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Comparative Research and Optimized Design of Pressing
board for Installation of
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Korea Maritime University

Abstract

In this study, an optimized pressing device for secondary barrier
installation regarding membrane MARK Il type cargo containment system is
studied experimentally. The secondary barrier is built up by bonding
with epoxy glue between Rigid Secondary Barrier and Flexible Secondary
Barrier and the new pressing device improves bonding condition such as
decrease of air bubbles in the bonded area, increase of adhesion
strength. To qualify this new pressing board, a few test were carried out
to compare with the original pressing board. Advantages and
disadvantages of the developed pressing board were found out to decide

1ts effectiveness.
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Al 2 7% Staged FH] I =

2.1 Mixing stage

Secondary barrier(FSB + RSB)¢] 7 Z}o| A8 Epoxy gluet™ 293 4 24| 2A4]
Resin¥} Hardener® /%W, 74z} M=ol &7]o] HAA dEFdr. o] 7] A
M= HER Aste Agu A gom, 38hAFe] 544 By 3 ARg] g A
= A7= Bo] JARAFLAE St M Fasieh E Ayl AFEE Epoxy glues
9= Huntsmanjitoll A A2FE] = #|3Eo]™, Table 1 Makerol| Al Al-&3F A& F2
5o, Table 2% H3 9 ARg-o] gt 74 olth.

T = Resin Hardener Epoxy glue Remark
(XB 5032 A) (XB 5032 B)
o Kl Kl A Huntsman,
v & 1.35 ~ 1.45 1.05 ~ 1.15 1.05 ~ 1.15
A E(at 257C) 40 ~ 60 25 ~ 50 140 ~ 200 England
Table 1 Characteristics of epoxy glue
T W Resin(XB 5032 A) | Hardener(XB 5032 B) Remark
BT 5°C ~ 35°C 5°C ~ 35°C
EEOE 24N &%, £ A7) 7bss AuEa Huntsman,
87|13k 1d 671€¢ England
EFH(PBW) 100 | 55 £10%

Table 2 Regulation for storage and use of epoxy glue

Fig. 3& Bygae] 2443 25 #dE 93 &5 71579 J7delh

Fig. 3 Temperature & Relative humidity recorder
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Fig. 4 Epoxy glue dispenser

Epoxy glue dispenser= =AA Al 7}# FoA4v2 FAHY, Fig. 59 Pumping
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of Yol HslE Fxste] H=E v g2l Hardness test7} 8l

Fig. 8 Mixing ratio test Fig. 9 Visual check Fig. 10 Hardness test

2.2 Depositing stage

%, Fig. 1137} o] Epoxy glue7t =X 5
+ RSB WAHES 7]FS=R Flat arear™ 99WAY 560gs FH|ZHE EZFd
RSBell =33kil, Corner arear= THHMAY 600gs EEdte] =Xt o o
Epoxy glue’} RSB Aby-of hH-A o

#13te] Fig. 129} o] Notch7} &

Fig. 11 Epoxy glue depositing Fig. 12 Epoxy glue spreading

2.3 Pressing stage

Epoxy glueE Resin®}t Hardener’} 23 ¥ & ¢=1HE A7 A1ZFE 22 Makerol

A A& Open time 78S WH=A] &30k gt} Open time Resin¥}t Hardener
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E] Pressing deviceZ} Ax ¢85 @ wj7}x]e] AJZte]w, Open
times =584 @S 45, A3t Aol de® " Epoxy glue Spreading®]
% FSB Covering %, Pressing deviceZ Azx|slo] &S ggslox
z

4= = glom® Table 39 Open time % Curing time T4 & HFE=A]

Temp.("C) Open time Curing time Remark
10 2 ~ 3days 2 ~ 3days
23 4 hr 10 hr
30 3 hr 4 hr

Table 3 Regulation for open time & curing time

Curing time< Pressing device A2 ¥, 7Z3}7} 28 % o] Epoxy glue?} &7 =
L & wj7bA| Pressing deviceZ} AlHojoF shi= AlZFo]™ Fig. 133 #Fo] FSB
covering ¥, Pressing device®l Squeeze-out® Epoxy glue7} B& A& WA|sl7]
$18te] Vinyl coverings 3tal, Fig. 149 #o] Setting bar®t Air bags 3}
Pressing®] 7}s3lt). o] wl Flat areat™ Air bagel 250mbarE ¥33}x Corner
area?l 9 300mbarg Fgdtrh o ¢4EL2 FSBE covering® wl FH== F7]0l

oske] AATAe] Air bubblee] FAHE AL WA A B e,

Fig 13. Vinyl covering Fig. 14 Pressing device installation

2.3.1 Secondary barrier pressing device

Pressing deviceix Pressing board®} Air bag % Setting bar® T4 ¥t} Pressing
boardi= “ga} shato] 3 MER #p¢fo] o] FojAH FiE Bendings WAEH] 9
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Epilon sheet(3t)
Fubber sheet(2)

