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T300/5208

Eq. 12

TAPE *|
PROPERTIES OF UNIDIRECTIONAL COMPOSITES

Eng'g Const.

®

l

—

p. 8 or
Eq. 99

Invariants
Qjj

Eq. 304

206 1

Lo L6 e®

SI—Eng

Eng = SI

SI — kgf

kgf = SI
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USER INSTRUCTIONS
TAPE #1: PROPERTIES OF UNIDIRECTIONAL COMPOSITES

STEP PROCEDURE ENTER PRESS DISPLAY
1 For T300/5208 plies, initialize values

of engineering constants E; ,Ex, V| 1, -- Al 1.00

= - T

*
GLT'XL'xL'XT'x T'XLT' l;.12' c,‘L'
T B H .

aT,aL, o and ho in SI units.
Calculate Qij; invariants IlQ'IZQ 1.00

RIQ’ and RZQ; stress failure tensors
Fi and Fij; strain failure tensors Gi

and Gij' (See pp. 7 & 8 for definitions,)

2 Convert from SI to English (1b, in, F) -- B 1.00
units,
3 Convert from English to SI units. -- C 1.00
4 Convert from SI to kgf (kgf, mm, C) units, -- D 1.00
5 Convert from kgf to SI units -- E 1.00
Alternatives
1A To initialize other values of EL, EL STO 18 EL
ooy ho' the values may be stored . . ‘
directly in the data registers. Y . .
2A Calculate Qij' IiQ' RiQ’ Fi’ Fij' etc. -- A 1.00

Then Steps 2-5 can be performed as appropriate.

In particular, one can initialize in eng. units and

convert to SI by using Step 3.

* 3 i O =-0.53 %
A dimensionless F % FIZ/V Fl %20 is entered

This value is bounded between 1.

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

(T300/5208)
KEYS STORAGE MEMORIES
A Initialize(after 0o 20 VLT 40
entaring Eng'g
Constants) | Qll 21 GLT 4| ho
A. Initialize 2 sz 22 a{ 42 IlQ
T300/5208 iy
(SD K, Q,, 23 %y 43 L0
B 4 24 oH 44 &
SI—%Englis 5 -
(Pa) (psi) 5 25 aI: 45 RZQ
B' 6 26 46 B
T 27 s 47 F
C Eg—>ar | B 28 Q,, 48 F,,
(psi) (Pa)
9 29 o, 49 ¢
¢ 10 30 Qe 50 F1,=F /v F Fyp)
(N 3l 51 F
D B 5 Ay :2 32 o2
(Pa)  (kgf/m |)3 X, 33 53
D' 14 X7 34 54 S
15 X, 35 55 =
€ 16 X 36 56 e
kgf —=> SI
kgf/mm?) (Pa) |17 XLt 37 57 Ser
E 18 Ep 38 58 o
19 E. 39 m 59 5

- B AL PG L . wrtar L
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TAPE #1
TENSOR POLYNOMIAL FAILURE CRITERION IN STRAIN SPACE

Find: G,.ee+Ge, = 1
ij i ii
From: Fijaioj + Fioi = 1
and o = Qijcj
we have Gij = Qiij . F Kt
G, =
i Qe Fie
For orthotropic materials: Q16 = 026 = 0
G.. - F.Q% +2F..Q..Q,. +F,.Q
U R | e o e MM )
G—FQ2+2FQQ+FQ2 l
22 11712 12712 22 22 22
2
Q
2 66
(s . O e = | =28
66 66 66 (XLT>
2
Gz = F119,902 +FlQ))%2 +Q)p) +F55,9,,%;
G = im0
e R TR
-
2 F1Q; +F9%,;
& =
A 0




TAPE #1

DEFINITIONS OF INVARIANTS OF ELASTIC MODULUS

Lo = 30Q,+9Q,,-29 ) = (U, +U,) /2

—
]

1Q,,+9,,-20,,+4Q,) = U, = (U, =T, /2

2Q
RIQ= UZ
RZQ= U3




TAPE *2
OFF -AX1S PROPERTIES OF UNIDIRECTIONAL COMPOSITES

Qu

®
Q};(6) Y 7 d QinSi

Eq. 139

S (0) €,

ij

Table 24 9
o-i" (O } @ //// o-'l' elv
)

