
A 0 A067 957 AIR FORCE MATERIALS LAS WRISHT.PATTERSON An OH F~ S Qfl I
UNCLASSIFIED AFPSrTR’77 50 

CALCIJ~ATOR SOLUTIONS TO COMPOSITE MAT E RIALS —— ET C I • ’

a _
.!RIit Tli __

__flE Y;

~

fl IN
ti _

_  

_



—.

AFML-TR-77-50 ~~~~~~~~

SR-52
- 

MAGNETIC CARD CALCULATOR SOLUTIONS TO
COMPOSITE MATERIALS WORKBO OK

MECHANICS AND SURFA CE INTERACTIONS BRANCH
>1. NONMETALLIC MA TERIALS DIVISION
0~C)
C)

/LaJ
JAN UARY 1979

D D C
C.3

TECHNICAL REPORT AFML-TR-77-50

Approved for public releue; dIstrthut~on unlimited.

• 1~
AiR FORCE MATERIALS LABORATORY
AIR FORCE WRIGHT AERONAUTICAL LABORATORIES
AIR FORCE SYSTEMS COMMAND
WRIGHT-PATfERSON AIR FORCE BASE, OHIO 45433

4 19 04 2 4  006



_ _ _
&.._ - .—.-- -

- —  - ‘ - ~~~ - ‘  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~

NOTICE

When Government drawings , specifications , or other data are used for
any purpose other than in connection with a definitely related Government
procurement operation, the United States Government thereby incurs no
responsibility nor any obligation whatsoever; and the fact that the govern-
ment may have formulated , furnished , or in any way supplied the said
drawings, specifications, or other data , is not to be regarded by implication
or otherwise as in any manner licensing the holder or any other person or
corporation, or conveying any rights or permission to manufacture, use,
or sell any patented invention that may in any way be related thereto.

This technical report has been reviewe4 and is approved for publication.
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FOREWORD

This report was prepared in the Mechanics and Surface Interactions

Branch (AFML/MBM) , Nonmetallic Materials Division, Air Force 1~,iaterials

Laboratory, Wright-Patterson AFB, Ohio. The work was performed under

the j oint support of Project No. 2419 “Nonmetallic Structural Materials, ”

Task No. 241903 “Composite Materials and Mechanics Technology, ” and

Project No. 2307 “Aerospace Sciences, ” Task No. 2307P1 “ Life Analysis

and Failure Mechanics in Engine and Airframe Structural Metals and Com-

posites. ” The time period covered by the effort was 1 January 1976 to

1 March 1977. Stephen W. Tsai (AFML/MBM) was the laboratory project

engineer.

Same numbers for equations and fi gures are used in this report as

those in the AFML-TR-78-33, “Composite Materials Workbook , ” in order to 4

facilitate cross referencing . Program card numbers are assigned the page

number on which the instructions for the program card appear.

The technical assistance from Texa s Instruments Incorporated during

the preparation of this report is gratefully acknowledged. Standard production

cards by Texa s Instruments relevant to this report and the Workbook are listed

in the Appendix . 
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TITLE: SI/ENGINEER ~NG CONVER SION . NO: 001

A’p~~~~gf/~~ 2. B’ 
~~~~~~~~~ lbf C J.~ cal - Dkgm~~4b/yd3 E’ms~

l_~f t/ sec

A MPa_;ksi - 

MNm~~~kip/in ~ N lbf - D kw 
~~ MPan~~ksi./~~

I NS T R U C T I O N S

O P E R A T I O N  S T E P  R E A D E N T E R  P R E S S  D I S P L A Y

SI’~~~~~~En 1 001 A&B 
—

—v.— £ ... - 2 Q.. o .  
- . kPa A

Set angidar  -- -
~~~~~ 

‘ 
- 

- - -  MPa- -- -~ A ksi
mode switch to 

~~~~ A io 6 psi
D—fdetree~~~~ - .•..—.- . . -  -—..-- 2 Pa .~~~~~ A’ kgf/m

• • .  •. . MPa A’ kgf/mrn
2

- ,  

A.., N . MNrn ’ B kip/in 
~~~~~~~~~~ -  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - .

~~~~~~~~~~~~~~~~~~~~~~ - . .

~~~~~~~ 

- —  .~~ NniT.._ AL . . kgf / m

B

~

M

~ 

T~~N C ’  lbf
• . _, . . -~ . . . .  .•~J - - ~~~~~~ - 4 .  - 

C • kip
- - 4.~~~~~~~~~~ • . .  . . .

~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~ _* - - -- ..~~~~~~~~~ • .  

—_-.-- . • — - -  N H A’ kgf
• - B’ - ft lbf

- 

Nm A’ kg f /m 

SF~~~~~~~ Eng - . 3 . 
~~~~~~

•, 

~ 
• — -psi---  A- . kPa

- - Set a n g u la r -—  A MPa
mod e swithh.~to ~~~~ - - -  - - -  - -

R (- radi4n) 
- 

10 psi; A CPa
- -  k~gf/m  A’ Pa 
— 4 - — .  - —-- —- -- -- .  -----~-- 2 - - --- . •

- - 

-1- 
- 

. 

- - - ~ g~~mm -— 
A’ MPa

fl -- ~~~~~~ - - .B ~~- 

~~fT~ T “A~ 
- Nm

- 

ibf 
•

~~ C 
- -  

N
- r ~~~~~~L • i~~~~~~’ 

— ~~~~~~~~~~~ - .r .
~ j .  . .  . • i p — • - . 

~~~~ kN

kg~ 
~~~~~. ~~~~~~~ • f t l b f ’ ~~~ B’ . rn

kgf m  A’ Nm

________  - ‘ ‘~~~~~



P R O G R A M  T I T L E :  SI/ENGINEERING CONVERSION NO: 001

P R O G R A M  L I S T I N G :

0cc 46 045 51 090 C’3 1:3 5 95
‘:‘oi ii 046 ~~ 091 07 13~ :31
002 42 047 01 092 06 137 46

oct 04~ ~3 o~ : ~s i:~ ~~004 00 049 03 094 2.1 139 59
‘305 51 :isi:~ 04 095 46 140 32’
006 ~:9 051 01 096 18 141 90
007 9:: 05 2 95 097 42 142 87
O0~ 01 c’s: :i c’~~ cc’ 14: 4:
009 04 054 46 099 oct 144 oct
oio c’s 055 15 icic’ 51 145 Oct
01 1 95 056 42 10 1 89 146 65
012 81 US? c’o 102 92 147 56
cii::: 46 058 00 103 02 148 46
014 12 ciS9 51 104 03 149 8?
015 42 060 :39 ic’s 0~: 150 43
016 cc 061 93 ic’ s 09 1S1 00
017 oct 06 2 09 107 95 152 00
cu E: 51 063 00 1OE: 81 1S2. 55
019 29 1354 09 109 46 154 56
020 05 ci ss ci 8 11 0 1 9
021 9:3 066 95 111 4 2
022 0? 067 81 11 2 00
023 0 1 068 46 113 00
024 95 069 . 16 114 51
025 8 1 070 4 2 115 39
ci 26 46 071 00 116 01
027 1:3 072 00 117 93
02:3 42 073 51 118 06
029 00 074 89 119 08
030 00 075 93 120 06
031 51 076 0 1 12 1 95
032 89 077 00 122 8 1
13 :3 2, 93 078 02 123 46
0:3 4 02 079 95 124 10
035 02 080 E:1 125 42
036 04 081 46 126 00
13 :17 08 0:3 2 17 127 00
038 95 083 42 128 51
0:39 81 084 00 129 89
040 46 085 00 1:3 0 03
041 14 086 5 1 131 93
042 42 087 89 132 02
04:3 00 088 93 133 08
044 00 089 07 1:3 4 0 1
045 51 090 03 135 95
‘ H

2

- -
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TITLE: VOID CONTENT 
. • NO: 003

A’ 
~ 

IB’ 
~~~ ‘ C’ 

~ 
0’

v I f

A p [B p C m 0 m p
f m £ m

00
__________ __________ 

R E G I  SIER 
_____________________

01 p 02 p 03 rn 04 m 05 p 06
f m f m V

07 V I 08 09 10f

II 12 13 14 15 16

17 18 
— 

19 - .

98 99
_________  _________ I N S T R U C T I O N S

O P E R A T I O N  S T E P  READ ENTER P R E S S  D I S P L A Y

Input Data 1 003 A&z B P1 A 
— 

P f
p B

• • • . • • . m

- • 
mf C mf

- - - m D m
rn m

- ; 
E p

Compute 2 - A’ v 
- — . -  • • .

~~~~~~~~~

. ._.- • . . • • .

• - . .-—-i----. — - B’ • 

I -

• ~~~ . 11.H • 
. 

C 

-

3

— — —- —
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PROGRAM TITLE:  VOID. CCNTENT NO: 003

FORMUL AS:
m maa s  fraction of f ibe r , matrix

f . m

p : dens i ty  of f ibe r , matrix
f . m

a. Void content

v = 1 - p (m
f
/p

f 
+ i - n p )

b. - 
Apparent fib:r volume f ract ion (v  = 0)

c.  True f ibe r  volume f rac t ion

V
f 

= ( 1  — v )v}

4
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P
- PROGRAM TITLE :  VOID CONTENT NO: 003

PROGRAM L I S T I N G :

cu cu ci 46 045 cii 090 52.
cic’ i 11 046 85 091 01
002 4 2 04? 43 092 75
003 1313 048 u:,: 139:3 43
clci4 01 049 04 094 00
005 :31 OSO ss 095 05
00,.:, 46 OS1 43 096 54
00? 12 052 00 ‘J97 65
008 42 05:3 02 095’ 4.3
009 00 054 54 099 c’o

- ci ii:’ 02 OSS 95 ioU 0?
011 81 056 42 101 95
012 46 05? 00 102 81
01:3 13 cuss os - - -

01 4 42 c’s 9 8 1
oi s 00 osc’ 46
016 03 06 1 17
0 17 81 062 01
OlE: 46 063 55
o 1 9 1 4 064 5:3
02 ci 42 065 01
021 00 066 8S
022 04 067 43
023 81 068 00
024 46 069 04
025 15 070 65
026 42 07 1 4:3
027 00 072’ 00
028 ~‘5 07:3 01
029 81 074 55
030 46 075 42
03 1 16 076 00
032 01 077 03
1333 75 078 SS 4

034 43 079 43
035 00 08 ci 00 - 

-

036 05 08 1 02
037 65 OE:2 54
038 53 082. 95
039 43 084 42
040 00 08S 00
04 1 03 086 07
O4~ 55 087 81
043 43 088 46
044 00 089 18 •

‘ 1

L

—

~~~~~ _:--,- ~~~~~~~~~~ 
-
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SAMPLE PROBLEM 003 VOID G.ONTENT NO: 003

1) I~~ut: O
f 

2 600 

iaO0--Kg-m~~

• .m f

2 )  hipqt 
___

_ tIL

ut~~ t v ~~~~7~~T

F

6
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TITLE: STRESS COMPONEN TS NO: 007
A’ B’ C’ 0’ E’

a
’

Ai .
~~~
. B ~~~~~i C 0 2 

D 06 E 8

( -o R E G I S T E R  -

01 02 03 04 05 (06

07 0.’l ., ~~ 
08 •a.

~~~ , 
~~ °6 ’ °

~~ 

- 

10 (01~~ 2 )h12

11 12 13 14 15 16
I R

17 18 19 .

• 98 99 6 I NSTR UC T I O N S

O P E R A T I O N  S T E P  R E A D  E N T ER P R E S S  D I S P L A Y

Input ~~~ . 1 007 A&B a , A’ a
1 1~~ RUN

RUN ‘
~~0•~:Compute 0 U

Invariants 2 A 6*
Input e . 3 Q(deg) B 01’

C 0 2
D

- E 6
Principal 4 6(deg)  B 0 1 1 

-

Stresses —
- ~.d 0 11 

_ _  D 0

Max Shear 5 8 + 450 B 0.
i ’ I

C 0.2 - I

D 0. t R

*Note: Dts p1ay~ -ill flas “0” when = 0 . 2  (See E . 30) .
Stabilize display with CE anc proceed ,cor putations ar not F
effected.

7I
ii 

_ _ _ __ _ _
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P R O G R A M  T I T L E :  STRESS COMPONENT S NO: 007

FORMULAS:  
-

TABLE 3 STRESS TRANSFORMATION RELATIONS -
~

I R - - %‘ +9
a 1 ços 2(0.6) 
a- ’ 1 .cos 2(a~o)

y 
- 

• . . • -

0~ o — sin  2(9. 6) - - ; — -—- -- -

- - -. -

i — 
X ~‘ (28) Figure 12 New coordinates x ’- y ’ in- 

2 : - terms of old coordinates
2 

— . . - x-y .  or given x -y and 0, find
f/ a- - a- • x ’-y ’. Arrow of rotation isI x  y l -  2 - (29) — 

R = 2 / + a• 
-— 

~~~~
— -

; poirttng up. I f O  is negative,
new coordina tes are

tan 2 6 = - - --.--— .  - -(3 0 -a - - a -x y . .- - - —- • - — . - .---.- - • • - -

6 = 5 + 90 if a- <a-  ; 6 = 6 If a- ~~~ a- - , ,1 x y 1 x y - - - . -

Both I and R a r e invariants , as shown in the Mohr ’s Circle, ~~‘ ~~ -

Special orientations: . • . -~~~~ - 

(1 )  When 9 6 , i .e . ,  Principal Directions  - 

-/ “ ~ —28
a- ’ , a ’ = maximum or minimum R ‘

~~ ~~~ 
I

0. t = 0  . . . .  

- 

- -

(2)  When 9 6 ~ IT/4 , i e , max shear I
or ienta t ion - 

- 

- - 

I ~~~~ I
a- ’ = a-’ = I 

- - -. - 

- ?T”x y -. - . - .  _ _ _ _  _ _ _ _ _  _ _ _ _ _ _ _

a- ’ = max, -R ‘ 0 -xy - 
I

Figure 1 3 Moh r ’s Circle Ii defined by -
- Invarlants I and R. Phase_
angle 6 is defined by a ape-

- cifi c combination of streiö • 
-~

component. a•
~

, a-~,, and —

A. reference coordinates -- -

change by 40, the rotation In
Mohr ’s Circle 1. 29. —

8

______________ 
‘I _I .

- 

-. ____
-;--- •

_ • • - —J .~~
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P R O C ~~AM T I T L E :  STRESS COMPONENTS NO: 007

PROGRAM L I S T I N G :

000 46 c145 85 090 09 1:3 5 01
001 16 046 43 09 1 09 136 06
002 42 047 00 092 81 137 95
00:3 00 048 09 093 46 138 42
004 ~‘? 049 40 094 12 139 00
005 81 050 95 095 75 140 08
006 42 051 30 096 43 141 81
007 00 052 42 097 09 142 46
008 08 053 01 098 09 143 14
009 81 054 06 099 95 144 43
010 42 055 4:3 100 65 145 00
011 00 056 00 101 02 146 00
012 09 057 09 102 95 147 32
013 81 058 55 103 42 148 94
014 46 059 43 104 00 149 65
015 11 060 01 105 00 150 4:3
016 4:3 061 00 106 43 151 01
01? 00 062 95 107 01 152 06
018 07 063 22 108 05 153 -95
019 85 064 34 109 85 154 42
020 43 065 55 110 4:3 .155 00
021 00 066 02 111 00 156 09
022 08 067 95 112 00 157 81
023 95 068 42 113 33 158 .46
024 55 069 09 114 65 159 15
025 02 070 09 115 43 -160 43
026 95 071 43 116 01 161 09
027 42 072 01 117 06 162 09
028 01 073 00 118 . 95 163 81
029 05 074 80 119 42 

- -

030 43 075 87 120 00
031 00 076 43 121 07
032 07 077 09 122-81
033 75 078 09 123 46
034 43 079 85 124.13
035 00 080 09 125 .43
036 08 081 00 126 01
037 95 082 95 127 05
038 55 083 42 128 75
039 02 084 09 129 43
040 95 085 09 130 00
041 42 086 81 131 00
042 01 087 46 132 33
043 00 088 87 133 65
044 40 089 43 134 43

9

- 
_______________
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SAMPLE PROBLEM: 007 STRESS CQMPONENT S NO: 007

1. Given . - 0.. 2 ( MPa)

- 
I = 1.5 

-~ R = -3.04 1 - - 6 = 49.731

- i iA.. &~30 :~~-15 ~L 6e1 5 6+30 614 5 .6-6=0
0.’ 1.5 3.021 4.134 4.541 4.134 3.021 1.5 1-x - - -

-
~~~~~ 

- 1r~~- t  --—~~oai- .1.134 1.54-i . 1. .l.34 — .0 21 1.5 2
Y -

3~ b4 1 2.~~34 1.52 1 
- 

0 -1.521 -2 .634 -3.041 3
xy : - - - .

-~~~~~~ 
_ i _  

~~~~~~
. —

~~~~~ - i --__ __  __

— 1

,Z., GIven - = -2 
- 

~kMPa 

1 =  ~~~ R =  -3 041 
- 

6 = -40 269

- —‘~~~~~~~ - 
~
- : - — 4

- ~~~~~~~~~~~ ~~4 —  ~~~~~~~ 6 15  . l 5 8+15 6+30 --6 145 6.6=0

q ’ .02 1 1.1~ 4 1.54 1 ~.1 34 .021 — 1 . 5  -1 
— :  - -

~~~~~~
—

~~~~~ 
— --“--.. -

~~
- - -- 

- 
- i4~~ - -3-.O2i. t.1.$. 4.54.1 -4.~134 -.3.02 1 -U. 5 -2

Y I I  I I - I 
— -

~~~ T~041 2 634 1.52 1 • 0 ~~
• - 17S2 1 -2:634 .3~041 - -

_ _  i_ -~~~~~~~~~ -. - -~~~- - ~~~~~ 
- :

10
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TITLE: STR AIN COMPONENTS NO: 0 11

A’ B’ C’ D’ E’

~~ niti::ize ~B 
~i ’ ~C 

~~~~ k e6 ’ ~E 6

00 2( 0-8)  
_ _ _ _ _ _ _ _ _  

R E G I S T E R  
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

__________ __________ __________ __________ 

05 I (06 B

___________ ___________ ___________ 

(e 1-e 2 ) 12

11 12 13 14 15 (16 
1

~~~~~~~~ 

9:

€ 2 ’

~~

€ 2 
19 € , e 6

6 INS T R U CT I ONS

OP E R AT ION S TE P R E AD EN T ER P R E S S  D I S P L A Y

Input e. 1 OU A&B e A’ e1 €~ RUN 1 e2
RUNCompute I s 6

Invariante - 
2 A

Input 0 - 3 . 8(deg) B e 1’

Recall 3’ C e2 ’

D e6
’

- E 6
Principal Strai~ 4 8 (deg) 

- B

- -  - 
C e11

- - - D 0

Max S~-iear 
- 

5 
- 

6 + 4 5 0 B

- - 
C e~ ’ = I

- -  - — - -- D e . ’ = Z R

*Note: Display viii h a  b “0” when 
~~

= e
~

, (See E . 44) . Stab lize display 
- - with CE m d  pri :eed,compui tion. are n effected. 1-
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P R 0 G R AM I I TIE: STRAIN COMPONENTS NO: 011

FORM ULAS:
OnIy the shear compon ent Is the difference between the strain and stress transformation

relations , i.e., - - - —

- 
TABLE 7 STRAIN TRANSFORMAT ION RELATIONS

- .L~~ . ±  . - -

- - s’  1 - cos 2(9- 6) -

x

- e’ 1 - -cos 2(9- 6)
— --—‘P - - - - - - - .  - - .  .

0 - 

~-2sin 2(9- 6) 

- 

- 

-

_
_

_R 4 J f r’
Y~

2

+ (~Lf (43)

tan 2~ = . 
Xy - _

~~
_ 

(44 
- 

-

- 

~~~~x ‘y ~ 1~~Flg~ire 21 Positive and negative rotations for
- . ——- -- -- -  - --- 

- 

~~
-- -— -

~~ 
lt ranslorm at ion.

~~~~~~~~~~~~~~ 
_ ii. ex >c y ,  --

5 61+90 if e~~< s~

I I

Figure 22 Mohr ’s Circle representati on of strain transformation. Only the one-half factor
~~ ~~~r the shear strain is the differe nce between the strain representation and that

--.-tos .tr .ss. .~~~~ . , . .

12
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PROGRAM TITLE :  STRAIN C O M PO N E N T S  NO: OH

PROGRAM L I S T I N G :

000 4€- 045 ‘~‘8 090 ‘:‘ci 1:3 5 C O
001 16 046 95 091 95 1.3 6 C’S
002 42 047’ 55 092 42 1.3 7’ 75
tic’: Ui 04E 112 o~ : ~~ 

1_ : 4:
004 07 049 95 094 IJE: 1 :3’~ tic’
‘305 81 USC’ 42 095 81 140 0’~’
006 42 051 01 C196 46 141 3:3
007 01 C’ 52 00 097 87 142 65
OO E o~ c~s: 40 o~~ 4: 14 4:
009 81 054 85 099 09 144 00
010 42 055 43 100 08 145 06
Oil Ui 056 ‘31 113 1 E:i 146 95
012 09 05? 09 102 46 147’ 42
01.3 81 058 40 10:3 12 148 Cii
014 46 059 95 104 75 149 03
01 5 11 060 30 105 43 150 81
016 4:3 061 42 106 C19 151 46
017 01 062’ 00 113 7 08 152 14
0 18 08 0~,:3 06 108 95 153 43
019 85 064 43 109 65 154 00
020 43 065 01 110 02 155 00
021 01 066 09 111 95 156 :3 2
022 07 067 55 -112 ’ 42 157 94
023 95 068 43 11:3 00 158 6S
024 55 069 01 114 00 159 02
025 02 070 ci’:’ u s  4:3 160 65
026 95 071 95 116 00 161 4.3
027 42 072 22 117 05 162 00
028 00 073 :34 118 ~5 ~63 06
029 05 074 55 119 43 164 95
030 43 075 02 120 00 165 42
031 01 076 95 - 121 00 1E.6 01
032 09 07? 42 122 33 167 09
033 55 078 09 123 65 168 81
034 02 079 08 124 42 . 169 46
035 95 080 43 125 00 170 15
036 42 081 01 126 06 171 43
037 01 082 00 127 95 172 09
038 09 083 80 128 42 17:3 08
039 43 084 8? -129 01 174 81
040 01 085 43 130 07
041 07 086 09 1:3 1 81
042 75 087 08 132 46
043 43 088 85 133 13
944 01 089 134 43

13

0’

— — - 

- 
- 

- -
~
-- -‘. .

~~~~~-
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SAM~’LE PROBLEM: 011 STAIN COMPONENTS NO: 011

- 1 . 

3
1. Given e , = 2 (mm/rn or LO gm/rn)- . t  ‘ 3

I = 1.5 B —1.581 6 54 .217

6-45 6- 30 6-15 6 6+15 6+30 6+45 6-6=0

~ 
1 . 5 .  2 . 291 2.869 3.08.1. 2.869 2.291 1.5 1 

-

€~~~: 1.; -5 - -7~ 9 --~434 -~ -~ 8~-- - ~l31 - -.Th9 1.5- 2
- -

& 
- 

3. 1E~ �. ‘73~~ 1.~5 ~ -1.581 -2 .739 -3. 162 3
X~~~~-~~~~~~~- 4 - . i .~~~.- 

~~~~~ i’~’en 
~~~~~

I~~~ ~ 1 51 J -~~~~~ 
_ -L5~T - 

6 ~~35 78~

~ 

6-4~~~ 
-- ‘&-3~ ~-13 F1 6+15 ~6+3O ~+45 6-6= 0

e ’ - 1 5 5Q - ~~~ 70~~ - .131 .0 .131 - .709 - 1.50 - l

-c ’ - - - 1--.50 - -2i-291- ~-2. -869 . 3.084- -2.869 -2.29 1 - 1.50 -2 — 

~~ 16 ~~1W L 5~~i ~ .1.581 -2 .7 3 9-3 . 162 -3
- -

__ __ _ _ __ _
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TITLE: STR AIN ROSETTES NO: 0 15

A’ B’ C’ 0’ E’

A 
e . 

B e • 
c Initialize D E Solve 3x3

1 1 
-~~~~~

Q~ 2cos A _ REG I STER 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

01 2 02 03 - 04 05 2 [06 2
~~ fl A ainAcosA c-

A z cos B sin B

07 08 09 10 2
sinBcosB CB COS C

~~ sin2
C 

1
~~inCcosC 13 

e
~~ 

14 eA 
15 eB I e

~~ 1
17 18 19

98 99 
- -

_ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  
I NS T R U C T I  O N S

O P E R A T I O N  S T E P  R E A D  E NTE R P R E SS D I S P LAY

Compute Coeff 1 015 A & B  C

Input Angles 2 Q~~(deg) A

O B(deg) RUN

9
~~

(deg) RUN 0C
Input Strains 3 eA B eA -

eB RUN 
~B H

RUN - e~~
Solve 3 x 3 4 MA 1-05 E ex S

RUN - €
- y

- RUN exy

15

-‘I
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P R O G R A M  T I T L E :  STRAIN ROSETTES. NO: 0 15

FORMULAS:

B
a. Three-Element Rosettes 

—

$ince there are 3 strain components at each
point . 3-element rosettes are in general 4

- - 3 elei ent: :~: U~ t~~~~~
o m n

d~;fe ~:~ z~5 ~- from some reference coordinates, each rosette
must satisf y the first  equation in Eq. 45. i .e.  _______________________
- -  s~ cos~

A)e
~~~ sIn 

2A) e~~+ (sin A cos ATs~~ Figure 25 Strain rosette orienta-
: 

- -  tion with posi tive 
-- 2 - - 

- 2 -- - --i- - . - angles. If an ang le is
- = .(cos B)e + ( stn  A)e + ( si n  B cos B)e (45) -B x - . - - y - - xy . .  - . negative , it shall be so

- - 

- 
entered li-ito Equation

2 - - 

- 

- ande = (cos C)e +(sin C)e +(siu C cos C)er~~~~~C 
- - -~  

~~~~

- - - - - -- - --- - - 

~~. - -—— - — . — -.— - —-—— — - — — - -  I _
~~~ 

-

- - 4 -  I - - _ -. - - L  4 
In matrix form I .

