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ABSTRACT: There are many different types of tanks on ships that meet various requirements. Each tank is required to undergo hydrostatic
testing according to the Ship Safety Act dfier being installed onboard. In some hydrostatic tests, excessive deformation may occur. The
overpressure of the air in the tank generated during testing is one of the possible causes of deformation. Based on the dimensions of the
tank, nozzle, and pipes installed, it was confirmed that the overpressure of the air can cause problems with the structure, according to the
Bernoulli equation. Additionally, finite element analysis (FEA) was performed on the tank structure to confirm the deformation and the stress
occurring in the structure. From the perspective of deformation, the maximum deflection limit was set based on the criteria provided by the
Eurocode and DNV. From the perspective of stress, the structural safety assessment was performed by comparing the allowable stress and
equivalent stress generated in the structure. To determine whether the behavior of the actual structure was well implemented via FEA, beam
theory was applied to the tank structure and compared with the FEA results. As a result of the analysis, severe deformation was found in
some cases. This means that the overpressure of the air may be the cause of actual deformation. It was also confirmed that permanent
deformation may occur.
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Table 1 Design testing load height zg, (IACS, 2021)

Compartment Zgp
The greater of the following:
Double bottom tanks Zor = Zrop™T Iy,
28T = Zpd

The greater of the following:

Zgp = ZropTh

Hopper side tanks, topside tanks, double side
tanks, fore and aft peaks used as tank

air

Zgr = Zpop 24

The greater of the following:

Zsr = ZT()P+h(n7

Tank bulkheads, deep tanks, fuel oil bunkers

Zgp =Zpopt 2.4
zgp = Zpop T 0.-1Pp),
Ballast hold Zgr =2, +0.9
Chain locker Zsr T Ao

The greater of the following:
Independent tanks Zor = Zrop T gy
Zgp =2popT0.9
Testing load height corresponding to

Ballast ducts .
ballast pump maximum pressure

Note: zg, = z coordinate, in m, design testing load height.
Zyop = 2 coordinate of the highest point of tank, excluding small hatchways, in m.
z,, = z coordinate, in m, of the bulkhead deck.
z, = z coordinate, in m, of the top of hatch coaming.
z, = z coordinate, in m, of the top of the chain pipe.
h,;, = height of air pipe or overflow pipe above the top of the tank, in m.

P, = design vapour pressure, in kN/m’, but not less than 25 kN/m’.

Table 2 Water-filling rate (API, 2020)

Bottom course . Maximum filling rate
thickness Tank portion (mnvh)
Top course 300
Less than 22 mm
Below top course 460
Top third of tank 230
22 mm and thicker Middle third of tank 300
Bottom third of tank 460
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9PN BS A3k I A B0 hgfo] MAYSHE Ul et ol A E 5 Ak

(1) &7132] = -5 A3t
Q) Tt 37182 A7 Aol
Q) A FE ol W Fr &5

A A2 F7)FHAir pipe) 2] FEN7 B8 79 Zioto] HAE 5= ok 372 B A0] A Fol X W Bl A U Fo) IV E ¢
2 Eshe 98-S it 3713 W) o] EH o] o Y F-o] 37| EF-S Wt 4 Ao 9él & Tl vl E AT A A
T, B YR o] A EFE BA W 37 37|HE T8l AAH o2 vjEH A et ¢FE o] FAsde] WAsHA "tk

T WA R T (Inlet pipe) T} F71 ] 2 2ol 7t S A9, A WRE S0l 0w B9 FF tiHl R 3717 3718E 5
W= ko] Bg-o] A4 M 9)S Hoju} Fglo] iy e 5= itk DNV FA ol A= T 2] ZH o)A F459] 125819 Z7)3 T A
L7383 ATHDNV, 2021).
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M AR FAAE A DA A Y 28 AR G5 52 0 2 3254 L5 (Inlet velocity or water filling rate) & =Y 743, vl A 2 &)
AR Z77F S E o At BT 5 Aok o] H 3 Al el & A IS WA S =4 0 & API 65000+ Table 29} 2o 87 A2+
H A0 g 4 =5 skl ATHAPL 2020).
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2ol ged 5 3

Table 3 Considered scenarios with respect to air pipe performance and water filling level

Case Air pipe performance Water filling level
Case 1 100 % 50 % of height
Case 2 50 % 50 % of height
Case 3 0 % 50 % of height
Case 4 100 % 90 % of height
Case 5 50 % 90 % of height
Case 6 0% 90 % of height

