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BSTRACT

The appropriate bond strength between the layers with different concrete strengths is considered the most import-
ant concern for the layered elements. An experimental study has been approved to produce structural lightweight
concrete with a compressive strength not decreasing by 18 MPa and a unit weight not increasing by 2000 kg/m?
and high-strength concrete with a compressive strength not decreasing by 60 MPa and then investigate the
bond strength between new high-strength concrete and old lightweight concrete with different treatment cases
and different compressive concrete strengths. Mix with 0% perlite meets the requirements of the targeted high-
strength concrete, and mixes with 30%, 40%, and 50% perlite meet the requirements of the targeted structural
lightweight concrete, and they can be used for testing bond strength with different treatment methods. The new
concrete jackets have a concrete strength of 62.5 MPa, and the old concrete cube's strength is varied between
18.4, 21.8, and 38.08 MPa. A total of eleven bond strength test specimens were cast with different parameters.
The specimen interface was arranged by different systems: roughness, agent material, and nails. The roughness
techniques used were hand-wire brushing, grinding, or hand chiseling. Theoretical results were compared with
the experimental data. It was concluded that using a new high-strength concrete with two times the strength of
the old lightweight concrete and treating it with nails is the best technique to achieve an economic and accept-
able value of bond strength. The nails achieved a good bond between the fresh and hardened concrete owing
to the developed shear friction. The hand-chiseling roughness method gives the best bond strength results. The
high difference in concrete strengths between the fresh high-strength jackets and the hardened lightweight cube
isn’t mandatory to enhance the interface bond strength between them.
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1. INTRODUCTION

In concrete structures, shear force can be passed through an interface surface among two different materials. The
interface surface may be between concrete and steel, or between concrete and concrete with different casting
times, between two crack faces in homogeneous concrete. This shear force is generally simulated as a shear
friction theory. This approach, first started in the 1960s by BIRKELAND and BIRKELAND [1], states that the
concrete-to-concrete interface shear strength results from the influence of numerous resisting mechanisms,
called the friction between two concretes, the cohesion between particles, and the shear force resulted by the
reinforcement passing through the interface. Nowadays, the shear friction phenomenon is commonly accepted
and has been approved by most design codes, including the PCI, AASHTO LRFD, ACI 318-14, and ACI 318R-
14 [2]. Natural adhesion occurs at the interface between two materials, and it is classified as specific and mechan-
ical. Mechanical adhesion happens when agent glue material fills the holes of the interface to confirm a good
bond. The development of the shear strength in layered elements with varied concrete strengths is affected by
varied issues such as the interface reinforcement, the compressive concrete strength, the interface roughness
cases, and the interface normal stresses created by the applied loads [3]. The overlay, contact, and substrate
layers represent the interface surface between concrete layers [4]. The bond strength value is affected by utiliz-
ing RFT, adhesion, and friction [3]. There are several factors affecting the concrete-to-concrete bonding strength,
like curing technique, utilization of agent bonding materials, mechanical characteristics of concrete, age of
chemical agent bonding materials, substrate surface state, and compaction technique [4]. The interfacial bond
strength of concrete-to-concrete layered sections is affected by numerous factors according to the interface such
as surface treatment, moisture condition, crossing reinforcement, and bonding agent, while other factors depend
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on the concrete substrate/overlay such as compressive strength, modulus of elasticity, curing, age, shrinkage,
type, fresh properties, structure, mixture, and contact state [5]. Treatment and curing methods of the interface
surface affected greatly the interface bond strength and cohesion [6]. The interface layer among substrate and
overlay is simulated using Abaqus software as a 100-pum-thick concrete layer that is connected to each layer [4].
Bonding strength can be estimated by different testing methods, such as pull-off tests that estimate it under ten-
sile stresses, direct shear tests that estimate it under shear stresses, and slant shear tests that estimate it under
compression and shear stresses. Many researchers investigated the testing type effect on the value of bond
strength [7, 8]. The type of bond strength test must be selected carefully according to the stresses subjected to
structure, while results for some tests increased up to eight times more than other types [9]. A test of direct shear
is utilized for studying the shear stress between concretes [10]. The bond strength between ultra-high-perfor-
mance and ordinary concrete was studied using direct shear, slant shear, and a third-point loading test [4]. The
effects of changing the concrete strength with high-performance and ordinary concrete have been studied [11].
The interface shear bond strength for ordinary with lightweight concrete has been estimated, and the results
show the parameters that affected the bond strength with different concrete strengths in production and design
[3]. Bond strength is developed by increasing the concrete’s strength [12]. Suitable surface treatment, such as
using agent materials and dowels, enhanced the bond strength in cases of good cleanliness and interface rough-
ness between the hardened and fresh layers [9]. The unsuitable treatment surface condition leads to an insuffi-
cient bond strength value, which causes early stress [13]. Cement-based slurries and epoxies are commonly used
as bonding agent materials [14]. Factors affecting the efficiency and choice of bonding agent materials are their
shrinkage, thermal expansion, viscosity, chemical, and physical properties. The components of the concrete
layers also effect on the performance of the concrete bonded with epoxy adhesives5. The efficiency of epoxies
depends on their application method, chemical structure, environmental factors, and concrete state surface [15,
16]. Bonding agent adhesive materials generally increase bond strength, impermeability, and interfacial adhe-
sion [17, 18]. The amount of bonding agent material applied to the interface affects the bond strength. The
optimum quantity depends on the stress state and properties of concrete, while insufficient quantity has a nega-
tive influence on the bond strength, and excessive quantity decreases the bond strength owing to early failure
produced by creep and high deformation [16, 19]. Using dowels to treat the surface between ordinary and high-
strength concrete can improve the bond strength value [20]. Using nails increased the interface shear strength by
4.6%, while agent material influenced it slightly9. Dowel action is defined as the moment resistance of the shear
connectors. The interface bond strength depends on the number of shear connectors, compressive strength of the
concrete, roughness, and reinforcement ratioS. Shear connectors enhanced the bond strength by about three
times compared to reference samples [21]. The interface bond strength can be enhanced by roughening the sur-
face and using dowels [22, 23]. The resulted bond strength between ultrahigh-performance and ordinary con-
crete is greatly influenced by the saturation of the substrate, more than roughing it from pull-off, splitting tensile,
and slant shear result tests [24—27]. The interface bond strength between two concretes differs with the location,
and decreasing bond strength owing to the pouring delay can be enhanced by roughing the hardened surface
before casting the fresh one. Utilizing a lightweight concrete layer as a bulk core section in the layered precast
beam decreases its own weight by more than 30% [28]. The flexural interface connection has been simulated
numerically depending on adhesion and roughness between the concrete layers using three varied roughness
cases: rough, minimum rough, and smooth [29, 30]. The bond strength value can be enhanced by interface
roughness [31]. Good compaction between new and old concretes may compensate for the roughness [26]. The
roughness of the substrate is affected by the type of agent material used and the direct tensile strength test type
(pull-off or slant shear test) [32]. In the tension test, new concrete strength affects the bond strength more than
roughening [33]. Brushing, acid etching, grooving, leaching of cement paste, and dragging jute have been con-
sidered as surface treatment methods [5]. Wire brushing, chipping, and sand blasting can be used for roughening
the interface for the bond strength test [34]. In recent years, structural lightweight aggregate concrete with vari-
ous lightweight aggregate types has been studied and advanced widely in order to be suitable for the large-scale
construction of high-rise buildings and large-span structures. Lightweight concrete can be obtained in three
ways: Firstly, by neglecting the fine aggregate; Secondly, by adding chemical mixtures to attain air bubbles in
concrete; Lastly, by replacing the normal aggregate with lightweight aggregate to produce Lightweight Aggre-
gate Concrete (LWAC), which can be used in many fields owing to its suitable strength and variety of density
[35]. Perlite is considered an available natural material that can be utilized as an excellent lightweight aggregate
in LWAC [36]. In the mid-20th century, a characteristic concrete strength (fc) of 25 MPa was determined for
high-strength concrete. In 1980, 50 MPa of concrete was considered high-strength. Generally, compressive
concrete strength greater than 60 MPa is determined for high-strength concrete (HSC). Then, its compressive
concrete strength is developed to be about 120 MPa and is commercially available. High-strength concrete with
high values of compressive strength, low values of permeability, and a high unit weight can be created by
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replacing cement with a binder mixture like silica fume [37-39]. An experimental program has been performed
in the research to study the bond strength between high-strength and lightweight concrete.

