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Optimization of Culture Medium of y-cyclodextrin Producing Strain Glycosyltransferase

TAO Zhi-jie™ ,XIN Nan-nan,ZHOU Jie, WU Yi-li
(School of Food and Biology Engineering,Bengbu University , Bengbu,233030, Anhui)

Abstract : In order to enhance the production of y-cyclodextrin (y-CD) and improve the specificity and
activity of the catalytic enzyme +-cyclodextrin glycosyltransferase ( y-CGTase ), E. coli BL21/pET28a
( +)-y-CGTase was used as the research strain in this study. The effects of carbon sources, nitrogen
sources,and norganic salts in the fermentation medium on strain growth and enzyme production were in-
vestigated. The composition was optimized by L, (3*) orthogonal test that was based on the results of sin-
gle-factor experiments. The results indicated that the optimal formulation for the fermentation medium was
as follows :maltose 12.5 g + L.™"  beef extract 15 g - ™', MgSO, 4 mmol - L.™' ,K,HPO, 0. 15 mol - L',
and NaCl 10 g - L', Under these conditions, the enzyme activity reached 1920 U + mL™", which was
2.45 times that of the enzyme activity in the LB medium. The optimization of the fermentation medium en-
hanced the catalytic activity of y-CGTase,and the process was simple and cost-effective.
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Study on Combustion Kinetics of Lignite Based on Non-isothermal Thermogravimetry
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(1. School of Material and Chemical Engineering,Bengbu University , Bengbu,233030, Anhui;
2. School of Chemistry and Chemical Engineering, Anhui University of Technology , Maanshan 243002 , Anhui)

Abstract : To deeply understand the combustion characteristics of lignite , the combustion laws of five typi-
cal Chinese lignite were investigated by non-isothermal thermogravimetric method ,and the combustion ki-
netics model of lignite was established. It found that the metamorphic degree of lignite is an important fac-
tor affecting its combustion characteristics. The ignition temperature , burnout temperature and maximum
combustion rate temperature of lignite increase with the increase of the metamorphic degree,and the flam-
mability and comprehensive combustion performance of lignite weaken with the increase of the metamor-
phic degree. The combustion activation energy of five kinds of lignite is in the range of 69 — 101 kJ -
mol "' Tt also found that the structure of lignite is correlated with the combustion activation energy. The
activation energy of lignite combustion increases with the increase of aromatic structure and condensation
degree of aromatic ring,and decreases with the increase of oxygen-containing functional groups and alkyl
structures.

Key words : lignite ; thermogravimetric analysis ; kinetics ; non-isothermal ; combustion
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W OE R AURERE A TR A RILT L E AT W0 Swi. % HIC(WHCO5 ) 44, 1 A 100 eV 4.5 F #4745 1B
(/¥ 6.0x10” —6.0x10* He - m™) , 3 /£ EMS-60 &, F k% & P AR T 3mE A # R 47 (220 —440 MW - m
5 ms B ) $FALH (WHCOS ) &2k b AL 00 %ok, 48 R R0 . R 48 MR AE 5 04 4 2 od 3 JF 2L BIA 4 330 - 440
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Effect of Helium Ion Irradiation on Thermal Shock Resistance of Rolled W-HfC Alloy

WANG Yongkui® ,LYU Changpeng

(1. School of Material and Chemical Engineering,Bengbu University , Bengbu,233030, Anhui
2. Anhui Provincial Engineering Research Center of Silicon-Based Materials, Bengbu,233030, Anhui)

Abstract; W-0. 5wt. % HfC ( WHCO5 ) alloy was prepared by mechanical ball milling, vacuum sintering
and hot rolling. The effect of 100 eV Helium ion irradiation (dose 6.0 x 10* —=6.0 x 10* He - m ™) on
the thermal shock resistance of rolled( WHCO5 ) alloy was studied,and the effect of fusion reactor transi-
ent heat load (220 =440 MW - m .5 ms pulse) on the EMS-60 electron beam equipment was simula-
ted. The results showed that the thermal shock cracking threshold of the unirradiated samples is 330 — 440
MW - m >, while the threshold is reduced to 220 =330 MW + m "> after high dose irradiation (6.0 x 10*
He

the main reasons for the performance degradation. The second phase HfC particles inhibit crack propaga-

- m™?). The decrease of thermal conductivity and the increase of brittleness induced by irradiation are

tion through pinning effect. The research provides key data support for the optimization design of plasma
oriented materials for fusion reactors.

Key words : Tungsten alloy ; thermal shock resistance ;ion irradiation ; coupling effect
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BRSO 3R A v 0 DURL S 3 e 3% o A b IR
PN o IR A3 B BOAE A AR I e 1, A Y
A R I R i o ko A o o 24 S0 AR 1Y R )
{8, TEREHR /R S5 B - — O ) S8 HAE TR MR
Pt s ROBESAR ML, o 3R A8 HE MR IR A% T S PE T
i B HEOC B S IR AKHE -

1 HR5HE

1.1 RIeH#Y

W-0. 5wt. % HfC ( WHCO05 ) & 4 #1145 %
o 0 S M A (A E =99. 9%, 5 1 149K 0)) 5
TR ERAL AR By AR CBLA% 1,25 pm) 1E R 5k,
PRALHA R4 o 1 B B e, >R T WXQM - 4B 7l
Eb=UAT BRI R 40 (KU R AN) SEREALIE A 42 1L b
B, 2% LR R 1 i B 25 4 - AN Ak
e B AL 2 P Ao 55 0 S A T (BB LE 82 1), BB 4K

Bij i 2R BT LA o FEME PSRRI R Y, S8 2ok = KA
WU A SR <0. 1 ppm, KK B RI2E#
TR DHESFR P2 300 rpm (45 sS4k,
SR HIIE B 32 i (IR 5% 60 min/ i 20 min— 2
& 60 min/ it E 20 min ) 52 5P SE I A, Sk
B 4 h, 200 7 3R 15 09 52 6 0 R FE F128 IR 5%
(1800 °C/20 min) 58 B L b 2 5 , 3l 1 #4L T
2 21 mm JEERRIN T E 6 mm AL AR B (HLAS
150 mm x 220 mm) , il # A R E LA FILE S T
SR R T A R A S R
SPREBE
1.2 KEHE

WHCO5 # il i FF B S5 48 77 1000 °C/h (1% T b
PR K T2, FE S 7E 1000 °C 3Bk 1 h DL 5% R
I3, X RAEAF BN AL B (AL FE I it ) 2 A
AL IR, SR AL A VT E S 10 mm x 10 mm x 4
mm FEAEREHL, I8 F 10% £2:EUL R Fi1 10% A &4k
BN KO A R A TGN ] (A
W (OM; ZEISS eAX10) X #F: fif 32 I #E 17 AL
AT 42 4 7 %5 F) SIGMA Y73 % 5 1 4l i 7 I8 Tl B
(FESEM) - 9 dib AR 25 (0 (] 2 FERR A= A AR
F] ) WSCAR HL T O AT S BT (CEBSD, i g ok 10
KV) e a3 B B b 14 R B ) 43 A Ao RS o )
FH3% 5 H 4% ( TEM, JEM-2000FX) TF 55 45 — HR T 1
RSP iAo B Ja R R 5 (He ™ ) T8 A LAY
PR R T UEAT M A B A IR X o AR 8
mm 1) B 288 X, 24 U5 5 R (] B AR RF 20 mm,
SEBGSR A 100 eV i i s, T AGE N 3.7 x
107" jons/(m® « s) , 48 B AL B K 6.0 x 107
jons + m *% 6.0 x 10* ions + m ™7, LLF HER R 4 A
PG XS EURRAS

Popoh PEAS S2 6 78 EMS-60 71 B - o A1 i o
B (% Tk VS Py ) 8 . 1225 B C & 150
kV SR TS 1 ms FK b6l R4, £ 2B
A WD B TCALHE 21 A AR T I R A R B
A RERG (W 1) o HF AR SRS B
A RUEE Rt A A AL - R G | R ) R
T BB B A0 %, Al L A A DU) S R 5E 4 AR RB DT
FET OB  AABFSE R 0. 55 I BEM IR B0 A
SHREE HATRIE

SCICSRBEE  HL AN R 120 kV,4 mm
x4 mm Bl A X Jl ] 5 AR RS 0 BOE Tl «
%l 37 kHz .y il 27 kHz, 38 3 % Ho 5 B IX 5 9 4 B
DX A o e (O IET 2) , RGEPEAG AR A o
PERE ) 5 REZLON



16 #iE PR PR 2025%F9 A H£ 144 FS5HM(EES3H)
T 38 3 R AU SR AR 2 P AR A — R PR S 2 EEESR

T, RS AEAG LA WHCOS A4 1 i 0% 24 B4 i
REJT o SRR YR SRS HE S — BER R 2K 52 1) B
Hoh i K GH R RE R H L 1T M) - m ™),
SR P o0 28 07 2 78 R 2% 10 it I 220 — 440
MW - m (Rl 4 BBk v (5 ms) g LTI
11 -2.2 M) - m ™ A RRE BRI R 2 100 G 3R
ot

LTSGR

PAgIN Vﬁi
\ >\

BE (150kv)
B RRER

xylrsh 4

Fod &0
HAf

S

B2 EREEPHEEREANEUTEE

2.1 BESWMUREN

AR IO S5+ X AR 7 2 1 g E A A H
BLAEMR , T  J)2E MR I S A 4 RE A R A =
BT P ERE . [RIB H T IELRE O Al Ak Aok,
FEAE ARG i, B RE NS AR 47 4 = 2 B & 1T
IR PERE. PR oL, AT AR k1000 C Y %L il
WHCO5 & &7 T 40 i OS5 #4 4 Br . WHCO5
B A R A Y AR, T L 7 1 A0 Al 5L O
[f] P25 SR RO 7350 2 140 pum 1 21 o, %5 10 4G
LN 6.67, Wi 3a i, MG ARG R T
HURATSS (EBSD) 43 BT 68 J7 1) HEL T 2 BB , X AE
) SR A AT A0 AT o K ) 25 KT 10° 1 diki il S
(GBs) AR AMLTFIR, M2 T 2° <6 <10°Z[A]
I SR RLI AR B R AN 2 R o FEFL I WHCOS rh
(ULIE 3b) 4 SR Y K B T8 B 43 51 R 140 um
20 wm, SR FE,IRATLIAK SR
B3 pm 2245 WO AR 2H A, 7EFL IS WHCOS (1%
ST (TEM ) HWLge 2449 K 9% HIC Joiks, A&l 3¢ B
o WK REER HIC ORI 51 A fe W iR X
SRR SR PN R 25 AR ORE AT LAET FLAN AR AL,
PRI PLRI SR E . AN, — 2655 0K S S
FEELEA (W 3e), v LLBHLAT 5 A 190 5%, i
PEEFLH WHCOS 44 1 iy il B s e 1 .

