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The study aims to improve the previous theory—based algorithm on the lightweight design of laminate structures of a composite
ship based on the mechanical properties of fiber, resin, and laminates obtained from experiments, From a case study on using
a hydrometer to measure the specific gravity of e—glass fiber woven roving fabric/polyester resin used as the raw material for
the hull of a 52 ft composite ship, the equation for calculating the weight of laminate was redefined, and the relationship between
decreasing mechanical properties and increasing glass content was determined from the results of material testing according to
ASTM D5083 and ASTM D790, After applying these experimental data to the existing algorithm and improving it, a possible
laminate design that maximizes the specific strength of the composite material was confirmed, In a case study that applied the
existing algorithm based on rules, the optimal lightweight design of composite structures was achieved when the weight fraction
of e—glass fiber was increased by 57.5% compared with that in the original design, but the improved algorithm allowed for an

increase of only 17.5%,

Keywords : Composite ship(Z&tAXH A8 Composite materials(2SAXY), GFRP(FE|MFUSIEEIAE), Glass content(R2|83-4
SIXH H|), Light—weight design(ZZF AA)

1. A—I 2 EEDI) 2 Muf of|4X| &8 E=|A=(Ship Energy Efficiency

Management Plan, SEEMP) ZM|2tE A{E4SH bt Qlct shx|ot

FRP(Fiber Reinforced Plastics)= HIZ=7F £10 FAlolE & 0= GT(Gross Tonnage) 400E O|Afe| MEFS LAt R SHT1
slof ZAM ESE 2510 OfM, QE S AgMulo] A2 2t uon{ Mx| Mule| Mol clE XX|stl e LFHMER2 H|
4 2 oo, MHE I4 S5 M9 E 95.5%2| 41H10] FRP Ql=]o] U= Al™olct (Jeong, 2019). AMulo] AZBIE £
2 HZ=|2ACt (Oh, 2019; MOF, 2019). AMelol| ofgt 2AI7 (A 2+ 8l CFRP(Carbon Fiber Reinforced Plastics)2t 22 ZZZF Al
=g 26l ZHMBHAP T IMO(International Maritime Organization) 27 HEE = ARV UXTH o= HHM BHZ 2lsto] #
0llA= MARPOL (International Convention for the Prevention of AR S MY AR DETPIX| Mulol2t ARBED 1o,
Marine Pollution from Ships) Annex VIOl 2011 0|F Alx=M 7| FEANAR MBS S5 2AUIA 2452 oRIA| HiE{Z]
ofl Chall ollAX| &8 MAX|=(Energy Efficiency Design Index, g8 MR LU of2g0| UCE (Oh et al., 2018a;
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Bolvashenkov et al., 2014). =2 YF0|50| LF ARZD Q)
oL} olA7IX| FRP2| Zx|ldnt 2 J2|11 AyE Msoll=
= |:||j(|: AlMo|cH

2 MRS FRP MA|ITLx A7 Al H|ZE SME S0HEs!
7| gl zl&el Hw ZEM SF Hlg & ZEE(Ge: Glass
Content)e| 282} 1 #slof| w2 SEAA XEEHlaminate)2|
TAY =4 Mol #st ATE S HE QUL (Kang et al.,
2014; Oh & Hwang, 2015; Song & On, 2016) ESHE M|

7= NIE dgst 22|52 MAlTxol SR, dRel R

2 2sks Soll ulel SSEel T BY wals Teisiol
TEAZ| o BEIE Y2l Uolikel 2L Aolg £
B 4 o= BAS GB FME & o0, 08 NS

GFRP(Glass Fiber Reinforced Plastics), CFRP(Carbon Fiber
Reinforced Plastics) 52| ZgtaAl 2f&Algl EpMul ofM
S| MA|Tz=e| AEsP | AFE HE A (Han et al, 2018a,
Oh et al., 2018b, Jang et al., 2019), A2k} Zop}t 2ATA
A=o| o|xl= Enjof chgt AlEeold AFE 3E df Ut
(Jeong et al., 2018a; Jeong et al., 2018b).

