MOISTURE ASSESSMENT GUIDELINES FOR CONCRETE

Moisture created flooring problems on concrete from vapor emission, dew point, alkalinity; pH, etc. cause millions of dollars in repair and replacement costs annually. By recognizing potential problems, testing for and mitigating them, steps can be taken to ensure a long lasting, successful flooring installation.

What is Moisture Vapor Emission?

“Moisture” is added to turn cement and aggregate into a concrete slab. There is a critical volume of water needed to “cure” the concrete, and an excess volume of water used to make the concrete pourable and workable. This excess water needs to be emitted so it is below 3 lbs/1000 sf/24 hours as measured by calcium chloride before a non-porous floor covering is applied onto the slab. Do not rely on the old “28 days” rule of thumb.  

What is Moisture Vapor Transmission?

Moisture Vapor Transmission is movement of moisture that is not part of the concrete mix. It could be from ground water, plumbing, or landscaping runoff, etc. This moisture is a concern when the concrete slab has no vapor retarder installed, or the vapor retarder has been punctured.

What are “high moisture levels”?

High moisture levels are vapor transmission levels of greater than 3 pounds per 1000 square feet/24 hour period (tested by the Anhydrous Calcium Chloride Method). 

How does moisture move through the slab?

Capillary moisture: ground water touches the bottom of the concrete slab, and wicks into the concrete through microscopic bleeder water channels until it reaches the coating surface. As the water comes through the slab, it brings calcium/sodium salts with it that degrade the bondline and cause the coating to delaminate.

Osmotic Moisture: actual water vapor transmission through the concrete slab condenses again at the bondline, and causes the same problem as in the capillary moisture case. This can happen when the water table is far below the slab with an improperly installed or missing vapor barrier. Three conditions are needed for osmosis to occur: a semi-permeable membrane, which can be the polymer primer or the upper layers of the slab, a gradient of ionic activity (soluble salts, which are indigenous to concrete), and a source of moisture vapor. If any one of these three things is removed, osmosis cannot occur.

Hydrostatic: the surrounding water table is higher than the concrete slab on grade.  Because water seeks its own level, it is forced through the slab under pressure. Both the pressure and the water cause the coating to delaminate.

The volume of moisture that can pass through a slab depends on the porosity of the slab. Porosity is a direct result of the water/cement ratio in the concrete mix design. As the water/cement ratio increases, the porosity of the concrete increases exponentially.

How is moisture vapor transmission measured?

Top Secret recommends that every concrete slab be measured for moisture vapor transmission. Be aware that when going over an existing floor, the possibility exists that the floor being put down could “cap off” a floor that may be permeable. This results in blistering in the floor in the future. Any testing of the floor is a “snapshot” of the condition of the floor at the time of testing. It is important that your customer understands this. If there is no vapor retarder under the slab, or a vapor retarder has been punctured, the moisture content of the concrete will depend on the climate, landscaping runoff, etc. 

Here are common moisture test methods to use:

An electronic moisture meter: This is a qualitative test that has the advantage of obtaining results in a matter of a few minutes. Take measurements every 500 square feet, and put the calcium chloride tests in the high reading areas. Total reliance on moisture meters is not advised.  The calcium chloride test (ASTM F-1869) is a quantitative method used to determine moisture vapor transmission rates in a concrete slab. This is the test most flooring manufacturers use as the “go-no go” test.. Three tests should be done for the first 1000 square feet of floor, and one additional test for each additional 1000 square feet.  The building must be acclimated at or near the temperature and relative humidity levels anticipated during occupancy. These tests will not be good indicators if the testing is done before the area is acclimatized indicated. It is important that any curing compounds or troweled on metal flakes be removed before testing is done, because they can give false low readings.   
In-situ Relative Humidity Testing 
ASTM F-2170-02 is also a quantitative test method. Holes are drilled into the concrete slab (3 for the first 1000 square feet, and 1 for every 1000 square feet thereafter). Sleeves are then inserted into the holes, and relative humidity probes are placed into the sleeves. Readings can be made as needed. The results are less impacted by ambient temperature and relative humidity conditions in the building than are the calcium chloride results. The testing can also be done at various depths in the slab, allowing for a more comprehensive picture of where there is moisture. Few U.S. flooring manufacturers have offered guidelines for the installation of their products based on these test results. 
Dew Point Measurement- Dew Point is the temperature at which moisture will condense on a surface. No coatings should be applied unless the surface temperature is at least 5 degrees above this point. If there is condensing humidity on the concrete surface, your flooring material will not wet out and adhere properly.

By using a meter first and then the calcium chloride test in the potential problem areas, the number of definitive, quantitative tests needed can be reduced, and a good snapshot of what is happening in the slab can still be obtained. Draw a map of the floor; record where moisture tests were performed and the final result. Remember that the moisture vapor transmission rate measured is the rate for the period of time tested. Changes in drainage, broken piping, excessive precipitation, etc. can yield a slab with  completely different moisture content in the future, particularly if the slab vapor retarder is absent or damaged.  Testing needs to be done on the floor by duplicating the conditions under which the floor is to be used. 
Measuring the amount of moisture in lightweight concrete is an area of concern. Calcium chloride tests can result in low readings because moisture is not moving through the slab. Elevated slabs can take many months before a non-porous flooring system can be installed. In-situ relative humidity testing may be the best way to predict a potential problem.

What can be done if the concrete has a high moisture level?

Investigate the possibility of installing a “moisture mitigation system”. These are commercially available and used to either limit the amount of moisture vapor to which the flooring system will be exposed, or completely stop the vapor transmission through the top of the slab. There are many companies offering these moisture mitigation systems.
What are the symptoms that your installed floor is failing due to a moisture problem?

Symptoms of high moisture on an already installed floor may include bubbles, blisters, pinholes, a brown, oily liquid being liberated through the floor, and/or delamination. Analysis of the liquid shows that it is comprised mostly of water, and it is water soluble, of iron due to corrosion of the rebar or reinforcing wire, and of alkali from the concrete mix.  The color is due to dissolved or suspended soil, rust and salts. The pH will be >10. This liquid may contain trace components of the polymeric system.  Sometimes, you will see delamination of a section of the floor. In this case, the bottom of the delaminated piece will be very smooth, and there will be traces of a white residue or rust. 
What do you do to repair these areas?

Remove a 50 square foot section of the coating, wait 48 hours, and apply a calcium chloride test to determine the moisture levels. Do not merely re-coat the area- chances are the same problem will recur.  
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