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Task No. 241903 ""Composite Materials and Mechanics Technology,' and

Project No. 2307 '"Aerospace Sciences,'' Task No. 2307P1 ""Life Analysis
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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
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SAMPLE PROBLEM: 007 STRESS COMPONENTS NO: 007
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PROGRAM TITLE: STRAIN COMPONENTS NO: 011
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Figure 22 Mohr's Circle representation of strain transformation. Only the one-half factor
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AN T = oD
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SAMPLE PROBLEM: 011 STAIN COMPONENTS NO: 011
1 . 3
1. Given e = )2 (mm/m or 10 pm/m)
‘ 3
Ii 37 1.5 R = =1.581 6 F 54,217
6-45 6-30| 6-15 &' 6+15 5430 | 6445 [6-6=0
{ e i {1.5 12.291 |2.869 [3.081 | 2,869 ]2,291}11.5 | 1
i i i ! i
e-1—11a5 =709 1133 | -+081-+1 »131 - 709] 1.5 2
' 13,162 [2,739 |1.581 | (0 |-1.581 [-2.739)-3.162| 3
xyy,_l,__ o T ey s O | Do oy [ ' et et
b
|
r
l
PATTTT LR e |
24~ Given- 'Ieii"d -2 -‘»(Tm»/m 61+ 10 °jsm /m) |
e e e T B 1B 3 I O e b e '
S SO 8 01 e TG R S M iRy f
- -v‘:f-'sl..slj.__’..,.:__lR_._.A.a_-.:l.v.‘iEJ-’l .16 3_|-35,783

Mo, LAk

- 5-45 | 5-30 5-15| B[ 6+15 | 6430 | 8445 |6-6=0 ;
¢ f1e59 - .T09% 131 .081F .131 | .709 ol B N ‘
ot }-r;».sq F25291-1-2:869 {3,081 1-2.869 [-2.291[-1.50 | -2 e
L8 L?:lé%..f-;f?f B3 B T 2 i Bt M |

14




\
( TITLE: STRAIN ROSETTES NO: 015
A' B' c' D' E'
Q Gi B e, C Initialize D E Solve 3x3_)
ZA
bty REGISTER
o SinzA sinAcosA @ é'A 04 zZ 05 cos B 06 sinZB
2
sinBcosB v *n i y 10 cos°c
1l sinZC sinCcosC 13 ec 14 OA 15 OB 16 BC
17 18 19
98 99
INSTRUCTIONS
OPERATION | STEP READ ENTER FRESS DISPLAY
Compute Coeff 1 015 A&B C
Input Angles 2 GA(deg) A OA
QB(deg) RUN QB
Oc(deg) RUN GC
Input Strains 3 e, B en .
eB RUN eB
ec RUN ec
Solve 3 x 3 4 MA1-05 E ex
RUN eY
RUN exy
15
o

v




PROGRAM TITLE: STRAIN ROSETTES

FORMULAS:

a. Three-Element Rosettes i |l (S ¢

Since there are 3 strain components at each

from some reference coordinates, each rosette

NO: o015

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
— X

must satisfy the first equation in Eq. 45, i.e.

o) 10 16 - a
e A A it :
A il s ™ Figure 25
R ITT ¥ (sin ZA)e_+ (sin B cos Ble_| (45)
i S R et il L ; y g S el St
1 Tol |= [ishe’icre_ststaclae. = (et Cloos e | |
B 2 o C)e 1t (8in Ci.cos Cle
1 IS EKTESE NG
! . el e e S S e p SEC SR S
In matrix form [
. - z Vo ————t 2 ~~~~~~~ — e - ———— ’_-.'—. —
| cos" A ..8in A . sin Acos A 1o, e,
' coozB i linzB " sin B cos B 4 .y = (ep (46)
| colzC - olnzC ‘. 8inCco8C}-— . e e
i x C
16

Strain rosette orienta-

tion with positive

angles. If an angle is

negative, it shall be so

entered into Equation
and




PROGRAM TITLE: STRAIN ROSETTES NO: 015
PROGRAM LISTING:

oo 46 045 01 090 048
oot 11 04e 43 091 232
o0z 4z 047 01 022 40
ooz 01 042 04 093 42
004 a4 049 320 0924 01
oo 21 050 &5 095 00
o0 42 051 42 036 4%
gaz ot 852 g as7 ui
oos 05 052 04 092 06
oos 2 054 22 099 32
010 42 055 35 100 40

[}
—
—
[
—
i
[
[ng

[ Y
M
—
—
E oY
T

ovs oo !
074 06
075 4%
07e Q1
077 05

Lo e R
D 08 w B B B 2

21 058 82 163 0}
014 46 052 43 104 43
gis 12 0se0 61 105 01
Oie 42 06l 05 106 06
0i7 Do 02 33 107 33
012 03 062 40 102 65
019 21 064 42 109 432
0zo 42 065 00 110 01
021 00 066 05 111 08
ozz 02 067 43 112 32
023 21 068 01 113 95
0z4 42 069 05 114 42
025 01 070 32 115 04
0ze 03z 071 40 116 02
0 LRSS (it i S L B
¢ 14 ol

1

4

WO D B D

- -
ove 3

5
o

-
079 &
0s0 4
oo 02810
0o 08z 0O
43 083 3
o1 084 32
04 035 4
32 08e

]
40 027 0
4
0

L N o

L L W WM raraT

o

CRN W T Bn S ) I O S
2
o

oo
<
-

o
B
)

043 42 088
044 00 039

17
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SAMPLE PROBLEM: 015

1) Given A=0, B=60°, C=-60° and ¢

Find

Poisson's ratio along a-axis

= 10
5 ~7.333

= -4,618x10"
=i 131

STRAIN ROSETTES

NO: 015

2

A’ EB, €C = L0 =3, =3
122‘ 0
18
— e —;
e e e e e |




(" TITLE: STRESS-STRAIN RELATION

NO: 019
AI S.. BI Ci Dl El
ij ;
Q o, B e C D e, E )
00
REGISTER
01 Si1 02 S,, 03 Sy 04 St 05 S16 06 S,
07 o) 08 v, 09 o, 10
11 | ¥4 13 14 15 16
17 e 18 e, 19 e
98 99 5
INSTRUCTIONS
OPERATION | STEP READ ENTER PRESS DISPLAY
InputSiJ. 1 019 A&B S11 A' Sll
S22 RUN S22
S12 RUN S12
566 RUN 866
516 RUN Slé
826 RUN 826
Inputai 2 o, A oy
cz RUN o,
A RUN 06
Strains 3 B e1
C e2
D e6
Transf. Strains 4 011 A&B A 5*
0 (deg) B el’
C ez'
D 86'

