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STRENGTH AND DEFORMATIONAL CHARACTERISTICS OF CONCRETE 

BEAMS REINFORCED WITH STEEL BARS LOCALLY PRODUCED FROM 

RECYCLED METAL SCRAP IN GHANA 

 

ABSTRACT 

This study was conducted to examine the structural behavior of concrete beams reinforced 

with local steel bars available in Ghana. Steel bars of nominal sizes; 12mm, 10mm, and 

8mm from different millers used to reinforce the concrete beams were tested to study the 

stress-strain relationship of the bars. The beams were reinforced with 12mm high tensile and 

12mm mild steel bars produced by four different companies. Data collected were analyzed 

using theoretical and experimental approaches. The experimental results confirmed 

theoretical analysis that indicated that governing failure loads of the beams were due to steel 

yielding first with the exception of one beam in which the governing failure load was by 

shear. On average the experimental cracking and failure loads in the beams reinforced with 

high-yield steel bars were slightly higher than the theoretical loads, while they were 

observed to be slightly lower in the beams reinforced with mild steel bars. With regard to 

cracking, the beam reinforced with FFL ribbed mild steel developed the highest number of 

cracks at failure which represent a very good bonding between steel and concrete as 

compared to the other companies. Beams reinforced with FAB high-yield steel had the 

highest failure load as compared to the other steels. It is important to ensure standardization 

of the rebars in the Ghanaian market such as the size of the bar, the rib spacing, and the rib 

height through the dissemination of information to stakeholders including structural and 

material engineering manufacturing companies and contractors.   

KEYWORDS: High yield bars, Mild steel bars, standardization, rib. 

1 INTRODUCTION 

Concrete is a composite material made of aggregates bonded together by cement paste 

which hardens over time (Rocco, 2009). It is a synthetic building material that is made by 

mixing cement, fine aggregate, coarse aggregate, and water in appropriate proportions. This 

mixture hardens as a result of a chemical reaction between cement and water, known as 
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hydration, and binds the aggregates to form a rock–like mass. Concrete continues to set 

throughout the curing process and gains strength as long as it is kept moist and warm. 

Durable, strong concrete is made by correctly dosing and mixing the various materials and 

additives, which aids in the hardening of the concrete after casting. (Bamigboye et al., 2015; 

Gündüz, 2008; Shoukry et al., 2011; Ferraris et al., 2001). 

The quality of the concrete is largely determined by the quality of the cement-water paste 

that binds the aggregates together. The strength of the concrete is reduced when excessive 

water is added to the paste. (Arum et al., 2006) 

Reinforcing steel bars or mesh of steel wires are used primarily as a tension-resisting 

material in reinforced concrete and reinforced masonry constructions to strengthen the 

concrete while it is subjected to tension. Additionally, it can be utilized in compression to 

increase the concrete's compressive strength; for instance, the majority of reinforced 

concrete columns are subjected to compressive stresses.  

Primary reinforcement is used to provide resistance to support design loads whereas 

secondary reinforcement is used for the distribution of stresses and aesthetic purposes by 

providing localized resistance to limit cracking and temperature-induced stresses. The latter 

reinforcement also provides resistance to concentrated loads by spreading them through a 

wider area.  Moreover, it assists other steel bars in accommodating their loads by holding 

them in the correct position. Moreover, external steel tie bars are used to constrain and 

reinforce masonry structures, sometimes as a means of building conservation (Merritt et al., 

1995)  

This paper presents the results of study of comparative structural performance of concrete 

beams reinforced with different types of steel bars available in Ghana. Banini and Kankam 

(2022) investigated the strength characteristics of different reinforcing steel bars in Ghana 

and their results are presented in Table 1. 
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Table 1: Properties of reinforcing steel bars (Banini and Kankam, 2022) 

Beam 
ID 

Bar source 
and nominal 

size 

Type 
of 

steel 

Bar size 
(mm) 

Yield 
Strength 

(fy) 
N/mm2 

Maximum 
Strength 

(fmax ) 
N/mm2

 

Ultimate 
Strength 

(fult) 
N/mm2

 

Total 
Elongation     

(%) 

