wo 2025/007239 A1 |0 00000 KRN0 Y O 0

(12) AL M EAES 2T A E bR HG

(19) ﬂ%‘iﬁﬁﬂﬁb\%ﬂéﬂm % O O 00 0 R 0
A b = 10y [Er /57 5

@3) [E R A7 H —
20251 A9 H (09.01.2025y WIPOIPCT WO 2025/007239 Al

(1) FEFrE R4 25 UNIVERSITY) [CN/CNJ; T [E] b 50 1 1 € X %
GOIN 3/08 (2006.01) [k 375, Beijing 100083 (CN),

@) EFrRES: PCT/CN2023/105505  (72) %R A: 22 K ¥ (AN, Yonghui); i [ I~ 75 4 i &

NN = 3 v = .
22 SR B TE H 2023 &£ 7 B 3 03.07.2023 BIX T P S8 X KT R B 1005, Guangxi
e AR D 530004 (CN). AL Songlinys $ T A
(25) FRIAS: HIX T T #%2 5, Liaoning 116024 (CN), I FHFH
(26) N HiES: i (MA, Danyang); H [E b 50 T8 I8 X F B 1% 37 5,

Beijing 100083 (CN), #1Hi f (ZHONG, Jinxiang);
T o TR GUANGXI UNIVERSITN) (N B4 1 136 B8 T 70 5
; = H = .
F 2 7R % 100 2, Guangxi 530004 (CN), ok FR AEE1005, Guangxi 530004 (CN). \
T K*¥(DALIAN UNIVERSITY OF TECANOLOGY) (74 FRFRA: 50 7 5 3¢ Jn i ™ LU

[CN/CN]; R ET T8 K& T % T 25, Liaoning fE 2% 7] ALIAONING HONGWEN INTELLECTUAL
116024 (CN). b BT B 25 T K K 2 (BEIHANG PROPERTY AGENCY CO., LTD); ! [E 17 7" & K

(54) Title: TESTING APPARATUS FOR LONG-TERM LOADING AND SYNCHRONIZED MEASUREMENT OF CON-
CRETE-FILLED STEEL TUBE-STIFFENED COMPOSITE STRUCTURES

(54) KM — iR iR & S I IR e R

(3] (57) Abstract: Provided in the present invention is a testing apparatus for long-term loading and
synchronized measurement of concrete-filled steel tube-stiffened composite structures, the test-
ing apparatus comprising a loading assembly, a load-measuring assembly, a deformation-mea-
suring assembly, and a concrete-filled steel tube-stiffened composite structure. The loading as-
sembly primarily consists of loading plates, loading rods, nuts, and pre-tightened disc springs;
the load-measuring assembly consists of force sensors; the deformation-measuring assembly pri-
marily consists of a measuring apparatus; and the concrete-filled steel tube-stiffened composite
structure is a force-bearing structure. The testing apparatus for long-term loading and synchro-
nized measurement of concrete-filled steel tube-stiffened composite structures allows for loading
in stages and is capable of synchronously measuring the long-term internal forces and deforma-
tion of inner concrete-filled steel tubes and outer sleeving reinforced concrete; solves the key
problem that during construction in stages, the internal forces and the deformation of the inner
concrete-filled steel tube part and the outer sleeving reinforced concrete part cannot be precisely
analyzed; and provides reliable test results for further research on the internal force redistribution
patterns and the deformation progress patterns of the described structures under long-term load.

(a) (57) f%: AR — M e Mﬁi%ﬁ@ﬁ%ﬁﬁ%%ﬁﬁ%%ﬁi%ﬁ
BARCE, IMEAt, AR EWAr, BWALE, W REL NSRS
/WOMW%@EEEMWW\MWH\%l u%&%%& i B PUZH 1
AR A RN T BN E AR P REE L INEhiR & 45
R 2 T165H iiﬁ%ﬂ%@ﬁi%ﬁ@ﬁ%ﬁﬁ%%ﬁﬁgwﬂy%ﬂ
Aﬁ% SCILT P E T TR AN SN SR IR L RO B BOINEAR I /)

ﬁ%ﬂng,%&T“V&mI%ﬁTmﬁﬂ IR e A NN TR
BeE Mo M), TSR HE T ARSI, ]t R S A
KT E NN B AR L R AR I AT S i 45 R



WO 2025/007239 AT | {00000 00 T 000 0000

BT X 439 5 B R E
1102-02, Liaoning 116085 (CN).,

B I5EEER A HIEN, EoRE AR AHESR
R3): AE, AG, AL, AM, AO, AT, AU, AZ, BA, BB, BG,
BH, BN, BR, BW, BY, BZ, CA, CH, CL, CN, CO, CR, CU,
CV, CZ, DE, DJ, DK, DM, DO, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, IL, IN, IQ,
IR, IS, IT, M, JO, JP, KE, KG, KH, KN, KP, KR, KW, KZ,
LA, LC, LK, LR, LS, LU, LY, MA, MD, MG, MK, MN,
MU, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PA,
PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC, SD,
SE, SG, SK, SL, ST, SV, SY, TH, TJ, TM, TN, TR, TT, TZ,
UA, UG, US, UZ, VC, VN, WS, ZA, ZM, ZW,

B T EER A ATEH, BRI —MATTRALHIX

R ARIPO (BW, CV, GH, GM, KE, LR, LS, MW, MZ,
NA, RW, SC, SD, SL, ST, SZ, TZ, UG, ZM, ZW), ¥kl
(AM, AZ, BY, KG, KZ, RU, TI, TM), Bx#ll (AL, AT, BE,
BG, CH, CY, CZ, DE, DK, EE, ES, FI, FR, GB, GR, HR,
HU, IE, IS, IT, LT, LU, LV, MC, ME, MK, MT, NL, NO,
PL, PT, RO, RS, SE, SI, SK, SM, TR), OAPI (BF, BJ, CF,
CG, CI, CM, GA, GN, GQ, GW, KM, ML, MR, NE, SN,
TD, TG)s

AER A
—  EPe R IRE GRAE215:0)).



