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Abstract - The objective of this experimental research is to investigate the possibilities of using waste-based Corn Stalk Fibers 

(CSF) in one-part Alkali-Activated Mortars (AAMO) to determine the impact of fiber properties on the physical, thermal, and 

mechanical characteristics of the material and the effectiveness of the fiber in increasing the strength under bending loads and 

developing ductile fracture behaviour. The optimal fiber content and length are 3% and 30 mm, respectively. Increasing the 

CSF content from 1% to 3% increases the Flexural Strength (FS) of the AAMO while decreasing its Unit Weight (UW), 

Compressive Strength (CS), Ultrasound Pulse Velocity (UPV), Modulus of Elasticity (MoE), and Thermal Conductivity 

coefficient (TC). More ductile fracture behaviour is observed with the inclusion of CSF. The porosity (P) (19.11%), Water 

Absorption ratio (WA) (14.89%), TC (0.48 W/mK), and FS and CS (3.36 and 6.03 MPa, respectively) of the CSF-reinforced one-

part AAMO meet the expected performance criteria. Although extending the curing period from 28 days to 365 days enhances 

the properties, the period between 28 and 90 days is more effective. 

Keywords - Alkali activation, Fiber content, Fiber length, One-part mixing method, Waste corn stalk fiber. 

1. Introduction 

Approximately 36% of overall energy consumption and 

40% of CO2 emissions connected to energy use are attributed 

to the construction industry. In particular, Portland cement-

based products are responsible for CO2 emissions because of 

their extensive use globally [1]. Approximately 8% of 

greenhouse gas emissions worldwide come from the 

production of these materials, which adversely impact the 

environment and contribute to climate change, specifically 

global warming [2]. As a result, for many years, attempts have 

been made to develop construction materials with low CO2 

emissions and energy- and resource-efficient substitutes for 

cement. 

 

The use of additional cementitious materials [3], the reuse 

of wastes from construction activities [4], and the use of 

innovative alternative binders without cement, such as 

geopolymer or Alkali-Activated Materials (AAM), instead of 

cement [5], can contribute to the reduction of CO2 emissions. 

AAM is a binder produced by the activation of raw materials 

with an aluminosilicate-based internal structure using alkali-

based materials at low temperatures below 100 ºC [6]. AAM 

is described as an improved, environmentally conscious 

alternative binder compared to cement [7]. This description is 

provided because AAMs can be produced from various, 

readily available, waste- or by-product-based raw materials 

with a lower embodied carbon content compared to traditional 

cement and require lower energy during production, achieve 

high strength at low temperatures and early curing periods, 

and are cost-effective [8]. With the use of AAM, it is 

determined that CO2 emissions may be reduced by up to 80% 

based on the variety of raw resources and the production 

process [9]. 

 

In addition to industrial by-products or waste materials, 

naturally occurring volcanic-based materials can serve as a 

source of aluminosilicate (precursor) for the production of 

AAM because they have a high content of amorphous SiO2 

and Al2O3. Research results related to the production of AAM 

from natural volcanic materials originating from Iran [10-12], 

Italy [13-15], Cameroon [16-18], Saudi Arabia [19, 20], 

Jordan [21], Japan [22], China [23], Indonesia [24], Germany 

[25], and Colombia [26] are promising. In Türkiye, it has been 

determined that pumice extracted from Hasankale (Erzurum) 

[27], perlite from Erzincan [28], volcanic ash from Manisa 

[29], and volcanic tuff from Bayburt [30] are suitable for 

AAM production. Over 1.5 billion m³ of volcanic tuff deposits 

were found in the Cappadocia Region of Türkiye, resulting 

from the eruptions of historically active volcanoes [31]. 

Experimental studies in the literature [32, 33] have determined 

that Nevşehir Pozzolan (NP) can react with various alkaline 

activators, making it advantageous for the manufacturing of 

alkali-activated binders, mortars, and concrete. 

http://www.internationaljournalssrg.org/
http://creativecommons.org/licenses/by-nc-nd/4.0/
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The properties of AAMs differ based on the type and 

characteristics of the raw materials, the mixing ratio, and the 

production and curing conditions. The mixing method is one 

of the most significant aspects that alter the material 

properties. Depending on whether the alkali activator used is 

in a solid or liquid state, there are two different mixing 

methods: (i) two-part mixing; and (ii) one-part mixing. Those 

produced using the two-part mixing method are traditional 

AAMs [10]. In this method, the chemical alkaline activators 

are prepared 24 hours before the mixture is made, and are 

added during the mixing process with the aluminosilicate 

source. However, this method is not an easy one to apply. 

Dangerous accidents can occur during the use of the activator 

solution. Preparing activators with abrasive properties to 

ensure the safety of field workers can limit the mass 

production capabilities of the material [34]. In AAMs 

produced using the one-part mixture method, similar to 

traditional Portland cement, the aluminosilicate source and 

solid alkali activators are mixed in solid form until a 

homogeneous mixture is obtained, with the reaction being 

initiated by adding water when application is intended. This 

method, which facilitates the processing of dry raw materials, 

offers easier, safer, and more practical use in large-scale 

applications [35]. Thus, it offers significant advantages in 

areas such as traditional mixing, storage, raw material 

transportation, occupational safety, and compliance with user 

health, making it more readily accepted by the construction 

materials market [36, 37]. The mixing method predominantly 

used in research on the production of AAM using volcanic-

based materials is the two-part method. In particular, detailed 

experimental research is needed for the production of AAMs 

using the one-part mixing method with the natural volcanic 

raw materials of Türkiye. 

