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Abstract - Phosphogypsum is the second largest waste material
produced in the World. It contained small quantities of silica,
fluorine and phosphate as impurities. These impair the strength
development of calcined products. Because of the reason
phosphogypsum can be effectively used in cement replacement.
10% Silica fume and 5-15% of phopshogypsum by weight of
cement are used for this investigation
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l. INTRODUCTION

Ordinary concrete has a single cementitious material i.e.
cement. Binary blend of concrete includes cement as the
binding material and a pozzolanic material being added.
Ternary blended concrete marks the inclusion of two different
pozzolanic materials to the concrete with cement acting as the
primary binding material. Durability of concrete is increased by
the reduction of Calcium Hydroxide content which causes
Sulphate Attack. Fly ash from coal fired power plants and
metakaolin are both important in modern concrete technology
[2]. Enlarging the scope of material science to Supplementary
Cementious Materials (SCM) viz., fly ash, slag, silica fume,
rice husk ash and Metakaolin in the use of concrete, this led to
the concept of blended cements and blended concretes. Thus
impact during early hydration was reduction in generation of
surplus Ca(OH)2, control of heat of hydration and mitigation of
continuous bleed channels. So, reorienting the mix design for
improved performance of concrete with thrust on, (a)
Controlling OPC content but increasing the total cementitious
material, (b) Controlling water content, using chemical
admixture, for improved workability, for offsetting slow

1. METHODOLOGY

Phopshogypsum and silica fume was used as binding material
along with cement. 10% silica fume is fixed for all mixes
according to 1S456-2000(clause-5.2.1.1) and IS 15388-2003
(code for silica fume specification)[10,11]. At first Control
mix of M30 grade is prepared to get sufficient 28 day
characteristic strength. Then different mixes are prepared by
replacing cement with 10% silica fume and 0%, 5%, 7.5%,
10%, 12.5%, 15% of phosphogypsum. Fresh properties of
different mixes studied by slump test and compacting factor
test. Then splitting tensile strength test is conducted for
different mixes.

I1l.  MATERIALS AND METHODS

Materials used are cement, fine aggregate, coarse aggregate,
silica fume and phosphogypsum. All materials are tested as
per standard procedures to assess their engineering properties
and the results were compared with those in relevant 1S codes.

TABLE |I. PROPERTIES OF CEMENT

Grade OPC 53 Grade
Fineness 5%
Consistency 35%
In][itial setting time 240 minutes
/Specific gravity 3.125

hydration with SCM. Thus the impermability was achieved. In TABLE Il PROPERTIES OF FINE AGGREGATE
India, about 6 million tons of waste gypsum such as Specific gravity 2.69
phosphogypsum, flourogypsum etc., are being generated )
annually [3]. Phosphogypsum refers to the gypsum formed as a Bulk density L /,
byl—fprqduct_dof processing phosphate ore into fertilizer with Percentage voids SI53%
sufturic acid. Water absorption 1.50%
Fineness modulus 2.51
TABLE lll.  PROPERTIES OF COARSE AGGREGATE
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Specific gravity 2.67 TABLE VI. SPLITTING TENSILE STRENGTH VALUE OF M30
Bulk density 1.32 kg/l 7 Day 28 Day
Percentage voids 50.41% ;f;'r:t'trﬁ%se/gsrlr:% 16 391
Water absorption 0.80% 9
Fineness modulus 297 5
TABLE IV. MIX PROPORTION =
254
Mix proportion 2s
Grade of Water- 93>3 A apmSpittin
Concrete | cement | Fine aggregate Coarse cement :o £ P : &
aggregate ratio £E, Tensile
= o
M30 1 2.426 3.154 0.45 ‘_;'_ < Strength (
w1 N/mm?)
TABLE V. QUANTITY OF MATERIALS USED
0
. Silica Fine Coarse water
Mix Cemer;t Fume PG . | aggregate | aggregate | Kg/me 7 day 28 day
designation | Kg/m Kg/m? Kg/m Kg/m? Kg/m? Age,day
M30 35022 | 0.00 0.00 850 110470 ) 176.19 Fig. 1. Splitting tensile strength values of M30.
PGO 31500 | 30.58 | 0.00 850 1104.70 | 17619 | B, Cement Replaced with 10% SF & 0% PG (PGO)
PG5 29750 | 30.58 | 13.11 850 110470 | 176.19 . o L .
TS 28875 | 3058 | 19.66 850 10470 | 761 10% cement in M30 mix is replaced with silica fume is
PG10 | 280.00 | 3058 | 26.21 | 850 | 110470 | ireao | Selected as the first mix for study.
850 1104.70 | 176.19
PGl25 | 27125 | 30.58 | 32.76 TABLEVII.  SPLITTING TENSILE STRENGTH VALUE OF PGO
PG15 26250 | 30.58 | 39.31 850 1104.70 | 176.19
7 Day 28 Day
IV SPLITTING TENSILE STRENGTH TEST Splitting tensile
1.85 415
. . . o strength(N/mm?)
The split tensile strength test is a well known indirect test
used for determining the tensile strength of concrete. Test was 57
carried out on concrete cylinder of size 150mmx300mm as per o 4
IS 5816:1999 specification. In split tensile strength test, = E
concrete cylinder was placed with its axis horizontal, between § >3
the loading surface of a compression testing machine and the W= —PGO
- - . “yg. - - -
load was applle(_j L_mtll the fall_ure opcurred dueto a spl_lttmg in E=i 2 =—M30
the plane, containing the vertical diameter of the specimen. In S g 1 4
order to reduce the magnitude of high compression stress near @
the points of application of the load, narrow packing strips of 0
plywood were placed between the specimen and loading plates 7 dang,dQ@ day

of the testing machine. The split tensile strength was
determined for various mixes after 28 day water curing. Figure
3.7 shows split tensile strength test on cylinder. The measured
splitting tensile strength fc, of the specimen shall be calculated
to the nearest 0.05 N/mm? using the following formula :
fp=2p/xnld
P = maximum load in N applied to the specimen.
| = length of the specimen (in mm), and

d = cross sectional dimension of the specimen (in mm).

