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Article history Abstract. The objective of the research is to study the effect of different additives on
Received: January 12, 2023 the conventional concrete. In this term, three types of materials have been added to the
Revised: March 28, 2023 concrete: gelatin powder as the binder, recycled aggregates, and almond shell as the fine
Accepted: April 10, 2023 and coarse aggregates. Several experiments have been made to determine physical and

mechanical properties, such as test for compressive and tensile strengths, for impact
loading strength, durability test (water absorption) and deep penetration tests. Moreover,
the microstructure results for the new type of concrete have been studied by means of
scanning electron microscopy (SEM) and energy-dispersive x-ray spectroscopy (EDXS).
The results show that when 70 kg of gelatin powder is added to 1 m® of concrete, the con-
crete’s compressive strength and tensile strength are improved more than 22%; during
impact loading the first and ultimate cracks are 11 and 129 by numbers, and the first and
ultimate cracks’ strength is more than 223 and 2346 J respectively. The durability of sam-

ple from concrete with additional gelatin has been improved. SEM results illustrate that
the weakness of almond shell concrete is related to cracks and voids between the cement
matrix and almond shell. The voids of gelatin concrete are higher than that of conventional
concrete. The conventional concrete has smooth crystals, and gelatin concrete has sharp
and cubic crystals. EDXS results show that chemical content of these two types of con-
crete is different; conventional concrete contains silicon, while EDXS results show that
chemical content of these two types of concrete is different: conventional concrete con-
tains silicon, while gelatin concrete contains calcium and also C-S-H gel is generated in it.
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Hcropus cratbu AnHoTanus. llens nccneoBaHUs — ONPENENUTh BIUSHNAE PA3IMIHBIX J00ABOK
[octynuna B penpakuuto: 12 suBaps 2023 r. Ha CBOiicTBa 00BIYHOTO OeTOHA. B GeTOHHYIO CMeCh BHECEHBI TPH BHJIA 100ABOK:
Jopaborana: 28 mapta 2023 T. JKEJIaTHHOBBIN IIOPOLIOK B KAYECTBE CBA3YIOLIET0, BTOPHYHBIE 3AII0JIHUTENN U MHUH-
IMpunsra k myGnukamuu: 10 ampernst 2023 1. JlajbHas CKOpJIyla B Ka4eCTBE MEJIKOTO W KpynHoro 3anonHuteneil. [Iposeneno

HCCIIeIOBAaHUE TI0 ONPEAEIeHHI0 (PU3NKO-MEXaHHYECKUX CBOWCTB OETOHA C yKa-
3aHHBIMU JI00aBKaMH: MIPOYHOCTH HA CYKATUE M PACTSHKEHHUE, UCTIBITAHUS HA YIAPHYIO
HarpysKy, Ha JOJTOBEYHOCTH (BOAOIOTIIONICHUE) M Ha TITyOHHY MPOHUKHOBEHUS
BIard B 0eToH. MUKpPOCTPYKTypa OeTOHa M3yueHa ¢ MOMOILBIO CKaHUPYIOIIEH
3eKTpoHHON MuKpockonnu (SEM) m sHeproancrnepcHOHHON pPEHTTeHOBCKOM
cnekrpockornuu (EDXS). YcraHoBieHo, uto npu go6aBieHud 70 KT jKeIaTHHO-
BOro nmopomka Ha 1 M® GeToHa ero IPOYHOCT HA CKATHE M PACTSKCHHE YBEIH-
yunach Oosaee 4eM Ha 22 %; moj AeicTBHEM yIapHOW Harpy3kd HadalbHOE U
rpefenbHoe KOJMUECTBO TpeluH coctapisieT 11 u 129, a HauanbHas u npeesns-
Has [IPOYHOCTh TPeLHHO0Opa3oBaHus — 6onee 223 u 2346 [ cCOOTBETCTBEHHO.
Kpome Toro, rmokasarenu J0JTOBEYHOCTH Jiydllle y OeToHa ¢ JoOaBJIEHHEM Ke-
natuHa. Pesynpratel, momydeHHsle pu nomomu SEM, meMoHCTpUpyroT, 4To IMo-

