
MfL-w-2028c(sH3Ps)
26 October 1960
SUPERSEDING
MfL-W-203ffB(SfDPS)
7Jtdy 1953

‘o

P-.

I
I Grade A

t.
I

Y

●

●

MfLfTARY SPECIFICATION

WOOD Laminates, DOUGLAS FIR

(FOR SHIP AND BOAT USE)

1. SCOPE

1.1 Scope. - This specification covers laminated
Dougla6~members for ship and boat use. Such
material is suitable [or use as straight and mildly
curved etructuraf members in small craft, patrol
craft, minesweeper% other wooden vessels, and
for other applications where 8tructural Douglas
[ir laminates with fully waterproof durable adb?-
sive bonds are desired.

1.2 Classification. - Laminations used in
Douglas fir laminates shaii consi8t of tbe fol-
lowing grades, types, densities, and clase.es:

Grade:

tirade B
Grade C
Grade D

TYDe (Orientation of annual rings).
Type 1 - Either flat grafn or edge graim
Type 2 - Flat grain.
Type 3 - Edge grain.

Density
Close grain, or better.
Dense material.

Clam.: (Decay susceptibility).
Class 1 - Least decay Susceptible.
Class 2- Intermediate decay mmcepti-

bility.
Ciass 3 - Most decay susceptible.

2. Applicable DocuMENTS

2.1 The following e.pacifications and 8tandards,
of tbe issue in effect cm date of invitation for bids,
form a part of this specification to the extent
8pecif ied herein.

SPECIFICATIONS

FEDEfU4L
TT-A-468 - Aluminum-PigmenC Powder

and Paste for Paint.
MfLJTARY

h41L-V-1174 - Varnish, Spar, Water Re-
8isthig (Formula No. 80).

MIL-w-611O - Wood; Determination of
Moisture Content of.

MfL-W - lg142 - Wood Preservative Solu-
ticnq Oil Bornq Ship and
Boat Use.

MIL-A-22397 - Adhesive, Phenol and Re-
sorcinal Resin Base ([or
Marine Service Use).

STANDARDS 2

.
MILfTARY

MIL-STD- 105- Sampling Procedures and
Tables for Inspection by
Attributes.

(Copies of specifications, standards, and drawings
required by contractors in connection with specific
procurement functions should be obtained irom the
procuring activity or as directed by the contracting
officer. )

2.2 Other publications. - The following document
forms a par; 0[ this specification to the extent speci-
fied herein. Unless otherwie.e indicated, tbe issue
in effect on date of invitation for bids shall apply.

0FP3CIAL CLASSIFICATION COMMITTEE
Uniform Freight Classification Rufes.

(Application for copies shoufd be addres8ed to the
Official Classification Committee, 1 Park Avenue at
33rd Street, New York 16, N. Y. )

3. REQLDREMENTS

3.1 Facilities survey .- when a facilities survey
is required by the contract or order, facilitie8 and
personnei for producing Dougias fir laminates in ac-
cordance with this specification shall be the mini-
mum described in Appendix 1, which are applicable
to Dougias fir laminates (see 6. 2(b) a“d 6. 5).

3.2 Douglas fir laminaUon8. - Laminatfon8 used in
laminated assemblies shall b e one piece for length and
width. Edge-joints and end joints may be used to form
Iamlnaticms of the required dimensions. Douglas fir
famination8 (includes edge-gfued and end-glued com-
p-anentd used in laminated assemblies shafl be free
from splits, surface checks over 1/32 inch wide or
over 4 inches long, ring shake, honeycomb, collapse,
case-hardening, or cwersteaming (see 4.5. 2), wane,
and decay In any stage.

m
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3.2.2.1 ;2.- When measured as 8FIec-
Ified in 4 5. , croes grain along the length of any
face or edge of a lamination shall not be steeper
than the maximum slope rqmclfled in table 1 for
the applicable grade

3.2 .2.2 Knots and equivalent knot defect s.- The
sums of diametera of kmts and equivalent kmt de-
fects for various lamination grades shall be as

permise.ible.

Table if - Assigned equivalent knot defect
values for pitch pockets and bark Wckets.

●

●

spectf ied in table I Knot an~ equivalent knot de-
fect limitations are based cm the finished lami-
nation width withtn the finished dimension of the
E.augfas fir laminate In which it appeare.

3.2.2 .2.1 =.- All knots shall be eound.
Knot clusters are not permkistble. fntergrown
knots containing check8 will be equivalent to a
sound tight knot of tbe sane size. Ml knots ap-
pearing on tbe edge surfaces of Iamtnatlons, and
on the face surfaces of Iaminationa le88 than 3
inches w[de shaIl be tight. In Iamimtions 3 inches
In width and wider, knot8 on the face surface
larger than 3/8 inch in dtameter, shaff be tight.
The diameter of knots shall be determined as
specified in 4.5.4.

3.2.2.2 2 ~.- Eurls shaft be considered
as equ infent knot defects of the same size.

3.2.2.2.3 ~.- Holes are not permissible
on edge surfaces, and face surfaces less than 3
inches wide. fn laminations 3 inche8 and wider,
knot holes and sound holes (due to mechanical dam-
age) up to and including 3/8 inch in diameter (av-
erage) appearing on face surface shall be con-
sidered the same as a scnmd tight knot of the same
size. Holes greater than 3/g inch in diameter are
not permi.mible in any location.

3.2.2 .2.4 Pitch Wcketa and bark pockets .-
Asnigned equlvafent knot defect values for pitch
pockets and bzrk pockets are listed in table u.
Pitch fmckets with soft or exuding pitch are not

I E@aledfmt

Pitch Pcket

r

F1at-
(or bark pxket) grabl

lami-
nations

Edge-
gro.tn
laml-
“at 10”

inch

o

Table II - Assigned equivalent knot defect
values for pitch pocket8 and
bark fmckets - Continued

Pttch pocket
(or bark pocket)

1/18 inch in width and
3 inches in length,
or 1/8 inch wide and
2 inches in length

1/16 inch in width and
3 inches in length,
or 1/8 Inch in width
and 4 inches in
length, or 1/4 inch
wide and 2 fncbes in
fength

1/16 inch in width and
8 inches in fength,
cm 1/8 inch in width
and 6 Inches In
length, or 1/4 inch
wide and 3 inches tn
length

1/8 inch In width and t
“inches in length, or
1/4 inch in width and
4 inches tn length, 0:
cm 1/4 inch in width
and 4 inches in
length, or 3/8 inch
bI width and 2 fncbes
in length

Equivalent knot
defect

Flat -
grain
lami-
iatiom

inch

1/4

3/8

1/2

5j8

Edge-
pafn
lamt-
mtfon

fnch

1/8

1/4

3/g

1/2

3.2.3 Type (orientation of annual rings) (see
6.2(d) ),.

3.2.3.1 ~.- Lwntnatiom may c.mtain either
fiat grain or e ge grain, and individual boards or
other lamination components may contain botb flat
and edge-grain. However, f amimation and board
cmnpnents shall be segregated according to grain,
so that flat grain surfaces are glued to predomi-
nantly flat grain surfaces, and edge-grain surfaces
are glued to predominantly edge-grain surfaces.

3.2.3.2 .~.- Themwdgrmvth
rings i“ laminations an ambmtion components
shall be so oriented that a tangent line to the anrmal
growth rings form an angle of more than 45 degrees
with an imaginary line &awn at a right angle
thr.aiigh the wide surface of the piece.

3
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3.2.3.3 ‘@e 3 (edge- grain).- The annuaf
mowth rines fn laminations and lamination com-..–.
ponente sh~l be so oriented that a tangent line to
the annuaf rtnga form an angle of less than 45 de-
grees with an ima@ary Ifne at a right angfe
through the wide surface of the piece.

3.2.4 Density (see 6.2(d) ).-

3.2.4.1 Closegr ain. - The annual rings in lam-
inations and lamination component shafl average
not less than 6 nor more than 30 annuaf rings per
inch when measured at right angfes to the rings.
An average of 5 rings per inch, or more than 30
rings per inch, wiii be considered acceptable if
the rings contatn 1/3 or more summer-wood (the
dark pmtion of the annuaf rings).

3.2.4.2 Dense material. - The anmmf rings in
Iambmtions and lamination components ahafl aver-
age not less than 6 nor more than fffty annuaf rings
per inch when measured at a right angfe to the
rings, and In addition the annuzf rings ahafl con-
tain one-third or more smmmerwood when meas-
ured at a right angle to the rings.

3.2.5 Ciass (see 6. 2(d)) .-

3.2.5.1 Class 1 (least decay susceptible~. -
Laminationn Bhaff be free from Bapwood, or shafl
be treated with tam.lith preservative in accordance
wlth3.2.5.1 .lthrOugh 3.2.5. 1.4.

3.2.5 .1.1 Preparation fok treatment .- The
wood before treatment sbafl be sufficiently sea-
soned to a moisture content mt in excem of 18
percent in the sapwcmd for proper impregnation
with preservative.

3.2.5 .1.2 Preservative materiaf (Flow-
chrome-arsenate-phenol mixture) .- The m-esarva-
tive ehmff consist of mmroximatel ~y 25 pe&ent–– . .
mdium fluoride, 25 percent dimdium hydrogen
arsenate, 31- 1/2 percent sodium chromate, and
12- 1/2 ~ercent dinitronhenol, by weir.fd, subiect
to the f;ilowing toler&ces: The mti-mum p%-
portions of these compounds, in dry salt or treat-
ing solution, on the moisture free basis, may be
22, 34 and 10 percent, respectively, tmt the pre-
aervaiive shafl contain a totaf of at least 95 per-
cent of these active materials. The PH of the treat-
ing solution shall be not less than 7.2 nor more
than 7.6 The treating solution shafl be of a uni-
form concentration of 5 * 0.5 percent, or the con-
centration and treating process shafl be such as to
provide 0.50 lbs/ft3 dry waft retention in the sap-
wood

3.2.5 .1.3 Treatment .- The treatment shalf be
any method which does not use a pressure higher
than 150 fmunds per square inch (p. s.i. ) or a tem-

perature higher than 140” Fahrenheit (F. ), and
provides 100 percent penetration of preservative
in the sapwood with a dry sait retention of not lem ●
than 0.50 lbs/ft3 of sapwood

3.2.5 .1.4 lYeatment of wood after condition-
&.- Lumber treated with the u.ater-horm pre-
servative may be dried to the required moisture
content by either air drying or kifn drying, uBing ●
temperature less than 150 “F.

3.2.5.2 Class 2 (intermediate decay mscepti-
bffi ).- The area of edge or wide surfaces of any
$;~may cmdafn”p to 10 percent mstained

3.2.5.3 Clam 3 (most decay susceptible~. - The
area of edge or wide surfaces of any lamination may
contain up to 20 percent unstabmd aapwood.

3.3 Adhesive s.- Adhesives used for afl gfuing
operations shall conform to type U, cla8s 2 of Spec-
ification MfL-A-397. Only products wfdch have
been approved for listing on the applicable @aii-
fied Product8 List shail be utiiized.

3.4 Construction ..- A laminate shall consist of
layer~ of laminations joined together by the ad.
heaive specMied in 3.3 in accordance with the proc-
ess requirements of 3.5.

3.4.1 Lamination tbickne.m. - AU laminations
in a gfven laminate nhaff be approximately the same
thicknens. The maximum lamination thic!mes8 for
straight lamimtes shaff be one inch. The mmi -
mum lamination thfCkIIeSB for curved iambmtes
shaff be in accordance with hble fff.

Table fff - Minimum afiouable radius of
curvature to wfdch lamina-
tions of a given tfdckness
can be bent.

Mbdmum radius
of curvature to

which a lamina-
tion will be bent

fnches

200

187
173
160
147
134
121

Maximum permitted
lamination tfdcknewd
(laminations thicker
than 1 tnch and thfn-
ner than 1/4 inch mt

permitted)

Inches

1 (maximum
permitted)

15/16
7/8

13/16
3/4

11/16
5/8

●
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Table fff - Mlnfmum alfowable radius of
curmture to whfch lamina-
tions of a given thickness
can be bent - Contfnued

=

108
95
82
6s
56
43

fnchee

3.4.2 Arrangements of end joints. - Laminated
assemblies shalf be classified as to arrangement of
end joints (alf end joint spacfngs are measured
center to center and in the Ien!zlhwfse direction of
the famfnation) m foffows and& specified (see 6.2
(e)):

Arrangement 1.-

Arrangement 2.-

Arrangement 3.-

End jobds in any group of 3
consecutive laminations shall
be speed not less than 12
fnchea apart for laminations
1/2 inch and less in thickness
and not lens than 18 inches for
laminations over 1/2 inch in
Udckness.

End joints in any 2 adjacent
laminations shalt be spaced
not less than 20 Umes the
tNckness of a famfnation,
provided the number of such
jobde in any 12 inch f!ectfon
of the ffnk?hed laminated piece
shaft not exceed one-fourth the
total number of lamination III
such aectfon.

Laminations closer to either
face than 1/4 the total depth
of the piece shall permit ‘end
joint epcing as specified for
arrangement 1. ID the center
half of the depth of tbe piece,
end joints in any two adjacent
laminations shaff be sfaced
not less than 12 times the
thickness of a lamination.

3.4.3 Finished dimensions. - Lmdnated Douglas
fir members shall be manufactured to full dlmen-
aiona required by the procuring activity and shail

MIL-W-2038C(gHIFS)

conform to the pattern fines as determined from tem-
plates or drawings furnfshed (eee 6. 2(c)).

3.5 Process requirements .- Edge-gfuing of
lumber component8 to produce laminations of re-
quired width and end-ghdng of lumber components to
form laminations to required length shalf precede
final surfacfng and gfuing of laminations.

