
Zeitschrift: IABSE congress report = Rapport du congrès AIPC = IVBH
Kongressbericht

Band: 10 (1976)

Artikel: The application of JIC fracture criterion to the fracture of connections in
steel structures

Autor: Aoki, Hirofumi / Nakagomi, Tadao

DOI: https://doi.org/10.5169/seals-10555

Nutzungsbedingungen
Die ETH-Bibliothek ist die Anbieterin der digitalisierten Zeitschriften auf E-Periodica. Sie besitzt keine
Urheberrechte an den Zeitschriften und ist nicht verantwortlich für deren Inhalte. Die Rechte liegen in
der Regel bei den Herausgebern beziehungsweise den externen Rechteinhabern. Das Veröffentlichen
von Bildern in Print- und Online-Publikationen sowie auf Social Media-Kanälen oder Webseiten ist nur
mit vorheriger Genehmigung der Rechteinhaber erlaubt. Mehr erfahren

Conditions d'utilisation
L'ETH Library est le fournisseur des revues numérisées. Elle ne détient aucun droit d'auteur sur les
revues et n'est pas responsable de leur contenu. En règle générale, les droits sont détenus par les
éditeurs ou les détenteurs de droits externes. La reproduction d'images dans des publications
imprimées ou en ligne ainsi que sur des canaux de médias sociaux ou des sites web n'est autorisée
qu'avec l'accord préalable des détenteurs des droits. En savoir plus

Terms of use
The ETH Library is the provider of the digitised journals. It does not own any copyrights to the journals
and is not responsible for their content. The rights usually lie with the publishers or the external rights
holders. Publishing images in print and online publications, as well as on social media channels or
websites, is only permitted with the prior consent of the rights holders. Find out more

Download PDF: 09.08.2025

ETH-Bibliothek Zürich, E-Periodica, https://www.e-periodica.ch

https://doi.org/10.5169/seals-10555
https://www.e-periodica.ch/digbib/terms?lang=de
https://www.e-periodica.ch/digbib/terms?lang=fr
https://www.e-periodica.ch/digbib/terms?lang=en


Va

The Application of J|C Fracture Criterion to the Fracture of Connections
in Steel Structures

Application du critere de rupture J|C au comportement ä la rupture
d'assemblages en construction metallique

Anwendung des Bruchkriterions J|C auf das Bruchverhalten von Verbindungen
im Stahlbau

HIROFUMI AOKI
Associate Professor

Yokohama National University
Yokohama, Japan

TADAO NAKAGOMI
Graduate Student

Tokyo Institute of Technology
Tokyo, Japan

1. INTRODUCTION

The criterion based on critical stress Intensity factor KIC ls
applicable to brittle fracture In low stress level, and the desrgn
procedure has been satisfactorily established on this account0
While, much of our concern ls now paid to the fracture In high
stress level such as the case of general yielding in the section of
members. One of the examples of this kind ls the transition
fracture of heavy members of framework at room temperature reported
by Prof« Ben Kato<,°

As one of the nonllnear fracture mechanics, the COD criterion
ls introduced in the Introductory report, and strain around crack
tip has been related to crack opening displacement by F.M.Burdekln?
The COD theory, however, reveals to be indefinite in its physical
concept when applied to wider yield portion» On the other hand,
comprehenslble ls the physical concept of J-» fracture criterion3-4'5
which ls the extension of the concept of energy release rate g to
nonlinear region, and because JIC is comparatively Insensitive to
the scale effect, the specimens to obtain JIC may be made smaller
than those for K_c.

In dlscusslng the basic applicability of J,c fracture crlte,-
rlon, JTf, value of SM50B(B class) and SM58QT(C Class) are obtained
from the 3-Point bending test at room temperature.

Bending tests are carried out for the specimens of k types in
various stress distributions*> and the fracture conflguratlons are
discussed based on JTf, fracture criterion.
2» COMPARISON OF JIG VALUES BETWEEN SM50B AND SM58QT

201 Specimens and Experimental Procedure

Jjr values are obtained from the 3-Point bending test for
which specimens are made from steel plates 25mm of SM50B and SM58QT,,
Chemical composition, mechanical properties and Charpy values of
the materials are shown in Table-i~3 respectively.

