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Material Properties of Concrete Produced with Limestone Blended Cement
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Abstract

This paper presents an experimental investigation in order to evaluate fresh and hardened properties of LP (Limestone Powder)
blended cement concrete. The cement contents of the mixtures are replaced by LP in the range of 10%, 15%, 25%, and 35%,
while a control mixture is prepared with only OPC (Ordinary Portland Cement). The fresh concrete properties like slump and air
content are similar to those of control mixture up to 35% of replacement ratio of LP, however a delay in setting time is evaluated.
The hardened properties including compressive strength, flexural strength, and rapid freezing and thawing resistance shows similar
results of control mixture up to 15% of replacement. Relatively lower strength development is evaluated over 25% replacement of
LP. For accelerated carbonation test, resistance to carbonation rapidly decreases with increasing LP replacement ratio due to the
limited amount of Ca(OH),. From the study, LP replacement under 15% can be adopted considering reduction of strength and

resistance to carbonation.
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Table 1 Physical properties of OPC and LC

Limestone contents Blain Density Compressive strength (MPa)
Cement types 2 3
(%) (cm”/g) (gfem’) 3 days 7 days 28 days
OPC 0 3,640 3.15 35.4 47.3 54.8
LC-10 10 4879 3.12 39.1 50.4 56.7
LC-15 15 5677 3.12 34.9 47.8 50.8
LC-25 25 4857 3.09 26.8 39.8 47.4
LC-35 35 5640 2.99 23.4 32.0 36.2

Table 2 Properties of used LP

Table 3 Mix proportions for concrete

Item| Density | Ig.loss Chemical composition (%) ) Unit weight (kg/m®)
T (g/en) (%) - Mix. WB | Sa
ype cm o Si0y AlbOs | FeO3 | CaO MgO W C S G SP
LP 2.70 41.19 7.94 2.35 0.67 | 46.02 | 1.99 OopPC 340 746 1,000
LC-10 340 745 999
— ey - _ _ - - . 15 [~ ‘ .
=sto] Alxg A3]4 &9 AE (LC: Limestone Cement) e I I i O i U et
LC-25 340 744 997
= EQ 7]%EA EXL Hyl5MA A3 Zolak —
\_i‘j/]———‘q ]—J—E o Te=E o ]'O]'Mqi = 1—1 < H ooﬂ LC—35 340 739 991

2. Ma|M B3t AIIE 38| MBiol e

2.1 M3 28 AHE M=

=/

re
re

Tod AREE LCE 4384 <]

Folth LCE AHE A& 4343} A
&33to] ball mill A= 24 vl Azl 2

7] LColl W =24 5738 Table 1] YeRISIE=H],

N
of\

{1

(M of
o
o
Of

1o

Zy EAA e Higk A= 71 del s AvlE o] Qv

(Park et al., 2014). AF-% LP2] 545 Table 2¢] YER]]
At

22 A2z 2 odist

ZAYE AxE 913 ARE AR OPCel LCE A
L) e AT 2.59 glem’, §5& 1.57%2] 5
mm O[3} HAHE ARSI, S EAUE 2.67 gem',
8 0.78%2) X 25 mme] F-eAES ARSI,
s AFAE UE L1 gem’?] YZEAAS AHEIS
Tk OPCE ARERE F=te]Ee] tiste] i AV 24

MPa, =3 £83E 120420 mm, 3% 27]30] 4.5+1.5% S

_||
T
Mo
i

126 s=rzszrcexuz2s: R193 HM25(2015. 3)

— W: Water, C: Cement, S: Sand, G: Gravel, SP: Super—plasticizer
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(b) Bleeding test

(a) Setting time test

Photo 1 Test view of fresh concrete

Table 4 Tests and related standards for fresh concrete

Test Referred Korean Standards
Slump KS F 2402
Air contents KS F 2421
Bleeding KS F 2414
Setting time KS F 2436
MPa OWOl HIH ARbe AR Slvh BEd Y A
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Fig. 2 Slump variation of concrete against elapsed time
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Fig. 3 Relative slump loss of concrete against elapsed time
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Fig. 7 Bleeding variation of concrete against elapsed time
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Table 5 Compressive and flexural test results of each concrete

Compressive strength (MPa) Flexural strength (MPa)

Mix. 3 7 28 56 3 7 28 56
days | days | days | days | days | days | days | days
OPC 20.8 | 244 | 324 | 35.1 3.1 4.3 5.3 6.1
LC-10 | 223 | 280 | 31.7 | 34.3 2.9 44 5.4 6.2
LC—15 | 244 | 296 | 345 | 356 3.0 4.3 5.2 6.0
LC-25 159 | 25.1 28.1 31.2 2.5 2.9 4.8 5.5
LC-35 | 158 | 22.1 | 26.1 | 29.4 2.4 2.7 4.7 5.3
: \
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oPC
0% 30% 60% 90% 120% 150%
Relative compressive strength ratio (%)
(@) Compressive strength
T
LC-35 3days
7days
LC-25
M 28days
LC-15 M 56days
LC-10
OoPC
0% 30% 60% 90% 120% 150%

Relative flexural strength ratio (%)
(b) Flexural strength

Fig. 8 Relative strength ratio compared to OPC concrete
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Photo 2 Carbonation depth images of concrete

Table 6 Accelerated carbonation test results of each concrete

orPC LC-10 LC-15 LC-25 LC-35
7 days 0 0.5 1.1 4.0 4.7
28 days 0.6 2.9 4.9 7.5 9.7
56 days 1.2 3.5 7.6 10.3 14.8
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