€ (0)
Table 14
€ (0)
p. 16 or
Eq. 312
5 ge Callowed ¢ €allowed
Timposed  €imposed
@ | e
% €
g §'=- allowed =_eallowed
imposed imposed




USER INSTRUCTIONS
TAPE #2: OFF-AXIS PROPERTIES OF UNIDIRECTIONAL COMPOSITES

ar o oo ale e Sagin i oo Aot Lol ASR L, aon ot

STEP PROCEDURE ENTER PRESS DISPLAY
0 Ply data must be in storage
1 Calculate modulus Q{j and compli- 0 A 1.00

ance S;j in rotated coordinate sys-

tem at angle 6 (positive counter-
clockwise) to reference coordinates

2 Input applied stresses in reference a'l B o'l
coord. system. If unit stresses, such - R/S g
as [1,0,0], are entered, the resulting 2 2
S values are the allowable strengths. 0'6 R/S o,
*
3 Calculate corresponding strains in -- C S
reference and material coord. sys- : -- (o, s”
tems and calculate strength ratios S & S,
(defined as the ratios by which the
applied loading must be multiplied
to reach the failure surface).
Alternative A
2A Input applied strains in reference e'l STO 10 G'l
coord. system ! STO 11 &l
2 2
1 1
€ STO 12 €
3A Calculate strains in material coord. -- D s
system, and calculate strength-strain -- c' S
ratios S and S".
Alternative B
2B Input strains in material coords. € STO 07 €
(Step 0 needed, but Step 1 not needed) €, STO 08 €
€ STO 09 €
3B Calculate strength ratios S & S. -- E S
o c s-

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,

10




Tape* __ 2

Title OFF-AX|S PRQP ES

KEYS STORAGE MEMORIES
A 0] 6 20 40 46
. { @ 21 4) n
A E = 22 42 1.
i 23 43 o
o 4 24 a4 n_
4 5 25 45 R2q
B' 6 26 <l 46
AR 57 o, a7
¢ 5 28 q 48
g . 29 q 49
¢ S 30 9 50
; I e 31 Qe ol
D 12 o 32 q 52 ...s
Eoi e 3 s 53 .5
D 14 38 s, 54 o
15 35 "2 55 Gay
E 16 36 g 56 G2
oy 17 37 Sl 57 Geo
E' 18 38 526 58 G,
19 39 2 59 o,

n




Tape #2  Off-Axis 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 #2

TRANSFORMATION OF MODULUS COMPONENTS

ha La Riq R
Q'll 1 1 cos28 cos46
Q'Zz 1 1 -cos26 cos46
Q'12 1 -1 -cos46
] -
Q66 1 cos48
1
’ o :
Ql6 2-5 in26 sin46
1
' o s
QZ6 2stG sin4@
' — g o
Q3 = 9y~ Fig
(IO {5
Moy Mg a8,

P T TLRTg a1 =0




TAPE #2

STRENGTH RATIOS FOR UNIDIRECTIONAL COMPOSITES

€ € .
Define §/s —nllowed _ 'a €, T Fgllufre
®imposed b urface
€20
Proportional loading is assumed; i.e. €,
i
e € €
e T N SCRPR |
1 €2 “6i €5 lo 5

Since linearly elastic behavior up to failure is also assumed,

g L E - _callowed
- c’imposed

Failure occurs when e, = e , the failure criterion is
imposed allowed
satisfied:
G.ee +G e =
ij 1 7j ii
Then strength ratio S = 1,
e, is less thane " S>1. The failure criterion is also
imposed allowed
satisfied:
G.. €, e, S2 +G.e. S = 1
i 13 ii

where strains in this equation are e, .
imposed

For a given state of imposed strains, we can solve for the quadratic equa-

tion for S; the other real root is the strength ratioS which corresponds to

that when all the imposed strains change signs. If original e, were all

positive, the S™is the strength ratidfor opposite strains, or - €.

16
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TAPE *3

IN-PLANE STIFFNESS
OF SYMMETRIC LAMINATES

PLY DATA l;

: e;
1<i<4 I
8i . ni Eq. 177-183 ///// > |
: \ |'
nVia 2!
@ | rnl“'nz
Vil 8
62 9|7 :
Table 35
8i+y 1
Eq. 139

% h o oy Eng'g Const.

