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ABSTRACT

The purpose of this study was to evaluate the ltsnaffreplacing Ordinary Portland Cement (OP Cwit
Corncob Ash (CCA) blended cements. The cement tngdusntributes considerable amount of Carbon
Dioxide (CQ) emissions into the atmosphere. The main contiobudf CO, emissions from cement
production results from the process of creatingcibah Oxide (CaO) from limestone (Cag@ommonly
known as the calcination process. Blending OPC witfozzolanic material will assist in the reductain
CO, emissions due to calcination as well as enhaneayttality of OPC. There are various pozzolanic
materials such as fly ash, rice husk, silica fumé @CA that could be promising partial replacenfent
OPC. In this study, CCA will serve as the primangruing agent with OPC. An experiment was
performed to designate an appropriate percentggaaement of CCA that would comply with specific
standards of cement production. The experimentah plas designed to analyze compressive strength,
workability and thermal performance of various CGknded cements. The data from the experiment
indicates that up to 10% CCA replacement could smrlin cement production without compromising the
structural integrity of OPC. In addition, it wasuftd that the compressive strength and workabilitthe
resulting concrete could be improved when CCA ideatito the mixtures. Furthermore, it was shown that
the introduction of 10% CCA can lead to significaduction in thermal conductivity of the mixture.

Keywords: Ordinary Portland Cement, Corncob Ash, Workahilithermal Conductivity

1. INTRODUCTION construction was responsible for 2,236 million netr
tons of CQ emissions, approximately 39% of total
CO, emissions are becoming an extremely CO, emissions (Gorkum, 2010). With the rapid
distressing issue that continues to negatively ichpa growing construction industry, it is imperative to
the environment. As CQOemissions continue to grow, develop and promote sustainable design practices to
the global temperature continues to increase Theaddress C® emission issues associated with cement
Economist, 2013. The increase of global temperatureand concrete production.
leads to melting polar ice caps and depleting the Concrete is the second most consumed substance in
ozone. According to the Green Building Council, the world (Adesanya and Raheem, 2009a). Currently
construction and transportation contributes to overcement production is at 1.2 billion tons per yead &
50% of total CQ emissions in the United States alone. expected to grow to 3.5 billion tons per year by ylear
In 2004, residential and commercial building of 2015 (Adesanya and Raheem, 2009b). Cement
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production is responsible for 5% of total £€missions
globally (Gorkum, 2010). For every ton of cement
produced, anywhere from 0.73-0.99 tons of ,C®
emitted (Hasanbeigit al., 2012). As cement production
exponentially increases, it is essential to foconsaays
to create alternative production processes to eedie

have several drawbacks; for instance, higher
temperatures are required to create clinker witlh hi
LSFs. Creating clinker with high temperature resutt
denser clinker, making it more difficult to grindSFs
higher than 102 will result in large amounts ofefllame
effecting the soundness and compressive strengtheof

carbon footprint throughout the world. Cements are final product. A smaller LSF means less limestonéhe

produced by mining limestone from a quarry and
shipping the limestone to a mill in order to begire
grinding process (PCA, 2014). The limestone is gdac
into a primary crusher to reduce the size of tlumes.
Stones that are high in calcium carbonate are edush
separately than the stones with low calcium cart®mna
The crushed limestone is then mixed with other nailse

and various raw materials. Blended cements’ chdmica
composition varies from one quarry to another but
typically the main components of OPC are Calcium

Oxide (CaO), Silica (Sig), Alumina (ALOs) and Iron
Oxide (FeOs). After the materials and minerals are
added, they are then heated in a kiln to promaétnd
between the raw meals beginning the calcinationgs®.
Finally the molten meal is cooled and the clinker i
created. The calcination process is responsible&5@86

raw meal, which reduces the level of reactivity and
transformation of CaCpto CaO. This in turn, leads to
large portions of C® emissions (Hasanbeigit al.,
2012). However, when percentage of CCA in cement
increases, the LSF decreases. It has been fouhdhtha
LSF can be decreased from 92 to 72 with introductib
25% Corncob Ash (CCA) into OPC (Adesanya and
Raheem, 2009a; 2009b). To further investigate the
properties of CCA cement, mortar cubes were created
and tested through a steady state heating methéidaA
temperature was obtained over continuous heatin@ fo
h. The thermal conductivity found to be decreased
steadily with increasing CCA percentages in eaemdhl
illustrating that CCA blended cements can be promwis
candidate for use in thermal insulation applicaion
(Raheem and Adesanya, 1996). Other researchelsdtud
the effects of kinetics on fly ash blended cements