2. RESEARCH SIGNIFICANCE

* Producing a structural lightweight concrete mixture with a 28-days cube compressive strength not decreasing
by 18 MPa and unit weight not increasing by 2000 kg/m?, and high-strength concrete having a compressive
strength not decreasing by 60 MPa, then studying their mechanical properties (flexural strength, compressive
strength, and splitting-tensile strength).

* Studying the bond strength between the new high-strength concrete jackets with 62.5 MPa concrete strength
and the old lightweight concrete cube with different concrete strengths of 18.4, 21.8, and 38.08 MPa and
different treatment methods of roughness using hand wire brushing or grinding or chiseling, agent material,
and nails

* Compared the experimental data with theoretical investigations by the European Standard, Eurocode 2, ACI-
318, and the Egyptian Code, ECP 203.

3. DETAILS OF THE EXPERIMENTAL TEST

3.1. Used materials

The mix design given in Table 1 was prepared with different variables to obtain a structurally lightweight con-
crete mixture and high-strength concrete. Gravel with a maximum nominal size of 14 mm besides Expanded
Perlite Aggregate (EPA), with replacement ratios of 0%, 10%, 20%, 30%, 40%, 50%, and 60%, was utilized
as natural coarse aggregate. Ordinary Portland Cement with a grade of 52.5 N, besides silica fume (15% by
cement), was used as binder material. Sand was utilized as a natural fine aggregate. superplasticizer (SP) was
used with a ratio of 4% binder content. The 0.45 water/binder (W/b) ratio was saved as a constant value in all
concrete mixtures.

3.2. Preparation of specimens

In this experimental work, the 7 mixes with different perlite replacement ratios of 0%, 10%, 20%, 30%, 40%,
50%, and 60% were carried out according to the absolute volume method to produce structural lightweight
concrete mix and high strength concrete mix and investigate their mechanical properties (flexural strength,
compressive strength, indirect-tensile strength, and unit weight). At first, all drying materials were weighted
and mixed for five minutes, then liquid materials were added carefully and mixed for two minutes. All mixing
procedures were prepared at about 25 °C.

Wooden material has been used for casting the bond test specimens. A lightweight concrete cube with
dimensions of 100*100*100 mm and concrete strengths of 18.4, 21.8, and 38.08 MPa has been prepared to refer
to the old concrete from this test. After one day (24 hours), the cubes have been demolded and cleaned, and
then the two high-strength jackets having dimensions of 100*100*70 mm and 62.5 MPa concrete strength are
cast on the two opposite sides of the cube to represent the new concrete from this test. For specimens treated
with a roughness case, the cubes have been roughened carefully with hand wire brushing, grinding, and hand
chiseling before casting the two jackets. For specimens treated with agent material case, an agent bond material
(Addibond-65) has been utilized as an adhesive for concrete-to-concrete, and old cubes have been treated
with the agent material slurry before casting the two new jackets according to the instructions of the producer

Table 1: Concrete mix design for specimens (kg/m?).

MIX. NO. 1 2 3 4 5 6 7
Epa% 0 10 20 30 40 50 60
Cement 520 520 520 520 520 520 520

Silica Fume 78 78 78 78 78 78 78
Admixture 24 24 24 24 24 24 24
Water 240 240 240 240 240 240 240
Sand 473.7 319.6 241.15 193.6 161.7 138.8 121.67
Gravel 947.6 575.28 385.84 271 194.08 138.8 97.33
Perlite 0 63.92 96.46 116.17 129.4 138.8 146
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company. The properties of the used agent material are given in Table 2. For specimens treated with a nail case,
steel bars with an 8-mm diameter and grade of 240 MPa have been embedded with 30 mm length in the two
opposite sides of the cubes before casting the two new jackets. The specimens have been cured and covered for
28 days before being tested. Dimensions for bond strength test samples are demonstrated in Figure 1. Modeling
with the casting of tested samples is given in Figure 2 and Figure 3. Roughness techniques are shown in Figure
4. Tools used for the surface preparation process are shown in Figure 5.

3.3. Test procedures

A total of 42 cubes, 63 cylinders, and 21 prisms were cast in this research. A total of 7 mixtures were prepared
to determine unit weight (p), cube (F_ ), and cylinder compressive strength (Fcy) measured at 28 and 7 days,
splitting-tensile strength (Fsp) measured at 28 days, and flexural strength (F ) measured at 28 days. Cylinder
compression tests were done as stated by ASTM C39. Cube compression tests were done as stated by ASTM
C109. Indirect or splitting tensile tests were performed on cylinders according to ASTM C496. Flexural test-
ing was conducted on prism specimens subjected to a 3-point bending test according to ASTM C 1018. Every
mixture consists of 6 cubes with 100*100*100 mm dimensions, 9 cylinders with 100mm diameter and 200mm
height dimensions, and 3 prisms with 100*100 mm cross-section and 500mm total length. The test results for
each mixture were the average of three specimen results. For the bond strength (F, ) test, a total of 33 lightweight
cubes with concrete strengths of 18.4, 21.8, and 38.08 MPa were prepared to refer to the old concrete, and 66

Table 2: Properties of agent bond material of addibond-65 [40].

PROPERTY | BENDING |COMPRESSIVE| TENSILE | % WATER | ABRASION %AT CHEMICAL
STRENGTH| STRENGTH |STRENGTH |ABSORPTION |RESISTANCE| CHANGE7 |RESISTANCE
(MPa) (MPa) (MPa) LOSS% DAYS 5% H,SO,
KEROSENE
Value 28 168 12 9.65 42 48 8

wuw 001

i 70 mm 100 mm 70 mm %

Figure 2: Molding and casting for cube, cylinder, and prismatic specimens (a) wooden molds, and (b) casting specimens.
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Figure 3: Molding and casting for bond strength test specimens (a) wooden molds, (b) casting specimens with old concrete,
(c) casting specimens with agent material, (d) casting specimens with nails, and (e) casting specimens with new concrete.

Hand chiseling Grinding Wire brushing

Figure 4: Surface preparation for specimens with different roughness techniques.

