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This study was conducted based on the case of an accident (excessive deformation) that occurred during the hydraulic test of

a shipboard tank manufactured in accordance with the design regulations, Over—pressure phenomenon was noted as the main

cause of accidents in the process of testing tanks without physical damage, which can be found in external factors such as

cross—sectional difference between inlet pipe and air pipe and higher water filling rate than the recommended one, The main

goal of this paper is to establish a safe water filling rate according to the range of sectional area ratio(SAR) reduced below the

regulations for each test situation, The simulation was conducted in accordance with the hydraulic test procedure specified in
the Ship Safety Act, and the main situation was divided into two types: filling the tank with water and increasing the water head

to the test pressure, The structural safety evaluation of the pressure generated inside the tank and the effect on the structure
during the test was reviewed according to the SAR range, Based on the results, guidelines for the optimal filling rate applicable
according to SAR during the hydraulic test were presented for the shipboard tanks used in this study,
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Water head Measuring Hose

(a) Floating waste (b) Improper size hose fastening (c) Folded hose

Fig. 1 Main causes of decrease in cross—sectional area
of air pipe

(Parthiban, 2012). &£ C}2 $2d 27| 4k AfL1of 2hiy
2lol2 mfRKover—presuure)0lCt. &7 L F=&l= K20l HS
WL = 5712 20| Mo LSl 2iRto] ehsidoni ol

Ao g|& mo|=Zot vl 32 Aol ofs URHH He=

STt (Dey, 2017). AR Hxfet ZiRbof| 2dE 8
O EA5I{ Al 2igollM At} Zdsigiend, O Zxt 7

x89| A2t

i
o
-0
o

>
i)
0>

Hulsi7ix| LSICE
= W30l AR TRHolM
L S70of @

| HziEl 50

d
iy e
ok
<)
Q

T
2
h oo S
v 2 =
& e mr g
o o= 0
£ o
inl
Mo
jLc]

(o]
W
2
fiu}
%
x
=
o
il
fjo
d
Rl
o

MHo
i)
> 12
I
>.

]
o

4=

i

S
Br

|0 T
2 o
ro
o
om
U

I
| 4%

iy
ok
0
o

s
S

ol

N

=1

Ao

2 -
n

ol |
]

|'El

>

el

=l

0

2

0;

ol H‘|
aoﬁoErET”ﬂu
—_ o
N S
T =
2 o gf
m |
—LIG
B o
H
T o
o gy 9
_Ir"|0_|0
o
T N
nok i
5
zo N
0 me
D]
M 2
o i
22
2™
xre

rr
o
AN
0%
fjo
:olg
40
W
|0
HU
(]
02
_O,E
S
rok
oo

2
x
1o
o
1~

Fo MO
ro

oy s

)

ol

30

rir

0>

olok

fjo

Jor

o

_Ol

El

|

HO

(0]:0]

_LI_

I

i)

(©]
=
o
=
o
i)
mjo
0 1o
3

4 ol=Zoil trel(Fig. 1(a), FHEet
8 52 AZ(Fig. 1(0)), SEEH Hie! 0N 52 HE(Fig.
1(c)) SOl XUet o2fg AlE 2taE S7[de| HHXS
7| ofolch

2|10 oAM=l R ol

lo
o
e

0| ZHZ F2 si4 Bi+E F2Hwater inlet pipe) 2t S7|2
o| X H|(Sectional Area Ratio, SAR)2} ¢ &E F JHX|
= MA35I0{ AR 27 case study)S $AHBIHCH

2 ool S2ia| 23| gl AAF To0] SomE T}
HollA] DhE w3 kg Aol Cfst £ gloloz Zy| ok
ofst Tt sl F23I9C) TRt R 4 Qs Alge &
QMG HE AEIS BlgoR molsin, WA IS Al
gh5t oA AlLIZIRE Alg2loldsigict. B Zls vigtoz
B3 Lol WA Qfzfo] PRS0 Tl HES Rl o
£ 3l Alg 54 250 Of3t sjo|=alol2 HAISICY

2. SR W ol B4 o A
NECIEES

e
i)
=
ok
=l
u
i
rn

ir
o
@
o

0
mjo
0
E
=
Ho
4n
:’)

N
o
_|.I.I.

