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9-GP-17P Method lol 

SAMPLING 

Samples shall be taken at random so as to give a 
fair representation of the entire shipment. A sample of suf­
ficient size for all the required tests shall be taken from 
each of four boards~~ from any carload· or from each of one-half 
of one percent of the number of boards in less than carload 
shipments. The samples shall not be cut into smaller pieces 
before delivery to the testing laboratory. When a shipment 
consists of more than one c~ or carrier load, a set of 
samples shall be taken from each car or carrier. In cases of 
dispute the sampling shall be undertaken by a representative 
of the testing laboratory in the presence of representatives 
of both the manufacturer an~ purchaser. 

* Note: Based on boards not less than 4' x 8 1 in dimension. 
When board sizes are less than 4' x 8 1 , the number of boards 
sampled shall be increased proportionately. When a carload 
contai~s more than one size of the board, separate sampling 
shall be carried out for each size represented. 
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9-GP-17P Method 2.1 

CONDITIONING SPECIMENS FOR TEST 

The strength properties of building boards depend 
on the moisture content at time of test. Therefore, material 
for test shall be conditioned to approximately constant weight 
and moisture content before test. Except where otherwise 
stated, a temperature of 70°F: l°F with a relative humidity 
of 65! li percent is to be used for conditioning specimens for 
test in the dry state. This condition corresponds to the 
standards for wood and wood-b~se materials. If there is any 
departure from this recommended condition, it shall be so 
stated in the report. 
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9-GP-17P Method ).1 

THICKNESS 

Thickness measurements shall be carried out by 
micrometer on specimens at least 8 inches square, conditioned 
according to Method 2.1. The contacting s~faces of the 
micrometer shall be flat and shall have a diameter of 1/4 inch. 
Pressure on the contacting surfaces shall not be greater than 
5 pslp and care shall be taken that the sample is not deformed 
when the thickness measurements are taken. 

~he thickness of each specimen shall be measured by 
an instrument reading to an accuracy of ± 0.001 ln., at 5 points­
near each corner and near the centre. Theaverage of these five 
measurements is taken as the thickness of the specimen. 
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9-GP-17 Me thod 4.1 

THERMAL CO NDUCTIVITY * 

~ - For practical purposes, the method is limited to 
matArials havrng-conductivities not in excess 0f 5.0 B~t. u . per inch per 
square foot per hour per degre e F. It is fUJ"ther limited to therr:1al con­
ductivlty t es ts between the extreme temperatures of -50°F. and upward of 
over 212°1"., or between mean temperatures above approximately 0°F. 

Because of the requirements prescribed as to conditions under 
which tests sha 1_l be made, the conductivity coefficients obtained will not 
necessarily be the values pertaining under all service conditions. For 
example, the coefficients are· obte.ined on dry s pecimens, whereas in service 
suc"l a condl tj on will seldom be realized. 

The Method ~ s intended for homogen eous tnaterials in the form 
of flat slabs. For s a tisfactory results, the prin ciples governlng the size 
construc t ~ on, and us e of a pparatus for the te s t described in t his method 
should be followed. If the results are to be re ported as having hElen 
obtained by this method, then all the requirer:tonts prescribed in this 
me thod shall be me t. 

It is ir.tpo ssible in a n:c thod of this t ype to establish details 
of c'lnstruct :icn and pro cedure co vering all co n tingencies so that it can be 
followed by a nontechnical person; cons equently, tecrmi cal knowledge on the 
part cf those using the Method coneern ing the t heory of heat flow, tempera­
ture measurement, and general testing practices is r!eces sary. 

Apparatus 

(a) It is n o t i nt ended in t h is method to include detailed 
requirements for constru ction or operation of any particular guarded hot 
plate for d et erminin g condu ctivity values. 1\.ny plate conforming to the 
limi te.tions prescr i bed in the following paragraphs will be satisfactory. 

(b ) 'l'h e 2:eneral f eatures of t he guarded hot plate are shown 
in Fig. 1. The plates ar e u sual ly square, but round ones are occasionally 
used. The terrr. gu ard ed hot plate i ~ appli ed to the entire assembled 
a y: paratus, including he f.l ting unit, cooling units, a nd ed ge insulation. The 
heating 11nit con sists of a central heater and central surface plates. The 
guard section consists of one or :-.ore ::uard heaters and the guard sur face 
plates. The s ur f ace plat e s are us ually made of noncorro sive, hiel:ly 
c0nducting metal; however, t h e cen tral sect ion and the guard SAct i on of the 

h eating unit may each be molded of alundum cer:1ent or other materials of 
low conductivity, so as to include both the heater and the surface plates. 
(see note). 

Note: The surface of the heater plates and cooling plates should be 
firished to as nearly a true p l ane as possible and should be checked period­
ical ly. Variations over 90% of the surface should be nil, with maximum 
variations on any portion of the surface not exceeding 0. 005 inch. 

(c) In the design of the euarded hot plate for testing materials 
for use in any particul ar tempero.ture or conductivity range, due consideration 
s ha l l be given to the mater i als used in the construction of the hot plate 
with respect to their performance at the temperature to which the plate will 
be subjected. Consideration shall also be given to the rate at which heat 
must be supplied and absorbed by the heater and the coolers in designing the 
electr l cal resistance and current-carrying capacity of the heating eJ ement. 
Otherwise, no particular variations need be made in the design of hot 
plates for use in determining the conductivity of materials between such 
wldely differing mean temperatu res as 0 and 1200°F. 

* Based on Method TlOOOm-50 of the Technical Association of the Pulp and Paper 
Industry. 
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Method 4.1 - 2 - 9-GP-17 

FTGURE 1 - nENERAL FEATURES OF THE GUARDED HOT PLATE 

I t-oe~---- H ------!-I 

D C 0 

~D 

E I A I E 

no~ 
D C 0 

(A - Central Heater 
Heating(B - Central Sur!'ace Plates 

) Central Section 
) of' Heating Unit 

Guard Section of' 
Heat ing Unit 

Unit (C - Guard Heater ) 
(D - Guard Sur!'ace Plates ) 

E - Cooling Units 
Es- Cooling Unit 

Sur!'ace Plate 
F - Di!'!'erential 

Thermocouples 
G - Heating Unit Sur!'ace Thermocouples. 
I - Test Specimens. 

