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Study on the Load Factor of Seismic Loads on
Limit State Desing Method

Satoru SHIRAISHI*
Shigeru UEDA**
Tatsuo UWABE***

Synopsis

The design code of concrete structures revised in 1986 by the Japan Society of Civil
Engineers. In this code, standard values of load factors and material factors are pre-
scribed. On the application of the code to port and offshore structures, safety factors such
as the load factor must be examined taking into account the characteristics of loads and
structures. Previously, Shiraishi and Ueda reported the load factors of seismic loads for
port structures in the Report of PHRI, Vol.26 No.2.

In this report, the relation between seismic coefficients and acceleraration records are
revised and the load factors of seismic loads are calculated again.

Kitazawa et al. were caluculated the maximum base rock acceleration for 19¢ points
along coasts of Japan against each earthquake occured in Japan after 1885 to 1981. In the
caluculation,the maximum base rock acceleration at each point was calculated by the
relation between the magnitude of earthquake and the epicentral distance, and alsc the
upper twenty values of base rock accelerations were prsented and the expected values in
recurrence interval were calculated.

Then, authors calculated the maximum mean values and coefficient of variation of
the horizontal seismic coefficients in lifetime of structures. Also, the load factor for
seismic load was caleulated for each point. Furthermore, the mean of load factor was
caleulated for each five zone which is used in the design for liquefaction prevention on
coastal area in Japan.

Major results obtained in this report are as follows.

{'Means of the 50-yr maximum horizontal seisimic coefficient are 0.172, 0.145, 0.124,
0.095, 0.058 for zone A to E, respectively. And coefficients of variation of the 50-yr
maximum horizontal seisimic coefficient are 0.35, 0.31, 0.45, 0.49, 0.44 for zone A to E,
respectively.

(2)Safety indices of the structures which are desiged by use of the technical standard of
port and harbour structures are 0.85, 0,95, 0.65, 0.60, 0.67 for zone A to E, respectively,
when the importance factor for seismic load is 1.0. Although the safety index deffered for
each zone, the failure probability is large when the safety index is smali. The design of
structures is reasonable to get same faiulre probability of structure for each zone. So, load
factors shall be decided to he the safety factor as 1.0 which is the upper vaiue of the safety
index of structures for zone A to E.

(3VThe load factors for seismic loads are 1.22, 1.19, 1.29, 1.32, 1.29 for each zone, when
the safety index of structures is 1.0. Then, the load factor on limit state design method set
to 1.2 for zone A ,B and 1.3 for zone C, D, E, respectively.

Keyword : Limit State Design, Seismic Loads, Load Factor, Horizontal Seismic
Coefficient, Coefficient of Variation, Safety Index
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A pi| I |0.75| 5.90| 3.78|0.019 | 0.706 | 0.023 | 0.617 | 0.028 | 0.532 | 0.036 | 0.446 | 0.9402
# s | I |0.75| 5.23| 6.670.021|0.575 | 0.025 | 0.517 | 0.029 | 0.459 | 0.036 | 0.395 | 0.9358
g | W |0.7513.64| 6.09]0.044 | 0.718 | 0.053 | 0.627 | 0.065 | 0.538 | 0.084 | 0.448 | 0.9476
@ | m | 0.75|21.92 16.71,0.077 | 0.655 | 0.092 | 0.580 | 0.112 | 0.505 | 0.141 | 0.426 | 0.9904
FES W 11| 14.06| 25.35 0.055 | 0,353 | 0.061 | 0.309 | 0.069 | 0.276 | 0.079 | 0.241 | 0.9905
BOH| m |1.25|25.06| 31.62|0.074 | 0.303 | 0.081 | 0.258 1 0.090 | 0.224 | 0.101 | 0.192 | 0.983
e %] w0 |11 |30.26| 48.86|0.105 | 0.318 [ 0.116 | 0.277 | 0.128 | 0.245 | 0.146 | 0.213 | 0.9832
%%Ai| UL |1 |31.87| 43.38] 0.107 | 0.382 | 0.120 | 0.337 | 0.136 | 0.297 | 0.158 | 0.257 | 0.9841
gl M| W |0.75|24.12 | 42.33] 0.109 | 0.516 | 0.125 | 0.469 | 0.147 | 0.423 | 0.179 | 0.370 | 0.9800
+ B W [1.25|34.80 | 62.38)0.121 | 0.263 | 0.131 | 0.222 | 0.143 | 0.195 | 0.159 | 0.170 | 0.9768
# Wi | U |0.75 | 32.24 67.86] 0.156 | 0.481 | 0.178 | 0.440 | 0.208 | 0.400 | 0.251 | 0.353 | 0.9455
S| 0|1 |22.26 | 22.20] 0.067 | 0.425 | 0.076 | 0.372 | 0.087 | 0.325 | 0.103 | 0.277 | 0.9899
% | I | 1.2518.56 | 14.64/0.046 | 0.354]0.051 | 0.301 | 0.058 | 0.259 | 0.066 | 0.218 | 0.9639
# | N 0.85] 9.8 15.84{0.039 | 0.445  0.044 | 0.400 | 0.051 | 0.358 | 0.061 | 0.312 | 0.9727
B ff| O |1.25|18.14| 17.89|0.049 | 0.331 | 0.054 | 0.282 | 0.060 | 0.243 | 0.068 | 0.206 | 0.9914
f0 | T |0.75| 7.05| 13.50| 0.033 | 0.499 | 0.038 | 0.455 | 0.044 | 0.412 | 0.054 | 0.362 | 0.9668
# M| W |0.75] 6.09| 9.32|0.026|0.542|0.030 | 0.490 | 0.036 | 0.439 | 0.044 | 0.381 | 0.9516
# py| W |0.7512.18 | 9.22] 0.043 | 0.656 | 0.051 | 0.581 | 0.062 | 0.505 | 0.078 | 0.427 | 0.9818
4 4| |0.75 14,96 9.120.050 | 0.684 | 0.060 | 0.602 | 0.074 | 0.520 | 0.094 | 0.437 | 0.9839
A1) | 0 0.75 | 14.46 | 10.86| 0.051 | 0.657 | 0.060 | 0.581 | 0.074 | 0.506 | 0.093 | 0.427 | 0.9817
) | 1| 0.75 | 14.70 | 10.73] 0.051 | 0.661 | 0.061 | 0.584 | 0.075 | 0.508 | 0.004 | 0.420 | 0.9807
A Wi W |0.75(23.63| 1.12|0.066 | 0.817 | 0.082 | 0.699 | 0.104 | 0.587 | 0.135 | 0.480 | 0.9553
# 0| U |0.75| 21,15 | ~1.16] 0.057 | 0.847 | 0.071 | 0.720 | 0.091 | 0.601 | 0.119 | 0.488 | 0.9424
% #2] M |0.75| 5.90| 5.06|0.021 | 0.639 |0.025 | 0.567 | 0.031 | 0.495 | 0.039 | 0.420 | 0.9473
f& fo| U |0.8537.20 | 15.17] 0.103 | 0.627 | 0.123 | 0.545 | 0.149 | 0.465 | 0.186 | 0.387 | 0.9770
# 0 M 075 | 4514 9.11]0.134|0.775 | 0.164 | 0.669 | 0.206 | 0.567 | 0.266 | 0.467 | 0.9719
B M| I |0.75|35.72 | 18.16] 0.117 | 0.705 | 0.141 | 0.617 | 0.173 | 0.531 | 0.221 | 0.444 | 0.9853
A F| M| 0.85|43.10 | 10.74] 0.113 | 0.663 | 0.136 | 0.571 | 0.166 0.484 | 0.208 | 0.400 | 0.9883
# | {0.75|45.03| 3.25]0.128 | 0.810 | 0.158 | 0.694 | 0.199 | 0.584 | 0.259 | 0.478 | 0.9612
M| m | 0.75|39.83 | 4.1100.114 | 0,801 | 0.141 | 0.688|0.177 | 0.580 | 0.230 | 0.475 | 0.9534
| W (0.75|20.18| 1.43|0.082 0.816]0.102 ] 0.698 | 0.128 | 0.587 | 0.167 | 0.480 | 0.8381
s | om0 |0.75|26.67] 3.370.072|0.792 | 0.088 | 0.681 | 0.110 | 0575 | 0.144 | 0.472 | 0.8490
Wi G| U0 |0.75|14.62| 4.21]0.045 | 0.754 | 0.054 | 0.654 | 0.068 | 0.556 | 0.087 ; 0.460 | 0.8182
A A | I |0.75 ) 12.92| 5.52| 0.041 | 0.722 | 0.050 | 0.630 | 0.062 | 0.540 | 0.079 | 0.450 | 0.8512
M| N |11 | 35.69| 8.18]0.080 | 0.514 |0.094 | 0.435 | 0.110 | 0.365 | 0.132 | 0.300 | 0.9800
g | M| 10| 38.20 | 13.65] 0,085 | 0,482 | 0.098 | 0.411 | 0.114 | 0.348 | 0.136 | 0.288 | 0.9869
fo de| W |1.25(31.92 9.84] 0,064 0.432 | 0.073 | 0.364 | 0.084 | 0.306 | 0.098 | 0.252 | 0.9939
&\ m 1.25|38.97| 4.76/0.071 | 0.474| 0,052 0.396 | 0.095 | 0.320 | 0.113 | 0.268 | 0.9809
5 R| m [0.75|27.76| 8.76/0.085 | 0.748 | 0.104 | 0.649 | 0.129 | 0.553 | 0.166 | 0.458 | 0.9936

