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ABSTRACT 

This paper presents the experimental results on the effectiveness of commercial sealants on radon 
gas diffusion through fractured concrete. Two laboratory proven sealants (polysulfide and epoxy 
no-filler) as well as the standard polyurethane sealant were tested on fractured concrete samples 
under controlled conditions. The concrete samples were 4" in length, 3.5" in diameter and of 
standard 1 :2:4 (cement:sand: pea gravel) composition with a waterzcement ratio of 0.5. An 
average fracture width of 0.05" throughout the entire concrete sample was prefabricated using 
metallic shims during the casting process. The laboratory measurements show that the sealants : 
can reduce the effective diffusion coefficient by as much as 99.4% when applied to the fracture 
and surrounding facial area of the concrete. Details of the experimental setup and procedures are 
discussed. 

INTRODUCTION 

Radon gas diffusion, especially through fractured concrete, is considered a major entry route in 
residential construction. There have been a number of investigations on the diffusion of radon 
gas through intact concrete ( e g ,  Culot et al. 1976; Zapalac 1983; Folkerts et al. 1984; Poffijn et 
al. 1988; Nielson and Rogers 199 1 ; Rogers and Nielson 1992: Rogers et al. 1994; Snoddy 1994; 
Rogers et al. 1995; Renken and Rosenberg 1995: Maas and Renken 1997; Lambert and Renken 
1999). However, there exists minimal experimental data on the diffusion of radon gas through 
fractured concrete. Results on the effectiveness of sealants when applied to concrete fractures 
are even more scarce. 

This paper extends the original investigations of Maas and Renken (1997) and Daoud and 
Renken (1999) by presenting experimental data on the effective radon gas diffusion coefficient 
for sealants applied to fractured concrete. Two laboratory-proven sealants as well as an EPA 
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suggested sealant (US EPA 1994) are tested for resistance to radon gas diffusion. These sealants 
are applied to nearly identical concrete samples that contain a prescribed fracture. 

EXPERIMENT 

Concrete Sam~les 
The three concrete test samples used in this investigation were from the same standard 1:2:4 
(cement:sand:pea gravel) composition having a wat&cement ratio (wfc) of 0.5 (Hool 19 18; 
USER 1938). Aluminum sample holders were used to cast the concrete samples as shown in Fig. 
1. Each cast sample was approximately 3.5" in diameter and 4" in length. As depicted in Fig. 2, 
the prescribed fracture in the concrete sample was created by placing a metallic shim with an 
average width of 0.05" lengthwise into the holder as the concrete was poured. The concrete 
samples and metallic shims were removed from their holders 24 hours after casting and placed in 
a high humidity chamber for 30 days as per ASTM specifications (ASTM 1994). After curing, 
the samples were allowed to dry at ambient conditions for approximately one week. The samples 
were then placed back into the cylindrical aluminum holders and the circumference of each was 
completely sealed with a cementitious epoxy (Daoud 1998). 

Sealants Tested 
In this investigation three different sealants were tested in combination with the fractured 
concrete samples: polysulfide, epoxy no-filler, and polyurethane. Table 1 details these sealants 
which were originally tested for their effectiveness to retard radon gas diffusion through intact'. 
(non-fractured) concrete samples by Maas and Renken (1997). Displayed in this table is 
experimental data on the radon gas diffusion coefficient of the sealant as well as the application 
of the sealant on intact concrete samples. 

The polysulfide polymer-based joint sealant is a non-sag. cold-applied, chemical-curing type of 
synthetic rubber compound. It is typically used for sealing, caulking and glazing applications on 
buildings and other types of construction. The sealant is advertised to resist sunlight, rain, snow. 
ozone, aging, shrinkage and the daily and seasonal cyclic changes in temperature. As per 
manufacturer's specifications, the polysulfide was brushed-on to the surface of the fracture and 
allowed to dry for more than 24 hours before testing. The epoxy-no filler is a two-part epoxy 
adhesive that can be used for applications that require strong, durable resistant bonds. As per 
manufacturer's guidelines, the mixed adhesive was spread thinly over the fracture using a spatula 
and allowed to cure for 48 hours. The polyurethane is recommended by the US EPA for sealing 
applications (US EPA 1994). This sealant is a two-part compound that bonds to metal, concrete 
wood and other materials. The mix was brushed over the fracture and left to cure for 24 hours as 
per manufacturer's instructions. The test configuration utilized in this study simulates residential . 

sealing of a fracture in a concrete slab. Figure 3 exemplifies the application of the sealant on the 
concrete sample's fracture. 

In addition to testing the effectiveness of sealing the concrete fracture, this study also evaluated 
the configuration of sealing the surrounding facial around the fracture. As shown in Fig. 4, the 
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sealant was also applied over the entire surface area of the fractured concrete sample. These new 
samples were then tested for effective radon diffusion coefficient as per the original tests. 

