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Abstract

Many researches have been carried out on production and properties of pre-cast concretes. Currently, most of them have focused on
normal concrete, and are unable to completely represent the behavior of lightweight concrete (LWC). In this study, physical and
mechanical properties of LWC produced with diatomite and pumice lightweight aggregates after autoclave curing were investigated. In
the production of LWC, 0—4 mm maximum sizes of aggregates were used. Cement content and water/cement ratio were kept at 300 kg/m?
and 0.20, respectively. The specimens were prepared in ¢ 50 x 100 mm cylindrical shape, and after 24h of demoulding exposed to
autoclave curing for 2, 4, 6, 8 and 10 h. Besides, two different cures were applied on the specimens as in water and in air at 20 °C+2,
respectively. At the end of autoclaving and environmental cure, compressive strength in 7, 28 and 590 d, unit weight, specific porosity,
thermal conductivity and water absorption were tested. Also, microstructures of LWC produced with diatomite and pumice aggregate
were investigated. As a result, it is concluded that by autoclaving of specimens in 8-10 h, especially, compressive strength of specimens
have increased 75% of strength of 28 aged specimens cured in water.
© 2007 Elsevier Ltd. All rights reserved.
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1. Introduction

High temperature has significant effect on ultimate
strength of concrete, and curing at moderately high
temperature increases early strength of concrete. The
temperature of curing and the duration of moist curing
are the key factors for proper curing of concrete. The loss
of moisture in the capillary pores due to evaporation or
dissipated hydration may cause reduction in hydration
resulting in lower strength. The moist cured samples give
higher compressive strength than dry cured samples of
concrete [1-3].

Strength development of concrete at early age is often
inadequate for prefabrication purposes since the hardening
process and strength-gaining rate of concrete under normal
curing conditions are rather slow. Keeping track of mould
rotation as fast as possible is of great importance,
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particularly for the prefabrication industry in order to
maintain low-cost production by accelerating the hard-
ening and strength-gaining process of concrete [4]. With the
aim of satisfying increasing accommodation demands
economically and in a short period of time, various
methods have been developed to accelerate the strength
gain of lightweight concrete (LWC). Factors such as
material properties, concrete composition, concrete repla-
cement and compaction factor, and geometric dimensions
of building element, cure cycle and curing conditions affect
early-strength gain along with the heat-treatment applica-
tions [5-7].

Steam curing is widely used in the production of pre-cast
concrete members because it accelerates the rate of strength
development. Some pre-cast concrete plants apply steam
curing immediately after casting the elements in the
formwork in order to speed up the production rate [8].
Steam curing is a heat treatment which has been used for
many years to accelerate the strength development of
concrete products. Because the hydration rate of cement
increases with the increase in temperature, the gain of
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strength can be speeded up by curing concrete in steam.
For compressive strength development of concrete, dura-
tion of steam curing is also an important parameter as well
as temperature [9-11].

The production of lightweight aggregate concrete (LWC)
has been expanding, and now includes all types—from
no-fines concrete of low density, mainly for block produc-
tion with densities from 300 to 1200kg/m?, to structural
concrete with densities from 1000 to 2000kg/m® and
compressive strengths from 1 to 100 MPa. The production
of all types of concrete is closely connected to the
availability of lightweight aggregate, and economics dictate
the use of LWC in place of normal weight concrete. LWCs
are of various types, depending upon the composition of
the mortar matrix and the aggregates used. The properties
of the aggregates also vary significantly depending upon
the raw materials used for making them and the technique
adopted to produce them [7,12].

Lightweight aggregates, (LWA) such as natural (pumice,
diatomite, and from volcanic source) or artificial (expanded
perlite, shale, slate), are available in many parts of the
world and can be used in producing concrete in a wide
range of unit weights and suitable strength values for
different fields of applications such as internal and external
walls, inert leaves of external cavity walls, in the fill panels,
and isolation of roof decks and floors [13,14]. The essential
characteristic of LWA is its high internal porosity, which
results in a low apparent specific gravity. Since the
lightweight particles of coarse aggregate are relatively
weak, their strength may be the limiting factor affecting
concrete strength [15].

