
Masonry walls that leak
create problems for con-
tractors, architects, and

o w n e r s . Wa t e rt h a tp a s s e s t h r o u g h
exterior walls can damage interi-
or wall finishes, floor coverings,
ceilings, and building contents.
And water need not pass com-
pletely through exterior walls to
cause damage. Water that pene-
trates only the exterior face can
cause staining, corrosion, organic
decay, efflorescence, and freeze-
thaw spalling. Therefore, any wa-
ter that enters a masonry system
can cause damage.

But locating leaks in a wall
system can be a major task. When
investigating leaks, you may need
to evaluate the permeability of
the masonry. Water penetration
tests also may be done to demon-
strate the performance of new
masonry or assess the condition
of existing masonry.

Three methods of measuring
water penetration in masonry are
the ASTM E 514 pressure cham-
ber test, the permeability test,
and the low-pressure tube test.
( T h e l o w - p r e s s u r e t u b e i s a l s o
called the RILEM tube, masonry
absorption test or MAT tube, or
Kartens tube.)

There are other nondestructive
test methods for analyzing wet

walls, including the plastic test,
t h e s p r a y t e s t , t h e m a s k a n d
spray test, the drainage or cavity
test, and moisture meter testing
(see “Analyzing Wet Walls,” Ma-
sonry Construction, July 1991,
and “Measure the Moisture in a
Wall Instantly,” December 1989).
These, however, don’t measure
water penetration quantitatively.
When evaluating the
severity of leaks in ma-
sonry walls or the ef-
fectiveness of repairs
and water repellent
treatments, you may
need to use a quantita-
tive test method. 

Leak paths
Possible leak paths

in the wall surface i n-
c l u d e t h e b r i c k , m o r t a r,
and brick/mortar inter-
face. Cracks and voids
at the interface be-
t w e e n t h e b r i c k a n d
m o r t a r provide the
most common pathway
for rainwater to enter a
masonry wall. Much
less water pene t r a t e s
t h r o u g h t h e u n i t s a n d
m o r t a r t h a ne n t e r s
t h r o u g h openings at the
unit/mortar interface. 

A simple, inexpensive tube test can yield valuable,
quantitative information

by Kim Basham and John Meredith 

RILEM or MAT tubes are pipelike de-
vices. The tube or stem portion is gradu-
ated from 0.0 to 5.0 ml. The volume of
water absorbed over a specified time is
read from this graduation.
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Unfilled mortar joints and poor
bond between the brick and mor-
tar are the main causes of leaks
a t t h e b r i c k / m o r t a r i n t e r f a c e .
Most joint defects and resulting
l e a k s o c c u r a t t h e h e a d j o i n t s .
Unlike bed joints, head joints are
not naturally compressed by the
weight of masonry above. To be
dense and leak-free, a joint must
b ef u l l yp a c k e da n dp r o p e r l yt o o l e d ;
this is especially true for head
joints.

Improper mortar proportion-
ing, material incompatibilities,
a n d p o o r w o r k m a n s h i p c a u s e
poor bond between mortar and
brick. For example, mortar mixed
too wet or with too much cement
may shrink substantially as set-
ting occurs, causing a separation
at the interface. Moving or tap-
p i n gb r i c k sa f t e r t h e i ri n i t i a lp l a ce-
ment also can impair bond. The
single most important factor af-
f e c t i n gt h ew a t e r t i g h t n e s so f a m or-
tar joint, or the quality of mason-
ry as a system, is workmanship.

Cracks at the brick/mortar in-
terface can range from 0.004 to
0.040 inch (4 to 40 mils) in width.
Wind-driven rain can enter cracks
as narrow as 0.004 inch (4 mils).
Yet cracks between 0.010 to 0.015
inch (10 to 15 mils) wide usually
are considered visually accept-
able, so unnoticeable or visually
a c c e p t a b l ec r a c k sc a np r o v i d ep a th-
ways for water to enter masonry.

ASTM E 514 test
ASTM E 514 “Standard Te s t

Method for Water Penetration
and Leakage through Masonry”
is the only standard provided by
the American Society for Te s t i n g
and Materials for measuring wa-
ter penetration of masonry (Ref.
1). ASTM E 514 is a laboratory
t e s t e m p l o y i n g a 3 x 4 - f o o t t e s t
chamber that simulates driving
rain. After the chamber is
mounted and sealed to the wall
specimen, a spray bar mounted
at the top of the chamber sprays
w a t e r. A sheet of water forms
and runs continuously down the
masonry like rainwater on a
building. Pressurizing the cham-
ber during the test simulates the

driving force of wind on the sheet
of water. Pressure forces water
into cracks and v o i d s o n t h e m a-
s o n r y s u r f a c e . Flashing collects
water running down the back of
the wall and water moving down
within the wall.

