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REZUMAT. Nava este o constructie speciald, etansa, capabila sa pluteasca si sa se deplaseze pe apa intr-o
directie voita, cu o viteza stabilitd si cu un scop determinat: transport de marfuri si pasageri, lucrari
hidrotehnice, cercetare stiintifica, pescuit, agrement [3]. Planseul este structura de rezistenta formata dintr-o
placa dreapta sau curba rezemata, intérita printr-o refea de bare si elemente de legatura. Intr-un planseu sunt
cuprinse doua parti constructive: invelisul planseului, format din table drepte sau curbe; osatura planseului
formata dintr-o retea de bare, drepte sau curbe, incrucisate. S-a analizat un planseu naval de 5 m x 3 m, in
urmatoarele cazuri: a) Planseul si nervurile din otel si b) Planseul din material compozit tip sandwich
otel/SANFoam103/otel, lar nervurile din otel, grosimea fetelor din otel de 6 mm, iar a inimii din SANFoam cu
urmatoarele dimensiuni: 5 mm; 10mm; 20 mm.

Cuvinte chele: planseu naval, structura compozita, modelare cu elemente finite.

ABSTRACT. The ship is a special, watertight construction, capable of floating and moving on water in a
deliberate direction, at a set speed and with a specific purpose: transport of goods and passengers,
hydrotechnical works, scientific research, fishing, recreation [3 ]. The floor is the resistance structure formed
by a straight or curved plate supported, reinforced by a network of bars and connecting elements. A floor
contains two constructive parts: the floor covering, consisting of straight or curved sheets; the frame of the
floor formed by a network of bars, straight or curved, crossed. A naval floor of 5m x 3 m was analyzed in the
following cases: a) Steel floor and ribs and b) Steel / SANFoam103 / steel sandwich composite floor and steel

ribs, 6 mm thick steel face and SANFoam core with the following dimensions: 5 mm; 10mm; 20 mm;

Keywords: naval floor, composite structure, finite element modeling.

1. INTRODUCERE

Materialele compozite sunt sisteme de doua sau
mai multe componente, ale caror proprietati se
completeazd reciproc, rezultind un material cu
proprietati superioare celor specifice fiecdrui
component 1n parte.

Materialele compozite reprezintd unul dintre
domeniile principale de cercetare in momentul
actual fiind utilizate cu succes 1n realizarea de
structuri performante in diferite ramuri ale industriei
[4]. Principalele avantaje aduse de materialele
compozite sunt legate de reducerea greutitii pentru a
reduce costurile de operare si pentru a imbunatati

eficienta, rezistenta la coroziune, amortizarea
vibratiilor, izolarea termica.
Planseul constitue structura de rezistenta,

alcatuitd dintr-o placd dreapta sau curba rezemats,
intarita printr-o retea de bare si elemente de legatura.

Plangeul este alcatuit din doud parti constructive:
invelisul planseului, format din table drepte sau
curbe; osatura planseului, formata dintr-o retea de
bare, drepte sau curbe, incrucisate [2].

2. GEOMETRIA

S-a analizat un planseu naval de 5Sm x 3 m, in
urmatoarele cazuri:

— planseul si nervurile din otel;

— planseul din material compozit tip sandwich
otel/SANFoam103/otel, iar nervurile din otel,
grosimea fetelor din otel de 6 mm, iar a inimii din
SANFoam cu urmatoarele dimensiuni : 5 mm; 10
mm; 20 mm;

3. MATERIALELE FOLOSITE
IN MODELARE

Otelul:

Label Hame  Temp/BH Cr
1 EX 0 2.100000=+005
1 HUEY 0 2.800000e-001
1 HPEEM R 0 1.000000e+000
1 RK 0 8.500000e-001
2 EX 0 8.500000e+001
2 HUEY 0 3.000000e-001
2  MPEEM R 0 1.000000e+000
2 RK 0 8.500000e-001
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Tabelul 1. Materialul compozit tip sandwich
este SAN Foam 103 kg/m?®

