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Change of Thermal Images of Lumber Including Knots,
Finger Joints and Metal Plate Connectors

Minoru Masubpa and Shingo TAKAHASHI
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A B IR A WA, ReEEFRETABLE, S, MEBED
PIETIE R FTRIEE MW TRET 22 Ll >Twh, THRIEE L
THEEES B TFREEZHVCTVS, 5% TRMELIZZAL DIV N
(el A5 %UT LR BHMEMTHY, AHOLIIESDEOK
EVERTIE, SEE L ) S D IRGEATREME PRISHE) LT
BRI SN T VD, IELDEMWKREVEAD 5 % THRIMTH S
Do, BEAEOHIZE o ThRNELEMIEI N/l o TV B,
22 THHHEMICIREZ P LRSI T EITE LR 6, i
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WA %A B THS ) o FWM L —F 1 ¥ 7B LR, BED 0 1 gnamobtmni
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Y rREMEOHENSY Y FEROKREWHIFREDREVELI L HirbhisTwbI L
P L CERT T A HETH B, LA LERDIS, Yy rREMEOMN RT5H

B LS BV LIRS T, I L o TIZAMMREA06TEE Lo A photo showing that a
WAL BB Pl R TIE I OMBRMAT R IR 25,  knot is a part of a
X o B AT R R B % IEREVC TS 5 5 id e v branch enclosed into a
B3 He FITHEATON, MY ELAMICHES 5 FB L CRkgg  trunk and a branch ie.
kRO AHETH D, Wil Tidh ¥ #ESPF (Spruce, Pine, Fir) @ knot starts from the
HD4 ¥ (3emx85cm) %V 7zl FHsE AN & 2Hi/ERo%  pith.

BAZOVTHE L7275, I TN YA (45cmx10.5cm, Fkd)
B 2 ROEE LT R TSR T R o 0O THET L. /2, FL—F 1 YL REE
BB LAVA, 740 H— - TadrbRAy L FL—b 37 2L BHEEHTOIRMET)
oW TLHBLLOTHET S,
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PR (4 VA bu B, EFE8502) BH
v, b—=% VA8 60cm, W= FA2%¥20cm
Ory P4 X4 HINT T o7 (Fig.2)
BT 13200k g & BkG L 5 Hz TH00E
7o, 200kgfTOMEE LW TViol, f2bai

(Thbb, WE) WRELRBIIHEST, B
BB ME AR OBIR S & Bk % Fig. 3 1R
T LI 1T HzE THRT W 2o RBEGAT (B :
W) WERY =T V=3 (HRGRZR 505 omin L 4 Sy RRomT
B, TH-1101) ZWWTIT % o 2o WD A photo of four-point repeated bending of lumber in- ‘
EHETHOPEENTHLOWEMEICE  cluding a knot.




116 BUREHGo ‘98

P=1200 P=2000 P=2400 (kgf)
. - [Ef#% compression edge C ~ 1
SHz 443 2Hz x Mz w3138 tension edge T Pt
2 3.8 p ——- 38 neutral axis N ‘
~ a8 —~EME in the knot |
m4k/ﬂ\\v ”
o
© | Ve
o
:3 13 ___,(/k
: A -
S 128 <1 /—\/
ol
12,6
12.4 4

0 500 1000 1500 2000 2500 3000

R LUHE (kgf)
Repeated load

W E P mex=2973 kef
Fracture load
Fig. 3 BIRMNAMRELL < 1A 5 WA o6l LIRS B b & il il o gk
~ IR R R T,
Photos of temperature changes of a lumber including an edge knot at the tension side in repeated four
point-bending, and a photo of its failure in statical bending.
Arrows indicate positions of lumber edges.

TR L, %WW@MW%*l%&LTWWLtoit,@ﬁ%&%#%kwo%@/7v—
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BRSO B % Fig. 3 RO 4 IR T, Fig 3 1344508 (edge knot)  GEHD OBITH 5,
1000kgfD & 7= ) T b bAMNGIS I TL20kgf/cm2 D H 72 D S HO & B BRIME CRENBE SR
7ro HRMEENICRT & 5 122973kgf THIE H D HEIN 254 L, MO RIEH360kgl/cm? TdHh »
2o LTI C O EMIC X A MHEE A T M ORI BT O ANRELE { B
fﬂ??é Nhe MIEMIZH L Tid50kef/cm? W THMEEIIZA S O TRV THEMIAE L 5,
BTG & R L2 IR AR O S RICER U T, ATES OIS L 2 BN R O EN S R
HENB T T T L2 MULERD D,

Fig 4 35985 (center knot) OFITH 5o HREITIHIE Y OIS, RWIFE T
b TORBMIZBEB I NG d o7z 7113000kef3 % b BAMRIE ) T360kgl/ecm2I BT & 95 R { i
PRI BVTRE LAV SN2, oL ) TP i BRIz M S, B L s
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Fig. 4 Wdefiintd &8 & o#uR Lo fE 5 Mgt
Photos of temperature changes of a lumber including a central knot in four point-bending.

