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Abstract. According to expert research and engineering application at home and abroad, this paper
summarizes the basic properties of limestone powder, lime powder in cement base material, accelerate
the hydration effect, active effect and particle morphology effect mechanism, and limestone powder on
the working performance of concrete, durability and the influence of mechanical properties.
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Introduction

The performance of concrete is a requirement
in infrastructure with the development of China,
there is a need to improve concrete as an envi-
ronmentally benign and sustainable material.
Mineral mixture is a method that mixes fly ash
or slag with concrete which is widely used in
nowadays that can improve the performance of
concrete and also cut costs.

Due to the shortage of fly ash caused by de-
crease of coal power enterprises, a material
which is used for mix with concrete, limestone
powder, widely distributed in China can replace
fly ash and reduce pollution. In some developed
countries, limestone powder mix with concrete
is applied in many areas of engineering,.

Analysis of publications
In the 1990s, Japan has been widely used in
high-fluidity concrete and high-performance
concrete [1].The amount of limestone powder in
the concrete of the pier cable anchor solid of
Akashi Kaiju Bridge in Japan is 150 kg/m’, ac-
counting for 36,6 % of the total powder material

2].

The aim and formulation of the task
The aim of this paper is to review basic
properties of limestone powder and its hydration
effect, active effect and particle morphology
effect mechanism, and limestone powder on the
working performance of concrete, durability and
the influence of mechanical properties.

1. The function and mechanism of limestone
powder in concrete
1.1 Basic properties of limestone powder.
Wei Huang [3] et al. analyzed the physical
and chemical properties of Betocarb HP-OG
limestone powder produced by OMYA compa-
ny, and found that its density and BET specific

surface area were 2200 kg/m’ and 0,8 m*/g, re-
spectively, and the main component was Ca-
CO3, with a mass fraction of 97,6 %. Its chemi-
cal composition was shown in table 1.

Table 1 — Chemical composition of limestone powder

Chemical composi-
tion of limestone pow- Percentage
der

SiO, 0,07

Fe203 0,02
CaO 56,90

MgO 0,13

SO; 0,05

Na,O 0,07

Zr0O, 0,03

LOI (950 °C) 42,73

Limestone powder is generally considered as
an inert material with low activity and is often
used as a filler. Studies have shown that lime-
stone powder is not a completely inert material,
and it can hydrate with C;A and C4AF in cement
in concrete to form carbonic aluminate. In addi-
tion, an appropriate amount of limestone powder
can be used to replace cement to improve the
working performance of fresh concrete and the
pore structure of hardened concrete, so as to im-
prove its impermeability.

1.2 The action mechanism of limestone pow-
der in cement substrate.

1.2.1 Accelerating hydration effect.

The proper amount of limestone powder can
dilute the nucleating matrix of C-S-H, reduce
the nucleating barrier, and accelerate the hydra-
tion of cement. Further studies have shown that
the degree to which CaCOj; accelerates the hy-
dration of CsS increases with the increase of its
fineness and has a greater impact on the early
hydration of C;S.
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1.2.2 Activity effect.

Limestone powder reacts with aluminum in
cement to form carbon-aluminate complex with
certain cementing ability, which changes some
properties of cement cementing system. This
effect contributes to the later strength of con-
crete. It should be noted that many factors of
limestone powder affect the early strength of
concrete, but the degree of influence is different.
As long as limestone powder is added, its accel-
eration effect and activity effect will work at the
same time, but in different degrees.

For cementing system with low C;A content,
the acceleration effect of limestone powder
plays a leading role in the early strength of ce-
menting system. For the cementing system with
high C;A content, the activation effect of lime-
stone powder plays a leading role in the early
strength of cementing system.

1.2.3 Particle morphology effect

The morphology effect of particles can be
divided into morphology effect and filling ef-
fect.

Morphology effect refers to that the compact
and smooth limestone particles on the surface
are dispersed among cement particles, playing
the role of dispersant, which can promote the
disflocculation of cement particles at the initial
hydration stage, thus improving the fluidity of
concrete.

Filling effect refers to the fact that limestone
particles with smaller fineness than cement can
fill the gaps between cement and fill the skele-
ton, so as to improve the strength and workabil-
ity of concrete.