(7)) HEREKIRD<T A —F—A B LB O, bl 0x10 2R L B8 TH 5,




F-Ad AN N SRSOKT IO & S iFE (Hs)

RNl SO T 304F 504 1004
A4, T s || s
mo| ok A B R e PPN gz TR T | TN e
# m| I |0.7528.8 0.62(0.080]0.824|0.100 | 0.704 | 0.126 | 0.590 | 0.164 | 0.482 | 0.9323
B 0b| M [0.75)24.17] 4.78)0.072 | 0.776 | 0.088 | 0.670 | 0.110 | 0.567 | 0.142 | 0.467 | 0.9851
, @ af | U |0.75 | 42,84 |—2.06| 0.116 | 0.845 | 0.145 | 0.718 | 0.184 | 0.600 | 0.241 | 0.488 | 0.9342
& | N |1.2556.97 | 0.80]0.098 | 0.502 | 0.114 | 0.417 | 0.133 | 0.344 | 0.158 | 0.278 | 0.9493
# JF| I |0.85 | 64.41 5.82|0.159 | 0.705 | 0.193 | 0.601 | 0.237 | 0.505 | 0.301 | 0.413 | 0.9903
W% | W | 1.25|69.45] 10.31)0.128 | 0.467 | 0.148 | 0.391 | 0.172 | 0.325 | 0.202 | 0.266 | 0.9703
HOB| 0| 0.85 | 43.92 | 17.43( 0.122 | 0.626 | 0,145 | 0.546 | 0.175 | 0.466 | 0.219 | 0.388 | 0.9939
# o | W |11 [31.77 9.350.069 | 0.495 | 0.079 | 0.421 | 0.093 | 0.355 | 0.111|0.293 | 0.9887
# % | U | 0.85|18.05 | 26.57| 0.069 | 0.460 | 0.079 | 6.412 | 0.091 | 0.367 | 0.109 | 0.313 | 0.9790
RO | N | 1.2537.38 | 27.55(0.001 | 0.361 | 0.102 | 0.307 | 0.114 | 0.263 | 0.131 | 0.221 | 0.9836
Kk ¥ | I |1.2538.71| 23.97)0.090 | 0.378 | 0.101 | 0.321 | 0.114 | 0.273 | 0.131 | 0.228 | 0.9760
% M| IT |1.5  25.65] 21.61|0.061 | 0.288|0.066 | 0.239 | 0.073|0.203 | 0.081]0.170 | 0.9909
PR | UL | 1.25 | 28.78 | 51.26|0.100 | 0.263 | 0.108 | 0.223 | 0.118 | 0.196 | 0.131] 0.170 | 0.9867
D | M| 0.85 | 30.22| 46.94| 0.115 | 0.451 | 0.134 | 0.405 | 0.156 | 0.362 | 0.185 | 0.315 | 0.98%0
AP I |15 52.68| 27.520.108 | 0.328 | 0.120 | 0.272 | 0.133 | 0.228 | 0.150 | 0.189 | 0.9893
A #| MW | 1.5 |46.69 | 41.37|0.112 | 0.284 | 0.123 | 0.235 | 0.135 | 0.200 | 0.150 | 0.168 | 0.9917
¥ | W | 0.85 | 22.78 | 45.84 0.099 | 0.406 | 0.112 | 0.367 | 0.128 | 0.332 | 0.150 | 0.203 | 0.9916
# | W |0.75 13.93| 62.44 0.100 | 0.332 | 0.110 | 0.308 | 0.122 | 0.292 | 0.142 | 0.270 | 0.9837
SR | W0 | 1.25 | 18.83 | 67.14) 0.098 | 0.100 | 0.104 | 0.153 | 0.111 | 0.137 | 0.119 | 0.122 | 0.9945
i@ | W |1 [21.86| 64.79) 0.108 | 0.270 | 0.118 | 0.237 | 0.129 | 0.216 | 0.144 | 0.194 | 0.9896
%M | W |15 |42.43] 55.720.120 | 0.247 | 0.130 | 0.203 | 0.741| 0.174 | 0.154 | 0.148 | 0.9793
A %) I 1.1 |35.88| 51.32| 0,118 | 0.33¢ | 0.130 | 0.290 | 0.146 | 0.256 | 0.166 | 0.221 | 0.9880
¥ 0% ) M | 1.1 |34.15] 41.75]0.105 | 0.35¢ | 6.117 | 0.308 | 0.132 | 0.270 | 0.151 | 0.231 | 0.9875
MW M| 1.5 |32.30 | 47.84]0.097 | 0.236 | 6.104 | 0.192 | 0.112 | 0.165 | 0.123 | 0.142 | 0.9875
A% | M | 1.5 |37.98 | 58.60| 0.116 | 0.232 | 0,125 | 0.189 | 0.135 | 0.163 | 0.147 | 0.139 | 0.9812
AR I |2 4517 50,93 0.111 | 0.202 | 0.119 | 0.155 | 0.126 | 0.129 | 0.135 | 0.108 | 0.9685
Bo3t| M0 | 1.1 |30.52| 64.27)0.121|0.283 | 0.132 | 0.245 | 0.144 | 0.219 | 0.162 | 0.193 | 0.9906
& # M {1 |26.72| 65.55/0.119 | 0.297 | 6.130 | 0.262 | 0.144 | 0.237 | 0.162 | 0.211 | 0.9914
JEE5 | I |1 |23.48| 65.80|0.113 | 0.278 | 0.122 | 0.245 | 0.134 | 0.222 | 0.150 | 0.199 | 0.9867
