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Stiffener calculations
Stiffener Section Modulus Calculation - VOO [LASS]
Calculation including differencies in E-modulus
Flange Area (A) E*A C,
ti 10 mm Flange 700 mm? 14000000 5 mm
by 70|  mm Web 1000 mm? 16000000 60 mm
Eq 20 GPa Panel, top 168 mm? 2856000 113.39 mm
Densy 1800, kg/m® Panel, bot 0 mm’ 0 146.39  mm
Extra tabbing 105.84 mm? 1799280 110.95 mm
Web
H 100 mm Neutral axis
B (tw, core) 50 mm Ziop 45  mm (from top of flange)
tw, face 5 mm Zpot 103 mm (from bottom panel face laminate)
Euw. face 16/ GPa .
Densy, face 1800| kg/m® g
Densy core 60| kg/m® b flsnge ‘ i
Panel 7
tface, p 3 mm fs LD
tcore, P 30 mm 5= -
beffective, top 56 mm - ! \;‘/\\ MUt web ! E %
beffective, bot 0 mm ‘/1’“ :: . M 5
= ey S
= 17|  GPa M L=/
(s N -
1A -
Extra tabbing Lf‘\\'/\z\'/\z\'/‘.\' SR A S ‘\\'/‘Z\'/\i f
LANESVETIGVENESVEE POV AT R VAT SV VY (AT VAT LN STV AR L ANV
Bravs 56 mm ! ‘
ttabb 1.89 mm
b eff. bottom
Etabb 17 GPa ‘
b bond
Denstabbing 1800 kg/m3 '
b eff. top
Moment of Inertia ( | ) - Neutral axis E*l E *1Sum
Flange 1.12E+06  mm* 2.23E+10  Nmm?
Web 1.06E+06  mm®* 1.70E+10  Nmm?
Panel, top 7.90E+05 ~ mm* 1.34E+10  Nmm? 6.06E+10  Nmm2
Panel, bot 0.00E+00  mm* 0.00E+00  Nmm?
Extra tabbing 463E+05 mm* 7.87E+09  Nmm?
Section modulus
Z top, flange 6.76E+04 mm?® = 6.76E+01 cm® at top of top flange
Z top, web-top 1.09E+05 mm® = 1.09E+02 cm?® at top of web laminate (relevant if no flange)
Z bot, panel 3.46E+04 mm? = 3.46E+01 cm?® at bottom of panel bottom laminate
[web area A, 10 cm? |
|Weight q 3.7 kg/m | (adjacent panel not included)
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Stiffener calculations
Stiffener Section Modulus Calculation - VOO [LASS]
Calculation including differencies in E-modulus
Flange Area (A) E*A C,
ti 28.9 mm Flange 3468 mm? 72828000 1445 mm
by 120 mm Web 2000 mm? 34000000 1289 mm
Eq 21| GPa Panel, top 168 mm? 2856000 2304 mm
Densy 1800, kg/m® Panel, bot 0 mm’ 0 2634 mm
Extra tabbing 0 mm? 0 2289 mm
Web
H 200 mm Neutral axis
B (tw, core) 50 mm Ziop 56 mm (from top of flange)
tw, face 5 mm Zpot 209 mm (from bottom panel face laminate)
Euw, face 17| GPa i
Densy, face 1800| kg/m® .
Dens,, core 60 kg/m3 b Tlanrge i E
Panel 7
trace. p 3 mm Re Ztop
toore, 30 mm < ~
beffective, top 56 mm . Y ‘;\/\I e t web Y E E
beffective, bot 0 mm ‘/ri \;/ - =
DYty -
E 17| GPa S SC
A -
J 6 | -
Extra tabbing 1;. N A A Ay S A s /\§ }
Ll Ed Ea AN DAY v ! NP ) s / L NSV YN
btabb 56 mm = ‘
ttabb 0 mm
b eff. bottom
Etabb 17 GPa |
b band
Denstabbing 1800 kg/m3 '
b eff. top
Moment of Inertia ( | ) - Neutral axis E*l E *1Sum
Flange 6.10E+06  mm* 1.28E+11  Nmm?
Web 1.74E+07  mm* 2.96E+11  Nmm?
Panel, top 5.14E+06 ~ mm* 8.73E+10  Nmm?’ 512E+11  Nmm2
Panel, bot 0.00E+00  mm* 0.00E+00  Nmm?
Extra tabbing 0.00E+00  mm* 0.00E+00  Nmm?
Section modulus
Z top, flange 4.39E+05 mm® 4.39E+02 cm?® at top of top flange
Z top, web-top 1.13E+06 mm® 1.13E+03 cm?® at top of web laminate (relevant if no flange)
Z bot, panel 1.44E+05 mm? 1.44E+02 cm?® at bottom of panel bottom laminate
[web area A, 20 cm’ |
|Weight q 11.0 kg/m | (adjacent panel not included)




BL112.01

KOCK U MS AB Document ID (Proj ID-Obj ID-Doc No-Rev ID)
Karlskronavarvet DENG-0000-42203737-00
Handlédggare / Attended by Sekretessklass / Security Class Rev Date Sida / Page
Johan Berup Hansson Open 06-09-27 3(47)

Stiffener calculations

Stiffener Section Modulus Calculation - VOO [LASS]

Calculation including differencies in E-modulus

Flange Area (A) E*A C,

ti 28.9 mm Flange 3468 mm? 72828000 1445 mm

by 120 mm Web 4000 mm? 68000000 228.9 mm

Eq 21| GPa Panel, top 318  mm? 5406000 4556 mm

Densy 1800|  kg/m® Panel, bot 0 mm’ 0 488.6 mm

Extra tabbing 26712 mm? 45410400 4415 mm

Web

H 400 mm Neutral axis

B (tw, core) 100 mm Ziop 204 mm (from top of flange)

tw, face 5 mm Zpot 286 mm (from bottom panel face laminate)

Euw, face 17| GPa

Dens,, tace 1800 kg/m3 g

Dens,, core 60 kg/m3 b Tlange _, =

Panel

tace, p 3 mm Ztop

tcore, p 30 mm

beffective, top 106 mm ! g T%

beffective, bot 0 mm z 2

Er 17| GPa Hos

Extra tabbing

Bravs 106 mm =

ttabb 25.2 mm B ‘

= 17 GPa b eff. bo‘iimm

DenStabbing 1800 kg/m® Bhens !

b eff. top

Moment of Inertia ( | ) - Neutral axis E*l E *1Sum

Flange 1.25E+08  mm* 2.63E+12  Nmm?