HIDKEHHAs! TIPOYHOCTh OETOHA C J00aBICHUEM MHUHIAIBHOW CKOPIYIIBI CBsI3aHA
C TPEemMHAMU U IIyCTOTaM{ MEXIy IIEeMEHTHOH MaTpuield 1 MUHAAILHOU CKOp-
aynoi. ITycToTsl B OETOHE C KENaTHHOM BBIIIE, YeM B 0OBIMHOM OeToHe. CTpyKTypa
OOBIYHOTO OETOHAa MMeeT BUA TJIAJKUX KPHUCTAJUIOB, a OETOHA C KEITaTHHOM —
OCTpbIC U KYOHUECKHE KPUCTAIUTBL. Pe3ynbTaThl, MOMy4eHHbIe ¢ momotpio EDXS,
[OKa3aJId pa3Iiuie B XUMHYECKOM COCTaBe. OOBIYHBIN OETOH COAEPKUT KpeM-
HUH, TOrJa Kak OCTOH ¢ M00aBKOW JKelaTHHA B BBIIICYKA3aHHBIX MPOMOPIHIX
COJICPIKUT KaJIbIMiA U B HEM o0Opasyetcs reib C-S-H.

JJist HMTHPOBAHUS

Hematibahar M., Esparham A., Vatin N.I.,
Kharun M.l., Gebre T.H. Effect of gelatin
powder, almond shell, and recycled aggre-
gates on chemical and mechanical properties
of conventional concrete / CtpoutesnbHas
MEXaHWKa MHXCHECPHBIX KOHCprKIII/Iﬁ " Co-
opyxenmit. 2023. T. 19. Ne 2. C. 233-250.
http://doi.org/10.22363/1815-5235-2023-19- KnioueBble cnoBa: OObIYHBIN OETOH, XETATHHOBBIA HOPOLIOK, MUHJAIbHAS
2-233-250 CKOpJIyTa, epepaboTaHHbIC 3aITOTHUTENH, YAapHas Harpy3Ka

1. Introduction

After water, concrete is the most widely used material in the construction industry. Mechanical properties
and durability of concrete are among the most important properties related to performance. Many researchers
tried to add different materials to concrete for improve the mechanical and chemical properties of concrete [1-3].
In this term the effect of some materials on the concrete are important for researcher [4-5]. For example, many
researchers have been studied on the effect of recycled aggregates on the concrete [6-9].

Many researchers have been preferring to use alter materials as alternative aggregates in the concrete.
For example, Gunasekaran et al. [10-11] investigated on the mechanical properties of reinforced concrete
with additional coconut shell. Their results shows that coconut shell aggregates concrete beam shear force
at the yielding moment was more than 20 MPa, while control concrete sample yielding shear force was more
than 19 MPa. In another example, Gunsekaran et al. [12] found the mechanical properties of coconut shell con-
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crete. Their results shows that the compressive strength of coconut shell concrete was more than 26 MPa. Hilal
et al. [13] used walnut as the alternative material with coarse aggregates. They understood that adding walnut
instead of coarse aggregates decrease the compressive strength. The conventional concrete compressive concrete
was more than 56 MPa, while the walnut concrete compressive strength decreased to 26 MPa. Alaneme, and
Mbadike [14] investigated on the Bambara nutshell ash as mixture of concrete mortar. Their results show that
the compressive strength increased more than 20-46% with adding different percentages of Bambara nutshell ash.
Kong et al. [15] investigated adding the waste oyster shell on the recycled aggregates concrete. They examined
the compressive, and flexural strength. Their results have been shown that the compressive strengths were than
21 MPa, and 47 MPa for 3 and 28-days curing periods respectively. The flexural strength was more than
7.5 MPa for 28 days curing periods. Raja et al. [16] investigated on the coconut shell, and the foundry sand as
replacement aggregates with fine, and coarse aggregates. They replaced more than 10, 20 and 30% of foundry
sand, and 10 and 20% of coconut shell to concrete. As a result, the compressive strength increased more than
32 MPa. Their results shows that the effect of foundry sand was more than coconut shell on the compressive
strength of concrete. The tensile, and flexural strengths were 4.2 and 2.88 MPa respectively. In another example,
Soriano et al. [17] added almonds shell ash (ABA) to cement. They examined the mechanical properties of con-
crete with adding ABA. They found that the compressive strength of concrete increased more than 44 MPa when
25% of ABA has been added. Moreover, some researchers added sustainable powder to cement to find the effect
of mechanical properties. For example, Bigi et al. [18] added more than 18 and 82% of gelatin powder to ce-
ment. They understood that the final setting time of cement increased more than 45 min, and compressive
strength enhanced up to 10.7-14 MPa.

Many researchers investigated on the recycled aggregated as a greener method, and a viable concrete.
For example, Nuaklong et al. [19] find the mechanical properties of concrete with recycled aggregates and add-
ing different type’s fly ash. According to the results, different fly ash types was not effective on the compressive
strength. The compressive strength results were between 44 and 46 MPa. He et al. [5] studied the effect shrink-
age, and creep on the recycled aggregated concrete. In their study, the results of compressive strengths were be-
tween 32 and 48 MPa with different mixture designs.

