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SCOPE: 

This report contains the Thermal/aechanical Analysis of the make
up nozzle and high pressure injection nozzle. These nozzles have the 
same geometry but are used for different purposes. They are located in 
the cold legs on the discharge side of the pumps, This report contains 
the justification of primary plus secondary stress limits and the fatigue 
analysis as defined in B31.7 "Nuclear Piping Code". Satisfaction of basic 
pressure sizing criteria and reinforcement calculations are found in Report 
1 "Code Sizing Calculation". Piping reaction loads and stresses can be 
found in Report #4, "Piping Reactions".  

DISCUSSION: 

The make-up nozzle and high pressure injection nozzles have the same 
pressure, branch moment loading and run moment loading, but have different 
temperature distributions. The make-up nozzle is predominately cold in that 
it has a fairly constant flow ard is at a temperature of 700 -950F. The HPI 
is only used for a sudden pressure drop condition, and thus is at a temperature 
consistent with the cold leg temperature, 5500-5750F, when it is shocked with 
60 0 F water. The critical stress location in the make-up nozzle occurs near 
the nozzle to run pipe intersection whereas the critical stress in the high 
pressure injection nozzle occurs outside the thermal sleeve in the upper part 
of the nozzle.  

The analysis has essentially the same format for both nozzles. First, 
the temperature distribution is evaluated for various transient conditions 'and 
time-temperature plots for selected nodes are made to select critical times.  
These times are then used to calculate stresses, and thus stress ranges can be 
determined for thermal stresses. Secondly, stresses are calculated for 
pressure loading, and the stresses are then combined to obtain the total 

"" stress picture. Finally a fatigue analysis is performed to demonstate accep
table performance during the design duration.  

CONCLUSION: 

The make-up nozzle and high pressure injection nozzle meet all the require
ments of B31.7 1968 Draft.
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RESULTS 

Primary + Secondary Stresses 

Branch Intersection Make-Up Nozzle 

S = 21.1 ksi < 3 Sm = 53.4 ksi 

End of HPI Nozzle 

S = 107 ksi >3 Sm = 51.3 ksi 

An elastic plastic analysis was performed. Range of primary + 
secondary stresses occurring more than 250 cycles.  

S = 9.85 ksi < 3 S = 51.3 ksi 

Fatigue Usage Factors 

Branch Intersection make-up nozzle 

U = .045 1.0 

End of HI Nozzle 

U = .953 < 1.0 

NOTE: This fatigue analysis includes thermal and mechanical discontinuity 
stresses only. For inclusion of stresses due to run and branch pipe 
motions, see Section 'F".  
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SECTION 1 

This section contains a sketch of the make-up nozzle (identical to high 

pressure injection nozzle) demonstrating dimensions used in the analysis.  

This sketch appears on Page 1-1. The dimensions with asteriks are those for 

the NSS-9 nozzle, which are different from those analyzed. The change will 

have little effect on the final stress results. This reasoning is justified 

by a review of similar geometry nozzles, using the dimensions with asteriks, 

which were analyzed for similar thermal transients. The results indicate 

that a small change in piping dimensions have a negligible effect on the 

stress levels. The ratio of actual stress to allowable stress for the 

nozzle to pipe intersection is 0.395 which allows for a reasonable increase 

C\1 in stresses due to a change in geometry.  

9 Stress concentration factors are also determined in this section.  
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OSC 1522 
SECTION 2 

This section contains temperature transient analysis of the make

up nozzle. A survey of the functional specification was made and a 

composite transient curve developed for the cold leg fluid and the make

-up fluid. Of primary importance was to select transients which would 

reflect maximum temperature differentials in the nozzle. This differential 

is dependent upon temperatures of the corresponding fluid, rates of change 

of the fluids, and flow rates.  

The make-up nozzle has two predominant temperatures 950F (normal 

operation and essentially constant for all transients) and 700F (For the 

feed and bleed operation). It has a predominant flow rate of-13 GPM but 

can go as high as 100 GPM or as low as 1.5 GPM. In particular it has a flow 

rate of 40 GPM during feed and bleed when the fluid temperature is 70'F.  

The cold leg fluid goes through several changes in temperature but 

the most predominant temperatures are 5550F for 8% and 100% power levels 

and 575oF for 15% power. The temperature does go as high as 590 for the 

reactor trip.  

Consequently the temperature transient curve was made to reflect these 

variations in fluid temperature and flow rates. The pictorial diagram is 

shown on the following page.  
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FIU COEFFICIENTS 1522 

The film coefficients will be calculated assuming turbulent flow in 

the cold leg and nozzle. They are calculated for three different cases: 

1.) in the cold leg 2.) in the branch pipe and 3.) within the thermal sleeve 

because of the smaller diameter. In addition the small area of contact of 

the fluid with the nozzle on the inside of the thermal sleeve ring (see figure 

on Page *3marked Section 3) was assumed to have a film coefficient of 200 BTU/ 

2 
HR-oF-Ft. when there was a flow in the cold leg run pipe and 100 when there 

was no flow in the run pipe. The 100 BTU/HR-oF-Ft.2 value was also used as 

a natural convection value for the run pipe (Cold Leg) when there was no flow 

during cool-down when decay removal starts.  

The film coefficient for no flow in the nozzle was assumed to be 35 BTU/ 

%-o1-rt.2 T1i msler value was chosen because of the sma.LLer diameter and 

that the water would be closer to stagnant within the nozzle. The thermal model 

- - of the nozzle includes water blocks behind the sleeve. It is felt that there 

will be little or no flow behind the sleeve because of the very small gap between 

the sleeve and nozzle at the top of the nozzle plus the "Vena Contracta" effect 

of the flow going from a larger diameter to a smaller diameter at the transition 

from the branch pipe to the nozzle. Thus only conduction is assumed between the 

sleeve and the inside of nozzle. At Section 4 metal to metal conduction is assumed 

but a contact resistance coefficient of 100 BTU/HR-OF-Ft.2 . This value results 

in essentially metal to metal conduction. The rolled-in portion of sleeve is assum

to have metal to metal conduction even though a small gap may exist at certain times 

within the trannient.  

e_______________________ 24-
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0 SC 1522.  
TEMPERATURE DISTRIBUTION 

The temperature distribution of the nozzle was obtained using B&W 

Thermal Program 91167 which performs a transient temperature distribution 

by solving internally generated heat balance equations as a function of time.  

The grid for this program is shown on Page -8 and the computer output 

which follows depicts the input items. A heat balance equation sample is shown 

on pages 2-f 2-11* 

Pages 2o.)Zshow a graphical representation, temperatures vs. time, of 

C) selected nodes and this is finally followed by the computer print-cut giving 

the actual temperatures at the selected critical times for stress analysis.  

'0
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SELECTION OF CPITICAL TIMES 

After a study of the preceding graphs the following times were-chosen 

for stress analysis: 

ITERATION (TIME, HRS.) EXPLANATION 

28169 (4.95) This reflects a time near the end of 
heat-up to 15' nower and is Essentially 
ecuivalent to one of the worst axial 

gradient cases at 15% power.  

41428 (7.5) Steady state at 15% power. This reflects 
hottest cold lei temperature for a prolonge 
time.  

52659 (9.66) Reflects steady state distribution at 8% 
or 100% power.  

75168 (13.9) Reflects axial gradient at end of feed 
and bleed.  

86960 (16.099) Reflects maximum temperature of cold 

leg when trip initiates.  

"0 103154 (19.2) Reflects short time after decay heat 
removal initiates and a reversal in 
axial gradient.  

The stress analysis of these cases should define an assurance of stress 

levels in the nozzle and ranges in stress levels such that fatigue criteria 

can be justified. This will be discussed further in the stress computations 

portion.
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A016 .1 68 
Ill9 

19031 .14 10.4 1? 113 21o . .&. 21 26 .'1 19.20156 
116 1 3, 10 Jul to 

103 104 19.2006 
10313 43l 2 7 1,7 21 28 126 136 19.2015 

10 3163 71 61 ?65 , 9 P. .? 241 0250 1920 

19 273 6 2Sm 289 99 98 2- 09. 0o 4 

c ~3 71:), 

136u 204 109 11/ 1e6 .37 139 102 7 99 19.20156 
1 

1$es 9 t 82 2d i? e b]B 1 . 0 5 
1 ial 1 1 12c > 59 265 26h 19.2016 

1 641 126) 1: . 149 1 1u9 1 2 2 10 119 192 0156 

110 11 , 12 1 09 19 . 20 I 6 10 1 1:3 131 21I/ 230 1 1 11 0 2 19.20156 

.. 6kj- 11 .* h1 7 136 
-- 7 1 lj'o 

9 6 4tt) I f69 I1 'k 9 8 9 9 u ~ ~~~~ L 21 2.3 -417 1 19. 0156 eW~ o~ I2f ell 149 16 bt2 170 27 1 9.c 
~19 1 9 .12 o ', 2/ i 8 1 9 .  

131 .  
V 7 4 , 01 f



SECTION III 

STRESS COMPUTATIONS C 

his section deals with the actual s'tress computations and comparison 

to allowables. The stress calculations are performed by first justifying 

the nozzle for pressure conditions. This was done on Pagel-7'. Secondly, 

a combination.of stress indices from B31.7 and various other literature 

were obtained and moment loading is defined. Thus, giving the several in-

tensities which is associated with applied loads., i.e. dead weight, earthquake, 

and thermal expansion. Thirdly, the bulk of this section deals with the calcu

lation of thermal stresses.  

The thermal stress calculations are performed using B&W Computer Programs 

91206 and 91032. Program 91206 uses the virtual work method to solve axisym

metric shells of revolution (See model on Page3-j). Program 91032 is a general 

thermal motion and stress program solving for various shapes using appropriate 

classical theory. The portion which is used in this analysis is the opening 

in a cylinder using flat plate theory modified to account for curvature in the 

'0 circumferential direction.  

The stresses were generated by inputting appropriate temperatures and geo

metry into the programs assuming no reactions at the nozzle to shell intersection.  
C 

A two element discontinuity analysis was then performed and forces and moments 

generated were then superimposed on the thermal stresses to give a total thermal 

stress picture.  

Stress concentration factors are obtained by using indices of B31.7 and other 

sources, and finally a fatigue analysis is performed off the branch.  

3.0O
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I~eFCEGEOETY. ------------ ------------------ ---------

SEGHENTAL GE040lt IIATA bY GkOUPS 

SEGuErNT ATA CENTER OF CURVATURF DATA 
bCrTO. . '% L !.. )iu.. S--. 7 .. iCUI'ATRE 

stO. NO. PA-.IUS Coun.. TO CLNTFR C0000. IDENTIFIER 

I.?s1 11.00u -U.(0j -0.U00 -0.0 

7. 0 1.71 14.q00 -0.000 -0.000 -0.0 
- 1.. 1 2 1.- 14 .350 -i u - 00 -i . n -0 0 . .  

. .31c 13.25U -O.U0U -0.000 -0.0 
S11.0 1.3163 .-1).3 - ....... 1 - u.90 0--7 0 .Gu - 0 0 
14. 1.31 10.712 - .Uilo -0.0i0 -0.0 

!S A1.31' 1..'30a __0.__ 00_ ___ __.000___ ___.0_ 

1.37i 10.900 -0.00 -0.000 -0.0 

i 0 1.3?i 10.260 - 0.00 -0.000 -0.0 
- *? L. 7 .02- =-0. 0 0Q - 000 : -00 
21.0 1.375 9.O#,2 -0.000 -0.U00 -0.0 

- - e . _. . .46 . .. 9 0 ?* . 0 . _ 0 0 0 ..* . . . . ......  
,e3.0 1I.469g .02 *U .00 0 -0.000 -0.0.  
k24. 0 .),t614 A .53 -. 00 Q-0 . 000 _ O -0.0 

l. - .46 7.54 *U.oo -0.000 -0.0 

30.0 2.1ai 4.31I -0.000 -0.000 -0.0 
.11 3 .0 .2 18 ... 9 -0 00 *-0 00 - .  

4* 

'I; _______________________ _____________ ____________________________ 

9.e



------.-..--- *T-3 

------.. -.. --.-.---------- -----
SEGMENTAL uEOMETRY bY SEGMENS( K= SEGMENT NO. I 

MEAN )1LI.JS 

K R (K - I )__R(K.J%~L~ V~~p.lic~_______________________ 

1 1. 1.23 .2~ . 1.28 1 1.2d i.28 1.28 1.30 

11~~~ __ 1.2 _132 _ 1.37__ 3?i 1_ 1.32 - 1.32 - 1_ O.d _ .,. .38 -*.-1,38 _ 1.38.-. - ____________ 

21 1d 1.3R 1.47 1.47 1.47 14 1.1 1.b5 1.83 2.01 

31 

-2.19 

- 2 * 1)--2 2.19 2.19--

K Z(K-1 Z (K) Z(K*I3 Z(K*2) Z(K *3) Z(K#4) Z(K*Si Z (r'6)7 

11 13.2i 13.00 12.24 11.47 10.71 10.50 10.50 10.46 10.26 9.78 

31 4.31 3.21 2.10 1.00 

a

I 
__________* 

.. . . . . . . . . .. . . .e.. .. .. . . -- . . ~ .  

... .. -.- . -... ----.-.. .. ..------.----..----.-.--....



-_--- - -- -------------------------------------------

f6Frnt THI~cKNCSS .UTABY G'JJI.S -__________________ ______ ___ 

TOP 0'4OTTOM TOP THICK._..iJO)jT_ 1HICK , 'j

50. NO. SFG. NO. OF TOP SEG. OF 801IUM SEG.  
1.00 5-00 a _ ti -. 36

6 .00 1.00 .44' .47o 

-. 0. 10.00 ,44 .47 

11.-G-00 I ) *0 *. 87 
0 1. -0.00 -0.00 

17.00 21.00 _ _ .7i .75 

??.00 P.0 0 -0.00 -0.00 

31.U0 33.00 2.00 2.00 

.JENTAL THICKNESS hY SEGrNETS 

TI CKNESS Ar TOP OF sEbMENT (hA) 
K HA(e) HA(K*II HA(K 2) -±A tjK Ji+) +5)(4)JA(. ).?MAjK+8HA(K9) 

1 .- 1 3 .3i .. sa .38 .4 .44 .44 *44 *65 

11 .I .07 87 .. *4 .. * , ? .00. *.75. . h-..7 t,--*7 -- *75 

21 .7> (1.00 .56 .bo .bo .56 *5b .92 1.28 i.64 
31 2,0 __2.0 .00U 

C i _t ESS AT O T T O F * j^FI J1 ).  

K M 100 (K) Il HM(K*2) hth K* 3) Mi(K*4) hd(K*5) tMd(K*6) hB(h7) HB(K48) HO (K(*9) 
1 .3- .3 .3P .3i .3a .44 .44 .44 .65 .87 .

1 1 .87 .7 .M7 .b7 .87 0.00 .7!: .715 .75 .75 
21 .7, 0.60 .5A ... 6'6 .. S. ,81 .. 4 ? 0 
31 2.00 2.00 2.00 

----------.--.-----.-----.-.---------.. ------------- *----------- - - - ----------------------------

d ________________________________________________ 

c~1.



**- u-" ---- -- -KA. 11L IMAS U .... --. PAGE 16 

- -- ..... iEXIBILITY( MATRIXLOF ASSEMIULY.AS.IN PROGRAM 91.060 (THIS MATRIX ONLY IS ON A PER RADI AN BASIS) 

-OTA --ION-O) 3 .1 85E-0 _ (8.O0)...8.17E07E.. 
0 E(N) 

DO AECTON 0) .E .. O.*T60E--.1.402074E-18 DEFECIONO) 8.041817E-07 5.054773L-07 *.)~?E2 6.533333E-19 
kOTATION(N) -- 22 4. 68053E-19 .6b228E-2o 37 OEFLECT1ON(N) 1.402074E-18 6Saa-: ___. t3725eZ-O8 S_.47Oa89E-:0B 

883a33t -19 2.*-?6880E-08 5.410859E-08 

NOTE: THE. 1 SIGN. CONVENTION IS USED-IN THE NATHIX PRItal1. HERE._ IF IT IS DESIRED TO USE THE -1 SIGN CONVENTION TIIEN THE SIGNS t4UST..bECHANGED ONALL..OF.TMLEOFE-DIAGONAL.EL.EMENTS.._ 

Al
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- - - -- .# --- 4 9. PAGE 1 .  

TEMPERATURES PER SEGMENT USED IN PEAK PRINCIPLI ANALYSIS

OUT__ SITSDE 
-

----

SETGMENT TI TTiT3 T4 INSIDE OUTSI E 1 2 7 2 2 - - ----- 1 ........ T 5 SEG NEN T.4--_..TT 1 27 27 27 .27 27 17 80 77 77 7 T5 
_ 

.T5. 

. _ __ 27_27_ 

_27_1_2_2_ _6_ __7 3 -2---7--- 27 . 27 27 27 1 0177 115.1 - . 27 27 
22?21931123 125 122 120 

S227 27 27 21.... .1372_ 135 __ 132 130 - - -27 27 27 27 -- 27 21 14 7 145 142 140 
___6. __ __ 7 7..27 ..~ 272 7._ 2 2 ISO._ _ 150 ._ ISO .__ 150 * * .  

7 28 24 228 2- . -.. 10 1o 153 9 29 8 3 3 10) 150 0 15 29 2929 29 25 .. i ... 163.--- 162 . I _..161 160 
1 33 36 32 3- 31 25 1'i9i 1'4 193 112 110 

__IO, 3c 3 - 35 34 3 4. .6_ ._ I _ 211 ___210.__ 207 ..- .20 1 36 38 37 36 36 27 -1 . 242 _241 238 26 13 59 - 8 . 6. .45 - 44 2 274 272 269 267 1 3 70 57 56 53 52 29 2--; .... 27 4-326 267 1 4 _ 0 . 6 7 . .. 6 5 6 2 6 0 3 0 03 3 7 3 0 5 3 0 2 3 329 9 
- .

16. - 80 75 a 37 368 353 370 350 _ _ _ _ _ _ _ _3 

3 4 4 ( 4 3 0 4 2 0 4 1 54 1 

- - ---- 399--9

- --- -- 33-2- -



--- -- ....ITERAl10N.2 8_16 _9 KFORCES AND NOT 10NS - -PAGE -17 
.*****************- -***- -- -- ---- ...  

-.--POSITIVE 0AEECU0OS_ *) 8EAS OLLOw___ 

--- - --TOP OF SEGMENT _.1 B TTOM Q 9 .E A INIJC_SEGMENT S 
ROAINAL--CLOCK-SE-L--- 

TO THE LEFTRIGHT 
ROTAIONAL- CLOCKWISE ROTATIONAL- COUNTERCLOCKWISE AUPARD 

XIAL-------.NARD 

AXG COL_ __ _.O NW R ..-.. SIGN CONVENTIONS ARE FOR A RIGHT HAND w 
-* 

IEG .L O C . R A D I A E A X I A L . ..........- - - - -- CI 
_____. 

