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SUMMARY

A computer program is developed to determine the buckling stresses
and deflections of symmetric corrugated core sandwich panels. In
the program freedom for lateral deflections at core to face-plate
junction is allowed for. Provision is also made to study the
effect of variation of core bend radius.

A range of test specimens using four basic core configurations
is designed to assess the effect of core bend radius on the
buckling stress of the panel.

The computer program indicates that above a certain value of
core bend radius there is a marked drop in the value of critical
buckling stress and a change in buckling mode.

The values of deflections at core to face-plate junctions at
low buckling wave-lengths are not reliable,

Due to the limited range of the experimental work, it is not
possible to draw any conclusions on the effect of core bend radius
on the buckling stress.

The method used for determining the experimental buckling load
is somewhat subjective in application, and its accuracy is difficult
to assess.

in general, the experimental values of buckling stresses are
15% higher than those predicted by the computer program. These
discrepancies are not large when dimensional and material property
variations are considered and indicate that the computer results
are giving the correct trend and are conservative.

Recommendations are macde for:

(1) 1Investigation of the buckling deflections at low values of
buckling wave~-lengths for specimens with high face-plate-
to~core thickness ratio.

(ii) A test programme covering a wider range of specimens
than that covered by the test programme in this studye.

and (iii) Trying out the other two methods of determining the
buckling load.



ACKNOWLEDGEMENTS .

The Author wishes to express his thanks
to Mr. K.H.Griffin, Mr.T.Borthwick and
the Technical Staff for their helpful

advice and co-~operation.



LIST OF CONTENTS : Page No,

Section

Section

Section

Section

1.

2.
2.1
2,2

2.3
2.4

THE PROBLEM 1 - 2

THEORETICAL ANALYSIS 3 =k2
Review of Previous Study

Line of Action of this Study
Preliminary Stﬁdies

Final Study

Tables 3 2,1 - 2,15

Figuress 2,1 - 2,7

EXPERIMENTAL PROGRAMME _65-69
Review of Previous Work
Design of Specimens

Deflection Measurements

. Production Difficulties

Test ﬁrocedure

Determination of Buckling Load
Tables : 3.1 - 3.4

Plate : 3.1

Figures: 3,1 =~ 3.5

RESULTS 80-107
Results from the Computer

Program (D10A)

Test Programme Results

Tables : 4,1 - 4,10

Plates : 4,1 - 4.4

Figures: 4,1 - 4,11

-........(/Conﬁ‘inued.)...



eessecvsee (/continuation.)

LIST OF CONTENTS. Page No,
Section 5., DISCUSSION 108-112

5.1 The Computer Program (D10A)
5¢2 The Test Programme
5«3 Theoretical and Test Results

Section 6, CONCLUSIONS 113-115
6.1 Theoretical Analysis
6.2 Experimental Analysis

6.3 Comparison of Results
Section 7. RECOMMENDATIONS FOR FURTHER 116-118
INVESTIGATION
7.1 Theoretical Investigation
7.2 Experimental Investigation
REFERENCES ‘ 119-120

NOTATIONS 121-122

APPENDICES 123-186



SECTION. 1.

THE PROBLEM.



1, THE PROBLEM.

The Royal Aeronautical Society Data Sheets in 02,01.28
series deal with the local instability of bonded corrugated-
core sandwich panels under longitudinal compression. The
theoretical values calculated from the data sheets are
compared with the Handley Page test data. (Ref.2).

Large unexplained discrepancies are apparent between
the test results and the theoretical values.

Work done by Wittrick at the University of Birmingham
concluded that the analysis in Data Sheets 02,01.28 which is
based upon the movement of the core to face-plate junctions
and buckling modes which are repeated every pitch is
substantially correct. Further, in cases: of specimens which
buckled well below the values predicted by the data sheets,
probability of bond failure or soms similar event was suggested.

The purpose of this work is to investigate several factors
which could explain the discrepancy between the theoretical and
test values.



SECTION 2.

THEORETICAL ANALYSIS



2. THECRETICAL ANALYSIS

2.1 Review of Previous Study.

Wittrick has devised a computer program which determines the
buckling characteristics of the test specimens and accounts for
the effects of panel edge restraint, core (transverse) stiffness,
the movement of core to face plate junctions, overall buckling
effects and transverse buckling modes extending over 1 or 2
pitches. The results of the computer program indicate that the
theoretical basis of the Data Sheets is sound, even when overall
displacement of the panel is allowed. (Ref.4).

242 Line of Action of this Study.

The basic theoretical approach used so far has assumed
perfect connection at intersections of centre-line of flats.

WA

In the theoretical analysis described below, a computer program
is developed to examine the effect on buckling stress of the
radiused corners of the corrugation, both from the point of the
flexibility of the curved corner and of the modification of the
effective point of attachment.

In addition, several transverse buckling modes repeating
over 1 or 2 pitches are considered.

263 Preliminary Studies.




2e¢36l Estimation of the stiffness of the corrugated core.

Preliminary work is done to estimate the stiffness of the
corrugated core. The Handley Page specimen 37 (ses Section 3)
is considered. '

The core 'flat' is assumed to be pin-jointed at 'a' and 'd'.

= . e
X a
oM oy -
Ve
s

N

X and P are the redundancies.

Geometrical properties of the core.
(431 Scale)

p, pitch = 4.4"

r, bend radius = 0,48"

a, half=-flat width = 0.8"

g, = 61°
g = 41°
b = 1.8"



‘Case 1l. P is considered to act at X = a.

(bCos 8 + r Sin 8 ) P = 0,6176 P eesl(l)

P1=
(a+bCos B +r Sin 8 )
P, = ( a ) P = 0,3824 P eee(2)

(a+bCos8 +r5in 8 )

Between 'd! and 'c!

Bending moment,

m

g Pz Cos 8 = X Sin (e-¢) % b4 jD*vc
«342X)y oo (3)

(.1853P

Between 'b! and 'c!

mn = § PZSin 8 + X Cos(8-f) ;r(l - Cus/g) ( For )
=z
( PCos B8 - X Sin(8-g) ) (b + r SinB) (0 £2=0)
+ ( 2 )
= (40889P - 1641X)Sing - (.1605P + .451X)Cosp
+  (44924P - ,1646X) vee(4)
Between 'a' and tb!
= (46L76P = o6561X) x eee(5)
The Strain Energy,
1
Sut = MM as
EI
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EI SU” =
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(s}

b

2
y dy
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Integrating and simplifying,
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Flexibility,

) ( _ 2)
f = E% ( Top (Fpx)” ) b
( XX
= 1 E.2167- (=.3187)% 3
e 4935

== (,L,0111) (in./1b.)

Case 2. P is considered to act at x = %a
Repeating the procedure as before,

f = 1

5 .0196) (in./1b.)

The above calculations were made for quadruple linear
dimensions, therefere, for real dimensions

f = L0196 .
et . (ind/1bl)

Case 2 is now considered as it indicates greater flexibility.

= g\

il atp
8 <S/a'
. . Stiffness, M/8 = (a')? p

1bf. ine/ine.

where P/8§ = 1
f

* @

I
_ (15)% 64 x 9.3 x 10°% x .9 x (.036)°
== 12 X .0196

2400 1b, in./in.

o=



This indicates a very great stiffness compared with the
stiffness required to give consistency with the experimental
results in Ref.2.

For further investigation, modes of skin deformation which
would allow a greater basic panel width are considered.

24342 Estimate of Edge Couple Restraint.

Estimate of edge couple restraint for a plate at a buckling
stress of 30,800 lb./in.2. (Buckling stress of HP 37 specimen).

[.B" 2.6 "

t_ = 064"
S

N~
—tm~

(Scale 4:1)

[ .
] /

fo s buckling stress of plate assuming simply
supported edges,

fx s longitudinal compressive stress in the plate.

for b = 1.8 ins,

fx .. 30,800 e
aX e 5 v
fo 8,3 x 107 x 3,62 x (0.064)
(1.8 )
= 0072

for b = 2.6 ins.

f
2
7T 1.5

s}

From R.Ag.5.D.S5. 02,01,31,

for b = 1.8 ins. /“2 = 0,45 X 943 X 106 % (.064)3
¢81 X 3 x 1.8

n

+ 224 lb.in./in. (minimum value)
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for b = 246 ins., Mg = =1550 lb.in./in. (minimum value)
where /12 is gtiffness of the strip.

Combined edge stiffness for a pair of plates 2,6 ins and
1.8 ins. wide, :

Combined g1, = 943 X 10° x (.064)° E 1+ B g
- 0.91 % 3 7.6 1.8
= ags% Ay o By g
7.6 1.8

where A, and Az are the parameters from the Data Sheet
02,01,31 for™ 246 in. and 1.8 in wide plates respectively.
Values of for various values of half-buckling wave-length, X ,
are obtaineds Plotting AL, versus A, minimum value cn”/,(.2 is
=1300 lb.in./ine. at A of 1.8 ins.

This again indicates a greater stiffness than the one
required to give consistency with the experimental results in Ref.2.

2033 Component flat edge support,.

Test results from Ref.2 are sxamined. Using the test
buckling stress equivalent component flat widths assuming simply
supported edges and clamped edges are calculated. These are then
compared with actual component flat widths. See Téble 2,1l.

It can be seen that, in general, component flat edges have
'less! support than the simple support.

2.4 Final Study. i

The theory is developsed along the path outlined in para.2.2.
Reference 1 is extensively used. For the theoretical analysis the
corrugated core sandwich panel is idealized intoc component flats
as shown in FigeZe.l.

2e¢b4el The out-of-plane stiffness matrix, SD

The out-of=-plane sinsusoidal stiffness matrix for long flat
plate subjected to a basic uniform lopngitudinal compressive stress,
is established using Ref.l. The system of edge forces and displace-
ments is shown in Fige.2.2,



E Sse Swr Fre o Fur g
s - S |
° § W Sy Fue Fom §
% Fer For S Swr g (1)
( ¢ Fm Swr S )

The influence coefficients are listed for three
possibilities where \?Ll,‘,> 1 and \? = 1.

Case (i) L1

S = (b/b)(T% /Z)(XCos h& Sin h¥ -~ ¥Cos h¥ Sin hec)

Sur = (D/bz) w? (L =v - (%/Z) sin he sin h¥)

Sep = (D/bs) (T§/Z) ¥ (A sin hek Cos h¥ =¥sin h ¥ cos hex)
— (p/b) ﬁ‘-{(J'g/Z) (ysin hX =~otsin h¥)

For = =(0/6%) ({§/2) otx (cos hot = cos h ¥ )
Fop = (0/b6%) (T§/2) ®¥ (etsin het = ysin h ¥ )
where Z = sin h sin h ¥ + (o<a'/m2)(l - cos hocos h¥)
and w = ﬂb/)\ K = Ovbzt/ﬂzD
‘?.. 7§2K/u:2
s wl e )
X = u)(l - J'? )2 g (3)

Cass (ii)%> 1

For this case it is necessary to replace ¥, Sin h ¥ and
Cos h ¥ uwherever they appear in equations (3) by & , sin & and
cos § reppectively, where

S= w((f -1, (4)

and to change the minus signs appearing in the expressions for

SFF and FFF to plus signs.

Wt Mo S Nt Moo Nss? Nnt? S N s st S s’ s’
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Case (iii) ? = 1

The appropriate expressions for this case are obtained by
taking the limit of equations (3) as % —=— 1,

Sy = (0/b) (1/Z°) (otcos Hed = sinhed ) )
spr = (0/6%) w® (1 =0 = (1/77) sin heo ) 3
Sep = Fep = (0%) (/7)) Zsinhe 3 (5)
Fog = (0/b) (/Z°) (sin h 6= «) 3
For = =(0/6%) (/2" ( cos h(= 1) g

where 2* = sin h @) + (J§7w)(l - cos h(),

and in this case, o= Wy 2.

24442 The out=of-plane stiffness matrix, Sl

The theory in Ref.l is extended to establish the stiffness
matrix for currugation flats.

The general loading and deflection systems.

This is shown in the sketch belouw, %k

Due to high in=-plane - stiffness of face plates,

UL = UR.= ] . is assumed.

The general locading system is split into radially symmetric
and radially anti-symmetric loading.



Radially symmetric.

Radially anti-gsymmetric,

(1)

13



Stiffness matrix for radially symmetric loading case.

Deflection system

SLANT FLAT

BEND Ugs

fos
(.{3' \?25

Fis
s

Mg
Loading system

TigKVs | Mizs

e
1Mas

M=s
M‘*"

RS

1k



The loads on slant flat can be expressed in terms of stiffness
coefficients as shown below,

F = (S F

25 skF * Fsrr) Vos * Sgpe + Fopr) Yas

(3)

14 + (S

25 (Sye + Fopr) Vos

sm * Fsmm) Y25

where S5 denotes slant flate.

Due to high in-plane stiffness, (resolving parallel to bend flat).

Vog Sin (g=T) + V. 8inT = O
el = = U Sinp (4)
Sin(p ~7) ‘

The deflections can bs expressed. in notations used for the force
system.

Vi5 = Vo Cos® . (5)
v = = VU, Cos (s I-"?)

