..,'''**3 100 EO.(241--

g = = * * * = . . , , _ 2% * 490.000 N-0 7
_

$ $0 CODE 1 ADJUSTED FOR K2 = 1.0-
.

E
r Coofi

i I l l. i i |,, .

10 107 103 108 106 108 1,

DESIGN CYCLES. N |

Fig. 4. Comparises of Sq. (24) with Code 1 imeloding E adj ustment,*SA106 Grade B sp to 400*F.

. _ _ _ _ _
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Eqsaties (12), for Code 2, is a design eyeles equation with e f ac-
ter of safety of 2 on stress. Bowever, beessee of the relationship of,

Eq. (17), i = C,E,/2, the appropriate eomparison is between 213, and S
'

=

ES: Iaa

; 218,= 490,000 N-e.s (psi, range) (24).

Figure 4 imelades S . (24). It is apparent la Fig. 4 that agrooventt

betmoom 218, and 5, for K, = 2 is good up to ~20,000 eyeles. E, = 2 i s
,

approminately that seed for a girth butt veld. For E, = 1, Code 1 is more !,
senservative than Eq. (24). E, = 1 is ssed for elbows; direct comparison !et elber fatigue tests with Code 1 fetisse evaluation also indicates that |Code 1 is eoseervative as applied to serben steel elbows.18,"

|The hisk-eyete end of Fig. 4 will be disenssed in Chap. S.
|
|

4.s ,R1har_F.azzi11s_Balazials_saLImanazatataa

Figste 4 eesstitutes the most sisatfisant onfrelation between Codes 2
and 1, beessee Mark 1's fatisse tests were run on piples composeats made of

|
SM06 Grade B earbon steel at room temperature and beessee Code,1 desiga '

f atisse earves is Fig. I-9.1 for U13 ,190 hei, as disenssed la Appendia B,
are based es tests at room temperature of materials like $M06 Grade B.

Table 1 skovs correlations between Codes 2 and 1 la the form of re-
ties of design fetisse stresses to Eq. (24). For Code 2, Eq. (24)'is mal-
tiplied by (8, + S }st (8 * I 'r, where the subscript "at" indicates theh e h
values of 8, and Sg for the indleated material- sad temperature; subscript
"r" indientes the reference SM06 Grade B at 100*F (5, = Sh " 18 I'II*

Code 1 basic design fetisse earves groep materials (e.g., SA106
Orades A, 3, and C) do set depend on temperature.* Nowever, the design
fetisme stresses are material and temperature dependent whom the I fac-
ter is involved, besesse E, is a fasetion of 8,, whleh is materf al'and
temperature dependest.

Table 1 raties ars numerieel analogs of eight graphs like Fig. 4. We.

previessly seted that Fig. 4 showed that the agreement between Eq. (24)
and 8, for K, = 2.0 for M06 Grade B serbon steel was good up to ~20,000
synt e s. In Table 1 the ration are shows: 0.96, 0.97,1.09, and 0.93 for
N = 10,10s,108, and 104, respoetively.4

Code 2 rettes are Andependent of eyeles N whereas the Code 1 ratios
depend spen N. For small N, E may be equal to 1/s, in which case the
raties are independent of S aid thus independent of the materist (within
the groep) and temperature." For large N, E, = 1.0, in which case the
raties are aise ladopendent of S and thus independent of the meterial
(within the groep) and temperatsIo. Within the range between E, = 1/n and

*Provided E used is sales 1 sting the stresses is the same as those
sheva in Code 1 Fig. I-9.0.
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febte 1.
Bestes* et doetse fattgee stresses to Sg. (24) for forettle set

erlat e

3,,0
Temperaeare

|
, .sei e, _ 100*F Temperetere

i

700*F
<

841MA sAIWS SA196C
'

SA196A Sale 6s SA1M C
19 Code 2 9.80 1.04 1.11 1.47 0.79 9.98 1.14 1.67
(se9> C.de 2. E, = 1 e.7/ 0.7/ .7/ e.u .7/ 0.7/ .7/ 9.u

C.de 1. E, = 2 e.88 e.u 1u 1.0. e.8. 9.87 0.9, ..0
Iga Code 2 9.80 1.00 1.31 1.47 9.79 0.98 1.14 1.47
(198) Code 1. E, = 1 0.57 9.65 0.71 0.12 0.54 9.59 0.44 0.72

Code 1, I, a 2 0.88 9.97 1.97 1.19 9.se 0.88 c.98 1.39
19' Code 2 9.se 1.00 1.17 1.47 0.79 e.98 1.14 1.67
(ISS) Code 1 E, a 2 9.42 0.71 0.78 9.90 0.38 0.64 0.69 0.90

Code 1, E, a 2 0.98 1.09 1.29 1.30s 0.89 9.98 1.06 1.308
14* Code 2 0.00 1.00 1.17 1.87 0.79 9.98 3.34 1,67
(77.7) Code 1. E, = 1 0.73 9.84 0.93 1.97e 0.68 0.73 0.82 1.978

Code 1. E, = 2 9.988 8.988 9.988 1.078 9.988198 Code 2 0.04 1.00 1.17 1.47 0.79 9.98 1.14 1.67

0.988 0.988 1.078(49.9) Code 1. E, = 1 0.838 9.818 0.818 9.948Code 1, E, a 2 9.828 e.028 0.8280.028 e.82 0.94<0.818 0.948 0.828See Code 2 0.00 1.00 1.17 1.67 9.79 0.98 1.14 1.47

0.82e 0.828 0.948
(39.9) Code 1. E, = 1 0.01e 0.818 0.818 1.498 9.818

-_

Code 1, E, = 2 0.818 0.8) e 0.8180.818 1.0988 80.01 1.09 0.818 8 8 80.81 0.81 1.09
"Rettee to 5 = 218, = W , W F , Sq. (14).
S = 490 Sf** * *, kel.

' Code 2, S . (24) s (8, + S It #I8e * I I , see test.h st htCode 1, 8, Sr a . (as).s

Indseetes that 8, ) 3es, E, = 1/s, and 5, = 2es,.
Code 1 Table 1-9.1 for !!sted N, laterpelsted for 84d72-3100.8, = fettsse deelte stress free

*1edieetes that 8, < 38 . E
, = 1.0, and 8, a 28,.5

E,fumetion of material = 1.0, Codes 2 and 1 sive similar changes la desism f atigueI
a

and temperature. stresses as
SM72-J100 is a low-alloy steel, welded pipe matorist.

,
'

used is aselear power plant piping but was isoladed to 111matrate a potenIt is seldom
tial hasard la the Code 2 fatigue evalsation procedere -

specified minimus 8, of 100 kei, 5 of 83 kat, 8, = Sh = 23 kel, and 8,=
!

SM72-J100 has a.

33.3 ksi.
sontrasted to SA106 Grades A, 3, and C for which a = 3, a = 0.2, and I =Belas listed as a low-a[loy steel, m = 2, a = 0.2, sad 1 = 4 as2.

Values of 3, were obtained from Code Table I-9.1 by timest interpola
tion between values gives for UTS .i 80 and UTS = -

115-130 (8 of 80 and 115were seed la the laterpolation). *

for SM72-J100 that is 1.67 times that given by Eg. (24) for SA106 GradIt saa be seem la Table 1 that Code 2 permits a fatisse desism stres8
.

!

st 1008F.
In oomtraSt. Code 1, for E, = 2.0 (e.g., a sirth bat t weld),eB

permits a fatisme design stress that is, for most N, about equal to thatfor SA106 Orade B st 1008F.
girth butt welds la SM72-J100 pipe.Unfortunately, no tests are available on

As mentioned previcasty, Mark!'s

_ . _ _
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i tests were esa os piples components made of materials with 8
HowIver, sing from

ros
62.4 to 84.3 kel, and S ranging frem 33.9 to 56.2 ka!.-

fatigue
|

y
fa11eres la girth butt welds may be related to the properties of the weld-

j metal or heat-effected some rather than the base metal. We womid speen-
. late that girth butt welds la SA672-J100 pipe would not be much better
j than girth butt welds la SA106 Grade 3, and in this partieular respect,
i Code 1 is probably more seestate than Code 2. Note, however, that ratios
1 in Table 1 are to the beste piping prodset f atisse serve, Eq.(24), and
i that Code 2 allowable fatisse design stresses, as illustrated la Fig. 3,
! sentais a large margia for a low member of eyeles.
| A somewhat saalogous situation esists la ANSI B31.3-1980, Chemical
! Plant sad Petroleue Refinery M ptag, where skansias the allowable stress
i basis from a factor of 1/4 to 1/3 on S !aeressed allowable design f atigue
i stresses by a factor of 4/3 for some mIterials and temperstores (e.g.,
i for A106 Grade 3 from 15 to 20 kai for temperatures my to'400*F).
/
:

! 4.4 Asatematie Steels. A11 ova 600 and 300
!

!

| Available fetisse test data on pities components made of type 304
i anstenitie stainless steel sad dimensional equivalent pipias components

made of SA106 Grade B carbon steel are abstracted la Appendix C. These
data ladleate that SA106 Grade S components are slightly stronger than
type 304 eesposeats. Aesordingly, it is pertiment to contiane compari-
sons with Eq. (24).

Figure 5 shows comparisons between Eq. (24), 218, = m,m C ",
and Eq. (23), S = E,8,.
20 kai (e.g., Sb12 type 304 at 100*F).Figare 5 is for as austealtic steel with8,=

For austenitie steels (and alloys
600 and 800), m = 1.7, a = 0.3, and I = 3.333.

|
|
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Fig. 5. Comparison of Eq. (24) with Code 1 lactading K adj us tment.
SA312 type 304 at 100*F. *
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Fig:re 5 indientes that f air agreement exists between Eq. (24) and
8, for I, = 2.0 up to 108 eyotes. However, for N > 104, Code 1 allowable
stresses are 1.5 to 1.7 times those given by Eq. (24). If, as suggested
by the data is Appendix C, Eq. (24) is sibout right or slightly seconser-
vative for 304 material at 100*F, them Code 1 is enconservative. A simi-
lae relationship is apparent for I, = 1.0 for N srester ther ~10s eyeg,,,

;Table 2, like Table 1, shows correlations between Code 2 and Code 1
is the form of ratios of design f atigue stresses to Eq. (24). We pre-
vlously noted that Fig. 5 showed agreement between Eq. (24) and S for 304

|pat 100*F and I, = 2.0 up to 10s cycles. In Table 2 the ratios are shown:
1.26, 0.92, and 1.14 for N = 10, los, and los cycles, respectively.

