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NOTICE

When Government drawings, specifications, or other data are used for
any purpose other than in connection with a definitely related Government
pProcurement 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 reviewed and is approved for publication.
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Copies of this report should not be returned unless return is required
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FOREWORD

This report was prepared in the Mechanics and Surface Interactions
Branch (AFML/MBM), Nonmetallic Materials Division, Air Force Materials
Laboratory, Wright-Patterson AFB, Ohio. The work was performed under
the joint support of Project No. 2419 '"Nonmetallic Structural Materials, "
Task No. 241903 '"Composite Materials and Mechanics Technology,'" and
Project No. Eﬁ)_’?__{'A.erospace Sciences,'" Task No. 2307-P_1 "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 figures are used in this report as
those in the AFML-TR-78-33, ""Composite Materials Workbook, ' in order to
facilitate cross referencing. Program card numbers are assigned the page

number on which the instructions for the program card appear.

The technical assistance from Texas Instruments Incorporated during
the preparation of this report is gratefully acknowledged. Standard production

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

in the Appendix.
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PROGRAM TITLE:

FORMULAS:

TABLE 3 STRESS TRANSFORMATION RELATIONS

STRESS COMPONENTS

NO: 007

I - R
a' 1 cos 2(0=5)
x e
c'y 1 =cos 2(0=0)
a! 0 «sin 2(6e 6); 2|
Xy
3 ik e (;8)- ki Figure 12 New coordinates x'- y' in
2 2 } terms of old coordinates
- X-y, or given x-y and 09, find
2 e A b
G0 2 ' (29) x'-y'. Arrow of rotation is
R = J=—2] + ¢ poirting up. If @ is negative,
N FAR xy TPt i Pl .
new coordinates are x''-y'',
2 o ! - g il 5
tan 26 = X (30) i
g -0 i |
R =5 S i T el
6 = 6l+90 1fa'x<cy;6=61 Lfcrx>0'y J ot i o_/ o./
Both I and R are invariants, as shown in the Mohr's Circle, % X/ 7 '

Special orientations:
(1) When 6 = 6, i.e., Principal Directions

ot, gt =
y

maximum or minimum

o! = 0
xy

(2) Wheno- 6==2 7/4, i.e., max, shear

orientation

o = o = I

x y (0

o! = max, = R
xy

-Gy

Q4+

i

S S L SN PO o fm—

Figure 13 Mohr's Circle is defined by -
invariants I and R. Phase _
angle § is defined by a spe-
cific combination of stress
components oy, 0, and Oy —
As reference coordinates __
change by 40, the rotation in
Mohr's Circle is 20. ~ "
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SAMPLE PROBLEM: 007 STRESS COMPONENTS NO: 007

‘ 1

1. Given . o .= t2 (MPa)
. 3
1.5

1 = R = -3.041 6§ = 49.731
_6-45 §-30] 6-151 & 64151 6430 | 6445 [6-6=0
or  [1.5. [3.021[4.134 [4.541 | 4.134] 3.021] 1.5 | )
o+ fheso {0024 1h 134 £1.541 |- 10134 -.021] 1.5 2
e 3j041 [2.634 [1.521 | 0 |[-1.521|-2.634|-3.041] 3
(-1
2.|Given! o} = ’-z ‘ (MPa)
- Sad e L
ROCETO R = -3.041 6 = -40.269
§ W ! ‘ ! 2 ] E |
N g-30] s=15| ‘& | 8415 | 6430 | 6445 | 6-6=0
: . 4
o P15 ] .021 [1.134]1.541 | 1.134] .021[1.5 -3
ot b1i5. }3.021 §4.134 }4.541]-4.134]-3.021]-1.5 "
o YTLO O INR E 8 5; dad ot s '
1 o[04 [2-634 (1521 ] .0 4-1:1521-2.'634 Escot1T 3
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(" TITLE  STRAIN COMPONENTS No:o11 ) 3
L B' C' D' '
i
¥ A B ! C 1 1
C}nitmhze .y s % €6 £ 8 J
00
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01 02 03 04 05 I 06 R
07 08 09 10 (ﬁ‘ez)/z ‘
11 12 13 14 15 16
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98 8 99 ,
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OPERATION | STEP| READ ENTER PRESS DISPLAﬂ '
Input e, 1 lol! A&B |e, A’ e, !
€ RUN e "
Compute I's %6 FVERY a E
Invariants A 5 i
Input 0 (deg) B e,
Recall 3 C e, £
. D e6’ }
{ E [} !}
Principal Strair#s 4 8 (deg) 'B e i1
C e r
D 0 %
P Max Shear 5 6 +45° B e '=1 ;;
C e .'=1 & o
. | F
| | - D 36'= 2R ‘ '
*Note: Display [ill flagh "'0" when ¢ =e, (See Ef. 44). Stabjlize display |
{ . with CE jand pr;:e_ed,compu tions are nagt effected. |
A
" 11 | |
¢
e | i
- e




PROGRAM TITLE:

FORMULA

On'l'y the shear component is the difference between the strain and stress transformation

relationl. i.e. »

R T I b bdes
] s -
Cx L 1 icos 2(0- 6)
| e' 1 | -cos 2(0- 8)
o B 1oL O bl
& e’ 0 —=28in 2(@- §)
. xy
A .x+ € - (42
I | = ! 2 )
& TN
WSS - I = 3 + 2 el
,,,,, e 58! + i OGS R
a0 218 | =] b (44)
T %" ‘y et 'Figure 21 Positive and negative rotations for
s et | e i s oo 4--———+- —transformation.
& — 6,] u ¢X>,y.
b = 6,+90 ife,<ey
U GO N
! e ‘ éx: éy
Latibinn i PRSPOREN (-3 (IS L e b . So— .
| | ! | ! ! { | | | : !
W RV L C A T VS O il sl bl st S el a
Figure ZZ Mohr'!'s Circle representation of strain transformation. Only the one-half factor
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TABLE 7 STRAIN TRANSFORMATION RELATIONS

f B

~lor stress,
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NO: o011

“~Tfor the shear strain is the difference between the strain repruentltlon and that
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SAMPLE PROBLEM: 011 STAIN COMPONENTS NO: 011
1 . 3
1. Given s .= 2 (mm/m or 10 pm/m)
| 3
SR M YL R <1, 581 5 £ 54,217
6-45 | 5-30| 6-15( &' | 6+15 | 8430 &+45 [6-6=0
{ e J1.5. 12.291 |2.869 (3.081 |2.869 2,291} 1.5 ( I
s | . | |
et (s |-7709 {i31|-s081f 2131 709 1.5 2
o\ |16z 2739 J1sei | 07 [rise1|-2.739f-3162) 3
|
t
F
BB
?1 GWen [e ‘—ﬁ -2‘ ﬁmm/m 6r+ 10 pm/m) !
¥ L__L. | i o LR :
ol & gl | ._J‘R_‘a__.:l.ié_l“l | 16 3 |-35,783 |
’.
!
i I . : t | i | F
a5 1 sea0] B-15 | 51l o5 | 8430 | 8445 [6-6=0
|
e F1.50 |- 709} 131 Losi} 131 .709f1.50 | -1 3
| | ¥
e 150 12r291-12.86913.081£2.869 [-2:291 [-1.50 a2 P
s D e P ] (R0 I IS 5 e S N , o 3 '
e 1316zl zr759 i si| o F1.581[-2.739]-3.162| -3 .
Cxy 4 . .._,,_T.._.__ b i - - W 1 | [ sk : !




\
( TITLE: STRAIN ROSETTES NO: 015
Al Bl Cl Dl EI
A 0, B e, C Initialize D E Solve 3x3)
\_ i i
ZA
by REGISTER
- SinzA sinAcosA @ é'A 04 z cosZB 06 sinZB
2
sinBcosB 08 B 09 y 10 cos C
l ainzc sinCcosC 13 ec 14 OA 15 OB 16 GC
17 18 19
98 99
INSTRUCTIONS
OPERATION | STEP READ ENTER PRESS DISPLAY
Compute Coeff 1 015 A& B C
Input Angles 2 QA(deg) A GA
QB(deg) RUN GB
0 (deg) RUN o
Input Strains 3 €, B €A .
eB RUN eB
ec RUN ec
Solve 3 x 3 4 MA1-05 E ex
RUN €
Yy
RUN e
Xy
15
—————
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PROGRAM TITLE: STRAIN ROSETTES NO: o015

FORMULAS:

a. Three-Element Rosettes i Lol SR ol B
Since there are 3 strain components at each C'

point, 3-element rosettes are in general A
needed to solve for 3 unknowns. Assuming
3 elements are mounted at 3 different angles C B \ A

from some reference coordinates, each rosette
must latlsfy the first equation in Eq. 45, i.e.

= S 2 N B
‘ .A (CO' A)G +(sin A) . ¥ (e e A" Xy Figure 25 Strain rosette orienta-
NS S ' i "7 I 1 N e i [ e s i iR R o e tion with positive
B R R e o - £ty v - B ey ‘ angles. If an angle is
! .B :l- ﬁ(cé. .B)?x‘”sm AA)¢y+ o .Bffs .B)cxy (?§). negative, it shall be so
B 5 0 e O O o O ) TR y f entered into Equation
0? _—(cosZC)c }» (su?(ri—)e.: (si Evc 8 C 0 5 4ad
t -"'C. ' y & °. )e xy
4 PR SIS § o S ) S . L B0 '
i ‘ [ i |
e — 4
In matrix form '
o —— SRS SR R S e
conzA 3 nln, A llnA cos A e €,
cos B llnzB sln B cos B ¢y = (ep (46) |
| co.zc - slnzc . ..sinCcosCl- . - e, ec

g
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PROGRAM TITLE: STRAIN ROSETTES

PROGRAM LISTING:

ool
oo

ooz
ood
oS
O0é&
s
Dos
oos
oo
011
o1z
01z
014
015
16
(3517
o1e
013
nzon
ozt
nzz
nzs
024
nz2s
0z&

]
J

L I o |

D0 G Gl 0 D D0 T PO

DO RS N B
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B SO O N
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o
NN
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Lo
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L
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i
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£ O
DO SN O RO I A Il SR e I i N

(I S Sy x|

Lo
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32
40
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ez
023
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96
a9v7
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(N W
1

100

101
10z
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i
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SAMPLE PROBLEM: 015 STRAIN ROSETTES NO: 015

€. =10, -3, -3

1) Given A=0, B=60°, C=-60° and ‘A’ EB, c

Find Poisson's ratio along a-axis

€ = 10

X

(Y = -7.333

€ = -4.618x10'12=o
Xy

v, = a3

18
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2 TITLE: STRESS-STRAIN RELATION NO: 019 W
A' S B' £ D' E*
ij -
t o . B & C e, D e E )
00
REGISTER.
01 11 02 55 03 512 04 Se 05 S16 06 S,
07 o, 08 v, 09 o, 10
11 12 13 14 15 16
17 € 18 ¥ 19 e
98 99 )
INSTRUCTIONS
OPERATION STEP READ ENTER PRESS DISPLAY
Input Sij 1 019 A&B Sl1 A' S11
S22 RUN S22
S].2 RUN SIZ
566 RUN 866
Sl6 RUN Sl6
526 RUN SZ6
Input g, 2 o, A oy
°7, RUN 02
06 RUN 06
Strains 3 B el
C e2
D 86
Transf. Strains 4 011 A&B A 8*
0 (deg) B el'
C ez'
D 86'
19
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PROGRAM TITLE:

FORMULAS:

6/

.ij

STRESS-STRAIN RELATION

Sy Bt Biatt Byt
524 52171 +522 2% 5547
Ot 8 (2 i
S6jvj = Sél¢l+56262+566¢6

w . -

"I e 516 i
S L MR TR | o

5| S TERE 7 __] £

S ;13 :syr_nmetrxc, d.@e5i Si. = sji’ or SlZ =S

20

2116 = Sg1n- 53¢ = Sgp
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PROGRAM TITLE: STRESS—STRAIN RELATION

"PROGRAM LISTING:

oo

ool
aoz
o0z
oos
oS
Qo0&
ooy
oos
s
oio
011
oLz
013
014
oLis
Oié
o1y
nois
019
ozn
o021

Lo

02z
024
025
02e
nzy
aza
nz9
020
021
|:| A
az3
0=4
035
026
037
029
040
041
04z
04z
044

S Sy I vy IS N )
U O W B N e

Lo I R |

(O R R o

s 0 SN R e W B O B )

Fa 0D T
| R

045
O
047
od4s
049
aso
01

1]
B

ns3
0S4
0nss
(=T
057

05e

D
on
L

—
i
[}

{Jn
[ i

Lo N e N v
o ' A S O S B R Y
[ R 0w M RO ) O SO SR

o o
=1
Fix

e

Q0 Q0 00 OO 00 00 00 20
RV W SR B SN BN

Lo e v

OO N |

(IS <N T S = i oY
)

LR | B |

1]

T SN N
RO IO 1 D

RO | ]

(e S O )

(I N5 L)

OO O 1 0 I

Ll S T S SN s

DO I I S ) s )

43
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O oo o e

WL LD D D

(O I w0 e
) SN W N ]
i BN N M B S 3 [ P T S

R

H._.
=il e

102
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104
105
106
107
1=
109

—
—

D) I <N I SR

o0 =] T

Pt b ek ek ek b ek b ek b b b b ek b ek b b b
D) I N )

ol Pl v P ol Tt Tt Tl Tl Tl = b e b = et bt e s
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D8 T I Y

5 N o S SN O I o O -
L
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SAMPLE PROBLEM: 019 STRESS-STRAIN RELATION NO: 019

1, Given:

400 . 40
o, = {bo}(MPa) ={.06 }(TPa)
£ 15 .015

s,] = |-1.5470 |97.0B74 0 (TPa)
K Lo L0 139, 4700

v . i {
(for T-300/5208)

2.1171
{5.2064} (mm/m)

Ei =
1 (2.0921
2. Given:
Ll 01)
AR {.02 (TPa)
103

¥ } i i
Sy (TPa)' for T-300/5208

S St

L0243
€. = gl_-_‘?zéé (mm/m)
4,1841).

S—
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( TITLE: STRAIN-STRESS RELATION

NO: 023
Al Bl Cl Dl El
ij
Q e B o, C e, D o E J
00
REGISTER
01 02 03 04 05 06
07 08 09 0
3 L % :
11 12 13 14 15 16
Q, Y Q2 6 Q6 Q0
17 e 18 e, 19 e
98 99
INSTRUCTIONS
|
OPERATION | STEP READ ENTER PRESS DISPLAY J
Input Qij 1 023 . A&B B A' Ry |
9, RUN Q.
Qi Gl Q,
Wt i Qe |
I
i St Q6 |
Q6 R Q0 '
Input e, 2 € A o ‘
e, RUN e, r
e, RUN e f
Stresses 3 B o, !
. fu
o o, i
D O "A
Transf. Strease# 4 011 A&B : A s* |
0 (deg) B o, f
C oz' : .
- % S |
23 i f
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PROGRA_M TITLE: STRAIN-STﬁESS#RELATION NO: o023

FORMULAS:
(50)

T ,,_u‘;io ff’lé‘.é
I 9, =-~~921.i—‘ QZle}+Q e +Q (51)
! T' S BT S S O S !

