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Abstract: Steel frame with the reactor is subjected to large and high-frequency dynamic load when the reactor is stirring.
However, the design of this kind of steel frame structure usually adopts the static design method, and the static
analysis cannot accurately describe the dynamic effect of the reactor acting on the structure. In order to efficiently
research the dynamic effect of the steel frame supporting the reactor during the operation of reactor, a simplified
modeling method is proposed in this paper to connect the reactor dynamic system with the steel frame using mass
points and beam elements. Based on the current standard Vesse/ Supporis—Part 4: Supporting Supports (NB/T
47065.4—2018) , the performance of the bottom joint of the reactor support, the overall structure, and the dynamic
response of the reactor stirring blade under different rotation directions are studied, and the optimization design

research on this type of structure is conducted. The results show that the vessel supports and joints designed according
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to the current standard are the weak parts of the structure, while the optimization design of the support based on the S-

N fatigue curve of steel can ensure the structure remain within the elastic limit during normal operation. The method of

"opposite of adjacent" used on setting the rotation direction of the reactor stirring can make the load-bearing structure

have the minimum elastic deformation. This study provides some reference for the related design and research work.
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Table 1 Steel section specification

A %5 R 5 /mm #
HO1 HNS500X 200X 10X 16 Q2358
HO2 HN400X200X8X 13 Q2358
HO3 HM340X 250X 9X 14 Q235B
HO4 HW250X250X9X 14 Q2358
HO5 HWI150X 150X 7X10 Q2358
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Stirred reactor structure and bracket support (unit: mm)

Steel frame structure (unit: mm)

T 19 i B (1% Bl 1) 52 AT i o 67 A R 2K
IR JXUAF 268 A5 8 Ay Bl 1) 1 AT R, O RO SR RS R 1Y A
TS AR 3R 0 R R o TS BR TR v, RO 4 S AR D K
JEHBTT S AR R B2, e S #7508 B v 22
SRR 1Y 7 A AR Sy A g > WP i A L2 S AR A B
PATCRIRY X1 AT R AT . SR
N R TES U P Ay W = B L Y N i S IR e (S TN
BAE . RHA R ITH M ABAQUS # 7 AU, IWF o %
JAE JEC Y a5 A A A AR ) N T A il e

Fie B SCBR TR 12 104 LMk S e i A7 gl B, &1 3
B 7, G o b D BE R SRl B MR A% ) (GB/T 799—
2020)"8 Ffr ity C R b ARSI B A S CHLAR Tl )
B 45 M M ) (GB 50906—2013) By HLsE . 4347 %
FEME A 5 Hl KL 2 [ ) 4 ik, b G rp B R 1) TR 8 R
225 1 J7 U HE AT dE AR, iz s S 5 5 0l M A A G F
OB AR ] T IR, RS K1 43 3k B HyperMesh # £
PEATIE G5 B, T A 3844 % F C3DSR Bt AUl .

2.2 TREBREA

SRR RS B2 S M A I 2R S B T B AR R 2 ) 1
K F o I AT B B b B A A (R R A
AT 5L R AR R B T LR 34
TR < T A5 AR 5 A 7 A 5 S UL % ik B v 9 A% 5|
I3 B 5 AW A S I A IR B BB B o S BRI SR A A 4,
A S RIS Ar  EATZ B E R aniE 4 B B

¢) ORISR P



5 43

5 AR I 28 ) B HE R 454 Bl T PERE 0 S BT 27

H B AR A

B3 SRR
Fig.3 Model of support

W R 5 3 o (L A% S B I K S B e O HE WA B
BHEEAT o0 Hr e For 1Y AR I AL 48 DU 3 A HB 0 - 328
JEE M AL I 5 Ml PR A A8 I 5 Ml R SRRt AR I

O+ O+@ @
B i —+Z2
4 = ! ’ e
K
5
: ,’ W7 SHAETEALRS
L O
| QAR

B4 TRRERE

Fig. 4 Model of deformation schematic
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Fig. 5 Description of different load cases
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—0.000 3115 —17.918 0.009 890 0 68.416
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Fig. 13 Boundary condition model of support joints
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5.2 ZhhmmpzsaiegR

