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Abstract

 

Mechanisms of deformation of cement-bonded particleboard (CBPB) are discussed. The results, generated from subjecting CBPB to
changing relative humidity in normal air and air devoid of CO

 

2

 

, confirm that the mass and dimensional changes of CBPB are attributable
to the combined effects of moisture reaction, carbonation of the cement paste, and degradation of the wood chips, all of which generate
incompatible stresses. Moisture movement contributed to the deformation to a large extent. This deformation in CBPB arising from dry-
ing and wetting comprised at least five distinct stages and showed an association with both the types of water and the features of wood
chips and cement paste. The carbonation mechanism of CBPB becomes operative and significant with longer periods of exposure, and the
degree of carbonation is strongly related to the level of relative humidity. The generation and distribution of stress has a significant influ-
ence on the dimensional changes of CBPB, with the change in thickness being much higher than that in length. © 1999 Elsevier Science
Ltd. All rights reserved.
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There are various applications of cement-bonded particle-
board (CBPB) in construction. CBPB is a composite of hy-
groscopic porous cement paste and wood chips. Previous pa-
pers in this series have shown that CBPB adsorbs moisture
when relative humidity (RH) increases and desorbs moisture
when RH decreases, causing corresponding swelling and
shrinkage [1–2]. The marked increase in mass and shrinkage
in dimensions have been illustrated when CBPB was ex-
posed to various air conditions [1–3]. This change is due in
part to the normal instability of wood and cement paste to
water, and in part to the effects of carbonation, high alkali,
and the generation of incompatible stresses. Thus, the drying
shrinkage of cement paste may involve an isotropic dimen-
sional change up to 5% [4], while the shrinkage of wood nor-
mally ranges from 0.1 to 10%, depending on species and ori-
entation (longitudinal shrinkage is less than 10% that of the
transverse, while the transverse radial shrinkage is about 60–
70% that of the corresponding tangential figure [5]).

Part of the changes in dimension in CBPB reported on
previously [1,2,6] was ascribed to carbonation; carbonation-
induced shrinkage of portland cement products has been of
special interest in the cementitous area for a long time [7–
9]. Lightweight concretes are very susceptible to carbon-

ation and carbonation effects because of their usually higher
permeability. The problem of shrinkage is further aggra-
vated by the higher compressibility of the aggregate.

CBPB may be regarded as a two-phase composite mate-
rial in which the discontinuous phase is the wood chips and
the matrix phase is the hardened cement paste. All factors
that affect the deformation of both wood chips and cement
paste also affect the deformation of CBPB, and these have
been discussed in a series of separate papers. This part of
the project was designed and conducted to examine the
structure and nature of CBPB, and consequently to under-
stand the mechanisms of sorption and deformation of
CBPB. Part of the results of a large and comprehensive in-
vestigation into behaviour of CBPB was set out to examine
the validity of the deformation mechanism theories.

 

1. Deformation mechanisms of CBPB

 

1.1. Structure of CBPB

 

The structures of cement paste and wood chips under the
microscope are very complex. For the cement paste, both
microcrystalline and colloidal materials appear; the colloi-
dal material occurs as an amorphous mass enclosing micro-
crystalline [Ca(OH)

 

2

 

] and unhydrated residuals of the origi-
nal cement grains. Pores in the cement paste include both
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gel pores and capillary pores. For wood chips, the structure
is comprised of cells that, for softwood, consists of both tra-
cheids and parenchyma. Overall 90–95% of cells are
aligned in the vertical axis (the tracheids), while the remain-
ing percentage (the parenchyma) is present in transverse ra-
dial bands. The cells are hollow and the lumens (cell cavi-
ties) are interconnected by pores (pits) of different kinds.

