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ABSTRACT

Fibre metal laminates (FMLs) have appeared as the most suitable materials for shipbuilding,
aeronautical and aerospace applications due to their superior mechanical properties over traditional
materials. In this paper, degradation in flexural and impact properties of glass fibre/epoxy composite
(GF/E composite) and stainless steel glass fibre/epoxy fibre metal laminate (SS FML) due to
hygrothermal conditioning has been investigated for marine applications. Hand lay-up process was
used for specimen preparation according to ASTM standards. Distilled water and seawater were used
for hygrothermal conditioning at 40°C and 70°C for three months. The three point bend test was
performed on universal testing machine using a three point bend fixture. The pendulum type impact
testing machine was used to perform Izod impact test. Due to the preventive action of outer stainless
steel layers against moisture ingestion, the reduction in mechanical properties of SS FML was less as
compared to GF/E composite. SS FML and GF/E composite exhibited low moisture absorption rate in
seawater at both temperatures as high salt content in seawater reduces the moisture diffusion process
into the composite matrix.

doi: 10.5829/ije.2018.31.01a.22

NOMENCLATURE

FMLs Fibre metal laminates SwW Seawater

GRP Glass fibre reinforced composite J Joule

GF/E composite Glass fibre/epoxy composite NaCl Sodium chloride

ub Unidirectional glass fibre FS Flexural strength (MPa)

SS FML Stainless steel glass fibre/epoxy fibre metal laminate IE Impact energy (Joule)

GLARE Glass fibre reinforced aluminium laminate uc Unconditioned specimen

CARALL Carbon fibre reinforced aluminium laminate HC Hygrothermally conditioned specimen

FRP Fibre reinforced plastic GW Percentage gain in weight by specimen

DW Distilled water ARALL Aramid fibre reinforced aluminium laminate

1. INTRODUCTION

designed and produced in 1978 by Faculty of Aerospace
Engineering at the Delft University of Technology in

Fibre/metal laminates (FMLs) have emerged as useful
materials for shipbuilding applications, due to excellent
fatigue and damage resistance, impact properties, high
specific strength, ease of machinability and formability
[1, 2].

First fibre metal laminate developed was ARALL
(Aramid Fibre Reinforced Aluminium Laminate). It was

*Corresponding Author’s Email: sathamsingh@nitkkr.ac.in (S. Singh)

Netherland. They found that the fatigue crack growth
resistance of sheet materials can be improved by
laminating and adhesively bonding thin layers of the
material, instead of using one thick monoalithic sheet [3,
4].

Sarlin et al. [5] performed hygrothermal
conditioning in hot and moist environments on FMLs
which contained either mild steel EN 10130 DCO1 or
stainless steel AISI 304 and Glass fibre/epoxy
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composite to observe their corrosion resistance. It was
concluded that both unconditioned and conditioned
specimens of FMLs based on stainless steel AISI 304
has higher corrosion resistance and peel strength than
mild steel based FMLs. Khalili et al. [6] found that
damage tolerance limit, stiffness and impact energy
absorption were higher for FML’s with outer stainless
steel layers instead of FML’s with outer aluminium
alloy layers and only glass fibre reinforced composite
(GRP).

Tensile, flexural and 1zod impact strengths of woven
coir and woven coir—glass fibre-reinforced polyester
composites were evaluated by Jayabal et al. [7] and
concluded that woven glass fibre polyester composites
have highest value of tensile, flexural and lzod impact
strengths. AKkil et al. [8] concluded that the flexural
strength degradation for polyester/jute fibre based
composite laminates was lower for specimens immersed
in seawater and higher in distilled water. The rate of
moisture ingestion in composite specimens was
maximum in distilled water and minimum in seawater.

Mechanical properties and their hygrothermal
degradation for FRP (Fibre reinforced plastic) laminates
have been investigated by many researchers. However,
the effect of hygrothermal conditioning on flexural and
Izod impact properties of stainless steel based fibre
metal laminate with variation in agqueous environments
and temperatures have not been studied before.
Therefore, the objective of the present work is to
evaluate the degradation of flexural strength and impact
energy absorption of stainless steel glass fibre/epoxy
fibre metal laminate (SS FML) and glass fibre/epoxy
composite (GF/E composite) due to hygrothermal
conditioning in two agueous environments at two
different temperatures.