The shape of the specimens, as shown in Flg.-l, ls based on
ASTM E399-72 and BS DD-19. All specimens are prepared with
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fatigue crack at the tip of the crack. Tiare« kinds af crack
length, 23mm, 25mm and 27mm are adopted for the specimens of SM50B.
The crack length for the specimen of SM58QT ls either 23mm or 25mm,,

The bendlng test ls carried out at room temperature(+20°C)
and -65°C. Since it is difficult to determine the displacement S„
experimentally to inltiate crack propagation at room temperature,
the crack propagation ls checked by cutting the specimens In the
cource of experiment after J. A» Begley and J. D. Landes.'5

The value of J integral ls obtained approximately from the
following equation.

j=^-Cp<is (i)
o

where, B: Width of the specimen
b: Difference of crack length a from height W

P: Load
S: Displacement at the loading point

2.2 Test results
Relationships between J value and increment of crack length Aa

are shown in Flg.-2 which are lead by P*5 diagrams in the bendlng
test. The results from the experiments on various crack lengths
present reasonable JTC values. It is recognized, therefore,
that the method proposed by Begley and Landes for determining JIC
value should be available.

Pig.-3 shows a comparison of J-ä& relationships between SM50B
and SM58QT obtained from the bendlng test.

In the study by J. R. Rice,et •!«, J value is calculated for
simplified P~S relationships composed of elastic part and perfectly
plastic part beyond general yielding. In this paper, P~<5 relations
are computed up to the general yield point by applying finite
element method. After reaching the general yield point, P~i relation.
ls assumed as perfectly plastic. Flg.-4 shows the element division

of the specimen. Calculated values of J integral are
compared with the experimental results in Fig.-5.

It ls confirmed that the above method for estimation of J
value by calculation should be available.

It is observed in Table-4 that JJC value of SM58QT ls considerably

smaller than that of SM50B at Poom temperature. Seeing
that JT_ value of SM58QT at -65°C ls larger than that of SM50B, the
difference of JTC values at room temperature should be adequately
noted.

3. DISCUSSION CONCERNING THE FRACTURE OF TEE-JOINTS

It is emphasized in the introductory report that the welding
condition free of micro cracks and steels possessing enough notch
toughness should be substantial to prevent unstable brittle
fracture. Further investigation should be focussed on the
relations of notch toughness of material and fracture under complex
stresses such as connections in steel structure.

Bendlng tests by using the specimens of k types are carried
out in various stress states and conditions of test temperature.
As shown in Flg.-6, the thickness of the specimens ls 25mm and
roller span is 280mm.

The specimen of J-type has fche ratio of thickness to width
25:35 and this type ls a model to expect plane stress. the ratio
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Table-1 Chemical Composition (%)

SrEide of Steel C SI Kn p s <^l Cr Nb V

S«150B PL25am 0.16 0.39 1.1*6 0.011* 0.025 0.01 — —
SM50ä PuS5mi 0.16 0.i»6 l.*5 o.ooe 0.007 0.31 0.03 0.036 —
SH580T PL?e--i 0.12 0.27 l.ll 0.012 0.007 — 0.16 0.03

Table-2 Mechanical Propertleß
Table-3 Charpy Values

Crade of Steel Y.P. T.S. EL. t>
SMSOB PL25mm 1*1 60 73
SM5O8 PL65«m 39 56 38 77

sr^Pr/r pi.25«im _tf_„ _7J_ _2°_ 71

Y.P.iYleld Polnt(kgf/mm*)
T.S.iTenslle Strength( kg/mm*

EL.: Elono:atlon($)

f. Reduction of Areal*)

Grade of Steel ,fi vTrs TvTrs

SK50B PL25mr. Surface U.I -0 -r
(l/2)t 12.5 -12 -10

SH50B PL65mm Surface 30.0 -67 -65
(l/2)t 30.0 -52 -51»

Sf58qT PL25mm 21*. 0 •
E.iAbsorbed energy at 0«C, but • 1« at -5»C(kgf.m)v*o

E _:Surface transition temperature (*c)v'rS
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of M-type is 25:125 to expect plane strain State. B_-type is
made of steel plate 25mm with a Tee-joint where is welded. Tee
flange of this type is the same dimension as M-type. The specimen

of AT-type is shaped from steel plate 65mm in order to eliminate
the influence of welding. The dimension of A~-type ls same

as that of BT~type except fillet portion. The fillets of A- and
BT-type are shown in detail in Fig.-7, respectively. The radius
r at the toe of fillet in A„-type specimen ls determined to be 2mm
in order to approach the same condition as the welded part in BT-
type. B„ specimen ls built up by manual welding and stress
relief annealing is not treated after welding. A~ and BT-type
are both pull-bend specimens.

