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Abstract

An accident of some welding seam between roof plate and cylinder body being torn apart during a
process of a 10,000 m3 hot oil tank loading and unloading hot wax oil is hereby analyzed in detail.
Based on finite element calculation and stress analysis, the pressure changes inside the vessel in
various stages from high pressure alarm being triggered, pressure range being exceeded, breath-
ing valve being opened, breathing manhole being opened to welding section being torn up are also
researched and analyzed. The results show that the tank back then was in a good condition, but
the hot wax oil containing excessive water due to the abnormal operating fluctuation of upstream
device was the main cause. Some preventive measures and suggestions are put forward conse-
quently.
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1. RTINS

Bk T A PR ) v LA A0, BOTHIR iR R T LM AER] 170°C, fERERAHE, HPHRIEN
SR D% 7 GE T e, SRR 2000 KPa (9 A RGR ik Rl i 2R MR IS EH A .
MR LB i A IUHE THUR R R B A 283, D R T, T B A R B B A T DA P e 3E
(RIS P Py, S A0SR TE AR I, TR RO 2 5y — G EE, ESCRRRI R, SRR
TETHUR, KEZRBHRT . KRR E e, R LR RN

2. EETERTEE
2.1. HohEEEASH

TZAE N Tl e B B PR, IR AR AL b T s B A AR e A S, AT H AR
IR S A SAE I A gL, 2008 AEHEA, WEZE N 10,000 m®, GEEECRIEZEEE N 120 mm, HETH
TRIRJZE R 60 mm, AR MK SR ORIERL, A B BN AARE, DAAERRIENIREE, BN BEAR
SEERONPNEERRGIE, HEAEEIREN 110°CE 160°C. 2013 % HE X B2 e B, FETE s 5
KA, BB FE AR 500 Pa 7647 . ik i AR p K, SR TS ERE, FREAERETINZ) 2 K
] T R ) R VRIS G S R K AT BRI R B IR S . R R AR CAAE 7 R H
FEFIFSHE 1,

Table 1. Main design parameters of the hot oil tank

=1L AR EESH

EEBH B
it GB50341-2003
AR (m?) 10,000
TAEET1(Pa) W R
Wil 1E & 71 (Pa) 1960
W5 S (Pa) 490
Bt R (C) 170
Bt BRI (C) 0
TAEIREE(C) 128
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Continued
AR Q235-B
fERF RO = =, . Ti. ) 16 MnR (Q345R)
IR R B\ L TE) Q235-B
fif i P 42 (mm) 31,000
ik SRE I B 5 JE (mim) 14,580
BEUHBAL 1 (mm) 14,330
TP /3% (kg/m®) U H1/850-900
JiG B 25 < e 3£/ 5 £ (mim) 1780/14
Fo =AM E/EE (mm) 1780/12
B DY P e 44 v B2/ B B (mm) 1780/10
FI 78 G E R R/ R A (mm) 1780/8
S5\ TR £ ke B2/ 5 JEE (mm) 1180/6
Fa/KR S 1EH J1(Pa) 2150
FEK BRI 71 (Pa) 1780

2.2. HIRIENEHTL

RAE9 A 26 HE 27 H, iZFEMWALLE 2.85 KA, WEEIER T/E. 27 HER 0:15 4, RigA~
LI 5 90 R SV 0, A% HR R A o AR, 2:17 400, TlEER IR R 7128 500 Pa), Jf
KIZ 7 IR RGE s 2:20 43 A A ) 07 O HACGR 2 ARG RI(E 71 &R EFR A 2000 Pa); 2:23
g, AHETI L RN B 4G B AT I IR R R 2:27 dr, BETRRPIRAALIFAR B ARV 2:29 4, K
ROAGSTIF, KEAAMEROEH; 2:229 40, ATHIFRER A8, KEZRAMEROE H; 2:33 4,
TV GERE A0 1 R AN B AR SR 2R . 6] | DRl TR R R A 2 (B it £2), 1] 2 B Ml i e e
NI IZPIRAS 1]

Figure 1. Curves of pressure change during tearing process
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Figure 2. Installation of edge-wrapped angel steel and scene state of tearing

E 2. SiARRRERRIHRTS

3. RIS EPHEANENDH

AR FR T T LA KA UL T AT, W BRI R T R R AR B R
MZEAH A, (EXHFERMMAIN S, BRZ DTG —E IEMR . W 13800 i 28 (10 L B 4 BT A i o
K BILG SR S B, DRy B dk R A Il R R P R T BT, R o B8 () 9 Bl - B 7K N 1 8 e P iR
LR AT 5 2445 L TR 6% [ 6 9 1) de K D OK K7 F 8 18)

3.1. HEERNTE

WEERAARL: 7, =nRTh=11004 m’ .