Web 5.58E+07  mm* 9.48E+11  Nmm?

Panel, top 2.01E+07  mm* 3.42E+11  Nmm? 6.48E+12  Nmm2

Panel, bot 0.00E+00  mm* 0.00E+00  Nmm?

Extra tabbing 1.51E+08  mm* 2.56E+12  Nmm?

Section modulus

Z top, flange 151E+06  mm°® = 1.51E+03 cm®  attop of top flange

Z top, web-top 2.17E+06 mm® = 2.17E+03 cm?® at top of web laminate (relevant if no flange)

Z bot, panel 1.33E+06 mm? = 1.33E+03 cm?® at bottom of panel bottom laminate

|Web area A, 40 cm’ |

|Weight q 21.7 kg/m | (adjacent panel not included)
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Pressure calculations based on scantling calculations found in appendices below
APPENDIX PRESSURE CALCULATIONS

Dec Area Heightabove Panel Aft Side Front Deck Design Material Decisive
SiZé  pressu Pressu Pressu Pressu pressur
k waterline [m] ,E:( ,t,], re [kPa] re [kPa] re [kPa] re [kPa] e [kPa] loadcase
b h Divinycell H Thickness GRP  Thickness
[mm] [mm]
11 Exterio 26.8 23 14 - - - 13 13 80 55 QXLT85 1.95 Dynamic
r 0 pressure
"10 At 24.825 55 3 25 - - - 25 60 55 QXLT85 0.65 Sea Pressure
0
"10 Side 24.825 23 3 - 25 - - 25 60 55 QXLT85 0.65 Sea Pressure
0
"10 Front 24.825 55 3 - - 25 - 25 60 55 QXLT85 0.65 Sea Pressure
0
"10 Exterio 2345 23 6 - - - 13 13 80 55 QXLT85 1.95 Dynamic
r 0 pressure
10 Interior 2345 23 6 - - - 57 5.7 60 55 QXLT85 0.65  Static pressure
0
"9 AR 22,075 55 3 11 - - - 11 80 55 QXLT85 3.25 Sea Pressure
0
"9 Side 22.075 23 3 - 11 - - 1" 60 55 QXLT85 13 Sea Pressure
0
"9 Front 22.075 55 3 - - 22 - 22 130 55 QXLT85 52 Sea Pressure
0
9  Interior 20.7 23 6 - - - 57 5.7 60 55 QXLT85 0.65  Static pressure
0
"8 AR 19.325 55 3 11 - - - 11 80 55 QXLT85 3.25 Sea Pressure
0
"8 Side 19.325 23 3 - 11 - - 1 60 55 QXLT85 13 Sea Pressure
0
"8 Front 19.325 55 3 - - 22 - 22 130 55 QXLT85 52 Sea Pressure
0
8 Interior 17.95 23 6 - - - 57 57 60 55 QXLT85 0.65  Static pressure
0
"7 AR 16.475 55 3 1" - - - 1 80 55 QXLT85 3.25 Sea Pressure
0
"7 Side 16.475 23 3 - 11 - - 11 60 55 QXLT85 13 Sea Pressure
0
"7 Front 16.475 55 3 - - 22 - 22 130 55 QXLT85 52 Sea Pressure
0
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Load  Ref.pyye Span Spacing Paesign 1

Type fype
Deck 11
Transversal Acc deck

Deck 10
Transversal Acc deck

Web  Accdeck
Girder — Acc deck

Deck9
Transversal Acc deck

Web  Accdeck
Girder  Acc deck

Deck8
Transversal Acc deck
Web Acc deck
Girder  Acc deck
Deck?
Web Ace deck

Stiffener calculations based on DNV rules

13

13

29
3

57
11
87

5T
11

S

"

APPENDIX STIFFENERS

4 M M 0 0 Znin t Avnin
[kPa] I[m] b[m] [kPa] (ends) (mid-span) (ends) [Nm] (mid-span) [Nm] (ends)[MPa] (mid-span) [MPa] (mid-span) waq_ Tz[N] [MPa] §.~_
8 00E+00  72E+05 30 430 §56E+03 2056405 220 | 7
8 00E+00  1.1E+05 0 430 B5TE+02  BOAE+04 220 | 15
8 00E+00  T7E+03 30 430 SOAEH01  Q2BE+03 20 | 2
8 00E+00  18E+05 300 400 151E+03  161E+05 220 28
8 00E+00  48E+4 30 430 JT6E+02  353E+04 20 | 6
8 00E+00  16E+(4 0 430 1216402 278E+04 20 §
8 00E+00  T9E+4 300 400 B61EH02  TOSE+04 220 | 13
8 00E+00  48E+04 0 40 JT6E+02  353E+04 20 | 6
8 00E+00  16E+04 30 40 121402 278E+04 20 5
8 00E+00  T79E+04 300 400 661E+02  T0SE+04 220 | 13
8 00E+00  16E+04 30 490 1216402 278E+04 20 §

Al A2 A3

Aylord] 100 200 400

Qlkgm 37 110 u1

h 1000 2000 4000

b 5.0 5.0 106.0

140

§5

33
45

§5
23
45

23

23

23

23
§5

23

23
§5

23
23
§5

23

13

13
13

[ ]
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Aw

Lever

4043

20 A2

10 At
40 A3

10 At

10 A1
20 A2

10 A1
10 At
0 A2

10 At
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Sandwich panels calculations

KOCKUMS AB Naval Surface Ships / Hull Dept.
Karlskronavarvet Composites & Strength

DNV Sandwich Panel Calculation (HSLC Rules Pt.3 Ch.4 Sec.5)

