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The objective of this research is to investigate the influence of aggregate properties (material, shape,
and surface texture) on the mechanical properties of concrete (compressive strength) and the interfaces
between cement and aggregates. Different types of aggregates were used in concrete production, sourced
from various geological regions within the province of Tehran. Selected samples include marl limestone,
dolomite, tuff, and quartzite. The initial properties of the selected aggregates were studied, followed by
crushing the rock specimens using the Los Angeles apparatus. The characteristics of aggregates, such as
surface texture, shape, petrography, and particle size distribution, were determined. Concrete mixtures
were prepared with a constant ratio of water to cement (0.55) for each type of angular and rounded
aggregates to study the microscopic and compressive strength properties of concrete samples at ages of
28, 14,7, and 90 days. Microscopic examinations revealed the presence of a transition zone in the matrix,
demonstrating a uniform thickness in concrete samples with limestone aggregates compared to variable
thickness in the case of tuff aggregates. The results also indicate that limestone aggregates, with suitable
porosity and establishing a reaction with cement, create a stronger bond compared to other aggregates.
The comparison of compressive strength results shows that concrete made with angular aggregates
generally exhibits higher resistance compared to crushed aggregates of the same type. In general,
aggregates suitable for use in concrete, including lightweight aggregates with low water absorption
capabilities and angular shapes, tend to have higher short-term strength.

Introduction

relationship. The hydration reaction in the vicinity of

This section discusses the effective thickness of the
Interfacial Transition Zone (ITZ), approximately 10 to
50 microns, which depends on the fine structures and the
hydration reaction (Lyu et al., 2019). Two crucial
characteristics of ITZ are thickness and porosity. The
thickness of ITZ is comparable to the size of cement
particles. The presence of large void spaces and
hydroxyapatite crystals influences the resistance in this
zone, attributed to the fine cracks (Mehta and
Monteiro,1986). The microscopic structures of ITZ can
be described based on its porosity and the hydration
front, indicating a somewhat interconnected

aggregates differs from that in the cement matrix due to
the locally higher water-to-cement ratio. The nature of
hydrated molecules is influenced by the surface and
chemical nature of the aggregate, affecting the chemical
reactions. Studies suggest that the chemical interaction
between aggregates and cement  contributes
quantitatively to the nature of the ITZ but may be
considered a secondary effect. Researchers have
observed that the bonding in the ITZ hardens, and
aggregates must have both chemical and mechanical
bonds to resist the reaction between cement and
aggregates. Additionally, the mechanical bond is
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dependent on the surface roughness of the aggregate.
Studies indicate that an increase in the surface area, such
as an increase in roughness, contributes to increased
resistance in the ITZ. The chemical breakdown of
feldspar in basalt aggregates leads to the production of
hydrated cement caps, reducing the surface roughness
and mechanical interlocking effect. In contrast, in
limestone aggregates, the resistance in the ITZ does not
increase with an increase in surface roughness. The
increase in resistance in the ITZ of limestone aggregates
is attributed to the chemical reaction between the
aggregates and the cement. In summary, the ITZ's
mechanical and chemical properties are influenced by
factors such as surface roughness, chemical
composition, and the nature of the aggregates. These
interactions play a crucial role in determining the
strength and durability of the concrete structure.

The text discusses various studies on the thickness of
the Interfacial Transition Zone (ITZ) and the
characteristics of cement sections in the context of
aggregate properties. It explores how the ITZ thickness
and cement surface density are influenced by factors
such as the water-to-cement ratio, cement particle
diameter, and distance from the aggregate surface.