3.5.1 Machinfng of surfaces to be bonded. -

3.5.1.1 Edge-Emrface8.- Strips of flouglas fir
used to build up faminatfons for width by edge-gluing
shafl have a minfmum width of 1-1/2 inches at the
time of fabrication. Strips to be edge glued sbalf be
machined to produce a uniform flat (wfthout tongue
and ?move, or similar construction) and tme fmrface
with a minimum of damage to wood fibers.

3.5.1.2 End-sur faces.- laminations built up for
length by end-joining of iumber compments shaft
requfre use of a plain ffat scarf -joht with a sfope
not 8teeper than one fncb rise In 12 inches of length.

3.5.1.3 Surfacing laminations .- famtnationa
shafl be dressed to a unfform tfdckness throughout,
and the total Udckness variation of any lamination at
the time of gluing shall not exceed a maximum of
0.01 inch, as determined tfuough the use of an ac-
curate tfdckness gage. Surfaces shall not show mFUlU-
facturing defects to an extent which wiU prevent
sufficient contact between gluing Emrfaces for com-
plete adhesion. Surfaces shafl not be sanded to
remove !mcb defects after surfacing.

3.5.2 Adhesive spread. - The adhesive shaft be
uniformly applied to both contact faces.

3. 5.3 Assembly .- At the time of gfufng the tem-
perature of lumber materials and ambient air tem-
perature shall be 15” i 15” F., and surfaces to be
bonded shalf be free of oU, dirt, crayon marks, and
other foreign materiaf which may interfere with
bonding of the adhesive.

3.5.4 Cfamping. - Application of premmre to giue
lines shafl be accomplished within the assembly
period Umitattons required for tbe ~ticular ad-
hesive used. Caufs, clamps, and clamp spacfng Bhall
be adequate so as to uniformly apply and hold a glue
Une vemmre of 125 p. a i. with a plus toierance of
50 p.s. i. throughout the cure. During initial aPpU-
cation of pressure, clamps shall be loose enough to
aflow sfippge of material Into proper position.
During application of final pressure, clamping prO-
cedure shalt be such as to aflow glued surfaces to
be forced into intimate contact at ali points.

3.5.4.1 Edge-joint.%- Bearing surfaces on
cfamps, and cfamp spctig EhaU be such as to apply
and hold required pressure without damage to
material.

5
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3.5.4.2 End-jobds. - Clamping procedure shall
remit in no splttttng of feathered edges or other
material dmmge which wtff affect the strength.

3.5.4.3 Laminate assemblies .- Either male or
female forms for gluing bent memberB are acceptable
unless otherwise specified in the procurement con-
tract or order (see 6. 2(f)). Laminate assemblies
shall be provided with top and bottom cauls of oak or
equally hard and strong materials of such thickness,
which in conjunction with suftahle clamps and clamp
g~ctng, wtil provide the required glue line pressure
uniformly, and whtch wU1 not result in damage to
the faminate matertal. Clamps with equalizing
pressure heads or equalfy effective preastmg equip-
ment shalf be uniformly spaced close enoua to
develop presmwe as specified at all points. Spacing
of the cfmnps or units wtff vary with the number and
thickness of the caufs used and the pressure requfred.
Clampfng Bhatl be at a central pdnt in the curve of a
lamtnated atmembly and shall proceed progressively
toward each end. fn straight members, clamping
shalt begin at any one @nt and proceed progressively
toward the ends.

3.5.5 C--- fn the curtng process, a glue
Une temperature of not less than 150”F. ahaff be
maintained for not less than the period requtred for
the pwticufar approved adhesive. Where wood is
tieated with preservative prior to glufng, at no time
shall the ambient chamber temperature exceed
215”F., nor shaff U exceed lIO” F. for a period of
time greater than M mbmtes. The curtng temper-
ature shall be determined at the innermost glue line
through the use of an accurate @enUometer and
thermocouples, while assemblies are under fuif
clamp pressure. Where assemblies are large, or
where more than one assembly Is cured tn the same
curing chamber a mfficient number of determi-
nations shafl be made to assure that glue line tem-
peratures are betng met throughout the curing
chamber.

3.5.5.1 Edge-jotnts. - Durtng the curing ofEr-
iition, temperature and relative humidity controls
shalf be rnatntatned tn such a manner that all appit-
cable requirements of 3.3 are met throughout the
lamination length.

3.5.5.2 End-joints. - During the curfng operation
temperature and relative humidity controls shall be
matntatned in such a manner that all appffcable
requtrementa of 3.2 are met throughout the iamt-
nation length.

3.5.5.3 Iamfnate assemblies .- A dry kiin or
equally effective curing chamber sbail be provided
with adequate controfs for uniformly maintahdng the
temperature and humidtty conditions required tn the
curing process. U clamped assembUes are to be
moved tnto a separate curing chamber for the curing
process, they shail not be removed from the iami-

6

naffng jig, and tAe pmtable jig shall be rigid enough
to prevent shifttng of the assembly in the jig. Clamped
assemblies shall be placed in the curing chamber ●
before the temperature in the chamber reaches iOO” F.
The curing period 6half commence when the Innermost
glue tine temperature reaches the temperature re-
quired for the particular approved adhesive, and
shalt continue for the required curing period. ●

3.6 Test requirements. -

3. 6.1 Moisture content of ffnished famfnate. -
The finished material shaft have a moisture content
not le.m than 10 percent nor more than 15 percent
(see 4.5. i).

3.6.2 Block shear (see 4. 5.5~. -

3.6.2.1 Type s 1 and 2.- The average block shear
strength between bmdnattons shafl be not less than
950 p.s. i. with at least 75 percent wood failure. No
individual glue tine shail have a shear strength less
than 65o p.s. i., unless additional block shear tests
conducted on that glue Une prove the deficiency to be
local.

3. &2.2 ~.- Tbe average block shear strength
between laminations shaff be not less than 1150
p.s. L , wuh at least 75 percent wood failure. No
indivtduai glue tine shalt have shear strength less
than 65o p.s. i., unless additional block shear tes~
conducted on thatglue line prove the deficiency to
be local.

3. 6.3 Resistance to delamination. - The maximum
permitwible debmbwdions shalt be as specUied tn
3.6.3.1, 3.6.3.2 and 3.6.3.3 (see 4.5.6).

3. 6.3.1 Between laminations. - Delamination
between iamfnatfons shall either not exceed 5 percent
at the end of the second cycle or 6 percent at the end
of the third cycle.

3.6.3.2 Edge- jobd8. - Where a single edge-
jofnt appears In a teat specimen, deiambiaticm sbali
etther not exceed 10 percent at the end of tbe second
cycle, or 20 percent at the end of the third cycle.
Where two or more edge-joints appear In a speci-
men, debuntmtion shalt either not exceed 5 percent
at the end of the secmd cycle, or 10 percent at the
end of the third cycle.

3.6.3.3 End-joints. - Delamination in end-jotnte
shall either not exceed 5 percent at the end of the
second cycle, or 10 percent at the end of the third
cycle.

3.7 Ffnished Laminate. - Finished lmntnates
shall abow no signs of opmfng up at the glue Une,
or damaged fibers from improper use of caufs and
clamps.
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3.8 coatings. -

3.8.1 Preservative treatment. - After machining,
fmntnated assembUes shaff be coated on en& and
sides with one coat of preservative solution conform-
ing to type A or B of Spectficatfon fdfL-w-18142. The
preservative shaff be aifmved to &y before applying
paint.

3.8.2 End coating. - The emig of laminated
Oougfas fir shall be painted with two coats of
aluminum or mica @nt after the preservative has
dried for at least 24 hours. Aiumfnum mint shail
consist of 2 p0und9 of aluminum @ste, ‘conforming
tn type U, class B of Specification TT-A-46S, and
1 @lion cd phenoUc varnish, conforming to Speci-
fication hffL-V- 1174. A drying fnterval of 24 hours
shaif eiapse before appfying a second coat. A second
alternate and coatfng may be any suitable commercial
end mating which is satisfactory to the bureau or
agency concerned.

3.8.3 Side coattm+- When specified (see 6. ag)
and 6. 6) and after preservative required by 3. S. 1
has dried, the sides and ends of the laminated
Douglas fir shaif be @nted with two coats of alumf -
num paint mnsisttng of two pounds of ahuntnum
paste, conforming to type U, class B of Specification
TT-A-46S, and 1 gaifon of phenofic varnigh conform-
ing to Specification MlL-V-l 174. The coating shalf
be applied to the member after sawing, and a dryfng
interval of 24 houm aliowed before applying the
second ccat.

3.9 --- Each memtwr chaff be marked
to identify the intended use (see 6. 4c)).

4. QUA~Y ASSURANCE PROVfSfONS

4.1 The suppfier is responsible for the perform-
ance of all inspection requirements as specified
heretn. Except a8 otherwise specMied, the suppUer
may utiifze his own or any other inspection facffttfes
and services acceptable to the Government. inspec-
tion records of the examination and tests shail be
kept complete and avaifable to tie &vernment a8
specified in the contract or order. The Government
reserves the right to perform any of the inspections
set forth in tbe specification where such inspections
are deemed necessary to assure mtppUes and
eervtces conform to Feacribed requirement.%

4.1.1 .%ppiier quality control system. - The
.mppiier shaif provide and maintain an effective
qtdity cnntrol eyetem acceptable to the Government
covering materiafs under this specification. A cur-
rent written deacri@an of the procedures, practices
and methods of the quaffty control system wtil be
submftted to the Government prior to initiation of
production.

4. 1.2 Government verification. - AU quafity
controi operation performed by tbe contractor Bhafl
be mbject to Government vertficatton at unscheduled
intervais. Verification shaii consist of, (a) survetkiance
of the o~raiiona to determine whether the pracUces,
methods, and procedures are being properly applied,
and (b) Government product Inspection to measure
quality to product offered for acceptance. fnstances
of Pm practices which might have an affect upm tbe
quality of tbe product shail be immediately called to
the attention of the contractor. Faiiure of the con-
tractor to promptly correct deficiencies discovered
shaii be cauae for suspension cd acceptance untU
correction has been made or untif conformance of
the product to the prescribed acceptance criteria of
this specification has been demon.stxated. To ndni-
mtze interference with operations, the contractor
wiii designate u responsible official or officiaia to
whom the Government inspector wtif report such
instances, and who wfff alert the Government
bmpector of action tien to correct production dif-
ficulties which occur. Repeated faiiures to meet
specification requirements wtik resuft in cancellation
of the contract or order.

4.2 fmpection fOt. -

4. 2.1 faminatton components. - AU components
or pkecea prior to end-jobdng shalf be considered a
iot .

4.2.2 f.aminations.. A icd shalf consist of aff
laminations submitted for kne.pection at the same
time.

4.2.3 Laminate. - A lot shall consist of all lami-
natea submitted for inspection at the same time,
which are manufactured for approximately the same
end use “Bins a 8ingie lot of adhesive, and are fabricated
under approximately the same temperature and pro-
cess conditions aB determined by process inspection.

4.3 sampling for examination and teata. -

4.3.1 Sampling for examir!aito” a“d test of
laminations (or compo”e”t~ .- For the examination
and tests specified in 4.4. laminations (or com-
ponents prior to end-jobdng where s~cified) sbaif
be sampled on an unbtased random basis in accord-
ance with table N and Standard MfL-STD-105.
Where appflcable the came sample may be utifized
in InspectIns for more than one defect.

7

Downloaded from http://www.everyspec.com



MtL-w-2038C(SfffPS)

I

Table N - Samolbm levefs for eraminatfon and test for warlou.s Lwnfnatlon defects,
cor”reshndfng acceptable quality levels, and basis for acceptance or
rejection.

Requirement

Grain, dense
(when specffied)
(see 3.2.4. 2)

Grain, close (sel
3.2.4.1)

Orientation of
annual rfngs (flat
or edge-grain)
(see 3. 2.9)

Casehardmdng
(see 3.2)

Tbe combined A(

CPaBs (see 3.2.5

Moisture content

sampling
level

components
prior to enj-
oining

components
prior to end-
jofnfng

components
prior to enj-
oining

-6 -lamination
components
prior to end-
jotnfng (test
4.5.2)

3r all of the fo

(hoard with
sapwoad
where pre-
servative 18
used)

(test 4.5. 1)

Acceokhle Quality
L&el for lot
acceptance

(percent)

,.0 close-grain

i. 5- Five ring~ per fnch, an,
between 31 and 40 rfngs
per inch

5. O-where no gratn is
specified

1.O-where grafn IS specified

1.O-casehardened cm over
Bteamed

wfng counted together tdmll I

1.0 for untreated wood
~. 5 for fmesermtive treated

wood

). 5-for moisture ccmtent up
to two percent outside
limitations

Basis for rejection
of lot

m hoard is morer than close main
or if the number of toards with
close Sraln exceed the acceptance
number

individual hoards have less than :
or greater than 40 rings per fnch
(excluding dense beards)
The number of hoards with 5 rtng

per fnch, W between 31 and 40
rings per inch (excluding dense
boards), exceeds the acceptance
number
Where no grain is specffied, the

number of famfnattons which fMve
compment8 which are not segre-
gated according to grafn exceeds
the acceptance number
Where either grain is specified,

any lamination 18 predominantly
the wrong grain.
Where either grain is specified

the number of laminations with
comwnenta which do not have the
required grain exceeds the accept
ante number
The number of famfnations whtch

are casehardened or oversteamed
exceeds the quality acceptance
number. (fndtvtdual laminations
which have component which are
casehardened or oversteamed sha
be rejected. )

.5 percent

L The number of famtnatfona which
& not meet the required clam
r.=itirement, exceeds the accept-
ance number. (Individual lami-
nations which do not meet the cfat
requirement shall be rejected. )

,. Any lamination has components
which are more than 2 percent OUI
side required Umltat ions

1. Number 01 lamiMtion8 which hav
components with moisture up to
two percent outside moisture con-
tent laminations exceeds the qual-
ity acceptance “umber.