2. The influence of limestone powder on the
performance of concrete

2.1 Concrete workability.

Working performance is an important index
to evaluate concrete performance. Good work-
ing performance is the premise of high perfor-
mance, safety and reliability of concrete. Con-
crete with good workability must have good
fluidity and water retention, small slump loss
and better segregation resistance. A large num-
ber of high-efficiency superplasticizer and min-
eral admixture make the cohesion and water re-
tention of concrete and liquidity are often
inversely proportional. Therefore, it is necessary
to find better mineral admixtures or highly effi-
cient water reducers with better adaptability to
solve this problem. Limestone powder, due to its
accelerated hydration effect and particle mor-
phology effect, can improve the working per-
formance of concrete, improve the slump of

concrete, reduce the slump loss, increase its co-
hesion and water retention.

Juanhong Liu et al. [4] studied the workabil-
ity of concrete with limestone composite ultra-
fine mineral admixture. It is found that the water
consumption of concrete decreases with the in-
crease of limestone powder content under the
condition of similar slump. Limestone powder
can reduce the water consumption of concrete,
reduce the water-cement ratio, and ensure the
workability of concrete. Hang Yuan [5] replaced
cement with limestone powder with a density of
2.6g/cm’ and 45 pm sieve residue of 0,6 %
4,6 % and 16,5 % respectively, and the replace-
ment rate was 15 %.

Note: in Fig. 1, cement stands for common
concrete, and LP1, LP2 and LP3 stand for con-
crete with limestone powder with three fine
grades of sieve remaining 16,5 %, 4,6 % and
0,6 % respectively.
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Fig. 1. Effect of limestone fineness on slump of
concrete mixture

The results show that the slump of the con-
crete mixed with limestone powder is greater
than that without limestone powder, and the
slump increases with the decrease of the fine-
ness of limestone powder.

The above two studies demonstrate the effect
of form effect and filling effect of limestone
powder on concrete. On the one hand, limestone
powder is dispersed among cement particles to
disflocculate the "flocculation structure" formed
in the hydration process and play the role of
"ball" among cement particles, thus improving
the fluidity of concrete. On the other hand, lime-
stone powder requires less water than cement.
Replacing cement can reduce the mixing water
consumption of concrete and increase the slump
of concrete.
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2.2 Durability of concrete.

The durability of concrete refers to its ability
to resist chloride penetration, sulfate erosion,
carbonization and freezing and thawing. In the
use of concrete, water and air in the environment
and their erosion medium often invade, produce
physical and chemical reactions and gradually
deteriorate. Generally speaking, as long as the
concrete has a low permeability, it has a good
ability to resist the invasion of water and erosion
medium. The permeability is related to the po-
rosity and pore structure of concrete. The greater
the porosity and the more connected holes, the
worse the permeability of concrete. Therefore,
when external deterioration conditions are una-
voidable, the durability of concrete can only be
improved to extend its service life. The main
methods to improve the durability of concrete
include:

—make the concrete itself compact without
the generation of original cracks through tech-
nical means;

— after hardening volume stability without
shrinkage crack;

—reduce the internal erosion of concrete
components.

2.2.1 Effects of sulfate resistance.

Yao Li et al. [6] carried out sulfate erosion
experiments on concrete with limestone powder
with specific surface area of 2000 m*/kg at 5 %,
10 % and 20 % substitution rates. The weight
loss of each group of concrete shows a decreas-
ing trend with the increase of limestone powder
content, and the weight loss is lower than that of
blank concrete. Mingnan Pan et al. [7] used the
same test method to reach a consistent conclu-
sion under the same specific surface area and the
same substitution rate. Through the above re-
search, it can be concluded that the addition of
ultra-fine limestone powder can greatly improve
the resistance of concrete to sulfuric acid ero-
sion.

2.2.2 Effects on frost resistance

The addition of limestone powder in an ap-
propriate range can improve the frost resistance
of concrete. With the increase of limestone
powder content, the frost resistance of concrete
decreases, even lower than that of benchmark
concrete. Songqi Mei et al. [8] concluded in the
test that the concrete with 5 % limestone powder
has the best frost resistance, while the concrete
with 20 % limestone powder has the worst frost
resistance. Therefore, a small amount of lime-
stone powder can improve the frost resistance of
concrete, and a large amount of limestone pow-
der (more than 10 %) is harmful to the frost re-

sistance of concrete. However, Qingwei Sun et
al. [9] found that the frost resistance of concrete
improved with the increase of limestone powder
content, but the effect was limited. By reducing
the water-cement ratio, the frost resistance of
concrete can be significantly improved.