3 e :6i¢‘i [-— 061‘1+Q6 e +Q6 6

Lk o

71 I o . Y leW W,

| 1 ' i |
< o S YRR TSR Y < *2 | * (53)
% R o W Qsd ' K‘eJ'

Qij is alaoin?mmetric, i.e., Q.. = Q i or Q = Q 1’ le = 061' QZ6 Q

24




PROGRAM TITLE: STRAIN-STRESS RELATION

PROGRAM LISTING:

oo
oo
ooz
oos
oog
oos
06
oo7
o0s
009
oo
o011
oLz

LN W e B

o |

Pl P [ D I'-'Z'n —

Wi ln SR ) [ SN SN

SODOS
Lol L L L0 L0
IR B R | [ SO )

46
16
42
01
01

o

D <N
—

[ e IS N o
o= 00 = o= [0

L 00

045
04k
047
042
043
as0
ns1
nsz
as3
054
a5
056
057
0se
nse
Q&g

e et 0 o o e}
T

o

Lo v v o e

—d =0 = = g~ g md s T T T T T T

DO Wn SN I SO Rl v BT e R 8 CRU R

0
ava
020
0s1
osz
0esz
024
025
086
0svy
nsse
029

2 DD

Lol U ) B B I |

-

s T

DS 1 B ) I ) B I O ) |

I O o O S
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09

11

b b ek b b b b b e
N e e e e e e e S
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SAMPLE PROBLEM: 023 STRAIN-STRESS RELATIONS NO: 023
1. Given f 2.1171
e, = 55,2064 mm/m
2.0921
IB1.811 2.897 0
9 = 2.897 10. 346 0 (GPa)
0 0 - 7.170

| (For T-300/5208) _
1 e

1 S ST A ) ESS SE e .
] i ' 400
o i S T R A 7R (e M g

e ol T 60 . (MPa)

‘ 18
AN T " O O N 5 2 Y L
1 ; e, = 1.9263 mm/m
| 4.1841
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o TITLE: MODULUS TO COMPLIANCE NO: 027ﬂ
Al Q.. Bl Cl Dl El
).J ;
AL 19| B C D E J
00
REGISTER
01 02 0 04 05
Si S22 2 8y Se6 S16 % &,
07 08 09 10
Q]
11 12 13 14 15 16
Q5 2, Q, Q6 Q4 Q0
17 18 19
98 99
INSTRUCTIONS
OPERATION STEP READ ENTER PRESS DISPLAY
Input Q. 1 o027 AuB Q,, A’ D
Q0 KN Q,
Q, ok Q2
s AN Q6
Q6 R Q4
Q4 RN - Q4
Compute Sij 2 A 826
RCL 01 8y
RCL 02 8.,
RCL 03 5,5
RCL 04 W
RCL 05 846
RCL 06 e
27
R

Ll s MO Al SS9




PROGRAM TITLE: MODULUS TO COMPLIANCE NO: 027 '
FORMULAS:
In-Plane Modulus and Compliance
. ~ - C o
le Ay B A £
o = o _ ()
(N 0= (220 22 A { < R T (763
[o]
-AN¢J L A61 2oz Dot %6
SN O T . - L i} -
Let Compliance = g [Aij] or i.jAjk = 6ik (204)
o - N
s r“‘n {2216 R,
o o L e
ST Pa o *a ", f i T (205) ‘
| |
¢° a a a’ N |
6 L 61 62 66 6 f
where
& o Rk -A~27) a TR T |
11 A2 26 22 A 11766716
a o | bR, A bRy, W TSR WL (206)
12 A 167267012768 66 At
a b (A A A A ) B~ S (ALLA, A, A
16 T AT et A uhen 26
]
419 A2 . ! ?
ar 1& Ay ) ;
Re1— *a Aes '
P P — - & pbG—— e - - Y VRPN W P — .
In-Plane Engineering Constants; ! :
. i Fp a a 4
. 1 o S, - o ¢ 12 o 12 ) 1
B - 2=, B, s, v e i =2, S - =2, 6), = (207)
| lm“ 22 b, 12 - &, 21 a,, 12 ha
28
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PROGRAM TITLE: MODULUS TO COMPLIANCE NO: o027

PROGRAM LISTING:

oo 46 045 01 o200 04 1259 01 1280 01
oot 1e 04e 06 a2l 75 136 03 121 05
ooz 42 047 &5 09z 43 127 40 122 E5
ooz 01 042 432 o233 0t 1258 95 122 472
oogd 01 049 01 024 Oe ts9 55 124 01
00s 21 050 05 09% 40 140 43 185 02
Ode 42 051 &5 0% 95 141 01 126 25
ooy 01 052 02 a97 55 142 00 st
oos 0z 053 75 098 43 142 295 128 432
009 g1 054 432 {195 0] 144 4z 189 01
o100 42 05s 01 100 06 145 00 190 g
o111 056 05 101 95 145 04 1] e s
012 03 057 40 10z 42 147 43 122 42
012 21 0S8 &5 103 a0 142 01 193 a0
014 42 0359 43 104 01 149 05 194 a5
015 01 Oed 01 105 43 190 &5 195 43
Oie 04 Oel 02 10e 01 151 43 196 01
o17 21 ez 75 107 01 US2 ] 197 03
01z 42 032 43 108 &5 152 06 192 &5
0ig o1 0ed 01 109 43 154 75 199 432
oz oS oes 03 001 155 42 200 01
021 8 Oee 40 04 126 01 201 05
02z 4 0e?7 &5 F= 127 03 202 79
a2z 0 Oe2 432 43 152 £S5 2032 43
0z4 0 0e9 01 o1 943 204 01
025 o700 04 0 001 202 01
026 Ul 75 40 1 04 206 &5

)
_n
| X
L}
=J
5
Do)

=
]
]
B 00
LN o = 0 e T e T e 0

z 9 )
'’ e e’ - -
azse 50 =5 208 01

029 0 7 43 | e
0z0 0 07s 40 i 01 95
021 &5 07e 65 oo oo 55
032 43 Q77 43 99 95 43
032 01 o7s 01 42 4z 01

034 02 079 01
035 &5 0s0 95
036 432 021 42
037 01 oz o1
038 04 0232 00
039 85 054 432
040 43 085 01
041 01 026 02
o4z 03 087 &5
042 &5 028 43
044 43 029 01

D el o T O T = S A SR Sy S S
R I SR B Rl e OV R T e ) S SN O
Ha
0

S R R R T R R R e e e e e e ol el S e

raroTr

RV e i g
] +
— (02 ]

L e e e el e
o000 =] N Ea GO B DD
Nu
wn

RO S S W I S T R R N O |

— e

e BN RN N NN N RN It s % S o8 S 80 S 08 S0n SO w OO IO

Vo BN W SO0 ) % N PR S R e Y R B A B R )
o
—

LN O
o
| %)

Q0 0D QD 0 DD

[ SR
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SAMPLE PROBLEM: 027 MODULUS TO COMPLIANCE NO: 027
181.8111 2.8969 0
Q.lj & 2.8969 10,3462 0 (MPa)
0 0 7.1700
5.5249 -1.5469 0
-1
Sz = -1.5469 97.0870 0 (TPa)

Y

0 0 139.4700

—




( TITLE:. COMPLIANCE TO MODULUS NO: 031
A' s B' C' D' E'
ij
A B C D E
S
L. e e
00
REGISTER
01 Sll 02 522 03 512 04 566 05 Sl() 06 SZ()
0 0 0 1 o
7 8 9 0 Is|
11 12 13 14 15 16
Q, Q0 Q, Q6 Q4 Q0
17 18 19
98 99
INSTRUCTIONS
OPERATION | STEP READ ENTER PRESS DISPLAY
InputSij 1 031 A&B S11 Al S11
S5, RUN Sy,
By s RUN -
See RUN See
S1¢ RUN S1¢
S, RUN S,¢
Compute Qii 2 A Q1
KC1, 11 a,,
BCL 12 Qyy
RCL 13 By,
RCL 14 Q.
RCL 15 Qe
RCL 16 Q26
31
e -




PROGRAM TITLE: COMPLMNCé?T)MODULUS NO:

PROGRAM LISTING:

i
—
-
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Ju
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—
n
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(ox ]

O
U W e B O ) [ SN SR
Ja
I
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ooy 1e Ode Of e s 196 02 1B
ooz 42 047 &5 02z 43 ST
Qo= ao a4 43 a9 00 1228 43 12
ood 01 == 094 032 129 00 154
oos 81 as0 05 095 40 140 04 R R
ooe 42 081l =5 09 25 143 95 126 42
ooy oo 052 02 0L il 142 =55 187 00
aoE oz 053 75 093 47 142 42 13 e
oos =1 054 432 099 01 i44 01 188 95
oio 4z 0SS 00 100 o0 145 00 LSO Es
o1l oo 056 0% 101 95 14e 95 121 43
012 03 057 40 10z 4z 147 42 ezl
[ fs e 092 65 10z 01 142 01 192 08
014 42 059 47 104 04 149 0Z 194 95
015 Qg I 1 2
=] 1
1
1
1

DO e P AN R

016 04 oa1 02 106 00 151 (@ 01
017 =51 be2 73 107 01 152 03 a7 Of
oie 42 O3 473 102 E5S 158 65 Q92 43
019 00 OEd 00 109 47 154 42 99 00
oz0 05 0es 03 0o og 155 00 [ =
021 =21 OFE 40 1 04 156 0&
0zz 42 0e? &5 2 o S D
0z 0 OfS 43 A 152 453
024 0 Q&2 00 4 00 159 00
0zs 07 : 5 S 160 05
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( TITLE: INVARIANTS OF ELASTICITY NO: 033 \ '
Al BI CI Dl El
ALInitialize B C D E J
i1 A N
m REGISTER
01 IIQ 02 IZQ 03 RlQ 04 RZQ 05 Q, 06 Q,,
07 08 09 10
Vi T Gt
11 Lie 12 Izs 13 Biq 14 RZS 15 Q5 16 s12
17 18 19
98 E 9 E
L T INSTRUCTIONS
OPERATION | STEP READ ENTER PRESS DISPLAY
Ihput Engineering 1 EL STO 98 EL
Constants
B STO 99 Ep |
Ve STO 09 i | J*
s STO 10 Gy o |
Compute 7 033 A&B A R,g
invariants
RCL 11 ;s
Kl
RCL 13 Rig ‘;.'
RCL 14 R,g
RCL 01 Lo
RCL 02 I
RCL 03 R o
RCL 04 Ry
33




PROGRAM TITLE: INVARIANTS OF ELASTICITY NO: 033
FORMULAS:
TABLE 10 COMPLIANCE AND MODULUS IN TERMS OF ELASTIC SYMMETRIES
Symmetry Compliance Matrix Sij Modulus Matrix Q.lj
(No Indep. Const) ('I‘Pa)-1 (MPa)
b3 i A [ 3
Anisotropic = == S Q Q Q
(6) Firs Bt 16 11 12 16
or
Generally Va1 1
Orthotropic - = S Q Q Q.
4 B E,. 26 21 22 26
1
% Se2 S, Q) Q2 Qe
- 1 - - -
r v 5
1 LT r =
_— - 0 mE v mE 0
) E E. L T L
Specially
Orthotropic v
TL 1
(4) - e 0 v. ..mE mE 0
e Eg E LT T 3
' L o 0 G—l— Lo 2 Grr
LT =
1 g9 3 = '
I = 2(Q,+Q,,+2Q)) (89) m = 1
i | ;-VLTlsza
- -_— P - §— $
< Wy B(Qll il 2Q12+ 4Q66) (90) i
. e 20
e 2 e 2 E
s M \](‘Qn"sz’ (1) (2% =B
E
L
=k 2 (92)
R 2.9 ‘J‘Qu"ozz' L P
Foy i, (81)
Iy & 384 % 5 * 285)
1
g 2 S
I g8 * Sy - 28, + Ay (82)
: 1 2
Ry = .2 V%t S (83)
b . b ] - (84)
o Bkl J‘Sn # 8- "8y ¢ Sy
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PROGRAM TITLE: INVARIANTS OF ELASTICITY NO: 033

PROGRAM LISTING:

000 48 045 42 a0 0z 1 &5 5 oong
GE 161 046 01 091 43 136 42 1 09
a0z ot 047 05 02z 00 a7 20
02 75 048 & 09z 05 128 06 7
Oood 43 049 0s 139 B5 4

(o}

yu
DDA

—

a
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e B

O0es 09 051
O07 40 o052 00
-5 a5z 05

1
yu]

t
R N B S ) S R PRI S S

=
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g
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i,
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)
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v
LR 5 BN o T s 0 N |
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Ja
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A
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S
Ja

o L,
054 =25
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O w e O | B W N
| RIS B 3 8 L) B o Y W ROROR B |

=
L
SRR
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(o}
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-
Mo
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D}
LRUS I B B
T
T
B
[
| g
B SO )

