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A Review on Practical Use of Simple Analysis Method based on SDOF

Model for the Stiffened Plate Structures subjected to Blast Loads
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This is an Open—Access article distributed under the terms of the Creative Commons Attribution Non—Commercial License(http://creativecommons, org/licenses/by—nc/3.0) which
permits unrestricted non—commercial use, distribution, and reproduction in any medium, provided the original work is properly cited,

The offshore installation units may be subjected to various accidental loads such as collision from supply vessels, impact from
dropped objects, blast load from gas explosion and thermal load from fire, This paper deals with the design and strength
evaluation method of the stiffened plate structures in response to a blast load caused by a gas explosion accident, It is a
comprehensive review of various items used in actual project such as the size and type of the explosive loads, general design
procedure/concept and analysis method, The structural analyses using simple analysis methods based on SDOF model and
nonlinear finite element analysis are applied to the particular FPSO project, Also validation studies on the design guidance given
by simple analysis method based on SDOF model have also considered several items such as backpressure effects, material
behavior and duration time of the overpressure, A good correlation between the prediction made by simple analysis method
based on SDOF model and nonlinear finite element analysis can be generally obtained up to the elastic limit,

Keywords : Blast accident(Z2h At11), SDOF(1XERE), Simple analysis method(Zt0| SHAIEH), Nonlinear finite element analysis(H |54
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- 3}2(drag load) : Fig. 2(b)et 20| EdtAo] SE(plast ZEUSIER T2 Eslea 7fA(hydrocarbon gas)E & CIF
wave)ol| o|5t stEoZ Hijmtnl Zke =T 71 2xof &= 09 BH;.E} PNESNF O] ¥9L 9¢0|E+ Table 1= DNVGL (2019b)
& skE2 &2t A28 (right angled triangle) EfolCt, OllM MX| 2|xlofl pE =4 =S Ll Zdo|ct
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ZUISIES ZeiAl, SABIE g (phenomena-logical model), 3.1 oA e dhy

CFD oz &t 4= UCt ZFAI2 ZUY KRS J|Xx=2

7IAE S71°| TNT(trinitrotoluene) 2 X|ek5i0{ XM2sio] MA = SUTLT20]| CHst ZublMe MAIRS Z4H

7| ZAEQl ZHUAS k=t ARSSICh SiAFSH uiHE FT H, Fo | S2 Aoz sy S
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sliAdoll M XEsk= el Uk - MHAAKscreening analysis) | E0& #Eoz x| 2%
CFDEH2 Zdtnpy s X|uisks olFWEAS FREIMS= Sl x5 2et f st

F Ao[ch Alzhnt SZIFAolM siMS PASIEZ AL AlZ - ZE5F sl M(Strength Level Analysis, SLA) @ ZLetE

Table 1 Design overpressure and duration time for the offshore installation (DNVGL, 2019b)

Offshore installation Area Over—pressure (barg) |Duration (s)
Drilling rig — Drill floor with cladded walls 0.12 0.2
Drilling rig — Shale shaker room with strong walls, medium sized 2 0.3
Mono-hull FPSO — Process area, small 0.3 0.2
Mono-hull FPSO — Process area, medium sized with no walls or roof 1 0.2
Mono-hull FPSO, large |- Process area, large with no walls or roof 2 0.2
Mono—hull FPSO — Turret in hull, STL/STL room with access hatch 4 1
Production platform, semi—sub |- Process area, large with no or light walls, 3 2 0.2
storeys, grated mezzanine and upper decks
Production platform, fixed |- Process area, medium sized, solid upper and lower 1.5 0.2
decks, 3 storeys, 1 or 2 sides open
Integrated Prod/Drilling |- Process area and drilling module each medium 1.5 0.2
sized on partly solid decks, 3storeys, 3 sides open
Integrated Prod/Drilling — X-mas tree/wellhead area, medium sized with 1 0.2

grated floors
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Fig. 3 Process of structural assessment against blast (API,

2012)
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1, . .
=1+—{sinw(t—t,)—sinwt} for t>1¢, (4)
wt,.

07|, we 107 Tl=4(natural frequency)OlCt.

