ENIX

REGISTER OF SHIPPING

AvaAuon utroAoyiopou AvToxnc¢
[MAOOTIKOTTOINMEVWYV EUAIVWYV CKOA@WYV
(ocopewva pe T.0.21)

Eionyntig:
NarmoAewv: Ocodwpormoulog - Nauttnyog MnyxavoAdyog Mnyavikog/

AvamAnpwing Texvikog AieuBuving/ XuvtovioTng Tunuatog Eykpicewv
>2xe0iwv/ MeAetwv NG “@OINI= NHOITNQMQN A.E.”




ZKOTOG

O okomo¢ tng mapovoag AvaAloswc , €ival n Slteukpivion TOU UTIOAOYLOUOU TNG OVTOXAG TWV
EUAlVWV okadwv TIou €XouV UTIOOTEL E€WTEPLKNA TTAQOTIKOTIOINON TG YAOTPAC.
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* To Mississippi State University, https://www.ae.msstate.edu/ tupas/ SA2/ chA13.9_text. html
- Section 11.3 Elastic Bending of NON-Homogeneous Beams

* To SHIP STRUCTURE COMMITTEE- SSC-403 Design Guide for Marine Applications of
Composites -Chapter Five — Macromechanics- Applications of Composites Joints and Details

Edapuoyn

H MNapovoa Avalucon edapuoletal oe 0Aa ta EVAVO OoKAdNn ota omola €XeL mpaypatonolnOel
e€WTEPLKN TMAOOTLKOTIOINON TNG YAoTpac cUUPwva He TS amattosl tng T.0. 21 tou Opyaviopou
«DOINIZ» Nnoyvwuwv A.E.
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Elcaywyn

e Onwg mepypadetat avaAutikd otnv T.0.21 n edoppoyrn) EMOTPWOEWV EVIOXUUEVOU
TMAQOTIKOU 0TNV €EWTEPLKN MAELPA TNG yAoTpag EUAVWVY TIAOLWV ANV TNG OTEYAVOTIOLNOEWG
NG yaotpag dSnuioupyel kat avénon tng avtoxng tou okadoud.

*  To nwc ocupPaivel auto, oe kamoloug cuvadEAdouc Sev ival dpeoa avtiAnmto dedopévou otL
n €€€taon tng avtoxng tTwv EVAWVwV okadwv Baoiletal o eUMELPLIKEC OXECELG OLOOTACEWV
(kKAaoLlkNG popdnc okadn) [ EUTELPIKWY OXECEWV TWV KAVOVIOUWV TwV NNoyvwuovwv.

* Me Baon tnv yevikn Bewpnon otL ota EVAwva okddn, otnv avtoxn, KaBoploTIKOC €ival o
POAOC TWV €eyKOpPolwv VOHEWV TpoTeiveTol n €€€tacn O€ QUTOUG TNC avénong Tmou
npoodidetal Aoyw tn¢ epappoyng MAOCTIKOTIOINONG TN YAOTPOC.

* H mpotewouevn pebBodoc adopd otnv cUyKPLON TNEG POTNE AVILOTACEWS Tou NOMEQ HE TO
ouVEPYALOUEVO TIETOWHA TNEC APXLKNC KATAUOTACEWS (mPLV TNV MAQOTLKOTOLNON) TPOC auTh
TIOU TIPOKUTITEL OTO (610 OUOTNUOL VOMPED KOl TIETOWHOTOC ToUu €EXeL edpapuooBdel
TAQLoTLKOTIOLNON.

e Jtnv mpaén efetaletal n avioxn oe Kapupn evoc dopéa amoteAoUpevou amod SUO UALKQ,
dnAadn) tou EUAOU KOl TNG ETUOTPWOEWG QTO EVIOXUUEVO TIAQOTIKO TA oOmola €Xouv
Stadopetikd pETpa EAaoTIKOTNTOGC.
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Nepypadn tng e€€taong popa anod Vo dradopeTikd UALKA o€ KAy

Map 6Ao mou umtapxel MAovotla BLBAloypadia yia to BEpa, Bewpoupe OtL N SNUOCLEVUEVN AT
1o Mississippi State University, https://www.ae.msstate.edu/ tupas/ SA2/ chA13.9 text. html -
Section 11.3 Elastic Bending of NON-Homogeneous Beams , eival moAU KaAn ylo cUvViopn
TekUNplwon tou BEpaTog