It is apparent in Table 2 that Code 2 also assigns higher allowsble ;

f atisse design stresses to 304 than to SA106 Grade B, by a factor of 1.25. i

This is sentradiatory to the test data on piping products shown in Appen- ,

diz C. ;
'

Table 2 Battees of design fatisse stresses to S . (24) for 304t
esotealtie etsialess steels and alleys 600 and A00

Temperature Tempera tsteb 100*FN I'*I*, 8008F
(S)

3 04 304L MIT MIT I'Y M I'T304 304L600 800 600 800

10 Code 2 1.25 1.05 1.33 1.25 1.13 0.96 1.18 1.24d # 4 # d d d d(309) Code 1, E, = 1 1.26 1.26 1.26 1.24 1.26 1.26 1.26 1.26d d d d # # d dCode 1, E, = 2 1.26 1.26 1.26 1.26 1.26 1.26 1.26 1.26
les Code 2 1.25 1.05 1.33 1.25 1.13 0.96 1.18 1.24# d # # # 4 d d(195) Code 1, E, = 1 0.74 0.74 0.74 0.74 0.74 0.74 0.74 0.74Code 1. E, = 2 0.92 0.82 0.92 0.92 0.77 0.74 0.92 0 . ? *.
108 Code 2 1.25 1.05 1.33 1.25 1.13 0.96 1.18 1.24(118) Code 1, I, = 1 0.71 0.63 0.71 0.71 0.59 e.54 0.71 0.71Code 1. E, = 2 1.14 1.00 1.14 1.14 0.94 0.84 1.14 1.14
led Code 2 1.25 1.05 1.33 1.25 1.13 0.94 1.18 1.24(77.7) Code 1. E, = 1 0.92 0.81 0.92 0.92 0.76 0.69 0.92 0.928 8Code 1, E, = 2 1.52 1.34 1.52 1.32' 1.25 1.11 1.52 1.52 {

8 8

108 Code 2 1.25 1.05 1.33 1.25 1.13 0.96 1.18 1.24
'

(49.0) Code 1, E,a 1 1.29 1.13 1.29 1.29 1.06 0.94 1.29 1.298 8 8 8 8 8Code 1, E, = 2 1.53 1.53 1.53' 1.53' 1.83 1.53 1.53 1.53
108 Code 2 1.25 1.05 1.33 1.25 1.13 0.96 1.18 1.24(30.9) Code 1 E, = 1 1.60' 1.64 1.68' 1.68 1.52 1.35 1.68 1.68 1

8 8 8
8 8 8 8 8 8 8 I

Code 1, I, = 2 1.68 1.68' 1.68 1.68 1.68 1.68 1.68 1.68

"Ratles to 8 = 2 48, = 490,000 (* * *, F,. (24) .
S = 490 (e.s, g,g,

#
Cede 2. Sq. (24) a (8, + S ),g/(8, + S I , see test.g hr
Code 1, S, by St. (23).

Indies tes that 8, > SeS,, E, = 1/a, and S, = 2ns,. 5, a fetisse desise stress
free Code 1 Table 1-9.1 for listed N.

'Indien tes that S < 3E, E, = 1.0, and 3, = 23 .i

i

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - y -, y
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4.5 Temmerature Effect, pimine prodnet Tests

As diseaseed la Appendia B, Code 1 destga f atigue omrves are depen-
dont on temperature through the dependence on modulus of elasticity' E.
Code 1 M-3222.4(e)(4), Ladiostes that the calcalated value of stress
amplitude abould be matteplied by E/E', where F.'

is the modulas used in
,

the salestation and E is the modulas gives on the design fatigue carveIn Class 1 piptag (2-3672.5), the piplas system analysea are based on
.

the hot modulas E , but calculations of expansion stresses are mattipliedh
by E,/(, where E, is the sold mod =1ms. To the extent that E given on
the design f atigue earves is E,, 2-3222.4(e)(4) and 2 -3672.5 agree witheach other. Eowever, this is not quito the case at present (1982), for
example, for 304 stataloss steel at 70*F, E = 28.3 x 108
value of E shows on the design fatigue carve is 26.0 x 108 psi, whereas the |pai.

References 18-20 lactado a few fetismo tests of girth butt welds and !

elbows at room temperature and at 550*F. here is no apparent effect of a
temperature of $505F with respect to room temperstare tests,
of room temperature modulus to the $50*F modulas are about 1.1 for both

ne ratios

SA106 Grade B and type 304 stainless steel.

4.6 Mean Stresses

i

As discussed la Appendia B, Code 1 design f atigue carves include en
adjustment for the maximm effect of mean stress.
might also be considered as a mean stress adjustment.H e S, term in Eq. (6)Howev er, if so con-
sidered, it would apply for all cycle stress levels and would be more so-vere than Code 1.

For example, as ladicated la Fig. 3. If S, = Sh (the jmaximum permissible value of 8 ), the allowable design is*
a stressesare redwood to 605 of those permitted with 8 =0

In pipias systems, each time there is a* start-up and shatdown, which
produces the (usually) major cycle of expansion stress range, the pres-
ante also cycles from sero to the operating pressure and back to zero j
and there is also a cycle of thermal gradients. i

Notlag that S, factados
weight loading, and that at each start-up and shutdown cycle, the com-
tained fluid weight might change significantly, that portion of Sal so "eycl e. " Accordingly, S sight

cyclio loads other than cyclil moments.might be viewed as a crude allowan$s forhe role of S in a fatigue eval-nation is diseassed farther in Chap. 7. *

Most fatisse test data on piping products have been ran on specimens
with the welds "as-welded" and, hence, had high mean stresses from resid-sal weld stresssa.
butt welds, girth fillet welds, and welds in f abricated toes),To the extent that f ailures ocentred at welds (girth
(eves though completely reversed displacement or load) may have includedthese tests

.'some effect of mean stress.
Some moment piping product f atigue tests have been ran with a con-

stant pressure laside the test specimen.ss,sa,se-as In these tests, in-
termal pressures were approximately ogual to the maximum design pressure
he constant pressare produces a mean stress, although the maximum stress.

- - - _ _ _-
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eassed by pressere was assally significantly less them that caused by the
moment range, and the maximum pressare-stress toestion and direction does
act eenseide with the maximum moment-stress loestion and direction.Ae-
sordias17, the offset of mesa stress sensed by internal pressure would be
espeeted to be small, and indeed, the test data indicate me sisafficant
differesse between tests with and without internal pressure.

Referesse 22 also includes tests om earbon steel brameh ceanectionsin which simulated misaligament stresses of N/Z = 10, 15, 20, or 25 kei
were imposed along with eyelio stress amplitudes of 3 to f kei. These
were high-eyele fatismo tests (N between 5 a 108 sad 10'), sad meang
stresses were high compared with eyelio stresses. Nevertheless, there
was no sisafficant difference between results with the lowest and highest ;

assa stress. |

In sammary, available test data os piping predests do att indicate
that mesa stresses are significant. In all cases the streer, range was
the significant aspect la the piping prodnet test fetisse f allares.

|
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5. BIGE-CHI.E FATIGUE|

A siga!fleast member of fetisse failures (leaks) have occurred Ja
:

small-sised mastear power plant pipias.
<

| These have been related to vi-
bration of the piping where the member of scenamisted cycles can be veryi large la a relatively short period of salendar time. For example, at avibration frequency of 100 Es, 3.2 x 108,

oyales acesmatate la 1 yect.!

hot and sold fluids or by flow-indseed structural vibration (e.g., laLarge members of acenamisted cycles eam be caused by turbulent mixing ofsteam generator tebes).

He conditions leadias to high stemmainted cycles are difficult to
anticipate and have not been imelsded la restine evaluations of nuclearpower plant piping. However, if vibration is observed la preoperational
testing or la servloe, appropriate design f atisme stress limits are neededto assess the significames of such vibrations.

Code 1 design omrves praride values for allows.ble stress amplitude8, for up to 105 oyel e s. M-3222.4 and M-3653.5 somtsin implicationsthat 5 at 108 cycles is a design endurance limit.
note t$ m-3221.5 says, "no enderases limit shall be taken as two timesFurthermore, the foot-the 5 value at 108
he fIctor of 2 here removes the safety factor in Fig. I-9.0.eycles la the applicable f atigue surve of Fig.I-9.0."

Ustag 5 at 108
U of zero for, any stress amplitude less them 8eyeles as an endurance limit leads to a usage f actorat 108, regardless of thenumber of cycles.

For example, if 8 were callstated to be 50,000 pst in
a 304 stainless steel pipias componen,t, then U = 0 even for 108 cycle s.
As disesssed in Appendia B, a more defensible value of allowable designstress emp11tade 8

$t 108for 304 material at 10' eyeles (Carve C) is 13,900pai. By using 8
eycles = 26,000 pai as an vadurance limit,

factor of safety,of 2 os stress might be fully used up and f allare (leak)the
i

von 1d be about a 505 probability for this example with 8
'

N = 10' eyeles, 304 material. = $0.000 pai,
P

Code 2 allowable design stresses for N > 108 are given by Eg. (6)with f = 0.5. Comparisons between Codes 1 and 2 (range basis) are shownin Table 3.
He last coluna of Table 3 shows our estimate of an appro-priate valse of the endsrance limit 8 for an effectively infinite ausber

of eyeles (N = 1011), where 8 is adjIsted for the maximum effect of mean
stress and contains a factor If safety of 2 on stress. For type 304stalaless steels, the estimate acues from Appendix B.* Our estimats of8, for ferritic steels is disonssed la the following paragraphs.

Equation (9) is based on Mark 1's test data that covered a range ofoyales from 10 to 108
Marki acted that his data on piping products, |

other than plain straight pipe, gave no evidence at all of treading to
'

em asymptotle value (endurance limit) within the range of cycles covered.
Fatisse test results on branch conaeotions in Ref. 22 !adicate that Eq.
(9) is valid up to 10' eyeles, with some indication of as endurance limit

*The estimated valso is the value at 10amCarve C. eyeles on the proposed

_ _ _ . . . - . _ _ . .- .-
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Table 3. Comparisons of alterable design stress ranges at
high eyeles and estimate of endaranee limit 8,

!

Allowable design !
stress range Badurance

Material Temperature usO range
(sF) & estiaste,:'

cog, g Code 2 3,a.

