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Abstract:

This review examines how adding carbon fiber to different concrete mix designs can improve performance and overcome the poor
tensile strength of conerete. Although traditional reinforcements like steel fibers merease strength and loughness, thev have
disadvantages such as corrosion and expensive cost. An alternative that is both lightweight and strong, carbon fiber has a greater
modulus, 15 more durable, and can withstand extreme conditions. It reduces cracking due to shrinkage and enhances performance
under dynamie loads, Studies show promising resaits: Basit ctal, found (460% carbon fibre optimal in self-compacting concrete,
improving fresh and hardened propertics. Andrew of al. comparced acrospace, industrial, and reeyeled carbon ibres o ultra-high-
performance conerete, Aksar etal, concluded 0.25% CCFRP s ideal in both normal and low-strength conerete, Md, Safiuddin et al,
found 3% carbon fibre optimal in reinforced mortar for strength and reduced absorption, Overull, compressive strength improves
up Lo 2 cerain fibre content, after which it declines. Flexural and split tensile strength senerally increase with fibre dosage. Shump
flow decreases with more carbon fibre, and water absorption s minimized only up wan opimal level. With the right dosage. carbon
fibre sipnificantly enhances conerete's mechamical and durability properties,
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1. Introduction:

Concrete is the most widely used huilding material in the world and plays a crucial role in the infrastructure of the world, Itisa
highly heterogeneous material used in the housing or construction industry, Itis made up of cement, sand. aggregate, and water in o
specific proportion. The reaction of these materials with the aid of water ereates the hard mass known as conerete. Historically,
concrete has been reinforced with continuous bars for both crack control and tensile load canving, The price of continuous
reinforced bars and the labor required to install them account for a large portion of the building cost of concrete. Fiber- Reinforced
Concrete (FRC) s one passible remedy for this, in which short, chopped fibers are mixed inte the concrele to provide
reinforcement. Applications for FRC are numerous and include architectural design, blast protection, 3D printing, and many more,
Steel, glass, basalt, and synthetic fibers are amonyg the sorts of fibers that have been utilized as teinforcements in concrete, 1t has
been shown that steel fiber, one of the most widely used fibers in concrete applications, improves FRU's tensile, compressive, and
flexural strength as well as endurance and energy absorption. Furthermore, stegl fiber has appropriate workability and
homogeneous dispersion up to a 3% volume proportion, Additionally, a lot of rescarch has been done on the use of carbon fber as
concrete reinforcement, Because of fis superior mechanical gualities, excellent corrosion resistance, and chemical inertness,
carbon fibermay be o better option than steel fiber for use in conerete applications. Al relatively low tensile strains, carbon fiber can
develop higher stresses before conerete fuls because ithas o higher modulus than steel, Because conerete is extremely alkaline and
may be psed in harsh environments, the carbon fiber's chemical ineriness is especially erucial in these applications, The physical
charaeteristics of carbon [iher muy muke it o perfect substitute lor steel fiber in conerete. Many research and study has done on
carbon [Tore 1o understand their properties and behaviour while incorporating to concreie, Andrew e, al investigate on carbon [ibre
incorporating Ultra- High- Performance Concrele. The three carbon fibre-based conerete mixes were evaluaied using the neat
concrete and steel fibre-based concrete mix design as a baseline. Carbon fiber comes in three varieties: Hexcel, Zoltek, and recycled
carbon fiber (RCF), Concrete mix designs for compressive. tensile, and Aexural strength properties are connected with the porosity
and microstructure of fiber-reinforced conerete mixes. The liber was then cut 1o a nominal length of 12.7 mm using a fiber-
chopping module, Bach mix's flow was measured, and the steel bad the second-best flow at 74%, followed by the neatat 133%, the
Hexcel carbon fiber at 44%,, the CF at 36%, and the Zoltek carbon fiberat 27%. The RCF mix design’s compressive strength {1353
M Pa)was roughly 42.5% greater than that of the neat mix design (87,9 MPa), 1 7.9% higher than that of the steel mix design(113.1
Mpa), 0.6% higher than that of the Hexeel carbon fiber mix design 1345 MPa), and roughly 23.2% higher than that of the Zoloek
carbon fiber mix design { 107.2 MPu). In comparison to the neat mix design (5.21 MPa), the RCF mix design (6.89 MPa) had
temsile strength that was roughly 27.8% higher, 4.6% higher than the steel mix design (6,38 MPa), 26,3% higher than the Hexeel
carbon [iber mix design (5.29 MPa). and roughly 26.4%, lower than the Zoltek carbon [ther mix design (%.99 MPa). About 8.9%; less

