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Abstract

A large number of deformation and vibration measurements existing in large-span Bridges and large engineering structures often
require physical contact structures, resulting in complex installation and limited coverage to meet the comprehensive monitoring
requirements of large-scale structures. This paper presents a measurement system based on microwave vibration measurement to
the continuous beam of high speed railway. By constructing the measurement system based on microwave vibration measurement
technology in the continuous beam of ballastless concrete turnout along the south Yangtze River, the static dynamic deflection change
of the turnout continuous beam is analyzed, and the data collected at each measuring point is reconstructed in three dimensions.
The results show that the microdeformation data of multiple measuring points can continuously feedback the change law of turnout
continuous beam deformation, and can provide clear data changes for different stages of high-speed railway construction process.

Keywords
microwave sensing; microwave vibration measurement; deformation monitoring; turnout continuous beam

ISR ST 4 & B £ VA L ST TS 7 1A o
ETHRUE MR R S 88 2 E L R T iE R
T ABIELE
FRETTER R GRRAE], FRE - L 201802
W =
KIZERRERRB L EREM P AEOREN LAERIHINE, BEFEZHEE/EN, FHEELE, LEZTRRAAR, 2
VA R KA LE MG A @ E M E K, AT T — AR TR M R AR N F R Goxt 5 iRk 4 RRATHE AL R 5 kB
Wl or ok Bt AR TR IR L AE HGE TR ) iRt £ A S R AR T RO B RGN T RA, SHESELR

HAERET, FEMEREGRBERIT TN, EREW. SANEGHRBERIE, TRESRMERELREUE
8 EACHAE, AR 95 Bk Sk i R AR R B B AR AR T 04 B8 AL IE

KHEiA

P gy B IR HRMM; ERELR

B 2 R T BE S A
ST A TR, T, ST, EIEHSON
KSR, ML TAR ISR
SR, TR LB RS R AR
TR REP TR SRR TR KRR
SRR, EHTERIREIGIT R T SRR,
B PR — R LI T, DR T
FRHAR R R IR SR —FeRi.

ASCHRSERI T IRRERRS SR T2, R B AN
S ST AT B E TE TR R iR £
AR TR, S T ARSI R R
RIS, | RAREE, % 5 A5
EEMA] 28 (1979-) , B, PESAHEA, &  SRAMIERITR, HRAEHREE R T
B, BETER, METRUBEAT, IR R T

1 5]

il

kRS, KSR R IR ASEARME
R i S EAETRRARREE, X TSR
WS AGERY ISR Z B AR EE TR S5, ik
AR R IR, B, ST RS EERRR
TREEE AT, A T R IA I Es A .
VR . DERGEDR S . AR S A FE S fR A
PORIFE, FEOIA—EZR . S0 @, SaliEk,
BRI RS IR A5, ARG HEIR S
KRR I R

54



AHZBESREIE - F 045 - F01H-2025F02 A

2 MR T SRS /RIE

IR R 2 18 & SR TR A RS i (B S, JF
B EPREG RIS S, ST RGNS S-SR

=

=k

EERIFTEE

B

= @ Iit)
L

o),

©

o =0

W2 ErRaNE R R, BAEEE. Rk, (s,
REDHE . mnl et (2RI, 2RE) | BEEAERS. i
BRI RR UPRRE A M R R A 1 R, eSS AR
BRI AR E R

ZERIETEE

1 R NREARETEE

AT LFMCW ZEiA R AIMIE & 5L TR Bh 20 LR
BS54 BRI R AR | S B 2 AT
VARGt SiRAN(E B R IE SSBR S AR IS B I REER.
wmE 2 (a) PR, RASEA ARSI LEMCW 21k
R IR, (R RO TR R, DI
FREERIAB, SRR IR SHE SRS S e
RIENN:

Si(t)= A(t) exp[j@nf t+nKt’+o,) ],

S.(t)= B(t) exp {j [2nf, (t-250) i (128X 0) 24,75,

Hof K= 2

Kb A HRIHESIONEE, BO HHESHIERE,
R SHMEIE, K VRIRIE, &, HFIAIRGL, t R,
o WHFL IR, B AESEE, T AR,
KBRS F R FITHIARRES , x(0) % E AR REN RS 2.

o TR R G, NSRRI A T AR
RIS CEARE ), R AT REE— MR N Ak i
(ke x(0) AL, W | MRERIREN, HEEHES
T%ﬂ—\ﬁ :

4-rtf0Ro
c

S,(iT+t)= C.exp{j [‘*”’““ t+

[ (fo+K(t)) (T)]]}

4nKRy ,  4mfoRe

~Cexp{j[— t+—+[4ﬂf" (1T)]]

= Cexpl[j@2m fst(P.)J

4nfoRo+4mf ox(iT)
’
c

2BR
Sorp £, 2R,

i =

A, CiAE MRS ZRESHEE, 0
AHFDEPET R, B AZERE, i HXUAT) 54

ARSI RN ZERE S ‘%ﬂﬁé*ﬁu%l] BRI L)

