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Evaluation of Load and Resistance Factors of Armor Units
on LRFD of Reliability Design Method
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3101 ARSI A2 % Hudson] 213 Van der Meer Z4Jo] tajo] 77} Salmiglon], Husgu
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off mhe SRR A AT e shmseld thehks QukEel g 2 Axskint.

SAIZ0! : AN LRFD, SEAZAE, 315, AR, £44] vhes

Abstract : A design equation of LRFD of reliability design method has been formulated properly, and several load
and resistance factors with respect to the target probabilities of failure on armor units of rubble-mound
breakwaters and mound of composite-breakwaters have been suggested, which have been evaluated by both
reliability analysis and application of design value method following strictly the process of code calibration
defined in design procedure. Also, the mathematical models have been provided from the reliability functions, so
that the characteristic values of the resistance function and load function can be calculated straightforwardly that
must be applied to the design equation of LRFD of reliability design method. The existing sections of each type of
breakwaters designed by traditional deterministic design method have been included as many as possible in the
reliability analysis in order to consider the diverse ocean environmental-conditions according to the failure modes
of armor units. Those results of reliability analysis have been necessary inevitably in applying the design value
method by which each load and resistance factor according to each failure mode can be evaluated correctly. The
load and resistance factors on the Hudson formula and Van der Meer formula for rock and TTP units of rubble-
mound breakwater have been compared with the load and resistance factors suggested by PIANC and CEM, in
which the present results have been satisfactory in the same conditions of the target probabilities of failure. In
addition, Tanimoto formula for armor units on mound of composite-breakwaters has been studied in this paper for
the first time. The load and resistance factors of non-perforated and perforated composite-breakwaters have been
evaluated and suggested according to the target probabilities of failure. Also, mathematical models of
characteristic values of the resistance function and load function have been formulated from the reliability
function of Tanimoto formula that must be applied to the design equation of LRFD of reliability design method. It
has finally been seen that the qualitative trend of those load and resistance factors with respect to the target
probabilities of failure on non-perforated and perforated composite-breakwaters has been in agreement with the
behavior of those of other failure modes.

Keywords : LRFD of reliability design method, load and resistance factors, armor units, rubble-mound breakwa-
ters, composite-breakwaters
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Fig. 1. Sketch of design value method.
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Table 1. Input data of reliability analysis of Hudson formula
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o= F=8t4 o 7 e]shH Hudson 3212 A&HA15=¢} s}
= U 21(10)7 o] ge)dct. 7F gHEwgo &

i=1

# X orY, Hy, OF Ly, Vy, or Vy, (%) /(X)) or gy (Y Distribution
1 Ay 1.0 18.0 1.0 Normal
2 A 1.6 3.8 1.0 Normal
3 D, (m) Various 6.7 1.0 Normal
4 cotar Various 5.0 1.0 Normal
5 H, (m) Various 16.0 1.0 Gumbel
6 K, various - - Constant
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Table 2. Result of reliability analysis of Hudson formula

o -
_O_.HI—E

Hudson-Rock
No. Port ay, ap ap, Ceotar oy, p P (%)
1 Sokcho 0.733 0.153 0273 0.068 -0.600 -0.019 50.77
2 Donghae 0.733 0.152 0.273 0.067 -0.600 0.045 48.21
3 Pohang 0.716 0.182 0319 0.081 -0.589 —-1.800 96.41*
4 Ulsan 0.737 0.147 0.262 0.065 -0.602 0.350 36.32
5 Pyeongtaek 0.753 0.130 0.238 0.058 —-0.597 1.277 10.08
6 Tongyeong 0.754 0.130 0.234 0.058 -0.597 1.292 9.82
7 Samcheonpo 0.745 0.138 0.247 0.061 -0.601 0.865 19.36
8 Yeosu 0.702 0.208 0.350 0.093 -0.576 -3.625 99.98*
9 Wando 0.758 0.127 0.230 0.056 -0.594 1.485 6.88
10 Jumunjin 0.736 0.148 0.265 0.066 -0.601 0.262 39.67
11 Hupo 0.741 0.142 0.256 0.063 -0.602 0.596 27.56
12 Guryongpo 0.728 0.162 0.286 0.072 —-0.598 —0.546 70.75
13 Daecheon 0.742 0.140 0.252 0.062 -0.602 0.727 23.37
14 Bien 0.765 0.123 0.223 0.055 -0.590 1.680 4.65
15 Daeheuksando 0.858 0.091 0.165 0.040 -0.477 3.211 0.07*
16 Narodo 0.723 0.170 0.297 0.076 -0.595 -1.039 85.06
17 Geomundo 0.752 0.132 0.237 0.058 —-0.598 1.207 11.38
18 Seongsanpo 0.837 0.097 0.177 0.043 -0.507 2.988 0.14*
19 Hanlim 0.708 0.198 0.337 0.089 —-0.581 -2.923 99.83*
AVERAGE 0.743 0.142 0.255 0.063 -0.598 0.584 27.96
Table 3. Partial safety factors and load and resistance factor of Hudson formula
@pr (%) Br Yty 7 7, Yeota ", Vs % Yz
40.87 0.23 0.9694 0.9987 0.9959 0.9992 1.0221 0.9639 1.0221 1.0604
40.00 0.25 0.9666 0.9987 0.9957 0.9992 1.0239 0.9609 1.0239 1.0656
27.96 0.584 0.9219 0.9968 0.9900 0.9982 1.0559 0.9093 1.0559 1.1612
20.00 0.85 0.8863 0.9954 0.9855 0.9973 1.0813 0.8687 1.0813 1.2448
10.00 1.29 0.8275 0.9930 0.9780 0.9959 1.1234 0.8025 1.1234 1.3999
5.00 1.65 0.7793 0.9911 0.9718 0.9948 1.1579 0.7493 1.1579 1.5452

