~ e

UNZ: .-S:.""'D MASTER COry V. | FOE REPRODUCTION PURPOSES

[y L ]

REPORT DOCUMENTATION PAGE
1a. REPORT SECUP'TY CLASSIFICATION ' 1b. RESTRICTIVE MARKINGS L
i Uinclrgei€ins . i bl O

3. DISTRIBUTION/ AVAILABILITT OF REPURT

Approved for public release;
AD A209 427 distribution unlimited.
:R(S) 5 MONITORING ORGANZATION REPORT NUMBER(S)

Afop JL46a0.-13-€E6-0 /L

6a. NAME OF PERFORMING ORGANIZATION 6b. OFFICE SYMBO. 7a. NaMt OF MONITORING ORGANZATION
(tf applicable)
M T U. S. Army Research 0Office
6c. ADDRESS (Crty, State, and 2IP Cooe) 7b. ADDRESS (Crty, State, ano 2iP Cooe)

P. 0. Box 12211
Research Triangle Park, NC 27708-2211

Ba N&ME Of FUNDING / SPONSORING 8b. OFFICE SYMBOL | ¢. PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER
ORGANI2ZATION (1 apphicabie;
U. S. Army Research 0ffice DAAL 03-87-K-0008
6. ADDRESS (Crty, State, and ZiP Cooe) 10 SOURCE OF FUNDINTG NUNBERS
Box 12 PROGRAM PROJECT TASK Rl Rvit
P. 0. 211 . ELEMENT NO. NO. NO. AQCES o)
Research Triangle Park, NC 2770€-2211 % s C—‘-E_
1. TITLE (intiuoe Securmy Ciassificavion; 7 AR

Optimum Design Methods for Structural Sandwich Panels %G
e fE

12. PERSONAL AUTHOR(S) Gibson, Lorna J.

'3a. TYPE OF REPORT 13b. TiME COVERE d 14. DATE OF REPORT (Year, Month, Day) FS. PAGE COUNT -
Technicel rROV 1/1/88 T012/31/8 February 9 67

16. SUPPLEMENTARY NOTATION . L )
The view, opinions and/or findings coznt

gin
of :ae autho*(s) ano snpuuﬁ not . be cons.*ugd as, an o‘.:.c:. 1 Dena

ed in this repcr: are those
rtment of the Army position,

o lece o~ ; X he__ A p o~
\7. COSAT! CODES 18. SUBJECT TERMS (Continue on reverse if mecessary and icentify by block number)
FIELD | GROUP SUB-GROUP __}=, Advanced comnstruction materlal structural composites;
| sandwich panels ' h. X e ;o TLAJ I Tt PR TH P SR
| : ‘ ' ’

29, ABSTRACT (Continue on reverse if necessary and icentify by DIOCK numbper)

— This report contains a software program Zor the optimum design of sandwich panels.
This program calculates the minimum weight design of sandwich beams and plates subject {
to stiffness and/or strength constraints. The program has been designed to rum on an
IBM PC compatible computer. The analysis performed by the program is described together
with a complete listing of program. The program is available on ﬂiskette which interest-
ed users may obtain from Professor Lorna Gibson at MIT. '

S

89 6 1¢ 097

2C. DISTRIBUTION / AVAILABILITY OF ABSTRACT 21, ABSTRALT SECURITY CLASSIFICATION

D uncLassiFieoruNumMITED [ saMe as ReT.  [TJ DTIC USERS Unclassified
Z2a. NAME OF RESPONSIBLE INDIVIDUAL 220. TELEPHONE (Inciuce Ares Cooe) | 22¢. OFFICE SYMBOL

DD FORM 1473, B4 MAR §3 APR e0:10n may De usec unti exnaustec. SECURITY CLASSIFIZLTION OF TH!S PAGE
All othe’ edrtions are opsoiete.

- —————
u'\\...r...s-. -

]




OPTIMUM DESIGN METHODS FOR
STRUCTURAL SANDWICH PANELS

Final Technical Report 1099851on For

NTIS GRA&I
DTIC TaB
Unannounced

b
Y Justification____Ez____

Lorna J. Gibson

By.
Distributtiony
Availqn v s
U. S. ARMY RESEARCH OFFICE _~Tatierility Codes
;A’h: {1 and/for ]
Pict Special
Contract/Grant Number A.
DAALO387K0005

CCRE Program for Ad-anced Construction Technology

Department of Civil Engineering
Massachusetts Institute of Technology

Approved for public release;
Distribution unlimited,.

February 1989

The view, opinions, and/or findings contained in this report
are those of the author(s) and should not be construed as an
official Department of the Army position, policy, or decisionm,
unless so designated by other documentation.




ANALYSIS AND MINIMUM WEIGHT DESIGN
IN SANDWICH BEAMS WITH RIGID FOAM CORE

I. Introduction

A sandwich beam is shown in Figure 1. It has a span £ and a
width b. The face and core thicknesses are t and ¢ respectively
and the core density is p.- Tne face material has a density Py @
Young's modulus Ez and a yileld strength oy The core has a

-

Young's modulus Ec, a shear modulus Gc, a uniaxial yield strength

-

°o 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
]
c .
ys
In order to simplify the analysis of sandwich beams, the
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

‘<

direction can be neglected.
(4) Ordinary beam theory is valid for the sandwich beam.

The foam core property-density relationships are

A
Ec-Cs(pc/p_) E

. B
fc-cd(pc/pl)OY!

cc-c'uc/p,)“E_

where C:' C( C, A, B and G are material properties.
[ 4




For a sandwich beam, the maximum moment is given by
P2

M- —

C
1

The maximum shear force in the beam is
P

Ve—o
c
2

The maximum deflection due to bending and shearing stresses

can be expressed as

A =4 + L
b s
P2’ P2
cCD CAG
s 6 e ¢

where Cl, Cz' C5 and Cs are constants related to the loading

geometry.
be® bed? be®
D~ E, + E + E
6 t ° 12
bd?
A =
[ ]
c
d=c+ ¢

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) Minipum weight design of a sandwich beam for stiffness.

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

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

stiffness and strength.




II. Analysis of Sandwich Beanm

The critical normal and shear stresses in the face material

are
Mz )
o, = E! ( ¢/2sz<h/2 ; -h/2s2=<-c/i )
D
v (Cer2)+e)? - 22
.= E | ]
D 2

The critical normal and shear stresses in the core are

Mz
o = E ( -c/2x2=2¢c/2 )
14 [
D
v td Et: C2 2
L 4 - — [ E + ( - 2Z ) ]
* p ) 2 4

The maximum deflection in the beam is

ps® P4

s - +
c.D CAG

-] 6 ¢ ¢

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 = Co bet/f
Ly 1yt
Face wrinkling :

1

. 273 172 2/3 2A73
P!' - U.57C1C3 E: E. (pc/p.) bee/4

3

-




Core shearing :

c (p /o )00 be
¢ AL

cs A
Cs(pc/p.) El 2 1 2 1/2
{( ] +(— ) )
2C1(C/I)Ez C2

This program will make a comparison of P”, P“, P“ and
pick one critical loading, then check whether the stress state is

safe or not.

I1I. Minimum Weight Design for Stiffness in Sandwich Beams

The maximum deflection of the sandwich beam is

pe’ Pe

Solving for the density of the core, we obtain

1 cC E Plcc 1/G
5 ¢
P = [ — — — 2 3 ) Py
C C E ( AC bzcE. - 2P£° )
'3 [ [ H] z
The weight of the sandwich beam is
W e« 2p bit + p blc
b4 c
1 Cs E: (146) _ (146),6 176
- 2p!bc2 + [ ——" —" P4 te b )] »p
C C E *
'3 [ s
-1/G

[ aC bee’E - 2P2° )
S 4




letting dW/8t = 0 and 6W/3¢c = 0 and sslving, we find that

G 4 16 242G 1-16 Pz
e, = LAl— (—) J(—) = —
P G-1 G-l G-1 P,
ICSPEz -1/G R 1 1-1/6  6/(36-1)
(—)  Fi( ) )
cCz: AC DE
8 6 S5 4
2(1+G)p2’
t -
opt 2

(G-1)aC E be
3 ¢ -3 -24

£C PE ¢ c L6
b { opt opt

), =+, | " —,
P CCE (CEbt ¢ = -2PL°)
8 6 s 5 £ opt opt

Also, we can calculate the ncadimensional parameter which

gives a measure of the relative face and core stiffnesses.

G 2
£ C;(pc/p.)optil Copt Copt /2
6 = { (1+3 : ) )
c 2E t t
cpt b 4 oFt opt

Allen suggests that # 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 :




1’:y - Cloy!bct/l

Face wrinkling :
2/3. 13, 272 203
Pz_ - 0.57C1C3 Ez E. ( pc/p' ) bet/i
Core shearing :
Assuming ¢ <<'r
< 1

]
P = CZC‘a"( pc/p. ) be

cs

The transition equation between two failure modes can be
found by equating the corresponding applied forces.

Face yielding-Face wrinkling :

P =~P
Ly {w
°
vt 3/2A
-_> e /o = )
¢ s 0.57¢c /3 23y 2/3
3 4 s
Face yielding-Core shearing :
P =P
Iy cs
CZC‘ pc B ays
—_— t/E - ( )
Cc ] c
1 s Yt
Face wrinkling-Core shearing :
P =P
v cs
Czct Pe -2 %ys
— t/f - ( )
2/3 1/3, 2/3
O.S7Clc3 °, Et E'

A typical failure mode map is shown in Figure 3.




The optimum design lies on the transition line between two

failure modes. There are four possibilities.

(a) Face yielding-Face wrinkling fail simultaneously

sz - C1a,¢th/I

P

C o be
1 vt

P =0.57¢ C*PEE*(, sp Y* ber 2
- 12 4 s c {

Therefore, the weight function

P2 oyt 3/2A
W= 2pb2( — ) + ( ) p bul
- Clay'bc a g

vhere a = 0.57¢ *°F '’ **

Letting dW/dc = 0, we find

3/72A

ZpZFIa 1/2
copt. = [ (31+3/2A) ]
Cp (o0 ) b
1 vyt
P2
t -
opt C o be
1 v2 opt
o
ve 3/2A
(p)  =p( ) - constant
¢ opt s 0.57C3213£!”3£'2/3

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

~J




restriction in t/f for the co-occurrence of face yielding and face

wrinkling failures.

t cC c

opt P t 2 B vs
- S - T (pc’pl)opt

2 Co be 2 C o

£ op 1 vt

2. 2
P C2 C‘ ) 2pt ayt (6R-3)/2A
—_— < ° ( )
bk C e p o a
1 s ¥t

(b) Face wrinkling-core shearing fail simultaneously

2/23 172, 273 2A/3
P, o.s7czc3 EE (e /p ) Thet/d

Pl
- €= ! 3. 2/ 2A/2
0.57¢ ¢ 2P YPE 2 /5 Y Pbe
12 4 s c [
P =CC(p/p )% be
cs 2 & < s ys
P 1/B
-_— P~ P, ( )
CCo
2 4 s
Therefore, the weight function
2
Ps P 1/8 1-1/B
Ve2p p L( ) (be)
2A/3
Cla(pe/p ) ¢ zctayc
Letting 8W/3c = 0. It is found
p,(3-3B)C ab P (2A+3)/3B 3B/ (2A-6B+3)
c = ( ) )

opt
Zp!(ZA-BB)P! CZC‘ay.b




P2

opt 2A/3bc

cla(pc/po)opt opt

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

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

i.e.
(-4
vt 3/2A
(pc/p.)oms pc/p. - )
Q
Therefore,
2p (2A-3B)C 2C za z o EB-2A-3)/2A
P p: 2 A4 ys vt ¢ d
< ( )
bs p.(3-3B)Cla a

(c) Face yieiding-core shearing fail simultaneously

P =« Co bct/k
ty 1yt

Ps
Co be
1 2

3
Pc- - CzC‘(pc/p.) aysbc

P 1/8

CCo bc
2 4 ys

Thus, the weight function is :




1/ 1-1/B
Ve ——— 4 (———— ) (be) 52
Co ¢ CCo y
1 vyt 2 4 vys
Letting éW/éc = 0. We can find
q
‘szPI Czc‘dy'b 1/B  B/(2B-1)
¢, =l ( ) ]
P p (B-1)bC o P
L] 1l yt
P2
t.-
opt C e be
1 y<e cpt
P 1/t
(¢) = ( )
¢ opt s

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

mode map. That is

ayf 3/2A
(p /o) 2p/p = ( )
3 s opt c s
Q
Therefore,
2, 2 2
P szscz C« ay: ay! (6E~3)/24
> ( )
bt p (B-1)C o a
s 1yt

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

simultaneously

sz - Clayzbct/l

P = Calp /r YA bery2
fw 1 c s

10




P =CCo (p/p)ibe
2 4 ys 3 [

cs

The three equations in three unknowns give

P 4
vt ~3B/2A
c = ( ) = constant
opt
CCo b a
2 4 ys
Pi
t° t.- —_——— = constant
P Co be
1yt opt
o
et 3/2A
() _=p( ) = constant
¢’ opt s a

In running this program, the P/b{ requirement 1is 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 mcde considered for
sandwich beams.