17




USER INSTRUCTIONS
TAPE #3: IN-PLANE STIFFNESS OF SYMMETRIC LAMINATES

STEP PROCEDURE ENTER PRESS DISPLAY
0 Enter ply data, L, -
1 Enter ply angle 5., and number of Ol A 61
plies at that angle, ni,izl, 4, and n) R/S 2n;
* * * *
calculate VIA'VZA'V3A and V4A b, B 6,
for each ply and sum them, and n, R/S 2(n; +n,)
calculate n . Since 1<i<4, values 63 c 63
for nonexisting plies need not be n, R/S 2(n, +n, +n3)
entered, i.e. for a [0/90] laminate, 8, D 94
i=3 and 4 can be skipped. n, R/S n
: 2 Calculate V., h, Aij/h. and aijh. -- E 1.00
’ 3 Calculate engineering constants -- E! E(l)
< o
R/S E.2
o, o
R/S v,
it o
R/S G12
Alternative A
1A Rotate entire laminate by S v A 2nl
n, remain the same -- B! 2( n, + nz)
e L §
C 2 (rxl +n2 +n3)
o= Y n
2A Calculate transformed Ai.l/h and aijh' a= E 1.00
)
3A Calculate engineering constants -= E! E‘l’
-- etc.

The number of plies n, of each ply orientation are those in the upper
half of the laminate, The total number for each orientation is 2n,.
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,

-

**  This is equivalent to rotating the reference coordinates in the clockwise

or negative direction,




Tope'__3__ Title _IN-PLANE STIFFNESS OF SYMMETRIC LAMINATES
KEYS STORAGE MEMORIES
A o.n 0 y 20 o 40 %
| 21 4| h
A 2 22 4z o
ftnm,
3 23 43 e
B o 4 24 44 R
5 25 45 R0
B' 6 26 n 46 /2
52+ y,nz
7 27 Q,.4,,/h 47 L2
C o 8 €8 9,..4,. /s 48 v
3ha
9 2B Ruptpihioag g
L 10 30 Qerhe /D 50 v,
-"3+ Y, n,
| 31 Are /h 51
D 12 32 Ay/n |52
4 "4
13 0, 33 a“h 29
D' 14 By 34 3 54
(14+ Y ﬂ4 - .
I 35 12 55
n an n
E afhegp 18 36 6 56
17 S s SF
E. Engineering |8 "3 38 ath 58
Constants
19 4 39 8 4 Jal 59

19
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TAPE *4

IN-PLANE NON MECHANICAL STRAINS
OF SYMMETRIC LAMINATES

®

AT

Eq. 326 & 327
PLY DATA |

c

-

€L, €r
VT,V; Eq. 336
N/ h
Okh Table 33
N
€
B Yere J
O @ Table 15
8;
4
N
€j (95)-ej
p. 29 011
Eq.
I<i<4 .
' SIS
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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.* -- --
1 Enter AT, and c and calculate eN AT E AT
J
c R/S 1.00
Kok N
2 Calculate nonmechanical strains and -- A Sl
the strength ratios 5i for each layer,
i=1-4.
The strengths are based on the combination -- B S?
of environmentally induced strains N
from both temperature and moisture, - C S3
N
o D S4

* 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,

(o)
UNCURED
PLIES
0000
.-— q —
(b)
FREE —— & ———f
EXPANSION
00006000000
& —
(c) N
LAMINATE - N,
AS A UNT |© 00000000
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Tape* _4 Title 1! N__-PLAN_E___EA_NN ONMECHA._Nk%’é%SlRALNS_QLSXMMEIRE.
KEYS STORAGE MEMORIES
A e 0 20 . 40 Al
| s 2l 2o 41
A 2 & 22 o 42 s
3 Q, 23 oy 43 20
B o 4 N/ - B 44 oA
5 N/n 25 45 R,
B’ 6 N6N/h 26 h 46 n
7o may-e g7 gM 47  vr,
c s 8 < @)-e 28 ;N 48 vV, AT
9 e p(e,) 29 -y 49 Vi
c 7 R 30 s, 50  Viy e
i e gt s 51
D & 2. 32 s 52 e
13 o 33 an 53 er
D' 14 n, 34 a,, b 54 G,
15 . 35 ., 55 e
E 6 36 2D 56 Gy
AT, c
17 o, 37 A, b 57 Gee
E' 18 n, 38 3, b 58 G,
19 0, 39 5, 1a... s;N 59 G,
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TAPE #4

