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ANALYSIS AND MINIMUM WEIGHT DESIGN

IN SAND'"'ICH BEAMS WITH RIGID FOAM CORE

I. Introduction

A sandwich beam is shown in Figure 1. It has a span I and a

width b. The face and core thicknesses are t and c respectively

and the core density is p The face material has a density p . a

Young'p modulus Ef and a yield strength c. . h",e co:e has a

Young's modulus E , a shear modulus GC , a uniaxial yield strength
c c

a and a shear strength r . The solid from which the core is

foamed has a density p a Young's modulus E and a yield strength

y5

In order to simplify the analysis of sandwich beams, tie

following assumptions are made in this program :

(1) Both the face and core materials are isotropic.

(2) The sandwich beam has an antiplane core and thin faces.

(3) The beam is narrow, so that normal stresses in the y

direction can be neglected.

(4) Ordinary beam theory is valid for the sandwich beam.

The foam core property-density relationships are

E -C ( p /p A Ec 3 c s S

r* -c (p IP ), a
t 4 C a 76

C -C (p /p ) E
C a C a

where C3. C". C , A, B and G are material properties.
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For a sandwich beam, the maximum moment is given by

PI
M --

C
1

The maximum shear force in the beam is

P
V --

C
2

The maximum deflection due to bending and shearing stresses

can be expressed as

A-A +L
b u

3P1 P1

CD CAG
- 6ec

where C, C 2, C5 and C are constants related to the loading

geometry.

br3  brd
2  bc3

D-E -+E -+E -

6 2 12

bd
2

A-

C

d-c+ r

Figure 2 shows the load constants for six different loading

configurations which are available in this program.

The program has four parts :

(1) Analysis of sandwich beam deflections and stresses.

(2) Minimum weight design of a sandwich beam for stiffness.

(3) Minimum weight design of a sandwich beam for strength.

(4) Minimum weight design of a sandwich beam for both

stiffness and strength.
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V I

II. Analysis of Sandwich Bean

The critical normal and shear stresses in the face material

are

Mz
o-- E ( c/2<z<_h/2 , -h/<z _-c/; )

D

v ((c/2)+t) 2 z2

f --- E [ I

D 2

The critical normal and shear stresses in the core are

Mz
o - E ( -c/2:z5c/2 )

D

E 2V td c c
S"- [ E -+ - (- - zZV

D 2 2 4

The maximum deflection in the beam is

PI3  pI

CD CAG5 
6 eC

Note that the location of applied force can be arbitrary in

the analysis of sandwich beam.

The failure equations for the sandwich beam are

Face yielding :

P - C o bcr/I

Face wrinkling :

P 0.57CC E 'E :"11(p / b ) th3bCtiw " . C C3 f a

. -- .ra ma /H a a H ~ i H H a q3



Core shearing

C (p /p )'7 bc

P
=" C (p /p ) E

3 C a ) 2 1 2 1/2

I[ ] +(- ) )
2C (r/l)E z  C

This program will make a comparison of P y. P &, P and

pick one critical loading, then check whether the stress stare is

safe or not.

III. Minimum Weight Design for Stiffness in Sandwich Beams

The maximum deflection of the sandwich beam is

PI3  PI

S- +

CD CAG
5 6 0 C

Solving for the density of the core, we obtain

1 C E Pirc 110

C C C E (C brc2 E -2P 3 )

a 6 a 5 f

The weight of the sandwich beam is

W - 2p bit + pblc

1 C 5-E -- /+0) (1+G)bG fGp
- 2 p f b t l + [ I c bP

C C E
s 6

AC brc'E 2PI 3 
]

5 4



Letting aW/8t - 0 and 6W/8c - 0 and silving, we find that

G 4 ,/G 2+2G 1-1/G P,

c - (41- (-) ](-)
G-I C-i G-I P

IC PE
5 t -1/0 1 1-1, /C3G-1)

( - ) F3(- ) '

cc : &C bE
a 6 5 f

2(I+G)Pi
3

t-opt (G-I)AC . bc 2

5 f opt

IC PE c c1/3
5 f opt opt

(P) -p [
C opt " C C E (C E be c -2PF ')

£ 6 ' 5 f opt opt

Also, we can calculate the rcndimensional parame:er which

gives a measure of the relative face and core stiffnesses.

G 2

C(P/P) E c c

a c * opt a opt opt 1/2

S-- { (1+3- )
c 2E r 2

ept f o;t op"

Allen suggests that 8 should be greater than 20 tc ensure

that shear lag does not occur.

IV. Minimum Weight Design for Strength in Sandwich Beams

There are three possible failure modes considered in this

program. For each case, the critical loading can be calculated

Face yielding

5



P - C I bct/l
fy l yf

Face wrinkling

ZA/3

P - 0.57CIC32 / 3Ef1 3 E2 3 ( pC/p' ) bct/

Core shearing :

Assuming a << rC C

I

P -C Co ( p/p )bc
ca 2 i ys £ a

The transition equation between two failure modes can be

found by equating the corresponding applied forces.

Face yielding-Face wrinkling

P -P
fy fw

0
yf 3/1A

-> p/p - < )
C 0 0.57C 2/3E 1/3L 2/3

3 f a

Face yielding-Core shearing

P -P
fy c$

CC p 0

2 i I ys

-> t/i - ( -) -

C p a

Face wrinkling-Core shearing

P -P
1w CS

C2C 4 3-2.A/3 7S

-> r/1 - ( - )

0.57C C 3 /3 p E f/3E 2 1

A typical failure mode map is shown in Figure 3.

6



The optimum design lies on the transition line between two

failure modes. There are four possibilities.

(a) Face yielding-Face wrinkling fail simultaneously

P - C a bct/I
fy 1 yf

PI

C a bc
1yf

P 0.57C C 2/3E / E 213(, /P )ZA3 bct/I
fW 1 3 f a c f

p 0
C y f 3/2A

-> --. (

p 0.57C 2/3 E _Ea 3 f a

Therefore, the weight function

PIYf 312A

W - 2pb2( ) + ( ) pb
C a bc a
I yf

where a - 0.57C 
2 13 E 1/3E 2/3

3 S

Letting aW/ac - 0, we find

2p Fa 3 
ZA 1/2

p t C P 1 2a e A : / t b

PI

Opt C a bc

I yf opt

f 3/ZA

(p 0.57C 2 E ) - constant

3 £ a

From the failure mode map, it is realized that there is a

7



restriction in r/1 for the co-occurrence of face yielding and face

wrinkling failures.

C CC aolpt P 2' 3 ,Y

-P o Pa pt -
C I b c a C 11 yf' opt. I yf

P C 2 2 2pC of (6S-3)/ZA

-> - < - C )

bi C T" p a a1 • a

(b) Face wrinkling-core shearing fail simultaneously

P -0.57C C 2/3E 13E 213(p /p ) bct/1fW 1 3 f a C

P1
-- > c -

0.57C C 23 E 1/3 E 2/3(p /P )Z/ 
3bc

P - ¢ C (p /p )Ba bces 2 6 c i 75

P 1/B
-> p - p( )

C CCa bc

2 4 yS

Therefore, the weight function

P1 2  P 1,, 1-1/3
3- 2p + pI( ) (bc)

W I /p) ^c C C a

Letting 8W/ac - 0. It is found

pa(3-3B)CIab P (ZA+3)/3B 3b/(ZA-6+3)

c -[ ( )
op 2p f(2A-3B)PI C2C a b

8



P 1/B

(P)opt Ps ( bc
2 4 ys opt

PI

opt C a(p /p )" bc
1 C opt opt

Similarly, from the failure mode map, there is a restriction

in p /p for face wrinkling-core shearing failure mode.

i.e.

C
yf 3/ZA

(p /p) <_p /p - ( )
c a opt C S

Therefore,

2p (2A-3B)C 2 C 2 2 (6B-ZA-3)/ZA

bi p (3-3B)C a a

(c) Face yielding-core shearing fail simultaneously

P - C 1 bcr/lfy 1 yf

PI
r-->

C o bc
I 7,f

P s - C C4(p/pa)so 7sbc

P 1/B
-> p - p )

C 8 CCo bc

2 4 YS

Thus, the weight function is

9



2p P12 P

+) (bc) pI

Ca c CC0
I yf 2 4 y-

Letting 8W/bc - 0. We can find

2p BPI C C a bf 2 ' ye 1/3 3I(21-i)
C -[( ) ]

opt p (B-l)bC I P
• 1 yf

P1

opt C c bc

1 yf opt

P lit

(p) -p ( )C opt 5 CCa bc

2 A ye opt

In order for face yielding and core shearing to occur at the

same time there is a limitation in p /p according to the failure

mode nap. That is

a
y f 3/2A

(p/p) >_p /p = ( - )
C / opt C / a

Therefore,

2t BC 1C 2

a a

P f 2 4 ya yf (6B-3)/IA

bi p (B-I)C a a• 1 yr

(d) Face yielding-face wrinkling -core shearing fail

simultaneously

P - C I bcr/1fy I yi

PtW- C a( lppa)2 "'bcc/i

10



P -C C o (p /p )5bccm 2 75 c S

The three equations in three unknowns give

P a

, f -3B/ZA

c - (- ) -constant
apt C 2 Ccb a2 4yz

P1

- - constant
opt C o bc

I yf opt

C

yf 3/ZA

(p) - p ( ) - constant
C opt a

In running this program, the P/b, requirement is checked

first. The optimal design is evaluated for each case for which the

condition is met. Among the above possible failure modes, the one

with the minimum weight is selected as the overall optimum design.

V. Minimum W'eight Design for Both Stiffness and Strength

In practice, the minimum weight design should take both

stiffness and strength requirements into account. In this

program, there are three kinds of failure mode considered for

sandwich beams.

(a) Stiffness and face yielding failure

P - C I bct/I

fy 1 yf

11



PI
> C -

C o bt

1 y+

p3 p

CD CAG
5 f ec

-> p-([ pP- IC C E (C Abrc2 E -2P 3) P

Therefore, the weight function becomes

C(G- ) (G-1)ACCEC c
£ 2p btl + S 6 a(G-1)

W- p tl - G 0 I2 0

2C C E C (° c)a b£6 s 1 yf -1IG

t ]

C E P G+ p G (2 0-1 
)

Since the weight of the sandwich beam is a real number,

the value in the bracket should be larger than zero. From this

observation it is concluded that

LC E P51

0 < r <

2C 2a 2b1
I 7f

There is a constraint for face yielding failure.

a
7f 3/VA

(p lso pI,"( -)

Within the range, a minimum weight can be found by

incrementally increasing t. The corresponding face and core

12



thicknesses and foam density are the optimal design values.

(b) Stiffness and face wrinkling failure

P f. C Ia(p /p ) ZA
3bct/1

P/
--> : Ip -2,A/ 3

C abc C S
1

PI
3  

PI

A - +

C D C A G
5 6 •

21 C a : PI
C- (P /p A/3 + ( /)-

C AE +C C E bL C

Thus, the weigh: function can be expressed as

2p bPI C C E C LE (p /p )
"
111

3

SE •S 5 f

C a 21 C C E aCb-6C E P(p /p )(-A-3G),3

21
2C C E Cab + C E PI(p /p ) (-2A-3G)13

+pl[
P C C E C 5E (p Cp )-2A/3

From the failure mode map, it is known that there is a

limitation in p /p for occurrence of face wrinkling.
C a

C
Y V

0 < p /p < C -
C S

There is a constraint for face wrinkling failure.

C Cc
S 2 ' vs ! -(A/3)

I Ca •

13



The value which corresponds to the minimum weight can be

found using the same argument as that for the constraints of

stiffness and the face yielding failure mode.

(c) Stiffness, face yielding and face wrinkling

P - C I bcc/I
fy I yZ

PfW - C Ia(p lp )ZA/3bcC/,

- +

C D C A G
5 6 0 c

The three constraints in three variables can be solved for

a
31ZA

(P) - ( -)
C Sopt-

21Cc PA c

2 2 2C a P2 a

1 yf y1 -30/ZA

C°t - sE - )

opt CLE CCEb& a

P1

opt C a bc

1 Yf opt

In running this program, the three failure modes considered

above will be compared with each other to determine the overall

minimum weight design.

It is noted that the stiffness-core shearing failure mode is

not included in this program because it ends up with an

impractically large core thickness.

14
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P/2 IP/2

FACE _ _ _ _ _ _ _ _

FOAM CORE

FACE _ _ _ _ _ _ _ _i t

(D) 
b

Figure 1. The geometry of the sandwich 
beam.
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MAXIMUM MAXIMUM ISIENDIE$ SHEAN
SHEAR SENDING VEFLECIIN DEFLICTIONI

BEAM TYPE FORCE MOMENT CONSTANT CONSTANT

c2z C, I CS C

8 8i

pinjas fa l "am

Sler lIDS liiil uII"OSI lO4O I

2 12 +384

' _ cs ._12 .

