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Application of Tilt Angle Sensor in Verticality Control of
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Abstract; Aiming at the problem that the verticality of three-axis mixing pile construction cannot be
effectively monitored and controlled, based on the testing section of underground continuous wall
reinforcement of the South Anchorage Foundation of the Zhangjinggao Yangize River Bridge, a tilt sensor
is installed on the three-axis mixing pile machine, and the application and monitoring data are
summarized and analyzed. The research results are as follows that the application of the inclination sensor
can effectively monitor and control the verticality of the pile. During the construction, the guide frame
only has a brief yet large shaking when the bit is buried, the blade passes through the casing, and during
the reverse lifting. While the verticality in the other stages basically meets requirement. The verticality
assurance rate curve of the guide frame shows a trend of increasing before decreasing, and the curve rises
and gradually converges to 100%. The guarantee rates of the guide frame for typical initial opening span,
normal intervals with double-side overlap, and ultra-long intervals with single-side overlap are 89.09% ,
97.70% and 81. 68% , respectively. In the construction of a three-axis mixing pile, the method of jump-
hitting is preferred, and the interval time of lapping construction should be controlled within 24hours
when using a single-side squeezing method.
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Fig.1 Surrounding environment
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Fig.2 Foundation structure of south anchorage
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Table 1 Physical and mechanical parameters

of soil formation
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Fig.3 Layout of trench wall reinforcement pile location

in test section of slurry wall
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Table 2 Test pile parameters
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Table 3 Equipment parameters of three-axis mixing

pile machine
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Table 4 Tilt sensor parameters
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Fig. 4 Time history of monitoring the inclination

angle of the guide frame during the entire

construction process of pile S11

2 (iR 2min25s) s AEHLEE A 58 5 HEA T R,
T 3 YT 2 A T AR AR T T A 4 A AR S T B
URTE B,y UM 46 XHE A KT 0. 191° (B 2R
HEE 1/300) , B i B x, y (5 & AR WA AR (
Bf 4mindls) . JAF-58 G S8 78 T 8l B S gk 2247
T T,

3.3.2  EHEEHRIERSH

S10, S12 S48 1 HF i, S11 50k v [|] () &
PR S11 5Bk JF f it T B I 1) S10, S12 54
Uit T-5E 8 T 15h A1 1h, S22 50k BRI 2 1
S22 AR it TR 5 2 B8 S21 Sk it T.5¢
BT 5d5h, DL STOCE JFME) (S11( 1E B[] (] F& 79
M4 (] ) A1 S22 5Bk (GRS B [ 1] Bl B0 22
FENR ) 3 MR HL TR Ay 5], %o il T 4 gk A 1) A0 A
DB AT 5347 o

15 A5 TR S R RD SR AR 1 2R, S10,S11 i1 S22
SHEMN T A - BB 1 A R EE T 2 291 4,
2 131 LA 5 717 ARG . DATE R R AR pR |
A R ORIE S5 (B AL A R Al LS AR ) S G Ak
bR, 251 S10,S11 5 F1 S22 S-Hijita T4t 5 i) 22
T E PRI, E 5 iR,

H & 5 vl %0, S10,S11 5 F1 S22 S HERITE AR5
SR BRI R, S 25 R 22 5 1S K R KT
M2 I B WCEE 100% , 3 HRELAUAEiE T3 fErp,
] 48 3 B ORE 17250 1Y 08 UE % 4 5 A 89.09%,
97.70%F1 81. 68%

S11 547 ) AR 3 1 B R IR 58 B A g iy, At K]
SHAZAEA R 4 B, A e T 58 58 (4 R
FZAE 15h FLh) |, WA 445 B A A 55, AT i)
BEFT R A A FCIR £ 2, 8 A 2 J1 e, R
PRUFRIEA I, S22 54 3 ) B 3 BB R IE R 5L
ARG, SRR A 2 A R B b, ELZ AT it T
52 BN T 5E 5 5d5h, R B &%E, S22



2025 No.7 X NS A R A AE = A P i R 4 1 R 101

1120
- S105HE(E FF)
a- S22 SR (A M ER) 100
—o- S SHE(FESR) s
180 5
=}
160 =%
. i
. 140
a . “ ﬁ
g—o—a @ a—® o 1%°

NI AN N N N N AN AR RN AR RN

NI NN ISR ORSANASNORSAN

TR EETIIRRCAE PPN
REHJE

B 5 S10,S1170S22 SHET LIRS EREEERIER
Fig. 5 Guarantee rate of verticality of guide frame
during the entire construction process of
piles S10, S1land S22

SRR R A A B LS e AR R KR B, R

BRI REEA AR, S10 S0t S 1) 2230 1 3 {40

RIEARA TP Z 18], JFOR A 50 B A A 58 [ 4 1k

FLCEENEAR , B FE 32 1 A F W 5 Z (8], 0 B

PRUEFREEA A T W 2Z (8],

PR AR BB 0 P At T S e
BeFT 77 2, Fr 5K A7 D0 B P 326 5 RN B e O = 4
Jite T B4 (B B s TS BL R T 24h, 24885 24h B £5FT
SRR BBy, FE R TR P B A T
4 4#iE

