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A Study on the Burst Pressure of Circular Tubes
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Abstract

Burst pressure of right circular tube is predicted using analytic method, and asymptotic
instability pressure of circular tube with roundness defect is found using FEM. Burst tests of
nearly right circular tube specimens are carried out and predictions are compared with burst
pressures and their accuracy is discussed. It is confirmed that FEM is useful for prediction of burst

pressure.
-~ | i B &
a.b DREe WA, oA A D EEA S
A AR As €a €5 . W, 97ollAMe A FEAHYE
Dy THEESE ElA er, & L ub7dWEEE ol UESE MY E
e CAME AY & R 44 HYE
suOE(—1) AT 4, G-DHA aREAA : Zo}4 (Poisson) ]
Ao AAE Oe CHESY

(KL Ay U E 28 A 3o Oy : Cauchy S B A
$Km CHAY WY E Y A Yo 0r,060: - UEHIAY FHAE
K.n : Ramberg-Osgood 3.3 49| A} 2A4 = EAE 5L
p Sl 2.2 W, HACAMY FAYE FESH
Rn R WY BEF 2 Ak I o L i S
te CHx SEAl Y e
Sy L WY 1L.M B
Sy . Jauman #HA-5-H _
7S P QARE ARt Eo] Y FzAe] Wf F2Y 2
u ek Amete) Ao 2L AS g e FRAAE
4U¥ s ubEA Al A o A g el FE A8 F8 AAAAS so] AAH] F2AEE
YS CEERE A3 Axr) 5oz s A4 AFsofer §

259, 2ggeta s AAA G o A E719 shd b el @shed Svensson®,

A3y, FTYIdgAFL Weil &, ¢% Margetson, ® Durban®-2 Wst5



LY Fue Addo] Jg A7

9 A%, Lok, Kubis®e e 2% 8334
A3el A%ol Wkl 2] AFegdch ol FolA
Kubi§e AHola $4% Azol34 5ol
dstel HillOs Hmelutq sddtdo] 42 %5
E¢ 448 FAYFE Fehn LarssonFe)
AYAEs Mzagch 2A6 44§99 A
AREAAA F1dee 224 B9 Fe) = 2
A=EFAE A Fugael Huz oo B T
2549 W5tz stAstel s Wt ol e,

wEe Hudyolge Agsol, 149 F
A% %2 Durban®s] 3ol @22, 2 7}
A By mdgol Wele] 48 FReszea
B3l Solviag o g3led 27 AHstn, Ty
o e ZHe Faslod A d%e st
sigieh = 9 o $A ulsh e 27h4 Aol
B SHAAGE S HAANS s

fo re 4w

L4

2. 3435

2.1 slioqzd
ez ¢ fdadle FARA gl whdel
Zolo] whe} FHelvt WA R AYE o9 AY
€ 7MRA s AR o] ZAHE £ Aoy
Eb Y fHole PAL Fig. 13 o,
Ri=Ru+ecos 28, e=0 )

714 Rue WA Hd e ou)deh

Rj =Rr},+ ecos 20

Fig. 1 Idealized 1/4 section of the tube with geomet-
rical imperfection

1057

22 ZY Feo mdoty o

Sueke]l WY g TAlde HuwYoes G
o, ¥ EAAE(r,6,2)2 Wl4HEE (logar-
ithmic strain) & vetwisl ob-&-2 2o

er=1n(l1+u’) (2a)
e=In(1+u/7) (2b)
AN u=u(r)E W73 usd wWoeln e du/
dr& ebdich A4 FE LA A vt
A AsE slez QAL vgEYry &

er+e:=0 (3)
of H&3tn HAE F3hdd
u=(r*+A) "~y (4)

olwl olm AL Uelgl HEAsolch,
A2e FABANE e Bo] A e, ©

=2 pp,—AEL2S,
Sy="5EDy—AE-2LSy ()

o] 714 Sy Jauman# 3} 2 2 (Jauman stress
deviator), o.v 327 (effective stress), S+
H 2123 (deviatoric stress), o,& Cauchy $-9,
E+ Young®, Dyt w3 5<% x (Eulerian strain
rate) o]l A¥ 8}E A4 (loading coefficient) 2 4]
A5 71E W A=1, 3dF AT w] Ao, e F
i A A g E (effective plastic logarithmic strain)
2 0.9 7R e, FAA - (dot) & A7 o
g #Hel2L sleflch, addd SdAsd g abol
o] 734 3) A (rigid body rotation) o] ¢l wdojm
2 (5)A0A

m3/2(D+ Aép) =In(J7FA/7) (6)

