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Moisture Meters Revisited

It’s been a long time since we looked at these
widely used tools. Here’s a thorough review
of five different units on the market.

Text and photos by Jonathan Klopman

This article is based on an IBEX "99 session
entitled “Moisture Meters.” The testing
described here was done in cooparation with
Dan Spurr, editor of Practical Saflor maga-
zine. The topic of moisture meters and their
ability to reliably read the percentage of water
in a laminate has been covered in previous
articles by Professional BoatBuilder's tech-
nical editor Bruce Pfund (see "Moisture
Meters,” PBB Mo, 23, page 42) and in stud-
ies by the Southampton (England) Institute
of Higher Education. —Ed.

Mm.ﬂlun' meters have been in wide
use in the marine industry for just
over 10 years, During this time, these
tools have come 1o be an ;ln;'u'|‘rlt'-.| and
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expected part of the nondestructive
inspection techniques applied by most
marine surveyvors., Unfortunately, the
units have also been purchased by a
number of boatyards, brokers, and boat
OWNErs

Many people buy moisture meters
without fully understanding how they
work, and their limitations. 1 have
always had nagging doubts as to why
my meter goes “beep,” and many of my
colleagues have been plagued by the
sime quesions,

Mode of Operation
The major markets for moisture meters
are in the building trades (for assess-

ing wood, concrete, and roofing), agrr
culture (for monitoring stored grain)
and lumber (for determining rate of
drving in a kiln). There are even spe-
cial applications, such as paper pro-
duction, that use near-infrared scanners
to monitor the moisture content of the
roalls.

The rwo most common types of mois
mire meters operate on one of two prin-
ciples: resistance or capacitance. Designed
as dual-facility instruments, two of the
five meters we tested—the Sovereign
MKIT and the Protimeter Surveymaster—
offer both resistance and capacitance
in the same unit

Resistance meters have two pin



Facing prage— The five moisture
meters featured in Hhis article were
lested for, among ather things,
sensiifefty fo unreacted solvents. The
fiuid seen bere is ethylene plycol
fengine anlifreeze), which delivers a
bigher reading than the atber tested
liguicls, including water (resulls on
Page 59), Right— To lest their
daccrracy when confromted with
different variables, in this case low-volt
batteries and varying degrees of
laminate thickness, the meters scanned
st fiberplass samples placed on wet
carpet sitting in a pool q,f:,fj-mir teler
(resulls on fages 54 and 56-57,
respectively ).

probes that are designed to pierce the
surface of the object being measured
This type of instrument is common in
the lumber industry. The scale on most
of these meters is calibrated for the
perceniage moisture content in wood—
usually 0% to 25%. Although the prin
ciple is simple, it takes some training
o learn 1o operate it properly.

The signal can vary depending on
whether or not it passes through the
growth rings. Therefore, the readings
should always be taken with the pins
lined up along the grain of the sam-
ple, not across the grain or into end-
arain,

Similarly, the readings tend to fluc-
twate based on the density, or specific
gravity, of the wood sample. The meter
is calibrated at the Factory for only one
species of wood, and should come with
atable of compensating factors 1o allow
accurate readings for other species of
Wik,

The key with resistance meters is
that the pins must be buried in the
object tested. Consequently, the pins
don't give accurate readings for rela-
tively hard surfaces such as gelcoat
and catalyzed resin. Measuring the
moisture in brightwork, trim, or bulk-
heads is inefficient at best, and may
even be destructive. For these reasons,
resistance-type meters have little prac-
lical application in assessing marine
laminates.

Capacitance meters operate by
sending a high-frequency alternating
cumrent (AC) berween two transmitter
plates on the unit. The frequency of
this signal is either retarded or awen-
uited depending upon the dielectric
constant, or permittivity, of the object
being measured. The frequency of this

hese test results are offered in good faith, but they were not per-
formed o ASTM or any other “standard.” No warranty, either express
or implied, is offered regarding the accuracy or repeatability of readings.
In reaching conclusions from the test results, the author assumes no
responsibility for the fitness for use, nor the reliability of the meters
tested. The tests are based on new sample units randomly selected by
manufacturers’ representatives. No attempt was made 1o average read-
ings among numerous units, The conclusions are not based on any con-
sideration from the manufacturers or manufacturers’ representatives. The
author will not accept liability for the poor interpretation of meter read-
ings or negligence of any individual who cites the details or conclusions
of this work as a reference or defense.
Jonatban Klopman, Marine Surveyor

alternating current is monitored and
adjusted by a direct current (DC) con-
troller. If the meter is operated on 2
surface with a very low permittivity (as
when the meter is held in the air), the
DC circuit will have to expend aci-
ticnal power in order to maintain the
same frequency. For this reason, these
units are also referred to as “radio fre-
quency power loss” meters. The meter
must expend more power in order o
display a low reading on the scale.

When the meter is placed in contact
with a highly conductive material (such
as a metal or carbon Aber), the alter-
nating current passes between the plates
with little or no resistance. While fresh
water has a high permittivity, it is not
a conductor, per se. Water molecules
are polar. When charged with the AC
radio frequency of the meter, the polar
water molecules align themselves o
pass the charge.