(ksi)
s, = 0 s, = sh

:
SA106 Grade B 1650 25.0 37.5 22.5 14RA106 Grade A 1650 25.0 30.0 18.0 14 iSA106 Grade C 1630 25.0 43 .8 26.2 14

'

SA672-7100 1630 40.0 62.5 37.5 147
SA312 type 304 100 52.0 47.0 28.2 27800 $2.0 42.5 27.3 27
SA312 type 304L 100 30.5 39.2 23 .6 27

8

800 41.8' 35.9 22.9 27

" Valses of 28, at 108 eyeles. H e faster of 2 souverts emp11tadeto rease.
b
Valses of 2E by Eg. (6). He factor of 2 laeorporates theE

relattomably 21 = C I, and the Code 2 f-factor for N > 100,000 is 0.5,homoe 25g = 1.25 (8, + S I ~ 8 *h a

*E, adj ustment is applicable.

around 108 eyeles. At 108 eyeles, Bg. (9) gives ISg = 12.3 kei. Dividing
this by 2, to obtain a f actor of safety of 2 on stress, and multiplying
by 2, to aeoount for 21 = C.E., leads to an estimate of 5, (range) of12.3 kai.

Eigh-eyste f atigue for austomitte steels is disesssed in Appsadia B.
One of the proposed surves (Curve A) is simply an entrapolettom of the
present Code 1 uslag the ogmation (for E = 28.3 a 108 psi):

5 ,= 9159 M + 47.35 (25)

In this entrapelation, adjustment for mean stress was not considered
assessary, besasse 5, was presumed to be greater than the ylsid strengthof the asterial.

If we similarly extrapolate the present Code 1 curve of Fig. I-9.1
for UT5190 kai and apply the adjusteemt for maximum effect of asas
stress (see Appendia 3, Table 3.1), them we obtain 5, = 7.43 kai at 1011
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! eyele s. His leads to an estimate of 5, (range) of 2 a 7.43 = 14.8 het vsj 12.3 ket by 13 , (9) et 168 eyeles.3
| Some additional guidasse oss be obtained from fatisse tests of bett-
! wolded joints la plates. Referesee 23 eestains a.oemplistles of eseh
i data. In partientar, Fig. 36 of Ref. 23 eevers bett velde (reinfersement
! lef t es) la steseteral earbon stest s, with fallare pelats est to 2 a 10* ;

'

| eyele s.
He data, like Mark!'g, the best-fit seastsats a and b giveeher me evidesee of an endarasse limit.

1 Rapressed la the form S = aN
g g, {

i Sg = M N * * *" ket . (26)g

j Referesee 23 data sever from 108 to 2 a 108 eyeles; whereas Mark 1's data
j eever from 2 a los to 4 a 10s eyeles. la the region of everlap, Bes. (9)
; and (24) aSree tairly well with eseh other even though a butt veld is
} plate is not the same as a girth bett weld la pipe. Referesee 23 data
j are heavily weighted by ressats between N = 5 m le and N = 2 a 108

g g
| For Ng = 10', it gives Sg = 10.8 kat, whiek ewuspende te 5, = 10.8 kat,
j af ter dividing by 2 for the feetor of safety and unitiplylag by 2 for

,

| 21 = C,E, .
I Referesse 24 gives data os fetisse properties for bett-welded joints
j in SN50 3 kigh tessile structural steel plates (5, = S2.7 kol and 8 =

71 kel). Rose data sever the range fram N = 108 to N = 10', wit [ a few'

g g
"ranest" points at 2 a 10' eyeles. These tests aise give lower stresses
than Eq. (9) at 10' systes [~14.5 ks! vs the Eq. (9) value of 19.5 kel].
Referesee 24 data sagtest a value for 5 of ~14.5 ksi.

Referesees 23 and .14 tests were raI la reversed toastos; besee, they
instade a maan stress effect. Mark 1's tests were reversed bending. po s-
sibly this mean stress effect is a major reason for lower fatisse failure
stress ranges at hisk eyeles la Ref s. 23 and 24 them obtained from St.
(9).

sad 72-J100 is a high-stressth, low-alley ferritte steel with sysel-
fled minimus 8, = 100 ket and 8 = S3 kei. Referesee 25, in partiestar
Fig. S therois, indientes the v,ariation in S at 2 a 108 systes with BTSg
for butt welds (reinforcement lef t on) la ferritte steel plates. The data
cover a rasse of 8,from $$ to 150 kel. Here is, on the average, as is-
eresse in S with 8, of 6 betwna 8, of $$ and m het and penibly ag

deeresse im S with fwthw imenasu in 5,. Ewww, the seattu of theg

data at 8, = 100 kei is seek that it might be impredest to depend spen any
lesrease in Sg with 8 ,. Refenace 25 data indients that, fw 0 to tension
loading, 2 a los eyeles, S is not less than 17 kai for all UTS velassg

severed. Then divided by 2, for a f actor of safety, and unitiplied by 2
for 21 = C,E,, the vales of 284 ** * 'I*I" I * I 'I* "'I"'''
that S = 14 kei, in relation to Ref. 25 data, implies a redsstion is f a-
tisse Itrength by a faster of 14/17 = 0.82 betweam 2 a les and 10" ey-
eles. In view of Ref. 25 data, we have shows 5, for SA472-J100 in Table 3

1
'

.- - . _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ - - _ _ _ _ . _ _ _ _ _ -
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i

i as 14 ket, with a questies mark to indiente that Code 1 Fig.1-9.1 indi-
! sates that high-strength steel is 20/12.5 = 1.6 times as strong as low-
! etrength steels at 198 orales.
j the rotative values of 5 la Table 3 for ferritte and 394 anstenitic
) steels is vertly of samment II view of Appendia C, whiek isdiestes that
i girth butt welds is serben stoet pipe are at least as good as girth butt
j weles la type 394 statateen pipe. Wafortsmately, the data la Appendiz C

are for relatively ter-eyete and de met resolve the 8 questles. Refer-
'

f once 7 gives reestte of reseassee bending tests em pih and girth batt
{j welde la the pipe. These results indicate that girth butt welds la type

! )394 stataloss stoet pipe are slightly (10 to 205) stronger than girth butt
!i welds la serben steel pipe, eestrary to the data in Appendis C. but not by {i the faster of 27.2/14 = 1.94 indiented by the raties of 5 la Tabit. 3.
ii It is apparest frem the procedtag disemasles that eeIsiderable ma-

j eertainty esists semeersias as appropriate value for the endanses tasse
! Ilmit 8 for evalastles of high eyote fetisse of piping esepenents. Row- !

;

ever, t$ the estest that the 8, estimates are valid, Table 3 indicates
that (1) Code 1, using 28, at 108 eyeles for 8,, is uneenservative; and,

! (2) Code 2 is assemeervative for ferritte materials and aise for austes-j itis materials if 5, to takaa as sere. j
:

,
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6. TERS*

In addittom to the differesees between Codes 1 and 2 fatigue evalue-
ties mothese dieessood la the precedlag, there is a difference la the way

,

I

stresses are salestated for tees. In Code 1 analysis, the stress range
saaeed by a set of moment ranges as defined la Fig. 6 le estentated by:

8, = E C #sb ab"b b * Ear ,,N,/Z, . (27)C

*The term " Tees" used here laetados fabricated branek eennections
a.A ANSI 316.9 masafastered tees.

l

|

i
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CODE 1

M, = (M,2 , g2 , gfg%,

M,= =:,. M . g,is.

IF M , AND M .t HAVE OlFFERENT SIGNS.g

THEN M,, IS THE SMALLER OF M,,g AND M,,,,

IF M,,, AND M HAVE THE SAME SIGNS.eet

THEN M,, = 0 WHERE li = or,it. OR tr.

E

EACH END OF THE TEE IS EVALUATED SEPAftATELY WITH:

I
M, = (M + M,2+ M,8 *i,

M,,. . ,,. M',. M ,,i*.2

M,,==>,+=2,.M|,,i.x,

Fig. 6. Definittoa of moments for toes rand eede methods forsalestattag N , N,, N,,, and N,,.b

.. .
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Ia Code 2 analysis,

S, = m .a=== et 1(t/T) N /Z * Is $Z , AN,,/Z, . (28)b b ra r

Nasations (27) sad (28) sheste met give the same estestated stresses,
bat free the standpotat of fatigas evaluaties, they should give ogstve-1ent results. That equivalenee, en as individual moment basis, is ex-
pressed by 21 = C E,. As w!!! beoene apparent la the followles pare-
graphs, this etsivalemee does set estet for some moment sembinations.

The definities of N
set of moments la the seEe(Fig. 6) is sseh that Ndireetten (e.g.,N,, (may be sore for ese, and N ,,)bat see-, g

sore for asether set of eenents la the same directies (e.g., N , N ,,,g gand N , ). Aeoordingly, to make eenparisons between Codes 1 and 2. Atg

is asse,ssary to saamine the three sets of moments la the same directies.
These three sets of moments are adestified as N , M., and N,, where N
and 5, are the moments en the rua, and N, is the moment en the brameh.a
Equations (27) and (SS) eas be espressed as:

8,,= t lN,l/Zb * O u #Ib rr t (29).

and

= mazimum of e |N,l/Z * O |E l/2,, or 4,lN,l/Z, ,8
(30)g b r a

where Gg=Esb ab er 2it/T, G, = E,,C,, or 21. A letter "p" has beenC

added to the subseripts of S and 8, to emphasise that the stresses ob-a '

tained by Nes. (29) and (30) are saly part af 5, and S.; the other two
seta of same-direstles momente osst aise be eyalasted.

If the signs of N, and N are the same, then N, = 0 and Eq. (29)
gives A = G lN,l/Z . Tis show that Code 2 5 is the same as 5 , web b

first note that, frem statie egallibrium, N, = -(N + N,) hence, |N,| 1|N.I and IN,l 1 lu l. We them introdsee the parameter Z':g

I' = g e,/(Z,0 } * IIIIb

and mete that Z' i 1.0, beoesse Z i Z, and e i G . If Z i 1, thesh b4,lN,I/Zb **d s IN |/Z will be leee thea G i r |/Z and Eq. (30) w111r b s bstee s, = e,1N,l/l, = ,s . Aseerdiasty, the men.quivalene. bet.o.a
Codes 1,and 2 essers essth,if the signs of N, and N, are different.

For M, and N, with difforest signs, we take |N,| 1 |N,l. Then N ,

= 1IN,I and IN,1 = IN, + N,l. Equaties (30) beoenes: '
I

s,, = manimus of e lN,l/I, or e,1N,l/Z, .g (s2)

,

, , , -_ - .-- . - . - -
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i The ratie of Ssp /S eam them be salesisted by:
; sp
i

! 5sp/S = lesser of ( A - F )/A or A - F . (33)op;

i

If r = N,/M., thes F is negative and varies between 0 and -1, and

A = (W + 1)/Z' .
i

j For any F between 0 and -1, there is a maximum in 5,,/5,, given by
|

[ (Ssp /5sp)maz = 1 - r at Z' = 1 + r . (34)
;
,

i Noting that F approsekes -1 as Z' - O for a small branch in a large ran,
f Ng. (34) indientes that the monequivalence between codes 1 and 2 can be
i as aseh as a factor of 2 with Code 1 alsays belas more conservative than
; Code 2.