19

A s
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PROGRAM TITLE: STRESS-STRAIN RELATION NO: 019
FORMULAS:

ot WA} o W o ¥ 1k Vit T M T

Nasc s c oy
[
—
.
~

S U'j —— 'SZIGI+SZZIZ+ 5260-6 (49)
e,~= S,o = '86161‘+562°’2+S6606

1 51, 7?412 Si6 | 7
B b wlll TR THEE. T L) (52)
$6 ~Per—Sga i s;;; %6 |
= ot |
S...is :symréetric, i.e., Sij = Sji' or SlZ = SZI' 516 = 561' 526 = S62 :

Pij)

-
RN s . Skl




PROGRAM TITLE: STRESS-STRAIN RELATION NO: 019

"PROGRAM LISTING:

=] =] T

oo0 46 045 &5 020 0a
ool 1e 046 43 B8 E5
ooz 42 047 00 g9z 43
ooz oo ad4s 07 09z a0
oos 01 049 25 024 03
o0s =1 050 42 095 395
Qo0& 42 051 00 0% 42
o7 Qoo 05z 0z 097 01
oos 0z 053 BS g9z 08
oo9 21 054 43 099 21
o010 42 055 0o 100 46
011 00 056 08 101 14
pDiz 03z 057 285 10z 43
0iz 21 058 43 103 a0
o14 4z 059 00 104 05
0is Qo 0ed 0% 105 &5
Ole 04 0Oel &5 106 43
o1y 2 nez 43 107 00
ois 42 063 00 108 a7
019 o0 DEed4 D9 109 285
o200 0esS 95 110 43

& 0ee 42 oo

4 0e? 01 Q&
23 0 2 a7 5
24 0F 069 & i
0z B ]

D;# ]

026 4
1
4

5 )
(R O O
U O e 4

=
|

P o= T = 0N
[ o |

DD D
-

oon

0 [l e

[}
~
(X
i
=

074 03 oo
a7s &5 X

O7e 43 &5
x| 43

oo
ns

99

ove 07
079 25
20 43

N
s
o
i

01
A
a1

P b b bk b b b ek b b b bbb b b b bk

Folt Pl ol Todn 1ol ol Tt Tl Tl Tl = e e et b s et et s

O I N B S O P T T N w B e ) I S T S
N

Lo 3w 3w v
L)
)|
!

Q0 00 00 00 00 Q0 00 00 00

RV ln RN ) B SR ]
o
0

21




SAMPLE PROBLEM: 019 STRESS-STRAIN RELATION NO: 019

1., Given:

400 . 40
o, = {‘60;(MPa) ={.06 }(TPa)

15 .015

| 5.5249 .-1,5470Q 0 5

S.s = |-1.5470 97,0874 0 (TPa)
P i B SR 0 139, 4700 {
(for T-300/5208)

2.1171
{5.2064} (mm/m) |

2.0921

m
1l

2. Given:

Q
1

t L €01, t
- ,02} (TPa)
03

,; (TPa)" for T-300/5208

=

(. .0243 l
€, = {1_._9_2@3 (mm/m) |
4.1841). |

b d

22




( TITLE: STRAIN-STRESS RELATION NO: 023 &
A" o B vy D' E'
ij
A ei B al C cz D 06 E J
00
REGISTER
01 02 03 04 05 06
07 08 09 0
i o, ¢ !
11 12 13 14 15 16
Q Q5 Q2 Q6 Q6 Q6
7 . 18 ., 19 o
98 99 .
INSTRUCTIONS !
f
|
OPERATION | STEP READ ENTER PRESS DIiSPLAY }
Input Qij 1 023 . A&B Q4 A Rys |
Q,, RUN Q,,
Q2 by Q,
K b Qe |
I
Q6 - =i Q6 |
Q26 RUN Q26 !
Input e 2 € A € '
ez RUN e2 f
e6 RUN e6 P
Stresses 3 B ol f
. i
2 o, P
D °6 H A
Transf. StresseF 4 011 A&B : A s*
0 (deg) B o, f
C o, 3
D 06' :
23 ’
i



PROGRAM TITLE: STRAIN-STRESSRELATION NO: o023

FORMULAS:
(50)

é ), ;@
' % Yo 520
Pl =l Gg8, = B Hoatt Qs (51)
T‘_ B0 5 100 48 3
g Y ey °61‘1*°6z‘ Q%
o] [ ;Q: L a -1 N
0 B | SEBEA o) B M % R T %
LSh RS VR TG L Y < *2 | a (53)
o ¥ ~Bei de e d

Qij is alsois?mmetric, i.e., . = Q i or Q Q 1’ Ql6 061' QZ6 Q>

7

24




PROGRAM TITLE: STRAIN-STRESS RELATION NO: 023

PROGRAM LISTING:

000 46 045 &5

020 0
001 1e 04 43 031 65
ooz 4z 047 01 09z 43
ooz 01 042 07 093 01
004 ot 049 25 094 09
oos 21 0s0 43 095 95
00e 42 ns1 01 0% 42
o007 01 oSz 02 097 00
oos 0z 0S3 65 092 08
009 21 0S4 42 099 21
010 42 0ss 01 100 45
0Ll 01 058 03 101 14
g1z 03 0S7 85 102 43
012 81 058 43 102 01
nig4 42 059 01 104 05
0is o1 el 05 105 &5
0ie 04 0&1 £S5 106 432
017 21 Oez 42 107 01

02 81 066 42 111
o2z 42 067 00 112 06
023 01" 068 0 11365
o024 o0& 089 21 114 43
025 21 ovo 4 115 01
026 46 071 13 116 08
g27 11 072 48 117 85
ozg 4z 073 01 118 43
029 01 07’4 03 119 01
030 07 075 &5 120 04
031 81 076 43 121 65
032 42 077 01 122 43
0zz 01 Urg 0¢ @ 143 Wi
0z4 02 079 85 124 09
035 21 080 43 125 95
36 42 081 01 126 42
037 01 0sz 02 127 00
038 09 083 65 128 09

