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Developments and Applications of Nondestructive Tests for Wood in North America
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Abstract:  Current developments and applications of nondestructive testing (NDT) on wood and
wood products in North America, from a literature search, are presented. Advantages and
disadvantages of most commonly-used NDT techniques, such as visual inspection, stress wave,
vibration, computer tomography, and acoustic emission, are discussed. This paper is expected to

provide useful guidance to the application and practice for using advanced NDT technology in

China’s wood industry.

Key words: nondestructive test(NDT); wood; stress wave; vibration; ultrasonic wave

TGI8 R FHE X TR T B AR
A EA KIER AP L 2R ET R T
X HAERERE AR T D A BN R ALY

B7E 20 42 50 ERFH, A R E R
B A EEAM T RER R, LA T L
B ARGIFR R, 1959 48 E T HERLHRE
P77 28 46 A S A R A R A B 1963 SEE R E
Wisconsin 28 In )55 — Ji A 41 4R R BT &0 45
EHE BRI RAM B R T2 B2
HKE.

B0 FAUG T R A B 0 RO B xR
M RAR G AT 5P, 2 50 BEHAR B
ARG B R AR (6 » 6 P & P R HEAT I I B

WHER: 2007-06-15; HHHHH: 2008-04-18

FHEME . 51k BRSO B2 5 R B1% R B “948” % /1 (2006-4-
C03)3“+—H"EFBHE X R IRE (2006BAD18B07),
fEHEN: RHEKATT—), B, P EARBEAMS TR ELH
Rk

THGIME B RAM G AT E. MFELANE
BRI S5 VP4 A S 45 5 40 8 » BB HE T DR A 5 5
By NIRRT RIA A BOB R BOEAT, B A K
LW RN F

LS AR F R EESEET FRATRE T
AT B A{URE XA 8 10 & P RESE AR 21T R
VAT 32 F A P ROR A R S RTINS XS AR b
FHA R 0 R B, AT AR SR EA BB A
Bt B AM B ROM AR, '

1 tEASEREN S EOH KR
L1 BEYmx

B W0 3 2 5 5 TR S ) T LA U Oy
B EELEI AL A S TR AU IR A | B 5
SR AN iy G R B O o X AR AT VR A 5 00
Forp—Fi oy R 58 A X 18 3L AR F B B SR,
TR MGG . ERE, % SR BARI At

050



Vol.22 No.3

CHINA WOOD INDUSTRY

May 2008

BRBEATIRM 54 LUK R 538 TAES M RHE .

BHRINE K BG4 5% % BT RA T AW
¥, BERTFE—FROEE. ZHETEREARE
FENZE,BHASRIES ERH.

i I S R S TN b = e
WS HABTCIR I 5 B A A (B R
8RR BRIA TG B F R — R BRI 5 ¥
1.2

WS TAR TR T Z Rof i I AR R4 B R AE
K FIEAM BT 2 T b AR5, BA
BHGE AR . ZEALE . T BB S R
BERE—E R, Bl AR, 58k, 3F
TSR IR 0 K 0 JE A B3R B FEAR 3 FE B R/
XFEABEIT S BRFERMIRIE BT &3
HMWER SIERE EENHRRRFHTTR
PSR EH A RS S HL B

AT R AR ERE R0 K
WEERWAT R MR MER 2. HTRDBERMSF
R » 4R B AR BUR AT A MR BRSNS T F B
B &AL B BB T & R .

BEE R ARSI RS E AR ER
RL A JRS I A5 KM 2 F AR KM B KR
T HRBIRIN 55 35 T v L PR A S A 2 A A
5i¥h.

L3 A

N [6] 4 7 B {6 R 00 A T AU 00 o o P B
FEI A A 31 (#3 20k Hz) B 48 75 451 % (500kHz)
Rk 7= AR Y R B8R TR F RS I (1~5 kHa), 72
At BB BIFHEEES B R AR ISR
R L AR, AR T2 R .