H.- Cooling Unit Sur!'ace Thermo­
couples 

(d) Heating units having metallic sur!'aces shall have a definite 
separation or atr gap not greater than l/8 inch between the measuring area 
of' the central sur!'ace plate and the euard sur!'ace plates. These plates 
shall have higr-ly emissive sur!'aces. The separation between the main 
central section and the guard section of' the heating units shall not exceed 
3/4 inch, and this separation is allowable only if' the spacing bars on 
either side of the plate separation are of heavy copper in order to distri­
·bute tee heat on the surface plates. In all other cases the separation 
shall not exceed 1/8 inch. The te ~ t area shall be calculated from the cent~e 
of one seyaration to the centre of the other separation across the central 
surface of' the plate. 
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9-GP-17 - 3 - Method 4.1 

Not e: In putt tng a nP.w heating unit into operation for tho first time, take 
care to insure that the two faces of the heating unit maintain essentially 
equal temperat ure throu8hnut t h e temperature range of the apparatus. 

(e) The l:eater of the e;uarded hot plate shall be provided with 
at least two t~!ermocouples on each face oft he central surface plate, and 
at least two thermocouples on each face of the guard ~urface plate, located 
at opposite edgP.s. These r.ay be read ei.ther ind :. vidually to indicate any 
temperature difference that may exist between the centrs.l and guard ~urface 
plates or t hey r.:ay be connected dtfferentlally, and thus indJcate such 
temperature difference directly. The differential mP.thod of connecting 
the centr.e-to-guard thermocouples i s preferable as it ~ s more sensitive. 
\'/hen the thermocouples are to be read individually, they may be peened, 
welded, or soldered to the surface plates. \';'hen they are to be connected 
differentially, they must be electrically insulated from each other. This 
may be done by i.n stalling the tt:ermocouples in s hallow grooves in the sur­
face plates with an electric ally insulating cement, so that the bead of 
each thermocouple is in the plane of the plate's surface. 

(f) The coolin g units shall have the same surface dtmensions 
as the heating unit. They may consist of metallic plates cooled by a fluid, 
electrically heated plates mai ntained at temperatures below that of the 
heating unit, or thermal insulation aprlied to the cool surface of the test 
specimen, depending upon the mean temperature desired. 

(g) The edge insulation may be of any convenient loose-fil) or 
blanket-type insulating material to reduce edge lo s ses from the heater plate, 
test specimens, and cooling plates. It shall be of such thi ckness that the 
resistance to ed~e losses shall be at least twice and preferably three or 
more times the thermal resiRtance of the specimen in the directlon of normal 
heat flow. 

(h) For structural insulating board, the surface temperatures 
of the test specimen sha-l l be determined by means of thermocouples mounted 
in the hot and cold plates. Both the hot and cold plates shall be supplied 
with at least two thermocouples mounted in the surfaces of the plates as 
described above in paragraph (e). Preferably, the thermocouples should be 
insulated from the plates and read differentially between the hot and cold 
plates, the surface temperatures of the specimen being taken as those of 
the plate surfaces in contact with it. 

(i) The thermocouples mounted in the surfaces of the plates 
shall be made of wire not larger than No. 23 A.w. g. 

(j) A potentiometer having a sensitivity of 5 microvolts or 
less shall be used for all measurenents of electromotive force. 

(k) Means shall be provided for measuring the distance between 
surfaces of the hot and cold plates when the specimens are in place. 

Test Specimens - The samples shall be selected so as to provide 
two specimens as nearly identical as possible and of such size as to cover 
completely the heating unit. They shall be of sufficient thickness to give 
a true average representation of the material. Since excessive thickness of 
the specimens and consequent excessive dimensions of the area of the guarded 
hot plate unnecessarily complicate the manipulatiryn of the test, the 
specimens should not be too thick. Their thickness shall be gre·at enough 
to allow a sufficiently accurate measurement of this dimension to calculate 
the thermal co nductivity. The relationship between the maximum thickness of 
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.11ethod 4.1 - 4 .. 9-GP-17 

the test specimen a~d the minimum dimensions of the guarded hot plate shall be 
as f'ollolis • 

Maximum thiclmess of 
test specimen,inches 

1 
lt 
2 

<4 

Minimum linear surf'ace dimensions of guarded 
hot plate (square or rcund), inches 

Central section of test Guard section or guard 
area of heating unit area of heating unit 

~ 
12 
12 

The samples from which the test specimens are to be taken shall 
be weighed and measured for thickness and other dimensions in the as-received 
condition and immediately after drying to constant weight at 215 t 2°F. (If 
this degree of heat is objectionable, they may be dried in a desiccator at 
120 to 140°F). The as-received and the dry weights of the sample and the 
necessary physical measurements for calculation of the density before and 
after drying shall be recorded. 

The linear dimensions of each sample shall be measured to the 
closest 1/64 inch on each surface. Each measurement shall be not greater than 
4 inches apart. The thickness shall be measured by means of' a non-compressing 
micrometer or thickness gage having contacting surfaces not greater than 5/8 
inch in diameter. Measurements shall be made not more than 4 inches apart 
and not less than 1 inch from the outer edges around the complete periphery 
of each sample. 

Each sample, dried and conditioned as described above shall be 
cut into two specimens of correct size depending on the avera~thickness of 
the sample and linear dimensions of central and guard sections of the heating 
units of the guarded hot plate in use. The specimens shall be cut without 
compression, molding, or other distortion of thickness. 

The thickness of the specimens as tested shall be as close as 
possible to the thickness of the original dry samples from which obtained. 
Specimens of greater thickness than allowable shall be reduced to the 
maximum allowable thickness by minimum sandpapering or other suitable means. 