SR MA T MED 22| UTa|E2 A
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2 Hsol| e Tt FA9| Hat 2l 7=k A0 2
MIT S0 = F2 1SO EF(S0, 2019)2 MZolAM MAlst
UE FRP| 7|HH S4ut 77 54 52 %%35’_ ULt 0l
oF FEAI2 Al SAPl 7|Eisk Uon] Zaile| SRt st
2ralo] w2t 25 MlZ2lsiod AMAISK |z 3F 2 SekAe] Z?
AAZEZ0| o Tl FRP MZfekd 5! ZdRle| =24 o wf

ru

M T 2l Xo[7FH e = ] [IHTOH | Hzlol| ARSEl A
Aol 7[HFet TRA[E S Sl 7IHM SME =olskhs 20|
of EL5IC} (Choi et al., 2013; On, 201 ) A2 SEAA] M
M7= MEmof| cist AlsedTt (Song & Oh, 2016; Han et al.,
2018a; Han et al., 2018b)d W Ol2{8t FHATL FRPL| 7 |AIX &
Auo| XOIE X&st dt glon], =g MEE Lo Jl=
(Porosity), &ZKVoid), %?_—EEI(DeIammahon) S| 2 =2 Zgt
(Defect)o| 7Z=2| 7|4 MsS XMskAZ|0{ (Abdelal, 2013; Kim,
et al., 2014; Hakim et al., 2017) S35 AMdtn} Zo| TZ2slES
Hh= SHHofM fploidE REhe TEEC d9 1 98| o=
Actn 22X Ut (Mouritz et al., 2000).

U2 2 odTFolMs Mol el SeA MRTx AME
I kst e |Eol| AR MA Mzl MZEl GFRP2| 21Xt
I 7| AN 24E 1eE = UALE TSR SICE of
£ Il MA| Z0l(£,,)15.9m GFRP MEts ARiCHAICZ X|Yst
0f MY SURK| MEE BAMsiT Ma| QI AKEZS HMxkslof
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UHINOR P MATE MEH TS ZHsHs U

L

= - = — - — —
o Hi=E, % 7= 2 2| vix|, dAlskEsa 22

7 i g01| EEPE B3
AN =24 Soll w2} 75”“._“:} (ISO, 2019; Song & Oh,
2016). Fig. 2= 1SO == % LR(Lloyd's Register, 0[5} LR),
RINA(Registro ltaliano Navale, 0I5+ RINA) S2 MZ (LR

2018; RINA, 2015)0llA] HA|SI U= SEAAY MA| £=2| AE*
ArEE MubdA o490 AXMA =Mooz MaFEs] HE
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Fig. 1 Mechanical properties with change in glass fiber
weight fraction of composite laminate (Jang et al.,

2019)
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FRP 7|AXM =4d& net SaA) MAl7x XS Zgk=t A
Principal dimension
g Design pressure
- Structure arrangem ent. : .
@ — :
a Stiffener layout —> Design area H}/drosfa_ﬂc head,
o Dynamic load,
h impadt load
Hull shape
]
L
c Fiber
Fiber type & Fabnic type,
'? ( P ype) Fiber weight fraction Mechanical properties
3 {Glass Content, G¢) with Ge of laminate
% Resin
£
: y
3 - .
—Coeﬁcn_ent oflumln_ate M+ Required thickness
mechanical properties

=—3 |SO standard, RINA and LR rules

Fig. 2 FRP-laminate design processes of I1SO standard and international rules (Song & Oh, 2016)

Glass Content(Gc)