The morphology analysis is an important analysis which related to understanding the reaction of material
in micro scale of materials. Scanning electron microscopy (SEM) is a method which can display the morphology of
the materials. Chaudhary et al. [20] analyzed the almond shell via SEM method with 10um as a reinforcement
in composite. The SEM results shows that almond shell has pure particle size between 1.020 to 1.253pum.
For example, recycled aggregates microstructure is important to understand the mechanical properties of con-
crete. In this regard, Guedes et al. [6] investigated the microstructural characterization of concrete with recycled
aggregates. Results shows that, the replacement of natural aggregates by recycled crushed concrete did not
change any morphology of the Cementous structure and hydration.

The mechanical properties and durability of recycled aggregate concrete (RAC) are currently the subject
of extensive research. A comprehensive examination of the RAC's mechanical properties was carried out.
The findings indicate that the high-water absorption of the aggregates and the weak areas created by the mortar
adhering to the old interface is primarily responsible for the RAC's deterioration in terms of its mechanical properties.
The sturdiness of RAC likewise was explored, and the outcomes show that the higher the reused total (RA) con-
tent, the mortar content appended to the RA, and the W/C (water-to-ash ratio), the more regrettable the strength
of RAC [21-23]. The use of almond shell and gelatin powder to mix with concrete lacks sufficient information
regarding the properties of the fresh and hardened shell and gelatin powder, as can be seen from earlier literature.
Therefore, in order to introduce a new type of conventional concrete with high-strength properties, this research
examined the use of shell and gelatin powder as a substitute.

The current study has applied different materials, such as almond shell powder, gelatin powder, and recy-
cled aggregates, to a mixture with concrete. This study aims to introduce a new type of conventional concrete
with high-strength properties. In this regard, the materials were mixed with concrete to find the compressive and
tensile strengths. Moreover, microanalysis was applied. In this term, scanning electron microscopy and energy-
dispersive x-ray spectroscopy (EDXS) were applied to find the microstructure and chemical properties.

2. Materials and methods

2.1. Materials. The current study has been used almonds shell, gelatin powders, recycled aggregates as
the sustainable, and natural material in concrete. The original concrete has been inspired by the high-
performance concrete (HPC) in previous study. To prepare concrete, portland cement (Table 1), gravel, and sand
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aggregates, superplasticizer (Table 2), almond shell, gelatin powder, and recycled aggregates have been used.
The gravel size range was between 20 mm, and 5 mm with specific gravity (2650 Kg/m®) granulometric curves
of coarse aggregates is shown in Figure 1. The sand with a particle size range of 0.6 to 2.0 mm is mixed with

concrete and both are collected from the Semnan region, Semnan, Iran. The fine aggregates specific gravity was
2384 Kg/m?, and the granulometric curves is illustrated in the Figure 2.

Table 1
Chemical properties of ordinary portland cement (OPC)
Oxide, % . . .
- Fineness, m?/kg Relative density
SiO2 Fe20s MgO SOs Al2O3 CaO K20 LOI
19.52 4.04 4.36 2.89 481 62.18 0.6 1.62 387 3.14
100,00
84,96
80,94
75,00
o
£
% 50,00
S
25,00
0,00
3 5 7 9 1 13 15 17 19
Sieve size, mm
Figure 1. Granulometric curves of coarse aggregates
100,00
75,00
S
8 50,00
25,00
0,00

0,7 0,9 11 13 15 17 19 2,1

Sieve size, mm
Figure 2. Granulometric curves of fine aggregates
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The almond shell was used as an alternative material with coarse aggregates. The size of the almond shell
was between 50 and 20 mm. The positive aspect of adding an almond shell was the lightweight and the shell
form structure of the almond. Figure 3 shows the almond shell. Gelatin powder was added to concrete to find
the ability to improve compressive strength and the cementious matrix. In this case, the gelatin powder was
melted at 100°C water temperature. Next, normal-temperature water was added to cement. Cio2H151N31039 illus-
trates the chemical properties of gelatin powder as shown in Figure 3, b [24].

Recycled aggregates were added to the concrete mixture to find mechanical properties. In this term, recy-
cled aggregates with sizes between 50 and 20 mm as coarse aggregate were added to the concrete (Figure 4).

a b

Figure 4. Recycled aggregates as the coarse aggregates

In the current study, ten different mixture designs were examined one by one. Table 2 shows the mixture
design. According to earlier research, basalt fibre high-performance concrete (BFHPC) served as an inspiration
for the original concrete® [25].