OO Y R R S u NN

—
I
[n}
(I v O S O ¢ SN N {8

L
T R A B T R TR S S e B IO B S

—
[t}
S
e
DTN
e
Ja
0
(R SN w1 |

i
e
S D0 T
L]

i
—
Al
i

M SN
—
!
N
Ja
0
-
n
e

D N}

RO w8 w LS W S WO w N w BN w N w N N S R A0 20 00 00 00 Q0

U0 w0 n B S 3 R O R )
2
—

,

5
115 1 e {5
Ole 2 061 = S 0=
017 4 062 42 107 0z 152 O 43
012 00 06832 00 108 75 j e 01
019 oo 084 01 109 42 154 & o
J20 55 065 45 110 01 155 4 oo 20
021 43 Q&6 Q0 111 Qo 156 0 201 51
022 09 0&ET 05 2 95 e O 202 87
0232 03 0e3 25 113 42 158 20 203 55
024 495 OES 43 114 00 159 7S 204 04
02% 20 070 00 s 0g 1e0 0z 205 75
026 42 071 06 116 43 161 65 206 43
027 00 072 75 117 09 162 432 207 0
028 05 0732 0z 118 0= 162 01 202 02
029 43 074 &5 119 20 1ed4 06 209 95
O30 09 O7s 43 120 35 165 25 210 42
021 0% 076 0O 121 43 166 43 211 01
g32 85 077 05 122 09 167 01 21z 04
032 4% (075 25 122 0% 12 00 2132 81
034 00 079 04 124 20 169 20 214 46
035 00 QB0 &5 125 &5 179 99 e19 87
036 295 081 42 126 53 171 S5 216 65
037 42 022 01 127 43 ire 08 ct? Ot
028 00 023 00 128 00 173 98 218 00
032 06 04 95 129 09 174 51 219 00
040 65 (085 55 120 55 175 &7 220 00
041 47 026 08 131 4= 176 42 el 9%
042 00 087 495 132 049 i7e 01 _2ég 9%
043 03 nas 42 133 08 i7e o0z
044 95 029 00 124 94 179 43
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SAMPLE PROBLEM: 033 INVARIANTS OF ELASTICITY NO: 033
Given:
Material Type EL ET ViT GLT F:,b:lr Sép::;f;c
(GPa) (GPa) (GPa) 2 4 y
f
B/Ep B(4) 204 18.5 .23 5.79 o5 2.0
5505
Gr/Ep T-300 181 0.3 .28 Tl « 70 1.60
5208
Gl/Ep Scotchply| 38.6 8.27 .26 4,14 .45 1.8
1002
INVARIANTS FOR COMPLIANCE MATRIX
Material IlS IZS Rls RZS 61 = 62
B/Ep 14.18 29,24 24.58 13.94 0
Gr/Ep 24,88 30.65 45.78 4,22 0
Gl/Ep 33..3 50.2 47.5 10.2 0
INVARIANTS FOR MODULUS MATRIX
Material IIQ I2Q RIQ RZQ 61 = 62
B/Ep 58.03 29,77 93.20 23.98 0
Gr/Ep 49.49 26,88 85.73 19.71 0
Gl/Ep 13.0 /_/7.47 15.4 3.33 0
36
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f TITLE: COMPLIANCE COMPONENTS NO: ¢37 Ri
A' B' [ D' E'
Sy By
A : B C D E
ananants Sl 1 SZZ S1 2 Sbé J
00
e REGISTER
01 02 03 04 05 06
55 S22 8)2 S66 S16 S26
07 08 09 10
11 115 12 I,s 13 Ris 14 Ryg 15 16
17 81 18 65 192(9_61)
98 99 : .
4(8-5,) INSTRUCTIONS |
: {
|
OPERATION | STEP READ ENTER PRESS DISPLAY ’
Input Invariants 1 037 A&B I1S A IIS
I, RUN I,g {
Ris RUN Rig |
R RUN Ryg
815 RUN 6,5
8 g RUN b g
Input @ & Com- 2 0 (deg) B Sll
pute L
c Syy s
D 8y, .
a 66 b
o B' 516 I."
C! S,
!
37
e pp—F




m S
PROGRAM TITLE: COMPLIANCE COMPONENTS NO: o37
FORMULAS:
-1+ TABLE 17 TRANSFORMATION OF COMPLIANCE
.. A R, R,
: SU | 1‘ Ll cos 2(6- 61)~ : i cos 4(0- 62)
| | ! |
Séz e 1 1 cos 2(0- 5)) -cos 4(6- 5,)
0 PR R O S S 0 . cos 4(e-5,)
Sy, T S "4 cos 4(8-5,)
L83, | 0 L o . | sin2e-6) 2 sin 4(6- ,)
Sy I e s.in 2(e- 5;) | - 2 sin 4(6- 5,)
T :
Lt < (S S,p * 25,,) (82) !
TIEV -—(s s22 =28, + S ) (83) .*
R {( S;p+ Spp)° + (S, + S . (84) |
Jis J 1_ 26) |
J(s 2s s, )2 + as 8 .3° (85) |
| fi] Taz" ol The ( 16
‘ eas |
S S ST 0 T
16 26 !
itan 2p, .= .(86) !
£ »-l. £ _S,l! .___5_2_7: | |
S8 ~+(87) &
1|:ax'1_48 1 26 ! i ’
D -~‘—--. ._,_,,;?V baoea S +S SIZ 66 ?
_For orthotroplc material !
i e SRR T T .(88) I
I."‘;;_;x'usotropic 'matenal | i r
| 5 4: Bl ?' 4
b e 2 "2 (89) :
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PROGRAM TITLE: COMPLIANCE COMPONENTS NO: o037

PROGRAM LISTING:

014 42 059 04 104 43 149 &5
ois o1 Oel SS9 105 01 150 432
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a0z 42 047 85 nsz 03 127 04 182 00
o0z 01 04s 53 0932 0s8 128 09 122 032
o04 01 049 Sz 094 32 139 23 124 21
ons &1 oS0 432 035 &5 140 &5 185 46
006 42 051 00 096 43 141 43 126 15
o007 01 052 00 027 01 142 01 187 42
oos o2 053 75 032 04 142 03 122 00
oo 2 054 43 033 25 144 75 129 04
Gio 42 @55 @1 100 43 145 432 190 =21
011 01 0%e 02 101 01 145 09 191 4&
o1z 03 057 54 102 o1 147 082 192 17
01z =1 nss 65 1032 75 142 33 192 43
194 00
195
1
1
1
013 01 0 s 109 Q0 154 42 19 ]
Q20 a7 ] (3 110 032 155 00 200 00
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46

042 32
043 65
43

LOUR i SR RPN ) SN I P I S |

By 2w I n L e e O N S e
Sl ph e Y (w a Ba U) B CRUTE D Y w R It W n SO I SN O
L
on
Pt b ek ek ek b b b b b b bt b bk b b b b b bk b

a0 000 G0 00 00 0 Pl ol o0 B0 Tt Pl Tl Tl o)) b b et et et bt et e

R e b B B et R e N s A0, 3 O A SO

OO0 O B QO P e

LI R i S S SN R R |
=
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el el e e e e o S o N iy S S P U S G SO S

B e v v e R B e e B
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SAMPLE PROBLEM: 037 COMPLIANCE COMPONENTS

Given:
Material | Type IlS IZS RIS RZS 61:6
B/Ep B(4) 14,18 | 29.24( 24.58 13.94 0
5505
Gr/Ep T-300 [24.88 | 30.65| 45.78 4.22 0
5208
Gl/Ep [Scotchply [33.3 50.2 | 47.5 10.2 0
1002
T-300 / 5208
Si' (TPaL)'l Engr. Const.
J (GPa)
5,52 -1.55 0 El; - 181
1
03 = 10.3
o) v )
0°J)-1.55 97.09 0 Y12 = .28
! -
Vo) = .016
1
0 139,47 G, = e )
34,75 -7.88 46.96 E1; - 28.78
1
r_~:2|2 = 12,42
30°(-7.88 80.53 32, 34 Yis = 23
1
1/21l = .10
46.96 32.34 114.13 G, = 8.76
59,75 -9.99 45,78 El; = 16.74
| -
E,, = 16.74
45°-9.99 59.75 45,78 Vi = o
! =
V21 017
45,78 45,78 105.71 G = 9,46
40
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( TITLE: MODULUS COMPONENTS NO: 041 i
A' B' g D' E'
Q6 Q6
Q}nvariants B Qll ¢ Q‘22 D le E 066 J
00 0
REGISTER
01 02 03 04 05 06
I by Ryg Ran
07 08 09 2(g- 10
814 L 2(8-6,)
11 12 13 14 15 16
Qi Q2 Qi 6 Q¢ e
17 18 19
98 99
4(6<0,! INSTRUCTI QNS
OPERATION | STEP READ ENTER PRESS DISPLAY
Input Invariants 1 041 A&B IlQ A I]Q
Lg RUN I
Rq RUN Rq
R RUN Ryq
619 RUN 61,Q
%2 e %2
Input 6 & Com- 2 0 (deg) B Q
pute 11 e
C Q r
22 d b
¥ Q2 b
o Qe |
. Q6
= Q4
41
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PROGRAM TITLE: MODULUS COMPONENTS NO:

FORMULAS:

"TABLE 20 TRANSFORMATION OF MODULUS

b b . ‘ ‘ e
Q'” 1 1 cos 2(0- 61_) A cos 4(6- 62)
Q'22 1 1 -cos 2(0- 61) cos 4(0- 62)
@ 1 (g @ry - cos 4(6- 5,)
2 | o 1 R I - cos 4(6- 5,)
y " —— F :
_Q”, 0+ 1 ' 0 -3 sin 2(e- 61) - sin 4(@- 5,)
g
026 0 0 -3 sin 2(6- 61) sin 4(0- 62)
Lood o b B sad
H TR0
s gl daserll i ;
B LT e T T T T
S RrLr de 2 Z
(B Bds & J('_Qu*sz) + 4, $ D)
el 5 l ; 5 3
|+ Ry = 8 J(Q11+ sz - ZQIZ' 4066) + 16(Q16- Q26)
e )
an 26 ol PO
% 5 e SN W 8 (ol

FRT g 1 A s
TRyt Q- 2Q,- 4R

S e o

g |
—B
5" S .
o
~N
"

e, o RS S S SVSIY StV SE— W——

j 6) =8, for orthotrcpic materials

; 61 # 62“ for anisotropic materials
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PROGRAM TITLE: MODULUS GOMRONENTS NO: o041

PROGRAM LISTING:
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oot 11 O4e 65 091 43 136 43 181 43
ooz 42 047 43 092 09 137 00 122 01
OOz 00 o4z o0 023 0% 122 03 122 04
ood 01 049 0z 094 33 129 85 124 21
oos 8 050 75 095 94 140 43 155 46
0oe 42 051 53 0% ES 141 00 ig86 17
Qo7 oo 052 33 097 43 142 01 127 432
g0s 02 053 42 098 00 143 25 188 01
o9 21 054 00 03% 04 144 43 189 05
o1g 42 ass a0 100 85 145 Qad 150 21
011 00 056 PS5 101 43 146 02 191 46
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42 039 08 104 35 149 01 194 01

iy Ol 54 105 4z 150 0z 195 06
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Given:

Material Lype
—_— e —- <+ — —
',’l 1'1 /

() *
Gr/Ep ['- 30¢
20
l/" N ) ¢ tct [ul\
0
!
- - - i
| 300 /
1
SIS SR it
181.81 12 , 9(
'+ g 42.90 10.3
0 0
109, 38 32.46
30¢ 32.46 23.65
54,19 -20.0

-42 .87

-42,87

42,89
-42.87
46.59

122 .41

40.25

40.25
29 .21

=19.59

04 )| ( IPONI I'S NO:
[ ( | ' R 6 o
| /. ( 1§ il |
8. O T78 93,20 98 0
SRR, Sl CIRMIEY | SRS
19, 49 6.8 (3) 19,71 0 &
A 15,4 e 30 0
i E = L
208 ‘g B(4) / 5504
i -
i
0 04.98 4,28 0
0 1.28 18.59 0
R 0 0 5.0 79

-61.13
-19.59
41.76
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r TITLE: PLY DATA:

T-300/5208 ~Gr/Fp
] 1 I 1 o |. o Tk 1
A X, e B.‘(',e' ¢ N, & D Wi Flered ,E
L el U A Lotaes SR 1L i % 9
g e G D I
] = T B L
TR
e REGSTE
01 02 03 loa e 06
ha Lo T R20) B
07 08 , 0 . 3 =
A i) “.l ’ R l], £ i L Ml
11 12 13 14 15 16 :
Iis s Ris B A
Ty g TR i
SO =
G8 99 :
: = INSTRUCTIONS
OPERATION STEP READ ENTER PRESS DISPLAY
Initialine ] 045 A&B A B
B £,
Vit
D G, .
Al X
RUN eL
B X!
RUN e
ol Y
RUN eT
1)' Y|
RUN e!
o S
RUN e
45
—
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PROGRAM TITLE: PLY DATA: T300/5208 Gr/Ep NO: o045
PROCRAM LISTING:

I
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o1z oo 038 07 102 42 142 =1 9300
014 0g 059 01 104 01 143 46 94 06
ois 9z oEn 00 105 05 150 13 Sl
Oie 02 0l 42 10e 01 151 43 96 21
017 og O&ez 00 107 05 152 00 a7 46 f
oig 472 Oez 04 1o oo 153 049 SIoi *
o019 0o Oeg 02 109 00 194 21 SO
Oz0 09 0&S 04 110 42 55 46 200 09
30 06 93 4 2 G 13 156 14 201 09
gzz 93 Qe? 09 112 06 157 43 20z 21
023 01 Qs 03 113 04 158 01 203 55
0z4 a7 Oes 0o 114 Q0 15% Qa0 204 4=
025 42 o7o 42 115 42 1ed 21 205 00
0ze 01 grl gl 116 09 161 4& 20e D&
027 00 ez 11 117 08 162 16 207 95
aze 04 orz 03 118 OZ2 162 43 208 81
| pze 09 074 0o 119 04 164 01 209 4¢
oz0 23 07s 93 120 D& 165 05 210 10
[ 021 04 076 08 121 4z 166 81 211 473
02z 02 o777 04 122 09 167 55 212 00
032 08 ore 07 i23 09 168 43 212 00 :
024 42 07e 42 124 06 19 00 214 = b
4 035 0o 0S80 12% 08 {70 05 « 215.955 :
026 01 02 126 42 10189 216 43
027 0z Qe ey 172 Bl 217 Ol
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| 041 08 o2& 08 121 Qg 176 041
g a4z 00 aa7 ot §32 67 17¢ 06
r 04z 42 ae8s 42 133 42 178 81
44 o0 os2 01 124 00 179 95
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£ TITLE: PLY DATA: B/5505 B/Ep NO: 047 \
A X, eL B’ 3t eL' C‘ Yo eT D' Y, eT‘ E S, eS
A B = C D £
. By Er Vi1 Gt g
0 g
REGISTER
01 02 03 » 04 05 06 ¢
ST Lo Rio R20 By B
07 08 09 10
- 4 VT St
11 12 13 14 15 16 '
Iis Ls Ris Ros - *
' i 7 TS
98 % 99 - b ;
: & INSTRUCTIONS
OPERATION STEE READ ENTER PRES S DISPLAY
Initialize 1 047 A&B A E
. | % = ET
bl : ¢ v
RS Gl teuaEE AL i LT
e . x>, X
: RS —- EONE DR IS '8 R e
e g = R X
B TR
T el el Fa ; ——-i *~——;—~ - ~ — = C'! Y
 |[N] L = e 5 T A L A
¢ 1{ ; i o _ﬁ.. RUN eT
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PROGRAM TITLE: PLY DATA: B/5505 B/Ep NO. 047