Proprietitile SAN Foam Valoare Unititi de masuri
103kg/m?
Densitate 103 kg/m?3
Elastic lzotrop
Modulul lui Young 85 MPa
Coeficientul lui Poisson 0,3
Modulul global 70,833 MPa
Modulul de forfecare 32,692 MPa
Tabelul 2. Cazurile analizate
Modelul Material planseu Grosimea | Masa[kg]
[mm]
M1 Otel 12 1179
Fatal | Otel 6
M2 SAN Foam
Inima | 103 kg/m® 5 11854
Fata2 | Otel 6
Fatal | Otel 6
SAN Foam
M3 Inima | 103 kg/m3 10 1191,87
Fata2 | Otel 6
Fatal | Otel 6
SAN Foam
M4 Inima 103 kg/m? 20 1204
Fata2 | Otel 6

4. REALIZAREA MODELULUI [1]

Fig. 3. Definirea suprafetelor

5. DISCRETIZAREA STRUCTURII

Dupa construirea geometricdi a modelului si

specificarea materialului din care acesta este format,
etapa urmatoare este alegerea elementelor de
discretizare si discretizarea modelului.

Fig. 6. Discretizarea planseului

Fig. 7. incdrcarea planseului cu sarcina uniform distribuita de
1N/mm?

Fig. 8. Conditiile de margine

Caracteristici Model M1

Elenent Groups

Element Group 1 ( SHELL3T ) (ACTIVE)

Opl: Unused option
Op2: Analysis D=Reg:1=Nembr:2=Shear Pansl

Op3. Print:0-El Strs;1-+Nd Force, 2-+Nd Strs . .
Opd. Stress Direction:0-Global;l-Local;Z-Haterial .
OpS: Mat Type: D=Lin;1=VMI;2=VMK;3=HR:4=NLE:6=0H; 8=VEK
Opé: Disp. Formulation:0=Small:i=Iarge

0p?. Unused option . . . . .

Opd. Small-large Strain plasticity. 0-Snall.l-large

cooocoooo
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T

Real Constant Set 1
hssociated Element Group 1 ( SHELL3

Rol : Thickness
Ro? : Tenperaturs gradient

Ro3 : Foundation stiffness

Fod : Material angle (Beta)

o5 : Prestress valus (HSTAR only)
Ro6 : Prestrain value (NSTAR only)
Fo? : Bending-Maltiplier for Hembrans

Real Constant Set 2
hssociated Element Group 1 ( SHELLY

Rel @ Thickness

Re2 @ Temperature gradient

Red @ Foundation stiffness

Red @ Materisl angle (Beta)

ReS @ Prestress value (NSTAR only)
Rob @ Prestrain value (NSTAR only)

Re? : Bending-Multiplier for Membrane Analysis (NSTAR

Real Constant Set 3 (ACTIVE)
hssociated Element Group 1 ( SHELLY

Rel @ Thickness

R o Temperature gradient

Red @ Foundation stiffness

Red : Materisl angle (Beta)

RS @ Prestress value (NSTAR only)
Rob @ Prestrain value (NSTAR only)

Re? @ Bending-Multiplier for Membrane Analysis (NSTAR=

Caracteristici Model M2

T )

imalysis (NSTAR

T)

T)

200000+001
000000=+000
000000=+000
000000=+000
000000=+000
000000=+000
000000=-008

000000=+001
000000=+000
000000=+000
000000=+000
000000=+000
000000=+000
000000=-008

200000=+001
000000=+000
000000=+000
000000=+000
000000=+000
000000=+000
000000=-008

Element Group 1 ( SHELL3T )
Opl: Unused option
Op2: Analysis:0-Reg:l=Membr:2=Shear Panel
Op3: Print:0=El Strs:l=+Nd Force:2=4Nd Strs
Opd: Stress Direction:0=Global: ocal; 2=Haterial
OpS5: Mat Type:0=Lin:1=VHI.2=VMK: =NLE.6=0H: 8=VEH
Opé: Disp. Formulation:0=Small:l=Large
Op7: Unused optiom
Op8: SmallsLarge Strain plasticity: 0-Small.l-ILarge
Element Group 2 ( SHELL3L )  (ACTIVE)
Opl: Unused option .
Op2- Numbsr of Layers
Op3: Stress Dir :0=Global:l=Local.2=Mat
Opd: Unused cption .
OpS: Failure Analysis 0-LE;7-Tsai Wu
Op6: Disp. Formulation: mall:l=Large
Op7: Layer flag :0=Composite:1=Sandwich
Op8: Unused opticom
Real Constant Set 1 (&CTIVE)
Associated Element Group : 2 ( SHELLIL