Experiment 
Figure 5 is a schematic of the experimental system used to measure the effective radon gas 
diffusion coefficients through the test sealants and the fractured concrete samples. Two 
continuous radon monitors are used to measure the radon concentrations in both the source and 
collection cambers. These monitors utilize a Lucas scintillation cell and a photomultiplier tube 
to count the number of alpha emissions given-off by the radon gas present. A diaphragm pump is 
used in each loop to assure that the air and radon gas is thoroughly mixed. A filter is placed at 
the entrance of each scintillation cell to remove dust and radon daughter products within the air 
stream. Two flow meters are used to monitor the flow rates since the calibrated sensitivity of the 
continuous radon monitors are dependent on the flow rate. The radon source is a commercially 
available passive radon gas source which is used to build-up the radon gas concentration in the ., 

radon gas source chamber. As shown in Fig. 6, the source chamber is attached to the facial area 
of the sealant and fractured concrete sample while the collection chamber is attached to the rear 
face. This configuration allows the full facial area of each test sample to be exposed to the 
radon-air mixture. Togglevalves and other hardware are employed to create the desired radon 
gas flow configuration. The method employed by Maas and Renken (1997) is used in this 
investigation to determine the time necessary for steady state to be achieved prior to the initial 
sampling of the chambers. 

The main apparatus is contained in an environmental chamber that maintains constant. 
temperature and humidity conditions. These environmental conditions as well as those within 
the chambers (e.g., relative humidity, temperature and pressure) are measured with high-accuracy 
sensors. A sensitive pressure transducer monitors the pressure differential across the test samples 
so that pure diffusion is the dominant transport mechanism (Ap - 0). The radon monitors and the 
sensors are all connected to a modem PC-data acquisition system which is employed to read. 
display and record the data. Complete details of the experimental setup and procedures are 
contained in Daoud (1998) and are not repeated here, for brevity. 

The effective radon gas diffusion coefficients through the sealants and fractured concrete samples 
are calculated by employing Fick's Law (Renken and Rosenberg 1995). Fick's Law as applied to 
a slab of concrete experiencing one-dimensional fixed concentration differences with isobaric 
and isothermal conditions is expressed as: 

where, 

J = radon flux through the sealantkoncrete cross-sectional area 
Dcff. = effective radon gas diffusion coefficient 
AC = radon gas concentration difference across the sealant/fractured concrete sample 
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Ax = thickness of the sealant/fractured concrete sample. 

The effective radon gas diffusion coefficient, Deff. is defined for the fractured concrete sample, 
the fractured concrete sample with the applied sealant as well as the fractured concrete sample 
with the sealant applied to the full facial area. Here, the word effective refers to a system 
measurement. 

RESULTS 

The results of the radon gas diffusion measurements for each test configuration are now 
discussed. A comparison between the present results and data for non-fractured concrete and 
sealant application is also presented. The experimental uncertainty of the measured radon gas 
diffusion coefficients is estimated to be approximately Â 10%. 

Fractured Concrete 
Table 2 reports the average radon gas diffusion coefficients for the three fractured concrete 
samples tested in this study. These values ranged between 1.08 x 10'' cm2/s and 4.23 x loe3 
cm2/s. Previous research utilizing the same concrete mix and waterxement ratio for intact 
concrete yielded a radon gas diffusion coefficient in the range of 0.97 - 1.22 x 10cm2/s (Daoud 
and Renken 1999). As expected, the prescribed' fracture in the sample has introduced an 
enhanced pathway for the radon gas to penetrate through the concrete. As much as a 3700% 
increase in the radon gas diffusion coefficient was realized. 

Sealants 
Table 3 summarizes the average effective radon gas diffusion coefficient for the three fractured 
concrete samples and the three sealants. Note the polysulfide sealant was applied to fractured 
concrete sample FC 1, the epoxy no-filler was applied to sample FC2 while sample FC3 received 
the polyurethane application. Here, the polysulfide/FCI combination produced the smallest 
value of Den. = 7.93 x lo4 cm2/s while the epoxy no-filler/FC2 combination yielded the largest 
value of Deff. = 2.55 x 10'~ cm2/s. A better indication of the sealant's effectiveness is to compare 
this value with the value of DeK. of the fractured concrete sample from Table 2. Column 3 of 
Table 3 reports these results which indicate the most effective sealant was the epoxy no-filler 
with a 39.7% reduction in Dem. The polyurethane sealant was the least effective of the three 
tested sealants in blocking the radon gas diffusion through its fractured concrete sample. It 
produced an average reduction of 14.9% as compared to the non-coated fractured concrete 
sample. 

Table 3 also provides data on the average Den. for the tests on the fractured concrete samples with 
the fracture and the full facial area coated with the test sealant. The epoxy no-filler was found to 
be very effective in blocking the radon gas diffusion through the fractured concrete sample with 
an average Ddi. = 2.37 x 10'~crn%. This value translates into a 99.4% reduction in Ddr. as 
compared to the non-coated fractured concrete sample. The application of the polyurethane over 
the fracture and facial area provided the next best retardant to radon gas diffusion with an 
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average value of DcR. = 1.74 x 1 0  cm2/s and an average reduction of 97.5%. For these tests, the 
polysulfide was least effective of the three sealants with an average reduction of 78.9%. 