B1 FAB 12R Mild 10.15 639.68 752.54 577.88 18.70 

B2 USC 12R Mild 10.59 454.30 641.70 477.01 25.54 

B3 STS 12R Mild 11.08 424.91 585.55 546.17 26.00 

B4 FFL 12R Mild 10.97 555.26 652.14 547.33 18.03 

B5 STS 12Y High 

yield 

11.69 533.52 792.12 754.85 18.19 

B6 FAB 12Y High 

yield 

11.82 656.00 774.44 574.00 11.60 

B7 USC12Y High 

yield 

11.36 752.71 848.96 555.28 10.62 

B8 FFL 12Y High 

yield 

11.68 672.47 789.21 588.41 10.68 

  Loc 6R* Mild 4.86 506.72 668.43 490.54 1.96 

   FAB 10R** Mild 9.32 615.64 732.904 571.665 9.17 

             * Used for shear stirrup; **Used as compression steel bar  

2 DETAILS OF EXPERIMENTAL WORK 

2.1 Materials 

Fine aggregates, coarse aggregates of 12.5mm maximum size, steel bars, potable water, and 

Portland limestone cement with a strength class of 32 N and steel bars were employed to 

prepare the reinforced concrete beams. 

A sieve analysis and silt test conforming to BS 1377: 1990 were carried out for both the fine 

and coarse aggregate. A silt test was conducted on the fine aggregates in accordance with 

BS 1377 :1990.  The mechanical properties of the steel bars of nominal sizes 12mm, 10mm, 

and 6mm from different millers used to reinforce the concrete beams were tested using an 

Automatic Universal tensile and compression machine (PROETI 2000 kN) in accordance 
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with standard procedures (ASTM E8/E8M) to study the stress-strain relationship of the bars 

(Banini and Kankam,2022).  

 

2.2 Preparation of Concrete Test specimens 

2.2.1 Mix Design 

Concrete mix proportions of 1:2:4 (cement; fine aggregates; coarse aggregate) by weight 

with water / cement ratio of 0.55 were used to prepare the concrete. The concrete mix 

design was in accordance with IS: 10262 (1982). The cement content of 380 kg / m³ was 

used to meet a minimum requirement of 300 kg / m³ in order to avoid balling effect. Two 

sets of three control test specimens (cubes and prisms) were cast respectively for beams B1 

to B4 and B5 to B8.  

 

 

 

 

 

 

2.2.2 Mixing, Casting and Curing 

Mixing of the concrete was done mechanically in a concrete mixer. The proportions of fine 

aggregates and cement were first batched into the concrete mixer, followed by the coarse 

aggregates. Mixing of the constituent materials was done in the dry state for about two 

minutes, and then batched water was progressively added to the dry mixed materials in the 

mixer. Mixing was standardized and had a consistent hue in a plastic mix. For thorough 

mixing, the time for blending was 1.5 to 2 minutes per rotation. The concrete mixer’s output 

was 15 to 20 mixtures per hour. A slump test (Fig. 1) was conducted to determine the 

workability of the concrete.  A total of 9 control concrete cubes measuring 150mm x 

150mm x 150mm (Fig. 2) and 9 prisms measuring 100mm x 100mm x 400mm were cast to 

study the compressive strength and modulus of rapture of the concrete mixes. Concrete for 

each test specimen was cast in four layers and each layer was compacted by tampering 25 

strokes using a rod.  

Curing of the test beams, cubes and prisms was by fully covering the specimens with wet 

sacks (Fig. 3) to obtain a temperature equivalent to ambient average laboratory temperature 

of 28ºC and 100 per cent relative humidity to avoid micro–cracking of the test specimens.  



 

Three cubes were cured for 7 days while the remaining cubes, prisms, and beams 

specimens were cured for 28 days.  

                                                  

         Figure 1: Slump test                                     Figure 2: Concrete test cubes                                    

 
Figure 3: Curing of specimens                                       Figure 4: Wooden formwork for 

Beams 

2.3 Preparation of Control Specimens 

Controlled specimens were prepared to determine the compressive and tensile strength of 

the concrete in accordance with BS12390-1. The metal cubical moulds of size 150mm x 

150mm x 150mm and the prism moulds of size 100mm x 100mm x 400mm were used with 

the internal surfaces of the molds being cleaned and applied with oil. The moulds were 

placed on a smooth horizontal non–porous base plate. The concrete was poured in 3 layers 

in the molds and appropriately tamped to remove all air. After 24 hours, the specimens were 

de-molded and cured outside under a wet sack. 