F~rigure 2.Th load cosansfr ifretgomty

_____________P iI*2.6_ _ _ __,_ _ _ _ __l101 _ _ _ _ _ _I _ _

I 1 3

Figure 2. The load constants for diff erent geometry.
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i Ii - - -

FACE YI LD

I-b 5000 N

z
Wi 2000 kuLJ lo Mooo -i

450 __N

.j i

Ui, 200 0

FACE CORE SHEAR

W VRINKLINC 10o M

4 -00 
o

FACE THICKNESS /SPAN LENGTH ,t/1 (-)

Figure 3. A failure mode map for a sandwich bean loaded

in three-point bending with strength contours

superimposed on the map ( b-c-25 mm ).
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ANALYSIS AND MINIMUM WEIGHT DESIGN

IN SANDWICH PLATES WITH RIGID FOAM CORE

I. Introduction

There are three kinds of sandwich plate considered in this

program :

1. A simply supported circular sandwich plate under a

distributed load over a central circular portion of its

area.

2. A clamped circular sandwich plate under a distributed

load over a central circular portion of its area.

3. A simply supported rectangular sandwich plate under a

distributed load over its encire area.

Figure 4 shows a circular sandwich plate which spans a radius

r and carries a distributed load q over a central circular portion

of its area of radius a. The thickness of each face is r, while

that of the foam core is c. The faces have a density p,, a Young's

modulus Ef Poisson's ratio v and a yield strength y . The solid

polymer of which the core is made has a density p . a Young's

modulus E and a yield strength a . The density of the foamed
a To

core is p . its Young's modulus is E . its shear modulus is GC and

its shear strength is T

A rectangular sandwich plate which has a length b and width

a ( note that b a a ), is shown in Figure 5.

There are three assumptions made in this program

(1) Both the face and core materials are isotropic.

18



(2) The sandwich plate has an antiplane core and thin faces.

(3) Stresses in the faces and core in the z-direction are of

no importance and neglected.

The foam core property-density relationships are

E -C ( p / p ) Ez

S-C (p a

C-C (p / G E
C 9 C z S

where C . C , C A, B and G are material properties.3 ' $

For a sandwich plate, the maximum deflection can be expressed

as

42
qa qa

16D 4S

The maximum stresses in the face material are

2
Ca

a C ora 1--- (g + &
cc

2

qa
a (or a - ( g + &/ )cc

2
q&

r (Y or r t -- ( I - v ) g 7
cr

The maximum stresses in the core are

qa
r ( or ) " -- ga

c

9a
r (2 or r z "- go

C

19



where g, 2. 93  g1, g', g9, g8 ad g are constants

related to the loading geometry of the sandwich plate.

E rc
2

f
D -

2 f2(1-a 2)
f

S-cC

C

The loading geometry constants for three different

configurations which are available in this program is given

in Appendix.

The program has four parts

(1) Analysis of sandwich plate deflections and stresses.

(2) Minimum weight design of a sandwich plate for stiffness.

(3) Minimum weight design of a sandwich plate for strength.

(4) Minimum weight design of a sandwich plate for both

stiffness and strength.

II. Analysis of Sandwich Plate

The maximum stresses in the face material are

2
qa

a or )- - ( g +a- g)cr

2
qa

a (ora ) -- (95 + g)t cc
Cr

2

qa
r ( or ) -( - V f g 7

z~t
cc

The maximum stresses in the core are

20



qa
T (or r ) -- g8
xl 1 S

C

qa
T (: or r )z - - g 6
yZ ii

C

The maximum deflection in the plate is

2
qa qa

- g + - g2
16D 4S

The failure equations for the sandwich plate are

Face vielding :

a cr

C -

qfy 2 ('a (g + vg' )

Face wrinkling :

Plantema pointed out that the superposition of the

perpendicular normal stresses in the plane of the face does not

affect the wrinkling stress. Therefore,

Sc (PP)2/3
C -

fw 2 g3 v g

where a - 0.57C 2/3E 1/3E 213

3 f a

Core shearing :

Assuming C << ? and the core material is
C C

isotropic. Thus,

C (pC/p) C

qCS -
a g

This program will make a comparison of q fy qf ' qCS and pick

21



, t

one critical loading, then check whether the stress state . safe

or not.

I1. Minimum Weight Design for Stiffness in Sandwich Plates

The maximum deflection of the sandwich plate is

4 2;a qa

"---g1 + -- g2
16D 4S

Since

G -C (p /p )G E
C a C 8 S

Solving for the density of the core, it is found

2 a 2

g 2 f g(l-v 1 -1 /G

p -C ( (-" 24 C E c q 8E c

The weight of the sandwich plate is

2 2
W- 2p ab+pabc ( or W - 2p r: r + prc )

f c f c

Letting 2W/8r - 0 and aW/8c - 0 and solving, we find

(G+ ) (G- ) 2 P f qa 2 1/(3G-)

C )opt P, 3 
(

256C G(1-w )2 p E

f 1 £. qa G-i

c .t - -4 0 a 
)3G-1

2 (G.)2G E2

22



(22'))-191 2 2E 2 G-Gt ) - : 2 ( -

C- 4a
opt 213G+1 C 2G2GE 2

£ a

2G qa 1/(3G-1)

A

IV. Minimum Weight Design for Strength in Sandwich Plates

Similar to those of the sandwich beams, there are three

possible failure modes considered in this program.

Face yielding :

a c t
y,

fy 2 
+  g

Face wrinkling :

a cr (P /p )2/3

qLw 2a ( g + vig"

Core shearing

C C C (p /; )
C c

a g

The transition equation between two failure modes can be

obtained by equating the corresponding applied distribu:ed forces.

Face yielding-Face wrinkling

q fy -qfv

Y f 3/2A
-> p/Ip - ( - )

C a

23



Face yielding-Core shearing

C a (g +vfg,)(P /P)

ys € a

-> c/a -

Face wrinkling-Core shearing

qfW CS

C o (g ,v g)(P /P -A3
- Yl f/a

g
a

The failure mode map is the same as that of sandwich beams

except that the coordinate c/1 replaced by c/a.

The optimum design lies on the transition line between two

failure modes. There are four possibilites.

(a) Face yielding-Face wrinkling fail simultareously

a et
yf

qfy a(g +w g )
3 f-

2

qa (g 3 +vg,)

-> ~.

C C
yf

acc(P /P 2A/3

qI - 2a (g + g4)

a
yf 312J.

-> P/P - ( - )
C 5

a

Therefore, the weight function becomes

24



W - 2P abc + p abc ( or W - 2; 'r 2 r + p wr i c )
f C f

qa (5 +1v g ) aT ZZ
q(g3 4- r C yf 3/ZA

- 2p ab +p (- ) abc

a c
yf

Letting aW/8c - 0, we find

2Pqa2(g3+vg 4)a 1/2

opt [ I a -, (1t3/ZA)
pop

2 yf'

qa (5 +'. g )

r-

a c
y* opt

Cv" f 312.L.

(p) "-P( ) -cntn) opt. s 0.57C 2 
/
3
E 113 E 213 constant

3 f a

From the failure mode map, it is realized that there is a

restriction in r'a for the co-occurrence of face yielding and face

wrinkling failures.

qa(g+vg ) C (g3+1g ) aopt 3 4 r v S

a a c a £8 g S o t Copt

c 2 (g3+v 9. 2 ;r p f af -3)/2A

(b) Face wrinkling-core shearing fail sim~ultaneously

9q - cas~ 
P)

, ,

25



qag s /3

-> p/p -( )
C S C o c

4 ye

cr(p /p 
)

- 2

a2 (g 3+v f )

qa (g3+vfg ) C c c
3 ~y s 2A/31

-> r- ( )

ac qag*

The weight function is

;:- 2p ab: + p abc

Letting aw,,'ac - 0. 7t is found

p (3-3B)a

opt- 2f (2A-3B)qa2( 
+L' f& )

qag8  (2.A+3)/3B 3B/(2,A-EB+3)

-)]

C a
4 Y2

qag 1/

4 ys opt

2

qa (g +V , )

r -
IZA/3

c

opt a( /P )"'C

C S opt art

Similarly, from the failure mode map, there is a restriction

in pC/p for face wrinkling-core shearing failure mode.

i.e.

Oa 8 1/3 a 7f 3/ZA

(PIP) ( ) ,p/, ( )
C Sopt. C a c C

4 Y5 opt

Therefore,
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2P f(2A-3B)C g 23 +v f (GB-ZA-3naA

P (3-3B)g a

(c) Face yielding-core shearing fail simultaneously

a Ct
Yf

9a 2(g 3+v fgd)

C C
yf

C (P /P )30

* g a~ a

qaa8 +/g

-> - )
SCa C

4YS

The weight function is

W - 2p fabC + P abc

Letting 8W/8c - 0. We can find

2Pf Bqa 2(g 3+J/ fg C 751BB(Bi

C Op-[ ) I
p ( B ' l ) c 7 f q a g a

qa (g 3+v f9 4

apt 
a

CSC

7f opt

qag &

(>p)- C )

C op t P C a C

A ye apt

In order for face yielding and core shearing to occur at the
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same time there is a limitation in p /p according to the failure

mode map. That is

qaga lB a y 3/Z

C~y 3/ot P(PIP) - ( ) > P/P -C( - )
S•opt C a C a S

A 7s opt

Therefore,

2p BC .o 2 (g3+v fi ye f. ) 4 yf 6 312

q 2
p (B-)cf a

(d) Face yielding face wrinkling -core shearing fail

simultaneously

a c

q , 2 a(g +v g)

,CkC(P /P )IA/I
C a

-w 2 (

8a (g +v g,)

C (p) C

ys

C ag8

The three equations in three unknowns give•

qag6  ( f -3/P

c - c- ) - constant

opt a

7 op

2qa (g +w g )

- -m constant

,f opt
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yf 31U

(p ) - p ( ) - constant

In running this program, the q requirement is checked

first. The optimal design is evaluated for each case for which the

condition is met. Among the above possible failure modes, the one

with the minimum weight is selected as the overall optimum design.

V. Minimum Weight Design for Both Stiffness and Strength

In practice, the minimum weight design should take both

stiffness and strength requirements into account. in this

program, there are three kinds of failure mode considered for

sandwich plates.

(a) Stiffness and face yielding failure

a cc
yf

qfy" a2(g 3+v g )

2
qa (g3+v g)

> c-

7f

~2
qa qa

ag I-g + - g2
16D 4S

2 2

ag2  a (lav')g

-> p-( [j ) p
4C E c q 8E tc
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Therefore, the weight function becomes

psabqa (g3+&ig) 8qagaE (g+'g,)

paaa2 g3 +/f9 gAa 2 Ef (g3 fg I

- 2p abr + [ E
o 4C Ec

Yf a a Yf

2 2 -1 4 2 2 G
AEqa(g3+'gv - a q(l-' )g IYc r -IG

2

Since the weight of the sandwich plate is a real number, tvz

value in the bracket should be larger than zero. From this

observation it is concluded that

0< r<

f2 I 2

There is a constraint for face yielding failure.

a
yf 312A

(p/p) a p/p - ( - )
C / opt C /

Within the range, a minimum weight can be found by

incrementally increasing t. The corresponding face and core

thicknesses and foam density are the optimal design values.

(b) Stiffness and face wrinkling failure

2A/3act(p/p )

a2 (g
3+v g4 )

qa (g3 +V fg )

-> r - (o /p )-/
QCC

cc
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qa 2
qa

- g + - g 2
16D 4S

2 2 2

a ag1 ( f-v ) qa g2
-> c= (p p 2A/3 + (Pi / -

8AE (g+v ) 4C EA

The weight function is

W = 2p fabc + p abc

From the failure mode map, it is known that there is a

limitation in p /p for occurrence of face wrinkling.

C S
a

C a

Also, there is another constraint for face wrinkling failure.

t C S (g3 +v g4 )(p 
C/pa )-A/3

a ag

The value which corresponds to the minimum weight can be

found using the same argument as that for the constraints of

stiffness and the face yielding failure mode.

(c) Stiffness, face yielding and face wrinkling

a cc
yf

qfy 
2 g3+ 

d

a (g +w g )

acr(p/p )A/3

-a

a (g +V g)

A2

qa qa

- g I g+ - g2
16D 4S
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The three constraints in three variables can be solved for

a yf 3/ZA

(P c/P,)" ( ) - constant

2 2 2
a o gf9 (1-V. ) qa g 2  ayf-3G/2A

c+ - ( - ) - constant
Opt 8E (g +g ) 4C E A a

2

qa (g3+v gA)

r - - constant
op! C c

In running this program, the three failure modes considered

above will be compared with each other to determine the overall

minimu-. weight design.

