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ETA FACTORS, FAILURE ASSESSMENT DIAGRAMS AND VALIDITY FOR CONVENTIONAL

AND NOVEL SPECIMEN GEOMETRIES : SOME RESULTS FROM THEORY AND EXPERIMENT

R Bradford, R Gates, G Green, D Gladwin, J Buckland, A Muscati
CEGB SW Region

SUMMARY

Results are summarised for 4 specimen geometries for which theoretical and
experimental investigations have been made. In many cases comparisons are
possible, which provide checks on the theoretical or empirical techniques used.
The analyses were originally performed for a variety of reasons. The Failure
Assessment Diagrams were derived as one of the many inputs to the new

Revision 3 to the R6 procedure. In one case, FE analysis was performed to
investigate the validity of Mode II toughnesses derived from a novel specimen
and being used to assess existing structures. Perhaps the most useful outcome
of theoretical analyses is the derivation of eta factors which allow
experimental estimation of J from a single load-displacement record. This is
most important for novel geometries or where strain hardening causes deviations

from the 'classical' (perfectly-plastic) value.



Theoretical Analysis is an important adjunct to experimental techniques in the

following cases:

Eta Factors

Frequently experimentalists wish to find J from a single load-displacement
record. A theoretical calculation of the constant (n) relating to J to U is
therefore required.

J = U (TOTAL)
Ligament Areéa

Validity

Direct verification of the validity of applying small specimen toughness
measurements to large structures is problematical due to the difficulty of
testing large structures (and expense!). Theoretical investigations based on

the occurrence of universal crack tip fields (HRR) are therefore important.

Failure Assessment Diagrams

As well as jivﬁng the elastic solution (K))theoretical analysis is important as
an independent source of FAD's. This is particuiar]y true in the crucial

"knee" reéion (elastic-plastic transition) where experimental errors are
greatest. Finite element analysis provides a convenient means of investigating
the effect on the FAD of changing a single factor, eg. stress/strain curve or

specimen geometry.



(2)

(7}

Elastic-plastic finite element analysis is a good method of deriving eta

factors, enabling J to be found simply from a load-displacement record.

Extensive investigations for the CCP show good agreement in n between
theoretical and experimental methods, confirming the effect of strain

hardening.

In plane stress, the CCP and DPS are both apparently valid well beyond
general yield (HRR fields), and this is consistent with experimental

evidence on initiation toughness.

Plateaux can occur in specimen load-displacement curves due to Luders
behaviour or a plane strain/plane stress transition. The CCP analysis has
confirmed that including the plateau area in estimating J is correct, and
that this J controls the crack tip fields.

The geometry dependence of the derived failure assessment diagram is
slight, especially when compared with typical uncertainties in theoretical

estimates of the normalising load (yield load or flow Toad).

The finite element method, the experimental method, and the reference
stress method (Option 2 of R6) give broadly consistent FAD's when

variations in the stress-strain data or geometry are considered.

Empirical yield and collapse loads can depend upon 3D effects (plane
strain/plane stress transition and geometry change) so that theoretical

estimates based on 2D infinitesimal strain theory are necessarily

simplistic.

The end point of stable tearing, in both Modes I and II, is unstable
tearing (ductile fracture), as distinct from collapse of the remaining

1igament.



(1)  Elastic-plastic finite element analysis is a good method of deriving eta

factors, enabling J to be found simply from a load-displacement record.

(2)  Extensive investigations for the CCP show good agreement in n between
theoretical and experimental methods, confirming the effect of strain

hardening.
.S
(3)  In plane stress, the GEENE DPS GHESNUNE apparently valid well beyond
general yield (HRR fields), and this is consistent with experimental

. . . . » > ) ‘O
evidence on initiation toughness. T C P 1\

(4) Plateauxcan occur in specimen load-displacement curves due to Luders
behaviour or a plane strain/plane stress transition. The CCP analysis has
confirmed that including the plateau area in estimating J is.correct, and
that this J controls the crack tip fields.

(5) The geometry dependence of the derived failure assessment diagram is
slight, especially when compared with typical uncertainties in theoretical

ectimates of the normalising load (yield load or fiow Toad).

(6) The finite element method, the experimental method, and the reference
stress method (Option 2 of R6) give broadly consistent FAD's when

variations in the stress-strain data or geometry are considered.

(7) Empirical yield and collapse loads can depend upon 3D effects (plane
strain/plane stress transition and geometry change) so that theoretical

e

estimates based on 2D infinitesimal strain theory are necessarily

simplistic.

(8) The end point of stable tearing, in both Modes I and II, is unstable

tearing (ductile fracture), as distinct from collapse of the remaining

1igament.
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INTERPOLATION METHOD
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FIG.24 COMPARISON OF CRACK GROWTH RESISTANCE CURVE

FOR LARGE SIZE DPS SPECIMENS WITH STANDARD
SIZE SPECIMENS.
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Fig. 35

Crack growth resistance curves
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' TEST | ®u (MPa)F | LIGAMENT® | MAX. LOAD | MAX. LOAD
| l [_a, (%) | MmN (F) | aTu

: 1 ll 405 ,1 73.5 x 13 i .292 l[ 0.75

} 2 Il 305 ll 70 x 25 l| .394 ,l 0.74

: 3 ll 405 ll 199 x 7 ll 403 ll 0.71

l

I I ! !

* after accounting for stable crack growth (estimated from visual
observation prior to fracture in the case of Test 2).

+
1

derived from punch specimen tests.

!
l
l
l
I
l
l
I
l
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