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7. The Application of SUMT to the Optimum Design
of the Concrete Block Quay

Kenziro KOHRIKI

Synopsis

In this paper non-L.P. optimizing technique was introduced to obtain the most econo-
mic disign of the conerete block quay. The developed OPTIMUM DESIGN programs
were intended to obtain the optimum solutions by two different non-L.P. procedures
independently ‘e, Variable Metric and Gradient Projection Method. The both different
procedures were observed to obtain the practically identical solutions within about five
minutes using TOSBAC-3400/41 under the any combination of numerical values of design
conditions for 3, 4 and 5 stories block quay.

The examinations of the identity of the solutions(by different methods were carried
out with also the examinations of the globality of the optimum point and the examina-
tions of the consistency of the solutions by the program and by the conventional manual
calculation. It was clear from the results of these examinations that these two programs
suceeded to give the most economic solutions.

The sensitivity analysis for the variance of the design conditions was carried out to
decide the multiple regression equations which define the relationship between the con-
struction cost and the influential design condition factors. The non-influential design
condition factors which were rejected its significance of influence at 5% risk in the an-
alysis of variance were the surcharge intensity (w), the relative cost of backfill rubbles-
tone (Co;) and the unit weight of the rubblestone (y¢).

The influential design condition factors were the seismic coefficient (&), the total
height of the block quay (H), the safty factor against the slide in earthquake case (Fsz)
and frictional angles (¢).

The increments of the construction cost which correspond to the unit changes of
design condition factors were as follows.

increment of cost

design condition factor unit change per unit change
k¥ 0.05 ¥ 34,000
H : , 1m ' 71, 000
Fse 0.1 41, 000
(] 5° —56, 000
* k=0.15

The optimum design and construction cost for the any combination of the design con-
dition factor can be easily obtained either using this program or a system of regressnon
equations. .

Since the influence of the breach between the assumed values of design condition
factors and realized ones can be easily estimated in terms of the total cost and dimen-
sions of cross section from either the program or equations, the required precision of the
survey for environmental conditions and as the result of it, the sample size of observation
can be determined rationally based on this calculation.

Chief of the Computer Center
Design and Standard Division
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ThBLE d=-f%ﬂ L35,

(v) Lichimo~xichke k33T Hmy i
LTh L(x) ot s T8aa, d 2 HK,
R A o T,

(v) 3Ek 1L, RO 5 LTHARRD S,

dq*3=lqndq+1+lq+2da+2
dgs; (@+1) 27 v THOHIA
Aga1; ” DATF v 7
3. dpEESH, EOHFETOMEYR2TS
Unidirectional Search <G, #ij® At Fibonacei ¥CX
%&&u»auﬁL.%@oBm1%%=o&mwa
R 2 s, ZUOREIc X BN EOHEE Y lAE
BT 5B,

4. FRIIF>

KD 2DODEIDWT, TA I fF-TZOT ST
AHFTED B TL 5 S D ThHBNENE NS,

ETFHEC L AR E Twe I 2k 55D LAA
URSIRIZ 78 B0 8 5 ke &, RICHE(E DS global 22 &£ 5 s
BB, A—4%HEToA, BEEoRoEE, At
B RO E e 5 BIER OB IIREBL <%,

HmEReEd &, Fe s 7 aidifte s x, 106
OEFIRERIL 5 HBEETH 5,

FHIC L ABHPIE LT, BELRNDOT e v 23K
FCBEREL 2E L TREEE<A LRI, Bt
Pl & BTN T~ k%, 7w 77 A OWIBiie LTS
%, THMNHEFFTHEM (feasible solution) 2 ¥ 5h R
too WM Infeasible TH - 2D CIEHDO T w v 2
M4, 5em MEEHfnE, %0 feasibility % 7
w75 ATHE Lico £ ORERE 5om BEIAMThEM
DFBILF UG feasible g BUEAH oo (F-4)

E#H7w v 7MMH5.00mTHH, 5cm BEOMVWT
R RTHEM L 5 K CHRESNE ) e nd, ¥y7
v 5 MLEE OFHIIC—FT 5D b,

wie e F U &M, WIEr 5L B&, A, B
DHED 7 v /5 5T EOBREDOThINL B0 ERHET
Bicd, 5BOT vy 2DONT, 500 — AR
Lo (F&5) thic Jhuf, WHEORERRKT 0.1
e BETHIB2ABLTWB LT THRVE Bb
h3,

EHRAT w7 5T, IR (OINNIHEEE) 15
ET32oRT, BEINE-THKRBL & 5 2 2N L
foo (F7-6) OB A B L, Fbtx MLz
PRICAEL VIIE LT Y, Zo0r —2kBT3

1) BEREtoBR L MER p.21
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B Oh OB oKk O
F4 BEODWHH L AT w ST AEROLE (ETTEEMR)
Tw oy 7 ITJ (m) N ~ Py
Bom COEE
z, | Za ‘ x3 x4 Zs ’
‘re=1.8t/m?, fsp=1.2, w=2.5t, k=0.05
5 % Bt GI| 1.25%| 1.700 | 2.800 | 3.600 | 5.000 | 4_4c0 5_150
.o ' Sy 78X (L.5m, 2.0m, 2.0m, 2.0m,
AR N
5 A 1.25 | 1.700 | 2.800 | 3.600 | 5.050 | oy
21) * kTS

(FuiRREtOBEA L FHES .