WO 2025/007239 PCT/CN2023/105505

URY
RZHR: — M ETRERE N ZhIE & S5 IS 20 [F 2 5
G B

ARSI

[0001]  AKEJE T4 TREERSUE, HARW e —PraE R et T nshiiE & & BN
A= F D AR 2 E .
HRBoR

[0002]  FEREETINSNR S ESMIEN— MBI AL TREE W, BAABIIR, buRtEsedr
, difafaoE, WM TS, TR T REE . H
ERIHRTERAE T, JREE AR AR, S RAE N E RN, X
KRS, RELMIRTSSEEWAN RS, WNEmINZir=AadE
detkromy, U E RSS2 JTARTE, IR TR R e it

[0003]  EFXMENETREE T INER A 454, DAL H B I 09 N = 00 28 B an F JRA S5 “ it
FANE TR B S TR N PERE A B 5 58” inEdsE, HAER
BEXT AN TR TN SR A S5 M A B — IR PRI A, AS Re B A 381 0T /e VR
L mEh VR A G5 R VAN TR E A AT AN R AN A TR B R B K A B B g, &
BOZ L 2 B B L LT I 7152 PERE i 55 52 PR o

[0004] A B — M E TR B INEhR & G A mE A =20 [F P A IR &, 18
HiZRIS R E, A DASEELGT N BN TR ko T RN AN A5 TRk o B 4 Y
Bon#k, JFeext S o Smmn 71, BIEBHMT KIHEDNE, Mok 7 IE N
BB B B LA NN N BIR B A /MO AN R R N 7. AT T
TAIX i m @, B LR RE— DA% S 45 WA KA 3T IR P 77 22 A U A
AR R AR
RO
HoR

[0005]  AJBHHEH — M TR B N Eh iR & A a0 [F P il ie 2 & . B



WO 2025/007239 PCT/CN2023/105505

HERINERE BAEAE TN E TR B LN SR & Sy — N BAR BT ING, 1R
JEZREE M T BOE L AT s, R N BN TR SR B o AN S5 2 B
BNE il e AR BH AR DA BN TR SR A 45 A IR S+ AR
IR, T PN B R e T RE AN S5 A P BOREAT I, I E I
P AN TR U o S 0 R R S VR s i (R 32 F RO, R HEBEAT IS K 52 7
i, RIS R AR A Ol NSKBR TRl AT iR AL

[0006]  — RN VR EE L INSNE & G5 M KBRS0 [F) 0 R34 B, AR e 1F
10, far WA AF20, BT 2 LA 30 R4 A TR BE L InEhiR A& &5 4440,

[0007] N 105G FingEdR101. FnEiR102, ARG RS RIRI03, BIEAK
FREMR 104, FINEAF105. FIngksr106. THEE107, PHiEEE108, R
BERF109. TEIMETE 110, P EBRESE LU L3R 112, Hingar 10655 Lk
BR101, Houmdimid bR aE 109 A L1 2/0 & [ 2 A8 R0l B R
INERAF 1054 IR It 3R 4R AL AR IR B R 104, NINFRAR 102, Hoomim it T FRig £
107 T B R 1 10T 4 [F 58 A8 TR 102 |, Hrh S B i v i £ 108 1
TR L1 A [B 8 AR F AL A IR 104 | FRAR AL IR SR I ER 104HF G b
£l FEE AL AR HAR 1 03— i N BERCERAL AR BAR 1041 AL, Fefafs
SRR 104 7P Lo L PN B2 S SRR A IS HUAR 10341 i 2 TR B AT — e 4kt HL%e
TR TR BRI S AR LO4 1) 5005 B A JE A AR L033R T A [F]— P 1 b5 i@z ek
FEAR 103575 — i b T T InagaR 102 I

[0008]  Z=/DPYAS EINEAF 106, VYA T INEAT 105, VYA EFRIREEL09, VYA T HFlsREL
07, PUAS B2, PUAS FRIIEEE 11045 FnEAR 101, bk imat #547 103
v NINERAR 102—RETE R AR A TR B N Eh VR A 25 K40 PN AR VR R I R 5 )
s B FINEAFL06. VYA T INEAT 105, PYAS LEFIBREL09, PYASHh g RE
108, PUAS BFEFERFE 12, PUAS P BB 111 FmBAR 101, Bi i SRR
04— ST AN & IR Bt LN EhVR & S5 MI40 41 BB s TR sk i s . Herh, 1
INEATF106. FINEAT105, EEBEEE109, EESREER 112, IR 10150



WO 2025/007239 PCT/CN2023/105505

[0009]

[0010]

[0011]

[0012]

[0013]

[0014]

[0015]

[0016]

[0017]

[0018]