Flywood (188

Pressing board(L{f &)

Epilon sheet(R.1503)

Rubber sheet

1, ME Eva ==X, Polylethylene vinyl acetate) 1
2. Vinyl acetate £H2F 14 ~ 18% 2
3. Shore "A" B & 14 ~ 15 3

. FE SBR

I

2L 170 ~ 250kglcm?
. AE 300 ~ 700
. Shore "&" B B7 ~ 68

CARER 2] -A0°C ~ 100°C

Fig. 15 Original pressing board for flat area

e(bt)

Rubber sheet{2t)

EW4 spon

\ Plywood (18t)

Pressing board (L &)

EVA sponge

Rubber sheet

o = W
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Fig. 16 New pressing board for flat area
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—— DETAIL — "C

= 11

> |

Flywood {2 1t)
Epilon sheet (3t = 2 laver
Rubber sheet{2t)

Epilon sheet(R.1503)

Rubber sheet

1. FHE! Eva ==X|, Polvlethviene vinyl acetate) |1, ZHE! SBR
2. Vinyl acetate =FZF 14 — 18% 2. 2B/ E 170 ~ 280kg/cms?
3. Shore A" A% 14 — 15 3. &S| 200~ 700

4. Shore "A" A X 67 — 68

5 AEES A0C ~ 100°C

Fig. 17 Original pressing

W TAIL — "(

board for 90° corner area

11

|

Flywood (21t)
EVA sponge (B

Rubber sheet{Zt)

EVA sponge

Rubber sheet

1. THE Eva 7]

2, eIE=ZrE 23kg/cm?

3. Shore "C" &£ B6E1KS M G518)
4, H|E 0.26g/cc(KS M B519)

B EHaEE 1.3%00CH1TC X 4050

=

H

e s

el =2k

BR

&£ 170 ~ 250ka/cm?
&1E 300 ~ Y00

Shore "A" H = 67 ~ 58
AEY 2| 40°C — 100°C

| W W

Fig. 18 New pressing board for 90° corner area
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DETAIL - "G"

Plywood (21t)
Epilon sheet (3t) = 2 laver
Rubber sheet{2t)

Epilon sheet{R.1503)

Rubber sheet

2, Vinyl acetate &2 14 — 18%
3, Shore & 2 & 14 ~ 15

1. FH & Eva 5=X], Polylethwvlene vinyl acetate)

ST

& SBR
2lEr2FE 170 — 2E0kgfcm=
+lE 300 ~ FOO0

. Shore "&" & 67 ~ 68
L APEYER] —40°C ~ 100°C

Fig. 19 Original pressing board for 135° corner area

PETAIL - "G

Plywood (21t)
Ev'a sponge (Gt

Rubber sheet{2t)

BV sponge Bubber sheest
1, A& Eva ==X 1. A E SBR
2, 2IEZVE 23kglfom: 2, 2IErZtE 170 —~ 2BE0kgfcm:=
3. Shore "C" HE BB+ 1(KS M 65182 3. 418 300 ~ 700
4, HZ 0.26g/cc(KS M BE19) 4, Shore & AX BT ~ 68
B, @==8 1.3%70°C+1°C = 4057 E. AtZ2H 2| —40°C ~ 100°C

Fig. 20 New pressing board for 135° corner area
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2.4 Testing stage

Pressing board®] Epilon sheet®] A& % F7AWA 2 522 Insulation paneli+e]
Gaks By 2 Faste] Al odd dEeES I FAlOl Air bubble
= HiE A7 sk Adrbel wAdel oste] Epoxy glueZt FA4 Leak7t S 7he

B+ &l AeolH, 118 E Epoxy glue®] FAE RbHste] o U74ds &
Al71= Aot

2.4.1 Pressure sensing mat
Pressure sensing mat™ New pressing boardE 2o AX3}e] Air bagol 14
d gEs eHsle Wl AR FAEEol A= dEs 2AsEe] 1t 100mbar

g wEahA PFae gulolt

Fig. 21 Pressure calibration tool Fig. 22 Pressure sensing mat

Fig. 21°] Pressure calibration tools Pressure sensingS 3}7] #, Pressure

sensing matol] 1At = FHAAN Y JWHAE FHEAsH7] flete] AREE T

Fig. 22¢] Pressure sensing mat:s 7}E 487l, A= 427019 =& AA 7} ¢F 10mmzF
o2 F538] f1Aste, oF 2016709 AM7F AEs = ¢hEE ddd veR &9

FomA HAAE HaFo dedE= hEo] duliAlE €9 =

st A dEEEE Moz EFHIAY, A FEFHL

Insulation panel?te] %z}

1=}
A g olmA/MAE I RS G4 FAE 5 Uk
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2.4.2 Cryogenic chamber for single shearing test

