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Slump wic Water aggregate  aggregate Sand powder Pozzolan  Cement Mix name rank
5 0.45 180 350 600 883 - - 400 Control 1
4.5 0.51 1833 350 600 883 40 40 320 L10 PR10 2
4.5 0.54 1833 350 600 883 60 20 320 L15 PR5 3
5 0.484 184 350 600 883 20 60 320 L5 PR15 4
5 050 175.8 350 600 883 50 50 300 L12.5PR12.5 5
5 0.51 175 350 600 883 60 40 300 L15 PR10 6
5 0.51 184 350 600 883 40 60 300 L10 PR15 7
4 056 1917 350 600 883 60 60 280 L15 PR15 8
5 0.575 184 350 600 883 80 40 280 L20 PR10 9
5 0.53 1917 350 600 883 40 80 280 L10 PR20 10

*All mix designs were selected based on British standard (BS)

Table 2. “Mix design of mixtures and other properties of mixtures (kg/m°)
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volume expansion Mix name rank
14 Control 1
13 L10 PR10 2
11 L15PR5 3
13 L5 PR15 4
17 L12.5PR12.5 5
14 L15 PR10 6
17 L10 PR15 7
15 L15 PR15 8
17 L20 PR10 9
17 L10 PR20 10

Table 3. Volume expansion of specimens in plastic phase
using autoclave method
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92.8 L15 PR5 1
94.29 L20 PR10 2
94.7 L10 PR10 3

95 L15 PR10 4
97 L15 PR15 5
105.6 L10 PR15 6
109.24 L10 PR20 7
109.4 L125PR125 8
115 L5 PR15 9
1245 Control 10

Table 2. Setting time of cement in control and
composite Mixes
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fspey Load

(MP3) (kN) Mix name rank
2.67 188.7 Control 1
2.98 210.3 L10 PR10 2
3.0 2135 L15 PR5 3
35 2475 L5 PR15 4
3.2 226.7 L12.5PR12.5 5
35 246.6 L15 PR10 6
3.22 2275 L10 PR15 7
3.75 265.3 L15 PR15 8
3.32 234.4 L20 PR10 9
2.20 155.2 L10 PR20 10

Table 4. Tensile strength of cylindrical specimens
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Fig. 1. Concrete compressive strength of control and
composite specimens
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Fig. 2. Concrete compressive strength cured in different
conditions
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2.76 97.5 Control 1
2.60 917 L10 PR10 2
3.50 123.8 L15 PR5 3
2.98 1054 L5 PR15 4
2.60 92.1 L12.5PR12.5 5
3.15 111.35 L15 PR10 6
2.55 90 L10 PR15 7
3.10 108.8 L15PR15 8
3.11 109.9 L20 PR10 9
2.30 81 L10 PR20 10

Table 5. Tensile strength of Cubic specimens
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capllla_ry Time Oscillation
absorption
60 sec. 2 sec.
5 min. 10 sec.
) 10 min. 2 min.
Prlmary 20 min. 2 min.
capillary . .
absorption 30 min. 2 min.
60 min. 2 min.
For every hour up to 6 5 min
hours '
Once a day for three
2 hr.
Secondary days
capillary  Fourth to seventh day
absorption  (three measurements at 2 hr.

intervals of 24 hours)
Table 7. Water capillary absorptions of specimens
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S GG gl et Canslie s il = A s

fr (MPa) L(oNa)d Mix name rank
6.98 15500 Control 1
6.25 13900 L10 PR10 2
4.32 9600 L15 PR5 3
6.60 14700 L125PR125 4
7.11 15800 L15 PR10 5
7.065 15700 L10 PR15 6
5.94 13200 L15 PR15 7
5.715 12700 L20 PR10 8
3.60 8000 L10 PR20 9

Table 6. Flexural strength of concrte specimens
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Fig. 3. Water capillary absorptions of specimens

5 eSSl e (V) IS s &S 4550k

L10 PR15 & yai a0 by o audpe ol wodr llis o j2én
Gk goi 4 g Of Cdx wemes .ol L20 PRIO
Cews L10 PR20 ,L15PR10 L10 PR15 .L10 PR10
Sl baS ol O Sy opl ol 28 aald 4505«
R T W N TS V1L ) P PHRWpE
Bl gt JalS wdge o Dl (C-S-H) U5 4 s
BRI (abb 5 o J..ib.é\ LI Q)M‘ BE S ol

