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Abstract

With the rapid development of social economy, population growth and the continuous improve-
ment of national quality of life, more and more underground space structures are increasing. With
the process of foundation pit excavation, many problems continue to appear. In recent years,
foundation pit engineering can be seen everywhere and may bring adverse effects, causing build-
ings to tilt, crack and even collapse due to surface subsidence. Due to the complex construction
site of foundation pit, the construction site of foundation pit engineering in suburban or remote
areas is generally wide. In many demolition and expansion projects in the city, the foundation pit
excavation is in a relatively narrow space, and there are many important pipelines and important
buildings around the foundation pit. Based on this, how to protect the safety of the surrounding
environment in the process of foundation pit excavation with limited site is particularly important.
Taking a project in Guangzhou as an example, by sorting out the real-time monitoring data of the
foundation pit, this paper analyzes the deformation laws of the horizontal displacement of the
foundation pit support structure, the surrounding surface settlement and the settlement of the
surrounding buildings, timely grasps the impact of the foundation pit excavation on the support
structure and the surrounding environment, and analyzes the monitoring data. Finally, the grey
theory GM (1,1) model is used to predict and analyze the surface settlement, so as to provide ref-
erence for similar projects in the future.
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Table 1. Overview of monitoring items
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Figure 2. Surface settlement curve around foundation pit
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Figure 3. Settlement time curve of Building 1
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Figure 5. Monitoring value of pile top horizontal displacement
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Continued
3 2% — B Lk FH2E-15m, Maffi
4 P4 o T w TH2%E-45m
5 T2 =R Lk FF2%-75m
6 THZH I LA FH2%4-8.79m

33 HHEERGH

3.3.1. XFGEMIKTEAE

AR B HUE TR 1) A7 78 45 AT 40407 -

MR T00 T IR TR AR 2R a7 UG, BARAESE R 2 R o S b g I s A B 2
H AR P AR A ARAR R . (ESEBUZHIM, BETISZ iR, HOKSPALBAWIN R,  H R,
B SRR 2 BHURK, HA AR EEH T T2, HR&ERIRERE. Hrb ol S 2hnki s
B, RS O A5 A 5 A AN R B B PR B R, ATV E ) S BC g%
I . ORI A5 RIARE T /K P57 8% SEONE 5 BB S AR A A AR — 5, ERVUTIIT N ERAKR, HE
FHZIREE IR, BETRK PO B 22 F AR BT oK, ASTHMEL Fr) St M TOUK P87 B 22 LU S s /), 32
LB R SR ok b El it T DR B v R DR A AU S EE AN B BT SR U AR
TESEARWI G, I BEAS AT LTI S 3 4 A K TP AL RS

3.3.2. EnEihFRITkE

BEE R GURWIT TS, SEHTA AN AR R A E ER R, SChr g 2Ry R A SRS R
YR AR, AT~ AR U, AR L N RN s DT B R R A AR, Bk A0 i it o 2
FUFZIR BRI INR . BEEESIE R em B, RIS EIF G T PR RAE R EIRE.

AR AT B A5 DA P 00 557 P S AR 5 AU T 2 T B e L, 7 A T A0 S A 5 A M 38R R
Ko FEAFRJEFEZ N o AT LA Y, R0 10 32 T R4 B 05 K R A7 D8 Wl s, L R 1 Sl By 15.27 mm,
BERUE N 12.9 mm, AEHUE LS E AR EL A, 36t RROBADUEL Eb SR /)N P e 25 2 JiR (Rt 7 R DL
HB A 56 A5 R B S bR TR R A, AT S 45 R — iR %

34. HHEGRESH I

3.4.1. XAPLAANIEERIR N

SCAP G (AT R R I A AR AR N SCEE I B L, ELARRR O L I B B A R B Bl A A i A
A, FHAR A SRR A R S A TE M o $EVE SR A, AR R DAME /AN T 0.6 m. #lA
T SCHEERIEE SV TRIEZ e 0.7, 0.9, 1.1, 137 1.5 FAIELA BIEATX L AT, FHHASIF 5
IR EES J 1 S A AT R A LR 4