039 81 024 43 129 81

BT T . =

040 46 085 01 o | .
041 12 0ge 08
: 042 43 0Dey B85
¢ 0472 01 oge 43
j 044 01 089 01
E 25
g.
i oY
w




SAMPLE PROBLEM: 023 STRAIN-STRESS RELATIONS

1. Given i 2,171
& 5.2064 mm/m
2.0921
1B1.811 2.8917 0
12 2.897 10. 346 0
. 0 0 - 7.170

===

, i

_| (For T-300/5208)
01

-~

- +0243 |
! € ={(1.9263°

mm/m

4.1841

26

NO: 023
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RN -

A e 0l i O A SN

(- TITLE: MODULUS TO COMPLIANCE NO: o027 ey
N o B' g D' E'
1) :
A B C D E
Q
S, >,
00
REGISTER
01 02 0 04 05 0
S S22 2 -8y Se6 816 b 8,
07 08 09 10
[Q]
11 12 13 14 15 16
Q Q,, Q, 6 Q6 Q4
17 18 19
98 99
INSTRUCTIONS
OPERATION | STEP READ ENTER PRESS DISPLAY
Input Qij 1 027 A&B Qll Al Qll
Q5 RN Q.
Q2 PN Q2
s AN s
Q6 oo Q6
Q46 i : Q4
Compute Sij 2 A SZ6
RCL 01 S1;
RCL 02 S,,
RCL 03 S12
RCL 04 See
RCL 05 S16
RCL 06 Sy¢
27
e




PROGRAM TITLE: MODULUS TO COMPLIANCE NO: o027
FORMULAS:
In-Plane Modulus and Compliance
o]
", [, A A .
£ ~ o = o
Wad® 125 %2 Ay s g = Age, (203)
: o]
Mg L 261 — 262 -—Pe6 o
SR oo, I BN 8
i z = 2
Let Qompllance g [Aij] or ijAjk 6ik (204)
° .
1 rau {216 N,
o (o]
ST P i *a N, i T (205) ,
' f
o a |
& P e Vel Ng |
where
3 o 1 2 !
a5, - A‘Azz"sé"“zb) . %45 -~ A‘An‘“se“‘ne)
a o VRER, Ap kil M Loa A, -4 (206)
12 A160267 012766 Tee T A 117227 2
a (A LA, sALA. L), & Lia A A A
16 " A" 2"1d e A T12%167 % 26
]
) [
449 A2 ot ?
- ]
A A2 o Az |
g S Aoe '
PR GR— p— v FREICSN S SA WG Sy S S S— i I
In-Plane Engineering Constants;
. ' P a 4
‘ 1 o o ) : o 12 o 1
g2 e 2, S = v, s s oy = -2, @l = =—  (207)
1, - he 22 " ba,, 32 "~ 21 P 12 7 hag,
28
n
T———————T . BT




PROGRAM TITLE: MODULUS TO COMPLIANCE NO: o027

PROGRAM LISTING:

o000 48 045
oot 1/ 046
ooz 42 047
ooz 01 o4a

[
I
= |

“J

B

i
'::I w1
Do )

D

¥ S o

0

Vi B
L
ot I AT § P S SN
e
L4

LR I I ) ) B ) e

e ] e ) o 1B o 8 o o i e

1
oog 01 44 1 29 55 24 01
00s &1 050 0 195 40 140 43 25 0z
Ode 42 051 & 196 95 141 01 g6 95
ooy o Al 197 85 142 00 a7 oo
o0s 0] 52 7 195 47 142 95 28 43
] 054 43 129 01 144 4z 29 01
oio 05ss 01 100 00 : S0 Qg
o1t 056 05 101 95 .

)

o1z
a1z
014

b g

U -
n
1
T
N
—
2);
(X
'-_:u ") |:
—
$a
[x]
[}
i,
)
[ SN W)
yaoon

D O B B R 1 I S RO |
B oS
Do i

o

O D o TR B S IS o
i ] o
n :
|
B o
i
—
(o]
o
L OOy ]

Lol s v R TS B T Bl IR TR T By i I S0 SO S0 29 29Fs SO SO SO, SO SO IS

LEUR W DT R R e R, I SN
D}
—

U o S N e I w  OS  w

015 0 105 43 150 65 3
OiE O ] ; 01

a17 8
018 42

N w Y N I Y

RN RO IR Bw A | I SN S IR W

oi9 01 N} : e 43
gz20 0s o ot 155 42 0o ot
021 81 (i 04 156 01 01 0s
nzz 42 1] 75 157 03 202 75
oz23 01 o 43 152 &5 2032 43
0z4 0g 1] 01 152 43 204 01
025 81 o700 04 ns 160 01 205 01
026 4g N 75 40 161 04 £5
Qzr 11 0 43 5 162 95 43
0ze 43 1] o1 163 55 o1

[
X
w0
—

020 01
031 &5
032 43

0332 01

LY« R SN 1 R
W I WO I R PR ) I
—
o
o
[
L]

034 0z 01 Qo 169 00 oo
65 a5 oz 170 03 95
3 4z 3 7 & 42

A O N o I o I o |

ot 0 ) S SN R e R R B
]

R T O S R SR R N O R O R O

01
04
85 084 43
040 43 085 01
041 01 086 02
042 02 087 €5
043 65 088 43
044 43 089 01

QOO0 DD DD

OO D
OO0
Lo
W) I
=]
™
[}
—

173 03 218 06

(a3
on
-
-~ -
5
T
o
™o
i
L0
o0
—

43

L}
—

oz
[
43

LoD SR e RN R B ) B SR e ROV R g I ) S SRR R

I

o
B e e o S A P A VA P S N P S S
DO S IR I R O O O AT O A T R R R S e S S S S A S WP S

[l
B B R B
RVl n ¥ e Gl
o
o

29

BT .