2 HioZ IxH oMM S BIEsk=X| HAESKD, 4 oY
oM T==o| ddn} 22 Al oSt £ R E Eelske
Alolct A2 37|28 5 588 SAE s

AE 57K A5 22|10 2 HEl(overflow) 0175 Sslf &M
M AE =(testing pressure)0| 7RIFEX| SRISICE R4
Bo| Bxt= Muk ZARHO| lslsto] 3 Lff - 2Fo| uljg=AH|
o| JHts =ioletn, B3 L] BxrM O[SH0| IS 2|
5lH, 18 &5 S0|E2 555 Tt | HEo| Yot 5
0{F 52 AMF2|AE0| ZMsh= Zolct (MOF, 2020). Al &t
H7X| 28 S20|M = o] WMsH| =M T8 Stistal
Al 2= SlollM 24412 RXISH &Y
Ch ARoM= Y3 o|HollM S5

S
ASIFig. 2(a), B EE A B S ZEToIM L5t
%

i
lo
L)

M} 54 oRE =0l
o
=

ol
LU
o
4>
o
>
oo
2
=
]
e
il
02t
|0
Hu
a
g
&)
E.IO.II_I
ﬂ
>
)
o
N

=7|F 3= 6500ME A & o0t 2P ke S22l &
+ £EE Y39| =0[of| w2t Table 12 20| F=5104 HAlSH
2 Aot (AP, 2020). 121 = AFOIME DRl 7|FES MY
517| flof =MMIHATLS|(ACS)e tHalEMd & 2N S8
TZEE(CSR-H)2t =29o| M= H3I(DNV-CL)°| dA 7
2 HZESICEL CSR-HollM= 3712t = HEollA 2] MA|Qt