The surf'aces of each test specimen shall be as plane as possible 
for intimate contact between specimens and plates. Specimens having individ­
ual thickness measurements greater than ! 0.010 inch of the average specimen 
thickness, due to irregular or nonparallel surfaces, shall be corrected to 
within t 0.010 inch tolerance by minimum sandpapering or other suitable means. 
~e average thickness of each specimen cut from a single sample and to be used 
as a pnir in testing of that sample shall not differ by more than 0.010 inch. 

Pairs of specimens from each sample, prepared in accordance with 
the above procedure, shall be redried to constant weight and immediately placed 
in a desiccator at room temperature in order to avoid moisture regain prior 
to testing. 

Procedure - As the specimens are removed from the desiccator for 
testing, each specimen shall be carefully reweighed to the nearest 0.01 gram 
and remeasur·ed for thickness as described abdve, then placed immediately in 
the guarded hot plate. The assembly of the plates shall be carefully con­
trolled so that the distance between surfaces of the hot and cold plates is 
exactly equal to the average thickness of the test specimens. This is a 
necessary precaution for structural insulating board in order to avoid errors 
due to improper contact of the surfaces and to compression or reduction in 
thickness. 
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9-GP-17 - 5 - Method 4.1 

At least three and preferably four e~inations shall be made 
on each specimen at a mean temperature of 15 + 5°F~ The temperature differenc 
across the specimen shall be at least 40°F. The atmosphere surrounding the 
test equipment shall have a dew-point temperature not higher than the coolest 

~ part of any surface or material in, or forming a part of, the test apparatus. 

Since thermocouples mounted in the surfaces are used to determine 
surface temperature, the thi ckness of the test specimen is taken as the 
distance between the surfaces of the hot and cold plates. When the specimen 
is in place in the apparatus, the plates shall b~ adjusted with clamps or 
pressure so that this thickness shall be within ! 0.010 inch of the average 
specimen thickness prior to t esting. Upon completion of the test, the 
specimens shall be redried to constant weight and cooled to room temperature 
in a desiccator prior to retesting at the next mean temperature. 

The heating element of the central heater shall be supplied with 
electrical energy regulated to give the desired temperature gradient through 
the test specimen and held constant wi thin ! 0.25%, means being provided to 
measure this energy. Automatic regulation is recommended; where this is not 
available, the energy input shall be regulated by manual adjustment. Then 
the rate of input to the guard ring shall be adjusted so that the temperature 
difference between the centre and guard surface plates during the 5-hour test 
observation period shall be not greater than : 0.1% of the average temperature 
drop between the two halves of the specimen, as determined by the differential 
or surface ~hermocouples. 

The cooling units shall be adjusted so that the temperature drops 
through the two t est specimens do not differ by more than 1.0%. 

After steady state has been reached, the test shall be continued 
making the necessary observations to determine temperature difference, centre­
to-guard thermal balance, and heat input, until successive observations made 
at _intervals of not more than 1 hour, over a period of 5 hours, give thermal 
conductivity values that are constant to within 1.0%. Upon completion of the 
test, the specimen shall be re-weighed and the weight recorded. 

Calculations - The density of the dried sample, the orlginal 
moisture content and the moisture regain during the test shall be calculated 
as follows: 

Let 
D = density after drying (pounds per cubic foot or grams per cubic 

centimeter) 
M = moisture in sample as-received (pounds per cubic foot or grams 

per cubic centimeter) 
I = moisture regain (pound per cubic foot or grams per cubic 

centimeter) 
E = weight of sample a f ter drying (pounds or grams) 
B = volume of sample after drying (cubic feet or cubic centimeters) 
H =weight of sample as received (pounds or grams) 
F = weight of sample prior to test (pounds or grams) 
G = weight of specimen after test (pounds or grams) 

then E 
D - -

B 
H - E 

M = 
B 

and E 1 E~G - Fl 
I = (G - F) X t:" X tr= BF 
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- 6 - 9-GP-17 

The thermal conductivity shall be ca~culated according to the 
f ollowin g equation: 

include: 

k = 

k = 
~ = 
"'1 = ~ 

q = 
A = 
tl~ 
t2= 
L = 

QL qL 

t hermal conductivity 
total quantity of heat transferred 
time 
Q/T = rate of heat flow 
act ual ar ea normal to the path of heat flow (flat surface) 
temperature of the hot surface 
temperature of the cold surface 
length of path of heat flow (thickness) 

Report - The complete report of the results cf each test shall 

1. 
2. 

4: 
5. 
6. 
7. 
8. 
9-

10. 
11. 
12. 

Name and any other identification of the material. 
Aver age thickness of each pair of specimens tested. 
Dry weight of sample before test. 
Densi ty of dried sample (before test) 
Mois t ure in sample as-received. 
Moisture regain during test of each pair of specimens 
Mean tempe1•ature range 
Maximum ~lot-surface temperature 
Minim~ cold-surface temperature 
Mean temperature of each test. 
Heat input in B.t.u. per sq. ft. per hour of each test. 
Thermal conductivity of each test. 
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TRANSVERSE BREAKING STRENGTH AND DEFLECTION 

Scope - Static bending tests shall be made on con­
ditioned (Method 2.1) specimens and/or soaked specimens, as 
specified. Four test specimens shall be prepared from each 
sample board with the long dimension parallel and four specimens 
with the long dimension at right angles to the long dimension 
of the board, in order to evaluate directional properties. 

Test Specimen - Each test specimen shall be 3 inches 
in width if the nominal thickness is greater than i inch and 
2 inches in width if the nominal thickness is i inch or less. 
The depth (thickness) shall be the thickness of the material. 
The length of each specimen shall be 2 inches plus 24 times the 
depth (Note 1). The width and length of each specimen shall be 
measured to the nearest OcOl inch and the thickness measured to 
the nearest 0.001 inch. 

Note 1: Long-span specimens are desired for tests in bending 
so that the effects of deflections due to shear deformations will 
be minimized and the values of moduli of elasticity obtained 
from the bending tests will approximate the true moduli of the 
materials. 

Snecimens Soaked before Test - The specimens to be 
tested in the soaked condition shall be submerged in water at 
room temperature for 24 hours before test and shall be tested 
immediately upon removal from the water. 

