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Study on the Brittle Fracture Propagation-arrest Characteristics of
Low C-Ni Steel Plates by Tapered Double Cantilever Beam Test

Shigeo HASEBE and Yoshiaki KawAcucar

Synopsis:

Brittle fracture propagation-arrest characteristics of low C-Mn steel plates containing 0~5%Ni have
been investigated by newly developed Tapered Double Cantilever Beam Test, which is a small size test
having good correlation to large size Double Tension Test. The results obtained are as follows:

1) Brittle fracture propagation-arrest characteristics are linearly improved with the increase of Ni
content, whichever in normalized or ciuenched and tempered steel plates. Bainitic structure which
gives deleterious effect on Charpy impact characteristics do not affect brittle fracture propagation-arrest
characteristics.

2) Refinement of microstructure by heat treatment improves greatly Charpy impact characteristics,
but very slightly brittle fracture propagation-arrest characteristics.

3) As a whole, brittle fracture propagation-arrest characteristics shows the behavior different from
Charpy impact characteristics. The former is sensitive to the change of chemical compositions (Ni

content) and insensitive to the change of microstructures (bainitic or refined structures).

1. #%

SN O BRI fo T BRI, B E VWO FET
EFHIh, vy v BRI X OTHESR S DN
—f&ZTH 5. L LR, NWENEEFPEHDT
HWEWTHY, EHOEMECET 5T — 2 DiRELE
IUOFER, CORBRELZODDOIVEVIIL LD E
TABKEWEEZLNRS. ZhitizvwL, pETA
{FFlebh T B BB EERHRY 13, RO BHEER
FBIE IS 4 2 b BERRER L LTIt B OE & o7
LDOTHD. T ORBRETFM OB Z RSG5 K%k
¥, wbw5 Kc ETEbY. Ko EfEHam*{Eik
FUDDEMEREE LTEONFNEENLHD X5 TH
D, EEHo HteEENCFATES ATERT VW
5. Ao rky, ZoORBREEE, WES B0 fEfic
& Ahohiz?.

|

UL Lishs b, ZHEFEERRII Wb 5 XARBRTH
DT, #f% 500mm xX700mm DOFEMELEL L, AR
EWHMERBE LTRATS cen EETHS. WES
B CTIIZESFRHRIC L S Ko L ¥ v v ©—FRERIT
B AMEEREE & OERPERES RO LR TVWD D
DD, FEMLEUICHITHBEEL D LITH L.
Ry + WE~RRICE DTV oDl E Ui LIEEX
NDETFEEMREL, @HOEts XET 5 EREH
BAICT Hedicid, Ko BREEHEST D 2&DTSE
BARRBOMRESLETTRTS S,

5 — ¢, DCB (Double Cantilever Beam) gXE&II Bl
LD X 3B DEREINACRKBETHDY. Ik
TR/ (80mm X 165 mm) T 0 e hs s, KBVERERT
HHEBREHER L S HHC BiF/ MY b, R
D PR BRI AR DTSR ERIC A5  E ST &
5.

* BN 49 £4 AFLSHRERAKITCER

BFn 49 £7 8 12 824 (Received July 12, 1974)

o R SBTEM)BHREMHEEN TLT# (Central Research Laboratory, Sumitomo Metal
Industries, Ltd., Nishinagasu-hondéri, Amagasaki, 660)

