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Aim and dcope |
rhe Environmental Technology and Science Journal (E'TS)) 1s devoted to the
publication of papers which advance knowledge of practical and theoretical issues of
the environmental technology. The aim of the journal is to provide an avenue for
dissemination ol academic research findings from various disciplines of the
environment, engineering, pure and applied sciences, arts and social science, which
have materials that emphasize on environmental issues.

E[SJ Policy

ETSJ prohibits an author from submitting the same manuscript for concurrent
consideration by two or more publications. The author must ensure that when a
manuscript i1s submitted to ETSJ, the manuscript must be an original work. The
Author should check the manuscript for any possible plagiarism using any program
such as TURNITIN or any other software before submitting the manuscripts to
ETSJ. Authors are not permitted to add or remove any names from the authorship
provided at the time of initial submission without the consent of the Journal's Editor-

in-Chief.

Guide for Authors s

Please read the guidelines and follow the instructions carefully; doing so will ensure
that the publication of your manuscript is as rapid and efficient as possible. The
Editorial Board reserves the right to return manuscripts without review that are not
prepared in accordance with these guidelines. :

l. Manuscripts should not be more than 15 pages of A4 paper size (including
abstracts, tables, figures, references and appendices) typed in double spacing,
times new roman and font size 12. |

2. Each paper must be compiled in one column; all text should be left and right
justified. The page settings to be 25c¢m (1 inch) each for the top, bottom, left
and right margins of an A4 paper. Decimal numbering of all sections of the
article is recommended (with the exception of the reference and
acknowledgement sections).

5. To ensure anonymity in the peer reviewing process, articles must be
structured in such a way that the title of the paper, authors’ names, address,
and affiliation are written on the first page, followed by abstract and the body
of the paper in that order.

i Each article should contain an abstract of not more than 300 words.‘
). Each article should contain between 5 and 7 key words (avoid use of
phrases).

Use the SI (Svsteme Internationale) units and symbols, while Unusual
Characters and symbols should be explained in a list of nomenclatures.
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itorial
5 my honoutr as the M.II’IIl[.‘.iI'Ig Edilt}l‘ On

alf of the Editorial Board to present
fume 8, number 1. June 2017 edition of
s Environmental Technology and Science
enal (ETS)) to the research community
4 view to expanding the discourse and
wide a platform for robust academic
bate. As the world’s  population
atinues to expand, lmplt,mentanon of
os-efficient measures in all areas of
activities is imperative. The built
ironment is one clear example of the
ot of human activity on resources. To

s end this edition presented fifteen well-
searched  articles ranging  from
::-:u ction materials, climate change
»s. car park management to real estate
os. waste management, health and

fety matters and transportation.

¥
\_t

oncrete deteriorates considerably when
posed to aggressive chemicals such as
sids. Incorporation of pozzolana to
ncrete can ameliorate its effectiveness in
'ja-.' chemicals but this has to be
perimentally established. Therefore, Aka
 al. investigated the effect of pozzolana;
ice husk ash (RHA), powdered burnt
rick (PBB) and saw dust ash (SDA) on the
ympressive  strength of concrete in
e lcally aggressive environment. The
llis showed that RHA and PBB concrete
vited better strength than SDA and the
ol specimen in MgSO, solution. The
concluded that RHA and PBB
ste are highly resistant to MgSO, and
n be recommended as sulphate resistant
ditive in concrete production.

limate change represents a significant
wironmental, social and economic threat
is now firmly recognized by the
ajority of the world’s governments and
tlsls as an issue ol extreme concern

the planct. The public perception of

'mcraase in_ AV
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information # | b

technology be used .’-.-: -fL-i*'?f';_ tize
the effects of chanéft!g ate.
Olufemi et al. in the thf
shoreline changes, land u
change. geomorphologi Q,i,
coast. The showhm e
showed that between ,,, and
net shoreline mw& nt was e
meters while the ne.f_ [ ne m
between 1980 and aby
meters. The end-point rate 'f_"' so ind
the rates of erosion f’ 24.96 meters
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accretion (277.5 meters
suggesting higher increase )si
accretion. The study ﬁ ?-:-.}‘
monitoring af "sh eline changes
reinforce unde . ;ﬁ
establishing lhe pmms a rr,w,; n _m
and accretion in the eaasmi o

' o
] |I—_..

