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DURABILITY OF ROOM-TEMPERATURE-SETTING AND INTERMEDIATE-

TEMPERATURE-SETTING RESIN GLUES CURED TO DIFFERENT

DEGREES IN YRLLOW BIRCH PLYWOOD:

By J. M. BLACK, Chemist
“and W, Z, OLSON, Technologist

Introduction

Yhen used in gluing heavy constructions of dense woods, the more com-
pletely that phenol- and resorcinol-resin glues are cured the greater is the
durability of the joints made with them. - This is particularly true of the
resistance of the joints to delamination due to the severe mechanical stresses
set up by the swelling and shrinking of the wood when the moisture content
changes, In lighter constructions, such as plywood, members laminated with
species of lower density, and structural aircraft joints invelving such '
species as spruce and mahogany, an exceptionally high degree of cure may not
be required, The winimum degree' of cure, however, that is required to impart
sufficient durability to glue joints in these lighter constructions is not
known, As one step toward the determination of such data, the study herein
reported was performed at the Forest Products ILaboratory to determine the
minimum degree of cure that will provide satisfactory durability in yellow
birch plywood joints.,

The study was begun with two alkaline-catalyzed, intermediate-
temperature-setting, phenol-resin glues, A and C, one acid-catalyzed,
intermediate~temperature-setting phenol-resin glue, B, and one nearly neutral,
resorcinol-resin glue, D, At later periods a melamine-resin glue, E, and a
fortified urea~resin glue, ¥, and two additional resorcinol-resin glues,

G and H, were added. The work consisted in gluing three-ply, 3/16~inch
yellow birch plywood with these glues, curing the glue to different degrees
of cure, subjecting specimens of this plywood to four different conditions
of exposure, and periodically testing exposed specimens to ascertain the
strength of the joints.

This is the final report on this study. It presents durability data
obtained over a period of 36 months for glues A to F inclusive and 30 months
for glues G and H,

lThis is one of a series of progress reports prepared by the Forest Products
Laboratory relating to the use of wood in aircraft.
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Procedures

Preparation of Svecimens

The glues were mixed in accordance with the'manufacturer's instructions,

Yellow birch veneer, 1/16 inch thick and 26 inches square, of about 11
percent moisture content, selected for straightness of grain and freedom from
defects, was glued with approximately 20 grams of wet glue per square foot
applied to the core ply., - These were assembled into three-ply panels, which,
after a closed assembly period of 10 minutes, were pressed under a pressure of
150 pounds per square inch,

The glues were cured in a room at 75° ¥, or between hot-press platens
heated by hot water or steam, For glues A to F inclusive, temperatures and
periods of heating were selected to give various degrees of cure from 30 to
100 percent estimated on the solubility in water of films of the glues cured
under the same conditions.2 For glues G and H the curing temperatures and
periods were ‘selected to result in dry shear strengths of three magnitudes,
about 150, 350, and over 450 pounds per square inch, Wet strength values
corresponding to these dry strength values were often considerably higher
because of further curing that occurred during the 48-hour immersion in water.
The actual curing times and temperatures are given in table 1,

Immediately after removal from the press, the panels were chilled in a
room at -20° F,, then cut into shear test specimens that were kept at ~20° F,
to inhibit further curing until put to exposure, With cach glue, over 300
specimens from 3 panels were prepared for each degree of cure, The specimens
were selected at random for distribution to the various exposure conditions,

Exposure Conditions °

Groups of the specimens were exposed to the following conditions:

1, Continuous 80° F. and 65 percent relative humidity.

2. Continuous 158° F, and 20 percent relative humidity,

3. Continuous soaking in water at room temperature,

4. A repeating cycle of 2 days' soaking in water at room temperature
followed by 12 days' drying at 80° F, and 30 percent relative humidity.

gThe procedure for the determination of water solubility of glue film is
described in Forest Products Laboratory Report No, 1352,
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Test Procedure

For each glue and each degree of cure 20 specimens were tested before
exposure, as controls. Ten of these specimens were tested dry and 10 after
48 hours of immersion in water at room temperatures. After each exposure
period (except for exposure 3), for each glue and each degree of cure, 5
specimens were tested dry and 5 after this same water immersion %o obtain
average values for each variable., Specimens from exposure 3 were tested wet
immediately upon removal from the soaking tank, The specimens were tested
in shear in a standard plywood testing machine loaded at a rate of about 750
pounds per minute,

Results

The aveiage results of the shear test made after the several periods
of exposure are given in tables 2 through 12,

On the basis that approximately 90 percent or more of wood failure in
both the dry and wet tests was necessary to insure bonds of satisfactory
initial quality, the degrees of cure required by the different glues are
shown in column 2 of table 13,

Exposed Continuously at 80° F, and
65 Percent Relative Humidity

In tables 2, 3, and 9 are presented the average results of the shear
tests of the specimens after aging under the mild condition of 80° F. and
65 percent relative humidity.

Joints that were undercured often appeared to improve in quality,
indicating a further curing of the glue during the exposure period, In no
case did the test values at the end of 36 months appear to be significantly
lower than those of the corresponding controls with the possible exception
of joints made with glue B.

Damage to the wood by glue B, the acid-catalyzed phenol resin, was
indicated by the trend, which was particularly evident in the wet test
values as the exvosure period lengthened, toward decreasing shear strength
values accompanied by consistently high wood failure values.,

With the criterion of the retention of approximately 90 percent or
more wood failure applied to the results obtained after 30 to 36 months in
this exposure, the degree of cure required by the different glues is shown
in column 3 of table 13,
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Exposed Continuously at 158° F, and
20 Percent Relative Humidity

. The data obtained for this exposure are given in tables 4, 5, and 10,
If the glue was. originally cured to a low degree the test values obtained at
the end of the early periods.of exposure were often higher in strength or in
wood failure than the initjal or control test values, indicating that the
glue joints continued to cure during the: first few weeks of exposure.
Except for glue .H, the decreases in Joint quality as the exposure progressed.
appeared to depend more upon the characteristics of the glue and the resis¢-
ance of the wood to heat than upon the initial degree of cure of the glue
bond. Undercured joints of glue H appeared to decrease in strength more
rapidly than those more highly cured but the effect of undercuring on the
rate of decrease in joint strength was less marked than its effect on initial
strength,

4 4s the exposure continued, all of the well-cured Joints decreased in
strength but the wood.fajlure of those Jjoints made with phenol, resorcinol,
and melamine glues remained high, indicating that the strength of the wood
was decreasing at least as rapidly as the strength of the glue,

The well-cured -joints made with glue B decreased in strength more
rapidly (while the wood failures remained higher than the well~-cured joints
made with the 2lkaline phenol, resorcéinel, or melamine joints) indicating
that the acid catalyst of glue B affected the strength of the wood,

Both the strength and the wood failure of joints made with the forti-
fied urea~resin glue F showed continuous and marked decrease during the
exposure period, indicating that the glue itself was distinctly weakened by
the exposure, . Based on the quality of the joints after 30 to 36 months of
exposure to 158° F, and 20 percent relative humidity, an estimate of the
approximate degree of cure required by the different glues to maintain a
level of wood failure values of approximately 90 percent or more.is given in
column 4 of table 13, = ’ " -

Soaked Continuously in Water

Average results .of tests on specimens :soaked continuously in water
at room temperature are given in tables 6 and 11.

