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Causes of Poor Sealant Performance in Soil-Gas­
Resistant Foundations 

Arthur Scott1 

Abstract 
Sealants for radon-resistant foundation construction must 
seal the gap between concrete sections. Modern sealants have 
such low permeability that seal per! ormance depends only 
on the permeability of the material that contacts the sealant. 
The surf ace permeability of concrete walls and floors was 
measured by a specially designed permeameter, which 
measures the airflow induced by a pressure dzff erence across 
a temporary test seal applied to the surf ace. The permeability 
of bulk concrete is aboia 10- 16 m2

• Areas free of surf ace 
defects had surface permeability ranging from 10- 1~ to 10- 16 

m2
• However, surface defects are common on concrete wall 

mrfaces, which increase the permeability to >Jo- 12 m2
, 

too high for standard seal designs to be adequate as the 011/y 
method of soil gas and radon e.'l:clusion. Rado11-resista1a 
seals require either extended coniact widths or mechanical 
removal of the surf ace layer and defects. 
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Introduction 
A typical house has a ventilation rate of 200 m3 h - 1

, 

so a radon supply rate of 8 x 103 Bq h - 1 is needed 
to cause a house air concentration of 40 Bq.m - 3

• If 
the house is in a radon-prone area with a soil gas 
concentration of 200 kBq m - 3 (5 400 pCi.L - 1

) , this 
corresponds to a soil gas entry rate of 0.04 m3 h - 1 

(1.1 x 10 - 5 m 3 s - 1
). 

The flow of soil gas into a house is set by the 
pressure difference across the soil and foundations 
and the total resistance. The pressure difference 
across foundations and soil is about - 4 Pa, so a 
flow of 1.1 x 10 - s m 3 s - 1 is equivalent to a soil plus 
foundation resistance ( =pressure / flow) of 4 x 105 

Pa s m - 3
• This suggests that a criterion for a radon­

resistant foundation should be that the foundation 
resistance is high enough to limit the soil gas entry 
rate to Jess than 0.04 m 3 h - 1

, or a foundation resist­
ance, Rmin> ;;::: 4 x 105 Pa s m - 3

• The radon supply 
rate from soil gas entry will be Jess than the supply 
by diffusion from and through the building ma­
terials. As the resistances of the foundation com­
ponents are in parallel, to ensure a foundation resist­
ance > 4 x 105 Pa s m - 3

, the resistance of a single 
component such as the wall / floor joint seal should 
be ten times higher than Rmin or 4 x 106 Pas m- 3

• 

This will be used as a criterion for a radon-resistant 
seal. 

Air permeability of solid concrete is "" 1o- 16 m2 

(Grace; Bakker, 1983) which is so low that signifi­
cant soil-gas and radon flows cannot take place 
through concrete. Soil-gas enters buildings through 
low-resistance openings and joints between concrete 
sections, and can be excluded if these are sealed. 
Modern sealants have an air permability of 10- 22 

m2 (Grace; ASTM, 1984), much less than that of 
concrete, so the total resistance of a poured concrete 
basement with sealed joints should approach the 
resistance of the 200 m 1 of concrete itself (107 to 10

8 

Pas m - 3) . This resistance is much higher than that 
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needed for a radon-resistant foundation, so it should 
be a matter of course to transform ordinary founda­
tions into radon-resistant ones by sealing the joints. 
Nevertheless, sealing as a passive preventive 
measure in new construction has had poor success. 
Possible explanations for this are: 

• not all openings through the basement concrete 
were sealed during construction; 

• the bulk permeability of the concrete used in the 
houses was much higher than 10- 16 m2

; 

• the effective resistance of the joints and openings 
was less than 4 x 105 Pas m -3, despite the appli­
cation of sealants. 

The presence of unsealed openings is a design or 
supervision failure, and can be overcome by im­
proved foundation designs, training in sealant appli­
cation techniques, inspection, and familiarity with 
the task requirements. However, if the permeability 
of the concrete used in houses is much higher than 
10 -15 m 2

, or if sealants cannot bond effectively to 
the concrete surface, then passively radon-resistant 
housing cannot be produced by sealing openings, 
no matter how good the design or workmanship. 