B3 WHCOS 5%

2.2 REREEEMMBIPEERE

SEnb PRI P, A B FETE 220 MW+ m ™
(JLIE 4a) 15 330 MW - m ™ (ULIE] 4b) T4 T
RIEEART 788, R I B Rk, G 2h =
PRI 2 440 MW - m i, I URE SR TR F8 R A

4 220 MW/m? b
B . 2mm

330 MW/m? €7

TR AR BUN 4 (LA 4e) , W 22 1000
CIB AL FLH] WHCOS A4 4h il 2% 28 B fEL 4 T
330 —440 MW « m 2 [1] % B S0 E T A R
TERLIL R AL el 25 1R B IS AR TR S

2 mm -

B4 AEEETEAMETEERRANEHEARA



ERBE A ETFHBai4 W-HIC 604K F H WG asth 17

SR SRR R BE R o T ARG RO, X
440 MW - m > RE 5N AR5 A0 IR AR R AT T L B
fECULES) o BBOES T B, R R BMEE Y
JEARAE, S SERELY S pm, B DAY S SRS R R
FF(WE 5a) o (ERERE, 5 AHREGR A
T ETHLASON Sk 2 R R TR PR AR 2 BRI
T2 fil s Jo FURE ), FLARAE Ty 1) 938 A Az | T2 L%
T SCRBC(WLEL Sb) Rl 1 s AR AR 2L S0 ]
R S BRAE
2.3 EREHEEHRRPEEEE

BEXF He ™ 8 HE O IR 9 44 oo e 7, 5236 R
F 100 eV 405 T A (GEH 3.7 x10* He » m > -
s™', BT 6.0 x 107 He » m ™) JdE 47 #4671 fur U
o YIMERIIFREE A 220 MW - m i, FE IR X £
TS0 O 7 50 8%, 5 R B IR AT o — B0 (LA

6a) . SRIMAE 330 MW « m > B/ T, 4 B R

e ]
. » : . ] X
/ o ..2 EE:'. _ i

I B AR A R (ILIET 6b, ] 6¢) , KB
NBEPIEIE SR AR HERR . XS L e 2 W],
SRR Y A 5 (s o7 AT A | 20 A ik
b)) SRR PERES L (SRR IAR BRI, 6
WA O R I R BRI T SRR 2, O LRl 4 R
L AN A TH R MR A ), SOt AR TR X A
S BRI, AT A58 1 46 8 DX A SR fe 5 B8 1k Ok

5 %L# WHCOS 322 440 MW - m S 9435 )

BE6 FEHG6.0x10" He - m *ERFHMEHRKREANESHERE

T = 5 B 2 (6.0 x 10™ He - m ™) 5 fFF
(4E35 100 eV IEARERS3.7%x10" He *m ™ + 57!
AR SECR AL ) B b e 5 B2 T
o YRGB TFE 220 MW - m I i RE S A
B BOR BBV AR FRAE s RS2 T 5 330 MW - m ™°
I, 4 B XCIUE BB SR R B 2 (LI 7)o X 3R
Y e 1) SR i R 2 298 1 1 I &2 220 - 330
MW - m ™ [X[i] , 55 A BRRE R R 75 33% - 50%

7 FIEH6.0x10* He - m 4585
MhEHFRRENEHEER

XoF A ] 6 BECER 2512 1 403 o Ak B A - R
M8 544 (6. 0 x 10” He - m ™) FEFE 220 MW -
m I R & A R G R T e A6 e e R
TEMCRE fE /K P T & AR W B P A8 Y Re & ik 3] 330
MW - m B}, A B A RS . X
T PRI S RS 1% 4 0 S 1 i T O PR 7 7 T
BLRT s (1) w8 B 2036 55 050 55 20 1) U [R) A 3 3804
FMEA , W 2L IPE R 5 (2) % BRI e X P - i 1Y)
PR AE AR S 3 S R BT B, IR T 48
RPN, ZE RN TR IR IS
P h AR A A RN A

3 #ig

Wh5E &R G dE 8 T A B 1 R MO AL W-
0. Swt. % HIC(WHCO5 ) & =5t # i i 1 RE 57 H 4K
LR S HAR AR o i UG e\ A R
45 ML T2 5 9 WHCOS 5 4, 76 R 5 IR ZS
PREBLH A R PUA shl PE AR, FLi A B (E A
F330 440 MW + m* Z [ (X 5 ms [k A BT



18 it 2 PR 2025 %9 A

F144 £5HM(K%83 M)

FL1.65-2.2 MJ - m™) . K1, &R AEAE T
HE(100 eV,6.0 x 10* He - m2) J5 , ML
drtne i 2R Ak, % A% B {E FF % 220 - 330 MW -
m IR L 33% -50% .

S

[ 1 JHOLTKAMP N. The status of the ITER design[ J]. Fusion
Engineering and Design,2009,84(2) :98 - 105.

[ 2 ] MEROLA A,PALMER J. Targeted metallo-drugs: Design,
development ,and modes of action[ J]. Fusion Engineering
and Design,2006,81:105.

[3 22N, R, 1l 2B RS R
FE[I] P EBBE BT ,2008,23(5) :474 -477.

[ 4 ] NORAJITRA P, BOCCACCINI L V, DIEGELE E, et al.
Development of a helium-cooled divertor concept: Design-
related requirements on materials and fabrication technolo-
gy[ J]. Journal of Nuclear Materials,2004 ,329 ( part-PB) :
1594 —1598.

[ 5 ] COTTRELL G A. A survey of plasma facing materials for
fusion power plants [ J]. Journal of Materials Science &
Technology ,2006,22(8) :869 - 880.

[ 6 ] NORAJITRA P,BOCCACCINI L V,GERVASH A, et al.
Development of a helium-cooled divertor: Material choice
and technological studies[ J]. Journal of Nuclear Materials ,
2007,367 (part-PB) ;1416 - 1421.

[ 7 ] STORK D,AGOSTINI P,BOUTARD ] L,et al. Developing
structural, high-heat flux and plasma facing materials for a
near-term DEMO fusion power plant: The EU assessment
[ J]. Journal of Nuclear Materials, 2014 ,455(1/3) :277 —
2901.

[ 8 JEFE, ERIC, 853, 5. 15 4 n i BT T ik e
LJ]. WA 4 mA k5 TR ,2024,53(12) 13539 —3552.

[ 9 ] MEROLA M, AKIBA M, BARABASH V, et al. Overview
on fabrication and joining of plasma facing and high heat
flux materials for ITER[ J]. Journal of Nuclear Materials,
2002,307:1524 - 1532.

(10 ] X, BRIERT , B AR HE , 45, ROHE ] W 7E45 5 T4 H]
TR AT R WE SRR [T ] B R 44, 2023, 59
(8):986 —1000.

[11] LIU R,ZHOU Y, HAO T,et al. Microwave synthesis and
properties of fine-grained oxides dispersion strengthened
tungsten[ J]. Journal of Nuclear Materials,2012,424 171
-175.

[12] XIE Z M, LIU R,MIAO S, et al. Extraordinary high ductili-
ty/strength of the interface designed bulk W-ZrC alloy
plate at relatively low temperature[ J |. Scientific Reports,
2015,5:16014.

[13] WANG Y K, MIAO S,XIE Z M, et al. Thermal stability
and mechanical properties of HfC dispersion strengthened
W alloys as plasma-facing components in fusion devices
[J]. Journal of Nuclear Materials, 2017 ,492.:260 —268.

[14] WANG Y K,XIE Z M, WANG M M, et al. The superior
thermal stability and tensile properties of hot rolled W-HfC
alloys[ J ]. International Journal of Refractory Metals and
Hard Materials,2019,81 .42 —48.

[15] LIAN Y Y,LIU X,CHENG Z K, et al. Thermal shock per-
formance of CVD tungsten coating at elevated temperatures
[J]. Journal of Nuclear Materials,2014,455(1/3) :371 -
375.

[16] QU S,SUN H,KRETER A, et al. Degradation of thermal
conductivity of the damaged layer of tungsten irradiated by
helium-plasma[ J]. Fusion Engineering and Design,2018,
137.97 - 103. AL : X UB



v} 2% % 1L 4%

Journal of Bengbu University

Sep. 2025
Vol. 14 ,No. 5

EMEGRES AR S REELS YN HHR

OB AT, RV,

(1. LR =T Be

BUCERFR L2 Be, % AL 230601 ;2. ZRUE EASIREE R AT be , % AL 230031)

B OE AT R IR 12 ARAE R FURAR LG PRASs Fo#f AL 4g PFASs AR X &, 834 ¥

AT I AR B AR S Je A SRR KA R KA B AR A S 0 AT IR A

LA BAAE, B A 3B AR

A RF % BIRHFACAH (PFASs) 64 2 18] 5- A Lk B BRI, fn A 330 F AR BR09 75 L35 5 BT 2t — 2 69 22 3%

£ 8
KR W4 RR S RIS ; 5 HAE
FE %S X524 SCAERFRIRAD A

XEHS 2095 -297X(2025)05 - 0019 - 04

Analysis of Per-and Polyfluoroalkyl Substances( PFASs) in the Main Basin of Chaohu Lake

LIU Qun'* ,ZHENG Xiqiang® ,ZHANG Yixuan’,GUO Hongxia'
(1. School of Modern Health and Regimen Industry, Anhui Sanlian University , Hefei 230601 , Anhui;

2. Anhui Province Environmental Science Research Institute , Hefei, 230031, Anhui)

Abstract ; Based on the twelve sampling sites within the main basin of Chaohu Lake ,common PFASs and
novel PFASs alternatives in water bodies were chosen as target variables, and the concentration levels of
these target pollutants were detected in surface water samples, bottom water samples, and sediment sam-
ples in the paper by using chemical analysis methods. The partitioning behavior of the pollutants across
different environmental media was explored. It aims to reveal the spatial distribution,sources,and ecologi-
cal risks of per-and polyfluoroalkyl substances( PFASs) in aquatic environments. Ultimately , the findings
are expected to provide a theoretical foundation for controlling and preventing organic pollution caused by
such contaminants in the main basin of Chaohu Lake.

Key words ; Chaohu Lake ;per-and polyfluoroalkyl substances ;regularities of distribution
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20 HWHE EHERARSRAZARLAMEGH G2 HAA

B2 2002 A2 71 452002 454X 1 je) ,2023 4F44
K2 107 Ff , PG 11 < T 300 7K 3t SRR A 78 ¥ e
2, DA B LT 5 Qe A B, HErp Py e 5 A
Xy R R AR BAR B A
TR LT, AR D Hp [ 55 ORI K W 1 44, 2 )
W XIS PR, A P81, R A ) AR RS AR
ASUIRE. AT JLAFE XS B 1] R IR A PRASs BF5E
Bbo P, X BLI K AR i A% S8 PRASs Ko 7
PFASs BWFFE BA B S 5 3, i 23 5 W e LA 1)
AR R L AU, Shy SR8 T A ek ey 9 e il S 70
B P it — s i P FE A, o

1 #HR5HE

1.1 {5 4#

AL ARifE S PFASs, #771.44 Wellington Labora-
tories (A A ) ; PP B.OAE A FIRHCA BRA W 5
BEIRETAEDENE (0. 45 wm) s HUAHUE K , Ve 5L A= W0 M
AR W) 5 WAX [ AR AU, 56 [ Waters 23 ] 5 i
(2 mL) .