‘In general, most glues showed a high order of water resis?ancé
throughout these tests., In some cases, incompletely cured joints increased
in strength and wood failure,, indicating continuation of cure during the
soaking period.” In other cases, the strength test values of incompletely
cured joints remained nearly constant or decreased slightly while wood
failure velues increased. The strength values of well-cured Joints
decreased gradually while the wood failure values repained high, indicating
that the strength of the wood decreased, )
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The strength of completely -cured joints made with glue B fell to lower
values than those of the well-cured joints of other glues, indicating further
the probability of acid damage to the woad.

The melamine-resin: glue E showed an inconsistent decrease in water
resistance when cured to the 70 percent level. These joints were cured to
an ostimated 70 percent level by heating for 3 hours at 135° F,, while those
cured to an estimated 60 percent level were heated for 60 minutes at 160° F,,
and the estimated 80 percent level was reached by heating 4 hours at 180°¢ F,
From these results it appeared that, contrary to solubility tests, the
melamine resin glue line heated at 135° F, for 3 hours was not so well cured
as the glue lines heated to higher temperatures,

. Based on the assumption that 90 percent of wood failure should be

retained after 30 to 36 months of soaking, the degree of cure estimated to
be required by the different glues is shown in column 5 of table 13.

Exposed to Alternate Soaking and Drying

In tables 7, 8, and 12 are presented the average results of tests on
specimens subjected to a repeating cycle of soaking in water for 2 days at
room temperature and then drying for 12 days in air at 80° ¥, and 30 percent
relative humidity.

While some evidence of curing beyond the initial test period was
apparent, the results of the soaking-drying test cycles showed a more
definite correlation between degree of cure and durability of joints than
the results from other exposure cycles included in these tests,

In general, adequate durability resulted only when the glues were
subjected to the higher degrees of cure,

As in other exposure cycles, glue B gave evidence of acid damage to
the wood.

The melamine resin showed an inconsistent decrease when cured to the
70 percent level, indicating again that a temperature of 135° F, 1s not
adequate for this glue when high strengths and durability are required.

From the test results obtained after 30 to 36 months of soaking and
drying the specimens, an estimate of the degree of cure required by the
different glues to retain an average of 90 percent wood failure is given in
colunn 6 of table 13,

| Report No., 1537 ~5~




Conclusions

1. In general, undercuring the glues used in these experiments
appeared to have more effect on initial dry strength and wood failure and
upen durability in soaking-drying exposures than upon the durability of
joints when exposed continuously to 158° F, and 20 percent relative humidity,
to continuous soaking in water, or to 80° F, and 65 percent relative
humidity, ;

2. If species of high density are to be glued for use in aircraft
the degrees of cure indicated in column 2 of table 13 for the different
glues rare recommended.

3, Curing temperatures as low as 135° F, were inadequate for melamine
glue E,

4, The fortified urea-resin glue F appeared to lack permanence when
exposed continuously to 158° F, and 20 percent relative humidity.

5, The acid-catalyzed phenol-resin glue B appeared to decreasc the
strength of the wood under the exposure conditions used,
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Table 2.--Avarage resulta of nir'v-L shaar teste of tkg;aa-glx 16-inch yaliow birch plywnod, wade with gluow cured to
various degrees, and expored to F_ and 65 psroesnt relative humidiiyc

Hilue 3 Period‘ : Batimated degree of cure or glue in perasnt
————— - —— [«] - e e e e e i . A . i e e o o e
Desig-: Type texposure: 30 8 40 3 50 H 60 H T0 2 80 g 90 g 95 : 100
nation: g g 8 3 : . 5 5 H H
H Months : H B : :
A :Alkaline 3 0 E.aaiaaoitoauacaaeld M21-28 ;453241 : A6T-61 : 480-64 : S5A1-T8 : 536-98 : 534-Th
t phenol 4 - S Feraaanead 42834 : 465-70 : EpO-50 : 510-65 : 582-94 : 530-88 84
: T 528-46 : 510-73 : #%5-00 : 543-67 : 513-64 : Eh-93 : 608-91
f A 6 i 430-63 : 33487 : 525-100 : 538-85 : 523690 : 532-100 : 629-93
B i 12 43403 : 497-85 : 496-100 : 521-82 : %88-80 : 531-100 : 575-90
: i 18 .1 456-60 : 438-92 : 466-84 : 4T1-85 : 466-92 : R63-100 : 511-93
H . i 24 OA36-TT  : ATE-93 : 472-T9 : 44484 : 506-94 : A50-100 : 572-66
: ;30 i 452_88° : A60-T8 : Feca 486-8T : 452-99 : 493-97 ! 5A5-82
: i 36 419-100 : 461-100 : 355-100 : 457-85 :@ 414-98 : M40-92 :@ 513-98
B :Acld phenol : 0 t 229-0 204-0  : 449-4 489-77 :-308-100
5 : 2 ! 502-86 45894 : BA5-24 A79-75 : 336-98
g 4 P 468-T73 463-T2 : 517-46 494-83 : 361-100
: - i 417-82 430-95 : 49957 463-85 341.-100
B 12 . 422-96 432-100 : 509-69 470-83 : 383-100
: 18 . 405-95 1-9 i 438-78 377~100 : 288-100
' 24 ' .t 435280 : 374-9 474-83 355-96" : 370-~90
i 30 3 i 431-100 : 378-100 : 451-99 2-100 & 297-100
: 36 +.i 396-100 : 340-100 : 397-100 : 368-100 : 288-100
¢ tAlkaline ; (] $37-11 561-91 54793 : 5k 513-100 : 530-100
¢ phenol : 2 t 5l16-68 551-83% 556-94 . 592-98 2-98 530-100
: : & T2uE3 566-100 : 558-91 : 573-100 : 557-100 : 575-100
: 6 98-81 662-94 662-97 : 633-100 : 638-99 : 628-100
12 543-86 584-9 545-92 i 562-100 : 563-100 : 523-99
18 5054-70 511-95 : 506-100 : 470-97 459-100
24 509-81 559=75 514-T9 : 524-92 505-98 532-99
30 4TE-TB 3-81 496-77 : 532-88 395 -95
36 AI2.TT i 3-82 84 519~-100 58-99 98
D :Resorcinol 0 373-8 42233 583-99 : 571-97 595-100 : 535-89
: 2 540-82 620-100 : 643-98 : 589-100 : 576-97 540-100
4 £72-100 : 576-98 581-99 : 606-100 98 548-100
; 6 507-93 ¢ 579-100 : 562-100 : 596-100 : 585-100 :@ 559-94
H g 12 37-94 572-98 606-100 : 602-99 613-98 589-95
1 ¢ 18 8-81 : 5352100 4-100 : 522-99 550-95 100
: ;24 A63— 96 8-94 5 1-92 -92 566-32
30 2 461-94 : 519-91 516-89 6-9 562-92 511~
36 sndEesiTy | B Lt AS4.09 1 BTR.9T : 520-92 521-97 463-100 : 531-88 489-100
E :Melamine H 0 : M4.38 : 504-100 : 35B-26 : 535-&5 : 338-13 548-100 64-97 537-94% : 570-98
: : 2 2-99 502-97 : 473-100 : 500-T6 2-100 80-98 519-100 : 570-100
H 4 i 316-97 428-98 577-98 : £07-100 : 459-T2 99-100 92 509-100 : 584-100
: 6 : 4582100 : 450-95 517-97 @ A459-100 : 546-100 : 538-100 : 528-100 : 578-98 : 588-98
12  : 528-100 : 509-98 617-99 : 52498 : 528-100 3-100 7-100 210-9& : 603~9
18 : 475-82 56-83 469-100 @ 388-100 : 503-100 T-94 9-100 79-99 i 529-100
t 24 : 450.99 : h68-89 : S1B-96 : 4B2-98 99 : 450-99 : 498-98 : & : 517-95
P30 & 361-95 : 359-100 ! 4B7-100 i 452-100 i 420-100 i 412-100 @ 433-96 : 434-88 : 466-99

