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Tab.1 Sectional dimensions
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M H B t te M H B t te
S1 480 320 16 10 S6 650 280 24 18
S2 720 450 18 14 S7 450 180 10 8
S3 450 240 10 8 S8 360 120 8 6
S4 360 180 8 6 S9 450 150 14 10
S5 400 200 12 10 S10 640 160 12 10

Y #5 B H5:2013-03-20 &t HE:2013-07-29
EL£WB . HZxE S &R 973 114D (2012CB723302)
E& B ETE 4 (1962- ) 53, Beii & A, @l #804% , EZN L5 1 22 40 RS R e S0 i os .



54 HOOE RS TR R SIS S 2 HLAE 5 521

/20 722 2 2 7 /2 2 /2 2 /AR
S
L L 2

()R 3R R (b) PR 1 9415 6 1 o 8% (K T2 A R 1 o 2
B 1 MR R T HRAEX

Fig. 1 Geometry model and load types

2 HRTER

K] beam188 HIC LA ROTHAL. h T beam188 HiIT L AE T i 1) (Y9 I 1 i 2 A SC 1 45 4
Ay 28 LA 52 B 5 1) 7 2 A it . — ek G B LT I RE P B8 e A A R IA TR s 15 B0 5 AN BEASE UL A 2R A
JEVSE AR5 0 R e e ol ] R0 /) 8 8 0 28 I WO SCATS ¥ Ay 0 P 1 b T e A A%
GOk S BT T A [R1 7 P A2 4 i . ] SOk 2g o

PR AL 4 7 A B b B G AR A R B F2 AXBETHMBEI L (N/m)
S MU [ S S R CH A S AT PN % S Tab. 2 Result comparison of this paper with reference[ 7,13-15](N/m)
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Tab. 3 Out-plane buckling loads under radial loading uniformly distributed along the arch curve

0.45 0.184 6 0.184 0.184 0.184 3 0.184 3

: f/L=0.15 f/L=0.25 f/L=0.4 f/L =005

it [ % X [ 3% B 3C [ 3% B4 32 Eia B4 32

S1 11.352 68 11.197 39  7.626 14 7.589 73 2.987 86 2.983 51 1.560 94 1.559 74
S2 42.099 95  41.030 55 32.021 02  31.719 97  13.252 66  13.213 39 6.807 51  6.796 81
S3 2.860 03 2.827 47  1.864 67 1. 857 36 0.713 7 0.712 85 0.369 93 0.369 7

St 0.879 23 0.872 41  0.547 04 0.545 61 0.208 82 0.208 66 0.109 99 0.109 94
S5 2. 256 39 2.236 57  1.577 85 1.572 95 0.665 32 0.664 68 0.36535  0.365 17
S6 15.804 55  15.506 8  13.145 4 13.053 34 6. 404 01 6. 389 29 3.668 27  3.663 74
S7 1. 388 33 1.373 83 0.979 65 0.976 01 0.409 4 0.408 93 0.22222  0.222 09
S8 0.339 61 0.337 3 0.243 09 0.242 5 0.105 84 0.105 76 0.059 2 0.059 17
S9 1.397 13 1.383 77  1.132 72 1.128 73 0.551 68 0.551 05 0.321 28  0.321 09
S10 1.509 54 1.48541  1.273 21 1. 265 68 0.631 23 0. 63 0.364 74 0.364 36
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Tab. 4 Out-plane buckling loads of circumferentially uniform distributed vertical loading
f/L=0.15 f/ L =0.25 f/L =04 f/L=0.5
it [ 32 532 [ 3¢ i5a Eil3 iba L3 iba
S1 11.373 65  11.360 15  7.746 23 7.991 6 3.10586  3.36524  1.636 36  1.832 53
S2 42.066 33  41.454 88 32.339 31  33.10246 13.716 05  14.76177  7.12968  7.923 55
S3 2. 866 8 2.870 74 1.896 4 1.958 76 0.743 1 0.80557  0.38846  0.435 21
St 0.882 26  0.887 4 0.557 18 0.577 14 0.217 37 0.236 44  0.11523  0.129 63
S5 2.257 64 2.26706  1.597 18 1.65333  0.686 11  0.747 03  0.378 53  0.426 37
S6 15.754 91 15.629 94  13.169 7 13.511 81  6.514 38  7.030 97  3.75235  4.187 28
S7 1.38884  1.39177  0.991 69 1.024 87  0.4229 0.459 41  0.230 97  0.259 49
S8 0.33956  0.34171  0.245 56 0.254 55  0.108 65  0.11854  0.060 95  0.068 8
S9 1.393 17 1.396 41  1.135 16 1.172 04 0.559 4 0.607 79  0.326 35  0.366 73
S10 1.504 17 1.496 51  1.273 83 1.308 03 0.64053  0.69135  0.37199  0.415 04
£S5 KEHHMEEBFTRFEIEHEFH(KN/m)
Tab. 5 Out-plane buckling loads of horizontally uniform distributed vertical loading
f/L=0.15 f/ L =0.25 f/L =04 f/L=0.5
it Eib3 532 Eila i5a Eila iba [ 32 iba
S1 11.598 97  11.651 62  8.118 06  8.483 89  3.381 63  3.720 08 1.813 71  2.047 37
S2 42.886 77  42.480 94 33.876 74  35.089 36  14.930 85  16.300 48  7.899 66  8.846 03
S3 2.923 62 2.944 68  1.98738  2.07955  0.80892  0.890 37  0.430 43  0.486 07
St 0.899 91  0.9107 0.584 08  0.61323  0.23672  0.26158  0.12776  0.144 92
S5 2.302 63  2.32576  1.67433  1.756 62  0.747 81  0.82732  0.42039  0.477 54
S6 16.066 08  16.018 91  13.801 27  14.326 1 7.105 4 7.782 42 4.174 08 4.695 97
S7 1.416 38 1.427 44  1.03939  1.088 3 0.460 76  0.508 4 0.256 35  0.290 38
S8 0.346 35 0.35059  0.25745  0.27055  0.11848  0.13139  0.067 75  0.077 15
S9 1.421 1.431 93 1.190 07 1.244 34 0.61058  0.67391  0.36349  0.412 03
S10 1.533 92 1.533 73 1.334 91 1.386 68  0.69875  0.7653 0.413 95  0.465 64
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Fig. 2 Buckling load increase rate

