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A Study on the Charpy Impact Performance of Structural
Steel Considering the Leakage of Cryogenic Liquefied Gas
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{Abstract)

Environmental regulations are being strengthened worldwide to solve global warming.
For this reason, interest in eco-friendly gas fuels such as LNG and hydrogen is
continuously increasing. However, when adopting eco-friendly gas fuel, liquefying at a
cryogenic temperature is essential to ensure economic feasibility in storage and
transportation. Although austenitic stainless steel is typically applied to store cryogenic
liquefied gas, structural steel can experience sudden heat shrinkage in the case of
leakage in the loading and unloading process of LNG. In severe cases, the phase of the
steel may change, so care is required. This study conducted Charpy impact tests on
steel material in nine different temperature ranges, from room to cryogenic temperatures,
to analyze the effects of cryogenic liquefied gas leaks. As a result of the study, it was
not easy to find variations in ductile to brittle transition temperature (DBTT) due to the
leakage of cryogenic liquefied gas. Still, the overall impact toughness tended to decrease,
and these results were verified through fracture surface analysis. In summary, brittle
fracture of the steel plate may occur when a secondary load is applied to steel for hull
structural use exposed to a cryogenic environment of -40 ‘C or lower. Therefore, it
needs to be considered in the ship design and operating conditions.

Keywords : Charpy Impact Test AH36 Steel, Cryogenic Leakage, Brittle Fracture

1* Bkl 2Adeeksetat 1* Department of Naval Architecture and Ocean Engineering,
ail: jaemlee@pusan.ac.kr Pusan National University

2 FAdeh AR EAlE 2 Hydrogen Ship Technology Center, Pusan National University



AL BT =2 H26 H23

T

fall Akste] =ASiAE |9 International - Maritime
Organization, IMO)= oAl BHAISH= 9
Al FASHA HAI] S8 SRR A%
SfiA ZFskekar Qlek olF skl flsf 71
ACH, od 7|Hke] dAs die] Aides 3
L HE Hop A7 WA= Heprpiol %
Aol SHEAL QITH1-3). #I3HE Amof ohE
8 7k e Zoke iR Ee] B vt
At oAsPdA7IA(Liquefied  Natural — Gas,
INGR= HAA7IAE -163%9] AL T4
3 T g - AdSE div] BuE 6004

8 5 as S A

[e] L
S 9Tk O, -16EekE FRe &
1

o, of J

-

Sk
P

ok

it

-

2
>
N

;

ot
do tr >
mﬂ';oi
5 %
< 7%
2

N,
sk
-
pacs
rir
L
e,
i
=
i
o)

fo
el
ne
Jo
1A

Plasticity, TRIP) 702 ulZEHAE A} HEZ
sl A AT =2t 7IAIE S THA
I on o]yt olfE INGEWE ofyel oA

S B AL 9 2AL el e T2
2o 2§91 Uck olF A FAL S
Wi Q7 ok muE uh ook ok, INGE
AA 9 B A FAL dsbhae] R ol
AL A ofd A FEE A FAL

Hortart AgHos A =HAE &
oto] 3ol WIS 4= 9ly, FA%H
71Q1gE 474 SERFo] WA 4
of wbis Aol HIlE FHIsH FAutzzt
A = ok I AFE Bl AA HEEE
A IgE A HuprkA gapge] ojef i
B3 v} 9t} Kim et al(2015)% LNG 541
1A gEog HeuEs 304 AHQIHALS At
g0l -196%0] o]2= ARRu] FAAIY
I}, FCC F221 304 2HIQIFAELS =4
M7IAR 218 Ductile to Brittle Transition
Temperature (DBTT)7} AYSHA] ¥k, 54
Aol thh A= AE KAk 7IAH A
BA Aig vAlR BAT Al dakE
ZYcH7]. Chen et al.(2018) 7S
Jog AkRul FA AdE goarts]. Park
et al.2022)= FAE Xt 1FS o
o7 FAL 25 YYol|lA Charpy F4 Al¥
ettt Ald 2, o e GA &
NME TR s
SRR ke A ERISIYITHIL. o] el A
dhof] Hg5= FAL e

QY B Il
10,11]. ofRE, ojF5e] Ats SA4 A =
A2 oAl b Aol 2ol
low, AA| HeriA E wjiZo] FHO A
7ol o3t Al 22 wefo] TRt Al 4
T= AL FYERA] ok AAolch B qltf|A
= AA 28 ARl AHR6S tdo R SAe
Hopriaol| ofgt 57 Qe ool FRFHes 3
7Fkodet. SAl Ak kEEH et kE

o o |o
12 il

o off ¢

~

—

A e e trtor ARoA -163%0
ol2= 7o) 2% oA FZF Al 3y

o EY L] oEd uATE BAS B

o] ek BAE St



FAH2 At =20 9

2. Mg 7R
2.1 SN2 2 MEE HE

A& giao] ot FAA ot e
Bk SRelo] obH TAE Ao
sd A ARES AL ) Fig 19} 2
A ZeRd. A TRE Y 2L