V, =4x j j j r? sin ¢d¢drd0—%rcR12rcos30

e R TO 0 A AL L n

6 2
=4><Jrzdrjsin¢d¢fd9—%nx15.52 x31x c0s30 = 1605 m*
0 0

0
WEESRRL: V=V, +V, =12609 m’ ,
A RERL: v, =V -V, =10458 m’ .
B ROHMBEN AR 1)s V wn RIZECEISAEAERAL 2.85 KiH5

3.2. BREREAEDELHE

3.2.1. IRE
IO ST A AR EAE D 500 Pa, 24 2:17 55— U BRI s 45 ), Ry 3 PN 8% i 77 Py o 101,825

Pa (W RSB N 1 MRHEE /7 101,937 Pa), #%BBSAKTTHE BV, = n RT 5 HKISEN:
_ RV, _101825x10458

n =319564 mol
RT 8.31x401
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3.2.2. (URBEFE
2:19 JEARMA R DGR B B R M, HidiZ M bUs K — BRI R, Ui R E B R R
DTS, MOE L ZIEE N KPR BN
_ BV, _103325x10458
RT 8.31x401

=324271 mol

2

H O“f” 3] “{URBERE” RN 2 4080, HmiHEHENENKRRE VN
V=(n,—n)x18/(60x2) =706 g/s
A 18 WK T, 60 Nkt 5 AHEE.
103325 =101825+1500 (Z&4k(i)
RTTAESNT, DU YK KPR R R R 15 N 2 A K S
3.2.3. PRI R EFTFF
TE 2:23 WP IERFT I,  Bhrs 6 N /KVR & ns N
n, = n, + 2353 mol/min x 4 min = 333683 mol
X EE P ST Py R

_ mRT 333683 molx8.31x401 K
v, 10458

=106324 Pa

A

FARER ST H G R Ly 4999 Pa, MIMLETGEN ) ©. 4 EFH40E 5000 Pa, O HET)
1960 Pa FIfi# i (14156 7 -
3.2.4. FEIR AFLFTFF

2:27 VBN G %A B — G UFIR N FLFT I, BEA i P KPR g FOEE PN FT Py T 5 RE 1250 ok 1
I 7 & PR H KR O,

WP I () O THEL 2]

At
=12 +Vy —E+
Q (Qy Max 237 qrj

0=1.2x0.0556 = 0.06672 m’ /s
IKAESAE 28 FERF A 1415 g/’ Oy, B 2 AP IR A AT I, EIRE O, A:
0, =2p0 =2x1415x0.06672 =188.82 g/s
WP N FLET FF IS ZE A 2805 ny 9
706 —188.82
+—

n, =ny 13

x4x60 =340579 mol

_ mRT

P, =108521Pa

3

MM K F1 Py 7196 Pa (R JE).

325 ATITHA#RO
2:29 A ERVE N B pp FEETR, STIFR R LI E , B RE N K VE S ns RIBEN R 1 Py it —25 1Tt
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517.18-262.25
+

ng=n, Tx2x60 = 342279 mol
RT :
Pl _342279x831x401 _ o0
v, 10458
HER & J7 Ps A 7738 Pa (K E).
3.2.6. EETIHIZY
2:33 BFEETNZL, AHLE N THT R R DS IS IRl 5 4 2080, 6 KR R E ne FIEE PR ) P
Ng = N +%823'6><4><60=345364 mol
RT
P, =20 110046 Pa

3

VU R T 5 032 R A AR 2 W 2RI T 0 8721 Pa (R )
2 NHETTH R R S AR A .