 

2.3.1 Compressive strength of concrete 

The actual dimensions and weight of each cube were measured after they had been 

examined immediately after being removed from the wet sack and wiped clean. The test 

cube was placed in the compression machine in such a manner that the load was gradually 

applied centrally to opposite sides until it was crushed and the maximum applied load was 

recorded. The compressive strength was computed as the ratio of the maximum load to 

cross – sectional area of the cube. The average compressive strength of the three cubes was 

taken. The test was conducted in accordance with the requirements of British Standards BS 

EN 12390-3: 2000 

 

2.3.2 Modulus of Rupture of concrete 

The test prisms cured under wet sacks were tested immediately upon removal of the sack 

and their actual dimensions had been measured. The test specimen was simply supported 

over 400mm span in a rigid steel frame and centrally loaded as shown in Fig. 5. The load 

was applied using a hydraulic jack until the specimen failed and the maximum load was 

recorded. (BS EN 12390-5: 2000) 

 
Figure 5: Flexural test on concrete prism. 

2.4 Preparation and Testing of Reinforced Concrete Beam 

The formwork for the beam consisted of timber of dimensions 1950mm x 120mm x 

200mm. It was constructed on a horizontal floor oiled and lined with a black polythene 

sheet. The prepared reinforcement was placed on the horizontal surface into the formwork 

and was braced at the top as illustrated in Fig. 4. It was filled with concrete and compacted 

ensuring that a uniform cover of 25mm was kept all around. The top of the cast concrete 
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was smoothened and marked after initial setting. A total of eight (8) beams were cast and 

their details are presented in Table 2. 

Table 2: Description of concrete beams 

Beam 

ID 

Concrete 

strength 

(N/mm2) 

Modulus of 

rupture 

(N/mm2) 

Cross 

section  

b × h  

(mm2) 

Span L 

(mm) 

Effective 

depth  

(mm) 

Spacing of 

stirrups 

(mm) 

B1 19.5 4.0 120×200 1950 183 165 

B2 19.5 4.0 120×200 1950 182.7 165 

B3 19.5 4.0 120×200 1950 182.5 165 

B4 19.5 4.0 120×200 1950 182.5 165 

B5 15.3 3.8 120×200 1950 182.2 165 

B6 15.3 3.8 120×200 1950 182.09 165 

B7 15.3 3.8 120×200 1950 182.32 165 

B8 15.3 3.8 120×200 1950 182.16 165 

 

The beam specimens were removed from their moulds after 24 hours and cured under wet 

hessian cloth for 28 days. Prior to testing they were brushed off all debris, and painted with 

white emulsion paint on all sides (Fig. 6). 



 

 
Figure 6: Concrete beams ready for testing 

2.4.2 Loading 

Prior to testing the beams were painted with emulsion paint in all sides to facilitate 

monitoring of cracks development (fig 6). The testing consisted of a rigid steel frame and a 

hydraulic jack for loading. A two-point symmetrical loading system was adopted and 

applied to the beams. The beam specimens were simply supported with a clear span of 

1650mm. The supports, dial gauge, and loading positions were indicated and marked on the 

beams before loading. The beam was lifted carefully and mounted on the frame. Visual 

checks by means of magnifying glass were conducted to monitor crack development in the 

beams during loading. A dial gauge was mounted under the beam to measure the central 

deflection. 

The load was applied to the beam at intervals of 2 KN using the 200 KN capacity hydraulic 

jack which was centrally placed. A spreader steel beam was used to transfer the load to the 

specimen through two symmetrical loading points located at 650mm from the supports. The 

first crack load, deflection, number of cracks, crack spacing, maximum crack width, total 

number of cracks and final failure load were recorded. A 30cm transparent rule was placed 

against the crack and with the help of a magnifying glass, the width of the crack was 

measured. 

3 THEORETICAL FLEXURAL ANALYSES 



 

9 
 

3.1 Modulus of Rupture of Unreinforced Concrete  

For central point loading on the prism, simply supported at ends, the modulus of rupture and 

tensile strength of the concrete is expressed as;  

ft = ଷ
ଶ
					୔୫ୟ୶		୐

୆ୈమ
                                                                                                                 Eq. 1 

where: 

ft = modulus of rupture (N/mm²); Pmax = applied maximum load (N); L = span of the prism; 

B = width of the prism; D = Depth of the prism. 

The modulus of rupture was 4N/mm2 and 3.8N/mm2 for beams B1 to B4 and B5 to B8 

respectively (Table 2). 