BH M| 0.75|34.79 | 48.61]0.144 | 0.559 | 0.165 | 0.504 | 0.200 | 0.449 | 0.246 | 0.388 | 0.9635
REEH I | 1.25 | 41.43 | 62.64)0.132 | 0.282 | 0.145 | 0.240 ] 0.159 | 0.210 | 0.177 | 0.181 | 0.9791
@l W |1 |27.06| 66.180.120 | 0.207 | 0.131 | 0.262 | 0.145 | 0.237 | 0.164 | 0.211 | 0.9928
HCOH |15 | 47.21) 62.40]0.134 | 0.246 | 0.145 | 0.202 | 0.157 | 0.173 | 0.172 | 0.148 | 0.9818
W5 U | 0.85|35.85 | 74.38(0.159 | 0.401 | 0.178 | 0.362 | 0.203 | 0.328 | 0.239 | 0.200 | 0.9970
# ¥ o011 |50.25| 66.51]0.160 | 0.344 | 0.177 | 0.299 | 0.199 | 0.263 | 0.227 | 0.226 | 0.9784
B | O | 1.1 | 43.63 | 64.71]0.145 | 0.329 | 0.161 | 0.286 | 0.179 | 0.252 | 0.204 | 0.219 | 0.9875
S M| WL | 1.1 |84.06| 33.850.190 | 0.473 | 0.210 | 0.404 | 0.255 | 0.342 | 0.302 | 0.284 | 0.9863
Zodby B0 |1 | 43.07 | 38.74[0.125 | 0.439 | 0.143 | 0.383 | 0.164 | 0.333 | 0.104 | 0.283 | 0.9866
AR | 1 §1.25]19.08 | 11.51] 0.044 | 0.380 | 0.049 | 0.323 | 0.056 | 0.275 | 0.064 | 0.230 | 0.9836
B I 0.75 | 44.71 | 14.76] 0,138 | 0.744 | 0.168 | 0.646 | 0.209 | 0.551 | 0.269 | 0.457 | 0.9711
AZE | I 1 0.75|57.12 | 2.170.160 | 0.820 | 0.198 | 0.700 | 0.250 | 0.588 | 0.327 | 0.480 | 0.9781
8 0| W 10.75|57.15 | 1.09)0.159 | 0.825 | 0.197 | 0.704 | 0.249 | 0.501 | 0.326 | 0.482 | 0.9892
o M| T 0.75(48.12 |~5.241 0128 | 0.864 | 0.160 | 0.731 | 0.204 | 0.609 | 0.268 | 0.493 | 0.9678
A5 W 0.75 | 32,44 | 7.40/0.097 | 0.769 | 0.119 | 0.664 | 0.148 | 0.564 | 0.192 | 0.465 | 0.9785
B | I |0.75)36.62 | 2.56/0.104|0.811|0.128 | 0.604 | 0.162 | 0.584 | 0.211 | 0.478 | 0.9712
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B O | M 10.75]12.94] 2.98]0.039 [ 0.768 | 0.047 | 0.663 | 0.059 | 0.563 | 0.076 | 0.465 | 0.9301
B I (1 | 43.13|-2.55]0.085 | 0.641 | 0.102 | 0.538 | 0.123 | 0.445 | 0.153 | 0.360 | 0 0512
A F| T 0.75|24.90 | 2.30]0.071]0.804  0.088 | 0.690 | 0.110 | 0.581 | 0.144 | 0.476 | 0 9706
Wl | 1075 | 17.48 | 6.28]0.055 | 0.737 | 0.066 | 0.641 | 0.082 | 0.548 | 0.106 | ©.455 | 0 0835
# W T 075 |22.52| 2.67]0.085 | 0.797 | 0.080 | 0.685 | 0.100 | 0.578 | 0.131 | 0.474 | 0 G424
# | W 1.1 |71.85| 7.92)0.142/0.539 | 0.166 | 0.454 | 0.197 | 0.379 | 0.237 | 0.309 | 0. 0910
SCH| M| 0.85 | 50,06 | 42.21| 0.161 | 0.545 | 0.187 | 0.481 | 0.222 | 0.419 | 0.271 1 0.356 | 09847
f?‘ﬁ"t' T 0.85|26.95 | 46.35] 0.110 | 0.433 | 0.124 | 0.390 | 0.143 | 0.350 | 0.170 | 0.306 | 0.9871
B W M |2 |59.37 [ 13.86 0.094 | 0.292 1 0.103 | 0.232 | 0.113 | 0.189 | 6.125 | 0.154 | 0.9941
S| M0 (1 [39.63] 22.44/0.102 | 0.492 | 0.118 | 0.426 | 0.138 | 0.365 | 0.165 | 0.306 | 09844
J M| U | 1.25 |47.68 14.57]0.095 | 0.433 | 0.109 | 0.365 | 0.125 | 0.306 | 0.146 | 0.252 | 09820
B | I | 1.25[45.79 ] 14.90]0.083 | 0.420 | 0.106 | 0.361 | 0.121 | 0.304 | 0.141 | 0.950 | 0 9795
#h B | M |10 40,74 17.32] 0.093 | 0.468 | 0.107 | 0.400 | 0.124 | 0.340 | 0.147 | 0.282 | ¢.9910
YOBES | W0 | 0.75 | 24.91 | 22.07|0.091 | 0.634 | 0,108 | 0.563 | 0.130 | 0.493 | 0.164 | 0.418 | 0.9809