ZA% 0T TP R



54 B00 A TR AT 159 DICHE 544 25 i ol F 50 523

SE M5+ 24 R 5 PO OR I 4 S S A1 S AL 28K B St 5 T SOk 9 S8 49 o B A 98 4 AN T 1) 4
iﬁﬁfﬁﬁ"ﬁ@%ﬁﬂﬁﬁﬁﬂiﬁ%ﬁ’ﬂﬂjﬁ SPF— AR 2 AL A AP ST 1 b 24 S 5 i S
SRR T — P WS (L TE AR AT L AR 5 R BT A B Y 3

7.498 9.574

15621 %ﬁi!mi 15.028
(a) BRI 34575 60 48 OYSEEHLTE
B3 #AHESS, /L =0.5)

Fig. 3 Axial force diagrams (S5,f / L =0.5)
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Tab. 6 Out-plane buckling loads under radial loading uniformly distributed along the arch curve

‘ f/ L =0.15 f/ L =0.25 f/L=0.4 f/L=0.5
MU Tiwm e vmm tma TRE R TRE LRE  TRA
S1 8.144 75 15. 287 52 5. 736 27 10. 026 51 2.424 93 3.685 73 1.317 9 1. 853 01
S2 27.976 58 59.937 56 22.043 2 45.035 07 9. 786 47 17.868 13 5. 266 03 8.816 21
S3 2.062 78 3. 839 57 1. 414 44 2. 436 46 0.584 6 0.872 69 0.314 94 0. 435 53
S4 0.663 26 1. 140 36 0. 435 04 0.685 15 0.178 15 0.245 14 0.096 94 0.124 99
S5 1.748 89 2.843 74 1.266 55 1.950 39 0.566 92 0. 780 95 0.321 09 0.416 14
S6 11. 726 86 20.454 02 9.998 58 16. 888 39 5.119 97 7.964 27 3.035 74 4. 428 04
S7 1. 045 06 1. 791 41 0.764 83 1. 241 61 0. 340 97 0.491 62 0.191 58 0.258 11
S8 0.273 31 0.414 32 0.201 26 0.291 75 0.092 18 0.1215 0.052 95 0.066 23
S9 1. 133 01 1. 685 88 0.935 56 1. 357 06 0.474 4 0.640 21 0. 283 34 0.364 21
S10 1. 136 45 1.928 5 0.980 77 1.616 79 0.509 17 0.777 97 0.303 95 0.437 12
RT7OINEBAEE A HCFESNE R (KN/m)
Tab. 7 Out-plane buckling loads of circumferentially uniform distributed vertical loading
‘ f/ L =0.15 f/ L =0.25 f/L=0.4 f/L=0.5
i % e S F#E% R bR TR Z E3Z TR Z
S1 8.2856 15. 035 56 5.998 53 9. 795 57 2.626 84 3.634 76 1. 443 81 1. 841 45
S2 28.467 78 58.643 93 23.126 69 43.263 6 10. 723 56 17.125 85 5. 870 29 8.519 46
S3 2.098 76 3.779 03 1.479 26 2.386 56 0.633 06 0.864 46 0. 344 83 0. 434 87
S4 0.674 23 1.126 11 0.453 66 0.676 62 0.191 56 0.245 26 0.105 1 0.125 84
S5 1. 771 85 2. 805 58 1.313 44 1.915 77 0. 604 95 0.772 75 0. 344 95 0.413 33
S6 11. 858 63 20.087 34  10.3355 16. 319 49 5. 463 81 7.641 69 3.271 81 4. 254 53
S7 1. 059 88 1. 764 51 0.795 21 1.215 08 0. 365 87 0.484 51 0.207 36 0. 255 67
S8 0.276 27 0.409 34 0.207 72 0.287 2 0.097 56 0.120 33 0.056 3 0.065 72
S9 1. 141 92 1.662 7 0.959 14 1. 325 47 0.497 71 0.623 97 0.298 58 0.354 77
S10 1. 148 1. 894 68 1. 011 29 1. 563 26 0.541 27 0.746 48 0.326 13 0.419 72
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Tab. 8 Out-plane buckling loads of horizontally uniform distributed vertical loading