Thish is more noenrate, Code 1 or Code 27 In a physical sense, Code'

1 implies that the stress eassed by N,, roasted by either N, or N,, adds
! to the stress sensed by N reseted by N,. his is probably too conser-a
j vatives it imp;.b. that the masimum stresa caused by the two sourses are

i at the same potat and in the same direction. Code 2, on the other hand,
; impiles that the stresses sensed by the two soareas do not add to eack
: other at all.
! ne preceding disenssion, la whiek it was shows that Code 1 might be

! more eenservative than Code 2 by as much as a f actor of 2, was based on
the equivalesses =E C = 21(t/T) and G =E C = 21. Nowever,

j this equivalesse aa8IIIlstforrunmomeitsol'flIricatedtees. ne
i differesee is illustrated by the following example.
i Consider a 24-la.-0D by 0.375-in. nominal vall run pipe with a
j 1.315-in.-W by 0.133-in. mentaal wall drain oommeetion. H ere are no
| moments on the drain; homes, 5, w!!! be controlled by IN,,/Z,= AM,,/Z,.

| The vales of 1 is 0.9 (R/T) = 6.98. For Code 1, beessee N,, sad N,,
j have the same signs, 8, = C E N,, /Z, = C,,E,,N,,/Z, . He valso of C,,

is 1.15 ((t/T)(r/R)/(t/T)] f =,,1.67; the value of E,, is 1.75, giving
4 a
3

| E,,C,, = 2.92. In this ease ple, 21 le egual to 6.15 C,,E,,; hence, Code 2
is f ar more oomservative than Code 1. '

;

!

I

i
!
i
t

i

i
i

i
;

i

l
a
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7. C005 2 CDFMAGE OF 1,0ADIMBS UIIM 15AN ISIGITE

As seted in Qtep.1 and several other places la the preceding test,
Code 2 eovers only moment toeding. Bewever, as also noted is Chap.1, so
fetisse analysis is regstred for Class 2 or 3 vessels, pumps, or valves,
and is this sense, Code 2 is more semplete than regstred for other Class
2 or S seaposeats. Despite the preceding sostesse, which might be takes
as indicating that Code 2 is suffielently esoplete, is this skapter we
disesse the estost that the present rules sever eyelle pressure and ther-
mal gradients and proceed with as esploretory discussies of how Code 2
might be estended to more esplieltty eover Ioedisse other thes moment
loadings.

He significanoe of 8 in Eq. (6) was disenesed is Sect. 4.6, where
it was esselnded that 5 il a fatigue evaluation does not make much sense
as a mess stress. RathIr,8 appears to serve as as allowesse for eyelle
Iomdissa other than eyetle mIments.

7.1 A11swanee for Cre11e pressere

n o equation for 8 espI
= pd8/(Ds - gs), whIre p =loitly Amelades pressure leading is the form8 ! sternal pressere, d a pipe ID, and D =

pipe OD. Coseideries the erede approximations levolved is its see, 8
might well be salestated by the simpler form seed is Eq. (14), S = ''
pD,/47, where D, = outside diameter of pipe and T = seminal wellShick-

. sees of pipe. Bowever, the sissificant aspect here is that 8, Aselndes
the asial stress sessed by 1 sternal pressere is (espred) streight pipe.
As a bosed, we will esamine the gnostles: Is 8, 3 Sh esfficient to guard

against fetisse failure eassed by eyelle pressure?
he most sensitive pipios prodset to eyelle pressure is mesally

braseh oossections or tees. Code 1 gives C, and K stress ladezes snehg
that the C E, prodset is salikely to eseeed 6. His meses that the nazi-S

mas peak stress 8, is not Ilkely to eseeed 12 times pD,/47. If Sh * II
kai (SA106 Grade 3 sp to 650*F) r d y is sseh that pD,/4T = 7.5 ksi cor-
respondlag to the maalmas allowable hoop stress of 15 kol for pressere
design, thes 8, = 12 s 7.5 = 30 kel range, prem Eq. (24), it ens be seen

that a peak stress range of 90 kel sorresponds to as allevable N of ~$000
eyele s. Aesordissly, it appears the S = S, oostates as allowance for
eyelle pressere leading of ~S000 eyelsl free sero to the masimum permis- |sible design pressere and beek to zero. If S i
weight stresses and the weight (finid oostestI) selndes significant

'

is seastant, them as ad-
ditional margia is provided for eyelle prosesres. ,

'

por other mesterial and temperatsres, the allswomes for eye!!c pres-
sure westd very with the valse of S s for esemple, for SA106 Grade C spg
to 650*p, S * I7*5 h*I' S = 6 a 17.5 = 105 kel, and M [by Eq. (24)] ish p j
(4p0/195)8 = 2200 eyeles from sero to the manimen destas pressere and

|beek to zero.

l
_ - _ _ . _- -.
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| 7.2 Allowanse for Thermal Gradients

i

The etsstion for 8 does met imelade thermal gradients analogens to4

the last three teses is*Eq. (2). Bewever, as indiosted is Fig. 3, there
is a margia for thermal gradients up to N of about 7000. For example, at

| N = 100 of both moment and pressere eyeles, the margia betwees Eq. (24)
and the line identified as 8, = 0 is 490/100e.s - 1.25(15 + 15) = 153
ket. This margia, for example, westo provide as allownsee for the AT,
thermal gradiest team of Eq. (2), eeescring 100 times, of:

AT, = 1$8,000 m (0.7/190) = 41d*F ,

where (1 - v) = 0.7 and Es = 100 ps!/*F. Of soarse, for larger ausbers
of eyeles (either of menest, pressure, and thermal gradients simm1ta-
aseesty or independently), the avellable margia for thermal gradients be-
semes smaller and essentially vastshes at and above 7000 e3 eles of monest
and/or press.are eyeless

7.3 Use of Is. (2) for Combined Leadinas

This seetles, and the following Seet. 7.4, eestains an esploratory
disenssion of her Code 2 fatigue evataaties could be improved is com-
pleteness and consistesey. Fins reeammendations weste require further
study of seek sepeets as the differesee between Codes 1 and 2 in the i

evalastles of toes, appaopriate values of 5 , and the validity of assusp-
tiens involved in the following disesssies.*

Code 2 fatigas evaluaties oeste be improved is sempleteness and ces- |
sisteney by (1) eales1 sting S by Eq. (2) and (2) limiting S by Eq. (24).

E E
This, is offset, assuses that the relationship 21 = C.E, is more gener-
ally valid (i.e., 21 = C,E, a C,E, = C,E,). The advantages of this ap-
preaek, as eenpared with a Code 1 fatigue evaluaties, are that there is |

me ased to sales 1ste 5, separately and the E, adjsstment is not needed. j
There are test data os piping perduets that ses14 be used to esamine

the validity of 21 = C.E, for prassure heading. Bewever, test data os

pipias predsets are met available for esamining the validity of 21 = C,K,
for thermal gradient leading. Also, se test data es pipiss p:codsets are
avaltable is whi<sh there were sembinations of eyelle moments, pressure,
or thermal gradients.

Equaties (2) involves the implied assumpties that assimus stresses
massed by pressure, moments, and thessel gradients seemt at the same leea-
ties la a piping predset, and is a directies so that they add to eseh
other to fees the total stress. Is Seets. 7.1 and 7.2, that taelt se-

sumpties was also made..
In the ease of eembined pressere and mement leading es braseh een-

*

asettese er teos, meaally the stress caused by praesikre is relatively low
at the toesties of manimum stress eassed by menests and vise versa. As-'

eerdingly, the assumpties of stress solacidense may sostais sissifiesst
eenservatius. Bewever, in the ease of a girth butt weld is straight

,

.----- - _ _ - - - - - - - . - _ _ - - - - - - - . _ _ _ . - -- c -
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;

pipe, the salal stress adde direetly to the moment stress.
thermal gradioat stresses may or may not be colaeldest with locatio

,

Simil arly,
maximum stresses-eassed by pressare and/or moment. ns of

,, _ _ ,___

!
,
.

7.4
Code 2 camalative Usame Emmation

i

The Code 2 ensalative damage rate is disenssed at the end of Chap(see Eg. (13)].>

If Code 2 were changed along the lines suggested in .3
Beet. 7.3, a sorrespondlag enastativo damage rate could be

i

!=k

M=N,+[(S/S,)*N,
g g,i=1 (35)

where

N = total number of estleipstod eyeles in operstloa, which
determines the value of the stress range redaetion festorf la Eq. (6);,

N, = aumber of antielpated eyeles of as arbitrarily selected
partiestar load eyete with a calcalated stress range 8N

g = nember of satielpated eyelos with the stress range 8 .":
gIf 8, or S is less than twise 5,, then N, or N may be takaa as sero.

g

For fatigae evalastles aseeptability, Eq. (36) meet be satisfied:
g

P

N.i (4 M/S,)', with 3, la ksl .
(36)

Yalues of S
be salonisted by'Eq. (2).would have to be imeladed in Code 25 and S soald* g

The follewlag example Atlastrates the procedare.kai, 5, = 301:1 N, = 200, and the followiss velaos for SAssane S = 14
and'N :g g

Cycle
type ,i y

i

1 130 100
2 N 400
3 40 6000
4 13 10e

For this esemple,

N = 200 + (130/S0)' s 100 + (M/S0)' s 400 + (40/50)' \

a 6000 + (13/30)' s 0 !
I

N = 200 + 11881 + 7558 + I M f + 0 = 2160$.

_ - _ - _ _ .
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:

| Fram Eq. (34), (490/50)8 = 90390, and besasse 21605 ( M390, the partice-
'

1as piping predset. involved la this example vos14 be seeeptable from a
i

. _ . . . . . _

fatigae evaluaties standpolat.
d

i 7.3 Fr m stress Proteetles. Elmh Teaseraturesa

!

hressheet this report, and parties 1arly la Seets. 7.3 and 7.4, the
foems has boom en fatisse evaluations. Note that Code 2, NC/ND-3640,
oestains rates for pressure design and nothing is this report is intended
to suggest any changes in NC/ND-3640. Code 2 (Winter 1931 Addenda) Eqs.
(8) and (9) fasettoa to avoid gross plastic deformations under combined'

pressere and moment leads, seing the 3 and B, indeses. No change is3
these Code 2 equations is intended by this report. Indeed, with the po-
testial changes disonesed in 7.3, Code 2 Eqs. (3) and (9) become eyes
more significant sad may of ten be the sontrolling f actor rather than the
f atigue evaluation.

