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Reinforced concrete structures are always under exposure of internal or external deteriorations due to many factors such as environmental, nuclear radiation or even construction deficiencies.

The use of nondestructive test is one of the reliable methods to inspect structural members. In this case, GPR has a good capability to detect inside deteriorations of concrete structures.

However, in many cases it is hard to inspect structural members by hand due to safety issues or inaccessibility. Thus, an alternative way to reduce such risks is to employ robot to carry nondestructive equipment. In this research, twelve reinforced concrete RC beams (8×16×96, width, height and length) are casted in the lab. Three RC beams have no defect and nine others various defects such as corrosion, de-bonded bars, void, delamination and honeycombing. The one-point load is applied at the center of the RC beam. The loading level is carried out at three levels: 50%, 75% and 100% of maximum load and total load-displacement diagram are performed. The load is held at each level and the robotic GPR is used to scan the side of RC beams. Then, RADAN software is employed to find out any defects at different loading conditions and visualize the crack propagation. The RADAN results show that the pattern of crack propagation for corrosion and debonding are same. Also, the load-displacement results present that inside defect cause reduction of load-capacity of RC beam.

INTRODUCTION

Reinforced concrete is used to construct structures and infrastructures. Due to environmental situations or the aging of structure, RC structures may have deteriorations. These defects can be located inside such as void, corrosion, debonding, crack propagation, and outside such as honeycombing, delamination and rough surface. The defects of concrete cause many devastating consequences including load capacity and ductility reduction, crack propagation, failure of structural members and collapsing of structure. Therefore, evaluating the quality of structure plays a vital role. Nondestructive test [START_REF] Richart | A study of the failure of concrete under combined compressive stresses[END_REF] is one of the most common methods for investigating reinforced concrete structures. In this regard, Ground Penetrating Radar (GPR) has a good capability to record data helping forensic engineers to determine the defects [START_REF] Klotzsche | Full-waveform inversion of cross-hole ground-penetrating radar data to characterize a gravel aquifer close to the Thur River, Switzerland[END_REF][START_REF] Hugenschmidt | The inspection of large retaining walls using GPR[END_REF]. Abouhamad, Dawood [START_REF] Abouhamad | Corrosiveness mapping of bridge decks using image-based analysis of GPR data[END_REF] employed GPR to evaluate two existing bridge conditions. The image-base and numerical analysis of this study presented the corrosion of reinforcement and delamination od concrete inside the bridges. Rathod and Gupta [START_REF] Rathod | Sub-surface simulated damage detection using Non-Destructive Testing Techniques in reinforced-concrete slabs[END_REF] did experimental study on nine reinforced concrete slabs. They used GPR to find out the void and corrosion inside of the slab. The results showed that GPR can capture the void region, accurately. Dinh, Gucunski [START_REF] Dinh | Method for attenuation assessment of GPR data from concrete bridge decks[END_REF] evaluated the bridge deck's conditions using 1.5-GHz central frequency GPR. He developed a new technique as semi-simulated waveform instead of using baseline. The results indicated that his method does not have a accuracy enough to determine the deterioration. Ghodoosi, Bagchi [START_REF] Ghodoosi | Method for developing and updating deterioration models for concrete bridge decks using GPR data[END_REF] numerically evaluated the GPR results such as velocity, conductivity and frequency to determine the defects of concrete structures. During the recent decade, the robotic system has been developed [START_REF] Mineo | Robotic path planning for non-destructive testing-A custom MATLAB toolbox approach[END_REF][START_REF] Majd | Optimal Kinematic-based Trajectory Planning and Tracking Control of Autonomous Ground Vehicle Using the Variational Approach[END_REF].

Robots are subjected to carry nondestructive equipment which is called robotic NDT. Asmari, Marrero [START_REF] Asmari | Autonomous Navigation and Geotagging for Concrete Bridge Deck Inspections with the RABIT Robotic Platform[END_REF] employed RABIT (Robot-Assisted Bridge Inspection Tool) to evaluate the bridge deck. His robotic NDE showed the accuracy of robotic to collect data based upon path planning, GPS and optimized path localization. Many of robotic NDT researches are focused on the robotic system [START_REF] Pham | Visual and 3D mapping for steel bridge inspection using a climbing robot[END_REF][START_REF] Ellefsen | Multiobjective coverage path planning: Enabling automated inspection of complex, real-world structures[END_REF]. La, Gucunski [START_REF] La | Development of an autonomous bridge deck inspection robotic system[END_REF], Le, Gibb [START_REF] Le | Autonomous robotic system using non-destructive evaluation methods for bridge deck inspection[END_REF] investigated the bridge deck conditions using robotic system. The results showed that robotic NDT records good data to determine the defects inside of concrete bridge deck. Sayyar Roudsari, Okore-Hanson [START_REF] Sayyar Roudsari | Robotic Non-destructive Test of Concrete Structures with GPR, Impact Echo and 3D Vision[END_REF] employed robotic GPR to inspect the defects of reinforced concrete beams. The robot arm had ability to move alongside of the RC beam surface. The results showed that robotic GPR has very accurate result in distinguishing void, corrosion and debonding. Many researchers studied on reinforced concrete structures by evaluating various parameters such as loading rate of static or dynamic loading conditions, reinforcing, material properties and so on [START_REF] Soleimani | Analytical Study of Reinforced Concrete Beams Tested under Quasi-Static and Impact Loadings[END_REF][START_REF] Su | Experimental Study on Load Bearing Capacity of Reinforced Concrete Beam of In-Service High Piled Wharf Under Natural Environment Exposure[END_REF][START_REF] Winter | Instantaneous and long-time deflections of reinforced concrete beams under working loads[END_REF][START_REF] Conforti | Influence of steel, glass and polymer fibers on the cracking behavior of reinforced concrete beams under flexure[END_REF][START_REF] Suryanto | Investigating the Mechanism of Shear Fatigue in Reinforced Concrete Beams subjected to Pulsating and Moving Loads using Digital Image Correlation[END_REF]. The testing procedures on RC beams lead to carry out load displacement diagrams. The diagram helps to find out the load capacity and seismic behavior of RC elements.

