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Monitoring and numerical analysis of pile-anchor supporting structure
for deep and large foundation pit in loess area
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(1. School of Civil Engineering, Xi’an Univ. of Arch. & Tech., Xi'an 710055, China;
2. Qinghai Electric Power Design Institute of Co. Ltd. of China Electric Power Construction Group,
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Abstract: Based on the comparative analysis of monitoring data and numerical calculation results of deformation,
displacement, axial force of anchor cable and settlement of building in deep and large foundation pit in Loess area,
conclusions are drawn as follows: the monitoring values of pile top horizontal displacement, pile top settlement,
pile body horizontal displacement and adjacent building settlement of foundation pit supporting structure are far less
than the warning value stipulated in the code, which indicates that the design of foundation pit supporting structure
is reasonable. The dewatering of foundation pit, especially the change of precipitation rate, has a significant effect
on the settlement of the earth’s surface and adjacent buildings. The maximum horizontal displacement of the bottom
of the pile into the foundation pit is 8. 9mm. The monitoring value of supporting structure is in good agreement with

numerical calculation during excavation.

Key words: loess area; deep and large foundation pit; pile-anchor supporting; monitoring data; numerical simulation
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Fig. 1

Section of pile-anchor supporting structure and stratum on the north side of foundation pit (Unit; mm)
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Tab.1 Deformation monitoring index of foundation pit monitoring
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Tab. 2 Progress of foundation pit excavation and support
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Fig. 3 Model assembly and meshing schematic diagram
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Tab.3 Physico-mechanical parameters of geomaterials in the Mohr-Coulomb model

=53 H R AHR BE/m  #HE/KN-m Bi®I/kPa NEEEEM/S HRLL LR R /MPa
1 ES 4.5 18.0 10.0 15 0.33 12.0
2 B 3 4 3.0 17.1 35.0 21 0. 30 17.0
3 A 3.7 18.6 34.0 20 0.28 21.0
4 ikt 6.8 19.3 35.0 18 0. 25 33.0
5 d ik 2.5 20. 0 0.0 37 0.23 45.0
6 ittt 39.5 19.5 40. 0 25 0.22 60.0
x4 PHEEHHSHY
Tab. 4 Material parameters of slope protection pile
X3 BEAE /m HETIAR &5 /m HE/m kg - m? SR/ MPa HER/Y 24
TIX 1.2 —0.5 29. 5 2 400 30 000 0.2
3 HBRSW o ey
WUF 7, KR GRS LA BE L B, R H ~n
ZMIE; B iR L I T . £ I
3.1 AETFKT MBS -]
B 4 A& FFE 00T W0 J1-J4 A BE T K~ E’-IS L
PR bt 42, [ 5 S By T3 i s B i e S
i 5 LI, B 4~5 #0 07
()FEE RS FFAZ, BETTOK AL 85 & J i 3

SAeHE, I, 52218 0T B TR E
AL GO I A R, E K £
B RMEMT J2, I3 4, A —20 mm, &/METE
FI4 4k, Sh—15 mm, FHUA KOS f
bR, RWFEYTHR 52 )R ELKR, FEHUIFE A5 1)
EYTATE
(2)RGIFZIG, TN 2 TH U BUK P AL
MR, Bt BEMAMERR, LEAE

Th
B4 J1-04 HETUK T 5 M g 4
Fig. 4 Horizontal displacement monitoring curves
of pile top from J1 to J4

AR L) 0. 16 mm/d, /T HLTEHLE 0 4
{8, RYPEANLYOUMZ P, RIEBUR .
PAZE AR BLG.

(3) M) 55 ik 53 45 2R A O B ME TVOK A6 78 5 AR



Fam VEfd, S5 B RO R B B S A AL W) 5 A 43 A 521
il FFYE L 25 B i H B DR B W W AR AN, R
" HJFER, XOTEE 2 T i 5o b il f2 ok % T8 2

_ 5L —=— Sl . "

E e B K I 0.

g—lo- ok —=—]1

i ——]2

> ok 13

E_H - :H

B 5 #ET KL% Xt bt B
Fig. 5 Comparison diagram of horizontal displacement
of pile top
PR -5, HBA —EER, EUHFER
SR S i S B, O B R A WU 4
XFE TR SR LU AR 2%, RO T R 2
RAEIFFE.