Concrete surfaces differ in composition and tex­
ture from bulk concrete. The vertical surface layer 
in contact with the form is composed almost entirely 
of cement paste and the smallest aggregate particles. 
The thickness of this layer is 3 to 5 mm, depending 
on the mix and concrete placement practices. Water 
released from setting concrete bleeds to the surface, 
and drains down between the form and the concrete, 
producing small vertical channels and sometimes 
"honeycombing" of this cement surface layer. 

When concrete is poured, large air bubbles are 
trapped in the mix, and lodge against the forms, 
pitting the surface cement layer. Most concrete mix­
tures have 1-2% volume of air incorporated in the 
cement paste as - 0.5 to 1 mm diameter bubbles to 
increase the fluidity and these bubbles are present 
throughout the surface layer. They may link to 
make interconnected pores that increase the eff ec­
tive permeability of the vertical surface layer to 
much higher values than bulk concrete. In contrast, 
horizontal surfaces are trowelled or "floated" for 
appearance. The trowelling eliminates air bubbles, 
pores and pits from the horizontal surface cement 
layer. 

A common sealing detail uses a formed slot to 
hold the sealant between concrete sections. The 
width is typically 12 to 25 mm. The sealant thick-

ness is limited to about half the widt 11 1· 1 . . 
• 11 I le )Otnt 

so that relanve movement of the uni i·i .. 
• . · .111 stretch 

the sealant material Without gener:u in .. 111• 1 . ,.., g l stresses 
that might break thl: adhesive bond 11 • > <.:oncrete. 
Sealant contact widths of 5 to 10 mm ·ir . · Ii d 
Th. · ·11 d · 1-· · unp . e · is is i ustrate in "tgure l together w·1 I · d ' . . ' r l an m 1-
canon of the potential soil gas cmry . b 

. . 111urcs y-
passing the seal via porous surface la y.:r:i. 

The joint between two surfaces th·1L 111 · h . . · cct ar ng r 
angles ~1th small rela.t1vc movement <.:an he closed 
by caulking. A bead of sealant is placed i11 11 le corner 
between the surfaces and tooled into .. 1•1. ·u 

" 'lla<.:t W l 1 
both surfaces. Sealant contact width :-> qf' ') 
· l' d Th. · ·11 mm are imp ie . 1s is 1 ustratcd for a wall / 11 · · · 

. . lll>r )<lint ID 
Figure 1, together With the poteno'al c111'J . ., ~as entry 
routes bypassing the seal via porous Slll·f: I . . . · .11.:e ayers. 

The permeab1l_ny. of the concrete in <.:t>n iact with 
the sealant bead hmns the ach1'evabl" "•··iJ r · . . . .... "'"' cs1scance. 
To illustrate: if the resistance of a 40 m ·icale I b _ 

. . . . t ase 
ment perimeter JOint 1s 4 x 106 Pas m 1 11 . , le rcs1st-
an~~ of ~ach met~e of seal must be I .c, / 1 0~ Pa s 
m - (resistances in parallel) A seal ., .. .. , · . · · " • 1own 1n 
Figure l has two parallel contact surt:i······ . th . . ......... ,so e 
lmear resistance of l:ach contact surface b 
3.2 x 108 Pa s m - 2• must e 

If the sealant makes a perfect bond w i 1 Ji rh c con-

" ~W/·.LL 
S-EA-LA-NT_~_E_A_D_-~ 1•.1 z 9 mm CONT,'<.(.T tm:rni 

FORMED RECESS 7"'\, 

25 mm deep 12 mm wide J-
1 

JOINT FILLEP. 
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~L7WALUFLOOP.: ;01t1r GAP 
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.... 
SEALANT BEAD ._ 1 I 6 mm CONT/·.(.-: lf'.lrH 
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CAULKED WALUFLOOR JOll IT 
Fig. 1. Standard seal and cau lk details. 
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crete surface, air can only move past the seal 
through the concrete itself. The linear resistance of 
the concrete section beneath the seal, Ru is related 
to permeability by Darcy's law: 

Darcy's law 

kA P . P Lll 
Q =--Resistance= pressure/flow= - = -

11 L Q kA 

R 
(C+l.4T)11p - 2 

L = asm 
k,T (1) 

where C =sealant contact width (m), T =thickness 
of surface layer (m), 11 =air viscosity (1.8 x 10 - 5 

Pa.s), k. =permeability of surface layer (m2
). The 

average path length beneath the seal was estimated 
at 1.4 T longer than the seal contact width C by 
numerical analysis of the flow pattern. 