SAMPLE PROBLEM: 027

ij

"

MODULUS TO COMPLIANCE NO: 027
181.8111 2.8969 0
2.8969 10,3462 0 (MPa)
0 0 7.1700
5.5249 -1.5469 0
-1.5469 97.0870 0 (Tpa)'l
0 0 139.4700

e




( TITLE: COMPLIANCE TO MODULUS NO: 031
AI s Bl CI Dl EI
ij
A B C D E
S
L 18 i
00
REGISTER
01 Sll 02 522 03 512 04 566 05 516 06 526
0 0 '
7 08 9 10 S|
11 12 13 14 15 16
Q, Q02 Q, 6 Q4 Q4
17 18 19
98 99
INSTRUCTIONS
OPERATION | STEP READ ENTER PRESS DISPLAY
Input Sij 1 031 A&B S11 A' Sll
8,5 RUN S5
815 RUN 85
Se¢ RUN S¢ 6
16 RUN S16
S,¢ RUN S,
Compute C)ii 2 A Q1
RCL 11 s
RC1. 12 Qys
RCL 13 Q5
RCL 14 Q.
RCL 15 Q¢
RCL 16 Qz6
31
NEp——— ™




PROGRAM TITLE: co»nnJANcé1r)M0DULUS NO: 031

PROGRAM LISTING:

]

000 46
001 16 Ode
ooz 4z 047

agQz a a4a

N
on
e 8 e
Fidi §
s i ke )
w0
i
g}

1
RO B )
L)

o

D

D

$a T
i
i

L}
I
Lo i

DRI R I B n M) |
D

ood 0t 049 O 094 0 oo 1
oos 21 aso o 15 K 140 0 )
OoeE 42 0s1 09 - =

o

S
LA CnCn

ooy oo 572
o= oz
oo =
oio 42
o1l o0 0Se 0% 101 95 14e 35

L ESEL R
1
1

J
LN N«
—
. L
AR BN )
N
nen £

£ 5

O

T
DE I S ' SO 3 B O T S S
DY W U R (S ) S S}

T

1 -In

1
nenen
W L}
=J

a1 144 01

EN e T B B R R

(I SN

O

0z 683 057 40 10z 42 147 42 g9z 01
o1z &1 055 £5 163 D 142 01 932 00
014 42 059 43 104 04 149 03 94 95
015 00 Oed o0 102 42 150 42 :

L

0z 106 00 151 00
Ty 01 152 0
108 ES 153 &

£S5
109 43 154 4%

Ole 04
o1y 21
o1e 42
019 00

D o N
o

o
(¥

T
tLaenr
O )
URN W W R B A ) [ SR SR
Ja
o

A0 w0 R
=

n
—
—
—
o |
O
5 )
s
o
o
-
S
SO RO AT T R e e S S S S S o S POV S U P P P P P U R S N

DV RO B SO ) B PN S I

oz0 0% (= (N 110 00 155 00 oo oz
021 21 O&E 40 111 04 156 0§g 01 k5
ozz 42 0e? &5 12 75 187 ©T5 2 43
02z a0 Q&S 473 B e 98 43 203 Q0
024 0g 09 00 114 00 1599 o0 204 G4
0zs =21 o700 04 15 5 ES et U5 205 5
026 46 071 75 116 40 161 B5S 206 432
g27 11 07z 43 Li1@ 95 162 4% 207 00
0zz 432 a7z 00 118 o5 162 00 202 08
029 00 074 06 119 43 1ed4 02 209 40
020 01 avs 40 120 a1 165 95 2L 35
021 &5 076 ES 121 00 166 55 211 55
032 43 077 43 122 95 167 43 212 43
033 00 078 0o 123 42 162 01 2132 01
024 0z o732 01 124 (] 169 00 214 00
035 &5 020 95 2% U2 Lell 8% 2i% 9%
036 43 021 42 126 43 171 42 216 42
037 00 sz 01 127 00 ir2 01 givy Ul
038 04 ass oo 128 05 173 QS 2ig 01
039 &85 0s4 43 129 65 174 43 219 81
040 43 08s 00 120 43 175 00

041 00 OSE6 01 121 00 17 0S

042 03 087 &5 132 06 177 65

047 &5 gss 43 133 9 178 43

044 473 0s9 00 124 473 179 00

e




|~ Vs orea

( TITLE: INVARIANTS OF ELASTICITY

NO: 033
Al BI Cl DI El
C_Initialize B c D E J
i S
m REGISTER
01 IlQ 02 IZQ 03 RlQ 04 RZQ 05 Q, 06 Q,,
07 08 09 10
LT G
11 Iis 12 IZS 13 RlS 14 RZS 15 Q, 16 S12
17 18 19
98 E 9 £
5 L INSTRUCTIONS
OPERATION | STEP READ ENTER PRESS DISPLAY
Iﬂput Engineering 1 EL STO 98 EL
Constants
ET STO 99 ET
Vi, STO 09 Vi
GLT STO 10 GLT
Compute 2 033 A&B A RZS
invariants
RCL 11 IlS
RCL 12 Irg
RCL 13 RlS
RCL 14 RZS
RCL 01 IlQ
RCL 02 0
RCL 03 RlQ
RCL 04 RZO

33




- Tk 2 (92)
R, = 3 N(@,+0y, -2Q,- 49y 4
P HE iy ' (81)
Iy = 3485, % Sy % 28,))
R
I F 8811 % Spp- 25, 4 8y (82)
v 1 2
Ry 2.2 -5, * S (83)
ol R | - (84)
e Wl J‘Sn By~ B8y S

34

PROGRAM TITLE: INVARIANTS OF ELASTICITY NO: 033
FORMULAS:
TABLE 10 COMPLIANCE AND MODULUS IN TERMS OF ELASTIC SYMMETRIES
Symmetry Compliance Matrix Sij Modulus Matrix Qij
(No Indep. Const) (TPa)-l (MPa)
b T 1 [ 3
Anisotropic = - S Q Q Q
(6) Br B 16 11 12 16
or
Generally Vo 1
Orthotropic = == S Q Q (o)
4) B By 26 21 22 26
1
et e o B e Qe
L 12 ] T o
r v 2
1 1T, o =
= — 0 mE v,... mE 0
i " E it Tl
Specially
Orthotropic v
oL 1
(4) Sese — 0 v . mE mE 0
o , Es E T 78
Lo 0 2 ¥ g Soy
LT o
L (a 2 (89 g o
U TR e (e g !
i . | |-VLT!VTz,
P & - - ¢
B giBt Qs v 29, 90, (90) : L
‘ l 1 i
. —-1 2 i . 2 E
e W BN \I(‘Qlﬁsz’ h I=vem =L
i