Figure 5: Tools used for surface preparation process: (a) hand wire brushing, (b) grinding, and (c) hand chiseling.

high-strength jackets with concrete strengths of 62.5 MPa were prepared to refer to the new concrete. Three
samples treated for roughness with hand wire brushing are denoted as B18.4, B21.8, and B38.08. One sample
treated for roughness with grinding is denoted as G18.4. One sample treated for roughness with hand chiseling
is denoted as C18.4. Three samples treated with agent material are denoted as M18.4, M21.8, and M38.08. Three
samples treated with nails are denoted as N18.4, N21.8, and N38.08. Specimens, with variables given in Table 3.
The specimens have been tested after 28 days in a compression test machine under static loading to measure
the direct shear stress between the new lightweight cube and the old high-strength jackets. Three specimens
have been tested and loaded to failure for each case, and the average result of them has been taken by MPa. Test
samples are shown in Figure 6.



[ er | EISA, A.S.; ABOUL-NOUR, L.A.; MOHAMAD, A., revista Matéria, v.29, n.1, 2024

Table 3: Specimen’s variables abbreviations used in the test.

MIX. NO. CONCRETE TREATMENT SURFACE CASE
STRENGTH ROUGHNESS AGENT NAILS
(MPa) BRUSHING | GRINDING | CHISELING | MATERIAL ™)
(B) (G) (©) M)
Bond Strength 18.4 B18.4 G184 C18.4 M18.4 N18.4
(F,) (MPa) 21.8 B21.8 - - M21.8 N21.8
38.08 B38.08 - - M38.08 N38.08

Figure 6: Test samples: (a) cubes, cylinders, and prisms, (b) specimen with nails, and (¢) bond strength specimen.

4. RESULTS AND DISCUSSION

Results of flexural, splitting, and compression tests are given in Table 4, Table 5 and Figure 7 show the overall
average bond strength test results for different treatment cases.

4.1. Mode of failure for specimens

Mode of failure of cubes, cylinders, and prisms shown in Figure 8. All specimens prepared by roughening the
interface separated at the interface with a brittle shear collapse between new and old concretes without any
damage to particles. Specimens treated with agent bond material collapsed with a crack that passed through the
interface surface between the agent bond material and the new concrete with a few particles damaged, which
indicated that the bond between the new concrete and the agent bond material is considered weaker than the
bond between the hardened old concrete and the agent bond material. Specimens treated with nails collapsed
with a crack that passed through the old concrete cube without slight particle damage, which indicated that the
nails achieved a good bond between the fresh and hardened concrete owing to the developed shear friction, as
shown in Figure 9.

4.2. Effect of changing perlite replacement ratio on the mechanical properties of lightweight concrete
and high-strength concrete

As expected, increasing the perlite replacement ratio decreased all mechanical properties of the designed mix-
tures, as shown in Figure 10. A mix without perlite (0%) was used as a control mix to compare the results. Unit
weight is considered a significant property in the case of lightweight concrete, which greatly affected the hard-
ened concrete strength. Unit weight has decreased by 9.4%, 15.57%, 22.82%, 41.17%, 45.9%, and 46.95% for
perlite replacement ratios of 10%, 20%, 30%, 40%, 50%, and 60%, respectively, compared to the perlite replace-
ment ratio of 0%, and this may be due to the perlite’s lower specific gravity and its porous structure related to
natural aggregate value. Such reductions in unit weight values can have great benefits for the performance of
structures. They can also reduce cross-section and reinforcement for the structure elements, so the overall cost
can be decreased. Using perlite as a lightweight aggregate to replace natural aggregate produced a reduction in
the density of concrete [41-43]. The hardened concrete compressive strength is considered the most significant
mechanical property, so it should be determined carefully for all mixtures. Cube compressive strength at 28
days has decreased by 12%, 32.16%, 39.072%, 65.12%, 70.56%, and 80.48% for perlite replacement ratios of
10%, 20%, 30%, 40%, 50%, and 60%, respectively, compared to the 0% perlite replacement ratio. The 7-days
compressive strength results were roughly equal to 80% of the 28-days concrete compressive strength; this
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Table 4: Results of compression, splitting, and flexural tests.

MIX. NO. | %EPA | P(KG/M?) F_(MPA) F,(MPA) | F (MPA)
CUBE (F ) CYLINDER (Fg)
7-DAYS | 28-DAYS | 7-DAYS | 28-DAYS
1 0% 2594 48.6 62.5 47.87 58.3 4.53 5.73
2 10% 2350 40.2 55 39 48.8 3.85 4.84
3 20% 2190 36.7 42.4 28.7 36 2.88 4.24
4 30% 2002 29.3 38.08 273 334 2.24 3.8
5 40% 1526 16.65 21.8 15.93 20.65 1.28 2.19
6 50% 1403 13.13 18.4 10.6 14.37 0.94 1.512
7 60% 1376 8.50 12.2 7.25 11.35 0.793 1.24
Table 5: Average overall bond strength test results.
MIX. NO. |[CONCRETE TREATMENT SURFACE CASE
STRENGTH ROUGHNESS AGENT NAILS (N)
(MPA) " [BrUSHING F, |GRINDING| F, |CHISELING | F, |MATERIAL (M)
(B) (&) ©
Bond 18.4 B18.4 0.75 G184 |0.52 Cl18.4 1.08] MI84 |1.263| N84 [1.378
Strength (F,) 21.8 B21.8 0.84 - - - - | mM218 | 167 | N218 |1.73
(MFPa) 38.08 B38.08 0.89 - - - - M38.08 2.0 N38.08 | 2.13
Bond strength test results (MPa)
=——o— Roughness with wire brushing =——i— Agent material ==0-— Nails
- 2.25 A
o 2
E 1.75
1.5
1.25
1
0.75 V""’f e
0.5
0.25
0 >
15 178 20 225 25 275 30 325 35 375 40
F., (MPa)

Figure 7: Average bond strength test results for different treatment cases.

may be because of the large amount of cement plus silica fume and super-plasticizer used in these samples. The
cube compressive strength increased by about 10% compared to the cylinder compressive strength owing to
its smaller aspect ratio and the proportionally greater lateral attachment provided by the machine platens. Such
reductions in compressive strength may be owing to the weak perlite structure of the mixtures. As is known,
compressive strength is considered a function of unit weight, so the obtained results show a regular decrease
in compressive strength with the unit weight, as given in Figure 11. Compressive strength was reduced with a
high EP content in the matrix [44—47]. The splitting or indirect tensile strength is considered one of the greatest
essential mechanical properties of the hardened concrete, which seriously effects on the ductility and safety of
the hardened concrete. Splitting tensile strength has decreased by 15.01%, 36.42%, 50.55%, 71.74%, 79.25%,
and 82.5% for perlite replacement ratios of 10%, 20%, 30%, 40%, 50%, and 60%, respectively, compared to
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Figure 8: Failure mode for; (a) cubes for compression test, (b) cylinders for compression test, (c¢) cylinders for splitting
tensile test, and (d) prisms for flexural test.

