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Abstract

Investigation of the mechanical properties (ultimatensile strength, yield strength,
hardness, impact strength and % elongation) of Iiganade and imported carbon
steel reinforcement rods (ASTM: A36) was carriedto®teel samples were obtained
from Rathisteel Mill and Power Ltd, India (Sample)AEastern Metals (Nig.) Ltd.
Asaba (Sample B), PUKKIT (Nig.) Ltd, Lagos (Sampl) and SANKYO (Nig.) Ltd,
Lagos (Sample D) and were prepared into mechaniggt specimens. Thereafter the
mechanical properties of the samples were evaluafdtke results showed that locally
produced steel products showed better mechanicalpprties when compared to the
imported steel products. The ultimate tensile smémvalues are705N/mffor Sample
A, 602N/mnt for Sample B, 614N/mfm and 693N/mm for Samples C and D
respectively.The yield strength values 520N/frfior Sample A, 482N/mifor Sample
B, 496N/mn? for Sample C and 508N/mfrfor Sample D.The % elongation values
samples are 18.33% for Samples A, 30.00% for Sanil@5.00% for Sample C and
21.67% for Sample D. The charpy impact test valaes 57J for Sample A, 192J for
Sample B, 162J and 66J for Samples C and D respetyi While the hardness
numbers values are 49.00BHN for Sample A, 34.75BIftiM Sample B, 38.25BHN for
Sample C and 41.50BHN for Samples D respectivelgug, the steel product, sample
B appeared to be the best steel sample since itvsldobetter mechanical properties
when compared to the other steel products duringipe of investigation.

Keywords: Strength, Hardness, Carbon Steel rods (ASTM: ABGgrgy Absorbed, % Elongation
Nomenclature:

uUTsS =Ultimate tensile strength

YS =Yield Strength.

%EL = Percentage Elongation.

IT =Impact Test (joules).

BHN =Brinell hardness Tester

ASTM = American Society of Testing and Materials

1.0 Introduction

Most Engineering failures are frequently causednisuse of materials. When a plastic tea spoon kscks it is being used,
when a building collapses or when an aircraft isugded because cracks have appeared in the tag,plais likely the
engineer who designed them used the wrong mateniad&gd not understand the properties of those nadseused [1].There
are more than 50,000 materials available to théneeg In addition, hundreds of new materials appeathe market each
month. Each of these materials has its charadtesisapplications, advantages, limitations and .cd$us, the task of
knowing the properties and behaviour of types @filable materials becomes enormous and challergjng

Adequate knowledge, therefore, of materials andr theoperties will no doubt help engineers and gesis to avoid
mistakes that may lead to engineering failures. itgily, some materials are not used widely becafisarailability, initial
properties, cost or service performance. Othéds,ifon and steel, paper, concrete, wood (timbter) Bnd extensive uses.
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Often, materials are reinforced to make them seoméhen improved strength is the major goal. Thefoecing components
must have a large aspect ratio. This means th&ritgh-diameter ratio must be high so that thel lsatransferred across
potential points of fracture. This is why steel sodre placed in concrete structures as reinfora@ngiponents
[2].Unreinforced concrete, although has great casgive strength, is very weak in tension. It is thtk of tensile strength
that leads to the necessity for reinforcement, tvitiarries the tensile forces present in the stractilthough, a variety of
materials such as glass fibres and plastic filambate been used as reinforcement, most concretdens are reinforced
with steel in the form of bars, wire mesh and gtmarbecause of their high strength, ductility aniffngtss. Steel
reinforcement imparts great strength and toughteessncrete. Reinforcement also reduces creep amchires the width of
cracks [2]. Steel serves as a suitable reinforcemarerial because its coefficient of thermal exgiam (5.8 x 16°C™* to 6.4
x10°°C™) is nearly the same as that of concrete (5%@8to 7 x 10°C}).

Plain carbon steel is by far the most widely usied lof steel. The properties of carbon steel degwirdarily on the amount
of carbon it contains. Most carbon steel has aaradontent of less than 1%. Carbon steel is matdeanwide range of
products, including structural beams, car bodiésh&n appliances and cans. The three types af pkmibon steel are low
carbon steel, medium carbon steel, high carbon, sted as their names suggest, all these typetawof parbon steel differs
in the amount of carbon they contain [3]. Plainbeer steel is a type of steel having a maximum carduntent of 1.5%
along with small percentages of silica, sulphurpg@horus and manganese[4]. Generally, with an aserén the carbon
content from 0.01 to 1.5% in the alloy, its strdnghd hardness increase but still such an increagend 1.5% causes
appreciable reduction in the ductility and malldigpof the steel.

It is evident that hardness, brittleness and dtyctire very important properties as they determiivee way these different
carbon content steels are used. The microstrucfustowly cooled mild steel, for instance, with @Zarbon. Consists of
about 75% of proeutectoid ferrite that forms abthes eutectoid temperature and about 25% of pedp#arlite and ferrite
being microstructure components of steel). Whencérbon content in the steel is increased, theiatraf pearlite increases
until the fully pearlitic structure of a compositif 0.8% carbon is obtained Beyond 0.8%, high @arbteel contains
proeutectoid cementite in addition to pearlite Hgjwever, in slowly cooled carbon steels, the ovdratdness and ductility
of the steel are determined by the relative prapostof the soft, ductile ferrite and the hard cetite. The cementite content
increases with increasing carbon content, resultingn increase of hardness and a decrease ofiguan transition from
low carbon to high carbon steels [5].

