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SUMMARY 

During recent studies concerning 
the effects that various surface treat-
ments, surface imperfections, locked-
in residual stresses and metallurgical 
and geometrical notches have upon 
the mechanical behaviour of metals, 
and, in particular, upon their ten-
sion-bending characteristics under 
impact loads, it became apparent that 
specially developed methods and sam-
ples would be of great assistance in 
determining the desired data. This 
paper describes and discusses a num-
ber of different types of double-
notched tension-bending impact sam-
ples which have been considered and 
examined for this purpose. 

The types most suitable for ex-
ploratory investigations are proposed 
for application in the study of the 
behaviour of metals, their welds, and, 
in particular, their surfaces, when 
subjected to various notch-severities, 
surface imperfections, strain rates, 
temperatures, and constrained states 
of stress (i.e. the relations of the 
three principal stresses). 

It is expected that the proposed 
double-notched tension-bending sam-
ples and the proposed test methods 
will also contribute toward further 
understanding of the cold brittle be-
haviour and the notch-sensitivities of 
metals. 

The possibilities of introducing the 
so-called impact notch-sensitivity in-
dex and relative impact notch sen-
sitivity of metals are discussed. 

Data obtained on double-notched 
(V-V) square and flat impact sam-
ples are also discussed. The tension-
bending characteristics of as-cast, as-
rolled, and as-machined surfaces are 
examined and analyzed. 

INTRODUCTION 

T HE recording and analysing of 
the impact energy required to 

break notched or unnotched sam-
ples, and the visual observation of 
shape and type of fracture obtained 
on broken surfaces, are old and 
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popular arts currently employed in 
the testing of metal. 

Impact tests are widely used, at 
present, for the experimental study 
on the mechanism of the transition 
of metals from ductility to brittle-
ness. The majority of these inves-
tigations and experiments are being 
done on iron and steel, i.e. on fer-
rous materials, because of the in-
dustrial importance of these metals 
and their susceptibility to this 
transition. 

In notched impact test specimens 
of ferrous materials, a change in 
fracture appearance from a ductile 
to a crystalline (brittle) fracture 
occurs over a certain temperature 
range as the testing temperature is 
lowered. A drop in energy values 
also occurs over this temperature 
range. The temperature at some 
arbitrary point within this range 
has been called the transition tem-
perature. 

The generally accepted explana-
tion of the fundamentals of the 
ductile-brittle transition mechanism 
in metals is based on the pheno-
mena of "locked dislocations" re-
sulting from impurities (1, 2, 3, 4), 
and internal micro-stresses (5, ù), 
and the release of these dislocations 
under stress and correlated activa-
tion energies. 

The list of standard notched im-
pact test samples, standard impact 
machines, and test methods em-
ployed is at present well established 
and accepted for general use in en-
gineering design and metallurgical 
research (7) (8). For conventional 
impact testing, Charpy or Izod type 
impact testing machines are usual-
ly employed. Both of these machines 
employ a heavy pendulum that 
swings down from an elevated posi-
tion to strike the specimen. The 
Charpy type machine uses a notched 
test specimen freely supported at 
both ends as a simple horizontal 
beam which under test is struck at 
mid-span immediately behind the' 
notch. The Izod type machine uses  

a notched test specimen which is 
fixed vertically at one end as a can-
tilever beam and struck at the 
other, the specimen being struck on 
the side which is notched. During 
impact tests, the energy required 
to break the sample, the testing 
temperature, and the shape and ap-
pearance of the fracture, are all re-
corded. Later in this paper, a sys-
tem is proposed for describing and 
recording the fracture (Table XII 
gives details). 

Impact test specimens and test 
methods can be segregated into a 
few groups according to shape, di-
mension and type of notch, prepara-
tion and surface finish, and, also, 
according to the type of load ap-
plied (i.e. bending, tension-bending 
or simple tension under impact or 
slow loading conditions). In gener-
al, it can be stated that the test 
data obtained from notched impact 
bars are not readily interpreted and 
analysed. 

In addition to the standard im-
pact test methods, samples and ma-
chines mentioned above, a number 
of supplementary impact (9) and 
slow-loading test samples and meth-
ods have been employed in connec-
tion with the study of problems of 
brittle  fracture  of metals under 
service conditions, with particular 
reference to ferrous materials (9, 
10, 11, 12, 13, 14, 15). These stand-
ard and supplementary testing 
methods are very useful for study-
ing the mechanism of brittle frac-
ture and the effects of 'melting and 
refining, heat treatment, cold work, 
welding and structural shape on the 
brittle characteristics of metals. 

The list of supplementary sam-
ples and test methods used to study 
the brittle behaviour of metals is 
quite extensive, but for illustration 
purposes a few typical samples are 
mentioned below. 
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Examples of the slow-loading 
type of test are the M.I.T. Slow 
Bend Test (10), recommended for 
structural steel tests by C. W. Mac-
Gregor and N. Grossman and the 
U.S. Navy Tear Test (11), recom-
mended by N. A. Kahn and E. A. 
Imbembo for steel plates in ship 
structures. 

For ductility tests of welded 
structures, the Kinzel type notched 
slow-bend specimen, with longitud-
inal weld bead, is widely- used (12). 

The drop-weight impact test and 
the explosion test, both employing 
a hard surfacing type weld as crack 
initiator, represent another type in 
this field. These tests were devel-
oped by P. P. Puzak, M. E. Schust-
er, and W. S. Pellini (13). 

Schnadt (14, 15, 18) recently 
introduced an interesting type of 
impact sample, designed to be test-
ed in the Charpy impact machine. 
The sample contains a closely fit-
ted, hardened, cylindrical steel pin 
in its compression side, for the pur-
pose of eliminating the portion of 
the sample which is compressed dur-
ing the test. 

In this paper some newly devel-
oped tension-bending impact test 
specimens are introduced. With con-
ventional impact specimens, the en-
ergy of tension-deformation is re-
corded together with the energy of 
compression - deformation. These 
newly developed impact specimens 
are designed in such a manner that 
the energy recorded will be com-
posed mostly of the energy of ten-
sion-deformation. These specimens 
are notched on the compression side, 
so that all the material in the break-
ing section is exposed to tension-
bending stresses when undergoing 
test. 

It is suggested that these speci-
mens, which may be notched or un-
notched on the tension side may be 
used to examine the ductile-b;ittle 
transition characteristics of metals 
in general, and to determine the ef-
fects of various surface conditions 
on these characteristics. It is also 
suggested that tension-bending sam-
ples of this type, without notches on 
the tension side, would provide uni-
form cross-sections and more regu-
larly distributed tension stresses, 
with possibilities of direct measure-
ment of the magnitude and direc-
tion of principal surface strains. It 
is expected that data obtained from 
these newly developed test speci-
mens will provide more direct nu- 

merical information for a series of 
proposed fundamental equations on 
basic relations betvveen transition 
temperature, strain rate, and prob-
ability of brittle fracture, as well 
as other information on the theory 
of the fracture of metals (1, 2, 3, 
4). 

In describing these tension-bend-
ing specimens, the notch on the 
compression side is referred to as 
the supporting notch, while that on 
the tension side is called the break-
ing notch. 

Interesting features of double-
notched impact and slow-bend tests 
are illustrated throughout this pa-
per. 

The brittle transition of indus-
trial metals is investigated by im-
pact tests in which the following 
are recorded, at temperatures be-
low, at, and above the observed brit-
tle transition; (a) the energy re-
quired to break the sample of these 
metals, (b) the fracture appearance, 
and (c) changes in the fracture di-
mensions. The ductile-brittle transi-
tion characteristics of metal sur-
faces, and the effects of various 
surface treatments, can be exam-
ined by the proposed double-notched 
type of impact samples, without 
breaking notches. 

