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Detailed experimental results were obtained within a large research program carried out at the Laboratoire Central des Ponts et Chaussées (LCPC -Public Works Research Agency), with Electricité de France (EDF -French Power Company) as a partner, dealing with the reassessment of bridges and dams affected by ASR. The mechanical effects of drying and wetting on concrete structures damaged by ASR are of particular concern, and were reproduced experimentally on 3-m long beams made of plain or reinforced concrete. All the measurements have been carried out both on ASR-affected specimens, and for direct comparison purpose on beams cast with a nonreactive mix-design. A lot of companion specimens have been cast and tested to characterize the mechanical properties of the studied concrete mix-designs during the two-years experiment. The present paper analyses the mechanical behavior of the concrete beams damaged by ASR after this two yearsexposure in a 38°C environment and differential water supply, leading to differential ASR expansion within the structures. Namely, the effects of the ASR development have been quantified in a 4-point bending test of the beams, resulting in a lot of data among which the residual stiffness and the flexural strength of both plain and reinforced beams. For plain concrete beams, the flexural strength of reactive and non reactive structures has been analyzed using the mechanical characteristics measured on standard specimens. For reinforced concrete beams, the mechanical behavior of the two reactive beams has to be analyzed in comparison with the non reactive companion beam and using the classical design provisions of reinforced concrete beams as a reference, taking into account the evolution of the material mechanical characteristics as measured on specimens. This attempt of re-assessing the bearing capacity of ASR-damaged well-controlled plain and reinforced concrete structures, is a first step for validating a more general methodology for structural re-assessment in the case of bridges and dams affected by ASR.

INTRODUCTION

One of the major need about Alkali-Silica Reaction (ASR) is to determine the residual stiffness and flexural strength of damaged structures. A lot of papers have already discussed the effects of this chemical reaction on flexural strength [START_REF] Swamy | Control of Alkali-Silica Reaction in reinforced concrete beams[END_REF][START_REF] Koyanagi | Failure Behavior of reinforced concrete beams deteriorated by Alkali-Silica Reaction[END_REF][START_REF] Ohno | The mechanical behaviour of beams coated after ASR damage[END_REF][START_REF] Ahmed | The static and fatigue strength of reinforced c oncrete beams affected by Alkali-Silica Reaction[END_REF][START_REF] Hanson | Effect of Alkali Silica Reaction expansion and cracking on structural behavior of reinforced concrete beams[END_REF][START_REF] Monette | Residual strength of reinforced concrete beams damaged by Alkali-Silica Reaction -Examination of damage rating index method[END_REF], shear strength [START_REF] Ahmed | The static and fatigue strength of reinforced c oncrete beams affected by Alkali-Silica Reaction[END_REF][START_REF] Monette | Residual strength of reinforced concrete beams damaged by Alkali-Silica Reaction -Examination of damage rating index method[END_REF][START_REF] Clayton | The effects of alkali-silica reaction on the strength of prestressed concrete beams[END_REF][START_REF] Bach | Load carrying capacity of structural members subjected to alkali silica reaction[END_REF][START_REF] Cope | Effect of Alkali-Aggregate Reaction on shear capacity of beams, without shear reinforcement[END_REF][START_REF] Uijl | Shear resistance of flat slab bridges affected by ASR[END_REF] and stiffness of laboratory beams [START_REF] Swamy | Control of Alkali-Silica Reaction in reinforced concrete beams[END_REF][START_REF] Ohno | The mechanical behaviour of beams coated after ASR damage[END_REF][START_REF] Ahmed | The static and fatigue strength of reinforced c oncrete beams affected by Alkali-Silica Reaction[END_REF]. The main aim of this new study carried out by the Laboratoire Central des Ponts et Chaussées (LCPC) and Electricité de France (EDF) is to validate a methodology of reassessment of structures damaged by ASR [START_REF] Larive | Structural Effects of ASR in France on Real and Laboratory Structures[END_REF]. Therefore, the follow-up of the structural behavior of six beams (4 damaged by ASR and 2 reference specimens without reactive aggregate) has been made during two years [START_REF] Multon | Large girders subjected to ASR[END_REF]. After the two years measurements [START_REF] Multon | Evaluation expérimentale et théorique des effets mécaniques de l'alcali-réaction sur des structures modèles[END_REF], the beams have been loaded up to flexural failure in four-point bending. It allows assessing the residual strength of beams in which ASR is almost completed and its effects are completely documented. This paper focuses on the new results about the effects of ASR on flexural strengths of plain and reinforced beams. The test program is described in the first part of the paper. Then the measurements on plain and reinforced beams during loading are analyzed in two different parts. The measured behavior of the ASR damaged beams are compared with the nonreactive ones, and with the theoretical behavior, based on material characteristics for plain beams and on the French design code, used t o design reinforced concrete structures [START_REF]modifiées 99, Règles techniques de conception et de calcul des ouvrages et constructions en béton armé suivant la méthode des états-limites, French design code for RC Structures[END_REF].

