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Abstract: In response to the problems of inaccurate defect positioning, low accuracy of detection results, and
easy deviation in grading evaluation in traditional foundation pile detection methods, taking the Changsha Airport
renovation and expansion project as an example, this paper analyzes the application of acoustic transmission
method in foundation pile detection. By combining preliminary detection with the cross-hole acoustic transmission
method, the range of foundation pile defects was accurately detected, and detailed information of defects was
obtained by utilizing the characteristics of acoustic wave propagation and parameter changes. The PSD slope method
was used to quantify abnormal data and improve positioning accuracy. According to acoustic parameter analysis,
the integrity of foundation piles was classified and evaluated to guide the construction work and improve engineering
quality. The experimental results show that the acoustic transmission method can intuitively determine whether
there are defects in the foundation pile and locate the defects. The detection results are intuitive, accurate, and
efficient, which improves operation efficiency. The grading evaluation of the foundation pile quality fully meets the

requirements of engineering specifications and has a high reference value.

Wi BEA: 2024-08-10
EEBN: AP(1985-), W, WP TR, FEMFHILILR TIE,
E-mail: nguaskd123@126.com



178 € oM = 444

Keywords: Foundation pile detection; Acoustic transmission method; Ultrasonic detector; Foundation pile

integrity detection; PSD slope method; Engineering quality

0 55

PLIZY 8 T AR N 138 I R i s 75
RO A 2s M 5 itk AT i TR H . 7EML ek
AT, AR KA AR,
JEH A 3% e b DRI R SR A5 M ) f £l B TR
FYXEIN, FEAE AR DL K R T, R T T
BRI, S i . B AT a5
[, S HEA T AR I, iR ek . I
] FR S VA B ARG S e b X RE TR R
S e A EEEH.

AT AR 22 B X S T e A7 T,
PH ZEB15% F 6 A8 5 5 (OFDR) £ AR K i 47 56Tl
EF XPHRORG UG A2 101 19 2= ARG, FH DL e
1% 258 M B AR AR BOK T far 204 B R SEAE AR R
FE o (R AR 1) TR TS S 28 7 ik
i, B — @ RRYE. &7 &SR T miias
SLEEAEB A R IN 73, SR T BT S A A
RBEA AT R A, IR AR T A B A 1R B Oy
e, W T RS Sk AR A W oK . (R
2 FUE A6 A Sk LA A BRI, 3 Y LA
B o ke O S50 5 ok 7 30 3 S 1 AR BB AT 5 R ) AN
[l [ 50, () R X 2y A G D o B A 7 T R
BGUF . AHZITIEAE N R R, RIS ECRE R
BrARA, B E A ANMER . o e SF O
8T 75 A S ARG I SRR, R TR ik A
B, O TR S EREN ML, PSS G TR
SIS T M SR BRI vk e A R
FEFERER I i R TS (i kR
W25 RGBS, S FATM AT . FF W
TR FH 75 025 Sk Tk IR SR R v A A Y IO e )
A, REUE A TANG , PRUEAE 5T 5 A 2 0
e RURIZTT AR B A RURR, 7 A oK A7
DL RS LESS . AR EESE, AR AT RESY N FE Ik i %
B, FEEIESTE . 2R 2 GO Tk 2
4 PSDIFHIbRIE, LIRS s M MR i R G b, A
WA By S TS AR B o (HIR %7 T BRI A 5 4G
1 €SB [ i N

ARSCHET T 75 3 SR AEAL I e TR BT
R H B, B A AR T SR A T ) o e A sk

o HLZENER B M SR L 0 % s T 2
REE, AT DU | R R A H 2
B o PP Dy — P 2 i DRI T
REAS A 280 B A R B, e o Yok Y K 20 #r
T3 VRS BB RE BORE B0 5E L FIR N o T8 I X AR A T
Forde, S RGMITEAE S BIERURE T, AL
Doy i TRR B ) S8 . AR B T4
THHILIHEREARTIN £ A K-, AR HA U 1 FE A
KRt T A SEAE T, HESh T GBS I E AR 1 K
JRANH] .

1 7o o Sk A A

1.1 HEEHRSFERUS

LRSIV S oM VLR g piiBI i)
TEFERE N RSN, AR peRs , o
PRGNSk v A S5 4 BE A 1) BEATE A S g At 3 ik
R, 2 K v a8 3 R A TR R e ) B (AR LT
BTN, WAREE KRR, SERKMSL
FARME A A R NI, TR KPS IR
i A R 57 BEAE R 35 - v By ot B Oy T B A
YEHL.