DOUBLE-NOTCHED IMPACT 

SAMPLE (V-V) 

The double-notched impact test 
sample introduced in this paper is 
designed to be tested in an Izod 
type impact machine. The appara-
tus, with wedged type support and 
the proposed double-notched ten-
sion-bending sample, records mainly 
the energy used for tension-break-
ing of the sample. The modified ap-
paratus, the double-notched sample, 
and the proposed method of ten-
sion-bending testing, should all con-
tribute toward further clarification 
of metallurgical criteria associated 
with the brittle behaviour and cold 
brittle transition characteristics of 
metals, their welds and their sur-
faces, and may possibly simplify 
the methods that are in use at the 
present time. In the conventional 
Izod type of impact testing ma-
chine, the pendulum strikes the can-
tilever-beam notched bar at the up-
per end, while the lower end of the 
sample is gripped rigidly up to the 
centre of the notch. In the improved 
version of apparatus used for im-
pact tension-bending, a specially de- 

signed wedged-support for a new 
type of double-notched sample, also 
with a heavy swinging pendulum, is 
employed. The basic dif ference be-
tween these two types of tests is in 
the way test samples are supported. 
The basic shape of this double-
notched impact sample, tc,gether 
with the wedged type grips used to 
locate the sample in the standard 
impact machine, is shown in Figure 
la.  Some possible modifications of 
this shape are shown in Figures 2 
to 7. The dimensions of these modi-
fied samples are contained in Tables 
I and II. 

From these above-mentioned sam-
ples, the following were chosen for 
exploratory studies and experi-
ments: 

1. Types A-V and C-V, with 
three breaking notches 2 mm deep 
and of 0.25 mm radius. 

2. Types A-U and C-U, with 
three breaking notches 2 mm deep 
and of I mm radius. 

3. Types A-3-25 and C-3-25, with 
no breaking notches but with large 
25 mm or 1-in. 1/2-in., 3/4-in. and 
Vs -in. radius notched undercuts; or, 
alternatively, without undercut if it 
is desired to examine the surface in 
the as-rolled, forged or as-cast con-
ditions. In all these types of sam-
ples, a 45° supporting notch with 
2.5 mm radius is employed. 

4. Types D-3-00 and F-3-00, the 
unnotched types, with no breaking 
notch, with a 7 mm deep 45° sup-
porting notch with 2.5 mm radius. 
This type of sample is employed 
for studying the effects of dif-
ferent surface treatments and sur-
face conditions in general. 

The double-notched impact sam-
ples could also be used in non-
standard dimensions, e.g. below 10 
x 10 mm square cross-sections for 
small structural elements, or, above 
this standard size, up to about 30 x 
30 mm square cross-sections, for ex-
amining larger structural elements. 

The general shape of double-
notched impact samples recommend-
ed for ductility tests of steel plates 
and welded structures is shown in 
Figure 6. Dimensions of various ex-
amples of double-notched flat im-
pact samples, recommended for this 
purpose, are given in Table II. Dou-
ble-notched flat impact samples 
could be used with breaking notches, 
as shown in Figure 6 and Table II, 



A-00 TYPE 
NO BREAKING NOTCH 

A-TYPE SUPPORTING NOTCH 

A -3mrn.-00 TYPE 

REDUCED  SECTION 

 A-TYPE SuPPORT INC NOTCH 

NOT TO SCALE 

(b)  

(c) 

(d)  

(0) 

Figures la and lb. 

FIGURE lb 

\hew of Double- Notched (V-V) Sample  and Supports 

C- V TYPE 

V- BREAKING NOTCH 

C-TYPE SUPPORTING NOTCH 

B-  Li TYPE 

U -BREAKING NOTCH 

B-TYPE SuPPORTING NOTCH 

(c) 

(b) 

(c)  

(d)  

(e) 

C - U TYPE 

U- BREAKING NOTCH 

C-TYPE SUPPORTiNG NOTCH 

C -00 TYPE 

NO BREAKING NOTCH 

C - T Y PE SUPPORT .NG NOTCH 

C- 3 mm 00 TYPE 

REDUCED SECTION 

C TYPE SUPPORTING NOTCH 

• 

id) 

NOT TO SCALE ..... scat 

FIGURE 10 
V Jew of  Double- Notched (V-V) Impact Sample a Grips 

Hammer 

Double 	V  Sample 

upporting Notch 

Breaking Notch  

Brea  king  Section 

Supporting  Wedged Die 

r  28 	 2I1 

" 

2iNn 

	 /. 
I AA• '1\45'1\  

3.11In 

A -V TYPE 

V-BREAKING NOTCH 

A-TYPE SUPPORTING NDTCH 

SQ. 

—154>S 9E 

—1--  

A- U TYPE 

U-SREAKING NOTCH 

A- TYPE  SUPPORTING NOTCH 

Grips  of  Impact Machine 

Figure 2.—Details of Type "A" double-notched (V-V) 
impact samples. 

_J_ 
(0) 13-8UArl 

SHOWN  I 
28 	 28 	 28 —I 
	  ISO own- 

4w/4 

s«  

354 

non 
SOW.14 r  28 28 --- 28 

130 am 	 

15- 2 

B - V TYPE 

V- BREAKING NOTCH 

B-TYPE SJPPORTING NOTCH 

Smw. .25—Mown it 

t 

(b) 	-> -1--  
5 W... 

ks—e 

B-00 TYPE 
NC BREAKING NOTCH 

B-TYPE SuPPORTING NOTCH 

B - 3mm-00 TYPE 
REDUCED SECTION 

8-TYPE SUPPORTING NOTLH 

Figure 3.—Details of Type "B" double-notched (V-V) 
impact samples. 

Fgiure 4.--Details of Type "C" double-notched (V-V) 
impact samples. 

— 3 -- 



Figure 7.—Notch sensitivity sample, Type "A" v/u 	3/25. 
(0.25/1.00/25 mm. notch ratio). 
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Figure 8.—Tension-bending double-notched (V-V) slow bend 
and impact samples for tests of welded plates. 
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Figure 6.—View of 

or with accepted standard notches 
of the Kinzel type (12) with longi-
tudinal weld bead. These types of 
notches. used on double-notched flat 
impact samples, would provide, in 
addition to the observations made at 
present (12), supplemental numer-
ical data on energy values under 
various load rates. From these data, 
the energy required for crack initia- 

tion and crack 
propagation (19) 
could be evaluat-
e d . Double-
notched-type flat 
samples could be 
also used with a 
crack starter, em-
ploying a hard-
surface type weld 
as proposed by 
Puzak, Schuster 

and Pellini (13), or, without break-
ing notches, for direct examination 
of the surface of plates used for 
vvelding and other purposes. 

Another type of double-notched 
flat impact sample employed for 
ductility tests of welded structures 
would include a transverse weld 
bead located opposite the support-
ing notch (as shown in Figure 8a),  

or, if the brittle characteristics of 
the heat-transition zone of welded 
structures are to be investigated, 
asymmetrical to it( as shown in Fig-
ure 811). In Figure 8c, a double-
notched flat impact sample with 
longitudinal weld bead is shown. 

The depth of the supporting 
notch should be from a minimum of 
50 per cent to about 80 per cent of 
the plate thickness, depending on 
the type of metal tested, the stress-
ing conditions required in these 
structural tests, and the capacity of 

the available impact machine. 

The selected radius of the sup-
porting notch should be large 
enough to ensure that the combined 
effects of its stress concentration 
factor and corresponding strain 
rates are less effective than the fac- 
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tors related to the breaking notch 
or, if unnotched, to the conditions 
existing on the tension side of the 
specimen. 

An impact "notch sensitivity" 
sample containing three different 
notches, namely the I zod V notch, 
the Mesnager notch and the 25 mm 
radius (very large) notch, is shown 
in Figure 7. This sample is designed 

TABLE I - TYPE AND DIMENSIONS OF DOUBLE-NOTCHED (V-V) SAMPLES 

Dimensions of Samples; Cross-section; 10x10 mm; 10x20 mm .  10x30 mm. 