Table 4. Building settlement under the influence of different supporting structure stiffness
4. TRITIPEHRIEZ M TETULES

SCHENIE SBETHRIEEZ B

W55
0.7 0.9 1.1 1.3 15
36# LR H (mm) 28.65 27.38 26.18 25.77 25.59
3THYLIEAE (mm) 2458 23.87 23.04 22.59 22.48
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SCHP SRR EE XS S 3 ST RS R AN K o i DA R 5T I S D R O W S, R S
SR NN N TR, (HAERIAS K. WNATFIT SIS, SRS e NI & RO i TREE A, H
RERIFAHIE

3.4.2. HbEREAYRN

ARG R R JR R 0.7 m, BB HAR SR A AN AR BB LT, B k% 1 )RR 43 il K # 0.75 m, 0.8 m,
0.85 m. [ifidg Hu RS JEFEMI I, BRI Ik N E S, fEHIERSEE Y 0.8 m A1 0.85 m i,
HKCPALRS H s/ Bk 55 « AT AR M B SRR, M S R R 4 K & S B 4 45 AR
JEARRIIER, BT LA ) 07 R Bl 2 o), A bt 2 495 V5 32 T 1 I K 7K P A5 8 P S ) 2 3 VT ik 35

b B B A AR BN P IR B WS, RN AR HE AR BT, SR YR RE R
FRE o ARSCEE RO IE RS 1R UK YR TREE IR AT RE, A 10 m, 15m, 20m, 25m, 30 m @47
RRPEL, b A 1 0 O B i H K RS, R R E TR FE N, HACP AL RS 2 ek /s, 8 % [ R
¥ 5~20 m WIS AR I, AERREIR A B2 18 m 2S5, HKCP ARSI/ B AR, i
A R R P AR B — S A 2 JE A HERE AL RS RS2 FE AN K, FLR2m f) I S vT DUR 58 78 K 20 2k
BUFFZIRER) 2 £

4, HFSTRETM 5> 4T
4.1. IRBRGER

411 RBRAGEXFRE

RO ARG SRTE A AR, B R R I TR i ke . TE SR M RS
T R E R . G B R CAIMAE R, IR RS EOR YR RS E U
HERE . FESERRA IS A TR, NEAR AR e, S SRR, A
X LRI R KL, XA IR R SR A AR [11] -

IR Z G0 T SR AR HHE 1R S R A R e SR, ANERT DA P DR G AT S TR,
(7 I 30 7T CAR e A B AW stoof SR HEAT AR AME IE, 3BT B AR FEAE A B B S & ik .
{1 2 B AR WA HE ER AN S, AT DU — RAI A R4, AR A AL G T M i 1818 6 7R
T, AT 23 BT 45 B0 SR E] 551 F T

TR A R GEHEL (1A% 0 5 B IR R AR [12] o K CE AR VR FH ol % LG 52 B3 A o 1 s 2 T sh 26
PR T T RRE R ST SR, T DAIK (R G813 B A R SO A B R . K s R itk AT ok
B AT, 13 7 RE, HF HESIR TREBh AR, RIZK G, GM(L1)BEALK RGUE e — 1Vl
ESF I AR P BRI S, TSN O B P SRS 1Ry, AR T T AN T 000 A B R R A BB ) IO AR, IR L
A DI/ AR 30 S RTINS B, IR IR B R G L — A B IR RG] DU F AR — MR T
FOFRI, HAE R AT AR, W RUE R SRR AE T OCR, T AR TR AT TR B A 1 K
M), KORGIRH TS EE I N = A0 Bl A IR AR DL K IR (NI [13] [14].