Al (2)~(4)2FH Fig. 5} 22 AlZIdolA{e] DAF SM2
T 4= 2/C} (Sabatino et. al, 2018 Biggs, 1982). 371X &
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Fig. 5 Dynamic Amplification Factor (Sabatino et. al, 2018;
Biggs,1982)

Calculation for explosion
(SDOF method)
Input Data 1 Input Data 2
- Duration time(td) - Material property(6y, E)
- Peak pressure(Pmax) - Idealized beam
- Shape of pressure dimension

\—++—‘

- Calculation of beam property
(elastic and plastic)
- Calculation of applied load(F1=PmaxxA)
- Selection of factors according to
boundary and load shape
) - C:

Calculation for 1 year

return environment

of dead load
- C ion of ing load
- Wst = dead+operating load

v
- Strain-rate enhanced yield stress(6y’)
- Moment of capacity(Mp)

- Maximum resistance(Rror)

- Beam stiffness(k)

- Natural period(T) |

I- Calculation of DAF for td/T values |

- Elasto-plastic, plastic response
- calculation of Rm/F1

- Calculation of ymax/yel
- Elastic reponse
l - Peak deflecton(ymax+yst)
- Strength Evaluation 3
(Buckling, Tensile fracture,
Ductility limits, Shear, L 1 " R xKo)
Deflection, etc.) d

Fig. 6 Flow chart for blast analysis using by SDOF
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ey =< 08¢, (5)

07|M, ¢,2 TZoHMollM LIEKE 240 Zof HAES(
maximum  element  strain)o| ¢, = Iith HES(material
rupture strain)O|C}.

DNVGL (2019a)2t APl (2012)0l|Ad= 282t odAdd |(ductility Ratio)
2 AR ZZE0t 71ES MASEL QIe oM HddelE
AstEoR Ll Aol Eof XA nt EbdeplAel XA b
O|ct. Table 2= DNVGL (2019a)ollM XAlsk= odMulof 2|t
ke ek 71E 242 HERA Zdo|ot

Table 2 Ductility ratio limit for beams with no axial restraint
(DNVGL, 2019a)

Boundary Load Cross—section type
conditions Type | | Type Il | Type Il

Cantilevered Cohcgntrated 6 4 2

Distributed 7 5 2

Pinned Concgntrated 6 4 2

Distributed 12 8 3

Fixed Concgntrated 6 4 2

Distributed 4 3 2

where,

Type | : cross sections that can form a plastic hinge
with the rotation capacity required for plastic
analysis

Type Il : cross sections that can develop their plastic
moment resistance, but have limited rotation
capacity

Type Il : cross sections where the calculated stress in

the extreme compression fibre of the steel
member can reach its yield strength, but local
buckling is liable to prevent development of
the plastic moment resistance
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Fig. 7 Overpressure shape considering backpressure
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Fig. 8 FEA model considering the backpressure effects

(a) blast pressure of front wall

(b) hull girder bending moment due to 1-year return
period environment
Fig. 9 Loading and boundary condition

Table 32 NLFEAOIA 112{sh Eap B2l X2t [z 5
Mx| J2|0 Fskse| 37|E LERA Zolct

Fig. 102 Hea2 DHESH 3X1 F2sl4] =Hlof CHsiod
NLFEAZ LIEHF Fig. 82| 2 XIFE(A, B, C D)oliA{2] B9IE Lt
Bt Zdolch 2t XEollM2l MEo| sifel 7ol 2AIgiol A
o FARRH HHOZ LIEHF= 22 & = Qlct

Table 4= A2t LIEK Z[0f HOIE 22fet A= sy

of ot My deo| He| gie A2 LETE

Table 3 NLFEA data for backpressure effects

. . Frame space(mm) 4500
Dlmen(;alon Longi. space(mm) 900
M:trc;rial Plate thickness(mm) 12
Property Stiffeners(mm) 150x90x12(UA)
Yield stress(MPa) 235
Peak pressure, P,,. (barg) 0.225
Loading |Back pressure, B, (barg) -0.113
Duration time, ¢, (sec) [0.162 or 0.486
10 .‘\ - 4 A
M AN I\ 5
5 = J
— B [ o ; .Il ‘ill"‘ B\v DIIK.I;_\_‘ /u ﬂ\l\ °
AT =R AR =7
VA VLV AL \ \
£ \ NANT T T U By
:45 WVl
-20
ol
0o 0.1 02 03 04 05

Time(sec)

(a) w/o backpressure

] olomp

X-displacement

25 L L L | s L
0 01 02 03 04 05
Time(sec)

(b) w/ backpressure
Fig. 10 Comparison of displacement in time domain

Table 4 Comparison of backpressure effects

Max. displacement | Min. displacement
Backpressure | Disp. Time Disp. Time
(mm) (sec) (mm) (sec)
w/o +20.5" | 0.09 -12.3 0.2
w/ +20.5 0.09 -14.3 0.2

Doy f displacement is in the same direction as the
explosion pressure, it is expressed as a positive value.
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Table 5 Comparison of the FEA and SDOF under
overpressure 2barg (unit : mm)

FEA SDOF
. Static _ . .
Analysis types Dynamic |Fixed |Simple
Linear Non— transient | ends | ends
linear

Duration | 90ms |12.08| 12.10 | 11.12 |3.56|18.69
time |180ms|12.08| 12.10 | 10.36 |3.55|18.17

et S XA 5 0 26 RS Tao o0
20| LIEIXIDH 1

Ol= 3X| gict

Table 6 Comparison of static and dynamic transient FEA
analysis according to the change of duration time
under overpressure 2barg