(a) Stiffness and face yielding fallure

sz- Cloy!bct/l

11




Pe
Co bt
1 yt
pe’ P2
4 = +
CD CAG
S 6 o ¢
C E Plte
5 ¢ 1/G
—> pc- [ ) " ) P'
C CE (C Abtc E -2P27)
g 6 s 5 4

Therefore, the weight function becomes

(G-1) (G-1)
o

ACCEC
g 6 8 2 ye 6-1)
V= 2pzbt2 + Pa—— ¢!
Ppr &
L ]
2 CEC (G*l)a (G#l)b
g 6 8 1 ve -1/6
. G ]
CE P(G'l)p 52(25-1)

5 s
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

aC EP
5 ¢

0« 2 ;
2C "o bt
1 vyt

There is a constraint for face yielding failure.

-4
ve 3/2A

)

(pc/p.)op z p‘/p. - (

t
a

Within the range, a wminimum 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

24/3
qu- Cza(pc/p') bee/4

Pl -2A/3
-  t=—— (/)
C abe
1
ps’ P2
L= +
cD CAG
5 6 e ¢
24 Cla » e .
— C = —— (PC/P’) + — (PC/P‘)
C AE C CE ba
s { g 6

Thus, the weight function can be expressed as

: -4A/3
2p bR C,C,E CLE (o /p))
* Ca [ 22:C C E aC b+C E Pe(p / )(-ZA-aG)/a ]
1 £ 6 s 1 Vs P pc P‘
22%C CE Cab + G E PA(p Jp ) 24738213
g 6 s 1 s ¢ Vs
"ot ~2A73 )

c‘css.csasz(pc/p‘)

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

limitation in p /p for occurrence of face wrinkling.
[ 3

%
’ 3/24

0 < pIP, < ( )

Q

There is a constraint for face wrinkling failure.

CCo
r 2 &4 ¥s B-(2A/3)

(pc/p.)

1A

£ Ca
1

13
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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 wrinklirg

ng - Clayzbcc/l

P = Calp /e Y2 bets2
{w 1 c s

P2 Ps

CSD CAG

€ o ¢

The three constraints in three variables can be solved for :

o

YL 3

(PC/P.)opt- ( - )

2

2£°C o P2 c
1yt y? -3G/2A

C = + ( )
opt C AE C CE ba a

L) 14 g 6 s

P2

t -
opr Ceo be

1yt 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 mcde is
not included in this program because it ends up with an

impractically large core thickness.

14




P/2 p/o
(o)

FACE
t
=
pf' “¢ Olf i
0 z
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c
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FACE t
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Figure 1. The geometTy of the sandwich beam.
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MAXIMUMN MALIMUM oEnDING SHEAR
SHEAR BENOING | ODEFLECTION | DEFLECTION
BEAM TYPE FORCE MOMENT | CONSTANT | CONSTANT
T LYRTL, d varoen (a0
| RREEN! 2 8 .76.8 8
PO (0]S Hidib vaiigrm 0ap
| Y]
T —t
2 3 2 12 384 g
z 4
$i@P L} Su0000 AL RIL N Y]
|
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[T NT 1S 32HT'] Simin pag
a | 2 2 8 192 4
E 2
caatatyid veIr 0Al ,0ap
’ o
A 444443 I z 2 2
4
CARYy ivER tag .040
y ! | 3 |

P

-

Figure 2. The load constants for different geometry.
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CORE RELATIVE DENSITY, [z/p‘ (-)

10)

FACE YJELD

5000 K

2000 N

1000 K

S0

10

FACE
WRINKLING

20N

CORZ SHEZAR

100 X

SON

-1

-4

10

5>

0 ¢

IO

FACE THICKNESS /SPAN LENGTH  t/! (-)

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 CCRE

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 entire area.

Figure 4 shows a circular sandwich plate which spans a radius

r ané carries a distributed load ¢ over a central circular portion
of its area of radius a. The thickness of each face is z, while
that of the foam core is c¢. The faces have a density P, @ Young's
modulus E:' Poisson’s ratio v, and a yield strength ayt. The solid
polymer of which the core is made has a density P, 2 Young's
modulus E. and a yield strength % The density of the foamed
core is P its Young’s modulus is Ec. its shear modulus is Gc and
its shear strength is rc'.

A rectangular sandwich plate which has a length b and wid:th

a ( note that b 2 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 /o VE
< 3 pC pi

. B
T " C, Ce, /o, ) °.

cc-ca(pc/p’fr:'

where Cr C.. CG. A, B and G are material properties.

For a sandwich plate, the maximum deflection can be expressed
as
&
ga - qa

g -+
16D 1 45

A =

The maximum stresses in the face material are

ga’
ax<°rax)-cc (g3+y:sb)
2
ga
o, ( or o, ) = - ( E, * V.5 )
2
qa
Ty ( or T ) = (1- v, ) 8,

ct

The maxipum stresses in the core are

qga
r:z(or':z)- c ga
qQa
ryz ( or T ) = C &,

19




where gl, gz. &, g, g, & g, &, and g9 are constants

related to the loading geome-ry of the sandwich plate.

D-

2
2 (1 - v,

)

Swe G
[ 4

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 scresses,

(2) Minimum weight decsign of a8 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
o (oro )= (g, +ve, )
ct N
2
ga
o (or o )= ot (g, +veg)
2
qa
T ( or T ) - (1 - v, ) g,

ct

The maximum stresses in the core are

20




qga

f:z ( or fx-z ) = ga
c
qa

TY! (or Tt.z ) - gS
<

The maximum deflection in the plate is

8 = g+ g,
4S

The failure equations for the sandwich tlacte are
F

Face vielding :

o ct
vyt

ty az ( g3 + utg~ )

Face wrinkiing :
Plantema pointed out that the superposition of the
perpendicular normal stresses in the plane of the face does not
affect the wrinkling stress. Therefore,

2A/3
act (p/p)
[ ]

fw aZ ( 53 + Vtg‘ )

1732 2/3
E

2/3
vhere a = 0.57¢_%"°F
3 4
Core shearing :
Assuming ¢ << T and the core material is
[

isotropic. Thus,

c, (o /o) ¢

cs

age

Tris program will make a comparison of 9y 9, 9., and pick

21
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one critical loading, then check whether the stress state .r safe

! or not.

III. Minimum Weight Design for Stiffness in Sandwich Plates

The maximum deflection of the sandwich plate is

. 2
qa qa

A= —— g + g
16D ° 4S z

Since
G
G =C (p/p) E
[ s [ s
Solving for the density of the core, it is found

azgz A a‘(l-uzz)g1

-1 /6
po= o, ! (=1 )
W Ec ¢ 8E tc
s s 4
The weight of the sandwich plate is
W szabt + pcabc (or W= szx:zt + pcrrzc )

letting 8W/ét = 0 and 8W/6c = 0 and solving, we {ind

2 2_ 1
(C+1)°(6-1)°g, "2 E, s 2 1aen
(o), = », R
¢ opt L] 3 - 2 3
256C_"G(1-v ")g » E, 4
G G-1 2,6_G G 1
s, CEDTIAYETACE ga e —
copc- -’(4 C. (-—) )
2 26 G. G &
(6-1)""g,p, E,
22




(GZ-l)G*l(l_V!Z)G'1g15'18 2E 1-G

r = 4a |
opt

2136*1C ZGZGE 2

qe 1/(36-1)
G+l

) )

(o,/0)% (
A

Iv. Minioum Weight Design for Strength in Sandwich Plates

Similar to those of the sandwich beams, there are three
poscible failure modes considered in this prograx.

Face yielding :

vy?
q -
fy az(g

3 + ytgt )

Face wrinkling :

2A/23
act (p/p)
c s

fw 2

8 ( 83 * yigb )

Core shearing :

)
< o € (pc/p.)

cs

a g.

The transition equation between two failure modes can be
obtained by equating the corresponding applied distributed forces.
Face yielding-Face wrinkling :

9, "9

ty fw

4
yf 3/aa

)

-—> p‘/p' - (

23




Face yielding-Core shearing :

§,, = ¢

Ly cs

Co (g3+v[g‘)(pc/9')B

4 ys

-—> t/a =

g

g
yf- 8

Face wrinkling-Core shearing :

e, 9

Iw cs

B-2A/3
C.o,.(8,4v, 80 /p)

“« ys

g,°

The faiiure mode map is the same zs that of sandwich beams
except that the coordinate t/f replaced by tr/a.

The optimur design lies on the transition line between two
failure modes. There are four possibilites.

(8) Face vielding-Face wrinkling fail simultareously

c ct
ve

q T —
2

o, (g3+v'g.)

qaz(ga+u:g‘)

_—> -
(=4 [+
e

2A /3
act(p /p )
[ 4 3

Q.. =
f az(ga+yzg.)

-4
vyt /2

—> pc/p_ - (—)
a

Therefore, the weight function becownes

24




W= Zptab: + pcabc (or W= 2;(1:25 + pcnrzc )
qaz(g +v g ) o
3 % s y? 3/2A
- 2p'ab + P, (— ) abc
c ¢ a
ye

Letting dW/6c = 0, we find

2 3/2A
2 a +
prq (g3 utg‘)a 1/2
copt = (1+3/2A) )
pC
s y¢
2
qa (g, +v g )
3 £% ¢
t -
©
pt c ¢
y? opt
c
vt 2/2A
(p) - p( ) = conctant
¢ opt s 0.57C32/3££1/BE 2/3
]

From the failure mode map, it is realized that there is a
restriction in t,’a for the co-occurrence of face yielding and face

wrinkling failures,

copr. qa(g3+y£g6) = Ck(g3+yfgb) ) ays
- £E— = (p 1p)
c s op:
a c ¢ )4 c
yZ opt 8 vy
2
+ 6B-3
C‘ (g3 uzg‘) 2pz ayz (6B-3)/2A
q o o (T
ga pl vt

(b) Face wrinkling-core shearing fail simultaneously

Co clp /p )
& ys c s

g,8




qagﬂ 1/8

)

_— pt/p. - (
C‘ay.c

ZA/3
act(p /p )
[4 ]

q,, ~
t az(g3+utg‘)

2
98 (g3+yfgd) C‘cy.c 2A/38

ac qag

The weight function is
W = 2p abr + ¢ abe
b4 c

Letting dW,/8c = 0. It is found

¢ (3-3B)a
S

COPt- I

~ . 2
4p£(2A°35)qa (g3+uzg~)

qaga (2A+3)/3B  3B/(2A-EB+3)
( ) ]
Co
4 ys
qage 1/3
(p) =»p «( )
¢ opt H p ¢
4 ys opt

qaz(g3+u£g‘)

T -

t 2A/2
op ) e

a(pc/p. opt opt

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

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

i.e.
qaga 1/8 ay b4 3/2A
(p/p) = (—— ) =<p/p =( )
c s opt c s
Co ¢ a
4 ys opt
Therefore,
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2pt(2A-3B)C‘ o, (g3+vtg‘) ° (6B-2A-3) /24

g =< " ( )
p.(3-3B)ge a a

(c) Face yielding-core shearing fail simultaneously

o ct
ye
q -
iv 2
2 (83+utgt)

2
92 (g,*v,.8,)

q -
cs
g,2
92g, 1/E
- P )
C.ay.c

The weight function is
Ve 2pzab: + p abc
<

Letting dW/8c = 0. We can find

2
+
20, Bea (g, +v.8) Clo . n man

c - ( )]
pe p'(B-l)ayz qag

qaz(gz+v:g )

'Y

o C
vyt opt

qaga 1/®

(<4 c
4 ys opt

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 1/B y?e /24
0 /p) = (=== z g/ = (=)
Co ¢ e
4 ys op:
Therefore,
2 2
2p BC "o (g *v.E)) %yt (e-3)/2
Gz 2 ¢ )
p‘(B-l)aytgs a

(d) Face yielding face wrinkling -core shearing fail

simultaneously
o_,ct
q R —
£y 2
a (g3+v:g‘)
2A/3
act(e /p )
c 8
q, = —
fw 2
a (g3+ytg‘)
€ (p /p )0 ¢
‘PCP. ys
q-

cs

aga

The three equations in three unknowns give

a o

9 ge vt -3B/2A
cC = ( ) = constant
opt

Co a

4 ys

az( +v )]

q 83 ‘8‘
t = = constant
opt

c c
¥yt opt
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(p) = p.( ) = constant

¢ opt

In running this program, the ¢ 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

o ct
ve
q, = 0 —
4 az(g3+uzg‘)
2
9 (g3+v:g‘)
-—> C =
o t
y?
. 2
qa qa
4 - g + 4
16D * 45 2
‘(-
&g, a s ve '8 -1 1/6
— p= ( - 2 ] ) P,
4C Ec q 8E tc
g s t
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Therefore, the weight function becomes

2 2 &
p,abga’ (g, +v g) 8q a gl (g.+v g)
W o= 2p!abt + [ )

o L4C E o
y? s 3

1/G

ye

2 4 2. 6-1 . 2 2. G
8AE£q a (g3+ytg‘) t - a q(l-vt )glo,! t

1 — )
b A

-1/6

Since the weight of the sandwich plate is a real number, t¥.
value in the bracket should be larger than zero. From this

observation it is concluded that

8AE£q(g2+vtg‘)

0<r«

(1-v 2 2
Y o
b4 )gl y{
There is a constraint for face yielding failure.

vt 3/2A

)

(e /p) ~Z2p/p = (
< s opt [ [

Within the range, & minimum weight can be found by

incrementally increasing t. The corresponding face and core

thicknesses and foam density are the optimal design vealues.

