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AB&TRﬁE;aper o the rasilis o ‘;nvm,”-ggnm? to u.a;arei j;i;zi:a?:hiy of pufuw‘,@d 1;
clay (PBC) and Calcium Oxide (CaQ) for blended Leffff;”bp(h() with-r'n.f};: .-j - C””duc-;ﬁhh:w
cw;wnr, where pulverized Burnt clay (PBC) was f‘epffﬂf:’ Y. #*r tical [' ) (‘ range of 1 ;dﬂ-ﬂ
The physical and chemical properties of PBC ':'t”d (”{.m g i’ 2 ‘;}; FTIEWWJ o evﬂfug,%' 2
possible influences on cement properties. The IHP&SﬁgH;ﬂT? j’f—' ”;f "3;5 ng ﬂ’:? both frE.;f,E b o
hardened states of cement paste. The standard tests con Hﬂj’_ on Pffﬁ ‘; ent PBC / Ca( iy U4+,
provided encouraging results, comparable to those for (-)r m;_ry U:f and L‘ETEHF (OPC) U, y
showed good potential of manufacturing bfeﬂd_é?d pulver fzid H? ”"i ctay and Cq() Cemey, % f
higher setting time and low heat of hydration using up to 30% replace ment. With u
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1.0 INTRODUCTION !
The search for alternative binders or containing natural pozzolans like ice | 1
cement replacement materials had been ash and burnt oii shale are Comp, "?‘k}
continued for the last decades. Research had regions where these materia]g are a‘v’ailnh] '
been carried out on the use of volcanic ash Replacement levels of Portlang Cﬂmanat :
(VA), fly ash (FA),blast furnace slag (BFS), blended cement containing b -

ast furnge, sy T

silica fume (SF), etc. as cement replacement vary considerably, and contents of Well gy, ¢
material (Hossain,2003: Hossain,1999; Al- 50% by mass are common in some regi, “Zr :
Ani, & Hughes,1989; Swamy,1986: Berry, Fly ash typically replaces 10-30y |

0 Of fh
and Malhotra, 1980; Hooton,2000;  Portland cement although levels of 50.6&; |

Ogunbode,2010). The VA, pumice, and FA have been advocated (Bilodeau, & Malhot,

are pozzolanic materials, because of their 2000). When silica fume g added, ;
reaction with lime (calcium hydroxide) commonly comprises 5-10% of the bi!’:de[
liberated during the hydration of cement. ASTM Standards exist for the use of nafyp
Amorphous silica present in the pozzolanic pozzolans, fly ash, and silica fume ang blast
materials combines with lime and forms furnace slag in concrete (ASTM C 618
cementitious materials. These materials can ASTM C 989-99: ASTM C 1240-01). |
also improve the durability of concrete and Matawal (2005) highlighted that the

the rate of gain in strength and can also
reduce the rate of liberation of heat, which is
beneficial for mass concrete. Over recent

years P Pﬂlaﬂd cements cm'ftaining fly ash attention of researchers in the literary world
and silica fume have gained increasing because of their potentials:

acceptance while Portland cements a) To reduce or totally eliminate the

classification of ashes as waste materials,

polluting environment.
28

application or use of various ashes as
potential replacement of cement in mora
and concrete production has attracted the
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)) For economy, by r:.:duc?ﬂg the
juantity and consequently cost of cement
applied in concrete Works.

The strength of concrete normally
improves with age since Pozzolana reacts
more slowly than cement and at one year,
about the same strength is obtained
(Malquori, 1960).

The utilization of lime as an admixture has
several advantages such as excellent
resistance to water penetration, whilst allows
vapour penetration, high ductility to joint and
massive masonry, excellent plasticity and
hydraulic properties. Thus inherent properties
of lime combines very well with Pozzolana
such as calcined clay thereby facilitating
improved  workability improved  water
retention/reduced bleeding, improved
sulphate resistance, improved resistance to
alkali aggregate reaction and lower heat of
hydration (Margaret 2005).

The practice of modifying lime mortars by
the addition of materials containing reactive
silicates and aluminates was known to
Roman builders, they utilized volcanic
deposits from Pozzuoli near Naples, as well
as PBC. To this end he suggested two method
of production of lime known has the artificial
hydraulic lime. This method involved
grinding limestone or chalk with clay betore
firing, to stimulate the intimate mixture found
in natural hydraulic limestone. An alternative
method, involve the mixing of slaked high
calcium lime with clay, drying and re-
calcining (burning) the material, which
eventually led to the production of Portland
cement. At the same time, understanding was
growing on the use of Pozzolans for addition
of mortars of non —hydraulic or hydraulic
lime. Smeaton a civil engineer was
instrumental in developing specifications
incorporating natural pozzolans with natural
hydraulic lime to achieve exceptionally
durable mortars for marine, and other

engineering works (Tutonico et al, 1994).