*  Ouébétepog atovag tng dpoptiong

YrievOu piletal OtL L otnv kaBopn KA n n Kavovikn PeTaBoAn TS Taong lval YPOULKN KE TLUA
UN6&€v otov oubetepo afova. Tuvenwc npv avadepBoUE otV oxEon HETAEL TAONC KAl POTIAG
kapdng, ag npoodlopiocoupe mpwta tn B€on tou oudetépou afova (NA). Q¢ yvwotov oe
ouvOnkn Looppomiag to aBpolopa Twv KABETWY otnv emiupavela Suvapewyv undeviletal Kot
HOONUATIKA, AUTO ekdpaleTal we

f*;=f{jz.-:ir1 =0

Maormal Strain Moarmal Stress I
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OewpWVTAG EVA THAMO KATOOKEUOOUEVO aTto SU0 SLadopETIKA UALKA LUE LETPA EAQOTLKOTNTOG
(ouvteheotég Young ) mou npoadlopifovtat amo ta E1 kot E2 kal pe TAoELg KATW oo To 0pLo
ge\aoTikOTNTAC KABE UALKOU, 1 TtponyoUlUevn e€lcwaon avaAUETAL WG:

y, y
Fz=f EledA+fTEedA=o
_yB Z yi 2z

Ormnou yB eival n andéotacn amnod tov oudetepo atova ( NA) otnv katw emidAvela, yi eivaln
amootaon ano 1o NA £€wcg tnv evlapeon enudpavela emadng Tou VALKoU Kot YT ival n anootoon
QTto TNV EMAVW ETLPAVELX. XPNOLLOTIOLWVTAC TN YPOMULKA e€lowon yla tn dtakupavon

TapapopPwaong EXOUE:
¥, y
i -y T -y
E N (e, ) dd * Ezf},, (Fe,.)dd =0
E€dyovtacg Toucg kolvoug Opouc Ko avayovtag we mpo¢ E1 €xoupe:

=0

Em:z.: y;‘ EZ }‘;r
E—{ " ydd + —f y dA
1 ¢ -y .E'1 Y,

E€etalovtac MPOOEKTIKA TNV WE Avw e€lowon SLamoTwVETaL OTL 0 OPOC O OYKUAEC TIPETIEL VAL
glval toocg pe pundév. Qotooo, n avadoyia E2 pog E1 pnpootd anod tov S€0UTEPO OPO LECA OTLG
ayKUAec Seixvel O6tL 0 oubETepOC afovac Ba SLEABeL amd TO KEVTPO TPOTIOTIOLNUEVOU OUOLOYEVOUC
TUAMOTOC, LE TO UALKO 2 va avTikaBiotatal pe éva tooduvapo Ao 1 kat’ avadoyia E2/ E1.
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AUTO TO YEYOVOG QUIMOTUTIWVETOL OTO OXN A TTAPOKATW KE TNV polnobeon otL E2 > E1.

ALLSLLCUN

g2
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e
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- |
- |

2/ Ly
7 Y B
Modified Section Original Section

INUELWVETOL OTL N avoywyn Twv Vo HETPpWV eAaoTtikotntag E2/E1 tpormomnolel poOvo To MAATOG
Tou TUApatog emeldry to VP og tou dlatnpeitat to idto. (Auth n ocuvBnikn Oa ixe avtotpadel
gav epappolotav n porr KapPnc yupw amo tov katakopudo afova.)
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*  PomnA kapPewg tng poptiong
Ooov adopd tnv oxEon tng pomng kAP ewc avth npoodlopiletal anod tnv €fiocwon:

M;—fyozdd - =-ny€ dA

Ma tnv mepintwon evog THAUATOCG oo Vo SLadopeTika UALKA, Omwe dailvetal mapandvw, To
oAokANpwpa xwpiletal o U0 péEpPN, Eva yLa KAOe eAaoTIKO UALKO. (Mapatnpriote OTLTO Y
HETPLETAL ATt TOV oUubETEPO GEova.)
Y Ve
Mx——f_ y E€dd —f y E € dd
Yy Y,
XPNOLUOTIOLWVTAC TN YPOMULKA KATavour Tne napapopdwons Aappavou e
_ ooy Yr {-y
Mx__Elf_y Y (Tema) M_EZ_{}, Y (Tema.) A
B i

E€ayovtag Toug kolvoug 6pouc Kal avayovtag we npo¢ E1 €xoupe:

€
e
&

M=-E
x 1

¥y 2 E v 2 ]
[—f_ysy dA_Flfyi y dd
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*  Pomnn adpaveiog tou popéa