%5 A, BFersiarksFatkohit

Te s 7wy 7 (m) r—2 - -
B % BE & H & #&
7 A g x Xz x3 X4 s % 5
5 A 3129.7| 0.7436| 1.4121| 2.477 | 3.273 | 4.975| #1 * LEOFMR, KD T u
73 vDr —ABENRALT
B 3129.6| 0.7431] 1.4119| 2.477 | 3.273 | 4.975 P DEEZR
A 6704.0{ 0.783 | 1.555{ 3.309 | 5.041 | 8.313 #2
B 6704.0{ - 0.783 | 1.555 | '3.308 | 5.041 | 8.314
A 6031.9| 0.745 | 1.606 | 3.353 | 4.987 | 7.104 #3
B 6031.6| 0.743 | 1.605 | 3.353 | 4.986 | 7.104
A 4028.6{ 0.851 | 1.870 | 3.931] 5.631 | 5.631 #4
B 4028.31 0.850 | 1.869 | 3.931 | 5.631 | 5.631
A 3060. 3] 0.631 1.329 | 2.670 | 3.744 | 4.623 #5
B 3060.1) 0.630 | 1.329 | 2.669 | 3.743 | 4.623
F-6 R o WHEN S OBRET
r-a o BN & ™ Mo % fE
% % x) X2 x3 Z4 H1H?2 r .2310 Igo x3° x4°
#15-1| 5137 | 0.745| 1. 870} 4.477| 6.625/ 11 | 12 | 13 | 22 | +| —[0.1x 1074 | 5.000( 7.000| 8.000| 9. 000,
2 — — | = — — === |-= 3.000( 3.500| 4.000| 8.000|Infeasible
3| 5137 | 0.745| 1.870| 4.477| 6.625! 11 | 12 | 13 | 22 | +| —]0.1x10-4| 2.000[ 5.000{ 6.000| 7.000
4 ” ” ” ” w|lw|uw|wn» 7.005| 7.010f 7.015] 7. 500
51 » ” ” ” ” vilwlw|nw 8.005| 8.010; 8.015] 8.020
6| # ” ” ” ” 2R N 30. 05/30. 100(30. 150/30. 200,
7 ” ” ” ” v luw|w|# 3.000] 3. 500(30. 150/30. 200
8 — | — | = | =1 = |=|=|—|- 2.000| 3.500 4.00099. 000|Infeasible
#16-1| 3058 | 0.999| 1.749| 3.670[ 4.707| 1 |12 {13 |22 | —| —|0.1x107¢| 5.000| 7.000| 8.000] 9.000
2l » ” v oo ” nwlw|w|w 3.000] 3.500] 4.000] 8.000
3 # ” ” ” ” wilw|w|n#w 2.000{ 5.000] 6.000] 7.000
4 ” ” ” ” v |lw|w|#” 7.005| 7.010| 7.015| 7. 500
5 ” ” ” ” vwilw | w|nw 8.005] 8.010| 8.015| 8.020
6| » ” ” ” ” v |lw | v |w 30. 05| 30.10{ 30. 15/ 30. 20,
N w ” ” ” ” v lw | wl|w 3.0 | 3.50| 30.15] 30.20
8 » ” ” ” ” wluw|nwi|wnw 2.0 3.50, 4. 00i99. 000
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7wy 7 REMFEORH2OWT

fR b BoNI(HE T OFIR T h BEMND D, ZD
B 164 — AFZDOWTRE BT HEN SIS LicHa
DRI, FOHT2 ¥ — AR, R DIHEANED
hico LHLEDEFATH, fHix 30cm BEOAF — X T
T TWb, COEML, REHD glabality 12 —IG
P b DL HF Lo SHEIRMEE LTIy —RieD
W, it 1ok LCEEITAIIRRD B, -

5. BHHEEORR

BHREOTR); 207 v ARKWT, BRLE
2T, #OWLOBABEYNEHES b0, -1k

EFoRI2EHChHB, CONT, BRitLTOHHO
BEYEOHCL, 25K, FHOBELE U AR
O Y, FHMLEWd DL LTROFAXRE, I
A SHHET AL Y BT, THAD B MALIELY, IR IRRREE,
W24 B, DHASHPIEEEERA, ey 7 HE, M
BIHREROLHA TH 5, —BRHOTHB R, THE
FELTHELORTWAY, £ TOMBE1L, 0K
RFEWE Bbh, Lz oEFErIbs ekl of
EoWRBESRK CGUIEIIN) mixdh it BaTeds, &
REOF R OWT 2RO LEHE L, TOE4 DIt
*F-TCRTo

BT B H & 4 o & B
SR = A H B &K # 1 KoO#E 2 AHE 3k
C, |(BF | Ee st 2 % _ AR MO Tk e
[m3)\ {i A BEah
TZIRILA A T,
re | (fmd) | FHABMIERE 1.8 2.0 — Kj%%?gggkw
PILTERT %,

