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Prefaoe

In 1931, the groups interested in Air Navigation
asked Germanischer ILloyd to take up testing of plywood for
aircraft into his sphere of action. According to his
statutes which determine his activities as those of an
institute for the classifioation of ships and aircraft,
G.L. took up this task and, after gathering experiences of
his own, established Rules for such testing. From 1931
till now, GL-Surveyors have been testing plywood according
to these Rules or to any other specification demanded by
the purchaser, in 7 European countries at 28 factories.
During this period, more than three and a half million of
boards were under test.

As a rule, surveying and testing of plywood 1s
carried out on the basis of contracts between Germanischer
Iloyd and manufacturers or dealers, wishing continuous
supervision and verifiecation of plywood manufaeturing with-
in the factories at home and abroad. Only by way of
exception, Germanisoher Lloyd also examines finished lota
of plywood, if faultless manufacturing and storing have
been proved.

Plywood tested by Germanischer Lloyd and provided
with his stamps and certificates has beoome of acknowledged
repute on the international market. ILike all other G.L.-
Rules, those for plywood are permanently adapted to the
technical development, This edition is presented as
corresponding to the actual state of such technical progress.
Photos No.1 - 11, showing plywood-boards of different
aspects, are added to expladn the text.

Berlin, January 1953
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Edition: January 1953

Rules of Germaniseoher ILloyd for surveying and testing
of Plywood for Aircraft

I. Introduction

The following Rules shall be applied to
waterproof and boilingproof plywood boards for airecraft.
The Rules detall requiremants for two Grades of Ply-
wood, e.g.

1) Grade G.L.I,
2) Grade G.L.II .

Equal strength (including gluing strength)
is required for both Grades, the only difference being
that the boards of Grade G.L.I can be used as a whole,
whereas boards of Grade G.L.II, owing to not permitted
defects of the inner and outer plies, may be used
divided up only, after the defective parts have been
eliminated.

These Rules contaln nothing but the
requirements for plywood for alroraft prover. They are
not applicable regarding further trezatment and the
assemblage of the boards to other woodwork.



The symme tric assembly of thicknesses must not be
disturbed by the surface treatment.

B, Sizes of Boards:

These must correspond to the Order.

The longitudinal dimensions must be stated in om,
the first dimension indicating the grain direction of the
face plies.

Example:
Size 120 X 100 om means:

Grain of face plies following the longitudinal
direction of the board.

It is recommandable that Orders are based on approved
Standards.

6, Joints:

Unless otherwise specified between buyer and manufacturer,
synthetic resin glued boards may contain edge joimts in cores
and face pnlies, running parallel to the grain direction,
according to the following Rules.

The joints must be absolutely tight fittings they shall
be butt-joints. Joints shall be made by a reliable jointing
machine and glued with synthetic resin glue. Paper t{apes,
metal elips or such likes are not permitted.

The joints shall be made in such a way that they are
not lying over each other in the different plies.

The individual strips of face plies shall be assembled
in such a way that species and ocolour of wood are well
matohed (see Photo No.11).

III. Selection of Teeset Specimens

For the testing speoified in Section V test boards have
to be selected, the number of which agrees with the follgwing
conditions:

If the Surveyor considers the manufacturing to be highly
reliable or if the factory disposes of a suitable plant for
automatical supervising, £ - 3 % of every test lot are
gsufficient. Otherwise at lﬁgg; 5 % have to be chosen as test
boards.
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II. Manufacturae

In principle, the manufacture shall be supervised by
the G.L. Surveyor at the factoriesj; at least it has to be
tested there.

1. Species of Timber:
Birch, Beech,b Alder, Okumé (Gaboon) or other
timbers, if the process of manufacture guarantees the
values indicated in Table I ,

2. Assembly of Veneers:
Symme tric in relation to the core, regarding grain

direction as well as thickness of plies.

The proportions of thickness shall be chosen in such
a way that, as far as poscible, longitudinal and transverse
strengths are alike. The G.L. reserves the right to exclude
from testing every board of unsuitable assembly.

Number of plies:

under 2,0 mm thickness .......ee000e000... @t least 3-ply,
from 2,0 mm thickness up to and inel. 6,0 mm * * 6-ply,
over 6,0 mm thickness up to and incl.14,0 mm " " 7-plys

over 14,0 mm the number of plies is ...... optional
’ but none of the plies shall ’
exceed 2,0 mm in thickness.

See Table I

8. Gluing:

Only types of glue approved by the G.L. are permitted.
Such are glues of synthetic resin type: Phenol-resin glues
(Tego Film included), Resorcin- and Melamine-resin glues.