EXPERIMENTAL PROGRAM

Concrete mixtures

Two concrete mix-designs have been prepared: the reactive one using a reactive aggregate (containing about 20% of reactive silica) and the reference one with nonreactive aggregate. They have both a water to cement ratio equal to 0.5, and an ordinary Portland cement content of 410 kg/m 3 . The natural Na 2 O eq content, equal to about 0.92% of the cement weight, was increased to 1.25% for both types of concrete by adding K(OH) 2 into the mixing The mechanical properties are given in Table 1 (mean values of 3 specimens).

Most experimental results showed decrease of mechanical properties of concrete damaged by ASR [START_REF] Hanson | Effect of Alkali Silica Reaction expansion and cracking on structural behavior of reinforced concrete beams[END_REF][START_REF] Inoue | Structural behaviors of reinforced concrete beams affected by Alkali-Silica Reaction[END_REF][START_REF] Pléau | Mechanical behavior of concrete affected by Alkali Silica Reaction[END_REF][START_REF] Smaoui | Contribution à l'évaluation du comportement structural des ouvrages d'art affectés de réaction alcali-silice (RAS)[END_REF]. But for this study, the Young's modulus is the only mechanical property which shows decrease (about 30% in one year). The other characteristics exhibit a usual evolution for concrete. These results have been already observed in another experimental study, using the same aggregate [START_REF] Larive | Apports combinés de l'expérimentation et de la modélisation à la compréhension de l'alcali-réaction et de ses effets mécaniques[END_REF].

Descriptions of the beams

The beams are 3 m long, 0.25 m wide and 0.50 m high. Three are plain concrete beams and three are reinforced (Table 2, Fig. 1 and2).

They have been submitted to a vertical moisture gradient between the immersed bottom face and the drying upper face exposed to a 30% Relative Humidity (RH) environment during 14 months. In these conditions, ASR-swellings occurred in the lower part and have been stopped in the upper part [START_REF] Multon | Evaluation expérimentale et théorique des effets mécaniques de l'alcali-réaction sur des structures modèles[END_REF]. Then, during 9 months, the upper faces have been covered by water, and large ASR swelling occurred. After 23 months of experiment, ASR could be considered as almost completed in all the four reactive beams.

Four point bending test

Flexural failure had to be obtained during a fourpoint bending test. The reinforced beams have been designed so that a failure should occur by yielding of the lower reinforcement. However maximal load should be closely to concrete crushing at the top of the beams and a slight margin should be ensured with respect to shear failure. Thus, it had to be possible to detect the possible decrease of mechanical characteristics of the reactive concrete due to ASR.

The flexural loading has been applied as shown in Fig. 3. During the flexural tests, the 3 m long beams are simply supported (with a 2.75 m span). The load is applied symmetrically along two lines, spaced of 0.40 m.

Loads are applied by a 1000 kN jack via a small metal beam. All possible means have been taken in order to ensure the best and the most repetitive test: -use of a spherical jo int between the loading jack and the metal beam, in order to obtain a load direction perpendicular to the concrete beam, -local repartition of all the loads (between the metal beam, the supports and the concrete beam) in order to avoid concentrated stresses . Therefore, each tested beam is submitted to the total bending moment: 

+ + =

with: a, the distance between the support and the load (equal to 1.175 m), F jack , the load applied by the jack, P metal_beam , the weight of the metal beam between the jack and the concrete beam and all the equipment (about 1 kN), p, the self weight of the concrete beam (the density of the concrete is about 2.29 [START_REF] Multon | Evaluation expérimentale et théorique des effets mécaniques de l'alcali-réaction sur des structures modèles[END_REF], thus the self weight is about 3 kN/m), l, the span of the beam (2.75 m). The jack displacement has been used for servocontrol of the tests. It allows the post-peak response of the six beams after the failure to be measured.

