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Abstract

The static strength of the manhole is analyzed by means of the open reinforcement theory and the
finite element simulation method to study the local structural strength of the sinking manhole in
the tank. The opening reinforcement and the stress distribution of the sinking manhole of tank of
different tank diameters are studied by the finite element simulation and theoretical strength va-
lidation of manhole, which provide a reference for the design safety of the tank.
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1. 51§

JE NI Z AT A T BEe. BURSESUE. AT E LR AR E U G &
B, wde. EBAETE, AR ARG A RS ALAn A B L R EL AEREL A
fL55), FFFLBIR IR EE M IR Lt , AT R R ik B A2 21155, 1 HLIS A A3 TP FLE A X S B Sy S
WAL GRS N [ 1] —J5 T, BE A B S AES:, Rtk SHEENIEER
TR EA—H, 25RBRHHERER R I): H—T7, AR EMRIAELE, b TR
RIRETAR, EHFLEEUG = Em RN T B, RESRMIRE, RS, S, B
LR FEWMETERZ IS . AL AR m 05 MG E N /), JRE rEIERE N0 3 %, AREE
REfEIR B 5~6 £i5[2].

[l N R SR 28T FLAN T GB150-2011 (R /1 48) « HG20582-2020 (4RI A4 T 75 2% 5 FE 1F 50 )
SOOI RS . VX T AL B A KN R H 8 GB150 & T d/D, < 0.5,
HG20582 i&H T d/D; < 0.8 (Ferh, d AHFALEAR, Dy AR NAR) [3] [4] [5]. K IIESEFFALANR KB TT
FAERZ, WAL, AL, ek, RS HTE. PVRC WA, HEEMEENR 57k sk
50 R IRVESE . MW A FIRE A BR 1) 25 A5 RS, — R S5 T AR VA AN & 7 AR AT AL AN SR B T [6]
XFFRFFALAN R I A, B0 b ] 3d 5 R T T FLARHE A i S P i K P AR A R 70 R FH stk I g 43 i A
BRHATRRE

AT A A T U NALITAL, TFLER S A RANELL d/Dy < 0.5, "H GB150 1 HG20582
FFAT LA SR BT, A5 A T UTAFL TR AL, SR BRI 32%6 N LR 3BIEAT B 3 o0 i, 6F AL
TEAL5ER S BT AT N A
2. MEMETARXATL
2.1. FRRAATLGH

NTTAE A A ZEAS 5 S VA H W 4, TERREER A BT HE TN SR AL, BRI
FERRE, A TFURNFLE, dimnE 1 fos. R SEE RS, AATTFLAMUTE ARz %
THANEERE,  [RIN PR TR AL ST s S f ke, AFLIE 22 SR, ALk m 5 ALk 22 i@ i
iR, Hb, AFLE22M4% DN500, FAITFLEAGEEE 4ME) 730 mm.

2.2. AFLiTE LTS H

AT RPN FL 5 BE RN R AR AL S B ) i BE AT R 7, A 0 AL 4E 94208 1600 mm. 2000 mm
PIFIAS R, AH OIS 1 Bz

Casel: fififi N1% 1600 mm

A% 1600 mm (gL S En 1 fis.
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Figure 1. Design parameters of the sinking manhole of the tank

1. i RN S

Table 1. The geometric parameters (the diameter of the tank is 1600 mm)

%= 1. LTS H(HEH#EAE 1600 mm)

B2 LA B2 LA
A P42 DO ®1602 mm FhimpE 4% D2 ®1000 mm
T R EE JE b0 5 mm FIog P S b2 6 mm
B 4Mz DI ®730 mm 1R2E R b3 50 mm
BB bl 11 mm %2 W% D3 ®500 mm
BEKE L 203 mm T b S b 6 mm
MK L1 50 mm hnsEpE P 1% D4 ®1436 mm

Jnag R O SEEERIZIER L5: 615 mm

Case2: fEHEMNAE 2000 mm i+ LTS5
WA 2000 mm [PAEHE LA 250 2 fis.