Panel Designation: LASS Date: 2006-09-07
DECK 11 EXTERNAL DECK
Panel Geometry

Ly 2.3 [m] Longest side: a 14 [m] (Ly)
Ly, 14.0 [m] Shortest side: b 2.25 [m] (Lx)
Panel support: Partial edge fixity Panel aspect ratio: b/a 0.16
Laminate Data
Laminate type: #Referens! Vacuum infusion, 50 Vol%
t nominal o-nu, compr. 220 [MPa]
Laminate thickness (t): 2.0 [mm] (0.65 mm) Ejam 17 [GPa]
Plam 1830 [kg/m3]
Laminate Safety Factor: 3.3 On, allowed 67 [MPa]
Core Data
Core type: Divinycell H80 Ty 0.9 [MPa]
t nominal Ecore 65 [MPa]
Core thickness (t.): 55 [mm] (70 mm) Geore 23 [MPa]
Peore 80 [kg/m3]
Core Safety Factor: 3.3 Tallowed 0.27 [MPa]
Design Pressure (p): 13 [kPa] Panel weight: 11.5 [kg/m*]

Normal stresses in skin laminates

2 Cy= 0.59 Cux = 0.74 o= 41 [MPa
) UM C, C, C, = 0.01 Cn, = 0.23 o,= 13 [MPa]
Cy= 0.74 W= 111

Core shear stresses at midpoints of panel edges

0,52pb C,=0.96 Cs,1x= 0.73 = 020 [MPa]
L U————Cq Cs=0.73 Cs, 1y = 0.96 T,= 026 [MPa]
d d=t+t, = 57.0

Local skin buckling

3 =
cSCI' UO’S Elam ECOI’C GCO[’C ocr 147 [Mpa]
Deflections
106 b4 Cs=12.9 w = 35.9 [mm)]
w u—pk@é CyupC,\ C,= 124 whb= 0016
D2 Cg =0.41

2
n° D, D, = 5.91E+07

- . 12 AL
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Sandwich panels calculations

KOCKUMS AB Naval Surface Ships / Hull Dept.
Karlskronavarvet Composites & Strength

DNV Sandwich Panel Calculation (HSLC Rules Pt.3 Ch.4 Sec.5)

Panel Designation: LASS Date: 2006-09-07
DECK 10 AFT
Panel Geometry
Ly 5.5 [m] Longest side: a 5.5 [m] (Lx)
L, 3.0 [m] Shortest side: b 3 [m] (Ly)
Panel support: Partial edge fixity Panel aspect ratio: b/a 0.55
Laminate Data
Laminate type: #Referens! Vacuum infusion, 50 Vol%
t nominal 0nu. compr. 220 [MPa]
Laminate thickness (t): 0.7 [mm] (0.65 mm) Eiam 17 [GPa]
Plam 1830 [kg/m3]
Laminate Safety Factor: 3.3 O, allowed 67 [MPa]
Core Data
Core type: Divinycell H60 Ty 0.6 [MPa]
t nominal Ecore 45 [MPa]
Core thickness (t.): 55 [mm] (78 mm) Geore 15 [MPa]
Peore 60 [kg/m3]
Core Safety Factor: 3.3 Tallowed 0.18 [MPa]
Design Pressure (p): 3 [kPa] Panel weight: 5.7 [kg/m*]

Normal stresses in skin laminates

2 C,=0.73 Cx = 0.27 o= 20  [MPa]
O 160pb~ C, C, C,= 0.11 Cy, = 0.58 o,= 42  [MPa]
\%% C;=0.54 W = 36

Core shear stresses at midpoints of panel edges

0,52pb C,=0.86 Cs,1x= 0.86 Tw= 006 [MPa]
R O Cs=0.71 Cs 1, = 0.71 = 0.05 [MPa]
d d=t+t,= 557

Local skin buckling

Gcr 0 0’5 A Elam Ecore Gcore Ocr = 113 [MPa]
Deflections
106 p b4 Cs= 9.7 w= 56.0 [mm]
w———I[C, Cy[1pC,L C =114 wh=  0.019
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Sandwich panels calculations

KOCKUMS AB
Karlskronavarvet

Naval Surface Ships / Hull Dept.
Composites & Strength

DNV Sandwich Panel Calculation (HSLC Rules Pt.3 Ch.4 Sec.5)

Panel Designation: LASS Date: 2006-09-07
DECK 10 SIDE
Panel Geometry
Ly 2.3 [m] Longest side: a 3 [m] (Ly)
L, 3.0 [m] Shortest side: b 2.25 [m] (Lx)
Panel support: Partial edge fixity Panel aspect ratio: b/a 0.75

Laminate Data

Laminate type: #Referens! Vacuum infusion, 50 Vol%
t nominal onu, compr. 220 [MPa]
Laminate thickness (t): 0.7 [mm] (0.65 mm) Eiam 17 [GPa]
Plam 1830 [kg/m3]
Laminate Safety Factor: 3.3 On, allowed 67 [MPa]
Core Data
Core type: Divinycell H60 Ty 0.6 [MPa]
t nominal Ecore 45 [MPa]
Core thickness (t.): 55 [mm] (78 mm) Geore 15 [MPa]
Peore 60 [kg/m3]
Core Safety Factor: 3.3 Tallowed 0.18 [MPa]
Design Pressure (p): 3 [kPa] Panel weight: 5.7 [kg/m?]
Normal stresses in skin laminates
2 C,=0.84 Cn,x = 0.46 oy = 22 [MPa]
, EMCN C1 C,=10.18 Cn,y=0.30 o, = 14 [MPa]
\%Y% C;=0.41 W = 36
Core shear stresses at midpoints of panel edges
0.52 p b C,=0.77 Cs,1x= 0.69 Tix 0.04 [MPa]
¢ [ Cs Cs=0.69 Cs 1y=0.77 Ty = 0.04 [MPa]
d d=t+t =557
Local skin buckling
3 = 1 MP
c;cr D 0’5 Elam Ecore Gcore Oor 3 [ al
Deflections
106 b4 Ce=173 w = 16.1 [mm]
Wm—p@ C,lpC,L C,=10.0 wih=  0.007
™ 6 8 7 ~ —_nren
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Sandwich panels calculations

