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Abstract - Plastic shrinkage cracking is a serious issue in
fresh concrete which may affect the long-term durability,
serviceability and strength of concrete. However, concrete
design mainly focuses on environmental safety and economy
while other parameters of concrete are often ignored. Very
limited studies are available on the plastic shrinkage in
blended concrete. A detailed review of the effect of mineral
admixture on plastic shrinkage cracking in concrete based on
the available studies is presented in this paper. This literature
includes the comparison of methods to evaluate the plastic
shrinkage cracking, different crack measuring techniques and
influence on various types of mineral admixture and its
dosages on plastic shrinkage cracking in concrete. Data
including the type and size of specimens, the water-binder
ratios used in different studies were analysed. Studies show
that partial replacement of Ordinary Portland Cement (OPC)
by mineral admixtures result in an increase in plastic
shrinkage cracking in concrete. The crack length, average
crack width and total crack area increase with the increase in
dosage of mineral admixtures. However, there is still a need for
a detailed study on the influence of mineral admixture on both
the fresh and hardened properties of concrete.
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1.INTRODUCTION

In recent year, concrete has been one of the most widely
used construction material worldwide because, it has many
advantages like durability, strength, and economic efficiency.
However, these properties are affected by environmental
conditions, proportions of ingredients, admixtures etc. One
of the most common problems in fresh concrete is “Plastic
shrinkage”. Plastic shrinkage means the shrinkage of
concrete occurring in the first 24h after batching, caused by
external drying and cement hydration effect(Kai etal. 2017).
According to ACI Committee 305, this occurs mainly because
of the loss of water by evaporation from the surface of the
concrete(Almusallam, Maslehuddin, and Khan 1998). If the
evaporation rate exceeds the bleeding water rising, it will
result in plastic shrinkage cracking. In its plastic state,
concrete undergo volume change that strongly influences the
properties of hardened material. This volume change results
in both plastic settlement and plastic shrinkage. There are
mainly two different types of volume change that occurred in
concrete in its fresh state. First, while the settlement of solid
particles, bleeding water begins to rise to the surface results
in plastic settlement. Secondly, the bleeding water layer

gradually starts to evaporate result in plastic shrinkage
deformation. It will result in the development of capillary
pressure which helps to contract the plastic materials and if
a critical limit is reached, cracks may start to form(Bertelsen,
Ottosen, and Fischer 2020).

The cracks are mainly seen on horizontal surfaces. Plastic
shrinkage cracking generally occurs in exposed surfaces due
to more drying which in turn undergo plastic
deformation(Matalkah, Jaradat, and Soroushian 2019). Itis
also seen in large surface area to volume ratios such as
parking slabs, bridge decks, tunnel lining and industrial
floors(Bertelsen, Ottosen, and Fischer 2020).

The formation of cracks mainly depends on the
parameters like ambient temperature, relative humidity,
wind velocity, concrete temperature and bleeding
characteristics of concrete. From a material point of view,
mix design, binder properties, higher binder content, low
water to cement ratios and use of mineral admixtures will
lead to plastic shrinkage cracking(Kai et al. 2017). Almost
straight plastic shrinkage cracks are formed without any
definite pattern. They have a varying length from several
millimetres to few metres. The cracks not only affect the
aesthetic nature of concrete but also affect the durability,
strength and serviceability of the structure. Cracks permit
the moisture entered into the concrete results in corrosion of
reinforcement. This review only reports the effect of mineral
admixture on the plastic shrinkage cracking of concrete.

2. RESEARCH OBJECTIVE AND OUTLINE

This study aims to review the existing literature on
experimental testing of the effect of mineral admixture on
plastic shrinkage cracking of concrete. This literature
describes different types of mineral admixtures with varying
dosages and experimental test methods. The properties of
mineral admixtures include material composition and
physical properties.