The standard test laboratory
test procedure, which requires
built-in flashings and access to
the back of the wall, yields the
following information: the time
u n t i lt h ea p p e a r a n c e of first d a mp-
ness and first visible water on the
back of the wall, the area of damp-
ness at the end of the 4-hour test
period, and the total water col-
lected from flashings (Ref. 1).

There also is a version of the
ASTM E 514 test modified for
field testing, for which neither
flashing nor access to the back of
the wall is necessary. The field
v e r s i o n m e a s u r e so n l y t h ea m o u n t
o f w a t e rp a s s i n g t h r o u g ht h e f r o n t
wall face. Figure 1 illustrates an
ASTM E 514 equipment layout
for field testing. The scale mea-
sures the amount of water that
has penetrated through the front
face of the masonry. 

The field version includes a 1⁄2-
hour preconditioning period (to
saturate the wall with water) fol-
l o w e d b y a 4 - t o 8 - h o u r t e s t i n g
period. Water is supplied from a
calibrated tank and returned to
the tank from the bottom of the
chamber.

A f t e r t h ew a l li s p r e c o n d i t i o n e d ,

water is sprayed on the wall for
at least 4 hours but no more than
8 hours. The tank water level is
recorded every 1⁄2 hour. The test is
s t o p p e d w h e nt w oc o n s e c u t i v e wa-
ter readings are the same. If this
never occurs, the test is stopped
after 8 hours. The quantity of wa-
ter lost from the tank in the last
hour of the test is measured as
the water leakage rate.

The water penetration or leak-
age rate is measured in gallons
p e r h o u r. A S T M o f f e r s n o h e l p
w i t h i n t e r p r e t i n g t e s t r e s u l t s .
H o w e v e r, t h e f o l l o w i n g r a t i n g
system is commonly used to eval-
uate ASTM E 514 field test re-
sults (modified from Ref. 3): 

Leakage rate
(gals/hr) Rating
Less than 3⁄16 Excellent
Less than 1⁄2 Average to Good
Greater than 1⁄2
but less than 1 Questionable
Greater than 1 Poor

Most construction and materi-
al laboratories can perform this
t e s t ;i t c o s t sa p p r o x i m a t e l y $ 1 , 0 0 0
a test. One test can be performed
a day with a setup time of 2 to 3
hours. The amount of wall dam-
age is minimal, only the anchor
h o l e su s e dt os e c u r et h et e s tc h a m-
b e rt ot h ew a l l n e e dt ob er e p a i r e d .

Because the ASTM E 514 pres-
sure test chamber covers a large
surface area, the test cannot es-
tablish individual water perme-

Permeability testing devices measure the time for a known amount of water to be
forced into the masonry at a preset pressure. The shorter the time period, the more
permeable the masonry.



ability values for different entry
pathways. ASTM E 514 gives a
composite measurement, repre-
senting the permeability of the
brick, mortar, and brick/mortar
interface. The permeability test
and low-pressure tube test, on
the other hand, can establish the
individual water permeability of
the unit and the joint. Joint per-
meability, in this case, represents
the water penetrating both the
mortar and unit/mortar interface. 

Permeability test
Originally designed to test wa-

ter penetration in concrete, this
t e s t h a s b e e n a d a p t e d f o r u s e
w i t h m a s o n r y. B e c a u s e t h e t e s t
d e v i c e s a r e modified for masonry
testing, various versions are be-
ing used. The device is secured to
the wall with two clamps an-
chored to a bed joint using bolts.
Either a reservoir on top or a sep-
arate water tank holds a known
volume of water, and a dial al-
lows the operator to select the
pressure level.

Permeability is determined by
measuring the time it takes to
force a known volume of water
into the masonry at a preselected
pressure. The shorter the time
period, the more permeable the
masonry. Each device contacts
about 5 square inches of surface
area, so unlike ASTM E 514, this
test indicates local or point-by-
point wall permeability. Usually,
test results are used for compara-
tive purposes only; no interpreta-
tion guidelines or rating systems
are available for this test. The
test can be performed in about an
hour including setup, at a cost of
about $50 a test. 

