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Crack Initiation Strength of Structural Steel
Members Having Experienced Large

Compressive Strain (Ist Report)

YAJIMA Hiroshi, NISHIKAWA Kazuto, KHO Yunbo,
SATOH Susumu and YAMAMOTO Motomichi

SUMMARY

It is known that compressive plastic strain deteriorates the ductility and fracture toughness of steels.
So when structural members encountered buckling collapse is subjected to cyclic load, cracks may easily
initiate at the concave side (compressive side) of buckling deflection.

In this paper, an attempt was made to quantify the crack initiation strength for structural steel mem-
bers having experienced large compressive prestrain. A tensile test for prestrained material and a crack
initiation test for strip specimens were performed on JIS SS 400 steel. In the former tests, the influence
of prestraining on the mechanical properties of material was investigated, while in the latter the speci-
mens were bent into various curvatures after undergoing buckling and the relationship between crack in-
itiation and applied straining was examined.

Moreover, an attempt was made to investigate the crack initiation behavior for structural steel mem-
bers subjected to cyclic bending load after undergoing buckling collapse. For this purpose, crack initia-
tion tests for strip specimens under cyclic bending load were performed. For different cyclic loading con-
ditions indicated by various displacement amplitude of the loading point, distribution of strain on speci-
men at the bending buckling state, and number of cycles at crack initiating was examined.

Elastoplastic large deformation FEM analyses were also performed on the strip specimens to inves-
tigate stress and strain distributions at the crack initiation site.

As a result of this study, the following conclusions were obtained :

(1)With the increase in compressive prestrain, elongation of material is decreased, while ultimate ten-
sile strength is increased. True fracture stress shows smaller dependency on the magnitude of pre-
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(2)For the strip specimens subjected to more than 40~55% of compressive strain at the concave side

of bending, initiation of surface hair cracks was observed when unloaded.

(3)According to the FEM analyses, large tensile residual stress is induced at the concave side of bend-

ing when unloaded, and this is considered to be a primary cause of crack initiation.

(4)It is possible to assess the crack initiation by comparing the hydrostatic component of residual stress

with ultimate tensile strength and/or true fracture stress of prestrained material.

(5)For the strip specimens subjected to cyclic load after undergoing buckling collapse, crack initiated

earlier at the center of width on the compressive side than at the edge on the tensile side.

(6)According to the FEM analyses, the largest stress was induced at the center of width on the com-

pressive side.

(7)Relationship between the strain at the crack initiation points and number of cycles at crack initiating

can be expressed by a linear function on logarithmic scale.
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Table 1 Chemical composition and mechanical proper-
ties of tested steel plate (JIS SS 400)

Chemical Composition (%) Mechanical Properties
Y.P. T.S. El
(kgf/mm?) | (kgffmm?)| (%)

0.17 | 0.14 | 0.90 |0.013{0.004| 28.0 44.5 28
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Fig.2 Axially prestrained specimen in compression

—30% — 40% 50%

0% —10% —20%

Fig.3 Shapes of specimens after prstraining in compre-
ssion

PRI % i/ NR IS HD 2 % 72 (BB T
Br L, EMGEQEMICKL T, BHHEICHE
BH L LCTRLEY 7Ty R A L, TER
FEFRIGORBRBR S L) KD,
FEE -5, —10, —20, —30, —40, —50% ® 6 &
HOMERTEMEERL 2, TEE-10~

it oREE (Z01) 41

(a) Cutting plan

@ A Vickers Hardness

] Mlcrostructure
@, @, ®

(b) Cross sectlon

Fig4 Location for measuring Vickers hardness and mi-
crostructure

—50% BB L UM (FER0%) DORERA
Kk # Fig. 3I0R o TEENF-20% ML 2 &

MEEF, STERFEZICRY, BikT 5515k
SREEDERI L O THEEZRIZLIEODEE
ZbNh,

iR EAM R, R % Fg @R ¥ &9
EIWE L, CIWTE A RRES, T I v JLBL 721,
I OEBAEB LYy h— AW S ZFHIL 720
FEE—40% % 5 2 72 ERF o 3 7 v
% Fig. 51277 T Fig. 5108 L7z 3 7 Bl
Fig. ADICR$ 3EHTCHEL DD TH %,
Fig. 57 6B 2% & 9 1S, FNENOMEIZE
WOER N E Y FI IR L L Cwa D, &
HORENMBICL o THLERSTWVE, I
3, EMEICRE L HRERB LS FER
DEBTHDLEEZLBND, v h—ATSEH
(B % Fig. Ab)C, - FER—40%%5 272
ERF- DY v 1 — AT &5 OBl % Fig. 61CR o
Fig. 60 D EMIE, BH OB OFHETD %o
E & HROM 54, Whnomsahies, 4
LIZs o XA LML, REF RO S 1%
2%~%mv%§u&ofﬁh,ﬁﬂuw&f#
YL L TWh,

2.2 BIIRHERE T OHER
AT EM S, Fig. 208 L7z & ) 1251




K

& - TINAIA - =

4

Virgin (Prestrain : 0%)

Fig.5 Microstructures of virgin specimen and pre-
strained specimen in compression
(prestrain: —40%)

300
Prestrain : —40% e I[-I'
I A T-T
S 250)
e I ® )
& ) e
] . A 4 A » Y ) ®
2 200} A
©
©
T
%]
2 5ol
§ L Virgin
110)0) I ' '
0 10 20 30

Distance from Bottom or Left Side (mm)

Fig.6 Vickers hardness distribution (prestrain: —40%)

AR 2 ) ML, S| CHIRRBR T4 -
2o WHEMFEMAS FERELELHED,

ETmAFE S L CREICSIBRABA 2 ) 1
L7zo BIIRABRA DR B & Ok % Fig. 7IC7R

oE

ke - AT
)
B I @ _______ ]
L1
L2 T
L3
(mm)
D D' L1 | L2 | L3 R ]
Typel| 3 | 6 [10.7[12.9/28.1] 3 | 5
Type2| 5 10 | 18 | 22 |40.3| 5 5

Fig.7 Shape and size of tension test specimen
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Fig.11 Influence of prestrain on true fracture stress
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Table 2 Results of crack initiation test by bucking

Side Center
Mark [ %) | Ecom (%)| Even (%) | Ecom (%) S
B1 17 -3 — -15 No
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B3 73 -15 = -70 Yes
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B5 45 -16 = -35 No (Yes)
B6 50 -17 — -35 No
Vi 43 -18 30 -35 No
V2 60 17 50 -58 Yes
V3 35 -19 30 -33 No
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Fig.23 Specimen for crack initiation test under cyclic
bending load
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Fig.24 Appearance of crack initiation test under cyclic
bending load

Table 3 Compressive displacement amplitude

Mark C20 | C30| C40| C50 | C60
Compressive
Displacement | 20 | 30 | 40 [ 50 | 60
Amplitude (mm)
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Fig.26 Surfaces in compression side of bending specimen
at crack initiation and propagation (C 30)
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Fig.27 Surfaces in tension side of bending specimen at
crack initiation and propagation (C 30)
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Fig.31 Longitudinal strain distribution after first bending
(C60)
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C20| -16 | 12 | -14 | 15
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C40 | -22 17 | -17 | 22
Co0 | -24 | 19 | 17 | 25
Ce0| -26 | 21 | -18 | 28
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Fig.32 Relations between longitudinal stress and number
of cycles (C 60)
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of cycles to crack initiation
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