The capacitors in these meters me:-
sure farads—either millifarads (mF),
microfarads (WF), nanofarads (nF), or
picofarads (pFl—depending upon the
meter's internal components. There's
no need o get into the specifics of this

circuitry; the size or number of the
capacitors doesn’t seem to affect
performance.

The value of capacitance—meter
reading—depends on three factors:
= the area of the plates;
s the distance between the plates;
+ the dielectric constant of the mate

rial between the plates.

Comparative Testing

We set up a series of tests 1o high-
light the strengths and limitations of
five moisture meters marketed o the
marine industry. Although we took care
to set up a level playing field, the tests
do not follow any ASTM standard. We
tested new units, randomly selected
by manufacturers’ representatives, and
made no attempt o average the read-
iNgs among meters.

Our intent was to see how the dif-
ferent meters performed in real-world
sitnations. Under what conditions will
a meter fail to pick up moisture trapped
beneath the surface of a laminate? Just

as importantly, when will a meter

“ery woll" and return a false positive
reading?
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TRAMEX

skipper

CAISSON NOVANEX

Strengths

= Light. handy.

« Backlit LCD display easy to read.

« Small footprint: easy to orient head

» Hard plastic head appears durable.

« Adjustable zero, alarm threshold, upper end
of range (0-15)

+ Low-battery indicator

Weaknesses

+ Case appears fragle

« Mo audio alarm

- Mo automatic “off” feature
» Poor switch

PROTIMETER AQUANT

Strengths

« Light. handy.

» Small footprint.

» Easy to see readings. except in direct
sunfight

= Will not turn on at low voltage (BV).

« Space to carry spare battery

« Automatic "off” (but time interval too short).

« Adjustable alarm threshold.

Weaknesses

» Switch not sealed

= Short, coarse scale (3 flickering lights =
+/- 15%)

+ Mo battery-check feature

« Case appears fragile

» Head subject to abrasion

« Must be held 90 degrees to surface, which
is sometimes difficult.

TRAMEX SKIPPER

Strengths

= Light. handy!

+ Battery “on” light (but no check function)

« Scale evenly gradusted and easy to
interprel.

« Relative scale included (0-1009)

Weaknesses

= Scale switch inexpensive

« Three scales not sequential from sensitive
to less-sensitive (e, #2 scale is most
sensitive, #3 least sensitive)

= Alarm nonadjustable.

» Large footprint

+ Case appears fragile

« No autormatic “off” feature

= Small display can be difficult to read,

Proressional BoaTtBUILDER

Scales and Methods of
Measurement

Muoisture Content of Wood. Most
of the “marine” moisture meters we
tested were originally designed and
built for the building trades. The two
most popular models—the Sovereign
MKIL and the Tramex Skipper—have
analog scales araduated for the per-
centage of moisture in wood, with
roughly 2006 to 25% 4s 4 maximum on
the scale,

Al 200 moisture content, most wood
species have reached their “fiber sat
uration point”™—that is, the cell walls
of the “green” wood can h ld no more
water. The key point here is that,
although the meter may be maxed out,
the wood may not even feel wet to the
touch, since the fibers still retain the
moisire.

The meters are calibrated o indicate
when the woaod is fully cured, not if i
is deteriorated. In general, wood needs
to have a minimum of 20% moisture
content in order to support fungal
growth (along with some oxygen and
4 minimum temperature of 507 to 60°F
[10° ta 15°C)). So, at most, 2 meter will
indicate that the conditions necessary
for rot exist in the piece, Confirmation
of fungal growth requires destructive
testing.

Moisture Content of Fiberglass.
vs noted above, the meters are cali
hrated for wood. Conventing these reac
ings to apply to fiberglass is tedious al
best (the Tramex meter is supplied with
a table), The range for moisture in Aber-
glass is only 0% to 3%—not much room
for error

More importantly, what does the per
centage of moisture in the laminate
mean? If there is 3% moisture trapped
under the gelcoat, does this mean that
a degenerative condition exists? While
the meters can detect moisture, they
cannat discriminate between water and
the byproducts of ester hydrolysis in
osmotic blistering,

Finding “Common Ground.” The
Southampton Institute of Higher
Education (SHIHE) published a table
of the results of a test in which the
moisture content of several fiberglass
samples was measured by a variety of
meters, and then verified by weighing
the samples. [For more on this stud)y,
see PBE No. 23, page 42— Eel [ Though
this mayv seem the best way (o com-
pare “apples to apples,” | thought it
waould be impractical and cumbersome
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Strengths to try to establish a sixth scale to com-
pare the five meters we tested. Realistically,
how many surveyors and boatvards
would actually use another scale in

» Heawy-duty metal case and dials.

= |nstructions for calibration and use

« Battery check (but no warning) and
calibration

» Eemote head s compact (but must be
unplugged to fit in case).