Span and Sunports - The span for each test shall be 
24 times the nominal thickness (depth) of the specimen (Note 2). 
The supports shall be such that no appreciable crushing of the 
specimen will occur at these points during the test. The 
supports either shall be rounded (Fig. 1) or shall be knife 
edges provided with rollers and plates under the specimen at 
thes e points. When rounded supports are used, the radius of the 
rounded portion shall be at least 1! times the thickness of 
the material being tested. If the material under test deviates 
from a plane (Note 3), laterally-adjustable supports shall be 
provided. 

Note 2: - A constant span-to depth ratio is required to allow 
an aqcurate comparison of test values for materials of different 
thickness. 

Note 3: The laterally-adjustable knife edges may be necessary 
for the specimens tested in the soaked condition because of 
warping or twisting that may occur due to soaking. 

Method of Loadin~ - The snecimens shall be loaded 
at the centre of the span with the load applied at a uniform 
rate through a rounded bearing block. The bearing block shall 
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Method 5ol - 2 9-GP-17P 

be at least 3 inches in width and shall have a length (in the 
direction of the span) equal to twice the radius of curvature 
of the rounded ·~ortion uf the . loading block. The radius of 
the rounded portion shall be approximately equal to 1~ times the 
thickness of the specimen. One-half of the specimens shall have 
the load applied to the finished ' face and the rema~ing half 
shall have the load applied to the unfinished face. 

Speed of Testing - The load shall be applied contin­
uously throug hout the test at a uniform rate of motion of the 
movable crosshead of the testing machine as calc~lated by t~e 
following formula (Notes 4 and 5): · 

2 
N = -· zL 

tDd 

where: 

N = rate of motion of moving head in inches per minute 
z = unit rate of fibre strain iri inches per inch of outer fibre 

' length per minute = 0.005 for hardpressed fibreboard. 
· = 0.02 for insulating fibreboard. 

L = span fn inches 
d =depth (thickness) of specimen in inches. 

Note 4: The t~sti~g machine speed used shall not vary by more 
than plus or minus 5D percent from that specified for · a given 
test . The te s ting macqine spee

1
d used shall be recorded on the 

data sheet. The crosshead speed shall mean the free-running 
or no-load~ eros she ad speed for testing machines of t ,he mechanical 
drive type, and the loaded crosshead speedfor testirig machines 
of the hydraulic-loading typeo · 

Note 5: The calculated rates of head descent for hardpressed and 
insulating fibreboard, respectively are' therefore 0 . 12 (Oo48) inch 
per min . for specimens t inch in thickness, 0.24 (0 . 96) inch per 
min. for specimens ! inch in thickness, 0.36 {lo44) inch per mino 
for specimens 3/4 inch in thickness, and Oo48 {lo92) inch per min . 
for specimens l inch in thickness. · 

· Load-Deflection· C,uPves - Load-deflection curves shall 
be ob t ained to'maxiiniim load 'for-all bending tests. The deflection 
of the centre of the specimen shall be obtained during loading 
by measuring the deflec€ion of -the bottom of the specimen at the 
centre by means of an 'indicating · ciial (Note 6) attach~d to the 
base of the testing .. jig, w'itn the ' dial plunger in contact with the 
bottom of the sp~cimen at the centre. The load ' and deflection at 
first failure and at maximum load shall be noted . Readings of 
deflect ion sha11 be ·takeri at least to the nearest 0.005 inch. 
Fig. 2 "shows a typical load-deflebtion curve~ · · 

Note 6: ' 'rhe range of standard 0.001 inch indicating dials is 1 
incho The total deflection 0f some thicknesses and types of 
fibreboard may exceed 1 inch at failure. When this happens~ 
either a 2-inch total-travel indicating dial or a suitable 2 to 1 
reducing lever in conjunction with a l-in-travel dial should be 
used so that maximum deflections can be obtained. 

•' 
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FIG. 1 - STATIC BENDING TEST ASSEMBLY 
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Description of Failure - The character of the 
failure shall be notedo 

Moisture Content and Density - The moisture con­
tent and density of each specimen shall be determined in 
accordance with Method 12 . 1. 

Calculations and Report - Resul t s shall be reported 
in terms of modulus of r upture and apparent modulus of elasticity 
or in terms of load .and deflection; as required by the speci­
fication being followed. The strength average of machine 
diredtion and across machine direction shall be reported, to­
gether with the average of both directions. Unless otherwise 
specified, the average of both directions shall be used to 
determine compliance with the specification requirement. 

(a) When modulus of r upture is to be reported, it shall be 
calculated for each specimen by the following formula, 
and the value determined shall be included in the report: 

R = 3PL2 2bd 

where: 

P = actual maximum load in pounds 
L = length of span in inches 
b = width of specimen in inches 
d = measur~rl ±bickness (depth) of specimen in inches, taken 

at centre of sp ec imen. 
R = modulus of r upt ure in pounds per square inch. 

(b) When stiffness (apparent modulus of elastic i ty) is to 
be reported it shall be cal culated for each specimen 
by the following formula, and the values determined 
shall be i ncluded i n t he report: 

E = 

where : 

pl = 

Yl = 
L = 
b = 
d = 
E = 

actual load in lb. at which deflection Yl is 
taken (load in lb. wi thin the proportional limit). 
centre deflection at load P1, in inches. 
length of span in inches 
width of specimen in i n ches 
me a sured thickness (depth) df specimen in 
inches taken a t centre of specimen 
stiffness (apparent modulus of elasticity) 
in pounds per square i ncho 
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Fig. 2 - Typical Load-Deflection 
Curve for Static Bending Test 
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9-GP-17P Method 6ol 

T~~SILE STRENGTH PARALLEL TO SURFACE 

Scope - The test of tensile strength parallel to 
the surface ~hall be made on specimens conditioned accordirg 
to Me thod 2ol and/or on the soaked specimenso Four specimens 
from the long dimension of the board and four at right angles 
to the long dimension shall be testedo 