B




PROGRAN\TITLE: INVARIANTS OF ELASTICITY NO: 033

PROGRAM LISTING:

022 43 074 &5

oo0 48 045 42 090 0z 135 54 120 09
ao1 11 O4e 01 091 43 136 42 181 09
ooz 0ti 047 05 o022 0o 1= 122 zZ0
002 7S 0428 65 09z 05 13 : 182 75
oogd 43 049 02 024 75 15 5 124 472
o005 o0 O0s0 85 095 47 140 0z 1285 09
o0& 0% 051 43 09 00 141 325 18 08
Q07 40 052 00 097 06 a2 55 127 20
ags e5 a5z a5 098 95 142 04 i85 495
o029 43 054 25 03s 55 144 95 129 55
oi0 03 055 43 100 0z 145 51 120 o0z
011 0% 054 00 101 25 145 27 18145
012 55 057 06 102 4z 147 42 192 51
012 43 055 95 102 00 142 01 123 27
Old4 0% (052 55 T R e [ e 134 42
01s a2 080 04 15 az L5042 125 01
0i6 95 061 95 106 00 151 09 196 03
D17 42 D62 42 107 02 152 08 197 43
0128 o0 0832 00 108 75 152 20 198 01
019 o0 0DE4 01 109 432 154 25 133 00
Q020 55 065 42 110 01 155 43 200 20
021 43 0&e 00 1 Qg 156 09 201 51
022 09 067 05 e a7 09 202 &7
022 08 082 &t I 42 a2 20 202 55
024 95 082 43 4 Q0 59 75 204 04
025 20 070 00 S 04 w0 02 205 75
0ze 42 071 06 i £1 &5 206 43
g27 00 avE 7§ Toa9 B2 43 207 01
022 05 072 Oz s 08 &2 01 20 N2
e

T

Xl g%
n
n g
QRN n IS B s S0 1 I SN T SN

Do Dol Dol P2 o0 Pl Pt B0 Tl T Tt T o) = b b bt e et b et et

1
i i
1 14
1 1
1 1
1 1
1 1
14 1
1 1 g
O30 0% 075 43 120 &5 i 29 £
031 09 07 0t 121 43 166 43 211 01
032 55 avy o5 122 09 167 01 21z 04
03z 47 OveE &5 123 09 162 00 213 81
034 00 O79 04 124 20 169 20 214 dip
035 00 080 &5 125 85 170 95 215 8¢
036 95 021 43 126 53 17l 99 216 635
037 42 082 01 127 43 172 08 217 01
038 00 083 00 128 00 173 99 218 00
039 08 0sd a5 129 09 174 51 219 00
040 €5 085 55 120 55 179 8¢ 220 00
041 42 026 08 121 43 176 42 221 9%
042 00 087 as 122 049 i7? 01 _222 56
043 03 088 42 123 08 178 oz
D44 95 08% 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;;):lr Sé)re:‘:f:c
(GPa) | (GPa) (GPa) s 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 I}S IZS Rls st 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 IlQ IZQ 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
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FTITLE: COMPLIANCE COMPONENTS NO: ¢37 &
Al BI CI DI El
Ste g
: B C D E
Invariants S11 S22 S12 S()é J
00
© REGISTER
01 02 03 4 05 06
i S22 512 Bed S16 Sa6
07 08 09
11 12 I,s 13 Rqs 14 Ryg 15 16
17 8 1 18 65 192(9_61)
98 99 :
4(8-5,) INSTRUCTIONS |
: {
|
OPERATION | STEP READ ENTER PRESS DISPLAY "
Input Invariants 1 037 A&B Ils A IlS
I,g RUN I,g !
R g RUN Rig ‘
Py RUN Ryg
815 ] 8,5
8 g RUN P
Input & & Com- 2 6 (deg) B S11
pute &
< Sy "
- 512 i
E Se |
B! S16
C' S, ’
37
T




PROGRAM TITLE: COMPLIANCE COMPONENTS NO: 037

FORMULAS:

=11 TABLE 17 TRANSFORMATION OF COMPLIANCE

—f
BRSBTS REE TN R
r S“ : l‘ 1 cos 2(6 61)7 : ! cos 4(0- 62)
| | |
‘ S'ZZ 1 & 1 cos 2(0- 61) -cos 4(0- 62)
,,_512. I 1_:;‘, i S e S Sl e 0 S AR . .cos 4 (0-85,)
85z T ey g "4 cos 4(0-5,)
T S PG SR s .
i . .
Sie Lo L0 s L. wn e 55 Z sin 4(6- &,)
: 526 0 I R« l?n 2(6- 6;) A -2 8in 4(0- 62)
e e {
"I*l" = (S S22 + 2S..,) (82) !
“Iz"‘ -(s s22 =28, + S, ) (83) |
= {( 8.t 5007 4 (8, + 8,0° (84) |
L -16 26 |
’1R‘-"r= l-{(s b8, 28w 8,9% + 48, - 8..)° (85) |
IR | 8] W[ e 12~ 66 26~ “16
|l A 8| G St : ) |
T 7 (55
16 26 '
itan 2p, _-——-— A .(86) |
R | |
pofrto e 8 e +{87) !
bovies 26 !
.ltanﬁa Ll H L
IS SO A DB e i E"
_j‘or Ol‘thotl'oplc material {
'*'“@ '—?“"f” o By By .(88) 8
U (S 4 i - - ‘eﬁ
For amsotropic matenal I !
b= Mo ) . £ ol p
, 5 ae K f i
R Eet S -2 (89) ‘
|
s
38
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PROGRAM TITLE: COMPLIANCE COMPONENTS NO: 037

PROGRAM LISTING:

L
[}

035 9 (RN ]

