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TAP E # 1
PROPERTIES OF UNIDIRECTIONAL COMPOSITES

T300/5208 Eng’g Const.

Eq. 12 ...( SI— Eng
p. 8 or
Eq. 99 C

[__
Inva

~
j9nts

_1 
Eng -~~~~ SI

Eq. 304-

~O6

F1~ H S I—
~

kgf
1

p . 7 o r
Eq. 313

_ _ _ _ _  1 kgf —” SI__j
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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 constant s EL. ET, VLT, -_ A’ 1.00

GLT.X L.
X
~~t

X
T.

X
TtXLT. ~~~~~~

and h in SI units .

Calculate Q..; invariants I , L. 1.00
1) 1Q LQ

and R 2Q ; 8tress failure tensors

F. and F..; strain failure tensors G .
1 1) 1

and G,. . (See pp. 7 & 8 for  definitions.)
13

2 Convert from SI to Eng lish (ib , in , F) -- B 1.00
units .

3 Convert from Eng lish to SI units. - -  C 1.00

4 Convert from SI to kg f (k gf , mm , C) units. -- D 1.00

S Convert f rom kgf to SI units -- E 1.00

Alternatives

IA To ini tialize other values of EL~ 
E

L 
STO 18 E L

h , the values may be stored

directly in the data registers.  ‘

ZA Calculate Q ., I . , R . , F,, F.., etc. -- A 1.00
iJ t Q  iQ i i3

Then Steps 2-5 can be performed as appropriate.
In pa r ticula r , one can initialize in eng . units and
convert to SI by using Step 3.

*A dimensionless F~ ’
2 = F12 /~ [F

11 F22 
- 0 . 5  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.

2
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Tape 1 TItle PROPERTI ES OF UNID IRECTIO NAL COMPOS ITES
_ _ _ _ _ _ _ _  (130015208)

KEYS STORAGE MEMORIES .

A Inj tj a lj z e(a f t e r  0 20 V
LT 40

entering Eng ’~
Constants! I 2 I GLT ~ I h

A’ In i t i a l i z e  2 22 42 11Q
T300/520 8 T

(SI) 3 23 aT 43 12Q

B 4 24 44
SI >Englis

(Pa) (psi) 5 25 45 R 20

B’ 6 26 46 F
11

7 27 47 F 1

C Eng~~~~~ 
8 28 48 F

22
(psi)  ( Pa)

9 29 49 F2

C’ 10 30 5OF~ z =F 1z /v”F
11

F2z

II 31 51 F 12

D 12 32 52
SI —~ P k gf ~

(Pa) (kgf/rr -i r-r X L 33 53

D’ )4 x~~ ~~~~~

(5 X T 35 55 C22

E 16 36 56 C 12
k gf —> 51 T 

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

(kg f/rn m
2

) (Pa)  17 X
LT 37 57 C66

E’ 18 E
L 38 58 C

1

19 E
T 39 m 59 C2

3
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TAPE # 1

TENSOR POLYNOMIAL FAILURE CRITERION IN STRAIN SPACE

Find: G ..e.~ . + G.e. = 1
1 3 1 3  1 1

From: F..aia. + F1a. = 1

and 0’. =
1 13 )

we have G •~ = Q. Q. Fik ji KR

G , = Q. F
1 liC k

For orthotropic materials: Q
16 = Q

26 0

C
11 = F 11

Q~ 1 + 2F 12
Q

11
Q

21 + F22
Q~ 2

G
22 = F 11

Q~ 2 + 2 F 12
Q

12
Q

22 + F 22
Q~ 2

2 / Q 6
’\

2

G
66 = = 

~~

C
12 = F11

Q
11

Q
12 + F 12(Q 11

Q
221 + Q ~ 2) + F 22

Q
21

Q
22

C
16 

= G 26 = 0

= F 1
Q

11 + F2
Q

21

G
2 = F 1

Q
12 + F2

Q
22

G
6 = o
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TAPE #1

DEFINITIONS OF INVARIANTS OF ELASTIC MODULUS

11Q = 4(Q11
+Q 22~~

2Q
12

) (U
1

4 -U 4) /  2

12Q = j .(Q 11 +Q 22
_ 2Q12 +4Q66

) = U 5 = (U~~— U
4

) /2

R 1Q = U 2

R 2Q = U 3
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TAPE ~ 2
OFF-AXIS PROPERTIES OF UNIDIRECTIONAL COMPOSITES