i B | U |1.25|38.95| 10.17| 0.076 | 0.442 | 0.087 | 0.372 | 0.101 | 6.311 | 0.118 | 0.956 | 0 9728
Mo | W |1 |25.62 | 3£.00] 0.085 | 0.386 | 0.096 | 0.340 | 0.109 | 6.300 | 0.126 | 0.250 | 0.9905
Ml odi| M |0.85 17.02 | 14.26] 0.055 | 0.546 | 0.064 | 0.482 | 0.075 | 0.420 | 0.092 | 0.956 | 0.9966
g W | M0 | 0.85 | 15.22 | 13.2710.049 | 0.540 | 0.057 | 0.477 | 0.068 | 0.417 | 0.083 | 0.354 | 0.9902
A G| M 0.75 | 12.04 | 13.69] 0.047 | 0.594 | 0.055 | 0.532 | 0.066 | 0.470 | 0.082 | 0.403 | 0.9925
% il | I |0.8515.98 | 12.47] 0.060 | 0.555 | 0.059 | 0.489 | 0.070 | 0.425 | 0.086 | 0.360 | 0.9903
@,‘i ;}%}, I |0.8521.07{ 11.49] 0.061 | 0.598 | 0.073 | 0.522 | 0.087 | 0.450 | 0.108 | 0.377 | 0.9742
g | |0.75]27.96 0 6.46]0.084 1 0.768 | 0,102 | 0.664 | 0.128 | 0.563 | 0.165 | 0.465 | ©.9709
BB | om0 |0.75 (24,550 8.34]0.076 | 0.742 | 0.093 | 0.645 | 0.115 | 0.550 | 0.148 | 0.456 | ©.9750
AkkEs | M (1.1 [33.78 | 26.200 0.089 | 0.409 | 0.101 | 0.353 | 0.115 | 0.305 | 0.134 | 0.257 | 0.9781
Wi | mo|1.1 |30.57 23.49]0.097 | 0.438 | 0.111 | 0.376 | 0.128 | 0.322 | 0.150 | 0.270 | ©.9820
# | m |11 [52.54 ©.89)0.108]0.519 | 0.126 | 0.440 | 0.148 | 0.368 | 0.178 | 0.302 | 0.9864
s Hr| W |0.75 [36.15 ) 14.49]0.114 | 0.728 | 0.138 | 0.634 | 0.171 | 0.543 | 0.220 | 0.452 | 09875
% 4| W |0.75 19,64 14.07| 0.068 | 0.663 | 0.081 | 0.586 | 0.099 | 0.509 | 0.126 | 0.430 | 0.9979
Bows| M {1 [22.84 11.66]0.058 | 0.502 | 0.067 | 0.434 | 0.078 | 0.371 | 0.094 | 0.310 | 0.9820
L) m jo.8s|30.24) 20.74]0.092 0572 | 0.108 | 0.502 | 0.129 | 0.435 | 0.159 | 0.367 | 0.9760
Bk I {0.85[28.211 25.91}0.039 | 0.533 {0,108 | 0.471 | 0.127 | 0.412 | 6.155 | 0.351 | 0.9901
s | | 0.85 26,52 1 19.03] 0.082 | 0.566 | 0.096 | 0.498 | 0.114 | 0.432 | 0.141 | 0.364 | 0.9906
Adg | | 0.85 | 25.61 0 19.68| 0,080 | 0.557 | 0.094 | 0.491 | 0.112 | 0.427 | 0.137 | 0.361 | 0.9912
# | m |0.75|25.85 | 11.49]0.083 1 0.718 | 0.100 | 0.627 | 0.124 | 0.538 | 0.158 | 0.449 | 0.9888
4 3| [0.75 (23,10 11.00]0.075 1 0.712 | 0.090 | 0.622 | 0.111 | 0.535 | 0.142 | 0.446 | 0.9887
dF| M |0.75 [21.94 | 12.221 0.073 | 0.695 | 0.087 | 0.610 | 0.107 | 0.526 | 0.137 | 0.440 | 0.9870
gikg | I [0.75 [ 24.68 1 9.49]0.078 | 0.732 | 0,004 | 0.637 | 0.117 | 0.545 | 6.150 | 0.453 | 0.9762
Sy | 0.75(22.30 | 10.47)0.072 | 0.713 | 0.087 | 0.623 | 0.107 | 0.535 | 0.137 | 0.447 | 0.9803
s o) om 1.0 [19.73 ] 10.6070.047 | 0.448 | 0.054 | 0.384 | 0.062 | 0.328 | 0.074 | 0.274 | 0.9907
W o m |1 [19.151 12,120 0.051 | 0.480 | 0.058 | 0.416 | 0.068 | 0.358 | 0.081 | 0.301 | 0.9926
# [ M {0.75|25.181 8.72]0.078 | 0.740 { 0.095 | 0.643 | 0.118 | 0.549 | 0.152 | 0.456 | 0.9784
W] W |0.75|16.98 | 15.3410.062 | 0.631 | 0.074 | 0.561 | 0.089 | 0.491 | 0.112 | 0.417 | ©.9826
Zmp | o[t 2041 10.79] 0.05210.499 | 0.060 | 0.431 | 0.070 | 0.369 | 0.084 | 0.309 | 0.9902
W | I | 0.85]12.05 | 13.59] 0.042 | 0.502 | 0.049 | 0.447 | 0.057 | 0.394 | 0.069 | 0.338 | 0.9797
A | T | 0.85 | 11.02 | 13.50] 0.040 | 0.490 | 0.045 | 0.437 | 0.053 | 0.386 | 0.064 | 0.333 | 0.9720