OL OpoL HETA OTLC OlYKUAEC TNG TTPONYOUEVNG €ELOWOEWC AVTLITPOOWTIEVOUV TN PO AdpAVELAC
TOU TPOTIOTIOLNEVOU OUOYEVOUG TUAMATOC WCE TTPOG TOV OUSETEPO Afova Kal Urmopouv va
eKPpaoTOUV WC:

EZ
I =1+ =1
mod 1 .E1 2
*  AVOANMTUOCOMEVEG KAUTTTIKEG TAOELG 0TO PopEa
H avtikataotaon tng TPOTOTOLNMEVNG POTIAG adpavelag TNG w¢ avw eELOWOEWC N EMAUCN TNG
Taoncg Oivel M
Gzr= - [_ yi

mod

TIOU QVTLOTOLXEL OTOV UTIOAOYLOMO TNG TAoNC KA NG LOVO yLa TO TUUO TTOU AnoTeAE(TAL Ao
UALKO 1.
EVvw yla TO TN TTOU amoTeAE(TaL armo To UALKO 2, Ba mipEmel va TTOAAATTAQCLOOTEL LE TOV AOYO
TwV ouvteAeotwy Tou Young twv U0 UALKWV WG:

E M

22 ‘E:‘{I yz

mod

H dtadikaoia mou neplypadnke mopamavw gival yvwotr wg MEBodoc Tpomormotnpevng TopnG
KOl XPNOLLLOTIOLELTAL OTNV AVAAUGH EAQCTIKWY 1N OUOLOYEVWY TUNHATWY Sokou otnv Kauyn.
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*  AVOANTUOGOMEVEG KAUTTTIKEG TAOELG 0TO PopEéa
Anoonacpa amno tnv SHIP STRUCTURE COMMITTEE- SSC-403 Design Guide for Marine
Applications of Composites -Chapter Five — Macromechanics- Applications of Composites Joints

and Details.
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Figure 546 Stringer Geometry for Sandwich Construction [A] Horsmon, USCG NVIC
Mo. B8-87]
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Table 5-3 Example Calculation for Single Skin Stiffener

ltem b h A=bxh i | Aud Ad? in
A 4 00 0.50 200 ATH 11.50 6613 0.04
B 0.50 510 255 200 765 2365 5.3
B 0.50 510 2.55 300 T.65 2385 5.1
C 2.00 0.50 1.040 075 0.75 055 0.0z
C 2.00 0.50 1.040 075 0.75 055 0.0z
D 3.00 0.50 075 oar 050 033 0.01
E 14.00 0.50 T.00 025 1.76 044 0.15
Totals: 16.85 30.55 115 82 10.BG
= A 3055 e (5.55)

N M 4 1685

I = ZE + E.-M' —[ Ad” 1=1086+ 11592 - [16.85 x (1.81)] = 71.38 (5-56)

it |
I T1.58 .

S = = = 1708 in® 5-57

fop d., 419 (-3D

I T1.58 .

SM = = = 3955m°

botse d TI
(5-38)
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|4 b+ 18t = 28.94"

Figure 547 Sfringer Geometry including High-Strength Reinforcement (37 wide layer
of Kevlar™ in the top) [Al Horsmon, USCG NVIC No. 8-87)
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Table 5-4 High Strength Stiffener with Sandwich Side Shell

ltem b hi A=bxh d Ad Ad? i!.'!
Al 370 0.50 324" T.25 X3.85 172.93 0.069
AZ %80 050 150 6.75 12.83 8657 0.040
B 050 .00 250 4 10 10.00 4000 .208
B 050 500 2.50 4 0 10.00 4000 5.208
i 2.00 050 1.00 1.75 1.75 3.08 0.021
L 2.040 050 1.040 1.75 075 .58 0021
] Z.00 050 0.75 0.a7 0.50 033 0.01
El 258 04 025 T.23 1.37 a5 13.68 0.038
Ez 258 04 025 T.23 012 .80 .11 0.038

Totals: 2740 70.53 357.24 10.65
d_ = 2 4d _ 7053 —2.57 inches (5-59)

NA M 4 2740

I =i + 2 4d" —[Ad’ | =1065+3574-D740x Q5] = 18692 (560)

NA
I 18692 |
SM_ = = = 37910’ 3-61
w4 493 (-61)
. _ I 18692
M, = == 23
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SYMBOLS:
b = wdth or honzontal dimension

h = height or verical dimension
d = height to center of A from reference axis
NA = neufral axis
i = item moment of inertia =
= distance from reference axis to real N4
= moment of mmertia of shffener and plate about the real nentral axis

A
A

The assumed neutral axis 15 at the outer shell so all distances are positive.