Note 1: This test may be applied to material 1 inch or less 
in thicknesso When the material exceeds 1 inch in thickness 
crushing at the grips during test is likely to affect adversely 
the test values obtainedo It is recommended that for material 
greater than 1 inch in thickness, the material be resawed to 
l/2~inch thicknesso Test values obtained from resawed specimens 
may be only approximate because strengths of material near the 
surface may vary from the remai. nder o 

Test Specimen - Each test specimen shall be 
prepared as shown in Figo lo The reduced section shall be cut 
to the size shown, with a band sawo A sharp saw shall be used 
to insure a smooth surface in the centre section. The th i ckness 
of the board in the net section shall be carefully measured 
to the nearest OoOOl incho The minimum width of the reduced 
section shall be determined to at least the nearest 0.01 inch. 
These two dimensions shall be used to determine the net cross­
sectional area for determining maximum stresso 

Figo 1 

Sp~cimens Soaked before Test - Specimens to be 
tested in the soaked condition ~hall be prepared in accordance 
with the third paragraph of Me thod 5olo 

W
ith

dra
wn/R

eti
rée



- 2 - 9-GP-17P 

Me thod of Load ing - Self-ali~ning, s elf-tightening 
gri ps with serrated gripping sur faces at least 2 inches in width 
and at leas t 2 inches in length shal l be used to transmit the 
load from the testing machine to the s pec i men. The s~ecimen 
shall be placed in the grips so that approximately 1/2 inch of 
the wi de paral lel por tion lies be tween t he grips and the 
ta per i ng port i on. 

Speed of Testing - The load shall be applied 
continuou~ly t hroughout the test a t a un iform rate of motion of 
the movabl e crosshead of the testing machine of 0.15 inch per 
minute. 

Cal culat i on and Report - Tensile strength val ues 
s ha ll be obta ined in psi. by dividing the break ing load by t he 
cross-section a r ea of the specimen a t the place of f ailure. If 
t he failure is wi thin ! inch of either grip, the test value 
shall be disregarded . The repdrt shall include the average 
t ensile strength value of all the specimens te sted and the 
location and descript ion of the failures. 

Moisture Content and Density - The moisture con tent 
and density of each specimen shall be determined as specified 
in Method 12.1. 

CANADIAN GOVERNMENT SPECIFICATIONS BOARD 
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TENSILE STRENGTH PERPENDICULAR TO SURFACE 

Scope - The test of tensile strength perpendicular 
to surface shall be made on conditioned (Method 2.1) specimens 
when the strength of the material under test is less than the 
bond between the material and the blocks that are used to apply 
the load. 

Note 1: This test is included because of the increased use of 
fibreboards of lower density as core stock for constructions 
where wood, plywood, or other more dense materials are glued 
to the faces of the fibreboard. Tests in the soaked condition 
shall be made if the material is to be used under severe weather 
conditions. 

Test S~cimens - The test specimens shall be 2 inches 
square by the thic ess of the finished board. Loading blocks 
of st eel or aluminum al~oy 2 inches square and l inch in 
t hi ckness shall be bonded w th a steam~refined roofing pitch or 
other suitable adhesive (Note 2) to the 2-inch square faces of 
the specimen as shown in Fig. 1. Cross-sectional dimensions 
of the specimens shall be measured to the nearest 0.01 inch. 
Four s pecimens shall be tested. 

Note 2: A suitable technique for applying the blocks to the 
specimen is as follows: 
(l) The specimen is cut to size with a sharp, circular 

woodworking saw. 
(2) The pitch is melted, with care being taken that it will 

not ignite. 
(3) The metal blocks are heated to approximately the same 

temperature as the pitch. 
(4) The surface of the block that is to be in contact with 

the specimen is coated with pitch. 
(5) The blocks and specimen are assembled in a jig, and a 

pressure of approximately 20 psi. is applied until the 
blocks have cooled. If this pressure is likely to damage 
appreciably boards of low density, lower pressure may be 
used. The residual heat in the blocks keeps the pitch 
fluid until a satisfactory bond with a good squeeze-out 
is effected. The load blocks may be cleaned after test 
and reused. 

Procedure - Steel hooks or eyelets threaded into 
the loading blocks as illustrated in Fig. 1 are attached to 
the heads of the te s ting machine. The specimen shall be 
stressed by separation of the heads of the testing machine 
until failure occurso The direction of loading shall be as 
nearly perpendicular to the faces of the fibreboard as possible, 
and the centre of load shall pass through the centre of the 
specimen . 
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Fig. 1 - DETAIL OF SPECIMEN FOR TENSION 

TEST PERPENDICULAR TO SURFACE 

9- GP-l7P 

Speed of Testing - The load shall be applied . 
continuously throughout the test Jt a uniform rate of motion 
of the movable crosshead of the testing machine of 0.035 inch 
per minute. 

Test Data and Report - Maximum loa ds shall be 
obtained from which -"the -- stress at failure shall be calculated . 
Strength values shall be cal culated in pounds per square inch, 
for which the measured dimensions of the ~rgecimen shall be 
us ed . The average of r esults obtained from the four specimens 
shall be reported, together wi th the location of the line of 
fa i lure. 

Moisture Content and Density - The mo isture content 
and density of each specimen shall be determined as specified 
in Method 2.1. 

CANADIAN GOVERNMENT SPECIFICATIONS BQARD 
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'.
1ATErt ABSORPTION AND THICKNESS EXPANSION 

Scope - This test determines the percentage 
water absorption and the percentage thickness expansion 
of conditioned fibreboard specimens after i~~ersion in dis­
tilled water at 70 ± l°F for ths specified time. 

Test Specimen - The test specimen should be 12 x 12 
inches in area with all four edges trinn:1ed square. V.Jhen a 
board is less than 12 inches in one or both dimensions, the 
larges t piece with edges trinmed square auproaching 12 x 12 
inches should be used as the specimen, but this shall be at 
least 6 x 6 inches. 

