
Raise (la) to square and substitute into (lb): 

2 s Y = tan 2o (X - --2--) 

(X ___ s __ )2 + tan2 28 �(�~� ___ s __ )2 = __ 1 __ (D2 + Q2) 
2 2 4 

or 

2 s 2 1 2 2 (1 +tan 2o)(X - --2--) - --4-- (D + Q) = 0 

or 

2 
(X - -t-) (D2 + Q2) 

= 0 
4(1 + tan2 2o) 

Developing and rearranging terms = 

x2 
2 (D2 + Q2) 

sx + + - 4(1 + tan2 2o) 

Quadratic equation in X where 

Discussion 

A= l 

B = -S 
2 

c =-s-4 -
(D

2 + D 
4(1 + tan2 2o) 

a) Condition of root existence: 

2 
�~� = B - 4AC > 0. 

0 

b) When angle 2o < 90°, the longitudinal strain equals: 

E: = x = L 1 

v 2 -B - B - 4 AC 
2A 
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VIII B 

COMPUTER PROGRAM 

for longitudinal and circumferential strains. 

ED EPSIL3 

1 
2 
3 
4 
5 
6 
7 6 
8 
9 7 
10 
11 
12 
13 
14 
15 
16 
17 

4 

8 

READ(7,4>EA,EB,EC 
FORMAT<3F7.0) 
S=EA+EC 
D=EA-EC 
Q=EA+EC-2.*EB 
WRITE<18.6)S,rr,o 
FORMAT<2X'SUM S='E15.4,2X,'DIFF D='E1S.4,2X,'SUM- 2EB='E15.4> 
READC7,7>F2A 
FORMATCF6.2> 

T=TANCF2A> 
R=<S-2.*EB>ID 
F2B=ATAN<R> 
F2B1=F2B*180./3.14159 
F2D=F2A-F2B1 
WRITEC18,8>F2D 
FORMATC2X'ANGLE 2D='F6.2> 
Y=<T-R)/(1.+T*R> 

..... 
~ 
~ 

• 



18 
19 
20 
21 
22 9 
23 
24 
25 
26 10 
27 c 
28 60 
29 70 
30 80 
31 
32 90 
33 c 
34 
35 160 
36 170 
37 180 
38 
39 190 
40 300 
41 
EOT •• 

A=1. 
B=-S 
C=CS**2>/4.-CD**2+0**2)/(4.*C1.tCY>**2>> 
WRITE<18,9)A,.B,C 
FORMATC4X'A='E15.4,4X'B='E15.4,4X'C=' E15.4> 
TEMF' =B**2 ·- 4. *A*C 
XM=Y 
IFCTEMP>300,10,10 
IFCXM>S0,70,60 
COMPUTE"LONGITUDINAL STRAINM 
ZL =C- Bt<TEMP>**0.5)/(2 . *A> 
ZL. :::·-B/ ( 2 •*A) 
ZL=< - B- CTEMP>**0.5)/(2.*A> 
WRITE<1B,90)Zl.. 
FORMATC2X"LONGITUDINAL STRAIN="E15.4) 
COMPUTE·CIRCUMFERENTIAL STRAINM 
IFCXM>180,170,160 

ZT=<-B- CTEMP>**0.5)/(2.*A> 
ZT=- B/(2.*A> 

ZT =<-B+<TEMP>**0.5)/C2.*A> 
WRITE<l8,190>ZT 
FORMATC2X'CIRCUMFERENTIAL STRAIN='E15.4> 
STOP 
END 

...... 
+:
Vl 



VIII C 

DATA FILE AND OUTPUT 

for longitudinal and circumferential strains. 

ED APE:I. 

1 +004E- 6t027E-6+075E-6 
2 109.20 
3 EOF 
EOT •• 

FR 5,6 
FD.WNME,EPSIL3 
AS 18==*3 
AS 7=APE1 
VX.N 

SUM S= 0.7900E-04 DIFF D= -0.7100E-04 SUM-2EB= 0.2500E-04 
ANGLE 2D=128.60 

A= o.1000E+o1 B= -0.7900E-04 C= 0.3763E-09 
LONGITUDINAL STRAIN= 0.5092E-05 
CIRCUMFERENTIAL STRAIN= 0.7391E-04 

STOP 

..... 
~ 
(J\ 



APPENDIX IX 

IX A. COMPUTER PROGRAM 
for force and moment balance. 

ED HETF<:I. 