125

\25 SinY) Cot( s - 1) _ (6)

Equations of equilibrium for the 'bend flat' can be expressed as:

% Fi25 g g SaFF SemF ForF Fanr 2 E V525 %

) ( )
% 25 % = é S Samm Fanr i Bmm% E Y25 ;

; (

E Flis g é Farr Fanr SorF SewF g E %15 ;
( . ) ( )
(" 3 E Fome Fomm > Samm ) ¢ Y5 )
( ) | ) ( )

Comn
~J
<
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Considering moment equilibrium at junction of slant and bend flats,

My + Me = O (8)

Considering force equilibrium at junction of slant and bend flat,

_ —
Fzs -
-~
Tyqe = KV + F, o Cot(B=-7) = F  Cosec(g-7) (9)

s / 115 5 125 25

/ Fzs
Evaluation of K.

v o= \15 Sin 17 5in (v_gi_ﬁ) (a)

consider the equilibrium of an elemsnt

where p = KV Sin X x (b)

A
For vertical equilibrium
p = = ds (c)
dx
For moment equilibrium
S = = dn - PdlU (d)

dx dx J



From equation

N'

EX

From equation

From equation

K = x2

)

Note that 1

and p
where t =
b =

and Qv=

From equation

U25 : - Sin !Z

ot
-
m
i)

25 =

17

s (c) and (d),

m «+ P dzw
dx2
du o+ P du (e)
dx4 dx2

s (a) and (e),

2
- P“__g\rssmrg sin®x  (f)
EIpR A

s (b) and (f),

sinn (10)

= tb
12

= tbo-
thickness of bend flat
width of bend flat

basic longitudinal compressive stress,

s (4), (5) and (6),

sin(pB -O)'

Cos ¥ (11)

Sin ) Cot(3-7)

Nt Nt St s s g “ssast? o st st oss? s
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From equations (3), (7) and (8),

F snr V125 g
)
)

Fom Fo+ SopetFape)Vas * Fape ¥

gmF V115 * S

$Pos = =

Ssom * Fsmm * Semm -

NN PN

where B and S denote bend and slant flat respectively.
Substituting equations (11) into equation (12) and comparing
the coefficients with

Yos = s ¥+ Ay, Ps

we get,
A = ~( (s + Fop)(= Sin 7 ) +F - CosD4+ S Sin Cot(g~-7v))
V5 g suF * "snr’ ¢ cryrer S 7+ Sgme A %
§ Ssmm * Femm * Semm g
(13)
Apg = - é F o g
E Somm * Fsmm * Semm g (10)
From equations (7), (11), (13) and (14),
g = Ayg v * Ars ¥s (15)
( . )
where A215 = (SBMF Cos V) + Fsmm AVS + FBP{IF Sinf Cot @-7 ))
A = $ S+ Foo Al )
225 © ( B BMM © ¢5 )



Flis = E arF C°97 * Fgyp Ays + Fgpp Sin® Cot (a- 7)
(
+ Genr * Fonr Pys )?5 (16 )
F12 gFBFF Cos 9 + Sgp- AUS £ SJ.nV? Cot (/5 17)
( ‘ )
*(For * Semr Pys ) &k ' (17)

From equations (3), (11), (13) and (14),

F25=€(5 + F )(:_5_5-11__2___.)) ‘fs

sk * Famr)®us * (Sgpp * Fapr) Sin(ﬁ -7) ) )

* E (Sgmr + Fome) A g5 g Ys ' (18)

Resolving the forces perpendicular to the face plate at junction
of bend flat and bonded flat,

Ys = Fns CDS\? + Tns sinp (19 )

From equations (9), (10), (is), (17), (18) and (19),

Y

5 Aiis Y5 + Pos ¥s _ (20)

where

2
Apys = ( (8

115

. )
BFF Cos¥ + Faur Pys * Fgpp Sin 17 Cot (p -0 ))Cosf7

Cosw + Spyc Ayg + Sgpp SinD Cot( 8=-n) Cot

. (
+ K Sin Q + (FBFF

; (-9)) sin(7)

+ F (=5in 7 |

(
= (Ssur + Fsme) Pus + (Sgpp*Fopg)

(W Sm’?Cosec (ﬁ 9)

19
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(
A1os = E(Samr“ Fanp Ayg) Cos? + g(rsmr*samr" $g) Cot(p="7)
)
- (SSMF + FSIYIF) Aye Cosec('g -7);51;17] g

Equations (15) and (20) can be written as

(

( YS ) ( A115 A125 ) ( v5 )
(). ) ()
2m ; (a A } 3

5 215 225 %% 21
( 5y ¢ J %) (21)

noting that A125 = A215

Stiffness matrix for radially antisymmetric ioading case,.

Deflection system. V)

%

Vs

%



Loading system,

R

Toa

Tua — KVa

Fon = (Sgrr = Fopp) Vou + (Sgye = Fopp) You g
) (22)
Mo = (Sgye = Fomr) Yan * Gonm = Fomm?) Yaa g
As for symmetric case,
v .
_2A = = Sin % )
\YA Sin( =7 ) g
| ) (23)
\’llA = Cos? g
v
" ;
"12A Sinwp C t (=) 3
= in 0 -
A f )
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Equations of equilibrium for the bend flat can be expressed as:

E Fi2n g E Serr Semwr “Ferr “Fewr g E %124 %
(g, ) (g 5 -F £ 2« )
E m% & BIIF B BIF Bmmg % Y2a % (24)
2 Fl1a g g'Farr aid SarF Senr g é Y114 ;
Como ) (o -F 5 s ) )
( "a ) (Fewr Bl BIF e ) ( Ya )

Considering moment equilibrium at junction of slant and bend flats,

.m + M 0 (25)

28 128 T

considering force equilibrium at the same junction,

F2a
Faa
Tua —Kva ——
//
7~
_
Tyap = KVy * gy Cot (B=7) + Fyy Cosec (5 -7) (26)

From equations (22), (23) and (24),

Yon = Pgn Y2 * Ay ¥a

where .
(=Sin 7 ) |
4 . -E(SSNF - FSMF)(Sin(p‘-'r?))- FomeCos? + SBmFSinYZCot(ﬁ-?);
(
S = Fomm * Sgmm )
(27)
( Famm )
A =
Ya ( )
( Sstm - F___ * o ) (28)

S
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From equations (23), (24), (27) and (28),

My = Ayn Yo * Poop Ya (29)
where
! . )
Ayin = (Somr 6% = Fon Aua = Fapr Sin Y Cot (8 -7) )
Roon = (Semm = Feom P ya g

Flia = gSBFF Cos ) = Foyr Ayp = Fgpp Sin 7 Cot(p- 7)3 Y
+ ( S - F A ) 9’
( “BmMF BMF "YA ) /A (30)
Fion = %"Farr Cos V) + Spyp Ayy + Sgpp Sin V) Cot (B =) 3";;
+ § A ) %’
BIMF BNF "YA ) YA (31)

(
+ (- E

From equations (22), (23), (27) and (28),

-5in 7
FZA = ('(SsmF - FSMF) AVA + (SSFF - FSFF) E 5;22{3" 7533 VA
* %(Ssmr = Fone) Agp ;?A (32)

As for symmetric cass,

Y, = Fyq, Cos \? + Ti1a Sinn (33)

From equations (10), (26), (30), (31), (32), and (33),

Va * Apop ¥ (34)
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where ( ( ' )
Ajip = E (SBFF CosO = Four Aya = Farr Sln?Cot (15“'?))595?

) ot (5-7)

+KSing + E"FBFF Cos )+ Sgue Aya + Sgrp 5107 COt(ﬁ 9)) Sin v

)
((Ssmr Fanr)yn + (Sgre- SFF)gﬁ%ﬁ)g;Sln?CoseC(‘g-?) g

E Cot(/3 -9)

) (
Sone~Fame Apa)Co0 + ((~Fanr*Sgmr Agy

3>
N~

= (Sgyr = Fgyp) Ayy Cosec (3 -0) 3 Sin¥)

N N S S

Equations (29) and (34),

( ¥y §A11A A12a

e e S

PN NN N
e ~J

N S N N

—
L
=
5

m

A (P21a 228

(35)

noting that AlZA = AZlA o

The out-of-plane stiffness matrix, S,, for corrugation flats for a
general loading and deflection systef is obtained from equations (21)
and (35).

g L g = %§(A115+A11A) (Aias*hizn)  (Ap3ghinp) (AIZS-AlZA)g 2 Y 3
2kmL % §<A125+“12A> (Ay25+Rz2n)  (Ara5Rizp) (A225'A22A)§ g L §
g Yr § E(A115+A1;A) (Ayp5-P128)  (Ayjg+hy;,) (A125+A12A}g E Vs g
E r 3 E(Alzs‘Alza) (Apo5Ra2n)  (A1p5*Ryop) (Azzs*AzzA)g 2 r ;
2,4.3  Matrix analysis.
= A5 where R,S internal and external forces
S = K r, internal and external deflections

¥ = Ar

Therefore, final stiffness matrix is
At k A

The condition for buckling is

/At kA /= O
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2.444 Buckling modes.

Initially four buckling modes are considered.
They are shoun in Figse. 2.3, 2.4, 2,5 and 2.6.

The matrix A is of the form

(A )
(—7=7)
( "2 )
Al being 16 x 8 matrix and is the same for all buckling modes.

A, being either an 8 x 8 or 16 x 8 matrix, and has to be
established for each of the buckling mode.

The matrix k 1is of the form

( [ O )
k
(21 )
(7% Kk, )
( )
Kl being a 16 x 16 matrix and is the same for all buckling modss.

K, being either an 8 x 8 or 16 x 16 matrix and has to be
established for each of the buckling mode,

1 'I 1

A = éAllAZg
KA = g ky Ay g

(F2 "2

A' kK A = [_Ai ky Al) + (Bi ky Aé)

The matrices A., k,, A? A, are shown in Tables 2.2, 2,3 and 2.4.
1’ "1 1 kl 1l

The matrices Az, k2, A'2 k2 A2 for each of the mode are given in
Tables 2,5 to 2,15,



2045 Sign convention used for matrices.

rAe (B @ B G
TN Y e e e
‘ / O by —j Q2 \

(o} \ &3 Ce

¢

\‘" Oa \i"ea \}*’ Oc
A fo f{;

For panels of typs 'a' and 'b' @

b 7408 | G
%

%

For panels of type 'c' :

fx

@



2:446 Deflections of points A,B, C'and D on the panel.
(See Figs. 2.2 to 2.6).

Subroutine F4DET evaluates the determinant using triangular
decomposition.

The determinant is stored in A(64), and provision is made in
REINT(I) to contain record of any row interchanges during the
triangular decomposition, such that at the Ith step, Ith columns
and the REINT(I)th rows were interchanged.

An = 0

A

(,a)v

N s S N

and Ar

]

tUeg = O

where L. is lower triangular matrix

U is upper triangular matrix

L=ty |
Ly Lo
Lzy  Lzp  la3
by Laz Laz Lag
btz Lsz  bss  Lsy s
s sz ez Les las les
b b2 Loz Loy Los Log Lom

' _Eg e las  Les les les lev leg
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U =11 Uy Uz Uy Ys
1 Ups  Ups  Ygs
1 Uzy  Usg
1 Uss
1
r is a column matrix,
C r, =, ©, 1, T
1 2 3 4 5
%:
( A % T % T
LUr =LP=20 (b)
where P = Ur
If Lgg = 03
Pl = rl + Ulzrz + U13r3 +* UMr4
P, = r, + UpaTy + UpsTy
P3 = rz + U34r4
P4 = :I.‘4
95 =
F’6 =
B. =

26

36

46

56

Uiz Uie
Y Y,
Us7  Usg
Usr  Yae
Us7  Usg
Us? Ues
1 Uy

1

Ty :3

8, :3
+ Ulsr6 +
+ U26r6 *
+ USErG +
+ U46r6 +
+ U56r6 +
1'6 +

1878

2878

U38r

4878

UsgTg

U..r

6878

U,gTg

8

n
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From equations (c)

29

I‘.?/I.‘a = 97 = -»U,,B
r. /T, = 8. = =U Ts U
%8s = % 67 = ~Jgs
r
8
T T
Tg/Tg = O = “Uss 2 Vg7 L = Usg
8 8
T . T T .
4fTg = 8 = Vs B Uy 8-l Lol
8 8 8
- T r T, R (
zs/. rg = %5 = Usat Uss 2 Ups 82Uy L~ Usg
8 8 8 B
_ - - T, - h2d . r - r - T -
Tftg = 8y = Upp I Uy L -lpg S ~lyg S -Upy L= Uog
8 8 8 B
- o bx o r - T U T, - r o I, -
r/rg = By = Up & Uz 3 gy L ~Ujs S Uy B Uy L U
8 8 8 Ts Ts 8
2e46T The computer program.

The computer program is developed to g
stress by equating the determinant of total
panel to zero. A general flow chart for th
shown in Fige247.

For a given value of half buckling wav
tudinal compressive stress, Ov, is set to
of simply supported panel of width equal to

ive the value of buckling
stiffness matrix for the
e master program is

e length, ), the longi-
f o? the buckling stress
pltch. The the stress

is increased by 8,5 f_ till the change of sign of total stiffness

matrix determinant is achieved. The stress
from nearer of the last two values to zero.

is varied by 1000's
Uhen the change of sign

of the determinant is achieved, the stress is varied in 100's from
the last value of stress, to enclose the zero and the results are

output. The value of )\ is then changed and

the computation repeated.

The Call of subroutines in XMODE series is governed by the

input data.

Details of the computation logic and loops are wgiven in Appendix l.

