538 % M1 W B REERFFIR(AARFFIR) Vol. 38 No. 1

2025 423 H  Journal of Shijiazhuang Tiedao University( Natural Science Edition) Mar. 2025

Y . VL WY » » \)
i) i o A ok B B O S 0 By S R TR
F R, & BB
(1 A6 AR R ARSI TRE2EBE, b st 014000
2. AFRFEHGER Y e TSN AE MR, At AFKE  050043)

E. AR RR BTSN T, AE THARRF R, il &R A EATHRE %
FRERE, ZEARPRERHME | A ESBREERE L, R FL R g R
HA AL BALEARNLE A 3 48 R [ IE AT B B Fe KUK F BEAT R AT AT, 2 R B R E R s
W, FREN BEAMRE AN BRE C R ATBAIRE BTN BIEHILE R EF 4
FRR, EEFT0.4% ; ZWNIRE LA B RKARFTES mm AREL, &Y E 90.0% A b
AT ATAI N AR E BRI E M E W AR ik, A VLR E SRR LA A B 0k

KHEIR . A SR R IE AT A JR FRAT R B AT RS 1 G

FESES. U25 XEErE: A XEZHS: 2095 -0373(2025)01 -0008 - 07

0 5§

) A A A L AR B R DAYt SR PR B 2 it R T BEBIR ] S5 IR 7 el I AT A A AN
S 2SR SR , HLE AR B R AR g | B R e R SRR TE A a2 s il AR P R A R AT B R R B
IR/K S5 Z R0 o BT RS BEIE A F T SR a LA B IR S S5 WE 5T, ORGP A B
R I T A RS 0 AR 0 9 A [5]3R5 e A R LRGN 2 SR 21120 SRy o R 4
BRI R TE AT AR B9 A RS B 5T, At R R R s R A D, SR B 5 MR LA &5 5 10
D HEATHETE , 6 AR SR AT A AT A R TR R I T S T ARk B R 1Y 22 A R AL T
AR R BRI aA T B BRI R EIRRIE NS B e 4
TEERPE R B ARG (B o R Ak S R D 4 R AT, R 0 i = R 8 D DR 43 BT
L SR N 1

A e R R A I N AN , Xk 48 JAR ) B R ok A Ao ) PR 0 R L T R AT IR AT, 0 B A
BRI B oS B T 1) AL S XS B T BRI . I SR X T AR S ) R Bk e B 1 S
AR TR A T 20 A1 R0 A FIR U O 1 s T B IR SR S5 IR

1 BEHBRERWAE
1.1 #HHAPRE

o TR A VAL B 0 PER SRR A O S A, R B TR R I T B — TN A
AL FE AT B AN S SRl BT S 25 30 2 Ao 2 AR Ae ) 25 T Bk RS ] 1 s, AR WIEIER 56 [
SIR-3000 YT F 3k, 400l A B 10 SR Ze AT iE 2kl LR/ Aa an il 2 s,

WA BT 2024 -08-06  HEME:FFE  DOI:10.13319/j. enki. sjztddxxbzrb. 20240199

EEWA . EZKE AL H (2021 YFB2600800 ) ; 1644 & S AR BORBIFE I H (J2X2024010) 5 Hr e 5| St Jr BHEOR R BE 4 T H
(22675405G)

EHEN . TR(1981—) B BB T, FF5E 7 194 KR T2, E-mail :286879905@ qq. com

TR, TR BH 90 EE R R T SR [ )] A R K (A AARIERR) ,2025,38(1) 18-14.