KOCKUMS AB
Karlskronavarvet

Naval Surface Ships / Hull Dept.
Composites & Strength

DNV Sandwich Panel Calculation (HSLC Rules Pt.3 Ch.4 Sec.5)

Panel Designation: LASS Date: 2006-09-07
DECK 10 FRONT
Panel Geometry
Ly 5.5 [m] Longest side: a 5.5 [m] (Lx)
Ly, 3.0 [m] Shortest side: b 3 [m] (Ly)
Panel support: Partial edge fixity Panel aspect ratio: b/a 0.55

Laminate Data

Laminate type: #Referens! Vacuum infusion, 50 Vol%
t nominal Gnu, compr. 220 [MPa]
Laminate thickness (t): 0.7 [mm] (0.65 mm) Ejam 17 [GPa]
Plam 1830 [kg/m3]
Laminate Safety Factor: 3.3 On, allowed 67 [MPa]
Core Data
Core type: Divinycell H60 Ty 0.6 [MPa]
t nominal Ecore 45 [MPa]
Core thickness (t.): 55 [mm] (78 mm) Geore 15 [MPa]
Peore 60 [kg/m3]
Core Safety Factor: 3.3 Tallowed 0.18 [MPa]
Design Pressure (p): 3 [kPa] Panel weight: 5.7 [kg/m*“]
Normal stresses in skin laminates
2 C;=0.73 Cn x=0.27 Oy 20 [MPa]
O 160pb~ C, C, C,= 0.1 Cy, = 0.58 o,= 42  [MPa]
\%Y% C;=0.54 W = 36
Core shear stresses at midpoints of panel edges
0952 p b C4 = 0.86 CS, Lx = 0.86 Tx = 0.06 [MPa]
T, J— Cs Cs=0.71 Cs,1y=0.71 Ty = 0.05 [MPa]
d d=t+t =557
Local skin buckling
3 =
cSCI' D 0’5 Elam ECO]’C GCO[’C ocr 113 [Mpa]
Deflections
Cs= 9.7 w = 56.0 [mm)]
10° pb* 6
Wm—p[cg C.lpC.L C;=11.4 wh=  0.019




KOCK U MS AB Document ID (Proj ID-Obj ID-Doc No-Rev ID)

Karlskronavarvet DENG-0000-42203737-00
Handlédggare / Attended by Sekretessklass / Security Class Rev Date Sida / Page
Johan Berup Hansson Open 06-09-27 10 (47)

BL112.01

Sandwich panels calculations

KOCKUMS AB Naval Surface Ships / Hull Dept.
Karlskronavarvet Composites & Strength

DNV Sandwich Panel Calculation (HSLC Rules Pt.3 Ch.4 Sec.5)

Panel Designation: LASS Date: 2006-09-07
DECK 10 EXTERNAL DECK
Panel Geometry

Ly 2.3 [m] Longest side: a 5.5 [m] (Ly)
Ly, 5.5 [m] Shortest side: b 2.25 [m] (Lx)
Panel support: Partial edge fixity Panel aspect ratio: b/a 0.41
Laminate Data
Laminate type: #Referens! Vacuum infusion, 50 Vol%
t nominal Gnu, compr. 220 [MPa]
Laminate thickness (t): 2.0 [mm] (0.65 mm) Ejam 17 [GPa]
Plam 1830 [kg/m3]
Laminate Safety Factor: 3.3 On, allowed 67 [MPa]
Core Data
Core type: Divinycell H80 Ty 0.9 [MPa]
t nominal Ecore 65 [MPa]
Core thickness (t.): 55 [mm] (70 mm) Geore 23 [MPa]
Peore 80 [kg/m3]
Core Safety Factor: 3.3 Tallowed 0.27 [MPa]
Design Pressure (p): 13 [kPa] Panel weight: 11.5 [kg/m*“]

Normal stresses in skin laminates

2 C,= 0.66 Cn.x = 0.65 oy = 41 [MPa]
O M C, C, C,=0.06 Cn,y= 025 o,= 16 [MPa]
\%Y% C;=0.63 W= 111

Core shear stresses at midpoints of panel edges

0,52pb C4=0.91 Cs 1x= 0.72 = 019  [MPa]
I——Cq Cs=0.72 Cs.1y = 0.91 T,= 024 [MPa]
d d=t+t,=57.0

Local skin buckling

3 =
cSCI' D 0’5 Elam ECOI’C GCO[’C ocr 147 [Mpa]
Deflections
Cs= 111 w = 34.7 [mm)]
10° pb* 6
w D—p[CA C.llpC,L C,= 12,0 wh=  0.015
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Sandwich panels calculations

KOCKUMS AB Naval Surface Ships / Hull Dept.
Karlskronavarvet Composites & Strength

DNV Sandwich Panel Calculation (HSLC Rules Pt.3 Ch.4 Sec.5)

Panel Designation: LASS Date: 2006-09-07
DECK 10 INTERNAL
Panel Geometry

Ly 2.3 [m] Longest side: a 5.5 [m] (Ly)
Ly, 5.5 [m] Shortest side: b 2.25 [m] (Lx)
Panel support: Partial edge fixity Panel aspect ratio: b/a 0.41
Laminate Data
Laminate type: #Referens! Vacuum infusion, 50 Vol%
t nominal Gnu, compr. 220 [MPa]
Laminate thickness (t): 0.7 [mm] (0.65 mm) Ejam 17 [GPa]
Plam 1830 [kg/m3]
Laminate Safety Factor: 3.3 On, allowed 67 [MPa]
Core Data
Core type: Divinycell H60 Ty 0.6 [MPa]
t nominal Ecore 45 [MPa]
Core thickness (t.): 55 [mm] (78 mm) Geore 15 [MPa]
Peore 60 [kg/m3]
Core Safety Factor: 3.3 Tallowed 0.18 [MPa]
Design Pressure (p): 6 [kPa] Panel weight: 5.7 [kg/m*“]