- Relative scale included (0-100%6) "r"f".h p e e simple 0-100 gradu-

« Adjustable alarm and zero control ation (the Tramex and St VEreIgn unils

» Plastic protective cover for head. pravide 19 aekive sadles). Icthien

+ Easy battery access '!m.-u,ln‘u' 'i:n'r.l'_.' easy 1o compare the rel-

- Pins for probe. ative deflection of one meter (o anol her.

Most surveyors—myself included-

order to confirm readings?
We determined that the most direct
:l|‘rp!'n:lr.']1 was o convert the scale on

Weaknesses intuitively tend to look at how far the
» No power “on’ ight: easy to drain batteres. needle moves on the scale,
= Two-handed use is awkward How informative are the “green
» Meither of its two scales are calibrated for vellow/red” graduations on the units?
fiberglass. Most of us stop and go “Hmm" when
» Scales not evenly gradated. we hear the meter “beep” and see the
* Pressure on head affects readings. needle peg the scale into the red. When
» Doesn't compensate for low batteries the needle stays in the green, howey-

er, don’'t we tend to relax and think
that green means “good™
We arranged the tests to see how
PROTIMETER the meters reacted to a series of known
SURVEYMASTER anomalies. This is merely a :ltuxl_]ihl[i\'t'
Strengths ~|I]1.|1|c.ux h. with no |.|1.1L'|'|:1||:'” ol l.||....|l.l'
: titatively determining actual moisiure
= Light, hancy. ; ;
» Durable rubber case gasket
» Remote head and probes
» Easy battery access; good battery contacts
« Automatic "off” (but time interval too short)
+ Battery indicator  Out in the field, it's common enc wigh
« Adjustable audio alarm;

percentages in or beneath the surface
of a laminate,

The Tests

tr run down the batteries in a meter.

Weaknesses I have personally killed enough bat-
» Head difficult to keep at 90 degrees to teries that 1 regret not having bought
surface stock in Duracell. The point of this test
» Because of head location on back. holding was [0 see how the meters performed
hand tends to obscure the LCD lights with a battery that was partially drawn
« Mo numbers on scale down.

We laminated a series of six Aber
glass test panels of varied thickness

Moisture Meter Feature Summary out of alternating layers of 24-0z woven
Make/Model: Soversign i Caisson Protimeter  Protimeter roving and chopped-strand mat, using
Novanex Aguant Surveymaster _‘..Et'r‘lt'!'ilé-|‘ll!t'["t e ;‘-il|1_>'-'.'-1-:.'r' resin, We
Type | capacitance | Capacitance Capatitance Frc;'i-.:ield Capacitance placed the panels on an 8" x 20" sec-
effect o - ;
] e T e e 1 o ton of wet carpel set in a |‘|nn| of fresh
Battery o 9y | v | g ZAA e T
e e — - - water, and laid a pad of wet paper
Cagis Leatherfmaetal Black plastic | Black plastic | Yellow plastic Yellow plastic -1
e towel on top of the carpet and under
Scales 0-25, 0-B analog)  10-20 analog 0-13 LCD 101115 LEDs 20 LEDs f h :
(0 numibers), each panet (o act 4s a wick for an even
f . . - &
S I b P | [ LeDforrmmote)  distribution of moisture.
Battery Check? Y “on" | ‘ h M |
Rty -Cives on°lightnochedy. Lobat . | . Mo o). o Mer. . With each meter, we recorded read-
Transd Re i . | | : i 1
wnaducer frotecncond | - Backslde Forwardend | Forwardend. | Backside ings on the successively thicker pan
Convenience Iumsy, Fai cod | Fai s nLiel 3 =
Rt o 5 , i i els. We took the first series of readings
R e S e VG RO b A PR e R o | | | with a fresh 9V battery (except for the
bl Uy AT S __!____ BooHp. Good Good FaN Doy s Protimeter Surveymaster, which runs
Switches | Sced i S i Falr | Good 1 on two 1.5V AA cells), We made the
Other | Scales not Large foatprint; |Small footprint; | Aute-off too | Auto-off too 1e e reacinge 1 a4 battery
| calibrated for | illogical switeh | large digital fast; clipian | fast; small Next series ol If adings with a batte
| FRP: includes scale settings | LCD display “near-figkd” |  footprint that had been drawn down o 8V, We
S RrCTIOnNS; | attachment | remote hoad e s i :
remote head & | | and probes then compared the readings to see il
KEAB | the sensitivity of the meters dropped
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Battery Test

Sovereign Tramex Tramex Tramex Caisson Protimeter*
Scale A Scale 2 Scale 1 Scale 3 v-03 Surveymaster
panel lo bat  full charge| lo bat éfull charge| lo bat |full charge| lo bat | full charge | lo bat !full charge| lo bat | full charge
a 135" [12.57.0| 12.57.0 | 100/20 100/20 | 100420 | 10020 | 201125 20125 4.9 4.58 45/9 A48
A 150° | 12/05 12.57.5 | 100/20 | 100720 |95M19.5 98M19.8 |20M12.5 1512 4.5 4.58 40/8 45/9
B 313" | 08/2.5 09/2.8 100720 100420 | 55/15.5 | 53M15.25 | 0810.5| 051105 3.16 3.26 30/6 30/
C 360" | 08/2.5 8.5/2.7 100720 100720 | 50M5.5 I 5015 05/10.5 05105 313 29 30/6 E
D.410" | 7.52.0 | 8.0/2.25 |95M19.5 a0/19  |35M14.25  30/14 03103 03M10.2 2.75 2,66 2575 30/6
E .510° | 7.5/2.0 7.52.0 |85/18.5| B%M185 3014 25/13.5 | 03103 | 2.5M10.2 2.75 2,53 25/5 255

down to 8V,

Readings are in relative scale { 0-100) /indicated scale.