STRENGTH RATIOS FOR NONMECHANICAL STRAINS OF LAMINATES

N

e
Define SN - allowed

eimpos ed

The strains that must satisfy the failure criterion are

eN -e
1 L
N N N
. =|e, - ei = gz - eT
8 allowed z all. 5
36 allowed
N . s
where ei = nonmechanical strains
o ® {eL v e 0 } = longitudinal, and transverse strains

induced by temperature and moisture.
Final failure criterion

N N N
Gij(ei -ei)(ej -ej)+G,l(ei -ei) = 1

In terms of strength ratio sN and imposed strain (nonmechanical):

NN . NN . N _ -
Gij $ie; - e)s (ej ej) +G sNe " -e) = 1
Expand this equation and solve for SN: Eg 620 gﬁ'RLFl-JARCEE
a(SN)2+bsN+c=o GNf f
2a
The two roots are SN and S~ N. GN
2i
!
€L € €2a

29




TAPE *5
IN-PLANE STRENGTH OF SYMMETRIC LAMINATES

®

Ni/ h
[

@Table 33 4.1
®-®) 3

CE;}Table 15 A.l

N
ej (6;)-ej

Table lf:l

EjM(ei)
p. 37 or
Eq. 342 l

SR

31




USER INSTRUCTIONS
TAPE #5: IN-PLANE STRENGTH OF SYMMETRIC LAMINATES

STEP PROCEDURE ENTER PRESS DISPLAY

0 Results from Tape #3, ¢~ #3 and -- -
#4 must be in storage*

1 Enter N, components and calculate N, /h E N, /h

eM. Unit stresses such as [1,0,0] NZ/h R/S Nz/h
can be entered here. The resulting

S values are the allowables. Né/h R/S S =g
2 Calculate strength ratios S, & S'i' for -- A Si\j
each layer, i=1-4. These strengths I B SZ
are based on the ratios of mechanical M
4 z -- C S
strains; not the total strains. i/[
S D S4

*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

: L T
need not be rur for making AT=c=0.

r—%—‘i*——ﬁ—‘

e & ——le— & —
00006000006 | 6C

ol

00 0060000O0C| OOGO /

32

L NS S

Ty Ty

¥




Tape* 5 Title IN-PLANE STRENGTH OF SYMMFTRIC L AMINATES

KEYS STORAGE MEMORIES
i 0 20 40 :
: I N, /h 2l 290, 4| ,
A 2 Ny/m 22 42 - :‘?
3 N 23 43 M
B o 4 24 44 sM
5 25 45 sM
B' 6 26 46
7 27 <) a7 = ="
¥ 8 o 28 <0 48 5
S 29 <l g5 - o
g .y 30 . MNsj-s, 50 M
S SF° Fae, 5T
I 2. 32 e (9) 52 e
13 o, 33 ayn 53 e
D' 14 34 a,,n 54 a4,
IS5 o, 35 a,h 55 Ga2
E i 16 36 56 &,
pBNE N | RS 37 26 57 Gy
E' 18 38 ayh 58 ¢
19 o, 39 59 o
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Tape #5 In-Plane Strength
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Tape #5 In-Plane Strength/Sample Problems
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STRENGTH RATIOS FOR MECHANICAL STRAINS OF LAMINATES

M

e
Define SM = ____:;lowed

eimpoa ed

The strains that must satisfy the failure criterion are:

] ] :
e, = ei + e, - e
. allowed allowed

& - e

= e

eM e
1 1
M N

ez +e2 T
M N

& +e6

Final failure criterion

G,,(e?v1 + e}\l - e.)(e%"i + el.\I -e,)+ G.(e?vI + e?\’ -e) = 1
ij’ ia i i ja J j 1 ia i i

In terms of safety factor SM, and eM
imposed

MeM + eN - e.)(SMel.VI + e%\I - e,)
i i 1 J J

G, .(S 3

i3

M M N
+Gi(S ei +ei -ei) =]