of CO, emissions, 45% due to burning fuel and 5% duehydration at different curing temperatures. It was

to mining and transportation (Hasanbedial., 2012).
Therefore, reducing the calcination process byiglart
replacement of OPC with Corncob Ash (CCA) is
expected to yield a significant reduction in £O
emissions. Corn is the most widely planted crophim
world. The United States is responsible for 43%hef
world’s corn production, recording 9 billion buskeh
2001 (NASS, 2011). Since 2001, corn productionhim t
United States has increased, recording 13 billiashkls

in 2011 (NASS, 2011). North Carolina alone was
responsible for over 76 million bushels of corr2i 1.

shown that at 20 and 35°C curing temperature, dly a
retards the hydration of cement in the early period
while it accelerates the hydration in the laterigqebr
(Narmluk and Nawa, 2011). The cylindrical shapdlyf
ash has a positive impact on the rheological ptaseof
cement. In fly ash blends, the OPC is responsibte f
producing calcium hydroxide while the fly ash is
responsible for consuming the calcium hydroxiderdyur
the pozzolanic reaction (Narmluk and Nawa, 2011).
Pozzolanic cement blends have significant effeots o
corrosion and compressive strength compared toathat

Each bushel of corn contains around 40 to 60 efrs 0cOPC (Guneyiset al., 2005). In a previous study, various
corn (NASS, 2011; Oladipupo and Fetus, 2012). CCA blended cements were tested at different curing
Corncob is a readily available biomass that when no ages including Wet Curing (WC), Uncontrolled Curing
disposed of properly can pollute the land, air mader. ~ (UC) and Controlled Curing (CC). During WC,
Typically, corncob is only used for animal feed and ~ specimens were immersed in 20+2°C water. In UC,
few cases alternate fuel (Biello, 2008). specimens were air cured at uncontrolled tempezatur
There has been several studies on modifying Partlan and relative humidity. In CC, specimens were imreers
cement or partially replacing cement with other in 20+2°C water for 7 days and then air cured l@m
pozzolanic materials to reduce £€@mission associated at 20+1°C and 50+5% relative humidity. When testing
with production of cement clinker. In addition, pi@us corrosion, the time it took for OPC to begin craxkivas
studies investigated the significance of the Lime within the range of 3-7 days while the blended catisie
Saturation Factor (LSF) in OPC clinker. Average ESF were in a range of 2-18 days depending on the type,
are approximately around 97, ranging between 90 andvater to cement ratio, curing condition and age at
102 (Hasanbeiget al., 2012). Cements with high LSFs testing. The accelerated corrosion test indicateat t
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blended cements had superior performance, takingstrength, water absorption and efflorescence. High
longer to begin cracking and experience corrosionstrength plaster could be developed from fluorogyps
compared to OPC at similar curing condition andings  waste with a mixture of chemical activators such as
ages (Guneyisét al., 2005). The results also indicated Ca(OH), CaC} and NaSQ;. In addition, they found that
that both OPC and blended cements in UC had lowerl5-20% lime sludge could be added to the binder to
compressive strength compared to CC and WCeconomize production without sacrificing compressiv
conditions. In addition, in most cases, the strierggin strength (Singh and Garg, 2009). When modifier or
in blended cements was higher than that of OPC,partial replacement of cement is used, there iypdva
especially under CC and WC conditions. With 28 day concern about the change of permeability and piaient
curing age, blended cements found to have lowerof Alkali-Silica Reaction (ASR). ASR involves reamt
compressive strengths than OPC, but strength faand between the active silica constituents of the agmpe
increase as the curing age increased (Gun&yisil., and the alkalis in cement, resulting in the forimatof
2005). In another study of fly ash blended cemeitts, alkali-silicate gel. ASR is what destroys the bond
was found that a cementitious binder may be pradluce between the aggregate and surrounding hydratednteme
with simply fly ash, fluorogypsum and lime sludge, paste (Adesanya and Raheem, 2010). In a previous
consequently entirely eliminating the necessityusing study, it was determined that OPC is the major s®of
OPC. Fly ash is a pozzolanic material, which iewnft alkali in the concrete. Alkalis are provided in diea
treated as waste. Over 100 million tons of fly ash amounts from fly ash. Mineral admixtures reduce ASR
available as waste from thermal power plants inand expansions by various mitigation techniques such as
alone (Singh and Garg, 2007). As such severalreducing the alkali content in the concrete mix,
researchers developed a variety of blends anddtesteconsuming the calcium hydroxide present and reducin
them for compressive strengths after 28 days cuagey concrete permeability (Touma, 2000). Initially,
One of the highest compressive strengths recordes] w permeability begins to increase with CCA replacetmen
that of a blend without presence of OPC. due to the lack of calcium hydroxide present tocrea
Aforementioned blend consisted of only fly ash, with the excess silica in CCA blends. The lack of
fluorogypsum and lime sludge (Singh and Garg, 2007) reaction increases the porosity of the mixture veithg
Similar to fly ash, lime sludge also is a wasteduat for more water absorption. As higher contents ¢diaen