TRTRE N SHVE A 5 H A0 PN F AN TR T 1 AR S M 1 A 4

e L 20 AR R AL IS 20 MNFHE Uk AL d§ 22, P&y 21
KA A5 N INEAT105.  FINET 1064, H T SN TR B INEhR & 45144
O Fofm U T IE s 22 22 R AE RO B AL R 2R 103 1, FI TS IR TR
SR INNCiE=®

A EMAM30EFEARE T3, AT NS EE32, AR TH S MES3. fuigz34
ZARAE Py BDFAIRE T3 VR LA RSy — B A A A TR B sh iR
HEERAOM BT EIE R RT3 L@ A AE TE R SOEE33 RIS S v T S RE3 23
BT Bngibk 1oL, TnER 104200, AR Aokl T TR BN sh iR & 45 f4
O P B A 2R 18 5

WERE L INEhIR A S A0 RN 41, A IREE 42, AR SMEEEE43.
PNAARISE 545, ARIE S B IR BT 5, AR IR AL 10 S5 A AE B
JUfAp 222 s Hrp AR A L RIAR A TR B R A2 AR TR It ., S AR B4
3. P44 A5 4L B4 BN A TR B £

BE—20,  BTIR R AL A AR 103 I I 5 AN A TR It L I T T RA ), [ A
iR

B30, FTIRECHRE AL A AR 103 WA RSO I 5 1 3 2 M AL 1R 20 s 20
Tk g 220 B L L B

B0, PR EHE A R AR 103K e B T R EE 10T A N AN B 102347
AT, SEPUINEA IR TR AR AL R B R 104 5 R0 4 % A AR L 03 LR FFAE )
—Fi b

B, AR INAIR A G5 HIA0BHIN, AN AL BT . AN AR B
AR AIR o

B, PRI R EAEIR B R NS 35 AN R LA 36 BN A 1] L
AR R 3T YA RLAR P 38R 5 AR 396

— PN R ISR A G R BRI = D B A B e ek, A
(S S

BB WMES-©, 7E FINEAR 101K JUAT O fr B BARE 415

3



WO 2025/007239 PCT/CN2023/105505
[0019] B . WKs—@), BEEFG, MINE41K S e e iRt t42;
[0020] BB =. tEs-Q), HBIUE FHME112, FEERE109,. FnEiF1064k ik

[0021]

[0022]

[0023]

[0024]

[0025]

[0026]

[0027]

HA [ NEAR 10 LI A £ % B [ HEFLAL

BRI ES-@, 7E FINEAT 1060 7 — s i fehr AL EEE 21—, JHAE
PLAAIEAS 210 b — S N #8105,

BB EE-0), fEANEAFNE N IREE 4200 7 — S B 4R A 1A iR
103, JEFCHRAL IR IEIR 1048 N NN 105 1

BRI WEL-©), ERFEAIEES RER 104N MBI IO h &1L, 3
WRRE 1082 BEAE N INAAT 105 1, IR #eHa 30 s 77 A% Ik 22 5 R A A4 I A 2R 103
AL

AR MELG-@, T IMEAR 102222 3 T INEAT 1051053, H7E T IR
T2 AP BB 25 B RE 110, R ERIERF107, W5 BB ERIE, 8T InEiR
102/F 8 FTH, PSR 10 L/ A TTHT s AEARE ALK o 3ot Ml T4 A8 RS vl A% 3
6 BV AIAI NAE 37, TERSHR AL IR AR 103 5 e AR AR B IR 1042 7] (1 4%
B 78 R IR 505

BB RS-, BRI IR RE 108, FEERE107, (ML LI
FAR B LOAFI T INFAR 102K 1, AT CRIE S0 2 7 4% 25 22 (10 i [ Rl 6 6
PR HAR 1037, AN E R 5 S N i VR sk R Ab T 7] P 1 s B2 % el
et B S I AR O A 97 B YA AR RE 10900 77 sUEAT N, ARAE DY AR T %
A LR, N A R R 2O 704 A8 221 e B AR IA B BT B T 4 A
TN KRR A Hhd i e g U 4% R 22 Fr kS AN VR B I A 77,
PRIRBE AR M 3 B0 SRR, B3 EPUAS B3R RE109 LLN 7 far 2K

BRI WEE-©), KEHN AR AR A LR 77 18 4 [ 2 B - nEaR 101
HEERAL AR ICEIR 104 b, FRIGIE 4528 FLAEIN 4410 4 1«

AW WS-, 1EY ARG A5 PR LA BRI S\ AR F 385 7 L
A F39, BB RAS: Z SEAEA DRSNS 143, VRN IRk
TINSNR A L5140, A N2 32, ATl L SORE3S. hi 234 R 113
12238 3 B INER 10 LR HR AL A IR EAR L1042 1F), SN BN IREE N shil & 45



WO 2025/007239 PCT/CN2023/105505

FAOHI AT TR L S A 5 KA S 5 36
3l

[0028) U WEE5-©), GRLEIIA AR08, FERAR IR B AR 104K
LR R R A2 FRTETAIT, ALKV F837 5 DU L1091y
Ty BTN, BREPAB TR 20 BTSN, B PR e
B 2URBE L FIAAB WbGA FELLIN, K R Roh E LA4
SHN AR, SR LT 109 LI SR
B mPOR

