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Dynamic monitoring method for displacing deep foundation pit
supporting structures in high-rise buildings

WANG Guimei'*, ZHOU Jianliang'
(1. School of Mechanics and Civil Engineering, China University of Mining and Technology, Xuzhou 221116, China; 2. ASCITY De-
sign Co. , Ltd. , Hangzhou 310015, China)

Abstract; The monitoring accuracy of displacement trajectory, displacement rate, and displacement time change is
poor when monitoring the displacement of deep foundation pit-supporting structures in high-rise buildings. To solve
this problem, this study investigates a dynamic monitoring method for tracking displacement in such structures. The
influencing factors of support structure displacement are comprehensively analyzed to identify key indices. Founda-
tion pit data are then collected, and a dataset is created to reduce dimensionality. The objective function is calcu-
lated, and a time series model is established by integrating the impact indices. A dynamic variable matrix is estab-
lished on the basis of the model calculations. By analyzing the matrix, the statistics of the dynamic monitoring data
are obtained, thereby completing the dynamic monitoring of the support structure. The experimental results show
that the monitoring error of the displacement trajectory is 0. 1. The displacement rate is kept below 0.9 mm/d,
which is consistent with the actual rates. The longitudinal displacement reaches 202 mm, conforming to the actual
settlement. This method can be effectively applied to the dynamic displacement monitoring of deep foundation pit-
supporting structures in high-rise buildings. It also provides important technical support for ensuring the stability
and safety of high-rise buildings.

Keywords : high-rise building; deep foundation pit; supporting structure; displacement; dynamic monitoring; in-

fluencing factor; data dimensionality reduction; monitoring method

Wt S T A AN B A R, R 2 I R ) SR T
SRS K, 1 204 BR A, 3R i sl s (]

Wr#s B H#7:2022-01-14. W0 4% H kR B 8 : 2024 -01-31.

EEWA WK ARFAE FREESTUH (72171224) s 806 3 A SCHER}
BRI 4 10 H (19YJAZH122) 5 £ 5 A IR & 4 1 3 0 F
(2021-S-048).

YEEE N T03, 5, IE Mg TR,
JalsE B B WA AR R

ﬁ{%'f’ﬁ%:lf—vﬂ:f,]ﬂ—mail; wangguimeil 101@ 163. com.

JRAES LA RO R R A A 2 B R R
SRS e, i TR AR R, e 42
DRIEGUIN , 221852 J8 10 A i S DL e 07 R AR
SRR B T TR S £ R e S SR A 1
I RE L AT X v SR S S PRI I S S R i
o B SN A RS v 2 S SR TR o e v AN T
DRI, TS A2 SRR R T IR TR



- 718 - MR

S

T

N

45 4

FEGUS AP FE A 2 ORI RE 88 ) S APl Ak BT FH
SR ABAQUS R E25 & 2 BO8E, B4
RO AR, S8 IR IE ST I S ik
TEHRAZ IR I 25 ) 77 HE iR 2 | S W DU AR,
AR SCE AL 5 BT 5 )2 SR IR R U S A P S5 4 e Ao
RGO, A5 0 T 4R 434 S sk B 52 0 5 28
ARG R E B N R IR A AR, R
B AR AR TR G 8] LB I e A T B A b 3 45
3 5 )2 SR B ST S S5 A% sh 28 Wl i) B ARy
TR T S AR AR M TR S A B W gt i,
SR AW
1 ZwERNELSAN
X} 1 2 SRR A s A T R W DU AT, 7
BT S AP SE R RS B A5 e R 2, L
2N R ) A St b L 2 2 R, ity
Pillpg e N S E iSRS S Ak e W S I AN ]
A5 I R R R T 2 O R
SLIN 5 Z RSP 25 SRS T T Al
1.1 XEHASHITE
T )= S B 8 v TR G S 544 e
HREZ Y L) 2Ok | AMar 2% T, s 2 1 X
SNTA S SR
L1.1 EREEN
UL R R £ B
FAARERHE TR RARTCBR RV 218 1
FEIFE T BARBEREGR AT W R A
Pt PRSI RS R
1) HARTCHEE
o 2 B SR IR IR IR T S - RR
o, =(yz+q)K,
K, =cos’o/[ 1 +
sin(¢ +68) +sin(¢ —B)/(cosd * cosB) |/cosd
(1)
K, o, HBOE EShH TR ; v BRI E S
JE 5 2 MIEUIREE ; ¢ WYURESATHIME; K, TR
BRI o MBS ; 6 MAMNEIES ; B AU
2) AR F M,
1o JE AR B DT S AP ik R rh o AR R PE R
5t A FH A B X B AR T R
o,=(yz+ K, - 2c/K,
K, =tan’(45° - ¢/2)
Refr: o WAL 1 o ok R
1.1.2 WmEtEAD
fen 2 SR B YU SR S5 4 R A LR ), BT
BaZBTEA LR A FEN LI o, DL