Normal stresses in skin laminates

2 C,= 0.66 Cn.x = 0.65 oy = 55 [MPa]
O M C, C, C,=0.06 Cn,y= 025 o,= 21 [MPa]
\%Y% C;=0.63 W = 36

Core shear stresses at midpoints of panel edges

0,52pb C4=0.91 Cs 1x= 0.72 =  0.09  [MPa]
I——Cq Cs=0.72 Cs.1y = 0.91 T,= 011  [MPa]
d d=t+t =557

Local skin buckling

3 =
cSCI' D 0’5 Elam ECO]’C GCO[’C ocr 113 [Mpa]
Deflections
106 pb4 Cs= 111 w = 43.7 [mm)]

wll————I[C,C,[IpC,L C,= 120 wh=  0.019
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Sandwich panels calculations

KOCKUMS AB Naval Surface Ships / Hull Dept.
Karlskronavarvet Composites & Strength

DNV Sandwich Panel Calculation (HSLC Rules Pt.3 Ch.4 Sec.5)

Panel Designation: LASS Date: 2006-09-07
DECK 9 AFT
Panel Geometry
Ly 5.5 [m] Longest side: a 5.5 [m] (Lx)
Ly, 3.0 [m] Shortest side: b 3 [m] (Ly)
Panel support: Partial edge fixity Panel aspect ratio: b/a 0.55
Laminate Data
Laminate type: #Referens! Vacuum infusion, 50 Vol%
t nominal Gnu, compr. 220 [MPa]
Laminate thickness (t): 3.3 [mm] (0.65 mm) Ejam 17 [GPa]
Plam 1830 [kg/m3]
Laminate Safety Factor: 3.3 On, allowed 67 [MPa]
Core Data
Core type: Divinycell H80 Ty 0.9 [MPa]
t nominal Ecore 65 [MPa]
Core thickness (t.): 55 [mm] (70 mm) Geore 23 [MPa]
Peore 80 [kg/m3]
Core Safety Factor: 3.3 Tallowed 0.27 [MPa]
Design Pressure (p): 11 [kPa] Panel weight: 16.3 [kg/m*“]

Normal stresses in skin laminates

2 = 0.73 Cux = 0.27 o= 17 [MPa]
O 160pb~ C, C, C,= 0.1 Cy, = 0.58 o,= 35  [MPa]
\%Y% C;=0.54 W = 189

Core shear stresses at midpoints of panel edges

0,52pb C4=0.86 Cs, 1x= 0.86 .= 025  [MPa]
I——Cq Cs=0.71 Cs.1y= 0.71 T,= 021  [MPa]
d d=t+t =583

Local skin buckling

3 =
cSCI' D 0’5 Elam ECOI’C GCO[’C ocr 147 [Mpa]
Deflections
Cs= 9.7 w = 50.9 [mm)]
10° pb* 6
wD—p[CA C,lpC,L C,=11.4 wh=  0.017
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BL112.01

Sandwich panels calculations

KOCKUMS AB Naval Surface Ships / Hull Dept.
Karlskronavarvet Composites & Strength

DNV Sandwich Panel Calculation (HSLC Rules Pt.3 Ch.4 Sec.5)

Panel Designation: LASS Date: 2006-09-07
DECK 9 SIDE
Panel Geometry
Ly 2.3 [m] Longest side: a 3 [m] (Ly)
Ly, 3.0 [m] Shortest side: b 2.25 [m] (Lx)
Panel support: Partial edge fixity Panel aspect ratio: b/a 0.75
Laminate Data
Laminate type: #Referens! Vacuum infusion, 50 Vol%
t nominal Gnu, compr. 220 [MPa]
Laminate thickness (t): 1.3 [mm] (0.65 mm) Ejam 17 [GPa]
Plam 1830 [kg/m3]
Laminate Safety Factor: 3.3 On, allowed 67 [MPa]
Core Data
Core type: Divinycell H60 Ty 0.6 [MPa]
t nominal Ecore 45 [MPa]
Core thickness (t.): 55 [mm] (78 mm) Geore 15 [MPa]
Peore 60 [kg/m3]
Core Safety Factor: 3.3 Tallowed 0.18 [MPa]
Design Pressure (p): 11 [kPa] Panel weight: 8.1 [kg/m*“]

Normal stresses in skin laminates

2 C,=0.84 Cux = 0.46 o= 47 [MPa]
O 160pb~ C, C, C,=0.18 Cy,y = 0.30 o,= 31  [MPa]
\%Y% C; = 0.41 W =73

Core shear stresses at midpoints of panel edges

O 52 p b C4= 0.77 CS, Lx = 0.69 Tx = 0.16 [MPa]
Rttt S ) Cs = 0.69 Ce 1, = 0.77 = 018  [MPa]
d d=t+t,= 563

Local skin buckling

3 =
O N 0’5 Elam Ecore Gcore Ocr 13 [MPa]
Deflections
Cs=7.3 w = 37.8 [mm)]
10°pb* 6
w D—p[C‘ C,lpC,L C, = 10.0 wh=  0.017
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BL112.01

Sandwich panels calculations

KOCKUMS AB Naval Surface Ships / Hull Dept.
Karlskronavarvet Composites & Strength

DNV Sandwich Panel Calculation (HSLC Rules Pt.3 Ch.4 Sec.5)

Panel Designation: LASS Date: 2006-09-07
DECK 9 FRONT
Panel Geometry

Ly 5.5 [m] Longest side: a 5.5 [m] (Lx)
Ly, 3.0 [m] Shortest side: b 3 [m] (Ly)
Panel support: Partial edge fixity Panel aspect ratio: b/a 0.55
Laminate Data
Laminate type: #Referens! Vacuum infusion, 50 Vol%
t nominal Gnu, compr. 220 [MPa]
Laminate thickness (t): 5.2 [mm] (0.65 mm) Ejam 17 [GPa]
Plam 1830 [kg/m3]
Laminate Safety Factor: 3.3 On, allowed 67 [MPa]
Core Data
Core type: Divinycell H130 Ty 1.7 [MPa]
t nominal Ecore 130 [MPa]
Core thickness (t.): 55 [mm] (63 mm) Geore 40 [MPa]
Peore 130 [kg/m3]
Core Safety Factor: 3.3 Tallowed 0.52 [MPa]
Design Pressure (p): 22 [kPa] Panel weight: 26.2 [kg/m*“]