Pumice is a natural material of volcanic origin produced
by the release of gases during the solidification of lava and
it has been used as aggregate in the production of LWC in
many countries in the world. So far, the use of pumice was
dependent on the availability and limited to the countries
where it is locally available or easily imported [16].
Similar to pumice, diatomite is used in the production
of low-strength LWC for thermal insulation [17]. Diato-
mite is a siliceous sedimentary rock, which consists
principally of fossilized skeletal remains of diatoms,
unicellular aquatic plants related to algae. These micro-
scopic plants have the unique capability of extracting silica
from water to produce their skeletal structure. Diatomite is
commonly found in volcanic environments, with the
deposits forming in lakes in volcanically active areas. It is
very finely porous and very low in density. There are a
large number of diatomaceous deposits in Afyonkarahisar/
Turkey [18,19].
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Besides, masonry blocks from pumice lightweight
aggregate have been produced in Turkey and these blocks
are cured in air at least until 7d to gain the required
strength. In this study, it was aimed to present in least time
the service of LWC produced with pumice and diatomite
by curing in autoclave.

2. Experimental program
2.1. Materials

The diatomite was supplied from Seydiler—Afyon
region in Turkey, and volcanic pumice from Isparta/
Turkey region was used for this study. Particle density and
bulk density of pumice and diatomite were 2.2 and 2.45,
910 and 540 kg/m?, respectively. Ordinary Portland cement
(CEM I 42.5R) was used for the production of the LWC
mortars. Surface area by Blaine, specific gravity and 28 d
compressive strength of cement were 386 m*/kg, 3.07 and
48.5 MPa, respectively. The chemical analyses of materials
used in this study were determined in Acme Analytical
Laboratories Ltd. in Canada and results are given in Table
1. The size of the diatomite and pumice aggregates used
was 0—4mm. Sieve analyses of diatomite and pumice
aggregates are given in Table 2. Autoclave which can
supply 0.15MPa pressure and 127 °C heat in 25min was
used for curing of the specimens (Fig. 1).

2.2. Mix proportions and test program

The mixtures, in the production of the samples, were
designed at 300kg/m® cement content. The actual water/
cement ratio of mixtures was kept at 0.20 and the diatomite
and pumice aggregates were absorbed in water in 30 min
before adding the mix because of high porosity of
aggregates [20]. The aggregates were added in the mix by
compacted saturated bulk density (CSBD). The CSBD of
pumice and diatomite were 930 and 580kg/m?, respec-
tively. In the mixes, superplasticizer was used in 1%. Solid
content and density of admixture were 22% and 1.1,
respectively. The prepared mortar as damped was filled in
&350 x 100mm cylindrical moulds by tamping in 20%
compression ratio. The specimens immediately demoulded
and a part of them were exposed to autoclaving at 2, 4, 6, 8
and 10h after 24h. Details of a satisfactory cycle of
autoclaving would consist of the following: pre-waiting
period of 24 h, heating at the rate of 25 min to a maximum
temperature of 127 °C, then storage at maximum tempera-
ture (treatment), and finally a cooling period. Later, the

Table 1

Chemical analyses of cement, diatomite and pumice

Component (%) SiO, AlL,O3 Fe,03 MgO CaO Na,O SO, K,O A.K.
Diatomite 67.20 10.09 2.74 0.63 1.36 0.36 — 0.67 8
Pumice 59 16.6 4.8 1.8 1.8 5.2 — 5.4 1.6
Cement (CEM 1 42.5R) 19.3 5.57 3.46 0.86 63.56 0.13 291 0.80 2.78




4110 IB. Topcu, T. Uygunoglu | Building and Environment 42 (2007) 4108-4116

Table 2
Sieve Analyses of diatomite and pumice lightweight aggregate

Sieve 4 mm 2mm 850 pm 425 um 250 pm 180 um 150 pm 75 pm
Diatomite, passing (%) 100 72.88 46.19 27.74 21.55 16.74 10.63 3.77
Pumice, passing (%) 100 40.34 6.2 52 5.16 5.03 4.9 4.28

used in the constructions as soon as produced. Because

diatomite and pumice have both high pore structure and

are lightweight, they are used as lightweight aggregate in

o 127 Treatment the production of LWC for supplying high insulation and

% A reducing the dead weight in the structure [14]. In this study,

E =l S how to present the service of LWC as soon as produced has

i § 0::7 been investigated. The physical and mechanical properties

g of LWC produced with diatomite (DLWC) and pumice

a Pre-waiting (PLWC) are given in Table 3 according to curing time.

