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Abstract: [Objective] As a key load-bearing component in building structures, defects in engineered
wooden columns will directly affect the structural safety and durability. However, traditional non-destructive
testing methods have certain limitations in terms of detection efficiency and operational space, making it
difficult to meet the practical requirements for inspecting engineering timber columns. Currently, the layout
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I Fs B #A: 2025-06-05 f&E HHA: 2025-08-13

EE&TH: #E bR H (201909012)

E—EE: LR K. EERFIT A ALK . Email: 13120482398@163.com  Hidil:: 100083 b 52 17 HHiE X i HE R B% 35 S AL Rkl K
2T %R,

BEMESE: KELL, #8%, WA, FEHFAITE: AP TR . Email: hjzhango@bjfu.edu.cn  Hiik: [ F.

Z5FRI4iE: http:/j.bjfu.edu.cn; http://journal.bjfu.edu.cn


https://doi.org/10.12171/j.1000-1522.20250201
https://doi.org/10.12171/j.1000-1522.20250201
https://doi.org/10.12171/j.1000-1522.20250201
mailto:13120482398@163.com
mailto:hjzhang6@bjfu.edu.cn
http://j.bjfu.edu.cn
http://journal.bjfu.edu.cn

8

R IR W — R kAT R o AR P A S R )

183

columns lacks systematic theoretical support, which restricts the effective application of ultrasonic guided
wave technology in this field. Therefore, there is an urgent need for in-depth research on the propagation
characteristics of ultrasonic guided waves in engineering timber columns to optimize the layout schemes for
excitation and reception. This paper aims to investigate the propagation characteristics of ultrasonic guided
waves in timber columns to provide a scientific basis for layout schemes of excitation and reception in the
non-destructive testing of engineering timber columns. [Method] First, the propagation modes of ultrasonic
guided waves in solid cylinders were summarized through theoretical analysis. Subsequently, an ultrasonic
guided wave detection platform was built, with Pinus sylvestris var. mongolica wooden sticks as test pieces,
to carry out three types of tests: single-point lateral excitation, multi-point lateral excitation, and end-face
excitation. The effects of excitation-reception point layout on signal characteristics was systematically
investigated. [Result] (1) Whether excited from the side or the end face, both flexural mode waves (F-
waves) and longitudinal mode waves (L-waves) were generated simultaneously in the wooden sticks, but
they differed in their dominant positions; side excitation was dominated by F-waves, while end-face
excitation was dominated by L-waves. Therefore, the excitation position can be reasonably selected
according to the detection requirements of target mode. (2) In the case of single-point lateral excitation, the
greater the distance between the excitation point and the reception point was, the more obvious the
distinction between F-waves and L-waves was. Hence, during detection, the excitation and reception devices
should be arranged at both ends of the stick, or the distance between them should be increased as much as
possible to further amplify the mode separation effect. (3) For multi-point lateral excitation, symmetrically
increasing the number of excitation points on the circumference of same cross-section can enhance L-waves
and suppress F-waves, and the suppression effect can be strengthened with point number invreasing.
Therefore, if it is necessary to excite L-waves but it is not possible to arrange an excitation source on the end
face, a symmetrical excitation can be arranged on the adjacent side of the end face. (4) In the case of end-
face excitation, the ultrasonic guided wave signals measured by the guided wave reception points on the end
face or its adjacent side were similar. Thus, when the end face is excited but it is inconvenient to arrange a
sensor on the other end face, the reception can be performed on the side adjacent to the other end face.
[Conclusion] The positions and quantities of excitation-reception points have a significant impact on the
composition of modal waves and their amplitude proportions of ultrasonic guided waves in wooden sticks.
This characteristic law can directly guide the design of ultrasonic guided wave detection point layouts for
engineered wooden columns, laying a methodological foundation for subsequent non-destructive testing of
wood.

Key words: nondestructive examination; ultrasonic guided wave; wooden sticks; excitation-reception point

layout; signal characteristics; guided wave modes

ARMAERN—FIRIR 25 AR TREM R 722
Fb TR 5t b R 5 AR A, O @ S i) K
ARFENE £ 58 o ) A b (A 2 AT, FEE ok
TREH FIARBEREALD . JUH A UL, HAR S
% w1 S A SR, R AT T AR AN
A BT PP Al S5 M 1) 22 4 PE A ATE, S RE A IE AN
TRIP TAESRBERLZ K . AT, 1% G2 MR AE T HiA
WTTFAFAETE Z AL, BRI RCRAR, BRAE 2R H
SROREEM, M DA A2 AR AR AR T A5k 14 5

