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1 L]
2 6 .
1.
1
i 1 2 3
ENA? 1. 4238E4 1. 4238E4 2. $476E4
EY9 1. 7481E3 1. 7481E4 1. 3985E3
K :

k11= 3955a1+ 2966. 25a2+ 77. 6944[)3, klzz 0, k13= - 233. 083[)3

koo= 474643+ 449. 61451+ 1896. 81 ba,
k33= 1942.33 b1+ 14567. Sbo+ 932. 33353

0.16 ,K

gi/r(i=1, .., m;j=1, ...m):

k23= 809. 306 b1— 4552. 34b,

gn=9.21831azbi+ 0.218325b1+ 69.1374azba+ 17. 6025bbo+ 6.90794 b3

+ 4.42485a3b3+ 0. 4191961 b3+ 1. 76846b2b3
gn=— 0.188636b1b3+ 1.06108b2b3

gni=1.10621a3b3+ 0.104798b1b3+ 0. 442115b2b3
gn="T7.68193a1bi+ 5.76145a2 b1+ 57. 6145a1b2+ 43.2108a2b2+ 3. 68738a1b3

+ 2.76553 a2bs+ 0. 1509085153+ 1. 13181b2b3+ 0. 0181093 b3
3.2008a1b - 2.4006a2 b1+ 18 0045a1 b2+ 13.5034a2b2— 0. 0628785b 1 b3
+ 0.353692b203

g&2n=

gn= 18 7704a1a3+ 14. 0778aza3+ 1. 77822a1 b1+ 1.33367a2b1+ 7.50188a1 b2

+ 5.62641 a21)2+ 0. 368738&3b3+ 0. 0349325b1b3+ 0. 147372b2b3
r= 36458. 4aiasbi+ 27343. 8arazbi+ 863. 475a; bi+ 647. 606a2bi+ 273438aazbs
+ 205079a2a3ba+ 69617. 8a1b1ba+ 52213. 3azb 1 bat+ 27320. 9ay b3+ 20490. Tasb3

+ 17500. 3a1a3b3+ 13125. 2a2a3b3+ 1657. 9a1b1b3+ 124 3. 42(12 b1b3+ 716. 212a3b1b3
+ 16. 9626 bibs+ 6994. 26a1b2b3+ 5245. 69a2b2 b3+ 5371.59a3b2b3+ 1367. 61b1b2b3

+ 536.709b3b3+ 85.9467a3b3+ 8. 14219b1b3+ 34. 34995253

3 3 6 .
2.
2
i 1 2 3
EN? 1. 4238E4 2. 8476E4 1. 9238E4
EY0 1. 7481E3 1. 3985E4 1. 7481E3
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k1=
k1a=
k23=
k33=
kas=