THICKNESS 
OF 

BREAKING 
SECTION 

(tilm) 

Sample-Supporting 
Notch Radii: 

mm 	in. 

TYPE OF 
DOUBLE- 
NOTCHED 

(V-V) SAMPLE 

BREAKING 
Ncrrai (Type 
and Radius) 

SUPPORTING 
NOTCH 

DEPTH, 
SHAPE, 

AND ANGLE 

SUPPORTING 
NOTCH AND 
DIE RADIUS 

A - V* 
A - 11* 
A - 5-00 ( -) 
A - 3-25* 

V-0.25 mm 
U or V-1.00 mm 

00 
00, 25mm (1.0, %, 

Yi in.) 

5mm-V 45° 
5mm-V 45° 
5mm-V 45° 
5mm-V 45° NOTES FOR TABLE I 

3 
3 
3 

*Samples rnarked with (*) were recom-
mended for further studies. 

( - ) Samples marked "00" are unnotched 
on tension side. 

NOTES FOR TABLE II 

For thicknesses over 2 in. one side of the 
plate could be machined down to % in. 
leaving as required, as rolled or machined 
surface on tension side, or tested in full 
thickness maintaining suggested propor-
tions of breaking section and notches. 

*Sam  pies  marked 00 are unnotched on 
tension side. 

B - V 
B - U 
B - 5-00 ( -) 
B - 3-25 

C - V' 
C - 
C - 5-00 ( - ) 
C - 3-25* 

D - 3-00' ( - ) 
- 3-00' ( - ) 

F - 3-00° ( - ) 

V-0.25 mm 
U or V-1.00 mm 

00 
00, 25rnm(1, 0, %, 

%. % in.) 

V-0.25 mm 
15-1.00 mm 

00 
00, 25mm(1.0,3%, 

% in.) 

oo 
oo 
oo 

5mm-V 0/45 
5mm-V 0/45 
5inm-V 0/45 
5mm-V 0/45 

5mm-V 10/35 
5mm-V 10/35 
5mm-V 10/35 
5mm-V 10/35 

7mm-V 45 
7mm-V 0/45 
7mm-V 10/35 

Die-Supporting 
Notch Radii: 

mm 	in. 

0.5 	.02 
0.75 	.03 
1.25 	.05 
2.00 	.08 
2.75 	.11 

TABLE II - TYPE AND DIMENSIONS OF DOUBLE-NOTCHED (V-V) FLAT (PLATE) SAMPLES 

CHARACTERISTIC DATA 
TYPE AND 	  

PLATE 	OVERALL 	BREAKING SECTION 	BREAKING NOTCH 	 SUPPORTING NOTCH 
THICKNESS 	DIMENSIONS  	 REMARKS 

(T), 	Width, W; 	WIDTH, 	LENGTH, 	 RADIUS, 	DEPTH, 	 RADIUS, 	DEPTH, 
IN. 	Length, L) 	IN. 	IN. 	TYPE, 	IN. 	IN. 	TYPE, 	IN. 	IN. 

3/8. 	.... 	A - V 	 Re Figure 6: L =6%, 
H =2-5/8 

1 to 3x6 1,8 	1,8 	1 to 3 	V 	0.01 	1/16 	45° 	0.07 	3,16 	(H-S) = 2-5/16, 
W = 1 to 3 in. 

3,8 	A - U 
1 to 3x6 1 1 8 	1/8 	1 to 3 	U 	0.04 	1,16 	45° 	0.07 	3,16  

3/8 	D418-00 	 If required, weld, crack 
1 to 3x6 1/8 	1/ 8 	1 to 3 	- 	00* 	- 	45 0 	0.07 	1j4 	starter or heat transition 

	 zone, 	notched 	or 	un- 
3/8 	E-1/ 8-00 	 notched, placed on the 

1 to 3x6 1/8 	1/8 	1 to 3 	- 	00* 	- 	0/45° 	0.07 	1/4 	front portion of sample. 

3/8 	F-1/8-00 
1 to 3x6 1/8 	1/8 	1 to 3 	- 	00* 	- 	10/35° 	0.07 	1/4 

1/2 	A - V 
I to 3x6 1/8 	1,8 	1 to 3 	V 	0.01 	1.16 	45° 	0.10 	5/16 

1/2 	 A - U 
I to 3x6 1/8 	1/8 	I to 3 	U 	0.04 	1/16 	45 0 	0.10 	5/16 

1,2 	D-1/8-00 	 If required, weld crack 
1 to 3x6 1/8 	1,8 	1 to 3 	- 	00° 	- 	45° 	0.10 	3/8 	starter or heat transition 

	 zone, 	notched 	or 	un- 
1/2 	E-1/8-00 	 notched, placed on the 

1 to 3x6 1/8 	1/8 	1 to 3 	- 	00° 	- 	0/45° 	0.10 	3/8 	front portion of sample 

1/2 	F-1,8-00  
1 to 3x6 1/8 	1,8 	1 to 3 	- 	00° 	- 	10/35° 	0.10 	3,8  

- 5 - 



TABLE II - (a) CHEMICAL COMPOSITION OF STEEL  (%) 

STEEL 	 CARBON MANGANESE PHOSPHORUS 	SULPHUR SILICON CHROMIUM 	NICKEL 	Boron 

SAE 1085 	0.87 	0.24 	0.021 	0.020 	0.17 
SAE 1045 	0.43 	0.71 	0.015 	0.016 	0.21 
SAE 2315 	0.12 	0.54 	0.013 	0.012 	0.20 	1.49 	3.60 
Constructional 	  
Alloy Steel 	0.16 	0.75 	0.021 	0.027 	0.24 	0.55 	0.82 	0.005* 

*Used for welded samples shown in Figure 12. 

(b) CHEMICAL COMPOSITION LIMITS OF ALUMINUM ALLOYS (%) 

OTHER 
ALLOY 	Cu 	 MG 	 ZN 	 CR 	ELEMENTS 

 	FE   	MN 	SI 	Ti 	 
MAX. 	MIN. 	MAX. 	MAX. 	MIN. 	MAX. 	MAX. 	MAX. 	MAX. 	MIN. 	MAX. 	MIN. 	EACH 	TOTAL 

Alcan  75S.. 	2.0 	12 	0.7 	2.9 	2.1 	0.3 	0.5 	0.2 	6.1 	5.1 	0.4 	0.18 	0.05 	0.15 

Alcan 350 . . 	0.15 	- 	0.3 	10.6 	9.5 	0.1 	0.2 	0.2 	- 	 - 	- 	0.05 	0.15 

CHEMICAL COMPOSITION OF MAGNESIUM ALLOY (%) 

ALLOY 	 AL 	 ZN 	 MN 	 NI 	 FE 

AZ80 	7.5 - 8.5 	0.30 - 0.70 	0.15 - 0.40 	0.01 max 	 0.03 max 

TABLE IV - MECHANICAL PROPERTIES 

	

ULTIMATE 	0.2 --- 	ELONGATION, 	ELONGATION, 	REDUCTION 

	

STRESS, 	PROOF 	4 x dia. 	5 x dia. 	IN AREA, 	ROCKWELL B 

	

kpsi 	STRESS, psi 	(%) 	(%) 	(%) 	HARDNESS 

Alcan 75S-T6 	93.2 	N.D. 	8.0 	6.5 	15.7 	90 

Magnesium AZ80-F (Extruded) 	50.3 	39.3 	4.8 	6.4 	N.D. 	32 

Commercial bronze (drawn) 	 70.5 	41.8 	35.1 	32.9 	80.5 	80 

Commercial yellow brass 	73.6 	53.6 	20.0 	17.3 	59.0 	74 

Copper (hard drawn) 	 44.5 	44.5 	20.0 	15.2 	66.5 	41 

SAE 1085, as rolled, plant annealed 	87.1 	45.2 	24.8 	23.8 	43.3 	88 

SAE 1085, laboratory annealed 	102.0 	46.7 	20.0 	16.2 	29.0 	90 

SAE 1045 	93.1 	65.7 	29.6 	26.4 	24.9 	87 

SAE 2315 	135.5 	74.0 	16.4 	14.2 	32.6 	88 

C,onstructional alloy steel 	114.3 	105.7 	- 	- 	51.9 	98 

(c) 

N.D. = Not determined. 