20 As seen in Table 3, SP and WA of PLWC cured in

autoclave have decreased by increasing of curing time, and

the lowest SP and WA values were obtained in 8h

t (from 2 to 10 h.) 4 h.

Time

24 h. 25 min.

Fig. 1. Heat-treatment cycle of autoclave.

specimens were waited to room temperature. The other
part of the specimens was cured in air (A) and in water (W)
until 7 and 28 ages, respectively. Then, all the specimens
were cured in air until 590d. On the specimens, compres-
sive strength was defined according to TS EN 12390-3 [21]
by 2000 kN compressive machine with a rate of loading
controller. The thermal conductivity of specimens was
determined by the “hot wire method” according to ASTM
C1113 [22] on the autoclaved and aged 28d specimens
cured in A and W. Unit weight (UW), specific porosity (SP)
and water absorption (WA) were calculated for 7 and 28 d
aged specimens according to Archimedes principle by the
weight measurements of saturated specimens in air and in
water, and dry weight (oven drying at 105 °C to constant
weight). Besides, microstructure of specimens that cured in
air until 28 d was investigated by SEM. Freshly fractured
surfaces of LWC chips were coated with gold in a vacuum
evaporator. They were examined using a LEO VP-1431
scanning electron microscope (SEM) to determine aggre-
gate—cement matrix interfacial zone.

On the other hand, relationship between maturity factor
and compressive strength was determined for autoclaved
specimens. For determination of maturity factor, classical
maturity formulas were used [9,19,23,24].

3. Results and discussion

LWC has very important usage area such as internal and
external walls, inner leaves of external cavity walls, fill
panels and isolation of roof decks and floors. Also, LWC is
produced as masonry blocks in Turkey. Hence, it must be

autoclaving time as 12.1% and 8.1%, respectively. How-
ever, the SP and WA values of PLWC cured in environ-
ment at 7 and 28 ages have ranged between 26.1-28.3%
and 17.8-18.9%, respectively. The SP and WA of PLWC
cured in autoclave have lower value than PLWC cured in
both water and air at 7 and 28 ages. On the other hand, the
lowest SP and WA values of DLWC that cured in
autoclave were obtained as 59.9% and 65.5%, respectively.
These values were changed between 64% and 74.9% for
DLWC cured in both air and water. As well as PLWC, SP
and WA of 8h autoclaved DLWC have lower values than
DLWC that cured in environment. Besides, because
diatomite aggregates are more porous materials than
pumice aggregates (PA), DLWC has higher SP and WA
values than PLWC.

Figs. 2 and 3 show the unit weight of PLWC and DLWC
specimens related to curing time. As seen in both figures,
unit weight of PLWC and DLWC has not changed the
increase of curing time. Dry unit weight of PLWC that
cured in air, water and autoclave was 1500 kg/m>. Only,
unit weight of 8 h autoclaved specimens has increased a bit,
but it was not as much as 1600 kg/m>. On the other hand,
DLWC that cured in air, water and autoclave has 900 kg/
m® unit weight. The unit weight of DLWC has changed
neither curing in both water and air nor autoclaving time in
2-10h. The density of LWC depends upon the raw
material used for making them. Unit weight of PLWC
was higher than DLWC because of high porosity of
diatomite aggregate. LWCs with intermediate densities
varying from 800 to 1350 kg/m? are extensively used in pre-
cast blocks for load-bearing and heat-insulating walls [6].

As known from the literature, thermal conductivity
depends upon the pore structure of the lightweight
aggregates, density of concrete and the cement paste
matrix. In other words, the thermal conductivity increases
with increase of density of concrete. Also, according to
Kim et al. [25], aggregate volume fraction and moisture
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Table 3
Physical and mechanical properties of LWC cured in different condition
Curing type Curing time PLWC DLWC
Specific porosity Water absorp. Thermal cond.  Specific porosity Water absorp. Thermal cond.
% % (W/mK) Y% Y% (W/mK)
Autoclaving 2 233 15.7 0.46 62.5 71.9 0.13
cure, hours 4 23.3 15.6 0.46 60.6 66.0 0.14
6 21.8 15.3 0.42 62.4 72.0 0.13
8 12.1 8.1 0.52 59.9 65.5 0.14
10 19.7 13.5 0.43 62.3 71.4 0.13
Environment T™W 26.1 17.8 — 59.3 64.0 —
cure, days 28W 28.3 18.9 0.44 65.0 74.9 0.13
TA 26.4 17.9 — 61.1 68.5 —
28A 26.4 17.9 0.44 60.5 66.6 0.14
I
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Fig. 2. Unit weight of PLWC and DLWC related to curing time.
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Fig. 3. Unit weight of PLWC and DLWC related to autoclaving time.