Creating an outdoor lm
environment is an imtla ive -
incorporate green daaign o
at meeting children’s de
Children  develop p
cognitive, phySlca

The forth papc
assessed the physic

Scanned by TapScanner



B

l-'m'iruunu*nt

1 Ci . ﬂu ﬂﬂl
[ Technology & Science Jour
i

vol. § No. 1, Jun¢ 2017 e
.’” sl L - = :
o elements in Niger State. Tha
(o integrating these elements i = .-
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v schools in Minna. The flndlllz, Model (Msie il
Ch‘mtl”:ll'l.rltt only 25% of the playgrounds e
revedic 7 g

slementary schools in Minna have above liqu:dathq;‘_,
ol L‘.lL‘lle.lli-;:l\;i& components. The pa_per values ;
wommended 1t payeaming — between 60% ang
;ix-*ironment be integrated in elementary (MV) in __

in Mi MSM to the valy
< schools in Minna. basis of
Parking  management is increasingly market is acti
becoming a major component of surface 2
ransport  planning needs of public As cities de.‘,
mstitutions like schools and hospitals, this is often c;
is because the means of transportation existing str
cannot continually be in motjon. Zaria  changes in ,,h
metropolis harbors g number of such neéw standards. This
Institutions  which generates  substantial !
vehicular traffic. Despite efforts by these

NStitutions to provide parking facilities in

the past (en Years, persistent
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land cover of the area a:nd
dforms around the coast. The stud}g
~uded that the shoreline is eroding at -
.:'-,'_, m/yr and accreting at 15 m/yr.
nce, the study will be very helpful fcw_
admlmstratwe bodies for decision
. the state and coastal

aeement in the country.

use

razack et al. assessed the risk of

iding in proximity to illegal waste dump
.s in Sabon Wuse, North-Central,
seria in the ninth paper. The level of
lth risk associated with living close to  and hﬁ;ﬂ_‘mf |
sﬁes showed that a total of 878 construc:tma ec!
uses are at the severe risk, while, 1,898 and Health,
uses are at mild risk level. The study ucti
vocated that there should be a total result of tlw 1en
arance of the existing illegal dump site perfermance af h g: ctor
proper monitoring of the waste  stars in rank ‘Therefore
n gement in the town to forestall illegal eeds :

mping, and adequate information to
sidents and awarcness on the danger of coordination,

nsequences of indiscriminate dumping of enforcement Qf oce ation:
fuse in undesignated dump sites. health. -y = N

2 u:,;}q ':; :ri’._:_ ST

e tenth paper, the application of mass The :
:sal model in Nigeria was examined _establlshed that m ‘assessment  ing
lean et al. The regression results guide Estate Suﬂrey d Valuers |
ealed the contributory effect of the  willing to offer h ., g procu
erent housing attributes on the house  service for hﬁ ise-seekers does no
. Based on these results, a mass efore sought to ¢
.tsal model for residential property
iation was developed. The study
F* ered that a good mass appralsal
l can bring about 1mprovernent in
perty tax administration in the study
" b}' [‘educing cost and ensuring fairness
! equity, which are very crucial in any
rty tax assessment process.