It is noted that the stiffness-core shearing failure mode is

not included in this program because it ends up with an

impractically large core thickness.
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Figure 4. The geometry of a circular sandwich plate.
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Appendix

Simply supported circular sandwich plate

3+, 7+3v
f f

S(r/a)
2 + In(a/r) 4(liw ,)

+v f4 
f

92 - I + 22n(r/a)

1 a 2

g3 - 1/2 + -n(r/a) - -

2 8r2

1 
a 2

- -in(r/a) + -

2 sr'

i I a

g, - + -r r/a) - -

2 2 Sr2

1 
a2

-n(r/a) + -

2 8r2

7 0

g98 - 1/2

-9 1/2

Clamped circular sandwich plate

(1) a > 0.588r
3

9,- (r/a)
% 

- In(r/a) --

4

92 - 1 + 22n(r/a)

21 a

g3 " 6 2 -2 4r2

g9 m 5 - 0

97 - 0

ge- -" 1/2
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(2) a < 0.588r

3

9,- (r/a) In(r/a) - -
4

92 -1 + 21n(r/a)

1 
a 2

- 84 - 85 - 86 - -In(r/a) +
2 Sr2

97 " 0

98 " 89 - 1/2

Simply supported rectangular sandwich plate

(m-1)12 (n-1) /2
( 1 6 ) 

2 ( - )- )

7rmrd)

16 ( i (m-l )/ ( .)2(,-l) ( ) 2 MI2

93 - - I I
16 (- ) (m-1 )12 (-) (n )/2 n

97 4 xx
16 (-1)€= /(-1) c I /

16 2

16 (-1) (

M a
where t - + n 2

b 2

m, n - 1, 3, 5, 7, ----------- -,23
6

8I 3 '
if!



PROGRAM SWP

THIS PROGRAM WAS CREATED BY JONG-SHIN HUANG

IN AUGUST 1988 FOR OPTIMUM DESIGN METHODS OF

STRUCTURAL SANDWICH PANELS

INTEGER TY,CONFI,FAIL

REAL C5(10), C6(10) ,EF,ECGC,WS,SS,UDL,MCL,LCL,M,SD,D,YF,YS,C3,A,-G8

REAL STEP.Z,SIGMAC,TAUC,SIGMAF,TAUF,AREA,DEFL,ESROS,CG,ROF,G,B,G9
REAL STIFF,WEIGHTTHETA,AL,RCP,NUF,GI,G2,AA.BB,P,C4,Q,PP,TL,CRIT

REAL OMEGA,S,C 1f0),C2(10) ,RCS,DELTA,STR1,STR2,STR3,G3,G4,G5,G6,G7

DOUBLE PRECISION TF,TC,ROC,COEFF,STREN,AFA

OPEN(UNIT-7,FILE-'SWP. OUT' ,STATUS-'NEW')

WRITE(*, 1)

1 FORMAT(T2,'WHAT KIND OF PROBLEM DO YOU WANT TO RUN ?',/,TIO,

$' - ANALYSIS OF SANDWICH BEAMS' ,/,T10,

$' 2 - MINIMUM WEIGHT DESIGN FOR STIFFNESS IN SANDWICH BEA-MS',/,

$TIO,' 3 - MINIMUM WEIGHT DESIGN FOR STRENGTH IN SANDWICH BEAMS',

$/,TIO,' 4 - MINIMUM WEIGHT DESIGN FOR STIFFNESS AND STRENGTH IN SA

$NDWICH BEAMS',

$/,TIO,' 5 - ANALYSIS OF SANDWICH PLATES',/,TIO,

$' 6 - MINIMUM WEIGHT DESIGN FOR STIFFNESS IN SANDWICH PLATES',/,

$T1O,' 7 - .INIMUM WEIGHT DESIGN FOR STRENGTH IN SANDWICH PLATES',

$/,T1O,' 8 - MINIMUM WEIGHT DESIGN FOR STIFFNESS AND STRENGTH IN SA

$NDWICH PLATES')

READ(*,*)TY

IF (TY.EQ.1) WRITE(7,51)

IF (TY.EQ.2) WRITE(7,52)

IF (TY.EQ.3) WRITE(7,53)

IF (TY.EQ.4) WRITE(7,54)

IF (TY.EQ.5) WRITE(7,55)

IF (TY.EQ.6) WRITE(7,56)

IF (TY.EQ.7) WRITE(7,57)

IF (TY.EQ.8) WRITE(7,58)

51 FORMAT(//,TIO,'ANALYSIS OF SANDWICH BEAMS',/)

52 FOR.MAT(//,T1O,'MINIMUM WEIGHT DESIGN FOR STIFFNESS IN SAND'ICH BEA

SMS',/)
53 FORMAT(//,TlO,'MINIMUM WEIGHT DESIGN FOR STRENGTH IN SANDWICH BEAM

S' ,./)
54 FORIMAT(//,TO,.'MINIHUM WEIGHT DESIGN FOR STIFFNESS AND STRENGTH IN

$ SANDWICH BEAKS' ,/)
55 FORAT(//,TlO,'ANALYSIS OF SANDWICH PLATES',/)
56 FORMAT(//,TlO,'MINIKUM WEIGHT DESIGN FOR STIFFNESS IN SANDWICH PLA

STES' ,/)
57 FORMAT(//,TIO,'MINIMUH WEIGHT DESIGN FOR STRENGTH IN SANDWICH PLAT

$ES' ./)
58 FORMAT(//,TO,'MINIMUM WEIGHT DESIGN FOR STIFFNESS AND STRENGTH IN

$ SANDWICH PLATES',/)

INPUT THE MATERIAL PROPERTIES

WRITE(*,*)'INPUT THE ELASTIC MODULUS OF FACE MATERIAL ( ksi )'

READ(*,*) EF

WRITE(*,*)'INPUT THE YIELD STRENGTH OF FACE MATERIAL ( ksi )'

READ(* ,*)YF



WR!T(*,*)'INP'T ThE A~SS DENSITY OF FACE MATERIAL ( pcf )'

READ(*,*)ROF

WRITE(*,*)'INPUT THE ELASTIC MODULUS OF SOLID FOAM ( ksi )'

READ(*,*)ES

WRITE(*,*)'INPUT THE YIELD STRENGTH OF SOLID FOAM ( ksi )'

READ(*,*)YS

WRITE(*,*) 'INPUT THE MASS DENSITY OF SOLID FOAM ( pcf )'

READ(* ,*)ROS

WRITE(*,*)'INPUT THE PROPORTIONALITY CONSTANT FOR ELASTIC MODULUS

$OF FOAM CORE'
READ(* ,*)C3

WRITE(*.*)'INPUT THE POWER CONSTANT FOR ELASTIC MODULUS OF FOAM CO

$REv
READ(*, *)A

WRITE(*,*)'INPUT THE PROPORTIONALITY CONSTANT FOR SHEAR MODULUS OF

$ FOAM CORE'
READ(*,*)CG

WRITE(*,*)'INPUT THE POWER CONSTANT FOR SHEAR MODULUS OF FOAM CORE
$o

READ(* ,*)G

WRITE(*,*)'INPUT THE PROPORTIONALITY CONSTANT FOR SHEAR STRENGTH 0

SF FOAM CORE'

READ(*,*)C4

WRITE(*,*)'I';PUT THE POWER CONSTANT FOR SHEAR STRENGTH OF FOAM COR

SE'

READ(*, *)B
WRITE(7,75)EFTF,ROF,ES.YSROS,C3,A,CG,G,C4,B

75 FORMAT(TIO,'THE ELASTIC MODULUS OF FACE MATERIAL -',T50,FI2.3,T65,

$'( ksi )',//,TlO,'THE YIELD STRENGTH OF FACE MATERIAL -',T50,FI2.3

$,T65,'( ksi )',//,T1O,'THE MASS DENSITY OF FACE MATERIAL -',TSO,FI

$2.3,T65,'( pcf )',//,TIO,'THE ELASTIC MODULUS OF SOLID FOAM -',TSO

$,FI2.3,T65,'( ksi )',//,T1O,'THE YIELD STRENGTH OF SOLID FOAM -',

ST5O,FI2.3,T65,'( ksi )',//,TIO,'THE MASS DENSITY OF SOLID FOAM-',

$T50,FI2.3,T65,'( pcf )',//,TIO,'THE PROPORTIONALITY CONSTANT',/,

STlO,'FOR ELASTIC MODULUS OF FOAM CORE -',T50,F12.3,//,TlO.

$'THE POWER CONSTANT' ,/,TIO, 'FOR ELASTIC MODULUS OF FOAM CORE -',

$T50,Fl2.3,//,T1O, 'THE PROPORTIONALITY CONSTANT' ,/,TO,

$'FOR SHEAR MODULUS OF FOAM CORE -',T50,FI2.3,//,TIO,

$'THE POWER CONSTANT' ,/,TIO,'FOR SEAR MODULUS OF FOAM CORE -',

ST50,F12.3,//,TlO,'THE PROPORTIONALITY CONSTANT',/,TIO,

$'FOR SHEAR STRENGTH OF FOAM CORE -',T50,F12.3,//,TIO,

$'THE POWER CONSTAN-T' ,/,TO,'FOR SHEAR STRENGTH OF FOAM CORE -',

$T50,FI2.3./)

AFA-O.57*C3**(2./3.)*EF**(l./3.)*ES**(2./3.)
GO TO (100,I00,I00,I00,300,300,300,300),TY

'************************************************-**

A. ANALYSIS AND DESIGN OF SANDWICH BEAMS

INPUT THE CONFIGURATION AND LOADING GEOMETRY
.******************************** *****************************

100 DATA Cl(1),C1(2),Cl(3),CI(4),Cl(5),CI(6)/4,1,8,8,2,12/

DATA C2(1) ,C2(2) ,C2(3) ,C2(4) ,C2(5), C2(6)/2,1,2,2,1,2/

DATA C5(1),C5(2),C5(3),C5(4),C5(5),C5(6)/48,3,192,76.6,8,384,/

DATA C6(l) ,C6(2) ,C6(3),C6(4) ,C6(5) ,C6(6)/4,1,4,8,2,8/

WRITE(*, 101)



101 FORMAT(T2,' WHAT IS THE CONFIGLRATION AND LOADING GEOME:;.', ,

S$T15, 1 - SIMPLY-SUPPORTED UNDER CONCENTRATED LOAD',/,

$T15, 2 - CANTILEVER UNDER CONCENTRATED LOAD',/,

$T15, 3 - FIXED ENDS UNDER CONCENTRATED LOAD',/,

$T15, 4 - SIMPLY-SUPPORTED UNDER UNIFORM DISTRIBUTED LOAD' ,/
$T15,' 5 - CANTILEVER UNDER UNIFORM DISTRIBUTED LOAD',/,

$T15,' 6 - FIXED ENDS UNDER UNIFORM DISTRIBUTED LOAD')

READ(*,*)CONFI

IF (CONFI.EQ.1) WRITE(7,111)
IF (CONFI.EQ.2) WRITE(7,112)

IF (CONFI.EQ.3) WRITE(7,113)

IF (CONFI.EQ.4) WRITE(7,114)

IF (CONFI.EQ.5) WRITE(7,115)

IF (CONFL.EQ.6) WRITE(7.116)

111 FORMAT(T10, 'SIMPLY-SUPPORTED UNDER CONCENTRATED LOAD',/)
112 FORMAT(T10, 'CANTILEVER UNDER CONCENTRATED LOAD' ,/)
113 FORMAT71O,'FIXED ENDS UNDER CONCENTRATED LOAD',/)

114 FORMAT(T1O,'SIMPLY-SUPPORTED UNDER UNIFORM DISTRIBUTED LOAD',/)
115 FORMAT(T1O,'CANTILEVER UNDER UNIFORM DISTRIBUTED LOAD',/)
116 FORMAT(T10, 'FIXED ENDS UNDER UNIFORM DISTRIBUTED LOAD' ,/)

WRITE(*,*)'INPUT THE WIDTH OF THE SANDWICH BEAM ( in. )'

READ'* ,*)WS

WRITE(*,*)'INPUT THE SPAN OF THE SANDWICH BEAM ( in. )'

READ(*,*) SS
WRITE(7, 117)WS,SS

117 FORMAT(TIO,'THE WIDTH OF THE SANDWICH BEAM -',T50,FIO.3,T5,'( in.

$ )',//,T1O,'THE SPAN OF THE SANDWICH BEAM -',T50,F10.3,T65,'( in.

$ )',I)
IF (TY.EQ.2) GO TO 200

IF (TY.EQ.3) GO TO 250
IF (TY.EQ.4) GO TO 270

* ***-** ** *********** ******* *** ***** *** *

**** *** ** ****** **** **** *** ** ***** ****** **** ****

1. ANALYSIS OF SANDWICH BEAMS

WRITE(*.*)'INPUT THE MASS DENSITY OF FOAM CORE ( pcf )'

READ(*,*)ROC

WRITE(*,*)'INU Z THE THICKNESS OF FACE MATERIAL ( in. )'

READ(*,*)TF
W RITE(*,*)'INPUT THE THICKNESS OF FOAM CORE ( in. )'
READ (* ,* ) TC
WRITE(7,125)ROCTF,TC

EC-C3* (ROC/ROS) **A*ES

GC-CG*(ROC/ROS)**G*ES
IF (CONFI.GE.4) THEN

WRITE(*,*)'INPUT THE MAGNITUDE OF UNIFORM LOAD ( kips/in )'

READ(*,*)UDL
WRITE(7,126)UDL

ELSE IF (CONFI.LT.4) THEN
WRITE(*,*)'INPUT THE MAGNITUDE OF THE CONCENTRATED LOAD ( kip

$s )'
READ(*,*)MCL

WRITE(*,*)'INPUT THE LOCATION OF THE CONCENTrRATED LOAD ( in.