The interface between the cement paste and the wood
chips of CBPB consists of a transition zone that does not de-
velop the dense microstructure typical of the bulk matrix
and contains a large volume of calcium hydroxide crystals
deposited in large cavities. Scanning electron microscopy
photomicrographs illustrated that: (1) Generally, there was
very close contact between the cement paste and the surface
of the lumens of those open or fractured cells where fracture
has permitted easy access, or the actual surface of wood
chips. Sufficient cement paste enters the fractured cell lu-
mens before pressing. However, no evidence of any hy-
drated or unhydrated cement constituents penetrating non-
fractured cell lumen within the wood substrate was found.
(2) Those complete cells adjacent to the chip surface were
generally deformed and nearly flattened. (3) Macromechan-
ical bonding of cement paste and wood chips plays a signif-
icant role in the total bonding [10–12]. The sorption of
CBPB therefore not only occurs separately in wood chips
and cement paste, but is also complicated by the interfacial
region. The deformation of the cells and voids of wood
chips adjacent to the cement paste and the full or partial
blocking or filling of the cell lumens or interconnecting pits
with cement paste affects the transportation of moisture
through the CBPB.

 

1.2. Water in CBPB

 

Water in the CBPB can be classified as follows:

“Free water,” which is present in CBPB in both the ce-
ment paste and the wood chips. It exists in the cell
cavities or pores beyond the range of the surface
forces of the solids in the CBPB. In wood, this water
occurs above the fibre saturation point.

“Adsorbed/bound water,” which occurs in CBPB in both
the cement paste and the wood chips. It has been pro-
posed that this water is taken up on internal sorption
sites attractive to water. In the cement paste it is con-
fined between adjacent crystallite surfaces and ad-
sorbed on the surface of the crystallites. In the case of
wood, bound water is bonded (hydrogen bonding) to
the matrix constituents that include hemicelluloses,
lignin, and noncrystalline cellulose.

“Chemical water in cement paste,” which is chemically
combined in hydrated cement compounds within CBPB
and as such is part of the solid. This type of water in ce-
ment paste cannot be removed during normal drying.

It should be noted that at a certain RH, the amount of wa-
ter adsorbed is very different between the two constituents

due to marked differences in structure, though the mecha-
nism of sorption is the same in both. Experimental results
confirmed (see Table 1) that the cement paste under the
same condition has a lower equilibrium moisture content
(EMC) compared to the wood chips, and the differences in
EMC of cement paste between the conditions (35, 65, or
90% RH) are much less than those of wood chips. The
EMCs of CBPB lie between those of the cement paste and
the wood chips.

 

1.3. Deformation mechanisms of CBPB with respect to 
moisture changes

 

The following is an attempt to explain the deformation
mechanisms by means of a comprehensive hypothesis based
on the features of cement paste and wood and referring to
existing facts regarding the structure of CBPB. This expla-
nation is based on cement paste with its more irregular
structure and complemented with the wood chip, which is
organised in a very regular pattern.

Physical deformation of CBPB can be attributable to at
least four mechanisms and involves all types of evaporable
water confined in the small spaces within the CBPB. It is
apparent that these mechanisms will occur at different lev-
els of RH.

 

1.3.1. Water immersion (complete saturation)

 

When CBPB is immersed in water for a long time, it can
be regarded as saturated. All pores and cavities, whether in
wood chips, cement paste, or their interface, are filled,
though the duration required for saturation may depend on
the structure of the interface and constituents, being much
longer for cement paste than wood chips. The whole system
is probably subject to a slow swelling process balanced by
tension in the solid phase. It is believed that at the initial
moment of exposure (prior to the start of any active shrink-
age mechanism), the wet CBPB contracts slightly due to the
relief of these tensile stresses.

 

1.3.2. RH 90 to 99.9%

 

At the commencement of desorption a fairly large mass
loss is accompanied by only a small amount of shrinkage.
Meniscus formation in channels and capillary cavities (the
radius of pores ranging from 1 to 0.01 

 

m

 

m) subjects the whole
system to elastic shrinkage due to an increase in the tensile
forces of the water. In theory, the lumen in wood chips is
too large (about 8–35 

 

m

 

m, for the Sitka spruce in the CBPB
used) for this reaction. Some capillary pores in the cement
paste (0.2–0.01 

 

m

 

m) and interfacial area play a major role in

 

Table 1
EMC of CBPB and its components tested at various RH regimes used (%)

Regime CBPB Cement paste Wood chip

20

 

°

 

C/35% RH 4.24 3.83 8.53
20

 

°

 

C/65% RH 8.10 5.27 14.39
20

 

°

 

C/90% RH 12.68 7.40 19.59
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determining the moisture content. However, in terms of
complex shape of large cavities and deformation of wood
cells and partial filling of the cement paste in the lumen of
wood cells in the interfacial region, this function may exist
in the tapering ends of cells and pits. The loss of this water
plays little role in shrinkage since the forces involved are
small.