(4) T 5545 58 v Al 2% X A T 7K - 2 75 0 28 AR
RIS, RN — A, AR AR TE R 8,
JUH AT LGB S 3, HOW AR K P AL 8 1 2 AR
B9 3K 3 Sk DA O £ il AR ) SE s sk hr i
FEH, TR AR 0 R, G /I T AR ABL IR Y B 2R ok
L BUE fH.

3.2 FETRILBE S

HIIE] 6 WT I, AE DT R i 5 370 T 420 98 K
A M I s 0 e i 5 I ) 2 = B A ) A 8 11 00T )
PRFR: LR —ETHN, WDTREERA, X
A—2.4mm; THANETH LN, JIEERR
K, EKE 0.1 mm/d; ZJE, DIKEEERAZAN, JE#E
TR, FRE KL N 0.04 mm/d 54T R,
A TR I 1) X — 78 A0 R AE VT RE 5k 50 R K A 5K,
ALY TETFZ M T KA L B 43 I (SEFR$%E — 10 m
e, BERFERIFFR T RO EER—F, ZEF
AEE M, A TG ARV K R SRR,
7 H T 0 R B 05 5 RN, 5 B3 AP 45 4 i O 3t )=
DUREE R A Lo TR AR BN R, i )5 I 8] £ 24
10 d, Pr AZEREBTRE K 0 5206 T A 10 3T Fa ik 4% 12 B
g th g T X R A, ZEBIFEE
[N B0, T LY B A RS E S M, #
PEFRELGTH IR T2, 3 W 0 s T 7 B ok R e U
B ERSEERYTA A J1 T4 WA K.

P 7 AAETLRE T S T3 AR ) A H
AW METTTORE A S W A RS A T AR
R HFEAR — B, DR AWIE K, HIFIZ
LU T S AE R A TS, Hoh 4 SR M 0 4
RHECF 22, DR ROR BB B R AN R,

B 6 J1-J4 HETR I B s i 2%
Fig. 6 Settlement monitoring curves of pile top

from J1 to J4

—e— Y

—— iR

PETR LR/ mm

Tt

7 METBUTURE X EE

Fig. 7 Comparison diagram of pile top settlement
3.3 tHESKFABSH

P 8 I AHL CXO03 B KA # s e, 32
HBOHE B ARPALAS T B R A 21 9, A ELIE 8~
9 AR

(L) HE B KL% 748 T h 42T 254 T H LRl
WL 2], 7318 b 5 0L R S i) A TR AR AE
X 2 B W T AE B e AR O AR HL B B
EEER, XHE B 29 AVE BT, S 17 B B i) %
RPUEHBE S, SRS EN 2 ZMRIEMNT,
AP B AL RE R A T i

(2) M B JEG R 1is) ZE 50 P 84 7K - 437 % i 3 2 S0 1Y
TR, KRR A —8. 9 mm, B
TE BT o DR B ST BT IF, 5 4 i [ Bz A A 8T R
B, LR B R TR A A B L R R .

(3) THER24 2R 5 S0 45 2R S8 B A B A8 T Hh 22
R —2, A B Sk R
TUTIEE R, FBYSLBR T O0 T 09 32 40 25 4 W % 4%
THRHET K.