WRITE(*,*)'*** THE LOCATION IS MEASUF.ED FROM THE FREE END FOR

$CANTILEVER BEAM ***'

READ(*, *)LCL

WRITE(7,127)MCL,LCL



AL,-(SS-LCL)/SS

EDIIF (AL.LT..1) WJRITE(*.*)'** CHECK THE LOCATION OF LOAD *

125 FORMAT(TiO,'THE MASS DENSITY OF 7:RE MATERIAL -',T50,F12.3,T65,
*$'( pcf ),,//,TiO.'THE THICKNESS OF FACE MATERIAL -'.T5O,Fl2.3,

$T65.'( in. )',//.TIO,'THE THICKNESS OF FOAR CORE -',T50,F12.3,
$T65,'( in. )',/)

126 FORMAT(T10,'THE MAGNITUDE OF UNIFORM LOAD -',T50,F12.3,
$765,1( kips/in. )',/)

127 TZMAT(TlO,'THE MAGNITUDE OF CONCENTRATED LOAD -',T50,F12.3,

$T65,'( kips )'.//,

$T10,'THE LOCATION OF CONCENTRATED LOAD -',T50,F12.3,

$T65,'( in. )/

CALCULATE THE CRITICAL BENDING AND SHEAR STRESSES

IF (CONFI.EQ.1) THEN
IF (AL.LT.O.5) AL-i-AL

C2(l)-1./AL
C5(1)-27.I(AL*(1..AL)*(2AL)*(3*AL*(2-A.L) )**O 5)

ELSE IF (CONFI.EQ.d-) THEN
CI(2).-l./,kL
C2(2)-i.

C5(2)-6 ./(3*Ai*AL-AL**3)
C6(2).-1./AL

ELSE IF (CONFI.EQ.3) THEN

IF (AL.GT.O.5) AL-i-AL

C5(3)-3*(3-2*AL)**2/C2*AL**2*(l.AL)**3)
C6(3)-1 ./(AL*(1.AL)**2*(i+2*AL))

END IF
SD.-TF4TC
D-EF*WS*TF**3/6 .+EF*1VS*TF*SD**2/2 . EC*WS*TC**3/12.

IF (CONFI.GE.4) THEN
M-UDL*SS**2/Ci (CONFI)

Q-UDL*SS/C2 (CONFI)

ELSE IF (CONFI.LT.4) THEN
M-MCL*SS/Ci (CONFI)

Q-MCL/C2 (CONFI)

END IF
WRITE(*, 130)

WRITE(7, 130)

130 FORMAT(/,5,'THE CRITICAL. BENDING AND SHEAR STRESSES :',//,T1O,

$'Z ( in )',T25,'SIGMAC ( ksi )',T40,'TAUC ( ksi),/

STEP-TC/40.

z-0.O0
DO 140 1-1,21

SIGMAC..M*Z*EC/D

TAUC-(EF*TF*SD/2 .+EC*(TC**2/4. .Z*Z) /2.)*/
WRITE(*, 135)Z, SIGMAC ,TAUC

WRITE(7, 135)Z, SIGMACITAUC

135 FORMAT(T5,F7.3,T20,F12.6,T35.Fi2.6)
Z-Z+STEP

140 CONTINUE

WRITE(*, 145)

IJRITE(7 .145)



145 F0C.MAT(/.T1O, 'Z f% in~ 725, 'S IGMAF ( ksi J',40, TAl'F Cksi)'/
STtP-TF/20.
Z-TC/2.
DO 150 1-1,21

SICMAF-H*Z*EF/D

TAtJF-Q*EF*(((TC/2.+TF)**2.Z*Z)/2. )/D
U-I'TE(*, 135)Z,SIGMAkFTAUF
WRITEC , 135)Z,SIGMAF,TAUF

Z-Z+STEP

150 CON~TINUE

CALCULATE THE MAXIMUM DEFLECTION

AREA-WS*SD**2/TC

IF (CONFI.GE.4) THEN
DEFLi-UDL*SS**4/CC5(CONFI)*D)+UDL*SS**2/(AREA*GC*C6(CONFI))

ELSE IF (CONFI.LT.4) THEN
DEFL-MCL*SS**3/(C5(CONFI)*D)+MCL*SS/(C6(CONFI)*AREA*GC)

END IF
WRITE(*, 160)DEFL

WRITE(7 ,160)DEFl..

160 FOR?AT(/,T10,'THE MAXIMUM DEFLECTION -',T35,rl2.6,T50,'( in.))

JUDGE THE STRENGTH FAILURE MODE

FlY-Cl (CONFI)*YF*WS*TC*TF/SS

PF-AFA*C1(CONFI)*(ROC/ROS)**(2.*A/3* )*WS*TC*TF/ss
COEFF-(C3*(ROC/ROS)**A*ES*SS/(2 .*C (CONFI)*TF*EF) )**2.
COEFF-COEFF+ (1 ./C2 (CONFI) )**2
PCS-C4*(ROC/ROS )**B*YS*WS*TC* (1./COEFF)**O. 5

FAILo-3
IF(PFY.LT.PNV) THEN

IF (PFY.LT.PCS) FAIL-1
ELSE IF (PNV.LE.PFY) THEN

IF (PFW.LT.PCS) FAIL-2

END IF
IF (CONFI.GE.4) PP-UDL*SS
IF (CONFI.LT.4) FP-MCL

IF (FAIL.EQ.1) THEN
WRITE(*, 163)
WRITE(7 .163)

IF ((PFY-PF).GT.O) THEN

WRITE(*, 161)

WRITE(7 ,161)

ELSE IF ((PFY-PP).LE.O) THEN
WRITE(*, 162)

WRITE(7,162)

END IF

ELSE IF (FAIL.EQ.2) THEN

WRITE(*, 164)

WRITE(7, 164)

IF ((PFVJ-PP).CT.0) THEN
WRITE(*, 161)

WRITE(7,161)
ELSE IF ((PFV.PP).LE.0) THEN

WRITE(*,162)

WRITE(7, 162)
END IF



ELSE IF (FAIL.EQ.3) THEN

WRITE(*,165)
WRITE(7, 165)

IF ((PCS-PP).G;T.O) THEN

WRITE(*, 161)

WRITE(7 ,161)

ELSE IF ((PCS-PP).LE.O) THEN

WRITE(*, 162)

WRITE(7 ,162)

END IF

END IF

GO TO 1000
161 FORMAT(Tl0,'THE SANDWICH BEAM UNDER LOADING IS SAFE-,/)

162 FORMAT(T10, 'THE SANDWICH BEAM UNDER LOADING IS NOT SAFE' ,/)
163 FORMAT(/.T10.-THE FAILURE MODE IS FACE YIELDING',/)
164 FORMAT(/,T10,'THE FAILURE MODE IS FACE WRINKL.ING',/)
165 FORMAT(/,T1O, 'THE FAILURE MODE IS CORE SHEAR YIELDING',/1)

2. MINIMUM WEIGHT DESIGN FOR STIFFNESS IN SANDWICH BEAMS

INPUT THE REQUIRED DESIGN STIFFNESS

200 WRITE(*,*)IINPUT THE REQUIRED DESIGN STIFFNESS ( kips/in )'

READ(*,*)STIFF

WRITE(7 ,201)STIFF
201 F0O2IAT(T10,'THE REQUIRED DESIGN STIFFNESS -',T50,

$F12.5,T65,'( kips/in)'/

CALCULATE THE OPTIMAL DESIGN VALUES .A

COE******G*,4./(G-1))*..l./G)/*G*****((2+2*G)/(G-1))******.*G

COEFT-COEFF*(SS*C5(CONFI)*EF/(CG*C6(CONFI)*ES))**(.1./G)

COEFF-COEFF*(STIFF/(C5 (CONFI)*WS*EF) )**(14 ./G)

TC-(COEFF*ROF*SS**3/ROS)**(G/(3*G-1))
TF-2*(1+G)*STIFF*SS**3/((G.1)*C5(CONFI)*EF*WS*TC**2)
COEFF-SS*C5(CONFI)*STIFF'*EF*TC*TF/CCG*C6 (CONFI)*ES)
ROCu(COEFF/(C5(CONFI)*EF*WS*TF*TC**2.2*STITF*SS**3) )**GI. /G)*ROS
WEIGHT-(2 .*ROF*WS*TF'*SS.ROC*WS*TC*SS)/172 8000.

SD-TF+TC
COEFF-(CG*(ROC/ROS)**G*ES*TC*(1+3*(SD/TF)**2)/(2*E*TF) )**0. 5

THETAmCOEFF*SS/TC

WRITE(*, 215)TC.TF,ROC.WEIGHT,THETA

WR.ITE(7 ,215)TC,TF.ROC,WEIGHT,THETA

215 FORMAT(//,Tl0,'THE OPTIMAL DESIGN VALUES ,/
$,T15,'THE OPTIMAL CORE THICKNESS -',T55,F12.4.T70,'in.'.//.

$T15,'THE OPTIMAL FACE THICKNESS -',T55,Fl2.4,T70,'in.'.//,fl5,

$*THE OPTIMAL MASS DENSITY OF FOAM -',T55,F12.4,T70,'pcf',//,Tl5,

$'THE MINIMUM WEIGHT OF SANDWICH BEAM -'.T55,F12.4,T70,'kips',//,

$T15,'THETA OF THE SHEAR LAG CRITERION -',T55,F12.4)

GO TO 1000

** 3. MINIMUM WEIGHT DESIGN FOR STRENGTH IN SANDIVICH BEAMS



INPUT THE REQUIRED DESIGN STRENGTH

250 WRITE(*,*)'INPVT T)HE REQUIRED DESIGN STRENGTH PER UNIT WIDTH AND L

$ENGTH ( psi Y
READ(* *)STREN

WRITEC , 251)STREN

STME-STREN/1000.
251 FORKAT(T10.'THE REQUIRED DESIGN STRENGTH ,./1T10,

$IPERt UNIT W'IDTH AND LENGTH - ,T50,F12.4,T65,'psi',/)

CALCULATE THE OPTIMAL DESIGN VALUES

****** FY/FW/CS FAILURE DESIGN ***

TC-STREN*SS*(YF/AFA)**( -1.5*B/A)/(YS*C4*C2 (CONFI))
TF-STREN*SS**2 ./(Cl(CONFI)*YF*TC)
ROC-(YF/AFA)**(1. 5/A)*ROS

WEIGHT-(2 .*ROF*WS*7,F*SS4ROC*WS*'IC*SS )/172B000.
FAIL-4

COEFF-(YF/AFA)**(C6*B.3)/(2 .*A) )*2*ROF*YS**2*C4**2*C2(CONFI)**2

STRI-COEFF/(Cl.(CONFI)*ROS*Y-F)
COEFF(Y/AFA)**((6*B2*A3)/(2.*A))*(C2(CONFI)*C4*YS)**2*ROF*2
STRL2-COEFF'*(2*A-3*B)/(ROS*(3.-3.*B *Cl(CONFI)*AFA)

COEFF(YF/AFA)**((6*B3)/(2.*A))*(C2(CONFI)*C4*YS)**2*B*2*ROF
STR3-COEFF/(ROS*(B-1)*C1 (CONFI )*YF)

FW/FY FAILURE DESIGN~***
IF (STREN.LE.STR1) THEN

COEFF..2*ROF*STREN*SS**2*AFA**(1. 5/A)/(C1 (CONFI)*ROS)
TC1-(COEFF/(YF**(l+(l.5/A))))**O.5

TFl-STREN*SS**2/(C1 (CONFI)*YF*TCI)

ROC1-(CYF/AFA)**(I . /A)*ROS

W1-(2*TFl*WS*SS*ROF+TCI*WS*SS*ROC1)/1728OO0.
IF (W1.LT.WEIGHT) THEN

TF-TF.

TC-TCl
ROC-ROC1
WEIGHT-Wi

FAIL-1

END IF

END IF
NW/CS FAILURE DESIGN m*

IF (STREN.LE.STR2) THEN

COEFF-(STREN*SS/(C2(CONFI)*C4*YS))**C(2*A+3)/(3.*B))*AFA
COEFF-COEFF*Cl(CONFI)*ROS*(3-3*B)/(2 .*ROF*(2*A.3*B))

TC1-(COEFF/(STREN*SS**2))**(3*B/(2.*A.6.*B+3.))
ROC1m(STRflq*SS/(C2(COI MI)*C4*YS*TC1) )**(1 ./B)*ROS
TF1-STRE?4*SS**2/(Cl(CONFI)*AFA*(ROCl/ROS)**(2*A/3. )*TCI)

Wlm(2*TF1*WS*SS*ROF+TCi*WS*SS*ROCI)/1728000.
IF (W1.LT.WEIGHT) THEN

TF-TF1

TC-TC1

ROC-ROC1
WEIGHT-Wi

FAIL-2

END IF



END I F
FY/CS FAILURE DESIGN ***

IF (STREN.GE.STR3) THEN

COEFF-2*B*ROF*(STREN*SS)**((B.1)/B)*SS/(Cl(CONFI)*YF)

COEFF-(C2(CONFI)*C4*YS)**(1./B)*COEFF/(ROS*(B-1))
TC1-COEFF**(B/(2 .*B.1.))