2.2.3 Influence on the permeability of chlo-
ride ions.

At present, the influence of the addition of
limestone powder on the impermeability of con-
crete is still controversial. Some people think
that the filling effect of limestone powder im-
proves the porosity and pore structure of con-
crete, so it improves the impermeability. Some
researchers also think that limestone powder
will reduce the chloride resistance of concrete
permeability, but limestone powder and fly ash
can certainly improve the chloride resistance of
concrete permeability.

Dehui Wang et al. [10] measured the diffu-
sion coefficient of chloride ion with limestone
powder with a specific surface area of
500 m/kg and 650 m’/kg at different mixing
amounts. When the specific surface area of
limestone powder is 650 m”’/kg and the content
is 15 %, the chloride diffusion coefficient of
concrete is the smallest. Baosheng Zeng [11]
pointed out in the literature that in the concrete
with a single mixture of limestone powder, the
permeability of chloride resistance increases
with the growth of concrete curing age. When
limestone powder and fly ash are mixed, the
chloride penetration resistance of concrete is
greatly improved. S.Sivilis et al. [12] found that
the addition of limestone powder is conducive to
improving the permeability of concrete, but not
conducive to improving the permeability of
chloride ions. Therefore, it is necessary to study
the chloride resistance and permeability re-
sistance of the concrete with limestone powder.

2.2.4 Resist the influence of carbonization
ability.

Carbonization mechanism of concrete:

C02+H20—>H2CO3. (1)
Ca(OH)2+H2CO3—>CaCO3+2H20. (2)

3Ca0-28i0,-3H;0+3H,COs—
—3CaC0;+28i0,+6H,0. 3)

2Ca0O- SIOQ : 4H20+2H2CO3—>
—2CaCO+Si0,+6H,0. &)

Tingting Ren [13] et al. studied the carboni-
zation resistance of ordinary concrete with dif-
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ferent limestone powder content (0, 10 %, 20 %,
30 %) and concluded that the carbonization
depth of concrete increases with the increase of
limestone powder content in ordinary concrete.
This shows that adding limestone powder to or-
dinary concrete will reduce its carbonization
resistance, and the larger the content is, the more
obvious it is. The main reasons are as follows:

—the addition of limestone powder, reduce
the amount of cement, increase the porosity, at
the same time in the hydration product Ca(OH),
content also decreases, leading to the reduction
of the alkalinity inside the concrete;

— with the increase of limestone powder con-
tent, the content of Ca(OH), decreases further,
and the alkalinity of concrete also decreases,
resulting in more and more serious carboniza-
tion.

2.3 Mechanical properties of concrete

Strength is one of the most important indexes
to measure the quality of concrete. The basic
strength indexes of concrete mainly include
compressive strength, tensile strength and shear
strength. With the needs of engineering and the
development of science and technology, con-
crete strength index has developed rapidly. The
influence of limestone powder on concrete
strength is mainly manifested through three ma-
jor effects.

Fei Xiao, Hongtao Cui [14] et al., with a con-
trast surface area of 2000 cm*/g, 12000 cm’/g
and 21000 cm’/g, respectively conducted
strength tests with three dosages of 5 %, 10 %
and 20 %. The results show that the fineness and
admixture of limestone powder have great influ-
ence on the mechanical properties of concrete.
When the surface area is 2000 cm?/g, it is not
conducive to the growth of compressive strength
of concrete, and the effect of compressive
strength is not significant. When the specific
surface area is 12000 cm®/g and 21000 cm®/g,
and the mixing amount is 5 % and 10 %, the
early and late strength of concrete is improved.
Although with the increase of surface area, the
later strength of concrete increases more obvi-
ously. When the content is 20 %, the compres-
sive strength of concrete is lower than that of
blank specimen. With the admixture of 5 %,
10 % and 20 %, the bending compression ratio
of concrete for 28d is higher than the blank time.
This shows that adding limestone powder with
certain fineness can reduce the brittleness of
hardened concrete and increase the toughness of
concrete to some extent.

Yuxia Guo et al. [15] also found that when
limestone powder is added, the strength of con-

crete at each age increases first and then de-
creases with the increase of adding amount.
When the admixture is 20 %, concrete 3d, 7d
and 28d have the highest compressive strength.
However, when the limestone powder content
exceeds 20 %, the compressive strength of con-
crete decreases. This is due to the excessive
amount of limestone powder, unreasonable con-
crete gradation, the content of coarse aggregate
is relatively reduced, the skeleton effect is
weakened. When limestone powder is added, the
strength of concrete decreases obviously with
the increase of the quality of limestone powder
replacing cement. When the content is 10 %, the
strength decreases significantly with the increase
of age, indicating that the early strength loss of
concrete is less when limestone powder replaces
cement.