BT T B BAEAM P AOFE BT A
BRG AR Z 5 B AE S » & BLIE T B B A )
oF 1 B A% 1B L » B 7 5 3t T A A 3R B, D4R
AT EESAMERAMEIEXER. ERXF
A » e 1L 3 A B AR X AR A R A T 5 3 A
BLALHS,

FEA BT AL B B 0L 1 5 B (B 3D KD
B 5 AP RA R EIE R BA 5 BB AL B AR
- WS MRYEBE T LA ACRE 64 B P ISR A, A
THABIEAS S8 B ™, Xiping W 45 ST
T BRI TS S A A 77 s R R A R R
PERE B P 88 £ 7E N AR B o B A S HE R B R
16 B3y K FEE (m) A e [B) &9 1000 gus; 75 &1 48 41

. 6 .

H15 670 ps, 4 T M XKL BT E LK

FEHR#: T,=1000 D

M. T,=670 D
A To—RE ) K 142 1) 4% 18 19 i 6] wss D—JRUK
B, m, R IE, G R A 5 i (B T AR R R A0 A
EH, THAERBEM , LZ R B RA B2 .

Brashaw 2500 {# F 4 # 5 F7 I % & Metriguard
239A, Sylvatest Duo, Fakopp Microsecond Timer i
IML Electronic Hammer % A | #F 2R LT 3FAT -
EBAMREEM N EGERERBERRE
B R R P & B B b O K M BT, Sylvatest
Duo il Metriguard 239A A RMK, TENE S
A8 A A U s n SRR PR B FL R 5 X5 Sylvatest
Duo &5 Fakopp —#, thBEfEHH A BN

F K 1% 25 7R AN B b & FIR A 4m T300,
RESE ST ANE B AT A RO 5 T L7 I8 8 2 AR B
AR (Stress Wave Tomography ) &L &5 X Bk H
FIESLAR N EISWTI OB 7 2 o 388 5o 00 B AR
TS [E] 7 1) R A {0 B 1 06 T » PO o A R R e L A
Ja » P A= e = 4 RGO 5K R A PRI O

Gilber %1 SR B B AT SEASEATRI » TR
1 B W2 B AR B A R AR A7 SRR B A BRI AT
Bl 3E AR 000 B0 A A R AR R AL T AR AT K
MNe FERER A5 EA/NF RIS R A/ NEREFT;
B BARFEBEFASFANFER AR ATRE
HHREEN T ERE—LHIA.
1.4 @A

AR AR 20 HE 70 FHAKG DR E, 80
RPN AT AN, B AR HEA
FRBA R D, Zd T E R R, B S — 5
BRI BT R E S S8k H# » i#
AT RHE R B . R #9475 I 5 5 (1t iR) %
PR AR SRR T FR A I AR b 4 2 T Bk
W SRR A HI B R AL T RS KM £
Him g, 1 A TR AR RS R EL,

HMEENIR FEEPERWMEFRESLHE
B E. X FEmKET, Olivito™ % B, 747 41y Fl
ST PR R A & K RS8N ZEA 41l
ME L BEATATEE T M WA K. HEK
B<I8Yol} , P WAL B T UL, ERRE &
KEBITTHE K.

ABHAE K A NG R () 3 M B A A
S0 7 [0 e X 3 R R R R B AR R]. R P



2% £3M

AH Tl

2008 4 5 A

PR A A A B X B AR A ST AT R R
BEMEMR, BIFESOR f 093 hn» BUE D U
hn. Wang 57 ot B AN S0 A M A AR T F A
FrREN, I EEH SR ) 58 2 BEA B0
R FRRA L, HRLPR R 7
FTEUR T 1) » AU Y5 F R I 2

FEfE S4B b, Tiitta %0 R A MM (Bayes)
i, K-i548 i (K-nearest Neighbor) #i# £ M
#7578 (Neural Network) , X i 75 i K U J 45 247
TS, WO T T 0 A ) o (B T Y B R
S M REE-FEAREZESHTTHE. o
Wi R AP, 3 F 7 ik #0 BB AR S st 6 000 A S 4 O T
w2 O 45 0 T /IN T AL S B A Rk B 790,
Bayes g fl K-3E 482 th 2 5k 799041 7524,

AR BRI AR 5 32 R T4 H DR 4 R
RSB AR (s R R R T IR AR B R T
FELR R B » ey 35 B BRA B e A P 0% BB R R
HATRN, R FEERARPR.