The meters probed six FRP panels (labeled a-E for their varying thickness) with a fully charged battery (3V), then with a battery drawn

Using a discharged power source, the units are able to compensate and return readings similar to full power. The one notable
exception is the Sovereign, which must be centinually adjusted for "zero” to account for voltage change.

*Brotimeter Aguant would not turn on with only 8V

with the weak battery.

Surprisingly enough, the meter read-
ings were essentially identical across
the board. Either the meters were able
to compensate, or their scales were not
calibrated based on the DC voltage.

easy 10 do, but the operator must be
vigilant to see that the meter needle
returns (o zero. Combined with the
fact that it's easy to forget to turn off
the Sovereign unit, power loss and
constant adjustment could become
annoying problems.

The Protimeter Aquant has an inter-
nal circuir that senses baltery power
and shuts the unit down when the DC
power drops to 8V, Despite the reas-
suring correlation we discovered between
full-power and low-power readings,
this fail-safe mode is a very good design
feature. Another good feature—although
not as foolproof—is a low-power indi-
cator on the LCI displays of the Caisson
and Protimeter Surveymaster.
TmicEness TEST

The Setup. One of the most impor-
tant tasks of a moisture meter is to
measure water intrusion into a cored
laminate. We designed the following
test to determine the ability of each
meter to punch a signal through an
outer skin of fiberglass and assess an
underlyving wet area.

For this test, we used the same wet-
carpet pool and laminate samples from

The results reinforce the capacitance
theory of aperation; the DC power only
monitors and mainins the AC signal
that is being transmitted through the
part. Which makes sense, because in
the operation of capacitors, it only takes

the battery test. The large piece of car-
pet in a pool of water provided an ade-
quate mass of moisture. Water in the
laminate acts as an antenna for the
Protimeter Aquant; if there were just a
damp pad under the samples, then the
return signal would be weak.

The pool of water simulates extreme
walter intrusion, This was the only way
1o assure 1 consistent baseline. Obviously,
a moist pad would have yielded dif-
ferent results. At the other extreme,
salt water would have intensified the
readings. Due 1o vagaries of salinity
and the relative “moistness” of a par-
tially wet pad, the latter two tests would
have been hard 1o contral.

The laminate samples ranged in thick-
ness from 135" 1o 672" As noted
above, we laminated with the same
resin, post-cured them all in an oven,
and allowed a minimum of one week
before testing. We checked the panels
with a Barcol durometer to assure that
they had reached an adequate level of
CUre.

When Dy Laminate Doesn't Read
“Drey.” We tested all of the panels dry
before placing them on the wet pad,

1V to push a bazillion electrons from
plate to plate,

It should be noted, however, that
the analog display on the Sovereign
must be “zeroed in” to adjust for bat-
tery strength. This is fairly quick and

assuming that the meters would return
baseline readings of “07. Boy, were we
wrong. As it turns out, most of the
meters redcied to the dry lamingale sam-
Ples, giving higher readings as the lam-
inate thickness increased,

The meter operator, then, must keep
in mind that the thicker the laminate, the
higher the baseline, but the lower the
signal from the moisture trapped on
the far side of the laminate, So, an accu-
rate reading would require subtracting
the false positive for the base thick-
ness of the laminate, and then adding
tor the loss in sensitivity due to the
barrier of the laminate. Obviously, since
surveyars in the field will not know
the precise laminate thickness of the
boar hull, and certainly can’t perform
accurate compensating calculations,
the readings from thick laminate will
be skewed,

Omnly the Tramex Skipper remained
totally unaffected by the dry samples.
The Protimeter Aquant (without the
clip-on near-field atachment) did not
begin to give false-positive readings
until the laminate samples reached 4"
in thickness.
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Adding the clip-on near-field attach-
ment to the Protimeter Aquant resulied
in extremely high readings on dry lam-
inates more than .15 thick. This attach-
ment will give wildly inaccurate readings
in any thicker laminates. Though not
as dramatic, both the Caisson and the
Sovereign readings were skewed by
false-positive readings as the laminate
thickness increased.