(2)

WK Ao, Bk RS 8EE A0 2 ERE
WA B LI o, RSN E SR R Ao,
TTREA Ge AR B % 77, Bk 444 ) 3 b
+ 5%+ 2 2 BIRHAESS R T s .
1) b 2B A SRS .
5/5...
Ao, = (Ao, = 80w) T e
8/5,., (3)
“Ae) T +a'd/s,,
2) Zh 2B AR AN .

5 5
Aa-a = (AO’O - Ao-acr) ' (511(,]') exp(b(l - 6dcr) )

Ao, = (Ao,

Ao, = (Ao, - Ac,,) * (53) eXp(b,(l _(Si))

(4)
X a b b HEEEESEG o, o, N
AR BR O R, 1A Y 3 BB AR
J7, S8 O 1k - R R FRE
o, = (yz + ¢)K, (5)
A K, N EEREG o, MR B FIEEE,
1.2 BEHERZAZSHITE
PRSI HEE B A % B A s S 0 IR
FEHTN B RS S S Z M E AR
FFRASEE , A4 SCPP S ha A F ff Ak il 32 30 A8 % 07
SEGUAZ YR LA R SR S0 A 454 42 6w DL oA =
I AIE A I m 2 BRI G A9k 3 X3
AT R
fi=mzx, (6)
K, fOoRRES | DI RAER T m, o B &R
B 2, NSRS IR TR 5 x, RSP A K
B,
B bt ol g R s NSRS % /WAL I
I m YESRBCCAR g5 i Bt i o e .

d*x

E— =ea(z)b,, 0z <h
dz

d*x (7)
— = mzx; + eq.(z,)b,, z; = h
dz
s T OIRE TN PR B R R R s £, S 4s
FIRHTERIRE ; m A HBIREL 2, e S A7 Y
FEES; e, (z,) NAARET I 5340 0% b, ITRTERE
EZE S WIREESTIZ I T 46 248 0 2
H AN BLASTE , SRS AT S B AT
W FTIB R e B IE I 3%, il A BRIT I, RBAE
A A T s R AR R SRR I FT AR T . BT LA
FEWEIMIR LTS3 a5 A 0 S B, 35 4 BU 4 1 % 4k
IR AR BRI AR S 58 TR . SR S )

I



5 4 4]

EBIE, 55 RIS A A% A i 77 vk - 719 -

WA JIH e H .