kse=

gu=

g 1=

g13=

g 1u=

223.252 a1+ 4746a2+ 154. 661b1, k= 765.435a1— 45.1094b,, k= — 402. 762b,
— 4746as,  kis= kie= ko= ku= 0, ko= 2624.35a,+ 13. 15695+ 776. 944 b,
117. 472 b1— 2330. 83b2, ko= — 776.944b2, Fkw= — kis= — 2330. 83 b2
1398. 48 b1+ 9323.33bs, k3= 4661. 67by,  kay= 4746a2+ 854. 28az+ 62. 1547bs
— 1139. 04as+ 46.616b3, k= — 233.08bs, kss= 1518. 72az+ 776. 944 by+ 34.962bs
2330. 83by— 174.81b3,  kes= 9323.33ba+ 1165. 4b3
11.37 ,K ' gi/r(i= 1, s m;j=1, c.om):
24663. 5a1azazbiba+ 30.912a2a3b1ba+ 123319a1aza3b3+ 3154. 33a1a2b1b3
567. 779 arasb 1 b3+ 4283. 69arazbi b3+ 3.95348a,bib3+ 0. 711626a3b1b3
3082. 89 aiazraszbibz+ 3. 8639%asas b%b3+ 20552.9a1aza3 bab3+ 3564. 34a1a2b1b2b3
1782. 17 araszb 1 babs+ 1475. T4 azazb1babs+ 4. 46736 a2bibabs+ 2. 23368a3bib2bs
10199a1a2b3b3+ 6781. 8aiasb3bs+ 1521. 19a2a3b3bs+ 41.3098a1b1b3bs
170. 811 azb1 b3b3+ 168. 845a3b1b3 b3+ 17. 7426a1a2b1 b3+ 24. 6425 a1a3b1b3
118. 285 a1a2b2b3+ 164.285a1a3b2b3+ 5. 16365a1b1b2b3+ 8.49311a2b1b2b3
11. 796a3b 1 b2 b3+ 8.60621a; b3b3+ 8. 75468a2b3b3+ 12.1593a3b3b3
— 7193. 52arazaszbba+ 105.984a2a3b1bo— 35968. lajazas bs— 920.013a1azbi b’
— 165.602aia3b1bs+ 7333. 11azasbibi+ 13.5548a2b1b3+ 2. 43986a3b1 b3
— 899. 177 a1a2a3b1bs+ 13. 2478ara3bibs— 5994. 6aiazrazbrbs— 1039. 6a1arbibabs
- 519.799aja3b1babs+ 2998. 28 arazb1babs+ 15. 3167 arbibabs+ 7. 65834a3bibobs
- 2974. Tl ajazb3bs— 1978. 03arasbibs+ 3993. 11arazb3bs— 12. 0487 a1 b1 b3b3
+ 200. 634a2b1b3b3+ 247. 68 1azbibs b3+ 0. 177516b1b2b3— 5. 17491 a1a2b1b3
— 7.18738a1a3b1bi+ 0.0762433a2bib3+ 0.105894a3b1b3— 34. 49994 1a2b2b3
— 47.9166a1a3b2b3— 1. 50606a1b1b2b5— 2. 19702a2b1b2b3+ 9. 12714 a3b1b2b3
2.51015a1b2b3— 11.6729a2b3b3+ 0. 14793b1b3b3
7707. 34a1azrazbiba— 21409. 6 ajarazbs+ 985. 728a1arb b3+ 177. 431a1azb b3
+ 686.723a2a3b1b%+ 963. 404a1a2a3b1b3— 8563. T1lairaz2a3 b2b3+ 1113. 86a1a2b1b2b3
+ 556.928ajazbibabs+ 186.382aza3b1bybs+ 903. 583 araz b3bs— 249. 17a1asbsbs
+ 475.369 azazbibz+ 12.9093a,b1b3bs+ 37.5176a2b1b3b3+ 31. 4933 a3 b3bs
+ 5.54455a1a2b1b3+ 7-70077araszbibi+ 30. 8035a1a2babi— 11. 9791 arasb2b3
+ 1.61364 a1 b1 byb3+ 2. 80706a2b1 by b3+ 2. 80706a3b b2 b3
24663. 5a1azazbibat 30.912a2a3b b+ 123319a1aza3b3+ 3154. 33a1a2b1b3
- 1640.25a1a3b1b3+ 4283. 69arasbibi+ 3. 95348a2b1b3+ 3. 25315a3b1b3
+ 3082. 89aiazaszbibz+ 3. 86394a2a3b%b3+ 20552.9a1aza3 babs+ 3564. 34a1a2b1b2b3
~ 898.97arasbibabs+ 1475. Tdasasbibabs+ 4 46736a2b7b2bs+ 3.65974a3bibrbs
10199a ;1 a2b3b3— 644. 008aiazbibs+ 1521. 19ara3bsbs+ 115.538a1b1b3bs
170. 811 azb1 b3b3+ 78.2949a3b1 b3 bs— 0. 133137b7b3b3+ 17. 7426a1azb 1 b3
+ 118.285a1a2b2b3+ 4.76023a,1b1b2b3+ 8. 49311asrb babi+ 1.88261a;b3b3