QII

~~~~~~~~~~~~~~ab1e 2 
Q
~
j W ) 1 /‘1~~~

Eq. 139

e)

E ( O)

_1

Tab le 14

~ (-6 )

p~ 16 or
Eq. 312

- 

0allowed Eallowed
imposed imposed

0allowed 
________

- 0imposed _ E
impOsed
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USER INSTRUCTIONS

TAPE #2: OFF-AXIS PROPERTIES OF UN IDIRECTIONA L COMPOSITES

STEP PROCEDURE ENTER PRESS DISPLAY
0 Ply da ta m ust be in s torage

I Calculate modulus Q!. and com pli- 0 A 1.0 0
ance S!. in rotated coord inate  sys-

tem at angle  0 (pos i t ive  counter-
clockwise) to r e f e r e nc e  coord ina te s

2 Input app lied s t r e s s e s  in r e f e r e n c e  B
coord.  system. If unit s t resses, such 

R / Sas [1 , 0 , 0] ,  a re  entered , the resul t ing 2 2
S values are the allowable s t rengths .  O~ RIS ar~

*
3 Calculate co r respond ing  s t r a ins  in - - C S

re fe rence  and material  coord. sys- - - C’ S~tems and calculate s t rength  ratios S & S .
(de f ined  as the ratios by which the
app lied loading mus t  be m u l t i p lied
to reach the f ai l u r e  s u r f a c e ) .

A l t e rna tive  A

2A Input applied s t ra ins  In r e f e r e n c e  € ‘
~ 

STO 10
coord. sys tem

STO 11

STO 12

3A Calculate st ra ins  in ma te r i al  coord. - - D S
system , and calculate  strength-strain - -  C’ S -

ratios S and S .

Al terna t ive  B

2B Input s t r a in s  in ma te ri a l  coords . €
1 STO 07

(Step 0 needed , but Step 1 not needed) STO 08

STO 09

3B Calculate strength ratios S & S .  - - E S

--  C’ S

* Steps 0, 1 and 2 must be executed at least onc e before Step 3~
If only the angle in Step 1 is changed while the s t ress  remains the same

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

constant , Step I can be omitted.

10 
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Tope _ 2 TItle OFF-AXI S PROPERTIES OF UNIDIRECTIONA l COMPOSITES

KEYS STO RAGE MEMORIES

A 0 8 20 40 40

I 21 4 1 h

A’ 2 22 42

3 23 
~20

B 4 24 44 1k
_ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _  

1Q
o

5 25 45

B’ 6 26 f Q I  46

7 € 1 27 47

C 8 € 28 o’ 48
S —_________

9 e6 29 49

C’ 10 30 50
S

II e~ ~~i6 51

D 12 32 52
S from €~

13

D’ 14 34 s~2 54 C
11

15 35 S~ 2 55 G22

E 16 36 s~6 56
S from e.

(7 37 S~ 6 57 G~~

(8 38 S~ 6 58

19 39 28 59 G2

1’l

___________

I ,;
F

____________ ‘ - 1
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T~ e #2 Off-Axis Properties
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Tape #2 Oft-Ax Is Properties
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Tape #2 Off-Axis Properties/Sample Problems
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TAPE #2

rRA NSFORMATION OF MODULUS COM PONENTS

1
1Q 

1
2Q 

R
1Q 

R
2Q

1 1 coe29 cos4ø

1 1 -cos2ø cos49

1 -1 -cos49

1 -cos4Q

IQ1
6 ~sin29 sin4e

~sin28 -sin4e

= - 2R
1Q

COS 2 B

= - 2R~ 0
sin49
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TAPE #2

STRENGTH RATIOS FOR UNIDIRECTIONAL COMPOSITES

Pr~~~~~~on~~ 1o;dmg~~~ a:s~~~e d i e  

~ _ _ _ _

Since linearly elastic behavior up to failu re is also assumed ,
€ a

- 
a 

- 
allowed

ei ~imposed

Failure occurs when e. = e , the fai lure cr i ter ion isimposed allowed
satisfied:

0.. e. e~ -j - G ,~~ . = 1
1J 1 3 1 1

Then stren gth ratio S = I

If e. is less than € , S >1. The failure criterion is alsoimposed allowed
satisfied:

G.. € . e . S2 
+ G . e. S = 1

13 1 3 1 1

where strains in this equation are e.imposed

For a given state of imposed strains , we can solve for the quadrati c equa-
tion for S; the other real root is the strength ratio S which corresponds to
that when all the imposed strains change signs. [f original e~ were all
positive, the S 1e  the strength ratidor opposite strains , or - e..
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TAPE 3

IN-PLANE STIFFNESS
OF SYMMETRIC LAMINATES

• • 

• 

PLY DATA 

,
,,<

~~ 

Ii

~~~~~~~~~~~~~~~~~ Eq 177T 183 
_ _ _ _

[ f lV~
n

(Th
_____  ______  

1 ~~~~~

v i~~~~~~~~

- 
I_ ni l

Table 35

Lei+I
~~ 

_ __ _

A~/h 
1

Eq. 139

_ _ _ _  

©
_ _ _

o~ h 1{Englg Canst.
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USER INSTRUCTIONS

TAPE s3~ IN -PL AN E  STIFFNESS OF SYMMETRIC LAMINATES

STEP PROCEDURE ENTER PRESS DISPLAY
0 Enter  pl y da ta . - -

I Enter ply angle 0 ., and number  of A
plies at that ang le , n ., i = 1 . 4 , and n 1 R /S  Z n 1
calc ulate V

1
’~~. V~~~. V~

’
A and V:A ~‘2 B

for  each ply and sum them , and n 2 R/S  ~~n 1 +

calcula te  n . Sinc e l ’1i(4 , values  0
3 C 0

3
for  nonexi s tin ~ plies need n~ t be n

3 R/ S  2( n
1 +n 2 +n

3
)

entered , i . e.  for  a [0/90 ’
~ laminate . 0

4 0 0
4

1=3 and 4 can be ski pped. n
4 R/S  n

2 Calcu la t e  
~~LA ’ h , A . / h , and a . . h . - -  E 1.00

3 C a l c u l a t e  e n g i n e e r i n g  c o n s t a n t s  - - E’

-- R/ S  E~
- -  R/ S

- - R / S  G~~2

A lternat ive A

l . A R o t a t e  e n t i r e  l amina te  b y y: ~~ y A ’  Z n
1

n . r ema in  the sa m e -- B’ 2( n
~ 

+

--  C’ 2 ( n 1 +n 2 +n 3 )

-- D’ n

2A Calculate t r a n s f o r m e d  A . Jh  and a . .h. - -  E 1.0013 
~

3A Calculate  eng inee r i ng  constants - - F

-- etc.

* Fhe number  of plies n . of each ply orientation are those in the upper

half of the laminate . The total number for  each orientat ion is Zn 1.

The thickness  h in Reg ister 26 is the total thickness of the laminate;

the number  in Reg i s t e r  46 is one half of the total ply number . For

sym m e t r ic  laminates , only the f rac t ion  of each or ienta t ion r a t he r  than

the absolute number  of plies is important .

** This is equivalent to rotat ing the reference coordinates in the clockwise

or negative d i r e c t i o n
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Ta pe’ 3 Ti t le I N P L A N E  STIFFNESS OF SYMMETR IC LAM I NATES