8
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Table N - Samoline levels for examination and test for various Iandnation defects,
corresponding acceptable quality levels, and basiE for acceptance or
rejection (cont,d. ).

Requirement

Excess cross
grain (Bee 3.2.2.

Knot defects

Surface checks

Edge- joints

End-joints

Other mn-per-
mimible lami-
nation de fect.e

sampling
level

examination
Oniy

-examination
Only

Acceptable Cwaiity
Level for lot
acceptance

(percent)

4,0- within next lower grade

4.0- next lower grade

4.0

6. 5-WOOCI strips too narrow

None

None

Sasis for rejection
of lot

t. Any lamination contains cross grai
wtdch falfs below the next lower
grade (slope of 1 in 6 for grade D).

I. The number of laminations which
have cross grain falltng withtn the
next lower made. exceeds the
acceptance hmbir

I. Uiminations have knots defects in
excess of 1 - 1/2 fnchea, or fall
below next lower grade.

L The number of Iaminationt? which
have knot defects whtch fall within
the next lower grade but not in ex-
cess of 1-1/2 inches, exceeds the
acceptance number.

,. Tbe number of laminations which
& not meet the requirements of
3.2 exceed the acceptance number.

,. l+ny lamination shows a defective
edge-joint glue line.

L The number of laminations whtch
haw strip9 too narrow exceeti the
acceptance number.

. ttny Lwnination contatns end-jofnta
with too steep 810pe, or yisualfy
defective bonds, or contafns wood
at the end-joint which is charred,
spiit, or otherwise damaged to tbe
extent which will cause loss in
strength.

iny lamination contains one or more
of the foflowlng or any other defect
whtdI affects strength, durability,
or glueabiilt y.
(1) Soft or incipient decay in any

(2)
(3)
(4)
(5)
(6)

amount
Ring shake.
Soft, or ooztng pitch.
ffoneycomb, or ccdfapse.
splits.
Oil, crayon msrks, wax, etc.

on surfaces to be bonded.

●

●

4.3. 1.1 Sampling for test of end-joints .- When in 4.4.1. When a laminator has supplied wood
a Iamlnatmr has not suppUed wood laminates with laminates in tbe prevtous 12 monthB, whose end-
end-joints conforming to tMs specification for the joints met specification requirements, each pro-
pmvious 12 months, seven end-joints shall be fab- duction week throughout the period of production,
ricated under surveillance of the bmpector in ac - the inspector BhaU select an end-jotnt from a reg-
cor&nce with rekukir moduction mocedure, and ular production lamination for test tn cycfic de fami-
ail seven shall b; prep&ed and te~ted as outlfned natio~ as specified in 4.4.1.1.

9

Downloaded from http://www.everyspec.com



-- w-2038C(SfffPS)

4. 3.2 Sampling for use of suitable adhesive, ad-
hesive use, process and {abilities. - A systematic
and effective aualitv control vrocedure shail be
mai”tatned by-the l~minator io provide an effective
and accurate examination as outlimfl in 4.4.3.

4.3.3 Sampling for eaamimtion 0[ fbdshed
laminates. - Sampling for the examination Bpecified
in 4.4.3 6hafi be in accordance with sampling level
ff of Standard MfL-STD-i05. The Acceptable
Quafity Level for minor defects e.uch as dtmension
alightfy off, and alight material degrade due to
curing or mechanical damage during manufacture
shaii be 4.0 percent defective.

4.3.4 Sampiing for test of [inished iamimtea. -

4.3.4. i Tests conducted by the laminator. -
Sampling for moieture content determimtion of
iamfnate, and biock shear test cd interlamination
glue lines shall be (on a random unbiased basis) in
accordance with sampllng ievei 22 of Standard MIL-
STD- 105. Tbe acceptable quaiity ievel for moisture
content ehafi be AQL= 4.0 percent defective. The
acceptable quaiity ievei for laminates not meeting
either part of the block shear test requirement
shaii be as foilows for shear strength not more
than 50 p. 8. i. below the required minimum, and
percent wood failure of 10 to 75 percent

AQL = 1.5 percent defective when sample is
less than iot size.

AQL = 4.0 percent defective when the entire
lot is the sample.

4.3.4.2 Test8 at a laboratory. - Samples for
test at a laboratory satisfactory to the Bureau
of Ships shall be aeiected in accordance with
4.3.4.2.1, 4.3.4.2.2, 4.3.4.2.3, or depending
on previous production experience under this
specification. Samples for verification tests
8haU generally be taken from laminates not in-
ciuded in the laminators’ lot sample, from lami-
nates which showed borderline results in iami-
nator test, and from Iaml”atea Intended for more
severe servfce use. The acceptable quality level
for iamimtes not meeting either part of the biock
shear test requirement shall be as follows for
shear strength not more than 50 p.s. i. below the
required minimum and percent wood fafiure of 70
to 75 percent:

I
AQL = 1.5 percent defective when sample

size is b%sed m normal or re-
duced sampling.

AQL = 4.0 percent defective when sample
size fs based on augmented
sampling.

4. 3.4.2.1 No prevfous production experience. -
When a laminator who ban not previously produced

marine lam fnatea conforming to tbla specification ●
ts begfnnfng proch?tion, the inspector ‘shail select
specimens for test from each member, until seven
consecutively produced members have passed aii
requirements of this specification. Thereafter,
sampies shaii be seiected for te8t by the inspector
in accordance with sampling ievei ffl of Standard
hffL-STD- 105 untii 6eventeen consecutively teStHf,
major members, such as frames and stems, have
met the requfrementa. Thereafter, members shail
be sampled fn accordance with 4.3.4.2.2.

4.3.4. 2.2 Continued production. - When a iami-
nator has met the prerequisites in 4.3.4.2. i, 8peCi-
mens sbail be selected for block nbear and cyclic
deli?. mi”ation tests on an unbiased random basis in
accordance with Standard MIL-STD- 105, and tables
V and VI. The acceptable quality level for block
shear results shail be i. 5 percent defective.

4. 3.4.2.3 Lapse in production. - When a lami-
nator has not produced Iaminates conforming to this
specification for a period of 12 months, the inspector
sbail select epecimem for test from each member,
until e.even cone. ecutiveiy prcfhced members have
passed all requirements of this specification.
Thereafter samples shall be selected for test in ac-
cordance with 4.3.4.2.2.

4.4 Lot acceptance examination and teat (by the
lamfnator except where otherwise specified). -

4.4. 1 Examination and test of lamlnattons. -
Laminationa (or commments) seiected in accordance
with 4. 3.1 sh’all be I;spectti to determine ccmform-
ance with tbe applicable requtreme”t. Acceptance
or rejection of lamination (or component) Iota shafl
be in accordance with table Iv. Where edge-joints
are used to form iaminaticm for width, edge-joint
mating surfaces shafl be examined for slope of
grain requirement prior ;0 edge-gluing.

4.4. i. 1 Test of end-j oints. - When an end-joint
simple is selected for test as specified in 4.3. 1.1 a
fifteen inch section of lamination shafl be c“t m that
the centerline of the end-joint ia at the center of the
section. The 8ection shall be giwxf ?.s the center
lamination of a test beam with four other lamina-
iimm of the same width, thickness, and length. A
section at ieast 4 inches long, and the fufi cross
section of the block shafl be prepared so that the
center of the end-joint IS at the center of the section.
Tbe section shall be cut, suitabiy marked, and sub-
mitted to a la fmratory for test. Failure of 2 con-
secutive end-joints to meet the requirement of
3. 6.3.3 shaii be basis for rejection of materiaf
containing end-joints untii test re8ults are presented
which shows that the iaminator can on a production
basia fabricate at least seven consecutive end-joints
meeting the requirements of 3.6.3.3.

●
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Table V - Sampling for block shear tests.

Sampling level

Reduced sampling Normal samphg
Augmented

sampling

(Shear strength and (Shear strength One or more test
percent wocd and percent wood specimens in 3 pre -
failure re-quire- fail”re req”ire- ceding consecutive
ments cOn - menta met in all

#ember
lots failed to meet

.sistently met in specimens tested
all specimens

at leaat one part of
in 5 preceding the shear require-

tested In 5 pre- consecutive Iota) men~ or if tbe fot
ceding con- IS sampled for re-
aecutive lots). teat.

Ul members di- L-5 L-8 m
rectly exposed to
salt water and/Or
severe exterior
exposure - (stems,
keels, Bkegs,
born timber%
garfmards, bilge
keels, masts,
etc. )

dl interior mem- L-3 L-5 ff
hers not directly
expxed to salt
water (except
fiffer bloctw)

~iffer blocks L-1 L-3 1

●
11
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Table VI - Sampling for CYCIIC delamination tests.

Member

All members di-
rectly exposed to
salt water
(stems, keels,
skegs, horn tim-
bers, garboards,
bilge keels, etc. )

AU interior mem-
bers not directly
exposed to salt
water (except
filler blocks)

Interior fiiler
bIocka)

Reduced ~ampli”g

Percent delamina-
tion requirement
met in all speci -
mem tested in 3
preceding con-
secutive lots m
average value fo]
ail 8pecimens
below 5 pert.mt
delamination

L-5

L-1

None

4.4. 1.2 Examination andtest for preservative
I (~pe 1 oniy). - A 0.2 inch diameter boring shall be

taken from each sample board with sapwood selected
in accordance wfth tablelv. so fhzt thsborinuex-
tende through the deepest section of the sapwc%d into
the heartwood. The borings shailbe examined and
testeffin accordance witb 4.5.7, for preservative
penetration and retention.

4.4.2 Inspection for use of mitableadhesive,
adhesive use, process and faciliti es.- In accord-
ance with the effective procedure soecifiedin 4.3.2,
tnspectionahallbe made todeterm~ne use of suitable
adhesive, meeting adhesive use requirements,
process requirements, and proper calibration, per-
formance, anduaeof facilities. FaUure to use
suitable adhesive will result in rejection of any

Sampling level

Normal sampling

Percent delamina-
tion requirement
met in aU speci-
mens tested in 3
preceding con-
secutive lots

L-8

L-3

None

Augmimted
sampling

At least one tem
specimen in 3
immediately
preceding con-
secutive lots
failedto meet
percent delami-
nation require-
ment

m

1

None

lot involved. Failure toconform to adhesive use
requirements, process requirements, and proper
calibration per formanceand use of facilities wilf
resuft in immediate temporary rejection of lots
until the difficulty has been diagnosed and corrected.
Acceptability of involved laminates shallbebased
on results of the irmpector’s diagnosis as to seri-
ousness. Failure of thelaminafor to take effective
corrective action shall result in rejection of subse-
quent lots. Repeated faUureof the laminrdor to
adhere to the general laminating requirements set
forth BbaLf result in cancellation of the procure-
ment contract or order.

4. 4.3 Examination of finished laminates. - Each
of the sample laminatea selected in accordance with
4.3.3 shallbe examined to determine conformance

o
●
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with the requirements of the sneci[ication, in so
far as can ~e determined by v{suaf and dimensional
lne.pection. If any laminate in the sample does not
conlorm to requirements for lamination thickness,
end-joint spacing, deviates considerably from re-
quired dimensions or shape, or haa vfsuafly defec-
tive adAesive bonds, shall be rejected, pending
Indivfduti examination of each laminate. All lami -
nates with one m more of these major defects
shafl be rejected. (Members which show defective
adhesive bonds ehali be rejected even though e.peci -
men.s taken from the ends 0[ tkat member passed
the requirements of 3.6. ) Also, if the total number
cd ail minor defects in the sample exceed the ac-
ceptance level listed in 4.3.3, the lot represented
by the sample shall be rejected.

4. 4.4 Test of finished laminate8. -

4.4.4. 1 By laminator. -

4.4.4. 1.1 Moisture content. - Moisture content
of finished Iaminatea shafl be determined in accord-
ance with 4.5.1. If the number of members not
meeting the moisture content requirement of 3. 6.1
exceed the acceptance level lie.ted in 4. 3.4.1 the
lot represented by the sample shall be rejected.

4. 4.4.1.2 Block shear test of interlamination
glue line. - Each cd the samples selected for block
~sts in accordance with 4.3.4.1 shall be
tested in accordance with ‘4. 5.5. Failure of any
sample member to conform to the requirements of
3.6.2 shall be basis for rejection of the lot, and
every member in the lot shail then be tested individ-
ually.

4. 4.4.2 At a laboratory. -

4. 4.4.2.1 Block shear test of interlamination
glue lines. - Block shear tests shall be conducted
in accorti ce with 4.5.5. Failure of any sample
member to conform to the acceptance criteria of
4. 3.4.2 shall result i“ rejection of tbe lot. The
rejec:ion of two Iota in auicession for mfl”re to
conform to 3. 6.2 shafl cause the inspector to di8-
contin”e his accepkmce of material for inspection
until the manufacturer presents test information
which shows that the difficulty has been diagnosed
and corrected, the requirements can be met, and
the quality control system has been corrected to
effectively screen out defective iaminates. The re-
jection of 3 lots 1“ succession ia considered e.uffi-
cient reason for cancellation of the procurement
contract.

4. 4.4.2.2 Cyclic delamimtion test. - Test sec -
tions selected in accordance with 4. 3.4.2 shall be
at least 4 inches in length and the full cross sectionaf
dimenaiona of the member from which it is take”.
Teats shall be conducted in accordance with 4.5.6.