LA, P SRR Ay — R e 2t 1 e e
WT7E, fEE R ETE . BRIl A PPRR S T2 AU

1FENT B ORI FH Y R A A 3R R B0
LIRS L BENE SEBLVE B = BRI AR
R o 4514 : T YL PR A xR e A A 1E AT
LI, SIBIL 5 A 55 JB nkbR 2 1R 5 ) A R
JEE € BV VE AT AR TIE R A R R R T T
B F LA AL 47 PO 2 B AR BE 5 Chen™ 4% MIIE B 1 41
SR8 P A K A T R I /e ) e R
XL TR T 5 G AR AR T AT AR I 1
PRt 1S D, (R AR ) S 1 45 F AN R 2 ik
e SR 7R ol FLAGH DM X P2 v T < S A RL . H R, S
SEPAE AR AN T BB FEATS AL TR0 SRR B B B
EERTIPIEZ i N AR i e R PR L UF



184 b = Ak K % o R 47 %
Veres SOMLLIRBTRERIE TAMOTUSE, A Wi g g
Dahmen ZE0UF T2 M CHOMT b IS SOOI \ A p
AREF B o B, AR, Li Z2UUH1 Bakar 2512143 J _)[,'\," Y ,l\/(\,(\,ﬁ\,‘\,)\))}/ ))

BT 17 P A AR FL AT RIACHE o 2 T R
(NS Tl 7 AR AR AP AR R ORI (KR id
AT ERES . R FEER R IEN A+ TR
R, 1 BT 55 2 LI A T AR AR TP AL HE AL
B HBLS AU . AR, S PR TR 2k 2 A2,
ARHEI JUAT RSE S MR E 35 0 M B s 5 A L [R] FR
il 1 Bl A R AT B A a], IF D) T
FIOR S AT ) T AR A o AL, DA — 20
A Je AN ST A SR ABRE (R O B, B S B 3
BRI AL N e R AT o MERFESZ RN &
BEAT B R B A e A K BR B A T4 3R
Pt LS AT DA 7 5 8 T T AR T o A ) B2 58
AT Ao

BT R R, AT LA N R AR B
B IF, 5 R G0 A 75 S A S B A A
AR AR s B T 1 68— 5 S — R A Y
B BRI WAE S AR IS, T e S
PP ICEORHET 2 T REAHE [ e 45 e TR 22 00 2 14
TR A 5 T AR .

1 B § oA

L1 B SRESCEEEPHES

2N 7 R LT B AR R T I, AN R L
P s A AT AE S R AL AR A R RO RS L,
m) 5B MEZ Fln, m) R D, H n R
JE TG m SR o

23l 5 ] 3 BT S [ A AR i I, T B
RAEI R T . B2 45 T IS TE B A A4

B ST RS R
Fig. 1 Schematic diagram of the formation and

propagation of ultrasonic guided wave

P AL B 7~ s &0 s R B O T D R R, A
RAEATART F BE b 00 JA el 2, AN A A% 1) AR B [ A7
, AR IR ZNE . BT AR 2R FR, H
JA YL n =0, @ HFILAE L0, m) .

2 3 b A AR A SO TR A A TG EL DR B
WU, BRI S Sk A X
TR P A 15 9 00 J53 R A 7K T2 Bl A ELHGE (@ e R
RO, W EAY R I EE B [ (AR AT AL RS (A 3a) .
LIS S E MRS s d B EEAE R M.
1) B AN T ) A R RUDL RS s A7 e YA RIS K
B G 052 W, 36 23 77 AR T S8 1 A 1m) g5 &1
(F 3b). (R, 25 A As AR AR 20 A J Il A 2
n=1lo MW, A n=1 B HHE, B FO1, m)
A

o T SO [E A A ) T P ) — AT b, DAL
A5 2 RURR A7 351 AR [R) 60 79 st 5o AR S8 il 0 %o R Ao L 1
JoR R S A, AT ST Sl AR (] 4a) o
A7 1 [F) — R Ak T S e 22 s X R U 538D A )
B AR S AR PR FE— B TR s i B — 2D 1
58, 2 HH B S ABA T T VAl £ 2 ] A A A A T o e
25 4b).