Two main global measurements have been carried out during the tests the deflection at midspan and the applied load (Fig 3). More precisely, the loads have been measured by one load cell located between the jack and the metal beam and by two load cells located between the tested beam and the supports. The comparison of the two measurements exhibited a difference of less than 5%. The loads used in the following figures are these measured by the two load cells, which give more precise values.

FAILURE OF PLAIN CONCRETE BEAMS

Theoretical considerations

The theoretical behavior of the plain concrete beams can be predicted using the mechanical properties, which have been measured on specimens. Even if the tensile strength is known as largely dependent on direct, splitting or flexural procedure used to determine it, the splitting tensile test allows a first estimation of this property to be obtained. If an elastic behavior is assumed along the height of the plain beam, the failure occurs when the tensile strength f t is reached at the bottom chord. Thus the maximal load can be determined:

beam metal t load P l p h I f a F _ 2 8 2 2 -         - =
max with: I, moment of inertia of plain non-cracked beams (b.h 3 /12). h, the height of the beams (0.50 m), b, the width of the beams (0.25 m), f t , (splitting) tensile strength.

The theoretical elastic deflection can be also predicted, using the Young's Modulus measured on specimens: The theoretical values have been determined using the measurements on specimens kept in water, whose moisture environment is the closest to beams one ( Table 1).
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Experimental results

After the two years exposure, the two reactive beams exhibit close structural states [START_REF] Multon | Evaluation expérimentale et théorique des effets mécaniques de l'alcali-réaction sur des structures modèles[END_REF]. In order to analyze the behaviors of the three plain concrete beams during loading, behaviors of the three beams and theoretical load-deflection curves of beams made of the two concrete mix-designs have been plotted in Fig. 4.

The experimental response of the three plain concrete beams are quite different. First, the behavior of the beam P1 may be surprising, since it does not appear to be brittle, as it could be expected for a plain concrete beam and has been measured for the two other ones.

The ultimate stress, obtained with the assumption of homogeneous beam in the whole section, is about 2.5 MPa. The Young's modulus is about 34,900 MPa, if it is calculated along the linear slope between 2 kN and 30 kN. The experimental response of the beams P2 and P3 is closer to the expected theoretical behavior. For P2 failure correspond to a 2.9 MPa tensile stress. The Young's modulus has been calculated between 2 and 20 kN, it is about 32,200 MPa.

For P3, the experimental response is close to theoretical one, with the experimental Young's modulus obtained during this test equal to about 46,400 MPa and the tensile strength to about 4.1 MPa. Thus, the mechanical properties measured on specimens and these values, obtained during a flexural test on a 0.5 m deep, 3 m long beam are rather close for the reference nonreactive beam.

Discussion

Ultimate cracking pattern

The different response of the two reactive beams can be explained by the observations done during the tests. For P1, failure occurred by opening of existing transversal crack, caused by ASR (Fig. 5). 

ASR Crack

Thus, the opening of the crack started with the loading and increased slowly until failure. Since the test is driven by servo-control of the jack displacement, it can be led until failure without sudden crack instable progression.

On the contrary, ultimate crack in beam P2 was not completely pre-determined by transverse cracks due to ASR (Fig. 6). 

Tensile strengths

The tensile strengths obtained by elastic calculations for the two reactive and plain beams are about 30% and 40% lower than the mean strength obtained by the splitting test on cylindrical specimens. The difference can be partly explained by the difference between the state of tensile stresses obtained during a flexural test and a splitting test. However no difference has been noted for the nonreactive beam, thus, it cannot explain such a difference. Nevertheless, existing cracks can have effect on tensile strengths. Thus, for the splitting test, it i s really difficult to know the orientation of the cracks compared to the direction of the tensile stresses. At the opposite, during the flexural test, the tensile stresses are longitudinal and so, perpendicular to the numerous transverse cracks of the lower part of the two reactive beams.

Therefore, in this case, the calculations overestimate the section of the beam which resists to the stresses, and thus cause an underestimation of the tensile strength.

In fact, one of the main problems is to know if the decrease of the measured tensile strength of the concrete comes from the decrease of the tensile property of concrete or from the reduction of the load-bearing cross-section. This will not have any influence on the failure load of reinforced structures, but will have some on the prediction of the onset of the cracks. The problem of the suitable tensile test to characterize ASR [START_REF] Clayton | The effects of alkali-silica reaction on the strength of prestressed concrete beams[END_REF][START_REF] Uijl | Shear resistance of flat slab bridges affected by ASR[END_REF][START_REF] Smaoui | Contribution à l'évaluation du comportement structural des ouvrages d'art affectés de réaction alcali-silice (RAS)[END_REF], is thus emphasized.