R 0K B (HPLC 2)) A7 3eibas

% 2% : SPE1000-6 #44x [ Zfy &y i 5+ =X & AH A
BARSGE.QI01 BYSE FE 4 4 B0 Bl L 2s il g R
B URTHRAIL , DR AR A UL, v RO 3 T
TR (£ E Waters 24 F] ) 55
1.2 REH*E
1.2.1 HmR%E

TE L) AR B 12 SRS (L 1), 4y
R BRI T2 KR IS 2K RE S AR A e A
AN SR A XA AT T 12 AU A, T 2022 48
4 H BB KL B R AR R Z K R R KRR
Felh o KAER RS ST, R Gl R (T -
20 CUKFAPOREE) , TIBR IR RESE B S, T - 60
CUKFEPERR
1.2.2 FiaT4

IKFE T G Py ) 42 B UK AR (0.5 L) 431l
FHBEPRET HEJE I (0. 45 wm LA ) [ AH A€ B0/ AE
(200 mg,6 cc) FEATiEUE, WAL /ME, KFELL S mL -
min ~ ' T /R R K T PRASs, B2,
ZBRER B KAy, 0 0. 1% (v/v) & — W EEE
FBEHEA YR, S 1 mL - min ™" 4 PR B i
LBIRWEE D, EREBEARZE 1 mL, o JE IR
(0.22 pm) RS RAER E T RNGEE D EE,4 C
Y JRAFI

TURRVRE ft 5 e it T2 300 B 1 g TR
AFEIGOHE , R P 70 25 UG A T 2 3, 58 L K

IR IR 4 ) o AR PERIER T MRV
E 7, AT

"_:lkm

SIRTRANMX; 2+ 7B FINH X SIETRNH K SR N H K SSTH;
SERTFI NN STek i IX; SR FT N\ S9FEAE; S04 H; STLE Wi Li; 12584

1 EMEhRERERIRE

1.2.3 B,

SR R R OB (3 B IR B S A 7 1 7
S3HT, R R SO 35 E A Y 35 A 2.1 mm x
100 mm, 1.7 pm, #E78 4 40 °C A 5 =l A 10
C,EARNS wL, Ji# K 0.3 mL - min ™', FiiEsr
PRI & Waters Acquity Xevo TQ = T U2 T &
B B A, >R FH 4 B AR R H ARk 547, B A
AP ANT B A0 U 3.0 KV R UM I
0.16 L - min " B IR 150 C HEFL R
T 50 L/Hr JBE¥ 0] A0 EE 500 °C LA K I %5 70 it
& 900 L/Hr,

2 HREH

2.1 PFASs FEE#KiG R HER ST

S AR S Yy PRASs FORSIINAR I 55 1
M2 P,

ISR FT LR 1,22 Fh PFASs Hog 13 F H AR
TSRYIRRTH o & RAE R ZK 27K SPFASs
)% 5 BB 43 S 7F 10. 08 — 135.72 ng - L' 1 58. 57
=229.50 ng « L™ SEXAGIN U BE 43 51y 84.91 ng -
L~'f1126.5 ng - L', 1 PFPeA \PFHxA PFHpA .
PFOA .PFNA [PFBS .PFOS 1 6:2 FTS 7£ i 322K
FURJZ /K H A HE R 438 5] 100% |, 1] PFDoA | PFTr-
DA .PFTeDA ., PFHxDA , PFDoDA . PFDS .6: 2 CI-PFE-
SA 8:2 CI-PFESA il ADONA H#i#5 i, PFBA 73
JZK TR JZ 7K v i R R 43 i R 75, 00% R
83.33% ,7EJiKJ2/K H PFOS PFOA Fil PFBS () 5tk %



% P F/ 2025 F9 A4

F14 4 £H5M(ZE83 H) 21

PEJEFTF o X F P H ) PFASs,6: 2 FTS SF-34ik
JEAEFRZ KA JZ K 235 535 61.02 ng « L' AN
94.71 ng « L™ 4350 5 MYk BE 1 72% F1 74. 78% ,
6:2 FTS 784 J& FakL e iy b B 5 R ) 2L 1k
AR REEEEER, FF 2 A T mE
HAE PFOS BRI, SOk B i =i, AT BB 5
SLII AR I A s T A K
2.2 PFASs EEMERRBERHEAREKME
Bk S5 1h M

F)Z7K T PFOA 74 1.0 Mk B e 3, S (IR 7
S11,PFBS . PFOS 1 6: 2 FTS [{) 25 [d] 4> 17 $3 1F 5
PFOA JLT-52&W) & (LI 2) o #Rif PFBA %3 [A] 43
ARHE S PROA JI-F-FH 2, HH BUAH B iy D PR 2 22
K H PFBA Xf PFOA [y a] #AA1k, PFOS fER 2K
FUEZ K i R 74 22 R4 AR B &g, R 27K PFOS
FEVRIAT A T (e (8.0 ng - L™1) Al 6.7
i, JEEJZ7K 1 PFOS ZEJRIAN A 11 R BE (33. 9 ng -
L") 2 ilify 6.2 5. PFBA Fl PFOS 7£JiEJZ /K i
25 (AL RRAIE 5 3R )2 K 1 — 8, (H L4 PFASs (175

G aoR R
F 1 PFASs EEMRBEKARHENIER
Hr (ERES W PENE P HHR
YY) /% /ng - L7 /ng - L~
PFBA 75.00 nd -3.81 1.40
PFPeA 100. 00 0.64-2.19 1.25
PFHxA 100. 00 1.20-2.15 1.49
PFHpA 100. 00 0.87-2.23 1.60
PFOA 100. 00 3.98 -9.60 6.34
140, -
(4) —
1201 -

1, —

£

#

®

€

X

:

4

B

SL S2 83 S4 S5 S6 ST S8 9 S10 11 SI2
REERAL

B2 PFASs ZEEMERIER(A) REKM(B) FKEKFHI S L

2.3 PRASsEEMEARRBERFERTROHEH
SmAME

PFNA 100. 00 0.45-1.22 0.87
PFDA 25.00 nd -0.34 0.06
PFUnDA 16.67 nd -0.08 0.02
PFBS 100. 00 2.42-8.78 4.67
PFHxS 16.67 nd -1.35 0.18
PFOS 100. 00 1.18 -8.03 3.66
6:.2FTS 100.00  33.40 -108.92 61.02
GenX 75.00 nd -6.24 2.36

FR2 PFASs EEMKEKPRIEMIEDR

H bz iz 4 W REVE -k
154 /% /ng -+ L~ /ng - L7
PFBA 83.33 nd -7.94 2.46
PFPeA 100.00  0.81 -3.45 1.60
PFHxA 100.00  0.93 -2.20 1.71
PFHpA 100.00  0.97 -=2.50 1.70
PFOA 100.00  5.12-9.19 7.31
PFNA 100.00  0.47 -1.22 0.91
PFDA 16.67 nd -0. 10 0.02
PFUnDA 16.67 nd -0.08 0.01
PFBS 100.00  3.02-7.14 4.66
PFHxS 25.00 nd —4.63 0.61
PFOS 100.00  1.10-33.92 8.88
6:2FTS 100.00  42.18 —192.70 94.71
GenX 66. 67 nd -4.63 2.08
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~

PPASS7EJE B ACHIR E /ng -L!

SL S2 83 S4 S5 S6 7 S8 9 S10 SU SI2
REERAL

SRS G 0 AT RIS 1 75 e ) 7
A AR B R BEAR AP (LI 3) o 1 e P AR
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FE LA, HOJR IR AW X (S4) , KB 57K
PKE AR O — SO BLR o A DA B v B e s )
X, 2o A e B, IR it e 1 oMk XA )
T, TR KA A B HEAJRIT , 5 LA 0T X
(75 K AR R 3= 22 DL HE AR S 3=, PR IR ] AR 48 1
KR K 5y, i {5 7K Ak 32 i ROR A B
ATt PFBA FEJR TR AR &5 8 42 BRI,
B PFASs FE/K PR b K AETUR) B AR G o0 #, A
Bl T BEA 5 T WIAE N IR (0 A% 72 A oL,
X N ) Bt i 1 R P 60 e JE A T B0

160

—

= =
B &
S S
L 1

L I

1=
S
L

PPASSZE SRR M B9k % /ng L

[
=3
1

B3 PFASs EEMERBFERTRYPHIH

2.4 AEXEITEME
JKAAH PRASs 1 R7 22 1 A7 75 23 % K A4 A 9 7
A8 B EEE T LA S RRAS PR 1 R B0 R 7 KU DF
T AR, (H 2 H AT PFASs 18 1 75 M B0l 45 0
K AR 55 F1) ] PFASs E2%01/) PNEC {5 A8 vEag bk
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Numerical Simulation of AZ31B Magnesium Alloy in Asymmetrical Rolling Process

ZHOU Yu,ZHENG Xiang,ZHAO Jun”
(School of Mechanical Engineering,Chaohu University , Hefei, 238000, Anhui )

Abstract ; The effect of speed ratio on the temperature field ,equivalent stress field , equivalent strain field
as well as the rolling force of AZ31B magnesium alloy rolled strip was analyzed based on the thermal-force
coupled finite element method. The results indicated that the increasing speed ratio could reduce the heat
loss during the rolling process and suppress the decrease of the surface temperature of the rolled strip,
while the middle temperature gradually increased. As a result, the variability of the temperature distribu-
tion of the rolled strip gradually decreased. The equivalent forces showed a tendency to increase first and
then decrease for different speed ratios. Meanwhile, the peak value of the equivalent force gradually de-
creased with increasing speed ratio. The equivalent strain increased with the increasing speed ratio and the
value of the equivalent strain on the lower surface of the rolled strip was always higher than that on the
upper surface ,whereas the middle of the rolled strip had the lowest equivalent strain. Asymmetrical rolling
could significantly reduce the rolling force ,which was beneficial to the stability of the rolling process.
Key words: AZ31B magnesium alloy ; asymmetrical rolling;finite element model ; speed ratio
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Abstract ; For most rotating mechanical transmission systems, condition monitoring and fault diagnosis of
the gearbox are of great significance to avoid accidents and maintain stability in operation. To strengthen
the comprehensiveness of feature extraction and improve the utilization rate of fault signals to accurately i-
dentify the different operating states of a gearbox ,a gearbox fault diagnosis algorithm based on multi-model
feature fusion was proposed. The algorithm is a multi-domain information fusion convolutional neural net-
work ( CNN) model with dual channel feature extraction,which solves the limitation of single or a few fea-
tures reflecting the fault state of the gearbox. The experimental results showed that the diagnostic accuracy
of the model was up t0 99.13% ,and the precise identification of gearbox faults was realized.
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Macroscopic and Microscopic Experimental Study on the Cutting Characteristics of Rice Straw

LIAO Zhongyuan, PENG Xiaoping, MA Lu "
(School of Intelligent Manufacturing, Anhui University of Science and Technology , Bengbu,233100, Anhui)

Abstract; In view of the fact that the parameter differences of different parts of rice straw affect its cutting
characteristics , resulting in the overload problem of the rice straw returning equipment during operation,
macro and micro indoor experiments were carried out based on texture analyzers and electron microscopes
to study the effects of cross-sectional area of straw roots,node tissue and moisture content on the cutting
characteristics of straw. The research findings are as follows: There is a linear positive correlation between
the cross-sectional area of rice roots and the cutting force ; Within the moisture content range of the straw
studied in this study (5% —-70% ) ,the higher the moisture content of the jointing tissue of rice straw,the
greater the toughness of the straw and the improved its resistance to cutting. A decrease in the moisture
content of straw will lead to a decline in its toughness and an increase in its brittleness,and the lower its
resistance to cutting. The change in the moisture content of straw will directly affect the size of the cutting
force required for straw. Compared with straw with low moisture content,straw with high moisture content
will reduce the overall operation efficiency of the returning machine. The microscopic mechanism of mois-
ture content on the cutting strength of straw (hydration) was revealed. The research results can provide a
theoretical basis for the structural design and optimization of the rice straw device.