1.2 KREESTE &L

ST ARM R —Fh & ) AR, B AE B 5T A b

fRT A6 N IEAZ 2% ) S AR A o LA B SR AE 3 A 3= il

T —

VW

b Hhiliz 5l

K2 Sl B S R A SRR R

Fig. 2 Schematic diagram of longitudinal-mode ultrasonic guided wave propagation in a solid cylinder

a ) AT B R R T i B

b iz g
B3 sl BEAA T S SRR B A

Fig. 3 Schematic diagram of flexural-mode ultrasonic guided wave propagation in a solid cylinder



8

R IR W — R kAT R o AR P A S R ) 185

a PR PRI

b Z KON BRI

B4 (TP 5 B 20 X BRI N R A T A 7

Fig. 4 Cross-sectional displacement diagrams under two-point and multi-point symmetric excitation on the lateral surface

77 W) B EAHMIE, 3 A 85 M4 A AR (LD &
[ (RYFI5Z M (T) o Horp, Yhn] L 2 HE AP S EY
e HEA T 1), 28 R ONIEE TR T, 5%
m) T M SEEA YT BT AR A4 = ZE I HES,
143 FLNSLT7 7] 55 45 [ () e A8 B A 7 2 3 22 5
T &, A 55% 2 BN ZE SRR/ Bk, fEAR
TE 5 PR AR T84 Ak B SR MR 44 v ) A4 RS,
TEREW S 1] R PR A LR, 8 75 3 AL 7 2 3
PP R A RS R BT, 1Z K R WD PR,
KOORNCA BIfE, 7T HES: A 1a) 1Ak
NI R EREE S, Hd Eve G4 € 7 R B
P IRBL R AFA LR BY DI & o | T RO &% 1) [ 12
MEHER R 55% 1A B 122 MEReAH A, DR 0 2
Er = E1> vir =virs GLR =GI11> B e 2 RN
PEHRE S, ATAS (2D BT~ 19 T4k 2 B RO . AR 4
WIFEAERE K SR EMM S AW HEIER LR,
K=S§".
TR (1)

1
- _VRrR VIR 0 0 0
EyL Ey EL
1
MR 2 WRT 0 0
Er, ERr ERr
VLR VRT 1
JURCWRE g 00
Er ERr Er
S = |
0 0 0 e 0 0
GRrr
0 0 0 0 L 0
GLR
0 0 0 0 0 !
Gir |

2)

AT LA FAA NARIENT B, B EHT 500 kg/m’,
NEZHH T H 1, FEIEE GRS Ch B R
BN A L% ) (R, AR 2 1 480 8k
(2), I-1EBI GUIGUW-V2.2 #AEINZ il ds T Fa A A
(100 0 3R B 0 2 AR it 2% (P 5D [ Sa A A bR DA
kHz-mm R, 3& i TAT & AR T Fa AR & 5b
BEAA bR kHz, %R ELA% 20 mm HIRE T AARKE .

®1 EFRHBSH

Tab. 1 Material parameters of Pinus sylvestris
E1 /GPa ER/GPa Et/GPa VLR VLT VRT G1r/GPa Grr/GPa GRrr/GPa
9.171 0.832 0.832 0.02 0.02 0.37 0.607 0.607 0.146

i EL RIS [ B RER, Er AR A BVERCR, Er 5 A SRR, vig J9AR I AOIARA b, v J9 D0 IR B e D930 T FROARA L
GLr AR A BT VIR, Grr AT P BT DIBCR, Gre J9dm T P BT DIRCE .

1400

1200

1 000

800 |

600 |

BEVETE/(m-s™)

400 700, 2)

200

0 500 1 000 1500 2000

PR x [ 42/(kHz-mm)
a fTE %

1400
1200

~ 1000}

800

=
) 600

*/(m-s

i}

400

200

0 20 40 60 80 100
JiR /kHz
b B2 20 mm

Bl 5 AR R AR L 2 At 2

Fig. 5 Velocity-frequency dispersion curves for P. sylvestris sticks



186 b mw # kK % R

47 %

LR IR, FEARER Ty, ACHE o A A R O A
HH &1

2 MBS

2.1 KRERXGFEHREEER

H 457 ¥4 (Pinus sylvestris) 723 [E 16 77 @ 57
AHG A3 WA Tz —, it DUASTIE 98 AR A B A 1 R
WA TR . AR GE ZUE & N P id 8,
PR WME SR 1110, R TREE SR
SO FCE SN, A AR RS E 8 020 mm x
200 mm. {5 H b 5 Tk Ik A 7 YM-50 75 F AR #
KRB A R F 7K EHN 6%

