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Study of Drop Weight Test Procedure for Evaluation of Fracture

Toughness of Steels

Keizo OHNISHI, Hisashi TSUKADA, Komei SUZUKI,

Masamitsu MURAIL, and Yasuhiko TANAKA

Synopsis:

A study of the drop weight test procedure for the evaluation of fracture toughness of steels has been

made using normal P-2 type specimen and fatigue notch type specimen.

NDTTs of the steel having

high susceptibility to temper embrittlement, which are evaluated by using P-2 type specimen, are

significantly affected by the heat affected zone under the crack starter bear.

In this case, the drop

weight test of the fatigue notch type specimen is recommended.
There are some steels showing the large deviation of NDTT from the relation between NDTT and

FATT which are widely known.

For thesesteels, a method to estimate the deviation has been proposed.

It has been also found that NDTT has a good relationship to shear fracture transition property of
the steels obtained by the fatigue crack notch Charpy impact test.
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Table 1. Chemical compositions of materials tested.

Material C|Si{Mn| P | S |Ni|[Cr|[Mo|V | Al |As]|Sn| Sb
Boiler Steel A | .19 .36 | .63/.007.012| .i8] .07| .05{<01}|.017| — | — | —
BoilerSteel B | 25 | .28 | .81{.012[.006| .1l| 11| 05/ <ol{0l7| — | — | —

A387D 16 |.30 | .50|.019/013| .18|232| 1.02|<0I| — [.029|.022]0050

A508Cl. | .18 1.2411.21].008/.007| 35| .i15| .11/<.01].024{015]|014{0030

A508Cl. 2 .20 | .28 | .90{.007{005| 86| 37| .53|<.01.024{012|010{003

3%CrMoV .18 }1.24| 50/.014|010| 02|293| 68 32| — |007|006{0015
35%NiCrMoV | 22 { 34| 34{.010{009|366|189] 42| 12| — [011]|013/0034

Table 2. Heat treatments and mechanical properties of the materials.

Material Heat Treatment (kZ)S (kgT,;.nsmz, 'TQE,T
Boiler Steel A | A | 620°CX5hr(A.C) 31.8| 505 3
Boiler Steel B | B | 920°CX8hr (A.C )+ 650°CX2hr (F.C) 317 | 535 9

C 1} 920°CX3hr (W.Q)+655°CX7hr (A.C) 665 819 | -40
A387D ,

C2| Cl+Step Cool 685 | 800 15
A508CI, | | D | 895°CXI2hr (W.Q)+660°CXShr (A.C) 390 | 553 | -55
A508Cl, 2 | E | 890°CX8hr(W.Q)+665°CXI2hr(A.C)+600°CX30hr(F.C)| 453 | 61.7 o
3%CrMoV F | 960°CX5hr(W.Q)+680°CX6hr(A.C)+ 695°CXI8hr (F.C) | 579 | 690 | -64

G 1 | 840°CX29hr (Fan)+605°CX52hr (Fan) 710|871 o
35%NiCrMoV | G 2| 840°CX2hr (0.Q)-}€660°CX8hr(W.Q) 67.1 | 829 | -120

G3| G2+4Step Cool 680|814 60

Step Cool 995°C 4 gago
tep 535%C % 525°C 4 495°C 4 4750c
315°¢C

% ---50°C/ hr
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Fig. 1. Dimensions of P-2 and fatigue crack type
drop weight specimen.
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Fig. 2. Change of hardness in heat affected zone
of P-2 type specimen for each material.
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Table 3. Results of drop weight test by P-2
and fatigue crack type specimens.

R NDTT (°C)
Materiail °
P-2 Fatigue FATT (°C)
Boiler Steel A | A -10 -20 3
Boiler Steel B | B -25 -25 9
cl -25 -20 -40
A387D
c2 -25 45 15
A508CI. | D -40 -50 -55
A508ClI, 2 E -40 -40 (o]
3%CrMoV F -20 -20 -64
Gl -100 -35 (o]
35%NiCrMoV |G 2 -130 | -125 -120
G3 -85 10 60
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Fig. 3. Relation between NDTTs obtained by P-2
and fatigue crack type specimens.
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Fig. 4. Results of drop weight tests for quench-
and-tempered (G2) and embrittled (G3)
3.59% Ni-Cr-Mo-V steel. Solid and open
circle mean Break and No-break of specimen
respectively, and numbers below the symbol
show length of propagated crack on the
surface of specimen and also (Th) meant
propagation of the crack on entire surface
of specimen.
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Photo. 1. Fracture surface 39, Cr-Mo-V steel, quench-and-tempered (G2) and temper embrittled
(G3) 3.5%Ni-Cr-Mo-V steel at NDTT.
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P-2

Fatigue

Photo. 2. Scanning electron micrographs of fracture surface of P-2 and fatigue crack type
specimen at NDTT for embrittled 3.59Ni-Cr-Mo-V steel.
P-2 (a) Overall view of heat affected zone

(b) Coarse grain zone

(c) Tempered area by welding of crack-starter bead
Fatigue (a) Near the fatigue crack tip

(b) Crack propagated area
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Photo. 3. Cross sections of drop weight specimens at NDTT+5°C.
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Fig. 5. Relation between FATT and NDTT. Solid
and open symbol indicate the relation
obtain ed by P-2 and fatigue crack type
specimens respectively.
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Fig. 6. Relation between shear fracture and width
of plastic zone (Distance between bottom
of notch and upper edge of brittle fracture
of V-notch Charpy specimen).
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Fig. 7. Simulated weld thermal cycle curve.
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Fig. 8. Effect of weld thermal cycle on shear frac—
ture transition properties of Charpy impact
test.
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Fig. 10. Transition properties of V-notch Charpy
specimen and fatigue crack specimen.
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