25

['he continuing search for faster setting and
more durable mortar led eventually to the
development of modern OPC and, for most
of the 20" century, the increasing use of OPC
has displaced the use of pure limes, hydraulic
lime and pozzolans. The use of PBC in lime
mortars in current practice is based on the
historic practice and experience, supported
by some preliminary scientific investigations,
such as the work carried out by English
Heritage, London, under the “Smeaton
project” published work on the effect of PBC
on OPC mortar. (Tutonico et al,1994)

The addition of PBC to OPC mortar
mixes has been used for many years in
Germany, Holland and Belgium, where it has
been used for docks and harbors, inland
water ways drainage systems, Railway
Bridge and other structures. The American
Society for Testing Material (ASTM)
standard C618 — 78 describe that the Lime —
PBC mortars are used in many parts of
Europe such as the bridge of fabrious which
is a Roman monument. According to
Matawal (2005) the PBC content are widely
used in the same mix proportions as OPC for
mortar in general building construction, for
dams and for reinforced concrete in sea water
for which the lime — PBC mortar are too slow
in hardening. PBC with or without air
entrainment is particularly suitable for use in
mortar and in mass concrete structures (such
as dams and bridge piers) where low heat of
hydration is desired; Hydraulic structures of
all kinds where water tightness is important;
structures subjected to attack from ground
water, sea water or dilute industrial wastes:;
and under water construction where the
concrete is deposited by Tromie or bucket
(Talero, 1990).

According to Neville and Brooks
(1997), it was only in 1824 that the modern
cement, known as Ordinary Portland cement
(OPC) was patented by Joseph Aspdin a
Leeds builder. OPC is the name given to
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. ) 1 . ' T
component ol PBC g Sthicy (ab,

cement - obtained by intimately  mixing he main oxide compo . 45,
together of calcarcous and argillaccous or “”"I_“L ide (about ¢ “TL”" of (4,
m-.'h'rcr stlica, alumina and iron n\tidc bearing L..“h:‘mj: ll::.ll ﬁvutn dl'}’ h}ljl'l: i ,l.hu T‘E |
matcnals, buming them at a ciiniu:r.irlg “""“,:;:j l;l"'T/kg and 1594 | ,;duimity HF'H'-" |
emperature,  and grinding  the resulting iy LI ). PBC satisfy rnuq![D m‘, ruxmt by,
chinker, as presented m Table 1. The raw (‘l able f:l ash as per A’S'IL” EH‘{ tf‘iu_.[{u[’*
materials used in the manufacture of OPC ('I“}fﬁ N _Y ‘d' t *Ib t >IMC (’lﬁ-rmrm'-[
consist mainly of lime, silica. alumina and particle f‘hlz{; : I[:::';I'ltzsmtnlf dl_:‘ per AT I}
iron oxide, as presented in Table 1. 136-01 nr‘ s E{-, ' bulk dfﬁns;j[ M“E
water absorption of aggregates are . ¥ a, (

L |

n T : inki Preg,

in Table 2. Pﬂltable dt:lnkmg Wate, aﬁimb-'f
in the concrete mixes. The mjx pmp{wa ™
PBC and CaO mixtureg del‘ived mngw‘

Shetty., (1999) observed critically and
hnk the development of pozzolanic properties
in PBC on buming with the temperature at