Key words :rice straw ;macro and micro indoor tests ; cross-sectional area of straw roots ; straw node organ-

ization ;moisture content
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Research on Feature Extraction and Type Recognition of Acoustic
Emission Signals Based on GJO-VMD

MENG Lingling'* ,DONG Shishang’ , FANG Zhengi' ,MIN Xianghe', LI Zhuang'
(1. School of Electronics and Electrical Engineering,Bengbu University , Bengbu,233030, Anhui;
2. School of Electrical Engineering, Anhui Polytechnic University, Wuhu,241000 , Anhui )

Abstract ; In order to study the propagation characteristics and type recognition of acoustic emission( AE)
signals on industrial robot body,a method for extracting the characteristic frequency of AE signals based
on variational mode decomposition( VMD) parameters of golden jackal optimization( GJO) was proposed,
and the type of AE signals on interior and exterior surfaces was determined according to the frequency fea-
ture range. First, AE sources were generated on the interior and exterior surfaces of the industrial robot
body,and AE signals were collected at a sampling frequency of 3 MHz by two piezoelectric sensors. Then,
using the minimum information entropy as optimization moderation function, GJO was used to optimize
VMD, and the optimal number of modes K and penalty factor o were determined. The AE waveform was
reconstructed using the maximum correlation coefficient. The frequency characteristics of AE signals prop-
agating on the inside and outside surfaces of the robot body were extracted ,and the characteristic frequen-
cy range of AE signals on the inside and outside surfaces was obtained by several experiments. The re-
search results showed that the characteristic frequency range of the two sensors is 130 — 150 kHz,160 -
180 kHz,100 - 125 kHz,130 — 165 kHz, and the main frequency range of AE signals on the inner and
outer surfaces needs to be combined to identify the type of AE signals.

Key words : acoustic emission ;industrial robots ; golden jackal optimization( GJO) ; VMD analysis
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TF-YOLO: Context-Aware and Multi-Scale Enhanced Brain Tumor MRI Detection

JIANG Wenhu
(School of Electrical and Information Engineering, Anhui University of Science and Technology , Huainan,232001 , Anhui)

Abstract; To address the issue of missed detection resulting from high morphological heterogeneity , ill-de-
fined boundaries,and noise interference in brain tumor MRI detection, it enhanced a high-precision and
robust detection framework in the paper. Specifically, the TF-YOLO model was enhanced: A contextual
transformer ( CoT) was designed, integrating local 3 X3 convolutional encoding and global self-attention
mechanisms to explicitly model long-range spatial dependencies among tumors, peritumoral edema zones,
and satellite lesions, with adaptive receptive field adjustment; A pyramid enhancement network ( PENet)
was embedded , employing a three-stage strategy of differentiable Laplacian pyramid decomposition , residu-
al edge enhancement,and dynamic channel filtering to suppress high-frequency artifacts while enhancing
edge and low-frequency anatomical features of tumors. On the Br35H dataset, TF-YOLO achieved 98.2%
mAP50, surpassing the baseline YOLOv11 by 2.4% . Tumor recall rate increased by 1. 8% ,with ablation
studies confirming the complementary contributions of CoT and PENet. The synergistic design effectively
resolves morphological heterogeneity and boundary ambiguity, significantly reducing missed detection risks
while suppressing background interference, providing a reliable solution for weakly salient target detection
in complex medical scenarios.

Key words: brain tumor detection; YOLOv11 algorithm; contextual transformer; multi-scale pyramid en-

hancement network
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Multi-factor Influencing Mechanism and Correlation Analysis of Horizontal Directional
Drilling Through Curved Sections

WEI Jie'* ,SHU Hao',ZHU Jun®,LI Zihan’
(1. School of Civil Engineering,Hefei City College, Hefei, 230301, Anhui;
2. Department of Architecture and Civil Engineering, Anhui Construction Engineering Technician College , Hefei,230601 , Anhui;
3. Anhui Hongtai Transportation Engineering Design and Research Institute Ltd, Hefei, 230601, Anhui)

Abstract ; Based on practical engineering projects, it systematically investigated the multi — factor coupling
effects on the pullback force of pipelines in curved segments during horizontal directional drilling (HDD)
in the paper through numerical simulation and grey theory analysis. Numerical simulation results demon-
strated thata larger pullback radius was correlated with an increased pullback force requirement ;increas-
ing the curvature radius of the curved segment simultaneously reduced both the pullback force and the
pipe wall stress ; furthermore , an increased borehole-to-pipe diameter ratio (BDR) was also found to effec-
tively decrease the pullback resistance and pipeline stress. Through quantitative analysis of various influ-
encing factors using grey theory, the sensitivity ranking of factors affecting the maximum pullback force
was identified as:pipe diameter (0. 012 13) > curvature radius (0. 011 05) > borehole-to-pipe diameter
ratio(0. 011 01 ). Through multi-parameter coupling analysis,a theoretical basis was provided for optimi-
zing the pullback process and preventing pipeline stress concentration in engineering practice,

Key words : horizontal directional drilling;grey theory ;finite element;pull back force;piping stress
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Numerical Simulation of Dynamic Deformation Law of Slope During Layered Excavation of
Earthwork in Deep Foundation Pit of Basement

WANG Mengbo
(‘Audit office Bozhou University , Bozhou,236800, Anhui)

Abstract; The dynamic deformation law of slope in the process of layered excavation of deep foundation
pit in basement was numerically simulated ,and the influence of excavation process on slope stability was
studied. The finite element software FLAC3D was used to model the slope in the process of deep founda-
tion pit excavation in the basement, and the mechanical properties of the internal support system of the
foundation pit were simulated by 3D beam element. The 3D model was meshed by selecting tetrahedral el-
ements,and the 3D displacement monitoring points were arranged, and the settlement and displacement
changes around the foundation pit during the whole excavation process were recorded ,and the safety factor
of the slope was calculated, so as to analyze the dynamic deformation law of the slope. With the progress of
excavation , the surface subsidence around the two sides of the foundation pit moved closer to the middle
from the periphery. Among them,the change of settlement within 45m around the non-biased side was ob-
vious,and the change range of settlement around the biased side showed a decreasing trend to the outside
with 35m as the main boundary. The error between the simulation results and the actual value was always
lower than 0. 15mm. In the final support stage, after adopting the composite soil nail wall support struc-
ture ,the safety factor reached 1. 60. The excavation results in uneven settlement distribution around the
foundation pit, especially near the edge of the foundation pit. At the same time, the introduction and

strengthening of supporting structure significantly improve the slope stability and can effectively control
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the slope deformation.

Key words : basement ; deep foundation pit;excavation by layers; dynamic deformation ; numerical simula-

tion
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Study on Stress and Deformation Characteristics of Retaining Structure
of Close Pile Group Deep Foundation Pit

ZHAOQO Ping * ,]JI Chenchen
(School of Architectural Engineering, Tongling University , Tongling,244000 , Anhui )

Abstract ; Relying on the excavation project of a close group pile deep foundation pit in Zhengzhou City,
the force and deformation characteristics of the supporting structure of the close group pile deep founda-
tion pit were studied by combining numerical calculation and on-site monitoring. The results showed that
the calculated results of the model were in good agreement with the measured data , verifying the validity of
the model. The deformation of the underground continuous wall presented the characteristics of asymmetric
graphics, and the displacement of the underground continuous wall A was greater. With the continuous in-
crease of excavation depth ,the displacement , bending moment and shear force of the underground continu-
ous wall generally show a " constantly increasing" rule,and the maximum values all occur in working con-
dition 6. The axial force of the underground continuous wall showed a " fluctuating change" pattern, with
the maximum tensile force and compressive force occurring respectively in working conditions 6 and 4.
The research results can provide technical support for the design optimization and construction of the foun-
dation pit support structure of the adjacent group pile.

Key words: close pile group ;supporting structure ; deformation characteristics ;deep foundation pit

MR VR RIRTT B T MR A R SR AN A R b i B B 1A AR
Bl >, kAT RS R MR AT L e, X IR B A e o, bl T T
ARG AR I L BT e S AR s (B A R S TR B S T ST A A K g, X R T A AR T 475

H

R (IR s ] R F RS TR T SR TSR ELR T FE SRR R 1 TR

KA HHA:2025 -04 - 14 SR EYN
ESTH LA AREAS4 T T H (2308085QE190) ; 2248 K2xAE AH I 2555 H (S202310383386)
TEE R B (1989 - ) 58 ZE8RBE N, JE0, @i+, E — mail : ping_zhao2014@ 163. com



BEE ABHEBEARLPEHARIZATHHKERAR 73

T it T BB A B A A% DR SR P P S S
PR T B T DA I,
FTT S 205 Py B G TEE 3 F ek
FUARIBEF 5 o0 | LB % a8 7 b 3 i/ 25
5 BT P S A B o e

SEHOIF A S BRI H 25 005 % 60, O I
BTHFLRE. B rm, mEAm %" 7
LA A 5 R A B R, IR R T e
BRI RS o B0 b R R, SRR
R T — R0 B AR AR T R BRI RE Er
Wio M A B Lame Jy FRAE S48 5] T 22y
B S ML LR (0 1 A M . Sh AR e 451 g gl
{16 Timoshenko B2, #2371 KLt #7351 2 14 % 3
ASTE SRR B Wy T, SR AE R BT
G T I HEHT SIS R 5 18 B 1057 07 S5 A T4
(N T R ¥ VTl o 827 5 oyt 1) D o] 3
BT LA . W22 45T AR )t I B
SCAEER N T S TR BEAT T 4007, IR 2n g w
B 2 0 TR N AT AT HE R 455 4 14 3l 1 ) R4
JRIFTRISE. ARGy, s m T B T
A5 % 8 S5 TESE U2 R 77 A 5 B A8 Ak AL
o SRS T O SR R RS ik
2 i I3 TR 7, TF R T B ORI  TT ok
PSR035 % LT A 7] 7K b 2 o ] A R 2
SEVEEAT T 2007, RS BT T R s 2 0
AL BT S AP S R AT B R N ) SR o B
LT T, R SC 25 RS T AR TR T 2 0 4R
SRR STER AT 0D A b K e I L e A0 0 S e
SRFEMIEYTE 25 R T BN R 77 4 177 B
T BT LU A ) B BRI SR
A5 FRTEHE RS T B AR R B S ML T2 i =
YA BRIGHIIY , SER AR X ] S I M e £
S L A T AR R % B A 6 1 5%
17 BRI SE

Li EPTIE, KT AFE R R R0 H
i B TR, IR TECE R M ACR . BT
& BRI Mk B Nk R,
LOBAARAUTE o PN A T2 A R R U R 4 K
TN I RVETE FESTIT 200 I 3 B G 5 BESUTT
P2 I P T S, L B B0 42 %o i 3 i B )
Wi S5 BRI, DAL 58 AR DA 2 35 T R I He i
WEVRIEST S G4 52 T3 BARTE R IR i
b, BT A 5K 5K, BT IR R B A 2%, )
REZTE 2 AR BT A 23T, It TIPSR A B A2 2%
DRI , A7 Wb RS I AR A DR IR I S AP 454 52 1 I
TERHERIFIR AN o 5T I, A SCHE BRI IE 1Y
Bt b, ORI e R SR TR 0 SR IT
THIRIITE . WEFERER AT o T TR AT At 1
feflt—E ARl 45 S MBS KT .