3. (EEAFLEBHE

3.1. AFLIHE L& %
2 FE B il BE N FLGE K A JUART 45 40 S 3R AmT BT Bk, AT 3o ) A4 el 28 1K) 20 ) S R TR RM AR ) 6o R T B a1
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Table 2. The geometric parameters (the diameter of the tank is 2000 mm)
2 2. JLA[SH(FEFEMN4Z 2000 mm)

£ Ber £ Ber
A 12 DO ®2000 mm Fh i Az D2 ®1000 mm
fA PR BE I bO 8 mm A B 5L b2 8 mm
A HME D1 ®730 mm )R b3 50 mm
PR BEJE bl 16 mm P2 D3 ®500 mm
BEKE L 203 mm i el 52 ba 8 mm
P AMPKE L11 50 mm nsifE A 42 D4 ®1836 mm

S E RO SRS AR MEES L5: 615 mm

500.00 (mm)

125.00 375.00

Figure 2. The geometric model of the manhole of the tank

2. fEEEAFLITEILARE

3.2. I AREH

IDIEDACSUB Y
SASKERRT _F 43 Sl Tt o RRZY SR, AT AR B T 24 o A 1) B ] e 2 A
2) VABUE TS

] A PN SR T B R AR 32 PN R T 9 A TR N e vt A, A BT B R =2 AR R L e
INPECR VTR AR BT . AR SR i 5, BAmEss sl 3 Bros.
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600.00 (mm)

150.00 450.00

Figure 3. Tank manhole load applied
B 3. fikEE AFLET AR

Tl HEM BB W12 3 BT o

Table 3. Table of physical properties of materials
3. MRATIEYR R

> " YL B N ax Jett e PihisafgE  FEAREH N
A MR (GPa) WAt e B p (kg/m) Sy (MPa) Su (MPa) S (MPa)
e $32168 193 0.30 8030 205 485 137

3.3. WgRIS

KH 20 TS HI/SHARRIT solid186 HHAT WK/, G MRS TG, e e BT Bk k% 50
140,810 1, 17 5 685,886 4, MK 4 Fizs:

0.00 250.00 500.00 (mm)

I T ]
125.00 375.00

Figure 4. The calculation grid of the manhole of tank
E 4. fEEAFLITE M
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3.4. RN

ANFETH A AZ Ak AR I N FLEE A A W R s B o U1 S5 Bh R BIE FH A BR G /i kAR a1, SR A
FAMERL JI W1 715 L7438 T VT 4R e TB4732 (MFIE (7], AMPRHF R 7744 GB150 [rIAH S 2 3 HY o

Casel: f#iENE 1600 mm

TETE SRR AT W& 5 Bras, RIS N B OR8 ) a FE H IAE N LA S A I ik B I S AL
BKAE N 466.28 (N F7IEH).

0.00 350.00 700.00 (mm)
I EE—

175.00 525.00

Figure 5. The cloud diagram of local stress intensity distribution of the tank

5. kBRI RE S S E

SETERT VR TR B IE 6 s, RS 4E N 0.529 mm.

0.00 350.00 700.00 (mm)
I 00 a0

175.00 525.00

Figure 6. The cloud diagram of local displacement distribution of the tank
6. fEEF/EUB I HEE

1% JB4732-2005 (NI S as—— 0Tttt ) FruERISCHR[SEAT 125 R A #) (1 S A%, 4% TN
T1oyREHIERURE N, SEIBIA 7 Bl 8 26 A 7y REGHEAT B 7758 EE A% o
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Figure 7. The schematic diagrams of the selection of stress linearization paths
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Table 4. The results of stress intensity linearization