that can be recycled and easily obtained. Limegsud hydroxide become available, the reaction continues
a by-product of water purification. Approximately decreasing the porosity and the permeability. Trhisirn
10,000 tons of lime sludge is produced annuallyin leads to a more sound mixture. Calcium hydroxide is
single water plant (Massillon water plant in Ohio. most vulnerable to a chemical attack, when a higher
There are thousands of water plants similar tocontent of calcium hydroxide is present the mokelyi
Massillon across the United States (Lang, 2012)oF|  the mixture will be subject to attack. However, the
gypsum is the waste product of hydrofluoric acid. porosity and permeability decrease with more CCA
Over 6.5 million tons of the by-product gypsum, percentage replacement, the mixture becomes sounder
(photo gypsum and Fluor gypsum) are producedand less permeable (Adesanya and Raheem, 2010).
annually from several phosphatic and hydro-fluoric  The research presented in this study focused on
acid industries in India (Singh, 2012). The cherhica evaluating the effects of replacing portions of OPC
composition of fluorogypsum consists of 1.32% F, with various percentages of CCA. The objective was
0.65% SiQ, 0.65% (ALO3 + F&03), 41.19% CaO and to determine optimized percentage of CCA
56.10% SQ. Due to the high concentration of lime, replacement that will yield the optimum compressive
fluorogypsum can be a promising candidate to reactstrength, workability, flow and thermal conductivit
with pozzolanic materials. As such several reseznish while complying with cement production standards.
used this material to create full size bricks imthg To do so following tasks were undertaken:

different percentages of sawdust, rice husk and

vermiculite along with fluorogypsum. The optimum ¢ Develop various cement blends by implementing an
quantity of percent additions were 10% of sawdust, incremental increase in percentage of CCA

5% of rice husk and 10% of vermiculite. The bricks « Compare the flow of hydraulic CCA blended
were tested for physical appearance, compressive cements using the flow table test
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* Determine the effect of various CCA blended 2.2. Specimen Preparation

cements on compressive strength . .
1pres: 9 Four different CCA mixtures were developed along
e Compare the viscosity, torque and shear stress of . .
. with one control sample (OPC without CCA). These
various CCA blended cements

mixtures were prepared in the laboratory using 0035
© Use th?_ flow table test to ot_>serve the change Olcand 20% replacement by weight of CCA. For both the
workability as a function of time for the blended compression test and thermal conductivity test,paume
cements . of 45% water to cement (w/c) ratio was used. Theure
» Compare the effect_o_f various CCA blended Cementsproportion of cement to sand was 1:3, 25% cemeT5
on thermal conductivity sand. Cubic shape steel moldsx50x50 mm) were used
to cast the mortar and make concrete cubes for
2. EXPERIMENTAL PROGRAM compressive strength test. A total of 15 cubes wasted
(three cubes for each CCA blend). For the thermal
conductivity test, 305 mmby 25 mm thick concrete
blocks were created using pre-made wooden molds.

In order to achieve the objectives of this study, a
experimental plan was developed to create CCA lglénd
cements. As such three different cement, sand aerw o _ _
cement (w/c) ratios were used. CCA percentagesdecl  2.3. Mixing and Preparing Specimens
0, 5, 10, 15 and 20% CCA replacement. Specimens wer 5 ixer type Hobart HL 200 was used to mix the

prepared and cured for 90 days. For all specimensyaterials. Sand, cement and corncob ash were placed
compressive strength test was conducted followingine mixer at the same time. The materials were dry-
C109/C109M-12. All tests were conducted for three mived for 2-3 min. After a homogenous distributioh