The Performance Curves. Alter
taking baseline readings for the dry

samples, we placed the panels on the
wel L';lri'}{f'l. :Ii'tl'.l ll..‘.‘i'[t.’d. II'I.!.‘.'J.'I.'I. SUCCeSs-
sively with the five meters. We recorded
the results and plotted them on
graphs with the horizontal axis as
thickness of laminate in inches, and
the vertical axis as relative meter read-
ing (0-100). The resulting curve shows
how each meter fared in detecting
the wet carpet, while still returning a
high reading as laminate thickness
increased,

the actual numbers on the meter. (See the Fealure Summary
chart on page 32 for meter scales.) The red/vellowygreen
pradeations along the boltoms of the graphs indicate where
those colors correlate to the laminate thickness. (Protimeter
Agquant does not wse color coding to indicate moisiure. ) The
top plotted line is the actual reading while the lower plotted
line compensates for the false positive readings taken from
dry laminate, making it a more accurate curve. The Tramex
Skipper was lested once for each of its three scales; it does noi
need to be adiusted for false readings since it isn't affected by

After subtracting the previously
recorded false-positive readings for dry
laminate, we plotted “compensated”
curves for each meter, The greater the
rariation between the original curve and
the “true,” or compensated curve, the
more difficult it is to trust that partic-
ular meter with thicker laminates.

Next, we added three panels of
Coremat and 1808 bi-ply to simulate
the skincoat of a topside laminate. We
ploted the test results for the Coremat-



covered panels against the corresponding
thicknesses of solid laminates to see
how the spongy material affected the
readings.

As it turns out, the Coremat gave
substantially lower readings. The air
trapped in the layer of foam core soaks
up some of the signal, which makes
the task of punching through the outer
laminate skin of a cored hull even more
difficult. Furthermore, metering the
topsides as a “baseline” for compari-
son 1o the underbody laminate may be
misleading. While the topside laminate
may be thinner overall, the Coremat
will make it read as if it is thicker,

Results. We gauged the curves not
only by the 0-100 relative scale, but
also according to the arbitrary “green-

equals-good, red-equals-bad” cutoff

points on each meter's display. That
way, it's easy to see how thick a
laminate the meter can penetrate anc
still return a reading in the red zone.
It's equally important o see at what
thickness the meter will only have
enough power to meter in the green—
even if the underlying core is dripping
welr,

Interlux 202

Maphtha

Methyl lsobutyl Ketone
Cyclohexanone

The Tramex Skipper set to scale rwo
was able to punch through more than
A" of laminate and stll return a read-
ing of 100. In terms of color code, the
Tramex on scale two gave warning
signs in the red at up o 63" of lami-
nate thickness. These readings did not
have to be “compensated,” since this
meter is not affected by dry-laminate
thickness. Considering the operating
principle of the meters, it's interesting
1o note that the Tramex has the largest
pads of all the units, and that the pads
are spaced far apart. This seems to be
an integral reason for its excellent sen-
sitivity when penetrating laminate.

In contrast, the Sovereign perfor-
mance curve drops off very sharply.
The Sovereign will only give a red
“warning” reading if the thickness is
fess than 02", or roughly the thick-
ness of the gelcoat itself. At depths of
only 06" the Sovereign readings drop
off into the green/good range. At depths
of more than (1", the compensated
curve drops well away from the indi-
cated readings (making the readings
unreliable). Since the results show that
the signal probably won't be able 1o

Tramex

Protimeter Agquant

punch through the skincoat, this
means that the Sovereign is of limited
value in assessing virtually any core
damage.

The Protimeter Aquant readings
dropped off fairly steeply to the 30%
mark on its LED scale (this was the
only meter without a green/vellow,/red
scale). But, the performance was rel-
atively consistent. The unigue way in
which the Protimeter Aquant reads,
based on the mass of moisture, has a
marked effect on the meter reading.
While the Aquant may be well suited
to detecting significant water intrusion
into a core, or a blanket of osmotic
damage, it is not effective in tracking
a small leak.

The Protimeter Surveymaster gave
mixed results. Although an inspection
of the unit’s innards reveals what appears
1o be exactly the same transmitter and
receiver as the Aquant, the response
curve is well below that of the older
Protimeter model. At the same time,
the Surveymaster was sensitive o lam-
inates thicker than .15% so its com-
pensated curve suggests that i's somewhat
unreliable in reading thick laminates.

stimeter

Near-Field 5M

interlux 333
Kerodens

base 35
up to .39

20103

Interlux 355 VinyLux Salv
Eylene, MIK,
Diacetone Alcohol

Lacguer Thinner

Toluene

Methanol
Butoxyethanal

base 3.5
up o 6.1

base 65
up to .70

| 105-106

Stove Alcohol
(Methanall

Iuptos [rmm:-T:- .

base 34
up to 56

Acetone

1510

base 36
up to .39

A4S scale 2
210.3 scale 1

| Diesel

West 206 Hardener
Mod. Aliphatic
Polyamine

MEEPF

Qe Iight

two lights
{min} ~

{rmin.)

103-104 L

Phanaol
Hantoxic Antifreeze
Propylene Glycol

2013

100420 scalo 2
25173 scale 1

base 3
upto 1.5

Engine Antifreeze

1025

100720 scale 1 & 2 12.8

B2ME scale 2

Vinegar
Acetic Acld

90245

100720 scale 1 & 2 10005

50115 scale 3

Water

721,25

10020 scake 2
B8 scale 1
1011 scale 3

base 49
up te 3.39

57

T

1 TMa-107 1513

Readings are in a relathve scale (D=100) / indicated icale.