&= N(AE,) (8)
A NI )5 E, RS S e R A
A BRI R,

2 FHAaBEN

2.1 B HEREH
G E 280 ot 2 SRR S
LERI RS B A WEIN T 58, X R 4 B A TR S BT JA] [l 4
PR LA 3 RIS R RS A 45 S5 A AR T
Btk ARy AR BR AL IR ER T 5 I 4 )R
JE o PR ARTREEDT &) L BCHE i 24 I A, 2 B A% 30
FRSEAE WA E . R AE AS LAE TR F5
I A b IR AT SRR 2 B E IR AL U S5 I 6 | 3R
U A A BR A7 7% R TR BE b it I B 4 JEE R kA, R
T EIIHFLLK s 73t A S A AR R ) K &G
PEA R TR 7, A5 s D B a3 8 g A
(‘principal component analysis, PCA) J7 %] R 4 4L
WA TR b T, R PCA Byk A I ) R
REAY S IR e AR M TE OB Ak B S0 1) v 4
25 [A] WSS B — I 2 25 ], S8 T B N T R 1Y
RELEsb
BB RAEBARE N D, AL b gy X,
ST BRI R X, 25 DR AR Z 1] AR DGR fel
FH PCA BEAL GG ) MR i AR
X,=SP" +E (9)
.S NG P N BOE R E AR =
BT L) EEAL A3 R AR B AT R A A
RN .
X = [sz ’er—l » ,er—l)}
T"=x'P \ P'x (10)
0 =x"(I - PP")PP'x
A ox WS EHE; O MEUERSIHE; A K
H3ZIEH
R SO 1 F AR O B 2878 B AR T e S
FURTE TSP G5 0 B 228 Wil F A R, i A
rr;%x WT(ﬂlXT +32X§ toee +BDX;) :
(ﬁIXI +B,X, + - +ﬂnX/))w <]1>
s.t. ww=1,88=1
KL B R w HBE max S E AR
AR K(E,
2.2 EIER
BEN S F R A S B8, 45 G & H
T 7 R AL ST (] e 9] [T DAY Bk i) 37 SR A
PEREN 2,2, 1,2, BHEFKRZE N e,, HFIH (au-
toregression , AR ) REE Ny y, 2, B Bds

S j BN 2, SRR A R SR .

Z = 2 YiE te
X, =ZC + F
K. €4 AR REUEME; F NFREHIE; 2, FRAE
Bl s X, NEESLEOERR ; Z 8RR R 5 D o Bt
B, BERIEI 2R B v, 75 B H /D e ok
F #4785/ MEARHE
2.3 BAMSTEERE
BT FIR R AR R0 R y = (v,,y,, 0,
y,) ' B EE w e R™, IR sh S0 A0 i
s = Xw, Hrb AR R0 & B B R AR A
A TR P 1) o i, 4352 1)t Sy 00 5040 55 3 55
RO R b A T PSR ) e/ VR 25 AT TR 4
RN

(12)

2

Spe1 T Z Vs (13)
S, s, K ARSI AR 5 W RELG
o EbReREL, ARy 25 o0 H bR R AL A
RSEA BT AT RS R 7 B e A O R A
s.t.[w'X'Xw] =1,
BT FIRTHRGE A i T AR A S
SR B S BRI S AR AR R
U por = LU Uy Uy ly, +F, 0 (14)
K. U, . WEST RIS R bk oS 2=
By, WS BIR RS F, R R A
FEGIASLRS W H e+, dsr bk U H s L,
BH.
L=[X,,w-z(y®w) | PHA(1 - w'X'Xw)
(15)
Ry ® w HEE 17 5 A9 Kronecker #1112
3 3 T 0 SR B ) S AR A0 = 1 D R
aL/ow F1 oL/ 9y , BT ALY BARREUE A 5 ]
w AFTEAR O, BT LAY 8 1) i w 2Ry B RN A 15 1l
IS A TR B By RYME, SRS AT ]
BT AR AR X R A BRI AT IS, SRR
F S ASERE M S5 72, SCEIRILST S a5 Y
PN, AR .

