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Abstract

Filler additives in concrete influence its mechanical and permeability properties under normal and
elevated temperature during serviceability stage of structure. However, there is limited
investigation about influence of bio-based fillers material on strength and durability of structural
concrete at elevated temperature. This study explores the mechanical and permeability
performance of biochar-concrete composites under normal condition and after thermal damage at
elevated temperature (300 °C and 550°C). Biochar is prepared by pyrolysis of locally collected
wood waste at 500°C (BC500). The strength and permeability performance of BC 500 concrete
are compared with plain concrete and concrete with silica fume (added at 10% replacement of
cement) exposed to similar conditions. The findings show that addition of 0.50 %-1 % BC500
increase compressive strength at 7-day and 28-day age compared to control mix by 15-20% under
normal condition. This is linked to densification effect of biochar through filler effect and reduction
of effective water-cement ratio. Concrete with silica fume and 1-2 wt.% of BC 500 show similar
improvement in water tightness (35-45%) compared to control concrete. At elevated temperature,
addition of 1-2 wt.% BC 500 is found to minimize loss in weight and strength compared to control
and concrete with silica fume. Investigations show that biochar addition leads to lower damage to
microstructure of concrete during thermal treatment, leading to 22-25% higher residual strength
and water tightness compared to control mix. The findings suggest that addition of biochar has the
potential to improve serviceability performance of concrete structures, which is also an effective

way to promote recycling of wood waste.
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1 INTRODUCTION

Concrete members at close proximity to furnace or
reactors may be exposed to high temperature (Janotka
and Nirnbergerova 2005; Sakr and El-Hakim 2005).
Mechanical properties including strength and elastic
modulus of concrete are affected during such
exposures, which may lead to structural failures (Ali et
al. 2004; Xiao and Kdnig 2004). Therefore, assessing
mechanical and permeability properties of concrete
after exposure to elevated temperature is important to
estimate the suitability of its use under such conditions.

Degradation of chemical composition and physical
structure of concrete matrix takes place at several
stages. Dehydration of calcium silicate hydrate gel (C-
S-H) gel by release of chemically bound water is
significant above 110°C (Khoury et al. 2002; Serrano et
al. 2016). At 300°C, thermal expansion due to
development of internal stresses in aggregates lead to
development of internal micro-cracking. Calcium
hydroxide, which is one of the major hydration products,
disassociated between 400°C - 550°C (Borges et al.
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2010; Rostami et al. 2012), leading to shrinkage cracks
and increase in permeability of concrete. Therefore, at
500°C and above, the microstructural changes
occurring in concrete are irreversible, which results in
significant deterioration of mechanical and durability
performance.

Performance of concrete exposed to normal and
elevated temperature is influenced by fillers and
additives present in the matrix(Noumowe 2005; Uysal
2012). Uysal (Uysal 2012) reported that addition of
limestone powder at 10% replacement level of cement
led to loss in compressive strength by 13% compared to
control concrete at 400°C, while the residual
compressive strength was lower by 33% compared to
its counterpart exposed to normal temperature. Highly
dense microstructure leads to build-up of internal
pressure resulting in more severe internal damage and
degradation of chemical structure of the matrix. Similar
case is reported for silica fume — addition of silica fume
to normal concrete results in more spalling at 300°C
due to highly densified pore structure and build-up of
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internal pressure (Hertz 1992; Noumowe et al. 1996).
Contradicting findings are reported Saad et al.(Saad et
al. 1996) — addition of 10% silica fume by weight of
cement leads to lower water absorption and higher
compressive strength compared to control, exposed at
temperature of 200-600°C. The authors attributed this to
lower calcium hydroxide in the matrix due to pozzolanic
action of silica fume.

Filler materials for concrete are widely researched
because of their potential to reduce cost and increase
waste recycling. Earlier studies suggest that there is a
lack of discernible findings on a suitable filler material,
which would not significantly affect properties of
concrete at both normal and elevated temperature.
However, there is an indication that presence of discrete
pores in the matrix without affecting original properties
of concrete, may improve residual strength and
permeability during exposure to high temperature.

Biochar, produced by pyrolysis of waste biomass, may
be a potential material to improve properties of concrete
under normal and elevated temperature. Biochar
contains pores of wide size range created due to escape
of volatiles during pyrolysis. These pores absorb part of
mixing water during concrete preparation resulting in
reduction of free water in pores of matrix (Choi et al.
2012; Gupta and Kua 2018; Gupta and Kua 2018). It is
hypothesized that these pores can also act as valves for
pressure release of water vapour during exposure to
elevated temperature.

