
  

 

Abstract—This work is a part of industrial waste 

development program. It is devoted to the study of recyclability, 

as reinforcement for concrete, of chips resulting from the 

machining of steel parts. We're interested in this study to the 

rheological behavior of chips reinforced fresh concrete and its 

mechanical behavior at a young age. The evaluation of the 

workability with the LCL workabilimeter showed that optimal 

sand over gravel ratios are S/G = 0.8. Mechanical 

characterization tests (direct tension, compressive and flexural) 

show that the mechanical properties of chips concrete are 

comparable to those of the two selected reference concretes 

(concrete reinforced with conventional fibers: Eurosteel fibers 

corrugated and Dramix fibers). Chips provide a significant 

increase in strength and some ductility in the post-failure 

behavior of the composite to concrete witness. Recycling chips 

as reinforcement for concrete can be favorably considered. 

 
Index Terms—Concrete, fiber, recyclability, direct tension.  

 

I. INTRODUCTION 

This work is devoted to the study of the mechanical 

behavior, under different loads, of concrete reinforced with 

metallic chips resulting from the machining of steel parts. 

Tensile tests, simple compression and three-point bending 

are performed to determine the performance conferred by 

using chips. These are characterized by the tensile strength 

and pull out test. Optimal composition of the composite is 

also developed. Comparing the performance of this concrete 

with those of reinforced concrete with conventional fibers 

will provide information on the relevance of the use of wood 

chips as reinforcement for concrete. 

 

II. EXPERIMENTAL TECHNIQUES  

Two types of experiments are carried out in this study: 

 The tests of optimizing the composition of reinforced 

concrete chips with the workability developed by the 

Central Laboratory of Roads and Bridges (L.C.P.C.)
1
. 

 The mechanical characterization tests of reinforced 

concrete chips by direct tension, simple compression and 

three-point bending. The tensile tests and bending are 

directly carried out, at a speed of 0.05 mm/min loading, on 

a tensile testing machine under the brand "IBERTEST 

200". The loading pattern of the bending test is shown in 

Fig. 1. Compression tests are performed on a hydraulic 

press mark AUTOTEST, 2000 kN capacity under a load 

speed of 0.5 MPa/s. 

 

 

    
  

  

 

 

 

 

   

  

    

 

 

 
Fig. 1. Loading scheme (mm). 

 

 
Fig. 2. Geometry of specimens (mm) and chips. 

 

IV. RESULTS AND DISCUSSION 

A. Optimization of the Composition of the Fiber Concrete 

We determined the approximate composition of the 

concrete matrix by the classical method and characterized 

pulls and resistance of chips. Characterization at pullout of 

chips was to determine the minimum length for which anchor 

the fiber pullout and not rupture. For this purpose, we 

considered five lengths (10, 20, 30, 40 and 50 mm) chips, 

each with 3 waves, 5 and 8 undulations. During this test (see 

Fig. 3), the fiber has broken for the five anchoring lengths. 

For the length of 10 mm, cracking and spalling of concrete 
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III. MATERIALS AND SPECIMEN GEOMETRY

 The tensile specimens, from 28 days of age, are 

dumbbell-shaped cross-section of 90 × 90 mm
2

and length 

100 mm (see Fig. 2).

 The test specimens are compression cylinder 160 mm in 

diameter and 320 mm in length and those of the bending 

parallelepipeds are 100 × 100 mm
2

in section, and 250 mm 

in length.

 The optimized composition of the concrete matrix is 

determined and given later (see Table I, § IV).

 Chips (see Fig. 2), of rectangular cross-section 1 × 3 mm
2
, 

are spirally winding diameter of about 8 mm and length 50

mm. Six levels of chips (W = 0.4 %, W = 0.6 %, W = 

0.8 %, W = 1 %, W = 1.2 % and 1.5 % with W = volume 

percentage content chips) are used for this study.
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around the fiber were observed. This seems to be the limiting 

length, below which the fiber pulls rather than break. The test 

for characterizing the rupture strength of the chips has an 

average value of 195 MPa (see Fig. 4). Strong dispersion due 

to the nature of the fibers was observed in this trial. 