4714 B=0/EE F39 +E$9 (dimension-
less effective stress) o] o},
2045 HYPALe

00, (1+du/dr) _ _
—37+—Tr(ar ot) =0 (7N
o] Aol (4)Al& WYsly FxUFEE uEA

aEr_ 2 7
o7 _IILJ§272+A (8)

4714 Er=o,/EL FAU8d g $
ole] WA adt oA bolMY AAzRAL IGF
Zrt,



1058

2rlrca=—P/E, Zrlr=s=0 (9)
= AHYE & b3 2ol vepx
e=X+tep (10)
W, 97l g ohE3 ol Frh
- (11)

2[r=a=2a, 2|r=b=2b

Az AdolAE Sl gla A AFAA 2
A a4aFel SARhD AYsd (@2)4¢ A=

12 3 FHEs5n A 2A8d
r\?_exp(my3ed) —
(a> exp(m+y3e) — 12)

QN4 z3ed

exp(my3es) =1 _(ay
exv(mﬁe:) —1“( ) (13)

b
2 @OAE g3 ®)4E AT 4+ Uk

S+P/E=- [ f(£)dE (10
3714
f( —_— 2 dE

) = Texpm B =1] 45 (15)

o] Hul, (DA AA=AL (149 A A &3hd
_/:af(E) dX=P/E (16)
of W Mue TH-HYPE WA 4L Ramberg-

Osgood @A o2 vehd obg3 o] Hef,
_0¢ ge \"
e=%e+ k(%) an

A7lA (IDAE AYEd

€a=2a+K(2a)" (18)
Es=2+K(Zs)" (19)

2 ugt PR 9L 5049 23 Y WYE
1

(13),(16),(18), % (19)A ez Ry n|zl4 T, 2,,,
€a, €v5 E FEAT

z3d HelE (4)AelA
u=r([(a/r)*exp(m3e.) —1}+1]"2-1)
={aHexp(my3eq) —1}+ r¥2—y (20)

AF W, slHlA) DAY E T, Dot g
Pst) A4S (16)Aol4 4T TAHA =7

% dP/dT.=0% WEHE WY PE TT 4+ 3

A(P/E) _
ALE S [“r(®az=0 (21)
o] WkAAl-S (15), (13), (18), B (19L& ol &
o Edd AL AR,
| Su/exp(V3e) — So/exp (f3es) =0 (22)

gebq Fuoddeld A4 o
z Adrde 13, 18), (9), 2
Zahe S, DhE (16) 40 sl S Gk,

mlo
2
i)
©
A

23 e fEo oA oF

FEzt A e FAgEE A PdF
7}x& wlA¥ 44 & (nonlinear formulation) 7}
7Hedt F¥8s ZEoawg o83t FiHA
(incremental analysis) & 488 2+ ZAojc),

g A elazglx] 443 (total Lagrangian
formulation) & ] &% A-¢+ 779 st dAe] o

& AYYRAL e} 2O

(;KL+5K~L) U= (tatgy tp—g+ s (;—1) (23)
l=1,2, e

A% HyE =2 A P9 (linear
strain incremental stiffness matrix) 2, Ky & H]
A8 wyEF ZFF 74 &9 (nonlinear strain
incremental matrix) &, AU%E A 8 Al
A9 AR FEE, R FHx E5utAdA
9 35§, v HAANL(EL FF dA)AAY
8% ol RY v¥]E, FE Ve Az g ;-1
WA dbEAAAY 24 FHo| Adste HA
S 27 vebdd, #AAAAE dar A (5L