[ + + + + 4+ o+ o+

+

+
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+

8.75468 a2 b3 b3

gis= 18497. 6ararasbiba+ 23. 184arasbiba+ 92489. dajarasbs— 6834. 37aiazb b3

g 16=

gn=

g5=

gu=

+

1230. 19 a1a3b1b2+ 3212. 77azasbibi+ 13. 5548a2b1b3+ 2. 43986a3bib>

2312. 17 a1a2a3b1b3+ 2. 89796a2a3b%b3+ 15414. 7Ta1a2a3 babs— 4292. 45a1a2b1b2 b3
674. 228 arasb1babi+ 1106. 8azasbibabs+ 7. 69222a2b1bybs+ 2.7448a3b1babs
8396. 2a1a2b3bi— 483. 006a;a3bibs+ 1140. 89 aras b3bs— 89.5045a1b1b3bs

24. 4721 a2b1b3b3+ 58. 721 1asbi b3 ba+ 0. 177516b1b2b3— 23. 6568a1a2b1b3

157. T4 ara2b2b3— 6.34698a1b1b2bi— 11.3242a2b1b2b3- 2.51014 a1b2b3

11. 6729 a2b2b3+ 0. 14793 b1b3b3

10276.5a1a2a3b1ba+ 20. Tazazbiba— 21409. 6aiazrazbi+ 985. 726a1a2b1 b3

+ 177. 831 ara3bibr+ 686. 723a2a3b1b3+ 963. 404a1a2a3bibi+ 1. 20748a2a3b1b3
+ 6422. 78a1a2a3b2b3+ 83. 7857a1a2b1b2b3— 326. 107a1a3b1b2b3

+

+

461. 168 a2a3b1b2bi+ 2.2591a2b1babs+ 1.35546a3bib2b3+ 903. 584a1a2b3bs
249. 17a1a3bbs+ 475. 37a2a3bsbs+ 12.9093a1b1b3b3+ 37. 5176 a2b1b3bs
31.4933a3b1b3b3

2098. 11aiazaszbiba+ 363. 373 aras biba+ 10490. Tararaz b3+ 268. 337ararb1b3

+ + + + 4+ + o+ 4+ o+

48.3007 a1a3b1b3+ 13025. 9a2asbibi+ 46. 4736a2b1b2+ 8. 36524a3b1 b3
262.26a1a2a3b1 b3+ 45. 421 a2a3 bibs+ 1748. 42a1a2a3b2b3+ 303. 216a1a2b1b2b3
151. 608 a1a3b1b2b3+ 6602. 77 a2a3b1b2b3+ 52. 5143 azb%b2b3+ 26. 2571a3b%b2b3
867. 622 ata2b3bs+ 576. 924arazbrbs+ 12264. Sazazbsbs+ 3.5142a1b1b3b3

320. 758 a2b1b3b3+ 399. 672a3b1b3 b3+ 0. 608628b1b3b3+ 1. 50935a1a2b1b3
2.09632a1a3b1bi+ 44. 5646a2a3bib3+ 0.261406a2b1 bi+ 0. 363064a3b1b3

10. 0625 a1a2b2b3+ 13.9757a1asb2bi+ 297. 102a2a3b2b3+ 0.439268a1b1b2b3
4.20682a2b1b2b3+ 9. 68183a3b1b2 bi+ 0. 0760773 b1b2b3+ 0. 732126a1b3b3

15. 5639 a2b3b3+ 0. 50719616353

2247. 97 a1azasbiba+ 6244. 46a1arazbr— 287. 504aiazbi bi— 51.7507arazbib>
1254. 34a2a3b1b%— 280.993a1ara3zb1bs+ 2497. 75a1a2a3 brbs— 324. 874a1a2b1b2b3
162. 437 arasb i babs+ 354. 213 azazb1babs— 263. 545a1a2 bibs+ 72.6745a1a3b3bs
1544. 95 aza3b3bs— 3.76522a1b1b3bs+ 48. 5891azb1b3bs+ 50. 3462 a3 b1 bibs
1.61716 ajazb 1 b3— 2. 24606a1a3bibi— 3. 74343a2a3b1b3— 8.98436 ararb,b3
3.49392 a1a3bab3+ 74.2754a2a3b2b3— 0. 470645a1 b1 byb3— 0.380999a bbb}
2.42046 a3bi by b3