S5k IR TR 2R 1.0 1.2 —

W | (tm?) | ERTEREE 2 3 — ﬁ%ﬁ?ﬁ.ﬁ?&ﬁiﬁ%ﬁ&i
EM, MLREFED,
bHﬂ&%G,ﬁim

K R« B 0.05 0.1 0.15 LEGRBIK, ¢ 3
07a@£%1&i
hd,

] ° B fy 35° 40° —

H(48) m Fu oy s B (MJ&;&M)(MJ%%&&D ammggﬁm
(H58) m Ty s R (1.5, Z.Ob?.SO;Z.O, 2.0)((1.5, 2.5,122..5,53.0, 3.0) 2('15.05), Z.Zg,LZéﬁ, 2.50

* OBMEITHR-128Re T h LA OB OMEIR-1ICTFTEY

AL, KELSITESZHRSTOND, H1EH
B, £% 2 Tw3TRTOEROBERIM oW
TOEHY Lo, BELAERYAL T2, F2H
T, WEhAeERC oW TERKEL LT, Bt
FoRAT, FEIRART LT, TS, WIS okl
ROMIBORF 21T 5o B, MEXNLZRELT,
BEROYMEE Y BRI LT 5, UTHITRHERY
TR BT 553, & 2 CIRBUCHEE : BHEMEO ST % 17
v, MR OWTIKRDOFTE L B,

BI1EMNE; 7 o0BEREORKBEWIT~ DL N5 1
b, K-8 KRT X5 &KW REDOKIEY, 215 DERE

BIEE X » T h ol 167 —2OMAREIRDI,
58, 4BDFRIFRICOWTHE LR, #-9R
T AR O, KR ZDOE1D, 5B ey
2EOWTIE, BERTHN, 47wy 27OWT, 1
B, 3B, 4Bom (X x@ic, BEOEWR, M
FERAOEREY LONXD DRI Tote 5%
TR, THEX DL, RE, Tey 7 §E5, M
TSR ER, BEREGAEO I o BEEMIEH TS
Bo FHIADDZODTIIFENKE L, HEHRL S
Bo ZOAND, MOEHRI LIF» TUTrRON B8N
Hix+5,
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e

O RO
#£-8 BEREFIE (2¥) Tk 5Ly o
25 A No. 2 4 7 8 9 10 12 12
23 75} Coz 76 fsE w k ] H(4g) | (5B
K #o1 27 1.8 1.0 2.0 0.05 35° 8.5 9.5
2 33 2.0 1.2 3.0 0.10 40° 10.5 12.5
$lr —x 1 1 1 1 1 1 1 1
2 1 1 1 2 2 2 2 2
3 1 1 2 1 1 1 2 2
4 1 1. 2 2 2 2 1 1
5 1 2 2 1 1 2 1 1
6 1 2 2 2 2 1 2 2
7 1 2 1 1 1 2 2 2
8 1 2 1 2 2 » 1 1 1
9 2 1 2 1 2 1 1 1
10 2 1 2 2 1 2 2 2
11 2 1 1 1 2 1 2 2
12 2 1 1 2 1 2 1 1
13 2 2 1 1 2 2 1 1
14 2 2 1 2 1 1 2 2
15 2 2 - 2 1 2 2 2 2
16 2 2 2 2 1 1 1 1
*9a) 5T ey 7 HEER
oz B m o+ % T AL E
1F 7 7 7 THIBES* | r
No. Y - g 3 x4 X5 H, H,
£l 3129.7 0.7436 | 1.4121 | 2.477 | 3.273 | 4.975( 1| 2| 3| 4|22| — | — |10¢
2 6704.0( 0.783 | 1.555 3.309 | 5.041| 8.313| 113 |14 |17 | 22| + | —
3 6031.9( 0.745 | 1.606 3.353 | 4.987 | 7.104| 1(12|13 |14 | 22| - | —
4 4028.6| 0.851 | 1.870 3.931} 5.631 ) 56311112 |13 |14 |26 | — | —
5 3060.3) 0.631 | 1.329 2.670 | 3.744 | 4.623| 112 |13 |14 (22| = | — 6
6 7939.3( 1.084 | 2.443 5.048 | 7.685 | 8.572 11|12 (13|14 |22 | 4+ | —
7 5356.0| 0.631 | 1.344 2.414 | 3.584 | 6.857 | 1| 3| 7(19(22| - | — 6
8 3893.9| 0.999 | 1.751 3.385 | 4.743 ) 5.819| 1112|1314 |22| — | —
9 4523.3( 0.849 | 2.013 4.277 | 6.182 ] 6.182 1112 (13 (14|26 | + | —
10 5930.6| 0.784 | 1.460 3.034 | 4.468 | 6.848| 112(13 |14 |22 | — | — 7.
11 7344.7) 0.809 | 1.633 3.641 | 5.601 | 8.564 |12 (13|14 22 + | — (1078
12 3139.6] 0.784 | 1.368 2.344 1 3.053 | 4.814| 1| 2| 3| 4|22} — | — [10™¢
13 3544. 4| 0.631 | 1.352 2.726 | 3.872| 5.398| 1 (13|14 17|22 — | — {1074] 6. 12. 16
14 6391.7( 0.998 1.812 3.159 4.392 | 7.459 1 2| 3 4(22| - | —
15 7245.3] 0.747 | 1.870 4.074 | 6.292{ 8.003 |11 (12 (13114 |22 | 4+ | —
16 3650.4| 0.999 | 1.749 3.323 | 4.596 ) 5.038| 112113114 |22 — | —