Ship design

Thickness decrement coefficient

Material density 152
5 (Constant variables) Mechanical properties of GFRP Kop(Ge);= Max|0.7,Min
= Fiber: py; Resin: p, Tensile strength : Ry, = 1278Gc;® — 510G¢; + 123 Rm/i
N Comp ive strength : Ry, = 150Gc; + 72 B
E - Flexural strength : R,,,,l =520G¢; + 107 ’Dominant to structure type
g i=1,Gei = Gei +0.01; Rule estimation formulas
Gcy =0.30;i++ > XRINA rules N "
Gc; <0.90 Laminate thickness & schedule
Treq(GE)i= K1 X Ko X 5 X Koy (GE); X VP
Tonfrg(6€)i= X Tsingle
- Desi Treq(GO)i< Tmprg(GO)i
8 S KES'Q" a"e; M XDominant to structure type
E 5,5, Ko, Bz x pdr, Ay Design pressure (P) \L
5
2 Hydrostatic head , Dynamic load Laminate weight estimation
5 Impact load Ps X Pr X (Treq(GC);)
B Principal simension Design head Wanin(6€)i= pr— (o5 — pr) X (GO); le]
S L, B,V,Cp, A, T, Breg Wy (GO Pr X Pr X (Tmprg(G)p)
M g = oy = pr) X (GO);
—> Shipdesign —> Composite design
K : The safety coef ficient of design pressure Yes
K, : Coefficient of the ratio S/s of design area
S : Long dimension of design area
s : Short dimension of design area No
P : Design pressure
K,r: Thick d, t icient
of ickness decrement coef ficien PIOHG : Gty Winin (GE)is Wingrg (GE);
Fig. 3 GFRP laminate—weight optimization algorithm (Jang et al., 2019)
. . =1 A - =
Table 1 Thickness decrement coefficients by each rule HY 243t Fx MEEO| FH 24| Aol Chst

et

Thickness decrement B L5ty 0|F fsiMe MA| Mzl AFE=l= GFRP XY &
cosfficient Condition bio MEmo| WBA[E ZI} 5SS UDR|S JjMo] M To
52 7} 2Ack. Table 12 1SO EED 2 oM HMAISHL = B
Sta'jgard = B,y 0.3< G, g dsjo| w2 = 24 Aol ARIZ 2o|D lod, 7=
R, ;= 502GE+10" Yz|EoM= 0lF H&st UCk
8500
LR rule g, 0.3< G, <07 2.2 AT
E,, =30G,—0.5x10°
= = AFME IS0 BE & Ma &l 7|eksk GFRP #E
RINA rule A= R, 8-? = %51007 MEE st dne|FS AR HEot MEAIE Zolof 7|8t
K=502G2+107 ' - st JHMsHAL Sl 015 flsiMi= A MUEH viet Zol &
R, ;: Utimate flextural strength et 2RA=ols AlSol thet MEE7F 225, Fig. 1 U
B, : Tensile modulus of QIEUE, ZEIZTot 2 BN FHA, TSNS flE
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H A A 32|10 HBE 7 FEM S
o 0] ZfZ2| ofokeict.

M| GFRP AR 2| ot MEAY 2ot 52 XHESP| @
Slof A Z0I(L,)15.9m MM AlAT CHate=z Ho
sipen, REldF A2t Aol 2 £ T2 MikdA
HEZ MARE AlEo| tiet MEARE S AAIBICE 1ISO X M=
oM 24 FYAIS eElE Hajol w2t MASEL 7| 2
of M=2AlR Ee ZTIAsIon ARZE 5724

A

é
Hu
z

MO

sl 2MFEME TESINL, o] A2 T[HeR 7 XEH
FAHRE T Za ALt 2=E MWEolSIRIct AEe et U2
S ARIMEol HEstezM R E SVl e 7= HEE
FH U Hatel 2| st Alg2old e Soff dst dAcke
SiRon], 2EMoz J|E Yua|En M Lue|Ee|

by

MBATE | mEASIGC
A} S ZA Bis) AL B
wslol et 22 Hx

Azlol| e Al o 2=l He

7t ERZ slof, M2AI ZnE gidsh| flshM= olol| chet

&
AL Tl T HETE o Fol 4RI A} B
of = £t B(Single ply)2l 5 Bz EolE = RU2nq, o
Sleisie| elol Zo| S 7, , = Al (1)1} Zo| E3E % 3
cf.
Tsingze ply Tfibm T Tsin = 2 + o (1)
Py Pr

T Thickness (mm)

m, :Mass of fiber(kg)

m, :Mass of resin(kg)

p; :Density of fiver(kg/m®)

p, Density of resm(k:g/m3)

