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Excessive Moisture Transmission 
Through Concrete 

Popular Issue in Recent Construction 
Defect Litigation



Is There a Pervasive Problem With 
Excessive Vapor Transmission 

Through Concrete?

OR……..



Could it Be……?

Concrete slab is most expensive single unit in 
residential construction

Defect allegations lead to costly repairs, large 
damages.

Aas decision (Economic Loss Rule)
Resultant damage to some other component

SB 800 – Will become even bigger issue!
Since start of year illegal to design and supply 
concrete that transmits vapor (or cracks).



Liquid Transmission vs. Vapor 
Transmission

Two different physical phases of water, two 
completely different physical phenomena.

Often interchanged or confused by consultants.

Liquid transmission:
Extremely high pressure (900 fsw).
Cracks (requires hydraulic head, slab underwater).
Capillarity

This presentation deals with vapor transmission.



Common Pattern

Allegation: Excessive vapor transmission 
through concrete slabs.
Cause: Concrete is too permeable (porosity 
often confused with permeability)
Allegations supported by:

Moisture dome testing
Vinyl stains
Stained tack strips
Mold and mildew
Efflorescence



Fictions

Conflict with published data.
Alleged rate of vapor transmission higher than 
published data shows is possible, by several 
orders of magnitude.

Conflict with logic, history, or common sense.
In many cases source of offending moisture more 
likely to be above slab than through slab.



Vinyl Stains

Vinyl stains are often in the immediate vicinity 
of obvious above-slab source of water:

Toilets, showers, washers/dryers, windows, sliders.
Vinyl stains are often identical or worse on 2nd

floor.
Vinyl stains isolated in field of floor:

Vapor is a gas, staining should be pervasive 
throughout entire floor.
Isolated stains suggest material or workmanship 
problems in flooring material.

Confirmed in recent study.



Wet or Stained Tackstrips

Stains in tackstrips often directly below 
windows known to leak.

Vapor passes through slab, enters room air.  
What would cause it to condense on 
tackstrip?



Mold and Mildew

Maximum possible vapor transmission 
through slab is a small percentage of vapor 
generated normally by occupants and normal 
activities.

Vapor transmission rates through slabs and 
vapor generated in residences have been 
studied and results have been published.



Efflorescence

Normally occurring phenomenon – not a defect.
Occurs when liquid water comes in contact with 
cementitious surface.

Salts at surface dissolve.
When water evaporates, salts are left behind as 
powdery white material.
Generally has no deleterious effect.

Not related to vapor.
Vapor does not carry dissolved salts.



Facts

Brewer PCA study.

ASTM Manual 18, “Moisture Control in 
Buildings”.



The 
Brewer 
PCA tests 
(1965)

Definitive Work on Vapor Transmission



Brewer Tests

Isolates vapor transmission and vapor 
emission.
Quantifies rates rates of vapor transmissions and 
emissions as a function of:

Water/cement ratio.
Exposure.

Direct water contact, direct vapor contact.
Subgrade materials (sand, vapor retarders).



ASTM Manual 18

“Moisture Sources” 
p.179

Vapor generated 
within building 

envelope
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Vapor Retarders (Visqueen)

Usage is geographic and historical.
Commonly used in California.
Normally not used in Arizona.
Both climates semi-arid, no significant differences in 
residential moisture problems.

Lack of continuity often cited as cause of 
excessive vapor transmission through slab.

Pinholes, punctures, laps



 
Moisture 
Outflow 

(lb/1000sf/24hr)

Moisture 
Transmission 

(lb/1000sf/24hr)

Reduction in 
Moisture 

Transmission 
(lb/1000sf/24hr) 

