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Application of Monitoring and Measurement and Automatic Data Analysis Platform for Open—cut
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Abstract: Monitoring and measurement plays an important role in ensuring construction safety and engineering quality in the process
of excavation of open—cut tunnel foundation pits. Taking the cut—and—cover tunnel of the third runway of Singapore Changi Airport as an
example, this paper introduces the monitoring items such as lateral displacement of the envelope structure, surface subsidence, groundwater
level, groundwater pressure, steel support strain and steel support axial force, and uses automated data analysis. The platform provides real—
time early warning to prevent the occurrence of dangerous accidents. This paper further explains the important role of monitoring and

measurement in open—cut tunnel construction, and provides guidance for the development of domestic foundation pit construction monitoring

and measurement technology informatization.

XA W s 20 I IR 6

Key words: monitoring and measurement; open—cut tunnel; data analysis platform

FE S S . U456.3 XHkFRINED A

0 518

AR IENE TS, BT A A R BRI
o, TR &4 BB R AL, R KIRE RGBT &, K
MSEFERIPEM=EN N TR, #msEFEEnT
BEFEREE, B IE/WJTHH?JLLE@IEPEE
E%E%E’ﬁ’ﬁﬁzfﬁﬁﬁ FrndiE EYS % = iiE A xiE
B IEEE EiE R ibE MY, FEE IR, &
HNREENEE, BRYTDHENTEEEE, BRLER
SEYPRAFREK, BEERLT RS F D

1 BN

Fhny s EA 3% 56 = MIE T B AT HrnIE 2R ER , B <R
BEVISE —HE . E ZEME Z—mubik, EMiNEE
BB Y BT E$ Eﬁﬁnlﬁéﬁ’lﬁgéﬁﬁi*ﬁﬁo ARC &%

%ﬁﬁ%ﬂ*&*&ﬁﬂl?—%ﬂdﬁﬁi@%ﬂﬂ&%ﬂi%éﬂé\?}i%
Wi, BEVIHIEHRRAE—, R0 XiEH it
2 90 FRIEBE A, HbhREMH EM T EED
A BIHE = (Fill ) J0°4 #b /= (Kallang Foundation ) % J& 5
R (0ld Alluvium ), EPIDSHE ﬁ#ﬁmi}}z%ﬁtﬁFﬁ
x,IE@:.A*H*&]i): )k £ E(E)ORRRAE £ =
FOPFRIPER(F2), At AT B KIEENABTRE , #
TEH&S‘EK%TEIVE%J’JE%O
2 BEElMERHE
B AR EY EZRRH IEEENH X, FF
?EJKEEEE?IZO ARC ﬁg‘ﬁﬂ?zﬁk_ﬁfﬂ'?ziﬁz ﬁ'Jle:iﬂl

7J<J_jj”F J (18 | 7J<u”hﬁu,m 10 ) X fﬂ%ﬁ
(76 %), D BN E(15 1),
EEF A XIE(1989-), B, ILFREB A, XF, TRIF, R F

16 4 B AR B e T o

X EHS1006-4311(2022)12-135-03

doi:10.3969/j.issn.1006-4311.2022.12.043

3 BEEEERR

3.1 iﬁ,;&/ﬂ, ”/_/B”J

RSN R AR LRERANGEMIEFEHHER,
R ub (R BB P O A B, KA $500mm
3K 55X 300mm R FLIE, 5 ®200mm fb Sk 4k SR EE B
700mm RFLiE, ¥ P25mm LIOTEENE E DIEAHERIN
™ 1300mm, FEF A A IRE TIER, b, TR MM R 78
T X5k A 1% B S B R, BOE R M1 IRBE DR 1% .
BRIRHINERRN, & EREE DI FRPE SN S 27
BRIE=TENE S, BESEERNSEENZK
AESHEATEON,; FOR, RBEN lﬂE’JE\-WIH/R?EW\IT’E%
=, TR SRS E A S BB K4 TiEE,

3.2 EIP S N =

Bl P S5 7% W B B0 M RHSON E o AR &4 i
LR ERE P LM 5S0cm M AT MRE E’]kfﬁﬁ
FEEFREN 2 5, EXTEPEHMIRIERE, WR
& = [B]F% 9 30m, FENRKFE A ERAR LB RS
Ko MNELEREN. EM-HF-EAPFEEE-RA
KER-BANMREEIRGIFEEE-HEE,

MRME B ER L, B G M S EIB WA RS
BT RREAM, 5 MABERENEGSEERE,
Binm kRS R BEE BB EEES BT LI BRANR
T, ENKESES5RHIREETM. BT H 8L
RSB AR KBRS NKEMBE R, f,
B ANEETHHEKS BAKEEEA L NE i M
k28 M F KL EE L=K ssinao & L 20, TS

£ n NMERRES BECH RITKELH:

L=K,*sina+K,*sinoy+- - -+K, *sina,, (1)

T L, AMRML R IR B EUE

K AW ME RSB0 EEIERS

s



+ 136 -

MEIRE

a WS BITFHRRIAE,

n AR HE,

3.3 # R IK & 1 MM S

XA VWP #RsZ 5 Eit, MWEMTBEKE S,
VWP #R5Z V8 EIT R —FPF A M RR T, HahikX
R 16934, AT B 3R 5% 69 BB sh 80 K, i ol &2 75 18 7K
ENHBERNEE, BASHA. WESLEHN-50kPa E
4000kPa ; ;R SEE A -40CE+80CE, VWP R3S E
THPIRRE 5~10m, BIZIHFE o & KON E K528, 7
RWELERETMHE, NELBARSE, EEERBEERT
T, KEAAN Im, EAHISRE, WELimE
ZIEE TR, KEAAN In, EARHE. BARULESE
REEZMPNEL, REAKERERFRILIE, BT
FLIERA Z M E /KA B , H A B AOREH TR

3.4 JKAL MM =

R EIEA BRI BRI RE A 10m £ 15m, B
FA 2~ PVC EiE, BEM TR EN 2, BAREAE
N HILERITRE, XRABES L TAYKN 2 ~TF#E PVC
SRS, A PEHEENZ, FFPVC EEEEG,
WEREHILEE, BACOREBRH I L, F IR .

