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SUMMARY

The 124-th Research Panel (SR-124) of the Shipbuilding Research
Association of Japan was organized in 1970 to conduct the full scale
measurements of ore carriers to study the problems of wave loads and
ship's response in service conditions.

In 1971, three new research panels were organized to carry out the
project of the Numerical Analysis of Ships Structure , by the jolint
researches of these four panels as follows.

SR-131 : Wave Loads, Hydrodynamics,

SR-132 : Developement of Ocean Wave Recorders,

SR-133 : Structural Strength,

SR-124 : Full Scale Measurements.
Then the works of our panel have been conducted giving the accents on
fthe measurements of ocean waves, wave pressures on ship's hull, and
wave bending moments.

The measurements of ocur panel were classified in two categories,
the i1ncorporated measurements and the automatic ones.

The incorporated measurements were to correspond to the above
mentioned joint researches. Measurements were carried out on an ore
carrier KASAGISAN MARU (D.W.117,571t) on Japan-Australian route, for
five voyages in 1970-71, and for five times in 1973-74. Those of the
second term were carried out in association with the panel SR-132.

Ocean waves in the vicinity of the running ship were measured by
throw-away type wave buoys and FM telemetering. Simultaneous measure-
ments of waves and ship's response in such a scale were the first
trials in Japan. The details and the results of wave measurements
are to be explained in the report of SR-132. Some results of measure-
ments and analysis of short-term distribution of ship's response,
frequency distribution of r.m.s. values, impactive and non-impactive
wave pressures on the hull, spectral correlations of response, and
pressures by cargo ore are reported here. To correlate with the
results of theoretical analysis and experiments in the laboratories
by other research panels, we have not finished all the analysis yet,

but some gratifylng results have been obtained.



The automatic measurements have been started in 1971, to obtailn
statistical data of ship's response continuocusly for a long term.
In this cases, the data of environmental conditions were mainly
visual data by the courtesy of the ship's officers.
In the first group of three ships,
WAKAHATA MARU ( ore Y(DW. 93,113t) Jan. '72 - Oct. '74,
JAPAN ALDER ( bulk )(DW. 57,911t) Sept.'T72 - Sept.'T74,
CHIDORISAN MARU( ore ) (DW.164 ,644t) Jan. '73 - Feb. '75,
the r.m.s.values of ship's response had been measured and recorded
hourly in the form of digital prints by the Automatic R.M.S.
Recorders. The number of measured elements were three or four, and
the duration of r.m.s. calculation was 20 or 15 minutes. These
measurements were conducted very successfully through the whole
term of each ship, and many useful statistical data were integrated.
In the second group of four ships,
KASAGISAN MARU ( ore )(DW.117,521t) Dec. '71 - Nov. 'T4,
PORT LATTA MARU( ore )(DW. 93,356t) Feb. '72 - Oct. 'TH4,
CHIAKI MARU ( bulk )(DW.115,000t) Oct. '72 - Nov. 'T4,
KAMAKURA MARU(container)(DW. 35,406t) Dec. '72 - Dec. 'T7h,
the time histories of ship's response were recorded by the Automatic
Analogue Data Recorders in electromagnetic tapes. The recorders were
to be acutuated for 30 minutes only when the r.m.s. value of the
wave bending stresses had exceeded the pre-setted value in very
severe condition. These measurements have not always proved success-
ful, for some reasons such as the troubles of the instrumentations,
and few and far between cases of the expected severe sea conditions
and so on.
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Tab, 2.1 Voyages for Measurements (KASAGISAN MARU)
'
Number of Voyages Ship's Voyage Time and Route
for Measurement Number
1 st 2 nd Jan. 26, 1971 oc. Chile —e—n» March 26, 1971
2 nd 6 th June 13, o« -———-» Australia ___,. July 11,
I 3 rd 7 th July 14, » ——— " ———» Aug. 8, n
4 th 8 th Aug. 12, » ——-» West Africa_..s Oct. 4, n
5 th 9 th Oct. 11, » ——ww Australia ___, Nov. 3,
1 st 33 rd Dec. 15, 1973 ___, " wewmas  Jan. 9, 1974
2 nd 34 th Jan. 15, 1974 -——-» " ——~+ Feb. 26, n»
II 3 rd 35 th March 1, ——— " -~-+ March 31, »
4 th 40 th Aug. 25, » ——— " ~-=» Sept. 25, n
5 th 41 st Sept. 30, ¢ —— " ——=% Oct. 23, n
Tab, 2.2 Measuring Points on KASAGISAN MARU
Aft, Midship B-Section C-Section Fore
Measuring Points (Measuring Total
Room) Fr.64 Fr.84 Fr.88 Peak
Wave Height 1 1
Wave *
Wave Direction 1 1
: Pitch Roll
Ship Motion Yaw Heave 4 4
Pressure on
Side Shell 2 6 9 L 18
Wave Pressure Stress of Side 4 6 10
Longl. Frame
Acceleration Vertical Acc. 3 1 4
Stress of Bhd.
Ore Pressure Longl. Frame 5 5
Wave Bending Stress | Stress of Upp. Deck 2 1 3
Automatic Measure, Stress of Upp. Deck 1 1
Total 6 8 16 15 2 47