Inner hull W< Epoxy mastic® E3}e] A X%+ Insulation panel, A Aol &
< dHlste] 30mm FAS A AAEEE AAHQ o, ks AAE F )
Insulation panelo] o]u] &= o] = RSB Ao Epoxy glueE =33}, FSB
A&ste] Coveringshi= 292 Secondary barrier7b @4 €tk webA  Secondary
barrier B3k A Ao RH o2 Qste] o= W ¢l# o] FAstH, FHoke] AL Primary
barrier?l Membrane sheete] Leak7} A5 v, Secondary barriere -170°C¢]
A G5 1S dulob @tk webA New pressing board®  Secondary
barriers @A sk RSB& FSBE A& sile w, AAEH wtE dFstse A=

o ™=

f

Ao oigk HFo] B3k, Cargo Containment Systems AASH GTTilollAl 14
ok glckekAle] w2 AT s THESte=A] &92lsl= Single shearing test® 438
dlojok dlt}. Single shearing test: RSB} FSBE Hzbsl AJH S 50mm X 50mm=E
Adste] Fig. 233 o] F /Mo FYst d4S 72 AL supportoll Fig. 249} o]

Polyurethane glue® F23F & Fig. 259 Cooling chamberolA A|#HS F A7+ 7}
2wyl -190°CY] ZHolA WdZFAZl % Fig. 269 Cryogenic chamber ujollA]

-170°C, 1.3mm/min®] ZH o2 Q1FA S A Aste] vprkr]e] QAAstFo] vpekdiAt
of e AFEF S A T AR AAS A ok

50x50 mm sample layout

/"-DIA 21mm

155mm

g

Fig. 23 Single shearing test support
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DE 1AL "G"

Polyurethane glue(BOSTIK 18411 A3/B)
RBS(Rigid Secondary Barrier)
Epoxy glue(XB 5032 A/B)

. FBS(Flexible Secondary Barrier)
L e

Polyurethane glue(BOSTIK 18411 A3/B)

G

'W//////////////

///////////////////////////////////’ AL support

AL support

Fig. 24 Assembly drawing for single shearing test specimen

Fig. 25 Cooling chamber

Fig. 26 Cryogenic chamber
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2.4.3 Measuring tools and method
Single shearing test®] ZAXx}= Fig. 279 #Zo] Z+ztel HaAdnmit) oAl 719 AlH

| h
2 A Aol Aolu, BRA BAol UL A%, BHA AW g

: T Hel Al
A AAFs] HAEZF aEc EE 5719 A F 37 ool BRAY A

—

Spare Al o]&3to] 5] AlS AA AL, AR AlE T s ool &Y
A4 79, RSB FSBE thA] A &ste] 570 A& 50mm X 50mme] =7] =2 2

Aetel ARG Az Bk,

—

[ Control during production ]

| Test one dummy (5 samples) |

Is number
of falures
=1

NO

A

Ignore result and repeat test for each failed sample

Bis (generic procedure applicable at each step)

Is failure
due to
testing
ProcCess

f

TES

NO
1

Test more samples from dummy
(2 samples for each failure)

Is number
of falures
=1

NO

YE3
1

Collect and test 5 samples
from new dummy

Is number

N7 NO of falures TES
=1

[ Control during production ] [ Control during production ]

Fig. 27 Sequence for single shearing test
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4z
e
o
ofo
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o
fu
-
ofo
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-
pacs
rir
o
e
oQ
o

lo

1. Cohesive rupture: Epoxy glue WellA stetdbAl =87)1%
2. Adhesive rupture: RSB or FSB$} Epoxy glue®] ZAHo|A b Ay 5857
3. Support rupture: Polyurethane glue WollA Ipebdbal 42857}

4. Substrate rupture: 3}¢to] RSB or FSB }Aol| A WA, =887}

vteto] Cohesive rupture?l 7%
stef Fig. 299] & Fsho] §F-RAe] 7hssirt

© Cohesive rupture®|t}.

e sk ghell e &
j=s

dl 7HA] ]

o

]_

Fig. 289 AA2AS &3] Cohesivity rateE =4

Cohesivity rating is the ratio of the remaining glue surface
(green on the beside picture) to the sample surface

Remaining glue area

Cohesivity =
iy Sample area % 100

Adhesivity rating is the ratio of the bare substrate surface
(white on the beside picture) to the sample surface

Bare _substrate _area

Adhesivity =
¥ Sample _area <100

Fig. 28 Cohesivity rate & Adhesivity rate

100 %
97 %

.........................

