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Research on Nondestructive Testing Technology of Concrete Strength of
Tunnel Secondary Lining
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Abstract : As a critical component of highway tunnel structures, secondary lining serves as the structural and safety
safeguard. The concrete strength of secondary lining directly impacts both the tunnel's service life and
traffic safety. However, third—party testing units face limitations in traditional non—destructive testing
(NDT) methods due to insufficient accuracy, poor adaptability, and subjective data interpretation, which
fail to meet practical quality control requirements. This paper proposes an optimized NDT solution tailored
for on—site operations, based on supervision unit testing practices and construction site characteristics.
The improvement plan focuses on three key aspects: optimizing testing methods, enhancing equipment
compatibility, and standardizing data processing protocols. By refining testing procedures, improving
equipment adaptability, and standardizing data processing, the proposed approach achieves enhanced
accuracy and efficiency. Field validation confirms that the improved testing method maintains error control
within +5%, demonstrating 25% higher precision than traditional methods. This provides technical support
for on—site quality assessment of tunnel engineering.

Keywords : highway tunnel; secondary lining; concrete strength; nondestructive testing; technical
improvement; field testing

515

TR A S BT AR RIS LS A B T AR LN R ZED 4y, W RRES 2 PPN OB S I B B . 5=
TP AR LA I B B iy, FEE I el . W TR T OSSR I B B A | R AR
BRAVER AT, AETHIEUZ I B 2 . BT TR ek |l s REEE ST Ik, TESLERE A 2 R BRI |
FIRIRT AT AR IR, R R UK, RO

T R A B A ST . FETT R R, THIEUZ M PSR 2, MREORSE T | B | R EOR ok . IS
PR H IR TR R A, ESep Tt N AR AEIUA N LA e R A R FE I, . BRI IREE S | TSR M 7255
TEZ R, AT R TAER TR T R, B, ARIJE T SRR T, B I TCHUe M B A S T, &
(R . SRR TTE R . IR, T — B G EUATHRAVGIN TS, R e RIS O R e TSR A BT AL . PRIIE T
T2z a A B SRR L

WA A (1990.12-) , %, Z@EEA, A8, PRIRT, FEF . AETRKBRI.

Copyright © This Work is Licensed under A Commons Attribution-Non Commercial 4.0 International License. | 013



T72RlE | ENGINEERING SCIENCE

—. ERTTRAE MELAR7E Tt II7 M AR SR 1%

(—) NBESWHMETINK

G AR 2 5% H S — 7 U, e THIE
IR T 5 2 BN AP K R RS, R S A S TR - e T 4
AR ARG, (e THIUAR IR AT, i, &
ARG, G R KT Smm I, B ZEHe KT
15%; 8 P9 T TR 7 O AR R SR P IR B L B S0 B, T PR
PUERAT A3 A ANEE) | A B0 P/ N P S e (e 7 U (R B A2 LR W5
AR, Gk R 2 PRI B AR T DL ERE R BN, 1
SN BUIA RS . M ARZ B R, BRI R
SO P PR SRR 5 5, ATT IS B 5 e A AR . B 19 T4
FALMEHERS, JE LG HARRIRS R E 22, RAEWE LRR
P R

(Z) DUARIESHIBLEMERR

GG TR % 2 A FRHEHEN, THOIA R T8 5
B, ANFRARBIESRR ISR AR IR, X 3 AR LR
TERL, FALGOR AT A TR T B A AR R, T
HAM IR, S s Tk, RN ESERA AL R
L ARIER, (a5 B A =UE DIPRIE T 00 F G
M, HTHIRRE LR A, R RSt LREER, 5
B STIRIERE R R Pk RS R — BTN R, &
W T BUAAAI T IR IR . WA SIS R, AR R
MK, HEERNASEEE N, SIS HBLEA P,

(=) BEENMSIIATRMESRE

THIIA SRS, Wi, WA AR LS EmE
G INE A R e . IR & TAERS R
TEJRJE KT 80% B I E (LT 0°CHY, #&MMERESIEMG, K
MRS, IMEGR SRR T Ee, BIMAR
BURER S 0REWE, EIAE A AZ IR N EAR T
{55 RO 2 AR AN, MDA AT 150 1 s ] A P
FETCE P E ARG X, B NI R AR SR
VEHIMES