Vv TEST RESULTS

A. Control Mix

In this study , replacement of cement by silica fume and
phosphogypsum is done on M30 desigh mix. 7 and 28 day
splitting tensile strength and flexural strength values of M30 is
shown in table.

Fig. 2. Splitting tensile strength values of PGO

C. Cement Replaced with 10% SF & 5% PG (PG5)

15% cement in M30 mix is replaced with 10% silica fume
and 5% of phosphogypsum for study.

TABLE VIII. SPLITTING TENSILE STRENGTH VALUE OF PG5
7 Day 28 Day
Splitting tensile
strength(N/mm?) 215 4.2
5
S~
W g 2
S=T
e 2 5 =PG5
Q U
w ¥ g
b~} == M30
(7]
0
7 dAge 4 day

Fig. 3. Splitting tensile strength values of PG5
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D. Cement Replaced with 10% SF & 7.5% PG (PG7.5 w2
. .. . - (]
17.5% cement in M30 mix is replaced with 10% silica i ﬁ, / elas
= < ‘
fume and 7.5% of phosphogypsum for study. DHE S
2 == M30
TABLEIX.  SPLITTING TENSILE STRENGTH VALUE OF PG7.5 7 day 28 day
7 Day 28 Day Age,day
sifel::gt;t%%ltl(jrmsrlr!f) 21 4.29 Fig. 6. Splitting tensile strength values of PG12.5
G. Cement Replaced with 15 % SF & 10% PG (PG 15)
5 4 25% cement in M30 mix is replaced with 10% silica
f7&21 fume and 15% of phosphogypsum for study.
o .
[ é TABLE XII. SPLITTING TENSILE STRENGTH VALUE OF PG15
< .
ED = =4—PG7.5 7 Day 28 Day
= s Splitting tensile
= %3 =—-M30 strength(N/mm?) 1.00 3.75
» 5 -
wn
0 52,
7 day 28 day _‘é" 2=
Age,day E 2% =4—PG15
Fig. 4. Splitting tensile strength values of PG7.5 « = == M30
(7]
. 0
0, 0,
E. Cement Replaced with 10% SF & 10% PG (PG10) . 4Age,day .

20% cement in M30 mix is replaced with 10% silica fume
and 10% of phosphogypsum for study.

H. Comparison of Result

Fig. 7. Splitting tensile strength values of PG15

TABLE X. SPLITTING TENSILE STRENGTH VALUE OF PG10
7 Day 28 Day TABLE XIll.  COMPARISON OF RESULTS
Splitting tensile
stfength%N/mmz) 13 41 Splitting tensile
. L strength(N/mm?)
Mix Designation
57 7 Day 28 Day
o4 - M30 1.60 3.90
= PGO 1.85 4.15
8>3 PG5 2.15 4.20
w = —0—PG10 PG75 2.10 4.30
S w2 PG10 1.30 4.10
=5 —8—M30 PG125 1.05 4.05
w51 PG15 1.00 3.75
Figure shows the comparison of splitting tensile
0 strength. 7 day and 28 day spitting tensile strength retain
7 daRIge d§\8/ day nearly constant ratio. 7 day strength is maximum at PG5 and
’

28 day strength is maximum at PG7.5. Above 7.5%
Fig. 5. Splitting tensile strength values of PG10 phosphogypsum_rgplacem_ent along with 10% silica fume
decreases the splitting tensile strength.

F. Cement Replaced with 12.5 % SF & 10% PG (PG 12.5)

22.5% cement in M30 mix is replaced with 10% silica
fume and 12.5% of phosphogypsum for study.

TABLE XI.
PLITTING TENSILE STRENGTH VALUE OF PG12.5
7 Day 28 Day
Splitting tensile
strength(N/mm?) 105 4.05
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12

Flexural strength(N/mm?2)

Q QO <’)0'\r<’)
L € L @7 > L&

Mix D8$|gn%t|on R

Fig. 8. Comparison of results

VI  CONCLUSION

The present investigation had presented results of the
experimental study to evaluate the suitability of utilizing
phosphogypsum and silica fume as supplementary
cementatious materials in ternary blended concrete in M30
concrete.

e The workability of ternary blended concrete
containing silica fume and phosphogypsum decreased
when percentage replacement increases. This is due
to higher percentage of finer particles than 150
microns.

e Splitting tensile strength and flexural strength were
improved on the addition of phosphogypsum along
with 10% silica fume.

e Increasing amount of supplementary cementitious
materials in concrete extent set time and slow
strength development, leading to low early age
strengths and delay in the rate of construction
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