EF3. md B (ESERFRMARIES, IR LA
ESHTUMAAERS BRWIRNIRE) IR RIS B ks
WX R WA ESHTIRCIE B IS EHHAE
PRRIIPRAN RIS E SRR

AXx (t)= %IA @) /cosd

Hrr, Ax(t) ARBIUREET(E SIRSIAIRE (L
B, ¢ NERET IS ERE AR A, Hifh i
R BRE AR R E R

3T#ENMH

3.1 TiE#R

A Y VL SR PR £k B 2 R T W B R 0 R e 1
AT T 195~2004# B, R 4 K 155.15m, R TR
14.908~18.140m, JiE % 11.653~5.238m. % it #ix &= I iH
350km/h.,

32 AR
3.2.1 M) &A%

TR IR e I 75 2R PR TR S s, Al i
0 6 NN, 7RSS~ U2 i S i e O
MAED , BEEGER RO N S22 124, A BITESC A
FhEsEE T MO 1/4 BEMBTIAE
322 REEEK

TG MR B R EER RIS, (EH
FIERER ) 2R S G RA AR TR I MIER Y, T M a2
YA %ﬁﬂh_oﬁﬂ@~AM£ HRT 3NER
SRS R T AR E S, B 1 X 1AL
@%%,%ﬁzﬁwYﬁﬁmﬁﬁbﬁ,@ﬁ3“m2ﬁ
IJTE’]T\/%TM?O Fik 1 5EE 2 ZHWIEFE 1000mm,

K1 5EE3RIEBL 2 58X 3 ZRKAEREE A 800mm,

55



NEZTBESEIE -E04%5 - F01H -20254F02 A

56

RZNE 3 (a) FTse SHREERIFEIRT AT IR RIE B SIRaE R, bR

PR G ORRIR, e SR RN ERE, ERE BdE 3 (b) Fox.

—— REHES
-—— BEIES

(a) FELGIIME LEMCW Sk & B SR E SEIEOREE; (b)) Z4URHIEET 2405 5 TSGR EE;
(¢) ZRAPIREIAIRBOREE]

B 2 EARFRETE

X473 B —igE1
(a) ERLHIREA (b) ¥EbRZBERER]

B 3 AHHEANERERETEE



NEZTBESEIE -E04%5 - F01H -20254F02 A

3.3 BMER KT

A TIE R SR AR AN L, W& ACREN
R T =4 ERL RN I ETEA ], SEURG IRy
M H SIS =R OIS A SR, AR HAS M2,
S M3 RS M4 (IR LS REREIE 1.

XM ST BTSRRI X Y. Z ARG EdE, ik
SIS AT AL HRZRIE, S M2 AR rR 2 anEl
4 FI7R:

MSAIRB AR LRE, W S R, % 1 RE
I M2 Y BRSETE, FTDIUEIL: O AR IRIE X 29 4
47mm, HIEIHERFFS 24 /NRHEEE AL (15 FH 30
s RE—IEE, 24 /\IF290h 2880 PEHE M) RIONFR
TEAFE

KREMZ M AE R SROE A EWE, AL, BA
REMNEIEN SR, HEEW B ES R E AR M
LT AR 24 /NS MG IR B M S22 T AL R AR R
o A 6 Fror, REEMZMNU SRR ARIE AR, $dE
TR, HARENHIRRTF&ZMRE, HEEW REX 24

/NI EERAE IR R AR AL T AR S . B 6 A ATEAE LIRS,
AT mm; REERAIE], AT ho

WA 7 B, e E R LI R R B SRR,
AIDUE I 5 S RT DU S R ATHE 72 e B2 TR AR 0 A5 HL
B, ARSI AR B O TIEW AR
Ee &7 HATEACIRS, B0 mm; AERHOVINTR], FAAT h,

18 T SR R R IR AR T B F) A E R R A8 SR A i
RO, AT RIERTRE:, SR E SRR
RIS B, ST . SE . SRR A SPREDEE
Wes, AR B AR EESITE, (IR RS E
PRE S S A SR TS TH I T

FET O BRI AT SR R A SR h I Il 3 4
BE R, AR EE RN TR % & R Fh R R
b, tEEfEeE; AR, AP IR ke ahik
ERNE ESRIC A SR GES s A SEaER S
DA S A8 B T THI B2 R R (R 2 4 g A B SRR
A7 T ] RE,