 

Similar to other binding materials, AAM also exhibits 

brittle behaviour and suddenly fractures under bending or 

tensile loads [38]. To address this negative characteristic, 

fillers or fibers are added to the AAM mixture to produce 

AAM composites. These composites may include various 

synthetic fibers, such as polypropylene, polyvinyl alcohol, and 

polyethylene, as well as glass and carbon fibers. This is 

because they are very durable and strong, and can greatly 

improve crack control and behavior after cracking. However, 

their high cost and adverse effects on the environment have 

led to the search for alternatives that are more sustainable. 

Natural fibers are preferred due to their advantages, such as 

abundance, ease of preparation, non-toxicity, renewability, 

low cost, and environmental friendliness. They possess a lot 

of distinctive physical and mechanical characteristics that are 

influenced by variables such as the type, length, content, and 

chemical composition of the fibers. The literature indicates 

that their UW usually ranges from 1.2 to 1.5 g/cm³, and their 

tensile strength may vary from 120 to 900 MPa. Similarly, the 

MoE typically ranges between 4.8 and 90 GPa, and the 

elongation may reach values between approximately 0.59% 

and 25% [39]. In the literature, sisal [40, 41], coconut [41], 

hemp [42, 43], cotton [44, 45], jute [46], sugarcane bagasse 

[47], kenaf [48, 49], flax [50, 51], musa basjoo [52], and wood 

fibers [53] are the types of natural fibers used in AAM 

production. Compared with these fibers, corn-based fibers 

represent an abundant agricultural residue with relatively low 

UW and acceptable mechanical properties, which may 

contribute to improving the toughness and crack resistance of 

binder systems while simultaneously reducing material cost. 

In addition, the use of CSF can alleviate the challenges of 

waste disposal caused by maize cultivation. Despite all these 

advantages, studies on using CSF for producing building 

materials are limited. Thus, it is essential to fill this gap for 

both long-term waste management and the production of 

building materials that have positive effects on the 

environment. 

 

Corn, among the most extensively transported food 

products, has an annual production of over 1.2 billion tons 

worldwide and 6.75 million tons in Türkiye [54]. The waste 

generated from corn production is generally disposed of in the 

environment, causing pollution, or is burned, which poses a 

significant risk to human well-being and the environment [55]. 

Corn cob waste, especially, can be used in the construction 

industry as an aggregate in alkali-activated binder, mortar, or 

concrete mixtures [56, 57], or after being burned, as corn cob 

ash [57, 58]. However, the use of other parts of corn waste, 

such as stalks and leaves, in the production of materials is 

limited. The production of corn fiber from corn stalks and 

leaves, and the use of CSF reinforcement in binders, are 

advantageous both in terms of enhancing the properties and 

environmental sustainability of the produced material.  

 

CSF has been added as reinforcement to traditional 

Portland cement and hydrated lime mortars [59], coal gangue-

filled cementitious binders [60], cement-stabilized 

compressed earth mixtures [61], lightweight concretes with 

EPS aggregate [62], and traditional concrete [63], resulting in 

increased FS and ductility. However, scarce data exist on the 

effectiveness of CSF, an agricultural waste-based fiber, within 

AAM. A study [64] produced a metakaolin-based two-part 

AAM with an FS of 6.7-8.8 MPa after adding 12-14.5% CSF. 

CSF significantly increased the ductility of the composite 

material. In the literature, there is no research on the use of 

CSF in one-part AAMO. Thus, this experimental research 

proposes to address the current knowledge gap by 

incorporating waste CSF produced from corn stalks in a one-

part AAMO design. A comprehensive evaluation of the effects 

of CSF content and length on the physical, thermal, and 

mechanical properties of the produced one-part AAMO was 

carried out. This study not only makes CSF waste more 

valuable, but it also helps produce environmentally friendly 

AAMO. In this context, the current study provides a novel 

perspective by combining waste CSF with one-part AAM 

production technology. This approach helps both the 

production of sustainable materials and the use of resources in 

a circular way. 
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2. Methodology 

2.1. Raw Materials 

The NP aluminosilicate source was acquired from the 

waste storage site of the volcanic rock quarry in Nevşehir. NP 

was first dried at 80 ºC for 48 hours and ground to a fineness 

of less than 90 µm before use. Its specific gravity and specific 

surface area were 2.55 and 7648 cm²/g, respectively, as 

determined according to TS EN 196-6 [65]. Since the total 

ratio of SiO2, Al2O3, and Fe2O3 is greater than 70% (Table 1), 

NP can be classified as a natural pozzolanic source for binder 

production and as a low-calcium-content (0.33% CaO) raw 

material for AAM, according to TS 25. The results for FS 

(1.86 MPa) and CS (6.81 MPa), respectively, obtained from 

the pozzolanic activity test, fulfill the criteria of the 

specification. 
 

Table 1. Chemical constituents of NP 

Constituent NP (%) 

SiO2 77.29 

Al2O3 18.48 

Fe2O3 1.71 

CaO 0.33 

MgO 1.29 

K2O7 0.30 

SO3 0.10 

LoI 0.50 
 

In the AAMO production process, a chemical alkaline 

activator should be used to raise the pH of the mixture to 

ensure the dissolution of the raw materials and the subsequent 

evolution of polycondensation stages [66]. Solid sodium 

hydroxide (NaOH) and anhydrous sodium metasilicate (SS) 

containing 50-52% SiO2, and 50-48% Na2O were used. The 

aggregate utilized was standard sand (SK), which had a 

maximum particle diameter of 2 mm [67]. CSF was obtained 

from Ordu, and its composition, determined by XRF analysis, 

includes 55.60% cellulose, 8.70% hemicellulose, 13.80% 

lignin, 1.60% pectin, and 8.90% waxy components (Table 2). 
Table 2. Chemical constituents of CSF 