S v

Figure 9: Failure for bond strength test specimens in case of; (a) roughness, (b) agent material, and (c) nails.
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Figure 10: Effect of changing perlite replacement ratio on (a) unit weight, (b) compressive strength, (c) indirect-tensile

strength, and (d) flexural strength.
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Figure 11: Relationship between unit weight and cube compressive strength.

the perlite replacement ratio of 0%. It can be concluded that tensile strength roughly equals 13% of the 28-days
compressive strength. The indirect-tensile strength decreased with an increase in EP ratios [35, 48, 49]. Flexural
strength has decreased by 15.53%, 26%, 33.68%, 61.78%, 73.61%, and 78.36% for perlite replacement ratios
of 10%, 20%, 30%, 40%, 50%, and 60%, respectively, compared to the perlite replacement ratio of 0%. The
addition of perlite brings down the concrete’s flexural strength [50]. It can be seen that mix with 0% perlite
meets the requirements of the targeted high-strength concrete and mixes with 30%, 40%, and 50% perlite meet
the requirements of the targeted structural lightweight concrete, and they can be used for testing bond strength
in this study with different treatment methods.

4.3. Effect of changing surface preparation with different roughness cases on the bond strength

As given in Table 5, the reference sample B roughened by hand-wire brushing has a moderately low bond
strength value of 0.75 MPa without any particle damage at failure. The sample G roughened by grinding gave
the lowest bond strength value of 0.52 MPa, while the sample C roughened by hand chiseling technique gave
the highest bond strength value of 1.08 MPa, compared to the reference specimen B. Using grinding for rough-
ening the surface (G) decreased the bond strength by 30.67% compared to the (B). This may be due to the
obvious smooth texture resulting from grinding. In contrast, using hand-chiseling for roughening the surface (C)
improved the bond strength by 44% compared to (B) sample due to the rough surface resultant of this roughness
technique. This means that the hand chiseling roughness method gives the best bond strength results. Increas-
ing the concrete roughness of the overlay surface increased the interface bond strength owing to the developed
value of the shear friction at the interface and the mechanical interlocking among the two concrete surfaces. The
benefits of increasing roughness on the tensile and shear bond strength mainly depend on the applied stress and
the roughness level. ELBAKRY et al. [1] concluded that using hand-chiseling for surface roughness is signifi-
cantly more effective than using grinding. The effect of changing the roughness technique on the interface bond
strength results is illustrated in Figure 12.

4.4. Effect of varying concrete strength with the same treatment method on the bond strength

Table 6 and Figure 13 show the effect of varying concrete strength with the same treatment method on the inter-
face bond strength between the new high-strength jackets and the old lightweight cube. Increasing the concrete
strength enhanced the structural behavior and bond strength of specimens, owing to changing the mode of
failure from adhesive to cohesive. Increasing the lightweight concrete strength for cubes leads to increasing the
bond strength by 12%, 18.67% for 21.8 MPa, and 38.08 MPa, respectively, compared to 18.4 MPa in the case
of using brushing roughness as a treatment method. In the case of using agent material as a treatment method,
the bond strength increased by 32.22% and 58.35% for 21.8 MPa and 38.08 MPa, respectively, compared to
18.4 MPa. Increasing the compressive strength in the case of using bonding agent material enhanced the bond
strength value owing to changing the mode of failure from rupture to adhesive, which helps to reduce the fast and
brittle failure. Also, in the case of using nails as a treatment method, the bond strength increased by 25.54% and
54.57% for 21.8 MPa and 38.08 MPa, respectively, compared to 18.4 MPa. The rate of bond strength increased
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Effect of varying the surface roughness technique on the

bond strength
1.2 4
= C18.4
&
e 1
=
S0 B18.4
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»
T 06 G18.4
92
0.4
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0 -
Brushing Grinding Chiseling

Roughness technique

Figure 12: Effect of changing the surface roughness technique on the bond strength.

Table 6: Effect of varying concrete strength with the same treatment method on the bond strength.

MIX. NO. TREATMENT SURFACE CASE
ROUGHNESS BY | %F, AGENT %F, NAILS %F,
BRUSHING MATERIAL
Bond BI84 | 0.750 - MI8.4 | 1263 - N18.4 1.378 -
Strength (F)) | o1 g 0.84 +12% | M21.8 1.67 | +32.22% | N21.8 173 | +25.54%
(MPa) B38.08 | 0.890 | +18.67% | M38.08 20 | +58.35% | N38.08 | 2.13 | +54.57%

Effect of varying concrete strength with the same treatment method

on the bond strength
BRoughness @ Agent material B Nails
g 1804 158.35%
T 160 154.57%
132.22%
140
12554%  118.67%
120

100 100 100

100
80
60
40
20

Fcu 18.4 Fcu 21.8 Fcu 38.08
Treatment method with concrete strength

Figure 13: Effect of changing concrete strength with the same treatment method on the bond strength

by about 2.64% and 0.3% for increasing the concrete strength from 18.4 to 21.8 and from 21.8 to 38.08 MPa,
respectively, in the case of using brushing roughness as a treatment method. The rate of bond strength increased
by about 11.97% and 2.02% for increasing the concrete strength from 18.4 to 21.8 and from 21.8 to 38.08 MPa,
respectively, in the case of using agent material as a treatment method. The rate of bond strength increased by
about 10.35% and 2.45% for increasing the concrete strength from 18.4 to 21.8, and from 21.8 to 38.08 MPa,
respectively, in the case of using nails as a treatment method. This means that the concrete strength between
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18.4 MPa and 21.8 MPa is given the most effective value of interface bond strength, while utilizing high concrete
strength values of (38.08 MPa) reduces the rate of bonding strength and fails the bond between the hardened and
fresh concretes due to its brittle characteristics in all treatment cases. The high difference in concrete strengths
between the fresh high-strength jackets and the hardened lightweight cube isn’t mandatory to improve the inter-
face bond strength between them. Economically, the new high-strength concrete for jackets must increase by
about 2-3 times the hardened lightweight strength for cubes in all treatment cases. Increasing the strength of the
fresh concrete enhanced the interface bond strength with the same surface preparation method, whether using
epoxy, shear dowels, or both of them [51].

4.5. Effect of changing treatment method with the same concrete compressive strength on the bond
strength

Table 7 and Figure 14 show the effect of varying the treatment method with the same concrete strength on the
interface bond strength between the high-strength jackets and the lightweight cube. Using agent material and
nails as treatment methods improved the bond strength by 68.4% and 83.73%, respectively, compared to the
treatment method of brushing roughness with a compressive strength of 18.4 MPa. Using agent material and
nails as treatment methods increased the bond strength by 98.8% and 105.95%, respectively, compared to the
treatment method of brushing roughness with a 21.8 MPa compressive strength. Using agent material and nails
as treatment methods increased the bond strength by 124.72% and 139.32%, respectively, compared to the
treatment method of brushing roughness with a compressive strength of 38.08 MPa. It can be noticed that using
nails gives the highest bonding strength with about 15.33%, 7.15%, and 14.6% for 18.4, 21.8, and 38.08 MPa,
respectively, compared to agent material. So, using nails as a treatment method between high-strength jackets
and lightweight cubes with an appropriate concrete strength value achieves good and economic bond strength.
Using shear connectors passing through the interface between concrete-to-concrete composites enhanced the
load capacity transferred at higher slips. Utilizing shear dowels, epoxy material, or both of them improved the

Table 7: Effect of varying treatment method with the same concrete strength on the bond strength.