[0020] AR IIAT B HCRAN T+ ARUET — b BB IR 01 2 25 K K B
UG IR B0 B R 50005, S 2SR A BN AL PE R B UL,
W TRATH R I LTS . MU IS A S A W
 FFRE OIS Bt PV B A B B NI O AR AT
BN R TR IR 2 S DO AT T AT
PR It 3t

[0030] P& L A ) R0 9 B I 8 2 0 ) DB AL 8 7

[0031] P22 2 ) SR04 0 U B 92 46 K 0 B B L0 3 7

[0032]  [&I3-(a) fe A W R AL RO NS VREE - I 2h VR & S5 A A A (0 A2 TR B A A B R

&

[0033] &3 (b) fe A< W BRI AN VR BE T N 2h VR & S5 A A A1 (0 A2 TR B 2 1 b T4
AR N R R B

[0034] P42 4K IR L R AR TR Bk 1 N S VR & 5 A A PR 1) s i

[0035] 5~ SE ] A e B S A g ik B 2 JL 1) e i R AR AN B e i 1

[0036] 56— SEEf1] A e B B AL A a0 e B K 2 i AR th R AN '8 TR B LR
&

[0037] 5~ SEHEHI A e B FR A g ik B 2 FL 1) e i R v 20 38 e o i I

[0038]  5-@s L1 A J BH F B g it B 2 T 1) e i R h 2 B s AR I R B K

g



WO 2025/007239 PCT/CN2023/105505
[0039] 15— St 1] A B B A5 10 06 2 1 1 2 R e v 2 A e A A% SRt AR A

[0040]

[0041]

[0042]
[0043]

[0044]

[0045]
[0046]

[0047]

[0048]
[0049]

R LIRS BN B,

[15-6) 22 SE it 491 T A S BH i A1 1) X6 20 L ) 22 G It e v 22 A e U A Sk i
Z=y<F

15— (D)2 S it 491 o A B i B 1) 6 20 B ) 22 R VA v 2 285 I b B v 4
TR ES BRI

[15-(8) 2 SE it 491 Hh A% i BH i 1) A 6 206 B ) 22 R A e v 2 AN i B I
115902 SE it 491 o A S BH i A1 1) X 6 26 L ) 22 G It P rh RS SR AN A A MR e S b
PO TR IE N SR O A5 A A I R

16— (a) 2 LR s A R A SR AL KX 00 8 49 B 1) R AR e 8t 1

16— (b) 2 5 1] Hh e A S BH i 1) 6 206 BAS B I 45 0 9 J0 R R a1
B 100Nl fr: 101 BNBR: 102 INEMR: 10350 HafR A 30AR: 104%8
AR R IER: 105 NINEFTs 106 I nEAT; 107 FHIERE; 108 il RE; 1
09 FFUERE; 110FHPRREER; 1LLrPRRmEss; 112 BAORESE; 209 3 ;21
P AR AS s 2280 hE aUE SIS SO BINALPE, 36 RS 20t R
WRE; 3367AETE ECRE; 34%ufs, SHIRIBELINAINASFy 36N R AR Fs 3
TINE RIEIRLAR s 38INIRLAL Frs 399 AL AR Frs A0HWE TR B LIS IR A 454
s AN A2PNE IREEL: 43NEIMRE L 449005 45% A HORIBIR.
2 R B R SE e 77 X

PN 285G AR B S ) vh TR PR L 0 AR R B S 91 o R AR 7 R kAT 20 1
Lo DASEONEREE 2 M B A BN A TR KBS R, S TR L
XA F) A PR BE RS2 M AR, 75 A B A A WY A 24 B0 A TR Bk I h
TR G A AT I B HA S B0A50, T I PLZ S A B 34T LA
LTt

(1) SEfIREA

L, B PELOBAREN TN BAR . BT, e,
PR, ATLASEBL - AN TG e, $et 7 AR B fF 1o AN A



WO 2025/007239 PCT/CN2023/105505

[0050]
[0051]

[0052]
[0053]

TRIEE TN EN TR A S5 FAO M JUAT S A SR /NGy AT Bt Pf e, AR SEiEml
WMEAFTR, B8 IRE IR S G HA000AE AN, HEADANSIm, &
JEt 4. 5mm, AMENRELAIE T, HalKBA222mm, AT 1A S
, KAELA666mm, A4{FECA 1240 ELAA A8mmifI g fHi44, JRARA4T7 1R85 5140 B 14
MREA N6mm 4 545, AR HVREE LR YR R E N 10mm, 255 9 A R R 42
AN SMREE A3 GRS AT I E S N, H2241kN. AR S T FMB
B AR ISR A A A R I i K B b e N, 20,150 N,
=0. 2,