replicates. In addition, rheological properties Wl the materials, mixing water was added gradually and
mortar were studied using a Brookfield (DV-IIl W mixed for additional 4 min. After confirming thahe
rotational viscometer. The viscosity, torque anéash  mix was workable, the mix was poured into the molds
stress of each blend was recorded at both 5 and 1§nhe molds used were specially made for this teke T
RPM. Data were recorded with 5-min increments aver molds were squares of 304.8 mm by 304.8 and 25.4 mm
span of 20 min. Furthermore, to compare the gepth (12x12x1 in.). After placing mortar into tmeld,
workability of 0, 5, 10 and 15% CCA blends, thewlo  the mold was vibrated on a vibrating table for 0séc.
table test was performed complying with ASTM Then excess mortar was removed and the specimen’s i
C1437-07 standard. Hydraulic cement was placed on ginished with a steel trowel. The specimens wermnth
Flow Table Apparatus and the length of flow was covered with plastic for the first 24 h. The spesims
measured. Finally, thermal conductivity tests were were then demolded and placed in the cure tani@@or
carried out to determine thermal conductivity okth days. After 90 days, the specimens were removed fro
new composite. A heat transfer measurement devicehe curing tank and dried in an oven for 24 h at a
was designed and constructed according to thetemperature of 21°C (70°F).

standards to measure thermal conductivity of theACC

concrete specimens. Data were collected periogicall 3. TEST PROCEDURES

every minute over the span of approximately an hour

i 3.1. Flow Table Test
2.1. Materials

The flow table test was performed in accordancé wit
The Corncob ash used in this study was produced by\STM C1437-07 Standard Test Method for Flow of
grinding dried corncobs to approximately 4.0 mm Hydraulic Cement Mortar. The flow table test detieves
diameter to enhance appropriate combustion. ItldHe®r  the flow of hydraulic cement in order to grasp aea of
noted that failure to appropriately grind corncpbisr to workability-time of the cement.
burning can lead to adverse effects on the poziolan .
properties of the CCA. Corncobs were then burrthn 3.2. Thermal Conductivity M easurement

open air using a stove fueled by natural gas ironmbt A specially designed thermal conductivity

to compromise the chemical composition of the fietd ~ measurements device was constructed based on hot
product. Portland cement type | was used and thd sa box apparatus. The principle of measurement idaoep
was Saturated Surface Dry. the specimen between two boundaries held at canstan
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temperatures. One side was heated by a heat sandce 3.4, Test Setup

the other side was kept at room temperature. The bo . . .
was constructed from homogeneous materials thag hav A sphe_matlc of thermal conductivity test setup is
stable thermal properties and have high thermalShOWn inFig. 3. .

resistance and good mechanical properties. Thetstal The following testing steps were followed for each

e : test: (a) Specimen was mounted and sealed from all
of the box shown iifrig. 1 was 113 cm height, 40.64 cm
: . sides; (b) The heat flux sensor was attached to the
width and 40.64 cm deep (44'x16x16 in.). The surface of the specimen. Heat flux was recordednwhe

thickness of the surrounding chamber was 5.08 cm (Zreached steady state; (c) Three temperature logegsnes
in.). In order to minimize heat losses to its sundings, |\ Jinted to egch sia((a )of the specF:)imen using double
the chamber was constructed of extruded Polystyrengqeq tape. The temperature logger was placeddh su
(XPS) layer placed between two layers of Maple \ 4y that there was a temperature logger placedsacro
plywood with a thickness of 0.635 cm (¥4 in.) eathe  from it on the other side; (d) the door of the heas

three layers were assembled using a heavy dutytightly closed and sealed to ensure no heat lassigfh

construction adhesive. the edges of the door; (e) turn on the heat souFoe:
To measure heat flux, the device was equipped withreach steady state heat flow, the test was runafor

HFPO1 heat flux sensorBi@. 2a). The body of HFPO1 was hour and a half; (f) at the end of the test, theadeere

composed of ceramics-plastic and a thermopile eddued collected and the thermal conductivity was caladat

in the plastic ceramic composite (thermopile isea af ~ using Fourier’s law (Equation 2):

connected thermocouples that can measure a sraallityu AT

of heat flux). To collect the data from HFPO1, aousate Q=-k— 2

voltmeter that has millivolt range was used. HFB@dsor x

was calibrated using a guarded hot plate accorthng \yhere:

ASTM C 177. It has sensitivity (E) of 61.3R%/W/m?. Q = Heat flux W/ ri(But/ hr-ff)
After the voltage output was collected, the heax as AT = Temperature difference across material sedtion

calculated based on the following formula Equation or °C (°F)

Material thickness m (ft) and
Thermal conductivity W/m. k (Btu /h-ft-F)

X

Q=V/E (1) "

Where:

Q = Heat flux W/m,

V = Measured voltage and

E = Sensor sensitivity (61.3%/W/m?)

