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Some frequently used standard methods for fracture mechanics testing are reviewed. 

Requirements as to load and displacement measurements are evaluated. The effects 

on inaccuracy in the testing fixture are calculated and compared with other error 

terms. 

1. Introduction 

Fracture mechanics testing is expensive owing to its complexity and the strict 

requirements regarding accurate testing equipment. Even with perfect equipment, a 

series of test exhibits a considerable scatter, inherent in the properties of the 

materials . This will not be considered here. However, even when strictly defined the 

material property fracture toughness is a random variable with a significant standard 

deviation. In other words a set of specimens, that are identical from a continuum 

mechanical point of view will yield a different set of results for the fracture toughness 

even when tested and evaluated in an identical fashion. 
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In practical work there are also errors in the specimen geometry, in testing fixtures 

and in measurements of force and displ acement. Maximum values are specified in the 

standardised testing methods (I), (2) and (3). 

If the sum of these experimental errors is small compared to the typical scatter in the 

fracture parameters of the material, one should consider the possibility of getting a 

better view of this scatter by easi ng the conditions imposed on the testing equipment 

and thus enabling more tests to be performed at the same expense. 

It could also be valuable to investigate the relationship between various error terms as 

an independent problem . Imposing unnecessarily narrow limits may make some terms 

unreasonably expensive, whereas extending the limits may allow a large error to be 

decreased without cost. 

A brief revi ew of the requirements in the standard testing methods [I], [2] and [3] is 

made. A detailed analysis of the influence of errors in force and displacement 

measurements and the testing fi xture is given in appendix 1-2. A change of the testing 

equipme nt is suggested to reduce the risk that the upper roller becomes oblique. 

The three-point bend specimen is the only type of specimen that has been considered. 

2. Load and displacements' measurements 

With modern testing systems there is no difficulty in recording force within 

prescribed limits. Load cells are normally constructed to be insensitive to small side 

loads, and they are equipped with quick calibration checks. Annual calibration by a 

national calibration centre is recommended to certify the accuracy, reproducibility, 

I inearity and hysteresis . 
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Errors in the load measurement affect the result of a fracture mechanics test 

proportionality, i.e. a certain percentage error gives the same percentage contributions 

to the error inK. 

Errors from e lectronic devices are usually represented according to fig. I. Here the 

two straight I ines represent the envelope of the error conditions. The errors should be 

smaller than either I% of the true measured value or 0.2% of the range. The loop OA 

shows a calibrat ion loop, loading and unloading forces. From this loop relatively 

mean error, linearity and hysteresis can be eva luated. The on ly problem normally 

came across is when a smal l part of the loading range of the machine is to be used. 

When using small loads, it should also be noted that the load ce ll should be "put to 

zero" with respect to mass and inertia of the load fixtures . 

0.010 A 

0.005 

0 
0.5 1.0 

Fig. I. Definitions of errors and error limits for a force transducer. 
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The limits prescribed by various standards (BS 5762 (I] and ASTM E-813 [2]) are 

shown in table I. 

Table I. Error limits for displacement transducers and load cells in various standards. 

S tandard Displacement limits Load limits 
BSI 5762 The linearity of the gauge shall be The same degree of linearity as for 

such that the deviation from true the displacement signal. The load 
displacement is no more than shall be determinated with an 
0.003 mm for displacements up to accu racy of ( +1-) I%. 
0.3 mm and no more than I% of 
the recorded va lue for larger 
di splacements . 

ASTM ER I ~-87 Accuracy for gauges larger than Accuracy of load measurements 
those recommended in ASTM E- shall be within ( +1-) I% of full 
399 shall have an accu racy within working range. 
( +1-) I o/r of the full working range. 

In Appendix I effects on COD-value and J of errors in force measurements are 

calculated. The effec t o n COD is 

(I) 

The effec t on J is 

(2) 

If equa l ion ( I) and (2) are compared with equation (3) and ( 4) from [I], [2] and [3] 

one can sec that the effect of the maximum error is greater when the load is small. 

(3) 

(4) 
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Correct displacement measurements present a difficult problem. However, this has 

more to do with the method of measuring rather than the accuracy of the gauge. 

The error limits of the displacement transducer are formulated in the same way as for 

the load cell. Actual values given in various standards [I] and [2] are shown in table 

I. 

In appendix I effects on the eiTors in displacement measurement on COD and J are 

calculated . The effect on COD is 

6.COD=I 0.4(W-a)6.V I 
(0.4W +0.6a + Z) 

The effect on J is 

1

2LP. !\Vi 61= ---
B)Jo 

If equation (5) and (6) are compared with equation (3) and (4) one can see that the 

(5) 

(6) 

influence of a maximum error is becoming more and more important when the load is 

decreasing. 