Figures for dielectric constant:

Water, 7R.5; Acetone, 20.7, Methanal, 32.6; Ethylene glycol, 37.7 (Note that these numbers do NOT correspond to actual meter readings).

All samples dropped on a 130° FRP panel under a cover shim of 010 poly. The major components are listed below the brand names of the tested fluids,
(For example, Interlux 333 & kerosens.) Some salvents did not register on the units, and although they were tested, the readings are too low to be listed.

Due to the small mass of the samples, the readings for the Protimeter Aquant and Surveymaster may be inaccurate,




SENSITIVITY T UNREACTED

Myriad compounds trapped beneath
the surface of a laminate actually may
throw off moisture meter readings.
Whether the compounds are added
intentionally, or are defects in material
or workmanship, the mystery of “the
goop that lies under the gelcoat” has
always been a wild card in moisture
meter readings.

As | mentioned early on, one of the
key operating principles to capacitance
meters is the permittivity, or dielectric
constant, of the surface between the
plates. The following figures are the
dielectric constants of some represen-
tative liquids:

water 78.5
cthylene glycol

(antifreeze) 37.7
methanol 32.0
acetone 20.7

To set up the test, we smeared a
series of compounds on a sheet of
fiberglass, and then covered it with a
sheet of .01 "acetate. Our intent was 1o
test the meter's reaction to just the coms-
pouns, with as linle influence as pos-

sible from the film or backing. Since
we used only a small volume of fluid
in this test, the readings for the Protimeter
may be unnaturally low. This is why
the readings for the Protimeter Aguant
were with the near-field attachment
clipped in place. The able on page 59
is condensed from the original data,

Note that most of the volatile sol-
vents and petroleum distillates, includ-
ing MEKP, do not appreciably affect
the meters. Apparently, just because the
stuff is wet doesn't mean it'll make your
meter go “heep.” Acetone was the only
solvent that caused a jump in the meter
readings. Practically speaking, how-
ever, acetone flashes off so quickly tha
it would be unusual o see it trapped
in the liquid state.

I's also interesting 1o see that methanol
has virtually no effect on the meters
either, despite its relatively high rating
for dielectric constant. Here's another
thing: the results for acetone and
methanol contradict the permittivity
principle.

Both of the glveols gave high read-
ings. In fact, antifreeze routinely reg-
istered higher meter readings than

Effect of Freezing Temperatures on Meter Performance

White

Cored Panel
Saturated

Cored Panel
Maoist

Brown Rot
Advanced

Pocket Rot
Incipient

Sovereign

Roam temperature 2013 12.5/6 10025 100425
Frozen (26°F) 22/15 12/6 90/24.5 so24 |
Tramex 100/20 scale 2 10020 scale 2 10020 scale 2 10020 scale 2
Room temperature 95/19.5 scale 1 70M16.5 scale 1 100:20 scale 1 100/20 scale 1
s e el _1511 I_RiIE_.'i e _9."1_1 sEaIE 3_ ] __sgna scale 3 B82/18 scale 3
Frozen (26°F) 10020 scale 2 100020 scale 2 100420 scale 2 10020 scale 2

BA1E scale 1 42/14.5 scale 1 100720 scale 1 100v20 scale 1
1411 scale 3 3103 scale 3 100520 scale 3 50415 scale 3

Caisson 4,06 27 10.5 1.4

Room temperature

Frozen (26°F) 4.3 1.9 9 9.6
Protimeter Aquant 25104 20102 85113 B85/110
fioom temperature

Frazen (26°F) 101103 5101 65110 | 4sn07 |
Aquant (near-field) 65/110 40106 1000115 1007115
Room temperature

Frozen (26°F) 600109 35/105 95/114 | 100115 |
Protimeter SM 30/6 1573 6513 602

Room temperature

Frozen (26°F) £l 204 5511 55/11

Readings are in a relative scale (0=100) / indicated scale.
The results show that the permittivity of frozen water is not lower than room-temperature water,

wetfer: Another surprise was the meters'
strong reaction o vinegar, The rele-
vance of both these readings is that
maleic acid and glycols are essential
components of polyester resin. Both
compounds will be released into
solution if the laminate suffers ester
hydrolysis,

In other words, in a hull with a severe
blistering problem, the meter is reacting
not just o water, but o the broken-
down polyester resin. This also explains
why hulls don't “dry ou”™ efficiently on
their own. While water may evaporate, the
greasy glveols won't. Understanding
this fact should help repair-yard crews
who are scouring the surface of a
laminate in preparation for barrier-
coating.

EFFECTIVENESS OF METERS IN
FreEezinG TEMPERATURES

There has been speculation of late
that moisture meters become inef-
fective in cold weather. The manu-
facturer’s literature from Tramex even
warns of this problem. The reasoning
behind it is unclear, but it must have
something o do with the moisture in
the laminate going into a solid stae.

We set up three test panels. One was
a section of balsa-cored panel that had
been partially soaked in water. One
half of the panel was saturated with
water, while the other was moist
from water that had wicked up. The
next test panel was a piece of oak with
advanced brown-rot decay, We cov-
ered the pieces of wood with a layer
of plastic o isolate them from the meter
head.