 

1.3.3. RH 40 to 89.9%

 

Below 90% RH menisci can only exist in pores ranging
from 0.01 to 0.002 

 

m

 

m as appear in the gel pores of cement
paste (0.002–0.004 

 

m

 

m) and in the porous zone of the inter-
face. Water in wood chips may only locate in the matrix
constituents and the hydroxyl groups of the cellulose mole-
cules in the noncrystalline regions. Further reduction in RH
causes the formation of air bubbles in even smaller pores,
with a corresponding increase in the tensile forces in the
water and elastic contraction of the cement paste. The non-
crystalline material in the cell wall of wood chips (varying
from 8 to 33% RH) results in marked shrinkage due to
the drying out of the water-reactive matrix (the microfibrils
come into closer proximity with a commensurate increase in
interfibrillar bonding and decrease in overall dimensions).
However, it should be noted that at an RH approaching
40%, menisci disappear even in the cement paste, tending to
relieve all elastic contraction due to tension in the pore wa-
ter. This was obtained by Roper [13], who found that the
loss of water from 40 to 20% RH was accompanied by al-
most no shrinkage of the cement paste.

 

1.3.4. RH 0 to 40%

 

With no pore water in the CBPB, strong tangential ten-
sile forces arise in the adsorbed water/bound water attracted
onto the crystal surfaces. Reductions in RH increase these
forces with a rise in reactive compression in the solid. This
process is probably slowed down below 10% RH, when
only a little adsorbed water is present.

Within this range of RH, withdrawal of adsorbed water
results in a spontaneous closing of the gaps occupied by the
water adjacent to crystal surfaces and embedded between
crystal layers. The high shrinkage rate is expected at the
lower range (below 10% RH) due to the reduction in intra-
crystal layer spacing. Moreover, approaching 0% RH, drying
shrinkage may be accompanied by some decomposition of
hydrated products of cement paste due to liberation and ex-
pulsion of chemically bound hydroxylic water from within
the crystal lattice.

In the reverse process, dry CBPB expands with increas-
ing RH. It probably begins with water adsorbed onto crystal
surfaces, relieving the tangential compression. Filling of all
voids with pore water could only be effected by complete
immersion.

However, during the expulsion of water between adja-
cent surfaces, the contraction of small intersolid substance
occurs and is accompanied by the increase in the bonding
forces or by the formation of new chemical or physical

bonds. These processes are most intensive at lower RH lev-
els. Raising the RH would not result in full recovery of these
gaps, due to the inability of water molecules to reoccupy the
newly closed original spaces, the differences in contact an-
gle of the advancing and receding capillary water front within
cavities, or the irreversible inelastic exchange of hydroxyl
groups between neighbouring molecules.

It should be noted that prolonged immersion would in-
duce tensile stresses in the intersolid bonds, disrupting some
of the weak new links and permitting further recovery. But
it is also possible that, at higher RHs, the adsorbed confined
water may squeeze out slowly by prolonged hydrostatic
compression, reducing the small intersolid gaps.

It should also be noted that the deformation of CBPB is
not governed exclusively by the quantitative pattern of wa-
ter loss or gain, but it also depends on the mode of stress im-
posed on the solids and the restraining effect of the structure
as a whole. It is apparent that an irreversibility appears due
to the mechanical stress induced in the interface by the dif-
ference in the deformation between the wood chip and ce-
ment paste, if the bonding strength between the cement
paste and wood is strong enough to withstand the stress.
Compression and tension stress on wood chip will lead to
the smaller and larger dimensions respectively.