KEYS STO RAGE MEMORIES

A 0
1~ 

n
1 0 v 20 fl

4 40

2 1 4 1 h

A’ 2 22 42
+ y, n 1

3 23 43 I
~ Q

B 4 24 44 R
2 ’ n

2 __________________ 
1Q

5 25 45 R
20

B’ 6 26 h 46 n/Z

~~~ ~‘‘ ‘~2
7 27 Q

11
, A

11/h 47 V~~~

C 0
3~ n

3 
8 28 022 . A 22

1}I 48 V
~~A

9 29 Q 12, A
12 /h 49 V~~~

C’ 10 30 Q66 , A
66 /h 50

n

i i  3 1 A 16 /h 51

D 12 32 A 26 /h 52
0 4~ fl

4 —________________ ____________________ -

13 0 1 33 a
11

h 53

D’ 14 n
l 

a
22

h

8 4 +~~~ fl
4 

-

1 5 35 a 12
h 55

E 16 n
~ 36 a

66
h 56

.A .j h , a ., h 
____________________ ____________________ ____________________

lJ 13

_ _ _ _ _ _ _ _ _  

L7 
0 3 37 a

16
h 57

E’ Eng ineer ing 18 38 a
26 

h 
58

Constants
19 0 4 39 e~~~~, 

IA I  59

19
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T~ e #3 in-Plane Stiffness
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T4e #3 In-Plane Stiffness
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T~~e #3 I n-Plane Stiffness/Sample Problems
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TAPE 4
IN-PLANE NON MECHANICAL STRAINS

OF SYMMETRIC LAMINATES
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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 ATEnter AT , and c and calculate e,

c R/S 1.00

** N2 Calculate nonmechanical s t ra ins  and - - A S
N 1

the strength ratios S1 for each layer ,
i = 1 — 4.
The strengths are  based on the combination - - B S~~
of environmental ly induced s t ra ins  

Nfrom both temperature  and moisture.  - - C S
3

- - D S~~
* Data in Reg i s t e r s  47 and 49 are needed for  this Tape.

** This step is not necessa ry  for the st rength  calculations in subsequent tapes.

In fact , only side 1 of this tape (p rogram steps 000 - 166) need to be ente red .

The nonrnechanical s t rength  ratio indicates the temperature and/or moisture

level that would induce ply fa i lures .

(0)
(INCURED

PLIES

HH
(bi 

_ _ _ _  _ _ _ _FREE e~.EXPANSION I .. .. ..... ...I

(ci 
__________________________ 

________ 

N
LAMINATE

AS A UMT • • • • • • • • •
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Tape 4 TItle IN-PLANE NONMECHANICAL SJRAINS OF SYMMETRIC
____________  LAMI WAlES

KEYS STORAGE MEMORIES
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TAPE #4

STRENGTH RATIOS FOR NON MECHANICAL STRAINS OF LAMINATES

N allowedDefine S =

ed

The strains that must satisfy the failure criterion are
N

r -‘ 
C l

_ e
L

I N  I N
=~~~~ — e  = € - e

lJ aUowed [ i tj a ii. 2 T

allowed

where e~ = non mechanical strains

e. = { e~ eT 0 = longitudinal , and transverse strains
1 induced by temperature and moisture.

Final failure criterion

G..(€ ~ - e .)(e ~ - e.) + G,(e~ - e .) = 1
1 ) 1  1 J 3 i i  1

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

G $N (~N 
- e1) s

N (€ N 
- e .) + G . - e~) = 1

N FAILUREExpand this equation and solve for S : E~ E2a . .~~~~SURFACE

N 2  Na ( S  ) + b S  + a 0  EN

The two roots are and S N

eL E~ 1 E~ 0
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TAPE 5
IN-PLANE STRENGTH OF SYMMETRIC LAMINATES

Nk/h 
1

33 
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Table 15
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USER INSTRUCTIONS

TAPE ~5: IN-PLANE STRENGTH OF SYMMETRIC LAMINATES

STEP PROCEDURE ENTER PRESS DISPLAY

0 Resu l t s  f rom Tape #3 . ~~ #3 and -_
#4 must be in storage *

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

Unit s t resses  such as [1 ,0 , 0] N 2 1h R / S  N2 /h
c~an be entered here .  The resul t ing  N /h R / s  1 00
S values are the allowables. 6

2 Calculate strength ratios S . & S f o r  -- A

each layer , 1 1 4 .  These strengths -- B S~~
are based on the ratios of mechanical  

- - sM
strains; not the total s t ra ins .

- - D S
4

*Tape #5 can be used following Tape #3 if nonrnechan ical  ‘~~ ains  a re  neg lected .
Ply data tape used in Step 0 of Tape #3 au toma t i ca l l y make  e 1 e T 0. Tape 414

need not be run for making ~T= c C 0 .

I .....~

1— _ _  

3

e~ — 4.— Er ---.4

I 

o . o . . o o o o ~~J • c ,

______  
I

•..••~~~
..,!j • •.j
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Tape . i  Title iN-PLANE STRENGT H OF SYMMETRIC LAMINATFS

K EYS STORAGE MEMORIES

A s~~ 
0 20 40

1 
N

i
/h 21 2 O ~ 4 1

A’ 2 N2 /h 22 42

3 ~6 /h 23 43

B 4 24 44
__________________ __________________ 

3
2

5 25 45

B’ 6 26 46

7 ~~~~~ 27 e
~~~~~ .) 47

C 8 ~~~ 28 e~~(O . )  48

9 e~ 29 €
~~~~ ( . - .) 49 S~~~

C’ 10 30 e
~~

(
~~

.)
~~

eL 50 s~~ 
—

II 31 e
~~

( 3 . ) _ e
T 

51

D 12 32 e~~( 0 . )  52 eL

13 0 1 33 a
11h 53 e

T

D’ 14 34 a
22 h ‘~l 1

5 O
~ 35 a

12h 55 G22

E 
M 

16 36 a66 h 56
N / h , e ,k j  

~ 37 a 16h 57 C66

E’ 18 38 a26 h 58 C1

19 0 4 39 C
2
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1175 ‘l 1-E l i ’-~ . 4 7  P1741 5 3 - 5 -  5 1  51‘IT,- , 35 1 - 7-: 15: 39 331 - 41 ‘3 fl41711 43 110 157 :3-C, + 2 3 - 7‘172 4 ’  47 153: 4 3  p1~~ 332 02 2117-3 4 7  FIL 159 12 12 2 -3-7 ‘345- =
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T~e #5 In-Plane Strength

344 ’ 42 I-Tn 133 4 1 I’lL 4 ’ ’ ,~ 3 - 3 32
3 4 1  37 27 321 27 37 41:1 1 3 - 3
1 4 1  T5  3-22 65 ~ 4141 75
2 4 4  4

~~ ~~1 323  4 1  F-Il L 44 i 3 4 7  PC I
144 1:17 17 134 1:11 .30 41 14 53-:

24 5 75 -  1:25 35 + 4 1,5. 1-5 x
24 1 4~ F - c L  321- 4:: P c L  4~~6 4 1- 1 3 4 .
:41’ 11:3 03 127 54- 51- 4111 .31’ 3-li 

-3-5 • 13 :7 ~.5- X 4 3 -3:  75 —

.4 3 2 ?  51 4 11-S 4 7  I lL  
-41 3 - T O  3:313 4 7  F’C:L 1111 5 9  5’?

41 3:3- 111 27  27 4 1 1  :34- -~
353 4:: 141 312 ~~~ X 4 1 3  4 1  I lL
253 ‘1 ’? ‘3 - 34 12 .1: 4 1  F-I:L 4 1 3  31 l j

1:4 3 - 1  3 1  4 14  -34 5 =

255 -41 1-I L 3- 15 :3-5 * 415 5-5- —

35~ 
- 31  41:1 4 1 F- IL 41 1- 4 3  F’IL

401- 3:3 7 2:3- .1:1: 4 1 7  1- 3-
35 1- ‘5- - 7:1:2 45 17 4 15: :1 5. +

35- -? 4: 141. 13-7 4 1- IlL 4 :3- 4 3  I l L
211: 40 41 340 -10 ~a ’:- 4 1 41-
b~~1 1- 34- x 341  54 4 3 :  11- ,~’342 C’S 2 1:43 :3-5 4 3 :  -34 5 —

11- 3- 15 143 41: I’lL 433 14 1::
31.4 4 4  F- I L  144 55 55 434 43 ‘3-TO
It- S 31  4 .1  :45 45 - - 435 7-3 ‘33 -
31- 1 1--I -1- 1 11 34 1- 4 3  RC ’L 43~ 75 -3 = 1:47 3:3- 3- 11-. 431 4 3 1 ’ L
21- -I- 42 ‘1- TO 14:3- 345 x 435 4:’I 45:

4 3 -  .4’? 3-1-7 4 3  F- IL 42 ~5 =

(-I II 5 ’ ,’ 3- 151’ 11 -3 1 4:-::: 42 510
241 15 151 :3-5 - 4 1 j  41, 40

-~ 
~~~~~ C 4 F I L  4 ‘C