B [ o T LR A L

Cohesivity Rate (%]
2
B

0 12.5 25 37.5
Ultimate Shear Strength (kN)

Acceptance Zone

Acceptance Zone

If the conditions described

in (") are fulfilled

Fig. 29 Ultimate shear strength in accordance with cohesivity rate
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Single shearing testollA] dl§-&¢] I+ Cohesive rupture’} ©}xl Superficial
cohesive rupture?] Yoz WAE W, Superficial cohesive rupture™ Epoxy glue
ol A shto] dojupAnt 7pgate] oF wl-g- 2k Ao A A st ghekekdolt),
wp2bA Superficial cohesive rupture’} FSBoll 7MaAl @AE 749 FSBE 3xwol| =
gol mo] A %ol Epoxy glueE F53 &4o] o} glormz Superficial
cohesive rupturedl ot &21& & 4= 9lom, Fig. 299 Cohesivity rateol] ot <1
dots e vaste] RS & 5 vk shAIRE, «3fvko] RSBoll 7PAl A S
I o2 Qlsle] Epoxy glue7t & HA @FoBn= wog 2st7|7h
oAt ¥ A9 AHA P (Fourier transform infrared spectroscopy)2 %3}
ol RSBW %ol Epoxy gluesol @4¥o] = 3lo] 2Rl #Avw Superficial
i Ao w

o

cohesive ruptureghil IFF3EaL Q1SS ghe] 37.5kN o]ds W=
o1 e 4= v}t FHEFAH ] 7]5Eo] = Cohesivity ratei= RSBe] #Wo| Hol =
Epoxy glued EIXEZA Fig. 303 o] 2.5mm X 2.5mm¢ AAFZE o] 203 204
= Qe F OHP filme& AFg-8te] Al Aol i RSBell Epoxy glue”} wof

A = AEE AEse] PIES 24T 4 Atk

(¢

r°"

O
il

Fig. 30 Cohesivity rate measuring tool
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Al 3% New pressing board A< % H|wEA

3.1 New pressing board HZ2AE %7

Pressing boarde <A g% wlel o] MARK II type LNGA19] Secondary
barrierg /38t RSB} FSBe HzHe flste] AAESow, o1 982 F 71 t}
2 Type? TriplexE Epoxy glueE &3t H2& o {4 = Air bubbles FH sk
A7) A8 AT ot#H S 7pEtE= Aot} o]H| Polyurethane glueE £38)o]
Insulation panel®] Polyurethane foamell 5 2t¥o}xl RSB+ Insulation panelo] 3}
Z W Eo)| Epoxy mastics £3te] 30mme YA 7F2 S E Inner hulld] AXH 3

Fig. 313} o] FSBe} Az}

Ko,

Epoxy glue i Upper pressing board
Setting bar Air bag
Insulating panel Lower pressing board

Flexible Secondary Barrier

1=

Rigid Secondary Barrier

Bearlng mastlc (ropes) /

Fig. 31 Secondary barrier installation principle

o] wj dAI HAew s HXEHE PanelEL Epoxy mastice %3] Inner
hullel] o]v] =¥ ¥ Wash primer®} &S F3sto] AXHW, A7l drsr] A 7
A o wWE A& Alzko] AQ ¥ Uh Epoxy mastico] 943 AE wizbx e 4A

=
= ZAAEL Panel2 BoltingdhAl 22 ets]

>,
B
offl
r o
s,
[ab)

=)

@,
o,
k1
ol
it
&
%0,
k1
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A X% Panel¥ Panel X2l whAsich, o] 2|3k Panelire] wxl= RSB$} FSB
2 A% 9 o ¥ 4 Air bubbleS HAAIZIER, Air bubbled Hug A7}
7] 9)8|A = Pressinge] E7F9st, 71 938 3t Pressing boarde 1#|3F A}
w3 BAY 5 Qes AAHJY. wEd 2 =&edA A7lEE New Pressing
board W3 123 dAE WA T A=A HSE7] flstke], Fig. 3294 ol

=
Panelzte] w212 A A3l A3 49t}

Corner panel

\ / Corner panel

+1mm

- Corner panel

Flat panel

+1.5mm

Flat panel

gl

+£2mm

|
|

£1.5mm

Fig. 32 Step between panels
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ke
=l

H]

i

3.2 Pressure sensing matE £3F o=

RSBe} FSBE A #sl7] 98] AME-E+= Epoxy glue(XB 5032 A/B, HUNTSMAN)&
At T, AEe AN 46 ofst & FejAE AFe] k. Epoxy glues F7
o2 RSB =¥3F % FSBE Epoxy glue7}t =9 99| Coveringd w 5=
Air bubble ZZ ¥} o] Hztolo] Ao R Agst= o digh U7HS A
shA A BN ol HATHE FHce Aol € F dornE o
Pressing boardE &sto], F&7"219] Air bubble 3Hi@ol tg #A8S WH=EAIA +#
RE=E FHAgE Ao oRt ghrh o] wf, XA O 7 Pressing boardell HafAl=
He Air bagg Eote] FFEE dHo=2ZA, HAFAo] Flat area?l A&

e A
=}
250mbare]™ Corner area?l 79+ 300mbare]t). HaFHo weE A Ad=HLS Fig.