PROGRAM LISTING:
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( TITLE: PLLY DATA: SCOTCHPLY 1002 NO: o049 &
A’ X, er, B’ p, 4L eL' C. Y, €r D Y, G.I\' : S, e
A . B " C D . E
IL Er Er V1.4 Spr _)
' REGISTER
01 02 03 04 5 06
llQ IZQ RIQ RZQ EL }‘T
07 08 09 10 oL
s 9 i s & G
11 12 13 14 15 16 "
Lis Is Ris Ras »” *
T TR T
08 99 ;
3 * [INSTRUCTIONS
OPERATION SHIE READ ENTER PRESS DISPLAY
Initialize 1 049 A&B . A EL
ey L % 5
j~ L 4 : C ULT
g ) : D G r
l @ A X
% 15 5 SOLRMONEIE N ) e L e
L7 ¥ oo S e i e X!
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RS, S0 H | "RUN e
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PROGRAM TITLE: pLY DATA: SCOTCHPLY 1002 Gl/Ep NO: o049

PROGRAM LISTING:
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( TITLE: PLY DATA:

NO: o051
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PROGRAM TITLE: PLY DATA
PROGRAM LISTING:
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PROGRAM TITLE: pLY DATA NO: o053
PROGRAM LISTING:
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PROGRAM TITLE: PpLY DATA NO: 055
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PROGRAM TITLE: PLY DATA NO: o057
PROGRAM LISTING:
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PROGRAM TITLE: STORAGE OF CONSTITUENT PROPERTIES NO:
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( TITLE: COMPOSITE MODULI I NO: 061j
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PROGRAM TITLE: COMPQSITE MODULLI [ NO: 061
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PROGRAM TITLE: COMpogrEMonuml NO: 061
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SAMPLE PROBLEM: 061

Input data' with Program 059
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SAMPLE PROBLEM: 065 COMPOSITE MODULI NO: 065
Input data with Program 059 :
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F'TITLE: THERMAL EXPANSION COEFFICIENTS NO: 069 0
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( TITLE: LONGITUDINAL STRENGTH

NO: 071
A'X (brittle) |B'X (ductile) |C' & D'x (statist) |E'
A B € D
X, X 5, X, E « J
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PROGRAM TITLE: LONGITUDINAL STRENGTH NO: o071
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FTITLE: IN-PLANE INVARIANTS FOR [op/90q/45r/-4ss] NO: 075 Y
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PROGRAM TITLE: IN-PLANE INVARIANTS FOR [op/9oq/45r/-4ss] NO: 075

FORMULAS:

TABLE 29 FORMULAS FOR IN-PLANE MODULUS FOR [Op/90q/45r/-458]

2 2 r 2 2z
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1 -
All/h 1 1 _ cos 2(8 61) cos 46
1 - -
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2 2 {
7 = — - - = R .
Jv2+ ¥s Nl(nﬁnao N,570_ys5) 24 ' Bz ke30)
: N.5 N._45
tan 261 Son (231)
o 90
Laminate is orthotropic if Byg =B _,¢.
A2
* 3 |
.
.
A . Q@
Figure 61 Ply orientations and modulus __J o i

of symmetric laminates.
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PROGRAM TITLE: IN-PLANE INVARIANTS FOR [0p/90q/45r/-4551 NO: 075

PROGRAM LISTING:

045
EETS
047
a4s
Ods
oS0
i
05z 43
053 0t

ool
ooz
o=
Qg
oos
Qe
ooy
oos

TR

.}
)
I
L

1,

D
DY WA

b

L S S

] T e

D)
AL

l:EI L0

1
S Gt 0 L e

O W N B S |
100 0T e )

L) I SN T T O %

DRI 3 I Y SR N W WO

T
WOt
OO I B (0 R W S T R

8 §
)
Yoot
Jo
i |

=]
N
e
I
Jote
{nC o I I vt S S O S

00T T e

L S S S g
DrCn s O T <Ny Y

0

B B S ) O EARP T S S

o I
DN )
A

]
[ s
o

T

d

0=4 o7

Vo e N0
1y,

)
L
e
Y
e
in

i 099 ([ i
gig = 055 =5 100 95 145 42
a1t 4 0sé6 432 101 42 14& 00
oiz o 0s¢ 01 faz ot - 147 07
013 0 052 02 103 08 148 41
a14 059 S4 104 55 149

i |
J
Gl

15
OieE
85
ais
1=

L

0z

105
106
iav
: 1 0&
(]} 109
05

43

T LnLnen

e
n
=

(0 N A

(RSO B o N ]

ke
n
Tl

(I 0~ ¢
T

=
T

] s Wl R o
[l
AT ] T O e D0 [ e

T
Do <
(3 )

R <N (N o N O S ¢ B

il
Pete
e
I S T O I ) e B K ) |"_.:| |
Pt
Ln
n
[}

[ SN )

Dl

T i
i

T

£

02z i ] 157

=

[
n
D

ot

o I | EI’-'.
—
1
D}
B C L =4

LR RUO R Y o |

D I w o )

il
T
v
(O N R ) [
(A u ]
OIS =) [ |
[
[nj
T

= 07 1en
OZ2E 16l Q0

027 0 9 2 O
oz 35 163 8

O T T B B O S T N S

D}
o
)

¥ B

N

s n

e

[ng
TN
Juoe Jn 00

030 A
ozt o0 1 oz BE ¢
32 2 9 6 U
: o g O

2

o B O |

L) IS SR
£

1 DumCR <l 1 I )
SR 1 e R e OO <9 S )

Jooee o 0000

ek 07
Q36 0 4E

Q37 9 bl S
0zs 4 oo (I
O=9 0 g = g

[ it
s
[
O e N M I )
S
T

D 8 SURE e w T o R » BN IS O S 3 IS SN w I S NN o B S 3 B S R O N S i i e e | AR 8 BN I ) B W R

Tl Gl i oot (ou oo o onels Gl o [l ol e [Pocs . i o i ot e s, el i
0ol 00 00 a0 00 Tl o T Tt Tolt Tt Tt Tl o0t TOl bt o e e e e ok ke ok

bt et ¥ (B R Bt e Mt et BN B 3

N e B N 1 B N O
i)

o]
S
5N
ht I SO

4 01

T




NO: 075
SAMPLE PROBLEM: 075 IN-PLANE INVARIANTS FOR [Op/90q/45r/455]

1. T-300/5208

I, =49.49, L, =26.88, R =85.732, R, = 19.717

I

.Y W — ) S

2 1
| | ‘ =it . = = :6
a) [0/90] . L {=43.49 Ria 0 61A 0 .
IZA:26.88 R,, =19.72
IR RN Y o Sga 0=
SR IZA:26.88 R,, = 19.72
e IR B Sl U e e
: 451 1t | o 40,40 | = 5. =0 =
e) [0/90/45/-45] m 49+49—R; 4 =0 ia =0 52
,IZA=26'88 R2A=0
d) [0/45] , | | I, 4 =49.49 _R1A=6O.62 61A=-22.5o
= 26, . = ) =
b 26.88 R,, =0 o
2. Same as 1 but for B(4)/5505
a) [0/90] Ly =580 R, =0 Byl =5 |,
12A=29.80 'R, = 24.0
78
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( TITLE: IN-PLANE MODULUS AND COMPLIANCE NO: 079 )
A' B' A C' A D' E'
—516’ ha16 —}—126 ha26

Al BA,, C4,,, DA,,, EA..,

o ]Aijl = B ha“ hzz ha,, =12 halz h66 haé())

00

® REGISTER
01 02 0
LarP2 [T har P22 3R1A’h'a1.2 OARZA’ha()é s R G haos
07 08 09 10
61a 6,a

¥ A 12 A 13 A A A A

=11 =22 3 L2 14 = 66 15 =16 16 =26

17 18 19

98 99

INSTRUCTIONS
OPERATION | STEP READ ENTER PRESS DISPLAY
Continue from
o075,

Compute Aij 3 041 A&B 6 (deg) B A11/h
c A22/h
= A,fn
E e
B' A16/h

. A26/h
Invert A.. 4 027 A&B A h326
ij
RCL 01 hall
RCL 02 ha22
RCL 03 h==112
RCL 04 ha.()6
RCL 05 ha16
RCL 06 ha26
79
SRR




PROGRAM TITLE: IN-PLANE MODULUS AND COMPLIANCE
FORMULAS:
" TABLE 29 FORMULAS FOR IN-PLANE MODULUS FOR [0 /90 /45 /-45 ]
__I‘-—.i : ._.r——. - -_ - , - ,I ,j_. . . — . p q r s
S S . S L PO | L O LY 2A
__A'”/h 1 Rl cos 2(9-761) cos 40
' A'ZZ/h 1 1 -cos 2(0- 61) cos 40
A'IZ/h 1 -1 0 -cos 40
A'66/h 0 1 0 -cos 40
A'lé/}; 0 0 -%sinZ(O-ﬁl) -sin 40
AL to -9 0 —%sinZ(Q—él) sin 40
. ic°"“Pl.‘in,°°-T,_ o | v+ W |
! | :
where ‘
FEMENE WS AR R e
i A a6 26’ 29 -5 A( 11766218
A T TR A A A ], (B, & RiR Ak
{32 | ATTYBT26 12766 66 = A 11%22712
- i—“-l-(A A cAL A ) 8= LA A LA A
16 1T ATaEee 2208 b T A e TR 26
—An— A2 e |
A= 18, A, Aos
o152 Y)
In-Plane Engineering Constants: Sl te ]
‘ a a
o : N o - | i O 12 [} 12
E Ny T—— E B — T v TR B ‘21 2 Ve e———
L 1 . WER_ TUSeT S S ®22
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ey

£ TITLE: IN-PLANE STRAIN

e

REGISTER

| T

08 . 404

212 A6l

05
16

_ 106

26

{07 . .08

09 PTRRISS £ [
N

RN o e ..

1. 14

15

16

7o 18

19, o

@

6

fos ~ o lap

INSTRUCTIONS

“|"OPERATION

READ ENTER

PRES'S

DISPLAY

6 S

InputNy |

Continue-from-{ — | —-

1019 AED ¥ . No . |

|
4 L e Ty 4 : TS N S S S
) _; ?_r [ ) A ERT T R T
il e e DN B s SR ey ] P
A TS I O T S o5 U Wt pS Nk
_,;-..A,: b e ._.:_ PESRTS . L ERL P g
| b |
= ;WJ.g-J, R Y G E -
t | i i | '
—ll—"l e S, R R P Rt 3
B2 ] ey \ p! e W
‘ 5 ) bl l
—_—————— —— e o b . . —t N ——
, e | ‘
- '———*——7—-—«— e Sl T —-—‘»-——— S WS ] S S 4 Sl S S S
, | |
= PN S 4 + PGS -

)
SUNSRSIIS—; Y— —

i

1

)

i

|
I TR
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PROGRAM TITLE: IN-PLANE STRAIN NO: 081
FORMULAS:
e ol 7 AT o
i = l= = 4
1ot Gamplisace & B, 1=l dey] oA, S B (apas
GRS
oY) F 9 )
! B sl By iy
18 ]
L (Al e W B Ny} o oro e Tl (205)
[e] i .a. o
Nod Pa % ] WM
b
;
82
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( TITLE: PLY STRESS FOR [0_/90 /45 /-45 ]
: i - i s

NO: 083

B'

Qe

R N
Y

DI, . EI

C
Q5 0y

Q5 9%

ES W IO e |

I REGISTER "

e FRE

1 2

B, A p o

05

_ 106

07 &, |08

P (1

|10
'0’6 o

T

D

: 114
Q2 Qs

15
16

16
26

7o |18

o (19

O

%6

| T T

"INSTRUCTIONS

-|—OPERATION

READ

ENTER

PRESS

DISPLAY

Continue from _
i 081 ,
Input ply ‘data’
qrfd 1ﬁ1t1a11ze

ol i

45 A&B

—r— -

c_&mma414¢L

; Cornpute 0.(0‘}
i -

i L o8 0

41 A&B_

8 QZ%A&Bf

e Qﬁ(ﬂ)
o qomputeo

SRS S —

}__R_ep,e_at stﬁps_

_fff;_4fi1_4.
, .{,_-‘ MT*Q:!“__L_— i

J[__L-ﬂ__;_ ] -;i._

__QiLééB..

(0 |xs o252

| PRNEN, [ES— ..__,

7_an¢8 f.QL eadh $u<

|

PSR SERSE - SRR | o s i g comas sai g

—a;(deg) B

!