() EBERNO <7 A —F—A B LU B O, b offEic L 0x 10 & L 24 Th %,



g—Ad NGO N REERICEREOTHM & TR (52)

3 B[] 9 R

R SR g 304 504 1004F
A IR
w| k| oA B et B el 20 e B e 29

FOM] I | 1.25 112,200 11,040,032 0.340 | 0.035 | 0.285 | 0.039 | 0.249 | ¢.045 [ 0.2111 0.9902

#H mr [ 0.75] 23.76 1.541 0,067 10.812 | 0.083 | 0.695 | 0.105 | 0.585 1 0.136 [ 0.478 | (1.9218
dedad | M | 1.5 | 14.44 $.8710.03210.307 | 0.03510.254 | 0.039 | 0.215 0.043 } 0.179 ] 0.9838
AW O i1 11.85} 14.3610.038 10,3991 0.043 [ 0.350 | 0.049 | 0.308 i 0.057 1 0.265] 0.9755
FPOM] WD {0.75 24,52 15,471 0.08310.680 | 0.100|0.595 1 0.122 | 0,518 { ¢.155 | 0.435] 0.9813
i,_j ?& IME §0.75]30.27 } 19,211 0.103{0.679(0.123{0.598|0.151 | 0.518{0.191 0,435 0.5943
BORF] WD 10.75129.23 1 24.95] 0.1061 0.639 | 0.125 [ 0.568 | 0.152 | 0.496 1 0.191 [ 0.421 1 0.9814
FEARLD HE 10.75]25.46 1 33.961 0,104 {1 0.567 [ 0.121 1 0.531 ] 0.144 | 0.454 | 6.179 : 0.392 | 0.9792
# ] ool 30.42 ¢ 33.58/0.09510.412|0.107 { 0.361 ] 0.122 1 0.316 1 0.143 : 0.271 | 0.9964
HOEs] OIT {2 5014 26.7910.106 1 0.261 [ 0,116} 0.206 ] 0.126 {0.170 | 0.137 1 0.139 1 0.9888
WO I |2 62.44 0 29.3310.11310.259 (0,123 10.205]0.134]0.168 [ 0.146 [ 0.138 | 0.9852
= I — 1 27.88} 68.9110.169 :0.212 | 0.180}9.199{0.194 | 0.184 | 0.213 : 0.168 | 0.9510
ooy HE (2 59.17 1 17.797/0.097 1 0.281 | 0.107 {1 0.224 | 0.11710.18310.128 1 0.149 | 0.9733
e o B | [ 28.841 30.03:0.08810.419(0.100{0.367]0.13410.321 (0.134 1 0.275 | 0.9634
FooMp M 0,75 022,331 20,011 0.08210.632|0.097 | 0.562 | 0,117 | 0.492 [ 0,147 1 0.418 | 0.9692
BEREES | M 10.75 ] 44.41 7.5100.131§0.78210.160 | 0.673 | 0.201 | 0.570 | 0.260 { 0.469 | 0.9553
B Ml M {0.75 30,11 14.36:0.097 {1 0.711 1 0.118 | 6.622 | 0.145 | 0.535 | 0.185 | 0. 446 | ©.9611
Fompy 1 10.75129.54 7.06;0,0891{0.766 {0.108|0.662 |0.135{0.562{0.175] 0.464 | 0.9545
W I [0.75128.19] 12,067, 0.090 10,7221 0.109 1 0.630 | 0.134 | 0.540 | 0.172 [ 0.450 | 0.9856
W4z I0 10.85(31.82| 19.74/ 0.095{ 0.584 { 0.112 | 0.511 | 0.134 | 0.442 | 0.165 | 0.371 | 0.9925
B2l M 1 0.75]23.68 | 14.60) 0.080 [ 0.683 1 0.096 | 0.601|0.117 | 0.520 1 0.149 | 0.436 | 0.9867
#owi| IT [0.75)28.45] 10.551 0.089 | 0.731{ 0,109 | 0.367 | 0.134 | 0.545 | 0.173 | 0.453  0.9780