Rel Dist. from ref. plans to top surface
Fo? Temperature gradient

Re3 Thickness of layer 1

Red Materisl number for layer 1
RS Materisl angle for layer 1
Rck Thickness of layer Z

Rc? Haterial number for layer 2
Fog Haterisl angle for layer 2
Red Thickness of layer 3

Recl0 Haterial number for layer 3
Rcll : Material angle for layer 3

Real Constant Set H
Associated Element Gromp : 1 ( SHELL3T )

Rcl © Thickness

Rc?  Temperature gradient

Rc3  Foundation stiffness

Rcd - Haterial angle (Beta)

Rct . Erestress value (NSTAR only)

Rcé . Erestrain value (HSTAR only)

Rc? © Bending-Multiplier for Hembrane Analysis (NSTAR
Real Constant Set 3 (ACTIVE)
Associated Element Growp : 1 { SHELL3T )

Rel  Thickness

RcZ | Temperature gradient

Rc3  Foundation stiffness

Rcd © Material angle (Bsta)

RcS © Prestress valus (NSTAR only)

Rcé  Prestrain valus (NSTAR only)

Rc? . Bending-Multiplier for Membrans Analysis (HSTAR=

INEERERE
coocooooo

coocooowo

1.000000=+0086
0.000000e+000
6. 000000=+000

1

0.000000=+000
5.000000=+000
2

0.000000e+000
6. 000000=+000

1
0.000000=+000

000000e+001
000000e+000
000000e+000
000000e+000
000000e+000
000000e+000
000000e-008

roooooe

200000=+001
000000=+000
000000e+000
000000e+000
000000e+000
000000e+000
000000=-0038

NN
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Caracteristici Model M3

Real Comstant Set 1 (ACTIVE)
Associated Element Group 2 [ SHELL3L

Rcl Dist. from ref. plane to top surface

Rc2 Tenperature gradient

Rcl Thickness of layer 1

Rcd Material number for layer 1

RcS Materisl angle for layer 1

Rcé Thickness of laver

Re7 Material number for layer 2

Rcg Material angle for layer 2

Rcd Thickness of layer 3

Rcll : Material number for layer 3
Rcll : Material angle for layer 3

Real Comstant Set 2
Associated Element Group 1 { SHELL3T
Rel : Thickness
RoZ : Temperaturs gradient
Rc3  : Foundation stiffness
Rcd  © Material angle (Beta)

ReS  : Prestress value (NSTAR only)
Rcé : Prestrain value (NSTAR only)

Rc? : Bending-Multiplier for Membrans Analysis (NSTAR=

Real Constant Set
issociated Element Group 1 ( SHELL2T
Rcl Thickness
Rc2 Tenperature gradient
k3 Foundstion stiffness
Rcd Material angle (Beta)

Rot  : Prestress valus (NSTAR only)
Rcé : Erestrain value (NSTAR only

Re? Bending-lultiplier for Hembrane Analvsls (NSTAR=
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000000=+000
000000e+000
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1
000000=+000
000000e+001
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000000e+001
000000e+000
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000000e-008

1.200000=+001
0.000000e+000
0.000000e+000
0.000000e+000
o
0
1

000000=-008

Caracteristici Model M4

Real Constant Set 1 (ACTIVE)
kssociated Element Group ? ¢ SHELL3L )
Rl Dist. from ref. plane to top surface
Rc2 Tenperature qrad)ant
=] Thickness of layer
Bcd Material nunber fur layar 1
RS Material angle for layer 1
Rt Thickness of layer 2
Rc? Material nunber for layer 2
FcB  : Material angle for layer 2

Fcd . Thickness of layer 3
Eell | Haterial munber for layer 3
Rell | Haterial angle for layer 3

Real Constant Set

kssociated Element Group 1 { SHELLIT )

Bel  Thickness .
R2 © Tenperature gradient

Bl - Foundation stiffness

Rod - Haterial angle (Bsta)

Rt : Prestrsss valus (STAR only)
R - Prestrain valus (NSTAR onl

¥)
R7 © Bending-Multiplisr for Membrane Analysis (NSTAR

Real Constant Set 3

kssociated Element Group 1 { SHELLIT )

Rsl  Thickness
Rs? - Tewpetature gradient
Rsl - Foundation stiffness
Rod - Materisl angle (Beta)
RS - Prestress valus (NSTAR only)
R - Prestrsin valus (NSTAR only)