Faijure of any of the sample members to conform
to any of the requirements of 3.6.2.1 and 3.6.3.2
shall be basis for rejection of tbe lot involved, and
every member in the lot shaff be tested imifvidually.
AU individual members not meeting the re@re-
menta of 3. 6.3.1 or 3. 6.3.2 shall be rejected. The
rejection of any members in 2 lots in succession
for faflm’e to conform with 3.6.3. i shaft cause the
inspector to discontinue his acceptance of laminates
for impection until the manufacturer presents test
information which indicates that the dtfficufty has
been diagnosed and corrected, and the requirements
can be met. Failure of 2 consecutive edge-joint
eamples to meet the requirements of 3. 6.3.2 shall
be basis for rejection of material containing effge-
joints until the manufacturer preaenta test informa-
tion which hxftcates that can be met. Consecutive
failurea of interlamination glue line i“ excess of
those listed above shail be considered sufficient
reason for cancellation of the procurement con-
tract or order.

4.5 Test methods. -

4. 5.1 Moisture content. - Moisture content in
lumber in laminations shati be determined using an
accurate moisture meter or oven test in accordance
with Specification MI L-W-61 10. If a moisture
meter is used, it shall be equipped with probes for
determining moi8t”re content at the 8hefl and core.
Moisture content of finished laminates 8hall be
determined with a resistance type moistme meter.

4. 5.2 Casehardening. - Caseharde”i”g shall be
determined in accordance with figure lD.

4. 5.3 Slope of graf” meafwrement.- Slope of
grain shafl be measured on faces and edges of
laminations. Where edEe-joints or e“d-joints are
u.wed, slope of grain on mating surfaces shall be
measured prior to assembly. Slope of grain meas-
ured cm a given face or edge is considered as tbe
general slope of grain atong that length of face or
edge. This disregards mormal local variatiom
around permimibie knots, knot holes, and other
acceptable imperfections. This also dfmegmds
other local slope of grain varimkms which may have
been caused by mch de fect8 aa knots which ortgtnally
occurred in the trimmed-off portion of the board,
provided these areas are “ot mm-e than 8 inches in
length, are not more than twice as steep as the per-
missible general slope of grain, and that these
areas are not spaced closer than 4 feet along the
length of the piece.

4. 5.4 Meas”rmnem of diwneter~ of kimt.g. .
DiameterB of knots shall be as specified in
4. 5.4.1 and 4.5.4.2.

4. 5.4.1 Knots on wide surfaces. - Knots m the
wide surface whose outer extremities are not

13
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Figure 1- Teat S-sctiona for Determining Moisture Content, Moisture Distribution,
and Case-Hardening.
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● closer than 1/2 inch to either edge shall be deter.
mined by measuring tbe distance between lines
parallel to the edges 01 tie piece and tangent to the
knot.

!0 4. 5.4.2 KnotBon edg es. - The diameter of imata
on edge faces, or edges of a wide faces, shall be
determine-dby measuring tbelargest dimensional-
pearing on the mm[ace.

4. 5.5 Block shear test.-

4. 5.5.1 Test specimens. -Adhesive lines ina
given sample sba21 be clearly marked with ink in
arabic numerals. Adbeaive lines shall then be
sampled for test on an unbiased random basis in
accordance with sampling level If of Standard MIL-
STD-105, and test Bpecimena prepared. Tbe re-
mainder of the materiai shall be retained for veri-
fication testing of cdber glue lines if necessary.
Tbe test specimens shall be cut as shown on figure
2 and may conform to either (A) or (B) so that the
grain direction is parallel to the direction of loading
during test. Care shall be taken in preparing tbe
test specimen to make the loading surfaces BmOOtb
and parallel to each other and perpendtcuiar to the
height. When sawing the bonded assembly, care
shall be exercised to insure that tie saw cuts ex-
tend to but not beyond, the adhesive line. The
width and heieht of the soecimen at the adhesive
line shall be ;easured t: tbe nearest O. 010 inch

●
to determine tbe Bhear area.

4. 5.5.2 Apparatus. - The testing machine shall
be fitted with a compression shearing tool containing
a self-aligning 8eat to insure uniform laterai distri-
bution of the load. Tbe shearinz tool 8bown on

I figure 3 has been found satiafa%ry.

4.5.5.2. 1 For tests conducted by laminator. -
For ranee of loads encountered in test. indicated
loads sh-~ be accurate within ● 2.5 percent of true
vaiues as determined by standard procedures for
verification of testing machine. Increments of load
on the indicating device shall be in easily readable
divfsions between one and 2.5 percent of the value
of loads encountered when test specimens break.
Tbe load indicating device shall include damping ap-
paratus which permit reading of ultimate loads under
conditions of sudden fatiure. Provisions ahmdd be
included for a fairly uniform rate of separation to
fatlure.

4. 5.5.2.2 Tests conducted at a laboratory .-
Tbe machine shit maintain a uniform rate of grip
separation, so that tbe load may be applied with a
continuous motion of the movable head to a maximum

●
toad at a rate of O. 025 inch per minute with a per-
miasibie variation of + 25 percent. For tests con-
ducted at a laboratory, indicated ioads shalt be ac -
curate within plus or minus one percent of true value.

MfL-W-2038C(SffIPS)

4. 5.5.3 Procedure .- The teat specimen shail be
placed in the shearing tool so that the load may be
appiif?d as specified in 4.5.5.2. The loading shalt be
aPPliwJ witi a cOntinuOus motion cd the movabie head
at a rate of O. 025 inch per minute to faflure. The
shear stress at faiiure shaii be calculated in pounds
per square inch, by divfdhg load at failw’e by tbe
area of the adhesive line area between tbe two iami -
natiorm measured to tbe nearest O. 01 square inch.
Ai80 the percent wood failure for each adhesive tine
sbail be estimated to tbe nearest five percent. Tbe
average percent word failure and shear strength
sbail be calculated for each specimen. If either the
average percent wood failure or shear strength faif
to meet the requirements of 3.6.2, the remainder of
tbe adhesive lines in the test epeci men shalt be pre-
pared and tested, and a new average for 8hear
strength and percent wood faiiure shail be computed
which includes all adhee.ive linee in the tent specimen.

4. 5.6 Cycficai delamination test. -

4.5.6.1 Test specimem - Specimens for cyclical
expmsure test s ball be 3 inches in length in the direc-
tion of the grain and full cross section of the mem-
ber. When an end-joint appears in tbe cyclical ex-
posure test f+pecime”, it .sball be located in the
sample so that it appears equally on kth exposure
faces.

4. 5.6.2 Te8i prmedure. -

4. 5.6.2.1 Vacuum pressure cycle. . The speci-
mens specified in 4. 5.6.1 sbaii be placed in an
autociave, weighted down, and water at a tempera-
ture of 65” to 60” F. shall be admitted into the auto-
cfave in quantity suff icierd to !wbmerge the specimens
completely. Thereafter, a vacuum of 20 to 25 inches
of mercury sbail be drrwm zmd held for 2 hews. The
vacmnn shall then be broken, md a pressure of 60 +

5 P.S. i. shail be applied to the submerged specimens
and held for 2 bourm Tbe pressure shall then be re-
leased and a vacuum of 20 to 25 inches of mercury
shall again be drawn and held for 2 hours while
the specimens remain submerged. Tbe vac!mm
shall be reieased again and a prem”re of 60 + 5
p. a. i. applied to the 8“bmerged specimens and heid
for 2 hours.

4. 5.6.2.2 D in period. - Tbe speclmem shall
be dried for a-hours (3-2/3 days) in air
at 80 to S5s F. and 25 to 30 percent relative humidity,
and circulating at the rate 0[ 500 i 50 feet per mimte.
During the drying the Bpecitnen.s shalt be pbmed at
least 2 inches apart md with the end sm’faces parallel
to tbe stream of air.

4. 5.8.2.3 Duration of test. . The mraki”g and
drying periods specified in 4.5.8.2.1 and 4. 5.6.2.2
shall be repeated once, for a totaf of 2 cycles of
setting and drying, at ihe end of which period

15
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delamination shall be meammed in accordance with
4.5.6.2.4. If theaecond cycle test requirements
of 3. 0.3 are met, the test 8hafl be die.continueff.
However, if any of Lbesecond cycie requirements
of 3. 6.3 are not met, the soaking and drying cycfe
shafl be repeated once more for a total of 3 cycles
of soaking and drying, comprising atotai test period
of 12 days, and delamination again measured.

4. 5.6.2.4 Measurement of deiarnimdion.- At
the end of the soaking and drying cycle prescribed
in 4.5.6.2.3, the totaf iengtb of each type of glue
line (interlamination, edge-joint, scarf-joint) shall
be measured to the nearest O. 05 imh o“ both end
grain sur[aces of the exposure test specimen. Also,
shaii be meatmred the tatal iength of delamination
in each type of glue line on both end-grain surfaces.
(Delamination is a term used to express separation
of wood surfaces at the giue lines. When the sepa-
ration is in the wood, even though very close to the
glue line, it is termed wood [aiiure or cbeckhg

Mafmif ication is often necessary to determine
whether the failure is i“ the glue or wood. A feeier
gage, O. 004 inch i“ thickness is convenient for
pmbtng into the glue line to determine if separation
actually exie.ts. )

4. 5.6.2.5 Calcdations. -

a. Delami”aticm Interlamination glue line%
Percent delamination in interlamination glue lima
shall he calculated as follows:

Total length of delamina-
tion in interlamination
glue lines measured on
tbe end main surfaces

Percent
of test s~ecimen

Xloo
delamination = Total length of interlami-

nation glue lines meas -
ured on the end grain
8urface9 0[ test speci-
men

b. Delamination in edge-joints: Percent
delami”aticm in edge- joinis shall be calcdated an
f Ollows:

Totaf length of delamina-
tion in edge-joint glue
lines measured on the
end grain smfaces of

Percent test ;pecimen
delamination =

Xioo
Totai length of edge-joint

glue lines measured
on end grain surfaces
of test specimen

c. Delamination in scarf-joint%. Percent
delamination i“ scarf -joints ebalf be calcdated as
f Oliows:

Total length of delamina-
tion in scarf-joint glue
lines measured on the
end grain surfsces of
test specimens

Xloo
Totaf length d scarf-joint

glue lines measured on
the end grain surfaces of
test specimens

4. 5.7 Determination of pre~ervative pemetratim
and retention (type 1 only). -

4. 5.7.1 Preservative penetraticm.- Each boring
shall be exsmined [or exte”i of preservative pene-
tration in tbe sapwocd. Where doubt exists as to
pe”etratioq chemicals in accordmce with 4. 5.7.1.1
and 4. 5.7.1.2 may be used as an aid.

4. 5.7.1.1 Reagems. -

(a) Sol”Lion 1.- Dissolve 3.5 grams ammonium
molybdate in 90 ml. die.tilled wateq
then add 9 mL concentrated nitric acid.

(b) Solution 2.- Dissolve 0.05 gm. benzidine
~mL ccmcerdrated acetic acid;

then add 90 mf,. distilled water.
(c) Sol”tfon 3.- Dissolve 30 gm. starmo”s

chloride in 100 mL 1 to 1 bydrocblcmic
acid (1 part concentrated hydrochloric
acid added to 1 part disiiiled water).

(d) Best results are ohtairied withfreshly pre-
pared solutions. Agitate the soluiio”
until all chemicafs are dissolved.
Solution 1 is clear and colorless; 8olu-
tion 2 (benzidi”e is difficult to dfssolve)
is clear, light violet in caloq and
Bol”tion 3 is colorless or slightly turbid.
Solution 1 must be prepared for each
~Y’ B teStbIg; solutions 2 and 3 will
keep in clean, glam-stoppered,
brown-glass bottles for i week.

4. 5.7.1.2 Method of application-

Solution 1 is first applied by dipping the
boring or cross section in a nat glass
dicib ccmtahing the solution or pouring
the so fution over the cross-section or
boring. The retire wood surface must
be saturated. After waiting 2 minutes,
shake off the excess solutkm a“d aflow
to dry for ab.mt 1 minute.
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(b)

(c)

(d)

Solution 2 is next applied in the same
manner as solution L After watting 2
minutes, shake off excess solution
and allow to dry for about 1 minute.

Soiution 318 applied last by pouring the
solution on the cross-section or imrfng,
begfnning at the untreated part. The
entire wood surface wili immediately
turn bhdsh; hence, it is necessary to
wait several minutes for the reaction
to bring about the maximum color
contrast. Untreated portions will
fade to a bright red or reddish orange,
while treated portions wiil be light
bluish-green to dark bluish-green.
Usually the color differences are more
distinct when the specimens are ob-
served at arm’s iength.

After about 1 hour the stain fades; the
colors may then be renewed by
another application of solution 3.

4. 5.7.2 Preservative retention. - The entire
aapwood of each boring shali be separated from the
heartwocd. The sapwood portions flhall be com-
posite, and the composite analyzed by any accurate
and recognized assay method.

4.6 Additional inspection and teste. - Where
other specifications form a part of this specifica-
tion, unless otherwise specified herein, sampling,
examination and tests shall be conducted as required
in referenced specifications.

4.1 Inspection for preparation for delivery .-
Laminates which are shipped shall be inspected
to verify conformance to the rewdrementa 01 sec.
tion 5 herein.