FR1OHER
M= et (X 51 (ks (mm) £ (Y J51)) A (mm) Hifa (2 751A) 6k (mm)
M M2 0.856 0.876 0.878
M M3 0.856 0.876 0.878
S M4 0.856 0.876 0.878
1 EEEERE
5

i
1.5

B4 WS M2 &R 2

57



NEZTBESEIE -E04%5 - F01H -20254F02 A

=
>
~

:_'_"'_'"I'""'

o —

=

=
____________.\________‘L_____

o

(:'\t

2r %ﬁ
|
*')\dt,ll: | H | X 15039 | x 17916
1r ( “11'§f24412773 ! ]" || ¥ 1.64889 | v 161783 | / —
| - I || r —
{ ¥ | xsdar | ].Il'f ! l{-
O | x3ars | | Y 0.581120—4 -r I 7
Y 0.214658 | | X 12028 . |
l T : | v -h.068a755 | !
‘1 \“; I 1 1 | 1
AR .
-2 | ] L | !
0 0.5 1 1.5 2 2.5
x10%
B 5 S M2 7% fh 2k E
41 42 43
4 6 4
e 2 4 2
0 2 0
0
0 1 2 3 0 1 2 3 0 1 2 3
%10 x10% %10
2 > W ;
m & W >
,mJOWWWWWM : :
-2
0 1 2 3 0 1 2 3 0 1 2 3
%10 x10% %10

B 6 Ml s {2 4R v 22 ]

8-
1,
05
UL B
o5f ° | | | | 1 | o |
0 2000 4000 6000 8000 10000 0 2000 4000 6000 8000 10000

0 2000 4000 6000 8000 10000 0 2000 4000 6000 8000 10000

B 7 W = e A iR e £

58



AHZBESREIE - F 045 - F01H-2025F02 A

3.4 B EWIENK

A NE R R AR RSP TRDE AN R AY, RIRZaRTE
RS R RERR, X R TEM B2t ks 3% CP A,
CP TS AEA 7K MDY S, RISV A i (S AA BRI
MRS
3.4.1 RRAMEE KL E

R4 BN =5 22 PR 205 +0.3mm BIBEF LS10
P/ K OIS S b s, REEMII S EE BT A EdE, W
FM2 ~ M4 FHRR R, B MR ZADAE Ilmm DN, 3
JE T IE AR A FIFREEDK .

3.4.2 R A s AR

FIFMAREEE Y £0.57 | MEERSEEYS + (Imm+1ppm )
FUBRE TS60 Sub{( SIS S — bR, REMNNSA X, Y
JTRIEEAE, WA M2 ~ M4 BdRTE R, Fra s Rtk
AINT Imm R R AR A IS AR A AR KT lmm 1

PR VR S e AL iR R i e 2 SR TR AR,
TRCRE I SN R Y = A4 FE S LA RS SRR . 40b(Y
MELE R, #E—IEL TR R A R U R w7 T
kRS RS L AR IR I n T T S REEE R T FE

R2OMER
N IR (mm)
M Sdw= = — N
A A H AR ENES
M2 -0.31 -0.01 -0.38
M3 -0.24 -0.01 -0.14
M4 -0.75 -0.03 -0.15
B 1O 2 FORTTE, T FoRET
RIDWMER
. X 7717 (mm ) Y 751 (mm)
Writm= : s \ e
X KA X Rtk Y ARG Y RiHirg
M2 -0.19 -0.54 -0.06 -0.99
M3 -0.04 0.79 -0.04 -0.23
M4 -0.10 0.29 -0.10 0.62
EH: (I8 7 FoRbEFE, 4T ORI,
4 & MFEP SRS ST, hERSE: BoRREE, 202151,

OE TR AT A SRR R ozl
K7 BOR, T R SRR, B
R TEEAR . (RSN G (REDRE . ERlEEk: (K
ERME) | WA IR G N R

OB AR ARTE B A AR 25 SHRED IR W A5,
AIEREAL, SR AR R B ka2 SR AR S
et R rh & Wi T A SREEIRI S, D RS ialoi
AR RIIPIPERE, SEEIRlAeE, Ak
LRI EE.

OFE TRl RN RE ) b My FaE R, Tl
RN AT B R A FRE bR 25 SR A W I A 4 mT R (o 2 15k
R NI EIREIRERHAMIE s BIMERTREAR R TT
N AT kL . PR, PUBT AN, el
R B i e m B R R SRR Ssu dE .

SE
[1] BEF, WREFREAKREINES, ©EL®R,
20150520.

2] MEEE, FME, Ralis A T2RERANEERIRZ

[3] BEEE, ZIE, SER ST ORI BRI SR s
W, REh S, 20205539%.

[4] T, ZEMHRIT MR IR B 2R 5 AR (AR 9% 0 2
FERRIE A 11£732,20140101.

[5]1 5k3R, EOR, B % RPIIER AR A AR 5y
P AL RS A 2E AR, 1994(1):1-8.

[6] FEE, MRS KE TR AL R, i $
EE T Dol ke, 2019.

(7] XUE RSO 20 & T TR AR R be
WIS ST, TAREEES, 2017,45(1): 53-58.

[8] GkfE, WA, HREETHHIESIEERNE HiRiABS
TR AAREEAFXET, 2015, 38(4):66-69.

[9] 5 EEE, MY AT R U A S i M AC R ESG Tl R
i, 2014:35-42.

[10] TB 10621-2014 { &gk H0 ) Abnt: hEZE R
¥, 2014,

[11] Q/CR 9230-2016 { &k T A2 LR 28 200 5 18 ik 452 A
) dbat: REaE M, 2016.

59