374 35- + .354 1,5 X 4 3 4  :5 -

275 43 F - :~ 155 43 I lL  441- 4 3  P-I L

— ‘ 
C 4 C C 

—
21” 1-5 ~c 157 65 x 4~~’ 95 =

375. 4 3  1: 4. 41-5: 41: F i l L ~~r - 7  3-4 = —

2 7 ?  37 17 15? 1-3 ‘33 4 1 ?  93 ~ 7 i ,
33:1: 17 41 11-C’ -75 = 44:1’ cc ’ ci
3:4 1 :3-5 + 1:1,1 55 4 44: ‘il’ 0
— II .. 4 F L 44 . ‘‘3 ’ 44
— 

C 4 44  I I I  0
2:1:4 4 3 -  I lL  41.4 55 — 444 00 0
3:35 54 56 1:1.5, 03 3’ 4 4 5  00 0
3:71, 1-5 x It-I- ‘34 5 = 44 1- c”: 0
34:7 41 IlL 717 42’ -3 - T O 4 4 7  00 0
3 9 37 3- 7 11.5: 41: 4 1:1 44 :1’ 10 CI
3:3 - 3  3-5 x 1:1.-S C i i  1 44 34 00 0
3- 34 : : 4 1: PIt 371 75 - 45 --~:~ ‘30 0
391 2:3 2:1: :37 1 41: F- CL 45- 1 031 Ii
33 3  :35 + 3- 72 54 54 453 00 i:
271: 4 IlL .373  t-5 x 45 .1: 01’ 0
294 55 55 3 - 7 4  4 :: PI l L 4 5- s  00 Ii
295 1-5 1 1717 11: .3-cl 45, 5- 00 0
291  4 1  F- c L 1:71, :1 :3- 451 03’ ‘33-3 , 3:3 177 75 - 45,7 00 0
— 

— IJ __ -* ‘- t I l l  I I

2 9 7  95 = 1:7-7 t-5 13- 45 ’? 00 0
301 42 - 1-TO 1:30 4 1- F:’:’ L 4 11- co
1:01 1-34 :33 1:3 1 51 51- -l ’r. 1 110 1’
3-1,3 4 1 -  I lL  .33-3 45 X 4 1-2 00 1’
1’:’:: 53- 53- : . 3 : 1 : 4 .:: F- I L 4 4 - ’ 00 II
104 4- 5- x 3:1:4 ‘:I C: 4~~-s  130 0

.3-05 4 :-  I lL  35:5 4-5 41- 5 00 0
:31,4 37  37 :381, 4 1 I’lL 41-t- 00 0
107 :3-5 + :3:3 7 3:1 :3- 1 4 t ’ 00 0
3- 05: 43  I lL  38::? 75 — 44. : 1311 ‘3C C 4 F ’ L  4 4 4 1 1  11
3 - i C ’  ‘45 x .191’ 55 55 473 0:, 0
3 1 1  4 1- I l L  39 1 t-5- ,, 4 7 1  C C ’ 0
313 -1: 2:34 372 -41- 141 473 CII ’
313  :3-5 + 17 3 -  1:1 1:1 4 7 : -  00
:314 02 2 3 - 7 4  ‘33 : 13 - -1 74 C l , ‘1
31 5 45 x 1:75 75 — 475  ‘3
3 - 16  5 3 - 1 741 4 ’: F’: . L 4T~ 3-C ’ 0
3 1 7  4 3  RC:L 3 :77  41’ 5- 7  4 7 7  OU 0
3j :3 54 5-4 1:9:1: t-5- 473 : CII ’
3 - 1 9  ~~5 x :7 9  4 3  PI L L 479  01’ ‘3
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Tape #5 I n-Plane Strength/Sample Problems

I
_

i . l

~~

l l  ,

~ 

~~ ci ,:, 1:11:1 ‘:‘. ci i:’ I:’. ‘:443 cii:
1 . 00 1 . ‘:‘o C’ 1 1 . 310 1 . 6131 C’ 1W%ç i:. 4434 31 . 340 113 ;. 03’ I:. ‘:‘‘:‘ ~~I I . 1 1 1 1  :‘~ 

i:, :, ,:l -
~: - : - _ 3 ,:, I

’
I~ I ::  3 - 7

7 . ,3 i 1 l 7 ,~,, .,3  ‘: 4- i : .  ‘:0 . 14 — I  I 1. 4 - 7 - 3 3j  C’’: :‘. i:’:’ 3-47 . 7~~f l 7 i l 7 3  Ill, 3- . i:’:’ uS- 1 1 1 .  ,- , -3 - -*3 I i:’’: 0. 00 C’S
i :. cu: o. c~c, I ’l l ,  i : . 00 -I 1 . i:,: :4

ll:’. 4 1 ’ 4 - 1 1 — 1 2  10. -3 .lt : 1 — 1 2  ,~j ” . - ‘- . ‘3- 1 -?35-5- - 13  :- 7 . -? : - 3 - 3 5 - s — 1 3 -  17
— 1— i l l  C _ 1 C  — 4 1 1 ’C _ 1 C  — ~~~~C ‘-‘‘- — 1  I I