Rs7 - Bending-Multiplisr for Membrane Analysis (NSTAR=

.000000e+006
.000000e+000
.000000e+000

1

.000000e+000
.000000e+001

2
.000000e+000
.000000e+000

1
.000000e+000

000000e+001
000000e+000
000000e+000
000000e+000
000000e+000
000000e+000
000000e-008

200000e+001
000000e+000
000000e+000
000000e+000
000000e+000
000000e+000
000000e-008

Disp_Res
84,5630

73.9920

£3.4220

52.8520

42.2810

3.1
21.1810
| 16.5700

~1.E-033

Dep_Res
21,3550

36.2730
31.0910
25,3090
20,7270
15,5480
16,3546

|s.18190

~1.E-033

von N1ses
-2193.900

1524 900
1645900
1374300
1099900
248500
543.9500

| 274.9800

~6.000000

Yon Mizes
-2199.908

1924.908
1649.908
1374.508
1093.300
24,9500
548.9800
| 2749500

-0.000000

Fig. 10. Harta tensiunii maxime echivalente pentru cazul M1.
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Diep_Ras
-a1.4550
36.2730 Von Mizes
-1781.500
31.0910
1552900
25.3030
1338.108
20.7270
1113408
15.5480
30,7400
10,384
' s.10180 68,0600
1e-n33 445.3700
| 222.6300
-0.000000
Diep_Res
54,5630
12.6928 Von Hises
-1781.508
63,4220
s2.6520 1855808
az.2818 1336.100
$1.7110 1113400
oraie 399.7400
105780
i 662.0600
1.E-033
445.3700
| 222.5900
~0.000008

Fig. 11. Harta deplasérii maxime pentru cazul M2

Von Mzes
-1822.400
1594.608
1365.600 Mep_fios
1139.008 -23.5880
s11.2100 20.6408
6834160 17,6818
455.5100 14,7438
2272000
L 11.7340
-9.000800
254560
3.58710
| 2.30850
~1.6-633
van Nises
-1822.480
1594.500
1388300
1139.000 Tiep_Ree
s11.2108 [ 25-3880
ces.a108 20.8400
4558100 178810
| 227.3080
18.7830
-0.080080
11.7338
&.84560
5.89718
' 2.94850
-1LE-033

Disp_Res
-38.3200

26.5300

22.7400

von Misss

18.8500 1878600
15.1600 1488800
11,3700 1255808
4 56080 1043.168
535.3000

' 3.73000
625.4700

-1.E-633
415.6500
| 2088200
-6.000800

Disp_Res

-30.7200
26.5300 Von Mises
22.7400 1678.808
1458.200

18.9500
1258.300

15,1500
1045.106

11,5708
39,3000
756000 629.0700
| 5. 70000 415.6500
S1LE-0TF | 200.0200
-0.000500

Fig. 13. Harta deplasarii maxime pentru cazul M3 Fig. 16. Harta tensiunii maxime echivalente pentru cazul M4
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6. REZULTATELE OBTINUTE IN URMA
ANALIZEI STATICE PE MODELELE
ANALIZATE

90 >
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modelul analizat

deplsarea maxima [mm]

Fig. 17. Variatia deplasarii maxime pentru cazurile analizate
1678.6

2500 2
2000
1500
1000
500
0
M1 M4

Fig. 18. Variatia tensiunii echivalente maxime pentru cazurile
analizate

18224 17815

M2 M3

modelul analizat

tensiunea maxima [MPa

In urma analizei statice se poate observa ca
sdgeata maximd scade odatd cu cresterea grosimii
inimii.

In urma analizei statice se poate observa ci
valoarea tensiunii maxime scade odata cu Cresterea
grosimii inimii.

7. CONCLUZII

Materialele compozite pot inlocui majoritatea
elementelor din constructia navei, in functie de
utilitatea acesteia reducand in primul rand masa
totala care conduce la o serie de avantaje precum:
consum redus de combustibil, masa disponibila
pentru transportul de marfa si echipamente.
Materialele compozite nu ruginesc, iar costul de
intretinere este scazut.

In cazul planseului analizat se observi ci la
aproximativ aceeasi greutate a planseului, deplasarea
maxima §i tensiunea echivalentd scad odatd cu
marirea grosimii inimii.
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