We froze the test pieces in several
different controls: a houschold freezer,
a commercial freerer, outdoors on a
dry cold day, and outdoors in snow
(hut covered). The panels were frozen
for a minimum of three hours to
overnight. At the time of testing, we
confirmed the temperature of the
panels with an infrared pyrometer. The
lowest extreme was the commercial
freezer, which brought the panels down
to 9°F.

In short, the readings did not change
appreciably. In all, we performed over
five tests; the meter readings were con-
sistent through all the panels and all
the tests. We even tested the meters
on frozen, soaked sponges, as well as



Miscellaneous Tests

Sovereign Tramex Caisson Protimeter Aquant Protimeter
Scale 2 wio Mear-Field w/ Near-Field Surveymaster
Black 100725+ 100720+ 14 101 - 108 * S0M107-8 (35105) | 15-20¢/4 lights*
Bottom Paint* I
BE VAL T e I E
High-copper (75%) 13/08 30014 scale 2 Megligible Megligible Negligible | MNegligible
Bottom Paint !
1111 scale 1 I
Baltoplate 01/03=* 15/12 scale 2 1.3 (.89 base) ] ! 106 1543 lights
(Teflon Based) 10711 scale 1
Fire-Retardant Resin 22.5M16 100/20+ scale 2 8.1 55/108 ' 85113 4v8
(Valiant/Uniflite) 100720+ scale 1 |
40/14.5 scale 3 1 |
Interlux AL-200 Elevated Elevated Elevated Megligible | MNegligible Megligible
| |
1 S

Readings are in a relative scale (0-100)/ indicated scale on meter. Base readings are in parentheses.

* Mot all black paint gave high readings. It depends solely on whether the manufacturer uses graphite as pigment. The Protimeter without
the near-field attachment at times will register relatively high readings; presumably, because the entire paint film acts as an antenna.
When a very small area is scraped away (half the size of the transmitter head, or 75" x 1.25%), the signal is broken and the

readings drop dramatically.

== Another boat sample read "10" on a Sovereign and 18" on a Tramex (scale 2). The Tramex readings dropped dramatically (*11*)

when kicked down to scale 1.

Field samples can vary significantly in sudden changes of weather. Whenever a cool hull is subject to heat differential, sweating

can aCcur.

on blocks of ice. There was no signif-
icant evidence that the readings were
affected by the cold.

Surface Coatings and Resin
Additives

The high metal content of many coat-
ings and additives may cause a meter
to deliver a false positive. Do you know

Epoxy Panels & Additives

when your meter’s lying to you? Knowing
when o disregard the meter reading
is an important part of learning its lim-
itations.

Black Bottom Paint. Most (but not
all) black bottom paints contain graphite
as a pigment. All of the meters gave
extremely high readings when used
on graphite-filled paints. The Protimeter
Aquant without the near-field attach-

ment will register, at times, relatively
high readings. This may be because
the entire paint Ailm acts as an antenna.
When, however, a very small area was
scraped away (half the size of the trans-
mitter head, or .75"x 1.25") the signal
was broken and the readings dropped
dramatically.

High-Copprer Bottom Paint. Both
the Sovereign and the Tramex (scale

Sovereign

Tramex
Scale 2

Caisson

Protimeter Aquant
wi/o Near-Field

MNear-Field

Protimeter
Surveymaster

Graphite 20M115+ (1/6) 55/15.5 (5/10.5) 219 (93) 10273 lights  50M107-8 (35105)] 15-20/4 lights
Powder (1012 lights) {2-3 lights)
Aluminum 116 15M11.75 1.83 10273 lights 45/106-7 1573 lights
Powder

Copper 7514 11.5/10.5 1.52 10213 lights 45/106-7 15/3 lights
Powder

422 Barrier Coat 7514 810,75 1.45 10172 lights 40/105 15/3 lights
Additive

Carbon Fiber 100/25 100+ 16.75 65110 100115 7515 lights
Tow

Readings are in a relative scale (0-100) / indicated scale. Base readings of the bare Masonite backing panel are in parentheses.

The surface of the panels was abraded to expose the additives. The meters in general did respond to the additive in the epoxy. With

the powders mixed in solution, however, the resin appears to have inhibited the signal significantly. The raw carbon tow is used as a
reference. Even if the carbon fibers are impregnated in an epoxy laminate, the signal is typically “off the scale.” Note that the Protimeter
Aquant did not react significantly to the additives, as its signal begins to read just beneath the surface film. With those meters that can
read reliably at deeper than 040", the use of additives in a surface layer may be factored into resultant readings. Therefore, if the meter
“pegs,” then a portion of the high reading is due to the barrier coat, but the remainder is reading subcutanecus moisture. On the other
hand, if the hull has been coated with a very thick layer of barrier coat/repair laminate, other meters may have a difficult time punching
through this layer to give an accurate read of the underlying laminate (especially the Sovereign).
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twa) gave slightly elevated readings,
though nothing alarming. The Tramex
ading dropped when it was switched
down to scale one. The Sovereign
seemed to be more sensitive to hydro-
philic paints, especially on a boat
just hauled out of the water. The other
meters gave fairly stable bottom
readings when the surface of the
bottom was washed and dried.