e » 8

ceLs,s.iveg:.Ey. i bl

——— e
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PROGRAM TITLE: PLY STRESS FOR {op19oq/4sir_/-4ss] NO: o083
FORMULAS:
:i;__,;:bal'cul;tijon of In-Pla:né AStrains ey
{ e et
—be = 3, N, +3 N, +a (N
(2] .""_‘ —~— ) S| .
e T T T (€33
1
b B r i
,,,,, e ] R =t L,
;3 B S N b7 o 5 Aok O
£ N
1% o & S ¥ e | 1
& - o ,
¢ = 12, as, ¢ N2 or e, = a'ijNJ (234).
o
% et T%r e e
b;_;Caicuﬂle;‘tijén of éé-‘esées‘_t;f‘ _the.t-gh p.ly.v ; -“
o, )P [Q Q a . 9 (e
}- J——m ol 16 1
- 4 i§ - [e]
s §° 'QZ'l ‘ %2 v026 %2 L
o
e ooz - Hge o3
T
For the a oriented ply, replace index "t' by 'a'' in the equation above f
€. . ' ! 1| TABLE3lSAMPLE CALCULATIONS OF PLY STRESSES
a4 L For T-300/5208)
Laminate Imposed N, | Resulting cr(.o) ‘T(.‘?O) 0!45) cs-‘}s)
i 1 ep 1 1 1 1
1
o e R 1 1 «0104 | 1.893 .1088
[0,90] L0 | $-.0003. | .0269 .0269
0 0 0 .0282 ¥
L - LN WO EEN D L0101 ]| 1.8662 | -.2279 ‘
—[0/90}————f 1101011 1. 1338 | 1.4495
: 1 .1395 1.0 .9432
o 0 N R | O | _.0104 o .5769 « 5591
(45/-45] | 0 ___ (-.003 . .4231 .4224
0 0 - .433] .4268
¥ TP A T .0144 | 2.5971 | .1412 |.6399 . 6060
| [0/90/45/-45]| o  |[-.0042 | -.0024 |-.7294 |.3679 | .3584
0 0 0 -.0393 t.4144 .4236
84
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( TITLE: INVARIANTS OF FLEXURAL RIGIDITY NO: o085 h
A'v v BI CI Dl El
Initialize "B C D t )
00
Lo REGISTER
2
01 S 02 - 03 R Ry 04 BBy (02 06 3¢ _3¢41
07 08 09 10
®1p b
11 Fc2D 12 Fs2D 13 Fc4D 14 Fs4D 15 Zzo/h 16
17 18 19 da
98 99
/8 INSTRUCTIONS
OPERATION | STEP READ ENTER PRESS DISPLAY
Input ply data 1 045 A&B A E,
Input data 2. N/2 STO 99 N/2”
Zzo/h STO 15 ZZo/h
Initialize 3 085 A&B A Ft(l)
Compute in- @ (deg) B Ft(z)
s];a;;wants of az (deg) RUN Ff( 3)
Rip
*n/2 hgder R,
Recall RCL 01 Ip
RCL 02 | L
RCL 03 R1D
RCL 04 Ry
RCL 07 8,
RCL 08 | 9,
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PROGRAM TITLE: INVARIANTS OF FLEXURAL RIGIDITY NO: o085
FORMULAS: M e = i
TABLE 33 FORMULAS FOR FLEXURAL RIGIDITY WITH ISOTROPIC SUBSTRUCTURE
3 3
27 27 )
o o 2 2 2 Z
[1-(——h )]Il [1-(—}1-' ]{2 ¢V1+V3 R 4v2+v4 R,
12 2=\’ '
1 o o
;3 D“~ ™ Q“ 1 1 cosZ(G-Bl) cos4(9-62)
2e \3
22 5 °) a° 1 1 -cos2(8-6.) | cos4(e-5.)
p3 22\ h 11 1 2
12 Zzo ; o
ED'IZ- ) 1 -1 0 -cos4(6-8,)
12 1 Zzo\ 3 o o
h—3'D’66——2- T) (Q”-le) 0 1 0 —cos4(9-62)
12
A= ™ ;- .
h3 16 0 0 -Esmz(e-él -sm4(9-62)
}%D.'ze 0 0 -%sinz(e-sl) sin4(8-8,)
AN J - mde - = R, R 25
LB PR { 2 Fcos2a)” + ( FFsin2a)” = R, 1 (259)
P Ly { # costal’ Sr a2 R.OTR (260)
Yo ® Vg TR (L Fycosda)” + (3 F sinda) 2. %
2(D, .+ D.,) v _
tan 262 = _D}£F2_6_ = - -v—3- (261)
1. 22 1 % P
HD, , = B v ,
tan 46, = 16 20 A ——"— (262) f FACING
Diy ¥ D= Pilip* S s , ~ & [T i
’ ; 2 Ze|llllcerE | .}El
i _ ko : |
F, = 3(¢ + h—°) - 3(: + ﬁ) 38 .| (263) J At "““-“" ‘ Jﬂl_
(o] Ll (o]
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| PROGRAM TITLE: NVARIANTS OF FLEXURAT, RIGIDITY NO: oss

PROGRAM LISTING:

oo 45 045
a0t e
ooz oi 047
o
(HEE]
as0
021

-
[ B P

i
S
Do}

o200 ao
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ot
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L 0
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1 e
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nss
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S
[
r=y
Jo
et
Jn PR R S <N <N

LA O TR B B R

O R ) IO ) |
DY R

i

[ N W I
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101 432 =

v

)
O o S SN T o T O o Y

1l g .
giz o1 0 g 102 00 43 32 4
012 49 0O 0 103 06 S 2430

@ NN O N

104 35
105 44
i0e 01
107 0z Je EE
oz 43
10s o1

LN e B
O IR

oid oo
Bla @2
b oie oo
oi¢ 42
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=
oz0 42
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1
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| N
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gza Qi 074 00 e 42 209 35

020 85 073 323 o4z 3

021 42 0OTE &5 k] U3 211 99

T 077 43 ik vq4 212 09
- - 5

T
T
|0
e
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(- TITLE: FLEXURAL RIGIDITY AND COMPLIANCE NO: 088 )
Al Bl Cl Dl El
Bre%is e i
lUDiji - |B Pyypedyy O Dgpedy, DDy, R Dee'deé_j
0
REGISTER
01 02 03 04 05 06
Ipd)y Lrdy By R 98 B 926
07 08 09 10
5 5,
11 D 12 D, 13 D 14 B 15 D ¢ 16 D,,
17 18 19
98 99
INSTRUCTIONS
OQPERATION | STEP READ ENTER PRESS DISPLAY
Continue from
085
Compute Di‘j 4 Q41. A&B 0 (deg) B D11
- D2
i D>
E Pt
= i 11
. i D26
Invert D.. 5 027 A&B._ A d
ij 26
RCL 01 R
RCL 02 d,,
RCL 03 d,
RCI 04 ..
RCL 05 d .
RCL 06 d,q
88
e ——— "

.
AL



-y

PROGRAM TITLE:

FORMULAS:

FLEXURAL RIGIDITY AND COMPLIANCE NO:

088

TABLE 33 FORMULAS FOR FLEXURAL RIGIDITY WITH ISOTROPIC SUBSTRUCTURE

(ZZO) (ZZ >3
e Bl Ve e B Rap
12 2=\’ :

Lot e o 2(0- -
h3 D11 B Qll 1 1 cos2(8 61) cos4(8 62)
12 &‘\3

o
<2 e - > =
h3 D22 h ) Q11 1 1 cos2(8 61) cous4(8 62)
2z 2

2 o . Q° 1 ] 0 4(0-5.)
3= 127X ¥ 12 i 2
h

12 1 zzo 5 o

— 1 - — - - -
h3 D66 >\ 5 (Q“ Q=) 0 1 0 cos4(8 62)
12

= D 1

-—8ind(Q- -si -5

5 16 0 0 2sm (8 61 sin4(6 JZ)
h

12 1.: ’ B
h3 D'26 0 0 —Zsm2(9—61) sm4(9—<>2)
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UNCLASSIFIED
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SR=52 MAGNETIC CARD CALCULATOR SOLUTIONS TO COMPOSITE MATERIALS==ETC(U)
JAN 79 S W TSAI» H T HAHN: F HUBER

AFML=TR=77=50 NL




(":f_

( TITLE: CURVATURE DUE TO BENDING NO: 090 )
A' B' g D' E'
A B C D E
e M, k, k, ke J
00
REGISTER
01 02 0 04
4y v e i TV o A
07 M, 08 M, 09 M, 10
11 12 13 14 15 16
17 K, 18 k, 19 k
98 99
INSTRUCTIONS
OPERATION | STEP READ ENTER PRESS DISPLAY
Continue from
VI-1b
Input M, 6 019 A&B M, A M,
M, RUN M,
M, RUN M,
Compute ki B kl
C k,
D ke
90
— e —




PROGRAM TITLE: CURVATURE DUE TO BENDING NO: o090

. FORMULAS:

. TABLE 50 FLEXURE-CURVATURE RELATIONS

i kl kZ k6 Ml MZ M6
My B3 s D6 ks 951 dy2 4k
Ma— P Fa1-Dag k1185 452 46
M, Der-| Pe2 | Pes L T dg2 466
Since e = zkl . ey = zkz » e = Zkb

LI 0~

P2l o Vi “ate * Cie% (281)

< + leez + Qléeé

et = Re1®) + Qga¢a + Qgeey

e il b Mi
k:— iiM @
L Lo
) it
e\ - k\' @
| 3
S gi . i
) 6 D) ]
— o T
_.,..__T__t_- Y NSSI SRDGN WSS R— |
A - Y | i i
] Figure 73 Flow diagram for ply stress calculation. ]
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BRPRAR RSl 1w

(= TITLE: PLY STRESS DUE TO BENDING NO: 092 4
Al BI CI Dl EI
Q6 T
A B £ D E
AR it % R s i %6 )
00 .
REGISTER
01 02 i S 04 0
I, I R, R, 5 06
07 o 08 o, 09 T 10
11 12 13 14 15 16
Q) Q. Q) Q6 Qe Q6
17 o 18 ., 19 s
98 99
INSTRUCTIONS
OPERATION | STEP READ ENTER PRESS DISPLAY
Continue from
30
Input ply data 7 045 A&B A EL
& initialize
Compute Qij(al) 8 041 A&B al(deg) B Q11
Compute s.(z ) 9 z PROD" 17
PROD™ 18
PROD™ 19
Compute o.(z,) | 10 023 A&B B oy
. S ; . "
: P | T
Compute'Qij(aZ) Rpt 8 | 023 A&B a,(deg) B Q,
ciomputegei(zz) Rpt 9 ' s, /2y PROD* 17
PROD* 18
' PROD* 19
| Compute‘o-i(zz) Rpt 10| 023 A&B B, C, D o
‘
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& TITLE: INVARIANTS OF COUPLING MODULUS NO: 093 - ) |
Al Oi BI Cl Dl EI
oo B ; C. D E
;¥In1t1a11ze~ a, RIB 61B RZB 62B J
00 -2a , |
¢ REG|STER |
01 02 - {03 |04 05 06 '
RI’ RlB RZ' RZB t 2t -1 |
07 08 09 10 ?
8 623 i
11 Fc2B 12 Fs2B-— 13 Fc4B 14 Fs4B 15 16
17 18 194, !
98 99
INSTRUCTIONS e
OPERATION | STEP READ ENTER PRESS DISPLAY
Input ply data 1 045 A&B | A EL
Input data 2 | 093 AB B A n
Compute invar- 3 al.(deg) B al
iants az(deg) RUN a, |
; f
ay RUN Biss ‘ F
Reéall : 4 i C 61B -
4 o RZB
E 5,8 i
ﬁ U‘
ol
b
{ e |
a
' 93 | |
¥ | ;
: I
! : '~
— —— R e




PROGRAM TITLE: INVAR'IANTE“QF 'COUPLING MODULUS

NO:

(322)

(323)

FORMULAS:
TABLE 56 FORMULA FOR TRANSFORMED COUPLING MODULUS
2 2 2
v +V3 Rl Vz-f-V4 RZ
l_‘Z
— 1 = _' '
Z"n | SRRl - e
l'x2 o
> B'22 -can(G-bl) coa4(9-62)
T B ;
- Bllz 0 -cosé(9-62)
hZ
= 8'66 0 -cos4(9-62)
hz 1
> B'16 -—zsinZ(O-Gl) -sinﬁO-bZ)
hz 1 :
> Bl26 - E'inz(°'5l), sin4(0-62)
v, =13Fcosz |, sl T8 cabdn
BRI L o e ™ B e aniee o
S OOl |G Dol S e VR PO L R R IRy e S
v3 - —ZF sin2e VvV, F }:r sinda”
N (0 ST s .
—tr --—‘——l—f .-o-—-t, Y—f—-l—-#——v-— s s e S,
M e fm
tan26, = | ',T.r—_‘ BEvy (320)”*”1
} fredes ; 7 4 2
H == | == | 1
HWE el b 7
4 V- PSSR, IR, PGS (e davilessirl
tan 46, == - V— " 0 S fe

| | L |

| T2 .
ey T

-

093 i

_r_r._,-__._. {,.b e

_Figure 78 Integration of unsymmetric
laminates must be performed
for the entire thickness from
-h/2 toh/2. (For symmetric

s

laminates, integration can be
limited to from 0 to h/2).
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PROGRAM TITLE: |NVARIANTS OF COUPLING MODULUS

PROGRAM LISTING:

ool

uuz ¢

a0z
acg
QoS
00e
ooy
aos
g9
o110
a1t
o1z
013
014
015
0le
017
iz
019
oz0
nz1
nzz
nz3
0z4
nz2s
026,
nzv
gza
0z9

COOOOOoOODO0
B o O TR RN R RO A
Lantimn BN Wl w Rt a ) I SN

Lo R
& 5
(O )

044

46

NO: o093 1
"ous G2 090 65 (135 43 150 &9
D46 95 o1 43 126 01 181 49
047 42 092 oo 137 04 182 01
043 01 093 0 138 55 183 02
049 09 094 95 139 43 183 40
050 43 095 44 140 01 159 9S
65t 0o 096 01 141 03 186 30
052 00 097 04 142 94 pod 2
655 33 098 43 143 95 1858 93
054 €5 099 09 144 22 159 43
055 43 100 g9 145 34 120 09
056 Do 101 75 146 55 131-03
057 0 102 43 147 D4 122 63 |
0S¢ 95 103 pp 148 95 133 02 fi
053 44 104 05 149 42 134 54 |
060 01 105 95 150 00 139 40 2
061 01 106 90 151 08 126 93 b
065 43 jor €2 19243 137 49 ]
063 01 108 43 153 01 128 OO ’
064 09 109 oo 154 03 199 03 4
065 33 110 o5 155 40 200 43 |
066 65 111 85 136 85 201 00 =
067 43 9ip p1 197 43 EU2 O3 |
0es Ob 113 98 158 01 202 Al |
069 D6 114 4) 159 o4 204 46 |
070 95 115 sg 160 40 205 13
076 4% 116 4 161 95 206 43 |
07201 4§37 67 152 30 (24 'O ]
073 03 118 43 163 55 208 07 '
674 43 119 01 164 53 203 8l 2
075 00 120 02 165 43 210 46 -
e 00 121 S8 186 g9 211 14
077 32 122 43 167 09 212 43
076 ¢85 - 123 01 168 65 212 U0 '
Gra. 4y 128 01 168 02 S8 0% r
0e0 00 125 94 170 54 213 81
OBi D6 126 95 171 40 216 46 -
0Bz 98 127 22 172 98 il 13 {
083 44 128 34 173 49 218 43 . 1
084 01 129 55 174 00 219 00 ¢
085 02 130 02 173 04 220 06 £
06 43 131 95 176 43 221 Bl e
og7 01 132 42 177 01 k. |
028 09 133 pp 178 01 |
089 32 134 p7 179 40 |
|
|
|
95 2
|
T
—__




NO: 093

v,
e R P :
-

A SR
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f TITLE: COUPLING MODULUS NO: 097 '
A' B! iy D' E'
B Be
B C
Q By B2 By B J
00
REGISTER
01 02 03 B 04 B 05 06
07 08 09 10
B %8
11 12 13 14 15 16
17 18 19
|
98 99 '
INSTRUCTIONS
!
|
OPERATION | STEP READ ENTER PRESS DISPLAY ‘
Continue from f
093 }
i
Compute Bij 3 041 A&B 0 (deg) B Bll 1’
Recall 3 C B22 |
" Bia I
E }366 ; .
B' Bie i
* Boe . ;F'
\;‘:.‘
-F
ir* .l
97
i
- " F el