Al 22 20|

e

rir
FHl

FEIET Lol SH HIE Go

S

B myt+m,

G, : Glass Content
Z=irie| Bl mhE 4| 32}

=Ly (F=m /o, ®

c

T

single ply =

2| Aol 1ISO FEF2| GFRP T-ZAA oM HAlstL U=
FEldwet Xl 2T 2,561 1.208 MEsHH 4] 49t ZO|
thd B9l FAHE e, GeE Halg = ok

w 2.56
Tsz:ngle ly = m( G,

c

—1.36) (4)

w : Weight per wunit area of fabm'c(kg/m3)

Cieloirio] MEAEH 22 FHE Al ()E w2 Mok
(5)) 0d7[oll Fx|2| FAHIE 12i5t Ckg, MAl7 =0l MEE &=
of Bz 48 sl 7= MEDe| P AN 4 ek
A& GeE A 6ot Zo| Hojg 5 AeBg, £ Fo| A=
Al (7)zF Zo| Halg £ 1o, nile] gz M= MEES
27 41 (g2t Zo| Halz 4 gict
w= 3.072 X ngle ply X Q: (5)
(2.56—1.36) < G,
G= ®)
laminate
wW. o o = 3.072 % Ts‘ingle ply (7)
single 2y (2.56 —1.36) X G,
3.072x T,
Wminate = (M) % n ®)

aminate (206 — 136) G::

MEME GFRP M| & MEH0| 710 5k 2

M T, & HMAIGHR 2lon], MM MaMIA Zat 7, =1 0|
Aolofok BICHA! (9)). 4Z FaAle m2isld ogs .-
oM el ElEol whE HEE A 2ol HE5iH 7=
sEpio] 29| walS Algelold & 4 it =, 7x HEE
o RAE 43| 5l A4 TFHE FFAZ £ Us 7
M7 deliel S8 GeE &2 + Uch

T;nfry = T]?eq (9)
T prg * Thickness by manufacture design

Tpe, :{Lequiered thickness by rules

o€ =01 1ISO

QT HLAI(A] ( 0))2 2l&slof dsiH cignt Zot
Tpoy = K, X K, < s X VPX K, (10)

K, :The safety coefficient of design pressure
K, : Coefficient of the ratio S/s of design area

S :Long dimension of design area

s :Short dimension of design area
P : Design pressure

K, : Thickness decrement coefficient
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Ol K2 MRl BBk AAsiEe] FR0l e A%
oloi, K= MABIES B MAeEe| FEH|2 0] HA| A%
Olch K= YA MEE SIS HEll W T Wat HE
(Table 1) REHIT Zattlol P Hslol ui M5To| F52
S0l ZREICE 5 K, K, 5% 22 MAZzi0| BR=H MA

o
of 225t MASKES p7t 2E=E1 25

o o

Sl AEE Geol Bz
e HEHe| meldmoll wet MEEe| eI 28=s
Z30IciA| (10). w2t ofret Mete| MAIZEA Hapt gig o
A8 Ge Hajol e FH daE Fofd £ 2leH, 7%
£ EFA7I= HEHe| 277 ot &S 4 Urk 0] YA
RINA rHEollAM MA[SHE RUes T 2 ASE 2185101 HY

of Halsiet Al (11)2 22 MEme| 99 e Held
of. 2 olZsigisol A g o
7} 552 olE o2 Helsied Al (12), A (133 Zo| &

Geoll e = XEHe| 7 22 Hoig = Uck

3072 K, X K, % s X /Px K,
(2.56—1.36) X G,

laminate

a=K xK,xXs5x\P (12)

3.072% a X K,

VVIaminatez = m (13)
AL (13)2] ghol z|28t & el Gert 7xE MBEL| FHE
Faslshs SIS0l BAlg Hale NIl ZRYTY 2

=
to
my!
n
o
)
O
rir
|'>-

Ofok 50 70%E =1tk == gich F, A (14) & Sl 27F
LA~ O

152
(502G2+107)

ZollM 2HI5| CHEACE

3. MEAEES St Yu2|E
3.1 AllAlet jeo} FRP IR HE

FRP AR HEot MEAIY ZE MBsP| sk ARMet
2 B2LE(15.9m)F dMMEUeE Fo MAAIRKR Table 22t
Zoh MMU-Gh2= YEoz Ya| AlEs Relds 2
2 MzE &2 3§ el xMEo|o{ RINAZFE] CE RCD(European
Union, 2013) AA QI1ES ERICE