%1 IRNF W EERGRR AR E NG b 9

T

AT HEE T AT HEE
AT L T AT HER

AT FAT
LATHR)E RATEE TR

1 #HRI=REEE G B2 WESHEE

1.2 #BRMHEE

FEUUR HE DRI =B 5 AN T B 2 Fho7=, U

WOCHTE Dy F BRI T B, N T H AL AIET-Be, AT H

RRASHIN 532 P L e B S A 60 11 2 T 3 (H AT 3R -0

B NBRAIE DL, SO R T B AHES & . = 4R

SR ARSI — A O A A T % 308 o )2 1A A T oG B 1Y)

R 75 v AR RS 0 Z + F5010 (STDQJ-97) . BRIE o/ )

SO ER I 3 R,

2 BRiEFWRESH B3 REAHIS AN asE G

2.1 #AHINEEEDH
2.1.1 RRINERIE FE ST

R Q/ CR405 (R IEHF RS S H AL A ) 26 2 00 B AL E o A (™) B R (BH) .C
PR o AW E LA B .C P 32, HEER KRR E W F R SR 1 FoR, AIRRFES ]
A BB AR E RIS T 5 L 98.5% A I AS TR EALE 1.5% ., BEIE R A
B BN 4 FrR , FERTGETHRE E Y b, BRI R A B AN 2 S G o E BE TR0 A BT o L B o, Rk

APEEERA | 20 55 R FEARAFAENE DL D, e E K E AT 14.7%
TE B 22 5 BRAE N K B 4 A e AN IRl 5 R 3.0%
*1 EFEBBEREHESRITER 41.2%
- 11.9%
I G
A
B 2% C%
‘ — 29.2%
HBARX 376 170 BT BB B LM AR
F) 2SR 21 1 ‘ ‘
B4 BESHRECESILERE
900 14
800 - 808 147
700 |- 0676 12+
<:600 - < 10r 9 9
@5007 = sk
400 | &
L =
2300 |253 739 I
£ 40
200 |-
79 |
100 Ny 3 3 2 00 0 0 0 o
| 1 Il I I I | 1 | 0 ! 1 Il Il | | 1 1 I}
0~1 1~2 2~3 3~4 4~5 56 6~7 7~8 8~9 0~1 1~2 2~3 3~4 4~5 56 6~7 7~8 8~9
W YA 2 S K /m o5 19 23 3 4 /m
(a) % 3B Ao 1) AS 255 52 K 3 43 A He i (b)B% 38 #1125 T B 43 A7 B 4] &

5 BEREKESMILEIE



10 BRERE R FFREARFR) % 38 %

% T 5 3 B8 e R 28 S RO S RSB 98. 5% |, IRIACR AN 35 S0 3 1 IR SH S i, R84
A7 BN S F I SRR SE A5 R AN 2 FoR PN 35 509 35 1 RO e A IR A B AR 2 IE S 0 A1, Bk i
R B INGE FEAEPRLE L ~4 m AL, R KAE N 9 m, WRIZS IR EEAERIE 1 ~3 m &b, | KMEN
3 m,

R2 BUEFREBEXREHSHERITERR

VA= AR AE/m /IME/m ¥l b2 o 5 RE S/ %
HET 9 0.5 2.84 1.22 42.8
HERE 8 1.0 2.75 1.18 42.9
HERA 6 1.0 2.44 1.05 43.2
k% 6 1.0 2.51 1.13 45.2
LG 9 0.5 2.17 1.02 46.9

2.1.2 JRFIAEI BT

R RI I F LI R B R C K. MK Q/CR405 Bk ES I R A 5L 25 16 1F € ) T-0F, C
SR F LR R G B E 9 K18 | B G0 3 SRR IR T RRAE S i SR BBGE 4 n [ 5 e . R R B A R
BT B GO E SR W B R R B A S R E AL ST BRI A LT P A A
B E BB 2 N B SR 70. 4% |, sk B E AR S U 3.0% B T HET S R R, X
F AV B AR B R A i AR TN B 5 Bt T 25 R ST G T R I R TS T 28 R LA AN 2%
S A, HE & A —E RS A, B R BTG B 2 TS B0, 38R 22 il nl 4
2.2 FWIRARESH
2.2.1 HWIFRWHEFEST