¥ 77747k, EOHBEHCEIRY HVEETRT, FHSEHIET 2HBEEONERXROEY -
1~5 WEE(EED 6~10 EE(FER) 11~15 BHCHREN) 16~20 REIGHERD 21 WXEGER)
22 VRFECHERRS) 23~26 &M
My, Hy; %5, WENTEMLE O Middle 3rd 1§ O 21 L 20RONFLRET 5o (E-28R),
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#2ID) 4 BT =

7wy 2 NBRAB ORI 2WT

R S E

- Woom o+ & o P
F 7 7 7 TR & r
No. e 29 X3 x4 H1|H2
1 2661 0.743 1. 412 2.684 4.573 1 2 3|22 — | = [0.1x10-4
2 | 4861 | 0.784| 1.555 | 3.608 | 6.868 1]13]17 | 22 +l=1] »
3 | 4367 | 0.744| 1.606 | 3.638 | 5.930 1012|1322 =] »
4 | 3275 | 0.850 | 1.869 | 4.359 | 5.131 11|12 13 22 -|=1 »
5 | 2561 | 0.631| 1.320| 2.963 | 4.264 1]12 |13 |22 =1 »
6 | 5658 | 1.084 | 2.443 | 5.526 | 7.204 11|12 13| 22 +=1 »
7 | 3942 | 0.631| 1.343| 2.605| 5.672 1] 6] 7|22 =] »
8 | 3288 | 0,999 | 1.751| 3.752 | 5.433 11213 |22 =1 »
9 | 3510 | 0.849| 2.012| 4.754| 5.266 1|12 )13 22 - =] »
10 | 4288 | 0.780 | 1.462 | 3.288 | 5.685 1| 7|12 |33 —| -1
11 | 5284 | 0.744| 1.636 | 3.981| 7.117 1]12] 13|22 +=| »
12 | 2658 | 0.784| 1.368 | 2.530 | 4.do2 1] 2| 3|22 =] =~
13 | 2981 | 0.631| 1.352 | 3.037 | 4.973 1]13]17 |22 +l=] »
14 | 4716 | 0.999 | 1.812 | 3.389 | 6.249 1] 2| 3|22 =1 »
15 | 5137 | 0.745| 1.870 | 4.477| 6.625 1112|1322 +1=| »
16 | 3058 | 0.999 | 1.749 | 3.670 | 4.707 1]12] 1322 =] =~
#£-10 57w 5 2 THRIO KT
B H| =52%% | @ T M| ghE| 2 [iv4 fiti
42903 654. 9 15
Cer 2 3871.9 1 3871.9 0.08138
kx ¢ 3 13322.9 1 13322.9 0. 28002
7 4 17748.9 1 17748.9 0. 37304
KxH 5 394 666. 6 1 394 666. 6 8. 29504%
fsE 7 527 693. 2 1 527 693.2 11. 09097%
w 8 130 050. 4 1 130 050. 4 2.73338
9 4551 075. 5 1 4551 075.5 95.65373%  Flg (2> a) = 0.05
¢ 10 948 724.7 1 948 724.7 19.94013%  Fiy {z>ay) = 0. 01
H 12 35919944.6 1 | 35919944.6 754.95930% @y =6.61
Exfse| 14 158 662. 8 1 158 662. 8 3.33475 | ay=16.3
237 893. 2 5 47 578.7
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=
=

2 S Qi

F£-11 4B 7wy 2 OBWHAMCOWTO GG

F &
B H| 27sH% -
(x) (x3) (z9)
"Coz 2 58. 998+ 2. 28955 0. 29857
kx ¢ .3 "~ 0.0309 1.98311 0. 00210
7C 4 0.0619 0. 38627 0. 05251
ExH 5 0.15301 2. 61800 25. 09415%**
fsE 7 44. 69398%* 345. 5963%* 2.803 a1=6.61
w 8 779. 24252%¥ 27. 04236%* 19.699%* | @p=16.3
k 9 42. 34825%* 523. 756124+ 632. 663%*
@ 10 547. 50125%* 140. 93542+ 101, 581%*
H 12 0. 36545 52.50020%%  1973.306%+*
kX fse 14 41. 88670** 39. 18357** 0.2612
%12 W&o KEOEM
25 & No. 1 1 15 10 12
A H H k ¢ fsE
A # 1 9.5 8.5 0.10 35° 1.0
11.0 9.5 0.15 40° 1.2
$17 1 1 1 1 1 | Cp=27
18 1 1 2 2 2 r6=1.0
19 1 1 -2 1 2 w=2.0
20 1 1 1 2 1
21 1 1 2 2 1
22 1 1 1 1 2
23 1 1 1 2 2
24 1 1 2 1 1
25 2 2 2 1 1
26 2 2 1 2 2
27 2 2 1 1 2
28 2 2 2 2 1
29 2 2 1 2 1
30 2 2 2 1 2
31 2 2 2 2 2.
32 2 2 1 1 1
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e v 2 RBBROFRHCDOWT