1 ASTM C109/C109M. Standard test method for comprehensive strength of hydraulic cement mortars. ASTM International,
2009; ASTM C496. Standard test method for splitting tensile strength of cylindrical concrete specimens. ASTM International; 2017;
ACI Committee 544.2R. Measurement of properties of fiber reinforced concrete. Detroit: American Concrete Institute; 1989.
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Table 2
The mixture design of the current study
specimens | Cement | water | o8| ATAN | aggragates | sgaregetes | ponder | plastster
ocC 500 190 450 - - 600 - 10
AS 500 190 360 200 - 600 - 10
AS1 500 259 450 270 - 480 - 10
AS2 550 259 450 225 - 600 - 10
AS3 550 259 540 279 - 720 - 10
GC 500 190 450 - - 600 70 10
GC1 500 210 250 - - 800 105 10
GC2 500 210 - - - 1300 140 10
RC1 450 210 - - 450 600 - 10
RC2 450 210 - - 450 600 140 10

2.2. Experiment methods. The current study investigates the compressive and tensile strengths according
to ASTM C109? and ASTM C496.2 The dimensions of samples for compression, tension, and flexural tests were
10x10x10 cm?®, and 10 (radius)x20 cm?® (Figure 5). The materials were mixed in the laboratory pan mixer at
a steady speed of 48 rpm. The aggregates were mixed for 1-2 minutes, the water was quartered for 1 minute,
and the binders were added and mixed for 2 minutes (Figure 5). Before loading concrete, the frameworks are
polished with oil. The concrete is loading on the frameworks. The cube and cylinder concrete specimens are
molded to water. The cube water molded samples were held at 35°C for 48 hours, while the cylinder water
molded samples were kept at 35 °C for 72 hours. The samples were then cured for 28 days molded with 35 °C
water (Figure 6).

The cube samples were tested in the compression machine (Figure 7). The compressive test is done
according to ASTM C109.* The cube specimens sample was 10x10x10 cm® The loading speed was
600 Kg/second. Refereeing to Figure 8 an analog loading speed check, a cement surface was put under
the cube to load stabile.

Figure 5. Cube (a) and cylinder (b) samples

2 ASTM C109/C109M. Standard test method for comprehensive strength of hydraulic cement mortars. ASTM International; 2009.
3 ASTM C496. Standard test method for splitting tensile strength of cylindrical concrete specimens. ASTM International; 2017.
4 ASTM C109/C109M. Standard test method for comprehensive strength of hydraulic cement mortars. ASTM International; 2009.
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a b

Figure 6. The pan mixture of laboratory (a) and molded concrete samples under water (b)

ALALAAAAAARARRRRRRRRRRRREES
L L L

Figure 7. Cube simples under compression machine Figure 8. Compression machine

The tensile test was established according to ASTM C496.° Furthermore, the cylinder diameter was
10 (radius)x20 cm?®. The loading test speed is shown in Figure 9 as equal to 200 Kg/second. According to the test
method, certain devices must surround the cylinder. The tension machine is loaded on top of the samples,
and finally, the sample is divided into two parts (Figure 10).

The falling mass impact resistance test is in the category of tests that determine the mechanical properties
of concrete. The projectile impact test, Sharpie test, drop weight test, and Hopkinson bar test are consecutive
tests suggested by ACI committee 544 to check the impact behavior of concrete. With the drop weight test de-
vice with repeated blows, the number of blows to create a certain level of rupture is obtained, which is a measure
of the material's energy absorption capacity. This test is performed by dropping a 4.54 kg weight from a height

5 ASTM C496. Standard test method for splitting tensile strength of cylindrical concrete specimens. ASTM International; 2017.
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of 457 mm and repeated blows until certain cracking levels (first cracking and final cracking) continue [25-28].%
This test was carried out on concrete samples with disk dimensions of 15x16.36 cm obtained from concrete
based on blast furnace slag treated at ambient temperatures of 25 and 90 °C at the age of 28 days and also based
on equation (1) The impact energy absorption capacity E was calculated as

E = N(WH), (1)

where N — the number of blows to cause the initial crack; W — the hammer's weight; H — the height of the fall.

Figure 9. Cylinder loading test speed

Figure 10. Tension test:
a — tension test method; b — cylinder simples under compression machine

Concrete's ability to absorb water is one of its most important defenses against the elements and issues
with durability. Concrete has a lower capacity for water absorption, which reduces the likelihood of harmful ions
entering the material and reduces reinforcement corrosion or destruction. According to the ASTM C642 stan-

6 ACI Committee 544.2R. Measurement of properties of fiber reinforced concrete. Detroit: American Concrete Institute; 1989.
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dard,” after 28 days of processing, cubic samples of concrete measuring 100x100x100 mm were first dried
for 72 hours in a heater at 105 °C was measured after this time period and cooling of the samples in the labora-
tory environment. Then the samples were immersed in water. Their wet weight was measured after half
an hour and 24 hours. The water absorption of the samples is calculated within the specified timeframes.
The water absorption equation was determined as

Wy, + Wp
b= 2)
where Wa — water absorption; Wy — saturated weight of the sample; Wp — dry weight of the sample.