1 DIMENSION XC20)?YC20) 
2 READC:f.2,10>I~J,R,T,DC 

3 10 FORMATC213,3F12.4> 
4 READ<12v20><X<N>,N=:f.,I) 
5 20 FORMATCF11.3> 
6 WRITEC18Y30) 
7 K=I-1 
8 DO 240 M = 1~ J 

9 SUMM=O.O 
10 SUMA=O.O 
11 30 FORMATC2X' AREA1 LEVER ARM 
12 1 SUM MOMENTS') 
13 READ<12,40>CYCN),N =1,I) 
14 4 0 FORMATCF11.3) 
15 
16 
17 
18 
19 
20 

DO 240 N=1,K 
IF<Y<N>>l00,90,110 

90 IF<Y<Ntl)):f.80,95,180 
95 Al=O+O 

A2=0.0 
CG1=0+0 

21 CG2=0.0 
22 GO TO 220 
23 100 IFCYCN+1>>120,190,170 

AREA 2 LEVER Ai:;:M SUM FClr<CES 

..... 

.!:

....... 

' ~ 



24 110 IF' CYCNt1))170,190r130 
25 120 IF<Y<Nt1)-Y(N))150,135,140 
26 130 IF<Y<Nt1>-Y<N>>140r135v150 
T7 135 Al=<X<N+i>-X<N>>*Y<N> 
28 CGi=CXCNtl>+X<N>)/2.0 
r)\' .· .. ')' A2====0. 0 
30 CG2=0.0 
31 GO TO 220 
32 140 CGl=CXCN+l>tXCN))/2.0 
33 CG2=CXCN+1>+2.0*XCN))/3.0 
34 A1=<X<Nt1>-X<N>>*Y<N+1> 
35 A2=CX<N+1>-X<N>>*<Y<N>-Y<Nt1))/2.0 
36 GO TO 220 
37 150 CG1=CXCN+1>+X<N>>l2.0 
38 CG2= CXCN+1>*2.0+X<N>>l3.0 
39 A1=CXCN+1>-X<N>>*Y<N> 
40 A2=CXCNt1>-X<N>>*<Y<N+1>-Y<N>>l2+0 
41 GO TO 220 
42 170 XO=CX<N+1>-X<N>>*<-Y<N))/CYCN+1>-Y<N>> 
43 CG1=CX0/3.0>+X<N> 
44 CG2=<2.0*X<N+1>tXCN)tX0)/3.0 
45 A1=<XO*Y<N>>l2.0 
46 A2=CX<N+1>-<X<N>+XO>>*Y<Nt1>/2.0 
47 GO TO 220 
48 180 CG1=<2.0*X<Nt1>+X<N>>l3.0 
49 CG2=0.0 
50 A1=<X<Nt1>-X<N>>*Y<Nt1)/2.0 
51 A2=0.0 
52 GO TO 220 
53 190 CG1=<X<N+1>t2.0*X<N>>l3.0 
54 CG2=0.0 
55 Al=CX<N+1>-X<N>>*Y<N>l2+0 
56 A2=0.0 

.... 

.i:--
00 



57 22 0 A1 =A1*T 
58 A2= A2*T 
59 IFCCG1 )222 ,221,222 
60 221 Dl =O.O 
61 GO TO 223 
62 222 D1 =R*SIN<CG1/R)-DC 
63 223 IF<CG2)225Y224Y225 
64 224 D2=0.0 
65 GO TO 226 
66 225 D2=R*S IN<CG2/R> - DC 
67 226 XM=A1*D1tA2*D2 
68 S UMA =SUMA+A1+A 2 
69 SUMM=SUMM+XM 
70 WRITEC18, 230)A1YD1 rA2,D2YS LJMA ,S UMM 
71 230 FORMATC6E13.6) 
72 240 CONTINUE 
..... 7 
/,., 

74 
"75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 

READ C12 , 2>IrJ vR,f , DC 
2 FORMAT<2I 3 ,3F12.4) 

READ<1214)CX<N>,N=1•I> 
4 FORMATCF11.3) 

K=I-1 
DO 340 M=l,J 
SUMM =O.O 
SUMA =O.O 
WRITE<18,6) 

6 FORMATC2X' AERA 1 LEVER ARM 
1 SUM MOMENTS') 

READ<12,8><Y<N>•N=1,I> 
8 FORMATCF11.3) 

DO 340 N=l•K 
IF<Y<N>>200,12,210 

12 IF<Y<Nt1))280,14,280 
14 Ai=O.O 

AF"<EA 2 LEVER Af\M SUM FORCES 

I-' 
~ 

"° 



(j"() 

<_;> l 
9:~~ 

93 
94 200 
95 210 
<;>6 2:1.8 
97 2:32 
9f.l 2:35 
99 
:t.00 
:1.0 :1. 
:1.02 
103 241 
:1.04 
:I. 0~5 
:I. 06 
:l 07 
l.08 250 
:1.09 
110 
11 :L 
112 
113 270 
:L 14 
1.15 
116 
117 
118 
119 280 
120 
l. 2 :I. 