5. PREPARATION FOR DELIVERY

5.1 Domestic shipment and early use. -

5. i. 1 Wocd laminates. -

5. 1.1.1 Packagtng. - Laminated frame mem-
bers shall be bundled in pairs or other suitable
grouping, and each member withtn the bundle
shall be suitabiy marked (see 3. 9). Smalfer lami-
nated members should be bundled, when practi-
cable. Bundles shali be secured by means of
steei strapping. No screw% bolts, or spikes
shaU be inserted into the members for packaging
and packing purposes. AU members of the bundle
shall be protected against cutting of the 8trapping
by means of Arips of plywood, metal, fiberboard
or other protective material piaced between the
bundle members and the strapping. The packaging
shaU be sufficient to afford adequate protection
against deterioration and physical damage during

shipment from the supply source to the using ac-
tivity and until early use. ●

5. 1.1.2 --- Pacfd”g shall be accomplished
in a manner which ‘will tnsure acceptance by carrfer
and wiff afford protection against physical damage
during handling and direct sfdpment from the supply
source to the using activity for early use. The wood
laminates shall be shipped in open or closed cars
according to size of tbe indtvtdual member. When
loaded in open cars (Kondola and flat car) loading
shall be in strfct accordance with Section 5 of the
Association of American Railroads ‘qRules CoveTn -
ing the Loading of Forest Products on Open Top
Cars’s. The wood laminates, protected as speci[l~
(see 3.8) shall be covered with waterproof paper
or other Suitable weather re8istant material. When
loaded in closed freight cars or covered van8 mate-
rial .ahaff be loaded in accordance with the methods
recommended in Pamphlet No. 20 of the Associa-
tion of American Railroads or other carrier regu-
lations applicable to the mode of transportation.

5. 1.1.3 =.- Shipment marking informa-
tion ahafl be provided in accordance with the con-
tractors commercial practice. The information
shall include nomenclature, grade, t~e, density
and class, contract or order number, Contractorva
name and address.

6. NOTES

6.1 Intended use. - Douglas fir iaminatea
covered by fhis specification are imitable for ma-
rfne use and for other severe exterior exposure.
The adhesive bonds have high strength, have ex-
treme resistance to saft water and shrhdcage and
sweUing, and have long time durability. Douglas
fir laminates are considered suitable for use in
smail craft, patrol craft, mi”esweepera, and other
wooden vessels, in applications where curvature is
comparatively mild, and where shock resistance is
not of prime importance.

6.2 Ordering data. - Procurement documents
should specify the following

(a) Title, number, and date of this specifica-
tion.

(b) Whether or not in order for the laminating
firm to be eligfble to supply products in
accordance with this specification it is
required to submit information satis-
factory to the Government, which shows
that it has adqurde facilities and per-
sonnel to manufacture D0ugfa8 fir
laminates which comply with this
specification, and results of teats to
show that the firm has fabricated Douglas
fir laminates on a production type

113

Downloaded from http://www.everyspec.com



● basis which met all requirements of
this specification (see 3.1 and 6. 5).

(c) ThickneBs, width, length, shape (include
drawings and sharpest radfusof curva-

●
ture, if curved members arerequtred),
and intended use (for example frame,
keel, etc. )of Laminates (see 3.4. 3 and
3. 9).

(d) Grade, type, density, andclassof lami-
nations (see 3.2 and13.4tbrcmgh 6.7).

(e) Arr=gement ofend-joints inlambmtes
(se. 3.4. 2).

(f) Whether male or female laminating]ig
is required (see 3.5.4.3).

(g) COatings rewtred (see 3.8 and 6. 8).
(h) That the contractor should pile material

awaiting shipment on stickers, and
protect it from precipitation and the
dtrect rays of the sun, when dtrected
by the inspector.

6.3 De finitions. -

6. 3.1 Laminated wood.- For purposes of this
specification famlnatEd wocd is cOnBiderrxl to be an
adhesive-bonded assembly consisting of layers of
word with their grain running in the same direction.

fdfL-w-2028C(SEIPS)

6.3.2 Lamination. - A lamlnatkm is a single
layer of wood used in a laminated assembly.

8. 3.3 Equivalent knot de fects. - Lamination de-
fects listed in this specification which have been
assigrmf a value equivalent to a knot of a given
diameter size (see 3.2.2. 2).

6.4 Grade of laminations. -The famfnatbm
grades developed for thi~ specification are fwch
that they should be readIlyavaflable. However,
the lower quality material is more readily avail-
able and leas costly than the higher grades. Where
permissible by strength requirements, weight
limitations, and other design factors, the lower
grades should be used where feasibie. Douglas
fir boards are generally manufactured and stocked
in ffxed mmnimd widths. In order to reduce mate-
rial waste and cost, where feasible, lamination
widths fn thd finished laminate form should be
based on these readily avatfable nominal bard
dimensions. For convenience in design and
ordering lumber for laminate use, table ~ lists
standard nominal board widths, corresponding
economically desirable finished laminate (iaml-
mtion widthi aliment? ions, and knot and equivalent
imot defects for the specified grades.

Table VU - Snot defects for atamfard dimensions.

Standard lami-
Nominal board

Sums of diameters of equtvafent knot defects (in-
nation width in

width finished iaml-
cluding sound tight knots) in any 3 feet of length

nate form
(maximum in inches)

Inches Inches Grade A Grade B Grade C Grade D

2 1-1/4 1/8 1/8 1/4
3

1/4
2-1/4 1/4 1/4 3/8

4
1/2

3-1/4 3/8 1/2 5/8 3/4
5* 4-1/4 1/2 5/8

5 or 5-1/4
3/4 1

6 5/8 3/4 1 1-1/4
8 7 3/4 1 1-1/4

10
1-1/2

B 1-t/4 1-1/2
12

1-1/2
11 :.1/4 1-1/2 1-1/2 1- 1/2

Over 12 Minus 1-1/2 1-1/4 1-1/2 1-1/2 1-1/2

●(Obtained on special order. )

6.5 Facilities survey .- Where the lamiaator has mended, prior to fabrication and acceptance of
not prevtousiy produced acceptable laminates for wood iamimtes for Government use under any
the Government in accordance with the requirements prime contract, mdxontract, or purchase order
of this specification, a facilities survey IS recoin - (see 3.1 and 6. 2(b)).

o i9
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6.6 Side coatings. - Side coatings should be
specified if tbe laminated Douglas fir is stored out-
doors, unprotected. End coatings fibould be re-
newed as necessary when laminated Douglas fir is
stored outdoors in covered piles. When specifying
side coating% tbe end use should be taken into ac -
count. Surfaces in tbe exterior underwater por-
tions of ships a“d boats are coated with antffouling
paint. Since afuminum coating has a tendency to
blister when used under such paints, it should not
be specffied for these surfaces if tbe end product
ia to be B“pplied ready to instafl. Provisions for
covered transportation and storage should be spec-
ified U side coatings are not specified.

=. - When Government drawings, specifica-
tions, or other data are used for any purpose other ●
than i“ connection with a definitely related Govern-
mem procurement operation, tbe United State8
Government thereby incurs no responsibility nor
any obligation whatsoever; and tbe fact that the
Government may have formulated, furnished, or
in any way supplied the said drawings, specifica- ●
tions or other data is not to be regarded by implica-
tion or otherwise as in any reamer licensing the
holder or any other person or corporation, or con-
veying any rights or permimirm to manufacture,
use, or sell any patented i“veniion that may in my
way be reiated thereto.

Preparing activity:
Navy - Bureau of Ships
(Project 5510 -NO03Sb)

●
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APPENDfX - I

hDNfMUM FACILITIES AND PERSONNEL REQUfRED FOR PRODUCING

wOOD IAMfNATES FOR MARINE USE, AND RECOMMENDED

bfffifhm4 PRW EDURES FOR DETERMfNfNG THEfR ADEQUACY

10. SCOPE

10.1 In present Navy wood ship and treat con-
struction wood laminates are rapidly replacing
solid wood as structmal components. Laminates
possess advantages cd complete seasoning through-
out, ability to be formed to shape in the process
of assembly, prefabrication aspects, and greater
strength. A laminated member can be built by as-
sembling small pieces of wood without the use of
[aatenings. Solid wood of the proper grade and
large dimensions is rapidly becoming depleted. A
much greater supply of wood for ship and boat use
thm becomes available tbrough aawing low-grade
material into boards, removing objectionable de-
fects, and laminating. However, the gbowingad-
vantages iisted for this mw engineering material
for marine use reauire that the adhesive bonds
ho fding the layers if wood together must have un-

●

questionable bdegrit y. Achievement of this requf -
site requires use of very special adhesives, exten-
sive equipment, a high degree of technical skifl,
and maintenance of very close process control
throughout production. This document discusses
in some detail tbe facilities which are considered
necessary for the production of wood laminates for
marine use, and recommends procedures for
evacuating their adequacy for the me Intended.
Also is discussed the need for competently trained
persomel to facilitate a auccessfuf marine lami-
nat ing operation.

20. Applicable D@2uMEfTfS

20.1 Other publication%- The following docu-
ments form a part of thit? specification to the ex-
tent specified herein. Unlesg otbenvi8e indicatti,
the issue in effect o“ date of invitation for bids
shall apPIY.

FOREST PRODUCTS LABORATORY
Bulletin No. 1651 of October 1952- Relative

Humidity and Equilibrium Moisture Con-
tent Graphs and Tables for use in Kiln
Drying Lumber.

(Copies may be obtained from the Director,
Forest Products Latmratory, Madison 5, Wisconsin. )

●

AMERfCAN SOCIETY FOR TESTING MATEIUM.S
ASTM Standard E4-50T - Verification of Test-

ing Machines

(Copies may be obtained from Amertcan Society
For Testing Materials, 1916 Race Street, Philadel-
phia 3, Pemsylvania. )

30. FACILfTIES

30.1 Below is a descriptive list of Facilities
which me considered tbe minimum necessary to
produce acceptable wood laminates for marine “se.
The quantity of each item ie determined largely by
the production schedde. However, the number and
size of laminating jigs, curing chambers, and clamps
required depend on the size, Bhape, and number of
laminates to be produced. It is very important that
au of the items be thoroughly checked for adequacy.
Although many faciiity item which a plant has may
be suitable for laminating more than one species of
wood, other facility nmy be found suitable for lami-
nating one species of wood only. Therefore, it is
very important that facility item be checked for their

applicability in fabricating laminates from the species
of wood intended to be used in production.

30.2 Straight line rip saw. - For cutting lumber
to the required width and removing defects. Any
chain feed rip saw of good quality is satisfactory for
this operation (not to be confused with 30. 1S. 1 be-
low which discusses a very speciai saw for pre-
paring surfaces for .wbsequent edge gluing).

30.3 Rough olaner. - For nurfacing rough lumber
before cross cutting of defects, and before edge
gluing and scarfing. Must provide true flat surfaces
in order to give a proper reference bed for surfacing
edges and scarfs for gluing

30.4 Trim Baw. - For trimming boards to the
desired length and to remove defects.

30.5 Scarfing equipment. - For scarfing lumber
to form laminations of the desired length. Must be
capable of consistently producing the wafity of
scarf required in the lamimding specifications.
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30.5.1 Scarf cutter. - An acceptable methcd of
cutting good scarfs i8 one which produces a good
cut with no dfgging, tearing of the grain, chipping,
or peeling between the annual rings. The scarf
cutter must afso praf.ce a uniform cut across the
hard without splitting. To date ihe most satisfac-
tory methods for consistently producing satisfactory
scarf joints have been on a cabinet surfacer used
with a [orm for holding the lumber, on a modified
surfacer, and on an Cnumude veneer scarfer. A
modified radial arm saw with a bar type cutter
head has ‘a@o been used. Eowever, it has generaffy
not produced consistently satisfactory cuts, and 18
very difficult to keep in proper maintenance. 1[ a
surfacer is used in preparing scarfs, a relative
cut to the approximate angle of the surface should
be made by sawing m’ 8urfacing so that when tbe
finaf scarf surface is prepared only a minimum
cut ia required. (If care is not take”, an initiaf
cut by a saw wffl res”it t“ splitting of the feathered
edge. ) Forma for producfnE scarfa on a surfacer
shoufd be of sufficient length to asswe uniform
contact with tbe bed 0[ the machine without danger
0[ canting or clipping.

30. 5.2 Clamps for scarf packag e.- The clamp-
ing assembly must be capable of safely applying
and holding 150- 200 p. s. L pres.wre on ail points
of the glued assembly. Tbe most reltable and eco-
nomical method found to date for applying pree.e.ure
to scarf joints during tbe curing process ia in a
package assembly. in this method a number of
scar[ assemblies are laid one above the other using
a thin metai plate between each layer to prevent
6tickfng together of layers, for heai conductivity,
and for distribution of pressure. Using heavy oak
caufs on top and bottom of the package, pressure
is applied by means of three calibrated rocker
head clamps.

30. 5.3 Equipment for curing of scarf a. - The
method used for curing of e.carfa must be capabie
of consistently producing acceptable quality scarfs
in accordance with specif ication.% This requires
a procedure which remdts In full stre@h. The
curing temperature at aff points of the glue line
sboufd be not less than that temperature iisted on
Quafif ied Products List QPL-397, as an adhesive
conforming to the Type U, Class 2 requirements
of Military Specification MIL-A -397. The curing
period should also be not less than the period listed.
At no point in the curing chamber of gi”e line
Bhmdd the temperature exceed 315” F. Relative
humidity should be maintained to the extent that
no appreciable change i“ moistwe content of the
wood occurs. Also no degrade of the wood should
result. Curtng haa been done most satlafactorily
in a chamber or under curing blankets. Hot piatena
and dielectric heating methods i“ general have not
produced acceptable quaiity scarfs.