Teflon Racing Paint (VC Baltoplate).

There were some cases where the
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Tramex on scale rwo and the Aquamt
with the near-field attachment gave
high readings. The Tramex readings
dropped dramatically when switched
down 1o scale one.

Alunviveem-based Primers (Interiux
AL-2001). The Sovereign, Tramex, anc
Caisson tended to give elevared read-
ings. The Protimeter Aquant was
unaffected.

Fire-Retarvdant Resins. Old Valiants
and Uniflites were notorious for the

fire-retardant resins in their laminates
that led 1o severe blistering. All of the
meters showed elevated readings when
placed on an old Valiant hull that had
been peeled and kept out of the water
for several vears. Both of the Protimeters
gave elevated (40-55) readings, though
neither “pegged.” Since the resin itself
gives high readings, it's difficult to
monitor a blister-repair job on one of
these boats. How will you know when
the boat is “dry™?

Epoxy Additives. Some barrier-coal
systems employ powdered fillers such
as aluminum, copper, or graphite. The
graphite filler definitely caused higher
readings. The Protimeter Aquant did
not give a significant reading (though
the area of the sample panel may have
been too small to return an accurate
signal). As with the black bottom paint,
the best way to “rule out” the barrier
cot as a factor in a high reading may
be to grind off a very small area and
retest with the Aquant,

Condensation. Given the right con-
ditions ane a temperature gradient, a
boat hull will sweart a significant amount

of moisture. Meters that are particu- |

larly sensitive, such as the Tramex set
to scale two, will give extremely high
readings. The Protimeter Aquant with-
out the near-field auachment, though,
should not be affected as significantly
by a nominal condition on the surface
of the hull.

Conclusions

Bruce Plund's original work on mois-
ture meters pointed out the short-
comings of these tools in trying to
divine the onset of osmotic blistering,
The units are not calibrated specifically
for use with FRP. At the same time, it
would be misleading to think that they
can provide an accurate “percentage”
reading of moisture.

On the other hand, moisture meters
can be crucial nondestructive aids in
detecting water migration into core
material. The keys to performance in
this respect seem to be sheer sensitiv-
ity ancl the meter's ability o read through
the fiberglass outer skin. The Tramex
skipper, set to scale two, was the clear
favorite in the thickness test. In con-
trast, the Sovereign's failure o pene-
trate all but the thinnest laminates is a
severe shortcoming.

False positive readings can be a sig-
nificant hindrance in the field. In this
regard, the sensitivity of the Tramex is



also its greatest liability. The tests seemed
to prove that the unique operating prin-
ciple of the Protimeter Aquant allows
it to discriminate between a significant
Miss (}f I'I'H‘.Ii.‘:il'l.l]'t,' EIH{.! d .‘\"l.lff:/lt'{_’ AnnCm-=
aly. Sometimes it's just as important o
pay attention to what a meter doesn't
tell you.

No single meter performed flawlessly
in all the tests. With some input to the
manufacturers and a willingness on the
part of surveyors to invest more money
for a quality instrument, I think we
might eventually see the introduction
of a multifunction “uber-meter.”

Until that time, the best approach is
1o use two meters with different oper-

Some Moisture Meter
Sources

Sovereign Chemical Industries Ltd.
Barrow-in-Furness

Cumbria LA14 4QU England

tel. +44-0229-870800

fax +44-0229-870850

Product: Sovereign “Dual Facility”
Moisture Meter

Tramex Ltd.

Shankill Business Center

Co. Dublin, Ireland

tel. 353-1-282-3688

fax 353-1-282-7880

Product: Skipper Moisture Meter

Caisson Audio Produas B.V.
Toernooiveld 116

6525 EC Nijmegen, Holland

tel. 31-2435-28816

fax 31-2435-40090

Product: Movanex V1/D3 Moisture
Indicator

Protimeter North America

20 Commerce Way

Woburn, MA 018201

tel. 800-321-4878

fax ¥81-938-5029

Product: Protimeter Aquant and
Protimeter Surveymaster

L.R. Overseas Company (distributor)
P.O. Box 370

Kent, CT 06757

tel, 860-927-3808

fax 860-927-3719

Product: Sovereign, Skipper, and
Novanex

ating principles. This isn't unreason-
able, especially considering that meters
haven't increased in cost for the past
100 years. I've been trying this “two-
gun” approach in the field and find
that it's a handy way to either confirm
or rule out abnormal readings.
Above all, setting up and running
this series of tests has taught me to be
more objective in interpreting readings
and not to place blind faith in the litle
black box. We cannot expect to be

considered expens in our field merely
by buying the toys. Don't just trust
these results; go out and perform your
own tests with several different units.
Invest some time and “become one
with your meter.” (PRE]

About the Author: fonathan Klopan
is a NAMS-Certifted Marine Surveyor
based in Marblebead, Massachusells,
areed et contribrting editor of Professional
BoatBuilder.
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