For a seal contact width of 6 mm, and a 3 mm 
thick surface layer, Equation 1 implies that a surface 
layer permeability of 2 x 10- 13 m 2 is needed to 
achieve the linear seal resistance of RL = 3.2 x 108 

Pa s m - 2 needed for a radon-resistant seal. The 
permeability of cement paste is ...... l 0 - 15 m2 (Powers 
et al., 1955), so we expect that joints between 
"floated" concrete surfaces can be sealed effectively. 
However, vertical surfaces or concrete masonry 
units may contain interconnected pores that in­
crease the effective permeability of the surface layer 
to much higher values. 

Standard seal designs will be satisfactory for rad­
on-resistant foundations only if the surface per­
meability is consistently much lower than 2 x 10 - 13 

m2
• A surface permeameter suitable for field meas­

urements was developed to measure the surface 
layer permeability of concrete produced by current 
house building practices. 

Method 
A temporary 6 mm wide seal (comparable to the 
width of a standard seal detail) is placed on the 
surface to be tested. A chamber is sealed to the 
surface on one side of the seal, and a second 
chamber is sealed to the surface on the other side 
of the seal. There is no direct connection between 
these chambers except that both touch the same 
concrete surface. One chamber is depressurised to 
a constant pressure with a variable speed pump, and 
leakage through the concrete beneath the seal draws 
air out of the second chamber. The airflow from 
the second chamber is measured by displacement 

of an oil slug in a capillary tube attached to the 
second chamber. 

A cross-section sketch of the permeameter is 
shown in Figure 2. Each chamber is semicircular; 
35 cm long, 8 cm wide, and 4 cm high. The length 
of concrete surface under test is 30 cm. At a linear 
seal resistance of 1 x 1010 Pas m --l (100 times higher 
than the required value for an effective radon-resis­
tant seal), an under-pressure of 1000 Pa in the first 
chamber will give a flow of 3 x 10-s m 3 s - 1 (3 cm3 

min - 1
) out of the second chamber. This is equiva­

lent to a 0.2 m min - 1 displacement rate in a 3 mm 
diameter tube, which is easily measured. 

The feasibility of the field test procedure depends 
on producing a very good seal between the surface 
under test and the measurement chamber edge to 
ensure that all air drawn past the test seal is replaced 
by air drawn solely through the measurement tube. 
A rope caulk was tested as the chamber edge sealant 
by sealing a chamber to a metal sheet, depressuriz­
ing the chamber, and estimating the very low leak­
age rate from the rate of pressure rise in the 
chamber. The resistance of the perimeter seal and 
all the rest of the apparatus, including connectors, 
hoses, manometer, pump shut-off valve, and joints 
in the chamber itself was 2 x 1012 Pa.s.m - 3

• 

A good seal against concrete cannot be produced 
reliably with just rope caulk alone because of surface 
dusting. A two-stage seal is used. The surface is 
coated with rubber cement, which bonds to both 
the concrete and the rope caulk. This two-stage seal 
was tested by sealing a closed chamber to a solid 
concrete slab, and estimating the leakage flow from 
the rate of pressure change as the pressure rose from 
- 8 000 Pa to - 500 Pa. The resistance from all flow 
paths, including flow though the 50 mm thick slab, 

test 
seal 

displacement 
tube i 

Fig. 2. Surface permeability measurement apparatus . 
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was > 1 x 101 1 Pa. s.m -3
• If the measured leakage 

took place entirely through the concrete slab, the 
bulk permeability of the slab was ~ 10- 16 m 2

• 

The seal resisrance estimates given by this test 
did not vary systemically with pressure. This sug­
gests that estimates (of high resistance at least) do 
not depend on the pressure difference across the 
seal. The resistance of this perimeter seal is 100 
times higher than the resistance of a 300 mm section 
of a satisfactory test seal (109 Pa s m- 3), so leakage 
past the non-test seal will not significantly affect 
estimates of test seal resistance. 