The master program and the subroutine segments are shown on the

following pages.
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Table 2.2 Matrix A, (Common to all buckling modes)
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Fige 2.2 The System of Forces and Displacements.
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3e EXPERIMENTAL PROGRAMME

3.1 Review of Previous Work

Several configurations of bonded corrugated core sandwich
panels have been tested by Handley Page Test Department. The
results are presented in Report No. 8B34., (see Refs2). Though
the information about buckling stresses and failure stresses
have been tabulated in the rsport, the actual buckling mode
shapes have not been recorded.

Table 3,1 shows the series of panel configurations tested
by Handley Page Ltd. The overall panel dimensions and notations
used in Table 3.1 are explained in Figure 3,1. Each specimen
was six inches long with a core four pitch wide. Outer face-
plates spanned three pitches and inner face-plates four pitches.

The values of buckling and failure stresses are tabulated
in Table 3.2.

3.2 Design of Specimens

It was decided to have the corrugated core folded in the
Aircraft Design departmental workshop and contract-out for the
bonding of face-plates to the core. '

321 Desiagn considerations

The experimental programme was established by taking into
consideration several factors,

a. The specimen configuration had to cover the range
tested by Handley Page Ltd,.

be For realistic comparison with the H.P. test specimens,
the specimens had to be made from aluminium alloy in
DTD 687 specification.

Coe Increase in overall size of the panels to enable easier
recording of the panel buckling mode shapes.

de A range of bend radius of the corrugation to determine
the effect of bend radius on the buckling mode shape
and on buckling stresses,
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Eo Limit the overall dimensions and the skin thicknesses
used so that the specimens could be tested on the
available 150 ton Denison Test fMachine,

%.2,2 Specimen configurations

Taking into consideration the factors listed above, the
specimen configurations chosen for the test programme are shoun
in Table 3.3.

Four basic core configurations are employed., Three specimens
for each configuration were made. This was done so that first
panel of each configuration could be tested to obtain buckling
stress trends, attempting to avoid failure. The second and
third panels to be tested to measure buckle form on at least one,
and on both where indicated by the stress trends. Having three
specimens for each configuration also allows for bond failure or
similar mishap without upsetting the test program seriously.

The overall dimensions of the specimens are 4 pitch wide and
12 ins. long. The only exception being specimen no.l which is
4 pitch wide and six inches longe. The ends of the specimens are
milled flat and parallel., Before testing, skin and core thick-
nesses and other dimensions are measured at several points.
Individual dimensions are not recorded but mean values are
guoted in Table 3.4.

Cross=sectional areas were determined by multiplying
measured thicknesses by nominal developed widths. The developed
widths of cores were computed from the expression:

b, = 2 E(d - ) = (2x + £_)(1 = Cos@ )g Coseos

+ 2% a+ ABX  (2r + tc)g per pitch
180 ,

Cross~sectional areas are tabulated in Table 3.4.

3¢3 Deflection leasurements

Initially, taking into consideration the application of heat
and pressure during bonding of face-plates to core, it was
decided to mount the strain gauges externally., Fig.3.2 shows the
proposed strain gauging of the panels For further measurements
of buckling deflections, lateral and axial traverses with dial
gauges were proposed.



Due to several production difficulties (see:para.3.4)
it was decided to revise the 'gauging'! of the specimen.

3.3.1 Deflsction measurement by strain gauges

At the time of testing panel 5B/1, the availability of the
remainder of the specimens was not known. For this reason, it
was decided to 'gauge! the panel 5B/l extensively. (see Plate 3el)e

The locations of strain gauges are shouwn in Fige. 3.3
15plartron Compact Logger' and 'Addo Printer' were used to
record the strain gauge readings.

5;3.2 Deflection measurement by contractometers

Initially, three 'contractometers' comprising dial gauges
attached to the specimen through linkages (2:1 lever ratio)
measuring on 10 in. gauge lengths were used. (see Fige3.4).

Later in the test programme, four *contractometers! were
used. (see Fige.3.5).

34303 Observation of buckling deflections

Buckle shapes were observed by studying the reflections of
an tilluminated grid! on the polished face~plates and the exposed
slant flats of the core,

34 Production Difficulties

For this test programme it is necsessary to have tight control
on the various parameter of the core, especially, the core bend
radius, r, and the attachment width, a.

As the cores were folded in a folding press, the desired
tight control was not possible, and production of tidsntical!
cores was even more difficult. Further, the aluminium alloy
used for the core is in DTD 687 specification, which is not
particularly suitable for tight bend radius.
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For the bonding of the face-plates to the core, Bonded
Structures Division, CIBA Ltd., imposed a maximum limit of ,020 ins,
on the core depth variation for producing a reasecnably satisfactory
bond. The three panels in 5B configuration (see Table 3.3)
were bonded by Ciba Ltd., and delivered for inspection. Out of
the three panels, only one did not show broken bond lines.

It was therefore, decided to check the remaining 36 cores
for depth variation. This revealed that only 10 cores satisfied
the 0,020 ins. limit. The panels using these cores are indicated
in Table 3.3.

3;5 Test Procedure

The specimens were tested in the 150 ton Denison compressive
machine,

The position of each specimen between the plattens was
adjusted and in some cases packing strips used to ensure even
loading of the specimen, ’

Deflections were measured at approximately ton loading
increments for panels in '5! series and at approximately 1 ton
loading increments for panels in '2' series; extending close to
the buckling load,

3.6 Determination of Buckling Loads

Face-plate or core slant-flat buckling load is taken as
the load at which a change in slope of the load/deflection graph
OCCUTS,

Load~deflection plots for the specimens are given in Appendix 2,



Specimen p d B | a T Number| t
Noe |(ins.)| (ins.)|(deg.)| (ins.) | (ins.) tested|GWE)| (swc)

21t |1.65 | 0.75 | 63 0,32 | 0,16 3 |22 | 20

22 ** |1.65 | 0.75 | 63 | 0.32 | 06| 3 |22 | 20
24 |1.65 | 0.75 | 63 | 0.32 | 0.6| 3 |20 | 18
37 2.20 | 1.00 | 61 | 0s40 | 0.10| 3 |20 | 16
39 2.20 | 1,00 | 61 | 0,40 | o0 of |16 | 13

57 1.10 0.50 67 0426 0.08 1 26 24

59 ¥ 1,10 | 0.50 | 67 0,26 | 0,08 3 |22 | 20

++

60 1,10 0.50 67 0426 0.08 3 |22 20

+ Redux bonded by Handley Page Ltd.
++ Redux bonded by A.R. Ltd.

X Curing fault.

Table 3.,l1. Handley Page Test Specimen Configurations.
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Speciﬁen Noo Buckling Stress (lb./in.z) Failing Stress (lb./in.z)
Test Value Mean Value| Test Value | Mean Value
a 38,900 50,700
21 b 37,800 50,100
(HeP.Ltd)|c 40,400 38,900 47,400 48,530
a 38,800 50,300
22 b | 40,900 47,500
(A«R.Ltd)| c 36,600 45,200
a 39,900 57,600
24 b 40,200 38,570 61,500 59,200
c 38,600 58,500
a 30,500 52,300
37 b 30,500 30,800 55,800 54,330
c 31,400 54,900
57 a 32,400 32,400 40,600 40,600
a 44,600 59,900
59 b 43,000 66,900
(HeP.Ltd)|c 43,000 47,800 61,900 64,480
a | 50,700 ‘ 66,500
60 b 53,300 73,300
(AJR.Ltd)| e 52,200 61,100
Table 3,2 Handley Page Test Results.,



Specimen p d a r tc t
e (ins.)| (ins.)(degs)| (ins.) (ins.)| (swg)| (swg) | n**
1t 242 1.0 0e4 | 0,156 | 18 16 0
2A 4o 2,0 |59 |0.8 |0.,175 | 18 18 1
28 44 2,0 |60 |[0.,7 |0.,300 | 18 18 1
2C 4.4 2.2 |66 |0.7 |0.400 | 18 18 . 2
3A 44 2,0 |59 [0.8 |0,175 | 18 16 | O
3B 4o 2,0 |60 |[0.7 |0.300 | 18 16 0
ac 4o 2,2 |66 |0.7 |0.,400 | 18 16 0
4A b4oh 2,0 |59 |0.,8 |0.175 | 18 14 1
4B 444 2,0 |60 |[0.7 |0.300 | 18 14 1
4c 4o4 2,2 |66 |0.7 |0.400 | 18 14 2
5A 4o 2,0 |59 0.8 |0.175 | 18 12 1
58 beb 2,0 |60 |[0,7 |0.300 | 18 12. 1
5C 4e4 2,2 |66 |0,7 |0.400 | 18 12 1

+ Core used in Specimen No.l is a standard corrugation.

All specimens exesept specimen No.l, are four pitch wide
and 12 ins. long.

Specimen No,l is four pitch wide and 6 ins. longe.

++ N is the number of panels that could be produced.
(See Section 3, para. 3+4)e

Table 3,3, Panel Configurations for the Test
Programme.
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4. RESULTS

4,1 Results from the Computer Program (D10A)

The computer program has been run with specimen configuration
data. to calculate buckling stress, and deflections and rotations
at attachment points (See Figs.2.3 - 2,6) for the range of
Handley Page specimens (Table 3.1) and the test program specimens
(Table 3.3).

The program has also been run to study the effect of
variation of several parameters.

: The results from the program are tabulated and graphically
represented (where applicable) at the end of this section.

4,1.,1 Buckling stresses and buckling wave-lengths

The computer program results for Handley Page specimens
and the test program specimens are tabulated in Tables 4.1 and
4,2 respectively., They are plotted in Figs. 4.1 bo 4.4.

In Table 4.3, minimum buckling stresses for Handley Page
specimens are compared with the theoretical values predicted by
Ref.4 and Ref.5 and the test values from Ref.2.

ba1.2 Buckling modes:

For the four buckling modes considered (see section 2)
the buckling stresses are tabulated in Table 4.5 and plotted in
Fig. 4.5.

Results'indicate that buckling modes 1 and 2 and 3 and 4 are
identical from the point of view of buckling stresses.

belad Effect of variation of the basic parameters

The titles are self explanatory, The values of buckling
stresses are tabulated and plotted.
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Effect of variation of Ybung's deulué: Table 473 Fig.4d.7
Effect of variation of tbond-flat! width:Table 4,85 Fige.4.8

Effect of variation of 'skin~bond-core!
thickness: Table 4.9; Fig.4.9

Effect of variation of f{bend=Tlattwidth: Table 4,103 Fig.4.10

4e1e4  Buckling deflections

For reasons outlined in Appendix 5, the deflections at
lower buckling wave-lengths cannot be relied upone

A general case of buckling deflections for the buckling mode
considered is shown in Fig.4.:6.

4,2 Test Programme Results

The buckling load of the panel is taken as the load at which
a change in the slope of the 'load-strain' graph occurs,

Initial irrégularities are difficult to assess, This method
is, therefore, somewhat subjective in application.

Experimental records are presented in Appendix 4, The load-
deflection graphs and the values of buckling stresses for the
face-plates and the core for each of the specimen are derived in
Appendix 2.

4;2.1 flean buckling stresses

For comparison with theoretically predicted values it is
necessary to quote an average buckling stress for each of the: panels.

For this purpose, it is assumed that the average buckling
stress for the panel is the stress at which both the core and the
face-plates have buckled.

In cases where the core has buckled before the face-plates,
the mean of the inner and outer face-plate buckling stress value
is given. (See Table 4.4).
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Uhere more than one of the same specimen configuration were
tested, the average buckling stress value is quoted. (Panels 5B
and 2C).

4,2.,2 Buckling wave-lengths

Rough measurements were made for the buckling wave;lengths;

Panels in 5B conficuration

Core slant-face buckle pattern for panel 5B/1 is illustrated
by Fige4.,11. Average buckling wave~length, 2 x )\ , for the core
slant~face was 3 ins. Average face-plate buckle wave-length was
4.3 ins, ’

Similar buckling wave«lengths were exhibited by panels
58/2 (See Plates 4.2 and 4.3) and 5B/3.

Failed panel 5B8/2 is illustrated by Plate 4.4,

Panels in series 2

Average buckle wave~lengths were:

Inner face-plate: 4.2 ins.
ODuter face~plate: 4,5 ins.

Core slant~face: 4.1 ins.
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N Buckling‘StressAN’(lb/inz)
(ins) E = 9.7 x 10° 1b/in? E=9.3x 10° 1b/in?
1.0 68,500 65,700
1.2 60,100 57,700
1.4 56,500 54,100
1.6 55,500 53,300
1.8 56,400 54,100
2.0 58,500 56,100
2,2 61,600 59,106
2.4 65,600 62,900

Table 4,7 : Effect of Variation of Young's Modulus E.

( Mode 1 )
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Plate 4.2 Core Slant-face Buckle Pattern

(Panel “B/?2)
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5. DISCUSSION

5.1 The Computer Program, DB10A

5.1¢1 Buckling Stresses

The program is adequate in predicting the buckling stress of a
corrugated-core sandwich panel under compression with certain
reservations regarding the stress increments. The stress increments
have to be kept small when working in the region of low buckling
wave-lengths because of the apparently sudden changes in the
buckling deflections at the attachment points.(See Appendix 5).

5.1:2 Buckling deflections

For the buckling mode 1, which is considered in detail in
this thesis, the values of deflections at attachment points
computed for the specimens at low buckling wave-lengths cannot
be relied upon. (See Appendix 5).

For buckling modes at higher wave-lengths, the deflections
of attachment points are symmetrice (See Fige4.6). This suggests
a buckling mode which is repeated at every corrugation pitch.

5.1.% Variation of specimen parameters

From Fig.4+8, variation of core and face-plate attachment
width does not seem to have mny significant effect on the critical
buckling stress.