- [2 A 

- 

.iLn~A - sin k cos A 
~

- 

cos
2
B 

- 

•~n
2
B 

-
~~~ 

— 
sin B cos. B = (4 6)

- - -[,coII C- - sin -2C sin—C. cos C - -

16

_____ — - ‘- ~‘I—
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P R O G R A M  T I T L E :  STRAIN ROSETTES NO:  015

P ROGRAM L I S T I N G :

Cl O t! 46 04S C! 1 C190 06
001 ii 046 4:3 091 33
00 2 42’ 04? 01 092 40
003 01 048 04 :93 42
‘304 C14 ‘349 :33 094 01
005 81 O SO 65 09 5 00
C E  4 2 05 i 42- 096 43
013 7 0 1 052 Cii 097 01
008 05 053 04 098 06
009 8 i 054 2.2 099 :32
010 42’ ‘:‘ss 9s .100 40
0 11 ‘3 1 ‘356 42 1 0 1 42
012 06 057 00 102 01
‘313 E:1 058 02 103 01
0 i 4  46 059 43 104 43
‘3 1 5 1 2 060 Cii 1 05 01
016 4 2 061 05 106 06
017 00 062 :3 :3 107 33
0 18 03 063 40 113 8 LS
Ui9 81 064 4 2 i’J9 43
020 42 065 00 1 10 01
021 00 066 05 11 1 06
022 08 067 43 112 32
02:3 81 .068 01 11:3 9S
024 42 069 05 114 42
025 01 070 32 115 01
026 02 071 40 116 02
027 81 072’ 42 ii? 81
028 46 07:3 00 - -

029 13 074 06
030 4:3 07’ S 43
0:3 1 0 1 076 0 1
032 04 077 05
03:3 33 078 33
034 40 079 65
035 42 080 43 r
0:36 00 081 0 1
0:37 00 082 05
0:38 43 083 32
039 01 084 95
040 04 08S 42
041 32 086 00 ~‘ 1

04 2 4 0 087 07
043 42 088 43
044 00 089 01

17

— 
___  

~~~~-



SAMPLE PROBLEM: 015 STRAIN ROSETTES NO: 015

1) Given A=0 , B= 60° , C= - 6 0 °  and 
~A’ L

B S 
~~ 

= 10 , -3 , -3

Find Poisson ’ s ratio along a-axis

c = 1 0x
( -7 .333
y 12

C = -4 . 6 18x10 ~‘ 0
xy -

LI , = • 73~
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TITLE: STR ESS STR AIN RELATION NO: 019

A’ B’ C’ D’
13 ________

A 0. - 
B €~~ C e

~~ 
D 

~6 E

00
R E G I S T E R  

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

01 S11 
02 S22 03 s~~~ 04 S66 

— 

05 S16 106 s26

07
~~ 

08 02 
09 06 

10

11 12 13 
- 

14 15 116

17 e 1 
18 e~~ 

19 e6
98 99
-_ _ _ _ _ _ _ _  -_ _ _ _ _ _ _ _  

I N S T R U C T I O N S

O P E R A T I  ON STE P R E A D  ENTER P R E S S  D I S P L A Y

Input S.. 1 019 A&B S A’ S
13 11 11

S22 RUN S
22

~ l2 RUN 
~ 12

S66 RUN 
~66

~ 16 
RUN 

~ 16

~26 RU N  S26
Inputa .  2 A a’1

a RUN a 2
0.6 

RUN 0.
6

Strains 3 B € 1
C e2
D e6

Transf. Strains 4 0 11 A&B A

8 (d eg) B e
~

’

C 
~2

D 
~6 ’

19
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P R O G R A M  T I T L E :  STRESS-STRAIN RELATION NO: 019

FORM U LAS :

51.IT . S
11

a 1+ S12
O

2
+ S16a

6 -

S~J
G S

21o 1 + S2j r2 + 5 26 u-
6 (49)

~~~~ =

€
1 

•

~11 ~ l2  
- 

~Zl ~ 22 .. .~~~Z6 - 
(52)

- ~6  ~6l 
- .~S62 L . .  

~66J -

% :
18 symmetr ic , i . e. ,  S~ ~~~ or 

~~~ 
S21, S~6 = S615 ~26 

= S62

L

:
4

20
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PROGRAM TITLE: STRESS-STRAIN RELATION NO:  019
- 

PROGRAM L I S T I N G :

1300 4 6 04 5 65 090 06
001 16 ‘346 4:3 09 1 65
00 2 42’ 047 ‘JO 092 4:3

37 09:3
01 049 85 094 09

005 81 050 43 09 5 95
006 42’ 051 00 096 42
007 013 052 03 097 01
008 02’ 05:3 65 098 08
009 ~3i 0S4 4:3 099 81
010 42 OSS Ut ’ 100 46
Ci ii ‘30 056 08 101 14
012 0:3 057 85 102’ 43
01:3 81 ‘358 4:3 1CI :3 Ci i)
014 42 059 00 104 US
015 013 060 05 105 65
‘316 C’4 Ci61 65 106 43
0 17 8 1 06 2 43 107 00
018 42 t163 00 108 07
0 19 00 064 09 109 85
020 05 065 95 i i  0 43
021 81 066 4 2 111 00
02’2’ 42’ 067 01 112’ 06
02:3 0,3 068 07 11:3 E.5
024 06 069 ~:i 114 43
025 8 1 070 46 11 5 00
C’26 46 071 13 116 08
027 11 072 42. 117 85
028 42’ 073 013 116’ 43
029 00 074 02. 119 tic,
030 07 075 65 120 04

ol O7t 4C ii  t~~
Li -:, 4 U i- U LI 1 .~ . 4 .:~
033 00 078 07 123 00
0:34 08 079 85 124 09
035 81 080 42 125 95
‘336 42 081 Ut’ 126 42’
i3 :37 00 082’ 02 127 01
036’ 09 082. 65 128 09
039 81 084 43 129 81
040 46 085 00
041 12 086 08
042 42. 087 85 — -

043 00 088 43 - -

044 01 089 00 ~~ - -

S - 1
2 1

__________________________________________________ -
- — - $_--__~~~

__
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SAMPLE PROBLEM: 019 STRESS-STRAIN RELATION NO: 019

1. Given:

- — (400k ~.40 ~
a. ~~60~ (MPa) ~.06 ~ (TPa)

~ 15) - ~.015,

-- 5249 - - ° 1
S... = I-’ ,.~ 79 97~0~7$ 0 ( TPa )

. 1 13-9. 4700]
( for T-300/5208)

(2. 1171’~
C. - =~~~5.2064} ( m m /rn )
‘
~ U.092-1)

2. Given:

(.0l~
= ‘~.02~ ( TPa )

~~~ (T~~a.L ..fQx T-3;Q0/54.Q$

- - ‘. .0243

4. 1841

22

______ —
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TITLE: STR AIN-STRESS RELATION NO: 023

A’ B’ C’ 0
1J

B ~ C a D ~ E
1 2 6

00
_________ _ _ _ _ _ _ _ _ _  

REG I  STER 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

01 02 03 - 04 05 106

07 0 08 09 10

11 12 13 
~ 

14 
~ 

15 
~ ~16 

~~6 
1

17 e~ 
18 e

~~ 
19 e6

98 99
_ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  

INS T R UC T IONS

OPERAT I ON STE P READ ENT E R P R E S S  D I S P L A Y

Input Q.. 1 023 - A&B 0 A’ Q
13 11 11

RUN

012 RUN

~ 66 
- RUN

RUN
- RUN

Input e. 2 A - e
1

- e2 RUN e
2

- 
RUN F

Stresses 3 B
-- - - 

C

D a’6
Tr ane f. St re ese I 4 011 A&B - 

- 
A 8*

0 (deg)  B a
~

’

- 
- 

- - C 02
D a’ ’

_ _ _ _ _ _  ___ - . _ _ _ _ _  
- 6

23

t~j
- 

- - 
. -
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PROGRAM TITLE :  STRAIN-$ThES$~R~~LATION NO: 023

F O R M U L A S :

o- , - - - = - Q~~e . ( 50)

-

= = 

I~~~~~
1
e

~~~ ~~~~~~~~~~~

—~ 2~ 
QZ~

SI
_ Q

Z~
€
~±QZZ.Z + Q Z~ e6 -

. 

(51)

= — 061e. .=_ . Q
61 € 1+ Q 62€2 + Q 66~6 -

I 

, ~ Q12 ~~ 16

Q22 .  .
~~~ 

- 

- (53)

~ 6i ~ 6z ‘6

Q i e  also symmetric , i.e., ~~~~~~~~ â r0 12 = ~~~~~~~~~~~~~~ Q261 = Q
6~

24

- 

- 
-
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PROGRAM TITLE:  STRAIN-STRESSRELATION NO: 023

PR OGRAM LIS T ING:  
-

000 46 045 65 090 06
001 16 046 43 091 65
002’ 42 047 01 092 43
OC’ :3 01 048 07 093 0 1
004 01 049 85 094 09
UC’ S 81 USC’ 43 095 95
006 42’ C’S 1 Cli 096 42
0C17 Ui 052 0:3 097 O’J
008 02 052. 65 098 08
009 81 054 43 099 81
010 42 055 01 iiJU 4~0 11 Ci i 056 08 1 0 1 1 4
012 03 057 :35 102 43
01:3 8 1 058 43 103 01
014 42 059 01 104 05
015 Cii 060 05 105 65
OlE. 04 061 65 106 42
017 8 1 062’ 43 107 01
018 42 06:3 01 108 07
0 19 01 064 09 109 85
020 05 065 95 110 43
021 :31 066 42 111 01
022’ 42 067 00 112 06
023 01 068 07 113 65
024 06 069 81 1 14 4 :3
025 8 1 070 46 115 0 1
026 46 071 13 116 08
027 ii 072 43 117 85
028 42 073 01 118 43
029 01 074 03 119 01
0:30 07 075 65 120 04
031 81 076 43 121 65
032 42 077 01 122 43 —

03:3 01 078 0? 123 01
02.4 08 079 85 124 09
0:35 81 080 43 125 95
036 42 081 01 126 42
037 01 082 02 127 00
038 09 083 6S 128 09
039 81 084 43 129 81
040 46 085 01 -~_ L -  

~~
- —- --

041 12 086 08 - -

042 43 087 8.5
043 01 088 43
044 01 089 01

. ~~~4 .

2 5

- 
~~~~~~~~~~~~~~~~~~~ _4.-_---------, 

— .—~
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SAMPLE PROBLEM: 023 STRAIN-STRESS RELATIONS NO: 023

1-. Given -r 2.1171
e. = ‘5.2064 mm/rn

2.0921 J
- 1181.811 - 

2.~~97 0 1
0.. = 2.897 10. 346 0 (CPa)

~ 
0 - - - 7. 170J

(*or T- 300/5208)
- - -  ~.

_ : :

- -  - . -

~~

- — 60 
~~~~~

. (MPa)
4 (

~ i s)

- - ,-  - - -~~- -- --~~~- -~~~~~~ - - -

2. Gi’~ren . — - 1 ‘°-~~~~~-~~ -

• 
e . t 1.9Z6.3

~~~
. 

-- 

-mm/rn

- j,,,
4.1841 )

A (GP a) (for T-~ 00/5208)

— -~~— .  . 

‘Pa

LL~~ 

L 

26
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TITLE: MODULUS TO COMPLIANCE NO: 027

A’ 
~ 

B’ C’ D’
13

A IQI B C D E
—/

00
_________  _________  

...RE$I ST E R 
____________________

01 
~ 

02 
~ 

03 s 04 
~ 

05 
~ 

06 s11 22 12 66 16 26

07 08 09 10

11 12 13 14 
~66 

15 J16 
~26

17 18 19

98 99
_ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  

I N S T R U C T IONS

O P E R A T I O N  S TE P READ ENTER P R E S S  D I S P L A Y

Input Q.. 1 027 A&B Q A’ Q
ii 11 11

~~22 RUN 
~~22

RUN 
~~12

~ 66 RUN 
~ 66

~~16 RUN 
~~16

~ 26 RUN 
~ 26

Compute S~. 2 - A S26
RCL O1 S ‘

RCL O2

RCL O3 S
12

RCL 04 S66
- RCL OS 

~ 16
- - 

- 

RCL O6 S26

27

- ~~~~~ -‘ ~
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P R O G R A M  TITLE:  MODULUS TO COMPLIANCE NO: 027

F O R MU L A S :

In-Plane Modulus and Compliance

N1 A 11 
A 12 A 16

N2 = 
- 

A2 1 A22 A26 Or N. = A .. ( 203)

- 

~
‘
~6 A61 - A62 A 66 

-

- 
Let Compliance = = 1A

1J1
1 or = (204)

- 

a 11 a32 a 16 
N1

- 

= a2 1 a22 a~~ N2 
or - e~~ = ~~. N (205)

- 

a 61 
a

62 
a

66 N6

where 
-

- 

- 

= ‘(A 22 A66-A~ 6) .  
-- 

a22 =

- 

!(A 6A26 A 2A 66), a 66 
!(A 1A22

..A 2
2 ) (206)

~ i6 = !( A A A A )  = !
J2

A~~6 
A 26 )

- 
jAzi A22 A26

- -- 

- . . .  A 61 A62 A66

1~-P1ane Engineerin g Constants; -

. _  
‘ E2 2 i ~~~a 

•-:
~~

-

~~~

=
-
-

~~~~~ 

10
zi -:-

~:~~‘ ~~~~~~~~~~ ~2O7)

28
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P R O G R A M  T I T L E :  MODULUS TO COMPLIANCE NO:  027

P R O G R A M  L I S T I N G :

Ci ’30 4 6 045 Cii 090 Ci4 135 01 180 01
001 it 04t cit o~~i 75 1:t 0: i~~i 05
002 4 _  047 ‘— a; o~~: 4~ 1:7 4C’ i~~: tS
CI L’ 01 04 E 4? o~~: ‘ii i:~ ~s 1 4:
004 0 1 049 01 094 ‘36 139 55 1:34 01
0’ ’S - 1 050 05 0~ 5 4L1 l4C i 4 1~~5 02
O ut 4.. 051 tS Ci~ t ~5 141 01 lE t  ~~0U7 Cii oS: cC U~ 7 55 142 o i l  1:7’ 55
L’OE o~~: 7’s ~~~~ 4~ 14: ~5 l E E  4~t’o~ E l  ‘354 4 : O~~ 01 144 4~ 1 E ’  131
Ci ii, 4, 05 5 Cli 10’) ‘30 145 0’) 1 ~O 00
Ciii 01 056 05 101 95 146 04 191 95
0 12 ii :3 057 40 102 4 2 147 43 19 2 42
‘31: E l  O SE tS 10: 00 14E cii 1< 00
014 4 2’ 059 43 104 Cii 149 C’S 194 C’S
C’ lS C’l 06’) 01 105 4:3 15’) 6 5 195 4:3
Cii ‘- Li 4 CI I- 1 C’:. 1 C’ E Cii 1 5 1 4 - 1 -~ C’ 1
017 :11 062 75 107 Cii 152’ 01 197 02.
‘31 4.. OE: 4: b E  eS is: 0E i~~E eS
1319 Cli iJ64 01 113 9 4:3 154 75 199 4:3
o:ti 05 OtS 0: i lo 01 155 4~ 200 ‘31
021 81 066 4C’ lii 04 156 01 201 05
02 2 4 2 067 E S 11 2 75 157 03 202 75 - -

0:.~ Ci i o~~ 4: ii: ~: 15~ ~5 :0: 4
024 Ci6 069 Cii 114 01 159 43 204 Cii
‘325 E l  070 C’4 115 05 lEO 01 05 Cli
‘326 46 07’ l 75 116 40 i61 04 206 65
027 11 Ci7 2 4:3 117 95 162 95 207 42.
UZ~ 4: 07 01 l iE  55 it: ss :. ij E ~ji029 Cli 074 06 119 43 164 43 209 06
02.0 01 07’S 40 120 Cli 165 Cli 210 95 • 

-

‘33 1 65 076 65 121 00 166 00 211 55
032 43 077 4:3 12 2 95 16 7 95 212 43
03:3 01 076’ 01 123 42 168 42 213 Ui
034 02 079 01 124 Ut’ 169 00 214 00 -

‘

03 5 65 080 95 125 02 170 ‘3 2. 215 95
036 4:3 081 42 126 43 171 42 216 42
037 01 082 01 127 01 172’ 01 217 00
0:18 04 083 00 128 01 17:3 Ci3 218 06
0:19 85 084 43 129 65 174 65 219 81
040 43 085 01 130 43 175 43
041 01 086 02 1:3 1 01 176 01
042 03 08? 65 132 02 177 06
043 65 088 43 133 75 178 75
044 42 089 01 134 43 179 43



_ _
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SAMPLE PROBLEM: 027 MODULUS TO COMPLIANCE NO: 027

I18~~
8 h h 1  2 .8969 0 

..
~~

0.. = I 2 .8969 10. 3462 0 J (MPa)
‘-3 I

L 0 0 7.1700

15.5249 -1 .5469 0 1
S.. - 1-4.5469 97.0870 - 0 ( (TPa) 1

‘-i ILb - 0 139 .4700

~
-.

4

30

- —— -- - —__— _ ,

~~~~~~~~~~.—.---- - — ~~~~~~~~~~~ 
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TITLE: COMPLIANCE TO MODULUS NO: 031

A’ s B’ C’ D’ E’
13

A 181 B C D £

00
_________  _________  

R EGI  STER 
____________________

01 
~~ 

02 s
22 

03 s12 
04 S66 

05 s
16 j06 s26 J

07 08 09 10 1st
14 

~ 
15 

~~16 f 16 
~ 1

98 99
- I N S T R U C T I O N S

O P E R A T I O N  STE P R E A D  ENTER P R E S S  D I S P L A Y

Input S.. 1 031 A& B S11 A’ S11

~22 RUN 
~12

S12 RUN S12

~66 R U N  S66

~16 RUN 
~16

S26 RUN 
~z6

Compute Q~. 2 A O i l
RC L 1 1  Q

11
RCL 12 Q~ 2
RCL 13 

~~12
RCL 14 

~ 66 v
RCL 15 Q

RCL 16 
~ z6

31



PROGRAM TITLE:  COMP~~IAN&~~ 1O MODULUS NO :  031

PROGRAM L I S T I N G :

ClO D 45 C’45 dO Ci90 Ci2 135 ‘ ‘ O 1 :3 i3 0-3
001 i~ C’4t Cit U~~i 75 Ft CL iE l  75
002 42 Ci47 65 09 2’ 43 137 65 162 4:3
00: 00 04~ 4 : o~~: Li,:, 1:: 4~ 

l: oo
C1L,4 Cli O4~ 

ci ,j O~ 4 iJ _ 1_  00 1:4 Cii
00 5 :11 t’5C’ C’S Ci95 4Ci 14C’ 04 185 65
u ‘J ~ 4 051 ~ ~ 0 ~ ~ 5 14 1 ~ 5 1 - ~ 4:
007 Lu) ui~~ 0 1 7 55 14:. 55 1:7 dC,
OLi~ ci: os 75 0~ 4 14: 4 1 E  Ll6
009 81 054 43 099 C l  144 01 189 95
01 Ci 42’ 055 tic, 1 l)~J tic, i ~s ‘JO 190 55
011 00 056 05 101 95 144 95 191 42 .
01 2 0:1 057 40 102 42 147 42’ 192 Cii
Cii E l  05: t5  10 01 i4 E ‘31 i~~ 00
014 42 059 43 104 04 149 0:3 194 95
015 CiO OtCl dC’ 1C15 4 : 1~~O 4 i~~ 4:.
lJlt 04 tit i 02 lOt Ot’ iSi tb 1~~t Cli
01 7 :31 062 75 107 01 152 03 197 06
018 42 063 4:3 10:3 ss 15:3 65 198 43
0 19 00 064 ‘30 1C’ 9 4:3 154 43 199 00
0:0 C’S 0t 5 03 110 00 155 cIO ~oci 0:
021 81 066 40 111 04 156 06 2’Cil 65
022 42 067 65 112 75 157 75 202 43
O~~_ tic, O t E  43 11: 4C 15: 4~ :0: ce r’

0:4 Ot Ot Cu) 114 CiU i5 013 ti4 04
025 81 070 04 11 5 C’S 1 Ed’ ‘35 2135 75
CL~ 4t 071 7~ ii’- 40 i~~i tS :.Ot 4~O 7  ii 07’: 4 117 15 lt:. 4 _ ~Ci7 co

4: U7~ ‘3d’ 112 55 i~ 00 C’E Ot
029 00 074 06 119 43 154 02 209 40
030 01 075 40 1:. 0 01 i tS ~ 5 2 10 5
‘3 :3 1 65 ‘376 65 121 00 156 55 211 55
032 4:3 ‘377 43 122 95 167 43 21 2 43
o~~ t’o t~~ 00 i~~ 42 1E~ Cli .i Lii
034 02 079 01 124 t li 169 00 214 Cl’)
025 65 ‘JE O 5 i~~ 0: 170 ~~ 1~ 5
02.6 42 . 081 4 2 126 4:1 171 42 216 42
0:3 7 f’d’ 0:32 01 127 00 172 Cli 217 01
0:3 ::: 04 083 UC 128 05 173 05 21:3 01
o:~ E~ 0~ 4 4 ; i:.:1 e5 l ’4  4? :1:1 ~iO4C i 4:3 tl85 00 i:3t’ 43 175 013
041 00 086 0 1 1:11 00 17’ S 05 t
C’42’ 0:3 087 65 132 06 17? 65
04:3 65 088 43 133 75 178 43
044 43 089 00 134 43 179 00

I I -

——  ---—‘ — ~~._._ ____ • __ ____ J —— —  —
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TITLE: INVAR IANTS OF ELASTICITY NO: 033

A’ B’ C’ D’

A . . .  B C 0 EIn it i alt z e

0 0 i
m 

_ _ _ _ _ _ _ _  

R E G I S T E R  
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

01 02 ‘20 03 R10 04 R
20 

05 Q11 ~06 
~~~

07 08 09 10 C

___________ 

IZS 
___________ 

14 R2S 15 012 116 ~12

9 8E  9 9 E
L 

— 

T I N S T R U C T I O N S

O P E R A T I O N  STEP R E A D  EN TER P R E S S  D I S P L A Y

Input Engineeri g 1 E
L 

STO 98 E
L

Constants E T STO 99 E T
VLT STO O9 11LT
GLT STO 10 GLT

Compute 2 033 A&B A R 25
invaria nts

- R C L 1 1  
- 

1is
R C L 12  1ZS

- R C L 13  R 15
RCL i4

R C L O 1  ‘lQ
RCL O2 ‘ZQ - •

R C L O 3  
- 

R1Q
R C L O 4  R 20

— — — 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

— — - —
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P R O G R A M  T I  T I E :  INVARIANTS OF ELASTICITY NO: 033

FORM ULAS:

TABLE 10 COMPLIANCE AND MODULUS IN TERMS OF ELASTIC SYMMETRIES

Symmet ry Comp liance Matrix S~ . Modulus Matrix Q . .

(No Ind ep. Con st) (TPa )~~~ (MPa)

Anisotropic •

~~11 
S
16 ~ 12

Generall y ~ Z lOrthotropic 
~
.i—. 

~26 ~~21 ~ 2z

- 

—- 

- 

S
61 

S
62 C

12 
~~61 °66j

- - - i 
V
LT 

. 
-

- ~~~

- --~~~~~~~ 0 mE
L 

V
TL

mE
L 

0

Specially
Orthotropic V

TL 
- ( 4)  

-- - ET - ET . - ~LT
mET mE

T 0

- 

- - - - 

1 0 0 G0 - - 0 C 
LT

LT

I~ = -
~~ (Q 1~ + + 2Q

12
) 

- - - 

( 8 9) -

- l_ V
LT

V
T!

- 12 + - + 
~
I
~
�66) (90)

- 

R 1 = ~ .4 (-Q 11 +Q 22)
2 (91 ) ~~~~~~~ 

~~~~

= - 2Q
12

- 4 Q ) Z 
- 

(92) -

= ~ (S 11 + + 2S
12

) (81)

• = -~ (S11 + S22 - 2S~2 + S,6 ) (82)

= 
~~ 

4 _
~ + 5 )  (83)

R2 = j + S22 2S
3z~~~~S66) 2 (84) 

I t



—
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PRO GRAM TIT LE:  INVARIANTS OF ELASTICITY NO: 033

PROGRA M L I S T I N G :

dIOC, 46 di45 42 iJ9di di2’ 135 54 180 di9
$313 1 ii dl4E 01 091 43 136 42’ 1:3 1 09
‘30 2 01 047 05 092 00 137 dii 182 2db
dId: 75 04 E t5 0~~ 135 1 E Ut 1E 75
d104 43 049 02 094 75 1:3 9 65 1:3 4 43
did’s did, 1350 :3~ 095 43 l4di 02’ lOS di9
OUt O di5~ 4 d b t  c,c, 141 5 1:t O E
007 4db 05: 0,) d’ 17 Lit i4. 55 1’E 7’ :0
IJOE tS  05: os O:1E :15 14 d14 i :E  5
009 43 054 85 099 55 144 95 189 55
d u O  09 d’55 4:3 itlO 02 145 51 190 02
O il di5 056 Ut’ 101 95 146 :37 191 95
012 55 057 diE 102’ 42 147 42’ 192 51
0 13 4~: 05:3 95 ldb:3 UCI 14:3 dli 193 :37
db l4 db9 059 S5 ld’4 0:3 149 Cii 194 42’
du lS 08 06db d’4 id’S 43 iSdi 43 195 dli
dIlt -

~~~~ t’€ l ~5 idit 0db 151 dl~ 1~~t. H:
017 42’ 062 42 113 7 CC 152 138 197 43
dbl2 00 063 Cidi 108 75 153 2db 198 ‘31
019 00 064 D l  109 43 154 85 199 00
db2d, SS dIES 4 lid, dii 155 43 20db 2t1
021 4:3 066 tldi 111 did’ 156 d’9 201 51
02: 0’ 0t7 05 ii: :15 157 09 L’2 27
o:: UE utE ~s ii: ~~ i5~ 20 :o: 55
t’2’4 95 069 4:3 114 tb 159 ‘75 2db 4 di4
di2S 2di dl7O duIJ 115 04 160 02’ 205 75
026 4 2 071 06 116 4:3 161 65 206 43
0:7 00 07’: 75 117’ 0~ 1E. 4: 207 d l
028 ‘35 d173 d’2 118 0:3 16:3 01 20E: 02
ti29 4:3 074 65 119 20 164 06 209 95
o:db Cb~ 07’ S 4: i:o ~s itS ES :t ’ 4:.
di3l 09 d’76 cii 121 43 166 43 2 11 Ui
03 2’ 55 077 05 122 di9 167 01 212 04
di33 4 3 oJ?8 85 123 09 168 00 21 3 31
034 0db ‘379 34 124 2di 169 2db 214 46
o ;s 00 0E~0 ~5 i:s ES 170 ~~ :is ‘:~

- 0:35 95 di8i 43 126 53 171 S5 216 ES
‘337 42 0:32’ Cli 127 43 172’ C’S 2 17 Ui
iJ3O Of’ 08-3 CiO 128 did’ 17- 3 95 21:3 tb
o:’ Cit 064 -~5 I.H 0:1 174 51 ~~~ 00
040 65 0:35 55 1:3 0 55 175 87 22C’ 00
t i4 l  40 086 08 1:3 1 43 176 4 2 221 95
042 00 087 95 132 09 177 dii 222 56
d,43 Cl9 t’88 42 13:3 0:3 178 02’
044 9.5 089 00 1:3 4 94 179 4.3

-

-

-‘-

~~

- •  ~~~ —4 - *
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SAMPLE PROBLEM : 0 33 INVARIANTS OF ELASTICITY NO: 033

Given:

Mater ia l  Type E L 
E

T V
LT 

GLT Fiber Specific

(GPa) (CPa) (CPa) Vol. Gravity
vf

B/Ep B(4) 204 18.5 .23 5.79 .5 2.0
5505

Gr /Ep T-300 181 10.3 .28 7.17 .70 1.60
5208

GI/E p Scotchply 38.6 8.27 .26 4.14 .45 1.8
1002

INVARIANTS FOR COMPLIANCE MATRIX

Mater ia l  1
2S 

R15 R25 6
1 

=

BIE p 14.18 29.24 24.58 13.94 0

Gr/Ep 24.88 30.65 45.78 4.22 0

Gi/Ep 33.3 50.2 47.5  10.2 0

INVARIANTS FOR MODULUS MATRIX

Material 110 12Q R 10 R 2Q ~2

B/E p 58.03 29.77 93.20 23.98 0

G r / E p 49.49 2 6 . 8 8  8 5 . 7 3  19 .7 1  0

Gi /E p 1 3 . 0  15 . 4 3 . 3 3  0

36 
-
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TITLE: COMPLIANCE COMPONENTS NO: 037

A’ B’ s C 
~ 

D’ E’
16 26

A Invariants B s C D E
- 11 22 12 66

00 9 REGI$1~~I 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _

01 
~~ 

02 s 03 
~ 

04 s 05 s 06 
~11 22 12 66 16 26

07 08 09 10

ii 
~~~ 

12 ‘2S 13 R is 14 R2s 15 116 
1

17 18

98 99 
- 

-

4( O-ô 2) 
_ _ _ _ _ _ _ _ _  

I N S T R U C T I O N S

O P E R A T I  ON S T E P  R E A D  E N T E R  P R E S S  D I S P L A Y

Input Invariant s 1 037 A&B I~~ A

1 2S RUN ‘ZS
R is RUN Ri~

- R25 RUN R25
RUN

8 2S RUN 6 2S
I n p u t 8 & C o m -  2 O ( d e g )  B S

pute 11
C 

~22
D S12
E S66
B’ S16
C ’ S26

‘-

37

___________________________________________ - 
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PROGRAM TITLE:  COMPLdANCE .COMPONENTS NO: 037

FORMULAS:

j ~ TABLE 17 TRANSFORMATION OF COMPL IANCE

I 
~~~~ R

1 
—

-- 
1~ 1 

- 
-coe 2(O - 6 

- 
-cos 4(9- 

~~~ -

- 1~~
- I - cos 2(9- 6 i ) —cos  4(9-

Co8 4 ( O _ 6z )

- 

Sk 
- 

- -0  4 0 4 cos

S~6 - 0~ 0 - - 
sin 2 (9 — o i ) 2 sin 4(8- 

~~
S~ 6 0 0~ sIn 2(8- 6~) - 2 sin 4(9-

~~ 4~~~11 + S 2Z~~~~
2S 12 ) (82)

-;-- I~~~
-
~

--- 
~ (S 1~~+ S~ - 2S

12 + S6~ ) (83)

~~~ 
S22) 2 + + S26 ) 2 (84)

.
~~ 4(S~~~ + S2~~.. 2S~~~- S66) 2 + 4( S26 - S16 ) 2 (85)

(86)

- :  2(S~6- S2)~~ - - -~~87)
~t~~~45 2 ~~~~~~~~~~~~~~~~~~~~ ‘ ‘ 

-- - _--- - - - — - ~~~~- - -  -— - -  --

for ort hptrop ic material 
--

-~H t H  - -  - - - . ( 88)

For anis ot rop t c material 
- 

~2 - 

~(89)

38 - 
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P R O G R A M  T I  T IE :  COMPLIANCE COMPONENTS NO: 037

PR OGRAM L I S T I N G :

0db 46 ‘34 5 dii 390 ‘36 1:3 5 :35 1 :3t, 14
d’dIl 11 046 tb :3 091 43 126 43 1:3 1 43
002 42 047 85 092 09 137 01 1:3 2 d’O
d’O dii di4E 53 0~ ? C E  i:~ o~ 1~~o o:
004 U i  049 S3 094 33 139 :33 i84 :3 1
Odu S 81 USC’ 43 095 65 14t’ 65 185 46
DOt 4:. 051 00 D:1t 4: 141 4~ 1~~t i~did,? dii du52 Odi dl97 Ui 142 dli 187 4:3
0U~ d’: US: rs O~~ 04 14: Cl: 1 E.E t~t
009 :31 d154 4 3 099 85 i44 7S 1:3 9 Ci4
tub 42’ 055 cii icuo 43 145 4:3 l9di 81
d’i 1 Cli d156 08 101 0 1 146 09 191 46
012 0:3 057 54 102 0 1 147 08 19 2 17
dul3 Si t’58 65 lti3 75 148 :33 193 4:3
014 42’ 05,9 04 104 43 149 65 194 Ut,
015 ‘31 06’) 54 113 5 Cii i5di 4:3 195 05
d bi6 du4 d161 42 106 02 151 01 196 81
0 17 :3 1 062 t’9 it’? 95 152 04 197 46
OLE 4: Ot ’ UE i CE 4: is: 5 192 12
019 dli 064 :32 id”9 130 154 42’ 199 43

dir 0t 5 tS 110 03 155 00 2.00 00
di2l :E:i di66 02 iii 75 1S6 02 201 06
d’2’2’ 42’ 067 65 112’ 4:3 157 7S 202 :31 -

023 01 066’ 4:3 113 01 158 43
‘324 db :3 069 01 114 Ui 1S9 d’i
du2S 51 070 04 115 85 lEt’ 09
026 46 071 95 116 CIa’ 161 :3 :3
027 12 072 42 117 65 162’ 65
028 4 2’ 073 00 118 43 163 43
029 00 074 05 119 0 1 164 C’l
0:30 Ut’ 075 94 120 d’2 165 0:3
0:3 1 75 076 8S 121 95 156 65
03 2 4:3 077 43 i2’2 65 167 02
0:33 d i  078 0 1 12 :3 04 168 95
034 tu ? 079 09 124 95 169 42
U:3 S 95 USdu 32 125- 42 170 00
036 65 081 65 126 00 171 Ui
03? 02 082 43 12’? 04 172 81
038 95 083 01 128 43 17:3 46
0:39 42 084 03 129 01 174 13
040 01 08S 65 l3ti 01 175 43
04 1 09 086 02 131 :35 176 00
042 32 087 95 132 43 177 d’2
043 65 088 42 1:3 3 01 178 81
044 43 089 00 134 02 i79 46
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SAMPLE PROBLEM: 037 COMPLIANCE COMPONENTS NO: 037

Given:

Mater ia l  Type 
— 

‘~s ‘zs R ,s Rzs 6 1 =6 2

B/Ep B(4) 14.18 29.24 24.58 13.94 0

________ 
5505 

_______ _______ ________ __________ ________

G r / Ep T-300 24.88 30.65 45.78 4. 22 0
_________ 

5208 
_______ _______ _______ __________ _____

Gi/ Ep Scotch ply 33 .3  50. 2 4 7 . 5  10.2 0
1002

— 
T-300 / 5208 _____________________

S.. (TPa) ’ Engr. Const.

