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Emergency detection analysis of traffic projects’ problems after the extreme rainstorm
disaster in Zhengzhou City
TU Shanbo, GUO Shiming, GENG Qingsong, LYU Atan
(Yellow River Engineering Consuliing Co. , Lid. , Zhengzhou 450003, China)

Abstract: After the extreme rainstorm disaster in Zhengzhou, urban roads, subway tunnels and other transportation projects are
potentially to encounter dangers such as the road cavity, tunnel deformation and water seepage. In order to find out these hidden
dangers, according to the categories of hidden dangers after the rain disaster and the characteristics of various detection methods,
through the combination of vehicle mounted 3D ground penetrating radar, towed transient electromagnetic detection, mobile 3D laser
scanning and other detection methods, the emergency detection of road cavity and tunnel diseases was carried out. The results show that
the combination of vehicle mounted 3D ground penetrating radar and towed transient electromagnetic detection can effectively avoid the
limitations of a single method and quickly find out the diseases, such as the cavity and the leakage of transportation engineering. The
safety status of tunnel engineering can be quickly found out by using 3D laser scanning and then using the ground penetrating radar to
investigate the main disease information of tunnel structure in detail.

Key words: rainstorm; road hidden danger; tunnel deformation; ground penetrating radar; towed transient electromagnetic detection;
3D laser scanning; Zhengzhou City

2021 4£ 7 H 17—20 H M8 Z B 20 sk iR R 2,3 H FB/K A 617, 1 mm , Ho /e RETR 50 H R# TR
BITLAME A 1951 AFEHASIN ol DAk () Dy B2 i 53 LG YR B iy 22 R 365 G T IBSC T B2 400 5562 730 Ab, TR AN i i B
1190 Ab B i B T ¢ i, 7K Gl H HEZK VRS I BRI AR iR B AT S5, (B, TR AL
F14) 3 [ S 5 | b R 52 00 A I T 2838 TR e B K E A T AR B fe KBRS . 7 A 21 H 4K, A8 i th
BT 88 AbHLTEIXRFA S d S HEINE] 2057 b, 3B T HE BB T R RSB KN T Ak e W 5 iE , 2 E
Uil R DX B A7 AEAS R R BE IR K, b e T RS R A 2 30

TG, O 2 & A MRS A A I 45 9 8 mT DASE RERERCT AR RS A 708 S & 7 e A i 22 R 5 | & 1)
BRI AT LS B K R BRI AR B K ST AN S R K BB AR e Rk B, AR AR R AR
RN AR CIE BRI A0 FEANTIR SNV E T S 58 SR B, ME LA B, 3X 282838 T AR Bl & ok Uik
MK G E L ERRERZ — WASRIBAE R BB A B ) 1 i 2 R AR R ™ E 5 0 K 5

BEEUE . FERE LI (2018 YFC0406904)

EER . WG (1980—) 3 g TR, EEMF TRL NS, E-mail: autumn610@ 163. com

SIFARST : IR, S8 BKTE R, 45, KON T B i 2k R 5 338 T AR PR 2SI AT [ T ] 2 ( FUARRIERR) ,2022,50(3) :9-16.
TU Shanbo, GUO Shiming, GENG Qingsong, et al. Emergency detection analysis of traffic projects’ problems after the extreme rainstorm
disaster in Zhengzhou City[ J ]. Journal of Hohai University( Natural Sciences) ,2022,50(3) ;9-16.



10 WK E el (AR RS R ) 55 50 &

HETARRYHERE . DRI, A I P9 £ T ST 3, D 9 i T el TR 11 4k B B HEHOR S04, A AR
BRI

AN ST ek X A R F A0S PN T (|t K R A A TR I S B R AR Ty 7 BOR KR FH AR 4 43T,
Z AP ERACIN | W 7 i AR A 5, e R 1 BREARIN $uk T TS S 5 R R AR B 1 SN AR SR
BE g T AOXE ST, O 2 R 95 2l AR BRSNS It T — 847 Z AR i D S8 %

1 REZENKRENE

1.1 RREXS

KIS T DXASE T 1 48 P PG 0 5 2 T eyl o P RSP A S ety DX PN i 35 P g i R A, 3
SARIE SRR R JE X, 5K 4 A R 1963—2012 4F A SERIECHE XA 17 28 fL A8 R 1R 2370 6
FOTMT R, BN T AR R K B JC I AR kA <7 « 207 R KR RN AE AN 1T 1 s 1 b kg 55 L, SRR T b J2 45
A8 ABE W A 2 | A AR PR o i B A 3 R AR TR TR B8 | s T SRR AR
SRR T T A4 S8 T AR i S B s IR g TR A s B B o W LA 3 26

a. TEESLIEMEAS Kasii, i TERTRE A R ], 5 O B AR AR % TS &= A8 T8 R
TEAMB AR AF T IR B EORe P K i T, T8 R EAT R BRI ) 4t T 53] 32028 oy 140 i 2 1
JICHRIE B R 2 i s T - e K a7 R AL A B8 A 1 B AN ) AL AL 7 A ) P 2 A2 T B
Bt e RN TS 2 R I ) SR b 7K T R A R T e, 280 g A2 5 RO - 4 A Az,
e i 25 PR AR Sl K A PR e 23 O i AR 2% JE s i, (A s R B A, e R B R PG

b. MRS DO o T T A LA A B T T, KR A RS UM A R AR M R A5 5 0E
PEBLNE T AARLE G AR SRS X, i T TSR sE e, LR I R S i S AR AR R R T Sl R 0 R
T AHEAT HUE A REIE MU SR GE— 1A, 2338 it T S5 832 AN 2], FEfm B miAE T R 2K i v
PRALE T, e 2 IR AR 2R B i s T A b B A

c. FEEATB KO E . A T KRR IE B 3 2R HUE M THOR | BRI A 5 2R Z AIA 29 15 em #Y
[ SELHE N | AT LA UE Mk B 1 5 ) Bl AR S8 e, Xk R Bl 5 e 3 A A P B i 2 I 3 s o /K
ABEIE N, E 24 G2 ok B, AR B il fE AT, Al BB BRI A2 I B8 D REIR S R
1.2 &2