•!eight and Volume of Test Specimen - After con­
ditioning in~cordance with Method 2.1, the s~ecimen shall 
te weighed, the length and width shall be measured to the 
nearest 0.01 inch, and the specimen shall be calipered to the 
nearest 0.001 inch at five points - near each corner and near 
the centre. The calipered points shall be marked on hard 
uressed fibreboard having a density equal to or greater than 
50 lb. ~er cubic foot. The volume of the specimen shall be 
computed from these measurements. 

Submersion in ·Tater - The specimen shall be 
submerged horizontally with top surface of specimen one inch 
under surface of distilled water maintained at a tenperature 
of 70° ~ l 0 F'. After a 2-hour submersion (Note), the specimen 
shall be plac ed on end to drain for 10 minutes at the end of 
which time excess surface water shall be removed by hand with 
a b lo ttine paner or paper towel and t h e specimen s hall be 
i~ediately wei ghed and calipered. 

Note: - The 2 -hour i~~ersion period is for fibreboard of density 
less than 50 lb. per cub ic foot 9 (conditioned vol~ej oven-dry 
weight basis). For hard fibreboard with density equal to or 
~reater th8n 50 lbs . ner cu Jic foot, the immersion time shqll be 
24 hol1rs, and the specimen shall l; e recalinered at the r'l'lr·.r'"' 
ryoints in order to allow calculation of thickness expansion. 

Calculation ~nd en0rt - The volume of water 
absorbed shall be calcul8ted from the increase in weight of the 
snecimen durinp submers~on, and the water a bs orption shall be 
expressed as a o~rcentage of volume based on the volume after 
conditioning. The specific gravity of the water shall be assumed 
to b e 1.00 for this purpose. 

The increase in thickne ss shall be calculated from 
the average increase in caliper of the specimen during submersion 
and this thickness expansion shall be exoressed as a percentage 
of the average caliper of the snecimen after conditioning. 

CANADIAN GOVr:aJ\'1-·I~ .. -T SPICIFICATIONS 30ARD 
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WATER PRRMEABILITY 

Scope - This test determines the length of time 
required for water to penetrate conditioned fibreboard 
specimens that are floated on water at 70°F! l°F. 

Test Specimens - The test specimens should be 
4 x 4 inches in area, conditioned according to Method 2.1. 
A total of eight specimens shall be tested. 

Procedure - An indicator consisting of a mixture 
of eosin dye, powdered sugar and starch is sprinkled on one 
aurface of each of the specimens, a glass cover is sealed 
over the indicator, and the edges of the specimen are sealed 
with wax to prevent water from reachirig the indicator except 
by penetration through the board and to prevent evaporation 
of the transuded moisture. The specimens are then floated on 
water at 70°! l°F, and the time of transudation of water in 
an amount sufficient to develop color in the indicator is a 
measure of the permeability. Four specimens are tested with 
the finished face next to the water and four specimens with 
the unfinished face next to the water. 

CANADIAN GOVERNMENT SPECIFICATIONS BOARD 
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WATER VAPOR PERMEABILITY* 

~ - This method is for the determination of the water vapor 
permeabilit~paper and paperboard under normal atmospheric conditions. It 
is considered general ly suitable also for other sheet materials up to 1 inch 
in thickness. 

Water vapor permeability is defined for this test as the weight of 
water transmitted per unit of tllne, per unit area, measured while the specimen 
separates an atmosphere below S% R.H. on one face from the standard atmosphere 
of SO~ R.H. and 73°F. on the other face. 

Apparatus -

1. Test Dish - An open-mouthed cup or dish of such size and shape that 
it can be accommodated readily on the pan of an analytical balance. The 
opening should be as large as practical, an area of at leaet SO sq. em. being 
preferred. (This is equivalent to a circle about 3 inches in diameter). The 
test dish shall be of such design that a wax seal can be made which will be 
impervious to leakage of water vapor and will define clearly the test area. 
Suitable designs for the dish with supporting rings and flanges are shown in 
Fig. 1. Other modifications of these designs may be made, provided the 
principle of preventing edge leakage by means of a complete wax seal is 
retained. 

2. Template - for use in defining the test area and effecting the 
the wax seal, consisting of a circular metal disk 1/8 to 1/4 inch thick, with 
the edge bevelled to an angle of abo~ 4S 0

• The diameter of the bottom 
(smaller) fa ce of the template shall be approximately equal to and not greater 
than the diamet er of the effective opening of the cell in contact with the 
specimen. A small hole through the template to admit air will facilitate 
its removal after the wax solidifies. 

3. Analytical Balance - of 200-gram capacity,sensitive to 0,001 gram, 
with pans large enough to hold the tes t dishes. 

4. Testing Room or Cabinet - provided with conditioned air maintained 
at SO ! 2% R.H. and 73° F. and continuously circulated at a rate not less 
than SOO fe e t per minute over the exposed surfaces of the specimens under test. 

S. Grill or Reticulated Rack-in the testing room or cabinet, capable 
of supporting the Inverted specimens in a manner to afford free access of the 
circulating air. 

Materials -

A. Desiccant - with a powerful affinity for water vapor and a high 
drying efficiency - that is, a low vapor pressure after absorbing a large 
amount of water. The desiccant shall remain essentially unchanged in 
physical condition and exert, while dry, no chemical or physical action other 
than dehydration effects on membrane materials with which it is in contact. 
The desiccant used s t all be in the form of small lumps. free from fines that 
will pass a No. 30 sieve. 

B. Wax - for sealing the specimen to the testing dish, made of a 
mixture of ~of a suitable ref ined amorphous wax, and 40~ of refined 
crystalline paraffin wax. The wax misture shall cling tenaciously to the 
surfaces and not be brittle at ord i nary room temperatures. Care shal l be 
taken to prevent contamination of the wax with particles of calcium chloride 

* Based on Method T448m.49 of the Technical Association of the Pulp and Paper 
Industry 
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or other salts when it is salvaged for reuse. The wax in use should be 
replaced freqaently with new material. The stability and water absorption 
of the mixture shall be tested by applying a heavy film of the wax, about 
10 square inches in area to a glass plate, exposing to an atmosphere of 
high temperature and humidity (about 90% R.H. 'at 100°F.) and determining 
whether any significant change occurs in the weight of the film and plate -
for example, more than 0.001 gram per day. Ordinary rosin as used in beeswax­
resin mixtures will absorb a significant amount of moisture when so tested. 