% 6 Aol 1) 98 IR IE PN 25 0 3 A WD T SR8 T K 2 Bl 3, S BUR 2 A fE HE TR LI A3 2, sh %
ISR TR MR G HBUT AN E AL, BRI RSB ANER 3 Fin ., BB R IRk £
M5 mm LAR, B ™ 8 R LA R 9%, 808 B 1 99. 5% , REUKE i FE 99. 0% o St WiB IRk s &
ik, A 612 AMFEIBIK, fi kL 91. 9% ,54 AT K, A7 o 8. 1% . R TE A 32 U 7K 43 A 1 O

mk 4 s,
*3 BEMBIRIBESKESHR x4 BEHBIEREKERSTER
5% 5 E/mm R KJE/m PERA I B HYW ke
<5 8014 61 655.5 Bk 120 270 14 208
=5 37 604.2 7K 39 12 0 3
KIS K A B AT OPIRE A& 6 Frzs i K s
T BORCHE & HoR D OR BEAT AR R 2K AL oA 19.6%
Mo FFIE KNS BUAE BERE AL & A de ), HUC O s 7
B BERALE RSB K B A R AR 2.3% 34.0%

2.2.2 JRESMEST
PRI B ST I, S E0R E LA TEE 5 mm L
B 8 T 4 Ay, i EE 99. 0% ZE AT, FH NS I K o

BRI K &, 5 H 90, 0% B, BB > 44.1%
BB KR E S R Z , HTHIA E B R STEA HETR HEfE HE R 8%
oI B K, 2 i 5 e, 2 8 4 L 28 A 0 S

BRI 7E 204, PRI TR B B TR K 25 4 S i B #EgkmrEESHE

R AR SORBT B AR E R BaE A BT B T YA



%18 IRE . HEERGHBEREFELNTEED 11

3 REAEREERE

3.1 fRENRE
3.1.1 P RIAN 2 SR

(V)i TBiaE, FE0H A6 I, v] BB & A= BE IO TR 356 1 i 08 oo R v 42380 2 AR BR R B /N2 ) N RS HE
o 3 R WA A AN B S, R EE e 3R TR B AR, S SR I M NS B G Bl B K R B AR B
ol K, SRS R ICE BB A, SIS A Z AR AS B, PSR it T R A, WO )
R B AT WA 2 S N2 IR T IR T W S VR 6 A g e R b 2 e AR i h B HE T A
IR AeS T8 B2 B A JE R 28 Yl AN 285 ST 3, e L T A e R o7 i T 2 T A B

(2) MBI ISR 7E32 75 1M R KA A b T h el A LA K BB 4 2 1) 3 245 o I DR 2 o g el A 7 2
SO | BURAS BB AR RS P Bl B A A5 B
3.1.2  BRER ) S A s

(V)i T BiaE,, 7R T IR e T AN IEH, 3 BOREE - AR 0] SO 88 22 B K2 BN
Fiat EE /0N B K R TG TE A T 3 TR A AR AT & 20k, R BORBE 1 45 B WA -5 4900 32 1]
AHEEB,

(2) HUF KR, 24 B0 J Bl 2 A7 K A, 3 R 7KGE a3 FLEBR e 24 4% 18 AT, dn S R 7k h 5
B, BEE K IR RIZE K, 13X Be W) T S AT I T I T s 3
3.1.3  fIaZLaE R A

()R T, i T T A A 5 8™ s 045 AR A 5 5 R IR EE LAt w24, e anR e + 5e i
A5 BERGEFRA A EEL TT: FRAP R o FR SRR A

(2) far B . TEF Gt AN ES A ) B AL [RIE T | bR A2 45 U2 , foff N P 0 78 ek T TRBE + 1A
FRATCRL 5 B | DT H Bk R A 4%