Table 2 Principal particulars of MMU-G52

PROFILE VIEW

.
B e o
Value Unit
15.9
13.15
4.64 m
4.29 m
D 2.5 m
T(Displ.) 0.95 m
Displacement 25.47 ton
Speed 32 knot

Table 3 Design coefficients of MMU-G52 related to ‘a’
a=K <K, Xsx /P

Symbol Value | Unit
K The Safety (;?iziirznt of design 99 1 _
K, Coefficient of the ratio S/s 0.15 -

s Shorter dimension 0.41 m
Design pressure 111 | kN/m?
@ 14.32

Zs} A M7z MER MA ez zlhf MAsE
(111kN/mf) & Hh= MA| AAHE{OA2] AAHSE 22551 Table
3u} Zrond, ol 2 FzIgh 4] (13)e] Akl M8EIct GFRP M
H 2 HEols fedwrb cRIEMY 570921 2E(Woven
Roving, WR)Zl21} HZste $=X| Z2|ol|AE{(Polyester) 7t ARZ
=AW MEI MA 25 2YUAE FEE Ge J0%E MEE[Q)
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o] LAMA| Aol MEE Fl= 13.86mm, THIHAE 7|
= 19.65kgiCt.

M| 2 HMZl| ARZE YRS X2 54 2F 12.23mm
o AMES MBI, 1AH|ISH|(Hydrometer) S 0/85101
HEE AMED X|o] H|S 2 55U L(Fig. 4) 0IF eIt
™ Table 49t ZCt 0= 4 30 H&3si0d 7= HEMe| 7
AlE2lolM(4] (11))oll MEEICH

Fig. 4 Measurement of the relative densities from sample
GFRP using a hydrometer

Table 4 Raw material’s specifications for hull plate from
experiments

Item Value
. Fabric type Woven Roving

E-glass fiber . . 2
(Reinforcement) Weight per unit 570 g/m

Density 2.62 g/cm®

Polyester Type Thermosetting resin

(Matrix) Density 1.10 g/ecm?®

3.2 MW AME HE 2 HEAIH

GFRP TE HZTH 25t Lma|Zol H5Te| T 242
x85p| 2I5i0f 2UR9l K2 $X/2| UTS HSHSIAOD,
E-glass 2RSS0 5 4 walol w2 HETe| TN 24 ¢
35 Eolsiy| 25101 AST 5083(ASTM, 2017a)2F ASTM
D790(ASTM, 2017b)ol| iz} Ql&fal ZEIAES AASINICE

r°§

Table 5 Laminate design for material testing

T. Trumi Weight
Ge | Ty [Py Mo T |G
0.3 1.43 4 5.72 12.51
0.4 0.99 5 4.95 11.74
0.5 0.74 7 5.18 13.14
0.6 0.56 9 5.04 14.08
0.7 0.44 12 5.28 16.09

2YNE 5 5 41271 HEAZIH AOI= 40mm x
40mm HESE AlMIZ 57 X|(&ElE Ge 0.3, 0.4, 0.5, 0.6, 0.7)
£ dAsIen|(Table 5), $XE SHE Sl HEHS M=t

o
Xl Fig. 5= E—glass 28A=0| 70% E&E AME HZF Al

Aot H2AIHS 2ol ZYE AlES 2o[ Tt

AlHE AR ol Heket siElgs Alsk| 2isio] 37
of 7§ EXsilen(Table 6) OIE HIEF2RE 2t AlH| B
82 MAHLSIACKTable 7). AIMIZE MAAIRC eiElg0] Chk
A HEE dekg 2ol ot Al 24l 2 J&ol 8t
= 2RZ HEoEmFig. 6), ol &g Ha{Ge 0.318,
0.327, 0.474, 0.511, 0.601)0l| w2 MZAIY Z1t ZAof gt