condition of concrete are revealed as mainly affecting
factors of the thermal conductivity of concrete. Thermal
conductivity of PLWC that were autoclaved has changed
between 0.42 and 0.52 W/mK in 1500 and 1600 kg/m?® unit
weight. The PLWCs that cured in water and air at 28d
have 0.44 W/mK thermal conductivity in 1500 kg/m? unit

weight. Whereas DLWC specimens that were 2-10h
autoclaved have 0.13-0.14 W/mK thermal conductivity
coefficients in 900 kg/m® unit weight. This value was
similar for DLWC cured in air and water for 28§d. DLWC
have lower thermal conductivity than PLWC due to its
lower density depending on aggregate properties. Uysal



4112 IB. Topcu, T. Uygunoglu | Building and Environment 42 (2007) 4108-4116

et al. [26] has conducted a study on thermal conductivity
coefficients of concretes made up of mixtures of PA and
normal aggregate, and they reported that when 25%, 50%,
75%, and 100% PA ratios were used in place of normal
aggregate by volume, PA decreased the density and
thermal conductivity of concretes up to 40% and 46%,
respectively. Also, thermal conductivity of the specimens in
300 kg/m® cement content and produced with %100 PA
was 0.77 W/mK. Thermal conductivity of concrete depends
also on curing and compacting condition. Unal et al. [17]
carried out a study on thermal conductivity of low-strength
LWC produced with diatomite in different ratios and
cement content. The unit weight of specimens was changed
between 900 and 119kg/m® in 250-400kg/m® cement
content and thermal conductivity of specimens in 300 kg/
m?® cement content was 0.23 W/mK. Autoclaved LWC that
was produced with pumice and diatomite has lower
thermal conductivity than normal concrete.

ACI Committee 213R-03 [27] has recommended an
equation to obtain thermal conductivity (4) of structural
LWC related with its dry unit weight (w) as follows:

/.= 0.0864 00125 v, (1)

The curves were obtained for experimental and ACI
213R-03 depending on unit weight and they are shown in
Fig. 4. As seen from Fig. 4, there is a little difference
between both the curves. These differences may be
explained by that natural sand is used in the structural
LWC to achieve the strength. The natural sand increases
the thermal conductivity of concrete from that produced by
outright LWA. There was a good relationship between
thermal conductivity (1) and unit weight (w) in experi-
mental results (R = 0.99). For the moderate strength LWC,
the following equation can be proposed:

/. =0.023¢0002w,

By increasing dry unit weight of DLWC and PLWC
from 900 to 1500 kg/m’, thermal conductivity coefficient
has increased from 0.13 to 0.52 W/mK.

Microstructures that show interfacial zone of aggrega-
te—cement matrix of DLWC and PLWC cured in air are
given in Figs. 5 and 6, respectively. In Fig. 5, it is seen that

0.7
y = 0.0864¢0.0012x
06 +-------"-""-"-"-"-"--—-—-—- R=1 = cmmmmmme e m
- (ACI213)
& Experimental
0.5 4| opermentel T T
® ACI 213R-03

R

03 {--o--—=

Thermal Conductivity (W/mK)

870 970 1070 1170 1270 1370 1470 1570
Unit Weight (kg/m?)

Fig. 4. Relationship between unit weight and thermal conductivity of
LWC.

100pum
HT =15.00kV Mag= 211X  |Probe= 102pA AKUTAGEM DP
Fig. 5. SEM image of aggregate—cement matrix interfacial zone for
PLWC ( x 211).