(3) Bl A AT AN o F T % 2 PP Ao 80 1 150 L 53 A 5 AN 38 50 (e 9 0 A A 52 380 A K 1 7K - #
7, 1 R AR 0,5 S0 T e ) DRI 7K AZ BT T B O B 245 Ry AE R B LA s 55 LA Y
LT, BBl AR | S S50 0 Ao i — M AR TP 28 1 | i
WS G5y kAT R R4 P R A I g I 7
BN o
3.1.4  HWIBINAKBIA

(1) W T BT, ZEt T 4010, & AR VSO EA Y HEK
FAFARLE it T AR BEAS By 1 F KA A1 g AR Rl R, AR 2 5
SR A W) &R B IR

(2) Mo 4k, MREE 2 )2 S K2R S & AK)Z
(AN /K S22 B5F 1L /K AT BB VS 3 1 A B, 5 B0 )2
K,

(3) BhA LA FNEERL . W) A7 7E 44 FAEBi nT RE &
SEB ARG E , K0T LU X S A ARSI 3 R
TENHER, A AT IR T B s 3 IR B v S 4 5 B 4 K
HATTE 5 mm LA, OB & BUKR 2 MB kR kA4
TSN, AT FE I W E 8 Fis
3.2 RERIBIEE

AR SCASUET XoF o) 26 4 % VRV b A A 1 3 1 0, 45 6 5
BRIREE S0, B th— &R B 18 BT R L

(1) BEFLTEIR I o BEXTAS ™ H (0 A )38 J5 25 TR B A B8 HHEkEERGHE

7 FWREREIIGE



12 BRERE R FFREARFR) % 38 %

B SABIL LA S AT HE KT B s, il R BB FLTE SR . R A
SRR T KRS BEAS TEA MR, KN T T2 R
FLHG TRIHE S GBS LA T 300 T 3 OB IR,
o v 0 2 i G A R OO A SR ROK K L
KRS EREFELBANLE, ST R LI WA 9
Fis .
(2) HEFEITTIL . XTI 2R 1 A7 A 244 10 1 B iEA T8
BN B J7 1 — W R U T (508 35 1 24 80 R M
Feb I AT ARPERT I ) B E OL, SEREAIE 1B
SRR, DL R AT W) 2548 & Ak
(3) EHINE 2, wHIERL R E 5 X0 AR Z R,
FEAEE A NEHME | 2 A EHE 0 [ 8K TR & 1 B9 $hrliEgEmisE
B i 5 A S P o S R 2 A B [ | S R
TR E A s s [y A A R, AT DR B R T A 10 P A I R TR SRR TR, B
HE T XA DA 2 Sk s W 3 A S A R R A R, L TR 2 S 5l (S P 4 PR L6 g 1 A K
AT RES X R TE v 2 7= A R ], 7 A I S
(4) FRHEZR N o ARHEA I [ v PR B AAIR it T
2 A P RS I P R SRR A 7 R T 2 1 [ e A )
SN A BT RE TR LA AGE B 1 4
FA T FIR 2 ) A 4 i FL 22 4 | 36 T 2 Fh 2 750 1 g 3
G54 AR BATE B 2 Y TAE DL R0 4R . 9
HEA N [ B A E 10 Fs
(5) WSO &V, e S0P B v R My, B2
TR R SRR T K F , il A BRI SR RER .
it T3 A T A i R BRI 4
PEECI SO SRLE R AR A, IS A
st RIE , FL TR A i BE 218 3 AN 3 e S,
SUURR A T A A 02 SRR A I el N [ vk 337 an B 10 $RBLZR I E L7 E
B 11 R, HAAROR B8 v ey 25K 260
(6) W BHF N VL, SRR A IR AE AN B 52 25 T S, AT LSRR W AR 12 % o 3 Ao i) 485 A a6 A 7
T RN % 8 o R 280 3 7 100, A 5 20 0 ™ T U, W] SR DO 1 M ] A B0, L 4 v ok e ) 2 Ak 4
Fa R B s G PR 34 80T R B0 IR 2R R W B kA R G e A5 A R N RE R
W& T Ao D 25 AR R AR (M) AR R RE T , DRI I 254 28 A it A o G 32 it T ol R 4 il T P o AL
FBVERET 2% W AN R S B AT A VR LA E B WA I B A 12 PR