(2) BIR%E B Rk Sk

AR A A o B0 VR D 0V 5 5 AR I 2200 ) Pk 6 2 T AT i
b LR, EINEAR101. T INER 102, FAE ML RS iR E AR 1044
WKASSmmIF IE 7T, 7EIE 5 TS VA M U 46 0mmi¥ b B 55— A EL A4 438
mm (R FL;  FEAR AL A HAR 103 5 AN R R M R, BLAR N89mm,  BAE AL
JECES R EAR 104 TLAAT O FLELAR N9 Imm,  BRAR AL A IR B 104 P fL N EE S
FORRAL A AR 103 7 BE 2 8] (R B 0™ 2mms N INFRAT 10580 _LInaR AT 106 4 B
7y 36mmI R, N 5 BRI A A AL AL S R EE B 290 2mm, 5
EIMERFT ARG & PR RS BNk 101, TNk 102, Rehe i s 3
MR103. Fefa it AR REIR 1041 )5 B35 30mm;  FeAa 4 a8 IRE IR 104 5 R 5R 1%
JEERERAR 1032 7] O B2 IR VE B AR BN A VREE 43 2 Wi It R e 50 EAT 3 78 s
B 3B~ MR 43 1R AN B 2 B 1 2 ELA% SmmfFI 20 i3 44011 1 448 ELA%6mm[¥) 475 7
ABKEIFSL, PN A40E e e 5 IR AR e, 41 45 il FL 22 SR TE 441K S0
o AR AR L A R HE (KB VR N ST £ 5 A K I R ) ) 2 [ 2
BHIEDER, GIE R E .

(3) FEAR IR AES 2 rh VR AN A TR B I £hiR & 45 14

WEGHTR, BREAS FINEAR 0V EE, SN AR 5 — ik FF 1A RN
GNTREETA2, TERUNETREE AT, 59 4505 T I R L0 AR TR st
LIS, BN, JERLEREE R TR 102, Fefmfl ki i
HR103. Fefafe AR EIR 104 AL BRI A B, F45 KB H01E 76 T % 1k



WO 2025/007239 PCT/CN2023/105505

[0054]

[0055]
[0056]

[0057]

AR 103FIERHR AL IR AR AR 1042 1F1 T AN AR E 14301 I R AR AR B
W\ 44TERET FNBAR 101V RIECER AL 2SR B R 104 (8], FFAEH44)4 A
FLAT 45 TF AN SR EE T A3 BN B 28 s R il A0S S REE - 43 MY T A
PO b AR L0 VAN SR 48 A% R &S R AR 1042 [A) B2 RGN A VR BE = HOAEAR
WA IR BT R, AR MR 4SBT D W 1, SR A
A3, RN IREE TN SR A 45 1440,

A AT AR W 120 B B AR AR TR B LI ShTR A S5 40 7538, FH DA
PORMIFIF 72 JE Y S B B U VR I Sh VR & 45 A A0 ) S R U
TR A28R 7, AEANE TR BE 427K 32 15 BURIRAS T TR BTN A AR B 431
SrBBOK IR RUE RY, ERHRT AE S INRT & SE bR TR, SRR S RS R s
Ve, HERGTE.

(4) TR I AR 6 2 e A A TR B LI SR A &5 44 4 B B 3
PN VRIEE T INEN TR & S5 A 40 7 B BUMN AR : KB 3 5 B0 A TR B 42 i) AN VR
U T B W 22 2 N AR R P BB PR AN A VR I Sh VR 4 45 A R U g R S )25 1
IS KPR R R 36, NN IR LR B 3TRE I AR AN AL TR A AT E
R VYA b AR BE 108 T B[R — AP [, CRIERC AL RS I B AR 1047K
oy GO 3 LE A U 32, SRR TE S ER33. R34 E PN
BRLO LR AL AR B R 1042 6] K DU T FR IR REL07 VA 52 3 [ -— /K P I
TRAE N AR 102K, AT ARIER S8 205 7 A% A 220 IS T 7K P R ER A% s
HBAR1037K°F,  BEMARIEANE TR B L5 S I A 8 AR iR s 21, BeimaX
JE 774 R 22 A BAE R N BURPIRAS N ATIE 2 W E5-@aG I LR
BELOQIH AL A A AR IR 37 B 00 07 sBAT I #,  ARAE VYA hr J74% 18 21 B 52 1) 4 B0AH
[, g2 5 x s o A% R &S 22 B A B AR 3 BT A U e LN, (B 58 A 1
SRR A TR Bk 43 TN B I
F VYA R RELOS -, R IR AR AL A IR EMR 104 = B2, TS A5k as
HREMR 10409 1R IS5 40E PR EE L4200 Fim AH s A AT nEiR
101 FIRCFE AL 2 B AR 1042 (1], FE 44 BRI 98 L4 A 45T O & S MR Bt 4
SN, FEAE DN B B AN e v 7 A B AN SR B R A3 MR, RSN



WO 2025/007239 PCT/CN2023/105505

EANREET 43T IR WE5-@F DA B FRIRREL 0938 Ik 4K ok 7 B ) T A
AT, PRAEPYAS DL AT A IR AR 21 I 32 B 280AE 7], N 2 DU Az 7 A I s 21 1
il B AL ATIA BB g 48 15 LI, (58 Bl 1 A TR it i SR 15 2544940
BRIt B L A

[0058]  AEPURTBOK G B AR HI T, AS sk v ik 36 25 B e A 1 (R A AR iy 482 10 S 25 2R
WRE, GRAE IR NE R LA I KA B B, LR
TP BURBUNE SR B R, R EEAETR BE I Sh 1R A S 40N I
prit. WInai KRN, AR E R R MR 2 T R AR AR AR Y
» FFRESKBLIA) A0 H A 7.3 R A B/ ke i = 302 A A1 LB A T Bt 2 B 0 O A A

[0059]  BA_EAEHBR AN VR e ISR A 45 A0 B9 2 B BOin g A, - T ARG de o B AW
BRI AR > AN LB VR R R AR > N D TR RHES X o R R, D
W FEAZ IR AE IR 8 (KN 7 S A AT A Fr AR 1t 1 ] S gk
R