: i 36 : A62-100 ¢ 488-100 @ A09-93 : AA9-98 : 410-98 : 42082 ¢ h82.99

F ;!'ortlﬂ.ed : [¢]
I urea H 2

Btrua
-

g
[}

Nl
n
&
B
0
™

: M6-100 : 422-93 : A21-97

‘e -
=The specimene were at a molsture content of about 11 percent when tested.

g-'l'he value before the dash 18 average shear strength in pounds per square inoh; the value after the dash 1s average
wood failure in percent. Control values are the averages of 10 specimens; other values the averages of 5.
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Tables 3.—Average rTeaulip of nt}- ghesr teats ues oursd to

variocums degreea, and expoeed ta

0 i 47583 : 588-100 : 504-47 : 502-88 : 431-34 : 599-95 : 609-99 : 631-100 : 524-96

E :Melamine
2 : 456-100 : 542-100 : 558-100 : 519-100 : #74-100 : 8-100 : ATA-100 : 533-100 :@ 442-100

Siue 3 hg}oﬁ e Estimated derree of cure of glue in percent
Desig-: Type iexposural b akRR] & 50 @t 60 ™ 8 98 3 95 100
nation: 1 i ] : x s 1 : H 3
o ] - e H . H i b -
: Mantha 3 o L 3 i : H
A :Alxalipe i O  fo.iiiiaatoio......3 369-T : k25.6 : 490-28 ! 608-63 : 618-96 : 626-87 : 676-100
phenol : 2 lprrarrsceiasassao.-i #2313 : 462-9 : 505-44 : 588-A49 : 578-97 : 583-98 : 670-100
4 &4 S PR e R A : 518-%4 : 550-51 : 607-66 ! 578-99 : 573-98 : 620-98
: 6 i P 488-49 T7=-65 527-65 : 588-64 : 567-100 8-100 @ 561-100
12 s 552-76 510-81 t 627-88 : 571-80 586-96 607-94 97
18 0 +iera-aa---3 598-81 35-96 § 580-95 561-93 57597 98 97
24 O s S U T : 596-100 6 596-98 : 585-100
30 3 97 : 552-97 : 573-97
36 1 638=100 : 531~100 : 574-98
B jAold phenol @ 0o 1 B79-29 : 583-94 : 332-100
1 5 2 1 610-88 : 503-100 : 3T4-100
: 4 ! 5352-100 : 489-98 : 297-100
- 6 : 529-100 : 447-92 : 316-100
H 12 : 507-99 : 448-9T7 : 310-100
2 H 18 i 454-100 @ 372-100 :@ 320-100
H H 24 : : 374-90 : 4T1-100 :@ 302-100
a ; 30 T ¢ 408-.100 i 344-99 : 275-100
p i 36 : 438-100 : 335-100 : 275-100
©  tAlkaline 3 0 : 598-100 : 596-100 : 726-100
:  phenol 1 2 1 600-98 : 584-100 : 631-100
4 & S 1 564-100 ! 593-100 : 687-100
6 g 536-100. 529~100 618-100
H : 12 1 : 57T4-99 : 601-98 : 610-100
3 - 18 5 : 546-98 @ 541-100 :@ 657-100
F P : 562-100 : 550-100 : 6T1-100
-: ¥ 30 e b * 515-100 * 513-99 : 559-100
: £ 36y s : 566~100 : 55M-100 : 699-100
I  :Resorcinol ol ke 1 559-98 : 619-96 : 533-9%
: AR : 551-99 : 590-100 : 57498
g - A o i 6592-99 : 623-100 @ 555«100
4 6 g o 559-100 : 579-100 623-100
oy ) e : 571-98 : 576-98 : 620-97
3 & 8meeg g 538-99 : 583-99 97
0 w OB 2 5 551-95 : 575-99 615-98
: i oS30 | R -.i 500-97 3 : 517-99 536-100 : 5T7=99
: ; 36 Iy .3 612-100 @ 543-97 547-96 610-100 : 562-97 584-100 @ 583-96

4 : 558-100 : 504-100 : 574-100 :
6 * 575-100 : 563-99 533-95

12 : 520-100 : 583-99 : 578-100 : £ ] ] . 3

18 1 5932100 : 531-100 : 570-100 : 520-96 : 517-100 : 587-100 : 579-100 : 623-98 : 2;9-9(5)0

24  : 532-99 : 525-100 : 464-100 s
30 3 510-99 : 507-100 : 512-99 ¢ 436-100 !-472-100 : 521-100 ' 518-100 @ 582-98 @ 458-100
t : 4T6-100 * 501-100 * 526-100 ' 514.100 ‘' 486-100

* 511-100 *
t 521-98 : 556-100 : 564-99 : 581-99 : 588-100

W
(<)

F :Fortified
urea

' : . 3 :

IS'peolmana tested wet after soaking 2 days in water at room temperature.
g'!’he value before the dash is average shear strength; the value after the dash 18 average estimated peroentage
wood failure. Control values are the averages of 10 specimens; other values the averages of 5.