The displacement values obtained are, however, used in various ways. In linear 

fracture mechanics tests , a crack mouth gauge is used to control the linearity of the 

force vs. displacement curve. Here the relative error is insignificant, but the linearity 

of the transducer is of utmost importance. The relative P0 -value is determined by the 

intersection with a 5% secant according to fig. 2. If the nonlinearity of the P-COD-

curve is composed of a 5% non-linearity in the specimen and a I% non-linearity in 

the transducer, the error in P0 may easily be 5%. It should be noted that it is the 

linearity of the measuring range that is of interest. 
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P'o 
Po 

p 

"i---F-- p = k * coo 
x-----P = 095•k•COO 

coo 
Fig. 2. Force vs. displacement for determination of the relative P0-value. 

In the COD- and ] -measurements, the displacement values affect the results linearly. 

Here it may be of some interest to consider the influence of the measured range. It is 

common to "clip" the transducer onto the test specimen in such a way that parts of the 

measuring range are used , see fig. 3. 

0.010 

0.005 
"[lipan" 

1.0 COO/C00
0 

Measuring range 

Fig. 3. Definitions of errors and error limits for a displacement transducer. 
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The measuring range may be of interest with regard to the segments of the absolute 

lengths that are involved. A normal measuring range is 0.5-1.0 mm of a transducer 

with a total range of 2.0-2.5 mm. A 1% error over this range means that errors should 

be in the range of 0.00 I mm . 

Recommended practice is to calibrate the displacement measuring system, regarding 

stability , both before and after a fracture toughness test over the measuring range with 

a micrometer. The knife edge and the shape of the gauge are crucial 

When the crack length measurements are made by a Partial Unloading method, 

special precautions have to be taken. 

2.1 Conclusions about the load and displacement measurements 

To conclude, the requirements as to load measurement's devices are realistic and can 

be fulfilled with standard equipment. Displacement measurements are more crucial 

and the fulfilment of requirements, particularly regarding linearity, has to be carefully 

verified for the equipment used. 

I. The requirements on load and displacement measurements are necessary. 

2. The displacement measurement equipment should be calibrated regarding linearity 

both before and after a fracture mechanics test. 

3. An appropriate range should be used during the test. 

9 



3. Loading device 

In the standard fracture mechanics testing methods [I], [2] and [3] the demands on 

the test fixture vary. In BS 5762: 1979 [I] and ASTM E813-87 [2] very little is 

mentioned about, for example the demands for the rollers to be parallel with each 

other. On the other hand, in EGF recommendations for determining the fracture 

resistance of ductile materials [3], the dimensions of the fixture are specified. Since it 

is possible for the testing laboratory to choose the test fixture and the demands on it, 

it seems reasonable to make an evaluation of errors, demands and testing expenses. 

In this section four types of errors in the test fixtures are discussed. These errors (see 

fig. A 1-A 7) are: 

I) The upper roller is oblique to the three-point bend specimen. 

2) The rollers are not parallel to each other. 

3) The load is not applied in the right place. 

4) The rollers are pressed into the specimen. 

3.1 Oblique upper roller 

If the upper roller is oblique to the test specimen, the load will be applied to one of 

the edges of the specimen instead of a line perpendicular to the specimen. This will 

cause a l wist of the specimen. The deformation causes higher stresses in part of the 

crack tip. This situation is calculated in appendix 2. This sort of error will affect the 

result or a fracture mechanics test considerably (5%). 
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3.2 Non-parallel rollers 

In the EGF recommendations it states that "the axes of the rollers must be parallel to 

within I degree of each other". Appendix 2 treats a s ituation where this 

recommendation is not fulfilled . The result of the calculation is shown in equation 

(7). 

(7) 

/::,d in equation (7) is the quotient between the di sp lacement in a perfect test fixture 

and in one with non-pa rallel rollers. From equation (7) it is obvious that if the rollers 

are not parallel do not affect the results of fracture mechanics test much . 

3.3 Incorrectly applied load 

This sort of errors can be divided into two separate cases , the first being when the 

load is not appl ied in the middle of the spec imen's span. The other case is when the 

span is not exactly 4W. Both these cases are calculated in appendix 2. Equations (8) 

and (9) show that their influence on the fracture toughness is small. 