30.6 Cabinet surfacer. - For dresei”g lamina-
tions to the required thickness before acmembling. ●
The cabinet surfacer to be used for finaf surfacing
of laminations must be capable of surfacing stock
to a maximum toierance of ● .005 inches. It is
desirable that lumber be rough surfaced to approxi-
mate thickness before final am. facing and laminating.
The maximum material to be removed by surfacing ●
for laminating Bhw.dd “cd exceed 1/16 inch for each
face. Knives shoufd be carefully jointed to eliminate
revolution marks. Planer 6peed should be 80 regu-
lated as to insure a minimum of 20 and a maximum
of 30 knife cuts per inch. It should be remembered
that the cutting angle for hardwood shmdd be less
than for aoftwood~. The recommended cutting
angle for oak shoufd noi exceed 15 degrees and for
Douglas fir 20 degrees. A double head cabinet sur-
facer with ball bearing cutter heads haa proved most
satisfactory for dre.ssi”g laminations. For limited
production, a single head cmrfacer with bail bearinga
is 8atisfactorg if tolerances for thickness can be
maintained. If fcmr-~ide matchera are used, parti-
Cdar attfmticm must be give” to the condition of the
bed plates and pressure bars. U ia very dlfficuft
to hold the necessary tolerances on molders or
matchers.

30.1 Laminating jigs. - Must be capable of wfth-
atanding load under clamp-pressures and curing
conditions as o“tli”ed in iarninating specifications.
AU laminating jigs mwt be of rigid construction.
The type and size of lamimdi”g jig used wilI depend
largely on type and size materfal to be laminated.

30.8 Laminate assembly ckamps. - Application
of correct, uniform pressure .3” a glue line iB a

prime requisite to the fm-mation of a good bond.
Thi8 requires that W clamps be uni[ormly spaced
and uniformly tigbtemssf to the proper load which
wfff deliver the required glue line pre8sure for the
given clamp spacing and glw? line area. For
Douglas fir the proper glue line pre8sure is 150
+ 25 p. s. i. , and [or white oak is 175 + 25 p. 8. i.
Inadequate attentirm to this feature has been one of
the largerA cawses of failure in production. Yet, it
ia one of the easiest prod”ctim items to control.
To achieve this, clamps must be capable of applying
and holding pressures required in the laminating
specifications and withstanding repeated heating in
the curing chamber without warping. The clamps
must be MIuipped with rocker bead type equalizing
pressure heads to di8trib@n pre,9.sWe ove”ly on a
laminated aaaembly. The pressure heads must be
sturdily built and reinforced with webbing to pre-
vent diiitorticm and to permit we” distribution of
pressures across the whole member. In order that
pressures along tbe le@h of a glue line can be
uniformly appfied and rm.intained, each individual
clamp must have provisions for regulating the load

aPPli@ and easy means for determining tbia load. ●

●
22

Downloaded from http://www.everyspec.com



MIL-W-2028C(SfifPS)

Tbe most reliable clamps found to date are those
which use a threaded shaft system to apply presmme.
This type of clamp can be easily checked for ade-
quacy through the use of a compre.%$ometer. Also,
through the use of calibration dab, the load delivered
by a clamp can be easily determined through the use
of a tOrWe wrench. In Belecting such clamps for use
it is pointed out that acme threaded shafts, although
generafly a little more ewensive, have leas tendency
to bind and hang under heavy load. They afso will pro-
vide longer servtce. To date, clamping systems
wbicb use a hose containing water or compreu?ed atr
to distribute pres.?ure have not proven satisfactory.

30.9 Chamber for curi ng laminated assemblies. -
The curing chamber used for curing laminates must
be of such design as to provide proper uniform heat
and humidity to the material. Tbt8 requires that
the walls of the chamber be insulated for both heat
and vapor, and that the chamber be so constructed
that air can circulate freely about the curing mate-
rial, distributing uniform heat and bumtdity. Tem-
perature and relative humidity conditions must be
maintained uniformly throughout the process in the
curing chamber. Tbe purpose is to maintain the
required temperature needed to cure the adhesive
at all points of the glue iine, and to keep the average
moisture content of the wood essentially the same
as it was before the period was begun. Also no
degrade shmdd remit from the curing process.
Several types of chambers have been succesafuffy
used, such as lumber dry ktfns, specially built
stationary curing chambers, or portable curing
chaIIIberB.

30. iO Torque wrenches. - should have at least
two tOrQte wrenches calibrated to the particular
type of clamps used.

30.11 Adhesive. - The adhesive used for all ula-
rfne laminating operations sbafl be an adhesive
listed on the latest imme of Qualified PrcKfucts List
QPL-391 as an adhesive conforming to the Type If,
Clam 2 requirements of Military specification
MIL-A-397.

30.11. i Adhesive storage. - Must have adequate
facilities for proper storage of adheaives i“ accord-
ance with specifications,

30. 11.2 Weighing mechanism. - Must have ade-
quate weighing mechanism for weighing o{ adhesive
components and for determination of glue line
spread.

30. i L 3 Proper equipment for mixing of ad-
@zLYs. - This should be a mechanical type mixer
capable of thoroughly mixtng the adhesive to proper
consistency without lumps, yet mu8t be designed so
that it will cause no bubbles or foam during the mix-
ing process.

30. 11.4 Proper equipment for e.preading of ad-
We. - Metb od of applying adhesive must be such
that the correct amount of adhesive can be applied
quickly. No foreign matter should be deposited on
laminating stock which will fnterfere with the glue
bond. For full scafe laminating OpeI?ItiOnS, com-
mercial glue Bpreaders with rubber roffs, and
which have provi8iozw for adjusting rate of glue
spread, have proven most successful. For smaller
operations clean paint rollers which & not shed
have aiso prove” adequate.

30.12 Laminating room. - The laminating mom
shcmld be such that it can be kept clean with a mini-
mum of dust or particlea preeent which wfIl cause
interferences wfth tbe glue bond. All wood working
machinery must be equipped with dust collection
systems. In addition, the room e.hcmld be controlled
50 that room temperatures required in the laminating
specifications can be met, yet to provide adequate
ventUation for removaf of objectionable adhesive
solvent vapors which are given off.

30.13 Facilities for proper storage of lumber
and dressed laminations. - Must have adequate facil-
ities for storage of lumber under cover, including
adequate space for storage of dressed Iaminationa.

30.14 Equipment for handflng lumber and lami-
--- Adequate bandflng equipment must be pro-
vided for moving laminated members around the
laminating shop and the yard without damage.

30.15 Shapins equipment. - Must have either a
marfne type hand saw, or a conventional 36,$ band
saw (hea~ duty equipment), capable of carrying up
to 1-1/2” blade. Fiitng room equipment adequate
for servicing heavy duty band saws should be pro-
vided. If contour shaping to various bevels are
contemplated, the band saw must be of tiltable type.
in most operations a tiltable tabie will not work
satisfactorily. In addition, if specifications or
purchase orders require that iaminates be dressed
to specific dimensions after fabrication, mitable
equipment for performing this operation is neceaaary.

30.16 Maintenance equipment. - Should have a
grinding room adequately equjpped for maintenance
of cutter heads and saws. A180 facilities ehould be
available for maintenance of other equipment.

30.17 Testing equipment. -

30. 17.1 Drying oven. - Must have a drying oven
which is capable of maintaining a temperature of
105° C. (215” F. ), to be used for determining moisture
content and moisture distribution in lumber by the
standard oven test.

30. 17.2 Weighing ap paratus. - Must have suitable
mechantsm far weighing lumber test 6amples to
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determine moisture content of wood. The weighing
mechanism should be accurate enough so that weights
can be correct within at least one percent and be
able to indicate the weight of samples to the nearest
O. 01 gram.

30. 17.3 Moisture meter. - Must have an accurate
moisture meter for quick determination cd moisture
content in lumber. Some moisture meters have a
tendency to become inaccurate when batteries be-
come depleted, or when room bumidfty conditions
are adverse. Therefore, moisture meters should
be checked for accuracy against standard oven tests
at periodtc intervals.

30. 17.4 Potentiometer and thermocouples for
accurate determination of glue line temperature in
scarf-joints, laminate assemblies, and edge- joints.-
Must be checked for accuracv throueh the use of a
laboratory thermometer and _a bot w-tier batb. Cali-
bration should include a fufl temperature range from
60” F. to 212” F. Althcwgb a potentiometer is gen-
erally used to measure glue line temperature it can
also be used to determine ambient dry bulb and wet
bulb chamber temperature conditions. This is done
by using two units next to each other with a wet
sleeve over one as is done with a normal wet and
dry bulb system.

30. 17.5 Compressometer. - Mue.t have frequent
periodic access to an accurate compressometer or
equally effective portable apparatus for measuring
compression loads for calibrating torque wrenches
and clamps. The compression load measuring ap-
paratus must be calibrated and certified for ac-
curacy by a test laboratory.

30. 17.6 Block 8bear testing apparatus im’ lami-
nator tee.ts. - Must have a suitable block shear test-
ine amaratua to conduct block shear tests on mate-. . .
rtal prior to submittaf for Government inspection
and test. The shear test tool must be similar to
that described in military specifications for wood
laminates for marine use. The load measuring
device should be accurately calibrated and should
include a &mping apparatus which permits read-
inga of ultimate loads under conditions of sudden
failure. The loading device ahoufd give an acc”ra.te
full scale reading of no more than 150 percent that
cd the maximum range of loads at which shear
blocks will normally break. The accurately read-
able increments of load should not be greater than
1.5 percent of the mtim”m load reading o“ the
6cale and not greater than 5 percent of tbe mi”itn”m
load at which the block shear test specimens will
normally break. This is deter mimd as follows
For example, if S000 pounds 18 the anticipat.mf
maximum shear block breaking strength, the full
scale reading on the diaf gauge shoufd not be
greater than S000 x 1.50, or 12,000 pounds. The
maximum load reading on the dial Is multiplied by

0.015. The minimum anticipated breakhm stremzth
18 multiplied by O. 05. The imier of the t~o figu~es
determi”ea the rninimwn degree of accuracy re-
quired, and is therefore to be used as the maximum
permissible dial increment figure. For example,
if the maximum anticipated load is S000 pounds,
and the full scale reading on tbe dial is 12, 000
pounds, the dial increment figure woufd be 12,000
x 0.015, or 180 pounds. U tbe minimum anticipated
breaking strength were 3000 pounds, the
diaf increment figure would be 3000 x 0.05, or 150
pounds. Therefore, in order to test shear blocks
which wU1 normally break at loads ranging from
3000 pounds to 8000 pounds, with occasional fdgher
loads not in excess of 12, 000 pounde, tbe scale on
the dial must be accurately calibrated to increments
of 150 pounds or less. It is pointed out that the
increment cd load determine.i in this manner is the
maximum acceptable. For greater accuracy and
ease in correlation of test resutts with an approved
laboratory, it would be even more desirable for
increment cd load on the diaf to be calibrated in
smaller units. Another aspect which should be con-
sidered is the desirability of utflizing one apparatus
for testing mpre than one species of wmd laminates.
10 certain instances this can be accomplished by
“tflizing an accwately cz?dibrated dial with amafler
increments of load to provide a wider “sefd range.
For example, if a dial with a mtimum load reading
of 12, 000 pounds were calibrated in Increments of
100 pounds, the apparatus coufd be utilized in te8t-
ing shear block specimem which break at loads
rangfng from 100- 0.05, or 2000 pounds to S000
pounds, with occaeionaf load not i“ excess of 12,000
pounds. An apparatus with such a dial should
normally be able to be used in conducting the stand-
ard block shear test (standard shear area of 3
square inches) on most species of wood laminates
fabricated for marine use.

30. 1’/. 7 Small band saw. - Smali bmd saw for
preparation of casehardening samples, moisture
determination samples, and for prepar.atio” of
block shear test .specimerm.

30.18 Miscelkuteom laboratory equipment. -
Tbis includes such items as thermometers, gauges,
micrometers., etc.

30. lg. 1 Edge-joirdng equipment (required only
if edge-joints are to be fabricated) .- Prmfucing bigb
quality edge-joints for “se in mm-he laminates re.
quires adherence to very close tolerances i“ eq”ip-
ment and methods. The extent of marine lam fnattng,
the type of marine laminzdea being produced, and
the availability of equipment and experiemed per-
mxmel wifl determine the practicability of using
edge-joined material. It wifl afso determim whetb.sr
tbe laminator shmdd do his own edge-joining or
whether he will find it more advantageous to pur -
chaae edge-joined matertal from a manufacturer
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who has afready established his quaii[ ications as a
supplier of edge-joined dimension stock. Below is
a list of additional equipment which would be neces-
sary for a laminator to produce his own edge joints,
and proce-dures for checking the adequacy of this
equipment.

30. 18.2 Equipment for preparin surfaces for

-ii”gsho”ldbeof reaso~bly ,atede,ign
e e oinfng - Eqdpment for prochcing surfaces

and must be in first class condition. The equipment
must be capable of preparing edge-joint surfaces
on the longest length of edge-glued material expected
to be used in production. U a chain feed straight
iine edge-joining rip saw is used for this purpose,
it requires that the bail bearings on the saw arbor,
and the grooves and track on tbe cbai” be i“ first
clam condition. The saw must be well balanced
and fitted. For limited production, surfacing of
edge joints has been satisfactorily accomplished on
a molder that is kept in the very best of condition.
For very limited production, surfacing of edge
joints can be successfully accomplished on a hand
jointer which is maintained by an expert millwright.
However, this last method is a very cumbersome
and expensive procedure and is probabiy practical
only [or short (4’ or less) length material. Which-
ever method is used, the resulting edge joints
should be carefully checked for smoothness and
evenness of cut. Assurance should afso be made
that the planes of tbe Edge joint surfaces are per-
pendfcufar to the pianes of the fiat surfaces of the
lamination, and that the prepared surfaces will
match when assembled. Special care must be given
in matching edge-joint surfaces prepared on a
jointer.

