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Multi-condition Analysis and Case Study of Bottom Slab in Renovation

and Restoration of Sewage Tanks

TANG Xiaohu', CAO Zhi
[1. Tuandao Wastewater Treatment Plant, Qingdao 266002, China; 2. Shanghai Municipal Engineering Design Institute (Group) Co.,
Ltd., Shanghai 200092, China]

Abstract: To address the issue of internal force redistribution in the bottom slab of the circular water tank structure
pump room in the wastewater treatment plant caused by partial renovation, taking the renovation project of sewage tank
in a wastewater treatment plant in Qingdao as an example, the finite element method of overall modeling is used to
systematically analyze the variation patterns of internal forces in the bottom slab under various operating conditions such
as normal operation and high water level due to accidents. The results indicate that after the renovation, the internal
force distribution pattern of the bottom slab has changed significantly, and reinforcement optimization needs to be
carried out based on the envelope results of internal force under each operating condition, and the corresponding
reinforcement measures should be taken for the original structure. During construction, the real-time monitoring and
dynamic control can be adopted to ensure that the structural forces in the actual operation are consistent with the design
model, thereby guaranteeing structural safety. The implementation effect of the project is good, verifying the reliability
of this method and providing a reference for similar renovation projects.

Keywords: tank; renovation; bottom slab; multi-condition; internal force redistribution

197K A AR SR8 AT AG R 1R -5 BT A1k

T

By ik 55 HE K

B 3 ) SR A R R AR TR A B BRI R4 SR Y
FREefd v, 15 KA 3 ks 59 @0 H H 4R 1Y
Z AR R E M T oK iR 5 AAE
it o [ A

WFsBHA: 2026-01-13

BEE2MB: LEm NI TaItRl BB (23D21203504)
fEE@N: BiRE(1978—), B, L, T2, ABXKLES
QAR

BEEE: E(992—), B, L, TN, NBLEMIER
T 5HRIIE. BF15F: caozhi@smedi.com

REY QUK REY G S BN IIPS 3 (A Ei
Yy, 7e 0 i AR P A A A BT B, B R R A

TE 5 7K AR BT 5 7K i B S5 48 it AR N
IR AT — B R SR SRR R e
B 5 M AN EAE R SR 1 R 26 I % 28
0 e) 28k T 00 , AN ] T 00 2 S BUR M N 1 A AR T O
Ao JUHRTE S R 2 F R R AR B 52 J ML
TN s , A G ) A A T 5305 3 A A e L2 3 9 3t gk
FESEBR TARRZS o JTARR, BB 454 70 S Y
K K AT EALEAR 0935 L, A BRIT 70 Hr 5 i 4 % e
e )l S (3t 1 B AN A A4 i B DT 3R B BE G VA
5 7R IS ARAE A [ 2 T 00 B89 N g 20 A R AE

ARSCRFE S Pr TR S, KRG IR T 157K 4k 5

< 247 -



IF LA 5% %

BRI BGES B P RAR 3 T AT S AT

2026 455 8 1

IIREY QN T e Bt B DR a G RS B g
e, IR Rl e o TRR S %

1 ITE#HR

ARSI FERT G R 5y T AV K AL BT SR bR
TR 1 EEHE K I G o R B o 1B A 57 TR e
K EE R, AR R 25 m, AN HLEE IR R 0.7 m, IS AR5
FE R 0.7 m, % R 10.6 m, M T0 b= 403 ¥ 5
0.3 mo TR b 05 oy il 14 B 1 e 2 [ I Jam THAE 22 A 1
JE 2 SN Dy o DA AR SR FH DLt T, 15 0 )2 R ks
Bt R AR SRR £, = 160 kPaCRIBIE) , HAE
RN T E TR N3 m R 3 HmE 2 .