Young's modulus

Young's modulus measured on reactive beams are close to those measured on specimens kept under aluminum (and not in water). The nonreactive beam shows the opposite result. The distinctions between beams and specimens kept in water are about 22% for P1, 12% for P2 and 9% for P3 and about 1%, 7% and 20% compared to specimens kept under aluminum. The differences can be caused by the difficulties of estimating real inertia of such cracked beams.

FAILURE OF THE REINFORCED BEAMS

Theoretical estimation of the flexural failure

For the estimation of ultimate bending moment, two of the basic assumptions of the French design code are to neglect the concrete in tension and to represent the stresses in compressed concrete as uniform and equal to f bu along 80% of the compressed height. Therefore, axial force and bending moment read:
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with: N u , the axial force in the cross section (in MN), which is equal to nil in this case, M u max , the bending moment at flexural failure (in MN.m), z u , the depth of the neutral axis from the upper face of the beam at failure (in m), the compressed strength is taking into account along the upper 80% of z u , b, the width of the beam (in m), f bu , the ultimate compressive stress determined consistently with French standards (in MPa), A' and A, the area of lower and upper reinforcement (in m), σ sc and σ st , stresses in the upper and lower reinforcement (in MPa), d' and d, the depths of the compressed and tended reinforcements from the upper face (in m). Given A', A, b, d, d' and f bu , 4 values are unknown: z u , σ sc , σ st and M u max .

ASR Crack

No ASR Crack

In a first stage, these calculations assume that the lower reinforcement has reached yielding, but not the upper one thus:

su st f = σ sc sc Eε σ =
with f su , the steel yield strength of reinforcement, E s , the Young's modulus of the steel, taken equal to 200,000 Mpa, and ε sc : the strains in the compressed steel.

Then, perfect bond is assumed between steel and concrete. Thus the strains in the compressed concrete and in the compressed steel can be determined by:
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At last, failure of the beam is assumed to occur with the failure of steel in tension (which is assumed to occur when strains in steels reach ε st = 10.10 -3

). Thus, the depth of the neutral axis z u can be calculated from the first equation of (I).

These two equations allow checking several assumptions. First, the theoretical reason of failure can be determined. If the strain calculated in concrete is lower than 3.5.10 -3 , then the beam shall fail by steel yielding, otherwise strains in the compressed concrete are two large. Alternatively, one of the assumptions is wrong and strains in the reinforcement have to be calculated with the assumption that the beam failed by concrete crushing. Furthermore, the state of compressed reinforcement has to be checked. Upper steels are not yielding if the strain ε sc is higher than the elastic limit strain ε se = f su / E s .

Shear failure

Ultimate shear strength related to diagonal strut crushing

These calculations determine the maximal load, which can be supported by the beams, before shear failure by concrete crushing occurs. In the French code, conventional shear stress reads: bd V u u = τ with V u , the shear load (in MN),

In order to avoid crushing of the diagonal struts, the shear stress has to be lower than:

) 5 ; . 2 , 0 min( MPa f cj u = τ [14],
with f cj , the compressive strength of concrete (in MPa). Thus, shear can reach a maximum value of:

u u d b V τ . . max =

Yielding of shear reinforcement

Shear reinforcement shall be provided so that: 

Application to the studied beams Predictive calculations

These calculations used the real strengths of materials without safety factors (see Table 1 for concrete mix-designs). By lack of time, the steel strength has not been measured. It can be estimated that it is 10% upper than the guaranteed value (f e = 500 MPa), and thus, equal to about 550 MPa. Table 3 shows the results of calculations for flexural and shear failures. With such calculations, the two beams P4 and P6 should fail due to yielding of reinforcement, with a 160 kN load. For P5, failure had to occur due to shear concrete crushing for a 525 kN load. However, shear failure calculations use larger safety factor than flexure failure calculations (due to Truss model). Therefore, P5 can fail by flexure for à 570 kN load.

French code Ultimate Limit State (ULS)

Ultimate loads have been calculated according to the French code. For short-term loading, it gives: θ: coefficient due to the duration of loading (0.9 for these tests), γ b : security factor for the concrete strength (1.5). For steel reinforcement, the French code gives: f su = f e / γ s (with f e = 500 MPa). These calculations show that the two beams with low reinforcement ratio (P4 and P6) should fail due to yielding of reinforcement (Table 4). A maximum 125 kN load is admitted at ULS. The beam with high reinforcement ratio should fail by crushing of concrete, but very close to yielding failure (ε st of about 9.5.10

-3 ) for a 430 kN loading. The ultimate loading for shear failures have been calculated on the same way (Table 4).