Nevertheless, biochar has immense environmental
benefit in the form of reduced landfilling and decay of
organic wastes, and fixing of stable carbon sequestered
in the structure of biochar during pyrolysis. Roberts et
al.(Roberts et al. 2009) reported that biochar has the
potential to reduce 870 kg CO2-e of greenhouse gases
per ton of dry feedstock, which also means significant
reduction in annual global anthropogenic emission
about 12%)(Woolf et al. 2010).

The study aims to explore the effect of biochar addition
on mechanical and permeability properties of concrete
exposed to normal and elevated temperature. After wet-
curing over 28 days, control and biochar added concrete
were exposed to 300°C and 550°C. Performance of
biochar added concrete is compared with concrete
containing silica fume at 10% replacement of cement by
weight.

2 MATERIALS AND METHODS
2.1 Cement, sand and silica fume used

Ordinary Portland cement 52.5 N Type 1 conforming to
ASTM C150 is used for all the concrete mixes. In one
of the concrete mixes, 10 wt.% of cement is replaced by
undensified silica fume (Elkem 940 U). Locally available
river sand was used. Fineness modulus and specific
gravity of the sand are 2.54 and 2.65 respectively.
Maximum size of sand used is 4 mm, and the gradation
conforms to ASTM C33. Coarse aggregate with
maximum size of 19 mm is used. The oven-dry unit
weight and water absorption capacity of coarse
aggregates are 1650 kg/m?3 and 0.80% respectively.

2.2 Biochar preparation and characterization

Biochar, used in this study. Is produced from locally
collected mixed wood saw dust, which is a by-product
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of the wood milling industry. Wood waste is used to
produce biochar because significant fraction of waste
(530,700 ton of wood waste in 2016) generated in
Singapore comes from the local furniture and milling
industry (NEA 2015). The collected mixed wood saw
dust is dried at 80°C for 16-18 hours before pyrolysis.
The pyrolysis was carried out in a tightly sealed furnace
at heating rate of 10°C/min. Saw dust was pyrolyzed at
500°C over 1 hour before it is allowed to cool down to
room temperature.

Based on the results of previous study(Gupta and Kua
2018), biochar particles less than 200 pm size is used
as additive to concrete mix. Size distribution estimated
by laser diffraction method showed that the prepared
biochar (BC500) has a wide size range — from 5um to
200pm with dso of 12 pm — while cement particles are in
the range of 4um to 50um. About 45% of BC500
particles are finer than 10um, which implies that there is
significant percentage of biochar particles finer than
coarser cement grains.

Elemental composition of biochar determined by
electron dispersive spectroscopy (EDS) showed
presence of 87% carbon along with trace amount of
silicon (0.45%), aluminum (1.35%), magnesium (0.51%)
and calcium (0.65%). Skeletal density of biochar,
determined by gas pycnometry (Ultrapyc 1200e,
Quantacrome) is 1.55.

Fig. 1 shows scanning electron micrograph of particles
and pores formed during pyrolysis in biochar prepared
at 500°C. One can observe that biochar prepared from
saw dust has elongated shape and fibrillar structure
irrespective of preparation temperature, which is typical
of biochar prepared from softwood (Ghani et al. 2013).
The surface of the biochar particle shows ridges and
honeycomb pores, which are produced during pyrolysis
or inherited from the woody and biological capillary
structure of the feedstock (Ghani et al. 2013). These
pores play important role in regulating water content in
the cementitious mix and offering nucleation sites for
cement hydration (Gupta et al.,2018).

Fig. 1. SEM micrograph of produced biochar (BC 500)

Specific surface area of biochar was determined by BET
(Brunauer-Emmett-Teller) Nz-adsorption on
Micromeritics ASAP 2020 Plus instrument. 40-45 mg of
sample was weighed and degassed for 4 hours at
105°C. BET surface area of BC500 is 196.92 m%/g.
Micro-pore area and Micro-pore volumes, estimated
from Nz adsorption using Dubinin-Radushkevich (DR)
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equation are 142.50 m?/g and 0.071 cm?3/g respectively.
Average size of macro-pores in biochar determined by
mercury intrusion porosimetry (Autopore 1V 9500) is 27
pm.