Urban Heat Island effect is linked to
i!t environment and threatens human
_ dunng extreme heat events. Duchi
g sa examined the spatial pattern of
iﬁiands in Zaria urban area in tihﬁ*?'-':
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e
Effect of Pozzolana on the Compress
of Concrete in Chemically Aggressive
Environment g
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ystract
‘ cret detcﬁo‘rates considerably when exposed to aggressive c" S S
8cids. Incorporation of pozzolana to concrete can ameliorate its effectiveness -
his has to be experimentally established. This paper therefmmvesﬁga e effect of t
ce husk ash (RHA), powdered bumnt brick (PBB) and saw dust ash (SD
strength of concrete in chemically aggressive environment. This was achieved by parti
oncrete with 10 percent (%) of each pozzolana to produce three different concre le
of 100% con:retc were equally produced to serve as the control. The quantities of cemen
gregale and coarse aggregate used for the production o specimens were obtained t
solute volume method of calculation. A mix rafio of 1 2-:f4ﬂ::ith water-cement (wi/c) rat
s adopted for the various specimen. 150x150x150mm twenty-seven (F ncrete ¢
pduced for each pozzolana and the control specimen. The specim »wm. | for 28 d
néinary water after which they were equally and completely immersed in chemical solutior
#2505, 10% MgSO, and ordinary water for another 28 and 56 days. The specimens in ordinary
¢ used as the control during the chemical test. The percentage reduction in streneths ¢
>3, SDA and the control specimens in 10% MgSO, at 56 days were observed 1o be 2.09¢
“ and 10.06% respectively. In 5% H,SO,, the percentage reductions in strengths of R
DA and the control at 56 days were also observed to be 25.13%, 21.27%, 52.19% a
Spect The res;l;:s s(;mw that RHA and PBB concrete exhibit | | ,_#_:;
ontrol specimen in + solution. All the specimens tested in H,SO4 performed poorly a
he study concludes that RHA and PBB concrete are high}yzmmgmi' it to MgSO,
_mended as sulphate resistant additive in concrete production. =
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cing dgbllllmed when exposed to
conditions. Among these
HONS 15 ageressive chemicals
- ePardi,  2003; Dehwah, 2007),
PUESSIVE chemicals are substances
- 18 Sea-water/soil rich in sulphates,
(Osl\?u mz(?{;)l’) m;::ltlm o
Y01) and Neville and Brookc; gﬂﬁtgi
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o' attack (Osg)“"ur 2091)-

dino to Shetty (2005), magnesium
;t{i;ﬁlactl:%MgSO@ is the main salt th:at
constitutes  maximuim .da.mage ~in
concrete, and a characteristics Whltl:ﬁ;h
appearance is the indication of 1its
attack. Neville and Brooks (2002)
observed that calcium aluminate (C;A)
in porous concrete 18 more prone to
sulphates attack, and the susceptibility
of the attack can therefore, be reduced

through the application of cement that
is low in C3;A. Altemnatively, Feret

(1992) and Smeaton (2002) proposed
for the adoption of a Pozzolana.

liable

Pozzolana is defined as siliceous
materials which in itself possesses little
Or no cementitious properties but in
finely divided form and in the presence
of moisture, chemically reacts with Ca
(OH), at ordinary temperature to form a
compound  possessing cementitious

properties (Neville and Brooks, 2002).

et al. (2001) accentuated that
ana can be_ Incorporated as active
On or substitution to concrete due
ty for reacting with J

| _ 1me.
15 essential to know that this ieimletz

Zelie

pozzol
additi

to 1ts capaci

ﬁmalmms On The Compressive Strength Of Con Cretes 1 @ AL.

‘Reviewed Literatur

COncrete - .
Datok, 200;?(] '”{Lf"_
2002; Sa’aq gy o0
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Based on the reviewed
I shows the chemica
Portland cement.
Table 1: Chemical Compositiono

(a) Composition "'

in percentage @~ = w

Lime 03.1- FTEEs
206

Silica 0.6
Alumina 63
Iron Oxide 36

(b) Compound
in percentage
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composition of common pozzolana
such as RHA and Dutch Fly Ash .

Table 2: Chemical Composition of RHA

Constituent % Composition

-_FE:O.‘- 095
S10; 67.30
Ca0 1.36
AlOs 4.90
MgO .81
L.O.] 17.78

Source: Oyetola and Abdullahi (2006)

Table 3: Chemical Composition of Dutch Fly Ash

Fly ash sample Average values CUR No.12

{'fnl’l‘lfm) {%ﬂ‘lf[ﬂ]

S10- 49.6

AlLLO 26.1

Fe,O 6.8

Na,O 0.46

K0 1.96 -

CaO L <5.0
- MgO 1.68 <40
| TiO, 1.05 -
- P2Os 0.55 -

SO; 0.72 <25

C 5.7 <5.0

Source: Balkema (1992)