fl

339] Air regulation system2 %3}o] Air reserve tankol A% o] &= 7bard] &
Zo] 250mbar T 300mbare gHFoz Zdu ol FFE 4 Jul. 3 Air
regulation system< Epoxy glue makero] 4] A|&3 FH2%o] wlE Epoxy glued

HA2ABANES AAGE S ASH0E FAA) 7]

H =2

fr
12
i
ftlo
o
i

Fig. 33 Air regulation system
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Air regulation system< E38to] H2RLAo A3 FHo] AEdE A wt 30mme] Gap
S T3 U#Es] AA¥E Insulation panelEd AXExE HASHFE Pressing
board®] Epilon ¥ Rubber pade F3¢ES Stz 4#H &40 WAt u}
24l A Flexible Secondary Barrierd] 483 & A
TAE A 9le™ Flexible Secondary Barrier7} zsle] S3 ¥ & 7 50mbar
oo ® tAgEo Utk HATA TheiA= AAYE AL

bubble ¥kt AHARJA Aol 7] wiitel, A AaClM ARSEHIL 9=

2
JE
rlo
—
o
)
8
o
Q
=
o
>
>
o
fr

Original pressing board$} &+ =& &oto &7|¥= New pressing boardE A&
shele o, "G AEH= d¥e Aes AAXAYN Hug sdsA 24 H
Hlushr] fleke] thg3 o] AS st WA RSB Aol Epoxy glues

Z=¥3}al FSBE Coveringdt ¥, Squeeze-out¥ Epoxy glue’} Pressure sensing
matol] E8}&Eo] A3 = AL @] ¢35k Polyethylene vinyl filme 2 Coveringst
At} o] &, Pressure sensing mat @ Pressing deviceE X sta 29X o ulzt
T4H ¢=S Air regulation system= F3lo] F53F U Pressure sensing matoll

A gEe] magde, dEol AR T2 290 veha ggow
=]

o
gadle W A7 485 = el @ el vad ¢ =S YERITh

T 7 Original pressing board New pressing board

Corner
90°
Step
1.0mm
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+
e

Original pressing board

New pressing board

Corner
135°
Step

1.0mm

Flat
and
Flat
Step
1.5mm

Flat
and
Corner
Step
1.5mm

Table 4 Comparative study of pressure distribution

Table 45 New pressing board®] Panel?te] @z} BA 7|50 A= A

o] 31 9o, tJEo] Air bubble?] A|A T3+ Bt} go]d Aolgta fFH

24
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3.3 Air bubble % vl

Table 49] Pressure sensing mat®] ZA¥ollA FAHE o] New pressing board”7}
Air bubble®] AA=H] © £o]3A] Peel-off testEs F3t 2l HUTh
Peel-off testi™ ©]7] RSBl Epoxy glueE &3t H2¥l FSBE Fig.349} 35¢F #
o] AAste] Epoxy glue® HAAFHE &Qlstr] 93 AW HolH, H&79 we

Peel-off W L3 ko] s},

Peeling strength
perpendicular to B Toplex

R Troplex  Epoxy glue 5 Triplex

\

R PUF

Fig.34 Peel -off test for normal area

RPUF

Fig.35 Peel -off test for special area
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Fig.34= 54790l {1 Flat areaol H2¥ FSBE Peel-offE & o #&¥= W
WHolw, Fig.35% EPS plugZ7t 1Ag F+93} 3e] Epoxy glue7t &3 QU7
Squeeze-outl.® 913}le] Epoxy glued F77F Sk T+ HEsl= WyHo=zA
Peel-off Zt=% A, $E+ =gA X439 FSBE Peel-off §T}t. Air bubble9]
W AS Pressing boardell osfAwt F3FES W= Zlo] ofym FFo] Hi= 79 o
A AA AR Ay e guddel wEkA =8 dEs AR, 123 ZAE
gk B4l = A o] Pressing board A9 HAo]x BAQ AL AL
Pressing boardE 7lA3dl= Aol welA Position®® 2 + /2] Pressing board
£ AH&3te] Air bubbleo] AE I HE=E Table 58 o] H]ulstgit)

tio
s

T 7 Original pressing board New pressing board

Corner
90°
Step
1.0mm

Corner
135°
Step

1.0mm
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Flat
and
Flat
Step
1.5mm