KA B R KA M8 &8, X BEIE B B Aok L AT
SCEF IS, BB F I RKALASMIR & A BRI B RIRE,
—REEKERL. TEERTEE . BIELERHS, B
FH R RN BN R EEFEIETE, FUBICR 5 83k
EIEI R

3.5 WXENFIT

L2H T EAERASEINR A REHRT, NXESL
FRESERINR, NI=EANO TR, NXENTIT
(Strain Gauge ) HI1EFBL2FEHH A M N XA R 3, BD
BENEANHERTRENTRE, REN, ANIEN
A 13 AMEEF ML N I REN B, FTE KRR T
R, BNTITEEEINhE o R TN R,
HERET BN TR ATHENEETEEE 1
A, FH TR AN,

3.6 XEH NN =

XEMHIENEAENZEDEVEME— NN
ML 228 (Load Cell ), o DUBHIN SN E ML F =
NiER. RIERLCENZIEMB 6], EL 240mm &
250mm, ZERARMIEEEIT2E XL/, 8 NN Z ks
MEREXEL, BERNBNESERAERFRT
8], BN LR ENIEPOME,

4 WNEEIEE R M 55 =R

BN 1,

5 B LETESTEENA

LA BT B X A Mission 0S RFEEAKIESEMN
IR EREEMMTESEE XM RERBERS K
WIS B s R EFE AR, KERA N R R EA NI
TR, FESNZRERNE T =V PR, KX
BA T HIE~RE,

Mission OS RLEHIR S 4 1 M T2 h L E 69 M)
FEAETEPBA HR, AMITRE— DT RURE E
EHAE FItomAEKNEHENF S,

5.1 BaEEHR D ITE & T =

®1 BFEEENVHEERENRER

Fe|  wwwme WHaEE R
G I o Sy X
1| s ﬁﬂxﬁﬁ’iﬂﬁ%ﬁm*ﬂ R B
ey | EERRUE BEEME
2 TF»D*@{i%Zm/}n\“ Exgﬁ,fgfiu%ﬂﬁéiiﬁ 2 )\/1 EI
P Motz g ohas
3 | wEkEhE | RS EEESR gy

BUEE , SRVI6EEH
RN, FBESE TR
BB sEEE . TR
THT, FEIT=REEL
I TAE, AR 61

HOMEESE T,
RASERLE , F RN E
BRI
ARG, FRNTR I
BIRBEEE

Om B FrEEEYTELFE S FARI, AREBIESE
SBAYE,

QHFER—IX XS B RIFFEZEEN G S
BRI, B ERRE SRR, R E ST
il

QU F e ANEMERL, MARTE L8, BF
BeRENEUEEHBIE, 52 512%E,

@IFEaENT B EUEMETFE , N EEPaEWEE
FILCRFIRFHEHEIE, FHFEMBZ N O, ol X
BV E it RETENVEBEEIETLE,

5.2 BE LB DT &IN5

521 FrmHmEHA

Mission OS RGEIRHE = S E A HK, EEAN TR
B IR & R L3R A [ 7 B B A = 4 L B 60
EXABUH R, FEFERD, KBt TIHIERLERET
XK gEFTxI 5>, T IREE—F 220 X 5 A #9450 = 3%
BB RN BEEramnERT BRI, R
GUE=ZMEXN T EHDREE NS ERS . K2
RN RERRAFSEEN, KEERT of DURHE F K XX
PR sCBlpo i | S fTEMEE REEXANERE
HKELENS, SEEXZMUERANS S, BTEEREN
BNS#TX D8R

5.2.2 HIE N LEWINEE

FERGAREBLIET D RG, N A EFPENLES
Mg, HiL A RSN TR, FAZTMZREECH
ToRIE FEERER T ERIRED, RGE a5
RAAFPBIERSERNTE, b, TRNIEFZ

4 IR M5 1 5R/1 NB

5 3 N 3 1R/ INB

6 X O 1K1 0B

S W 2 BEIR T, U EB P BTN ST
B MEHE, R A T2 E(WE 1),
5.2.3 HBIEFZ S TNEE

P 64 5 $0 3 BT DUIR I B e) B 0 Xl o> — S8 AR Al 9
TR, R AN E RSB EIRLN, AP o DURIEILE
TR B R M M EHE R a s, FEUNZ I
B EHE B BRI FOE AR o BT A AL BB 2R ] AT
BB ZE A, URILE ABW N EEES , AR P, B

IR BN AR £ N RN S TR R
t, TERNENROEETEZEXATRAEHTE S,

FH, o7 DU IREERE — D SUL A N R IR, R IR
s DN R N BIE X R B, PRI MBI R E A IS (10



Value Engineering

« 137 -

A Direction Cumulative Displacement

Alert-54

Work Suspension-77

Level (mSHD)

75 -50 -25 0 25
Cumulative Displacem (millimetres)

-~ ISPK3010002(21-02-2022 09:31)
ISPK3010002(18-02-2022 09:43)
ISPK3010002({15-02-2022 19:47)
ISPK3010002(11- 02 2022 19 08)

123V

-=- ISPK3010002(13-02-2022 09:16)
-=- [SPK3010002(10-02-2022 09:04)

B 2 BEirEHKE AR SN E

Locate Instruments

Instrument Type
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