e RSB THEGR) hREWIIRAN

— 101 —



876 & & € %=

61 &£ (1975) %6 =

Britrle weld metal

Bose =7 Oriced :
< 30 = material @ hote N
1

11258
T [ O'R (Depth 2) ;
@ ept f
g $F = (s
@ T . SR
Brittle weld meta!
rittle weld metal |
5 4
<

1S Szl

165

,-Side groove

sl 2ok

>
f”( 1

Fig. 1. Specimen of Tapered Double Cantilever
Beam Test.
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Fig. 2. Equipment for Tapered Double Cantilever
Beam Test.
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Fig. 4. Comparison of tapered DCB Test results
with Double Tension Test results on a 30
mm thick steel plate.
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Fig. 5. Comparison of Tapered DCB Test results
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Fig. 6. Comparison of Tepered DCB Test results
with Double Tension Test results showing
the effect of plate thickness.
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Table 1. Chemical compositions of steel plates
tested (%).
Symbol| C Si Mn P S Ni
0 0-10 | 0-25 | 0°55 | 0-009 | 0-007 | 0-03
1 0-10{0-27 |1 057 | 0-010 | 0-007 | 1-05
2 0-10 ] 0-31 | 061 { 0-009 | 0008 | 2-26
3 009 | 0-24 |1 052 | 0-009 | 0008 | 3-00
4 0-09 { 0-26 | 0°54 | 0-008 | 0-008 | 3-85
5 0-1010-30 | 0°57 | 0-009 | 0-011 | 5°11
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3-2 EENNEEEE

Photo. 1 HE/e & LA MiE 4. Ni imhmEOKM
BicE5 25 ZEBHD XS5 THB. ON~3N o &k
W7 =274 bBIBEMYE LTS EETHD, 4Nk b
EHWARA F 4 MBI, SN TR LA XA F4 F
BEH/KLLOTVS.
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7 = T A M RICIASHTH U B R CRRE D &
LHEBTHD. 10~5Q DL IET =~ 54 ko1
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Table 2. Conditions of heat treatment for steel plates tested.

Normalized Quenched and tempered

Symbol Conditions of heat treatment Symbol Conditions of heat treatment

ON 900°Cx 1h.A.C. 0Q 900°C x 1h. W.Q—600°Cx 1h.A.C.
IN 880°Cx1h.A.C. 10 880°Cx 1h.W.Q—600°Cx 1h.A.C.
2N 860°Cx 1h.A.C. 2Q 860°Cx 1h.W.Q—600°Cx 1h.A.C.
3N [ 840°C x 1h.A.C. 3Q 840°Cx 1h.W.Q—600°Cx lh.A.C.
4N 820°Cx 1h.A.C. 4Q 820°Cx 1h.W.Q—600°Cx lh.A.C.
5N 800°Cx1h.A.C. 5Q 800°Cx 1h.W.Q—600°Cx1h.A.C.

* Plate thickness=24mm

Table 3. Mechanical properties of steel plates tested.

" Symbol of | Yield strength| Tensile str- Elongation | Reduction of vTs

Heat treatment steel (kg/mm?) [|ength (kg/mmb?) (%) area (%) O
ON 26-8 40-6 44-0 755 —27
IN 30-8 455 41-7 743 —41
Normalized 2N 36°6 49-9 38-3 73-8 -77
ahze 3N 40-1 521 39-3 73:6 —71
4N 39-1 560 35-3 70-5 —69
5N 40-1 63-8 35-0 68-2 —58
0Q 32:0 44-5 42-7 81-2 —99
1Q 35-9 49-5 39-7 80-6 —73
Quenched and 200 43-1 54-8 373 793 —108
tempered 3Q 41-1 549 350 78-2 —104
4Q 49-9 613 317 76°6 —124
5Q 55-3 65-1 31'3 75°0 —121
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Fig. 9. Absorbed energy of Charpy Test on nor-
malizéd steel plates.
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Fig. 10. Absorbed energy of Charpy Test on
quenched and tempered steel plates.
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Fig. 11. Results of Tapered Double Cantilever Beam
Test on normalized low C-Ni steel plates.
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Fig. 12. Results of Tapered Double Cantilever Beam
Test on quenched and tempered low C-Ni
steel plates.
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Fig. 13. Effect of Ni content on Charpy impact
and brittle fracture propagation-arrest
characteristics in normalized steel plates.
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Fig. 14. Effect of Ni content on Charpy impact
and brittle fracture propagation-arrest
characteristics in quenched and tempered
steel plates.
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Fig. 15. Improvement of Charpy impact and brittle
fracture propagation-arfest characteristics
by the change of heat treatment (norma-
lized—>quenched and tempered).
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