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Effect of weld reinforcement methods on bearing performance of
large diameter tank bottom
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Abstract: Based on the finite element method, the influence of weld reinforcement
methods (double symmetry reinforcement, inner surface reinforcement, outside surface re-
inforcement) on internal pressure bearing capacity of typical 10m class diameter tank bottom
was studied. The two-dimensional symmetric plane model was used for numerical calcula-
tion, and the effects of the real boundary conditions of the tube segment and the short shell

and the weld on the bearing capacity were considered. The nonlinear numerical analysis mod-
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el considering the plasticity of the material was constructed to accurately obtain the meridio-
nal stress on the inner and outer surfaces of tank bottom. Results showed that the weld area
of the top and melon flap was a weak area of tank bottom. Under operating pressure, merid-
ional stress difference between inner and outside surfaces of double symmetric reinforcement
was smallest, and none of them presented plasticity. Meridional stress difference of single-
side reinforcement was much larger than double symmetric reinforcement, and local plasticity
occurred. Compared with inner surface reinforcement, the maximum and minimum meridio-
nal stress differences of outside surface reinforcement increased by 9. 7% and 27. 2%, and all
of them led to uncoordinated deformation. Under design pressure, inner and outside surface
meridional stress of tank bottom had local plasticity, and material plasticity had certain coor-
dination effect on the inner and outside surface meridional stress difference. which can signif-
icantly alleviate the additional bending moment caused by the innet and outside surface stress
difference. Double symmetric reinforcement was better than cutside surface reinforcement,
and inner surface reinforcement was better than outside strface reinforcément. The single-
side reinforcement was easy to generate additional bending moment, which was not conducive to

the uniform bearing and deformation coordination of tank bottom. The research results provide a
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guidance to the optimization design of the bottom sfructure of large diameter storage tank.

Key words:

weld reinforcement; tank/bottom; bearing performances

inner surface reinforcement; outside surfaee reinforcement;

double symmetry reinforcement

65 45 ¥4 1 Sy 38 280K A 1R 45 114 o 2 2
TR o3 o 8 T R B RE AR 5 ) 7 2% -7 A i
AR5 i 50 LA 00 (0 I A7 W T e S5 R oy —
7 AR g 32 7K g 85k AR AZ I T R A B R A
e 46 3 25 0 — Ml S BT AR TEBCRIET S IS
M. HrP AR AR Bt BT Ry SC B it T
B T I EAE T B BIR 1RO E AR AR A IS R
SR HI T A < 280 NI + oF B 1Y 5 SR A A Ty
ZEU L E TR AR Y 5 AL T X B R AT AN R AL
B b a5 =R Ry R AR AR AR IS A A Bt Y
KA,

A WRITH BT 5 2 &9 1z N T8 Bk
AR T 6 46 IS 45 40 1) BT 23 Ao B A Mescall
Adachi &5 B X A6 I 1 50 TR TR 4
He A 1632 56 A0 B T % s Michael , Rachard , Nem-
eth ZE0 TR 1A BRIC 40 BT 7 M0 R KL K H 4%
VORI IC ME AN AIE R St e L AR 3 T
JRy BB R RS B Ay K R RGO L IF A HN B AE R Y
R B BRI T R T R F S 5 AR IR S BRUR /AT
O ) 0 2 K2 RGN Ahmed 255 %)
A [ A6 1% 4 R B A RS 1 P s A 8 PR TR
I IR I AVEUE 23 B BIF 5 . s 2 BB TR A IS 1Y IR
T PR AR AL T RO S 4% s William™ B0 43 BT T 26
B R BH i TIE N i 25 R AT f TR U4 N IR A T 46

I P17 BE M 48 %500 s Theodore , David 485 &
X BRI R 4 S T4 A1 A B MR I A 1 45 4
LEVAT T RS LR BT, A R AR R AN R
SR T R R EAT T TR .

P ] S Sk A A I R R R S
TR R B AT T A0 Hr s T e L AR Ok
BUE AT BRI T AR 5 R B g Sk 1k
VT 4 T AT B A5 R f 10 T R T 585 O
A IR AR A TR T R AR A A6 R AE P AR
4T 11 Jeeh T 80, & 05 B 30 3R 558 L AT ) 4 o
AV BRI 1 P9 R S i ] B 2 o I e A
THANTI 1 AR 2 e B R o S5 e 5 e VS PN TR
e i ) S BRI T R R ST s I A
R A S X A [ JES 19 428 1) 17 T R ERS 1) 7 g gk
117 BRI TR BUE 53 BT 5 30F 10 0T A8 I IS B S 4
AT T ORI S TA kA B A4 A0 BR B K50 mT A sk ik
TRV 45 #) o 5 R R 32000 X S [ A8 7 1 R
SN [ R AR ) B R M TR T A BT A, B
T 3E R A R R 3 RE 0 A I e R AR
TG AL 3 S sh AILHE 1 1 IR A IR 25 0 7§
HEAT T RIS 4R T AE N T AR AE IR AR &