30. 18.3 Clamps for edge- joining.- Application of
the correct, uniform pressure on a giue line is a
prfme requisite to tbe formation of a good bond.
This requires that afl clamps be uniformly spaced
and uni[ormly tightenti to the proper ioad which wIU
deliver the required glue line pressure for the given
ciamp spacing and giue iine area. For Douglas fir
the proper glue line pressure is 150 + 25 p. s. i. ,
and for white oak is 175 + 25 p. s. i. Inadequate
attention to this feature has been one of the largest
causes of fafiure in production; yet, it is one of the
easiest prtiuction items to control, particufariy if
a standard clamp spacing, or a few standard clamp
epacings are used for aii edge-gl”i”g operations.
fn edge-gluing lumber for width, the maximum
clamp spacing measured on centers shoufd not ex-
ceed 14 inches. Closer clamp spacing is often
mces8ary to more uniformly distribute the load
supplied by the clamps to the glue iine, and to as-
sure that the clamp loading heads do not crush the
wocd. The most satisfactory methods found to
date for applying pressure to edge-joint glue lines
are stock type clamp carriers and stacking ciamps.
Stacking ciamps have generally been found much

more adaptable to producing edge joints for lamina-
tions for marine use. This is due to their low initial
cost, versatility in ciamping various lengths of mate-
rial (particularly iumber over 8 feet in length), ease
of handling and storage, fow maintenance costs, and
ability to hold materiaf flat. They also generaily
require less extensive curing facilities. Both stack-
ing clamps and clamp carriers have threaded shafts
for applying pressure to each individual clamp head,
which can be readily calibrated to determine the load
deiivered for a given torque. To date, other ciamp-
ing systems such as hydraulic or air clamps have
not proven satisfactory. This is primariiy due to
the difficulty of determining and regulating pres-
sure8 along the fuii iength of the glue line. There-
fore, unless these features can be provided, the
use of fluid or air pressure is not considered ac-
ceptable.

30. 18.4 Curing chamber. - The curing chamber
used for curing edge joints must be such as to pro-
vide proper uni[orm heat and humidity to the edge-
joined material. This requires that the wails of
the chamber be insulated [or botb heat and vapor,
and that the chamber be so constructed that air can
circulate freely abut the curing material, distrib-
uting uniform heat and humidity. Temperature and
relative humidity conditions must be maintained
uniformiy throughout tbe process in the curing
chamber. Tbe purpose is to maintain the required
temperature needed to cure the adhesive at all
points of the glue line, znd to keep the average
moisture content of the wood ese.entially the same
as it was before the period was begun. Ale.o no
degrade should result [rem the curing process.
Several types of chambem have been successfully
used, such as lumber dry kilns, specially built
stationary curing chambers, or portable curing
chambers. To date, bigb frequency methods for
curing have not been found to do a conaistentiy re-
iiable curing operation for marine use.

40. PERSONNEL REQUIREMENTS

40.1 in addition to adequate equipment, a suc-
cessful marine laminating operation req”tires ade-
quately trained personnel.

40.2 Supervisory iechnical personnel. - Super-
viwm-y technical persomel require a high degree of
technical knowledge in wood working operations and
equipment, wood technology, and an ability to under-
stand and supervise marine laminating operations
within the scope of governing specUication require-
ments. Previous experience in commercial struc-
tural laminating operations is usually belpfuf.
However, it is pointed out that in general marine
laminating operations are much more exacting
than most commercial operations. Therefore, a
sound foundation is necessary regarding these
differences in order to avoid failures in production.
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40.3 Production personnel. - in order to make a
marfne laminating operation a success, personnel
must be thoroughly indoctrinated in the materials
and procem rwfufrements of the applicable military
specifications.

40.4 Maintenance personnel. - Because of the
consistently reliable per fornxwtce to close tolerances
required of equipment for marine laminating Opera-
tion, a firm engaged in such operations must have
first clam maintenance pere.onnel to service this
equipment.

40.5 Quafity control en neer and inspection
persOrme~quaf -
ity control and inspection procedures throughout the
p;ocess to mafntain the required close tolerances
in production processes. A trained quality controi
engineer is required to analyze specUicatiOn re-
quirements and to devise definite procedures by
which these requirements can be checked for con-
formity. Trained innpectora, under the supervision
of the quality control engtneer, are required to ln-
apect for conformity with the process and material
requirements of the specification by the procedures
developed by the quality control engfneer. Trained
personnel are afso required to conduct such latmra-
tory tests as block shear tests, make moisture con-
ient and casehardening determinations, and to check
accuracy of instruments, devices much aa controls,
moisture meters, torque wrenches, etc. To be
most efficient, the quality control organization
should be independent of the p rcduc tion department.

50. CALfBWTION OF VARfOUS EQUfPMEf4TS

50.1 Certain equipments used for marine lami-
nating operations require calibration to assure
correct performance. Below are recommended
procedures for calibrating such equipments.
Whether or not a piece of equipment remains in
calibration depends on use and quality. Durfng
prafuction recalibration must be such frequency
aB to provide accuracy ‘wfth reasonable assurance
at all times.

50.2 Calibration of clamm+. - Assuming that
clamps with threaded shaft systems are used for
aPPlflng glue line pres8ure, the following procedure
is UPA for their calibration with an accurate com-
pressometer and an accurate torque wrench.

50.2. i Calibration procedure. - Insert the com-
prefmometer between the pressure heads of the
clamp. It may be necessary to insert white oak
cauls between the pressure head of the clamp an~
the bearing surfaces of the compresmameter. Using
the torque wrench, tighten the clamps to compress
the compreesometer. The applied load can be read
on the dial gauge of the contpressometer in pounds,
and the corresponding torque on the torque wrench

can be read in ft. -1bs. A fufl range of load readings
should be taken. As in production use, all clamps ●
shcwfd be well greased and be in maintenance. This
wiU aid in preventing hanging or btndtng due to an
abnormally fdgh co-efficient of frlctirn on the screw.
Care ahmdd also be taken io assure that the com-
pretmxneter dfai actually reads tcdaf load in pounds.
If the dial reads fluid pressure in pounds per square ●
Inch, this reading must be converted to total load
readings In pounds. By piotting on graph paper ob-
served torque readfnga against the corresponding
ioad readings, the safe capacity for the clamp can
be determined. As noted in figures 1 and 2, a
straight line can usually be drawn through the [irst
grcmp of points. Then at a given load the points
devfate from a straight line. The point on the graph
where the curve deviates from the straight line
relatio”sbip is know” as the yield pOint or e=

~t and is the point at which weakening of the
metal takes place. Clamps .s.hould not be loaded
beyond the yield point. A suitable number of
CLWIPB cd each type msed should be calibrated to
assure adequate representation.

50.2.2 Determination of proper clamp spacing
and proper ioad applied by ciamps. The proper
load to be applied by the clamps for any gfven uni-
form clamp spacing and lamination wfdth can be
readily determined from the calibration information
as show” by the foUOwfng

50.2. 2.1 C1amps for ciampins finai famfnate
assemblies. - A8sume that ciamps are spaced on 7
Inch centers and that ihe material to be bonded is ●
7 Inches wide. For white oak the required glue fine

—

presmre 1s 175 + 25 p.s. i. Assume for practicaf
purposes that tbe load applied by each uniformly
spaced ciamp is uniformly distributed for a distance
of at least 3.5 inches to each side of the clamp, or
over an area of 49 (7x7) square inches. (This as-
sumption can be made only if clampa are spaced
close emmgh together, and the cauls and/or the
materiai are rigtd enough to uniformly distribute
the load. ) In order to apply the required 175 p. a. i.
pressure to the glue ilnes, each individual clamp
must S“PPIY a load of 175 p. B. i. x 49 square inches,
or approximately g575 pounds. Similarly computed
[or a minimum glue line pressure of 150 p.s. i. ,
each clamp wouid be required to exert a load of
735o pcmnds. At ihe maximum 200 p.s. i. pressure
range, each clamp woufd be required to supply a
load of 9S00 pounds. As noted in the example
calibration graph, (Ffgure 1) the particular clamps
could be safely loaded beyond flgOO pounds without
damage. Also taken from the graph, a torque
reading of 93 ft. -lbs. on the torque wrench would
be required for the clamp to exert a load of 7350
pounds. 109 ft. -lbs. would correspond to a load
of 8575 pounds. i27 ft.-lb% would correspond to
a load of 9S00 pounds. Therefore, using these
particular clamps and the above cited clamp spacing
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a torque reading of 109 + 16
ft. -lbs. would be required to maintain a glue line
pressure of 175 + 25 P. 8. i. If from the calibration
graph it is found that the clamps wili not safely take
a load of at least 9800 prods without deforming be-
yond tbe elaetic limit, heavier clamps are necessary
for use with that width material and clamp spacing.
Closer spacing 0[ clamps will, of course, require
less load to be supplied by each clamp. For example,
if tbe particular clamps described above were spaced
on 5-inch centers, the load required to be delivered
by each clamp to supply a pressure of 200 p. s. i. at
tbe glue line would be 7000 pounds (5S, x 7“ x 200
P.s. L ). This is 3800 pounds lees than the load re-
quired to be delivered If clamps were spaced on 1-
incb centers.

50.2.2.2 Clamps for edge-gluing. - Assume that
clamps are spaced on centers at th e maximum rec-
ommended distance of 14 inches, md that the mate-
rtaf to be Edge glued is 1/8 inch in thickness. For
white oak, the required glue line pressure is 175 +
25 p.s. 1. Assume for practical purposes that the
load appiied by each uniformly spaced clamp is uni-
formly distributed for a distance of at least 7 inches
to either side of tbe clamp, or over an area of
12.25 (7/8 x 14) 6quare inches. (This assumption
can be made only U clamps are spaced close enough
together, and tbe cauie and/or tbe material are
rigid enough to uniformly distribute tbe load. ) In
order to apply tbe requtred 175 p. s. i. pressure to
the edge glue line of white oak, each individual
clamp must supply a load of 175 p. s. i. x 12.25
square Inches, or approximately 2144 pounds.
Similarly computed for a minimum pressure of
150 p. s. i. and a maxtmum of 200 p. s. i. tbe range
allowed would be not less than 1838 pounds nor
more than 2450 pounds respectively. Tbe torque
necessary to tlgbten the clamp to these respective
loads can be taken directly from tbe graph plotted
from tbe results of calibration of clamps with tbe
ccnnpressometer. From the example graph
ebown in Figure 2, the torques requtred to be
applied by tbe tOrqu@ wrench to supply 1838, 2144,
and 2450 pound loa.da respectively woufd be 35,
38.8, and 42.6 ft. -lbs. Rounded off these would be
approximately 35, 39, and 43 ft. -lbs. Therefore,
using these particular clamps and the l/8-inch
lumber thickness and 14-inch clamp spacing cited
above, a torque reading of 39 + 4 ft. -lbs. wotid be
requtred to maintain a glue line pressure of 175 *
25 p.s. L

50.2.2.2.1 Production use of clamps. - in the
production use of clamps, care Bbould b e taken to
assure that tbe loadtng heade on the clamps do not
damage the wood, particularly directly under the
loading beti. ft damage does take place, tbe load
supplied by each clamp 16 too great. This can be
easily corrected by reducing tbe cfamp load by a
suttable amount, and recalculating a eborter unt -

form clamp spacing wbicb will provide the required
glue line pressure.

50.3 Calibration of torque wrenches. - Torque
wrenches are calibrated in conjunction with ClaMpS
through “se of an accurately calibrated cOmpressO-
meter as outlined above.

50.4 Compremmmeter.- The compressometer
or equafly effective portabie device for measuring
compression loads should be calibrated by compar-
ing various loads indicated by lt with those of a
stan&rd test macbfne, wbicb in turn bas been
rec.mtly verified for accm-acy, by one of the metbcds
listed in Americm Society For Testing Materiais
(ASTM) standard E4-50T ,,Verification of Testing
Mac btnes. ~~ Loads 8hould be calibrated at frequent
intervals tbro”ghout tbe fulf range of tbe load indt -
catl”g dial of tbe comprese.ometer. For visual
comparative purposes, a graph should be drawn in
wbicb corresponding loads e.bown by the compres80-
meter and the standard test machine are plotted
against each other.

50.5 Caiibraticm of temperature and humidity
indicating and recordin~ instruments ufwd in curing
laminate assemblies, scarf-joints, and edge- joint8. -
A complete calibration 8bould be made of all tem-
perature and humidity recording and indicating in-
struments by means of a hot water bath and an
accurate laboratory thermometer. This calibration
sbmdd also include potentiometer and thermocouple
units. The calibration range should run from ap-
proximately 60” F. to approximately 212” F. Cali-
bration of indicating and recording temperature
untta are accompiiabed as fcdfows:

50. 5.1 Calibration procedure .- Clean ail tem-
perature elements tborougbly and immerse in a
large glass container of distilled water at a tempera-
ture of approximately 60” F. Also in the water bath
hmert an accurate laboratory thermometer wbicb
is graduated in increments of not larger than 1- F.
Stir tbe water around the temperature actuating
units until the indicating or recording Instruments
sbmv an equilibrium with the temperature of the
water. Record the temperature indicated on the
laboratory thermometer and corresponding read-
ings indicated or recorded by the other instruments.
Raise the temperature of the water in the contafner
an increment of approximately 15” F. Stir the
water in tbe container until the indicating or record-
ing temperature actuating units are in equilibrium
with tbe temperature of the water. Again record
the temperature indicated on tbe laboratory ther-
mometer and tbe corresponding readings taken
from the instruments being calibrated. In a like
manner, the calibration should be extended to a
useful range of approximately 212” F.