T W R FL A RO A R HE O i
1% PZT-5H B P & & HL Fr GHT VL 28 2 4 i 8 75 %
WA B2 7] A 72 DA it P J0ah 5 A 0 3 I A% I
PeUSCas 1 o ZE R AFE R 5 TR R AR,
rp R R B B R A ELAR N 10 mm, JE N 0.5 mm,
J R R #E A RN 10 mm x 5 mm x 0.5 mm.
(53] T i) 5 . H R G A s A ) i T O U8 B 55
R s oS 0B S TR KRR
FH TR W5 75 A X B0 0 T, O T 17 2 A A A 0 T
AR B AT BE tH— AN PR AE T X 3, LRSI K
T RS, DE AT R ss A . R P&
o 502 IRACKE W, B FHAM 4 IR AT — UK
W, DAROR R L B SRR R [ 45 & . B 6 WA
() T2 PR ) 8 s L P R G 5 PRI IS T o 7 Pl 8 T L
() A = ZEHR S H N 2 i
22 HARAE
22,1 RB-FEBE

R AR R B 3 e R A S R R
o M B 7)o B AR FE NT 098 K 4 < (USB-
6218) KB KR Dy 2T KA (FPA101A) P % e H
Jr(PZTS). @ g ay BEinfa & HIE(DH1718E-4)
A EHL. WA LabVIEW i85 E L4905, 1E4%
TUFENA o B 5 B RS R ABIE 5 5 H i

R

ARFER P

HL I JERTGERTA

Bl 6 RFTRILE d kS T

Fig. 6 Situation of bonded piezoelectric ceramic patches

with different geometries

®2 PZT-5H BEERAREASH
Tab.2 Technical parameters of PZT-5H type ceramic
piezoelectric sheet

HISTAHHE PLREA RS BRIEBEC RPN

3400 0.62 220 650

F, # P 2R R UG 5, & D) 3R UK
20 15 )5, £3 BNEAH 50 V 3060 R AS 5, FF N
TEAE U 28 1 ) W e e v Ry b, SIRBE 75 5 30 1Y)
WK« RS 5 IRWUIR SE AR AR SR 1 e e
LR, TE -5 I A 3R 2 Hh B A W AR B0 A A S
ZHLE T8 B F R A L I R AR R A
K R A RSG5 e llos 11, H A 4 1) S B0 )
R, KA 250 kHz. BEJG, REFNES
S RHUVRE P REATTBOR . S8 PN RN S5 A 2,
& 2L PUE LabVIEW (R TRIBR L .
222 #EEEeyindE
B 15 5 % H T (Hanning) 7 3 1 (1 71 & 30
E52455, BB RGO FTR. WIEE 5 F i
B 2R, 7 20 ~ 40 kHz 2 [8] 2 [FIB 72 A4 F(1, 1) Al
L0, 1) M/ MBEAS ), IF HAE 30 kHz Bl i A5
A PIBEE A 2R . PO 2, &k B
30 kHz NS5, B 8 NEH RERBEIE T
fi e oy 11 R RSO E Son B
y(t) = %(1 —cos(zant)) sin(2mft) 3)

s fRIRIR, NRIR AL (ORI RIS 5.

PES ON
a kB BRI

=

b I T A R

7 A SRR SRR E A

Fig. 7 Schematic diagram and photos of ultrasonic guided wave test platform



8

R IR W — R kAT R o AR P A S R )

187

0 0.000 05 0.000 10 0.000 15 0.000 20
RS

K8 30 kHz 75 Tk s 5 &

Fig. 8 Diagram of 30 kHz ultrasonic guided wave excitation signal

223 MARIEI EA B 3T F AT 5 AR R
#iX 31X it

AHFEAE TR G5 0 v AN (] 152 FH 37 55 0k 788 P Bl st
S PR AT B A A F R o B0 BAg S 58
& BT B BUR RONE SRR, X s AR T
AT ST A B R E B AR LT 3 2%
TRIG, A0 A5 0 TH SR SRR B0 (T 22 A B i 5
i [Tl 5 o

£ @20 mm x 200 mm A AR FEAAF b, 7EAH
AT BB R G A P ) R PR o T R R R G T
AT, Jeit 4 - 9. Hip B /B U AL
Ep b d A BRI SR TN 10 mms R\ R, Al
Ry VENEC R, Ry b F Ry mpoCo R B AR 5 — i THT
9 10 mm, Ry« Ry Al Ry ALAH AR He H 22 [6] A0 R
N 45 mm. [BJE s H R R I TR R v, Eg A 9
Jih s, Re VBB . TR AL E, FTPE AR
MR T AP & L, Y S RGN e F R 3R 8 AN, 4 il it
A7 2 SR N TR B8 A 7L (BT 104 22 3D
224 FRkAzFeH AR

IR ERE TSR S, R
€ HAE T kG 5, 1215 5 RE RN, AT
FHBE (A5 5 T B —— 5 A R R R AR5 5
AbER . B, R SR R B E S AR BR AR AT
HEATREARIE S, THRE S IR AUER 8. AR5, F
FAERAE XS 5 34T HOR S /0N 2 e A ey e 908 87 55 Ak