Constituent CSF (%) 

Cellulose 55.60 

Hemicellulose 8.70 

Lignin 13.80 

Pectin 1.60 

Wax 8.90 

Humidity 11.40 
 

According to the literature data, the UW, FS, and MoE of the CSF 

are 1.34 g/cm³, 522.4 MPa, and 17.4 GPa, respectively [59]. When 

preparing CSF, first, the leaves, ears, and nodes were removed from 

the surface of the stalk (Figure 1(a)). The inner part of the stalk (core, 

pith) (Figure 1(b)) was removed, and the remaining rind (skin) 

(Figure 1(b)) was cut into 10-, 20-, 30-, and 40-mm fiber lengths with 

sharp scissors (Figure 1(c)). The presence of a waxy layer on the CSF 

surface can weaken the adhesion between the matrix and CSF. 

Furthermore, the existence of cellulose, hemicellulose, and lignin in 

CSF can reduce long-term durability within an alkaline matrix, 

accelerate fiber degradation, and lead to loss of strength. To increase 

the durability of CSF and ensure strong adhesion between the matrix 

and CSF, alkaline treatment is necessary [60, 62]. This treatment may 

also break down the hydrophilic hydroxyl components [68, 69] and 

the saccharide components of the fibers that delay the hardening of 

the binder [70, 71]. Therefore, the CSF was subjected to alkaline 

treatment (Figure 1(d)). CSF was subjected to an alkaline treatment 

for 6 hours in a 1% SS solution with a pH of 12. After the alkaline 

treatment, CSF was washed with water and dried at 50 ºC for 24 hours 

until a constant weight was reached (Figure 1(e)). The CSF (Figure 

1(f)), cooled to room temperature, was kept ready for use in a closed 

glass container. 

 

2.2. Mixing Ratios 

The one-part AAMO without CSF was defined as the 

control sample (ref). Total alkali activator (NaOH + SS): NP, 

NaOH: SS, and binder: SK ratios were kept constant by weight 

at 1:4, 1:2, and 1:3, respectively (Table 3). CSF was 

incorporated at 1%, 2%, and 3% of the weight of NP. The 

maximum CSF content (3%) was determined as a result of 

preliminary trials and constrained by workability to prevent 

adverse casting situations. After incorporation of CSF, it will 

absorb the matrix’s water, resulting in a decrease in 

workability. However, adding more water to the mortar to 

compensate for the reduced workability can further decrease 

the mechanical properties [40]. Therefore, the optimal amount 

of water that ensures the workability was figured out via the 

flow table test [72] (Figure 2(c)), and the water/binder ratio 

was maintained at 0.65. The maximum CSF length (40 mm) 

was also determined during the preliminary experiments. 

During the preparation of the mixture, especially after the 

addition of water, it was determined that CSF longer than 40 

mm tends to clump excessively. To prevent fiber 

agglomerations within the matrix and the subsequent 

formation of a heterogeneous AAMO, the maximum CSF 

length was limited to 40 mm. The produced samples are coded 

in the format [x/CSF-%y]. In this coding, “x” is the length of 

the CSF (10, 20, 30, and 40 mm), and “y” is the CSF content 

in the AAMO (1%, 2%, and 3% by weight of NP). 

2.3. Sample Preparation, Curing Conditions, and Applied 

Tests 

NP, SK, NaOH, SS, and CSF were mixed dry for 5 

minutes according to the one-part mixture method (Figure 

2(a)). The water was then added and mixed for another 5 

minutes (Figure 2(b)). Half of the mortar was placed in the 

40x40x160 mm molds, and the vibration was carried out for 

30 seconds. Then, the remaining part of the mixture was 

poured into the molds, which were re-vibrated, then covered 

with polyethylene (PE), and subjected to a pre-curing process 

at 22 °C for 12 hours. After removing from the molds, the 

samples were pre-cured for another 12 hours (Figure 2(d)) and 

subjected to ambient curing for 28 days at 22±2 °C and 50±5% 

RH without PE coating (Figure 2(e)). Production stages of 

CSF-reinforced one-part AAMO samples are presented in 

Figure 3. 



Kübra Ekiz Barış / IJCE, 13(4), 17-32, 2026 

20 

 

 
Fig. 1 (a) The stalk of the corn plant, (b) Corn pith and corn rind inside the corn stalk, (c) Corn rind after cutting with a sharp scissor, (d) Alkaline 

treatment of the corn rind, (e) Drying the corn rind at 50 ºC for 24 hours, and (f) CSF ready for use in the AAMO. 

Table 3. CSF-reinforced one-part AAMO mixing ratios 

Sample 
NP 

(g) 

SK 

(g) 

NaOH 

(g) 

SS 

(g) 

CSF 

(g) 

Activator: 

aluminosilicate 

Binder: 

SK 

Ref 

 

400 

 

1200 33.3 66.6 

0 

1:4 1:3 

10/CSF-1% 

4 
20/CSF-1% 

30/CSF-1% 

40/CSF-1% 

10/CSF-2% 

8 
20/CSF-2% 

30/CSF-2% 

40/CSF-2% 

10/CSF-3% 

12 
20/CSF-3% 

30/CSF-3% 

40/CSF-3% 
 

In the first stage of this research, the influence of CSF 

content and length on the physical, thermal, and mechanical 

performance of one-part AAMOs, as specified in Table 3, was 

examined. After determining the optimal CSF content and 

length, the influence of the sample's curing period under 

ambient conditions was examined by extending the 28-day 

curing period to 60, 90, 180, and 365 days. The efficiency of 

the curing period was determined only on the samples with the 

optimal CSF content and length. Except for the TC test, all 

other experiments were conducted on 6 prismatic samples 

measuring 40x40x160 mm; the TC test was applied to 6 

cylindrical samples having a 100 mm diameter and 10 mm 

thickness. 
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Fig. 2 Production of CSF-reinforced one-part AMMO samples: (a) Preparation of dry mix, (b) Fresh AAMO, (c) Flow table test, (d) Pre-curing of the 

samples, and (e) Samples after the curing period. 