Table 4,—Average reaulte of dﬂl shenr teets of three—pl 16~tnoh yellow biroh plywood, made with giuss cured to
verious degraes, and ewmosesd to 18 F, and 20 mercent reiative humidl Ly

@iue Peg;od Estimated degree of cure of glue in percent
Desig-: Type texposure: 30 4 50 60 o= 80 9 95 "¢ 100
nation: : : 5 s : ' B 0 3 :
3 : Months : :
A :Alkaline ; O fararanraviswsssaiant 42128 ; 453-41 : 46T-61 : 480-64 : 54178 : 536-98 : 534-T4

phenol i 2 tieaer-rrwbiarsrsiiaat 378-200 ¢ 365-100 : 371-97 : 431-100 : 322-92 : 349-100 :@ 4T0-T4
T & tiiiicaieeieisaeaie.t B85-100 @ B49-100 : 386-99 : 331-100 : 364-99 : 318-100 : 431-75
6 tisur-ui-ituieesaiest 403-99 ¢ 37A-100 : 339-98 : 415-98 : 416-100 : 344-100 : 502-92

H

5 s - A N - 328—100 : 349-87 : 365-98 : 375-98 : 344-100 : 476-98
i 018 ii.iaaai-ctiasieeaea: 379-98 @ 386-97 : 340-100 : 325-100 : 360-100 : 277-100 @ 416-82
B i 24 vemerariaaaraeaaat 3162100 1 356-98 : 339-98 : 312-100 : 346-90 : 267-100 : 37591
: 30 veatannaian..t 338-98 @ 31409 : 232-100 : 296-100 : 320-95 : 289-100 : 339-96
36, L. e tiareeasnest 338-93 : 216-100 : 257-100 : 272-98 : 268-100 : 252-100 : 333-9%

B :iAcid phenol : 0 : 4494 489-77 308-100
! 3 2 .ai 242-88 i 242-99 : 290-97 : 244-100 : 243-100
H 4 ..1 287-100 : 270-100 : 285-45 : 216-96 : 298-100
: 6 1 232-94 : 228-100 : 255-98 : 202-100 : 282-99
A 12 1 254-98 : 220-100 : 260-98 : 224-100 : 198-100
i 18 ] H i 236-100 : 198-100 : 231-100 : 209-100 : 221-9T
L, Y RS e TR W e D 4 218-98 : 167-200 : 229-97 : 202-97 : 216-100
3 { 300 v .. il I P i ¢ 173-95 : 206-100 : 195-96 : 156~100 ! 166-100
: : T RS feeLoLTTaTtoTTTt: 216-100 ¢ 155-90 :166-90 ¢ 128-100 : 178-100
0  :Alkaline : 0 L8 3582 1 437211 : 561-91 : 547-93 ?3_99 ¢ 513-100 : 530-100
! phenol 2 .4 387-100 : 417-97 : 45498 : 400-9T7 : 410-94 : 409-98 : 390-92
4 1 B57-100 : 509-99 : 461-93 : 414-100 : 431-100 : 36899 : %51-100

6 .1 4352100 : 455-96 : MiA-.100 : 428-85 : 406-100 : 23#—100 i 402-100

1 12 .5 356-100 : 423-98 : 444-100 : 409-100 : 458-100 : 204100 : 433-100
g B8 ek L., .f 355.99 : 415-88 : 402-100- : 375-94 : 407-100 : 347-100 : 360-100

: -1 3 PR T 324-100 : 330-100 : 361-97 : 334-100 : 358-98 : 323-99 ; 422-98

i P30 feie.... vavat 320298 ¢ 389-91 : 331-100 : 291-100 ! 334-100 : 295-100 : 298-100
: b 36 dunnni-is SRS wee’ 305-98 1 383-97 ¢ 318-100 i 297-100 ¢ 292-100 { 299-100 ‘¢ 243-100
I} :Resorcinol : (4] Thatarraratanrarannri J%L-T : 373-8 t 422-33 ; 583-99 i 571-97 : 595-100 : 535-89
i : 2 i iiituareaeeael 355-80 @ B17-99 ; 461-96 : A458-9T : 465-94 : 456-78 : 427-93
: . Kl v e w2 oo ¢ 492-100 : 473100 : 398-98 : 427-98 : 444-100 : 483-94 : 403-97
i ! 6 taiiieiwasiessawsccsas S0P=T8 @ 398-98 : 439-100 : 428-99 : A440-100 : 452-94% : 430-98
: G Tagpl i, e N 1oa: gt i 1 38888 : B09-97 : 418-99 : 419-97 : 435-98 : 439-96 : 394-82
: 6 Paws), v, Bo. . BERR t 34baBp 1 380-84 : 368-98 : 392-90 : 396-95 : 409-100 : 3T73-84
: 24 HEpREEg=E i 308-100 : 325-T4 : 326-Th : 317-B6 : 343-TO0 : 32 i 352-69
: 30 ramenatieacaagag b 310-80 : 330-81 @ 286-80 : 304~-62 : 310-72 : 319-65 : 283-83
36  fee-iieaisiessiesanad 298-79 @ 311460 ! 282-92 : 223-58 : 26A-51 : 2T7-65 : 307-82

E  :Melamine o t 594-100 : 398-26 : 435-45 : 338-13 : 5A8-100 : 564-97 : 537-94 : 570-98
: 2 1 290-96 : 425-96 : 423-99 : 319-87 : 382-100 : 403~100 : 406-94 : 454100

: : 4 : 474-97 : 495-100 : 270-85 : 405-81 : 398-86 : 426-100 @ 238-70 1 ART7-95

: : 6 i 475-99 : 471-86 : A48-9% : 509-70 : 462-100 : 475-98 : 491-100 : 503-98

12 t 511-9T7 : 440-85 : 450-88 : 411-98 : 400-80 : 402-86 : 404-62 : 444-98
18 : 434-81  : 423.01 : 441-94 : 359-52 : 343-98 ! 430-100 : 419-82 : 427-100

24 : 348-95 : 418-89 : 401-81 : 322-T8 : 345-99 : 341-100 : 419-96 : 377-95
! 30 T 450-100 ¢ 410-84 :© 389-90 : 322-100 : 281-92  : 295-98 : 294-90 : 346-100

r 36 : 338-100 : 387-89 : 313-100 : 301-86 : 327-100 : 302-100 : 300-90 @ 346-95
F  iFortified [« JE P P 1 D —— i : 512-98 : 521-100 : 569-100
t uree i Rt A o i il S : 1 429-93 1 389-90 : 422-97

g 1 & gl . i t 379-81 : 355-69 : 404-84

; : 6 2492 54-89 512-91

12 H 338:23 327-16 393-4T7

: 18 27 2687 : 306-8

24 : 257-3T . 238-3 : 280-20

30 : 3 1 218-0 : 220-0 : 210-6

36 N e ) £

".'t'!l'he specimens were at a moisture content of about 11 percent when tested.

g'.!'he value before the dash is average shear strength; the value after the dash 1s average estimated perocentage
wood fallure. Control values are the averages of 10 specimens; other values the averages of 5.
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Table 5.~-Average repults of \:e‘(:l ghenr tosts of three-ply, 3/lb-inch yellow biroch plywood, made with gluas cured to