BB ERE G O#EZ PR o Twb,

2. 2 #MoRUREEMICRE D A Wk o simig gk

PR IS ERREAR &, Bk UBES L2123 mm
WO A NR Y TORERERELTILENH S, 21
Vo U CHEE S B A NS CRERIENFE 2D L
PHTE, HHTOHE LAWNEL TH Do Fig 5 WRTH
HETHGE URUEM N & T VB E AL 2 B8 L 72, Fig.6
CHRE IR A A OMBELL AR Y, 6000kgf3
% b IIERRIG ) 127kgf/em 238 9 7 SR BV TR
ERPMBEENT Fig 7 ICPRIHOD 6% R T, Fig
6 VI U TR LA LA B v, 7000kgfnd 7z b 474
D E150kgl/em ! » LI D 2B W THE R EE FASBIE S
7o EARCBC T, PRITOIR ) CORELAANR oo g e S
SNBRPMTHRER L Do ZOZ Lid, MITRMDODD A jhoto of repeated compression load-
SHBCHEHSNAMEMTFAW T L—-F 1 2 721749 ing of a lumber including a knot.
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Fig, 6 #ull LTRSS DM@ colE2L
— IR AR Y,

Photos of temperature changes of lumber including an edge knot under longitudinal compression.
Arrows indicate positions of lumber edges.
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Fig. 8 il TN BT 2 E - BRIROBI & RY, AW LIRFIZE o TRSN DI E L AT
U&xj»—fth,w~7?%intux-Liwﬁuikbfﬁl$wﬁuﬁméﬂét%
Abhb,

Fig. 9 ~1112 “WE - RO A 7Y YA« b=F L) RdAHELAMIHEI TR - AV
L CEHEPHTO EREE GURN L ORIEE) " LOWBRERT. Fig 9 ZH M Ol
BRI BT A EN - BTk T AR ) ON—THZANF L EAREOWFRERT. V-7
I ATA  ZANEWRKEWEERENEL 2L b5,

¥ 72, FiglOR OIS, Mok LHHTEMIC BT B0 — TR AN F L HE LAOMMAERT. Figlo
ORI, IR TR L RSOV —THIAVFTHY, FiglIORMIEIMZ AN L TR
D 1ESON—THIZAINETH D, MEHEEZLPEAERL, SBEREREVIZRDOLN
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Photos of temperature changes of lumber including a center knot under longitudinal compression.

edt, MRS B LIERO A V= THO AN T T HIRE AR E v, SRl
Mg U CEM O F 2, Fl—WEICN T2 BMEIVNE KBl (5Hz) TRWTLZEMTE
7eDT, HALREE A2 ) OFEBHHE L7 NI OBIMAEN AN E ozl b EZ OIS,
HiFicBnTid, FEHCRT 2 e HEOHIZbAIKE L, BFRIZBVWTSHZCAN L TW
Th, SFETIRRBREOMEERORED S 5 HzA WS T &9, fmime & b1 mEE Mk
u&iv?ﬁrwéo%wtw,EML&&?ékﬁﬂimwbwmmﬁA%<,rTu&ﬁ$é
{poTwd, TOZ LG D MIGEE RN 2BICIBILHRRIZE T REBERNTTHLH 2
EWbhr b,

CAFUIA =TI2EB0R  ZANFERBREOHMMEAE NI E0s, MICBBENET
B0, WE-BHHHBOCRAFY VR =T MREIEICEIVERS T2 T LI LELR
THE TR VW EAVRIBEN, T7%bL, iy 7L eAF YA - 02 - ZAVFOMWE
HVTHREETIL, MEORILIATL—F4 Y VOREEZMD HiETH B, SHROBM LR
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An example of a hysteresis loop of a load-deflec-
tion curve.
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Fig. 10 %M L A B 5 I - ALl o
W= PRI A X L RN P ERO UL OB —
SE LM M B f o & — #FIE — 20 2 s
Kby

No 3R U213 F N-ENFig. 6 KU 7 & BT
Hbo

Relationships between "temperature rise in re-
peated longitudinal compression” and "energy loss
by a hysteresis loop of a load-deflection curve ob-
tained in static compression”.

No.13 and 22 are the same specimens as those
shown in Fig.6 and 7, respectively.