2. MATERIALS AND METHODS

2. 1. Materials Used In this research, the materials
were selected by considering the shipbuilding
applications. E-glass fibre [9, 10] UD (SikaWrap-430
G) with fibre fabric thickness of 0.172 mm, density of
2.56 g/lcm?, areal weight of 445 GSM (supplied by Sika
India Pvt. Ltd.) and MasterBrace 4500, a two part epoxy
resin (supplied by BASF India limited) were used to
prepare the glass fibre epoxy composite. Stainless steel
AISI 304 sheet (with 0.08% of C, 18 — 20% of Cr, 2%
of Mn, 8 - 10.5% of Ni, 0.045% of P, 0.03% of S,
0.75% of Si, 0.10% of N and remaining iron) of
thickness 0.4 mm has been used as the outer skin of
fibre metal laminate due to its high corrosion resistance
[11]. This makes it a convenient material for ship
building applications. An epoxy-based adhesive with
cured thickness 0.1 mm (supplied by Huntsman
Advanced Materials India Pvt. Ltd.) was used to join

metal and the composite sheets.

2. 2. Method of GF/E Composite and SS FML
Preparation Hand layup process was used to
prepare GF/E composite sheet [6, 12]. The epoxy
mixture was prepared by mixing its two components in
the ratio of 100:40 by weight at room temperature (i.e.
resin 100 gm and hardener 40 gm). A mechanical stirrer
(REMI lab stirrer) was used to mix resin and hardener
for two minutes at 500 rpm. After mixing, the prepared
mixture of epoxy was placed in a vacuum degasser unit
to remove the air bubbles entrapped in between the
layers of mixture. This mixture was spread over the
glass fibre sheet (in mould, 50 cm x 25 cm) using a
brush. The desired thickness of GF/E composite was
produced by adding two more layers of glass fibre sheet.
The fibres in all three layers of GF/E sheet were in the
same direction. The sheet of GF/E composite laminate
was removed from the mould after curing for 24 hours
at room temperature. After removal, the epoxy mixture
was applied on the other side of GF/E sheet to produce
an equivalent surface as on the previous side. The sheet
was completely cured in seven days. After curing, the
waste edges of the sheet were removed using a shear
machine.

SS FML was produced using stainless steel (SS)
AISI 304 sheets along with cured GF/E sheets.
Sandblasting was used to enhance the surface roughness
and adhesion quality of stainless steel sheets. An epoxy-
based adhesive was prepared by mixing its two
components in the ratio of 100:80 by weight (i.e. resin
100 gm and hardener 80 gm) and applied on both sides
of GF/E composite sheet as well as on rough surfaces of
SS sheets. The GF/E composite sheet contained
adhesive layer over its both surfaces was placed
between two SS sheets in a picture frame mould (50 cm
X 25 cm) under the pressure of 0.4 MPa [12] on a
mechanical press at 50°C for at least 3 hours. The fibres
in GF/E composite layers were in the rolling direction
of SS sheet as shown in Figure 1. Hot pressurized
curing process increases the rate of curing and it also
facilitates to maintain a uniform thickness of adhesive
film (0.10 mm) between the metal and GF/E sheet.
After 3 hours of hot curing, hot plates were shut off and
the FML sheet was kept under pressure for next 21
hours. Cured SS FML sheet was removed from mould
after 24 hours. The stacking sequences of GF/E
composite laminate and SS FML are shown in Figures 1
and 2, respectively. The specimens used for flexural and
Izod impact tests are shown in Figure 3.

3. EXPERIMENTATION

3. 1. Hygrothermal Conditioning Hygrothermal
conditioning of flexural and impact test specimens
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(GF/E composite and SS FML) was performed in two
aqueous environments i.e. distilled water (DW) and
seawater (SW) at 40°C and 70°C for 90 days. Artificial
seawater (pH value of 8.2) was prepared in the
laboratory according to ASTM D1141-98. A water bath
with four chambers was used to keep the specimens
immersed in distilled and seawater. The illustration of
the setup is shown in Figure 4.

A higher temperature of 70°C (below the glass
transition temperature of epoxy resin and adhesive used)
was used to increase the rate of moisture absorption as
well as to complete the conditioning process in a short
span of time.