A2=0.0 
CG1=0.0 
CG2=0.0 
GO TO 320 
IF<Y<N+1>>218,290,270 
IF<Y<N+1>>270,290,232 
IF<Y<N+1>-Y<N>>250,235,241 
IF< Y< N+1 >- Y<N>> 24 1,235,250 
A1=<X<Nt1>-X<N>>*Y<N> 
CG1 = <XCNt :l. >tXCN))/2.0 

A2=0.0 
CG2=0.0 
GO TO 320 
CG1=CXCN+1>+X<N>>l2.0 
CG2=CX(Nt1>+2.0*X<N>>l3.0 
A1=CXCNt1>-X<N>>*Y<N+1> 
A2=CX<N+1>-X<N>>*<Y<N>-Y<Nt1))/2.0 
GO TO 320 
CGl = <X<N+l>tXCN))/2.0 
CG2 = <X<Nt1)*2.0tX(N))/3.0 
Al. = <X<N+l> - X<N>>*Y<N> 
A2 =<X<N+1>-X<N>>*<Y<N+1>-Y<N>>l2.0 
GO TO 320 
XO=<XCN+1> - X<N>>*C-Y<N>>l<Y<N+1>-Y<N>> 
CGl=<X0/3.0>+X<N> 
CG2= <2.0*X<N+1>+X<N>tXO>l3.0 
Al=<XO*YCN))/2.0 
A2=<X<N+1>-<X<N>tXO>>*Y<Nt1)/2.0 
GO TO 320 
CG1=<2.0*X<N+1>tXCN))/3.~ 
CG2=0.0 
A1 = <X<N+1>-X<N>>*Y<Nt1)/2.0 

...... 
VI 
0 



122 
1 ~7 ~w 

124 290 
:t. :~~5 
:!. :~6 
12/ 
l ~? ~=~ :·~ 2 () 
:1.29 
., ""1 ('1 .1.,.,, .. 

t ::~l 32:1 
13,:;: 
133 322 
13 4 32 3 
135 3 24 
:I. ~·;;( ' :· 

137 325 
:1.3 8 326 
139 
140 
141 
142 330 
143 340 

A2=0.0 
GO TO 320 
CG1=CX<N+1>+2.0*XCN))/3.0 
CG2=0.0 
A1=CX<N+1>-XCN>>*Y<N>/2.0 
A2 =0.0 
A1=A1*T 
A2=A2*T 
IFCCG1>3221321,322 
D1 =0.0 
GO TO 323 
D1 =R*SIN<CG1/R>-DC 
IFCCG2>325t324,325 
D2=0.0 
GO TO 326 
D2~R*SIN<CG21R>-DC 
XM=-A1*D1-A2*D2 
SUMA ~SUMAtA1+A2 
SUMM~SUMMtXM 
WRITE C18 Y330)A1,D1,A2,D2,SUMA•SUMM 
FORMATC6E13.6) 
CONTINUE 

144 STOP 
145 END 
EDT •• 

~ 

..... 
Vo ..... 



152 

IX B. DATA FILE AND OUTPUT 
ED 1:~EFil ... E:t:3 

:I. :l.D :I. :L:I .• 0 0.3125 
::? o.o 
3 (). 2"7 
4 0.4 
c:· o.:'H •. i 

6 (). ~56 
"I 0.6"7 
8 0. "78~.) 
9 0.89 
:l 0 0.98 
1. 1 1.09 
1.2 1.18 
13 1.29 
14 1.38 
15 1 • 4 :L 
16 1.45 
l.7 1.47 
l. 8 1.51 
1.9 1.57 
~~o 0.26 
21 0.18 
'1'l 4.,· .. 0•13 
23 o. o:~ 
24 o.o 
'")l;;" 
........ ,J ·-·(). :I. 6 
26 --(). 24 
27 -0.32 
28 - 0. 4:~ 
29 -0.66 
30 ·-0. 75 
~H ····(). 66 
32 -·· O. 45 
33 ····(). 3 
34 (). 0 
:3!:5 0.2 
36 0.5 
Tl (). 8 
38 6 1 11+0 0.3125 
39 o.o 
40 0.39 
41. 0.78 
42 1.18 
4;3 :I.. 31 
44 1. ~.'i7 
4c:· 