ROATIL ONAIOAI~ 
-"- - __- _ _.. .FORCE - -RC- M....N._ 

__F I HOTATION_ _AX IAL 

1 TOP 0. -2.9212E-03 0. 
- _- __ _-__ _ ._ _ _ ___.__ _ __..MO I 

1 S0 -7.42?29E-0 3 -8.8319E-03 0 0TOP -3.1A3.E 0 6.6174 E-24 0 . .4844E_04 3__ 6O7* .- 2.8156E-01 __l*22SE-01 0 OT* 3.1831E-0. -S7149E-09 249844E-04 3 SOT* 2.3696E00 -4 .77ddE-01 0.- 0. 3.1 a43E-.. 6.4591E-08 743E-04 4 _ 0T*._ -9.83dOE-O1 .- 4.43d4E*00 0 _ _OT. 3.1  E 6-2.34?LE-06 9 375F-4 bOf* -1.2180E*02 5.6382 01 0-.o. .. GOT. 3 .17j - u0 b 1.3 57 E-06 I. 342 E-03 o 0T*...-l.317dE*02 8* **E* 0  0  0 3. 17 . . 1. 7 0 1 3 80 .T -1.537E*02 1.24042E*02 0 . HG . 3.253E-0, 3.9537 L-0S 1.308E- 3 3 OT__2-35F*2 .5U4*0. 0  T.3 31- .3J ~ dE..O4.__2I-72i0s 1.40851E-03____________ 9 £1. -6.c1E*o2 3.1588E*02 0. . 3.699tE.-0. 8.7224L-CS 1.56iIE-03 
0:. FDT. .- 9 .09J7E.O? - HdliE.02 0:._ 

I.73-I-04 1 5QT. -8.41-35E*02 Ill/IE*O3 a. * .3E. 1.0664E-00 60 _ 75 *. 2.45buF.-04 1.1500 -04 1 38177E-03 3 0 T_ 0 2 -I.66E*O3 2.0839E*03__ 0. 6 0 1 .- 5.335E-E-0 1 .6263E-0 4  2.1160E-03 *3 F33T. -2.660E*03 24.0869E*03 0 O1. 6 E.b 1:-.o4 2.0263E-04 2..2J',f-03 
* ao __ * O L 0 L. ? J E. 3 _ 0.O -_ U T 9s O].,E. 0 4  4.2818uf:-04 2 90?fE-03 *17. 7#7Lo03 2 .7/1'E*02 0. .0. 1.566E-03 4.440E-04 3.0324E-03 

*S . 9 .79179E*3 2.772703 0. bOT*. *S861-0 4.440E-04 3.0 0 E-03 
7 -0T*. 9.71%61-.) 2.39JE*L03 0.* BUT. 1.7133h--03 4.973E-04 3.OjL-O3 

T. -297E03 3.53-7CE*03 0. 8 0*1.6444E-03 6.2537E05 5.1687 63? 2-I'IE*003 -2.23E*03 0. BOT. 1.40(eE-03 3.0934L-04 3.76 L- 3 0* - 1. 6 2 E *0 3 3 *2 . 7 > 9 E *03 0 . _ _- - _ _-_.._.. 0 T . I . 9 1 1E 0 3 _ 1027 - 0 4 4 .3 55 /f- 03 

sor. -7.7 %;E~, -8.5SE.*0 0. 8OT. 1.5P.6JE-03 4.-3S.'s3E-05 4.678~:0 
4.39!ik-05 4-74.E0

3 ___________ 
,- -O 0 ._ -I I.3qlI E 1 _ .I.32i5E-03 _ _0. 83 . l64L-3 6 .2437E- o5 -S .168... 0 3  _ _ _ _ 

60T. :-2.9337C.02 1.53.9'E-c,3 0. 1301. 1.bl4uC-03 3.3124E-0 4  6.290'#L-03 _ _ ~~~~~~~- 
9 H O .-1 2 4 1-3 1 9 b c E 0 3 0 4 .7 5 4 1 E -4 6. 1 1 3 !: 0 3 

BOT* -1.633E*03 .3 79E*03 0. BOT. 2.626E-C3 5.8482E-04 7.650E-03 ___OT. ...8.1339E*02 4 - 7764E+04 o f 801, 3.0 50OZ-03 - 5 9 7 E 0 4 -B 9 4 E O _ _ _ _ _ _ _ _ _ 

*Or. 4.8234E+03 4 .1337E*03 0. 80.9..5 0 .9 
.... _._801. 4 .1241E-03 S.7607E-04 1.020E8-02



***W . - . . . -__. *a.r.nri . .~ .. _ILHAI JON .8169.  
E:30 8 , ..3 .8895E*03 .2.2815 Eo03 0 .

--8.- -21E --3--- 5-4-- E--_ --- PAGE..-- -. 18 31 501. -1.4549E*03 3.6190E*03 0. .80T* -. 51E-03 .5419E-04 1.4294E-02 -3? 807* _3*.41 703-3.4 049E*R 0*80. 5Slo-o(.89E0 1491E-02 3 3 8 0 7 - 0 * - 0 .3 3 4 O 4 9 _- o- 0 0. . 6 ..1 2 E * O3 . 3 . 9 9 7 0 E - 0 4 _ 1 7 1 _ __ 3 801, -0. -0. -0.. .33i.*33 2.6999E-04 2.0346E-02 
(FORCE AND MIOl0N OUTPUT IS IN GLO8AL DIRECTIUNS R AND 2 

..-............ 
-..
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0006I 91 )341 
I I LlAI I4LN (14 * rA GL. 1I 

TEPERATUSPER SEETUED IN PEAK PRICIP E ANALYSS 00000S000R00000*000'E'0A0K''0P*R014N 
C0 * I4 P!44. E- AN 1k*.04 Y 0SI 

NOUTSID IINST S.DEIN D OEI s E GME .  
2 T2 2 25 _ 72 7170..T2 - 3 

25 25 25 17 63 60 t0 59 2 _25 25. 2__ e~5 _ 25 1, __-, 72 71 70 __ 867 
-.3 25 25 25 25 25 19 96 93 0 as b6 4 2 ____25 - .26 - 25 .25 2O . .31 5 .. 1 017CS_ 

__ _________ 

65 25 25 25 25 25 21 125 120 115 11 110 _ _ _ _ 7 2 5 ~ 2 5 2 S - . _ 2 5 - - --_ _ 2! 2 > _ ~ . 1 2 5 . . 1 2 0 1 1 5 ... . 1 1 5 ~ . 1 1 5 . *.  725 25 25 2 b 23 12:; 1?0 115 115 115 262 26 26a2 171 _______ 2626__ Z__ 26 _ .24_ 
1,19 -A14 262b 2e 25 171 171 170 169 1'4 27 _. 27 27-- - 27 - . 126 I 16. 166 1;:6 

12 2 25 28 28 27 *21 217 215 213 21Z 
12 36 .

-53 _ 23 ...a2 . 26 243-- 240 j 233 _____ 13 45 43 39 36 33 29 277 2l6 2 3 20 2 14 __53._ 5 -- _ 45 -40-35 3_ 30 -3 7__.3, 3 00'9 .s 
3 0031 355 350 343 337 16 6 60 -- 6_0_ 59 5 3242 395 37 378 30 

33 4C0 440 430 420 410



---- - ITEHATI ON. 14281 - - -_-- --- - - .PAGE 17 
PEAK FORCES AND MOTIONS 

POSITIVE. DIRECTIONS (- ARE.AS.FOLL)IS 

_ _ _ TOP OF SEGMENT-NO.1 _ O TTOMOFC HEMAIN G ISEGMENTS
RADIAL------ TO THE LEFT- _RADIAL------TO 1IE kl(iT.  ROTATIONAL~ CLOCWISE ROTATIONAL-- COUNTERCLOCKWISE AAAL .-- -.-.-UPWAR AAL-------.OWNWARD 

-- - IGN CONVENTIONS ARE ORA.RIGTHAND . V IZ 4 

SEG. LOC RADIAL MMENT AXIAL LO. R OAL ROTATION AX-AL NO* FORCE - -,.FORC LOC. L _0_AIION MOTIAL4 
1 T(P 0. - 6 .3159E-04- _ 0. --TOP-O2.946TO-4 .1.6544E-24_ I BfOT-. -3.0941E-03 -6.9j56oE-04 0* ETP 229 *-0. 165-2:.7L -2- 'JOT* - 3 .529SE-02 2o.222O6E-O2 0. EOT, e.9 .- 4 -7.9a82-10 2.2997L-04 3 _ d l * _ .1 3 1 E -0 1 - 1 , 2 3 - 0 1 . _ _0 . 2 .9 46 4 E -3 4 .. 6 . 6 0 59 E - 0 9 4 * 5 9 9 b t - 0 4 3 T* -9.1391E-01 -I.1213E-01 0. BOT. 2.946/E-34 -3.0283E-09 6*89v2E-04 

BOT.-9.73E-0.aI 
_ -4.3626E-ol __ . *8 T .- i.45eL-)4 -3.37SOL-07.- 9.1990E-04 ___________ 

5 BO. -1.609'*E*01 9.090JE*00 0. 80T. 2.9:52e-)4 2.42E-06 919OOE-03 --- BUT*.-1.3E 
13*. .- 0..952-14 4oI2j7L-06 .1.200-/!03 _ 7 BOT* -3.9001E*01 1.79 10E*01 0. 0T

. 2.92fel-)4 .4137-06 1.2657L-03 
-- BOT*_ 9 0*1 2*7717E*01 -0. 0 * i . 9 731f.--)9 6.8.P . 56- 0 6 1.2657L-03 9 5T. -5.0376E*O Z 1.9253E*02 0. e 09 ;r-)4 . P. 7 L-06 1.315-03 10 So * -8 7152 *02 6 074c *G2 . OT. 3.0594.-oc 2*459a- ob 1.3 8E 0 -1 bOTC* - 8*.Ib6EuC2 6.3I'e7E*52 0. 1 3.233D:-14 4., 6 7 E-0 5  1.5724E-03 
11 801. -*.41ibE*U2 8.317E*02 0. 801. 3 .3351L-04 6.2669E-05 1.6365E-03 12 b0T* -2.6b4E*03 *09 ib6E*G3 0 01T..-.3.2111:-04 -. 1 .1I1I_29E-04 1.d584E-03 T*01 2*9129E*03 .4.7240E*G3 0* Oar* 4 .6! t> v-04 1.8198L-04 2.12jlL-03 
14 ?OT. 2.9129 03 4 .720E*03 0. __ 80T . 6j4..-4 . 2.b4t2L-04 2*4 1 V -03 

o 8T. S.6630E*03 3 .713jE*03 0. 801. 7.27.::-(4 2.9142E-0 2 .51?bE-03 
1 83. 75.66 0E*03 3 .78 ciE*U3 0 . 8 0 1 . 7.5 900. -L4 2 . 9142U-0_ 

_2*_ _ __E-03 

17 s0i. 5.74z62E*j3 2.755.03 0. 801. 7. 7.4'-U4 3.0546-04 2. 517to1-03 
: 8* .15i2E*G3 2.37JUE*03 0. 80(* - *62 (4 3 .5753L-04 2.6393E-03 
*60. 4.120SE*03 -1.9333E*03 0. 801. 1.0r2jr.-(3 3.5631E-04 2.99qE-03 
S ST. -1.902E*03 -3.133jE*03.0 80. 1.21671.-C3 ..2.24E- 04- 3.4SoF-03 1 80T*. -5.6'143E-*03 -3.1463E-02 0. 80T*, .27(1 1*5S44E-04 3.;2 4 
2 40T* -T 5.6 JE 03 ~2. 031 *j02 - 0. 0 T. 1. 3 35 'i-CJ ).S5.*E-04 3.70i0E- 

.03 

3 0T. -5.3.3L03 -2.0431E*U2 0. 8T. I. 3 36or.-C3 1.49*4.-04 3.72dlt-03 
60T_ "3*129E*02 9

.7231E*02 0. - 80 . 1.321 -C3 1.4477E-C. 4_ 4.ICaE-03 
~B31. -40'7-a 9 .39'~.o C* 0. uti.t i. 'gFj 10 03 3.0171it-4 5.0844E~-03 9 '. -1.' 8U7E*03 1.4d71E*U3 _ 0.OT .b 3104-03 3.017 4-04 5*GU bE-03 7 6OT. 5.3764E-03 4.4528E*03 0* 80T. 1.734L-03 4 .0/44E-04 S.42bE-03 * "7*6851E03 1.0221E04 0. * 2.27418E-03 5.4322E-0 4  

6*.8dtE-03 0T. 6.1871E*03 .1.73bE*04 0. 801. 3.64 -03 _.14520.4E-04 7 E-03 

(A



.o0. -2. 15,4E OZ.- -_2. 31 30E.#04 0. BuT 4.4350E-03__ 6.4 504E-04_9.19yE.O3 CSOT. -6. 752 1 E-3 2.0 795E.,04-' 0. POT, 5.1584E-03 6.2906E-04 1.2237E-02
_BOT. 1.309SE.04 9.8460E-03 0. -80T.-5.861 3E.3 .48 . 1.!jO2AE-02 ___ __ Sol. -0. -0. -0. IbOT. 6.416~4E-03 3.9259E-04 1.3195E-02 

(FORCE ND MTION~ OUTPUT IS IN GLOB AL O CI UNS R ANJ. 2)
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- -- - - - ATUkES PER SEGMENTusEo IN PEAK bPRIr~CPL:- ;ANALYSIS 

OUSIDE T INSIDE GUSI E INSIGiE ___ GM5IT TI32 T.S 7 S GmENT T1 i T2 T3 T4 Y5 I ?5 25 25 25 !7 60 60 59 Si 3 225 25 55 25 1 71 0 S 65 67.  .25 25 25 25 25 19 92 91 90 88 86 
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.11ILHAIIuN. 2 _9_---- PAGE 17.  
.PEAK FORCES. AND MOTIONS 

POSITIVE DIRECUONSA() ARE.AS.FOLLOWS.-.  

TOP- O SEGMENT NO.1 OTTOM..OF.EMAINING SEGMENTS 

RADIAL------- TO THE LEFT. RADIAL------TO "HE klGMT ROTATIONAL~- CLOCKWISE ROTATIONAL-- COrt4TERCLOCKWISE 
.4AL --- UPWARO AXIAL-------.D0wtIWAR D 

--- .......... SIGN CONVLNTIONS ARE EORA RIGHT. HAND Vlty on 

SEG. LOC RADIAL OMENT AXIAL . MFORCE LCAXIAL Al.L OTATION AXIAL FORCE_ .. ---.. MnTl(N MO .I I OION 
I TOP _0. 6.1883E04 _0. TOP.... * -04 -24 1 80T. -2.9368E-03 -7I180E-3 4 0. T. 2.946'-E-04 -7.65E-24 2.299E-04 

_2 __8OT. -3.5313E-02 . 0* _OT. 2.9.E-04.6.9385E-104. 2997E-0 
3 60. 4.0849E-01' -1.0'59E-0I 0. 8o. 2.94t/E-04 -2..501-09 68992E-04 

B OT -. -8. 8564E-01 -4..4 0 33E-01 __0*. * 2. 9 to/E-0 4 _2. 3 5 7 4 E-0 7 9 .1 992E - _0_4- 7 5 BOT. -1.607SE*01 8.99939o0 0. OT. 2.94'A. F.-04 2.37E-07 1.190E-03 
6 _ 6 _0T . -1.2617F* 0 1 1.2b43E*01o-__1 0* s OT. . 2.9 2u - 04. .4 372E-06 1. 20 1510- 0E 3 7 BOT. -3.9711IE01 1.7955E01 0. 800. T. 2.96tdE-04 .6.441E-06 1.2057E-03 a OT. -9.924E*01 2.7899E*01 0. 80O. 2 *927E-04 8.7954E-06 12L-03 9 80. -5076E*02 1.946E*2 0 01. 2.970-04 _87954-06 1.3015E-0 0 cT -5.0752E*02 1.9406E*02 0. 801. 3.058:E-04' 2.4679E-05 1.435HE-03 10 bOT* -8.757E*02 b.122oE*02 0 BUI.3.23 -C .4.b44E-05 1.57?5E-03 11 SOT. -9.9S7E*03 8 .4312E*03 0. BOT, 3.3359E-04 6.3047E-05 1.6366E-03 

12_ _B01T.__ I -.9 8 5E - 3 2.0UfE#0o3 _ 0. ______- 01 a 3. 8t21E - 04 _ 12o0sE- O._- 1.85d4E-03 ________.I$ HGT. -2.5'*71E*03 4 .050E*03s 0. OT. 3.67 4IE- 04. . it HL- 04 2.1226E-03 1. 80T. 3.1773E*03 4.52dde*03 0. 0* bO __b.63E-04 1. 2.7e.OE-04 2.412JE-03 lb 0T* 5*9471E*03 3.SdvE*03 0* H0O*.6.31-4 270E0 247E0 10 1* 5. -71E*a3 3* *03 0. 80T* 7.2',31E-04 2.8088E-04 2.51IIE-03 1 1 ~ 1~ T **~ ? r ~ i . _ _ _ _ _ 6 0 1 . 7 . S q c Ea - 0 4  _ 2 . 6 03 S E - 2 * ' . 9 5 0 E - 0 3 _ _ _ _. . .  
.15 2 I '3 ..,33 0. b~l 

E- ) -6O *E 0 0 0* . 7.7 0 F- 2.9o37 - E-a: 2.517- : -C3 16 b01. ib.147)E*03 2.011E*03 09 _____ 11 d.bOkIE-04 _3.392bL04 2 .6 3 . -03___- - - - - -. " 's 80T. 4.231E*03 -6.1bdZE.02 0. 80. 1.071u;-03 3.2941L-04 2.997E-03 0 SOT. -1.4235E*03 -1.52aE*03 0. T80. 2 .2101:-03 2.045E-0. 6.46E-03 

22 bQ 1. -5.6744E*03 -5 0 9dE-O 0. 80 1. 1.310d17-03 1.470 - . 3.7111E-03 . ~ . .  2'. 80r. -7.37ZEo2 __ 9.0114E-02 0. 6o r. i.33:l:-03-__1.2211 :04._4.O891E-03____________ Ze :0 ? 801 !-6.0431E-02 I.220JE0103 0. h60'. 1.51741. 03 2.81 04 .0&EZ .
2b e0?. -1~.4772E-03* 1.730'iE#Oj _ 0. __I__ .~t .6 7s1.-o3 _4. 19)8 1E -0 4 -_5.5391E-03 27 HOT. -2.4678E*0-3 3.50oSE#03 0. 3OT . 2.22'#21.03 5.4265E-04. 6.346L;'-03 ?6 807. -1. 9796E-03 __5.9797E-03 0. b0i. .874I::C3_ 5.S67C)EnO4-7.-2;,2 o3________________ 2950j*- 4.7655E-02 -7.9132E-03 0. HOT. 3.592z-3 5.5'942E--0 8.362UC.-03
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3 bOT . 2.0307E*03 8.7653E*03 0, O.5 9'E0 HOT. 1.1882E*o3 _9 53E*03 80 BOT. _4.35 S E-03 5.957E-0' 9*59 3**E--3 - -

ScT. 6.8736E*03 S.S191E*03 0. 8OT. 5.022E-03 5.796E-04 1.1978E-02 
60. -0* 6 z6 0.0. 80 . b.642-.-3 4.*m81E-04 14666E-02 bOT. -0. -0. 0T. .12 03J.469E-04 1.7663E-02 

(FORCE AND MOTIN OUTPT IS IN C 08 EC TIOUN5 S AND 2 
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TEMPERATURES* 

SLGMENTUSED INPk ItJC.J' ANJAL YSIS 

OUTSIDE 
GH NT T T INSIDE 0u SI.r.  

I 0 --- -i.. TT2 -I NTI 17 a 0 1 30 30 30oIN 30 2 I 4 .. 4 4 ._ 0 ._ 40 3 0 0 0 0 0 19 70 66 
64.. 2 60 

0 - - - - 00 2 7 139 I8 10 0 0 0 0 212 897 7 11 20 
0 0 3 0 0 283 

03 97 95 9 

9 0 0 0 0 a 25 15 17*4 13 142 142 --- 0 ---- 0 0 02G 26 n 0 0 0 0 27 195 191 ld7 1 3 160 24: - 2 18 a.- 1 204 19 
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PEAK FORCES AND MOTIONS .  

POSITIVE DIREjCTLQNS.() ..ARE._ASFOLLOWS__.  

TOP OF SEGHENT NO.1 BOTTOM Of REMAINING SEG1MENTS 

RADIAL------ TO THE LEFT RADIAL------ -TO THE RIGHT~~ 
ROTATIONAL-- CLOCKWISE ROTATIONAL- COUNTERCLOCKWISE 

_AxtAL_------- UPWARD _AXIAL-------DOWNWARD 

*SIGN CONVENtJONS ARE FOR A RIGH(LHAND VIEW ** 

bG. LC. RADIAL HOI4ENT AXIAL LOC. HADIAL ROTATION AXIAL 
_._ FORCE ___. .LOR.E. -...... MOnoN H..... ...... MOTION .  

1 TOP 0. i.8231E-03 ._ _ T0P4.554E-11.-3.3067E-24-..  
S 8OT. 1.5596E-02 -3.4145E-03 0. 80, 8.0501E-1O 3.431)E-10 -699289E-1 
2 SOT. -1.2536E-02.-2.6J97E-02 -0. _0_ . f.-4.i7CIE-09-1.4746E-OO-7.665'E-1 I 
3 6OT. -7.5671E-01 3.6342E-01 0. B301. -1.4331f-08 8,4481E-08 4.2869L-09 

T 80T. 5.8706E*00 -1.O623E*00 0. 80 3.355of -07 .2.2026E-07..-2.5249E-0 _.  