Vol: 22, No. 1, Jan-Jun, 2025 ISSN No. 0973-824X



Journal of IMS Group

flexural strength was achieved by the RCF mix design (10.7 MPa) than by the neat mix design (11,7 MPa), 18.6% less than by the
stee] fiber mix design (12,9 MPaj, 0.9% less than by the Hexcel carbon fiber mix design 1008 MPa), and #.53% more than by the
Loltek carbon fiber mix design (9,83 MPa). A study by Aksar et al, sought to determine how chopped carbon fiber reinforced
polvmer { CFRP) affected the mechanical characteristics of concrete, In order to achieve the desired strengths of 13 MPa(LSC) and
28 MPa (NSC), concrele mixes containing (our CCFRP velume Fractions (0%, .25%,, 0.5%, and 0.75%) were added. In order 1o
attaimn the required strength, five trials were carried oul for each prade using the mix ratios of 1:2.6:4.1 tor LSC and 1:1.5:2.5 for
NSC', The study assessed CCFRP's effects on flexural, tensile, and compressive strengihs, offering information about how it can
improve conerete’s mechanical performance. According to tests conducted at 7 and 28 days, the addition of (0.25% CCFRP
incredased NSC by 3% and LSC compressive strength by 10% (from 9.3 MPato 1.2 MPa), NSC saw a 44% improvement in split
tensile strength (from 2.5 MPato 3.6 MPa), whereas LSC had a 16,6% increase. NSC's flexural strength inereased from 4.5 MPato
5.4 MPa, whilst LSC’s changed very little, The study suggests that the ideal dosage of CCFRP is (.25%. The strength and
ubsorption characteristivs of short carbon fiber reinforced mortar compesites woere investigated by Md, Safiuddin et, al. The water
absorption and strength characteristics of 12 mme-long shert carbon fiber reinforeed mortar (CFRM) composites are the main
subject of this work, Four CFRM composites containing 1%, 2%, 3%, and 4% shor pitched based carbon fiber were used. The
compressive, flesural, and split rensile strengths of the hardened mortar composites were measured, as well as the workability, wet
density, and trapped air content of freshly mixed martar Surprisingly, it was found thal the compressive strength increased 1o Mo
before declining. Splitting tensile and flexural stresses result in on improvement in strength for all fiber contents, Furthermore, the
witter absorption of CFRM composites decreases up to 3% carbon fiber content before sharply increasing at 4% fiber content. The
beat CFRM composites, according to their test results overull, include 3% carbon fiber. Basit et al. conducted research on the new
and mechanical properties of carbon fiber reinforced concrete composites using self-compaction concrete. Their study involved
combining self-compacting concrete with carbon fiber. The samples were categorized as either conventional or fiber-added, and
their weight-based fiber contents varied {C0%, CFO,20%, CF0.40%, CE0.60%, CFD,.80%, and CF 1.0}, Compressive strength and
split tensile strength wore tested for hardened concrete, whercas slump and L-box tests were done for fresh concrete. Acid attack
ancd water absorption tests were part of the durability test, Type THOPC, microsilica, fine and coarse aggregate, superplastivizer, and
industrial grade 36 carbon fiber were the materials employed in the experiment, Compressive strength and split tensile strength
were tested for hardened concrete, whereas slump and L-box tésts were done [or fresh concrele. Acid attack and water ahsorption
tests were part of the durability test. Type [ OPC, micro silica, ine and coarse aggregate, superplasticizer, and industrial grade 36
carbon fiber were the materials emploved m the experiment.

2. Literatue Review

To find the alternate of steel fibre varioos studies have been condoet on carbon fibre to understand their properties and make it more
reliable source for reinforcement, some of these studies are given below:

{Basit et al.2023) In this project, self-compacting concrete wis mixed with carbon fiber. The samples had different fiber contents
(Ci0Ys, CFO.20%, CFO.40%, CFO.60%, CFO.B0%,, and CF1.0) by weight and were divided into two categories: conventional and
fiber-added, Compressive strength and split tensile strength were tested for hardened conerete, whereas slumip and L-box tests were
done for fresh conerete. Acid attack and water absorption tests were part of the durability test, Type | OPC, micro silica, fine and
coarse aggregate, superplasticizer, and industrial grade 36 carbon fiber were the materials employed in the experiment.

{Andrew and Stephen elal 2023) Steel fiber-based conerete mix design and neat conerete were used as g baseline for comparing the
three carban fiber-based concrete mixes. The three varictics of carbon fAber are recyeled carbon fiber (RCOF), Hexcel, and Zoltek,
There existsa correlation between the conerete mix designs for compressive, tensile, and flexural strength qualities and the porosity
and microstructure of [Tber-reinlorced concrete mixes. Following that, the {iber was cut 1oa nominal length of 12.7 mm using a
fiber-chopping module. Each mix’s flow was measured, and the steel had the second-best flow at 74%, followed by the near af
133%, the Hexeel carbon fiber at 44%, the CF at 36%, and the Zoltek carbon Gber at 27%. About 42.5% more compressive strength
wiis achieved by the RCF mix design {135.3 Mpa) than by the neat mix design (87.9 MPa). | 7.9% more than by the steel mix design
{1131 Mpa), 0.6% more than by the Hexcel carbon fiber mix design {1345 MPa), and roughly 23.2% more than by the Zoliek
carbon fiber mix design ( 1072 MPa). The RCF mix design’s tensile strength (6,89 MPa) was roughly 27.8% greater than that of the
neat mix design (3.21 Mpa), 4.6% higher than that of the steel mix design (6,58 MPa), 26.3% higher than that of the Hexcel carbon
fiber mix design (5.29 MPa), and rowghly 26.4% lower than that of the Zoltek carbon fiber mix design (8.9% MPa). The RCF mix
design’s fAexurul strongth ( 10.7 MPa) was roughly 8 9% lower than that of' the nest mix design (11.7 MPa}, 13.6% lower than that of
the steel fiber mix design (12,9 MPa), 0,9% lower than that of the Hexeel carbon fiber mix design (108 MPa), and 8, 5%, higher than
that of the Zoltek carbon fiber mix (7.83 Mpa). (Aksar et.al 2023) This study investigates how the mechanical characteristics of
Normal Strength Concrete (NSC) and Low Birength Conerete (LSC) are affected by chopped carbon fiber reéinforced polymer
{CCFRP), Four volume fractions of CCFRP (0%, 0.25%, 0,5%, and 0,75% ) were added w conerete mixtures that were intended to
have poal strengths of 28 Mpa (NSCrand 13 MPa (LSC). Inorder to attain the réquired strength, five trials were carried out for cach
grade using the may ratios of 1:2.6:4. 1 for LSC and 1:1.5:2.5 for NSC. The study assessed CCFRP nical performonce. According to
tests conducted at 7 und 28 days, the addition of'0,25% CCFRP increased NSC by 5% and LSC compressive strength by 10% (from
0.5 MPato 11.2 MPa). NSC saw a 44% improvensent insplit tensile strength (From 2.5 MPato 3.6 MPa). wherens LSC had a 16.6%
increase. NSC's Mexural strength inereased from 4.5 MPato 5.4 MPa, whilst LSC's changed very lirtle. The study suggests that the
wdeal dosage o CCFRPis(h.25%,
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(Md, Safiuddin eial) The water absorption and strength charactensoes of 12 nun-long short carbon fiber remforced mortar
{CFRM ) composites are the main subject of this work, Four CFRM Lﬂllip[}bﬂﬁ.b coniaining 1%, 2%, 3%, and 4% short pitched based
carbon fiber were used. The workability, wet density, and tapped air content of freshly mixed morar were evaluated, and the
compressive, lexural, and split tensile strengths of the hardened mortar composites were assessed. Remarkably, it was discovered
thit the compressive strength rose to 3% and then fell. Strength increases for all fiber contents in the event of splitling Lensile and
flexural stresses. Additionally, CFRM composites & water absorptions decrease up to 3% earbon fiber content before significantly
increasing ai 4% fiber content. According to their test results, the ideal CFRM composites contnin 3% carbon fiber,