— 

U (GPa)

5.52 -1 • 55 0 E 11 = 181

E 2~ = 10.3

0
0 - 1 . 5 5  97.09 0 v

1~~ = .28

V
2

1 
= .01 6

0 0 139 .47 G~j = 7 . 2

34.75 -7.88 46.96 E
1

1
1 

= 28.78

- E 2~ = 12 .42

30° -7.88 80.53 32.34 = .23

46.96 32.34 114.1~ G : 8.76

59.75 -9.99 4 5 .7k  E 1
’~ = 16.74 —

E 2~ = 16.74

45° -9.99 59.75 45.7k : :~45.78 45.78 105.7 G 1
1
2 = 9.46

40
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TITLE: MODULUS COMPONENTS NO: 041

A ’ IB’ 
~ 

C D’
j  16 26

A . TB C D E
Invar iant s I Q 0 0 Q

11 22 12 66 , ,,

oo 8 R E G I S T E R  
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

01 02 03 R 04 05 06 
—

1Q 12Q 1Q R2Q 
______________________

07 08 82Q 
09 2(O-6~) 10

_________  _________  ~~12 ~~66 
15 116 Q 

1

98 99
_ _ _ _ _ _ _ _  

4(e-8 2) I N S T R U C T I O N S

O P E R A T I O N  S T E P  R E A D  E N T E R  P R E S S  D I S P L A Y

Input Invariant s 1 041 A&B A 11Q

‘2Q RUN 12Q
B1Q RUN I

~Q
R~~ RUN B2Q
6 1Q RUN 6

1Q

8 2Q RUN 62Q
Input 8 & Corn - 2 O(deg)  B Q

pute 11
C Q

D

E 
~ 66

B’ Q16
C’

r
41

4 4
4
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PROGRAM TITLE: MODULUS COMPONENTS NO:  041

FORMULAS:

TABLE 20 TRANSFORMATION OF MODULUS

- 

R~ 
‘

- 

Q’
~ 

1 1 cos 2(9- cos 4(9- 62)

- Q~2 1 1 C05 2(9- cos 4(o 6z)
- 

Q’ 1 -1 
-- - 

0 
- 

- cos 4(9- 6
- - - - -  12 - - - - ---4 -- - - 2

- o  1 - 
~~~~~~~

‘ 0 - - -  - cog 4(0- 
~~

0 
- 

0 -~~ ein 2(9- Ô 1) - sin 4(9- 
~~~

- Q2~, ~0 0 -~~~~ sin 2(9- sIn 4(9- 6z )

= + 
~~~ -

+ 2012
) - (90)

+ - + 
~~~~ 

91

- 

~~~~~~~~ a~ = 4 (_ 0
11 +Q 22

) 2 + 4(Q
16 +Q 26

) 2 (92)

= ~ \J(Q
11+ 

~~2Z ~~12 4Q 66) 2 + I6( Ol6~ 
Q26 ) 2 (93)

* - - 2(Q 6~~~~26~ -

-~-tan -26- = ~~~ - 
1

- - -  --4 • - -_ - ~~~~ ~11~~~22

— -  
~~~~~~~~~~ ~ 26 -

tan 46
~ : Q

1I~~~2z
2Qiz~

4Q66

61 62 for ort hotr op ic materials

- 

6
i ii 62 for anl eotrop ic materials

42

~~~~~~~~~~~~~~~~ -: 
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PROGRAM TITL E:  MODULUS COMPONEN TS NO: 04 1

PROG RAM L I S T I N G :

i:’:’: 4k- , d’45 94 di~ u U~- 135 65 1 :1
LidI l 11 1i4 ,- ‘-~~ d’~~1 4:  1 4 1 1 4C
cdi: 42 di47 4:3 092 Ci9 137 didi 1:~-2 :1

i i  — Ii Li 4 did, , —
~ Li 1 i i  1 i i  4

diLl 4 dii ‘ ‘4  tI di 4 : 1 E ~ 1 4 - 1
0 Li - 1 Li 5 Li 5 Ci ~ 4 1 4 Li 4 1

did’S 42 di5i 53 i:i’~~
, s5 141 du di i :E:~- 17

did’? did’ diS2 53 d197 4:3 142 d l  137 4:3
— i_u :  i i  4 i_i : i ili 1 4 1 i’

di di E 1 Li 54 lid, i i  ~ ~ ii 4 1 44 4 1 ii ‘

di i’:’ 4: diSS di’] 100 : 5  145 ii~i 190 :31
Ciii did diSS 75 idi l 43 1~~ O 1~~1 4t-

d’12 0:3 d’s? 4:3 ld’ 2 di d’ 147 95 133 18
LI i — 

— 1 di : di, 1 di: Li 1 4 4 1 — 4
du14 42 di59 diS idi 4 95 14 9 dii 194 dii
u:’is d,di dIS c’ 54 1:5 42 is :  ci: 135 06 r

du lS 04 dibi ~5 idi E dli 151 :35 136 :31
017 si di62 d’4 idi ? 04 153 43
du E: 43’ duE3 54 108 35 153 did’
013 did i:is 4 42 Id’ 9 43 154 di9
dad’ di? dIES di9 1 idi did’ 155 :3 :3
0: i i i:’ ci iii dii 1 ~ ~di22 42 06? :3 2 112 75 157 4.3

du d’ Ci1 : t~ ii _ U: 1S E did’
di24 C’S diE9 43 114 65 159 Ci3
025 8 1 di7CI did’ 11 5 43 160 65
t126 46 di7l ‘34 115 tic’ 161 02
d127 12 072 95 liT’ d’2 162 95
028 4 2 07:3 42 1 1:3 95 16:3 42
di2 ’9 did’ di74 dii 119 42 164 dii
di:3 di di,) di?5 dIS i2di dii 165 dii
d,:3 i 7 5 075 :E: 5 121 d,:3 165 31
0:32 43 0?? 4:3 i~~2 43 167 46
033 00 073 09 123 d’9 163 1-3
d’34 dl? O?’9 09 124 d’9 169 43
ij 35 95 cISC, 32 125 33 170 dii
036 65 dl8i 65 125 65 171 02
037 02 082 43 127 43 172 81 40 3 E 95 di?: 00 i._ : diU i’  4t
0:39 4 2 084 tu4 129 04 174 14
di4O did’ 085 65 1 :3~J 75 iT’ S 4:3
041 09 d186 C’ 3’ 1:3 1 43 176 Cli
042 :32 Ij E:7 95 1:33’ t’O 17? 13:3
043 55 Lu:::8 4~: 13 3 di9 i,~::: 8 1
044 02 di89 01 134 :3:3 179 46

43

________________________________________ — —
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‘-;A ‘ .1 1,1 1 I ‘~~ ) l~ i i.~ P a — I  I ~I( ii ~lJ I I o) : i I - (  ) .1- 1 J 1 ~~) : 04 i

III I S I  
____ 

6 , ~~

i: -1 / ~~.0 / ‘ ‘ .77 ‘~~~.?i  7 ~.~~I-l
-) i 5

‘~~r / F 1) 1— ~
(
~i i  ~~ • 4~ ?( . I-~-- : l-4 5 . 7~ i l , . 7 1  (I

( i l l  -: 1 ~~- t -1ip lv 13 . H 7 .- I/  15 . 4 ~. ~3 1)

- - - -  -- — - _—- - - —  - ---————

~~~i /  ‘-s . ( I~ —  1~ ( - l i  I 5504

I I i

l~~1.~~1 42 .9 0 . i - L9~ 1.28 (1-

(i ’’ l~~. ’) lii .~~~1 ii - 1 . 2 8 !8 . 9  (I

0 0 7 . 17  1) 0 5.79

1(1” . 38 ~~~~ -~~4 . 1 12 2 . 4 1 40. 25 - ( p 1 . 1 3

~1u ° ~~~~~ ~~~• t 5  .‘o .oS 4o . 2s  29. 21 _~~ P~~59

- 54.  1’~ — 2 0 . 0  3~~. 7- 1 ( 1 .  1 3 — 1 9 . 5 9  4 1 . 7 ( 1

~~~~~~~~ -4 ; . 32 - 4 2 . 8 ’

45 ’ 1 - .  32 5~~. (~ 4 1 .87

47 87 -4 -’ .87 4(,~~~1~~~

9

a

- -- y ~~~~~~~~~~~~~~~~~~~~~~~~~~ — -  ~~~~~~
—

~~~~~
- -
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TITLE: PLY DATA: T - ~f l f l /~~?f l 8  - : r / T - : p 
- NO: ‘ i45

00 s N I ‘- 1 1

01 
~ 

02 103 R - p (16 
~, ‘

1Q I ‘ 1 )  
- 

I -  j 1

08 0 - , 10
‘ L I  1 . 1

11 ~ 12 ~ 13 R 14 P -
~ h o x’IS ZS is 25

17 
~ 

18 0 19 0

98 99
_______ _ _ _ _  

I J~ IN UC I ( IC S

O P E R A T I O N  S T E P  R E A I  [ I J I F N  P R F S ~ I D I S P l A Y

Initiali ze 1 045 A&13 A E
L

- 
B E 1,

L T
- 1) G 1 , 1

A’ X

- P U N  e
L

II’ X ’

B U N  e
~~

’

C’ Y 

- 

- R U N  e
T 

- 

~~
, 

-

- - .  . 
1)’ -~r I

- R U N  e ’
- T

F: S

R U N  e
~

‘ I

‘

I

; 
- 

45

—
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P R O G R A M  T I TLE :  PLY DATA : T30 0/ 5208 Gr/ Ep N O :  04 5

P R O C R A M  L I S T I N G :

didi du 4~
, 04s i:ia’ C19C’ di3 135 C’S 1E: du 43

diCi l 11 046 diS d’91 04 i36 42 18 1 dId’
cL’: dii di4T’ os c’-~ ~: 1:7 Lidi 1E ._ 05

Li : d’4: ~~ o~~: 1: CuT’ 1: ~~
d’C’ 4 Lii t’4~ di7 U~ 4 0: i~~ 4 1~~4 E l
dud’S 42 diS C’ di3 di95 did, 140 did’ 18 5 46
LIL’ t dii diSi d’~ t 42 141 diS lE t  1E
diOT’ di5 c’s: ~: 0~ 7 01 l4~ El  l E T ’  4~DO E dii i i ~~ Ut’ d’~~E 04 14 4t l E E  d’~0di~ lid, Li54 di _ di -4 4 dii 144 i l:~ diE
Lu lL, Li5 5 dii iLid’ C’S 145 4: i~~L’ E
dill 03 duSt Li~ idu l Lidi 14t did’ 1 ~1 5~oi~ 4 d’57 < ldL duo 147 Ut i~~: 4:
dii — cun di~~

: LIT’ i c :  4~ 1 4 —  E l  1 ~: did’
dii 4 Cit Li ~ ~ dii 1 114 dli 1 4 ~ 4 t 1 ~ 4 Lit
O ls  ~: d~~d’ dud’ ic’ s c’s i~~du i: i~~s ~s
duit Li: di 1 4 1 Ii 01 151 4 : 1 ~ 1
017 1’- Ut: i’d’ 107’ 05 i~~: DL’ 1~~7 4t -
d u E  4~ Ut: 04 idl E lid’ i~~: o~c l - i  did’ dit4 0~ in-i ‘3d, 1~~4 E l i~~ 4:
0,_ i_i d l ’  ditS d14 lid, 4 ,_. i~~s 4t :oo o~di2i Cu? 066 93 lii dli 156 14 201 09

-
~~~~ Li t- 7 di -’ li~ Ut l~~T’ 4: :o: :i

L’ _ :  dii d’t : dhE l1 di4 1SE dii ,_Li _ 55
di24 liT’ Ut~ diD 114 dID 15 do ,..04 4:
du:5 4: 071’ 4 , 115 4~ it- li :1 :os uo
o:t 01 u7i 01 1 it 0~ ltl 4t :ot ot-
0:7 c’c’ LIT’: 01 117’ di~ it- : it ~ ii7
i’~~~ di4 07’ : 0~ li E o: it- 4~ :ci E - i
Li: di i i  4 LidI 11 dl 4 1 4 Iii : di 4
Cu:Cu 9 _ 075 ~~ i~~i i  Ut i tS  d’s 2ld’ id’
0-3 1 du4 di7E diE 12 1 42 166 81 211 4:3
0-3 2 diE: CI77 04 122 09 167 55 2 12 d’di
ci;: ~ E U7’ E 07 ia: ti-i i t E  4 ,_i :  cio
d,:3 4 42 du?9 42 124 tIE 169 dId, 214 81
0:35 did, du SI) dii 125 tIE: 170 05 215 55
ii.~~ , dii C’Sl di 126 42 171 95 216 4:3,, ,_ ‘ ‘:  14 i~~7 ‘3d, lT’ ,_ — 1 :17 dli
Li E dit- d’E C’S 1:— In) 17’ _ 4t ~ 1 —  dud’
13 .3 9 93 1)84 93 129 00 174 1? 219 95
U4du dIE di?~ cu T’ i:o 4: 175 4C :~ o 1
041 di E: diSE ‘:8 1:3 1 dud, 176 Ui
C’42 ‘3d’ duST ’ dii 1-32 di? 17 7 06
043 4: 088 4 2 133 42 178 E:1
CI 44 Udi ‘I — U 1 1 — 4 Cu d, 1 7 ~ S ~
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TITLE: PLY DATA: B/5 505  B/Ep - - - NO: 047

A’ B’ C’ D’X~ eL X~ °L • 

‘
~
‘ S.

A E - B
E 

C D
~~~~~~~~~~~~L T 11LT LT

_____-

- - R E G I S T E R  -

01 ~ 02 ~ 03 R 
- 

04 R 05 F 06 E
1Q ZQ IQ ZQ ~L T

07 o 0 09 10~~~VLT LT

11 1
is 

12 
~zs 13 - R 15 

14 R
25 

1~ x

18 0 19 0 - -

98 
~~~~~~

- i99 ~~~1 -

- 

-

_ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  
I N S T R U C T I O N S

O P E R A T I O N  S T E P  R E A D  E N T E R  P R E S S  D I S P L A Y

Initializ e - 1 047 A&B - A E

L
- B E

T 
- - - -~~~~~ - - C - 

- - D G
LT

- 

I A’ X

• RUN - e
- - - B’ :

- 
___

i
_ _ 

. 

-- - 

R U N  e
-r - i ~~~~~~~~~ 

- L

i T ~ ’~ 
___ 1

~~~~._ C .  -Y      

B -UN e 
I 4 -- - T

- D’ Y’ 
- 

-

H-: .--- f -
~~  

; — - ; - r —  - - - - - -  -;- - - RU N e T 
._ I — -  _ — . —- 

~~‘ S
- 

- - - - 
‘
~~ 

‘ 

~R UN  - 

~ s
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P R O G R A M  T I T L E :  PLY DATA: B/ 550 5 B/E p NO: 047

P R O G R A M  L I S T I N G :

dudidi 46 d’45 Dci Cu 9di Cu d, 185 Si lEd, 4:3
Ci dl i ii Li4t du _ du~~i 4: i t  4t ri du~DCL di~ 047’ Li: i ’- i~ ut -  I 7 14 1 E~ di-’
du d,: did, D4E Ci4 0- i :  ci~ i 

— 

~: i. E _ i
‘ ‘U  04 di 4 :~ 4~ di ~ 4 Cit 1 - Cii 1 - 4 5 ~
did’S 4_ . CIS C, did’ Li~~ dii l4di did’ 1 :~~
DC, — Li d’ Cu51 t’4 0~ t- 4~ 141 :1 l E t -  ui
CILiT’ ~~ L’S: Lii di~ 7 cu~ 14: 4t 1:7 Ut
did’ dii I di 4 di : diE 1 4 1 1 —

u i ~ 054 ~: 
i i- i~ d’ ._ 144 4~ i E ~ :1

du d, -
~ 055 CL ididl L’ di l4~ dii 1 ‘Lu 4 t -

diii 05 USE 4 2 101 02 146 C’S 13 1 id
‘312 42 057 01 102 42 147 E:l 19,3 43
cii: LiLi Ci~~: dii ii:  U~ 14E 55 i -i  l u Ll
0 14 lu~ ci5~ Li: 104 d’~ i4~ 4: i~~4 uiii
C u iS :, dutO D id’ S Ci ,- iS ’ ’  dud’ 1 ~1
diit di: Cit 1 -i: idit c T ’  151 dIS 1 -‘ ‘- ~~~~

017 di: C’t~ di,_ 107 4~ is: ~s i~~7 4
du i~ 4: cut: 4~ i C E  u:idi is: 1 i~~E 01
01 ~ Dl dut4 dli iD dill 154 4t 1 ~~ did’

cit- dutS c,: lidi did’ 155 17’ ,_ H i i

du 2’i C’S dEE cIa’ iii 42 156 43 ‘]i E:i
di22 9:3 diE? di4 112 dud’ 157 06

di? 06:3 9:3 11:3 di? 158 C’9
024 09 duE9 diE 114 42 159 E:i
02’S 42 du 7di 4 2 115 did’ 160 55
026 dii d’71 dli 116 diS 161 43
02? did’ di72 03 117 42 162 duct
di2S CuS di? :3 dii 118 did’ 16:3 diS
029 diE: C’?4 C’S 119 du9 164 95
d’ -3 di 42 ’ Ci?S 9:3 12d1 4:3 165 81
du 1 did’ cuT’ t Ii ~ 1 : 1 dIdi 1 t t- 4 t-
0-3 2 dii dI77 4 2 122 C’S 167 13

cia 078 dii 1 7:3 E:i lEE: 4~::
d,:3 4 Ci9 d’?9 Ci4 124 46 169 09
LLIS L du Edi dui i~~5 i,_ iT’d’ L i—
dI3S du E: du El di2- i3t 43 i?i E:1
du :3 7 42 082 duE 12’? Odi 172’ 55

cc’ cu E: cc’ 1~~E dit 17 4 _
0:9 0~ 0 4 4: 1~~ E l  i~~4 cu d’
d’4 d’ Ci9 duES dii 1 3d, 46 17 5 diE
di4l du :3 d E E  C’S 131 1:3 176 95
042 93 0:3 ? du2 132 4:: 177 :31
04:3 C’ du E:8 C’S 133 01 17:3 46
d144 42 089 did’ 1:4 C’S 179 19
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TITLE: i ’i 1Y I)ATA : SCOTCHPLY 1002 - - NO: 049

A’ x , B’ 
~~~~

,
, 

~~~~~~~, 
Ci y D ’ 

~~~~
1
, 

E’

A -. - B C U EF: r ~~ 
C T

00 s -

_ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _  

R E G I S T E R
01 ~ 02 ~ 03 R 04 R 05 E F’2Q 1Q ZQ L

07 08 09 100 0 
~
‘LT ~

‘LT

11 1is 
12 

‘zs 13 R 15 ~~~ R 2~ 

— 

15 x 116 
~17 0 18 0 19 0 - - --

98 99 
~1

,,  

-

_ ________  _________  
I N S T R  U C T I

O P E R A T I  ON S T E P  R E A D  ENTER P R E S S  D I S P L A Y

Initialize 1 049 A&B - A E
L

‘ 
-- - . 

B E

- - 

- 
- - - — - C VLT

- - - - -- - - :- D GLT
- 

~~~~~

- . - -  

- j A’ X
_ R U N

1 Bt XI

- 
- RUN 

~L
_ _ _  T —--

_- - - - - - -  C’ .Y

1I~I
RUN e - -

- - - i ‘ I  I - T
- -— - . . 

- 
‘  ‘ F:’ S

- - 
- - - ,~~~~~~

‘
. RUN e

S

_ _  4
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P R O G R A M  T I T L E :  PLY DATA: SCOTCHPLY 1002 G I / E p NO: 049

P R O G R A M  L I S T I N G :

dldidu 46 045 4 2 dl9di C’S 135 duE iSdi 19
Cu dIl 11 046 dci du9i d’2 136 81 181 4:3

0: du4T ’ cL cu~: 4: 1:7’ 4t 1E~ cu~duo: 04 E U: ti~~: Cit iC ?  14 1 E? du
Ddi 4 ~: di4~ ~: d’~ 4 di~ l~~ 4 i~~4 El
du d’S i i ,-  du~~

u i  Li 0 5  ci: i4d’ dii 1:5 55
didlt 4~ c,~~i 0~ l’-i~ ‘3d’ 141 Cu d’ 1~~,- 4:

cc ’ c’s: 4~ C u- iT ’ 4 14 El  lET ’ did,
did’ li ~ L’S: did’ di~~: Ci~ 14 4t 1G E lit
du du9 dI:3 054 Ci4 099 C’S 144 16 139 95
du d’ ~: 055 dl idudi dii 145 4 1~~di El
dill ci: duSt ci: idu l Ii 14t dii 1:4 1 4t
DL CIT’ duST’ -‘ io: ci- 147’ OS l~~: 10
d’l 4: di5E U iuj : 4,_ 14 E  El ~~~ 4:
d’i4 did’ du59 42’ id’ 4 09 149 55 194 did’
CilS Lit tIt I) Cul idi S Li iSdi 4 l~~5 tidi
C u E  9 :: duE l dii iC’ S Ci 2’ 151 Cu d, 196 ::i
C ulT ’ ci: Lit-: o~ iii -’ u ’ 1S~ C’S i 7  SS
D i E  dit- 0t du d, lLi E 4 ,_ i~ ~s i~~— 4:
01 ~ 4_ 0 t 4 ~ 1,’ diLl 1 ~ 4 : 1 1 Di
cu:du cii Lit~ CL i i’j didi 155 4t _didi did,
L’:i Cut dutt 4 ,_ iii diLl i~~t- 17’ :oi ~‘5
022 d’4 067 dli 112’ 42 157 43 2di2’
ci:: ~ d utE CL 11 d,du 1SE iJt
du24 dl diE9 04 114 du? 159 di9
C’2’5 04 C’ 7d’ du? 115 4 2’ l6ti 81
du2E 42 d’71 9:3 116 did’ 161 55

du l  072 US 117 du :3 162 4:3
di2E: 00 du ?:3 4 2’ 118 42’ 163 00
d’29 01 di?4 01 119 d’O 164 C’S

Cu: CIT’S d1 i:o ti~ i tS  ‘5
3:3 1 4 2 du?E 01 121 42 . 166 E:i
ci:: ocu duT’T ’ did, i,~~ duo l t - T ’  4t
di: cii 07 ’E ~: i: C’S i t E  1E
C, :3 4 di? 0?9 03 124 81 169 43
035 9:3 080 42 125 46 i?d’ Cr9
cr36 di4 d181 01 126 12’ l?i diE:
du :3 7 07 OE:2’ 04 12’? 43 172’ El
d,:3E: 42 ,JE:3 0? 12E: did’ i?:3 55
‘3:3’9 00 ‘384 05 1 29 06 1 74 43
d’4 0 ‘32 085 d,:3 1 3d 81 175 did’
041 Dl 086 42 1:3 1 46 176 06
04 2 05 d,:E: 7 Ui 132’ 1:3 1?? 9~043 93 088 uj5 133 43 lT ’E: 81
044 04 089 05 1:3 4 01 179 46

p 
50



w- ------ — - — . - -  — -  -.

— TITLE: PLY DATA: NO: 051

A’ x, e
1 

B’ 
x’ , 

~L 
C’ 

~ e T 
D’ Y ’ , e

T 
E ’ 

~~ , e
5

A E B E C D
L T ~ LT CI T

00 s -

_ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  

R E G I S T E R  
-

01 ~ 02~~ 03 R R 05 F: 06 E1Q 2Q 1Q ZQ L T

07 0 08 0 - 10 (.