522 o o# H OB B R ¥ % MBARER 51 %
or 1751
—a— 21 —%—2-5
——2-2 —%—2-6
5 -
1501 ——2-3 —x—2-7
10} 5 a4
= @ 125
" 15 R
o —— T 2
ax Al #% 100 |
20 —— T = i=
—— THLA
25F —— T4t 75
- —e— TR
—v— T4 +— - )
30 . . . T TEt= 2 4 6 8 10 12 14
0 4 8 12 16 20 24 T

TP %/ mm

B 8 CX03 1 & 7k F i 75 M il g £
Fig. 8 Horizontal displacement monitoring curves

of pile body CX03

or 3

10

HE B AL EY/m

0 4 8 12 16 20 24
IK P42 #%/mm

B9 #mHKkFELBITEE
Fig. 9 Calculated value of horizontal displacement

of pile body

(OEGUFZERG, TR R R, S
KROIBAL THETIAL, S —23.2 mm, /i T
PR, A—10.2 mm, WMMMZRE R, FFZE5%ERK
I, BEE R KA N —21. 6 mm, WAL THEDN, &
ANSTEAENEE, h—8.9 mm, &R A W I{E K,
WIS BT AR, B S AR TR R A U
3.4 HRWMENE S

B 10 S M5 58 ms2 Bl D FEEE BT R IZ 5 90
A2, MW aTLLE . (1) FEE DT r 2,
BN MOk MK, X R Ok Bl R BT R AZ,
E B AR T2 B B A, AR 0 2 SRR Bk B
HERE BB R (2) WA R B R, TREER
X bR B B R RN, X B O il T A
B AR R B R B TN Sy P 0, G R A A 1 2 TR
YEHBLES ;s (3) T IFIZ ML 8 R 7= A 1 F 4k,
HEF 2-5 B KW, [F, AR FR Gl T
i, ARBLT & 2 8 F A B b R 3 e] AR ) 28 B R
PR

[l 11 2 ms2 WO S 2 il O i A, BEBUOF
X EERE, b T T ER e 5 it

10 ms2 % 7 15 00 #h 2%
Fig. 10 Axis force monitoring curves of ms2

3501

—a—2-1 —=—2-5 v/'\
300 F —¢—2-2 —%—2-6 ‘/‘\/N
—*—2-3 ——2-7 .
250 —e—2-4 N Y %
z A/W—*
i)
= 2001 /\/‘V\N—‘
B N\./'\n/k-/'_"'_‘
F150
&
E1o0r
501
¢ 8§ 10 12 14

N
o~k
o))

R
11 #HEWMATEE
Fig. 11 Axis force calculated value of anchor cable

400

\\\\\ ﬂfmﬂ'
350 | [E
300
z
=250
s
200
&
2150

A
5

4
HF 2L
12 EE#HEWMANILESE

Fig. 12 Histogram of axial stress contrast in each

layer of anchor cable

R E, VEREZ B SR 5 WS008 b B
B, i 12 groR. NEHRTEL: RS S A5 R,
2 2 2 ) N WE DU o T S E B 4 ok
71.4%, 50.2%, 39.0%, 40.6%, 29.5%,
41.1%, 34.6%, i F /KN LL B2 ol 5
ML T K AL LU T 89 2 4 )2 b b AE D AH X A, P
PIWEA R TH A —2, K. T KR
TRIREE AR O AR AU R, X
P45 475 00 A 1) BT N 0 S B A RS T SRAE
SRR LR AE BN, W R B BN SN



5499

VM, S B R IXROC SR TR B S 4 S D S B 2 523

JE A F N 7 WS AE A R, 32 B T I BT B R
Vo A i R 0 =L LI TR NES Y =Sl 1 D5 A R N
Bl BT AR RN BB Fa T B 12 KB 2 .

3.5 EyisikZ{HTbES T

TR ) 2 g B i e, BLLH
VEREEYUIG T S DURE 23 Ao 3, BCH A AR
PR D1, D4, D5 K D9 Wil & 175048 or b, 22
HE TS IR AR At Ze & 13 Prs, A ar L
Fili:

(DBEE R FFZ, TSI ZE g K,
iR Rk | R &t R R, FHDIEE R
2574 0. 04 mm/d, 1M T4 7S 2 ol -t 9 iR I R
RAWBME RIS, XEFELS 3.2 PR &bt
FEKA K.