Different materials possess different propertiesvamying degree and therefore behave in differeaysvunder given
conditions. These properties includes; mechanioapgrties, electrical properties, thermal propsrtehemical properties,
magnetic properties and physical properties [6, 7].

A design engineer is interested in the behavioumaferials under load which is mechanical in natfwe the design of
machines and structures. Any material subjecteditad either deforms, yields, or breaks, dependpan the magnitude of
the load. Engineers are basically interested innkmg how a particular material will behave undepligd load, i.e. the
mechanical properties[8].

Before choosing the materials of construction foo#-shore structure, ship, submersible, oceaorfinstallation, buildings,
bridges, rail ways or instrument package, manyofaamnust be considered. Among these are the icitistis of the materials,
their efficiency in the intended design, and thedgeted lifetime of the materials. Many materialben fabricated into a
system deteriorate in service in unexpected mannerke their predicted behaviour established aboratory saline
solutions [9].

In recent time, cases of collapsed buildings, m&lgail ways, telecommunication mask etc haveess®d tremendously.
Some of those failures are due to lack of propeerna selection, not using the right dimension anthber of steel samples
for reinforcement, imbalance ratio of cement todstmwater, cement to water to gravel to sand safieck of proper soil
analysis to ascertain the load (weight) bearingacip of the sand, use of sub-standard materialgaging the services of
qguacks and so on. Consequently, the need for prgdection of material to withstand each pecul@rirmnment, service
conditions and type of structures is imperativeisTias necessitated the investigation of the mecalproperties of locally
made and imported carbon steel reinforcement rA83 ¥1: A36).

2.0  Materials and Methods

Test Materials: The materials used for this investigation were mdcarbon steel 18mm diameter reinforced steel. bars
These samples were obtained from two major sounzesely: locally produced steel bars and importedipct. The locally
produced steel bars were obtained from three #teleistries in Nigeria: Eastern Metals (Nig.) Ltdsaba (Sample B),
PUKKIT (Nig.) Ltd. Lagos (Sample C) and SANKYO (Njd-agos (Sample D). The imported steel, Rathi IS#i# and
Power Ltd, India (sample A) was purchased from &asMetals, Nig. Ltd. Asaba, Delta State. The clvamtomposition of
each of the steel is shown in Table 1
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Table 1: Chemical Composition (Wt %) of the Medium Carboaebfor the Four Companit

No. | Alloy Elements Company A | Company B | Company d Company D
1. C 0.387 0.254 0.275 0.313
2 Fe 97.760 98.000 98.090 96.754
3 Si 0.244 0.212 0.252 0.224
4, Mn 0.827 0.555 0.732 0.991
5. S 0.040 0.020 0.049 0.038
6 P 0.041 0.015 0.064 0.036
7 Cr 0.771 0.374 0.209 0.104
8. Ni 0.673 0.350 0.102 0.111
9. Mo 0.077 0.026 0.0001 0.0001
10. | Cu 0.224 0.183 0.231 0.311
11. | Al 0.008 0.014 0.031 0.032
12. |V 0.009 0.090 0.0001 0.0001
13. | Sn 0.019 0.082 NIL 0.0060
14. | Ti Nil Nil 0.005 Nil

15. | Co Nil 0.012 Nil Nil

16. | W Nil 0.016 0.0001 0.0001
17. | B Nil 0.008 0.0001 0.0001
18. | Nb Nil 0.001 0.0001 0.0001

3.0  Test Procedure:

Tensile Test: The samples were cut to si(230 x18mm) using power hacksaw in accordance thighstandard of th
American Society for testing and materials [10].Tthasile test carried out according to ASTM E8 dtad. The initia
lengths and area of the specimens were measuredsfgdctimens vre loaded into the universal testing machine arzd
was gradually increased at a steady rate untisgieeimens fractured. The broken pieces were plaoggther and the fini
length was measured to determine the % elongafibe.ultimate tensile strgth and the yield strength were read off fr
the dial[10].

Hardness Test:The specimens were cut into 10 x10mm size usingdaaec. The surface was ground, polished to ensait
the surface was flat, smooth and clean. The spesimgreparation and tegprocedure for the hardness test were
accordance with ASTM E18 standard. The hardnessvs done using digital Brinell Hardness (BHN)éesThe hardnes
measurement was taken in four (4) different locetitor each sample and the average valuithe results were consider
[11].