Before a new type of glue is admitted, the G.L.
requires proofs regarding its faultless application and
gluing power, as well as its absolute resistance to
watering and boiling.

4, Surface Treatment:
The boards may be unpolished, slightly polished,
trimmed or smoothed, resined or unresined.
After this treatment, the surfaces shall still be of
sufficient thickness as to guarantee a reliable further
treatment.




The symme tric assembly of thicknesses must not be
disturbed by the surface treatment.
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the first dimension indicating the grain direction of the
face plies.

Example:
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Grain of face plies following the longitudinal
direction of the board.
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synthetic resin glued boards may contain edge joimts in cores
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according to the following Rules.
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The joints shall be made in such a way that they are
not lying over each other in the different plies.

The individual strips of face plies shall be assembled
in such a way that species and ocolour of wood are well
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In case of breakdowns in the factory, or if the pro-
duction lacks in regularity and reliability, a greater number
of boards has to be selected.

The test boards shall be taken from test lots,
containing boards of the same species, thickness and mamu-
facturing. Too large homogenous gquantities have to be
divided into smaller lots.

Each test board will get a special number by the
Surveyor, and the test pieces shall be taken from this board
and meet the requirements of Section V, 4 and 5 (test speci-
mens see Table II).

Shonld one or more boards turn out unsatisfactorily
when tested, two Loards instead of the rejected ons shall be
chosen for re-testing. If these, too, fail to fulfil the
minimum requirements, the whole test lot will be rejected.

If, on the strength of hi: examinations, the Surveyor
gains the impression that the gluing of the boards is un~
reliable, he is authorized to reject all boards of the test lot
in question, or to put them aside for re-testing.

The re-test may be confined to the gluing tests, if
those only were unsatisfactory.

Flawless pieces only should be used for test-specimens.,

Rejected boards may only be selected for teast boards
if they have sufficiently large flawless faces from which
test pieces can be taken.

IV, Inspection

Grade G.L.I

must comply with the conditions specified in Section II

and V .
The boards must be suitable for use as a whole.
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Quality:

1) The following defects in material are not permisgsible:

a) loose and dead knots, gaps in the inner pliesj

b) tight knots over 6 mm diameters

e¢) for 3-ply boards more than 4 knots in one ply
of a 100 x 100 om board;

d) knots at a distance of less than 200 mm apart;

e) in boards of 5 and more plies, more than 6 knots in
one ply and at a distance of less than 150 mm .

For sigzes of boards other than the above specified,
the number of permissible knots varies according to the
surface. Enots at a distance of up to 30 mm from the
edge of the board need not be considered.

f) Short-grown wood, cross-grain, coloured appearance and
discolorations, dotes, if they obviously reduce strength
and flexibility.

5light signs of dotes and bark-traces may be
disregarded.

Short-grown wood and cross-grain mean that the
slope of fibers is interrupted; it shows obviously
different directions of texture "(see Photos Wo.1 =7).

g) Scars of knots and splits
(see Photos No.8 - 10).

2) PFyrthermore, the followin~ faults of manufacture
are not permiss et

a) Joints exceeding the limits according to Section II, 6,
and patches (fillings).

b) Open joints left without glue and not tightly fitting
joints (see Photo No.11).

e¢) Pleats and splits, checks, cutting-defects and blisters
ag well as other similar defecta susceptible to reduce
the strength of the board.

3 infractions, pleats or splits at a distance of
less than 30 fm from the edge of the board may be
disregarded, if situated on two faces not opposite
to each other.

d) Undulating or crooked boards.

e) Spots left without glue, caused for inst. by damage of
the film glue, unless they have been covered.

£) Excessive penetrations of glue visible on more than
one face of a board.




1)

2)

Grade G.L.II

For boards of Grade G.L.II somewhat bigger and otherxr
defects than for those of Grade G.L.I are admissible, but
these dafects must not be distributed over the whole board.

A rectangular piece of at least h a1l £ the size of the board
must correspond to the requirements for Grade G.L.I . The
remaining part may contain defects which are not admissible

for Grade G.L.I, but only to such an extent that it is still
possible to use sufficiently large pileces by dividing the

board up accordingly.

Moreover, the boards must comply with the requirements
specified in Seetion II and V, i.e. they must show the same
quality and strength as Grade G.L.I .

Defective spots and such defects which cause a board
to be clessified as Grade G.L.II shall be marked, but in such
a way that the marks can be easily and quickly removed
(recommended carpenters peneilj ordinary chalk, oil-chalk
and copying ink-pencil are not permitted).