5360T. 7.57i3E-01 0. 801. -1.525,e-0 - 6 -5.9308E-03 
S.63T. -3.616OE*01 -8.siJ:o _ _ _ Ocl._-3PdA-06 -7.54,93E-06 6.95SmL-08 
7 S0T. -1.0493L*02 B.b318E-CJ 0. 801. -5.bhiE-06 -7.3474f-06 3.4582E-07 

6 HOT. -1.6400E*O 2.6604E#01 0. BUT ._-7.5070F-06 _.-5.394lE-06 6.052iE-07 
9 20T. -S.422E02 2031E-02 0. 1. -I afol -05 1.26Z-S 2.2'iL

a 60T. -9.3325E*02 6.63-*7F602 -0_ -3.9)611-06 3.9ZHIL-05 3.fl9tL-06
1 80T. -0.730uE*02 8.9713E*o2 0. 1301 4.0180F-06 5.4004E-05 4.4731E-06 

. 60T. -1.5294E*03 1.7103E*03 0. BO0. 5.0521E-CS I .065SE-O'#_ 3.05)2E-05 
3 6iT. -2.4617"*Co3 3.S'OE*03 0. 801. L.3%6OL-04 1.8730E04 1.0325[04 

r-OT. 2.- i LdE.03 -4. 3j)jE #03 0.*~_____ dO. .21 3ei--C4 __2.9.3!9L -04 __2.1U14k.-04 ____ __ 

80T. 4.61301*03 3.5191E*03 0. SO0. 3.990uL-C4 3.277E-04 2.5438L-04 
6 BOT. 4.6130E*03 3.57V1E*O3 0. BJf._4.1 55I:-C4 _3.2771E-04 _2.348uE-04 

7 80T. 4.d3ClE*03 3.3404E#03 0. BOT. 4.3?2a1.-C4 3.,,266L-04 2.4593E-04 
a 90T. S.410'.E*03 2.3o0: 0. ____________ 

___ a OCT. 54104E-03 -1.331-.E*0 0 a.- __.01 . b.-248 1 L-C 4 __3.965rE-04 __3.1 338E.- 04._______ _ -) BOT. 4.1601E*037.61 6 4  3.9933E-04 .42E-4 
) OT. -3.52d!E*02 -1.2485E-03 0. _____8 . 9.43811:C4 2.795CE-04 *8.9748E-04 

1 40T. -4.5520E*03 6.7'v~eE-02 0. bu0. 9.04a.-c3 2.12el-04 1.1077E-03 
3 SOT. -4.3.iOE-*G3 -5.9oloE#O20. BOT. I.05001-03 2*O72GE-04 I.C99)E-03 
* BOT. -6.3667E*02_ 5.2i51E.O_ 0. 8OT._ I.1IIeE-03...I711E-41.413 4E- __ 3 

H BOT. -6.2w3E*02 6.9Y07f*02 0. bo0. 1.3o31'-03 2.5593E-04 2.2097E-03 
.b 801. -3.4'45E*03_ 57iE0__0.01.l4 /:-3.2 E-4.7b-3____--.-- --.-..-.
I 80T. -1.1430E*04 7.221BE.03 0. SO01 I.W130E-03 5.31lt3E-04 3.4310E-03 

16 CT.-3.44S-0-3 .510,E#03 0. 801 T_.I .041E-103 -3.4311E-10 -269259E-11 

3 80T. -1.aablE304 _1.6721E04 0. BOT.. I2.4367E-03.4437E-0844.28O3L-03 
OT. :-1.B9CSE-0 - 3.710E*01 0. 80T. 3.097 -03 6.9348E-04 -5.223E-G3 

LkJ



rOT.- .5.201E0- .. * IiT... 3.~bf-.~. ~6. N"(4TE-03 -l'0 T 1.6633k.04 4.#601E+04 0. 80T. 4 . 5 90! - 03 6.ZGlbE-O'. a..7'LO 

33 baT.. -0. -0. -0. 80O1. :).6244Ei-03 3.1641E--, 1.3a3l3E-02 

(FORCE AN) MOTiON OUTPUT IS IN GLTO8iL DIk CT S U S NI 2) 

L 1:4 R N



0 SC 1522 1717 

fo lot 
0 lo 0 o 

a o I, 1 
0- z 13r1 

10 10log 10 1 

3 , 1 117 

J'*'3 '31 

o10 13 11 _5 _7 

1.r) 2 o I S 

*s & 

7' 31137 1.S 

34 3t,f 370 37 5 3To 

ig 39(, qoo 1403 4 t 

2 3o 7 q V 

7: L? we e ?z 7 

715 R S o0 6dm . _ 9_T 

,u u e r 9 / - IV 7 ' . . .. ._ _ _ _ __._ _-_ 

CU STOP 4 -

i: -i-za i.iz. :. / '. ..* * z I Or 
is:-:. .. '. t / '. - .: : 1" n -rr* -7 .



-9 W 0 0 0 6b I L)5 

- . ~ ~ T E M P E I 4A N L W E S K R 4 S E G M L N T U S ED I N IP E A K ' I C 1 . L A L Y S -- .

OUTSIDE INSIDE SEG .TD INSIDE 
I T 2 6 T2 . .T 3 T 2 6. T S 7EG H ...... I N S I D E 
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--.... O 6960 -7AGL 17 PEAK FORCES AND MOTIONS 

-.-. POSITIVE OIRECTIQNS(*) _ARE ASJOLLOWS 
__________ 

TOP OF.SEGMENT NO.1 OTTOMOfSEC 
- - BOTTOM OF -REMAININ5 EHN.  

RADIAL------ THE LEFT RADIAL-------TO H IGT ROTATIONAL~ CLOCKWISE ROTATIONAL~ COUNT.8 GCKwlSE 
IAL*------DOst.w %RD 

SIGN CONVENTIONS ARE FOPAI MTANO VIEW * 
SEG. LOC RADIAL MEN 

_*. _ FORCELN AAL LOC* RADIAL ROTATION AXIAL --- RCC MOl oN -OT ION 1 TCP .3 0. -5.2727E-03 0. TOP -3.06 1E-4 .1.3235E-23 0.  1 EOT. -1.3647E-02 8.6691E-03 0. UOT. 3.064dE-(4 -1.4223E-09 2.3921E-04 2 BOT. 2.1257E*00 -1.4623E-00 02 .__-- _ _ BOT.-. 3.064E-i4 .. 4.3678/E-Oe 4*7 41E-04.  3 BOT, .6280E*0 -1.5423E*00 0. 1301. 30651E-i.4 -2.282SE-07 7.1761E-04 4 _0 T-1.62oE*01 2.93>E*00 0. UI.___ 3. *iu 3.550-4.-is0.0318 E-07 9.s6 8 9E- 04 
563T. -1.2211E*01 3.0963E*01 0. HO1* 3.1049E-L4 1.795E-GS 1.1963E-03 7_ 8OT. 1.06S2E01 3.963E*01 0. 80T. J.196ef-. 2.223F.-05.1.257. 

- -03 
7 iO. 1.047E*02 1.2414E00 0. 80T. 3.227/E-04 2.5164E-05 1.317bL-03 8 dOT. -4.9294E 1 .- .1447E*02_ 0. 60T. 3 .2672E-(4 2.5770E-05 1.3584E-03 9 HoT. -8.00I5.-02 2.0lbE*02 0* 801. 3 .4211E-U4 4.2174E-05 1.51 J3E-03 10 60T* -.12.C0E*03 __ 90504E*02 0.. 0T  3.703U-04_ 7.73I1E-05 .. 6660E-03 12 b0T. -a.1203E*02 1.147E*03 0. *OT. 3.b78tE-04 9 .2725E-o5 1-7372E-03 3 BOT. -2.2633E*03 3.3i3ZOE*03 0. uCT. 4.638-04 1.4109E-04 1.93dE-03 3 O* -2 .76E*03 3.1J5E*03 0. OT* 5.77iC -04 2*I'37E-G4  2.3134E-03 airOT* 24 652E*03 3.1143bE*03 0. 801,* 7.8bi1 3E- 0 4 3.2 -04 .2.68;(.E-03 
- BOT. 4.b652E*03 3 .114JE*03 0. 80T. u.705,L-u4 3.3533E-O4 2.8030E-03 6 0T. 4.162E03 3 .1143E*03 0. * T ..9.0 746E- '. 3.3533E-04 2.7831E-03 3 60T. 5.133E1* 03 2.9l-4903 0. UOT. 9.,21.SE-o 3.420/E-04 2.8019E-03 F B3T. 3.6t,23E*03 1.73'.E*02 0. __01. 1.0150E-03 3.7136,E-04 2.946L-03 EOT. 3.21E*03 -1.2395E003 0. 80T. 1.223/E-03 3.50;9E-04 3.361YE-03* 1 80T. _- .76 E*03 _-.2 3 :*03 0. _ _ _ _ _ Ot * 1 3 77IE-03 2.0749E-04 _--3.87 it 

- -03 
d0* -6.4033E*03 -2.837jE*02 0. BOT. 1.40!jE-03 1..3694E-04 4.161I-03 3 0 . -5*.4 33E*03 -1.5d7 E 3E*02 0. OT. 1 *477tE-03 1.3 9 fE-04 __ 4.14SU 1E-03 3 ST* -1. 7E*02 1.05 7E*03 0 . . 1.4777E-03 1.3173E-04 4.1631E-03 BOT. -4*S793E*C2 9.0046E*02 0. 01. 1*4966E-01 1.1070E-04 4.585E-03 

E 80T. -2.3818E*03 _ 1.S436E*03 0. SOT. 1.623E-03_ 4.8L4E-04 6.2E103- 03 7 80T. -6.7335E*03. S.1616E*03 0. 80T. d23737E-0:1 5.59OE-04 6.122E-03 3 BOT. .-9.8523E*03 1.23d9E+04 0 .80T... 357E-03 5.5920E-04 7.122aE-03 9  0T* -8.3648E*03 2.1563E*04  0. OT, 3.7760E-03 6.376E-04 9.3084E-03 

6V
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TE .MPERATU .RE .S P .E . SEGMCUT -USED-NPEA.PlNj-LA' YI 

T INSIDE OUTSIDE ---T .2 T .4 T5 SEGMENT 1 T2 -- YT3 T N S 5 --- 25 25 25 25 17 43 43 43 *43. 43 225 2525 21 
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- PEAK FORCES AND MOTIONS 
-. PAGE 7 

POSITIVE DIRE1.QN$ (S..) ARE AS.FOLLO 
S 

TOP-OFSEGMENT NO.1 OTTOM OF EHAINiG SEGMENTS 
RAD IAL------ TO THE LEFT ___ RADIAL ------ TO ThE RIGHT ROTATIONAL-* CLOCKWISE ROTATIONAL-- CO TERCLOCKW IG SEH AXIAL-------- UPwARD)RTAIONA--CO 

_ ~~~~AXIAL---_------ Owat.ARD_- 
____ ______________ 

---- !.SIGN CONVENTIONS AR A RIGHT HAND VIEW ** 

SLD MOMENT A

* . L OFORCE OLOC*ERADNAL OTATION AXIAL 
- ___ FORCE 

.. F O R.CO 
IC : i l T ON - .. _ 1 TOP 0. 7.0211E-04 100. HION 

S .CT. *8449E-03 -
4
.4392E-GJ 0.- TOP. -2.9465f-34-. -3.3017E-24 0.  

3 E; G T . -. 7E-02 1.4 -02 0. 80T. e.946t-44 -9 *949HE-10 2 .2997E-04 
6OT.. - 7.O70E-O2 1.165,E-02 0. 601 2 .-3.2160L-09 - 4*S99 E-04 

3 *OT -. *7lE*00 1.6283E-u 0. *0 e9467-14 7.6341E-o8 6.6992k-04 

4_ 60OT 4 .1OIIE.oo .17SO2E *00 0. BO T .__ . A _FJ4 3.4c;24E-O7g.I9d-,9iWE
4  

.

S HOT. -2.6034E*01 3 .1766E .00 0 0T. O . 2 9 1 -) 4  -1.742E-07 9 0 -04 o 80T. -5.5360E*1 1.3213*01 0* 07 E- 115O 
80T * _-5.15 60 1 13 1 3E *0 1 0 - - *ur _13-4 .. 4.2c,1I5E 0 7 1. 01 03 

*S . -1.12uSE*02 4
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15 -333.0")1.7 3199.6 477.0 .5460.'.J350.9 2db4.3 _..7419.4.199.5 

17 -n067.4 v46.7 111.5 299.3 3246.9 M60. 3164.0 6153.4 117.5 

19 ?911.8 -2e90.7 -10.1 -166.9 -2b20.e -9.. -37U2.1 -3405.9 -16.1 
- >_.?. 1. -?470.7 ? -1. -393.9 .6 11.1 -134... -3220.4 -3534.9...-21.8 

i1 64'.7 -177.2 *3b.1 2b.3 -S364.4 -318.6 -1164.4 -6511.7 -38.1 
) 3 1r* 24 2. 5. 5052.0 ?08.9 .143.5... 6925.7 25.2 ___________ 

e4 -10d3.3 b04.1 43.e 272.0 2634.1 3ua.o 3318.6 4781.2 43.2 
-5 ??921.4 -ml Qod.2..3 l -4, P3 e61. .3590.6 1230 .5. 41.5.

) 26 -3S-.9 -14i?. 0 40.6 46.7 -Sub.2 255.4 4149.0 1769.7 40.5 
-k7.- -1994. 5 1 Z-.. *209. 67- -,.- .9 .16*>...5. .2441.2.-34 78.6- 85.7 

28 -15"4.6 -?014.9 130.1 113.9 2t4.6 819.3 2099.8 4383.4 130.1 
29 -1s. 8  2J1.5 1'i6.33 3.L-...-4Y.1 1001.0-1711.9 41.7 166.3 

30 -11-.' -3013.4 112. 1io.7 -1051.b 964.9 1632.9 2718.0 172.5 
e3Lgo- -1?*. l.,- .. 69.3--33 .7- d45.7 .98.3 

3 32 -40s1.8 -1'551 7 2td. I c39.4 3437.5 1693.6 4832.6 9919.6 26d.7 
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- - -- - - - -.-. PEAK PRINCIPAL SYH4S~

Nu. LUNG fo HG tIO. A. .JO( -j0P BAD* -__________________ 

-.
0_________ 

2 -. 1 -0 .0 .0 .0 .0 *1 0 00 

4 ?.9 -1.4 -.0 -.2 -2.7 -.1 -3.3 -4.3 -.0 

6 -7. 6 -2.0 .. 3.2 1,3.0 2.4. 53.8 35.3 a4 

7 -61. 1 ___ qn.7__ 7-___ -b 21..1I.-... 74.9 -__-86. 2 .  

8 -1L, 1~. -'RA6. -19'..b -2.b 1.9 -207o4 -.2 

9er 3d. 7..l~._ _ -,-L3.1 -66. b - -. 9 364 1 2 

10 -554.5 -146.1 o..4 59.5 21.6 26.4 692o2 308.0 4.4 

- -74fl.4 _-e.t~___k.A 9... 2. 56.4 33.0 ~5.. .  

I .. 5-hi.'3 -1140.4 3u.1 192.3 -LJ05.4 208.6, 22?8.7 1455.0 30.7 

14 -lh47..9 -10'i9.6 1144..6 66b.S 26401.2 129S.2 bIt%2.9 8921.4 184.6 

14) k-720.0-_7_-541-.__ 

1 

17 1'5'. 1144%.d d91.3 .S94.5 406.3 4 74'.2 49~15.5 2759o6 91.3 

It,1. 2 1 .
1660.6- 73.1 

3 19 111.7 -2473o2 .3h.4. 1817.4 -1535.6 20is5d -64.5.3 -1449.2 38o4 

.9o---26.6_-4223 10.0 

21 -124'.1 -So II .0 -2.e 359.8 -37b?.0 -5;.3 -942.3 -4444.7 -2.2 

* 24 -plfb. 7 144o2 44 9 ?4.2 I5ud~od 370.1 25?24.0 3011.4 49.9 

S 1'v.8-. - It7. It . ?4.o0- 0 o 0-*IS.6Z.74 _d_ 378.2 24.0 ________

26 -?7j4.6 -lmn"'o4 10.1 k?8.8 -941.2 13;i.v 26ivs.0 -120.4 18.1 

'1.9 -12.0 lzb.0 290.2 -12. 8441 393. 4595.8 125.0 

30 -p33,1 .2 -?2b.0 247e4 616.2 60!j.4 18d0.u . 4513.3 8408.7 207 .4 

3 -13. 
10983.30.  

32 -472 -1VS1P.4 346.b 969.6 2597.1 itI47.1 5568.3 109.346 
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PEAK PRNCIPAL STRESS 

QQTSDF HIDPANF -- - --- INSIDF 
SEG.  
NO. .... JONG H..I OOP.._BAD... ONG 00P. BLAD.

_*0 _-.0 *.0 -. 0 *.0 .. 0 -. 0 _ -. 0 _ .o 
2 -. 1 -.0 .0 .0 .0 .0 .1 .0 .0 

3 ___ - .3 *.3 *0 .0 .3 .0. . -. 4.. .2 - .0 
4 2.9 -1.3 -.0 -,2 -2.6 -. 1' -3.3 -4.2 -.0 

_____-3q*4 * -9.4.____.1... 2.3 . 2.2 ___ .4.- . 43.6.. 16.4. ..... .1 ___________________ 

6 -47.4 -2.3 .3 3.2 14.5 2*4 53.5 34.6 .3 
7 -- 67.3 *-90.5 _ __ .? .4.7 *.87.1 - 11.I. 75.1 -87.2 .  

60 -107.9 -149.3 4.' 56.9 279.6 -2.6 169.6 308.0 -.2 

4 ____-746.2 .-2'5.6____.9.Q... 100.4 *2. 66.9.... .940.3 .. 256.2...9.0__________________ 
14mi. 1199 139 670 629 19. 5.94* 256.2 _13.  
-.3 -- 15 7 -111 . 91 .2 _ 459.5 - 42 .4 _ .632*5- 4617.0- 4196.1 - 91.2 

17 -4211.5 -1o40.9 87.4 362:8 45Y*4 44A. b 4545.9 2638.4 87.4 
8 -260.1 165.1 68. _18.4 -619.6 403*3-- 2840,. .. 840.2- 68.3 

19 703.4. -1463.8 26.3 -128.4 -1897.6 186.5 -961.6 -1935.9 26.3 
20 .1649.. -3458.. W1.q 303.7 -3958.8 -131.2,___,:723d3.9 -4980.2 -15.0.  

21 433.5 -4171.0 -32.8 -258.7 -4530.7 -283.4 -816.1 -5169.7 -32.8 
23 .1104.4 3174.5. 52.7 *_8. 7 _47b2. 3 391 .9 *301I3/.4_, 6706.4 _ 62.7 

24 -1997.1 236.U 49.1 213.4 154b.9 343.2 2562.0 3286.3 49.1 
25 _2227.0 -1231.4 _31.9. 179.5 ..-279.4 .193.-._..2795.9 .1073.0 .31.9.  

26 -lTe.4 -1313.0 32.6 136.5 -366.8 214.9 34i9.1 1319.1 32.S 
27. -2004-.7._-1847.V . 67. ___ 65.4 el82.3. .469.0.. .2428.6 .2630.0 . 67.8.  
28 -1811.3 -1'44.0 106.7 137.6 49.8 702.4 2437.7 3697.4 106.7 
29 -I SO.7 _ -19.1.5 148.b ___L202.7 ..2.9..6.-.29.6 3o930.1. 2358.6 .4265.0. . 148.5.  

30 -l4jA.5 -22$8.7 178.0 233.1 -372.6 1051.9 2330.1 4087.8 178.0 
31 2.7 ..-1P63.3 107.3 .362.7..758.7 . 657.0 ...3914.4 .5372.9 .- 107.3_ 

32 -1172.7 -160Se 277.0 718.8 2560*8 1709.12 4797.0 9982.8 277.0 
33 4 
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PEAK PRINCIVAL STH 

0 MID.eLAN_ _ _ _ _._ _ ,INSIDE 
SG.  

_L(JN _ OP RAO, gG9P RAD .OfiQ__ OP AD0 RAD.. r 

5 _ _ .0 -10.0 .0 -. 9_ -35.0 .01.0.6_*74.5_-66.3_-_? 