-1
R=eA, <

J =min‘
w0,y

K(n-1)
n—-K
A o HEFEEE; F,(K,n-K) HAHRE; A, K
T 250 5 e, MBIRIER 2%, n WEE BEE; KN

AR HE R HIISETHE,

BRI

1) RAEEAE I X B A7 [ A b B 15 W) R
WA x, RSB E T K;

F(K,n-K) (16)



- 720 - MoK OEOT R

N

45 4

2) 3l X W IR N R8s «, DL R Bh S i K Y
THEL ARICE AR R, g7 I ] 3 4] [T I A A

3) MR AY TR B ) &, IFHEG v, 5w, 2
B, A A FEAT W SO 5 30 2o 45 1 Ak 25 3T o,
5 Wi

4) BN S AR A B, TR S A B M G
Il G A R S BB A R

3 AWM 7k R

TS B 25 I 5 v R A
XTI EE AT . 23 0ok e 2 SRR Ak b 3
PEROE R S A 73R (7 1) ORI A
MO JETRBEHU I 42 28 W W U 5 B o0 A (7 15 2)
B RFEGTALS T WX S BB A AN, 5 W o A
(73 3) AT IR, 76X IR FE BT ST 45 4 47 3
AW P 3 R kB I R ER 3 K
W 21— 2

TERTRFEG TS AP S HEAT 3l 25 W D i, PRI BT
AIRLES B L RS  3 DL e Ao B Bt ] [1] 228 £k i 2 46
SR MISOR K% 3 R R R AR 3 Rk RE
RrFE AR, X5 3 A eI ) 2 ATt

1) R,

TEXTRIEG TS AP S5 M AL FE W i, 7 A i 2 %
B3 AT AL S W 07 % M ) 4 K E ., B S
PERGRLR U I 5 R ISTa], SR 7% 1 071 2 UK
J71% 3 AT IRFEGT I A5 0 Wi, ok s o 7 P A
PR AT I, MRS RN A 1 s,

JRRREII — 7k —— Fik2 I3 =

{7 RS B /mm

B 1 RIE M ok O S B i 4 R
Fig. 1 Displacement trajectory test results of different

monitoring methods

SIAT B 1 AT AR SCRI 4R D ik D P R JE I
SCAP AR AL U 5 SR I R FE T SCAP S R AL
ARET , 175 %k 2 (9 S SR AR Bl 45 S B 52
AR PR Z (A7 AR 22 B, J7 1% 3 A4S
SRR AR I % T AR RIS S5
P W R , 2207 oA T IREES TR I £ 577, 3k
WOT s F100 A, BT AAR SCHI §e 7 SR AE AT IR 2R It
SCAP AR W I, RS A RO Hh IR FE T S 3P
ZERI LRSI | DT o M DK L

2) A AR,

TRIEST AP AR 37 7% W U I, 137 7% R R TR AR
FESEAEE W INACR . KTk 1057k 2 LK
Tk 3 AT S AR B A I, X 3 Ao i 0 05 3k
I H B (67 B 3 R A TR, A SR AN 2 i,

1.8~ FPrhi B A
' Jrikl— =
sk I, T7 142 e
1 Fik3——-

)

{3 %33 2R /(mm/d)
S 2

IS
w

t/d

B2 REBNFEOCEEENLER

Fig.2 Displacement rate test results of different monito-

ring methods

S3HTIEL 2 AT A SO 7 VA DA i TR
SCIP SIS AR S PRIR LT S AP A5 A A% 33
AR 7 2 5054k 3 M A TR B BT S 4P 4 )
LR AR G JIFR A RAAZE R, th T A STy vk
TESEATERIEG UL RS 2548 3 285 W I I, X 52 i KL g 5
PPEEAR L B 1 TR L T SR AR T AT T AR )
BT, B DAAESEA T IR BE G057 #5 45 2R 3l 285 i 00 o300 3
() AP SRR R 5 S BRI S A A A R
A 38 2T RE IR B A ST )5 VA TE
HEATAE R BN 25 W00 S 1) A I B8R 4