1.5 @Exgt

RS RAB R M E N R KRBk, %
SRR VR R A AT R T SR 2 B 4 3
IR BT it & A LA B » LA S 0 078 X T B
Bl —F A BRE RS EARBIFS, L
20 42 50 44X 4] Kaiser 7578 = (W 5% Jodn ik, 60
FERFENAFAMAAEE SRR, Y
B A - TR B I I 5 e AT 58
TEAY FF R 5 AT AP RE

WREFRRFHAER (Opening mode) HIRA
KR (Mixed mode) JUiAA S FIRET M FF R F 5, 8
X RAHES R E RS, KRS ER R LR
BRI A A AHES B FAR A /A O 2 B RAFR
B RE A TR TREBSOFRFERL.
2 » BT 537 R SRR B 28 K b 4 R A R DA A 5L 14
FEAEEY . WAHEEAN, TRIBPHE RS
W, 5AB K S W BhA X fEZER T b, AR HEH T H
JKH LB SRS R B .

CFEAERBIF H I, Vun 504 H A T 0 )
BT TS » R B TF 34 BLAEAR AT % B
DX 4l 1 T 595 AL » SR PR 7S R S B AR SR M1 2% X Sl e
2, BE TR K 10 5 B R R A

WL, RS HEAE TRKEGHE R R ESH
WERTT L R I MR TRART. HE
DG S AL B S AB B Wk BT

57 LB S g T LR IE AT DN B
IAMATHZMEER BT MEEHESSH
ISR PR IR K 8 ST AT AR S S B AR
1.6 HEHBRREER

AN ERZEARCD R AR AT
KRB T4 30 4, I AR N EE T A
MM RA N RNEARZ—. F£ 10 FH#HTH
K& CT AR A NI BT, BUS T 80
BHER. AW CT BEAEAMTE ZE &, HF
HARRMNE T REA .

Fee AR A I A R 56 T Y [R)81,  Thawornwong
a0 7ok KA RIE AR & B, WA BB S Bk E,
WMREREHAR B NE R R PR E S, AMagE
WREPHEE, Fa e, YA R, ERES
FARREFEAN & IREFER, B REAZFN
BEm.

Erol &0 342 5 CT 6 i JFUA Sk B4 B B8 7, BF
R 7T IntelliPost ARG, ZFR%H 2 MERA
2R Se i TAE A B B AR (AR R IR AR B s » 88
e RG @SR R ; B AR AR RS —
BrEE R MR AIELIN , B SRR ARG . X R
B A F AR AR SR FEARD.

L7 HEXHeis sk

EASMEERIIE AR (NIR) BEFHAM LH
Bl i BE AR BB XS A ML 2 0 B RE &
KR BN TAL 3G A M #4774 . Schimleck
0D KA H BT By B B T B B8 T R T
Kelley %" %t K AEAAA IR T 10 B i B A b P AT
WS, F R ST AR R R T o B T A% B4k 22 B
FEEE.

LS, TR RGE JLAE R A F MDF # 5 H
B, A B T E SRR TRERNG S
R . fng k) ARC(Alberta Research Council) , #E5F
RABRO MR AT A= S A R i b T4
e, IEFESU FXBALE~PHRA.

HAB BRI B ATE BT R
FEESEE S, HER - BENBIR S

2 ERRNERAEFENERSRREFARE
2.1 JUSRE KT A TG A AR _
DERSHHERRE TR, ROTRE
B R B A R R A B RA RS HlES
A2, EEFETI AR St IR A X 4 F B AR
o« 7 o



Vol.22 No.3

CHINA WOOD INDUSTRY

May 2008

RO SO RAE B R IR

2) WG H AR S8 AHE B FT T €2 PR 1R 60
REI, MABREF YR RS TR, WS B
WA RRTIRARE . B TH ARSI R A 2
JUEE A BRI 1 B 0T AR R T4 8038 R
KRG T ARAS RN SRR LR SEA,

DXF CT HiA, B T TR Gt 5
HITE I B A HEAh WK L7 R L2 S A

DFGESRI N R RSB ARTE
AKHTRE 00 F 5 FUSLFR » A b AR DR FF e
TR SRS R PR R R X
2.2 EHRRMHEAG KBTI

Pt 7 RAHR I H R 5B B AR B
SRR, B T4 60 5 0 50 T ZE B
B EBFIOR R A S AR LT LU R A
S S IR A e T S
P, BEEMTTHRIOWEATFAMH Y
Tl — RIS I e AP

SRR BRI ) D R B0 BT AR R A M R
itk — TR 07 11 SRR K7
FH BEBH N SR, |

IR AT B TS I B BB R o
LR SHAREE RN RS B TR
S SE AR ER , SRR 5 TR A B Fee
PRSI

3 &iE

R ETERAR R 5 A 4L T F 4 00
BB, B, NEANGE R AL 4% R 05 s BT 5T, 53
JEAR B BRI B R ARV, S FE IR BRI R F) 3B
R P A » e 4% Fo JEACHG U A 5 AR B B PR A
Hrone, B E &R EFEA D F AKX E.