 

   
Fig. 3. Tensile test. 

 

 
Fig. 4. Stress–strain curve. 

 

The optimized composition obtained by the experimental 

method, developed by Baron-Lesage, in [1]–[4], and using 

the workabilimeter produced by the Central Laboratory of 

Roads and Bridges (LCPC), is given in Table I. 

 
TABLE I: OPTIMISED COMPOSITION 

 
 

The ratio of sand/gravel S / G = 0.8 has minimum flow 

time between 10 and 15 seconds for the different content 

chips. These minima correspond to the optimum range 

recommended by the LCPC. 

B. Characterization by Direct Tensile Test 

For concrete control (see Fig. 5), the stress varies almost 

linearly with the deformation until the fracture strength σcp. 

As soon as this threshold is reached, it drops abruptly to 

vanish. For reinforced concrete with the chips, it increases 

linearly up to the beginning of stress cracking of the matrix σc. 

From this point, depending on the fiber content, this increase 

    

 

 

 

Fig. 5. Stress–strain curve. 

 

 

Fig. 6. Tensile mechanical characteristics, W = 0,6 %. 
 

TABLE II: TENSILE MECHANICAL CHARACTERISTICS MEASURED.

 

C.  Characterization by Simple Compression Test 

Stress-strain curves in compression show a linear elastic 

domain and nonlinear domain (see Fig. 7). Part of the curve 

beyond the maximum stress corresponding to the maximum 

strength fcj is not recorded because the press used stops when 

the onset of macrocrack resulting from strain localization. 
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From this point, depending on the fiber content, this increase 

slows and then resumes until it reaches the tensile strength of 

the matrix σcp. Once this value is reached, it drops suddenly

and then stabilizes at a value corresponding to the residual 

stress σrés to the complete failure of the specimen. Residual 

strength (σres) increases with W% up to 0.6 % and then 

stabilizes before declining sharply to values greater than 1 % 

(see Fig. 6). For W = 0.4 % resistance (σcp) of the composite 

increases slightly. A similar trend is observed with the 

Young's modulus E. Stress and strain, σc and εc, start cracking 

decreases with increasing W %. Deformations corresponding 

to rupture εrup early level of ductility increase with W %, they 

recorded their maximum value for W = 0.8 %. Beyond W = 1 % 

every tensile mechanical properties decrease. Concrete 

composition which guarantees a better tensile behavior is that 

chips containing 0.6 % (see Fig. 6 and Table II).
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The incorporation of chips in small quantities (W = 0.4 %) 

provides a slight increase in resistance (18 %) and rigidity. 

From W = 0.6 %, fibers rather a decrease in resistance. For 

large concentrations of chips (W = 1.2 %) the decrease in 

resistance of fiber concrete fcj compared to the control 

concrete around 50 % and the Young's modulus Eb0 around 

20 % (see Table III and Fig. 8). This result is in agreement 

with those of Rossi [1], [4], Mamillan [3], Johnston [5] and 

Otter [6]. The most favorable content chips in the 

compressive behavior is W = 0.4 %.

Fig. 7. Stress–strain curves.

Fig. 8. fcj exp and Eb0 exp with W = 0,6 %.

TABLE III: COMPARISON BETWEEN EXPERIMENTAL AND CALCULATED 

MECHANICAL CHARACTERISTICS VALUES.

We note that the difference between calculated and 

measured values of strength and Young's modulus in tension 

is very low (see Fig. 9 and Fig. 10). The calculated values of 

the tensile strength are smaller than those measured 5 to 10 %. 

For the Young's modulus in tension and compression, the 

maximum deviation recorded is 6%. This confirms the results 

obtained by the direct tensile test (see Table III).