2 . -. 0 -.0 -. u-o-. 0 

- 4 2.1 5.4. 00- 5.7 .1 -2.5 6.2 00~ 

6 31.8 -'h.*. -.6 -2.9 *re.7 -4.8 -36.6 -101.8 -.6 

7 -.so.8 -105.0 *___ ____ ..* -.120.4 *S.0 33.4 -__138,9 ____-.6 6________________ 

8 -1)Q.1 -194.1 -. 4 5.4 -1-2.5 -3.3 121.2 -152.4 -.4 

9 -317.4 -4J9.4.- ._ _ 28*0 -163.0.. I.9 .49*4 .- 80.4 .6 

10 -6)4.7 -161.0 4. 65.6 24.d 2R.9 7b4.3 319.1 4.8 

II -17f0.4 -1'19.7 12.1 105.4 175.9 .76._ 991.3 .. 594.9 12.1 

O 2 -15410.1 -11)4ft.3 ?i8.6 241.6 -163.4 1Wei 1993.7 1061.5 28.6 
13 *9-5* -166.9 73.3 50?4.0 -370. 1-.472.1- 4021.4 32.4 73 

14 -38k6.7 -904.6 16b.3 749.7 2608.6 1030.1 5279.0 7713.1 155.3 

Is -297.1 -176.0_ 171. 1j86.A .9813.S 1038.1 5759.2 .5695.0.-177.7 

17 -1 .5 -2?247 69.7 483.9 124y.3 477*0 4646.3 3227.8 69.7 

la -76t.9 *19 4.1. - .. 63.65e. -V* 5 . 16 0 19 . . 6 

19 -193.5 23'so.6 44.0 45.4 -1416.6 2i6.1 -288.6 -959.5 44.0 

2fl _ 2.4 -41"9*2_ 21* ?44* -3448*... 21.0. -1961.0 -3495.8 21.6 

-s7.0 -4'9?n.3 6.6 -33j.4 -4311.0 -1bi.3 -955.7 -4375.8 6.6 

23 31.2 _1.A'.9. .36.4_401.0_ _.3512.3-180.b... 1894.1 _ 3752.9 36.4_ 

24 -12-,.3 418.3 3J.5 153.9 1413.0 215.1 1245.2 2445.8 33.5 

25 -121Q. _-1e13... 16.9 .- 143.4__ .-600. 0 -- 13. 8.-. 1192.1 -257.8 16.9_ 

O 26 -P11.2 *290.1 9.8 223.7 -2211.3 77.3 2963.8 -1733.6 9.8 

47 -4917*9 - b*2 72*.4 166.255-163.9. 7. 5041.3 2243.5 72.5 

28 -4413. 8 -5175.6 20u.v b21,8 -596.4 1266.6 7164.2 6789.9 200.9 

29C -5147 .3 <37.1-3#42.0 9b4.o2--- -75 7* 9' Z348.o4- .. 257.*2 -- 116 33.3- 38 2.o6 

36 *A1l1.8 -"556.8 594*2 1400.8 2089.4 3556.5 8213.8 15977.6 594.2 

32 -4l113.3 -4'75.5 674.2 1716.1 2762.b :1448.0 8631.5 13237.5 573.2 
3 -34. -1954 ALYP----R%*9---l352 364. 83.6 126.74.6 -579.9
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PEAK PHINCIPAL STRLSSES 

___-pJ HMOPLANE __ .. INSIDE 

NO, ----- OLA . OQ(1Q ...... BD _ONG - HOOP RAD*.  

K.*G -00.* -. 0-.0 
2 * * 0 . 3 *0 * .5 .s1 

i 2 -. 0 
3 ._ 1._ *3. ... ... *_ =*0* -1*0 - .-. 0 

4 -3.9 -15.2 -. 1 *3 -16.9 -. 4 4.5 -19.2 -. 1 
5 -2j0.8 _ 1. __... 11.8 .?I* -- 4*6 227.1 - 187.8.. .. 7 

6 -115.1 1'9.3 2.0 9.7 203.9 14.3 1I1.8 294.5 2.0 
7 -10.1 -117.2 .t 4.2_ r -162. . . -.... 4.3.-. 10.5 *.. 207.3 .6  

4 4.2 *49.3 -2.4 -2.1 -584.0 -18.t -10.2 -736.7 -2.4 
.- 94l*--= l *,L -27.-.---21.3 f#27.b .5.13. 545.0 -- 142.4 -1.7 

10 -b424.6 -49.6 9.4 88.4 290.9 60.3 1041.0 865S. 9.4 

I-17* _5 -4AA7*. 7._ 17. 2 91.0-162-1_1140.8._918.1 25.3.  

' -1711.i -1?7.h 4?.2 140.0 -2b1.O 252.e 2093.3 1214.0 42.2 

S13 . *.2467.9..37.33116.3 
78.3 

14 -'5?A.2 -197.5 14Y.2 638.0 2310.3 934.9 4925.9 7228.3 149.2 

.__I 17.7 -11?'.6. 176.6 . 45I. 1491.0 170.8 ....340.6.. .5265.S-. 176.6.  

17 -1'.. -1145.1 102.9 737.3 1h6.0 802.4 3259.7 4021.5 102.9 
-3* I* 1. - o362.4 74.7 

19 5j,-.7 -2dQI.0 31.4 18.1 -1057.3 177.2 -996.5 -1507.9 31.8 

20 47_3__.4 6.9 -98.7 -3651.6__35.2 . 2 6.9 _________________-_6o9 

21 IA. 3  -400.0 -J.9 -10.1 -42h4.5 -38.1 -5J4.4 -4268.8 -3.9 

_ 3 539.7 -6 - 4_3310.5 71.9 1171.95_1.5_5971 -736. 89.577.9_ 

24 -?219.7 61.2 62.6 190.7 14b4.1- 413.2 2735.7 3228.8 62.6 

----- 1 _ .*n .?6. 4. 160* 5 2* 15 1,. 1756e6 _ -240.1. , 20.9

P b>e F.h - 20q7. 13.4 306.2 -113.*4 72.0 3113.9 -336.1 13.4 

27Z -7i .5 -3004..2_ -_!65.5. 155.9 86.Z 43 7. 3b3.4 _2416. 5 b5.5 

9142. 283.9 -34J. 1004.3 4680.7 5201.3 142.5 
29 651. 1_144. 1_. 243.7 St.L .144.1 1725.__. _141.9 7796__ _1_ 

30 -?7i.4.0 -3114.2 349.2 614.4 3+.9.9 4447.4 6212.2 9679.7 349.2 
3L~~~~~~~~~~ -. -- 825 -050 264 444-15. 2212.4---899*3--9472.7.-296.4 

32 -5043.4 -41v.uL 432.1 1815.0 3682.4 3033.3 7816.9 13333.5 432.1 

* i3 11_.7. 1...6.5 t672 1.0...1..39 6 2 ... 5197..9... s1._6082 I 567 9 
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PLAK PRI1NCIPAL STESSE 

00AIS IOF fIlDPLAN _ INSIDF 
SEG.  

* O~J.No, .t h00LP ONG- OP..  

.. .0 ..0 _ -.0. -.0 *0 -. 0__.*0*-.0 

2 -. 0 -.1 -. 0 .0 -.1 -.0 .0 -.1 -.0 
3 ____.-*$__ __ * 1 *____...0.. *.. ------- *.... *0 _ __ 1.0 . .8 __ _ _ 0 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 

6.9 2.90 -.4 1.0 -.0 -7.8 -1.2 -. 0 
___--1.3 -?5.2 ___ * ~1 *2~ -19*U. ...-. 4 .. 1.7 . -3S.7 ____-. _________________ 

6 -4a2.6 -90.3 -.0 2.6 -45.0 -. 6 54.3 -39.2 -. 0 
7 _7 -IIf..5 -71* .3 .Q ,7.0_ l*U.30.8 -18.0_ ..3 

8 -114.7 *.4 11.2 -1.4 5.3 I6.4 8.5 .8 
9 -2.3. 2 :o_ 2 _ 1.6 20. 23.6 JO. . 214.7-- 61 a 3 - 1.6 

10 -23i. 7 I,4 *i 4*h 29*4 139. v 30.0 305.8 339.6 4.5 
_ -25 .7 - . 4.2 _ . .1 .1. ... _.'_*0.41.3 * 324.7 .192.7 6.1 

-.114.2 - 7 .o 3.0 44.1 -111.1 17.b 342.8 -56.6 3.0 
1 7. . -1 b. 4 t)6.5 b _ __ . I .04 2 33. $ ._ 6 6.0 - 415.0 - . .S.  

14 -9U7.9 401.6 24.2 122.7 9b9.0 lb4.1 11s3.3 1957.1 24.2 
A_15 -?1.0 . I.0 2 -.. J1'28. 2_ 615.1 207.9 . 6t$4.3.-.. 915.0. _ 29.8 

17 -5/'.0 1p0*2 17. 1 14.9 h52.b 125.b 113.3 1136.3 17.7 
___1P____ 70.5 _..96__ u.__ .3B9 £1.3 .7... 92*9...1. 1 14. .10.8.  

19 12ml.7 -14".1 -11.6 -117.5 -71.0.I -60.0 -1510.5 -1674.2 -11.6 

()-_ 17 7 "1 G * -4 , ?1. , -_=2 116.*6 -29*9.4 1 17 0 3830.2 - 4 2 .3 
el 917.4 -20j2.0 -62.e -188.4 -34.b -465.7 -1205.6 50ld.2 *62.8 

c3 _7_7. 7- .5.24 10._.__6_*__55 3_-165.5 281_2__.  

24 -7u4.6 147.8 11.2 66.7 123u.5. 89.6 824.3 1824.9 11.2 
.5 --il.L -I^P*1 - . 75.4 -16.2 63.4--- 'i5.3 .252.7 _ 9.0.  

* A -763.6 -h'h.5 4.1 Sd.5 -3nu.9 26.0 1b9.3 -229.0 4.1 
27 -7 ?.4 _ 7_._ . 2. 24* .96.1... 193.1...507.1.....15.86_______ 

i - 1.0 -i'2.. h.b 83.1 -53.6 214.4 1003.6 1227.4 36.5 
29 (1j.1 *It?'.3 _h'.oa .144.V. .106. 368.1 . 114.2 1882.9 64.6 

30 -95.0 -13.d 44.b 9eOdo.2 21b.4 52z*d 114d.5 2373.4 94.8 
-3 41. -118.0 *. * t....ob. 409.6 305.9. 9_354. J 145.2 1804.7 65.7 

1 32 -944.5 *0. V3. 178.7 6V3.5 543*1 1180.2 2646.0 93.5 

i.3.f, .L.' 1.11,.5 11het 120.3 .906 .4. .2922. 0 117 .5____ -* L ______ 
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SECTION 4 

Temperature Distribution of High Pressure Injection Nozzle * 

The high pressure injection nozzle only has flow through it for two 

conditions. One is a test condition when 60oF water is injected at 100 

gallons per minute for 10 seconds. The second condition is during rapid 

depressurization when the reactor pressure goes below 1500 psi. This 

condition is defined as 60oF water injection for 45 sec. with a continuation 

for 15 minutes at 400F water. 'The flow rate is 425 gpm. All other times the 

nozzle essentially follows the cold leg fluid temperature.  

Ma The same thermal model and B&W Program 9116T were used in the analysis 

of the RPI'(See Section 2). The figures showihg the transients run are on 

Pages 7 These pages are followed by time-temperatures plots of selected 

nodes and a discussion of selection of critical times. Finally the actual 

temperature distribution is shown for the selected times for stress calculation.  
OD 
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HPI STRESS CASES 

ITERATION TiME EXPLANATION 

27967 4.95 Krs. End of Heat-Up - No flow condition 
See Page 4-5 

41491 7.5 Hrs. Steady State Temperature at 575 
Hottest temperature in vicinity 
of Bi-metal weld.  

42021 7.6 Hrs. Reversal in Axial gradient from 

27967. See Page 4-5 

.3, 6, 8 0 - 10 Secs. Maximum radial gradient stress 
during test transient. See Page 
8-6 

15 10.7 See. Maximum axial gradient in upper 
from start of part of nozzle 
test 

30. 21.4 Sec. Reversal of radial gradient 
after test 

1211 14.8 min. Reversal of axial gradient in 

after test upper part of nozzle 

5060, 5063, 0-10 Secs. Maximum radial gradient stress in 

5072 after start of radid depressurization. See 

rapid depress- Page 4-T 
urization 

5124 1.015 Brs. One location of possible maximum 
C .9 min. after axial gradient stress. See Page 

start of rapid 4-7.  
depressurization 

5237 1.0384 Ers. Possible maximum axial gradient 
stress 

6059 1.2 hrs. Possible maximum axial gradient 
stress.  

6307 1.248 hrs. End of 40OF water injection 

6338. 1.254 hrs. Reversal of radial gradient and 
reversal of axial gradient. See 
Page 4-8 

6850 1.35 hrs. Reversal of axial gradient.
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SFfMFNT TI TP T3 T4 T i ft4FI T I T 2 1 T T 

(, c 4?tI In1 11111 40 460o 4 A 11 1 46 4'"4 42A 33o '' I 4 A0 4 A ..... 4 .... . . A 4 ?20 13t11A t 4 468 458 .4?n 330 1?1 80 4.0 4A0 
5 47c; 46A S 1647 40 150 4A0 o 4A, 

6 47c; 437 _350 1 6A 480 480 4A)0 4!0 .7 47 468 437 350 ,A2 480 480 4 .n n !r 
A 417s 468 437 350 _ 168 ;4 

S477 474 456 394 178 2 480 4 3 4F,) 410 80 480 476 438 I A48G 4h0 1; 11 4 8 0 4 Ao 4 7 6 4 3 8 1 A li P 470 Z. A 
1 480. 480 477 47n 3) 211 480 80 o 

13 480 4AA 477 -470 01 480 480 480 4.
14 480 480. 477 470 31 - t4) 4480 40 15 480 480 477 470 1)0 40+0 4A 48 0 48P', 

4 A ( 3 ? 4 b 4 4 60 4 1 

6 . 4A ... A0 . 0 .. *0 - . 3?480 480 4P0 
3 480 480 480 4. 480 
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I I NA I I '000 

TF4PrRATRuIFS 'F*R SF61M~w Il.sFrj IN I'FAK ~ AAYI 

. UTS IDE INSTcF 
SEGMFNT I T? T5 T4 ' SF(NFNT TI T2 T3 T4 4711 473 445 340 717 4t0 480 490 478 473 445 340 .761 

It p 0 4" 347R 473 445 340 76 4- A40 4.0 480 .  4 479 477 76 ?04367 480 480 5 479 477 45A 367. 2 40 480 480 6 479 477 458 367 7 22 82 4 4 80 4RO 4 .  
7 479 477 49 A 367 7.. . 80 44 
9 . 479 478. 46A 408 . .0 4 

46479 47c 47A 450 9 480 4 P.0 11 479 47q 47A 450 ?7 40 480 460 12 0 480 480 4 0 37 . 2 A 4 0 480 4 8Sn 
13 480 4An 430 480 7! 40 480 .0 14 480 480 480 480 37.1 40 4 80 

14 480 7i.0 480 40 480 39 3 I6 480 48fl 480 37S 3) 4480 40 4 :3 0 4*.0 l 1640 480 4140 
.---. 8 .M ,I?'* 480 80 i~f 3?480 4A.f 4; F'.  33 4 0 .80 480 .  

7 ... A .7 7o70
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TFMPFRATURFS PFR SFGt4FNT IJSFO IN PFAK INCIPLE ANALYSIS 
******** ******** *** ***t++ *++i+ * it *4** it **s*sna 

OUJTS T F INST(F oUio: 1)~r 
SFNFNTOU TT', T2 T3 T4 I I' SF6t4ENTUT I T2 T3 4 N 5 1407 3R$f% 317 ?00 311 17 4 80 4P0 4 80 r; 4 407 386 -317 ?00 38 18 4 h0 4S0 4% 8 4i0 3 407 936 317 200 3 i 19 4 48n 4 4 407 3896 317 200 3s Poo 4h0 4fiO 4% a 0 

R0 439 419 32. .25 3q 21 4PA 4 9 4 3 6 439 419 35? 25 3 2 480 480 480 480 4 74-39 419 39? _?25 3A ?3 480: 40 488 4' S439- 419 I -?25 .24 4F 40 0:.7 9 458 44A *.407 298 ... 37 ?2 C, ~ 40 S ~ in 478 477 46? 372' 37 ?6 480 4A80 4'9 4 r; 11 47$1 477 46? 372 3'7 ?7' 4180 . 480 4A 1 1?480 480 47R -440 P.5 2 . 480 4 F,0 4 8,04F ' __ .13 480 480 .479 442 271 2 C 4810 480 43311 4 P.' 14 489 480 479 .443. 286ff 30 41,0 48 0 480 -8.1 4?0 15 480 .480 480 44 *. 302 31480 4.30 48.3 16480' 480 48f0 480 ~ f40 32480 480 480 4,1,i) 4 
33480 4890 480 4 8-14 

7 
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STRESS ANAl YI;S OF IHi PPFS.Sil TMJFCTION N07 lii JKI IT EAl ION 5072

TFMPFRA1IIRES PF SEGMENT USED 11k PFAK PRINCIPLF ANALYSIS 
********* 4**@** **-sav 4)sn*ik***aon4I*n&aso * 

OUTSIDE INSII)E OUTSIDE INSP F 
SE.GMFNT TI TP TT T T S SFG4ENT TI T2 T3 T4 T 

245 230 1A.4 112 18 17 480 4.0 480 4 n .  
? 745 230 184 112 18 1 480 480 410 480 ',a.  

3 245 230 14 ?11 18 19 480 480 480 4< 
4 245 230 184 112 10 20 480 410 4P.0 4. .  

5 307 289 232 141 . 21 . 21 480 10 420 
6 307 289 23? 141 ?1 22 480 480 . 480 480 4%0 
7 307 289 ?3? 141 21 23 480 480 4.0 4 r 1, 
A 307 ?89 232 141 . P24 480 4f) 480 4 

9 386 - 37.) 314 ?G2 - 2 ?> 25 480 4 0 % 4 f 0 
10 465 45? 397 264 23 2 e8 4I0 480 
11 465 45? 397 -.264 23 27 480 480 480 480 45C 
12 480 467 437 340 1) P)A 480 4P. P,0 4) 
13 480 46) 441 346 194 2 480 480 480 400 4, 
14 . 480 -470 446 351 191 30 480 480 480 4f0 4A* 

15 480 472 *450 357 201 31 480 480 480 4.R 4 .0 
16 480 480 480 480 32 480 480 480 4. 410 

33 480 480 480. 4 . 4.:6 

.... _ */7 P. 4CE 7 -70.. .
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SECTION 5 0 S C 1522 
SELECTION OF CRITICAL SEGMENTS 

The following pages contain a sample temperature input and stress 

output for iterations 27976, 6, 5060, 6307. The reader can discern from 

this sample that the stainless segments 5 and 8 and carbon 'segment 23 (Bi

Metal Weld) are representative of the highest stress area n the nozzle.  

Pages 5-16 to 5-20 contain a stress intensity summary of thermal stress 

iterations runs. Iteration I on this summary was run of pressure only on 

the nozzle at a pressure of 1000 psi. This summary is for Segments 5, 8, 

21, 23, 33. It can be seen that segment 33 has stresses less than or in the 

vicinity of those shown for the make-up nozzle. Therefore, this point is 

not re-analyzed for the high pressure injection nozzle.  

A complete analysis will be performed on Segments 5, 8, 23 therefore 

justifying the acceptability of this nozzle under the design criteria. This 

will be discussed further later.  

C 

C 

t7S 
8-74



STRFSS IkNAt YSIS OF HI GH PPFSSIJRF TtjJFCTTON NO/ ItF. ITE.RA1TON Z79476 

TrMPERATURFS PER oFGMFNT ISFf) IN PiTMARY * SF(fNnARY ANALYSIS 
sevesone**********ititisontit ona ooit***** isnto 

OUTST Df TNSTOF M JTTSOnF TNST OF 
SFAG NT TI T? T1 T4 T S SFAMENT TI T2 T3 T4 T5 

1 cl;? . 4Q? 49? 49? 4? 1/ 472 *472 412 472 47? 
? 49? 4Q? 44? 4o? 49? IM 470 470 471 471 472 
3 4o 4q? 49? 4')2 414 Ii 46A 469 469 470 47) 

4 c)? 492 49? 49? 42 .? 46.6 ?467 ti67 46 461 
C 490 49n 49) 491 491 P1 467 467 467 467 .7 
6 488 48A 48%4 489 4100 ?? 467 467 467 467 467 
7 495 486 487 4AA 4A9 ?3 467 467 . 467 467 467 
A 48r 48f 487 4R8. 489 24 467 467 467 467 467 
9 479 '4A0 48) A R ? 4 467 467 467 467 4#7 

In 4R0 480 480 480 480 76 467, 467 467 4.17 4,7 
I 4A0 480 48.1 480 4A0 ?7 468 46A 468 4AA .468 

1 47c 476 477 478 479 n6 469 469 469 46 
11 473 474 47i 476 477 4 - 470 470 470 470 470 
14 471 47? 473 474 471 30 471 471 41l 471 471 
15 47? 472 47? 47? 47? 11 476 476 4/6 475 475 
16 47? 47? 47? 472 47? 1? 481 40 480 4.0 ,7.  

