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March 1, 2012

Mr. and Mrs. John Smith
1234 Main Street
Your Town, FL 33000
Re: Inspection of flooring
Dear Mr. and Mrs. Smith:
On March 5, 2012 I made an inspection of your home at the above location for the purpose of determining the cause of the limestone floor cracking. The following is a summary of my findings and recommendations:
Background 

According to Mrs. Smith two tile chipper and two jack hammers were used for several hours a day for 7 months in the unit directly below yours. I was shown the unit and it was apparent that the floor tile had been removed and many trenches were dug.  I also spoke with security personnel who confirmed that a jack hammer and tile chippers were used.

I was also presented a report from ABC Contractors dated February 16th, 2012 as well as several photographs presented to me by the Smiths.
In addition I also took numerous pictures that are included on a cd accompanying this report
Observations:

The floor consists of a 24 inch by 24 inch by ¾ inch polished French limestone tile. The tile is installed throughout the residence including the exterior balcony. I removed one tile in the master bath and noted that the installation was a full bed installation.
I noted numerous cracked tiles throughout the residence. A large percentage of these cracks were located near the walls in each room. Cracks were in single tiles as well as bridging across several tiles in a linear pattern.

I sounded the floor and discovered over 70% of the floor sounded hollow. Cracks were located on tiles that were hollow as well as solid. Several tiles in the master bath were loose. I pulled one of these loose tiles up with a suction cup easily to inspect the setting bed. The setting bed was intact and appeared normal. The tile I removed had the bond compromised at the tile/setting bed interface. 

In addition to cracks in the tile I also noted separation on the walls at several locations. Several areas in the kitchen at the countertop/wall intersection as well as area at the ceiling/wall interface. There were two areas where the mirrors had chipped as well.

Mrs. Smith also showed me a quartz display that had somehow fallen off a table and onto the floor and broke.
I performed a vibration test by placing a glass of water on the floor in various locations to see if the floor had any isolation properties. These tests showed the water moving which would indicate that the floor is sensitive to vibration (see figure #1 below)
Discussion
Based on my inspection and the research I conducted it is my expert opinion that these cracks and loose tiles were caused by vibration. This opinion is supported by the following references which clearly state the damage effects of vibration caused damage:

Vibration Problems in Structures: Practical Guidelines, Hugo Bachman

Evaluating Cracks in Buildings, Charles C Roberts Jr. PhD, PE

Vibration and Possible Building Damage Due to Operation of Construction Machinery,R.H. Furahian and W.D. Hurst

Marble Institute of America Design Manual

Tile Council of North America Handbook for Ceramic, Glass and Stone Tile Installations

Some of these documents are attached to this report. Others are textbooks and are too lengthy to attach.

The crack patterns noted are all characteristic of cracks that can be caused by vibration.  In figure #2 below you will note that the crack is extended across the tiles and not just isolated on one tile. This is another indication of vibration cracks.
In Figure #3 below you will notice that the grout is missing. This tile was loose and was easily rocked back and forth. The vibration experience during this time frame could have easily vibrated the tile loose and eased out the grout.
In addition to the cracked tiles other evidence of vibration was seen in other materials as noted above. In Figure #4 below you will note how the tile has separated from the wall and cabinet. This is clearly the result of movement.
Many engineers and other experts often misdiagnose the hollow sounds observed in stone tile installation  for poor bonding. The Marble Institute of America in their Design manual lists the following reasons for hollow sounding tiles:
2.4 Reasons for hollow sounds include:

2.4.1 Frequently, a hollow sound is interpreted to mean the stone is not bonded properly.

2.4.2 Hollow sounds may be acoustical effects rather than bonding problems.

2.4.3 Air may be entrapped in either the setting bed or slab, causing one part of the floor to sound differently than another.

2.4.4 Separation or crack-isolation membranes installed between a slab and the setting bed may alter the sound report.

2.4.5 The elevation or composition of the sub-surface may be irregular, causing one part of the floor to sound differently than another.

To conclude that a hollow sounding tile is the result of poor installation is inaccurate unless further destructive testing is done to confirm. It is also very possible as discussed in the references above that vibration can cause the separation of materials such as the bonding of the tiles to the setting bed.
Conclusions and Recommendations

Based on my 30 plus years of experience in the stone and tile industry and reasonable scientific studies, it is clear that the vibration from the tile chipper and jack hammers have caused the failure of this installation.
To blame the failures on poor installation as was done in the ABC Contractor report is unfounded for several reasons as follows:

1. Hollow sounds do not constitute a poor installation as I have outlined above.
2. No testing was conducted by Pronet to test for vibration.
3. No attempt  was made to remove a tile to examine the setting bed or substrate

It is my recommendation that the entire floor be replaced, since matching the existing tile would be nearly impossible. 
If you should have any questions please feel free to contact me.

Sincerely,

John Smith
John Smith, Certified Stone and Tile Inspector
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Figure 1-vibration test
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Figure 2 - Crack extending across tiles
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Figure 3 - Grout missing
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Figure 4 - Separation from wall
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