3) YhIa RS I

BT BARIEE R Rk 1 05k 2 UROT
12 3 BEAT B A M I, X IR LT S 25 4 D 1) 15
a(JUREE) AT, M R A& 3 s,

Feb R A £k B>
300r Jrikl STk B Ik B

TR

A

>
(=]
S
7
A\

£ < H —TNE

£ O =g - =T BE | BRE

bl H | ENE = | KB | KE

F_100r FRE : = | BNE | KRE

IS 5 = S| | KRE
300+ ENE : = KE| SE
300F kNE | kRS 5| K] ke
-500

4 5

—
ok
W

I fi)/

3 AEAEHREENKNER
Fig.3 Settlement test results of different methods
S3ATIEL 3 AR, TREETUAL RS ] 28k i £ Bl %
I TA] A3 AT b T AR SCR 3 75 R 02 5%
()28 A £ 55 TR TT AP 4K S B (S B Ik Tv) 2



5 4 4]

EBIE, 55 RIS A A% A i 77 vk - 721 -

S —2, M5k 2 507k 3 S A B RS
ARAEIT AR E LN It PR AR AL

£ BT, 283 N AECAR ST £ 07 ik M 31 p) TR
YA AL RS B 5 S PRI TSI S R 0182
PUBARTEE I ELREA S H 7 #6281 s R A7
PRI A 2R, pi ok WA SO 4 7 A 7 AT IR
LGS EHE (5L Mo 00 P ) 00 20 SR e

4 Zip

1) %77 1k RE A R0 I e J2 A SUIR T S 4P
ZEM DI R SIS . B IO ik AT W, A2
P Bl 4 W I R 22 B/ AU 0.1, %07 15 BE
PPN E )3 A% M I B | 26 30T S PR RS 1 O
AT R RE A M D0 45 2R | E 608 1 1 b S e 235 4 114 512
PrAi % i AR,

2) %55 RER T s I 62 A% R, (6 A% R A
FFE 0.9 mm/d LR, JF H A5 SERRA7 A% i R LA —
B, AT SR RS AR A R NAE AL, g B R
JOLof i £ (H AR 3

3) 1%L RERS HE I 17 782 1, A 1) 6252
HEIKF] 202 mm, I H 5 FLFRUFEE— 2, RN
Mot i i B B G B, REAG MR S W S 7 45
H I TLRE L

ARARMFFE ] e — AL TT 0 SEIRHE AT A 3
PCRRRE , LIS I 552 2 B BRBE M6, I 9 i HL A o
Z TR A N

SEH

(1] BkfEs, PBRIL—, 22, ST EBoThY A LI

Bt E )], WS R, 2021, 38(4):
240-243, 482.
GENG Jiadi, CHEN Wuyi, PENG Zhisong. Numerical
simulation of seepage coupling of rock and soil foundation
pit slope based on discrete element method[ J]. Computer
simulation, 2021, 38(4) . 240-243, 482.

(2] BRORE, FIBE, ERNG, % BRAEGUHE S R &R

PRSI AR IR T E [ )] AR 007%, 2020, 41(10)
3289-3299.
CHEN Baoguo, YAN Tengfei, WANG Chengpeng, et al.
Experimental study on compatible deformation of diaphragm
wall support system for deep foundation pit[ J]. Rock and
soil mechanics, 2020, 41(10) . 3289-3299.

[3] wieds, Mt BB, 4. KRB T A1 4

AR AT T [T]. i TR, 2020, 49(1)
41-44.
HUANG Xiaocheng, YU Dihua, DENG Changfu, et al.
Research on layout of internal control intensive monitoring
points for large deep foundation excavation construction
[J]. Construction technology, 2020, 49(1) . 41-44.

AR5 A,

(4] BIEAR, M, B, S w/KED B0 A HZ R IR 2

AT WS 5 HUE A HT[T]. BERLER, 2020, 50(23)
128-133.
LUO Zhengdong, WU Peng, HUANG He, et al. Deforma-
tion monitoring and numerical analysis of deep foundation
pit excavation in water-rich sandy cobble stratum [ J].
Building structure, 2020, 50(23) . 128-133.