Industrial piplag sodes (e.g., ANGI B31.1 and B31.3) cover tempere-
tares higher thas 700*F for ferritie steels and 300*F for sustenitic
steels and other high alleys. De essgesties la Seet. 7.3 involves the
implisit assumpties that Eq. (14) is valid for all matorists and tempers-
tares up to 700 or 800*F for stresses down to S . H is assumption is not
valid for higher temperstares, hence industria1* piping sodes should not
follow the suggestion la Sect. 7.3 for all of their temperstares. Also,
industrial piping oodes weald have to aske sure they keve adeguate pre-
testion against gross plastie deformations equivatest to Code 2 Eqs. (3)
and (9).

.



_ . _ _ . _ _ . _ _ _ _ _ ._- _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ . . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

32

8. ElefARY

8.1 Mes 2-4 Fatisse Evaluation us to 108 Cycles

Considering the entirely different approaches used in Codes 1 and 2,
the agreement between the two approaches is gratifying 1y good. HeI
factor is metaly responsible for this relatively good agreement. Nowf
ever, Code 2 appears to be potentially masonservative for high-strength
materials like SA672-7100. Code 1 appears to be potentially anconserva-
tive for type 304 material for N 2,108, E, = 2, and for N J. 10s, g, . 1,

8.2 Chanter 5. Elmh-Crele Fatiate

Both Code 1 (using S at 10s eyeles as an endurance limit amplitado)
and Code 2 (uslag S witkN = 0.5) appear to be potentially unconserva-g,

tive for evaluation of scenssisted eyeles of about 10' or more. Table 3
a*.ows our estimated valse of 8
tively infimite samber of eyells.(endaramos limit range) for an ef fec-
.

.

8.3 Chanter 6. Teen

Stresses la toes are evaluated differently in Codes . and 2. Under !
sertain combinations of moments, Code 1 can be more conservative than
Code 2 by a factor of up to 2 However, for evaluating stresses caused
by run moments, Code 2 esa be much more conservative than Code 1.

8.4 th eter 7. Leadinas Other than ":::stg

Chapters 2-4 are eencerned with correlations between f atisme evalas-
1

tion for moment loadiass, becesse Code 2 esplicitly covers only moment
loadings. It appears that Code 2 rates, as predestly written, have a
substantist allowanee for eyelis pressure and, for a low number of de-
sign eyeles (e.g.,100), a substantial allowance for thermal gradients.

Im Sects. 7.3 and 7.4, esploratory comments and suggestions are
given ooseeratag Code 2 modifiestions that womid explicitly cover pres-
sure and thermal gradients as well as soments. He major addittomal work
involved la routine fatisse evaluations would oomsist of the determina-
tion of the thermal gradients, AT,, AT,, T , and T ' I" 8"** 7*5' ****bis made that this report is oosearced with, fatigue evaluation and that
Code rules for pressure design and Code equations for protection against
gross plastle deformation must be observed as well.

,

, . , _ . _ . . _ _ - . . - . . - - , _ .
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Appendia A i

BAGBROUND OF TER E, F CIOR

! The purpose of the SS limit on the range of primary-ptse-secondary
evaluatiIs.s to ensare the, validity of the 8stress 8 i value used la the fatigue

Cemeoptaally, the limit is the Ikakedova limit of 28 be-
easse 8, = (2/3)S, and 38, = 28 . Aetas11y, for most materials a!d ten-7
peratures, the value of 5, is not (2/3)S,,, where S is the Code-taba-ys
lated or espeeted (at temperstares above roen temperstare) mininua yield
strength. Esamples are (1) 5, for SA106 Grade B at 100*F = 20 hei, S =

35 kei, 8, = 0.57 8 ,; and (2) 8, for SA312 type 304 at 500*F = 17.5 (,i,s

S,, = 19.4 kei, 8, =7 0.p0 8 .

The shakedova eriteria,,f 5, i 28o are based on an idealised, elas-

tio perfectly plastle material; most piping materials are not really,

seek idealised materials. Furthermore, 8 is a minimus; typical yield;

strengths are about 20% higher than S ,. Therefore, it is apparest that,

: the 38 limit is only a rough approximation of the shakedown limit.
PElor to the start of work on Class 1 pipias for ANSI B31.7, a sie-.

pie proeedste for fatigas evalsattom whom 5 ) 35, did not exist. Writ-ers of ANSI B31.7, at that time, acted that

1. Stresses eassed by a 11asar through-the-wall temperature gradient ATgshould be soneidered to be part of 5,. Indeed, la the Breet shake-

does evaluation, AT is the soarse of bending stresses that, is com-g
bination with a membrane stress (e.g., from pressare), esa easse
eyelle plastietty or ratchetting.

2. Test data os piping prodmots were available (e.g., Markis) to clearly
show that, even for 5 ) SS , the prodnet son 14 withstand a signifi-
east amber of eyeles,witho,ut f ailure. Equation (24) of the text as
applied to an elbow illustrates this. For an elbow, E = 1; besse,s
218, is equivalent to 8,. With 218,= S,= 68,= m ksi, S . (24)t
gives N of 150 eyeles; N = 32 x 150 = 4800 eyeles.g

Making AT stresses part of 8 ineressed the freguesey of 8 ) SSg

la designed piping systems. RecogIltion that, even if S > 35 "sig "
alfisant f atigue eyeles sould be withstood motivated the*deve15p, ment sad
asseptaneo of a " simplified elastle plastle" evaluation procedure for

! S, ) 3 5,.
; ANSI 331.7-1969 for 8, ) 38, required that:
i

i 8 = C Mg/Z i M , (A.1)
:

where N von the resm1 tant moment range eassed by restraint of thermalg

: *

.

.
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I
j espansion. If Es. (A.1) was set, them:
}
4

s , = (1/2)[s,+ A(s - s,)](s,/3s ) *g
y p (A.2)

'
j where s , was the sales 1sted stress esp 11tede to be used to outer theg
1 Code design fatisme earves.'

Fig. D-201, imeladed here as Fig. A.1The value of A was obtained from ANSI B31.7;

The use of Eg. (A.2).was re-
strieted te (253 eyeles of s, ) 33,. Tasarts diseasses the development

;

1

i
j
!

'
ORNL-OWG 83-4401 ETOj 2.0

, -

4 " '

-' , .,

s -p
"/,

.p -

(e)4 1.0 ?
j / . _ CARBON STEEL,

P-NUMBER 1
; f ASME K
1

)
!
( 0

1!- 3.0 2 3 4
) ) .

1 /

i )
i I
j 2.0 I
, It

!
- I

fel
{ A J 21/4 Ct-1 Mo STEEL

f P-NUM8ER5
g ASME E;

: 1.0
,

! !

!
'

i i

i
i 0
l 2 3 40.4
j ,fA = 0.7
| A 0.4 I#I
,| 304 STAINLESS STEEL

P-NUMBERS -

0 ASME E
i 1 2 3 4
i S
( S,tas, OR M
: 35

') Fig. A.1.
A-fasters for use la Eq. (A.2). Sene'ee : Ameriosa society} et Meehamleal Basineers, #asetear PoMer %, USAs 331.7-1Mt.1

i 1

1

$

.

!

l. _ _ _ . . . - __ _



- . . _ - . - . - _ _ _ - - - - . _ - _ _ . - _ _ _ . _ - - _ _ _ _

37

' of Eq. ( A.2) and the 250-eyele limit. Tae basis for Eq. (A.1) is more
aebsloses it eene is large part frem the desire te limit esysastos
stresses to the same " ball park" as these permitted la industrial piplas
sedes.

Code Case 1441, " Waiving of SS Limit for Seetles III constracties,"
was published in 1970 It gave es1Is that are simost the same as these ;

new in Code 1 (see Gap. 2 of the test). Dre essertions were: (1) the
sunber of eyeles with 5, ) SS, was limited to 1000. (2) the value of a,
for aseteattle statatoes steels, was 6.5 rather than the present a = 0.3.

Table A.1 shows eenparisons betwoom Code Case 1441 (1970) and Code 1
(1980) for statatoes steels Case 1441 sees a = 0.5 rather than the pree-

est a = 0.3. It eas be seem that use of a a 0.5 gives very high allee-
able fatisse design stresses for low eyeles; the n = 0.5 was seen (1971)
shanged to its present vales of 0.3.

Table A.2 shows eenparisons between ANSI B31.7-1969 and Code 1.
Osasidering the order of assersey involved, the method used la ANGI B31.7-
1969 for fatigue evaluaties for S ) 35 is equivalent to the I* faster* *
used la Code 1.

Tasart* has prepared a deseription of the basis for the I factor.
Beensee, to our knowledge, it has not been published and beensle ques-
tiens regarding the basis for the E f aster fregnently arise, Tagart's
disessales is quoted la fall in the*follewlas paragraphs. In addition

Table A.1. Cooperiseas of allowable valas:
of 8 (ksi), Code Case 1441 and Code 1

y

SA312 type 304 at 100*F

M E=1 Es = 2

Case 1441 Code 1 Case 1441 Code 1

10 630" 390 630" 390*8

108 240 144" 240 1798 8

10s 109" 87.1 155 140

104 80.0 71.6 118 118

108 65.8 63.3 75.0 75.0

1 08 52.0 32.0 32.0 52.0

"Indientes that 5, ) SmS,, E, = 1/s,
8,= 2as,.

OIndleates that 5, ( SS,, E, = 1.0,
8, a 25,.

. - _ _ _ _ _ _ .. __
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Table A.2.
Comparisons of allevable valass of 88 (ksi),

dMSI B31.7-1 M 9 and Code 1

84106 Grade 3 at 100*F 54512 type 304 at 100*F
)

N E. = 1 Es " 2 Ks " 1 Es=2 ;

W1.7 Code 1 391.7 Code 1 331.7 Code 1 231.7 Code 1
i

10 264 232* 288 2M 279 390* 340 390"
,

its 137 127 181 190 170 144* 207 179
10s 99.8 87.0 121 134 114 87.1 139 1406108 67.3 65.0 76.0 76.0 84.1 71.6 lit lig

h h
1gs 40.0 40.0 40.0 40.0 67.1 63.3 75.0 75.0

6
b

0 6 6 6 b h b
198 25.0 25.0 25.0 25.0 52.0 52.0 $2.0 52.0

" Indicate s that 8, > SmS,, E, = 1/a, 8, = 2s8 .
i

,

Indleates that 8, 4 38,, E, = 1.0, S,= 28,.