11 B nE L% E 12 W SR EE 35 B



%1 IRNF W EERGRR AR E NG b 13

(7)) KNG ET AEAi ik, ORI ET A vk 220 TROBRRIE AT BB K 00, EL AT LR i 5 i A7 b ot
TEAE I, B e 20 R W08 T K AL B MR L | SRS AR o 35 5 R e B T A 2T A ), At m] L kAT T
BUHERS WA IR RIAEA TG 37 , B 29 2 TR R4 00, R0 21 4 A, s A7 AR A R4, DA BB R 2L
R T SE R b 2E W TR A ALY, SRR SRR
Ko LB REIE PR T VA, MRS HAS R A& PR AP e i 55 TR 10 T BRI T B 3k 5 P
R5 WEEREELEE

WG BRE (SR o B
L ————t L Y. \
_— S I TR E
BALIERIE AR kSR R A H 0 BRGE T TR LA

e L I I TR T
FEE I S Zig . . “’ B M L A
L Wae NEREEORRE R gy AR

UMK TSR R B E R 56 TR R A 5

SHE 3 SERSE 2SR ZEF TR

EPIMERE - ARWIEM e b e e st petl LSS

oy, I SRR R RIRAIE MR BT, B TR,
o i R AE S BRI RS Ky

REARUH AT BT 2 B Tk R AE BOREF, aldedr 25 W X, 7t TR

4 [ LAV :/?:R o o
BN R BWK e b e R, PR ST RMZE B

W AL, 2, AERRERT BN Rz SRR IE S M TR, 2P RN A
P4k HREAORERETT  PHERT BIZS M 2 fif s L MERCRIR. Ui m i

P H5 RS SRR AN 37 G A PR S i AR B S R

WIS EGE: B .
RAGEF ARz Bk R R AR TR A E I T RS R

4 %

vlv
(avg

A e M O R A R LAGEIN 2 b5 2, X 48 ) B BRI BB TEAH ) PN S MR I AT T IRAT AT, B
XoF ) S R S B e B T AL A 5 SR TR AR, A Tl AR TR I, EEESe A LU LA,

(1) RN AR BIR R 2540 R RIS BBl 25 TR 1 O o e T S5 000 B 90T C 9%, J0 A SUW %
B AR NI TR O B RSP, Ao A 4 SR 23 S g T A ORI (7 B A e fe %2, o 2
i B Y 70. 4% 08 B E B b, LN 3.0% o Xk TR IE B TR K- fi (i
JH

(2) P RIS F £ Z OB AB K TERE 5 mm DANREL, (5 LEITE 90. 0% DL L, WA i) 2% 1 &
A B R EA R, SRSl i B E A T A, 280 & R h BAE BE TR SRR AL . B A0 T
PAEBENE AN R 0 B e 2, 7 B T/K e 3 LUIEIR R 78. 1% |, 31X 55 AR B 52 2 A3 S DU AR G

(3) AN B 3 (RPN B S A2 0 3 ) S T i AN B F M TOKSE RIS G, Bh
AR ORI BGALEESE BN W AR IS5 55, T2 & (RECRIE K % ) 15 it T 9 o
AN B A BRI A G . BRI ORI FE TSR SO [ RS 00t £ 24 A 7255

s X X W
[1]HUANG Z, ZHANGG C, FU H, et al. Machine inspection equipment for tunnels: A review[J]. Journal of Highway and
Transportation Research and Development ( English Edition) , 2021, 15(2) : 40-53.
(21 E5 2P, SR, 55, b H s 8 k% R 8 R ) B R AR B & a4 [ )], BB s (P38 30) , 2022, 42(7)
1135-1145.