AR L K 3 S R VLR g A AT A i A
b T S A R R o 0 B TR R S, TEAEAL S
[R) 3L e Ao £ £ et , X601 A Wi 0 5 3 A 7
Br, EEAR LT EE,

1) FE ) B I 22 2 00 A2 SR 2 W LA S 3 X6 1
A P A AR

2) 5 AR AR A S T AR A i v R gt
FPAETIE 0 B [ BT B 2 R A R AR S B, FLA AR
A R Hp e ] SR A T LR < 1/250 AYEDR

3) AR PR At T A AR v S ) 2R A 0 AR
TER 4R R R W R, )R i 2 e K
HRARWIAS | B BTSSR 100%

4) BTN P R | IR ) ) e 7 00 2 e T i
AR s A1) [ o P00 2 27 i il T, S ) R AR ELE 1/
250 IR 5K 89. 09% ,97. 10% 1 81. 68%

5) HIEFEREIE T R v B AT 5K R
TR 190 B P BE R B 55 1 =X, 5 e T 1% ) ol e
[EAER T 24h,

SEHk .

[ 1] 27, PR, Brat e, 45 i JE HEMERE 15 = g PEpE L &
I 28 4 3 0 BT L) B T AR (T S0)
2022,51(1) :54-57.

LI HR, SHI X C, DUAN C B, et al. Monitoring data analysis of

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

combination of high-pressure jet-grouting piles and triaxial mixing
piles to foundation [ J ].
Construction technology, 2022, 51(1) . 54-57.

SRIC EREMG B AN A R v R R R R s sk 4k
I B AR TE [ T]. I R B, 2022,42(7) 1 6-
10,22.

GUO W X, HUI H P, CHEN Y R, et al. Technical study on

strengthen  miscellaneous ~ soil

improving the quality of soil reinforcement at the entrance and exit
ends of shield tunnels[ J]. China harbour engineering, 2022, 42
(7):6-10,22.

TR BRoR 2R 4. = RIK PR B PEAETE SRR s LB B T i
D] it T4 AR ,2020,49(23) 1 102-106.

ZHANG L, CHEN Q, LI Q, et al. Application of tri-axis cement
mixing pile in anti-seepage construction of deep foundation[ J].
Construction technology 2020, 49(23) . 102-106.

MR, BRGSO A5 SRR B R T 5 R A B T S
SAHTLT]. BESAEH ,2022,52(8) 1 135-139,79.

SUN W, ZHAO X G, GAO W S, et al. Analysis of the ground
treatment scheme for the nuclear island plant of a nuclear power
station[ J]. Building structure, 2022, 52(8) . 135-139,79.
WORIR. R3PS R RIS T AR B 5 20 [ ]
o = S T 8, 2020,40(6) :9-13,46.

HUANG T R. Design and analysis of deep and large foundation
pit engineering with multiple supporting structures [ J]. China
harbour engineering, 2020,40(6) : 9-13,46.

TREAR ARET SIRObK, 45 B A b B R 0 P R
AR PEABEANEG [ J]. A A1 1% 5 T4z, 2020,39(9)
1912-1920.

ZHANG Y W, SONG Z P, WENG X L, et al. Model test on
treatment of collapsible loess foundation of metro tunnels [ J].
Chinese journal of rock mechanics and engineering, 2020, 39
(9) : 1912-1920.

X BN, [l A8 SR AR, A5 R DR B0 E T 0 i 30 1 A S Y
S RASTEAR RO RO )] A 8% ,2022,67(2) :76-82.
ZHAO D P, PAN G H, ZHANG Q, et al. Influence of ship lock
foundation pit construction on adjacent bridges and deformation
control methods[ J]. Highway, 2022, 67(2) ; 76-82.

VR AL SC, /M AL TN il DX RE YR D I AR A b 2 =
BEFEREIE T T 20F5E[ 1] i T4 A ,2020,49(13) :65-68.
CAO L, DU W, MENG X W, et al. Research on construction
technology of triaxial mixed piles in deep mucky soft soils layer in
Guangzhou area[ J]. Construction technology, 2020,49 (13) .
65-68.

FISEOL, BT, B4R, )T S AR G E ARG T
AT i THA,2019,48(1) :53-55.

GAO Z L, HUANG G, WANG W, et al. Construction
technology of three axis mixing pile in Guangxi culture and art
center[ J]. Construction technology, 2019, 48(1): 53-55.
ZERER AR OB, XL, 45, = Al K U8 L B R A 5 BE 43 BT K ik
RAFIELT]. R 218 S TR, 2009,5(S2) 1 1562-1567.
LIANG Z R, LIZ C, LIU J, et al. Strength tests on soil-cement
mixed piles by triaxial stirring machine[ J]. Chinese journal of

underground space and engineering, 2009,5(S2) :1562-1567.