.

to the referesses etted by Tagart, Refs. 5 and 6 eostain more extensive
and direet eerrelations between f atisse tests on piping prodsets and the
Code 1 with I, mothed of fatisse evaluation.

t

maarn a m pan" a=E se 3118.3 s | I

Ia- = ,1cm Irr amor.vm== ar_aeric.pr meric a'' ests'-

The rates estrontly appearing in the ASM Seetion III
Code coneersias simplified elastle plastle analysis have their j

erista la the development of detailed stress analysis for an- .

elear power piping eenpeasats under the former USAS B31.7 Nu- i
!-etear power Piping Code. In the process of developias that
!eede, the fregesatly escarring large primary plus secondary

etresses whiek rossit la piping eenpensats gave need for a [
staptified peseedste to evalaste these effeets. A detailed

4

'

procedere was implemented into the 331.7 eode and referomoed '

by Paper 68-77F-3, listed as Referesee 1 (Ref. 3 of this Ap-
pendia). This development relied on tests of notehed har
speelsene whlek measured the strais esseestrating offset when

,

the SS, inmit was eseeeded. Although it was generally agreed

*0riginal test by S. W. Tagart.

_ _ _ _ _ _ - . -
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that the reeammended procedures presented in this paper were
safe and senservative by those who reviewed them is detail,
feather devotepments of simplified forestas oeescred when the
piptag eede was sembined into ASE Seetles III. Due to the
semplexity of the c!astle plastie behavior, ao staple foemala
oeste be developed wklok weste seenrately represent ev'erything

,

which goes on. !
In simple terms, the strais eoseestration phenomena ukle.k |

osears is illustrated by Figure 1 [ Fig. A.2 of this Appendia].
Bere we see a plot of the peak strata consentration f actor la
either a astehed member or a member with some other type of
stress sessentration. The peak strain ooseestration remalas
seastsat from 0 to A where the material behavior is perfectly
elastle. At point A, the strais eoseestration bestas to es-
esed the elastie stress eoseentration, E , and contianos to

g
rise until same Point 3 is reached at which a masissa strain
sessentration escurs.

If defleetles is aestimmed, the strata oossentration be-
sins to drop off as shown by point C. Lasser, la Referesee 2
[Ref. 7 of this Appendia), has estimated the generalised maxi-
man strata concentration whiek eam seene at a point oseh as S.
Es illustrates that the strais concentration f aster. K is ap-g
prominately 1/a, where a is the strain hardenlas espeasst of
the material. This maniaan value of strais eoseentration is
the basis for the assumed shape of the E eorrection factor

Ewhiek appears in the Code. The specific Code formula shown
here as egnation 1 which quantitatively espresses this strain
esseestration, costelas two material terms, a and m. The a
term was introdseed into the formula la order to prodsee say

08tNL-DWG s3 4007 EfD

a
.

|
c

K
E

0 Aj
K,

1

|
'

,

DE F LECTION

Fig. A.2. Sehematie 111mstration of peak-strain soneestration la a
notehed besa as a fasetion of def teetion. Senares: Ref. 4.

-
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!

} destred slope sa the E faster la regles A of Figare 2 [ Fig.
| A.8 et this Appendaal.E Mas, the fees of egnaties 1 was ee-
| 1eeted la order to peeride two features: 1) a maalaus eerree-
| ties for the strain sensentraties of 1/a and 2) any esperi-
| mentally observed slope of the I, eerreetles in regles A.
' While the strain hardenias capeasst a is easily obtained for
i the statie ease by messering the matteen eleagaties at monimum
! lead enring the tessile test, seek velass of a may not refleet
i seearately the behavier whiek e,eears is a f atigue sitssties.
j herefore, the valass of a which appear la the eeds for this
; precedure t's saly appresimate valaes of the strais hardenias
i espeasst se sempered with these free a teasile test. Here is
i no stratshtfesward method for measuries a withest using the re-
I setts of fatigue tests. De method which was need to estab-

| lieh the validity of the correetles fester E supplied by
t

j ognaties 1 for speelfie a and a valass was threagh eenperises
| with fatigue test results. Other methods are possible, but a
i standard method has not been developed at the present time.
! Husereas f atigue tests have been ran and the results of these
! tests have been published and have demonstrated that the eer-
i resties predicted is senservative for use with the Code.

Referesses 3 threagh 3 (Refs. 7-13 et this Appendia]-11-
lastrate some of the searses of verifylag the earrent elastle-

! plastle design fosaalas. For esemple Figure 15 of Referesee
3 (Ref.13 of this Appendia] shows a direet oosperises between

i

onet-owna m sto

!
K g 1.0 (s < as ,1<

~" Nm "a UIl| KE = 1.0 + -1 mm
(t) < nim - Il as , j gg,33 ,3 ,3g

1 K = Ung

(EGION A:,_
1 ,

"a
di f/n

1.0

| |<> i r

0 1 2
8,/35

Fig. A.S. Sehematie 111astrattom of the variaties of E, as a
iasetles ef primary-plas-seseadary atreas. Sonsrae: Ref. 4.
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the strata esseentration f actors used la the Code and the val-
ass obtalmed from tests on type 304 stainless stee1. In the <

eriginal eeneept of the elastle plastie correetles as pre- I

seated la Referesee 1 (Ref. 3 of this Appendiz), a limit of |230 syetes is eaggested below whiek as specifie assonst was
required to assare that ratchetlag weald be mogligible. The
carrent rates of ASIR Seetlos III have no such limitations;
bevever, it should be acted that is M3223.3, Paragraph (a), a
range of primary plus seseadary membrane heading stress inten-
sity emeloding thermal bending stresses must always be less
than 38 .

PaIagraph (d) requires that the through wall thermal
gradient effects meet the requirements of le 3222.5 for ratch-
ettag due to pressere and thermal effects. In addition, the
eenservative va h s of the E factor drastically redsoes the

E
allevable f atigue life eyeles. Satisfying these requirements
provides assuranee that a negligible amount of ratcheting saa
esear, therefore, no additional requirement for limiting ey-
eles ese to rateketing is assessary.
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Appendia a

! BASIS 45' CODE 1 FATieUE DESEON GIVES
4

$ Baala Tant Bata. f'a des ad Low-Aller Steela
:

i

Figure 3.1 shows the basis data used to establiek the design f atisse;

) earve la Code Fig. I-9.1, UTS I 80 kel. Figure B.1 eossists of Fiss. 9
: and to of the Criteria.a The data in Fig. B.1 are free strata-controlled,
i sore mesa strais, fatisse tests of polished bars at (probably) roca ten-
i perature. As eqasties of the form

i..

j s = [E/(ds)] la (100/(100 - i)) + a (s.1)t
J

4

i

ORNL Dum 83-4008 ETD *
710 g , ,nn , , i n ,,,y ,,,,n5 , , , , , , , , , , , , , , ,

4

3 CARBON STEELS 5 I

~
I

EN-2, A-201 ~

-n
108 _ oi ,

"8EST FIT" CURVE, A = 88.5%,!: *
2 *

8 = 21.045 ni-
a _

~
_

105 - # iw

%.% Ei - *
;,

I ADJUSTED FOR MEAN STRESS #

yj
_

. . i nal i s i n ni! i n i i n n! .a$
|We , i n ni i

EI 10 102 103 108 105 los
t!$ N

1077x g ,,,nn, , ,,,,o , ,,,n, ,,,nn, , , ,,,,, 1

"$ i LOW-ALLOY STE E LS 5 iy - EN-25, A-225 AND A-302 -

108 '*
5 "SEST FIT" CURVE, A = 6t A%,5*

: 8 = 38,500 psi :
-

-

-
.

f h!
~

ADJUSTED FOR MEAN STRESS

Isiiinun i in n ul i i i n ial i i i n n.I i i i n n$ig
10 102 103 10 105 10s8

N

Fig. 3.1. Basic test data: (a) earbon and (b) low-alloy steels.
Sena=es Ref. 33.
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was fitted tt the average of the test data by selacties of A and s. He
pereest redsettes is area is sometimes used for A, but la sonore1, A is
simply a earve fitting parameter. H e valso of a is an endaramee
strength, that is, a valas of s below which fatigue f allare will not ee-
ear la a petished bar la dry air er equivalent envireament. H e design
fatigue earve is obtained feen Eq. (3.1) by: (1) applylag sa adjustment
for mesa stress effeet, and (2) applylag a faster of safety of 2 en
stress er 30 es eyeles, whiehever gives the lower f atigas design stress.

Esaa stress Adinatasat

Besasse of residaat stresses at welds and other possible seuroes of
mesa stress such as installaties misalignaest la piples, the Code has
takes the appressh of adjmeting the test resalts for the sezimum possible
effect of mesa stress. He adjustment procedure is described la the Crl-
teria.* Re precedare is based on the Goehas disgram and the sencept
that the sus of the mean stress and reversed stress emplitude esmaet en-
seed the yield strength of the material. He equivalent easytetely
reversed stress s' is obtained by:

s' = s[(s,- s,)/(s,- s)) , for 8 < sy; (s.2)

and

i
s' = 8 for s > 2T; (5.3) i

!

where

.|
s' = ognivalent sempletely reversed stress amplitude,

js = reversed stress amplitade [sq. (s.1)], '

s = sitimate tossile strength of material,
S* = yield strength of material.

Y

.

To make the adjustment indleated by Eg. (8.2), velass of s, and 87meet be seleeted. Rose are met necessarily the mistaan spesified
strengths, and a judgment must be msde as to the appropriate values. no
Criteria does met identify the values of s, and s, used to obtain the
adjustments (dashed 11 ass in Fig. 3.1), but working beehrerd, it appears
that the fe11 swing valass were used.

8 Ea y

Carbes steels 80 kai 40 kei
Lee-alley steels 100 kel 70 kai

Baving made the adjastment for mesa stress, the design f atigue curve 5,

_ -. . - . . ._
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vs N is obtained by applytag the factor of safety of 2 on stress or 20
en eyeles. |

De procedure described la the preceding paragraphs is illustratedla Table 3.1. He value of the modules of elastielty E was takes as 3 a
10' psi, this is the value shown in Code Fig. I-9.1. he value of E is
sissificant la that stresses are equal to Ee, where e is the controlled
strain. In principle, the value of E seed in the analysis [e.g. , to Co-tersies Ng la Eq. U) of the teat] should be the same as E used to de-
velop the design f 6tisse earve. Alternatively, the design f atigue curves
esa be modified by asitiplying the stresses la the curve by E'/E, where
R' is the modulas seed in the smalysis. However, quite of ten the cycles ,

oeest ever a reage of temperatures, and part of a piping system sty be at
'

a differest temperature than another part of the same system. Accord-
lagly, as approximation of as appropriate E is of ten necessary. Forts-
mately, the veristion of E with temperature over the range of temperature
oevered is reistively ses11 sad therefore is not a major source of ascer-
tainty la a f atigue smalysis.