(2)FEYUIFIZ 5 g it , T2 KU 2
S D4 1 —8. 7 mm, H/PIIEE R D5 ) —7. 2 mm,
ol Tl e mdb P, 2500 f1{Hh
1.5 mm, B AR 0. 09%,, /N T 75 M E i
fBRt 2000 WS IR B (8, R ISR R R E e R
U, B2 BT Z 0 A K

) FEEYUFE L g d s, 112 DURE R Wl
SR, LU 2218 Fa E I B AN BT Ok, WA
GUIFF2 45 o 5 B e ) BEAT b T 2= i T, DA R
SERE0 LUF Byl 3E TAE, DLA B 45 B3 B B oK
TAE.

R/

B 13 Eyui i 28 514 7 B s ) i 2%
Fig. 13 Building settlement monitoring curves near

the foundation pit
LS
4 &

IS R TEE R, 6 BT AL ) T S 4
LAY . NLRE, RE BN, AT Y DU R S
SR BB AT B A 2R A A ) X Ee 23 AT
LT 45e.

(1)3% B 5T 3249 25 40 A WK P 2 #% . A T

R . WESH KL #5545 S DB )
/N RLTE L E B PUE B, RWIZ RIS 45 i
it .

(2) BBk, JUH R E RN AL, X%
R S UL A B2, YU 2 R
JO7 TP A A o A K R

(3) HE B Ji& A8 1) 5 L A B8 35 KK 2 R
8. 9 mm, 15 B 75 B - b DXOE Bl 32 45 1) ) TR R HE 370 e
VEINE, R i B AR A TR e, L™ R B SR B
JEG TS A2 H) T e A A 1

(4) BEAS BLYUIF 2 3 72 b 3240 25 4 1) 78 JE ¢
fiE, THELE R 5B S R B RE R B W) 4,
fER 2% R 0 T B 45 2R B S B MR D B IR 22 B0k,
iR L H7 53 I DL AR A Sl 2%

S E3HE  References

(1] Ubarsd  BRAF, SGi. IR BRI 4P 45 4 AR TE AR AiE 18 2

AL 2 7 [T]. A+ TR 2R, 2014, 36(S2):
376-380.
SHUAI Hongyan, CHEN Shaoping, ZENG Zhi. Nu-
merical simulation of deformation characteristics of
supporting structure of deep foundation pits[J]. Chi-
nese Journal of Geotechnical Engineering, 2014, 36
(S2): 376-380.

(2] W7, ZEBERT, 25000 . 56T 840 00 IR IR ST AR (AR

FEARMEWF 5 [J]. & + TR %4, 2014, 36(S2):
319-324.
YU Jun, GONG Xiaonan, LI Yuanhai. Deformation
characteristics of deep excavations based on mass data
[J]. Chinese Journal of Geotechnical Engineering,
2014, 36(S2): 319-324.

(3] skigM,a2IEm . B L RIEDTFFIZHETTR P (T ],
Hb T 45 1E) 5 TR AR, 2013, 9(S1): 1753-1757
ZHANG Shanggen, YUAN Zhengru. Analysis of
ground settlement induced by excavation of deep foun-
dation pit in soft soil[J]. Chinese Journal of Under-
ground Space and Engineering, 2013, 9 ( S1):
1753-1757.

(4] B, SR . b IR 40 A Bl TG 0 R e o T

HBMLI]. B KRR (BARBSM), 2010, 38
(2): 194-199.
YANG Min, LU Junyi. Characteristics and prediction
of ground settlement around deep excavation in Shang-
hai[ J]. Journal of Tongji University ( Natural Sci-
ence), 2010, 38(2): 194-199.

(5] i, sl oy, o KHE . 5 PR R L X b 8 22 ol TR B b
IR ERGE[J]. T b5 TR, 2013, 9
(2): 387-391.



[N )

B R

n

o R(ARPEER) H51 %

2
CHENG Feng, ZHANG Yuanfang, WAN Yongx- BRI M), i TH AR, 2015, 44(7): 83-86.
iang. Deformation characteristics of deep foundation WAN Zhihui, LIU Hongyan, BU Yanjie. Analysis of
pits of subway stations in south Jiangsu province soft deformation monitoring and numerical simulation on
soil[ J]. Chinese Journal of Underground Space and retaining structure of deep foundation excavation[]].
Engineering, 2013, 9(2): 387-391. Construction Technology, 2015, 44(7). 83-86.