FA A9} 3E AL AGE Table 300 A48T}

Yo =Va, VsV eota (102)

Vs =7Vu, (10b)

1 ArolA AP E A3, Table 3] AdE 253
918k Fig. 201 %3} 1]SHUS Army Corps of Engineers,
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|
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CEM(2006)'s result

<> <> Present result
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100.0 10.0 1.0 0.1
Target probability of failure

Fig. 2. Comparison of present results with CEM results (2006) of
Hudson formula.
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2§37 213 A
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9 o]} A7) 7] (MOF, 2017)°] AIA1E Van der
Meer 321> AP A RE 48 7Fsstth= Ao do] A
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Ao A E 7 Qlvhs AR R QU wheba] AelA
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ol
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Z,,(%, %) = 4,,8,"*AD cota* P*"*s, "PN ' —H >
5"1 S §C (123)
Zy(X,y)= AVSSdO'zAD"COta(0'57P)P70']3s0m’°'5pNW’O-] -H,>
g"I > 5(' (12b)

A1 AT, £ = tanads®, & = [62P" tana) ]9,
Ny AR 74, S I8l (damage level), P ¥
559 FFAITF, s, AL 183 4,9} 4p Van
der Meer &2 2] 84S YEh= FEW ot
A iAol AbgE 7F EHSe] 5Adn) e wiE Al T
21 A48 BEIE Table 4ol AN B oM, 4] A
< Hudson &2]olA 288+ AR A} w3 Fdsirt. #H
AP ARSI ZetAwE A= 85 A ek 7t gEH
o] WIS Aol A A T8 sk gES AP st
AA A4S TSIt A A &, < £21 oA =

o AFHEAGF7E 028, Ht ] FE0] 61.03%]H,
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Table 4. Input data of reliability analysis of Van der Meer formula
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g, > £ M= it AR =AGT) 043, HF v g
£0°] 33.54%31t}. ©] A¥}E Hudson 32 2] A3}, 27.96%%}
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Van der Meer &-2]°] AR 0 2 ¢ & ARA)] T35 4HY

o 1
s A % 4 AT BH 482, £, < £ £, > 8
o nje} 7} sge) FRAAATE Al 22te)
AGx0 uE skAlT APgA T Al AL T
21(13)7 2.
Vs =7u, (132)
Vo=V a Vs Vo Yena 70y Py M &, <E (136D

0.5-7pP , ~0.13 0.1
7p

Vi YV p, (Ve COLQ)

R _
cota™* s,

—0.5ypP
(}/som som) & 71\7”‘

~0.5P e
m

E>E (13b-2)

wEx]49kO 2 Van der Meer 521 2] 7 5ol tjsh F-&
EAAIGS} ste A ATE A8l Table 5ol AlAskaL,
Fig. 3°] CEM(US Army Corps of Engineers, 2006)%] Z
e} vl wakdek, A (13b-2)efl X3 FEHFES 524%0]
o} ofuf] FJ g 2 AlFA o]@elA AFEAF, = 0.0
ol &L 50%7F Hh Wk 260l 2lehd =
0.021 A% stz FAITE 257 1.00] ¥k, upeha] Hig 4l