II 1 1 1 1  I I I I  14 I II II LW I l - I
1, • 1:1 31 ii) -7 . ‘- 1 -41 :45 .5-09 3’. 3131 10

‘1 I I  II 11 44 1 1 ‘ 4 ’- 1 1 4  I III 1 1
_____________ 10 12 111 . I I I :  ‘:. I:’’:’ 12
1’ . L~~’ 1~ i:’:’ 11: 45 .  - 1- ’ :- 45. 00 13
1. 00 1. 00 14 1. 00 1. 00 14

- 7 : .  00 411. flU 15 ~45. 00 — 4 5 .  00 15
1. 3-’I 1. 01’ 14- 1. 3-lI _~~~. ‘:~~~~ 14-

3 : .  I _ I t -  4 :3-: . 06 17 ~-- :4. 1: - . 9: . II— . 17
I 2 ~~ 

‘I’S 131. 09 1:3 13 1. H’? 1:31. 0-? 1~1I ,- . .3 I I -? 13 . 3- 3--? 19 111 . 3  09 131 . 3 -  1:1 -7 17
— - — I l  I I  — I I  __ t l  . 1 1  i _ I I  — I I
1 21’i . 00 1:30. 00 21 —91 ’ . 3131 — 7 0 .  00 21

10. —09 1:,. —II 23 1’:’. — ‘ 3 - ’? i’s . — : - ~ 22
12.  5— , :~~, 12. 5— I l l -  33 13. 5 — 0 6  13. 5 — i ~’l- 3 7

ill. CI,:, I:’. 33 34 I:I~ 00 0. 1 1 I 1  34
: 1 1 7  I i  : 1 117 I I  41 p I l l  — L I  I l l  — I l ’’

5C:L, . 411’:’ 5 : 1, . — I I. 34, 5 :3. — C I I -  5,::,: . —ill, 36,
- 3 - 1 4 .  10417- 15 - 3 - is . 11-757-15  27 5. ‘ 3 5 - 1 7 5 1 5 — 1 3  5. 0517 5 15- 12  27
ill 4 ‘ l i l. i l l  4 1’ i~~~1C _ -

~ 
l l C 1 ’ C 1~~ .~41, C ,, C 1~~ C 1C ,1

l i i i  C , ~I I~’ 1. _ __ I l I l ”’ — i _ _
C I I :  1 ‘10 I I  1 C , , p -  H l i i i

— 1 .  ,3- 541 1 1 : : , 3 — l 3 - 3 ci . i:’’: 3- : i — i . 125 ‘1:1 3 0. i:’ :’ 3:1
Ci . 00 i:i . Illi :3 ‘15.5 726- -? 1 — , ’,-3 ‘:‘. cc ’  ‘-:3

i l l  4 4 1 : 1 1 — 1 .  i l l  4 1’:l l — i _  ~ h 1~~~’-’-’ 41 41 C C

1 13 . 4 1 7 6 1 1 — 1 2  13 . 4 :7 : - i 1 - 1 3  3-4 -~3 4 . 9 1 * 3 5 5 4 1 3  I .  9 1’?255 12 4-1
4 f l,~~~C~~~~_ j C  1’-. i I I c ”

~~~1C C 1C~~41..~~1~_ C •ic ’~~41 41 C

1 4 ’’ ’ ’ ’ i — l .  1 4 ” , , u i — 4 1  C 4 4 41 ~ i 4 4 —1...
I:. ,:n:’ ci . co 37 i:. 00 11~ I i , ~, 77
I 311 I I  I l l  I I  I I I  I

~ ~~~~ 
, j 1 C  ~ -4 I 1 1 I l ’~. I I — ’  -‘ 1 I I  “ l~ II: _ — I I

4 ’ i_ i .  Hp~ ‘ .4 C C  III- 4 1 1  1 C I 41 ._ H — . 1 7
125. —U S 125. —C ’ S 4 1 135- . —06 125- - . -41 4 1

~~ iI ~ 1 _ i i l  I:: 4 1 C I1 1~ I I
4 ” , 1,, 1~ l i p - II: 4 1 _ 1 1 1 -  41. 4

C 4 f l -4 C ‘ _4 1 1 4  44 ,., 4 I - I  ‘
~~~~~
‘ 4 

— 
44

1 ‘4114 Il-I ‘ H4 34 1 1 4  4C 1 ‘1L1 4 1 ‘3 1~ ‘‘ ‘ ‘ 4 1 ‘ i ~~ , C

2. 110 1. 110 44. 3’. 00 3. 3-C l 4:
1. .3 - 1 6 3 - 3 - 3 - 4  ‘39 1.1:7415: :  ‘3-3 - 47 4 1 - 3 . 7 3 4 1 1 ’ ?  0’: 14 34 : . ‘3-13,3 -9 0: 47

1:4’ I I ~ II- ’ 1 I i - ”  4 -‘ 1 ’ ’ ~ 3’: 14 _ l 4
I_ i . ci: ‘ i:u:i 4’? 3 - l i  I I I . I I I  4-S
5. —CI 3 : . i:’ s’: 5. —13 - 9: 1:. 00 5r3i

1 - I l  _ 4 41 
~ 

C 1  1 - l I 4 1 4 - l I  ,4 — 1  ‘- 1
— 1 . 5 — 3 - : .  I I I . 03’ 53 — 1 .  5 — 0 6  0. C I I I  52

1. 135— 1 , 3- : i : .  cu:I 53 1. 125—1 1 -3 ‘:‘ . 1lI’I 53
I C  1 1 : 4  4 1 1  1 i - i  -4 , ’  c’4 1 1 1 1 1 4  4 4 4  1 ‘H ’4  4 1 1  ‘-4

1 1  P. I I  C 
I l l  I I  C __~ 

C i l l  4 C 
~

‘ . , ,, C ,,
I I  i l l __ I l  I I I  I I  C

1- I l p — —
~~i I I ___ I l  I 1 I l ~~~~ II ‘- p.