i m 0,751 34.59 9.9410.10510.754 {0,129 | 0,654 | 0.160 | 0.556 { 0.206 | 0.460 | 0.9879
fio fE) I (075 |27.17 600 0.081 0. 7711 0.099 | 0,665 | 0.124 | 0.565 { 0.160 | 0.466 | 0.9707
o] M (0.75118.40 6.9110.058 : 0.734 ] 0.070 | 0.639 | 0.087 | 0.546 | 0.111 | 0.454 | 0.9749
Lo Il 0.85]14.55 8.63; ¢.043 1 0.589 1 0.051 | 0.515| 0.061 | 0.444 | 0.075 [ 0.373 ¢ 0.9830
A R I [0.85(36.15] 14.58; 0.100 ; 0,628 1 0,119| 0.545 | 0.144 | 0.461 | 0.180 | 0.387 . 0.9840
JU AL o1 51.74 | 12.551 0,117 [ 0.559 1 0.138 [ 0.477 | 0.164 { 0.403 |1 0.199 | 0.332 | 0.98%4
= fpy oIl f1 51.94 8.26/0,11310.57%910.134 | 0.493 | 0.160 | 0.43310.196 | 0.339 | 0.9853
A PO O|0.75133.01 9711 0,101 1 0.753 1 0.123 [ 0.652 | 0.153 {1 9.556 { 0.197 | 0.460 ¢ 0.9944
B A W {0.85|47.10] 15,11} 0.127 1 0.646 1 0.352 | 0.559 | 0.184 | 9.475 | 0.231 0.394 1 0.9864
Z i I 10.75026.931 15,221 0.090 [ 0.693 ! 0.308 | 0.608 | 0.132|0.525]0.168 1 0.440 1 0.9908
feoyiv | I 1 0.75 | 22.99 7697 0.069:0.74110.084 1 0.644 | 0.104 | 0.550G | 0.134 { 0.456 | (.9887
B omp| N0 :0.75|28.68| 0.06|0.079 0.830|0.098{0.708|0.125|0.593 | 0.163 | 0.484 | 0.8523
oI W O 0.75| 7.49 4.53)10.025 1 0.6850.030{0.602|0.037 | 0.521 | 0.047 | 0.437 | 0.9363
o I L0750 8.78 3.92) 6,028  0.718 1 0.034 1 0.627 | 0.042 | 0.538 | 0.054 | 0.448 | 0.8657
PR I 1 0.75] 16.85 3.14(0.050 1 0.779 [ 0.061 { 0.672 | 0,076 | 0.56% | 0.095 | 0.468 | 0.9019
PR M 075 | 17.49| 3.2470.052  0.780 ] 0.063 | 0.672 | 0.079 | 0.569 | 0,103 | 0.468 | 0.0437
HE @t M 10,75 20.32 1.541 G.058 | 0.807 1 0.071 i 0.693 | 0.090 | 0.583{ 0.117 | 0.477 | 0.9247
M) M 10.75 11,68 3.380.036 1 0.754 1 0.043 {1 0.653 | 0.054 | 0.556 | 0.070 { 0.460 | 0.9172
BEOBUL I L0751 2.58 65.00)10.013 1 0.463 1 0.01570.4230.017 | 0.386 | 0.021 1 0.343 | 0.9602
wo& 1 I L 0.75]21.13 4.13[0.062 1 0.77710.077 1 0,670 | 0,096 | 0.568 | 0.124 | 0.468 | 0.9132
B I 10.85(48.14 ] 69.371 0.183 1 0.463 1 0.209 1 0.415[ 0.242 | 0.370 0.290 1 0.321 | 0.9931
T OoE ]I 1.1 [ 81.00] £0.05(0.153 1 0.428 1 0.175]0.368 | 0.200 | 0.316 | 0.235 | 0.265 0,9927
E'B ;Iil: I :0.85)|37.80 | 61.76]0.151  0.442 | 0.171{0.397 [ 0.198 | 0.356 | 0.235 | 0.311 | 0.9882

() BERERRD T 2 —F—A B LU B Ok, Shoidiiiz1.0%105% Rt th 2,




B—AL HERIO N SERRARCEEIEOTEI & BiEE GiE)

g | ELERA 3047 5045 10047
s ‘ _ : ——— IR

k| A | B P ) e BD Tl BE | 200
i K| I [ 1.7 [53.87] 38.16]0.138 | 0.420 | 0.157 | 0.362 | 0.180 | 0.311 | 0.210 | 0.262 | 0.9912
@iy | M2 | 58.91 | 15.24{0.094 | 0.288 | 0.104 | 0.220 | 0.114 | 0.187 | 0.125 | 0.152 | 0.9774
B & | W0 (1 |36.52| 15.010.089 | 0.522 | 0.103 | 0.449 | 0.122 | 0.362 | 0.147 | 6.318 | 0.9830
Z W\ I3 [0.75 | 32.41| 17.25]0.107 | 0.700 | 0.128 | 0613 | 0.158 | 0.529 | 0.201 | 0.442 | 0.9807
# Gl M 1 0.75|33.96 | 24.03(0.118 | 0.665 | 0.341 { 0.587 | 0.171 | 0.510 | 0.217 [ 0.430 | 0.9775
AdE | M1 50.40 | 25.92; 0.127 | 0.501 1 0,348 | 0.433 | 0.173 [ 0.371 | 0.208 [ 0.310 [ 0.9899
e e 1 44.79 [ 27.05) 0,117 [ 0.485 1 0.135 | 0.420 | 0.158 | 0.361 | 0.189 | 0.303 | 0.9799
BEEMEC ) NI ) 1.1 49,04 | 13.31] 0.105 [ 0.500 ] 0.121 | 0.425 | 0.142 | 0.358 | 0.170 | 0.295 | 0.9896
L || U §0.75135.99 ] 14.42, 0,114 0.728 | 0.138 | 0.634 | 0.171 | 0.543 | 0.219 | 0.452 | 0.9786
R %) w1 49.42 7 14.64; 0,114 ] 0.546 ] 0,134 | 0.468 | 0.159 | 0.396 | 0.193 1 0.327 | 0.9796
WKW 11 19.00§ 7.48:0.046]0.525{0.053 | 0.452 | 0.063 | 0.384 | 0.076 | 0.319] 0.9843
s | U 0.75|25.05| 6.19) 0.075 | 0.764 | 0.092 | 0.661 | 0.115 | 0.561 | 0.149 | 0.464 | 0.9871
kit | 075 29.60 | 4.54} 0,086 | 0.788 | 0.106 | 0.678 | 0.133 | 0.573 | 0.173 | 0.471 | 0.9806
| UL |0.75|24.12| 6.36]0.073 | 0.760 | 0.089 | 0.658 | 0.111 | 0.559 | 0.143 | 0.462 | 0.9879
FOR| I 0.75|22.19 | 5.13 0.066 | 0.768 | 0.081 | 0.664 | 0.101 | 0.563 | 0.131 | 0.465  0.9730
A 4| W 1.1 |35.00 | 12.60) 0.078 | 0.481 | 0.090 | 0.410 | 0.105 | 0.347 | 0.124 | 0.288 | 0.9857

(f) HEREARD €T 27— A 5 L B O%itild, RehOBAGZ10X107 % Rl 2B TH S

7828 #HEMNREERE

Bl ##HRSECET 3 moEE
1) Hisdkae BRI

B TR, BRMEEEAINB. L TRH L5,

Foyea = Fengg X Fers ¥ Fong

ol
-t by

(B.1

AL Ao Hiti A i i
LUTE
Tk B,
2} BHEEEPIETY & ok B

PE OO T - HIsE P 5 HUAE 5 0 & %
B DO I e KT BT O TN ko s & LOS W53
Vil i B—BAIRT L 5 ) Th 5.