Ollivier et al. (1995) highlighted that the shape and
surface roughness of aggregates significantly affect
mortar strength, with the addition of crushed aggregates
with high surface roughness enhancing concrete
resistance. Al-Oraimi et al. (2006) conducted a study on
the capillary properties of aggregates in concrete,
emphasizing the mechanical bond formed by the rough
surface of aggregates with cement. The capillary
properties play a significant role in chemical bonding
during cement hydration, impacting compressive and
tensile strength. A study by Lo et al. (2007) focused on
water absorption by aggregates, revealing that high-
absorption aggregates increase pore area in the ITZ,
leading to decreased concrete strength due to the
weakened area in the ITZ. Hussin and Poole (2011)
studies on petrography (mineral composition) indicated
that different types of aggregates significantly affect the
microstructure in terms of porosity, cement hydration,
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and ITZ thickness. Gao et al. (2014) studied the impact
of age on water-cement ratio and aggregate content on
ITZ thickness and microstructure. Increasing age led to
a continuous reduction in ITZ thickness, while an
increase in water-cement ratio resulted in thicker ITZ
with reduced concrete strength. Carrara and De Lorenzis
(2017) conducted continuous petrographic analyses,
revealing that water-to-cement ratio changes in the ITZ
are primarily a consequence of future hydration. The
effective initial ITZ water-to-cement ratio is higher than
the theoretical value before hydration. The study
emphasized the influence of distance from the aggregate
surface on the non-constant nature of water-to-cement
ratio in the ITZ. Adams and lIdeker (2017) studied
calcium aluminate cement, concluding that aluminate-
rich cement at the interface with aluminum-containing
aggregates weakened the ITZ boundaries, while this
weakness was not observed with limestone aggregates.
These findings collectively emphasize the intricate
relationship between aggregate properties, water-
cement ratio, and the resulting characteristics of the ITZ,
impacting the overall performance and durability of
concrete structures.

This research aims to understand how the properties
of new aggregates impact the mechanical properties and
bonding characteristics of concrete.

Materials and Methods

The materials used include limestone, dolomite, tuff,
and quartzite, with specific particle sizes and moduli
presented in Table 1. The study explores the influence
of particle type, shape, and surface texture on concrete
mechanical resistance and bond strength between
cement and aggregates.

The rounded aggregates are obtained, and the angular
aggregates are processed using the Los Angeles
Abrasion machine. The abrasion process was performed
at 3000 revolutions. Table 2 presents the results of
roundness and abrasion of aggregates with an increase
in the volumetric percentage, analyzed through image
analysis (j image), and the surface texture of aggregates
is visually observed. Based on the presented data, the
initial shape, particle type, transport distance, and source
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of the aggregates (Table 2) affect the roundness and
abrasion of the aggregates. Tables 3 and 4 provide
information on some properties and chemical
composition of the cement used.

In this study, the concrete mixing design was
prepared by ACI 211 regulation. The ratio of the
material mixture for the construction of concrete was
based on volumetric method. All concrete mixtures with
fixed amount of water were made with cement materials

Table 1. The Physical properties measured in aggregates

of 0.55 and compressive strength of design was
determined to be 25 MPa. Concrete samples were
prepared from 7, 14, 28 and 90-day samples made with
angular aggregate and thin section pollen in order to
investigate the connection of different aggregates with
cement paste. The efficiency of the mixture was also
performed using slamp test according to ASTM C143
standard.

Physical Properties Standard Limestone Quartzite Dolomite Tuff
Porosity (%) ASTM C97 2.4 11 1.6 8
. Coarse Aggregate ASTM C127 1.05 0.55 0.75 3.8
Water Absorption (%) -
Fine Aggregates ASTM C128 1.15 0.48 0.7 35
. . Coarse Aggregate ASTM C29 24.5 24.9 254 22.7
Unit Weight (KN/m3) -
Fine Aggregates ASTM C29 249 25.3 25.8 23.2