®13(a) 5 B 7w v 7 5t M E 5

-2 W om <+ % FfIRALITY

F 7 7 7 7RG
& B N Zp x3 x4 s H,|H,
#17 |3780.0| 0.744 | 1.533| 3.227| a.622| 5.808| 1|12] 13|14 22| = | = 0.1x10"¢
18 |6014.7| 0.932 | 2.351 | 5.638 | 8.653 | 8.653 (11|12 {13 | 14|26 | + | — [0.1x10"5
19 |6988.5| 1.124 | 2.787 | 6.549 | 10.031 | 10.031 | 11 |12 |13 |14 |26 | + | —
20 |3480.8| 0.604| 1.336| 2.776 | 3.989 | 5.545| 6|13 |14 |16 |17 | — | - 22
21 |4341.3| 0.693| 1.720 | 3.982 | 5.951| 6.370 11|12 |13 14|16 | + | - 22
22 | 4402.2 | 0.849| 2.012| 4.277| 6.182| 6.182 |11 |12 |13 |14 |26 | + | -
23 |3817.9| 0.701| 1.691 | 3.682 | 5.337 | 5.410 |11 [12|13 14|22 | — | - 2%
24 | 4845.7 | 0.833| 2.039 | 4.622 | 6.895| 6.895 |11 [12|13 (14|26 | + | —
25 | 6553.7 | 0.833| 2.100| 4.933 | 7.686 | 8.144 |11 12|13 14| 22| + | -
2 |5269.5| 0.704 | 1.743| 3.914 | 5.905 | 6.643 |11 [ 12|13 14| 22| + | -
27 | 5751.0| 0.849 | 2.077 | 4.555| 6.855| 6.920 |11 |12 |13 [ 14|22 | + | — 26
28 | 6045.5 | 0.693| 1.769 | 4.243 | 6.622| 7.870 |11 12|13 |14]16 | + | — 22
20 | 4831.2 | 0.621| 1.407 | 2.946 | 4.405| 6.766 | 1| 6|13 |14 |16 | + | —
30 |9167.3| 1.126| 2.866 | 6.989 | 11.216 | 11.216 |11 | 12|13 | 14|26 | + | —
31 |7880.0 | 0.932| 2.415| 6.009 | 9.659 | 9.659 | 11|12 |13 | 14|26 | + | —
32 |5244.2 | 0.744 | 1.584 | 3.437 | 5119 | 7.009 | 1|12 |13|14|22| - | -

F-13b) 4 B S w v 2 @ MRS

—= W ® -k B ] P ERIA

F 7 7 7 7R &M r
No. x1 Z2 z3 x4 H1|H2
$17 |3175.0] 0.744| 1.533| 3.578 | 5.380 1|12 ] 1322 ~ | = lo.1x10-4
18 |4319.6 | 0.932 | 2.351| 6.371| 6.582 112113 "
19 |5020.3| 1.121| 2.787 | 7.393 | 7.625 11213/ 14 + | — [0.1x10-4
20 |2916.6 | 0.604 | 1.337 | 3.083| 5.080 1| 613|186 - - 3
21 |3575.2 | 0.692 | 1.721| 4.469 | 5.904 111211316 i 22
22 |3424.1| 0.849 | 2.013| 4.754 | 5.266 1] 12|13 22 - -
23 | 3131.7 | 0.701 | 1.691 | 4.098 | 5.001 1112|1322 - -
24 |3884.0| 0.838 | 2.040| 5.183 | 6.186 1112|1322 + | -
25 |4964.0 | 0.833 | 2.100 | 5.480 | 7.209 1112|1322 + |-
2 |3983.7| 0.701| 1.742| 4.320| 5.792 1|12 |13 22 + | -
27 | 4350.0 | 0.849 | 2.077 | 5.020| 6.116 1112|1322 + |-
28 |4577.1| 0.692 | 1.770 | 4.718 | 6.863 1113|1622 +| -
20 |3733.8 | 0.604 | 1.408 | 3.247 | 5.856- 1| 6(13|16 +| -
30 |6145.6 | 1.121 | 2.867 | 7.813| 8.377 1]12|13] 14 +| =
31 |5280.5| 0.932| 2.415| 6.723 | 7.218 1]12]13] 14 +] =
32 |4054.2 | 0.744 | 1.584| 3.8 | 6.212 1]12]13 |22 + | -

— 183 —



7o kR

WEHEOTU Y HEFE M

v

*68°S (96 ‘LIE Z |626°GE9 |S9SEV6 T [%9S°G  [SLTOIC‘T | €  |v¥E ‘02F ‘T [SV0“9S9 ‘L PH¥ER Hx1 % | 01
*€°1¢ V98°GT2‘T | T  |P98°SIZ‘T |00S ‘€25 ‘T || #L ¥ [ESV'€6€°S | T  [€SP ‘€6€ ‘G [VST ‘629 ‘01 > W% asy 6
*1°€C [PC6VSZT | T P26 VST T (09G29S°C || »L°1T €6V LYST | T |66 ‘LPS ‘T (V6T ‘8L °L *¥% @ 8
* CII8eY‘LL0°9 | € |€82 ‘2TZ ‘SI|616 ‘62S ‘61|| € 6L (0V6 ‘€€ LI| € [228 ‘1.6 °1Si€eS ‘L0z LS| > ¥& yxH ‘H 2H L
¥6°2 |Gzl ‘65T 2 |0Sv61€  [980°L29°1 || 82°'C  (STL ‘S6¥ ¢ {ISV°L66  [2S1°6EZ°9 P yxH 9H | 9
e )10 T7°C |L8T°IEL T [L8T°IET  [628°8EV ‘I | €S°'T  [1S2 ‘ges T [1SZ°e6€  [266 ‘89S ‘S P& | S
e ‘2ov e *xC9°S |002°60E | T |00Z°‘G0E [9€8‘CI9T |48V ¥  |SLL ‘6L6. T |eLL°6L6  [pLV ‘STZ°9 >¥l% yxH 2
(29 T=00 | 4 95 ISEUVOC | € |EVI‘EET6 622 OVF OT *€°'LE [TOZ6ET‘8 | € [v09 ‘LI¥ V2/SOE ‘€S9 ‘67 cHE Hxy Y | €
*90°6  6VS ‘T6¥ T |6VS 26V [S8T008°T | +€2°6 065 610G | T  |06G ‘610°C |16C ‘G52 ‘L > % 4
— 8VYYS | 72 —  |989°L08‘T | — ¥SI‘SIe Ve — [loL'sez’s M#ES | 1
B |G oo G | wesmt | Wa | BUEEIRE] ool [ wemm | o o