 
Fig. 3 Production stages of CSF-reinforced one-part AAMO samples 

 

To determine the physical properties such as UW, WA, 

and P, the weights of the samples in dry and water-saturated 

conditions, as well as those suspended in water, were 

measured. The dry sample weight (md) was obtained by drying 

the samples at 100±2 °C for approximately 36 hours. 

Afterwards, the same samples were maintained in a water-

filled container for 48 hours to ascertain the water-saturated 

weight (ms). The weight in water (mh) of the samples is 

denoted when they are suspended in a water-filled container. 

The UW (g/cm3) was calculated according to Equation 1 in 

accordance with TS EN 1015-10: 
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UW =  
md

ms -mh

                                  (1) 

The WA of the samples under atmospheric pressure was 

determined based on Equation 2 in accordance with TS EN 

13755 [73]: 

 

WA =  
ms-md

md
× 100                                     (2) 

The specific weight is defined as the weight of the unit 

volume of the material in a void-free state. To calculate the P, 

the specific weight must be determined. The specific weight 

(ρr) is determined according to TS 699 [74] by finely grinding 

a certain amount of material into powder form, adding it to a 

water-filled glass bottle, and ensuring that the material 

completely settles at the bottom without any air bubbles. The 

specific weights of the samples were calculated according to 

Equation 3: 

𝜌𝑟 =  
𝑚𝑘𝑛−𝑚𝑘

(𝑚𝑘𝑛 −𝑚𝑘) −(𝑚𝑘𝑛𝑠 −𝑚𝑠𝑑)
   (3) 

“mk” is the weight of the empty bottle, “mkn” is the weight 

of the bottle filled only with the sample, “msd” is the weight of 

the water-filled bottle, and “mkns” is the weight of the water- 

and sample-filled bottle. 

The P of the samples was calculated according to 

Equation 4: 

 

P = (1-
UW

ρr
) × 100                                  (4) 

The UPV was calculated using a Proceq device according 

to TS EN 14579. The device automatically detects the UPV 

by attaching probes to the samples’ endpoints, and it processes 

the sample length (L, mm) into the database. When the device 

was operated, the time (t, μs) until the UPV provided by the 

transmitting probe was received by the receiving probe was 

determined, and the UPV (km/s) was calculated in accordance 

with the following Equation 5: 

𝑈𝑃𝑉 =
𝐿

𝑡
                                   (5) 

The MoE (GPa) of the samples, whose UW and UPV 

were determined separately, was calculated according to 

Equation 6: 

𝑀𝑜𝐸 =
𝑈𝑃𝑉2 × UW × 105

𝑔
                                    (6) 

“g” represents the acceleration attributable to gravity, 

quantified as 9.81 m/s². 

Dimensional variations of the materials, including 

swelling and shrinking, might have a negative impact on the 

materials’ anticipated efficiency. More swelling might have a 

detrimental impact on the properties due to the development 

of interior microcracks in the structure. Therefore, in 

accordance with ISO 8335 [75], the thickness of swelling 

(ToS) of the fiber-reinforced materials submerged in a water-

filled container for 24 hours ought to be less than 2%. The ToS 

was determined by using Equation 7: 

𝑇𝑜𝑆 = (
𝑑2−𝑑1

𝑑1
) × 100   (7) 

“d1” and “d2” represent the thickness (mm) prior to and 

after immersion in the water-filled container, respectively. 

The TC was calculated using a heat flux device under 

steady-state conditions in accordance with ASTM C518-17 

[76]. The heat flow measurement device is comprised of two 

copper plates, a single heat flux transducer, and a protective 

shell with thermal insulation that prevents the loss of heat.  

The heat flow through two copper plates was measured 

after the sample was placed between them. The sensors were 

used to measure the heat flux (Q, W/m2), and the temperature 

differences between the copper plates (∆T=T1 – T2). TC 

(W/mK) was calculated using Equation 8: 

𝑄 = 𝑇𝐶 ×
∆𝑇

𝑑
                                            (8) 

“d” denotes the thickness (m). 

The FS and CS tests were conducted in accordance with 

TS EN 196-1 [67]. The FS (MPa) was calculated using 

Equation 9, and the CS (MPa) was calculated using Equation 

10: 

𝐹𝑆 =
1.5×𝐹𝑓×𝑙

𝑏3                                              (9) 

𝐶𝑆 =
𝐹𝑐

𝐴
                                           (10) 

“b” represents the width of the prismatic sample (mm), 

“Ff” is the maximum bending load (N), “l” denotes distances 

between two supports (mm), “Fc” is the maximum 

compressive load the sample receives (N), and “A” is the 

cross-sectional area of the sample (mm2). 

3. Results and Discussion 

3.1.  The Impact of CSF Incorporation on the Physical 

Performance of AAMO 

The impacts of CSF content and length on the physical 

properties, such as P, WA, UW, and ToS of AAMO, are 

shown in Figure 4. 
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Fig. 4 The impacts of fiber content and length on the physical 

performance of AAMO: (a) P and UW relationship,  and (b) WA and 

ToS relationship. 