Unidirectional
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resin layers —5

[T,

/

Figure 1. Stacking sequence of GF/E composite
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Figure 2. Stacking sequence of SS FML
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Figure 3. Flexural and 1zod impact test specimens of SS FML
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Figure 4. Four chamber water bath illustration

After every ten days, five flexural and impact samples
were taken from water bath chambers. The surface
moisture of these samples was absorbed by using a
soaking paper. The amount of moisture absorbed by
samples was recorded on an electronic weighing
balance (accuracy of 10 gm). After that those samples
were again dipped into water chambers for further
moisture absorption. The average values of percentage
weight gain due to moisture absorption were reported.

3. 2. Flexural Test Specimens of GF/E composite
and SS FML for flexural test were cut from the prepared
sheets and tested on 50 KN (Model name - EZ50)
universal testing machine (UTM), manufactured by
Lloyd Instruments Ltd, UK according to the ASTM
D790-15e2 standard [7, 13]. The machine has minimum
load resolution and maximum crosshead travel of 0.1 N
and 855 mm respectively. Three point bend test was
conducted with standard size fixture on specimens with
dimensions 127 mm x 127 mm x 3.5 mm. The
specimens were tested horizontally on the fixture with a
rate of crosshead motion of 1.5 mm/min.

Five flexural specimens of GF/E, and SS FML were
taken from water chambers and tested after every ten
days (up to 90 days) to evaluate their flexural strength.
The flexural stress-strain behaviour of SS FML is
shown in Figure 5.

Unconditioned speimen failed due to
7004 fibre failure at maximum flexural load

6004 Sudden load drop
due to fibre failure
500 4
T Delamination at metal composite interface
4004 started beyond this point

3004

Flexural stress (MPa)

200+
100 4

0 T T T T T T T T
000 001 002 003 004 005 006 007 008

Flexural strain

Figure 5. Flexural stress-strain diagram for SS FML
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The unconditioned flexural specimen of SS FML failed
due to fibre failure. From Figure 5, it is observed that
the flexural specimen of SS FML failed without
yielding (before 5% strain limit as per ASTM). The
flexural stress decreased due to sudden load drop. It is
because of the failure of internal glass fibre/epoxy
layers. If the load continuously applied even after the
failure of glass fibre/epoxy layers, delamination starts at
the metal composite interface due to the shear action
between metal and composite surfaces.

3. 3. Impact Test Izod impact test was conducted
on pendulum type impact testing machine (Model IT-
30-D made by Fuel Instrument & Engineers Pvt. Ltd.)
having an electronic system consists of a digital
indicator and sensor to record the impact energy of the
specimen. The capacity of the impact testing machine
with a least count of 0.5 J was 300 J. Impact specimens
were cut from the prepared sheets of GF/E and SS FML
according to the ASTM D256-10el standard [7]. These
specimens with dimensions 63.5 mm x 12.7 mm x 3.5
mm were tested vertically (edgewise) with the lower
part fixed in the fixture. Notch in the specimen was cut
using a single tooth notch cutter. The other dimensions
of the notch like included angle and the radius of
curvature at the apex were 45° and 0.25 mm,
respectively. Five specimens were taken from each
water bath chamber and tested to evaluate their impact
energy absorption. The impact testing machine setup is
shown in Figure 6.

4. RESULTS AND DISCUSSION

4. 1. Moisture Absorption Behaviour of SS FML
and GF/E Composite Specimens of SS FML and
GF/E composite were immersed in two aqueous
environments (i.e. Distilled water and seawater) at 40°C
and 70°C to study their moisture absorption behaviour.
The moisture absorbed by specimens is directly related
to weight gain by them. So, the specimens were taken
from water chambers after every ten days (up to 90
days) and their weight was recorded using an electronic
weighing balance (accuracy of 10 gm).

<+—Digital impact
energy indicator

§

Figure 6. 1zod impact test machine setup

Figures 7 and 8 represent the trend of percentage weight
gain by the specimens of SS FML and GF/E composite
at 40°C and 70°C, respectively.

Table 1 encapsulates the percentage weight gain by
SS FML and GF/E composite specimens due to
moisture absorption during hygrothermal conditioning.
SS FML specimens showed maximum weight gain of
0.44% in distilled water at 70°C and minimum weight
gain of 0.32% in seawater at 40°C. GF/E composite
specimens exhibited maximum and minimum weight
gain of 1.93% and 1.28% in distilled water at 70°C and
seawater at 40°C, respectively. The highest weight gain
occurred for GF/E composite specimens in distilled
water due to the direct and maximum surface exposure
[8]. Initially, the curve of percentage weight gain for
GF/E composite displayed a linear trend with increase
in number of days for both environments as shown in
Figures 7 and 8.

