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Evaluation of Brittle Fracture Strength of Surface Notched Round Bar

Akira Kiucnt, Mitsuru AOK1, Masato Koeavasut, and Kazuo IKEDA

Synopsis :

The brittle fracture strength of surface notched round bar (SNRB) has been investigated theoretically
and experimentally. Firstly, the stress intensity factors for SNRB subjected to axial load and bending,
K4 and Ky, respectively, have been analyzed with the aid of the finite element method. Secondly, the
brittle fracture test under axial load has been conducted on SMn443 and SCM440 specified in JIS. The
curve showing the relationship between net section stress at fracture, on,F, and testing temperature, T,
covers two regions macroscopically. One is called Region 1 where oy, 7 diminishes with decreasing T,
and the other is Region [[, where ¢, p is nearly constant irrespectively of 7. The effect of diameter, D,
and notch depth, a, on ¢, 5 in Region I can be evaluated on the basis of linear elastic fracture mechanics
technology. ¢, r in Region ][ shows little change with D, and diminishes with an increase in relative
notch depth, a/D. ¢, r in Region ][ can be approximately estimated on the basis of semi—experimental
equation derived from general yielding stress level of SNRB. Lastly, the fracture test under combined
load of tension and bending has been conducted on PMMA. The fracture stress under combined load

can be estimated from the following criterion, K 5 +Kg=K,, where K, is fracture toughness.
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Table 1. Chemical corﬁpositions and mechanical properties of steels tested.

Chemical compositions (%) Mechanical properiies®
Steel Dia.
mm o Si  Mn P s Cu N Cr Mo Al 00T iR (*f;‘;-) 1};2)-
SMn 443 0.39 0.25 1.57 0.023 0.014 0.01 0.02 0.17 —_ —_ 53.8 77.2 20.0 62
SCM 440 % 0.40 0.23 0.71 0.018 0.009 0.01 0.02 1.03 0.20 — 96 .0%* 106.8 15.6 60
SWRS 77B 7 0.69 0.23 0.75 0.028 0.014 0.02 0.07 0.08 — 0.031 153.0%% 172.0 8.0 44

* (Gage length : 50mm, Diameter of specimen : 4.4mm for SWRS 77B and 8mm for others

*% (,29% proof stress

Table 2. Heat treatment of steels tested.

SMn 443 880°C x 1.5h/Normalizing—Air cooling
SCM 440 850°C % 1h/Oil quenching—600°C X 2h/Tempering—Water cooling
SWRS 77B 900~1 000°C (Wire speed : 2m/min)=>500~550°C/Lead tempering—Water cooling
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Fig. 1. Surface notched round bar (SNRB).
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Fig. 2. Set—up of test specimen under combined
load of tension and bending.
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Fig, 3. Element for SNRB under tension
(R=0.75D, a/D=0.4).
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Fig. 4. Element for SNRB under bending
(R=0.75D, a/D=0.4).
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Fig. 5. Stress intensity factor for SNRB under
tension.
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Fig. 6. Stress intensity factor for SNRB under
bending.
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Fig. 7. Effect of curvature of notch front on
stress intensity factor for SNRB under tension.

HEEZLRS.

WwolE 5, Fig. 5 © Kp e OfE%R o/D DOEIEXT
FMFT D EEAD L S,
Kaco={1.1240.30(a/D) —6.63(a/D)?
+23.13(a/ D)} 0g )/ Ta wrverereerereerneeeeee (3)
B4 OMERERICATS, @k 5175 SNRB 0K
E(2)B IR Y(DRRRATAHZERIDR
Hbh, (4)XTEINSD.
Ka=Mp 0g1/Ta woeeeereeemmmesmsnnieenns (4)
M,=1.124 {0.30/D—1.85/R}a
—{6.63/D?—10.25/(R- D)} a?
+{23.13/D3—18.75/(R-D?)}Yad ------eee (5)
ol L,
a/D<0.4 D& R=0.5D, 0.4<a/D=<0.6 DFE
R=0.75D
o¥, fFA 5135 SNRB O KfE (Kg) T2 T
BT 5. AEFR»LEBLhi Ks/Ka & o/D DBk
% R=oco ¥ X% 0.75D oo T Fig. 8 iR
T. MXpBbrinX s, Kg/Ka OEIZRTEZELEA
CHRIFELIc s, Lips2C, Ky & D/R DRI b,
Ky OB4 L ABCBERVBARIERY I2EEZ DR
5. Kp OZRITENBEREL L LW KaDBEERALEF
Biely K BERAUT5E(6)R0OL H ©ERE
B
Kp=Mp-0p-1/Ta wreererrerermemsne (6)
Myg=1.12—(2.37/D-+0.36/R)a
+{4.44/D?+0.663/(R- D)} a?
+{1.35/D3—2.81/(R-D2)}ad ---oevveeeeene (7)
7272 L,
a/D<0.4 D4 R=0.5D, 0.4<a/D=<0.6 DHA
R=>0.75D

1.0
‘ S¥, Wiha 5175 SNRB o Kff (Ka) &Ry
BoMHKoEKTE (D/R) Oy Fig. 7 R 7. 0.8f ® R=c0
K{iix D/R oEincE ITERRCEA L TE YD, 0 R=0.75D
KATESIS. Pl
Kpa=Kpow—k  (D/R) agy/Ta - (1) ~
e T so4r N
/o Kpo: D/R=0(R=co) OBHOKIE o2l
K1 K{Eo D/RERT5WPRTHY, o/D O
b amickExns. k& o/D OBFREEH

AT B E, KADIOIKERES.
k=1.85(a/D) —10.25(a/D)?+18.75(a/D)*

~(2)

O 0.2 0.4 0.6 0.8 1.0
a/D

Fig. 8. Kg/Ka as a function of relative notch
depth, a/D.
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Fig. 9. Temperature dependence of fracture
stress for SNRB under tension.
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