Incorporation of 1%, 2%, and 3% CSF by weight into 

AAMO gradually increased the P of the mortar while reducing 

its UW (Figure 4(a)). While the P of the reference sample was 

16.61%, the addition of 1%, 2%, and 3% CSF increased it to 

ranges of 18.54-20.00%, 18.90-20.75%, and 19.11-21.13%, 

respectively. As expected from the increase in the P, the UW 

of the reference sample, which was 1.95 g/cm³, decreased to 

1.70-1.84, 1.62-1.76, and 1.55-1.70 g/cm3 with the addition of 

1%, 2%, and 3% CSF, respectively. The increase in P detected 

with the increasing CSF content might be due to the porous 

internal structure of CSF. Another reason was that the CSF 

within the fresh matrix absorbed the mixing water and 

incorporated it into its structure. The absorbed water then 

evaporated as the mixture dried under ambient conditions, 

leaving behind entrapped air. Due to this entrapped air, the P 

increased [47]. This increasing trend in P had also been 

observed in the literature for AAMs based on coconut and sisal 

[41], cotton [44], and sugarcane bagasse [47]. The P of the 

one-part AAMO containing CSF (18.54-21.13%) was higher 

compared to the sugarcane bagasse-based AAMO (10-15%) 

[47], but lower compared to the cotton (22-26%) [44], coconut 

(26-29%), and sisal (27-30%)-based [41] AAMOs. 

 

The WA of the reference mortar was the lowest (10.96%). 

The addition of CSF to the mortar, especially increasing the 

fiber content from 1% to 3%, increased the WA to a range of 

12.01-16.33% (Figure 4(b)). This increase was parallel to the 

increase in P. The increase in WA was due to the matrix 

becoming more porous and the higher WA capacity of natural 

CSF due to its hydrophilic character. When water molecules 

contacted with the hydrophilic components of CSF, a 

considerable amount of hydrogen bonds were formed, 

creating a physical barrier between the fiber and the matrix, 

thereby reducing the adhesion at the fiber-matrix interface 

[77]. The natural fiber, which absorbed a large amount of 

water, swelled, leading to tensile stresses within the matrix 

and consequently causing micro-cracks to form. Thus, the 

fiber could be separated from the matrix [78, 79]. The effect 

of increased fiber content on enhancing WA was also 

identified in the literature in AAM based on coconut and sisal 

[41], hemp [43], and sugarcane bagasse [47]. 

 

 
Fig. 5 Optical microscope images of the samples: (a) Reference sample 

without CSF, (b) Sample containing 3%-30 mm CSF, and                               

(c) Agglomeration occurring in the sample containing 3%-40 mm CSF. 

When the CSF content was kept constant, increasing the 

CSF length from 10 mm to 20 and 30 mm resulted in a gradual 

decrease in P and WA, while the UW increased. However, 

with the use of CSF longer than 30 mm, an opposite trend in 

physical properties was observed. Especially in samples with 

40 mm CSF (3% fiber content), the highest P (21.13%), WA 
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(16.33%), and the lowest UW (1.55 g/cm3) were observed, 

indicating that the critical CSF length (where the interaction 

between CSF and the matrix was maximized) was exceeded. 

This situation might be due to the tendency of fibers to clump 

more with the use of longer CSF. The mixing of the 40 mm 

CSF made it difficult to obtain a homogeneous matrix, leading 

to the concentration and agglomeration of CSF in certain areas 

within the mortar and the formation of gaps between the 

matrix and CSF. The observed agglomeration of fibers 

overlapped with the digital images of the samples detected by 

the optical microscope and is shown in Figure 5(c). In contrast, 

the reference sample had a homogeneous internal structure 

(Figure 5(a)), and in samples with a critical CSF length (30 

mm), a more homogeneous fiber distribution was observed 

(Figure 5(b)). 

 

High levels of swelling in water-absorbing materials can 

negatively affect the mechanical properties due to the 

development of micro-cracks in the structure [78]. Therefore, 

swelling of the fiber-reinforced materials should be less than 

2% [75]. As seen in Figure 4(b), the lowest ToS (0.46%) was 

obtained in the reference sample. As the length and content of 

CSF increased, the ToS exhibited a rise between 0.70% and 

1.54%. However, the low values identified are important in 

terms of meeting the expected requirements of the material. 

3.2.  The Impact of CSF Incorporation on the Thermal 

Performance of AAMO 

The impacts of CSF content and length on the relationship 

between TC and P of AAMO are shown in Figure 6. 

 
Fig. 6 The impacts of fiber content and length on the TC and P 

relationship of AAMO 

The TC of the reference mortar was 0.99 W/mK. With 

CSF reinforcement, the TC gradually decreased to 0.35 

W/mK. The TC of the samples was inversely related to their 

P. In other words, the increased P resulting from the 

incorporation of CSF into AAMO meant that a greater number 

of pores within the material served as thermal insulation [80]. 

This conclusion is because the air trapped within the larger 

number of voids in AAMO had a TC (0.025 W/mK) that was 

lower than that of the matrix, generally ranging from 1.0 to 1.2 

W/mK. By increasing the CSF content to 3%, the larger 

amount of CSF created a more porous internal structure, which 

further reduced the TC of the material. The effect of fiber 

length on the TC also varied inversely with the change in P. 

