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THE 'CALIBRATION; OF "TWO TYPES OF -liOiSTORE METERS. FOR. 

SEVERAL TROPICAL WOODs4 

Technical Report No. 2 

Wiilianv W. Rice and- Fred. E,. .Dickinson 

This -study ±s one .of a series undertaken as part, of 4 

--continuing investigation of the properties of tropical woods.    The 

investigation is being conducted at the "Sale School of Forestry and 

is sponsored by the Office of Naval Research, Department of the Havy-? 

under Contract M ©rir-44, Tfsk Order XV {Project B^signatioh KRr-033-^02Ö):i 

The scope of. the complete research program is indicated in Properties 

and Uses, of tropical Uopds,,. I published in TROPICAL IfDOIJS' 9l  (June. 1>, 

Electric moisture rasters! -have, been used in making moisture- 

«content determinations öf native wpeds for a number of years,    -their 

ividfispread use results from the easfe and rapidity with-which the 

determinations can.be accomplished,    tJhile these instraments' can bg 

employed to determine the moisture content of tropicalJwöods, their use- 

in this field has been limited because of the lack of the necessary 

~s-„ librati-on-datä-i—.iIn-ch-data-aaie^esse.ntiäl..inas.muc,hLas species -have;   

inherent differences vfhich -result in different moisture meter readings 

for the same moisture- epntent... 

|ki this, study two resistant, type moisture meterä were used ~ 

the. Mart ilolsture Gauge ahd the Delmhörät' Moisture Detector^,, and a nigh; 

'A - - . "    This r-epsrt summarizes- a special study .made =b;y William FI«, Rice as 
partial fÄfiltaent of the~ Requirement for the >M* -F'.  degree at the 
School pf p--arestry--,. Xale University». i 



frequency power absorption type instrument ~ the Moisture Registere^~ 

The resistant, meters operate on the principle that, below the fiber 

saturation, point the electrical, resistance of wood varies widely with 

chahges in moisture content with, the resistance increasing a-s. the 

moisture content decreases..    The jiieasurement oi moisture content, fey 

the high frequency power' absorption type is .based on. th© principle that 

the dielectric properties of wood v^ry in proportion to the quantity of 

water held by wood,    ÄVhen the condenser plates or electrodes; of this 

type -p-f instrument- are placed on the surface, of wood,  a change5 iri tho> 

.high frequency circuit results and the magnitude of this change is 

-reiäted_tö the .amount =of jnpisture "the material contains. 

Calibration data were collected for the folDlawing five 

tropical wööd species: 

Species Source Specific .."Gravity^ 

Balsa ^Ochroiiia, lägöpüs) Honduras, .0*11 

lieble^ Blanco '(.Tabebuia pentaphylla)        British Honduras -Q».57 

,__  D-cpt:e Pine (Pinus oocarpa) Honduras    ^ 0,59 

Qpurbarii (M%T,@haaa .courbaril-)        -        Surinam ~ 0,7:6 

Abiuraha -tEccllnusa sp..); Brazil   ~ 1.09' 

 *-t_.-Speci-i'i-C ,ß^a-vi-ty-_based.-on..:pven=d"ry_wej:ghi„_and ovsn-dryL volume.      ... 

Test Bro.cedure 

For each species three pieces. 1Ö- inches long by ,3 finches wf.ds- 

were .cut from, air-r-seasoned sto,ck and' surfaced to a -thickness, of 1 inch,. 

The two instruments^; the' Belrähörst Moisture .'Detector arid tire Moisture 
Registpr,, were .made .available -Sor this, study by their .respective^ 
-manufacturers,, the, Djelmhorst £?istrument Gömpäny, Bpönt6%, Now Jersey 
and the M'G%st^e Register'Gompany;S Älhambrä-, Galiförnia>. 



All specimens öf each sspeeies. wei?e taken from -tbe- same log, with the 

exception ef the -balsa for which information- -«as laeldbng a-s to- exact 

k source. 

The Specimens' wera then exposed--t-a ä l^pm equd^briümv^istüi'g' 

-content condition until constant weight, was reached after which, each 

piece- -was tested three times -with each- meters»    Equiiibri.um moisture 

content conditions, of 13'^ IS., 12, 10, and ?• percent were used in that 

| .  . orders    Following, the testing at the last condiö.ön>,-a moisture sample. 

? was« taken from each specimen and. the moisture content determined by the 
-? 

olren process.    The. overa-dry weight: of each specimen was then calculated 
-i 

I on the basis of these moisture content determinations using the following 
i        .        "-"--." 
I formulae: 

| Oven-dry weight of the 10 inch; by 3 4-hch by 1 inch- specimen equals 

weight,. of_.specimen _at.'7 percent..condition.. 
| l\plus the moisture'content 6f the öäfen sample expressed äs a decimal' 4 ... ... . ^ 

•}      • ' " •     • 
]       - Using these ovenr-dry' weights^ the. -moisture contents, of the 

specimens were then calculated for the remaining f-oirr equilibrium 

- moisture content conditions_.as-fp3il.ows: 

Moisture content in percent for the desired equilibritim moisture 

condition equals" 

^weight of specimen- at, desired -equilibrium- moisture ^content .c.pndition-lllQQ- 
(oven-dry weight' of specimen ' ' =--=----- -     ^ 

Tlie calculated' moisture contents at each condition iwere averaged 

by- species, .and the averages used as the correct, moisture eontents at. %he 

five conditions«.:. 