which loss of water of hydration occurs. _ 6 : : f
Lime with high calcium content often called extensive Prﬂhm’"ary. MVestigation On r%‘i
fat; or “white’ limes are desirable for most mixes are presented in Tape 4. PR i |
industries, although the construction industry CaO BMRAUDES WHTe preparec base on 3
Can use limes containing impurities. For same quantity 'b-"_/ weight of Opc dﬂsignﬁdtﬁ
Instance., limestone containing a proportion provide a mmrmumz 28—day o prﬂsg‘m
of clay is often seen as an advantage in strength of 25N/mm°.PBC gpgq Ca0 ﬁ:n
building as they produce hydraulic lime introduced as_tﬂtal cement replacemem a:'
which will set under water and will produce were proportioned; 90%-10%, 80%-20[;‘
stronger mortars. (Margaret 2005). 70%-30 and 69%*40% by mass. Cuntrgj
mixes incorporating OPC were also Prepare;
2.0 MATERIALS AND METHOD for comparison purposes. The numeri. in mj,
The material used for this research designations represents the Percentage (-
includes Pulverized Burnt Clay (PBC), lime PBC and CaO by mass ip Table
(Cao), coarse aggregate and fine aggregate. Comprehensive series of tests on fresh: i
The pulverized burnt clay used for the mechanical, and micro-structural Propertie;
research was obtained from urban shelter of PBC/Ca0 concrete such as slump, Setting
brick factory along Suleja road while the lime time, consistency, compacting factor,
was purchased from a chemical and reagent conient, compressive strength, and density
sales store at Keteren-Gwari, Minna Niger were carried out. The slump values of fresh
State. The Brick was then pulverized by the PBC/CaO were determined as per ASTM (
use of mortar and pestle, the resulting powder 143-00, while the aijr contents  were
was further grounded by the use of grinding determined by pressure meter as per ASTM
machine. It was then taken to the Laboratory C 231-97. The water-to-binder ratio (W/B)
where it was sieved in to fine powder by the was kept constant at 0.64 for all the mixtures
use of 75um sieve. The fine and coarse No air entraining admixtures was used
aggregate used was soured within the Compressive strength test was performed on
environment of federal polytechnic Bida. 150x150%150-mm cubes at an age of
Chemical and physical properties of PBC are 7,14,21,28 and 56 days as per ASTM C-39
compared with those of OPC and Class N fly Three specimens were tested for each test
ash in Table 1. The Portland cement has 7 each age and mean values were reported. The
specific er avity of 3.15 and Blaine fineness Specimens were removed from the moulds
of 320 m”/g. Chemical analysis as per ASTM after 24 h of casting and then placed in
C 114-00 indicated that the main oxjde
30
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water tank at 2342 °C. After the respective
days of water curing, they were transferred

while maintaining the

lL‘Hlng pnin{_

relative humidity to

Table 1: Chemical and physical properties of cementing materials

—

Oxide cnmpoundq PBC Volcanic Ash  ASTM C 618 requirement) Portland Cement(PC)
for fly ash (Class N) ASTM Type |
- Mass % Mass % Mass % Mass %
Chemical composition il -
Calcium oxide (CaQ) ‘0.10 1.00 - 64.1
Silica (Si0;) 54.74 68.20 = 21.4
Alumina (Al,0,) 19.66 11.20 L 5.7
I[ron oxide (Fe,0;) 8.92 1.8 = 3.5
S10,+A1,05+Fe, 0, 83.32 81.2 Minimum=70 94.7
Sulphur trioxide (SO”) 0.71 0.01 Maximum= 4 2.1
Magnesia (MgO) 1.07 0.20 - 2.1
Sodium oxide (Na;0O) 0.26 0.20 - 0.5
Potassium oxide (K,0) 1.50 3.40 0.6
Equivalent alkali (P,Os) 2.04 2.44 0.89
Free lime (CaO) — - ~ 0.6
Loss on ignition 2.60 — Maximum=10 1.3
Physical prﬂpEﬂIES
Fineness, m-/kg 290 - - 320
Retained on 45 um sieve, % 12 - Maximum=34 —~
Density, kg/m’ 1594 - 3150

Table 2: Properties of aggregates and PBC
Grain size distribution of aggregates Physical properties of aggregates and PBC

Sieve size Fine Coarse Bulk density Water Absorption

(mm) % passing % passing (kg/m3) (%)
Oven dry SSD

20 100 100 Coarse 1473 1550 5.0

12.7 100 T Fine 1566 1610 2.7

9.5 100 0.8

4.75 100 0.0

2.36 97.2 BBC 4594 1758 9.3

1.18 82.5

0.6 46.5

0.3 9.0

0.15 1.5

0.075 0.2

SSD: Saturated surface dry
Table 3: Mix proportion of PBC/CaO mixtures

Mix
Designation PBC CaO W!B Water (W) ::JCJ k(;ai)s Agﬁ;i;ﬁ
v kg/m3 m m
e o * Fine Coarse
Gia Y ) 722 1402
- 9 10 0.64 170 2394 26.6
Eg-lﬂﬂ 93 10 0.64 170 239.4 26.6 722 1402
PC-20 80 20 0.64 170 212.; g;i ;ig }:gg
- 30 0.64 170 186. 4
;Eig ;3 40 064 170 159.6 1064 722 1402
Numerics in mix designation represent percentage of Ca0; B: Binder.
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sive strength of PBC/¢

oo and compres (
jensity AnG 3 v aq) ,.
Table 4: Slump, #1F content, U Air content 28-day density ¢ N, ["’“1
3 st ot 1S
. mp by,
\Mix 1D | Slumyj kgfl!_l_-"____ e ___Z_H"Iluy f h,
e W0 | 55 16 q
mm e ~ 5.
SO 'lﬁrﬂ_rr—_‘g’_h’/L’l 36 2252 |7 ]rjlld.*
‘;:,'1{1 24 10 2299 22 )