Tenperature rise
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Energy in a hysteresis loop
m%p A = AL N — L RV F 26
Yo IE D WA — MR LI TEET, - %
FLl# e IS SR 7o Ty A B
Rh OB i = 2697, No.2513Fig 3103

TP E R~ TH %,

Relationships between “temperature rise in re-
eated bending” and “energy loss by a hysteresis
oop of a load-deflection curve obtained in static

bending”.

Numbers in the figure indicate specimen numbers.

No.25 is the same specimen as that shown in Fig.3.
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Energy in a hysteresis loop

Fig. 11 BWE L~V BT 50~ B 8o
Jo=— TP AN LRI PO BLIE & OPIR —
R LHEE M AR O G — I ~ 20 AR Mk
LB R 1A

Figlo &M,

Relationships between "temperature rise in re-
peated longitudinal compression” and "energy loss
by a hysteresis loop of a load-deflection curve ob-
tained in dynamic compression”.

Refer to Fig 10.
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3., MERLEMICES 74 v — - YVad v boBMWHEL

Wik A 4 MR LIFIE T 12541 2 SR BIEIC BT, 161 - T A OMRAIERIE & % 5
WA THMMABBINLY, IO LERATRE74 VA~ Val ¥ (UTFTIX, FILW
T) BT BEHEPEAEITH DD, WL ENFTREZELONSD, UT, HITKTEM
BB BEHE AL A B L 20 THIET 2,

3. 1 HSELUMNFRMICHE ) FIOMmiGLL
Fig. 1212 & EME I W FIDE R £ R T
BEREIIRADEIAMMEE 2L LHITLT,
B A75mm, ME3smmOBEMEE, N
Z23760cm, W~ K« 22330cmT 4 iy
BERE 1T 7% o 720 HuB LR (900kegfE T
145 Hz, 1000kgfLl Tk 4Hz) ZMABE,
Figl3l2R 3 & 312, FIRMNIMRE S DA LN
WIZ Ao/ 2ADT 4 A7 —HTHEE RS hg‘"‘]*; s m\f;—; R
Y, KREREMMBELLILPBESN N4y, FE O 75mm, S 35mm
Do DWTIEMMAEE L T T 4 ¥ W —TH A photo of a fingar jointed lumber(FJ) used for the

- < experiment.
HRMANE S ) RANET TS (Figld) o Douglas fir, height:75mm, thickness:35mm
AMBIIEWIEE I = - 7 4 VA — ORI

s

Fig. 13 #0E LIy AR S Flo MGz
I — 7 1800 (gf(lSBkgf/cm ), % F:900kgf(206kgf/cm?), #i1:1000(229kgf/cm?), 47 F:1100kgf
251kgf/em?)e FEIMA ORISR &R,
— (AL 7\"iI~ o
Photos of temperature changes of the FJ in repeated bending.
Bending load--upper left:800kgf(183kgf/cm?), lower left:900kgf(206kgfem®), upper right: 1000kgf(229kgf/
cm?), lower right:1100kgf(251kgf/cm?). Figures in parentheses indicate stress at the edge.
Arrows indicate positions of lumber edges.
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Fig. 14 UL HEFRAFIES F ] omBEZLe
Fig. 13& [/ Ltk

An example of temperature change of different
portions of FJ in repeated four point-bending.
The same specimen as Fig. 13.

TH:hot portion at tension edge, CH:hot portion
at compression edge, CE:compression edge,
NA:neutral axis, TE:tension edge

Fig. 16 #u LR

AR LRI HE 5 FT OBk (%51
A photo of temperature distribution of a FJ in
repeated compression.

Temperature
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Fig. 15 #ul LGFRMISPES F ] ol gsl 2
(F ] OB RAFRME)

Another example of temperature changes of dif-
ferent portions of F'J in repeated four point-bend-
ing.

Adhesion of this FJ specimen was better than that
of Fig. 14,

O BABBMEMH

—a— E&LE
[ e pLEACL
—a— H#%RE

e
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i
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&
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15
0 2000 4000 6000
BB LNE (kgf)
Repeated load
Fig 17 #6E LIEMEATIZ0E D FIo g2 {e sy

An example of temperature change of different
portions of FJ in repeated compression.

The same specimen as Fig. 16.