wvarious degrees, and sxposed to 158° F. and 20 pevcant ralative hum.id_'.tyg

Glue H Per.'rtod : Estimated degree of cure of glue in percent
H [ H —————— ——m e —— — ———
Deslg-: Type sexposure: 30 : 4o t 50 : 60 : 70 : 8 : 90 t 95 : 100
nation: H : : : H ] H : H
+ Moptha“ 8 L ; ; H H
A i Alkaline d (§  BamoooooooHooosooaoof 269- 7 1 425- 6 1 490- 28 : 608- 63 : 618- 96 : 626- 87 : 576-100
i phenol 2 2 Booooooodobe oo ognoos 1 616-100 : 578~ 99 : 578-100 : 607-100 : 683-100 : 100 : H49- g8
3 T t 574-100 : 587-100 : §47-100 : 572-100 : 604-100 : B&7-100 : Hh3- 98
) B faranuicarieareeaeas? B509- 99 : 549-100 : 542-100 : Bol- 98 : 597-100 i 509-100 : 535-100
£ 12 feaieiiriiieuwesieo.s: 50=100 : 522-100 : 534-100 : 529-100 : 534~ 99 : L61-100 : 525-100
T 18 I..iicq-aeiiew--a...f 5B4=100 : 558-100 : L458-100 : 520-100 : E&h—loo : 399-100 : [38-100
T B0 Ii.i-siesviesieseeset BUL-100 : B17-100 : 421-100 : [22-100 : 476-100 : §25-100 : His-100
P30 teeuserrasieees-ane.d 3462100 @ 320-100 : 340-100 ! 351-100 : 364-100 : 333100 : 3E[-100
I R 1 290-100 : 336-100 : 339-100 : 293-100 ; 332-100
B i Acid phenol : o :134- 0 : &4~ O : 579~ 29 : 583- 94 : 332-100
1 3 2 ..% 305- 98 t 252-100 : 322~ 9% : 271-100 : 290-100
t y ..t 256-100 : 209-100 : 244100 :@ 183-100 : 198-100
t 6 ..t 257-100 : 250-100 : 285-100 : 226-100 : 255-100
| 12 ..: 25— 99 : 230-100 : 233- 97 : 199-100 : 195-100
18 ..t 216-100 : 236~ 99 : 217-100 : 183-100 : 180-100
| 2k T'1199-100 : 187- 99 : 206-100 : 166-100 : 122- 80
30 i 180-100 @ 167-100 : 155-100 : 114-100 : 114-100
| 36 "y 134100 . 146-100 : 159-100 : 94-100 : 142-100
¢ @ Alkaline : 0 : 574- 97 : 98-100 : 596-100 : 726-100
| : phenol 2 2 : : 605-100 : 573-100 : 613-100
i k g i 1 521-100 : 292-100 ¢ 531-100
! ! 6 iR 00 : 499-100 : 3—27-100
f T 12 : 100 : 470-100 : 0-100
: 1 18 : 4132100 : 364-100 : 4D8-100
| 3 s 2 : 445.100 : §12-100 : 397-100
: i 30 : 296-100 : 272-100 : 295-100
! ‘ : 36 : 328100 @ 279-100 : 301-100
B Resoreinol 0 59— 98 : 619- 96 : 533~ 9
! : : 2 1 613-100 : 6U47-100 : gﬁ-mg
: 4 y 1 580~100 : 554-100 @ £33-100
: 6 ; 568-100 : 582-100 : Egg-loo
| ! 1 12 : 455100 : 100 : G74-100 : 468-100 : ~100
| 5 1 18 : 370-100 : 356-100 : 396-100 : 433-100 : §7 100
! ;24 : 345.100 : 334-100 ; 387-100 : 3//- 98 : 334-100
: 30 1 278-100 : 268-100 : 297-100 : 284-98 : 258-100
| 36 ! 2372100 i 217-100 : '267-100 * 281-100 @ 222-100
| £  : Melamine H 0 : U75- 83 : 588-100 : 50U~ 47 : 502- 88 : U31- 34 : 599~ 1 609- 99 : 631-100 : 524- 96
3 £ 2 & 11-86-103 : 576=100 gos-mg : ﬁll-l- 98 u%7-1go 3 550-1%3 : 06-1?)0 : 5492100 : E-lu.-lgo
1 1 I : B55-100 : 525-100 : 569-100 : 46&-100 : 479-100 : §76-100 : B9i-100 : 560-100 : 466~-100
1 1 6 : 521-100 : E40-100 : L68- 98 : 9kloo : 4po. 88 : 552-100 : 48l- 99 : 569-100 : UUl1- 99
H ¢ 12 . Bik-loo : EuA-300 ¢ 511-100 : §34-100 : 456- 98 : Lb0-100 : 469- 98 : 530-100 : k911100
: i 18 : 139-100 : 473-100 : 515-100 : 419-100 : 450-100 : 520-100 : 500-100 : 534~ 99 : U29-100
: 24 3 H + 38 : ;39-100 : %iS—lOO ! ggg:loo + [122-100 : 2% -100
5 30 0 g ' ¥ 0-100 : 7-100 : 100 : 371-100 : ~100
P36 : s 1 28%-100 : 316-100 : 313-100 ; 346-100 : 301~100
F 1 Fortified : 0 : B21~ 98 @ 556-100 : 56U4- 99 : 351- 99 : 588-100
urea : 2 : 5OA-100 : 533-100 : 527-100 : 096-100 : 512-100
! 4 —100 : 452-100 - 2.100 : 500-100 : 537-100
: B7u-100 : ¥57- 99 : 481-100 : 100 : 0495- 99
hel- 92 @ 4E7-100 : 429- 97 : U425- 80 : 514-100
3%: 79 + 465 92 : 393- 93 : 320- 65 : L69- 98
318-100 ; 340- 71 : 3 95 : 303- 1 381-100

: px1-6p : 262-Th @ 278-5)1 : 22i-2% : 285-T5
T 226 1 227-27 i 227-58 : 213-4 : 233-T1

LBpecimens tested wet after soaking 2 days 1n water at room temperature.

2the value before the dash is average shear strength; the value after the dach 13 average estimated percentage
wood failure. OContral values are thé averages of 10 epecimens; other values the averages of 5.
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Table 6.—-Avers£5 Tresults of wetl shear tests of three-tly, %/16-inch wellow birch plywood, made with glues cwred to
verious degrees, after continuous soaking in water at room ‘cem_peratureE

Glue ' Per;.‘od H Estimated degree of cure of glue in percent
: o e —mmu m—m——— —_———
Desig~: Type texposure: 30 Yo 50 60 70 : 80 : 90 ¢ 95 ¢ 100
nation: H : : H g 8 : : : :

At Alkallne

: 6L8- 96 : 626- 87 : 676~100
phenol .

t 547- 86 : 589= : - 96
2707 ok | 2ea- 2 : B63-1d0
: 500-100 : 529-100 : 577-100
1 527-100 : 2% - 98 : 533~ 99
1 509- 99 8 :