After 28 days of processing, cubic samples measuring 150x150x150 mm were placed in the testing ma-
chine following the standard DIN 1048-part 5.2 The samples inside the machine are subjected to a pressure
of 5 atmospheres for 72 hours. After this time, the samples were removed from the machine, broken with a pres-
sure jack, and the depth to which water penetrates the concrete was measured.

3. Results and discussion

3.1. Mechanical properties: compressive strength. Concrete structure behavior in the utility phase is
called compressive strength. The addictive chemical powder, replacement cement with other materials, and cur-
ing environment affect the compressive strength. The concrete with the addition of almond shells was lighter,
and the compressive strength was lower than other types of concrete. Figure 11 shows that the compressive
strength of concrete with additional gelatin powder was better than conventional concrete. The compressive
strength of GC (additional concrete with gelatin powder) was 50.7 MPa for 28 days curing periods, while for
conventional concrete, the compressive strength was 39 MPa. On the other hand, the concrete with almond shells
had less compressive strength than other types. For example, AS has 10.9 MPa compressive strength, and AS1
has 14.6 MPa for 28 days curing periods.

60 -

50 -

40

m 28 Days
14 Days

20 - 7 Days

30

10 -

Compressive strength, MPa

C O & D O DD
O ¥ W WSS

Figure 11. The compressive strength of each concrete types

The GC concrete type results show that gelatin powder's curing period is directly related to compressive
strength, and compressive strength will frequently increase with time. Meanwhile, in the compressive strength
experimental test, the concrete with additional almond shells and recycled aggregates showed harsh and sudden
failure. In contrast, the concrete with gelatin powder showed soft failure (Figures 12 and 13). The test results
show that coarse aggregates' compressive strength was better than almond shells and recycled aggregates.

7 ASTM C642. Standard test method for density, absorption, and voids in hardened concrete. ASTM International; 2021. p. 1-3.
8 DIN 1048-part 5. Concrete harden determination of the depth of penetration of water under pressure. 2016.
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Figure 12. The dry weight of each concrete types

Figure 13. The failure mechanism of each concrete type:
a —recycled aggregates; b —almond shell

3.2. Tensile strength. The nature of concrete is brittle and does not allow it to withstand tensile load;
therefore, the tensile strength of concrete is low. The lowest tensile strength was for the AS3 28 days, and
the biggest was for the GC concrete types. According to the results, the GC has maximum tensile strength with
3.7 MPa for 28 days and 2.6 for 14 days curing periods (Figure 14).

3.3. Impact resistance results. According to the results, the GC had the maximum impact resistance rather
than other than samples. The first crack was 11 joules, the second sample was 129 joules, the first crack impact
strength joules was 223.85 joules, and the second impact strength was 2641.43 joules (Tables 3 and 4). The OC
first and ultimate cracks were 9 and 106 joules respectively. Moreover, the first and ultimate crack impact
strength in joules were 183.15 and 2161.17 joules (Figure 15).

3.4. Durability, water absorption and penetration depth. The durability of any structural component in-
cludes the ability to withstand weather conditions, chemical attacks, abrasion, or any other destructive process.
The durability of concretes is determined by their characteristics, such as absorption and water absorption.
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Concrete with more gelatin and recycled aggregates absorbs less water than concrete with more almond
shells, according to the results of the water absorption test. Water penetrates the cube specimens through the sub-
stantial pores of the concrete samples with the addition of bead shells. In contrast, water cannot penetrate
the concrete specimens through the effect of gelatin on cement. According to Figure 16, the GC had the best re-
sults with 0.5%, and AS had the maximum absorption with 2.1%. The RC1, and RC2 had good results, while
RC1 results were better with 0.7% (Figure 16).