—. IR TR AR BH TS R

(—) #WFFERE: EETHTRNAERNTGER

BT B RN T R EAN 5 (1 TRDRE, AR B S 1
SIS, e H SRR P A A R T, I PRI T A B
PERERERIRE L. MISL R ERI(E P, EEBITEREYIY
Red; A A YRR BE - R BU E y, TTRAR SRS A
FRBTEFIMTIAN R o B S 2 A B T SRS

oc=av,+pR-yd +0
Hef, O MRt LaE, V, NEFHEGTEEE, R OAEB

8, dARBHRVEERE, a. B, Y ABGRERE, o AR
BUEIEAE, RBREE G258 T AR SR OS2, FIING]

NG ORA 2 S R RS IE T, A 20 TR 2w
Al

Ko e EHEAT O, BRSBTS Hl ) 2 T 1 47 15
FANEL, VERRIER . Ay, CRIERE TR TR SR XK
M7, BRI TE 25 200mm x 200mm (IREIIX, 46
DX PAY ] A [ e R P A, PRAIE RS ) —— X s 4K 5
SRR, TS H RN TR L 7 B R R A B
HEFTAA AT R P ARSI AT, B AR At e

(Z) Hlhg&SEhRE: BAMBREEEESREM

L B AR ER SRR O

TR R T R VR B A, B GRIR A B TR
2%, UIRE S B KK BEARAS I 5 . AR A b A7 5 1 1 22
K, HEGE IR & F T RIALESG B, 255NN E& s
TERILIRE, FTLASEIN B S RAF A . Rl i B FE R, R A
FIORRIRMIME AR A, WAE St S, 12T T4
AR . PR EAS I I H A SR B, 8 Ik sE L
JE R NI AR I 50%., 48R PG IS0 7 #/E A
R T BT, HR T BB AL, R TAI A B
VAT A W BRIE N L S RIS R Gy — A FE RN 4
B T BRI IR SR E , BEE AR BodkiE i A
JH/IN30%, FEL B A0%, F78BRER KRB, EAKRE
R

2. BIA IREE E 1 B R

BREG TR E AR, ERE. Zhd WERAK
ST 2 R 15 A P M B ARG B30 103 i 1 3 AR, AR S T
IR, 24, WEWEI KSR A, R EHETIHE
TGN RS, FERIR A EINEE B PR R, s
WIAPRE, BERBFG B A HE AR & B E I BE, SO S5
VEMEE o AE BRSO Sk bt B 7 e ik vt (0 R Bk ) & < b
B, TSN ARSI DL B RS H g T
B, ORETREPEE LR R A, RIEE S L. 1Bk
& BRI E M BHE IESHEER, el UREBUZEIRE . Mk
FE LD PN . S IEREL, AN 2R TS T DA %L
PR . T, Mok 5 1% & 1E -5°C ~ 50°CIREE,
30% ~ 90% FHRREERIEREE TS, AU B ShyE AL + 3%
DI, se@fia THIZ IR R, oo PRE TR R 2 4t
(N

(=) BUEQGIEME: BCHRESRRER KR

L ST RMEIEIR R

TG H 2255 AU T B2 30 4% T IR B
FERIELR, B AL S IEARER R s . AR T3
iR T TS PRE TR, Jir & RS EIR R,
ANFEMLIX . AS[E LA E RS b, ZERER T bR 45 0 T i
R, 2 ESE, A O AR B R R R L, 5E
KIS L B TEAR, RBEEENZR AR, B/NTIRERER
FIZE . RN T i IR R (BRI . SR, WA
W) MMEIEREEE, R A AREIIA ST 24, B

014 | Copyright © This Work is Licensed under A Commons Attribution-Non Commercial 4.0 International License.



RN EERAEATEIE, R EERAC B R 7EI%48 HY A BRI
FH R R ZR G, RS 5 5o B 22 R 5 1 72 5% DA
W, BRI EET .