Up to a fiber length of 30 mm, the TC showed an increasing 

trend, while for fiber lengths exceeding 30 mm, the TC 

decreased because of the formation of a more porous internal 

structure and the tendency of CSF to clump together. In this 

study, the sample with the lowest TC (0.35 W/mK) was 

determined to be coded 40/CSF-%3. In the literature, the TC 

of AAMO reinforced with 7.5% sugarcane bagasse fiber by 

weight was 0.55 W/mK [81], AAMO containing 1% sisal fiber 

was 0.98 W/mK, and AAMO containing 1% coconut fiber was 

0.94 W/mK [41]. In this study, the TC of AAMO containing 

1%, 2%, and 3% CSF (0.48-0.59 W/mK, 0.43-0.52 W/mK, 

and 0.35-0.48 W/mK, respectively) was lower than the values 

identified in the literature, indicating that CSF enabled the 

production of AAMO with improved thermal performance. 

 

 
Fig. 7 The impacts of fiber content and length on the mechanical 

performance of AAMO: (a) UPV and MoE, and (b) CS and FS 

relationship. 



Kübra Ekiz Barış / IJCE, 13(4), 17-32, 2026 

25 

3.3.  The Impact of CSF Incorporation on the Mechanical 

Performance of AAMO 

The impacts of CSF content and length on the mechanical 

properties, such as UPV, MoE, FS, and CS of AAMO are 

shown in Figure 7. The highest UPV (2.34 km/s) belonged to 

the reference sample. The reduction of UPV to 1.52 km/s with 

the addition of CSF was another indication of the higher P of 

the samples containing CSF. The change in the UPV, with 

CSF content and length, was inversely proportional to the 

change in P. Additionally, a directly proportional relationship 

was identified between the material’s FS, CS, and the UPV. 

When the CSF content was increased to 3% and the CSF 

length was extended to 30 mm, the UPV increased. In 40-mm 

CSF-incorporated samples, the highest P, caused by more 

agglomeration of the fibers, resulted in the lowest UPV. The 

MoE is the resistance of AAMO to deformation under load. 

The highest MoE (10.67 GPa) was obtained from the reference 

sample and gradually decreased with an increase in CSF 

content up to 3% and an increase in fiber length beyond 30 

mm. The rising trend of the MoE values was related directly 

to the decrease of the P and the increase of the UW. 

 

The lowest FS (1.05 MPa) was detected in the reference 

sample without CSF. Reinforcing AAMO with 1% CSF 

increased the FS by 2.02-2.45 times compared to the reference 

sample. Increasing the CSF content to 2% and 3% increased 

the FS by 2.33-2.70 times and 2.75-3.20 times, respectively. 

The enhanced tensile strength of the CSF, coupled with the 

significant adhesion between the matrix and CSF, facilitates 

the transmission of loads from the matrix to the CSF [41]. 

Additionally, the increase in FS indicated that CSF could act 

as a bridge between cracks, thereby preventing further crack 

propagation. Because when a crack comes into contact with 

CSF, the higher energy is necessary to remove the CSF from 

the matrix, overcome adhesion, and cause the crack to 

propagate across the matrix. This bridging effect of CSF 

prevents sudden fracture by distributing the stress between 

various parts of the material. When stresses again exceed the 

material’s capacity in other regions, more cracks appear, and 

the process is repeated [82]. This finding is important as it 

aligns with the findings of existing literature that show that 

sisal [40, 41], coconut [41], jute [40], cotton [44, 45], musa 

basjoo [52], and lignin [83] fibers significantly increase the FS 

of AAMO. 

 

With the increase in CSF length from 10 mm to 20 and 30 

mm, the FS increased in all fiber contents. The increased 

strength up to a 30 mm CSF length could be ascribed to the 

interfacial adhesion between the matrix and CSF. Shorter 

fibers provide friction due to a higher number of fiber ends, 

while longer fibers offer higher deformation resistance [86]. 

The highest FS at 1%, 2%, and 3% CSF contents (2.57, 2.83, 

and 3.36 MPa, respectively) were observed in samples with a 

fiber length of 30 mm. This finding was consistent with 

physical property results. Therefore, the critical fiber length 

required for the production of a higher-strength CSF-

reinforced one-part AAMO was 30 mm. On the other hand, 

increasing the CSF length to 40 mm led to a decrease in FS. 

This was because the presence of longer fibers within the 

matrix led to fiber agglomeration and the formation of weaker 

interfacial regions. However, the FS of the samples with 40 

mm CSF was higher than both the reference sample and the 

samples with 10 mm CSF. 

 

The highest CS (7.80 MPa) was found in the reference 

sample. In the samples reinforced with 1% CSF, the CS 

decreased to the range of 5.90-6.34 MPa. In contrast, in the 

samples reinforced with 2% and 3% CSF, it decreased to 5.77-

6.19 MPa and 5.42-6.03 MPa, respectively. In other words, 

adding more CSF to the one-part AAMO negatively affected 

the development of CS. Increasing the CSF length from 10 

mm to 20 and 30 mm positively affected the development of 

CS. In the samples reinforced with 1%, 2%, and 3% CSF, the 

highest CS was observed in the 30 mm fiber length, with 

values of 6.34 MPa, 6.19 MPa, and 6.03 MPa, respectively. 

This result was important as it was aligned with the 

development of physical properties. The lowest CS (5.42 

MPa) was found in the AAMO with the highest ratio and the 

longest CSF (40/CSF-%3). This finding was consistent with 

other research results as well [47, 81, 87]. The decrease in 

strength when the fiber content and fiber length exceed critical 

values was due to the formation of weaker regions within the 

matrix, resulting from the increased P of the mortar, as well as 

the insufficient bridging of potential cracks in the matrix by 

fibers [52]. However, the purpose of adding CSF to one-part 

AAMO is not to increase the CS of the material but to enhance 

ductility and prevent brittle fracture. Therefore, the 

aforementioned CS losses could be negligible. The CS 

obtained from the one-part AAMO reinforced with CSF (5.42-

6.34 MPa) was higher than that of the 1% lignin-based AAMO 

(3.5 MPa) [83], but lower than that of the AAMO containing 

2% jute or 3% sisal (20.6 and 22.1 MPa, respectively) [84] and 

the AAMO containing 0.25-1.5% musa basjoo fibers (45-50 

MPa) [52]. 