3. Mechanical Properties:

Researchers have performed an experiment W know (e mechinieal properties of conerete incorporating earbon fibre. Hardened
conerete were carried out for their compressive strength, split tensile strength, flexural strength and also the water absorption with
various fraction of volume of carbon fibre.

Compressive strength

{Basit et al.2023) Study the compressive strength at 28 days. 1t was found that the addition of carbon fibre enhances the concretes
compressive strength up 1o a specific quantity, beycmd which it decreases the strength considerably. By adding carbon fibre (CF)
0.20% Lumpn.s.uu strength improve by 13.98%: by adding 0.40% fibre, it increased by 16.29%:; and by adding (.60% carbon
fibre. compressive strength increased by a maximuom of 20093%, By adding 0.80% fibre compressive strength start to decline, by
adding CF1% compressive strength enhance by 10% only. It is now clear that carbon fbre more than 0.60% lowered the
compressive strength of the concrele.
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Figl, Effect of carbon fibre on compressive strength (Basit ot.al 2023;
{Andrew ctal 2023) In this study they have used recyele earbon fibre with Ultra- High- Performance Concrete. Thereatter.
compared result compressive sirength with neat conerete, aerospace grade carbon fibre (Hexcel), industrial grade fibre (Zoltek)
and the steel fibre. The RCF mix design’s compressive str::ngth (135.3 MPa) was ruugh!y 42.5% greater than that of the neat mix

desizn (87.9 MPa), 17,9% higher than that of the steel mix design (1131 Mpa), 0.6% hlghﬂ'lhd]‘i thatof the Hexcelvarbon fiber mix
design {134.5 MPa), and roughly 23.2% higher than that of the Zoltek carbon fiber { 107.2 MPa).
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Figl. Effects of curbon fibre vn compressive strengih { Andiew el 2023}

{ Aksar clal 2023) Compressive strenpth increased by about 6% and 10%. respectively. in 28- day NSC and LSC samples when a
0.25% CCFRP ratio was added 1o the mixture. Compressive strength decreased by ronghlv 20%6 and 40% for 0.5% and 0.75 percent
CCFRP, respectively, as the CCFRP ratio increased. According to the results of the 7-day age samples test, the addition of (.25%,
CCFRP significantly increased early-age strength, however, the addition of 0.5 and 0.75% CCFRP negatively affected the
concrete's compressive strength, CCFRP has less ofan effect on concrete 's compressive strength than ordinary added fiber.
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(Md. Safiuddin eral)y In this study they have determune the compressive strength of hardened moriar composites at the ages of 7 and
2% days inaccordonce with ASTM C39/C39M-01. Their research revealed that, up to a 3% fiber content, the compressive strength
rose linearly with the addition of carbon fiber before abruptly declining. Thus, it may be said that the compressive strength
decreased as the fiber content surpassed 3%,
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FigS. compressive strength 7 and 28 days {Hld. Safivddin et sl 2021)

Split Tensile Strength

Splittensile strength is mostly determine (o understand the behaviour of eonerete under tension, (Basit et al 2023) With addition of
carbon fibre content CFO.20%, CFOA0MN, CFO.60%, CFOB0 and CFL0%G the tensile strength improved by about 56%., 579,
3. 50% and 33%., This study concluded that when amount of carbon (ibre goes above 0600, the split tensile strength of conerete
begins to decline,
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Figh, Split tensile streapth (Basit et al 2023)

{ Andrewet.al 2023) According to the study, the recyeled carbon fiber mix design's tensile strength (6, 89MPa) was roughly 27.8%
higher than that of the neat mix design (5.2 1MPa), 4.6% higher than that of the steel fiber mix design (6. 58MPa), 26.3% higher than
that of the Hexcel carbon fiber mix design (3. 29MPa), and roughly 26,4% lower than that of the Zoltek

carbon fiber mix design (8, 99MPa),
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{Aksareral 2023) When 0.23% COFRP s added o the concrete mix, the splittensile strength rises by avound 1 7% for LSC and 444%;
for normal strength samples tested ot 28 days, Similar behavior was seen in samples that were 7 davs old. Increasing the dosage of
CCFRP causes this benelicial impact 1o turn negalive, These findings show that CCFRP significamly increased the concrete’s splil
tensile strength and that it cun funetion asa substitute for '
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Fig8. Split tensile strength at 7 and I8 dayvs (Aksar etal 2023)

(Md, Safiuddin et.ul) Tensile strength increased roughly linearly, according to their findings. It wias shown that CFRM compozites
with 4% carbon fiber had a splitting tensile strength that was 1.5-2 times higher than that of NPOM. This strength enhancenent was
caused by the carbon (iber’s brideime effect during crack formation. Therefore, it s concluded that the increase in the carbo fibre

content increase splitting tensile strength of the conerete.
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Flexural Strength