3.MATERIAL AND METHODS

3.1 MINERAL ADMIXTURES

Mineral admixtures refer to the finely divided material
which is added to obtain the specific engineering properties
of cement mortar and concrete(Lohtia and Joshi, n.d.). These
are also used to improve the economical benefits and
environmental safety. Most of the mineral admixtures are
pozzolanic materials. These are abundantly available and
cheaper. In past decades, natural admixtures such as
volcanic earth, clays, shales etc are used in building
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structures(Lohtia and Joshi, n.d.). However, in recent years

Table -2: Details of Material composition and Specimen

most of the industrial waste by-products are used as mineral Wate
admixtures. Commonly used mineral admixtures are fly ash, Ref T r/ Binde Additi
ground granulated blast furnace slag, silica fume, metakaolin eterence ype Bind | r Type 1tives
etc. er
The mineral admixtures are either used in blended form (“Concree C ¢ OPC
or replacing the ordinary cement. The utilisation of these p 10 oncrete MK
materials will result in the conservation of energy and 1157” (70x70x280) 0.368 FA SP
natural resources. It also helps to reduce the carbon 2014) GGBS
footprints. At the same time, it will adversely affect the (Al-
concrete, such as retarding the setting time, slower the early amoudi,
strength gain and formation of plastic shrinkage Abiola, Concrete OPC
cracks(Sirajuddin 2018). The plastic shrinkage occurs when and (100x100x0.3c | 0.50 SF SP
the fineness of mineral admixture is lower than that of Maslehud m)
ordinary cement. Therefore itis important to study the effect din 2006)
of mineral admixture on adding to concrete. (Al-
Various mineral admixtures with different properties amoudi,
have been studied to evaluate the effect of mineral Maslehud Concrete OPC
admixture on plastic shrinkage cracking on concrete. The din, and (100x100x0.3c | 0.45 SF SP
chemical compositions of mineral admixture investigated in Abiola m
the studies included in this review are shown in Table 1. 2004)
Most of the study investigated the effect of Fly Ash, GGBS and (Almusall
Silica Fume. The different dosages are studied in some am,
journals(Al-amoudi, Abiola, and Maslehuddin 2006)(Al- Maslehud Concrete 0.40
amoudi, Maslehuddin, and Abiola 2004). din, and (450x450x20m | 0.50 | OPC SP
Khan m) 0.65
Table -1: Details of Chemical Composition of Mineral 1998)
Admixture OPC
Reference | Material | Si0; | Ca0 | AlO3 | Fe;03 | MgO | Naz0 | K0 . Concrete Blend
pra— Uéa(; f;)al (100x100x500 3'431(5) ed Sp
Sa G FlyAsh | 59.33 | 316 | 2227 | 907 | 138 | 0.16 | 0.79 mm) : Ceme
2018) Slag 3351 | 4070 | 13.44 | - 8.49 nt
| GGBs 3238 | 3146 | 21.06 | 1.87 | 857 | 036 | 088 SP
gs(;;agl)uddm Fly Ash 59.32 | 1.28 | 29.95 | 4.32 061 | 016 | 1.44 (Leemann Concrete SRA
s Nygaard, | (5e50560x100 | 0.44 | opc | Accelerat
Fume 9226 | 049 | 089 | 197 | 096 | 042 | 131 and Lura mm) ors
(Yazc GGBFS | 3982 | 3661 | 936 | 090 | 638 2014) Retarders
2017)
FlyAsh | 47.15 | 2041 | 2042 | 415 | 151 | 059 | 1.36 0.25
(Yoo et al. | ¢cppg 3220 | 451 | 142 | 042 | 2.95 (Ma, Zhao, Concrete 0.30 OPC
2018) and Gong | (600x600x63m 0'35 FA SP
2018) m) 0.40 GGBS
3.2 MATERIAL COMPOSITION (Matalkah OPC
Besides the physical properties of material and ,Jaradat, Concrete 0.45 Blend
environmental conditions, material composition and matrix and . (355x560x100 0.55 ed
are also highly relevant in cracking. Since plastic shrinkage Soroushia mm) Ceme
occurs in paste, the high content of paste in the material n 2019) nt
matrix will enhance the plastic shrinkage deformations. The (Sirajuddi Concrete OPC
addition of binder material such as fly ash and GGBS with n2018) (355x560x100 | 0.55 | GGBS SP
varying proportions also influences the plastic shrinkage mm) FA
cracking. The material composition and details of specimens Concrete OPC
are shown in Table 2. The table provides the data about the (Yazici (25x25x290m GGBS sp
size of the specimen used in several studies and the types of 2017) m) FA
materials added to the concrete. It is noted superplasticizer SE
used as an additive in most of the studies. (Yoo et al. Concrete 020 | opc
2018) (400X100X100 023 | cGBs SP
mm)
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3.3 METHODS
Experimental test Methods for Crack Measurement
Test methods intended for studying the plastic shrinkage
cracking in concrete presents various mineral admixtures
and the measurement of cracking. Some of the techniques for
experimental testing of crack presented in the literature
include:
e ASTM C1579 Standard using slab specimen under
specified environmental conditions.
e Slab or prism-like specimen under restrained edge
condition
e Specially designed device
The above-mentioned methods provide a broad range
of crack patterns due to different conditions but results are
obtained with a different interpretation. All the test methods
are useful for evaluating the crack. Table 3 shows different
crack measurement methods.