BEX 40 4 3 J3 R Sr B 00 SR ORI T 4 R sh

o3 13 R < e KR LS w,, PR LS w,, IR K
ME N AR BE B P YIRS RE B o SR WA 17
FTR o

J2 (B S 5 FH T DA HE S 245 1 8 b 72 A FH b iy 4 403
T g 102 R o [ RE S T VA HE 2 A B B BE Y
TN o For, e K2 LS w,, Ry T0UZ A9 2 Y 7K
SRS de KA 8 E R B A S IR 5 B0 Ry g B
Firpe e o SF 2 RE RS ., AT AT TR e R K- A2
B0V (8, B T 4 HE Z0 3% PR (0 K P07 RS R B L L
N7 A5 B Ay 445 KA DA 5L AR T R A K A 22 400 i DR S T R
B R, DR I B A% S W I 45 g BT A (00 38R 1k A8 T 1 B
Ao Hod B Kk R AR RE E . 38 7R B A G5 48 1) B A B
AT AR o 2y bk N AR BE E b B RS BT R 5~10 s
DALY O AR BB BT M, RO T IE W TARR S T ARG
Fa 1 S 2 PR AR O R B . A DA b 4 R Rl Y X B T
A5 75 75 RE U B A b S WA [) 7 S8 I 5 M iR B PR R I 5

*3 BMABHVRAESH
Table 3 Random initial angle parameter of mass points
. s /()
T % 5
15/k& 2855 3%KE ASKE S5HRE 65KE TEALE SEAE 9FRE 10F AL
FNO1 337 149 253 240 19 26 48 111 75 66
FNO2 210 157 176 41 22 309 65 91 284 296
FNO3 17 202 349 45 278 80 179 344 157 194
FNO4 224 41 265 225 200 151 19 197 196 271
FNO5 283 240 164 84 223 169 102 205 354 87
FNO6 302 166 234 174 129 340 263 89 157 213
FNO7 349 14 191 235 220 158 154 264 217 339
FNOS8 173 151 5 219 136 172 44 132 16 203
FNO09 287 245 189 252 8 299 173 68 353 126
FNI0 350 27 8 268 192 205 274 165 6 283
307 N eI ) 47 = H R a R Xﬂ‘?éﬂﬁﬂ%TH‘JfﬁU’Jﬂﬁl@,%Fﬁquﬁ{ﬁﬁféﬁﬁ‘
0l =TR3 =R 23 =R =R A A 2, BT A SR
% %2 xmzexp(li:lnxi) (8)
S 10 & 1 ni=
o g — W B TR, AR SCH o 1050, &5
OSRISEASRS  SUSERSRASAS  E M T T I 175
o eSS WA S S e T X
% Dﬁ%‘l ;ﬁ%; N %0 s e 5252 e AR B T AE o VA B 4 3 o e
= J7%3 = iR L Db d F) o 57806 046 4 TR
520 320 B 25 ST : R 7 58 L AR AR 45 = 7 Y R T Tk ik
410 3o 0545 BLAT B BB PSS OSP4 2 R A5 %
JE Y S AR DT 58 R I 7 28 4 J7 I — B0 Y T 5 RE AT
o L ol e AR EIR R 2 =8 N T NN S I = =9y 2

DS FH LR SO
@@@@@@@@QQ
) T KHPEN AL GEEes
B17 shAmM{E

Fig. 17 Dynamic response values

YD IH LA EOL

SRR

d) FE SRR AL B Eesa

i) — A7 45 49 {18y 9K 7 A A R 7 B R SO A . AN TR D7
S84 3y g e 1 Hp A AR A B R 25 S B/ T 1006, B BTR
[ Sz 7 42 4 1 e e D 1wl 158 X 25 AR B9 AR T 2800 5

B



554 P4 380 5 IV 48 ) HE ZR 25 7 3 o Mk RE 23 T S B 2 33
F4 AR AE
Table 4 Median values of dynamic response
I8 AR & 1 AR A8 & 5F R 2: ARG &t IR 3 AT B FEL TR
K& WAL A u,,/mm 17.436 17.862 17.902 16.487
4 ERAEA u,,, /mm 1.953 2.027 2.042 2.009
RS EARE, /K] 17.558 18.370 18.088 18.076
TS ERE,, /K] 14.931 15.278 15.026 15.396
6 it S E Lk
HWFIR RIS w L R e ng sy [ 1] W R A & S 55 4 %7 - R K S - NB/T