3.2 Cracking Load 

3.2.1 Cracking Moment of Reinforced Concrete Beam   

In a reinforced concrete beam, the cracking moment (Mcr) of the concrete is obtained based 

on its modulus of rupture (ft) in a beam simply supported at its ends and loaded equally at 

the third points as shown in Fig. 7 as follows: 

Mୡ୰ = ୤౪×୆ୈమ

଺
                                                                                                    Eq. 2 

where:  

Mୡ୰= Cracking moment; ௧݂= modulus of Rupture (N/mm2); B = width of the beam (mm);  

D = Depth of the beam (mm) 

All the reinforced concrete beams had cross-sectional dimensions of 120mm X 200mm, 

simply supported over a span of 1950mm and loaded at the third points as shown in Figure 

7. 

 

	ܲ 2ൗ           ܲ 2ൗ  

 

 

 

 

650mm 650mm 650mm 

1950mm 
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Figure 7: Beam loaded equally at the third points. 

3.2.2 Theoretical Cracking Load for Beams 

The theoretical cracking load of the beam, that is simply supported at its ends and loaded 

equally at the third point as shown in Figure 8, can be obtained from Eq. 3 as follows: 

Pcr =   ଺୑ౙ౨
௅

                                                                                                       Eq. 3                                                      

where: 

Pcr = theoretical cracking load (kN); Mcr = cracking moment (Nmm); L = Span of  beam 

(mm). 

The theoretical cracking loads for the eight beams are presented in Table 3. 

3.3 Analysis of theoretical Failure Load 

3.3.1 Theoretical failure based on steel yielding first  

The ultimate load of the beam simply supported and loaded at its third points  as shown in 

fig 7 is expressed by Equation 4 as follows:  

     Pult =   ଺୑୰ୱ	
௅

                                                                                                         Eq. 4 

where  

Mrs = Moment of resistance of steel in tension; Pult = failure load of beam; L = Span of the 

beam. 

The moment of resistance of steel in tension is derived as follows (BS 8110): 

Mrs		= 			0.87f୷Aୱ 	× 	0.775d                                                                                Eq. 5 

 

where 

f୷	is the yield strength of reinforcing steel bar in concrete beam. The values of fy for the 

steel from the different millers were obtained from Banini and Kankam (2022) and 

Tudagbe-Obuor (2020);  d is the effective depth of the beam = 183mm; ܣ௦	is the area of 

steel reinforcement  

Based on the value of f୷ of steel from the different millers (Table 1) failure loads of the 

beams on the assumption of yielding of steel are presented in Table 3. 
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3.3.2 Theoretical failure load based on concrete crushing first. 

The theoretical failure load of a reinforced concrete beam, simply supported and loaded 

equally at the third points, based on concrete crushing first in compression is derived from 

Equations 4 and 6 as follows; 

     Pult =   ଺ெ୰ୡ
௅

                                                                                                     Eq. 5 

where  

Mrc = Moment of resistance of concrete beam based on concrete in compression; Pult = 

Concrete crushing load; L = Span of the beam 

Mrc	 = 0.156Fcu	bdଶ + 	0.87fy	As	(d − dଵ)                                                                Eq. 6 

where 

fcu   =  concrete compressive strength = 15.3 N/mm2;  d   = effective depth = 183mm; 

d’ = effective depth of compression steel bar steel bars = 12 + ଽ.ଷଶ
ଶ

= 19.32 

b = beam width = 120mm 

Diameter of compresion rebar = 9.32mm, 

As is the area of two steel rebars in compression  = ଶ஠	୶	ଽ.ଷଶమ

ସ
= 136.44mmଶ  

On the basis of yield strength of compression bar as shown in Table 1 of specific miller 

(Banini and Kankam (2022), and Obuor (2020)), the failure loads of the beam assuming that 

concrete crushes first rises computed and the results are presented in Table 3. 

3.3.3 Theoretical failure load on the assumption that shear failure occurs first 

Shear in reinforced beams without shear reinforcement causes cracks to develop on inclined 

planes near the supports when the shear strength of concrete is exceeded (Al-Nasra et.al 

2013). In design, it is generally desirable to ensure that ultimate strengths are governed by 

flexure rather than by shear. Shear failures, which in reality are failures under combined 

shear forces and bending moments, are characterized by small deflections and lack of 

ductility.  