A dal gt ol bl

o soles a S— an slals sl S
EESEUP U N N K PR
e 3 e il Sl 53 S e sla i 6 s dals
L s YA G 53 s iS5 solis sla bl
e A e s OLSGl (UL s (1S
il s (1) 8 sla S8 Ad e ula e
COICS. i PRCOW [P PO I SN S GO ¥ Wi PPN IR
e NS ol Al alsl iy o S LS e el
/0¥ 5l i (L20PR10 5> a) Laas sad 4o (Egyy)
=5 sl LA ol S S Gl el ae s e



\Y“\'\JLN/O e_)u/r.h.kiha_)jé

(S 5 4o -0

0Pl s S S8 3 Je gla sl s nl o
5 oale glagn POl Cod o3 ples 5 jee 5 e
G Ay Oleses) S o Olopes slils 5l o Jiles
(Kol K 5 Obmnd, Vsie b S Olagw 4,8 Y
el s = o

A5 s, 5 Vs 5 Sl K sl 5850 L -)
o3l 5 ol glllS glajlE ralS 4 pee Olew SIS
s B 4 e o Glaesle s S e alles
A sl g sy Jaa b i 550

5 Sl Sl 28l LS Ole g Y
ol Olows A 55 51 Sy 5 o8 (galandl By 0¥ 55 5

5> el Gy Al Oleww sl 5 S Oley it Y
Al o Sl S S gladigad B8 Ol Sl
L15 LWl s i 5 4 S o allapw (s 3 .l
Cod 5 YV Jials b (508 Ol o S (lls PRS
IA Al L 3,8 Ol op sz lls L5 PR15 Ldus
sl dals Ol 0 Cs

5 o bl e oS L15 PRS o «ipes -8
op s L10 PR20 5 L20 PR10 (L10 PR15 (slad so
b bl 03,8 S s & ged 40 S |l
(brae Vo doss Sl 5 Kapsg Aoy il
035 » L zie (C-8-H) J5 Wy s & e LLI
ol Bl ol riy Il glalas

Cen sl 3l Ologwr b 0¥ 5551 5 Sl K 535 w5l -0
Sl L e STl aalS el 4 ol S e o ol
Vs Ao bl s Sal K g Aoy i &K
03 Al Wged 4y Cond ad pad ()Lid Cualas alS Ol e
L god i 5o (e ol sS) 55, ¥ 5 (e L) 55, 40
sl S35 &

SWa o Ll 3 93 53 Laa sad 55 Jee =1
oL Caglie g JoB 5L W) 2 5 (S)

225

roe Oles (pdige (Das5 = gelo ale

L15 PRI0 a5 8 - 5 s A JS5
70 A
60
50 A
40 A

Stress (MPa)

30 A

20 A+

10 +

o

-0.004 -0.002 10 0.002 0.004
Strain (mim/mm)

Fig. 8. Stress — strain diagram of L15 PR10

L10 PRI15 & sui o5 8 - o5 v & IS5

60

50 A

= a0
=

o 30 A
s

o 20 A

10 -

r -_/_-‘;‘ T ]
-0.004 -0.002 P 0.002 0.004
-10 -

Strain (mMmm/mm)

Fig. 9. Stress — strain diagram of L10 PR15
L12.5PR125 55— 5 owe (V1) JS5
60 A
50 A
40 A

30 A

Stress (MPa)

20 A
10 +

-0.002—-07%'1'*’_ 0.001 0.002 0.003

-1 D .
Strain (mm/mm)

Fig. 10. Stress — strain diagram of L12.5 PR12.5

L20 PR10 & 5e5 255 = 55 poee M K3
60

50

40 A

30 A

20 A

10

© T V
1of & 0.01 0.02
-2 -
-3 -
-40

Strain (mm/mim)

Fig. 11. Stress — strain diagram of L20 PR10

g . Stress (MPa)




[6] Koichi K., Atsushi H., Toyooki M. & Manabu F.
1996 Characters of interfacial zone of cement paste
with additives around aggregate. Zairyo/ J. Soc. Mater.
Sci., 45(9), 1001-1007.