* Measured by Committee SR-132
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Tab., 2.4 Statistical Distribution
of R.M.S. Values

WAvE BENDING STRESS of Upper Deck

=
o0
S AMIDSHIP
= R.M.S. VALUE N | ) |
23C.8 i t 1 ! |
Nusher] R.M.S. Values g2 | ‘ \ H ° °
Meas 1 Point -
asuring Polnts D:fa Median | Mean Standard fa0.6 @ ° i ) I
Deviation | w8 o0 w @ 0w
"
Vave Wave Height 16 0.77 0.78 | 0.3 - ° 0.4 o /w:"{“’:t; T
3 [ - -]
Mot Lon Pitching Angle 67 0.30 0.34 | 0.24  deg £ 0.2} ’i, & w e °
Rolling " 66 0.99 1.13 | o0.85 o o o I l o &
Fore Peak | PFP 36 0.02 0.022 | 0.012 kg/en? 0 L L
PCS-1% | 37 0.02 0.022 [ 0.009 o th 1 W . } ‘ > ¢ 7
. . . sual Wave Height
-2+ | 38 0.03 0.042 | o0.027 2.4 * she (=) }
-3 | 38 0.05 0.056 | 0.031 °
-4 | 68 0.06 0.060 | 0.036 | @ Mean of Group
C-Sectlon | pep ya ! g 0.01 0.020 | o.015
-2% | 46 0.02 0.029 | o0.021 2.0F
-3% | 46 0.04 0.046 | 0.039
Pressure -4 |6y 0.06 0.073 | o0.049 Max. VaLue °
-5 | e 0.03 0.031 | 0.019 I
PEP-1% | 37 0.04 0.042 | 0.023 °
-2% | 48 0.02 0.028 | 0.022 ~ 1.6 i °
-3 | 68 0.04 0.056 | 0.052 f
cec .
B-Section -4 | 70 0.04 0.055 | 0.052 ® | o
-5 | 66 0.06 0.064 | 0.045 &
B % | n 0.03 0.030 | 0.017 I M
_ 23 3 1.2 f i
Midship PAP-1* 0.16 0.173 | 0.107 b4 .7 1
Section -2 23 0.06 0.069 | ©0.050 a ° *® ° °
-3 | 1 0.02 0.025 | 0.017 .'i - ° ® o e °
ek \OP 66 0.35 0.36 | 0.19 kg/mm? L] o o B2 L
BDP 67 0.11 o.10 | o.05 w 0.8 t — &y
BPP-1 56 0.13 0.15 0.09 E ® ® I
-2 64 0.14 0.15 0.10 2 o ° oo
Secti .
B-Secelon -3 {65 0.20 0.21 | 0.14 M 4 o
! -4 67 0.28 0.28 0.21 )
Stress i 0.4 ° 0 =
cps-1 | 66 0.09 0.09 | 0.07 PLIPS
-2 66 0.06 0.07 0.04
C-Section -3 67 0.11 0.12 0.10
cPP-1 49 0.06 0.07 0.04 0
-2 | 66 0.06 0.07 | o0.05 o 1 2 3 i S & .
-3 | & 0.08 0.10 | 0.07
Pressure Gages with * marks are located above or near the Visyal Wave Height (m)
vater line. Pressure values of them are not the amplitudes(
mean-to-peak) but the absolute values of zero-to-peak.
Fig. 2.7 R.M.S, and Max, Value of
Wave Bending Stress vs,
Wave Height
Oct.4, 1971, 13:99 Wave Height 2,5 m
Beaufort S. 7
Frcounter 15 deg(Seh.) 90 -_,
50 b S0
— ] a0 b
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= 70
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Fig. 2.9 Frequency Distribution of
Duration Time of Impactive
Wave Pressure
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Tab, 2.5 R.M.S., and Max. Values of Wave Pressure
Wave Pressure ( kg/cm? )
Position R.M.S. Value Max. Value
(Mean )
PRP-1 % 0.02 - 0.h3 0.17 0.06 - 0.32
00) -2 |0.00-0.19 0.06 0.0% - 0.k
-3 0.00 - 0.06 0.02 0.00 - 0.12
PRP-1% .00 - 0.11 0.04 0.01 - 0.23
2% 0.01 - 0.12 0.03 0.01 - 0.37
B -3% 0.00 - 0.24 0.06 0.00 - 0.52
-4 0.00 - 0.20 0.04 0.00 - 0.34
-5 0.00 -~ 0.18 0.06 0.01 - 0.42
-6 0.00 - 0.07 0.03 0.01 -~ 0.15
PCP-1% 0.0C - 0.04 0.02 0.01 - 0.56
2% 0.00 - 0.07 0.03 0.01 - 0.24
—3% 0.00 - 0.15 0.05 0.01 - 0.68
-4 0.00 - 0.15 0.06 0.01 - 0.39
C -5 0.00 - 0.08 0.03 0.00 - 0.15
PCS~1% 0.00 - 0.04 0.02 0.02 - 0.18
2% 0.01 - 0.11 0.03 0.02 - 0.28
—-3% 0.01 - 0.15 0.05 0.02 - 0.29
~4 0.01 - 0.17 0.06 0.02 - 0.34
F.P. prp * 0.01 - 0.03 0.02 0.02 - 0.18

