nldapléﬂit” - INF. TECH. 1.1

[1—GENERAL INFORMATION

Sandwich panels are often used instead of monolithic panels to provide adequate
rigidity with less weight. The stressed faces, one in tension and the other in-
compression interact with the core through the joints by providing a large bending
stiffness. The core of the polypropylene honeycomb.transmits the shearing strains
betwemthcﬁees,andbymcmsmgthemﬂmkness,ﬂlepmlsmmlngldnym
increased to the required amount. : _ .

Semwmmmmmumdcsign'oﬁmm;

_ _ Consideration of deflection limits, design deflections or in-service deflections.
o  The resistance to rupture of the joints and faces (compOnent stresses); the shear
stiffess and strength of the core, the stiffness of the faces (sizing the
components).
° -Isﬂ:epanelstancallyordynamlcallymsed? Shouldfangutbeconmdemd?

Theﬁmttwnpmﬂsareshmgﬂfmwadtodeﬁmnmbymlcuhﬂonorm The]ast
point is more difficult to consider by calculation only. If dynamic or fatigue '
properties are needed, physical testing in simulated or actual conditions will provide
the best indication of performance.

2— CALCULATIONS

Thedeﬂwhonbehﬁwourandbmhngshmgﬂl(mpune)mtwomdepmﬂﬁn
properties, which do not necessarily correlate. One canhave large rigidity (low

deflections) with low rupture strength, or on the contrary have a low rigidity panel
(large deflections) with great resistance to rupture (high strength). .

The polypropylene honeycomb NIDAPLAST, has a low shear modulus and must be
considered differently to other core materials. With equal core thickness to a typical

ﬁmmaﬂmﬂwm&aﬂwmmpﬂdmaybeshﬂﬂylmngn
but will have similar flexural strength.

2.1. DEFLECTIONS

In general it is the design deflection limits which dimension the panel (ic panel
stiffness), then the core shear strength is checked, then the stress state of the faces is
checked.



_ Rnﬁmelsexpectedmbewachedonlyfwd:ﬂemommmhlargﬂnnﬂrmhng
load limits allow. Amdwmhpuwhwmldeﬂemwhmmedasabmmﬂsof
ﬁnmoftwow,

1) EmﬂxebamgcompmtandZ)mShmrbmhngeompomTheﬁhe _
bending stiffness is provided by the faces, and the shear stiffness is provided by
the core. In engineering beams the “shear bending” component is onlya few. -
percent of the totat deflection and is normally neglected. Core materials arenot.
suﬁ;wm&mmtheslmrdeWarcmgmﬁtmImasandmchme Thls _
mwhytheyatecons:daedmﬂ:efoﬂmgamlym. oo

mmmmﬁammmuabmﬁmm _
hwmhedmammymﬁmdamhﬁmm:mmw

b .

Ef: Modulus of fices - E: Bulk Modulus of the pane
Ge: ShearMcdnh:sofﬂ:em ; - _ -_
P:total load;  L: spanbemmm, I: second moment of inertia
The total deflection Y is given by: |

Y=yi+y I A=W (meglect shear deflection Y7)

' where y, is the “fibre bending deflection” component,

y1 = KEPLYEEI | y1=KePLYEI

The fibre deflection, y1 is proportional to the cube of the span, and is in general the
dominating factor, especially as the span gets larger. In a given configuration of load
mdmmewwmmﬂnm:smmthenm R=Efl

Toilmeaseﬂnrigidily,wecan;

a) Increase the modulus, Ef of the faces. By changing the material or the laminate.

b) Increasethe inertia I = biY/12, by increasing the core thickness (h being cubed,
therefore being dominant). This is the most economic solution from which the
sandwich structure is most widely designed and understood.