•Caää."byg&igjxJDäitä 

Tto't each species arid moisture jnetei?, the instrument readings' 

were jlcfcteä agaiiäst moist/ore content arid .ä smooth- .calibration -curve 

drawn..   Na tempera tore correction of the instrument readings ~was ;made .as j. 

by means of tbOTmpcöuples imbedded' in the "wood, the. .specimens were .fround 

o 
to Teach Room conditions. of 7-2   3?? fe a very- short period following 

removal from the 'humidify chamber' and testing -was, delayed .until the end 

-of' this -cooling period. 

Calibration, charts,  see tables i, .2,; .and 3* were prepared Jor 

each species and instrument iRom, the calibration- •curv.es,   Hhile ;an 

3!8 percent equilibrium anöistuRe content condition was Irhe. Mühest use., 

-all curves were extrapolated to approxi'raätely .21 'percent moisture content, 

Äs. seven is the lowest meter •reading found on.the two ResistanceJnet.erSj 

this is used as the starting point ifor both the Belrrihorst and Kaydel 

iiostruments«. 

Xfse.of. the Calibration Data 

'The data presented in tables, 1^ ;2;, and .3 represent average 

moisture contents as. determined from the specimens tested 'and are subject 

to certain limitations in .use.. 

1:,   Be35.stä:hce jneters .measure the resistance' between the- 

•electrodes at the point -wheye the wood is the wettest^, thüS;» the .calibration 

•data given in. tables 1 and. 2 are 'suit-able when, the iaaterialjhäs ä .unifpr.m . 

jnoistu^e content pi'where a^-prma?ii dryMgjriöisture :gm 

the moisture content o'f the wood hot exceeding the .fiber •.saturation point,. 



. ' -    7 '    •- & ~ 

YJheh. wood with- a- normal -.drying moisture gradient is being 'tested,, the 

•electrodes' .should penetrate. ones-fifth the thickness of the stocky as. 

studies-" of normal drying moisture gradients have shown that, the average 

moisture ophfeent is represented. by tn:s moisture; content at this, depth» 

2.    She readShss obtained by a high frequency .power absorption, 

peter are proportional to th.e .specif i-e gravity of the -wood as, 'well as 

to .its .moisture, coiitent..    .GoBScauehtiyj. the caMbratiön data shown in 

table S SOT the .Möistär^. .Register.,, is. .reliable- only when wood of these 

Jive .species -o£ 'like specific gravity is being tested»    'In addition,- the 

data are .for ;s.toek one- ±nch in, thickneiR-si    Ike jsänuf acturer recommends 

that when lumber stock .less than one lÄch in tl^ckness is being tested, 

the average of .several, readings^ taken on- one .side of the material, should 

be used asi the .moisture content.    For stock spy er .one Inch and up to two 

inches^ the average of aeveral readings taken from both sides should, be 

.us.ed*    No attempt was made in tMs- study- to determine how saitable -the 

•calibration figures were under these conditions« 

3«   Tfhile all •meters of a. .given type' operate on the same 

principle,,  the fact that, only one of the high frequency' power- absorption 

type was used and that the two resistant motors gave, .somewhat different 

results makes inadvisable,, without chacking their ^pjilicability., the u&e 

of the calibration data with other than the three makes of instruments 

•.used, in>vthe study« 

3n .all situations where -the moisture content of wood is 

detqrmiried by an electric moisture meter,, accurate results -will only be 

obtained %£. the; _man.uf acture?1 ?;s' instructions accompanying the instrument 

;-äre. carefully % ©Owed. 

- ••_'''.. References 

DunläP;,-3^? '"•?••* and; 3. It. 'Bell. 319,'$ .Electrical •Moisture lleters 
for- Weed-?, iü "S, fiept. Agr* .forest. Rrodv .Lab. mimep Äi|6©,. 
3;©-.pp.,. illus. 



'Caixb-pation. Chart 

" XÖP i; 

Belnüiors-fc Moisture ©etest-or 
f 
1'; 

5Iete&f  
.. Balsa" 

    .,"/..""."       S;Pß"2J._6S          _                           _ 

"~"Rbb:le~BIäncB:.',/ "'   "0,eötr<|rille"".'  """ Gou^Säräl   ",  7 

. 