TR M BT RR B B ZL S 7 B (0.1g) , 1T
RO L, 28 B T 2. S5 R TR B B
FRNh SR PRGN N =, ISR
TR NG, X R KA i 0 T 28 S b BR AR
E LT 0.5 me

Ji 5 7K b A R TR RS R, A R 2 b A R
X3k 2 B TR A 4 m BB A IREE L /ENEE
(WE1),

700 12500

DD
I}
S
S
S

300 2100

3300 2204 g0

LS
=
S
S

0

150,

12550
8750

-5.500 2 4 H

3
g

13000, | 4950 |, 5600 5005050 || _ 7500 _ | 3000,
900 500 A 500 900

E1 FEEHWE (R~ :mm,i5&:m)
AR YR B P SR 2 Ak 2 s DX S T 1
IKHE G o HARBGE WA NI 2 e, Bl N 25 64

PRER U0 XN J5UA B A R E 2 R A, >R
PR T 22 HeF DS O M BE S R e 45 4y o ARl
PO, Rz I XS GE R JE T 4.5 m Y R TR
e, DL R S5 F REAR ST AR E «

TE B i T39I E], B 3R AR s b, 5K
RARIF IR ZARAF T W A AT o IR T
JTIX FRghiz B R R, SO T 7 BBt
P st S

45l BB

SIS
H%4.5m

Fn——rr|. " f

JEER7A

| B 12500 70

N
o
3%
3
o1
=)
w
S
(<)
i
o1
=

10900
9750

1175 2325

—5.350
=z

1q0

B e N

-6.200 |

H2 SHEEE (R :mm, 558 m)

2 TRHSH

Jir 3 K s i X B TR N 4 m B AR
e I, AR AN IR AR T 32 i I 1N . MU T
B A 2 P DX 3 T R RO B R B R A8 A i IX
B L EE R EE L WG E 4.5 m, O SR
VATV MR A I v i 0 85 R o IR, 5 X i A i B A
AR AT RE T A0 N 132 1B AT A% . 157K N Y
WAL AEAS 7] T 00 B A7 AE B Bl , 75 WA #0174 41
5 7Kt P B TG LA 4 Fh T80
21 EFIBTHAKIR

157K N 1AL S B Ak T IR A AR



2026 4E55 8 1Y

BRI BRI B P R 3 T AT S AT

AL 5% H

PRFFH KB AT . AR THFR KM IE 5 181 T R S AL S m
P ], 56 28T 2R O JIC AR ) 245 A i B O R 4
il 24 5% Vi .
22 HHE/KAELIR

KA =S 5 K N KA T 2R 3 A 6.6 m,
A P 1 AR BT EE IR B Ak T IR A A ik ik T
T PR A o B0 S0 E 2 D IS AR ) S5 R 5, AN
il 4 5%
2.3 HEmKEHKAETR

B35 K N B K AR 5E e HE A BL =AM LT

IKASE IR B B e, 5 6B 2R D I AR AT A6 )
HAETEHIR T

24 MIBRKRIR

19 7K B Bl s i XIS 4 E H K A7 as AT,
b PV 5 T 7 2.5~5 m, BE AE I FH 7K R TiC 8 592 B0 45
FPLIF , ST sk O i i o A v it PR i 80RE R 51 42 119
IR AR AR AN TR R D X RUA T R TR
- BB B, Al X JER A 45 Al 5 B SR BE 4 ) R AT

M T & S EUR KR Z SR AR 2 AR, NI,
TEUCIE S A R, 75 BE A LR 4% 26 T 0T K e A
N8

3 EESW

TEALGETT 5 T3 ik v 4 H 4 1 30 B 7T A [
E ity B3 B SR X L S i I 2 g TR] ) S5 s M 2
SISO, B KR A RO, S B A B
P TORSY o B X575 7K IR R 7E 2 R 00T B 2452
JVRFAE R TR OE Bt R AR AT BR T 7 i 2015
AR BT

& Bl Autodesk Robot Structural Analysis Professional
B AR SO TR AL A BROTRERL (LK 3) , Bk
SUR (I
3.1 HEHEE