3. T4 Ae TR{B 0| &M TSN HE

B oAM= A 717 A A s Foll A F e T 71 AR tigk A e T 8-S 188t o] 24 0 2 HES) Bttt o]
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A7VA, Plpe f5 YA, 172 & &5 AUA, gz & XA o]th.
S Aol A Z1A1E =L e B W] 2 71A o] FAIZE v JlE Apel & T e U AT W2 2, =2 2T a2
@)= 2 (5)E Tzedle)
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1 1
Pt pVi=Pt5pV; ®

Table 4 Estimation of additional pressure related to water velocity of inlet pipe

Inlet pipe |4 |78 (P,—P,)
condition (m/s) (m/s) (KN/m?)
100% open 44 27.5 368.5
80% open 3.5 22.0 232.8
60% open 2.6 16.5 128.4
40% open 1.8 11.0 61.6
20% open 0.9 55 15.4
15% open 0.7 4.1 9.3
10% open 0.4 2.8 3.0
5% open 0.2 1.4 0.8

Note: V; and P,= water velocity and pressure in inlet pipe
V, and P, = water velocity and pressure in air pipe

2 QoI T8 Fut 3710 f BAZ 2 (5)o] Y3k Vol e GO o] Fol 7 A0 Wt itk 1 At
(P, - )R #5053l A £ED 5 e
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Fig. 1 FE model of urea storage tank Fig. 2 Boundary conditions for urea storage tank in case 1-6
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Table 5 Dimension of urea storage tank Table 6 Material properties of shipbuilding steel plate
Properties Values (mm) Properties Values
Length 4,680 Tensile yield strength (MPa) 250
Breadth 2,400 Compressive yield strength (MPa) 250
Height 9,000 Young’s modulus (GPa) 210
Transverse bulkhead thickness 13.5 Poisson’s ratio 0.3
Tank side plate thickness 12 Mass density (kg/m’) 7,850
Tank bottom plate thickness 12.5
Tank top plate thickness 10
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4 ALhe] QAT 4,500mme] A EO1E, 90% T4 ALke] 204 8.100mme] A £ F ALESHITh o) F S, Case 6
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Table 7 Loading condition by scenario

Loads Applied scenario
Hydrostatic pressure Case 1-Case 6
AP Case 2, 3,5, 6

Self weight Case 1-Case 6

Note : AP = difference between atmospheric pressure and internal air pressure

4.3 weteasiM Zot 3 nE
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N
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25mm, 20mm, 12mm ©]t}. 314} Alo] 2~ 8 A P 7 EAY 2] E Table 8l A2t o™, Fig. 30 314 AHE& 10O E R
o A 58 A QA FES AR O R Case 5,62 74-F- 913 5] o] AT AL <l

Table 8 FEA results of maximum deformation

Case Max. deformation (mm) Location
Case 1 3.18 Side shell of lower tank
Case 2 5.76 Side shell of upper tank
Case 3 11.89 Side shell of upper tank
Case 4 6.65 Side shell of lower tank
Case 5 16.61 Tank top
Case 6 37.41 Tank top

3.1774 Max 5.7566 Max
2.8243 5117
24713 L] 44774
21183 . 3.8377
1.7652

14122

1.0891

0.70608

035304

0 Min

EEEESENEE
EEEmEEEER

- o owm w— w
HaE

Case 1

11.895 Max 6.6478 Max
10.706 5.9831
9.5164 53183
83268 4.6535
7.1373 3.9887
5.9477 3.3239
47582 2.6591
35686 1.9944
2.3791 1.3296
1.1895 066478
0 Min 0 Min

Case 4 °

Case 3

Fig. 3 Deformation analysis result
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16.609 Max
14.763
12918
11.072
822N
73817
5.5362
3.6908
1.8454
0 Min

Case 5

Fig. 3 Deformation analysis result (Continuation)
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Table 9 Structural safety assessment result (unit: MPa)

Equivalent stress

Case Allowable stress Remark
result
Case 1 101.7 O.K.
Case 2 164.9 OK.
Case 3 294.2 Not O.K.
258.8
Case 4 208.3 O.K.
Case 5 531.4 Not O.K.

Case 6 1196.9 Not O.K.
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5. &3 29 Yol 0|BN FH
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o714, L2 Hel Ao] ojth.

Table 10 Comparison between maximum deformation of plates by boundary condition (unit: mm)

Case Fixed support  Simply supported  FEA result

Case 1 1.45 7.27 3.18
Case 2 1.81 9.06 5.76
Case 3 3.62 18.12 11.89
Case 4 3.12 15.61 6.65
Case 5 2.57 12.82 16.61
Case 6 5.71 28.85 3741
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