If tests were carried out in the laboratory alone, 
the rest seal material would be a polyurethane caulk, 
but the serting time is 24 hours, which is too long 
ro use in a field rest. Rubber cement will set in a 
minute, and was tested as a surrogate seal material. 
Polyurethane caulk 1 and rubber cement seals 6 mm 
wide were applied co the same concrete slab, and 
tested with the permeameter. The polyurethane seal 
had an apparent linear resistance of 1011 Pa.s.m- 2

, 

while the rubber cement seal had an apparent linear 
resistance of 2 x 1011 Pa.s.m - 2

• This shows that rub­
ber cement and polyurethane can produce compar­
able test seals. Both these resistances are much 
higher than the linear resistance criterion of 3 x 108 

Pa.s.m - 2 suggested for a radon-resistant seal. 
A temporary test seal is produced in the field 

by placing two 300 x 25 mm strips of non-adhesive 
plastic tape on the surface with a 6 mm gap between 
their inner edges. A 50 mm wide band of rubber 
cement is painted (three coats) over the tapes and 
the 6 mm strip of exposed concrete. This forms a 
continuous airtight film between the permeameter 
chamber edge seals and a 6 mm wide sealant contact 
zone. The plastic tape provides a low resistance path 
from chamber to edge of the test seal beneath the 
chamber edge seals. A 20 mm band of rubber ce­
ment is painted (two coats) onto the concrete where 
the chamber edge seal (non-test seal) will land. This 
is illustrated in Figure 3. 

Rope caulk is placed on the chamber edges, and 
the chambers forced into contact with the rubber 
cement. Both chambers are connected and de­
pressurised together by a variable speed electric 
pump. If a pressure of - 8 000 Pa is not achieved, 
each chamber is depressurised in turn with the 
pump. If a pressure of - 4 000 Pa is achieved in a 
chamber, it is selected as the test chamber, and held 

1 Tremca DyMonic caulk, Tremco Inc. 

chamber 
outline 

chamber 
outline 

4---~r-' plastic tape 
strips 

6mmwide 
test section 

rubber cement 
coating 

Fig. 3. Test seal application detail. 

depressurised for at least a minute to allow atmos­
pheric pressure co compress and force the rope caulk 
seal into good comact with the surface to produce 
an airtight seal. The oil slug in the capillary cube 
needs a pressure difference of 1 to 2 Pa co move 
along the tube, so this procedure was adopted to 
ensure that all the air drawn out of the chamber 
past the test seal is replaced by air drawn through 
the capillary tube. 

If a pressure lower than - 300 Pa could be ob­
tained in the other chamber, it is used as the de­
pressurization chamber; if not, another location is 
selected for the test seal. 

Results 

Concrete walls and floors of new basement houses 
built by different contractors were tested to measure 
the surface permeability of concrete produced and 
finished with current practices. Table 1 summarizes 
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Table 1 Surface permeability of basement concretes. 

Effective permeability of concrete surfaces (m') 
(nominal concrete permeability 1 x 10- 10 m2

) 

Floor 

8.8 x 10- 10 

1.3 x 10- 15 

1.0 x 10- 16 

9.2 x 10- 14 

7.0 x 10- 15 

Wall without surface 
pores 

7.7 x 10- 15 

3.6 x 10- 17 

6.2 x 10- 12 

3.5 x 10- 16 

1.8 x 10- 14 

Wall with surface 
pore 

1.8 x 10- 12 

1.0 x 10- 12 

l.O x 10- 11 

6.8 x 10- 12 

the effective surface permeability of concrete sur­
faces. Table 2 lists the test sites and the measured 
pressure, flow, calculated RL of a 6 mm wide seal 
and surface permeability. Sections of the concrete 
surface layer were chiselled away at each test loca­
tion to estimate the layer thickness. The thickness 
varied from spot to spot on the same wall, most 
values being between 2 and 4 mm. The average 
thickness was 3 mm. 

In general, the permeability of smooth defect-free 
surfaces on both concrete walls and floors averages 
10- 15 m2

, 10 times higher than the nominal bulk 
permeability of 10- 16 m2• Values were highly vari­
able, ranging from a low of 3.6 x io- 11 m2 on a wall, 
to a high of9.2 x 10 - 1-1 m2 on a poor quality concrete 
floor surface. 

However, the testing found that concealed and 
connected sub-surface pores long enough ( > 20 
mm) to bridge the chamber perimeter seal are com­
mon in vertical surfaces. They are large enough to 

Table 2 Permeameter measurement data. 

increase the apparent permeability to > 1 x 1o - 12 

m 2
• This is greater than the maximum acceptable 

permeability of -10- 13 m2 suggested for "radon­
resistant" seals. One wall permeability measure­
ment was as high as 6.2 x 10- 12 m2

, comparable to 
effective permeability measured when bypass pores 
are present. Perhaps a concealed pore bypassed the 
test seal in this measurement. These frequent sub­
surface bypasses will limit resistance achievable by 
any long seal, no matter how well the sealant bonds 
to the surface. 