Table 2. Gas pressure in different period of time (gauge pressure)

+#® 2. HEASKEZSNEZIBENGRE)

B[] (h:min) & 71 (Pa)
2:17 500
2:19 2000
2:23 4999
2:27 7196
2:29 7738
2:33 8721

S50 WETIS EAAR B R AN R GE TR TR JT A 8721 Pa (R)E).
4. I REE DS
R AR AR AT ARG S AR (2000 Pa)itf, ik NGE A BORAKIRIRE N 706 g/s, BEJEFFIR
. PR AFL AR SRR T BN LH I, —BAKIRIR RN 706 g/s ATH R A (R B IS BUAR X
2%, LAMLHEAT H 2343 T AT LA SE P 4518«
4.1. EAtE
BB LE i FE A /K 28 Sk AR v, JKZESBA x (mol/min) i s M A BENFEPY,  ARYE i & < 1H
UL ASARRPIRS TR, H#ES /KA & x (mol/min) 5 EEM E 11 P (Pa)Z A5 £ N [3]:
PV 307714416+
RT
Hrf: x=706 g/s =706x60/18 mol/min = 2353 mol/min
T 4] ks LR 2 128°C = 401 K
R NS AR % 8.314 Pa-m’/mol K
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V O I BE SR 25 TE] 10,458 m?
B FIR &S HOH R RE N RS2 1 B R 7708 110,098 Pa, NIEE RN 8162 Pa, 5 FIRFEN & /15
M1(3.2.5/3.2.6)F A5 o

4.2. SLWEHIRE

B RETH AL REE (K D) BILER LI E 0T, FHRITHBENAEGRCIHHE, BRRKENER
AAE BRI DAL E, A BRI LS R3] (B H# R 118 7728 373 MPa, £k Q235-B Hihu it & 375
MPa.

a1

Figure 3. Fracture sample

Bl 3. BrOiteE

NODAL SOLUTION

TIME=1
SECV (AVG)
DMX=10.127

SMN=0.161347,
SMX=372.75

-_— — — |
0.161347  82.959  165.756_ 248.554  331.351
4156 124358 207.155  289.953 37275

Figure 4. Stress distribution based on finite element method
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4.3. NAOSHr

Kl 4 R 437 B AT DAt DL R A R

1) FETIS A0 B R S b N 7 & T IR 5 BRTHT 2 TR G0 B e, AN A4 b i, T BT i it
B ESRAZAL IR, ARERER 2 N R BRI, e iR e AR 4%, BT DA AR S RN R IR SR AL Y
BIRK T B SRR AR N T

2) M 4 AT LA H KR J1(Von Mises N J7) & AR AE 35T E 000 AR et S 5 R AN B /R 4 6T, G
KRN 7728 373 MPa, [RIAR tm O, R s .

3) R R R IR A A N AR S OGS N 33K, FASEE T 5 R e B AR G Kb Y T3/

4) MMEENE P A 8162 Pa (2B, IS, Sk 5 N IE R 48 Ib i KB /1 (B K Von Mises B 7)) CL %
I (EOA BRI SRR, R Sk SN IR SR A R A

S5 Lo b T2 1 S R AR A T 0 ) e R Sk S R AR A A

5. TaRG¥EHE

) RRERAE S o R IR W BOHRAE G DU N (RSP IR IR . PR FLEE IR TAR), Az
RABRFEIR o DI, UGB 35 A g AN I Py e o I 1 v

2) i R T 5 R R ) A (B 3 A ) A 7 G B S (B e Sk 5 3 AR S B A6 ) A AR T AR Y R
JEL DR ol R ol o R A KR K AR UL S BUR I BRI e R, SRR AR R K B
AR AT GE . 1B BT ) 5 F BB NS STk

3) WETVUE N — 2 EARKI IR AL T R S O NS, TR IZ I RERE TS LA DNSOO PRI ALY T
e — G EEARN 500 mm (PR AL, E T 5 S0l A S A S0 T AR .

4) IR yhEREIR AP K SR, B bEEZE . SRR DL A RAEAEBLR .

5) M ARSI, P T RS0 e RS

6. /&5

VA, BEAE T BB R R, AR it Al i n A e TR R 2 SR FH B RL, B
TR FA B 5T i 4 R A7 2D SO A7, RS I ARO[, A7 R L N T 170°CHE ], N
AR THER, AR B B BRI R A A7 7 22 EH i N B B R ORI E X, Wi /I 417E 3KPa
AR, M HiZE 0 sl EMEHEYEAK, WREERSZR N BN, TfE RS E AR R “ i mm” &7
GV SRR . IERARIRAE VA A LA MO B 22 4 Wt A5 A RT LA B R 2 4
FRigAT .

Sk
(11 P EAf M RR R AR, SR & 7R HE B T LTS GB50341-2014 [S]. dbnt: T ETHRIH Ak, 2014

[2] FEAHRRSEAT. SY/T0511.1-2010 [S]. dbE: Ao Tk H p At AR, 2011,
3] Z=x, REM, & € LU AR HHEA RG] At L5, 2017, 46(5): 25-29.
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