: - gy e =
PROGRAM TITLE: coOUPLING MODULUS . NO: 997 |
) ' H ‘ U '
! 4
FORMULAS:
TABLE 56 FORMULA FOR TRANSFORMED COUPLING MODULUS
7 Z
A\ V3 Rl V2+ V4 R2
— ! — -
2 B11 : c'<>s.2.(_0_61)w“ : ros4(0 62)
> B'ZZV -cosZ(9-6l) cos4(0- 62)
hZ . e .-
5 13'12 0 y -cos4(9-6z)
hz . 3
X > B'(>6 : N—O -cos4(9—62) »
hz 1 -
_— Pt O ». Sk A Y
2 Blb _zst(Q 6l) 8in4(0 62)
1"z T T L R S
S BN = - = -
= B 38in2(0-5,) sin4(0-5,) ';
' l }
Vl = ——Z'ZFtCOlza. VZ i G2 ZFtc°'4a_‘ (322) {[
N N f A
et ¢ e e Sttt e |
§ i = Sl o !
X g ‘ ‘ : S n T S e T |
SRR . et i ol TR SN f
‘ v, .i.__NZ 2 F,sin20 7 ik, ——2 “EF sin4¢! i (323) ;
i b R o B i S S N O !
\ : w5 TR Sl |
:_ ' v3 T 8. S5 o : oy y
\ tan 26 = L T Tl ' o (320). | | o= ”.
$ i .- - g b
!' V I . 7_
. ¥ ’ =z t-wv } ;
,V4_. | | e b4 . ‘KO ‘
2 - w— . i i |
tan 46, v, e (321)_1_. . t i
f ) e - __I si - i"
Ser AT i - e i A
RIS T S S R T e i
_Figure 78 Integration of unsymmetric o W | {
laminates must be performed |
for the entire thickness from - '
} -h/2 toh/2., (For symmetric___L. - ﬁ. t,_o 3 f
{ laminates, integration can be 2 fz ;
limited to from 0 to h/2). : ;
98 ,'
)
4 |
' ,'
e - N}
a " » o R




( TITLE: MOISTURE CONTENT AND SWELLING STRAIN NO: 099 )
Al e-;l . Bl CI DI El
A B g D H E
¥ 8 vv c aT Co j
00
REGISTER
01 o 02 > 03 - 04 05 06
v
07 08 09 10
11 12 13 14 15 16
17 18 19
98 99
INSTRUCTIONS
-~ OPERATION | STEP READ ENTER PRESS DISPLAY
Input data b | 099 A s A s
v B &
Compute c 2 ¢’ C C oy
v RUN CrgCy
T sz RUN c
: S ‘ H
_Compute aT 3 um D aT
Cor.nputvel c | 4 . E c
o P Lal e % »
|
Compute ex | | 5 AT
"—--:. » — — o p E RUN A H
pt- RUN er
99
N

ST




PROGRAM TITLE: MOISTURE CONTENT AND SWELLING NO: ¢99

STRAIN
FORMULAS:

M * et MmN /M

8

(Cm"m Pt CeVePet vva\ /p

:(cmv s +°VS+VV)/5

mm fff (374)
H 1+ ym
a,r= 3 s
G S Vv/s
’f;“ = % [(1 *c) g.- d . cf. (402)
OO0 46 020 00 08D 01
PROGRAM LISTING: o0l 11 031 02 061 85
00z 42 022 281 062 43
00z oo 0232 46 0632 00
004 01 024 14 0Ded 03
Qos =21 025 85 085 594
006 46 026 01 066 65
g 12 s7 25 0er &1
gge 42z 038 55 068 53
ooe Qg 0322 0z 069 81
0ig 0z 040 &5 070 75
011 21 041 43 0F1 Ot
iz 4¢ 042 00 072 95
01z 13 042 01 073 S5
0i4 21 044 95 074 02
0is 65 U455 81 0OFS 95
016 21 048 46 07 21
017 65 047 15
012 21 048 43
019 85 049 00
oz0 43 050 D2
021 00 0351 55
gzz 02 052 43
023 95 053 00
024 55 054 01

025 43 035 95
26 00 036 81
027 01 0357 46
100 028 95 0358 16

029 42 0359 53

g




_ ORI SR i e

E TITLE: RESIDUAL STRESSES (MICRO) NO: 101 )
A' Input Data B' c' D' g
A S £ =R . =R __iP E
g °m T i =
00 .
REGISTER
01 E, 02 03 04 & 05 06
m
07 n, 08 09 10 v,
| 1" 7 S 1. 14 15 16
m f m
17 18 19
98 99 :
INSTRUCTIONS
OPERATION | STEP READ ENTER PRESS DISPLAY
Enter data 8 101 A Ef A'
| E_ RUN
" RUN
ve RUN
‘ e RUN
~ Compute | 2. | ® ot RUN
stress 1 l B
o — iyv- o (P s R e i s - é 2 omL
——— i :f- o e - - — — : =R
b K L - S W N SO ol 5
BN ik e e
.._I;,, - T : - du
il | t- -+ e 15555 ol
oE R T LRy 3
s W E o 2
101

VS —




\ g

T

PROGRAM TITLE: RESIDUAL STRESSES (MICRO) NO:

FORMULAS:

Matrix

< R | vafErn”ef “lenﬁ

mL | n1v£E£+ vam

SRR '

mT 2.4

Fiber

=R ' Ym oo R YmEmEdtm &

fL Ve mL nlviEf+ vam

- R g

o = 0

fT ¢

PROGRAM LISTING:
ooo 46 Q=0 01 el 55 D?ﬁ (B
ooty o1e o ol 53 091 00
ooz 42 062 43 092 94
oo oo Oes 00 0932 325
004 01 Ooed 07 034 =1
oos =1 OeS &5
ooe 42 Oee 432
ooy oo Oey 01
oos 04 Oes o0
oos &1 Oe3 £5
o104z ovo 4%
o111 00 oy oo
UlZ e ovz 01
o132 21 avrz 85
0id4 42 074 43
o015 01 ([ 7das(a
O1le 00 07e 01
017 24 077 ES
oi1e 25 ove 43
019 01 ove 0o
oz0 95 oz0 04
g2l dg 021 S4
22 4§

02z 01 .
023 01 053 00
024 81 054 07
025 42 055 65
026 56
027 02 057 01
028 81 058 03
029 42 059 54

£ T

o

—

o

n

Ly

BN

bl
Lo e e
Q0 00 Q0 Q0 QD Q0 Q0 0
RV U Bn R I SN

o

—

102

101

(387)

(388)

(389)

(390)




K TITLE: STRESS ANALYSIS PARAMETERS NO: 103 1
Eng'g Const{ d ¢ D E
QParallel : PB’erpendicular k, n, etal . F J
00
REGISTER
01 02 03
5, Ep 6r |Mvpr |®sy 06 55,
07 566 08 512 09 11 Y
11 12 13 14 15 16
Vn®_4x #1 ¥
17 18 19
98 99
INSTRUCTIONS
OPERATION | STEP READ ENTER PRESS DISPLAY
Enter data 1 103 A&B EL A'
ET RUN
GLT R UN
ViT RUN S12
Compute
parameters 2
Crack para-
llel to fibers A k
: RUN n
RUN Hy
RUN Mo
Crack perpen-
dicular to
fibers - B k
RUN n
RUN Ky
RUN My
103
e



PROGRAM TITLE: STRESS ANALYSIS PARAMETERS NO: 103

FORMULAS:

2 2 2 2 .
Wy T %[n*»(n - 4k)l/] g iy om [n- (n - 4k)” ] (511)

1/2 1/2
S22 512 N6 S22
n'= Vgldee 3 ] 4 = S (512)
11 11 11 A 11

0|~

104

m_mado

e ——




.

PROGRAM'HTL& STRESS ANALYSIS PARAMETERS

PROGRAM LISTING:

oo
ool
ooz
ooz
o4
a0s
DI0E
ooy
ags
aos
010
011
niz
a1z
014
015
0ie
017
0is
ni9

ozo 2

021
022
023
024
025
026
027
028
029
030
031
032
033
034
035
036
037
038
039
040
041
042
043
044
L}

(I N WY )
U R SN |

049 02
aso 21
051 46
nsz 11
053 43
054 00
055 06
0%e 55
057 43
o5ss oo
052 0s
QEQd 95
0el =0
0ez 42
03 00
0ed4 09
0es5 =

Oee 25
0e? 43
Qes 00
0e9 02
070 55
071 43
o7z o0
073 05
0v4 25
0vs 65
07ve 02
077 85
0vs 43
ove 00
0s0 07
081 55

Pt et b b b b ek bbbk bk b b b b b b b b

o B |
DV N w N u O

i
yu o
IS w D B e R ) [ RO SR

Ul
o0

o0 w0 D

T
S i}
L

—
i
T

103
104
105
106
107
108
109

[ O o R R R R T e e e el el el el
Sy 2 I SO S e SN R T B n AT S SRR

o

(R [ ]

L
ORI | S CN ) R

0 e DO D D D B

W I S e ) Y u

VLN LD

DRl Rl R ) ) |

B OO W e S SO )

Tl 0 00 D0 )

o0 00 =g T ln

NO:

103




SAMPLE

ieaca
-3

PROBLEM: 103 STRESS ANALYSIS PARAMETERS NO: 103

= 181 x 107
5 1. 3% 107
2 -7.‘1753: 10°

Paratlel fo fibérs

k= 4.192 k| = 238.5x107
I I . e - 0 e
4 n‘i_ =| 5.750 R 1,372
i =epei ol
S -73_'.-77:»»7., ]38 i,_ o } i f
Wy [=] 8008 . g F 1167 ;
B 8 B O L. b 22 v
ug = 856.6'%1Q7" My 204.3 x 10 |
}
:
r
P
,.
|
L
- lé‘
I
f
{ }
i 106 |
: :
- |
4 i |
m &

Perpendicular to fibers




( TITLE: CRACK TIP STRESSES NO: 107 3
AI B! CI Dl El
A B & D E
L oy P J
00
RE TE
01 EL 02 ET 03 GLT 04 Vi 05 Sll 06 SlZ
07 S 08 By 09 x 10 &
11«/_n2—4k 12 by 13 b, 14 15 16
17 18 19
98 99
INSTRUCTIONS
OPERATION | STEP READ ENTER PRESS DISPLAY
Compute para-
meters with 1
103
Compute crack | 2 107 A&B A ‘E;/K
tip stresses - 0 /'2"—/K
C T \E;‘/K
107




PROGRAM TITLE:

CRACK TIP STRESSES

NO:

107

(518)

;“ Pl Ao f" -

Ll

FORMULAS:
e = 90°
A ({_ r) «-— % KI 1
g ’ =
Lol \IZ"I‘ J- p. “l 2 y \En—r VZp,
K k 1 ' 1 -
A £ - ’ B = U-l = Hy
xy \r—Zn—r Z= (\m @)
PROGRAM LISTING:
000 46 030 75 060 54
ool 11 031 43 061 95
ooz 432 032 01 062 46
ooz 00 g33 D3. 063 87
004 09 024 S5 0&4 55
00%S &5 025 43 065 02
o0& 53 036 01 0eée 30
007 432 037 D2 067 55
ooz 01 032 30 0e2 53
Qo9 az 039 51 069 42
010 20 040 87 070 01
011 75 041 81 071 02
012 43 042 46 072 75
012 01 042 13 073 43
014 03 044 43 074 01
015 30 045 00 OFS 03
016 54 046 09 0OFe 54
017 51 047 65 077 95
01g 87 042 53 078 56
019 81 049 43 - -
020 46 050 01
ozt 12 051 0z
0zz 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
108
—w;.—‘.__’




( TITLE: Y FOR CENTER-CRACKED PLATE AND COD NO: 109 i
A Constants B EL, v ¢ -ry D £
K s B. » C Y D cop E
N ¥
00
REGISTER
01 a 02 w 03 a/w 04 1.5254 05 -0. 2881 06 0.1282
07 EL 08 y = 2n 09 T 10
B & 12 13 14 15 16
17 18 19
98 99 ;
INSTRUCTIONS
OPERATION | STEP READ ENTER PRESS DISPLAY
Enter constants 1 109 A&B 0.1282 A' .1282
-0. 2881 RUN -0.2881
1.5254 RUN 1.5254
Enter data 2 a A a
a2} w B w
Compute Y 3 C Y
Enter da.'ta; 4 | EL B' EL
y RUN Y
"y (o Ty
Compute COD 5 o D CcoD
109
w— e —




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

FORMULAS: —

2w~

1

Isotropic plates

f ¥ ='1+0.1282( a/w) - 0.2881 ( a/w)2 +1.5254 ( a/w)3 (516)
Total COD B el
COD = elastic COD + plastic CTOD
(526)

110

.




PROGRAM TITLE: Y FOR CENTER-CRACKED PLATE AND

: COD
PROGRAM LISTING:

D00
001
ooz
oz
004
oS
(N
o077
oos
o9
Lo
011
01z
013
014
015
16
o1y
0ia
014
nzo
nz1
nzz
ozz
0z4
025
D2&
027
nze
nz9
oz
031
nzz
03z
024
035
0326
azv
0zs
039
040
041
n4z
047z
044

46‘-

—
) -

T

(nin}

[}
—

D B DS = R R PP TR, EN)

AIOHRDOEMNDD DL —

oo

045
D4 é
047
o4s
49
aso
051
05z
nSa
054
055
056
ns7
nse
059

o s
T
BN RN

(=
01
95
4z
a1
oo

4"3

(O S

(BRI m A ) I SR SR IS

(O o e O o O
D VW RN N o N R RN s RN RN ¥ w
G

o

Do N ]

o
—

10z

=

04
105
106
107
1as
109

—

U B SR B SRR R

L R R I A I e e e e e e S S S S
DL

LOUR R N o

P bt bk b b b b e bk ek ek ek ek b

OO e IS N w8 NS N TN B )
Coion) e SR S e S SRSV | [ )

42

)

NO: 109 -




5 TITLE: EcDZ AND NOTCHED STRENGTH NO: .113 ﬂ
A' B' C' D! E'
A Y. e i B Constants C e D X X E J
& o n
00 .
REGISTER

01 a 02 w 03 a/w 04 1.5254 05-0.2881 06 o, 1282
07 e 08 09 IO(TJ}%_)Z_l
11 used 12 used 13 co 14 a 15 16
17 18 19
98 99

INSTRUCTIONS

OPERATION [ STEP| READ ENTER PRESS | DISPLAY

Enter constants 1 113 A&B 0.1282 A 0.1282
-0,2881 RUN -0.2881
| 1.5254 RUN 1.5254
Enter unnotched| 2 X B X
strength
Enter data to 37 Fo ] e

determine c

Repeat for all » RUN >
data - ~ g w RUN Y ‘
' X RUN c
n (o]
st flg
6
= RUN c, (best fit) v

Compute Yxn/X 4 D |
c RUN € t
a® RUN a :
g(deg) RUN YXn /X |
113 |




PROGRAM TITLE: EcDZ AND NOTCHED STRENGTH NO: 113
FORMULAS:
fol*l TEwr—t _cf. Eq. (540)
)
; X 2
Fo!be,st;it)A e g - 2 2
L (%) -1
(w)
3RS . 1/2
w o
X1 <asin9+co> j (546)
4 *; r
]
f
114
T J




PROGRAM TITLE: ECDZ AND NOTCHED STRENGTH

PROGRAM LISTING:

(TN
ool
ooz
aeras 5
oo
oS
Qe
ooy
oos

a1 O

i w8 Ly )
o A

(]

U SO N

Ja 0

i
]
TN enCnn

¥ N O Y W O AN
(O B ¢ I L) Sl B

% W x M 0 1Y

[ R e =)

(S SNl
T

—
T

L
(g

T

(8 O )
i r
T

D |
(RO ) I N

o —

T
S ORI AT

OO I | B I B B

T

E
|

s 1Y
<] T

=N
a9z
g

A o

o
N

096
027

= |
v
LA

n
Y
RN

101
102
163
104
105
106
107
105
jiH

—
—
=

IR n B B AN 1 I SO N

| A

(IR S M B S (S SN

i

G G0 0 G 00 PO P PO P T B0 Tl PO P IO = i s e s e et e

e

(RN
(=
41
(K1)
J11

]

o o B 0
Vg s T PO e e R

s T 0

DA
Moo N

153
154
155
156

T T T T T N On
Do 08 W W)

T T T

L e el e
o
RN o B B U 1 B NP SN

P N n

Lo o O N SO )

(I S

Ny N Y )

s
=
o1
Tl
g5
a0

[}
.