HETi<cacHgy

HET<acHs

HYOAHRHOBET R T AUV YEES 1%

— 184 —



7wy 2 RBMEOBE 2V T

B2EBHIT; F-12 WiRT X5 kOB NY, &
&, BECOWTT, BBk %275, £
RF-13(a), (b) 2, MEOKELART, 2KD
H, MR, —KHCT TEOELHRE Lo,
%£-14 TH BV, TORAER I, H2OENEE TR
AMLOBEHERLTIE, 5B, 4BLIEMTS S,

WARXORE ; L EOFiifyiciticiivt, ki
BPERCEE BRIV, Wit Y, WL LT

WAL HATLT E T Ry e+ 5 L K15,
%®-16 DX 51is B,

6. % 2

D B#ERO7 277 4 THtbe R L, —Cibi
WRSEFES &, M2 W ThT Rt B HIR L & Wi A3 e
EhBYH B, = DRFDAPDIER KX Middle Third
2HAND, §E - THT) & IR ORI EOR A,
LK %IF»> T, 2hi LP & LTRSS
ONEMEE D, b LFHECRENTHLHEL > 2 Th
W, Thb ol RERNHAMEL LD LS
CWITE A RKISET i X\, HERETORER
1L2mr &k, WHOHKWIEINT 77 4 74&ETHD
MNLOREDE, £DEM, IEEOHK KT HE
B EhbB,

SBEO 7wy 7 koW TEERTY 0.6 THl - T, AT

i RD B2 1m0y, 6075 F~16075FIRE T, —i
M7 PO & e B,
2) HRE: LTREOCEMS D & Shicoi, i
TR, WRAE, BADHBERA, vy rH
BThHY, DAY FERCRD &, BHEO&LOE(L
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T vy 7 RIRFEOHEIZDOWT
%£-3(a) 3K ey 7ViRE

a? | a a? ap a2 | a3 | maz | axz | mas bi
OBJECTIVE FUNCTION e o Cs

&) SLIDE A2 PLANE Ajz = By
g SLIDE A3 PLANE Az, Az 2 B;
g SLIDE A4 PLANE A3, | Ase| | Ase 2 | Bs
‘é OVER-TURN A2 PLANE As | As,2 = Bs
%1(2:)" OVER-TURN A3 PLANE A1 | A6z | Ass | Asu 2 By
4O | OVER-TURN A4 PLANE | Az | Az | Ara | Ar | Ars | Ans > | B
% SLIDE A2 PLANE Ane = By
S [supE A3 PLANE Ar,z Arz 2 | B
%J SLIEE A4 PLANE Az Az Auss > | Bs
§ OVER-TURN A2 PLANE Az | Ase ' 2 Bys
£ | OVER-TURN A3 PLANE | A1 | Aisz | Asss| Aers > | By
3 OVER-TURN A4 PLANE Ay | Az | Aws | A | Ans | A 2 | By
MIDDLE THIRD St | Suz | Sus | Sue | Sus | Sue Sus | Sie | < S10
B-STRESS (OUT) | Asa | Asz | Ao | Ao | Ass | Asis | v | Ao | Asa| < | Bo
B-STRESS (IN) A1 | Aoz | A10,3 | Ar0,a | A5 | Aross Al Awe| = | Bo
MIDDLE THIRD Se1 | Sz2 | Says | S2,a | S2,5 | Soe Sz8 | S2p | < S2,0
B-STRESS (OUT) A Am?z As,3| Arpia| Aws| Awe| Arosr| Areis| Awe| < | Big
B-STRESS (IN) Agp | Awiz| Ams| Amia| Azs| Azss Ans| Ang| = | By