'·' 0.26 
46 0.34 
4? () .19 
48 0.14 
49 0..12 
!:'i() (). 02 



FO.WNMEYRETR1 
AS 18=*3 
AS 12=REFILE13 
VX.N 

AREA1 LEVER ARM AREA 2 LEVER ARM SUM FOR SUM MOMENT S 
0.151875E-01 0.134997Et00 0.337500E-02 0.899990E-01 0.185625E-01 0.235401E-0 2 
0.528125E-02 0.334948Et00 0.101563E-02 0.313291EtOO 0.248594£-01 0.444114E-02 
0.103125E-02 0.454870Et00 0.171875E-02· 0.436552Et00 0.276094E-01 0.566055E-02 
o.23437 5E-03 o.526465E+oo o.000000E+o1 o.000000E+o1 o.278437E-01 o.578394E - 02 
o.2?soooE-02 o.632983E+oo o.000000E+o1 o.000000E+o1 o.2so937E-01 o.404323E - 02 
0.575000E - 02 0.726970E+00-0.143750E-02 0.746093Et00 0.179062E-01-0.120935E - 02 
0.787500E - 02 0.836691Et00- 0.131250E-02 0.854139Et00 ~.871875E-0 2-0 .891935E - 02 

0.900000E-02 0.933875Et00-0.140625E-02 0.948819Et00-0.168750E-02-0.186585E-01 
0.144375E-01 0.103347Et01 - 0.412500E- 02 0.105172Et01-0.202500E - 01-0.379176E-01 
0.185625E-01 0.113299Et01 - 0.126562E-02 0.114791Et01-0.400781E-01 - 0.604015E-01 
0.226875E-01 0.123241Et01-0.154688E-02 0.121419Et01-0.643125E-01 - 0.902400E-01 
0.126563E-01 0+133173Et01-0+295313E-02 0.131683Et01-0.799219E-01-0.110983Et00 
0.281250E-02 0.139126Et01-0.703125E-03 0.138630Et01-0.834375E-01-0.115871E+OO 
o.1s7500E-02 o.141936E+o1 o.000000E+o1 o.000000E+o1-o.as3125E-01 - o.11ss32E+oo 
o.625oooE-o3 o.145902E+o1 o.000000E+o1 o.000000E+o1-o.a46s75E-o1-o.117620E+oo 
0.250000E-02 0.148545Et01 0.187500E-02 0.149205Et01-0.803125E-01-0.111109Et00 
0.937500E-02 0.153497Et01 0.281250E-02 0.154488E+01-0.681250E-01-0.923739E- 01 

AERA 1 LEVER ARM AREA 2 LEVER ARM SUM FOR SUM MOMENTS 
0.316875E-01 0.194990Et00 0.487500E-02 0.259976£+00 0.365625E-01-0.744612E-02 
0.231562E-01 0.584724E+oo 0+914062E-02 .0.519806Et00 0+688594E-01-0.257375E-01 
0.175000E-01 o.978704E+OO 0.312500£-02 0.912284E+oo 0+894844E-01-0.457157E - 01 
0.487500E-02 0.124234Et01 0.406250£-03 0.122081£+01 0.947656E-01-0+522681E-01 
0.162500E-02 0.143589Et01 0.406250E-02 0.139292Et01 -0.100453Et00-0.602601E-01 
STOP 

!--' 
IJ1 
(....) 



FO.WNME , RETR1 
AS 18=* 3 
AS 12=REFILE14 
vx.N 

APPENDIX X 

DATA FILE AND OUTPUT 

{Force and moment balance) 

AREA1 1...EVEF~ ARM AREA 2 LEVER ARM SUM FCm f.>LJM MOMENT ~::: 
0.150937E-01 0.104998Et00 0.131250E-02 0.699995E-01 0.164062E - 01 0.1 676 69E-0 2 
0.890625E- 02 0.304961Et00 0.237500E-02 0.273305Et00 0.276875E - 01 0.50 41 85E - 0? 
0 .225000E- 0 2 0.444879Et00 0.984375E-03 0.429890Et00 0. 309219E - 01 0.646600E·- 0 2 
o.s1soooE - 03 o.51 3 147E+oo o.000000E+o1 o.000000E+o1 o.317969 E- 01 o . 6 9 1so 1E-02 
o. 250000E - 02 o.62632BE+oo o.000000E+o1 o.000000E+o1 o.292969E - 01 o.5349 19E-02 
0.625000E - 02 o.721981Et00 - 0.175781E - 02 o.742768Et00 0+21 2891 E- 01 - 0.46883 8E-0 3 
0.820312E-02 0.836691Et00-0.820312E- 03 0.854139Et00 0.122656E-01 - 0.803298E- 02 
0.843 750E-02 0.933875Et00 - 0.154688E- 02 0.948819Et00 0 . 228125E- 0 2-0 . 173803E - 01 
0.140937E-01 0.103347Et01 - 0.464062E-02 0.105172Et01 - 0.164531E-01 -0. 368 264F-0 1 
0.191250E-01 0+113299Et01-0.984375E-03 0.114791Et01-0.365625E -0 1- 0.596 2 48 E - 0 1 
0.233750E-01 0.123241Et01-0.120313E- 02 0+121419Et01 - 0.611406E - 01 - 0.8989 3 1E - 01 
0.135000E-01 0.133173E+01-0.281250E-02 0.131683Et01-0+774531E - 01 - 0 . 1 11575EtOO 
0.337500E- 02 0.139622Et01-0.~31250E-02 0.138961E+01-0.821406E-01-0+118111 F t 00 