036 021 oo o1
037 sz 04 S{

08z

Lo}

128

039
040

04

[
=J
0
g R O - R o Y R O

(228
N = QO O Pl D = OO B o

~=Traanraonoan

L I Y e e Y

085

o
o
—

oo0 46 045 01 090 0F 125 25 1t
ool 11 048 03 091 43 1326 43 1
002 42 047 85 092 o9 137 04 122 00
ooz 01 042 52 092 03 128 09 154 :
004 01 049 S3 094 33 139 33 14 :
a0s 21 050 43 095 &5 140 &5 11 4 £
ooe 42 051 00 D% 43 141 432 126 15
007 01 052 oo 0979 01 142 01 11 43
oos oz 052 7S 092 04 142 03 1 o
oo = 054 43 099 25 : . 129 04
oia 42 035 01 100 43 J 190 21
ER1ST e 056 08 101 01 1921 46
giz2 oz 057 54 10z o1 192 17
01z & 09e 65 102 75 192 43
014 42 059 04 104 472 124 00
o1s o0t 0e0 S4 105 01 D 3 195 05
0le 04 081 42 106 0z 151 01 192 21
o017 21 Oz 09 107 95 122 04 197 46
oiz 42 Oez 08 102 42 153 95 198 1&
013 01 ned 22 105 00 154 42 199 42
oz0 07 085 B5 110 03 155 00 00 oo
gzl g Oee 02 )35 0 = 156 02 201 0e
o2z 4z 067 E5 2 43 1S7 7S 20z 21
02z 01 nes 43 01 152 4%
024 0s oes 01 4 01 199 01
025 & o070 04 Sl B 160 09
026 46 g7l 25 £ 02 161 23
gz2v7 12 07z 42 v BES 162 £S5
ozz 42 073 00 2 43 162 42
29 g 074 9 01 164 01
020 00 0vs 0 oz 165 032
0Z1 75 O7E Ly 166 &5
02z 43 o7y 2 65 167 02
0zz 01 0ve 2 04 168 95
0z4 07 4 95 169 42
5 42 170
() 17
I 17
2 L
9 17
o 17
47
17
)
17

Lol 00 0 D0 00 T Pl T P o0 Pl T 0 Tl Tl e = b b bt e et

Ll e e e e e e e el S T S SO S S S P M A Y
R R R [ R e

F o8

Lo

041 09 026 02 1 85 oo
042 32 087 95 2 43 oz
04z 65 028 42 2 01 21
044 43 089 00 4 02 46
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SAMPLE PROBLEM: 037 COMPLIANCE COMPONENTS NO: 037
Given:
Material | Type I1s IZS RIS RZS 61:62
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
o'
Gl/Ep |[Scotchply |33.3 50.2 | 47.5 10.2 0
1002
T-300 /. 5208
8., (TPa)'1 Engr. Const,
" (GPa)
5.52 -1.55 0 E, =\ 181 |
' ,
B, E 10.3 {
o) ' - !
0°}-1.55 97.09 0 V1o = .28
' -
le = .016 ‘ :
.4 ! - 1.2
0 0 139.47 . |
34,75 -7.88 46.96 EI; & 28.78 j
1
EZF - 12.42 |
30°(.7.88 80.53 32, 34 Yia = 23
! '
1121| = .10 |
46.96 32, 34 114,15 a,, = 8.76 ’
|
59.75 -9.99 45,74  E | % 16.74 g
' % |
£, B 16.74 |
45°1-9.99 59.75 45,78 Vil = AT '
1 ._—__ "
v21 17 |
45,78 45,78 105.71 Gb = 9,46 i
:
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( TITLE: MODULUS COMPONENTS NO: 041 \
A' B' C' D' E'
Q4 Q4
\}nvariants B Qll ¢ QZZ D le £ Q66 J
00
° REGISTER
01 02 03 04 05 06
I by Rig R
07 08 09 2(0- 10
814 8, 2(8-6,)
11 12 13 14 15 16
Q Y Q2 Q6 Q6 Q6
17 18 19
98 99
4(6-8,) INSTRUCTIQNS
OPERATION | STEP READ ENTER PRESS DISPLAY
Input Invariants 1 041 A&B IlQ A IlQ
Lq RUN I
Rq RUN Rq
R RUN Ryq
51Q RUN 51.Q
%2 T 82
Input 6 & Com- 2 0 (deg) B Ql
pute 1
% Q,
i Q,
» e
= Q¢
w Q4
41
Ne——
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PROGRAM TITLE: MODULUS COMPONENTS NO: o041

FORMULAS:

"TABLE 20 TRANSFORMATION OF MODULUS

g h 2 S RSN
Q'll 1 1 cos 2(0- 61_) ' cos 4(0- 62)
Q'ZZ g 1 -cos 2(0- 61) cos 4(0- 62)
Q'lz 1 =1t 0 i - cos 4(6- 62)
Q'66 0 i =y pe e - cos 4(0- 62)
Q. L 0 -3 8in2(6- §)) - sin 4(e- 5,)
! )
026 0 0 -3 sin 2(0- 61) sin 4(0- 62)
Lo Loy s , é
1’1" ST~ (__Qll + Q~224+ ZQI?) . (90) ,
P S :
B SR Tl R T R T (91)
' > _1. 2 c |
R 73 | (-9,+0,%+ 4Q i+ Q) (92) ,
g Bl N 2 2
= K, = 8 \JTQ”+ Q,, - 2Q,,- 4Q. )"+ 16(016- Q) (93)
R L e AR | g~ |
—tan 261 B —Q'—l6—_'_Qz—6— (94)
B (S g SN T SN e D '
SR W SO SO TR O
16 26
Pty 22 (95) ?
I 2 T R1+Q,,-2Q,,-4Q, . 4
S S ST IR0 R oo Y] A5 PR B "R P 5 "
J 6) = 62 for orthotrcpic materials !
! >6:l # 62“ for anisotropic materials |




PROGRAM TITLE: MODULUSCOMPONENTS NO: o041

PROGRAM LISTING:

oo0 4e 045 = EI
o001 11 Ode e
ooz 4 2 047 4

(I SN's o
v Laon
|

o

U |

L
J ¥
e
£

L $d
o0
'

SN Y=

L0 |:ﬂ‘ ._L.

r
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o

i
AR Yl R

e T e D000 T e N e 0 ]

oogd 01 o449 0=
o0ns =1 050 75

0E 42 bS: 53

UL TR

U SN

1
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n
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£
R
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T
S L R