50.6 Weighing mecbani8ms. - Sbouid be cali-
brated for accuracy by use of standard weights.
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50.7 MoiBture meterB. - A simple procedure for
checfdng accuracy of a moisture meter is to take
readings with the moisture meter on a few typicat
pieces of lumber. Within a short time thereafter,
cut sections out of the boards where the moisture
readings were taken; weigh the small 8ections with
the weighing mechanism descrtbti above, and dry
in an oven kept at 105” C. (215” F. ) until there is
no appreciable loss in weight (for 1-1/2,, x 1- 1/29,
8quare block of i’, nominal material drying takes
approximately 6 to 8 hours).

Percent moisture content (based on oven dry

weight) =
wt. before dryin~ - wt. after drying ~ loo

wt. after drying

50.8 Block shear testins_apparatus. - Any of the
methods listed in American Society For Testing
Materials Desiiznation E4-5fW “Verification of
Testing Machin~8° 1.s considered acceptable for
calibration or verification of tbe shear test ma-
chine. Another permissible alternate woufd be to
compare various loads registered by the laminator-s
apparatus with those of a standard test machine
which has been recenUy verified for accuracy. A
full range of loads Indicated by the dtal of the test
apparatus being calibrated should be verified. A
graph shcmld be drawn in which correctpo”ding
vahes of the block shear test apparatm a“d tbe
verification appar?.tws are plcdt @ xgainst e>ch cdhe r.

60. PERFORMANCE TYPE TESTS FOR DE-

~E~NING ADEQUACY OF VAFUOUS EQUIP-

60.1 During production determi”i”g perform-
ance of equipments must be of such frequency as
to provide required performance with reasonable
assurance at aU times.

60.2 Methods [or TestingScarf Joint. s.- The
cyclical exposure test as outlined i“ applicable
military wood laminate specifications is comidered
a suitable method for evaluating adequacy of glue
line in scarf-joints (provided au process require-
ments have been met). A preliminary method
which indicates whether or not individual sm. rf
joints wiu meet the exposure test req”ircinents
ia a simple bending test in wbicb a scarfed section
of lamination is compared in breakage strength
with the adjacent solid sections of wood lamination
making up the scarf joint. In this comparison the
scarfed section 01 lamination should be at Ieust
85 percent the strength of tbe weakest adjacent
solid section. Also whm the scarfed section is
broken, tbe failure should occur i“ at least 75
percent of the wcmd. (In other words, on the
scarf surface which is broken m more than 25
percent, the area of the gfued surface should
show glue failure). The epan length for the bend-
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ing teSt should be not less than 16 Inches. Regard- ●
less of which test is used, at least 21 consecutive y
produced scarf joints should be evaluated to show
that tbe eq”ipme”t and the methods can consistedly
produce high quality scarf joints i“ the species of
wood intended to be used in production. ●

60.3 Testing p roficiency of cabinet surfacer. -
Twelve hoards of the sDecies intended to be lami-
nated in production abo-uld be used for checking
machining per fcmmmce. The boards ahoufd be
nominal l-inch, approximately 6 inches wide, and
at least 6 feet long. At a given thicknem e.etting,
one hoard should be run through the center of tbe
surfacer, one through the left side, and one through
the right side. This procedure .s.hotdd be followed
four times. Each board shoutd be thoroughly identi-
fied. AU board~ ~hmdd the” be measmed for tcder-
ances with a micrometer, accurate to the nearest
O. 001 inch. Meamrements e.hould be taken at the
center of the length of each board and at both end.%
Two measurements should be taken at each of the
three Iocatiom? o“ the board to measure variatim in
thicknem across the width of a give” board. By thi~
procedure machining variation i“ thickness can be
determined along tho length of a board, acroas its
width and at variow planer bed locations. This &ta
should be presented in a table simifar to Figure 3.
Throughout the le@h or width of a board no two
measurements take” should exceed the maximum
tolerance permitted by the applicable laminate
specificati.m. in additicm, sin-faces ehould show no
manufacturing defects such as skip, torn grain,
raised grain, chipped grain, a“d chip marks, to a“
extent which will prevent sufficient contact between
gluing surfaces for cOmplete adhesion.

60.4 Testing distrib.tie” and adequacy of tempera-
ture and b“tnidity conditions in x curing chamber. -

●

60.4. 1 Test procedmes a“d res.Us.-

60. 4.1.1 Place at ieast three laminatHf assem-
blies at various locations in the curing chamber, in-
serting thermocouples at the innermost glue Une of
each assembly. This shoufd preferably be done when
the chamber is [“u.

60. 4.1.2 Imert at least three temperature and
humidity recordimg or indicating devices in variow
parts of the C“ri”g cbmnber.

60.4. L 3 Make a drawing of tbe setup showing
distribution of samples and imXr”me”ts.

60. 4.1.4 Submit sample~ and chamber to a full
c“ri”g cycle, being careful that i“ tbe heating and
cooling periods the ambient chamber temperature is
not increased or decreased by a rate faster than that ●
permitted by the governing specification. During
tbe required c.ring period, no glue line temperate
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in any sample ahouldbo less tban that required for
tbe particular approved adhesive appearing on
Qualified Products List QPL-3!37under Typell,
Class2 requirement of Military Specification bUL-
A-397. The maximum variation ing[uelinetem-
perature in the various samples should not exceed
9“ F. At no point in the curing chamber or glue
line shoutd the temperature exceed 215° F. Further
restrictions may be required on curing chamber
temperature, glue line temperature, and curing
period conditions wbe” bonding wood treated with
preservative.

80.4. 1.5 Tbrougho”t tbe mring process relative
humidity conditions should be “nifm-udy mai”taim?d
throughout tbe curing chamber which will keep the
average moisture content cd tbe wood e!m!e”tiaily
the same as it was before the cmi”g procem was
begun. Tbe samples should also show “o signs of
warp, casehardening, checking, or other degrade
as a result 01 the curing process.

60. 4.2 Difficulty in maintaining Proper relative
humidity conditions in curing chambers. - DiBcue.-
sions with a number of laminators have indicated
that a better understanding of procedures to main-
tain proper relative humidity conditions in curing
chambers is desirable.

60. 4.2.1 Avaiiable literature on maintaining
suitable relative humidtty conditicms in curin~
chamber to keep wood at a given rnoist”re content
condition. - A number of chart8 and graphs are
available which show the correct relative humidity
conditions which must be maintained in a cm-ing
chamber for a given chamber temperate ccmdi-
ticm to bold wood at a given moiatme content. Un-
fortunately, many of these tables or graphs have
been misinterpreted. A good source of practical,
understandable information on tbe subject is Forest
Products Laboratory Bulletin No. 1651 of October
1952 entitied, ‘,Relative Humidity a“d Equilibrium
Moisture Content Graphs and Tabies for use in
Kiln Drying Lumber. ,’ Tabie 1 cd the referenced
buffetin shows relative humidity ccmditions which
must he maintained at a given temperature ccmdi -
tion to reach a given equilibrium rnoiet”re content
in wend. As noted in the table, di[ferent tempera-
ture conditions generally require different relative
humidities in a chamber to maintain the same equi-
librium moisture Ccmtent condition i“ wocd. There-
fore, during the varying temperature cycle followed
in curing laminate aBsembiies, it is also necessary
to vary relative humidity conditions in the curing
chamber, if the wood is to remain at essentially
tbe same moieture content tbro”gb.mt the cm’i”E
process.

60. 4.2.2 Difficulty in maintaining enough rela-
tive humidity in the curing chamber. - At times
laminators have had difficidty in maintaining high

enough relative humidity conditions in the curing
chamber. This problem usually originates when
steam humidification is wed. A common error in
the use of steam humidification has been the straight
injection of steam from steam heating system into
tbe curing chamber. The line preas”re of the steam
is umafly 10 to 30 p. a. i. On leaving tbe line the
pressure is quicbly red”cefi, and often the result is
superheated or dry steam, which will actually reduce
the reiative humidity of the air in the chamber in-
stead of increasing it. This difficulty can be avoided
by either using fine water sprays or imxatling a 8ys-
tem In the steam spray line which will completely
saturate tbe steam as it leaves tbe pressure system.

60. 4.2.3 Condensation in the curing chamber. -
fn maintaining proper relative humidity conditions in
the curing chamber durt”g the curing cycie, Borne
firms kive experienced difficulty with heavy Conden-
sation. Heavy condensation can usually be attributed
to one or more of the following

60. 4.2.3.1 Trying to lay up lamtnated assemblies
at too low temperatures.

60. 4.2.3.2 Inadequate inmdation and vapor bar-
rier materials in the curing chamber waifs.

60.4. 2.3.3 Insufficient air circulation in the
chamber.

60.4.2.3.4 Increasing tbe temperature in tbe
curing chamber at too rapid a rate. Eeating a
chamber 81OW1Ywilt avoid condensation particularly
at tbe higher temperatures where a greater actual
amount of water is present for a given relative
humidity condition. For example, if air at a tem-
perature of 80” F. and 67 percent relative humidity
(approximately 7.8 grains per cubic foot of water)
was cooled to 60” F. (by chamber waiis, ciamps,
etc. ) apprOxIm?dely 2 grains per cubic foot of water
would condense. This is a relatively small amount
and could be eliminated by using slightiy less tba.n
equilibrium moisture content conditions in the curing
chamber during initiai part of the heating period.
However, if the air temperature was maintained at
160” F. and 79 percent relative humidity and if tbe
chamber wall was at 140” F. temperature approxi-
mately 14 grains per cubic foot of water would
condense. This is about ‘7 times as much condensa-
tion as would occur with the same 20” F. tempera.
ture spread at the lower temperature range. It 18
therefore obvious that if heavy condensation is to be
avoided at tbe higher temperature% better circula-
tion, more adequate chamber insulation, and slower
beating conditions are neces8ary. A graph showing
thee.e temperature-humidity relationships is shown
in Figure 4 of the above referenced Forest Products
laboratory Builetin No. 165 i.

70. PROFICIENCY fN CONDUCTING BLOCK
SHEAR TESTS
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On mutuafly agreed-on date, both activities should ●
cut specimens for test and conduct tests.
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10.1 Correlation tests with a laboratory ap.
proved by the Bureau are rwiuired to show that re-
mdta of block shear teste conducted at the laml -
nator”a plant in both shear strength and percent
wood failure are essentially the same. The corre-
lation tests Bhouid be conducted in a manner similar
to that described below using tbe species of wood
intended to be laminated in production

10.2 Preparation of teat specimens. - In order
to effectively correlate block abear tests conducted
at two testing stations, samples nmst he matched.
This is most easily accomplished by cutting two
closely adjacent full cross sections from a laminate.
Enough cross 6ections .sbafl be cut from laminates
so at least 15 glue lines are represented. These
laminate sections should be long enough and wide
enough that they can be c“t into 4 qwartera; each
quarter having large enough dimensions that a
staircase specimen representing all glue lines can
be easily prepared [rem it. Figure 4 shows an
example of a wood Iami”ate section. Each lami-
nate section shall be care fuily identified aa follows
A, B, C, D, etc. The fow quarter mctiom in
each Iamimate section shall be identified as follows:
1, U, fff, and IV. Quarter I in a gfven laminate
section sbafl be diagonal to Quarter fll, and Quar-
ter U diagonal to Quarter IV. Individual glue line8
in a given laminate section ahotdd be clearly
marked 1, 2, 3, 4, etc. , so that their position
identification will not be lost. After full identifica-
tion marking has been made, the laminate 8ections
shouid be cut into quarters as marked (See Figure
4. ) Tbe cut quarter Sectiom from tbe various
laminate sections should then be separated m! that
Quarter8 I and ill are included i“ one grcmp and
retained by the preparing activity fm. c“tti”g of
block shear tesi specimens and testing. The other
group, containing Quarter8 u a“d IV, ehoufd be
sent to the other activity for c“tti”g block shear
test specimens and te8ti”g. For better correla-
tion, the activity preparing samples should place
its specimens in a polyethylene bag or equally ef-
fective moisture barrier package and store. The
other samples should also be packaged i“ the sane
manner b“t fonvardti to the approved laborato~.

70.3 Test procedures. - Block shear test speci-
mens shmdd be prepared and teats conducted, i“
accordance with the applicable laminate specifica-
tion. In conducting tests, glue iine 1 ~hould be
tested fir6t, other glue lines being tested III numeri-
caf Bequence. The block shear test 8pecimen8
shoufd be evaluated i“ iwth shear strength and ac-
companying percent wofxf failure.

10.4 ~ - The results of teat.8 shoutd be
analyzed by suitable statistical methods to deter-
mine whether both activities are producing com-
parable resufte.

10.5 Methods for testing edge joi”t~. - The
cvclical e.x!xsure test as outiined in a!mlicable mili -
t.&y wood iaminate specifications is considered a
suitable method for evaluating adequacy of edge joint
giue lines (provided all process requirements have
been met). A preliminary method which indicates
whether or not individmf edge joints will meet the
exposure te.?.t requirement is a biock shear test as
outlined below:

70. 5.1 Preliminary testing of edge joints by tbe
block shear test method. - For preliminary testing
of edze ioints full leneth boards containing at least
two e~g~ joints ehouf; be produced on re&dar pro-
duction equipment in acccmcfa”ce with s,peci[icatio”s.
Tbe boards prepared shmdd be of at least two
thicknesses, 1/2,, and of a large thickness, and at
ieaSt 7 boards 0[ each thickness should be prepared.
At leae.t seven Bamples should be taken at random
from each edge joint of each edge glued board and
tested in block abear. The block Bbear strength
must be not Iese than that specified i“ the parti.xlar
laminating 8peci[lcation for the Bpecies of wood
iisted for block 8hear 8treugth between laminations.
The accompanying percent wood failure shall be not
iess than 75 percent. These teats shoufd be CO”.
ducted at a laboratory by qualified persormei on
standard tee.; equipment and In accordance with
standard test procedures except for width of test
specimen.
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Figure 4- Example of a Wood Laminate Block Shear Test Correlation Sample
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