13 485 485 484 484 483



STPFSS AtAl YSTS OF HTGH P lFSSUNF IN.JFCT ION NO/ iiFir(<F I TIRA1 ION Z7976 

PPTMARY * SFCOI'IDAIlY srF;sFs 

OUTSI E . MT IOPI. 4\NF INSI DF 

NO. LONG 1op RA .. LONG 1100 RAp. LONG HOOP RAD.  

1 .3 .1 -. 0 -. 0 -.0 -.0 -.3 -.1 -.0 
_7 _ -0 ?-1.1 _l.__-.0 .l -I . .? -. 7 - -. 0 

3 -4.9 4.? .0 .5 q.? .3 10.1 13.1 . .0 
4 11 s.9 _ C ?R.7 -.2 -7.1 -7.4 -1.3 -134.9 -51.3 -. 2 
S 741.8 191.2 -4.1 -41.9 -194.3 2 -8.13.4 -656.1 -4.1 

6?.2 3A5.? -10.R -50.H -11.8 -74.S -711.0 -675.7 -10.8 
A) .o*Q 500.6 -14.4 -55.I -118.1 -90 .s -70o.0 -a 28.3 -14.4 
r 550.7 273.3 -16.9 -58.0 -V'?.7 -117.1 -643.7 -1135.6 -16.9 
c-.4 629.5 -15.6 -?6..1 310. -1A." 54.1 -17.1 -15.6 

1fl 71.7 ? -7.3 -?3.7 60./ -4c'.0 -_1.0 -6.7 -7.3 
11 1?:.3 )0.7 -4.7 -15.9 -116.6 -1o.3 -I .7 -316.6 - .7 
1? ?0. 6 V11.AA -17.2 -43.3 6Q.9 -111.0 - 1 3/rA -60R.9 -1 7.2.  
13 69.0 781.5 -25.8 -119.? a4.7 -1 1./ -8Y.3 -430.6 -25.8 
14 ??4R.5 1215.9 -12.2 -293.5 28?.9 -196.2 -4R.5 -1021.5 -32.2 
15 fln7>*7 )?!H.7 -18.8 -430.R 49k.? -16.3 -3864.2 -403.7 -3k.  
17 ll.S 17.3...... -63.6 -1?7.5 s. 7 -8A0.0 -5040.7 -H?3.4 -41.6 
IA I17n. 1877.1 -9;7.9 -571.6 18,.- -17A.' -'262.2 -1963.5 -57.9 
19 7561.S . 556.9 -105.7 -835.5 -- 92A.8 -70?l.5 -'23.9 -7015.9 -105.7 
20 Ag;61.4 -40(04. A -102.3 -137?2.6 -M )G4.,4 -1 U4. -14190.4 - 1530?.8 -s192?..3 
-?1 19.R -91 1.3 -247.4 -567.8 -13/41.1 -1113.9 -?33-.1 -20116.0 -247.4 
?3 1*;A.6 141?6.9 100.6 -54.7 16700.1 811.3 -384,2.1 20272.4 100.6 

-nl97.A TPl.? 117.7 779.0 7P?1 .9 A84.1 971Q.R 12106.5 117.7 
-I337.8 -18111 R?.3 361.3 -(')0.7 434.8 37Y6.6 -2 8.3 6?.3 

A -741.5 -4.0 . S.A 75.8 H - .I95.3 S3.A HP.? - 908.7 8.8 
27 181.4 -246.7 -2.0 -p3.3 -343.9 -10.5 -22p.A -1169.8 -. 0 
28 -151.6 -152.9 1.2 -9.7 -71.6 1.3 163.1 106.4 1.2 
2- -?PC.5 -A0.8 10.0 18 .6 10.0 0.1 300.5 913.0 10.0 
30 -152.6 36.0 22.3 47.6 315.6 137.9 2H-0.? 934.8 2.3 
31 ?A.7 34.5 13.4 ?1.A 143.A 87.7 -20.9 282.3 13.4 
3? 485.9 -7.6 3.2 -63.9 -64.8 ??.3 -666.5 -259.8 3.2 
33 .F 80.4 -304.5 -19.0 -138.5 -645.6 -127.1 -1150.0 -1436.3 -19.8 

It fr Y T wtr% T AI fTrf* pY st T e s- f r . , *



STPFSS ANALYSTS- OF II IGH POFSSIlRF TrI.IFCTIN N1 1Fel:F ITAT TON ?,7 C76 

TFMPFRATIlkFS PFR SFGMFNT USFil IM PFAK PPTrICPI.F ANALYSTS 
ow*****nsO**en**on**mea**s*1ce*s**nsona1:-a £an****onea 

oUTSIOr) INS In O1I8 S)1E TNSIGF 
SFGMFNT TI T? T1 T4 TS SFIMFNT 11 T? 13 T 4 TS 

I tC)p . 4Q? 40> /,9? 4 '? 17 72 472 41? 472 47? 

2 49? 49? 494? 49? 4"? 18 470 470 4l 471 47? 
3 40? 49? 49? 492 4()? 19 468 468 4 69 469 470 

4 40? 4(? 4? 4(i? 4c? ;In 467 467 4t.7 4Ar8 4 6 
40 4f) 496 491' 4(1 71 41f 461 . 467 467 467 

6 4AA R 48 489 4A9 400 ; 467 461 467 467 467 
7 .#A6 4AA 4117 488 4AQ 71 467 467 467 4A7 467 
8 4AA 41A 467 48 . 4$19 24 461 467 467 467 4,7 

S4A0 4.0 441 48? . .A.1 pr 467 4 67 467 46.7 461 
10 480 .480 480 480 4111 PA 467 467 467 467 467 
11 480 4 AA 4,90 400 48) ?7 46A 468 4F.A 4 A .469 

. 1? 47c 476 477 471 479 PA 469 469 46, '6- 469 

I - . 473 . 474 479 476 471 ?9 47 0 470 470 470' 47 

14 472 47? 473 474 475 471 471 471 47) 4/1 
15 .. 472 -. 47? 47? 472 472 1 476 476 475 475 475 

1(1 47? 47? 47? 47? 47? 1? 4F1U 410 480 480 479 
- 13 485 485 484 484 413 

....................--... ~ ...... *. ............ ~. -.  
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Li.  
STPFSS ANAtYSTS OF HIGH PPFSSI%(IW INJFCTION NO7 WHMII11W4 TFATION 47976 

PI-AK PP(1-f I I'AI. '41r-SF 

SO 601ITS I i)F M I D5'L AWF INSIDF 
~SFc'.  

NO. L LONGOOP flAn. RAI. L U100? RAr).  

S.3 3 -. 0 

4? -11 .3 13.1 -7 . -1.3 4-------119.0 .7.. -?-....-p3-. -14.-53 
SA3.10.0. -3.7 -33.0 -1().6 -724.7 -3.7 

8 467.? -14.3 -33,4 -& 'vx.S 1 -1?33.
9 -?4P.4 3 9 6 , 3  -J3 -Vi H3.) -1 f. 7 -1.4 -A1.0P.  9 n -7.6 .? 9 -40.4 -349.4- ..  

10?).967 ?3 .3-, 
11 97. - -44 4 -1 6 -i 1.9 -- C?.-4 
I? Pp1.L 9; -. 3 -4 Q 0 -3r6. 3 1 n03 -19.9 
I0 -464f -24 

14 014.4 976.0 -?9,4 -?70.4 3j. -?oI -2916.9 08H~. 2 _ 1? -'601164 9 .L 1 

176 . p I. 10; .3 -4.5.-r47171.9 4 4S -210.3 -501p.4 ~o -43i 

19 7 4 1 ;.? 4 A8.t,3 -1 Wi.4 8 (1 &1. -?F,97 .? -7 -9 3fil. A 40 -64.0 

231. 4'>'4 .0 100 .7 -~.0 171. ISl 60 -~. 20274.7 100.7 -~0.0 30. 17 .8 779.3 72 1 .o H0. Q_/ 3.9 1P1 04 .h 117. 8 -316.8 A. -?. 1 - 6?.#3 361.? -c-,)h(- 4 4 34.it. P ViT.' S -Pll;.'5 62.3 
2619,4 -1113 ,4 H1.9 75.AqL . 35 077 -0. .  

l7 ci. 47.77_L 

Y?7~ ?Q6 s7 P-?Vi? -- 2?. 3?. - 7 -1A.4 -2.) -4 69.S -2.0 
12 -9.7 -7.3 .3 16?.7 106.1 1.? 

10.0 1 A. 6 1 W.: . q'. S9)' 5I3. 10.00 

1 1 ro.A 

.411~ . - 3 . ??.3 4f7 ." 31 . 1 7.9 ~ )9* 934.6 2 
6n0.7 65.7 -13o2 94.1 11/4.9 C)1 . 309.3 1.  -471 - 4 .7 1.r .I ;?6.6 -604.7 -206.1 2.7 

31148.0 -319.9 -6.-39. ' c - -1 
sn -l.P. T15M.A1 5 .?(



Io o SF IP I r 4A 1 

TI * isIsI ATis r S it -W0 rrIAr:11 II'. Ih l is '' IritIisY * s*;tf l)ANY A'IALYVSIS - I,
ovoonesnosiseasonoon4eannesoitoitsoo is onsoineionitnitnionIs 

lIJTSTPF INS TOF 1.1TSIfF INSTOF 
SFGMT TI TI 3 1t T'i c;r-WNT 11 1 T 3 TO T 

1 - 7? 3?A P3 1.80 17 4..0 4A0 480 4A0 4.0 
47? 19 36 ?53 180 .1 4811) 4110 481 4V0 4 P .') 

3 47? 30 ? )C)q? 1?5 1 480 460 40 410 480 
4 47? 39) -r. 1253 180 2 480 480 480 480 4 A 

q04 42A 34A ?70 19? 460 4f0 4sO 4A0 4.8 
6 S04 426 34 7 ?7l ? 480 480 480 4A0 48O 

7 S04 426 348 ?70 1 0 480 480 480 48i0 
;14 42(. 3 70 3. 10 ?7 - . : 480 480 481o 48(0 440 

5'7 54 383? 309 37 PC 4H0 480 480 480 4A0 
.i * 4 48? AAP A1l) *. 341 ?81 PA 480 .. 410 480 480 480 11 4 9 4A? 41 i' '14A R 20 7 4H0 480 4P0 480 4PA0 

17 ??7 -4.7 4 L4 .f 6' 1i .. 3 4i 480 4.; 480 480 
13 5?7 487 447 407 367 .29 481) 480 480 4A0 ,480 

14 526 487 44A .408 . .9 301.0)0 480 480 -.4-0 4 P0 8() I s26 487 44A 410 371 31 480 4A0 480 4A0 480 
.16 . 480.. 48A...... 480. . .. 3?480 4 0 480 4;io 4AG 

33 480 480 480 4A0 480 

.-- . -? . . . . -- - .L.. . . .  

S ~ ~ ..... . . .~ - -. . . -. .. **T-. - . - . . . .. *. . . . . .. *-



PRIMA14Y + SFCOIflAW r It -rSSf*S (oeI

.ITSJOF W I. AV TNGSIF 

0.I C~t(r. ionni- RAI), * _3)ij(; ptolh. LONG. Hoop PAD.  

1 -4efll'6.') -407/#7,1 11 Vi. 1 41 C15.4 1600(I I Yt61).3 ~114 1105. 1 
.-40744,0 -44749, I II'.1 4 1 6 1. 55P.~il .7 5SH74.5 

1 -41704.9 407rolR A 10I-..O 197.k lh.4 76Cn.3 5519.1 S )R47.6 1109.0 
4 -'nI4? -4r959 11n6.9 4?17.9 162?.0 S6307.7 5713.71 1106.  
C; -c~Q6t~q.5 C-513. 8 114:1.7 - '766.() -? '6 7861i. 2 67106,.'- 511116.0 11143.7 

A . -5/+,)q2 . 0 1 32?. It 51ii1.5 6; * ) 0 ? 9 10490l .7 C f".1 ? . 9 13?? . 8 
~7 -3 5 W ,4 -5;6(01. I - 1194 .7 S765l.f h -14 1?.6 9?6'..8 714?7.3 61353. 0' 1394.7 

1A. -57(IR6.S 1416.h 6?3.P -2'l. t '.? 79003.4 65046.7 1466.6 
-10747.1 - 4 2974.q Q 1AR7.3 5 I?.1 I 1~. T0P.4 48477.h 5')39 4 .? 16P7.3 

C; -1 C;~'-. -17 (.0 ?' 214.4 or,) I.3I lo.4'h n 1 3220O. 0 368L50 .2 547 78. ?014.4 

X-"'4?-.14 Hclh. ? ?2166. 1 66n7. .6-~? 1411'117.5' 3'1. 7104 .2 21A66.1I 
1? 1.I -?6q44.1 1807.0 6"51.6 -1??.i 1iF'64.8 36?)7.2 309474 1807.0 

13 -216/7.6 -?36?'.I 3A6 1 4144f') 1.7QRITh ?.o 30946.7 34273.0 1386.1 
14 -17r2.4 -19 V-6. 1 3c6%8 3740,7 3V47.4 +WMr.j 185?'a.5 3230 3.3 1356.8 

I1C -7C)'309 ~I A7n'.? .?; 2 839c). q 44TVo. ( r 801 n. I 1 1'li.c9 31116,.9 1??'?, 1 
17 -1 0M4.4 -685.7 52.0 1174,4 -5 16.4 F, I R4? -4?16.6 52.0 

_-401'9.h -S64 7.4 1.4 491). 7 -62 3. 1 -; 68l. 4747.5 -76 33.2 1.4 
IQ ?00*4 -'Ito16.*3 -11)0.51 -67?.) - 73).I11.. - 17 6H4.6 -1 3C1',.5 -110.5 1> -ql079.68 2 r. . - 11 , 1 1 . 9 9 . 1 6 7 7- ?; 

?I SHA,7 rgiiI A. 7 -?Al.0 -7?1 .11 -is) in.3 -?049 .3 -3'6&8. 9 -??4 09 .9 -281.0 
2 73 14_-7. Al ?7?.0 j4). ._ $1 -734 16142.3 666 .6 -872. 191149.4 __80.1 

? 4 -7331.9) 15 ?l .0 103.7 676.6 7i6 0.? 017 8.4 W).8 11946.1 103.7 
PC; -13IA,7 -)j t6. A C;9*.....35 - -7??' 4.4 _181l0. 3 40.9 59.9 

26k-6M5.3 -8~0 9. 7.1 -801.L-)6.6 775.8 -828. 49.  

)21 770 .7..  

3,)1.9 -Q4.7 -3.5 __ P ?7.. / ?4i81 -?7. ? -451 .9 -4 89.. -3.5 
_ .I))-. 3.5 -24 . _ -5.? -24 .9 -h6.9 -101.3 - 3. 5 

P9 6 1 - .6 31.7.6 

__P-4......?13..1oRA.70 ~ * 

.3 n;13 13.6 -6.0 7.3 -3.2 -3?.3 11.1 -*6 

3? P.7 .4 (..7 8 -.7 10.3 

933 7.0 9 4.' 1.0 2.1 6.6 -.1 

(LC'NGJTUAIMAI. DTFCTION IS ALONGl.Ski LL M~rISIIRFArE, R~A)TAL. DTRFCITON JS NOR14AL TO SHELL MIOSURFACE.) 

30c.



TFMPF I'AlIINFS PO)I ct)0 t.jfi 6 ll'I 7 : IK PI 1ICi I.F A AIM YSI I 

OIUTS I lF INM lF OUT Slo: INSIF 

Flrtl I T? T 3 (' I C ENT TI T? T3 T4 I( 

1 4?? 40r Vi3 LAi ,71 17 010 480 A 0 480 480 

440' 3'3 P0 12 . 13 410 480 4A0 430 480 

3 4?' 40 35- 10 1p/ 4110 480 480 480 480 

4 4?? 4 0' 353 ?60 17 ?0 4 0 480 4.0 480 480 

5 447 43? 380 ?HO 1p( I1 480 4 0 480 480 480 

6 I47 43? 330 P90 1?7 430 43O 480 480 480 

7 447 413? 38 O0 1?? 40 480 480 480 

A 4147 437 3R0 Ft1?I ? 4 .81) 480 480 480 480 

I 454 4?1 33? 1?7 2 480 480 40 480 480 1* 46-5 4,1,3,I7 1 
10 479 477 A6 S1 . A480 480 480 4.0 

1 479 477 4.6P 3 12/ ?7 460 480 480 40 483 

441 AO 40 440 30 .. 4110 4A0 

13 480 480 480 44? ?3 21 480 480 480 480 480 

14 4S0 4Rfl 480 443 ?34 30 . 430. 480 483 480 480 

15 490 4R0 480 4c; 240 31 460 411l 480 480 4P.0 

16 430 480 Oil)....4(. .43. W, 480 48.40 480 480 
-. 3 480 480 480 430 480 

X.....  

.- 

I.'.



SFG. S 
OUrTSi Ir IV rW.. L~ INSIDE 

NF. I 0i0 HOOP HAD. LONG 14J I4O' IlAp. LONIG 1lOOP RAD.  

-31 17.A -3lIM. -. 1119.3 -u'49.7 -3? 1.5 13$8. 8 74996.8 7ci0?0.7 1115.3 
17 11.3 -1310,' -A)115..s1 38P.h 749H1.6 75014.1 111 i.3 

3 -T 1IA3. -16).6 1)11.2 -5547.8 -c; 16.1 73P7,8 75034.5 74990.5 1115.2 
-31978.7 -3)17P90 1117.2 -s553.8 -'ooth 7402.2 75it0.3 75573.1 1117.2 
-S061l .3 -386.p 1167.5 -6700. -1 l1Io..1 HPA.2 10419?. 85987.6 1167.5 

6 -3??4.5 -33793.1 1368.1 - 14??. -11476..? H6?o.6 84198. 80912.9 1368.1 
7 "1"is.7 -35254.? 1416.8 -57)7. 5 -1 ?4 09.1 .,,1.1 94192.5 P5167.7 1436.8 

A -6irR2R ,7 -?Q 7lA. 9 1 9i03. 15 -L;3?il.4 -16611?.6 96.i.4 110')l1?,6 93SQ4 .1 15 0 3.5 
-1f46n.7 -197f7. S 1871.9 -8130l.A -107e2. 4 10100.0 87t/13.7 99071.9 1871.9 

-4. - *A -1A 6?.8 ?593.R -11'98.S -.i,0 9 1.4 94186.3 )090 .6 25 1.8 

11 -'49A.A -10 3.7 942.7 -11716.? -124?0.4 '1i5.1 96443.8 112611.9 982.7 
1? ~o75F,1 -n6r5.Q ?601.0. -7000.7 -1v1 ;.7 6969.9 8?6ti9.2 76969.9 2601.0 

4 -3431.4 -6633.6 2171.1 -8410.0 -10670). 44?9.H 77964.6 80662.6 2171 .- 1 
14 1698.6 -30?2.5 219.2 -90S7.7 -A58 1,H 435Q.0 67644.5 79498.9 215.2 

1 587.7 -G44.4 ?05.5 -9S92.1 -7h'0./ 3e.5 6 5144.2 79477. 2 05.5 
17 -7596 .0 -5Y50.R 31.9 798.4 -467?.0 146.0 9087.2 -3916.7 31.9 

19 -- 65?.7 -4-47.9 -11.5 P66,7 -San0,-h 142.0 273?.9 -6856.8 -11.5 
19 6' 7P.7 -2 4 .110.9 -717.1 -ArRG.,,3 -140-. 1 -8 11)I. 0 -1 ?104.0 -110.9 

75?0. -5?7I.9 -220.3 -1016.4 -1 00i.2 -1567.8 -93.A?. 8 -103.7 .- 22o.3 
(A 81 .9 -9710.3 -276.1 -7A2.0 -1441 'it -2 A I. 6 ' -3436.4 -22105.8 -7 .  

?l AMA.5 A 1'201.0l A s3.1 -186.0 1634'.1 V 1 688.0 -5610.6 19123.0 83.1 
24 -7501.0 34R7.5 1t.0 697.P 71 .5 R0.2 8696.3 12030.1 106.0 

P. -336q.9 -167?.4 b0.n 360.8 -750.4 424.5 38 11,.2 4.9 60.5 
?A -7(i.4 -1.3 9.0 69.5 -81:1.0 56.0 767.8 -845.8 9.0 

. 44Q.6 11.8 -7 3.6 P-?8t.0 -?6d.4 -27.8 ..- 457.6 -4A9.6 -3.6 
't ~ ~~~~ 1&.?17-36 -50 -5. 2. -169.0 -101,.7 -3.6 

o 13.A -1.7 -14.S. -..4 -10.9 . -75.5 - -9.6 -1 .7 
303P.5 I1T.7 .6 -6'.R 7. 5 -1.2 -3?. 6 11.3 -,6 
10.9 13.6 -. 3 -. i. -.6 .5. -11.9..5. -. 3 

6 9.0. . .1 .4 6.7 .8 -. 7 10.4 -. 1 
-33. .. . .1.0 .7.1... .. -.1 . . .. .. .... * . .. 1.0 .. .2 .. 6 6-.1 

(LON ITUDINAL. rIRFCTION.SALONG.-SHELL insURACE. .RA)IAL DIRECTION IS NORMAL TO SHELL MIDSJRFACE.) 