Eb0 calculated is the initial modulus of elasticity in 

comprecalculated with the formula given by BAEL [7]:

boE = 11000 3
cjf

Ect: elasticity modulus of the concrete in tension, 

calculated with the relation, as in [8]:

𝐸𝑐𝑡 = 𝐸𝑏0(1 + 𝑛𝜃𝑊 )

where: Eb0: initial modulus of concrete in compression, n: 

equivalent coefficient steel - concrete (n = 15), θ: fiber 

orientation factor for a three-dimensional orientation, θ = 

0405, as in [8], [9] and W: volume percentage of fibers. ftj

calculated (σcp calculated): tensile strength determined using the 

formula given by the BAEL : ftj= 0.6 + 0.06 fcj

Fig. 9. Comparison between experimental and calculated values of tensile 

mechanical characteristics.

Fig. 10. Comparison between experimental and calculated values of 
compressive mechanical characteristics.

D. Characterization by Three-Point Bending Test

Curves forces - arrows of the fiber concrete (see Fig. 11) 

have a linear elastic domain and a domain nonlinear. They 

also have a bearing of ductility. While the control concrete 

breaks down rapidly after cracking, the fiber concrete 

continues as to resist forces even after the maximum load is 

reached. The incorporation of chips increases significantly 

the strength and deformation at break of the composite. We 

consider only W = 0.6 % and 0.8 % that have the 

characteristics of traction most advantageous.

Fig. 11. Load –deflection curve.
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Fig. 12. Pmax and Pres versus W%.

The effort to crack (Pmax) of fiber-reinforced concrete 

increases from 28 to 55 % compared to the control concrete 

(see Fig. 12). It is the result of the presence of the chips in the 

stretched part of the section and allows the concrete to work 

more traction. Depending on the fiber, the residual capacity 

(Pres) represents 32 % to 50 % of the effort to control 

concrete cracking. As to the arrow, it increases more than 

100 % compared to the control concrete.

E. Comparison of Performances of Chips with those of 

Conventional Fibers

As a reference for comparison, we use the performance of

corrugated fiber Eurosteel drawn steel with high mechanical 

strength [10] and Dramix marketed by Bekaert [11]. The 

criterion is the tensile strength under different stresses (see 

Table IV). The comparative study of the increase strength in

concrete witness produced by the incorporation of fibers with 

the reference and the increase engendered by chips show that

the contribution of this latter is not negligible. This increase 

represents 56 % of that of conventional fibers for traction,

and 100 % for compression and bending.

TABLE IV: COMPARATIVE TABLE

V. CONCLUSION

Characterization by direct tensile test the mechanical 

behavior of fiber reinforced concrete showed that the 

presence of chips improves the resistance to cracking of the 

composite and introduced some ductility in the post - rupture 

behavior. The mechanical behavior is described by a linear 

elastic phase and a non-linear phase before the break. This is 

followed by a sudden drop in the effort to stabilize at a level 

corresponding to the residual capacity developed in the final 

stage. An identical behavior is found by bending tests.

Compression tests show that adding a small percentage of 

chips provides a slight increase in strength and stiffness, by 

cons, with the increased volume of reinforcements, rather 

these characteristics tend to decrease.

Tensile tests show a clear bending behavior improvement 

following the incorporation of chips. This improvement 

appears clearly in the post-cracking having an important 

ductility bearing.

In summary we can say that small percentage, chips 

increase the strength of fiber reinforced concrete by delaying 

the location of the crack, bridging microcracks and introduce 

some ductility in the post - rupture behavior by taking efforts 

through the macrocrack. A high content, reducing the 

compactness of the concrete causes a reduction of its tensile 

strength and compressive strength. Concrete composition 

which has the highest tensile strength and compressive stress 

and the largest of crack initiation is the one containing 0.4% 

fiber. For cons, the composition of fibers is 0.6% which 

guarantees a better compromise strength - ductility.

The comparison of the mechanical properties of concrete 

chips with those of two reference concrete (concrete 

reinforced with conventional fibers: undulated Eurosteel and 

Dramix) shows that the chips confer to the concrete a 

significant increase in resistance. With a significant increase 

in strength and a notable contribution of ductility in the 

post-failure behavior of the composite, recycling chips as 

reinforcement for concrete may be considered.

For the studied stresses, concrete reinforced with chips has 

mechanical characteristics equivalent to those of reinforced 

concrete with conventional fibers.
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