—i—e
1.4 T
e
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Figure 7. Percentage weight gain by SS FML and GF/E
composite at 40°C
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Figure 8. Percentage weight gain by SS FML and GF/E
composite at 70°C

TABLE 1. Percentage weight gain (wt.%) by SS FML and
GF/E composite in distilled water and Seawater

Type of environment SS FML GF/E composite
Seawater (70°C) 0.38 1.67
Seawater (40°C) 0.32 1.28
Distilled water (70°C) 0.44 1.93
Distilled water (40°C) 0.37 1.49
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The 65% to 70% of total weight gain happened in first
20 days. After that, the rate of moisture absorption
decreases. This is due to the reason that the microscopic
cavities in epoxy absorbed maximum amount of
moisture, which results in its swelling [8, 14]. After 70
days of immersion, saturation occurred, and GF/E
specimens showed nearly constant weight with minor
increments. The type of water environment (i.e.
seawater or distilled water) has appreciable effect on
weight gain by GF/E composite. GF/E specimens gain
less weight in seawater at both temperatures due to its
high salt content [8].

The SS FML specimens absorbed less water as
compared to GF/E composite due to the resistance
offered by outer stainless steel layers. The maximum
weight gain by SS FML specimens occurred in first 40
days with nearly constant rate of moisture absorption.
After that the moisture absorption process slowed down
and beyond 60 days of immersion, the specimens
displayed nearly constant weight. From Figures 7 and 8,
it is observed that the effect of water environment and
temperature on moisture absorption by SS FML is very
less as compared to GF/E composite. This is due to less
exposure area of SS FML for moisture absorption [14].
The outer stainless steel layers restrict the moisture
absorption by reducing the effective area of absorption.
The moisture can only penetrate through the free edges
of SS FML composite layers. The percentage gain in
weight (GW) by SS FML and GF/E composite
specimens is described as GWpw o-c) > GWsw (0°c) >
GWow @4oec) > GWsw ao°c)-

Both GF/E and SS FML absorbed more moisture in
distilled water when compared to seawater at both
temperatures. This is because of high salt content of
seawater (Mainly NaCl), which decelerates the moisture
diffusion process into the composite matrix [8]. It is also
observed that the temperature of water plays an
important role in moisture diffusion process. Higher the
temperature, higher will be the rate of moisture
diffusion.

4. 2. Effects of Hygrothermal Conditioning on
Flexural Strength of SS FML and GF/E Composite
The flexural strength (FS) and impact energy (IE)
absorbed by the unconditioned and hygrothermally
conditioned specimens of the SS FML and GF/E
composite are tabulated in Tables 2 and 3. Figures 9 and
10 show response of SS FML and GF/E composite
specimens, under flexural loading before and after
hygrothermal conditioning. To maintain the uniformity
in comparison, the thickness of both SS FML and GF/E
composite sheets were kept same. The flexural strength
of unconditioned specimens of SS FML was less as
compared to unconditioned GF/E composite specimens.
It happened due to weak interfacial bonding between the

SS sheets and composite surfaces of SS FML and also
due to the high fibre volume fraction (HFVF) of GF/E
composite. The degradation rate of FS for conditioned
GF/E composite specimen was high for 50 days and
after that it maintained nearly a constant rate of
degradation [14]. On the contrary, deterioration in FS
for conditioned specimen of SS FML was less compared
to GF/E composite specimen due to the shielding effect
of outer stainless steel layers against moisture ingestion.
For first 30 days, the rate of degradation in FS of SS
FML was high and after 30 days, degradation in FS was
very inadequate due to saturation against moisture
ingestion [14, 15].

After hygrothermal conditioning, both SS FML and
GF/E composite specimens displayed a notable
reduction in FS. It is because of the plasticization effect
of absorbed water molecules into the gaps of composite
layers. The absorbed water molecules act as plasticizer
which makes the composite structure more flexible than
before [8, 14]. Degradation of FS for both GF/E
composite and SS FML was maximum in distilled water
at 70°C due to the highest moisture absorption. The FS
degradation of GF/E composite and SS FML in
seawater and distilled water can be expressed in order as
FSow (70°c) > FSsw (r0°c) > FSpw (0°c) > FSsw (a0°c)-

The epoxy matrix is plasticized and swells due to the
penetration of water molecules in to the microscopic
gaps between individual layers. The absorbed water
molecules degrade the epoxy matrix which results in the
generation of residual stresses in the composite
laminates [15]. It is observed that the GF/E composite
and SS FML specimens swallowed more moisture at
high temperature (70°C) instead of low temperature
(40°C). The high  temperature  hygrothermal
conditioning makes the matrix phase of composite
laminate more soft and weak.