Pressure gages with * marks are located above or near the
water line. Pressure values of them are not the amplitudes(
mean-to-peak) but the absolute values of zero-to-peak.
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Tab. 2.6 An Example of Spectral Analysis

Measurement No.156 {Jan.4,1974,15:00)

Beaufort Scale=7, Visual Swell Height=4m, Encounter Angle=40deg, Ship Speed=11kt
No. of Dara = 1,500, Sampling Time = 0.48 sec, No. of Lag = 150

E Moments “g - Mean Va\ues' Mean Periods ‘E'g ‘EE i
gﬁg %3 me [ my | my | met m,| m, E:’;EE, =| &| e To [Tep | Ta | Tea [Tt [ Toa -:5 :’E,, 3%
503 sEloal 2| S5 = $31 33 &
SE|Ss
BPP-1] 0.09]7.20]0.06]0.06| 0.07]0.20{0.07]0.08)0.06|0.24]0.61(0.981.24{5.96{3.666.43( 7.27J6.71 7. 00 [62.8 1.57]0.79
w _3] 0.07]8.00[0.06|0.08{ 0.12|0.66/0.68]0.11]0.06]0.25]0.63|1.01|1.28 [4.52 |2.71[5.20 | 8.11 [5.91 J6.72 {62.8 [1.57 |0.80
Seresst 51 0.13}8.00]0.16[0.22] 0.38]2.04] 0.15[0.21{0.16 |0.40{1.01 |1.62 |2.05 [4.10 |2.72 [4.62 | 7.09 [5.23 }5.93 |62.8 |1.57[0.75
w _4| 0.27[8.00{0.26{0.31]0.46/1.9310.26/0.30{0.26 [0.51[1.28(2.052.16 |4.75[3.07 [5.28 | 6.75 |5.76 16.27 [62.8 [1.57[0.76
B PBp-1| 0-00]5.76/0.00{0.00] 0.00{0.00|0-00[0.00{0.00[0.02[0.05[0.08|0.10 [4.64 2,79 [5.28 [10.13 |6.25 |7.41 [62.8 [1.57[0.80
Section w _p] 0.00[5.76/0.00{0.00] 0.00|{0.01{0.00{0.00{0.00[0.03{0.08{0.120.16 {4.45 |2.64 |5.18 |10.40 [6.28 |7.61 |62.8 [1.57{0.80
w _3| 0.00/5.56/0.01{0.01 0.01{0.06{0.01{0.01/0.01}0.08]0.190.31{0.39 [4.42 [2.76 |5.09 | 9.90 6.10 |7.32 |62.8[1.57|0.78
Fress.t 41 0.01]7.95[0.01]0.01 0.01]0.06]0.01]0.02[0.0110.11]0.29 |0.46 [0.58 |5.273.46 |5.77 | 7.08 |6.18 {6.63 |62.8 |1.57]0.76
w _5] 0.01]7.95/0.01/0.02] 0.01{0.02{0.01:0.01|0.010.09(0.23]0.37(0.47|6.3114.30 [6.72 | 7.65 |7.0217.34 |62.8 (1.57]0.73
n _g| 0.00)7.95/0.00]0.00] 0.00{0.00{0.00!10.000.00}0.04]0.10{0.15(0.20 6.30(3.57 [6.89 | 8.42 17.32'7.77 2.8 |1.57]0.82
Cps_1] 0.02[7.95]0.01/0.01] 0.01]0.01 0.0110.010.0110.1010.2610.42[0.5316.59 /5,38 6.90 | 8.17 [7.2317.58]62.8 [3.140.58
Stress| " -2| 0.02|7.9510.01{0.01}0.01;0.02]0.01}0.0210.01!0.10{0.26]0.41]0.5216.19 {4.96 16.56 | 8.66 7.04 {7.55 |62.8}3.14|0.60.
n _3| 0.02]8.00[0.03/0.04/ 0.080.47]0.04}0.10 0.0310.17 0.44[0.70(0.8813.97|2.53 14.65 [11.58 6.03|7.83 (62.8 {1.57[0.77
pos-1{ 0.00[5.5610.0010.00] 0.00]0.0010.00}0.00{0.00 0.02[0.04 10.06 0.08 [4.35 2.55 }5.12 [11.55 .45 [8.12 [62.8 |1..57[0.81
o press.| " -2| 0-00/7.58/0.00{0.0010.00/0.010.00/0.00;0.00 o.o3io.os 0.13{0.16 4.09(2.72 [4.71 [12.24 %.14,7.99 |62.8 |1.57(0.75
