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Abstract - In order to apply the properties of fiber reinforced plastic(FRP) to support
panel of polyurethane foam in LNG storage tank, we estimated the mechanical properties,
degree of vapour barrier, chemical stability and thermal conductivity changes as ageing.
According to the results, the mechanical strength (ig. compressive strength, bending
strength, tensile strength and shear strength) are more than 30 times higher than those of
plywood. The FRP-polyurethane foam(PUF) composites have lower thermal conductivity
changes as ageing than plywood-PUF composites. FRP-PUF sandwich composite for LNG
storage tank with these remarkable properties are compared the abilities of these
structures with those of the conventional structures(plywood-PUF sandwich composite).
Finally, we can obtain the effects such as superior mechanical properties and fuel saving
through improved ability of vapor barrier.

Key words : FRP, LNG storage tank, facing material, polyurethane foam.

1. B ol glom FuolAg ALgHF HA F73

Z7h8ln e FAolth HArt: ALE e

A AAHQ SA g BN nzz R T 9 g AXY ILNGAZ=HaY A
Ay Algel Z7En Qow 1F 53 AHx 2d A= gl
LNGE g4dg F 1% 52 37182 2 LNG AA"gaE Azo o 3A Pee

Tz} : ksb@kuic kyonggi.ackr - 28 -



FE YRS FH2Ee) LNG 3928 $8 oA 7bsd 37t

d B 9%uA Eldez UEss o 9%
U el e BuyAg HelolEE wlio £3
dle] ALE3lT oo 9Bl Bele HuA
2 ZYSsdaEES AEstn gl oy Eg
Ldg Z& WHol plywoodE AL Za$d
g HAAR  HAANA  AEsm g
Plywoode 1¥a WA 7taiFe 4y 2
3EFS 24 AAE1 dEdEdy By =
AUEY BdE M2 dAAN7e 9 3) &
gt Fo wxrtavh B2 BEHER
& "olF= Vapor Barrier® 9&& g} ol
g 7S YE3 Y37 YA Plywood

E D $58 JAH BHE A an 2)
I AAN FE EHREo] olopala 3)

7bEAde] goldokaty 4) EESAg E3 &
g AR AL 36 x 10°%m)E 7tAHok
Lia=

A AHEEE Plywood: Apitong Plywood
9} Birch Plywood ¢} Lauan Plywood, Beech
Plywood5°] 9loy, ol&L 25 HIdteg <
2FANA FEdHR oen ARE 4w g
of ula wi¢ mrlolc} ¥yt oljel Exe &
AN FA LAY Afode 3 53 e W
Fol A 3= A= Sl dAl FHANM &
olelgo] WAL gt whEhA] B Ao A
o2} @do]l 9+ facing materialgl plywood
WEAA 2 iotRA, et Ae]l 4%
2 dAE}r] H43 ATy dgez A
A 9 2L 9F5H ANY, FAH3
EE ¥3EA g £ dRUel HA
A4 H4¥5E B3 plywoodd
H7ralsi o

[s;

iy rlr o

F

=
s

A

4

L

2 m 8oy
20w el b

ofm
%
O;
o £ M1 N

7

_,_.
off
2%,

2.4 4
A" FRPE g@slolnlo A AjF3 Al#H
AR 3lE T dEEE KSM3305-964
Abgstel EAE A m, 9% FEE KSM
3305-968HE AEddoen A¥EHLE KSM
30069 1384 L4k 23 =9 A
FEe 47 ASTM D9703 ASTM D5379¢
A8t FAs4Th s dRUold dE
AAAG Hrte sl 9 SdE ol BEYYdA 6
F AHE FXAL T AESAEE AT
HrtslH o, 433 H4¥L Gas Transport
& Technology(GTT)H & Al&3te -192T
9o A2z 24 FF F A2dA 3087

to tjo

_29_

HA et BAHE 33 WHEF F Sotoz vy
A5E BFAAL dAEEE ASTM C518%
Hog2 ZAHsAUY} 9453 F9 cell +EE
FaAsty] 43le  Jeolrlel B2E JSM-5200¢!
FAA A E v A (Scanning Electron
Microscope ; SEM)& AH&3t4t).
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Table 1. Plywood Specification.m

z=
Ngage Plywood €& =
12 mm 9 mm
Compressive| 4.5 - ISO 3132
Strength, >| 3.6 KSF 3113
Ultimate 30 _ ASTM 3043
Bending, > KSF 3113
- 60 D
Ultimate 50
Tensile, > 40 ISO 3345
- 30V
Tensile 20
Strength, >| ~ 157 ISO 3345
_ * 35 )
shares |~ 238 g0 2
Strength, =| g %,31“ KSF 3101
0) ; &9, MPa

