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Abstract; A change of the state of elastic stress within a solid body produces small changes in

‘ température' leading to the emission of infrared radiation (thermoelastic effect) and the emission
can be monitored by the highly sensitive detector used in differential infrared thermography
system. Stresses on the surface of the body are in two-dimensional state, and the method of
stress measurement based on this technique gives the stress sums for the points on the surface.
This method is useful in detecting highly stressed areas in the object body and in analyzing
the positional change of the stress state. Some stress-concentrated areas generally exist in any
actural structural component. Strength of the components, especially fatigue strength, is ruled by
strength of the stress-concentrated areas. Stress concentration factor is an index for the strength
of such area and stress intensity factor is that for the strength of the component containing
fatigue cracks which frequently initiate in the stress-concentrated area.

A weld toe is considered as a typical stress-concentrated area in the component. In this
study, stress pattern analyses by differential infrared thermography were conducted on specimens
modeled after actual gusset welded joints, in order to estimate stress concentration factors and
stress intensity factors. Measured values on the lines across the weld toes were curve-fitted by
least squares method, and stress concentration factors were calculated from the value on the
weld toes, given by the fitted curve. The results were 20% lower at the maximum, compared
to the results estimated by using both strain gauge method and Heywood’s equation derived
from the results by photo-elastic experiments. It was considered that separating the stress sums
into two principal stresses was necessary to improve the accuracy of stress concentration factor
estimated by the thermoelastic method. The thermoelastic signal in the vicinity of a crack-tip is
related to stress intensity factor K7 when the crack is under pure mode I loading. The results of
K for the cracks initiated from the toes of gusset welded joints, obtained by using this relation,
were compared to the value calculated by the equation developed by Maddox et al. The results
by these two methods showed good agreement for in-plane gusset joints. The equation is not -
necessarily applicable to K values for surface positions of the semi-elliptical surface cracks.
Finite element analysis shall be required to evaluate the Ky value.

*ER 5 4F 11 A 16 B, RESHENEHITREE2ICEWT—HER
*HHMRITZEE Mechanica) Safety Research Division



-12 —

EER WA E RIIS-RR-93

Keywords; Thermoelastic effect, Differential infrared thermography, Stress concentration factor,

Stress intensity factor, Gusset welded joint

1. #

BRCESWICHW LM DEER, Z0Mh
DB LM DBETII N L, BEARERLEOH
EFoBEICL > TEEINSD, LT, ol
EFEEEOR NI MRELE TOERLTEBZ L,
FRXRRETIEFZHERBIRERAL, 20
RrORE % FFEICFME T 5 2 & i3, BmEEY D
BEMEPHFTLILETRELEBEIDDLLER b,

WMEH OREFMEE & LTI, B¥ENETLVE
BV FRERECRMEER %2 A w2 MRS
FHBH, INLEFVWTRIETAERVLLDT
HY, EPrRECETTIMMETRICIZRERLEY, F
72, Eond (034) 2RIETSHEE LT,
DTAY—VRBWIOR—RINTH 0%, HHEL
ERE Li2d oo hamikEBL 55 I iTRES S
2BV FHEEBERPBRICRS, L) %M

BE2HRRTIEELFEL LT, WE0OBGMERR

2R U 2RIMRE N EGREEYH 5, I,
WigH 27 BB TehafmERESM & U TEHR
T230THD, BIESFH AN L BFREBICZ
HiE e s ewkw) flfizh 55, HELZRITT,
FEEMTHUTE 2ZENFHEEE LT 5,
AWFETIE, 7V—VETEZHINTWE Ly b
BHERFPEELE#RABERFLLT, ey b
EHEMF O NIEECSmT 0D/ - %
FIMEE I ERAEEZHCTEHRIL, 2o#RIc
EONWT, L) LFEBRBFORE, FITEIR
B L EELBRCH bEHEERDORNIEPRE &
Wi, B EAPRELHAEOWMBENIEET
HEWAWKRKRBDOHEEERALDT, ZOHRIC
SWTEET 5.

2. HERE

BRI IR b N 2Ge, £oFEITIZE
HEALE LD DBRRBRELZEL, RED LW
IRET 5 (BOMERIR) . ZORER, MIEHsHrE
RECH 25 CRBERMAFRET S, EBOL
I WEHRERDGE, CORERIERLNHIMD
RILEDMICTIIWBOBFEIH D, REAHFRILT 5,

AT = — K, TS Ac (1)

ZIT, AT BRER(E, Km 3BEIERE L
ENeMECEBFNER T BHEMEE, Ao 3
o ZE{LE Ac DRITH B, :

L7etio T, RERLE AL R Bk thRm »
LR INBBHEZ ALY (FIMR) Z2RIET 5
ZriTk), RETHORIREBEIMS I LR
% b, ZHOBMEEFIEL 72 J1 FHEE L F MGG 1
ERRIEETH 5.

3. H#REBIURRFE

EERICHWIHEHE, E3456 mm DR 7 HK
R8I SB410 TH Y, ZDHEMIYIEE % Table 112
KT, SR ETRIL T, Fig. 1 IRTERKE L2,
EZRHEABIVENT Y FkFREEL 28R
DEREE R L7, BHBET 2y Ml VEIB %
PITL, EAE 4 mm OFEERE (JIS D4316) 2w
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Fig. 1 Shapes and dimensions of specimens.
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Aspect of stress sum for U-shaped notch.
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Fig. 3 Line plot throught U-shaped notch.
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Table 2 = K for notches, estimated by SPATE 8000.
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Specimen K Error(%)
Measured with  Ref.(2)
‘ SPATE 8000 or (3)
U-shaped 2.80 2.73 2.5
Notch 2.64 4.3
Semicircu- 1.95 2.43 19.7
lar Notch 2.19 ’ 10.0
Circular 2.16 2.39 9.8
Hole 2.01 15.9
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Fig. 4 Stress sum for in-plane gusset weld.
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Fig. 5 Stress sum for out-of-plane gusset weld.
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Fig. 6 Line plot for in-plane gusset weld.
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\Reinforcement

Reinforcement of welded joint.
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Table 3 K for cracks from toe of gusset weld.
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Stress sum for toe with fatigue crack (In-
plane gusset weld).
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Fig. 10 Relation between y and 1/(XA0), .2 (In-

plane gusset weld).
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Stress sum for toe with fatigue crack (Out-
of-plane gusset weld).
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Table 4 K1 for cracks from toe of gusset weld.
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