Due to weakening and softening of matrix phase,
microscopic cracks developed in it, which resulted in
the reduction of FS [8, 16]. These changes in matrix
phase also weaken the interfacial bond between
composite surface and metal layers of SS FML.
Ultimately, SS FML failed due to delamination of metal
layer from the composite surface. GF/E composite
specimen failed in bending due to softening of matrix
phase, which results in the delamination in between the
layers of GF/E composite. The moisture absorbed by the
epoxy matrix also deteriorates the glass fibres of GF/E
composite layers which results in the breakage of glass
fibres as well as failure of epoxy/fibre interface.

4. 3. Effect of Hygrothermal Conditioning on
Impact Energy Absorption of SS FML and GF/E
Composite Tables 2 and 3 describe the values of
impact energy (IE) absorption for both conditioned and
unconditioned specimen of GF/E and SS FML.
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TABLE 2. Flexural and impact properties of GF/E composite and SS FML at 40°C
Seawater 40°C Distilled water 40°C
Material Specimen type FS Loss IE Loss FS Loss IE Loss
MPa % Joule % MPa % Joule %
uc? 924.37 29.40 924.37 29.40
GFIE 19.61 18.71 22.14 22.79
HC® 743.09 23.90 719.75 22.70
uc? 797.73 24.70 797.73 24.70
SS FML 13.70 14.57 15.21 18.62
HC® 688.44 21.10 676.38 20.10
#Unconditioned specimen
® Hygrothermally conditioned specimen in distilled and seawater at 40°C
TABLE 3. Flexural and impact properties of GF/E composite and SS FML at 70°C
Seawater 70°C Distilled water 70°C
Material Specimen type FS Loss IE Loss FS Loss IE Loss
MPa % Joule % MPa % Joule %
uc? 924.37 29.40 924.37 29.40
GFIE 23.00 26.19 27.84 32.65
HC® 711.76 21.70 667.05 19.80
uc® 797.73 24.70 797.73 24.70
SS FML 15.88 21.46 19.00 26.72
HC® 671.02 19.40 646.17 18.10

#Unconditioned specimen
® Hygrothermally conditioned specimen in distilled and seawater at 70°C
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Figure 9. Degradation in flexural strength at 40°C in two
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Due to hygrothermal conditioning, degradation in IE
was observed for both SS FML and GF/E composites.

The maximum degradation in IE of conditioned
specimen of GF/E (32.65%) and SS FML (26.72%)
occurred in distilled water at 70°C. The IE degradation
for SS FML was less as compared to GF/E composite
due to the shielding effect of SS layers. The outer SS
layers reduced the area for moisture ingression. The IE
reduction for SS FML and GF/E in both aqueous
environments can be described as IEpw (70°c) > |Esw o)
> |Epw @o°c) > 1Esw @o°c).

Initially, the degradation in IE was higher for both
SS FML and GF/E composite due to the high moisture
absorption rate. Figures 11 and 12 represent IE
reduction behaviour of GF/E and SS FML at 40°C and
70°C, respectively. It is observed that the IE of SS FML
reduces due to hygrothermal conditioning with a
constant rate of degradation up to 60 days. After that SS
FML illustrate nearly a uniform value of impact energy
absorption (with minor decrement). On the contrary,
impact energy absorption of GF/E composite decreased
with a higher rate of degradation for 70 days and
thereafter it represents a lower degradation rate till 90
days. The degradation of IE absorption for GF/E
composite and SS FML was more in distilled water at
both temperatures as compared to seawater [7,8].

The failure modes for unconditioned and
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conditioned specimen of SS FML after flexural test and
I1zod impact test are illustrated in Figures 13, 14 and 15.
Unconditioned flexural specimens of SS FML failed
due to fibre breakage followed by the delamination at
metal composite interface with further increase in load.
While the hygrothermally conditioned flexural
specimen failed due to the delamination at metal
composite interface as well as in between the composite
layers. The delamination between SS layer and
composite surface occurred due to the weak interfacial
bond in them.