Flat
and
Corner
Step
1.5mm

Table 5 Comparative study of air bubbles content

Table 5= E93F 2927} Original pressing board®} New pressing boardE AM&-
ko] Zz+7; 53] A4 Bonding® Peel-offE 3@ on, 1 Axp H2R49] whx}

o ¢sle] WAIEl= Air bubble®] $F-3Fo] New pressing boardE ARg3F 7

:{o
i

2 Zo]EASS ¢ 4 drt. Table 5.9 Original pressing boardE ARg3F 4%

=
Position®® 3% &% Air bubble TFH2 TAHXE HoAAW HSE FHGslo] R
AolH, New pressing boardE AHESH A9, fFAXE Hlojd A= gtk oA
Air bubble®] A2 of] o]foA]l 7|J¥ AN 2 AHIHE T3l New pressing

board® AM8E A9 MME Ao & 4 Ak dastsch



3.4 Epoxy glue thickness ZAA &9l

Table 59 H]AE %3] New pressing board’} B2 W9 Air bubbled] g

=y
2 gaAslE $Rol ANHYSES FASh FA, Air bubble HHFE

o

5
©

H=o] AYAA Pressinge] Z ¥ et= Epoxy glue® F77} gkotbd A&

gorw FAE Epoxy glue? ¥4 0.2mm ~ 0.8mmE 9

A 2E

Table 63} Zo] vlm 2 o1z},

1)
i

A

].

s

AN

o

e

?_

Original pressing board

7

(mm)

New pressing board

7

(mm)

Corner
90°
Step

1.0mm

0.44

0.25

Corner
135°
Step

1.0mm

0.45

0.29

Flat
and
Flat
Step

1.5mm

0.40

0.26

Flat
and
Corner
Step
1.5mm

0.38

0.28

Table 6 Comparative study of epoxy glue thickness
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FSB+ Epoxy glueZl ~2HE7] w&o)| Peel-offE E3dle] H249¢ Epoxy glued

)
il
||\
o,
o
o
o,
ek

B
o
-

=7 =7
T8 Bare RSB A Bare FSB A
(mm) (mm)
. |
f(RSB) 90
A2 A, -

RSB & P = . 0.6 0.72

By e

e

Table 7 Bare RSB & FSB thickness
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3.5 Single shearing test

3.5.1 Shearing strength 23}
A7d¥ Insulation panel®] TAHAS F Y LolstA 7] fske], Original
pressing board?] 3mm Epilon ™4l 5mm EVA spongeE A}&3F New pressing
boards= Air bubble AAE 98 FHHDo] oletes: HAHNSE R, Epoxy glue
o] FAE FAaAZY. ¢FolZ Epoxy glued FA= AWAIE Ao & J3S vz
Ao JEF ot FA A ojWgtd, QlEeElE gholle 2 GFo] mAA] &=
= AS AT 4 AT 5mm EVA sponge= BHAJ ol =
of 3 AuAdPS Foto] SR A 7P &oldk AAR HH

6mm7F4 ImmY¥ = FAE E8lste, Pressing boardel Z+zF A-&3k A3 5mm

=
oL

EVA spongeZ %83l New pressing board’} Epoxy glued 7 2 HzH o Air
bubble $Hrol & A Tt 7P AFTSE & F Al ARAEdEE T
o] A 2t¥l New pressing boardE ©3RA AHAEZE &lstr] 9938le] Insulation
paneldl ¢1ol® AHAT v 7o HAHAE AREHATE ZF 7wt 579 A
Al WEE #H S o, Cohesivity rated] W& FHA A4t grell st E-

A& Fig. 299 oJste] 1A% 3.5.1.1¢) ok 43 w At

3.5.1.1 Cohesivity ratell w2 Ha stz gk FH-egd 14
¥ Superficial cohesive rupture$! 7%

> stcto] Epoxy gluedoll A A&k, FSBot 7p7k2 A A A A

dko] Epoxy glueWoll Al 2A8tY, Epoxy glue’} FSBo

Uy, i 7E9 Epoxy glue”} RSBel| Folsle 2%

- A8 Acceptance zone: Fig. 299] -

» Jlto] Epoxy gluedlol Al &AISHH, RSB} 717k 74 Ald ol A 22y
deto] Epoxy glueolA] 28, Epoxy glue’} RSBl kA #&E3d}ho]
Fotoz FEE F glornz Hold EFHETIRSZE E17s38hH,

5] Epoxy gluex FSBe| Wolals 79

- A4 Acceptance zone: Fig. 299 -

rir
o
B
i,
Flot
o
o
it
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3.5.1.2 Flat area & Flat area