/ 

0. 843750j?--03 0.142267Et01 0. OOOOOOEtOl 0. OOOOOOE+Ol-0. 829B44E-·· O :I. .... (). U . 931 l E+OO 
o.1sooooE-02 o.145572E+o1 o.000000E+o1 o.ooooooE+o1 - o.s14s44£- 01 - o . 11 ; 12sEi ·OO 
0.400000E-02 0.148545E+01 0.187500E-02 0.149205Et01-0.756094E- 01 - 0.10838 9E t0 0 
0.116250E-01 -0.153497Et01 0+262500E-02 0.154488Et01 - 0.613594E-01 - 0.864892E-0 1 

AERA 1 LEVER ARM AREA 2 LEVER ARM SUM FOR SUM MOMENT S 
0.320625E-01 0.189991E+OO 0.356250£-02 0.253311Et00 0.356250E ·-01 ··- 0.699399E -O :~ 
0.183750E-01 0.484843Et00 0.164063E~02 0.449874Et00 0.556406E- 01-0.166 411E - 01 
0.118750E-01 0.684557Et00 0.237500E-02 0.652949Et00 0.698906E- 01 - 0.263209E - 0 1 
0.690625E-02 0.864109Et00 0.185937E-02 o . 835860Et00 o.786562E - 01 -0 .338429E-<>1 
0.934375E-02 0.106334E+01 0.359375£-03 0.110148Et01 0.883594E- 01 -0~441743E -01 
0.365625£- 02 0.137142Et01 0.670313E-02 0.130691Et01 0.987187E -Ol~0 . 579489E - 0 1 
STOP ...... 

Vt 
-'="' 



ED i:;:EF" Il...F:t. .-(.: 
155 

l Jn :I. U. • 0 0.3:1.2~) 
•"") 
,\°,. () . () 
3 0. 2:t 
-4 () .. (~ 
c· 
d (). 4 <;.> 

6 (). 5f.> 
l ().66 
8 0. 78~) 
9 ().ti<;> 
:LO 0.9El 
11 1.09 
1-:> ·- l • l. 8 
1.3 :L. 29 
:L4 1.38 
15 1.42 
16 l..44 
17 1.47 
18 1+51 
19 1.57 
20 0+2'7 
21 0.23 
r)'") ...,, 0 .1:'.'i 
23 0.08 
24 o.o 
25 -0.16 
26 -0.25 
2'7 -· O. 3 
28 -0.41 
29 -0.68 
30 - o. n:; 
31 - 0.68 
32 - 0.48 
33 -· O. ~-~7 
34 o.o 
35 0+32 
36 0.62 
37 0.9 
38 7 l. 11 • () 0.31.25 
39 (). 0 
40 0. :38 
41 (). ~'i9 
42 O.'l!:l 
43 0. 9 :'.'i 
44 1.18 
45 :I. • ~5 '7 
46 0.27 
47 0.33 
48 (). 2(] 

49 0.20 
50 (). 1 :~ 
51. (). :14 
52 o. o:~ 



.. 

