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FOREWORD

This report was prepared in the Mechanics and Surface

Interactions Branch (AFWAL/MLBM), Nonmetallic Materials Division,

Materials Laboratory, Air Force Wright Aeronautical Laboratories,

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

support Project No. 2419, "Nonmetallic Structural Materials",

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

The time period covered by this effort was from January to December

1980. Stephen W. Tsai (AFWAL/MLBM) was the laboratory project

engineer. Rodolfo Aoki was a visiting scientist with MLBM from the

German Aerospace Research Establishment (DFVLR).

This is a revised edition of the technical report bearing

the same number published in April 1979. The asymmetric laminate

tapes are added in this revision. The equations and table numbers

which appear in the flow charts are the same as in Introduction

to Composite Materials, coauthored by S. W. Tsai and H. T. Hahn,

published by Technomic Publishing Company, Westport, CT, in July 1980.
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TAPE 1
PROPERTIES OF UNIDIRECTIONAL COMPOSITES

T300/5208 Eng'g Const.

Eq. 1.12 Qij SI -Eng

Eq. 3.15 1

I nvariants Eng - S I

Eq.7.1
7.15

Eq . ..



USER INSTRUCTIONS

TAPE #1: PROPERTIES OF UNIDIRECTIONAL COMPOSITES

STEP PROCEDURE ENTER PRESS DISPLAY

I .or TihO/ KOX plies, initialize values
of E.E,, , , XX ,YY , y A' 1.00

(= -1 , , ,, ,, ,:,, and h0 in SI.

(alculate llvdriantsf ( + U4 ), U5  1.00

U2  , a:ld t-3 Stress failure tensors
F. and F .; strain failure tensors G.

1 I I

and G...

2 Convert from SI to English (lb, in,°F) B 1.00
units.

3 Convert from English to SI units. -- C 1.00

4 Convert from SI to kgf (kgf, mm,°OC) units. -- D 1.00

5 Convert from kgf to SI units E 1.00

Alternatives
OA Clear memory GMs

IA To initialize other values of E x ,  E STO 18 Ex x

.... h , the values may be stored
O

manually in the data reqisters.

ZA Calculate Qij, U's'Fi'Fij' etc. A 1.00

Then Steps 2-5 can be performed as appropriate.
For example, one can initialize in Eng. units and

convert to SI by using Step 3.

Computed ply data should be recorded in blocks 3 and 4 for
future use. Tape #1 need not be run, unless a change in unit
(e.g. from SI to Eng) or change in properties is desired.
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Tape #1 Title PROPERTIES OF UNIDIRECTIONAL COMPOSITES

A' B' C' D' ED
Initialize
T300/5208

A B SI to CEnglish D SI to E kgf/mm2

Initialize 2
Other Mat'l English to SI kgf/mm to SI

00 15 y 30 Qss 45 U3
01 Q1xx 16 y' 31 46 FXX

02 17 S 32 47

03 Qxy 18 E 33 48 Fx _ _ _ _ _ _ _yy

04 19 E 34 49 F
y y

05 20 vx  35 150 F*

Fxy

07 22 ax 37 52

08 23 ay 38 53

09 24 x  39 m 54 Gxx

10 25 y 40 55 Gyy

II 26 41 h0  56 S

12 27 Q 42 (UI+U) 57 G
__ __ __ _ __ _ __ _ __ __ _ 2 1 4 SS

13 x 28 Qyy 43U5 =2(UI-U 4 ) 58 Gx

14 x 29 Qxy 44 U2 59 Gy
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Tape #1 Properties of Unidirectional
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Tape #1 Properties of Unidirectional
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TAPE #1 PROPERTIES OF UNIDIRECTIONAL/SAMPLE PROBLEMS

T300/ 5208 AS /3501
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TAPE #2
OFF-AXIS PROPERTIES OF UNIDIRECTIONAL COMPOSITES

Qxx

4 r 4

5i(8)_ Ex

Trable 2.5

Eq. 7.641

Ei(a)= RC,
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USER INSTRUCTIONS

TAPE #2: OFF-AXIS PROPERTIES OF UNIDIRECTIONAL COMPOSITES

STEP PROCEDURE ENTER PRESS DISPLAY

0 Ply data must be in storage

1 Calculate modulus Q.. and compli- e A 1.00

UUance S.. in rotated coordinate sys-

tern at angle e (positive counter-
clockwise) to reference coordinates

2 Input applied stresses in reference ar B 
coord. system. If unit stresses, such 1
as [1,0,01, are entered, the resulting 2 2
H values are the allowable strengths. 6  R/S 6

3 Calculate corresponding strains in -- C R
reference and material coord. sys- , -- R/S R
tems and calculate strength ratios R &R
(defined as the ratios by which the
applied loading must be multiplied
to reach the failure surface).

Alternative A

ZA Input applied strains in reference e I  STO 10 e
coord. system 2 STO 1.1 2

e6 STO 12 e6

3A Calculate strains in material coord. - D R
system, and calculate strength-strain -- R/S R
ratios Rand R.

Alternative B

2B Input strains in material coords. e x  STO 07 ex

(Step 0 needed, but Step I not needed) e STO 08

e s STO 09 es

3B Calculate strength ratios R&R _' E R

R/S R

Steps 0, 1 and 2 must be executed at least once before Step 3.

If only the angle in Step 1 is changed while the stress remains the same

Step 2 can be skipped. If the stress is changed while the angle remains

constant, Step 1 can be omitted.
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OFF-AXIS PROPERTIES OF

Tape# 2 Title UNIDIRECTIONAL COMPOSITES

A' B' c' D' E'

A B C D R from E R, from
0 R [ele 2,,6e [, e ,e s

00 15 30 Q66 45 u3

01 6 31 Q 46

02 T-2  17 32 Q26 47

03 a-6  18 33 SII 48

04 19 34 $22 49

05 20 35 S1 2  50

06 21 36 s6 6  5I

0 7 e 22 37 6 52 .R
x 16

08 ey 23 38 s26 53 ... R'

09 e 24 39 2e 54 5

10 el 25 40 40 55 G

II e 2  26 IQI 41 h 56 Gxy

12 e6  27 4 2  (Ul+U 4 ) 5ss

13 28 Q 43U5 =(U-U 4 ) 58 G

14 29 QI2 44 u2 59 Gy

9

|•S



Tape #2 Off -Axi s Properties
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Tape #2 off -Axis Properties
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Tape #2 Off-Axis Properties/Sample Problems
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TAPE #3

IN-PLANE STIFFNESS
OF SYMMETRIC LAMINATES

IPLY DATA I

Eq. 4 .31 /v 8L

~nV~IA

Eq. 4 .34 n

EvEn,

Table 4.4 e

Eq. 3.64-

3.65

a.. h E41Eng'g Const.
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USER INSTRUCTIONS

TAPE #3: IN-PLANE STIFFNESS OF SYMMETRIC LAMINATES

STEP PROCEDURE ENTER PRESS DISPLAY

0 Enter ply data.

I Enter ply angle 0., and number of 0 A 01

plies at that angle, ni, il,4, and n, R/S 2n 1

calculate V * V* V and V B
IA' ZA' 3A 4A 02 B 2

for each ply and sum them, and n2  R/S 2(n I + n2 )

calculate n . Since 1<i<4, values 03 C 93

for nonexisting plies need not be n 3  R/S 2( nI+n2 +n 3)

entered, i.e. for a [0/901 laminate, 04 D 94

i=3 and 4 can be skipped. n4  R/S n

2 Calculate VA, h, A /h, and a..h. E 1.00
ij 13

3 Calculate engineering constants - E' E
1

-- R/S EO2
-- R/S Vl

12
-- R/S

Alternative A

1A Rotate entire laminate by v; ** y A' 2n1

n. remain the same -- B' 2( n I + n2 )
-- C' 2 (n+In +n 3 )

-- D' n

2A Calculate transformed A./h and a..h. E 1.0013 Ij

3A Calculate engineering constants -- E'EO
1

- - etc.

The number of plies ni of each ply orientation are those in the upper

half of the laminate. The total number for each orientation is 2ni .
The thickness h in Register 26 is the total thickness of the laminate;
the number in Register 46 is one half of the total ply number. For

symmetric laminates, only the fraction of each orientation rather than

the absolute number of plies is important. If more than four ply
orientations are needed, additional 0 and n can be entered through Key B,
C or D; but not Key A which initializes the program.

•* This is equivalent to rotating the reference coordinates in the clockwise
or negative direction.

14
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IN-PLANE STIFFNESS OF
SYMMETRIC LAMINATES

Tape# 3 Title

A' B' c' D' EI
el+Y, nl 02+Y, n2  03+Y, n 04 +Y, n Eng'g

1_ 2_ 2_3_3_4_4 Const.

A B C D E *
i, nI 821 n2 03F n3  04' n4  Aij, aij

00 y 15 02 30 A 6 6 /h 45 U3

01 16 n2 31 A1 6 /h 46 n/2

02 17 03 32 A26 /h 47 VA

03 18 n3 33 allh 48 V2 A

04 19 04 34 a 2 2 h 49 v*
4 22 3A

05 20 n4 35 alh 50 V4A

06 21 36 a 6 6 h 51

07 22 37 al6h 52

08 23 38 a26h 53

09 24 39 oi , IAJ 54

10 25 40 n. 55

II 26 h 41 h 56

12 2 7 A /h 42 57
__________ 11 2 1U+U 4) 5

13 01 28 A2 2 /h 43u5 = (uf U4 ) 58

14 n 2 9 Al 2 /h 44 U2 59

15
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Tape #3 I n Plane Stiffness

0 7ALBL 080 .1 9 CA 160H 43 PILJ! :1 H 08 1 65 161 48 48'
F .5- E4,2 4 F'1I 6
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007 4~~~ , rFLIt - 2

Pi 4 ? 2

0' 1- 72- 4

014 2 ow 4' 14 1 L
0 : KC _ j5 1' 44 44l

446 A IQ [1 , - 17E 0
01 1 '-1 --- 3 - 42 FL

bis~~ ~ ~ ~ AlV-,IA 21 1
0~~~ ~ ~ ~ -" -- J - 4?F

E2 2 F D F -1 1 -

02A AM E3 4

12 1 -4 4P 4

02 10 Q
022 E 41 FL

-~~ ~ ~ -6 1 FF 19 45 a

TO 1415 44 F' 15 4

O? 4-4 1 s 4 Q

0? t11 4 FL 15 4 C
040~ 43 FU d 0AI o : 4_V V i 11 45 F'[

C44 t LQ A 12 4 ;V FE L6 1

" , 4: TO- 12H 42 T 14 44 4 i04? a: MO 129 6 ,29 5

050 K I :-: 30 t : :-:



Tape *3 In-Plane Stiffness

240 85 + 320 43 RIL 400 15 15
241 43 RCL 321 31 :31 401 44 SUM
242 29 29 322 95 = 402 17 17
243 A5 323 42 STO 40:3 44 S-I
244 - FL 24 37 37 40-4 1? !
245 31 31 325 43 FiL 405 00 i
4 65- -36 1 31 406 42 STO
147 43 R"L 327 65 407 46 4.
244 32 32 32F 43 CL 408 42 STO
249 65 :- : 9 :2 .2 4-9 47 47
250 02 2 :3.:0A 75 410 42 STO
251 75 -FL 43 R-L 411 48 41-
252 4 FCL 332 29 29 412 42 -TO
53 28 ' s 332 65 " 413 49 49
254 65 324 43 RL 414 42 -TO
255 43 FiL 3:5 - S3O 415 50 50
256 31 3' 3:6 95 = 416 43 RL