Note how the stiffened plate 15 divided into discreet areas and lettered.
Items B and C have the same effect on section properties and are counted twice.

Some sumplifications were made for the vertical legs of the shffener. item B.
The item i was calculated using the equation for the I of an inclined rectangle.
Cﬂnmdenng the legs as vertical members would be a further simplification

Item I} 13 combined from both sides of the required bonding angle taper.

I .y . ;
Ratio of elastic modul £ = L s _ 9.5 msi

35 msi
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*  Effective area of Kevlar® compared to the E-glass =3.7x 0.5x 1.78 = 3.29

The overall requuired section modulus for this example must also reflect the mixed
materials calculated as a modifier fo the required section modulus:

£« Ulfimate Strength

SM_ . = 4&8M == M, —— -
el T E, . Ultimate Strength |

E . Ultimate Strength, |, ORma 110 ksi
Kerhy _ » _
35mst 196 ks

X
E .. Ultimate Strength_ .

Femforcing fibers of different strengths and different moduli can be limited in the amount of
strength that the fibers can develop by the maximum elongation tolerated by the resin and the
stram to faillure of the sumounding laminate. Therefore, the strength of the overall laminate

should be analyzed, and for marginal safety factor desigms or amangements meeting the
mimmum of a rule, tests of a sample laminate should be conducted to prove the mtegnty of the
design. In thos example, the required sechion modulus was unchanged but the credit for the

actual section modulus to meet the rule was significant.

* [pog SleukoAuvon Twv cuVAdEAPWV TO TUNUA eyKploew¢ MeAeTwy & Zxedlwv TOu
Opyoaviopou €XeL €KTTOVACEL UTIOSELYUA EPAPLOYNG UTTOAOYLOUWY QVTLOTAONG EYKAPGCLOU
VOUEQ, 0€ AoyLoTIKO pUANO EXCEL to omoio dlatiBetal nAektpovikad o Omolov To {NTHOoEL.
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Yrohoyioudg Eykapoiag Avroyrig

ZUAwo MAoio pe mAacTIKOMONUEVN YAOTPN

Itoweia ZuAsiag

Eidog Zulelag: MNelkn

Métpo EAaotikotnTag ZUAou: 7.66 Gpa
Awaotdosig

Nopéwg

NAdroc: 16 cm Yoc: 12 cm
Netowpatoc:

MAdroc: 35 cm Méoc 5cm

Ztoweia NMAagtikonmoinong
Eidoc¢ eniotpwonc: NoAveotépac pe varolidaopa

Stpion 'I:fmoq CsMm WR Zuvolo Néexoc (mm)
vdpaopatog  grms/m?  grms/m?  grms/m?
1 CSM 450 0 450 1.13
2 CSM 450 0 450 1.125
3 CcpP 300 600 900 1.47
- CSM 450 0 450 1.13
5 CcP 300 600 900 1.47
6 CSM 450 0 450 1.125
7 CSM 450 0 450 1.125
8
9
10
Zuvola:| 2850 1200 4050 8.57
Nayxog emoTpwoewe: 0.86 cm
METpo EAQCTIKOTNTAG ETUOTPWOEWC: 9.66 Gpa

NPOZOXH!!! AEAOMENA MONO ITA XPQMATIZITA KEAIA
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Original Frame

Side frame Side plank
Al A2
bl= 16.00 cm b2= 35.00 cm
hl= 12.00 cm 2= 5.00 cm
Material: Wood Material: Wood
Elasticity modulus E= 7.66 Gpa Elasticity modulus E= 7.66 Gpa
Section Modulus
width height AREA KG 1st Mom. | 2nd Mom. Inertia
(1] [2] [B]=[1]x[2] [4] [5]=[3]x[4] | [6]=[4]x[5] lo
cm cm cm? cm cm’ cm® cm®
Al 16.00 12.00 192.00 6.00 1152.00 6912.00 2304.00
A2 35.00 5.00 175.00 14.50 2537.50 36793.75 364.58
SUM= 51.00 17.00 367.00 3689.50 | 43705.75 | 2668.58
el=| 10.05 |[e2= 17.00 -el= 6.95 I=| 46374.33

3

lo=l-e172*A= 9283.297 cm
SM1=lo/el= 923.4233 cm?®
SM2=lo/e2= 1336.329 cm?®
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Frame with laminated GRP hull