5 : 512~ 98 : 509-100 : HL2-100
H F 93 : A9~ 97 : 452- 98 : 474100
1 §37-796 @ 465- 9T : 379-100 : 428- 99 @ 451-100

E ! Acld phenol: 0 134 0 : 84 O : 579- 29 : 533- 34 : 332-100

t H 2 .1 175- 0 : 90- 0 : 5l3- Kg 1 Bil- 98 : 313-100

: g L .; 206- O : 116- 0 : 525- : 51E- a8 & 333.100

3 ] 6 3 237- 0 : 155~ O : 531- 38 : 515-100 : 303-100

i 12 ; 268~ 0 : 190- o : BU3- 77 : fob- 96 . 280-100

t 18 - : 264- 0 : 185- 0 : 513~ 88 : 476- 35 : 272-100

: 2y Suo s 280- O : 197- O : B535- 76 : U35-100 : 272-100

i 30 - - T S P ,P151- 0t 146~ 0 & %67-100 : 430-100 : 225-100

36 taeiua..t 286~ 31 163~ 0 1 446-100 : 415- 99 : 200-100

¢ i Alkeline ¢ 0 01 389 & : 57l ] - + 598-100 : 596-100 : 726-100

phenol 1 2 0 ?- 76 : ?5 - 32 : ?29- 33 : ggs-loo s 221-100 : 7s5-1oo

£ 4 7 i 59996 : 5 g— 9 515-100 : 571~ 99 : B20- 96 38-100

: B 35 1 Lioh- 89 @ 528-200 : 508-100 : 526-100 : 500-100 : 588-100

t 12 25 1 Les- 90 3 529- 99 i 537-100 : 533-100 : Kll- 98 : 624-100

s 18 71 @ 4hg- 97 3 H11-100 : -100 : E -100 : 501-100 : 568-100

24 71 : Lo5- g7 & §97-100 : 46 9g : 196-100 : 43-100 : 222—100

AQ 62 1+ 50D~ 9% + 460-100 : 433- 98 : 456-9 : -100 ; B41-100

T 3 34 76 ¢ 411- 99 : 399-100 : 371-100 : 460-100 : 456-100 : 556-100
D  : Resorcinol ;: o T S : 315~ 4 ; 346- 18 : 558- 88 1 580- 99 : 559- 98 : 619- 96 : 533~ 9
: i 2 : ' : 434 98 : 530- 98 : 542-100 : 518- 98 : 557- 97 : HBl- 9

: H I 325- 94 ¢ 535-100 : 525-100 : HI7-100 : 552-100 : 575-100

H s 6 1- 95 : Eo 100 : B98-<100 : [L=-100 : §31-200 : Zs-loo

g 1 12 : 469~ 9L : L8h-100 : F31-100 : 482~ 96 : 529- 98 : 5Lg. 96

3 18 © 433~ 91 : 495-100 : LE4-100 : 449-100 : 5056-100 : 501- 97

1 24 ; 412-100 : 487- 99 : 508- 99 : U3f. 97 : L78- 96 : 2} - 99

g 30 : 399~ 86 : 437- 99 : A50-100 : 438- 95 : 473- 99 : 6- 92

: 376-100 : 408-100 : 438-100 : 424-100 : 425-100 : 448- 98

E : Melamine : 0 : 475~ 83 : 588-100 : 50U~ 47 : 502- 88 : 431~ 3h : - 1 609- 99 : 631-100 : 24— 56
t : 2 h83-108 : 539-100 : 225-105 : 166-100 : ugg- gs : ?23.133 239180 | o : Bi3-100

: 4} : 4g7-100 : 425-100 : 577-100 : 490- 93 : 450- 70 : 526-100 : L[H7-100 : B61-100 : 455-100
H 6 i Eﬁ 100 : 4g3-100 : El&- 82 1 U79- 99 : ud6. 26 : L72-100 : U90-100 : 56L-100 : LFD-100
1 h - 100 : El -100 : DLgh- 74 : us7- 93 ;3 371- h Eoo-loo v 492~ 99 : Lg5-100 : LEI-100
: 18 : 4hg- g2 : L76- 92 : U533~ 55 : 4O1- 3L 3&2- 7 : B30-100 : 424100 : 550-100 : 47G-1o0
2 24 : B8 80 : Y5h- L : WO & : 330- 64 : 3Wh- 19 : 453-100 : Y85~ 95 : H11-.100 : 3I6H-10
30 42970 : 44495 : 394w 45 : 326~ 56 : 289- 6 : 412- 93 : 453-100 : - 97 @ 280-100
36 i 368-76 : 378-100 : 386~ 96 : 344~ 80 : 197- O : 385-100 : 395-100 : 426-100 : 342-100
F ¢ Fortifled : 0 t...o.--. T . Bopooagooa t 521- 98 ! 556~100 : 56U- 99 : K&l- 99 : 588-100
: urea H 7% fanocanooo Haoooacooo Heoobaaoas 8ana0annas + 533-100 : 093100 : 495-100 : 482-200 : 486-100
: M “Boodaooo ] g ; BIl3-100 : =100 : 209-100 1 51lL-100 : 534-100
6 : 502-100 : 4g6-100 : b95-100 : §90-100 : E}o-loo
12 & 225-100 : Uh9- 98 : 504-100 ¢ 506-100 : L69-100
18 8-100 : 498- 95 : 501-100 : Ezz-loo 1 473-100

t 2y 0-100 : 328-100 : 467-100 : :

e 2-100 : %Zg-loo
Booaooeo 0 0a BOc ... 406-100 : 379-100 : 460-100 : 450~100 : 453-100
D6 trainssesetensis s theaetg T 3482100 ¢ 344-100 ; 394-100 : 429-100 : 440-100

Epecimens tested wet upon removal from the soakling tank.