Normal stresses in skin laminates

2 = 0.73 Cux = 0.27 o= 20 [MPa]
O 160pb~ C, C, C,= 0.1 Cy, = 0.58 o,= 43 [MPa]
\%Y% C;=0.54 W = 313

Core shear stresses at midpoints of panel edges

0,52pb C4=0.86 Cs, 1x= 0.86 Tx= 049  [MPa]
I——Cq Cs=0.71 Cs.1y= 0.71 T,= 041  [MPa]
d d=t+t,=60.2

Local skin buckling

3 =
O N 0’5 Elam Ecore Gcore Ocr 223 [MPa]
Deflections
Cs= 9.7 w = 59.1 [mm)]
10°pb* 6
wi—22 7, c.upc, L Cr= 114 wh=  0.020




KOCK U MS AB Document ID (Proj ID-Obj ID-Doc No-Rev ID)

Karlskronavarvet DENG-0000-42203737-00
Handlédggare / Attended by Sekretessklass / Security Class Rev Date Sida / Page
Johan Berup Hansson Open 06-09-27 15 (47)

BL112.01

Sandwich panels calculations

KOCKUMS AB Naval Surface Ships / Hull Dept.
Karlskronavarvet Composites & Strength

DNV Sandwich Panel Calculation (HSLC Rules Pt.3 Ch.4 Sec.5)

Panel Designation: LASS Date: 2006-09-07
DECK 9 INTERNAL DECK
Panel Geometry

Ly 2.3 [m] Longest side: a 5.5 [m] (Ly)
Ly, 5.5 [m] Shortest side: b 2.25 [m] (Lx)
Panel support: Partial edge fixity Panel aspect ratio: b/a 0.41
Laminate Data
Laminate type: #Referens! Vacuum infusion, 50 Vol%
t nominal Gnu, compr. 220 [MPa]
Laminate thickness (t): 0.7 [mm] (0.65 mm) Ejam 17 [GPa]
Plam 1830 [kg/m3]
Laminate Safety Factor: 3.3 On, allowed 67 [MPa]
Core Data
Core type: Divinycell H60 Ty 0.6 [MPa]
t nominal Ecore 45 [MPa]
Core thickness (t.): 55 [mm] (78 mm) Geore 15 [MPa]
Peore 60 [kg/m3]
Core Safety Factor: 3.3 Tallowed 0.18 [MPa]
Design Pressure (p): 6 [kPa] Panel weight: 5.7 [kg/m*“]

Normal stresses in skin laminates

2 C,= 0.66 Cn.x = 0.65 oy = 55 [MPa]
O M C, C, C,=0.06 Cn,y= 025 o,= 21 [MPa]
\%Y% C;=0.63 W = 36

Core shear stresses at midpoints of panel edges

0,52pb C4=0.91 Cs 1x= 0.72 =  0.09  [MPa]
I——Cq Cs=0.72 Cs.1y = 0.91 T,= 011  [MPa]
d d=t+t =557

Local skin buckling

3 =
O N 0’5 Elam Ecore Gcore Ocr 13 [MPa]
Deflections
Cs= 111 w = 43.7 [mm)]
10°pb* 6
wi—22 7, c.upc, L Cr =120 wh= 0019
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BL112.01

Sandwich panels calculations

KOCKUMS AB Naval Surface Ships / Hull Dept.
Karlskronavarvet Composites & Strength

DNV Sandwich Panel Calculation (HSLC Rules Pt.3 Ch.4 Sec.5)

Panel Designation: LASS Date: 2006-09-07
DECK 8 AFT
Panel Geometry
Ly 5.5 [m] Longest side: a 5.5 [m] (Lx)
Ly, 3.0 [m] Shortest side: b 3 [m] (Ly)
Panel support: Partial edge fixity Panel aspect ratio: b/a 0.55
Laminate Data
Laminate type: #Referens! Vacuum infusion, 50 Vol%
t nominal Gnu, compr. 220 [MPa]
Laminate thickness (t): 3.3 [mm] (0.65 mm) Ejam 17 [GPa]
Plam 1830 [kg/m3]
Laminate Safety Factor: 3.3 On, allowed 67 [MPa]
Core Data
Core type: Divinycell H80 Ty 0.9 [MPa]
t nominal Ecore 65 [MPa]
Core thickness (t.): 55 [mm] (70 mm) Geore 23 [MPa]
Peore 80 [kg/m3]
Core Safety Factor: 3.3 Tallowed 0.27 [MPa]
Design Pressure (p): 11 [kPa] Panel weight: 16.3 [kg/m*“]

Normal stresses in skin laminates

2 = 0.73 Cux = 0.27 o= 17 [MPa]
O 160pb~ C, C, C,= 0.1 Cy, = 0.58 o,= 35  [MPa]
\%Y% C;=0.54 W = 189

Core shear stresses at midpoints of panel edges

0,52pb C4=0.86 Cs, 1x= 0.86 .= 025  [MPa]
I——Cq Cs=0.71 Cs.1y= 0.71 T,= 021  [MPa]
d d=t+t =583

Local skin buckling

3 =
cSCI' D 0’5 Elam ECOI’C GCO[’C ocr 147 [Mpa]
Deflections
Cs= 9.7 w = 50.9 [mm)]
10° pb* 6
wD—p[CA C,lpC,L C,=11.4 wh=  0.017
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BL112.01

Sandwich panels calculations

KOCKUMS AB Naval Surface Ships / Hull Dept.
Karlskronavarvet Composites & Strength

DNV Sandwich Panel Calculation (HSLC Rules Pt.3 Ch.4 Sec.5)