SAF7F Br < 0.0%1 210 A9 sk A 3AlTE &
3] s &-gH AN O R SRS AHEste] AP E I EA)
o] TS A RtE= AEs | €k o]EF o2
A7F ot AHAEA LRFDS A-gaha A2 AAN
Hop RPAA S wte 497t H7) wine] A9 140

Aol 7o A7t Qlek. whbA # A% HiE
AZE=AGTE B < 0.0Q] 20l Tt sk A AT A A
E =

Fig. 304 A & 5= S15°] CEM(US Army Corps of
Engineers, 2006)°ll4= #|apAIF2] ol w2834,
£, < EF &, > & T lo] sl sk A 3AITE AlAl e
Rt whal], 2 ATrellM= A50 = gl W 28
AL &, < EM &, > EE TSR] ThEA AAISH T

p

T

# X orY, M, OF Ly, Vy, or Vy. (%) /(X)) or 1y /(X)) Distribution
Ayp 6.2 6.5
1 Ay 10 3.0 1.0 Normal
2 A 1.6 3.8 1.0 Normal
3 D, (m) Various 6.7 1.0 Normal
4 cotx Various 5.0 1.0 Normal
5 P 0.5 10.0 1.0 Normal
6 Som Various 25.0 1.0 Normal
7 N, 1000 50.0 1.0 Normal
8 H; (m) Various 16.0 1.0 Gumbel
9 Sq 2.5 - - Constant
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Table 5. Partial safety factors and load and resistance factor of Van der Meer formula

Van der Meer — Rock (&, < &)

@)r (o) B 7 Ya 7, Yoot Ve Pom T, Vi, Tk % 7
40.00 0.25 0.994 0.998 0.994 0.998 0.997 0.980 0.965 1.029 0.984 1.029 1.045
20.00 0.85 0.981 0.993 0.980 0.994 0.992 0.933 0.883 1.099 0.947 1.099 1.159
10.00 1.29 0.972 0.990 0.970 0.991 0.988 0.899 0.823 1.150 0.921 1.150 1.248

5.00 1.65 0.964 0.987 0.962 0.989 0.984 0.870 0.774 1.193 0.901 1.193 1.323
Van der Meer — Rock (&, > &)

@)r (o) B Vs Ya 7, Yoot Ve Pom T, Vi, Tk % 7
40.00 0.25 0.992 0.998 0.994 1.000 0.992 0.983 0.972 1.028 0.987 1.028 1.041
33.54 0.43 0.987 0.997 0.991 1.000 0.987 0.971 0.952 1.049 0.979 1.049 1.071
20.00 0.85 0.974 0.994 0.982 1.000 0.974 0.942 0.905 1.098 0.959 1.098 1.145
10.00 1.29 0.961 0.991 0.973 1.000 0.960 0.912 0.856 1.148 0.938 1.148 1.224

5.00 1.65 0.951 0.989 0.966 1.000 0.949 0.888 0.816 1.190 0.922 1.190 1.290
ghe- Bkt AGatae] BAzke th=dl Felslolof Sk,
Rock - Van der Meer (&,<&) —] === A 515
ofiz SFTFE 21 AT} AsbAel nhe M gz7l
] £, < &3t &, > ol whek thEy) gzolch
N 14 — o —
» S =H| . (142)
] o =
O S .
12 R(x,)=6.28,*AD,cota"*P*"*s, "* N | -
<> 005 02 CEM(2006)s result k d n om W X
T 5 <> Present result é:m < 50 (14b-1)
10 TTTTT 1T 7T T |IIIIII T T ]Illlll T T
100.0 10.0 1.0 0.1 N 0.2 (0.5-P) p-0.13 -0.5P —0.1
Target probability of failure R(xk ) - S‘/ AD" cotey P Som N“' |§ ’
18
Rock - Van der Meer (&,> &) ‘fm > ‘é:c (14b-2)
16 O o]7de] Van der Meer 3210l tfdt HE ol W Sl5A
| _ G5 wwk ohfek AFeret SE S49zke AN

& 1 k. mebd A7) (8 ol43ted 412144/ LRED

_ c o = AR 8 AR 5 Sl Qo sl &
] S 008 02 L ceysrent B FHE AATIEA (8] F52l0)7] witel] R
. B O Present result 'GH %]"5]—1—— 5]‘/_,7\_%%]:% ‘9] U] ?l—]:]—
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TTTTT T T

IIIIII[I T IIIIIIII T
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Target probability of failure
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Fig. 3. Comparison of present results with CEM results (2006) of
Van der Meer formula.
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AAellwt A8k = Sl Ao, 38 &S 1%E
ZlFow g8 4 Qi

A o]} Fdd T Ag|B Yol w el whet A=
A S 3] Y3l Tanimoto 5212 225 ths
21(15)8F o] 33k th(Lee, 2023).