156 

E li I ~ E F I !.. F l 0 

1 :i. / :I. tl.O () ' 3 l :?. ~::; 

'") (). () .. : .. 
3 () + ::.l 3 
4 (). 3 <,.J 
i::· _, 0 . ~'il 

6 0. ~:i 6 
7 .... . 6 !'.'j 

8 0. '7B~.'i 

9 (). 89 
10 0.98 
1.1 :I . • 07 
1? ·- 1.10 
L3 1.29 
14 1.3B 
15 1. 4 ~~ 

16 1.45 
17 :I .• 52 
18 1+57 
19 0. 2 ~5 

20 0.20 
21 o.l3 
2~~ 0. l 1 
2:i (). 0 
24 - 0.12 
,.) a:· 
A- , .1 ·-0. 24 
26 --0. 28 
~!. 7 - 0.40 
28 -0.56 
29 -0.72 
30 -0.60 
31 -0.4() 
32 - 0.22 
33 0. () 
34 o.7 
35 o.94 
36 7 1 :1.1. 0 0.3125 
37 () . () 
~rn 0.39 
39 o.59 
40 o. '78 
41 l • 1 '7 
42 :1. . 3 3 
43 :t. . ~:il 
44 0. 2~:S 

45 0.29 
46 0+ 2 4 
47 (). :I. 6 
48 0.:1.~~ 

49 (). 013 
50 () . () 1 



FO . WNM E ,RETR1 
AS 18=*3 
AS 12~REFILE10 

VX+N 

AREA1 LEVER ARM AREA 2 LEVER ARM SUM FOR SUM MOMENTS 
O.t 43750E - 01 0.11 4998Et00 0.107812E-02 0.766660E - 01 0.154531E -01 0.173575E-02 
0 . 650000C - 02 0.3099 59Et00 0.175000E-02 0.283302Et00 0.237031E-01 0.424626E-02 
0.412500E -02 0 . 449874EtOO 0.375000E-03 0.429890Et00 0.282031E- 01 0+626320E-·02 
o.B59375E-03 o.526465E+oo o.000000E+o1 o.000000E+o1 o.290625E-01 o.671563E - 0 2 
o.226B75E-01 - o.246646E+oo o.000000E+o1 o.000000E+o1 o.s17sooE-01 o.111985E-02 
0.538125E-01 0.674996E-01 - 0.269062E-01 0.306627Et00-0.289688E-01-0.107626E- 01 
0.787500E-02 0.836691Et00- 0.656250E - 03 0.854139Et00-0.375000E-01-0.179121E-01 
0 .787500E-02 0.933875Et00- 0.168750E-02 0.948819Et00-0.470625E-01 - 0.268675E- 01 
0.1 12500E- 01 0+102352Et01-0.225000E- 02 0+103845Et01-0.605625E - 01-0.407 186E-0 1 
0 .192500E-01 0.112304Et01-0.275000E-02 0.114128Et01-0.825625E - 01 - 0 . 654756E-01 
0.206250E-01 0.123241Et01-0.206250E-02 0+121419Et01-0.105250Et00- 0.933983E-01 
0.112500E-01 0.133173Et01-0.281250E-02 0.131683Et01-0+119313Et00-0.112084EtOO 
0.343750E-02 0.140118Et01-0.140625E-02 0+139292Et01-0.124156Et00-0 .11 8859Et OO 
0. 6ff7!":'.iOOE -· 03 0. 143259Et01 0. 000000Et01 0. OOOOOOE+Ol-0.124844Et00-·0.119ti44Fl00 
0. /65625E - 02 0. 149205Et01 0. 000000Et01 0. 000000.E+Ol-O. 117188E+OO --O . :l-08421 E+OO 
0.109375E - 01 0.153993Et01 0.187500E- 02 0+154818E+01-0.104375Et00 - 0.886748E- 0 1 

AERA 1 LEVER ARM AREA 2 LEVER ARM SUM FOR SUM MOMENTS 
0.280312E-01 0.194990Et00 0+365625E-02 0.259976Et00 0.316875E-01 - 0.641634E-02 
0.150000E-01 0.489838E+OO 0+156250E-02 0.456535Et00 0.482500E-01-0.144773E-01 
0.950000E - 02 0.684557E+OO 0+237500E-02 0+652949Et00 0.601250E-01-0.225313E- 01 
0.146250E-01 0.973724Et00 0+243750E- 02 0.908962Et00 0.771875Er 01-0.389876E- Oi 
0.400000E-02 0.124731Et01 O.lOOOOOE-02 0+122081Ef01 0.821875E-01-0.451977E- 01 
0.750000E-03 0+144580Et01 0+262500E-02 0+140614Et01 0.855625E-01-0.499731E-01 
STOP 

..... 
V1 

"' 

• 
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ED REFIL..E:l.2 

:I. 1 ·7 :I. :l.:L • 0 o.3125 
, .) (). 00 ·-3 0 r)·1 

4 0 :~· · r 
5 0.41 
6 (). 5~7 
} o.6 ·~ 
8 O. lB

1
5 

9 (). 891 
10 o.~a1 
11 

1. r 12 1. .1 Tl 
:1.3 1. ~J9 
14 1.J74 
15 1.~3 
16 1 ~"'" • 1'-' 
17 1+52 
18 1. ::l7 
19 0 .1\5 
20 o. ~4 
21 o. 9 
22 0.06 
23 o.a 
24 -ot '.. . ~ '·: 

25 -0.17 
26 --0 • ..-.i2 

I 

27 - 0.31 
28 

I 
--0·18 

29 -0.55 
I 

30 -0.5 
I 

31 ·-0 r) • ,,. It .. 