The specimens of J-type, M-type and BT-type are made from the
steel plate which is dealt with at the precedlng section. The
properties of SM50B plate 65mm for A„-type are also shown in Table-
l-*3« J-rC values for these mother metals and welded portion of
the Joint are summarized in Table-5.

Flg.-8 shows the relationships between the maximum bending
angle ö (degree) and the test temperature T°C obtained from these
bending tests.V It is observed in this figure that the more
complex the stress state is, the smaller 0„x is. Especially,
the specimen of BT-type with welded joint might be the most fragile
in these b types.

J values of the specimens are estimated by the method
described at previous section. Element divisions are shown in
Flgo-9.*5 J values are obtained by Computing two P-<5 relationshipsof the cases a/W=0 and a/W=2/25. Fig.-10 shows the computed
results of P-5 relationships»

Jc value for each specimen which is J value at fracture of the
specimen is determined by $ and P~3 curves. The ratio of Jr
to J is shown in Table-5. x L

This result Indicates that the more complex the stress distribution
of the specimen is, the smaller J^J^ ls. This ratio comes to
almost unit in the case of B_.

4. Conclusion

J-c values of SM50B and SM58QT both of which are obtained from
the 3-point bendlng test at -65°C are remarkably equal, nevertheless

JIC value of SM58QT ls approximately 2/3 of that of SM50B at
room temperature.

Experimental results from bending tests on various stress
states of k types specimens Indicate that the more complex the
stress distribution ls, the more fragile the Joint of steel struc^
ture is. And this phenomenon can be explained by JTf, fracture
criterion«

Finally, lt should be pointed out that the independence of
path in J Integral is valid only under the deformation theory, and
it ls not directly applicable to the frames in which stress
redistribution may take place significantly. J integral in this
paper ls Introduced beyond limitation In this sence. It is
necessary, therefore, to obtain more basic experimental data in
order to apply JIC fracture criterion in practice.
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Table-5 J. Value and the Batlo to JIC

^^^^ J-trpe M-type A^-trp« BEjr-tjrpe

JCl mml ' 35. W 8.U2 lEf3.ll 30.38

'ic'*2»^' 0.49 0.<»9 76.21» 26.80

J(/JIC 72.4 17.2 1.68 1.13
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SUMMARY

j values are compared between SM50B and SM58QT. Both are remarkably
equal at -65° C, nevertheless JIC value of SM58QT is approximately 2/3 of that
of SM50B at room temperature. Bending tests on various stress states of 4-types
specimens are carried out, and the experimental results indicate that the more
complex the stress distribution is, the more fragile the Joint of steel structure
is. This phenomenon can be explained by Jjp fracture criterion.

RESUME

Les valeurs de JIC sont comparees pour les aciers SM50B et SM58QT. Elles
sont remarquablement identiques ä - 65 C, bien que,ä la temperature ambiante_,
la valeur JIC du SM58QT ne soit que les 2/3 de celle du SM50B. Des essais de
flexion sous differents etats de contraintes ont etö effectues sur des eprouvettes
de 4 types. Les resultats experimentaux montrent que, plus la distribution de
contraintes est complexe, plus les assemblagessont fragiles. Ce phenomene peut
etre explique1 ä l'aide du critere de rupture Jic-

ZUSAMMENFASSUNG

Die Jic Werte werden für die Stähle SM50B und SM58QT verglichen. Beide sind
praktisch gleich bei -65° C, obwohl bei Raumtemperatur der Jic Wert des SM58QT

nur ungefähr 2/3 des Wertes des SM50B beträgt.Biegeversuche unter verschiedenen
Spannungszuständen wurden an Proben mit 4 Ausbildungsformen durchgeführt; die
experimentellen Ergebnisse haben gezeigt, dass die Gefahr eines Sprödbruches
bei Stahlbauverbindungen mit der Komplexität der Spannungsverteilung zunimmt.
Dieses Verhalten wird mit dem Bruchkriterium JIC erklärt.
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