TFI-STREN*SS**2/(C1 (CONFI )*YF*TCl)
ROCI-(STREN*SS/(C2(CONFI)*C4*YS*TCl))**(l./B)*ROS

W1-(2*TF1*WS*SS*ROF+TC1*WS*SS*RoC1)/172800O.

IF (WI.LT.WEIGHT) THEN

TF-TF1

TC-TC1

ROC-ROC1

WEIGHT-Wi

FAIL-3

END IF

END IF
WRITE(*, 260)TC,TF,ROC ,WEIGHT

WRITE(7,260)TC,TF,ROC,WEIGHT
IF (FAIL.EQ.1) WRITE(7,261)

IF (FAIL.EQ.2) WRITE(7,262)
IF (FAIL.EQ.3) WRITE(7,263)

IF (FAIL.EQ.4) WRITE(7,264)

GO TO 1000

260 FORMAT(/,T10,'THE OPTIMAL DESIGN VALUES :',//,Tl5,

$'THE OPTIMAL CORE THICKNESS -',T55,F12.4,T70,'in.',//,T15,

$'THE OPTIMAL FACE THICKNESS -',T55,Fl2.4,T70,'in.',//,T15,

$'THE OPTIMAL MASS DENSITY OF FOAM -',T55,F12.4,T70,'pcf',//,Tl5,
$'THE MINIMUM WEIGHT OF SANDWICH BEAM -',T55,F12.4,T70,'kips',/)

261 FORMAT(T5,FY/NW FAILURE DESIGN' ,/)
262 FORKAT(T15,'NV/CS FAILURE DESIGN',/)

263 FORMAT(T15,'FY/CS FAILURE DESIGN' 1/)

264 FORMAT(TI5,'FY/FW/CS FAILURE DESIGN' ,/)

4. MINIMUM WEIGHT DESIGN FOR STIFFNESS
AND STRENGTH IN SANDWICH BEAMS

INPUT THE DESIGN PARAMETERS

270 WRITE(*,*)IINPUT THE REQUIRED DESIGN LOAD kiUps )

READ (* ,*) P
WRITE(*,*)'INPUT THE REQUIRED DESIGN DEFLECTION (in )
READ(*,*)DELTA
WRITE(7 ,271)P,DELTA

271 FORMAT(T1,'THE REQUIRED DESIGN LOAD -',T50,Fl2.4,T65,'kips,//,
$TlO,'THE REQUIRED DESIGN DEFLECTION -, ,T50,F2.4,T65'in.' ,/)

CALCULATE THE OPTIMAL DESIGN VALUES

S+FY FAILURE DESIGN
RCS-(YF/AFA)**(1. 5/A)*ROS
CRIT-DELTA*C5(CONFI)*EF*P/(2*Cl(CONFI)**2*YF**2*WS*SS*1OOO.)
TFl-CRIT



WEICHT-1000000.

WRITE(*,*)'THE PROGRAM IS RUNNING. PL.EASE WAIT!'
DO 273 1-1,999

* TCl-P*SS/(C1 lrONFI)*YF*WS*TFI)
COEFF-C5 (CONFI )*EF*P*SS*TF1*TC1/ (CG*C6 (CONFI ) *E)
COEFF-COEFF/(C5 (CONFI)*DELTA*WS*TF1*TC1**2*EF-2*P*SS**3)
ROCl-COEFF **(l1G*O

W1-(2*R0F*WS*SS*TF1+ROC1*WS*SS*TCI)/1728OOO.

IF (ROC1.GE.RCS) THEN

IF (W1.LE.WEIGHT) THEN

TC-TC1

TF-TFi
ROC-ROCi
WEIGHT-Wi

END IF

END IF
TF1-TF1+CRIT

273 CONTINUE

S+F'4 FAILURE DESIGN

CRIT-RCS/1000.

ROCi-CRIT

DO 274 1-1,999

COEFF-2*SS**2*AFA*Cl(CONFI)*(ROC1/ROS)**(2*A/3. )/C5(CONFI)

TCl-COEFF/(DELTA*EF)+P*SS/(CG*C6 (CONFI )*ES*WS*DELTA*

$ (ROCl/ROS)**G)

TFl-P*SS*(ROCi/ROS)**(-2*A/3. )/(AFA*Cl(CONFI)*WS*TC1)

W1-(2*ROF*WS*SS*TF1+ROC1*WS*SS*TC1)/172 8000.

TL-C2(C0NFI)*C4*YS*(ROCl/ROS)**(B.2*A/3. )/(AFA*C1(CONFI))

IF ((TF1/SS).LE.TL) THEN
IF (W1.LE.IJEIGHT) THEN

TC-TC1
TF-TF1
ROC-ROCi

WEIGHT-Wi

FAIL- 2

END IF

END IF

ROCl-ROC1+CRIT

274 CONTINUE

S+FY+NW FAILURE DESIGN

R0C1-(YF/AFA)**(1.5/A)*ROS
COEFF-2*SS**2*Cl(CONFI )*YF/(C5 (CONFI )*DELTA*EF)

TCl-COEFF+P*SS*(YF/AFA)**( .1. 5*G/A)/(CG*C6 (CONFI)*ES*WS*DELTA)

TF1-P*SS/ (Ci (CONFI) *YF*WS*T Cl)

W1-(2*ROF*WS*SS*TF1+ROC1*WS*SS*TC1)/172 8000.

IF (W1.LE.WEIGHT) THEN

TCimTC1

TF-TF1

ROC-ROC1
WEIGHT-Wi

FAIL-3

END IF

WRITE(*, 280)TC,TF,ROC,WEIGHT
WRITE(7,280)TC,TF,ROC,WEIGHT

IF (FAIL.EQ.1) WRITE(7,281)

IF (FAIL.EQ.2) WRITE(7,282)



IF (FAIL.EQ.3) WRITE(7,283)
CU TO 1000

2'8o FOkRAT(/,TIO,'THE OPTIMAL DESIGN VALUE :',//,TI5,
$'THE OPTIMAL CORE THICKNESS -',T55,FI2.4,T70,'in.',//,TI5,

$'THE OPTIMAL FACE THICKNESS -',T55,FI2.4,T70,'in.',//,Tl5,
$'THE OPTIMAL MASS DENSITY OF FOAM -',T55,FI2.4,T70,'pcf',//,TI5,

$'THE MINIMUM WEIGHT OF SANDWICH BEAM -',T55,FI2.4,T70,'kips',/)
281 FORMAT(T15,'STIFFNESS/FY FAILURE DESIGN' ,/)
282 FORMAT(T15,'STIFFNESS/FW FAILURE DESIGN',/)
283 FDRMAT(TI5, 'STIFFNESS/FY/FW FAILURE DESIGN' ,/)

B. ANALYSIS AND DESIGN OF SANDWICH PLATES

*************************** ******************* * *****. .....A..AA

******************. .********************** *********************

INPUT TAE CONFIGURATION AND LOADING GEOMETRY

AND CALCULATE Cl ---- G9 COEFFICIENTF

300 WRITE(*,301)
301 FORMAT(T2,'WHAT IS THE CONFIGURATION hND LOADING GEOMETRY ?',/,

$T15,' 1 - CIRC7-AR.. PLATE, SIMPLY-SUPPORTED UNDER UNIFORM LOAD.',/,

$T15,'2 - CIRCULAR PLATE, CLAMPED UNDER UNIFORM LOAD.',/,

$T!5,'3 - RECTANGUILAR PLATESIPLY-SUPPORTED UNDER UNIFORM LOAD.')

READ(*,*)CONFI
IF (CONFI.EQ.1) WRITE(7,311)

IF (CONFI.EQ.2) WRITE(7,312)

IF (CONFI.EQ.3) WI.TE(7,313)
311 FORMAT(TIO,'CIRCULAR PLATE, SIMPLY-SUPPORTED UNDER UNIFORM LOAD',

$1)
312 FO?.RMAT(TlO,'CIRCULAR PLATE, CLAMPED UNDER UNIFORM LOAD',/)

313 FORMAT(T10,'RECTANGULAR PLATE, SIMPLY-SUPPORTED UNDER UNIFORM LOAD
$' ,I)
WRITE(*,*)'INPUT THE POISSON','S RATIO OF THE FACE MATERIAL'

READ(*,*)NUF
WRITE(7,323)NUF

IF (CONFI.LE.2) THEN
WRITE(*,*)'INPU T THE RADIUS OF THE CIRCULAR PLATE ( in. )'

READ(*,*)RCP
WRITE(7,321)RCP

WRITE(*,*)'INP UT THE RADIUS OF THE UNIFORM LOAD ( in. )'

READ(*,*)AA
WRITE(7,322)AA

321 FORMAT(TIO,'THE RADIUS OF THE CIRCULAR PLATE -',T50,FI2.3,T65,
V'( in. )'./)

322 FORMAT(T1O,'THE RADIUS OF THE UNIFORM LOAD -',T50,Fl2.3,T65,
$V( in. )',/)

323 FORMAT(T1O,'THE POISSON''S RATIO OF THE FACE MATERIAL -',T50,

$F12.3,/)
IF (CONFI.EQ.1) THEN

Gl-(3+NUF)*(RCP/AA)**2/(I+NUF)+LOG(AA/RCP)

$ -(7+3*NUF)/(4*(I+NUF))

C3-0. 5+0.5.*5G (RCP/AA) -AA**2/(8*RCP**2')
G4-0. 5*LOG (RCP/AA)+AA**2/( 8*RCP**2)
G5-G3
06-G4



ELSE IF (CONFI.EQ.2) THEN

Cl-(RCP/AA)*2-LG(RCP/AA) .0.75

IF ((AA.0.588*RCP).GE.0) THEN

G3-O. 5-AA**2/(4*RCP**2)
G4-0.

G5-C.
G6-C 3

ELSE IF ((AA-o.588*RCP).LT.0) THEN

G3-0. 5*LOC (RCP/MA)+AA**2/(8*RCP**2)
C4-G3

C 5-G3

G6-G3

END IF
END IF
G2-m1+2*LOG CRCP/AA)

G7-0.

G8-0.5
G9-0.5

ELSE IF (CONFI.GE.3) THEN
WRITE(*,*)'INPUT THE LENGTH CX DIRECTION )OF THE RECThNGULA

$R PLATE ( in. )'
RE.AD(* ,*B

WRITE(7 ,324)BB

IRITE(*,*)'INFUT THE WIDTH Y DIRECTION )OF THE RECTANGULAR

$PLATE ( in. )'
READ (* , ') AA
WRITE(7,325)AA

324 FORMAT(T10,'THE LENGTH ( X DIRECTION ) OF' ,/,Tl5,
$'THE RECTANGULAR PLATE -',T50,Fl2.3,T65,'( in. )',/)

325 FORMAT(T10,'THE WIDTH ( Y DIRECTION ) OF' ,/,Tl5,
$*THE RECTANGULAR PLATE -',T50,F12.3,T65,'( in.),/

DO 330 1-0,11

M-2* 1+1

DO 330 J-0,11
N-2*J+l

OHEGA-(M*AA/BB) **2+N**2

Gl-Gl+16**2*(.1)**I*(.1)**J/(3.14159**6*M*N*OMEGA**2)

G2-G2+64*(.1)**I*(.1)**J/(3.14159**4*M*N*OM.SGA)

G3-G3+16*(.1)**I*(.1)**J*M*AA**2/(3. 14159**4*OMEGA**2*N*
$ BB**2)

G4-G4+16*(.1)**I*(.1)**J*N/(3.14159**4*OIEGA**2*M)

G7-G7+16*AA/(3 .1415 9**4*BB*O.r.EGA**2)

G8.-G8+16*(.1)**J*MA/(3. 14159**3*N*OMEGA*BB)
G9-G9+16*( .1)**I/(3. 14159**3*M*OMEGA)

330 CONTINUE
G5-G4
G6-G3

END IF
IF (TY.EQ.6) GO TO 400

IF (TY.EQ.7) GO TO 500

IF (TY.EQ.S) GO TO 600

1. ANALYSIS OF.SANDWICH PLATES

WRITE(*,*)'INPUT THE MAGNITUDE OF THE UNIFORM LOAD (ksi)
pJFA (* ,* )UDL
WRITE(*,*)'INP'T THE THICKNYESS OF FACE MATERIAL ( in.)



