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Discussion and application of automatic encryption monitoring method
in complex metro protection engineering

ZHAO Shao-peng, LIU Jun, WANG Yi
(Hangzhou Geotechnical Engineering and Surveying Research Institute with Limited Liability, Hangzhou 310012, Zhejiang, China)

Abstract: The construction of subway lines, underground municipal roads, and municipal utility tunnels can result in
multiple construction impacts due to their intersection, such as the coexistence of various work conditions including deep
excavation of foundation pits crossing with shield tunneling, pipe jacking, grouting reinforcement, pile driving, structural
repair, etc. During the construction process, it is necessary to not only prevent the impact of deep excavation of foundation
pits on existing facilities but also to prevent the sudden impact caused by local construction. Therefore, new requirements
have been proposed for traditional monitoring methods. This article uses engineering examples to illustrate the application
of automated monitoring technology and encrypted monitoring technology on existing subway lines under the coexisting
work conditions of new subway deep excavation and close-range shield tunneling. Through comparative analysis of
monitoring data, it shows that this method can achieve real-time monitoring and rapid feedback of complex work conditions
and provide timely guidance for construction operations. Therefore the safety of the project can be ensured.
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Table 1 Physical and mechanical properties of soil layer
Z5 EN=EY S + 2 )E B /m y/(kKN/m?) c/kPa 0/(°)
@O JRIEL 0.5~3.7 (18.0) (15.0) (18.0)
@) RIEL 0.9~8.4 19.3 (10.0) (15.0)
@ Wb ks £ 0.6~3.8 19.7 7.3 253
@» R 1 1.3~6.5 20.2 6.6 282
@3 bR Bk L 3.8~11.4 19.8 5.1 29.1
N Wb ks £ 2.0~2.4 (19.5) 6.3 27.4
©®r TV TR B A L 9.8~17.4 17.8 14.8 10.3
@ #H+ 5.9~154 17.8 21.2 10.1
@ WL 1.2~7.1 19.8 415 15.5
©@» SR L 0.7~3.4 20.0 29.3 17.5
@, XYk 2.0~6.6 (20.5) (25.0) (15.0)
@) ks 0.5~2.0 20.2 6.8 31.6
24 [ % 0.2~6.1 (19.0) (3.0) (35.0)
;3 [ % 1.4~7.2 (19.0) (5.0) (37.0)
@01 G ALK 04~3.5 17.8 54.0 17.0
20)4-2 o AR 0.5~8.7 (22.5) (60.0) (25.0)
@043 oA IR A 3.3~8.6 (24.0) (200.0) (35.0)

e ORI
3 IEMZESFFGE

EFEN 6 FLRAKTERETNE SG6-15 HrELAl
SG6-14 B St ik 75 1 A2 R 47 M I #8220 %
REA R 1 54 4 SEILT 4 FJEIBRIE, 126 5
LR AERE 7 ) B A X [R] B 8] () PRI BEZ0H 6.8 m.
8.6m X 4.7 m. FAMEHTTMHTRE 6 S EREA XA
B[R] A R R PR B AR IR 2008 7.39 my 10.02m. 3.09m
F 6.15m. ATiH SG6-15 trEt (H5 A X, B X,
C X\ MBS MERIESTITZ I 2 380N 2 T 8L
M IZE Ak 1 'S4 4 54 &TI M, SG6-14
FrBe (6 L ITTEIHIE— KAERuG X [AIFIH LR
KRG IX AREIE) TE S T F A E gk 15
L 4 SEIEHPRE R R SRR KA, HPA
o B [ A it R, 2 7 A i s e A T g R AR
AR, KIS A S AT BUst IR X 2 TRE %
A IR

FETARTH PR AL AR AH SRR LK
PRSI ESR,  H T B k4 %02 B N )
£, BN SR RE SR N P AT R Ml B B TR A X R
¥i, DA, £ SG6-15 brB Sijitiid #42 Hoxt BE A ik
LRI R IR H B3RS BRI RS
HA WM = IS B2 v« AN 3212 75 I TR] R

T FE PR 04 W T DR [l RS B K
ARG IR 7K TS SO oAy 3157,

oM EAE BN R SG6-15 b Bl Tl 2
HH B2 T R IR 8 1 I X3k 4K 2 126 m (T ARk
FEARYERED,  H S I 7 A% — & Al 3 T
W, B AR S AEE 6 m (R FEAT 15—
With, FEBTEAR R 4 MRBEIR I, TEEMW T ER
SO XA IR S BRI AR — AN I DT I, 72 )
SO X AN B R A B . BRI E L 1 SRR 4
LRI 4 KX BERE R A . B AR X (] R
A8 AR, 31 AW, it 124 ANEm
A FEIRARR TMS0 DU EEHLAS A B VI = e B -5
SERR IR R GEE ) 52 5 W 75 B2 60 min A2 A7 A
AT E S EM A A N, e —
AN IR R IR A KBHR E 70 min £ 4.

M FERT M R SG6-15 bR Bt 5 SG6-14 bR B3 [H
i TR RES, BT SG6-14 FrBLT 5 i A2 KUK
R, 22T &AM EEEMN, ZRTE T WE %
DRUERE 15~20 min 58— R, RA$ &
SR AN RE I LI TR b “sz” EsR,. ROFE
HEEEHERE, ST ARSI AN s X R — 6 4
S CREBIAL) FInas W vk, SBIHLY £ 51 5
A 6 T LR T BRI PSR Z RS X R I AR, 4K
I G AR AR ) T RE S 4y [X 16, 286 3 2



I BN, 5. Rtk Ry TAE A B S0 M s VAR RN 141
S 18 m AT, WMIMRI 8 4, W32
A RKGERT TIERANUMN W, R yies
AR BT RO, i) T Mol iR E
HURIEA SR E RS, REPRESRL T
X BT 15 min $225 M IHRE, 4 K4HHE S0
T X B A 20 min ZEATHRAS VBB, <
TSR A At B VLR 2 h S F UL e —— oo o

o ML BT i A B R I 3 B

et

Vond —
T = Dt Ty ) /7 J T
BB PSS i
i) R [ RGOS L
= ol s o i it
b ey BT ST wE
e S— : . A
. St 1]
s DR I
i I /
HEHL H;,‘,//ﬁ/ ot
/// / / 7
. L 0 R

R P L B

Yos
95%&§/
E3 HNEEARTEE
Fig. 3 Schematic diagram of monitoring section
DN ERLIN AR — Bt NS HBINLIAR
MG T ok, SEHE RS, s R AR«
N ORA TR ML B B AT SEE, FEHTEE 6 S 2%
FRHT, 0T HIBIL S AL B AT 1 X AT
W 43 Ar it 2 I 4~ 6 CREI At AL SE A 5
FIBUERZE R TENIE, RN, MENLS4HE

15

1= L
g 1.0

Z o5 |
o

3 00
R
doos
=

X4-10 F
DZ254602 DZ254552 DZ254482
15k DZ254452 DZ254432 DZ254352

o0 b
2 4 6 8 10121416 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48

ff Tl
B4 ZEUBEEEZLE

Variation diagram of vertical displacement difference
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Fig. 5 Variation diagram of horizontal displacement difference
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Fig. 6 Variation diagram of horizontal convergence difference
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Table 2 Deformation control value and early warning value
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Fig. 7 Vertical displacement change of right line of 1
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Fig. 8 Horizontal displacement change of right line of 1
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Fig. 9 Horizontal convergence change of right line of 1
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Fig. 11 Horizontal displacement change of left line of 4
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Fig. 14 Horizontal displacement change of right line of 4
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Fig. 15 Horizontal convergence change of right line of 4
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