2a

M
Expand this equation and solve for S : M

ais2pesMac=0 M

M
The two roots are S and S~ M.. N

FAILURE
SURFACE

-+ €q

37
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TAPE #6
FLEXURAL RIGIDITY OF SYMMETRIC SANDWICH PLATES

@@ 1<i<4 y 8;

ai,ni Eq. 240 et al =
¥*
Vip
Eq. 244
® W=
b E—FIFACING
Vip £ 2, CORE
;)
Table 44
!
IZDij/ h3
Eq. 139
dij Eq. 226 E lf

Eq. 227
q Ezf




USER INSTRUCTIONS
TAPE #6: FLEXURAL RIGIDITY OF SYMMETRIC SANDWICH PLATES

STEP PROCEDURE ENTER PRESS DISPLAY

0 Results from Tapes #4 for in-plane non-  -- ~ e
mechanical strains e’ shall be in place.
)

Tape #6 can be used by manually in-
putting (ei,n’i'), instead of Tapy #3.

1 Enter core half thickness z_and z, A 0.00
initialize z ;
2 Ply angle Qz*and position z -- A 2 z,
; * * *
for computation of le' VZD' V3D' -- B 2 z,
and V4’.]‘D are initialized. The thickness -- C 2 Zy
of the laminate up to that point is displayed;- D 224
3 Calculate V. , 12D, /h°> and d_.. e E 1.00
iD’ ij ij .
4 Calculate engineering constants B! Ei
f
1
C E2

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

*% 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.




FLEXURAL RIGIDITY OF SYMMETRIC SANDWICH

Tape* _ 6 Title PLATES
KEYS STORAGE MEMORIES
A 0 20 "y%c3 |40
° | 21 = Bt
(R 22 v _ g2 .,
P 23 v, a3 o
B 4 26 v _ a4 &
"2 5 5 Y 45 Ry
8 6 26 a6 1-(c)’
7 27 1zp |47
C 8 28 12p,,/»° |48
E 9 29 12D,/n’ 49 20,
¢ o GlE e 30 120/n (50 -,
TOR 31 12D /n°  [§] /2 w32
D g« 39 nDo,/m {5 e
j T [ u a4 .
D 14 ey 34 4 54 O
15 6, 35 42 55 Y22
E 6 s 36 4 56 S
i i 1| T 37 4, 57 S
E' I8 oty (38 4 58 G,
19 o 39 Iol 59 G
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Tape #6  Flexural Rigidity
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Tape #6 Flexural Rigidity / Sample Problems
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TAPE *7

FLEXURAL STRENGTH OF SYMMETRIC SANDWICH PLATES

Table 43 :

®

My

djk

I<i<q4

Eq. 216 Lie .,
8 ; Z
Z él(z)
P

6}‘(2)

Table 15 N

N
€] (e.i)"ej

Table lSl

ej"(@,)

p. 37 or
Eq. 342

ST
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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 -- e =S
storage
1 Enter Moments Mkand calculate Ml E Ml
curvature kj. Mz R/S Mz
M R/S 1.00
6
M
2 Calculate ply strains and the strength -- A sl
ratios at the outer face of each ply. M
These strength-strain ratios are based -- B S,
onmechanical strains, not the total M
strains. -- C S3
M
s D S4




Tope* _7__ Title FLEXURAL STRENGTH OF SYMMETRIC SANDW|CH PLATES

KEYS STORAGE MEMORIES

A M 0 20 24 40 7z b.b/2as

| M, 21 2¢ 4| h,

A 2 M, 22 42 "y

3 M, 23 43 5"

R 4 K, 24 44 5

k. 5 & 25 45 5y

B' g 26 M, |46, (Zey

S e T 27 4wy 47 s

c o 8 o 28 <y 48 &

9 o 29 <oy 49 53

c 10 N L e - M
N G;_N 31 e?_N(e g 5]  h/2.n’n2

D R 12 e 32 o) 52 e

| 13 8, 33 d, 53 e

| D 4 s o m o

15 0, 35 b 55 Sy,

E ™y 16 2, 36 dge 56 Gis

17 0, 37 4 57 B

E' 18 25 38 dpq 58 G,

19 0, 39 o va,1/3,V/,§; 59 G,
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Tape #7 Flexural Strength
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Tape #7 Flexural Strength / Sample Problems
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