 

 
Fig. 8 Relationship between CS and FS 
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The relationship between CS and FS for all samples is 

presented in Figure 8. The CS varied inversely with the 

increase in FS. The CSF incorporation reduced the CS of one-

part AAMO while increasing its FS. It was observed that the 

points were concentrated on a line. Additionally, the FS and 

CS showed a strong linear relationship with a correlation 

coefficient of 0.9287. 

3.4.  The Impact of CSF Incorporation on the Fracture 

Behaviour of AAMO 

The impacts of CSF content and length on the flexural 

load and displacement relationship of AAMO are shown in 

Figure 9. During the initial loading, a linear elastic 

deformation was observed. As the load increased, microcracks 

developed within the material, indicating the formation of a 

nonlinear deformation curve. In all samples reinforced with 

CSF, the peak loads and the area under the stress-strain curve 

were higher than those of the reference sample. The sudden 

decrease of the curve after reaching the peak load in the 

reference sample indicated that a brittle fracture occurred. 

Additionally, the reference sample completely fractured under 

load and separated into two pieces (Figure 10(a)). 

 
Fig. 9 The impacts of fiber content and length on the flexural load and 

displacement relationship of AAMO 

CSF showed significant effectiveness in the fracture 

behavior of one-part AAMO. Unlike the reference sample, 

which exhibited brittle fracture behavior, the CSF-reinforced 

samples showed significant deformation under load and a 

large area under the stress-strain curve, indicating the 

development of ductile fracture behavior and high energy 

absorption capacity. Thus, the material showed signs of 

fracture before it completely broke (Figure 10(b)). With the 

increase in CSF content from 1% to 3%, the toughness of CSF-

reinforced AAMO increased further. In samples with a higher 

fiber content, although matrix fragmentation occurred after 

the initial crack formation, the CSF prevented the complete 

breaking of the matrix, thus maintaining sample integrity 

(Figure 10(c)). 

 
(a)                                          (b) 

 
                                     (c)                                               (d) 

Fig. 10 (a) Brittle fracture of the reference sample and complete 

separation of the pieces from each other, (b) Crack propagation is slow 

and fracture behaviour is ductile in the CSF-reinforced samples,                    

(c) Although the matrix breaks, the CSF prevents complete separation 

and holds the matrix together, and (d) Deformation of the CSF-

reinforced samples before fracture under the effect of compression 

loads. 

CSF-reinforced samples did not exhibit sudden and brittle 

fracture behavior during the test, showing significant 

deformations before fragmentation (Figure 10(d)). 

Maintaining the integrity of the material was particularly 

important for preventing serious injuries to users, especially 

under the influence of significant horizontal forces such as an 

earthquake, until they could escape the building. The increase 

in CSF length from 10 mm to 30 mm positively enhanced the 

toughness. However, the lower toughness value detected in 

samples with 40 mm CSF might be due to the agglomeration 

of fibers within the matrix, leading to void formation and 

weakening adhesion between the CSF and the matrix. In this 

case, CSF could be insufficient in preventing crack 

propagation. 

3.5.  The Impact of Curing Period on the Performance of 

AAMO 

Curing is the process applied to maintain the required 

temperature and humidity conditions during the period when 

the physical, mechanical, and durability properties of a fresh 

binding material develop. When the material is subjected to 

ideal curing conditions in the early stage, it becomes 

volumetrically stable, impermeable, and possesses high 

strength and abrasion resistance, along with increased 

durability against aging agents that may develop over time 

[87]. AAM is generally cured under ambient conditions, by 

the heat effect in an oven, the heat and steam effect in an 

autoclave, and the microwave effect. In curing methods based 

on heat energy consumption, the heat acts as an activator for 

the development of alkali activation reactions, resulting in the 

final material generally having relatively high mechanical 

properties [88, 89]. However, heating leads to high energy 

consumption during the application. Curing under ambient 

conditions, without consuming any heat energy, is a more 

economical and environmentally friendly option. 
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After determining the optimum CSF content by weight as 

3% and the CSF length as 30 mm, which provides the highest 

physical and mechanical properties for the one-part AAMO, 

the changes in the physical and mechanical properties with 

increasing curing period up to 365 days are presented in 

Figures 11 and 12, respectively. 

 
Fig. 11 The impacts of curing period on the physical performance of 

AAMO 

 
 

 
Fig. 12 The impacts of curing period on the mechanical performance of 

AAMO: (a) UPV and MoE relationship, and (b) CS and FS relationship. 

As the curing period under laboratory conditions of 

22±2°C and 50±5% RH increased from 28 days to 60 and 90 

days, the UW of the 30/CSF-%3 sample increased, while the 

values of P and WA gradually decreased. This positive 

development observed in the physical properties indicated that 

the internal structure of the material was continuing to evolve. 

As expected, the properties of the mortar, such as UPV, MoE, 

FS, and CS, continued to increase. A study in the literature 

reported that the FS of metakaolin-based AAM reinforced 

with coir fiber and cured under ambient conditions for 20 

months increased by 12%. It could be emphasized that the 

natural fiber could maintain its performance over time, 

without losing its effectiveness under high alkaline conditions, 

as indicated by the aforementioned increase [77]. In this 

context, the increase in the mechanical properties of the CSF-

reinforced one-part AAMO after 12 months was consistent 

with the literature. However, after the first 90 days, the rate of 

increase in properties tended to slow down. It was determined 

that the curve between 180 and 365 days approached 

horizontal. From this, it could be inferred that the 

effectiveness of AAMO in internal structure development was 

high in the first 90 days, and increasing the curing period 

beyond 90 days did not lead to further improvement in the 

properties. 

