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rlt k rlt k it k rlt k

10 4.3393 110 3.5561 210 3.5226 310 3.5108
20 3.8928 120 3.5502 220 3.5209 320 3.5101
30 3.7515 130 3.5452 230 3.5194 330 3.5094
40 3.6829 140 3.5409 240 3.5180 340 3.5087
50 3.6424 150 3.5373 250 3.5168 350 3.5080
60 3.6157 160 3.5341 260 3.5156 360 3.5074
70 3.5968 170 3.5312 270 3.5145 370 3.5069
80 3.5827 180 3.5287 280 3.5135 380 3.5063
90 3.5718 190 3.5265 290 3.5125 390 3.5058
100 3.5631 200 3.5244 300 3.5117 400 3.5053
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20 3.8852 120 3.5499 220 3.5209 320 3.5100
30 3.7480 130 3.5450 230 3.5194 330 3.5093
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50 3.6411 150 3.5371 250 3.5167 350 3.5080
60 3.6148 160 3.5339 260 3.5155 360 3.5074
70 3.5961 170 3.5311 270 3.5145 370 3.5068
80 3.5822 180 3.5286 280 3.5134 380 3.5063
90 3.5714 190 3.5264 290 3.5125 390 3.5058
100 3.5628 200 3.5243 300 3.5116 400 3.5053
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(a) HhFARLE (b) B (o) HrriTRLE
B2 IR R
B3 IMBNERENE 9 b (Wifi: kPa)
IR IR (2) ENEY
Bl WO RSt
FHSME xR HSME xR WHSHE R
1 9 766.10 763.62 -0.32% 747.23 -2.46% 774.30 1.07%
2 10 780.53 777.82 -0.35% 765.07 -1.98% 786.92 0.82%
3 11 850.19 847.32 -0.34% 837.29 -1.52% 855.31 0.60%
4 8 859.42 857.36 -0.24% 835.89 -2.74% 870.40 1.28%
5 12 952.51 949.56 -031% 941.60 -1.15% 956.72 0.44%
6 13 1077.11 1074.17 -0.27% 1067.76 -0.87% 1080.64 0.33%
7 7 1193.16 1192.56 -0.05% 1163.09 -2.52% 1208.80 1.31%
8 14 1218.92 1216.12 -0.23% 1210.83 -0.66% 1221.93 0.25%
9 15 1375.34 1372.82 -0.18% 1368.26 -0.51% 1377.93 0.19%
FIME 3R, AR 5K =01 15l 11.0 ‘ . ‘
P, LA SCMCE  RGAAER TR K (3 o~ AROLL ¥
L] —o— HEEst (1) |
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A5 R R AR FR ORI A bR e, HER] 43 70 650 4> S4R
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870.15 kPa Hsf 119 i 1 A5 245 A P2V B 1o 2 AN 0, T 2
LA SERE R, A8 Bl TR R 24> 2 B Rl i oy 1 (A
Kl 4), ICEHET G A fE R .
32 EXERMBANENBIBEEARTHEOIER
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S B B0 Sl B R AT B AR 18] W E LS BUAR P AR 1) AR TP B S RE AN, TR A BT 10 A —E M TS R
BE, i H R T AR, IS A B e AT O F SOL e XA, KA TR Y
B, RN PR A AL B RS R R o 2 B SRR BELAT T 8 R AN BRI A B0 A% 16 15 8% AR TR LA

PLR 2% 08 3 R RO SR S 290 (DAWA, —Im AR MRS, 53— din 249 42 1) L # A
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4 INSHFRA] LG S B A A R (HAfi7: kPa)

ARtk P (2) EARL(3)
Brie wese Rl
Jiti th S T FHXT 5 2% it i S T X R 2% it i A T AT 5 2%

1 7 362.01 362.17 0.04% 359.97 -0.56% 36271 0.19%
2 6 385.19 385.59 0.10% 382.42 -0.72% 386.15 0.25%
3 8 410.04 410.22 0.04% 408.47 -0.38% 410.57 0.13%
4 9 489.96 490.27 0.06% 488.71 -0.26% 490.38 0.09%
5 10 589.16 589.69 0.09% 588.15 -0.17% 589.50 0.06%
6 5 62431 626.36 0.33% 620.35 -0.63% 625.71 0.22%
7 11 703.03 703.91 0.13% 702.19 -0.12% 703.31 0.04%
8 12 829.72 831.07 0.16% 829.02 -0.08% 829.96 0.03%
9 870.15

(a) fihm 9 P& (b) il #R 1&1
P4 s PR AW AS A AT 2 Al 2 0 A i it RS2

AR AL f o AKHL SR, SR R4 Y AL AN B PR 2 R LR IE T AR A, BT ) P IR B L XN
R AR LBIRIE TARC, KB B sh PR 8 i A il g, & & AR BRI,

PART IR AN 01, I sh 3R] 1=1.5 m, R A BROCIETHSRAE 3 Flon ) 3R 29 30 /9 ) i b s, IF
5SS AE X o BRVS i AT 5 1) A A A e R O R T i A