4. MBE LM HERE

Bl RiJTHR KR ‘gﬁﬁ Wgﬁ f Zﬁ
Pathl-1 — AR T 96.276 137 s
Patha2 — R BRI 128.77 1.5 x 137 =205.5 N

—k + IR 209.88 3% 137 =411 P

Path33 — R R 111.53 1.5 x 137=205.5 P
OO+ e 126.51 1.5 x 137 =205.5 Hi%

Pathd.4 — R R 114.61 1.5 x 137 =205.5 P T
— IR+ R 177.15 1.5 x 137 =205.5 ot

Paths.s — KR 63.978 1.5 x 137 =205.5 T
—UCEE + R 67.855 1.5 % 137 =205.5 ey

Path 6.6 — IR SR HR A 35.018 1.5 x 137 =205.5 o
—UCHEE + g il 44.291 1.5 x 137=205.5 Hi%

Path 7.7 — R R 16.307 1.5 x 137=205.5 o
— R + — R 27.585 1.5 x 137=205.5 Gk

Path 8.8 — R R 12.913 1.5 x 137=205.5 L
— IR+ IR 101.34 1.5 % 137 =205.5 ey

Case 2: fifiiil P42 2000 mm
NALTHEIEN F1 3 AR o W R 8 Fiiow, G5 N 75 5 IR 3 by 22 B B 4k 1

(RIEE ATt nZe 1), & KMEN 225.64 MPa.

150.00

300.00

450.00

600.00 (mm)

Figure 8. The cloud diagram of local stress intensity distribution of the tank
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SERITERE R BT A 9 BroR, sORALFAE Y 0.731 mm.
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I 1]
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Figure 9. The cloud diagram of local displacement distribution of the tank

9. fHEEEEAI = E

{6 JB4732-2005 (HNH Ik /) A as—— M 8L ) ARAEREAT 125 AR A5 H R SR BT FE IS ) 7 SRR
ORI, EHL 8 SN ) 7 SRERIEAT N IR A o WY DL LA 2R AR (8L s FE LR AL S5 RN 5 Py
N, FTOL,  EEEUES AR T BRI A R S A A 5 R

Table 5. The results of stress intensity linearization

5. MNIEELMHERE

4 5 A rAME 23
Y |
BRERE B 7758 25 (MPa) (MPa) sEm
Path1-1 — RS T 75.304 137 &
— UK R 105.15 1.5 x 137 =205.5 &
Path2-2
—IRHEE + — R 154.42 1.5 x 137 =205.5 &
Paih3.a — IR e R 81.875 1.5 x 137 =205.5 s
ath3-
—IREE + IR 89.375 1.5 x 137 = 205.5 Ak
— IR R B i 91.923 1.5 x 137 =205.5 s
Path4-4
— VR + — R 129.79 1.5 x 137 =205.5 %
Paths.s — IR S e 63.746 1.5 x 137 =205.5 ey
athS-
— VR + — RS 114.33 1.5x 137=205.5 G
— R R TR 50.026 1.5 x 137=205.5 ey S
Path6-6
—IREE + IR 60.187 1.5 x 137 = 205.5 ey
Path.7 — IR R B i 29.848 1.5 x 137 =205.5 s
ath’/7-
— VR + —RE R 93.077 1.5 % 137=205.5 =
Paths.g — IR S e 15.095 1.5 x 137 =205.5 ey
ath8-
— VR + — RS 46.972 1.5 x 137=205.5 B
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ARG B R SR AT AL AN SRR AT BRTT T 3%, X WA AS R A A R i T DT SLOT $L5i
FEHAT M, K% T PRI NSFLIFFLES T B ATt L. 45 RR W

1) JFLAb A RTT AT ik S ER TR R &, AIRTiH HORERT T RN A 5

2) XFHFERSTBASL, TFALANRAE I — RS BETT FLELAR 5 fa 1 P9 A2 0 AR KT oK

3) NULARASLITFLom A om G P, JTFLR LW AL 24 K
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