International Journal of Mechanics Research J72£Wt 5%, 2023, 12(1), 68-77 Hans )0
Published Online March 2023 in Hans. https://www.hanspub.org/journal/ijm
https://doi.org/10.12677/ijm.2023.121007

EEEESANNBEARRBZETER

- - -
SCIOAE
FhOH, ke

KZRAHFRE, Py 4%

Wehs HiA: 202343 H7H; S EM: 20234F3H10H; KA HH: 20234F3H30H

R

NRBEEL L IR AR BN S R, ACUTEREHANUEEEEMARANSR, &
LT EEE LN AR, W T S LM AR RERESMRA R AR 5F R T KXASME B31.33E4
BT T X, IR FIRE T EH T TRER A MBIED LR /13 K R (Stress Intensification
Factor, SIF)WHHEAR, #MFFR T RAREZEE LA ERITE KM A M6 R, TR REN,
BN B LR B E HIE S Sk O ML, ELEEE MR8 n, = SkRi il 2 4 i
¥; RBETHRIOEETESE RS LRMEER—B, VRTERIAG LN ASHAEZISIEERRY
MR EE, RERIIINSEBRR, SLNEBE; ETLREAAROTESER, SE5E5ETENDS
S A3 KRBT RS, ASSCIR H IR K R BB IEA R 5FASME B31.3EARM ., HitHER
FEITERE, HEBERAT16.77%; R, EMHFEIITRERT, LN AR R H. 585Nk
/N, BEAXERIIEIMTER, REERKINELBASFIEABARE, HNERHBEENE LIS
HEHEEE/N.

X 5in
BBk, MAEKEY, KRR, BIEHEAR, AR

Correction Calculation and Experimental
Study on Stress Intensification Factor of
Pipe Elbow

Zhuang Sun, Hongyan Zhang"

School of Science, Chang’an University, Xi’an Shaanxi

Received: Mar. 7", 2023; accepted: Mar. 10", 2023; published: Mar. 30", 2023
R

SCEF| VI, SRACHE. SRS LN R R BB IE TR R SR D] ISR IE, 2023, 12(1): 68-77.
DOI: 10.12677/ijm.2023.121007


https://www.hanspub.org/journal/ijm
https://doi.org/10.12677/ijm.2023.121007
https://doi.org/10.12677/ijm.2023.121007
https://www.hanspub.org/

U\ A SR

Abstract

In order to study the stress intensification effect of pipe elbow in the secondary stress check, the
U-shaped pipeline commonly used in engineering was taken as the research object. The experiment
platform for analyzing pipe elbow stress was established, and the maximum stress with the exter-
nal load was measured and compared with the results of the Finite Element Analysis (FEA) results
and ASME B31.3 Code. On this basis, a correction formula calculating the Stress Intensification Fac-
tor (SIF) of elbows was proposed, and the influence of the ratio of pipe diameter to wall thickness
and the relative diameter on the elbow stress distribution was studied. The results showed that the
maximum stress of the elbow appeared near the center point of the intrados of the elbow, and the
stress of the elbow increased approximately linearly with the increase of the external load in the
elastic stage. The simulation results of the shell element finite element model are basically consis-
tent with the experimental values. The stress distribution law of each elbow in the U-shaped pipe-
line was significantly affected by the external bending moment, and the greater the external bend-
ing moment, the higher the elbow stress values. Based on the experimental and finite element cal-
culation results and considering the influence of bending moment on the stress intensification ef-
fect of elbow, the calculation results of the SIF correction formula is closer to the experimental val-
ues compared with the ASME B31.3 code, and the computational accuracy was improved by 16.77%.
Under the same external load, the elbow stress decreased with the increase of the ratio of pipe di-
ameter to wall thickness and increased with the increase of the relative diameter. The ratio of pipe
diameter to wall thickness had a significant effect on the elbow stress distribution, and the change
of the relative diameter had little effect on the elbow stress calculation.
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Figure 1. Structural diagram of U-bend
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Figure 2. U-bend test piece
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Table 1. SUS304 material parameters
F 1. THIN SUS304 MRS H

¥ KM & E/GPa ELVN= Y B pl(g/em®) SEAHER 5/% PR AR PR 0/MPa
195 0.31 7.85 35 520
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Figure 3. Tensile test of U-bend
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Figure 4. Finite element model of U-shaped elbow (a) Pipe element model; (b) shell element model
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Figure 5. Stress nephogram of elbow (a) Pipe element model; (b) shell element model
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Figure 6. Comparison between finite element analysis and experimental results
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Figure 7. Curve of elbow stress with external load
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3.2. {&IF SIF HEAR
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B 4 FKT 16.63%. IXFRIAMEIE J5 (198 138 K R B 30t 5 45 S o i S bR
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B 10 AR FAR 42 R Sk A AR it 2. R aT LR, 7EMI RIS T, BEE A 1
D/R ARG, 253K ) i RAEEETIE R, X 22 i T KM 2 2 590 B 1 B R AR T, A
FARSE I, SRR ). HBIE SIF T8 201530 15 3k 8y S K AE R = T PR G EUE T 5 45
B, HERRRST, RNMREN 5.32%, PEARZEN 6.10%. 11 TS SIF 5 2045 8025 Sk N ek

DOI: 10.12677/ijm.2023.121007 74 VAEZT T


https://doi.org/10.12677/ijm.2023.121007

U\ A SR

EHEARTERMIRZLBR, RMREN 2529%, FEIRZEN 25.7%. WLLEH, 1BIE SIF iF5H X
PO IR 23 AT B (A A A S e R T SR B

A B F /N
(c)&3k3

100
*  SIRME
9oL AR R
£ 7| —4— ASMEB3L3MuIHH LR £
S gol—— BIEARIHLER S
NS NS
) )
R 70+ R
7K 60+ K
' ¥p
50
40 : ' - ' '
140 160 180 200 220 240 260
AT EEF/N
(a)& k1
90
X SIbfE
go | —o— AL R
£ |4 ASMEBILMMTHHLAR &
S 70l —— BEARITHL R =
NS NS
© )
R 60+ R
A 50 A
Bk 1
40+
30 : : ' ' '
140 160 180 200 220 240 260

130

—
—
(=]

* SIS
—o— HIRIu4

[ —&— ASME B3133 i1 545 5
—— BIEARITHER

o
[}
T

]
[}
T

W
[}
T

30
140

N
(e

160

180 200 220 240 260

AN F /N
(b)) k2

X SCHHE
| —e— ARuE R

w
W

W
[}

N
W
T

[\
(=]
T

—_
W
T

—A— ASME B31.33ft i1 45 %
|—o— BIEAR LR

10
140

160

léO 260 2&0 24110
AMaTEF /N
(d)%k4

260

Figure 8. Comparison of ASME B31.3 code and modified formula with experimental values and finite element results

[E 8. {£IE/ATF ASME B31.3 #SER 5L E R AR TR XL

Table 2. Stress value of each elbow under different calculation methods
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