25 Tk L N A R AR AR A I IS AY E
BN A R M T R TR R AR A
SR X K AR AR A I AR AN 5y 52 40 BT T e



5% 12 3

W] IE AR A5 < 4 b iR T 30X DR B AR A IR R B R S i 2683

DA TE 5 T U 66 6 V7 4 b iR 5 8 Y R R R

Wi 465 JUG 9 P9 e R 8BE 7 L 24 Joi it Rl 1 T 5L 2
RERCAFRA R BT EZENE. BA

HOR TR . AS SRR B T3 4 SR 3 ik
BOETHE 0 P 1 S Al b T BT R T IR T
FE T B UL 10 m 5 B AR AT A IR AR 5% £ 5ik U5 X
XA JEE AP 7R 8 BE F) B2 T 2 R T 4 L
T X R AN 55 | DAL 3 THT A 55 | S 3 THT AR 55 = g 20
HE T 4R il o B P TR L AR TR SE AN R A5 A
T 1A BNV Fe B AR RO R . Tt
SEAE RMER MR AT 1R EAR AT A IS N AN R T 2

l6) IO 73 53 A o FLAR T =k 05 58 9 52 i L B DAL

1 FERB
1.1 HERTH
AR FARMFEE R R WE 1 450

F%ﬂ* R BEAT T RS G PP A R e T T
A PR PHIR AL N 2219 R, R 1A
TR AN [ 7 b 5 5 2K 0T X R b 5 i 7 4 X

KL T A S e N R

Fig. 1 Sehematic diagram of typical tank structure
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Table 1 Different weld reinforcement methods of

tank bottom

ES. WA 7 25 P

xmmﬁ 0 0

S
b5t

LE]
b i

3ok 1) P N 1) S [ R 3 JEE S P 3R T Bl 2 4 O 4E X
SR 1) P9 A THT A TS L SD 3 THT A 95 45 0 4 DX I 1E) Sh 3R
T R o AR AR A A T A v [ i K
Ho AW T Bt J 5 ) B 9 TR I 2% 18K B AR A
I 7 ZR R 5 5K B DX B 5 B B 60 mum L
Elﬂk%ﬁ_?ﬁﬂm:%ﬂﬁﬁ}ﬁﬁl 30 mm., #R G R X )
AE N SR PERE—F
1.2 ARTHEBRHFES

KELAR IR R S 22 1) B A3 g 2 g g1t
iZ??ﬁ%E?ﬁf?ﬂkﬂ%ﬁm,%éﬁﬁ&%m%
55 8, WOT0 35 5 IO IO 15 2 A 11 A J5 4 X5k
MR E A, B2 fl2 Al T MR 10m 9
BRI R R SR 4 — P gy 20 1 AR (B A A,
Horpr A DXk T 55 5 IR 9 20 A5 4% X 5, B IX 35k
TR 3k YR 1) A R XL C Oy 187 B I T o
[T, R AR T AROR | TR R i SR B JES 2 1 R
TR T SR O FR 4B A R, 25 b e
I R 1) B R R T LA K AR T 5 | /2 B4 JL ]
e vk, AL EC S B FE AR IR b o AR 9
SR R e R B i i B N R C Il 4y
Wy WA . o A0 3 E F R PR TN P 2T
P3O T A S 0.3 MPa R 3 2 fr Ry
0-42MPa, 48 HERM BN 2219 84 4 hrffom
FE2Ay 435 MPa, Ji Ik 58 & 2 350 MPa, 1E fift 3
670 AR 55 10 DX B A 5 B O 215 MPa, Ji il i
Ji K 175 MPa, SEAH 3y 300, Sy W PR AL, %)
& R FH DU ST 5050, %of Do A 2 47 00 3 B o ) 4
PSR QUE S AP < R & O WA
40559 >, 1 B2 137534 4>,

AIX 3, /

ey LR
ty BlZiﬁ/'Q /
iZ X

T

CIi
\

= — )
0 750 1500 2250 3000 mm

Bl 2 ) 10 m 9% AR U A A G BB A
Fig. 2 Numerical model of 10 meters diameter

tank bottom
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Table 2 Numerical model of different weld reinforcement methods
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Fig. 3 Meridional stress on inner and outer surface
of tank bottom under different weld

reinforcement methods
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