2. BR R S AT

TEGE A ARAT IR S 2R, A AR BRI R, &
HAG BCEBUA BURIT T B, PRIEIL, AL AR AT S A
JREL) BB ¥ A RREOR e RS, ST L% B
BRI AR . WIS AR A SR B, P2 (AR TR
HICRIEERIE) , EBUHLER, B E AR XE, #HX
A B SR F R E RS R A S B B T G 775,
AR A P ANE L R S, T DL I R 8] 56 2 o
RAE, BEMRREEEEA, AHEL AR TR
AR IR SRR TR, A SE 2 S5 Bt T LARD
S A AR 0 R, RS T R A I ] e B A
TRMEIZ RS, Ml R bR =R E R, K
AR T I H BERE

=. BEEARN TR S N A

(—) IHWIERIE
R iz Bt R AR S IR SRR R~ 6, 188 K2+300 %
K2+600 Bt A IR E N 507 . % B E IR A C35
TREEL, R XISE AR 2500m?, 4B G Ge Ty vk BT vk
BRI, GH 30 MG s A S Lt e A RN TR
FzR:
# 1 AFENEARREERZEXT T (%)

BRI | | e, | SRR | GRSV
gy | TP ik g
ngﬁfﬁ +8.3 +7.1 +4.2 +1.8

HR VAR, SR SN A B P IR 2 + 5% LAY,
PO ge i ISR AR = 25% DL, SEEEHH HIRZE N T 2%,
FEE TR E (RS FE SRR . MOl A AR AL S A S

243t

1 1 40%, 2500m? (AR X3 H 7 2 SR BRI B — R A s 7]
RATRASE AR, R FE KA

(=) ITERAZG

PRI S BTSN AGE 31— 451 4.0 A B PR
A B BETE TR A I R o 3% R TE A AT, R e T
WIS, WS ATRE, TR C36iREE. Wi
T K2+100 % K2+800 B SO AM T 2w, il ik
ISR, BT EE . AR5, R8RS 510
BN, HeERE] K2+450 ~ K2+500 M3 gy X, HEE RN
28 ~ 30MPa, SIUFHBIRAMIETE G MZKIBMEEEE, L
S50 AR 29.3MPa,  ESGHERARR M 45 FRIRZEN +1.7%, #
02 SRR AT S O T BT g SRR 5% SR [ SR 58 A S Bk
BB, AT UE R SO AR E T 2 AT 71

M. it

ARSCRRESE = R 5o THOBIA R TR . IR 7 3 A
WITAESCE:, MRITTE, BEail . Bleib B =075t
TeI A EBI (R ATt . SR PIHE — e s
AT FARTRAN R —FR AL, N 8 A S 5 1 A AT
BTENAENGE, BE T BB ER R SRk, A T
B G IERZ BRI Ry, BN ZIR AR, 1
T HAE AL PR TR . T THIA ARG, EEE AR BOR
BE/NT £ 5%, KNI 40%, BAFRE, REOENIEE,
SEa T LUAR T SRR EEK

AR TC R LA R HUR A TRE ST, WA
=R AL AR S B B A, AR s BEE R
TR LSRRI B T 2R . A5 T DO i s (B4 M (e — 2
ot JFR RS B A A NER?, IR A
A TOU NS IER U, EEHAE Rl A B R TSI I A
PEHIAER, N TR P e A e e SRR I R

M8, £5IT, %, & . B
[2 EHEME , 2R, FNE S RE
[BIREF , XML , FKaSHH , %5 .

AR IE Wi TP I R R 224047 (1] JRBET 2025, (04):250-256+262.
VASHIRRE i T R HIRT G TE 1. TREIR R 2024, (22):226-228.
R BRI AR T SO T RIS ITRUAITST (). SUREREHA ,2023,60(05):1-10.

(4] FAf L BB, B . B T BIREE RS ] (Cl GETHEAR) 26Eat , WREHRRHAF R T BeA PR AR 2020 48 2 A AR TR TH ARG (i) - hie—

AR TR ERATRAT 1, 2020:262-265.

5] HREE3C . BRI AR GE it T RSB A 1], 2SR 5478, 2023, 4(03):129-131.

6] AL . BT[R5 R R E RGeS P AATFST [Cl// SeMBERESE 2024 S SCHs . AR TREE WA R THEAR] ;,2024:108-110.
[7) R . FEASAS IS REE TRESTRAS I TR ()], TREEORWIFE 2023, 8(24):53-55.

18] H/NBS . MR BEREIRIS RN ()], 2t A 2022, (13):67-68+71.

9] FEAEHT . FCAUSIHAAE P AR A T RIS (D). 8RB SR T 2025, (11): 166-168.

Copyright © This Work is Licensed under A Commons Attribution-Non Commercial 4.0 International License. | 015