MIX. NO. TREATMENT SURFACE CASE
ROUGHNESS BY AGENT MATERIAL NAILS
BRUSHING
F 0.750 1.263 1.378
B18.4 M18.4 N18.4
%F, - +68.4% +83.73%
Bond strength (F,) | T B21.8 0.84 M21.8 Lo7 N21.8 L7
(MPa) %F, - +98.8% +105.95%
F 0.890 2.0 2.13
B38.08 M38.08 N38.08
%F, - +124.72% +139.32%
Effect of changing treatment method with the same concrete strength
on the bond strength
@OFcu 18.4 B@Fcu 21.8 BFcu 38.08
> 300
;; A
239.329
250 224.72% 29.32%
; 205.95%
200 183.73%
150
100 100 100
100
50
0

Roughness

Agent material nails
Treatment method with concrete strength

Figure 14: Effect of changing treatment method with the same concrete compressive strength on the bond strength.
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Table 8: The interface relative bond strength results.

TREATMENT ROUGHNESS BY AGENT MATERIAL NAILS
METHOD BRUSHING
Relative bond B18.4 B21.8 | B38.08 | MI184 | M21.8 | M38.08 | N18.4 N21.8 | N38.08
strength % 100 112 118.67 168.4 222.67 | 266.67 | 183.73 | 230.67 284

interface bond strength compared to the non-treatment case [9, 51]. It is concluded that using shear connectors
for bonding old cubes to new jackets gave the best bond strength results compared to agent material and rough-
ness.

4.6. Relative bond strength using different treatment methods

Table 8 illustrates the interface relative bond strength compared to the specimen treated with roughness using
an 18.4 MPa concrete strength (B18.4). It can be noted that the sample using 38.08 MPa concrete strength with
nails (N 38.08) gives the highest relative ratio bond strength of 284% compared to the reference case. With the
same treatment method, using a sample with 21.8 MPa concrete strength (N 21.8) gave an interface relative
bond strength of 230.67%, and using a sample with 18.4 MPa concrete strength (N 18.4) gives a relative bond
strength of 183.73% from the original case. Therefore, the treatment method using nails has a greater effect on
the bond strength than utilizing a concrete with higher strength values, saving costs. From tests, utilizing a new
high-strength concrete with a double value of the old lightweight concrete strength and treating it with nails is
the best technique to attain an acceptable and economic value of bond strength. AMIN et al. [51] concluded
similar results.

5. THEORETICAL INVESTIGATION

The interface bond strength between the fresh and hardened concrete was calculated using the European Stan-
dard, Eurocode 2 [52], the Egyptian Code, ECP 203 [53], and ACI (American Concrete Institute) Committee
318 [54].

ECP 203

The cohesion between the fresh and hardened concrete and the interface normal compressive strength aren’t
considered in the Egyptian Code, but only the interface shear friction, which developed owing to the use of
dowels. The bond strength of the specimen with nails was calculated in Table 9 according to the following ECP
203 equation:

Q, = ku*AX(E/Y) )

Where:

* Q, = ultimate shear force.

* u, = friction coefficient; consider p, = 0.8 for rough and 0.5 for smooth surfaces.
* A = cross-section area of nails.

¢ f = yield stress for nails.

* v, = reduction factor for nails; take y_= 1.0.

Eurocode 2

The Eurocode equation depends on the cohesion between the fresh and hardened concrete, the interface
compressive stresses, and using nails. The bond strength for specimens was calculated in Table 9 according to
the following Eurocode 2 equation:

Vg = € * £ )+ (n*o ) + [p* fyd*(u *sina+cos )] <(0.5*v*f) 2)

Where:
* V., = interface shear stress.

» ¢ and p = interface roughness factors; consider ¢ = 0.20, p = 0.60 for smooth interface and ¢ = 0.40, p=0.70
for rough interface.
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Table 9: Experimental and theoretical average bond strength.

SPECIMEN BOND STRENGTH VALUE (MPa)
EXPERIMENTAL | ECP 203 EUROCODE 2 ACI-318
B18.4, brushing 0.75 - 0.746 —
G18.4, grinding 0.52 - 0.746 -
C18.4, chiseling 1.08 - 1.62 -
N18.4, nails 1.378 0.67 1.94 1.407
* f , = concrete tensile strength; f = (o, *f ,0.05)/y_. where o is a coefficient of 1.0, f_, - is the concrete

axial tensile strength, and y,_ is the concrete partial safety factor of 1.0.

* f , = concrete compressive strength; £, = (o *f,/y ). Where a_ is a coefficient of 1.0, f, is the cylinder com-
pressive strength at 28 days.

e f ,=yield stress for RFT; f =f /y.where f, is the yield strength for reinforcement and vy, is the RFT partial
S ¥ Y s y s
safety factor of 1.0.

* G = stress per unit area; +ve for compression, and -ve for tension, 6, = p_V, .. Where p_is the friction coeffi-
cient between the testing plate of the machine and the fresh concrete jacket, take p_= 0.55.

* p=(A,+A), where A_is the cross-section area of nails and A, is the interface joint area.
» o = the angle between the interface surface and the RFT crossing the interface; take a = 90°.
* v = reduction factor for strength; v = 0.6 (1 —f,/250).

ACI-318

According to ACI 318, the interface shear stress, which is subjected to pure shear and traversed by perpendicular
steel reinforcement, can be calculated as

v,=p*f, 3)
where

p = reinforcement ratio for interface nails

fy = yield strength for nails

p = friction coefficient at the shear plane, which depends on the type of shear plane and shear friction failure
mechanisms. For shear planes at the concrete anchored to the structural steel by reinforcing bars, 1 is defined as
0.7A, where A = 1.0 for normal-weight concrete and 0.75 for all lightweight concrete.

5.1. Discussion of theoretical results

The comparison between the estimated Egyptian, ACI-318, and Euro code bond strength values and the
measured experimental value is given in Table 9. The Egyptian code equation for bond strength calculations
excluded specimens without nails due to unconsidered cohesion. Comparing the experimental bond strength
value with the theoretical code value for specimens with nails N18.4 indicated that the theoretical code equation
underestimated nail influence on bond strength. A similar result could be concluded when the estimated values
were compared with the measured value increase in bond strength. Eurocode bond strength values agreed with
experimental values for brushing, but higher values were found for grinding, chiseling, and nails. American code
results agree with the experimental bond strength results for specimens treated with nails. The Eurocode results
were higher than the Egyptian code and ACI code results.

6. CONCLUSIONS
From the previously presented results, these conclusions can be numbered:

As expected, increasing the perlite replacement ratio decreased all of the mechanical properties of the
designed mixtures.

Mix with 0% perlite meets the requirements of the targeted high-strength concrete, and mixes with 30%,
40%, and 50% perlite meet the requirements of the targeted structural lightweight concrete, and they can be used
for testing the bond strength with different treatment methods.
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The hand-chiseling roughness method gives the best bond strength results.

The high difference in concrete strengths between the fresh high-strength jackets and the hardened light-
weight cube isn’t mandatory to enhance the interface bond strength between them.

Using a new high-strength concrete with a double value of the old lightweight concrete strength and
treating it with nails is the best technique to attain an acceptable and economic bond strength.