Reduction in 
Moisture 

Transmission 
(%) 

w/cm w/cm w/cm w/cm 

Test 
Condition 

0.5 0.7 0.5 0.7 0.5 0.7 0.5 0.7 
Water in 
contact with 
concrete 

2.5 6.52 1.5 5.15     

Water vapor 
in contact 
with concrete

2.26 3.43 1.26 2.06     

Water in 
contact with 
4-mil 
polyethylene 

1.54 4.02 0.54 2.65 0.96 2.50 64% 49% 

Water in 
contact with 
32-mil ABS 
plastic 

1.10 2.87 0.10 1.50 1.40 3.65 93% 71% 

Water vapor 
in contact 
with 4-mil 
polyethylene 

1.39 2.11 0.39 0.74 0.87 1.32 69% 64% 

Water vapor 
in contact 
with 32-mil 
ABS plastic 

0.99 1.51 0.00 0.14 1.26 1.92 100% 93% 

Drying only 1.00 1.37       
 

Effects of 
Vapor 

Retarders

(from 
Brewer 

Series 3)



Moisture Dome Tests



Moisture Dome Test Developed 40+ 
Years Ago

By the “Rubber Manufacturer’s Association”

Original Test Purpose:
To determine if a concrete slab is dry enough to 
permit the installation of resilient flooring 
materials



ASTM Detailed Test Protocols
Two published ASTM test protocols for the 
moisture dome test: 

ASTM E 1907 – published in 1997.
ASTM F 1869 – published in 1998.

Significant differences between the two.
Number of tests (500sf or 1000sf?).
Delay time after cleaning slab (24 or 48 hours?).
Recording of temperature and relative humidity.
Area under dome (deduct area of container?).



Two ASTM “Standards”?

Why two?
Why do they have significant differences?
Appears that flooring industry cannot decide 
how to run these tests.



Test Program Initiated in 1998 
(Peters v. Brighton case)

To study the physics of moisture dome tests 
on mature slabson mature slabs:

Is the test reproducible?
How are test results affected by temperature and 
relative humidity?
What are the sources of moisture measured in 
the test?
Can the test be used to measure concrete 
permeability or vapor transmission through 
concrete slabs-on-ground?



Started With Literature Search

Published articles.
Internet.
Personal communications with flooring 
consultants, concrete material specialists, 
scientists specializing in permeability testing, 
etc.



No Published Standards Exist…..

Which relate the results of a moisture dome 
test:

To acceptable levels of vapor emission entering 
into a residential space by any path.



No Published Standards Exist…..

Which relate the results of a moisture dome 
test:

To concrete porosity or permeability.



There Are Recommendations Recommendations From 
Flooring Companies…

They relate the results of moisture dome 
tests to the installation of flooring materials 
(3# for vinyl, 5# for carpet, etc.).
These recommendations are arbitrary and 
are not based upon any scientific study or 
published work.  They are established and 
disseminated by flooring companies. 
They are controversial for their intended 
purpose even within the flooring industry. 



From the Flooring Industry

From “FLOORINGINSTALLER.com” message board: 
http://www.flooringinstaller.com/ubb/Forum14/html/000081.html

Robert Higgins, SINAK Corp, “Statistically speaking, 
approximately 80% of the concrete floor slabs in 
California have [moisture dome test] values in the 
range of 5-8#.  This is approximately 1.5-2.5 times 
higher than the allowable maximum by 
manufacturers, yet, only a SMALL percentage of 
these floors prove to be problematic.”



More From FLOORINGINDUSTRY.com

“There is no direct correlation 
between moisture emissions and 
floor failures.”



Test Program Description

Duration 16 months starting in 1998.
101 individual dome tests from 4 test kit 
suppliers.
6 “Phases”, each an experiment to study a 
different aspect of the dome test.
Tests run on 3 unique “surfaces” in a typical 
wood-framed Southern California residence.
T & RH accurately controlled and measured 
in room, domes, concrete, soil.



Instrumentation Inside Dome



Surface #1
4” SOG 10 years old.

Dry sandy native soils 
(3% m.c.)
No Visqueen.
Successful resilient tile 
floor installation for 8 
years.
Tile removed, concrete 
surface bead-blasted (48 
hrs before test).



Surface #2

½” Plexiglas 
sheet



“Surface” #3
Bottom of Core 
submerged in 
water for 6 
months.



