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Once the final layers of concrete are removed with the hammer drill, the rebar is finally 

exposed, shown in Figure 16. Once the rebar is exposed, a metal rod with a sharp tip is stuck into 

the rebar with weight placed on top to stabilize the connection, shown in Figure 17. While a 

formal tap can be made by drilling a hole into the rebar, threading the hole and installing a screw, 

this requires additional time and is usually done when a permanent tap is being installed. 

 

 

Figure 16: Exposed rebar in the right shallow hole. 

 

 

Figure 17: A wire connected to the exposed rebar. 

 

After testing is complete, the hole is patched through the following process. The concrete 

is patched with non-shrink grout, shown in Figure 18. An asphalt sealant is applied over the 
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patched concrete for waterproofing, shown in Figure 19. The rest of the hole is filled with an 

asphalt patch material, shown Figure 20. The patch material needs to be compacted and 

smoothed, so a heavy rod is used to pound the asphalt patch material into the hole, shown in 

Figure 21. Compacting the asphalt patch material requires a fair amount of physical strength and 

endurance. Once compacting is completed, the hole is successfully patched, as shown in Figure 

22.  

 

 

Figure 18: Patching the concrete. 

 

 

Figure 19: Applying an asphalt sealant to the new concrete. 
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Figure 20: Filling the rest of the hole with an asphalt patch material. 

 

 

Figure 21: Pounding the asphalt patch to compact the material. 

 

 

Figure 22: The completed patching process. The hole has been repaired. 

 

Despite the difficulty of tapping the rebar, often two taps are required on a single bridge 

deck segment, especially for longer bridge decks. Longer bridge decks are broken up into smaller 
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segments with a small gap between the segments to allow for thermal expansion. Rebar is not 

continuous across bridge deck segments so if the deck contains more than one segment, 

additional taps are required. This entire process is repeated for each tap.  

Tapping the rebar is extremely time-consuming, physically demanding, requires special 

equipment and is destructive to the bridge deck.  
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3 THEORY  

3.1 Large-Area Electrode 

When VEI testing is performed using an LAE, the LAE is placed on the deck surface as 

shown in Figure 23. Because impedance is inversely proportional to electrode area, as shown in 

Equation 1, the LAE creates a semi-direct connection with negligible impedance. When the tap is 

replaced with the LAE, the impedances between the LAE and the WE replace the impedance of 

the rebar tap, which changes Equation 3 to Equation 6, in which 𝑍𝐶𝑃𝐸,𝐿𝐴𝐸 is the impedance of the 

electrode-electrolyte interface between the deck surface and the LAE, 𝑍𝑊,𝐿𝐴𝐸 is the impedance of 

the water between the LAE and the deck surface, 𝑍𝐶,𝐿𝐴𝐸 is the impedance of the deck cover 

between the WE and the LAE, 𝑍𝑅 is the impedance of the rebar mat between the LAE and the 

CE, 𝑍𝐶,𝐶𝐸 is the impedance of the deck cover between the WE and the CE, 𝑍𝑊,𝐶𝐸 is the 

impedance of the water between the deck surface and the CE, and 𝑍𝐶𝑃𝐸,𝐶𝐸 is the impedance of 

the electrode-electrolyte interface between the deck surface and the CE. A schematic of Equation 

6 is shown in Figure 24. 

𝑍𝑇𝑜𝑡𝑎𝑙 = 𝑍𝐶𝑃𝐸,𝐿𝐴𝐸 + 𝑍𝑊,𝐿𝐴𝐸 + 𝑍𝐶,𝐿𝐴𝐸 + 𝑍𝑅 + 𝑍𝐶,𝐶𝐸 + 𝑍𝑊,𝐶𝐸 + 𝑍𝐶𝑃𝐸,𝐶𝐸 (6) 
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Figure 23: Cross section of a model showing a VEI testing configuration with an LAE (semi-direct connection). 

 

 

Figure 24: Simple circuit of VEI with a LAE. 

 

Just as with the use of a tap, all impedances except that of the deck cover are negligible. 

Assuming a constant deck cover thickness (𝐿𝐶) and deck cover resistivity (𝜌𝐶), the impedance 

relationship between 𝑍𝐶,𝐿𝐴𝐸 and 𝑍𝐶,𝐶𝐸 is only dependent on the relationship between the areas of 

these two electrodes. If the area of the LAE is significantly larger than the area of the CE, then 

the deck cover impedance under the LAE will be significantly smaller than the deck cover 

impedance under the CE. Under these conditions, the VEI measurement is dominated by the 

deck cover impedance under the CE as shown in Equation 7.  

𝑍𝑇𝑜𝑡𝑎𝑙 ≈ 𝑍𝐶,𝐶𝐸  ⇔ 𝐴𝐿𝐴𝐸 ≫ 𝐴𝐶𝐸 . (7) 
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CE and the WE. As seen in Equation 8, an increase in potential difference will decrease the 

amount of current from the CE. 

 

(a)  (b)  

Figure 25: VEI using a (a) tapped connection and (b) LAE connection accounting for guard ring current. 

 

The current from the GR is primarily determined by the impedance of the deck cover 

between the GR and the WE, which is determined by the effective guard ring area. The effective 

guard ring area, similar to the effective probe area, is the effective deck cover area which current 

from the GR can travel through, shown in Figure 26.  

 

 

Figure 26: Effective guard ring area. 

 

 

 