M EE AU E A BUE A R 52 BT, OF ™
(S IEE R 17 N W VAR RSP R Ly ccy 8
32 MAEZHG

TE % M b v 5 ) vk S 4 IOEE R AR B
20 000 kN/m* , #5 Jhy A5 $00 3 B8 1Y) 29 A A
3.3 fardkitEsm

AR S LUIE F 38 AT WK 00 R 1), K32 T 00 X 1
AR Ay 234 A it i TS (L &L 4) , 2 A0 oy 2R T
15 7K M IE B 2 AT I A A KT 28 Kb THURR | 1 2

TH12

B R30X 240

B R40X 50

B R40X 70

B R10X 70 (1)

B R50X 150

B R60X 100

€ R30X 30

€ R40X 50
DL1-B R40X 140
DL2-B R50 X 160

TR
596 k| LR U i 4 b ey 2808 =Xt i T b R Bk
B LA R, FOAR T LT HOREAR  He Rt
BT L R B B L

FZ=-135.00

=
slFz=—13500
F7=-135.00

==
=
S\

s ._'-:' p 3pZ=(-165.00,-165.00, ~165.00)|

b 3pZ=(~165.00,165.00, ~165.00)

b 3pZ=(-13.50,-13.50, ~13.50)

p

E4 EHEFp TRATHEGEE (&R KN, EHEH:kPa)

34 HMAE

PLIE #3847 WK T80 R B, I ARFE X .Y 7 [l
B B AN S s, Ay TO0 T B 01 40 A6 45
F4 FEOGE IV T 450 10 A BE SR R
35 HWhDHERSW

XiF H % 2 T 0L K SRS AR PN T 0 A B a5 R, AR
A LT 4SS

Ho— AEIEH s 47 K T80 5 FE0m K 7 T
TR MRS Ak A B 5 BRIt BE SRR Ak A N
B R TR T A s R A PR
F14) T 177 i <R AR A AR

H o R HE S KRR B B T B0, B 8 2% s X 3
) PN 7 AR 35 /0N | L A7 At X3 g 28 A8 AR G S i), R
o83 DR 3G A A J 5 P g, R AT IR T A X R T
LA TG A . E A PR, DS A 7 B e oK

H= R TSR TOU R, 28 R BR X 4k 5 R 4F
Wk TR R 52 AL A A PN R G B G 25 PN T i IX

£ 249 -



X

BRI BGES B P RAR 3 T AT S AT

2026 475 8 1

241.35

225.00
187.50
150.00

) AP a5
90 oSN b s 263 nsam

s 3 112.50
k710 a2
aps 1935 872 "4 TR s s1s e 75.00
O gass 2amz sz E 37.50
8331 1308 _jpa0 5 iy '
B 5532 3665 769 1484 5 | 0
1386 2940 7950 ems 4 ;
304 2413 ¥ 37.50
~75.00
-112.50
-150.00
-177.84
EEupA|
L356 (MK L)
- =
“2s86 19952479 1353 9260 308y
032 3275 204 387 By -
467.96

420.00
360.00

N
8491 -2344
1704 mm* a3
P2 RN At ) 300.00
72;: %16 ::: 7475 43l o 240.00
B2 el Tl "~ 180.00

5110 22 M7 0 40 5846 | TOSE DA st om (13(2)0080
as2 ~ -17m ' i / .
S wee :::2:] 65 o 1928 PV 20w 0
26} 268.64 i ¢ 4875  -6848 -60.00
L i e s e ~120.00
W O e ~180.50
: 211 -235.00
! EEIpA]
L6 (WKL)

(o> I E oA
B5 MR TSR (#4:kN-m/m)

V1A T 7377 A 3] 92 TV
36 ELEMEAHEZSME

SR TERT N I 3 AT ARG B i R A5
JEBISR 2 b 8 R G DX 88 T AC A AN e o A B
Jith « ot JEE AR TSR E AT 1% B AL BE, I D SUE BE A 150 mm
(RS 2, ot L2 XLl A9 il C16@200 , DA 2 A T
132 18K