I 
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TF 4PH'-%A TIMES PEjP SF67MFNT JSFHI IN, PR'IMAR~Y + Sf-COtNI)ARY ANALYSIS 

PUlSIPF INSTOF M OTSIDE INS IfF 
SFflMFNf T1 T? T1 T4 I li SFGMENT T rI T2 T3 r 4 T5 
I I 479 391 308 2?4 17 4110 480 4F10 01M 4 A0 

?5581 47c' 391 3 08 ~?4 18 4830 4P.0 480 480 4 f.0 
3 998 479 I31 01 198P4I 4180 480 4 R 4 180 4 A0 

4 5SH 475 301 :0 8 ?P4 a4810 480 411l 4 iti) it8k0 

; 960 48? 404 3?6 2/ 21 480 480 41() 480 480 
6 560 48? 404 326 217 ?2 480 480 480 4110 480 

7560 4A? 404 326' 247 4380tt 480 480( 4A R 

- 7560 49? 404 326 -. 247 24 480 480) 48 4F 480 
9 5c.4 4117 421 354 ?$AA.1 480 4110 480 4 P. 1 4 A 6 

In1 . 547 49? 437 3A3 2?i 6 480 480 4 80 4A0 4 801 V. _ 11 547 49? 437 383 :1 2 7 4H0. 4R0 - 4110 460 4 F. 0 
1?49A 4815 471 457 443 ?R 4180 48 0 480 4110 .11FA0 
134c9 485c 471....457 444 29 480 4R0 480 ( 41lO 460f 

14 498 484 471 458 444 . 30 480 480 480 4P.0 480 
* - 5497 484 471 Ow_45 445 3 1'.....480 480 480 480 4A0 

16 480 480 480 460 4811 .32 480 .-.4F80 480 4A - 480 

33 460 48 8 4. 8



r) 0] 0 I o 4i A I JA U U U 

PRIMARY * SFCONDARY SrHYSSES 
* ***** * * * **49 1 * * i. * * * 

OUTSHIF MOPL ANF INS IOF 

NO. LONG HOOP RAI). LONG HOOP RAP. LONG HOOP PAD.  

1 -56571.9 -56563.4 1296.5 4770.1 41S .0 8651.7 63518.0 63536.9 1256.5 
2 -56572.3 -56572,2 1296.5 4770.2 404.6 8651.4 63518.6 635?4.5 1256.5 
3 -56700.0 -5A66.2 1256.9 4717.7 456,8 8AS4.1 63603.0 63633.3 17 9 
4 -55798.1 -561?9.0 1256.3 47??.A 665.0 8651.6 62638.3 63564.6 1256.3 

5 -60614.9 -575P1.0 1219.8 5058.8 -2350i.8 838A.6 68193.0 58692.1 1219.8 
-91951.5 -54744.5 1323.0 5043.4 -2163.6 9034.2 59439.5 56677.2 1323.0 
-59818.5 -55870.2 1381.0 5592.9 -1269.8 943S.6 68.316.7 60481.5 1381.0 

8 -6q323.1 -56880.6 1438.8 60?3.6 -444 0 9836.2 74534.6 633?7.S 1438.B 
9 -3c;7A7.6 -38514.3 1595.1 5384.1 374i.0 10777.3 43760.2 55049.4 1595.1 

in -21077.5 -77950.0 1773.0 5343.9 5172.4 11667.2 30683.2 47809.5 1773.0 
11 -2>A30.3 -26c71.6 1818.7 5359.4 6419.9 11805.4 30431.8 49393.6 1818.7 
12 -13865.9 -1P966.9 1160.0 4522.3 -2689,1 7492.1 18381.0 5154.8 1160.0 
13 -7378.9 -8930,3 449.0 1950.4 -1074.5 2851.0 9595.8 8639.1 449.0 
14 -?749.4 -6064.7 434.6 1007.4 11?3.7 281A.1 3843.) 10008.7 434.6 
15 -430.? -4949.9 347.8 653.9 16,1 2534.1 945.4 9838.9 387.8 
1.7 -3'9.1 -989.8 -10.6 24.3 -124i.3 -86.3 416.5 -165A.1 -10.6 

18 2236.0 -6?7.4 -33.7 -238.2 -1791.4 -?41.2. -2744.8 -3478.5 -33.7 
19 71A6.0 -1TA.8 -100.0 -777.1 -4107.2 -h93.9 -8801.8 -8768.6 -10010 
20 7013.9 -47?3.0 -1QA.6 -926.5 -9582.6 -1404:2 -8750.3 -16464.8 -198.6 
21 1989.5 -9533.? !_-259.7 -621.6 -1444'.4 -1895.9 -2824.1 -21273.6 7 
?3 4?5A.4 14269.0 93.8'-111.i 16714.1 764.4 -4645.) 19935.0 93.8 

-1 -8084.? 3?84.5 113.6 748.4 7353,6 SA.5 93h?.0 12178.4 113.6 
. -334Q.0 -1751.0 6.1 362.2 -853.2 434.5 37 43.5 -143.5 6?.1 
76 -639.0 -866.9 8.6 66.2 -841.? 52.6 722.3 -903.4 8.6 

l-27 411.5 -95.1.. 3....-0.2..26.-3023. -4715.4 -499.6 -3.9 
2A 136.0 -.4 -3.7 -26.1 -51.0 -26.1 -174.9 -101.8 -3.7 
29 56.2. 14.7 -1.7 -14.9 -1 .7 -11.1 -77.6 -8.6 -1.7 

30 23.9 14.1 -,6 -7.0 8.0 -3.2 -33.3 12.2 -. 6 
. 31 10. 13.8 -.3 -1.8 10.4 -.6 -11.9 15.5 -. 3 

3.5 9.0 -.1 . .4 6.Ii .9 -. 6 10.6 -.1 

.3 6.9 -*0 1.0 4.5 1.0 2.3 6.7 -.0 

17 .



r) k)0 $ 

TEMPERATURES PER SFG(IENT ISFf) IN PEAK VPINCIPLE ANALYSIS 

OUTSIDE INSIOF OJTSIDE INSIOF 

SEGMFNT TI T2 T3 TT 5 SEGMENT T T T3 T4 T5 

1 478 473 445 340 76 17 480 480 480 480 480 

2 478 473 445 340 76 18 480 480 480 480 480 

3 47R 473 445 340 76 19 480 480 480 480 480 

4 4 473 4 4 9 ---- 340 76 20 480 480 480 480 480 

5 479 477 459 367 74 21 480 480 480 480 48() 

-6 479 477 458 .367 7' 22 480 48 480 P0 

7 47q 477 458 367 74 23 480 480 480 480 480 

A 479 477 458 367 74 24 480 480 480 480 480 

9 479 478 46A 40A 86 ?5 480 4F0 480 480 4O0 

479 479 478 450 98 26 480 480 480 480 480 

11 .479 479 478 450 98 27 480 480 480 4P.0 480 

12 480 480- 480 480 370 28 480 480 480 4j) 4RG 

13 480 *480 480 480 372 29 480 480 480 480 480 

14 480 480 480 480 373 30 480 480 480 480 48.  

15 480. 480 480 480 375 31 480 480 480 480 480 

A6480 480 480 480 480 32 480 4.0 480 480 480 

33 480 480 4
8 0 480 480



r0051) 43 

PEAK PRINCIPAL STRFSSFS 

OUTSIDE Mil)PLANF INSIDE 
SFG.  
NO. L.OmG HOOP RA. LONG H 0 00 RAn. LONG HOOP RAD.  

1 -?7543.0 -27511.5 1554.3 -15022.3 -18992.1 7070.8 116998.3 117022.5 1554.3 

2 -?7540.7 -27539.2 1554.3 -150??.4 -19001?.2 7070.5 116995.8 11700q.4 1554.3 

:1 -27610.4 -27543.5 1554.6 -15014.7 -1-1961.6 707?.8 1l'(14?.7 117104.9 15,; .6 
4. -?Q0-.9 -27093.9 1554.5 -15061.5 -18689.8 7073.5 116274.4 117162.6 155i4.5 
5 -41079.7 t-23149.0 1572.6 -149?5.9 -21386.5 6593.0 144089.4 1?5578.1 1572.6 

-2?647.9 -24317.9 1801.7 -15130.5 -?1049.4 6654.2 1226L'7.7 120199.8 1801.7 

-2921';.0 -25329.8 1853.6 -14664.7 -194.6 701c;.7 129573.0 123913.3 1853.6 
A -51361.5 -20006.5 19n3.2 -14314.2 -18Q00.2 7361.7 14926q.6 130 43.4 1903.2 
9 -A671.6 -11506.1 2300.6 -12467.8 -13271.0 7077.4 11688?.6 127442.8 2300.6 

10 -539.3 -4678.0 3021.6 -10500.4 -10790.6 5?49.1 117164.4 128921.4 3021.6 

11 93.7 -3446.9 3365.0 -11173.5 -10063.2 3885.7 116628.8 130696.9 3365.0 

1? -5298.3 -5127.A 2185.7 -819.6 -6634.8 2194.1 433?0.9 32004,4 2185.7 

13 -528.6 -1967.7 944.8 -2403.5 -4147.0 ?86.3 35753.9 35082.0 964.8 

14 1105.1 ?86.6 948.9 -2769.0 -2269.2 325.6 30707.9 35818.6 948.9 

1 497?.5 1120.8 901.2 -3007.5 -18P9.80 122.8 28163.4 35265.3 901.2 

17 755.3 -309.2 -17,A -97.4 -754.8 -127.5 -933.8 -1365.6 -17.8 

1 A' ?9.0 -47.5 -37.8 -319.1 -1279.1 -2615.. -3613.0 -3000.6 -3/.8 
19 7301.3 -540.5 -98.8 -789.5 -3736.0 -680.5 -8932.7 -8269.7 -9,1, 
20 A47.1 -4611.7 -195.5 .-914.3 -94?.8 -1380.4 -8664.9 -16214.6 -.1955 

?1 191Q.7 -9500.8 -297.3 -610.0 -14369.3 -187A.2 -2738.5 -21142.0 -257.3 

23 4131.0 14285.7 95.4 -101.2 16784.9 775.7 -4510.6 20060.6 95.4 

24 -9171.0 3257.1 114.8 756.7 7353.1 864.5 9461.6 12205.6 114.8 
-3348.2 -1763.1 62.3 362.5 -868.3 436.2 3791.7 -164.8 62.3 

-71A.6 -840.9 8.5 65.8 -852.5 52.1 716.1 -912.1 8.5 
27 467.9 -113.8 -3.9 -30,6 -30.5 -478.1 -501.3 -3.9 

2A 136.7 -. ? -3.7 2 6.1 3 -51.0 -26.2 -179.8 -101.9 -3.7 

56.4 14.8 -1.7 -15.0 -1.6 -11.2 -77.9 -8.4 -1.7 

3n 24.0 14.2 -. 6 -7.0 1.1 -3.2 -33.4 12.3 -.6 
31 11.0 13.8 -.3 -1.8 10.4 -.6 -11.9 15.6 -.3 
3? 2.5 9.0 -.1 .4 6.8 .9 -.5 10.6 -.1 
33 8.... .. 8 7.0 0 .. 0.4.5 1.0 2.4 6.7 -.0 

(LONG ITUDINAL DIReCTION IS ALONG SHELL 4IDSURFACE. RADIAL DIRFCTION IS NORMAL TO SHELL MIDSURFACE.)



TF4PERATIIRES PER SEGMFNT USFO IN PRIMARY + SECONDARY ANALYSIS 1522 

OUTSTDE TNSIDlE OlTSIDE INSIDE 

- SEGIMNT Ti T? T3 T4 T5 SFGrENT TI T2 . T3 T4 T5 

1 0 0 0 0 0 17 69 68 66 65 64 

2 0 0 0 0 0. 18 69 68 66 61 64 

3 0 0 0 0 0 19 99 97 .96 94 . 92 

4 00 0 0 0 ?P 129 1?7 125 13 120 

5 0 0 0 0. 0 21 139 139 13A 137 136 

6 0 0 0 0 0 2? 139 139 138 137 136 

7 0 0 . 0 0 23 139 139 )3) 137 136 

. A 0 0 ( 0 0 24 159 158 I7 186 155 

9 1 1 1 0 -0 25 PO0 197 195 12? 190 

10 3 2 1 0 -1 ?6 230 227. ?24 2?1 218 

11 3 2 1 0 -1 27 ?60 257 254 250 247 

12 16 13 10 7 4 28 ?90 2A5 281 277 272 

13 29 24 19 13 H 24 319 314 308 303 298 

14 4? 39 27 20 12 30 348 342 336 330 323 

15 69 68 66 65 .64 31 377 370 363 356 349 

16 69 6A .66 65 64 32 407 399 391 383 374 
33 436 427 418 409 400



PRTMARY + SECONDARY SINFcSES.  

OUTSIlDF Ml lPL .NF INSIDE 

NFO. LONG HOOP RAD. LONG HOOP RAD. LONG HOOP RAD.  

1 . . .0 -. 0 .0 .0 -.0 *0 *0 

**1 -0 0 -. 2 -. 0 -.2 -*4 -.0 

3 -1.3 -*7 *0 *? .4 .0 3.8 1.6 .0 

4 11.4 11.R .0 -*7 1.2 .2 -13.0 8,3 .0 

5 10?.4 -45*0 -.5 -5.9 -'p0*2 -3.5 -115.5 -145.9 -*5 

-6.4 -135.3 -1.1 -1.5 -166.9 -8.1 '5.4 -205.9 -1.1 

-181.9 -24.9 -*7 *Q. -?43.6 -5.8 ?04.5 -239.8 -. 7 

8 -374.8 -341.4 .4 ?1.6. -2RA.*4 1.0 419.2 -?30.2 .4 

9 -940.0 -669.1 6.5 67.2 -308.R 40.4 994.4 155.9 6.5 

10 -177?.? -775.4 ?4.9 153.1 -31.2 157.6 1599.4 1048.4 ?4.9 

11 - CAAAA -73.?2 44.0 251.9 12.3 ??A?.8 2131.1 1S06.3 44.0 

1? -3323.5 -204.5, 81.6 455.? -151.7 920.5 4234.4 29803 81.6 

13 -<82?.0 -3371.7 172.9 843,6 935.5 1111.6 7481.4 7027o0 172.9 

14 -561'.3 -18A0.4 31P.3 1016.1 46?.1 2061.4 7439.1 13877.5 312.3 

15 -1848*A -375A.9 200.0 1075.6 -?766.8 130A.0 4819.A -3292.4 ?00.0 

17 -4455*.4 -3I.P* 34.b 47 2 -2449.S 23.6 53L6.4 -1223.1 39.6 

1A -2533.0 -1385.2 48.2 305.A -194.5 301.4 309)0.3 1321.3 .48.2 

19 1?7.0 -1P36.3 P3.8 -36.1 -196?.0 147.3 -1559.6 -2535.6 2.3.8 

20 P981.1 -3946.1 -38.8 -311.8 -4768.8 -299.0 -3699.4 -6811.5 -38.8 

?1 14Fr.? -4658.9 -93.7 -275.3 -6747.5 -703.7 -1961.9 -9809*9 -93.7 

23 270.7 3'934.4 15.0 -165.4 4787.7 133.8 -3223.0 4A07*2 15.0 

24 -1979.1 qr08.9 32.2 174.4 2397.7 242.3 2,306.2 4244.4 32.2 

P. -6.7 -1383.8 47.6 280.9 581.0 328.9 3766,7 2905.8 47.6 

26 -1019.4 -?938.8 48.5 279.4 -1277.4 325.0 3466.9 565.5 48.5 

27 -22RQ.7 -2773.8 92.2 184.? -154.0 603.7 2695.4 3613.2 92,2 

2A -?145.0 -P633.2 163.6 338.0 684.4 1048.5 2881.4 5973.4 163.6 

2q -1502.4 -2753.7 239.1 476.2 834.3 1487.7 2439.1 6867.2, 239.1 

30 -p 1 2.? -3?42.6 283.6 520.6 11.- 1693.8 1838.4 6063.5 28.3.6 

31 -467*7 -1867.4 205.7 294.0 f8.4. 1237.4 909.2 5205.6 205.7 

32 1123.1 -2133.8 219.8 144.3 259.? 1333.0 -1313.0 3284.4 219.8 

33 2604.2 -4118.0 105.7 -195.8 3345.3 584.1 -3643.2 -4040.5 105.7 

(LONGITUDTNAL DIRECTION IS ALONG SHELL MIDSURFACE.. RA)IAL DIRFCTTON IS NORMAL TO SHELL MIOSURFACE.)



TEMPFRATJRFS PFR SFGMENT USED IN PFAK PRINCIPLF ANALYSIS 

OSC 152 
OUTS OF INSIDE llTSTIDE INSIDE 

SETM4NT Ti T? TI T15 SFrMENT 11 T2 T3 T4 T; 

1 0 0 0 T 0 17 68 68 66 65 65 

0 0 0 18 68 68 66 69 65 

3 0 0 0 0 19 99 98 95 4 93 

3 0 0 . 0 0..- 20 130 127 125 123 120 

40 0 0 0 21 145 137 136 138 137 

00 0 0 22 145 137 136 138 137 

0 0 23 145 137 136 138 137 

7 0 0 0 24 160 158 157 186 155 

A 11 0 0 25 200 17 19 192 190 

1 0 0 ?6 230 227. 225 1 2 
10 3 2 
10 3 2 I 0 0 27 260 257 255 250 247 

115 1 11 7 3 2A 289 2P5 282 276 272 

13 2A 24 20 13 7 29 319 314 309 303 29 

14 40 3c 30 20 10 30 348 342 336 329 323 

i. 68 68 66 65 65 31 377 370 364 3S6 349 

166A 68 6665 6 65 32 407 399 391 382 374 

33 436... ......427. 40489. 400



PEAK PRINCIPkL STRESSFS 
* ... .. we***** *e .Ion***ed *** ** '-' 

SFG. ~OUTSInF MIDPLNNE INSIDE 

NO. LONG HOOP RAD. LoNle HOO RAD. LONG HOOP RAD.  

1 .0 .0 . -*0 *0 .0 -.0 .0 .0 
2 .2 -. 1 -. 0 -.0 -.2 -. 0 -.2 -.4 -. 0 

3 -3.4 -. 7 .0 .2 .4 .0 3.A 1.7 .0 
4 11.6 11.9 .0 -.7 10.3 .2 -13.2 8.3 .0 
5 12.4 -5?.4 -.5 -5.9 -91.4 -3.6 -139.1 -194.0 -.5 

-7.6 -137.2 -1.1 -1.4 -16A.A -8.2 . 6.7 -207.9 -1.1 
-187.6 -251.). -.7 9.2 -246.0 -5.8 208.7 -241.5 -. 7 

P -483.5 -311.9 .4 22.0 -290.8 1.1 508.6 -208.6 .4 
9 -879.4 -697.3 5.7 82.3 -29?.l 44.7 813.0 40.5 5.7 

10 -131A.8 -825.6 21.6 184.2 6.6 17i.7 1336,? 817.1 21.6 
ii -1700.6 -781.7 3.2 285.5 253,1 306.0 1864.6 1272.5 3. 2 
1? -1070.8 -?1q4.7 77.8 173.0 -431.6 SP.1 4366.2 3109.9 77.1 
13 -P7A.4 -?8?1.5 170.9 238.? 31F,.3 10A7.5 8016.0 7524.3 170.9 
14 -4A4P. -1027.0 312.7 Q2.9 .1700.3 200Q.2 8439.9 14803.6 312.7 
15 -1',9.? -349.9 193.2 12?0.9 -?613.2 130(.8 6149.8 -3155.8 193.2 
17 -41q5.9 -3287.6 ?6.4 656.5 -??78.4 ?75.8 499A.6 -1531.0 26.4 
18 -P247.1 -1117.9 35.2 478.5 -14.9 35S.0 ?73().0 1031.1 3..2 
19. 1311.3 -1703.6 16.4 54.9 -187.2 1H1.2 -16?4.8 -2514.8 16.4 
20 >790.7 -37?2.4 -35.5 -312.1 -4751.1 -307.6 -3500.3 -6608.7 -T5.5 
21 -486.9 -6692.4 -69.4 358.5 -609?.9 -785.1 -2277.2 -10102.0 -69.4 
23 1393.2 2425.8 .36.1 297.1 4750.0 5(.5 -3417.2 4604.3 36.1 
?4 -P191.? 728.3 43.9 177.7 2406.5 201.2 2262.7 4208.2 43.9 

-1360.4 -1475.6 48.7 184.0 487.5 324.4 3672.8 2816.4 4P.7 
2A -1)0.1 -27A4.6 48.1 56.7 -149.5i 324.1 3410.5 518.4 48.1 
?7 -?46..7 -2544.1 90.4 -164.7 -500.3 602.3 2690.3 3611.6 90,4 
?A --7046.8 -2530.9 161.1 45.7 392.6 1043.1 2879.2 5972.6 161.1 
29 -1424.7 -2672.6 236.8 240.6 598.7 147A.8 -2440.2 6870.1 ?3,.8 
30 -A54.6 -3182.2 281.8 342.4 .11.9 1A 16.4 1841.4 6069.9 281.8 
31 -426.A -1825.6 204.4 174.4 166.2 1?7.7 908.0 5212.2 2C4.4 
32 1145.9 -2111.3 219.0 83.1 201.4 1327.3 -1316.6 3290.2 219.0 
33 1438.5 -4462.2 105.4 -157.6 -3344.1 582.2 -3651.4 -4039.7 105.4 

(LONGITiEDTNAL DIRECTION IS ALONG SHELL MIDSURFACE. RADIAL DIRFCTION IS NORMAL TO SHELL MIOSURFACE.) 