 

1.4. Deformation mechanisms with respect to carbonation 
of CBPB

 

The mechanism of carbonation of CBPB is likely to con-
sist mainly of gaseous diffusion combined with chemical in-
teraction. The chief chemical interaction is the reaction of
CO

 

2

 

 in the air (about 0.03% by volume) with Ca(OH)

 

2

 

 liber-
ated during cement hydration, with calcium silicate hydrate.
This process results in decomposition of the hydration prod-
ucts of the cement paste in CBPB to form various minerals
and water. Deformation of CBPB occurred. The representa-
tive functions are shown in Eq. (1):

(1)

and Eq. (2):

(2)

The feature of carbonation of CBPB can be summarised as:

1. Carbonation of CBPB can occur even at low CO

 

2

 

concentration and is closely related to the level of RH;
maximum shrinkage occurs at about 50 to 75% RH.

2. Carbonation of CBPB is accompanied by a decrease
in the amount of nonevaporable water in the cement
paste, and consequently the density of CBPB in-
creases significantly (Fig. 1).

3. Carbonation of CBPB has a marked effect on dimen-
sions (shrinkage). Carbonation shrinkage is almost
completely irreversible; it is a separate phenomenon

CO2 Ca OH( )2+
→H2O

 
-----------------CaCO3 H2O+

3CaO 2SiO2 3H2O⋅ ⋅ 3CO2+ 3CaCO3 2SiO2
+ 3H2O

+→
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to drying shrinkage and is superimposed upon the
drying shrinkage. Carbonation proceeds inward from
the exposed CBPB surface along a front roughly par-
allel to it. This was confirmed from the study of the
density profile (Fig. 1).

In terms of the structure of CBPB, carbonation not only
took place in the cement paste in the CBPB, but its presence
may also be more significant in the interfacial region due to
the less dense microstructure typical of the bulk matrix and
the large volume of calcium hydroxide contained. The loose
structure of wood chips in CBPB may provide pathways for
carbon dioxide and enhance their reaction.

The dimensional change of CBPB resulting from carbon-
ation is not due solely to the higher proportional change of
cement paste due to carbonation; the change of CBPB may
also be caused by a change in the wood chips due to the ef-
fect of stresses during the carbonation process. The shrink-
age of cement paste due to carbonation is attributed to the
dissolution of the calcium hydroxide crystal while the crys-
tals are under pressure. Such dissolution temporarily in-
creases stress in the remaining solids of the paste, bringing
about a corresponding volume decrease [8]. This meanwhile

exerts extra compression on the wood chips, thereby de-
creasing the volume of the wood chips.

 

1.5. Deformation mechanisms with respect to degradation 
of wood chips within CBPB

 

The wood chips within CBPB are surrounded by cement
paste, which is highly alkaline in the presence of moisture.
The calcium ions are deposited throughout the cell wall and
not as a layer on the cell wall lumen surfaces [12]. The solu-
tion of a strong base is capable of removing a great part of
the extractives and of dissolving considerable quantities of

 

Table 2
Exposure conditions of CBPB for the parallel experiments (20

 

°

 

C)

Aspect of work Exposure condition*

Effect of CO

 

2

 

 under constant RH 65% RH, normal air
65% RH, air devoid of CO

 

2

 

Effect of CO

 

2

 

 under changing RH

 

35 → 90% 

 

RH

 

, 

 

normal air
35 

 

→ 90% 

 

RH

 

, 

 

air devoid of CO

 

2

 

90 

 

→ 35% 

 

RH

 

, 

 

normal air
90 

 

→

 

 35% RH, air devoid of CO

 

2

 

* Normal air 

 

5

 

 indoor environmental air; air devoid of CO

 

2

 

 

 

5

 

 indoor
environmental air with CO

 

2

 

 trapped by carbosorb.

Fig. 1. Change in density profile of CBPB with different periods of carbonation.