Table 2. The results of roundness and abrasion of aggregates

Shape of Aggregate
Aggregates Crusher (With Angular) Los Angeles Machine (Rounded) Surface Texture
Tuff Roundness 0.605 Sphericity 0.505 Roundness 0.756 Sphericity 0.573 Roughness and Porous
Limestone Roundness 0.690 Sphericity 0.382 Roundness 0.797 Sphericity 0.478 Roughness
Quartzite Roundness 0.682 Sphericity 0.526 Roundness 0.841 Sphericity 0.579 Smooth
Dolomite Roundness 0.710 Sphericity 0.550 Roundness 0.820 Sphericity 0.600 Smooth

Table 3.The Physical Properties of Cement in accordance with National Standard

Specific . o . S Unconfined Compressive Compressive Compressive
Initial setting time Final setting time
surface in Minutes (min) in Minutes (max) Strength 3 days Strength 7 days | Strength 28 days
ISIRI 389 (cm¥gr) (MPa) (MPa) (MPa)
Min 2800 Min 45 Max 360 Min 100 Min 175 Min 315
Tehran 3596 50 271 180 246.5 339
Cement
Table4-The Chemical Properties of Cement in accordance with National Standard
Ca0 SiO Al20 Fe20 MgO SO
ISIRI 386 ’ = = g
- Minimum 20% Maximum 6% Maximum 6% Maximum 5% Maximum 3%
Tehran Cement 61.08 20.26 5.15 5.6 1.6 1.70

Discussion

The compressive strength status at 28 days is
typically determined since the sample's strength is
expected to show an increasing trend after 7, 14, 28, 90,

and cylinder break tests on concrete specimens are
conducted. The results are presented in Table 7, as well
as illustrated in Figure 2. Based on the obtained results,
the compressive strength of concrete increases with an
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extended curing duration. This increase is gradual in
concrete with limestone aggregates. However, in
concrete with dolomite, quartzite, and tuff aggregates,
there is a sudden increase from 14 to 28 days compared
to the previous 7-day period. The initial compressive
strength (14 and 28 days) is higher in concrete made
with limestone aggregates (tuff, quartzite, dolomite) due
to chemical reactions with the cement paste. Given the
uniform water-to-cement ratio, the mix design of the
specimens reveals that concrete with angular aggregates
has higher compressive strength compared to rounded
aggregates of the same type, attributed to increased
contact surface for better mechanical bonding. The
presence of porosity (creating more contact surface) and
the reactivity of limestone aggregates result in a better
connection with the cement paste. Higher porosity and
water absorption in tuff aggregates lead to a weaker
connection with the cement paste compared to other
aggregates. Finally, the percentage reduction in
compressive strength of concrete with angular
aggregates (quartzite, dolomite, limestone, and tuff)
compared to 28-day rounded aggregates is provided in
the results.

Cement Paste Reactivity: Microscopic examination
of thin sections of cured concrete reveals its constituent
elements, providing information about the type of
aggregates, matrix type, cement paste-aggregate
relationship, detrimental reactions (alkali-silica, alkali-
carbonate reactions), porosity, cracks, and any
alterations throughout the concrete's lifespan. To
investigate changes in the external surfaces of
aggregates within the cement paste, resin-embedded
sections of remaining aggregates on Alkali-Silica
Reaction (ASR) gel were prepared (no reaction with the
aggregates). In Figure 3, micrographs of cured cement
paste are shown, depicting the clear boundary between
hydrated and unhydrated cement paste, and visible
microcracks resulting from cement paste drying. In
Figure 4 (A - 7 days), the transition zone with varying
thickness in the policy section is observable for coarse-
grained aggregates. The thickness of the transition zone
is distinctly visible in sections 14, 28, 90, and 4 days, as
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depicted. Examination of microscopic sections at 7, 14,
28, 90 days for concrete with tuff aggregate and
comparison of the aggregate margin inside the cement
paste with a resin-surrounded aggregate show no
specific changes (Fig. 5). Images of tuff aggregates
inside the resin at 7, 14, 28, and 90 days, and comparison
show no specific changes in the margin of the aggregate
surrounded by cement paste (Fig.5). Images of alkali-
silica reaction (ASR) in the cement paste and within the
crack of the aggregate are observable, indicating ASR in
the cement paste and the aggregate crack (Fig.6). Images
of alkali-silica reaction (ASR) inside the crack of the
aggregate show observable ASR phenomena in both the
cement paste and the aggregate crack (Fig.7). Sections
of concrete with quartzite aggregate do not clearly
reveal the common transition zone thickness, which
could be attributed to the lack of reaction between the
aggregate and cement paste (Fig.8). Examination of
microscopic sections at 7, 14, 28, 90 days for concrete
with quartzite aggregate and comparison of the
aggregate margin inside the cement paste with a resin-
surrounded aggregate show no specific change (Fig.9).
In the 7-day section, the common transition zone is
clearly visible but diminishes with increasing hydration
time, disappearing in sections 28, 90, and 4 days (Fig.
10 and 11). Please note that detailed descriptions of the
images were provided, and the figures were referenced
accordingly.