Eurocode bond strength values agreed with experimental values for brushing, but higher values were
found for grinding, chiseling, and nails. Eurocode results were higher than Egyptian and American code results.

American code results agree with the experimental bond strength results for specimens treated with nails.

All specimens prepared by roughening the interface separated at the interface with a brittle shear collapse
between new and old concretes without any damage to particles.

Specimens treated with agent bond material collapsed with a crack that passed through the interface sur-
face between the agent bond material and the new concrete, with a few particles damaged, which indicated that
the bond between the new concrete and the agent bond material is considered weaker than the bond between the
hardened old concrete and the agent bond material.

Specimens treated with nails collapsed with a crack that passed through the old concrete cube without
slight particle damage, which indicated that the nails achieved a good bond between the fresh and hardened
concrete owing to the developed shear friction.

7. BIBLIOGRAPHY

[1] BIRKELAND, P.W., BIRKELAND, H.W., “Connections in precast concrete construction”, Journal Pro-
ceedings, v. 63, n. 3, pp. 345-368, 1966.

[2] DAVAADORIJ, O., CALVI, PM., STANTON, J.F., “Shear stress transfer across concrete-to-concrete
interfaces: experimental evidence and available strength models”, PCI Journal, v. 65, n. 4, pp. 87-111,
2020. doi: http://dx.doi.org/10.15554/pcij65.4-04

[3] KOROL, E., THO, V.D., “Bond strength between concrete layers of three-layer concrete structures”, /OP
Conference Series. Materials Science and Engineering, v. 775, n. 1, pp. 012115, 2020. doi: http://dx.doi.
org/10.1088/1757-899X/775/1/012115

[4] FARZAD, M., SHAFIEIFAR, M., AZIZINAMINI, A., “Experimental and numerical study on bond
strength between conventional concrete and Ultra High-Performance Concrete (UHPC)”, Engineering
Structures, v. 186, pp. 297-305, 2019. doi: http://dx.doi.org/10.1016/j.engstruct.2019.02.030

[5] DANESHVAR, D., BEHNOOD, A., ROBISSON, A., “Interfacial bond in concrete-to-concrete com-
posites: A review”, Construction & Building Materials, v. 359, pp. 129195, 2022. doi: http://dx.doi.
org/10.1016/j.conbuildmat.2022.129195

[6] ABD MALEK, N.A.A.,, MUHAMAD, K., ZAHID, M.Z.AM., et al., “Evaluation of bond strength
between normal concrete and high performance fiber reinforced concrete (HPFRC)”, MATEC Web of
Conferences, v. 195, pp. 01015, 2018. doi: http://dx.doi.org/10.1051/matecconf/201819501015

[71 MOMAYEZ, A., EHSANI, M.R., RAMEZANIANPOUR, A .A., et al., “Comparison of methods for eval-
uating bond strength between concrete substrate and repair materials”, Cement and Concrete Research, v.
35, n. 4, pp. 748-757, 2005. doi: http://dx.doi.org/10.1016/j.cemconres.2004.05.027

[8] AUSTIN, S., ROBINS, P, PAN, Y., “Shear bond testing of concrete repairs”, Cement and Concrete
Research,v.29,n. 7, pp. 1067-1076, 1999. doi: http://dx.doi.org/10.1016/S0008-8846(99)00088-5

[91 ELBAKRY, H.M., TARABIA, A.M., “Factors affecting bond strength of RC column jackets”, Alexandria
Engineering Journal, v. 55, n. 1, pp. 57-67, 2016. doi: http://dx.doi.org/10.1016/j.a¢j.2016.01.014

[10] LI, B., LAM, E.S.S., “Influence of interfacial characteristics on the shear bond behaviour between con-
crete and ferrocement”, Construction & Building Materials, v. 176, pp. 462—469, 2018. doi: http://dx.doi.
org/10.1016/j.conbuildmat.2018.05.084

[I1] DYBEL, P., WALACH, D., “Evaluation of the development of bond strength between two concrete lay-
ers”, IOP Conference Series. Materials Science and Engineering, v. 245, pp. 032056, 2017. doi: http://
dx.doi.org/10.1088/1757-899X/245/3/032056

[12] JULIO, E.N., BRANCO, F.A.B., SILVA, V.D,, et al., “Influence of added concrete compressive strength

on adhesion to an existing concrete substrate”, Building and Environment, v. 41, n. 12, pp. 1934-1939,
2006. doi: http://dx.doi.org/10.1016/j.buildenv.2005.06.023


https://doi.org/10.15554/pcij65.4-04
https://doi.org/10.1088/1757-899X/775/1/012115
https://doi.org/10.1088/1757-899X/775/1/012115
https://doi.org/10.1016/j.engstruct.2019.02.030
https://doi.org/10.1016/j.conbuildmat.2022.129195
https://doi.org/10.1016/j.conbuildmat.2022.129195
https://doi.org/10.1051/matecconf/201819501015
https://doi.org/10.1016/j.cemconres.2004.05.027
https://doi.org/10.1016/S0008-8846(99)00088-5
https://doi.org/10.1016/j.aej.2016.01.014
https://doi.org/10.1016/j.conbuildmat.2018.05.084
https://doi.org/10.1016/j.conbuildmat.2018.05.084
https://doi.org/10.1088/1757-899X/245/3/032056
https://doi.org/10.1088/1757-899X/245/3/032056
https://doi.org/10.1016/j.buildenv.2005.06.023

[ er | EISA, A.S.; ABOUL-NOUR, L.A.; MOHAMAD, A., revista Matéria, v.29, n.1, 2024

[13]

[14]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

RITH, M., KIM, Y.K., LEE, S.W.,, et al., “Analysis of in situ bond strength of bonded concrete overlay”,
Construction & Building Materials, v. 111, pp. 111-118, 2016. doi: http://dx.doi.org/10.1016/j.conbuild-
mat.2016.02.062

AL-ZU’BI, M., FAN, M., ANGUILANO, L., “Advances in bonding agents for retrofitting concrete struc-
tures with fibre reinforced polymer materials: a review”, Construction & Building Materials, v. 330, pp.
127115, 2022. doi: http://dx.doi.org/10.1016/j.conbuildmat.2022.127115

VALIKHANI, A., JAHROMI, A.J., MANTAWY, L.M., et al., “Experimental evaluation of concrete-to-
UHPC bond strength with correlation to surface roughness for repair application”, Construction & Build-
ing Materials, v. 238, pp. 117753, 2020. doi: http://dx.doi.org/10.1016/j.conbuildmat.2019.117753

YEON, J., SONG, Y., KIM, K.K., et al., “Effects of epoxy adhesive layer thickness on bond strength
of joints in concrete structures”, Materials, v. 12, n. 15, pp. 2396, 2019. doi: http://dx.doi.org/10.3390/
mal2152396. PubMed PMID: 31357603.