V.Tes ting

General condition of the boards:

This 1s to be determined by external inspeotion.

To examine the inner condition of the boards they shall
be penetrated by light of sufficient intensity in a well-
darkened room.

Every board up to such a thickness that it still permits
penetration by light, 1i.e.

fair timber like Birch up to 3,0 mm thickness,
dark timber like Beech, Okumé (Gaboon) up to 1,5 mm thickness,
must be examined in this way.

Deviations gf thickness:
Deviations of manufacturing, especially of thickness,

must eomply with the demands of the industrial user. Unless
thers exist other requirements, the following values for devia-
tions of thickness are admissible:

up to 2,5 mm t10%
over 2,5 mm up to 5,0 mm * 0,25 mm
over -~ 5,0 mm t 5%

See Table I
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3) lMoisture Content:

Glued boards should have a moisture content
betwesn 6 and 12 percent.

In order to measure the moisture content vest pieces
of 10 x 10 em have to be cut from the test board and weighed
on a sufficiently accurate scale (accuracy at least 0,1 g)
The test pieces shall then be dried in an oven a%t a tempera-
ture of 95° up to 1050C until they have lost every humidity
and the weight remains constant.

The moisture content in % related to the dry weight
will bLe:

Percentage of loisture = ————pyg—— ° 100 ,

W, revresenting the weight of the test niece
before drying,

We Dbeing the weight of the tesi piece in absolutely
dried state.

Examrlet
w1 = 24,3 ¢
Wa = 22,4 g
difference = 1,9 ¢
Yo - % 24,3 - 22,4 190 <
—T—'——’100= ’22’4' « 100 = —gm-= B,5 %

2

The exact determination of the dried state is
important.

Care should be taksn that the test pleces are weighed
immediately after they have been removad from the oven,
because dry wood eagerly absorbs the moisture of the air.
The use of a drying apparatus with scales is recormendsd.

The Surveyor may only use electrical ahd mechanical
apparatus for measuring after having thoroughly examined
the exactness of their indications by drying several test
pieces in the oven (kiln-drying test).
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4) Tensile Strensth of the Wood:
The strengths have to be determined by stretching at least
3 test specimens in longitudinel direction and 3 svecimens trans-
verse to the grain direotion of each test board by means of a
geuged tensile testing machine,
The following minimum strengths are required:
For Birch, Beech and Al der
or timber of similar qualities
longitudinal to grain direction of face plies

transverse to grain direction of facc plies

longitudinal + transverse
to grain direction of face plies

700 ke/omn®

450 kg/cm?

1400 kg/cm?

For O kumé (Gaboon) and Poplar
or timber of similar qualities

longitudinal to grain direction of face plies = 450 kg/bm2
transverse  to0 grain direction of face plies = 300 kg/cm
longitudinal + transverse

to grain direction of face plies = 900 kg/cn®

Lower values but not exceeding 10 # are permissible for
boards over 3 mm thickness.

The average value of the results of the same test board
has to be considered as definitive result of the testing.

Sae Table I

imensions of Test Specimens:

For test boards under 4 mm thickness specimens 230x 25am
according to Fig.1

For test boards over 4 mm thickness specimens
according to Fig.2

See also Tuble II

Test Sgecimens for Tensile Strength of the ong

3

9
~

| ~ 230 s

b >
Fig.1 Test specimen for plywood up to 4 mm thickness

r{ :-S_'i_!cf;'an A=A
' il
W R
| 1
———;/¥—_ L,. T
s S A e
2R ~190 70
g | ||l.; o
) = -~ 330 |

—_-—————

Fig.2 Test Epecigen for plywood over 4 mm thiéknesg

If the test specimens are taken from a piece of 20 em width
cut from the edge of the board, they may also have the
dimensions indicated at Table II .
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5) Giuing Strength

The gluing strength has to be determined by shearing
in wet state the gluing faces of at least 5 specimens of
every vest board in a gauged tensile testing machine, further-
more by two boiling tests with specimens of 10 X 10 em .