Sk AN IR Z RN

Z(=Zcos/;(t—c) (1)

(D FRIRIRE Z 3R, m; PRk
[ 2205 e 3R, my SRR T 00 T i FH o 348
kg; FAME RO p R, N/m; Bkob il &% K
FH e, s Bkob il 26 R BE + 24 v (0 15 4% R
ik, mise A D52 8 bk b 09 7 F PR i
(E, VAR Ik ifipt 7 A5 4% ol A v i) it i AR Ak

3 3BT bk e S AR IR AR Ak, BT AR
BEt B B, TR RTE LRGN
Je SR R 5 T AR B LA 1 PTA AR
1.2 EWEEREENL

TE R IS8 AR A 5, A T S A0 A 0 dle
BRI, AR SCR FHE PN 5 FL 75 D32 vk R 17 6

Kl o ZOTEAEN Y TR, 2
5 TR A6 - TR T R AR AN A1) D R0, A s



5 4]

AR P P SR AE L AR v A A4 15 FH 0 B 179

T AEFEE S 2 A, I LR A LA R A%k
BBEATRE AL A P HENES LA BB AR A

4 r WéW

TR, PR R S AR R RE AR TR L, AR
HLAACE B 73 590 5% PP L A0 0 s 2300 5 7 T i
— BN, =R A B AR AN A 1 PR

VRN BRI /D | A0 AT L 0 S v R AT T4
st o [ ]
i
e
g
af I ------
.
it
‘5B
s

g
-
g
g
- =
.- <L
P Rdgpes
G

HeE 22/l

e

ok

He

s
Rottagves
POebtad
-
5
50
S
|
St
LR
.
s

PELL SPI o00d FE 00k T 72 7 T

Fig.1 Schematic diagram of horizontal measurement, oblique measurement, and sector measurement methods
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Table 1 Classification of foundation pile integrity assessment
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Fig.2  Overall rendering of Changsha Airport renovation and expansion project
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Fig.3 Layout of acoustic tubes
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Fig.4  On-site detection of foundation piles using acoustic

transmission method

S BRI 16 55 SR A AT R, LK
AR 12 m Ph K2 1500 mm, % FH A TR BE 198
FEAEG €30, MES A E [ I M =AY
B TR AN T, ARG SR FH 32 a5 X I ) O =X
5 HR 100 mm/D AT A AR IESEA T, 4R B0 T 7
FRPIE E, PSD—IRBE fh £k [ 45 I B 508 .
WY AT L EDUL A S5 o i B 2 A AR AR b, L
PRS2 B A5 R AL 5 s

IE 5 (a) M al DIE T, BB SR FE AT,
FEFE I R R, bR shiR Y AL
FETC S WSRO0, PG i A TR T AR
fio IS (b)Y b al LIE H, 243 EAT Bl G i,
R TE U 0 R W AN IR R IR, [
PR, RIS I T AR S UL



182 % M

o & 44 %:

I S5k T LR PRI Hh R A A7 AR BRI, 2
YRR A SE AR s, T ELAS I L A 5y, A2k
BER/INI BRI, TG PEAR S o SR PR AR SC7 538
A B P IS FAR IR AL A, P IEETR EE 1

120[

T

7\@]5.4&{;]28%%5 \3}21#7 3@98 5\9}5.76 \zyz.ss\hs%&svm_v |

F-
[VIR-N

S

. )ﬁﬁﬂi&wmz
&

%
=N
T

—
)
=3

FE o
(a) IEH HAL

BB R R, T LB A A B WA D0 A

N T 2 AR B R 0L ) B AR
THAR/INEAE R, 85 PSD REARIEHE BEA T Bk 51
SYRIREDT, SEHRFRELAY PSD-TARE # 2k an &l 6 fis .

10.28 nmy, N AN m N
236.4%28335 $H1.87 35698 M76W2.88 468725'181.50

o

S5t 5 B W/m?

7 fm
(b ) Gl

IS5 Ak IE 55 R A P D X EE

Fig.5 Comparison of ultrasonic waveforms between normal and defective parts of pile body
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Table 2 Statistics of ultimate bearing capacity of each pile
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