-4 - l 4 \
PC'BG 22 : 32 fﬂ_ﬁ?ﬁg ———— ),
PC-45 ARy s

g ti d partial compact;
: setting time an ng fac
Table 5: Workability, consistency, - tor of pr
mixtures. S __HH"““%-H___ e
Mix stency Setting - Time C
jgnation Slump Cﬁﬂ:’ Initial Flnﬂ_l 2m aCt;
D'l_’!ﬁlgﬂ A N ,
2 31 200 290 !
PC-10 0 2 ar. 2 0.8)
PC-20 2 33 245 362 0.8
b4 fg 35 270 . 410 g-ﬂﬁ
PC-40 FCa0 — 0.8
AR BT ‘ : resent percentage ol LatJ.
Numerics in mix designation rep p S oretes. A PBC/Can) CUHEE“
: Ste b
3.0 RESULTS AND DISCUSSIONS ~ day compressive strength, I E%n«
The air contents and slump values of N/mm2, 22N/mm2 and 14 N Km‘m‘;ﬂm;
non-air entrained PBC/CaO concretes arc develo;_)ed using 10, 20, 3 and 4. %
presented in Table 4. Air content range_d respect;vely to replace PBC Tablﬁﬂ.[jf.
between 2.6% and 3.2%. Generally air that 31% of water by weight of Be ;
content of the PBC/Ca0 concretes increased is zeqmreld Lo obtain standayy cong; :
with the increase of CaO content. All the 10% partial replacement, 329, 4 reqﬁuiez;_
I

mixtures were produced at a slump that
ranged between 10 and 26 mm. The
compressive strengths of PBC/CaO concretes
are presented in Table 4. Generally
compressive strength increased with the
increase of CaO content and with the increase
of age until after 30% replacement of PBC
with CaO. However, the finely divided silica
(59%) in PBC can combine with calcium
hydroxide in the presence of water to form
stable compounds like calcium silicates
which have cementitious properties (ASTIV;
C 612-97). Such pozzolanic action of PBC
can contribute to the enhancement of strength
and long-term durability of PBC/Ca0

32

20% partial replacement, 33% i
30% replacement and 35% of oy
weight of PBC and ' . i

g Ca0 is requireq 4 4.
replacement respectively. The result :’:QL
that the quantity of water required t [,bi”
standard consistency Increase aﬂ[alt
percentage of partial replacement of E;n
Increases from 10% - 40%. Tables Saﬂ;: .
shows that at fixed water binder ratio,
Slump decreases from 26mm to 10mn
partial replacement increase from 10%-#
respectively. Furthermore, the comput
factor also decreases as the percentage it
replacement increases. From the test o
out, Table 4 and Figure 1 shows th’
results of the compressive strength e

with hydration period of 7, 14, 21,284
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s for dl ®e powentage replaccmmend mxﬁq’-hﬂr::-ﬁ
ik m Table 4 hows 2 moease = '.MMM“. 'wliff‘
sve swomgh of al e tesmed mmpah’l-ﬂﬂ. o
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- emm = =
m—

. 11 ime at . ailad .
4. The final seting fin 40% rﬂp]acclmnl, l Inllululphlm .

. and 410min at red SA.
was ?agsmfl:ui“ to be lower ‘;htel;aﬁznziamin ASTM C 2319 [
this OPC) bu for f st

t or

with that of C;I;i?ldéd by BS12(1978) a0 meﬂ:;zlhly Mixeq g,
o r;‘]qu 201/ S'[Elndar;h [f}\ﬁnuﬂ] H:Lrti"
e c;ﬁc gravity bR WaSF'C. as hl]udﬂimj'“k'” |
5. The S han 3.15 specified for O ASTMC39.01. g, *'ym
which is lesS compres _ Maﬂdﬂrd |
SpCCify density of PBC was L5 93kg/m§ COI‘I{{Jrt:-te:mW:E Htr?ngth nt;'ﬂ I
W ic 1S ' 8. P 3% l'ir.._‘ '.
for cement (Neville 1995) ers (Slump and Mgy, A

7 The workability paramet ASTM C 612-97.

r) decreases from 26mm and 1997

' S ec.f- . SI“ ', i
conégaftm]gozzoand 0.80 as the percentage 01]-3 Cz.:hl:i:i:g ?\Jf‘j‘" (:Da]ﬂ;lqu: X
0 0 : . ~ atur, 11 ‘.".~ L, :
replacement increases from 10 10 40 Mineral Adm ixturil i E{EJHJ :

'[}rlig.,._ g
CES ASTM C 618-00_«
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coal ﬂy ash and raw Ur{:pltij-;'_-' D
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6L} M
|.‘i
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