Test Cluster Layout
Surface #1
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Conclusion 1 Conclusion 1 -- ReproducibilityReproducibility
Test is not scientifically reproducible.

Test results commonly vary by more 
than 100% under identical conditions 
(High/Low=2).

Major reasons:
Variability in grind of CaCl crystals.
Variability in floor surface preparation 
and/or condition.



Conclusion 2 Conclusion 2 –– Environmental Environmental 
ConditionsConditions

Test results vary approximately 30% within the 
range of air temperatures and relative 
humidities recommended by ASTM test 
protocol.

Recording of temperature and relative humidity 
rarely done by forensic consultants.
No way to judge effects of temperature & 
relative humidity.

Most significant environmental factor affecting 
test results was temperature at soil/concrete 
interface. 



Conclusion 2 - Effect of 
Soil/Concrete Temperature

Each point is 
average of 
tests run at 
same time
All tests made 
at same 
location on 
slab (domes 
touching)



Conclusion 3 Conclusion 3 –– Vapor SourcesVapor Sources

Four sources of vapor measured in dome 
test:

Vapor above slab trapped in dome air.
Vapor above slab passing under seal.
Vapor transmitted through slab.
Vapor in equilibrium in pores of mature 
concrete and activated by test itself.



Conclusion 3



Conclusion 4 Conclusion 4 –– Concrete PropertiesConcrete Properties

Test cannot be used as a measure of 
concrete permeability.

No standard exists relating results of dome tests 
to any concrete material property.
Most of vapor measured in dome test is not 
transmitted through slab.
Difference in vapor transmission between high 
and low permeability concretes too small to be 
detected by dome test (example to follow).



Conclusion 5 Conclusion 5 –– Vapor TransmissionVapor Transmission

Test cannot be used as a measure of vapor 
transmission into residential spaces:

No standard for this by any path, even if it could 
be quantified by the dome test.
Most of vapor measured in dome test is not 
transmitted through slab.
Vapor transmitted through slab cannot be 
isolated from other 3 sources (although it can be 
reasonably maximized by Brewer tests).



Source 1Source 1 – Vapor Trapped in 
Dome

0.5# to 1.25# (confirmed by others).
Depends on temperature and relative 
humidity above slab.
May be influenced by moisture drawn 
out of substrate material (Plexiglas) and 
dome plastic.



Source 2 Source 2 –– AboveAbove--SlabSlab
Vapor passing under seal or under surface 
pores of concrete under seal.

Either into or out of dome.
Cannot be isolated from other sources.
Contribution is small.



Source 3Source 3 – Vapor Transmitted 
Through Slab (from Brewer)

Can be maximized but not isolated. For 4” slab, 
w/c ratio=1.0, directly exposed to vapor:

Maximum vapor transmission possible is 2.05 
lb/24hr/1000sf (lower for lower w/c ratios).

Extreme exposure - water surface was 
immediately below slab and no soil or vapor 
retarder (directly exposed to vapor).
Moisture dome test values higher than 2.05 lb 
are measuring vapor that did not pass through 
slab.



Source 4Source 4 – Largest Consistently 
Available Source of Water

From water in equilibrium in pores of 
concrete (normally about 4% by weight in 
mature residential slabs).
Activated by test itself.  Would remain in 
concrete without a significant change in 
environmental conditions (like the test).
Water under dome: 

Total – Test result 667#/1000sf/24hr
Top ¼” – Test result 42#/1000sf/24hr



Dome Test Variability

Dome test cannot detect the difference 
between high and low permeability 
concretes.
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Moisture Dome Testing Excluded 
in So. California Case

Defendant's Kelly-Fry “junk science” motion granted 
in Spitz v. Brighton/Brannon, 160 dome tests 
excluded as evidence.
Judge said test is not generally accepted in relevant 
scientific community for purposes used.

Relevant scientific community includes those 
involved in design, construction, investigation of 
concrete, NOT the flooring industryNOT the flooring industry.

Judge also cited violations in ASTM test protocols.
Similar motions presently filed on many more cases.



The End

Thank You!

Full text of paper with all results is on 
www.kenbondy.com
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