1 11’ 4C I I  1 11’ 4 I I  ‘-‘ 1 i i ’  4. LI 1 1 11 4. LI
H (Ill H , , , ,  C’ “ I I  4,- ‘- I I I  : ‘  1p- 00 C’
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STRENGTH RATIOS FOR MECHANICAL STRAINS OF LAMINATES

M
€M allowedDefine S = 
M

Ci ed

The atrain8 that must satisf y the failure criterion are:

1 Ml Ne. I = e. j  + e . - e.1
~~allowed 1 allowed 1 1

i: + 1::.
= 

~2 +e Z e
T

M Ne
6 

+e 6

Final failure criterion

M N M N M N
G..( e . + e. - ej (e . + e . - e.) + Gie . + e . - e.) =

ij ia 1 1 j a j  j  i ia

M MIn terms of safety factor S , and e .imposed

M M  N M M  NG~ .(S e . + e . - e .)(S e . + e . - e .)
13 1 1 1 3 3 3

M M  N- f G ( S  e. + e . - e .) = 11 1 1 1 M .~.—FAILURE
E20 ~~ SURFACE

E xpand this equation and solve for S M
: M

a ( S M ) 2
+ b S

M
+ c 0  :::

The two roots are 5
M and S M 

N
eT 

- 

e L
_E

I
N E, ~ 

E M
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TAPE *6

FLEXURAL RIGIDITY OF SYMMETRIC SANDWIC H PLATES

0
/

.
1

1
• 

_

A9.� 4~~~ 
_ _ _ _ _

~~~~~~~~~ —‘ Eq. 240 et al

*V iD
Eq. 244

~ IFACING
Vj D 

~ z~j 1j 11~ 11fj CORE

Table 44

I2D1~/ 
h3

Eq. 139

d” 
Eq. 226 f

ij E 1

©
E q. 22 7 fE2
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USER INSTRUCTIONS
TAPE #6: FLEXURAL RIGIDITY OF SYMMETRIC SANDWICH PLATES

STEP PROCEDURE ENTER PRESS DISPLAY
0 Results from Tapes #N

4 for in- plane non- - - -- - -mechanical strains e~ shall be in place.
Tape #6 can be used by~ manually in-
putting ( 0 . , n~), instead of Tap1~ #3.

1 Enter core half thickness z and z A’ 0. 00cinitialize

2 Ply angle ~~*and position z~ - - A 2 z
1for computation of V

1~~, V~ 0, V 3
* , -- B 2 z 2

and are initialized. The thickness -- C 2 z
3

of the laminate up to that point is displayed;- D 2 z 4

3 Calculate V iD , IZD ../ h 3 and d .. . -- E 1.00

4 Calculate engtneering constants B’

C’ E~
* Consistent  with Tape #3 , n • refers to the plies of 8. in the upper half of the laminate.

** Ply orientations are starting from the mid plane , z=Q , 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 .

40 
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FLEXURAL RI Cl DITY OF SYMMETRIC SANDWICH
Tape 6 Title — PLATES

KEYS STORAGE MEMORIES

A 0 20 1I
4

. Z
4~~~~ 40

I 21 z c 4 1 h

A’ 2 22 V
1D 

42
c ’ I

3 23 VZD 43 
~2Q

B 4 24 V
3D 

44 R 10
0 2 5 25 V 4D 45

B’ 
E~ 

6 26 46

7 27 12 -D 11/h
3 47

C 8 28 12D
22/h 48

9 29 12D
12/h 49 28

~
1 

E~ 
10 30 12 D66/h

3 
50 z~ - ~~~

I I  31 12 D 16/h
3 

51 h /2 , h 3/ 12

D 12 32 12 D26/h
3 52 eL

04 13 0~ d
11 53 eT

fl 1, Z
1 

d22

15 0~ 35 d
12 55 C22

E 16 ~2’ ~2 36 d66 56 C12

12D 1./h
3 . d1. 17 03 37 d~~, 57 C66

18 fl
3

0 

~3 38 d26 58

19 04 39 IDI 59 G2 ‘.
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T~e #6 Flexural Rigidity

~~~- 
CICIC, 

~‘4 LEL 080 14 14 163’ Sf 1
1 ,., I?~~

1
~ ~~ “ : 161 ?5 =

1-TO 
,,

~1 1 1 3 -  4 162 44 1.4411
1 1 1 1  — 7j 

C = 1 —
CI CI4 95 + 133-4 42 5 - TO 164 4 3 -
005 4 ’ -: F C L  lJ:::5 54’ SC’ 165 49 49
3-Ill- 14 14 085 4 - 3- F:CL 166 94: 5- 114
‘:‘o ’- 65 X 4 :3-7 15 15 15- 7 6- 5- x
008 4 3 -  P C L  0:31: 71 C E - P  1~~~ 4~ P C L
009 41 41  :1:34 :- S .: 169 50 SC’
1
:
1111 .345 = ~ 1150 75 LE - L 170 95 =

Cl i i  43 110 ‘ CI- I~1 11 C 17 1 44 ‘i- H r’i
1112 344 14 CI’? 3 4 1 P C L  173 35 25
CI I I  ‘-:5 + 093 1:1 18 171 4 3  F- f: L
0 14  4 3  F’CL 0 34  42 ‘ 3 - T O 174 51 51
015 14- 15 C l - ?S 51 51 iT’ S 55
0 15- 6-5 x 096 ~5 - - 176- 5:3 2’
‘3 17 43 PCL :37  03 3 177 95 =

018 4 1 41  098 41 — 17:1: ‘3-1 p . -
~

019 9-5 = U’? ’? 43 F:CL ~, 17-34 76 LE: L
033- 42 5-TO 103’ 1’: 16 V. 1E: Cl 15 E
1:31 16 i s - 101 45’ - 181 0 1 1

:35 + 102 03-  -3- - 182 0:3 3
CI3I 41- PCL 10-3 95 = 18:3 55 PA L l
03-s 34~ : 1 :34 : 10 4 42 5-TO 184 4 1 PCL
CI25 6-5 iC ’S SO SC’ 185 51 51