(1]

i
1
4
1

NO:

113




r TITLE: OFF-AXIS FATIGUE STRENGTH NO: 117 .
A' B! C' D' E'
QConstants B ag’ bg. etal ¢ Se (S) D Se (T) E j
00 .
REGISTER
01 02 03 04 05 06
aS bs a. bT 0 1/mn
11 bg(T) 12 13 14 15 16
17 18 19
98 99
INSTRUCTIONS
OPERATION | STEP READ ENTER PRESS DISPLAY
Enter data 1 '1 17 A&B as A as
bs RUN bs
an RUN a,
bT RUN bT
Compute ag, bO 2 0 (deg) B ge(S)
I RUN bg(S)
i RUN ag(T)
: : ) | RUN be(T)
Compute Sgat N-{ -3 |t N c Sp(S)
T T p N D Se(T)




PROGRAM TITLE: OFF-AXIS FATIGUE STRENGTH

FORMULAS:

s, ] b ok
aO mn (%] mn

PROGRAM LISTING:

ooo 46 020 200 0AD 42 090 BS
aol 11 g3l .42 06l 0 081 43
ooz 42 ez 09 092 G
Qo= 0o & Oe3 43 093 07
oog 01 5 Oed 00 094 235
oS 21 SRS S E e
ooe 42 O&E S5 096 25
ooy 00 O&7 43 097 432
s oz Q&S a0 092 00
oog =21 OES 09 099 02
oio 4z N S e
o011 00 pri 4z - 101 81
o1z 03 21 072 01 102 46
o1z =1 S 0OF3 00 140z 14
oid 42 [ T W I = 104 z&
015 00 045 06 0OFS 42 105 &5
016 04 Od4e 5 0OF& 00 106 43
oiy 81 047 43 0OFF 04 107 01
oie 46 045 00 O7= 55 102 0o
ui9 12 049 02 @B79-43 109 9
020 42 0S50 95 080 Q0 110 9
0z1 00 051 42 0&1 g9 o
D2z 05 052 00 082 95 4

0 == 0
i

Lo )
D

023
0z4
025
nze
azv
nze
azg

D 0 ) I SR s
w0

onE

(o}

—
. e et b
—_ . e e

=

acn
AN ) I O
LI N O |

_ =
20 Q0 00 00 00 00 0 0

PG O O Qo O L
o
(i |
i
L
S ¥ e S

RS WO e B S <N SN

o

2
I
£
=

3 118

wnfon

o0
—

NO:

117

N

r s i N R
|

T T




o g

ﬁTlTLE: FATIGUE STRENGTH OF ANGLE-PLY LAMINATE NO: 119 i ;
A' B' C' D' E'
tData B ul, uz ¢ ks' kT D E J
00
REGISTER.
01 02 03
By Er A s T e iy
07 08 09 * 10
aT bT 20 u1
111 u, 12 kg 13 k'r 14 19 16
17 18 19
98 99 |
INSTRUCTIONS 5
r
»
OPERATION | STEP READ ENTER PRESS DISPLAY |
Enter ‘data 1 119 A&B, EL A EL :
ET RUN Es |
B RUN Ghe o
YI.T Bl Yo
as RUN aS
bs - RUN b
. aT RUN aT b'
i bT ; RUN b f
Compute | | 2 | | B u |
PRERIRGESED | RUN u, b
e(deg) [ C kg
RUN -
119
\———___ e




PROGRAM TITLE: FATIGUE STRENGTH OF ANGLE-PLY

NO: 119
A LAMINATE
FORMULAS:
j ] i (u, + sec 28) tan® 260
kp = 511 - sec20 % = (555)
x & ‘sec s + u, + tan” 26
) (u1 + sec 29)‘tan 26
k =‘l' : (556)
s < u, + tan® 26
1-E_J/E
u, = VL z (557)
1+ Z. LT + EL/ET
E, /G
L L
oGS is (558)
v
1+2 LT + EL(ET

R

{
3
',;:
&

120




PROGRAM TITLE: FATIGUE STRENGTH OF ANGLE-PLY NO: 119
LAMINATE
PROGRAM LISTING:

000 4 045 35 090 13 135 95 120 039
001 11 0O4& S5 091 65 136 94 {181 322
D02 42 047 52 092 02 137 55 122 40
oo 000 042 01 093 395 1328 02 182 55
004 01 043 25 094 42 139 95 124 473
gos 21 050 0z 095 00 140 42 125 01
oo 42 051 &5 0% 09 141 01 1586 OF
o7 Q0 052 42 097 93 142 03 187 75
aos oz 053 00 032 43 142 21 128 01
oo9 21 054 04 099 01 144 04 129 54
oi0 42 055 25 100 00 145 25 190 &5
oif oo 058 43 101 65 146 43 191 4%
012 B2 057 00 102 43 147 D1 192 00
ois =21 oss 01 102 00 142 00 193 09
014 42 052 55 104 03 149 &5 194 33
o1s 00 ol 473 105 33 150 432 195 20
Ole 04 Ol 00 108 &5 151 00 196 95
o17 =21 Oez 02 107 43 152 09 197 35
0i2 42 023 24 102 00 1532 32 192 az
ois 00 Oed 42 109 0% 154 40 199 395
020 05 085 01 110 32 155 55 200 42
o221 = Oee 05 111 85 156 52 201 01
o2z 4z 067 95 112 432 157 43 202 04
o223 00 o2 42 112 00 152 01 203 81
024 08 082 01 114 09 159 01 ik ]

ozs 21 070 00 115 3z 1ed &5

nz2é 42 071 21 116 54 1el 43

027 00 072 43 117 55 162 00

oze o722 00 118 53 1e3 09

oz o074 01 119 42 1ed 33

oz0 075 55 120 01 18% 40

031 076 42 121 01 1ede 85

03z o7y oo 22 65 167 43

0z: ove 03 122 42 168 00

024 Ureg 95 1 oo 189 09

_

L0
—

~J
-
(2]
o

e R RN EN RN BN RN RN

000 =) T O e D e
o
L]

o200 55
021 43
0sz 01
0ae 0sz 0%
0339 024 95
040 01 085 42
4 041 55 086 01
04z 43 087 01
04z 00 088 21
{ 044 02 0292 46

035
036
i 037

Lo S SN B NS N e B ' S0
Lo RUSN ) Bl W o B B R |

L e e e e e e A
L0 Lol Q0 00 ol Pl PO o Pl Pl o T
B SO S Y B M L | Y NP
L1 I N e O N O SN |

£ DD O ) OO L

ol i S el e e S e

T s e it




——

( TITLE: STRENGTH PREDIC TION (FAILURE POTENTIAL) NO: 123 \
AI BI CI Dl El
é— Data B xo, etc. C D E )
00
REGISTER
1) B 02 L 03 Cl 04 . 05 " 06 e,
07 08 09,1 1042
€, " Pag ™| Toem™
11 " 12 13 14 15 16
17 18 19
98 99
INSTRUCTIONS
0PERAT|0N STEP READ ENTER PRESS DISPLAY
Enter data 1 123 A&B t A %
p RUN B
C, RUN C,
o RUN o
c3 RUN ¢3
A " c, RUN c,
e e = . 5 RUN .
_ ' ; | (0. 5772) RUN Y
Compets: T Y 2T T T Y B x
5 o W gt B8 RUN 1+1/a(g+1)
- e -~ F(+1/ (8+1)) RUN 1+2/a(+1)
' ‘ 7 “|r(1#2k ) RUN % (power)
35 LT g 2 RUN c. V. (power)
- Cc X (exp.)
123
'Wl




PROGRAM TITLE: STRENGTH PREDICTION (FAILURE
POTENTIAL)

FORMULAS:

bt .-. i = 3
L > x (power) = xo r[l+-(ﬂ+l)]

L/(B+1)
x = Lt = [’t\l. clﬂ(ﬂuﬂ. |

| r“(1 +1/a(8 + 1))
x = c—sfun(ﬁ.c /) -v) :
o 2/C3) -7 ¥: Euler constant (=0,5772)
|
124

NO:

(580)

123

(585)




PROGRAM TITLE:

POTENTIAL)

PROGRAM LISTING:

{0 o o |

OO0
O R )

o004
oos
=
ao7
oos
oo9
o1o
011
o1z
013
014
01s
0ie
o1y
o1z
o149
nzo
n0z1
nzz
nz3
nz4
nzs
0z2e
nzv
nze
nz9
020
031
032
033
034
035
036
032
039
040
041
04z
043
044

QRO RO R ODOD A5
D) R RO e R N e 0 Bl

[}

1 Fad = T

STRENGTH PREDIC TION (FAILURE NO: 123

045 43 090 43 135 09 180 54

046 00 091 00 136 40 181 95

047 04 092 04 137 75 182 81

042 85 093 85 138 01 1832 00
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(" TITLE: RESIDUAL STRENGTH (a) NO: 127 A
A Parameters B' ¢ D’ E
A : B ¥ D E
L N Rz R J
00
REGISTER
0 o f02 R [ [
07 08 o 09 4 T
max o
11 12 13 14 15 16
17 18 19
98 99 ‘ |
INSTRUCTIONS
OPERATION { STEP READ ENTER PRESS DISPLAY
Enter 1 127 A&B ag A' a.s
parameters % RUN -
o W
ar RUN L
n‘l RUN al
B RUN B
- C1 ) RUN C1
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Compute N OM i ko e Bl A N,
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PROGRAM

FORMULAS

Rr(xr) = exp |-

TITLE: RESIDUAL STRENGTH (a)
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PROGRAM TITLE: RESIDUAL STRENGTH (a) NO. 127
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( TITLE: RESIDUAL STRENGTH (b) NO: 131 E
A'Parameters B' C' D' E'
C D
L N_ B R, R_ E )
00
REGISTER
01 o 02 X, 03 o 04 o, 05 - B 06 c,
] 08 S 09 £ 10 N
max o
11 12 13 14 15 16
17 18 19
98 99 ‘
INSTRUCTIONS ;
OPERATION | STEP READ ENTER PRESS DISPLAY
Enter 1 131 A&B ES Al
parameters RUN
iO
o RUN
r
ap RUN
B RUN
c1 RUN |
2 RUN ,
Pkl b
Compute N | 2 s L A - F
Con:'u':".ltelR;‘l._ 3 " k| I n B R,
Computé R:r 4 W C Rr
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PROGRAM TITLE: RESIDUAL STRENGTH (b) NO: 131
FORMULAS:
& 8 o /a a
ot . % +a (s  /C)n ¥ = ie .
Rr(xr) = exp as + =
o
O
v as/&r s a
= exp __—r ) 4 | =22a% (627)
X O x0
a /oz
i e l
R,(N) = [ N, (628)
: B
No(smax (629)
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PROGRAM TITLE: RESIDUAL STRENGTH (b) NO: 131

PROGRAM LISTING:
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gie 42 Q&3 00 108 00
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ﬁTITLE: CUMULATIVE DAMAGE NO: 125 B
A' e B' C' D' E'
A : B , A D E
N R“‘l Rl“l _)
00
REGISTER
T e i B3 ol 05 o 06 . o
ol 02 1 2 s T
07 08 09 10
11 12 13 14 15 16
17 18 19
98 99
INSTRUCTIONS
OPERATION | STEP READ ENTER PRESS DISPLAY
Enter data 1 135 A ol A' Nol
N02 RUN NoZ
nl RUN nl
", RUN ,g
~ RUN a
8 8
o, RUN .
Compute Rgn 2 N2 A R”nl
model.(a) | . B elnpe
model (b) | N, B By
1
E




PROGRAM TITLE: CUMULATIVE DAMAGE NO: 135

FORMULAS:

l(a) “r = Gts

n, % N, “z‘|
R, 1(Ny) = exp] - N “\N | (634)

a [~
o, N2 s T (636
B msilp). = ] o) e i :
ol . o2
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PROGRAM TITLE: CUMULATIVE

PROGRAM LISTING:
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rTlTLE: COMPOSITE CONDUCTIVITIES NO: 139 b
Al Bl CI Dl EI
Q Kll : B Kzz C B D E )
00
o REGISTER
01 02 0 2
o f ) Vg o By OsBk vohr |0 B
07 08 k 09 10
11 X
11 12 13 14 15 16
17 18 19
98 99
INSTRUCTIQONS
OPERATION [ STEP READ ENTER PRESS DISPLAY
Tnput data 1 139 A&B K. A K.
K, RUN K,
v, RUN Ky
- B K
o o K




PROGRAM TITLE: coMPOSITE CONDUCTIVITIES NO: 139

FORMULAS:

Heat Transfer (temperature effects)
q = - KVT (638)

One dimensional steady

T, =T

' 1 .52
a, -,+Kx L (639)

Composite Materials Bl i B

3 2 2 Fiber
Kx = K“cos a+ Kzzsin a (640)

Approximations (vf < 0.785)

Kll = (l-Vf)Km+ Vfo (641)

(642)

1
K,, = Kitl -2 f/w)+-B— T -

!
Vl - B}z{vf/w 1+ BKé'f/w)/z

Km ! :
BK = 2 ?;- (643)
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PROGRAM TITLE: cOMPOSITE CONDUCTIVITIES NO: 139