TR SR VR AN , 3 T4 R T4 ABAQUS 47
BEAAT $2 T —Fh il o it & o5 S BT N 22 8 )
A 2 55 B0HE Z0 3% B 1 fT Ak 485 7 5, JF 5 SAR BT AR Y
LA SY T A BB T N 25 . T R AR AL 5 b
Z AT AL B4, 8 2 A AL A BT T T (AR X
JE A5 ARy A ) (NB/T 47065.4—2018) % it
PR J52 I 4 SRR VS 3 19 A I S AR - A i L IR Z O &R
[ VAN 2R G K T Ol B 7 S B VA Y 1S
TR FH 2F= W1 A5 D 7 X e AR 2 ) 2 o o o A 2
5o ZHELE TR TAERSE I T 45 kb4 5+
BEFE 7 Wi By %%, IR ENL T 40 41 8h 3 B A AT T itk
TIXT e LT FEE .

(1) FFXF R 2 58 AL 8 & 77 4 09 2.0 30 faf
WAE RN BT, AR SCER B R R S — By = 4E R R OT
A R R A8 D v AR A R Ak
AR TR AW A BR T iR it = 2%

(2) HFER LI B AT AR ) (NB/
T 47065.4—2018) ¥ 1 14 75 7% 32 7R X 352 88 bk 700 43
SN 2 7 A 1 Bl ey 2RO ER AN R SR S AR A RO 28
Rk TAERES T S & ETEMR, B 308 ERE
X HE S8 A7 A6 2 2 481 3% XUS: , 1 2R F 4 J@ 9% 95 S-IN il 26 %
SR 4 S E EAT BT AR AL, T o 2 A R i A T AR
P TR 3R B R

(3) S X BIHE B 1R 2 19 224> B0 3l 47 2% 0T A7 A 19
WAL B) 1 B AN, A 4% S 09 RN 28 T I E R 1)
WB R NI . A N 2L F iR T8l
fof 88 TAERGE T L4 b T Hofl o7 5 % 7 BT R 450
HEZABAL T 0T BB Gk S 09 fe /N3 v AR B i
e/ NEY R S

(4) BFFE T 5 T S0 58 48003« SO =037 8 )
TR S5 R 48 S JE JES B YT A Y S A - Al 2R, o BT R
T ECSEE O T ) b B AR T DL K M 2R ) B 1D RS A
Ll 2 S 2 Ml R T R b R %) 14 AR R, TS e SR PR B B
SEVE B B (R 35 5 0.01 rad B ) B 90 25 7R 25 7 20 ) 11
T 14% F126% .

(2]

[3]

[4]

[5]

[6]

(7]

[8]

[9]

47065.4—2018[ S]. b5 - B4 i hitat: , 2018.

National Energy Administration. Vessel Support—Part 4:
Bracket Support: NB/T 47065.4—2018[S]. Beijing: Xinhua
Publishing House, 2018.(in Chinese)

AR N R Tl A AE B AL ES . A9 Al T A BT R A AL
1 :HG/T 20580—2020[ S]. bat - Jmt B2 HoAR At 2020.
Ministry of Industry and Information Technology of the
People’ s Republic of China. Standard for Design Base of
Steel Chemical Vessels: HG/T 20580—2020 [S]. Beijing:
Beijing Science and Technology Press,2020.(in Chinese)
B W KRR X I A i R 2 A 7 T A U 30 4
Ji (10, 7 5045 # % 4l , 2010, 31 (% il 1) = 84-91. DOI:
10.14006/].jzjgxb.2010.51.017.