Bela & %o Tihodh, HUEGE
ERERI DR EEEAR-BICRT 2450

HER—B.2 HiHRRE

R ) SO4ETRE A
Fepa -iixﬁ[.tr.s":]x W
Fon o HRBDGEENE APEHitL =R
bye 7 HUBERERIMES AR 0.172 0.346
b R B 0.145 0.307
T 5 CHUX 0.124 0.449
ThH b - DX 0.095 0.493
HEARTERN IR A%L . 03 BT i deyn X foy {HLIHLBBERE - 0058 0 44
MBRERD oS LT e B A b
fF8e—B.1  HSRERREGS 1.0 DA ORREIREE
B e
sl IR ‘
TR (s | Am(L2) | BEO.0) | C#0.5
M IBE 0.15 0.225-0.250.180~0.20|0.150—0.15|¢.075—0.10
H IR .10 0.150—0.15(0.120—0.1010.100—0.10:0.050—0.05
B 0.05 0.075—0.10{0.060—0.05]0.050->0.05|0.025--0.05

P OFALIL A AR SRR & MBI FR A 50 1 o

bR DB AL

TSR ZEREAF R EBAAL BT B,



TEATHE A D WARIGHENE Roa & SOF I K AT HERE 0 8y
Wikigon & DI IRHFR-BIRT L B) TH B,

Kenp

Kusom

G

(B.2}

HE—B.3 MR ke & 50 5F

KRN (CPEME) kst
SO4RJR R | BEAMEAGHE | Wt
R A | R Lo slb s | & % 8’
Rrsom R B 45 Fue

AL 0.172 0.872
MK | 0.15

) 1.034
BIIE | 0.145
0.690
CHUR | 0.124 || 0.10 | 0.806
1.053
DR | 0.005
0.526
. FEE | 0.05
ERK | 0.058 0.862

3) EFEE L S0RHACERIE L o i
TR & SRR b &, BOSROR TR DT
‘H‘Jﬁﬂkhsom LN % FR-B.ACAT,

R

0= (B.8)

khB()m
4) HEoR e

W OIS OSEHIERATCEE ) bt Dk,
B RN 0 o BV it & [ DR 0 B 4 & o0 IR 1 5
By THEbENE,

ot = (1 — ks 1) Ty (B4)

e e
(NN -

Oy - BEARIG IO

oyt 1 BRI Bl

ke L BHETEHAIIEIC BUF A B B RGEHEC N T B4R
Ve ! WRRIGH OEERFE

TH b,

I D0, BRI e EEMR A0 . 075 T, BRI oo H
ARG ST oy RS 1 L C BT BEEE0 . 98 THED &
NTwbETHE, RBOHCHBNT, k=2.06 V=
0.075THBNT, gr= (1—2.06%0.075) oym T7
bba =085 ok T 6yn=1.180.* N MFE AT 2
P

L7zaf-C, s et L T fR 3 5 34
WBNAEFRIGIECS Ly L, So8uRime LR
BRI £ 500688 L T v 2 B-A 0l oMz MY 5
LAROIEN (B.S) &b, 277, MEoEuEh X
FFRIEhE L ol e 6, =1.T1 Tk 5.

g, =T _1.i8e*  1.18
e 156 1.5

=1,345 (B.5)

-
Zziz,

ow - BIEICVERT 5 R0
oo EFETRCREE (XL AT
TH b,
5) rhauzgene

OB Y Sl g e R (B8} IR &
J s, Mg as (EHEE & S0ER Ak FE I oy )
6, LI ORI T b aie, O TELEN B,

=8, X6, (B.&)

TIT, WA L TR P e &
BT eHB-BSE % b, HE-BIENT, THROH

HR-BA WRITEE & 50 SRR (RS ol

Bt 519 2 TR
s . BEidEisic
U MR A WE | AT | BR | C
a.s | 1.2 | .0 | ©.5
A Bl 1.453 | 1.163 | 0.872 | 0.581
H—HuE
1.724 | 1,379 | 1.034 | 0.690
B X
1.034 | 0.680 | 0.690 | 0.345
CHK 55 5K 1.210 | 0.806 | 0.806 | 0.403
1.579 | 1.053 | 1.053 | 0.526
DK
1.053 | 0.526 | 0.526 | 0.526
. BT
E Hx 1.724 | 0.862 | 0.862 | 0.862




HE—B5 gl

kA 3T B B
N B
SRy R 5 W | A | BSE | Ca
{1.5) | (1.2) | (1.0} | (0.5
AREK 1.955 | 1.564 | 1.173 | 0.782
Hi—Hix
B 2.319 | 1.855 | 1.391 | 0.928
. 1.391 | 0.928 | 0.928 | 0.464
CHbR I 1.627 | 1.085 | 1.085 | 0.542
- 2.124 | 1.416 | 1.416 | 0.708
B - 1.416 | 0.708 | 0.708 | 0.708
P e
E R 2.319 | 1.159 | 1.159 | 1,150
g=1.00 % & 2.018 | 1.614 | 1.345 | 0.673
FFR—B.6 2ok
e W R
ek | AR50 S wToa T oa T ca
5 e e 10 Hg R 5 R 5 # <'
R B as | 0.2 | .o | 0.5
AL (0.346) 1.89 | 1.26| 0.45]—0.70
i 2.66 | 1.96
) ) 1.05 | —0.
B {0.307) il I
1.05 | ~0.24 | —0.24 | —2.43
CHEE (0.449) K 1.07 | 0.18] o0.18]-1.38
1.51 | 0.701 0.70|=0.70
D #X (0.493) °
0.70 1 —0.70 | ~0.70 | ~0.70
BZHR
E X (0.444) 1.87 | 0.33] 0.33| 0.33
0,30 2.27 | 1.55| 0.96) —1.28
=100k % TR | 0.40 1.73 | 1.18| 0.73] —0.98
0.50 1.39 | 0.95| 0.59} ~0.79
FF--B.7  WATE
. TR
O poip | BB B0 oy =
A A {‘%& AR 4 WE | AR | BB C#
Bl R (1.5) | (1.2} | (1.0} | (0.5
ALE (0.346) ) 0.99 | 1.10 1 1.25 | 1.50
Hrii 92 02 ¢ 1.16 | 1.39
0. 1. ) .
BilRL (0.307)
1.16 ] 1.39 | 1.38 | 1.01
CHIE {0.449) HETHE 108 | 130 | 130 | 1.7
S (0,499 0.96 | 1.15 | 1.15 | 1.57
D#E (0.4
I 1.15 | 1.57 | 1.57 | 1.57
a3 hh[X
E#E (0.444) 0.92 | 1.26 | 1.26 | 1.26
0.30 0.98 | 1.08 | 1.18 | 1.61
=100k % maEs | 0.40 0.98 | 1,09 | 1.18 | 1.61
0.50 0,95 | 1.09 | 1.18 | 1.61