1 -1 < 0

1 -1 < 0
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A,z : h1Tc
Azyz : (re—redh
Asy ¢ (here+hire~Larm)
Az 2 (re—rediy
Asp ¢ (re=7redhe+(re—r1ema)L3
Ase ¢ hyre+here+(re—rmhs—(ye—rveme+rm)Ls
hrc_ A
As 5 =3
Ay .
Asp : —(Zw +M76)KA sin 8
Asn : __‘(Tc 7’0)—ﬁ
Ag,z : 71(2w+h1‘)’0)KA sin 6=A5,2
Ag,s : —(}12}‘c+1117’G—L3TM)—ﬂ .
: A614 : [h2 (2w+(2h1 +hz—Lo)'fG)+_(2w+ 2(/1.1+’12—L3)TG+L37‘GM)] KA sin 5
hy ‘
Az : —é—(rc—rc)=Azyz/2
h .
Az, : '_2—(2w+1117‘G)KA sin 0= A4s,2
A3 : _hz(TC r6)+(re—7rome)La—Laremz) = 3’4
Az, : [hz 32w+ (2hy+ ha—Lg)ye) + —[2w+2(h1 +he—Ls)rc+Lsrem} ] KA sin 0=A4¢,
Ars [’lsrc+(’11+’lz—L3)7’c +Lareme—rm(Ls+hs)) = 3’6
Ars %{2w+2(111 +he=L)ye+(@La+he)yei) KA sin 8
Au,g H <1 —%‘k)hl‘rc
Arz2 : <1 ‘%‘ )hl(‘I'C—TG)
1
) fsa
Agay ¢ (1= 7, k)(harc+hire)~Larm
e (1-2%)tre-1e)
2
Az, (1 fio k) {(re=redhe+(re—remz)Ls}
Auzs : (1 ——J;T‘ ) {mre+hare+herc—(re—rem2)Lsl —(La+ha)rm
S
Assn S Tc
hl . hlz
Ass,2 : T(sz-i-'rchl) KA2sin 6—fx077‘ck
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A,z

A3

At

Arn

Arr,2
Az

A1774

A]7,5

A

B,
By
By
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Bg

By

f !ohl

hy? A
: f:oH-—é—(3w+'rch1)+%(hz+h3)(2w+hlrg)+

7wy 2 RBME ORI 2WT

m

5 (re=re)

hl ) - . hl
—2—(2w2+lzlrc) KA2sin §— fiqk —2—+ ha\(yc—716)

1
_[/lz‘rc+}llrc—L3‘rM]

h
[ 222wy + (2h1+ hy— L)y x € +_|1 +&) (wat+(h+ha—Lydre+ TGML3|]I\A3 sin ¢

l;
_f‘Qk{ (-—;1 +112>’11TG +ﬂ"')’c}
2
Alel

)

%(2w2+hlyc)KA2 sin 0— fiok ( Lz‘+hz+h3>hl(rc—ra)
1

- {(re=76)he~(rome—7r6)Ls)

ho—
I:—lz 5 La{ 21wy + (2/11+112-L3)‘rc-£+—£23— {(1+¢&) (wa+ M+ ha—L3)rc) +L3TGM}]KA3 sin §

_f‘Qk{(%+llz+}l3>lll‘)’G+ (—hzl-+ha>ll?rc <hl-; o

+hg> (111+/12)Ta}
1 .
5 [Un+hore+(re—rmdhs+(reme—rc—11)Ls}
h.
73[2 {we+ (M+he—La)rc+Larem) +hsrem} KA3sin §
hi+7 hs
~ fia* k{ ( 1hy +hq>(hl+hz)yc+-2—n}
As,o X (Ti:—cot o— 1)
(As,2+A7,0) (ilg-cot. —1) fsa (———-+L0L )
F
f ff‘so
(As,2+ Az,0+ Az,6) (‘— cot §— 1) <"——+L0L4+Lo/la)
——Bw+rch1)KA cos §

M(3w+ Bhy+hy—La)re)

s [{

hy—L
( 2= 3)L3[2w+(2h1+’lg—L3)‘rG] +——|3w+3(’11+h2—L3)TG +L37‘GH)]I\A cos 0

LoL4? ]
2 M

(Ilz L3) (3w+ (3]11+/12_L3)TG)

1 La2
+ 5 (he=Ly)(La+hg) 2w+ (2l +hy—La)re) +_3(3w+3(711+hz—L3)TG+L37’GM)
L3h.3
(2w+ 2(h+ha—L3)re +L3TGM) + —(Sw +3(M+he—L3)+3Lsrom+ hsrcM)}I\Acosa

1 1 1
+ TLOZT M (TL() + /lg) + T(L4 +h3)2Lyy M]
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Sin
iz
S13
Sly4
Sis

Sue

S8

Sie

" Sy

=32 I 7 i

. <fsQ cot §— 1) <A15.2+ft0ﬁ'fck>

2 S
<fsQ cot 0~ 1> [ A16,4+ftok{ <—+hz>h1rc+-}i2—rc H +TM<£20_ +L0L4>LF?+B11

s hy?
(f ot d— 1> [(Als‘,z +f:o—l—rck) +Aig,a

+ftok{<h—+ hz) mrc +h—‘rc}

hy
+A17,s+fto.k{ (h] ;hz + ha) (hx +hz)TG+—TC}]

f 0 .<——+L0L4+L0113)

2
: erth(3w2+hlrc)KA2 cos 0

— 2 '
: f:oH-hi(3w2+hlrc)KA2+Qz—m-(3w2+(3h1+hg—L3)rc)KA2

(hy—Lg)Ls La)Ls

+—(2w2+ reh)KA2 4>~ —"—(2w2+ (2hy+ hy—L3)rc)KA2

+T {(2e+1D)w2+(2e+1)(hy+he—La)re+ Larem) KA3} cos @

+rm (LS—L4L42 + "I—(Ll —L4)3]

: fre [(—-(3w2+ hre)KA2 +}il~'22+—hs)(2w2 + 7<;h1)KA2+(——3)—(3w2 +(3hy+ha—L3)re)