using light

(b) Leakage check by visual inspection
Fig. 2 Method of check for defects through hydraulic test
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Table 1. Water filling rate Table 2 Estimation of over—pressure according to
Bottom course . Maximum filling rate difference in cross—sectional area of two pipes
. Tank portion
thickness (mm/h) SAR Uy /UQ denami(: P/zy(]rauli(t PI_PQ
Top course 300 (ms) | (ms) | (Pa) | (Pa) | (kPa)
Less than 22mm t Below 460 0716 1118 61.87 150.16
OpTcourse 025 | 715 | 24.99 113.28
P 230 0.36 497 | 11.74 100.03
third of tark 049 | 365 | 6.06 94.35
22mm and Middle ——— 179 . . 88.29 ———
thicker third of tank 300 % 22'729 ?gg 73(1)?2
Bottom 460 — : : —
third of tank 1.00 1.79 0.99 89.29
Note: SAR = Sectional Area Ratio
22 25kPa O|AY ZHE st 2Aenq (IACS, 2021),
DNV-GL piping system -&0] w2 HIZo| g2k J7|&e 101.1m*2 AFCk? 71 o, 9o nNE E6f 42 Azl
CHHMo)| dfsl 2 AT S7(8e 2 Uil Y Al S8 g T Uz & el = X0|E AL = /1o 1 Z3k= Table 2
717} 25kPas Z3fokK| b2 AS YWAISHD UCH (DNV, 2021). of Zict Aboll ARRE U= Heo| BS4E 186l p =
O|E HIECZ &2 70z &4 HHQUZ0|X} 2|0 SH= 999 kg/m’ 2 AlS3IQeH, Tl ¢xl= Y3 zSicez
71&Q1 25kPas niRlol| LSt 7|Z=C 2 I ISIIA} SIICE Sk 718siict i S7(ge| cHA X0|E f/9f ofeb &0
OF MASh= HA2o ZMof o2l =& Wyl dEs F= 0.16~1.0081Z 5l0{ F=UAIHS Al =™ 2ol CHHA X}
Ho| 2tol| CHSH 7|=R|eF Molgh 4= lebz Rolgt LRIt ollA Z|2lskh= 2 RIo|Z2 sl = MY Jtsdo| AEsE
Ak U £ Rlon{, CiHA HIE W2 5101 nigte] 2y o{FE F
oz Aed 4t ok
2.2 37| cHHA 7o ofsh DRt SA
2.3 H5 £F olale] F4ol oI5t Tt FHA
A IO ME S7|2e| S A4S Rukst 4= Q=
Clefeh &0l 2rde == QlCh Al 2RgolM nighs rEre = f2ko| e F4ake| cloidnt 2l S35 Soies Sl
= A B YE2 7|l tHy ZAo|ch E32| F5 0 o] ofsf Z™EICh o|2t RRAEI HAQI APl 6500fA1E £t
T SUAIEES AGP| M R4 ol2FE lx HRSIK| Rt Al Al 20| AjREE 450 54 452 FAsn 3o 1
1 2SS B of2fet O[S0l AlE 2HYoIM S22k 2 A Moist Table 12} 2T} 78 3% 4TS ooz
A =lof B3 LiSol| ZiRbS Rurst &= Uck o] g 2 ool A Aol @44 XNZEEHT(urea water storage
P RMECE siH2lT £F =015 SH| 2l A 37]2 tank) 2| QA |BH0)| AQE|S AlZF2 HAKHHE TER7JER| 2F 204
o ALt 22 37|19 £=F EHE SAE MHAY ZR0T 2+ olao| Zele= As =ole £= UCHFig. 3).
TARSH BH|7F WAEE 4= Qck =, R EHAo]| w2l SA9 APl A& W) HA S &= 3 FElof w2} Mok=lct 5t
Tl S9| o|RFZ Tlo| LM 4= QlCt & S0, 37|3e X|ot 30| x| w2 TEo| 97| 2ol SUst Mg I}
IR 42 olsl ShMsk= gk} S7[2e| tiHAMo| X|o|
7+ 2. 5012 7FYSl0d ol Als MESH Hel & MAE v,
= 6.25 v,0Ick 22| F% BAIES Hl2'0| WA X850 T
AL (1)2} 20| Beix Xl 7|olst Famml =7 |2le| fdxt S
(P-P)E S5 4 Ik 0PI, 4ol & vif 2 Sof s TR
(dynamic pressure) A&=0[0{, fHe| = | T2 M4t
(hydraulic pressure) A&0]|ct R
Height: 8.1m S
2
1 A,
(P1 _P2): 50”% {(_2) -1 +P9(Z2 Zl) (1)
Ak Sist 712 x740R Fmel X 100mm (CHeix
7,854mm7), 37| 2He| 2 40mm ~ 100mm (SFHE 1, 257mnt
~ 7,854mn?)E 7= =0| 9me| EiFol| 2A|ZF S0t & REf Fig. 3 Time required for hydraulic test based on API650
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(@) Virtual Tank 1 : L X W X H=6 X 4 X 8 (m)

Height : 6!!]/\ ~

ing rate : 300mm/hr

= Flowrate : 50 cm®/s

Filling rate : 460mm/hr
= Flow rate : 4088.9cm’/s

Length : 8 m \
H Width : 4 m

(b) Virtual Tank 2 : L X W X H=8 X 4 X 6 (m)
Height: 4m -~ o S
7 h

}'illiug’y te : 460mm/hr
< ¥iowrate: 6133.3cm’s

(c) Virtual Tank 3: L X W X H=8 X 6 X 4 (m)

Fig. 4 Comparison of flow rates by height of virtual tanks
with same volume
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= 0.653 x D} x /P, )

Q
Q = 0.653 x D x /10X P, (3)
Q

2.065 < D X /P, (4)

o7|M, P I} PE gRRe LIERD(ZIZE kg/en?, MPa),
D2} D, T2 AES HERACKZZE mm, m).

2 o0l ARBE 24% XMEETo| Z< 2ol chHX |7}
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3.1 23 M =A

7= sliAle 5P| s ANSYS 2022 R1 A2 &M =2
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Full Model & Half Section Fluid Model

Fig. 5 Extracting flow area and applying similarity
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p v Dh, p v Dh

Re = (T>p7'ototype = <T)m,odel (7
4(ab)

Dy 2(a+b) (8)

0{7|M, p= FAlQ L=
HMASnT/s), D, 3—1 AAmS 2lofgict.
231} FsolN S
|:|||:9_+ 7HA—171| EPO
o|2= el Zo| chal
SI9C) 403 DI
ME TRbsilen H%él% HE FHolMe] = grezo| B
B2 Al (9)0lA LIERH 2ol HFH £
(Euler number, Fu)E 0l&35101 HESIHCE (Nam, 2014).

