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ABSTRACT

In order to comprehensively master the effect of different mineral admixtures on the creep behavior of concrete,
the mechanical properties and creep of concrete with active mineral admixtures (i.e., fly ash (FA), ground gran-
ulated blast-furnace slag (GGBS), metakaolin (MK)) and inert mineral admixtures (i.e., limestone powder (LP),
quartz sand powder (QSP) and emery powder (EP)) were studied by using a self-made testing device. The
corresponding effect mechanism was also analyzed according to the internal relative humidity (IRH) and pore
microstructure organization of the mixed concrete. The results show that the use of FA and/or GGBS can reduce
the creep of concrete, and more creep can be reduced if both MK and inert mineral admixtures are used,
although different mineral admixtures have different effects on the compressive strength and elastic modulus
of the mixed concrete. The correlation between specific creep and IRH can be characterized in three different
zones. The combined use of FA and GGBS can reduce the pore volume of pores of different sizes, and the
concrete mixes with MK and inert mineral admixtures have very similar pore size distribution to provide more
resistance to their creep.

Keywords: Creep, Concrete, Mineral Admixture, Compressive Strength, Elastic Modulus.

1. INTRODUCTION
Creep is defined as the increase in strain under a sustained
constant stress, which is the inherent time-varying charac-
teristic of concrete material. The creep strain is composed
of two main parts. One is the basic creep, and the other
is the drying creep which is due to concrete drying.�1–3�

In general, the creep strain depends largely on the drying
creep. In practical engineering, the sum of the basic and
drying creep strains is considered for the design of con-
crete structures. Creep of concrete is one important part of
concrete volume stability, which affects directly the safety
of concrete structures.�4� Creep has both positive and neg-
ative effects on the performance of concrete structures.
On the positive side, for example, creep can reduce the

�Author to whom correspondence should be addressed.
Email: dsg@usx.edu.cn

stress concentrations caused by the temperature variation
and shrinkage.�5� On the negative side, for example, creep
can cause the continuous increase of pre-stress loss, the
long term deformation and the internal stress redistribu-
tion of concrete structures, especially for large span pre-
stressed concrete bridges.�6�7� The negative side of creep is
mainly considered in the design and construction of con-
crete structures. In general, a stable, less creep value is
desirable for concrete structures to be built.

In recent years, a growing number of studies show that
concrete creep is mainly related with the hydration prod-
ucts especially for calcium silicate hydrate (C–S–H) gen-
erated by cementitious materials including cement and
different mineral admixtures.�8–10� Mineral admixtures such
as fly ash (FA), ground granulated blast-furnace slag
(GGBS) and metakaolin (MK) not only can improve the
engineering properties of mixed concrete, but also reduce
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the cement content used in the mix and thus make concrete
more sustainable for they can reduce both construction
costs and material-related CO2 emissions.�11–13� Therefore,
there has been an increasing interest in the use of mineral
admixtures in modern concrete, which is an indispensable
component in producing high performance concrete. The
active mineral admixtures can react with calcium hydrox-
ide generated by cement hydration to produce additional
C–S–H, which has the most important effect on creep of
concrete. There are many studies on creep of concrete with
various different mineral admixtures. Khatri et al.�14� and
Siddique�15� investigated the effect of mineral admixtures
on creep of concrete at a constant water-binder ratio of
0.35. It was found that the creep of concrete with low
content of GGBS by weight of binder was low when com-
pared to that of concrete without mineral admixtures, and
silica fume added to concrete in amount of 10% by weight
of binder decreased the creep of concrete remarkably. The
combination of silica fume in amount of 10% by weight
of binder and FA also decreased the creep of mixed con-
crete. However, the creep of mixed concrete was found to
be higher than that of concrete with a single silica fume.
FA alone in amount of 15%�25% by weight of binder
had little effect on concrete creep. Mazloom et al.�15�16�

reported that, with the increase of silica fume content in
the mixture the creep of concrete was lower, and when the
content of silica fume was up to 15%, the creep of con-
crete at a constant water-binder ratio of 0.35 was decreased
by 20%�30%. Brooks et al.�17� presented an experimen-
tal investigation on the effect of partial replacements of
Portland cement by MK on the creep of concrete at a con-
stant water-binder ratio of 0.28. Their results showed that,
with the increase of MK content, the creep of concrete
was decreased remarkably. When the MK content was up
to 15%, the creep of concrete was decreased by about
65%. It was suggested that, if the concrete is required
to have a low creep, MK could be considered as a sup-
plementary cementitious material (SCM). Santos et al.�18�

investigated the effect of loading ages on the creep of con-
crete. It was found that after the concrete was loaded in
one day, the creep of concrete with amount of 10% MK,
30% calcined clay, and 50% GGBS by the equivalent vol-
ume of binder was increased by 123%, 58%, and 316%,
respectively. However, after the concrete was loaded in
three days, the creep of concrete with the mineral admix-
tures was decreased significantly. When the loading age
reached to seven days, the creep of concrete with MK,
calcined clay and GGBS was decreased by 59%, 55% and
77%, respectively. The results also showed that GGBS has
a great effect on the creep of mass concrete with differ-
ent loaded ages. McCarthy et al.�19� studied the effect of
FA in a high amount of 45% by weight of binder on C50
concrete creep. It was reported that the creep of concrete
with the addition of FA to rapid hardened cement was
decreased by 50%, compared to that of concrete prepared

by ordinary Portland cement. Li et al.�20� reported that the
addition of GGBS in amount of 30% by weight of binder
could decrease the concrete creep by 50%. The combined
use of GGBS in amount of 30% and silica fume in amount
of 10% by weight of binder could decrease the concrete
creep by 65%.