F’ L 1 1 1  -~ F l  L 
~~~ 

4C  p34
C’27 41 41 1117 17 17 187 CII 3
028 ‘3-5 = 1CI:I 71 ‘C E: F- 181: ‘35 =

029 43 :i;TO 11’-? 3 - 3 -  ::~ 189 IS 1 3-1
0:31, 18 1:3 1111 76 L E L  190 49 F- F: ti
C , : 1  :3S + 8 1 1 1  14 : 191 32 33
033 4 3 -  F O L  112 4 3 -  FIOL 192 49 F-Fr
C I I I  3Cl 20- 11:3 211 20 19:3 2:3 2 3 -
CI3 :4 6-S x 114 4 ITO 194 49 PRO

4 3 -  F C L  115 51 51 195 24 34
Cl -IS 41  41  116 45 i 196 4-? P RD
Ci3 7 -35 = 117 Cl-? 1 197 25 2-5
015 42 5- TO 118 75 — 198 :5 x
11 CII .11 114 4 F’ L i~~ 4 Fl L
040 00 C’ 120 18 1:3 200 2 1 3-1
041 42 ’ S- TO 121 45 1’ 201 45
C’4 3 22 22 122 Il.? 3 202 0-3- 3
C ’4 3 -  43 5-TO 12-3 - 95 = 203 75 -

Cl 4 - ~~ 31 3- 3- 124 4 1- 310 204 0 1 1
1145 42 810 125 5,3 50 205 95 =
0 45- 24 34 126 4-3 F-’::L 206 94 + - - -

0 47 42 34 -T O 127 19 19 207 42 :310
1143 25 41 ~~~~ 

12:3 7s LE : L 208 46 45
‘‘4 F 1.~ fl~ 4 F l  L
CI SC, 75 LE- L 130 65 ~ ii ~~.. 210 4 2 42
051 11 A 1:3- 1 02 2 4.~ ‘J 2 1 1  :35 +
C153 4 3 -  F:CL 132 95 = 212 4:3 RCL
CI S T: 14 14 133 94 + --- — 21:3 43 4’
C’S 42 34 - TO 1-3 4 42 :310 214 95 =

CI 5S 51 51 1-35 49 49 215 5.5
055- 45 ~ X 1 :3-5 39 C0: 2 15 4 1 F-CL

1 3 - 3 11: 7 65 )c 2 4 7  45 45
05:1: 75 - 1 3:3 4-3 F’CL 218 85 +
359 4 1  F- CL 11’? 50 SC’ 21’? 43 RCL
060 3 1 2 1  140 95 = 221:1 22 22
061 4 5-. YX 141 44 844 11 2 2 1  65 :-~
1:152 03 3 142 22 22 222 43 RCL
CIII: -35 = 143 -  4 3 -  RCL 22 - 3 44 44
054 4 3  IT Q  144 49 49 224 SS +
055 SC’ SI:: 145 :3:3 S I N  235 4 3 -  PCi
1144,  4 3 -  PCi 146 65 X 225 31 33-
057 1 3  I I  147 4 3  F:CL 227 55 x
45 :7 ‘1 S E P  143 5 ’:’ so 22 3- 4 3 -  F:CL
C’S? 3-3 14 95 = 229 45- 45

71- LE:L 15-I: 4’1 3-HM 230 95 =‘
~2. 1171 12 E: 15 1 34 24 231 42 5-TO

C173 43 PCL 152 14.1 2 2 3 - 2  37 27
1171 15 15. 151 49 F-Pp 2 3 - 3 -  75 —

C 174 42 34- TO 154 4’? 49 314 1,3 2
175 51 51 155 4 3 -  RCL 235 5-5 x
11 71 45 jX 156 49 4’? 315 4 1  P’~ L
077 03 3 157 39 CO’3-  237 22 23
078 ~~ - 158 55 ~ 238 65 x
079 43 F- I: L 159 43 F-CL 239 43 RCL
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T4~e #6 Flexur al Rigidity

41,11 43 FIL
1411 44 44 320 31 3-1  401  31 3134 j  95 = -4.11 :s 1 

402 65 X4 4 TO —— 4 F’ L 4’’ 4 F’ L24 1  3::  3::: :-~~ 4C ’ 4 13 33344 4 3  53 - L -:34 :~ 4C ’S 75 -
245  4 2  4 2 3- 0.1 ,~ 406 43 PCL —346 75 — 14: 75 - 

4C’7 39 2-?
4 4 F’ L 4 Fl  L 

4~j  
C

34 :34: 41 4 7  3 -3 :~: ~~ s:-. 40-? 4 3  F I L34’? 95 = -~4~ :- . 4 10  30 3:1,
35C’ 6 5 -  :< 3 - 1 1 4  4 :  F’l~L 4 1 1  35 =151 4 7  PCi 131 ~~~ 412 43 -3-TO44 - 41: 4 1 3 -  15 35
153- ‘S - ~~~

‘ : T 4 1 4  4 3  PC L
354 41 P C L  7 3 4  4 1  F’1:L 41 5  29 3-?

— — — 41
~ 56 :5 X 13 - 1: ~5- 41 ’ 43 PCL257 4 3  F - C L  3:3-’ -~~~ F L L  41: ’ -: 1:1 ‘11
—~~ 4C  4C — — 4125?  -3 - 5 -  = •:~~~ :s -: 

43C1 4~ F C L261’ 42 34-TO 34 3 - I  3-? 421 17 17151 1? 3-? 34 :4 1 4 34 p : 3  
4 12  5.5 ~31-1 3 - s  - 3- 43 7 , 1  ~~ 42 - 3 -  4 P: L,15’-: 4 7  P I L  1-3- 7  ~~~

. x 
4~ 13 13

154 4 3  4 3  14 4 4 7  FIL 415 -35- =
-

= C 
- - 4 7

15-5- 41 F IL  ~-s ’~ 3 - .  . . ‘ 13415 3 -  45. 4’- r _ 4 _  = 43: 34 -3-13:34 : :35 + 4 .  4 ‘1-TO d~ 4 13-  S-i 5 :
3:9 UI 7 4 3 4  3-~~ 4 3 - Il 45
271’ ~~ 4 3  F I L  4 11 :1:27 1 4 1 FCL d ,- ~~~ ~~~ ~~~ 4 32 55 ~173 41 4 1 - ) •:5~ ~ -~~ 34 4 1 - 3  3,3 3377  -. 5 x 15’-  4 1  P I L  434  —
374  4 1  F- - IL 35 - 4 7I 3 - I_ I 41:5 01 33 75 4: 44 7 3 - 5  3-5  

4 ~~5 =3 3- 5,  -34 5 = 755. 4 1  FCL 41’ 43 170277 42 3 - T O  ~~~~~~~~ 4 3 3 -  5-1 5-127$ 3-C l 3 - Il 3- 5:—i -:: ‘ 
4 ,-5 x

17’? 4 1 F C L  3 - 5 4  ~~ 
= 

44:: 4’-: P I L280 34 14 36 0 41 S - T O  4 ’2:3 1 65 x 3-5 1 33 3:•: 4 4 3  -
~~~ =282 4 7  F ’CL 3-52 4 1 P C L  341 15 1 I I383 44 44 4~~~: 2 4 4 4  4 3 -  PRI ’3:34 55 — 364 ~ X 445 3- -: 33185 112 2 3-15 4 - 3 R C L  446 4 3 -  FF11

2:3-6 :34: 5 + 3-i--: $-: 48 4 47  74 :4387 4 1 F:C L -167 75  44: 34 : 4 34- EPO28:3 15 25 16:3 4 -3 F - C L  
44-34 73- 3541,9 6 5 x - 3-5’? 45C : 4 3 -  FPI290 4 3 -  PC L .3- 7 :’ 3-3 45 1 3-6 15291 45 45 3-7 1 9~ -