	

t ag 	 Rearks 

	

Type of 	Breaking 1 Supporing 	Xvere 	Average Fracture 	 m 

	

Sample 	Notch 	Notch, 	Impact 	Deformatio 	of n 
.. 

 

	

(type and 	adiu•i0.25mmEnergy 	leading edge, 

	

radii.) 	Depth and 	ft-lb 	 trailing edge, 
•hape 	•ample) 	•upporting edge 

A X 2 

	

.25 	5m  V45' 	2.5 	

■ 

-.000 

	

A - V 	V - 0 	rn 

	

IIIIII 	 . 000 	E= 
+.002  

A X I 

	

A - U 	U - 1.00 	5.,,.,, V 45' 	25.0 	 -.020 

	

mrn 	 -.005 	= 
+.039  

A X I 

	

=A - 5-00 	00 	5min V 4 9 	113.0 	 -.035 

+.035  
ACCU  

	

A - 3-25 	25mrn 	5rnm V 45' 	33.0  

	

-. 012 	DO 
+.048  

A X 2 

	

B - V 	V - 0.25 	5mm V 0/45" 	3.0  

	

nun 	 -.000 	= 
1.003  

A -ha X 2 

	

B - U 	U - 1.00 	5rrom V 0/45 	25.0 	 -.024 

4. 030  

A- .4 X 1 

	

B -5-00 	00 	Sn,,,,

-. 

 V 0/45. 	105.0 	 -.044 

	

015 	= 
+.092  

A.14 X I 

	

B - 3-25 25mrr, 	5mrn V 0/45' 	31.0 	 -.024 	

= -.012 
+.040 

C - V 	V - 0.25 	5mm V 10/35 	3.0 	A X 2 
rnm 	 -.002 	

= -.000 
+.002 

A 42 X 2 
C - U 	U - 1. 005mm V 10/35 	27.0 	 ..024 	

UL3 "n, 

+.037 

A - 14 X I 
C - 5-00 	00 	5m 	V 10/35 	100.0 	 -.042 rn  

-.014 = 
+.090  

A X I 

C - 3-25 	25 nun 	5mni V 10/35 	31.0 	 -.026 

	

-.014 	= 
+.042 

A X I 

D - 3-00 	00 	7 	V 45' 	20. 5 	 -.013 

	

-.010 	M
7..,...n  

+.020 

A X I 

E . 3-00 	00 	7mrn V 0/45' 	24. 0 	 -.014 

	

-.007 	 E7D 
+.024  

A X 2 
F - 3-00 	00 	7rnm V 10/35 	17.5 	 -.011 

-.008  
+.022 

Table V.-Tension-bending values of various double-notched (V-V) samples, SAE 1085 steel, 1/2-inch square, as rolled 
(plant annealed). 



DOUBLE - NOTCHED 	(VT)  	 120D 	 TYPE 	 (SQUARE) 
 

SAMPLE 	

25 	D - 3 - 00  

E} = 1=1 	 = =  
Supporting Noteh, 

0.01 tn. Radlue 	 1.2 	 5.0 	 19.5 	 15.1 	 1.8 	 5.7 	 141.8 
(Breaking energy in ft-lb) 	  

(Leading Edge 	 .000 	 -.005 	 -.013 	 -.008 	 -.001 	 -.005 	 -.055 
Change in (Trailing Edge 	 .000 	 - 

I Supporting Edge 	.000 	+.002 	+.025 	+.015 	.000 	 +.004 	 4.065  

Fracture 	 2X2 	 AX2 	 Alll 	 AX2 	 2X2 	 2X2 	 A 1/214-L/234X1 

Supporting Notch, 

0.02 In. radius 	 1.0 	 4.4 	 28.7 • 	 18.5 

Supporting Notcta. 
0.04 tn. radius 	 I.? 	 5.4 	 29.8 	 22.8 	 CHARPT 	TYPE 

Supporting Notch. 

0.07 in. radii. 	 1.9 	 4.5 	 34.2 	 28.1 	
= 	F-'- 	 

Supporting Notch. 

0,10 in. red!. 	 2.5 	 6.) 	 37.4 	 39.4 	 2.1 	 6.5 	 181,6 

(leading Edge 	 -.001 	 -.021 	 -.018 	 .000 	 -.003 	 -.055 
Change in (Trailing Edge 	 -.001 	 -.009 	 -.015 	 - 

(Supporting Edge 	+.002 	+.003 	+.040 	+.035 	.000 	+.003 	+.086  
Fracture 	 2X2 	 AIL 	 &X ) 	 AX) 	 2X2 	 2X2 	 A 8/214-1/04xi 

Table VI.-Dougle-notched (V-V) Izod and Mesnager impact data, SAE 1085 
laboratory annealed steel. 
(Average of six tests). 

	

DOUBLE - NOTCHED 	eYY1 	1 2. 0 11 	TYPE 	SODAZI. 1 
S•UPLE 	 A- V 	 A - 11 	A - 7 .  25 	18-3-40  

=  DO  nKI--; LA-i T''-1 rne.1 	1/2 

Sappereing Nettl. 
4 .01 in. nat. 	 4.0 	 7.0 	 8.1 	 8.5 	 4.8 	 7.0 	 14.1 

, Breaking energy in 11-1b  

Tram» 	 SCIII 	 BC1/61 	 Aaill 	 Alil 	 1411.1 	 AllXi 	»AI 

Supporting Ne41. 
1.1204.  nullea 	 4.8 	 6.7 	 11.2 	 9.9 

Siepporang Negri. 
8.0404.  rare. 	 4.0 	 7.5 	 6.9 	 8.5 	 CHAILPY 	TYPE 

Supportleg  10301. 
0.8704.  restiiie 	 7.5 	 5.7 	 9.5 	 9.7  

	rj--1 	----- 

Sapparting Neeeli. 
4.11 in. rear 	 4.5 	 6.5 	 10.3 	 11.0 	 5.8 	 9.0 	 49.1 

Tractor. 	 ACM I 	 2M) 	 ACbl I 	 All I 	 AMI) 	 ABM 	2M1 
, 

Table VII.-Double-notched (V-V) Izod and Mesnager impact data, 
aluminum alloy 755-T6. 

(Average of six tests. Breaking energy in foot-pounds). 

DOODLE - WOTCHED 	(VT) 	1200 	/ Y • E 	48 0 0 • • 11 

0•LIPLE 	 A - Y 	A - V 	A - 3 • 25 	D - ) - 44  
n. = =-1  1--A-i 	..--k F"'-'  \ 	1 	; 

5oppueing Motel. 

8.81 In. mil« 	 1.8 	 1.4 	 6.5 	 5.7 	 1.8 	 2.8 	 11.1 

21174aldag energy in 11-11 

Fracture 	 Mal 	 C111 	 Mal 	 Alill 	 A-11111 	A414E1 	A/41 

Sepparting Nriele. 
8.8204.  44114. 	 1.2 	 8.0 	 6.4 	 6.6 

..19...".  r »04- 
	44 	 1.2 	 1.1 	 6.7 	 5.6 	 C BBBBB 	TYPE 

Neapperties Note!. 
5.8704.  reeked 	 1.5 	 3.8 	 6.1 	 7.7 	

n--1 	r-`1-‘ 	i 	‘  
Sepperiing Nreielt. 
8.0* 04.  realm 	 1.5 	 EA 	 7.8 	 11.0 	 8.1 	 2.1 	 12.8 

P.M.» 	 MI 	 A/11 	 1411 	 Mil 	 •41111 	6.44X1 	A111 

Table VIII.-Double-notched (V-V) Izod and Mesnager impact data, 
magnesium alloy AZ80-F (extruded). 