Materials and Methods

Materials

The materials that were used for this
'study includes: Powdered Burnt Bricks
(PBB), Rice Husk Ash (RHA), Saw
Dust Ash (SDA), Fine Aggregate
(Sand), Coarse Aggregate (Gravel),
Ordinary Portland Cement (OPC)
(Dangote Brand), concentrated
solutions of H,SO4 / MgSO4 and tap
water. The PBB was obtained from
broken burnt bricks which were sourced
from Funtua Bricks Producing Industry
Funtua, Katsina State. Pieces of the
broken bricks were subjected to manual
crushing using pestle and mortar in the
laboratory to form powdering particles.
‘The powder was then sieved using
electric vibrating table shaker. Only
powdered particles that passed through
the 75-micron standard BS sieve (No.
200) were collected and used for the
research. The Rice Husk used was

aka.femi@fut.edu.ng

LY
-‘l. ‘I. L..'J -
& " L 4 g E
g
e ) -
R e
. B

obtained from Samaru Ri vf -'
Factory, Zaria. It was b;_;m ash
through the electric furnac
Industrial Design Centre, Zaria. Rice
Husk was converted mm | -
control temperature of 650 “C for six
hours (Dahiru and Zubairu, 200! i‘{""- : }i:%*: ,I';-
ash obtained was then ground in
grinding machine and sieved with th 3
use of the same micrometer sieve ﬁm‘t -
was used for the PBB. Also, the saw _jj ‘
dust used for the study was obtained
from local furniture making beside
Samaru market in Zaria. It was sun-
dried and then converted into ashes at
control temperature of 650 °C for six
hours (Elinwa and Mahmood, 2002).
The ash obtained (SDA) was then
grounded in grinding machine and
sieved using the same sieve as above.
Further, the coarse aggregate used was

a0
-

crushed granite stones obtained from a ey
single quarry site along Sokoto-Zama iE8
road, opposite School of Aviation 4
Technology Zaria. The aggregate was r-=-
sieved using standard sieves and the e

one obtained between 10 and 20mm
sieves were used for the production of
the test samples. The fine aggregate
(sand) used was naturally, occurring
clean sharp river sand. It was sieved
using standard BS 4.75mm sieve size to
remove impurities and only those that
passed through the sieve was used for
the  samples  production.  The
magnesium sulphate (MgSO4) and
sulphuric acid (H2SOs) used for the
research were obtained from Chemistry
[aboratory of  Ahmadu  Bello
University, Zaria. They were prepared
into  different  percentage (%)
concentrations through the method of
chemical water addition (H,SOy,) and
chemical water dissolution (MgSOy).

3
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lysis
;]I}I;?PBB and SDA to

ir percentage composui'on
el 0,), silicon oxide
um oxide (MgO),

§i0,), magnesium OXl
(al:xmglum oxide (Al,0s) and _ Loss on
Ignition (LOI) was conducted 1n energy
rescarch center, Zaria. The tests were
done in accordance to ASTM C 168-94

recommendations.

out
Ay p water £0

Physical Properties of Materials

The specific gravity of the various
samples of PBB, RHA and SDA were
determined in the laboratory in
accordance to the requirement of
ASTM C 12793 (1993). The
uncompacted bulk density of each
W;‘” and fine aggregate were
determined by  the  method
recommended by BS 812: Part 2
(1990). The moisture Bouki st t ¢
samples of RHA, PBB and SDA were
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epeated at 56 days. The percentage
eduction in strengths of the specimens
n water/various chemicals were
letermined at each immersion period
28 and 56 days) and compared. These
erved as the main findings, conclusion
mnd recommendations of the study.

Results and Discussion
[he Results of the Physical
roperties of Materials
[he results of the physical property test
onducted on the pozzolana (RHA,
’BB and SDA) and the sand used for
he research are shown in Table 4. From
e results, PBB gives the highest
EClﬁC gTﬂVlty of 2.54 while SDA
ives the lowest value of 2.13. The
alue obtained on PBB complied with
3S 12:1991 which specified its range to
> minimum of 2.20 and maximum of
1 80.The specific gravity of RHA and
SDA are within the range of 1.9 to 2.4
ecommended for pulverized fuel ash
Neville, 1996) and also similar to the
alues reported by Oyetola and
bdullahi (2006) and Dashan and
amang (1999) on Acha Husk Ash
AHA) and RHA which was 2.13 for
A and 2.12 for AHA. The specific
ravity of the three materials are less
1an the specific gravity of Ordinary
ortland Cement of 3.15 (Neville,
996). This means that the three
aterials are lightweight constituents.
he difference in the specific gravity of
i¢ three materials (RHA, PBB, and
DA) may be due to the dissimilarity in
aeir biological origin. This may also be
¢ reason to the disparity in the
aterials  weight. Based on this
ndings, it can be concluded that SDA
the lightest in weight among the three
aterials  followed by RHA. This