LEI Honggang, FU Qiang, LIU Xiaojuan. Research progress
of steel structure fatigue in past 30 years in ChinalJ].Journal
of Building Structures, 2010, 31 (Suppl. 1) : 84-91. DOI:
10.14006/j.jzjgxb.2010.s1.017.(in Chinese)

PIERALISI I, MONTANTE G,PAGLIANTI A.Prediction
of fluid dynamic instabilities of low liquid height-to-tank
diameter ratio stirred tanks[J].Chemical Engineering Journal,
2016,295:336-346.D0O1:10.1016/j.cej.2016.03.026.
BUSCIGLIO A, SCARGIALI F, GRISAFI F, et al.
Oscillation dynamics of free vortex surface in uncovered
unbalffled stirred vessels [J]. Chemical Engineering Journal,
2016,285:477-486.DOT:10.1016/j.cej.2015.10.015.
BUSCIGLIO A,MONTANTE G,KRACIK T, et al.Rotary
sloshing induced by impeller action in unbaffled stirred
vessels[ J].Chemical Engineering Journal, 2017 ,317:433-443.
DOI1:10.1016/j.cej.2017.02.099.

/NG A PO 2 IR B o A e A AR AL [T ] AL LR,
2020,47(1):37-40,53.

LI Xiaohu. Vibration analysis and structure optimization of
stirred vessels[ J].Chemical Engineering & Machinery, 2020,
47(1):37-40,53.(in Chinese)

[ 2 3 B R R IR S A v A A B 2 B2yt R
B :GB/T 799—20200 S ]. b5t : b [ brafe th A AE: , 2020.
Market
Standardization Administration.Foundation Bolts: GB/T 799—
2020[ S].Beijing : Standards Press of China, 2020.(in Chinese)
A N R SL R E B AR & A B, AR N R R [ [ K

State Administration for Regulation, National



34

H O R

527 %

[10]

[12]

[13]

[16]

[18]

JoT i M B G 0 A i R L BL B TR T B A R R R
GB 50906—2013[S . Jtxt: [ 31K i piAt, 2013.

Ministry of Housing and Urban-Rural Development of the
People’s Republic of China, General Administration of
Quality Supervision, Inspection and Quarantine of the
People’s Republic of China. Code for Design of Machinery
Industry Workshop Structures: GB 50906—2013[ S ].Beijing :
China Planning Press, 2013.(in Chinese)

WU T,HUANG F H,ZHANG D C, et al. Anchorage failure
mechanism and uplift bearing capacity of L- & J-anchor bolts
in plain concrete[ J].Engineering Failure Analysis, 2024, 159
107991.DOI1:10.1016/j.engfailanal.2024.107991.

YU S S,ZHU W C, NIU L L, et al. Experimental and
numerical analysis of fully grouted long rockbolt load-transfer
behavior[ J]. Tunnelling and Underground Space Technology,
2019,85:56-66.D0O1:10.1016/j.tust.2018.12.001.

SEOK S, HAIKAL G, RAMIREZ J A, et al. Finite element
simulation of bond-zone behavior of pullout test of
reinforcement embedded in concrete using concrete damage-
plasticity model 2 (CDPM2) [J]. Engineering Structures,
2020,221:110984.DO1:10.1016/j.engstruct.2020.110984.
REN W ,ZHOU X H, WANG J S, et al.Pull-out behavior of the
pre-installed lifting anchor with supplementary reinforcement for
the precast concrete segments of wind turbine hybrid towers[J].
Engineering Structures, 2024, 303: 117547. DOI: 10.1016/j.
engstruct.2024.117547.

NONAKA T, ALI A.Dynamic response of half-through steel
arch bridge model [J]. of Bridge
Engineering, 2001, 6 (6) : 482-488. DOI: 10.1061/(ASCE)
1084-0702(2001)6:6(482).

GENIKOMSOU A S,POLAK M A.Finite element analysis
of punching shear of concrete slabs using damaged plasticity
model in ABAQUS[J].Engineering Structures, 2015, 98: 38-
48.DOI:10.1016/j.engstruct.2015.04.016.

WANG Y J,WU Z M, ZHENG J J, et al. Three-dimensional

using fiber Journal

analytical model for the pull-out response of anchor-mortar-
concrete anchorage system based on interfacial bond failure[ J].
Engineering Structures, 2019, 180: 234-248.DOI: 10.1016/j.
engstruct.2018.11.024.

