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Application of Holistic Analysis Method in the Study of Deformation

and Mechanical Properties of Foundation Pit

LI Gongchen

(School of Water Resources and Environment, China University of Geosciences (Beijing), Betjing 100083, China )

Abstract : (Purpose)ln order to study the overall analysis on the application of deformation and stress, this
article selects a with composite soil nailing wall of foundation pit in Beijing as the research object,(Method)using
the finite difference software Flac 3d numerical simulation for the project, obtained the lateral displacement of
the foundation pit wall, soil nail (anchor) axial force and cement-soil mixing pile bending moment, and verify
the reliability of the numerical model to the actual measured data.By changing the influence factor of soil-cement
mixing pile in the numerical model, this paper analyzes the lateral wall deformation, the change of axial force of
soil nails (anchor cables) and the contribution of the two changes to the stability of the foundation pit.(Result)The
results show that the horizontal displacement of the side wall of the foundation pit is shaped like a "bow”, the two
convex points are located at 1/3 and 2/3 of the depth of the foundation pit, and the horizontal displacement is the
largest at 1/3 of the depth.The horizontal displacement of foundation pit increases with the increase of excavation
depth.The axial force of soil nails (anchor cables) is small at both ends along the length, and the axial force is the
largest at 1/3 of the length away from the air surface. The axial force of soil nails decreases successively from row 1
to row 5.Soil-cement mixing not only holds back water, but also inhibits the deformation of foundation pit.When a
certain factor of the support system changes, it will not only affect the soil deformation, but also the stress change
of the support system, both of which change together to maintain the stability of the foundation pit. Therefore,
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the soil and the support system of the foundation pit should be taken as a whole to analyze the stress and defor-
mation of the foundation pit.

Key words: composite soil nail wall; global analysis; deformation characteristics; numerical simulation; mechan-
ical property
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41 495 m?. BHIFEFERIAR AR V345 E-9.89 m, FEHUFTHZIREE 839 m.

1.1 TIERKTHFREH
FEYUHZ IR VL B P R B i~ BAASEOL R

* 1 ZSLRFIEVEERSH
Tab 1 Main physical property parameters of each soil layer

22K B p(g/cm®) JE4EHRE(MPa) K% Jic(kPa) PEEHEFA AR
L 2.05 10.2 10 8.0 0.25
b 1.85 15.0 0 12.0 0.3
R TR -0k 1.99 9.8 13 20 0.3
T TR -1 ok 1.93 4.1 23.5 10.7 0.3
KR -0 ok 1.99 9.8 46.5 13.5 0.3
A L -FR BORS 1.89 5.2 59 12.5 0.3
W3 RS - R Bk + 2.01 8.3 25 13.5 0.3

F 2 HETKEBIRHER
Tab 2 Types of groundwater and its buried depth

T KA R /KHE (m)
K 1.40~3.80
JZ[E7K 10.20~12.20
JZK (R EM) 18.70~20.20

HHIK 28.30~31.60
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Fig 1 Foundation pit support plan of no. 4 research building

FHEGRES.39 m, R = 0.3/, Y73, W EsiE (35 8 M S aikT , HAavh+47), 474
2100 mm, B A8, AIHE1 400 mm/1 500 mm (%)) x1 500 mm (F[A)) , MAETEARE, KA LR
5148.80 m, 16.00 m . 8.80 m, 7.80 m, 6.80 m. N JIENER A A HEBCNS m, BUEHI T R120 kN . Al AR 1R
JE RS em, WEET AU C20IREE T, AT $8@200%200 mmBIAH K. K FH®7007K It FIAE 1F K IMERE 17K , AETRAE
PRI R 4.0 m, BEESEAFESURS.0 m, PRI L3RI 2. A K Je 3 HA S K 7.39 m. MEA{RLT N
T B T RIS, ST RACR T i T s T

*z 3 B LENET
Tab 3 Design of soil nails for slope

JZK I 4 T R (m) FL#% (mm) 1 (%) KJE (m) PiC
1 1.3 100 10 8.8 1918
2 2.8 150 10 16.0 745
3 4.3 100 10 8.8 1918
4 5.7 100 10 7.8 1918
5 7.1 100 10 6.8 1918

2 A#REIH PR EE
Fig 2 Support profile of no. 4 research building
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2.1 Flac 3di8RI g 17 iiD s
ASCRAIFLAC 3d#Esy ST REDRUHBURN. o
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J T HREIERCR . BRICTAER, S bR T e
FRAY AT IR L BEIEA T, FLARYS Sk 0> 15 Tk
BRI E2~ SRS TR BE LAY, AR SCREAI
JEE A B BR FHARS TS TR BE R AR, PRI L ST Ay A
HIRSFR56 mx3 mx38 m, FA ILE3. #ERI |-
A H T, BRI AN ~ 6K Bl A it 0 24 A i 220
kPa, MS7 T AR A | T T Ay [ 20 RRL . AR
RS HCR I S 22 e b B I A 508l , AR H AR R
FiMohr-Coulomb ##1. [iJZ R HshellSATT , (kKR