(Average of six tests. Breaking energy in foot-pounds). 

to provide a notch sensitivity index 
for 0.25/1.00/25 mm or other notch 
ratios at different temperatures. 

DOUBLE-NOTCHED TENSION-BEND- 

ING IMPACT TESTS 

In order to select the most suit-
able type and shape of double-
notched tension-bending impact 
samples to be recommended for 
further exploratory tests and stud-
ies, a set of samples as listed in 
Table I was prepared and tested. 
SAE 1085 steel, 1/2-in. square, in 
the plant-annealed condition, was 
used for these comparison tests. 
The results obtained are listed in 
Table V. 

On the basis of these results, type 
A-V, A-U, A-3-25 and D-3-00 sam-
ples were selected for further tests. 
The results of an investigation into 
the ef feet of increasing the radius 
of the supporting notch from 0.25 
mm (0.01 in.) to 2.5  mm (0.1 in.) 
are shown in Tables VI, VII and 
VIII and Figures 9, 10 and 11. 
Steel SAE 1085, aluminum alloy 
75 5-T6, and magnesium alloy AZ80- 
F were used in these tests. 

Type D-3-00 samples, with 0.25 
and 2.5 mm radius supporting notch-
es, were used to study the impact 
tension-bending characteristics of 
SAE 1085 steel with machined and 
unmachined (as-rolled) surfaces. 

These tests were carried out at tem-
peratures extending above and be-
low the brittle to ductile transition 
temperature. The testing tempera-
tures ranged from -70°F to 
+284°F. The results obtained in 
titis series of tests are shown in 
Tables IX and X. 

The data shown in Table IX were 
obtained on type D-3-00 samples 
with a sharp 0.25 mm (0.01 in.) 
radius supporting notch. In these 
tests, very likely, the notch-sever-
ity of the sharp supporting notch 
was the limiting factor, and there-
fore the tension-bending impact 
characteristic of the surface was 
not properly revealed. In order to 
reveal the natural impact character-
istic of machined and as-rolled sur-
faces under examination, the radius 
of the supporting notch was in-
creased from 0.25 mm to 2.5 mm. 

The data obtained with a 2.5  mm  
radius supporting notch are given 
in Table X. This change, which 
was based on the test data shown 

in Table VI and Figure 9, removed 
the possible limitations imposed by 
the 0.25 mm radius notch. 

The average impact-notch-sensi-
tivity indices, both actual and rela-
tive, determined for SAE 1085 steel, 
SAE 1045 steel, 75S -T6 aluminum 
alloy, an extruded AZ80-F mag-
nesium alloy, and other metals, are 
shown and defined in Table XI. 

These values were obtained at room 

temperature. The chemical composi-
tion and mechanical properties of 
the alloys used to illustrate the im-
pact notch-sensitivity indices are 
given in Tables III and IV. 

During tension-bending impact 
loading, the upper portion of the 
test sample bears on the wedged 
support held in the supporting 
notch, and the portion of the sam-
ple in contact with this support is 
exposed to large compression stress- 
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Figure 9.—Breaking energy vs. supporting 
SAE 1085 steel. 
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Figure 11.—Breaking energy vs. supporting notch radius, for 
magnesium alloy AZ 80-F (extruded). 

Figure 10.—Breaking energy vs. supporting notch radius, for 
aluminum alloy 75ST-6. 

es. These compression stresses cause 
a local mushrooming, which was re-
corded as expansion of the support-
ing edge in Tables V, VI, IX and X, 
during the preliminary tests. This 
expansion was found to be almost 
negligible below the ductility transi-
tion temperature, and this is helpful 
and desirable in determination of 
this transition. Since the energy re-
quired for plastic compression de-
formation is recorded together with 
the tension breaking energy, the sup-
porting notches were designed with 
a view to keeping the amount of 
compression deformation to a mini-
mum. 

DISCUSSION OF TEST RESULTS 

Results obtained on Type A, B 
and C double-notched samples (see 
Table V) show that the effect of 
the change in the supporting notch 
angle from 45 0  to 0/45 and 10/35 °  
is relatively small. This also applies 
for sample types D, E and F. 

The effect of the changes in the 
severity of breaking notches from 
0.25 mm radius (0.01 in.) to 1.0 
mm radius (0.04 in.) was just as 
would be expected, i.e., a corre-
sponding increase in breaking en-
ergy is recorded with the reduction 
of notch severity. Similarly, the un-
notched samples yielded correspond-
ingly higher impact values. 

Data given in Table VI show that 
with double-notched impact samples, 
types A-V and A-U, of SAE 1085 
steel, laboratory annealed, an in-
crease in supporting notch radius 
from 0.25 mm (0.01 in.) to 1.75 
mm (0.07 in.) does not appreciably 
affect the breaking energy re-
quired. However, a further increase 
of the radius from 1.75 mm (0.07 
in.) to 2.5  mm  (0.1 in.) has a more 

pronounced effect. 
The following two 
factors might con-
tribute to this ef-
fect: first, a larg-
er radius extends 
the volume o f 
metal exposed to 
plastic deforma-
tion and hence 
raises the required 
breaking energy, 
and secondly, the 
increased radius 
of the supporting 
notch results in a 
reduction in stress 
concentration. It 
is obvious that in 
samples A-V and 
A-U the break occurs at the break-
ing notch first, and the notch sev-
erity of the breaking notch is the 
governing factor with these types 
of samples. In samples A-3-25 and 
D-3-00, the effect of increasing the 
radius of the supporting notch is 
more pronounced because, with, re-
spectively, a large 25 mm (1 in.) 
radius breaking notch, or with no 
breaking notch, the severity of the 
supporting notch might be the lim-
iting factor. 

Similar observations can be made 
concerning the data in Tables VII 
and VIII. However, probably be-
cause of the shear character of the 
fractures recorded for these alumin-
um and magnesium alloys, this ef-
fect appears less pronounced. 

Close analysis of the test data 
given in Tables VI, VII and VIII 
indicates that the 2.5 mm (0.1 in.) 
radius supporting notch, and in some 
cases the 1.75 rum (0.07 in.) (see 
Table II) radius supporting notch, 
should be recommended for the dou- 
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ble-notched tension-bending impact 
and slow-bend tests. (Fig. lb). 

Examination of the tension-bend-
ing impact characteristics of as-
machined and as-rolled surfaces, as 
shown in Tables IX and X for the 
D-3-00 sample with 0.25 mm and 
2.5 mm radius supporting notches, 
reveals that under these conditions 
the brittle transition of the as-rolled 
surface and that of the as-machined 
surface are not much different, for 
the SAE 1085 steel. 

Since surface finish has a very 
pronounced effect on the endurance 
and the fatigue limit of metals, it 
would be interesting to study the re-
lationship between the tension-bend-
ing brittle transition characteristics 
of metal surfaces (16). Further 
studies in this field should be en-
couraging and may lead to better 
understanding of the effect of sur-
face conditions on the brittle char-
acteristics and the behaviour under 
fatigue conditions. 