[7] Sawiez Z. & Heng S.S. 1996 Durability of concrete
with addition of limestone powder. Mag. Conc. Res.,
48(175), 131-137.

[8] Mostoufi nejad D. & Nazari H. 2006 The addition of
slag and limestone powder for increased durability of
concrete in sulfate. J. Transp. Res., 3(2), 139-145.

[9] Habibi A. 2009 Mechanical characteristics of
concrete with limestone powder. J. Conc. Res., 2(2), 71-
84.

[10] Nasiri R. 2013 Design, construction and
engineering properties of composite cement in concrete.
A PhD thesis submitted to the graduate faculty of civil
engineering, Shahid Bahonar University, Kerman, Iran.
[11] Maghsoudi A.A. & Nasiri R. 2013 Construction
and engineering properties of concrete composed of
cement type 2 Kerman, Rafsanjan Pozzolan and
Limestone. 2" International Conference on Modern
Materials and Structures in Civil Engineering, Esfahan,
Iran.

[12] Maghsoudi A.A. & Loghmani S. 2013 Construction
and engineering properties of concrete composed of
cement type 2 Kerman, Rafsanjan Pozzolan and
Limestone. 2" International Conference on Cement
Industry, Energy and the Environment, Tehran, Iran.
[13] Ramazanianpour A.A. 2011 Concrete mix design.
Sanaat Gostar Publication, pp. 47.

[14] ASTM C496/C 496M - 04, “Standard Test
Method for Splitting Tensile Strength of Cylindrical
Concrete Specimens”, American Society of Testing
Material.

[15] Portland cement expansion set. 2007. Institute of
Standards and Industrial Research of Iran, Iran
Standard No. 391, fourth edition.

[16] BS EN12390-6, “Testing Hardened Concrete-Part
3: Compressive Strength of Test Specimens”, British
Standard.

[17] ASTM C 293 - 02, “Standard Test Method for
Flexural Strength of Concrete (Using Simple Beam with
Center-Point Loading)”, American Society of Testing
Material. 2006 The addition of slag and limestone
powder for increased durability of concrete in sulfate. J.
Transp. Res., 3(2), 139-145.

Concrete Specimens”, American Society of Testing
Material.

[16] BS EN12390-6, “Testing Hardened Concrete-Part
3: Compressive Strength of Test Specimens”, British
Standard.

[17] ASTM C 293 - 02, “Standard Test Method for
Flexural Strength of Concrete (Using Simple Beam with
Center-Point Loading)”, American Society of Testing
Material.

226

e Ky gs Sl OS5 dals o SO ol L
Nose ol 5 Sl K g doys ils &6 el =Y
S gl IY e il Sle iz SN0 G S as
OV 55 doys Shal bl el & ged a5 Cad S 35
G oS Canslie 1A ialS w0 oie Y w0 030

NG PN WIR E NPT VIPE

Slaise (fr) et Cuslie JalS dops o 2 A
rrie 5744 LLIOPR20 @ L s o dalis 505 40 S 1
el Y L LIS PRI0 w0 Ly e il

by sy e ol Qo Sl oy i 5 0 S A
£ ol ol .ol L20 PR1O 5 L10 PR15 & 5ei
L10 , L15 PR10 .L10 PR15 .L10 PR10 (slac ses
Aoy all bl eSS dals &l 4 s PR20
IS 4 eSS opden 2l LA el WVgjs
St S o slaiged 4y of ol (C-S-H)
Ghle D3 o plss 5 e RIB1 4 e S ol @l
A el gt el g

G3ad 3| ) o el ten (Egy) 2l L3 55 )
Sl $lp el aws s Jldis +/0 Y 51 5y (L20 PR10
AL o (el ACIB18-14 wob oyl S 0 8

References &1

[1] Mousavi H. 2011 Effective parameters on concrete
compressive strength and durability. Cement Tech., 45,
1-6.