~ 
~1S 

12 13 14 R
27 

15 x 116 x’

17 0 0 19 
~~ 

- ________________________

98 99
________ —_______ I N S T R U C T I O N S

O P E R A T I O N  S T E P  R E A D  ENTER P R E S S  D I S P L A Y

Initialize 1 051 A&B A E .
- 

- 

- 

B E T
I 

, - - - - - -- C 
~LT

- , . , - -

- 

- D  G
LT  

-  A’ X

~

. .  — ._~~~~~~~~_ . R U N  - - eL 
B 1 - ~~~

- - 

- 
RUN eL 

~~7 RUN e
T 

* . .  :~~~ 
D’ 

- 
Y’

I ~~~~~~~ . R U N  e
T

•  E’ S 
---- - -- -- -- - - -- ‘  .~~~ 

- 

, 

- 

- RUN

51

- F —
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PROGRAM T ITLE:  PLY DATA NO: 051

PROGRAM LI S T I N G :

4
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TITLE: PLY DATA: - NO: ~‘53

A’ x , eL 
B’ 

x’ , e
1

’ ~ e T 
D’ 

~~
, , e

T 
E’ 

~~~~ e5 
—

A F: - B E D GL T ~‘LT LT

00 
~ - R E G I S T E R  

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

01 1 02 
‘ZQ 

03 R 1Q R
2~ 

05 EL 106 E
~r

07 0 08 O9
~~ 

10 G

11 12 13 R 14 R27 
15 x 116 x’

17 0 18 0 19 0 -

98 -Y ,
~
,, -

_ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  

I N S T R U C T I O N S

O P E R A T I  ON S T E P  R E A D  ENTER P R E S S  D I S P L A Y

Initialize 1 053- -. A&B A 
~
E

L

- 

B E
T

-~~~ n - - -  - - - - - - -~~~~~~~- - C 
~LT

- .  ‘~~~~~~~ - -- -. - D GLT
I ’  I A’ X

RUN e
L

- 
~~~ 1 Bt - - —. X’

I -~~~~~~ 

- 

- 

R U N  
~L

C’ - - -Y
-. 

~~~~~~~~~~~~~~~~~~~~~ RUN e 
- 

-~~ 
p --- - - ~~~~~~~ - T

Y

- T 
- -  • — -

~~~~ ,

- - RUN 
~T

- --- --_ - - - - _ — - • -- -: -- - ---

~

---- - ---- 

~~~

-
‘ 

- -  - S

—: 
-_

‘ 

— — - 

RUN

53
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P R O G R A M  T ITLE :  PLY DATA NO: 053

PROGRAM L I S T I N G :

-

~~~~~~~

; 1- •
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TITLE: PLY DATA: - - NO: 0~~5

A’ x , e
L 

B’ X ’ . eL ’ ~ e T 
D ’ 

~~~~
, e

T 
E’ s. e5

A - - B C D EE T VLT GL~ J,

00 s
_ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  

R E G I S T E R  -

01 , 02. ~ 03 R 04 R 05 E 06 F:1Q ZQ 1Q L T
07 0 08 0 09~~ -

- lO
~~~ -

11 12 
‘2S 

13 R 14 15 x (16 x ’
17 

~ 
- 0 19 0 - -

98 -Y .
~
,,  

-

_ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _  
I N S T R U C T I O N S

O P E R A T I  ON S T E P  R E A D  E N T E R  P R E S S  D I S P L A Y

Initiali ze 1 D55 A& B - A E
L p

- 

- B E
T

- . - -  - - C 
~LT

- - - - .  - - - - D G
LT

H  
-
~~~~~~ A’ X 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ R U N  e
L

-- r_ T _ - 
-_ _ . .  Bt X ’

- 

: : ~~~~~~~~~~ 
- RUN eL ,

- -
- - - -:

‘T  RUN e 
I . - - I-- ~ - -— -- --- i--- ’ - - -— -~~-- - -~~~~~~~- - -- T

- - - ~~~~~- . - - I . .  P -

± ± 

- H RUN 

-

. :. -: 
~~

- 

~~~~~~~ ~:L 
RUN e~

55
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P R O G R A M  TITLE:  PLY DATA NO: 055

P R O G R A M  L I S T I N G :

I
I

s 
- it’- ,-

- 

56 

____ 

4
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TITLE: PLY 1)A’rA: - NO: ~~~ - 

p

A X . e
L 

B’ 
~~~~

, e1 ’ C’ 
Y, e

T 
D ’ 

~~
, , e

T 
E ’ s, e

5

IA E - B E C D CL T VLT LT

00 s -

_ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _  

R E G I S T E R  -

01 ~ 02 ~ 03 R 04 R 05 E 06 F:1Q ZQ 10 2Q L T

07 0 08 0 O9~~~~~
, 

- lO
~~~~~~~~

11 12 13 R
is 

14 R27 
15 x ~~~

‘ 

1

17 0 18 0 19 0 ---

98 -Y
_ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  

I N S T R U C T I O N S

O P E R A T I O N  STE P READ ENTER P R E S S  D I S P L A Y
Initialize 1 057 - A&B A E

L 
B E

T 
— .- - - - . . - - - - C 

~‘LT i _ _ 
-- - - -- 

- 

- D GLT

:RUN

I - - RUN e
L 

- —--——------ -— —-—-~~~-~~~~~- - - - C -’ - - - -Y

ii ~ RUN e
T 

-

-~~~~~. ~~~~~~~~~~~~ 
p1

J -  
j
~~

...l . -- - -

~~~~~~~ 

H - ~~~~~~~~

- - --

~~~ -- 1RU~ 
- -  C

T
—— E’ S

1LI~II 1 :±: -~ii TII~-T !R .UN . e
~
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P R O G R A M  T I T L E :  PLY D A T A  N O :  057

P R O G R A M  L I S T I N G :

r

58 1 -

_ _ _ _ _ _ _  
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T ITLE: STORAGE OF-CONSTITUENT PROPERTIES - NO: 039

( B’ 
~~ 

C’ - 0’ 
~ 6 

or ,~ E’ V
f

R E ~ j B ~ 
C - - E E Cf F i f m f  m_____J_____________________

00 4
_ ______  _________  

R E G I S T E R  -

01 
- 

E 02 C 03. - 
~, - 04 F: , 05 C 06

rn m m

07 08 
~~~~~ 

09 “ 6 or n 10 V
f 

—

11 
— 

12 -~~ 13 ~~ - 14 15 16
rn f rn

17. - 18 - 19 . - _ ,

98 99 
- 

-

____  _ _ _ _ _ _ _ _ _  
I N S T R U C T I O N S

O P E R A T I O N  S T E P  R E A D  E N T E R  P R E S S  D i S P L A Y

Initialize 1 059 A& B INV

- _ - - - - bt f g .

0

Input data 2 
- - - - 

A E
f

• - -

~~~~~~~ 

El
f 

B G
f

- 

V C V

- - - - - - F : .  - - D . .  F:
m

- - E - - C
rn m

- 
- -r - 

v 
- 

A ’  V
- i:. - - 

B’ 
-

~~~~~~

- - - - -- 

~2 
-

1 
D’ ,,

6 or~~
~ E~ m
— -- -  - - .  st flg

0
- - - - 

~~~~ 
A

59
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P R O G R A M  T I T L E :  ST ORAGE OF CON STIT U E N T  PROP E R T I ES N O: 059

P R O G R A M  L I S T I N G :

Ci ’3 Ci 4S C’45 4~ Ci9Ci 46
cu Ci l ii i i 4 t .  14 cr3 1 17
Ci02 Ed’ iJ47 s i:i f i93 42
i:,,::: C’ ’:, ,:u4E: C i u ’ u:i ’~i:~ u:i,:,
CI CI4 did, 049 did’ Ci94 Ci7
DOS Cii 050 Cu5 Cr35 :E: 1
C,CiS dii C’S 1 C’S 096 46
DC’ 7 42 0S2 4 Ci97 1:3
Li Li du d’ U diii i i  E 4
Cu Ci 9 Cu 1 ~iS4 Ci4 Ci99 Cud
c,~u:i :31 CiSS 81 iCi C’ Cr3
cu l l  42 056 42 101 81
012 Cii d’57 dii 1C’ 2 46

‘~‘2 di5 E: 05 1,3 :3 19
014 Si Ci59 31 1:4 42 ’
dIlS 4i5 lii~Ci 46 iC’ S did,
C i lS 12 06 1 iS 106 0’3
d’17 Edu Cu62 SCi ld’ 7 :31
dulS ‘:‘c’ u:,~,::: i:’’:u IC,? 4~ ,
Cu i’3 did’ 064 did’ 103 id

C’2 DES di? lid, 42
du2l US DEE dii 111 dii
du22’ 42 ’ diE? 42 112’ Ci Cu

Cu d’ DES uj du 11:3 Cii
du 24 C’2 Ci69 CiS 114 7S
‘:25 31 070 :31 115 4:3
026 4 2 di7l 42 116 Dl
027 d’l du72 Cli 117 DC’

Cr3 Ci?3 C’s 118 35
Cu29 :31 di74 81 119 42
:3’:’ 46 075 46 l2du cii
031 13 ciT’S is 121 dii
Cr32 Ed’ 07? Ecu 122 81
d,:3 :3 did’ dl?? did’
C’34 C,’:’ u:i?9 i:ii:~Ci -3 S Ci4 i:i:E:,:i
i:i:36 Cii 081 duE
0:3? 42 CiE:2’ 42 *

Lid’ ij :~3 LW
di:39 Cu3 084 CuE
d’41:i E:l C, E:S 31
Ci4 1 4 2 056 42
i_ u 4 LI 1 Li ::: ij  1
C’43 Cu4 Cu :E:E:
di44 E:l C,E: ’3 5’1

60
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TITLE: COMPOSITE MODULI I NO: 06 1

A’ E B’ C’ D ’ E’

A E B G C ~i D G E
L - LT LT TT

00 - - 

R E G I S T E R  
-

01 E 02 C 03 - 04 - 05 C (06 ~ 
1

07 08 ~ 
— 

09~ ~~~ 
10 

m m

11 v 12 
a 13 a 14 15 16

rn f m

17 18 19
used used

98 99 [
_ _ _ _ _ _ _ _  

________ I I N S T R U C T i O N S

O P E R A T I O N  S T E P  R E A D  E N T E R  P R E S S  D I S P L A

Input data 1 Os” A&B

Comput e  nioduli ~ 0 - - i  A & B  A

6 1 

7_ — —  —*__ _ •_ _ _ •• 
~~~ -



-~~~~- w- — - _ - - — - - -

P R O G R A M  T I T L E ;  -COMPQSITE MODU,LIII  NO: 
~~~

FORMULAS:

- ~~ ~v~E~+ V

i

E )  (12 8)

-- -,

- - h 1V f Vf~~~m Vn~ 129)
• 1~~ xn 

- - -

1 (
~~ ~ ~ cVm \ 1 

(132)\ G1 C I 
- 

V
1

+t~~V 
- -

~~~~~~~ 

_ _  

-

Ef E V
f +11 V (146)

- - , y v .E +-t ~v~~~~~E .~~ -
* f t  tn m m- v (147)

- - y E  + -r, v F: -
f m . m f

-.~~~~ .p:

62
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PROGRAM T I T L E :  COMPOSI1~E MODUL 1 I NO:  06 1

PROGRAM L I S T I N G :

Odi di 46 d’45 4 :: 09,3 4:3 1 ~5 d’d’ 1 3d’ 65
d cii ii 046 C’i 031 Cii i- : s C’S 131 43
Cu 13 2 43 04? dii 092 C’S 1:3? du9 182 Cii

C,L~ di4S 54 cr3 .3 :35 1.3 :3 4 i ,  183 Cii
‘~‘d’ 4 dii di45 ‘35 ‘~u94 43 1:3 3 16 134 65
did’s 4 2 USC’ 81 Ci9S dii i4di 4:3 125 4:3
CiCii. Cii CiSi 46 cr36 dr9 141 did’ 186 DO
did’? 03 i,F-~’ i-~’ di97 ES 142 iii 18? 06
uLu::: 4j du53 43 du98 4:3 143 42 1;::::: bS
UCi 9 did’ Cu 54 Cu D 099 Cii 144 dii 139 43
Didi di4 CuSS 09 iCi Ci dii 145 i:i:3 190 00
iJ11 ~~ diSE 42 i’:’i ss 146 4:3 191 Lii
‘:12 Cii i:is~ cii 102 43 147 did’ 192 54
cui.3 Ci9 CS ? 09 id’S dii 148 di4 192. 55
014 5.3 053 4:3 104 di? 149 42 194 5:3
015 43 DEc cu c’ ic’ s 54 isci dii 195 43
CulE did’ DEl Cu2 106 95 1S1 di? 196 01
dii? di? ‘362 42 id’? E:i 15 2 43 197 ‘3 d’Cu1E: ES 053 dii id’S 46 153 Ci iJ 19? 65
dii9 43 DE.4 d’8 109 13 154 03 199 43
Ci2Ci 01 065 43 110 43 155 42 2d’O 00
UZi C’ di 066 did’ lii duO 156 dli 2d11 04
Cu 22 65 06? C’S 112 Cu :3 157 09 202 85
du2S 4 06:3 42 11:3 42’ 158 41 203 43
du2’4 Ui duE9 01 114 Cii 159 did’ 204 00
025 08 du ?O 0? 115 08 160 0? 205 09
026 85 nfl 53 l i E  4:3 161 0 1 206 ES
~~ ~~ di72 43 11? did, 162’ 46 ~u 4$
023 Cii di?:3 Cil 112 diE 163 1? 203 dli

di29 Ui di?4 did’ 119 4 2 164 53 2d’9 01
o:cu ~~ 075 ~~ ~~~ ~~ j~~5 4 iLi e5
diSl 43 ciT’S 4:3 121 di9 166 01 2 11 43
Cr32 dii Cu?? 01 122 41 167 du d’ 212 00
ci:: 0:1 o7~ cu~ L: ‘JO i~~ tS :i: cii
034 54 O?9 ES 124 Cii 1E9 43 214 54
di35 55 d’Sd’ 4:3 125 04 l7du diD 215 95
di:3 6 53 031 d’l 125 46 1?1 C’S 216 81
Cu :3? 4:3 032 01 12? 14 172 ES

d18:3 54 128 43 17:3 43
ij39 137 i384 55 129 00 174 00
cu4du ES ‘385 53 1SCi 08 iT’S 1)4
041 43 0:3 6 4 . : 131 4 2 1?E ::5
‘:42 dii US? Cii 1:3 2 ‘31 17? 43du 4 2. did’ di?? duO 1.33 cr9 178 duO
044 85 Cr39 S5 1-3 4 4 1 1?’9 09

63
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&AMPLE PROBLEM: 061 COMPOSITE MO DULL. I 
- NO: 061

Input data with Program 059

- 

E f io s ~~~o6 
E s x 10 6 

6G =~ 4.38 x~1O G - • 185 x 10- - --
~~

- -— ‘--- - --

=~ ~~~~~~~~~~~~~~~~~~ 
~v

i _t 
~35

i-- -- - - m—
~ 

— - - - - -

~ 

- .- m.~ 

__+_!~~~ - 
1~

- -I 
~~ .5 2 ~~_ 

I I
4 I

.6

EL

7~~8~~~ x 10~

- V Lr * ~25. - -

GTT 656.8~ x 1

2 .0152 x io 6

- v - • 327~

64
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TITLE: COMPOSITE MODULI II NO: 065

A’ B’ C’ 0’ E’

A E B Li C 0 E
T TT

00
_ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  

R E G I S T E R  -

01 E 02 G 03 ~ - 04 F: 05 G LIf  f f in in in

07 08 
— 

09~, or ?7 
10

11 v 12 ~ 13 a 14 15 16
in f in

17 18 19

98 99
_________  _________  

I N S T R U C T I O N S

O P E R A T I O N  S T E P  R E A D  ENTER P R E S S  D I S P L A Y

Store data with 1 
-

Program 059 
-

Compute inoduli 2 065 A&B A E
T- - - GTT RUN 11
TT

-

65

— 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
— -_______________________
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P R O G R A M  T I T L E :  COMPOSITE MODU-LI-Il - NO: 065 
*

F O R M U L A S :

, v y~ v - - (~, ~ E v -E V ) ( v  fE  -V  /E
1 i f  a m ~ 1 l a f m  m f  m n-i f f— t + I — v v  — - ( 1 ~~O)

E* ~ Ef E / V
f +?I V £ in (i-s 

1
Vf

E(# V E ) ( V
f +*~~ V )

a - : - -

- . ET
V

TT 2G TT 
-

66
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P R O G R A M  T I T L E :  COMPOSITE MO1JULIIX NO: 065

PROGRAM L I S T I N G :

OD D 46 D45 65 090 5:3 13S 55
Dci i ii 046 53 cu9l 53 136 43
002 53 047 4:3 092 4 137 01
du d’S 4:3 048 did’ -d ’93 did’ 138 09
Dd’ 4 dii Cu49 di? du94 C’? 1 33 S4
di’JS Cu d’ diS C’ ES di9S 65 140 20
006 SS CiSi 43 o9E 43 • 141 75
Cu d’? 43 

- Cu52 did’ di9? Cii 142 Cii
duDE: did’ CuSS diE: c’98 did, 143 95
Dd’ 9 dii duS4 65 099 65 144 31
Old’ 85 duSs 43 id’ di 42
diii 43 CuSE Cu d’ icu i cu d’
01 2 d’O C’S? dli iCu 2’ dui
013 Cu? USE: ES ic’ s 85
Cii4 ES CiS9 43 104 43
d’iS 43 duEC’ ‘3d’ - id’ S dli
015 dli 06 1 duE 106 dii
01? dui du62 75 idu ? ES
dulS SS 05:3 43 idlE: 43
0 19 4:3 064 Wi 1d19 DO

did, du65 d14 lid, d’4
02 1 04 066 65 

~fl 54
022 54 duE? 43 11 2 65
du23 55 diE? Od’ 113 53
024 53 069 di3 114 4:3
du25 43 di?O 54 -115 Cli
026 dii IJ?i 65 liE. duO
di2? did, ‘372 53 ii? :35
028 85 du?3 43 i i? 43
029 43 Cu?4 OC’ il’9 ‘3d’
O3~i ‘3d, 075 diE lad, 08
cr3 1 08 d’?E SS 121 65
03 2 65 Cu?? 43 122’ 43
di:3 :3 4:3 0?? 00 123 dii
di34 01 079 04 124 01 F
d,:3 S 01 USc’ ?5 12S 54
‘336 -54 081 43 126 54

I 7 d’O 127 95
0:3 ? 4:3 d,8:3 03 128 2’D
039 cii 084 55 129 42’
040 00 085 4:3 1:3 0 D l
041 65 036 dID 1:3 1 du9
04 2 4:3 087 01 132 E:1 - -

.
‘J4:3 01 diS? S4 1:3:3 65
ij 44 01 08,3 SS 134 02

67
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SAMPLE PR OB LEM: 065 COMPOSITE MODULI NO: 065

Input data with Program 059

E 
- 

10.5x i0
6 

E = .5x io 6
- - in

G 4.38 x 10
6 

G = .185 x io
6

£ - - m
- - .2 v = .35

in

= 1

~TT = ‘ 6 5 6 . 8 x 1 0 3 

E
T 1.9349 ~ 

~~6,

. 473 -

68
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TITLE: THERMA L EXPANSION COEFFICIENTS NO: 069

A’ B’ C’ D’ E’

A ~~ - B ~ 
C- 0 E

L T

00 . - -  

_ _ _
_ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  

R E G I S T E R  - -

01. -F: 02 G - 03. ,,, - - 04 E G 06
I f I in m in

07 08 - 09 10
711 712 776~~~~ 1~ V~. 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

11 v 12 a 13 a 14 15 16
in f  m

17 18 . 19 . -used used -

98 99
- 

_ _ _ _ _ _ _ _ _  
I N S T R U C T I O N S

OPERATION STE P READ ENTER PRESS D i S P L A Y
Store data with - - 1
Program 059 

- -- - .

C~ rnpute 
- -

éxpausidn ’ 
~~ 2 069 A&B ‘

~~~~~~~~ A a
L- 

B a T

— —— — I  . — I  — . — — — 

__ __ i _  - -— - - — — — —— — -  --- _ ._ _ _ _ ____ ______ 4 __  -

- —~~— -~~~~~~- - — - -~~~~$ - -~~~~~~ 
.
~~~

-—
~~~~~~~~

- - - - - . -  --- 1— - 

--~~~~~~~~~~~ - . - - - -- ---~~~- - -~~~~-- - ~~~1 
-

- -~~~~~-~~~~ - - -

— — 
~I : -

_ _  
- I

I
I 

-
- -~~~- - - , -, — , -~ -~~~~~ - - 

- 
- -  ~~~- - - ‘ :- - -

69

—--— ----
~~~~__;_—u—-----..-_ -_ - , — — -  — - ‘I- ’ .-



- -

P R O G R A M  T I T L E :  THERMAL EXPANSION COEFFICIEN ’I’S NO: 069

FORMULAS:

a a~ ( v  E a + v E a ) / (-‘-i V E + v £ ) (162)
L 1 1 f f  m m m  1 f f  m m

= a 2 
= V

1
0

1
+ V rn

Q
m 

+ ( v
1
a

1
L~ + v U  v )  (i~~1

v
1

I~ + v t , ) a
* (163 )

- PROGRAM L I S T I N G :

cu d ,:, 46 03i:, Cu d’ Ci Eci ci,:, u:r~i3 cu d’
C’ d’ i ii 031 dl? 06 1 C’S di9l di?
oo: S: Li s ci ~ : 54 Lu S
dl 0~ 4 : i i  4 Lu ’: - ~ 

c di:1 4
did’ 4 Li 1 du 4 Cii Li’: 4 4 : Li ~ 4 did’
005 Cdt o:s ou ui’ :S u~ o~ s iu :
Ci Li’: ‘:5 o:~ ‘:5 0’:’: Uli C i t  :5
diD? 4 .~: c’S? 4.3 C’S? ES 097 43P ,:u:r3 ‘:u’:u CuSS cii:’ i:uEs 4 :: i:u9:3 d,,i
duii~ di d’ ‘ dii Ci’: ‘ dli d’~~ di’:
Cu d’ ~~ 040 ~-5 071) O .. iLu di 54
dull 4: : D41 43 du7l 85 idi l 65
C u12 dii d142 dii 07 2 S3 idi~ 43
d u l_  Lu: Li4: cii Ci7 Lii ic :  dii
014 :35 ‘344 55 074 :35 104 Dl
015 43 du4S 4.3 du?5 43 105 65
Cii 6 dii 046 did’ d’?6 dO 106 43
dul7 Dl 047 04 du77 diE 10? dli
c ii? ss d,4E: 54 D?E: S4 108 09
dli9 43 1)49 95 079 85 ldi9 95
u32d’ 00 050 42 080 43 lid’ 81
di2l 134 051 dli du8i dii
du22 ES CiS2 09 Ci8 2 dii
‘323 43 CiS.3 :31 dr3.3 65
du24 cii 054 46 084 43 -4
du2S 03 OSS 12 US S 01
‘326 54 056 53 086 Cu .:: 4
Cu2? ~S CuS7 01 ‘38? ?5 -

~~~ L
028 52. 058 :3S ciss 53
029 43 i:u59 43 0:3 9 4 :: .;

70
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TITLE: LONGITUDINAL STRENGTH NO: 071

DI (‘I ( 1 ’  — ,

“ X (brittle ) 0 X ( ductile) ‘-‘ 8 “ X  (Statist) L

A x B x C D x E
f m f 

- 

fo

00 - - R E G I S T E R  
-

01 E 02 G 03 
~~ 

04 
E 

05 G 06 11
f f in in in

07 08 09 10
__________ __________ __________ 

V
f _______________________

11 v 12 - 13 14 x 15 x 16
in f m

17 - 18 19 - - - - - - -

fo 
___________ ___________

98 - 99 - -

_________  _________  
I N S T R U C T I O N S

O P E R A T I O N  S T E P  R E A D  E N T E R  P R E S S  D I S P L A Y

Store data with 1 - -

Program 059

Input data 2 071 A&B Xf 
A X

f- 
X B X

• -

- X~ D 
-

-

f o  fo
- -  - ‘ - -  E ~~

-

Compute streng t 3    A’ X(Bri t t le)
- . - ‘ t - - - B’ X(~~~icti1e )

- - - -  C’ 8
- - - - - - 

- 

RUN - X(Statistica )

• - - - . 
-

1 i T  i

71
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P R O G R A M  T I T L E :  LONGITUDINAL STR E NGTH NO: 07 1

FORMULAS:
Britt le matrix

X = 1 [ v 3 ( 1 _ V
f )E m /E f lX f (164) 0

- 
Duc:t1e ma:~~x ( t o u g ~~ 

( 1 65) 
~~~~~~~~~~~~~~~ rn

- 

I E i - ~~~1’~
= -.

~~
-. = ! —

~~~
-- I -- - ( 188)d1 L2 Gm ~~~ J -~~~~ -

X = V
1 

(s t rength  of bundle of length a)

= 
~~~~~~~~ 

( 182)

= v~X 1 (O ~~e)~~~
’
~ (1 83)

72
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PROGRAM TITLE:  LONGITUDINAL ST 1 ENGTH NO: 07 1

P R O G R A M  L I S T I N G :

didid’ 46 Cu45 4 -3 d,9C 4 :;:
Ci di i ii Ci4E. Cu du C ’3 i did,
diCi2 42 047 Cii di92 dii
‘3d’s Cii Ci4? 54 C,9 :3 55
Ci Cu 4 di4 d’4 ’3 65 Cr34 4
did’S :31 diSC’ 43 0-3 5 d’di
dudiE 46 C’S 1 Cii Cr95 c’s
DC’ ? 12 Ci5 2 Ci4 03? SS
i:ic,E: 42 C’53 95 093 02
did’9 Cii C’54 :31 Ci99 9S
du d’ d’S C’SS 46 1C’ C’ SC’
C li i  3 1 C’SS 17 1Ci  65
d’12 46 C’S? 43 iCi 2 4-3
01:3 iS duS? C’i ld,:: Cii
C u 14 42 ci59 du d’ iC’ 4 duE
dulS d’l CuEd’ ES id’ S 95
‘316 C’S duEl 43 iDE :31
Cii? :31 06 2 dli id’ ? ES
du E: 46 cs.:: Cu4 1C, E: 4.3
dil9 14 CuE.4 ElS idu 9 dii
Cu 2d’ 42 duES 43 lid, diE:
dial dii DEE d’ l lii ES
di22 07 diE? dli 112 dii
di2:3 Si diS E: ES ii:3 22
di24 46 059 43 114 23
025 15 cu ?d’ dii 115 95
d’2E 42 Cu7 i C’S US 45
du 2? D i  072 95 i i? 43

duT S Si li E: Cli
duS9 :31 Cu74 45 119 DO
dl:2: di 46 C’?S 18 i2du 2d’
cr3 1 is 076 S: : 121 94
032 52 di?? 01 ~22 9S
,j:3.: 4 3  di?? 7S 123 65
dr34 Ui di79 43 124 43
di:3 S Cu d’ -ci s ’:u cii 125 dii
0 .2: 6 85 08 1 dud’ 126 du7 - 

I

diS? 4.3 dr32 .2: d, 127 ES
di .2: ? Cii 0:3 .3 S4 12? 4.3
0 3 3  C’l 084 55 129 dii
C’ 4 d’ 65 Ci E:5 4 2: 1 3d’
041 4 1 ‘ u E :~ 01 1.3 1 9S
du42 did’ ~i:3 7 Cu d’ 132 ::1
042 : du4 Cu?? 3d, I

044 S~ 1):3 3  ~.S

73
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TITLE: IN-PLANE INV AR IANTS FOR [0 /90 /45 / - 45  ] NO: 075
p g r S

A’ B’ C’ D’

A i0 j
~i i i  ~D R 1A R 2~~

00
_________  _________  

R E G I  S T E R  
________________

= 1 1A 
:: ‘2~~ ‘ZA R 1A 04 H 2, R 2A 05 ~06

14 15 ~16

98 99~~
_ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  

I N S T R U C T I O N S

O P E R A T I O N  S T E P  R E A D  ENTER P R E S S  D I S P L A Y

Input piy data 1 045 A&B A EL
and initialize

Input n
8

and 2 075 A & B  N A N

Compute n
0 

R U N  n0 IN
i nva r i an ts of
A .. 

n
90 RUN fl90 IN

1_i n~~5 
R U N  n

45 /N

n
45 

RUN n 45 IN

B I~~

C ‘2A
D R

1A
E R ZA
B’ 6
C’ 

*



~~~~~~~~~ w

P R O G R A M  T I T L E :  IN-p LANE INVARIANT S FOR {O p /9O q /4 5~~/ 4 ~~~J NO: 075

F O R M U L A S :

TABLE 2 9 FORMULAS FOR IN- PLANE MODULUS FOR [0 /90 /45 1-45
- - p q r s

- 
I i I~ ~~~~ + R 1 +

A~ 1/h 1 - 
1 

-- 
coB 2(9 - cos 49

1 1 
- 

- 
-c o s  2 (9— 6 ] ) cos 49

A~2 /h 1 - l  0 — c os  49

A~ 6/h 0 - 1 0 -cos 49

0 
- 

0 -~ - s i n2 ( 9 - 6 1) - s in  49

- A
26

,’h 0 0 0 _ — }sin2 (9_ 51) sin 49

~ V~ + V~ = ~ (~~ -n 90 ) 2 +(n
45 -n 45

) 2 
~~~~ / R 1 (22 9)

~~V~ -F V~ = ~ I( 11 +~~o 5~~~~45 ) = R ZA / R 2 
- (230 )

- - fl r f l -  45
tan 26~ = 

~~~~~~~~~

-‘ - (231)
0 90

- 

Laminate is orthotrop ic j f f l45 fl _ 4 5 .