To measure temperature differences across the
specimen, three temperature data loggers are pfeared
each side of the specimen. HOBO data logger typg HO
007-02 and BoxCar 3.7 Software were used to measure
temperatureFig. 2b). The data logger has two internal
temperature sensors and two external sensors.dfurth
the data logger is programmable in term of time
increment and the start and end time.

3.3. Calibration of the Measurement Device

The device was calibrated by testing materials with
known thermal conductivity. Four different constion
materials were tested for thermal conductivity. The
dimensions of the samples were 30.48x30.48x2.54 cm
(12x12x1 in.). The samples include: Gypsum board
(drywall) with 1.27 cm (%2 in.) thick; oriented stchboard
(OSB) with 1.27 cm (% in.) thick; Plywood with 1.2
(%2 in.) thick; Mortar with 2.54 cm (1 in.) thick. Fig. 1. Adiabatic box photographs
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Fig. 2. (a) HFPO1 heat flux sensor, (b) HOBO data logger

TS: Temperature
HFS: heat flux
HF: heat flow
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N orrrrevm |
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Fig. 3. Schematic of the test set-up

Table 1. Experimental versus reference values

Conductivity (W/ m K)

Reference Test

Sample designation values values
Gypsum board, ¥z in thick. 0.17 0.176
Gypsum board, % in. thick. 0.17 0.172
Gypsum board, % in. thick. 0.17 0.179
Oriented strand board, % in. 0.13 0.1495
Plywood with ¥z in. thick. 0.138 0.1304
Mortar, 2.54 cm (1 in.) thick. 0.71 0.682
Mortar, 2.54 cm (1 in.) thick. 0.71 0.672
Mortar, 2.54 cm (1 in.) thick. 0.71 0.734

sources (www.engineeringtoolbox.com and
www.bca.gov.sg) and from engineering handbooks. The
thermal conductivity of the reference materialsnglo
with the results are listed iTable 1. A statistical
analysis was carried out to determine a corredtotor.

The statistical analysis yielded an R2 value 0f98.9
which indicated a strong relation between the mfee
and experimental values. Using the statistical yais)|

an equation was derived (Equation 3) to modify the
experimental values, the equation may be expressed

k, = 0.964k, + 0.01 (3)

The device was calibrated by conducting the test on
materials with known thermal conductivities. Theadaf
theses reference materials were obtained from @nlin k,, = Modified thermal conductivity value and
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kexp = Experimental thermal conductivity value with 5% CCA turned out to be very similar to the

control mixture with no CCA. However, the torque

4. EXPERIMNETAL RESULTS measurement at 5rpm found to be more sensitivado t
percentage of CCA; as it can be seenFig. 8, the

4.1. Flow Table Test mixture with 5% CCA showed much lower viscosity

] ) than those of control mixture. This in turn showstt
Based on the analysis of the results, it was fdbatthe  the mixtures modified with CCA could be more

flow increased as the percent of CCA increased. @). susceptible to shear than OPC samples.

The flow for the control sample (0% CCA) was |t can be further seen that shear stress varigheas

approximately 81% flow. The flow began to increasehe  amount of CCA increases. The 20% CCA blend shohed t

percent replacement increased. At 10% the flowhe@  lowest shear stresig. 9). In addition, the change of shear

max of 119% before gradually starting to decrease. stress with time found to be the slowest in thetunéxwith

4.2. VViscosity Test 20% CCA. This i_n turn may lead to extended curinget

reducing potential occurrence of shrinkage cracks.