457 33 0 3-A 42 STO 47 14 14
258 75 3 35 35 418 42 ;TO

2-59 43 PCL 339 43 RL 419 40 40
260 27 27 240 '29 9 420 44 SUM
261 65 341 65 . 421 46 4A
262 43 PL 342 43 FCL 422 43 CL
264 2 32 143 31 31 42 13 1-
26,4 33.. 'W.*':44 75 -424 1 SEP
265 75 - -5 43 RL 425 33 X2

266 43 RL '46 27 274 . LEL
2 7 . . . 347 6.5 :s 17 B'

268 65 NS 43 PCL 42e 43' RL
209 43 ROL -49 2 2 429 16 46

270 9 9 350 95 = 430 42 'TO
271 3 A :-1 42 TO 4A 411 411
2-2 05 =352 -38: :3- 43'2 44 SLIMl
2 7: -, 4 2 < S. T O . --Lii ] 5 -: 4 C 4 :-3 4 4 3 427 4 -. 4 49 t

-- 44 R L W 5 1 '435 15 15
f- lA- 4 a L356 49 FED 436 71 SEP

27 4 Fi L 5 - 49 PR 4J6 -6 L-L
2791 30 I:.5.'4 34 a 1 4.39 IS 1 C
21_ ?5 -- i 494 FF0 44'' 43 F:L

2:1 4 FCL 361 35 35 441 18 18
282 -2 ., 362 49 F.L 442 42 -TO
282 WD ::a-- 33 3 36 44, 41 44
284 95 - 364 49 F'D 444 44 SUIM
2'5 42 'TO 365 17 37 445 46 4
2.-6 , 3D 366 49. F'R 446 43 ROL
27 - F L 367 38 38 447 17 17
2-- 27 27 36:' 1 1 448 71 SEF
29 65 3-69 95 - 44'9 33

290 43 FiL WH" 91 RS 451- 7 LBL
.1 7- 'LL 84 '+ 451 19 D4'

292 75 372 10 W 452 43 F'L03:, 4:3 PICL 45:
3 

20 20
293 4 3 PTLL C ont 574 3 . 454 - TO
2-4 29 -.
295 C3 375 :5 10: 455 4'' 4
29 - -TV 91 R , 456 44 SU!
297 42 0 -T7 4 RIL 457 46 46
98 36 :2378 '. 4 34 458 43 FL

429 FCL "O 35 459 19 19

B-o' 27 W 91 F. 460 71 SEF
.01 65 381 43 RCL 461 K Xz

402 FCL 342 35 35 462 0 0
30n1 3:0 :-'. 3-83. 55 - 46a. 00 C0

304 75 :384 43 FIL 46,4 I II:

",05 4 -: F'C L 3:.85 3.:. 3: "5"
3 31 31 38 5466 0 1 :1

-07 -, 0 387 94 4 7 L' I1
-' - ,' 1 F= A* 9, .1 '1 A
0' 42 'TO 8- 43 ROL 469 00 0
310 34 24 390 36 3. 47' 00 0
111 4- F'L 3'1 5 I 471 00 0
-112 w'Q A_' 3'2 9?1 P ']472-: 0 0 0

E. LEL 473 00 A
14 43 F'L r 4 16 H, 474 00 0
-15 .2 .2 '5 42 STO 475 00 0

416 75 -396 00 00 476 00 o ,
; F 4 3 'IL 3 9, 44 SIM 47. 00 0
318 28 2 ,95 1 13 471, 00 0
1 61 3"99 44 -"N 479 00 0
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Tape #3 I n-Plane Stiff nesslSample Problems
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TAPE #4
IN-PLANE NON MECHANICAL STRAINS

OF SYMMETRIC LAMINATES

©
AT, c

PLY DATA E.87

:ex , ey

Eq. 8.602

Table 4.2

Iei 
<4

I~ s i :5 4R 
i
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USER INSTRUCTIONS

TAPE #4: IN-PLANE NONMECHANICAL STRAINS OF SYMMETRIC LAMINATES

STEP PROCEDURE ENTER PRESS DISPLAY

0 Data from Tape #3 must be in storage. -- --

N AT E AT
1 Enter AT, and c and calculate e.

J
c R/S 1.00

2 Calculate nonmechanical strains and A R

the strength ratios Ri for each layer,

i=1-4.
The strengths are based on the combination -- B R 2

of environmentally induced strains

from both temperature and moisture. -- C R 3

-- D R 4

* Data in Registers 47 and 49 are needed for this Tape.

** This step is not necessary for the strength calculations in subsequent tapes.

In fact, only side 1 of this tape (program steps 000 - 166) need to be entered.

The nonmechanical strength ratio indicates the temperature and/or moisture

level that would induce ply failures.

UNCURED
PLIES

FREE - e e -

EXPANSION G *

(C) NN
LAMINATE ** *AS A UNI 0 0 0 0 9 0 0
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IN-PLANE NONMECHANICAL STRAINS

Tape# 4 Title OF SYMMETRIC LAMINATES

A' B' C' D' E'

A B C D R EATc

00 y 15 02 30 R1  45 U3

01 Qxx 16 n2 31 R2  46 n

02 Q 17 0 32 R 47 VIA
yY 3 3 1

03 Q18 n 33 alh 48 v2 AT
xy 112A' A

04 NN /h 19 0 34 a 2 h 49 v *
1 4 22 3A

05 NN/h 20 n4 35 alh 50 V* c

06 NN/h 21 20. 36 a6 6 h 5I

07e N(ei)-e 22 ax 37 a16 h  2 e x

08 eN( e 23 y 38 a26h 53 ey

09 eN(ei) 24 8x  39 ...R'4  54G

10 N 25 40 .. R4  55

I N 26 h 41 56 G
2__ _ _ _ _ _ _ _ _ _ _ _ _ xy

12 eN 27 R' 4 2 !(UI+U 4 ) 57 G

13 e 28 R' 43u=1 ) 58 Ox

1. 2 5= 7 (Ul-U4)5 G

14 29 R 3 59r

21
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Tape #4 In-Plane Nonmechanical

~NI.n, C ,6 LEL L:;4 8 5 +- - ,
0I01 15 E 8 1 F' L 9 95002 5, ENG 082 39 .9 ;62' 42 STO]

118 95

1'04 4- STO tc4 1j'1 1
I8 5 4 04 46 95
086 7"5 :,, F' S
A8C7 0 2 E7 76, LEL
A882 65 R1 : ,' :- : 11 Fjell 4:3 R C:L E-9 42 PCLL

lj0 24 4 11'904 47 If I 1 1 3
n11 S + 09l 65 t171 "1 BF

1 4:3 RCL 9.' 43 RCL 2 5 1
G1 48 48 I- 40 40 :- 4 TO
0 14 65 >u 094 95 = 74 2 7 -"
''15 43 RCL u4r5 4;2 STO .75 4- RL
CIt 22 22 096 5 05 17 40 4

59 7 4 : F L 4 O -;T
1 42 ST u9l. 4? 4; 1 7., 3 1 0t t,19 5.2' 5:' 2,a.a 1 ,5 " 7' 9 Q-

2 - ' Ixl IIi 43 Fl, C L -77 1 , LEL
2 1 6 E, P I .!01 4' 40 .8 1,- E:

4-3 RCL .12 :5 8 2 4-' CL
4,,, 4x 94 .3 15 15

024 '5 4 4 STO -84 "1 EF
(J.5 4" RiL 1 1 1- 1 -5 X

OZ6,FIE 2" ::. - 5 E.8 42 ;TO
i 27 ': 5 + Oj 4 Fi L

F 4 CL 0: FRL
. 50 011 + 8 "i 41 41"

1 4.F 4 P L Ill 4, -_TO
4 _L 1 04 :1 "1_-2 225 5 2 6 9 1 R S_:

'95 1 4 R L -9 6 kE4 2 T 14 P : R 3  :-4 1 i
35 5, 5:2: 15 8, 5 + .95 43 PC L-' -. 11, 4 . F L 49- 1I 17
-. 4- R:CL 1. 15 :15 7 1 :;E:F'

'5 + "1'- 4L Fi-L .99 42 -TO
S41'I 4:-: FAL L 20 35 5FL ,9 2

',41 5'l 95 -2t 42 Fi,
>42~~q o, : F"L' 42'_L "

4 2 c70 I_ 411 4 Fi
1,4 -: 4 3F'_ L 2 i-27 10i- 10 4' TOi- 44 1_' 0 I 4 4 'i:L2I--,43 2 :

Cii 1i 4 4 1 ,FL _1
i_45 '95 = i5 -14 i 4 A 91 F. S
14r 42 '-.TO .6 4 L '-6 7. LEL
1'47 4 4 3 L 4 I44F, 4' PC L 2:,, i5 , . F-

'914 F4 1: R' i

I 4 =l 5 :Z"7- L8,5 4 0 9 1 1 :01

[,I511 .5 "4:3 RCL 4- '-E:O
4 51 4 FiL 31 05 05 -- :5S152 0- 0 : : 3 65,:i 4 ':.TO

'.54 4- FifL _:.14 -4 :--4 _14 4-:: FiL
5 5 ?, 5 3 " :35 5 + -15 41 40

115E P:,- 5 :36 4-1 PTCL . ?9I F '-,957 4-1, F'CL E-: ., .,. ) 17 74 L LFL

0r1=: iJ 0 1 1,. 6. 'l[ 35 ! :

'.-5'9 95 -9' -"? 4-, FiL 1 65
1 42 TO 40 : ej _1c -,

I I 411 411 41 95 _*1 9 -
-5 + 42 4' STO 42 rTO
4: FL L 4.- 11 11 -': - 1 ,2

i6-
4  

9 .44 4; Ff1L 24 CI 1
I '-I 45 0"4 01 4 " 9 I0"

66 55 46 65 2 26 66 iU
i 7 0E7 47 4- F'ACL 43 FCLu 6 -8, 9 5 - , 4 8 :3 7 : --7 2 2 6 1 I- I 1 0

-:6' 4- cTO + 2:2 9 -
,]7 .: :3 ,5 4:

I  
A:L -"3 4. A :L

9411 41P1 '9 4 RL C
.4 9_ -* 4 .- ": 7 4 I-I ,
7542 TOl '5 '-C + 95 95-

4. 4' 56. 4:-. L 4 TO

1,77 ,5 .51 05, 06...7 9

,7' 47 47 "5'? 4 FCL , ' F L

22



Tape #4 In-Plane Nonmechanical

240 11 11 0
241 95 = 5
242 42 ST 22 4"_: FL
243 40 40 -:23 0 0

244 65 '24 85 +
245 43 RCL .25 4'. FC',_L
24 21 21 _6 55 55

4 39 COS 7 65
248 85 + :-;8 4. FiL
249 43 RCL '9 08 1w

251 85 + 31 95
52 53 " 4Z STO
5 3 43 RiL
254 1 12 4 4:3 PIL
2155 65 --: :35 58 58

56 43 FCL -36 65
257 2 '1 1 :' 7 43 PCL

258 s 1 SIN :338 07 o-
259 54 -39 85 +

Z60 55 340 43 FCL
, 1 02 341 59 59

262 '5 342 65
26:3 4' RCL 34' 43 FCL
264 52 52 344 I 08 13'-
265 95 = 345 Q5 -
266 42 TO :.:46 55
26 7 0 7 C147 4

3 
R-:

26: 8 5 - 346 3q 9
-9 43 FIL :'49 55

20 In ;50 02
71 - :-:51 95

272 42 RIL 352 42 STO
: 11 I 353 40 40

.74 85 + 354 33
5 43 RI-L 2:55 85 +

76 52- 52 3156 43 RL
7 85 + 357 39 39

278 43 FCL 358 35 lvX
279 53 53 2.59 95-
Z8 c 95 -60 34 FX
281 94 - 61 42 STO

.. 42 STO " '282 42Sr 362 39 39

2'3 0 L:- 63 75
L84 43 RCL :364 43 P-L
.85 12 12 '3 65 40 40

286 65 .. '366 95 =
287 4:3 RL 367 42 TO0
288 21 21 66 40 40289 :39' COS '7369 75

90 75 70 02 2

2'91 43 RCL 371 65 x
92 40 40i :72 43 PCL
93 65 x 73 39 3Q
294 02 2 374 95 =

L95 65 -5 94+'-
'96 4.3 PCL :376 92 RTN
297 21 21
'98 8 'IN
-499 95

100 42 STO
S01 09 09
"02 3:3 Xz
. 0 65
C g04 45 RCL-.05 57 57

:06 85 +
307 43 RCL
,08 54 54
'09 65
10 43 RCL
11 07 07

312 33 X;
13 85 +
314 02 2
!15 65 x
316 43 PCL
317 56 56
:318 65 x
319 43 RCL
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Tape #4 In-Plane Nonmechanical I sample problems

0. n0 A A 0.:0 A CI C0. :0 :0101.81114 09 C, 1:1. £2114 1 -: 1 1.-1114 0'9 0110-I.: 34 615 9 I-I9 0- 3I 3' 4 t. 15 9 I-I In 46 1 ' 9 -n' 00272. ::969244 9 :. q .44 I 1'1: 1 3 4 1 09 -012. -q IF " 9'1 4 ' - -0 . 44-12. -5 ' 5 , 0 1:14 19. 8,-4 15 I6 114 7 :10 A 2 i6 04-1 .5 2- 0 E. 1:15 1 47 a F 107 -

1 ~ t. 14 0 ,- , -.7 9 - 0 -1. 01-1 3 6: .' -1:
I, -I -I i 9I i I l -f-. i- li rl

12. 4 -"-q-',-0-0'
1. F. C - 11 3l f. I0t- 6 7 -. 1- I t S: F0l 15 Al I. 

2 2 0 t- 10i L-I. N 0 1 :-:-2. E,- 13i. 0 1
1 l 1 : 41 1. li- 14 1, 1-11 1414
1. l it.1 l ii 

1 .1 ii it
; 9 I- 1 0 . 1 F1 1 r 1 2

4 1 .I- I-' 11 1 IO 14
1-. 1. 0l0 1 1 6i. Fl 15

1 1 1 L10. :-.1 lISI C9I . .49I0 0' I'?

l- ii 4-i 1 4 -- - 1 4
i ,-,i-. iii -"!I ,3Il . till 2 1 I., I~i l Irl t.1 . I - 0.-6.- 2 1 - - . --

1 1 .5 FF61 -:- 12. 5 I- *:-1 -'- 6
' . lF 4 0. 0 0 2,4,r. O44.I F ll I -5 1 i- - 1-2541 C'i I- i

I0 
.
-1C. -1 -: ''5 600 1 -I f 25 1

i L: -4 E ' ' I ., 4.1-76 i ' '4 1 71., t 00 1 71. -0I

I..:- 0 '
-
' 0 0 

500-.:- _ 4 -- F 0
0 , I-

0  
>1:.1 . _ I- I[ --2I- 1"1 - .I ;

1 'til1l61 -ii 12 ,3! '. i 611 - 12 :_1 :21 L'. 416 11 - .1 1':'

._1 lI. 41f1 4 1 1 :1 4

-144 ". I 7-1 ':=... :14 'A7'"~ ~ -lc 15 4-. 4: -'-1 '-- 15 4'5

4 l- 44 - 441- 4~ t
9

.':'4 4l-f 44

, : 50154 I 1 1 1 4 - 12 0 53 0 6 1:9. 7 4 i -I 91 -2 00 6

- . 1L11 ' IIl i~i- 4- I-_1 4'1 :

Ft. 4-L' 1-:- 2-I I-. 0 0-::-

,T -41 , 1. 1 1 4 1. 4 l 76 11 i 2 5 l :4 0. 4 . 1 - Il 4

10 11111_ 
A1

--- 4'114. 1 i5 5 -'1 4 -'t 7l--4 -1

14 C I6 1 14 0, -I1 4 01 ' , IF 4
4 ~ ~ ~ ~ ~ t C. 41:7L;711' 24. ::77N94 9 7 -1. 00 40.. NL"L 14 ICi U:: 6 ::-0 3 '. CIO2 .L-':IZ4 -: -9 4

1 .~.~ - ,ll F. FCil 
l,~

60. CIOA';3

9.C1I~ : , F 1 40 _' 5:_7 1 C 11 40 51 . 710 7 4 1 1 4 A 5

216. - 7 ! I. -I 6- 46 4 2 . -0:' 4 60 6499 4'

2-I 49l- 4,8 O. 8 -1 .:1 4 , -. IIiI 4iACr 9 40 O 2' 
4,9.- 4. 0 4Q

-. 0I-I 44 :3 . . . 5O '2. I'.-I -I 4 t" 0-I 0I-.I 1_:1 46

5964 lo 4 216 59641 00 59 -, 00 4

-i. IiI II6 4 - : 1 .. -Q-:: 51 0-2.... . -.243 - -3 .,. - I-i:--1 50-I. -t] _: - -- : -6 CI:_2: - 5 1 -3 :?6- ' '- 18
.. ..- 1:I-. 0]0 52 -1..5 -0I'6 52-1. 7,-037 fi- 5 3 -6; -:: 53 I 1 5 -1_I'' :

12O. 63C,-14 2 I1[-', 03 4 12. CIO,4:-"65, 0:: '5 i12. u 114 :,8,4 I--: 540- 68 1 6 5 1 2 0:3 5561 - 6 - 6 5
2  

3 1; I- I2 -. [I "- t 6, 5 .. .. ....C1 6 17C4 32 I0- 5 ' .. . . . 5 9: r 1 3,,Iii-,; - 5E.1.1 78 2 0 57 4. 214 If, 7 ... .... ... . . ..9 9 5 0 F -' 56 E C . E 4 6 ' -9 9 5 " CI 5 E : E .i E.6 4 P , c9 9 5 Ii 1 - 5 821!6. 59641 i-i i 59 : 16. 59641 00 =,, :, 2" . 9 4 0 5
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TAPE *5
IN-PLANE STRENGTH OF SYMMETRIC LAMINATES

Table 2.6

ejj

25



USER INSTRUCTIO14S

TAPE #5: IN-PLANE STRENGTH OF SYMMETRIC LAMINATES

STEP PROCEDURE ENTER PRESS DISPLAY

0 Results from Tape #3, or #3 and -- .-
#4 must be in storage; -

Enter N k components and calculate N /h E N /h1 1
Me. . Unit stresses such as [1,0,0] N /h R/S N 2/h

car. be entered here. The resulting N /h R/SS values are the allowables. 6 1.00

2 Calculate strength ratios R. & R'for -- A R1 1 R !

each layer, i=1-4. These strengths -- B R 2
are based on the ratios of mechanical
strains; not the total strains. -- C R 3

-- D R
4

*Tape #5 can be used following Tape #3 if nonmechanical strains are neglected.
Ply data tape used in Step 0 of Tape #3 automatically make e =e =0. Tape #4
need not be run for making AT=c=0. y

000 0000010
e-

y

F 6;EN CM
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IN-PLANE STRENGTH OF

Tape# 5 Title SYMMETRIC LAMINATES

A' B' C' D' E'

A B C DR E
2 3 4 Nk/he M

00 15 02 30 e3 (i)-e 45

01 Nl/h 16 31 e2~e )-e 46

02 N2 /h 7 03 32 e6(o 47 R

03 N6 /h 18 3 3 a1 1 h 48 R'2
04 19 04 34 a22h 49 R'3

05 20 3 5 a1 2 h 50 R'4

06 21 20. 36 a 6 6 h 51

07 eM 22 3 7 alh 52 e

22616
08 e2M 23 3 8 a2h 53 e

2M 2 26

09 eM 24 39 54 G
6 x

1 N0 25 40 55 G

N 26 41 56 G

12 eN 27 eM( i) 42 R 57 G

e6  11i1s
13 e 28 em(oi)  43 R 58 G

14 29 M(ei) 44 R 59 G

27



Tape #5 In-Plane Strength

NJ"- ~L TO
D

t4!

1: L

LI

PH L
'0F c

f- FL 1 4 F
4 11

6(0) TO
I-:L 

117

±4- -. .(

FCL 1 - O.F

A1 L

14
14~ 4+ FL

I'1:- F1:L F, TO

3BF 1' T 0K ELL

43 7 T 1 4-3 FT I-
TO 4 F IL11 1
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Tape #5 In-Plane Strength

2 4 LP

4 FiLF' 4
4j 4 FC LL4 P

4 FL

-4 I PCL' CF

44

4 F L

4.5 7~-

L 4

4'

22

L Fr

4 TQ 44 41 4

27 + 4
" 'L

F 7 F

4~~ ~ Fr4,9rr

4. FL-TO

5 T,11 411

, 4 FLL44

44 44L

7 45

- 24- t

4 TO5 '

7 FL 4-i r - 4 C

4 ~ F 4L F55 4'

:0 4:-: FC L 44 ITO 47:- ji

20 27 4~ 43 F L4Z lJ 0
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Tape #5 I n-Plane Strength/Sample Problems

1 1i11l 1 CI111 01l Fl LII Il

il LI Ftill F

L' ' L LI C!I 1119 h:1 Ff11 lt

4 j'5 - 1 4L . 1F 5 -I t: .

-1 2:14 ft -I 1:4 -p 

Lt 1 -71F) C LII l 'ILL C C 1

4 - -- LI LII I 11 -4. L I 5j

S I II 111 1 iL 16

0IL IlL : I I -i IL

i1: I',

Ij11c1-. F :1qI, 11 11-4 -

I ot t, I CI t

510 -I 1 500 I0 -t 5-0. I- 1
il-5 I- 1 I C 1 15

17 lw 1 1 5w, 1 2

1,11 Ii :-,I-Ill Ii

1. 4 I I 1 -- 1 I<'9 i -I% , ', -C C I

0.41 6w1l 21 1 ,it.w41 1' 9 l

IL LI.
4. I10 ' 5--1 5 II

4Y~~'R1~ 1 .- 41w 16 ~'~C 1
41 nI 1114 0 1 -1 2 4

-44 F~l 104F 2-4111 1I' 4t 084 0 t

IL 1 1 I, -7, .'5 2 06 F)j 4

4 5. -0w 125.~ -F w12 411

4ll 5 I 1 :

47 4.7 -24 9 -' 44 j ~ 3'4_4 9 I- C, 4

19 .11 1110 0 4 ' 41 0.0 49 7 0 y'1 143 1 0- 49
CC,2 CO 4w J lIof 4w

III~~ t1,1 11

- - 41 0511 1 0 41 11
16 CLw: 4:-, 11 II, 4 '44

1~~~c 1 I I 111'

1 1 w 1 1 w i 
4 :_ -i 1 5 1, -i l t - l .