Almond shell concrete had the highest porosity; the results indicate that the almond shell concrete series
had the highest penetration depth. These results indicate that the penetration depth is related to concrete pore
percentages (Figure 17).
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Figure 14. The tensile strength of each concrete types
Table 3
First crack impact energy of samples
Sample First crack First crack impact strength, joules
oC 9 183.15
AS 2 46.5021
AS1 3 62.28721
AS2 3 70.81971
AS3 2 50.76834
GC 11 223.85
GC1 5 104.5231
GC2 4 86.60482
RC1 6 125.001
RC2 3 65.27358
Table 4
Ultimate crack impact energy of samples
Sample First crack First crack impact strength, joules
ocC 106 2161.17
AS 26 548.7247
AS1 36 734.9891
AS?2 41 835.6725
AS3 29 599.0665
GC 129 2641.43
GC1 60 1233.372
GC2 50 1021.937
RC1 72 1475.012
RC2 37 770.2283
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Figure 17. Deep of penetration results
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3.5. Microstructure results. The current study applied scanning electron microscopy and energy dispersive
x-ray spectroscopy for all types of samples. Figure 18 displays almond shell concrete SEM. Figure 18 shows the crack
region between the almond shell and concrete (Figure 18, b). In addition, the crystallization of concrete is shown in
Figure 18, d. Cracks and voids between the almond shell and concrete were an important reason for not improving
the compressive strength of concrete. Figure 18, f shows that the crack depth of 10 micrometers and almond shell
and concrete, the crack depth is an important reason for reducing concrete's mechanical and chemical properties.
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Figure 18. The SEM of almond shell concrete
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Figure 19 shows the conventional concrete (OC) SEM results. Figure 19, b shows the voids and crystalli-
zation process (at a 100-micrometre scale). With the focus on one crystal, the type was heterogeneous with
a round shape and round edges (Figure 19, c). The EDXS analysis of the crystal reveals that the value of
unnormalized concentration(Unn) in weight percentage of element silicon, at 26.01 according to Figure 20
and Table 6. After silicon, aluminium and potassium with 9.11 and 4.23 had the maximum percentages of ele-
ment (Table 5, Figure 20).

Vioids

SEM MAG: 60 x WD: 2 m SEM MAG: 200 x WD: 15.73 mm
SEMHV: 2000V Det: SE + BSE 500 pm n SEMHV:2000kY  Det SE + BSE 100 pm
Date(mJdiy): 03/29/23 Vac: HiVac RAZI Date(midhy): 03/28/23 Vac: Hivac RAZI

- .
VEGA\\TESCAI;J

WD: 11.03 mm ; VEGANTESCAN SEMMAG: 200k  WD: 11.00 mm ] VEGAI TESCAN
SEM HV: 20.00 KV Det: SE + BSE 20 pm 4 SEM HV: 20.00 kY Det: SE + BSE 10pm 4
Date(midy): 03/29/23 Vac: HiVac RAZI n Date(midhy): 03/29/23 Vac: Hivac RAZI n

Figure 19. The SEM of OC sample
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Figure 20. The EDXS of OC sample
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The EDXS of OC sample

Table 5

Element Unn wt, %

Carbon 0.92

Oxygen 38.03

Sodium 2.47

Aluminium 9.11
Silicon 26.01
Potassium 4.22
Calcium 1.23
Iron 0.77
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Figure 21. The SEM of gelatin concrete
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Gelatin concrete had more voids and more crystals than normal concrete (Figure 21, a, b). 500 um SEM re-

sults show that gelatin concrete has many voids on the surface, while normal concrete has fewer. There are two
types of crystals in gelatin concrete: the pointed crystal and the white crystal, and the cubic crystal (Figure 21, b, c).
Cubic crystal contains sharp crystal. The EDXS results show that the sharp crystal contains more calcium and silicon,
while the cubic crystal contains more carbon and magnesium. The chemical properties of conventional concrete
crystals include silicon and gelatin, including carbon and calcium. In fact, the gelatin powder can form C-S-H gel
in the concrete. The sharp crystal has more silicon in C-S-H gel and the cubic crystal has more carbon in C-S-H gel
(Figures 22 and 23, Table 7).
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Figure 22. The EDXS of B place of gelatin concrete
Table 6
The EDXS of A place of gelatin concrete
Element Unn wt, %
Carbon 6.27
Oxygen 40.14
Magnesium 12.38
Aluminum 0.43
Silicon 0.77
Calcium 20.33
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Figure 23. The EDXS of B place of gelatin concrete
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Table 7
The EDXS of A place of gelatin concrete
Element Unn wt [%]
Carbon 2.19
Oxygen 45.12
Magnesium 2.14
Aluminum 1.12
Silicon 6.37
Calcium 26.87

4. Conclusion

The current study investigated the effect of almond shells, gelatin powder, and recycled aggregates on
concrete. According to the results, the gelatin powder had the maximum effect on the concrete's mechanical and
durability properties. The mechanical test, such as compressive and tensile strengths and impact loading re-
sistance, were applied. Water absorption and deep penetration were applied based on chemical resistance.
The main conclusions and relevant suggestions are as follows:

1. GC had the best compressive strength and tensile strength, and the almond shell aggregates lost
the weight of concrete samples.