When the'!skin-bond-core! thickness is increased, the program
gives a higher buckling stress at the same value of buckling
wave-length. (See Fige4.9).

Fig.4+10 shows the effect of variation of bend flat width
on the minimum buckling stress. It can be seen that when the
bend flat width is very small (this corresponds to perfect
connection between the core and the face-plate as assumed in the
theary used for developing the Data Sheets), a high value of
buckling stress is predicted. -



110

Increase in bend flat width over a critical value has very
small effect on the value of the buckling stress. This criticel
value of bend flat width, below which a high buckling stress is
predicted cannot be established: without further detailed
investigation. (See section 7).

B5e2 The Test Programme

5.2.1 Inadequacy of the test programme

As explained in Section 3, para 3.4, only a third of the
panels which were envisaged for the test programme could be
produced.

Further difficulties were encountered as only seven of the
specimens were delivered in.time for testing. Of the seven that
were available, three had unsatisfactory adhesive joint between
the face-plates and the core.

As the delivery of the last Tour of the seven specimens
that were tested was delayed, other methods of determining
buckling loads and measuring the actual buckling wave=-lengths
and amplitudes could not be attempted. (See recommendations made
in Section 7). ‘

5.2.2 Determination of buckling loads

Buckling load is taken as the load at which a change in the
slope of the load/deflection oraph occurs.

As initial irregularities are difficult to assess, this
method is somewhat subjective in application.

Further difficulties are encountered because in many cases
the change in slope is very small as can be seen in Figs«A2.4 =~
A2.16. Confusion with non-linear occurences in the stress-strain
relationship of the material is difficult to avoid.

Recammendations are made in Section 7 for trying twe: other
methods of determining the buckling loads.
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5.3 Theoretical and Test Results

5.3.1 Handley Pane. Specimens

Comparison of buckling stresses is made in Table 4o3

It can be seen that, in general, the program D10A predicts
a lower buckling stress than that predicted by Wittrick and the
Data Sheets,

The test buckling stresses of specimens HP37 and HP 59/60
are much lower than that predicted by the program D10A, Wittrick
and the Data Sheets. It seems probable that bond failure or some.
similar effect occured in these specimens.

5;3;2 The test programme specimens

The buckling stresses for the test programme specimens are
compared in Table 4.4.

Accuracy of the determination of the buckling stresses
(see para. 5.2.2) is difficult to assess.

Further, the method outlined in Section 4 for obtaining the
average test buckling stress for the panel is questionable.

Fluctuations, if any, in the test values for the specimens
of the same configuration cannot be assessed as, in general, only
one of each of the specimen configuration was tested,

The buckling stresses predicted by the program D10A are
approximately 15% lower than the test value.

Unfortunately, the Data Sheets (ref.5) could not be used for
predicting the buckling stresses for the specimens tested’ as they
were outside the range of the data sheets,.

Buckling stress for only one of the specimens in the test
series could be predicted by the data: sheets. The value predicted
is almost 40% higher than that predicted by the D10A. The data
sheets predict a buckling wave-length of 1.0 in. compared with
1.6 in, predicted by the D10A; the former corresponding to core
slant~flat buckling and the latter to face-plate bucklinge.



it is felt that the theory on which the data:sheets are
based would give higher buckling stresses for the specimens tested
than that giver by the program D10A. This is because the data sheet
theory assumes no lateral movement of the attachment points. The
theory from which the program D10A is developed makes provision for
lateral movement. (See Fig.4.6).

From Fige4,2, it seems that as the bend radius of the core
increases, the value of buckling stress decreases., The minimum
buckling stress occuring at a:higher wave-length, corresponding
to the face-plate buckling. Above a 'certain' value of bend
radius, the buckling mode changes, and the critical buckling stress
occurs at a lower wave-length, corresponding to core slant flat
buckling.

This behavioue is exhibited by panels in series 5, which
have high face-plate~to-core thickness ratio. Panels in series 4
and series 2 (see Figs,4.3 and 4.4 respectively) do not exhibit
this behaviour.,

This behaviour cannot be generalised for panels with high
face-plate-to-core thickness ratios without further investigation.
(See Section 7)a

iiz2
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G CONCLUSIONS.

6.1 Theoretical Analysis

6.1.1 The program D10A is adequate in predicting the
buckling stress of a corrugated-core sandwich panel under
compression with certain reservations regarding the stress.
increment.

6.1.2 The buckling modes 1 and 2 and modes 3 and 4 are
identical from the point of view of buckling stresses.

: 6.1.3 The computed values of deflections at attachment
points for the specimens at low buckling wave-lengths are not
reliable,

6.1.4 Variation of core-face-plate attachment width
does not have any significant effect on the buckling stress.

61,5 Increase in the 'face-plate-bond-core! thickness
gives a higher value of buckling stress at the same value of
buckling wave=-length.

6.1l.6 UWhen the core bend radius is increased over a:
critical value, a reduction in critical buckling stress and a
change in buckling mode is expected; this behaviour is exhibited
only by panels with high face-plate-to-core thickness ratio.

Go2 Experimental Analysis

6.,2.1 The method used for determining the panel buckling
loads is somewhat subjective in application. Reliability and
accuracy of this method are difficult to assesse.

62,2 Due to the inadequate éxperimental work, it is not
possible to draw any conclusions on the effect of core bend radii
on the critical buckling stress.

6.3 Comparison of Results




6.3.1 In common with references 4 and 5, the program D10A
predicts values of buckling stresses for the Handley Page specimens
HP 37 and HP 59/60 which are much greater than the test values.

It is probable that bond failure or some similar effect occured in
these specimens. Presence of an entirely different buckling mode
cannot be over-looked. ‘

6.3.2 For the specimens tested, the test values of buckling
stresses are approximately 15% higher than those predicted by the D10A.

6.3.3 These discrepancies are not large when dimensional and
material property variations are considered and indicate that the
computer results are giving the correct trend, and are conservative.

6.3.4 The computer program D1OA allows lateral movement of
the attachment points and therefore, is expected to predict a
lower buckling stress Shan ref.S.
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RECOMMENDATIONS FOR FURTHER INVESTIGATION! .



Te RECOMMENDATIONS FOR FURTHER INVESTIGATION

Tel Theoretical Investigation

7el.1l Examine the elements of the overall stiffness
determinant at buckling stress associated with a low buckling
wave~length in order to explain the apparently sudden changes
in the buckling deflections at the attachment points.

7+1¢2 Extend the above investigation to cover a wide
- range of buckling wave~lengths in order to determine the value
of wave-length at which the transition occurs from 'sudden! to
fwell-behaved! change of the attachment point deflections.
(See Appendix 5).

7:1:3  Examine the Wittrick 'incluence coefficients?
for each of the component flat of the.panel to determine their
relative contribution towards buckling.

7«led  Modify the program D10A to compute deflections at
the intersections of the core bend-flat and the slant-flat,
This would enable to present a complete buckling deflection
pattern of the core.

7.1.5 With small increments in buckling wave-length,
examine the buckling deflections to establish the effect of the
bend-flat-width variation on the minimum buckling stress.

(SBE Figo4.2)-

762 Experimental Investigation

70241 Specimen Configurations

ae The specimen configurations originally envisaged
for the test programme of this study should be

covered, (See Table 3.3). P

be Vary the core thickness in the test programme specimens

keeping other parameters constant to study the effect

of face-plate-to-core thickness ratio on the buckling mode.

Ca Cover a wider range of core bend radii to investigate in

detail the behaviour exhibited by panels in series 5.
(888 Fi9.402)o
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7;2;2 Mlaterial to be used for the specimens

The original test programme specimens were made from aluminium
alloy in DTD 687 specification for reasons outlined in Section 3,
para. 3.2.1. for future work, the specimens should be made out of
an aluminium alloy (for example, L72) which possesses better forming
properties.

The problem of manufacturing tolerances (See Section 3, para.3.4)
would be further alleviated by wusing, a break press.

Te2e3 Handley Page test specimens

_Repeat the tests on the Handley Page specimens HP 37 and
HP 59/60 (See Table 3.1) to confirm or otherwise, the test values
given in Ref.2.

7¢2+4. Determination of buckling loads

The method useé for determining the buckling load is somewhat
subjective application.

To determine the relative reliability and the accuracy of the
above method, the following two methods are recolmended.

a. The Southwell Plot; in which amplitude prior to buckling
- is plotted against amplitude divided by load. The slope
of this graph gives the buckling load, '

b, The second method is based upon the relationship given in
the National Advisory Committee for Aeronautics, Technical
Note number 752,

a’ = 4 A 2, (e-e)

x2

vhere, a and A are post buckling amplitude and wave-
length, e is panel strain and e_ is its value at buckling.
a2 is plotted against e giving a straight line whose
intercept on the e axis gives e s from which the buckling
load can be determined.

'As both the methods depend upon measurements of face-plate wave
amplitude, they might not be suitable for panels with thick face-
plates which give small buckling amplitudes,
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Those notations which are frequently used in the text are
defined here; others are defined locally.

Ve T 6o

Qv = basic longitudinal compressive stress in plate

E = Young's modulus -

v = Poisson's ratio

b = width of flat

t = thickness of flat

D - Et3/12(1-V?), flexural rigidity of plate

K = olbzt/xzn
c = OYE
A half wavelength of applied edge forces

XgY longitudinal and widthwise co-ordinates

z normal co-ordinate

XY = xxM s 'YA respectively

) displacement of middle surface in Z direction
w = Kb/x
% N 4
oL = w1+ g )2

L
¥ = Ut - J§ )*
1
= m({'\g - 1)

mL, mR amplitudes of sinusoidal edge moments

YL’ YR amplitudes of sinusoidal out-of-plane edge shear forces
jl’ 1h amplitudes of sinusoidal edge rotations
Wﬁf w2 amplitudes of sinusoidal out-of-plane edge displacements
S ’ 815'«7' y S )

me Fmr FFF ) influence coefficients; elements of out-of-plane

MM’ “MF? CFF ) stiffness matrix

d = depth of core (ins.)

a = bond width (ins.)
s inclination of core slant flat to horizontal (degrees)
p core pitch (ins.)

Suffices

core

core slant flat
core bend flat
joint flat
face-plate flat
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APPENDIX 1.

DEVELOPMENT OF THE COMPUTER PROGRAM (D10A)

1.0 Introduction:

1.1 Notations Used

1.2 Simplified Flow-Chart
1.3 Master Segment:

1.4  Wittrick Subroutine

1.5 Subroutine in. XMODE Series.
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APPENDIX 1

DEVELOPMENT OF THE COMPUTER PROGRAM (D10A)

1.0 Introduction

The purpose and the basic programming cycle of the program
been outlined in Section 2, para. 2e4.5.

1.1 Notations Used

(For the Master Program and the Subroutine segments)
(Eqn. nos. refer to Section 2, para 2.4).

F(1,3) . Matrix Af K; A

171
B(1,3) Matrix AS K, A,
c(1,3) Matrix (Ai K, A+ A K, A2)
A(K) Matrix C(8,8) stored in A(64), row location.
DET Determinant valus of C(I,3J)
SIGIA Longitudinal compressive stress (lb./in.z)
E Young's modulus (lb./in.z)
XMUE Poisson's ratio
XLANBDA Half buckling wave length (ins.)
ZETA R fu®
T Component flat thickness (ins.)
DEL Increment in value of ) (arbitrary) (ins.)
VAL Maximum value of A (arbitrary) (ins.)
héfg:x&mc g Count labels,
BETA/ANGLE 1 Inclination of core slant flat to horizontal

(rads./degrees)

ETA/ANGBLE 2 Inclination of core bend flat to horizontal
: (rads./degrees)

AVS/AVA AVS/AVA , GSee Egns. 13/27

APSIS/APSIA  Ay./Ay, , See Egns. 14/18
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Fo Initial value of O~ (lb./in.z)

DELSIG: Increment in value ofOV(lb./in.z)

S Snr SeF

) Influence coefficients.

Fom Foe Fre ;

p Longitudinal compressive load (1bs.)

XI Second moment of area of bend flat (in.a)

BB Width of bend flat (in.)

TS1,TS2, ) s

T53,TS4 ) Terms of Alls in Egn. 20

TA1,TA2, ) .

TA3,TA4 ) Terms of AllA in Egn. 34

All5, A125, A225 Elements of Egn.2l

AllA, Al2A, A22A Elements of Eqn.35

XKC See Eqn. 10

THETA Ratio of deflections e.g. fzr, fg, stc.
Ts Tg

DELTA g )

OMEGA o g

8 See list of notations
ALPHA g in the main text.
GAMA ¥ 3
¥

Z5TAR . Z )

Suffices

B Core bend flat

S Core slant flat

P Face-plate flat (unbonded)

J Face-plate/core bonded flat

1.2 Simplified Flouwchart

The basic computation cycles are shoun. UWhere further
details are desired, the actual program (see para. 1.3)
must be consulted.
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/ Read Dc%ta/«a

4

Lle:NrMC,NC,NN =O

: o N\ = |
\ID‘/ : ov (M) . = FQ e ) , ’ 8

E’Makr{x [[j !