10

WO 2025/007239 PCT/CN2023/105505

[BUAER 1]

PR 2K A5
— PRV I SR A A M K IR 200 B I R L M
fEfET, AR B AR mERAr (10> | fWEEMAr (200 . &
FEEMANE (30) FNERELINSHB A4 (400
A (100 AFE EINER (101D .« FINER (102) . HiEMG R
AR (103) | RELIRESIRER (104) . FINEA (105) | L
TARAE (106) « TFERERE (107) . HHERERE (108) . LIRIERE (1
09)  THEBERZE (1100 . rhplRsE (110 A1 EAERSE (112) ¢ [k
AT (106) F Bk (101) , Higanmad e (109)
AR (112) Boa e BmEr (101D Fy Fhngdt (105
) IR F I BRI AR IR (104) « FREEMR (102) , Himdm
R EERAE (107) R HAREE (1100 Fo& [ ESE T gk (102)
b, HA R s R (108) MR EREESE (111) A EAs
AR IRER (104) L BEEARESRER (104) A POAL,
BB EIR (103) —i M\ BRIRARIHRER (1040 KO
LN, BRI ER (104 FOfLNEE iR B E HUR (103
) HMEEZ (BB —E 4ERR, HEER AL RSN ER (104) it 5%
FRAR KA EMR (103) REDFEF—FIH s FAHEBRESER (103) 5
—ImhL TR IR (102) Lk,
P BN (106) + DYASNINEAT (1050 | POAS EEREREE (
109> « WUASTHEBUEEE (107) o DA EFSARESE (1120 | PUAS T HRaE
#1100 5 Engdr (101 | RAAAREEEIR (103) © FInEdR
(102) — RN IREE L INFNR A (40) WEARE TR E 1
ARG BT EIEAT (1060  PIASFINEAT (105) . P94
EEERE (109D | PUASTREIERE (108D | POAS BEIRERR (112) |
PUAS R ERAR SR (11D 5 iR (101 . RHAERERER (104
) TSN E TR EE LSRR AL (400 H1 AN R B 10 s
s Hor,  FINE (106>« REH (105) o FEEEE (109)

2



11

WO 2025/007239 PCT/CN2023/105505

[BUAER 2]

[BUAEKR 3]

[BUAER 4]

v BRESREEE (112) o FInER (101 N EEERE L INshIE A 45
(40D PN FRAREE TR B5E L (0 IR 45 44 (9 3L B 30 49
FAREIMALE (200 AHFR RS (

21) Fdefa s e EEs (22) , RAEEES (2D Pikaal SR
AT (105>« FInEaT (106> AHiE, T 2NRERE MR
EEER (400 B RAR U RIS (22) 2B /ERRR AL AR 1
R (103> b, FH-T SR VR 4 e 3K

B sNA (300 BT (31) MBI R (32) . B
T ESCRE (33) ( fugz (34) R ARAR S AP (31D
AT RIAR By — A AR AN B R B ISR A 450 (40) MR E
Mk R AT D @B B (33) FfiB il R mE (32
) EET BANEUR (101>« NINER 1042 0], SR R TN R
B IMEIRAEEM (40D 1) P9 FRRI R I

PUERBE L INENR S A5 (40) BFEHMNE (41 . WENREL (42
) BESMEEREL (43) L P (44) AR (45) , NIRIGAEEN
INEFIEIA G, RN (10) [LEMMERE b JLTA e, H
AR (A1) FIE NTREL (42) HpaNERE L, E MR-
(43) « 9\ (44> G (45) ARs PR E L.

PRAR AR LR LRI RN VR T N Sh i & 45 A K 0 8 R il [+ 25
MIe2e E, HAHMEAT, PrdeimMdai 8 (103) MEkm 55
BRI AR, TARAR S

PRAR AR LR LRI RN VR T N Sh i & 45 A K 0 8 R il [+ 25
MIe2E E, HAHMEAT, Prdeim M 8ag (103) WATIREUT
IS REE A (200 HEFRAEIMLESE (22) MIESHLIER:.
PRAR AR LR LRI RN VR T N Sh i & 45 A K 0 8 R il [+ 25
MAIeRE E, HAMEAET, Frkibia MRS ®g (103) &
TERERE (107) FRANERAR (102) BEATIEAT, SCOLINER AL R e
LA IR ER (104) SRAREAIKGS IR (103) REFLEFR—FE E



12

WO 2025/007239 PCT/CN2023/105505

[BUAEKR 5]

[BUAEKR 6]

[BUAESR 7]

PR BURNEER LTI B TR B N T & B AL I N 38 AT & ) () 20
FRIR e E, HAMEET, ENERBLINSEAG S (100 FRHR
, BE (4D [ BESNREEL (43) RIBIRIIAR .

PR BURNEER LTI B TR B N T & B AL I N 38 AT & ) () 20
M, HAAMEET, PridrgNAe /o fiRsEt LM A R (35) .
PERIEINAL T (36) « PEEINAL T (37) « PAHINAZ A (38)
ANSE R RLAZ o (39) o

AN E TR B LN SR S S A TN & I [ 2D A it B 2 ) e e
Jiik, HEFHEET, BRALRIT:

AR AR IR (01 UL A ERENE (4D
AR B, AIRE (4D IS Im SN E IR (42)

BB=. B ERREEE (112) o EEEE (109) « _EnEAT (10
6) MR A IR (101) DY A6t LI FLAL 5

AR AL BN (1060 (5 —smiEfh Ifeids ¢ 21 19—
, IFERMEESE C 20 195w NmET (105) .