—u—8S FML SW 40
—o—S8S FML DW 40
—e— GF/E SW 40
—o—GF/E DW 40

Impact energy (Joule)

-10 (I! 1ID 2'0 3‘0 4h S'D EIU 7I0 B;J 9‘0 160

Number of days
Figure 11. Impact energy reduction in two aqueous
environments at 40°C during hygrothermal conditioning
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Figure 12. Impact energy reduction in two aqueous
environments at 70°C during hygrothermal conditioning
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Figure 13. (a) Unconditioned flexural specimen failure, (b)
Unconditioned flexural specimen failure (Enlarged view)
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2l Delamination after
failure of specimen
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L

Delamination after
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Figure 714. (@) Conditioned flexural specimen failure, (b)
Conditioned flexural specimen failure (Enlarged view)

;bn fm’

Delamination

Delamination in

Metal tear out _ between GF/E layers

along the notch

Figure 15. (a) Unconditioned failed impact specimen showing
fibre failure, (b) Unconditioned failed impact specimen with
no delamination in GF/E layers, (c) Conditioned failed impact
specimen with fibre failure as well as delamination in GF/E
layers

The components of SS FML (Epoxy, Glass fibre fabric,
bonding adhesive and SS layer) exhibited different
moisture absorption and thermal expansion coefficient
(TEC) during hygrothermal conditioning [8]. Due to the
difference in moisture absorption and TEC by the
components of SS FML, residual stresses are produced.
These stresses generate micro-cracks at the SS layer and
composite surface interface. Due to micro-cracking at
the SS layer and composite surface interface,
delamination starts and finally SS FML specimen fails
without the failure of the inner composite sheet. With
further increase in flexural load, delamination occurred
in between the layers of GF/E composite.

Both unconditioned and conditioned SS FML impact
specimens failed due to fibre breakage, delamination at
metal composite interface and in between the GF/E
layers. Tearing of outer SS layers also occurred along
the notch line due to the impact force. Unconditioned
and conditioned impact specimens of GF/E composite
followed the similar failure patterns as of SS FML.

5. CONCLUSIONS

e The failure of unconditioned flexural specimens of SS
FML and GF/E composite take place due to the
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breakage of glass fibres. The unconditioned impact
specimens of SS FML and GF/E composite fail due to
fracture in GF/E sheet along the notch. Tearing of
outer SS layers in SS FML impact specimens occur
along the notch.

¢ Hygrothermally conditioned flexural specimens of SS
FML and GF/E composite fail due to delamination in
between the glass fibre/epoxy layers. The metal
composite interface in SS FML samples fail due to
delamination.

e During lzod impact test, the conditioned SS FML and
GF/E composite specimens illustrate fibre fracture and
delamination in between glass fibre/epoxy layers. In
conditioned SS FML, delamination occurs at metal
composite interface and tearing of metal takes place
along the notch.

e The maximum moisture absorbs by SS FML (0.44%)
in distilled water at 70°C was less than that of GF/E
composite (1.93%) due to the shielding effect of SS
layers against moisture absorption.

o The flexural strength (FS) of conditioned specimens of
GF/E composite in distilled water (DW) and seawater
(SW) has been reduced in order as FSpw (70°c)
(27.84%) > FSqw (0°c) (23.00%) > FSpw (a0°c) (22.14%)
> FSsw woec) (19.61%) and the impact energy (IE) has
been reduced as IEpw (rorc) (32.65%) > IEsw (70°c)
(2619%) > IEDW (40°C) (2279%) > IESW (40°C) (1871%)
Degradation in both FS and IE of GF/E composite are
maximum in distilled water at 70°C due to the highest
moisture absorption.

e The FS and IE degradation of conditioned specimens
of SS FML in two aqueous environments follows the
similar trend as GF/E composite. The flexural strength
of SS FML has been reduced as FSpw (70°c) (19.00%) >
FSsw (70°c) (15.88%) > FSpw (ocy (15.21%) > FSsw
@oec) (13.70%) and the impact energy has been reduced
as 1Epw (70°C) (2672%) > |Esw (70°C) (2146%) > |Epw
(40°C) (1862%) > |Egw (40°C) (1457%) The reduction in
FS and IE of SS FML was less as compared to GF/E
due to the preventive action of SS layers against
moisture absorption.
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