TABLE IX - TENSION-BENDING CHARACTERISTICS 

SamPle: D-3-03; supporting notch, 0.25 mm (0.01 in.) 1085 Steel M sq. as-rolled (plant annealed) 

MACHINED SURFACE 	 UNMACHINED SURFACE 

DEFORMATION OF 	 DEFORMATION OF 

	

AVERAGE 	 LEADING EDGE 	AVERAGE 	 LEADING EDGE 
TEST TEMP. (°F.) 	ENERGY 	 TRAILING EDGE 	ENERGY 	 TRAILING EDGE 

	

(FT-LB) 	TYPE OF 	SUPPORTING EDGE, 	(FT-LB) 	TYPE OF 	SUPPORTING EDGE, 

	

(NOTCH) 	FRACTURE 	 INCH 	 (NOTCH) 	FRACTURE 	INCH 

-76 	 3.1 
AX2 	-.001 (0.25%) 	3.3 	AX2 	-.001 (0.25%) 

	

.000 	 .000 
(-60°C) 	 .000 	 .000 

-4 	3.5 	 -.033 (0.75%) 	3.6 	 -.002 (0.50%) 
AX2 	.000 	 AX2 	.000 

(-20°C) 	 .000 	 .000 

68 	7.3 	 -.006 (1.5%) 	7.0 	 -.005 (1.3%) 
AX2 	-.004 (1.0%) 	 AX2 	-.001(0.25%) 

(+20°C) 	 +.004 (1.0%) 	 +.002 (0.50%) 

104 	8.6 	 -.006 (1.5%) 	8.6 	 -.007 (1.7%) 
AX2 	-.004(1.0%) 	 AX1 	-.004 (1.0%) 

(+40°C) 	 +.006 (1.5%) 	 +.009 (2.3%) 

140 	11.1 	 -.009 (2.3%) 	11.0 	 -.009 (2.3%) 
AXI 	-.005(1.3%) 	 AX1 	-.005(1.3%) 

(+60°C) 	 +.012 (3.0%) 	 +.013 (3.5%) 

176 	15.0 	A 1.4 MI 	-.015 (3.7%) 	16.0 	AC 2/3 MI 	-.017 (4.3%) 
4 X 1 	-.008 (2.0%) 	 1/3 X 1 	-.007 (1.7%) 

(+80°C)  	 +.019 (4.7%) 	 +.020 (5.0%) 

212 	20.5 	AC 4 MI 	-.015 (3.7%) 	22.6 	ACMI 	-.021(5.3%) 
4 X 1 	-.008 (2.0%) 	 -.008(2.0%) 

(+100°C) 	 +.024 (6.0%) 	 +.028 (7.0%) 

284 	23.7 	ACM1 	-.021(5.1%) 	21.2 	ACM1 	-.021(5.3%) 
-.008 (2.0%) 	 -.007 (1.7%) 

(+140°C) 	 +.033 (8.2%) 	 +.027 (6.7%) 

Testing results for impact testing 
would not be complete if they did 
not contain data on range of im-
pact energy transition, fracture-
transition, and ductility-transition. 

Impact energy transition tempera-
ture for tension-bending impact 
tests may be obtained from exam-
ination of the values of energy re-
quired to break one test section, in 
foot-pounds, recorded for a selected 
range of testing temperatures. 

The fracture transition tempera-
turc range is determined from vis-
ual observations of the fractured 
surface, employing the proposed 
table of fractured impact samples 
(see Table XII) set up for the pur-
pose of simplification and standard-
ization of the tests. 

Examples of application for the 
fracture table are shown in Tables 
V to X. The proposed fracture 

Table XII could be applied to the 
majority of impact fractures. In 
cases where unusual and irregular 
fractures are encountered, addition-
al descriptions and photographic 
methods coukl be applied. 

TABLE XI - AVERAGE NOTCH SENSITIVITY FACTORS AT ROOM TEMPERATURE 

For selected notch combination 0.25/1.00/25.0 mm 

DIRECT NOTCH SENSITIVITY 

	

FACTOR RATIO OF ENERGY 	RELATIVE NOTCH 

	

ABSORBED. IN FT-LB (SUP- 	 SENSITIVITY 
MATERIAL 	 PORTING NOTCH RADIUS, 0.1 IN). 	FACTOR. RATIO OF: 

 	A-V/A-U/A-3-25 
V notch U notch 25 mm notch 	  

OVER A-V 

	

A-V 	A-U 	A-3-25 

1 	SAE 1045 	20.0 	29.0 	57.0 	 1/1.5/2.9 

2 	SAE 1085 	2.5 	6.1 	37A 	 1/2.5/15.0 
(lab annealed) 

3 	SAE 2315 	11.0 	23.0 	42.8 	 1/2.1/3.9 

4 	75ST (Alcan) 	4.0 	6.5 	10.3 	 1/1.6/2.6 

5 	Alum. Casting Alloy  	5.0 	7.0 	19.6 	 1/1.4/3.9 
Alcan 350-W 

6 	Magnesium Alloy 	1.8 	3.2 	7.1 	 1/1.8/3.9 
A7-80-F (extruded) 

7 	Copper 	10.0 	11.5 	19.5 	 1/1.2/2.0 
(hard drawn) 

8 	Commercial Yellow 	4.5 	8.5 	25.5 	 1/1.9/5.7 
Brass (drawn) 

9 	Commercial Bronze. . . 	12.0 	16.5 	35.0 	 1/1.4/2.9 
(drawn) 

-9-- 



TABLE X - TENSION-BENDING CHARACTERISTICS 

Sample: D-3-00; Suprorting Notch 2.5 rrm (0.10 in.) SAE 1085 Steel, 3  in. sq. (latoratory annealed) 

MACHINED SURFACE 	 UNMACHINED SURFACE 

DEFORMATION OF 	 DEFORMATION OF 

	

AVERAGE 	 LEADING EDGE 	AVERAGE 	 LEADING E.L■GE 

	

ENERGY 	 1RAILING EDGE 	ENERGY 	 TRAILING EDGE 

	

(FI-LB) 	TYPE OF 	SUPPORTING EDGE, 	(FI-LB) 	TYPE OF 	SUPPORTING EDGE. 
TEST TEMP. (°F.) 	(NOTCH) 	FRACTURE 	INCH 	 (NO') CH) 	FRACTURE 	INCH 

-76 	4.7 	 -.002 	 3.5 	 -.002 
AX3 	 -.002 	 AX3 	 -.002 

( -60°C) 	 +.002 	 +.002 

-40 	10.7 	 -.007 	 7.2 	 -.002 
AX2 	 -.006 	 AX2 	 -.002 

( -40°C) 	 +.005 	 +.002 

-4 	22.7 	 -.008 	 18.0 	 -.008 
AX2 	 -.008 	 AX2 	 -.006 

( -20°C) 	 +.012 	 +.012 

32 	21.0 	 -.010 	 29.6 	 -.015 
AX2 	 -.009 	 AXI 	 -.014 

(0°C) 	 +.017 	 +.027 

68 	34.4 	 -.015 	 35.5 	 -.017 
AX2 	 -.013 	 AX1 	 -.015 

(+20°C) 	 +.035 	 +.033 

104 	32.0 	 -.016 	 28.7 	 -.012 
AXI 	 -.016 	 AXI 	 -.012 

(+40°C) 	 +0.30 	 +.026 

140 	30.9 	 -.014 	 26.0 	 -.014 
AX1 	 -.014 	 AXI 	 -.014 

(+60°C) 	 +.029 	 +.027 

176 	29.7 	 -.015 	 32.0 	 -.017 
AX1 	 -.014 	 AXI 	 -.015 

(+80°C) 	 +.028 	 +.027 

212 	34.5 	 -.022 	 33.0 	AX1 	 -.016 
CCM1 	-.018 	 CCMI 	-.015 

(+100°C) 	 +.034 	 +.034 

248 	35.8 	 -.022 	 30.0 	 -.020 
CCM1 	-.016 	 CCM1 	-.013 

(+120°C) 	 +.032 	 +.030 

2E4 	31.8 	 -.020 	 34.5 	 -.021 
CCM1 	-.015 	 CCM1 	-.013 

(+140°C) 	 +.032 	 +.030 

The ductility-transition-tempera-
ture range can be set up by using 
percentage figures taken from the 
transversal contraction of the cross-
section for the samples, measured 
at the bottom of the breaking notch 
(leading edge). 

In order to obtain a complete 
picture of the characteristics of 
plastic deformation takilg place 
during tension-bending loading in 
the first groups of tests (Tables V 
to X), the transverse contraction 
at the bottom of the supporting 
notch (trailing edge) was also re-
corded. The presence of this contrac-
tion is a direct indication of the 
existence of tension strain at the 
bottom of the supporting notch, and 
indicates, also, that the whole break-
ing section was exposed to tension 
s train. 