(b) Stiffness and face wrinkling failure

2A73
act(p /p )
[ 4 3

q.
t az(ga+v!g‘)

2
qa (5,+v 8,)

-_— t - (p:/P.)
ac

-2A/3
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qa oa
4 - g + 4
16D ' 45 ¢
azagl(l-vtz) qazg2
-G
->  c- (o /0 ) + (o /0,)
82E (g, +v &,) 4C E 8

The weight function is
Ve Zp!abc + pcabc
From the failure mode map, it is known that there is a
limitation in pc/p‘ for occurrence of face wrinkling.
o

£
V21

0 < plp, = ( )

a

Also, there is another constraint for face wrinkling failure.

B-2A/2
c‘ay.(g3+vtg‘)(pc/9.)

IA

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

(-4 ct
ve
q -
2
T atg,v,8,)
erC(/’s/;’_)“’3
q!- = 2
a (g3+u:g‘)
4 2
qa qa
4 - 8t 4
16D ' a5 2
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The three constraints in three variables can be solved for

4

y{
3/2A
(p/p) = ( ) = constant
¢ 3 opt
a
2 2
ao 1.-v
vtgx( z) 94 gz ayt -3G/2A
. .~ + ( ) = constant
op
8 +
AEt(g3 utg‘) aC‘E.A a
a’(g +v g.)
q &,*v. .8,
t = = constant
opt
o c
ye opt

In running this program, the three failure modes considered
above will be compared with each other to determine the overall
minimus 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. Tne geometry of a circular sandwich plate.




Figure 5. The geometry of a rectangular sandwich plate.
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Appendix

Simply supported circular sandwich p.ate

3+u2 7+3U!
& = (r/a)* + in(a/r) -
1+ 4(1+v )
4 4
g, - 1 + 22n(r/a)
1 a8’
g - 1/2 + —£in(r/a) - —
2 Er
1 a’
g - —~——in(r/a) + —
2 Er
: 1 a’
g, - + —irn{r/a) - —;
' 2 2 8r
1 a’
E. = —in(r/a) + —
& 2 8r?
g =0
g = 172
E =1/2

Clazped circular sandwich plate :

(1) a > 0.588r

g, = (r/a)* - fa(z/a) - =
4

g, - 1l + 2&n(r/a)

1 a’
78" T . ar’
g ~8& -0
g, =0
E, = 8 = 1/2




(2) a < 0.58¢r

3

(r/a)2 - dn(r/a) - —

1 + 24n(r/a)

g -8, - & - ";-In(r/a) +

0

4

=172

4

2

1 a

8r2

Simply supported rectangular sandwich plate :

2 (m=-1)/2 (n-1)/2
(16) (-1) (-
g-
! "s mnﬂz
64 Z Z (.1)(n-1)/2(.1)(n-:)/z
g-
: n mnil
16 (_1)(n-1>/2(_1>(n-1)/2 s
g, - & - rl
3 & x‘ 02 nd
16 (_1)(n-1)/2(_1)(n-1)/2
g -8 -0 1Lll . -
o e m
16 a
g, = D)
7 - bn2
16 (-1)(5‘1)/2
g, - ) —
s xa n b
16 (.1)(n-1)12
g - PP
s x3 m
2 2
ma 2
where I = 2 +n
b
m, n=1, 3,5, 7, c-cccvcen-. ,23
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PROGRAM SWP
B R e & 3 2 2 T g O R s e L e o

TR R R X R R R TR R R TR R TR R TRk d kT ke kxR kR h ke k ke ke ke drkdrdki
L2 24

THIS PROGRAM WAS CREATED BY JONG-SHIN HUANG bl
IN AUGUST 1988 FOR OPTIMUM DESIGN METHODS OF ok
STRUCTURAL SANDWICH PANELS *k

Yodrd

Y 9% vk 3 e S 9k 9k 9 3k 9 9 9 3 vl gk v e v g s sk ok v b 9 9k o 9 9k 3 9 ok v sk ok b b 7 % ook 9k sk sk ok v St s ok ook ok sk ok

*kk

P Aok e e v ok vk ok vk o e T M o R de kA E XK KRR KR KWk * K Rk Rk k kR d R

INTEGER TY,CONFI,FAIL
REAL C5(10),C6(10),EF,EC,GC,WS,SS,UDL,MCL,LCL,M,SD,D,YF,YS,C3,A,G8
REAL STEP,Z,SIGMAC,TAUC,SIGMAF, TAUF,AREA,DEFL,ES,ROS,CG,ROF,G,B,G9
REAL STIFF,WEIGHT,THETA,AL,RCP,NUF,G1,G2,AA,BB,P,C4,Q,PP,TL,CRIT
REAL OMEGA,S,C1710),C2(10),RCS,DELTA,STR1,STR2,STR3,G3,64,G5,G6,G7
DOUBLE PRECISION TF,TC,ROC,COEFF,STREN,AFA
OPEN(UNIT=7,FILE=~'SWP.OUT*,STATUS='NEW')
WRITE(*,1)
1 FORMAT(TZ2, 'WHAT KIND OF PROBLEM DO YOU WANT TO RUN ?’,/,T10,
$' 1 = ANALYSIS OF SANDWICH BEAMS',/,T10,
$' 2 = MINIMUM WEIGHT DESIGN FOR STIFFNESS IN SANDWICH BEAMS',/,
$T10,’ 3 = MINIMUM WEIGHT DESIGN FOR STRENGTH IN SANDWICH BEAMS',
$/,T10,' & = MINIMUM WEIGHT DESIGN FOR STIFFNESS AND STRENGTH IN SA
SNDWICH BEAMS',
$/,T10,* 5 = ANALYSIS OF SANDWICH PLATES',/,T10,
$’' 6 = MINIMUM WEIGHT DESIGN FOR STIFFNESS IN SANDWICH PLATES',/,
$T10,* 7 = MINIMUM WCIGHT DESIGN FOR STRENGTH IN SANDWICH PLATES'®,
$/,T10,’ 8 = MINIMUM WEIGHT DESIGN FOR STIFFNESS AND STRENGTH IN SA
SNDWICH PLATES')
READ(*,*)TY
1F (TY.EQ.1) WRITE(7,51)
1F (TY.EQ.2) WRITE(7,52)
IF (TY.EQ.3) WRITE(7,53)
IF (TY.EQ.4) WRITE(7,54)
1F (TY.EQ.S) 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(//,T10,'ANALYSIS OF SANDWICH BEAMS',/)
52 FORMAT(//,T10, 'MINIMUM WEIGHT DESIGN FOR STIFFNESS IN SANDWICH BEA
SMS*, /)
53 FORMAT(//.T10, 'MINIMUM WEIGHT DESIGN FOR STRENGTH IN SANDWICH BEAM
$s'./)
S4 FORMAT(//,T10, 'MINIMUM WEIGHT DESIGN FOR STIFFNESS AND STRENGTH IN
$ SANDWICH BEAMS',/)
SS FORMAT(//.T10, 'ANALYSIS OF SANDWICH PLATES’,/)
56 FORMAT(//,T10,'MINIMUM WEIGHT DESIGN FOR STIFFNESS IN SANDWICH PLA
$TES',/)
57 FORMAT(//,T10,'MINIMUM WEIGHT DESIGN FOR STRENGTH IN SANDWICH PLAT
SES’./)
58 FORMAT(//,T10, 'MINIMUM WEIGHT DESIGN FOR STIFFNESS AND STRENGTH IN
$ SANDWICH PLATES',/)

=9 3 Yevk Yk b v s e b skl s e ok s s v b sk sk ok ot sk sk ok s s v sk b sk ik
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INPUT THE MATERIAL PROPERTIES badialed

=9 g ok 3 vk s vk ok ok e % 9 3k vk v 3k 3 o v 3k v v ok ek ok ddk ok ok ok s o ok o sk s i e o

WRITE(*,*)’INPUT THE ELASTIC MODULUS OF FACE MATERIAL ( ksi )’
READ(*,*)EF
WRITE(*,*)'INPUT THE YIELD STRENGTH OF FACE MATERIAL ( ksi )’
READ(*,*)YF




' ]

WRITE(*,*)'INPUT THE MASS DENSITY OF FACE MATERIAL ( pecf )’
- 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
SOF FOAM CORE'’

READ(*,*)C3

WRITE(*,*)'INPUT THE POWER CONSTANT FOR ELASTIC MODULLS OF FOAM .CO
SRE’

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
$I

READ(*,*)G

WRITE(*,*)'INPUT THE PROPORTIONALITY CONSTANT FOR SHEAR STRENGTE 0O
$F FOAM CORE’

READ(*,*)C4

WRITE(*,*)'INPUT THE POWER CONSTANT FOR SHEAR STRENGTH OF FOAM COR
SE'

READ(*,*)B

WRITE(7,75)EF,YF,ROF,ES,YS,R0S,C3,A,CG,6,C4,B

75 FORMAT(Ti0, 'THE ELASTIC MODULUS OF FACE MATERIAL =',fTS0,F12.3,T65,

$'( ksi )',//,T10,'THE YIELD STRENGTH OF FACE MATERIAL =',T50,F12.3
$,T65,'( ksi )',//,T10,'THE MASS DENSITY OF FACE MATERIAL =',T50,F1
$2.3,765,'( pef )',//,T10,'THE ELASTIC MODULUS OF SOLID FOAM =',TS0
$,F12.3,T65,'( ksi )',//,T10, 'THE YIELD STRENGTH OF SOLID FOAM =',
$TSO,F12.3,T65,'( ksi )',//,T10, ' THE MASS DENSITY OF SOLID FOAM ="',
$T50,F12.3,T6S,'( pef )',//,T10, ' THE PROPORTIONALITY CONSTANT',/,
$T10,'FOR ELASTIC MODULUS OF FOAM CORE =',T50,F12.3,//,T10,

$'THE POWER CONSTANT',/,T10,'FOR ELASTIC MODULUS OF FOAM CORE =',
$T50,F12.3,//,T10, 'THE PROPORTIONALITY CONSTANT',/,T10,

$’'FOR SHEAR MODULUS OF FOAM CORE =',T50,F12.3,//,T10,

$’'THE POWER CONSTANT',/,T10,°'FOR SEAR MODULUS OF FOAM CORE =',
$TSO,F12.3,//.T10, 'THE PROPORTIONALITY CONSTANT',/,T10,

$'FOR SHEAR STRENGTH OF FOAM CORE =',TS50,Fl12.3,//,T10,

$'THE POWER CONSTANT',/,T10,'FOR SHEAR STRENGTH OF FOAM CORE =',
$TS0,F12.3./)

AFA=Q S7*C3%* (2, /3 Y*EF**(1, /3 )*ES**(2,/3))