The shear failure load (Vr) including tension reinforcement of the beam is obtained from  

Eq. 7 as follows; 
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ݎܸ = 0.87	୅ୱ୴
ୗ୴
	fy ∗ ݀ + Vc ∗ bd                                                                                 Eq. 7 

where 

Vr = shear failure load; fy = yield strength of links; Vc = design concrete shear strength;  

Asv = total cross-section of links at the neutral axis at a section; Sv = spacing of links along 

the member; b = width of the beam; d = effective depth of the beam 

The test results of Banini and Kankam (2022) and Obuor (2020) as summarized in Table 1 

were used to compute the shear resistances of the specific beams in accordance with BS 

8110:Part 1 (1997). The results are presented in Table 3. 

 4 THEORETICAL AND EXPERIMENTAL RESULTS 

4.1 Load-Deflection Curves 

Figure 8 shows the load-deflection curves for eight concrete-reinforced beams with steel 

bars from different steel manufacturing companies. Beams 1 to 4 were reinforced with 

ribbed mild steel bars and 5 to 8 with high-yield ribbed tensile steel bars. Each of the beams 

was subjected to a monotonic loading with load increments of 2 kN and deflection 

measurements were taken at each load increment. The cracking load was recorded and the 

incremental loading of the beam continued until failure. The loading of the beam was 

increased until the beam failed and the failure load was noted. Before cracking occurred, the 

slope of the load-deflection curves of the beams was steep and approximately linear, 

indicating the elastic behavior of the beam. Once flexural cracks developed a change in the 

slope of the curves was observed and they remained fairly linear until the beams failed by 

mostly yielding the steel followed by crushing of the concrete after an extensive deflection 

and cracking extending deeply into the concrete compression zone. Only beam (B7) failed 

in shear as predicted by theoretical analysis. 



 

 

Figure 8: Load – Deflection response of beams 

4.2 Cracking Loads 

Table 3 shows the theoretical and experimental cracking loads for beams reinforced with 

mild steel bars and high-yield steel bars from the different manufacturers. The experimental 

cracking loads (ܲ′௖௥)	of the beams reinforced with mild steel bars averaged 0.408 

(approximately 40 percent) of the theoretical cracking loads (Pcr). On the other hand, the 

experimental cracking loads (ܲ′௖௥)	of the beams reinforced with high-yield steel bars 

averaged 1.398 (approximately 140 percent) of the theoretical cracking loads (Pcr).  It is also 

observed from Table 3 that the beams reinforced with mild steel bars developed first crack 

at lower loads than the beams reinforced with high-yield steel bar. Also, it can be seen from 

the experimental cracking loads that beams 1 to 4 reinforced with mild steel bar had their 

first crack appearing at different loads with B4 having the lowest value of 2kN followed by 

B1 and B3 with 4kN and 6kN respectively. With these observations it can be concluded that 

rebar use in B3 can carry high load before the initial crack appeared when subjected to 

loading, followed by B1 and B2 and then B4. Again, observing from the table it can be seen 

from the experimental cracking load that beams 5 to 8 reinforced with high-yield steel bar 

had their first crack appear at the same load of 14kN except beam B6 that had a lower value 

of 10kN. It can therefore be concluded that, rebars used in B5, B7 and B8 can carry high 

load before their initial crack loads appeared when subjected to loading, followed by B6. It 

can also be concluded that beams reinforced with high-yield bars sustain higher load than 

those reinforced with mild steel bars. Prior to cracking, concrete beam B6 reinforced with 
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high-yield bar even with the lowest cracking load of 10kN exhibited greater resistance to 

cracking than all the beams reinforced with mild steel bar. 
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Table 3: Cracking and failure loads of beams 

Beam 

ID 

Theoretical 

cracking load  

P cr  

(kN) 

Experimental 

cracking load 

P’cr  

(kN) 

Theoretical failure load (Pult) based on  Experimental 

failure load  

P’ ult 

(kN) 

 

P’cr/ Pcr P’ult/ P ult 

Steel 

Yielding 

(kN) 

Concrete 

crushing  

 (kN) 

Shear 

failure 

(kN) 
B1 9.8 4 34.12* 74.29 55 32 0.408 0.938 

B2 9.8 4 30.34* 74.22 55 24 0.408 0.791 

B3 9.8 6 31.10* 74.09 55 32 0.612 1.029 

B4 9.8 2 39.75* 74.09 55 20 0.204 0.503 

                                                                                                                                          Average 

 