F5  WETEIMENIRAR LT 1 th o (]fii: kPa)
W & (1) YA YR B 2 C
1 766.10 868.61 947.82 996.25
2 780.53 905.90 955.52 999.05
3 850.19 907.23 1018.64 1052.45
4 859.42 990.43 1032.90 1100.30
5 952.51 1087.42 1117.99 1147.16
6 1077.11 1102.92 1243.25 1269.28
7 1193.16 1236.90 1287.45 1380.24
8 1218.92 1388.19 1388.69 1412.55

TSHH TMEAEATRIN SR A T BT 8 By A . ST UL, 2l B8 2 5 i 38 5 2 5
A 25 B 1 S il A AL I AU A0 L 24 RS D) i A e

F 645 T A IR ] FE A AN A AE N [ 20 R I A0 R R B AR B, e A 6 7K H sl L R
BRI B A0 1/r=0.5~5.0. F & 6 AT, SZPRoK oL I R A B I AN, g (D A TTHE R
Ao B, R E WHAR B Urh 1~2% 8, AT (D) BT 20 %~30 %, I3 I % B
P AT A, B R A T B R R R B vy A i 1T FE 2 R B Bk R C R IR A 7 TR — T,
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F 6 OB AEAS [ ) BE (K n 2 R 24 T 10 Je i A (]fii: kPa)

290 A 2R B A C

I/m (1)
Il 5 50 by I 51 by I F M TR
1 1216.21 1324.99 8.94% 1379.68 13.44% 1529.00 25.72%
15 766.10 868.61 13.38% 947.83 23.72% 996.26 30.04%
3 362.01 431.86 19.30% 489.51 35.22% 495.39 36.84%
5 211.39 257.12 21.63% 298.73 41.32% 300.50 42.15%
10 103.40 126.32 22.17% 157.87 52.68% 158.02 52.82%
15 65.95 93.13 41.21% 101.80 54.36% 101.87 54.47%

SCHRL 13 A7 S 2 A A5 SE PR Y
A AT 8 3o s v 247 S ) AR B Bt T AR R L PG, K R S R SEBR RS BT, RN (D)
B2t T2 an, MR MEMRT T .

4 45t

ARTCOR M T 0 S 204G 4 ) A e s e il s 7 2 2, R HORG Al U e A A T e, S T
PRAY I SR IR1EE, 2548 T W TR 0 AT S AT BROC AR O 22 . B (DS 3RS 1 5 SR 5
Jett g s 7 23 SO i 5T 0 g MoK A 0 Ay, DRE T SR 0 (B RO RS A R R, LR AL S il B A TR
R T AL AR o B ] K v vl 80 B T ) A BT SR B ) AR 345 A i AR /N TR R A, IXORAE BT
W S o (2) i il A s 2 A TR S B B AR ) L9 AR, 0 S B AR A TR S PR 58 A A
RE, 25 A bl 5 O TR 2 D /0 - 58 A AR g BT i HEA T 0 TR AR ST 1, R T KRt i 2 PR B A R
VU SEOR AT, IX L T B ol AR A AP AR RE 1 23 A A R LA BROC I S BRI SE B
A, DAZE RS BRn 2h B B4 AR o (3) 2500 2 0 A 1) B 3k O DA 28 3l s 5t ) RS, 2 B 4 T
FEOETNAE Sy B HAN AR RE M o I SR IR BE Y 255 5 SR AR TR AR U 2, $%3C(10) A C1s) Al 32t
BAAWMEZA . AKRDKHE S TR P E B meh BRI BE 8%, /T ilm FLRIEE , 2 2R 045 A9 b
F A E PR/ FHARAR 28, ANBEZ M.
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Comparative analysis of the elastic buckling solutions for ring-stiffened steel pipes under

uniform external pressure

QI Wenbiao', ZHANG Ming’, ZHENG Shuangling’, LI Guodong™’, MA Jiming’

(1. Jilin Province Water Resource and Hydropower Consultative Company, Changchun 130021, China;
2. State Key Laboratory of Hydroscience and Engineering, Tsinghua University, Beying 100084, China;
3. Transportation Institute, Inner Mongolia University, Hohhot 010070, China)

Abstract: Ring-stiffened pipes are widely applied in water conservancy, hydroelectric and other engineer-
ing and their stability under external pressure is the key issue of concern. The estimation for the elastic
buckling pressure of a ring-stiffened pipe subjected to uniform lateral external pressure was discussed, and
solving the critical pressure was formulated as a nonlinear integer programming problem. The equations for
analytically evaluating the buckling pressure, including exact one and simplified ones, were compared in de-
tail, which proved that the simplified equation adopted in the current steel pipe design gives lower critical
external pressure and is very conservative. Based on the exact equation and the design adopted equation for
buckling pressure, the critical spacing between stiffening rings was deduced to clarify the applicable range
of these equations. The critical spacing is much more reasonable in comparison with the existing counter-
parts because of the incorporation of the ratio of thickness to radius. The finite element analysis was car-
ried out for the elastic buckling of the steel pipes with different spacing and different constraints of stiffen-
ing rings. By using the critical pressures obtained, the applicability and precision of the equations for buck-
ling pressure were examinde comprehensively. The comparisons show that both the analytical solution and
the design used solution for buckling pressure are conservative and overly safe, and that the critical pres-
sure of actual ring—stiffened pipes increases to some extent in comparison with ideal ring—stiffened pipes.

Keywords: penstock; stiffening ring; cylindrical shell; elastic buckling; critical pressure
(SEAE G . ki)
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