2.3 Mix design

A total of 5 concrete mixes including control mix (plain
concrete with no additions, ‘PC (control)’) are prepared
for this study. Water-binder ratio (w/b) is maintained at
0.40 for all the mixes. Based on the previous studies
carried out in our laboratory (Gupta and Kua 2018), the
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dosage of BC 500 was maintained at 0.50% (BC
0.50%), 1% (BC 1%) and 2% (BC 2%) of weight of
cement. Silica fume is commonly used in the local
construction industry as a micro-filler and pozzolanic
material to achieve high strength concrete. Therefore,
another concrete mix is designed with silica fume to
replace 10 wt.% of cement (SF10%) to compare its
performance with biochar added concrete. To maintain
sufficient workability, polycarboxylate based
superplasticizer (SP) (ADVA 181, W.R. Grace Asia)
was used at 0.30-0.45% of cement weight. Detailed mix
proportion is presented in Table 1.

Table 1. Detailed mix proportion for prepared concrete mixes

Mix code Water Cement Silica BC500 Sand Coarse SP  (wt.%

(kg/m?3) (kg/m?3) fume (wt.% of (kg/m?3) aggregates of cement)
(kg/m?3) cement) (kg/m?3)

PC 156 390 _ 890 890 0.30

(control)

BC 0.50% 156 390 _ 0.50 890 890 0.35

BC 1% 156 390 _ 890 890 0.38

BC 2% 156 390 _ 890 890 0.45

SF 10% 156 351 39 890 890 0.29

2.4 Casting, curing and test methodology

Each concrete mix is cast in cylinder molds (100 mm (d)
x 200 mm(h)) and steel prisms (300 mm(span) x 80 mm
(depth) x 80mm (height)) to test for variation in
compressive strength, permeability, and flexural
strength. Fresh concrete was placed in three layers by
placing the molds on vibration table for sufficient
compaction. The cast specimens were covered by
polythene sheets to minimize moisture loss by
evaporation, and placed in a controlled environment of
25°C and 70% relative humidity until demolding.
Thereafter, hardened concrete samples were placed in
fog room for curing at temperature 2842 °C.

Compressive strength was measured at 7-day and 28-
day age of concrete, while all other tests were carried
out at 28-day age. The top surface of concrete cylinders
were ground using a rotary grinder to ensure uniform
distribution of load. Load-controlled strength test was
carried out at 157 KN/min. Permeability of undamaged
concrete and thermally damaged concrete were
explored using capillary absorption and sorptivity test
according to ASTM C1585. Samples of dimension 50
mm (h) x 100 mm (d) were wet cut from the middle of
200mm (h) x 100 mm (d) cylinders and conditioned
according to standard (ASTM C1585) prior to testing.
Water absorption was measured over a 10-day period.

At 28™ day, part of the samples from each mix were
subjected to elevated temperature (300°C and 550°C) in
an electrically heated kiln. Heating rate was maintained
at 5°C/minute. Samples were exposed to 300°C or
550°C for 2 hours. Thereafter, the kiln was turned off
and the samples were allowed to cool inside to prevent
thermal shock to the specimens. Mass of samples prior
to heating and after heating were measured.
Mechanical and permeability tests were conducted on
the thermally treated samples within 24 hours of
complete cooling to ambient temperature.
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3 RESULTS AND DISCUSSION
3.1 Weight loss after exposure to elevated
temperature

Effect of elevated temperature on weight loss of
concrete mixes is shown in Fig. 2. As expected, the
weight loss is higher at 550°C compared to that at
300°C. All the concrete mixes show similar weight loss
when exposed to 300°C; however, control concrete and
SF 10% show steep rise in weight loss at 550°C. Mixes
with biochar show relatively lower weight loss compared
to PC (control) and SF10%. Weight loss due to
exposure to high temperature in concrete can be
distinguished into two broad categories — weight loss
between 200 - 400°C and weight loss beyond 550°C .
Weight loss up to 300°C can be attributed to moisture
loss from the concrete core and surfaces to the
surrounding environment, and some decomposition of
calcium silicate hydrate (C-S-H) (Awal and Shehu 2015;
Uysal 2012). At this temperature, mix with biochar
experience similar weight loss as the control mixes
which may be attributed to loss of moisture held by the
pores of biochar besides decomposition of binder gel.

As the temperature is increased to 550°C, the
degradation of concrete involves micro-cracking, some
spalling and more severe decomposition of C-S-H and
calcium hydroxide (CH) due to loss of chemically bound
water (Awal and Shehu 2015). Concrete mix with silica
fume contains more calcium silicate hydrate due to
pozzolanic action, which explains drastic increase in
weight loss of this mix at 550°C. Similar trend is also
reported by Saad et al.(Saad et al. 1996) that concrete
with 10% silica fume showed significant weight loss at
temperature of 500-600°C.