— 95 —




A1k R UL by n HS0E A TR RIS Bpgonm b 85 L Vo &
LIzt &, T bbb’ =10 E2niReefitds,
6) Zeatidaid

MBI THEEN S,

iné
B T v (B.7)

ool fox
[ TOA

Ve WG O BETh iR
Vs BRI B
Th B,

YRSy sk OTRBERE =k g de i 4 He -
BSIoRY. MG 0RaMTEE ARt L <
FERYHLILE, SRRz s, R
PR LTARERNVTWAEZ LS, Zathgn
A MEREE1.0~2.0TH B,

7) WA

WA FRE AR (B.8) TR L A EAR—B.NIR

T,

S n
m“—rTz—exp {0.568 V) (B.8)
)2

72920, Spntd SOARIR MK T BERE ) il eyt SO
B, SoIEHTEEC B 5 BRI R SRS B 0
THINT, S/ SplifFE-BARL ool 1 /6,
TH b,

B2 24REECHEY heEE
1) etk

s - ehdeaE st (IEl 2Rk
BEHEC BT AR TRET 2 L N(B.OY &
T,

L4
Vor

> ¥aSy (B.9)

ZZiz,

Ry @ REEHoRTEHEh ) TR~ fW
£ MR
W RSESORh R v e T, BT, ST
FERGAr, Lo o
ym - HEEHIOTIMER D 2 4 B Y g Rk
v RTRE
S TSRS GRIFFD) oofRMdET, RSN fRHT
L REOARENS, AR B L
MR e o O S T
Ths,
2) B e fent
oy 2R S o0 NUEE IR 87 0 3 B Bl o e TR
1L.0TH B, $iebbh, ¥ 59500 ndeai
8=1.0TH» 5,
3} et
POl (B.10) 0 & i, Bl dedrts, b
Wy S0k ERanRITHERbENS, Z2
T, &=1.0TH 50T, K, BHEEFENO P
TRFITE-—BIOEME %D,

F=6x =10 (B.10)

4) deartEiR

IR A, BIERE D oReERE 4R -BY
Rt L, B(B.DO Ve & L CRERER O
w5, BEEROEER oW T, S
R THIS R — Y > b=y OGNS
HERAREBFIZ0.00L T B0, E 02, Vek L TS04ERK

t&—B.8 WISz 5 dduicd

BT 50 B el
. erakz 3
AR ST HRIE S fE | A% | B | c&
{1.5) | (1.2) | (0.0) | (0.5)
NS 1.453 | 1.163 | 0.872 | 0.581
K
_— 1.724 | 1.379 | 1.034 | 0.690
hy
1.034 | 0.690 | 0.690 | 0.345
CHE 5 IR 1.210 | 0.806 | 0.806 | 0.403
b g 1.579 | 1.053 | 1.053 | 0.526
W
- 1.053 | 0.526 | 0.526 | 0.526
H=rK
E HiIRX 1.724 | 0.862 | 0.862 | 0.862
F=1.00% 5 1.5 (12 1.0 |05




FER~B.9 W T A Ye s

o MR

R AS S HEHR HE | A | B | C&

B GETRR 1.5 | (1.2 | (1.0} | (0.5

AR (0.346) i 1.04 0.421 —0.381 —1.51
S HUE

1.69 1.00 G.11} ~1.15

¢.11 | —1.15] —1.15 | —3.30

CHtlX (0.449) IR 0.41 | —0.47 | —0.47 | —1.97

0.91 0.10 0.10}| ~1.28
X 0.10 | —1.28| —1.28| —1.28

HE M

E#K (0.444) 1.20 1 —0.33} —0.33| —0.33

0.30 1.28 0.58 0.0 | —2.19
g=1.00k5& B RS 0.40 0.98 0.44 0.0 | —1.68
0.50 0.80 0.36 0.0 | —1.36

B (0.307)

it

DA (0.493)

HFE—B.10 Al B A7 IRRE

i(ﬂ;j?;t E‘giﬁ{!‘j{ K ﬁ:ﬁiﬂ;‘xi‘}‘ai: Bt 3 3 . -
B i o (5 M43 s | A | BE | C&
BRIz iR a5 | 0.2 | 1.0 | 0.5
A BEIX (0.346) 0.90 0.96 1.04 1.16
E—HIE
3 0.86 0.91 (.99 1.11
B HuIZ (0.307)
.99 1.11 1.11 1.36
CHEE (0.449) B 0.95 | 1.06 | 1.06 | 1.28
(.89 .99 0.99 1.19
D K (0.493)
6.99 | 1,19 | 1.19 | 1.19
BEHE
E L (0.444) 0.86 1.04 1.04 1.04
0.30 0.89 | 0.95 | 1.00 | 1.22
g=100ks R R 0.40 0.50 0.95 1.00 1.21
0.50 0.80 0.95 1.00 1.20
AP RIS ORI R B, .
it #EH
5) MR
WA RIS R (B TEMEL, {dR— 1) Aty | SR o i e e sE e~ i T
BA0TRY, (2o 2), HERSHIFERNO.582,1987.6,pp.10~11
Sn
’Y_f:TIGXD (07551/;) (}3.§1)

2232, Sk SOEREITENE D SPYIM eysomb LA T B 1ML
SARHERFIE RS BT B MEH B bl WP T 20 TH B
DT, S/ SHATTR—BSIRL 72 80WHk 1/6,Th b,



e
2’%&\% : z)%% -

——
i i ?5%%{{»5?5 g

S
e
.

v






