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Introduction

Lamination is found in many commercially available
steels which means that the material is built up of layers
of different thickness and different mechanical properties.
Two main types of lamination can be distinguished, according
to their formation: layers of slag and other inclusions )
represents the mecnanical type, whereas ferritic-pearlitic
lamination represents the metallurgical type.

When a notch or crack is developed perpendicular to the
layers from which the plate is built ui, fig, 1, the stresses
in the vicinity of the crack tip may become so large that the
tensile stress component perpendicular to the layers will
break the joint between them causing relaxation of the trans-

verse stress before and during crack propagation.

Experiments for studying stress mechanism

A plexiglass model was made, the lamination of which was
achieved by joining thin wafers with an adhesive which is
supposed to have a considerably lower ultimate tensile
strength than the plexiglass, Thus, if the adhesive breaks
during crack growth a state of plane siress is reached in
each plate whereas, in the homogeneous material of the same
thickness as the complete laminated structure, plane strain
would be dominating.

Strain gauges embedded in the plexiglass are used for
determining the stresses near the crack front when the crack
propagates. These recordings Vérify the assumption of partial
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transverse stress relaxation, On no occasion do the stresses
at the strain gauges exceed the elastic limit of the plexi-
glass,

Under these circumstances, laminated structures may
increase the fracture toughness as compared with homogeneous

material,

Practical application on steel

The effect predicted above has also been found in steels.
The behaviour of steels with "natural® lemination is much the
same as that of steels with "gimulated® lamination, obtained
by Jeining a number of thin plates. In this work lamination
has been achieved experimentally in several ways, namely

1) using a technigque known as explosive welding, The
ultinmate tensile strength of the weld can be varied so that
it will determine the properties of the joint
(oyps ~ 450-600 MN/m°), See for example ref, [1],

2) the plates are brazed together, using a silver alloy
for the joint (oypg ~ 400 MN/n?).

3) the plates are soldered together, using a tin alloy
with a small percentage of silver (GUTS ~ 100 MN/m2).

4) the thin plates can be loosely laid together without
any adhesive, hence ppg = 0 , correspording to full lamina-
tion from the beginning,

5) for reference, material without lamination is included

("full joint strength"),

Object of investigation

The purpose of this study is to determine the influence
of layer thickness and Joint strength on the fracture tough=-

ness of laminated steels,

B

Principle behaviour

The apparent fracture toughness KQ as a function of
the specimen thickness is illustrated in fig, 2. Under
idealized conditions, a laminated plate of thickness 5h ’
built up from five plates of thickness h » Should display
the same toughness as a single plate of thickness h, For a
5h  specimen, plane strain dominates, whereas the 1h speci=

men is closely subjected to plane stress.

Material

The testing material was a chromium-molybdenum steel (Boe
fors RO 651 ~ SIS 2225) with the following composition,

C 0.28% , Ccr 1.20% , Mo 0.25% . An appropriate heat treatment
will ensure suitable Properties in fracture toughness ang
yield strength in order to reveal any effect of- the kind
mentioned above,

Results

a) General Lepresgntation, Since the present material is
extremely sensitive 4o the treatment during quenching ang
annealing, the apparent fracture toughmess KQ is best repre-
sented when plotted against the yield strength Oy s Lig, 3,
For clarity, no individual results have been plotted but only
bands covering all the experimental points (59 in all).

b) Joint Strength, The dependence of +the Joint strength
is illustrated in fig, 4. Non-dimensional representations were
chosen; KQ/KC s Where KC is the toughness in plane Stress,
and x = OUTSjoint/GUTSsteel s where x = Q corresponds to the
conditions specified under point 4 above and x = 1 to those

of point 5 above.

c) Jayer thickness, The specimen thickness required for
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obtaining plane deformation can be estimated from o, and
q + The experimental results have been compiled in fig, 5a
which also shows the thickness of the different layers used.
The thickness dependence is seen in fig., 5b.

a) ghgxgy_impgci tests. The results of some impact tests

are shown in fig, 6. The influence of the Joint strength on

the impaot énergy B is much the same as that on KQ .

Conclusions

In order to improve the toughness, the transverse strength
of the materiaj should be low to allow for lamination. In this
respect it should not exceed O.‘I'cS » Obviously the thickness
strength hags to fulfil other requirements, making a higher
value necessary, Also, the layer thickness 6 must not exceed
2 certain fraction of 6PD which is the plane strain thick~
ness, Preferably, 6/6PD = 0.3 . Specimens of type 3 (with the
low jJjoint strength) display several pop-ins before final fract.
ure. Each popein can be attributed to crack growth in one
layer. In some cases, the maximum load has exceeded the load
at the first DOp~in by 75%. The tendency in developing new
materials nowadays is to increase the yield stress, thereby
often causing the toughness to be reduced. The permissible
defect size to brevent crack growth is thus rapidly lowered,
Lamination offers a possibility to build up structures with
high yield stress ang high fracture toughness at the same time,

thus allowing for a moderate critical flaw size, [2] and 3]s
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