- -  - --~~~~ - 

_ _ _ _ _ _  1
- -

-

. - : (
- - 

( , 
_ _  Q~ )

Figure 61 Pl y orientations and modulus J 9, 
- — ____________________

of symmetric laminates. J 9,
- - — 

- 
- 

• ii, (n /Z)
:

- 

~~~ I2 _
~~~j~~ 

1

76 
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P R O G R A M  T ITLE :  IN-PLANE INVARIANTS FOR [0 /90 /45 1-45 J NO: 075
p q r B

P R O G R A M  L I S T I N G :

didu du 4E- Cu4S 43 ci9du 49 135 Si 180 Cu?
dudil U di4’: du~ O~~i did’ i:~ 4~ i~~i S i
dud’: 4~ 047’ C’S cu c. du4 i :? S7 is: 4’:
ocu : dli 04 5 ~5 du~~ 4: i 5  ~: is: 15
dudi4 Ci~ D4~ 4di CR4 o~ i:~ cii 154 4 :
du d’s El  DSdi ES dR5 c’S i4du di’: iS S  du d’
dud”: ss c’~~i s: cu~~ 75 141 ~C’ is~ D E
duD? 4 c’s: ~: D~ ? 4 14: S E  iE~ El
dud,E: dli du5:3 du.i 098 di9 14:2: du4
CI C’ 9 du9 C’54 di? Cu99 di9 144 05
d u O  95 cuSS ?S 100 95 145 42
Dli 4 2 USE 4:3 Idu l 42 146 00
dil2 cii C’S? dii icu 2 c’i 14? Cu?
01:3 0? di58 du? 103 diE 145 41
014 :31 0S9 54 ld’4 55 149 E:9
:,iS 55 diEd’ 4du id’ S 53. iSd’ 46
‘316 43 DE l 95 iDE 43 151 SE:
Di? dul CI E,2 :30 idi? 01 1S2 du d’
d i E  cR cit: 4: id: ci? is: ~:
d’l 9 95 d’64 did, ldi9 75 1S4 did,
di2D 42 065 d’s lid, 43 155 U?
dual 01 DEE ~~ 111 01 156 41

05 dit? dud’ ii: c’s 15? ~~du 2-3 Si du68 di:3 113 54 155 46
024 S5 069 4.3 114 90 159 1:3
025 43 di? du Di u S  :3? lEd’ 4:3
026 dii d’?i di? liE 95 161 00
02? d’9 072 ~~ i i? 94 isa cia
02? 95 07:3 43 11:5 22 163 Si
du29 42 074 Dl 119 ~:4 164 45
ci: r, CR 07’ S duE i:cu ~s itS 14
du3i di? du?6 75 121 02 165 43
Cu32 E:1 Ci?? 4.3 122 95 167 ‘3d’
du33 55 D?8 di9 12:3 42 iS? 0:3
034 4:3 079 0:3 124 00 lb ’3 Si
du .35 cui diEldi 75 125 0? - i7di 46

~u- 3 S 09 di:3 i 4:3 126 46 171 15
037 95 08 2 09 127 89 172 43
d,. : :S: 42 duS: : d19 12 :5: did’ 17:3 dud’
du39 du9 di84 95 1219 42 174 04
di4 du di9 085 4du 1:3 0 dud’ 175 E: 1
du4i :31 duSS 3d, 13 1 diE: 176 46
042 46 087 42 1:32 4:3 1?? 17
Cu 4 :3 12 dISS did, 1:3 :3 00 l?E: 43
044 75 089 diE 134 01 - 173 00 

I I~~ 
-

77
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NO: 075

SAMPLE PROBLEM: 075 IN- PLANE INVARIANTS FOR [0 /90 /45 /45p q r s

1. T-300( 52O8

I i = 49 .49, = 26.88 , R 1 = 85.732 , R 2 
= 19. 7 17

a) {0/9 0J  
- 

11A 49 49 R 1A = 0 5 1A 0 = 5
~

- 

- - 

- 12A = 26. 88 R ZA = 19.72

2~ 
1
~ T

45
-’ ~~~.IA ~~~~~ 

I 

R IA = 0 5 1A = 0 =

‘2A 26 88 R ZA = 19.72

- e) {0 1 9 ~ / - 45 -/~~ S }  
~~ A 49.49 - R IA = 5

1A = 0 =

- - - T I ZA = 26.88  R ZA = O

d) [O /45 ]   ~. 
I~~ = 49 .49 

- 
R 1A = 60.62 6 1A = -22 .50 

- - -  

~i
—.:i~ 

12A 26.88 R ZA O 
~2A 0

2. Same a s 1~~ut for B(4 ) / 55 05
- - 

a) [0/ 9 0 ]  - ‘IA = 58. 0 
- 

R IA = 0 6 ] = 0 -6 2
- - 

‘ZA 29. 80 - - R ZA 24. 0

F.

78
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TITLE: IN-PLANE MODULUS AND COMPLIANCE NO: 079

A’ B’ A C’ A D’ E’
-j~

l6 ’ ha 16 
-~ 26 ’ ha 26

A ! 
IA ..! 

B~~11’ ha C~~22 , ha D~~12, ha E~~.66, ha
~~~~~~ ij h 11 h 22 h 12 h 6~~,,

00 -e R E G I S T E R  
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

:h 1
~~

1

~Th1 ::1
2

~~

.

A
~~

2; 
::R

lA
~

h

~~~
2 R zA h 1

~~66 
05 ha 16 ~06 ha 26

13 
~~~~ 

14 ~~66 15 ~~i6 ~16 ~~26 
1

98 99
_ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  

I N S T R U C T I O N S

O P E R A T I O N  S T E P  R E A D E N T E R  P R E S S  D I S P L A Y

Continue from
075 

- -

Compute A 1~ 3 041 A&B 0 (deg) B A
11 fh

- C A22 /h
-- 

D A 12 /h

E A66 /h
- B’ A

16 /h

- 

- A26 /h

Invert A.. 4 027 A&B A ha2L1) ~1
- R C L O 1  ha

11
- RCL 02 ha 22

RCL O3 ha
12

RCL 04 ha 66
- - 

RCL 05 ha
16

RCL 06 ha26

79
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P R O G R A M  T I T L E :  IN-PLANE MODULU S AND COMPLIANCE NO: 079

FORMULAS:

TABLE 29 FORMULAS FOR IN-PL ANE MODULUS FOR [0 /90 /45 1-45 
- 

- - 
- 

- - 

~ q r ~

-

- - - - 

i-;- -i~ ~~~~~ - 
R

2A

- 1 - 
1 COB 2(9_ 6

~
) coB 49

- - 

I  
- 

1 -coB 2(9- . 6 1 ) CoB 49

A’12
/h -1 0 -cos 49

A’66 /h 0 -- 1 - 0 -cos 49

A’~6/h 0 0 -~~sin2(9-6 1) sin 49

--  - A26 /h o 0 0 _ 4s in z(o_ 6
1) sin 49

Let Compliance = a ” [ A J 1 or 
~~~

A k = 6ik (204)

where 
-

_ a
11 = - ~- (A 22A 66-A~6) a 22 = ‘(A

11
A 66-A ~ 6)

a
2 = 1- (A

16
A 26-A 12

A 66), 
a~~ 

= 
‘(A

11
A 22 -A~ 2 ) ( 206)

~~ 
‘(A 12A26-A 22A 16), 

a
~ 6 

= ‘(A
12

A 16 -A 11 A 26 ) 
_ .

- A 16 -

• - 
A22 A

26

- 161 
A 62 A66 

-

In~- Plane . Engineering Constants : -~ - -

- - 
I 

- - - 
a 12 ~ 

a
12 o

- -  

E 11 ~~~
ha

~~ 
=

. iç~ ‘, - ~
‘i~ ~~~~~~ 

~~ 
1h21 = ‘ G iz =

80

— - —.-



- -- -i__ -w- — — -  - - - ---

- - TITLE: IN-PLI ANE STRAIN - - NO: o8~

- 
A’ -- - - B’ C’ - D’ - E’

A ~~ . - . B . ~~o ~ c ~~o. .  D 
e

0 E
- j :  1 2 6

00 - -
- 

- -  R E G I S T E R  - -

-- 01 — - 02 03 — 
- 

- - - - 04 - - 05 06 
- a 22 a 12 a66 

- 

a 16 a 26

-- 07 - N 1 
08 N 2 

09 N6
- - -  10 - -

11 - . - 12 13  14 15 116 
I

~ 17~~~~9~ 18 ~~~~~~~ 19 -e~~ --- - -  _ -

- 98 99 -- -  -  - -
- I N S T R U C T I O N S

- O P E R A T I  ON S T E P  R E A D  E N T E R  P R E S S  D I S P L A Y

Co~ tinue-4r-om- ------ - -- ----- - --- - - ------- - 

- . .  

— 5 019 _A&B N 1..~~. A - N 1
- —  N - - RUN N

_ _ J~~~~~2_1_ - - - -
j 

- 
2 2

: N

~ 

RUN 
- 

N6
- _  - -  .~~~~± €~~

°

- - 

I 

- -  - _ . C
~~~~~ e2° 

7 I i  - 
e O 

—
~~

- -
~
—--r-

~~~~
-
~~~~~~~

- - — ‘—-- 

~~~~
‘

-

~~~~~~~~~~ ~~~~~~

- - “ - H - - -~~~6 
~~

- -  

I I - 
- - 

— ______ —-

~~~~~~~~~
-

~~~~~
- —-—  -- --- - -

~~~~~~ 
- -  

--------, - -—  ~~- - ,  -  

~~~~~ ~~~~~~~~~~~

• - .~~~~~~ - .
~~~~~~ ~~~~~~~~~~~~~~~~~~~~ -- - - .

- 

-

I - 
-  

I - - 

“T-  
~~~~~~~~~~~~~~~~~~~~ _ _ _ _ _1_~~~~ 

—

_____— .-~
1
— -____ ____

----~~---~~~~~~~~~~-~~~ r :  — —--



— —,_
_ 

w -
~~~~~~

--
~~~~~~~~~ ~~

- - - _

P R 0 G R AM I I IL E: IN- PLANE STRAIN - NO: 081 
-

F O R M U L A S :

Let Compliance = ~~~.. = [A ..]~~ ora~.~A . = 6. (204)
- - - - - ij - 

-

- ! 
- 

— _
~~ 

I

a~1 a
12 

- 

a16 N 1 - 

- 

-

- 

€ = a
21 

a a 26 N2 or = a..N. (205)

•
~~~~~~~~

• 
~6I 

- ~ 62 

:~~ 82
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TITLE. PLY SThESS FOR tO
p
t9P

q
I45

r
/
~

45
s~ 

- E~ 

083

A -
~~~~ B . Q~-1- , - a 1 - - C ~ 22 , ~~ ~~~~~ ~6 ~ ~66 J

00 cx~ - -  

- 

-1 - I R E G I S T E R  
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

02~ . ~~~~~~~ 03. - R~ 04 R
2

. 05 - 106 1
07 - -. 08 ~~ 09 10 - 

-________________________

- 

II 13 
~~12 

14 15 116 Q26 I
17 o 18 o 19 

ej~~~ 
-- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -

98. _~~~~~~~ 99 - -  
- 

- - -

- I N S T R U C T I O N S

- — O P E R A T I O N  S T E P  R E A D  ENTER P R E S S  D I S P L A Y

Continue from
081 

- 

- - 

-

~ -
- 

Inp~ t p1y data 6 
-- 

045 A&B A E
4nd ir1itia1i~ e 

- 

L

~~~~~~~ 
--~~~ --~~~

_ - -.~~~~~ -- I  

- 
- - -

- - -  ~~~ 041 AkB ~ 1(d~~~. - - B

- 

Cor~ipute cy~~~~ 
- 

8 02~~ A~~B 
- 

- - -- 
B ’

H

~~ j A&B a~ (~~~~) B~~
- - 

- 
- --i--- - 

I 1~~~~~~~~~L~ _Ui _ _ ~~~~~~~~~~~~

- 
9orriput . Rpt 8~~~~~ 2 3 A~~B 

-~~~ 
B 

- 

~~ J~~~~~~~U_L~~~~~
2__ 

~~~~.. C_ ~~~~. ó

— I — 
I - — — — —

- 
_ _ 1__ , _ _ _~~~~ - ~_ .L_ - - _ .  _~~~~~~~~_ j _ _  - I - - . ~~~~~~~ _-

I I : - 

6
-

7 and~8 f~~~~~~ h~~u ~~~~~~~~~~~~ iTI~I~ I — -

83
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PROGRAM TITLE:  PLY .ST~RESS FOR [0 /90 / 45 ~ / - . 45 j - NO: 083
- 

- 
p -q r s

FORMUL AS:

a.~~~aIcu1at ion of In- Plane Strains 
- 

a.21 N 1+a 22 N2 + a 26N6 (233)

0~~~~e6 . = .  a61N 1+a 62N2 + a 66N6 
— - I 

~~~
-— —-- ~~

_______ ._ — . _ . L

or - 

i~fl 
- 
a11 - -  a 12- - a16 - 1N~1.

= a2~ a22 a26 N2 or e° = ~~~N (234) 

tT~e6J-__ 361
_ _ 6 ~

_ -- 
~~~~~~~~~~~~~~~~

b. Calculation of Stresses of the t- th p ly.

- f~~1(t) 
~~11 - ~~IZ - 

q16 
~~~~ t) 

~~~~~~~

~
•z ~zi 

- -  

~ z2 ~z6 I ~~~~~ 
(235)

1,~6 )  
~61 ~62 a6 6j  - t~1e~~J — 

~~
-- - - -  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- - --.--

Foi~ the a oriented piy, rep lace index 1, t” by ’~~” in the equation above

c. TABLE 31 SAMPLE CALCULATIONS OF PLY STRESSES

- (For ~~~~O0/520 8) . -  -

( o)  ( 90) (45) (-45)  — 
-

Laminate Imposed N. Resulting o . o . o . a~.— - - - - - 
- ~ 

- t 1_ 1

-- 
1 .0104 1.893 .1088 

- 
-

- - [O ,90 .J ~~~~~~ — - .QQO 3. .0269 .0269
- 

- 
- -  

0 0 0 .0282 _______ _______

- - - - 1_ .O1OL 1~~~66Z - .22 79
- - [ 0/90 1 — ---- 4- -— - -- --.-.Q-3~0-1--- - - — .4-3-38 1. 4495 -

- ______________ ________ 
.139 5 

- 
1.0 .9432 

- ________ ________

- - 1 .0104 
- 

.5769 .5591
[45/ -45J  -1 0 - .003 - .4231 . 4224

______________  
0 0 

________ ________ 

.4331 .4268
- 1 .0144 2 . 5971 .1412 .6399 .6060

- 
[ 0 / 9 0 / 4 5 1 - 4 5 1  0 - .004 - .00 24 T~~

7.29
~ 

. 3679 . 3584
- 0 

- 0 - .039 3 .4144 .4236

84
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TITLE: INVARIANTS OF FLEXURAL RIGIDITY NO: 085

A’ B’ 1 C’ D ’

A Initialize , B C 0 E

00 2at 
_ _ _ _ _ _ _ _  

R E G I S T E R  
-_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

01 11 ‘ 
~lD 

02 
~ 

‘ ‘ZD 
03 R

1~
R

1~ 
04 R 2~~

R ?D 
05 t 106 3t2 -3t+l

07 08 
6 

09 10

Fc2D 12 Fs2D 13 Fc4D 14 Fs4D 15 2z /h 116 
I

17 18 19

98 /2
_ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _  

I N S T R U C T I O N S

O P E R A T I  ON S T E P  R E A D  E N T E R  P R E S S  I D I S P L A Y

Input ply data 1 045 A&B A E LInput data 2. N /2  STO 99 N / 2

Zz /h STO 15 Zz /h
0 0

In itialize 3 085 A&B A F
~

( l )

Compute in- a
1 (- deg B Ft(Z)

variants of a
2 (deg RUN F~(3)

1) . .

R iDRUN
nf2 -

Recall RCL 01

RCL °~ 1ZD
RCL 0’3 R iD
RCL 04 R ZD
RCL O7 6 1

RCL 08 62

85
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P R O G R A M  T I T L E :  INVARIANTS OF FLEXURAL RIGIDIT Y NO: 085

FORMULAS:  - - _ _ _  1 -
TA B L E  33 FORMULAS FOR FLEX URAL RIGIDITY WITH ISOTROPIC SUBSTRUCTURE

~
_(-j

~~
)]11 ~~~~ ~~V~~+V~ R R2

zz --~4 D’~1~.(_~-2-) Q~ 1 1 - 1 cos Z(9-6 1) cos4(0- 62 )

- _  — -

-
~
-

~~ D~ 2
_ (

~— j ~ -) Q~ 1 1 1 -cos Z ( 9 -6 1) cos4(9-6 2)

-~-4 ~~~~~~~~~~~~~ 1 -1 0 - c o s 4 (9- 6
2

)

D 66- ~~(~~~~)

3

~~~ 1 -.Q~2 0 1 0 ~
cos4( 9

~~
6z )

12 
- 

1D 0 0 - -~sin Z( 9 -6 1 -s in4(9-6 2)

0 
- 

0 -f s in z (0_ 6 1) sin4(0-6 2)

4v~ + = 

~ )
3 

~~ EF t
cos2a

t )
2 

+ ( ~~~F~sin2a~~
2 

= R
iD 

/ R 1 ( 2 5 9 )

+ v~ = 
(
~~

)

3 

~J ( L F cos4a )
2 

+ ( ~‘F sth4g~ ) 1 R 2D ~‘ 
~~ 

(260)

2(D + D )  - 
v _ _ 

- - -

tan 26 = 
16 26 

= - ~~~~~~~ - (261)
2 D 11- D22 - -

4(D - D )  V 
-

tan 46 2 
16 26 

= - —~~— (262) ~~F .4C ’iVG —

D~ 1 
+ D

~~
_ 2D~~

_ 4D 66 V 2
— T J T I I t ! ! iI~lU!~i] ~i

2 2 ~ e I - l i~I —

- = 3(t + 

~
) 

~~ 

+~ 1~ -~~~~- .. (263) - 
- tJiI fttI ifi4~1 ~I

Figure 70 Sand w-ich Plate
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P R O G R A M  T I T LE: INVAR 1ANTS OF~ FLEX H R A T , - R W T n T T Y  NO: 085

P R O G R A M  L I S T I N G :

ñf t  46 045 65 09 0 00 135 r:rs 1 :3rJ 4Cr
00 1 11 046 03 091 06 136 85 . 181 85
002 01 047 75 092 95 137 01 182 4:3
003 7~ 048 4:3 09:3 44 1.3 8 95 183 01
i:r cr 4 4:3 049 OCr 094 r:r 1 1:3 9 41 184 Cr4
005 0 1 cr50 05 095 03 140 88 185 40
or:Is 05 - 0 51 65 096 43 141 46 186 95
0~i7 45 052 0:3 OO 142 87 187 3r3
008 03 053 F~~ 098 t’U 143 43 188 55
009 ~~ 054 01 099 32 144 01 189 43
010 4~ 

055 95 10cr 65 145 1r~ I 1 0  09
cr 11 oo 056 42 101 4:3 146 55 191 09
012 Cr1 057 Cr cr 102 tiO 147 4:3 192 45
ci i: ~~ USE fit icr : Ut NE cii i~~: ci:
Cr14 cr tr •_~i liJ4 :15 149 fri 194
015 02 Ci6 Ci 46 105 44 15Cr ~l4 195 49
0 16 fr tr Ut~l 12 106 f ri 151 ~~ 196 ciii
017 42 062 65 107 02 152 22 197 04
O l E  Cr1 ‘o t:  Cr4 b E  4 : 15: ~4 i~~ 4:
OF’ cii 0 t4  4 10 01 154 55 1~~ 01
020 42 ~~ 

95 110 09 155 02 200 Cr1
021 in 1366 42’ 111 156 95 

~‘01 40
ci:: Cr: o~~ cii i i:  ~ s 157 4~ ao: ~s
ci:: ~: 

OtE 0~ 1l~ 4: is~ cr cr :Cr : 4:
024 Cii ~~~~ 55 114 00 159 Cr7 204 Cii

0: L70 0: u S  Ut itO  4~ :05 o:
026 42 Cr71 95 116 95 161 cr1 2136 40
027 01 072 42 117 44 162 Cr4 207 95
0 E  Cr4 07: Ocr ii~ cii it: ss :05 :c
029 in 074 00 119 04 164 43 209 ~~
cr :3 r) ~s Cr75 3:3 120 4:3 165 01 21cr 43
031 43 U7~. 65 121 09 165 Cr3 211 Cr9
0:32 01 Cr77 43 122 09 167 94 212 09
0:: cr5 07E 00 i:: ~s ~~~ ~5 :1: 45
034 65 U79 06 124 43 169 22 214 03
o : s  4: ci~ O :i5 125 dci 17cr ~4 :is ~~
0:36 Cr9 U&.1 44 126 1)5 1 7 1  55 216 49
037 09 082 01 127 95 172 Cr4 217 00
c r :E OE~ 01 i:~ ~~ 17: 5 :1E cr
Cr39 45 084 43 129 87 174 42 219 81
04cr cr85 01 1:3 0 22 175 Ocr I

041 42 086 09 131 80 176 08
Cr42 cr0 rj~ 7 33 132 87 177 43
04:3 Cr5 088 ~l5 132. 43 178 01 :

Cr44 4 0 089 4:3 1:3 4 Cr0 179 03
- I 4

S
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TITLE: FLEXURAL RIGIDITY AND COMPLIANCE NO: 088

A’ B’ D d C’ D d D’ I E’
16’ 16 26’ 26 I

A 1 D . . J  - 
B D 11, d

11 
C D 22 , d22 

D D
12 , d

12 
D 66, d 66

00 
~

_________  _________  

R E G I  S I E R  
________  ____________

01 
1

1
, d

11 
02 

1
2

, d
22 

03 
R

1
, d

12 
04 

R 2 , d 66 
05 

d 16 
106 d26 ]

07 6 08 6 09 10

11 D~~ 12 D22 D
12 

14 D66 
15 D 16 116 D

26

__________  __________  
I N S T R U C T  I O N S

O P E R A T I  ON S T E P  R E A D  E N T E R  P R E S S  D I S P L A Y

Continue from
085

Compute D
1~ 

4 Q41~ A & B  0(deg )  B D 11
C

D D

- E D
6

B’ D 6
C’ D

26
Invert  D~ 5 027 A&B - A d

‘3 26
- RCL 01

RCL O2 d 22
- - RCL 03

R C L  04 d 66
- - 

RCL 05 d 16
- R C L  06 d26

88
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P R O G R A M  T I T L E :  FLEXURAL RIGIDITY AND COMPLIANCE NO: 088

FORMULAS:

TABLE ~s3 FORMULAS FOR FLEXURA L RIGIDITY WITH ISOTROPIC SUBSTRUCTURE

- - ~ - - 

~-(~)1’~ [~-(~5]~ R ID R
2D

~~ D~ 1~ (~~~~) 
Q~ 1 - 1 cos Z( 0 -6 1) c o s 4 ( O -6 2 )

1 1 -co s2( 9 - 6 1) cos4(~~-ô 2 )

~~~~~~~~~~~~~ Q~~ 1 -1 0

D~~ . ~~(_-~ 2) 
~~~~~~~~~ 

0 1 0 - c o s 4 ( O - 6 2 )

~~ 

D’ 0 0 _ -~sin 2 (o_ 6
1 

-si n4(O-5
2)

D~ 6 
0 

- 
0 -+ s in2 (Q_ 6 1) sin4 (9-6

2)

89



AD A067 967 AIR FORCE MATER IAL S LAB WRISHT—PATTERSON AFB OH F/S 9/2
Sa—Sa MAINCTIC CARD CALCILATO P SOLUTION S tO COMP OSI TE MATER IALS—— ETc (t f l
JAN 79 $ I ThAI. H t UAS. F HUSER

UNCLASSIFIED ~1t

I i

___ 
a m

_ _ _ _  

Ph
_ 

__
__

_ _  

P~iiU_ __ _
• • m t ~ um I 

U h a
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TITLE: CURVATURE DUE TO BENDING NO: 090

A’ B’ C’ D’

A M . B k C k D k E
1 2 6

00
________ _ _ _ _ _ _ _ _  

R E G I S T E R  
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

01 d 02 d 03 d 04 d 05 d 06 d
11 22 12 66 16 26

O 7 M 1 
08 09 M6 

10

11 12 13 14 15 
116 

I

17 18 k2 
19 k

6

98 99
_ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  

I NS T RUCT I ONS

O P E R A T I O N  STE P READ E NT ER P R E S S  D I S P L A Y

Continue from
V I- i b

Input M . 6 019 A&B M 1 A M 1
M2 

RUN M2
M 6 

RUN M6
Compute k . B

- C k 2
D k 6



• — -
‘
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~~~~~~ 
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PROGRAM T ITLE : CURVATURE DUE :TO BENDING NO: 090

FORMULAS:

TABLE 50 FLEXURE-CURVA TtJRE RELATIONS

— k6 M 1 M2 M6

M 1 D 12 D 16 ~
- k 1 d~~ d 12 d 16

M2 D21~ D22 D26 k2 d21 d22 d26

1v16 .D 61 D62 D66 k6 d61 d62 d 66

Since c
~ 

= zk2 e6 = zk 6

Finally, from st re Bs-~~tr ain relat ion of the t-th layer.

~~~~ 
Q
1~~ + Q~2e2 + 016e6 )

~~~~~zi~~l 
+ + (2 81)

= Q~~e~ + 062e2 + 066e6 J

- ---- [~M~ J ~~~~~~~~~~

r~~~~~~ Ek~I 
_ _

• ~~ !‘~~~~~~~ :
_ _  

_

_ _ _ _ _  

I ~ I Wf J~(O
tt) 

t)

T T  - I ~ I
Figure 73 Flow diagram for ply .t ra.. calculat ion.
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TITLE: PLY STRESS DUE TO BENDING NO: 092

A’ B’ C’ D’ E’

A ~B :, ~c :, 
~ 

~D 
~~lz~ ~6

00
_ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  

R E G I S T E R  
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

01 ~ 02 
~ 

03 R 1 
04 R

2 
05 J06

07 08
~~

-
~ 

09 o
~6 10

11 
~ 

— 

12 13 
~ 

14 
~ 

15 
~ J 16 Q 

I

17 18 19

98 99
_ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  

I N S T R U C T I O N S

O P E R A T I  ON STE P R E A D  E NT E R  P R E S S  D I SP L AY

Continue from

Input ply data 7 045 A&B A E L
& initialize

Compute Q.~(a 1
) 8 041 A&B a1(deg) B

Compute 9 PROD 17
• PROD* 18

P~~OD* 19

Compute o~~z 1) 10 023 A&B 
-• • 

B

- ,--..- • ~2 

- D

Compute Q. (a2
) R pt 8 023 A&B a2(deg) B

C ornpute s (z 2 ) Rpt 9 
-- 

z2 / PR OD* 17

PROD~ 18

PROD* 19

Compute o 1(z 2 ) Rpt j O 023 A&B B , C, D

--  ii
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TITLE: INVARIANTS O~’ COUPLIt~JG MODULUS NO: 093

A’ B’ C’ D’

~‘Initia1ize 
B 
~~ 

R iB 
C R

2~ 
E 6

2B ~~,

00 — Za
t R E G I S T E R  

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

81B 
:: 

6
2B 

:
~~~, R

iB 
04 R2, R ZB 

05 
~ Joo 2t - 1

Fc2B 12 FsZB- ---- 13 Fc4B 14 Fs4B 15 J16

17 18 19 -4a

98 99 - 

-

_ _ _ _ _ _ _  _ _ _ _ _ _ _ _  
INST R U C T I O N S

O P E R A T I O N  STEP R E A D  ENTER P R E S S  D I S P LA Y

Input ply data 1 045 A &B ‘ A E
L

Input data 2 093 A&B n 
I 

A n

Compute inva~ - 3. - -  a 
1
(deg) B a~

iante a2(deg) RUN a2

a
N RUN R iB S

Recall 4 ‘~~ ~~~~ ‘ . . C 6 1B
D R

. - - •-. .--- --- . .  . • .  2B
• 

- 
• 

. • . •  - - . .  ..
‘ 

- . . - • •  ~~~~~~~ 
E 62B

93
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PROGRAM TITLE : INVARIANT~~OF~COUPIIING MODULUS NO: e~~
FORMULAS:

TABLE 56 FORMULA FOR TRANSFORMED COUPLING MODULUS

— 

4v~+v~ R2

-

~ 

coa 2(Q-6~ ) 

- 

coa4(Q- ° 62)

cos4(9-6 2 )

h2 ‘

-j— B’12 0 . -cos4(O-6~)

h2
j— B’66 0 -coe4( O-6 2)

B’~6 
- 

_ —fainZ(9_ 61) -ain4(a-6 2 )

2
B~ 6 - ~ sin2(O .6

1) sin4(O-6 2)

V = ~~~~~~ coa 2~~ 
- 

V2 = ~~~~ ~~ F cop4~ (322)
$ N. 

— ---.-- . -,---- .- —---. —- -, ---,•----.• —-~~ —5—

- 

~~~~~~~~~~~~~ ~~ Fts~~
4
~~~, (323)

_____ • .~~~~~~~~ . - ~~ —~~~~~~~ -—~~~~~

tan 2o
~ 

= 
‘