: !
! Detpic| |

¢
- +
= NN i)
Y
o -
% Calculate ©

‘ @ : o o' (M) =ge{r-1) 4 Sov
B A

dimensians

e é\

Wrete 0O (),
Det(en), A, @

F
M= M-
04() =Q<{M=) +100
MC = MC+1
KX = —1

= “Me—1o

FLOVCHART CONTINUED,../
OVERLEAF ' /-
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FLOWCHART CONTINUED FROH PAGE No.: 126

\lo/ , | R 7. .
i . - : ‘, M=M-+1

: !
]DD M) =0+(-1) 41000 @ -

L=l

/Nri*eV;De{:,‘A,?/ o ‘

M= Ml ' S oA
0{M) = 04(-) —100 - @
KX =1 o o : ,

NC= NC -1

Simplified Flowchart . Showing the Basic Computation Cycles,
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B Wbs%r»ﬁewmuﬁ;

HAS?ER NG1
DIMENSION F(8,8),B(8,8),C(8, 8):DET(50):SIGMA(50) A(éé) U(8 8):
1THETA(8):REINT(8)
COMMON/E/E/XMUE/XNUE/XLAMBDA/XLAMBDA/SIGMA/SIGMA/M/M/ZETA/ZETA
COM10N/A11S/A11S/A12Q/A1ZQ/AZZS/AZE%/A11A/A11A/A12A/A12A/A22A/A22A :
1/8/8 S SR T o

Prcogram nome, store ollocation and common statement
450 READ(1,402)T,TP.BE/BS/BJ/BP, ANGLE1 ANGLFZ,t
402 FORMAT(9F0.0) B R
o READ(1.451)FO DELSIG XLAMBDA DEL:VAL T P S
© 451 FORMAT(SFO. , R : '
READ(1, 406)MUDE
406 FORMAT(I1)

'Read .g:or mpui- m{ormahon c\od'o.
‘Ifci.EQ;o.o)qo TO 405

End of date logic statement.
TI=T+TP

XMUE=0.30

PEL=0.05 LRI I L T
VAL=1.3 o S s -
KLARBDA=1. 05 o e L
Bonded glat thickness, f\?, maremen’: 0 Volue of A,
‘mxha\ value c; ) and {mo\ Vo\wz. o A

103 NRITE(&:ZOZ) ' R : ' o
ffZOZ FORMQT(1H1///25X:5HSIGMA:1?X:$HDET: 13X 7HXLAMBDA: 99X 4HZETA/) -

Write "’\'\He on news page

101 CONTINUE
O LsKXsNsMCANC=0 , S o _ S )
M=1 ' N T DU
©ONN=0 ‘ = Do SIRELE T S
N=N+1

~Initial volues for count loble instructions.
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STGMA(M)=FO"
100 CONTINUE
K=0

Set m\‘h'g\ value ot stress and lable Ingtruction.

CALL WITTRICK(T, BB, SBMM.SBMF:SBFF;FBMM,FBMF,FBFF)
CALL WITTRICK(T, BS, SSMM,SSMF,SSFF+FSUMM, FSMF, FSFF)

Subroutine  Witrick eal) Up for caleulating core bend

and slant ¢lot ingluence  coegsicrents.

ETA=(ANGLE2*3.1416)/180.
BETA=(ANGLE1*3,1416)/180.

Core geomeitic angles converted 4o tadians from degrees.

AVS=-((SSMF+FSMF)*SIN(ETA)/(-SIN(BETA-ETA))+F8MF*COS(ETA)+SBMF*SIN
1(ETA)*COT(BETA-ETA))/(SSMM+FSMM+SBMM) :

TS1=(SBFF*C0OS( ETA)+FBMF*AVS+FBFF*SIN( ETA)*COT(BETA= ETA))*COS( E
1TA)

P=T*BB*SIGMA(M) .

XI=(T#BB**3 )/12.

XKC=((E*XI*5.1416**2;/XLAMBDA**2.~P)*3.1416**2.*81N(ET&))/(XLAMBDA
1%%2.)

TS2=XKC*SINCETA) ‘

TS3=(FBFF*C0OS( ETA)+SBMF*AVS+SBFF*SIN( ETA)*COT(BETA= ETA))*COT(BE
1TA=- ETA)*SINC ETA)

_TS4=(((SSMF+FSMF)*AVS+(SSEF#FSFF)*SIN(ETA)/(-SIN(BETA-ETA)))*SIN(

TETA)Y)Y/SIN(BETA= ETA)

S AT1S=TS1+TS247S3-TS4 , :
A12S=SBMF+CO0S( ETA)+FBMM*AVS+FBMF*SIN( ETAY*COT(BETA- ETA)
A215=A12S
APSIS==FBMM/ (SSMM+FSMM+SBMM)

A22S=SBMM+FBMM%APSIS

Calewlation o elements of cofrugation clot  srifiness
mMor X (or  Symmelcic cose.
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" AVA=-((SSMF=FSMF)*SINCETA)/(~SIN(BETA= -ETA)) - FBMF*COS(ETA)*SBMF*SI
1NC ETA)*COT(BETA= ETA))/(SSMM=FSMM+SBMM)

TA1=(SBFF*COS( ETA)~FBMF*AVA-FBFF*SIN( ETA)*COT(BETA~ ETA))*COSC E
1TA)

TA2=T7S2 ’ - ’ B

TA3=(~-FBFF*COS (. ETA)+SBMF*AVA+SBFF*SIN( ETA)*COT(BETA- ETA))*COT(B
1ETA- ETA)*SINC ETA)

TA4=(((SSMF+FSMF*xAVA+SSFF=FSFF)*SINCETA)/(~-SIN(BETA- ETA)))*SIN(ET
1A))/SIN(BETA- ETA)

AT1A=TAT+TAZ2+TA3+TAL

A12A=SBMF*C0OS( ETA)-FBMM*AVA~- FBMF*SIN( ETA)*COT(BETA=- ETA)

A21A=A12A
APSIA=FBMM/ (SSMM=-FSMM+SBMM)
A22A=SBMM=FBMM*APSIA

Colevladion of elements of corrugokion flat  skigfness enolrix
for  Antisymmeiric  Cose.

IF(MODE.EQ.1)GO TO 407
TE(MODE.EQ.2)GO TO 408
JE(MODE.EQ.3)G0 TO 409
TF(MODE.EQ.4)G0 TO 410
407 CALL XMODE1
60 TO 411
408 CALL XMODE2
60 TO 411 °
409 CALL XMODES3
60 TO 411
410 CALL XMODE&
411 CONTINUE

Subroutine XMODE coll up gor forming A Ko Ax .
Subroutine call up dependent on  the ioput dato.

CALL WITTRICK(TJ, Bd s SJMM:SJMF:SJFF:FJMM,FJMF:FJFF)
CALL WITTRICK(TP, BPs SPMM,SPMF,SPFF,FPMM,FPMF,FPFF)

Subtourine  Witrick call up for calwlating  foce-plate
bonded cnd unbonded gflat  influence  coefficlients.



F(1fS)'F(1)6)IF(ZJS)lF(}I?)lF(S:S)lF(4I8)'F(Zlé)lF(417)=0.0

FC1:,1):,F(3:.3) F(S5,5)+F(7,7)=SJFF+SPFF
FC(2:2) ¢t FCL,sb) FC6:6) ,F(B8,B8)=SIMM+SPMHM
FC1, 2):F(5:6)‘-SJMF*SPMF
FC103)sF(5,7)==FJFF

FCle4) F(5,8)==FJMF
FC1,7)+F(3,5)=~FPFF
F(1,8)¢F(4,5)=FPMF

FC2:3) ¢ FC6,7)=FJMF

F(ZIa)IF(618)=FJMM
F(Zl?)lF(316)=-FpMF
F(2:8)+F(4,6)=FPMM
F(3,4)+F(7,8)=SJMF=SPMF

DO S I=1.8

PO 5 J=2,8

FCJ 1)=F(I,d)

Formotion of wodrix A} K A

MATRIX C IS (AT1DASH K1 A1 + AZDASH K2 AZ2)
DO 8 1=1,8

PO 8 J=1.8

K=K+1

C(lfJ)zF(IIJ)+B(IIJ)

ACK)=C(1,4)/1000.

Formadion 6} vnodrix C(2,8) = APK AL+ Az Wa Ao .
Storing  C(R,8) inte A(GS) . Bach element berng
divided by 1000, an o precaution ogodnst
oveglow . Conversion ¢ C(8i8) into AL s

necessary (or use of Subroutine FA4DET

N=8

NA=64

CALL F4DET(A/N/NA,D/IDs REINT,IT)

lnpuwt instructions ot FADET, and caoll up for

solying fhe 'de’tgrm\‘nmﬂ\' o AR

TF(NN)33,33,34

Susteuction for caleulating €@, when the pancl has buckled.

131
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BB DET(M)=D*2.*+1D
Numerical value of determinant:

WRITE(2,201)SIGMA(M) ,DET(M) ,XLAMBDA,ZETA
201 FORMAT(20X,E12.5,3E16.5)

Wyite Instructions.

IF(KX)52,53,54

Loble insiruction for siress increment of 100 lo/in

52 M=M+1
SIGMA(M)=SIGMA(M~1)+100.
MC=MC+1
KX=-1

TF(MC=10)100,100,55
Stress increased by 100 1b/in?

§4 M=M+1
STGHA(M)=SIGMA(M=1)=100.
KX=1
NC=NC+1
TF(NC=10)100,100,55

Stress decreased by 0Q b/in?

5% IF(L)S6,57,58

Label instruction for stress increment o *1000 Vesnr
56 IF(DET(M))59160152

Check on sigh o determinant.

59 M=M+1
SIGMA(M)=SIGMA(M-1)=-1000.
L=-1
GO 10 100

Stress decreased by 1000 lb/in?
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co-

57 TFC(DET(M))61,60,64
64 TECABS(DET(M=1))=ABS(DET(M)))62,62,59

Compar\'éx‘on' o{ mognitude ot determinant valuers to

decide whether 1o increase or decrease fhe siress value.

62 SIGMA(M)= SIGMA(M 1)

80 M=M+1

: SIGMA(M)=SIGMA(M-1)+1000.
L=1"
GO 170 100

Stress increoned by 1000 b/t

64 M=M+1
SIGMA(M)=SIGMA(M=1)+DPELBIG!
GO T0 100

Stress dacreosed by DELSIG. b/in?

58 IF(DET(M))S4,60,380 :
60 HRITE(2:201)SIGHA(M):DET(M) XLAMBDA,ZETA

Write results § cdelerminant vo\uuz_ (s equol to zero.

5% M=M-1
b0 50 1=1.,20
RAT=DET(M)/DET(M=-1)
IF(RAT)30.,30.50
S0 M=M-1
30 CONTINUE
30 WRITE(Z2,400) : : »
400 FORMAT(/23X, 7HXLAMBDA,7X+8HSIGMA(M) /16X, 6HDET(M) 1 8Xs8HDET(M 1),54,
110HSIGMA(M=1))
WRITE(2,204)XLAMBDA, SIGMA(M) DET(M) , DET(1=1) ,SIGMA(M=1)
204 FORMAT(/S5X,5(2X,E12.5)/)
IF(ABS(DET(M-1))~-ABS(DET(M)))31,31,32
31 SIGMA(4L49)=SIGMA(M=1)
NN=1 :
GO 10 100
32 SIGMA(49)=SIGMA(M)
NN=1 :
60 TO0 100

Scanning of volues of determinont for the loet 10 valuas

of Stress Yo determine the siress ot which the determinant
chveves chan sign. When determinant é.hcm- es Sign
achve ge o% 9 an,

‘Oukput ©f Voluer Of stress ond determinaont on either
side of tbe 2exo.
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34 THETA(8)=1.
DO 74 10=1,7
1=8-10

CUTHETACD) =0,

D0 74 J=1+1,8 |

74 THETACI) =THETACD) = A(I*b*(J 1))*THETA(J)

: ~ WRITE(2,401)

401 FORMAT(20X,T2HTHETA 1.T0 8/>

75 WRITE(2,203) THETA
‘%ﬁkzﬂSVFORMAT<18x_8(2x.%7.4))_‘

'Co\c,u\a’nonog 9, H’te. rchos og} deg\echcms qnd oukpu’r
c@ n&u¢“k | o | '

‘wRITE(a.404) % f / : i
404 FORMAT(/23X.1HT, 6x.2HTJ,6x.aHTP 6x.zHBB.6x,aHRs.6x ZHBJ,ex ZHBP:

18X s THE, S5X s 6HMODE/) :
i o WRITE(2,403)T,7TJ,TP.,BB,BS,BJ,BP,E,MODE
403 FORMATCI8X,7(2X,F6.3) 42X F10.0,2X,11) '

Outpwt of core geometry, and wmode,
35 XLAMBDA=XLAMBDA+DEL _
TE(KLAMBDA=VAL) 103, 103,405

Increment in \Jc\wz.og’ A.

405 CONTINUE
- syoOP
END

"',End»“cg Master Segment
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\.'4 WiH-rl'ck Subroutine.

SUBROUTINE WITTRICK (T:B:SMM:SMF%SFF;FMM.FMF}FFF)

DIMENSION SIGMA(S50) :
COMMON/E/E/XHUE/XMUE/XLAMBDA/XLAMBDA/SIGMA/SIGMA/M/M/ZETA/ZETA

Subroutineg tHtle, store location and co{‘nmon stoternent.

D=(E*T**3,)/ (12, % (1. =XMUE**2,))
XK=(STGMA(M) *B*B*T)/(3,1416%3.1416%D)
ZETA=XK* (XLAMBDA/B) %2,
OMEGA=3.,1416%*B/XLAMBDA

Caleulotion of D,\ K, Y ond oo

IF(ZETA=1.)1+2.3

Check Yo determine whether Y {» less thon »ona’,

gveoter than one or equal to one.