Section  -3| 0.00!7.58{0.0010.00]0.01]0.03 0.00!0.01 0.00/0.0610.14 0.2310.29 4.37°2.78 /5.06 12.81 6.56 8.49 [62.81.57|0.77
" 4| 0.02/8.00]0.01{0.01}0.01/0.03{0.01{0.020.01 o.11Jo.27 0.44 10.56 |6.40 14.04 |6.86 | 7.68 [7.147.43 [62.8 |1.57]0.77
sereso|CPP-2| 0-02[7.95[0.020.02]0.02]0.02[0.02/0.03 0'02‘0'13l0.33‘0‘52 0.67/6.3515.26 6.64 | 7.79 6.94;7.25 62.813.14[0.56
« -3] 0.02{7.95/0.0310.030.04{0.10{0.04:0.08/0.030.17]0.43 0.69 |0.87 |5.15 4.18 |5.56 10.34 %.4817.55 [62.8{3.14]0.58
pcP-2| 0.00[5.76{0.00[0.00[0.000.01]0.0010.00[0.00 0.03]0.07 0,12 /0,15 14,20 [2.55 [4.92 11.06 §6.15:7.69 |62.8(1.57]0.79
press | " 73 0.00!5.760.010.01}0.01{0.08 0.01!0.01 0.01 o.o7§o.17 0.2710.3413.9812.34 14.79 11.26(6.18;7.97 62.8(1.57]0.81
v _4| 0.02/7.95]0.0110.01]0.01]0.02{0.01;0.01{0.01 [0.09[0.24 {0.38 {0.48 |6.44 4.27 16.85 | 7.74 [7.137.43 [62.8 [1.57|0.75
" —5| 0.0017.95/0.0010.00}0.00]0.01/0.0010.00{0.00 0.04{0.110.18 10.22 16.52 |3.75 [7.06 | 8.28 [7.42 7.80 |62.8 |1.57|0.82
peck | Midship{®DP | 0.99:7.2010.4110.36]0.3410.56(0.47{0.55(0.41/0.641.6012.56 {3.26 :6.85 |6.91 |7.05 | 7.31 7.15 7.26 |62.8 |1.57/0.70
Stress| B-Sec.|BoP | 0.04/8.00{0.02]0.02/0.02!0.05:0.03:0.0410.02 [0.16 10.40 0.630.80 '6.59 4.216.97 | 7.61 [7.18 7.40 |62.8|1.57{0.77
‘ . -
Midship{pmp | 0.05]7.22{0.030.03}0.03]0.06/0.030.04/0.0310.160.41]0.650.82 16.36 [4.20 6,71 | 7.41 6.92{7.14 |62.8 [1.57]0.75
e rp. |prp | 0.0115.76]0.000.00]0.00{0.0110.000.00|0.00 0.02 0.05 0.08 10.10 14.02 2.47 4.68 110.85 '5.9117.45 ls2.8 [1.57(0.79:
Acc-1] 001 9.0040.00[0.00{.000.00{0.000.00[0.00 0.0410.09 0.1510.19 18.69 6.64 18.86 | 9.12 8.95}9.04 41.911.57(0.65
" 2] 0.00 8.00{0.000.00/0.00/0.00/0.00|0.00[0.00 |0.02;0.06 {0.09 |0.11;7.19 [4.37 |7.58 | 8.09 [7.76 7.96 41.9 [1.57]0.79-
Acceleration ) w3\ .00 8.47(0.00.0.00}0.00/0.00[0.00{0.00(0.000.03:0.07 [0.11 [0.14 8.24 |5.25 18.53 | 8.88 .66 |8.79 [41.9 1.57]0.77
" -4] 0.01 8.00/0.000.00/0.00/0.0010.00/0.01[0.00 |0.06 0.14 |0.22 |0.28 18.01 |5.89 /8.19 | 8.45 [8.28 |8.38 [41.9 {1.57|0.68’
Rolling Angle 4.4118.9811,0510.7410.5570.52i1.52|2.26[1.05 [1.0312.57[4.11 |5.22 B.70 [6.45 8.89 | 9.22 b.00(9.10 |31.4 |1.57|0.67
Pitching Angle 0.44]8.980.14|0.10]0.08[0.11(0.21{0.37]0.14 [0.37:0.93 [1.49 |1.90 8. 44 5.18 8.88 10.28 .26 19.65 |31.4 [1.57]0.79
Wave Height 1.32/8.27/1.01 |0.83|0.82|1.75 1.011.102.524.035.12{7.00 [4.29 [7.66 31.4 [1.57]0.79
UNITS: Stress=kg/mm?, Pressure=kg/cm?, Accel.=g, Angle=deg, Wave Height=m
DEFINITIONS: variance a?= Zﬁns(m)dm = Mo mean periods zero crossing To = 2m/melma
n-th order moment m, = ZLTmﬁs(m)dm peak to peak Tp