GO TO (100,100,100,100,300,300,300,300),TY
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- INPUT THE CONFIGURATION AND LOADING GEOMETRY Yok
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100 DATA C1(1),C1(2),€1(3),C1(4),C1(5),C1(6)/4,1,8,8,2,12/
DATA C2(1),C2(2),€2(3),C2(4),C2(5),C2(6)/2,1,2,2,1,2/
DATA €5(1),C5(2),€5(3),C5(&),C5(5),C5(6)/48,3,192,76.6,8,3847/
DATA C6(1),C6(2),C6(3),C6(4),C6(5),C6(€6)/4,1,4,8,2,8/
WRITE(*,101)




101 FORMAT(T2,’ WHAT 1S THE CONFIGURATION AND LOADING GEOMITRY 7',
$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)
1F (CONFL.EQ.6) WRITE(7,116)
111 FORMAT(T10,‘SIMPLY-SUPPORTED UNDER CONCENTRATED LOAD',/)
112 FORMAT(T10,’CANTILEVER UNDER CONCENTRATED LOAD',/)
113 FORMAT "T10,‘FIXED ENDS I'NDER CONCENTRATED LOAD',/)
114 FORMAT(T10,’SIMPLY-SUPPORTED UNDER UNIFORM DISTRIBUTED LOAD'./)
115 FORMAT(T10,'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(T10,'THE WIDTH OF THE SANDWICH BEAM =',T50,F10.3,T€S,'( in.
$ ),//,T10,'THE SPAN OF THE SANDWICH BEAM =',T50,F10.3,T65,'( in.
$)./)
IF (TY.EQ.2) GO TO 200
IF (TY.EQ.3) GO TO 250
IF (TY.EQ.4) GO TO 270

3 9% e 3k ke vk v 3k v vk v s vk v % g b v sk 3k b vk gk e 9 gk ok vk vk vk 9 3k v ok b ok v ok ok e ok v s e ok
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ko 1. ANALYSIS OF SANDWICH BEAMS ok
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WRITE(*,*)'INPUT THE MASS DENSITY OF FOAM CORE ( pcf )’
READ(*,*)ROC
WRITE(*,+)'INPUT THE THICKNESS OF FACE MATERIAL ( in. )’
READ (*,*)TF
WRITE(*,+)'INPUT THE THICKNESS OF FOAM CORE ( in. )’
READ(*,*)TC
WRITE(7,125)ROC,TF,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 CONCENTRATED LOAD ( in.

$)’

WRITE(*,¥*)'*¥* THE LOCATION 1S MEASURED FROM THE FREE END FOR
SCANTILEVER BEAM **x’

READ(*,*)LCL

WRITE(7,127)MCL,LCL

e ——————— |




AL~ (SS-LCL)/SS
IF (AL.LT.0.01) WRITE(*,*)'** CHECK THE LOCATION OF LOAD *#’
END IF
125 FORMAT(T10,'THE MASS DENSITY OF TORE MATERIAL =‘,TS50,F12.3,T6S,
“$'( pef )',//.T10, ' THE THICKNESS OF FACE MATERIAL =',T50,F12.3,
$T65,°( in. )',//,T10, THE THICKNESS OF FOAM CORE =',T50,F12.3,
$T65,'( in. )',/)
126 FORMAT(T10,’THE MAGNITUDE OF UNIFORM LOAD =',T50,F12.3,
$T65,' ( kips/in. )',/)
127 7.IMAT(T10,'THE MAGNITUDE OF CONCENTRATED LOAD =',TS0,F12.3,
$T65,'( kips )',//,
$T10,*THE LOCATION OF CONCENTRATED LOAD =',TS0,F12.3,
$T65,°( in. )',/)

s 3 7 3 e bk ks v ar s Aok sl sk sk v sk sk ok s dle s e v ok s v ok A s e abe sk ok g s S e s e de s de ek o e sk ok
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IF (CONFI.EQ.1) THEN
1F (AL.LT.0.5) AL=1-AL
Cl(1)~1./(AL*(1-AL))
C2(1)~1./AL
C5(1)=27./(AL*(1-AL)*(2-AL)*(3*AL*(2-AL))**0.5)
C6(1)=1./(AL*(1-AL))
ELSE IF (CONFI.EQ.2) THEN
C1(2)~1./AL
c2(2)=1.
C5(2)=6./(I*AL*AL-AL¥*3)
C6(2)=1./AL
ELSE IF (CONFI.EQ.3) THEN
IF (AL.GT.0.5) AL=1-AL
C1(3)=1./(AL*(1-AL)¥*2)
C2(3)=1./((1-AL)**2%(1+2%AL))
CS(3)m3%(3-2%AL)**2/(2%AL**2% (1-AL)**3)
C6(3)=1./(AL*(1-AL)**2%(1+2%AL))
END IF
SD=TF+TC
D=EF*WSH*TF**3 /6 . +EF*WS*TF*SD**2 /2 . +EC*WS*TC**3/12.
IF (CONFI.GE.4) THEN
M=UDL#*SS**2/C1 (CONFI)
Q=UDL#*SS /C2 (CONFI)
ELSE IF (CONFI.LT.4) THEN
M=MCL#*SS/C1 (CONFI)
Q=MCL/C2 (CONFI)
END IF
WRITE(*,130)
WRITE(7,130)
130 FORMAT(/,TS,'THE CRITICAL BENDING AND SHEAR STRESSES :',//,T10,
$°2 ( in )',T25, 'SIGMAC ( ksi )',T40,'TAUC ( ksi )',/)
STEP=TC/40.
2=0.0 °
DO 140 I-1,21
SIGMAC=M*Z*EC/D
TAUC=(EF*TF*SD/2 . +EC*(TC**2/4 . -Z%Z) /2. ) *Q/D
WRITE(*,135)Z, SIGMAC, TAUC
WRITE(7,135)Z,SIGMAC, TAUC
135 FORMAT(TS,F7.3,T20,F12.6,T35,F12.6)
2-2+STEP
140 CONTINUE
WRITE(*,145)
WRITE(7,145)




145

FOTMAT(/,T10,°Z { in )',T25,’'SIGMAF ( ksi )’ ,T40,'TAUF ( ksi )',/)
STEP=TF/20.

Z=TC/2.

DO 150 I=-1,21

SIGMAF=M*Z*EF/D

TAUF=Q*EF* ( ((TC/2.+TF)¥*2-2%2)/2.)/D

WnITE(*,135)Z,SIGMAF, TAUF

WRITE(7,135)2,SIGMAF,TAUF

Z=Z+STEP

150 CONTINUE
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CALCULATE THE MAXIMUM DEFLECTION wkk
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160

AREA=WS*SD¥**2 /TC

IF (CONF1.GE.4) THEN
DEFL=UDL#*SS**4 /(C5(CONF1)*D)+UDL*SS**2 / (AREA*GC*C6 (CONFI))

ELSE IF (CONF1.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

FORMAT(/,T10, ' THE MAXIMUM DEFLECTION =',T35,F12.6,T50,'( in. )’)
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JUDGE THE STRENGTH FAILURE MODE Fokok

A3k S e A e s e sk e A sk g a s e ek s S S Rk Ak R KAk ke ke Rk

PFY=C1 (CONF1)*YF*WS*TC*TF/SS
PFW=AFA*C] (CONFI)*(ROC/ROS)**(2.%A/3.)*WS*TC*TF/SS
COEFF=(C3* (ROC/ROS)**A*XES*SS/(2.*C1 (CONFI)*TFXEF) )**2,
COEFF=COEFF+(1./C2(CONFI) )**2
PCS=C4* (ROC/ROS ) **B*YSAWS*TC* (1. /COEFF)**0,5
FAIL=3
IF(PFY.LT.PFW) THEN
IF (PFY.LT.PCS) FAIL=1
ELSE IF (PFW.LE.PFY) THEN
IF (PFW.LT.PCS) FAIL=2
END IF
IF (CONFI.GE.4) PP=UDL*SS
IF (CONFI.LT.4) PP=-MCL
IF (FAIL.EQ.1) THEN

WRITE(*,163)

WRITE(7,163)

IF ((PFY-PP).GT.0) 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 ((PFW-PP).GT.0) THEN
WRITE(*,161)
WRITE(7,161)

ELSE IF ((PFW-PP).LE.O) THEN
WRITE(*,162)
WRITE(7,162)

END IF

e
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)

ELSE IF (FAIL.EQ.3) THEN
WRITE(*,165)
WRITE(7,165)
IF ((PCS-PP).GT.0) THEN
WRITE(*,161)
WRITE(7,161)
ELSE IF ((PCS-PP).LE.O) THEN
WRITE(*,162)
WRITE(7,162)
END IF
END IF
GO TO 1009
161 FORMAT(T10,'THE SANDWICH BEAM UNDER LOADING IS SAFE’,/)
162 FORMAT(T10, 'THE SANDWICH BEAM UNDER LOADING IS NOT SAFE’,/)
163 FORMAT(/,T10,°THE FAILURE MODE 1S FACE YIELDING',/)
164 FORMAT(/,T10,‘THE FAILURE MODE 1S FACE WRINKLING’,/)
165 FORMAT(/,T10,'THE FAILURE MODE IS CORE SHEAR YIELDING',/)
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ok INPUT THE REQUIRED DESIGN STIFFNESS ik
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200 WRITE(*,*)’'INPUT THE REQUIRED DESIGN STIFFNESS ( kips/in )’
READ(*,*)STIFF
WRITE(7,201)STIFF
201 FORMAT(T10,'THE REQUIRED DESIGN STIFFNESS ~',T50,
§F12.5,T65,'( kips/in )’,/)
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ik CALCULATE THE OPTIMAL DESIGN VALUES Wk

s L e e e 2 o
COEFF=4%*(G* (4. /(G-1))**(1./G)/(G-1))*((2+42%G)/(G-1))**(1-1./G)
COEFF=COEFF*(SS*C5(CONFI)*EF/(CG*C6 (CONFI)*ES) )**(-1./G)
COEFF=COEFF*(STIFF/(C5(CONFI)*WS*EF) )**(1-1./G)
TC=(COEFF*ROF*SS#%3 /ROS)** (G/(3*G-1))
TF=2#*(14G)*STIFF*SS**3 /((G-1)*C5 (CONFI)*EFAWS*TC**2)
COEFF=SS*C5 (CONFI)*STIFF*EF*TC*TF/(CG*C6 (CONF1)*ES)
ROC=(COEFF/(CS(CONFI)*EF*WS*TF*TCh*2 - 2XSTIFF*SS**3) )** (1. /G)*R0OS
WEIGHT=(2 . *ROF*WS*TF*SS+ROC*WS*TC*SS) /1728000,
SD=TF+IC
COEFF=(CG¥*(ROC/ROS ) ¥ *GXES*TC* (14+3%(SD/TF)¥*2) /(2*EF*TF) ) **0.5
THETA=COEFF*SS/TC
WRITE(*,215)TC,TF,ROC,WEIGHT, THETA
WRITE(7,215)TC,TF,ROC,WEIGHT, THETA

215 FORMAT(//,T10,’THE OPTIMAL DESIGN VALUES :',//

$,T15,'THE OPTIMAL CORE THICKNESS =',T55,F12.4,770,’in.’,//,
$T1S,'THE OPTIMAL FACE THICKNESS =’ ,T55,F12.4,T70,'in.',//,T15,
$'THE OPTIMAL MASS DENSITY OF FOAM =’ T55,F12.4,T70,'pcf’,//,T15,
$'THE MINIMUM WEIGHT OF SANDWICH BEAM ~',T55,F12.4,T70,'kips’,//,
§T15,'THETA OF THE SHEAR 1AG CRITERION =’ ,T55,F12.4)
GO TO 1000
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250 WRITE(*,*)*INPUT THE REQUIRED DESIGN STRENGTH PER UNIT WIDTH AND L
$ENGTH ( psi )’
READ(#*, *) STREN
WRITE(7,251)STREN
STREN=STFR.EN/1000.
251 FORMAT(T10,'THE REQUIRED DESIGN STRENGTH ',/,T10,
$'PER UNIT WIDTH AND LENGTH =’,T50,F12.4,T65,'psi’,/)
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Fkk CALCULATE THE OPTIMAL DESIGN VALUES *kk
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*ikwewk  FY/FW/CS FAILURE DESIGN ks
TC=STREN*SS* (YF/AFA)**(-1.5%B/A) /(YS*C4*C2 (CONFI))
TF=STREN*SS#*2 . /(C1(CONFI)*YF*TC)