{ ALPHA=OMEGA*(1.+ZETA**.5)%%.5

GAMAZOMEGA* (1. ~ZETA**, 5)%*.5 -

7=SINHCALPHA) *SINH(GAMA) + (ALPHA*GAMA/OMEGA*%2,) * (1. -COSHCALPHA)*CO
1SHCGAMA)) : :
R=ZETA*%.5/2

SMM=D*R/B* (ALPHA*COSH(ALPHA) *SINH(GAMA) =GAMA*COSH(GAMA) *SINHCALPH
1)) ‘

SME=D*OMEGA% %2, /B**2 % (1,=XMUE-ZETA*SINH(ALPHA) *SINH(GAMA) /Z)
SEF=R*D*ALPHA*GAMA/B*%3, + (ALPHA*SINH(ALPHA) *COSH(GAMA) ~GAMA*SINH(G
1AMA)Y *COSHCALPHA)) . ; o

FMM=R*D/B* (GAMA*SINH(ALPHA) =ALPHA*STNH(GAMA))
FMF=-R*ALPHA*GAMA*D/B*%2 ,x(COSH(ALPHA)~COSH(GAMA))
FEF=R*ALPHA*GAMA*D/B**3.* (ALPHA*SINH(ALPHA) ~GAMA*SINH(GAMA))

GO 10 4

Caleulotion of plote influence coegficrents {or- ¢ L1,
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2 ALPHA=OMEGA*2.%*,5 ‘ - .
ZSTAR= SINH(ALPHA)+(2 *% . 5%x(1.-COSHCALPHA)))/OMEGA
R=1./ZSTAR
SMM=R*D/B*(ALPHA*COSH(ALPHA) - SINHCALPHA)) )
SMFE=(OMEGA/B)Yx%x2  *D* (1 ,-XMUE~ ~R*SINHCALPHA)) B
SEFF=Rx*D/B*%x 3, *ALPHA**x2  *SINH(ALPHA)

FMM=R*D/B* (SINH(ALPHA)=ALPHA)
FHF“—(ALPHA*D)/(ZSTAR*B*B)*(COSH(ALPHA) -1.)
FFF=SFF :

GO TO 4

Coleulotion o plate influence ceeffretents for Y=\

% DELTA=OMEGA* (ZETA** 5=1,) %% 5
ALPHAZOMEGAX (1 ,+2ETA%* ,5) %% 5
= SINH(ALPHA)*SIN(DELTA)+(ALPHA*DELTA*(1 ~COSH(ALPHA) *COS(DELTA)))
1/0MEGA**2, : .
R=ZETAx*,5/2 '
SMM= D*R/B*(ALPHA*COSH(ALPHA)*QIN(DELTA) -DELTA*COS(DELTA)*SINH(ALPH
1A))
SMF=D*OMEGA+*#*2, /B**Z * (1 .=-XMUE- ZETA*%INH(ALPHA)*SIN(DELTA)/2)
SFF=R*#D*ALPHAXDELTA/B*x*3, * (ALPHA*SINHC(ALPHA) *COS(DELTA) +DELTA*SIN(
1DPELTA)*COSHCALPHA))
FMM= R*D/B*(DELTA*SINH(ALPHA) -ALPHA*SIN(DELTA))
 FMF=-R*ALPHA*DELTA*D/B**2 , *(COSHC(ALPHA)~-COS(DELTA))
FFF=R*ALPHA*XDELTA*D/Bx*3, *(ALPHA*SINH(ALPHA)+DELTA*SIN(DELTA))
60 TO &4

Coleulofion o plote influence coegficients  for ¥ >l

4 CONTINUE
RETURN
END.

End o subrouline and return -'ro masier segmen't.
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.5 subroutines IN XMODE series,

Example is llustrated by XMODE4,

SUBROUTINE XMODEG4

DIMENSION B(&,8)
COMMON/A11S/A11S/A12$/A1ZS/AZZS/AAZS/A11A/A11A/A12A/A12A/AZZA/A2£A
1/8/8

1

Subrou"n'nc -\—\‘He, store Q\\bca“‘\'Oh ond common s-\o’remen’(-

DO 7 1
D0 7
7 8(1,4)

1,8
1.8
0.0

Fillng the mattix  B(&R) by 3zero elements.

8(1:1)18(3,3)18(515)18(7:7)=(A11S+A11A)
B(2,2)BChsb)B(6:+6)B(E,B8)=(A225+A22A)
8(113)18(117)18(315)18(517)=(A11S‘A11ﬂ)*.5
B(2,8)sB(2,4)+B(4s6)sB(6+8)=(A225=-A22A)*,5
BC1,8)Y,B(2,7)+sB(3,6),BCLs5)=(A12S-A12A)*.5
3(114)13(2'3)18(515)IB(OI?)=‘(A1ZS’A12A)*.5

Rling the upper driangle d{ the matvix BC‘&‘%)

Do 9 l 1 8
DO 9 J=2.8
9 B(J,1)=B(I,J)

Ao the matrix BRY s symmeiric, the lower
triongle con be filled py thi lcop  with
appropriote elements from the upper iriangle.

RETURN
END

End of subroutine and veturn to monker gegment:



APPENDIX 2,

EXPERIMENTAL ANALYSIS

2.0 Introduction
2el Strain Conversion Factor
2.2 Panels in 5B Configuration

2.3 Panels in 2A, 2B and 2C Series.

Figures : A 2.1 - A 2,16
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APPENDIX 2

EXPERIMENTAL ANALYSIS

2.0 Introduction

Buckling load is taken as the load at which a change in
slope of the load/deflection graph occurs., Where one or more
tcontractometers! are mounted on the same face, mean value is
taken. Cross—sectional areas used in computing buckling stresses
are obtained from Table 3.4. ‘

2.1 Strain Conversion Factor

2elel Strain nauqe readings

Strain, e = (Strain gauge reading) x 1070
2,06

2:.1.2 Contractometer (dial gauge) readings)

Strain, e = _Dial gauge reading (ins.)
(Lever ratio) x (Gauge Length)

where Lever ratio

n

2 3 l

Gauge length = 10 ins,

262 Panels in 5B Configuration

Panel 5B/1

For the first and second tsetting-up! runs, the readings
of strain gauges 0, 9, 10 and 19 are plotted in Figs.A2,1 and
A2,2 respectively. These runs were made to ensure even loading
of the specimen.

Outer face-plates

Taking mean value for strain gauges 1 to 8
(See Figs. A2.4 and A2.6).

Buckling load = 67 tons
Buckling stress = 32,700 lb./in.2
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Inner face~plates:

Taking mean value for strain gauges 11 to 18
(See Figs. A2.5 and A2.7).

Buckling load = 68,5 tons

Buckling stress = 33,400 1b./in,2

Dial gauges mounted on the inner face-plate do not yield
any information. (See Fig.A2.8).

Panel 58{2

This panel had a defeetive adhesive joint. To enable the
panel to be tested, the defective joint was tcut-away', thus,
the width of the panel at inner face-plate was reduced to three
pitch. (See Fige3.4).

For deflection measurement, three contractometers were used.
(See: Fige3e4).

Quter face-plate:
Taking mean value for dial gauges A and B, (See Fig.A2.9)

Buckling load 45 tons
Buckling stress = 30,200 1b./in;2

Inner face~plate:
From Fig.A2,9, for dial gauge C-
46 tons
30,900 1b./in.2

1

Buckling load

Buckling stress

Panel 5B/3

Buckling load was determined by studying the reflections of
antilluminated grid! on the polished specimen.

Outer face-plate:

69 tons
33,600 1b./in.2

Buckling load

]

Buckling stress
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Inner face-plate:
Buckling lead = 70 tons

Buckling stress = 34,100 1b./in.2

Cire slant-flat:
Buckling load = 50 tons

Buckling stress = 24,400 1b./in.2

2.3 Panels in 2A, 2B, and 2C Series

-Buckling loads are determined from.Figs.AZ.lO - 16.

Buckling Load (tons)

Panel No. 28/1 2B/1 2c/1 2c/2

Outer face-plate + 14,.8 11,0 14.0
Inner face-plate - 13.8 11,0 + 13,7
Core slant flat 13,1 14,5 13.0 15.8

Buckling Stress (lb¢/in¢2)

Panel No. 28/1 28/1 2c/1 2c/2
Outer face-plate * 12,000 8,600 11800
Inner face-plate 11,200 8,900 + 10700

Core slant flat 10,700 11,800 10,100 12400

* Buckling loads can not be determined.

‘Note, Panel 2B/l had faulty adhesive joint at the
outer face-~plate., To avoid 'weak-spots! two rows
of 1/8 dia. Avdel rivets at 0.5 in. staggered pitch
were used, ,
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APPENDIX 13,

THEORETICAL PREDICTION OF BUCKLING STRESS USING

DATA SHEETS

3.0
3.1

3.2

Introduction
Flat Dimensions

Specimen: Calculations

Pigure ¢ A4 3.1
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APPENDIX 3

THEDRETICAL RREDICTION OF BUCKLING: STRESS USING DATA SHEETS (Refe5)

3.0  Introduction

The basic theory behind this method of calculating buckling
stress for corrugated core sandwich panels is outlined in detail

in ref.Se

In this appendix the general method adapted for measuring
flat widths (required for predicting the buckling stresses) is
explained,

A specimen calculation is included for specimen Noele.
Theoretical values of buckling stresses for the Handley Page test
specimens (see Table 3.1) and the test program specimens (see
Table 3.3) are tabulated in Table 4.3 and 4.4 respectively.

3.1 Flat Dimensions

Notations used for identifying the flats of the sandwich
panel are shown in FigeA3.l. The figure also indicates the
méthod used in measuring the flat widths.

342 Specimen Calculation (Specimen No.l)
Flat A B D F
b 1,125 1,24 0.58 0,58
t <048 .064 «048 +064
E1x2/30 348 750 675 1610
'fo(xln’z) 64 93 241 426
. 2
where E' = E ~ (1b./in.")
(1)
2 2
f = AK7gt (t) . 2
o ( b ) lb./.'l.ng

and other notations are as defined in the main texte.
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Using the Data Sheets

02,01.31-2 (Ref.5),

stiffness of the flats, Al,, is obtained for various values of

b /A

and fx/fo .

stress in the flat.

.F
X

is the longitudinal compressive

5 | My (Lbeine/ing) Total * Critical
(xlU“SQ A B D F Stiffness | f x 10"3
(ins. Y(1b.in“) (1b.in/in.)| (1B./in.2)
100,0 |-2020 937 534 1500 951
0.7 | 102.3 |-2610 900 526 1480 | 296 103.0
104,0 |-3390 825 513  1465| =587
0.8 | 100.0 |-2160 375 459 1280 - 46 100.0
93,0 |- 905 8 418 1100| 621
1.0 98,0 |-1200 -150 405 1100 65 98,7
100.0 |-1460 -150 398 1100 | -112
08,0 |-784 -150 378 1009 | 453
1,2 | 100.0 |-806 -187 371 965 | 349 10404
105.8: |-1044 =375 367 950 | ~102
100,0 |-397 - 94 364 934 | 807
1.4 | 105.8 |-505 -188 358 917 | 582 111,0
110,0 |-870 =278 350 000 | 100

+ (A +B+D *‘Fzﬂiz

Minimum critical fx =

(BuckIing stress)

98700 Ib./inaz at A= 1l.0"
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APPENDIX L.

EXPERIMENTAL RECORDS

L,o0 Introduction.

Tables ¢ A 4,1 - A 4,7
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APPENDIX A

EXPERIMENTAL RECORDS

L,0 Introduction:

Tn: this appendix, the experimental deflection
readings: taken during the testing of the panels
are presented. Titles of the tables are self-

explanatory.

Readings taken during the initial ‘'setting-up'

runs for each of the specimens are not included.