SR AAE 4D TS NRE T (42) 1Y imhh st iR i %
AR (103) , KFRELIRESIRER (104) BN TIMEAM (105)
s

BN EREAKEBRER (104) FIAMEBRRCHE P ERESE (111
v EREREE (108) AR T INET (105) b, IR R R L
& (22) SRR EIR (103) BHEA)A

AR KETNIMER (102) 2B MEA (105) 1umis, JHFET
TNEAR (102D AN IR A T HEE (1100 . FHEEE (107)

s B RAEEERIEE, ERNER (102) &R, EER (oD
fEfg LI BB (41D BrhEORIG EANE R AR (36D L AN
PR (37) , fERFEMAEEREIR (103) SEEL B RER



13
WO 2025/007239 PCT/CN2023/105505

(104) Z AR EERIH A RNAL (50 ;

AR\ BT ERYAS PEERE (108) . RERIEEE (107) , fRIERE
AR ICER (104D AR IR (102) 7KF, MIMARER R
TIMEREES (22) MRIAEGR AL KR EIR (103) AP, 4N REE
540 FEAN A R B R AL TRV B2 i £ 8 AR e 3 A 0 S
FrEDUA EEEEE (109) 77 2UAT N, ARIEPY AR IR S (
21) Wi BAHE, e UE s (22) MR EB Bt
T A A KRR R s I R R U AR RS (22) RRsk
MR IREE LN F7, TRREE LA S BN FI AR, R
POAS EHEIERE (109> PAAN RT3

BRI B (44D BIFmIEEE (4 177 a5 [ e 20 g
R (101D FFefEfbas mER (104) L, FHRBmA (45) 4539
B (44> (R

LR RO (44) FUERT (45) [AH RLAL B A GO RIS (38
) FEEHIRLAL F (39) , SN RAS: 2 fEAEAT FE Das AN i S T
+ (43, [EREFRENEREELINSNRA LW (400 , @RI
TRE (32) MBI LIRR (33) L figk (34) WGArRETL (31) w3k
B iR (101D FiRCFRAL G IREIR (104) Z[0), SN IREE
TINENR G LM (40) BRI RAEARTE RN IR EE N SR & S5 1
KA A = 0 A B0 A

BBA— WU AR RE (108) , RIRMAERSIRER (1
04) (W FRESNEIREL (42) [ FSREHF, it M
SV LEEEE (1090 (77 AT g, REDIAN R A EEE ¢ 21
) BT B R, B E VA SR I C 20 IIRFERIE L RIA
BUIBE AT AU 2 L g, HCHRRR A I o DRIR S A i A B T e
fIRm, B S LERERE (109) DLANFE 3.



WO 2025/007239

57
RIS

e

Vo D

o

e —
SN B

A Y
SN
SRURRRERRY 3

e ¥

B

ptrree
. B
e

Yoo

<

1/4

PCT/CN2023/105505



2/4

WO 2025/007239

(&3]

aanns YT

N

=4
v}

Nanavaaaany
M @
X
3%

(a) (b)

[&l4]

SWEFIN

N

'ﬁ\\“\‘w

PCT/CN2023/105505



3/4

WO 2025/007239 PCT/CN2023/105505

[&]5]

BRI

e “_\

ononesret

Jaman




WO 2025/007239

[1&l6]

RIEY

(a)

i

e

4/4

304

{030

PCT/CN2023/105505

S R i
H 2
* )
H
:
B s
§
1
e RO o A o -
:
:

|

&

L84




INTERNATIONAL SEARCH REPORT International application No.
PCT/CN2023/105505

A. CLASSIFICATION OF SUBJECT MATTER
GO1N3/08(2006.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC: GOIN

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

CNABS; CNTXT; WPABS; ENTXT; USTXT; EPTXT; WOTXT; CNKI; Web of Science; Bing: | P K2, JGEHE T A%, b
TR MR K2, ZEKE, ZE00AK, S FHRH, SREREE, TR EE 1, JN58, DN, hnsh, 5065, #ief, TR E, WEE, 5 ¥rE, 40, %
L, WA, 7ME, 7M., concrete, reinforc+, steel bar, load, deflection, grading, core, kernel, built-in, periphery, outside

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A CN 108426772 A (FUZHOU UNIVERSITY) 21 August 2018 (2018-08-21) 1-7
description, paragraphs [0006]-[0009]

A CN 102998174 A (CCCC FOURTH HARBOR ENGINEERING INSTITUTE CO., LTD. et 1-7
al.) 27 March 2013 (2013-03-27)
entire document

A CN 114486500 A (HARBIN INSTITUTE OF TECHNOLOGY) 13 May 2022 (2022-05-13) 1-7
entire document

A CN 115014973 A (INSPECTION AND CERTIFICATION CO., LTD. MCC et al.) 06 1-7
September 2022 (2022-09-06)
entire document

A RU 2004116047 A (VOLOGODA STATE TECHNICAL UNIVERSITY) 10 November 2005 1-7
(2005-11-10)
entire document

D Further documents are listed in the continuation of Box C. See patent family annex.