C. Petrolatum - for application to the bevelled edge of the template 
in order to facilitate removal of the latter after sealing the test sheet 
to the dish. The petroleum jelly commonly used by drugg~sts is suitable. 

Test Snecimen - Eight specimens shall be tested, four with the 
finished face next to the desiccant and the remaining four with the un­
finished face next to the desiccant during the test. Sample s shall be 
conditioned before test, according to Method 2.1. 

Procedure - Sufficient desiccant shall be placed inside the d:Lsh 
to cover the sheet area evenly to a depth of about 15 mm. 

For paperboards over 1/8 inch thick, the method of preparing the 
test assembly is as follows: To prevent edge leakage, the edge of the test 
specimen shall be rotated in molten wax of such fluidity that it does not 
penetrate into the edge more than 1/16 inch, the specimen shall be suspended 
inside the dish to a distance of about half the thickness of the specimen 
and molten wax shall be run around the edge of the specimen to seal it to the 
dish. 

The assembly shall be weighed on the analytical balance to 0.001 
gram. The dish shall be placed on the rack inside the testing room or cabinet 
in an inverted position so that the layer of desiccant is in direct contact 
and evenly distributed over the inner face of the test sheet and so that 
free access of the conditioned circulating air is provided on the exposed 
surface of the sheet. 

Successive weighings of the assembly shall be made at suitable 
intervals until a constant rate of gain is attained. For papers that are 
relatively pervious, the weighings should be frequent enough to complete t he 
test before drops of liquid agglomerate are formed in the desiccant or caking 
of the desiccant occurs. These conditions will be indicated by a drift from 
the constant rate of gain, after which no readings should be recorded. The 
weight gain against time shall be plotted. The slope of the resulting curve 
will furnish a measure of the water vapor permeability. 

Report - The water vapor permeability shall be reported to two 
significant fi~ures as grains per square foot per hour per vapor pressure 
differential of 1 inch of mercury (perms). The calculation should be made 
for the period of constant weight increase. 

Example - Conditions for test 

Temperature 
External Relative HuWidity 
Internal Relative Humidity 
(Desiccant - anhydrous calcium chloride) 
Vapor Pressure Differential 
Area under Test 
Weight Increase (at constant rate) 
Time of Increase (at constant rate) 

72°1<' 
50% 
0~ 

0.415 inch 
0.05 square foot 
450 grains 
240 hours 

Water Vapor Permeability = 450 grains x ~~1~---- x 1 - 0.090 perms. 
0. 05 sq. ft. 240 hours 0. 4.15 inches 
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The average, maximum and minimum values for each test made shall 
be reported. 

The report shall state what desiccant was used. 

Rep~ducibility of Results - Duplicate determinations should check 
within 10%, depend!rig largely on the variation in the sheet material itself. 
As the spread between very permeable sheets and those having a low permeability 
is at least a thousand fold, a precision of 10% on a given material will 
establish it quite definitely in the scale of permeabilities normally 
encountered in sheet materials. 
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FIGURE 1 - TEST DISHES 
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LINEAR EXPANSION 

Scope - Tests for linear expansion measure the 
dimensional stability of fibreboard with change in moisture 
conteJO.t. 

Tes.t Specimen - Where possible, the test specimen 
shall be 3 inches in width and 10 inches in length, the sides 
and ends of the specimen being square and smoothly cut. Four 
specimens shall be pro~ided, two cut parallel with and two 
cut perpendicular t~ the long dimension of each sample board. 
When the board does not permit obtaining a 10-inch specimen, 
the maximum length possible shall be used, but it shall be 
at ·least ·six inches. 

Procedure - The specimens shall be conditioned 
for 24 hours or until practical equilibrium is obtained, at 
a relative humidity of 50 ! 5 percent and a temperature of 
70° . ! 2°F. The specimen length i$ measured by means of a dial 
comparato~. Care must be exercised when measuring to hold the 
specimen flat and to orient it in the dial gauge comparator 
the same way each time a measurement is made. 

The specimens ' shall next be conditioned for at 
least 24 hours or until practical equilibrium is obtmned at 
a relative humidity of 97 ~ 3 percent and a temperature of 
70° ! 2°F. The length of the specimen is measured aEa~, by 
means of the dial comparator . The measurement should - ~e made 
in the conditioned atmos phere 9 or as quickly -as possible after 
the specimen is removed theref~om . 

Note: In the absence of other facilities, a convenient 
means of conditioning the specimens at the specified humidity 
conditions is 'to expose them in an enclosed space immediately 
above saturated s olutions of suitable salts; sodium dichromate 
(Na2Cr207.2H20) for · a relative humidity of 50 percent and 
potassium sulphate . (K2S04) for a relative humidity of 97 percent. 

Calculation and Report - The linear variation with 
change in moisture content shall be reported as the percentage 
chang e in length of the specimen, based on the length at 50 
percent relative humidity . T~e average of the specimens tested 
shall be reported for compliance with the specification require­
ment. 

CANADIAN GOVERNMENT SPECIFICATIO~S BOARD 
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MOISTURE CONTENT AND DENSITY 

Procedure - The moisture content and density 
at time of test shall be determined because of their relation 
to the strength propertieso Values of density calculated from 
the volume dnd weight are satisfactory for these materialso 

The specimens shall be weighed and measured immedi­
ately before testo The weighing should be done on balances 
accurate to OoOl gramo The length and width shall be measured 
to the nearest OoOl inch and the thickness shall be measured to 
the nearest OoOOl incho When, as in the case of tension­
parallel-to-surface specimens, it is impossible to measure the 
width of the specimen after shaping, the dimensions and weight 
shall be taken after conditioning and before shaping and the 
specimen shall then be returned to the coni itioning chamber 
until the test is madeo 

After testing, if the specimen is not too large, 
a coupon not smaller than 3 inches long x width of specimen 
shall be cut from the test .specimen as near to the failure as 
possible and weighed to the nearest OoOl gram, then dried to 
constant- weight in an oven at 100°C o- and weighed againo If the 
test specimens themselves are reasonably small, the whole 
specimen or half a specimen may be weighed and oven-dried. 