ROC=(YF/AFA)#**(1.5/A)*ROS

WEIGHT=(2 . *ROF*WS*TF*SS+ROCKWS*TC*SS) /1728000,

FAIL=4

COEFF=(YF/AFA) % ( (6%B-3) /(2. %A) ) *2*ROF*YS**2%C4#*2%C2 (CONFI ) #*2
STR1=COEFF/ (C1(CONFI)*ROS*YF)
COEFF=(YT/AFA)** ( (6%B-2%A-3)/(2.%A) )*(C2 (CONFI ) *CL4*YS ) **2*ROF*2
STR2=COEFF* (2%A-3*B)/(ROS* (3. -3.*B)*C1(CONFI)*AFA)
COEFF=(YF/AFA)%* ((6%B-3)/(2.%A))*(C2(CONFI)*C4*YS ) #*2*B*2%ROF
STR3=COEFF/(ROS* (B-1)*C1(CONFI)*YF)

wkdkt®  FU/FY FAILURE DESIGN  #kw

IF (STREN.LE.STR1) THEN
COEFF=2*ROF*STREN*SS#+2%AFA%* (1.5/A) /(C1 (CONFI)*ROS)
TCl=(COEFF/(YF¥**(1+(1.5/A))))**0.5
TF1=STREN*SS**2/(C1 (CONFI)*YF*TC1)
ROC1=(YF/AFA)**(1.5/A)*ROS
Wl=(2*TF1*WS*SS*ROF+TC1*WS*SS*ROC1 ) /1728000.
IF (W1.LT.WEIGHT) THEN

TF=TF1

TC=TC1

ROC=ROC1

WEIGHT=W1

FAIL-1
END IF

END IF

wkkrk  FW/CS FAILURE DESIGN skt

IF (STREN.LE.STR2) THEN
COEFF=(STREN#SS/(C2 (CONFI ) *C4*YS) )#* ( (2%A+3) /(3 .%B) )*AFA
COEFF=COEFF*C1 (CONFI)#ROS* (3-3%B) /(2. *ROF* (2#*A-3%B))
TCl=(COEFF/(STREN#SS##2) )%k (3%B/(2.%A-6.%B+3.))
ROC1=(STREN*SS/(C2(CONFI )*C4*YS*TC1) ) #* (1. /B)*ROS
TF1=STREN#*SS%+2/(C1 (CONFI ) *AFA* (ROC1/ROS ) %* (2%A/3 . ) *TC1)
Wle(2#TF1*US*SS*ROF+TC1*WS*SS*ROC1) /1728000,

IF (W1.LT.WEIGHT) THEN
TF=TF1
TC=TC1
ROC=ROC1
WEIGHT=W1
FAIL=2

END IF
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END IF
dkkkkx  FY/CS FAILURE DESIGN  *ikkx
IF (STREN.GE.STR3) THEN
COEFF=2*B*ROF* (STREN*SS)**((B-1)/B)*SS/(C1(CONFI)*YF)
COEFF=(C2(CONFI)*C4*YS)**(1./B)*COEFF/(ROS*(B-1))
TC1=COEFF**(B/(2.*B-1.))
TF1=-STREN*SS*#%2/(C1(CONFI)*YF*TC1)
ROC1=(STREN#SS/(C2 (CONFI)*C4*YS*TC1))**(1./B)*ROS
Wl=(2*TF1*WS*SS*ROF+TC1*WS*SS*ROC1)/1728000.
IF (W1.LT.WEIGHT) THEN
TF=TF1
TC=TC1
ROC=ROC1
WEIGHT=W1
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 :',//,T15,
$’'THE OPTIMAL CORE THICKNESS =',TS5,F12.4,T70,'in.’,//,T15,
$'THE OPTIMAL FACE THICKNESS =',T55,F12.4,T70,'in.’,//,T1S,
$'THE OPTIMAL MASS DENSITY OF FOAM =',TS5,F12.4,T70, 'pef’,//,T15,
$’'THE MINIMUM WEIGHT OF SANDWICH BEAM =’,TS5,F12.4,T70,'kips’,/)
261 FORMAT(T1S,'FY/FW FAILURE DESIGN',/)
262 FORMAT(T1S,'FW/CS FAILURE DESIGN',/)
263 FORMAT(T1S, 'FY/CS FAILURE DESIGN',/)
264 FORMAT(T1S,'FY/FW/CS FAILURE DESIGN'’,/)
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270 WRITE(*,*)'INPUT THE REQUIRED DESIGN LOAD ( kips )’
READ(*,*)P
WRITE(*,*)’INPUT THE REQUIRED DESIGN DEFLECTION ( in )’
READ(*,*)DELTA
WRITE(7,271)P,DELTA
271 FORMAT(T10, ‘'THE REQUIRED DESIGN LOAD =‘,T50,F12.4,T65, 'kips’,//,
$T10, 'THE REQUIRED DESIGN DEFLECTION =',T50,F12.4,T65,'in.’,/)
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*kk CALCULATE THE OPTIMAL DESIGN VALUES Tkk
Fkdeddddkkddokdededeoddedededokoddokodkodododefokdokodkddododedodededeoddededeoddededokdeokde

ol S+FY FAILURE DESIGN *xk
RCS=(YF/AFA)**(1.5/A)*R0OS
CRIT=DELTA*C5 (CONFI)*EF*P/(2*C1 (CONFI)**2*YF**2*xWS*SS*1000.)
TF1=CRIT




273

WEIGHT=1000000.

FAIl=-1

WRITE(*,*)*'THE PROGRAM IS RUNNING. PLEASE WAIT!’
DO 273 1=1,999

TCl=P*SS/(Cl/CONFI)*YF*WS*TF1)
COEFF=CS5 (CONFI ) *EF*P*SS*TF1*TC1/(CG*C6 (CONFI)*ES)
COEFF=COEFF/(C5(CONFI)*DELTA*WS*TF1+*TC1#*2*EF-2%P*SS*%3)
ROC1=COEFF**(1./G)*ROS
Wl=(2*ROF*WS*SS*TF1+ROC1*WS*SS*TC1)/1728000.
IF (ROC1.GE.RCS) THEN
IF (W1.LE.WEIGHT) THEN
TC=TC1
TF=TF1
ROC=ROC1
WEIGHT=-W1
END IF
END IF
TF1=TF1+CRIT

CONTINUE

S+FW FAILURE DESIGN ok
CRIT=RCS/1000.

ROC1=CRIT

DO 274 I=1,999

COEFF=2*SS**2*AFA*C1 (CONFI)* (ROC1/ROS)**(2*A/3,)/CS5(CONFI)
TCl=COEFF/(DELTA*EF)+P*SS/(CG*C6 (CONFI)*ES*WS*DELTA*
(ROC1/ROS)**G)
TF1=P*SS*(ROC1/ROS)**(-2%A/3.)/(AFA*C1 (CONFI)*WS*TCl)
Wl=(2*¥ROF*WS*SS*TF1+ROCL*WS*SS*TC1) /1728000.
T1=C2 (CONFI)*C4*YS*(ROC1/ROS)**(B-2*%A/3.)/(AFA*C1(CONFI))
IF ((TF1/SS).LE.TL) THEN
IF (W1.LE.WEIGHT) THEN

TC=TC1
TF=-TF1l
ROC=ROC1
WEIGHT=W1
FAIL=2
END IF
END IF
ROC1=ROC1+CRIT
274 CONTINUE
*kdk S+FY+FW FAILURE DESIGN dkk

ROC1l=(YF/AFA)**(1.5/A)*ROS

COEFF=2*SS#*2%C1 (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/(C1(CONF1)*YF*WS*TCl)
Wl=(2*ROF*WS*SS*TF1+ROC1*WS*SS*TC1) /1728000,

IF (W1.LE.WEIGHT) THEN

TC=-TCl
TF=TFl
ROC=ROC1
WEIGHT=W1
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)
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IF (FAIL.EQ.3) WRITE(7,283)
~ 6U, TO 1000
280 FORMAT(/.T10,'THE OPTIMAL DESIGN VALUE :',//,T1S,
$'THE OPTIMAL CORE THICKNESS =',TSS,F12.4,770,'in.’,//,T1S,
$'THE OPTIMAL FACE THICKNESS =',TSS,F12.4,T70,'in.’.//,T1S,
$'THE OPTIMAL MASS DENSITY OF FOAM =',TS5,F12.4,T70,'pcf’,//.T15,
$'THE MINIMUM WEIGHT OF SANDVICH BEAM =',TS5,F12.4,T70, 'kips’,/)
281 FORMAT(T1S,'STIFFNESS/FY FAILURE DESIGN',/)
282 FORMAT(T1S5,’'STIFFNESS/FW FAILURE DESIGN',/)
283 FORMAT(T15,'STIFFNESS/FY/FW FAILURE DESIGN',/)

P e s e s s AL e aas i ax s sz s s st s at ot et s sttt s s s s st s tsanstasssssd
S 222248t 22 S22 S8z s s st atastaa st a st et as sl ot sssassd
*wk B. ANALYSIS AND DESIGN OF SANDWICH PLATES ok
R 3tk AT e ok A2 U v o v s B U ek e it s ek b S ok ok de vt ok e sk e de Y W sk
ok 9 vk SR vk ok I Y T e 3 3 e T SR i vk ok e 3 e sk e b b o ok R Yok R e e kR

¥ 3k s v v deser s v o Y v v sk vk vk e ot sl sk vk ke ok 9 e desdeok sk ok g o o 9k 9 3k 3 9k 3k e v v o o 9 e v S v A ok s de vk o

ok INPUT TAE CONFIGURATION AND LOADING GEOMETRY ok
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300 WRITE(*,301)

301 FORMAT(T2, ‘WHAT 1S THE CONFIGURATION AND LOADING GEOMETRY ?',/.
$T15,’'1 = CIRCULAR PLATE, SIMPLY-SUPPORTED UNDER UNIFORM LOAD.',/.
§T15,'2 = CIRCULAR PLATE, CLAMPED UNDER UNIFORM LOAD.',/,

§T15,’3 = RECTANGULAR PLATE,SIPLY-SUPPORTED UNDER UNIFORM LOAD.')
READ(*,*) CONFI

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

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

IF (CONFI.EQ.3) WRITE(7,313)

311 FORMAT(T10,’'CIRCULAR PLATE, SIMPLY-SUPPORTED UNDER UNIFORM LOAD',
$/)

312 FOPMAT(T10, ‘CIRCULAR PLATE, CLAMPED UNDER UNIFORM LOAD'’,/)

313 FORMAT(T10, 'RECTANGULAR PLATE, SIMPLY-SUPPORTED UNDER UNIFORM LOAD
$'./)

WRITE(*,*) ' INPUT THE POISSON’‘'S RATIO OF THE FACE MATERIAL'
READ(*, *)NUF
WRITE(7,323)NUF
IF (CONFI.LE.2) THEN
WRITE(*,*)’INPUT THE RADIUS OF THE CIRCULAR PLATE ( in. )’
READ(*,%*)RCP
WRITE(7,321)RCP
WRITE(*,*)*INPUT THE RADIUS OF THE UNIFORM LOAD ( in. )’
READ(%,%)AA
WRITE(7,322)AA