{Andrew el.al 2023) The ROF mix design’s flexural strength of 1007 MPa was roughly 599 lower than that of the neat mix design
(11.7 MPa). 18.6% lower than thet of the steel fiber mux design (12.9 MPa). 0.9% lower than that of the Hexeel carbon fiber mix
desizn { 1005 Mpa),and %.5% higher than that of the Zoltel carbon fiber mucdesign (9.83 MPa).
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Figlh, Flexursl strengel { Andrew etal 2023

{Adcsar etal 2023) CCFRFP increases Nexural sirength by 20% in samples with normal strength and 3% in samples with poor
strength at o dosage of 0.25%. Higher dosages of CCFRP have a detrimental impact on Jow-strength samples and somewlhial
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Figll. Nexural strength 28 days {Aksar ef.al 2023)

{Md. Safinddm et.al) The third-point loading configuration was used for the study™s Nexure test since it often vields more accurate
results. This study demonstrates that when the amount of carbon fiber in CFRM composite grew, its flexural strength increased
nonlinearly, For maximal flexural strength, the mortar composite with 4% carbon fiber was used. Additionally, they proposed that
the improved reinforcing and bonding effects of carbon fiber, which are brought about by the densified microstruciure of mortar
created by silica futne snd superplasticizer, are the primary cause of the increase m flexural strength that oeeurs when carbon fiber is

used.
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4. DURABILITY:
Water Absorption

{Basit et al 2023Water sbsorplion in the control sample and samples with fiber added were examined inthis study. The lurges) water
absorption, at around 10, 12%, 15 seenan (%% fiber. Water absorption is reduced by 12.19%, 17 81%, 31.60%, 71.23%_ and 81.2%,
respectively, when carbon fiber (CF) is added at 0.20, 0.40%, 0.60%,, 0.80%, and 1.0%. According to this study, while conorete’s
durahility is increased, anincrease in carbon fiber is frequently linked toa decrease in waterahsorption,
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Fig b3, Water Abyorption [Basit cfal 20235)

{Md. Safiuddin et.al) 1t has been shown that adding carbon fiber reduced water sbsorption up to a 3% fiber content, alter which il
rose at a 4% Aber concentration. They have proposed that the larger éapillary pores and air voids in the mortar composites may be
the cause of this rise. We also know that mortar’s water absomptions were primarily controlled by its porosity; the higher the
porosity, the higher the water absomtions,
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Figld. Effects of carbon fibre cantent on thie water absorption of montar composites {Md. Safinddin et.al 2021)
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Acid Attack

iBasit et 2l 2023) [twas shown that the mass [oss from acid attack significantly decreased at the maximum carbon fiber ratio, This
research indicates that by lowering mass loss trom acid atiack, carbon fiber may successfully improve the serviceability and
durshility of self- compacting convrete,

5. WORKABILITY:
Slump flow test

{Busit et al 2023) The EFNARC standards, which provide o 711mm slump for control conerele, served as the basis for the test,
Different proportions of carbon fiber (CFO.20%, CFO.40%, CF60%, CFOLE80%. and CFL0%:) were added to concrele, and the
resulting sag reduction mereased by 2 3005 4 55%, 6,91 %, 9 38%, and | 1.92% respectively, However, as the percentage of carbon
fiber increases, the concrete becomes less workable, leading 1o different design limitations,
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{ Andrew et.al 2023) When the flow of each blend was measured, the steel had the second- best flow at 74% and the neat had the
highestat 133%. 44% of the carbon fiber was Hexeel, 36% wiks RCF, and 27% was Zoltek.
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Figla. Slump flow {Adrew i.al 2023)

{ Aksar et.al 2023) Even with the application of the water reducer Visco Crete 3930, the presence of CCFRP had a substantial impact
on the slump test findings, With the addition of 0.5% COFRP 10 LSC, the slump test resull decreased from |40 mm o 20 mm,
However, when CCFRP i added, the slump ofregular-strength cotierete deereaszes from 190 mim to 30 mm,
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(Md. Safiuddin oial) We are aware that, generally speaking., the slump of mortar composites deereased as the liber content
mnereased. Avcording to this stady, 3% s the 1deal amount of carbon fiber for slump. They also came to the conclusion that CFREM
composites need a greater dosage of the superplasticizer i order to be sufficiently workable for vibration- induced compaction,
Due to varying carbon fiber concentrations, it was nol feasible to use the same superplasticizer dosages for all mortar
composites, We are aware that, generally speaking, the slump of mortar composites decreased as the fiber content incrensed,
Accordimg to this study, 3% is the ideal smount of carbon {iber for stump. They also came (o the conclusion thai CFEM composiies
need a greater dosage of the superplasticizer in order to be sufficiently workable for vibration-induced compaction. Due to varying
carbon fiber concentrations, it was not feasible 1o use the same superplasticizer dosages for all mortar composites,
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{Basit ot al.2023) This lest immplies CFO.8%s i3 the best level for adding carbon fibre to coneréte in order to improve its workability
and remain within the permissible range. Otherwise, itmight hinder the ability of sel{~compacting carbon bose concrete.

6. RESEARCH GAPS:

The review of the available paper has the following rescarch gaps:

# The previous study concluded that fibre orientation affects the mechanical properties of concrete, but there is 4 lack of method by
which the fibre can be oriented in the direction perpendicular to the load,

#* There should he direct comparison hetween various length of fibre (Eg.mm and 12mm carbon fibre) to know the best strand
length of fibre

* Compressive strength inereased up 1o certam lmit bevond it stant decrense. Study should be performed to lincarly increase the
compressive strength incorporating carbon {ibre of any fruction of volume..

