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Abstract

Because of the widespread use of concrete piles in engineering filed, the study of the methods of
concrete piles’ nondestructive examination has already become a research subject widely con-
cerned. However, the traditional signal processing methods, such as Fourier Transform and
Wavelet Transform, are somewhat defective in processing nonlinear signal or unstable signal.
This paper used the latest signal processing method named as Hilbert-Huang Transform (HHT) to
analyze detective signals of an integrity pile and a non-integrity pile. We verify the accuracy of de-
fect location by HHT method. Furthermore, based on the theory of marginal spectrum, we also
made a discussion about variation of frequency induced by different kinds of defects.
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Figure 1. CE-9201 Geotechnical engineering tester
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Figure 2. The IMFs and residual of signal #1
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Figure 3. The IMFs and residual of signal #2
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Table 2. The IMFs’ normalized energy and correlation coefficient with original signal #1
#2 E5 1% IMFoENEA—HEERSFEESHHEXRERK

Signal 1 IMF1 IMF2 IMF3 IMF4 IMF5 IMF6 Residual
Normalized 0.5834 0.2943 0.0798 0.0229 0.0180 0.0004 0.0012
Energy
Correlation 0.7669 0.6202 0.3320 0.1603 0.1031 0.0013 0.0154
Coefficient
Table 3. The IMFs’ normalized energy and correlation coefficient with original signal #2
%3 E5 28 IMFAaENEA—HEEERERESHHEXRL
Signal 2 IMF1 IMF2 IMF3 IMF4 IMF5 IMF6 IMF7 IMF8 IMF9 Residual
NOErr'I;ar'g';‘Ed 00884 05759 01852 0.0350 0.1043 0.0063 0.0010 0.0015 0.0014 0.0010
Correlation 4 5107 06704 05686 03972 03664 02944 00823 01098 01033 -0.0180
Coefficient
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Figure 4. The normalized energy and coefficient of IMFs and residual
4. & IMF S BI3—LEEESHEXRY

4.2. & IMF S ERBRRIEE, BREELIIRBRRHE

WRIEES 1 A0 2 347 EMD 20 T30 IMF 73 &, 7T LRI Hilbert A8 HefS Hh 45 5 (IR 5 DL K2 1%
AL, — IS, RERECRN IMF 2B S RGE S MEEMEZ . BFIEARSTh, EBRES 1K

IMF1, IMF2 %y (d—4kRE =47~ 0.5834 J% 0.2943), LANAES 2 i) IMF2, IMF3 /& (H—1bEE= 5
#°4 0.5759 J% 0.1852)#47 Hilbert 254k,  Firf5 Hi 14 5% i i B Az it AR AL an <] 5 A2 141 6 B o
DOI: 10.12677/hjce.2023.1212166 1460 +ARTHE


https://doi.org/10.12677/hjce.2023.1212166

IR &

(ueipes)aseyd snoaueiueisul (ueipel)aseyd snoaueiuelsul (uelpeu)aseyd

snoaurjuRISUI (uelpeJ)aseyd snoauejuelsul

<al._ A <o e lJ Hs $ 2 H<al: 8
I _ ; TEITITT 3 I _ [ i 5 s _ i s / _ Pl
| pmmmmmdm e e SIS S N I K (BN Y
[ Rt T 1 I//l 1 \M 1 Mw
R N Nl tet NI | BN i - 3 3
. 2 <o g = o Y o
s=ssZIIITT ———gEr— - SIoTTTTTT mﬂM 4,\le
......... N = =5
. o - o = el

L
Iy
'
P
A

4
A,

L o it
,...Ini“
4
I
b
U

~ L5 =
a N o =S g 23 8
ko E S Ei =3 "=
NS ~ N "
< ~eo gy R oy 2T T P I
2 ~< TEAT e EER S
||||||||||||||||| e ~o e i -
nnnnnnnnn [ S -1 <2 o et S
== = > O 3 =i

E
l

1
30

RS AL

N [s2)
g o o b
= g £ £
- —~ — — S = S
:nlv =T £ ..m < ERS © [y iyt putputputpuipet iyt~ — /m\ ° =
o i T o ot o SIDSSIEEEERRIIRIT g o L
- et iy ivllil il i o - Rt o bt kot i TTEIIIIIZIIIIIIITTT
he] e o c he] S~~o c .m e et { m .m e e o g
e s B Lo Lt ~ @© c R s = ~ @© c mnvayspip e v erioske st - < P i DT T T S
@ | -mesEsIIsoiToTTTET @ [ Tl > B sl IS W 0 TTTTTIzzaee-
< —esFssIIsiIIIITT ”lwrn 5 < e el S o < H.‘nn_w..vmhlm.nnutnn.nl © < R s o
semimm————m——— =D =-— S~ [} e ) R e e i
Q [T T s © ) =i © = e BEEE
m Tl m RN ._H\I_... m = & um R e it &
R Snlututntats ittt - PRI T = < 9 | i Tomhe -
:::::::::::::::::::: HE & S

