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Abstract: This study explores the characteristics and potential engineering applications of Cu-Al-Mn 
and Cu-Al-Be-Mn shape memory alloys (SMAs). The research investigates the chemical composition, 
transformation temperatures, and mechanical properties of these SMAs when incorporated into Al 
metal matrix composites. It was found that the addition of Mn and Be has a significant impact on the 
performance of Cu-Al alloys. Among Cu-Al-Mn SMAs, SMA 1, with a composition of Cu-80.94%, 
Al-10.54%, and Mn-8.52%, exhibited superior strain recovery, super elasticity (SE), and improved 
mechanical properties compared to other compositions. The study also demonstrates that the inclusion 
of SMA fibers in Al composites enhances residual strength, energy absorption capacity, and the ability 
to close fissures, contributing to a more robust and resilient material. In the case of Cu-Al-Be-Mn   
SMA (SMA 6) with Cu-87.42%, Al-11.8%, Be-0.48%, and Mn-0.3%, displayed improved properties, 
outperforming other compositions in terms of strain recovery, residual strength, energy absorption 
capacity, and crack-closing ability. These findings suggest that Cu-Al-Be-Mn SMAs hold promise for 
various engineering applications. The study provides valuable insights into the potential of these SMAs 
to enhance the performance of structural materials, offering increased strength, ductility, and resilience. 
This research contributes to a deeper understanding of the applications and advantages of SMAs in the 
field of engineering. 
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1. Introduction 

Smart materials have the remarkable ability to sense and are widely utilized in various sectors 
like robotics, structural engineering, biomedicine, and aerospace technology. Within the realm of smart 
materials, shape memory alloys (SMAs) stand out due to their distinctive features. They can return to 
their original shape after deformation, achieved either through changes in temperature (known as the 
shape memory effect (SME)) or by relieving applied stress (referred to as pseudo elasticity) and 
retention of SME even after extensive mechanical cycling. Super elasticity (SE) and SME set SMAs 
apart as smart materials with exceptional capabilities. SE is the capacity to recover to a predetermined 
shape after experiencing significant nonlinear deformation. In simpler terms, after the applied stress is 
removed, any inelastic distortion occurring beyond the austenite completion temperature (Af) can 
promptly revert to its initial state. This suggests that after unloading, inelastic deformation persists but 
recovers when the alloy is heated to a temperature above Af. Since their creation in the 1960s, the 
SMAs have mostly been utilized in the fields of medical, aeronautical, and automotive engineering [1–4]. 

The concept of SME was first observed by Chang and Read in the case of an Au-Cd alloy 
approximately in 1951. Subsequently, in 1953, a similar effect was reported in an In-Tl alloy [5]. It 
wasn’t until 1962 that William J. Buehler discovered a remarkable SMA, which he aptly named “Nitinol” 
as a tribute to the Naval Ordnance Laboratories. This alloy exhibited excellent strain recovery properties 
and demonstrated remarkable thermal stability [6]. The use of SMAs in the fields of architectural and 
civil engineering has recently been expanded. Controlling oscillations brought on by outside forces 
like winds, earthquakes, and traffic is especially important for buildings and bridges because they can 
lead to progressive failure and damage [7–9]. SMAs in the wire form and plates have been utilized to 
control the behavior of the structural components and to offer resistance to the external loads. The 
energy loss, secant stiffness, residual strain, and equivalent damping of the SMA wires were 
investigated by Dolce and Cardone [10,11] using tensile testing and cyclic torsion. Results 
demonstrated that the SMA wires had a significant capacity for energy dissipation and fatigue 
resistance, making them an excellent choice to utilize as seismic devices. Using SMA’s super elastic 
and damping properties, Mekki and Auricchio [12] proposed an energy dissipation machine for cables 
in cable-stayed bridges. They evaluated the impact of the SMA device’s area, length, and location on 
the ability to regulate cable movement. 