Jaov fu 00

o LD
CRORICIN 1 [ SN O w N o R s

vt |
n
'
ni

]
) 4
[}
i
L)
Y )

()
W
(¥u]
e

oo
D
o
a0 T
VR )

()
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= _:3
W L D
N
W oo

CROOON § E

¥
U SN R

W00 00 00 00 Q0 Q0 OO Q0 Q0 00 00

(N X N

(R
n
o

o S0
L)

oio
01t
o1z
oiz
0i4d
bts
O1e
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ois
Lo

&
Lo

-

=~
n
[

s
e

Fo O 0
i B
w0

-
-
n
=]
D
=
i
v
i
¥e)

)

)
SN

—
i
(XX]
LS ST SN Y

LI R
U )
oL
i

DR,

L

—

S

n

Ju o i

et bt e ek e ek b b ek b b pd b b pd e

u
TN a0 T e
b

T
n
ER
_
T
!
¥s]
oo

T

i
i
DY T W S 3 IO S P S o B B 0 A
| KX
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B
A
(I SN )

]
Ju
—
(o}
-]
-

GO B SR SR B S

O A N I S B R
- i
T T o
i e D0

1
ORI, I A

020 07 0 110 o0 ]

IS S o SN )
Jq
L
Dag

N
i f
T T T 0]
L G o

Vi e T Lo

W s B
i
g

L SN SR )

DTN | B SR W I

Ty
1

Il 4 o071 04 (HIN} £
0 12 0OR2 95 0z £

PP N N e Y
AU SR B A T

R I O, R e

gl
L

()

R i e el P P Pl Pt i i [
| RN R e S S S SN S S -

—
o
DO

T T

i a0 0 D D0 0 O D 0 L0 O PG T

122 43

i
- -
(RO e B Y
0 Fa 00
[l

)
=~
i

AL
i

01

CRY B ) I SN RN

L

n

-

DO I SO N R ) I

—
| X
J
[}
v

Pl o Pk P P e fh (ks ek Pk fh Pk P Pk ok o ok b ek ek i ek ek i e
(g
o000 =) T
I
(a3

i (3

1 I NE e 29 33 .

] £S5 P~ 126 5D a1
i az sz 4 127 432 e 8l
038 95 02 00 125 00 T3 46
039 4z 024 04 129 04 174 14
040 00 085 65 130 7S5 73 43
041 03 ne 02 121 43 TE 01
04z 32 087 95 132 00 77 03
043 55 nss 4z 123 09 re 81
044 02 029 01 124 23 79 46
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Given:

-

Material ['ype

Gr/Ep 0
20

i b

1/ En ( lw'{.;;l\
0

. - - L

| 300 /

(

1

0 i 1) | ( 3
( 0
RSN S S
109, 38 32,46
(8]
50 32.46 23,65

42, 32
-42.87 -42.87

) ( APONENTS NO:
| I R 6 6
43 1) il § |
QT }3.20 98 ()
e
I 0.8 (31 19.71 0
— 1 —
( I i By 33 0
4 —_— N ——

0
0

ST

40525
-20.05 40.25 < 29.21

36.74 -19.59

-61.13
-19.59

41.76

SEFSIES—— T S

42,89
-42,87

46.59
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m e
r TITLE: PLY DATA: T-300/5208 ~Gir/Fp NO: n45
] 1 1 i ; = et 1
Ax,p Bx',e' Cv.n, DY'e' ]Es,p,
L _._,_1_'__ ot I S sk o ‘I W S
e R ¢ B a I
e & F"I_‘__ PR Y O 3 ! 2
sy
00 «
P REGISTER
0l 02 03 loa fos 06 &
Lo Lo L o B s E,
07 08 o 0 .
PR o e R IR S
11 12 13 14 15 16 .
Lis Ls By R %
i AT LT
G8 99 i
Y ! INSTRUCTIONS
OPERATION STEP READ ENTER PRESS DISPLAY
Initialize 1 045 A&B EL
B E,
% g % &
D Oy o
A X
RUN eL
B' X!
RUN e
c' Y
RUN €.
I)I Yl
RUN e!
E' S
RUN eS
45
- e

R—




PROGRAM TITLE: PLY DATA: T300/5208 Gr/Ep NO:
PROCRAM LISTING:

045

OO0 46 04s 0 (RN S 0= ] £

1
D
R

[
n

1 o A 04 e
ooz 04 047
ooz 0s ogs
ood 01 oda
oos 42 oS0 0z
OOe 00 a5t 8z
o7 as 0%z 42
oos 01 asz an
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ai0
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01z
nid
o1s
Oig
017
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a1=
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L8 e w3 S SRR S
s
£
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X
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I

e
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i
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xa Lo
CROm U 3 B o e ORI ¢

1
1
1
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1
1
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1
1
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1
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3
-

3 £ {
i
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O o
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i 8
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Dn WY

CRN O St B S 3 S U I S I e O W B

)
|
=J TN Ja
0
1
il el i T el el =
SO R RO S O SO R S A R A e e e e e e = S S S |

Do We }
Rl I S
|
W

ALN
4z 42
44 00

IO OD
| ek ek e ek peh b ph ek ok ek b b ek bk bk bk ek bk pk b b ek ek b ek b ok
[ng
SR B S § I SN S
cn
]
—
)

']
22 04 073 03 3 453 208 £
| 29 09 074 00 A4 01 Z09 4
oz0 93 075 93 0 0F £S5 05 10
[ 031 04 076 DB 1 42 6 81 211 43
022 02 077 04 2 09 &7 55 212 00 }
022 08 a7e 07 3 09 A8 43 213 00 ;
034 42 079 42 4 06 169 00 214 8 y
4 035 000 080 01 5 Q& 70 05 215 S5 !
026 01 75 I i 216 43
037 0z ] 7o e Bl e Gl i
o 028 06 023 0 & 00 T3 46 218 00
039 93 154 932 129 00 7 ¢ 219 95
040 0= i8S U7 7S 43 220 &1
g b= 76 01
-

