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Abstract. The benefits of using mineral additive as a partial replacement
for cement in heavyweight concrete are discussed. This paper presents the
strength development and temperature distribution of concrete using Class
F of natural pozzolan (PU) sourced from Northern part of Vietnam. Based
on the results of conducted studies, strengths of the natural pozzolan
concrete at different ages were generally lower than those of control
concrete. The 7-day compressive strengths of concrete with 20% PU
decreases mostly by 30.1% and least by 12.3% at the age of 28 days in
comparison with control concrete. However, natural pozzolan increases the
workability of fresh concrete up to 16.67% in comparison with control
concrete. By using the computer program Midas Civil, the maximum
temperatures at the center of concrete block with 100% cement and of
concrete block with 80% cement + 20% PU are 65.76°C and 52.44°C,
respectively, after 48 hours from the beginning of pouring. In addition,
temperature difference between the central point and the environmental
temperature of the control concrete are higher than heavyweight concrete
using 20% PU. Meaningfully, the risk of through thermal cracking of
heavyweight concrete without pozzolan are higher than heavyweight
concrete PU to replace 20% of mass cement.

1 Introduction

Natural pozzolans are sourced from natural mineral and volcanic deposits. In Vietnam, some
minerals like clay or shale require heat treatment to transform them into pozzolans, while
others like volcanic ash exhibit pozzolanic behavior with minimal processing. Natural
pozzolans have been used as a cementitious material for thousands of years. The natural
pozzolan locally available in the Northern mountains of Vietnam is mainly Class F (ASTM
618 - 17a) [1]. It is often used in concrete as a partial replacement for cement in heavyweight
concrete, mass concrete, Roller-Compacted concrete and other modern concrete, in structures
such as hydraulic structures, gravity dams, bridge piers, and mass concrete footings for the
high-rise buildings [2, 3].
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The benefits of using pozzolan and waste in concrete are threefold. Firstly, replacing a
substantial part of the Portland cement by cheaper natural pozzolans or industrial by-products
can gain a significant economy. Secondly, the environmental cost associated with cement
blending and greenhouse gases emitted during Portland cement production is at lower level.
Finally, there is an increase of product durability at later ages [4, 5]. Various materials are
added to the concrete mixture such as natural pozzolan, rice husk ash, and admixture to obtain
binder mixtures. The character of the concrete is determined by quality of the binders [6].

The reduction of the heat of hydration to different extents by using active mineral
additives have been documented in previous research [7-9]. According to [10-12], the
temperature behaviour of concrete block at early ages is influenced by many parameters, such
as the concrete properties, the amounts of cement and mineral additives, climatic factors,
construction procedure, initial temperature of concrete mixture, and the chemical
composition and fineness of the cement and additives. Heat is the result of the hydration
reaction between the cement and water, so a higher content of cement results in a higher heat
of hydration.

The replacement of cement by active mineral additives typically decreases the heat
evolution due to a slower hydration reaction. Cement with smaller average particle size
results in a greater surface area, and hence increases the hydration reactions and promotes
the evolution of heat. Cement with a greater percentage of C3A and C3S will produce more
heat as these compounds are involved in the early stages of hydration reaction.

In addition, the initial temperature of concrete mixture as well as of raw materials
significantly effects on the maximum temperature at center of concrete block during the
hardening process [13, 14].

This paper deals with the study of effects on the compressive strengths at different ages
of concrete produced from partial replacement of Portland cement with natural pozzolan in
Vietnam. In addition, the maximum temperature, spatial distribution of temperature and its
evolution with time in body of concrete block are also discussed.

2 Materials and Methods

1.1 Materials

a) The cement used was ordinary Portland cement (PC) (40 Grade), manufactured at “Hoang
Thach” factory (Vietnam), specific weight of 3.14 g/cm’. The experimental results of
physical and mechanical properties of cement are presented in Table 1 and the results of the
chemical compositions are presented in Table 2.