Torra et al. [13] examined the effectiveness of SMA wire dampers in stayed cables and included 
recommendations for the quantity and length of SMA wires that should be used. SMA wire dampers 
were suggested by Zhang and Zhu [14] as a means of regulating a three-story building’s seismic 
reaction. The suggested dampers of SMA for the dissipation of large energy during earthquakes use an 
SMA wire. To improve the seismic performance of structures, deformation control machines such as 
connections, braces, and base isolators were suggested in addition to dampers [15–18]. 

Pre-stressing or strengthening of concrete and structural elements has been the subject of   
studies [19–21]. An experimental investigation was undertaken by Abdulridha and Palermo [22] to 
evaluate the enactment of an SMA steel-reinforced concrete thin shear wall that demonstrated 
significant displacement restitution after being subjected to significant drifts. A promising method for 
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strengthening the walls of old buildings was developed by Branco et al. [23] by using the hysteretic 
behavior of the wires to reinforce a composite wall. For strengthening reinforced concrete structures, 
Shahverdi et al. [24] exploited the iron-based SMA strips, which emerge from recovery stress due to 
their mechanical fixation, and reported enhancement of SMA’s use and functionality in cement-based 
members. Beam specimens with dimensions of 160 mm in length and 40 mm in width were created. 
SMA fibers were dispersed at random with cementitious components. The SMA fiber-reinforced 
cement composites were then solely applied to the bottom of the beams, which is also the area where 
the beams are most prone to cracking. Cu-Al-Mn was the major component of the SMA fibers. To 
protect the cementitious material during the heating process, the austenite finish temperature was set 
at or near 100 °C. To assess the tensile flexural strength, a four-point bending test was carried out, and 
during the test, cracks appeared at the bottom of the beam. Subsequently, the SME was initiated, and 
the closed crack’s width was assessed by employing a heating plate that could be affixed to the lower 
part of the beam. For various fiber volume fractions, specifically 0.25%, 0.5%, 0.75%, and 1%, the 
examination aimed to pinpoint the influence of SMA fibers on the beam’s capacity to close cracks and 
their flexural tensile strength. 

Many works focused on Cu-based SMAs involving economical materials such as Cu-Al-Mn,  
Cu-Zn-Al, Cu-Al-Ni, Cu-Al-Be-Mn, and Cu-Zn-Si [25,26]. Cu-Al-Be-Mn alloy possesses good 
mechanical characteristics, corrosion resistance, SE, and capacity to absorb vibration. Thus, it finds 
application in the petroleum industry for pipe joints because Be reduces phase transformation 
temperatures [27]. Candido et al. [28] conducted a comprehensive examination of a Cu-Al-Be alloy, 
wherein chromium (Cr) was introduced as a grain-refining agent. Their investigation encompassed 
both microstructural and mechanical assessments. Notably, the microscopic analyses unveiled a 
remarkable reduction in grain size, with values diminishing from 1950 to 100 μm for samples 
containing 0.5 wt.% Cr and those devoid of Cr (0 wt.%), respectively. One noteworthy outcome 
emerged when they evaluated the alloy containing 0.2 wt.% Cr. Hence, an increase in the Cr content 
in the Cu-Al-Be alloy leads to a more pronounced effect in grain refinement. This specific composition 
demonstrated enhanced tensile stress-strain characteristics. Additionally, it exhibited a notable 
reduction in Martensitic transformation temperatures. These findings suggest that this particular alloy 
composition may offer distinct advantages for applications involving low-temperature conditions. In a 
study by Prawdzik et al. [29], it was noted that the introduction of Be into the Cu-Al binary system led 
to a significant reduction in transformation temperatures, with some transformations occurring at or 
below room temperature. Concurrently, Higuchi et al. [30] examined the connection between element 
composition and transformation temperatures. The research revealed that the incorporation of 0.1 wt.% 
Be into the Cu-Al SMA resulted in a substantial decrease of approximately 100 °C in phase transformation 
temperatures. Oliveira et al. [31–33] explored the potential of Cu-based shape memory alloys, such as 
Cu-17Al-11.4Mn and Cu-Al-Be, as substitutes for NiTi due to lower costs and improved mechanical 
properties. The first study focused on Cu-17Al-11.4Mn, revealing enhanced ductility in the fusion zone 
and superior SE. The second study introduced post-weld laser processing, resulting in increased tensile 
strength and energy absorption for seismic applications. The third study investigated laser welding of 
single crystal-like Cu-Al-Be alloys, yielding defect-free joints with preserved SE behavior and high 
energy absorption, making them promising for damping applications in seismic systems. Overall, these 
studies advanced the understanding of weldability and mechanical properties, expanding the potential 
of Cu-based shape memory alloys in various engineering applications. 
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However, a few comprehensive studies on Cu-Al-Mn have been conducted to enhance mechanical 
properties and lower transformation temperatures. The primary objective of this study is to synthesize 
SMAs alloys of Cu-Al-Mn and Cu-Al-Be-Mn and study the chemical composition, transformation 
temperatures, and effect of fiber volume percentage on the mechanical properties of the composites 
reinforced with SMAs wires for specific engineering applications. 