O| X |34 M A le
AEYHE MFE [Flat & Flat] AEHE A ¢ 2009-01-12
AlE A 1. 3mmSmin Spec. 2 E
AME=EE H = A
o 2 A E3HA M 24 Secondary barrier
Al E B JdEsE o
Al B AL = 21 Af
A7.000
LOAD(kN)
42.300
37.600
32.900
28.200
23.500
18.800
14.100
9.400
4.700
0.000
0.00 040 080 1.20 160 200 240 280 320 360 400
DISP {mm)
MEHE| CHHE [ HHSHE | IESE | EHEGHE | 2HEHE IHE FHHEY | AXME |[48AMZ2H =&
itd [ KM Ao kM T ek mm T % H:mM:5 o
1 1 35 35 i] 0 1 3,02 302]  :02:09 -1E5,9
2 1 46,61 46,61 1 I} 1 3,72 372 0:02:40 -165.7
3 1 36.74 36,74 ] 0 1 314 34| 023 -169.7
4 1 43,15 43,15 ] 0 1 3,55 J5R| 0232 -171.4
5 1 34,45 34.45 1] 0 1 3,04 304 :02:10 -168.1
Remarks @ = HIA~Z 3Lt0| Pin

Table 8 Single shearing test result for Flat area & Flat area
Fig. 299 wabd AEHE 2, 4HE Cohesivity rateo] W& Hzx AFss gkl
37.5kNET} Fomz 8715381, Al8HE 1, 3, 59 A$ Fig. 309 ET1E A%
3ol Cohesivity rateZ &elatal Fig.299] Feoll thx3t Ay AFstE gho] #AHXE

=
Wi,
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3.5.1.3 Flat area & Corner area

O| X |34 M A le
AEYHE NFE [Flat & Corner] AEHZ A ¢ 2009-01-30
AlE A 1. 3mmSmin Spec. 2 E
AME=EE H = A
o 2 A E3HA M 24 Secondary barrier
Al E B JdEsE o
Al B AL = 21 At
50.000
LOAD(kN)
45.000
40.000
35.000
30.000
25.000
20.000
15.000
10.000
5.000
0.000
0.00 050 100 150 200 250 300 350 400 450 500
DISP {mm)
MEHE| CHHE [ HHSHE | IESE | EHEGHE | 2HEHE IHE FHHEY | AXME |[48AMZ2H =&
itd [ KM Ao kM kM ik mm T % H:M:S o
1 1 33,99 33,99 i] 0 1 332 332| 0222 -171.4
2 1 38.81 38.81 1 I} 1 3,33 333 0222 -170.7
3 1 3372 33,72 ] 0 1 299 299 0207 -167.5
4 1 41,83 41,83 ] 0 1 35 350  i0e:30 -168.6
5 1 41,87 41,87 1] 0 1 373 373 :02:40 -168.6
Remarks @ = HIA~Z 3Lt0| Pin

Table 9 Single shearing test result for Flat area & Corner area
Fig. 299 wgbq AlZHI 1, 2, 4, 5 Cohesivity ratedl] WE FH A AH35 3t
2l 375kNK T Fouw FR7bssH, A RHE 39 ¢ Fig. 309 =75 AH&st
o] Cohesivity rateE &}l Fig.299] 3ol tlzxd Ay} AFstE kol f
wEagln.

il

i

O_L4

A=
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3.5.1.4 Corner 90° area

O| X |34 M A le
AEYHE WPE [Corner 907 ] AEHZ A ¢ 2009-01-30
AlE A 1. 3mmSmin Spec. 2 E
AME=EE H = A
o 2 A E3HA M 24 Secondary barrier
Al E B JdEsE o
Al B AL = 21 At
50.000
LOAD(kN)
45.000
40.000
35.000
30.000
25.000
20.000
15.000
10.000
5.000
0.000
0.00 050 100 150 200 250 300 350 400 450 500
DISP {mm)
MEHE| CHHE [ HHSHE | IESE | EHEGHE | 2HEHE IHE FHHEY | AXME |[48AMZ2H =&
itd [ KM Ao kM kM ik mm T % H:M:S o
1 1 40 58 40 58 i] 0 1 345 34| :02:28 -1EE, 2
2 1 32,63 32,63 1 I} 1 2,97 297  :02:07 -167.8
3 1 23,95 29,95 ] 0 1 287 287 :02:03 -169.2
4 1 2743 2743 ] 0 1 261 261 :01:52 -166.7
5 1 35,39 35,39 1] 0 1 339 338 02:25 -168.3
Remarks @ = HIA~Z 3Lt0| Pin

Table 10 Single shearing test result for Corner 90° area

Fig. 299 w&lA AZ¥HZ 1, 52 Cohesivity rated] wWE Hi A5

37.5kNKT} Fov g Fgrbsstn], AlaWs 2, 3, 49 4§ Fig. 309 =1%&

3to] Cohesivity rate® 2138t Fig.29¢] o %3 A3 A4st= ko]l 1 AXE

Wi,
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3.5.1.5 Corner 135° area