(—’EM(M N (2h1+h2—L3)7c)KA2+—3—{(25 +D) (24 (hatha—L)76)

KA2+
+L37»GM|KA3+ {(1+e)(wz+(h1+hz—L3)rc)+L3rcM|KA3+»—(3w2+3(h1+hz—La)
76+ (3Ls+hs)rem} K3 cos 8+TM{“§9—(L4+}13)2+ Loz( L0+h3)]]

rc—7¢6
—h
2 1

—-I-lzl-(Zw +h176)KA sin 8
1
— 1hlre—red+La(ro—rom2))
ha—Ls Ls . ’ ,A .
[-—-2— (2w + (2hy+ho—L3)rc) + < 2w+ 2(h+he—La)rc+Larcu) |[KAsin §
1 1
¢ lharc+Untha—Lo)re+Laroms—3(Lat+hdyul ——=7Zr
h‘3 e . 1
- {2w+2(h+ha—L3)ye+(2Ls+hs)rom) KA-«sin 5—-TZQ
1
-3 {(re—redhe+(re—rem2)Ls)
- ,
—T(TC-rG)hlalaa

Mg, a6+ Mwpay
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7'e oy 2 RBMREORZ D\ T

hy(Cha+h3)
2

hy—L3)2
w+Mye) +('26—3) 3w+ (B3 +hy—Ls)rc)

hlz :
ME a4 : —-6—(3w +hre)+
1
+ —2 (hy— L3)(’13 +La){2w+ 2Ny +hy— L3) TG}
L32 Lgllg
+ r {3w+3(h+hy—L3)re +Larem| + = [2w+2(m+he—La)rc+Laron)

ha? .
+ ‘%—-[Bzv+3(hl +he—La)ye+3Lsrenm +1137‘GM]:\KA cos @

. 1 L3s—L Ls—L,
My pag : '2—(L3—L4)2TM< 33 4+hg) +=2 2 Y mu(La+h3)?
Ag,1 : L(7’::—7*6)2/1 2—L(rc—rc)h
’ 75 YT !
2
Asg,2 : —51,2+FZSII.1(TC -76)
1 2 1
Ags 7 { (re=r6)he+(re— TcMz)Ls} = ((re=7r6dha+(re— remz)Ls)
. 2
Agua P =Syt EZBCTC ~76)he+(re—7remz)Ls)
Agys %‘l(h1+712)TG+(TGMz-TG)L3+1137’C+Z7|2
1
=5 lhsre+(hith)re+(roma—1re)Ls)
2
Agyp : —51.e+—75—Za [(hi+h2)re+(rema—re)Ls+hayc+2Z7)
2
Aoy : 7—5(Tc —redu{(rc—=redhe+ (re—roma)Ls)
9 .
Ag,s : _75‘{(7'0—TG)112+(7'G—TGM2)L31 {(h+h2)re+(roma—r6)La+harc+2Z;)
.2
Ao : 75—(rc —re)h(l+h)re+(reme—ve)La+hsyrc+2Z;)
By L~ Sho— ezt
! 75
Zy : =(L3+ha)rm
h
Zs : 25——;“— 12w+ 2(hy + hy— La)rc +(2Ls+2hs+ he)yom} KA sin 8
h .
Zy : Zs—%[z|w2+(hl+112—L3)ra+(113+L3)‘rcM} +hereu)}KA3X sin ¢
Aron S
4410,2 : Slyz
A10y3 : Sl:S
‘410y4 : Slyd
1 ' 1 25 2
Aio,s e |hsyc+(h1+he—L3)yc+Laycnz) —.-—2—(L3+113)7M +T —TZ7
2
A6 : Sy —3-25
Aro,s t 2x81e
Ao, T 2% 81
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Sa,1

SZ;Z

Sa2,3

Sz,

SZyS

Sz,6

S2,9

S2,8
Sz,o

Mg’ a4

Ao

A19,2

A1973

A19,4

A19y5

Age

2R B SR G -
SI;O

h

5 (re=76)

3 Ao n
—2—(2w2+hl7‘c)I\A2 sin 0 — > +ho+hs | (rc—716)k

—ACre=reYh~(rom—7o)Ls)

ha—L L
{ 2 > Se|2w2+(2hl+hz—L3)Tc]+73(1+s)[w2+(h1+112—L3)rc|+L37¢;M}KA35in8

); h ) h+h
—k{(% +h2+h3>hl‘rc+ (—g—+ hs>hz7‘c— ( 142- 2 +h3) (h1+h2)7‘0}

1
5 {(h1+/12)TG+(7'GM2—TG)L3+1137C—3(L3+h3)TM|_——-—; Zr
h
%[2 (wa+ (Mi+ha—L3)rc+Lsyem) +harem]KA3-sin 6—%29
hy+h ha?
—k{ <—*“;’ 2+lza)(/z,1+hz)rc+173rc}

1
—T(rc—rc)ln

1
=5 (re=r0dhe+ (re—rom)Ls)
M g,a4+Mwp,a4

2 ,
hTI(Bw2+hlyc) KA2 cos 5+’L’lzzj-_ft3_)

2wz +1ch1))KA2 cos 6
ho—L3)2 -
+ % {3wa+ (31 4-he—L3) e} KA2 cos § +QZ——L3)2(£@ {2ws+ (@M +ha—L3) e}
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g SLIDE A5 PLANE Ay Ay Agps
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