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Crack Initiation Strength of Structural Steel
Members Having Experienced Large
Compressive Strain (2nd Report)
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Summary

When buckling collapse takes place in structural steel members, large compressive
strain deteriorates the ductility and fracture toughness of the material at the concave side
of buckling deflection. Therefore cracks may easily initiate and propagate at the concave
(compressive) side of buckling deflection.

In this paper, in order to quantify the deteriorating effect of the large compressive
strain on the fracture toughness of steels, a series of CTOD tests were performed on three
kinds of JIS SM490 steel plates.

And an attempt was made to quantify the crack initiation strength of welded structural
steel members subjected to cyclic bending load after undergoing buckling collapse. For this
purpose, crack initiation tests using fillet welded specimens under cyclic bending load were
performed with JIS SM490C steel plate. In these tests, specimens were given various initial
compressive displacement amplitude and cyclic displacement amplitude after undergoing
buckling, and number of cycles to fracture were examined. Elastoplastic large deformation
FEM analysis based on the combined hardening law were also performed for all loading
cases to investigate stress and strain at crack initiation sites.

As results of investigations described above, the following conclusions were obtained.
(1) Fracture toughness (dc) is deteriorated extremely and transition temperature shifts

to very higher side with increasing the compressive prestrain.

(2) The equations to be able to estimate the fracture toughness of the steels experienced
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large compressive strain by using the results of V-notch Charpy impact test and tension
test for the steels prestrained in compression are obtained.

According to the crack initiation test of smooth specimen, cracks initiated at the center
Finally all

specimens were fractured due to propagation of these cracks from compressive side.

of width on the compressive side and at the edge on the tensile side.

According to the crack initiation test of fillet welded specimen, cracks initiated at the
fillet weld toe on the center of width of the compressive side. And cracks propagated
along the fillet weld toe toward the width direction.

Relationships between longitudinal strain range of crack initiation site at first cycle
and number of cycles to fracture can be expressed by linear functions on semilogarithmic
scale.

New equations has been developed in order to predict the fracture strength of the
welded structural steel member under cyclic bending load after undergoing buckling

collapse.
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Table 1 Chemical composition of tested steel plates
(mass%)

Steel c|si|m | P | s |Stmm

MS (SM490C) | 0.104 | 0.35 | 1.48 [0.006|0.002| 0.37 | 35
MK (sM490C) | 0.117 | 0.26 | 1.32 |0.018/0.003| 0.36 | 35
ML (SM490A) | 0.14 | 0.24 | 1.30 |0.0160.007| 0.39 | 28

Table 2 Mechanical properties of tested steel plates
Y.P. T.S. Y.R. El vTrs
Steel tmmd) | tvmmd) | o | o | co
MS (SM480C) | 389 519 | 749 | 28.5 | -90
MK (Sm490C) | 431 529 | 81.5 | 27.0 | -60
ML (SM490A) | 363 539 67.3 28.0 0
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M : Machined Notch Length
ar : Fatigue Crack Length
ao : Initial Crack Length

Fig.2 Shape and size of CTOD test specimen
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cyclic bending load (Smooth specimen)
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Table 3 Initial compressive displacement amplitude
and cyclic displacement amplitude

Initial -
: Cyclic
Specimen g.ompresswe Displg’cement
Mark | PisPlacement | “ampitude
mplltude Dc (mm)
Di (mm)
F-30-30 30 30
F-50-20 20
F-50-30 50 30
F-50-50 50
F-70-70 70 70
F-90-20 20
F-90-70 90 70
F-90-90 90
W-20-20 20 20
W-30-30 30 30
W-50-20 20
W-50-30 50 30
W-50-50 50
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Table 4 Results of crack initiation test under cyclic
bending load (Number of cycles to crack
initiation and to fracture)

Initial . Number of
: Cyclic Number of|
Specimen| Cpmpresswe Displacement Cycle's‘thrack Cycles to
Displacement i Initiation
Mark Amplitude Amplitude Ne (cycles) Fracture
Dip(mm) Dc (mm) o Nf (cycles)
Com. | Ten.

F-30-30 30 30 45 66 139
F-50-20 20 455 690 946
F-50-30 50 30 160 230 350
F-50-50 50 15 20 46
F-70-70 70 70 9 16 28
F-90-20 20 596 760 1440
F-90-70 90 70 23 38 51
F-90-90 90 4 9 16
W-20-20 20 20 — — 71
W-30-30 30 30 — = 4“1
W-50-20 20 — — 381
W-50-30 50 30 — — 84
W-50-50 50 — — 19
E 100

28

= @

g3 s0

S o

1

O =

-

g2

S5 5 ceraibis

- Q ¢ e
@ 1 i :
& --O--_Smooth Specimen
a 10 —&— Fillet Welded Specimen

10' 10° 10°
Number of Cycles to Fracture, Nf (cycles)

Fig.7 Relations between initial compressive
displacement amplitude and number
of cycles to fracture

BB ER Fr F-50-201C 35 1 B T Hi 01 5% 1
Ao OFE - ERIKHL % Photo 2
I, WM % Photo 3 1/R 9, adlffF-50-20T
&, 0 LIA%E4550a] ¢, Photo 2 (Q)iZ/R L 7
Lo, M OM/NBROFAENBE S NI, ©
D, #0E LEEH S I o TivNEZ T
J& « AR L, #viELREE6T0E O & TR,
Photo 2 (b)iZ/R L & Hic k& isazdhicpliiz Ui,
F 7z, Photo 3 ML,k ST, FlRMAIZER
Mo bBENTE LTV B DS, TEAERIE IG5
Hhoaifos O F8A U 7o BBZ0sEIE L, # 0k L%
946[n] T L 726

LTORBICBVT, EHENERc3RBR
TE A RS & B BFA: Licoicxt L, 55k
2T < 3R & o S BRsFA L

JTIE - JEH

. fxg Bk

—f& - X%

(b) At crack propagation (670 cycles)

Photo 2 Specimen surfaces in compressive side at
crack initiation and propagation(F-50-20)
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Photo 3 Fracture surfaces(I"-50-20, 946 cycles)

(b) 70 cycles

Photo 4 Crack initiation and propagation at fillet
weld toe (W-50-30)
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compressive surface after first bending
(F-50-20)
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Table 5 Results of FEM analysis and crack
initiation tests

Longitudinal Longitudinal  [Number of
Specimen| Strain Range Stress Cycles to
Mark | of First Cycle 0 (N/mm?) Fracture
A&t (%) [1st Com.| 1st Ten. | Nf (cycles)
F-30-30 8.6 633 629 139
F-50-20 2.4 752 545 946
F-50-30 4.9 752 563 350
F-50-50 10.9 752 1188 46
F-70-70 12.5 995 1191 28
F-90-20 1.5 1094 567 1440
F-90-70 10.7 1094 1156 51
F-90-90 14.1 1094 1211 16
W-20-20 6.5 1304 969 71
W-30-30 8.0 1430 1062 41
W-50-20 4.4 1630 539 381
W-50-30 6.0 1630 731 84
W-50-50 10.8 1630 1530 19
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