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Finite Element Analysis of Burst Pressure of
Concrete Pumping Pipe

DU Ting ,XU Mingli ,ZHANG Lumin ,YE Hao

(School of Civil and Hydraulic Engineering, Huazhong University of Science and Technology, Wuhan, China,
430074 )

Abstract; In order to avoid the explosion accident of concrete pumping pipe in its service life,the
influence of eccentric deformation and wear defect of concrete pumping pipe on the burst pressure
is studied in this paper. By using three-dimensional nonlinear finite element analysis, the effect of
the sectional eccentricity and the geometric dimension of the wear defect of concrete pumping pipe
on the burst pressure was respectively calculated and analyzed, and the burst pressure of the
simulation is compared with that calculated by the empirical formula and that of experimental
result. The results show that the sectional eccentricity , wear length and depth have a great impact
on the burst pressure of concrete pumping pipe,while the change of wear length L has little effect

on the burst pressure when wear length exceeds 6 +/Dt,and the ring size of the wear defect has
little effect on the ultimate bearing capacity of the pumping pipe of concrete. A calculation formula
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for the burst pressure of the concrete pumping pipe under the condition of sectional eccentricity and

wear defects were proposed in the paper, and the burst pressure of theoretical calculation of

pumping pipe are in good agreement with that of experimental result.

Key words ; concrete pumping pipe ; eccentricity ; wear defect ; burst pressure ; finite element analysis

TR5E - A 3% el A v U8 AR A N TR 0
EREMETE R 1 F R BB IR 5l
ETE AR S S PR A e o 5 LS R A T AR
(D NURENEEEmII L ity s VAR AR 322 2
ol 5 T A I 2 7 A AR T R AR, — HL
A R A R TR R A
W i AR 4 N A T BB 2 R LR I i
SHEEE R,

FEE e S RNl [ 0 T | A TR
XA i A I Y 8 R E AT AR RN
TG e L R B A T R T
A 2 B2 X v T AR PR A7 28 43 A, 497 2
J. F. Kiefner %"*' £ 2 [/ ASME B31G Fr
fFEERE F4EH TIEIE B31G A F1 PCORRC
AR Lin Y VORI T A AR ESRNE
BRWEE S A5, ). B Choi 26 I 7E
A BRI T T AR B2 0 Sk
RO (SR 25 3L OF H DRI 25 3
BB AT MT 48 SR B A5 5] 1 T S5l 5 3 e
FEJTH) 7 B2 ; C. Plescan 25 A 4fg 5 38 12 1]
R ASAYHT T 7K SZAG IR N R B 45 TE Pk g, 45 51
FEUR A TE AR G b7 AR R AL 38 fin 1 7 A R
PRSI XU, 7 42 45 25 8 A 0 9 3 o % fil 2
BRAEDMAY, NEZ S & BB RS
T SZ RN AE R AR i S O i O R A R
It Tang N CM HEH T LU TE S 24208 11
SRS I YRR SR T BEJEAR AL A 3 ; Chen Z
AU ] ST 0 A T A PN A R A R
N TSR BT, B T8 T/ INEAR E ) i
OV AR

X RS 5 25 i o R B B S0
(14T 5  FR 06 A5 T R T ) IS I L T 2
% AAAIFIE R 22 A8 I 2 T B 461 vk v O
I B — DR F s ) T TR BE b IR A R AU

AR ke o RO B P TR A ) S B, HLTR BE
TR T AR R b P A D3R L A2 TP
Je [FI IR, 7 25 R P A B JE X 2 1) g 5
R, BT, EH R RIT M 148 18
U R PR 53 R o YR B 1 68 R A
JIRIEEN , 2 R8T AR SBR[ 1) JL ] B
R, A B Lo AT R R 5 A T 22, $
TIREE A E R R A R4S

5 RG0SR W) B B, n] T R e
LA BRI AR E

1 BB TE AR R

1.1 BRLIREHRRK

TR 45 7 N R IR B 1 It s i) 15 e} R
527 = 1 S 3 B o AR 2 A R 8 i i 1) A T T
ARG 1 Fezs . Jm Fi B 8 e ) e P 52 ) 2F
JEAR, W 1 (a) Frs, SRR 2 R e
KBRS 5 W05 V2 BE 0 LA, DL 4 3
f%@ﬂ?