NI
%y
15

1

Il

15

H
i
i
I

b
i

10
1
1
]

10

angh
vl

i
:
i
|
|
|
i
i
1
1
|
|
]

!
T
i‘

an

e o S

8 8 8 8 © 8 3 8 3 °

g @ & El < S

(Aw)apnyjdwe snosuejueISUl (Aw)apnyjdwe snosuejueISul

] :ﬁ!‘n i P g S-<
S| oo t==--- == S -
* *

o

o

=)

(Aw)apnydwe snosuejuelSUl (Aw)apnyjdwe snosuejuelSUl

o
1
1” :
Figure 5. The IA and IP of IMF1 and IMF2 of signal 1#

B 5. 52 1IMF 92 1 702 fIk
|
|
AN\
i

A e o
AT

2 1
ERE)

MBI BURELE], IMF 5 A i e 8 4 0 8 3 2 8L e AR R B s, 71

MAEAT, BERTIEE BB, X2 ET EMD 2R bR RS K BTG AR K E

e S

I\

51
g

L

distance(m)

P R RRRT AR
1461

PERPEAL B, A SCA S AT 1 ik

bl

N

Figure 6. The IA and IP of IMF2 and IMF3 of signal 2#

6. {55 2IMF 578 2 F0 3 BORRETH

ERER DRV S VA Y ]

o

f

i

I

bl

DOI: 10.12677/hjce.2023.1212166


https://doi.org/10.12677/hjce.2023.1212166

M6 FRETLLUR B, IMF 2 ERBR AALAEZ) 3.0 m, 5.5 m, 7.5 m PLA 9.2 m b EIARAL, MK 7
HET DUR I, 2SI R = RS, IMF A R BER A A7 7EZ) 8.0 m & 11.0 m H LB BARfL . X 2eR{g,
FIRESE TR S A ROARVGL SRR, 7] e R AR IR A8 SR R SO BT i) o T B i — 2D e, ks A
RO TSRS, 15 H B IMF 20 SRR A3 o RIS A6 1) Age 75 O U8, 75 H IMF 23 (BRI i
wE7, 8w,

x10° the 1A and IF of imfl

—IA
---IF

instantaneous amplitude(mV)

instantaneous frequency(kHz)

S the 1A and IF of imf2
4 T
S —
E IA
2 § —IF
= i
2 :: l
a, I A
T ]
[%) n H
3 i i
Y] |
2 O i )
S | A NP AT PN |
I S e
£ o 1 2 3 4 5

instantaneous ?requency(kHz)

6 7 8
distance(m)

Figure 7. The 1A and IF of IMF1 and IMF2 of signal 1#
El 7. {55 1IMF 532 1 70 2 HORREET IR B K B R 57 (5]

the IA and IF of imf2

9 10 1

=

0 5 10 15 20 30 35

25
distance(m)

the IA and IF of imf3

—
2 :
= \\ —IA
° - IF
=
!_l \
€ ; X
« I [HEC
| oo
B i Lidd
8 | [ :,l'l
c 1 Polbah
8 1 I
£ \:, Py
Al ‘ 1
D < WA et 111
c

instantaneous frequency(kHz)

=

S ‘

£ —IA
3 IF
>

= k/\

: \

©

[%2)

>

o

Q

c

§0\

& \'\’“x

g o-__ 5 = 10 15

instantaneous frequency(kHz)

20 25 30
distance(m)

Figure 8. The IA and IF of IMF2 and IMF3 of signal 2#
8. 155 2IMF 42 2 0 3 HRRATIEE R ARRTSZEE

ME 7 e LR, fE5 11 IMF 2 &= FIBER SR 7 distance = 2.9 m, distance = 5.2 m, distance = 7.2
m UL} distance = 9.2 m AbAFAE AT 5 0o TIAR SR MIAE REYE,  BEsm AL B Bt N AR AE — M o e KA, DR e As

DOI: 10.12677/hjce.2023.1212166

1462

TARTHE


https://doi.org/10.12677/hjce.2023.1212166

0001 HufiRAL B N distance = 0.5 m 4k, Kb w] PLiH5HEAS H 0001 SHEAEFEME NG 2.4 m, 4.7 m, 6.7 m 447
ESEH, MERA B ARENEG 8.7 m kb, 5 SEhRIHALANTE, RER LK 4,

Table 4. The comparison of predicted and actual defect locations of #1 pile
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Figure 11. The margin spectrums of signal 1# (0.5~3.5 ms)
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Figure 12. The margin spectrums of signal 1# (3.5~6.5 ms)
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Figure 13. The margin spectrums of signal 2# (4~28 ms)
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Figure 14. The margin spectrums of signal 2# (28~52 ms)
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