GENERAL DISCUSSION 

The proposed double-notched im-
pact samples provide, for practical 
metallurgical and mechanical test-
ing, a wide range in severities of 
stress concentration factors and in 
rates of straining (Figure 17). 

The tri-axiality of loading of 
double-notched samples can be regu-
lated by increasing the width of the 
sample in the breaking method area, 
by variations in the transverse di-
mensions of breaking and support-
ing notches, and by variations in the 
thickness of the test section. The 
rate of straining, accentuated by 
sharpness of notches, is regulated 
by the height from which the ham-
mer is dropped and by the dimen-
sional relations between sample and 
hammer (Figure 17). 

The dimensions and shapes of 
double-notched impact samples are 
listed in Tables I and II and are 
shown in Figures 2 to 7. A wide 
variety of further modifications of 
double-notched impact samples 
could be applied to suit other par-
ticular requirements. 

In the initial stage of this ex-
ploratory work, three shapes of 
supporting notches were included. 
A 45 °  type was selected as a sup-
porting notch with a 22.5/22.5 °  
position from the horizontal plane 
for type A, 0/45° for type B and 
10/35° for type C wedged grips, 
respectively. The fixed 45 °  angle of 
the supporting notch and the vary-
ing inclined angle of the support-
ing plane (22.5° for type A, 10 0 

 for type C, and 00  for type B) had 
a correspondingly varying effect on 
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Figure 12.—Tension -bending (V-V) sample for testing 
of plates. Figure 13.—Tension-bending double-notched (V-V) sample 

with transverse bead weld, as shown in Figure 8-A. 

massar 

Figure 14.—Tension -bending double-notched (V-V) sample 
with notched transverse bead weld, as shown in Figure 8-A. 

It should be realized that test 
data obtained on double-notched (V-
V) samples where the surface is 
left in its original condition, i.e. as 
used in final design, have a more 
direct bearing on the performance 
and safety of an actual element than 
have the test data obtained from 
machined samples. 

The effects of various surface 
conditions and surface treatments 
could also be compared with one 
another, or compared with a stand-
ard surface not affected by treat-
ment under investigation. Both weld-
ability and the effect of welding 
could be checked by the tension-
bending testing of welded and un-
welded samples in the selected tem-
perature range and testing condi-
tions. Test data so obtained would 
provide impact energy values for 
selected temperatures. Fracture and 
plasticity transition temperatures 
for each type of sample could also 
be obtained from these tests. All 
this information is very helpful in 
evaluating the weldability of the 
material. 

During preliminary tests, a flat, 
double-notched, tension-bending im-
pact sample 1 3/4  and 1 in. wide, 
61/2 in. long, and 1/2 in. thick was 
used. The supporting notch was 2.5 
mm in radius and 3/8  in. deep. 

Using an impact hammer of 200 
ft.-lb. capacity, practically all 
standard steels can be broken with 
enough range for recording lower 
impact values caused by various 
types of surface imperfections, in-
cluding welding, heating, residual  

stresses and oth-
ers. Figures 12, 
13 ,  14, 15 and 16 
show few typical 
examples of brok-
en double-notched 
impact samples. 

CONCLUSIONS 

The application 
of the proposed 
double - notched 
(V-V)  impact,  
slow-bend a n d 
similar "d r o p 
weight" tests can 
be explored in a 
number of fields, 
after necessary 

modifications of 
existing testing 
machines. Select-
ed double-notched 
(V - V) impact 
samples, listed in 
Tables I and II 
and shown in Fig-
ures 1 to 7, COUid 
be used for gen-
eral impact tests, 
and the data ob-
tained could con-
tribute to a better 
understanding of 
the cold brittle 
behaviour of met-
als, particularly 
with respect to 
the effect of sur-
face conditions. 

Figure 15.—Tension-bending double-notched (V-V) sample 
with notched longitudinal bead ueld, as shown in Figure 8-C. 

111111111111r1111V111111r 11111111  
Figure 16.—Tension-bending double-notched (V-V) sample. 

Type A-3-25. 
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Figure I7.—Strain rate relations. 
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impact testing techniques used to-
day, a fevv view points on a new 
concept about energy absorption of 
the Charpy test specimen during 
testing. 

Since several decades, a very 
great number of specimens of the 
Charpy type have been tested, the 
absorbed energy of the material be-
ing recorded. Despite this tremend-
ous work ,  we do not yet know to-
day what these results finally mean 
from the resistance point of view of 
the material. More and more tests 
of this kind are proposed and car-
ried out without asking for the 
causes of these unsatisfactory test 
results. Looking back on the last 
forty years and comparing the re-
sults obtained by this method with 
the fairly poor conclusions general-
ly arrived at, it seems evident that 
something must be wrong in respect 
to this method. In fact, if we com-
pare the information obtained by 
the results of the impact tests with 
those of other testing methods, such 
as for instance, the static tensile 
tests, we must admit that the Charpy 
impact test results are crude and 
very unsatisfactory. We measure 
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two parameters by one single value. 
Instead of having, as in static tests, 
separate records of the load in 
pounds and the deformation in 
inches, we measure simply the total 
energy absorbed by the specimen 
through a single value expressed in 
ft.-lb. This means that we are un-
able to make any distinction be-
tween the dynamic load applied in 
relation to the deformation under-
gone by the specimen. For instance, 
a Charpy test of a high resistance 
steel, having a low ductility, may 
yield the same total energy absorbed 
in ft.-lb. as a low resistance steel 
having a high ductility. To illus-
trate this, we may compare a tough 
steel, having a resistance of about 
8 units and a ductility of 2 units, 
giving as final results by the Charpy 
tests the same indication of energy 
absorption in ft.-lb. as a mild steel 
for example, having a low resist-
ance of about 2 units and a high 
ductility of about 8 units. The fi-
nal effect is that we measure in both 
cases the same value (16) in ft.-lb. 
and all we may conclude from such 
a test is that both steels are more 
or less identical regarding their 
energy absorption under impact 
loads. These two types of steels 
have, however, fundamentally dif-
ferent mechanical properties, as 
measured by the static tensile tests. 
Furthermore, by the Charpy tests, 
we do not have any indication of 
other basic parameters of the tested 
material, such as its dynamic elastic 
limit, its yield point as well as its 
ultimate breaking load, expressed 
in pounds. The Charpy values can 
be compared to tensile test results 
which, when expressed exclusively 
in ft.-lb. would give an as great 
confusion of results as does the im-
pact tests of today. We could hard-
ly draw any useful conclusions of 
such test results expressed exclusive-
ly in terms of energy absorption and 
a classification or evaluation of dif-
ferent types of steels and their 
mechanical properties as well as 
their behaviour in structures, would 
be completely erroneous. 

If we want to use the Charpy 
tests on the same basis as the tensile 
tests giving as useful detailed re-
sults, it will be necessary to im-
prove this method fundamentally. 
We must know the amount of load 
in relation to the deformation of the 
tested material. It will be logical to 
study the interdependency of these 
two parameters by recording dy-
namic stress-strain diagrams on the 
Charpy tester. Results of this type 
would give us a fairly good evalua-
tion of the dynamic elastic limit of  

the material, its yield strength as 
well as its ultimate load in function 
of the deformation of the material 
and we would be much more in a 
position to judge the dynamic prop-
erties of one type of a steel in com-
parison with those of another steel 
of similar or of completely differ-
ent compositions. Besides the total 
amount of absorbed energy recorded 
by the original Charpy testing 
method, we would, by a modified 
method, have the possibility to note 
after the tests several other para-
meters of basic importance simul-
taneously recorded during the im-
pact tests. 