Discussion 

The vertical concrete faces examined had cement 
surface layers 2 to 5 mm thick, containing many 
0.5 to 1 mm diameter air bubbles, plus large pits, 
depressions and " wormtracks" caused by connected 
strings of larger air bubbles trapped in the surface 
layer between concrete and form. These surface fea­
tures depended on form preparation, not the con­
crete mix, for different surface textures were found 
on adjacent form sections of the same wall. 

Wall areas tested with the permeameter were 
selected to be as smooth, level and as free from 
pits as possible, for it is very difficult to seal the 
permeameter chambers ·to an uneven, pitted sur­
face . Despite this careful selection, in each wall 
test one of the chambers had a high leak rate, 
caused by connected pores in the surface layer by­
passing the 15 to 25 mm wide rubber cement per­
imeter seal area. T his suggests that pores large 

Site Pressure (-kPa) Flow (m3/s) Linear resistance' Surface permeability' 
(Pa.s.m - 2) (m2) 

A 11 garage floor 2.50 8.0 x 10-9 9.2 x 1ow 8.8 x 10 - 16 

M 51 wall pore* 1.10 1.0 x 10-5 7.7 x 107* 1.8 x 10 - 12* 
M 51 wall 1.10 3.1 x 10-8 1.0 x 1ow 7.7 x 10- 15 

M 51 floor 2.80 1.3 x 10- 8 6.4 x 1010 1.3 x 10- 15 

P 43 wall pore* 1.45 7.5 x 10- 6 1.4 x 108* 1.0 x 10 - 12* 
P 43 wall 1.45 1.9 X 10- JO 2.3 x 10 12 3.6 x 10- 17 

P 43 floor 0.71 2.6 x 10- 10 8.1 x 1011 1.0 x 10- 16 

E 21 wall 0.31 7.0 x 10-6 1.3 x 107 6.2 x 10 - 12 

E 21 floor 2.50 8.4 x 10-1 8.8 x 108 9.2 x 10- 14 

E 147 wall pore* 0.33 1.8 x 10-5 1.3 x 107* 1.0 x 10- 11 * 
E 47 wall 0.33 4.2 x 10- 10 2.3 x 1011 3.5 x 10 - 16 

E 151 wall pore* 0.51 1.8 x 10- 5 2.8 x 107* 6.8 x 10- 12* 
E 151 wall 0.51 3.4 X 10-A 4.4 x 109 1.8 x 10- 14 

E 151 floor 0.09 2.3 x 10-9 1.2 x 10rn 7 x l0 - 15 

1 Permeability and resistance values are calculated using Equation 1 on the basis of 2 mm average surface layer thickness for all sites. 
* The pore bypasses the chamber perimeter seal which is 0.7 m long. The equivalent resistance and permeability are calculated using 
0.7 m as the test seal length. 
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enough to be a significant seal by-pass occur as 
frequently as once per metre even in "good" con­
crete surfaces. The resistance of a 40 m floor /wall 
joint seal will be set by the parallel resistance of 
the ,...,,, 40 concealed pores that bypass it, not by 
the permeability of the concrete surface itself. Ex­
pected soil gas entry rates past a perfect 40 m seal 
with 40 bypasses are >0.2 m3.h- t, equivalent to 
200 Bq m - 3 in radon-prone areas. 

Other obstacles to production of low leakage seals 
besides concealed sub-surface pores were identified 
by visual inspection. They are: 

• protruding and uneven forming near corners and 
at form junctions 

• large air bubbles and pits in the concrete surface 
• connected lines of bubbles (wormtracks) 
• patches of loosely attached surface layer 
• concrete splash and spatter layers. 

The first two obstacles prevent placing sealant into 
continuous contact with both floor and wall. The 
last three are causes of bypass routes. "Radon-resis-

tant" seals between concrete sections cannot be 
guaranteed unless these obstacles and bypasses are 
prevented or removed before the seal is applied. 
Mechanical removal of the concrete surface l~yer is a 
necessary first step to produce radon-resistant seals 
with conventional sealing details. 
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