kafemi@fut.edu.ng

670 kg/m’, 1117kg/m® and 660 kg/m®
5;::;:_';.“ |

respectively. The wvalues obtam

RHA and SDA are close to the ong ST

reported by Oyetola and Abdu

(2006), Nensok et al. (2012) and Ain =

al. (2015) While the value obtalned on
PBB is also close to 1115 k/m’ repoﬂed
by Taylor (1991) and Aka et al. (2012).
It was notable that the bulk density of
RHA, PBB and SDA are less than that
of OPC (1440kg/m’) (Neville, 1996).
This further confirmed that the three
materials are actually lightweight
materials. The compacted bulk density
of sand used for the research was found
to be very close to the range speculated

by Jackson and Dhir (1998) Whlch |

ranges from 1650 Kg/m’ to 1850kg/m’
specifically for all sandy soils before
excavation.

Table 4: Physical Properties of RHA, PBB, SDA and
Sand

S/No  Properties Sample type and description
RHA PBB SDA  Sand
1 Specific 2.15 254 iy 2.65
Gravity |
2 Compacted 670 1117 660 1600
Bulk
Density
| (kg/m’)
3 Un- 540 980 530 1490
compacted
Bulk
Density
(kg/m’)
4 Moisture 1.01 1.01 1.01

= Content !%!

The Results of Chemical Analysis

The chemical analyses of RHA, PBB
and SDA are presented in Tables 5, 6
and 7 respectively. The percentage total
content of Silicon dioxide (Si0;), Iron

Scanned by TapScanner
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Effect €

Oxide (Fe03) an

maximum required for

might have reduced its
activities
2006).

d Aluminum Oxide

nd SDA were
(ALSy) S8 RHPE;%E 3% and 61.14%
b JGE5 O 1 ;es on RHA and
respectively. Both valu = S0
PBB are greater than the m1n1m6 e
70% specified ASTM C o
while that of SDA is less. ASTM C |
- 94 stipulates that the perccntagt? tota
content of Si0;, Al,O3 and Fe;O3 in a;IY
pozzolana should not be less than 7.0 %o.
The Loss on Ignition (L.O.I) obtained
was 4.52 for RHA, 0.78 for PBB and
12.5 for SDA. The value obtained on
RHA and PBB are less than the 12%
pozzolana
(ASTM C 618 -94, 1994) while that of

SDA is slightly higher. This means that
SDA contain more un-burmnt carbon that

pozzolanic
(Oyetola and Abdullahi,

The Results of Workability Test

tWo materials to ah

sorb more water than

PBB and 100 OPC pastes.
Table &: Chemica) Analysis of RHA
Constituent ' s
Si F
i composition 69?52 2.312 2 3
Table 6: Chemica) Analzsis of PBB
Constituent Si10, Fe,O
U
Yo Composition 60.50 5.?0 :
Table 7. Chemica) A ly
Cnnltltuent = EES':I)SDA
% Composition 46 52 g?f 3
Table §. Wnrkablllty Of the Paggeg
S/No Pas
4, te Wie
l Mple Ratio
IOG%OFC
2 RHA/Ope 03
3 PBB/Ope 0.65
4 SDNOPC 0.63
0.65

=
lF1 b g

The results o .
shown in Table g °
sample indicate,f:r
100% oOpc "8
replacement of gy U
within the range of «,
indicate ]ow % %
143-78). Also, ha
compacting factor fagt -
ranges from 072
indicates Jow @ _
2005).The comg acting f,
the pastes is cl
0.92 recommended by Spe
roads and slabs  coneret
observed from the t
mixes containing | *
RHA and SDA have I
that of PBB and 1 00% OF

:lﬂ-;‘lm: o

a4
3  FAaad
= 1ERT
il o I

Al O,

4.50 1.50
ALO, Mg0
10.00 170
Al O,

12.5 9.
10 o
: e
6 —
3 J#-if._?. *'
6 . -"j- 8
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The Results of Setting Time Test ~ her
The result of the setting time test for as \
each pozzolana and 100% OPC pastes  (Neville,
are presented in Table 9. From the ~ and final :
results, it can be observed that SDA  past
paste has the highest initial and final
setting time while 100% OPC has the
least. This could be due to the higher
heat of hydration evolved by 100%
OPC paste over SDA, RHA and PBB
pastes. Literature shows that the
reaction between cement and water i1s
exothermic which can lead to the
liberation of heat to the surrounding,
evaporation of moisture and consequent
stiffened of the pastes (Neville, 1996). vle ¢
Therefore, as OPC is being replaced  and 100% 0 " ste are f