Loss in mass is reduced in biochar-concrete as with
increase in biochar dosage. As the dosage of biochar is
increased, more discrete pores are introduced in the
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matrix, that helps in release of built up internal pressure
during exposure at high temperature. It leads to lesser
internal damage, which is also supported by strength
and permeability results and observation of micro-
structure through SEM imaging.

E PC (control) B BC 0.50%

HBC1%

EIBC2%

OSF 10%

% of weight loss

Weight loss (%) at 300°C Weight loss (%) at 550°C

Fig.2. Weight loss during exposure to 300°C and 550°C

3.2 Effect on compressive strength at elevated
temperature

Table 2 presents the 7-day and 28-day compressive
strength of concrete mixes under normal condition.
Addition of 0.50%, 1% and 2% BC500 resulted in
increase in compressive strength by 18%, 13% and
10% respectively, which are significant at 95%
confidence interval (p-value < p criticat =0.05, Table 2). As
expected, silica fume also resulted in significantly higher
7-day strength than PC (control), attributed to its filler
and pozzolanic action that improves compactness and
hydration of concrete matrix (Mindess et al. 2003).
However, one can see that addition of 0.50% BC 500
produce concrete of similar 7-day strength as silica
fume addition (p-value = 0.88 > 0.05). Similar effect on
strength due to biochar addition is also reflected at 28-
day age of concrete — BC 0.50%, BC 1% and BC 2%
show strength improvement of 16%, 10% and 9%
compared to PC (control). Although the scale of
improvement is lower than that at 7-day, it is significant
at 95% confidence interval (Table 2).

Table 2. 7-day and 28-day compressive strength of
concrete mixes under normal temperature. Standard
deviation presented in brackets. Statistical significance
is checked using p-vale from t-test at5 95% confidence
interval
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Increase in strength due to addition of biochar is related
to water absorption and retention capacity of biochar
(Choi et al. 2012; Gupta and Kua 2018). During mixing
of concrete, dry biochar particles absorb part of mixing
water, which results in lower free water-cement ratio in
the concrete matrix. Retention of water by biochar leads
to densification of cement matrix by reducing the free
water in pores of concrete during initial hardening. The
absorbed water in biochar pores is later supplied
internally for continuing hydration of cement, which also
contributes to strength of cementitous matrix (Choi et al.
2012; Gupta and Kua 2018). Moreover, 40% of BC 500
is lower than 10 um, meaning that a significant fraction
of added biochar is finer than coarser cement grains and
the interfacial transition zone between cementitous
matrix and coarse aggregates, that typically varies
between 20-40 pm. Therefore, the finer fraction of
biochar induces filler effect, thereby reducing the voids
and gaps between cement grains and aggregates.

Fig. 3 shows the residual compressive strength and loss
in strength of concrete mixes after exposure to 300°C
and 500°C. At 300°C, the loss in strength varied only
between 3-5 % for the control mix and SF10% mix. BC
1% and BC 2% showed similar or slightly higher
strength at 300°C compared to 28-day strength under
normal condition. It may be partially attributed to the
strengthening of cement paste during evaporation of
free moisture resulting in higher Van Der Waal’s force
due to better packing of cement gel layers(Khoury 1992;
Khoury et al. 2002). At 300°C, some of the water from
the interlayer of C-S-H and combined water in
sulfoaluminate hydrate evaporates (Ahmed et al. 1992),
although CH does not decompose below 350°C.
Therefore, the binding capacity of cement paste is not
significantly compromised, which explains lower loss in
strength at this temperature.

However, at 550°C plain concrete and SF 10% show
steep reduction in residual strength, which is lower by
17% and 22% respectively compared to their
counterparts under normal condition. Among the
biochar samples, highest strength loss is shown by BC
0.50% (about 13%), while BC 1% and BC 2%
demonstrated  strength loss between  8-10%.
Temperature of 500- 600°C triggers a series of chemical
changes in cementitous matrix including partial
destruction of C-S-H gel, desiccation of pore system
and decomposition of CH, that induce internal and
surface micro-cracking (Aydin and Baradan 2007).
Decomposition of CH to lime and water vapour is not
critical to strength loss although expansion of lime
during cooling period may lead to significant internal

damage (Lin et al. 1996). Although pozzolanic
conversion of CH to C-S-H in 10% SF sample reduces
the damaging effect due to CH decomposition and lime
expansion, damage to binder gel structure and internal
build-up of pressure resulted in severe micro-cracking