(6] TH, EX, 4,5 . Wil X H HiRESER (12] JE5,S0ME, R EMS . 22 Mt gk thh 22 A ol B S s
FEm e W 4x A [J). &+ 13, 2015, 36(S1): W5 HAERERIT ). Pl TS, 2014(1): 82-88.
506-512. ZHOU Yong, GUO Nan, ZHU Yanpeng. Construc-
DING Zhi, WANG Da, WANG Jinyan, et al. De- tion monitoring and numerical simulation of deep exca-
formation characteristics of Zhejiang soft soil deep Vation of century avenue metro station in Lanzhou[]].
foundation pits and their predictive analysis[]J]. Rock Journal of Railway Engineering Society, 2014 (1):
and Soil Mechanics, 2015, 36(S1): 506-512. 82-88.

(7] FEAR S B3CET, 5 . M KRR U 5 34 4 [13] B, bLHe M, B0 AR, 55 . IREEDUMER ST ik R AR
WS AN TR (] ). RESUAE A, 2011, 41(3), FARERRGE (1), B TR, 2015(1); 139-143.
88-109. GUAN Shaolong, DU Yanyan, CAI Xinsen, et al.
WANG Lin, XIE Liang, YANG Wenqi, et al. Three- Study on deformation characteristics of pile-anchor
dimensional numerical analysis and simulation of circu- supporting system for deep foundation pit[J]. Sub-
lar deep excavation in soft ground region[]J]. Building grade Engineering, 2015, (4): 139-143.

Structure, 2011, 41(3): 88-109. (147 xUBE, B . & H IR R IR & S4BT 512

(8] MU, RN BHE M . 3 XA A2 il R L DU EEHTLT]. PSR R M (B ARENR,
Gish Lk AL B MU E T [0 ], KRR B ok 3 %4, 2014, 46(4): 513-517.

2015, 46(5): 542-547. LIU Ke, ZHAO Hao. Numerical analysis and stability
YANG Jun, LI Fujie, YANG Yusen. Research on the analysis of a commercial plaza excavation engineering
soil displacement outside the construction pit of deep foundation in loess area [J]. J. Xi'an Univ. of Arch.
foundation pit in subway station in soft soil areal[]]. &. Tech. (Natural Science Edition), 2014, 46 (4):
Journal of Taiyuan University of Technology, 2015, 513-517.

46(5): 542-547. [15] REH REME . 22 JH T W Be 1 2 4 X b gk %2 ol TR

(9] ZER,FE= M. KM XRIEGT TERRE =4 RGBT 58 EERM R T]. a2 TR
HEBEMSRIUE[T]. TS5 TRY%®, 2011, 7 &, 2014, 36(S2): 404-411.

(6): 1072-1120. WU Yigian, ZHU Yanpeng. Monitoring and numeri-
LI Yandong, LIANG Fayun, CHU Feng. 3D numeri- cal simulation of deformation law of deep foundation
cal simulation on the deformation behavior of deep ex- pit of subway station in Lanzhou collapsible loess[]].
cavation in soft soils and its verification[]J]. Chinese Chinese Journal of Geotechnical Engineering, 2014, 36
Journal of Underground Space and Engineering, 2011, (S2): 404-411.

7(6): 1072-1120. [16] BJRAR . S5 T IREGUR S ST FFIZHE L %

[10] skAnAk, RpsC . 2T PLAXIS MR EEbT 9P it i RIS 547 (D], L [FH5F k%, 2002.
AT ], 454 TR0, 2010, 26(2): 131-136. LU Fengwu. Numerical simulation and analysis of ex-
ZHANG Rulin, XU Nuwen. Numerical simulation of cavation process of rock-socketed support for deep
timbering design of deep foundation pits based on foundation pit under complex conditions[ D]. Shang-
PLAXIS[]J]. Structural Engineers, 2010, 26(2): 131- hai: Tongji University, 2002.

e i D

(11] 3508, X anHe 20400k . RIEST I 45 A B W 5