R, +0 -R,
(== (1)
X d N E RS R, mm; 1, ARSI
YRR, mm; R, NEE MR, mm; R, A
4, mm;6 AFELL 0 5 0, Z AR
&, mm,

PO (- MNESS 2 AT BN TR s AT R
SR ELAR A AR [ A [ 6 R B 7 X8, 4
B 1(b) firo , A T8 (18 e A B B JL 11
KR LA € Fom R

tmax_tmin_g (2)

ér:tmax 1
e WO AR TE 5 A RE Y B K BE R
mm; 7, K RE I R/ NEE TR mm ;6 h AR AEY)
IR O SO B 0, Z B AEEES , mm; 7
R T B4R B, mm




204 by A E IR N N

A AR B

9537 %

()R R AT

(b2 i AR T

Bl IR E S R A AR A

Fig.1 Section model of concrete pumping pipe

1.2 BHEATELAKX

TEN TR P AT ) Jey 0 i B dn 5] 2
i, BN D, FoR,SF¥EARH D
PR RRIEBIREE ] d 37 | JE AR B B F 2R
A o Fn B L #0,

2 REE LRGBS A

Fig.2 Schematic diagram of wear defect of

concrete pumping pipe
(1) & ASME P2 1E B31G 3t T
PRSFHY RS | %) Folias ik 22 BUAS W7 b i3k
fiflifk, 484 THEIE B31G A .

1-0. 85(d/1)
Py =(o,+68. 95)‘* 1-0.85(d/t)F' (3)

KXo, HE ﬂﬁ@r‘ MPa;r N E 1 E
% mm;F & Folias %1,

F =
LZ L4 0.5 Lz
@+06275Dﬂ—omm3375DhJ,DJ<50;
LZ L2
Dt

(2) Stephens 7F FR ST U 5 72 A5E 4001 1okt
BHEMEM SR GIAZEREEE T

PCORRC A"

P, _O'U%

d L
{ _t[l_exp(—o. 157 7D(t_d) j]} (4)
Ao, AR BTHI5EE , MPa,

(3)J. B. Choi" """ IAF JF& 45 38 5 e 19 L.
A RSE X 26 80 1 s R AT T A BR TR
L, TG 25 S AT 11 UH 43, A5 31 A T L
R EAR(S5) AR (6) .

M1 <6 /RiWT .

[Ca{?E}HQ(;’T].(S)

Hr,c, 006( j -0.103 5 ( )+1xn

—O9><

C,=-0. 6913( )+0 4548(t) . 1477,

C,=0.115 3(?]2 -0. 105 3(£j+0 029 2,
4 L=6 /Rt

P, = 2{“‘[6%'+C”(«;;tj]‘ (6)

fﬁ¢;C0=-0Am47(§J+1.n01;

C, =0.007 1(%) -0.012 6,
(4)Chen Z %" 1 XUk A5 b7 % o
I BRI H T B i 3 2
@ﬁﬂm%MﬁﬂjﬁUﬂoﬁﬁ@um



52 1)

Ft 055 BT AT FROC YT BE 2R A R I 5 205

JELA L ARG T i o0 38 Ry R AIE () I DL AE BE
Von-Mises 55840 7735 B 1 FRAT 4758 B2 H
SR A, 3 SR A 38 AT 38 P TR BE AR i
EiE,

P = 4 (fy +f1§+f2§) . 7)

ey + e §+c2§

Ho fy = A =407 #7075, = = A +507 —100°;
fi= =A7 431750, =3 — 18X +51A7 —84A°;
c, = =120 +720% —180A° ;¢, =1 —=2A +60A°,
KA WEEER N E NS E 1 L
oo, HWRBRPTHRE  MPa,

/9

()i L 282 T 4K 2

2 AR FROCE

2.1 *E#H”M‘Mﬁi

REE+ % STE R IR OB = VA 2
SolidWorks EP;UEJZ, R T TR AL T R s D 1
SELIE (), 465 T 4 Ay B oo R B T X R )
1/4 FERY 485 T I oo 722 £ TS i 48 e A A
T NEE, AR AR HIRY DN125 R Bk + 2%
& ”‘ﬁgirrjﬂ4 9 mm, N4k 125 mm, 1%