EXPERIMENTAL BEHAVIOR OF RC BEAMS

Flexural behavior

The mechanical behaviors of the two beams with low reinforcement ratio are quite close (Fig. 7). During the first stage, the two beams have the same stiffness. Then, while beams begin cracking, the stiffness decreases. During these tests, the nonreactive beam P6 has cracked for a lower load than the reactive beam P4, and the stiffness appears to be lower. At last, the ultimate loads are very close for the two beams.

The differences observed between the stiffness of the two beams can be explained by P6 cracks, which occurred under the displacement sensors. Thus, the measurements of deflection of P6 have been disturbed. This part of P6's behavior can not be analyzed. P4 and P6 failed in a flexural mode, by yielding of the lower reinforcement (Fig. 8). Concrete crushing at the top of the beams followed yielding at the end of the test. The ultimate loads of the two beams are quite close: with 185 kN and 178 kN for the reactive and the nonreactive beams. At last, the tests have been stopped when the deflections reached 50 mm, while the beams keep on supporting large loads.

Therefore, flexural strengths of these beams appear to be unaffected by ASR. This result agrees with the mechanical properties measured on specimens, which showed no real difference between the two concrete mix-designs.

For the beam P5, failure occurred for a load of about 610 kN (Fig. 9), by yielding of lower reinforcement, followed by a large crushing of concrete at the top, then by crushing of concrete along diagonal struts (Fig. 10).

This analysis can be completed by the comparison with calculations.

Ultimate failure mechanisms

Fig. 7 and Fig. 9 show the calculated ultimate load for the three beams. The measured ultimate loads are higher than loads calculated according to French code (about 50% for P4 and P6 and about 40% for P5). Moreover the three beams failed by yielding of reinforcement as predicted.

The three beams have shown shear cracks during the tests (Fig. 11). For the two beams with low reinforcement ratio, the first shear cracks appeared at about 150 kN and 180 kN. They have been noted at 300 kN for the beam P5.

CONCLUSION

These flexural tests have shown that: -ASR-cracks orientation have an important effect on the mechanical behavior of plain beams. Thus, the tensile strength calculated during these tests are lower than those measured by splitting tests, -Therefore, the splitting tensile test does not appear as the suitable test in order to represent the effective tensile strength in ASR-affected structures [START_REF] Clayton | The effects of alkali-silica reaction on the strength of prestressed concrete beams[END_REF][START_REF] Uijl | Shear resistance of flat slab bridges affected by ASR[END_REF][START_REF] Smaoui | Contribution à l'évaluation du comportement structural des ouvrages d'art affectés de réaction alcali-silice (RAS)[END_REF]. -Otherwise, the measurements of deflections of the three plain concrete beams show Young's modulus close to those measured on specimens. -The behavior of the beam P4 has been analyzed compared to the behavior of the nonreative beam P6, which had the same low reinforcement ratio. The P4 mechanical behavior is quite close to P6 one with a same ultimate load. ASR appears not to have effect on residual strength of such beams. -For the studied reactive concrete mix-design, the measured ultimate strengths of these reactive simply supported beams are higher than ones calculated in respect with French code. -Classical methods of calculations of reinforced structures may be used for structures damaged by ASR. 
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 12 Fig. 1 Lay-out of reinforcement for the beams P4 and P6 (dimensions in mm)

Fig 3

 3 Fig 3 Four point bending test Notes: The bending moment brought by the weight of the metal beam and by the tested beams is about 3 kN.m. It can be neglected for the failure of the reinforced concrete beams but not for the plain concrete beams, because failure bending moments have been measured between 20 kN.m and 40 kN.m.

  .

Fig 4

 4 Fig 4 Load versus deflection of the three plain concrete beamsThe experimental response of the beams P2 and P3 is closer to the expected theoretical behavior. For P2 failure correspond to a 2.9 MPa tensile stress. The Young's modulus has been calculated between 2 and 20 kN, it is about 32,200 MPa.For P3, the experimental response is close to theoretical one, with the experimental Young's modulus obtained during this test equal to about 46,400 MPa and the tensile strength to about 4.1 MPa. Thus, the mechanical properties measured on specimens and these values, obtained during a flexural test on a 0.5 m deep, 3 m long beam are rather close for the reference nonreactive beam.