ZHANG, Y., ZHU, P., LIAO, Z., et al., “Interfacial bond properties between normal strength concrete
substrate and ultra-high performance concrete as a repair material”, Construction & Building Materials,
v. 235, pp. 117431, 2020. doi: http://dx.doi.org/10.1016/j.conbuildmat.2019.117431

WANG, L., TIAN, Z., MA, G., et al., “Interlayer bonding improvement of 3D printed concrete with poly-
mer modified mortar: experiments and molecular dynamics studies”, Cement and Concrete Composites,
v. 110, pp. 103571, 2020. doi: http://dx.doi.org/10.1016/j.cemconcomp.2020.103571

RASHID, K., AHMAD, M., UEDA, T., et al., “Experimental investigation of the bond strength between
new to old concrete using different adhesive layers”, Construction & Building Materials, v. 249, pp.
118798, 2020. doi: http://dx.doi.org/10.1016/j.conbuildmat.2020.118798

SAJEDI, F., RAZAK, H.A., “Comparison of different methods for activation of ordinary Portland
cement-slag mortars”, Construction & Building Materials, v. 25, n. 1, pp. 30-38, 2011. doi: http://dx.doi.
org/10.1016/j.conbuildmat.2010.06.060

FERNANDES, H., LUCIO, V., RAMOS, A., “Strengthening of RC slabs with reinforced concrete overlay
on the tensile face”, Engineering Structures, v. 132, pp. 540-550, 2017. doi: http://dx.doi.org/10.1016/j.
engstruct.2016.10.011

NARESH, J., LAVANYA, B., KUMAR, K.S., “A study on bond strength of normal concrete to high
volume fly ash concrete”, IOP Conference Series. Materials Science and Engineering, v. 1057, n. 1, pp.
012082, 2021. doi: http://dx.doi.org/10.1088/1757-899X/1057/1/012082

NGUYEN, Q.T., SERHATOGLU, C., LGVAOGLU, R., “The effect of shear connector ratios on the
concrete-to-concrete interface”, In: Proceedings of the 13th International Congress on Advances in Civil
Engineering, lzmir, Turkey, 2018.

CARBONELL MUNOZ, M.A., HARRIS, D.K., AHLBORN, T.M., et al., “Bond performance between
ultrahigh-performance concrete and normal-strength concrete”, Journal of Materials in Civil Engineering,
v. 26, n. 8, pp. 04014031, 2014. doi: http://dx.doi.org/10.1061/(ASCE)MT.1943-5533.0000890

TAYEH, B.A., ABU BAKAR, B.H.,, MEGAT JOHARI, M.A., et al., “Mechanical and permeability
properties of the interface between normal concrete substrate and ultra high performance fiber concrete
overlay”, Construction & Building Materials, v. 36, pp. 538-548, 2012. doi: http://dx.doi.org/10.1016/j.
conbuildmat.2012.06.013

HABER, Z.B., MUNOZ, J.F., DE LA VARGA, 1, et al., “Bond characterization of UHPC overlays for
concrete bridge decks: laboratory and field testing”, Construction & Building Materials, v. 190, pp. 1056—
1068, 2018. doi: http://dx.doi.org/10.1016/j.conbuildmat.2018.09.167

DE LA VARGA, 1., HABER, Z., GRAYBEAL, B., “Enhancing shrinkage properties and bond perfor-
mance of prefabricated bridge deck connection grouts: material and component testing”, Journal of
Materials in Civil Engineering, v. 30, n. 4, pp. 04018053, 2018. doi: http://dx.doi.org/10.1061/(ASCE)
MT.1943-5533.0002235

TORELLI, G., LEES, J.M., “Interface bond strength of lightweight low-cement functionally layered
concrete elements”, Construction & Building Materials, v. 249, pp. 118614, 2020. doi: http://dx.doi.
org/10.1016/j.conbuildmat.2020.118614

HUSSEIN, H.H., WALSH, K.K., SARGAND, S.M., et al., “Modeling the shear connection in adja-
cent box-beam bridges with ultrahigh-performance concrete joints. I: model calibration and validation”,
Journal of Bridge Engineering, v. 22, n. 8, pp. 04017043, 2017. doi: http://dx.doi.org/10.1061/(ASCE)
BE.1943-5592.0001070


https://doi.org/10.1016/j.conbuildmat.2016.02.062
https://doi.org/10.1016/j.conbuildmat.2016.02.062
https://doi.org/10.1016/j.conbuildmat.2022.127115
https://doi.org/10.1016/j.conbuildmat.2019.117753
https://doi.org/10.3390/ma12152396
https://doi.org/10.3390/ma12152396
https://pubmed.ncbi.nlm.nih.gov/31357603
https://doi.org/10.1016/j.conbuildmat.2019.117431
https://doi.org/10.1016/j.cemconcomp.2020.103571
https://doi.org/10.1016/j.conbuildmat.2020.118798
https://doi.org/10.1016/j.conbuildmat.2010.06.060
https://doi.org/10.1016/j.conbuildmat.2010.06.060
https://doi.org/10.1016/j.engstruct.2016.10.011
https://doi.org/10.1016/j.engstruct.2016.10.011
https://doi.org/10.1088/1757-899X/1057/1/012082
https://doi.org/10.1061/(ASCE)MT.1943-5533.0000890
https://doi.org/10.1016/j.conbuildmat.2012.06.013
https://doi.org/10.1016/j.conbuildmat.2012.06.013
https://doi.org/10.1016/j.conbuildmat.2018.09.167
https://doi.org/10.1061/(ASCE)MT.1943-5533.0002235
https://doi.org/10.1061/(ASCE)MT.1943-5533.0002235
https://doi.org/10.1016/j.conbuildmat.2020.118614
https://doi.org/10.1016/j.conbuildmat.2020.118614
https://doi.org/10.1061/(ASCE)BE.1943-5592.0001070
https://doi.org/10.1061/(ASCE)BE.1943-5592.0001070

[ er | EISA, A.S.; ABOUL-NOUR, L.A.; MOHAMAD, A., revista Matéria, v.29, n.1, 2024

[30]

[31]

[35]

[36]

[37]

[39]

[40]
[41]

[43]

[44]

[45]

[46]

[47]

[48]

DEO, O., SUMANASOORIYA, M., NEITHALATH, N., “Permeability reduction in pervious concretes
due to clogging: experiments and modeling”, Journal of Materials in Civil Engineering, v. 22, n. 7, pp.
741-751, 2010. doi: http://dx.doi.org/10.1061/(ASCE)MT.1943-5533.0000079

SAID, A., ELSAYED, M., EL-AZIM, A.A., et al., “Using ultra-high performance fiber reinforced con-
crete in improvement shear strength of reinforced concrete beams”, Case Studies in Construction Materi-
als, v. 16, pp. €01009, 2022. doi: http://dx.doi.org/10.1016/j.cscm.2022.e01009

LOPEZ-CARRENO, R.-D., PUJADAS, P., CAVALARO, S.H.P,, ef al., “Bond strength of whitetoppings
and bonded overlays constructed with self-compacting high-performance concrete”, Construction &
Building Materials, v. 153, pp. 835-845, 2017. doi: http://dx.doi.org/10.1016/j.conbuildmat.2017.07.136

ALHALLAQ, A., TAYEH, B., SHIHADA, S., “Investigation of the bond strength between existing con-
crete substrate and UHPC as a repair material”, International Journal of Engineering and Advanced Tech-
nology, v. 6,n. 3, pp. 210-217, 2017.