32 o. 
33 o. ~ 2 

I 

34 O.q 
35 O.l5 
36 6 :1. 11.0 0.3125 
37 o.o 
38 o.38 
39 0. ·79 
40 l.18 
41 1.49 
42 1. 5·7 
43 0.1.~i 

44 0.2 
4r.:· ··' (). 11 
4c> 0.08 
4/ o.o 
48 ··-0. 01 



FO. WNME, RETF~ 1 
AS 18=*3 
AS 12=REFILE12 
vx.N 

AREA1 LEVER ARM AREA 2 LEVER ARM SUM FOR SUM MOMENTS 
0.918750E-02 0.104998Et00 0+328125E-03 0+699995E-01 0+951562E-02 0.987641E-03 
0.534375E-02 0.304961Et00 0.148437E-02 0.173305Et00 0+163437E-01 0.302296E-02 
0.168750E-02 0.444879E+oo 0+421875E-03 0+429890Et00 0.184531E-01 0.395506E-()2 
o.s62sooE-03 o.509a17E+oo o.000000E+o1 o.000000E+o1 o.1901s6E-01 o.424183E-02 
o.22soooE-02 o.629656E+oo o.000000E+o1 o.000000E+o1 o.167656E-01 o.2a2s10E-02 
0.431250E-02 0.726970Et00-0.898437E-03 0.746P93Et00 0.115547E-01-0.980272E-03 
o.557812E-02 0+836691E+00-0.820312E-03 0.854139E+oo 0+515625E-02-0.634810E-02 
0.625625E-02 0.934373E+00-0.127969E-02 0.9494B4Et00-0.237969E-02-0.134088E-01 
0.105594E-01 0.103397Et01-0.289531E-02 0.105206Et01-0.158344E-01-0.273729E- 01 
0.130500E-01 0.113150Et01-0.951562E-03 0+114592Et01-0.298359E-01-0.432294E-01 
0.176562E-01 0.123092Et01-0.882812E-03 0.121220Et01-0.483750E-01-0.660329E-01 
0.840000E-02 0.132875Et01-0.236250E-02 o.13~485Et01-0.591375E-q1-o.ao3007E -01 

o.2sooooE-02 o.138895E+o1 o.000000E+o1 o.000000E+o1-o.619375E-o1-o.a41s97f -- 01 
o.375000E-03 o.143920E+o1 o.000000E+o1. o.000000E+o1-o.615625E-o1-o.e36500E-01 
0.262500E-02 0.148049E+01 0.525000E-02 0+149205Et01~0.536875E-01-0.719305E-01 
0.937500E-02 0.153993Et01 0.117188E-02 0+154818Et01-0+431406E-01-0.556794E- 01 

AERA 1 LEVER ARM AREA 2 LEVER ARM . SUM FOR SUM MOMENTS 
0.178125E-01 0.189991Et00 0.296875E-02 0.253311£+00 0.207812E-01-0.413622E-02 
0.137500E-01 0.579731Et00 0+562500E-02 0.513147E+OO 0.40i562E~o1-o.149940E-01 
o.100000E-01 0.978704E+OO 0+187500E-02 0+912284E+oo o;520312E~01-0.264916E~o1 
o.387500E-02 o.12ao42E+o1 o.ooo-000E+o1 o.oooo-00E+o1 o.559062E-01-o.31453~E-01 
o.12soooE-03 o.153827E+o1 o.000000E+o1 o.000000E+o1 o.5s7a12E-01-o.312609E-01 
STOP 

to-' 
VI 
\0 

~ 
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APPENDIX XI 

CONVERSION OF RAW DATA TO INPUT FOR COMPUTER PROGRAM 

This conversion deals with data preparation pertaining to the 

curve of initial residual stresses in the tube shown in ~igure 3.28. 

I) Definition of areas of forces limited by the curve and the X axis. 

a) The curve of initial residual stresses obtained from measured 

strains in the tube with variable 4A and 4B, in Figure 3.28, has been -

drawn as follows: 

-The longitudinal residual stresses computed from measured strains 

for 11 holes with hole depth of 0.125", shown in Table 3.3 (column 4) 

divided by yield stress, give ratios of aL/ay (colµmn 6). 