14 BRERE R FFREARFR) % 38 %

(312 AL BRISBEE AT IS 5 2 B S EEA EAHEI0 7 FRARTE ()] BURBRIEH AR 2023 ,60 (H ) 1) 1122-127.

(40N . T AR R I g B2 2 ) Ak 4 R BRI T B VA R B I [ ] RIE SR, 2024 ,64 (4) :79-84.

[5]HAmE. M HT Ak oot [T 3p 12 76 2% % R JE AP D B A b 28 B iz I [T ], IRARRE B AR 2023, 60 (T 1) .
187-191.

[ 6] TR B, SR i, TR . 4R ey v A R 7 R T Al 8D J5E o T A T 2 SR 28 i [ 1] R #290,2023,63(6)
99-103.

(7] D5, RIEE ETE 45, BRI RE I A i 2R W RS A N He AR [ ] BRI EE5R,2023,63 (1) :92-95.

(815K AAF, XN TR MBLSC. FARIBZ N BEA 8 0k B B 22 Ve 2R [ ] BRIE SR, 2024 ,64(5) :108-113.

[9]WANG D, LUO J, LI F, et al. Research on dynamic response and fatigue life of tunnel bottom structure under coupled action
of train load and groundwater [ J/OL]. Soil Dynamics and Earthquake Engineering, 2022, 161 107405 [ 2024-08-06 ]. ht-
tps://doi. org/10. 1016/]. soildyn. 2022. 107405.

(10T XUHE, 32300 VD BG, 45, LIS 28 TR A5 1 N 2 B B RR JE SR IS & A sl S ma iz [ 1], g2 5 TR 4], 2023,20

(12) :4667-4677.

(11 XA, B BRI RE IS 23 T A I A b ol sk i [ )] SEgm = P 9Y 5% ,2022,41(1) :53-56.

(12 ] SRATE . Ahoes e 0 [ 5 RGN % T 4 DR 06E 5 B B A SR [ )] RTE 57 ,2022,62(9) :108-110.

[13] 22558, BRE AT 5 2510 [ Sl e & a2 [ )], Bl @5y ,2022,62(11) :99-102.

[14TXVFEZE ph6 B0, % i S R E R IR 2 A IR S R R [ 1], i E A B4, 2021 ,34 (11) :178-199.

[15 B4R, SR IS BE SO, 45 IR B B 45 4 22 5 I BRI ST 53R [ ] . BRIEARIEIR T T, 2024 ,68(4) :1-19.

Analysis and Remediation of Tunnel Diseases of
Shuohuang Heavy Haul Railway

WANG Feng', GAO Yang’

(1. School of Civil Engineering, Beijing Jiaotong University, Beijing 014000, China;
2. School of Safety Engineering and Emergency Management,
Shijiazhuang Tiedao University, Shijiazhuang 050043, China )

Abstract; The engineering conditions along the Shuohuang Railway are complex. Due to the limitation of
construction technology, there are defects such as uncompacted lining and voids at the beginning of tunnel con-
struction, and the defects gradually worsen during operation. In response to the situation of the Shuohuang rail-
way tunnel, the geological radar method, three-dimensional laser scanning method and artificial visual method
were combined to investigate and analyze the internal and apparent defects of the linings of 48 tunnels, and sug-
gestions for remediation measures were put forward for different defects. The research shows that the tunnel lining
detects are grade B and grade C; The number of defects in the vault and haunch of the lining is the largest, ac-
counting for 70.4% of the total; The apparentdefects are mainly water leakage and cracks within 5 mm width,
accounting for over 90.0% . For the internal devects of the lining, it is recommended to take measures such as
arch reinforcement and the W steel strip method. The apparent defects are recommended to take measures such
as corrugated plate reinforcement and pasting fiber cloth.

Key words : Shuohuang Railway; lining of the tunnel; defect research; cause analysis; remediation meas-

ures



