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Experimental Investigations on Slamming Impacts by Drop Tests
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School of Naval Architecture and Ocean Engineering, University of Ulsan®
Abstract

When ships are sailing with large motions in rough waves, the slamming phenomenon
occurs and the ships suffer from impulsive pressure loadings. Recently, ships are becoming
lager and faster than before and it becomes more possible that the ships experience larger
impacts on their bows and sterns. Many researchers have been performing the
investigations on slamming experimentally and theoretically for a long time. Most of the
research reported in the open literature focused on how to accurately estimate the
amplitude of the peak pressure of slamming. According to the results of a recently
published work, not only the amplitude of peak pressure but also the width of the peak
may play an important role in predicting the extents of damage of impacted structures. The
uncertainty of impulsive pressure loadings due to slamming has been indicated by many
researchers. However, probabilistic treatments of the impulsive pressure loadings are few. In
this study, drop tests were conducted on wedges having dead-rise angles of 0° and 10°.
Not only the amplitude of peak pressure but also the width of peak pressure were
measured. Furthermore, the variations of those values are also provided for the probabilistic
approach of the slamming problem.

% Key word: Slamming phenomenon(Z2i Y & 4t), Amplitude of peak pressure(E CHeed), Width

of peak pressure(ZIHE2AE XIHAI24), Variation of impact(&212] £4t)
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Fig. 1 Experimental set-up installed in a
trimming tank

SSIAEEXIS] MMAQ e == Fig.2 2
ZCh  Trimming Tank2l Z2 2170mm =&
1000mmOI2 Z/CH Sot=0l= 500mm=Z 100mm
£E 100mm & BII6HHAM AES AAIGHRICH
LMt X2z AEZ S| fldl 22 2Ho
SHE ST oI THE2 URE AI=SIRICHL
Fig. 30z AEZEo das 2oL UL

X

=20
Table 10l 22 X2

&elotct
600mm
¥ Dropheght
? 0~500mm
1000mm)
2170mm

Fig. 2 Schematic view of the trimming tank
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Fig. 3 Cross sections of wedge models

Table 1 Dimensions of Test model

[mm]

Model 1 2
Dead-rise angle [deg] 0 10
Length [mm] 1000 1000
Width [mm] 600 600
Height [mm] 400 350
Weight [kgf] 60 60
Bottom plate thickness 50 50
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Fig. 8 Measured histories of vertical accelera—
tion, pressure of 0° wedge model (drop height
= 500mm)
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CIGHRCE Table 201 Hel=l Z|CHeteA0l 28t Xt
SE BH HEol 0° 2o Z COVIt 1.4 -
6.5 %&E 40| el AKX &£oLt, 10°
FRE COVIt =W 17.2 %Ib =Lk 0° 220
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Table 2 Mean and COV of peak pressure (unit: kPa, %)
(a) 0° wedge model

Drop Location_PO Location_P1 Location_P2 location_P3
height [mm] | mean cov mean Ccov mean cov mean cov
100 29.9 3.40 30.5 3.52 30.4 4.31 29.5 6.47
200 63.7 1.64 66.3 1.88 65.4 2.32 64.0 2.05
300 87.9 4.12 91.4 5.16 91.0 5.92 86.9 5.71
400 113.5 2.35 116.3 2.42 114.5 1.38 107.2 2.01
500 137.2 4.33 142.7 2.41 141.3 2.19 128.0 6.45
(b) 10° wedge model
Drop Location_P0 Location_P1 Location_P2 location_P3
height [mm] mean Ccov mean Cov mean Ccov mean Cov
100 61.0 16.64 56.9 3.82 39.4 3.27 28.0 6.10
200 105.9 4.55 97.6 16.05 75.9 2.13 49.2 2.43
300 136.4 14.65 135.0 12.30 107.5 3.09 78.4 2.03
400 187.1 17.20 183.3 10.22 148.0 2.94 109.7 1.29
500 232.6 14.54 219.5 13.55 175.6 3.38 137.4 1.19
Table 3 Mean and COV of peak width (unit: ms, %)
(a) 0° wedge model
Drop Location_PO Location_P1 Location_P2 location_P3
height [mm] | mean cov mean cov mean cov mean cov
100 5.30 3.41 5.42 4.92 5.41 4.55 5.42 5.13
200 4.71 2.33 4.67 1.84 4.63 2.65 4.70 2.41
300 4.40 2.96 4.41 3.60 4.40 4.01 4.45 4.48
400 4.02 2.22 4.09 1.87 4.13 1.76 4.14 1.81
500 3.82 4.58 3.87 4.20 3.90 3.37 4.04 5.20
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(b) 10° wedge model

Drop Location_P0O Location_P1 Location_P2 location_P3
height [mm] | mean cov mean cov mean Ccov mean cov
100 0.79 11.07 1.20 15.61 1.61 5.03 2.26 4.45
200 0.61 10.80 0.89 11.16 1.20 4.48 1.42 4.48
300 0.62 14.75 0.77 11.26 1.14 517 1.35 3.04
400 0.55 13.32 0.76 13.49 1.04 10.92 1.23 6.00
500 0.45 16.29 0.64 15.38 0.88 14.05 1.16 3.05
Table 301|‘: S22 KIEARN 73t COVE 01|H= KI=AlRIOl #8411, Sotk=010t =0H&
HeloIch BEol F2(0° 29)= zUSARS = XIBAIZH0] HOHEE & = RUCH