Though deflection readings were taken at small
load increments, all of them are not necessarily
plotted on the load-deflection graphs. (see
Appendix 2.)
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Load Dial Gauge Readings ( x 105 ) ins.
(Tons) 1 2 3
0.5 0.00 0,00 0.00
2.5 0.75 1,00 1.10
5.0 1.25 1.75 2,00
7.5 1.50 2,00 1 2.40
10,0 1.75 2.30 2,60
12.5 1.90 2.50 2.90
15.0 2,00 2,50 3.00
17.5 2,00 2,60 3.10
20,0 2,10 2.75 3.25
22.5 2,10 2,80 3.40
25.0 2,25 3,00 3.50
27.5 2.ko 3.00 3.60
30.0 2.50 3.10 3.75
32,5 2,60 3.25 4,00
35.0 2.75 3.40 4,00
37.5 2.90 3.50 k,10
4o.o 3.00 3.50 4,30
42,0 3,00 3.50 L,50
Li,0 3.10 3.60 4,50
46,0 3.25 3.60 4,55
48,0 3.25 3.70 4,60
50,0 3.30 3.75 h,75
52,0 3.45 3.75 4,90
54,6 3.50 3.80 5,00
56,0 3.50 3.90 5.00
58,0 3,60 3.80 5.10
60,0 3.65 3.90 5420
62.0 3.90 3.90 5.40
64,0 L ,00 4,00 5.05
66.0 4,00 4,00 5.06
68.0 Lk,00 4,00 5.06
70.0 4,00 4,00 5,07
72,0 L ,00 4,00 5,07
74.0 L, 00 3.75 5.07
75.0 4,00 3.75 5.07
Table A 4,2 Dial Gauge Readings for Panel 5B/1
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Load Contractometer Readings (xlOB) ins.
(Tons) A B c
00.5 00.0 00,0 00.0
10.0 10.5 13.0 12.5
20,0 23.5 25.7 244
25.0 30,0 32.5 30.5
30.0 37.0 39.5 36.5
35.0 43.5 46.0 42,6
37.5 47,0 50,0 46,0
Lho.o 50.5 53.7 4o,0O
41,0 51.8 55.0 50.0
42,0 53.2 56.5 51.3
k3.0 54,6 58,2 52.6
Lly,0 56,0 59.4 53.8
45,0 573 60,75 55.0
46,0 58.6 62,2 56,1
47,0 60,1 63.6 57.3
48,0 61.5 65,0 58.5
49,0 63.0 66.7 60.0
50,0 64,4 68.0 61.0
51,0 65,8 69.5 62.3
52.0 674 71.1 63.5
53.0 68.9 72.9 64,6
54,0 70.4 7h.5 65.9
55.0 71.8 76.3 67.2
56,0 73.5 78.2 6845
57.0 75.0 79.8 69.5
58.0 76.2 81.5 70.5
59.0 776 83.0 71.5
60,0 79.0 84,6 72.5
61.0 80.2 86,1 7342
62,0 81.3 87.6 74,0
63.0 82,1 89.0 2N
64.0 82.9 90.1 7ho1
65.0 83.2 91,0 733
66.0 83.0 91,5 70,8
67.0 80.6 90,5 674
Table : A 4,3 : Contractometer Readings for Panel 5B/2



Contractometer Readings (x 103)

Load ins.
(Tons) A B c D
0.5 00.0 00.0 00,0 00.0
2.0 1.0 2.3 1.0 2.7
L,o 3.0 5¢5 2.6 6.2
6.0 5.0 8.k k.5 9.3
8.0 7l 11.2 6.3 12,7
10.0 10.0 14.3 8.1 16.5
12,0 12.5 17.2 10.0 20,8
14.0 15.0 20,4 12.0 27.0
15.0 16.4 21.8 13.0 31.4
16,0 18,0 23.6 1k,0 38.0
16.5 20,0 2 b 15.0 43,5
17.0 20,6 24,8 15.6 48,0
17.5 21.5 25.2 16.2 52.0
18.0 22,4 25,5 17.0 57.0
18.5 23.2 25.5 17.6 60,0
19.0 24,0 25.4 18.5 64.5
19.5 24,6 24,9 119.3 67.8
20,0 25,2 24,0 20,2

71.8

Table A L4, 4

Contractometer Readings for

Panel 2A/1.
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Load: Contractometer Readings (xlOB) ins.

(Tons) A B C D

00.2 00.0 00.0 00.0 00.0
1.0 0.9 0.0 1.0 0.1
2.0 2.0 0.0 1.8 0.9
3.0 3.1 0.6 2.6 2,1
L.,o L,s 1.6 3.5 3.75
L,2 k.o 1.85 3.75 4,0
L, L 5.1 2.1 L,o L,5
Lh.,6 5.4 2.25 h,1 h.75
4,8 5.6 2.5 k.25 5.0
5.0 6.0 2.7 k.5 50l
5.2 6.2 3.0 Lh,7 5.75
5.4 6.5 3.15 5.0 6.0
5.6 6.8 3.4 5.1 6.5
5.8 7.l 3.8 57 7.25
6.0 : 7.6 4,0 5.9 75
6.2 7.9 4,2 6.1 7.8
6.4 8.15 by 6.3 8.1
6.6 8.5 L,6 6.5 8.5
6.8 8.75 b9 6.65 8.75
7.0 9.1 5.4 7.0 9.1
7.2 9.25 5.4 7.1 9.25
7.l 9.5 5.6 725 9.5
7.6 9.8 5.9 75 9.9
7.8 10.1 6.15 7.6 10.1
8.0 10.4 , 6.4 7 .85 10.5
8.2 10,7 6.6 8.0 10.75
8. 11.0 7.0 8.2 11.0
8.6 11.25 7.25 8.4 11.25
8.8 11.5 7.5 8.6 11.5

Table A 4,5 : Contractometer Readings for Panel
~ 2B/1

eeceees(/contd. overleaf).,..
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esessaces (continued)..

Load: Contractotmeter Readings (x 103) ins.,
(Tons) A B (0] D
9.0 11.75 7.75 8.8 11.75
9.2 12.0 8.0 9.0 12,0
9.4 12.4 8.25 9.25 12.4
9.6 12,65 8.5 9.5 12.5
9.8 . 13.0 8.75 9.7 12.75
10.0 13.25 9.0 10.0 13.0
10,2 13.6 9.3 10.2 13.1
10.4 13.9 9.6 10.4 13.3
10.6 14,2 9.9 10.5 13.0
10.8 14.5 10.1 10.8 13.5
11.0 14.8 10.4 11,0 13.6
11.2 , 15.1 10,7 11.2 13.75
11.4 15.4 11,0 11.5 13.75
11.6 15.7 11.2 11.6 13.75
11.8 16,0 11.5 12,0 13.75
12,0 16.3 11.8 12,0 13.75
12,2 16.6 12,1 12,54 13.75
12,4 17.0 12,4 ' 12.5 13.75
12,6 17.3 12,65 12.8 13.4
12.8 17.6 13.0 13.0 13.2
13.0 18.0 13.4 13.4 12.75
13.2 , 18.7 13.9 13.9 12.0
13.4 19.1 1k.1 14,0 11.7
13.6 19.4 1k .k 14.3 11.5
13.8 19,8 14,65 14,5 11,0
14.0 20,2 15,0 14,85 10.75
14,2 21.0 15.6 15.5 10,2
14,6 21.8 16.25 16.0 9.5
15.0 22,5 16.8 16.6 9.0

Table A L4,5

vees(/contd. overleaf).



ee..(continued)....

Load Contractometer Readings (x 103) ins.,
(Tons) A B c D
15.4 22.5 16.8 16.6 9.0
15.8 23.6 17.5 17.4 8.5
16.2 24,5 18.4 18.2 8.0
16.6 25.5 19.0 19.0 7.k
17.0 26,6 19.9 19.8 6.4
17.4 27.5 20,7 20,6 5.5
17.8 28.5 21.7 21,5 h,2
18.2 29.6 22.8 22.1 3.0
18.6 30.5 2L . h 23,0 1.5
19.0 31.6 25.9 23.9 0,0
19.4 32.8 27.7 24 .6 - 1.9
19.8 35.0 30.4 25.5 -~ 3.5
20.0 35.0 32.7 26.0 - 4,5
20,2 35.2 35.0 26,4 - 5.0
20.54 35.8 37.8 26.9 - 6.0
20.6 36.5 lo,o 274 ~ 7.0
20,8 37.1 42,9 27.8 - 775
21,0 37.7 45,0 28.1 - 8.5
21.4 39.0 5040 29,0 - 10,0
21,8 4o.3 54,2 30.0 - 11.L4
22,2 4i.5 58.0 30.8 - 12.5
22,6 43,0 62.5 31.8 - 14,0
23.0 L L 66.0 32.8 - 15,1
23.4 46,0 69.4 33.6 - 16.25
23.8 h7.3 72.7 34,6 - 17.5
24,2 Lhg,o0 76.1 35.6 - 18.5
2k, 6 50.5 7944 36.7 - 19.h
25,0 52,2 82.5 37.9 - 20.5
26.0 5647 90.0 ho.5 -
Table A 4.5
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Load Contractometer Readings (x 103) ins,
(tons) A B c D
00.5 00.0 00.0 00,0 00,0
1.0 0.6 0.6 0,0 O.h
2,0 2,1 2.1 0.5 2.0
3.0 306 306 10"'“’ ’ 3425
k.o 5,0 5.0 2.25 4,6
50 6.6 6.5 3.1 6.0
6.0 8.1 767 L,0 7.0
7.0 9.6 9.1 525 79
8.0 11.1 10.4 6.4 8.6
10,0 14,0 13.3 8.5 9,0
10.5 14.90 14,15 9.1 8.8
11.0 15.6 15.15 9.8 8.25
11.5 16.4 16.25 10,5 7.9
12,0 17.1 17.5 11.1 7.6
12.5 17.8 18,6 11.8 7e5
13.0 18.65 20,15 12.5 7ol
13.5 19.5 21,6 13.3 7.4
14,0 20,0 22,5 14,0 7.l
1k.5 21,1 23.3 14,75 7.4
15,0 22,0 24,0 15.6 7ol
15.5 22,9 24,6 16.5 7ol
16.0 2337 25,0 17.4 7.4
16.5 24,6 25,5 18.2 7l
17,0 25.5 26,0 19.25 7ok
17.5 26.5 26,6 20,3 7.1
18,0 27.5 27,0 21.2 7.0
18.5 28.5 28.0 22,5 6.6
19.0 29,5 28,0 23.5 6.4
19.5 30.4 28,7 24,6 5.5
20,0 31.4 29,4 25,6 3,6
21,0 33.2 30.0 27.75 - 1.2
22,0 35,0 31.6 30,0 - 6.5
23,0 37.0 33.2 32,2 ~10,25
24,0 38.6 35,0 34.5 -18.L4
25,0 Lo.2 37.0 36.8 -16,0

Table A 4,6 :

Contracto#meter Readings For

Panel 2C/1
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Load: Contractometer Reading (x 103)'ins.
(Tons) A B c D
00,5 00,0 00,0 00,0 00,0
1.0 0.6 O.L4 0.5 0.5
2,0 1.9 1.4 1.k 2.0
3'0'/ 3'15 205 205 3.0
L,o L,6 3.5 3.4 b L
5.0 6.1 L,.65 L, h 5.5
6.0 7.35 5.9 54 6.6
7.0 8.8 73 6.4 7.75
7-5 9011' 7-9 609‘ 8025
8.0 10,0 8.5 7.4 8.75
8.5 10,6 9.2 7.9 9,1
9.0 11.2 10.0 8.5 9.6
10,0 12,5 11.6 9.5 10.6
10.5 13.2 12.4 10,1 11,0
11,0 13.8 13.25 10,7 11.4
11.5 1k,5 14,0 11.2 11.9
12,0 15.0 14.8 11.85 12.25
12,5 15.6 1555 12,4 12.5
13,0 16.2 16,5 13.0 12.75
13.5 16.9 17.4 13.5 12.75
14,0 17.5 18.6 14,1 12,9
14.5 18.1 20.1 14,5 12,4
15,0 18,8 23.1 15.4 10.75
15.5 19.5 27.6 16.1 S8.h
16,0 20.4 32.4 16.8 6.0
16.5 21.0 36.4 17.5 L,1
17.0 22,0 41,6 18.25 1.5
17.5 22,6 k5,6 19.0 - 0,0
18.0 2305 5005 1907 - 205
18.5 24,4 54,6 20,4 - 4,5
19,0 25,1 59,5 21.3 - 6.6
19.5 26,0 63.6 22,0 8.25
20,0 27.1 68,1 22.9 -10,25
21,0 29.3 76.6 24,6 =13.5
22,0 31,1 84l 264 -16.5
23.0 33.3 92.5 28.5 -19.1
24,0 35.3 99,8 30,4 -21.5
25.0 37.25 106,9 32,3 -23,6

Table A 4,7

: Contractometer Readings
Panel 2C/2.

for
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APPENDIX 5.

VARIATION OF STIFFNESS DETERMINANT WITH COMPRESSIVE
STRESS,

5.0 Introduction

5.1 Detail Study

5.2 Effect of N\ on the Relationship Between the
Stiffness Determinant and Stress

5.3 Effect of Determinant Value on Deflections ;9

Tables ¢ A 5.1 = A 5.5
Figures: A 5.1 - A 5.5
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APPENDIX 5

VARIATION OF STIFFNESS DETERMINANT WITH COMPRESSIVE STRESS

5. Introduction

When the graph of buckling stress, ov , against half buckling
wave-length, )\ , was being plotted, it was found that a couple of
values did not faIl on the curve traced by the reste.

Study of the program output (See Tables A5.1 - A5.4) indicated
that the computer program failed to logate Yzero" stiffness
determinant corresponding to the buckling stress of the panel in
its primary huckling mode because the increment in stress was very
big. However, the program did locate the "zero" stiffness
determinant when A\ was 1.25 ins. (See Fig.AS.l).

Ih the successive program runs, the increment in stress uwas
kept small. Further study of the program output revealed that
just prior to the "stiffness determinant" becoming negative, there
was a small increase in the value of the determinant, Therefore,
it was decided to study in detail the behaviour of stiffness
determinant with increase in stress.

5,1 Detail Study

The computer program was modified to list the values of
determinant against stress Tor A = 1,25 ins. The program was Tun
with data for panel 5B.

The variation of stiffness determinant with stress is shoun
by Fig«A5.2. Behaviour of stiffness determinant around 31,600
1b./in.2 and 35,200 1b./in.* is shoun in greater detail in
Figs., A5.3 and A5.4 respectivelye.

5ele2 Possible esxplanation for the behaviour of the stiffness
determinant

To give an explanation for this behaviour, with authority,
is not possible without further study. (See Section 7)e



It is possible that one of the terms in the denominator
of the determinant becomes zero, whilst other terms are slightly
less than zero, thus giving a large but finite stiffnesss

Other possibility is the existence of #wo buckling modes at
approximately the same stress value. The inter~action between
the two medes - one being symmetric and the other antisymmetric -

could give rise to fluctuations in the stiffness determinant value.