Table 1. Physical and mechanical properties of Portland cement “Hoang Thach”

Specific |Retained content| Surface Time of setting Compressive strength | Standard

weight on sieve 0.09 area (min) (MPa) consistency

(g/em?) mm (%) (cm%g) | Initial Final |3 days|7 days|28 days (%)
3.14 5.1 3625 115 365 25.36 |38.28| 444 29.5

b) Natural pozzolan (PU) of Vietnam (Figure 1), the specific weight of 2.81 g/cm?, the
volume of natural porous state of 980 kg/m> and water demand of 27.8%. Retained content
on sieve 0.09 mm is 12.5%. The analysis results of chemical compositions of natural
pozzolan are presented in Table 2.
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Table 2. Chemical properties of Portland cement and natural pozzolan (Vietnam)

Materials Average chemical composition (%)
SiO2 AlLOs Fe203 Ca0O MgO SOs LOI other
Portland cement | 19.8 4.1 54 61.9 2.8 3.2 2.5 0.3
Natural pozzolan| 48.7 223 12.5 3.5 4.7 1.5 3.2 3.6

c) Aggregate. Good quality river sand was used as a fine aggregate, which produced from
the quartz sand (QS) of “Lo River” (Vietnam). The fineness modulus Mk = 3.0, specific
gravity and dry density are 2.65 g/cm® and 1650 kg/m3. Crushed limestone (CL) from the
quarry “Kien Khe” (Vietnam) was used as a coarse aggregate with the size of 5 + 20 mm. Its
specific gravity and dry density are 2.68 g/cm® and 1540 kg/m?.

d) Ordinary clean tap water (W) was used for both mixing concrete and curing of test
specimens.

2.2 Methods

Calculation method of concrete mixture composition is applied in accordance with standard
TCVN 9382 — 2012 (Vietnam). According to standard GOST 10181-2014 (Russian), the
concrete mixture workability is determined by the standard slump cone with dimensions of
100x200x300 mm. The compressive strength and tensile strength of heavyweight concrete are
determined by Russian standard GOST 10180-2012. These test samples are demolded after 24
hours later casting and placed in a 20 + 5°C water curing tank until the experiments. The
compressive strengths of heavyweight concrete are tested at the ages of 3, 7, 14 and 28 days. The
concrete elasticity modulus is determined by the compressive strength value at 28 days by
American standard ACI 318-2005. While, the Midas Civil computer program will calculate the
temperature distribution in central of block concrete. Furthermore, the estimation of maximum
temperature, which developed in mass concrete members, is determined by quick method of the
Portland Cement Association’s design and control of concrete mixtures.

Fig. 1. Natural pozzolan of Vietnam Fig. 2. Testing of specimen under compression

3 Test results and Discussion

3.1 Mixture Proportioning

It is necessary to determine the concrete mixture compositions for the heavyweight concrete
production, which are intended for monolithic reinforced concrete buildings and
constructions of the Northern part of Vietnam in the summer.

Compositions of heavyweight concrete in this work must possess:

1. The fresh concrete effect on workability is determined by the slump of standard cone
0of 90 + 150 mm.
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2. The target mean strength was 40 MPa for the control mixture with 100% Portland cement.
The compressive strength of concrete is determined by using 150x150x150 mm cube specimens
at the ages of 28 days of normal hardening (Figure 2).

3. Using natural pozzolan to replace 20% of mass Portland cement in concrete mixture.

4. Relative volume of entrapped air is 1%.

3.2 Effect of natural pozzolan on strengths of heavyweight concrete

The mix proportion was done as per the standard TCVN 9382 — 2012 (Vietnam). The water
to binder ratio was kept constant as 0.46. Experimental results of concrete mixes properties
and heavyweight concretes are presented in Tables 3 and 4.

Table 3. Mix compositions and properties of fresh concrete

Compositions of concrete mixture (kg/m?) Properties of fresh concretes
Compositions W A density | SI
of concrete mixture PC PU | BID Qs CL W JAAES verage g:ns1 Yy ump
BID (kg/m’) (cm)
100% cement 490 0 490 545 1108 | 225 0.46 2368 12
80% cement +20% PU | 392 98 | 490 535 1108 | 225 0.46 2358 14

Table 3 shows the comparative effects of addition of natural pozzolan on workability of
concrete. It was observed that natural pozzolan increases the workability of fresh concrete
upto 16.67% as compared to control concrete.