0.408 0.873 

B5 9.3 14 43.30* 65.00 55 44 1.500 1.016 

B6 9.3 10 54.30* 61.02 55 60 1.075 1.105 

B7 9.3 14 57.72 74.03 55* 54 1.500 0.982 

B8 9.3 14 54.46* 65.85 55 58 1.500 1.065 

                                                                                                                                           Average 1.398 1.042 

 

Note:    * Governing failure load of beam
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4.3 Failure Loads 

Table 3 presents the theoretical and experimental failure loads of the beams subjected to 

monotonic loading. The beams were reinforced with mild steel ribbed bars and high yield steel 

bars produced by different reinforcement manufacturers in Ghana. The experimental failure 

loads (P’ult) of the beams reinforced with mild steel bars averaged 0.813 of the theoretical failure 

loads. On the other hand, the experimental failure loads (P’ult) of the beams reinforced with high-

yield steel bars averaged 1.042 of the theoretical (P’ult). The theoretical failure loads (P’ult) for 

beams 1,2,4 and 7 exceeded the experimental failure load by 6.21%, 20.90%, 49.69% and 

1.82%. on the other hand, experimental failure loads of beams 3,5,6 and 8 exceeded the 

theoretical failure loads (P’ult) by 2.89%, 1.62%, 10.50% and 6.50% respectively. It is also 

observed from Table 3 that the failure loads (Pult) of the beams reinforced with mild steel bars 

were lower loads than those of the beams reinforced with high-yield steel bar. Failure loads of 

beams reinforced with mild steel bars ranged from 20kN to 32kN. Of the beams reinforced with 

mild steel bars, beam B4 recorded the lowest failure load of 20kN followed by B2 with 24kN 

and then B1 and B3 32kN. With these observations it can be concluded that rebar steel bars 

manufactured by companies FAB and STS and used in B1 and B3 can resist higher applied loads 

before failure when subjected to loading, followed by B2 and then B4 (reinforced with bars 

manufactured by USC and FFL). Again, observing from the same table, it can be seen from the 

experimental failure loads that beam 5 to 8 reinforced with high-yield steel bars recorded 

different loads. B5 with STS reinforced steel bars had the lowest value of 44kN followed by B7 

with 54kN and then B8 with 58kN. B6 with FAB steel developed the highest failure load of 

60kN. It can therefore be concluded that FAB high-yield steel bars are capable of providing the 

highest resistance in concrete beams subjected to monotonic loading followed by FFL steel, USC 

steel and then STS steel in that order. Furthermore, it can  be concluded that beams reinforced 

with high-yield bars expectedly sustain higher load than those reinforced with mild steel bars. 

Thus, every beam reinforced with high yield steel bar with the lowest failure load of 44kN was 

higher than all the beams reinforced with mild steel bar. 

4.4 Cracking Mode 

The crack pattern, number of cracks and maximum crack width in each beam after failure are 

presented in Table 4 and depicted in Figures 9 to 16. At failure, beams reinforced with mild steel 

bars developed fewer cracks with larger crack spacing than those reinforced with high-yield steel 
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bars. The high-yield steel bars developed better and greater bond stress with concrete as a result 

of their ribs configuration and characteristics as compared with mild steel bars (Banini and 

Kankam, 2022). At failure B1 and B2 developed about the same number of cracks of 4 each 

while B3 and B4 had 5 and 8 number of cracks respectively. Beams B1 to B4 developed the 

same crack width of 4mm at failure with different cracks spacing ranging from 209mm to 

245mm. The maximum crack spacing occurred in B1 (245mm) followed by B2 (216mm) B3 

(210mm) and B4(209). Beams reinforced with high-yield steel bars also developed different 

crack patterns; different types of cracks but same maximum crack width (3mm). B5 and B8 had 

the same number of cracks (11), B6 and B7 had varying number of cracks of 13 and 9 

respectively while crack spacing varied for all beams from 95mm to 164mm. The maximum 

crack spacing occurred in B7 (164mm) followed by B8 (136mm) and then B5 (129mm) with the 

minimum in B6 (95mm). Beams B5 to B8 had the maximum deflection ranging between 9mm to 