'. "f-'f
Ol
t-

with pozzolana, the rate of reaction may ~ Iable 10. It was

be reduced and the quantity of heat ~PBB ‘have
liberated into the surrounding also compared ’591-. Sé .
‘reduced. Hence, the late stiffening of ~ cubes. The result
the pastes. It 1s expected that with the tested comp led

introduction of pozzolana to cement e 1t ffjj
paste, the lower the heat liberated e iy

Table 9: Setting Time (Minutes) ¢
- S/No Sample Initial
paste setting
J 7 i (B
1 100%0OPC 90
2 RHA/OPC 150
3 SDA/OPC 180
B PBB/OPC ¥ N 130

Table 10: Soundness (mm)

S/No  Specimen Initial
sample pointers
reading
before
" e RiONE (1)
! 100% OPC 3
2 RHA 3
3 PBB 3
B 8DA 3
aka.femi@fut.edu.ng
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The Results of Density and
Compressive Strength Tests

(A) In ordinary water

BS 8110 (1995) recommends that the
strengths of lightweight structural
concrete should range from 20-40
N/mm° at 28 days curing periods. From
the study conducted, all the concrete
mixes  attained the  minimum
compressive strength at 28 days (Table
11) exception of SDA/OPC cubes that
was observed to have compressive
strength of 18.05 N/mm?”.

(B) In chemical solutions of
MgSO,

From the results that is presented in
Table 12 and 13, it can be observed that
there is no substantial difference in the
densities of the specimens in water at
28 and 56 hydration periods. This might
mean that specimens in ordinary water
were adequately compacted during
mixing (Neville and Brooks, 2202).
Neville and Brooks (2002) accentuated
that when concrete is adequately
compacted, excessive water that can
lead to density increase will not be able
10 penetration into the capillary pores of
the specimens. Also, the densities of all
the specimens in ordinary water at 28

Aka,

recommended for
concrete which is betw

kg/m (Everett, 1990)

In 5% MgSO, solution, the .
strength reduction of 100% #
PBB in this chemica] a¢ 23
observed t0 be lower ai
percentage strength I'eductl | &
and SDA. However as b
progressed (56 days) the e |
strength  reduction of Rua
observed to be lewer
percentage strength reducﬁgn
OPC, PBB and SDA.
densities of the various
this chemical were obsery Ve
higher than their densities i in ord
water. In 10% MgSQs, the s |
stength reduction of 100% F P(
PBB a: 28 days were also « obser:
be lower than the percenta "-;fa%'}i‘f--
reduction of RHA oL
Conversely, at 56 days, ﬁ” -'
strength  reduction of a-

observed to be lower tha
percentage strength redu(:tl
OPC, PBB and SDA. Also
densities of all the specit =-:='tf?ff
chemical solution were obs |
higher than their densiti 0

water at 56 days.
and 56 days are within the range
Inb: 112 Average Initial Compressive Strengths of Specimen Cubes in Water at 28 mﬁ ----- -
€s e
S/No Specimen Sample W/C Averasge Density ‘“’
Ratio /m Streng™

| 100% OPC 0.60 2439.50 4

2 RHA/OPC 0.65 2380.45 <

3 PBB/OPC 0.65 2400, 00

4 SDA/OPC 0.65 2390.00
aka.femi@fut.edu.ng 8
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Table 12: Average 28 and 56 Days Compressive Stre R,

Specimens

Compressive strengths (N/mm?) e
Water 5% MgS0O4 - Average de
(Control) 28 Days

100% OPC
. OPC/RHA
OPC/PBB
OPC/SDA

100% OPC
OPC/RHA
OPC/PBB
OPC/SDA

28.80
24.30
26.30
20.10

31.60
28.25
28.20
22.80

56 Days

23.50
25.60
19.00

30.52
28.00
27.84

20.25

Table 13: Average 28 and 56 Days Compressive Strengths of Sp ecimens in 10% MgSO,