Charpy V-Notch Impact Test: The purpose of the impact test was to measureotighhess, or energy absorption cape
of the materials prior to fracture. The test wagqgened in accordance with ASTM E23. The specimes cut to 55 x
10mm cross section and as#taped notch, 2mm deep, was cut atangle ° angle and 0.25mm radius cut on the larger f
The specimens were placed on the anvil of the machihd properly secured. The pendulum was sefisadgosition an
the pointer on the dial set on the upper limithef scale. The pendulum was released and impaaespdtimen immediate
behind the notch, breaking the specimen. The abdaghergy was read off from the dial. The samp#h@wvn in Figure |

450

¢ I
N‘i— B

Figure 1: Charpy Impact test sample

4.0 Results
Table 2: Shows the result of the tensile tests for the diffie steel sampl

Sample | Yield Strength (YS) | Ultimate  Tensile  Strength| % Elongation
N/mm? (UTS) N/mn?

A 520 70t 18.33

B 482 602 30.00

C 496 614 25.00

D 508 692 21.67
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Figure 2: Plot of the yield strength (N/nfinVs steel sample
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Figure 4: Plot of the Percentage (%) Elongation Vs steel $amp

Table 3 shows the result obtained from the Impast Tor the various steel samples investigated.

Table 3: Impact Test Result

J of NAMP

Sample Test 1 Test 2 Test 3 Test 4 Average Result
A 56 60 55 58 57

B 193 191 194 190 192

C 160 164 161 163 162

D 68 65 67 64 66
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Figure 5: Plot of the Energy absorb (Joules) Vs steel samples
Table 4 shows the result obtained from the Hardmessrecorded for the various steel samples agdlys

Table 4: Hardness Test Result (BHN)

Sample | Test1 Test2 | Test3 Test 4 Average Result
A 47 50 51 48 49.00
B 33 37 34 35 34.75
C 40 38 36 39 38.25
D 43 41 42 40 41.50

Average Hardness Test Result (BHN)

)
— 60
2
50
O]
o 40
= 30
v =2
= T 20
7))
%] El 10
()
c 0
©
o Sample A Sample B Sample C Sample D
O
I

Average Hardness Test Result (BHN)

Figure 6: Plot of the Hardness Test Values (BHN) Vs steelmam

5.0 Discussion

The Figure 2 shows the plot of yield strength asgfaihe steel samples investigated. The plot reubalssample A has the
highest yield strength followed by samples D, E Bnd

The Figure 3 shows the plot of ultimate tensilersgth against the steel samples investigated. thegveals that sample A
has the highest ultimate tensile strength followgdamples D, E and B.

The Figure 4 shows the plot of % Elongation agaihststeel samples investigated. The plot revéalisdample B has the
highest % Elongation followed by samples C, D and A

The Figure 5 shows the plot of Energy absorbednag#tie various steel samples investigated. Thergleals that sample B
has the highest value of energy absorbed followesaimples C, D and A

The Figure 6 shows the plot of Hardness test vahgdénst the analyzed steel samples. The plot leteat sample A has
the highest hardness value followed by samples 8ndB.
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Carbon is the cheapest and one of the most eféeatlaying elements for hardening iron. The higther carbon content the
greater the hardenability, the strength and haglnéshe steel. However, ductility, weldability armlighness are reduced
with increasing carbon content [12]. This trend whserved in the result of the tensile test in Fégu The values of all the
yield strengths which range from 482N/mfor steel sample B to 520N/minfor steel sample (A). The vyield strength of
Samples (C) and (D) are 496 N/mand 508N/mrrespectively, with steel sample (A)giving the teghyield stress.
Similarly, the values of the ultimate tensile sgimfor the local steel samples are 693N/nfion (D), 614 N/mm for (C),
and, 602 N/mrfor (B), which showed smaller value of ultimateigée strengths compared to the imported steel Eamp
which gives a higher UTS (705N/nirfor A). This can be attributed to the carbon conte the steel.

Also, the results showed that as the carbon comentases the hardness value increased propddlgngith Sample (A)
showing the highest carbon content of 0.387%C arithrainess value of 49.00BHN, this is followed bympae ‘D’
(0.313%C) with hardness value of 41.50BHN; Samf@le(0.275%C) with hardness value of 38.25 BHN aman§le ‘B’
(0.254%C) with hardness value of 34.75BHN.

The Figure 3 shows that %EL decreased as the rarbotent increases (Sample (A) with the highegbara content of
0.387%C has the lowest %EL of 18.33%, this is feéld by Sample ‘D’ (0.313%C) with elongation of 21%ample ‘C’
(0.275%C) with elongation of 25% and Sample ‘B2@81%C) with elongation of 30%. This reasonable gition exhibited
by sample B may be attributed to the small carlmment when compared with the carbon content obther samples, and
also, due to the presence of some alloying elemsnth as Ni, Mnetc. in the steel samples in pramustthat favour
ductility[13].

In the same vein, the energy absorbed increasditeasarbon content decreases with sample B hatiedighest impact
value of 192J. This is followed by sample C witlpawt value of 162J, and sample D having a valugb6adf while sample A
recorded the least energy absorbed with a val&& &f Thus, the higher the %EI the more the endiggrhed.

6.0  Conclusion
The results showed thatSample B, a local steel karmppoved to be the best steel sample, since shew reasonable
mechanical properties.
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