1 Ti#EBR

PAKISPH 7 25—t DX R e 2 RS T TR M TS
XRIFIRIITE o BEHTMILA R 280 . SRSz
T DRSS WS E 23 T2 S T 20 VS N N RS
ZLSCHR(S ] o AR - R 2R, F L5 /Y
FEHNSZ. AR5 AT A TR TR
4 IR AR B BORS Lo SRR AHSCHY 1 E S
xR, BIPEH KRG LA RS S I
SCHRES T

Hfm

1 EGfETREE

®1 TENFSHE

ref
ESO

ref
B

ref
E ur

Y ¢ ¢

i /kN*m™  /kN-m™ /kN-m™ ' /kN-m™  /kN-m™’ /°
OATHL 3000 3000 9000 0.2 18 5 5
QIR TR, + 7000 7000 21000 0.23 19.3 13 25
@itk 16500 16500 49500 0.3 20 3 28
@4nmp 24000 24000 72000 0.32 20 0 32

O JFARL L 12700 12700 38100 0.25 19.5 27 16




74 #$EFRFR 2025594 Fl144 F5H(XE£8H)
2 EESHE 3 FEEMERSWIHELNITEE 2
2.1 EXREBE &l 3 S e B N i 2 A - A i Y U7

it T R B TREARF Bk A THE T
RIS, BEAS R 5 B X LB LA T — 2 i
ABFTEIEARBE S SRS VIR FF— 2o

& 1l MIDAS GTS NX A BROGHF it 3r = 4EA R
TURSE T AT R AR o W I B TR T S AP 254
N BASTCRERIT T 5E. i ZEUL A 2, AR
BT X R XIFREGHE , PRt ] AR — A TR
B E AR TS BRI () V58 (y) (5 (2)
439929 100 m 80 m 50 m, FHEERBALMIE 2 iR,
I FY) HATT R 227 515,45 B 165 985, HLTY
HEBR AR RGN TR S 0K S TR — 2 BRIt
RR B IEEE IR FEAR A R AR o AN, FElP 4 A A
P SCHEARR SR SE 2 o BT R FIR &
3D SARTG, MR S 2D [T, NSO
TEERE, DL B ASLERR T 1D S22 800 HE S 1D RiEA

& 2

HiEER

2.2 #EHET
B T R BN A A 2,

x2 EERINER
BB BN 2
1 a0 T B B
2 A EAUR BT
3 RRBHEE.
4 Mo LR T
5 TOULJHZUREE N 4 mo 3GBTE RN — I8 N 3%
6 LOL2,JHZIREE N 4 mo IGUEREANGE 18 N 3%
7 T3, THZRE N 4 m,
8 LULAJHZIRIE N 2 mo MBI il N S
9 TS, HZRE N 2 m,
10 THL 6, IHZIRE A 2 m,

RS L, T AT H, JFAS ST BT, 3 i
KRR B W25 T2 0 8. 4 mm,, BCAE
WUOFTIRIZE B2 8 mm, 3T 5467 T 1
BHIE . 53 4h, TEie R B LA 2 B35 W s A
SRS T A LR X 3 R R 45
SR WS ) AT . R, TR B, B
W B BT 5 A — 7 2 B3
JRTFG 2 A/ o R B2 5 1 JEE ) T o« B
TRsE A% HE S T4 I i 5 4R , S8ty
LIS SR A A — 220, BT I T e
BN R 5 LA B 5B
S I T BB, 2 IR A R A v
PR AT — 5 (0 £ B ] S ] DA
VCHE T (IR SR b IF R BB O 5 S b
Z ) R TUASHERT S
il
Lls
2
i

-8+
o0t

§-12 E

# —14 L
_16 =2
_18 =
_20_
_22 -
_24 L
_26 1 1 1 1 1 1 1 1 1 1 1 1 1

2 -10 1 2 3 45 67 8 91011 12

AL /i
B3 MTEESEA-ASTEY FRUBIILE

4 HETEER

4.1 MTESEREY FEMULB

B4 i T IESEESTE Y i =&l Hi& 4
ATVE L THZ BEAS TR, Mo R AE S AE Y 7wl for
B BT T2 0 A8 S 30 R X R IE
TEHIRHE . M8 KA AW T ry s, X i)
THER X T SRR AR ™ 4 T —E i, H.
[l —FZ IR BB, M T 7 2255 A F1 B A BB (A
] o 3 A] AE A T BETT BT A = 2R 2R R
R LT 7 T — . BAAORE ,
TSR A, LA LI SR 187 mm, T 2
B, B R(E A 3.28 mm, T 6 B, Fx K{E N 8. 81
mm, HiN#ESERE B, T00 1 W, e RIE A - 2. 12
mm, T2 B BN -3.93 mm, T 6 B, &%
KAE K -8. 14 mm,



MEFE ABHEBFEARIPEHEIATHHKHRTR 75

DISPLACEUENT
TV, 1 §72900+000
1% 11 539796+000
- 1% 11, 206686+000
5. O 18 735736001
-4 15, 404636-001
10.8%) 07353e-001
1% 257570001
- Th_4. 58867e-001
45 1 91977-001
- 4% _) 12509¢+000
3.3 1 458206+000
5% 1. 791316+000
9% ). 1244264000

HTFELEHB

T ELEA

(a) TH1

DISPLACEMENT

TY, mm
+7. 81733e+000
. 4% +6. 55683e+000

6. P +5. 29632e+000
1'1 8%+4' 03581e+000
* 2 17531e+000

* - +1. 51480e+000
2. 54296001

—y, ~1. 00621e+000
:‘ L, —2.26672e+000

"~ =3, 52722e+000

5' % —4. 78773e+000
8. o% —6. 04824e+000
* 77 1. 30874e+000

(d) TH4

5 R HELERETE Y J7 1] (LS d RAE XS HE
K, mES(a) /LA, 1T ESES A ORI R 5
U W n s AR, ROk E, T 1
B, EN 1,87 mm, A& K 1. 87 mm, T4 2 B,
{H5 3.28 mm, 3 HN&EH 1. 41 mm, T3 B, {H N
6.87 mm,¥HNEH 3.59 mm, T4 B, {H K 7.82
mm, A1 0.95 mm, T8 5 B, {7 8. 53 mm,
WahmE oA 0. 71 mm, T4 6 B, {H K 8. 81 mm, #4/i
O 0.28 mm, AR, TO0 3 B R 405 A
LRGN e R, 3 o 3. S9mm . {1 5 (b) mf
DA, T 2 B e RO Gk B2 Z
Wk s . RAORE, L0 1 LR -

(b) TH2

(e) IHS
4 HWTEZEEY FRUB=E

2.12 mm, BN 2.12
3.93 mm, ¥ K 1. 81
6.84 mm, ¥ N 2.91
7.31 mm, ¥ NE N 0.47

mm, T.{% 2 B, {Hh -
mm, T3 W, N -
mm, T.{% 4 B, {5 -
mm, TS5 W, N -

15

% /om

O H N WA Lo 0O
T T T T T T T T

(a) HTHLHA
5 MITESEEAE Y ARMABRKEXLE

DISPLACEVENT DISPLACEMENT

T, m
+6. 87256e+000
7. 4%
5 8 +5. 72971e+000
7' " +4, 58678e+000
7 43, 44385e+001

* 2. 30091e+001

TY , mm
+3, 2783264000
9 8% 1) 677220+000
13. 2%, 0761264000
-1 1. 4750264000

7.8%
"y 2%+8. 73919e-001

2. 72819¢-001 o, gy L 1579804000
;3'6:%—3. 28280e-001 i SW3Se-n2
-O% 9. 29379001 1. 12789e+000
6.1% ) 5304864000 - Th ) 270826+000
¢ 2 1315804000 ;s :% 3. 413766+000
o g - 7326804000 ¢ g~ SS90
-3, 333786+000 -h s 699636+000
““P _3,934886+000 04 . 842566+000
(c) IH3
DISPLACEMENT DISPLACEMENT
TY , mn TV, m

" 48, 52767e+000 8. 80853¢+000
1.7 11 8%, 3964164000

* o +1.21611e+000

* 45, 90454+000 " 45, 98428e+000

5.0%

“71 44, 592986+000 o 4. 57216+000
iﬂ’# 281426+000 11: O3, 160036+000
e 1 9698604000 G 1oleHN
13,9 38293001 i 35784e-001
5 195 33270001 ~1. 07634e+000

L 9648364000 2. 48847e+000
6 x> 2164004000 5, g 90059+000
o oy 3879604000 oS- 3127264000
10,15 8995204000 g g5 7248484000

—2.12442¢+000 -8, 13697e+000

(f) TH6

7.21 mm, BEIEH -0. 1 mm, T8 6 B, (K 8. 14
mm 3EHNEA 0.93 mm, HCEATH, TO0 3 B HL T
S B AN R, BN A 2.91 mm, i@
1t AT L, T 3 B, M R Sk A FI B 1Y
SR RS I A A K. B R R O fE T 3
BF, FFAZTREE N 4 m, HXASBY Be A BB N 3
BT R RN AN FIFHZE B, R %
it A F B A B RAEAN ] Xt B T Il 3
RN R SN A2 1 R T — s, 5546, T2 58
B 3l S A R B K, XEEE
A R SR AR 7K 32 T 8 1) i 2K, 7 8% 1 £ 2K 1
T AR R AR T AR, T 25 R AR 1
R ZE M EAERTS , ARSI T 3 3 Skl
A JIVERT, SR B b R E S A R K
[y

—6. 84

{r% /mm

F -1.31 -1.2
-9t -8.14

N
(b) T LB



ik 224k 2025 £9 A

76

ik

o

14 4 £5M(XA84)

Zi BRIk, TO00 3 I R i SE A A B YA
R . HI, T00 3 S EED T2 I X, 75
FAL 00 3 MBI L, B AR BE AL T4 42 R E
R WEHM, ITHHZIE IR, R L hE A BB K AL
oLt B Ko PRI, 7 i 2R BB T, 2E0E
TR AT R S A A B i, AR I AR
WL, PR BBORE G 1 it (51 2 < 39610 3t 3 2 4 J 52
JE S UB/INFZETRIEE RS ) | D/ NI 3 e 2R X S 5T 42
TSRS o

SHELL FORCE
FORCE XX , KN/m
+9, 33583e+001

13 2&-2. 79309e+001

“ +1. 22265e+001

4.2 MITELIERE XX FEEHA

& 6 g T &S AE XX J7 il =K. HIE
6 nLUE ), THZH BOANA], Hb T % 235 16 XX J7 (0]
W BN . B R AW T B 1B
XA T2 R BE X b R S Sl bl ) 7= A T —
e, BAASKRE, TH 1 B, 5 KIEHR - 524 kN -
m™ ', TH2EEREN-237.9kN - m™', T
6 I, RfEH N -658.5 kN « m ™',

SHELL FORCE SHELL FORCE
FORCE XX , kN/m FORCE XX , kN/m
+5. 60440e+002
M 9’2'1. 68465¢+002 103

"~ 48, 41089e+001 =48, 07175e+001

* . +5. 50255e+001 +2. 30286e+001

g 2 358216001 L2 ;:ﬂ. 98598e+001 5.8 1 496050+001
o, 34+ 35690e+000 oy T 519534000 5 gy % 6745104001
gy 1 863860+001 oyl 1795204001 6‘ -1.75711e+001
2. 73105e+001 -9, 81170e+001 * 1. 07070e+002
6. 9% ., 0% 3. 4%
-3, 54168e+001 ~4, 50937e+001 -1. 34140e+002
7. 4% L 5% 7. 5%
s 3%-4. 38408e+001 —6. 39737e+001 1. 59775e+002
- s, 394506+001 6. 6% 6. 44
. 8. 51721e+001 1. 85326e+002
[V Tl 12. 4% 12.4%
a 1o, i 087900002 1 4 13907e+002
7 2L 0268764002 i Pyl 4708304002 "B s6568e+002
“*h s, 240166+002 -89 379036+002 1298 2814504002
(a) TH1 (b) TH2 (c) ITH3
SHELL FORCE SHELL FORCE SHELL FORCE
FORCE XX , kN/m FORCE XX , KN/m FORCE XX , kN/m
48 +5. 74823e+002 = 9%+3, 31383e+002 8%+2' 43786e+002
6. 4%+4. 71333e+001 0 8;‘:2‘ 55786e+000 1’1 4;6-1. 50380e+001
“—1. 45637e+000 * °05. 82374e+001 11' 17;6. 65716e+001
s 1 %—4. 05878e+001 o 2’21,177593«)02 8 2 %—1. 45340e+002
- 8. 22250e+001 “ 21, 64637e+002 -2 10553e+002
5 g e 2208604002 “=-2. 05228e+002 i gL 6393004002
A L 95484002 o gy 425254002 * 23, 13590e+002
* 1. 94537e+002 g oy 1989064002 - 73, 51280e+002
| 1‘2 1 2695904002 = 1 146590+002 = 6%—3. 83658e+002
" 09, 60514e+002 iy, - 460080002 1364361002
* 2. 99979e+002 " o3 82053e+002 A 5‘ 2%-4.4990154'002
'2%-3,43930ﬂ002 5 g DIer02 o  desasern2
5. 15498e+002 -6, 03392e+002 *7-6. 58535e+002
(d) TH4 (e) THS (f) TH6