Z,(%,7) = 4,AD, (K ycotar) [ D, e 20500/ 025

' 71.5("1’3'3)2L
[0. 722( K) s S _H (15)

K

A7 Dy T 3lE(%), =+ FAIF, k= Crigis, Cy
& Aol AW AR Alo]=2l 7
1.0, 29ESIEAQ] 1= Cp = 0.4 th(Fujiike et al.,
1999). B3t p'= sl A v E7bA] 8] 4o) Tk

2 (15)E ol-&3to] A=A siXE Fasty] flato] AHg-d
7} gFERge] SANIe misAlT 18al A8-%
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Table 6. Input data of reliability analysis of Tanimoto formula
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A &) 9= obA Aol ML AT, Col tHf‘& e
3k A7t glo] Cp = 0.8% Cp = 0.6 F 7FA] g ol
of aAslict. kA g Alol=Alel gk *Jil” &l A
247F4) z7de]] sfjgsit). wba] AAA o 2= F 39719
el thste] 2154 sljAlo] gt

-5 Alol=A 15700l tish sS4 A3 ot Table 7°1

AABIATt. st & ATE APzl Bast 7t ER
o AT At AFEA G 183 3 EHES AT
ok AR A S] FEllE Dyl 1%l tish A= E4]4=2} g2 g}
Eo 1Y 7 dnit Axp avkeE 2E 4 lth o
A sk A @Al Aol g B3t AR A A3
SE5S AYsp] fot] dies SAIASE EA sk
ol B ghEo] Ui AR 3] A= AlLlekiitt.
4 Azt A NilCXl#t 0.1380]™, At 325
44.51%°|tt. oli= T2 A2 28l 7|1t ¥
e TH(Lee, 2023)

uhebA] Table 79] Aol J3E AF S5 /E3E vh
HES o] &sto] 2(15)2 A TTE ks B gE
WHR0] FERPAAITE AR 025 2P e 4= Qo 2t
SEH] FHRRPATENE FaAle|=Alel st Tanimoto
28 AEAe) steAlgTE v 21622 FE APy

BN rlo Sk e

k)

A=]

oo o

=

# X orY, My, OF Lty Vy or Vy (%) /(X)) or 1y /() Distribution
1 Ay 1.0 18.0 1.0 Normal
2 A Various 3.8 1.0 Normal
3 D, (m) Various 6.7 1.0 Normal
4 cotar Various 5.0 1.0 Normal
5 K Various 10.0 1.0 Normal
6 h'/H, Various 10.0 1.0 Normal
7 H, (m) Various 16.0 1.0 Gumbel
8 N, 500 50.0 1.0 Normal
9 Dy (%) 1.0 - - Constant
10 K, 29 - - Constant
Table 7. Result of reliability analysis of Tanimoto formula
No. Total port ay, ay ap, Qooter Q. Gy, oy, ay, p Pr (%)
1 Pohang 0.665 0.146 0257 0.064 -0.184 0332 -0.546 -0.153 -0.359 64.03
0.670  0.144 0253 0.063 -0.179 0327 -0.550 —0.144 -0.126 55.02
2 Daesan 0998 0.010 0.018 0.005 -0.009 0.027 -0.042 -0.010 5.294 0.0*
3 Okgae 0.647 0.145 0254 0.064 0279 0327 -0.531 -0.158 -0.574 71.71
4 Incheon 0979 0.035 0.062 0.015 -0.034 0.095 -0.157 —0.030 4.724 0.0*
5 Donghae 0.654 0.159 0275 0.070 -0.212 0293 -0.537 -0216 -1.359 9130
6 Gamcheon 0.674 0.133 0236 0.058 -0.172 0349 -0.549 -0.122 0.577  28.20
7 Onsan 0959 0.047 0085 0.021 -0.049 0.131 -0223 -0.039 4.459 0.0*
0967 0.043 0.077 0.019 -0.044 0.119 -0.201 —0.036 4.547 0.0*
9 Gunsan 0675 0.134 0238 0.059 -0.141 0359 -0.550 -0.125 0482  31.50
10 Saemangeum 0.770  0.101  0.182 0.044 -0.096 0286 -0.515 —0.080 2772 0.28*
11 Myeongdong marina 0920 0.063 0.114 0.028 -0.059 0.177 -0315 -0.051 4.100 0.0*
12 Yeosu 0859 0.080 0.145 0.035 -0.075 0228 -0415 -0.063 3.632 0.01*
13 Busan 0.718  0.115 0206 0.050 -0.131 0.318 -0.547 -0.094 1.937 2.64
14 Jeju 0671  0.133 0236 0.058 -0.192 0349 -0.547 -0.123 0522 30.09
AVERAGE 0672  0.139 0244 0.061 -0.186 0332 -0.545 —0.142 0.138  44.51
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Table 8. Partial safety factors and load and resistance factor of Tanimoto formula for non-perforated caisson breakwater