Table 4. Properties of concrete

Compositions Average compressive strength At\;e?%; tetn ts}ile Elasticity Average density
of concrete at different ages (MPa) strength at the modulus of of concrete
mixture age of 28 days concrete (N/m?) (kg/m®)

3 days | 7 days | 14 days | 28 days (MPa) &
100% cement | 24.3 33.6 413 43.1 3.34 3.1.10" 2355
0,
80;’()?,2”;%" 1174 | 235 | 352 37.8 2.93 2.9.10° 2352

The compressive strength reduction, % of concrete sample composition at different ages
are shown in Figure 3.

o 36
= 28
gg 24
o § 20
o O
g_a 16
'455 12
g3 8
~ 4
0

28,4

30,1

14,8

12,3

3 days

7 days

14 days

28 days
Age of hardening (days)

Fig. 3. Reduction of the compressive strength of concrete samples of composition 100% cement as
compared to composition 80% cement + 20% PU at different ages
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From the Tables 3, 4 and Figure 3 of the experimental results, the following conclusions
can be drawn:

1. The usage of natural pozzolan to replace 20% of the mass cement in concrete mixture
can reduce the concrete sample strength at different ages. The concrete compressive strength
of composition of 80% cement + 20% PU decreases mostly by 30.1% at the age of 7 days,
and least by 12.3% at the age of 28 days in comparison to control concrete without pozzolan.
However, all the concrete compressive strengths are higher than 35 MPa at the age 28 days
of curing.

2. Replacing a substantial part of Portland cement in concrete mixes will not only re-use
existing waste which may have negative environmental impacts but also decrease concrete
cost as well as improve concrete engineering properties during building construction in
Vietnam. Furthermore, this article shows the effects of natural pozzolan on hydration heat of
concrete by 20% cement replacement.

3.3 Effect of natural pozzolan on temperature distribution of concrete

The case study object is a monolithic concrete block of the high-rise building foundation,
shaped rectangular box with 3.5 m length, 3 m width and 1.5 m thick, founded on a solid
ground in the urban areas of Northern Vietnam in the summer.

3.3.1 Finite element method of temperature field

According to the studies [15], at any point of calculation field R, the unstable temperature
field T (x, y, z, t) must satisfy the following continuous thermal conduction equation (1):

0 or 0 or) o orT orT
ax(kx(T)6xJ+6y(k”(T)6yj+6z(kz(T)62}+G_pcar’ (1)
where: T - the material temperature (°C);

k«(T), ky(T), k(T) - the thermal conductivities (W/m°C), dependent on temperature

by three directions X, y and z, respectively;

G - the rate of internal heat generation (internal energy), per unit volume (W/m?3);

¢ - the specific heat (J/kg.°C);

p - the density concrete (kg/m?);

T - time (day).

To solve equation (1), it is necessary to know two main types of boundary conditions
which are Drichlet and Cauchy boundary [16]. These conditions are written respectively as:
=T, kxa—Tlﬁkya—le+kza—le+q+h(Z;—Tf):O )
ox oy 0z

where: T, - the values of the nodal temperatures on the boundaries (°C);

q - surface heat (kcal/m?);

h - film coefficient;

T,- temperatures at the boundary nodal points (°C);

T¢-the ambient temperature (°C);

I, 1y and I, - the direction cosines of the outward normal to the surface under

consideration on x, y and z axes respectively

3.3.2 Material Properties and Environmental Conditions

The properties of heavyweight concrete without pozzolan and replaced 20% cement with
pozzolan, which are used as input data for determining the distribution of temperature and
maximum temperatures of the central concrete block during construction process in Northern
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Vietnam, are presented in Table 5. The amount of cement, average density, elastic modulus
of concretes are given in Tables 3 and 4. A typical coefficient of thermal expansion of

0.75.107/°C was adopted for concretes.