K Hipile o0, H5T | SRR M cable T, BAASEL B3 HRE
T34, Fig 3 Calculation model

x4 LITATNNEERMIBNFESE

Tab 4 Physico-mechanical properties of soil nail and anchor cable

W SRR BT SRRy KRR SRIRDTUINIEE SRR TRATREE RifhGREE

=} > I

R p/(g/cm®) E/GPa A/ mm? ¢,/ (N/m) ¢,/ (") kg/ (N/m®) P,/ mm F./kN F;/kN
1 @20 7.8 200 314.20 2x10° 30 1.75%x10" 408.2 10526  139.82
2 AhmE 7.8 195 181.37 1x10° 1 1 471.0 337.35  337.35
3 HEREEE 7.8 195 181.37 2x10° 30 1.75x107 471.0  337.35  337.35

2.2 EGETIREFIRARE
Fe RO TS, it T2 - E TSR LA 0.5 mAbIHE (. B STiE T A0 IR L3RS,
x5 EMREISWEE

Tab 5 Analysis step of foundation pit construction

T NE
WA LN 1 F- i
1K MEFE T T S i e
FZF T 1.8 m
LR AT SR
FHFM 3.3 m
AR TR | R TR
FHHFM 4.8 m
LR AT SR
FFZEIH 6.2 m
LR IUTE 5T K
FFZEIH 8.4 m
TR E T 2
A E RS /NF10x107°

T8 © 0o ot W

— =
w N

2.3 EGifUEEA TR IS

ST BE KPR RER U b S RSO I A 00 , TRl 5 MR T2 (003 5. 7.9, 11) "R EESTEE
IR BER L R ALINZR , Q4R 7R . TEARBE—IE TR, LARRFA g T, SN LA B shno s,
El TIHZHRERYN (1.8 m) , JEGUMBEC AR . FEETHEREZRIIIR , SEGTIBE K- B3N, 72 T 50558
R, SEUEE R KA LR AL I ATE L3, E3maB A% 17.76 mm, FEHTIRAE2.9 mAbEAOK AR,
h35.13 mm , I RIKSEOLAS i SETMINEE e 2 B B ROK i RS 981.9% , SESUMIBEREIR R “HEfl” 1, H)
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Fig 4 Horizontal displacement curve of side wall Fig 5 Axial force cloud diagram of soil nail (an-

of foundation pit with depth chor cable)
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PEUE & T E TR UK S TR A5 R S i 52

WS SIA TR L AMT. APETRR | T06~ T8 112 f] 6 AOREIFIRIEAH
TS KB R B0, (B2 ibasaAg1E], 87 Fig 6 Bending moment cloud diagram of soil-
JEL PR T Al A b TR T S T — i 1291, cement mixing pile
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3DA PR 513 A BT B B T S, AR AR S AR A 3. FHZRIGURET , B3
B KIKEARS 20,50 mm, R0.024% FOFELTIRE , 1%
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HMEZLR , BLASS A 7K JE L BEFEAE AN AR AR
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Ak, BIETAI R, N TI3E T005, KA1 hin s
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AR (A5 LSRR S WAL T 5013, Fig 7 Comparison curve between numerical sim-
BEFEITAZ IR RS, H 88k, BTUKFAi T ulation and field monitoring of horizontal dis-
LRBEIN, (HAERE T8 AT A 80K B 17K U8 i EmE placement of the top of the slope under different
MR, AKPOLR s AT B, Feka T working conditions
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PRI, SHTHOLE S R A N A L b [
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PSSP A H AN AR R AR DI R R AR BT RS ot \\'\N
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AT KA — o B EIVE R . 7EVREED m~d mULPY 8 BIAGR IR EE K LIRS b th %
PIE S AR ZEA K, B KA BB AMU IS :2.05 mm , Fig 8 Horizontal displacement comparison curve
PR T 4.79% , THIREE4 m~8.39 mAl , Tk e+ fib of side wall of foundation pit with or without
HOHESTC N B D0 150 (5265 I K 7K D - BEPAE  Hbi coment soil mixing pile
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9 560.2 N, MK T710.51%, 5 =18 H4TH K8 135.2 N, HK 138.60% , 45 DU3E +4TH A /18K 179 990.7
N, B AN64.24% , 55 ol HAT IR K T1 162.31 N, K 48383.67%. 14T (BHR) By KR M |
RGN, B NEE2IE R RN in , fh 3 e B, A Hr nl AR IR B 4 mUA R 4T (B6E) Bl
FSEGTIEE KA AR 228K, BRI R T A SRS R K8 P A 35K B 7.39 m, AT, TR EE4 mAd , HoA
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Fig 9 Axial force cloud diagram of soil nail (anchor cable)
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Tab 6 Maximum axial force of each soil nail (anchor cable)

AT (IR %K JEEERR R (N) JORPE AP BUAR R (N)
1 54 250.2 52 038.8
2 90 977.8 100 538.0
3 21 064.4 29 199.6
4 15 550.8 25 541.5
5 302.9 1 465.3

4 #Hie

iz A BR 2250 B Flac 3dEENIAEAY | 45 31 & T2 0 A BED UM BE K07 8% |« 15T (53D Sy L KoK e H4
PEAEAS R, KA BR 220 MR AE S 5 B SR UEA T L, A3 30 An R 458

(1) ASCH R K UE AR+ FUY S ZR IS A H 5T RS A SE BT BE K07 8% 5 A & 5T RS 13T
MBERFALR AR, 5 59, HXUMN sl T BESTR R 1/ 3F12/34L , e KK RS T HE BT
JE1/34b.

(2) BEHACE AR B2 R BE 3G IR I, 36 o KR BERAE S — AL FHZET | B Bl BE e KoK
T B LB B BE AR T3 F5 14981.9% .
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VUM
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