2. Materials and methods 

This section discusses the synthesis of different SMA alloys of Cu-Al-Mn, and Cu-Al-Mn-Be 
with varied proportions of individual contents. 

2.1. Casting of Cu-Al-Mn, Cu-Al-Be-Mn SMA 

The research focused on Cu-based SMAs that contained varying compositions of Al (10–14.5 wt.%) 
and Mn (0–10 wt.%). These specific alloy compositions were selected to ensure the presence of the  
ß-phase and to observe the SME. Roughly 500 g of the alloy was melted in a crucible coated with 
graphite under an argon atmosphere using a resistance-heated furnace. Subsequently, the molten alloy 
was poured into a cast iron mold with dimensions of 0.15 × 0.10 × 0.006 m and allowed to cool     
and solidify. 

To refine the resulting ingots, a homogenization process was carried out at a temperature of 1173 K, 
which falls within the ß-phase range. This process lasted for 21.6 kiloseconds and was conducted in 
an argon atmosphere. The exact compositions of the cast alloys were determined using an optically 
coupled plasma-optical emission spectrometer (OCP-OES). For a visual representation of the casting 
procedure employed in synthesizing the SMAs, please refer to Figure 1. 

Cu-based SMAs were prepared by varying the content of Al-Mn and Al-Mn-Be, as indicated in 
Tables 1 and 2 respectively. The process involved melting 500 g of pure Cu, Al, and Be pieces for 
each specific alloy in an induction furnace. After melting, the molten alloy was poured into a cast iron 
mold with dimensions of 0.15 × 0.10 × 0.006 m and left to solidify. Subsequently, the resulting ingots 
underwent a homogenization process at 1173 K for a duration of 6 h. The alloy compositions were 
accurately determined using an OCP-OES. Figure 2 shows the overall experimental setup used in the 
casting of Cu-Al-Mn and Cu-Al-Be-Mn SMAs. 
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Figure 1. Casting process of SMA alloys. 

 

Figure 2. Overall casting experimental setup. 
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Table 1. Chemical composition of Cu-Al-Mn SMAs. 

Samples Composition (wt.%) 

Cu Al Mn 

SMA 1 80.94 10.54 8.52 

SMA 2 81.10 10.81 8.10 

SMA 3 83.52 11.36 5.12 

Table 2. Chemical composition of Cu-Al-Mn-Be SMAs. 

Samples Composition (wt.%) 

Cu Al Be Mn 

SMA 4 88.38 11.0 0.42 0.2 

SMA 5 87.85 11.5 0.45 0.3 

SMA 6 87.42 11.8 0.48 0.3 

2.2. Al metal matrix composites with SMA fibers reinforcement 

Figure 3 shows the rolling, cutting and wire drawing machines used in the development of SMA 
fibers from Cu-Al-Mn and Cu-Al-Be-Mn combinations respectively. 

 

Figure 3. SMA fiber synthesis. 

Figure 4 shows the frame for holding SMA fibers in the form of wires with pre-tension and their 
subsequent reinforcement with the Al matrix. These wires reinforced with Al matrix were 0.8 mm in 
diameter. 
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Figure 4. Frame construction for holding wire for reinforcing with Al matrix. 