RIAfl(*.*)TF
t'RITE(*,*)'INPUT THE THICKNESS OF FOAM CORE (in. )

READ(*,*)TC
WRITE(*,*)'INxrr THE MASS DENSITY OF FOAM CORE ( peE )

REA ( *.* )RC
WRITE(7 ,341)UDL.TF,TC,ROC

341 FORNAT(T10,'THE MAGNITUDE OF THE UNIFORM LOAD -',T50,F12.5,T65,
$(ksi )',//,TlO,'TlHE THICKNESS OF FACE MATERIAL -',T50,Fl2.3,T65,
$(in. )',//,T10.'THE THICKNESS OF FOAM CORE -',T50,F12.3,T65,
$(in. )',//,T1O,'THE MASS DENSITY OF FOAM CORE -",T50,Fl2.3,T65,

CALCULATE THE MAXIMUM STRESSES AND DEFLECTION

SD-TC+TF

D-EF*TF*SD**2/(2.*(l. -NUF**2))
GC-CG* (ICC/lOS) **G*ES
S-SD*GC
DEFL.-UDL*AA**4*G1/ (16*D) +UDL*AA**2*G2/ (4*S)
SICY.AXUDL*MA**2* (G3+NLF*G4)/(SD*TF)
SlGMAY-UDL*AA**2* (G5+NUF*G6 ) /(SD*TF)
TAUXY-JDL*AA**2*(1.NUF)*G7/(SD*TF)
TAIUZX-UDL*AA*GS/SD
TAUYZ-UDL*MA*G9/SD
WR.ITE(*, 346)SIGMAX,SIMAY,TAUXY,TAUZX,TAUYZDEFL
IJRITE(7,346)SIGMAX, SGMAY,TALXYTAUZXTAUYZ,DEFL

346 FORAT(T1,'THE MAXIMUM STRESSES IN THE FACE MATERIAL :,/
$T15,'THE MAXIMUM STRESS SIGMAX (SIGMAR) -.. ,T50,F2.4,T65,'ksi,//,
$Tl5,'THE MAXIMUM STRESS SIGMAY (SIGMAT) -',T50,Fl2.4,T65,'ksi',//,
$T15,'THE MAXIMUM STRESS TAflY (TAURT) -',150,T12.4,T65,ksi',//,
$TlO.<THE MAXIMUM STRESSES IN THE FOAM CORE :',//,
$T15,'THE MAXIMUM STRESS TAUZX (TAUZR) -',T50,F2.4,T6,ksi',//,
$Tl5,'THE MAXIMUM STRESS TAUYZ (TAUTZ) -',T50,Fl2.4,T65,'ksi',//,
S-.1O,'THE MAXIMUM DEFLECTION -, ,T50,F12.4,T65,'in.')

JUDGE THE STRENGTH FAILURE MODE

PFY-YF*TC*TF/ (AA**2* (G3.NUF*G4))
PFW-AFA*TC*TF*(ROC/ROS)**(2*A/3. )/(M**2*(G3+NJF*G4))
PCS-VC4* (ROC/ROS )**B*YS*TC/ (AA*G8)

FAIL-3
IF(PFY.LT.PFW) THEN

IF (PFY.LT.PCS) FAIL-i
ELSE IF (PFW.LE.PFY) THEN

IF (PFW.LT.PCS) FAIL-2
END IF
IF (FAIL.EQ.1) THEN

WRITE(*, 363)
WRITE(7,363)

IF ((PFY-UDL).GT.O) THEN
WRITE(*, 361)

WRITE(7 .361)

ELSE IF ((PFY.UDL).LE.O) THEN
WRITE(*, 362)
WRITE(7 .362)

END IF
ELSE IF (FAIL.EQ.2) THEN

WRITE(*, 364)



WRITE(7.364)

IF ((PFW-JUDL).GT.0) THEN
WRITE(*,361)

WRITE(7,361)
ELSE IF ((PFW-UDL).LE.O) THEN

WRITE*. 362)

WRITE(7 ,362)

END IF
ELSE IF (FAIL.EQ.3) THEN

IrRITE(*, 365)
WRITE(7 ,365)

IF ((PCS-UDL).G'T.O) THEN

WRITE*. 361)

WRITE(7,*361)
ELSE IF ((PCS-UDL).LE.O) THEN

WRITE(*, 362)
WIRTE(7,362)

END IF
END IF
GO TO 1000

361 FORMAT(TlO,'THE SANDWICH PLATE UNDER LOADING IS SAFE',/)

362 FORMAT(TlO,'THE SANDWICH PLATE UNDER LOADING IS NOT SAFE',/)
363 !'ORMAT(/,TIO,'THE FAILURE M'ODE IS FACE YIELDING' 1/)

364 FORMAT(/,TlO,'THZ FAILURE MODE IS FACE WRINKLING',/)
365 FORMAT(/,TIO.'THE FAILURE MODE IS CORE SHEAR YIL.DING',/)

2. MINIMUM WEIGHT DESIGN FOR STIFFNESS lN SANDWICH PLATE

** INPUT THE REQUIRED DESIGN STIFFNESS

400 WRITE(*,*)'INPUT THE REQUIRED DESIGN STIFFNESS ( ksi/in)
RE&D(* ,*)STIFF

WRITE(7 ,401)STIFF
401 FORMAT(TlO,'THE REQUIRED DESIGN STIFFNESS -'.T50,F12.5,T65,

$1( ksi/in )/

CALCULATE THE OPTIMAL DESIGN VALUES

ROC-( (G+1)**2*(G.1)**2*G2**3*ROS*EF*(STIFF*MA)**2/
$(256*CC**3*G*(l.NUF**2)*G*ROF*ES**3))**(l./(3*G-1.))*ROS
TC-(4**(G.1)*CG*G**G*(G41)**(G. 1)*(l.N1JF**2)**C*G1**G*ROF**G*ES*

S(STIFF*AA)**(G-t)/((G.1)**(2*G)*G2*ROS**G*EP**C))**(l./(3*G-1.))
$*MA/2.

$EF**(l.G)*(STIFF*M)**(4.1)/(2**(13*G+1)*CG**2*G**C2*G)*ROF**(2*G)
$*ES**2))**(1./(3*G-..))*4*MA

IF (CONFIA.T. 3) WEIGHT-(2*TF*ROF+TC*R0C)*3. 14*RCP**2/1728000.
IF (CONFI .GE. 3) WEIGHT(2*TF*ROF+TC*ROC)*AA*B11728000.
WURITE(*,402)TF,TCROC,WEIGXT

WRITE(7 ,402)TF,TC,ROC,WEIGHT
.02 FORKAT(//,TlO,'THE OPTIMAL DESIGN VALUES:,/

$T15,1THE OPTIMAL THICKNESS OF FACE MATERIAL -',T55,F12.4,

$T70,'in.',//,T15,'THE OPTIMAL THICKNESS OF CORE MATERIAL -',T55,

$F12.4,T70,in.',//,T5,THE OPTIMAL MASS DENSITY OF FOAM '-1,T55,



$F12d.4,T70,jpcf'.//,T15,'THE MINIMUM. WEIGHT OF SANDWoICH PlATE -

.$T55,F12.4.T7O,'kips',/)

GO TO 1000

3. M~INIMUtM WEIGHT DESIGN FOR STRENGTH IN SANDWICH BEAMS

INPUT THE REQUIRED DESIGN STRENGTH
AAA It it * A******11******.**.*.*.*.*.....*.

500 WRITE(*,*)'INPUT THE REQUIRED UNIFORM LOADING ( psi )

READ(*,*)STREN

WRITE(7 ,551)STREN

STREN-STREN/l000.
551 FORMAT(T1O,'THE REQUIRED UNIFORM LOADING -'',T5,F2.4,T65,'psi',/)

CALCULATE THE OPTIMAL DESIGN VALUES

~~***~FY/FW/CS FAILURE DESIGN ***

TC-STREN*AA*G8*(YF/AFA)**( .*5*B/A)/(YS*C4)
TF-STREN*MA**2 .*(G3+NTF*4)/('jF*TC)

ROC-(YF/AFA)**(l. 5/A)*ROS
IF (CONFI.LT.3) WEIGHT-(2*R0F*TF+ROC*TC)*3. 14*RCP**2/1728000.
IF (CONFI .GE.3) WEIGHT-(2*ROF*TF+ROC*TC)*AA*BB/i728OOO.

FAILM4
COEFF-(YF/AFA)**( (6*B.3)/(2.*A))*2*ROF*YS**2*C4**2*(3+NUF*G4)
STR1-COEFF/ (Gg**2*ROS*YF)
COEFF-(YF/AA)**((6*B-2*A.3)/C2 *A))*(C4*YS)**2*ROF*2*(G3+N'JF*G4)
STR2-COEFF*(2*A...*B)/(ROS*(3.-3.*B)*G8**2*AJA)
C0EFF-(YF/AFA)**((6*B-3)/(2.*A))*C4*YS)**2eB*2*ROF*(G3+Nup*G4)
STR3-COEFF/(ROS*(B- 1)*GS**2*YF)

~'~** N/ri FAILURE DESIGN ***

IF (STREN.LE.STR1) THEN
COEFF..2*ROF*STREN*MA**2*AFA**( 1. 5/A)*(G3+NUF*G4)/ROS
TC1-(COEFF/(YF**(l4(.5/A))))**0.5
TF1-STREN*AA**2* (G3+NUF*G4 ) /(YF*TC1)
ROCI-(YF/AFA)**(1. 5/A)*ROS

IF (CONFI.L.T. 3) W1-(2*TF1*ROF+TC1*ROC1)*3 .14*RCP**2/17/28000.
IF (CONFI .GE. 3) Wl-(2*ROF*TF1+P.OC1*TCl)*MA*BB/1728OOO.

IF (Wl.LT.WEIGHT) THEN
TF-TF1
TC-TC2.
ROC-ROCI
WEIGHT-Wi
FAIL-1

END IF
END IF

NW/CS FAILURE DESIGN ***

IF (STREN.LE.STR2) THEN
COEFF(STREN*AA*G8/(C4*YS))**((2*A+3)/(3.*B))*AFA
COEFF..COEFF*ROS*(33*B)/(2.*ROF*(2*A-3*B))

TC1-(C0EFF/(STREN*A**2*C3+NUF*G4)))**(3*B/(2.*A-6.*B+3.))
R0C1-(STREN*AA*G/(C4*YS*TC1) )**Ci./B)*ROS
TFi-STREN*MA**2*(C3+NUF*G4)/(AFA*(ROC/R0S)**(2*A/3. )*TC1)
IF (CONFI.LT.3) W1.(2*TF1*ROF4+TC1*RC1)*3. 14*RCP**2/1728000.

IF (CONFI .GE.3) Wi-(2*TF1*ROF+TC1*ROCI)*MA*BB/1728O00.

IF (W1.LT.WEIGHT) THEN



TF-TF1
TC-TC1
ROC-ROCI
IJEI GiT-Wl

FAI L-2
END IF

END I F
****** V/CS FAILURE DESIGN ***

IF (STREN.GE.STR3) THEN

COEFF-2*B*ROF*(STREN*MA)**( (B. 1)/B)*A* (G3+NUF'*G4)/YF

TC1-((C4*YS/G)**(l./B)*COEFF/(ROS*(B1)))**(B/(2.*B.1.))

TFI-STREN*MA**2* (G3+NUF*G4) /(YF*TCl)
R0C1.(STREN*MA*G8/(C4*YS*TCl) )**(1 /B)*ROS

IF (CONFI.LT. 3) W1-(2*TF1*ROF+TC1*ROC1)*3.14*RCP**2/1728000.

IF (CONFI .GE. 3) W1-(2*TF1*ROF+TCI*ROCI)*AA*BB/1728OOO.
IF (Wl.LT.WEIGHT) THEN

TF-TF1

TC-TCI

ROC-ROC I
WEIGHT-Wi

FAI L-3

END IF
END IF

WRITE(*, 560)TC ,TF, ROC ,WEIGMT

WRITE(7, 560)TC,TF,ROC,WEIGHT

IF (FAIL.EQ.1) WRITE(7,561)

IF (FAIL.EQ.2) WRITE(7,562)

IF (FAIL.EQ.3) WRITE(7,563)

IF (FAIL.EQ.4) WRITE(7,564)

GO TO 1000
560 FORMAT(/,Tl0.'THE OPTIMAL DESIGN VALUES :',//AT15,

$'THE OPTIMAL CORE THICKCNESS -1,T55,Fl2.4,T70,'in.',//,T15,
$'THE OPTIMAL FACE THICKNESS -lT55,Fl2.4,T70,'in.',//.Tl5,

$'THE OPTIMAL. MASS DENSITY OF FOAM -',T55.Fl2.4,T70,'pcf',//,T15,
$'THE MINIMUM WEIGHT OF SANDWICH PLATE -',T55.Fl2.4,T70,'kips',/)

561 FORMAT(T15,'FY/FW FAILURE DESIGN',/)
562 FORMAT(Tl5,'NW/CS FAILURE DESIGN',/)

563 FORMAT(Tl5,-FY/CS FAILURE DESIGN',/1)

564 FORMAT(Tl5,'FY/FW/CS FAILURE DESIGN',/)

4. MINIMUM WEIGHT DESIGN FOR STIFFNESS

AND STRENGTH IN SANDWICH PLATES

INPUT THE DESIGN PARAMETERS

600 WRITE(*,*)'INFUT THE REQUIRED UNIFORM LOADING (ksi )

READ (* ,*)?P
WRITE(*,*)'INFUT THE DESIGN DEFLECTION ( in )

READ(* ,*) DELTA
WRITE(7, 671)P ,DELTA

671 FORMAT(Tl0,'THE REQUIRED UNIFORM LOADING -',T50,Fl2.4,T65,'kips'.

$//,T1O,'THE DESIGN DEFLECTION -',T50,F12.4,T65,'in.',/)

** CALCUTLATE THE OPTIMAL DESIGN VALUES



S+FY FAILURE DESIGN

RCS-m(YF/AFA)**(1. 5/A)*ROS

CRITmS*DELTA*EF*P*(G3+NUF*G4)**2/((l.NUF**2)*G1*YF**2*1000.)
TFI-CRIT

WEIGHT-1000000.