7193. 52 arazra3bi1by+ 105.984ara3b1ba— 35968. lajazas bi— 920. 013a1a2b1 b3
478. 406 araszb i bs+ 7333. 11azasbibi+ 13.5548a2b1b3+ 11. 1537a3bib3

899. 177 a1a2aszb1bs+ 13. 2478a2a3b1b3— 5994. 6aiarazbrbs— 1039. 6a1arbibabs
262. 2a1a3bibabs+ 2998. 28arazbibabs+ 15.3167arbibabs+ 12.5477a3bibabs
2974. 71 ara2b3bs+ 187. 836a1a3b3bs+ 3993. 11arazbibs— 33. 6986 a1 b1b3b3
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200. 634 a2b1b3b3+ 130. 126a3b1b3 bs— 0. 4564716363 b3— 5. 17491a1a2b b3
0.0762433a2b1b3— 34.4999a arb2b3— 1.3884a1b1byb3— 2. 19702a2b1b2b3
— 0.057058b7b2b3— 0.549094a1b3b3— 11. 6729a2b3b3- 0. 380392b 1 b3b3
5395. 14 aiazazb b+ 79. 4879ara3biba— 26976. layazas bi+ 1993. 36a1a2b1b3
+ 358.805aia3b1b3+ 5499. 83arasbibi+ 46. 4735a2b1b3+ 8. 36524a3b1b3
674.382a1arazb b+ 9. 93585a2a3b1bs— 4495.95a 1 aras babs+ 1251.96a1arb babs
196. 65a1as3b1bybs+ 2248. Tlasasb bybs+ 26.3733a2blbrbs+ 9.41075a3bTbabs
2448. 89 a1arb3bs+ 140. 877a1azb3bs+ 2994.83ara3b3bs+ 26. 1055a1b1b3 b3
29. 2233 arb1b3bs+ 97. 5943a3b1 b3 b+ 0. 608628b71b3b3+ 6. 89989 arb b3
0.101658a2b7b3+ 45.9999 a1arb2bi+ 1. 8512a1b1b2bi+ 2.92936a2b b2 b3
+ 0.0760773b1b2b3+ 0. 732125 a1 b3b3+ 15.5639a2b3b5+ 0. 50719b 1 b3b3
g6= 2997. 3arazazbiba+ 70.9714ara3b1ba+ 6244. 46aiarasbs— 287. 503a1a2b b3
51. 7506 a1a3b1b3+ 1254. 34a2a3bibr— 280.993a1az2a3bibs+ 4. 13994a2a3b1b3
1873. 31 a1ara3zbrb3— 24.4375a1a2b1b2b3+ 95. 1144a1a3b1b2b3
+ 1041. 07 azaszb1babs+ 7.74547 arbibab s+ 4. 64728a3bibobs— 263. 545a1a2b3 b5
+ 72.6745a1a3b3b3+ 1544. 95a2a3b3bs— 3. 76521a1bibbs+ 48. 5892a2b1b3b3
+ 50. 3463 a3b1 b3bs
gn=3211.39araza3b1ba+ 3716. 94 ajazrasbi+ 410. T2arazb b3+ 73.9296a i asb b3
+ 123.216a2a3b1b%+ 401. 418a1a2a3b1b3+ 7879. 8ara2a3b2b3+ 464.107a1a2b1b2b3
+ 232.053ata3b1babs+ 31. 8988 aza3bib2bs+ 85. 5667 ataz bibs+ 9. 31726a1a3b2bs
+ 198. 071 a2a3b3bs+ 5.37888a1bi1b2bs+ 8. 9648a2b1b3b3+ 6. 45465a3b1b3b3
+ 83. 6287 atazazb3+ 2.31023a1a2b1b3+ 3.20865a1a3b1bi+ 0. 419264a2a3b1 b3
+
+