 

M.Z. Fan et al./Cement and Concrete Research 29 (1999) 923–932

 

927

 

wood components, especially the hemicellulose, causing a
loss of mass of materials and a change in dimensions. Con-
sequently, the deformation of CBPB will be aggravated
by the dimensional change of wood chips due to the alkali
attack.

In addition to the incompatible stresses resulted from
moisture reaction and carbonation of CBPB discussed
above, the dissolution of soluble substances of the wood
chips may increase stress in the remaining wood substances
and surrounding solids of cement paste, resulting in a corre-

Fig. 2. Mass (X), length (Y), and thickness (Z) changes of CBPB exposed to wetting (a) 65% RH, (b) drying, (c) 65% RH, (d) cycle.
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sponding volume change in both the wood chips and the ad-
jacent cement paste.

 

2. Experimental evidence

 

Part of the results of a large and comprehensive investi-
gation into behaviour of CBPB is set out below with a view
toward examining the validity of these deformation mecha-
nism theories. The relevant experiments are:

1. CBPB was subjected to sets of cycles—water soak-
ing 

 

→

 

 65% RH 

 

→

 

 oven drying 

 

→

 

 65% RH—in order

to examine the behaviour of CBPB over the whole
range of moisture change.

2. CBPB was subjected to normal air and air devoid of
CO

 

2

 

 in order to evaluate the degree of carbonation
from normal air exposure and its contribution to the
deformation of CBPB.

 

2.1. Materials and procedure

 

Sample boards were removed from a factory procedure
line. These boards were cut up to produce panels 600 

 

3

 

 300 

 

3

 

18 mm. The edges of all panels were coated with two coats

Fig. 3. Relationships between length (X) and thickness (Y) and mass change of CBPB cycling: 65% RH, soak, 65% RH, oven dry, 65% RH.
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of epoxy resin. All panels were conditioned and stored at
20

 

8

 

C/65% RH before commencement of tests.
One group of specimens was subjected to the cycling re-

gime shown in Eq. (3):

(3)

The samples were moved from one condition to another after
either constant dimension or constant mass was achieved.

A parallel experiment, under normal air and air devoid of
CO

 

2

 

, was designed for the other group of specimens (Table
2). The actual temperature and RH of the controlling cham-
bers were monitored continuously and frequently calibrated.
Three replicates were produced. Mass, length, and thickness
were recorded after 24, 48, and 72 h and then at 72-h inter-
vals. The changing values in mass and dimensions were
converted into percentage changes with respect to the origi-
nal values. The mean percentage change of the three repli-
cates was used.

 

2.2. Discussion of test results

2.2.1. Desorption-adsorption

 

Fig. 2 shows that when CBPB was removed from water
soaking and exposed to 65% RH, the mass and dimensional
changes are rapid at the early stage of exposure, and slow down
with time. Oven drying accelerates this process considerably.
Reexposure to 65% RH results in rapid increase in both
mass and dimension initially, but thereafter slowing down
rapidly to an almost constant level that is much lower than
the values on the previous exposure to the same RH (65%).

It is apparent that at the beginning of exposure to 65%
RH, free water was released. This water was present in the
cell lumens of wood chips or some large cavities in the ce-
ment paste and the interfacial area. This results in a consid-
erable mass decrease, but only a slight decrease in dimen-
sions (see Fig. 3). The process of movement of free water
out of CBPB may continue for a certain period depending
on the thickness and density of the CBPB, receding further
from the surface into the centre of the CBPB. However, at
the beginning of the exposure period the absorbed or bound
water near the surface of the CBPB starts evaporating and
brings about a substantial dimensional decrease. Such a

Water soaking 20°C( )  ----- 20°C 65% ⁄ RH ----- Oven drying→ →

↑ -----------------20°C 65%⁄  RH ----------------- ↓

 

slight change due to the movement of free water from deep
in the CBPB is not reflected in the total change of values
measured. Therefore, the duration of movement of free wa-
ter is shown to be of short duration.