1.1' - 30 . CIO' 0..- 1 5
1.-.oo 0 .oo IC _

Ft . 14- I-



TAPE #6

FLEXURAL RIGIDITY OF SYMMETRIC SANDWICH PLATES

0
zc

i(o ni I - i4
i' ni Eq. 5.40 - ,

I viD
Eq. 5".46 t

@ h JLFACING

Table 5.3 C

12Dij/h3

Eq. 3.64-[
3.65

dij  Eq. 5.21. E f

E.q.5.2E 2
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USER INSTRUCTIONS

TAPE #6: FLEXURAL RIGIDITY OF SYMMETRIC SANDWICH PLATES

STEP PROCEDURE ENTER PRESS DISPLAY

0 Results from Tapes #4 for in-plane non-
mechanical strains e N shall be in place.i
Tape #6 can be used by manually in-
putting (0i, n), instead of Tape #3.

1 Enter core half thickness zc and zc A' 0.00
initialize z.I

2 Ply angle 0.*and position z. -- A 2z

for computation of * V * ,* -- B 2z
1D 2D 3D 2

and V * are initialized. The thickness -- C 2z
41) 3

of the laminate up to that point is displayedr- D 2 z
34

3 Calculate V iD 12Dij/h3 and dij. -- E 1.00

4 Calculate engineering constants B' E f

1
C'f

2

* Consistent with Tape #3, n. refers to the plies of e. in the upper half of the laminate.
1 1

** Ply orientations are starting from the mid plane, z=0, or the upper surface of
the sandwich core, z=z this is the opposite of the usual ply orientation code
which uses an ascending order from the bottom ply, z= -h/2.

32



FLEXURAL RIGIDITY OF SYMMETRIC

Tape# 6 Title SANDWICH PLATES

A' B' C' D' Elz c z i  E 1  E

c' 1 1 2

A 0 B 6 c D~ D .

0DD
l 2 1 3 4 ED.j ' di j

00 15 02 30 12D6 6 /h 3  45 u3

01 16 n2 ' z 2  31 12D1 6 /h3 4 6 1-(2z c/h) 3

02 17 03 32 12D2 6 /h3 47

03 18 z 3 33 48
_____ ____ ____n 3 , dll__ _ __ _ _ _ __ _ _ _ _

04 19 84 34 d22 49 20i

05 20 h 35 50z3-z 3

40n4 ' 4=12 1 i-i

06 21 36 d6 5 1 h/2,h 3 /12

07 22 V 3741652 e

08 23 V 38 d Y

09 24 V3D  39 IDI  54 Gxx

1 N1 25 v D 40 55 Gy

11 e N 26 41 ho56 Gx

1 2 eN 27 12Dll/h 3 42 1(IU . 57 Gs

13 e1  28 12D2 /h 3 43 U=1(zu 58 Gx

1 4 nl, z I1 29 12D12/h3 44 U2  59 G

33
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Tape #6 Flexural Rigidity

I -III - LE:L 101 4 14
F14 '311- 1 4 . 1.- 1

1: 4

4 EL

PL

- 7-A L4

I x FE

I- 4- Pr

1 011 4 ', PR

1 41 F'L 1 4 F L

LEL5 4" 4-

_________0_ 0 4 uFIL

12 5 f 11

114 1- 4- JO
- -4-.--: 4 4

7- 0-4 O

1 4" ~

4 F'

HFL

,,~~~ T E 1 4 T

TO 1'4 4 414 L
5 4 Z15 5

l219 4,? 4C 3A 3RL

E,7 43 PUL

L3

la. I

B P 14:: 4 PC



Tape f6 Flexural Rigidity

24f-, 44 44 20 .31 3:40 4.FL
2141 95 - 31 6. 4(1 3

4 ' FL 41 I L

14

4 4
4~ FL FF

47~4I' 4 Fi LL-Fi

F'L L
4 111 -, -

5 4-1 PFL -1 4 1 4 TO
5 4 44

-4 F4 4C 4LF 4

FiL F'L4i 4 F"
tL 53' -:6 6.5411 4 F L

2 , 4 9 7

1 C 4'' 41 4LF

F60 4, 2- 4 4 FL- 0 -

44 64 FIL
75 3 cl,4" 4- P

6 41 Fi L 4 4 TO

TO '4 4 F'LL
-* -45' 2~ 2 L 412E 4 T

4 (L 4 2' 41

4 F 4

4~ 2Q' ' 4 F,
+ : TD4 2 51 1

TO 4411 4 F u

P1 5 : 41 C

7 4 F'L 4 4 65L

4 0'

4 FL
5- 4 FL 4 5

75 46 FiL55
46 4-.F'FfL

-144- TO4-4 4- FF1'
4 2 TO F'

1 24I 1 IL4 4 L
1 4 5

4 F' L4

'12 '-4 -4 42 TO 4t44 49 FPI

4 TO 44 34 445' '
48 F'L E , 4.- F

I"- "' 4" 4-. 49 LID

1' 4:- FCL 7-, 414 49 F'L

F'L4, f 45
. 4 F 'L ,, 442 49 PF'L

''2 4 2 l 4S'' 4

'-c4 4 TO 4 -4 11
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T ape #6 Flexural Rigidity ISample Problems

4 1 '1-4 '4 _V

it iii FI -1 fA 0

A. tol Fii0

F C o4 cI 7! 1-A lIO

Iii IHI O IL

il~tl CI0 ) f 4

cf,~~1- I-.- -'-Io . r

Hif.-Cft ff. - 14

1 I till1 1

-, 11 I .1iii, 1- -

- '- *- 14 ' '-I 11- . CI

iCI 23tliii

4 F - 1:1 1i4-- .- Flo 24

it il lj I -[ tI ______________ 1___ it :
4 -1 o Ii 1-41_ 411i : 1. LII

Cf I O I I j . C lil l t IO

4 C -4 284""t-

'4L4 tl'1: : 11- 4.2 4 0,:4 4

Ij. c ti ItI IC 11 lc til til l

14411 5 '' 1 '

I- lilt Ct -0i

If ff - f - Cf i ,-6

1:1 Ill Cf1:136



TAPE *7
FLEXURAL STRENGTH OF SYMMETRIC SANDWICH PLATES

Mk

Table 5. 2E(8)

d__ CIA_ ~()

Table 2.6;:]___
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USER INSTRUCTION

TAPE #7: FLEXURAL STRENGTH OF SYMMETRIC SANDWICH PLATES

STEP PROCEDURE ENTER PRESS DISPLAY

0 Results from Tape#6 must be in ......
storage

I Enter Moments M kand calculate MI  E M
curvature k.. k IM R/S

M6  R/S 1.00

2 Calculate ply strains and the strength -- A RI

ratios at the outer face of each ply.
These strength-strain ratios are based -- B R2
onmechanical strains, not the total
strains. -- C R

3

D R
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FLEXURAL STRENGTH OF SYMMETRIC
SANDWICH PLATESTape# 7 Title

A' B' C' D' E'

A BR C DR E
R B R2 R3  R4 Mk

00 15 02 30 eN(ei- 45

01 M 16 e(0i)-e 461-(2zc/h ) 3
1 2.- 2 y (2/h

02 M2  17 a 32 eN(i) 47 R'

03 M6 18 z 3 33 d i 48 R'

04 kl 19 04 34 d22 49 R 3

05 k 20 z 35 d 50 i, R 4

06 21 36 d 5ih/2,h 3/120 k6 21 ed66

07 e(z) 22 37 52 e

08 eM 2
0 2 (z) 23 38 d 2 6  53 e

09 eM(z) 24 39 ...R' 54 G

10 eN 25 40 ... Ri  55 G
N e N 26 m 41 h 56 G
2 6 o xy

12 e N 27 em(oi) 42 R1  57 G
6  ss

13 01 28 e2 (0 i ) 43 R 58 G
2 2 x

14 z 29 em(e i ) 44 R3  59 G

39
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Tape #7 Flexural Strength

00il ' LBL 080 35 lz 160 43 RCL
C0 1 5 E 08 1 42 STO 161 40 40
0 42 'Tn i0'l', 2 4- 4- it 2 65 . :

Hi of 0 " " 4$z; PI:L I it 4:3 FRL
114 91 F O' 4 40 40 1t4 06 06

1101. 42 'To 085 42 '.T 165 95 =

l I lt 02 02 j-t- , 42 4t2 1E. 42 STO

lIii 91 R -' ' '-:X i- I'. 0
i 4 T 76 LEL t- 1t: 0r 7

1109 C( 0 -'4 2 E? :-9 49 FFD
1:11 t5 0iJ'i 4 D CL 7F L 50 50

O01 4 iL 0r i 15 15 1 F, i71 43 RCL
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Tape #7 Flexural Strength

24 0 3 2 520 5 4no 393

241 4-- STO 321 43 RCL 401 55 -
24 :- :322 56 56', 402 C 2 Z
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Tape #7 Flex ural Strength I Sample Problems

If, IA(. Cpl !-I. Ai -.= I

IfI , jI i 01 c

FI f14

0::,f~ 7 -- -C I . C

I 0f l l 0I A iIA :

II fiA fi f-, lOA lIIll ' 1
0, 011 If. 1:1f A4I I . C, iI I A 1

1F -z 71. 1';~ fir. 14

52 5 Ut .j -

1J. 7r:4p

I l(iiCf,

0' *FI'-14 0.* - 1 ii . -

0. 0 F? ~If f044 jU CO 2
U I it. CIOii

17

i 4'- C ~ IO

14 19 -i4

t--1 'I_14 -I

FICA fI 11ffD4 J -i

C1 Oif 1 . 1ii1 i F. 0
1 if fi 1 -4i4. 14 0' dl'

0:-: 7w 5. ui ''I-' Aff 4ff
25r 41

'.- ,'1 C!..* 5.~ - 4 C4 ,: Y - ' 4'' fill 44

fll. 7-fa 7-0-qc 4r

'II 1  L, I, Ij -II I:-fI fill 11:1

t. -f 1 , 51 1

if. Ci1f I-1 f c il II if I

.4 F I1, j fIO 14 I :f--,4 [-1 f 4

ffr' CI-4'I 1Ir''1-71 F '5-4f E.I

.1 1 4' 49 I 17f ',-: f4'2 i1 r 7 i-i,4 LI rF' ' 0

4 ii'J!,E, '-Ir.4'1 CI 2ii Ir" 5'; 4i1 F - 1. 5 -4 4 fill0



TAPE # 8 - 12 GENERAL LAMINATES

@ IPLYDATA TAPE #1 OR

PLY DATA TAPE(@i ni Eq. 6.79 et al.

*Vi A,B,D

Eq. 8.57 TAPE # 8

0 N _

A*j, Bij ,Dij

® 4 Eq. 6.166 TpE #9
E F Aij I Bj 'Dij

,0 ij ,&

TAPE #10 & 10A

N I' M mi Eq. 8. 5 6(A

M" ( -- N i j

i z data Eq. 8 .l02 ®TAPE # 12
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USER INSTRUCTION

TAPE #8: THE V'S AND NONMECHANICAL FORCES OF GEh1ERA!, LAMINATES

STEP PROCEDURE ENTER PRESS DISPLAY
0 Ply data must be in storage.