4 IFLTE

R B R BT o R PR R g G R R AR B AR E M O
FERE 5 A 25 S DU AR TR ™ b i MR B R B B3 5
(it WP 5 20 SR, Sk 2 Ak s s XY I A
Ml St 4 i A ) A5 it T
41 ERBEAR

— S A AR B X P L, R D R
JK MR TAC B 52 IR A5 R T TE , SCRT R A A o AR P
iy 28R R 5 1 2 18 7K b AR 287 A A2 T A

IR R BR 2 Ak S R By XA A E E R
BE T 20 R A D Wt BE K b R A A | [ 2D B SRR 4
[T lTA 35 S P AT PP I e = e S R
Tk JEE AN — 5| e Ml 10 g 3 A AN K 1 i S

FN ) OLRE 3 A A PI 2e 2 fU
42 HEMERE

Jits TS 8], ] 25 Sl 22 30T Mg 48 e, LA DR B 25 4y
A SRR A R

— B KL Bl 25 W - T 37 Ml B M K7 A
Ak 23 M XS A 328 17 7K FEAT S M, 8 £ it T3
[ 7K Tt B B 7 AU AT 45 BETT 2R

TR VUKL WL - A6 R SR O B R AL AR G A
BRI L, T A I s I 0 2%, s 3R A i O
S AR R X

= T AR SR - R B IR IC % A% i T3
TR L R R R B RER T A B DR S Bt T
FAF 5 AT FROTR i (B 2R AR — L

PG T DL 6 BT 7 38 2k 7 M 1 o Al 4
55 S AR, A T S B T i B A0 2 Al 52 TR
SRR R Y&, A RIE T TR

6 REIHEIE

% it

AR SCHE TS br ko TR, 32 1 — R B X BEA T
7K R R 2 R R 8 £ 0 B BT 0 T4 R O
%, DI R e s TR IS % . AT 4
MFEEESE,

Ho— A5 K M BOE Bt R &2 i e
O B8 T S M T XA R SR AR Y A2 1
OLHEAT A3 BT o 0, FEAS AR 5 0 e it L B
M2 J1AE A, LK B JA i IE s AT K 0L
FOR KL T O HEZ KRR 18 T Ot A7 335 9%
# T ULT 1R N 3 o0 A g 46, 8 JEU45 14 1 1 555
JEE N . TR, I5 KRR AR T50 T
M2 JPRESFFAERFEZES . RIS, JRH N 1%

+ 250 -



2026 4155 8 #1

BRI BRI B P R 3 T AT S AT

IFEA 5%

708 (18 5 DR A o AR S R TR R R T R
AL, BTG R AR N A o X TR A 32
TIANH JE R ZER AL 75 SR B R 149 o [T e it

H b K A7 BE W R A 77 s B R BOR,
T A ) 00 S A R 8 1Y R i BEAE T T By
BORFEDUIFBCE M, PR, 5 7EAS [R] B B4 il
WKL

HC= i T B it T 22 B WA 45 R Y
SEPRAZ JIRAS o i TR B A5 A 2 1 ARAS, AT RE K
SR C AU T AR o 25 R R TR T A 243 AT it
T BB 448 52 I RPAE

Hor, S ORUE S PR A8 52 ) SRR — 2,
Tl AR v R AR A AR ML ey 7 Ak 5 3 B Ok
fFo UHRAEDBAT G KA BEE5 1 vh, m] LA
30 3R] A it T I s 2 R A A 4 e B
PRt Tk 7 rp ¥ Ko ) 52 RS BT E B AR —
2, i G PR T 25 T B S5 A AR
Bk
(] EAGE A 5K S5 A SO BRI R 244, 2017, 34(1) :

31-35.

FET BUR ST K AR BT OK i B0 S (0. 45 R4 4, 2018,
35(6) :46-52.