D5 AR Haolm, T e HEXN
* 5 20ToMe AgrIEA
@ ; WA 8NE

3.1. FRPY 2|AIY =M &H
Plywood& thald FRP2 71A1d ZEE

A7l $std FRPe 542 242 3 mm, 4
mm, 5 mm, 7 mmZ HIFAIEN ¢ ZE
g AF AEE EFH3AAUY. 4F AxE
ASTM D699 43 KSM  3305-96HHH &
AEEE T, A% A5EE KSM 3305-964H4 &
Abg3tg e AlgHES KSM 30069 153&
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Table 2. Mechanical Properties of FRP and Plywood.

Thick | gdele | Commessve [ Bendng | spear Strengih
(S | Plywood” FRP” | Plywood® FRP’ | Plywood” FRP’ | Plywood”  FRP’
(MPa) (MPa) | (MPa) (MPa) | (MPa) (MPa) | (MPa) (MPa)
3 - 376 - 342 - 413 - 76
4 - 494 - 360 - 468 - 89
5 - 454 - 371 - 479 - %
7 - 450 - 394 - 526 - 103
9 2.0 - - 35
12 - 45 30 -
' Test Method : ISO 3346 Test Method : KSM 3305-96
Test Sample Shape : KSM 3006-1
* Test Method : ISO 3132 Test Method : ASTM 3043

® Test Method : KSF 3113
Test Sample Shape : KSM 3006-1

ax}] Al€-= & Facing Material?l Plywood
9 A% GTT 7150 #2d 4% F=s F
7 12 mn A HT 45 MPa o], 9% %
T 574 9 m A9 HF 20 MPa oj4te
2 FAd9 goy H20A HiE ups} zol
gratolutol 4 AT FRPY A% %A 3
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Test Method : ISO 3347
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Table 3. Mechanical Srength Changes
of FRP as Ageing in the Sea

Water.
. . Compressive
Thick-| Tensile Strength Strength
(':srsj) FRP' | FRP’ | FRP' | FRP
(MPa) | (MPa) | (MPa) | (MPa)
3 376 374 342 339.
4 494 493 360 359

1 : Not aged FRP in the sea water
2 : Aged FRP in the sea water

Table 4. Mechanical Srength Changes of
FRP as Ageing in the Ammonia.

— . Compressive
T::;l; Tensile Strength Strength
() FRP' | FRP* | FRP' | FRFP*
(MPa) | (MPa) | (MPa) | (MPa)
3 376 376 342 341
4 494 495 360 359

1 : Not aged FRP in the ammonia
2 : Aged FRP in the ammonia
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Table 5. Thermal Conductivity Changes of PUF Panel as Ageing.

Density of PUF Thermal Conductivity (kcal/mh'C)
3 Sample shape
(kg/m”) 1 2 3
PUF Thermal Conductivity  0.018 0.023 0.032
Aged days 20 210 640
PUF Panel Thermal Conductivity  0.025 0.029 0.033
45

(FRP Board) Aged days 25 220 635
PUF Panel Thermal Conductivity  0.029 0.034 0.039
(Plywood Board) | Aged days 25 220 635
Thermal Conductivity  0.020 0.025 0.032

PUF
Aged days 20 210 641
%0 PUF Panel Thermal Conductivity  0.029 0.033 0.035
(FRP Board) Aged days 25 220 636
PUF Panel Thermal Conductivity  0.034 0.037 0.041
(Plywood Board) | Aged days 25 220 636