Heading. " Ab"iu>ana.^ "•'"'- 
""   .     Ebisuu^e ocaatoht"    ~"    ~ ~:          "perceHä"   " 

? '6.-Q M                       . 4.9 •                      7..D =6*4 _- T 

8 .    6*4 ?-**                          8,7                        7*8 7.3' 
9 "foß ö.l                         -^                       .@.5 8.1 -'_ •-s 

IQ. '   '• 7-6 •&S                       I©., j                       9s3 9*0; 

13. -   8.3 9.:6                       11,3                      10,0 9,9 ' J 
-7.} 

12 94 1^.3                  .    12.3-     -        - - 10*8 1CU ?    • - 

13     . 5*9- H.4                       3:3.3-                     11*6. 3lv6 

14 IQ. 3, 11* 9;                      14.2                      12.3 12.7 -. 

15 .iliß 12.6                       15,0                     13.0 13*8 a 

34 12.8 13.4          .'          15,ß                    313*8- 15*0 -fi 

17' Z3.-8 14.S                      16;„4                    T4.-6 16.3 
1     -x" 

18 14.8 15*0                       17VQ                -   it5*3 17.8 
O 

19 ll-:S. 15v8                       17.6                 """TOT- 19.4 
•5 

20 l&f 16*6                       18.1                     16.. 8 21.5 
3 

21 is.o. 17-4                      18.7'                    17.5 t 

..._._— 
. ~19%3i 18*4                 .     19.3.            .    .   18..2. 

7' 

23 2ö.*3 19*5             "       .it«-""    -        1.9. Q •    ! - 

,24 21..5- 20,9    -              •   .20.4                     19..8 

25 21.0                     20.5 
'••' 

26 ""••'-.                                "        .       2i9l3; -"•  - 
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24 
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Table 2 

Galib/ra-t ion^Ghar4. 

for 

Kä-y&el iiois.tiire. Gauge 

„Species ., 
.Balsa",;.,"" Reble .Blanc©. "Qlcofce "Pine.. .eo.ur6.arai;  ",, Abiuräflfc 

. Moisture Content 

5,*- •6.-6 

6». 3 7.4 

6,9 0*2 

7.4 %G- 

s-,1. 9.8 

-Qf9. 10.6 

---?& """"""    -11.-4 ""' 

LL..0 12*1 

12.1 12i9 

13.4 - 13.3 . 

15.:© 14.5. 

16..;6> 15=. 3 

^18*4 16»! 

-20.1 16.9 

22.4- 17.8 

18-7 

19.8 

21.1 

7,8 

8.8 

'9-.B 

10.8 

11,7 

12.5 

13.4 

14*2 

14*9 

11.6 

16.2 

16,8 

17.3 

17*£ 

.18.3'- 

JL8,£L 

19-, 3 

19.7 

.20.1 

20,5- 

2Ö.9' 

percenb 

7.Q 

%B 

~M\ 
9.5 

10.3. 

11.1 

iäus • 

12.5 

13.1 

13.7 

14.4 

.15.2 

16.1 

16,9 

17 i 6 

^18i,3i_ 

19i.O 

'•19 JS 

20,1 

20.9- 

'6.6 

7.4 

8,2 

9*1©- 

9.8 

•10.6 

11,,5 

12.3 

13.2 

14.3 

15.4 

16.7 

18.3 

21.6- 



;  - table 3 

/"  ~                Calibratie>ri Chart 

for 
-- 

• 
Moistüre Register 

„  ...              .,.. .        .....       Species  . 

.    Balsa. Mayflower •. .      Gcöte Pine      ..  Courbaril ... . -Abitiräna 
Meter MöistüriT Köter Moisture Meter E'öäistüre Meter Moisture Meter Moisture 

! •             IteäcU Content. Read- Content   Read- Content   Read- Gpnte.nt Read- Content 

:              - ing pöreeöt ing     percent   ing     percent    ing percent ing percent 

6.0 12        *.5        14          6.5:     14 6,3 27 6.2 

3 8.0 &        &A        15          8.0=    i&. 7i-9 28 S..-3 
4 9*3 ^         9*3         16           ^.6.    ig 9.4 29 10..1 
5 IQ.. 5 13     11.2      n      &A    20 10.4 3Q 11.7 
D 11.7 20 ^   1^3 -_. JS   ..   i2i&     j$ -.. 11,4. 31 -   13-.1-- .—    „ 

!        ?' l?,-6 22       ^         19         13,4     24 12,3 32 14.3 
I"                 8 ia.4 • 24       14,:g        20    ^    14.3     26    - -33 15.2 - 

;            * 14*2 26       15.0        21        i5s2     2S 13.8 34 16.1 
i      - IQ 15.0 28       15-7         22     .   3^i     30: U.«4 35 -17.0 
i            ii 15..? 3Q      16.4        23        17.0 ..- 32 - 15*0 J6: 17*5 

K        12: 
16.4 32      ^-?        24        17,9    34 15.5 37 18.6 

it         "     ±3 17.1 34       17.7         25         18.7     y6 16.© 38 19.2 
.    14 17,8: 36       M,4         26         19,.4     ^ Ip^q. 39 19.9 

15 _ IS *5- . 3§         ^.P           :27. .    ..20.1      40 16 i 8 

17.6 

-40 . 20.6 
16 19.1 W       19.7         28         20,7     44 

i                1? 19:,7 
.^-,_.^..,.:. •-..-• ^. 18*3 

1         •    ,*a 2?.a 44.     20.9    - •;           -      _ 18.9 - 

1 
1 

~20v9 
54 

T                                      5:8' 

19 v5 

20.1 

- 
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