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Indentation (mm)

Fig. 15 Comparison between numerical and
analytical calculation

Table 1 Comparison of results

Approach Indentation Engrgy Mazx. Collision
depth (mm) |absorption(MJ) | Force (MN)
Analytical 923.0 110 224
Numerical 935.0 105 20.8
A2 U FYE ]v‘_—é aich % 3 ]S}ﬂl side
shell®] &4 Wy &

o} 4% slgiol ) S LA B8
Fig 159 Table 1 ¥12 45K el 5l
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Fig.16 Quadratic plate loaded by a circular punch
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Fig.17 Force-displacement curve for plate structure

Table 2& 2+ W9] Zo|7} 3mel ©@4 X|=] Hyo] Ao
3 tons®] 2, AEo] 957 drill collar”} 10m EolollA H5H3)
< o Hdel F7 2= plugging capacity § EHF L vk,
Foizl 7oA Huo] 288} impact energyt 204kJo|
2% 16mm FAE 95 232 20mm FAE 9SS
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ERRa

Table 2 Parameters according to thickness variation

Deck plate thickness 16mm 20mm
Mechanism force 136kN 241kN
Membrane stiffness 14239kN/m | 18985kN/m
Elastic stiffness 622kN/m | 1473kN/m
Displacernent at mechanism force | 0.031m 0.035m
Plugging capacity 236kJ 355.2kJ

3.2 A s4Y 9 calibration

T2 YL o] 53 EA iy H& shs4de
E3}7] 938 DNV VERITECOIAM 43idt Ag3 £93
274 dsf £2 A& sestd @ w4 27
(mesh size) 9t #e] Feo] slFsle A5 A9 critical
plastic straing AeIstiz} $ch Figl8e #3 84 &
dol3 #el ol g T 7tz 2mx2m, 20mmoli
mesh sizew 100mmE AT AA 4L AHH @A
oY AEE &E5Y 350MPa, HELE 450MPa, 38
210000MPa®] g7 oju},

Fig.195 -9 $ (force-displacement) ¢} 4] 34} A3}
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Fig.18 Numerical simulation model of the experimental
test for quadratic plate loaded by a circular punch

£ JP=2 Jepbd Rojtt. I Z A indirect= strain
energye A4 skzol ¢ Aotk 2= 7Hgstel FEM 235
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Force - Displacement Curve

Force, F (KN)
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Fig.19 Force-displacement curve using FEM result

Table 35 3] 3]4-& o] &3] 23 7} parameterE DNV
VERITEC®] of ¢} v 3 Aot}

ol o] ARXZH-E A A Ayt 48 AFs 2 o
A& A&S & F AUTh

Table 4= $19] parameterg ©]£-3te) DNV VERITEC®]
A A AR E 22 Fehplugging capacity & B2 Aol

919) A= 100mme] mesh size7t £ Al4tell HA3) AME-
2 7 dE= BAFT oA Zo] 2me] Hio] 20mmTFAdl
A 355k €] strain energy S ST 7HYEHAL ©] oA
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Table 3 Comparison of the force-displacement parameters

FEM Ref DNV |Error (%)
Kte Indirect (KN/m) 1499.2 1473 2%
Kte_ direct (KN/m) 14754 0%
Ktp_ Indirect (KN/m) | 18312.0 18985 -4%
Kip direct (KN/m) | 178254 -6%
Fso__Indirect (KN) 248.3 941 3%
Fso__direct (KN) 248.3 3%
Weo__Indirect (m) | 0.040697 0.035 16%
Weo__direct (m) 0.041495 ) 19%

Table 4 Comparison of the plugging capacity, Tpu

FEM Ref DNV Error (%)
3656 P 3%
S 3753 3552 6%

o #}esl= maximum plastic straing critical plastic strain
o g 7M.

39 4% 48 MSC-MARCE F838l4th. 18vh
Table 50141 B uheh ro] 42| 814 ZAzr} 355kJdl
EE23A Zatnh dev & AL AF#E EQE critical
plastic strain 0.352 A ¢33t

Table 5 Numerical results for total strain energy

Total Strain Energy (kJ) Maximum plastic strain
1 344 0.365
335 0.352
3 334 0.350
£, =035
33 34 9

AP A 21223 97k drillship®] setback area= Fig20o|A]
B vhe} 7o) dnll collar standE A5t ikl o2
29 Al Fae] 7hsAdo] EAgtth ek setback areadt
s HEES FYhstAch

Drill collar®] #Ht| FAE 12.3ton°] 2, DNV A4 7%
(DNV Offshore standard, 2000)¢ll w2} 15m FolellA Ys}

Fig. 20 Picture of drill collar stands
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Table 62 57 Wt gk i A& JeplaL ek
A AARFE 2] AAQ 16mm FA2 ¢ maximum
plastic strainzkel critical plastic strain 71%& 2&3}x
ZEA Ut 20mm FAY A4 71ES UEE B
Akl AL sethack area FAE 20mmE A A S5}

Fig2d, 25+ 57 22 8% # Ao b plastic strain
TEE Yep ok

Table 6 Summary of dropped object analysis for
the setback area

Impact Maximum Maxdraum total plastic| Absorbed strain
scenario | displacerment {mm) | equivalent strain energy (kJ)
Thickness{ 16 20 16 20 16 20
S-1 181 155 0.28 0.19 185 | 182
S-2 154 104 0.36 0.26 183 | 182
Criteria 0.35 181

e

(a) S -1

(b) 8 -2

Fig. 24 Total plastic equivalent strain distributions
with the plate thickness 16mm

(a) S -1

(b) S -2

Fig. 25 Total plastic equivalent strain distributions
with the plate thickness 20mm
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