N yzist_he“shemdeﬂeclion”comm |
y2=Ks PL/b (c+)Ge

g 'I‘hashwdcﬂmonyz, lsmmntyresnhantﬁ'ochbemgmverselypmpommalto

y2. Thxsmeamﬂ:elowerthe(}cﬁlelargaﬂ:edeﬂecﬂon.
Note. Appendix | pmﬂwcoefﬁmemK,defforvmmpossﬂﬂelmdm
22 DESIGNLIMITS

The:compression and tensile Fibre stresses (Fof) in the faces are given by the
foﬁqwing formula: :

Fof=2M/(.£(c+D)
and the Shear stress (So) in the core by the formmula:

S =N/(b.(c+))
WhemMismebmdingmomemndNis'mesheuﬁngfom
Rmmywdmkﬂmtﬂncahuhmdwmkmgmﬂemmm&me* :

design max stresses. Themaxmmwmtmg/dmgnstrmamdetammdbymng
asmtablemcefactorontlwknownorpedwmdmptmem

3-SUMMARY

the effect of a static load. A static flexure test makes it possible to check if the
calculations and the manufacture of the panel are accurate. These tests and'
calcu!aﬁomdonﬂmdlmﬂ:eﬁxugunpaformmorpmeldeﬂemmmder
dynanncstresseond:nona

Asdscassed;rmomly; ﬂ:eNIDAPLASThmycmd)shavealowshwmdulus
compared to their shearing strength, ie it is very tough. This toughness provides good
damage tolerance properties. A NIDAPLAST sandwich will deform and distort much
more than a foamed cored panel prior to rupture.

These calculations are preliminary only and do not represent a thorough analysis,
Other failure modes of a panel are possible and should be checked for. Eg Buckling,
Shear crimping, Wrinkling, Core tensile/comp failure and Dimpling,

mmmpmwmmmmawmbewamwy,mdam
{0 be regarded as a guaramtee of product performance.

Moreaver, the application, the use and/or the transformation of the products are not in the
manufacturers control and, consequently, are exclusively the responsibility of the applicator,
and/or the user, and/or the transformer to decide the suitability of the product for service.




APPENDIX1
Thecoeﬁcieanf&Ks,ﬁ:ebmdmgmmentManddwshmnngfomeNappw
below in relation to various load cases. -

Loadcases N M | K Ks

Simply Supported - I I I - A - " T |

Uiform Load LA RS 1.2 8 | 38 | 8

Fedends | iILH-l {ll LT APl g
Uniform Load 2 | 12| 12 {84 | &
Simply Supported S o I P

Centralload 3| 2 | 4 | 8 | 3

Fixed Ends Bl Pl L] 3

Central Load . |1—r| 2| e |Tm | e

Fixed Ends A2 220 B O N T

Uniform Load 5 I-—— 2 | 8 2

Fixed Ends B Y g

Point Load 6

Fixed Ends. Pl BL| 1 1

Decreasing Load 71 3 15 3

Semi Fixed | jl H_H. 5 | PL | 1L | 4
Unform Load s | A" | 8 |8 | 185 | a2
Footnote 1:

mmmﬂmeofapmﬁmdnedymmwhmmﬂnmmd
the core. nmmmmmmwmwmmmu-
joint performance prior to use.

Footnote 2:
nnepmddaﬂecummﬂmewrdaﬁmtwothuﬂ,shnsuﬁmmdmm It
is very important to.carry out the flexure test with a span close to the real span of the
sandwich panel. For bending tests of panels, a distance between centres greater than 40 times
the thickness is desirable. For spans less than this local shear effects may become significant
and a more sophisticated approach to the analysis will be needed. -



Exampie Nol-

Cmsﬂerapandbangmedasabmmmﬂ:etypeSwnﬁgmm Ie Centrally
loaded with a 100kg mass. The Nidaplast is 20mm thick and 500mm wide, the faces
are 2mm thick chopped stand mat. How far does the beam deflect in the middie?
Wi]lnruptme? Wﬂlrtbermsomblysafeataspmoﬁm‘?