The above literature survey shows that there are numer-
ous studies on the effect of individual mineral admixtures
on concrete creep, which demonstrated that the mineral
admixtures added to concrete can remarkably change the
properties and performance of the concrete including creep
through their physical and chemical effects.�21�22� However,
there is lack of systematical comparisons of creep between
concretes with different mineral admixtures. More impor-
tantly, when the effect of mineral admixtures on concrete
creep was studied previously, the replacement percentages
of cement by mineral admixtures were often changed.
Therefore, the effect of different mineral admixtures on
concrete creep can not be compared effectively. In this
paper an experimental investigation is presented on the
mechanical properties and creep behaviour of concretes
with added mineral admixtures with a fixed replacement
percentage of cement. The influences of the different min-
eral admixtures on the mechanical properties, creep and
pore microstructure organization of the mixed concrete are
to be examined and compared.

2. EXPERIMENTAL DETAILS
2.1. Materials
The cement used in the experiments was Portland cement
(PC) of grade P •I52.5 according to Chinese National Stan-
dard GB 175-2007 Common Portland Cement, whose spe-
cific surface area was 370 m2/kg. Class I FA was used
according to Chinese National Standard GB/T1596-2005
Fly Ash Used for Cement and Concrete, whose specific
surface area was 550 m2/kg. Class S95 GGBS was selected
according to Chinese National Standard GB/T 18046-2008
Ground Granulated Blast Furnace Slag Used for Cement
and Concrete, whose specific surface area was 420 m2/kg.
MK was obtained by the calcinations of kaolinitic clay
at 800 �C for 4 hours, whose specific surface area was
1200 m2/kg. Table I shows the chemical compositions of
the PC, FA, GGBS and MK used in the experiments.

The inert mineral admixtures were also used in the
experiments, including limestone powder (LP), quartz sand
powder (QSP) and emery powder (EP), whose purities

Table I. Chemical compositions of PC, FA, GGBS and MK (wt%).

Materials SO3 SiO2 Fe2O3 Al2O3 CaO MgO K2O Na2O TiO2

PC 2.54 21.10 3.26 4�77 62�63 1.15 0.43 0.05 0.28
FA 0.51 51.81 6.38 27�29 7�62 1.33 1.26 0.65 1.12
GGBS 0.24 33.63 0.46 15�64 38�34 8.58 0.46 0.22 0.68
MK 0 54.25 0.76 42�72 0�36 0 0.34 0 0.27
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Fig. 1. Grading curves and particle size distributions of Portland cement (PC), limestone powder (LP), ground granulated blast-furnace slag (GGBS)
and fly ash (FA) (a) grading curves and (b) Particle size distributions.

were higher than 90% and specific surface areas were
550 m2/kg, 750 m2/kg and 880 m2/kg, respectively. The
grading curves and particle size distributions of PC, LP,
GGBS and FA were determined by laser particle analysis
using BT-9300 Laser Particle Analyzer, which are shown
in Figure 1. It can be seen from the figure that the average
particle size of FA, GGBS or LP is smaller than that of PC
particles. When PC is replaced by FA, GGBS and/or LP,
the mineral admixtures can be considered as micro fillers
in the concrete.

The scanning electron microscope (SEM) images of
MK, LP, QSP, and EP are shown in Figure 2, which
are obtained by S-4800 field emission scanning electron
microscope made in Japan. The accelerating voltage of the
instrument is 20 kV. It can be seen from the figure that the
shape of MK is like a plate, which has a rough surface. As
for inert mineral admixtures, QSP has a rough surface also,
and however, LP and EP have the angular surfaces. LP and

  

  

(a) (b)

(c) (d)

Fig. 2. Scanning electron microscope (SEM) images of some mineral
admixtures (a) metakaolin (MK), (b) limestone powder (LP), (c) quartz
sand powder (QSP) and (d) emery powder (EP).

EP do not improve the liquidities of concrete according
to their shapes, but are helpful to enhance the strength of
concrete by providing the interlock effect.

River sand was used for fine aggregates, which has
a fineness modulus of 2.5 and grading II as regu-
lated by Chinese National Standard JGJ52-2006 Stan-
dard for Technical Requirements and Test Method of Sand
and Stone �or Gravel� for Ordinary Concrete. Crushed
limestone with a size range from 5.0 mm to 25 mm
was used as coarse aggregates. In addition, the polycar-
boxylic superplasticizer admixture with water reducing
ratio 25% and local fresh clean tap water were used in the
experiments.

2.2. The Concrete Mixture Proportioning
Seven mixtures were designed to investigate the creep
of concrete with different mineral admixtures, in which
the sand percentage (40%), water-binder ratio (0.3) and
cementitious material amount (480 kg/m3� were all kept
as constants, and the slump of 200–220 mm was main-
tained by adjusting the superplasticizer content. Table II
shows the details of the components used in the mixtures.
The mix without mineral admixture was viewed as the
control mix (C), and the other six mixes were designed
on the basis of different mineral admixtures, with a con-
stant percentage of mineral admixtures replacement 30%
by weight. For example, 7C+ 2FA+GGBS means that
70% of the binder weight is PC, 20% and 10% of the
binder weight are FA and GGBS, respectively. In addi-
tion, different mineral admixtures used to replace PC were
divided into two groups. Since FA and GGBS are the tradi-
tional mineral admixtures, they are as the reference group
in this study. MK is a relatively new mineral admixture,
which has high pozzolanic activity than that of FA and
GGBS. Usually, the concrete with MK has high strength.
However, because MK is very expensive, it is not feasible
to use MK alone in the concrete. For this reason, other
mineral admixtures such as LP, QSP and EP are used with
MK in the present study.
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