321 FORMAT(T10,‘THE RADIUS OF THE CIRCULAR PLATE =',T50,F12.3,T6S5,
$'Cin. )",/

322 FORMAT(T10,’'THE RADIUS OF THE UNIFORM LOAD =',T50,F12.3,T6S,
$'C in. )',/)

323 FORMAT(T10, 'THE POISSON''S RATIO OF THE FACE MATERIAL =',T50,
$F12.3,/)

IF (CONFI.EQ.1) THEN
G1=(3+NUF) * (RCP/AA)**2/(1+NUF) +L0OG (AA/RCP)
$ - (743*NUF) /(4* (1+NUF))
G3=0.5+0.5%LOG (RCP/AA) - AA**2/ (B*RCP¥*+2)
G4w=0, S¥LOG (RCP/AA)+AA**2 / (8*RCP**2)
G5=G3
G6=Gl
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ELSE IF (CONFI.EQ.2) THEN
Gl=(RCP/AA)**2-LOG(RCP/AA)-0.75
IF ((AA-0.588*RCP).GE.0) THEN
G3=0.5-AA**2 /(L*RCP**2)
G4=0.
G5=,
G6=G3
ELSE 1F ((AA-0.58B8*RCP).LT.0) THEN
G3=0.5*LOG(RCP/AA)+AA**2 / (B*XRCP**2)
G4=G3
G5=G3
G6=G3
END IF
END IF
G2=1+2*LOG(RCP/AA)
G7=0.
G8=0.5
G9=0.5
ELSE IF (CONFI1.GE.3) THEN
WRITE(*,*)'INPUT THE LENGTH ( X DIRECTION ) OF THE RECTANGULA
SR PLATE ( in. )’
READ(*,*)BB
WRITE(7,324)RB
WRITE(*,*)'INPUT THE WIDTE ( Y DIRECTION ) OF THE RECTANGULAR
$PLATE ( in. )’
READ(*,”)AA
WRITE(7,325)AA
324 FORMAT(T10,'THE LENGTH ( X DIRECTION ) OF',/,T15,
$'THE RECTANGULAR PLATE =',T50,F12.3,765,'( in. )',/)
325 FORMAT(T10,’THE WIDTH ( Y DIRECTION ) OF',/,T1S,
$*'THE RECTANGULAR PLATE =',T50,F12.3,T65,'( in. )'.,/)
DO 330 1=0,11
Me2%I41
DO 330 J=0,11
N=2%J+1
OMEGA=(M*AA /BB ) **x2+N*k2
GlmGl416%*2% (-1)**Tk(-1)**T /(3 14159k E*MAN*OMEGA**2)
G2mG2464% (1) Ik(-1) k] /(3,14159%*4XMANXOMEGA)
G3=G3+16% (1) *rTh (1) hkJAM*AARKD /(3. 14159* X4 kOMEGAX* 2% N*
$ BB**2)
CL=mGa+16% (1) X*TH (1) *kIJ*N/(3.14159X k4 *OMEGAY*2%M)
GC7=G7+16*8A/(3,.14159%*4*BR*OMECGAX*2)
C8=GB+16* (-1)HkI*AA/(3.14)159%*3*N*OMEGA*BB)
C9=GI9+16*(-1)**I/(3.14159%*3I*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.8) GO TO 600
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*k 1. ANALYSIS OF SANDWICH PLATES *ak
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WRITE(#*,*)'INPUT THE MAGNITUDE OF THE UNIFORM LOAD ( ksi )°
READ (*,*)UDL
WRITE(*,*)‘ INPUT THE THICKNESS OF FACE MATERIAL ( in. )’




#

RLAD (%, *)TF
VRITE(*,*) ' INPUT THE THICKNESS OF FOAM CORE ( in. )’
READ(*,*)TC
WRITE(*,%) ' INPUT THE MASS DENSITY OF FOAM CORE ( pcf )’
READ(*,*)ROC
WRITE(7,341)UDL,TF,TC,ROC

341 FORMAT(T10,‘THE MAGNITUDE OF THE UNIFORM LOAD =',TS50,F12.5,765,
$'( ksi )’',//,T10,'THE THICKNESS OF FACE MATERIAL =',TSO,F12.3,T65,
$'( in. )',//,T10,'THE THICKNES5 OF FOAM CORE =',T50,F12.3,T6S,
$'C in. )',//,T10, 'THE MASS DENSITY OF FOAM CORE =',T50,F12.3,T65,

$'Cpef )'/)

el stk de et AT itk A st sk ab s sk ok b sk sk A ook o S b s b s sk ek sk bk Sk ke

ik CALCULATE THE MAXIMUM STRESSES AND DEFLECTION halald
Fed AT J st e de i i Ak o s s oA A d ot s A S s A v st s v sk s s dede
SD=TC+TF
D=EF*TF*SD**2 /(2 .%(1.-NUF¥*2))
GC=CG* (ROC/ROS ) ¥*G*ES
S=SD*GC
DEFIm=UDL*AA*XL*GL / (16%D) +UDL*AA**2%G2 / (4*S)
SIGMAX=UDL*AA** 2% (G3+NUF*G4) /(SD*TF)
SIGMAY=UDL*AAX*2* (G5+NUF*G6) /(SD*TF)
TAUXY=UDL*AA**2# (1 -NUF)*G7/(SD*TF)
TAUZX=UDL*AA*G8/SD
TAUYZ=UDL*AA*G9/SD
WRITE(*,346)SIGMAX, SIGMAY, TAUXY, TAUZX, TAUYZ, DEFL
WRITE(7,346)SIGMAX,SIGMAY, TAUXY, TAUZX , TAUYZ ,DEFL
346 FORMAT(T10,'THE MAXIMUM STRESSES IN THE FACE MATERIAL :',//,
§$T15,'THE MAXIMUM STRESS SIGMAX (SIGMAR) =',TS0,F12.4,T65,'ksi’,//,
$T15, 'THE MAXIMUM STRESS SIGMAY (SIGMAT) =‘,TSO,F12.4,T65,'ksi’,//,
$T15, 'THE MAXIMUM STRESS TAUXY (TAURT) =',750,F12.4,T65,'ksi',//,
$T10. THE MAXIMUM STRESSES IN THE FOAM CORE :’,//,
$T15,'THE MAXIMUM STRESS TAUZX (TAUZR) =',TS50,F12.4,T65,'ksi’,//,
$T15,'THE MAXIMUM STRESS TAUYZ (TAUTZ) =',T50,F12.4,T65,'ksi’',//.
$§710, 'THE MAXIMUM DEFLECTION =',T50,F12.4,T65,'in.’)

T g S S e
ok JUDGE THE STRENGTH FAILURE MODE *kk
e g g e s T e T
PFY=YF*TC*TF/ (AA®*2* (G3+NUF*G4) )
PFW=AFA*TC*TF¥* (ROC/ROS)**(2%A/3.) /(AA** 2% (G3+NUF*G4 ) )
PCS=C4% (ROC/ROS)**B*YS*TC/(AA*GE)
FAIL~3
IF(PFY.LT.PFW) THEN
IF (PFY.LT.PCS) FAIL=~1
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.0) 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)

—‘_—M




#—7
WRITE(7,364)
IF ((PFW-UDL).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
WRITE(*,365)
WRITE(7,365)
IF ((PCS-UDL).GT.O0) THEN
WRITE(*,361)
WRITE(7,361)
ELSE IF ((PCS-UDL).LE.O) THEN
WRITE(*,362)
WRITE(7,362)
END IF
END IF
GO TO 1000
361 FORMAT(T10,’'THE SANDWICH PLATE UNDER LOADING IS SAFE’,/)
362 FORMAT(T10,'THE SANDWICH PLATE UNDER LOADING IS NOT SAFE',/)
363 TORMAT(/,T10,'THE FAILURE MODE IS FACE YIELDING',/)
364 FORMAT(/,.T10,'THE FAILURE MODE IS FACE WRINKLING',/}
3€5 FORMAT(/,T10,‘THE FAILURE MODE 1S CORE SHEAR YIELDING'’,/)
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ok 2. MINIMUM WEIGHT DESIGN FOR STIFFNESS IN SANDWICH PLATE *ork
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*x INPUT THE REQUIRED DESIGN STIFFNESS ek
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400 WRITE(*,*)'INPUT THE REQUIRED DESIGN STIFFNESS ( ksi/in )’
READ(*,*)STIFF
WRITE(7,401)STIFF

401 FORMAT(T10,'THE REQUIRED DESIGN STIFFNESS =',TS0,F12.5,T6S,
$'( ksi/in )*,/)

= e e shededede Je e e e dede Ferdede e sk v dededede s e e skt e e vk o 9 ok v st S v ok s sk ek

* CALCULATE THE OPTIMAL DESIGN VALUES ik
2 Y o S P e e ek eI S e ke v de e ek e il v S s s v e ek

ROC=( (G+1)#%2% (G- 1) *#2%G 2%k 3¥ROS*EF* (STIFF*AA) %42/
§(256%CC**IXG* (1-NUFW*2) *G1*ROF*ES**3) )k (1, /(3%G-1.))*ROS

TCm(4#* (G+1 ) X COHGHAG# (G+1) 3% (G- 1) # (1 - NUFW*2 ) k4GkGLr*GRROFF*GHES*
S(STIFFAA)**(G-1)/((G-1)**(2%G) * G2 *XROSK*GREFHF*G) )*k (1. /(3*G-1.))
S*AA/2.

TFe((C¥%2-1) %% (G+1) % (1-NUFW*2)dk (G-1) %G1+ (G- 1) #G24*2%¥ROS** (2%G) *
SEFW* (1-G)%(STIFFRAA)%* (G+1) /(2%# (13%G+1) *CGH*2%G# (2%G) *ROF** (24G)
SRES*R2) )Wk (1. /(3I%G-1.) ) *4%AA

IF (CONFI.LT.3) WEIGHT=(2*TF*ROF+TC*ROC)%*3.14*RCP#**2/1728000.

IF (CONFI.GE.3) WEIGHT=(2*TF*ROF+TC*ROC)*AA*BB/1728000.

WRITE(*,402)TF,TC,ROC,WEIGHT
WRITE(7,402)TF,TC,ROC,WEIGHT

.02 FORMAT(//,T10, 'THE GPTIMAL DESIGN VALUES :',//,
$T15, ' THE OPTIMAL THICKNESS OF FACE MATERIAL =',T55,F12.4,
$T70,'in.’,//,T15, 'THE OPTIMAL THICKNESS OF CORE MATERIAL =',TSS,
$F12.4,T70,'in.’,//.T15, 'THE OPTIMAL MASS DENSITY OF FOAM =', TS5,




$F12.4,T70, 'pcf’,//,T15, ' THE MINIMUM WEIGHT OF SANDWICH PLATE =',
.. $T55,F12.4,T70, ‘kips’,/)
GO TO 1000
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badall 3. MINIMUM WEIGHT DESIGN FOR STRENGTH IN SANDWICH BEAMS tkk
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*rk INPUT THE REQUIRED DESIGN STRENGTH ok
T Rdd T wrdy — R dedr AR Tk ded drdr v A iR R de R vk 3 W vk v v e v gk vk Y S ek v ke e v
500 WRITE(*,*)'INPUT THE REQUIRED UNIFOR¥ LOADING ( psi )’
READ(*, *) STREN
WRITE(7,551)STREN
STREN=STREN/1000.
551 FORMAT(T10,’THE REQUIRED UNIFORM LOADING =',T50,F12.4,T65, 'psi’,/)

T A A R i A T v Ak s g v s ok A b d e o s s s sk S okt de v e e de sk etk

ok CALCULATE THE OPTIMAL DESIGN VALUES ik
AR d Tk IR ARk Rk R e kAR R AR d R S Ak R de ok sk A ek ekt dedede

*kkkkit  FY/FW/CS FAILURE DESIGN *¥rww
TC=STREN*AA®GB* (YF/AFA)*#*(-1.5%B/A) /(YS*C4)
TF=STREN*AA®*2 . % (G3+NUF*G4) / (YF*TC)
ROC=(YF/AFA)** (1.5 /A)*ROS
IF (CONFI.LT.3) WEIGHT=(2*ROF*TF+ROC*TC)#*3.14*RCP*+2,/1728000.
IF (CONF1.GE.3) WEIGHT=(2*ROF*TF+ROC*TC)*AA*BB/1728000.
FAIL=4
COEFF=(YF/AFA)** ( (6%B-3)/(2.%A) ) *2*ROFH*YS*%2*Clx*2% (GI+NUF*G4)
STR1=COEFF/(G8**2*ROS*YF)
COEFF=(YF/AFA)** ( (6%B-2%A-3) /(2 .%A) )% (CL*YS) **2%ROF*2% (G3+NUF*G4 )
STR2=COEFF*(2%A-_*B) /(ROS* (3. -3.%B)*G8**2#AFA)
COEFF=(YF/AFA)**((6%B-3)/(2.%A) )% (C4*YS)**2»B*2*ROF* (G3+NUF*G4 )
STR3=COEFF/(ROS* (B-1)*G8**2*YF)
#dwked  FW/FY FAILURE DESIGN ik
IF (STREN.LE.STR1) THEN
COEFF=2*ROF*STREN*AA*#*2*AFA** (1, 5/A) % (G3+NUF*G4 ) /ROS
TCl=(COEFF/ (YF¥**(1+(1.5/A))))**0.5
TF1=STREN®AA%* 2% (G3+NUF*G4 ) / (YF*TC1)
ROC1=(YF/AFA)**(1.5/A) *ROS
IF (CONFI.LT.3) Wl=(2*TF1*ROF+TC1*ROC1)*3.14%RCP**2/1728000.
IF (CONFI.GE.3) Wl=(2*ROF*TF1+ROC1*TC1)*AA*BB/1728000.
IF (W1.LT.WEIGHT) THEN
TF=TF1
TC=TC1
ROC=ROC1 -
VEIGHT=W1
FAIL-1
END IF
END IF -
tsdkek  FW/CS FAILURE DESIGN  wirkws
IF (STREN.LE.STR2) THEN
COEFF=(STREN*AA*GS/(CL*YS) )%# ( (2%A+3) /(3. %B))*AFA
COEFF=COEFF*ROS* (3-3%B) /(2. *ROF*(2*A-3*B))
TCl=(COEFF/(STREN*AA**2# (G3+NUF*G4) ) Yk (3%B /(2. %A-6.%B+3.))
ROC1=(STREN*AA*G8/(C4*YS*TC1))**(1./B)*ROS
TF1=STREN*AA®*2+ (G3+NUF*G4 ) / (AFA* (ROC1/ROS ) ** (2%A/3 . ) *TC1)
IF (CONFI.LT.3) Wl=(2*TF1*ROF+TC1*ROC1)%*3.14*RCP*+2/1728000.
IF (CONFI.GE.3) Wl=(2*TF1*ROF+TC1*ROC1)*AA+BB/1728000.
IF (W1.LT.WEIGHT) THEN