Enter total number plies. n A 0

2 Enter ply angle 6i, and

number of plies at that 01 R/S 01

angle ni .

n1  R/S V4D

0 2 B (-T+nI )

n 2  R/S V4 D2

o C n +nl+n
3 T 1

n 3  R/S V4D 3

0 D ( -+nl+n+n

n4  R/S V4D4

e5  B** (-!I+nl+...

** n
5. 21

3 Calculate V.. E 4/n3

ij

4 Calculate N* N* AT E AT

c R/S M6

Additional plies can be entered through B, C, or D key.
Key A cannot be used for this purpose because it initializes
the summation process.

4



THE V'S AND NONMECHANICAL FORCES

Tape# 8 Title OF GENERAL LAMINATES

A' B' C' D' Es
AT, c

A B 0  C 0  D En,1 n, B n 2 e3 n3 e4 n4 vi
n,, 1 2 1 f' 2  31 04 4 1

00 01 15 /n2 T3 0  Qss 45 u3

01 n 16 4/n 3  31 V* 46 -n/2
1 1A

02 02 I7 h 32 v 47 V2V2A V3D
33 * 48

03 n 18 E 3 V3 A 48 V4 D

04 1934 * 49 28
3 y 4A i

05 n3 20 35 vI 50 40.
l B 1

06 4 21 Es 36 v 2B 5 1 N 1

07 n 4 AT 22 37 vB 52
4________ 3B N2

08 c 23 a 38 v* 53 N N*
0______ y 4B 6
09 1/n 24 39 V* 54 M N*

___ __ __ __ __ _ _ _ _ _lD 1

'n~l, pN 25 Sy40 V2 D 55 M

nir q 26 n 41 h 56 M6 N

12 ni+ 1 - ni 27 Qxx 42 1(UI+U 57 e
i+1 ~ x 2 1_____ (U 4) x

13 n 2  - n2 28 43 U5 =1(UI-U4 58 ei+l 1 yy ,=_ _ _ ___ _
14 n3  -n 3 29 Q 44 U2  59 G
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TAPE # 8 V's AND NONMECHANICAL FORCES
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0 41 1'' 1' 1- ' 11 1
-11 49 F F' 11-1 1i - -70 1E: 5L

14 114 . 1A b 1

':3 C " i--i ll 4 ' F'LT 4'. F'L:

C, 2 49 P' l 111 4 R 1 81 4- i I L0"2 3 -2"10: 4 1 1 192: 11 1 Ft

uIJ, 4 FF19 11 E'F: 19 - ', .74
I 1, -4- 64 F'. 1,-- 4 TO53

F'R4-1 44 TO P' 1 1; 4Hi , Fi- L

Q 0 , '4 1 :9 1 4 19T O1 11

n44 A Fa FFT 1 4 -1 F£ H4 t
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''4 4? FL 1** '5 43 ii 4?C
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i 4t 9 F 12:: 04 04 20 a
144 H4 H414T 1-4 F RT 2 4
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P 71 SE.F 12 12

I-, I 1-, -a14 0 2 -4 5

0',1 40 P IL 14 1 F! ' S 2'2 1 44 S IM
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TAPE #8 V'S AND NONMECHANICAL/SAMPLE PROBLEMS

[+45 / -4581T [8 / 9 0 81T

1E. I- 16. -it

45. u] 0. LL

156. CII -15ii. F l

- i - - 9:: .i Fil Ii

.1 1 li ti _i _'l

:5. -10 5 .0-

j ci

-I5. OC, : 1 0. 00 04

1:. 00 1-1 0. 01: 05
-4 . F101 05 C .71 O0 Cl5

• -1111 I.i1 li 11 ' . Fir I- i t0
-ET -150. Fib -150. ! 11 0i .

S 5. -03 - rj 5, -I-._ 08
6,2. 5 - 0:-, .L 9 t2, - o :, 09

S: i 1 t 0
- 4 . "-499 0 11

8. tl0 12 :;. 14
64. 00 13 64. '0 1:-3,
1''. f0 -14 14

13 0 2 N:_ 1, i 3 1 1-II,2E. . .-: .3 .0 .- 0 -

1 i I F. U i

l"' fl. - ir = - - - -0
7.j 11 09 21 11. i l' 2

0 41 ' j0 lit-4r

12. 5 -06I
0. O0 2-4 C1. :11 24

A1A . O03 25 A0. i-l A

I Il L 1! 14 09 2 :] .,:1 4 09 2
10. :_-'46t ; 1574 29 ' 10. :461 9 09 2

2 F 9 9244 09 -1 i 1

o. IO :1 F. I 01 31

0. F0 :4 1. lit :34
0. 00 ,' , -50_0I;._ -03 : ,,5
Ol. 00 :-'6 O. -0 3

-500, - I 4 0. Fl:o

0 .i C, j- .'1] -0. 00 :-:9? 0. 00 ::

-1. CIO 41: ! . 0C 40
1. 5. -06 41 125. - 41

49. 4', 7 7 -: ' 4 .4 '- 7 '- 7 4 2
2E.. : FF-:04 :1 0-9 4 :- 114 1 6. 9 4'1?,

8 4 . 7 '49 119 44 8 5. 7 4 .3 24 44
19 71 4:', 1 ' 45 1 9 14:-,, 1 09i 45

-, 8. CO 4, -i. CI O 46
0. CIO 47 Cf. 00 47
0. i i i 4i 4:. 1:1. 0 48

-90. 0 49 1 -. 00i 491-10. 00 l 5".-J 3: E,0. O0, 50
731071 32 0 E 51 7. r:.171:,2 0 5 1

7. '10601 06 5627' 7. 311c70 3 L, 52
-. 5-0 5 -3 -0 5-.70l. 00 C 54 . 2 1 ' .-11 54

. - .54

2. 16":219 06 5E, 1-. 00 5E.
-1. 5-06 5_7 -1. ,-1 E 5 7

1. 125-03 58 1. 1. -0 ,  
-,

216. 59641 CIO 59 1 r1 59641 f0f 5
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USER INSTRUCTIONS

TAPE #9: MODULUS OF GENERAL LAMINATES

STEP PROCEDURE ENTER PRESS DISPLAY

0 Results of Tape #8 are in storage.

1 Calculate Aij, Bij , Dij A D2 6

2* Calculate A.., Bi , D B D2 6

* This is a necessary step before the matrix inversion in Tape #10.

Inversion of the normalized modulus in Step 1 is not meaningful.

49
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Tape# 9 Title MODULUS OF GENERAL LAMINATES

A' B' C' D' E'

, .lB C D E
ijBij,Dij ij,Bij,Dij

00 01 15 A16 30 Q66 45 U3

01 n 16 A26 31 VIA 46 -n/2
• 4 *

02 e2 17 B1 32 V2 A 47 V3 D

03 n18 2 33 v* 48 v*
2  22 3A 4D

04 e 3 19B 34 v* 49 20.
12 4A 1

05 n 20 B66 35 vl 50 40.
l 6 B 1

06 04 21 B16 36 V*  51 NN*
4____16___ 2B 1

07 AT 22 B26 37 52 NN*
____ ___ _26 __ _ _ _ _ _ 3B 2

08 c 23 DII 38 V4 53 NN*
__ __ _ __ __ __ __ _ __ _4B 6

09 u 24 D 39 54 MN*
422 i D 1

10 U1  25 D1 2  40 V2 D 55

II A1 1  26 D 41 h 56 MN*
11______ 66 0 6

12 A22 27 D1 6  42 1(UI+U4 )  57 ex

13 A1 2  28 D 43U5 (UU 4 ) 58 e

14 A66 29 QI 44 U2  59 h
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TAPE # 9 MODULUS GENERAL LAMINATES
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0 4 FCL 14 4 44 C L
- 42 TO .4. . 1'S 40 41 F

1 13 1 55
102 75 1 4 - -- ' oci 42 -,TO
o4 -4 P4 1- 4 TO5 15 .2F4

5'  
4 . P1

01 ''-' 14 4 F'L
- '4 4 P L 42 S TO 20 

- 4 4 44
: 
F0 L L0

0 4 F 44 44 1 4 4'2 4' _2 2 O0 0
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F: 44 415- 3, 55 - j r I:' 1-
C -' ' F$ FL 219 0 42 2R 1-,

C'?? 0 214 ~ -- 2 ~ -41 55f i 0

-- ,' P--'L-1 1



TAPE #9 MODULUS/SAMPLE PROBLEMS

1.. 1 -1 I - 1 I ill
2. . I:1 5- 0 -1(-1 1

I -. 1 II-' I 0 5 F 1.-~~~- 4._ 0 i] 0 ; , i i E.F
150. CO 0 7 -150. Ou 07

2.6r7:56 -09- 0.'. 22 0 56, '- t'

7" 6, E, : , 2l': 1,,-:,, I09 1 Ici 7 6,. 3 6: '-: 2 1,:, ] 1• -____ .___ __-,______ I
1 1:3,. : 15 5 7 06 11 19 2. 15 7 U: 0 11
113. :319 0 t 12 19 2. 157 3 0

A.. ..: 35. 6 135 
793 -4 

.'59 5 6
.1 ,1 4 0 14 14. 3-4 A6 14

I0. 0 l 15_ 15 00 
=

0 . 00 1 E) 14. orI0 16
cl.~~~I VlII 1 ,,0- 1

cl. 0i 1 - 5. - 4- I, :4 , 1,
I:I III_- i - LII724 3 I --J. 00 1 O .CO0 19

4 ' 245 Ii 1 I. 00 2
t , C24 0: 1;: . 00 "; 2

4 I - .-. 64. -

18 5 01 24 64.0524 3 00 24
S.1 '8 , OII C , 5 - -

:": 2 1:5 :: 0 .51. 4:312 :-: 7 00 25
1xL 3!. 06,-575 ,-1,0 2t. 4. 7 00 L,' 2L.

0. IO - 0. I O :
0. 0I 2' . 00 28

t b" '44 1'; 2 E'9 21 44 09

1.1 7.70. 17 0 1 .17 00 1
0. CIO I 0. 1c 31.- . 1- Iq- :' :2 1 . 00 ----
0O 00 33 0.. O,00 :-337
0. 00 34 0. 0 0 4
0. 0 0 :5 -5,00. -0 :3 5

0. 00 3:6 0. 00
-500, - 37 -. Fo -

Ol. 0CIO :O 0 0 -! --:
0. CO0 0.9 O, 1 U :

-I, 0 0 I. 0 4 r0

1-5. -06 41 1 hr 41
49. 487' . 0 42 49. 4877c- 7 09 42
2 E. L4 1 09 4 ''1
85. 731 49 0 44 :5. 74'9 09. 44

19. 710431 07 4 19. 10431 09 45
- 1. 01 4E. -3. I I"I 4E.
0. 0i 4' . 011 47
0. 00 48 0. Oi 11 4,

-9 1. C 49 1 S1I. I-to 4I
1 .8 0- . O-I- 51"1 3 6 U:. 0-II- 51J

7. :310 I 51 7. :10 70:-2 06 51
7 1 17 70I3 2 06 5 .- - I. I 3 1 - I' 0 C, 5 2

0. CO0 53:-, 0. O0 53
0. 11 54 6 19 Li 54
0. I 162 1 l EIt. 5

2. 16'19 06 5, C. 0 56
-1.5-06 57 -1. 5-06 5 7.125 - 0 : -,: F,:
1. 125- 5' 1. 12 5 - II X

2. -03 59 ' - 50 1

52

ia a ~ a



USER INSTRUCTIONS

TAPE #10: COMPLIANCE OF GENERAL LAMINATES
(Use Side #1 only)

STEP PROCEDURE ENTER PRESS DISPLAY

0 Results from Tape #9 (Step 2) must be in storage.

1 Calculate aij' $ij' ij* A 1

2 Calculate NN  *I B 51

* Time required for calculation is 230" or 3'50".

