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	Heavy vibrational stress from traffic puts enormous stress on the rigid underground infrastructure. The major materials used in infrastructure construction are concrete, brick, mortar and steel. These materials, especially concrete, are too rigid to sustain this high vibrational stress without cracking and eventually ultimate failure. Sometimes the failure can be catastrophic, resulting in cave-ins and sinkholes. 
Light gauge rail lines are commonly used for commuting in large Metropolitan areas around the world. According to recent studies, the urban growth is expected to expand cities by an average of 28% by 2005. Rail is the most likely transit solution in these mega-cities. A problem occurs along these passenger rail lines where "soft-spots" in the tracks result when ballast shifts from under the tracks. The reason ballast shifts is because the constant vibration has caused a failure in the underlying sewer system. The ballast then shifts to fill the void.  
 Most commuter rail and subway lines have very tight schedules, with trains rumbling by the same spot every 5 minutes. (Fig 1). In Chicago, the rail lines run along medians between the expressways. The CTA concrete stormwater collection system is continually subjected to high vibrational stress, as it lies between the expressways and the rail lines. Additionally, work that must be done to maintain the system is different because of the proximity of the expressway. 
 (Fig. 2). The "soft spots" that result under the tracks are enormous safety and liability problems for the CTA and other transit authorities. The soft spots form when the wall of a portion of the stormwater system fails. Usually the failure occurs in the manhole wall where a pipe comes into the manhole. During construction the manhole wall is chipped away in order to make a hole or "tap" for the pipe. The wall is now weakest at the tap (Fig 3).The vibration actually "sifts" the road ballast, working on the weakened walls of the manhole, causes a breach of wall. The road ballast flows into the void of the manhole, causing the soft spots to occur under the tracks. Generally, the method of repair is shoring with timber and steel plates (Fig. 3), until the manhole can be rebuilt (Fig.4)   
Most often, the entire manhole needs to excavated and replaced. Both operations can cause severe traffic delays on the expressway, rail lines or both. 
We approached the CTA with a new rehabilitation strategy where a "shock-absorbing", 1/4 inch thick, semi-flexible coating would be spray applied and adhere to all the manhole surfaces. The new coating would absorb and dissipate the stress, thereby minimizing damage to the structure. The new polymer family is called polyurea. PCS-355  is 100% solids, spray applied and cures in seconds. Therefore, you can build the coating to any thickness without waiting for solvents to dry, and tailor the coating to the individual geometry of the structure. Further, this operation is done with minimal intrusion and roadway blockage                 . 
The procedure we employed consisted of stabilizing and rebuilding the manhole wall. We then cleaned all surfaces with high pressure water. We did a series of three manholes along the Congress line of the Chicago Transit Authority. The three manholes had already broken so were emergency repairs. After cleaning, we applied a white polyurea coating to all aspects of the manhole wall. In two of the tree cases, we did have some exposure of the outside of the wall because the road ballast erosion was so severe. In these cases we applied the polyurea to the outside wall as well. Minimum thickness was 1/4 of an inch. We began the spray application at the base of the manhole, and worked our way to the top (Fig.5) 
Note, that there is about 6 inches of water in the bottom of the manhole. Because of polyureas immediate cure, the manhole can be put back to service right after the polyurea application. Therefore, unlike other polymer systems, there is no "out of service" time waiting for the coating to cure or "set-up". Additionally, because the PCS-355 conforms to the individual manhole or pie geometry, pipes, stairs and other protrusions in the manhole can be tightly sealed with the polyurea (Fig. 6).   
The work was done under the rigid time constraints of the CTA, which began after the morning rush hour ended and before the evening rush hour began. No lane closure of either the CTA or expressway was necessary as we worked from an overpass above the roadway (Fig .7). 
The CTA wanted to observe these three manholes over the course of a minimum of one year. In (Fig. 8) we see the original manhole after fourteen months in service. The color had drifted as expected. The new generation of polyureas are UV stable, but in 1992 these products were not commercially available. The color drift has no effect on the polyureas physical properties and the CTA was very satisfied with the performance of the structural enhancement coating. 
According to our CTA liaisons, we save an estimated $35,000.00 per manhole by using our polyurea spray technique rather than excavating and rebuilding the manhole. According to CTA sources the rebuilding operation requires that rail traffic be rerouted and expressway lanes be closed. The polyurea spray application took about 5 hours to prepare the manhole, and another 5 hours to apply the polyurea.   
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