.....



Li fa 1I T I t; 5' 

TTFR . PRIrMARY * SFnNI)ARY STPFSq TNTFNISITTFS PI.AK STRFSS INrt:NSTTTFSc 

L-P P L ( - -L 

7NSTnF ntri r)F I sII)F MITSIIE INSTIlF OT7 1T' F INSIPF (MTS I1,F JNSI DF Ou TSIflF im. iNr)F 0''TS! 

3 SR.1 -51.6 -90.2 50. -7.- 2.7 10,tI -42.6 -RH.1 25.6 -16.0 16.  

6 65.o -60.A -57,0 n.A -SA.o .1 10).. -5.1 -. iq8 S 34.) -1I. .  

A AA 1 -50.2 -rl;.P 57. A -P**1* 97.1f- -9 1.9 -70.6 34. f -15i.0 17.  

4 4.7 -4 .8 -4n n 44.) -0.7 7Z.-.7 . 1.  

. . 1.4 -1 .1 1.1 -. t - 2.4 .1.1-1.IS 1. * -2.0.  

1211 .1 -. 1 - .0 . 1 7 *?.*1 -. 3 . 1 ... .1. .  

-. 0 0 .0 -.. .0 .0 -. 0 *0 .0 .0 .0 

I. ).7 1.4 -4.) -2.3 .3. *( .* .1.6*-4.0 -2.3 2.2. .  

Co . * o . .0 .o -. 1 ./1/* .. . .  .0 .0 

STRESS OUJTI'UT ANAl YSTS 

5072 60.1 -55.4 -50.2 56.3 -9.9 *.* 87.9 -49.1 -69.5 35.3 -18.3 13.  
5060 67.0 -61.9 -57. SA7 i (9*5 :3.1 14?.5 -44.7 -124.0 25.4 -18.5 1C.  

5063 8.9 -77.5 -72.4 74.4 -11.5 :.1 129.? -67.0 -105.9 43.5 -23.3 23.  

51?4 11.6 -10.6 -4.9 10.1 -6.7 .5 13.7 -12.2 -5.3 8.A -8.4 3.  
2237 P.2 -1.9 .3 1.9 -2.5 .0 2.A -2.4 .0 1.A -2.8 

6059 -.1 1 . 2 . -.0 *2 -*2 *1 .2 .1 -. 0 

6307 -. 1 *1 *1 *0 -* - .1 5 .1 -.0 

138 -5.7 5.3 4.5 -4,8 1.? -2.4 -7.? 6.3 5.1 -4.4 *?. 

nA5O -6.7 6.? 6 .1 -4.0. .0 -1.4 6 3.7.5 -2.4 2.  

1 1.7 1.4 -4.0 -2.3 2.3 1.0 1.8 .. 6 -.  

.......... STRESS oTuPIfr ANALYSTS 

U.a.. 7@



TTFR. PRIr4ARY + SFCONi)ARI' STI)FSS 1NTFrITTirCr: P .A STEISS Tf.rFNSTTTES 

L*. P-H -1 L-I H-i H-L L 

TNSTF OtITSTnF INST IF ( OITS1I)F INS11F OI I',ii0 JIJ'0frM. O TrSID[ INSI DF CUT I' I P- l!" T FN J.il 

3 -6l.7 -5q.? -C;4.7 L0.? 7. 109.0 -5(1.7 -92.9 2.A -10.G 28 
7 7 7 . c -70. $ -f-T.6 59q.5 -;14 .0 1 1.3 115.0 -67.3 -q?.1 .. 31 .3 -?;;.9 3^ 

8 7nl.I -71,9 -6 .9 C9.? -16.0 12.6 113.3 -70.6 -99.0 3?.7 -Y.3 3/ 
153 611.1 -h1.0 -47.3 aA'.? -??.n 1q.9 95..^- -7S. 0 -64.2 31.0 -30. 9 

1 7.7 -6.') -1.2 1.1 . -s ".H R.7 -9.4 -1.0 1.? -7.7 .  
11-.4 .1 . . . 1~ 7 -. 4 .4.1 . .1. .

- n91 .0 -. 0 .0 .. 0 -. 0 - -. 0 /.0 .0 
1 ?. .6 -3.5 -1.6 . 1.3 1.0 ?.. .. .~9 -3.5 -1.6 . 1.0 

.. C . J.2 . -.  
STRFSS.OUTi-';ti ANeil.YS i' 

. 07? 86.0 -78.3 -62.4 60.0 -?3.6 18.3 117.3 -80.5 -A3.1 34.7 -34.2 47 

00 71.1 -66.8. -61.9 5A.,3 -11. 8.4 147.4 -53.3 -1?*I. 6 21.c9 -1)4.7 3 
5063 97.9 -89.3 -81.4 74.5 -16.4 14.A 143.3 -115.3 -115.7 39.3 -?7.6 4 
5124 31.0 -,7 -13.1 19.1 -)9.A 14.7 34.c) -36.7 -15.8 11.4 -2'. l P 
C;P3 7 1 1.5 -1. -1.A S.-S -7.7 is 4. ~1.3.4 ~5.1 4 .8 A97 
6059 .4 -. 4 .3 .4 -. 7 -. 0 S5 -. 5 .3 .3 -. 8 

6107 .7 -. 4 .? .3 -. 6 .00. . .2 ,J -. 7 
613A -7.7 7.0 5.6 -5.1 2.1 -1. C -9.6  8.7 6.6 -4.3 3.1 

;-3. 3.1 -1.0 - . 4.56 -1.3 4.1 . .4 -. 4 4.7 
1.? .6 -3.* -1.6 1.0 . .9 -3.5 -1.6 1.0 

STRESS OUJTPI.r ANALYSTS 

.4 4*



.Jf 1( > - .. 'T 

TTFR PRTMARY * SFCONmARY STPESS TNTFNSTTIF; PEAK srrss INTENSTTIES 

L-R R *. H-I.. L-R R-H H-L 

TMInr 0.TSTI)E INSIIF OUTSI D INSIIW. nilJTSinF T.S1TcII OITSIDE INSIDE OUTSIr)E INIIS1DE 0tITi 

- 3 -?.A 9.S P1.5 4.4 -19.7 -11.9 -1.7 2.4 21.3 9.3 -18.6 I 
6. -.. 3 1.9 2?.1 9." -19.A -1?.4 -3.? 2.8 1. 9. / -18.7 -1?.  

A -3.7 3.3 ??.5 C).A -1.R -1I.R -3.6 3.2 2?.3 9.5 -13.6 -1?.f 
15 -4.1 1.6 24.0 10.1 -1.0 -1 .7 *-4.1 3.5 ?3. - 10.0 -V.7 
30 -3.3 ?.R P1.0 10.3 -17.7 -11.1 -4.1 2.5 21.7 10.6 -17.6 

I 1. -?.1 1.8 19.9 -. 4.1 -17.8 .- 10.() -?.?. .1.4*. 20.0 9.6 -17.8 -l 
91 -P.4 2.1 21.3 9.5 -1A.Q -11.6 -?.4 2.1 21.3 9.5 -18.c -11.i 

I 1. .6 3.3 . .. ld * . 22 . . 7 1.1 . . 6 .-3.3 . - . - .2 . 2.2 ..  

STPFSe OIuTPuIl ANALYSTS 

. ; 7 -4.7 4.0 q3.0 9.4 -18.4 -1 1.5 -4.6 4.0 22.8 9.3 -)A.? -13 5060 -6 . 2 2 1.0 9.3 . 18.4 . 5 2.2 20.9 9.? -18.4 -l 5063 -3*. a 21.6 9.3 -18. -* I 2.7 21.6 9.3 -18.5 -12 51?7 -5.6 4.7 21.5 )3.3 -16.0 -11.* -2.7 5.6 18.7 12.3 - .0 -17 -5 44. ~ . . . 10 ?-l39 -4.0 4.7 14.2 11.? - o .2c; 6n9 -7*6 2.2 9.7 59 -7.1 --. .1 1.8 7.1 6.3 -7.3 

61G7 -1.9 1.6 9.7 4.6 -7.8 -0.1 -?.? -. 4 10.0 6.6 -7.P 
( 533 -1.4 1.2 9.4 4.6 -8.0 -. -1.A -.8 9.7 6.6 -t.0 -5 A850 -1.2 1.1 12.2 .5 1 .0- A -1.2 1.o1 12.2 5.5 -1.-.  

. . 1..... .6 -1.3 -1.* ?.? .7 1.1 .6 -3.3 -1.2 2.2

STRESS OU1IT ANALYSTS 

Te e . e- r0 ne .ao r~-TdI



TTFP PRItMAPY l srrMimity Si0.*FS1 ITITFN' lT f s PF:AK STPFSS tNTFWSIT ICS 

L R H H-L L-R R-H H-L 

TNSIF OUTSTIF IMS10F OIITS~flI91f' nUI IFIF TieSIflF OUTSIDE INSIDE OUTSIDF TN' 10t 0T' 

3 -'%. 4.6 -19.4 -14.1 P4.A A- -;.0 4.4 -19.6 -14.1 24.6 9.  

6 -5.9 ;.2 -A .A -14.0 ?4.7 - .9 -5.7 5.0 -19.0 -14. . 4.7 .  
. A -0.6 r., -1 A.3 -14 .1 24.9 F .1 -AA * . - I *6 -14,? - 2 . 0 A.  

15 -7.> A.4 -17.1 -13.A 4.4 .. -7.? 6.3 -17.3 -13 .7 ?'..4 7, 

.5 -.. I. -1 2 -13.3 *PC;.0 f .2 -6.P 4.8 -18.9 -3. 25 ? .1 A .  

I 11 -1. 1.4 -?l.u -13.8 -3.c) I' .a -4.0 3.1 -19.9 -13.4 23.9 10.  
91C~ -4.4 -3. -21.0 -14.7 P9 .4 C0. 41 3.Y -21.0 -Ih .7 2 .4 lt'b 

11. .4e -1.3 -1 .4 1.4 .1 .4) .4 -3.3 -1.41. .  

/ ~ ~ ~ ~ ~ ~ ~ ~ ~ U oil *0.3' .. 7 -1.( .' . f f -q 3. 1 .? -1101 ,JO 
..........zo.7 ZS.2- o. ' -. 4 -. , 'Q o 

. 'STRFSR OIJTPI T ANALYSIS 

072P -A8.1 7.1 -17*7 ~14*4 2;. A 73 . .0 . 0 -17.9 -14.4 ?t;,9 

5060 -4.7 4.2 -19.8 -14.2 24.6 10.0 -4.6 4.0 -20.0 -14.2 24,6 

;n63 -Ci.8 .1 -19.0 -14.1 24.8 9.1 ,-LA 4.9 -19.2 -14.2 24.8 

5124 -Q.5 8.4 -16.4 -12. 25.9 :*9 -9*3 P*2 . -16.8 -12.1 26.1 

5?37 -A.9 7.8 -18.9 -10.6 27.8 2.7 -8.0 8.1 -19.9 -10.9 ?11.0 

6059 -4.5 3.9 -5.4 -4.4 9.8 .5 -5.0 3.3 -5.0 -3.7 10.0 

ATO7 -1.2 2.9 -4.8 -3.9 8.0 1.1 -3.5 1.4 -4.6 -2.4 8.0 613R -7 6 2.2 -5.2 -3.8 7.7 1.6 -2.8 .8 -4.9 -2.3 7.7 
6850 -2.4 2.1 -11.6 -8.1 14.0 6.0 ' -7.4 2.1 -11.5 -8.1 13.9 1 1.9 .4 -3.3 -1.4 1.4 .9 1*9 . *4 -3.3 -1.4 1.4 

STRFSS OUTFUT ANALYSIS 
- 1 l, 

... '7



) ij !. .3 1

- jIJIr.TII~wr. '33/!~ 

TTFR PRIMARY * SFCONOARY STRFSS TNTPNiTTTFS PEAK STRFSS INTENSITIES 

L -R H L P R H-H 

I tic, In[F OUTSrF TINSOF 0tTSIlr INSIIF OTSIGF TNSTIP OtITSIOF. TNSTOF. OUTSI(I)F . INSIDE 011TSI 

* 3...0 -.0 * * * 

r. n.... n 
3 .0 *0 * -.0 -.0 .0 .*o.0 -. 0.. ....-. 0 .. 0 .. .o -. .0.  

.0~~ .00-0 .0 

-0 .6 -. 5 -.6 .5 1 . . .3 -1.4 .1 -. 0 

1.0 .0 -0- . . -. -.0 .2 

17 .0 -00... 0 0 .0 .0 . .02. . -.0 .  

co60 .0 0 -. 0 -.0 .0 .0 .0 .0 -.0 -.) .0 

063 .0 .0 -0 -.0 .0 .0 00 -.0 -.0 .0 

S 51?4 ?.3 -1.*8 '--29. .8 .1.0 4. 5 1.4 -4.5 .6 -. 1 

S737 1.8 -1.5 -2.0 3.2 .2 -1.7 3.2 -1.0 -3.3 2.0 

6059 -1.7 1.1 2.1 3.3 -. 3 *4.4 .1 2.6 .4 2.3 -.5 

6l307 -3.7 P.5 4.1 4.2 -. 4 -to3.7 -3.1t 3.3 41.1 4.6 -. 4 -7.  

6338 -3.7 ?.5 4.1 4.2 -. 4 -6.7 -311 3.3 4.1 4.6 -4-7.  

6Po -5.6 .4 - -5.6 5.4 6.4 .6 -. 8 

. ... . . .. STRES OIuiPuT ANALYSIS 

.)-- .. ---------- .---- .-.--...-----.. - . ..-.-



DETEMINATION OF MAXIMUM STRESS 0 SC 1522 
INTENSITIES RANGES AND FATIGUE ANALYSIS 

Segment 5: Page 5-16 gives a summary of thermal stress intensities 

plus-a-3tress intensity for a 1000 psi pressure. The worst stress intensity 

range for segment 5 would be full range of thermal stress from rapid depress

urization plus pressure variation of 1500 psi (pressure at start of rapid 

depressurization) to 800 psi (pressure at time of reversal in thermal stress).  

The smaller pressure range is chosen since the pressure stresses are small 

and even the range of 2500 psi is less than the reversal in thermal stress.  

This will be assumed to occur 40 times.  

The next maximum range comes from maximum thermal stress in the test 

transient plus range in pressure of 2200-0 psi (2200 psi is pressure at time 

of test).  

The third range can be found using all the miscellaneous transients 

excluding the rapid depressurization and test transient. This last range 

will be shown to be acceptable for infinite number of cycles.  

Segment 8 is analyzed for essentially same conditions as segment 5.  

Segment 23, the carbon steel segment, is analyzed differently since 
0 

.0 it has less radial gradient thermal effects and its stress picture is more 

dependent on the temperature of the segment because of the bimetal weld.  

Thus its highest stress intensity is derived from the range of its 

highest thermal stress to 0 stress plus the range of pressure from 2500 psi 

to 0. It is shown that all other ranges are essentially insignificant.  

NOTE: This fatigue analysis includes thermal and mechanical discontinuity 
stresses only. For inclusion of stresses due to run and branch pipe motions, 
see Section IF".  

5-21
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Oconee Nuclear Station 
Problem Investig tion Process - PIP 

Problem Investigation Form 

PIP Serial No: 0-097-1368 LER Serial No: 
*MSE Serial No: Other Report: 

L Problem ID 

Discovered Time/Date; 16:06 04/27/97 Occurred Time/Date: 16:06 04/27/97 

Unit(s): 0 

Status at Time Discovered uni$. .lai Unit 3 
Mode N/A N/A N/A 

% Power 

Unit Status Remarks; 

System(s) Affected: HPI Other High Pressure Injection Equip.  
RC Reactor Coolant 

aAffected Equipment 
Conp.  

WMS Equipment ID No. Code Manufacturer 

Location of Problem - Bldg: R Column Line: Elev: 

Location Remarks: 
High Pressure Normal Injection nozzles 

Method Used to Discover Problem: 
Engineering review 

Brief Problem Description: 
Possible inadequate evaluation of thermally induced stresses at HPI normal injection nozzles.  

Detailed Problem Description: 
It appears that the data from letter dated 5/15/91, from David Whitaker to Bob Morgan, Jr (subject: "Data transfer 
for ONS Unit-1 Start up at end of EOC 12 Outage in response to NRC Bulletins 88-08 and 88-11 dealing with 
Thermal stratification") has not been incorporated into existing ONS calculations for the HPI system.  

Originated By: CCT8276: TOMPKINS, CRAIG C Team: CCT8276 Group; MCE Date: 04/27/97 .This data should be specifically reviewed for impact on calcs performed for NRC Bul 88-08 (includes Caics OSC 
3681 and OSC- 1323-06.) 

Last Updated By: RPT7314: TODD, RANDALL P Team: RTB7310 Group: SRG Date: 05/13/97 
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Oconee Nuclear Station 
Problem Investigation Process - PIP 

Problem Investigation Form 

PIP Serial No: 0.097-1368 LER Serial No: 
MSE Serial No: Other Report: 

Other Units/Components/Systems/Areas Affected (YN,U): 

Industry Plants Affected (Y,N,U): U 

Immediate Corrective Actions: 

Impact of data included in the letter is being reviewed by the FIP team for the HP-1 27 HPI leak.  

Originated By: CCT8276: TOMPKINS, CRAIG C Team: CCT8276 Group: MCE Date: 04/27/97 

Problem Found-While Working with Document No.: 

Immediatc Cornective Action Work Request / Work Order No.: 

a mldV Team Group Date: 

W Problem Identified By: CCT8276 CCT8276 MCE 04/27/97 
Problem Entered By: CCT8276 CCT8276 MCE 04/27/97 

H. Screening 
Is the Problem Significant? N Action Category: 3 
Significance Codes: 

MSE No: LER No: DEP No: 

Other Report Nos: 

Event Codes: D6 Drawings or Calculations 

Screening Remarks 
This event has been reviewed by the CST and found not to mect the MSE significance criteria.  

Originated By: EHD8302: DUMMEYER, EDWARD H Team: RTB7310 Group: SRG Date: 04/28/97 

Upgraded to an MSE per the FTP team that is working on this issuc duc to an operability evaluation needing 
documentation, Received information from Randy Todd.  

Last Upda ted By: RSM7315: MATHESON, RICKlE S Team: RTB7310 Group SRG Date: 05/08/97 

This event has been determined to be present and past operable, and not reportable. Therefore, this PIP is being 
downgraded to an LSE, 
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Oconee Nuclear Station 
Problem Investigation Process - PIP 

Problem Investigation Form 

PIP Serial No: 0.097-1368 LER Serial No: 
MSE Serial No: Other Report: 

Last Upda tcd By; RSM7315: MATHESON, RICKIE S Team; RTB7310 Group: SRG Date: 05/28/7 

Responsible Group for Proposed Resolution(s): MCE Mech/Civil Eq. Eng.  
Responsible Group for Problem Evaluation: MCE Mech/Civil Eq. Eng.  
Responsible Group for Overall PIP approval: MCE Mech/Civil Eq. Eng.  