mean value

significant mean value

1/10 max. mean value

mean = /2_'7.(7

mean,;= 1.598 mean

meany, = 2.032 mean

narrow band

Ty = 2%(mo/m,)

Tez= 21V/m 3/me
Ty= 2n/m_/m

Tyy= 27 (m,/m,)
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Al

Tab., 3.1  Ships for Automatic Measurements
R ' Measuring
Principal Particulars Item
Instruments Ships Owner 8 D d D.W. |Speed | &g w s
PP n o IR Il < it
(o)Ca)| (o) (m)| () | (k) } 2 @& | 2
Kasagisan Maru |ore Carrier | ioo8t 9K+ 1547.00140.60|23.00]126.00{127,521| 14.8 | x | x
Daiichi Chuo
Automatic Port Latta Maru [ Ore Carrier ¥isen Kaisha 237.00(38.50[19.30/14.10| 93,356 15.4 x x
Analogue
Data Chiaki Maru Bulk Carrier | N.Y.K. Line 248.00|38.00|23.70{16.50}115,000{ 14.9 x x
Recorder
Kamakura Maru Contalner Ship | N.Y.K. Line 245.00132.20124.00({12.00( 35,406 26.4 x x
Yamashita Shin- ~
Wakahata Maru Ore Carrier nihon Steamshipzéo'oo 36.80|17.60(12.80| 93,113 15.7 x
A“;°:a;ic Japan Alder Bulk Carrier | Japan Line 210.00{32.00{17.30|12.09| 57,911 14.9 x {x
Meter
Chidorisan Maru | ore Carrter [ (7559 OS5+ 1975 g0luq.50(24.50[17.93|264,664 | 15.7 | x | x |«x

Automatic Analogue Data Recorder

. -

Bal

YPort Latta Maru'

—

-

L

"Chiaki

Maru"

BEEUAE

(&
\ <
C

"Kamakura Maru"

Fig. 3.1

Automatic R.M.S. Meter

i

2 VI |

"Wakahata Maru"

-

—
C

1

D

o]

"Japan Alder"

:

7

[
A

.
(ld

Fal

I

Ve

"Chidorisan Maru"