Specimens for 3-ply boards see Fig,3
specimens for 5-ply boards see Fig.4 and 7
specimens for 7-ply boards see Fig.5 and 8
specimens for 9-ply boards see Fig.6 '’

Test Specimens for the determination of the gluing strength:

for 3-ply boards for 5-ply boards for V-ply boards
: LI 1
H
T i K R %
| 1 u
=100 o = .
Y e T
f 1 : ] i
P, v 1 " gf
S
Pig.3 longitudinal Figz.4 transverse Fig.5 longitudinal
for 9-ply boards for 5-vly boards for 7-ply boards

Pirz.6 transverse Fig.7 longitudinal Pig.8 transverse

St d values for the milli lengths

of the gluing spucimens
The examined glue line must be so small that no rupture in the wood
Occurs,and so large that the plies offer good resistance to separation.

e, an |08 8] 7 [12]13] 2 [25] 3 [ 4] 5| 6 | 8 pe-tltezs

Blﬂingtﬁgz mm | 3| 3|4 |4|4|4|5|5|6|7|8|9 |10 |72

Glue line of test specimens according to Fig.3, 4, 5 and 6
= milling lengthl x width of specimen,

Glue line of test specimens according to Fig.7 and 8
= P2 x milling length? x width of speecimen.




- 10 -

Gluing test specimens of S-ply and multiply boards
with veneers so thin that it is impossible or very diffi-
cult to bore them according to Fig.7 and 8, chell be pre-
pared according to Fig.4, 5 and 6 3§ the grain direction
of the face plies of 5-ply boards must then be transverse,
that of 7-ply boards must run parallel to the longitudinal
direction of the test specimens. On esach surface 3 or 4
plies have to be milled.

Before testing, the specimens must be submerged com-
pletely in water for such a period that they are perfectly
soaked through.

Standard values for the period of watering at roon
temperature (15 - 20°C):

for specimens up to 2 mm thickness 24 hours,
for specimens over £ mm thickness 48 hours.

The soaking of the specimens may be substituted by
bolling them for a period of 3 hours (i.e. the specimens
must be submerged in boiling water for 3 hours).

Minimum resistance ascertained after saturation in
wet condition shall be

20 kggemz .

Single values may be at the most 10 % less than
the above reguirements.

In addition, a boiling test of 3 hours has to be
carried out twice with pieces of 10 x 10 em cut from each
teat board. The test pileces shall be bolled for 3 hours
and then dried. They shall then be boiled again, cooled
in water, and tested while wet by bending them several times
by hand or over a suitable mould and finally tearing .them.
There shall be no separation of the plies, nor brittleness
or disfavorable aspect of the glue line,

If the Surveyor observes any irregulerity, he shall
increase the number of the tests for which he will use the
suspect boards.

Should the boards be glued with phenol resin glue
the Surveyor may disregard the boiling tests at his own
discretion.
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6) Other Tests,
carried out to verify the goed quality of the gluing, are
left to the discrefion of the Surveyor, acoording to circum-

stances. OSuch tests are:

a)

b)

e)

Bendinz Test:
Number of test pieces optional.

A longitudinal test piece, 85 mm wide and sufficient-
ly long, shall be bent with an inclination of 180° once
each way over a eylindric mould having a diameter of
100 times the thickness of the board., Direction of the
test plece: vertical to the fibers of the face plies.
Crackling noises or fracture mean defective gluing or
excessive drying of the board.

Torsion Test:

Womber of test pieces optional.

Edge sections or strips of about 25 - 30 mm width
and suitable length shall be twisted round a longitudi-
nal axis until fracture occurs. The breaking spots must
be short and show good gluing.

Imnmes; sion in water of whole boards:

Immediately after pressing, the whole board will
be submerged in hot water for at least 2 hours. The
Surveyor then examines the board to see whether it shows
blisters or faulty gluing.

Vi. "arking and Stamping

Hach board which corresponds to and has been tested

according to the Rules must be marked as follows:
a) by the Manufacturer:

1) Stamp or mark of the manufacturer,
2) Thickness of th2 board in mm and species of wood,
3) a letter indicating the method of gluing,

e.ge T = Tego Film glued
FH = Phenol liquid resin glued
M = Melamine resin glued
R = Resorcin resin glued
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b) by Germanischer Lloyd:

A stamp indieating Grade G.L.I or G.L.II respectively
as well as the number of the test lot, week and year
of testing.
Example: 2 - 26/563 means
test lot number 2 of the 26 week in 1953,

The stamping carried out by a roller stamp shall run
diagonically across the board and must always be applied
to the less good face.

Fach marking shall be inextinguishable,

Since the tests are carried out only by taking test
pieces at random, the Surveyor reserves the right to
reject boards already stamped, should they prove to be
defective.

™e G.L. is entitled to stop the stamping in case of
a continual occurence of defecis in manufacturing.

Certificates:
Certificates stating the conformity of marked and
stamped plywood boards with the present Rules will be
added to the furnished boards.