(2]

(L% 226 W)

T2):14-17.

T HEARAE 55 ol - I HERA T & e R 5 [R].2024.
kA L L I R LTS KK T R A BT K R | 2023,
42(11):101-111.

WAk, AT, E AU R R AR T S T K A B R S K A B
AAALEFE(T). IR T BB 5 Bt , 2024 (3) : 98-102.

[/ L e S N w2 | o NN U R B L B WP g A -
KRS P 25 K HEK L 2021,37(10) - 83-88.

KSR T AR KR IE R R G R O——" P
AN =AHEER TS K T 2K 100% 7] FH[EB/OLL (2023-08-31)
[2026-01-07].https://www.thepaper.cn/newsDetail _forward_24438098.
G, THLZE . 32 E T 275 Kb B 1 & 8 5 24 25 S ik (D],
2 KHEIK L2021, 57(8) : 49-55.

B R T RS0 TR V5 K Ab BT SR s —— DL R 5 Ak Ak

71

(8]

(9]

[10]

[3]

[4]

[5]

[6]

7

(8]

[91

[10]

[11]

[12]

[13]

[14]

[15]
[16]

[11]

[12]

[13]

[14]

[15]

- 251 -

A, e R, B 00,4 E P b a5 A B A BOIR 5 & ().
rhE 25 K HEAK ,2025,41(14) :35-43.
kB Y FER R, TAEAR, 45 Kb 45 04 5 1 L SE Rl 2 ) 1 i F
5T IR B AR 2548, 2006, 23 (2) : 15-18.
T A b I T B K S5 R T 0 5 BR 2
Z50y,2012,29(2) :23-31.
SR . K RS A T M b 3 A P N R RS
2024,42(1):162-168.
TR, AT R A TR Kt 4y Bk S S RIE R 4
WD) R Rl 2544, 2024, 41(4) : 7-12.
T b I T R K B(E A3 B S AR R A R, 2008
325(1):55-57.
K HEK TR MR F M i 2 & L Sk HEK TR 5T+
WM. 65T - v EE SR Tl S WA L 2006.
CECS 138:2002 #5 7K HE 7K T8 45 #4) 59 717 TR E = 7K 3t 45 44 1% 11
LA [S).
B AR HEK TR K M A5 R = e S R A R X EE AT .
FERh 45,2014, 31(6) : 35-49.
JRVE O AN IR BE K A R OC B R S T AT,
Fh45H,2016,33(1) : 29-43.
R AR, G ilAR 2 =4 R CH AR K b
N = FE K F1 % L, 2016,32(3) : 59-60.
RELE IR, whRAE . UL A BRI RE X35 P A b P o B9 B2 IR ],
Fefpgtifhy ,2010,27(5) :43-45;52.
GB 50009—2012 #3545 4 o7 2k FLSE [S).
GB 55001—2021 T2 4 3 HI B [S].

R(J].

RSO R BT A A AR5, 2019(3) < 141-143.

TV, RS, WhEAS , 25 . b X5 K TR VA T Se e
BEFEL. b Jy 24 Be 2% 4 , 2017, 33(5) : 434-438.

SV 3 AR R AT e LR B AE L IR 1 7 (D). 3T T AT
5Bk, 2017(4) : 110-1125 126.

b VK 55 T .0 T T2 KR Y R B 3R A R R @ —— T AR T
KA T v LK O AR AE IS U T AR R T T B [EB/OL.
(2023-10-17 ) [2026-01-07].http://www.water8848.com/news/2023
10/19/147726.html.

UK S L R T AR KR Y SR B R G R R @Q—— I B R
M, TR M B B E [EB/OL]. (2023-09-05 ) [2026-01-07].
https://www.thepaper.cn/newsDetail _forward_24495617.

RIS AP, TS 45 5 K SR BUIR S ROk ], B8 T
F#,2024,42(9) :13-28.