* There 15 also need to study using o recycled coarse pgeregate and check their fresh and harden properties hecause the previous
studies were limited to fresh coarse aggregate only,
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7. CONCLUSION:

This paper reviewed the influence of libre addinon on hardened and fresh properties, and the following conelusions are made based
on rom our studies,

* Excessive fibre addition 1o concrete led to the development of voids, which in turn reduced the compressive strength of concrete.
Diespite this. splitting and flexure tensile strength rises lmearly with fibre conteni.

* The post-cracking strength of concrete has increased vs the fibre content has incrensed; however, the pre-cracking strength of
concrete has had minimal effect. Specimens with fibres aligned perpendicular to the axis of load have greater strength than
specimens with Gbres alipned parallel to the axis of load.

= Water absorption of carbon fibre decreased up to certain fibre proportion, and then increase almast lincarly. This can be due to the
mmereased numberof capillary pores and air voids existing in the mortar composites.

# The slump of mortar composites decreased with the increased volume comtent of carbon fibre. It implies that the increase in
carbon fibre content lessened the workability of mortar due to large surface aren and interlocking of the fibre, Hence, higher
dosages of superplasticizer were required for the moriar composites,

* At the highest ratio of ¢carbon fibre. the mass loss due to attacks is greatly decrease because it offers adequate strength to limit the
mass loss as it combimed the constituents of concrete into one family, thereby preventing any major or miner crack progression in
the conerete due to external attacks.

® Imerease in proportion of carbon libre could ellectively increase the durability of concrete by reduving the mass loss from acid
attacks.
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Abstract:

Crganizations, and institutiens collaborate and form entrepreneunal ecosystem (EES ) o promote entrepreneurship. [tembraces the
policies, culture, networks with institutional support and resources that include talent, leadership, finance, knowledge and
infrastiuctire that aid in the establishment and expansion of new businesses, These elements of entreprencunal ecosystem enable
them to interact suceessfully by quickly locating the resources they require at every step of Progress, The existence of suceesstul
companies is due to the quality of its entreprencurial ecosysterm. When the EES elements are managed insuch o way that they make
it poasible for productive entreprencurship. The purpose of this paper i2 to develop an EES in with AGI to enhance the quality of
regional EES.AGH back up entrepreneurial ecosystem through sophisticated proficiencies in market analvsis, ereating unigue idea,
client perceptions, best utilisation of resource, talent evaluation, and network linking with public and private entrepreneurs for the
group acoomplishment. Artificial general intellpence (AGH), peomits entreprencurs 1 be aware of latest market information, and
assist them toeompetentlyrestructure their business processes. AG is able 10 identify high-potential mlent employes for startups
and assist them in recriiting people, who are Taylor made for the roles based on their competencies and involvement
andevaluatethe applicant profiles and aptitude to suit the business. Through communication and entering partnership with others,
various domains m EES typically have the ability o transler or share crucial technologies and knowledge Taking Silicon Valley as
an illustration, o prominent eptreprencurial ecosystem was formed by the universities and research institutes have significantly
provided tothe expansion of the local econormy by providing businesses with fresh information and talent.

Kevwords:

Entrepreneurial ccosystem, institutional suppaort, culture, Artificial general intelligence, talent emplovee, expansion of the local
ceanomy

1. Introduction

The three primary pillars of sustainable development theory ure environmental eco system, social progress, and econoamic yviability,
This theary 1s most appropriate for the corrent study sinee it fully explains the necessity, procedure, and results of a business
organization’s progress. [t meant to profect and highlight the current situation without saerificing aspirations for fulure generations
of nations,Due to the rapid changes in the world, product development 15 unclear, as trends, consumer interest, and local
requirements keeps changing. Understanding how the demands are changing in time, when manufacturing a product should not
become vbsolete before it's introduced in the market is difficult for businesses. This issue is significantly lessened by a healthy EES,
Using AGI, it becomes casier lo connect with salespeople, customer service representatives, and consumers who generales a wealth
of fecdback about what the market requirements and ideas for creating unique products. [€a company wants Lo continue producing
market-relevant products, it needs this kind of feedback immediately throngh AGI, to change as per the customer wants.

Both domestic and multinational enterprises have gradually improved their capacily o innovate for the global market. The Indian
softwidre services sector experienced a sham inerease during that time due to the availability of highly skilled, reasonably priced
workers and dependable connectivity, which allowed for the remote provisioning of software and software-enabled services AGTis
atool to make the world a better, more satisfying place for everyone; not just a way to increase antomation, boost profits, and cut
expenses; Leadership will be essential m directing the development of AGI to wplift humanity and goarantee its responsible
mtegration into all favels of life, whether we are in charge of businesses, organizalions, or even enline nations,

2. Review of literature

Shabnam Khan et al {2023} highlighted that over the past two decades, a new phenomenon known as entreprenenrial agility has
cemerged. [1's the abality of an individual or erganization to snticipate, visualize, and take advantage of unanticipated opportunities
and wssues for entreprencurs in the market. The study also looked ot the moderation of environmental cco system between
entrepreneurial agility and workable business routine and business modernization and entrepreneurial liveliness.