Low-pressure tube test
Low-pressure tube testing mea-

sures the quantity of water ab-
sorbed by a masonry surface over
a specified time period. This test
device is a simple, easy-to-use,
inexpensive tool developed by the
European organization RILEM,
headquartered in Paris. RILEM
i s a na c r o n y m f o r t h eF r e n c hn a m e
translated as International Union
of Testing and Research Laborato-
ries for Materials and Structures.

E q u i p m e n t a n d m e t h o d .
The photo on the next page illus-
trates the pipelike MAT tube
used to test vertical surfaces.
Similar tubes are available for
testing horizontal surfaces. Made
of either plastic or glass, the tube
has a flat, circular brim at the
bottom which is attached to the
masonry surface with soft putty.
The test area is small: only 1
square inch. The tube, which
holds 5 milliliters (or 0.2 fluid
ounces) of water, is graduated in
0.1-milliliter i n c r e m e n t s f r o m 0 . 0
t o 5 . 0 m l , making estimates to
the nearest 0.05 ml possible.

As water is absorbed by the
masonry, the water level in the
tube falls. By monitoring the fall-
ing water level, you can deter-
mine how much water is absorbed
over a specific time.

Capillary suction through the
masonry’s pores causes the water
to move through the masonry as
a front—a process called wetting.
The wetting rate and pattern are
directly related to the masonry’s
capillary structure and pore size
distribution.

O p e r a t i n g p r e s s u r e s f o rM AT
tubes range from about 23 to 5.8
psf (0.16 to 0.04 psi) depending
on the level of the water in the
tube. These pressures are equiva-
lent to wind speeds of about 95 to
49 mph. As the water level falls,
the test pressure decreases. If the
tube is refilled, the pressure re-
verts to the maximum, then falls
again as the masonry absorbs the
water. Some investigators object
to the falling and cyclic pressure
o f t h i s t e s t ; o t h e r s b e l i e v e t h e
v a r i a b l e p r e s s u r e b e t t e r s i m u-
l a t e s t h e e f f e c t s o f w i n d g u s t s
than the constant pressures used
in the ASTM E 514 and perme-
ability tests.

MAT research findings. Re-
cent research at the University of
Wyoming has yielded a number
of interesting observations:
■ The bottom of a head joint usu-

ally has the highest water pen-
etration values, followed by the
middle of the head joint, bed
j o i n t , t o p o f h e a d j o i n t , a n d
brick (Refs. 4 and 5). However,
leaks at a head joint usually

occur at the top. This suggests
that mortar at the bottom of a
head joint is less dense than
surrounding mortar but joint
defects are more likely to occur
at the top of the head joint.

■ Furrowing bed joint mortar in-
creases water penetration at
the bed joint. Figure 2 graphi-
cally shows a comparison of av-
erage absorption values for the
different joint locations.

■ Joints that absorb 5 ml of water
in 5 minutes or less are most
likely to leak water through
the wall, while joints requiring
15 to 25 minutes to absorb 5
ml of water show no signs of
leakage or wetting patterns on
the back of the wall (Ref. 4).

Interpreting test results.
On brick, a circular wetting pat-
tern usually occurs. On joints,
the wetting pattern may be circu-
lar at the beginning of the test
but will quickly spread along the
brick/mortar interface of the joint.
The quicker the wetting pattern
spreads along the interface, the
more questionable is the quality
of the joint. The photo above
shows a typical wetting pattern
for a leaky h e a d j o i n t b e i n g t e s t-
e d w i t h a MAT tube.

Leaky joints allow water to leak to the
back side of walls. A MAT tube test on
the front of this leaky joint caused this
wetting pattern.



Most of the time, leaky joints
show no surface defects. The fact
that a joint appears to be free of
defects does not ensure it is wa-
tertight. When testing, note and
record the wetting pattern. Wet-
ting rate and patterns yield valu-
able information about the per-
meability of the masonry.

Sometimes water enters the
wall in one location and exits in
another. For example, water of-
ten enters at the top of a head
joint but exits through the lower
bed joint on either the front or
back of the wall. Often, water ex-
its several inches away from the
t u b e l o c a t i o n t h r o u g h p i n h o l e
flaws at the brick/mortar inter-
face. Look for water exit points; if
you find them, note and record
their location.