[2] Ghrici M., Kenai S. & Mansour M. 2007 Mechanical
properties and durability of mortar and concrete
containing natural pozzolan and limestone blended
cements. Cement and Conc. Compos., 29(7), 542-549.
[3] Nili M. & Salehi A. 2010 The impact of natural
pozzolan, fly ash and silica fume on the compressive
strength and water absorption volume of High-strength
concrete. Modares Civil Eng. J., 10(4), 71-83.

[4] Shiramura S. & Suzuki N. 1994 Effects of changing
the mixing ratio of fine powders on characteristics of
RCD concrete. Proceedings of the Japan Society of Civil
Eng., 484, 77-86.

[5] Uchikawa H., Henehara S. & Hirao H. 1996
Influence of microstructure on the physical properties of
concrete by substituting mineral powder for part of fine
aggregate. Cement and Conc. Res., 26(1), 101-111.



Vol.17, No.5, November 2017 Modares Civil Engineering Journal (M.C.E.J)

Evaluation of Engineering Properties of Control and Composite
Concrete Consisting of Limestone Powder and Pozzolan

Rahman Naseri', Ali Akbar Maghsoudi?’, Mohammad Maghsoudi®

1- MSc. Graduated in Civil Eng., Faculty of Engineering, Shahid Bahonar University of Kerman, Kerman, Iran.
2- Prof., Civil Eng. Dept., Faculty of Engineering, Shahid Bahonar University of Kerman, Kerman, Iran.
3- PhD. Student, Civil Eng. Dept., Faculty of Engineering, Shahid Bahonar University of Kerman, Kerman, Iran.

maghsoudi.a.a@uk.ac.ir

Abstract:

Portland-limestone cement (PLC) is a new, more sustainable version of portland cement that is becoming widely
available in North America. Known as Type Il cement in the blended cement specifications of ASTM and AASHTO, it
has already been approved by many transportation agencies and its use in structures and pavements is rapidly
increasing. PLC implementation has been fueled mostly by interest in sustainability. However, some experiences have
also shown that it can be used to improve concrete performance and even mix economics. Recent research has also
studied optimum PLC properties, the most beneficial types and characteristics of SCMs, and the extent to which SCM
replacement rates can be extended. In addition to improved strength development, setting, and durability, this more
sustainable PLC concrete has been found to improve finishing properties and the quality of formed or slipped surfaces.
More recently, the composite concrete which is consisting of Portland cement, lime stone powder and different types of
pozzolans is used in a few countries. This type of concrete is more beneficial as a certain percentage of lime stone
powder and pozzolan is substituted by cement weight in concrete. However, in Iran, although a considerable number of
cement factories is available, and despite the economic cost of composite cement, the practical use of such cement has
not yet been seriously taken into consideration. When designing a concrete structure using composite cement, some of
its characteristics and engineering properties become different from those of hormal concrete, NC. These differences in
material properties may have important consequences in terms of the structural behavior and design of composite
concrete members. The design provisions contained in the building codes are, in reality, based on tests conducted on
NC. Therefore, it is necessary to investigate the plastic phase, engineering properties and durability considerations of
this type of composite cement. In this paper, the chemical analysis of composite materials including cement, lime stone
powder and Rafsenjan’s pozzolan are performed and the results and analysis of ten designed concrete mixes which are
constructed and tested are discussed. The mixtures include control concrete and nine composite concrete. In plastic
phase, slump test, setting time and volume expansion tests are carried out on control and composite cement. In hardened
phase, compressive strength tests on both wet (w) and %5 sulphate sodium (s) curing conditions, different types of
tensile strength tests at short and long time ages, and water capillary absorptions are carried out. The compressive and
tensile stress-strain diagrams are plotted by attaching sensors on two types of concrete. It was concluded that: (i) the
setting time of composite specimens were lower than that of control one. (ii) replacing lime stone powder and pozzolan
by cement weight caused the compressive strength of composite type to reduce to that of control concrete at early and
long ages. However, ultimate compressive strain (e.,) of almost all the specimens reached 0.003 which is
recommended by ACI standard. (iii) No considerable effect on the compressive strength of specimens was observed for
both sulphate and wet curing regimes.

Keywords: Composite concrete, Pozzolan, Water capillary absorptions, Volume expansion, Engineering properties.

22/