+

+

g25=

+

+

+

10. 6957 a1a2b2b3+ 1. 16464a1a3b2bi+ 24. 7585a2a3b2b3+ 0.67235a1b1b2b3
1. 12058 a2b1b2b3+ 0. 806819a3b1b2b3
gu= 7707. 34a1a2a3biba— 21409. 6 ata2a3bi+ 985. 728a1a2b1bs— 660. 437a1a3b1b3
+ 686. 723 a2a3b1br+ 963. 404a1a2a3b1b3— 8563. Tlataz2a3 b2b3+ 1113. 86a1a2b1b2b3
— 348. 696 a1a3b1b2b3+ 186. 382 a2a3b1b2b3+ 903. 583 ataz bibs+ 22.3614a1a3b3bs
+ 475.369 a2a3b3bs+ 47. 1996a1b1b2b3+ 37.5176a2b1b3b3+ 15. 4911 a3bibibs
+ 5.54455a1a2b1b3+ 30.8035a1a2b2b3+ 1. 86577 a1bib2bi+ 2. 80706a2b1b2b3
g3= 5780. Sata2azbiba— 16057. 2a1azasbi— 2751. 82a1a2b1b3— 495. 328a1a3bib3
+ 515.043 a2a3b1b%+ 722.553a1a2a3b1b3— 6422. 78aiaraz brbs— 1541. 61laia2b1b2b3
261. 522 arasb1babi+ 139. 786 azasb i babs— 776. 944 ajasr b3bs+ 16.771a1azb3bs
+ 356. 527 azazbibs— 36.0385a1b1b3bs— 5. 19962a2b1b3b3+ 11. 6184 a3b b3bs
7.39274 a1a2b1b3— 41. 0714a1a2brb3— 2. 48769a1b1b2b3— 3. 74274a2b1b2b3
g3%= — 3612 82ai1azasbiba+ 3716. %4aarasbi+ 410. 719aia2bi b3+ 73.9295a1a3b1b3
+ 123. 216a2a3b1b%+ 301.064a1a2a3b1b3— 3010. 68aiazasz brbs— 6. 1607a1a2b1b2b3
126. 294 ar1as3b1babs+ 49. 0803 azasb1babs+ 85. 5665 araz b3bs+ 9. 31724a1a3b3bs
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+

198. 071 arazb3bs+ 5.37887a1b1b3b3+ 8. 96478arb 1 b3bs+ 6.45464a3b1b3b5

gu= 24663. 5a1a2a3biba+ 236. 571 araz biba+ 30.912a2a3b1ba+ 123319a1a2a3b3

g45=

g46=

g55=

g 56=

+

+

+

+

=+ o+ 4+ +

— 4+ + + 4+ +

+ + + 4+ + + o+ 4+ o+

3154. 33a1a2b1b3+ 5921. 37arazbiba+ 4283.69a2a3b1b3+ 30.2562a1b1b3
3.95348 a2 bibi+ 14.8715a3b1bi+ 3082. 89ajarazbibs+ 29. 571araszbibs

3.86394 ara3bibs+ 20552.9aiarazbabs+ 3564 34ararbibabs+ 1107.5a1a3b1b2bs
1475. T4 azaszb 1 babs+ 34. 189a1b1brbs+ 4.46736 a2bibrbs+ 7. 43565a3b1ba bs
10199a1a2b2b3+ 71. 5565a1a3b3b3+ 1521. 19a2a3b2b3+ 439.884a1b1b2bs3

170. 811 a2b1b2b3+ 49. 5718a3b1b3 b3+ 0. 342353b1b3b3+ 17. 7426a1a2b1b3
0.170186a1b1b3+ 118. 285 ata2b2bi+ 6.37387a1bi1b2bi+ 8. 49311a2b1b2b3
0.41182 a1 b3b3+ 8.75468a2b3b3+ 0.285294 b, b3b3

8497. 6a1a2a3b1 bz+ 1717. 428(11(13 [)%bz+ 23. 184a2a3b%bz+ 92489. 4a|a2a3b%

6834. 37 atazb1b3+ 4441. 03a1asbibr+ 3212.77a2a3bi b2+ 13. 5548 a2b1 b3

11. 1537 a3b1 b2+ 2312. 17a1a2a3bibs+ 22. 1782a1a3bibs+ 2.89796 a2a3b1bs
15414.7 a1a2a3b2b3— 4292. 45a1a2b1b2b3+ 830. 627a1a3b1b2b3