O| X |34 M A le
AEYHE NPE [Corner 1357 ] AEHZ A ¢ 2009-01-30
AlE A 1. 3mmSmin Spec. 2 E
AME=EE H = A
o 2 A E3HA M 24 Secondary barrier
Al E B JdEsE o
Al B AL = 21 At
50.000
LOAD(kN)
45.000
40.000
35.000
30.000
25.000
20.000
15.000
10.000
5.000
0.000
0.00 050 100 150 200 250 300 350 400 450 500
DISP {mm)
MEHE| CHHE [ HHSHE | IESE | EHEGHE | 2HEHE IHE FHHEY | AXME |[48AMZ2H =&
itd [ KM Ao kM kM ik mm T % H:M:S o
1 1 31,64 31,64 i] 0 1 286 286 :02:03 -169
2 1 479 479 1 I} 1 3,06 386  0:02:47 -166.2
3 1 49,3 49,3 ] 0 1 4.02 402 0:02:54 -167.9
4 1 7 17 ] 0 1 317 317 0215 -166.2
5 1 31.98 31.98 1] 0 1 282 282 :02:01 -170.9
Remarks @ = HIA~Z 3Lt0| Pin

Table 11 Single shearing test result for Corner 135° area
Fig. 299 w&bd AEHE 2, 3HLE Cohesivity rateo] W& Hx AFss kel
375kNET} Homz Forlsss AJ8H3E 1, 4, 59 A% Fig. 309 =43 A&
&t Cohesivity rateZ #<lstal Fig.299] ol tz3 A3} A43sts ol FAHAXE

W gin.
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3.5.2 Cohesivity value VS Shearing strength

3.5.2.1 Flat area & Flat area

1 100% 25kN 35kN 7
2 100% 25kN 46.61kN | &4
3 100% 25kN 36.74kN | &4
4 97.75% 25kN 43.15kN | &4
9 100% 25kN 34.45kN | 4

Table 12 Judgement of single shearing test result for Flat & Flat area
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3.5.2.2 Flat area & Corner area

Cohesivit 2 A Sheari ShH

T T Rupture Mode OnesIVILY = N earing B
Value o1 Z3tE | Test 23 | #A

1 99.25% 25kN 38.99kN s+A
2 99.5% 25kN 38.81kN S+A
3 100% 25kN 33.72kN A
4 97.5% 25kN 41.83kN A
5 96.75% 25.34kN 41.87kN A

Table 13 Judgement of single shearing test result for Flat & Corner area
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3.5.2.3 Corner 90° area

1 99.5% 25kN 40.58kN | &4
2 99.25% 25kN 32.63kN | &4
3 99.5% 25kN 29.95kN | &4
4 99.75% 25kN 27.43kN | §&4
5 99.25% 25kN 38.39kN | &4

Table 14 Judgement of single shearing test result for Corner 90° area

37




3.5.2.4 Corner 135° area

Cohesivit 2 A Sheari ol H

T T Rupture Mode OnesIVILY = N earing B
Value o1 Z3tE | Test 23 | #A

1 99.75% 25kN 31.64kN S+
2 99.5% 25kN 47 .9kN s+
3 99.5% 25kN 49.3kN A
4 99.25% 25kN 37.17kN A
5 97.25% 25kN 31.98kN A

Table 15 Judgement of single shearing test result for Corner 135° area
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4. 4

Membrane MARK II type LNGA Cargo Containment System®] secondary
barrier 4 %]-8 New pressing board® 7]%3do] o3+ A5 2 Original pressing

boardele] ¥l A Ay ope-y ).

1. Pressing board® 3mm Epilon sheet® 5mm EVA sponge® W73 3,
Insulation panel?te] @25 HAS = 75 0] FAFHATH

&
N
X

§4% New pressing board: Secondary barrier® HZ7+49] Air bubble

FHFE F2A7)E J5e] F50] Yol S,

3. Original pressing boardE Al&3dl= A9-Hu H2
Srold A gt AR E wEstEE d gl 48 7s st

9] Epoxy glue FA=

4]::

4. Cryogenic single shearing test® E3}o], JetdAd] mE JFss TS
Estn 2 dgd A 875kt

New pressing boardi= Insulation panel?te] @25 FHHoz HATIY Ha199
Air bubbled#S HAFAZ|BRE Mure3t = HAel Motiondl ™3+ Secondary
barrier®] W74 kit &893l 7|5S HoFgom =z MARK I type LNGA CCS
AR FAEINA L A QD AbarEA o] diste] greln]E ArE vl 7 g Yo
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[1] Sebastien FATET. "Erection Handbook External document n° 1425".
GAZTRANSPORT & TECHNIGAZ. 2007

[3] Mathieu CAVAGNAC. "Bonding Handbook External document n° 2691".
GAZTRANSPORT & TECHNIGAZ. 2007
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