Fig 5

 5 Fig 5 Lower face of the beam P1 (at the top: crack due to ASR, below: the same crack after failure)

Fig 6

 6 Fig 6 Lower face of the beam P2 after failure Obtained mechanical behavior of P2 is thus closer to the nonreactive beam. The nonreactive beam P3 was not cracked at all before the flexural test and failed when the tensile stress was close to the tensile strength measured during the splitting test. The ultimate behavior of the two reactive beams are different but the ultimate loads reached by the two reactive beams are quite close.Tensile strengthsThe tensile strengths obtained by elastic calculations for the two reactive and plain beams are about 30% and 40% lower than the mean strength obtained by the splitting test on cylindrical specimens. The difference can be partly explained by the difference between the state of tensile stresses obtained during a flexural test and a splitting test. However no difference has been noted for the nonreactive beam, thus, it cannot explain such a difference. Nevertheless, existing cracks can have effect on tensile strengths. Thus, for the splitting test, it i s really difficult to know the orientation of the cracks compared to the direction of the tensile stresses. At the opposite, during the flexural test, the tensile stresses are longitudinal and so, perpendicular to the numerous transverse cracks of the lower part of the two reactive beams.Therefore, in this case, the calculations overestimate the section of the beam which resists to the stresses, and thus cause an underestimation of the tensile strength.In fact, one of the main problems is to know if the decrease of the measured tensile strength of the concrete comes from the decrease of the tensile property of concrete or from the reduction of the load-bearing cross-section. This will not have any

  t : the area of shear reinforcement (2 ribbed 8 mm bars for P4 and P6 and 2 ribbed 12 mm bars for P5), s t : the spacing between each shear reinforcement (0.35 m for P4 and P6 and 0.20 m for P5), γ s : the safety factor on the reinforcement strength (for calculation in respect with the French code Ultimate Limit State -ULS), τ u : the shear stress, f tj : the tensile strength of concrete at j days, French rule gives: with f cj : the compressive strength of concrete. f e : the steel elastic strength. Thus, the beam can support a maximum load of: to yielding of shear reinforcement.

  cj : the compressive strength of concrete (mean values show that the two concrete mix-designs can be considered as C30)

Fig 7

 7 Fig 7 Load versus Deflection for the two RC beams with low reinforcement ratio

  at the top of the beam Crushing of concrete of the lateral faces

Fig. 9

 9 Fig. 9 Load versus Deflection for the beam P5 with high reinforcement ratio

Table 1

 1 Mechanical properties of the two studied concrete mix-designs

28 days 90 days 6 months 1 year 2 years 2 years (in water)

  

	Test time-steps					
		fc (MPa)	38.4	42.4	41.8	42.1	43	46.7
	Reactive concrete	E (MPa) 37300 37200 30100 29700 34600 ν 0.22 0.24 ---	28700 0,24
		ft (MPa)	3.2	3.4	3.0	3.3	3.8	4.2
	Nonreactive concrete	fc (MPa) E (MPa) 38700 38400 37800 40700 38700 35.5 40.6 40.4 41.8 43 ft (MPa) 3.4 3.8 3.2 3.8 3.7	61.9 42650 4.7
	fc: Mean compressive strength on cylinders (diameter: 160 mm, height: 320 mm)
	E: Young's Modulus measured on cylinders (diameter: 160 mm, height: 320 mm) ν: Poisson's ratio
	ft: Mean splitting tensile strength on cores (diameter: 110 mm, height: 220 mm)
	drilled from 160 x 320 mm cylinders			

Table 2

 2 Description of the beams

	Beams	Mix-design	Lower Reinforcement Upper reinforcement	Stirrups
	P1	Reactive	Plain Concrete	Plain Concrete	Plain Concrete
	P2	Reactive	Plain Concrete	Plain Concrete	Plain Concrete
	P3	Non-reactive	Plain Concrete	Plain Concrete	Plain Concrete
	P4	Reactive	2 ribbed #16		

Table 3

 3 Predictive calculations for ultimate loading for the three reinforced beams

	High reinforcement ratio

Table 4

 4 Ultimate loads according to the French code for the 3 reinforced beams

	Load (kN)	Low reinforcement ratio High reinforcement ratio
	Flexural failure	125	430
	Concrete crushing due to shear	450	420
	Yielding of shear reinforcement	250	520
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