2The value before the dash 1s average shear strength; the value after the dash 1s average estimated percentage
3 wood fallure., Control values are the averages of 10 specimens; other values the averages of 5
No specimens remalned for further tests.
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Table T.--Avar Sql;g of ﬁ;ﬁ: zhear testa aof thr?e-b 2/16-1neh veliow bireh plywood, made with glues cured tg
varlous degrees, and alternately s-ikeﬂ,in Wa ___3‘ Toan tempersture for 2 daye and drisd for 12 dsys At
80 F. snd 30 peresnt relative humidl Ly
_______”]ue_,______f Pezioa 3 Eetimated degree of cure of glue ir percent
Dealz- Type o A o 4n 50 60 70 80 0 35 100
netion: : H
: Monthe :
A tAlkaline (o R 421-28 45341 i 467-61 : 480-64 : 541-T8 : 536-98 : 534-T4
vhenol 2 e S A 326-1 396-17 : 446-16 : 398-33 : 41392 : 420-84 : 491-84
e N B A O B0 O BHR el 358-4 359-18 : 460-76 : 448-61 : 461-80 : 466-98 : 554-98
GR: PRSI Pt s PP |- 321-4 393 T 44768 : 432-65 : 489-88 : 458-100 : 537-80
1 3 Bp000 goo 00800080 asnal 342-8 332-19 : 491-71 : 525-93 : 53307 : 534.98 ; 487-99
S H S a0t 0 ban a0 0 AA0 s 48 339-13 366-57 : BO7-75 . 440-55 : 457-84 : 432-99 452-60
D P 312-6 343-17 : 368-80 : 409-90 ¢ 401-87 : 377-98 460~52
30 . 090 L 305-12 338-37 : 418-100 : 445-99 : 429-91 : h67-100 : 504-93
36 - 319-25 320-92 : 366-90 : 411-100 : 406-88 : 427-100 : 532-T7
B :Acid phenol : o} e eraara Booo™Moooa L] S 800 o0poono o L 229-0 | 204-0 : 4ho.h ¢ 489-77 : 308-100
: B =Y Haoogooa Edogoagang Booooac ooo Baooooano o i 0=0 i 0-0 i 368-4 : 426-52 @ 269-100
L TR S BEnoonoooc Yeciear...f 0=0 0-0 & 391-3 : 420-34 : 276-82
- T [ R i 0~0 0-0 L hob-8 i 421-43 @ 303-T3
12 B : 0-0 0-0 : 457-81 : 440-60 : 299~99
18 0-0 0-0 385-2 @ 383-44 : 295-61
24 0-0 0-0 339-0 @ 390-36 : 286-60
30 0-0 0-0 366-0 : 427-B2 : 313-61
36 0-0 0-0 328-5 : 38872 : 287-62
C  :Alkallne ) 0 561-91 : 547-93 543-99 1 513-100 ! 530-100
¢ phenol ; 2 456-92 : 498-90 514-96 : 448-100 : 482-100
o H 4 522-T6 : 483-98 &T72-100 : 448-99 : 483-100
: : 6 518-82 : 530-87 535-93 : 475-100 : 519-100
: 12 505-98 : 532-99 : 520-100 : 534-100 : 470-100
3 18 484-93 : 456-100 : 487-91 : 407-99 ! 405-100
: B 24 476-64 : 462-78 : 486-85 394-100 : 481-98
H : 30 477-97 ' 512-93 460-99 444-100 ¢ 389-99
i :36 454-69 ¢ 433-94 ¢ 400-98 2 .. 1 406-100
T :Basorcinol ! o] 422.33 : 583-99 : 571-97 : 595-100 ;: 535-89
. : 2 459-99 1 4472100 : 492-100 : 454-90 : 471-94
' ; 4 483-100 : 517-88 : 541-96 : 517-93 : 509-95
. : 6 456-99 . 546-100 : 561-100 : 560-100 : 504-99
: 12 65-100 87-99 1 460-99 : 486-100 : 441-100
P = 18 455-94 503-96 517-100 : 511-99 : 443-100
B ! 24 43098 : 447-93 423-92 & 45377 447-99
o 30 i 390-72 41395 : 440-99 473-99 : 472-96 420-100
r 36 =t 1 381-47 398-70 419-93 : 507-93 445.100 : 437-94 363-100
E  :Melamine 0 : 414-38 : 594-100 : 398-26 435 45 338-13 : 548-100 : 564-97 537-94 570-98
g 2 47593 : 455-100 : 394-47 428-80 ho-. 1 5232100 : 466-100 : 529-96 573-100
: & . 376-97 : 478-90 : 477-80 473-81 416-48 : 573-100 : 503-100 : 571-100 : 519-100
: 6 @ 471-90 ; 456-99 : 4T72-77 465-92 414-34 1 548-100 : 541-100 : 589-97 563-100
: 12 : 458-96 : 447-80 : 411-38 416-42 371-19 : 494-100 : 505-100 : 534-100 : 522-94
: 18 : 400-32 : 455-51 : 353-37 379~93 294-9  ; 490-100 : 481-100 : 504-100 : 531-88
: 24 394-81 : 280—73 i 369-22 382-69 292-7 @ 4722100 : 462-98 : 448-87 490-77
30 @ 358-45 92 @ 352-30 81-77 209-15 : 388-98 : 382-100 : 382-~60 @ 460-82
36 : 332-15 : 35360 376=T 375-45 317-2  : 373-100 i 354=80 : 375-52 : 384-94
F  :foriified L R T 1 [ S 478-99 : 529~100 : 512-98 : 521-100 : 569-100
urez . P 523-100 : 519-100 : 477-100 : 536-100 : 548-100
5 1 508-99 : 564-100 : 514-100
6 57-100 ; 554-100 : 560-100
12 90-100 : 492-98 . 485-100
18 477-99 490-100 : 510-83
24 470-84 : 502-94 : 492-78
30 21-100 @ 366-90 : 425-94
36 14-T1 370-98 : 427-75

2

wood fallure.

2No soecimens remained for further tests.
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lSwecimens were at a moisture content of about 7 vercent when tested.

“The value before the dash is average shear strength; the value after the dash ie average estimated percentage
Control values are the averages of 10 specimens; other values the averages of 5,




Table S.—Average resuitps of wet;- shear tests of three—ply, 3/16-inch yellow birch plywood, made with glues cured to

various degrees, and alternstely spaked in water at roon temperature for 2 daya and drled for 12 g _at
¥, and 3¢ percent Telative hmldity= =

Glue B h:tod : Fetimated degree of cure of glue 1n percent
s —— 0 HE e — R Ll -
Desig-: Type 1exposure: 30 4 50 60 : 70 g 80 B 90 g 95 100
nation: : : 8 : H B g H H H
: : Months : : : : : ;
A tAlkaline E 0 T d9p-28 : 608-63 1 618-96 : 626-8T : 676-100
¢ phenol 3 2 1 453-46 @ 4B6-42 : 524-99 : 548-93 : 558-100
: : 4 : 45670 : 533-56 . 564-82 : 566-T9 : 521-100
: 6 : SOB-T3 : 539-T5 : 550-98 : 556-100 : 579-100
12 459-0h : 458-94 26-97 : 513-98 : 536-99
! 18 £52-83 : 457-99 491.96 : 491-100 : 497-100
: 24 T 4T70-TH : ABB-96 : 503-99 : 475-100 : 500-~100
: i 30 T 417-97 : 412-100 @ 462-97 : 436-100 @ 393-99
3 P36 ! 386-100% 433-100 : 467-100 @ 386-100 : 438-100
B :Acld phenol : [} t 134-0 : 840 : 579-29 : 583-94 : 332-100
: 2 2 0-0 : 0-0 : 505-34 : 538-82 : 332-100
4 0-0 : 0-0 : 54k-Ahp : 512-T0 : 271-100
6 0-0 : 0-0 : 510-33 : 509-82 : 321-100
12 0-0 : 0-0 : A71-46 : 466-96 : 284-100
18 0-0 : 0=0 : 465-T2 : 468-98 : 263-100
24 0-0 : 0-0 : 415-32 : 423-.100 : 244-100
30 0-0 0-0 : 370-58 : 338-100 : 225-100
36 0-0 : 0-0 i 346-60 : 389-100 : 241-100
o tAlkaline 5 0 t 574=97 : 559-95 ! 598-100 : 596-100 : T26-~100
phenol R 2 1 550-97 : 533-100 : 507-99 : 532-100 : 476~96
H 4 : 533-99 : 520-98 : 476-100 : 512-100 : 536-100
S 6 : 543-100: 532-100 : 508-100 : 521-100 : 534-100
12 : 517-99 : 515-100 : 487-100 : 497-100 : 464-100
18 : 450-100: A468-100 : 434-100 : 431-100 : 413-100
24 t 472-100: 454-99 : 461-100 : 441-100 : 388-100
30 407-100: 407-99 : 361-100 : 368-100 : 384-100
36 ¢ 421-100% 413-100 : 430-100 @ 453-100 : 393-100
D :Resorcinol : 0 : 558-88 : 580-99 : 559-98 : 619-96 : 223—93
: B 2 : 504-99 : 540-99 : 510-96 : 511-99 : -100
4 : 561-100: 536-100 : 526-98 : 529-100 : 548-100
6 ] : 496-100: 516-100 : 482-100 : 517-100 : 528-100
12 : 505-100 : 47499 : A97-100 : 511-100 : 448-100 : 480-100
18 t 406-98 467-97 : 450-100: 481-100 : 427-100 : 427-100 : 401-100
: : 24 ..% 4132100 @ 371-96 : 501-100: 494-100 : 468-100 : 465-98 : 412-100
B i 30 .e5 380-100 ¢ 384-100 : 401-100: 426-100 : 397-100 : 432-100 : 383-100
! t36 feewrieiaasiasad 375-100 ¢ 359-100 : 406-100% 455-100 ' 386-200 : 360-100 : 365-100
£ :Melamine £ 0 : 475-83 : BBR.100 @ SO4=AT : 502-88 @ 431-34 i 599-95 : 609-99 : 631-100 : 524-96
g ; 2 @ 485-100 : 462-100 : 512-100 : 509-100 @ 325-62 : 529-100 ; 457-100 : 544-100 : 469-100
: 4 3 527-100 : S4E-100 : 5p0-100 : #45-100 @ 299-42 : 469-100 : 468-100 : 550-100 : 453-100
: : 6 : 533-100 : 554100 : BOB-9T : B65-9G : A35-B5 : 515-94 : 497-100 : 567-100 : 468-100
H ;12 : 415100 : 484-100 : 447-91 : 458-100 : 381-43 : 484-98 : 500-100 : 501-100 : 444-97
! 1 18 : 466-98 : E36-100 : A36-T0 : 39E6-100 : 3IT5-68 : 520-100 : 501-100 : 536-100 : 410-98
: 1+ 24  : 406-100 : 317-100 : 801~90C : 354-100 : F34-TO : 420-100 : 352-100 : 474-100 : 3T4-100
20 ¢ 427-96 @ 44p_88 : F61-TH  I26-B4 ¢ 252—35 I 420-100 : 402-100 : 426~100 : 389-100
36 :384-86 : 3ITP-99 : 381-9& : 3I01-28 : 253-h8 @ 383-100 : 377-100 : 411-96 : 370-97
F  :Fortified : o : 556-100 : 564-99 : 581-99 : 588-100
urea : 2 : 483-100 : 506-100 : 494100 : 478-100
d : 4 i 487-100 : h68-100 : 495-100 : 498-100
1 6 : 489-100 : 502-100 @ 499-100 : 516-100
s 12 : 472-96 : 467-9T @ 485-100 : 502-100
i 18 1 494-100 @ 481-100 : 451-100 : 433=100
o4 e P © 393-100 : 414-100 : 401-100 :@ 429100
30 fe.a.-. e e cwie-Samsroa-..t 368-100: 3T0-97 : 401-98 : 397~100 : 399-99