(P f)T (%) Br Yau Ta b, Yeota Vi Vb, Vi, W, & 7s Yz
44.51 0.138 0.983 0.999 0.998 1.000 0.997 0.995 1.012 0.990 0.978 1.012 1.035
40.00 0.25 0.970 0.999 0.996 0.999 0.995 0.992 1.022 0.982 0.961 1.022 1.064
20.00 0.85 0.897 0.996 0.986 0.997 0.984 0.972 1.074 0.940 0.868 1.074 1.237
10.00 1.29 0.844 0.993 0.979 0.996 0.976 0.957 1.112 0.908 0.803 1.112 1.384

5.00 1.65 0.800 0.991 0.973 0.995 0.969 0.945 1.144 0.883 0.751 1.144 1.523

2= o) 2

o E]— ’ Non-Perforated Caisson Breakiater

0.25 n Ammor Units for Rubble-Mound
,0.3[1 500 ] h 18—

/ N Vo
yA,_, 7A7D"7<l:ofaf DNe & T
1.6 —
, s - %

hr S%VLZ (163) ) 14 —

07224 }/*l’/(;);/h (™ e 7] &

. (rex)™ Hs . o
R 0.25 X

“03[1:2%0 ' _150=%)° "/‘) U b
{Dﬁ"e [ ij‘| [0722(1 K)h +e H 10 IIIII<I>I T IIIIII T T T IIIIIII T T
s 100.0 100 10 01
Target probability of failure, (P)(%)

Vs =7u, (16b) Fig. 4. Load and resistance factors of Tanimoto formula on non-

~ e perforated caisson breakwater with respect to target failure
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B Aol Ao Agal] wEel fdolt vl Tk BAW R shlakEel diete] 73 AcleAl thatel

2ol AT} 2 9]0 ske A @A) Aol Ao m e st ARATe] AaE Ty AlelEAlY] AR

H)wE 5 glov), JAA AFEAES B uEslu olek. 5, 429 Avpel vlmahH ofF ezke] Ao} glovk, foju e

Fig. 45 B 53 93| g50] Jolda5 s AdATE Tl A8 st ddd = Qlvh

Z38t g, = w/wt S7¥eRE A kel A|AIEE Hudson Ao FAA vReE vEA T AME SIE

3219 A3E vebd Fig. 294 Van der Meer 321 2] A3} Tanimoto 32 A1Z/JHAM LRFDL] AAI7152] (8)ell 4

= YR Fig. 39] A353} A3 7554S Hola Sl G371 Slair= kel AAIEE sks A @Al Bt ofzl A
S opak e EAG T Aol Mol met 43 BT SEFSR) ST W ANk k. 2(15)9

Ao A 2] vh-= H 5 A T AS 913 Tanimoto 34 AF R sEare Aol SA4%E v A(17)

o HFAGATE Cp = 083 C, = 069 270 thste] 3k o) g 5 glek A7l AAE Aok ok

212 apgaigict. 21(15)) MB35 o+~ ABPAR B SIRE PP AR 2 KL AT} S

=9 F-2ebAAT 8} A A ATE Table 9°, = Aap7] whizol] -3 Alo)EAL) fa Alol=Alel B A8

Table 9. Partial safety factors and load and resistance factor of Tanimoto formula for perforated caisson breakwater
Cr=038