Table -3: Details of the experimental test setups and Crack
Measurement Methods

The time of
cracking is
measured by
visual inspection.

(Leemann,
Nygaard, and
Lura 2014)

Concrete
(355x560x100mm)

the cracking
initiation time of
each specimen
was determined
visually by
inspecting the
specimen and the
maximum width
was dealt with
using a
microscope.

(Ma, Zhao, and
Gong 2018)

Concrete
(600x600x63mm)

Visual inspection
by capture the
pictures of the

surface and

digital image
processing
technique.

(Matalkah,

Jaradat, and

Soroushian
2019)

Concrete
(355x560x100mm)

the crack length
was then
measured by
placing a thin
thread along the
crack and getting
its length with a
precision ruler.
The crack width
was using a
hand-held
graduated
microscope.

(Sirajuddin
2018)

Concrete
(355x560x100mm)

Cracks are
measured using
SEensors.

Concrete

(Yazie1 2017) | (5. 25x290mm)

Ref. Specimen Size Crack Measuring
(“Concreep 10 Ugi;gl;gg 0) Using LVDT
1157”7 2014) Sensors
(Al-amoudi, Measuring
Abiola, and Concrete movement of
Maslehuddin (100x100x0.3cm) embedded
2006) aluminium studs
(Al-amoudi, Visual Inspection
Maslehuddin, Concrete by measuring
and Abiola (100x100x0.3cm) crack length and
2004) avg. Crack width
Plastic shrinkage
(Almusallam, gjﬁﬁ?igis
Maslehuddin, Concrete . . y
and Khan 450x450x20 mm not'm.g.th.e time
1998) to initiation of
cracks and the
total crack area
Crack initiation
was determined
visually by
inspecting
specimen
surfaces every 30
min. After 6 h,
maximum and
(Kai et al. Concrete fean cracking
2017) (100x100x500mm) | ‘Vidths were
visually
measured using a
microscope. The
length and the
average width of
cracks recorded
and expressed as
total cracked
area

Measurement of

shrinkage strains

is carried out by
using sensors.

Concrete
(400X100X100mm)

(Yoo et al.
2018)

3.3.1 ASTM C1579

This test method is used to evaluate the plastic shrinkage
cracking behaviour of mortar and concrete. In this method, a
slab mould is prescribed to use with
dimensions560x355x100mm. The restrains are provided by
three triangular steel stress risers. The mould can be made
from plastic, metal or plywood.

The internal stress riser and restraints shall be bent
from one piece of sheet metal having a thickness of
1.2+0.05mm. The central stress riser having a height of
64+2mm serves as an initial point of cracking. There is an
environmental chamber used to provide the specified
ambient conditions. Advancing sensors also used to measure
the temperature, wind velocity and humidity. Figure 1 shows
the experimental test setup for the ASTM method.