& 6

BT g T S TE XX Jr 4l o el H
K7 (a) ATLAE S KR ST R - St i, 5
PN, RS RN AR, Bk E, T
Bl BE B H - 524 kKN - m™' B804 Ky 524 kN -
m~' THL2 B, {E K -237.9 kN - m ™' Bk
-286 kN - m™', T 3 W, ff}y - 378.1 kN -
m™ BENE A 140. 1 kN - m™', T4 B, {E R -
5155 kN « m™" ¥4k 138 kN - m™', TH S
B, {H R -603.4 kKN « m™" 3% 87 kN - m ™',
T 6 B, R —658.5 kN - m ™' $#fn4EK 56 kN
~m”' FRESETAN, T 1Bl e ok, B
HN 524 kN - m™', X ATRESE R O T 1 B, JFEE
T4 m AR, BARFZE e S B0 T i Sk A
RGNS AR R R E TN HE, N
XEMMEAMTHERIT 2 m &b, #F B2 1
Bt 7 1 0 R e K

HIE7(b) AT LAE ), SR hr Jy sk b S

T ELRE XX FEH A= E

PR, SR AR TN AR . Bk,
T 1B, R 93.4 kN - m ™" B4 93. 4 kN -
m™', T2 B, fH o 168.5 kN « m™", #E & K
75.6 kN - m™', T3 B, {0 560.4 kN - m ™' 3
TR 391 kN - m™', T 4 B, {H K 574. 8 kN -
m™ IR R 14 kN - m™', TS5 BB K 331. 4
kKN - m™ ' Bl -244 kN - m ™', T4 6 B, {8
F3243.8 kN - m ™' i —88 kN - m™', LK
AT, 50 3 B 1 SR 855 by 38 i ok, 39
9391 kN - m ™', JEPHATRERE, 7E T80 3 B, RS
JER 4 m, HX A B BEA 13 BB 0 9 S R T
oo T SBT3 Il R R

gi Bk, Tl 1 MG 3 BT i e k% 4l )
oK. B, TH 1 A T8 3 S BB Z
K TP YR, 5 B E X A B B TR T
IR T % 2R IR



BEE ABHEBEARLPEHARIZATHHKERAR 77

-100
=200
=300
-400
=500
600
=700 T —658.5
-800
900
-1000(
-1100
-1200— ! L L p

I8
(a) EAH&AME

B7 T ELE

3% /kN.m!

—_
[N
w
FN
wn
o

4.3 TESEEYY FEEE
Pl 8 Dyl N IESAE YY T B A A
8 W LIE H, THZ I BeA R, 3T L AE YY Jr [i)

1000
900
800
700
600
5001
400 - 331. 4

300f 243.8
200+ 168.5

560.4 574.8

3% /kN-m

1001
0

IR
(o) HHTAM

B XX 77 Axd bt A

‘%%%%“ﬁﬁﬁ?‘ﬁ%*ﬁﬁ$7~%%
G ,JZIKEE% T 1 B, S RAE R - 109. 08 kN -
o T2 0, Skl -181.4 kN - m -

m-+ m_

T2 927Tler001
-3y, 465686+001
2.Th_¢ 7147164001

i

BHSEWAN, SRR KEA AT ER B Lo L6 L BRME N -473.02 kN - m - m 7',

SHELL FORCE SHELL FORCE SHELL FORCE

MOMENT YY , kNem/m MOMENT YY , kN+m/m MOMENT YY , kN+m/m
T 8%+4' 43871e+001 z 5%4.7. 94528¢+001 6 3%+1. 32875e+002
5 0%+1. 98540e+001 & 2%+3. 78984e+001 8. 5%+4. 87096e+001
7 oy 1 272856+001 4 gy 2 808304001 “2"43, 27679e+001
16 0'2—7 12831e-000 8:976+1' 98129¢+001 12' 8’-"-1. 98401e+001
2. 832‘2 56039¢+000 m 1’2.1. 28741e+001 . 4,-"-7 39033e+000
15 8%_1 52525¢+000 15' 5{5‘ 53351e+000 . 2%—3 67126e+000
g gy 182904000 18, o - 35285+000 1. 164600+001
7 2%—9 75412e+000 9 2%_7, 28707e+000 h 7%—1 94707e+001
2 gL 63554e+001 5 oy~ 265170001 -
2 2%—2. 38879e+001 s, (m—l 97494e+001
1 8%_3' 33004e+001 a2 %—3 13190e+001
1 6%_4' 81176e+001 5 0%—6 04485¢+001

B2 01206002
-1. 09075e+002 —1. 81397e+002 L 8"‘—3. 41390e+002
(a) ITH1 (b) TH2 (c) TH3
SHELL FORCE SHELL FORCE SHELL FORCE

MOVENT YV, Kien/m
1 o' 689002
¢ g1 222e001
ot 91904001
<O 666156+001

-2k 1. 068056+001

%) 076626+000

20, 0&1 045896+001

10.641 gg7180+001

83 077106+001

4%y 90680e+001

2% _7_498786+001

2 261 325036+002

1. 9%_3 902620+002

(d) TH4

9 MR ELEAE YY Jr I B LA, W]
DAE B R SR R B R i i AR Ak
A, BCkRE, ToL 1B, R —109 08 kN - m

m™ R 109.08 kN + m - m™' . T4 2 B,
R -181.4 kN - m - m ™', HnEH 71.4 kN -+ m

o T3 BEL (N -341.39 kN - m - m ' 18
fnER 160 kN « m - m™', T4 B, {H R -390. 26
KN m-m™' , #4imEHN49 KN +m-m™', THS

(e) THS
E8 MTESBEYY FEAZERE

MOMENT YY , kN+m/m

+1. 67099e+002
+6. 43262e+001
~ +4. 47586e+001

f‘l%: i—l 01380e+001
1 7,2'1 53428e+001

491 1
o1, 7%—&7 918e—00:

MOMENT YY , kN+m/m
+2. 18964e+002
= 5%+1. 37112e+002
+8. 83960e+001
L +5. 78955e+001
=, 43, 58567e+001

+1. 52254e+001
17.1% S2254000

—1.11277e+001 =1. 73109¢+000

12 l%—2 16078e+001 =1, 42840e+001
6. 8%—3. 52557e+001 i 9’£2. 59704e+001
- —5.19145e+001 L 8%—3. 99014e+001
=7. 49211e+001 —6. 23023e+001

-1. 27172¢+002 ;: ;:—1. 20315e+002

774, 03567e+002 —4. 73022¢+002

(f) TH6

Bf (% —403.57 kN - m - m ™", B8 pH % 14 kN -
T 6 B,k -473.02 kN +m - m ™',
HEINER 70 kN - m - m ™' HRER AT, ToO0 3 A
T SRS R N K, g i 160 kN - m -

o JRIARTRER, 76 00 3 0, 2 4 m, B
Lﬁ\m&&ﬁi’iﬁ%ﬁﬂwﬁz#ﬁ T, PRI S B
TG 3 IR 14 R e in e e Ko

-1
m-+*m



£l144 £5M(&EF8H)

N $ie BBk 2025 %9 A
e
= | -341. 39
i%a =390.26 _403, 57
500 | -473. 02
-600
=700 |-
-800

1 2 3 4 5 6
I

B9 MTESEEEYY FRZERKEXLE

ZE LRI, 003 W MR 3 S 0 1

SHELL FORCE

Ko HIL, THL3 NIEHTIFZ R ek, T E A T
3 et it T A S I, B AR S A T e fe e IR
4.4 HWTESBREXZAEEAN

B 10 Jytth B i 28 7E XZ Jrml 85 S = Bl |
E10 W] LLE 1, FFAZ 0 B AN [R], 1R 8 2255 fF XZ
F sy s EWAE . 3 i REA AW N
P, X UL TS IR B X T JE SRS Y e T —E
W, HARRE, TOL 1 B, 5 R (E N 110.8 kN -
m' TH2 B R RE R 167.5 kN - m ™', T 6
I, BRI A -376 kN - m ™',

SHELL FORCE SHELL FORCE

SHEAR XZ , kN/m SHEAR XZ , kN/m SHEAR XZ , kN/m
% +1. 10798e+002 +1. 67529e+002 P 7%+3. 30090e+002
+1. 90773e+001 42, 38441e+001 “ - +1. 15727e+002
* 41, 33200e+001 6.2% .1 4229604001 2.4 8. 3369704001
> 49, 08129e+000 - 7% 18, 07863+001 +5.93825+001
4 o *5 6380764000 i‘: ;’%3, 8535604000 = Z% +3. 549346001
15, gyt - 7685004000 o g 2730001 5 0L 4274304001
24, 1% - 41726001 e 89610000 "), 8464864000
1L o L 0161604000 6% ¢ case8ot000 28 st
o -2 7510404000 5 1y 121290401 6 1y L 21068er001
o oy~ 6381504000 5 gy 7021604001 ¢ gy 2 4689604001
o, 5 46074000 - ). 61598e+001 5 1y 39645304001
-1, 15843e+001 " _4. 04618¢+001 - * s 92106e+001
“% 4. 87371e+001 9,95317+001 524 3 9584404002
(a) TH1 (b) TH2 (c) TH3
SHELL FORCE SHELL FORCE SHELL FORCE
SHEAR XZ , KN/m SHEAR XZ , kN/m SHEAR XZ , kN/m
o gy 42330002 4 1007402002 o 6710504002
- h 1. 2165404002 + L 02 3 gy "L 217200002

- . 763880+001
35K 15, 8102004001
-3, 1833404001
- %, 5110704001
25 364986+000
30.24, 630046+000
- Thy. 625576+001
5763 17190+001
5.6 _4 950680+001
- 1% 7 064956+001

-3 4299104002

(d) TH4

& 10

BT Sy o B 3% 2285 78 XZ J7 10 8 ) %) L
HE 11 (a) AT LUF o T 3% 2255 oK 7 5 ) 2230
SR Gg N, J PR G 0, PR B AR A i AR Ak
B, HUAORE, THL 1B (R -48.7 kN - m™!,
WOtk 48.7 kKN - m ™'y T2 B, {H A - 99.5
KN - m ™' 351 kN - m™' . TH3 0, (HH
~-325.8 kN - m ™' il 226 kN - m ™', T 4
B (B R —342.2 kN - m ™" 8 16 kKN - m™'
THS B A -309.4 kN - m ™' #¥hn4 R -33 kN
~m~', T 6 B, A -376 kKN - m™ i K
66.6 kN - m™', FLHEAI AL, T 00 3 IF B 7 3 0
KN -325.8 kN - m™', XA REE O AE
O3 B, FAZIREE R 4 m, HaxX D FrBelf i &
PR PN S AT SCAP, T B0 TS 4 S5 B 3