Specimens

Compressive strengths (N/mm’)
Water 10% MgS04

(Control) 28 Days

100% OPC
OPC/RHA
OPC/PBB
OPC/SDA

100% OPC
OPC/RHA

28.80
24.30
26.30
20.10

31.60
28.25
28.20

56 Days

27.55
22.30
24.30
17.40

28.42
27.66
27.28

Average density (Kg/m’)

Water 10% MgSO4

(Control) 28 Days

244938 245926
238045 240000
2409.88 - 2400.00
2370.78

2488.89
2390.00

2419.75

Ol C.I'l BI; A0 £
3 e ..-.""__I-J i B

el s ol o -
b - K P .,
B - i
F Fl

2400.00 42963
= - - v i )

.. = e -i -

OPC/SDA

22.80 17.55

== —

Hence, increase in density of a ths redu serve
specimen in MgSO4 solution may mean the specimens t cted ,
that the specimen was not well  days. Sevexg# rr# it
compacted or being permeable to Iso observe __ ; ecime
chemical denser than water and as a ys. Reduction in d¢
result, being penetrated by MgSO4_'Thls
adds to the densities of the specimen
due to crystal (gypsum (CaS04))
deposition on the pores of the smqp_le.
Hence, the highest increase in densities

specimen may mean the least resistant
1o sulphate attack (Neville and Brooks,
2002; Shetty, 2005).

'5_

i
wF
ok

:

L e e _{I._.'!';I. 'l-l-!-l =
loss of mortar on the specim
um ‘reaucton 1n c
consequent reduction 1
. : _ YL ],

[
-v-ﬁ |

‘1--. 1_.'?_‘?._ |
N gL

(C) In chemical solution of H,SOq4
Table 14 shows the densities ?nd _
compressive straights of specimens 11
5% H,SO, at 28 and 56 days. High-ioi

ST ']' Vs
el R, SO
. . s e s
- ._- -¥:I ’ T' i .., A
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Fffect Of Pozzolanas OnT

Aka, Mugg,

he Compressive Strength Of Concretes In Chemically Agere

hs of Specimens in 5% H,SO :
* d 56 Days C nn_lpressive Strengt ‘ 2
!‘nbl; IE.:I:quragf zg;':pmsswe strengths (N/mm’) Average density (Kg/m’) —
jpeciment | ehtag
Water 5% H,S04 Water 3% H,S04
(Control) (Control)
28 Days 28 Days
o 28.80 22.67 2449.38 2350.61
:’.gR?IP.f 24.30 20.00 2380.45 2360.49
PC/PBB 26.30 22.05 2409.88 237037
3C/SDA 20.10 12.78 2370.78 2360.49 Edr
56 Days 56 Days
0% OPC 31.60 20.98 2488.89 2350.61
'C/RHA 28.25 4wy % 2390.00 2370.37
C/PBB 28.20 22.20 2419.75 2360.49
C/SDA 22.80 10.90 2400.00 2360.49
ynclusions to cracking and warping in 10% Mg

sed on the outcomes of chemical
ts conducted on RHA, PBB, SDA
i 100% OPC concretes, it can be
icluded that:

RHA concrete has higher strength
than PBB and SDA in ordinary
water and chemical solution of
MgSO, specifically at 56 days
curing period;

PBB concrete exhibits higher
strength than SDA concrete in

ordinary water and chemical
solution of MgSO,.
*HA and PBB can be adopted as
ulphate  resistant  additive in
oncrete production,  and
WPC/RHA, OPC/ PBB  and

IPC/SDA concretes erfo
1 5% H,S0,. e

| be also be said that the dens;
ity of
RHA, OP(y PBB and OPC/S?I,)A

eles increase drasticall
Yy when
ed to 10% MgSO, but decrease in

HSO; at 56 days. The
nentioned concretes are also liable

lml" Bl

/ 5% H,SO4 at 28 days. Furt [____
study also shows that the cp
conditions of concretes expos
H,SO4 1s more severe than -
MgSO;,. S

Recommendations :i;é;

"
el

Based on the findings of the study, t
following recommendations w
made: b

—

4 -
£ i
= - ‘_.-..- i -

RHA and PBB are
for production of sulpha %
concretes;

.|'-'-q-_
"'-. 5

Effects of other sulphat@
from MgSO, should be: -2
on RHA and o}
concretes SO as tﬁ T €
environment. g *

"'. -. P

nw r CA

*1 &

- Aal
.',T.. B
s
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