#

TF=TF1
TC=-TCl
ROC=ROC1
WEIGHT=W1
FAIL=-2
END IF
END IF
wikdrt  FY/CS FAILURE DESIGN  wrikdwk
IF (STREN.GE.STR3) THEN
COEFF=2*B*ROF* (STREN*AA)** ( (B-1)/B)*AA* (G3+NUF*G4 ) /YF
TCl=((C4*YS/GB)**(1./B)*COEFF/(ROS*(B-1)))#**(B/(2.%B-1.))
TFl=STREN*AAY*2+% (G3+NUF*G4 ) / (YF*TC1)
ROCl=(STREN*AA*G8/(C4*YS*TC1))** (1, /B)*ROS
IF (CONFI.LT.3) Wle(2*TF1*ROF+TC1*ROC1)*3, 14*RCP¥**2/1728000.
IF (CONFI.GE.3) Wl=(2*TF1*ROF+TC1*ROC1)*AA*BB/1728000.
IF (W1.LT.WEIGHT) THEN
TF=~TF1
TC=TCl
ROC~ROC1
WEIGHT=W1
FAIL=3
END IF
END IF
WRITE(*,560)TC,TF,ROC,WEIGKHT
WRITE(7,560)TC,TF,ROC,WEIGHT
IF (FAIL.EQ.1l) 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(/,T10,’'THE OPTIMAL DESIGN VALUES :',//,T15,
$'THE OPTIMAL CORE THICKNESS =',T55,F12.4,7T70,'in.’,//,T15,
$'THE OPTIMAL FACE THICKNESS =',T55,F12.4,770,’in.’',//,T15,
$'THE OPTIMAL MASS DENSITY OF FOAM =',T55,F12.4,T770,'pcf’,//,T15,
$'THE MINIMUM WEIGHT OF SANDWICH PLATE «',T35,Fl2.4,T70, 'kips’,/)
561 FORMAT(T1S5,’'FY/FW FAILURE DESIGN’,/)
562 FORMAT(T15,'FW/CS FAILURE DESIGN’,/)
563 FORMAT(T15,°'FY/CS FAILURE DESIGN',/)
564 FORMAT(T15,'FY/FW/CS FAILURE DESIGN’,/)
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ik INPUT THE DESIGN PARAMETERS babadod
AR saaassassasasas ety L o
600 WRITE(*,*)’INPUT THE REQUIRED UNIFORM LOADING ( ksi )’
READ(*,*)P
WRITE(*,*) ' INPUT THE DESIGN DEFLECTION ( in )’
READ(*,*)DELTA
WRITE(7,671)P,DELTA
671 FORMAT(T10,’'THE REQUIRED UNIFORM LOADING =',T50,F12.4,T6S5, 'kips’,
$//.T10,'THE DESIGN DEFLECTION =',T50,F12.4,T65,'in."',/)

T A A SR ik i Ak
bl CALCULATE THE OPTIMAL DESIGN VALUES kk
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€73

€74

k2 s

S+FY FAILURE DESIGN Wik
RCS=(YF/AFA)**(1.5/A)*R0OS
CRIT=B*DELTA*EF*P* (C3+NUF*G4 ) # %2 /((1-NUF**2)*Gl*YF**2%1000.)
TF1=CRIT
WEIGHT=1000000.
FAIL=~1
WRITE(*,*)'THE PROGRAM IS RUNNING. PLEASE WAIT!'
DO 673 1-1,999
TC1=PrAA** 2% (G3+NUF*GL) / (YF*TF1)
COEFF=( (DELTA/P) -AA%+4» (1 -NUF#**2)*Gl/(B*EF*TF1*TCl*%2) )&x(-]1)
ROC1l=(COEFF*AAX*Z*#G2 /(4 *CG*TC1+ES) )**(1./G)*ROS
IF (CONF1.LT.3) Wl=(2*ROF*TF1+ROC1*TC1l)#%3 14%RCP**2/1728000.
IF (CONFI.GE.3) W1=(2*ROF*TF1+ROC1*TC1)*AA*BB/1728000.
IF (ROC1.GE.RCS) THEN
IF (W1.LE.WEIGHT) THEN
TC=-TC1
TF=TF1l
ROC=ROC1
WEIGHT=W1
END IF
END IF
TF1=-TF1+CRIT
CONTINUE

S+FW FAILURE DESIGN dkk
CRIT=RCS/1000C.
ROC1=CRIT
DO 674 I=-1,999
COEFF=(ROC1/ROS)¥¥ (2%A /3. ) *AA*K2XAFAXG L ¥ (1-NUF+*2) /8.
TCl=COEFF/(DELTA*EF* (G3+NUF*G4 ) )+ PXAAX*2%G2 /(CG*4 . *ES*DELTA*

$ (ROC1/ROS ) **G)

TF1=P*AA** 2% (G3+NUF*G4L ) * (ROC1/ROS ) **(-2%A/3.) /(AFA*TC])
IF (CONFI.LT.3) Wl=(2*ROF*TF1+ROC1*TC1l)*3 14*RCP**2/1728000.
IF (CONFI.GE.3) W1=(2*ROF*TF1+ROC1*TCl)*AA*BB/1728000.
TL=C4*xYS* (G3+NUF*G4)* (ROC1/ROS)**(B-2*A/3.)/(AFA*G8)
IF ((TF1/AA).LE.TL) THEN

IF (W1.LE.WEIGHT) THEN

1C~TC1
TF=TF1
ROC~ROC1
WEIGHT=W1
FAIL~2
END IF
END IF
ROC1=ROC1+CRIT
CONTINUE
S+FY+FW FAILURE DESIGN ik

ROCl=(YF/AFA)**(1.5/A)*ROS
COEFF=AAY*2¥YF#*Gl# (1 -NUF**2) /(B*DELTA*EF* (G3+NUF*G4) )
TC1=COEFF+PrAAX*2+G2% (YF/AFA) %k (-1, 5%G/A) / (4*CG*ES*DELTA)
TF1l=P*AA®* 2% (G3+NUF*G4) / (YF*TC1)
IF (CONFI.LT.3) Wl=(2*ROF*TF1+ROC1#TC1)*3. 14*RCP**2/1728000.
IF (CONFI.GE.3) Wl=(2*ROF*TF1+ROC1*TCl)*AA+BB/1728000.
IF (W1.LE.WEIGHT) THEN

TC=TC1

TF=TF1

ROC=ROC1




15

. A

WEIGHT=W1
. 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(/,T10,'THE OPTIMAL DESIGN VALUE :’,//,Tl5,
$'THE OPTIMAL CORE THICKNESS =‘,T55,F12.4,770,'in.’,//,T15,
$'THE OPTIMAL FACE THICKNESS =',T55,F12.4,T70,’in.’,//,T1S,.
$'THE OPTIMAL MASS DENSITY OF FOAM =’ ,TS5,F12.4,T70,'pcf’,//,T15,
$'THE MINIMUM WEIGHT OF SANDWICH PLATE =',T55,F12.4,T70,'kips’,/)
681 FORMAT(T1S,'STIFFNESS/FY FAILURE DESIGN’,/)
682 FORMAT(T15, 'STIFFNESS/FW FAILURE DESIGN’,/)
683 FORMAT(T1S5,'STIFFNESS/FY/FW FAILURE DESIGN’,/)

1000 STOP
END
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MINIMRYGS UFIGHT DExIadd FOR STREMGTH 1 SiantDWICH BEAMS

THE ELASTIC MOLULYS OF FALE MATERIAL = 101500000 { k=1

THE YIELD STRENGTH OF FACE MRTERIAL = 12.470 { ke1

THE MASE DENSITY OF FACE MATERIGL = 168.570 ( pcf
]

THE ELASTIC MObLULIIZS OF S8OQLIL FOAM = 23a .. 000 ( kei

THE YIELD STRENGTH (QF &0OLID FOAM = 18.415 ( ks3

THE MASS DENSITY OF SOLID FOiM = TTLO00 { pcf

THE FROFORTIOMHSELTT Y COMETARNT

FOR ELASTIC MODULLLS OF Fiuam CORE = 1.120

THE FOWER COMESTEN

FOR El ASTIC MOV Ux OF FOaAM CORE = 12710

THE FROFPORTIONALITY COMSTAMNT

FOR SHERR MUDUL QS OF FOAM CORE = L GO0

THE FOWER CONST&N

FOR SEak BUDUL U OF FGan CORE = RN TR D)

THE FROFORTIOMALITY COMNSTENT

COR SHERR SIRENGTH OF FOAM CORE = L3210

THE POWER COMNSTART

FOR SHEAR GFRENLTH OF FOAM CORE = 1.320

SIHFLY SUFFORTED UMNDER CONCENTRATED L.OAD

THE

THE

THE
FER

THE

{ in.i

WIDIH OF TH: SANDMICH REAM = 2.000
EFAM OF THE SANDWICH EBEAM = 30 . 000 ¢ in.
FEMIIFRED DEZIGH STRENGTH
UMIT WIDIH &1'7 LEWGTH = 4., 0000 e
GFTINSL DESIGH VALUER
THE OFTIMAL CORE THICHNERS = Z.88%2
THE OF1IMalL FACE THICKMESS = QSIS0
THE QrTIMAL ARS8 DENBITY OF FOAM = -F120

Thz MIMNIME VEIGHT OF SAHDWICH BEAN =

FY/FW FATILW=E DESIGH

CODDE

y




MINIMUT WEIGHT DESIGN FUR STIFFMNESS 1i1 SHNDLIICH BEANMS

THE ELASTIC MODULLS OF FECE MATERIAL = 310150, Q0 ( be1 )
THE YIELD SIRENGTH OF FACE MeTERIAL = 12,470 . kel )
THE MASRS DEMSIITY 4 FATE MaTEFRIG = 1&8.570 ( pctf )
THE ELASTIC mMOLU: U OF SDL.In FOaM = 232.000 ( ksl )
THE YIELD STREMGTH GF SOLID FOAM = 18.415 { ksl )
THE MASS DENSITY OF SOLID FOAM = 75.000 { bcf )
ThE FROFORTIONALITYY COMSTENT

FOR ELwWSTIC MORULLS OF FUrM CURE = 1.130

THE FOWER TGHSTENT

FOrR ELAST10 Mobin s OF FOsl CORE = 1.710

THE FROFORTIVELEL T Ty CONET&MT

FOF SHEAF Mol Us OF FOAM CORE = L4000

THE FPOOFER CONST &N

FOF SEAF MOpul s o5 FQAeM CURE = 2. 000

THE FROFPORTIIOMSL.ITY COMSTANT )
FOR SHEAK STREMGTH OF FOaM COFE = 2160

THE FPOWER CONSTAMT '

FOR SHEAR STRENGTH OF FDAM COURE = 1.520
SIMPLY~SUFFORTED LIMDER CDNCENTRQWED L. 2AD

THE WIDTH OF THE SANDWICH REAM = 2.000' ( in. )
TRE SFAN OF THE S&MNDWICH EBEAM = 30 .000 { in. )
THE REOUWIRED DESIGH STIFFNESS = L SODOHO O kips/Zin

THE OFTIMAL DESIGN VALLES :