~~~~~~
• 

- (32O)~~t~~~~~

~: L±± .! ~ it— .
tan 46

2 
=

~~~~
. - ~~~ ~~~~~~~~~~~~~~~ 

(32 1)_ ~~~~ 4’t 
L_

~~• . . _ L_
~ • ____________ 

-; -• -
~~ 

——  — -  ____ - ___

Figure 78 Integration of un.yTnmetric 
laminates must be performed
for the entire thickness from
-h/2 to h12. ( For symmetr ic 4 ‘laminates , integrati on can be -
Limited to from 0 to hI Z).

V 
-~~~~~~~~~ 
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~~~~~~~

_
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PROGRAM T I TLE •

PROGRA M L i S T I N G :  

NO: 093

000 4~ - 
.

‘:c’ i ii ‘:‘~~‘ U2 090 5 135 43 180 85

002 42 ~~~ 
‘
~~~~~ 

091 43 1:3 6 cii 181 43

oo: r~ 
Y ’

~~~ 
4 ~~~~~~~~ oct 1~ r 04 19: 01

:: u4~: iJ1 fl 9:3 c~, 138 55 18:3 02

005 00 ~~~~~~~~ 09 094 95 1:39 43 184 40

006 42 ~~~~~~~~ 3 095 44 140 01 185 95

007 ~~ 
u~ i uu 096 01 141 03 13E. 30

OUR Ill Y~~ 
0U 097 04 142 94 187 ~~

009 42 Y~~~~~ 
32 098 43 143 95 188 53

010 01 
65 099 09 144 22 189 43

0 11 02 ‘:‘
~ !:‘ ~~ lO u 09 145 34 190 09

012 42 ‘J 00 101 75 146 ~5 191 09

013 01 ~~~ 
ct~ 102 43 147 04 1 2  65

014 o~ 
U5~ 95 103 00 148 95 19:3 02

015 42 9•~ 9 44 104 05 149 42 194 54

016 01 UbO 01 105 95 150 00 195 40

017 114 
061 U i  106 90 151 08 196 95

018 42 
u62 43 107 87 152 43 197 49

019 00 
06.3 01 108 43 153 01 198 00

020 05 
064 u9 109 00 154 03 199 03

021 46 
0b~ 33 110 05 155 40 200 43

022 88 
0~.6 65 111 85 156 85 201 00

023 42 
067 43 112 cii 157 43 202 03

024 00 
068 00 113 95 158 01 203 81

025 05 
06~ 06 114 41 159 04 204 46

026 65 
0 ,0 95 115 88 160 40 205 13

027 ’02 
071 44 116 46 161 95 206 43

028 75 
0(~ Ui 117 :37 162 30 207 00

029 01 
c173 03 118 43 163 ~~ 

208 07

030 9~~ 
074 43 119 01 164 53 209 81

031 42 
075 00 120 02 165 43 210 46

032 00 076 00 121 55 166 09 211 14

033 06 
O ( (  :~~ 122 43 167 09 212 43

034 81 
078 65 123 01 168 65 213 00

035 46 
0c9 43 124 01 169 02 214 04

036 12 
U~ 0 00 125 94 170 54 215 81

03? 65 
Odi U6 126 95 171 40 216 46

038 02 
0d~ 95 12? 22 172 95 217 15

039 94 
Od.3 44 128 34 173 49 218 43

040 95 
084 01 129 55 174 00 219 00

041 42 
08•j 02 130 02 175 04 220 08

4 
042 00 

0d6 43 131 95 176 43 221 81 
r ~

043 00 
087 01 132 42 177 01 

-

044 65 
0~ 8 09 133 00 178 01
089 32 134 07 179 40

95
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NO~ 093

I

a

-
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TITLE: COUPLING MODULUS - NO: 097

A’ B’ B C B D’ E’
16 26

A B B C B D B E B11 22 12 66

00
_ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  

R E G I S T E R  -

01 02 03 R
iB  

04 R
ZB 

05 ~06

07
~~ 

08 09 10
lB 2B 

14 15

_ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  
I N S T R U C T I O N S

O P E R AT I O N  S T E P  R E A D  E N T E R  P R E S S  D I S P L A Y

Continu e from
093

Compute B~~ 3 041 A&B Q ( d e g )  B B 11
Recall 3’ C B22

D B12
E B66

- B’ B16
- C ’  B26

• - .

- ‘•1~~~ 
— • .

. • • --- .

- 

- 

-I
--

97 ~ 2~

• 

_
-;-.•

_• •__ _ _ •_ 

, 
L ~~~~~~~

-
~~~‘ - -
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PROGRAM T I T L E ;  COUP NC DÜthJS NO: 097

FORMULAS:

TABLE 56 FORMULA FOR TRANSFORMED COUPLING MODULUS

- 
~ V~ + V ~ R~ 4~~+v~ Ra

a - - -i~_ 
9i c O-6 1) t o 84( 9-6 2 )

2 - •  •-  - --

cos4( 9~~6~
) 

-

h2 -

~~~~~ 

• - .— -

j— B’~2 - 0 -cos4(O-6 2)

h2 - 
-

j— B~ 6 - 

0 
-
~~~ -cos4(9-6 2) 

.

~~ B~ 6 
— 

_j s~nZ(9_ 6
1

) 
- 

_ 8 4(o_oz)

~
j- B~ 6 - 

- ~ sin2(O-6
1 ) - sin4 (O- 6 2) .

-

= .J. EF tcoeZa. 

I 

~~~ 
EF~

cos4a 

•::: 
( 3 )

“~3 V4 -~~~~~ — E F in~~~~~~~~~~~

- I - I - - - 
-

I v :  i

tan Z6 1 ~~~~~~~~ 
_i; -:~~: ~~~~ (32Q) .~ I

I 

v- 

- 

i
tan 4t = - 

I . (321) - __________

— ‘  ?:•~ -~ .,4 . —
I , •  •—R

~
.t—I I 

_______

•4.:—

~

I
• i 

i—F f ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

— — — - ____-

Fi gure 78 Integ rat Ion of unsy mmetr ic 
- - -  - 

-.

laminates must be performed
for the entire th ickness from
-h/2  to h/2 .  ( For symmetric ~~~- ‘ t~ ’Lam inat es , Integrat ion can be • 2
limited to from 0 to h / Z ) .

98
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TITLE: MOISTURE CONTENT AND SWELLING STRAIN NO: 099

A’ e~
i B’ C’ D’ E’

T

A B C D H E
V C C

V T 0

00 -

• R E G I S T E R  
-

01 . 02 03 04 (J~ 
I

07 08 09 10

__________ 

- 

__________ 

14 15 
116 

1

98 - 99 . . . ,
_ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  

I N S T R U C T I O N S

O P E R A T I O N  S T E P  R E A D  E N T E R  P R E S S  D I S P L A Y

Input data - 1 . 099 A s A S

v B V
V V

Compute c 2 c C C
- -  - m in

- V RUN C
in

C
v

- 
in RUN c

- . -~~~ - . - ... - - . -. . . - . -  LI’ • H
•CQmpute~~ 3 v DT m T 

- •

• Cor~ipute c 0 4 
• •

- E C
o 

- •—~---w~- . -- • - -— -~~--~---•-. -, -- . .-- . - -,- - - --  .

~oxppute’ eT 5 - A’
~~~~~~~~~~~~~~~~~~ RUN H

— - 

p ’~~ R~~~~ e r 

I 4- J . .  . - , . • ~~~
- _~~~1 . ~ •

- . . .  - •  -

. - - . • - • ~ ‘—— .
4

- . . -•  .

99

-
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PROGRAM T ITLE :  MOISTURE CONTENT AND SWELLI~~G NO: 099STRAIN
FORMULA S:

M’-M
C = —

:
-
M 

= c m  + c
f
m

f 
4. M / M

= ( C V P ~~~+~C V P +  v p ~~~ / p

( C V  8 +  C
(

V
f

S
f

+ v
~~

) / 8 ( 374k

1+ i,H m
3 —  8

C V / S
0 V - .

H I r
= 

~~ 1(’ + c) ~, - lJ - - - c f.  (402)

01:10 4~, 03c cli:I 060 1
P R O G R A M  LI STI  NG: 001 11 031 03 061 85

002 42 032 :31 062 43
003 00 033 46 063 00
004 01 034 14 064 03 3

005 :31 035 85 065 54
006 46 036 01 066 65
007 12 037 95 l:IL7 81
008 42 038 55 068 55
009 oct 039 03 069 81
010 02 040 65 070 75
0 11 81 041 43 071 01
012 46 04? 00 072’ 95
012. 1:3 043 01 07:3
014 81 044 95 074 02
015 65 045 81 075 95
016 81 046 46 076 81
017 65 047 15
018 :31 048 43
019 85 049 00
020 43 050 02
021 00 051 55
022 02 052 43
02:3 95 053 00
024 55 054 01
025 43 055 95
026 00 056 81
027 01 057 46

100 028 95 058 16
029 42 059 53

• ~
-
~
-;-

~~ 
—
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TITLE: RESIDUAL STRESSES (MICRO ) NO: J O !

A’ Input Da.ta B’ C’ D’ E’

A e- B . 
~ 

C ; R — R D - E
I rn mL’ fL

00 . • -~

_ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  

R E G I S T ER 
-

01 
E 

02 - 03 04 E 05 06
m

07 08 - 09 10
‘~1 

_________  _________  

V
f 

_________  __________

11 v 12 -e - 13 - -e 14 15 16
in I m

17, 18 19 , - - -

98 - 99 .,- --.•-- . -

_ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  
IN S T R U C T I O N S

O P E R A T I O N  S T E P  R E A D  E N T ER P R E S S  D I S P L A Y

Enter data 1 10 1 A 
- 

E
1 

- A’
- --~~ - 

E RUN
RUN

- 
V

1 
RUN

e1 - RUN

Compute 
- 

2 e
~~ 

RUN
stress 

- 
- 

-~~ 
- 

- • - - —R

• I . .  - ~~~~ . 
G L

- -  

RUN 
- —R  

-~~ — - - — --- - r  IL 

- - . , - - -~ —a . - .- -.----~~~~~~~~ ---_ _- -- - -- ~~
.- -•-- - . -- - -- . •

— - . .•-  ‘ ‘ - -I I 3
—-- I’ -~ - - - - - - - -• — —— ~~~~~~~~~~~~ . • _ • _ - •-._ _ -— 

- I 
I 

- 
I’

- - - —  I 5 - - ‘ - “ - -

- - - 
4 4’

~ F H : 
- -

- -

~

-— : . . .~~~~~~~~~~~ . • - - • - - 

101
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P R O G R A M  T I T L E :  RE SIDUA L S T R E SSE S( M I C R O )  NO: 10!

F O R M U L A S :

Matrix
v ..E E  ~e - ~~ e ) -

— R t f m f I m ( 387)
mL ~~ v E + v  E1 f f  m m

= 0 - (388)mT

F iber
v v E EJ, ~~e - e )— R  m — R  m m r l m  f

STfL v m L - , 1 v E + v  Ef 1 f f  m m

— R  
= a (3 90 )

fT

PROGRAM L I S T I N G :

300 46 c,:;c cii c’~ c’ 55 090 Cli
001 16 o~~i 03 JJSI 53 ~‘9i cc i
002 42 0:3 2 :31 06 2 43 092 94
0 0 3  1:1 ,3 033 46 i363 cc ’ 393 95
0~l4 Cli 0:34 ii 064 CI? 094 :31
005 :31 035 43 06 5 65
006 42 0:36 01 066 43
007 cici ij :37 oct 057 0 1
c,08 04 i3 :3~ E S  USE: 00
009 81 ‘:39 4:3 059 65
010 42 040 co 070 43
0 i i  oct ci 4 1 Cli 137 1 ci ci
012 07 ‘342 55 072 Cli
01:3 :31 ‘343 43 073 :35
‘314 42 044 CICI ‘374 43
015 0 1 045 04 ‘375 ‘31
U i ~ 00 046 65 076 01 - 

- -

017 94 047 53 077 55
O lE: 85 048 42 . 078 43
1319 131 049 ‘31 079 0~i
‘320 95 050 02 080 04
021 4 2 051 75 081 54
022 Cli 052 43 0:32 95
02 :3 01 053 00 083 8 1
024 81 0~ 4 07 084 65
025 42 055 65 085 43
026 01 056 43 086 01
027 02 057 01 087 01
028 81 058 03 088 55
029 42 059 54 089 43

102
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TITLE: STRESS ANALYSIS PAR AMETER S NO: 103

A’ B’ C’ D ’
Eng ’g Const

A B C D EParallel • Per pendicular k , n , et al

00
_ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  

R E G I S T E R
01 E 02 E 03 C 04 05 

~ 06 sL T LT VLT 11 22

07 s66 
08 09 k 10

2 
12 13 14 15 16 1

‘Jn~~4k 
_ _ _ _ _ _  

- 

p2 
_ _ _ _ _ _  

j
17 18 19

98 99~~~
_ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  

I N S T R U C T I O N S

O P E R A T I O N  S T E P  R E A D  E N T E R  P R E S S  D I S P L A Y

Enter data -1 103 A?~B E
L 

A’

E T RUN

G LT RUN
- V LT RUN 

~ 12

Compute
parameters 2

C rack para-
llel to fibers A k ‘

• RUN n
RUN IJ.

1- 

RUN

Crack perp~n-
dicular to
fibers . - B k

RUN n
RUN

- 
RUN

103

- 

- 

_~~~~~~~~~~~~p 
- 

•
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P R O G R A M  T I T L E :  STRESS ANALYSIS PARAMETERS NO: 103

FORMULAS:

= ~ [n + (
~~2 4k) 1 .f2] = 

~ 
[~

_ 
(n

2 _ 4k)~~’2] 
- 

( 5 1 1 )

n = [2(j i~i + 

~~ 
+ 

s ] h / 2  
k = (s

) 1/a 
(512)

a f r

104
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PROGRAM TITLE: STRES S ANALYSIS PARAMETERS NO: 103

P ROGRAM L I S T I N G :

000 46 ‘~‘45 95 090 :3 i i :35 Cli
‘30 i 16 045 94 09 i 40 1:3 6 20
002 42 047 42 C’92 75 137 42
oo: 00 04.E 00 ocI: 04 1: E 00
004 01 049 ‘38 094 65 1:39 06
00 5 81 OSU 81 095 43  140 43
ciCl6 42 c’si 46 096 CIO 141 00
00 7 00 05: i i  O~ 7 O~ 14.. 02
OO~ ci: Os: 4: ü~~ ~s i~~

_ :o
00~ E i  054 00 0~~ c’ 144 42
010 42 055 06 100 42 145 00
Dii Oct 056 55 101 01 i46 05
01 2 03 05? 43 10 2 0 1 147 4:3
o i :  ~i os~ 00 io: ~s 14? 00
c114 42 059 05 104 43 149 ‘33
015 00 060 95 105 01 1513 20
016 04 061 30 106 00 151 42
017 43 06 2 42’ 10? 95 152 00
018 130 OE.:3 00 108 95 153 ‘37
019 01 064 09 109 55 154 41 4

020 20 065 8i 110 ~‘2 155 i i
021 42 066 85 111 95 156 81
022 00 067 4:3 112 42
02:3 05 068 ‘30 113 01
024 43. 069 Cl 8 114 02
025 0 C’ 070 55 115 81
026 02 07 1 43 116 43
027 20 072 00 117 01
028 42 073 05 118 00
029 00 074 95 1 i9  75
030 06 075 65 120 42.
031 43 076 02 121 01
032 00 07? 85 122 01
033 03 078 43 123 95
034 20 079 00 124 55
035 42 080 07 125 02
036 00 081 55 126 95

• - 037 07 082 43 127 42 1,’— 038 43 083 00 128 U i
I - 039 00 084 05 129 03

040 04 085 95 130 81
041 55 086 30 131 46
042 43 087 42 132 12.
043 00 088 01 133 43
044 01 089 00 134 00

105
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SAMP ~.J E PROBLEM: 103 STRESS ANALYSIS PAR~AMETERS NO: 103

‘E
L 

181 x

- - - 10 •3 x

~~LT

•V LT .aa

Parallel to f?ber s Perpendicular to fibers

k 
- 

.4.192 k I 2 3 8 . 5  x 10~~

~ nj~~~~~~~~~~ 75 Q n 
• 

1 !372

:~~~~~=~ ~4 .g94 - 1~.167
I 1 • - - - --.- 1 -

14 ~~~~~~~~~~~~~~~~~ U2
.= 2 0 4 . 3 x 1 0 3

__ 
- -  

106 
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TITLE: CRACK TIP STR ESSES NO: 107

A’ B’ C’ D’ E’

A ~~, B C D E
x y xy 

—,,

00
_ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  

REGI STER 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

01 E 02 E 03 C 04 05 s 06 ~L T LT ~LT 11 12

07 s66 
08 s12 

09 k 10

~
‘J ~ &4k 

__________ ~ 2 
__________ 

15 116 
1

98 99
-_ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  

I N S T R U C T I O N S

O P E R A T I O N  STE P  R E A D  E N T E R  P R E S S  D I S P L A Y

Comput e para-
- meters w ith 1

103

Compute crac~k 2 107 A&B A
tip stresses B ~

- 

C r \ ’~~~~/K

107



- 
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~~~~~~~~~~~~~~~~~~ 

—
~~

-- -
~~

P R O G R A M  T I T L E :  CRACK TIP STRESSES NO: 107

FORMULAS:

9 -= 90°

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

-- 
(518)

- 

K 1 k / 1  -
___  - . ~& -  ~~~~~~~~~~~~

xy 

~ T ----
~~~~~

-) - -

PROGRAM LISTING:

000 46 030 75 060 54
001 11 031 43 061 95
002 43 032 01 062 46
003 00 033 03 063 87
004 09 034 55 064 55
005 65 03S 43 065 02
006 53 036 01 066 30
007 43 037 02 067 55

• 008 01 038 30 068 53
009 02 039 51 069 43
010 30 040 87 070 01
011 75 041 -81 071 02
012 43 042 46 072 75
013 01 043 13 073 43
014 03 044 43 074 01
015 30 045 00 075 03
016 5+ 046 09 076 54
017 51 047 65 077 95
018 87 048 53 078 56
019 81 049 43
020 4 6  050 01
021 12 051 02
022 43 052 30
023 01 053 20
024 02 054 75
025 55 055 43
026 43 056 01
027 01 057 03
028 03 058 30
029 30 059 20
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TITLE : Y FOR CENTER-CRACKED PLATE AND COD NO: 109

A’ B’ C’ D’ E’
Constants E , rL

A a B w C y D COD E

00
_________  _________  

REGI STER 
_________  _________

01 a 02 w 03 a’/w 04 1.5254 05 0 2881 ]06 0.1282
~~T

07 EL 
08 

y = Zn 09 10 y 
-

___________ ___________ 

13 14 15 116

98 99
_ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  

I N S T R U C T I O N S

OP E R A TI ON S T E P  R E A D  ENT ER P R E S S  D I S P L A Y

Enter constant s 1 109 A&B 0. 1282 A’ . 1282

-0. 2881 RUN -0. 288 1

1.5254  RUN 1.52 54

Enter data 2 a A a

Compute 
• 

9 
- -

Enter data 
--  

4  E
L 

B’ E
L

- - - 
R U N

- - • - - C’ -y y
Compute COb - 5 D COD 

, 

-

109
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PROGRAM TITLE: Y FOR CENTER-CRACKED PLATE AND NO: 109 
p

COD
FORMULAS:  l i f T 1

L1Th

Isotropic plates -

Y = 1 + 0 . 1 2 8 2 ( sly) - 0 .Z 8~ 1 (  a /v) 2 
+ !.5254 ( a/v)

3 (5 16)

Total COD
COD ~ elast ic COD + plastic CTOD

- 

~ !L( Y + f L ~~) (52 6)
- y - -- - -

110
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P R O G R A M  T I T L E :  Y FOR CENT ER -CRACK ED PLATE AND NO: 10~~COD
PROGRAM LISTING:

dUO 46 045 05 0913 09
001 i i  i345 85 091 54
002 42 047 01 092 95
003 00 048 95 093 81
004 ‘31 049 42 094 46
005 E :i ‘350 01 095 16
0C16 46 051 00 096 42
did’? 12 052 81 097 00
ODE: 42 053 46 098 06
0(39 00 054 14 099 81
010 02 055 42 1013 42
0 1 1 E: 1 c’s 6 0 1 1 01 00
012 46 057 Cii 102 05
01:3 13 058 65 103 81
014 55 059 43 104 42
015 4:3 060 01 105 00
016 00 061 00 1 C’S 04
017 01 062 65 107 81
0 18 95 063 4 3 108 46
019 20 064 00 1 Ci 9 17 —

020 42 065 01 110 42
021 00 066 55 111 00
022 03 067 43 112 07
023 45 068 00 113 81
024 03 069 07 114 42
025 65 070 65 115 00
026 43 071 53 116 08
02? 00 072 43 117 81
028 04 073 00 118 46
029 85 074 08 119 18
030 43 075 25 120 42
‘331 00 076 59 121 00
032 03 077 55 122 09
0:3 :3 40 078 02 123 81
034 65 079 65
03S 43 080 43 4
036 00 081 01 4 ~027 05 082 00
038 85 083 65
039 43 084 43
040 00 085 01
041 03 086 01
042 65 087 55

4 043 43 088 43
044 00 089 00

111

— ~~~~~~—
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TITLE: E CDZ AND NOTCHED STRENCTH NO: . 1 1 3

A’ B’ C’ 0’ E’

A 

~, c • 
B Constant s D YX /X E

0 fl

00 - • R E G I S T E R  
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

01 a 02 w 03 a/w 04 1 .5254  05 0 2881 106 0 .1282

07 08 09 l O x  2~~-

used ‘2 used 13 c 14 a 15 (16

98 99 -

_ ________  _________  
I NS T R U C T I O N S

OP E R A T I O N  S T EP R E AD EN T E R  P R E S S  D I S P L A Y

Enter constants 1 1 1 3  A&B 0. 1282 A 0. 1282

-0.2881 RUN -0 .2881

1 .5254  RUN 1 .5254

Enter unnotched 2 X B X
strength

E~nter data to 3 
- 

C
determine c -- -

o a RUN a
R epeat for a.u -

data  - - - -  w RUN Y
- - -—

X RUN c
• - - n 0

• at fig

• o
RUN c (best fit

- 0

Compute YX /X 4 D
c RUN C

a0 RUN a

_ _ _ _ _ _ _ _ _ _  _ _ _ _  _ _ _ _ _ _ _  ~~(deg) RUN YXn / X

13
___ -- 

_ _ _

J . -. juuI=__,I~11. I
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P R O G R A M  T I T L E :  ECDZ AND NOTCHED STRENGTH NO: 113

FORMULAS:

~~~~ 

)2 
cf . Eq. (540)

( x ) ]~~~~ 
-

c (beat f i t )  -. 0 .  • -

112
= (

~~
°+ 

~~) 
-- - (546)

114

_ _ _ _ _  _ _ _ _ _ _ _  ________________
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P R O G R A M  T ITLE:  ECDZ A N D  NOTCI-JED STRENGTH NO: 113

P R O G R A M  L I S T I N G :

ooi:’ 46 d’45 i:’o 09: ’ Cli 135 dii
di dii 1 di 4 di — di 1 i: LI 1 — 

t I

dl di . LI 47 t 5 13 ~ ~~ 1 - 7 1
cU: 5’J 04 E 4 _ 0:4 _ E l  1: E 50

004 ci ’:’ 049 ‘:0 094 SC’ 1:3 9
d O S  4_ ii5 dl UI— U ~5 iJ di 140 El
‘:106 dii 051 35 096 Ui 141 46
did’? Cii 052 01 097 ‘‘U 142 14

— 4: d’s 
— 

~ 5 U — Lit 1 4 1
didi9 dii Ci54 65 099 41 144 42
i:i i i:’ 02 di55 81 lCd duj 145 Ui
diii 31 055 ~~~ idi l dii 14 ’ -
012 42 c’S? 2(3 102 02 147
0 1-3 ,

~di d,5E: 55 10:3 4:3 14 :E: 4~d’14 dii 059 4:3 1 1:14 dii 14~ C l
dilS 81 Ci60 did’ ic’ s i:: 1SC- iI~~
O iS 42 061 (37 ic’ s ss 1~~1 E l
dii? did’ 062 95 107 4:3 152
O l E  LL Ut _  4Ci id l E dli 15 ~~~~~dil9 55 064 75 1’J9 01 154 4:3
di2U 4-3 diES 01 lid’ 9 5 155 dii
dl2l d’di 066 95 111 51 156 d14
022 01 067 42 112 46 157 ::5
02:3 93 d168 Ui 11-3 ii 158 4-3
‘324 2d1 069 ClU 114 ‘+2 159 Cii
025 4 2 di?di 4d’ 115 CCI iSdi di :3
026 00 071 44 116 06 161 95
027 di:3 072 01 i i? E:i 162 2Ci
028 45 d,? :3 dii 1 1:3 42 16:3 65
di29 0:3 di74 43 119 did’ 164 4:3
,3:3i3 ~~I I  075 did, 12di C’S 165 dii
d’ :3 i 4:3 di76 dii 12 1 E:l 166 d’ :3
0:3 2 tiC’ di?? 65 122 42 1b~ 

13C 
-
‘

d,3 :3 ‘:4 d,?E 43 12:3 ‘3d’ itO :3 ,3 - -

di34 8S di?9 01 i24 di4 169 Si
d,:3 5 43 f ’ 3 d’ didl 1 25 Si 1 ?di dO
0-36 did’ :1 :1 ‘74 5 126 46
037 dI:3 :s2 44 127 12
d,3E 4dt di8 .3 dii 12E: 42
r~3~-’ 45 034 di2 129 dldi
1:4:, ~ 0:7 5 43 1 3di
04 1 did’ d’3ri- did’ 131 8 1
dI4~~ C’S C’S? dii 1-3 2 dii
C1 4:3 7 5  USE: 55 1:3 3 Ui

44 4:3 ,:i8-~ 4-3 1 :34 42

115
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TITLE: OFF-AXIS FATIGUE STR ENG TH NO: 117

A’ B’ C’ D’ E’

A 
Constants 

B a 0, b9
, etal C Se (S) 0 S

8 
(T)  E

00 - - 

RE G IS IE R_  
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

a~ 
02 b5 

- 03 a
T 

04 b
T 

05 ~ (06 1/mn

07 a
8

(S) 08 b9 (S) ~ m~ 
10 a 9

(T ) 
_____________________

~~ b~ (T)  

~~ 
__________ 

14 15 (16

98 99 -
_ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  

I N S T R U C T I O N S

O P E R A T I O N  STE P READ ENTER P R E S S  D I S P L A Y

Enter data 1 117 A&B a
~ 

A a
~  

b
5 

R U N  b
5  

- — —   a T RUN aT 
b
T 

RUN b
T

Compute a9. b9 2 
- • •  -

~ 0 (deg) B a 0
(S)

- - --- - - -  -— ~~~~~— - -- — RUN b9(S)
-  .-- RUN - a 6(T)

- - -~~~~ - - 
RUN b

0
(T)

Compute -S9et--~4 - . -  —-  . N - - - C - S0(S)
- - 11 - 

D S
0

(T)

117 -‘;—~:;1—-- — —- - • 
~~~~~~~
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P R O G R A M  T I T L E :  0FF-AXIS FATIGUE STRENGTII  NO: 1-1 7

FORMULAS:

- a - - - b
S S

a = — , b -- —

9 mn 9 mn

a b
a9 = -j . b9 =

P R O G R A M  LI ST I  NG:

di di di 45 ii 7d, 2’d’ 060 42 d’9U 65
di di i ii di3i -42 041 ‘3 d, di9i 43
d i lL 4~ di di Ll Ut di~ LI -U did,

di d’ o_ : LII- L lt _ 4~ i39: LI?
d,di 4 di U 4 5 di ~ 4 Li d, Li -14 1~did’S E: 1 0-35 43 065 CI:3 C195 ~34
di dit 4~ Li:t did’ Iitt 55 di~~ ES

0:3 7 dli C’S? 4:3 di97 43
7 -

~~~~ Cit : dId’ 037 did’
didl El ~~i — 

-I 4: Cit C’ 3 di
dil L’ 4: Ci4di di d’ U ’Li ~~ idi d, 45
Ui I did, di4i di? d’?l 42 iOl 81
0 12 di:3 ‘3 4.2 E:i d’?2 01 id’2 45
013 E:i 04:3 4:3 Ci73 did’ 10:3 14
0 14 4 I  di44 did; 074 E:i i04 28
d’iS di d, ‘345 C’S 075 43 105 65
016 di4 046 65 076 dId’ 105 4:3
dii? 8 1 047’ 4:3 ‘377 ‘34 ldi7 Ui
‘3 17 4t~ d14— Li d’ d’7 5S idi~ dId’
019 12 049 0 0 79 4:. 1(39 95
020 42 d’Sdi 95 diS C’ C’ di lid’ 94
‘32i did, diS i 42 ‘381 d’9 111 85
022 05 052 00 ‘352 ‘3~ i i2 4:3