Conclusion

At present, there are still some disputes on
the activation effect of limestone powder in con-
crete, and the chemical reaction equation of
chalky phase between limestone powder and
cement has not been concluded, so further dis-
cussion is needed.

The morphology effect of limestone powder
particles (morphology effect and filling effect)
can reduce the water consumption of the mix-
ture, but it will increase the viscosity of the mix-
ture under the condition of low water-cement
ratio. It is suggested to be used in the middle and
low strength grade concrete to improve the per-
formance of the mixture, reduce the amount of
cement and reduce the material cost.

The durability of concrete is improved by
adding limestone powder. With the increase of
limestone powder content, its durability is im-
proved. However, it is necessary to study the
chloride resistance and permeability resistance
of concrete with limestone powder.

The content and fineness of limestone pow-
der have a great influence on the working per-
formance and compressive strength of concrete.
Appropriately increasing the fineness of lime-
stone powder can improve the working perfor-
mance of concrete and improve the -early
strength. But when the content exceeds 20 %,
the strength of concrete decreases.

References
1. Houcheng Tu. Application of limestone powder
[J]. Foreign Building Materials Science And
Technology, 1999. 20 (40): 19-20.
2. P.K.Mehta Advancements in Concrete Technolo-
gy [J]. Concrete International. June 1999.



BicHuuk XHAAQY, Bun. 86, 2019, 7. 1l

3. Wei Huang, Wei Sun. Influence of limestone
powder content on hydration evolution of ultra-
high performance concrete [J]. Journal Of South-
east University (natural science edition), 2017,
no. 47 (4):751-759.

4. Juanhong Liu, Ye Wen, Shaomin Song. Study on
the influence of limestone composite ultrafine
mineral admixture on workability and strength of
concrete [J]. Comprehensive Utilization Of Fly
Ash, 2011 (05): 27-30.

5. Hang Yuan. Influence of limestone powder on
concrete performance [D]. Changsha: Central
South University, 2009:2-3.

6. Yao Li, Liqing Su, XueliangYan. Research on
preparation of high strength high-performance
concrete with ultra-fine limestone powder (J).
Jiangsu Building Materials, 2008 (03): 28-31.

7. Mingnan Pan, Meiyun Duan, Guixiang Zhang.
Influence of ultra-fine limestone powder on per-
formance of high strength high-performance con-
crete [J]. Shanxi Architecture, 2008 (30): 187-
188.

8. Songqi Mei, Jin Fan. Experimental study on the
effect of limestone powder on concrete perfor-
mance [J]. Traffic Science Engineering, 2018,
vol. 34 (2): 12-17.

9. Qingwei Sun, Han Zhu, Zhenglong Cui. Study on
preparation of high-performance concrete with
low-quality fly ash and ultra-fine limestone pow-
der [J]. Nonmetallic Minerals, 2012,35(03):5-8.

10. Dehui Wang, CaijunShi, Huangfei Jia et al. Effect
of limestone powder on durability of concrete [J].
Journal of Fuzhou University (natural science edi-
tion), 2018, no. 46 (6):874-880.

11.Baosheng Zeng. On the influence of limestone
powder on concrete [J]. Sichuan Cement, 2019,
(2): 319.

12.S. Tsivilis, G. Batis, E. Chaniotakis, D. Theo-
dossis.Properties and behaviors of limestone and
concrete and mortar [J].Cement And Contrete
Res, 2000, 30:1679-1683.

13. Tingting Ren , Hongyan Shi . Effect of limestone
powder on the durability of ordinary concrete [J].
Sichuan Building Materials,2015,41(02):1-2.

14. Fei Xiao, Hongtao Cui, Jianxiong Chen, Hanbin
Chen. Research on ultra-fine limestone powder
high-strength concrete [J]. Bulletin Of Sili-
cate,2010,29(06):1303-1307.

15.Yuxia Guo, Jinxin Gong, ulrich. Influence of
stone powder content on mechanical properties
and durability of concrete [J]. Journal Of Building
Materials,2009,12(03):266-271.

Jian  Sun, Shandong Jiaotong  University,
1586118851(@qq.com, tel. +8613141467900,

5001 Haitang Road,Changging district, Jinan
city,Shandong Province, China

Liyan Suo, Deputy senior engineer, Inner Mongolia
Bingshan Engineering Design Consulting CO. LTD,
MinozBoGum@gmail.com, tel. +8615848929937,
801,Block B,Shenghai Building,Century 7
Road,Jingiao Development Zone, Hohhot.