THE COPTIMAL CGRE THICHNESS = 2.3633
THE OGETINGL FACE THICKMNESS = 0169
THE OFTMItiAL MaSs DENSITY OF FOAM = §.4933
THE-H1N]HUH LEIEHT R ZAMNDWICH BF R = . L QGO

I2.94951

Nt

THETS OF THe SHzAR LSG CRITERION =

in.

rctf

lLape




MINIMUM WEIGHT DRESIGHN FOR STIFFMESS

THE ELASTIC MULill.Lis DF FACE MATEFRIAL

THE YIELD STRENGTH OF FACE MATERIAL

THE MASS DENSITY GF FACE MATERIAL
THE EL ASTIC mMODULLUS OF S 1D FuUan

THE YIELD STREMZIH OF E0GLID FOAN

THE 1M&8S DREMSITY OF SOLIN FOAM =
THE FROFODRHTICNALITY COMZTANMT
FOR ELASTIC mMondlaz OF FlSH CORE

THE POWER COHST &M
FOR ELAZIIC manudils OF FhOwi CORE
THE PROPORTIONAE 31y TONESTAMN
FOR SHEAR MODULUE OF FOwdd CORE =

THE FOWER CORIST A0
FOR SEAFR MODU_US DF Frnar CnkRE =

THE FROFORTIONALTTY CONETAIDN

FOFR SHEsR STRENGTH OF FO&sM CORE =

THE FOWER COMSTAMR

FOR SHEAR STRENGTH OF FOAN CORE =

il

it

SIMPLY-SUFPFORTED UHDER COWNCZHIRETED

n

THE WIDTH OF THE SAaNDWICH BzeaM

‘THE SPAN CF THE SANDWICH EBEAM =

THE REOLIIRED DESIGH LGRD =

THE REQUIRED DESIGNM DEFLECTION =

THE OPTIMAL DESIGH VALUE :

THE OPTIM&L CORE THICHMESS =

THE OPTIMAL FACE THICKNESS

THE.OF T IMAL

Ma88 DENSITY OF FOAM =

fodf) STREMGTH 1IN S&AMDWICH BEAS

- 10150, 000
18.470

168.570

232 .000

18,415

TE ()

1.130

L GO0

HERSY

2. 000

30.000

L2500

- SO00

oy
'3}

{ ks )
¢ ks1 )
( pef )
¢ kel )
{ bs1 )
¢ pcf )
( in. )
¢ in. )
baps

11,

2.5965 in.

THE MIMIMIM WEIGHT OF SAMDWICH BEaY =

STIFFNESS Y F, FalLURE DESIGH

6.3763

L0010

L0251 in.

pef

kips




ARALYRIS OF SHAHDWICH FLATES

THE ELASTIC MODULUS OF FACE MATERIAL = . 205 50.000
THE YIELD STRENGTH OF FACE MNTERIAL = ' 12.470
THE MASS DENSITY 0OF FACE MATERIAL = , 168.570
THE ELASTIC MODLULUS OF SOLID FOAM = 232,000
THE YIELD STRENGTH OF SDLID FOAM = 18.415
THE MASE DERNSITY OF SOLID FOUAM = TS .000
THE FROFORTIONGL 17y DORETAT

FOR ELASTIC mduth oz OF Fragr) CheE o= .30
THE FOWER CONSTEN]

FOr ELASTIL mMOLULUS OF FOsM CORE = 1,710
THE FROFPORTIDNALITY COMETAMNT

FOR SHEAR MODULUS OF FOat CORE = LS00
THE FOWER CONSTANT

FOR SEAFR MODULUZ OF FOAM CORE = TE.000
THE PFOPDRTIUNALITY CONSTANT

FOR SHZAR STREMGTH OF FOQAM CORE = L2310
THE FOWER CONSTAHT

FOR SHEAR STRENGTH 0OF F0O&M CORE = 1.520

RECTANGUIL.AR FLATE . SIMFLY-SUFFORTED UNDER UNiFDHM LOAD

THE

THE

THE

THE

THE

FOISSON®S RATIO OF THE FALE MATEFRIAL - 300

LEMSTH (X DIRECTIOGN ) OF

THE RECTAHNGUL - FLATE 200 . 000

.WIDTH ( Y DIRECTION ) OF
THE FECTANBULAR FLATE = 100,000
MAGMITUDE OF THE UNIFDRM LOAD = . 00100
THICKNESS OF FACE MATERIAL = L 100
THICKNESS OF FDAM CORE = 4. 000
MASS TDENZITY G5 FRAM CORE = CAL000
MAXIMUM STRESZES IN THE FACE MATE~1AL :'

THE MAXIMUM STRESS SIGMAX (SIGMAHF) 1.1300
THE MAXTHUM STRESS SIGMAY (SIGM-T) 2.479
THE MeX I ETRESS ThUrY (TaURT: = 1.1264

MAY IR S RES T TR I TeE R L0

¢ sl
{ kea
{ pcf
( ksi
( kel
( pctf
( 1m.
¢ 1vi.
{ ksl
( in.
{ in.
{ pctf
kel

%)

bei

AR




e - - =3
THE MaY et L IRESE TAlIy el o= DOEs b1
THE BAY 1M ETRESE Talhy I {1eldill = L0111 e
. THE MAYIMUIM DEFILECTION = 1.1&600 in.
THE FAILUFRE MOOT 15 CORE SHERF YIELDD'IG
THE SANDWICH PLATE UNDEF LOADING I8 &-FE

o~ y———




MINIfLEY WEIGHT DESIGR 7. 0 STIFEMNESS I €4NDWICH FPLATES

THE

THE

THE

THE

THE

THE

THE
FOR

THE
FOR
THE
FOR

THE
FOF

THE
FOF
THE
FOR

ELASTIC NMOLULUS UF FACE NWWTERIAL = 10T L GO0 i
YIELD STRENBTH OF FalE MGTERIAL = 18,470 ‘
MASS DEMSITY OF FALE MATERIAL = 1AE 570 (
ELASTIC MDDULUS OF S0LID FO&AH = 233,000 {
YIELD STREMGTH OF SOLID FOAM = 18.415 (
MASS DENSITY GF SOLID FOAM = TS . OO0 i
PROFORTIONASLYITY CONSTANMT

ELASTIC MODULIUS OF FOAM CORE = 1,130
FOWER COMSTANT

ELASTIC MOuLUS OF FOAM CORE = 1.710
PROFORTIGNALITY CONSTAMT

SHEAR MIDLILUS OF FOlk CORE = GO0
FOWER CONSTaM:

SEAR MODULUIR OF FUAM CORE = L EL000
FROFORTIONG.:TY CONSTAENT

SHEAR STRENGTH OF FOnRM CLRE = .310
FOWER COMSTGMNT
SHEAR STREMGTH OF FiaM CORE = 1.820

 RECTANBULAR FLATE. SIMRLY-SUFFORTED LHNDER UNIFDRM LLOAD

THE

TH

m

THE

TE

THE

FOISSOMN'S RATIO OF THE FACE MATEFRIAL . 300
LEMGTH ¢ X LIFECTION 3 UOF

THE RECTANBUL a0 FLATE = 200 .. 000 !

WIDTH ¢ ¥ DIRECTION ) OF

THE RECTANGIL AR PLATE = 100,000 (
REGUIRED DESIGN STIFFNEES = L 00100 ¢
OFPTIMAL DESIGH VALUES @

THE

THE

THE

THE

TOPTIMAL THICHNESS OF FACE MaTERIAL = S0L7TE
OFTIMAL THICKNESE OF CORE MATERIAL = 5.0E%y
OFTIMAL 1S3 DENSITY OF FOAN = 4,328
MINIMUM WEIGHT GF SANDWICH FILLATE = e 3ab4

ez )
g1 )
petf )
bel )
kel )
pct )
v )
in. )

keil/in )

i,
in.
pcf

bips




MIMNIMUM WEIGHT DESIGHN FOF STRENGTH IN Sat™ i iICH FLATES

THE ELASTIC MUDULUS OF FACE MATERIAL = TO1E0, 000 kel )

THE YIEL D STRERGTH OF FaCE MATERIAL = 12,470 ( kel

THE MASS DENSITY OF FolE MARTERIAL = {bB.S?O ( pcf ).

THE ELASTIC MODULUS 0OF 80L.ID FOaM = 232.000 ( kea )

THE YIELD STRENGTH GF SOLID FOAM = 18,415 ( ksl 0

THE MASS DENSITY OF SOLID FOAM = 75,000 ( pcf ) '

THE PROPORTIONALITY CGHNSTANT
FOR ELASTIC MODULUS OF FOaM CORE

[
[y
N
W

THE FOWER COMNETANT
FOR ERASTIC MODULUS 09 FOAM COSS = 1.710

THE FROFORTIOMNALTTY CUMETANT

FOR SHEAR FOLULUS OF FOAM CORE = 40D
THE FOWeR CONSTANT 4 o
FOR SEAR MODULUS OF Flal CORE = - 2.000 S

THE PROFORTIONALLITY CONSTANT

FOR SHEAR STRENGTH OF FDAM CORE = 310
THE POWEFR CONMSTANT
FOR SHEAR STRENGTH OF FO&M CORE = 1.520

FECTANGULAR FLATE. SINFLY-SUFFORIED UNDER UNIFGRM LOAD
THE FDISSON® RATIO OF THE FACE MATERIAL » 30D

T LENGTH ( X DIRECTIUN o OF
THE RELCTARBULAR PLETE = 200, Ou0 T olivae 2

THE WIDTH ¢ ¥ DIRECYION ) OF
THE RECTANGULAR FLATE = 100,000 € ivm. )

THE REQUIRED UNIFORM LOADING = 1.0000  psi =R

THE OPTIMAI. DESIGN VA UES

THE OFTIMAL CORE THICHNESS = 2.072%  in.
THE OPTIMAL FACE THICKMESS = -0179 i 8
THE OFTIMAL MA&SE DENSITY OF FOAM = 2.9150 pef i
THE MINIMUM WEIGHT OF SaNDWICH FLATE = L1399 Lips i

-

FY/FW FAILURE DEZIGH




THE

THE

THE

THE

THE.

THE
FOR
THE
O

THE
FOF:

THE
F O

THE
FOUK

ELASTIC HObi U=
YIELD STRERGETH

5 UEMSITY GrF

n

M&

ELASIIC mMODULLD

Y1EL.O

MINSE DENSITY OF

FROFORTIOMNALIT Y
ELASTIC MOLULLE

FOWreR COMSTa
EiRaTIO Moy

Z OFROFPORYIUORSLIT S
MU Wg o

SHE @i

FUWEF CONSTAMT
SEAF MODULUS DF

i

STREMGIH OF SOLID

. e e s ep———

OF FACE NETERIAL

AT ERTAL

oy
FalE

FalE MATERIAL =

OF SOLi) FOAM =
FOARM =

SOLID FDRM =

COrHzTANT

GF Flmfd CORE =

OF Fush LUome =

COHNETAMNT
FOmp TORE =

Flae CORE =

TROFORTIONALITY COMETANT
SHEMK STRENGTH OF FOAM CORE =
FOWER CONSTANT

SHEAF STRENGTH OF FOAM CORE =

RECTANGUI.AR PLATE.

- THE

THE

TH

m

THE

THE

THE

FUISSON"S

LENGTH

FINIMUM UETEHT DEZIEY Fle STIFFHZES »& .

STRENGTH IN SANINICH FLATES

SIMFLY-SUFFORTED UNIER UNIFURM LOAD

RATIO OF THE

X DIRECTION )

THE FRECTARGULAR FLATE =

WIDTH Y
THz RECT

Pt .

DIRET VI0

B ST S T

FLrmie =

RECQUIRED UNIFORM LOADING =

DESIGsN DEFLECTIQ =

OFTIMAL DESIGH V4aLilE

THE

OFTIMAL COFRE THICHNESS

THE OQFTIMAL FALEZ THICKNEES =

THE

THE

TIFFNESS/FY

)}
in

CFTIMAL MAZS
MINIMUM WEIGHT OF

FroilldrE

LEWMSITY OF

LESIGH

FOAM

FRCE MATERIA

SANDWILH FLAT L =

10150000 { kel
12.470 ( Les
1&48.570 ( pctf
k)
232,000 ( ksi
16.415 ( kei
75 . 000 ( pof
1.13D
1.710
NESER TR
=000
L3160
1.520
PRCRNT)
200, D00 2.
100G, OO [ I
L0010 sl
1.0000 ins.
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