64W' +48L1W · W2 + 12MI' 2 
· W +L'lW' 

L'ld := ---------=------- -
64\V' 

L'ld = 1 c{(o.s + j__J. (o.s- j__J 1)1 
4W 4W 

(8) 

(9) 

L'ld is quotient between the di sp lacement for a perfect fixture and one with an error. 
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3.4 Rollers pressed into the test specimen 

When the load used in a fracture mechanics test is large the rollers could be pressed 

into the specimen. This means that the measured displacement contains an error due 

to the plastic deformation of the test specimen. In this calculation, made in appendix 

2, the rollers are assumed to be very stiff and hard. The result of this calculation is 

given by equation (I 0). 

(10) 

3.5 Conclusions about the test fixture 

To conclude, the requirements regarding the testing fixture are realistic and can be 

fulfilled with standard equipment. The most critical part of the testing fixture is the 

upper roller. If this roller for any reason is oblique to the test specimen, the fracture 

toughness measured would be greatly affected. This problem could easily be solved 

I. To prevent the upper roller from becoming oblique to the test specimen the roller 

should be guided. 
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Appendix 1 

Calculation of errors (1'11) in J caused by tolerances in load (1'1P) and 

displacement (1'1 V) measurements. For nomenclature see appendix 3. 

From (2] 

(I) 

(2) 

(3) 

A
1
,1 = LPV L= constant (4) 

( 1 ). (2). (3) and (4) 

(5) 

tJ = [Uil I 8P)!1P + ('61 I 8\1 )1'1 V[ (6) 

' ( ' ) ' '61 I '6P = 2PS- 1- u- f I BB/·V- E +2LV I B1)J0 (7) 

(8) 

(7) and (8) in (6) ==> 

(9) 

14 



Calculations of errors (!1COD) in COD due to the tolerances in load (M) and 

displacement (11 V) measurements. For nomenclature see appendix 3. 

From [I] 

K 2(l - u 2
) 0.4(W -a)V" 

!1COD = + -----'--

yp 
K=-

BW1" 

v,, = \1 - v,. 

2a.-E 0.4W + 0.6a + Z 

( 10). (II) and (12) ~ 

Y = F(a I W) 

l'
2
P

2
(1 - u

2
) 0.4\I(W - a) 0.4V (\V-a) 

COD= + +-~"~~-
. 8 2 W2a rE 0.4 W + 0.6a + Z 0.4 W + 0.6a + Z 

oCOD 0.4(W- a) 

oV 0.4\V + 0.6a + Z 

1

2PY
2
(1-u

2
) 0.4(\V -a) I 

!1COD= , M+ !111 
B-W2a 1.£ 0.4W + 0.6a + Z 

Equations (I)- ( 17) are al so valid for the errors in [I] 

(I 0) 

(II) 

(12) 

( 13) 

( 14) 

( 15) 

( 16) 

( 17) 
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Appendix 2 

About errors in fracture toughness caused by an oblique upper roller, see figure 

AI and appendix 3 for nomenclature. 

If the load is applied on one of the specimens edges instead of on a line perpendicular 

to the specimen the test is not made in a proper way. This case could be divided into 

two separate cases, one symmetrical case (A) and a case where a torque is acting on 

both specimen halves. In this calculation the crack is not considered to affect the 

twisting. 

The cross-section of a specimen is deformed according to figure A2. The value of ~ 

is calculated from equation (I). 

2M W __ ,_· _ 
GK 

24P(l+u) 

0.69EW 2 (I) 

If the hole cross section of the specimen is exposed to plastic loading the load can be 

written as 

<JriV~ 
P=--

32 

The load P can be normalised with a load parameter a ( 0 <a < 1) as 

CX<J 1 IV
2 

P= --'----
32 

(3) in (I l leads to 

16 

3a<J 1 (1 +u) 

4 · 0.69 

(2) 

(3) 

(4) 



P/2 
----------

P/2 P/ 2 

p 

8/2 ~ d 

I 

I 

P/2 P/2 

j_ __ l __ 

Fig. A I. The tes t spec imen when the upper ro ll er is obli que. 

Fig. A2 . A cross section of the tes t speci men when the roll er is oblique. 
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u = 0.3 and a r I E = 0.002 ==:> 

(5) 

The displacement dis given by equation (6) 

d e 64P 

2\V 2 
(6) 

If P is normalised the same way as above. 

128cr rW 2 4acr 1W 
COD= = 

32EW E 
(7) 

Equation (4) and (7) are compared with each other, which gives 

~ W = 1.4o:.cr rWE = 0.088 
4d 16a.cr rWE 

(8) 

This leads approximately to an 8% overestimation of the COD-value at one edge. An 

89'n overestimated COD-value leads to an 4% overestimated K-value. 