2. The impact resistance was better for OC and GC. This show that the effect of gelatin powder is on
the impact resistance of concrete.

3. The SEM results show that the crack between the almond shell and concrete was the reason of
the weakness of almond shell concrete.

4. SEM of conventional concrete shows that the crystals are smooth, and EDXS results show silicon in
the chemical properties of concrete.

5. Sharp and cubic crystals of two different types can be seen in gelatin concrete. Gelatin concrete had
more open space than regular concrete, and sharps crystals outnumbered cubes crystals. While the cubic crystal
has more carbon in its C-S-H gel, the sharp crystal has more silicon.

References

1. Forouzandeh J.M., Jahangiri A., Jamekhorshid A. Experimental investigation on the durability of metakaolin-based
geopolymer concrete in aggressive environments. Research Square. 2022. https://doi.org/10.21203/rs.3.rs-2247685/v1

2. Abdollahnejad Z., Kheradmand M., Pacheco-Torgal F. Short-term compressive strength of fly ash and waste glass
alkali-activated cement based binder (AACB) mortars with two biopolymers. Journal of Materials in Civil Engineering.
2017;29(7). https://doi.org/10.1061/(ASCE)MT.1943-5533.0001920

3. Aliabdo A.A.M., Abd A.E., Emam A.M. Factors affecting the mechanical properties of alkali activated ground granulated
blast furnace slag concrete. Construction and Building Materials. 2019;197:339-355. https://doi.org/10.1016/j.conbuildmat.2018.11.086

4. Kuri J.C., Hosan A., Shaikh F.U.A., Biswas W.K. The effect of recycled waste glass as a coarse aggregate on the proper-
ties of Portland cement concrete and geopolymer concrete. Buildings. 2023;13(3):586. https://doi.org/10.3390/buildings13030586

5. He Z., Hu H., Casanova ., Liang C., Du S. Effect of shrinkage reducing admixture on creep of recycled aggregate
concrete. Construction and Building Materials. 2020;254:119312. https://doi.org/10.1016/j.conbuildmat.2020.119312

6. Guedes M., Evangelista L., de Brito J., Ferro A.C. Microstructural characterization of concrete prepared with re-
cycled aggregates. Microscopy and Microanalysis. 2013;19(5):1222-1230. https://doi.org/10.1017/S1431927613001463

7. Imtiaz 1., Kashif-ur-Rehman S., Alalou W., Nazir K., Javed M., Aslam F., Musarat M. Life cycle impact as-
sessment of recycled aggregate concrete, geopolymer concrete, and recycled aggregate-based geopolymer concrete. Sus-
tainability. 2021;13(24):13515. https://doi.org/10.3390/su132413515

8. Zhang J., Zhao Y., Li X., Li Y., Dong H. Experimental study on seismic performance of recycled aggregate con-
crete shear wall with high-strength steel bars. Structures. 2021;33:1457-1472. https://doi.org/10.1016/j.istruc.2021.05.033

9. Waqgas R.M., Butt F., Danish A., Alqurashi M., Mosaberpanah M.A., Masood B., Hussein E.E. Influence of ben-
tonite on mechanical and durability properties of high-calcium fly ash geopolymer concrete with natural and recycled ag-
gregates. Materials. 2021;14(24):7790. https://doi.org/10.3390/mal4247790

10. Gunasekaran K., Annadurai R., Kumarb P.S. Study on reinforced lightweight coconut shell concrete beam beha-
vior under shear. Materials and Design. 2013;50:293-301. http://doi.org/10.1016/j.matdes.2013.03.022

11. Galishnikova V.V., Elroba S.M., Dayoub N., Sakna A. Use of natural compounds as a nutrition for bacteria in
self-healing mortar. Structural Mechanics of Engineering Constructions and Buildings. 2022;18(1):54-63.
http://doi.org/10.22363/1815-5235-2022-18-1-54-63

CTPOWTENbHBIE MATEPUANBI 1 U3AENWA 249



Hematibahar M., Esparham A., Vatin N.I., Kharun M.I., Gebre T.H. Structural Mechanics of Engineering Constructions and Buildings. 2023;19(2):233-250

12. Gunasekaran K., Kumar P. S., Lakshmipathy M. Mechanical and bond properties of coconut shell concrete. Con-
struction and Building Materials. 2011;25:92-98. https://doi.org/10.1016/j.conbuildmat.2010.06.053

