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Abstract: 

Reinforcing steel bars form demolition sites are usually collected and sent 

to scrap sites where it is melted down and turned back into new reinforcing 

bar.  A growing business is developing in Jordan side by side the 

demolition of old buildings.  The entrepreneurs in this business collect the 

used steel reinforcing bars (rebars) from the debris and straiten it manually 

then sell it at half the price of the new steel bars.  New homeowners tend 

to buy from these rebar sellers to cut down on cost.  If the use of these used 

bars proved acceptable, there are more gained benefits such as saving 

energy required for refabricating steel bars as well as reducing the CO2 

emission levels. The aim of this paper is to investigate the suitability of 

using the straitened steel bars in terms of bond strength with the new 

concrete. 
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Introduction:  

The need to reduce construction cost, building materials cost and the 

environmental impact associated with its fabrication is increasing day by 

day especially in the Middle East area, and so the  need to deal with 

accumulated construction waste, reduce landfilling and incineration.  

Reusing and recycling construction products reduces waste, saves primary 

resources and saves energy and associated greenhouse gas emissions. 
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Steel is one of the most recyclable materials, it has a high intrinsic value 

supported by an efficient scrap collection, but when debating the 

environmental impacts of steel product cycles, emphasis is often placed on 

the recyclability of this metal. Whilst this is a benefit, particularly in terms 

of saving energy and reducing bad environmental effects, there is another, 

lower impact option: material reuse.  

The collection of used rebars is a flourishing business in Jordan when 

demolition of old structures as shown in Fig. 1.  

 
Figure 1. A demolition site in Amman 

 

Then the collected steel rebars; now all tangled up and crocked; are 

transported to the workshop in the Rageeb industrial area, Fig. 2 and 3. 



 

Figure 2. Collection of steel bars from demolition site 

 

 

Figure 3. Used steel bars arrive at Rageeb industrial area 



In the re-shaping facility, these bars are bent manually using the bending 

bench to its nearly original straight shape, they are also sorted bar diameter 

and according to yield strength (grade 40 or grade 60) manually according 

to the bar bender experience and the hardness he feels while bending the 

bar, Fig. 4 and 5. 

 

Figure 4. The workbench used to manually straiten the steel bars 

 

 

Figure 5. Sorting of steel bars 



 

A survey carried out with demolition contractors in 2000 and repeated in 

2012 shows that the reused steel bars in superstructures is 0 percentage of 

the total waste while it's around 2% of the steel rebars waste in sub-

structures and foundations. 

A research done in 2016 to study the mechanical characteristics of used 

bent rebars as a factor limiting their reuse, steel bars with different 

diameters were bent specific number of bends and their tensile strength was 

tested after each bend. Achieved results prove that influence of single bend 

of a rebar is unnoticeable while taking into account change of tensile 

strength and value of elongation. For rebars #10 mm and 12 mm the third 

bend is critical (for rebars #8 mm the fourth bend is critical) when strength 

decrease and value of elongation are becoming significant. 

 We believe that reuse rates mentioned should increase especially for one 

or two story residential buildings in damaged areas, since the second study 

states that tensile strength is not affected much due to bending especially 

for small diameters and any bond strength reduction will be compensated 

with increasing development length. To investigate if the bond strength of 

reused steel bars are affected, an experimental program was carried out and 

results are discussed herein. 

 

Experimental Setup and Results 

To investigate the bond strength of used bars several pullout tests were 

carried out on both new and used reinforcing bars. The first group was for 

normal strength concrete, and the second group was for high strength 

concrete. 

New and used reinforcing bars were placed in the center of a freshly cast 

300mm concrete cylinders as shown in Fig. 6, cured until concrete reached 

its full strength and then the tested.  Steel bars diameters used for the testing 

was 12mm, 14mm and 16mm.  Three specimens for each diameter was 

prepared and tested. 
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Two concrete design mixes were prepared one with a design strength of 20 

MPa and the other 35 MPa.  Cylinders tested at 28 days confirmed the 

concrete reached the specified strengths. 

 

 
Figure 6. Cylinder with a steel bar in its center subjected to pullout test 

 

The pullout test was carried out in accordance with BS 5080: part 1: 1993, 

results are tabulated in Table 1 and 2 for concrete strength 20 MPa and 

Table 3 and 4 for concrete strength 35 MPa. 



Table 1. Pullout test for new steel bars and concrete strength 20 MPa 

Bar 

diameter 

(mm) 

Avarage 

failure load 

(Ton) 

Failure mode Picture 

 

12 6.8 The steel bar 

pulled out from 

the concrete  

 
14 6.04 The concrete 

cylinder 

segmented 

before steel bar 

pullout 

 
 

Table 2. Pullout test for used steel bars and concrete strength 20 MPa 

Bar 

diameter 

(mm) 

Avarage 

failure load 

(Ton) 

Failure mode Picture 

 

12 6.42 The steel bar 

pulled out from 

the concrete  

 
14 6.04 The concrete 

cylinder 

segmented 

before steel bar 

pullout 

 
 



Table 3. Pullout test for new steel bars and concrete strength 35 MPa 

Bar 

diameter 

(mm) 

Avarage 

failure 

load 

(Ton) 

Failure mode Picture 

 

12 6. The steel bar 

pulled out from 

the concrete  

 
14 8.2 The concrete 

cylinder 

segmented 

before steel bar 

pullout 

 

 

16 9. The concrete 

cylinder 

segmented 

before steel bar 

pullout 

 
 

 



Table 4. Pullout test for used steel bars and concrete strength 35 MPa 

Bar 

diameter 

(mm) 

Avarage 

failure load 

(Ton) 

Failure mode Picture 

 

12 6. The steel bar 

pulled out from 

the concrete  

 

14 6.8 The concrete 

cylinder 

segmented 

before steel bar 

pullout 

 
16 9. The concrete 

cylinder 

segmented 

before steel bar 

pullout 

 
 



Discussion and Conclusions 

We notice that the steel bar of 12mm pulled out of the concrete cylinder at 

the same strength for both used and new steel bars and for both concrete 

strength of 20 MPa and 35 MPa. This means that the bond strength based 

on the diameter of the steel bar dominates the bond failure and that the used 

steel had developed the same bond strength. 

We also notice that the concrete surrounding the steel bars with diameter 

of 14mm and 16mm segmented before reaching full development length 

for both new and used steel bars in concrete strengths of 20 MPa and 35 

MPa.  This means that the concrete strength and cover is more significant 

in bond strength development. 

Both new and used steel left indentations inside the concrete visible after 

inspecting the segmented cylinder as shown in Fig. 7 and Fig. 8; i.e., bond 

strength depended on the deformations on the steel bars rather than 

physical adhesion between concrete and steel.  This means that for used 

steel to be acceptable as a construction reinforcement steel it should be 

clean from any old concrete derbies. 

 
Figure 7. Used deformed steel bar indentations after segmentation 



 
Figure 8. New deformed steel bar indentations after segmentation 

Finally, we conclude that used deformed steel bars can be safely utilized 

as a construction material using any type of concrete with regards to bond 

strengths since both new and used exhibited nearly same bond strengths. 
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