TAPE #10A: INVERSION CHECK

STEP PROCEDURE ENTER PRESS DISPLAY

1 Check Inversion** A 7

2 Data Rearrangement D 51

** Time required is 110" or 1'50".
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Tape# 10 Title COMPLIANCE OF GENERAL LAMINATES

A' B' C' D' V

A B C D E
a.*8..6 1ij ji N_____

00 15 a16 30 616 45

01 16 a2 6  31 26 46

02 17 32 47

03 18 B2 2  33 48

04 19 12  34 49

05 20 B 2 1  35 50

06 21 36 51 NN
__ _ _ __ _ _ 6 6  __ _ _ _ _ _ _1

07 22 a 16 37 52 NN

08 23 861 38 53 NN

09 24 826 539. 4 MN

10 25 862 40 55 2N

II ri 26 6 1 41 56 N

12 a 22 27 622 42 57 ex

3 a12 28 612 43 58 e

14 a66 29 621 44 59 h
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TAPE #10 COMPLIANCE GENERAL LAMINATES

E:L IS M ~ 17 E.
''IC R C 4'' 16 F~ S.--TO ti 1"-P 7 LfE

N*, r" ,,, 16C,
1 16 '--!

C;O F'L 4iA FF9

I E' TO 4- FF1'

4? FmPT

4- 14I

4 rr'l TO44-' FF1'

FLL 1 -F

4 TO

4:- -H LT

TO F'L-T
-. TO -, ,

4 FFrI
F5 F ,

4- T7 ''l 4- T ... 4 P

4- 4' ~F F L1'4. R

TO 44-1TO

07 14
Q~ F-F-ti_,r-

-T 4'~ F.l o F
FF1' 1 , ar 'r

I TH 0~ 0 0
I~~~ -F01 ' c'

14 4 FF1' Z c I
1 4 F- FP1 c

4:Z FF '44 z' I- -c

-4 FOF RD0 0'l o-
TI' 1"1 'r 111 Ai c c

F TOl ' 1- F0 1'
Fcl 0a i

TO I- cr

4~ TQ FOF? 0

4 :TO ' 4 4- CL 00 D
12 114 i - c:C '

4a'L- F,~ 'a C -
4 rlcl 0

55 D '7 0 '

T -- 1~ 4- 9-- 47 - l --



TAPE # 10 A COMPLIANCE GENERAL LAMINATES

j 7 LBL Ym t1: EG'
0 i a r .i' rv 2r :. -.

li 1 1: 11 - ..

71 41 '-TO '1j 4 FC L
a'0 '8o 05 - ' 49 -T
: i i.5 Ell

'li - ii I Li> U' F*I E
7I c I ItI ," ,- LE'L

6 FHAU 0 -- 7- LE:L

4 RCL >- ", FaF' I 1
' i ii- - i iiJ,] [ 'i+ i - -: 7 0

F0 H '1j ,- 4
P_, Y E -? 2i P'C: F L 17 1 Oi1 I.l,

0 OF' 4? ILI
IQ 0 2 I_' 6 Ell 174 I:IS; '"

I , EF TO
,-iP "D : Tiv~ 0 G 17, I1:' I:1

F11 4 F L * -,7 4L F.L
': !l C ]r 0 ; :- , R. D 7;: 45

'll 4 F'L
'I i E:: C

: IHi .li- , 4 2 4 -I:;Z 45 45
.., ".' 0' d7 EO i$ 15 E

- LEL I'' 7LL

P1 Fr : 7 L EL F'C L
. 7,: LBL 1 7 5( '::i c. . - 4

1 EE
' 5 47 1CL l ? -- : T 1'- 49 4-4

44 44 li- : "L E: C

Eu 11 4 4
6 EQ

4 F'L IN 1' - , i F
4' 45 114 45 1T

t' El ! ! 7 LBL 5 ''1

4' Fr-L u1-'
4 T r "TO

6: :. E7 EO !l . RC L 19 ! o"
Bid 15 E

04 4'1 FICL - EQ ' LE'L

4 4 ?2 L

4 EQ 1 1 C o0 4- FCL

14 J 2 4 76 LBL 04 47 47

a' PCL 121 IH B '5 4 EX C
, 4 1- I 10 h 49

e 67 Ell 1 27 S2,TD 207 4,8S EX, 1:
: : LOG, !2:_ IE( 06 C, 47 47

F I- L 0C L 0 '2

4? i - 49 2 it r
- r7 EEll* 'ii EL 11 TO

'4 CE ' 44 44 21 Cl 1

1, I B 4 ,..- E :
054 9 LEL 1 4 49 214 1718

( 1' 4L T
F', 1 1--

154 44 4a TO 217 15 E

E X' 1 F4 04 218 76 LBL
S 4 1 : O '.' 2 .6 LOiG

Oi.lF 4 ': EX- 141.: ' - ST4 I -.- 'TO 43 RCL
nl61 44 44 141 C15 05 221 48 48

0 " 142 18C ' "2 B EC

- - 'TO 14.- 7E LBL 22 4Q 4-4
C 1a l 01 i44 18 C 22 4 4 EC
0. , 3 145 0I 2 4 48

0 c0 8 14E .:. T 2 f
n67 4 TO 14 7 ,4 F: L 227 C2 2

1:P ,: 0 2!4-:' II. Il1": 2K" 42 -TO

15 E 1 ' ' EQ 1 01
r7 76 LeL i Qi i-] i Z

F7 i 1 :' C 151 1 13 2: CI 8

07-. Ii 1 15. FC +' 42 STO
T '' i14 C4 2:3 02 02

n74 43 FLL 154 6:. E:- 234 15 E

'075 4' 49 155 15 05 -135 76 LEL
076 67 EQ 156 6:3 E." 2 5-4 CE
o7' 1E A' 15 04 04 n:, 03 3
07" 60 BEG 15c,, 69 OP c'B S
I-7: 7E LBL 159 2'4 24 2:39 42 $TO
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24 1(i 0-- 4, T

a -_ a T . 0 41 1 P'

4 E
4, - E:' LEL z- F FE"

1- E:0
4 . 1 2l. 1

4 : 4 S T " TO 10

5 rlE.

2 ' L FE P, 7

54 ' : F2 i04 0 "54I, - -r

4 45 4 04 -,TO

4 1 ' 4 1 ' FE'

4l S 1I 0 7L P L

2 -TO 1 T DE
-_ 11 _4 , -'

4 1 T O -! 4 4.- FT

-4 4l

57 0 3i-;? ' '--; 1 417 4 tI

4 TO E,10 T

,5 Z 2 ET 4:
' 

Ic- 5, 4! , TE]

t L , 4 F F-

262 , E P,_4 O L 4.2 F,

TL 0" I0 E':, i PiL- ' : TOF'-:

27C] I-1 F-I - = ]" 4 ., 2 3

- 4E
71 4:-: ' I_: , l 4- 1 ''1 FFT

6 4E 7 l 4 3 - FT
O4 E:C ,E::-

27 4?9 4 ?9 !15_ _ - 1 0_ 1 44 4 P T

1:' I:' V4Th 5r 14- 1' 44 '-4' <I
1- ;= 1 :-,nu-"'3 ;.-'1 2 44! - ''. I

-lTO 5 ' L 4-' -OFTO
4 F,1 04 04 - .. s 4

El , - 1 441 4 FT

2'R 4 i5 5 ' 44

, 4 4- LE 44t 2

S- ]4 4- PE T

1l 1 4C 4 PILPA

2','? 4 TO 4 ''4F'ET 4 4
14 1 6 -6i 41 RCL 45F '. TO

iF 0 , L ' , -_ 8 4 5 1 7 7
-2 4 4 7 2 4 , T 0 45 '' P PT

TO E"7 1 11 4 : 4 _F; i:L

4i 1 E 9'~4 ~ 4 5 - 4 0 ' T

4, 47L BL :4 P RT 45-
"-'?F 48 E X.: C1 3' 7 5 47 R CL 455 1-2 '-;:TO

, 4 49 :3-'7E, ' 5 15: 45-, 2 8 l=
'

C :3 3 7 T O 457 PRT
2 19 1 1 , 1 12 45" RCL
29 4 - TO '4 FT 45' 7 4C, I: I4 14:l Z 4' RC

. 
:[:L 460 42 S T

1I 02 l -'.1 4"? Il 9 461 2 T
3 44 4, "u-' 42 ST 462 ? '' P RT
- 4 - 2 ' -' 1 : 1 :3 4 - R L

14 4' 4 "4 CL-'PE

:134 05 05 ,4 99 'R T 464 31 :1
1"-05 44 C' it 1:- 465 4- TO
306 76 LBL :386 '2 22 466 ':0 l3T
:0 38 SIN 'S 42 .'TO 467 ' 'r HOT
:3 D0 : 1 T 3"88 14 14 4 E: 4-2 R C L
:300.: 42 '-,TO :-x' 9 ' 99 PT 4 69 _:7 :.'7
_31 I1 U C16 16 :911 C 43 R CL 470 Z: 2 '';T O
:1 1 4 3 RiC: L :391 1 0 I 0 471 1 -1. I :1

:312 4 9 4'9 I3:9"- 42 '.-TO 47 ?'9 PRT
:.1 :- 8 E'.' C 3' 9 15 15 47' 98 , 1 lv
}'14 4 " I 483 794 '9'9 P F:T 47-4 05 5

3-:15 4S1J  EX:.:C :9 '5 4 :' P1C: L 47 01 1
71 49 49 :396 16E 16 47E6- 21 INV
317 03-:1  :3 9-=1 99 PP. T 47-7 '9 0 LST
18 IS, I 0El :398 '?G AgY It 4E : A, D;,

3194 42 .S -T O 3 4 
:  

P
:C L  

4 I 1 P. 
' 
S
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TAPE #10 COMPLIANCE/SAMPLE PROBLEMS

6. C' 14. 71-'4l :- 51 , 6. nnI 14. E 14r6 C - 51
14. 14 11,r II C 14" 1411 I 2

U. 0I 5 5,
i. .. u , 5 4 4 - '4 0 4

1.677421 271. z 7421 27 4. "4-,'; -4 4 55
4 . 4 -7 9 ' 11 5 It,1 . l C' IL

-1.5~ 5 -u f -1. 5-06 57
.12 -0= t 5. .: i . -0C 5.9

3 -- 5156 -09 2 14 2. - - 3 59
2. 1 56 - 9ll4 . 12. 4 0 1 -4
- -. 54942 -09., -- ":'(O 4 -

. 00,I, L
1
. O0 Cl1 0 :- 0. CIO 30I

L. Cl0 o"16 4 1n 01 1-. 01C 43. C-i0 C :11
4%. 01_ o , 4:. CO 02

4. 00 " 4 0 1':1 C 2 17. -057 - -' 49 l. A

0. l-0" t.J 0C 114 1 05 7 C) 110 04

0-1. 01:1 44, 1 -1::: CH C I5
. 1 .67 421 7 I =1. 674 1 27 I'E

171. oci 4. 4 1 I ' 4

1:1. 10 - - I _ -2- CI 00 0 .

