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FAILURE ANALYSIS OF WELDED WIDE PLATES USING FRACTURE MECHANICS
CONCEPTS

* * % *
W. Dahl , A. Heuser , H. Krebs

The fracture mechanics failure analysis successfully used for base
materials is applied also to welded joints. The complex structure
of welded joints with regions of different strength and toughness
and the presence of welding residual stresses lead to problems
concerning an exact prediction of failure load.

Within the scope of these investigations conventional wide plates
containing a welded joint have been tested. The steel investigated
was a microalloyed, fine grained type 15 MnMi 6 3. The wide plates
had a width of 350 mm and a thickness of 30 mm. The specimen type
was center notched tension (CNT) with a notch length of 20 mm. The
notches were located at the fusion line of the heat affected zone
(HAZ) , which is usually considered as the zone with the most unfa-
vourable toughness properties in the welded joint.

The wide plates were tested in the linear-elastic, the fully pla-
stic and the transition temperature range. The maximum allowable
loads were calculated with the plastic limit load concept, the
CTOD-Design-Curve-Approach, the CEGB-Defect-Assessment-Procedure
(R6-method) and the EPRI-method. The suitability of the different
failure concepts was examined by comparison of the calculated and
the experimentally determined instability loads. The tested wide
plates represent a simple structural component because of their
dimensions and the resulting undisturbed state of welding residual

stresses.
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Evaluations done with the plastic limit load concept have shown
good coincidence with experimental results. However, scatter in
the yield point values has to be considered for a safe prediction
of strength controlled failure of the wide plates. A softening of
the HAZ, which is observed in high heat input welding, should also
be taken into account. Using this concept, brittle fracture must
be excluded. Consequently the lowest allowable service temperature
for a structure has to be determined separately.

Predictions with the CTOD-Design-Curve-Approach describing tough-
ness controlled failure exhibited safe results in all cases even
without taking residual stresses into account. If the limit of
application of this concept is reached, a strength controlled
failure has to be assessed, e.g. by a plastic limit load analysis.
Application of Ré6-procedure, which describes strength-controlled
as well as toudhness-controlled failure, led to a quite reasonable
agreement of calculated and experimentally determined maximum
loads for all tested wide plates.

Evaluations according to the EPRI-method have shown that also for
wide plates containing a defect in the HAZ the instability caused
by stable crack growth can be calculated with an accuracy which is
comparable to that of wide plates containing a defect within the
base material.

Welding residual stresses have to be taken into account when cal-
culating failure loads of welded structures with the help of
CTOD-Design-Curve-Approach and the R6-procedure. This is usually
done by assuming a constant level of the residual stresses as high
as the base material yield point in the whole ligament. By this
very strict assumption conservativity in failure prediction be-
comes extremely high.

For a welded wide plate the actual state of welding residual
stresses was measured by the strain gage cutting method in order
to assess its effect on failure. The difference in results between
considering and not considering the actual state of welding re-

sidual stresses in failure analysis may be neglected in this case.

709



ECE7

THEORY AND PRACTICE -

FATLURE ANALYSIS

QIM-FYM-1-ys 65679

€9 INUN G|

1835

T i T
_ ! =
I I \I 70
| -
. 4 ! \“
X i) 7=
i ]
5057+l _cé_ | \;«l
LEr™D) | [29% B9 | oBED gy
L£gY=u __%E \ | s | 95E 90
7099=0| \ws,  gLL=0 Lsg=0 | g
e Sl SR
“ p)eol ; ol T k| o
3 v
us loyunw | sl | | oshonl | s on]
@0 I ey=o  loswoni tosv.00' 2
wwgE =g “ wugesg | wugyeg _ wwe=g
s 50w sz | | il
2vH 00 Wion | v sod waon | hg st oy | W od oy
sesi/sent | vumvor | 2w 981 gl
NW U %0y [0v-3-0-0013] 91D PoO) unwixow
8 9 y ?
SISSAUP S YIM mmeav
Vok/ok v 8/0 $/ b ¥/Y ©
M= W oosopa3
o (LwQg jouaDw asog Y
v
o w  Bososaa3 E ?
o ¥ ML . \
a W MLYS %0, Z
v I\ M-1-VS L m
o (wwg). jouajow 08 \ \ 5
£9 NUNGL 133 \ 2 1.z
1>:0 e -] w S
° e 0 Yz
o Z
y \m . B M40
i e
\ / ° '
® = =
\ ® =
\ =] w®
/- :
\ °

L0z 8l 9L YL 7 0i 80 G0 40 20 0,
AL AR R 90 70 20
4= My sos=" .
.?So WY S05=5% i
"4 Wy sy .
0=""0 ‘MY sQz:% o - 70.
WS EONUNG » Y
i: 90
S 1so
e 01
v . 8(0-MN“¥"Y)S0
v = —wa; - S
- ! u
+
o vl
i oo} 91
NW Ul % PDOT JuX] JSDIg
8 ’ z 0
MY SSLL= T e [
M osQoL= o
wSK = .
M S =¥ o
MY sz <% o £
1DUDU ISDF o
U0 350§ o _ \

£9 INUW Gl 133)S

O
=
NW Ul ‘% (dxa) yibuays plaix

wugz  wba
wwpf ssawpy s 8
wwOse  wew s

710