2.3. Preparation of Al metal matrix composites 

Figure 5 shows Al alloy reinforced with Cu-Al-Mn and Cu-Al-Be-Mn SMA fibers during fabrication 
of composites with reinforcement arrangement used. Figure 6a and 6b shows the synthesis of Cu-Al-Mn 
and Cu-Al-Be-Mn SMA alloys notched before and after the cracking sample and Figure 6c shows the 
schematic of reinforcement arrangement. 

 

Figure 5. Preparation of Al metal matrix composites. 
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Figure 6. (a) Synthesis of Cu-Al-Mn and Cu-Al-Be-Mn SMA alloys, (b) notched SMA 
samples and (c) schematic of reinforcement arrangement. 

3. Results and discussion 

3.1. Effect of varying content of Al and Mn on the performance of Cu-Al-Mn SMAs 

This section discusses the chemical composition, transformation temperatures, SME, and SE of 
Cu-Al-Mn SMAs with varied proportions of Al and Mn respectively. Table 3 shows Cu-Al-Mn-based 
SMAs with varied content of Cu, Al, and Mn respectively and their transformation temperatures (Mf—
martensite finish, Ms—martensite start, As—austenite start and Af—austenite finish). Among these 
SMAs, SMA 1 showed a lower transformation temperature compared to SMA 2 and SMA 3 respectively. 

Table 3. Chemical composition and transformation temperature of SMAs alloys of Cu-Al-Mn. 

Sample number Composition (wt.%) Transformation temperature (K) 

Cu Al Mn Mf Ms As Af 

SMA 1 80.94 10.54 8.52 306 322 325 339 

SMA 2 81.10 10.81 8.10 334 358 346 370 

SMA 3 83.52 11.36 5.12 370 390 391 416 
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3.1.1. Effect of Al and Mn content on chemical composition, transformation temperatures of Cu-Al-
Mn SMAs 

In order to study the effect of Al content with Mn content fixed on the transformation temperature, 
two other SMAs (SMA 1N and SMA 2N) were developed as shown in Table 4. Keeping Al constant 
and increasing the Mn concentration decreases the transformation temperature and increases the strain 
recovery. 

Table 4. Chemical composition and transformation temperature of SMAs alloys of Cu-Al-Mn 
with constant Al content. 

Sample 

number 

Composition (wt.%) Transformation temperature (K) Strain 

recovery (%) 
SE (%) 

Cu Al Mn Mf Ms As Af 

SMA 1N 80.94 12 7.06 282 299 304 319 79 8 

SMA 2N 82 12 6.0 294 318 321 341 91 7 

SMA 1 80.94 10.54 8.52 306 322 325 339 95 8 

SMA 2 81.10 10.81 8.10 334 358 346 370 89 7 

SMA 3 83.52 11.36 5.12 370 390 391 416 90 8 

To further study the effect of varying Mn and constant Al on the transformation temperature, the 
new SMAs (SMA 3N and SMA 4N) were considered as shown in Table 5. Keeping Mn constant and 
reducing the Al increases the transformation temperature.  

Table 5. Chemical composition and transformation temperature of SMAs alloys of Cu-Al-Mn 
with constant Mn content. 

Sample 

number 

Composition (wt.%) Transformation temperature (K) Strain 

recovery (%) 
SE (%) 

Cu Al Mn Mf Ms As Af 

SMA 3N 81 13 6 295 317 321 341 93 6 

SMA 4N 83 11 6 322 346 342 368 89 7 

SMA 1 80.94 10.54 8.52 306 322 325 339 95 8 

SMA 2 81.10 10.81 8.10 334 358 346 370 89 7 

SMA 3 83.52 11.36 5.12 370 390 391 416 90 8 

3.1.2. Effect of Al and Mn content on SME and SE of Cu-Al-Mn SMAs 

Figure 7a shows the photographic view of shape recovery determination for the SMAs synthesized. 
Shape memory strain recovery was determined for these SMA alloys as shown in Tables 6 and 7.  
Figure 7b shows the schematic view of shape recovery determination for the SMAs. The shape fixity (Rf) 
and the shape recovery (Rr) were evaluated with Eqs 1 and 2 respectively. 