KEHE N 400 mm DL FaON, =

w3 Frs,

Vo

(b) R R B AR Y

éﬁ

3 REELHEE =Y
Fig. 3 Three-dimensional model of pumping pipe

FH AR 0> 28 € o 38 7 58 45 480 1) g . 2
JE BB I 5 1) TLART RO R AR G RUST ok 3%
7R HP R £ (d/ 1) FoRBRBE IR EE | B i
BB L T A o R, B R 1
FIAHXHEE p(L//Dr ) o 1 6 01 1) A2 Ak
AT PR R ST L P,/ P, 26, BV IE R4
FE AR TCHR B B N AR BE , e Py Rk
FAE ARG IR T, Py R SIS E R R T
2.2 BRTERGIE

K H ANSYS A RG34, BE#E 20
9 5 Solid186 = Ak FLITXT — AEA Y HE AT [ A%
X153, TEALAERTFR AR IR PR 20, 7 3 1T R
FH e 2y skt G i 5 = AR WA RS e
A 45 18 AR R B B s oL R,
Hollomon &AL Y i 35 B4 B Y B SE N )
PR

o =Kg". (8)

0. 596
n=0.239(0-"—1j . (9)
O-.V

K= (%) ol (10)
A n S BERE N AR B AL TS B K OR AL R
ol h TARYRIRE  MPa,

- YR SRS MR — M Q235 Nk
20 S, EE UL Q235 MAE MIREE - B
RN AR R AT AR A BRI
Q235 WM NE Sy - R AR 2 dn el 4 frst

400

0 0.05 0.10 0.5 020 0.25 0.30
g

4 Q235 WNLTT - WARHIZL
Fig. 4 Stress-strain curve of Q235



206 WHERKESMARBFR)

9537 %

A BRI, DL R R i
#B Von-Mises 7 JJ 8 7K - 2F 4 i 242 45 2 15
R, SRR PR A D0 DN Ay 4 7 i PN 5 T R o Ak
Von-Mises I /7 8 1 5 48 09 J e ok B, 313k
W RS BE B R SR A R, S SRk
ZA RICTH R BRI a1, 22 H L o,
0. 90, HITCHRFERE 1S Z R, LA
Von-Mises Jiti JIi 7 D) hy A< 415 (%) TG e 563 2% 45 ik
BB (1) kIR T
TE AR 1 A8 B A 5 S AR Y | e A% 11 Hb
o0 G ik B A TE R R T

~ ﬁ n+1ﬂ
PO—(3 Do (11)

KA RO 5 5 (1) 20 53R A
7 J52 88 14 JC ke o A7 T 4% A8 1 7, ok L 45 R
50, MWEH AT LA BL0. 90, 1E2H
IR S5 WIS S5 FAR R ST

KM o, MR ISR

"/

ﬁ
o I

55¢

R E F1/MPa

—a— A1)

25: —e— 090,
[ —&— O,
20 L L
4 5 6 7 8 9

v
BS5 BB R R A R T
Fig.5 Comparison of burst pressure of defect-free
pumping pipe

Nt — YU IZA FROTE R MERA P
SCHR[ 18 =20 ] H 14 21 fl U 00 451 f5Je 55 45
AR BRI A A TR, B IE S UL R 1,
RS BT S TE AR 64 87 17 722 i 243
F(8) FRHL, LR NIE 6 Fron 4715
00 ) B P g (R A T L v LR, T T
T2 AU A A

F1 RPOIREIESH

Table 1 Parameters of pumping pipe in blasting test

= D/mm t/mm o,/MPa  o,/MPa
P 110 342 13.54 840 980
X 60 324 9.8 452 542
X 60 762 17.5 467 576
86 -
84 L
2+
S 80F
= 8¢
g 76 |
74 -
B ol
R
W 70F
B 68t
B 66
64+ = H T
62 " ® Chen
b
60 62 64 66 68 70 72 74 76 78 80 82 84 86
BB BB E 1 IR {H/MPa
(a)fi 0B B R R T 7 ¥k 45 SR % G
28 -
%
"
Enr
2 01
=2
= L
K 16|
R 14
ol
% L
W10 v A m HRRG
8l A e {ZIEB31G
p A PCORRC
o vChi
4 6 8 10 12 14 16 18 20 22 24 26 28
B EREE SRR E/MPa

(o) 5454 S A8 1) 00 77 95 4 A L
Bl 6 EERT Iy (S BUE R L

Fig. 6 Comparison of test value and predicted value
of burst pressure of pumping pipe