HccnenoBanue COCTOSIHUS M3BECTHIKOBOIO
NopoIKka B 0eToHe

Annomauyusn. Ilpoananusuposanvl  ucciedosanus
NOCBAULCHHBIE U3VUEHUIO CBOUCME U38ECMHAKOB020
NOPOWKA 8 CoOCmase yemMenmno2o mamepuana. Hs-
6ECMHAKOBLLIL NOPOULOK 6 YEeMEHMHOM MamepudaJe,
yeKopsiem 2UOPOMAYUOHHBIL MEXAHUIM, GIUem Hd
aghghexm meepoenus, NPOYHOCMHbIE XAPAKMEPUCMU-
Ku 0emona, 001208e4HOCMb U MeXAHUYEeCKue CEol-
cmea.

Knioueevie cnoesa: ussecmusaxoswlii NOpowox, mame-
puai, 6emoH, 001208€4HOCb.

Jxnan Can, ynusepcuter IllanpayH JI>kaoToHr,
1586118851(@qq.com, Ten. +8613141467900,

5001 Xaiiren poan, paiion Yanuun, ['oposn [[3uHaHs,
npoBunnus [lanpnyn, Kurait

Jlusin Cyo, 3aMecTUTENb cTapiiero nmxenepa, Kon-
CaJITHHTa MHXEHEPOB POSKTHPOBIINKOB,
MinozBoGum(@gmail.com, ten. +8615848929937
Buytpennsas Monronus, Kurait

JocaigxeHHsi cTaHy BaNHSKOBOIO MOPOILIKY B
OeToHi

Anomauin. bemon € exonozivnum ma miyHum 0OyOi-
8ebHUM Mamepianiom. Bukxonanns bemony 6 6yoie-
HUYmMei € 0008 ’513k06010 YMOBOIO PO36UMKY IHPpa-
cmpykmypu  Kumawo, momy €  neobxionicme
6800CKOHANICHHSI MIYHICHUX NApamempie bemony.
Miynicmb — 00un 3 HAUBANCAUBIUUX NOKAZHUKIB OJI5
suMipioganns sikocmi 6emony. /o ocHoHUX noKa3-
HUKI@ MIYHOCMI OemoHy 8 OCHOBHOMY BLOHOCSIMbCA
MIYHICMb HA CMUCK, MIYHICMb HA pO3pue ma Mmiy-
Hicmob Ha 3¢ye. [Ipoananizosano 0ocniodicenHs npuc-
85UeHI BUBUEHHIO BIACMUBOCMEU BANHAKO8020 NO-
POwKy 8  CKIaoi  YEeMEHMHO20  Mamepianuy.
Banunaxosuii nopowiok 6 yemenmuomy mamepiaii,
NPUCKOPIOE  2IOPOMAYIOHT MEXAHIZMU, BNIUBAE HA
eghexm meepOinHs, MIYHICHI Xapakmepucmuku Oe-
MOHY, 006208IYHICMb | MEXAHIYHI GLACTMUBOCIIL.
Bumicm i po3mip éanusino2o nopowky maroms GeauKuil
6NIUG HA NPaye30amuicmv ma MIYHICMb HA CMIUCK
bemony. Hanedcne 30invuienns po3mipy 6anHsaHo-
Kam IH020 NOPOWKY O00360J€ NONUUmMy poooyi
xapakmepucmuxu 0Oemony ma HOKpAWumuy pauHi
NOKA3HUKY MiyHoCcmi. Ane Konu emicm nepesuwyc
20 %, miynicmes Oemomny 3MeHULYEMbCSL.

Kniouosi cnosa: sanmnaxosuii nopowiox, mamepiai,
bemon, 008208iUHICTb.

Jxunan Can, yniBepcurer lllanpnyn JlkaoToHr,
1586118851(@qq.com, Ten. +8613141467900,

5001 Xaiir poan, paiion Yaurun, Micro 1[3unHaHs,
npogiutis [lansayH, Kurait

Jlistn Cyo, 3acTymHuK crapmoro imkeHepa, Koncai-
TUHTY 1HKEHEPiB POEKTYBAJILHHKIB,
MinozBoGum(@gmail.com, ten. +8615848929937
Buyrtpinms Monromnisi, Kuraii