I U 5 lI 2 , 1.t i 9 i" 1 --I I I

1 7. l:i05 - i -11. 1594*"47 -II' 09 41 o :" .40?"2 1 Z 9
I... . I. n I 0 OA II 1. 00 10

..... 7 .3,305-3 1 4=,. i I0" 117.::::'57::-6 '(z 2-: 712556 -09' 11 0. 00
1. . ':: 1 556 -09, 12 1 .?94801:3 -0' 12

-11. 1549 47 - 4 1 -0. 4 1
71 1 I_--7 i 69--r -' I-39 14 '. 39.i7:3i 15007-0 14

71 :=713-:', ~ -. CIO 15 3:-; 8=,4 40:-., Gl ~0 3 0. 0 U 15

S .6484 1 -0 -,0 1 , 1 1 1i97 I1 Ii. I_ 1,
.I. I-I 1--4,LI" 'd 6I. 111 17 209. i05 - :--' U' . i:.i *,' l-06 17

-:3 0 4 O a0 ,b, 2. 00 2 '.-" O. 0 ~ 17 3,3057 :-' - 0 E 17:--

fL. 0 cl6S6 1i A_1- I j 0. 0 - 44 711 1 1
O. n Cl 20 8 -4. 9 - 1 - 20I

1 I 057 D - 0. 11

17 nO 24 0. 40 24
17. :-' 5- 57 3'-' -0 6 25 0dL. 00 ",5:-

7 1 .37, E:. 6 24 3X.R, 4 01 247. 6 7 6, 44 0. 0: 2
71. 1 -7R , -0 4411 0c II
71. CL7.6- 2 -,. ,.44L' ... i-:- I 7

--,.'.464841 -0:3. 2 -1. if7 10'7-03 2
8-=0. 0::3, u144",6-J-: 21"19. 20 5C,2 -0:. C,3

0. 00 :0 0. 00 30
4 -. CIIO 31 1 I I

0. 00 ::2 4 4i', 7 11 -I

3ii --4 010. 00 :3 -1. 3-: 0 5 72 -3 6 -
17. CII5 :-0 . : 4 0. :11 3 4

-::3. 464441 -03 :35 -1. 4 I _ : . :,

434 41 3 1 , 1 1 C 3

31 .,057-:3 -06 :' 3 0. Oct :E
17. 32,-0 5 7:'- 06 E. 9 0. 00 9':

0. 00 40 0. CO0 40
". 0 C 41 044 0 I1 41

1 . 00 42 0. CIO 4

C:i. 0.-: 0449E.- 0: 43- 20 . 05021-0,-. 4m",
1. Ou 44 I. 00 44
ij i0 45 . CIO 45

3. 00 46 1-1 O 46
4. LIII 47 4. L0 47

5. 00 410, 5. 0 48
i. 0i 44 6 O0L 49
I. O 50 0. 00 50

14. 621 4o6 0.-- 5 1 14. 621406 03 5 1
14. 6 _1714011 , 0:-_,' 52 14. .21406 0-:: 5

, 0I 53 0. 0 5I
4. 00 54 4. Li24.9i 54

0. 00 55 -4, :3279? O00 5
4.3243799 4CI O, 5E.0 46

-1.5-06 15. 7 - -, _
1. 115-03 58 1. 125-03- 58

S- 9 2.-03 19
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USER INSTRUCTIONS

TAPE #11: IN-PLANE STRAINS AND CURVATURE OF GENERAL LAMINATES

STEP PROCEDURE ENTER PRESS DISPLAY

0 Results of Tape #10A are in storage.

oN N N1Calculate ek. A k61 1

N eN
2 Calculate e. z D e6

3 Calculate e9(NM) k + NM1 B N1

M 2

N M R/S N2M

6 6

N6M R/S N6,

1 MM

m M ~ R/S M

2/ 2

6M R/S o-
64 6

4 Calculate e.m z D 0
1 6
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IN-PLANE STRAIN AND CURVATURE

Tape# 11 Title OF GENERAL LAMINATES

A' B' C' D' El

A 8 0M N cDN M E
e~,k , k?

00 15 ct16 30 S 16 45 Ee

01 eoN 16 c 2 6  31 2 46 e 21 2626 2

02 oN 17 11 32 47 Ee 6

03 eoN 8 322 3 48 Ek16 2

04 kN 1 12 34 49 Ek2
.12

05 kN 20 f 35 50 Ek6
2 21 6__ _ _ _ _

06 kN 21 66 36 eoM 51N, NM
6 66___ 1 1 1

07 22 37 oM 52 N NM
0 1 el __ 16 2 2'

08 e 23 061 38 eOM 53 N N NM
26 6' 6

09 24 B26 39 km 54 MN M

10 25 862 40 kM 55 MN MM
___ __ __ __ _ __ __ __ __2 2' 2

II a11  26 61, 41 kM 56 M N MM
__ _ _ _ __ _ _ _ __ _ _ _ 6 6' 6

12 a22 27 622 42 57 e x

13 o1 28 612 43 58 e

14 o66 29 a66 44 59 h,z
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TAPE # 11 IN-PLANE STRAINS AND CURVATURE GENERAL LAMINATES

U: '-1 F LEL 1 T

L j,

LU 'l L L

- 0 -- '

10915

: TO 17' F'

PC' L L 1 E '

j12 1

+1 P' I 1

104 F L 1 5

o F F IL
c 1 f,7 "~~1 LL1 7 5 _5

_17 41 - F-'' L'

O E1 1':

FF11- FF L

F '1' qqR

FL -5 9i-

F FT 197"' c
F 10 65 4 TO

I O11' 4 FPL 4 -17 47

4 FPT P--ni 17
'- F4 TO0

"4 "TO 1 ii I

1 4 -,4 417 FCiL . - 1

' F -,t 4 FL

47 TO 1 T 4 FL
1:. 1 x F 1E

14 FFPT '5 +4- F'

C;,' -.'TO 1I 12 1 1 5~ +
17,1 1 " F'L

5t 5t' FF 1 F ' L 1

F"'- 1 4:7: PI L1

15 :5 8 + 4 F'L

F'.L 1:- 4-- FCL -
15 .5 It S +

Q5_ 42 :TO 1' F- 1'L

'I. F'I L 140''
14i .' + 2 ' - F L

- TO 142 4:- iL '4 54

14 . + '

6'- 4 F F L F'' L5 4 4 P

7 47145 1 C 1
H 4 2 -TO 14t' 5 F. 4 F'

j' 4 PCL 1 , r 5 5

1-6 1: 48 14 ' L
'14 1-- -TO I~ FL 20 P

157 1 FOL-- ,-. n C

U7 4 z TO 1751 53 :1 PC L 4 5 t
J71 4 j5" 24 r ~ '

- -4 01



4 F- F!'I

4,44

4'L 5,+ 7 '0

F C L

P a - 7 TO

F!-L 142 4-, FCLU

7 4,

4

L

-L
1  

-JO

a 7

lii7 F R

Rii D',

7,- 4 L 'Ill

41 I, ~ t

Pl- L 11 I

,P d R III' II

5 6 l' t I C

4 LI74 00 I

+ ' Il 1:

Ilj 1 l fIl II
lCIi Ii

F' L CIOi II

5 5 Ill II

+ a 0

n '- 4" F' L F8 Ill I-I

Fl U5 111 HI C

5l iji 'F

jh R LL C'I H

:1 4 t'f - Lii L

5' 0 CCf ''': TFF

BC 5'0 5'? 39 '0

4 ? , T I _:,? cl I62

':C -:95-. 
A' I-'-



TAPE #11 IN-PLANE STRAINS AND CURVATURE/SAMPLE 
PROBLEMS

Il l 
I O

e I- 11

-4 1t u . 0

144

1Cf I- 41' -

1. 4011 1 - i

~10 5 -111 -II-

iI, hI 1F- 1

4I III' 1- 1Q-A

i ~ ~ ~ ~ ~ I III: 7:::: 'I I

i 1 1 -1 09-

4 h 4 C, 1 -. 
I j 1

-1 144 -:1 1 
4032Il -1I

1' 2 44111 1

17 1 iC, 0I LI3 I 5 0

0.2
4  44-1 114l - -

III 1, 7.~7

414- 4411 1 -

II ~~ 4 -1 i II ",l - 0I

F-I
1 17 1 "II 1 0 * - 01 4841o 2 A;5 044

3 'k4:,t - i 0. 0 11,

Il IUAll4

-1. 571:1

l. 1 Q-3 5 0. -0 5l

. -0173297-

-. -- D.f..



USER INSTRUCTIONS

TAPE #12: STRENGTH RATIOS OF GENERAL LAMINATES

STEP PROCEDURE ENTER PRESS DISPLAY

0 Results of Tape #11 must be in storage

1 Data rearrangement A e

N M M2 Calculate strains e.j ,ej z B e

enter distance from middle plane

3 Enter strength parameter in strain 3 3

space. Use only Side #3 of ply data card;

Side #4 must not be entered.

4 Calculate strength ratio 0. (z) E R
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Tape# 12 Title STRENGTH RATIOS OF GENERAL LAMINATES

A' B1 C' D' El

A B N M C D E
e , eP R

oo15 eoM 30 45

of e oN 1 6 k 31 46

02 eoN 17 kM 32 em (0) 47

03 eoN Is kM 33 em (E 48
6 6 2

04 kN 19 e 34 eM (E) 49
1 x 6

05 kN 20 e 35 50
2

06 kN 21 z 36 51
6

07 eM 22 R 37 52
1

08 eM 23 R' 38 53
2

09 eM 24 20 39 54 G
6 1XX

10 e N 25 e l ( 0 i ) - e  40 55 G

1 21 y yI I e N  26 e N(Oi)-ey 41 56 Gy

12 eN 27 eN (e) 42 57 G
6 61 _ _ _ _ _ _ _

13 e 28 43 58 x

14 eoM 29 44 59 G
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TAPE # 12 STRENGTH RATIOS GENERAL LAMINATES