[5] BE=, M, B, % REGEERAG IR

BB S WM A AT (], KRR A, 2020, 51
(2): 155-161.
ZHAO Lingyun, LU Wei, QIN Jing, et al. Numerical simu-
lation and monitoring analysis of composed open-typed sup-
port for deep soft soil foundation pit[ J]. Water resources
and hydropower engineering, 2020, 51(2) . 155-161.

(6] ZEMHFH, E-LAS, XUk, WA FRGUAEAh 1 240 & S i 4l

FRETN 12 37 B B A e [0 ] 7 ARl K22 22 4l
2020, 43(4): 116-120.
LI Yangyang, WANG Shijie, LIU Mingzhu. The analytical
solutions of the maximum horizontal displacement of the pile
head in pile-anchor-support composite retaining structures
for deep and narrow foundation excavation[ J]. Journal of
Hebei Agricultural University, 2020, 43(4) . 116-120.

(7] FpARE, RAEHE, B4, $955 576 PR R + ik 3k

BEo3AT Je 2 RO ik (0] IR R4 (A AR B
SFRR) , 2020, 47(3): 19-27.
YANG Minghui, WU Zhiyong, ZHAO Minghua. Soil arch
effect analysis and earth pressure calculating method for fi-
nite width soil behind retaining wall[ J]. Journal of Hunan
University (natural sciences) , 2020, 47(3) ; 19-27.

[8] Zafhii, XI5g, W14, 45 ISP A PIRIEIT X

PP - S P AR TR DA B as AW SR [T ], 5+
Ji%, 2022, 43(9) ; 2592-2601.
MO Pingiang, LIU Yao, HUANG Zifeng, et al. Compati-
bility of deformation and spatial effects for retaining pile,
crown beam and braces under complex retaining conditions
of deep foundation pit [ J]. Rock and soil mechanics,
2022, 43(9) : 2592-2601.

(9] FhEUN, FrEdk, F, &5 FET F M40 B FE T IF

X RBESRYIE R T [)]. KE TR (A
SRELAI) , 2023, 24(1) ; 16-22.
SUN Yushuai, WEI Shengda, WANG Xing, et al. Analy-
sis on influence on surrounding buildings by deep founda-
tion pit excavating based on principal component analysis
[J]. Journal of Changchun Institute of Technology ( natural
sciences edition) , 2023, 24(1) . 16-22.

[10] BRFEFS, mhik, dhbass, &6 2Ol Tk K Vb B

Hbm e Eo @A T[], 7 AL 5 TR A2 24,
2020, 28(3) . 727-739.
CHEN Xiuxiu, YE Sheng, HONG Yanyan, et al. The
construction and application of objective function for water
and sediment operation of major reservoirs in the Yellow
River[ J]. Journal of basic science and engineering,
2020, 28(3) . 727-739.

[11] TS, X4k, ki, 5. KCPNet. 5K = 7 i i e it 45

B B it B8 S NI [T]. P9 22 58 8 R 2 22 4l
2022,56(3) :135-146.
WANG Dingheng, ZHAO Guangshe, YAO Man, et al.
KCPNet: design, deployment, and application of tensor-de-
composed lightweight convolutional module[ J]. Journal of
Xi’an Jiaotong University, 2022, 56(3) :135-146.

[12] PENG Y, YAN S, LIU Y, et al. View graph construction
for scenes with duplicate structures via graph convolutional

network [ J]. IET computer vision, 2022, 16(5) :389-402.

E5E . w2 RIS A A S A I [ T]. PRURIE TR A2, 2024,45(4) :717-721.
WANG Guimei, ZHOU Jianliang. Dynamic monitoring method for displacing deep foundation pit supporting structures in high-rise buildings[ J]. Journal

of Harbin Engineering University,2024,45(4) .717-721.