𝑅௙ =
ఢೠ

ఢ೘
× 100%         (1) 
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𝑅௥ =
ఢ೘ିఢ೛(ே)

ఢ೘ିఢ೛(ேିଵ)
× 100%         (2) 

where 𝜖௨ is the original unloading strain, 𝜖௠ is the original maximum strain, and 𝜖௣ is the residual strain. 

 

Figure 7. (a) Photographic view of shape recovery calculation. (b) Schematic view of 
shape recovery calculation. 

From Table 6, it follows that for Cu-Al-Mn SMAs, SMA 1 showed higher strain recovery which 
increased by 6.74% and 5.55% compared to SMA 2 and SMA 3 respectively. 

Table 6. Shape memory strain recovery in Cu-Al-Mn alloys. 

Sample number Strain recovery (%) 

SMA 1 95 

SMA 2 89 

SMA 3 90 
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From Table 7 it follows that for Cu-Al-Be-Mn SMAs, the SMA 6 showed higher strain recovery 
which increased by 45.45% and 9.1% compared to SMA 4 and SMA 5 respectively. 

Table 7. Shape memory strain recovery in Cu-Al-Be-Mn. 

Sample number Strain recovery (%) 

SMA 4 66 

SMA 5 88 

SMA 6 96 

The extent of strain recovery and SE of all the SMEs considered in the study is given in Table 8.  

Table 8. SME and SE of Cu-Al-Mn SMAs. 

Sample number Strain recovery (%) SE (%) 

SMA 1N 79  8 

SMA 2N 91 7 

SMA 3N 94 5 

SMA 4N 90 6 

SMA 1 95 7 

SMA 2 89 7 

SMA 3 90 8 

The SMAs have shown substantial strain recovery through the SME, ranging from 79%–95%. As 
indicated in Table 8, it can be observed that the composition of the alloy has little impact on strain 
recovery through SME, except for SMA 1N. The primary factor influencing strain recovery via SME 
is the extent of martensite-to-austenite transformation within the alloy system. The presence of any 
remaining martensite within the austenite phase of the alloy will proportionally reduce strain recovery [34]. 
Other variables, such as material imperfections like quenched-in vacancies and dislocations, affect 
strain recovery through SME. These imperfections cause the martensitic plates to be pinned, thereby 
impeding the transformation process and, consequently, strain recovery. Alloys with higher concentrations 
of Al and Mn exhibit greater strain recovery through SME. This may be attributed to the ease with which 
the transformation from martensite to austenite occurs, leading to lower transformation temperatures. 

3.2. Cu-Al-Be-Mn SMA alloys 

This section discusses the chemical composition, transformation temperatures, SME, and SE of 
Cu-Al-Be-Mn SMA alloys. 

3.2.1. Chemical composition and transformation temperature of Cu-Al-Be-Mn SMA alloys 

Chemical composition, transformation temperatures, SME, and SE of Cu-Al-Be-Mn SMAs are 
shown in Table 9 Among these SMAs, SMA 6 showed lower transformation temperature compared to  

 



140 

AIMS Materials Science  Volume 11, Issue 1, 129–149. 

SMA 4 and SMA 5 with increasing content of Be and Mn respectively. The addition of Be content in 
Cu-Al-Mn SMAs showed comparatively lower transformation temperatures. 

Table 9. Chemical composition and transformation temperature of SMAs alloys of Cu-Al-Be-Mn. 

Sample 

number 

 Composition (wt.%) Transformation temperature (K) 

Cu Al Be Mn Mf Ms As Af 

SMA 4 88.38 11.0 0.42 0.2 316 325 331 354 

SMA 5 87.85 11.5 0.45 0.25 311 346 334 367 

SMA 6 87.42 11.8 0.48 0.3 302 314 324 333 

3.3. Mechanical properties of Cu-Al-Mn and Cu-Al-Be-Mn SMA alloys 

This section discusses the testing of SMA-based composites to determine the mechanical properties 
such as residual strength, energy absorption capacity, cracking strength, and cracking widths respectively. 