(Fig 4(b)).
In case of biochar containing samples such severe

cracking was not observed. Although capillary porosity
is reduced due to biochar addition, discrete pores in

biochar particles serve as release valves for water
vapour at 550°C. Secondly, lower water in pores mean

reduced pressure on pore walls when the free water
turns into vapour. Combination of these effects lead to

Mix 7-day 28-day p-value  p-value
name strength  strength at 7-day at 28-day
(MPa) (MPa) (Peritical (Peritical
=0.05)  =0.05)
PC 51.54 59.51 _ _
(control)  (0.40) (1.72)
BC 60.66 68.93 0.018 0.004
0.50% (2.13) (1.01)
58.11 65.39 0.007 0.018
0,
BC1%  0ga) (130
56.82 64.94 0.035 0.037
0,
BC2% 1700  (2.01)
60.96 69.80 0.047 0.008
0,
SF10% s 60)  (2.20)

reduced pressure build-up in concrete containing BC
500.
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B Residual strength at 300 ‘C(MPa)

@ 0% loss in strength at 550°C 255

M Residual strength at 550 “C{MPa)

20%

15%

10%

5%

Residual compressive strength (MPa)
% loss in strength compared to 28 day

PC [control)

BC0.50% BC 1% BC 2% SF 10%

Fig. 3. Residual compressive strength and loss in
strength in control and biochar-concrete composites

Fig. 4. Surface micro-cracking in (a) plain concrete (b)
SF_10% concrete

Fig. 5(a) and (b) shows the ITZ in Plain concrete
(control) and concrete with 1% BC 500 addition
respectively. Plain concrete shows damage in the
binder gel and numerous pores are created close to the
aggregate-paste boundary. It may be due to
decomposition of CH crystals, that generally occupy
pore spaces in cementitous paste (Mindess et al. 2003).
In case of BC 1% paste, the ITZ is relatively less
damaged compared to plain concrete. Although
cracking is observed at aggregate-paste boundary, pore
formation and damage to binder gel is limited. However,
in case of BC 1% the cement paste around biochar walls
are relatively undamaged (Fig. 5(c)), which may be due
to release of internal pressure through the porous
structure of biochar. This explains higher loss in
strength in plain concrete and concrete with silica fume
because of reduced binding capacity of hydrated
compounds at 550°C compared to the mixes with
BC500.
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Fig. 5 (a) Interfacial zone near the aggregates after
exposure at 550°C in (a) Plain concrete and (b) BC 1%
(c) Micro-structure of BC 1%

3.3 Effect on sorptivity at normal and elevated
temperature

Addition of 2 wt.% biochar reduced initial and secondary
sorptivity by 41% (p-value of 0.014< 0.05) and 36% (p-
value =0.011<0.05) compared to control respectively
(Table 3). It suggests that the rate of water absorption
is significantly reduced due to addition of 2 wt.%
biochar. Permeability of cementitous composites are
influenced by the interfacial transition zone around
coarse aggregates and the capillary porosity of the
matrix (Mindess et al. 2003). Densification of paste by
reduction of free water and filler action at the ITZ by finer
fraction of biochar particles play an important part in
limiting the rate of absorption. Gupta and Kua(Gupta
and Kua 2018) reported that the water absorbed by
biochar at early stage is desorbed to the surrounding

511



paste during hardening, which leads to better hydration
and reduce permeability of mortar paste. It is also
reflected in difference in apparent porosities, which are
11.85 £+ 0.12 %, 10.23 + 0.09 % and 9.91 + 0.13% for
PC (control), BC 0.5% and BC 1% respectively.
Although it is not a direct measure of total porosity, one
can see that 2 % addition of BC 500 has lowered the
water accessible void content in concrete.

One can observe that despite the porous nature of
biochar, sorptivity is significantly reduced at 2% dosage

ICBBM2019

of biochar (Table 3). Espinoza and Lopez (Espinoza-
Hijazin and Lopez 2011) and Thomas(Thomas 2006)
also reported similar findings that internal curing and
water absorption characteristic of porous lightweight
aggregates (LWA) has strong positive effect on
reducing the permeability of cement paste. Reduction in
permeability and water absorption are more dependent
on the reduced porosity of paste rather than the
porousness of the aggregate(Espinoza-Hijazin and
Lopez 2011).