Kellie Awman (2019} explained Environmental ecosystems are undoubtedly transforming business in the modern era, shifting it
away from mgid vertical hierarchies of the 20th cenury and fowards more resilient Artificial general intelligence (AGI applied
business models. They abtained the advantages of operating a service without incurring the exorbitant expenses by employving
independent contractors as a part of an open network. These problems are significantly reduced by the ecosystem-based approach.
Srivardhini K. Tha (2018) mentioned that the new paradigm of entrepreneurial ecosystems; fundamental idea is that businesses
operaiing in an ecosystem have a better chance of snecess, When eco system s supportive, chance of suceess is there, The EES can
be divided into six domains, each of which has a number of components that internct in unigue and complicated ways. They are
available markets, finance obtainability, a supportive culture, high=calibre human capital, an advanced policy framework, and o
varety of institutional support are these arcas. India is the third major developing eeosystem in the world,
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Alex Gorvachev (2023) stated that Anificial general mielligence (AGL) has the potential to completely ransionm a vanety of fields,
including science, healtheare. and even our comprehension of the cosmos. AGH will revelutionize sectors and spur innovation ata
rate never before seen. AGI promote cross-functional cooperation between teams with different backgrounds both inside and
ontside of one's company. A comprehensive approach to AGI development will guarantee that the solutions users develap are all-
encompassing, sustainable, and human-cantered, regardiess of the Held, engineering, human resources, or business stralegy. There
will be less red tape and more creative, sigoificant Al applications as a result of different disciplines working together.

David B. Audretsch et al (2021 ) deseribed that we use the institutional pillars to forecast how people’s behaviour will shift towards
cither productive orunproductive entreprencurship within the ceosystem. The changing aspects of entreprencorial activity and how
entrepreneurs perceive chances are transformed by institutional contexts, The regulatory pillar of institutions and entrepreneurship
have a serious trust issue,In the case of corporate taxes, tor instance, entrepreneurs would be less likely to pay taxes if they did nol
think that they would pot benefit from doing so. They are entering the shadow economy and engaging in unsuccessful
entreprencurship.

The objectives ol the study are to [ind the domains of entrepreneurial eco system and the support of mstitutional theory 1o promoie
EEs. Finally check whether the application of AGI support the growth of entreprencurial eco system,

3. Domains of Entrepreneurship Ecosystem

Finance is the main source for the growth of EES. Capital can be obtained from various sources like angel investors, venture
capitalist and by issue of shares and debentures in stock market, To compete in globalised world talent plays an imporlant role. AGI
supports inrecruiting skilled labourers through sociul media, In contrast o traditional methods, an artificial general mtelligence
could play a sigmificant role in the selection of leaders by analysing large datasets of eligible contenders and appraisiog their
performance, leadership abilities. A good leader holds gualities like coordination. good communicator, compassion, vision,
decisiveness, adaptability, and theability to inspire others, Culture 1s:an important component of an ecosysiem for entrepreneurship
because it moulds the attitudes, customs, and costs that affect the amount of entreprencurial activity ina community. [t decides
whether risk-taking, modernization, leamwork, and o readiness o aceept new ideas, which hus a momentous effect on the
accomplishment of startups and the energy of the ecosystem as o whole.Culture serves as a basic element that rely on
characteristics, which support or impede entrepreneurial endeavours,

Knowledie 15 essential to an entreprencurship gcosystem because 11 serves as the basis for innovation, allowing entreprensurs 1o
spot opportunities, creste workable business plans, get the resources they need, and evenmually boost economic growth by
facilitating the exchange of knowledge and skills amongst the ecasvstem s many actors, such as universilies, accelerators, mentors,
and other entreprencurs, In other words_ a strong knowledpe base is essential for entreprencurs to overcome obstacles. make wise
decisionsand promote teamwaork, all of which contnibute (o 2 more vibrant and prosperous entreprencurial environment. In essence,
a vigoroos market 18 where entrepreneurs can contact cusiomers and examine their business model (o regulate its feasibility and
potential for sccomplishment. The market helps new businesses, an opportanity for entrepreneurs to authenticate their ideas, trade
their gonds ar services, eam meome, and ultimately attain workable development, The above areas support healthy environment
cco system where entrepreneurs van succeed in their venture with confidence. AGI suppors exisling entrepreneurs and startups to
get Tund, recruit talented opt employees, tain ahle leadership. oblain knowledge regarding business in global levelund Gnually
enhance their imarketing abilities to sell their products in international level,

Figure 1 Domains of Entrepreneurship eco system
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4. Institutional Theory

According o institutions| theory, instiutions are social framework with normative, regulative, and cultural-cognitive elements that
helps to bounce back from. any issues, Institutions are a complicated concept, [teovers a varety of subjects in-a broad range of social
seience domains, from a sociological perspective of institutions to an cconomic perspective. The inhertance of insthutions study
hevw the intricacy of euliursl, pelitical, and legal framewarks impact econemic development{ David B. Audretsch et al (2021 ). Two
oppesing perspectives on the development of entreprencurial ecogystems are top-down approach and the bottom-up approach that
intensify the role of institutions. The mechanisms that enable this progress are deep-rooted in cognitive framework, rules, cultore,
and attitudes regarding entreprenceurship, even though the bottom-up approach adopts that ceosystems progress similar to natural
ceosystems. The three instutional pillars that support entrepreneurial behaviour are normative, cognitive, and regulatory
institutions, The institutional frameworl explains how changes in the institutional context at the natienal and regional levels
contribute 1o variations in emtreprensurial activity across different ecosystems for innovation and entrepreneurship, The
nstitational framework elucidates how vanations m the institutional framework at the national and regional levels offer varations
in entreprencurial activity in different ceosystems for novelly and entreprencurshiop { Content Letal-2019),

The three institutionazl pillars that suppornt entrepreneurial behaviour are regulatory, nermative, and cognitive mstitutions, The
régulatory pillar, consists of laws, rules, and other entreprenenrbackup materals that establish the legal limits and rules of the
business The normative pillar, supports the social values, customis; and beliels that influence how people behave as an individus]
and as a group. The cognitive pillarshated logics of deed that people and organizations tse to understund the material that is existing,
set their hopes regarding the resulis of their behaviour, and choose market strategies for entreprencurial ecosyatem, The three pillars
alter the behaviour of interdependent entreprenewrs, legislators, investors, banks, to promete or hinder successful entrepreneurship.