*  Special categories of cited documents: “T” later document published after the international filing date or priority

«A” document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand the
to be of particular relevance principle or theory underlying the invention

“D” document cited by the applicant in the international application “X” document of particular relevance; the claimed invention cannot be

“g» earlier application or patent but published on or after the international considered novel or cannot be considered to involve an inventive step
filing date when the document is taken alone

“L” document which may throw doubts on priority claim(s) or which is “Y> document of particular relevance; the claimed invention cannot be
cited to establish the publication date of another citation or other considered to involve an inventive step when the document is
special reason (as specified) combined with one or more other such documents, such combination

“0” document referring to an oral disclosure, use, exhibition or other being obvious to a person skilled in the art
means “&” document member of the same patent family

«p>” document published prior to the international filing date but later than
the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report

24 July 2023 06 August 2023

Name and mailing address of the [SA/CN Authorized officer

China National Intellectual Property Administration (ISA/
CN)

China No. 6, Xitucheng Road, Jimenqiao, Haidian District,
Beijing 100088

Telephone No.

Form PCT/ISA/210 (second sheet) (July 2022)



INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members

PCT/CN2023/105505
. Patf‘/nt document Publication date Patent family member(s) Publication date
cited in search report (day/month/year) (day/month/year)
CN 108426772 A 21 August 2018 None

N 102998174 A 27March2013  Nowe
oN 114486500 A 13May2022  Nome
oN 115014973 A 06September2022  Nome
RU 2004116047 A 10November2005 RU 275613 €2 27 April 2006

Form PCT/ISA/210 (patent family annex) (July 2022)



EFrRRRE Il P iR 5
PCT/CN2023/105505

A ESIRbaES
GO1N3/08 (2006. 01) i

FZIR PR R 23 3% (TPC) B ] 4% 8 ] 28 7 SRR TPC P ok 702K

B. AENTbE
o3 AR B S0k (bR 2R R AR 285
IPC: GOIN

AR AL TR AU 10 o o I PR B SR L AR AR R 2R STk

e P R I & 10 H 1 R e (B R A4 A, AR A CanfiE DD )

CNABS ; CNTXT; WPABS ; ENTXT; USTXT; EPTXT ; WOTXT ; CNKI; Web of Science;Bing:) TH k%, KEH T K%, b

TR KT, ZAKE, ZEM, DA, ehee, EEEL, SR, mE, mzh, 8, &4, TRE, BTE, 4
BrE%, 40Rf, #%a0, ANE, HME, SME, concrete, reinforct, steel bar, load, deflection, grading, core,
kernel, built—in, periphery, outside

C. MK
iy BIF SO, BN, FREEAECETE HAFE AR B SR
A CN 108426772 A (#&MKF¥) 2018FE8H21H (2018 - 08 - 21) 1-7
iR 555 [00061-[0009] Bk
A CN 102998174 A (PA VUM TAEMEEER AT ) 2013F3H27H (2013 - 03 - 27) 1-7
'y
A CN 114486500 A (MS/R¥E T KH) 20224E5 H13H (2022 - 05 - 13) 1-7
'y
A CN 115014973 A (PIERMEAEEEAT ) 202299 H6H (2022 - 09 - 06) 1-7
'y
A RU 2004116047 A (UNIV VOLOGODA TECH) 2005411 H10H (2005 - 11 - 10) 1-7
'y
[Nacssepprecms: b . TRBERIHE
x| F OB R AR AL, “Tr JEHEH ﬁ%%HEZEQE,5$%KWKM,@%Tﬁ%
“A7 AR RIFISE TR T A HAR — SRS S0 KO 23R R B i AT
“p” EEATE [l B T RS “x’%gﬁ§§§%@$§%gﬁiﬁ,M%E*%ﬁmﬁ%mﬂ
«pr fEEREE H 0 4R 5 A LR i B A AEIEA & \
X A . FmE . VSRRSO, M S R BRI G
“L7 ATRERI UL SEACEE MR B SO, SR S ST s ik A ;
ﬁiﬁaﬁaﬁmﬁ%ﬁ%mﬁﬁﬁmﬁammi#<mﬂw SRR e JATEBAN RS RIS, Bk
“07 WROKAT. (B, FEMRIATRATFI ‘47 FIBRERINsH
«pr A E ST B R H i EER T sk f ftS6 A B (6 S0t
[l P 2 SERR 5 R 1 H #A Rt 22 R 5 1 25 H 3
20234E7 B 241 20234E8 H6H
ISA/CNJf) 2 R 25 b ZRE R
o ] [ R S P AL At
o [ b 5T g X 1 1A 3865 100088 -
1551 (+86) 0512-88996635

PCT/1SA/210 3K (58271) (20224E7 1)



B ERS s
= k g \ Eg\
KT FIRERIRIES PCT/CN2023/105505
AN AN
Ko s 51 A S RIS (E‘;E/E'E) I @E/Ea)
CN 108426772 A 20188 H21H T
CN 102998174 A 20133 H27H T
CN 114486500 A 20225 H13H T
CN 115014973 A 20229 A6 H T
RU 2004116047 A 2005411 H10H RU 2275613 C2 20064 H27H

PCT/1SA/210 R (MIREFME) (20224E7H)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - claims
	Page 13 - claims
	Page 14 - claims
	Page 15 - claims
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - wo-search-report
	Page 21 - wo-search-report
	Page 22 - wo-search-report
	Page 23 - wo-search-report