2 2

_ (P Ry
Bu = (AP)prototype - (Ap)model (9)
= od:rLOHH %EOH&‘E —JFBOHO|— T _|_-|I% %I-A.I 7|_7‘(3-|3I_|_
ALY Z4 DhEollAM &3 LfFol| 2YSkE Q=g &olst
= Zolct & 1Y SiA Az EE LfE Qo] ek
ARt O MTE molsp| eiMe Azl w2t g 850

S|z o™y TrE(unsteady flow)S =&isto{of Shot EESH
B3 LfFol| Exisk= 37| 2P|t M2 o|F0X|X| k2
2 3571 2ldEo| w2} O‘xilc'i 4= o{Fof| w2} Yot
B35k o|AF |#|(ideal gas)2 M FoisI%Ch
TSN sk FAle 37(= 20|22 MZ ClE A
(phase)2 7I&l Rfloll cHet sfAdQl ciAbR-=(multiphase flow)
THSICt ME CHE A0|X| 2= F FAloll et 7=
5P| LM VOF 22 (Volume of Fluid)2 ME&351%
HolZt AolX| A= F FAlel 730l tish shtel
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Fig. 6 Selection of data measurement points
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Table 4. Results of CFD analysis on hydraulic test of tank

Scenario SAR U gy P, CFD Result P,
A-1 0.239 181.11 1.81
A-2 0.217 129.56 1.30

A | A3 ] 256 0.196 105.76 1.06
A-4 0.169 61.59 0.62
A-5 0.138 35.48 0.35
B-1 0.239 587.41 5.87
B-2 0.217 492.29 4.92

B | B3| 156 0.196 391.18 3.91
B-4 0.169 252.87 2.53
B-5 0.138 144.88 1.45
C-1 0.239 917.63 9.18
C2 0.217 734.07 7.34

C|C3] 125 0.196 633.48 6.33
C+4 0.169 462.85 4.63
G5 0.138 259.73 2.60
D1 0.239 1254.45 12.54
D-2 0.217 1085.49 10.85

D | D3| 1.00 0.196 918.46 9.18
D4 0.169 710.09 7.10
D-5 0.138 478.53 4.79
E-1 0.239 2110.00 21.10
E-2 0.217 1894.63 18.95

E|E3] 064 0.196 1706.36 17.06
E-4 0.169 1433.05 14.33
E-5 0.138 1086.89 10.87
F-1 0.239 3964.83 39.65
F-2 0.217 3614.09 36.14

F|F3] 036 0.196 3155.23 31.55
F-4 0.169 2853.95 28.54
F-5 0.138 2304.43 23.04
G-1 0.239 4706.25 47.06
G2 0.217 4573.34 45.73

G | G3] 0.16 0.196 4391.62 43.92
G4 0.169 4092.86 40.93
G5 0.138 3425.10 34.25
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Table 5. Dimension of urea storage tank

ool A UF BZo| =& JiXIct 39| Hi=Ho 2R Properties Values (mm)
5m =0lof| =7+ 2K platform deck)0| ZAi5I, E¥ Q| Akt Length 4,680
£ol 25 22t AR (mooring deck) 2} SHFZHE ALO| Breadth 2.400
3 HE A XIX|E D A= FZ=0|ck .

0”' OH | | |L AR ?’ I I' Helght 9,000

Meto| Hzlof| AF%EIE T8 Ustructural steel) M=o & :
M sS4 ool vloisioion] BT LY B0l ofsy My Transverse bulkhead thickness 13.5
4 9l= xfZo| BHE 0| AM HES AN o404 X2 Do Tank side plate thickness 12 (HT32)
ARREIE 0| M3 Hsig §Hb|||near strain hardening) 22! Tank bottom plate thickness 12.5 (HT32)
S ARSIZICE 0| MY HEE A3} 2 pUe HaE A3} Tank top plate thickness 10 (HT32)

7+ sk XIMEH M=o ot ZoiK|el HasS &M el
2 75k 2Ho|ct (Vince and Abraham, 2009). &gt 7 Table 6. Material properties of steel plate for shipbuilding