LSIXCE

57| eElg aE0l sl olEt ZeAee 2t 73 = Ao
AlSIien] AlgZtE ZA3lsIH Fig. 72t 2ol AlgZniet

ot

SISO EZF, RINA el =84

=
I
o
=
tolt
=

n AT
1

o my mY
=l
i

BHWSI0] 20| glond, S 2 ALk g A 148 [F2lst
7| fliME ZEZE FHA(Table 1)2 2R2E 5P| Iz =
HolMe ZeAE Zoet oiRES siict IEdT Algdnt
= Chg T2 32 gt ofd & M5 51883 M0 o

S ACt

Fig. 5 GFRP structure with 70% E-glass woven roving
cloth and specimens cuts for testing of tensile and
flexural

Table 6 Dimension measurements of the specimens

Ge | Length | Width | Mean thickness | Mean weight
design| (mm) | (mm) (mm) (9)

0.3 | 125.7 13.1 4.94 11.83
0.4 | 125.7 13.1 5.66 14.36
0.5 | 125.7 13.1 4.96 13.86
0.6 | 125.7 13.1 5.54 16.52
0.7 | 125.7 13.1 5.95 18.76

Table 7 Ge(Glass Content) measurements of the specimens

Gc

i 1 2 3 4 5 6 7 | Mean
design

0.3 ]0.328]0.326|0.322 | 0.315{0.304 | 0.314 | 0.314 | 0.318

0.4 10326 0.33 | 0.327]0.325|0.325| 0.33 | 0.325 | 0.327

0.5 |0.473]0.482|0.469|0.476 | 0.47 | 0.471]0.478 | 0.474

0.6 |0.514| 0.51 | 0.51 |0.511(0.509 | 0.51 [ 0.514]0.511

0.7 |0.601| 0.6 |0.608 |0.606 | 0.599 | 0.595 | 0.595 | 0.601
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Fig. 6 Comparisons of design Ge and measured Ge
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Table 7 Comparisons of optimization results
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Fig. 10 Comparisons of laminate-weight change by material

A elokn} & JIX| ZEkst A clol| 2 M| el cheH
Mot ReldFet (o] HARY 2ol XjolE H|wstH Fig. 102+
2o} 7|= Y2|Ee| AR 7.4% 2SS 25l fFeldw 2=

5% S20F X2 JhMEl A2 |F2| H 17.6%2
fF SV Soll 36b.1%2| Bt Itset 2oz Al
o

. O 5k & GFRP2| 7|AA S4g &8sl &

oY 1o
v
2 op
= ol
oy 1o
o on

a

o
r=
n
£Q
i

sfo 225t AlZ2okdo] 7I1537| o2 HetEct

T IR ZEE Aol wet RRldw 2=l Sl Hat
7h WS, olol| whE 7= HEHe| T etz olgt 7=
orYdE Bolsp| flsto] Ma ol wet M| 2T WItE
ZIHSIICt Fig. 112 F 71K 2=t Aokl we St
MA| Ee] FEX|4 WS TARlS10{ Ho|1 ok JHME
2| F0lA FElT 2 SZo| ZOIEU MA| </
of FH7LH E0IE ZE¥E2 HolE olf= HEH2| 7|[AX =

JSNAK, Vol. 57, No. 2, April 2020

1k



FRP 7|AIX =d& 12{at Sean M7= HSH ggst o

Aof| Z[eet S
s B7I2E oS 2 $A

BLT Hok= #Xsof 286 RINA 780l w3tend, Table
9t HI7HADIS vlwsio] Ho[1 QIoh MA 2E FHel A%
22 Qlslo] 25l28] rslh AZ Aol METe| 58
£240| 126.08N/mnfe2

71|°F°| 01883—101| et =else

o ALk g

e~
r_>L:U

Midship Section

Fig. 11 Comparisons of hull plate thickness and Gec of
original and improved algorithm

Table 8 Comparisons of longitudinal-strength evaluation

results
Original Optimal Optimal .
ltem (Desian) case | case |l Unit
(Rule) (Test)
Bending stress | 5.707 8.33 9.84 N/mf
Allowable stress | 40.59 54.95 126.08 | N/mm?
Safety margin
(Bending/ 85.96 84.87 92.20 %
Allowable stress)
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