., CREBNME A FBAE S IRERD, AT HETIK
By S I W SRR L, I LabVIEW 31444 ik
K100 £ o J8 /N5 G5 5 2 R A R AR 1)
NP R, DA BRI TR 5 0, 15 28045 M LU B g 18
WSS . % 3 B Butterworth TIR 7 3H €% 25,
H USSR B EEURAR 2.5 kHz, TR0
PRARAIE RS 5 i s
TEMITH 22 2T 38 B 70, A T W g b i
BRI EZ G B, & L BASEE 5. F—
NGB ESH, LESHIEESHE FESHIEEZ
tt, (D PR
VL
T
A VN LS EAE, Ve 9 F B IIEAE .
WAk, TEMITH 22 r BRI 72, A T B 4 b
X LY IR 3 B 00 A o LA DU AT SR, LA — A
SWAE TR F e e, LT I — b A B,
WK PR,

“

V —min (Vg)
max (Vg) —min(VE) B )
I Voo NAEFRE BINEAE, VoA SR IR EEE T A B
WAE, max(Ve) NIEEEEHE F o 5 OE, min(Vy)
NIFIREHE F b R ME .

3 HRG0H

T 22 e S

B 1A TR E, AR, Ry bW
WSS S5 . ARAEE S b IMATEHIZE, 30 kHz
i L(0, 1) JREE 20 850 m/s, F(1, 1) PREEZ L)
79 600 m/se & 11 HE AN AL FA I [A] £ 0.22 ms,
X R E 909 m/s, X S5AHHT 2 L(0, 1) 3 HIHE
LRI 3 AN DR BIA R 2 0.40 ms, X REE
THE 500 m/s, X HMHLI L F(1, 1) PRI A
o [RIEE, F(L, 1) WAEE R T L, 1), B TFAN
FKVE L0, 1) HAABEE A F(1, 1) 2 fh i, 305 3
FAIRR L AT F o pR AT UL, 00T 5 R0 38 7 A AR
HEEESA PSS LK, HF 5 ES, Sarike
W —E.

Vhorm = 2

31

PZT5

/\

&

45 mm

200 mm

45Smm | 10 mm

<
' a3 >

\ AR 4

9 BMREIL RN BN

Fig. 9 Schematic diagram of the position of each ceramic piezoelectric plate



188 D O NI %47 %
5.0 )
0
E, 2E, 4E, 8E, }
=25F
K10 By AR b Bk ey B s
Fig. 10  Schematic diagram of the number of ceramic piezoelectric 728 _
patches on cross-section at £ position —C-E,-R,
®3 HAEXB, KSKBEFRRTCE. HE ] ’
Tab. 3 Test type, No. and location and quantity of :W/WW\AMMNWVWMMMMM—
ceramic piezoelectric patches ]

RIGKH RHE WS BRSE B E
C-E;-R, 1 E, R,
U B A C-EiRy 1 E, R
C-E;-R; 1 E, R,
C-2E,-R; 2 E; Ry
W% o CERs 4 E Ry
C-8E,-R; 8 E, R,
T C-Eg-Rg 1 Eg Rg
S g R | L R,

«—F(1, 1)

0.002 0

0 0.000 5 0.0010 0.001 5
HiF /s
11 B AL B, AR Ry B S5 5 il B

Fig. 11 Example diagram of ultrasonic guided wave signals with

excitation point £, and receiving point Ry

Bl 12 25 T T E, B, AR R R R 2
MW AES. NENCSALT R BRI T 90 mmD K,
L5 F ALK S m LT w2 ES, My
o BEERBOS B E Ry(EEFU A 135 mm), PR
TR &, F G E 5, BEHRSES, % %z
& Ry(EEMR) A 180 mm), L 35 F S FEA 2y
ETT L, PEAHE O T B S B 25 2F T, Bl s %%ﬁt{&c
MR B ER, LS F i X 5 B .

3.2 MES

Bl 13 XF B 7 AE By BT E A A AN A
(RN s, Ry Bl B RS 5 o FREUCK LT
LA FESTIGHES, 26 558060 i A
EICRMZ(E 14, & B A% H B3, L

-5.0 s L L

0 0.000 5 0.0010 0.001 5 0.0020
Fif1)/s
B 12 BUihs By BSOS AN Ry Ry Ry T
R R A R S

Fig. 12 Ultrasonic guided wave signal diagram of single-point
excitation on the side with excitation point £}, receiving

points R, R,, R3, respectively
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F modes and the number of piezoelectric plates at excitation terminal
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