 

In terms of sustainability, the use of CSF in AAMO may 

provide several environmental advantages. Corn stalks are 

produced in substantial quantities as agricultural waste during 

maize harvesting. In many parts of Türkiye, these wastes are 

often thrown away by burning them in the open or letting them 

break down naturally. This can make the air dirty and release 

more greenhouse gases. Using CSF in the production of wall 

materials, therefore, represents a value-added approach to 

managing agricultural waste while supporting circular 

resource management. Compared with commonly used 

synthetic fibers, including polypropylene, polyvinyl alcohol, 

and glass, CSF generally requires significantly less energy 

during processing. Since the manufacturing of synthetic fibers 

is typically associated with high energy consumption and 

considerable carbon emissions, replacing synthetic fibers with 

CSF may help lower the environmental impact of the 

produced materials. Although a comprehensive life cycle 

assessment study was not carried out in the context of the 

current study, the use of CSF in AAMO can still be regarded 

as a promising approach for improving the sustainability of 

AAMO while also promoting the management of agricultural 

residues. 

 

From a practical perspective, the use of CSF in AAMO 

could provide promising opportunities for large-scale 

production and potential field applications. One-part AAMOs 

are particularly attractive because they simplify the 

preparation process. In these systems, the dry constituents are 

mixed and then activated by adding water, just like 

conventional cement-based materials. Such an approach not 

only makes the wall material easier to handle but also 
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improves convenience during storage, transportation, and on-

site use. In addition, utilizing waste CSF can help reduce the 

overall material cost while simultaneously offering an 

alternative pathway for managing agricultural waste. Despite 

these encouraging observations, further investigation is still 

necessary, particularly with regard to long-term durability and 

the feasibility of large-scale production. However, the results 

of this study indicate that CSF-reinforced AAMOs could be a 

good choice for creating more eco-friendly wall materials. 

 

Considering the optimal CS (5.42-6.34 MPa) and lower 

UW (1.55-1.84 g/cm3) ranges, the produced CSF-reinforced 

one-part AAMOs are suitable for the production of non-load 

bearing wall materials and prefabricated components in the 

construction sector. The existence of CSF enhances the 

resistance to cracking and toughness, which may be beneficial 

for the dimensional stability of the produced material. 

However, future research needs to determine the long-term 

effectiveness and durability of the CSF-reinforced one-part 

AAMO against various aging agents. 

 

4. Conclusion 
The results of the current experimental research 

conducted to produce CSF-reinforced one-part AAMO can be 

summarized as follows: 

● CSF is a natural fiber from waste that may be used to 

increase the physical and mechanical properties of one-

part AAMO and to prevent its brittle fracture behaviour. 

● The CSF content and length are primary parameters that 

exert a considerable influence on the evolution of the 

material properties. 

● Gradually increasing the fiber content (up to 3%, by 

weight) increases the P and WA of AAMO and decreases 

the UW, UPV, MoE, and CS. The increase in FS in 

parallel with the increase in fiber content demonstrates 

that CSF has effective adhesion to the matrix and is 

successful in bridging the formed cracks to prevent crack 

propagation. 

● Increasing CSF content results in a reduction of TC, 

enhancing thermal insulation properties of the AAMO. 

● The critical CSF length that allows for the development 

of the highest properties was determined to be 30 mm. 

Using longer fibers, fiber agglomeration occurs in certain 

areas within the matrix, and a porous structure forms 

around these fiber clumps. Therefore, when longer fibers 

are used, the properties of the AAMO decrease. 

● The fracture behaviour of AAMO without CSF is sudden 

and brittle, whereas the addition of CSF results in a more 

ductile fracture behaviour with higher toughness. For the 

production of one-part AAMO with higher mechanical 

properties and resistance to crack propagation, the 

optimum CSF content and length were determined as 3% 

and 30 mm, respectively. 

● Extending the curing period from 28 to 365 days 

positively influenced the characteristics of the mortar. 

However, the efficacy of the curing period is higher, 

especially in the first 90 days, while it is negligible in 

improving material properties between 90 and 365 days. 

● By using CSF in the production of AAMO, a solution has 

been found for the waste problem after corn harvesting, 

and an alternative to the use of synthetic-based fibers 

produced by consuming energy has been developed. 

Additionally, it has aided in the prevention of the CO2 

emissions resulting from the burning of waste corn stalks. 

● Changes in the physical, mechanical, and thermal 

properties of CSF-reinforced one-part AAMO over a 365-

day curing period were identified in the current study. The 

long-term durability of the AAMO against various aging 

agents needs to be determined in future research. 

Freezing-thawing, wetting-drying, sulphate attack, and 

resistance to high temperatures are among the primary 

parameters that need to be investigated. In addition, the 

environmental impact of the produced AAMO should be 

determined by performing a comprehensive life cycle 

assessment analysis. 

● In this study, CSF-reinforced one-part AAMO was 

produced with dimensions of 40x40x160 mm in 

accordance with the available laboratory facilities. 

Whether this material can be used to produce wall panels, 

which are widely used in the construction sector, and to 

determine the effectiveness of the fibers on mechanical 

properties needs to be examined in further study by 

manufacturing them in the dimensions of commercially 

available wall panels. 
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