TR FE AR A B R AR, ARAE F IR EE AR AT A SR, IR & SBR it E
ZJE I — RAVREAT IS T — R, B —FJLAEIR[15]:

1) iff o TR (P G A H A

2) XU B ARTE LALE H B B AT o0 AT L 2

3) MR SE R GO 77 vk, AN A E A T 7 AT B

4) R4 3% 16 T T Bk ST FAS A
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5) TS, MEE .

4.12. REBRGER

GM % (Grey Model) 2 K (4 R G MEEAMAY, EBE R TG A H . EFNERES, hmE
{10 R T 6 BBl (R THT Y A T, 6 B R R RO T 1) SRR ), RO Rz, A A 68~ T 1 7kt
Ko BTLA, FEEY (TR RE FE 22 BB A5 B R] ) HERS BB I8 /IN[16] . D8 T 3 A TR AR, KBRS it
FEH T — RGBS IEAS A (57

4.1.3. GM(1, )8R 8 ST
AR AR A (AR SR, 45 HH LR GM(L,1) P BR(17]
1) B JRLE P AT RNE A BT 5
2) BT,
3) SR IR
4) R a f1u s 1
5) I N a] pR B SAE M, BE RIS TR SR AR
6) i A IR B Tl o

4.1.4. BIER GM(1,1) RIS

T GM(L,1) B AL — BBl 5 I 8] ) AT A WA T R B, i LA H ) FORS P mT LA B R, (2 —
LTI T 25, F AR (10 TS Pt 2 B 2 IR BRG] BE -5 S br M B AR BE iz, B S H A
NT RV GM(L L)AL X R R B, i B T2 1038 R TARRATIS 2 b, 3 L AT AR PR Szl iy S
K i A A A E R TS SR, T GM(L )RR EEAT Ak it

A B 5 AN GM(LL)RIRIEARER, SR 5 R Z AT S i R 81 ) — AR
KA B BAATNEE R . E8 m A2 G5, BRSNS NEOERR, BEEIERS ) S I A
H FIE—ANEUE, XERN T IR BB 4RO EOE . fEZ JEII A fE R, —BEREREXADE,
AT AT B AR B 1 1] A B B IR T AT B FRAS R I K B R R AR N FE R GM(L,1)
B o XAEANN BB S B 0 0 B ARt AR P T, AT R AR AR U RS B, T AXTBILARAS B Ak
Jiti T AR S 7= A BRI 2 o

4.1.5. GM(1,1) RS BRI 5%

TEAR TR 8 2 Ja # N E I — 8 A 56 T Be A R & H e FL A i, — O (R R (R RS TG 56 7 v
=R AR R AR R ZE R/ IR EME S M TR ERES R REEA & 51T
R Hh 22 1 TLAT ARACRE B 1 O BR B A 5002

1) AERRZE RN IR

2) IR

Ji 56 225 G B v v o RELAREL RS ) Y B 222 U ABE R e A SR AT B A 06

BARBRHEQIZ 5 FivR.

Table 5. Prediction accuracy test table
F 5. FUNRBERIER

53 R4F G N
C <0.35 <0.5 <0.65 <0.7
P >0.95 >0.8 >0.7 <0.7
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3) KIS KA
RIRPERGTIG DA A5 TN AL pth 25 55 S0t 28 R Z2 (B AR KD s AR SRIBRE P T Bt o RIRIE LA
NFRIE. HHFER p=05 I, TR K PEESRHEW R 6 Fros.