FAIL-i

WRITE(*,*)'THE PROGRAM IS RUNNING. PLEASE WAIT!'
DO 673 1-1,999

TC2I-P*AA**2* (C3+NUF*G4) /(YF*TFl)
COEFF-((DELTA/P)-AA**4-(1 .NLF**2)*Gi/(8*EF*TFl*TC1**2) )**(. 1)

ROC1-(COEFF*AA**2C*G2/(4*CG*TC1*ES) )**( . /G)*ROS
IF (CONFI.LT.3) Wl-(2*ROF*TF1+ROC1*TCI)*3.14*RCP**2/1728OOO.

IF (CONFI .GE.3) W1-(2*ROF*TFI+ROC1*TC1)*AA*BB/1728OOO.

IF (ROCl.GE.RCS) THEN
IF (Wl.LE.W.EIGHT) THEN

TC-TCl
TF-TF1

ROC-ROC1

WEIGHT-Wi

END IF

END IF

TFl-TFl+CRIT
673 CONTINUE

S+FW FAILURE DESIGN

CRIT'-RCS/1000.

ROC1-'CRIT

DO 674 1-1,999

COEFF-(ROCl/ROS)**(2*A/3. )*AA**2*AFA*Gl*(1.NUF**2)/8.
TCI-COEFF/(DELTA*EF*(G3+NUF*G4) )+P*AA**2*G2/(CG*4.*SDLA

$ (ROCl/ROS)**G)
TFi-P'*AA**2*(G3+NLJF*G4)*CROCl/ROS)**(.2*A/3. )/(AFA*TCI)
IF (CONFI .LT.3) W1-(2*ROF*TF1+ROCI*TC1)*3. 14*RCP**2/1728000.

IF (CONFI .GE.3) Vl-(2*ROF*TF1.ROCI*TC1)*MA*BB/1728OOO.

TL-C4*YS*(G3+NUF*G4)*(ROCl/ROS)**(B-2*A/3. )/(AFA*G8)
IF ((TF1/MA).LE.TL) THEN

IF (WI.LE.WEIGHT) THEN

TC-TCl

TF-TF1

ROC-ROCi

WEl GHT-WI

FAIL- 2
END IF

END IF
ROCl-ROC1+CRIT

674 CONTINUE

S+FY+FWJ FAILURE DESIGN
ROC1(YF/AFA)**(1. 5/A)*ROS
COEFF-AA**2*Y*Gl*(1.NUJF**2)/(*DELTA*EF*(G3+NUF*G4))
TCl-COEFF+P>***2*G2*(YF/AFA)**( .1. 5*G/A)/(4*CG*ES*DEL.TA)
TFI-P*MA**2*(G3+NUF*G4) /(YF*TCl)
IF (CONFI.LT.3) Wl-(2*ROF*TF1+ROC1*TC1)*3. 14*RCP**2/1728000.

IF (CONFI. GE. 3) V1-(2*ROF*TF1+ROC1*TC1)*MA*BB/1728000.

IF (W1.LE.WEIGHT) THEN
TC-TC1
TF-TF1
ROC-ROC1



WEIGHT-WI
FAIL-3

END IF

WRITE(*. 680)TC.TF.ROC,WEIGHT

WRITE(7 ,680)TC.TF,ROC,WEIGHT

IF (FAIL.EQ.1) WRITE(7,681)

IF (FAIL.EQ.2) WRITE(7,682)

IF (FAIL.EQ.3) WRITE(7,683)

680 FORMAT(/.Tl0,'THE OPTIMAL DESIGN VALUE :',//,T15,

$'THE OPTIMAL CORE THICKNESS -',T55,Fl2.4,T70,'in.',//,Tl5,

$$THE OPTIMAL FACE THICKNESS -',T55,F12.4,T70,'in.,.//,T15,

$'THE OPTIMAL MASS DENSITY OF FOAM -'.T55,Fl2.4,T70,'pcf',//,Tl5,

$'THE MINIMUM WEIGHT OF SANDWICH PLATE --,T55,Fl2.4,T70,'kips',/)
681 FORKAT(T15,'STIFFlNESS/FY FAILURE DESIGN',/)

682 FORMAT(T15.'STIFFNESS/FW FAILURE DESIGN' ,/)

683 FORMAT(T15,'STIFFNESS/FY/NW FAILURE DESIGN',/)

1000 STOP
END



ANAl YSIS (IF SANDW.l:H BEAM:

THE ELASIIC MDIDULUSI, OF FACE MATLFIAL - "150."00 ,

1HE 'YIELD STRUESGIH OF FACE M1A1ER F3L ='12.470' ( Ps- )

THE MASS DENSITY OF FACE MATERIAl = 168.570 ( pcf

THE ELAS1 IC MODULI3 OF SOLID FOA. 232.'00', ks

THE YIELD STRENGTH OF SOLID FOAM = 18.415 k Ps-)

!HE MASS DENS71Y UF SOLID FOAM = 75.00'> C pcf

I HE F'ROPORT i.aL ITY CONSIT,-:,wl

FOR ELASTIC IODUIILiUS OF FOfAM'I CORE = .13,>

F HE F ,EF CI:'I1S A'.NT

FOR EL- C MDL'ULI . OF FOAM CORE 1.?'1,

THE FROPr IF(] -- L Y CC.N ,P:7

FOR SHE-: MuII..JL.- , 'F FU-hd H' COF ..'3,,:,

1 HE POWER COi'NST4rk!
FOR .-S:, P-P rMO)".ULiS 07 FOAM URFE F ,.,0..'

VtE F'7'O !1nF *31 LOKF74 N) r IE: >

FOk: SHtEAR SF-Ri-EW0,1, nP F04M,; COR:] E =. 1

"IHE P:OWER CONE:TA-,

FOR SHEAF STRENG-TH OF FOAMt. CORE 1 .5E' )

SIMP'LY-SI!UJORTED L'VWDER CONCE.N 4R I El.) L0AT'

rHE WIDFH OF THE SOWDWICH BEAM 2.O Qo in.

1-E SF";N i-F 1THE 3. iLtJ : CH SEA"M k",, ..... . r.

THE M";'SS DENSITY , CMFFE MATEF:IA. 4.00 Pc)

1HE "IHI CKI:EIS O'F FAC-E MATEIOL .056 4 in.

IHE THI:CKNESS OW FOAM CORE = .000 ( i.

THE MAGNl 1 iDE fF C[OCENTRA'IED LOAD .010 ( kips

rHE LOiCArION OF Cf)NCENTRATED LO.A) - 15.00 ( in.

iHE CRITICAL 0ErI 1,G AND SHEAR SF:.ES S

( in ) SIGMAr. ( P:_: 1 TAIF: ( -a

O(') -) . 0(-twh'l.l ooomlp.)"j ,

.10.)': .00002 O •ou"IS1

.140005 t. W 1

., ' i'll 33.5 .0', 04

, , , , , _ , . •



1.00 .00I0016 60067:

1 00 .C0000 OQ6 1"7 oil
1.2 00 .C00,:019,)£J?

1 . 00 .002 O.00U), W,617 .

1.500~~~ .0024.001

1.600 .000025 .0 r0617.
1. 700 .0,:.'.17 .00060

1 . 800 .0000%['! .0 0616,

2. 000 . -00'013, .>00061

2.. 000 . ( W? Of ,")(6 1

S( ii ) STIW<MAR ( I.' i ) : 'i [E3=a

2.000 . .I EU-_'"' E." .1 ,- ' .

2.0(3 .182711' .. (C5.5

2. 005 .3 E',p c,

2. 1.)E o I W310 0. 9,;"
2.010 .3EF;

P. o f) JO. 1.7.' Ef,: '.').,( 33
2.018 . 1.0;000

R '."00'.) . W 74 :

2.02 IB4525 -03
L05.8476P. W& ")

P.0028 .184901 ., '27-?

2. 030 . 0' 2 8 iiI

2.033 .165447 v03217

.185,7 .. 00:1W.,

2.038 .18503 .0,015

2-043 .163521 . ,:0,0 3P

2.045 .186568 .000062

2.048 .186816 .''0031

2 ;Q50 87Q04, .0 00'00C.0"

THE MAXIiIM DEFLECTIION = .02W19 i

TiHE FAIl!RE IRE OE 3, FK,-E YiE. DWI-

THE SAW" ..,[,H PEAN' UN.! FP L.OAD.lING 15 IS P &--

I I II IIII I



M1410I 01, i 1 UF I £:iG f DWF-:. ' Il F UR : I'F H ik 1;"DW.1CH BEAM'E,

"THE FL.AST3I C IODLILUt S OF FACE MATERI-,L = 10150.000 ei( - )

THE YIELD STRENGIH OF FACE MATERIAL = 12.4?0 .l)

THE MASS DENSIIY OF FACE MATERiAL 168.57, pcf

THE ELASTIC MODLILU 0F SOLID FOAM = 232.0K)- k0i )

lHE YIELD STRENGTH OF SOLID FOAM = 18.415 ( ksi

THE MASS DENSITY OF SOLID FOAM = 75.00 ( pcf

THE FROFORTIONJ NLi Jl CONSTAtIT

FOR ELASTIC MIDULUS OF FOAM CORE = 1 .

THE FOWER CO.STAI
FOR ElATIC MOiMIUS LK- OF FOAM" CORE = :1.?10

THE FR r'FF, i O t I II L]'V CO S-i -'.!

FOR SHEA:R t't'UIL.S D F FDAM CORE = .,40

THE POWER CONSTA;JM
FOR SEAR IIODU[ L-. OF FDAKi COP2.E00,'

THE PROPORT.I ONAL1]Y . DC0I' AH1.1
FOR SHEAR SIREGTH OF FOAM CORE = .31')

THE POWER CO'.!S]I'"
FOR SHEAF STRENGTH OF FOAM CORE = 1.52(

SIMFLY-SUPPORIED UNDER CONCENTRATED LAD

IHE WIDIH OF THE SA NDWICH BEAM - 2.000 in.

THE SPAN OF THE SANDWICH BEAM 30.000 C in. )

THE REI II REP DESIGN STRENGTH

PER UNI.I WIDiH 1 " ENGTH A.00')" E,

THE OF'FI",L DESIGN VALUES

THE OPTIMAL CORE THICKNE.SS = 2.88?2 in.

ThE OP]IM' L. PACE THICKNESS =Oe5o in.

THE OPTIMlAL HAS DENSITY OF FOAM = 2.91'1 pcf

THE MI".IMIUM WEIGHT OF SAHDWICH BEAI = .0006 i:.ps

FY/FW FAILURE DESIt.""



M I NI MtllI WE ( cGHr DE" I GN FORF ST IIFF NESS 1 S -44L'L 1 CH BEW~IS

THE ELASI I'L- C MODUL"S OF FP'CE' MATERJ IL ol :)15,0 000 (I

THE Y ILh S F:E-i4CTH~ OF FA E '7 04 1EF iL

1 HE 1l~ &~N$ -i 5 Fi XJ ~ . 1~ 7

THE EL(AST1C MODuhUSY OF SOL.ID FO,;441 2.0 P (~ ksi

THE YIEl-D STRENc31H OF SOLID FOAIH 18.415 ksi)

IHE MA~SS DENSITY OF SOLID FOAM 75. 000 (pcf)

1 HE PROPOR1 I ONAL 1 1 Y UDHS7ANI
FURF ELt-SFI ni: WDULU5zN OiF FtU-;M CORE =1 . 130

I HE POWEP ('79!ST
FO0r* E L.g f 1 ii: ) r LJi7, OF Fi-1,11j CDRE =1.l

I HE FPUIORi: I I, (,i ) F. I "'; 11
FO0R S-E,,F M(JDUL L' '-F Fil~-il CORz;E

FO0F.' SHEAZR S 1F:ENG IH OF FO34,' CORE =SC

I HE POWER CONIT~'A
FOR SH!EAR, STRENLGTH OF FOAM CORE 1 .5 2

SIMPY~SJF~fORT.D NDER COINCENi RAl ED L :'gr

I HE WIDTH OF THE Stlr4DWICH EAEM 2 .000 (in.

THE SPAN OF THE S :'NDWIC - DEEA1 30. 000 (i.)