1 I114 F'L
9f-2 4:7 FIC'L Ol R- 17 1:' I1 ,.: PC7 F L

CIO.-.-, ; 6 , CIS .8 5 = .' 4 "'4

004 42 'TO '84 42 :TO 164 ''0-

F0U 1' 13 085 i17 0 +

FI1OE 43 RCL CiSi 4_ F:L 1'-' 4 F.L
007 - 7 37 i' 1 1 1 :. -
I.I0 l : 4 - 7, TO 0', 8 5 1 :? .5

nil- 14 14 Oc 4- F'L h C F'
011- 4:- ' CL 091 1 17 1 1

''1 3 Ell ,, 5 + 171 5

012 42 STO 09 '2 FCL 17 - . F'-L
]13 1 F 15 Cln?- 14 14 !-- 24
0!4 4 F CL 0?4 '5 I

015 34 TO 5 4 TO
1016 4 2 S-TB C'96 0, 0':, 17, 1-1 -

!7 1 16097 42 RcL 17

I . : t n4 - 21L
8 4 RCL 098 '1 1 _ FiL
O 9 40 40 099 *? :: ' 3 1

17,'0 '4- TE 0!1CI 4: RCL 1:0 9
021 4 17 101 18 1 - - TO

022 4 RCL 102', U 18 +

12 41 41 !0' 4.3 PCL 18:- 75

0,14 42 :TO 104 15 15 184 4.-: P'L
125 IS 1 l05 95 =185 10 I0

02 i :-: RCL !06 42 ST 18t, 75 1
027 5c 5091 u f 9 187 4 F': L

02 42 STO i08 4:7 FCL 1 11 11
n " 1 1 1 1'' 10 18 S5 +

n n 4 FRCL 110i 99 PRT l' 4.- RCL

n1 57 57 111 43 FCL 191 19 19

3 T 11 11 11 192 85 +
- 3 19 19 113 99 PRT 19.; 43 RCL

''7 43 RCL 114 43 RCL 194 20 20

0 5 58 98 115 12 12 1 95 =
3 'TO 116 '?9 PRT 19r 4 94 +

0:37. 20 20 11' 98 RDV 197 42 STU

0 1 . 118 43 RCL 198 F:6 U6
fi 0 , LBL 11 107 07 199 43 PL

040 1' B 120 99 PRT 20' 12 12

'41 FPRT 121 43 RCL 201 65 :
C142 42 .TO 122 08 0i8 20 43 FIL

Sn4, 21 2,1 ! 2 )9 FRT 203 24 24

044 65 x 124 43 RCL 204 39 COS
045 43 RCL 125 09 09 205 5

04 6 4 04 12A 99 PRT 206 4Fi C:L
047 1'.5 + 127c 98 ADV',, 207 9 2 9

04- 4:3 RCL 12 1 S 0 5

049 1O n1 W 1 76 L. '09 02 2
, 95 1 15 E - 'O 1 ...L

051 42 '_-TO 131 42 STO 211 43 FCL
052 10 T0 1 30 21ni 24 24

i5 43 RCL 13:: :49 PRT -1. -IN

054 21 21 134 01 1 214 95
055 65 : 135 IS 8 215 42 STO
C-56 4' RCL 136 66 PAU --. 216 27 27
05 05 01 137 43 RCL Md 217 4:FL:L
058 85 + 1:3: 0O0 2 1 S T 07, l

059 42 RL 1:39 65 X- -119 85 +
060 02 02 140 0 220 43 FICL
06! 95 = 141 95 -221 1:18 08
062 42 STO 142 42 STO 222 95

063 11 11 14? 24 24 "-32" 5

064 4.3 RCL 144 43. PCL 224 0 2

nF-. 1 21 145 I1 225 95 =
066 65 x 146 85 + 226 42 STO

067 43 RL 147 43 PCL 22- 28 28

nF- it 06 148 11 II 228 -5

069 85 + 149 95 = 22 43 PCL

070 43 FL 150 55 - L0 08
071 03 03 151 02 2 231 95
0 -95 152 95 232 42 STO

07-, 42 'TO 153 42 STO 233 29 2?
074 12 12 154 28 28 234 6! x

075 43 PCL 155 75 235 4- PCL
076 21 21 1A 4S PCL 236 24 24
,7T E5 -' 157 11 11 237 39 COS
17 4FL 15s 95 238 85 +

073 16 16 15q 42 STO 239 43 PCL

6-



24 ' 2 8 326 C, 59 59 401 4$ FO. L
241 8:5 + :321 65 " 401 55 55'42 4:3 R":L C "L',,.. 43 RCL 4F' f.5
24 I' C9 2- - 4 0,3' 4, L RL
244 65 :324,.5 + 404 2E 26
245 43 RCL 125 02 2 405 ? ":.246 *4 24 :D'.- 65 406 -5
24 - , 87 'it5 :3 4 07 47 R C L
24 4 F : L 408 5 57 ,
249 02 ' 2: 94 54 4 C19 -.5 z

S 5 330 65 4101 4: F: L
51 42 'TO 1331 4: PICL 411 2 7
.52 :2 32 - 52 :'2 412253 75 333 65 41:' 75

*2 4 43 RCL 4 4: RCL 414 RCL
2-,5 r17 C17 ;::'5 25 25 9415 525E. 75 ::-6 85 + 4 16 65 ,:
257 4: RCL 337 43 RFL 417 43 RCL
5 08 56 5K 418 25 25
"25 z95 3 6 5 41 z5260 94 + :40 53 421 4: RCL
261 4 2 TO 341 4:3 RCL 42 1 5 9262 :2 - 33 S:':42 :-:2 :": 2 4 22 65 :-:
263 43 RCL 3 43 65 X 42 4 Fi: P L2 ,4 '09 09 44 4:3 RCL 424 2. 2465 E.5 :.: :3 4'5 9526,

,  
43 RCL 346 8,°5 + 4,M .55'.
'4 24 347 43 RCL 4'FCL

O'-: S 4,:' 3 42 : 2 R
975 - 349 65 + 42 .'

4: RCL :350 4' F'CL 4.1D 4:3 RCL1 9 1 25 5 4:3 9 29
65 ::'5 2 54 432 -': " 02 2 5::_, 85 + 43.:_: 95

",4 65 x -:,4 43 RCL 434 34 FX
75 :RCL 355 555 435 42 TO...... . ... 4:3 27;T

S4 24 56 65 4:36 2 '
N 3 5 43 RC L

2-79 42 STO 359 65 439 29 29
200 34 34 360 43 FrL 440 15 =
281 :-:3 3 E1 26 26 441 42 '-TO
282 .5 :,:36 85 + 442 22 2'
283 4 RCL .36:., 43 R C L 443' 99 FPR T
284 57 C7 364 57 C,7 444 75 C
285 85 + 365 65 445 02 2
'86 43 RCL 366 43 RCL 44K K X287 54 54 367 34 34 447 43 Rt

'K, K 44 R C
2: ,- E, 6E5 :3: :6 8_- 65 :,x 4 4 .',, 28 2'8

89 4:3 RI~:L :369 43 RL 449 95 =
2 :2 27 27 450 94291 713 IX 371 95 T 451 42 STO5' + '- 55 452 2:3 23

--: 02 2 373 43 RCL 453 9 PRT'94 '5 x 3e4 2, 8 454 4 RCL295a 43 RCL 3-5 55 455 22 22
;.-t, 56 56 :376 02 2 49 91 R0'S297 6,5 >- :377 95 = 45_7 0.0 0
' 4: RCL '" 42 STO 458 O0 02932 : 2 :379 ' 29 459 00 0

;CIO n 5 :380 01 1 460 n0 0
:31 43 R'L 381 75 461 00 0
30-3 33 :82 4: PCL 462 00 0
:: 85 + 83 54 54 463 00 0:304 43 PCL 384 65 464 00 0
305 55 55 385 43 RCL 465 00 0
306 65 x 38 25 25 466 L0 0307 4:- RCL :387 :3:3 " 467 0 0
308 :3 , 388 75 468 0 0
309 S3 x 389 02 2 469 00 0
:310 95 - 90 5 4713 O 0
311 42 STO 391 43 FCL 471 n0 L,
312 28 28' 9. 56 472 nO 0
313 4:- RCL 39: 6 4 nn 0
314 58 58 394 43 RCL 474 -1 0315 6.5x 395 25 25 4,.. O0 0
316 43 PCL :1:96 65 : 46 00 0:317 3' 32 397 43 R:L 4,, O7 0 0
:A1' 85 + 'F.8 26 26 47:, 00 0
319 43 'CL '99 75 479 OLD 0
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TAPE #12 STRENGTH RATIOS/SAMPLE PROBLEMS

25 8.5T.5:39 -0 t; 6 84. 99 2:_V?- C, E
H e8. 553' 0 -CIE, - 7. ',-8459-06.

852. 87698 -06 Q. CIOn

2 3. 125 -03? 1. 1. 27- 15497 - E09 .. 40 _ 2
17. :..,3 05 -09 0 -1 r4

-45. r; 0 ;4 90. 10_ 14 4 I 11
- Ii:- 4 -- -,: R 4 

: 
- - :'-:

" N 4 5 3 R ":---, 3 ...- !

-45. 00 00
258c-. 5539 0 02 25'_-. 55_::-06 1:1

2 50, I:- C .5 5:-l

II. 011 04 4 26. 4 8491
0 I_-. 00 5 426. 4: 4--:: :--: 1-15

852. 8.3769E.-03 04. 0. 0 n.
2 -3. 7 1255. - 0 T 0. 85 8:E - I9 1 7

-11. 15494- 8 -. 41 -1 1417. -:.057::0 09 0. 00 01?
25,8. 5 5 9 -1 CI It 0E., -4. 497 9 -1 -E 10

2 58. 55-9- 0 1 -. 7. 59-0 0Ib 1
e52.8 76' l - 1 .. 12
3. 7125, 5 5 13 L in 9C9-11I. 154'947 -09 14 -? 0' . 4 0 3 :_2 -2 - 12 14

1 . Or 15 10 L0 15
1. O 1 17. 1I0. 0Z 0 17 - 8-1. 74 471 - 18 L. I

I '. :3:3 0- 5 7 3,-C,6 181 0. 0.0l~ 18

-i. 5-06 19 - I.5-0 19
1.1 -C, 2 1 . -0."

1 1 LI LIII1,-90.I a4 180. 0 24
-166. "38459-0 t 5 - 160. :8459 -06 25
-440. 17E 1 -0 26 -44. 07,61-06 2 ,1. 2-15 27 0. 00 27

276. 720.2 0:3 28 461.70321 0:
184, f99191 0 . 9 14.3. 378'4 03' Zl

7.17 09 00 7. I7 ? i:
0. U L 1 0. fIl 1

-2. 3c:4819-09 - -90. 402*3- I 4L
14.944091 -9 413 30.278586 - 21
3 4.8 75 n 3 V-049 44 0. 00 4

0. 00" 35 2 . CO :35
5 . 7 O :36 0. 04 360-. 0-I O 37 0. • -0 i37

0. 00 49. O1 L 30
1.4444814 4 39 14044814 00 39

L. 0 40 0. 00 40125. -06 41 125. -0' 41
49. 4 8 787 I:9 42 49. 487787f 89 4'

026. 8'804-1 09 43 2. 880426,1 09 43
85. 73249 09 44 85. 73249 09 44S19. 7104:31 09 45 19. 710431 09 45

'I444. 44444-:1 46 444. 44444-21 46.
0 . 00 47 O. OCI 47

10 1. f2602-18 48 101. 6260-2-18 48'
2 ....3 4 F, 5.. -ID 9 4'9 20. 934'959 -0'.9 49

-500. -0,3 5 -500. -3 50
-3. 3603243-18 51 -3. 360:3243- 1 51

0. L0 52 0. 0i0 520. ....5 0. 00 5:-:
12. 104384 O,: 54 12. 004384 03 54
I *680652 0': 55 10.680652 OS 55
-3. 06,91032 03 56 -3.0691032 1, 56
11. 117842 03 57 11.117842 03 57
60. 646995 O0 5:3 60. 646995 00 58
216. 59641 00 59 216.59641 00 59
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