= 453 ~~
-? FF1’393- 95 = ~~~~~~ ~~ 1-’~’l~ 4 5 3  3 - 3 -  3 - 7

SQl 94 +: — :37. -: 3: 3: 454 49 FF 0394  42 5- TO :3- 3- 4 4:3 R C L 455 3:3- 33-
195 -3 - 1 31 -375 27 455 01 1345 :34: 5 + IT’S 65 3 45-7 ‘3-5- =
397 01 1 177 41 ROL 4~~P 91 F- -1-3934 : 55 )( .3-7:3 - 3- 0 30 f 455 75- LE: L3?’? 41 F-CL -3 3 - ’? 75 — € 46 C’ 17 8:3-1, 1, 15 25 13-1, 4 -3 PC L ‘ 45- 1 4 1  PIL  ‘ -
301 55 3:3 1 3- 1  3-~1 41-2 11 : 3 -
-,n~ 4 3 F ’ L  — 430 -3 45 45 383 95 = 45-4 43- F-- : L3-114 -35 = 3:3 4 42 5-TO 465 51 51.3:5 41 - 3 - TO 385 :34 -14 

4 6 6  3-5 =
— 4 F ’L 4t ’ 

~~ I307 4 3  F I L  3:3- 7 ~~~ .“‘ 468 91 P - S1DI -308 17 17 3:3 :3 :5 X £ 469 76 LBL30’? 65 x 3 - 3 - 3  4 3  P41, E 470 18 C~-3 10 4 - 3 PCi 3’ftI 3-2 -~ 4 7 1 4 3  FIl L3 11 28 3:3 39 1 472 ‘-:4 34
.3 12 65 x 392 4:: R3-.L 4 3 - 3  55 -313 43 RCL 3-3 3 28 28 474 43- F’CL314 30 30 394 65 X 

475 51 51315 85 + 395 43 RCL 47 5 95 =316 43 R C L  396 31 31 4 ’ ’  35 1 :- : 343 17 29 29 397 95 = 478 91 P S318 65 x 398 42 STO 47’? 00 0
319 43 RCL 399 37 37 

1___
~~=~~ ,__ ~~~~~~~~~~~_ ----~~~~~ = -=_-



- — 3-,-. — ‘- __.- —5W 
~~~~~~~~~~~~~ ~~~~~~~ 

-- -
~~ 

C.-—--- _
~_ ~~~~~~ ~~~~~~~~~ 

—_ —‘----‘— -
~~ 

—_ C-’- 
~ 

_ 
~~~~~ ~~ 

=‘ •1

p’—;- --- -‘—--

~~~~ 
— ::=—::J:T-1 - —

T ape #6 Flexu ral Rigidity I Sample Problems
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TAPE •7

FLEXURAL STRENGTH OF SYMMETRIC SAN DWICH PLATES

©_ _

Mk J
Table 43

E, (~ ~
)

_ _ _ _ _ _ _ _ _

Ej (z )

I Table

E~ (0 ; ) — ej 
3 ...,

Table 15

E~ (6~)
__]

p. 37 or
Eq. 342

_ _ _ _ _ _ _ _  

M ..MSi, Si

_ _ _  - 
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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 -- -- - -
8torage

1 Enter Moments M k and calculate M 1 E M 1cu rvature k . .  
M 2 R/S  M 2
M 6 R/ S 1 .00

2 Calculate ply strains and the strength - - A
ratios at the outer face of each ply. MThege strength-strain ratios are based - - B S2onmechanical strains , no t the total Mst rains . -- C S3

- - D S~~

46
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Tape’ Title FLEXIJRAL STRENGT H OF S YMMETRIC SANDWICH PLATE S

KEYS STORAGE MEMORIES

A 
5

M 0 20 z
4 40 z ., b , b/ 2a , S.

I M 1 2 1 4 1 h

A’ 2 M2 22 42 s~
3 M~, 23 43 s~~

B M 4 k~ 24 44
S2 5 k~ 25 45 S4

B’ 6 k6 26 M6 46 ~~
(
~~~~

)
3

7 e~(z) 27 
~~
r(

~~~
• ) 47 s~~~

C M 8 e~~~ ( z)  28 e~~(0 .) 48
3 

29 e~~(o .) 49

C’ 10 30 e~~(O )- e 50 ,~~., s~
M

II 31 e~ (0.)_ e
T 51 h /2 , h 3

/ 12

0 M 12 32 ~~~ O~~) 52 eLS4 
—_________________

13 33 d
11 53 eT

- - D’ 4 d22 54 G 11

15 35 d~ 2 55 G 22

E 16 36 d 56 G
Mk 2 66 12

~7 8 3 37 d 1~, 57 G66

E’ 18 38 d26 58 C1

19 04 39 D , a , 1/a ,’l/ S: 59 C2

47

-~~~~  
- -



-C ‘- C-- — - —‘------ -- ~~~- -—--“ --- ~C-~.- —C

-

T~ e #7 Flexural Strengt h

~~ 
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035 43 1~~~ C - I-S 43 1- 5- 0  = 5 - 5  35 -‘

:s 02 3:3 1 1 - . 42  4 .3- 1 5 - 5  41 ST3

:1 ±,, 
jTh 

~~~~j I I  ~ I L  r~ 15 — e 1 171 4 1 : F CL
3 - 3 - 4  — _ 0 172 IC ’ i - :

3-5 .~~~f 5-Cl 5-Cl 173 1:5
4 - 4 C L  3 - -  4~~~~3 - 3 -  1’4 4 - -~~~~L
31 I I ’  1~~3- IS -  1 ’S 1 3 -
3- 5- -‘ -.- --

~ 
1’ : I - S F  1 4  35-- =

4 3 -  3-i~ - - ‘ 1 - 1 ’’ 5-5- —
I . _ 3 — —

5- -i- CI II ? 43 43- “‘3- 3 - C ’. C

3 - I C  F : 1 11 b C ’  -~~ 1:3 0 3 1 - 5-

5- —

CII I  4 1- E C I 1 : - I 4 1  j .I ’-- 13 - i - 1 1 ,
3:34 3-5 15 : 1 3  ? 1 ~~~~~ 1 1-3 - 4 3 - 1 11
145 3-5 cli .1 :3  ‘5 1 -15 95 - =

3:5 4: -~~~ 4 134  34 _ I  C 11-5 43 - lTD
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T~e #7 Flexural Strength
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Tape #7 Flexura l Strength I Sample Problems
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