• 02:3 33 135:3 08 UE:3 42 11:3 01
024 65 054 81 084 U i  i 14  01
d’25 43 055 43 085 01 115 95
026 diO 056 ‘3d’ ,JE:6 E:1 116 81
027 05 057 35 087 46
028 :32 058 32 088 i3
029 ~~ 059 40 089 23

118
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TITLE: FATIGUE STRENGTH OF ANGLE-PLY LAMINATE NO: 119

A’ B’ C’ D’

Data B 
~~~ ~~ 

C k k  D E

00 -

_________  __________  

R E G I  STER 
_____________________

01 E 02 E 03 G 04 05 a 116 bL T LT ~LT S S

07 a 08 b 09 20 10

11 12 ‘3 kT 
14 15 used ] 16

_ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  
I NS IR U C T I O N S

O P E R A T I O N  S T E P  R E A D  E N T E R  P R E S S  D I S P L A Y

Enter data 1 119 A&B EL 
A E L

E
T 

RUN E
T

- GLT RUN G LT

- 
1’LT R U N  V LT

• - a8 
R U N  a

~
- - b

5 
RUN b

8

- 
. - 

a
T 

RUN a
T

b T 
RUN bT

Compute 
• 

2 
• 

- 

. • 

B U
1

parameters RUN 2
- • 9(deg) C

- 
RUN kT

119
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r:cRAM TlTLETIsTR
~

NGT
~

oF ANIIL
~~~~

NO: IT
~

-- 

~ 
r — - -  

(u1 + .ec 20) tan2 zel
= i - I  I - Sec 20 + 

--  - (55 5)
- L-- - u2 + tan ~8 J

I 

~ 
+ sec 20) tan 20

k ~~~~~ 

- 

. (556)
S 2 u2 + tan~~26

1 -

U = (557)1 1 + 2 ”LT +

E L’ G
U = (558)

- 

2 
~~~~~~~ + E L /E T

120
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PROGRAM T ITLE:  F AT I GUE STRENGTH OF ANGLE .. PLY NO: 119
LAMINATE

PROGRAM LISTIN G:

dldidi 46 d;45 35 dI9d’ 1:3 1:3 5 ~35 i Sd’ d’9
d’Ul 11 ‘346 55 i39i 65 i:3 6 94 181 32
Odi2 42 ‘347 5:3 di92 02 137 55 182 4di
Udi :3 cio 048 dii 093 95 138 02 1E: 3 5S
Od’ 4 Cii 049 85 d194 42 139 95 184 4:3
005 1 OSU 02 d’95 Odi i 40 42 185 dli
did’s 4 2 di5i 65 096 09 i4i 01 186 06
Od’? 00 052 4:3 di97 5:3 i42 0:3 18? 75
007 di2 i35: di d’ o~~ 4? 14? .71 12~ ~~
d’d’9 51 054 ‘34 ~3I3 l3 dii 144 Cli 189 54
Old ’ 42 055 P5 idi dl 00 145 E:5 i9d’ 65
di ii ‘3d’ 056 43 ldi i 65 146 43 19i 43
0 12 03 057 00 10 2 43 14 7 0 1 192 00
Ui: 5 1 057 dl i idl _ diU i4E dl iJ l~~? di~014 4 2 059 55 104 d19 149 65 194 :3 :3
0 15 iJdi USd1 4 id’ S :: 15d’ 4 ; i~~5 20
Uit 04 dit i oc’ lOt ~5 151 Ud’ i~~t ~501? Si ‘36 2 di2 107 43 152 09 19? 55
01 7  4 . dte 54 10.7 00 is: ~: 1~~E ‘:‘:
0 19 d,di 064 42 ld’ 9 09 154 40 199 95
di2di ‘35 065 Ui h O  32 155 55 2didi 4 21

021 -81 diSE C’S lii 85 156 ~~ ~iIl dii
022 42 067 135 112 4:3 i S? 43 202 04
di2: did, UE.7 42 ii: co 157 01 :0: ~i
di24 06 069 01 114 09 159 01 -

025 81 070 diij 115 :32 160 65
026 42 07 1 81 - 116 54 161 43
02? Odi 072 43 117 55 162 00
d,2E: 07 di?3 00 1 iS 5:3 16:3 09
‘329 81 074 0-1 119 43 164 33
‘330 42 075 5S l2di 01 165 40
031 00 076 43 121 01 166 E:5
1332’ 08 07? 00 122 65 16? 43
03:3 81 078 03 12 :3 43 168 00
034 46 079 95 12 4 00 169 09
035 12 0813 .55 125 09 17d1 :32
036 Ui 081 43 126 :33 171 40
03? 75 082 01 127 40 172 54
038 43 083 05 128 85 173 42 ’
039 00 084 95 129 43 174 01
040 01 08S 42 1:3 0 00 175 06
041 55 086 01 131 09 176 85
042 43 087 01 132 32 177 S3
043 00 088 81 133 40 178 43
044 02 089 46 1:3 4 54 179 00

121
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TITLE: STRENGTH PREDIC TION (FAILUR E POTENTIAL ) NO: 123

A’ B’ C’ D’ E’

A Data B x , etc. C D E
0 

—‘
F

00
_ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  

R E G I S T E R  
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

01 ‘~ 02 L 03 
~ 

04 05 
~ 

106 C2

07 08 09~-~ 1 
~~~~~ 

2 
+C3 x ta($+1) 

~~p+1) 1

11 12 13 14 15 16
V

17 18 19

98 99
_ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  

I N S T R U C T I O N S

O P E R A T I O N  S T E P  R E A D  E N T E R  P R E S S  D I S P L A Y

Enter data 1 123 A&B A
- 

p RUN

C 1 RUN C 1
a RUN

- - - 

C
3 

RUN C 3
- - . - . - •• 

_ _
~~~. • .  C 2 - RUN C 2

- L RUN L
- 

- 

- -  

Iy (O . 5772)  RUN - V

~~~~C0th it~~~~~~~~~~
: 

~~~~~~~~ •

—
- - I  • — RUN 1+1 /a(~ +1) 

I

-- . 1-(1+1/a(frfl ) RUN 1+2/a~~+1)  

F(1+2 ~~~~(~~+1) RUN ~~ (power)

- ~~~~. ~~~~~~~~~~~~ . •~~~~~~~~~~ • -- - - RUN c~ V. (power 
- 

-. • . . •-.- C IE (exp. )



PROC RAM T ITLE: 5TREN~TH PREDICTION (FAILURE NO: 123
- POT~ NTIAL)

FORMULAS:  -

- ~~( powez) x f
’
[i + 

•($+ 1) ]

= tt~ Lt L C 1
$(P+1)

j  (580

c. ~ 
[ rft +2 / s ( f t + iii 

-

~ 
r
2
(i + i / a ( 8 + i ~) J

-- -  c3 A
= — f ~~Ln(tLC2 / C )  _

~
,] 

- 
v: Euler constant (=0 .5 772)  (585)

• 124

‘ 4 -
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P R O G R A M  T I T L E :  STR ENG TH PR E DICTION (FAILUR E NO: 123
POTENTIAL) -

PROGRAM L IST IN G:

000 46 045 43 090 43 135 09 180 54
001 ii .046 00 091 00 136 40 181 95
002 42 047 04 092 04 1:3? 75 182 81

dIU ‘348 85 09:3 85 138 01 183 00
004 01 049 0 1 094 01 139 •3~ 184 00
005 81 050 54 09 5 54 140 30 185 00
006 42 051 95 096 95 141 95 •

did’? 00 052 45 097 20 i 42 81
002 04 052. 5:3 -098 42 14:3 46
009 81 054 43 -099 01 144 13
010 42 055 00 100 02 145 43
011 00 056 04 101 85 146 00
012 Ci:3 057 85 ‘102 01 147 0?
01 3 8 1 058 0 1 1 0:3 95 1 48 55
014 42 059 54 104 81 149 43
015 00 060 20 105 42 150 diO
016 05 061 95 106 ‘3d’ 151 05
017 81 062 65 10? 09 152 65
018 42 06:3 43 108 43 152. 53
019 00 064 00 109 01 154 43
020 07 065 03 110 02 155 00
021 81 066 45 lii 65 156 US
022 42 067 53 112 02 157 65
02:3 00 068 43 11:3 85 158 53
024 06 ‘069 00 114 01 1S9 43
025 81 070 04 115 95 160 00
026 42 071 55 116 81 161 Ui
U2? 00 072 53 117 42 162 65
1328 02 073 43 liE : 01 163 43
029 81 074 00 119 00 164 00
030 42 075 04 120 43 165 02
031 01 076 85 121 00 166 65
032 01 07? 01 122 08 16? 43 L.
033 81 078 54 123 65 168 00
034 46 079 54 124 4:3 169 06
035 12 080 95 125 00 1?O 55
036 43 081 42 126 09 171 43
03? 00 082 00 127 95 172 00
038 01 083 08 128 ~i 173 07
039 65 . 084 81 129 43 174 54
040 43 ‘085 43 130 01 175 23
041 00 086 00 131 00 176 75
042 02 087 05 132 55 177 43
043 65 088 65 133 43 178 01
044 53 089 53 134 00 179 01 

. I

125
i i

_____________
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TITLE: RESIDUAL STRENG TH (a) NO: 127

A’ Parameters B’ C’ D’

A 
N - B R C R D E

0 2 r

00
_________  _________  

R E G I S T E R  -

01 a 02 x 03 a 04 -a 05 8 06 Cs 0 r 2

07 08 
~max 

09 ~ 10 N

11 12 13 14 15 16

17 18 19

98 99 -

-~~~~~~~~ _ _ _ _ _ _ _ _ _  
I N S T R U C T I O N S

O P E R A T I O N  S T E P  R E A D  ENTER P R E S S  D I S P L A Y

Enter 1 127 A&B as A’ as
parameters x RUN x

- 0

RUN a
- - ar r

- - RUN cx~
- - RUN 

- C 1 RUN C 1 
— - — - - - -‘— -

~~~~ RUN

Compute 1~L~ S A N

Compute R 3 n B R
1 

- _
~•‘

• _ i - - - -  

-

---
~ 

I 
— -

~~

Cothpute R 4 n C R
r 

*

127 
__________

—.—- . . -
. 

‘
~~~

—— ___ _ •.•__, 
~~~~~~~~~~
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PROGRAM TITLE: RESIDUAL STRENGTH (a) NO: 127

FORMULAS:

I x + (a /a )(S IC )~n~~ /s \al— r s L max 1 maxR ( x ) = ~~~~~~ 

- • 

+ 

~ ~ ) ]
= exp 

[

~

(

~~

)

~e 
- 

(

~~~
.)a

~ 
+ (~:x)ai ( 622)

R 1(N ) = exp [~ 
(i-) ] (623)

a i/a LN ( S /C 1 ) = (x aS I a )  (624)

H



-,

P R O G R A M  T I T L E :  RE SIDUAL STR ENG TH (a) NO:  127

PROGRAM L I S T I N G :

Odi di 46 di45 43 d’9di 4~ 1:3 5 4:3
d’L’ l it di4t did’ 0- 11 4 i:t di d’
d’d’~ 4 . di4? dii di~ 2 did’ 1_ ?  di .

do dl4 E ~5 U 3  04 i 7 54
Od’ 4 dii 049 65 ‘394 95 1:3 9 4~did’S Si USC’ 4:3 di9 5 94 i4d’ 43
OUt 4~ 051 did’ O~ t 141 did’
did’? did’ 05: di4 di~ 7’ 2 14. 01
oo~ ci: os: ss O~ .7 7 1 14
Ud’ 9 81 054 4:3 dr9 9 46 144 22
Old’ 42 055 did’ ld’ d’ 1:3 145 2:3
dill did’ USE dii ldi i 42 146 81
dii2 03 05? .35 ldi 2 C’U
dii3 81 US E: 55 103 ‘3?
014 42 059 5.3 104 55
d’iS did’ ‘360 43 105 4:3
dil~ 04 061 C’U 106 dId’
dii? E:1 06 2 138 idl 7 d’2
018 42 063 55 108 95
019 OdI 064 43 109 45
02di US 065 d’O 110 4:3
‘321 Si 066 06 111 did,
d’22 42 067 54 112 01
132:3 ‘3d, ‘368 45 113 95
C’ 24 d’~ ‘369 4:3 114 94
d’25 81 d’?d’ did’ u S  ?5
026 42 071 05 116 53
02? did’ d’72 95 i i? 4:3
028 09 073 45 118 00
d’29 81 074 4:3 119 07
03d’ 46 1375 00 120 55
0:31 11 176 04 i21 43
Ci :3~ 42 07? 20 122 01
13 :3 :7: ‘30 di7E: 95 12:1 did’ F
0.3 4 C’S ij~~ 42’ 124 54
035 S3 080 U i  125 45
0-16 4:3 081 Ud’ 126 43
0:3? 00 082 81 12? ‘30
0.3 3 [‘2 08:3 46 128 04
0-3 9 55 d,E:4 12’ 129 85
040 4.3 085 55 130 5:3
041 00 086 43 1:3 1 43
042 09 08? 01 1:3 2 00
043 54 d,88 00 133 08
044 45 089 .3.5 134 55

129
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TITLE: RESIDUAL STR ENGTH (b ) NO: 131

A ’parameters B’ C’ D’ E’

A N B R C R D E
o 2 r

- ~~~— —,

00
_________  _________  

R EG I  STER 
____________________

01 a 02 x 03 a 04 a2 
05 - 

~06 c 1
07 

~ 
O8

~~
__________ 

max 
14 

0 

15 
J16 

I

_ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _  
I N S T R U C T I O N S

O P E R A T I O N  STE P R E A D  ENTER P R E S S  D i S P L A Y

Enter 1 131  A&B A’
parameters

x RUN
40

a RUN
- r

- - RUN
- .  RUN 

- - - C 1 
RUN

- -- - - RUN

Compute N 2 - S A N- ma~ 0 - -

Compute R
2 • 

3 
- - --

~
- 

n B R1 
— — - - 

—

-I

Compute’R - 
4 

. - C R
- - 

r

_ 
:‘ 

,
c : IT~~~~~~~~~~~~~~~1II
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PROGRAM TITLE: RESiDUAL STRENGTH (b) NO: 131

FORMULAS:

r i ~ \a /a
I X + ~~(S / C ) ~nJ ~~ 

r is \~~I— i \ r  r max I j  I maxR
r
(X r ) 

exp
[~ + 

~,, ~

= ex~~~~[(~~~~~ 
-

~ 

(
~~~~~ s / r 

+ (627)

a Ia
R~~( N )  ex~~

[
~ (~~_) 

8 

r] (628)

N ( S /C )~ ~:r /a r (629)

132
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PROGRAM TIT LE: RESIDUAL STRENG TH (b)  NO: 131

PROGRAM L I S T I N G :

Odi di 46 d’45 2di d’9d’ 23 1:3 5 I~~
I ’

d’d’ l 16 di4E 65 dl9i 51 136 54
‘302 42 047 5 :3 cr3 2’ 46 1:3 ? 45
03:3 did, 048 43 093 13 1:3 3 4-3
Ci d’4 dii i3 4 ’3 ,3di d’94 42 ’ 1:3 9 ‘3 d’diOS 81 CiS C’ d’ 2 di9S didl l4dI dii
006 42 diSi SS 096 di? 141 .35

did’? did’ ‘3 52’ 43 i397 ~5 142’ 22’
dldi: d’. diS d,di I~I~ ’~ 4~ 14 ~~Ud’~ :31 di54 d’9 di99 dii] 144 E: 1
du d’ 42 ’ diSS 54 ididi d’2
diii did’ 056 4S idi l 9S
0 12 ‘33 US? 4:3 102’ 4S
01:3 :31 USE: ‘3d’ ldI 3 43
d’14 42 ’ ‘359 d’3 ldi4 dii]
015 ‘3 ’3 06d’ 9S id’S di :3
d u E  04 ‘361 SS 106 85
di i? :31 062 43 id’ ? 4:3
dulS 42 ,J6:3 ‘3d’ 105 dudi
U 19 $3 ‘3 ‘364 ‘33 1 i3 9 di?
i:i2’O C’S diEs 95 lid’ 55
021 E:l 066 42 i l l  43
02 2 42 06? dii 112’ Ui
023 did’ ‘368 00 11:3 di’]
d’24 06 069 :31 114 95
02.5 81 070 46 115 45
026 42 071 12 116 53
02? 00 072 55 117 43
028 09 dt?:3 43 118 00
029 81 074 01 119 01
030 46 075 00 120 55
031 ii ‘376 95 121 43
032 42 07? 45 122 00
033 00 078 53 123 03
034 08 U79 4:3 124 54
035 55 USd1 00 125 95
036 4:3 081 01 126 94
037 00 082 55 127 85
038 06 08:3 43 128 53 - -~~ 

-

039 95 084 00 129 43
040 45 085 03 130 OU

• 041 43 086 54 131 US
042 00 087 95 132 55
043 05 08E: 94 1:33 43
044 95 089 22 134 00

133
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TITLE: CUMULATIVE DAMAGE NO: 135

A ’ Data B’ C’ DI E’

A R B R -  C 0 E
2111

—
,

00 -

__________ __________ 

R E C I  STER 
_____________________

01 N 02 N 03 -n 04 a a 06 ~ol o2 1 2 s

07 08 09 10

__________ ___________ ___________ 

14 15 ~16

98 99
_ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _  

I N S T R U C T I O N S

O P E R A T I  ON STEP R E A D  ENTER 1 P R E S  S 0 1 3  C L A Y

Enter data 1 1 35 A N A’ N
oi ol

N RUN N
- oZ o2

- - 
RUN

- - R U N

- 

- 

,-, R U N  a
• S B

- RUN a
- r r

- ~~~- .  - - - - --~~~- - - - -  -

Compute R 2 N A R 
- 2 -

model -(a) - —- . - - -- --- 

• 
mod~i Cb) j  N~ 

- 

B R~

rl



--Il-- 
W ~~~~~~~~~~~~~~~~~

PROGRAM T ITLE :  CUMULATIVE DAMAGE NO: 135

FORMULAS:

(a )  a = a

- 

R~~ 1(N 2 ) exp 
[(

~~~

)

aL 
- 

(

~~~
)ai] (634)

(b) 0
1

= 1

ex~~
[
~
(
~~~~ + 

(636)

r

136

-
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-
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P R O G R A M  T I T L E :  C U M U L A T IV E DAMAGE NO: 135

PROGRAM LISTING:

dldi dl 45 ~:i 4S did’
did’ 1 1 6 dl 46 C’ 1
Ud’ 2 42’ di4? 54

did’ d,4E: 45
d’d’4 Ui di49 4:3
005 E:1 USd1 00
did’S ~2’ di5l 04
Cu d’? C U d’5 2’ 95

05.3 94
dud’9 E:l CiS4 22’
du id’ 42 ’ dISS 2-3
dii 1 di di d’S 6 95
Cu l2’ d,.3 d’s? si
Ci13 :31 058 45
f I l4  42’ diS9 12
01 5 did’ diEd’ 55
016 d’4 061 4:3
017 E:l du62’ ‘3 d’
d, 1E: 4 2 063 di2’
Cu l9 did’ dlE4 85
U2di C’S 065 43
d’2 1 E: 1 ‘365 did’
d’2’2’ 4 2 diE? di:3
di23 did’ diES 55
di2’4 06 069 4:3
‘325 31 di? i3 did’
026 46 ‘3? 1 du 1
027 11 07 2 95
,32E: 55 du?3 45
029 4-3 d’?4 5:3
dL CI 00 d’?S 43
0:3 1 02 ‘376 i3 i3
U:3 2’ 95 U?? diS
‘33:3 45 078 55
0:34 43 079 43
‘335 00 di8U did,

• ‘336 di 4 081 06
i337 95 ‘3 82’ 54
d,:3 8 85 d,8 :3 95
di:3 9 52. d’84 94
040 43 085 22
‘341 00 diE:6 23
042 d,3 087 95 4

04:3 55 088 81
044 43

- 137
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TITLE: COMPOSITE CONDUCTIVITIES - NO: 139

A’ B’ IC’ D’ E’

A K 11 - B K 22 K 0 E 
—

__-  —“_---

00 a - R E G I S T E R  -

01 K 02 K
f 

03 V
f 

04 Bk 
05B 2

~~/,,. 106 K 22 ]
07 K °8 K 09 10

II 12 13 14 15 116 1

_ _ _ _ _ _ _  _ _ _ _ _ _ _ _  
I N S T R U C T I O N S

O P E R A T I O N  STEP READ ENTER P R E S S  DI S P L A Y

Tnput data 1 - 139 A& B K A Km rn
- 

K
f 

RUN K
f

- - -   
V

f 
RUN K 11

-  B K 

C

- -—-S _
~
___ — - - — — - -  — —- -

~

- ;

~ 

H ’  - -

- 

139 —
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P R O G R A M  T I T L E :  COMPOSITE CONDIJCTIVITIES NO: i~~

FORMULAS:

Heat Transfer (temperature effects) 
T

q = - KVT 
- 

- 
(638) 

-- 
g 

1

One dimensiona l steady - - - 
- / 

, 
T2

• - - T - T
- ~~~~ 

=

~~~~~~
-
~~~~~ L 

- 

3 -

Con-~posite Materials

= K 11cos 2a + K 22 s1n2 a ( 640) F iber~~~~~~~~~~ 1;

App roximations (v < 0 . 7 8 5 )  , 
‘
‘ Kf - 

~~~v ‘~~22 ~~ K
- 4 \ ~~ 11

K 11 = ( l _ v
f )K ,,~+ V1Kf (641) “- i- -  - -

I [ ~~i~~~(B 2 v f ~~) 1
K 22 = K,j ( i  - 2tJ~ 7 )  +‘~

_ I -
~
T - _________ tan’ ’  K f ( 642)

L 

- K 

[ 
~~~~~~~~~~ 

B
K~~~f

I
~~~ 

I + B~~~ /iT~

- 
B
K 

2~~~~ - - 1~ 
- - 

(64 3)

•

140
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P R O G R A M  T I T L E :  COMPOSITE . CONDUCTIVITIE S NO:  139

PROGRA M LISTING:

Udi U 46 04 5 ‘3 2’ 090 20 135 81
‘301 11 046 75 1391 22’ 136 46
Udi2 42 di4? 01 C’92 34 1:3 ? 1:3

Udi 048 95 09:3 65 138 42
d’d’4 dli 049 ES 094 d’4 1:3 9 ‘3d’
005 :31 050 02 09S 55 140 00
006 42’ diSi 95 096 53 141 :3:3
did’? Odi 052’ 42 di97 Ui 142’ 4d’
did’S di2 d,5:3 ‘3 d’ 098 75 143 65
009 81 054 04 099 43 144 43
Old’ 42 055 40 100 00 145 ‘30
011 duo 056 65 101 05 146 U?
131 2’ d,:3 US? 42 . 102 S4 147 85
01-3 4:3 058 cc ’ 10:3 :3 13 145 4:3
014 did’ di59 0:3 113 4 95 149 dud’
i315 dii 060 55 105 75 iSdi US
016 65 U61 59 idi6 59 151 65
017 5:3 062 95 iU7 95 152 43
OlE :  0 1 063 42 108 94 153 00
019 75 064 00 109 55 154 00
020 43 06 5 05 110 43 155 :32
021 diIJ 066 43 iii 00 156 40
022 03 ‘367 oo 112 04 15? 95
02 :3 54 068 03 113 85 158 42
024 85 069 55 114 Ui 159 ‘3 d’
025 4:3 070 59 115 ?5 160 US

- 026 Cu d’ 071 54 116 02 161 Si
U2? 0:3 072 :30 117 65
028 65 073 65 118 52.
029 43 074 43 119 43
030 00 075 00- 120 00
0:31 02 076 04 121 03
032 95 0?? :35 122 55
033 42 078 01 i2’:3 59
034 OU 079 54 124 54
d,:3 5 C’? USC’ 55 125 30
036 81 081 53 126 95
037 46 082 01 127 65
038 12 083 75 128 43
039 43 084 43 129 00

• 040 00 085 00 130 01
041 01 086 OS 131 95

t 042 55 087 54 132 42
043 43 088 30 133 00
044 00 089 95 134 06

- - I ’ ’

141
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TITLE: MOISTURE GAIN AND DISTRIBUTION - NO: 143

A’ B’ C’ D’ E’

A D , S, h , x* B C - - D C E G
x

00 
-

- ‘ R E G I S T E R  - - -

01 D 02 D /S2 . 03 h 04 x~
’=x/h 05t *=D tislOó (2j+l)

x x 
_ _ _ _  _ _ _  

X I

07 SUM G 08 SUM C~
C 09 

~~~ 
10 

~

~~‘ ~~~~ 

__________ 

.~± - 

J16 
1

98 - 99 - 
- 

• 
- -

_ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _  
I N S T R U C T I O N S

O P E R A T I O N  ST E P  R E A D  E N T E R  P R E S S  D I S P L A Y

Input Data 1 143 A&B A D
• . • - -  - - • - - 

- X
- - • . •  - H - R U N D /S

2

X
• - , RUN h

x RUN x*=x/ h

• - - - ‘ - t - 

~~

- -  RU~~~ - t * D t / S~

Com i~ute C~ 
• 2 ‘ • 

- 

• • B’ -

arid~O 
- ‘ -  -

~~~~~~~~~~~~

-

- • --—- ‘ • 2 • • 
- 

B’

I : -
- 

‘

‘ — 5 ,  

3 
— - 

~~~I

- - S • - t

• ‘ 5 ’  I - .  - - •  a ,

I 

S 
C- C*

-=— • • t . -

— I I
— — - • • -  S S _ - S ’  f -

c ‘ ‘ 
- - -

______ ___________ ___________ ___________ ___________I I 
_________ ________________ 

~~~~~~~~~~~
J

~~~~~~~~
j ,

,*

~~~~~1~~~~~~~~~~~~~~~~~~~~
iij
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P R O G R A M  TITLE :  MOISTURE GAIN AND DISTRIBUTION NO:  143

FORMULAS:

( s=h ) ( s = 2h )
Moisture Effects T T T \ 

••

~

r = - D ~~ ( 644) 
H H 

H L H  
~Stead y Bound. Cond. r 

-

One Dimensional - - 
y --

Temp Constant ‘•< 
>- ‘

.