BENMOKRANE B, CHENNOUF A, MITRI H S.
Laboratory evaluation of cement-based grouts and grouted
rock anchors | J].International Journal of Rock Mechanics and
Mining Sciences & Geomechanics Abstracts, 1995, 32 (7) :
633-642.DOI:10.1016/0148-9062(95)00021-8.

rh e N B SRR [ 50 B W R IR A R, o I R AR
WAL 22 D1 2 IR HLAR M RE R A IR AT MR AL - GB/
T 3098.1—2010[ S ] Jt5C . A AR ) ilL, 2011,

General Administration of Quality Supervision, Inspection and
Quarantine of the People’s Republic of China, Standardization
Administration of China.Mechanical Properties of Fasteners—
Bolts, Screws and Studs: GB/T 3098.1—2010[ S ]. Beijing:
Standards Press of China,2011.(in Chinese)

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

KE K,WANG F M,YAM M C H, et al.A multi-stage-based
nonlinear static procedure for estimating seismic demands of
steel MRFs equipped with steel slit walls [J]. Engineering
Structures, 2019, 183: 1091-1108. DOI: 10.1016/j.engstruct.
2019.01.029.

ERW . 2 e B 45 A 22 O R T B P R
EWFFID] KV IR KA, 2019.

WANG Fuming. Study on seismic performance and analysis

o ¥ 5

method of multi-yield-stage steel structures subjected to
multiple earthquake motions[ D ].Changsha: Hunan University,
2019.(in Chinese)

e N R SE R AE B AR & A B, o AR N R R [ K
JoE ek R A 56 A6 8 B R A BT RR B LV GB 50011—
20100S].2016 ft . dbut « A7 R A A Toll i Rk, 2016.
Ministry of Housing and Urban-Rural Development of the
People’'s Republic of China, General Administration of
Quality Supervision, Inspection and Quarantine of the
People’s Republic of China. Code for Seismic Design of
Buildings: GB 50011—2010 [S]. 2016 ed. Beijing: China
Architecture &. Building Press, 2016.(in Chinese)

Federal Emergency Management Agency. NEHRP Guidelines
for the Seismic Rehabilitation of Buildings: FEMA 273[S].
Washington, D.C. : Federal Emergency Management Agency , 1997.
BEGRES T R SRR TROAY Q235 B R SR 9 55 Mk BE T AR [T ]. HLAL
T2 ,2018,54(6):1-9.DOI:10.3901/IME.2018.06.001.
FAN Junling. High cycle fatigue behavior evaluation of Q235
steel based on energy dissipation [J]. Journal of Mechanical
Engineering, 2018, 54(6) : 1-9.DOT: 10.3901/IME.2018.06.001.
(in Chinese)

SRR, M L L, R AR R A R R L RE B )
I A 53 [T 2 K TR 22 4l , 2015, 48 (7)) = 30-40. DOT:
10.15951/j.tmgexb.2015.07.004.

ZHANG Yanxia, YE Jjian, YANG Fan, et al. Seismic
behavior time-history analysis of integral steel self-centering
moment resisting frame[J].China Civil Engineering Journal,
2015, 48 (7) : 30-40. DOI: 10.15951/j. tmgexb. 2015.07.004.
(in Chinese)

XUSCHE, E ok H, 0, 45 v A R B L A R B P g
W BT FE [J). &K TR 2242, 2014, 47 (11) : 64-74. DO
10.15951/j.tmgexb.2014.11.041.

LIU Wenfeng, WANG

Experimental study on seismic behavior of high-strength

Laiqi, GAO Yangiang, et al.

reinforced concrete frame [J]. China Civil
Journal, 2014, 47 (11) : 64-74. DOI: 10.15951/j. tmgexb.
2014.11.041.(in Chinese)
CHOPRA A K. Dynamics of
applications to earthquake engineering [M]. 4th ed. Upper
Saddle River: Prentice Hall,2012.

CHOPRA A K, GOEL R K, CHINTANAPAKDEE C.

Evaluation of a modified MPA procedure assuming higher

Engineering

structures: theory and

modes as elastic to estimate seismic demands[J].Earthquake
Spectra, 2004,20(3) :757-778.DO1:10.1193/1.1775237.