MH:hottest portion, LE:left edge, CL:central line,
RE:right edge
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bBIEHAKE L, R RFMIE - TR UTnA I Ldtbhh b, Figl5 i oaEikol
EHBTHEN, 74 W —OEEIRL, REGWEZTHABATH S, 1400kgflzZzoTED

2 CHEMIIC & BIRIE LA ORISR D IO TV 5,

3. 2 HEUSHEMIRAT ISR ) FIo Mg L

Fig16ICF] D8l LMEEM (5Hz) & o THEUZBELRBHROWLRYT, EONEL 4L
A1 IAHT, 74 YA —HFMORE-E AN X 2 RMPBBE SN HAWIT L 25
DUFE VT IRMME & B2 b R ST, CIRAITRBEDS LAt o THT CREFASFig 174 ) RTiith
bo RO ORBEIZE TS, PABKMBESNL,

Dk, WFROBEITEWTHBIGRBIEL, ISHSHMOMmEL V) L0, Mok E s
DPFBITHELTWDEER LI,

4, BELBEMIZEI ATV - L= - a7 ¥ OMMEE(L

SHOEBICBTHNZAS L - T L —
PRy MTFTEMCEMT) 12X B3
AP EFigl8IZiRY . HlviMClE=A 5 v 74

(IH¥Fx > 754 ntl) #, M20 (JE71mm,

K&178mm, JE2095mm, A v FHMK,
o & WE85~90mm) Thb, B{B-T
Wa oWk, MCOSRMTORYZMR 572
B, BEICMY LB~ Y 2R T LA Lz Fgld @illeicssr . 7rb—1F a7 (MO
BTh D T TR B T Jl']b\“f;:'ﬂ‘(iz ‘7";1/-—’-7‘0’) 2% 4 4%'(38“’}2?289“11:0.)0 ‘vlg
£, EORIRELOL LTHIL, Bl T poomin (W) . HOKS
BT B720 025877 L= A TR BATZ4 A photo of a metal plate connector(MC) coated with
T =LY LRV TV 5, black mat paint for uniform high heat radiation.

ATN—ZAD 2 X 4% (38mmX8Imm) % Lumber was 2 X 4 spruce(38mm X 89mm). Size of MC
MCTHEL, MCHIy ¥4 X2k AR was Timm X 178mm X 0.95mm(thickness). The tooth
24 BEF (h=#% 0 228250cm, T— length was 8.5~9.0mm and the tooth width was
F oo A28220cm) IS THBE LY & A 7= 4
F, FiglRd & ) RBEGBE SN/ W
FEHGIIZ P S LI Fig20l R ) TH Y, AT ERBIEKRE {, WL E R M
IZv, E7:, BIERMOAEBOSFFEMHUME VP LEVIRE L 2o TEB Y, EMHMEIHES Lt
Wiz b720, MCIZL BIEMAGHEIVNSOI L ERIELTb, £/, MCORSHMTIEEED
FHFITEWIEEOMEIEKRE L, BEDTHISHNLZ I EFHEINISE LR, FHBANS
{lbo FRONOMCIZBW T L WARESAABEINS (Fig2l) o WTFhors7ics
WTHHBE LM E & HITRACRES LA LTED, HAWEISRIBMIHEELLY
IFATORRTELRL, BIFEIZBTLREDHBBR SN, FWEZ0OD Y AATLKY
WL DM TSN - OFHRDOLATY VA =T IMEAWETICBWTHEL TV LHENTE,
BEMRL L) EEROBRTIHEHEERLTVIERLTILNTE L, SBOBIIRIE
KEVH, HERIITIEH &AM TE CARRROZFHILITBIT 2T NS OBEIGIZRALTY
BLEILND,

3.3mm.
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S22 o EgithRCC
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186 6 hiyARNR
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0 800
0 200 400 60 ® LmTmR O
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Repeated load

Fig. 20 #0E LHNTEATICHE D M C ol Z{es) 1

Fig. 19 & i Uitk

An example of temperature change of different portions of MC in repeated bending.
The same specimen as Fig. 19 (color).

——EREM bR CC
202 F &G RAPRTC
—— H AN L

20 F - EAE RN R
m 198 ~o—Ei LERU

c)

19.6

Temperature

194
& EMHmRCC

B5lEMphRTC
AhyvEiEHNL
X iy B mNR
0 200 400 600 800 O£ EBRU

@ -~
BELHE (ke G TRRL
Repeated load

Fig. 21 #aE UM AficiE 5 M C oz 2
Another example of temperature change of different portions of MC in repeated bending.
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ro 20 ~
£ 01 e EmmC
—n— BLER T
195
woth @ N
g
5 18 <
= &
A 1
§1m
g e
2]
= 18
175 175 ] ! s 175 4 et
] 300 600 800 0 300 600 800 0 300 600 800
g LwE e MELME D gogLtm o CeD
Repeated load Repeated load Repeated load
Fig. 22 SR UIFRARHICE I MCOBRELZ — MOREDTHICE v v 7S HHE