-The position of each hole is located by the ratio d/r, r being the 

radius of the steel tube (r = 11") and d, the distance in inch of the 

hole · to the longitudinal weld, measured by cutting the tube with a 

plane passing by the weld and the tube center and flattening the 

cylinder on a plane parallel to the XY plane in Figure 4.8. 

-On a system of perpendicular axes, plot d/r on the abscissa, crL/cry 

on the ordinate. A polygonal line (see Figure A.11.1) forms the curve 

which represents the pattern of distribution of longitudinal residual 

stresses at each of the 11 holes drilled in the tube. 

-For obtaining a better curve which may reflect the continuity of the 

stresses present in the tube and give a closer value of the stress 

at any hole drilled. on the semi-circular section of the 11 holes, a 

continuous smooth. curved line was drawn, passing through the points 

of the above polygonal line (see Figure A.11.1). 
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b) Taking the moment of an area of forces about an axis, is to 

compute the product of the area limited by the curve and . the axis of 

abscissa and the lever arm, distance of the center of gravity of the 

area to the axis. As the above curve is not defined by an algebraic 

equation, the area limited by the curve and the axis of abscissa is 

calculated by a graphical me_thod by approximation. The curve is 

approximated by a polygonal line (different from the above) which 

follows the curve as closely as possible, that is, when curvature is 

high, the inscribed line comprises short straight lines. The areas 

limited by the inscribed polygonal line is thus divided into trapezoids 

and triangles of which the evaluation of area is simple. 

This principle is applied to the curve of residual stresses 

in Figure 3.28, and the polygonal line inscribed in the curve defines 

elementary areas of force_s, shown in Figure A.11. 2. As the points 

forming the trapezoids or triangles of forces are known by their 

coordinates, it is simple to calculate the areas of forces. 

II) Conversion of tube data to input for the computer program. 

a) Summation of forces. 

Tensions are represented by positive areas and compressions, 

by negative areas. 

The computer program defines the summation of forces by adding 

algebraically positive and negative areas. 

b) Summation of moments. 

It has been pointed out in paragraph 4.1.1 . that the sign of 

moments taken about the Z axis depends on the position of forces above 

or below the Z axis, therefore, the moment of forces is computed 
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separately for forces above the Z axis and for forces below this axis. 

Sample calculation. (See Figure A.11.3) 

A) For areas of forces below the Z axis, abscissa 1.S7. 

First trapezoid. (at right hand side of the bending axis) 

Abscissa of first side, x1 (new axis) = 0.0 

Abscissa of second side x2 = 1.96 - 1.S7 = 0.39 

Length of first side Y1 = 0.26 

Length of second side Y2 = 0.34 

Second trapezoid. 

Abscissa of first side, x2 = 0.39 

Abscissa of second side x3 = 2. 3S - 1. S 7 = 0. 7 8 

Length of first side, Y2 = 0.34 

Length of second side Y3 = 0.19 

Third traE_ezoid. 

Abscissa of first side, x3 = 0.78 

Abscissa of second side, x4 = 2.75 - 1.57 = 1.18 

Length of first side, Y
3 

= 0.19 

Length of second side, Y4 = 0.14 

Fourth trapezoid. 

Abscissa of first side, x
4 

= 1.18 

Abscissa of second side XS = 2.88 - 1.57 = 1.31 

Length of first side, Y
4 

= 0.14 

Length of second side, x
5 

= 0.12 

Fifth trapezoid. 

Abscissa of first side, XS = 1.31 

Abscissa of second side, x6 = 3.14 - 1.57 = 1.57 

164 
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Length of first side, Y5 = 0.12 

Length of second side, Y
6 

= 0.02 

In Appendix IX, the input will be read as follows: 

First reading. (Format statement #10) 

I • number of data = 6 for this case. 

J = number of set of data = 1 

R = radius of the tube = 11.0 (inches) 

T a thickness of the tube = 0.3125 (inches) 

(see Appendix IX B, line 38) 

Second reading. (Format statement 1120) 

X(N), by turns, equals 

x1 = o.o, x1 = o.34, x3 s o.78, x4 = 1.18, x
5 

- 1.31, x
6 

- 1.57 

(see Appendix IX B. lines 38 to 44) 

Third reading. (Format statement #40) 

Y(N), by turns, equals 

Y1 = 0.26, Y2 = o.34, Y3 = 0.19, Y4 = 0.14, Y
5 

- 0.12, Y
6 

- 0.02 

(see Appendix IX b, lines 45 to 50) 

B) For areas of forces above the Z axis. 
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The same approach will lead to the input presented in Appendix 

IX B, line 1 to line 37. 