Calculation of errors in fracture toughness value if the rollers are non parallel 

In this calculation the distances between the rollers are assumed to be correct along 

one edge of the test specimen. To simplify the calculations the twisting of the test 

specimen is neglected. For nomenclature see figure A3 and appendix 3. 

The distances between the rollers are 2W along one edge of the test specimen. Along 

the other edge the distance are X
1 

and X 2 . X
1 

and X 2 are calculated according to 
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2W 2W 

ll 
Support roller 

Support roller Load roller 
y3 Edge 2 

I· X1 X2 ·I 
Fig. A3. Non-parallel rollers. 

p 
b • L c • L 

L 

Fig. A4. Displacement of the test specimen when the rollers are non-parallel. 

c • L 

Fig. AS. The test specimen when the load not is correctly applied. 
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X,= 2W + W tany 2 - W tany 1 = W(2+ tany 2 - tany 1 ) (9) 

X, = 2W + Wtany !-W tany 2 = W(2+ tany!- tany 2 ) (I 0) 

In fi gure A4 the nomenclature used to calculate the displacement of a bent beam is 

shown . The figure is taken from [4] and so are the equations used. 

PL'c'i/ 
d(c)=---

3£1 

along edge I 

c = h = 0.5 

L=4W 

( ) 
64 · 0.0625PW -' 

d 2W =------

3£1 

along edge 2 

X 1 2 + tan y , - tan y 1 c=-= 
L 4+ tany ,- tany, 

h = X 2 = 2 +tan y .1 - tan y 2 

L 4+tany,-tany 1 
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(II) 

( 12) 

( 13) 

( 14) 

( 15) 

( 16) 

( 17) 

(18) 



0 1 =4+tany~-tany 1 

0 2 = 2 + tan y 1 - tany 1 

D, = 2 + tany J- tany 2 

( 19) 

Equation ( 19) divided with equation ( 15) gives 

(20) 

Calculation of errors in the fracture toughness values due to an incorrectly 

applied load. 

For nomenclature see figure AS, appendix 3 and [4]. 

Case I 

The load is not applied in the middle of the test specimen 

L=4W (21) 

211' +~ 
c= 

4\V 
(22) 

2W-~ 
h= --~ 

4\\' 
(23) 

d(c) "" P(4W) 0.5+ - 0.5- -'( ~ J( ~ J 4\V 4W 
(24) 
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which shou ld be compared with the perfect case 

e(4w)' d(0.5) = 48 

(24) divided by (25) gives 

6. = lj 0.5+_S_J(o.s-_S_J 
\ 4W 4W 

Case 2. see figure A6. The test specimen span is not 4\V. 

L=4W±f'..W 

P(41V ± f'..W)' 
d(c)=-----

48£/ 

which should be compared with the perfect case 

P(4W)
3 

d(0.5) = 48£/ 

(28) d i vi elect by (29) gives 

(4\V ± 6.W)
1 

('., =----:---

(4\V)' 

(25) 

(26) 

(27) 

(28) 

(29) 

(30) 

Errors in the fracture toughness values due to the fact that the rollers are pressed into 

the test specimen. 
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For nomenclature see figure A 7 and [5]. 

n = 
rrB 

(31) 

r-f=r -
(

l - u 2 l - u
2J] 112 

r
2

- 4P-r -- ~1_ +£~1 

rrB 
(32) 

L=4•W(+/-)f..W 

c • L 

Fig. A6. The test specimen when the length or it is not 4*W. 

p 

Fig. A 7. The test specimen when the rollers are pressed into the test specimen. 
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Appendix 3 

Nomenclature 

J = a mathematical expression used as materials parameter 

11•1 =the plastic part of J 

S =specimen span 

B,,. =net thickness 

11, =original crack size 

h11 =original uncracked ligament 

A1,1 =area under the load-displacement curve 

d =displacement 

a. = load parameter 

p = angel due to oblique upper roller 

c =distance from the left roller to the upper roller 

h =distance from the right roller to the upper roller 

r =distance the rollers are pressed into the test specimen 

L'l =indicates an error 

COD= crack opening displacement 

K = stress intensity factor 

v = Poisson· s ratio 

[ = Youn{s modulus 

a,= 0.2 'lr proof stress 

\1' =with of the test specimen 

\i =total clip gauge displacement 

\',. = elastic component of the total clip gauge displacement 

\ '1, =plastic component of the total clip gauge displacement 

f= D-r 

D =roller diameter 

El =bending stiffness 

y = angle hel ween rollers 

Z =distance hetween location of the clip gauge and test specimen surface 

r =stress intensity coefficient 

B = test specimen thickness 

P =applied load 
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