Table 3. Initial and secondary sorptivity under normal condition and exposure to 550°C

Normal condition

Exposure to 550 °C

. " Increase in Increase in

Initial Secondary Initial Secondary nitial secondar

sorptivity (x  sorptivity (x  sorptivity (x  sorptivity (x sorptivit sorptivit y

10 10 10 10° al?ter Y aFf)ter Y

3mm/Ysecon mm/Vsecon 3mm/Vysecon mm/Vsecon exposure exposure

9 9 9 9 (%) (%)

PC (control) 2.60 0.87 19.66 1.87 655.30 114.94
BC 0.50% 2.14 0.80 15.13 2.13 607.17 167.92
BC 1% 2.28 0.71 14.74 1.62 546.35 126.90
BC 2% 1.47 0.55 9.57 1.52 552.50 171.11
SF 10% 1.73 0.36 11.92 2.94 590.21 729.11

After exposure to elevated temperature, all the mixes
show drastic rise in water absorption. Plain concrete
shows highest increase in initial sorptivity ( about 655%,
Table 3) which indicates maximum loss in
impermeability, attributed to internal cracking and
coarsening of pore structure at high temperature (Chan
et al. 1999). Silica fume concrete also show relatively
large increase in initial sorptivity. Although CH is
consumed by pozzolanic reaction, C-S-H gel also
decomposes considerably at 550°C. Degradation of C-
S-H gel) open pathway for moisture transport through
the thermally damaged matrix. However, it is to be noted
that the initial sorptivity of thermally damaged SF 10%
are 50% and 40% lower than plain concrete
respectively.

Mixes with biochar also suffered loss in impermeability;
however, the increase in initial sorptivity and water
penetration after thermal treatment was significantly
lower than control concrete (Table 3). BC 1% and BC
2% showed about 550% and 300% increase in initial
sorptivity and total absorption respectively, which is also
slightly lower compared to silica fume mix. Fig. 5
showed that the microstructure of the bulk paste and at
the interface in BC 1% is relatively less damaged
compared to PC (control) and silica fume. Similar
findings is reported by Noumowe (Noumowe 2005) -
concrete with porous LWA showed significantly lower
permeability ( about 95%) compared to plain concrete
after thermal treatment at 600°C. At high temperature
(500-600°C), concrete matrix suffers from paste
shrinkage and swelling of aggregates due to build-up of
heat and vapour pressure, leading to micro-cracking
within the paste. Biochar particles, due to their low
stiffness(Das et al. 2015) and porous nature, does not
suffer from volume expansion or exert pressure on the
cementitous paste at the interface. Heating of biochar
particles create more pores due to decomposition of
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cellulose and lignin, which consequently reduce the
build-up of vapour pressure within the concrete.

It is noteworthy that mixes with biochar showed higher
increase in secondary sorptivity compared to plain
concrete. Secondary absorption is contributed to slower
uptake of water by air voids or larger pores in the matrix
(Yang et al. 2006). At 550°C, it is expected that the
pores of biochar have are in unsaturated condition due
to complete release of absorbed moisture. Therefore,
the empty macro-pores create more sites for water
absorption after thermal treatment. High temperature
also leads to pore enlargement or creation of more
pores in biochar particles (Brown et al. 2006; Ghani et
al. 2013), that probably contributed to increase in
secondary absorption. However, further studies are
necessary to confirm this hypothesis.

4 SUMMARY

In this study, we demonstrated the role of biochar,
prepared from wood waste, in improving mechanical
properties and water tightness of concrete under normal
condition and elevated temperature. Based on the
experimental findings, concrete with 0.50% -1% biochar
show about 18%-20% improvement in 7-day and 28-
day strength compared to control under normal
condition. Addition of 0.50% biochar is found to offer
similar early strength as that of concrete with 10% silica
fume as cement replacement. Exposure to 300 °C and
550 °C results in lower strength loss and higher residual
compressive strength in concrete biochar compared to
control and mix with silica fume. Lower degree of
damage to microstructure including interfacial transition
zone and concrete surface is observed in concrete with
1-2 wt.% biochar. Total water absorption and sorptivity
at 28-day age of concrete is reduced by 30- 40% due to
addition of 1-2 % biochar, which indicates higher water
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tightness of biochar-concrete composite. Concrete with
2% biochar offers improved impermeability after
exposure to 550°C. Total water absorption and initial
sorptivity after thermal treatment are 45% and 36%
lower than control mix. In conclusion, the study
suggests that biochar can be used as a sustainable
admixture to improve durability of structural concrete,
while promoting waste recycling and valorization.
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