Uniform Initial Distributions h

Moi sture Distribution: I—+ x ~~~~~~~~ x

C = = - — 

(~~~
•
4~~~) 

~~~ 
(2 j~~~~~ )~~~~~ 

exP(~~ ( 2 j f 1 ) 2
~~~ 

_
~) ( 6 4 5 )

Moisture Content (weight gain):

w -w
M = 

D 
= G(M -M .) + M . (646)

- 

D 
fD t\1 

•~~~~~~ - i Z Z i x
- - ~ eXP~ -(2 3+ 1) iT

-- 

c —  i - ~—~~~~~~ 
L ~~ ( 647)

ii j = Q  (2 3+ 1)

Time to reach 99.9’% saturation:

- - - 0.67 2

D (648)
x -

4

—• :

— —5- — 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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PRO GRAM T I T L E :  MOISTUR E GAIN AND DISTRIBUTION NO: 143

PROGRAM L I S T I N G :

d’45 di? dudidi 46 d’9d’ 59 1:3 5 S4
di4 E. 42 diOl ii di9i 4di 136 idi
1,4 ? did’ duo: 4 . di~~ 75 1 ?
di4: di~ du di diLi o~~: cii 1 — 14
049 81 du d’4 dii 094 95 1:3 9 did’
USd1 46 did’S E: 1 di9S 94 1 4d’ 1 di
diSi 12 Udi E 40 d’96 42 141 SE:
,352 65 dud’? 55 09? dii 14 2’ :34

i : Li lIdi 4 : di = Li d, i 4 : 4 1
di54 :::5 C’ di9 duo 099 43 144 14
‘355 dli ‘:iidu dii idi d’ d’i3 14 5 id’
diSE 95 011 95 id’ i 06 146 idu
05? 4 2 012 20 102’ 65 14? SE:
CuSS did’ 01:3 42 103 4:3 148 44
diS9 C’S 014 did’ id’ 4 did’ 149 :31
du S C’ 4d’ 015 :2 id’ S d’4 isdi d14
diEl ES d’16 :31 id’ S 65 151 i’J
062 59 017 42 id’ ? 59 152 Sdi
di6:3 40 01:3 d’di 108 95 153 :35
064 55 019 03 109 22 154 ‘34
06 5 4-3 U2d’ E:i 11,3 :38 155 2d’
066 did’ 021 55 iii 32 156 50
06? 05 d’2’2’ 43 112 2.6 15? 19
068 95 023 di i3 113 04 158 08
069 94 024 03 114 92 159 3d,
070 22 025 95 115 2.8
07 1 2:3 026 42 116 34
072 42 027 ‘30 i i? 52
0?3 00 028 ‘34 118 00
074 09 di29 ‘30 119 14
075 55 du2.d’ 42 i2di 49
076 43 02.1 Ud’ 121 04
0?? 00 032 08 12 2 80
U?E: 06 d,:3 3 81 12:3 3d,
079 40 02.4 65 124 du4
USC’ 95 ‘33 5 43. 125 80
081 44 di36 diU 126 50
082 duO 0:3 ? du2 12’? 56
083 Cu? U:3 E: 95 128 50
‘3 34  43 0-3 9 42 129 95
085 ‘30 d ’40 013 1:3 0 55
086 di? 041 05 1:3 1 1?
08? ES 042 00 132 50
088 08 04:3 42 13:3 ~9
du89 55 944 00 134 29

— - 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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TITLE: BEST FIT FOR WEIBULL DIS TRIBUTION NO: i47

A’ B’ C’ D’ E’

A x - B C r 2i~~~D )  0 E
______________________ —— •-~~~~~~~ 5- 

0

_ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _  

R E G I S T E R  
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

__________ __________ __________ __________ 

05 ~O6 
_J

___________ ________— 

13 14 15 

~~~

98 99
_ _ _ _ _ _  _ _ _ _ _ _ _ _  

I N S T R U C T I O N S

O P E R A T I O N  ST EP READ ENTER P R E S S  D i S P L A Y

Initialize 1 147 ~&B CM
$

N STO

1
- 4 N

Enter data 2 x A lnx
Repeat for all B j
data -

Compute 3 C

• RUN x
2 0

- •  
E r (C.D. )

P

-~~~~~~~ -~~~~~ _  _ _ _ _



~~~L W ~~~~~~~~~ 
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P R O G R A M  T I T L E :  BEST FiT FOR WELBULL DISTRIBUTION NO:  147

F O R M U L A S :

F = 1 - exp [_ (x/x
0)IU] (702 )

= j - 0 . 3
- - N + O . 4

I I

- 
- -

148

______

-~~
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P R O G R A M  T I T L E :  BEST FIT FOR WEIBULL DISTRIBUTION NO: 147

PROGRAM LI STI  NG:

OUC’ 46 04 5 di2’ • di9di 43 1:7 5 ‘3d’ 1 3d, 4 U
d’ ’3 1 88 d146 44 di’3 1 did’ 136 du4 1:3 1 :3?
d’U2’ 44 04? did’ di92 04 13? 95 1 E:2 46

cu c’ di4~ C4 c’~ : ?5 i~~ s5 i~~: iUdi4 did’ di49 4di 094 4:3 i :33 4:3 184 14
du d’S 4:3 diSdi 44 095 did’ i4d’ did, 1E:5 65
diUt diuj diSl did, di~ t C’S 141 di d’ 1 ~ 4:
‘30? did’ 052 C’? 09? 95 142’ 95 18? dii
003 75 du 5 :3 43 d’98 94 14-3 94 1E: 3 0:3
Cu du 9 C’ 1 054 Udi di99 42 144 55 1 E:9 55
Old’ ‘35 d,55 d’2 10d’ dii 145 43 1913 5:3
dull 3,3 ‘3 56 6.5 idu l du :3 146 dii 191 43
012’ 42’ 05? 43 idu 2~ 55 14? dii 132’ did’
du l-3 dud’ du5E: did’ 10:3 5:3 148 95 19:3 d’4
014 diE: diS9 dii ld’ 4 4:3 149 22 194 4di
dui 5 2’S cu6o 95 id’ s LU 150 23 195 55
U l~ 4: Uti 44 icu t Cit 151 5t l~~= 4 :
01? Li IJ 062 Udu iL’ (5 152 46 19? i_ i l _i
U1E: CiU ‘36 :3 ‘3 5 id’ S 43 153. iS 198 di0
0 19 56 064 43 109 00 154 5 1 199 94
020 46 065 ‘3d’ ii ci ~j :3 155 ?? 20di 85
d’2’1 12 ‘366 01 iii 65 156 ‘34 2’dui 43
022’ 75 06? 44 ii2 43 15? 85 2d’2 Od’
Ci23 9.3 ‘368 ‘30 li:3 Ui 158 4:3 203 0?
024 di3 069 03 114 did’ 159 Ui 204 95
025 95 U7di 40 115 95 160 02 205 56
026 55 U?i 44 116 42 161 95 206 46
02’? S:: 072’ ‘3 d’ ii? 01 162 55 20? ii
028 43 d,?3 06 118 01 163 46 208 23
‘329 Ui 074 Ui 119 56 164 8? 209 42
030 di4 075 4i i2d’ 46 165 43 210 00
di3l E:5 0?6 88 121 77 166 Ui 21 1 01
0-3 2 93 077 46 122 42 167 01 212’ 56

• i3 :3 :3 04 078 14 123 Ui 168 95
0:34 54 079 43 124’ 02 169 56 - 

-

035 95 080 00 125 46 l7cu 46
036 94 081 03 126 15 171 1?
027 85 082 55 12? 14 172 51
0:38 01 083 43 .128 65 173 77
039 95 084 00 129 43 174 85
040 23 085 00 130 00 175 53
041 94 086 65 1:3 1 03 176 43
042 24 08? 4~ 132 94 1?? Ui
043 42 088 01 133 85 178 02
044 00 089 00 134 43 179 65

149

- 
~~~~~~~~~~~~~ 
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• TITLE: A AND B ALLOWABLES (WEIBULL) NO: 1 5 1

A’ B’ C ID’ E’ 
—

Pa r am eter 8 I
A 

~ 
B 

~ 
C~~~~~1 E

_ _ _ _ _ _ _ _ _ _ _ _ _  --~~~/

00
_________  _________  

REG I  STER 
_________________

01 02 n 
~~~~~

— 

j 0.99 1°~~ 

0 .9 0
__________ ___________ 

Zn ~~ __________ ______________________

08 09 10

11 12 13 14 15 J 16

17 18 19

98 99

- 

I N S T R U C T I O N S

O P E R A T I O N  STEP READ ENTER P R E S S  D I S P L A Y

Enter 1 151A A’
parameters RUN

RUN -
Zn;1, 2n ;~

Enter data 2 C - -

•

R epeat for all 
x . RUN i + 1 

‘

data i

Compute 3 A X
A

B XB

1 Si ~~~

— - 5- _ _ _ _



___
‘~5_ 

w 
- 5-

P R O G R A M  T I T L E :  A AND B ALLOWAI~LE ~i ( W E J 1 ~ T T A .~ NO ; 151

F O R M U L A S :

For “A’ a llowabl e X
A 0 .99  • 1’ = 0.95

For 1 B ”  allowable 0 . 90  • y 0.95

X
A B ~ 2n/ n ~ /X~ 

~ 
1

1 /rz 
~~ 

(728)

= 

~ 
x~ J 1/ ~ (729)

1 5 2

—
~~~~~~~~~~

— - - *= , ‘
~~~~~~~~

-‘::, — — —  —— -— - - - - - -- - -—- - _—-—-—— ‘—
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P R O G R A M  T I T L E :  A A N D  B A LL O W AB I E S  (WE IBULL) NO: 151

P R O G R A M  L I S T I N G :

o i:uJ •4
S : i - ~~~ 4~~~ 

‘-‘u ~~ 1 -35 [[3 1 43
C d l  1’~ 

~~~~~~~~ ~i ‘ 3 3 1  4 :  ~ ~~~~, ‘34 131 UI
— 1  047’ 4 _ ii~~~ Ci,j 7’

didi3 42 34:1 [I C’ 09.3 1 -33 4 : :  1:3 :3
oCi 4 diii 04 3  07 094 ES 1:3 ’3 did’ 134 41
0 :5 Cii ~~~~~~~~ 55 055 ‘3 .3 14,: 04 135 :37

C’’~E- :31 35 1 4 :  di9E. :3 141 SS 136 46
fiCi 7 4~ 

:s: did [97 00 142 55 137 1-3
5 -  ‘j~~ [93 ,~.3 14:3 4:3 113 1: 14

1 :9 di: [54 65 0-3 9 ss i:~:i 189 E S

uli’  ~:i c s  i:i~~~ idi d, 55 145 did’ i9di 4.3
Ciii 4~ 

L’S’:- ‘:5 101 4:3 14’E- 95 191 Cii
i: ~? 4 i L Ci di i 4 i -‘: U:

c’i — 

— 
i i  fi Ll di Ci 1 4 E 55 1 ~ 5 ~

014 ‘ j 115’’ 0 104 95 149 4 3  134 5.3
ii1~ 4~ ‘~i’:~ ‘:5 105 94 iSli 1,1 ~~~~~~ ~~~~

d u lE- 1:3 U’:l ~~ lLi ’ 45 151 Lil 196 00
017 C’ dl Li~~ i:L ldi 7 4 :1: 152 95 19? u4
dil 4 I Li 1,, Udi 1 :: 1 4 i i
01 Of’ U’: 4 1 Li IJ ~ 1 54 1 -~ 

-
~ 5 ~

di di 4 [‘65 95 lid’ 2di 155 56 2 :0 4.3
11:1 4 - ‘366 55 iii 35 15~ 4( 2’di l tidi

did’ Li’:- ” 4 :  112 :31 15? 16 2 :2  di d’
i:i ? 

USE did’ 11.: ‘30 153 ~~ 2 0 3  34

324 dii U~ ’9 03 114 CII: 159 ?7 21 4  :35
~~~~~~ ~~ 

U7di ‘35 115 ‘:5 163 ‘34 205 43
di duo di 7 1 4 1 1  1 1 — Li i i  Ii

Ci 2? 114 
du?2 45 11? Cii 162 43 2 :? 07

dl 4 ‘ ‘7 ’  ~ = li d, - cii : di -
di -

~ Cu ll Li? Li Li ~ i ~ 4 u i di ~
U_ C ’  Li4 du?~ dii l d i  4,_ l~~ 5 _ 1 0  ‘-,- i-

Ci: 1 E 1 ~~ 
— 

,- Li 1 : 1 dii 1 ~ ~
- : 11 1

di 3 .3 4 F i ‘~5 1221 01 16? 46 21.3
ii? E l  ~~~_ ~~~~

- 1,- _ ?  :i _ 4~
p 

34 UCi Ci79 46 124 46 163 4:3 2 14 did’
i:i::5 dii 030 12 135 77 1?d’ dii 15 dii
di ,- -i5 Li _ i 4 i~~’- 4~ ~?1 , u~ ~~~ 

c-~ _

337 u:~~~~
’ L U  12? dli 172 ~5

1~~:I: 02 173 5~
1II: ’I ~ di84 55 129 46 174 4’:-
04’:’ 41  35 4:3 l3di 15 175 17
14 1 [‘di Li :::’: did’ 131 14 176 51
[‘42 i32 fl ::7’ du4 1.32 ES 1?? 77

‘4~: 34 USE : E S  1:3 :3 4 .1: 17:1: :35
d’44 2 1 i3:~~ di2 1:34 Of’ 179 5:3

153

- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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TITLE: SIZE EFFECT (a )  NO: 155

A’ B’ C’ D’
Dimensions Dimensions

A V~~~, A
~~
. 

~~ 
B v

f I Af . ~~ 
C voiume , 3-pt Dyoiume 4-pt E

_ _ _ _ _ _ _ _ _ _  5—
,

00
_________  _________  

R E G I  STER _ 
_____________________

01 02 
L

t 

°3
H

t 

04 Wf 
05 

L
f 

106 H
f 1

07 08 
A

~ 

09 10 V
f ____________________

11 12 13 14 15 16Af Bf ,
~f 

_________  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

17 18 19

98 99
_ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  

I N S T R U C T I O N S

• O P E R A T (  ON S T E P  R E A D  ENTER P R E S S  D I S P L A Y

Enter 1 155 A&B A’
dimensions W~ R U N  w

R U N L
t

H R UN Ht

W f B’
- 

L
f 

B’ L
H

f 
B H

Co mpute 2 A V~
R U N  At

- 
R U N  £t

B V

- RUN A
f

- - - RU N  f
f

Compute 3 C
(volume rr ~ode1 a RUN X ix (3-p l

D 01 Ot

- ‘ a R U N  X / X  (4 - p tof ot

155 ~~~—~ —~~~~~~
---- - - — - - 

~ - --—— - -~~~~~-- —~~~~~
—---— —~~~~~~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
_ _ _ _  
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P R O G R A M  T I T L E ;  SIZE EFFECT (a) NO: i~~

FORMULAS:

3-pt. fiexure 4-pt. fiexure
(center point loading) (quarter point loading)

- Volume 

~
-
~: = ~~~~~ [~°:~ V

f~
1 

—

= WLH . V1 = WLH w~7T_“~~- At Z L ( W + I ’ I ) ,  A1 = WL , B1 LII

lt = 4L. = 2 L  L—

156

— 5 — .--—- 
— —-— 

- -



5- ‘

PROGRAM TIT LE:  SIZE EFFECT (a)- NO: 155

P R OGRAM L I S T I N G :

di dld’ 46 045 ‘30 090 C’S 1:35 04 i8d’ ‘3d,
didl l 16 ‘346 du3 091 95 1:36 E:5 1E: i ‘37
d’d’2’ E:i di4? 54 di’32 42 1:37 Ui 182 55
cicu : 4: di4 E ~5 o~ : ‘31 1:1 ~5 1E 4:
duU4 did’ 049 42 094 did’ 139 40 184 Ui
did’s dii dis c’ did’ d’95 E: 1 1 4di 65 1 E:5 ‘3 d’
did’S :E: i diSi US du96 43 141 02 186 95
Ud’ ? 42’ [‘52’ Si 09? d’O 142’ 65 13? 45

du d’ du 5:3 04 09E: d’4 143 43 188 4:3
Li dl~ di diS4 ‘:5 U~~ ‘:5 144 Udi i3~ 01
di lCi E:1 diSS 4:3 b C ’  43 i4S di? i9du d’4
d l ii 42’ diSE ‘3d’ 101 di d, 146 55 191 20
cii: did’ ‘3~ ? di id’: 05 14? 4 i~~ ~5
dii: di: di5 E ~s ic : ~s HE  01 i~~: E l
‘314 E:1 059 4 2 ldi 4 42’ 149 Udi 194 53
015 46 dISC’ did’ idu 5 dii lSdu ‘3 5 195 43
016 11 061 ‘39 id’S dii 151 45 196 d’U
dii? 43 062’ 81 ii3 7 Si 152 4:3 197 04
d u E  du d’ cft : 4’: io; 4: is: cii i~~E 4C’
dul9 dii 064 1? idi9 Cu 13 154 04 199 55
o:o t5 U~ 5 i lid’ C’S 155 :cu 200 4:
0:1 4: di’:’: 4: iii ~5 15~ ‘S :c’ i 00
‘322 dO ‘36? did, 112’ 43 iS? 81 202 00
d’23 02’ diES 04 11:3 did, 15E: 46 2’di:3 94
024 65 ‘3 6-9 :31 114 06 1S9 14 204 85
‘325 43 i3?U 42’ 115 95 161_I E:i 205 43
026 did, d’?i Udi 116 4 2’ 161 42’ 206 Ud’
02? 03 U?2’ diS ii? Ui 16 2’ Ui 20? di?
c i2E ~5 di?: El l iE  i~~: di4 :UE
di2’9 4 2 074 42 119 81 164 85 209 56
0:3 d, Cdi 0?5 Ud’ 12’d’ 43 165 dii 210 46
‘331 0? 076 06 121 diU 166 95 211 ii
332 E:1 U?? 81 12 2 US 16? 40 21 2 23
0:3 :3 4:3 i3?E: 46 123 65 16E: 65 21:3 42 r
13 :34 du i3 079 12’ i24 02 169 04 2 14 00
u3 :35 02 OE:du 4:3 12’S 95 i?du 55 2 15 01
0:36 65 di:3 i did’ 126 42’ 171 53 ~i6  56

082’ du4 12? dii 172’ 43
d u : E t S  CiE ~.s i:~ ci: l?~ cii

• 039 5:3 084 43 129 E: i i?4 du4
O4du 43 085 Ud’ 13d, 46 175 :35 4 ,~04 i ‘3d, U:3 E, C’S 131 13 176 02
042 dii 087 65 1:32 81 1?? 54
043 85 088 43 1:33 4 2 i?E: 65
044 43 089 00 i34~_Oi 1 ?9 43
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TITLE: SIZE EFFECT (b) NO: 159

A’ B’ C’ D’ E’

Ax Of /x Ot BSurface 3-pt C Sur Iace 4~pt D Edge, 3-pt E Edge , 4-pt
“5--

00 - 

-

_________  _________  

REGI STER 
_____________________

01 02 L
t 

03 04 w1 05 Lf JO6 H f

07 
— 

08 A
~ 

09 10 V f

“ A 12 B 13 14 15 16
f f a

17 18 19

98 99
_ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  

I N S T R U C T I O N S

O P E R A T I O N  STEP READ ENTER P R E S S  D I S P L A Y I
Compute 1
dimensions -

with 155

Compute 2 159 A &1
Surface , 3-pt A

RUN X / X
of ot

Surface , 4-pt B

- a RUN X / Xof ot
Edge, 3-pt 

- 

- C 
- 

- r

RUN X /X
- - of ot

Edge , 4-pt - D

- - - - - a RUN X / X• of ot
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P R O G R A M  T ITLE:  SIZE EFFECT (:b) NO: 159

F O R M U L A S :

3-pt . f lexure 4-pt. flexur e
(center point loading) (quarter point loading)

5, _i - i_ i
( 0 + 1 )  A t I (X 0) 1 ( 0 +  1)~ At ISurface A + B / i f iij ( X i  13 1/ 2  + (o f  I )  (A 1 + B1)/2 + (~~-$- i)’AfIZj

-.1 1I (X 0) 1Ed ge = (a  + 1) i~ ’~
- = 

~~~~~~~ ~~~~~~~

= WLH . V~ = WLH w 7Z~__- - - - 

~~~~~~~~~~~~~~ 

“~At 21. ( W + l I ) ,  A 1 = WL , B~ = LH

4L , = Z L ~(-~~~~- L ‘~j

I

p ‘ii
1~

160
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P R O G R A M  T I T L E :  SIZE EFFECT (h ) NO: 159

PROGRAM LI Si t  NG:

du du d’ 46 ~i45 ~: 5 Cu ’3 Ci 4:3 135 85 ~sc’ did’dudi l 11 di46 dul du9l Cii 136 dii 1E: 1 di?
UCL :1 di4? i5 f l ’ .5. dii 1 ? ‘~5 1=: ss
didu .i: 4 C,4 E: 4di 09.3 55 i-3E : 55 18:3 43
Li di 4 dii Li 4 ~ Li ~ 4 Li: 1 - - 1 1 4 131
Ci diS ‘34 dis du 43 di9S 54 l4Ci 43 1:15 dci
dud’S C5  disi did, 096 ‘75 141 C u b 1E: 6 9~;:iCu 7 Cii [‘52’ CE: C’S? 45 142 du4 127 45
di di l 

~~ ci~ ~~ 
i i -  4 : i4 ~ 1- 4:

lidi~ ‘:5 L’~ 4 ~~ 
Ci~~ dul 144 dl: i;~ U i

d’i’i 43 cuSS 43 ldi C’ d’4 145 54 lSdu di4
O i l  Cu d’ di56 dii iUi 2d1 146 65 iSi 20
dil2 13:1: [‘5? U2’ ld’ 2’ ‘95 14? 4 :  192’ 95
di l l: 55 d,5E: 55 ldi .3 :1:1 14:1: dId’ 19:1: E:i
du l 4 5.3 [‘59 di2’ id’4 46 149 di9 194 5:3
015 4 .1: USC’ :35 Id’ S 1.3 150 55 135 43
dulS dli diEl 5:3 iC’ S :1: 1 151 4:3 196 did’dii? Cii 062’ 43 1T 3 ? 42’ 152 dii 13? du4
OlE: :1:5 C,6 :3 U i 10:1 dii 15-3 [i l: 19E: 411
019 43 d’64 d’4 idl ’3 d’4 154 ES 199 55
di2di dii duES :1:5 110 :35 155 ‘~2’ 2’Udl 4 : :
d’2’l d12 diES dii ill dii 156 ‘95 2’dui did’
di2’2’ 55 ‘36 7 54 112’ 95 15? 45 202 Udi
du2:3 5:3 du6E: 65 11:3 ES i5E: 4 .:: 2di2. 94
du24 4:3 duE,9 5:3 114 4:3 159 Cii 2C’4 85
d’2 5 dii du ? du 4:3 115 did’ 1E,Ii du4 2 C 5 4:3
‘32’S 04 du?i dii 116 09 161 2’di 2du S did’du 2’? :35 072’ dii 11? 55 162 95 2’Ci? 0?
di:E dii du? ~5 l i E  4 ii - = 1 :d’ E
di2 ’9 54 du74 43 119 0 1 164 :35 209 56
d,:l:di 54 d’?S ‘31 12’C’ i3 :l: 155 dii 2’l di 46
du .3 i 95 d’?S di2 121 9S 166 ‘95 21 1 11
d,:3 2’ 45 Cu?? 54 122’ 45 16? 4di 212 2 :1:
U::3 4:3 C,7E: 55 12:3 4.3 lEE: ES 21:3 42’ ‘

du34 dub di?’9 ci a’ 124 dli 169 di4 214 did’
p 

ij .35 du4 ij8di 55 12’S 04 l7di SS 2 15 dli
c’:~ :0 fill s: 12’: :ci 171 s: :i~ 5’:
13:3? 95 Ci 82’ 4:3 12? 95 l?2’ 4:3
d,3E: Si u3 :33 dii 128 21’ 1?:: cii
du :39 46 084 04 129 46 174 ‘34di4 dl 12’ di:E:5 SS 1-3 d’ 14 175 :3~di4i Si [‘86 dii 1-3 1 81 iT’ S di2’
042 4 2 US? 54 1.32 42’ 1?? 54
043 cii USE: 40 1:3 3 01 178 65
044 04 ‘329 ES 1:34 du4 179 43
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TITLE: DATA AVERAGING (a)  NO: 163

A’ B’ C’ D’ E’

A a B a C A B  D E
2 6 ‘3 i

00 - - - R E G I S T E R  
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

01 02 2 03 04 05 06a2 a2
07 08 09 10 2

12

~~

a : 2 
~~~~~~ - 14~~a 2a6

2 15 
~~a6

4 ~~~~~

_ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _  
I N S T R U C T I O N S

O P E R A T I  ON STE P READ ENTER P R E S S  D I S P L A Y

Enter data 1 1(,3 A& -1 a2 
A

Repeat for all a6 B
data

Display results 2 C A 11
R U N  A 12
RUN A 13
RUN A

2

R U N  A23

- - ‘ 
RUN A 33
RUN B 1
RUN B

2

- 
RUN 133
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PROGRAM TITLE: DATA AVERAGINç~~(a) NO: 163

FORMULAS:

T
[A )  = [a ]  [a ]

cf. Eq. (769)

~B} 1 1
T 

~~

PROGRAM LISTING:

d,13d’ 45 du3di 42’ UEdi dii di9d’ 01
dud’ l ii di3i ‘30 diEd d’s di9i :31
diLi ,_ 4~ 

dL dl: o~: 4~ di~~ 4:dud, du33 4,3 diE:: ij d, 093 ‘3 1
du d’4 Ui di:3 4 65 diE4 ‘31 di94 du2’
dud’S 40 ~3:3 5 4:3 d’6S 44 ‘3’9S 81
o’:s 42’ d,:36 ‘3d’ dIES 01 du9 S 43
di d’? dud 03? C’ 1 US? diE ‘397 01
d,,JE: di2 du 3E: 95 di6 :E: 43 098 03
didi9 44 di39 44 di69 ‘30 ‘399 81
di ld’ cii di4U Cul i3?dl 02 iOdu 43
ciii c’o 041 Ci 2’ Ci?i 44 101 01
‘312’ 55 Cu 4 2’ 43 ‘3?2’ dii i02 du4
di i:3 4:3 ‘34:3 did’ i37:3 di? ldi :3 Si
0 14 di d’ 044 02’ 074 43 idu4 43 - - .

dils dii di4S ES ‘3?S Odi 105 di i
‘315 ‘35 di46 43 di7S di :3 106 05
Ui? 44 04? didi 077 4d’ 10? Si
01:3 dii 04E: di3 078 44 108 43
O 1,3 Cii 04,9 40 ‘379 dli 1 09 0 1
O2di 4 :1: ‘3SU ‘95 cuSU diE’ lid ’ 06
du2’i d”3 051 44 081 E:l iii 81
022’ 02’ ‘352’ dii 082 46 112 43
02:3 4 1_ u 053 04 08:3 13 113 01
024 44 054 43 084 4:3 114 07
du2’S Ui ‘355 00 085 ‘3 1 US 81
‘326 03 d’SE 03 diSS Udi 116 43
027 81 057 40 087 81 ii? 01
02E: 46 058 40 088 43 ii8 08
‘329 12 

, 
d’5 ’9 44 p89 ‘31 119 81

i t

164
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TITLE: DATA AV ERAGING (b) NO: 165

A’ B’ C’ 0’ E’

A F.. B C D E
13 m

00
_________  _________  

REG I STER 
_____________________

F2 ~~ F
22 

lB F 04 a2 
05 ~O6

___________ __________ ___________ 

14 15 ~16

98 99 -

_ _ _ _ _ _ _ _  _____—

~~~~~~~ 

I N S T R U C T I O N S  
-

O P E R A T I O N  S T E P  R E A D  E N T E R  - P R E S S  D I S P L A Y

Enter data 1 165 A A

F2 RUN F2
- F22 RUN F22

F66 RUN F66 2
Compute ‘ 2 - - a2 

B F2
o-2 +F22 a 2

- 1 :  
o’ 6 

RUN f

‘ . , .: :
~~~~~~

‘ I
~
:

165
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PROGRAM T ITLE : DATA AVERAG ING ( b) NO: 165

F O R  M U  L A S :

2 2

~~~~~ ° 6~ 
,F20 2 + F22 o 2 + F 66o~~ . ~775)

PROGRAM LI- Sit NG: -

d”3uJ 4E du 2’du ES du4 fi 9S diSc’ dli diSC’ diE:
du i3 l 11 021 4 3 d’4 1 Si duEl duS ‘3E:i 81
Ud’ 2 :1:1 022’ 00 ‘342 4:3 ‘362 4:3
C,C, :3 42’ ‘32:3 Cii i343 Of’ ‘35:3 iidi
004 00 ‘324 :35 d’44 ‘32’ ‘364 dii
Of’S ‘31 025 43 045 65 065 44
1306 Eli 026 00 ‘346 4:3 ‘366 dii
Of’? 42 du27 ‘32 ‘34? 00 ‘36? C’S
01_i l 00 ‘3~~ b5 1u4 du _ 0’: 1 4:
i3fi9 ‘32 ‘329 43 d~~9 40 069 ‘30 h

010 Si 0:3,3 ‘30 USC’ 95 ‘370 02
011 42’ di3i 04 ‘351 44 071 44
012’ 00 032 40 052’ ‘31 072 01
01:3 ‘3.3 ‘333 85 053 04 07-3 C’?
014 81 034 81 054 43 074 43
015 46 035 40 055 ‘30 075 00
015 12’ 036 ~.5 f iS5 d’3 076 03
‘317 42 037 43 057 4du 077 40
‘3lE: 00 ‘33:1: ‘30 058 40 078 44
019 ‘34 0-39 03 959 44, P?2 01,

166
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APPENDIX A

TEXA S INSTRUMENT S PRERECORDED CARDS

CARD NO. TITLE - PAGE

MA 1-05 SIMUL TANEOUS EQUATIONS IN 2 OR 3
UNKNOWNS 168

MA 1-14-1 , 2 MATRIX INVERSION AND DETERMINAN T (3 x 3) 170

MA 1-16 MA TRIX ARITHMETIC (2) (MULTIPLICATION) 173

S’r l-Ol BASIC STATISTICS FOR 1 OR 2 VARIABLES 175

ST 1-03-1 , 2 MEANS AND MOMEN TS 178

ST1-08 LINEAR REGRESSION 181

ST1-09 POWER CURVE FIT 183

ST 1- lO EXPONENTIAL CURVE FIT 185

ST 1-il  LOGAR ITHMIC CURVE FIT 187

ST1 - 15 NORMAL DISTRIBUTION 189

ST 1-16  CHI-S QUAR E DISTRIBUTION 191

167
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