KIZAIZH0] EHQF 4 - 5 ms EZO0IXIE 10° 2

Table 4 Mean and COV of Impulse (unit: Pa‘s, %)
(a) 0° wedge model

Drop Location_P0O Location_P1 Location_P2 location_P3
height [mm] | mean cov mean cov mean cov mean Ccov
100 83.3 2.12 84.7 1.74 84.4 1.66 82.0 3.98
200 149.2 1.85 155.1 2.06 153.1 2.83 149.9 2.22
300 196.2 1.51 204.0 1.41 203.1 2.18 194.0 3.08
400 234.6 1.39 240.3 1.18 236.6 1.03 221.7 1.75
500 268.5 2.84 279.3 1.13 276.6 0.99 250.4 5.38

(b) 10° wedge model

Drop Location_P0O Location_P1 Location_P2 location_P3
height [mm] | mean cov mean COov mean Cov mean cov
100 24.4 24.21 33.5 14.94 27.3 7.84 31.0 8.92
200 32.1 12.82 42.2 12.28 39.0 4.27 34.2 4.91
300 41.3 12.28 51.0 16.81 52.6 3.43 52.0 3.15
400 50.3 13.31 67.7 10.66 65.8 11.50 66.1 6.42
500 51.3 7.32 68.3 12.81 66.0 13.97 77.9 2.92

Z S22 eXs SAY (Impulse)2 JHE SOIXIgH 10° 2R0IAM= 0 80l 12 -13% E&
Gt 0l gtel E= 1t COVE Table 401 EHelotd T SIS € = UL SA2 lis2L=
Ch. &ot=010F 500mmE MHE HIwsHH A9 ZI0 2R NSsAIZe 52 22 Lks i0ICH &t
22 Eol 0° 20lME 270 (Pars) H=0IXIgH of ZIHSHLE D 2U SAF NSHAIZES| b2
10° 2E0iIM= 0l g0l 70 (Pars)Z2 A3l 0 Ao &6 QUi COve & &8l COVE &gt gt
S & = ULL Cove BE2 R 3 - 4% & Ol T/l =Ch GHXIZH Table 40IM 20HF== =4
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2ol COve UNECez = M ZUsSZLE0IL 2 2= UL OI22H zUIEZ2LEN 0 S22
ZIH BZ2 KISBAIZES COVE Hixet =F2= KIEAIZE2 A2t 22 e & = UCH
Table 5 Mean and COV of pressure coefficient (Cp) (unit: %)
(a) 0° wedge model
Drop Location_PO Location_P1 Location_P2 location_P3
height [mm] mean Cov mean cov mean Cov mean Ccov
100 38.8 4.12 39.5 4.38 39.4 5.09 38.3 6.70
200 37.6 1.80 39.1 2.16 38.6 2.10 37.8 2.08
300 33.7 3.20 35.0 3.96 34.9 4.75 33.3 4.89
400 33.1 2.32 33.9 2.38 33.4 1.39 31.3 1.94
500 31.5 4.31 32.8 2.39 32.5 2.16 29.4 6.43
(b) 10° wedge model
Drop Location_P0 Location_P1 Location_P2 location_P3
height [mm] | mean Ccov mean cov mean cov mean cov
100 64.6 1717 60.2 3.68 1.7 3.17 29.7 6.03
200 57.8 4.29 53.2 15.04 41.4 1.47 26.8 3.49
300 51.2 13.19 50.7 10.48 40.5 7.08 29.5 3.63
400 49.9 16.62 48.9 9.95 39.5 3.19 29.3 1.91
500 50.2 15.00 47.3 13.83 37.9 3.67 29.6 1.37
Table 50M= =2 B COVE 20 SHUME 2-7%2 FJIE 20/ SLRL 8=
=10 UCH 0° 2| HRE= 01 AHl==It 30 - 40 geo G& 20ILE & XPO|§ 20110 UAX &
o "0 AL, 10° 2L dAR= LW 2201 Ch GHRIBH 10° 2RO AWM= SLR0AM COV
M 50 &=2 EIOIII'?_F SLRUA Z2HAH 80 JH13-17% EZO0IXISH A=z 2= X0}
Tt St & 2 2F Hot=00r HES N SLEAM 150mm EU& p2 HOIASE
0l H==0t Z0t&E & = ULH COVe &E=, O° COVIF EEtel &2 2011 UCH

Table 6 Mean and COV of peak point travelling velocity for 10° wedge model (unit: m/s, %)

Drop between(P0-P1) between(P1-P2) between(P2-P3)
height [mm] mean cov mean cov mean cov
100 12.7 1.00 10.5 0.68 8.2 1.12
200 171 3.62 14.4 2.15 111 0.98
300 20.6 1.95 17.0 1.46 13.4 0.97
400 23.6 1.61 19.8 1.34 15.9 1.37
500 25.5 3.39 22.3 1.97 17.7 1.24
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