According Lo various viewpomls, institutions set hopes that dictate what organizations should do and serve as the justilications by
applying laws, regulations, and accepted behavioural norms that seem normal and enduring(Bylon Abeeku Bamfo et ol -2023),
Smce regulatory pillar have relations with economic agents are predisposed by the rules recognized by the govemment, the
regulatory pillar both helps and deters entreprencurship by inducing the degree of risk intricated in the formation and launch of a
business, The regulatory pillar may result in unproductive entreprencurship activity and alter the scope and complexity ol resources
that the government made accessible to entreprencurs Opporiunitics brought about by increased government support for
entrepreneurship and formal institutional petworks that are open and erystal clear 10-all economic actors in the entrepreneurship
ecosystem directed to productive entreprencurnal activity (Belitski M. et al 20197,

Low regulatory pillars of institutions are more common In developing and transitioning nations, which lowers the entreprencurship
ecosystem’s overall efficacy and leads to arise in ineffective entrepreneurship, There ressons include: the dissolution or collapse of
previously established institutions as a result of independence, war, regimie change, or other foctors(Estrin 8. et al <2013)When
entreprencurial chances and positive outcomes are pereeived, cross-city cultural differences, pereeptions of entreprencurial action,
and the place given to an entrepreneur are hikely toimpact entreprencurial acthvity.

Figure 2 Entreprencurship ecosystem model
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5. Enterprencurship Ecosystem

An entrepreneurtal ecosystem conceptual model illustrates the market, human capital, finance, culture. support, and policy was
proposed. A seed aceelerator model was put forth whereby a large number of start=ups participate in cohort=based boots comps
where they reveive trmming and mentorship, revealing to adiverse range of mentors and experts { Sauray Sonkar (2021),
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Figure 3 Conceptual model of study
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6. Indicators of EES

Entrepreneurs are the backbone of any entreprencurial ecosyatem, entreprencurs vary based on old or new start-ups and determine
the relative density of entreprencurship. Population flux, or people moving bebween vities, and geographic mobility are ways 1o
measute fhndity, People must find switable entployment within a region, Concentration of {ast-growing businesses will show
whether or not business owners can quickly profit from that bricolage process and direct resources toward fruitful
endeavours. Besides this, conmections oughtt enable them to ascertain how various resources are used and how the organizations
mteract with one another. Programs, spin-off rates, and deal maker networks must all be connected{ Dane Stangler et ol =201 5).
Economic complexity bas been linked to innovation and growth, according to research, Econonue diversity, 15 a crucial idea as no
vity should be unduly dependent on any one sector.A key indicator of development should be how well cities are able 1o draw m
immiagrants and integrate thens inte the entreprenewrial ccosystem, Therefore, data on the likelihood of moving up or down the
economic ladder between mecome level should be used to measure economic mobility, which should be a key indicator for the
entrepreneurial ecosystem.
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Source: AGI market report

The global artificial general infelligence (AGL) market is projected to grow ata compound annual growth rate (CAGR) of 31.3%
from 2024 to 203 1, from its estimated USS 3.2 billion in 2023 to USE 26.9 billion by 2031, it uses machine learning, deep learming
and ‘other technologies, according to the most recent research by InsightAce Analytic AGE mainly relies on cutting=edge
advancements in computer pawer and maching learning methods to build robots that are capable of carrying out any creative lask
that & human can Reeent advaneements in machine lenrming and natural language processing (NLPY have led to significan
advancements in the development of expanding algorithms. Through the use of these technologies, artificial general intelligence
{AGL) systems can process and understand a greater variety of information, learn from experiences more effectively, and make
more difficult decizsions, thereby becoming more cognitively similar to humans and belp for the growth of entreprencurial
ecogysiem. Theapplications of AGI, increasing market demand and investment and promote EES,

For effective entreprenenr eco system and individiualized servite, an AGl-powered customer support system would sccess a large
amount of customer data and integrate it with real-time analytics. AGI may be able 1o foresee issues, customize responses, offer
solutions, and even anticrpate follow-up questions by building a thorough customer profile. Because of its emononal intelligence, it
can modify communication to be sympathetic and encouraging, which improves the customer experience. By offering a hardeoded
understanding of architecture, dependencies, and change history, AGI can increase productivity. when a function that computes
shipping ecosts according to location, weight, and method 15 reguired, after analysing pertinent code, AGH ereates a draft function
with solutions outlindng its reasoning. which the programmer can then review, improve, and incorporate. When an enlreprencut
plans to invest AGI spot intricate market trends and possible disruptions.analyse hedge funds, it examines enotmous data sets from
social medsa, and satellite imagery to make better investment decisions, it verifies a potential market correction by examining news
stones and historical data, that assist the fund manager to make well-informed cholces to modify their porttolio and reduce risk.

7. Research Methodology

Cmalitative research method was used to collect data from [15 entreprencurs in Chennai using a structured close-ended
questionnaire, Hnally 100 respondents Selected for the study, Snowball sampling method selected to collect sumples from
respondents. The study analysed the data to test the growth of Environmental eco system using AGL The effect of AGIon EES
based on GDP, wlented lobour foree, capital, and total productivity studied. Growth of EEC using AGI is a dependent variahle,
Domains od EES, Institutional theory and indicators of EES are independent vanables. AGI play an important role for
entrepreneurtal growth by obtaining the domains required and lead them i right direcuon for thesr development.