2
L

=

IAxRE Fos] 3 AAFzE AHEeR
AE

Al

=l

=
bla, Zelode Bow Sejdel o o
ag BARl] AL AL FE AL
@8 AP FAL blac] w2E W)

=
7k 30 ol A&E ofFefl FE ARME Y

B S
ZAA7F BB S QIEE Bt} o] HAAA
o APHoR Mo zAog AEu =

Test —
Sample e

Polyurethane Foam Insulation

Fig. 1 Preparation of the cryogenic leakage test
to obtain the testing samples

Table 1. Chemical composition of AH36 steel
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Table 2. Scenario for charpy V-notch impact test

No. Cryogenic Leakage Temperature ('C)

1 20

2 0

3 -20
4 -30
5 Non-affected -40
6 -50
7 -60
8 -100
9 -163
10 20

11 0

12 -20
13 -30
14 Affected -40
15 -50
16 -60
17 -100
18 -163
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Table 3. Performance degradation caused by
experiencing the cryogenic leakage

Temperature Absorbed
No. Leakage ©) Bnergy ()
1 20 47.0
2 0 46.5
3 -20 45.2
4 -30 34.8
5 As 40 239
received
6 -50 15.2
7 -60 12.2
8 -100 3.0
9 -163 2.1
10 20 44.7
11 0 43.8
12 -20 42.3
13 -30 32.1
14  Cryosenic -40 225
Leakage
15 -50 11.1
16 -60 8.0
17 -100 2.5
18 -163 2.0
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Fig. 2 Temperature-dependent absorbed energy
for AH36 considering the cryogenic leakage



(KS((C

A5 A 2> AlE Aol 49 DBTTZF & o] 49 AjFoR ujist e Holal 9]
As7) A JM 3 o UA= oF 47]2 ZAFEQL o] HAgutale] gt AFS SPoR TG £
o, DBTT % F 10J9lA -163%29] 2% <o ATt

A 5] olslR Eojxls A& eI 4 otk

E3H FAL HoprpAs =Eof| o3t A= FE & 3.3 O &M

2

T

ofin] HAgo] 2R Uit & g}l
< 4= QISltt. DBTTZF A¥sh] A Ao &= of Fig, 40 €%o] we s FArS Ueygl
YA= oF 4572 2AME]9lod, DBTT & oF 11]9 t}. DBTT7} 2H48sl7] #e] webdal DBTT 7}
A -16359] 25 FHeA= 5] ofst= "olA= Ak o5 oJolofale] wobm, e T o]o]

28 BRI 5 ok AR M S 7

FEFSTA mawg 47 Raekng dgom), 42, 40,
dolol WAL FAT £ AW E OF  goe gam oan] ] 4 Aele A 2
AHOR A ER AT BLR AL A g et WA Fig. d@ol BE O
A S U AL rES BUE ARAS pgme gern 4 gk 95 wyom ) o
DBIT 72tefAfe] 4 &= ovAl HaE0l &F o gacye 2uer Wy o|wo] ukko] 2HFA
T4%TN, FES HAEoHA] &2 AEHO ofyA] o Ao QYA 2= glom, Fig 20| Ho Sz
el 67% CM] of RS A RS o) s g ool o 24t 2 4 98
AOR SRS, Table 3] 52U G4 55l oje} g, Fig. 4bK: DBTTZ H4% 2
EACH el S eEA, ® wslolHel T e weld o B
Qe Ase TAS FAO] B 4
3.2 HiTh £ 0w, @ynta] wel A9 e dul Bl §e
ele] Bzo] Helslely, el 4t

Fig 38 209 ARLoAe} -60% o wlo] u} o] ik #HQl Cleavage FacetsE Q1%

ES
2o LRl ARlolt), Fig. 312 8150l 719 et Fig. 4(0% DBIT ol «l —60¢°1]AH st
AE u FE o] WAYSH o]Fof mbo] W HH

Joto] BlwA B3t d gs Heloh Rt % A
i, DBTT o]%9] Jdof = Fig. 39| -60x= U Fig. 4(d)t ING Sﬂiﬁ X% % LEJ -163%

_,4
O
u)
2o
Lo
al
PO
2
R
A
O
ok
il
g
mlo
o 1‘2
nsk
4
0,

(a) ()
Fig. 3 Temperature-dependent fracture surface for AH36 on the tested temperatures: (a) 20 and (b) -60<C.
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