13. Hilal N., Sahab M.-F., Mohammad Ali T.-K. Fresh and hardened properties of lightweight self-compacting concrete
containing walnut shells as coarse aggregate. Journal of King Saud University. Engineering Science. 2020;(33):364-372.
https://doi.org/10.1016/j.jksues.2020.01.002

14. Alaneme G.U., Mbadike E.M. Experimental investigation of Bambara nutshell ash in the production of concrete
and mortar. Innovative Infrastructure Solutions. 2021;6:66. https://doi.org/10.1007/s41062-020-00445-1

15. Kong J., Ni S., Guo C., Chen M., Quan H. Impacts from waste oyster shell on the durability and biological attach-
ment of recycled aggregate porous concrete for artificial reef. Materials. 2022;15:6117. https://doi.org/10.3390/ mal5176117

16. Raja K.C.P., Thaniarasu 1., Elkotb M.A., Ansari K., Saleel C.A. Shrinkage study and strength aspects of concrete
with foundry sand and coconut shell as a partial replacement for coarse and fine aggregate. Materials. 2021;14:7420.
https://doi.org/10.3390/mal14237420

17. Soriano L., Font A., Tashima M.M., Monz6 J., Borrachero M.-V., Bonifacio T., Paya J. Almond-shell biomass
ash (ABA): a greener alternative to the use of commercial alkaline reagents in alkali-activated cement. Construction and
Building Materials. 2021;290:123251. https://doi.org/10.1016/j.conbuildmat.2021.123251

18. Bigi A., Bracci B., Panzavolta S. Effect of added gelatin on the properties of calcium phosphate cement.
Biomaterials. 2004;25:2893-2899. https://doi.org/10.1016/j.biomaterials.2003.09.059

19. Nuaklong P., Wongsa A., Sata V., Boonserm K., Sanjayan J., Chindaprasirt P. Properties of high-calcium
and low-calcium fly ash combination geopolymer mortar containing recycled aggregate. Heliyon. 2019;5:e02513.
https://doi.org/10.1016/j.heliyon.2019.e02513

20. Kumar C.A., Gope P.C., Singh V.K., Verma A., Rajiv Suman A. Thermal analysis of epoxy-based coconut
fiber-almond shell particle reinforced bio composites. advances in manufacturing science and technology. 2014;38(2).
https://doi.org/10.2478/amst-2014-0009

21. Erofeev V.T., Kaznacheev S.V., Pankratova E.V., Seleznev V.A., Tyuryahina T.P. Physical and mechanical
properties of pre-bound aggregate composites. Structural Mechanics of Engineering Constructions and Buildings.
2022;18(5):399-406. https://doi.org/10.22363/1815-5235-2022-18-5-399-406

22. Frolov K.E. Experimental studies of reinforced concrete structures of hydraulic structures strengthened
with composite materials. Structural Mechanics of Engineering Constructions and Buildings. 2019;15(3):237-242.
https://doi.org/10.22363/1815-5235-2019-15-3-237-242

23. Kharun M., Ehsani A., Nasimi S., Gebre T.H. Properties and behavior of light hydrophobic concrete. Structural
Mechanics of Engineering Constructions and Buildings. 2021;17(3):299-307. https://doi.org/10.22363/1815-5235-2021-17-
3-299-307

24. Rehman W., Majeed A., Mehra R., Bhushan S., Rani P., Chand K., Bast F. Gelatin: a comprehensive report
covering its indispensable aspects. Natural Polymers: Derivatives, Blends and Composites. Nova Science Publishers; 2016.
p. 209-222.

25. Kharun M., Al Araza H.A.A., Hematibahar M., Al Daini R., Manoshin A.A. Experimental study on the effect
of chopped basalt fiber on the mechanical properties of high-performance concrete. AIP Conference Proceedings.
2022;1:2559. https://doi.org/10.1063/5.0099042

26. Hematibahar M. Crack resistance in basalt fibred high-performance concrete (M.Sc. thesis). Moscow: RUDN
University; 2021.

27. Hasanzadeh A., Vatin N.l., Hematibahar M., Kharun M., Shooshpasha I. Prediction of the mechanical properties
of basalt fiber reinforced high-performance concrete using machine learning techniques. Materials. 2022;15(20):7165.
https://doi.org/10.3390/mal15207165

28. Hematibahar M., Vatin N.l., Alaraza H.A.A., Khalilavi A., Kharun M. The prediction of compressive strength
and compressive stress-strain of basalt fiber reinforced high-performance concrete using classical programming and logistic
map algorithm. Materials. 2022;19(15):6975. https://doi.org/10.3390/ mal5196975

250 CONSTRUCTION MATERIALS AND PRODUCTS



