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Automatic monitoring system on highway slopes based on GNSS technique
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Abstract:In order to explore the practical role of highway slope automatic monitoring system based on GNSS
monitoring station, this paper studies the K69 + 080 section of YQTJ5 section of Chongqing Banan Qijiang
Expressway. Firstly, based on LZMRO2-GNSS receiver and FS-YL rain gauge, Beidou + safety monitoring
cloud platform is independently developed, which can manage and analyze the GNSS surface displacement
monitoring stations and deep displacement monitoring holes arranged on site in real time. The monitoring
results show that the slope has local collapse and cracking and other unstable phenomena, and early warning is
sent to relevant departments and units. Then, the residual sliding force of the slope is calculated based on the
transfer coefficient method, and the numerical simulation is carried out by using Geo5 finite element software.
The results verify the accuracy of the monitoring system. Therefore, the establishment of highway slope
automatic monitoring system can not only solve the shortcomings of conventional manual monitoring of slope,
but also ensure the timeliness of monitoring data, which provides a certain reference value for future intelligent
monitoring of slope.

Keywords : highways; slope monitoring; GNSS technology; disaster warning

0 3 TR AR E TG AR N R T R 2 A
WIPEAGE T T2 45 1 TR U] Ak B 4% B &2 2%
AR R R RV KA T IREmEAR  HWRIELREERER, 7w TR TR R, B

il

Y5 B EF: 2020-08-19; f&1T HEA: 2020-09-07
E—1EE: EEM(1983-) , &, AL TRL L, B L0FRE, MR TR, FEMNFSE - TR K TR R ESBRE
[T 5T . E-mail ; wanghuimin303@ qq. com



55 6 1

Hh ) 5 K 5 B R S 4R - 61 -

IR T TN S B R R AR A 2 A s R T I S g AR
o, (B FR T B B8 i UL el 5 K 90 3 25 2 K 2 3ok
SN T, T R R R IR SR 5 1 2 B i T
T2 A7 309 P | A o e, i 4 A 1 28 5 4 2 B N %
Too AU, N s HA R L A R
e i U R R 2012 AR WY O3 G B AR E
B T6% 5 % ) ML, 5N A8 T I 1) S AR A R R AU
E R LS A e 12 KR £ A R =8 /S - SV
F4 e 5 R T 2 7 A e 4 1 T, HG A O A R R A
B B 1 22 A (R AR T . 7 M A T BE R, B R
A 2 A Ry, e A A

SR R, — 1 DR 2 3 0 8%
A L5 R AR 0 5 5 AR S 5 S A B S TR 4R
J2 I HH SR, AR AR 25 R AR L W 0 i 5 v 25 45 T L
WA By AN B % A2 BB . PRI, R T R b
AR TN T 0 3 394 6 e L R R W B 4 2
P, SR T E 3 A0 T BE W 00 2 5 4 K i 9 R S P A O 1
BHET WM R BT S . BEE GNSS [ 3 1k I 45 A 1
W R R, T 2 B T SRt RSB LA B
PRAE I, 3 815 GNSS 78 /25 3 23 B 30 3l W 5
P IF K . BOCK Y 457 ¥ 5645 GPS HAR 15 W5
254 IF FUB 4 R 535 A TOHKAE e, R T
PR AR B, B AT 2%H AR 7 #2298 1 I v AR
Al. BfJ5, FOULGER 5 3 iF GPS 4 A 3 14 p vk &
b W RS I ELT T AT MR A R .
KL T RGPS 43 M HL I B - B K 30 i A
T, I A HL 2 5L 5 1 e I BEAX Le %5, IEWT T GPS il 4
R

TEFE N, A S T LUVR T 5 4 1% K1469 + 545 ~
K1469 +745 Bl Jy 1], 3 T GNSS 5 A 52 W Il g
ARG T T O % 9 BAR T & TR
MG TR R B BT M8 KRR EHE X
T T B D O M R R R A WA R T e, 9 L
T GNSS H A BT IR 1 7 1% BEA B b T e e R
Ao UM AT GNSS HR B 7E 3K 5 i i A %
S IR E A s BT B R W SRR TR RN LT
Yol R 2 I HLRE A 2% B SO B A . AR
U 5 GNSS 7 B [ 8l W B R BE S T I+
RO Y, OF LA A N T I A 5 S AT AL
B4 2 T 5 4 T o BT 9% 3 B R L R SR
aEt TR PG R A B R ], BT GNSS [ 84k
T 2R W 22 255 T 45 S I 0 20 W 7 2, R LR 52
JE B ER 055 00 25 T vl B O P B 8t Hh R 4 4 4 o L R

S

£i LRIk, B GNSS HORTE o 28 e 3507 1 2
A TEZHTENE (B T 55 AR 2 A 5 5L
T AN TSR 3 ST DR FIRS R P R A AT A (], R A
SEPRIEBLBLTT W 7 58 o PR, AR SC L PR B g AR VL
A YQTIS bR 4E Tl K69 + 080 Bt WARIE , W 5T
GNSS W I 28 GE X g 2 e 120 3 s 0 B 1 1