36 sl

344-100: 372-100 : 344-100 : 335-100 : 383-100

13pec1mens teated wet after soaking 2 days in water at room temperature.

g"l'he value before the dash 1s average shear strength; the value after the dash ls average estimated percentage
wood fallure. COontrol values are the averages of 10 specimens; other values the averages of 5.
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Table 11.--Average results of wetl shear tests of three-ply, 3/16-inch
yellow birch plywood, made with room-temperature-setting
resorcinol glues cured to various degrees and soaked contin-
uously in water at room temperature ~

Glue : Period : Approximate initial dry.shear strength -
e ot TN ¥ S pounds per square inch
Desig-: Type  :€XpoOSUre:-———m—=—s==mo———=== B
nations 2 . 2150 : 2150 : 2350 3350 ‘éover 450
3 : Months : 3 H J :
. : : 0 - Sa95-04 ; Bapa7o : B479-65 : 8516-91 : 2568-98
H H 2 s 605-92 : 471-74 : 458-79 : %&3: 556-100
G  :Resorcinol: 4 ¢ 48589 : 461-89 : 425-84¢ : 462-83 i . 598-100
8 : 6 + 519-.83 : 444.87 : 458-89 : 484-95 : 530-99
5 t 12 : 466-85 : 486-90 : 454-97 : 478-87 ; 497-100
g H 18 : 469-78 : 461-95 : 412-93 ; 429:94 + 514-90
' £ 24 @ 421-78 i 432-95 : 392-96 : 390«100: 491-98
3 : 30 : 436-97 : 380-100: 354-100: 398-95 ¢ 460-98
3 s 0 : 177-5 ¢ 229-4 3 447-48 : 477-89 : 468-93
3 : 2 s 227-24 : 401-56 : 418-84 2 437-97 : 456-93
3 H 4 + 252.29 3 B57-25 : 424-85 77 450-88 : 447-98
H tResorcinol: 6 s 220-21 : 351-17 : 431-67 3 384-83 ¢ 45781
: #F 12 s 187-34 : 367-34 : 411.-71 ; 462-93 3 375-64
H s 18 . 282-46 : 26841 : 420-99 ¢ 383-97 3 404-88
s ; 24 : 194-63 : 30170 ¢ 373-100: 363-100¢ 390-88
H H 30 : 185-55 : 273%-66 : 375~-98 : 351-98 3+ 333-100
1

-Spep;mens were tested wet uprn removal from the soaking tank,

20ured at 75° F,

gcured pt 120° F,

éQured at 140° F,

g?he value before the dash is average shear strength in pounds per square
inch; the value after the dash is average wood failure in percent,

Control values are averages of 10 specimens; other values the averages
of five,
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Table 13,--Approximate degrees of cure estimated to be required by the different
glues to insure adeguate joints in yellow birch plywood under con-

ditions shownl

8 Initial : Continuous : Continuous : Continuous : Alternate
3 strength : exposure to: exposure to: soaking : soaking
+ 80° F, and :

158° ¥, and: in water : and drying

3 : 65 percent : 20 perceat ;
: ¢ relative : relative :
: + humidity : hunmidity :

e it e i T i e | e e S
. i M

50 percent : 50 percent : 70 percent : 70 percent
95 to 100 percent: 70 percent : 70 percent : 90 percent : 95 to 100 percent
70 to 80 percent : 50 percent : 50 percent : 60 percent : 80 percent
70 to 80 percent : 50 percent : 70 percent : 50 percent : 70 percent
70 to 80 percent : 30 percent : 30 percent : 40 percent : 80 percent
70 to 80 percent : 70 percent : ——-w--- 2 : 70 percent : 80 percent
350 to 450 p.s.i.: 450 p.s.i. : 450 p.s.i., : 150 p.s.i. : 450 p.s.i.
350 to 450 p.s.i.: 350 p.s.i. : 450 p.s.i. : 350 p.s.i. : 450 p,s.i,

| - .
& )

90 to 95 percent

e¢ se o8 oo

a8 2¢ eo oo 40 4B eo o
..

HoHEGOOWE

lPercentages below indicate the minimum percentages of cure, based on solubility
of glue films in water, or initial dry strengths required to produce joints
which retain approximately 90 percent wood failure on yellow birch plywood
| specimens after 30 to 36 months of -exposure under the conditions indicated,

gThis glue was not sufficiently durable at any degree of cure in this exposure,
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