© 2021, IRJET | ImpactFactor value: 7.529

ISO 9001:2008 Certified Journal | Page 3463




u, International Research Journal of Engineering and Technology (IRJET) e-ISSN: 2395-0056

JET Volume: 08 Issue: 06 | June 2021

www.irjet.net

p-ISSN: 2395-0072

160 +5 mm

ELEVATION

PLAN

—12.5 +1 mm
/\ I 32 1 mm

A

25 +1 mm
90 +2 mm

N
\ 83.5+1mm
k.
————— 280#5mm —

560 £10 mm

Fig -1: Experimental Test setup- ASTM C1579 Standard

3.3.2 Edge Restrained Method

In Edge Restrained method, a slab like a specimen with a size
of 600x600x63mm is used. For restrained slabs,
M10x100mmthreaded rods were placed along the periphery
of the specimen(Ma, Zhao, and Gong 2018). Tests are done
either restrained on two edges with four edges. Figure 2
shows the specimen with different edge restrained
conditions. The strain gauges are bolted at the upper bolts
which are connected to a computer to acquire the data.
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(a)Unrestrained(b) Two-side Restrained(c)Four-side
Restrained
Fig -2: Different Edge Restrained Condition
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3.3.3 Specially Designed Device

D. Niknezhad et.al designed a device to measure the plastic
shrinkage cracks. The device measures both horizontal
deformations and vertical settlement.

Y

Laser

sensor

LvDT &

sensor

Plate

Plastic
sheet \

Fig -3: Specially Designed Device

Figure 3 indicates the specially designed device set up in a
laboratory. The device consists of a prism-shaped mould
made by using PVC with a size of 70x70x280mm. To reduce
the friction between the concrete and the mould, a plastic
sheet is used to cover the internal sides of the mould. The
horizontal displacements are monitored by using LVDT
sensors which are placed at the mid-height of the specimen.
The accuracy of sensors is 2um. To monitor the thermal
effect of the specimen a thermocouple is placed at the middle
region of the sample.

3.4 CRACK MEASURING TECHNIQUES

Plastic shrinkage cracking is highly irregular and varies with
different techniques. D. Niknezhad et.al measures the crack
by using sensors. The measurement is taken by LVDT
sensors and transferred to the computer system. (Al-amoudi,
Abiola, and Maslehuddin 2006) et.al measures the crack by
embedding aluminium studs. These studs were embedded
into the slab specimen at a depth of 10mm. The studs were
placed on all four sides of the specimen at the mid-section.
The movement of studs was measured by using differential
transducers for 24h.

(Al-amoudi, Maslehuddin, and Abiola 2004;
Almusallam, Maslehuddin, and Khan 1998) et.al was studied
the plastic shrinkage cracking mechanism by visual
inspection. They observed the time taken to initiate the
cracks and the intensity of cracking. Both the length and
average width are measured in their study. Also, the plastic
shrinkage strains were observed at regular interval by using
a data acquisition system. (Kai et al. 2017) et.al also used the
same technique to measure the crack. The visual
measurements are done by using a hand-held microscope or
by using digital image processing techniques.

4.INFLUENCE OF MINERAL ADMIXTURES ON
PLASTIC SHRINKAGE CRACKING

In the following sections, the effect of mineral admixture on
plastic shrinkage cracking is illustrated as a function of crack
length, average crack width or total crack area are included in
this review. Table 2 represent the types of studied mineral
admixtures and water to binder ratios.

4.1 Influence Of Ggbs

Most studies in plastic shrinkage cracking have focused on
the performance of Ground Granulated Blast Furnace Slag
(GGBFS). These are obtained as a by-product from both
ferrous and non-ferrous metal industries in finely ground
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form(Lohtia and Joshi, n.d.). GGBFSis used in concrete due to
their glassy nature and chemical composition. These are
pozzolanic and cementitious material. The hydraulic
reactivity of GGBFS depends on its chemical composition,
processing conditions and particle characteristics. As per
ASTM (989, GGBFS is classified into three grades namely
120,100 and 80. The particle size of GGBFS should range from
10pm to 45pum. Slag particle less than 10um in size contribute
to the early strength attainment in concrete mortar up to
28days.

From Table 1 it’s evident that, GGBFS contain (33%-
36%) Si02, (37%-40%) Ca0, (7%-9%) Al203 are the main
chemicals. From the study of (Sirajuddin 2018) et.al, when
GGBFS is replaced with OPC, it will result in increased crack
width and total crack area. Also, the initiation of crack is
30min earlier than the control mix. The study also points out
that the plastic shrinkage crack is more on the addition of
GGBFS than other mineral admixture. As the dosage increases
the intensity of crack also increases. As per the investigation
carried out by (Matalkah, Jaradat, and Soroushian 2019),
when GGBFS is used in blended cement, it significantly resist
plastic shrinkage cracking as compared to OPC.