Static Dynamic transient

Analysis types Non—

. Duration time(ms)
Linear

linear | 180 | 90 | 40 | 30

Stress
(MPa)

Displacement
(mm)

46.11|46.20|53.85|55.50(53.38|59.00

12.08112.10|10.36|11.12] 9.89 | 12.05

4.3 3245t= 7|2t 710| s A1k NLFEAS| Z2t 5|

Table 72 £4st&2| 37| SLA%} DLA ==0llAM SDOF2}
NLFEA ZIIE d|wspr| ¢slod 2Eo| x|t Z Sd%], 4
A=A T2 F46ks 4 &2 LIEkH Zo|ch ZWUsiE Sl
T AZEIE 0| BT} A“°4°401|H M0 SEHS A
5P| 2l 4 7KK 37|29 ot

FERAGME 0|Esto] EH %

0 I17X| 5i4M(eigenvalue analysis)S TH3IC P Table 80|
LIERH HI=} 20| o|2&l Zufet ‘TDrB._.u_’t;H“Oﬂ olgt NFF
I 242 MZ FARSE 262 HERKQICE A

o| A2, At HZIxj2 X|X[§t A2, TEEX|X|
2 4= Uct T2t A = 9= 2fs) 7<|7<IEIE Tx=1
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Table 7 NLFEA data for peak pressure effects

. . Frame space(mm) 5,000
Dimension Longi. space(mm) 900
m:tr:ial Plate thickness(mm) 12
property Stiffeners(mm) 200x8+150x12(T)
Yield stress(MPa) 315
Boundary condition Fixed ends

Peak pressure, P, (barg) 0.8]3.3]3.8] 4.8
t,=0.12,t, = 0.06

0 t ta

Loading | Duration time, t,(sec)

Impulse rise time, t.(sec)

Table 8 Comparison of natural frequency under different

boundaries
Natural frequency(Hz)
Boundary FEA
Theory Plate
Beam model
model
Fixed 68.18 64.6 64.5
Simple support | 30.30 30.2 30.3
Real _ 48.1 for strong support 3
28.8 for soft support

Biggs (1982)of| 2[gt 0|2 ARt 710| SHAIS| Mtz E
43B3P| flstod v|ME REtes EHA%WPBF HII’LSP‘P&EL Fig.
112 XISAZEe| 20l Soto| AjZieiod ==
Zio|ct, olof| =M EFMIHS(elastic behawor) EOI‘— SLAO|
Me NLFEAE2} 710| sl A2 SEd| & Lx|Es & 5= Ut
T2} B HE e AMHSE 2ol DLAZZHOIME 24
0| aliA{Ho| NLFEAZCH 2+2 2] g2 Helo= oo oist &
ElOI =es H:F Jeiut sheFESel 7| MA Al SLAMIM A}
P o= B2t YETE 2= Ho= AlREC

—0.8bar(NLFEA)
3.3bar(NLFEA)
3.8bar(NLFEA)

—4.8bar(NLFEA)

— 0.8bar(SDOF)
3.3bar(SDOF)
3.8bar(SDOF)

— 4.8bar(SDOF)

Displacement-Time Curve

.00 0.02 0.04 006 008 010 0.12 0714 .16~ 0.18" 0.2

time(sec)

Fig. 11 Comparison of the NLFEA and SDOF

Table 9= SDOF2t NLFEA SiA{Q 258 LIEK-F RIS 1
et Zdolctk g ()x2f giel ALK Fig. 132] O|222 4| (6)
2 ARESI0] Alttet ol2H Zlolch. Ztol siAfof ofeh Zrk=
TEEO0| 242 Uo7l R0l v|MHEME T{sp| oz
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Fig. 12 Effective bi-linear resistance function

Table 9 Comparison of the Simple method and NLFEA
results according to increasing of overpressure

Displacement(mm)
Elastic Elasto—plastic Plastic
Impact 0.8barg 3.3barg 3.8barg 4 .8barg
Simple 2.41 10.74 12.37 15.63
method | (2.44)" (12.57) (14.48) (17.68)
3.00 12.40 14.60 29.90
NLFEA (2.44) (11.40) | (19.02) | (34.25)

() : Hand calculation results obtained from Eq. (6)

P .= 0.8bar 1185

max

P =33bar 4659

max 7195 [

P =38bar 530

max 7868

315.00

Fig. 13 Axial stress distribution for each loading condition
(MPa)
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Mooz Lt 3.8barg7t 2Ee AR, ERMY0| 3
Zot 2 BrioM= 2MBIX|(plastic hinge)7t sINSS
Q== QICh KB4 8bargZt REEE 29, UE Bt ZAUR|
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