JHE RfE O.U~T RED DES ILiN ST IFFNESS - 500 .1 /i

THE OPTIMAL DESIcGN VALUES

THE CIPTIMAL CORE THICKNESS = 2. 3633 in

THE r'TltlAL FACE THIDCVNESS =.03.11 in.

THE OPFIttAL S DENSITV OF FOWI, E S. 4 q-43 -f

7HE'lA Cii THL SHEARF LA(; CR:ITER:ION~



MINIVUM WEIGHT DES IGN FbR STIFFIESS A. STRENGTH IN S DWICH BEAMS

THE ELASTIC MODULUS OF FACE MATEFIAL 10150.000 ( ksA )

rHE YIELD STRENGTH OF FACE MATERIAL = 12.q7u ( [Si

THE MASS DENSI7Y OF FACE MATEF:IAL = 16a.570 ( pf )

[HE EI AST IC MODULUS OF Si.LID FOAM = 232.000 ( ki

THE YIELD SI(REMI-H OF SOLID FOAi = E' .415 [s :

THE IASS DEN93TY nF SOlLIID FOAM = 75.000 ( pcf

1HE FRiUFP'OR:IDNAL ] lV CONT AN1

FOR EL. ASTIC MO00J[ %5 OF FiAM CORE = 1.130

1HE: POWER COI ANi .1'

FOR ELASI I M?, t'fl Ul. OF FO(k-t C'F:E = 1.71h'

1THE PROPORT 2 r.l ] l CONSI (N-I

FOR SHEAR MflDIILU. FF FAI. C.RE - 400

THE POWER COISTA I

FOR SEAR tM ILU- O:F Ff'W" C I'E 2.000

THE PROPORTI ON',AL I TY CONSIA i4

FOR SHE-R STRENGTH OF FOAM CORE = 31K

THE POWER CONSTPAN'

FOR SHEAR STRENGTH OF F(OAM CORE = 1 .520.

SIMF'LY-SUPFOR7ED UNDER CONCEH PRAT ED ,

THE WIDTH OF THE SANDWICH BEAM 2.000 ( in.

THE SPAN OF THE SANDWICH BEAM - 30.000 ( in. )

IHE REgI ]IREJD DESIGN LOAD= .25C00 !.

THE REQtUIRED DES1GN DEFLECTION .5000 in.

'HE OPTIMAL DESIGN VALUE

THE OPTIMAL C(RE THICKNESS 2 2.9965 1n.

THE OPTIMAL FACE THICKNESS = .0251 in.

THE-OlPTIMAL MASS DENSITY OF FOAM = 6.5763 Pcf

THE M].NIMIIM IGHT OF SANDWICH lEAnt = k(IJI 1 i. ps

SIFFrNESS:F, FAILURE DESIGN-



ANALYSIS OF S;'1)1IWICH FLA'TES

THE ELASTIC MODULUS OF FACE r1ATERIAL C 5(.1 C) isi

THE YIELD STRENGTH OF FACE MiTERIAL. 12.'70 (s

THE MASS DENSITY OF FACE MATERIAL = 168.570 pcf

THE ELASTIC MODULUS OF SOLID FOAM = 232.00)'- ) ,I0si )

THE YIELD STRENOTH OF SOLID FOAM = 8 .15 I s i )

THE MASS DENSITY OF SOLID FOAM = 75.000 ( pcf )

THE' F'')FlOF, T] J£;N L 7',- E 9 -1
FOR EL. rST T C Hit.l; - ::- OF F' C I": 3

THE F'C[WFR CDnE'4,TP

F fR EL AS'TI C MIL)LLA.:, OF F r1 Etl = 1. ,.i,

THE PROPOF:TIDNAL.II CDNS7TNT

FJ'R SHEAF: MODL'L uS OF FOAH CORE

THE POWER CONS7AlI'T

FOR SEAR MODULUS OF FOAM COFE = .000

THE PF'OPORTIONALITY CONSTANT

FOR SHEAR STRENGTH OF FOAM CORE = . .310

THE POWER C01STAN1
FOR SHEAR STRENGTH OF FOArM CORE = 1.52,3

RECTANGULAR FLATE. SIMPLY-SUFPORIED UiNDER UNIFORM LOAD

THE POISSON'S FATIO OF THE FACE MATEF:IAL ,300

rHE LEI':TH ( X f'ECTTON ) F

THE REC ,--G.L.,R PLATE = 200 . ( '.-.

THE .WIDTH ( V DIFECTION ) OF
THE FECTANGIULAt.R PLATE = 100. 000 ( in.

THE MAGNITUDE OF *THE UNIFORM LOAD = .00100 ( (7)i )

rHE THICKNESS OF FACE MATERIAL. 1 .0 ( in.

THE THICKNESS OF FOAM CORE = 4.000 ( In. )

THE MASS''DENSTT'T O= FOA1 CORE = 4.000 ( pcf

THE MAXIMUM S-RE=EES IN THE FACE MATE"'iAL

THE MAXIMUM STRESS SIGMAX (SIGMtR) 1.1300 I..,i

THE MAXIhUM STRESS SIGMAY (SIG~aL) 2.479E8 4si

THE MAXI l 'IIli STR:ESS TAUXY ITUFT = 1.1 2L, - .+

S -iz. . 2 i l. : E n nn 1T 1m tn Inn L



'THE iIPYIM VF .E IO : ij. •

THE MAYIMIIM DEFLECTION 1 . O' in.

THE FAILL:E MLDE ?.S CORE SHEAF YIEL.rl ,

IHE SANDWICH PL'ATE UNDEF LOADING IS B-FE



MIN4IMUM WEIGi-IT DFt'EE'ir STIFFNESS IH S-INDWICH FILPTES

THE ELAST IC -jOuLu F FA~C E lip- l ~.

YH YIEl D STRENG7 H OF F ACE MA'TER 1 AL 1i R'.4

THE MAISS DENSI1Y OF FCE HATER'IA-L 16 5.t:' 0 Pcf'

THE ELASTrIC MODULUS OF SOLID FOAM 2 2312. (00 (- 1.

THE YIELD STREN(31H OF SOLID FOAM 1 8.4.15 k(s [i

THE MASS DENSITY OF SO-1-LO FOAH 77 5. Pc-

THE PROPORT I ONL.1i'T CONSTANT
FOP EL.AST IC MCIDULLU5 OF FOAH COR-IE = I . I -

THE POWER CONSTCNi
F OR ELCIEV1 I C HOLA ILL)- CIF FDAlM COR'%,E = I 7

THE PROF-OF TINtALITY CON*%STANT
FODR SHEAR: M-..Di 1LlJS OF FOjAt CORI E.

THE P0OI F FR CO0NS ' 4. IN
FOF: SEAR 17VDULUS OF FbAl' CORE =2. Cuum

THE F'F:PRTIWN--k-. T'Y CDNE2TAYNT
FOR SHEAR STRENAGJT OF FO,-r CCu.-:,,E 2 . 1

THE POWER CONST4NI
FOR SHEAR STRENGTH OF FOAM CORE =1 .520

RECTANGULAR PLATE:, SI MFLY-SUPFORT ED 1: ADER UN IFORM L-OAD

'lHE FC'ISSDN:VS RAT.IO OF THE FACE MAITER IAL .30(0

T HE L-ENGTH ' X 192 RECTION ) OF
HERFCTANGUL iR: PLATE = 2 00 . 0OC Q 0

THE WIDTH ( Y DI.RECTION ) O F

THE RErTAN1 ILAP. PL ATE = 100.- 000 (in.

THE REVLJIRED DESIGN STIFFNESS = 00 100 ( ksi/in)

'lHE oprIMAfL. DESIG4,i VALUES

THE_ OPTIIA. -,TCJ'1NF-ES OF FACE r)-JEFIAL =.'7 i

THE fiF71MAL 7HJ.CKNESS OF CORE 7) 52 1;L =

THE OPTIMAL MASS DENSI1TY OF FOAt; 4 ZJ- 2 Pcf

THE MINIMUM1 017THT OF SAkIDWICH PLATE =11 k I46 P. s



MINIMUM WEIQHT DESIGN FOR STR:ENGTH IN SAFrWiCH PLATES

THE ELAST IC M.IDUL.U rF FACE -ATERA L = ]C150.O0, ( i

THE YIELD STRENGTH OF FA-CE 'M-ITE:IAL. = 1..7, ( k

THE MASS DENSI'Y OF FACE MATER].AL. 168.570 ( pcf

THE ELASTIC MODULUS OF SOLID FOAM = 232.000 ( k )

ITIE YIELD STRENGTH OF SOLID FOAM 1E.415 ( ksi ")

"IHE MASS DENSITY OF SOLID FOAM = 75.000 ( pcf

THE PROPfCRTIONALITY C.OItSITAN'I
FOf: ELASTIC MOlDULUS C,;: FOAMf CORE 1 30

THE FOLWER CONT-JANT
FOR ElIAS fC MODIULUS C: FDAM C.ORE = .71,

T' IE F'ROr'ORf lO') ALV V' C..,f 4EEL,.,
FOR SHEAR I' L .1)iLU OF P. oAt C5:-" = ) 0C

THE FOWi-PR CONj"A'JAT
FOR SEAR MIbULULS O; FfiAt' CORE = 2.000

THE PRDPGRT'IONAl-ITY CONSTANT
FOR SHEAR STRENGTH OF FOAM CORE = .310

THE POWER CONSTANT
FOR SHEAR STRENGTH OF FAl CORE 1.520

RECTANGULAR PLATE, SJ 1NFLY-SUPFF@FED L.DEP UNIFORM LOAD

HE FOISSON'S RATIO [IF THE FACE MATERIAL .30.

THE LENT:1 H ( X RI EC-T 1 ) iFO
THE RE.UTA4GULA.: F'.ATE 200.00 , .

THE WIDTH ( Y DIRECTION ) OF
THE RECTANGULAR PLATE - 100.000 ( in.

THE REQUIRED UNIFORM LOADINIj = I .0000 psi

THE OPTIMA! DESIGN VA! UES

THE OPTIMAL.CORE THICKNESS = 2.072? in.

THE rjPTIMAL FACE THICK]:IESS = .) 1"1i7,.

THE OPTIMAL Ms4St, n ,t'S.ITT' O.'-l.: FAc2F

THE MINIMUM WEIGHT OF SANDWICH F'LAIE = 1-99 J...

FY/FW FAILURE DESIGN



MiINr~IMrUM WE IG3HT LIC FL+-, ST IFFNE SS~ STRENGTH I N S(TW HFL",TES

THE ELASTI1C HLIUJ: 5 OF FA~C W EF:I4L10 150.0 (l 0

THE YI ELD 0 S F:ErN-(:T- C","- EIC K R I AL.1 '-7

THE 1N-JSS UEHSU.l v' 1;r. FAC'E lli:TEF:AL 6PE. fC)70 pcf

T1HE ELAS I I r MODULJ-S7 OF SCILI ) FOA-M 2 23 2.0 C [si)

I E YIELD- STRENGIVH- OF SCILID FOAMP 1. 15 (fs )

TrHE tl( SS DEN?'I TY OIF SC. D AM 75. 000 (P-f)

THE F k'RCF ORTI CJAL. I I c'lor't JSI Ar 11
FOR ELAST IC M'ODIJL.L2 ClF Fi 0-i4 COIF-:i 1 1 I30

HE FOWFl.: C-',I
~O:Ei J~ .t r 1:U LL 1. f- Ful,-i~:~R 1 71 id

1 17:7 FV,'L P'I1R V1 3.LNAl,:;' I T EGNISEl ;r!
FOR: SHEA-F: TIUYDl US t*: F*tj&,*,I DF-1E i

THE PLIWLF: CUN2ITA[J1
FO0F:I SEAR: MiODULUS CIF Fcli-:MCFE2~0:

THE ;* OF'ORT I UNAL I I CONE1TAN'T
FoE:". SHEAR SIP:-ENq&TH C-F FONCORE .1

THE POWER ClJNSTANI *--

FUOR SHEAR. STRENGTH OF FOAM CORE -1 .520

RECIANGUl-AR PLATE, EIMFLY11-SUFFOF:TED UNZ ER LJNIFUP:M LOJAD

THE POUI SEONS RAT IO( OF THE FACE MATERI Ai-.

*THE LENGTH ( X DIRECTION ) OF

THE RECTANGULLARPlF A'TE 2 000

THE WIDIFH (VT'FT JC~

THE RECJ.UREID UNI-FO -.1 LOADING .00 10 1-..

IHE DESItjt DEFLECTION=100 n

THE OPTIMAL DESIGN VALUE

THE OPTIMAL CORE7 THICKNESS = 10 .12(7.)" .

THEOPIMAL FA'-; I THI VkNE S ; = 00D7 j.n.

THE OPI FIAL F!,~E DE NS IT', Oj--F OA M 3 t'-: 1 pc.f

1 HZ M I N)I MUM WEI3&~Hl OF EAtE'W 11 IA LAl U.- 3q97 1: ip

STIFkIESIF';F~i UREDES IGN
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