13.7mm. The lowest maximum deflection occurred in B5 (9mm) followed by B8 (11.2mm) and 

then B7 (11.7mm). The highest maximum deflection occurred in B6 (13.7mm).  All beams 

developed different types of cracks but B6 and B7 developed more than one type of crack. Also, 

the crack width gradually increased based on the type of steel bar used in the concrete, with the 

high yield steel bars having the highest number of cracks. The high yield steel bars beams had 

the lowest crack width of 3mm compared with the mild steel bar beams whose maximum crack 

width at failure was 4mm. In addition, all the beams exhibited good cracking as a demonstration 

of good bonding between the reinforcing bar and the surrounding concrete with B6 having the 

highest number of cracks 13 followed by B5 and B8 with 11 number of cracks and then B7 with 

9 number of cracks. In beams reinforced with mild steel bars, beam (B1 to B4), B4 developed 

the best bonding between the rebar and the concrete as was reflected in the large number of 

cracks developed and lowest crack spacing. For beams B5 to B8 reinforced with high-yield steel 

bars B6 developed the greatest bonding between the rebar and the concrete due to the largest 

number of cracks and crack spacing that developed on the beam (Buabin et al., 2017; Kankam, 

2004; Kankam, 1997).  
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Table 4:  Cracking mode 

Beam 

ID 

Maximum 

deflection at 

failure 

(mm) 

Maximum 

cracks width 

at failure 

(mm) 

Average 

cracks 

spacing 

(mm) 

Number of 

cracks at 

failure 

Types of cracks at 

failure 

B1 6.35 4 245 4 Pure flexural cracks 

B2 7 4 216 4 Pure flexural cracks 

B3 7.41 4 210 5 4 Pure flexural cracks 

+ 1 flexural-shear 

B4 9.7 4  209 8 Pure flexural cracks 

B5 9 3 129 11 1 horizontal splitting 

cracks and 10 pure  

flexural cracks 

B6 13.7 3 95 13 2 diagonal shear 

cracks + 1 horizontal 

splitting crack + 2 

flexural-shear +6 pure 

flexural cracks 

B7 11.7 3 164 9 1 horizontal splitting 

crack + 2 diagonal 

shear cracks + 6 pure 

flexural cracks   

B8 11.2 3 129 11  1 horizontal 

splitting crack + 3 

flexural-shear cracks 

+ 7 pure flexural 
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cracks   

 

4.5 Failure Mode 

In a simply supported beam subjected to third point loading, the middle third section of the span 

is subjected to constant bending moment and zero shear force while the remaining spans 

experience bending moment and constant shear force at each load level. The first crack for all the 

beams specimens was found to appear within the middle third span where the maximum strain 

occurred. Figures 9 to 16 show the various beams at failure.   

 

Figure 9: Beam 1 at failure 

All the eight (8) beams had the same dimensional properties namely, 1950mm long, 120mm 

wide and 200mm deep with an effective span of 1650mm. Beam B1 was reinforced with 

10.15mm diameter mild steel bar with a yield strength of 639.68N/mm2 from FAB with a clear 

concrete cover of 12mm which was the same in all the beams. The stirrup bar size and spacing 

were the same in all the beams 165mm centers respectively. The rebar had a rib height of 

0.543mm and a rib spacing of 8.969mm. At failure the beam developed four cracks with 

maximum crack width of 4mm and average crack spacing of 245mm. The types of cracks 

observed on the beam at failure were vertical flexural cracks in the central moment sections. The 
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first crack occurred when the beam was loaded up to a load of 4kN with a deflection of 0.04mm. 

The beam finally failed at a load of 52kN with a maximum deflection of 6.35mm. 

 

 

Figure 10: Beam 2 at failure 

Beam B2 was reinforced with a 10.59mm diameter mild steel bar with a yield strength of 

454.30N/mm2 from USC. The rebar had a rib height of 0.503mm and a rib spacing of 8.937mm. 

At failure, the beam developed four cracks with a maximum crack width of 4mm and average 

crack spacing of 216mm. The type of crack observed on the beam at failure was the flexural 

cracks. The first crack occurred when the beam was loaded up to 4kN with a deflection of 

0.38mm. The beam finally failed at a load of 24kN with a maximum deflection of 7mm. 
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Figure 11: Beam 3 failure mode 

Beam was reinforced with an 11.08mm diameter mild steel bar with a yield strength of 

424.91N/mm2 from STS. The rebar had a rib height of 0.418mm and a rib spacing of 9.529mm. 