(e) THS
i TESIETE X2 AEE = E

- 4%,7 9394604001
405 621886+001
4 15,3 4978804001

- 341, 73113+001

* 9. 03803e+001
5' +6. 68219e+001
* 4. 63668e+001

-6%,) 71659e+001
- 44, 734366+000 10.241 11238e+001
2924, g01466+001 o S0t

-1 717690+001
6.8% 3 187450+001
5.6 4 840130+001
4.9 96597e+002
6. 0%_3 093686+002

-1 52402e+001
1% _3 273556+001
5.8% 5. 2356504001
5.5% 7. 68080e+001
5.8%_3, 760320+002
(f) ITH6

HE 11 (b) /] LAE H, #hF & 2% i KIEBY )
SV RIS g N, 5 PG I, P B AR
7 A, HAARE, TO 1 B, {E R 110. 8
kKN - m™" B4 110. 8 kN - m ™', T4 2 B, {i
F167.5 kN - m ™" FhnHEH 56.7 kN - m ™', T4
3B, {E A 330 kN - m ™' 3 A 162.5 kN - m ™',
T4 WF (B R 342.3 kN « m™ ' 38004 12,3 kN
em”', THS5 B EA 3101 kN - m ™' B
-32kN-m™', TH6m,HH367.1 kN - m™', I
PR 57,1 kN - m ™' FRASRTAT, T00 3 BB Sy
IR NN 162.5 kN - m ™' JRIR AT fESE,
TEXAB B, 2R EE R 4 m, HX AN BOscA e
BN SCHE AT S



BEE ABHEBEARLPEHARIZATHHKERAR 79

Zi B RRIA, 00 3 If b i S 57 T 3N A
Ko HIE, O3 RREITHZ R S, F 2B 0

0
_50 k.
=100
=150
=200
=250
=300
=350
—400 -376
450
=500
=550
600

W /kN-m!

IR
(a) AR H

3 ByBCHHRIGE L B PRI STAL T e RS

600
550 1
500 -
450+
400+

| 342.3 2l
350 330 51
300
250
200 - 167.5

1501 910.8
100

B /kN-m!

I8
(b) JAEHH

B 11 #TESEEEXZFEENEE

5 #ig

AN FE DABE I R B ST 2 TR A ST
T AR, FRE T IR AR IR I S AP 4G
152 1 RABTE R 9T . EZMITEE R

(1) 1R FES255 AR T S B X RR D () R
ko BEETHZIRBE AW G I, 1 i 225% Y J5 )
PIEAS AR b S 3 N T R i o FFH2 58
B, R & 22 A B 1Y e KA 4 i o 8. 81
mm , -8. 14 mm, HHb T iEZ8E A B HE K,

(2) M HE SRS B K hi 7 BUAE T 42 58 U,
E 4 -658.5 kN « m ™' 5 K JE Sy HBAE T 00 4 1,
{E ) 574.8 kN - m™' . Ffi 5 JF 45 GR 5E ( A BT 386 o,
R BEZEREAE YY J5 1] i 5 K 25 (B U0 A6 AN T 3
e FAZ5E T, e KAy —473.02 kN + m -
m™ B SRR AR B T 2 5 B, oK 6 BT
Jik =376 kN - m™', e K IEST J1 4 367.1 kN -

(3) T4 1 AT 3 RG2S B 120
PR, LA P B BRI T il L R W, B
PREEGAL T2 2 f e R

S 3k

[ 1]GUO P P,GONG X N,WANG Y X, et al. Minimum cover
depth estimation for underwater shield tunnels[ J]. Tunnel-
ling and Underground Space Technology,2021,115.

[2 ]7GUO P P,GONG X N,WANG Y X, et al. Analysis of ob-
served performance of a deep excavation straddled by shal-
lowly buried pressurized pipelines and underneath traversed
by planned tunnels[ J ]. Tunnelling and Underground Space
Technology,2022,132.

[3]GUO P P,GONG X N,WANG Y X, et al. Displacement

and force analyses of braced structure of deep excavation
considering unsymmetrical surcharge effect[ J|. Computers
and Geotechnics,2019,113.

[ 4] WANG Y X,GUO S M, GUO P P. Stability and failure
probability analysis of super-large irregularly shaped deep
excavation in coastal area considering spatial variability in
soil properties [ J ]. Journal of Asian Architecture and
Building Engineering,2024 ;1 —17.

[ 5]ZHAO P,QIU Y Q, WANG Z Q, et al. Mechanical re-
sponse of elevated bridge piles to adjacent deep excavation
[J]. Scientific Reports,2025,15(1) ;1 -20.

[ 6 RIS, Z ook, TAF, 4. m ut X 5 T Hb ik b 36 14 7
TORMEES TR TR R bR [T ] R TF KA 2441, 2025, 53
(4) :548 -556.

[ 7 ]17ZHAO P,QIU Y Q,WANG Z Q,et al. Influence of hori-
zontal distance between earthmoving vehicle load and deep
excavation on support structure response [ J |. Buildings,
2024,14(11) :3604.

[ 8 ] ZHAO P,SUN Y,WANG Z Q,et al. Mechanical character-
istics of deep excavation support structure with asymmetric
load on ground surface [ J]. Symmetry, 202416 (10) .
1309.

[ 9 JREFZTE, XINAHT , 5 M, 55, TFAZRUHK 26 4F T ST
PRI R 1 R R [ T ] 55 4 T2, 2024 ,45
(6):1699 - 1708,1719.

[10] S35 BK, 20T 52 BRI A, 45 SR B A B R E S 9
ERGVAT TN BV [T ] R R A4, 2023, 56
(8):153 - 163.

CUL IR A, RE—L, 2R 0Kk, 45 BCRh AL T IFZ5 R ot
TR I 0% [ ] b TR E 40, 2024,46 (10) -
2041 -2050.

[12] 25 ARSI R, 25, J0 TP 0 AR B 5 T
WA N ITIERTFELT ] 7R 25 (8] 5 TR A4, 2023,
19(2) :446 —455. (T 97 T1)



02549 A v} % % 1L ¥ 4% Sep. 2025
4% 58 Journal of Bengbu University Vol. 14 ,No. 5

GEFBEEREEAREREMAXNREREDHIF MO

ERE L REF,E OWLE A

(LZBORTORY: ARSI, L8 Wl 232001;
2 BRI TREEE W DRI b0 2B R 232001 )

i BB TFTE-GZRISHEARATL, EEIRT T LU RAATIREY 5 693 A AR LA 4R
RN HAE, KT I En A, 42 COMSOL Multiphysics ﬂa‘rmwﬂwﬁ? S Yk SRR 6 BAL AR AR

BLRASNT AREERELMN T, AEEmat A LR AS B A E6F h, FREREAN K
%R BAL e R R SR AT S R IR 2R M R, SRR RILAER Z R, i AL B et R AL K ]

“3 R, AW T, ALS RS M0 1 m, X BT EHRRE -3 £, I, /L?éé;?fLIﬂEEé’Jimk EEARERE

RIRBEIG G AR, FEALF LR, TR R BHRALERELEGI AL 5 P, I f 2 A

L5 BE G HORAE R M e 5 3 A R A e

KRR AT B R 4k R IAE A R éé BT ML kA

hE S EE . TD265.3 X EEFRIAED : A XEHE 2095 - 297X (2025)05 — 0080 - 07

Analysis of Influence of Freezing Hole Deflection on Temperature Field
in Jurassic Cretaceous Strata

HUANG Junbo' ,RONG Chuanxin'* , WANG Bin®, WU Dong’
(1. School of Civil Engineering and Architecture, Anhui University of Science and Technology , Huainan,232001 , Anhui;
2. Engineering Research Center of Mine Underground Engineering, Ministry of Education,

Anhui University of Science and Technology , Huainan,232001 , Anhui )

Abstract ; It focuses on the Jurassic-Cretaceous composite strata in this study, aiming to investigate the in-
fluence of freezing hole deviation on the distribution characteristics of the temperature field and its varia-
tion with freezing depth. Based on field-measured data,a two-dimensional numerical model of the freezing
temperature field was established by using COMSOL Multiphysics finite element software. The model sys-
tematically analyzed the comprehensive effects of freezing pipe deviation angles and deviation directions
on the closure time of the freezing circle under different freezing depths. The research results indicated
that as the freezing depth increases,the cumulative deviation of freezing hole positions leads to a signifi-
cant increase in the maximum hole spacing, thereby extending the closure time of the freezing circle by 1
—3 weeks. Specifically,for every 0.1 m increase in freezing pipe spacing,the closure time is delayed by
1 =3 days. Furthermore, the increase in freezing hole spacing significantly alters the temperature field
distribution characteristics in the closure region, resulting in uneven development of the freezing front.
This may cause localized thinning or discontinuity of the frozen wall, adversely affecting its overall stability

and sealing performance.
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Abstract; Based on the finite difference method in conjunction with the weighted six-point implicit
scheme, it performs high-precision numerical solving of the heat conduction equation from the perspective
of numerical accuracy and computational efficiency. It systematically evaluates the changing rules of error
by comparing the error of numerical solutions with exact solutions across various step ratios and weighting
factors. Additionally , visualization techniques implemented using Origin software significantly improve the
intuitiveness and interpretability of the results. The findings demonstrate that reducing the step ratio and
optimizing the weighting factor markedly enhance the accuracy of numerical solutions, while visualization
techniques effectively elevate the presentation quality. The study not only introduces novel approaches and
perspectives for high-precision numerical solutions of the heat conduction equation but also provides effi-
cient and convenient tools for applications in related fields.
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Research on Dynamic Critical Path Optimization for Industrial Heritage
Renovation Based on Stochastic Chance-Constraint Programming

LI Na
(School of Design, Anhui University of Arts,Hefei, 230009, Anhui)

Abstract ; Industrial heritage renovation constitutes a vital component of urban renewal, encompassing
multiple stages such as assessment, restoration, and adaptive reuse. During implementation , uncertainties
in project duration arise due to various factors,including the varying age of heritage structures, differences
in restoration techniques, and the complexity of approval processes. Effectively analyzing and optimizing
the industrial heritage renovation workflow under such uncertain durations presents a significant chal-
lenge. Traditional critical path analysis,reliant on deterministic assumptions, struggles to adapt to stochas-
tic scenarios. To address this, the framework of stochastic critical path analysis was systematically intro-
duced into the domain of industrial heritage renovation project management in the study for the first time.
A stochastic chance-constraint programming model was constructed, which was equivalently transformed
into a solvable deterministic second-order cone programming model. The approach was validated through a
practical case study, providing auxiliary decision support for industrial heritage renovation management.

Key words: industrial heritage renovation ; directed network diagram; stochastic critical path; chance —

constraint ; second-order cone programming
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Convergence of Runge-Kutta Method for Nonlinear Impulsive Pantograph Delay

Differential Equations

YANG Chuanying'* ,LIU Juan', YU Yuexin®, BAO Hongwei' ,ZHOU Tingwei'
(1. School of Mathematics and Physics, Benghu University , Bengbu,233030, Anhui;
2. School of Mathematics and Computational Science,Xiangtan University , Xiangtan 411105, Hunan)

Abstract ; For a class of nonlinear impulsive pantograph delay differential equations( NIPDDEs) , the con-
vergence of Runge-Kutta method for non-stiff and stiff cases was analyzed. Firstly, the Runge-Kutta nu-
merical scheme of NIPDDEs was constructed. Secondly, for the non-stiff case, it was proved that the
Runge-Kutta method for solving NIPDDEs is classically convergent with order r,and for the stiff case, it
was proved that the Runge-Kutta method for solving NIPDDEs is B-convergent of order r. Finally , numeri-
cal experiments confirmed the correctness of the theoretical analysis.

