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Temperature Rise Distribution near a Crack Tip due to Plastic Work under High Loading Rate

by Masahiro Toyosada, Member Koji Gotoh, Member

Kenji Sagara, Member

Summary

The plastic work concentrated around a crack tip yields considerable heat and then the heat raises
the temperature around a crack tip at high loading rate because there is not enough time to release
heat. The temperature rise has influence on fracture toughness and then the quantitative grasp of the
temperature rise distribution near a crack tip due to plastic work is necessary to evaluate the
quantitative effect of strain rate on fracture toughness for high toughness steels.

In this report, CT tests were carried out under various crosshead speeds and the temperature rise
distributions along the crack line were measured during loading process by a thermo-viewer. Moreover
tensile tests for round bar specimens were also carried out under various crosshead speeds for the
purpose of surveying the convertible ratio of plastic work into heat. Then the dynamic thermal
elasto-plastic finite element analysis which was already reported was performed under the condition of
CT tests. The analytical temperature rise distribution near the crack tip showed the good agreement
with the experimental one.The analytical results also gave the important clue to establish the effect of
strain rate on fracture toughness, that is, the phenomenon that yield stress fairly keeps constant in the
region of Intensely Deformed Nonlinear Zone named by ]. R. Rice in the vicinity of a crack tip because
of opposed effects of strain rate and temperature on yield stress. In other words, this phenomenon has
a significant meaning that strain rate-temperature parameter is expected to keep some constant value
in IDNZ and we might need not consider the initiation point of brittle fracture when invesigating the
effect of strain rate on fracture toughness for high toughness steels.
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Table 1 Chemical composition (Plate thickness=22
mm)
(Wt$) * p?
Chemical camposition c
C [ Si [ Mn ] P s e cm
0.12 |0.13 |0.99]0.014[0.002 J0.29 [0.17

Mn Cu+Ni Cr+Mo+V
*) Ceq=C+—6“—+—‘il%—*+———————

Si Mn+Cu+Cr Ni Mo WV
**) P =60t 26 T60°15°1¢*°B

Table 2 Mechanical prperties

Tensile properties Charpy impact properties
Y.s , T.8 EL. Absorbed energy
| (kgf/mm”) | (kgf/mm7)[(2) (kgf-m) 0°C

32 45 33 23.0

Unit in mm

Specimen No. | crosshead
speed(mm/s)

1 50
2 100
3 150

a} Round bar tension test specimen
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b) CT specimen

Fig.1 Specimen configurations and their crosshead
speeds .
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Fig.2 Schematic illustration of measurement system
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Fig.3 Round bar partially subjected to momentary
uniform plastic work
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T : temperature at the center of specimen
T’: temperature at the R end of specimen

Fig.4 An example of test records for round bar tension tests
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Fig.5 Relation between estimated temperature rise
and measured one
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Fig.6 Profile of broken round bar tensile test speci-
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Fig.7 Measuring result of temperature rise in the
vicinity of crack tip of CT specimen (C-5) by
using plane mode of thermo-viewer (crosshead
speed : 100 mm/s)
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Fig.8 Measuring result for temperature distribution
near the crack tip and calculated one by FEM
(specimen No. : C-5, crosshead speed : 100 mm/
s)

(a) Finite element subdivisions (463 elewents,293 nodes)
CT specimen (B=3mm,W=80mm)

Position X (mm)

{b} Details around the crack tip

Fig.9 Finite element subdivisions for CT specimen
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Fig. 10 Calculated isothermal lines in the vicinity of
crack tip of CT specimen (C-5) (crosshead
speed : 100 mm/s, crosshead displacement=>5
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Measuring result of temperature rise in the
vicinity of crack tip of CT specimen (C-1) by
using line mode of thermo-viemer (crosshead
speed : 100 mm/s)

Fig. 11

PR DNESLBBIBRBEL TR EEZ HND,
EEE— N TR, LEHHRSED S 2 WRICROEERD
D iAznsisks, %LU T Fig. 7 Ol 3 < CRERR
PEMLEY, ZOBER2{EELREIRD L H
5720 LichS> THHAEI X 2 FBT & REIREHED &
THEU S0, BOBGRBIETCH O L 8EBFEI NS,
ToZEhd, BERKEY LS ACEEEE— MI&#EL
TR EHHBEL 720 T, BB i~ 27
DHAASEHBEINTWE IS5~ 2B I BV TEERE
DBREAEOHRHAT 2 I LI LIz (ZDOEBEE—F%
SAvE—RERER,) ZOBHKI1IZAH7D 1.3/
230 Mg EHEl T, 1 BEYNAY 1.380» 5, LTI
DOEEHSEF L T 230 I <AL TT IV A E Y ISR
T&2 X5k >Tw5, Fig 11 iid C-1 BB A (BH
100 mm/s) = B THE 5 iz 2 2g E ORI 0ES R
FEEETT. Mhicl 2 MARMES X UsHIERE 2R
LTH3, KBS bROBRIIEECH S I L BEES
hs,

0

0 0.02 0.04 0.06 0.08 0.10 0.12

time (s)

Fig.12 Measuring result of change of crosshead dis-
placement and analyzed moments of tempera-
ture distribution by thermo-viewer (specimen
No.: C-1, crosshead speed : 100 mm/s)
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Fig. 13 Measuring results for temperature distributions near the crack tip and calculated

ones by FEM (specimen No. :
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Fig. 16 Calculated results of temperature distribution
near the crack tip by FEM (crosshead speed : 1
m/s, load point displacement =5 mm)
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Fig.17 Calculated yield stress, equivalent strain rate and temperature distributions in the vicinity of crack tip
by using thermo elasto-plastic FEM (specimen No.: C-1, crosshead speed : 100 mm/s)
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suffix 1 :static condition (no temperature rise) .
suffix 2 :intermediate loading rate (small temperature rise)
suffix 3 :very high loading rate (large temperature rise)
mark e :fracture initiation point
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Fig. 19 Schematic illustration of fracture occuring phenomenon at various loading rates
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