Table 5. Properties of the materials used in the thermal behavior analysis

Properties Compositions of concrete mixture
p 100% cement 80% cement + 20% PU

Thermal conductivity coefficient (W/(m.’C) 2.63 2.63
Specific heat coefficient (J/kg.’C) 1.05 1.05
Mass density (kg/m®) 2355 2352
Boundary 1 (free contact with air) with 10.0 10.0
convection coefficient (W/m?2.°C) ’ )
Boundary 2 (wood shuttering) 75 75
convection coefficient (W/m?.°C) ) )
Elastic modulus (N/m?) 3.1.101° 2.9.10%
Poisson’s ratio [17] 0.15 0.15
Thermal expansion Coefficient (1/°C) [18] 0.65.10°3 0.65.107
Maximum cement hydration heat at 28 days (J/g) 309 260
Amount of cement (kg/m?) 490 392
The concrete mixtures temperature of (°C) 20 20

Heat of cement hydration in
concrete as a function of time was
obtained from several
experiments performed in the
laboratory. In accordance with
[18], the heat of hydration
produced with time for Portland
cement with and without the
addition of pozzolan are shown in
Figure 4.

2)
g

Heat of cement hydration (J/,

350

309

260

250 T

()
=3
S

[
S

I3
S
t

v
S

o

100% Cement
wmm 80% Cement + 20% PU

4 6 8 10 12 14 16 18 20 22
Time (days)

Fig. 4. Heat of hydration of Portland cement with different time

Figure 5 shows the boundary conditions for the thermal analysis. Two types of boundary
are used, which are considered including boundary 1 (free contact with air) with convection
coefficient value of 10 W/m?.°C and boundary 2 (wood shuttering) with a value of 7.5

W/m2.°C [17]

I Boundary 1 (free contact with air)
- Boundary 2 (wood shuttering)

Fig. 5. Thermal boundary conditions and dimensions for temperature behaviour analysis of the

concrete block
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According to the study [19], the summer temperature in Northern Vietnam change
according to the equation (3):

.2
tyr =26.5+ 551n(§) (°C), 3)

where: tyi; - daily average air temperature in the summer (°C) and 7 - time (hours).

In this work, the initial temperature of laying concrete mixtures, which depends on the
concrete mixture temperature, is 20°C. The initial temperature of the foundation is considered
constant as 25°C.

3.3.3 Resuilts of three-dimensional temperature distribution in body of concrete block

Program Midas Civil determined the temperature distribution and maximum temperature at
center of the concrete block, which designed for construction of the high-rise building
foundation. The temperature evolutions at center of concrete block from the beginning of
pouring until 16 days, are depicted in Figures 6 and 7.
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Fig. 6. Temperature evolutions at center of concrete block with 100% cement
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Figure 8 shows three-dimensional model of the temperature distribution in body of the
concrete blocks after 48 hours from the beginning of construction.
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Fig. 8. 3D temperature distribution process in body of concrete block: (a) with composition of 100%
cement and (b) with composition of 80% cement + 20% PU after 48 hours from the beginning of
pouring

It can be noted from the Figures 6 - 8 that, the temperature at center of concrete block
with 100% cement increases and reaches maximum temperature of 65.76°C after 48 hours
from the beginning of pouring. Since then, it gradually decreases in the course of time
hardening concrete due to the convective heat transfer at the boundaries. While, for concrete
block with composition of 80% cement + 20% PU, heat in concrete body generates during
the cement hydration increases and also reaches maximum temperature of 52.44°C after 48
hours from the beginning of pouring. Generally, with 20% of cement replacement by natural
pozzolan resulted in reduction of temperature distribution and 25.4% reduction in the
maximum temperature at center of the concrete using natural pozzolan.