Strain Gauge

Wave Pressure Gauge

Ship Motion Meter

Automatic Analogue Data Recorder
Automatic R.M.S. Meter

PO @oo

Measuring Points of Automatic Measurements
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Tab, 3.2 Voyages for Automatic Measurements

Viswal Weve

Height (m)

|
' Ship adn L{earT Jan. Dec.
1971 .'“
! KASAGISAN Mapu
C ! 1972 32 20, | 2y
g Australla
?: Are Carrier 1973 22 .
é 117,521t ™ - 1y
& -
2 PoRT LATTA MaRy 1972 . ~TITs
a8 Ore tarrler Seuth 97322 15 . 18
4 93,356t ™™ America (Audltralta)
51 1974 19
- . 2} N
o 1972 14
5 CHiakT Maru 15 (Canada®
) Bulk carrter | AUstralla 1973 —rgleeg Canada) Canadal [ (™)
- 115,000t W 1974 25
v — -
E
: 1972 o —
i Kamakura Mary Round . . 2
< Tontalner 5. World | 1973
35,406t DW 1974 12 e
1y b8
c, WNakaHATA MRy
a 49
E Nre Carrier Australia Pl
2, 93,113t DW 29 82
& ? (South {South Aderica) ™ =
© ! JAPAM ALDER :
o Bulk Carrier |, .o .14 1973 u—"_ Az
T i 57,911t W u a 48 o on
= [ TEurond) (Pacifif)
2 CHipor1sAN Maryl :L’""
[ Al
5 ( dre ~arrier Australia 28 _ .4
< 164 6uby DW 29
Tab. 3.3 Frequency Distribution of RMS Values
(WAKAHATA MARU, Wave Bending Stress)
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Frequency Distribution of RMS Values
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Frequency Distribution of RMS Values

3.5
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Tab. 3.8

Frequency Distribution of Encounter Wave Heights
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Fig. 3.2 Frequency Distribution of Visual Wave Height
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Fig. 3.8 Prediction of Long Term Distribution of Wave Bending Stress
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Tab. 3.9 Frequency Distribution of Impactive Wave Pressure
(Fore Poppet, KAMAKURA MARU)
Beaufort Number of Total Number of Impacts
Seal 15 min Meas. Time Level of TImpact Pressure  { kp/cm?)
PeaLe Mcasurements (min) 0.1 0.1 0.5 0.7 n.9 11 1.2 1.8 1.7 1.9 2.1 Total
2 4 60 42 21 3 66
(30) (21.0) 1 (L0.5) {{ 1.5 (33.0)
3 11 165 27 83 28 2 140
(30) (49515 0.4) (25.5)
4 72 1080 11 190 761 518 176 33 11 1 1665
- (20) CO3)|CS5.3)[(19,91 (1401 6.9 0.9(|C0.3)]C0.3){C0.0) (46.3)
< 61 615 62 331 409 190 67 24 9 10 6 1108
(30} (3.6 2)[20.0)|C 9. 3.3 1.2 0.6 0.5/ 0.3) (54.0)
6 40 600 47 261 270 199 56 28 6 2 1 880
(30) (2.8 (3.1 1 {13.5)1(10.0){ C 2.8)1C 1.4 0.5)[C0.3)[C0.1)[(0.1)]| (446.0)
7 26 390 22 | 162 | 154 72 17 9 4 3 1 452
(30) C L7y (1253 (1.9 | 5.3 |[C L. {C0.7)3(C0.6)1C 0.3)(C0.2,{C0.1) ] (34.8)
8 9 135 13 58 81 17 15 3 0 0 3 190
(30) (2.9)[(12.9)|[(18.0) 10 3.8)1( 3. 0.7y (0.7) | (42.2)
9 . 60 [} 22 34 11 3 0 77
(30) C3.0)(11.0){(17.0) ] ( 5.5)|( 1.5) (0.5 (38.5)
10 8 120 3 37 41 27 9 4 1 122
(30) (0.8 C9. |0 DI 6.8 2.3 1.0 0.3) (30.5)
Total 215 3225 14 L46 1695 1524 676 195 76 21 11 5 4700
oL o (30) COD 4.2 (15.8) (4. 2)|C 6.3)|(C 1.8)[CO0.7)[CO0.3[C0.2){(0.1)[(0.1)] (463.7)
(Number) shows the mean number of impacts durring 30 minutes.
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