It may be observed in Table B.1 that the Code-tabalsted values of i

fatisse design stresses agree reasonably well with the average of the two
'

sets of 5 . no Criteria states, "A single design carve is used for car-
boa and 18e-alley steel below 80,000 psi sitimate tensile strength be-

,

easse . . . the adjusted carves for these classes of material were nearly )identical,as
'

Ilmb-Allow Materials

he Criterlai imelades data for 18-8 stainless steels with asaverage-fit equation la the form of Eq. (B.1):

8 = 8.415'1 a los + 43,500 , (B.4)

where E = 2.6 x 105 psi (the value shown on Fig. I-9.2). He correspon-
desee between the Criteria equation and Code-tabulated valaes is shown in
Table B.2. Because 8 at 108 cycles is 51,915 pai, which was assumed to
be greater than 8 , there is no mesa stress correction la Code Fig.7 I-9.2.

As can be seem la Tablo B.2, the values of 8, derived fros Eq. (8.4) are
is reasonable agreement with the Code-tabulated valses.

Althoagh the Criteria * gives data only for 13-3 stainless steels,the Code la its first (1963) edittoa ladicated that Fig. I-9.2 was ap-plicable to alckel chrome-iros alloys. He present (1980) Code indicates
that Fig. I-9.2 ic applicable to anstenitic stainless steels, alckel-
chrome-iros alloy (e.g. , 88167 Alloy 600), af ekel-iron-chrome alloy
(e.g., SB407 Alloy 800), sad alckel-sopper alloy (e.g., SB165 Alloy 400).
he basis for tactading the other-than-asstenitic steels la Fig. I-9.2 isnot ava!!able.

About 1975, the need arose to estead the Code design f atigue carves
to higher than 108 cycles. Jaske and O'Dommells published the results of

|

;

their review of fatigue test data on 300 series anstenitic steels, nickel-

!

-_-________ _ ___ _ _ _ _ _ _ _ . -__ .. . -- . ._- -.
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Table B.1. 111natration of method of developing desism f atisse carves
from completely reversed fetisse test data (stresses in ksi)

Carboa steel Low-a1 oy steel

8" 8, S' # G. S S, S'I S. Code
# 8

{
.

10 2761 634 634 2296 543 543 580 1

20 1959 455 455 1635 395 3 95 410
50 1247 296 296 1048 264 264 275
100 888 215 215 752 198 198 205
200 634. 159 159 543 151 151 155
S00 409 108 108 358 110 110 105

'

11000 296 82.9 82 .9 264 89.0 89.0 83 |2000 215 65.0 65.0 198 74.2 74.2 64 j5000 144 49.0 ~49.0 139 61.1 61.1 48 |
1 a 104 108 41.0 41.0 110 $4.5 54.5 38

h2 x 104 82.9 35.3 35.3 89.0 49.8 44.5 31h h !5 x 10* 60.4 30.3 30.2 70.4 45.6 35.2 23
1 x los 49.0 27.8 24.S 61.1 43.5 47.1 23.5 20h2 x 108 41.0 26.0 20.5 54.5 42.1 36.0 17.9 16.5h5 a 108 33.9 24.4 29.4 14.7 48.6 40.8 28.4 14.2 13.5

h1 x 10e 30.3 23 .6 24.4 12.2 45.6 40.1 25.2 12.6 12.5h1 x 10' 24.4 22.3 17.5 8.77h1 x 108 22.5 21.8 15.7 7.83
1 x 108 21.9 21.7 15.1 7.53
1 x 10:e 21.7 21.7 14.9 7.46*h1 x 10** 21.7 21.7 14.9 7.43

"4sation (5.1) with I = 3 x 10' psi, A = 68.5, B = 21,645 psi; 5 =
8,664/19 + 21.645 ksi.

S., = stress for N = 20 times value shown; that is, factor of safety
of 20 on cycles.

#

4sation (3.2) with 5, = 80 kei, 8, = 40 ksi.
8, = lesser of S/2, S,,, or S'/2.

#
4sa tion (B.1) with E = 3 x 10' psi, A = 61.4, B = 38,500 psi; S =

7,139/YI + 38.5 kei.
I4sation (3.2) with 8, = 100 ksi, S = 70 ksi.
IYalso of 8, tabulated la Code 1, Table I-9.1 for Fig. I-9.1, UIS f. 80

Factor of safety of 2 on stress controls.

1
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Table 3.2. Comparisons of fatisse desiga stresses for
18-8 anstenitio stainless steels (stresses is kei)

N 5" 5,, S.# Code 5.." *

10 2705 639 639 650
20 1925 464 464 470
50 1234 310 310 317

100 885 232 23 2 240
200 639 177 177 185
500 420 128 128 136

1000 310 103 103 109
2000 23 2 85.6 85.6 89 |'

5000 163 70.1 70.1 70

1 x 108 128 62.3 62.3 59
2 s 108 103 56.8 51.5I 51
5 x 108 81.1 51.9 40.68 42.5

1 x los 70.1 49.5 35.18 37.5
2 x 108 62.3 47.7 31.28 33.0
$ x 108 55.4 46.2 27.78 28.5

1 m los $1.9 45.4 26.08 26.0 28.38 28.3
2 x 108 26.98 26.9
5 x los 25.78 25.7

8
1 x 10' 25.1 25.1

8
2 x 10' 24.7 24.7

8 24.35 s 10' 24.3
8 24.11 x 10e 24.1

1 x 10' 23.88 23.8
I1 s 1018 23.7 23.7
8

1 x losa 23.7 23.7

* Equation (B.1) with E = 2.6 x 10', A = 72.6, B =
43,500 psi; 5 = 8,415hW + 43.5 ksf.

S , = stress for N = 20 times value shows; that is,
factor of safety of 20 on cycles.

#
8, lesser of S/2 or Sse.

Valse of S tabulated in Code Table I-9.1 for F18
*

I-9.2.

'8,, is 5, adj usted for E = 2.83 x 10' psi.
IProposed carve A (see test).
IFactor of safety of 2 on stress controls.

.
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:
iron-ekreme Alley 800, afskel-ekreme-iros Alloy 600, and misket-skreme

i
Alloy 718. Cae data point at les eyeles was imeladed. h e high-stress

idata points were strais controlled; some of the low-stress data points '

, were load eestrolled. Tests were esa at various temperatures up to
| 800*F. Aesording to Langer,s the Criteria data on 18-8 stainless steel ,

imeladed tests at temperatures up to 660*F.
he Jasks and O'Domme11 paper gives separate carves la the form of

Eq. (3.1) for the 300 series stalaless steels, Alloy 800, Alley 600, and j

They found that the 300 series stainless steels Alloy 800 jAlloy 718.
j

and Alloy 600 could be grouped together for the purpose of design guid- '

They them applied mesa stress adjustment la the form of Eg. (B.2)
{

asse.
with 8 94 kai and 8 = 44 ksi. They used E = 2.83 x 10' psi rather=

than E*= 2.6 a 10' ps! as used la Code Fig. I-9.2.T i

Numerieel comparisons
for the three materials and the combined three materials are shows laTable B.3.

For N 1 108 eyeles (present Code coverage), f t eam be seen la Table
B.3 that the Jaska and O'Domme11 design f atisse stresses are generally
lower than the present Code (adjusted for E = 2.83 a 10' lastead of E = ,

'

2.6 x 10'). As sa estreme example, for 300 series stainless steels at
M = 2 a los eyeles, the Code allowsble stress is 1.39 times the Jaske and
O'Domme11 best-fit surve. However, eossidering the oosservatisms th:.:
sesally esist la estimating the operating history sad la sales 1stion of
stresses, this possible seconservatism is relatively small.

At present (Jaly 1982), a proposed modification to code Fig. I-9.2
is mader consideration by the ASIE Boller and Pressare Yessel Committee,
his proposal * maintalas the present Code carve for N I 108 eyeles.
Above N = 108, three carves, identified as A, B, and C are proposed.

The A earve is simply an extrapolation of the present code using the
egnation

' ,

8 = (8415 % + 43.5) x (2.83/2.60) .

Valses are shova la Table B.2 on the two right cotsmas for N 1108
he B earve is faired-la between the present Code stress at M = 108

and Jaske and O'Domme11 " combined" curve, without any adjustment for mesa
stress.

he C ourve is f aired-in between the present Code stress at M = 108
and the Jaske and O'Doase11 " combined" carve, with adjustment for the
maxima effect of mesa stress. A semparison is shows in Table B.3 on the
two right solemas for N 1108

he question arises as to which of the three proposed earves is most
appropriate for piping evaluation la ocajsaction with Eqs. (1) and (2) of
the test. He question is not trivial because for N = 10s, the C carve
gives stresses that are ~605 of those from the A carve. Operational ey-
eles that add up to 10e or more do not come from the kinds of transients
normally considered la the evaluation of pipias. Bowever, when vibratica
oceses, the samber of cystes can easily add up to >108

_-.

*The proposal Amelades the formalistic step of changing E from
2.6 a 10' to 2.83 a 10' pois hence present Code-tabulated stresses for
Fig. I-9.2 weste be saltiplied by 2.83/2.60.