Furthermore, it can be noted that cement hydration raises the temperature at the core of
each concrete pours, producing considerably different temperatures with respect to the outer
concrete portion, which induces risk of through cracking in body structure or surface. For
concrete block with composition of 100% cement, the temperature difference between the
central point and the environmental temperature AT = 39.26°C, while this temperature
difference for concrete block with composition of 80% cement + 20% PU is only 25.94°C.
Meaningfully, the risk of through thermal cracking of heavyweight concrete without
pozzolan are higher than heavyweight concrete using natural pozzolan to replace 20% of
mass cement.

3.4 Estimation of the maximum temperature in the concrete using natural
pozzolan

In recent years, the most complete factor consideration for temperature problem solution
possibly applies numerical methods, particularly, the finite element method through Midas
Civil, Ansys, Adina, Abaqus programs and others. However, a quick estimation of the
maximum temperature can be useful to determine the approximate temperature differential
between the core and surface of the concretes.

The Portland Cement Association’s (PCA) [20] design and control of concrete mixtures
gives a quick method for estimating the maximum temperature developed in mass concrete
members. This method calculates the maximum temperature rise above the concrete
placement temperature as 12°C for every 100 kg of cement when the cement content is in the
range of 300 to 600 kg/m® and the least dimension of the concrete member is 1.8 m.
According to ACI committee 207 [21] suggests that modification to account for
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supplementary cementitious materials can be made by presuming that they liberate
approximately half of the amount of heat of cement for a given mass. The PCA calculation
for the maximum concrete temperature (Tmax), taking into account this alteration for
supplementary cementitious materials, is shown by equation (4):
Ty =T + (12762201 () )

where: T; - the concrete placement temperature (°C);

W eement - the cement content in 1 m* concrete (kg);

W sem - the supplementary cementitious materials content (kg/m?).

The approximate method of PCA (by Equation (4)) was used to estimate the peak

temperature rise in the test specimens. The predicted maximum temperatures are presented
in Table 6

Table 6. Predicted and measured maximum temperatures in body of heavyweight concretes

The maximum temperature (°C)

Compositions of

concrete mixture Calculated by Program Midas Civil Predicted by(ll))C)A (Equation
100% cement 65.76 78.8
80% cement + 2% PU 52.44 72.92

Comparisons between the calculation and predicted temperatures show that the PCA
method overestimated the maximum temperatures in concrete block, which determined by
program Midas Civil. As a result, the predicted temperatures in the natural pozzolan concrete
specimens are higher than the calculated temperatures by program.

4 Conclusion

Experimental work was carried out in the laboratory of Hanoi University of Mining and
Geology to find out the effect of natural pozzolan from Northern part of Vietnam on the
strength and hydration heat of heavyweight concrete. The standard TCVN 9382 — 2012
(Vietnam) was used to determine the concrete mixture compositions. Concrete mix
containing 490 kg/m® of cement and 20% mass of cement replacements were used in the
study. The following conclusions are drawn from the experimental results:

1. Strengths of the natural pozzolan concrete were generally lower than those of control
concrete. The average 28-day compressive strengths of the concrete with 20% cement
replacements by pozzolan was 87.7% of the strengths of the respective control concrete
without pozzolan. The concrete compressive strength of composition of 80% cement + 20%
PU decreases mostly by 30.1% at the age of 7 days and least by 12.3% at the age of 28 days
in comparison to control concrete. However, natural pozzolan increases the workability of
fresh concrete upto 16.67 % as compared to control concrete.

2. By using the computer program Midas Civil, the maximum temperatures at center of
concrete block with 100% cement and of concrete block with 80% cement + 20% PU are
respectively 65.76°C and 52.44°C after 48 hours from the beginning of pouring. In addition,
temperature difference between the central point and the environmental temperature of the
control concrete with 100% Portland cement are higher than heavyweight concrete using
20% natural pozzolan. Meaningfully, the risk of through thermal cracking of heavyweight
concrete without pozzolan are higher than heavyweight concrete using natural pozzolan to
replace 20% of mass Portland cement.
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3. In accordance with quick method of PCA, the predicted temperatures of the concretes
with 100% cement and with 80% cement + 20% PU were respectively 83.5% and 71.9% of
the maximum temperatures, which calculated by program Midas Civil.
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