1 TEEHR

DR L R 2R R VT B 0 ) 1 X g N e, M P
MR AR I B DRI AR . K69 + 080 4k B (C [
AT R IZ B BT B, e rp B L K 24 280 m, £
RIDYE L) 45 m; C B LK 2 150 m, e KA 3
FIEEZ 35 m, i, EECARRECE BEHCE R
PR BN BE B o B B 0 32 )2 Dy B D AR i AR
R L A S R IKCE A e KA KK
o RINBOANG Y, — B = FIAY P 1:0.75,
— G R TR AT RE SR By 3P 5 IR i g =ik
BRI R AEZE B 475 U B N G ey bk o 101, 0
P LGN R RIREATHEZR B2 B 7, () i 7N 9 i 35 R
UM A HLEE A B 47 R4S A B 7 1 e, (H 3% 300 3
3 SRATAE 2 2 G R, BOPE v 35 A B GNSS i

2 GNSS ¥l &G H R I ARSZIH

GNSS We i £ A i J5t 28 J& F ] GPS / BDS /
GLONASS T3 52 I 8 J5 o il 01 35 D0 652 22 () 1) A X6F 2 {7
A5 20 4 W I SO T B 3 9 67 AR R, SR R B0 4
P A AT B AT b B 53 B, 59 B 4% b B B8 52 el 158 2%
K, JF 5 8 45 R0 Lo A5 21 2% W I A5C7E A (] s 39 1
IR REAE B ORTII B 2K ) | B 208 H R 7E & 4t i il
=G Y TSR A (R & R, B A O A B
PRI S VE i
2.1 db3b + RARGE RSG5

HEH AL} + 2l s FaIEEN A E
T A R, B S B R AR 1 WA I 45 4l 3 i A 2k / TE 4R 8K
ALk 2 & AT A o3, 38 e R TUE S BOJRIC
BRI DI R A R s T i . L + %
LA W FUE - SR HE T BRI AL B T
HEAT A 0 W I 2 R8T B AN A B, B DL Die

(D) LB B b, o A G dF A7 s, R
A8 5 2T DA ] fik e R AR o B [A) SR A RRIR SR 4R
RS (2) 10 R AL BAE B, 55 H B A
BT TR A . (3) XA RS AT



- 62 - FER S EET GNSS HUR R S A B I A S A I R 5t

2020 4F

R . (4) XM Fh i AT WAL 3, IS 2k A Bl
ST RN T it R AF 15 Bk . (5) R 45 i Bt
B, T DL R S W P e D s B O LR S 4L
[ B A7 7% X Ay Hr . (6) 8Os 43 B T g, 45 42
WA S SN SR A S (T) A sl
FUIRE, WIS R GE A B 8 N A BT 00 45 R AR A
AR, (8) PR RS BN L4 WA R HH
PEPEARTR] A AR o (9) X 45 2 AN 7] 2 B iy I 25 41
TR B, WG — r 8 e rh R s 2. (10)
FI 3 T D g , 2 BUEAE R FH 2 R 10 75 X A2 7E
e RN 2R AT T o 1) S B BT A A ) R R A AR
e W TSI ) A AN AR R A T
2.2 Wi R B

AW 15 T SR AT R BARE A Sy B K PR AR A S AR R
TR R AN T e L A R b T B R B
PRTTRTEE T, X 5 2% R K 22 4 e BB Y 3 B ST it AE
LRI S A O T PR AR TR B T TRy
B Iz B B B, X i e 5T 9 AR A 2 v 0 1 DE AR
5 T AR J5 & R 6 T 0 e S RO bk i e
HE A SE I H AR By B, X B AT S s
T 15 AN B i R SR B TAE .
2.3 WA AR A

B0 B 75 : GNSS Wil o FE sl R T B E0F
K1) LZMRO2 FZU ML (18 1) . GNSS HE AL M 7 4 i
T 4 G IEAF B = A 0y LA B e YR W ) me AR B
ZIEWHLE R A & 4h e, BARBUN B 2R
i DI RE SR K PR L SR A . IZALRLRE W] LA 4
B A WA Ll 4 G BT . AT TR
TS A7 FITERF 8] ) 25 1) % S SR, 2 3 W 0 A A
AT T4 22 A BRI K v gl A 00 4 453

B 1 LZMRO02-GNSS #Ug#1
Fig.1 LZMRO02-GNSS receiver

SR FS-YL g B B 7 B 1 5 i 0 00 3 7
AE A% B 4% 42 P R M, 20T A 9 & 1 3l 1 D 4R
BRE(K2).

=

B2 FS-YLWEit
Fig.2 FS-YL rain gauge

2.4 WiREHLE
Y PR 2 2 D | O (S U AT R
MUTE ML S AR T 2 A B0, 5 52 /9 GNSS M R 1 %%
LR IR R TUE WA AN 1 FR o
®1 GNSSHIEERRMEE
Table 1 GNSS warning levels and warning values /mm
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Fig.5 Schematic diagram of hole layout for deep displacement monitoring
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Fig.7 Cumulative displacement-time curve of BD02 monitoring point
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Fig.9 Cumulative displacement-time curve of BD04 monitoring point
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Table 3 Calculation parameters of landslide

physics and mechanics
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Fig.13 Overall displacement cloud map of unprotected slope
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Fig. 14 Horizontal displacement cloud map of unprotected slope
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Fig.15 Overall displacement cloud map of the slope
protected by the bolt frame beam
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Fig.16 Cloud map of surface horizontal displacement
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