PROGRAM LISTING:
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TITLE: MOISTURE GAIN AND DISTRIBUTION : NO: 143 )
A' B' G’ N D' E'
B C. . ¢ D E
.QDX,S,h, X t s G J
00 |
REGISTER
0 p |02 Dx/SZ. 03 n 04 x*-x/h OSt*:Dxt/s 06 (2j+1)
7 sumac | sumc* |9 expr 1[0 ©
11 ™ 12 13 14 115 16
17 18 19
98 |99 : o |
INSTRUCTIONS |
|
|
OPERATION | STEP READ ENTER PRESS DISPLAY
Input Data A g 13 akB ) | D, A W l
S0 0| 158 050 100 KNG (e || = RUN D_/s? !
| i X i
W BT R SR NG g B ER " RUN h |
NN RS RN R R
‘ﬁ + - SRS RUN - t*:Dxt/SZ '
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amﬂ"ﬂ" (R m f ‘“'—_T_""_ AL "T
f _';-_ | ok .4‘.“.4___‘_ i
PSS 0 SN S ER N T 0 SRR R R O R
S e -
R N T e '1’“ M o
-t -
e + T'l 1 o 1., .I sl
? 4 |
-_._7'_-‘1__*__.._# = ,; | -
. -
ol 4o : =
143
——tseem————T




A A L T S p———. |

PROGRAM TITLE: MOISTURE GAIN AND DISTRIBUTION NO: 143
'1
FORMULAS: ‘
(s=h) (s=2h) ‘
Moisture Effects T /)\/\ T - \ o ; {
. 4 + " . \ A H Ay Ve
. T 1= -Dve (644) " B & PoA b :
N ~\’<, \ 2N . X é
Steady Bound. Cond. —[?—’ >’ <"r_' —r" ~ ¥ |
One Dimensional ! ' >{{\ . . g “
Temp Constant . <K/\>( KN E {
Uniform Initial Distributions k—L_A | h L
f—> x p—s ‘
Moisture Distribution: 2 ‘i
! C- C Dt
¥ & 4 (23+l)-n-x 2 2] "x 64 |
e e Z: (23+1) b {[‘ZJ”’ ] z} sk =
m” 1 8 J
+ 4
Moisture Content (weight gain): ‘
b
W-W =
M = = G(M_ -M,) + M, (646) s
WD m i i
| Dt b ¢
; ais e e 1l o  ©Xp -(25+1)2w2<—i?_—>:] '
#28 .8 s ;'
T 1--—2-2 — » (647) :
m j=0 (2j+1) ;
Time to reach 99.9% saturation: '
! 2
1 e 0.67 s !
e % Speate (648)
x .
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PROGRAM TITLE: MOISTURE GAIN AND DISTRIBU TION NO. 143

PROGRAM LISTING:
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r TITLE: BEST FIT FOR WEIBULL DISTRIBUTION NO: 147
AI Bl CI Dl El
AL x B j ¢ rz(C.D.) D (0] E x0 ‘ )
00
REGISTER
01 02 03 04 05 06
07 08 09 . 10
11 12 13 14 15 16
T 18 19
98 99
INSTRUCTIONS
OPERATION | STEP| READ ENTER PRESS { DISPLAY
Initialize 1 147 A&B CMa
N STO
1
4 N
Enter data 2 x A Inx
Repeat for all ; B .
data J ]
Compute 3 c o
RUN X
2 (o]
E r (C.D.)
147
-




PROGRAM TITLE: BEST FIT FOR WEIBULL DISTRIBUTION NO: 147

FORMULAS:

a
F = 1 -exp [— (x/x ) ] (702)

148
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PROGRAM TITLE: BEST FIT FOR WEIBULL DISTRIBUTION  NO: 147

PROGRAM LISTING:

noo 46 045 02 090 43 135 00 120 417
ol 88 0d4e 44 091 00 1326 04 1821 27
002 44 047 00 092 04 1! 95 182 46
003 00. 048 04 093 75 12686 58 183 12
o044 00 049 40 094 42 139 42 124 14
oo0s 42 0SS0 44 095 00 140 00 185 &5
o0& 00 051 00 096 05 {41 00 186 43
007 00 052 07 0927 95 142 95 187 0O
o022 75 0S2 43 092 94 142 94 128 03
nos 01 0s4 o0 099 42 144 §5 189 55
010 25 (0S5 02 100 01 145 4= 190 532
211 20 pse &5 101 03 {46 01 191 43
OlZ2 42 057 43 102,85 147 01 192 @00
o013 a0 sz oo 102 53 142 95 193 04
014 02 (0s9 01 104 43 149 22 194 40
0ls 25 Ol 95 105 00 150 22 19% 55
016 42 061 44 106 06 {51 S& 196 43
017 00 Q&2 00 107 75 152 46 197 00
ois 00 Q&3 05 102 42 53 16 198 00O
o129 96 064 42 109 Q0 154 51 1939 9
0z0 46 085 00 110 02 {55 77 200 85
o021 12 Qe 01 111 &5 156 94 201 43
DE“ 7D LDer 44 112 43 157 85 202 00
23 93 oss 00 112l 152 453 JON 0 g
o024 02 069 03 114 00 159 01 a5
025 25 Q70 40 115 95 (&0 02 SE
026 55 071 44 116 42 161 45 4E
027 83 O0v2 00 117y 4 162 85 11
028 43 072 06 112 01 1672 4¢ 23
022 01 074 01 119 36 164 &7 42
020 04  (0O7S 41 120 46 {55 47 Qo
031 85 076 88 121 77 1166 01 01
032 93 077 46 122 42 167 01 56 !
033 04 078 14 123 01 165 95
034 54 079 43 124 02 1g9 Sé
035 95 080 00 125 46 170 46
036 94 (081 03 126 15 171 17
D37 €9 082 55 127 14 172 %1
038 01 083 42 128 &5 {73 77
029 95 084 D0 129 423 (74 85
040 22 085 00 120 00 175 S3
041 94 (086 65 121 03 (76 43
042 23 087 42 132 94 177 01
042 42 028 01 133 85 (78 02
044 00 089 QU 134 43 179 €5
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( TITLE: A AND B ALLOWABLES (WEIBULL) NO: 151 &
A' B' & D' g
Parameters
A, B o AT D E J
00
REGJSTER
01 02 03,2 04 05 06 A
o n X o j 0.99 0.90
n;y
07):xia 08 09 10
11 12 13 14 15 16
17 18 19
98 99
INSTRUCTIONS
OPERATION | STEP READ ENTER PRESS OtSPLAY
Enter 1 151 A Al
parameters o RUN a
n RUN n
2 2
in;y RUN - XZn:y
Enter data 2 C :
R epeat for all :
daie x, RUN i+1
Compute' | 3 A x, 'L
B xB }

151




PROGRAM TITLE: A AND B ALLOWABLES (WEIBULL) NOQ: 151
FORMULAS:
For "A" allowable X, ﬁy = 0.99 , y = 0.95
For "B" allowable xB ,I;\y = 0.90 , Y 0.95
= ; A 2 1/a A
xA,B = = Zn[nl(y /szy] xO (728)
n
A 1 o 1/
TR 8- e (729)
i=1
I
i
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PROGRAM TITLE: A AND B ALLOWABLES (WEIBULL)

PROGRAM LISTING:

aon
ool
ooz
o=
g
O0s

007
e

036
037
0=E
"1 .'_'_:‘

i
[0

oo
ok
-

liMf'.‘
04:=
044

Fo 00 s
T

1 e T

i
DR

o e 0 O s i
T

| A S

s B 0 O e OO

I D0 T e 0

153

g

LV O 0 O LB O D O
DDA B S e IO B SR

el 1

O T
OO ) B DR

(W 20 e

iy
DO B =Sl ) IO

Fa e

L W N
CRUAN SO RN |

(I SN SNy ]

(O Sl )

L LN g

i 9 VO 7
a0

OV W
U W R ) I )

a0 T
N Cn o

v 8 0L

L5 o8

DR RN | I S RO

i0s 9
106 4
107 4

=
&

—
* ]

o
5 o
i

oo T
D ) )

LN ) BN

DS W ROn B T S 1 (O P SN
02 B v

Q5
-

D}
Ja
T

1 -
Do
Yt

128 0Oz
9 46
19

1 14
12 65

43
N

L

I
o
&
i

(RO [ SN

A
L
AT

g

141 25
14z 5%
13 4%
(RN

(TN

~J T e G T
A

g
P} =
Fihe Uiy
9 4
00
N

LY B N3
[ RS ORI T 1 S o O =« I

TR N enenCnenenCnen on b B e e e e
T

LS WU St I Y & O =S I RS

D R

U SRLUUIDY R I ) [ SN I

@ T T T T
U

T
U W W I R I N I O )

Ll el e S S A S S S A A S S O PO I W WO A R PR PO SO SO P SR S

D R I S N W )

SRR L I B SO U A, 8

=

J N — fain

) B W W e S

iy B B IR IR I I IRl N IR Hn

DV W R e SO ) B SSP SN

ettt e el S = S

NO: 151

Y
Do

S U8 O Y W)
ORI B 0 W ¢ R O B T S T

v

DAY

(RN

w0

R el e e e e e e T el S S S S SR ey S e

FE 40
S8 55

r—-
=
0
)

T

R
S

¥

204
208
Z00E
207
2 ! Ei

T b
4B

210

B R N W
(RO 1 I )

'
R IS N (O O O
D ) e B

L e T

| )
o
it
1
T

214 00
215 01
216 56




e TITLE: SIZE EFFECT (a) NO: 155 &
Al ; ) BI ; - CI Dl EI
Dimensions Dimensions )
Czt, A b, vi B W, Cvolume, 3-pt|Dvolume, 4-pt | ¥
00
REGISTER_
01 02 03 04 05 06
wt Lt ) Ht Wf Lf Hf
07 08 09 10
Ve At £y o
11 12 13 14 15 16
A B, Iy o
17 18 19
98 99
INSTRUCTIONS
‘OPERATION { STEP READ ENTER PRESS DISPLAY
Enter 1 155 A&B A’
dimensions W’c RUN w
L, RUN f
Hy RUN H
Wy B! Wtf
L B' Lf
Hy B! H,
Compute 2 A Vg
RUN At
RUN Ly
B Vi
RUN Af
RUN L
Compute 3 C
(volume model) o RUN X t/Xot(B—ptj
D
o RUN Xof/x<)t(4 pt

N
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PROGRAM TITLE: siZzE EF

FORMULAS:

FECT (a)

NO: 155

3-pt. flexure
(center point loading)

4-pt. flexure
(quarter point loading)

(Xo),

(Xo) vV, |e
Volume G [Z(tnl)’-\—ft}
{

1

(Xgo) at2 Ve

1

t

V, = WLH, V¢ = WLH
t s Tl .- SE
Ap = 2L(WSH),  Ag s WL, B = L
2, = 4L, 1 = 2L '(———1_———-)’
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( TITLE: SIZE EFFECT (b) NO: 159 %
Al Bl Cl Dl EI
’C{oflxot BSurface, 3-pt CSurface,4—pt D Edge, 3-pt EEdge, 4-th
00
REGISTER
01 02 0 04 0
wt Lt . Ht wf 2 Lf % Hf
0 0
07 , 08 A, 9 2, 1 v,
11 12 13 14 15 16
e ol L g
17 18 19
98 99
INSTRUCTIONS
OPERATION | STEP READ ENTER PRESS DISPLAY
Compute 1
dimensions
with 155
Compute 2 159 A&H
Surface, 3-pt A
= o Xof/Xot
Surface, 4-pt B
; « RUN Xof/Xot
Edge, 3-pt C
L « RUN X /X,
Edge, 4-pt D
! ! a RUN X /X
of "ot
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PROGRAM TITLE: sizE EEFECT (b) NO: 159
FORMULAS:
3-pt. flexure 4-pt. flexure
(center point loading) > (quarter point loading)
1 r 1
B i (at+1) A, a Xolg (a+1)? Ay a
RS ™o, T | A¢ +B/larn) (Xol, [ B/2+(at (At By/2+ (at1)?Agl2
(Xo) t, |a (Xo) t, |°
f t f atl t
Edge = |(at1) — = S5
g (Xo), e (Xo), at2 tg/2
V, = WLH, V¢ = WLH
: : 730 A §8 &
Ay = 2L (W+H), A¢ = WL, By = LH B2
1, = 4L, e % 3L }(——L———»{
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PROGRAM TITLE: SIZE EFFECT (b) NO: 159
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e TITLE: DATA AVERAGING (a) NO: 163 o
AI BI Cl DI El
A B C D E
iy o A B J
00
REGISTER
01 o, 02 022 03 o, 04 05 06
07 08. 09 10 2022
3 b 4 2 2
11 To, 1220206 132;crz 14 Zo, 0, 15 2064 16232
17202Z 18 2062 19
98 99
INSTRUCTIONS
OPERATION | STEP READ ENTER PRESS DISPLAY
Enter data 1 163 A& B o, A }_‘0'%
Repeat for all o B So
6 6
data
Display results 2 C All
RUN Ao
RUN A,
RUN A,,
RUN Ay
RUN s
RUN B,
RUN B,
RUN B,
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PROGRAM TITLE: DATA AVERAGING (a) NO: 163

FORMULAS:

[A] = [e) [e]

cf. Eq. (769)
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( TITLE: DATA AVERAGING (b) NO: 165
A' B! C' D' E'
A B g D E
L Fij fm J
00
REGISTER
01 F, 02 Fys 03 Fie 04 o, 05 06
07 08 09 10
11 12 13 14 15 16
17 18 19
98 99 &
INSTRUCTIONS :
OPERATION | STEP READ ENTER : PRESS DISPLAY
Enter data 1 165 A A
F, RUN F,
Fy, RUN Fpy
F66 RUN Feo :
Compute - 2 o, B F20'2+F220'2
I 06' RUN fn
" E
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{ iz |
’ |
165 |
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PROGRAM TITLE:

FORMULAS:

fm("z' 66) 3
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PROGRAM LISTING:
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CARD NO.

MA1-05

MA1-14-1,2

MA1l-16

ST1-01

ST1-03-1,2

ST1-08

ST1-09

ST1-10

ST1-11

ST1-15

ST1-16

APPENDIX A

TEXAS INSTRUMENTS PRERECORDED CARDS

TITLE

SIMUL TANEOUS EQUATIONS IN 2 OR 3
UNKNOWNS

MATRIX INVERSION AND DETERMINANT (3 x 3)
MATRIX ARITHMETIC (2) (MULTIPLICATION)
BASIC STATISTICS FOR 1 OR 2 VARIABLES
MEANS AND MOMENTS

LINEAR REGRESSION

POWER CURVE FIT

EXPONENTIAL CURVE FIT

LOGARITHMIC CURVE FIT

NORMAL DISTRIBUTION

CHI-SQUARE DISTRIBUTION
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