Drying absorbed or bound water from wood and from ce-
ment paste (gel water) should result in commensurate di-
mensional changes. This relationship is confirmed in Figs. 2
and 3, in which the linear relationships between mass and
dimensional changes (Fig. 3) were produced in the second
stage of exposure (on moving sample from water to 65%
RH) and in the first stage of the exposure (on transferring
samples from 65% RH to oven drying). The slight increase
in the slope of lines for the relationship at the later stage of
exposure to 65% RH indicates a slight increase in the mass
of CBPB after long-term exposure. This is attributable to
carbonation.

In Fig. 3, it appears that during the second stage of oven
drying, removal of absorbed water in the CBPB results in a
high shrinkage rate. This phenomenon, in theory, is not at-
tributable to the shrinkage of wood chips, but to the mecha-
nism of the deformation of the cement paste; the movement
of water is thought to result in spontaneous closing of gaps,
reducing intracrystal layer spacing.

Comparison of values in thickness change with those in
length change (Fig. 2) indicates the significant effects of
stresses generated by moisture gradient, the difference in
structure along length and thickness directions, and the dif-
ferent nature of wood chips and cement paste.

In the reverse process, dry CBPB expands with increas-
ing RH. In Fig. 3, regions F–G, G–H, and H

 

9

 

–I correspond
to region C–D, B–C, and A–B in drying, respectively. The
difference in magnitude manifests itself of different domi-
nant mechanisms (irreversibility). Region E–F is the first
stage of the adsorption where the mass increase did not
bring about a commensurate increase in dimensions. This
plateau indicates that there may exist another process that
was thought to be due to the temperature change since the
boards were removed from 100 to 20

 

8

 

C, causing a shrinkage
in dimensions of CBPB.

A linear relationship (H

 

9

 

–I) at the early stage of water
soaking indicates that the water probably was firstly ab-
sorbed by the wood cell wall and the gel pores of cement
paste. Above the fibre saturation point of the wood chips,

 

Table 3
Mechanisms corresponding to the different stages of drying deformation

Stage* Deformation Dominant mechanisms

OA Low shrinkage rate associated with high water loss Capillary water
AB Steady shrinkage rate (deformation linear with 

water loss)
Bound/adsorbed water

BC Shrinkage rate increase due to the effect of 
carbonation

Bound/adsorbed water, carbonation and degradation

CD Linearity between deformation and mass decrease Bound/adsorbed water
DE High shrinkage rate associated with small amount 

of water loss
Little adsorbed water and inter-/intracrystalline water, 
carbonation and degradation

* Referring to Fig. 3Y.
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moisture increase will not bring about dimensional change.
Hence, at this time the location of water in the cement
paste is mostly in the capillary pores; this in turn results
in less expansion compared to the removal of gel pore
water, thus the slope of the graphs (region I–J) signifi-
cantly decrease at the later stages of soaking. The duration
of the first stage strongly depends on the structure of inter-

face between the wood chip and the cement paste where
the path of transverse flow may be blocked by the cement
paste.

Therefore, the deformation of CBPB over a cycle—wet-
ting 

 

→

 

 65% RH 

 

→

 

 drying 

 

→

 

 65% RH—comprised at least
five distinct stages as summarized in Table 3, with each
stage having different controlling mechanisms.

Fig. 4. Change in mass (X), length (Y), and thickness (Z) of CBPB under normal and CO2-free air at constant 65% RH.
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2.2.2. Irreversible shrinkage due to carbonation of CBPB

 

Carbonation and carbonation effects on CBPB under condi-
tion of constant RH of 65% are presented in Fig. 4. It is appar-
ent that carbonation took place under normal air exposure; the
mass of the CBPB consistently increased and the dimensions
decreased. Over a period of exposure of about 680 days, the
mass increased by about 1.64%, while the length and thickness
decreased by about 

 

2

 

0.06 and 

 

2

 

0.24%, respectively. The

slight decreases in mass and dimensions of CBPB subjected to
the CO

 

2

 

-free environment were possibly due to the degradation
of wood chips and further hydration of cement paste. There-
fore, changes due to carbonation were probably very slightly
different from the values indicated. The value for mass change
of CBPB should be equal at least to the addition of A and B.
The values for length and thickness changes of CBPB due to
carbonation should be given by B subtracted from A.