VII. Storage

Test lots taken in for storing heve to bes placed
in c¢losed rooms, where air and temperature can be suitably
regulated. The plywood-boards shall only be put on
horizontal scaffoldings at least 30 em distant from floor
and walls in order to eliminate any possible influence of
moisture. Obligue placing of the boards must be avoided
at all evenis.

The separate piles musi be protected from one-sided
moisture by means of stronger covering boards.

Hon-observance of these important Rules is apt to
make the previous tests invalid.
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Required Tensile Strength and Gluing Strength

Species Tensile Strength of the Wood | Gluing Strength
of ) 7
i 1 ndi- |01 the wet specimens
Timber longltudinltransversingﬁ "-Eran.s- after 24 or 48
to verse - f(hours' watering
grain direction of face plies jor 3 hours ‘boiling
"Birch
Beech 2
Alder ?00»"_?@!‘ 4‘50"?/& 4400%‘
or timber of
similar 2
gualities 20 @/c‘an
Okumé
Gaboon
Poplaxr | 450k S00kin| 9004k’
or timber of
similar
gqualities
thi {viol {
e el Statnad eay be tesn Fhan w0 s e Fran F02%
of those indicaled above. of the above valve.

Admissible Deviations of Thicliness and Number of Plies

Nominal Admisgsible Thicknegs Minimum Number
Measure Deviations ¥) of of Plies ™)
Board
06 mm t g06m 96 mm |
08 » t g08 g8
4 » + Q.fﬂ " 4 w |5 _;_
1,2 = + 942 "~ |t 10% 4,2
45 - t 915 - 45 )
2 v t g20 ¢ 2 ». il
25 v * g25 » 25 -
3 - t 925 - TS 1! 2
H t 825 - 4 *
5 - t g25 v 5 ol
é » * 930 é i
& v T 040 g
10 v t 950 -~ 70 " b 7
12 » t 060 " |} 5% 72 -
1% r* 90 " 1% -
| 16 v | t 080 - 16 " No ply thicker
18 v t 990 ~ 18 * |r than 2 mm
20 " t 400 v | 20 *

¥} If possible, deviations shall not
of the boards.

*) If the number of the individual plies havpens to be

even (43 63 8), the fibers of the two innermost plies

shall run parallel. Thzse two plies may then be con-

sidered as one normal core.

reduce the thickness
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Table

Number and dimensions of the test specimens
which have to be selected from each test board

Species of umber of Te Speoimens Dimensions
Test Specimens lon.gitudinaf?rranaverse of Test Specimens
ain directiof of face pliss| _ m
For plywood boards up to
Test Specimens 4 mm thickness specimens
for 200 X 25 mm
Tensile Strength 3 3 “QI
~ 200
Test 2 i f
e ﬁgggrlgg?s or For plywood boards over
Bending or Tarsion Test 2 2 4 mm thicl gss
=700

Sum 5 5 ] S 3
—___% _

1 ~400 _| 50

i: ~ 200

Gluing Test Specimens for

Test gpicimens 3-pl 400 boards

[+)
e M
5 { e udi-

&~
T ] Jmat
Glulng Test Spscimens for
Reserve 2 2 St boa.rds“
[ & .
| Gluing Test Specimens for
Sum _?“ _"f; 7-ply 1
Jalu ﬁwfat ccimons LA,
w’%ghw.l'wbu{r;w-l&urx 'a‘ﬂ?&y.
Boiling Tests: 2 Plywood-board
Test f.Moist.Content 1 § ~A00X100 mm
Sunmn 3 449,

Standard Values for the Milling Lengths of the Gluing Test Specimens

The tested glue lins must be so small that no fracture occurs, and
80 large that the plies will not se}garate too easily.
Standard Lengihs:

Thigk.ness_ %6 g8 |71 |42 (15| 2 2‘5 S|4 |5 |6 |8 |10-7% 7620

of %g;'d"s mm

torett -1 m|3 |34 |4|4|4|5|5 |6 |7 |89 |10 |72

e D g5 ol 75| 75 | 100| 100 | 100 | 100|225 | 425| #50| 125| 20| 225 250 | 300

Shear-tests shall be carried out with test specimens havin
a moisture content of 6 - 12 i . P s

To facilitate the calculations, the deviation of the width
as well as of the milling length ! of the test specimens for
tensile and gluing strength must not exceed ¥ 0,1 om

The Surveyor decides from which parts of the test boards the
test piegces shall be tuken. 4s a rule, he will have ihem taien
from & strip of about 20 cm width cut from the edge of the board,
so that the remaining E,git is still of use. The remaining parts
of the boards must be marked with the pumbers of the test
specimens and kept until the testing is finished.