Temperature change of different portions of MC with a gap between lumbers in repeated bending.
ER G Fry Zhl, PREFyy T Imm, HE Fyy T 2mm

Left figure:with no gap, center figure;with Imm gap, right figure:with 2mm gap

C:compression edge, Titension edge, Nicentral line

BEMICBCTHIIE vy 7eRG e o 184 e mRLEHCU
KoWT L RMABB LR (Fig22) « ¥vv T ojga | EHERT#HCL
FHKE I EH IO E DI X BEMH S —a— LU E
HAVNE S B B reid, WOSEHAML, F 182 | .y FIHLE
BEPKREL BaTWAZENRTHENS, o 18.1

Xy 7OhMCHEASEZHELHIIE (5 5 #

Hz) L7 omiigR RES(LEFig23 & 18

(color) RURMIRY o RN REDTHITE & pg
ISR E , MCOME ViR B & 7O
o Tte HEEIRIZBVT S EE DI 178
BB GPARE) 1ZERE DA DR T Y
BT ENBY B, 177

17.6 X - ' '
BT A AT X AL S 0 200 400 600 800 1000
#E L E (kgf)
V=1 - 3227 ¥ 0II5HmlE Repeated load
5.1 st Fig. 24 #aE UHEBDRAMNIZME D M C i 2L s

PEOERTIEE LTIEN-0Failigie An example of temperature change of different por-

- . ; tions of MC in repeated tension.
AT z MRS .~
ATV YA Lo TELLRMEBME L CU:a little upper from the center, CL:a little lower

A5, ST, B T o B RS from the center, UE:upper end, LE:lower end

& o“CELZo?:&UJ&ﬁJZb?‘?N’)&%WL RN

bz ERWEL, %ﬂ yﬁ&lﬁ]ﬁi’}ﬁ“ég &

Lo TIBHDHEWEL LI THHED 28 A, ELAWRPIITNR LB U ch 528, AN
DI ALIT &Fliiﬂa:lﬁl@ BTSSR E T A IRE R LR e LRI T A8 & LTk



Fig. 23 #R L3 REAE00kgh & A /- Ba oM C
73 BRI

ZEDIFIIGEWVIZ E AR E v,

Photos of temperature distribution at MC in re-
peated tension(800kgf).

The nearer the nails were located to the lumber end
of the butt joint, the higher the rise of temperature.

LUK '98

Fig. 19 #ul Ll (amiicte 9 MC
DERMG AL

Moy sl — 72 1:650kg!l, %
700kgf, 471750, 477F:800kgf,
Photos of temperature changes of

the MC in repeated bending,
Bending load--upper left:650kgf,
lower left:700kgf, upper
right:750kgf, lower right:800kgf

Fig 25 #EEIANC & 0 sReb e M C ool F R
ERTFIGE OBIEAEITA — MOLEDTFHIIF v v
TOLVYE
SO & LBIETII ORI DT Ao
e mMe I ENTE S,

Distribution of temperature difference between
loading and unloading of MC in bending measured
using thermo-elastic effect--no gap at the connec-
tion.

This distribution is thought to be almost the same
as that of stresses in horizontal direction.

Fig 26 fwjfif' UL & 0 SR 72 M C o8 | A I
IT‘T"T“J DB AT
Y (T

FID NEI A

By U IREH
PREE B ENTE D,
Distribution of temperature difference between
loading and unloading of MC in tension measured
using thermo-elastic effect.

This distribution is thought to be almost the same
as that of stresses in vertical direction.
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Summary

Aknot itself is not a portion of stress concentration. But a crack often exists in a knot or around a knot,
and bending and/or compression stresses will propagate the crack which will often become the origin of
ultimate failure. Stress-strain relationship at stress concentrated portion shows a hysteresis loop. And
heat is generated according to the loss energy of the hysteresis loop. In this study heat generation was
observed at erack tips around knots and other defects of lumber in bending and also in compression using
infrared thermography. The amount of the generated heat can be magnified by increasing of repetition
number of loading.

An outline of stress distribution can be observed using this hysteresis heat generation thermography, and
the stress distribution in a metal plate connector(MC) was observed in bending and also in tension. The
nearer a nail of MC is located from the butt joint, the greater the share of load transmission distributes,
This was also observed by another thermographical technique under repeated load using thermo-elastic
effect.

According to the results of this series of tests lumbers including defects with high stress concentration
showed large hysteresis loss energy in their load-deformation curves both in bending and compression.
This fact suggests that measuring not only Young's modulus but also hysteresis loop(loss energy) will give

more accurate stress grading.
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