At failure, the beam developed five cracks with a maximum crack width of 4mm and average 

crack spacing of 210mm. The cracks consisted of 4 pure flexural cracks and one flexural shear 

crack. The first crack occurred when the beam was loaded up to 6kN with a deflection of 

0.49mm. The beam finally failed at a load of 32kN with a maximum deflection of 7.41mm. 
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Figure 12: Beam 4 failure mode 

Beam B4 was reinforced with a 10.97mm diameter mild steel bar with a yield strength of 

555.26N/mm2 from FFL. The rebar had a rib height of 1.137mm and a rib spacing of 8.847mm. 

At failure, the beam developed 8 cracks with a maximum crack width of 4mm and average crack 

spacing of 209mm. The cracks comprised pure flexural and one flexural shear. The first crack 

occurred when the beam was loaded to 2kN with a deflection of 0.2mm. The beam finally failed 

at a load of 20kN with a maximum deflection of 9.7mm. 

 



 

23 
 

 

Figure 13: Beam 5 failure mode 

Beam B5 was reinforced with an 11.69mm diameter high-yield steel bar with a yield strength of 

533.52N/mm2 from STS. The rebar had a rib height of 0.553mm and a rib spacing of 8.286mm. 

At failure, the beam developed 11 cracks with a maximum crack width of 3mm and average 

crack spacing of 129mm. The types of cracks observed on the beam at failure consisted of one 

splitting horizontal crack and 10 flexural cracks. were horizontal and shear cracks. The splitting 

horizontal crack indicated shear bond failure towards the left end of the beam (Kong and Evans, 

1987). The first crack occurred when the beam was loaded to 14kN with a deflection of 1.02mm. 

The beam finally failed at a load of 44kN with a maximum deflection of 9mm. 
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Figure 14:  Beam 6 failure mode 

Beam B6 was reinforced with an 11.82mm diameter high-yield steel bar with a yield strength of 

656 N/mm2 from FAB. The rebar had a rib height of 0.834mm and a rib spacing of 8.781mm. At 

failure, the beam developed 13 cracks with a maximum crack width of 3mm and average crack 

spacing of 95mm. The types of cracks observed on the beam at failure were shear, flexural-shear, 

and pure flexural cracks. The first crack occurred when the beam was loaded up to 10kN with a 

deflection of 1mm. The beam finally failed at a load of 60kN with a maximum deflection of 

13.7mm. 
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Figure 15: Beam 7 failure mode 

Beam B7 was reinforced with an 11.36mm diameter high-yield steel bar with a yield strength of 

752.71N/mm2 from USC. The rebar had a rib height of 1.038mm and a rib spacing of 7.225mm. 

At failure, the beam developed 9 cracks with a maximum crack width of 3mm and average crack 

spacing of 164mm. The types of cracks observed on the beam at failure were one splitting 

horizontally near the right end (indication of shear bond failure), diagonal shear cracks, and pure 

flexural cracks. The first crack occurred when the beam was loaded up to 14kN with a deflection 

of 1.2mm. The beam finally failed at a load of 54kN with a maximum deflection of 11.7mm. 
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Figure 16: Beam 8 failure mode 

Beam B8 was reinforced with a 11.68mm diameter high-yield steel bar with a yield strength of 

672.47N/mm2 from FFL. The rebar had a rib height of 0.891mm and a rib spacing of 8.953mm. 

At failure, the beam developed 11 cracks with a maximum crack width of 3mm and average 

crack spacing of 136mm. The types of cracks observed were horizontal splitting shear, flexural 

shear, and flexural cracks. The first crack occurred at a load of 14kN and a deflection of 

1.54mm. The beam finally failed at a load of 58kN with a maximum deflection of 11.2mm. 

Conclusion 

Laboratory experimental tests were conducted to check the strength and deformation behavior of 

structural concrete beams reinforced with different steel bars available on the Ghanaian market. 

The investigation involved the determination of cracking loads, ultimate failure loads, load-

deflection behavior, and cracking characteristics of concrete beams reinforced with steel Bars 

produced by different companies. It was observed that beams reinforced with high-yield steel 

bars performed better with regard to ultimate strength, and deformation characteristics than mild 

steel bars even though both types of steel are deformed (ribbed). The high-yield steel bars 

possessed greater bond strength and demonstrated it through better-cracking behavior of the 

beams in terms of a greater number of cracks, smaller crack spacing, and smaller crack widths. 
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