3.3.1. Residual strength or percentage of shape recovery (strains) of SMA alloys 

Figures 8 and 9 illustrate the changes in residual strength in two types of SMAs: Cu-Al-Mn and 
Cu-Al-Be-Mn. These SMAs were infused with varying fiber volumes, ranging from 0–1.00%. Notably, 
the beams entrenched with SMA fibers exhibited an increase in residual flexural strength as the fiber 
volume fraction increased. This is in stark contrast to the control specimens lacking SMA fibers, which 
exhibited immediate deterioration after cracking. 

The post-cracking residual strength remained intact in the SMA fiber-embedded beams, with only 
a minor reduction in flexural strength. Among the tested SMAs, SMA 1 displayed a higher residual 
strength due to the increased addition of Mn to the binary Cu-Al alloy. This addition stabilized the 
BCC phase, resulting in a lower temperature range for the existence of the β-phase. Consequently, this 
expanded the composition range, enhancing the alloy’s ductility and reducing the degree of order [23,24]. 

Similar trends were observed in Cu-Al-Be-Mn SMA alloys, with SMA 6 demonstrating higher 
residual strength due to the increased incorporation of Be. Notably, Cu-Al-Be-Mn SMAs exhibited 
superior residual strength when compared to Cu-Al-Mn SMAs. 
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Figure 8. Variation of residual strength with fiber volume fraction of Cu-Al-Mn SMA alloys. 

 

Figure 9. Variation of residual strength with fiber volume fraction of Cu-Al-Be-Mn SMA alloys. 
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3.3.2. Energy absorption capacity of SMA alloys 

Figures 10 and 11 show variations in energy absorption capacity, which varies with fiber volume 
percentage. Energy absorption capacity can be determined by either analyzing the load and deflection 
data up to a specific point or by assessing the areas beneath the load and deflection curves. The former 
method is adopted in the present study. 

A slight decrease in energy absorption capacity is obtained with a rise in fiber volume percentage 
which is consistent with SMA fibers having little effect on energy absorption capacity. SMA 1 showed 
higher energy absorption capacity compared to other coupons as a higher addition of Mn facilitates 
stability of disordered phase β. Hence, more energy is required for transformation [23,24]. Similar 
trends are observed with Cu-Al-Be-Mn SMA alloys where SMA 6 showed higher energy absorption 
capacity as higher addition of Be facilitates stability of disordered phase β as depicted in Figure 11. 
Cu-Al-Be-Mn SMA alloys showed higher energy absorption capacity compared to Cu-Al-Mn. 

 

Figure 10. Variation of energy absorption capacity with fiber volume fraction of Cu-Al-Mn 
SMA alloys. 
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Figure 11. Variation of energy absorption capacity with fiber volume fraction of Cu-Al-
Be-Mn SMA alloys. 

3.3.3. Cracking strength of SMA alloys 

Figures 12 and 13 show the correlation between cracking strength and fiber volume (%). During 
the bending tests, the initial occurrence of cracking took place in the lower section of the beam, with 
these cracks gradually propagating upward within the beam structure. Following a gradual reduction 
of the applied load on the beam, measurements were taken to assess the width of the flexural crack at 
the lower part of the structure. This involved the precise measurement of the crack’s dimensions at 
five different points along its length, using a magnifying glass. 

To address and seal the crack, a heating plate was employed. It was used to heat the SMA fibers 
inserted at the base of the beam to a temperature at least equal to the austenite finish temperature. The 
heating process continued until a thermocouple, attached to the central area of the beam’s surface, 
reached the requisite temperature of 120 °C. Subsequently, post-cooling, the crack width was 
reevaluated to confirm that the closure had not led to any alteration in its dimensions. 

 As seen from Figure 12, SMA 1 exhibited comparatively higher cracking strength due to 
improved ductility provided by Mn addition thereby decreasing the degree of order [23,24]. 
Furthermore, as ductility increases, the energy required for crack propagation increases, and the 
resistance for crack propagation is enhanced.  

Similar trends are observed with Cu-Al-Be-Mn SMA alloys where SMA 6 showed higher 
cracking strength due to improved ductility provided by Mn and Be addition thereby decreasing the 
degree of order as depicted in Figure 13. Cu-Al-Be-Mn SMA alloys showed higher cracking strength 
compared to Cu-Al-Mn. 
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Figure 12. Variation of cracking strength with fiber volume fraction of Cu-Al-Mn SMA alloys. 