Side frame Side plank Side plank with Laminated GRP
Al A2 A3
bl= 16.00 cm b2 = 35.00 cm b3= 35.00 cm
hl= 12.00 cm ti= 5.00 cm t3= 0.86 cm
Material: Wood Material: Wood Material: GRP
Elasticity modulus E= 7.66 Gpa Elasticity modulus E= 7.66 Gpa Elasticity modulus E= 9.66
Tensile strength TS= 52 Mpa Tensile strength TS= 52 Mpa Tensile strength TS= Mpa
Ratio of Elastic moduli=E3/E2 = 1.2611
Section Modulus
width height AREA KG 1st Mom. | 2nd Mom. | Inertia
cm cm cm?® cm cm’ cm® lo
[1] [2] [3]=[1]x[2] [4] [S]=[3]x[4] | [6]=[4]x[5] cm*
Al 16.00 12.00 192.00 6.00 1152.00 £912.00 2304.00
A2 35.00 5.00 175.00 14.50 2537.50 36793.75 364.58
A3* 44.14 0.86 37.80 17.43 658.87 11482.89 2.31
SUM= 95.14 17.86 404.80 4348.37 55188.64 2670.89
el=| 10.74 |e2= 179 -el= 7.11 I=| 57859.54
lo=l-e142*A= 11149.85 cm®
SM1=lo/el= 1037.978 cm?®
SM2=lo/e2= 1567.177 cm®
Increase of Strength=  1567.2  / 1336.3 = 117 or 17%
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Table 1-1 Overview of Shipbuilding Construction Materials

. y Tensile j
— Density Tensile Strength Modulus E:i':;‘:t::n
Ibs/fta |[gm/cm3| psix103 Mpa psix10s | Gpa %
Orthophthalic Polyester| 76.7 1.23 7 483 0.59 4.07 1
2 Isophthalic Polyester| 75 5 1.21 10.3 711 0.57 3.90 2
'§ Vinyl Ester| 69.9 1.12 1112 76-83 049 3.38 4-5
- Epoxy (Gougen Proset)| 749 1.20 7-11 48-76 0.53 3.66 5-6
Phenolic|] 71.8 1.15 51 352 0.53 3.66 2
E-Glass (24 0zWR) 1624 | 2.60 500 3450 105 7245 48
§ S-Glass| 1555 | 2.49 665 4589 126 86.94 57
= Keviare 48] g0 1.44 525 3623 18 1242 29
Carbon-PAN| 109.7 | 1.76 | 350-700 |2415-4830 | 33-57 |227-393| 0.38-2.0
End Grain Balsa| 7 0.1 1.320 9.11 0.370 255 n/a
Linear PVC (Airex R62.80)| 5-6 .08-1 0.200 138 0.0092 | 0.06 30
§ Cross-Linked PVC (DiabH-100)( 6§ 0.10 0.450 31 0.0174 | 0.12 n/a
" Foneyoomb (NomexsHRHR-78) 6 | 0.10 | n/a nfa | 0.0600 | 0.41 na
Honeycomb (Nidaplast HSPP)| 4.8 0.08 n/a n/a n/a n/a n/a
Solid Glass/Polyester hand lay-up| 96 | 1.54. 20 138 14 9.66 na
g Glass/Polyester Balsa Sandwich vacuum assist| 24 0.38 6 41 04 2.76 n/a
g Glass/Vinyl Ester PVC Sandwich SCRIMPs| 18 0.29 6 41 04 2.76 n/a
§ Solid CarborVEpoxy filament wound| g7 1.55 88 607 87 60 n/a
Carbon/Epoxy Nomex Sandwich prepreg| 9 0.14 9 62 0.5 345 n/a
ABS Grd A (ASTM 131)| 490.7 | 7.86 58 400 296 204 21
o ABS Grd AH (ASTM A242)| 490.7 | 7.86 71 490 296 204 19
g Aluminum (6061-T8)) 169.3 | 2.71 45 310 10.0 69 10
Aluminum (5086-H34)| 165.9 | 2.66 44 304 10.0 69 9
Douglas Fir[ 24 4 0.39 131 90 1.95 1346 n/a
3 White Oak| 393 | 0.63 147 101 1.78 1228 n/a
S Westem Red Cedar] 212 | 0.34 75 52 111 | 7.66 n/a
Sitka Speuce| 21.2 0.34 13.0 90 1.57 10.83 n/a
Note: The values used in this table are for illustration only and should not be used for design purposes. In general,
strength is defined as yield strength and modulus will refer to the material’s initial modulus. A core thickness of 1" with
appropriate skins was assumed for the sandwich laminates listed.
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EuxoplotoUpE yia TNV mpoocoyxn coc!
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