ELEBEMEAR BB REFLL TLRE
BB AR MAFEAGRAE LR MR, 35X
VR ) B S 7 O R BV 44T B R R SR
Bt Rigt R TRNS 8 KB R
PRI AR E R R

EM:TARMRAH L LARNELAEFL AR E
FEHR R B R FB A& EB A TS Ak

B30k

[1] Green W D, Gorman M T, Evans W J, et al. Mechanical
grading of round timber beams[J]. Journal of Materials Civil

.8.

Engineering, 2006(1); 1-10.

[2] Zhiyong C, Hunt OM, Ross J R, et al. Pilot study to examine use
of transverse vibration nondestructive evaluation for assessing floor
system[J]. Forest Product J, 2002, 52(1): 89-93.

[3] Pellerin F R, Ross J R. Nondestructive evaluation of wood[ M].
Forest Products Society, 2002,135-149.

[4] Wolfe R, Moseley C. Small-diameter log evaluation for value-
added structural applications[ ] ]. Forest Products J, 2000, 50
(10); 48-58. .

[5] Xingping W, Divos F, Pilon C, et al. Assessment of decay in
standing timber using stress wave timing nondestructive evaluation
tools, A guide for use and interpretation[R]. FPL-GTR-147.
Madison, WI; USDA, Forest Products Lab, 2004; 1-11.

[6] Brashaw K B, Vatalaro ] R, Wacker P J. Condition Assessment
of Timber Bridges, 2. Evaluation of Several Stress-Wave Tools
[R]. FPL-GTR-160. Madison, WI: USDA, Forest Products
Lab, 2005: 1-11. ’

[7] Gilbert A E, Smiley E T. Picus Sonic Tomography for the
quantification of decay in white oak (Quercus Alba) and
Hickory (Carya spp. ) [J]. Journal of Arboriculture, 2004,
30(5), 277-280.

[8] Olivito R S. Ultrasonic measurements in wood[J]. Materials
Evaluation, 1996(54); 514-517.

[9] Wang J, Biernacke ] W, Lam F. Nondestructive evaluation
of veneer quality using acoustic wave measurements[J]. Wood
Science and Technology, 2001(34); 505-516.

[10] Tiitta M E, Beall F C, Biernacki J M . Classification study for
using acoustic-ultrasonics to detect inernal decay in ghrlam beams
[JJ]. Wood Science and Technology , 2001( 35): 85-96.

[11] Vun Y R, Dehoop C, Beall C F. Monitoring critical defects of
creep rupture in oriented strandboard using acoustic emission:
incorporation of EN300 standard [J] .Wood Science
Technology, 2005( 39): 199-214.

[12] Thawornwong S, Occefia G L, Schmoldt L D. Lumber value
differences from reduced CT spatial resolution and simulated
log sawing[J]. Computers and Electronics in Agriculture,
2003( 41). 23-43.

[13] Erol S A, Lynn A, Schmoldt D L, et al. An interactive
maxhine-learning approach for defect detection in computed
tomography (CT) images of hardwood logs[CJ. Proceedings of
Scan Technique 2005 International Conference,.las Vegas,
Nevada, US, 2005: 15-27.

[14] Schimleck L R, Mora C, Daniels R F. Estimation of the
physical wood properties of green Pinus taeda radial sample by
near infrared spectroscopy[J]. Canadian J of Forest Research,
2003, 33(12). 2297-2305.

[15] Kelley S S, Rials T G, Snell R, et al. Use of near infrared
spectroscopy to measure the chemical and mechanical properties
of solid wood[ ] ]. Wood Science and Technology, 2004, 38(4):
257-276.

Griesa £ 1)