o714 K&

sEetA) &, FHHAE AFAHEL dF5HA)
£ 27 »}EMD}
o] Fust Ad 4 de AdLH =23}

o 28 31EY FrlolAx A W AR o
o )Y gE FrHAIH FE & W (in
cremental solution) &2 =I2AALE st ¢eo]
Az A gtde HTLFE A7 7387 oY
Aol Hojdd e AR wAsA "ok
oF tA}zhe] gollA a7} B stH ot ¢+t 2te]
BollAl whabsld ol f+ At A bl A E bE o] A9
g el HZIAAY 2 ol 4Y Aeg Iuntd



QYFu g BY AT

4 ok mebd = o) 487 323 Fe AY
ol WAt ol Hujgasl Fagkel 9 RAelch

3. x| &4

3.1 7|sletE gHat Y ALE 24

A AL HFH7 Rnol 61.5mmeo]wd 3o}
A1 7075-T6q) =mello] dsle] Holgdesd MEE
A gl 7]sletA A2 77| Table 13 Table 20
A vehigldh, $H-w¥E fAAe2 md P,
P20l dig A= (17)4 ¢ Ramberg
-Osgood Z#HAlo] HL=lglo), Solviad] 23t
Bl sl Holl A o] REAAY Tpoint FoE T
Adte oF AY (multilinear) A =027} A -85 ¢

c}.

Table 1 Material properties for anlaysis®

material A17075-T6

Young's modulus E 7.24 X 10'°N/m?

Poisson’s ratio y 0.32

yield strength YS 5.03%10°N/m?

tensile strength TS 5.30%108N/m?

Ramberg K 3.94 X 10 N/m?
Osgood
formula n 10.9

Table 2 Geometric data of models for analysis

(unit : mm)
Model Roundness e Thickness t
E1 2.000 4.0
E2 0.6157 4.0
E3 0.500® 4.0
E4 0.150% 4.0
Es 0.150% 2.5
P1 0.000 4.0
P2 0.000 2.5

(1) Tolerance of ASME code AF-130.1
(2) Tolerance of KS-D6761, special degree
(3), (4) Tolerance of specimen T1, T2
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Fig. 2 Effective strain vs. pressure curves of model
P1 predicted by analytic study
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Table 3 Divergence pressure (Pressure ; MPa)
Thick. Last convergence Divergence
Model

(mm) Pressure It. No. Pressure It. No. Status
E1 39.032 12 39.034 16 ouT*
E2 39.849 7 39.855 12 STIFF**
E3 4.0 39.956 10 39.959 7 ouT*
E4 40.168 7 40.180 7 STIFF**
P1 40.233 3 40.247 6 ouT*
E5 25.395 5 25.396 18 ouT*
P2 20 25.508 1 25.509 8 ouUT*

(1) OUT"* : out-of-balance loads larger than incremental loads after iteration xx“?
(2) STIFF** : stiffness matrix not positive definite‘®
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Fig. 3 Divergence pressure vs. roundness
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Fig. 6 Strain vs. pressure curves comparing analysis
with test result of 4.0mm thickness model
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Fig. 7 Strain vs. pressure curves comparing analysis
with test result of 2.5mm thickness model

Table 4 Burst pressure comparison between test results and predictions

Specimen Burst Analytic®® FEM P® FEM E®
No. pressure
A (MPa) | Predict B, | A/B;(%) | Predict B, | A/B:(%) | Predict B, | A/Bs(%)
#T1-1 36.341 96.14 90.29 90.45
37.799 40.247 40.180
#T1-2 36.766 (MPa) 97.27 (MPa) 91.35 (MPa) 91.50
#T2-1 21.732 90.93 85.19 85.57
23.901 25.509 25.396
#T2-2 22.288 (MPa) 93.25 (MPa) 87.37 (MPa) 87.76
(1) Analytic predictions for model P1 and P2,
(2) FEM predictions for model P1 and P2,
(3) FEM predictions for model E4 and ES.
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