.- . - . - -- - _ - - - . -.
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Table 3.3. Jaske and O'Domme11 design f atismo stresses
for high-alloy stools (stresses la ksi) ;

i

8''$A',8 Alley 800 Alley 600* Combined, g , ,

f s' 8 |f s'8 sf s' 8 sf s' 8 ss
a a a a a e a a j

i

10 647 644 774 674 708 l

20 486 466 559 486 512 j
50 319 309 368 319 345 ;

100 23 5 23 0 272 236 261 )
200 175 174 204 176 201 ;

'

500 122 124 143 124 148

1000 95.8 99.0 113 97.1 119
2000 77.0 81.3 91.2 78.3 96.9
5000 63.7 65.5 72.1 61.7 76.2

1 x 108 51.9 57.6 62.4 53 .3 64.2
h2 x 108 45.9 49.S 55.6 4I'4 55.5 |h h h h

5 x 108 38.5 38.4 42.8 36.8 46.3 '

1 x 108 30.2 32.S 36.0 30.8 40.8
h h h h

2 x 10s 25.9 28.8 31.2 26.7 35.9
h h 4 h

5 m los 22.2 25.3 24.9 22.9 31.0
h

1 a 108 20 .3 19.1 23 .5 24.8 21.1 20.3 28.3
2 x 108 19.0 17.0 12.3 23 .3 19.7 18.1 22.8

h h
5 x 108 17.8 15.3 21.2 20.5 21.9 21.9 18.6 16.3 18.4

1 a 10' 17.2 14.5 20.6 19.5 21.2 20.6 18.0 15.5 16.4
2 x 10' 16.8 13.9 20.2 18.9 20.8 19.8 17.5 14.9 15.2
5 a 10' 16.4 13.4 19.9 18.3 20.3 19.1 17.2 14.4 14.3

1 x 108 16.2 13.2 19.7 18.0 20.1 18.7 17.0 14.1 14.1
1 z 10' If.9 12.8 19.4 17.3 19.8 18.1 16.7 13.7 13.9
1 x 10** 15.8 12.7 19.3 17.4 19.7 18.0 16.6 13.6 13.7
1 m 10** 15.8 12.7 19.3 17.4 19.6 17.9 16.5 13.6 13.6

88 = 9,081/6 + 31.59 kei.
S = 8,557/W + 38.50 ksi.

#8 = 10,393 /4 + 3 9.2 Es t.
#8 = 9,058/ W + 33.05 kel.
#From Table I-9.1 for Fis. I-9.2, esitiplied by 28.3/26.0 for E

ekan8e. For M > 108, from proposed C earve.
ILesser of 5/2 or S ..

'

| 8 Adjusted for mesa stress, Eq. (3.2) with 5, = 94 kei, 5 = 44 ksi.7
AFactor of safety of 2 on stress controls.

l

l

l

l
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Desasse Jaske and O'Domme11 imelade considerable data la the range
of 108 to 108 eyeles and use a more semplete set of data than the origi-
mal Criteria, the see of the proposed A earve appears questionable.

The ekolee between the B and C serves depends on whether mean stresses
will esist. Wolds that are not amnested after velding will have yield-
stremsth levels of residsat stress. Fathermore, beessse of lasta11ation
misaligaments, it wesid be difficult to establish that any part of a pip-
ing system is free of mesa stress "as installed." Accordingly, it appears
that the C surge shosle be used la piplas systes fatisse evaluation (e.g.,
for evaluation of preoperational testing).

Temeerature Denendence

The Criteria * does not indicate what temperatures were lavolved in
the fetisse tests. Bowever, Langers indicates that tests at tempera-
tores up to 650*F were included for 18-8 stainless steels. Joske and
O'Dossells invinde tests at temperatures up to 800*F. They converted
straias to stresses by salas the following roem temperature moda11:

300 series stataloss steels 28.3 x los ,,g
Alley 800 27.6 x los pg
Alley 600 31.7 x 108 psi

They used E = 2.83 x 10' psi la their combined curve. In principle, the
design f atisse earves are temperatste dependent because E is temperature
dependent.

Jaskee presents polished bar, fetisse test data on carbon steel
[Amerleam Iron and Steel Institute (AISI) 1010], which suggest that fa-
tisse strength Amoresses slightly between 70 and 400*F, them decreases
between 400 and 700*F. However, considering the general order of seca-
racy lavolved in the f atisse evaluations, it appears appropriate to com-
sider design fatisse stresses for carbon steels to be independent of tem-
perstare up to 700*F ear.ept as modified by E.
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4 Appendia C
|
1

|
COWARISWS OF CARBet STER, AND AUSTENITIC STADE,ESS

STER. PIPING pBOBOCT MMWIT pATESUE TEST 5
|

|
a

i Referesees 1-S give reemits of menest f atisse tests os piping prod-
| sets made of serben steel and type 304 stainless steel. The tests were

similar to Mark 1's tests * is that displacements were eestrolled. All
; tests were ran os 6-is, seminal size prodsets. Rossits of these tests
j are sammarised in Table C.1
| Table C.1 eestains sia sets of eenparable results. Because the tests
3 were run at differest seminal stress levels, they have been "normalised"
|. by the use of Eq. (9) to obtain A-factors. The fetisse strength, of
| eoarse, is inversely proportional to the A-iseters. The last colume shows!

prodsets were str$s/i . sit than type 304 stainless steel products.
It cas

average ratios, ! If this rette is (1.00, it means that carbon steel

~
be seen in Table C.1 that 1,/1, is (1.00 for all sin sets of data.;

Table C.2 shows Code 1 earbon steel to statstess steel ratios of fa-
tigne design stresses and the ratios implied by the data in Table C.3. Is

,

#

the reglos of 108 to 10' design eyeles, the E factor adjests the basic
! ratios se as to be is better agreement with 1$ble C.I. We have shows the! ratios from Table C.1 as applying to N = 10s and 108 Moting that Table
j C.1 is related to fallare eyeles N , whereas Code 1 data are design cyclesg

N, the ratios from Table C.1 sight more appropriately be takes as apply-|

j ing to N = 10s and 108 Also, the Jaske and O'Dosse118 base data for
j stainless steel indiente carbon to stataloss ratios closer to amity (see
;! Appendia 3). Bowever, the asemaly still esists: test data os piping
j predness indicate serbes steel is stresser than stataless steel, whereas
: Code 1, even with the E adj asteest, generally indicates the opposite.
j Thiletheprecedis|constitutesthemaisreasonfortactadingthis
j Appendia, the following is a more detailed disenssion of Table C.1.
!

!' \

!! Girth Batt Telds
i
:

!

Mark 1's tests * were on " typical" girth butt welds in 4.5-is.-00 by
| 0.237-is.-wa11 pipe. Table C.1 tests were om girth butt welds la 6.625-
! is.-CD pipe with 0.230 , 0.432 , or 0.718-As.-wa11 pipe. Details of the
j welds are not available. That the 1-factors are close to unity indicates
! that Mark 1's i = 1.0 is rather broadly applicable.
i

, Elbows;

i
| The Code 2 1-factor for 6.625-is.-0D by 0.280-is.-wa11 by 6-is.-bsed
j radies elbows is

I i = 0.9(r*/ta)*/* = 0.9(3.1725*/0.280 a 6)*/' = 2.97 . (C.3)
'4
1

i

l

i

i
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Table C.1. Comparisons of earbon steel with susteattic
stataloss steel piping prodset eyclie moment fatigue

tests (data from Refs.1-9)

d
Prodset" b Natoria1

* #
ghgy N* II 1,/1,8g g g

40 Wold W-1 C $8.2 35,740 1.03
W-3A 5 61.1 6,950 1.37 0.75

160 Wold CO-160-1 C 101.6 7.456 0.81y = 10$0 psi C3-160-1 5 95.8 7,724 0.85 0.95
80 Wold M-15 C 117.6 3.209 0.83SS0'F W-14 C 97.3 7,278 0.95

W-12 8 93.8 2,894 1.06
W-11 8 64.2 14,858 1.12
W-10 5 79.0 9,200 1.00 0.84

40 St Elbow CG,8-1 C 43.6 1,176 2.73p = 1050 psi CG.S-2 C 42.6 7,899 1.91
CSLD-1 8 42.2 6,838 1.99
CSLF2 3 44.2 907 2.84 0.96

40 SE Elbow EG,S-1 C 43.5 760 2.99
SSO'F EG,S-2 C 43.1 26,100 1.49

EE,S-1 5 28.0 2,200 3.75
55,5-2 3 42.2 1,870 2.57 0.71

40 6 m 6 Yes CCTS-1 C 68.2 21.079 0.98
CCIS-2 C 70.6 9,367 1.11
CST 3-1 8 68.7 4,575 1.32
CBTB-2 8 67.8 3,310 1.43
CSTS-3 5 72.7 3,675 1.30 0.77

'40 Weldt girth butt weld la sehed.-40 pipe; 160 weld: girth
butt veld la sched.-160 pipe; 30 Weld: girth butt veld la sched.-80
pipe; 40 SR elbows sched.-40 short radius (R 6 !a.) elbow, 6-la.
seminal sissa 40 6 a 6 teet sehed.-40 ANSI B19.9 tee, moment through
brasek, Walees otherwise indiented, tests were run at room temperature
with sero laternal pressare. Moments were "la plame" for both elbows
and tees.

Identifications seed la Ref s.1-3.
'C: serben steel, SA106 Grade S; S: stainless steel, 8A312

type 304

Sg = 5/Z, E = moment range (eempletely reversed).

"Ng = eyeles to f allare (through-wall ertok).

I = 490/(S Ne.s), S la kai (see 4. (9)].l gg g

Il
statalelssteel.= svers8e of in for earbon steels i* = average of is for

- --g g ,.e-, a m- % -
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Table C.2. Code 1 rettee of fatigae
eosign stresses fear earbon steo!
and susteattle stataless stoet

Astles

h
N With E, ogastmeat

Basie Fremserves, I, = 1 E=2 Emble C.1

#10 0.89 9.64 0.76'
13 0.85 0.88" 1.05
1es 0.76 1.00 0.96 1.04 to 1.41

d1e e.a e.n e.a 1.u t.1.41
d dles g,33 g,g4 g,33

d d1. ..a . .a . .a
"Battes obtalmed trea Code 1 Table I-9.1;

Fig.1-9.1, Uf51 Se kai for earbes ateels
Fig.1-9.2 for eastealtie statatoes steel.

Battes are speelfically for 54106 Grade B st
100*F te 84812 type 304 at 100*F.

's, ) sus, for ese er both materials.

8, ( SS, for one er both materials.

Entle C.1 !adiestoe that the averses velas of 1 is 2.53 sheet SM of
the velas gives by Eq. (C.1). His is essentially the same es Mark 1's
isr pleas moment results for 4.5-la.-W by 0.072- or 0.241-la.-esRI.
4-la.-bead radius elbees; that is, the esperimental I was about 0.85
times the i given by Eq. (C.1). His stiskt redsetica from "theoretteel"
is deemed to be malair eensed by and effects of the pipes welded to the
elbows.

Zhan

The Code 2 i-faster for 6.625-in.-W by 0.200-in.-wa11. fall estlet
AftSI 316.9 tee is

i = 0.9(r/4.4t)*18 = 0.9(3.1725/4.4 a 0.200)*#8 = 1.69 . (C.2)
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!

{ Thhte C.1 ledtestes that the average vales of A is 1.23, atest 735 of the
j' velas gives ny 33. (C.2). Mark 1's resette gave 1-feeters for in ptsas
i momente rangias trea 78 to 1g95 of a gives by Eg. (C.2), the ratie de-
!' pendias se details each as the tressities redit and well thieknesses of
| the Gees.
,

i
;
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