Results

e The shape of the aggregate directly influences the
compressive strength of concrete. Angular and rough-
surfaced aggregates enhance concrete strength.

e The thickness of the transition zone varies based on the
chemical and physical properties of different aggregates.
e The compressive strength of samples increases with
the duration of concrete curing. This increase is
particularly notable in lime aggregate concrete
compared to other aggregates (tuff, quartzite, dolomite),
with a sudden rise between 14 and 28 days.

eThe initial compressive strength  increases
significantly in lime aggregate concrete at 7, 14, and 28
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days compared to other aggregates, owing to the
chemical reaction with cement paste.

e The lifespan of concrete is affected by the reactive
interaction of aggregates, such as chert and dolomite,
resulting in a reaction halo around the aggregates.

¢ Considering the water-to-cement ratio uniformity in
concrete mixtures, concrete with angular aggregates
shows higher compressive strength than rounded
aggregates of the same type due to increased surface
contact providing better mechanical connection.

¢ The densification and reactivity of lime aggregates
contribute to improved bonding with cement paste. Tuff
aggregates, due to their high porosity and water
absorption, result in weaker mechanical connections.

e The thickness of the transition zone is consistent in
lime aggregates (fixed) and variable in tuff aggregates.
However, in quartzite aggregates, due to their non-
reactivity, the transition zone thickness is not
observable.

¢ With an increase in the curing duration, the thickness
of the transition zone decreases for certain materials.
These findings demonstrate the significant impact of
aggregate characteristics on the mechanical properties
and durability of concrete.
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Physical Properties Standard Limestone Quartzite Dolomite Tuff
Porosity (%) ASTM C97 2.4 1.1 1.6 8
. Coarse Aggregate ASTM C127 1.05 0.55 0.75 3.8
0,
Water Absorption (%) Fine Aggregates ASTM C128 115 0.48 0.7 35
. . Coarse Aggregate ASTM C29 24.5 24.9 25.4 22.7
Unit Weight (KN/m3) Fine Aggregates ASTM C29 24.9 253 25.8 232
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Fig. 1. An image of angular (right) and rounded (left) aggregates for use in concrete
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Table 2. The results of roundness and abrasion of aggregates

Shape of Aggregate
Aggregates Crusher (With Angular) Los Angeles Machine (Rounded) Surface Texture
Tuff Roundness 0.605 Sphericity 0.505 Roundness 0.756 Sphericity 0.573 Roughness and Porous
Limestone Roundness 0.690 Sphericity 0.382 Roundness 0.797 Sphericity 0.478 Roughness
Quartzite Roundness 0.682 Sphericity 0.526 Roundness 0.841 Sphericity 0.579 Smooth
Dolomite Roundness 0.710 Sphericity 0.550 Roundness 0.820 Sphericity 0.600 Smooth

(SIRI 389) Lo 5 laibiwl p gulaie (B yae losw (So5d slo S5g -V Jgoo
Table 3. The physical properties of cement in accordance with National Standard (ISIRI 389)