In this paper, the reinforced concrete beams are casted in laboratory. Then, some of the RC beams have no defects while, others are subjected to have inside defects. Hand-held and robotic GPR are employed to collect data before the loading. Since then, only robotic GPR is used to record the data during the loading and after the failure of RC beam. Moreover, the loaddisplacement diagrams are carried out to make a comparison of load capacity. Finally, RADAN software is used to determine the defects and its parameters as dielectric permittivity, frequency and velocity.

EXPERIMENTAL TESTS

In this article, the reinforced concrete beams are built in structural lab. The RC beams are divided into four groups as control (group A), void (Group B), corrosion (Group C) and debonding (Group D). The void dimension is 3×2×1-inches (height, width and thickness, in order), corrosion is made by natural environmental process and de-bonded bars are created by engine oil lubrication. The beam dimension is 8×16×96 inches (width, height and length). starting the actual test. The Sawyer robot is exploit to carry GPR equipment (Figure .3). This robot has ability to move the arm along the beam with rotation of 355-degree. Also, the ROS system of Sawyer heps to control the motion and pressure of robot's arm. On the other hand, the loading condition is divided into three different levels as 50%, 75% and 100%. In each level, the loading is held at each level and then robotic GPR is used to scan the side of beams. This procedure continues for 50%, 75% and the failure (100%) of beam. It should be noted that the loading rate for control (A) and defect groups (B, C and D) are 1 and 0.25 inches per minute. The MTS machine is used to apply loading levels and load-displacement data are collected. 

Results and Discussion

In this section, the results of load-displacement diagrams are shown. Also, the comparison of hand-held and robotic GPR are discussed. In shown. Comparison of 100% with 0-hand-held, 0-robotic and even 50% presents very clear failed areas of RC beams. In effect, the crack propagations happened not only around the hoops but also, it shows the failure occurred due to the propagation of crack tips. By looking at symmetric failure at this figure, it can be measured the crack propagation is between 30 to 50 inches with a width of 0.2 inches while the failure of the RC beam caused a gap of 0.15 inches (actual beam's failure). In Figure .7, it is obvious that the existence of void induces the crack propagates from void's area through to the depth of the RC beam by comparing the robotic GPR before actual loading (0/Robotic) and 50% robotic GPR. During this period which is between 0-13 Kips, the cracks starts to be propagated around the void and specifically under the void. It means that existing the void cause more tensile stresses and due to concentration of stresses around the void, the cracks propagate through the depth (tensile region). Looking at 75% and 100% robotic indicate that there are some shear microcracks up to 75% of maximum load which is about 13-18 Kips. However, the crack propagation's path is as flexural failure after 75% loading level. In the corrosion specimen ( The results are as follows.

• The robotic GPR has very good agreement with hand-held ones.

• The debonding defect causes more load capacity reduction than void and corrosion.

• Robotic GPR accurately records the data before, during and after loading procedures.

• Crack propagations and failure of RC beams is determined by robotic GPR.

• Based on GPR results at failure level and actual RC beam's failure, corrosion and debonding induce delamination of concrete.

• Void defect cause crack propagations to the depth of beam at tensile side during the applied load.

Figure. 1

 1 Figure.1 and 2 show the beam geometries and actual RC beam. It has to be noted that the compressive strenght of concretre is 4000 Psi and four #4 bars are used at the tensile side of beam. These RC beams are subjected to be tested under One-Point concentration load at the center of beam. However, Hand-Held and Robotic GPR are used to scan the side of beam before
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 12 Figure 1. RC beam's geometry and void parameters
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 4 Figure 4. Robotic GPR during the loading levels

Figure. 5 ,

 5 the load-displacement diagrams are displayed. As it is obvious in this figure, the load capacity of control specimen (A) is higher than others by having 25.10 Kips. The RC beam with void defect (B) has load capacity of about 24 Kips while, the corrosion (C) and debonding (D) have load capacity of 17.10 and 19.5 Kips, respectively. In other word, the void, corrosion and debonding defect cause about 4.5%, 31.9% and 22.3% of load capacity reduction. In Figures.6 to 9, the results of GPR at different loading level is shown. As it is shown in Figure.6, comparison of hand-held and robotic GPR at unloading condition (zero loading) represents a good agreement with high accuracy. Moreover, in this figure and at 50% loading level, it can be seen that there are some crack tips between 25 to 75 inches. In Figure.6 and 100% loading level, the crack propagation at the failure level is

Figure. 8 )

 8 , the comparison of the actual beam's failure with 100% loading condition shows the crack propagations and failure path. Also, the delamination due to corroded bars is obvious on the left side of the GPR image (100% load). It should be noted that GPR records the data from right to left but displays the result from left to right. In Figure.9, the debonding's crack propagations are presented. In this figure, comparison of 50% level of loading with unloading condition shows the starting points of cracks are around the edge (right side of this image). Moreover, the effect of debonding can be seen in the 75% and 100%. In a 100% loading level, the deboned bars have more RGB color map and the failure occurs in a lower amount of load capacity.
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 56789 Figure 5. Load-Displacement Diagrams of RC Beams
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