Calculation 

(a) 

where: 

The moisture content shall be calcu~ted as follows: 

M = 100 W - F 
F 

M -- moisture content in percent 
W = initial weight, and 
F = final weight when oven-dryo 

Note: When reporting moisture content of specimens, it shall be 
definitely stated that it is a percentage of the oven-dry weight 
of the specimeno 

(b) The density shall be calculated as follows (Note) 

Density 

where: 

= 3 o8JF 
Lwt 

F = final weight 9 when oven-dry, in grams 
L = length of coupon in inches 
w = width of coupon in inches, and 
t = thickness of coupon in incheso 
Note: The density as determined by this equation is based on 
volume at test and weight when oven-dryo 

CANADIAN GOVERNMENT SPECIFICATIONS BOARD 
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NAIL WITHDRAWAL TEST 

Scope - Natl-holding tests shall be made on nails 
driven through the fibreboard from face to face to measure the 
resistance to withdrawal in a plane normal to the face. 

Test $pecimen - The test specimen shall be of con­
venient size (at least 3 inches in width and 6 inches in length). 
Four specimens shall be tested. The nails shall have a diameter 
of approximately 0.116 inch and shall be driven through the boards 
at right ~ngles to the face, leaving at least 1/2 inch of the 
shank portion projecting above the surface of the material (Note). 

Note: 2-1/4 inch common wire nails, 2-3/4 inch or 3 - inch bright 
cox-or 3-inch finishing nails may be used. 

Specimens Tested in the Dry Condition - When the tests 
are made in the dry state, the specimens shall be conditioned 
according· to Method 2.1 and the wi~hdrawals shall be made 
immediately after the nails have been driven. 

Specimens Soa~ed Before Test - Specimens to be tested 
in the soaked condition shall be prepared in accordance with the 
third paragraph of Method 5.1 and the nails shall be driven before 
the specimens are soaked. 

Method of Loading - The assembly is shown in Figure 
1 following. The specimen-holding fixture shall be attached to 
the lower platen of the testing machine. The specimen shall be 
inserted in the fixture with the heads of the nails up. The 
heads of the nails shall be engaged by the load-applying fixture 
equipped with a slot for easy attachment. This loading fixture 
shall b~ attached to the upper platen of the testing machine. 
Loads shall be applied ~y separation of the platens of the testing 
machine. 

Speed of Testing - Load shall be applied to the specimen 
throughout the test by a uniform motion of the movable head of the 
testing machine at a rate of 0.06 inch per minute. (See Note 4, 
Method 5.1). 

Test Data and Report - The maximum load required to 
withdraw the nail shall be the measure ·ar resistance ~f the 
material to direct nail wlthd~~wal. The average ·of results from 
the four specimens shall be reported. 

Moisture Content and Density - The moisture content and 
density shall be determined according to the procedure in Method 12.1 
and reported. 

CANADIAN GOVERNMENT SPECIFICATIONS BOARD 
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FIG. !-Detail of Testing Equipment for Measuring the Resistance of Nails to Direct Withdrawal. 
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LATERAL NAIL RESISTANCE TEST 

Scope - Nail holding tests shall be made to measure 
the resistance of a nail to lateral movement through a fibreboard. 
One-half of the ~pecimensshall be selected and positioned in test 
so that the movement of the nail shall be parallel, and one-half 
so that the movement of the nail will be at right angles to the 
long dimension of the board, fore valuation of directional 
properties. 

Note 1: If this test is performed on some hardboards, the nail may 
bend and pull out of the stirrup. If this happens, the maximum load 
will be apparent and not t~e true resistance of the board and will 
only indicate that the resistance is some figure higher than the 
apparent value. When this happens it shall be noted. 

Note 2: Values obtained from this test are dependent on the thickness 
of the specimen. Values, however are not directly proportional to 
the thickness. For this re~son values obtained from tests of 
different boards can only be compared exactly if the thicknesses are 
equal. 

Test Specimen Each specimen shall be 3 inches in width 
and of convenient length, and shall have a nail approximetly 0.116 
inch in diameter driven at right angles to the face of the board so 
that about an equal length of nail projects from each face. (Note 3) 
The nail shall be centred on the width and located l/4, 1/2 or 3/4 
inch fr.om one end. Four specimens shall be tested for each of the 
three end clearances for each material tested. Specimens shall be 
conditioned before test according to ethod 2.1. 

Note 3: 2-1/4 inch common wire nails or 3 inch bright box or 
finishing nails may be used. 

Specimens Soaked before Test - Specimens to be tested 
in the soaked condition shall be prepared in accordance with the 
th~rd paragraph of Method 5.1 and the nails shall be driven before 
the specimens are soaked. 

Method of Loading - The end of the specimen opposite 
to the end wfth the nail shall be clamped in a position parallel 
to the movement of the testing machine. Grips such as are suitable 
for tension tests parallel to the plane of the fibreboard are suitable. 
The nail is engaged by the stirrup, which is' in turn connected to 
one platen of the testing mac~ by a rod. A typical test assembly 
is shown in Figure l following. 

Speed of Testing - The specimen shall be loaded contin­
uously throughout the test by separation of' the heads of the testing 
machine at a unfform rate of crosshead speed of 0.25 inch per min. 
(See Note 4, Method 5.1) . 
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Test Data and Report- The loadrequired to move the 
nail to the edge of the specimen shall be the measure of the lateral 
resistance. The average of results from the four specimens and the 
nature of failure shall be reported. 

Moisture Content and Density - The moisture content and 
density shall be determined according to the procedure in Method 12.1 
and reported. 

CANADIAN GOVERNMENT SPECIFICATIONS BOARD 
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FIG.1-Detail of Stirrups and Connections for Measuring the Resistance of Nails to Lateral 
Movement. 
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