Panel Designation: LASS Date: 2006-09-07
DECK 8 SIDE
Panel Geometry
Ly 2.3 [m] Longest side: a 3 [m] (Ly)
Ly, 3.0 [m] Shortest side: b 2.25 [m] (Lx)
Panel support: Partial edge fixity Panel aspect ratio: b/a 0.75
Laminate Data
Laminate type: #Referens! Vacuum infusion, 50 Vol%
t nominal Gnu, compr. 220 [MPa]
Laminate thickness (t): 1.3 [mm] (0.65 mm) Ejam 17 [GPa]
Plam 1830 [kg/m3]
Laminate Safety Factor: 3.3 On, allowed 67 [MPa]
Core Data
Core type: Divinycell H60 Ty 0.6 [MPa]
t nominal Ecore 45 [MPa]
Core thickness (t.): 55 [mm] (78 mm) Geore 15 [MPa]
Peore 60 [kg/m3]
Core Safety Factor: 3.3 Tallowed 0.18 [MPa]
Design Pressure (p): 11 [kPa] Panel weight: 8.1 [kg/m*“]

Normal stresses in skin laminates

2 C,=0.84 Cux = 0.46 o= 47 [MPa]
O 160pb~ C, C, C,=0.18 Cy,y = 0.30 o,= 31  [MPa]
\%Y% C; = 0.41 W =73

Core shear stresses at midpoints of panel edges

O 52 p b C4= 0.77 CS, Lx = 0.69 Tx = 0.16 [MPa]
Rttt S ) Cs = 0.69 Ce 1, = 0.77 = 018  [MPa]
d d=t+t,= 563

Local skin buckling

3 =
O N 0’5 Elam Ecore Gcore Ocr 13 [MPa]
Deflections
Cs=7.3 w = 37.8 [mm)]
10°pb* 6
w D—p[C‘ C,lpC,L C, = 10.0 wh=  0.017
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BL112.01

Sandwich panels calculations

KOCKUMS AB Naval Surface Ships / Hull Dept.
Karlskronavarvet Composites & Strength

DNV Sandwich Panel Calculation (HSLC Rules Pt.3 Ch.4 Sec.5)

Panel Designation: LASS Date: 2006-09-07
DECK 8 FRONT
Panel Geometry

Ly 5.5 [m] Longest side: a 5.5 [m] (Lx)
Ly, 3.0 [m] Shortest side: b 3 [m] (Ly)
Panel support: Partial edge fixity Panel aspect ratio: b/a 0.55
Laminate Data
Laminate type: #Referens! Vacuum infusion, 50 Vol%
t nominal Gnu, compr. 220 [MPa]
Laminate thickness (t): 5.2 [mm] (0.65 mm) Ejam 17 [GPa]
Plam 1830 [kg/m3]
Laminate Safety Factor: 3.3 On, allowed 67 [MPa]
Core Data
Core type: Divinycell H130 Ty 1.7 [MPa]
t nominal Ecore 130 [MPa]
Core thickness (t.): 55 [mm] (63 mm) Geore 40 [MPa]
Peore 130 [kg/m3]
Core Safety Factor: 3.3 Tallowed 0.52 [MPa]
Design Pressure (p): 22 [kPa] Panel weight: 26.2 [kg/m*“]

Normal stresses in skin laminates

2 = 0.73 Cux = 0.27 o= 20 [MPa]
O 160pb~ C, C, C,= 0.1 Cy, = 0.58 o,= 43 [MPa]
\%Y% C;=0.54 W = 313

Core shear stresses at midpoints of panel edges

0,52pb C4=0.86 Cs, 1x= 0.86 Tx= 049  [MPa]
I——Cq Cs=0.71 Cs.1y= 0.71 T,= 041  [MPa]
d d=t+t,=60.2

Local skin buckling

3 =
O N 0’5 Elam Ecore Gcore Ocr 223 [MPa]
Deflections
Cs= 9.7 w = 59.1 [mm)]
10°pb* 6
wi—22 7, c.upc, L Cr= 114 wh=  0.020
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BL112.01

Sandwich panels calculations

KOCKUMS AB Naval Surface Ships / Hull Dept.
Karlskronavarvet Composites & Strength

DNV Sandwich Panel Calculation (HSLC Rules Pt.3 Ch.4 Sec.5)

Panel Designation: LASS Date: 2006-09-07
DECK 8 INTERNAL DECK
Panel Geometry

Ly 2.3 [m] Longest side: a 5.5 [m] (Ly)
Ly, 5.5 [m] Shortest side: b 2.25 [m] (Lx)
Panel support: Partial edge fixity Panel aspect ratio: b/a 0.41
Laminate Data
Laminate type: #Referens! Vacuum infusion, 50 Vol%
t nominal Gnu, compr. 220 [MPa]
Laminate thickness (t): 0.7 [mm] (0.65 mm) Ejam 17 [GPa]
Plam 1830 [kg/m3]
Laminate Safety Factor: 3.3 On, allowed 67 [MPa]
Core Data
Core type: Divinycell H60 Ty 0.6 [MPa]
t nominal Ecore 45 [MPa]
Core thickness (t.): 55 [mm] (78 mm) Geore 15 [MPa]
Peore 60 [kg/m3]
Core Safety Factor: 3.3 Tallowed 0.18 [MPa]
Design Pressure (p): 6 [kPa] Panel weight: 5.7 [kg/m*“]

Normal stresses in skin laminates

2 C,= 0.66 Cn.x = 0.65 oy = 55 [MPa]
O M C, C, C,=0.06 Cn,y= 025 o,= 21 [MPa]
\%Y% C;=0.63 W = 36

Core shear stresses at midpoints of panel edges

0,52pb C4=0.91 Cs 1x= 0.72 =  0.09  [MPa]
I——Cq Cs=0.72 Cs.1y = 0.91 T,= 011  [MPa]
d d=t+t =557

Local skin buckling

3 =
O N 0’5 Elam Ecore Gcore Ocr 13 [MPa]
Deflections
Cs= 111 w = 43.7 [mm)]
10°pb* 6
wi—22 7, c.upc, L Cr =120 wh= 0019
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BL112.01

Sandwich panels calculations

KOCKUMS AB Naval Surface Ships / Hull Dept.
Karlskronavarvet Composites & Strength

DNV Sandwich Panel Calculation (HSLC Rules Pt.3 Ch.4 Sec.5)