Dol Q0 =0 0 O B D0 P o= O
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( TITLE: PLY DATA: B/5505 B/Ep ; : NO: o047 =
24X 49 B! X', o C‘ ¥, o T = E' =
A . B = C D £
! B Py Gir o,
0 g
_REGISTER
01 02 03 n 04 05 06
b 3o Bl B E E..
07 08 09 - 110
et g VLT Cpp
11 12 13 14 15 16 ‘
Iis Ls Ris Ros % %
7 g 18, v e
S8 a1, 99 . ) :
¥ e INSTRUCTIONS
OPERATION SREIE READ ENTER PRESS DISPLAY f
Initialize 1 047 A&B A E
' 0 = B B
| ].,,. (@ ULT
a3 7 LT '
B ! _ A' X
s —- SRR RS Rt ERN % e
[ s e =l e i e e 1 X! |
[} | ; ¢ ] ¥ RUN eLl ;!
S e e o A s e T - o ¥ b
WL FISES) TR S N B g er
£ ok X - D' Y
e L e
: g e L s |
e § r— J S——— - = - —— &
RUN g
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PROGRAM TITLE: PLY DATA: B/5505 B/Ep NO:. 047

PROGRAM LISTING:
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( TITLE: PLY DATA: SCOTCHPLY 1002 NO: o049 &
A X er, B Xl e C. Y; €r D 2 G,I" : S, e
A % , B : C D . £
IL By Er V19 G _J
i T
0 g TR
' REGISTER_
01 02 03 04 05 & 06
Lo Lo Ry R20 By, Er
07 08 09 TO o
§ 9 i 7 S
11 12 13 14 15 16 '
Lis Is Ris Ras o *
T 15 o 19 4
98 99 '
* il (NSTRUCTIONS
OPERATION SHE P READ ENTER PRESS DISPLAY
Initialize 1 049 A&B A E,
, i B E'I‘
2 e ) e Vi1
o 1 v 10 LT
| L A x
R SANGNRESC) e e 5 e T, e
[ Iy 1 =~ , A B! Xt
| f = } ¥ ; B 'RUN e
—*—**?" rfr B e s ety . S e, e C! Y
5B TR I P VL r
e o} i . D! V'l
i I 3 o ST i €r
e it e i S
B T i . e , "RUN e
49




PROGRAM TITLE: pLY DATA: SCOTCHPLY 1002 Gl/Ep NO: 049

PROGRAM LISTING:
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gio 9z 053 63 100 01 4 190 81
g1i gz A56 83 101 D3 1= 191 4&
ol Az 057 937 A0z 68 147 05 192 10
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019 42 O64 33 0% 00 154 &1 199 01
020 01 085 0z 0 Q0 155 4¢ 200 00
DEE 42 1 00. 156 17 281 325
oe? 01 2 42 157 43 202 Bl
Oes 02 3 00 206
oe92 04 4 07 909
o700 av 5 42 0 =1
Bl 9= & DD 55
o7z 08 7one 43
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o7d 01 900 05
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SAMPLE PROBLEM: 061

Input data with Program 059
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Laminate is orthotropic if ys =B 4.
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Figure 61 Ply orientations and modulus 19

of symmetric laminates.
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SAMPLE PROBLEM: 075 IN-PLANE INVARIANTS FOR [Op/90q/45r/455]

1. T-300/5208

1A

1A

I, =49.49, I, =26.88, R, =85.732, R, =19.717
a) [0/90] . . Li=4%.49 B, =0 6
o 26.88 R,, =19.72
R [454,/.“..45]4._“ Y S ‘RIA =8 .
e IZA=26.88 R,, =19.72
LS SRR N Sl BT 8L ,1:._.,]_-‘..
o e ) = &
e) [0/90/45/-45} m 49:49R; , =0 iA
| ,IZA=26.88 RZA:O
d) [0/45] R Ll=49.49 'R, =60,62 5 .
= IZA:26.88-R2A:O o
2. Same as 1 but for B(4)/5505
a) [0/90] , . 11A=58.o RIA:O bip 2
I,,=29.80 'R, =24.0
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( TITLE: IN-PLANE MODULUS AND COMPLIANCE NO: 079 o3
A' B' A c'a D' E'
316’ h316 326’ hazé
A l Bé 2 C—é A Dé ’ Eé ’
\_h ]Aijl h11 hall h22 hazz h12 ha12 heé haéy
00
6 REGISTER
01 2 0 4
LaPen ; L haZJ 3R1A'h‘a12 0 RZA’haéé ® ke e Bae
07 08 09 10
61a LN
11 A, 12 A 13 A A A A
=11 =22 3.1z ool s . §15 Zae - 16 226
17 18 19
98 99
INSTRUCTIONS
OPERATION | STEP READ ENTER PRESS DISPLAY
Continue from
g%s,
Compute Aij 3 041 A&B 6 (deg) B Alllh
C A22/h
D 12/h
E A66/h
B' A16/h
.o A26/h
Invert A.. 4 027 A&B A ha26
ij
RCL 01 ha11
RCL 02 ha.22
RCL 03 ha12
RCL 04 ha66
RCL 05 ha16
RCL 06 ha26
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PROGRAM TITLE:

FORMULAS:

——— .

IN- PLANE MODULUS AND COMPLIANCE

NO:

TABLE E:'__FORMULAS FOR IN-PLANE MODULUS FOR [0 /90 /45 /-45 ]

T
iy ‘ R R
2 B 5 L 1A 2A
A“/h . L “rape ] cos 2(0- 61) cos 40
AZZ/h g e -cos 2(0- 61) cos 40
A]Z/h 1 -1 0 -cos 40
A'66/h (3o 0] 1550 e e 21 0 -cos 40
e : i : 1
. elee p et
AlG/h 0 o > sin2(0 61) sin 40
A : 3 7 1
2 o ¥ .
A26/h 0-—-0 0 stnZ(e 61) sin 40
Pgt iCor|npl'1in!ce = aij = [Aij] or %leJk = b,
| |
where ‘
d a i (A P ) a ; -l(A -.“;2 )
B 9 | A 22 66~ 26 * 22 A 1166 16
et peihy ¢ ey |
s B4 A(Aw 26 szAee)' O i 4
5 e e O T Svr o) i 1.
Z 5 .— y a - — -
16 .A(A‘ZAZ" U I T U T
= All' B AIZ 16
Br Jheyl 1 An fob
et A Aot
In-Plane Engineering Constants; s, 