 

Figure 13. Variation of cracking strength with fiber volume fraction of Cu-Al-Be-Mn 
SMA alloys. 
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3.3.4. Crack widths of SMA alloys 

In Figure 14, the measured crack widths are presented for both pre-heating and post-heating 
conditions. When compared to beams that lack tensile wires, the beams with embedded SMA fibers 
exhibit a more rapid reduction in crack width, indicating an enhanced capacity to close cracks. The 
effectiveness of crack closure in these beams improved by approximately 22%–28% when the SMA 
fiber content on the underside subjected to tensile forces ranged between 0.5% and 1%. Furthermore, 
an increase in the number of SMA fibers on the tensile underside of the beam specimens with tensile 
wires was observed to lead to a further enhancement in crack-closing performance. Notably, SMA 1 
demonstrated narrower cracks in comparison to other tested specimens, both before and after heating. 
Specifically, SMA 1 exhibited a reduction in crack width by 18.98% and 21.66% before and after 
heating, respectively, when compared to SMA 3. 

 

Figure 14. Variation of crack width for different SMAs. 

4. Conclusions 

This study focuses on the chemical composition, transformation temperatures, SME, and SE of 
Cu-Al-Mn and Cu-Al-Be-Mn SMAs respectively. Among the Cu-Al-Mn SMAs, SMA 1 showed 
higher strain recovery which increased by 6.74 % and 5.55 % compared to SMA 2 and SMA 3 
respectively. Among the Cu-Al-Be-Mn SMAs, SMA 6 showed higher strain recovery which increased 
by 45.45% and 9.1% compared to SMA 4 and SMA 5 respectively. 

Further, the mechanical properties of Cu-Al-Mn and Cu-Al-Be-Mn SMAs based Al MMC 
composites with varied percentages of SMA fibers are investigated. 

The composite pour was only applied to the underside of the beam samples, a location more 
susceptible to cracking. The utilization of SMA fiber-infused composites was tested for their potential 
to seal fissures and impact the flexural tensile strength of the beams. During the four-point bending 
tests, the control beams exhibited a rapid decline in load resistance and a sudden, brittle failure. In 
contrast, the beams embedded with SMA fibers maintained load resistance even after experiencing 
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cracks. As a result of the bending tests, the bottom side of the beams displayed permanent flexural 
cracks. To address this, the SME of the SMA fibers positioned on the lower side of the beam was 
activated by heating, successfully closing the flexural cracks. Furthermore, it was observed that an 
increase in the quantity of SMA fiber on the tensile bottom side enhanced the crack-closure 
performance of the beam samples with tensile wires. However, the beams with tensile wires exhibited 
a moderate and consistent crack-closure ability, regardless of the specific types of SMA fibers 
employed. 

Among the different SMAs synthesized, SMA 1 (Cu-80.94%, Al-10.54%, and Mn-8.52%) 
exhibited improved Martensite stability and SE compared to SMA 2 and SMA 3 respectively. SMA 1 
showed higher residual strength, cracking strength, and energy absorption capacity compared to other 
selected coupons. At 1%, fiber volume fractions, SMA 1 showed higher residual strength (11.28%), 
energy absorption capacity (22.72%), cracking strength (12.94%), and lower crack widths (21.66%) 
compared to SMA 3 infused composite. 

While among the Cu-Al-Be-Mn SMAs, the SMA 6 (Cu-87.42%, Al-11.8%, Be-0.48%, and Mn-0.3%) 
exhibited improved Martensite stability and SE compared to SMA 4 and SMA 5 respectively. SMA 6 
showed higher residual strength, cracking strength, and energy absorption capacity compared to other 
selected coupons. At 1%, fiber volume fractions, SMA 6 showed higher residual strength (8.63%), 
energy absorption capacity (55%), and cracking strength (12.50%) compared to SMA 4 infused 
composite. Cu-Al-Be-Mn SMAs showed good mechanical properties compared to Cu-Al-Mn SMAs. 
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