Panel Designation: LASS Date: 2006-09-07
DECK 7 AFT
Panel Geometry
Ly 5.5 [m] Longest side: a 5.5 [m] (Lx)
Ly, 3.0 [m] Shortest side: b 3 [m] (Ly)
Panel support: Partial edge fixity Panel aspect ratio: b/a 0.55
Laminate Data
Laminate type: #Referens! Vacuum infusion, 50 Vol%
t nominal Gnu, compr. 220 [MPa]
Laminate thickness (t): 3.3 [mm] (0.65 mm) Ejam 17 [GPa]
Plam 1830 [kg/m3]
Laminate Safety Factor: 3.3 On, allowed 67 [MPa]
Core Data
Core type: Divinycell H80 Ty 0.9 [MPa]
t nominal Ecore 65 [MPa]
Core thickness (t.): 55 [mm] (70 mm) Geore 23 [MPa]
Peore 80 [kg/m3]
Core Safety Factor: 3.3 Tallowed 0.27 [MPa]
Design Pressure (p): 11 [kPa] Panel weight: 16.3 [kg/m*“]

Normal stresses in skin laminates

2 = 0.73 Cux = 0.27 o= 17 [MPa]
O 160pb~ C, C, C,= 0.1 Cy, = 0.58 o,= 35  [MPa]
\%Y% C;=0.54 W = 189

Core shear stresses at midpoints of panel edges

0,52pb C4=0.86 Cs, 1x= 0.86 .= 025  [MPa]
I——Cq Cs=0.71 Cs.1y= 0.71 T,= 021  [MPa]
d d=t+t =583

Local skin buckling

3 =
cSCI' D 0’5 Elam ECOI’C GCO[’C ocr 147 [Mpa]
Deflections
Cs= 9.7 w = 50.9 [mm)]
10° pb* 6
wD—p[CA C,lpC,L C,=11.4 wh=  0.017
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BL112.01

Sandwich panels calculations

KOCKUMS AB Naval Surface Ships / Hull Dept.
Karlskronavarvet Composites & Strength

DNV Sandwich Panel Calculation (HSLC Rules Pt.3 Ch.4 Sec.5)

Panel Designation: LASS Date: 2006-09-07
DECK 7 SIDE
Panel Geometry
Ly 2.3 [m] Longest side: a 3 [m] (Ly)
Ly, 3.0 [m] Shortest side: b 2.25 [m] (Lx)
Panel support: Partial edge fixity Panel aspect ratio: b/a 0.75
Laminate Data
Laminate type: #Referens! Vacuum infusion, 50 Vol%
t nominal Gnu, compr. 220 [MPa]
Laminate thickness (t): 1.3 [mm] (0.65 mm) Ejam 17 [GPa]
Plam 1830 [kg/m3]
Laminate Safety Factor: 3.3 On, allowed 67 [MPa]
Core Data
Core type: Divinycell H60 Ty 0.6 [MPa]
t nominal Ecore 45 [MPa]
Core thickness (t.): 55 [mm] (78 mm) Geore 15 [MPa]
Peore 60 [kg/m3]
Core Safety Factor: 3.3 Tallowed 0.18 [MPa]
Design Pressure (p): 11 [kPa] Panel weight: 8.1 [kg/m*“]

Normal stresses in skin laminates

2 C,=0.84 Cux = 0.46 o= 47 [MPa]
O 160pb~ C, C, C,=0.18 Cy,y = 0.30 o,= 31  [MPa]
\%Y% C; = 0.41 W =73

Core shear stresses at midpoints of panel edges

O 52 p b C4= 0.77 CS, Lx = 0.69 Tx = 0.16 [MPa]
Rttt S ) Cs = 0.69 Ce 1, = 0.77 = 018  [MPa]
d d=t+t,= 563

Local skin buckling

3 =
O N 0’5 Elam Ecore Gcore Ocr 13 [MPa]
Deflections
Cs=7.3 w = 37.8 [mm)]
10°pb* 6
w D—p[C‘ C,lpC,L C, = 10.0 wh=  0.017
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BL112.01

Sandwich panels calculations

KOCKUMS AB Naval Surface Ships / Hull Dept.
Karlskronavarvet Composites & Strength

DNV Sandwich Panel Calculation (HSLC Rules Pt.3 Ch.4 Sec.5)

Panel Designation: LASS Date: 2006-09-07
DECK 7 FRONT
Panel Geometry

Ly 5.5 [m] Longest side: a 5.5 [m] (Lx)
Ly, 3.0 [m] Shortest side: b 3 [m] (Ly)
Panel support: Partial edge fixity Panel aspect ratio: b/a 0.55
Laminate Data
Laminate type: #Referens! Vacuum infusion, 50 Vol%
t nominal Gnu, compr. 220 [MPa]
Laminate thickness (t): 5.2 [mm] (0.65 mm) Ejam 17 [GPa]
Plam 1830 [kg/m3]
Laminate Safety Factor: 3.3 On, allowed 67 [MPa]
Core Data
Core type: Divinycell H130 Ty 1.7 [MPa]
t nominal Ecore 130 [MPa]
Core thickness (t.): 55 [mm] (63 mm) Geore 40 [MPa]
Peore 130 [kg/m3]
Core Safety Factor: 3.3 Tallowed 0.52 [MPa]
Design Pressure (p): 22 [kPa] Panel weight: 26.2 [kg/m*“]

Normal stresses in skin laminates

2 = 0.73 Cux = 0.27 o= 20 [MPa]
O 160pb~ C, C, C,= 0.1 Cy, = 0.58 o,= 43 [MPa]
\%Y% C;=0.54 W = 313

Core shear stresses at midpoints of panel edges

0,52pb C4=0.86 Cs, 1x= 0.86 Tx= 049  [MPa]
I——Cq Cs=0.71 Cs.1y= 0.71 T,= 041  [MPa]
d d=t+t,=60.2

Local skin buckling

3 =
O N 0’5 Elam Ecore Gcore Ocr 223 [MPa]
Deflections
Cs= 9.7 w = 59.1 [mm)]
10°pb* 6
wi—22 7, c.upc, L Cr= 114 wh=  0.020