Key words ; impulsive pantograph delay differential equations ;stiffness ; Runge-Kutta method ; convergence
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Meta-analysis on Effect of Exercise Interventions on Basic Motor SKills of Children
with Intellectual Disabilities

BAO Yueling, WANG Cong,GUO Feng, QI Wei,SUN Mingyun *
(School of Physical Education, Anging Normal University , Anqing,246133 , Anhui)

Abstract ; Although it has been shown that motor intervention can improve fundamental motor abilities in
children with intellectual disabilities, there is currently no accepted standard for determining the type of
motor intervention that works best for enhancing basic motor skills, displacement , and object control. In or-
der to investigate how exercise intervention affects the basic motor skills of children with intellectual disa-
bilities and to further examine the variables influencing the basic motor skills intervention program and the
exercise regimens that are most successful in enhancing their various subfunctions. PubMed, China Knowl-
edge Network (CNKI) ,EMBASE,and the China Biomedical Literature Service (CBM) were searched for
randomized controlled trials examining the impact of exercise therapies on fundamental motor skills in
children with intellectual disabilities. The retrieval time limit is from the establishment of the database to
May 15,2024. The frequency of exercise and the degree of intellectual disability may be causes of varia-
tion , according to subgroup analyses used to examine heterogeneity among research. Children with intellec-
tual disabilities greatly improve their basic motor abilities after an 8 to 16 week exercise program consis-
ting of 35-60 minutes of exercise approximately four times a week,and that playing ball games has a big

impact on developing abilities like object handling and displacement, training for the small muscles, core,
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and space is mainly about enhancing both static and dynamic balance. It is important to interpret the find-

ings of this study cautiously and conduct more thorough research because of the limited number of studies

and their limitations.

Key words: exercise intervention ; children with intellectual disabilities ; fundamental motor skills ; meta-

analysis
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1.1.1 TGMD- 2%

3Kimil 2023 6738 074 8 60.13 064 8 38%  9.91(583,1399 —_—
3 2020 8019 204 16 6838 468 16 129% 319(210,4.27) =
3 2022 7104 931 14 5758 754 12 137% 1.54(0.64,243) =
‘Subotal (95% C1) 38 36 304% 3.88[1.35,6.42] >
Heterogeneity. Tau®= 3.94; ChP’= 18.65, df= 2 (P < 0.0001); F= 89%

Testfor overall effect 2= 3.00 (P = 0.003)

112 (LSRR

3Kiil 2023 3614 073 8 3164 072 8 74% 587(3.33,8.41) —
3K 2020 4463 361 16 3838 394 16 140% 161(0.80,2.42) B

3% 2022 355 339 14 2733 458 12 134% 1.99(1.02, 2.96) =
Subtotal (95% C! 38 36 346%  263[1.08,4.19] >
Heterogenelty. Tau?= 1.38; ChP = 9.80, df= 2 (P = 0.007); F= 80%

Testfor overall effect 2= 3.32 (P = 0.0009)
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3Kimil 2023 3226 061 8 2844 061 8 74% 5.92(3.36,8.48) ——
3k 2020 3556 563 16 30 278 16 142% 1.22(0.46,1.98) -

3 2022 355 339 14 3025 341 12 137% 1.50(061,2.38] B
‘Subtotal (95% C1) 38 36 35.0% 231(0.70,3.93) L d
Helerogeneity: Tau?= 1.54; ChP’= 11.94, df= 2 (P = 0.003); P= 83%

Testfor overalleffect 2= 2.80 (P = 0.005)

Total (95% CI) 14 108 1000%  2.71[1.79,3.63] ¢
Heterogeneity. Tau"= 1.39; ChP= 44.08, df= 8 (P < 0.00001); = 82% £

Testfor overall effect: 2= 5.79 (P < 0.00001)
Testfor subaroun differences: Chi*=1.06. df= 2 (P = 0.59). F= 0%
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=0.01],mE 4 frs.

Experimental Control S, Std.
SD

IV. Random, 95% CI

Study or Subaroup Mean SD Total Mean SD Total Weight IV, Random, 95%
ZnhaowelKong 2018A 209 695 17 .26 311 19 198% 0.60£0.07,1.27) g
ZhaoweiKong 20198 108 201 17 -26 311 19 199% 049[0.17,1.16] ™=
9 ——
9
9

Fi5M 2019C 635 105 9 542 11 140%  0820015,180)

FRM 20190 788 078 9 542 11 98% 246(1.16,3.75) _——
R 2019E 531 073 9 542 11 148%  -0111.04,081) S

il 2023 691 537 23 526 373 2 215% 0350025094 N

Total (95% C1) 8 86 1000%  063[0.14,1.12] bt

Heterogenety: Tau"= 0.20; ChP = 11.09, df = 5 (P = 0.05); P= 55%

4 o -4 -2 2
Testfor overall effect Z= 2.54 (P=0.01) Favours [experimental] Favours [control]
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PeitingZhao 20236  47.36 393 14 44 333
Peiing Zhao 2023F  47.21 283 14 44 333

=aS 2021 478 508 10 454 403

Total (95% CI) 38
Heterogeneity: Chi*= 074, of= 2 (P = 0.69); F= 0%
Testfor overall eflect 2= 3.41 (P = 0.0007)
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Experimental Control sta. std.
224 80
il 2023 3556 563 16 30 278 16 429% 1.22(0.46,1.98] ——
3K 2020 3556 563 16 30 278 8 302%  1.09(0.8,201] s
Sublotal (95% C1) 2 24 7% 147[058,1.75) >
Heterogeneity: Tau™= 0.00; Chi*= 0.04, df= 1 (P= 0.83), F= 0%
Testfor overall effect Z= 3.91 (P < 0.0001)
223 WM
3k 2022 355 339 14 2733 458 12 26.9% 1.99[1.02,2.96] —
Subtotal (95% C1) " 12 269% 199[1.02,2.96] -
Heterogenelty Not applicable
Testfor overalleffect Z= 4.02 (P < 0.0001)
Total (95% CI) 4 36 1000%  1.39[0.88,1.90) >
Heterogeneity. Tau™= 0.01; Chi*= 2.06, df= 2 (P = 0.36), F= 3%

Testfor overall effect Z= 5.35 (P < 0.00001)
Testfor subarouo differences: Chi*= 2.01. df= 1 (P=0.16). F= 50.3%
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[ SMD =0.99,95% CI % ( - 0.37,2.35),P =
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Experimental Control Std. Mean Difference Std. Mean Difference

Studv or Subaros an__SD_Tot yeight IV, Random, 95% C1 IV, Rando

341 >3%M

s 2019C 635 105 9 542 11 9 140%  082(015,180 1

M 2019D 788 078 9 542 11 9 98% 246[1.16, 3.75] —_—
izt 20198 531 073 9 542 11 9 148%  -011(1.04,081] —

Sublotal (95% CI) 27 27 387%  0991.0.37,235] ——
Heterogenelty: Tau*= 1.15; ChP = 10,02, df= 2 (P = 0.007); = 80%

Testfor overall effect Z=1.43 (P=0.15)
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ZhaoweiKong 2019A 209 695 17 -26 311 19 198%  060(0.07,1.27) T
ZhaoweiKong20198 108 201 17 -26 314 19 199%  049(017,1.16) S

2k 2023 691 537 23 526 373 N 215%  035(0.25,094) —p——

Sublotal (95% CI) 57 59 613%  047(0.10,084) -
Heterogenelty: Tau*= 0.00; ChP = 0,32, df= 2 (P = 0.85); F'= 0%

Testfor overall effect Z= 2.49 (P = 0.01)

Total (95% CI) 84 86 100.0% 0.63[0.14,1.12] -
Heterogenelty: Tau*= 0.20; ChP = 11.09, df= 5 (P = 0.05); F'= 55%

Test for overall effect Z= 2.54 (P = 0.01)
Testfor subarouo differences: Chi*= 0.52. df=1 (P=0.47). F= 0%
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331 f
ZnaoweiKong 2019A 299 695 17 26 311 19 198% 0601007,1.27)
ZnaoweiKong 20198 108 204 17 -26 314 19 19.9% 0491017,1.16)
Subtotal (95% C1) 34 38 398% 055[0.08, 1.02]
Heterogeneity: Tau? = 0.00; Chi*= 0.05, df =1 (P = 0.82); F= 0%

Testfor overall effect Z= 2.27 (P = 0.02)

332 4K

Fink 2019C 635 105 9 542 11 9 140% 0.820.15,1.80) I
M 20190 788 078 9 542 11 9 98% 246[1.16,3.75) -
Finh 2019E 531 073 9 542 11 9 148%  -0.11}1.04,081] 1
Subtotal (95% CI) 27 27 387%  099(-037,235 »
Heterogeneity: Tau"= 1.15; Ch*=10.02, df= 2 (P = 0.007); F= 80%
Testfor overall effect Z=1.43 (P = 0.15)

333 8P

Bl 2023 691 537 23 526 373 21 215% 0.3510.25,0.94)
Subtotal (95% C1) 23 21 215%  035[:0.25,0.94]
Heterogeneity: Not applicable

Testfor overall effect 2= 1.14 (P = 0.25)

100.0% 063[0.14,1.12]
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Abstract ; It examined the interactive relationship between interdisciplinary talent cultivation and digital
textbook development in science and engineering universities in the paper,using Changsha University of
Science and Technology as a case study and adopting the case analysis method. The findings revealed that
while the university has achieved initial success in fostering interdisciplinary talents, challenges persist in
resource integration and curriculum optimization. The application of digital textbooks has demonstrated po-
tential in enhancing teaching efficiency and diversifying learning resources ; however,issues such as tech-
nological updates and faculty training require urgent resolution. Based on these insights, it proposed targe-
ted improvement strategies to provide references for interdisciplinary talent development and digital text-
book construction in similar institutions. The goal is to promote synergistic growth between the two do-
mains and addressthe evolving demands of high-quality education.
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Risk Deconstruction and Governance Pathways of Ideological Security in Universities
in the Era of Intelligent Media
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(1. Office of Discipline Inspection Commission, Anhui University , Hefei, 230601 , Anhui ;

2. School of Journalism and Communication, Anhui University , Hefei, 230601 , Anhui )

Abstract ; From the perspective of the political economy of communication, it analyzed the multiple risks

to ideological security faced by universities in the era of intelligent media in this paper. The findings re-

veal that ideological risks in higher education primarily manifest as; communication risks brought about by

the development of technological media, cognitive risks resulting from the infiltration of western values,

and institutional risks inherent within the university education system. It can thus be concluded that estab-

lishing a systematic risk identification mechanism and constructing a multi-dimensional governance path,

from innovating educational content and strengthening faculty development to optimizing publicity mecha-

nisms and ensuring institutional implementation , are key to enhancing the ideological security management

capacity of universities and promoting the modernization of ideological governance.

Key words :intelligent media era;universities ideological security ;risk and governance
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Teaching Reform of Comprehensive Experiment in Food Major Course
under BOPPPS Teaching Mode
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Abstract ; The current teaching situation of the Comprehensive Experiment of Food Major course was ana-
lyzed in this article. And course construction objective , teaching content design, experimental teaching im-
plementation process and course assessment and evaluation were introduced to construct the BOPPPS
teaching model. The BOPPPS teaching model was applied to the teaching process of this course, creating
an active atmosphere and significantly improving the effectiveness of experimental teaching.
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