=2 2 5 SME= T xa|sicd
=8 2ol et 2 =8 'L Table 601 Z2[iZAct Properties Mild stesl | HT 32

EH30| IxsiM S falishof Qo] X|X[Mol| Cish A=A & - -
0} LR3I ZAZAS Txo| A HES & ulotst 4 Tensile yield strength (MPa) 210 315
QUEE X|Hslof It sHA] CHAll @as XEEHTO| AlM| A Young's modulus (GPa) 200
=2 1312 W, oAl CHAKS BT A . SHE |8 HiTje| 2 Tangent modulus (GPa) 1.8
E‘?‘(A), §o|7_=||t£1|9_| OELlTl_EA'i ‘g)é-ll ‘if‘ifilf XlE(B) E:I %n_l'lj:il'_l_}' Poisson’s ratio 0.3

EHE(C)e] X g &2 HidE51040F SHF =, Fig. -

el BHFO)el Mez 758 sfofof Bt 5, Fig. 10 Mass density (kg/m?) 7,850
oM LEKH 2t XIX|Fe| 2E WA(T,, 7, 7)) ¥ 3T(R,,
R, R) 4& NRTE 755k Aol MM HEE BARR =

- Table 7. Loads applied to urea storage tank

QUCkD EHEksIACY

TN +UE 92t SIBEAURE UM Al B 7x Load Velue Desarption
2 U xgs & 9le SIES0 cfs meisle] Takeigiond 1. Static load 205.26 (kN) | Weight of structure
Table 70l M2lsigict 7=8 22 M22 Mt oy 30| 0 0 (kPa)
B2 20.6E0[01, AEe| A =0 THIIELTE 2kl 2. (m) Hydraulic pressure
EO2AM sllMof| Hids = ot ESE A nlE g Sl hydraulic ) ) applied by
545 20| of3t WAYS TRsIFon, Aot HNE 93 load O

) a
Mol dgis 999.0kg/mt, AR £ Zol= 3 =0 (m)
Ir=s wo| Ha si=o =

9,000mme 7£|o°|'0:| ?XEO'” OI HE °|3E °._|7F0f9\“1'4. 3 Over—pressure Pp Table 4
ox|ato 2 RasiM ZZA Table 40i Me|sh &3 Li1E 37|
468 CHSHR MEHS|=2%] X603 K65 2023 12€
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Fig. 10 Boundary condition of analysis model
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Fig. 11 Results of maximum deflection in full filling and
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Fig. 12 Deformation results of tank under testing pressure
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Table 8 Results of tank deformation analysis by scenario

Max. deformation (mm)
Scenario Full filling Testing pressure |  Remark
condition condition
A-1 9.88 13.26 O.K.
A2 9.81 13.17 OK.
A | A3 9.78 13.13 O.K.
A-4 9.72 13.05 OK.
A-5 9.68 13.01 O.K.
B-1 10.45 1412 OK.
B-2 10.32 13.90 O.K.
B | B3 10.18 13.68 O.K.
B4 9.98 13.40 O.K.
B-5 9.83 13.19 OK.
CH1 10.92 14.93 O.K.
C-2 10.66 14.46 O.K.
C | C3 10.52 14.22 O.K.
C4 10.28 13.84 OK.
C5 9.99 13.42 O.K.
D1 11.40 16.30 O.K.
D2 11.16 15.56 O.K.
D | D3 10.92 14.93 OK.
D4 10.63 14.40 O.K.
D-5 10.30 13.87 O.K.
E-1 12.64 21.47 Not. O.K.
E-2 12.33 20.01 Not. O.K.
E | E3 12.05 18.73 Not. O.K.
E-4 11.65 17.16 Not. O.K.
E-5 11.16 15.57 Not. O.K.
F-1 18.37 37.60 Not. O.K.
F-2 16.54 34.69 Not. O.K.
F | F3 14.76 30.68 Not. O.K.
F-4 14.05 28.02 Not. O.K.
F-5 12.96 23.15 Not. O.K.
G-1 23.78 43.20 Not. O.K.
G2 22.69 42.24 Not. O.K.
G| G3 21.27 40.90 Not. O.K.
G4 19.13 38.62 Not. O.K.
G5 15.70 33.04 Not. O.K.
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IR ARH{ull filling 2! testing pressure condition) 22 25}
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