Fig. 6. SEM image of aggregate-cement matrix interfacial zone for
DLWC ( x 1500).

the boundary between the cement matrix and the pumice
LWA is not distinct showing that the LWA bonds tightly
and continuously with the cement matrix. The interaction
of the paste matrix and the lightweight aggregates is
different from that of normal concrete [28]. Also, it is seen
that the cement paste has infiltrated the aggregate surface
to a certain depth. In other words, the ‘wall effect’ that
appears in the normal weight concrete does not occur on
the interfacial zone of PLWC. This was because the porous
and rough surface of the pumice LWA provides sites for
the cement paste to merge across the interfacial zone and
improves the interaction mechanism between the aggregate
and the matrix. The well-bonded interfacial zone is
characteristic of higher strength development of the
LWC [175].

Fig. 6 indicates that interfacial zone of cement paste and
aggregate is very weak because the diatomite aggregate
surface is not as rough as PA. In other words, a shell
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structure has not been at the surface of diatomite
aggregate. The presence of a shell structure on the
lightweight aggregates as well as its WA rate significantly
influences the mechanical properties of the LWC [29]. The
surface of diatomite was as smooth as normal concrete and
it was concluded that “wall effect” or “‘surface effect”
occurred at the surface of diatomite LWA [28]. WA of the
lightweight aggregate is usually higher than that of normal
aggregates. Micro-cracking at the interface will easily
appear at early hydration due to higher absorption rate.
Also, this weakness can be due to the low w/c ratio and the
high pore structure of diatomite aggregate. This weakness
in interfacial zone of diatomite aggregate and cement paste
has negatively affected the strength of LWC.

Compressive strength of PLWC and DLWC were
compared in Figs. 7-9 depending on curing type and
specimen age. Generally, the specimens cured in water at 7
and 28 ages have higher compressive strength than that
cured in air for all ages (Fig. 7). Also, the PLWC specimens
have higher compressive strength than the DLWC speci-
mens in all ages. Of course, the strength development in
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LWC is limited by the inherent strength of aggregate [30].
The compressive strength of PLWC changed between 7-22
and 6.7-18.5 MPa cured in water and in air at 7-590 ages.
The compressive strength of DLWC has ranged between
3-6 MPa and 2-3 MPa cured in water and in air at 7-590
ages, respectively. As seen, while the compressive strength
of PLWC is significantly developed by the increase of
concrete age, compressive strength of DLWC has de-
creased because of very high porous structure of diatomite
and weakness of aggregate—cement paste interfacial zone.
Also, the water that was absorbed by diatomite was not
released as easily as in PA. This has encouraged both
developing of hydration of cement paste and improvement
of the strength.

Sari et al. [31] investigated the effects of gradation and
admixture on the pumice LAC. The specimens were cured
at a temperature of 20-25°C and a relative humidity of
50-55%. Compressive strength of the specimens was
determined as between 3.5 and 7 MPa for 28 and 56 ages.
Babu et al. [32] investigated the performance of lightweight
EPS aggregate concretes containing fly ash over a wide
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Fig. 7. Compressive strength of PLWC and DLWC related to curing time.
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Fig. 9. Compressive strength of DLWC related to autoclaving time.
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Fig. 10. Loss of strength of PLWC and DLWC in 28d.

range of concrete densities of 500-2200kg/m>. The
compressive strengths of the specimens varied between
1.1 and 18.4 MPa for 28 ages.

Al-Jabri et al. [33] studied block element for hot climate
region. The blocks were produced from two indigenous
materials: vermiculite (VerBlock) and polystyrene beads
(PolyBlock1) which were used as lightweight aggregates
with different proportions in the mix. The mechanical
properties of the two types of blocks were compared and
compressive strength of these blocks was changing between
2.2 and 15 MPa.

However, the PLWC specimens that cured in autoclave
in 2-8 h have 8—12 MPa compressive strength (Fig. 8). The
highest strength was obtained in 8 h autoclaved specimens.
In other words, the PLWC specimens that were 24 h pre-
waited and then 8 h autoclaved and 5h cooled (totally in
37h) have gained 75% higher strength than 28 aged
specimens that cured in water. Compressive strength of
10h autoclaved specimens has decreased a bit due to
exposure to high temperature for a long time. Long time
high temperature results in the unstable C—S—H gel forms
in cement matrix and this instable form negatively affects
the strength of concrete [34]. On the other hand, by
autoclaving of DLWC specimens in 2-10h, similar to