Linear Multivariate Regression
Model Summary - Effect of EES with AGI

Model R R’ Adjusted R’ RMSE
MI 0.99 0.998 0.993 1.233
M2 0.99 0.988 0.976 1.299

The multiple linear regression model elucidates the change in risk growth of EES, an independent factor, that is infloenced by the
domains of EES, Institutional theory and Indicators of EEC as dependent varable. Since the value of RMSE is 1.233, hetter to
select Model | as the best model lor forecastinggrowthaceeptance becoose it has the lowest RMSE valoe, which mdicates that the
average difference between the forecasted and actuol prices is

the smallest,

R *valugisclose to 1, itmeans that the predictor variables can fully explam the response variable.

ANOVA
Tl ol r Taan F ]
L=l ]
WE [Regrassion ET0LAED 3 G0 160 | f90.920] 0.0532
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Smee the p=value is smaller than o =03, we reject the ANOVA's null hypothesis and come 1o the assumpuon that the three groups &
menns differ statistically significantly, There i3 a variance between the group means when the F-statistic 15 advanced.

Cocflicients
Madel Unstandardized SI:::frﬂ 'Standardized| 1 P
ME [ Tntercept) 5079 | 0078
16.366 _—
Domainsaf
EES ot 0,095 0717 | -8833| 0072
Institutional 0.328 0.135 0.188 | 2441 | 0248
theory
S 0.078 0570 | 9954 | 0.064
Indicators of x
EES
W& [ Tintercent) 7302 | 0.050
16.249 -
Domains of -6.638 | 0.022
EES A 0.098 -0.551
7.914 | 0.016
Indicatars of 0,201 0.114 0.657
EES

Under coellicient test Predictors with high t-values and low p-values are considered signilicant, With the usage of AGI, there is
growthin Entrepreneurial ecosystem.

8. Research Gap

The researcher evaluated many prevailing literstures, and identified limitations. and found that regarding Entrepreneurial
eeosystem one or 2 independent variables were considered, In this study three independent varubles influencing the growth of
business in AGHera was analysed. Access 10 AGHechnology, helps in data availability, a talent pool with Al skills, the regulatery
emvironment, cultural acceptance of AGI, the degree of ecosystem connectivity, knowledpge sharing, and the ability of AIG to
facilitate erucial inleractions between ecosystem plavers like investors, mentors, and entreprencurs are all important factors to take
into gecount when examining the impact of AGI on an enirepreneurial ecosystem. These factors all have an impact on how AGI can
bensed to boost innovation, spot prospects, modermze procedures, and progress in deciston-making within the ecosysiem.

9. Findings

The reguiatory structures meompetence carmed on by corruption and unadomed political economae collapse, particularly through
the period of ransitioning from one form of governance to another The issyes in normative pillar of institutions, 15 lack of strong
government ethnicities, the progress of civil society, and econstraint of pelitical and economic liberty. Entrepreneurs who operate in
an environment of weak civil society and low regard [or entreprencurs as transformers, will select an unproductive business venture
that neither benefits nor hurts soctelv It is percerved entreprencurial opportunitics and the level of entreprencurial effod directed
towards progress and striving entreprineurs prejudiced by the local entrepreneurial ceosvstem. There 13 8 robust positive
correlation between entreprencurial culture and informal networks for the successful entreprencurship, Business education fosters
entreprencunial cognition support high-growth and productive businesses. No state in Indiahas all internal and external components
of the entrepreneunial ceosystem; accarding to the analysis of the startup and industrial policies of the states, Suppliers, culture,
technology, and entreprencurial education are absent from Tamil Nadu's startup and industrial policies. With the help of AGL
entreprencurs can easily obtain capital, talent, competenl people and expand AGI-powered companies; feel a supportive
environment where AGL innovation can thrive through cooperation and easily accessible resources,

10. Suggestions

As high levels of corruption result in unproductive eniteprencurship performance, Government must regulite the governmen!
departments from getting corruption, through severe punishments. Indian government can be suggested that all states are instructaed
to include all the factors mentioned in the proposed model so thatgrowth will eccur. Organisation will hold fruitful entreprencurial
poals, when there is enhancement in growth-focused entreprencurship, the posilive hopes and beliefs of entreprencurship resolve
sogietal problems and encounters through mnovaiion and economic growth Eutrepreneur when he discovers right time to start his
venture, with individual involvement can contact a businessperson who has launched o business in the past, 1z vital to
entreprencurial cognition. Business education is important for entreprenaurs as it will boost entrepreneurs & confidence to take
gain from markel prospects within the urban coosysterm.
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11. Conclusion

Multifaceted measure of the institutional environment at Chennai level is studied, and its relstionship to the ecosystem’s productive
and unproductive entreprencurial sctivity in developing and transitional ceonomies 15 exgmined In mstituiional contoxt.
comprises of 3 institudonal pillars that are connected 10 the entreprencurial activity in Chennal’s entreprencurial ecosystem.In
erder 1o learn more about local institutions, this study iovestigates normative, cogmtive, and regulatory institutional preparations,
The findings provide fresh insight inte the differences among different institutions EES of advancedvalue have normative,
cognitive.and regulatory pillars of institutions working together as a conduit to productive entrepreneurship, spur innovation and
reduce opportunistic behaviour of corporates, entrepreneursand policy makers, EECs of advanced value have normative,
comnitive,and regulatory pillars of institutions work fogether as a channel to productive entreprencurship, outgrowth inmavation
and lessen resourceful behaviour of corporates; entreprencursand policy makers.During AGlperiod, entreprenearial ecosystem
designates g network of interrelated people, organizations, and resources in o particular sres that actively encourage the
establishment and expansion of startups using AGI technology. Instead of being exceptionally good at one thing. AGI would be able
to do o varety of tasks. To dispel the myths surrounding AGLs potential und dangers. public education is essentinl. Public education
can decrease misunderstandings, encounrage community participation in forming the moral and procticel framework surrounding
AGL and create a more informed conversation, AGI has the potential 1o revolutiomze many fields and bring about positive
change(Katie Le{2024),
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