Indix Isam Qmn DaL 
Screened By: RSM7315 RTB7310 SRG 05/28/97 

This PT has been downgraded from an MSE to an LSE status 

II. Operability 

Presentpgfrabity: 

Responsible Group: MCE Status: Closed 

Sys/Comp Operable?(Y.N,CE): Y 

Required Mode: N/A 

Comments: 
STATEMENT OF PROBLEM 

Thermocouplc data was collected on the HPI Normal Make-up and Emergency Injection piping during heatup of 
Oconee Unit I in early June 1990 (after EOC 12). The results of this data indicated significant thermal 
stratification was occurring in the normal make-up line. A maximum top to bottom temperature differential of 
327F was experienced during periods when one "A" Reactor Coolant Pump was not operating, with reduced 
Letdown, and with reduced and oscillating make-up. This indicated that backleakage was occurring through valve 
IHP-127. This information was transmitted to Robert Morgan, Jr. (ONS Pipe Stress Engineer) from David 
Whitaker (Nuclear Production Engineer) via letter on May 15, 1991. David's summary letter indicated that 
significant thermal stratification was experienced on the normal makeup line, 

However, this thermocouple data on the HP normal make-up piping was not analyzed to determine if the piping 
was acceptable for the thermal stratification loadings.  

RELATION TO QA CONDION 

The HPI Normal Make-up Piping in question is QA Condition I 

APPLICABLE CODES AND STANDARDS 

1. 1968 B3].7 Power Piping Code 

7/28/97 7:46:32 AM Page 3 
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Oconee Nuclear Station 
Problem Investigation Process - PIP 

Problem Investigation Form 

PIP Serial No: 0-097-1368 LER Serial No: 
MSE Serial No- Other Report: 

2. 1983 ASME Codc, Section III 

EVALUATION INPUTS / METHODS USED 

Structural Integrity Associates (SIA) performed a limited cycle Class I fatigue analysis per the 1983 ASME Code 
using the applicable design basis transients listed in UFSAR Table 5-2 and the thermocouple data taken in June 
1990. Loads and moments applied on the makcup nozzle by the piping were supplied to SIA by ONS. These 
loads and moments came from OSC- 1304-06.  

To perform the analyses, SIA needed the actual number of applicable transients experienced on Unit I to date.  
This information was provided to them from the AOTC Logbook. The total number of occurrences to date for 
each transient considered in the analysis follows: 

Heatup on ONS Unit 1 - 94 
Cooldowns on ONS Unit 1 - 95 
ONS Unit 1 Trip (Transient SA) - 5 
ONS Unit I Trip (Transient 8B) - 27 
ONS Unit 1 Trip (Transient SC) - 29 

Also used in SIA's analysis was a previous analysis on the HPI Make-up nozzle performed by B&W. This 
analysis is contained in B&W Document No. 32-1128224-02, "Revised HPI Nozzle Usage Factor".  

APPLICABLE LICENSING REFERENCES 

1. UPSAR Sections 322.1, 5.2 (including subsections), and 5.4.7.2 
2. UFSAR Table 5-2 
3. Letter from NRC to Duke Power Dated July 10, 1995, "Reactor Coolant System (RCS) Auxiliary Piping 
Fatigue Analysis Schedule".  

ASSUMPTIONS 

1. From observance of the thermocouple data. the thermal stratification on the make-up line occurred 5 times 
during the June 1990 heatup. In order to estimate the number of cycles for the thermal stratification, SIA assumed 
that the thermal stratification occurred 5 times during each heatup, and plant trip, 

2. From previous calculations, it has been demonstrated that the nozzle safe-end to piping weld is the most 
limiting thermal fatigue location (ie has the highest Cumulative Usage Factor). Therefore, the thermal fatigue 
effects of the thermal stratification were analyzed at this weld. If demonstrated to be acceptable, then it is 
assumed all other locations (nozzle and piping) will be acceptable as well.  

3. The thermal stratification observed on the make-up piping was due to backflow through valve IHP-127. In 
order for this transient to occur, make-up valves HP-126 and HP. 127 must leak, New check valves have been 
installed on Units 2 & 3. It is assumed that these new valves will not allow 
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Oconee Nuclear Station 
Problem Investigation Process - PIP 

Problem Investigation Form 

PIP Serial No: 0-097-1368 LER Serial No: 
MSE Serial No: Other Report: 

backleakage, thus eliminating the thermal stratification observed from the backflow transient. New check valves 
are also planned to be installed in Unit I during the next refueling outage. These new valves should eliminate the 
thermal stratification resulting from backleakage.  

Thermocouples are being installed on the HPI make-up lines on Units 1, 2, and 3. The data collected by the 
thermocouples will allow ONS Engineering to validate this assumption.  

Therefore, the analysis performed by SIA only evaluates the actual number of occurrences of each transients 
to date plus an estimate of transients that will occurr between now and replacement of the check valves on the 
make-up line. A cumulative usage factor was calculated for a limited number of 
transient cycles. The omission of the balance of UFSAR Table 5-2 transients is discussed below.  

The additional number of cycles assumed in the analysis between now and the next refueling outage are: 

Heatups - 2 
Cooldowns - 2 
Trips - 1 
OBE I 
HPI Manual Actuation 

REFERENCES 

I - AOTC Logbook 
2. Calculation performed by SIA 
3. Thermocouple data taken from June 1990 Heatup of Unit 1 
4. B&W Document No. 32-1128224-02, "Revised HPI Nozzle Usage Factor" 
5. OSC-1522 , RCS Piping Stress Report 

CALCULATION / EVALUATION 

SIA calculated a fatigue usage factor on the makeup nozzle safe-end to piping weld for a limited number of cycles.  
The transients considered and their associated cycles were: 

Normal Operation (154 cycles) 
Normal Operation with Stratification Initiation (515 cycles) 
Normal Operation with Stratification Decay (510 cycles) 
Trip with RCS Pressure reduction (57 cycles) 
Trip with Stratification Initiation (285 cycles) 
Trip with Stratification Decay (285 cycles) 
HPI Manual Actuation Up (1 cycle) 
OBE (I cycle) 
Zero Load (97 cycles) 

The change in moments applied to the nozzle from thermal stratification were estimated as twice the thermal 
stratification moments on the emergency injection piping. The thermal stratification moments on the emergency 
injection nozzle was obtained from reference 4.  

7/28/97 7:46:39 AM Page 5 
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Oconee Nuclear Station 
Problem Investigation Process - PIP 

Problem Investigation Form 

PIP Serial No: 0-097-1368 LER Serial No: 
MSE Serial No: Other Report: 

The result of the analysis was a cumulative usage factor of 0.04 which is much less than 1.0.  

The analysis performed was based on the 1983 ASME Code. Reconciliation between 1983 ASME Code and 
B31.7 is addressed in the SIA calculation. As discussed in the calculation, the techniques used in evaluating the 
usage factor were more conservative than those in B31.7.  

The original B&W analysis determined that the application of all Design events upon this nozzle would result in a 
CUP of 0.045. Due to the low predicted CUF in both evaluations, it is not necessary to merge the two to conclude 
CUF will not exceed 1.0 before the next refueling outage.  

SIA's calculation assumed a number of future cycles between now and replacement of the HPI make-up valves.  
Two additional heatup and cooldown transients were assumed, The HPI make-up valves (IHP-126, -127) are 
going to be replaced by NSM ON-12975 during the next refueling outage which is scheduled to begin late August 
1997. Given the low usage factor (0.04) on this nozzle, an engineering judgement is made that no mechanism 
needs to be put into place to count and limit the number of heatup and cooldown cycles that can occur before the 
HPI valves arc replaced. Even if the number of assumed heatup, cooldown, trip, and HPI actuation cycles were 
exceeded, it will not result in the usage factor being greater than 1.0.  

However, a corrective action to this PIP will be established to verify that valves 1HP-126, -127 were replaced by 
NSM ON- 12975 and that the assumption of no backleakage through the new valves is valid.  

SIA's calculation will be incorporated into piping analysis calculation OSC-1304-06.  

Since the usage factor calculated is less than 1.0, the HPI Make-up piping is determined to be OPERABLE.  

Compensatory Actions Required for Operability 

None 

Conclusions 

The HPI Make-up piping is OPERABLE for the occurrence of the thermal stratification during back flow through 
valves 1HP-126, -127.  

Originated By; PAW4981: WELLS, PHILLIP A Team: RAH8344 Group: MCE Date: 05/16/97 

Operability evaluation was revised on 5119/97 to incorporate editorial corrections such that the evaluation 
correctly corresponds with calculation performed by Structural Integrity Associates. The conclusion of 
OPERABLE was not changed.  

Last Updated By: PAW4981: WELLS, PHILLIP A Team: RAH8344 Group: MCE Date: 05/19/97 
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Oconee Nuclear Station 
Problem Investigation Process - PIP 

Problem Investigation Form 

PIP Serial No: 0-097-1368 LER Serial No: 
MSE Serial No: Other Report: 

Last Updated By: PAW4981: WFLLS, PHILLIP A Team: RAH8344 Group: MCE Date: 05/19197 

Indiv Team 1 =2aIt 
Accepted By: KW07360 TKR7315 MCE 05/08/97 
Due Date: 05/22197 
Ready for Checked By: KWG7360 TKR7315 MCE 05/22/97 
Assigned To: TDB2719 RAH8344 MCE 05/22/97 
Checked By Assigned To: TDB2719 RAH8344 MCE 05/22/97 
Checked By: TDB2719 RAH8344 MCE 05/27/97 
Ready For Approval: TDB2719 RAH8344 MCE 05/27/97 
Approval Assigned To: RAH8344 RAH8344 MCE 05/27/97 
Approved By: RAH8344 RAH8344 MCE 05/27/97 
Evaluated By: RSM7315 RTB7310 SRG 05/28/97 

Past Operabilit: 

Responsible Group: MCE Status: Closed 

Sys/Cornp Operable?(YNC,E): Y 

Required Mode: N/A 

Comments: 
The calculation performed by Structural Integrity Associates that was used to demonstrate that this piping is 
Operable in its present condition is sufficient to demonstrate that the piping has been PAST OPERABLE. No 
additional analyses are required to determine the past operability condition of the HPI Normal Make-up piping on 
Unit 1.  

Originated By: PAW4981: WELLS, PHILLTP A Team: RAH8344 Group: MCi Date: 05/22197 

Indiv Team Group Date 
Due Date: 06/06/97 
Accepted By: KWG7360 TKR7315 MCE 05/08/97 
Assigned To: PAW498 I RAH8344 MCE 05/19/97 
Ready for Checked By: PAW4981 RAH8344 MCE 05/22/97 
Checked By Assigned To: TDB2719 RAH8344 MCE 05/27/97 
Checked By: TDB2719 RAH8344 MCE 05/27/97 
Ready For Approval: TDB2719 RAH8344 MCE 05/27/97 
Approval Assigned To: RAH8344 RAH8344 MCE 05/27/97 
Approved By: RAH8344 RAH8344 MCE 05/27/97 
Evaluated By: , RSM7315 RTB7310 SRG 05/28/97 

IV. Reportabiliylnvestigation 

Responsible Group: SRG Status: Closed 

7/28/97 7:46:41 AM Page 7 
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Oconee Nuclear Station 
Problem Investigation Process - PIP 

Problem Investigation Form 

PIP Serial No: 0-097-1368 LER Serial No: 
MSE Serial No: Other Report: 

Problem Reportable(YNW): 

Reportable Per 

Comments: 

This event is not reportable, 

Originated By: RSM7315: MATHESON, RICKIE S Team: RTB7310 Group: SRG Date: 05/28/97 

Indix TImn Group Date 
Assigned To: SRG 05/08/97 
Ready For Approval: RSM7315 RTB7310 SRG 05/28/97 
Approval Assigned To: RSM7315 RTB7310 SRG 05/28/97 
Approved By: RSM7315 RTB73 10 SRG 05/28/97 
Concurrence By: MEB2307 JEB8371 RGC 05/28/97 

Investigation Report: 
Responsible Group: Act Date: 

Investigator: Due Date: 

Date Due to VP or Sta. Mgr: 

Date Regulatory or Agency Rpt Due: 

Date Investigation Report Approved: 

NRC Cause Codes: 

V. Problem Evaluation 
Responsible Group: MCE Status: Closed 

System(s) Affected: HPI Other High Pressure Injection Equip.  
RC Reactor Coolant 

Affected Equipment 
Comp.  

WMS Equipment ID No, Cgg Manufacturer 

Exegnt Cause Cd Cause Descriptiq Primary Causing GrOup(s) 
D6 YYY Incomplete Problem Evaluation No 

7/28/97 7:46:42 AM Page 8 
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Oconee Nuclear Station 
Problem Investigation Process - PIP 

Problem Investigation Form 

PIP Serial No: 0-097.1368 LER Serial No: 
MSE Serial No: Other Report: 

Problem Evaluation 

The causes of not incorporating the thermo-couple data into the appropriate Oconee stress analysis calculations is 
covered in PIP 0-97-01324. This PIP documents the efforts and reports the results of the Failure Investigation Process 
(FIP) team report concerning the weld failure of the 2A HPIMU safe-end to pipe weld. A full detailed report of the 
human performance error associated with not incorporating the data is included in the FIP report.  

Originated By: TDB2719: BROWN, TIMOTHY D Team: RAH8344 Group: MCE Date; 05/30/97 

Last Updated By: TDB2719: BROWN, TIMOTHY D Team: RAH8344 Group: MCE Date: 05/30/97 

Due Date: 05/27/97 . Accepted By: KWG7360 TKR7315 MCE 04/28/97 
Assigned To: TDB2719 RAH8344 MCE 05/28/97 
Ready For Approval: TDB2719 RAH8344 MCE 05/30/97 
Approval Assigned To: TDB2719 RAH8344 MCE 05/30/97 
Approved By: RAHS344 RAH8344 MCE 06/01/97 

VI. Poposed Resolution 

Proposed Resolution From: Resp. Group: MCE Status: Closed OEDB Checked: Yes 

The thermal stratification noted as a result of the thermo-couple data taken in 1990 and transmitted via David 
Whitaker's letter to Robert Morgan in 1991 will be fully evaluated within the Reactor Coolant Class I Branch Line 
project currently in progress. Duke Power has contracted with Structural Integrity Associates of San Jose California to 
complete Class 1 evaluations on all of the Reactor Coolant branch lines that were previously evaluated to Class 2 rules.  
The HPI & HPI/MU lines are included within the scope of the project. The expectation of the project is that all loading 
including the noted thermal stratification will be included in the determination of the fatigue life of the various 
components. The schedule for completion of the project, including all plant modifications is August of 1999.  

Originated By: TDB2719: BROWN, TIMOTHY D Team: RAH8344 Group: MCE Date: 05/30/97 

Indiv Team Group Date 
Due Date: 05/27/97 
Accepted By: KWG7360 TKR7315 MCE 04/28/97 
Assigned To: TDB2719 RAH8344 MCE 05/28/97 
Ready For Approval: TDB2719 RAH8344 MCE 05/30/97 
Approval Assigned To: TDB2719 RAH8344 MCE 05/30/97 
Approved By: RAH8344 RAH8344 MCE 06/01/97 
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Oconee Nuclear Station 
Problem Investigation Process - PIP 

Problem Investigation Form 

PIP Serial No: 0-097-1368 LER Serial No: 
MSE Serial No: Other Report: 

VII. Corrective Actions 

No: 1 Resp Group: MCE Status: Closed 
Orig Group: MCE Event Code: D6 
Prop CAC: 8 Cause Code: YYY 

rposed Corrective Action: 

Civil Engineering should verify that the HPI Make-up valves ( IHP-126 & IHP- 127), Class I HPI Make-up piping, and 
make-up piping to nozzle welds were replaced by NSM ON. 12975.  

Originated By: PAW498 1: WELLS, PHILLIP A Team: RAH8344 Group: MCE Date: 05/16/97 

IndLv Team Group Date 
Assigned To: PAW4981 RAH8344 MCE 05/19/97 
Ready For Approval: KWG7360 TKR7315 MCE 05/19/97 
Approval Assigned To: RAH8344 RA8344 MCE 05/19/97 
Approved By: RAH8344 RAH8344 MCE 05/22/97 

General: 

Outage: Mode: 

Other Tracking Processes 
lypg Number Text 

Actual Corrective Action: Actual CAC: Status: Open 
Due Date: 10/24/97 

Tndiv Team Grouap Date 
Due Date: 10/24/97 
Accepted By: RAH8344 RAH8344 MCE 05/22/97 
Assigned To: TDB2719 RAH8344 MCE 05/22/97 

Seq. No: 2 Resp Group: MCE Status: Closed 
Orig Group: MCE Event Code: D6 
Prop CAC: B3a Cause Code YYY 

Proposed Corrective Action: 

Civil Engineering needs to evaluate the thermocouple data taken on the HPI Nornal Make-up System after replacement 
of valves IHP-126, -127 to verify backleakage through the new check valves is not occurring. If backleakage is still 
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Oconee Nuclear Station 
Problem Investigation Process - PIP 

Problem Investigation Form 

PIP Serial No: 0-097-1368 LER Serial No: 
MSE Serial No: Other Report: 

occuning, further evaluations will be necessary.  

Originated By: PAW4981: WELLS, PHILLIP A Team: RAH8344 Group: MCE Date: 05/19/97 

ladix Team CGroun Date 
Assigned To; PAW4981 RAH8344 MCE 05/19/97 
Ready For Approval: KW07360 TKR7315 MCE 05/19/97 
Approval Assigned To: RAH8344 RAH8344 MCE 05/19/97 
Approved By: RAH8344 RAH8344 MCE 05/2297 

General: 

Outage: Mode: 

Other Tracking Processes 3 Ix NUMbtea 

Actual Corrective Action: Actual CAC: Status; Open 
Due Date: 10/24/97 

Indiv Team Group Date 
Due Date: 10/24/97 
Accepted By: RAH8344 RAH8344 MCE 05/22/97 
Assigned To. TDB2719 RAH8344 MCE 05/22/97 

VI. FinalandOverall PIP Approval 

Responsible Group: MCE Status: Screened 

AsgeTo lu Team QErliR Dat, 
Assigned To: MCE 04/28/97 
Accepted By: KWG7360 TKR7315 MCE 04/28/97 
Approval Assigned To: RAH8344 RAH8344 MCE 04/29/97 

Closurc Document Type Closure Document No 

Supplemental Concurrnccs - These do not affect PTP closure.  

Concurrences Associated withExternal Committments: 
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Oconee Nuclear Station 
Problem Investigation Process - PIP 

Problem Investigation Form 

PIP Serial No: 0-097-1368 LER Serial No: 
MSE Serial No: Other Report: 

Indiv Team Group Datc 
Concurred By: 

IX. Attachments 

Generic Applicability 

Generic Applicability Review Not Required for this PTP.  

Environmental 

No Environmental for this PIP, 

Failure Prevention Investigation: 

No FPI for this PIP.  

Remarks 

No Remarks for this PIP 

Maintenance Rule 

Responsible Group: SES Status: Closed 

Maintenance Rule SSC: SC Description Risk Significant 
HPI High Pressure Injection SystemYes 

Equipment Group: P01 
Applicable Unit: Unit I 

Unit 2 
Unit 3 

Functional Failure: No MPFF: None Repetitive MPFF: None 

Functional Failure Comments: 
No functional failure is attributed to the documentation deficiency described within this PIP. PIP 97-1324, as 
identified in the Cause Evaluation section of this PIP, directly addresses the Unit 2 HPI nozzle failure and 
accordingly all MR implications.  

Originated By: RSL7360: LEATHERWOOD, ROBERT S Team: SLN8374 Group: SES Date 06/05/97 
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Oconee Nuclear Station 
Problem Investigation Process - PIP 

Problem Investigation Form 

PIP Serial No: 0-097-1368 LER Serial No: 
MSE Serial No: Other Report: 

MPFF Comments: 

Repetitive MPFF Comments: 

Reactor Trip: No Safety System Actuation: No Loss of Heat Decay Removal: No 
Contrib. Force Outage Rate: No 

Comments: 

Indiv goup Datc 
Assigned To: RSL7360 SLN8374 SES 05/08/97 
Due Date: 07/01/97 
Ready For Approval: RSL7360 SLN8374 SES 06/05/97 
Approval Assigned To: SLN8374 SLN8374 SES 06/09/97 
Approved By: SLN8374 DBC7309 SES 06/16/97 

End of the'Document for PIP No: 0-097-1368 
The status of this PIP is: Screened 
The duration of this PIP was: 31 days 
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