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MATERIAL NONLINEAR ANALYSIS OF PLANE FRAME STRUCTURES
BY USING MATHEMATICAL MINIMIZATION TECHNIQUES

AAREZ" MSHERB BB SR B #E
Sadaji OHKUBQ, Yasuo WATADA, Toshio FUJIWAKI, Koji MAKINO

In this paper new and powerful analysis methods for plane frame
structures subject to material nonlinearity are described. The
methods are developed on the basis of the principle of stationary
total complementary energy with the aid of mathematical program-
ming techniques. The analysis problems are formulated as the total
complementary energy minimization problems subject to linear equi-
librium equations in terms of the unknown member end forces and the
member end forces are determinated by utilizing modified sequential
quadratic programming algorithms. The attractive features of the
analysis methods proposed, such as generality, accuracy, efficiency,
small core size requirement etc. are demonstrated by comparing the
numerical results with those of the finite element methods.

Key Words; Material nonlinear analysis, Frame structures, Total
complementary energy minimization, Sequential quadratic programming
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ox: A B C
N (107 xks) N (103 xkg) N (103 xXkg)
BHEY SwwE] LA | ERGE] LLE [ EMEE] LLE
1 “171.3 171.2 168.7 168.6 158.2 158.2
2 153.3 153.4 146.5 146.4 123.7 123.7
(53 -242.2 -242.1 -238.5 -238.5 -223.7 -223.7
7 303.3 303.4 298.7 298.7 288.5 288.5
8 353.0 353.2 355.4 355.3 357.6 357.5
9 328.7 328.5 330.1 330.2 337.2 337.3
11 -205.7 -204.8 ~192.2 -192.2 -216.4 -216.4
18 -214.6 -214.5 -211.7 =211.7 -204.0 -204.0
19 -204.1 -203.7 ~193.2 -193.2 -162.7 -162.8
21 2.9 2.8 3.8 3.7 13.3 13.2
ITE. 23 25 30 60 17 26
cPyY? 1.09 1.17 1.46 2.60 0.97 1.21
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(x10%kg+ cm)

Ktr , Py P2 Ps Py Ps

G0y B 5q, A‘ 3-Qs ‘L A 4 Qu A* 5 »B'{ Gs ?
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|2rrl| 3mJ 3m |2mT2m| 3m I 3m lZmLBm ‘|2m,"

BRERBI P,=10ton, P,=80ton, P;=60ton,
q,=20ton/m , q.=10ton/s , q:= Ston/m ,
P¢=60ton , Ps=120ton
q¢=10ton/m , q;=20ton/m

L L
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. M "

300. {x10%kg- cm) ﬂﬁﬁﬁﬂ P=20ton . Pz=160ton » P3=1mton ,
q:1=30ton/n , q,=20ton/m , q3:=10ton/a ,

M—6 M- rMRMEOH P4=120ton , Pg=

q=20ton/mn , qs=30ton/a
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(AR REEEY ) tx= 2.0 cn

o B # B AV % H B ® ® cC
MEHE |AMFE T U & B2 [ hmmE S s B2 | kuFE 2L glges

M., ®' | -129.928 | -129.852 | 0.059 % |-125.134 | -125.092 | 0.018 % | -126.023 | -125.932 | 0.025 &

M. ~76.472 | -76.492| 0.026 £} -76.071 | -76.080 | 0.012 %) -76.338 | -76.362| 0.005 %
| M: -61.913 | -61.892 ) 0.034 %| -61.629 | -61.613| 0.026 % | -61.091 | -61.076 | 0.025 %

M -38.491 | -38.489 | 0.005 & | -38.660 | -38.655| 0.013 %} -38.774 | -38.767 | 0.018 %
#w| M -79.487 | -79.502 | 0.019 %] -78.869 | -78.875| 0.008 % | -78.375 | -78.378 | 0.004 X
® Mye |{-137.904 | -137.908 | 0.003 %] ~132.544 | -132.529} 0.011 % | -134.198 | -134.189 | 0.007 %
" [P 0.111 % 0.159 % 0.385 %
‘I Oear ¥’ 2010.6 kg/ed 1773.5 kg/od 1891.5 kg/of