5,2 Effect of A on the Relationship Between the Stiffness

Determinant and Stress

It is found that at higher values of A , the variation of
the value of stiffness determinant with stress is linear. (see
FigeAS5e¢5)e

5,3 Effect of Determinant Value on Deflectians

The deflections are obtained for the case when unit rotation
is introduced at point D. (See. Section 2, para. 2.4.6),

From Table A5.5, it can be seen that at the buckling stress
the value of the determinant becomes very large; this corresponds
to a very large moment applied at point D to produce the unit
rotation at the same point, Other deflections are nearly zerc.

This suggests a buckling of a plate with one clamped edge
and the other simply supported. This is just guessing at what
is happening. Further work is necessary to determine what
actually is happening. (See Section 7).

For this reason, the values of deflections computed for the
specimens at low buckling wave-lengths cannot be relied upone.
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SIGMA - - DET ‘ XLAMBDA - ZETA

0.30000F 05 0.72901E 15 -  0.11000E 01 0.10109€ 01
0.45000€ 05 0.50384F 15 0.110060€ 01 0.15163F 01
0.60000E 05 0.13999F 15 0.11000E 01 0.20217E 01
0.75000E 05 U.1T1906EF 16 U.11000E 01 0.25272E 01
0.90000E 05 0.21060F 16, 0.11000€ 01 0.30326E 01
0.10500E 06 0.11497F 16 0.11000€ 01 0.35380F 01
0.12000E 06 0.87497E 15 0.11000€ 01 0.40435E 01
0.13500E 06 U.73541E 15 0.1T1000E 01 0.45489E 01
0.15000E 06 0.65394E 15 0.11000E 01  0.50544E 01
0.16500E 06 0.61093F 15 0.11000F 01 0.55598E 01
0.18000F 06 0.60422E 15 0.11000€ 01 0.606S2E 01
0.19500E 06 0.66513E 15 0.11000€ 01 0.65707E 01
0.21000F 06 0.76258F 15 0.11000F 01 0.70761€ 01
0.22500E 06 -0.22318€ 16 0.11000€ 01 0.75815E 01
0.21100€ 06 0.77283E 15 0.11000E 01 0.71098E 01
0.21200F 06 0.78274E 15 - 0.11000E 01 0.71435€ 01
0.21300E 06 0.79189E 15 0.11000E 01 0.71772E 01
0.21400E 06 0.79962E 15 0.11000E 01 0.72109E 01
0.21500F 06 0.80495E 15 0.11000F 01 0.72446E 01
0.21600E 06 0.80634F 15 0.11000F 01 0.72783E 01
0.21700E 06 0.80138E 15 0.11000€ 01 0.73120E 01
0.21800E 06 0.78618E 15 0.11000F 01 0.73457E 01
0.21900F 06 0.75430F 15 0.11000€ 01 0.73794E 01
0.22000E 06 0.69463E 15 0.11000€ 01 0.76131E 01
0.22100F 06 U.58711E 15 0.11000€ 01 . 0.74468E 01
0.22200F 06 0.39327F 15 0.11000E 01  0.74804E 01
0.22300E 06 0.33314F 14 0.11000€ 01 0.75141€ 01
0.22400E 06 -0.67694E 15 0.11000E 01 0.75478E 01
0.22390€ 06 " =0.58038F 15 0.11000F 01 0.75445F 01
0.22380FE 06  =0,49086E 15 0.11000E 01 0.75411F 01
0.22370€ 06 -0.40778E 15 0.11000E 01 0.75377€ 01
0.22360E 06 -0.33060E 15 0.11000F 01 0.75344F 01
0.22350F 06 -0.25881F 15 0.11000E 01 0.75310E 01
0.22340E 06 -0.19197€E 15 0.11000E 01 0.75276E 01
0.22330F 06 - =0.12968F 15 0.1106CE 01 0.75243E 01
0.22320F 06 -0.71587E 14 0.11000€ 01 0.75209E 01
0.22310E 06 -0.17354F 14 " 0.11000E 01 0.75175E 01
0.22300E 06 0.33314F 14 0.11000F 01 0.75141€ 01
XLAMBDA SIGMA(M) DET(M) DET (M=1) SIGMA(M=1)

U.11000E 01 0.22300€ 06 0.333974E 14 =0,17354E 14 0.22310E 06
THETA 1 TO0 8 ;
0.0924 0.64778 0.0768 =-1,0070 =0,0956 =0.5214 -0.0911 v1.0000
i 1J TP BB BS BJ BP E

0.04¥ 0.112 0;064 0.1%90 0.875 0.400 1.800 9700000,

k3

Table A51Tailure of the Computer Program to Locate

Zero Stiffness.
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SIGMA - DET S XLAMBDA . ZETA
0.30000E 05 0.57135E 15 0.11500€ 01 0.11049E 01
0.45000E 05 - 0.37806E 15 0.11500€ 01 0.16573E 01
0.60000FE 05 0.55332F 14 0.11500E 01 0.22097E 01
0.75000E 05 D.27999E 16 0.11500E 01 0.27621E 01
0.90000E 05 . 0.18171E 16 0.11500F 01 0.33146E 01
0.10500E C6 0.99387F 15 0.11500€ 01 0.38670E 01

- 0.12000E 06 0.75211¢% 15 0.11500€ 01 0.44194E 01
0.13500F 06 0.62751E 15 0.11500F 01 0.49719€ 01
0.15000F 06 0.55171E 15 0.1T1500€ 01 0.55243E 01
0.16500E 06 0.50579F 15 0.11500€ 01 0.60767E 01
0.18000€ 06 0.48448E 15 0.11500€ 01 0.66291€ 01
0.19500E 06 0.48964E 15 0.11500E 01 0.71816E 01
0.21000E 06 - 0.53117E 15 0.11500€ 01 0.77340E 01
0.22500E 06 V.616441F 15 0.11500F 01 0.82864E 01
U.264000E 06 -0.256420F 17 0.11500€ 01 0.383389E 01
0.22600E 06 V.61736E 15 0.11500€ 01 0.83233E 01
0.22700€ 06 0.61808E 15 ~ 0.11500E 01 0.83601E 01
0.22800E 06 0.61542F 15 0.11500€ 01 0.83969E 01
0.22900E 06 0.60766F 15 0,11500E 01 0.84337E 01
0.23000E 06 0.59209E 15 0.11500€ 01 0.84706E 01

- 0.23100€ 06 0.56446E 15 - 0.11500€ 01 0.85074€ 01
0.23200E 06 0.51776E€ 15 0.11500€ 01 0.85642E 01
0.23300E 06 0.43999EF 15 0.11500F 01 0.85811E 01
0.23400E 006 0.30965E 15 0.11500E 01 0.86179E 01
0.23500F 06 0.85485F 14 0.11500€ 01 0.86547E 01
0.23600E 06 ~0.31832F 15 0.11500€ 01 0.86915E 01
0.23590€ 06 -0.26564F 15 0.11500€ 01 0.86879€E 01
0.23580E 06 =0.21625E 15 0.11500€ 01 0.86842E 01
0.23570E 06 ~0.16992F 15 0.171500€ 01 0.86805€E 01
0.23560E 06 =0.1264%E 15 0.11500€ 01 0.86768E 01
G.23550F 06 -0.85534E 14 0.11500€ 01 0.86731E 01
0.23540E 06 -0.47093F 14 0.11500€ 01 - 0.86694E 01
0.23530E 06 ~0.10921E 14 0,11500€ 01 0.36658E 01
0.23520E 06 0.23139F 14 0.11500€ 01 0.36621E 01
0.23510E 06 0.55230F 14 0.11500E 01 0.86584E 01
0.23500E 06 0.85485E 14 0.11500€ 01 0.86547E 01

XLAMBDA SIGMA(M) DET (M) DET (M=1) SIGMA(M=1)

0.11500E 01  0.23520F 06  0.23139E 14 =0.10921F 14 0.23530€ 06
THETA 1 70 8 | N |
0.0937 0.4936 0,0794 =-1,0076 =0.0964 =-0,5353 =-0.0927 1.0000
T TJ TP BB BS BJ BP E

0.048 0.112  0.0064 0.190 0.875 0.400 1.800 9700000,

TableA5-2 Failure of the Computer Program to Locate

Zero Stiffness,



- 179

SIGMA DET " XLAMBDA 7 ZETA

0.30000E 05 0.45738F 15 0.12000E 01 0.12030E 01
0.45000€ 05 0.28942E 15 0.12000€ 01 0.18045E 01
0, 60000 05 0, 37309€ 13 0,12000F 01 0.24060€8 01
0.75000E G5 0.34370FE 16 0.12000E 01 0.30076E 01
0.90000E 05 0.16425E 16 0.12000€ 01 0.36091E 01
0.10500€ G6 0.88484E 15 0.12000E 01 0.42106E 01
0.12000E 06 0.66398E 15 0.12000€ 01 0.48121E 01
0.13500E 06 0.55002E 15 0.12000€ 01 0.54136€ 01
0.15000€ 06 0.47919E 15 0.12000E 01 0.60151%E 01
0.16500E v6 ~ 0,43325E 15 0.12000€ 01 0.66166E 01
0.18000EF 06 0.40589E 15 0.12000E 01 0.72181E 01
0.19500E 66 0.3958¢E 15 0.12000E 01 0.78196E 01
0.21000E 06 0.40548E 15 0.12000E 01 0.84211E 01
0.22500€ 06 0.46148E 15 0.12000E 01 0.90227E 01
0.24000FE 06 0.48151E 15 0.12000€ 01 0.96242E 01
0.25500E 06 =0.26766E 19 0.12000€ 01 0.10226E 02
0.24100E 06 0.47588E 15 0.12000€ 01 0.96643E 01
0.24200E 06 0.46580F 15 0.12000€ 01 0.97044€ 01
0.24300E 06 - 0.44921€E 15 0.12000€ 01 0.97645E 01
0.24400E 06 0.42295E 15 0.12000€ 01 0.97846E 01
- 0.24500E 06 0.38198E 15 0.12000€ 01 0.98247E 01
0.24600E 06 - 0.31806E 15 0.12000€ 01 0.98648E 01
0.24700E 06 0.21679E 15 0.12000E 01 0.99049E 01
0.24800E 06 0.53026F 14 0.12000E 01 0.99450E 01
0.24900E 06 -0.22400E 15 0.12000E 01 0.99851E 01
0.24890E 06 -0.18887E 15. 0.12000€e 01 0.99811E 01
0.24880F 06 =0.15569E 15 0.12000€ 01 0.99770€ 01
0.24870E 06 ~0.126433E 15 0.12000€ 01 0.99730€ 01
0.24860F 06 -0.94676F 14 0.12000€ 01 0.996%90E 01
0.24850E 06 ~0.66620F 14 0.12000E 01 0.99650€ 01
0.24840E Oo ~0.40058F 14 0.12000€ 01 0.99610E 01
0.24830E 06 ~0.14896E 14 0.12000€ 01 0.99570& 01
0.24820E 06 0.89525E 13 0.12000€ 01 0.99530€ 01
0.24810F 06 . 0.31568F 14 0.12000€ 01 0.99490E 01
0.24800E 06 0.53026E 14 - 0.12000E 01 0.99450€ 01
XLAMBDA SIGMA (M) DET (M) DET(M=1) SIGMA(M=1)

0.12000€ 01 0.24820E 06 0.89525E 13 =-0.14896F 14 0.24830E 06

THETA 1 70 8
0.0946 0.5158 0.0836 =-1.0045 =-0.0958 =0,5376 -0.0904 1.0000
T TJ » TP BB BS BJ BP E

0.048  0.112°  0.064 0,190 0.875  0.400 1.800 9700000,

Table A53 Failure of the Computer Program to Locate Zero

Stiffness.
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SIGMA DET XLAMBDA o ZETA

0.30000E 05 0.37315E 15 0.12500€ 01 0.13054€ 01
0.45000€ 05 0.22588E 15 - 0.12500€e 01 0.19580E 01
0.60000€ 05 -0.26301E 14 0.12500€ 01 0.26107E 01
0.59000E€ 05 -0.26748F 13 0.12500€ 01 0.25672E 01
0.58000€ 05 0.19584E 14 0.12500E 01 0.25237E 01
0.58100E G5 0.174617E 14 0.12500E 01 0.25280€E 01
0.58200E 05 0.15237E 14 0.12500€ 01 0.25324E 01
0.58300E 05 0.13044F 14 0.12500E 01 0.25368E 01
0.58400E 05 . 0.10838E 14 0.12500€ 01 0.25411E 01
0.58500E 05 0.86188E 153 0.12500F 01 0.25455€ 01
0.58600E 05 0.63868E 13 0.12500€ 01 0.256498€ 01
. 0.58700E 05 0.41415E 13 0.12500€ 01 0.25542E 01
0.58800E 05 0.18829E 13 0.12500€ 01 ~ 0.25585E 01
0.58900E 05 -0.38921E 12 0.12500E 01 - 0.25629E 01
0.59000€ 05 -0.26748F 13 0.12500€ 01 0.25672€ 01
XLAMBDA SIGMA (M) DET (M) DET(M=-1) SIGMA(M=1)

0.125005.01 0.58900F 05 -0.38921E 12 0.1882%E 13 . O.SBBQOE 05
THETA 1 TO 8 |
‘-0.0293 . =0.8700 -0.3712 =1,0000 0.0292 0.8697 0.3711 1.0000
T T4y TP BB . BS BJ BP E

0.0648 0.112 0.064 0.190 0.875 0.400 1,800 . 9700000,

TableA54 Failure of the Computer Program to Locate

Zero Stiffness.
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