f/L =015 f/L=0.25 f/L =014 f/L=0.5
B Tiwm s owa TR DRk TRE | R& THE
S1 8. 444 13 15. 354 1 6.277 16  10.296 05  2.844 38  3.988 94 1.585 8 2.065 14
S2 28.984 11 59.919 36 24.154 61  45.576 31  11.576 14  18.889 71 6.418 91  9.616 27
S3 2.139 15 3.858 66  1.548 25 2.507 56 0.68563  0.947 92 0.378 84  0.487 14
S4 0. 687 49 1.149 55  0.475 16 0.710 46  0.207 75  0.268 57 0.115 72 0.140 71
S5 1. 806 02 2.864 45  1.374 95 2.01302  0.656 18  0.847 68 0.380 12 0.463 46
S6  12.076 64 20.519 14 10.795 63  17.183 28  5.909 91 8.430 6 3.594 5 4.808 95
s7 1.080 09 1.801 72  0.8321 1.277 13 0.396 48 0.531 81 0.228 16  0.286 89
S8 0.281 63 0.4179  0.217 49 0.301 74  0.10592  0.13197 0.062 14  0.073 68
S9 1.163 65 1.697 84 1.003 31 1.393 76  0.540 06  0.686 12 0.329 64  0.399 34
S10 1.169 14 1.93535  1.056 26 1.64581  0.58556  0.823 46 0.358 48  0.474 41
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Fig.4 Buckling load decrease rate, compared with top flange with centre of figure
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Fig.5 Buckling load increased rate, compared with bottom flange with centre of figure
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stage, but there’s no impeccable evaluation system for such projects. The study on this system is built upon the reasona-
ble classification of evaluation stage. Refering to the classified methods of project management program and the project’s
life cycle, and using the extension discriminant method according to characteristics of the old industrial buildings’ recy-
cling project, the extension discriminant model as well as the correlation function is established to classify the evaluation
stage of old industrial buildings’ recycling in its entire life cycle. According to the key issue of each phase, each phase’s e-
valuation system can be established, and is built a phased hierarchical and gradual evaluation system of the old industrial
buildings’ recycling.
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Elastic flexural-torsional buckling load of I-Section circular arches

XI Kuan-tang', LI Jin', FAN Jun-jian*, ZHOU Tie-gang'

(1. School of Civil Engineering, Xi'an Univ. of Arch. & Tech., Xi'an 710055, China;
2. Xi'an Engineering &. Research Institute of Nonferrous Metals, Xi'an 710001, China)

Abstract: Finite element model was constructed with Beam 188, where loading positions into ccan be taben onsideration.
Effects of different restraint conditions and load models on out-of-plane buckling were studied by comparing finite element
analysis results of fixed arches with that of the pin-end arches under three kinds of loading model. Buckling loads of fixed
and pin-end arches under the radial loading prove to be the same. The bigger rise-span ratio, the better out-of-plane sta-
bility of pin-end arches than that of fixed arches under circumferentially distributed vertical loadings and horizontally uni-
form distributed vertical loadings. Effects of different loading positions on out-of-plane buckling were also studied. Buck-
ling loads of arches which are loaded on centre of figure are bigger than those on top flange, but smaller than those on the
bottom flange.

Key words: circular arch; Fsection; outof-plane instability; loading position
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