HIPE 6 ATLAFE | JCie Je fi O A 4 I
AR RN , LAAR R AEA BRI A3 2
A R d R AR, B AR IR 220 - 8.3%
o Choi 175 35 H He 2 1E B31G 23 3 UAN
PCORRC 7 =X Tl i) B o o, ~F 24 1% 25
-12.7% , SO A5 RARXT R ST
2.3 ARTIHEERSH

R — A RIS i O TP A0 0 X TR L
SRAE TR T B, 53 0] AN TR O R
E BRI p AUEM TEE o
TR SR TE RO DUBRDE 1 Z L P,/ P,
KR 7N AN [ ke B e J3E X 2R A ) ) Y



42 4

Ft 055 BT AT FROC YT BE 2R A R I 5 207

AU

Bl 7 (a) AN A i S5 20 A B 0 s g 1)
TR 435 R HEEJE N 4 mm 1 9 mm
R AT A, EENEREH A £R,
MR LUE X6/ NEAR LA BT, 25
A R 7 B A U 26 €A 15 T 22 2 1 ik
/N, IF H/INEAR A8 28 48 0 R 0 38 € 1Y
AT AU, Y0 0.5 B, 3 A
W 1 Z FeAHZE 0. 029,

BT (c) 7 (d) Ry B4 dote g xof B2 4 4%
T s o il 2, 2% i S s v TR B L R A
DA R THD 1) S 403 TR AR K, 7 33 S R X
FE p FEEHAER ¢ X 58 A8 JR 10 1R ) 1) 52 i B
FEEEB T w BN 90°, TS [] B it K

1.0

0.8

0.6
N
PN
04
02
—a— 7=0.067
—e—4=0.031
0 012 014 016 018 10
TR &
(@) /D3 & X REBRBEI R W
1.0
09
08
07
& o6k
E 0.6
05
04+
—=— [=20 mm
03} —*— L=100 mm
—4&— =400 mm
02 . ! ! . . . ! !
0 01 02 03 04 05 06 07 08 09
BHEL
(BB R EBBE R

JZ p FURRIEE S ¢ SRR AR R )

ME 7 (b) FE 7 (c) &R LIE 1,
FEAURXT S BE p XS4 BRI T T B 5% e =l o
B, BEF S BE B, ¥ 1R BOR S
SR 0/ N, TR AR 57 | YRR B A
X p=6 B, BRI ) 728 fk il 28 745 15 57
Fo s B BE R, BB R X S A R e )
S b S BT 5 e e R TR B 24 R L
i AT T B B TR A I R e
FITZEHTIRN, 24 BE AR B 3 K, J i
J1BE % VE 5 R  H 2 2R v, B
7(d) TLLE B 40 T B S A YRR R
SN

10
0.9 -t
08
Ay
<
07
—a—(=0.1
—e—(=0.2
06 —A—7=03
—¥—2=05
05 . . . . . n ,
0 2 4 6 8 10 12 14 16
BB K Ee
(bR AN BE o 0 R IR R T R
095
0.90 .\.*l—n—-—n—.
085
0.80
075
s 070 ’\'\"‘\0‘0_‘—‘
E 065
0.60
il ‘\‘MA_A__‘
050 - —=—/=0.1
—e—(=0.3
045 —&—{=0.5
MOl
0 20 40 60 80 100 120 140 160 180 200
EHRRE o
(B RE o N REBRBE I WE W

BT O AL 5 D R X TR 1B A R AN T B 5T

Fig.7 Effect of eccentric deformation and wear defect on burst pressure of concrete pumping pipe
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Table 2 Verification result of regression formula

i a’t Pr/MPa P,/MPa P,/P:
1 0. 047 80. 20 77.65 0.935
2 0. 188 74.50 66.31 0. 890
3 0.269 66. 10 61.38 0.929
4 0.72 14. 40 12.99 0. 902
5 0.71 11.99 11.71 0.977
6 0.73 11.30 10. 86 0.961
7 0.70 14.07 13.77 0.979
8 0.71 13.58 12.78 0. 941
9 0.25 24. 11 23.97 0. 994

10 0.50 21.76 19. 81 0.911

11 0.75 17.15 16.28 0. 950

12 0.50 24.30 21.86 0. 900

13 0.50 19.80 17.93 0. 906
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