1106. 8a2asb1b2bs— 16.3381a1bib2bs+ 7.69222a2bibabs+ 5. 57674a3bib2 b3
8396. 2a1a2b3b3+ 53. 6674aia3bibs+ 1140. 89 azas bsbs— 316. 896a1b1b3b;

24. 4721 a2 b1 b3 b3+ 37. 1788a3bi b3 bs— 0. 456471b1b3b3— 23. 6568a1a2b b3
0.226915a,bib3— 157. 714 a1a2b2b3— 8. 49849a1b1byb3— 11.3242a2b1b2b3
0.549093a,b3b3— 11. 6729 a2b3b3— 0. 380392 b, b3b3

10276.5a1a2a3b1ba— 44 35T1a1asbiba+ 20. Tazasbiba— 21409. 6aia2azb’
985. 726 ata2b1bi— 660. 437a1a3bibr+ 686. 723a2a3b1 b3+ 963. 404a1a2a3b1b3
9.24093 a1a3bibs+ 1. 20748a2a3bi b3+ 6422.78a1a2a3brbs+ 83. 785Ta1a2b1b2bs
346. 095 a1a3b1b2b3+ 461. 168 a2a3b1b2ba+ 4. 84092 a1bib2b3+ 2. 2591 a2bib2bs
2.32364a3b1b2b3+ 903. 584a1a2brbs+ 22.3614ara3babs+ 475.37az2a3b3bs
47.1996 a1b1b2b3+ 37. 5176a2b1b3 b+ 15.4912a3b1b3b3

3873. 2a1a2a3biba+ 739. 285 ara2 biba+ 133. 071aiasbi ba+ 17. 388a2a3bibe

69367a1aza3bs+ 18504. 3aiarbi b3+ 3330.77a1azbibr+ 2409. 58 azazb b3

46. 4735 a2 bi b3+ 8.36524a3b1bi+ 1734. 13a1a2a3bibs+ 92.4093a1a2bibs

16. 6337 arazbibs+ 2. 17347 a2a3bibs+ 11561 aiazazby bs+ 6205. 17arazrbibabs
622. 971 arasb1brbs+ 830. 102azaszbibabs+ 9. 68184 a1 bibrbs+ 16. 3688a2b7b2 b3
4.18255a3b1b2b3+ 7110. 56a1a2b3b3+ 40. 2505a1a3b3b3+ 855.667araszb3bs
242.336 a1 b1b3b3+ 60. 4207ax2b1 b3 by+ 27. 8841asbibibs+ 0. 608628b571b3 b

31. 5424 arazb 1 b3+ 0.302553a1b1b3+ 210. 285a1azby b+ 11.3313a1b1b2b3

15. 0989 azb1b2b3+ 0. 0760773b1b2b3+ 0.732125a1b3b3+ 15. 5639 a2b3b3
0.507189b1 6353

7707. 34 ararazb by~ 184.821aiarbibar— 33.2678a1azbibr+ 15.525a2a3b1b
16057.2ararazbs— 2751. 82a1a2b1b3— 495.328a1a3b b3+ 515.042a2a3b1b3
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722.553 arazrazb b+ 13.8614a1arbibs+ 6.9307a1a3bibs+ 0.905612a2a3b7b3

4817. 09 arazras3b2b3+ 52. 5714a1a2b1b2b3+ 259.571a1a3b1b2b3
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The Analytical Solution with Respect to Characteristics of
Elements Cross Section as Variables of the Plane Frame

Sui Yunkang Wang Wenjun
(Research Institute of Engineering Mechanics,Dalian University of

Technology , Dalian 116023,P.R.China)

Abstract

Taking the sectional area and the bending moment of inertia as variables for each beam element,

the plane frame will possess a stiffness matrix containing parameters. In terms of the symbolic con
putation software, the inverse matrix is solved to obtain the new analytical solution with respect to

characteristics of elements cross section. The general program is coded in the micro computer and
corresponding examples are computed.

Key words plane frame, symbolic computation, inverse matrix containing parameters, analytical
solution