Test Method : ASTM (518

3.3. FRP-PUF Panele €z T H3}

Facing Material& AF£3H2 %& Zg ¢
g Z3 -?‘”1]7]- 3.1 mm¢ FRPE A}&3 &
S Z EA471 6 mme] PlywoodS AH&3
ZFde o HAARge e dAER ¥
2 P MES FAE EF 25 mm
2 Edstgeon gAERE SAHF T AF
< WE AMEste] WEAIZ F AgskA A
Aolelol B3t g A4 }%0}"1‘4

W57t 45 kg/m’Y Eo A$ BE F A
o] 20¢, 210Y, 6409 ﬂﬁrfﬂoﬂ ozt AER
7k 0.018(kcal/mhC)ell A4l 0.023, 0.0322 W 3}3}
o} eF 0.014 kcal/mhC%7+8+9 2 Plywood ¥
< 0.029(kcal/mhC)ol A 0.034, 0.0392 W 3}s}
o ¢ 0012 kcal/mhC%7}3t9 2y FRP &2
0.025(kcal/mhC)el A1 0. 029, 0.0332.2 WH3}st
o oF 0.008 kcal/mhC %ol &F7}3le 714 &
< Z7MEE Byt
=3 Yt 80 kg/m’A £ A9 AT F
17vo] 209, 210%, 640Y A uret %ﬂ
E57F 0.020(kcal/mhT)olA 0025, 00322 ¥
3tste] 2k 0.012 kcal/mhCE 71811 Plywood
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F& 0.034(kcal/mh )l A 0.037, 0.0412 A3}
3led oF 0.007 kcal/mhCZ718t92y FRP %
2 0.029(kcal/mhC)ell A 0.033, 0.0352 *H3}35}
o] oF 0.006 kcal/mhC %o] F7lste] W& 45
kg/m’e E# Ed&A A we 27hg
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10, 1.3, 17, 20 molA &AF 2S&AlAH  Impact
Force® 7}atgeh. 2 A3 Plywood Panel2
1.3 moll A 7hg FA e ofdte A B &
tog ol 75 &4kl AAHA LY PUF
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Table 6. Ball Impact Test Results of
PUF Panel.
The Height of Impact
Test (m)
. Impact
Facing | \porce | 1 | 13 | 17 ] 20
Material
(kgp)

Plywood 0.653, N/DCJ DC) Dd) DCI)
(12T) | 21 |N/DY{N/D”| N/D | N/D
FRP 0.6531 N/Dc) N/DC) N/DCU N/Dd)
(31T) 2.001 N/DC’ N/DCJ N/Dd) N/DdJ

Temp.: a) Room Temperature, b) ~70 C
PUF Density : ¢) 60 kg/m® , d) 80 kg/m’
N/D : Not Damaged

D : Damaged

Density : 80 kg/m’
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Table 7. Thermal Shock Test Results of

FRP Panel.
Density Test No.
(kg/m’) 1 2 3
60 N/D N/D N/D
80 N/D N/D N/D

N/D : Not Damaged
Test Condition : In LN Chamber

d%7 4% A FRP Panel #do] 24
A %ge #FY F AU

4. 4 £

) # facing material &2 71 FEHAH
+ &= sgolulol Ait®l FRPE AH§38Hed
facing materialo] ZtFojopd *F, AF F
7143 BA 3}, vapor barrierd =, 333 <
AR 5L ZAE 3 ZE oA JIEY
plywood®t} $-58 H2 & veld g HEo

B de Axg2A YA facing material =
FRPE Al£-8 H-% LNG A7 @39 A
o] FAE T =& vapor barriers o2 U3 =
A9 Aol A4 Hes gFd WS UsE
de o4 ¢ dA =9l gEg £ A7y 2
F= LNG A% "#Ha9 45 fjdd=d 7]
o&tsy, LNG A% =#2§ plywood® WA<A
T HIFHos FLE F US HA2E AR
A=

P S R |
1. J-M. Cho, B-J Park, S-H Cho, and

S-J Lee, Proceedingsod The Second

Asian-Australasian Conference on

Composite Materials(ACCM-2000),

1278,(2000)

2. A, AdAdQFEANA 13,

7149 A", 3, (1997)

14% ®¥=a

_32_