Specific . . . i Unconfined Compressive Compressive
P Initial setting Final setting Compressive Strength Strength 7 Strength 28
surface time in Minutes | time in Minutes 3 days days days
ISIRI 389 | (griem?) (min) (max) MPa, MPa MPa
Min 2800 Min 45 Max 360 Min 100 Min 175 Min 315
Tehran 3596 50 271 180 246.5 339
Cement

Table 4.The chemical properties of cement in accordance with National Standard (ISIRI 389)

CaO SiO AlO, Fe,Oy MgO SO
ISIRI 386
- Minimum 20% Maximum 6% Maximum 6% Maximum 5% Maximum 3%
Tehran Cement 61.08 20.26 5.15 5.6 1.6 1.70
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Table 5. Volumetric mixing method for different aggregates
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Water Cement Gravel Sand Filler -
Type of Aggregate (kg/m?) (kg/m?) (kg/m?) (kg/m?) (kg/m?) Air (%) Aggregate
Concrete Mix 185 336 845 950 81 2 leestone_, Quartzite,
Dolomite, Tuff
ZY
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Table 6. Concrete slump test results

o el GialesT aulis -8 Joar

Type of Aggregate | Slump No. (mm)
Tuff 15
Limestone 15
Quartzite 10
Dolomite 15
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Table 7. Compressive strength of concrete with angular and rounded aggregate

FHRC S L) Compressive strength of Compressive | Compressive | Compressive Compressive
concrete with angular strength 7 strength 14 strength 28 strength 90

aggregate days (MPa) days (MPa) days (MPa) days (MPa)
o agls Limestone (8 Spec.) 23 26 29 33
Dolomite (8 Spec.) 20 23 29 33
Quartzite (8 Spec.) 175 22 30 32
Tuff (8 Spec.) 15 17 225 31
o 3 5 Limestone (8 Spec.) 18 20 22.5 29
Dolomite (8 Spec.) 28 20 22 29

Quartzite (8 Spec.) 15 18.5 20 28.5
Tuff (8 Spec.) 14 15 18 26
b iges 13 Cunglie Sl pass Sy Limestone 21.7 23 22.4 12
4 S 000 0,5 sla ailaKiw b Dolomite 10 13 24 12
s asgly sla ailaSiw b (sla aigad Quartzite 14.3 16 33.33 11
Tuff 6.6 11.8 20 16
141
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Fig. 2. Compressive strength of concrete test with tuff aggregate
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Fig. 3. Microscopic image of cement paste. a) A close-up view of the formation of capillary cracks at the common border of the parts
of cement paste where full hydration occurred with parts that are not hydrated. b) Extensive formation of capillary cracks in parts of

hydrated and unhydrated parts of cement paste from a far view.
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Fig. 4. Microscopic images of concrete with tuff aggregate. In sample A, the gel-like reactive margin boundary between aggregate
and cement is clearly visible whereas in samples b through d as the age of the produced concrete increases, this boundary begins to
merge and disappear.
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Fig. 5. Microscopic images of tuff aggregate inside the resin. In a and b, the resin pods around the aggregate have completely
eliminated the reactive margin between different components of concrete.
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Fig. 7. Microscopic images of alkali-silicar (ASR) inside the aggregate crack. a) the sample contains angular aggregates. b) the

sample prepared with rounded aggregates.
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Fig. 8. Microscopic images of concrete with quartzite aggregate. There is no clear specific transition zone between the aggregates
and the cement paste in any of the concrete samples of different ages. In other words, the boundary between aggregate and cement

paste is always a sharp boundary in which the possibility of growth and expansion of microcracks in exchange for pressure is very
high.
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Fig. 9. a and b) microscopic images of quartzite aggregate inside resin. Resin pods created around the aggregates have completely

removed the reactive margin.
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Fig. 11. Microscopic images of limestone aggregate inside resin. In a and b, the reactive margin has been removed.
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