The development of such a new 
method does not seem to be too far 
out of reach because several tenta-
tive tests have already been made 
in that direction in this Laboratory 
which indicate that there exists 
the possibility of dynamically test-
ing specimens under bending and 
recording simultaneously load-de-
formation diagrams of the speci-
mens. The load is measured by the 
elastic deformation of a thin torsion 
bar, having an elastic energy ab-
sorption of over 220 ft.-lb. and the 
angle of bending is recorded by the 
displacement of a small drum around 
its axis. Copies of original load-de-
formation diagrams, as recorded in 
a fraction of a second for two dif-
ferent materials, are represented in 
the accompanying Figure 18. These 
diagrams permit already a certain 
evaluation of the main dynamic 
properties of different materials 
tested. These diagrams show a re-
markable difference in behaviour of 
two Stainless steel specimens for 
example compared with two copper 
specimens tested under dynamic 
loads in bending. The diagrams 
of the two stainless steel speci-
mens are alike and they show 
a fairly high elastic limit as well 
as a similar maximum breaking 
load. The deformation or the angle 
of bending of the specimens is also 
alike. On the other hand, the load-
deformation diagrams of the copper 
specimens show a different be-
haviour from the stainless steels. 
The maximum load is much lower 
and the deformation is fairly high 
compared to its maximum applied 
dynamic load. Developed several 
y-ears ago this method shows that 
basically much more interesting re-
sults can be obtained during impact 
tests of this kind, if the absorbed 
total energy of the specimen is de-
composed by means of a special de-
vice into two separate parameters. 
Thus, the total dynamic load is re-
corded and the angle of bending is 

Figure 18.—Dynamic load-deformation 
diagrams of stainless-steel and copper 

specimens. 

represented in function of that load. 
Furthermore, instead of recording 
the load mechanically, as in this 
method, it might be possible to de-
velop a more elegant method by re-
cording strain gauge indications on 
an oscillograph. In view of the 
desperate attempts of the last de-
cades to measure the impact prop-
erties of steel specimens by the 
Charpy impact method, it seems 
worthwhile to give a new orienta-
tion to this basic testing method 
which up to now gives only a fair-
ly incomplete picture of the be-
haviour of various materials under 
dynamic loading. 

Author's Reply to 
discussion by Mr. Welter. 

We should certainly agree with 
Professor Welter that merely re-
cording the absorbed breaking en-
ergy of the Charpy type — or any 
other type — of impact sample does 
not in itself constitute an adequate 
method for evaluating the mechan-
ical properties of metals, nor for 
evaluating the behaviour of metals 
in structures. The example quoted 
by him, of two metals having simi-
lar impact energy absorption but 
different mechanical properties, is 
effective. Clearly, further efforts 
should be made, if possible, on the 
improvement of the Charpy method 
as such. 



At present, it is generally agreed 
that the recording of the impact en-
ergy should be supplemented by 
other observations possible from 
this type of test. The shape and 
appearance of the fracture, the 
transversal contraction of the frac-
ture at the leading edge, and the 
magnitude of the angle to which 
the sample was bent before its frac-
ture — all referred to in our Table 
XII—should thus be recorded. Such 
observations, combined with the 
transition temperatures for impact 
energy, fracture and ductility (de-
termined, if possible, under condi-
tions comparable to the working 
stress conditions existing in the 
structure under consideration), 
would also broaden our knowledge. 

We should also agree with Pro-
fessor Welter that the modified 
Charpy test proposed by him, com-
bined with recording of the dynamic 
load-deformation relationship, would 
be an interesting asset in the eval-
uation of the dynamic properties of 
metals. However, the tensile test, 
with its possible variations as to 
type of loading and conditions of 
testing, will remain as a basic tool 
in the evaluation of metal proper-
ties. 

Further following Professor Wel-
ter's suggestions, we found another 
interesting feature, namely the pos-
sibility of verification of strain 
rates prevailing in our double-
notched tension-bending samples 
under various testing conditions, 
which are roughly illustrated in 
Figure 17. Using strain gauges on 
our type A-3-25 or D-3-00 samples, 
it would be interesting to establish 
the relationships between the brit-
tle transition temperature, the 
strain rates and the probabilities of 
brittle fracture, existing under our 
methods of testing in the V-V sam-
ples. These strain-time data would 
also provide strain-stress relation-
ships, at least up to the proportion-
ality region, which would reinforce 
and broaden our observations in the 
directions proposed by Professor 
Welter. 

V. CARON * : In this interesting pa-
per the author introduces a series of 

*Associate Professor Dept. of 
Metallurgy, Ecole Polytechnique.  

new test bars for the purpose of 
studying the notch sensitivity of 
metals, particularly that of steels. 
Their main characteristics are to 
vary the degree of notch severity 
and to apply a tension-bending load. 
Such a mode has the advantage of 
eliminating compressive stresses and 
thus to create a more favorable con-
dition for crack propagation. How-
ever, the situation is much more 
complex regarding crack initiation 
because the stress gradients differ 
in each case and consequently the 
secondary tensile stresses will also 
vary, being larger when a steeper 
gradient exists which is the case of 
bending when compared to tension-
bending. 

It can therefore be expected that 
the values of energy absorbed over 
an interval of temperatures will dif-
fer from those obtained with Charpy 
specimens and that the transition 
temperatures should be different 
when considering an arbitrary en-
ergy level. There will be as many 
transition temperatures as there are 
different notches and all answers 
obtained will lead to a relative 
rating for a given material. 

In view of the above we would 
like to ask the author what would 
be the main advantages of his pro-
posed series of specimens over the 
widely used Charpy V-notched spe-
cimen inasmuch as applications to 
engineering structures are con-
cerned? 

The interest of various notch de-
signs may be assessed — if equa-
tions are sought to establish basic 
relations between temperature, 
strain rate and a particular para-
meter. Limited numerical data is 
available on such relations and ad-
ditional information is needed to 
correlate with theoretical relations 
derived from dislocation theory. 
Results obtained by Clark and 
others indicate that it should be 
possible to predict the conditions 
under which brittle fracture will oc-
cur in specimens of mild steel hav-
ing any notch geometry. Such a pre-
diction will be possible if the in-
fluence of strain rate and tempera-
ture on the yield stress and the true 
fracture stress under consideration 
are known. Does the author think 
that his proposed specimens will  

help in making such prediction 
eventually feasible? 

Author's Reply to 
discussion by Mr. Caron 

• The advantages to be expected 
from the application of double-
notched (V-V) tension bending 
samples — based on material ac-
cumulated to date — are numerous. 
A few will be mentioned below, for 
illustration. 

First, the introduction of a sup-
porting notch reduces substantially 
the volume of material exposed to 
plastic-compression deformation, and 
provides a more regular and stand-
ard distribution of tension strain 
on the breaking side of the sam-
ple. The breaking energy recorded 
on the (V-V) type A-3-25 sample 
or on the D-3-00 sample will better 
reflect the impact properties than 
that recorded on an unnotched 
Charpy or Izod type of sample. 
(Compare Tables VI, VII and 
VIII. 

Square and flat unnotched ten-
sion-bending samples of type A-5- 
00 or type D-3-00, with different 
types of surfaces on the breaking 
side, would make possible the eval-
uation of the effects of different 
kinds of surfaces on the tension-
bending characteristics. Also, ten-
sion-bending samples, without break-
ing notches but with strain gauges, 
could be used for recording the ini-
tial strain rate, in both principal di-
rections, and in studying the exist-
ing inter-relations between tempera-
ture, strain rate, constrained factor 
on that surface, and conditions for 
brittle fracture. 

In the field of testing welded and 
unwelded steel plates, the proposed 
(V-V) impact, drop-test and slow-
bend test methods, which are illus-
trated in Figures 1-b, 6 and 8, 
should provide much more informa-
tion on the weldability of metals as 
compared with the presently used 
conventional samples. 

Slow-bend and, similarly, drop-
test samples of the type shown in 
Figure 1-b, and type A-3-25 and 
type D-3-00 samples, are recom-
rnended for study of the brittle 
characteristics of metals, particu-
larly hydrogen embrittlement. 
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