CPU €' | 6.45 4.26 1.514 5.65 7.14 0.791 | 5.83 7.10 0.821

17E.”" 14 3 1 7 10 7

M7 | -212.234 | -212.242 | 0.004 % | ~214.027 | -214.048 | 0.010 % | -223.714 | -223.766 | 0.023 %

M. | -140.687 | -140.699 | 0.009 % | -142.988 | -142.977 | 0.008 % | -145.507 | -145.483 ) 0.016 &
®] Mis | -124.263 | -124.267 | 0.003 % }-122.266 | -122.266 | 0.000 % | -122.868 | -122.868 | 0.000 %

M, -80.686 | -80.688 | 0.003 % | -80.806 | -80.810| 0.005%| -79.4211 -79.923 | 0.003 &%
# | Mis | -142.771|-142.771| 0.000 % | -142.653 | -142.648 | 0.004 % | -146.457 | -146.440 | 0.012 %
% Mje | -217.585 | -217.583 | 0.001 %] -221.710 | -221.720 | 0.005 %} -232.326 | -232.374 | 0.021 %
. Earn ¥ 0.620 &% 0.737 % 0.906 5
'11 Osar ' 2519.6 kg/of 2636.8 kg od 3208.2 kg/ed

crL | 7.43 le.es 0.586 8.5 | 12.22 0.696 890 | 8.61 1.034

17E. 7 0 1 0 ] 10 0 ! 8

D gBEREOEE (B-3 $R) 2):EHEEI2MEOENARE, LULHABRMEETELNL
3 FBWEMUTFE~ A2 M (ton-n) 1) BAVTAR  5):B|MRIEN (kgsaf)  6) :FACOM M-360AP (2 2 B (sec)
) REEHEER
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DAY TYAVR)—Z XN F - OBBREEALE. 20 M-z R0EAKCLY, FEOMIC
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REFMAT 2L LYRMBHE 2 SBICRISHS
LA TES, AMETCRR-8IRYT H.;,Mij, M
REEHCBT I REFHMWEHE L, FWHOaL T X
VARY—IRINF—% IS OREEMETOBEKE LT
EbOLTWD, £, ABEEELBH DI TU A A
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Rl Rt

Hij

M—8 I — AVIBH ORI

m otf Im 40tf 5,

i 2m 30tf/m i
soee (JJIIIOILIIdTRIRIdY
3 (dl@ L} (dl e
0] u:)nl wt:"@ (c) ] cote ] P

30t£/m
soee [PTTITIOIIIITITRGLS
2 @ s W Q@ s
0] ) ®lw |8
77 77 77
M—9 2K2@EMS—-A>

#—3 EKBHTHLENEL OBRFTKROLEK
(2@28BM>~XY, HHC)

MW H_HC
e R E N T
Hia 1 esn 65.00 | 1.065% | 0.7¢0%
M, 2 91.00 90. 9% 0.044% —0.8478!_
Hs.s -23.45 | -23.58 | 0.554% | 0.993%
Ms.s -156.77 | -157.60 0.529% | -1.016%
Has -45.04 | -44.85 | o.4221 | 0.714%
M. s -128.99 | -129.72 | 0.506% ] -0.753%
Hs. o 457.64 458.75 | 0.243X 0.495%
Ms. 4 84.27 84.15 | 0.142% | -1.116%
He. s 228.29 | 228.79 | 0.219¢7 | 0.075%
Me. s 21.13 27.60 | 0.469% | -0.254%
Hoos -4.15 -4.20 | 28928 | 1.050%
M7,y ~16§.24 | -160.71 0.329% -1.054?
He. s 236,06 236.24 0.177% | 0.756%
My, 7 97.62 9. 49 0.1331 10941
Hio.s 109.53 109.34 0.173% 0.488%
Mio.s 71.30 70.86 0.617% | -0.615%
Hio.s ~109.53 } -109.34 0.173% | -0.949%
Mio. o 95.49 95.11 .398% 0.796%
CPUQITE) 2 | 1.211025)] 3.599(9)

1) EBEISENES) (bon) 2)REMMINIT £~ X > |k (ton-w)
3)  FACOM M-3G60AP {2k 2 ZFSEBSRI(50)
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