Phr (%) Br iy 7 7, Yeota I Yo, T, W, Tk 7 7
40.00 0.25 0.969 0.999 0.996 0.999 0.997 0.991 1.022 0.985 0.958 1.022 1.067
20.00 0.85 0.895 0.996 0.987 0.998 0.989 0.971 1.075 0.951 0.860 1.075 1.250
18.46 0.90 0.889 0.996 0.986 0.997 0.988 0.969 1.079 0.948 0.853 1.079 1.266
10.00 1.29 0.840 0.994 0.980 0.996 0.983 0.955 1.114 0.925 0.792 1.114 1.407

5.00 1.65 0.796 0.992 0.975 0.995 0.978 0.943 1.146 0.904 0.737 1.146 1.555
Cr=0.6

(P f)T (%) Br Yau Ta b, Yeota Vi V(A Vi, W, & 7s Yz
40.00 0.25 0.969 0.999 0.996 0.999 0.997 0.992 1.022 0.987 0.958 1.022 1.067
20.00 0.85 0.893 0.996 0.987 0.998 0.990 0.971 1.075 0.954 0.859 1.075 1.251
10.28 1.27 0.841 0.994 0.981 0.997 0.985 0.957 1.112 0.932 0.794 1.112 1.401
10.00 1.29 0.838 0.994 0.981 0.997 0.984 0.957 1.114 0.930 0.790 1.114 1.410

5.00 1.65 0.793 0.992 0.976 0.996 0.980 0.944 1.146 0911 0.735 1.146 1.559
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Perforated Caisson Breakwater
Ammor Units for Rubble-Mound
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Fig. 5. Load and resistance factors of Tanimoto formula on perfo-
rated caisson breakwater with respect to target failure prob-
ability.
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EA%E S = e A BEE ] A
th o] & fJ3 = B ol Hxjel e} Z4zte] vt
R Eof tfste] 7hst B 7] whde| sk AlEd siAS
FsIleH, 11 AAEE FARCE FAsto] AR
A g3t steAEAITE gl ek APt gk

g3k = Qe I B

B2 ShkE ste] Akt WA A
AHAL L] T 3550l AX|E = 95 A Y] SRS Al AN
LRFDZ A|5}7] £5}%] Hudson®] 5217} Van der Meer
2l dist Z= Ayugold dakg st ol &
Ao gt gl o3 AA71F=(MOF, 2017)°14 0] & 320
AR AL Q7] witoltt, Hatdrell WE Ste A AlTE At
skar AABIATE, BEgh 2H2e] F Aol thgt A &gkre) st
ST SAME AT e R REE A4 &
2| tigt A2 RE fEste] 8 At Sa
THE AR steA AT ES FHoly e AaE

$h =3, T AlelEAS} fra AlolEAL] nR-E 1
B0l T8-S 218444 LRFDZ AAISH] $18ke] &1t
4 o}g A A 7] (MOF, 2017)° #A1A1% 2™ Tanimoto &
2lo] tjslol = F= Aol HAE 4=3)5k3itt. Hudson
o] 217} Van der Meer &2 ZAAS] 9] 5-5of] 2] =]
= IEA S TS AFYE] flste] Albe AR Eoltt
JRER o]F A& o]gste] EAA) vk IEAL F
&S APYE 5= glot ofvksha sl A o Tk #He-)
A Fe] vpeg 282 th=7] wito|t}, o]e} e F
AL dst] Yste] Ak F24lo] dA| avt & ofg) &
A715l AAIE Tanimoto 3]0t} & A-oA] A2
T3 AlolEAe} fa AlolEAed tiste] Hxgel wes
SAGATE skl AAeRlnt. B Adere} St
o B3 e & Qe 7 B R AF RS
Bl f53to] 3 ARSI oy vl 8l Y 5
oA AAE &Y s REe Uik A AT §lo] 4
FHow v AT 7= slloy, B e sk
AGAT2] AN AsL oeke] 92 E, Hudson®] &
217} Van der Meer &2 o4 Uebb= AREA QL 78k} &
A= eF3iTh

$HH Hudson 3-21ell tallA= ARIA] et ofu 2} TTPOl
et A w s 2 ATl AAISFS S L, Van der Meer &
2] A= AF A At A|AISFSIT, v]= TTPel| tish
Van der Meer &%) (Van der Meer, 1988b)°]l thslod & 1+
© THEJARE AAEHA Zskeled], ol eyt 3wk

9 o3k AA1715=21ell TTPOll th$h Van der Meer 3-2]°] of
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