Fig. 5. Different changes in mass (X), length (Y), and thickness (Z) of CBPB under normal air and CO2-free air on moving from 35 to 90% RH (curves above
x-axes) and from 90 to 35% RH (curves below x-axes).
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The results from the tests on CBPB under a single
change of RH not only confirmed the presence of carbon-
ation, but also indicated the contribution of CO

 

2

 

 and mois-
ture effect to the behaviour of CBPB. Fig. 5 presents the
mass and dimensional changes of CBPB on moving from 90
to 35% RH and from 35 to 90% RH.

For desorption (the curves below x-axes of Fig. 5), it is
shown that there was a divergence between the changes in
normal air and air free of CO

 

2

 

. Carbonation did not seem to
occur at the beginning (or at least was much greater at later
stages than that at early stage of exposure in moving sample
from 90 to 35% RH). The difference in the behaviour be-
tween two stages of exposure is apparently due to different
moisture profiles in the CBPB. Carbonation is accompanied
by a release of water and time is required to extract water by
drying. At the beginning of exposure, CBPB was nearly sat-
urated though the ambient RH was 35% and the rate of car-
bonation was very low due to the low rate of carbon dioxide
diffusion. This is in agreement with results on other ce-
mentitous materials observed by Schubert [14], who found
that periodic rewetting significantly reduced carbonation
due to a lower rate of carbon dioxide diffusion through the
partially saturated pores of the cement paste matrix; and by
Meyer [15], who concluded that variable moisture condi-
tions can cause a change in the shape of the carbonation
depth vs. time curve, with the rate of carbonation signifi-
cantly decreasing with increase of moistening.

Comparisons of the changes under normal air with those
under air free of CO

 

2

 

 show that the behaviour of CBPB was
due dominantly to the moisture change on moving from 90
to 35% RH. However, carbonation shrinkage had a signifi-
cant effect on the total decrease in dimensions of CBPB at
later stages of exposure (Figs. 3 and 5).

The rate of change in the early stages of exposure,
whether in mass or dimensions, was very different between
the two environmental conditions, with a much higher rate
of change of CBPB under normal air than under CO

 

2

 

-free
air. The reason for this is still unknown. Very similar results
were obtained on adsorption, as is illustrated in the curves
above x-axes of Fig. 5.

Carbonation and induced carbonation shrinkage were
also very significant when CBPB was subjected to a cyclic
RH condition; this showed an accumulated increase in mass
and decrease in dimensions when the number of cycles in-
creased [2].

 

3. Conclusions

 

1. Movement of CBPB can be attributed to the com-
bined effects of moisture reaction, carbonation, and
degradation of CBPB; all of these parameters gave
rise to the development of incompatible stresses that
aggravated the effects of these parameters. The mech-
anisms, covering a wide range in RH, can be classi-
fied in two major categories: reverse and irreverse
processes.

2. The deformation of CBPB over a cycle—wetting 

 

→

 

65% RH 

 

→

 

 drying 

 

→

 

 65% RH—comprised at least
five distinct stages, showing an association with the
movement of different types of water, the features of
both cement paste and wood chips, and the exposure
environments. The plateau E–F (see Fig. 3) at the be-
ginning of wetting is evidence of two opposite pro-
cesses counterbalancing each other.

3. Irreversibility of CBPB due to carbonation was very
significant and was accompanied by an accumulated
increase in mass. However, carbonation and carbon-
ation shrinkage were essentially dependent on RH and
required the presence of water and an intermediate
moisture content for maximum shrinkage. The values
in the changes of CBPB due to carbonation may be
implemented by the degradation of wood chips, which
may reduce the mass and dimensions.

4. The decrease in the thickness of CBPB due to carbon-
ation was much greater than that in length, suggesting
that the difference between the change in length and
thickness of CBPB under various exposures was not
due solely to the structure and anisotropic nature of
wood chips, but could also be affected by the genera-
tion of stress during the changes.
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