PLWC, they have higher compressive strength than speci-
mens that cured both in air and in water at 7 and 28 ages
(Fig. 9). In autoclaved DLWC, the highest strength was
obtained on 10h autoclaved specimens as 6 MPa. All the
autoclaved specimens were waited in air until 28 and 590d
after autoclave. In 28d, the loss of strength occurred
because of some unstable forms in concrete microstructure.
This behavior is identical to normal concrete that cured in
steam [35]. After 590 d, compressive strength of PLWC that
cured in autoclave and environment has increased. This
increasing was the highest in PLWC that cured in water at
28 ages. Compressive strength of DLWC cured in
autoclave has increased, too. Probably, it was due to that
diatomite aggregates in autoclaved DLWC were coated
densely with cement matrix under temperature and
pressure, and pores of aggregate were plugged. On the
other hand, by evaporating or absorbing by aggregate of
free water in the DLWC that cured in water and air,
compressive strength of DLWC at 590d has significantly
decreased.

In Fig. 10, the loss of strength of PLWC and DLWC in
28 d was presented. In the PLWC, the loss of strength has
increased with increase of autoclaving time. The compres-
sive strength of 2 h autoclaved PLWC has raised at 28 ages
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because PA has saturated to humidity in 2h. After
autoclave, the hydration forms probably have developed
by this humidity. But, on increasing the autoclaving time,
irregular distribution of hydrated cement products could
occur in the DLWC and PLWC specimens due to the effect
of high temperature and pressure in autoclave. The highest
loss of compressive strength in DLWC and PLWC was
47% and 15%, respectively. But, again, on increasing LWC
age until 590 d, the strength has increased, too. As a result,
it can be said that by autoclaving of LWC, it can be
presented for service in short time such as in 37 h by when
it has gained the desired and adequate strength.

Park et al. [36] studied the effects of processing and
material variations on the mechanical properties of light-
weight cement composites, and they defined the fabrication
techniques for producing lightweight cement composites
that can substitute for autoclaved LWC.

To estimate the strength of concrete without the
necessity of carrying out physical tests, the concept of
concrete maturity has been established (Fig. 11). The
maturity method is a technique that accounts for the
combined effects of time and temperature on the strength
development of a concrete mixture. The maturity method,
which can determine the strength of concrete, replaced the
one related to heat and time, and the accelerated cure
methods, which are based on the determination of 28d
strength by finding the relationship between the early
strength that is gained by the concrete generally through
heating in order to accelerate the hardening of the concrete,
are alternative methods [5,23,24].

The relationship between compressive strength value and
maturity factor of autoclaved specimens was investigated
for PLWC and DLWC (Fig. 11). There was a good
relationship between compressive strength and maturity
(R=0.99) in PLWC specimens. For the DLWC, the
relationship was not as well as PLWC, but it is in
acceptable degree (R = 0.82). The maturity of the LWC
was conducted as 24 h pre-waiting in 20 °C and autoclaving
time in 127 °C temperature. Thus, the maturity of LWC
ranged from 990 to 2090 °Ch by increasing of autoclaving
time from 2 to 10 h.

| y=-4E-06x +0.0139x-2.1735
R=0.99 ®

I y = 5E-06x - 0.015x + 1627 __
R =0.82

() T T T T T
990 1190 1390 1590 1790 1990

Maturity (°C.hours)

Compressive Strength (MPa)

Fig. 11. Relationship between compressive strength and maturity for
PLWC and DLWC.

4. Conclusion

Based on the experimental study of the autoclaving of
lightweight aggregate concrete, the following conclusions
can be drawn:

® The SP and WA of PLWC cured in autoclave have
lower value than PLWC cured in both water and air at 7
and 28 ages. Because diatomite aggregates are more
porous materials than PAs, DLWC has higher SP and
WA values than PLWC.

e Dry unit weight of PLWC and DLWC that cured in air,
water and autoclave was 1500 and 900 kg/m?, respec-
tively. Autoclaving of the LWC has not affected their
unit weight.

® The thermal conductivity of the LWC was not changed
very much by autoclaving them. A good relationship has
been obtained between thermal conductivity and unit
weight of LWC.

e In DLWC, interfacial zone was very weak because of
wall effect on aggregate surface. Whereas in PLWC,
there was a strong bond between aggregate and cement
paste.

e In 37h, strength of LWC has been increased to 75%
higher than specimens that cured in water for 28d by
autoclaving it. The highest compressive strength was
obtained at 810 h autoclaving of the LWC in autoclave
curing.
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