A few MAT tube tests will not
accurately indicate a wall’s perme-
ability characteristics. Due to the
variable nature of masonry, test
r e s u l t sw i l lv a r yg r e a t l y, e v e nw i t h-
in a small area. For panels tested
at the University of Wyoming, a
standard deviation of 20 ml p e r
h o u rw a sf o u n df o r a m e a nM AT
reading of 15 ml per hour (Ref. 4).
Variability and the small test area
were responsible for the high stan-
dard deviation. Based on this vari-
ation, 1,665 tests are needed to
achieve a sample error of 10% for
an area of 12 square feet. For a
sample error of 5%, 6,659 tests are
required! What does t h i s m e a n ?
R u n a s m a n y tests as possible to
gain a feel for o v e r a l l w a l l p e r m e-
a b i l i t y, b u t d o n ’t expect to achieve
perfect reliability. To s p e e dt e s t i n g ,
u s e several tubes ganged as shown
above right.

While the tube test is consid-
ered a quantitative test, users
must interpret the results realis-
tically. Don’t set rigid acceptance
and rejection criteria based on
values obtained from MAT tubes.
Use test results for comparative
investigations. The test is ideal
for comparing unweathered to
weathered masonry. Establish
a v e r a g e a b s o r p t i o n v a l u e s f o r
protected masonry (e.g. under
eaves or eastward facing walls)
and compare them to values rep-
r e s e n t i n g w e a t h e r e d w a l l s o r

problem areas. Use MAT tubes,
too, to measure the effectiveness
o f w a t e r- r e p e l l e n t t r e a t m e n t s .
Major reductions in absorption
values should exist after repairs
and the application of a water
repellent (Ref. 5). 
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F i g u re 2. Absorption graphs show the volume of water absorbed in milliliters versus
time. The more permeable the masonry, the faster 5 ml of water will be absorbed.

Gangs of MAT tubes can speed testing.
Test head joints, bed joints, and bricks
to establish permeability characteris-
tics. Run as many tests as possible.
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1. Select test locations. Test several different loca-
tions—brick; top, middle, and bottom of head joint; bed
joint. Remember that head joints, especially at the bot-
tom, are more prone to defects and usually have high
water penetration values compared to other locations.
Bed joints and bricks usually have the lowest penetra-
tion values. Test both unweathered and weathered ma-
sonry. Run as many tests as possible. For faster testing,
use several tubes and only determine the volume of wa-
ter absorbed in the first 5 minutes.

2. Attach MAT tube. Roll a pinch o f s o f t p u t t y i n
h a n d s t o f o r m a s n a k e l i k e p i e c e l o n g e n o u g h t o p l a c e
a r o u n d t h e f l a t b r i m o f t h e t u b e ’s l a r g e o p e n i n g . P l a c e
t u b e w i t h p u t t y o n t e s t l o c a t i o n a n d p r e s s f i r m l y. A
w a t e r t i g h t s e a l must be obtained between the tube a n d
m a s o n r y. W h e r e t h e b r i m bridges the joint, press on
putty along the edge to ensure a tight seal. If putty does
not stick, try again or select another, similar test loca-
tion. To ensure a tight seal on textured brick, use extra
putty and a lot of patience.

3. Record information. Record the type of surface,
surface texture, t e s t l o c a t i o n , w a t e r e x i t s i f a n y, w e t-
t i n g p a t t e r n , a n d a b s o r p t i o n v a l u e v e r s u s t i m e . U s e a
s i m p l e method for recording test locations. For exam-

ple, a test performed on t h e w e s t s i d e o f a b u i l d i n g , 4 t h
course down, 2nd from right, middle head joint can be
recorded as West/4D/2FR/MH. When comparing before-
and-after readings, record the exact location of the tube.
Before-and-after testing must be performed in exactly
the same location.

4. Fill MAT tube with water. Fill tube to the 0.0 ml
graduation mark and note time or start stopwatch.
Check water level at 5-, 10-, 15-, 20-, 30- and 60-minute
intervals. Record volume of water absorbed to the near-
est 0.05 ml for each time interval. Refill tube if neces-
sary. Record the amount of water added and the time it
was added. For quicker testing, determine only the vol-
ume of water abs o r b e d i n t h e f i r s t 5 m i n u t e s o f testing.

5. Interpret test results. Depending on the number
of readings, plot test results for each test location on a
graph showing water absorption versus time (see Figure
2). Compare results (i.e., weathered versus unweath-
ered, treated versus untreated, head joints versus bed
joints, etc.). If a joint absorbs 5 m l o f w a t e r i n 5 m i n-
u t e s o r l e s s , m o s t l i k e l y i t i s a l e a k y j o i n t . I f m e a n
w e a t h e r e d t e s t v a l u e s a r e about twice the mean un-
weathered values, weathering is a concern.

Masonry absorption test procedure