JULIO, E.N., BRANCO, F.A., SILVA, V.D., “Concrete-to-concrete bond strength. Influence of the rough-
ness of the substrate surface”, Construction & Building Materials, v. 18, n. 9, pp. 675-681, 2004. doi:
http://dx.doi.org/10.1016/j.conbuildmat.2004.04.023

KHONSARI, V., ESLAMI, E., ANVARI, A., “Effects of expanded perlite aggregate (EPA) on the mechan-
ical behavior of lightweight concrete”, In: Proceedings of the 7th International Conference on Fracture
and Mechanics of Concrete & Concrete Structure (FraMCoS-7), Jeju, Korea, 2010.

SAYADI, A.A., NEITZERT, T.R., CLIFTON, G.C., “Feasibility of a biopolymer as lightweight aggre-
gate in perlite concrete”, International Journal of Civil and Environmental Engineering, v. 10, n. 6,
pp. 751-761, 2016.

ZHANG, M.-H., LIU, X., CHIA, K.-S., “High-strength high-performance lightweight concrete-a review”,
In: Proceedings of the 9th International Symposium on High Performance Concrete, New Zealand
Concrete Society, 2011.

SANTHANAM, N., ANBUARASU, G., “Experimental study on high strength concrete (M60) with
reused E-waste plastics”, Materials Today: Proceedings, v. 22, pp. 919-925, 2020. doi: http://dx.doi.
org/10.1016/.matpr.2019.11.107

GJOJRY, O., “High-strength concrete”, In: Mindess, S. (ed), Developments in the formulation and rein-
forcement of concrete, Duxford, Elsevier, pp. 153—170, 2008. doi: http://dx.doi.org/10.1016/B978-0-08-
102616-8.00007-1

CMB GROUP, Addibond-65, https://www.cmbegypt.com/cmb/en/, accessed in January, 2024,

KARAKOC, M.B., DEMIRBOGA, R., “HSC with expanded perlite aggregate at wet and dry curing con-
ditions.”, Journal of Materials in Civil Engineering, v. 22, n. 12, pp. 1252-1259, 2010. doi: http://dx.doi.
org/10.1061/(ASCE)MT.1943-5533.0000134

GANDAGE, A.S.,RAO, VR.V,, SIVAKUMAR, M.V.N,, et al., “Effect of perlite on thermal conductivity
of self compacting concrete”, Procedia: Social and Behavioral Sciences, v. 104, pp. 188—-197, 2013. doi:
http://dx.doi.org/10.1016/j.sbspro.2013.11.111

JEDIDI, M., BENJEDDOU, O., SOUSSI, C., “Effect of expanded perlite aggregate dosage on properties
of lightweight concrete”, Jordan Journal of Civil Engineering, v. 9, n. 3, pp. 378-391, 2015. doi: http://
dx.doi.org/10.14525/jjce.9.3.3071

LL J.,NIU, J., WAN, C., et al., “Investigation on mechanical properties and microstructure of high perfor-
mance polypropylene fiber reinforced lightweight aggregate concrete”, Construction & Building Materi-
als, v. 118, pp. 27-35, 2016. doi: http://dx.doi.org/10.1016/j.conbuildmat.2016.04.116

OKTAY, H., YUMRUTAS, R., AKPOLAT, A., “Mechanical and thermophysical properties of lightweight
aggregate concretes”, Construction & Building Materials, v. 96, pp. 217-225, 2015. doi: http://dx.doi.
org/10.1016/j.conbuildmat.2015.08.015

SRIWATTANAPONG, M., et al., “A study of lightweight concrete admixed with perlite”, Warasan Tech-
nology Suranaree, v. 20, n. 3, pp. 227-234, 2013.

SENGUL, O., AZIZI, S., KARAOSMANOGLU, F., et al., “Effect of expanded perlite on the mechan-
ical properties and thermal conductivity of lightweight concrete”, Energy and Building, v. 43, n. 2-3,
pp. 671-676, 2011. doi: http://dx.doi.org/10.1016/j.enbuild.2010.11.008

BAKHTIYARI, S., ALLAHVERDI, A., RAIS, G.M., “A case study on modifying the fire resistance of

self-compacting concrete with expanded perlite aggregate and zeolite powder additives”, Asian Journal
of Civil Engineering, v. 15, n. 3, pp. 339-349, 2014.


https://doi.org/10.1061/(ASCE)MT.1943-5533.0000079
https://doi.org/10.1016/j.cscm.2022.e01009
https://doi.org/10.1016/j.conbuildmat.2017.07.136
https://doi.org/10.1016/j.conbuildmat.2004.04.023
https://doi.org/10.1016/j.conbuildmat.2004.04.023
https://doi.org/10.1016/j.matpr.2019.11.107
https://doi.org/10.1016/j.matpr.2019.11.107
https://doi.org/10.1016/B978-0-08-102616-8.00007-1
https://doi.org/10.1016/B978-0-08-102616-8.00007-1
https://www.cmbegypt.com/cmb/en/
https://doi.org/10.1061/(ASCE)MT.1943-5533.0000134
https://doi.org/10.1061/(ASCE)MT.1943-5533.0000134
https://doi.org/10.1016/j.sbspro.2013.11.111
https://doi.org/10.1016/j.sbspro.2013.11.111
https://doi.org/10.14525/jjce.9.3.3071
https://doi.org/10.14525/jjce.9.3.3071
https://doi.org/10.1016/j.conbuildmat.2016.04.116
https://doi.org/10.1016/j.conbuildmat.2015.08.015
https://doi.org/10.1016/j.conbuildmat.2015.08.015
https://doi.org/10.1016/j.enbuild.2010.11.008

[ er | EISA, A.S.; ABOUL-NOUR, L.A.; MOHAMAD, A., revista Matéria, v.29, n.1, 2024

[49]

[50]

[51]

[52]

[53]

[54]

OKUYUCU, D., TURANLI, L., UZAL, B., et al., “Some characteristics of fibre-reinforced semi-light-
weight concrete with unexpanded perlite”, Magazine of Concrete Research, v. 63, n. 11, pp. 837-846,
2011. doi: http://dx.doi.org/10.1680/macr.2011.63.11.837

DAWOOD, E.T., “Experimental study of lightweight concrete used for the production of canoe”, Al-Ra-
fidain Engineering Journal, v. 23, n. 2, pp. 96106, 2015.

AMIN, A.A., MOHAMED, O., GAMAL, S., “Factors affecting the bond strength between new and old
concrete”, Journal of Advanced Engineering Trends, v. 42, n. 1, pp. 181-195, 2022. doi: http://dx.doi.
org/10.21608/jaet.2021.85707.1118

ARYA, C., “Eurocode 2: design of concrete structures”, In: Arya, C., Design of structural elements, 3 ed.,
New York, Taylor & Francis, pp. 334-394, 2015.

NATIONAL CENTRE FOR HOUSING AND BUILDING RESEARCH, ECP 203-2007 Egyptian code
for design and construction of concrete structures, 3 ed., Egypt, 2007.

AMERICAN CONCRETE INSTITUTE, ACI Committee 318 building code requirements for structural
concrete (ACI 318-14) and commentary (ACI 318R-14), Farmington Hills, ACI, 2014.


https://doi.org/10.1680/macr.2011.63.11.837
https://doi.org/10.21608/jaet.2021.85707.1118
https://doi.org/10.21608/jaet.2021.85707.1118