In the case of setting time, the addition of GGBFS retards
the setting time significantly. (Sirajuddin 2018) states that
the initial and final setting time is 40-60min more than the
control mix.

4.2 Influence Of Fly Ash

Another most used mineral admixture to study the effect on
plastic shrinkage cracking is Fly Ash. These are finely
divided, glassy material, which is obtained by separating
from flue gases during the combustion of pulverized coal in
suspension fired furnace of modern thermal power plant
(Lohtia and Joshi, n.d.). These are amorphous and
pozzolanic, sometimes self-cementitious. The fly ash
particles are spherical and are finer than ordinary Portland
cement. Fly ash contains silica, alumina and oxides of
calcium and iron as main chemical compounds. As per the
ASTM C618 specification, there are mainly two types of fly
ash, namely Class C and Class F. High Calcium fly ash is more
reactive due to its large surface area.

As per the study of (Sirajuddin 2018) et.al, like
GGBEFS, fly ash also contributed to the crack development in
the specimen. At the same replacement level, fly ash shows
lesser crack than GGBFS. Moreover, when the dosage of fly
ash increased from 15% to 30%, the total crack area also
increases. With the addition of fly ash, the resistance to
plastic shrinkage at a very early stage is much lower.

4.3 Influence Of Silica Fume

Silica fume, also called micro silica, is widely used as
supplementary cementitious material in the construction
industry for decades. These are obtained from the
ferrosilicon or silicon metal industries as a waste by-
product. SF is a finely material with spherical, glassy particle.
These are 100times finer than OPC which enables the SFasa
highly reactive and pozzolanic material. Many studies
conducted (Al-amoudi, Abiola, and Maslehuddin 2006; Al-

amoudi, Maslehuddin, and Abiola 2004; Yoo et al. 2018) to
investigate the effect of SF and its dosage on plastic
shrinkage cracking. (Al-amoudi, Abiola, and Maslehuddin
2006) et.al studied different types of SF with undensified and
densified form and he concluded that undensified SF exhibits
more shrinkage strain than the other mix. According to the
study of (Al-amoudi, Maslehuddin, and Abiola 2004) et.al,
the dosage of SF depends on the plastic shrinkage strain. The
plastic shrinkage strain increased with an increase in dosage.

5. CONCLUSIONS

A review covering existing research on plastic shrinkage
cracking in concrete was carried out to analyse the effect of
the addition of mineral admixture with varying dosage.
Several mineral admixtures like GGBFS, fly ash, silica fume
and metakaolin are studied with different material
composition and properties. Mineral admixture imparts the
strength gain and durability of concrete whereas it harms
concrete as well. During the first few hours immediately
after the mixing process, the addition of mineral admixture
results in plastic shrinkage cracking which in turn affect the
durability, serviceability and strength of concrete later. Data
from previous studies were collected to review the effect ofa
mineral admixture. Several test methods to measure plastic
shrinkage cracking is also reviewed in the literature. From
the literature review, it is noted that different crack
evaluation techniques were used to monitor the intensity of
cracking. The evaluation of plastic shrinkage cracking is
done by measuring basic parameters like crack length,
average crack width or total crack area. The effect mineral
admixtures were studied by using their mineralogical
composition and chemical properties. From the literature
review the trends observed are as follows:

e From the reviewed data, it is noted that all the
mineral admixtures used are finer than OPC and
each exhibits almost the same chemical
composition in all studies.

e The studied mineral admixtures include GGBFS, fly
ash and silica fume. These admixtures have good
pozzolanic and cementitious property.

e Inmostofthe studies, itis evident that the addition
of mineral admixture by replacing OPC induces
plastic shrinkage cracking. Moreover, when
mineral admixture added in concrete as the
blended form will decrease the cracking impact.

The dosage of admixture plays an important role in the
plastic shrinkage cracking of concrete. Increasing
replacement level results in an increased crack area.
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