I..m&mda:a o Pres l%kgf=98]N Kf-1148 Ks=025, N=491N,
M%%iﬁﬂlinm,ﬁumw}

Material data Ef= 3200bﬁ’a,nmmna1CSMspeclﬁwuon

Ge= MaNuhplastspeaﬂmuon _
Paneldata = L=2000mm, b=500mm, h=24m_m_—,o=20mm,f=2m
 Strength Data |
For“reasonable”safetyuseaserwcei‘actorof2

UTS of CSM = 100MP4, ie use a max working stress of 100/2 = 50MPa:
Shear strength of core = 0.5MPa, use a max working stress of 0.5/2 = 0.25MPa.
1) Y=K£PLA3/EL] + Ks.PL/b(h+c)Ge central deflection.
2) Fof=2MMb.fc+f) face stress  3) Soc = N/b(c+f) shear stress
4) 1=>bh"3/12 Inertia

Calculate deflection...
Equ 1, Y =KePLA3/Ef]+ KsPLb(rc)Ge  needto know I, Inertia of the faces...
UseEqn4, 1-b"3/12, ie (500x24°3/12 - 500x20°3/12) = 24266TmmA4

Now Y = 1/48x981x2000"3/(8200x242667) + 0.25x981x2000/500(20+2)8)

Y = 82mm fibre deflection + 5.6mm shear deflection
In a foam core the shear deflection would be about 1.5mm

Y = 83mm, it is up to the designer or code to determine if this is acceptable.
With a typical foam core it would be about 84mm. Ie about a 5% difference.

Eqn2- Fof = 2M/b.fcH) face stresses, FOF-= 2x490500/(500x2(20+2))
Fof = 45Mpa < 50MPa ie is satisfactory.
Eqn3- SOc=N/b(c+) core shear stresses, SOcC=491/500(20+2)

Soc = 0.045MPa < 0.25MPa ie is satisfactory

Conclusion — The panel will not rupture and is stressed low enough to be reliable in
this loadcase. The deflection limits have to be specified to decide if the calculated
deflection is satisfactory. This is determined by its application, or from a suitable
code of design.



indicatives tabies of Load for a bending of 1/200 of the unsupported lengih ref 6/S7
sandwichs NIDAPLAST 8, 2 mm GRP sikin, E meduius 100CC {iPa

e = Nidaplast thickness L = unsupported length MMW“Q valable
1) simpie suppert, central loading I too high shear
poriée L cm 50 | 100 | 150 | 200 | 300
e mm tctai joad daN per m of width
5 34 11 & 3 1
10 a1 30 14 8 4
15 138 55 28 16 8
20 201 88 45 27 12
23 240 109 57 34 16
28 309 149 80 49 >3
40 481 260 147 91 44
50 630 365 214 136 66
60 782 478 290 187 93
70 936 598 374 245 123
80 1090 724 464 309 158
90 1246 854 560 378 196
2) embed support, centrai loading I | 1
' 5 40 20 11 5
10 102 53 32 15
15 184 101 62 29
20 280 160 100 43
23 343 200 27 62
28 455 275 177 87
40 750 483 322 165
50 682 467 246
60 898 630 340
70 1129 808 446
80 1371 999 563
920 1622 1202 691
3) simple support, reparted lcading T
portée L cm 50 | 100 | 150 200 | 300
e mm Load daN/m2
5 115 18 6 2 1
10 283 49 16 7 2
15 490 92 30 13 4
20 725 148 49 22 7
23 874 185 63 28 9
I 255 89 40 12
MNRANRINEA 450 164 75 24
G 640 241 112 36
T 325 156 51
sl 1067 427 205 67
8o [y 1 300 533 259 86
so [z 1545 647 319 107
4) embed support, reparted loading [N
5 68 24 11 3
10 162 63 30 10
15 276 114 56 19
20 174 88 30
23 214 109 38
28 285 149 53
40 474 260 98
£0 645 365 143
60 478 194
70 589 249
80 724 | 310
S0 854 373