Column 6 of Table 3 reports the percent difference between the tests of sealing the fracture and 
coating the full facial area (column 4) and sealing the fracture of the concrete sample only 
(column 2). The values of Deff. translate into average reductions of 7 1.2%, 99.1%. and 9 1.2% for 
the polysulfide, epoxy no-filler and polyurethane sealants, respectively. It is also noted that all 
three sealants reduced the value of Deff. to nearly match the radon gas diffusion coefficient results 
of the intact non-coated concrete. 

A final comparison is made between the present experimental results of applying the sealant to 
the fracture and the full facial area (Table 3, column 4) and previous data (Maas and Renken 
1997) whereby the same sealants were applied to the facial area of non-fractured concrete 
samples. Column 6 of Table 1 presents this original data. Both the polysulfide and epoxy no- 
filler cases are sensitive to the fracture in the concrete. Moreover, the polyurethane tests show 
little reaction to the fracture in that the value of Dcff. varies nominally. 

Observations 
During this study, it was noted that the effectiveness of the sealant to block radon gas diffusion 
was dependent on several important physical factors. This included the size of the fracture which 
was approximately 0.05" in width for each concrete sample. This fracture width varied slightly 
due to the drying process. This is evident by the results of Table 2. Although the composition, 
the water:cernent ratio, the metallic shim, the procedures to cast, and the drying process of each 
fractured concrete sample tested were identical, the diffusion coefficient varied. Another factor 
that affected the retardation of radon gas diffusion was the thickness of each sealant. Each 
manufacturer specifies a procedure to apply their sealant which produces an unpredictable 
thickness over the fracture as  well as the surface area. This variation in sealant thickness 
influences the measurement of the effective diffusion coefficient due to the sealant's own small 
value of DCff (Table I. column 5). 

CONCLUSIONS 

Laboratory measurements on radon gas diffusion through fractured concrete that have been 
coated with commercial sealants was reported. As expected the experimental results have shown 
that the prescribed fracture in the concrete greatly increases the diffusive flow of radon gas 
through the concrete. The application of a commercial sealant on the fracture can reduce this 
radon gas diffusion. It was determined that applying the sealant to the fracture as well as the 
surface area surrounding the fracture produced the most effective means of reducing radon gas 
diffusion. The epoxy no-filler sealant was determined to be the best performing sealant because 
of its ability to reduce the value of Dcff. to a level greater than non-fractured concrete. The 
polyurethane sealant was found to be least effective when applied to the concrete fracture. These 
preliminary results have shown that certain sealants when applied properly can be considered as 
an effective means to reduce radon gas diffusive entry in residential applications. 
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Fig. 1. Photo of fractured concrete sample in aluminum holder. 

Fig. 2. Photo of metallic shim and fractured concrete sample. 
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Fig. 3. Photo of concrete sample with polysulfide sealant applied to the prescribed fracture. 
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4. Photo of fractured concrete sample with the fracture and surface 
y no-filler sealant. 
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Fractured Concrete 
Radon Gas - I ,-Collection Chamber Source 

Source Chamber 

Continuous . J 
Radon Monitor Continuous 

Radon Monitor 

I 

Environmental Chamber 

Fig. 5. Schematic of experimental setup used to measure the effective radon gas diffusion 
coefficient for the sealantlfractured concrete samples. 

Fractured Concrete Sample 
with Sealant 

Fig. 6. Schematic of the sealant/fractured concrete sample configuration. 
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Table& Description of sealants tested (Maas and Renken 1997). 
Deff. . D e f t  

Commercial Material Density (pure sealant) (sealant on intact concrete) 
Nahe Type Manufacturer (g/cm3) (cm2/s) (cm2/s) 

~ - 2 2 3 5 ~ @  Polysulfide cow- 1 .O 5.91 x lo-s 1.04 x lw5 

305- 1 and Epoxy No- Lord 
305-2 Filler Corporation 1.16. 5 . 0 5 ~ 1 0 " ~  

* * * ~lexanea Polyurethane Devcon 1.9 x 10" 

* Not available. 
** Unable to measure. 

I 

 able 2. Average effective radon gas diffusion coefficients for the fractured concrete samples. 

Table 3. Average effective radon gas diffusion coefficients for the fractured concrete samples in 
I [combination with the test sealants. 
I Reduction Reduction 
t Deff. Compared to Dm. Compared to 
I (sealant Fractured (sealant applied to Fractured 

applied to Concrete fracture and full Concrete 
' Sealan t/Frac tured fracture) Sample facial area) Sample Difference 

Concrete Sample (cmvs) (%I (cm2/s) (%I (%) 

Polysulfide/FCl 7.93 x 10- 26.9 2.28 x 10" 78.9 71.2 
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