Table 6. p = 0.5 prediction accuracy test table
2 6.p = 0.5 FFUUREERIEE

53 R4f G AEAE
¥ <05 05<y<06 06<y<08 08<y

L FMME A ACAE FLER, T REx S R AT 3l B Ik
4.2. AT iEMFRITRER G TN

FERASHCHE 1) AR A R AN [R) In B PR b R 0T o B, 42 9 M A A — A I 8] e, AR 2 BT ) DR
WXL RAE Y R IF AR NIER, Wk 7 Pos:
Table 7. Surface subsidence at monitoring points
7. W SRt RIES
I 18] ¢ 1 2 3 4 5 6 7 8 9
MU 6.82 9.13 11.39 134 15.27 17.41 19.38 20.55 20.58

i bR, X 5, HBAUKSEE COA 14, PN 1Y, Frbhk GM(L, L)AL A BE G0 N — K.
A TRE S EE 5 B WAL 8 Je i 6. 1K 7,

Table 8. Comparison of daily deformation rates between measured data and predicted data

8. MRS TUNEIEN HERMERI LR

it 8] 5 2 3 4 5 6 7 8 9

S ECHE (mm) 9.13 11.39 13.4 15.27 17.41 19.38 20.55 20.78

TR £ (mm) 10.32 13.366 15.33 17.25 19.41 21.84
S AR T R (mm/d ™) 0.161 0.144 0.133 0.153 0.141 0.084
FHINAS T 33 2R (mmid ™) 0.085 0.177 0.14 0.137 0.154 0.114

Wl F3(H)
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—o— LR —e— TRIAIE

Figure 6. Comparison curve of measured and predicted settlement amount
[ 6. SCMTEE ST 2 X bk thzk E
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Figure 7. Comparison curve of measured and predicted deformation rates
B 7. SKMTE R S T 2R R X b 2k [E]

MULEFRIES R AR - GM(L, 1) AL AT R I I AT B, F SN GM(L, L) B AR ) 13
M5 R A G ST RARH B, LR AR R AR, A S BV 2 A . RN %
R HAE IR LLBOR, TEHR B, R — R B JE PR R B BOR, 1T 7 4
K H OB e TR E , PABORERN , FEFIE AR R s » SEANSEE - SC M - B LA &N GM(L,)
R AT AT R TR AR T, (EIF ARG TAR M, O sl BN B S a0 ok 1 %
HEEMEE, ERGEKbRENE. TR ZE R P U BA A E N, KERMIEAEM T
FATRSGE, FrCAEA R TRE AP B% 2 T SRR R A B — B O AR AR R A ke TR ) AL

5. &hig

BEE MR A (A 4R H 20T A, YU IZ R 72 Mt L, TG ET 2 A b i 8 &
AT I SRS JE I A B A AN il Rt AR B A o ASSC A M BE SR TR, 255 B RIR L Sl 4,
iz FA PR TR S e X L 7 i, WP T R GUE T2 R T AT S M A R 3R, O g R (B
WA 77V SR HEAT T, RN R p A B R AR A

1) N T RIESESUAE T FZ R R X R A PR ) 22 4k, S M A AN T A ) —ANBRAT, el X 2
G ARUBGR SO B B R SN, IR AT CLORAIE P IR 2 4t mT DR PRt 3 A A 28R
FUBEAT o FEMEINRLRE D, A Rbcthadk AU O AV B I A, o6 T BN AR B o M
ROAE BN eI 3 A, T DMAROKRE L _E B 1R S s A

2) AT BRTTERAF AR LA, RT LAAS HE JE T 1 3t R T R A S e e S B N R e T R R
SR SEGTI B 2 ABE U2 IR I AR T AR AL, B AEGT, H RO, BEYUTH2 IR IR,
HERTUF ALK . S SRS e e Ve b S e 3R EE A L, eSS U 2R AR
BETUK-PA2 A2 S B AR R B %S, iy sy a2 B, Be Aot bR 5T 2 4 UL LA
WIS 2 4

3) R KBS A S, SR EIER GM(L, )RR AT DI K #EAT AN i) B SR ST, FEIAMER
RACAAE, X T BB I 51, FLP0 KA BBy, AT LA 28 TN ) A R R ] (R R A
HAM R R MR ER N (B T AT RELE BB TN, AR ZEMD R, TR 2
WA
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