IF % 308 R B A A A 0 = B R T R R T R RN Rk R iR
VU AR v | DA S AR R & JR G = 4B BOGEIH ) GB-InSAR HAR M AR BE M HL A Wi sk 1
s 2 D ORIREE . AR5 A HOE VRS A5, 5 2R R 2R B A T e %

x1 TBIBBBEMNEEFE
Table 1 Main detection methods of hidden dangers of traffic projects

oRIIIRES I R VRN TR % /K5 g s A,
TR Ik i3 el I N D<5m MR R JiTiim PRI VR 1
Fiy 7 T v R 233 RS 3m<D<30m EARUINNEDN WA E X IRNACE
i 2B B Hb R 2SI K E 3m<D<30m PRITEE R RS EHAE X
GB-InSAR $i A ZER AR I JHK ioRilEy &= Tz
=Yt H SR I K IR BE e RCR HolE b PRESR 8
Wi 22 T I I T TAEZIAN AR, X BB A I ZR Pt Jofit BT T4uamss . ARSI 30 S5 h i
B TR B = R BT AT BB R TR I 250K T 2 m , 7 2 ~ 5 m Y A B AR A A0 3 B TR L 28

i 15m , PR S DN TR BE R KT 5 m 32 5 TR 9 Ji 5 M ) 2k B 10 75 2 7 R P ) PN A B T 1 00,
Je S A PR R R s B A U]

FFAE R G T B S TR 55 1 3 2= 2 6] e MR ) RS A 75 T A A ) S 22 5 il o 5 i e 2 e 23 1
(Jo/K) BN oy AL BHL A AT HU RO 5 W R 5 /K s T T R B (IR B3 g A HL o 5 e 3
ik, ELAS /K S0 | H 5 ] 0 A ) 22 S b U] S BB T T 58 3t 2 8 /K 28 T S A vl e G
HbIRA R 14 22 57 DA b SR P BRAG I Oy i S AR 1 BB AR Y

g b RE Sl TR KR R SERE i, 75 B S L AR K | LA 3 bR BRI 25 53 25 25 1 U ERY)



53 1 VRt 55 RN T AN S I i S 30 T B A I A D A 11

FRI7 AT W 7 v 2 G B A A T AR R A I Y B 1
2 KWilAESEAR
2.1 RMFIRZE

PR T TR T2 R P e I i P D8 R0 b A SO G AT SRR Y — e b R B 0, AE R AT T I A
F SR B TR 38 0 K S Rk ) IS A ST e A Tk op F R TR, P A ISOR S M 8 B R T b 2 B RO, IR AR
5 L [ 30 it A7 B[] ( SCRROBURRE E 5 ) W 5 e T ), 0o IR A BRI i 28, LA 2 36 8 T ) M s e 2 H A
PR (75T A5 T8 AP 45 ) 0945 TR 0 A R AIE A 52 A1 B 254 JF A5 B I g 2 >

T = e R M T TR R A YRR M TR TR B S A L B ) b A I SR A AT 14 T R I R
AR =Y R KSR . ZE8R = B TR TR 7E B 25 (] N HEAR 2240 & R ZR 1l e D 4y A 1 [m) s 2 43 22
SRR TR) A 3E e AR 32 Bl A 2R, S RO K T R I A A B 8 A R T T R T BB S Y | A ALY
SHEAR . B AR I R TR A S B TAE UL 1,

BERA T1 }‘< T3 T4 || TS || T6 || T7 T8 T10

T9
A\
N/ o\ /NG o/ g /T NG R

e, [ [V ][V V]V )W T

R2|| R3 || R4 R6 || R7 || R8 || R9

dlEIEER L

(a) KR (b) TAESEH
Bl FEHR-MFRMWEXEQNEER TELSR
Fig.1 Principle and field working diagram of vehicle mounted ground penetrating radar
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Fig.2 Principle and field working diagram of towed transient electromagnetic detection
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Fig.3 3D laser scanning inspection equipment and field working diagram
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Fig.4 Results of road disease detection with 3D vehicle mounted ground penetrating radar
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Fig.5 Verification of 3D vehicle mounted ground penetrating radar detection results by punch holes
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Fig.6 Transient electromagnetic detection results and pipeline damage diagram
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Fig.8 Detection results of tunnel deformation
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Fig.9 Water-free void model behind the segment wall with double-layer steel bars and forward modeling results



%3 VRt 55 RN T AN S I i S 30 T B A I A D A 15

0 - HRAEA
£
e
R
=
s
-
; ) =
0 0.5 1.0 1.5 2.0 2.5 0 0.5 1.0 1.5 2.0 2.5
B F L n
(a) ArokMbhas IE R (b) EHRR

E10 28FXNENHHNERERSKREEERIEERR
Fig.10 Water-bearing void model behind the segment wall with double-layer steel bars and forward modeling results
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