The viscosity was recorded using a Brookfield However, as it was shown Fig. 10, the change of shear

rotational viscometer. Five cement blends weretedga  stress with time is the highest in the control spena which

0% (control), 5, 10, 15 and 20% CCA replacemene Th may imply fastest curing time.

viscosity, torque and shear stress decreased as thf _

percentage of CCA replacement increased illustyadin 3. Compressive Strength

extended workability timeHig. 5 through 7). Viscosity Fig. 11 shows the results of compressive strength of
was measured in Pascal-seconds while torque waslifferent percenatage of CCA. In this study, the
measured in percentage of maximum torque capamity f compression test complying with C109 standard gield
the equipment’s spring (0.7187 milli Newton-m). &he an optimum compressive strength of 35.9 MPa at#0-d
stress was measured in Pascal-seconds. As it caeepe  curing age with 10% CCA substitution. After thatipio
in Fig. 5 the 20% replacement yielded the lowest the increase in CCA resulted in continuous decréase
viscosity at both 10 RPM and 5 RPM. In additiooah be  the compressive strength. This further confirms the
seen that specimen without corn cob ash had thee$iig results found by (Adesanya and Raheem, 2009b) which
viscosity among all samples and it showed a siganii ~ showed that compressive strength began to incretise
increase in viscosity after 15 min of mixirfgjg. 6). the increase of CCA replacement from zero up to 10%
As it can be seen iRig. 7, the torque measured at regardless of the curing ageas shown Fig. 12.
10 rpm was the lowest when 20% CCA was added. InHowever, above 10% CCA replacement, the
addition, 5% CCA found not be as effective on the compressive strength began to decrease significantl
toque measurement since the behavior of the mixturebelow the control specimen.

140 - Flow table test
120
100

80

=

60

40

Percentage of flow (%)

0 5 10 1
Percentage of corncob ash (%)

LA

Fig. 4. Flow table test results of corncob ash blendedéduwjid cement
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Fig. 5. Viscosity results for blended cements at
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Fig. 6. Viscosity results for blended cements at
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Fig. 7. Torque results for blended cements at
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Fig. 8. Torque results for blended cements at
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Fig. 9. Shear stress values for blended cements at 0-RPM
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Fig. 10. Shear stress values for blended cements at 5-RPM
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Compression test

35 4

30

Compressive strength (M Pa)

0 5 10 15 20
Percentage of corncob ash (%)

Fig. 11. Compressive strength values for corncob ash hiecolecrete cubes at 90 days curing age

035 - Thermal conductivity

0.1
o o B
0 T
0 5 10 15

Percentage of corncob ash (%)

Thermal conductivity (W/(m-K))
(=)
(3]

Fig. 12. Thermal conductivity results for blended CCA-cetaen

4.4. Thermal Conductivity were recorded over the span of approximately arn.hou
_ .. Using the information from the heat box, the hdax f
Corncob has low thermal conductivity; therefore, it (Q) and the thermal conductivity (K) were calcuthte
could be used as an adequate insulation in building;™"\, o< observed that the thermal conductivity

construction. In previous studies the thermal yocreased from that of the control specimen when 5
performance of corncob panels were observed by,. 4 10% cCA was added

adjusting the thickness of each panel (Pagvaal.,

2012). It was concluded that thicker corncob péatic 5. DISCUSSION

boards displayed smaller thermal transmission

coefficient (Paiveet al., 2012). In this study, a similar 51 Flow Table Test

trend was observed when various percentages of CCA

blends were made and tested for thermal condugtivit Results indicated that the workability of the
To conduct the test blocks were placed in a heat bo corncob ash-portland cement mix was enhanced with
Then the temperature differences through the blocksthe percent increase of CCA.
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5.2. Viscosity Test .

Five all cement blends, the viscosity, torque and

shear stress decreased as the percentage of CCA

replacement increased. This shows that the mixtures
modified with CCA could be more susceptible to shea
than plain mortar samples. In addition, the chaonfe
shear stress with time found to be the slowesthin t
mixture with 20% CCA. This in turn may lead to
extended curing time reducing potential occurreate
shrinkage cracks. However, the change of sheassstre
with time is the highest in the control specimenichih
may imply fastest curing time.

5.3. Compressive Strength .

The compressive strength results reported in this
study confirm the results found by (Adesanya and
Raheem, 2009b) which showed that compressive
strength began to increase with the increase of CCA
replacement from zero up to 10% regardless of the

The compressive strength of cement increases from
that of OPC with up to approximately 10% CCA
replacement at 90-day curing age. However, when
percentages of CCA were increased to above 10%,
the overall concrete compressive strength was
decreased

Replacing a portion of OPC with approximately
10% of CCA reduce the amount of €@missions
associated with cement production, while
maintaining structural integrity of the concrete
Workability time of CCA blended cements increases
with the increase of CCA percentages, with the 20%
CCA showing the highest workability time

Thermal conductivity was reduced when up to 10%
CCA was introduced to the cement mixture. This in
turn can enhance insulation properties of the morta
for building construction
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