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COs R. G. Brown, lab, 
R* E, Pike, lab.

Marshall laboratory 
August 29, 1951

"GRAIN CRACK” RESISTANCE OF WOOD

RETIMH Tn XIAOCUlif f I innn.tnm,

aixiM:t u r e f in is h es

Purposes IE -Vs*

■ ?.'■ !

A study of the comparative reels 
types of wood furniture finishes to the film 
"grain cracking has been completed.

ilure known

Procedures

Systems set up for study and evaluation were as follows?

Substrates $”±24", 5 ply walnut veneer, with 
grain as uniform as was available.

Wash Coats 19380 reduced with 36407 111.

Fillers 27-5OO3 air dried overnight

lO^O 1.0 * 0.2 mil,.Sealer: 

Topcoat s Representative "Duco” and ”Dulux" 
wood furniture types, and also 
two competitive finishes.

A control topcoat and a comparison topcdat were included 
on each panel. Panels were processed with an estimated three- 
fourths of a mil being removed. This left the films which were to 
undergo the test at between 2.1 and 2.8 mils.

These panels next were cut in half, with each resulting 
set containing both the control and the comparison topcoat. One 
set, 4 days after application of the topcoat, was subjected to 
cycles of variable humidity consisting of 24 hours at 38$ relative 
humidity and 24 hours at 95$ relative humidity, temperature being 
held constant at 80 °F  for the entire cycle* The other set was 
exposed to the air in the laboratory for comparison at the com­
pletion of the test. All panels were examined at the end of each 
cycle and rated on their relative "grain crack” resistance* The 
test was discontinued at the end of ten cycles because of the



j

demand for the variable humidity room* 

Results;

Test results are.listed in Table I, attached. Failure 
appeared first in the sealer coat, having occurred on every panel 
by the end of the first complete cycle. Topcoat failure had 
begun to occur by the end of the sixth cycle* Since the edges 
of these panels were not sealed in, cracking appeared first in 
the topcoats at the edges of the panels and then later throughout 
the entire film. In the ratings in the attached table, edge 
cracks were disregarded, It being felt that those cracks in the 
general film itself represented a truer comparison* The degree 
of cracking varied, considerably with grain variations in the 
veneer, including those of the same piece of veneer on the same 
panel under the same finish.

The following observations are apparent after a careful 
consideration of the results in Table Is ■ /<

1* Under the heading 11 Cycle of Break Through Topcoat", the 
differences in the readings for the control and the comparison 
finishes are not great enough to-be clearly significant. Under 
the heading, "Rating on Relative Degree of Cracking”, these 
differences are even less pronounced and therefore, less signifi­
cant than in the first coloam mentioned,.

2, On some of the panels, such as panel 3, fairly wide 
differences in the ratings given on both sections of veneer, a 
and b, in both columns and for the same finish emphasise the 
importance of wood variations on both the cycle of failure and 
the degree of failure. The similar fairly wide variation of the 
Type "K" 27$ solids control finish from panel to panel is additional 
evidence of this fact. In addition, the method of cutting the 
veneer originally, before it is glued to the panel, appears to 
affect the resistance to failure. On some of the panels listed, 
although not all of them, the a and b sections represent "open- 
book" veneer, i.e. their faces were adjacent portions of wood in 
the original uncut log. These might be expected to have the same 
effect on cracking, although that has not been found to be the 
case in every instance. Some methodsof cutting the veneer ap­
parently press the fibres of the wood on one side more tightly 
together.than before,* either by the pressure or by the heat of 
cutting, or both. Then, whenever such a face is placed upward on 
a panel, that portion of the veneer causes less cracking than a 
similar 11 unpressed” portion.

3* Finishes which are formulated for a higher degree of 
flexibility do not show clearly significant differences. Panels 
4 and 3, for example, were sealed with 19330 Sealer and 1366
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Penetrating Primer, respectively, and yet on both panels, failure 
occurred in the Sealer in the first cycle. Panels 4 and 5 also 
were topcoated with a modified Type *H* lacquer formulated for a 
high degree of flexibility, and representing a major change in 
formulation in this direction, and yet the improvement in crack­
ing resistance over the regular lacquer types is* in general, not 
a marked one. Type 55 H",. itself, which is considered one of the 
more flexible lacquers, at least with respect to cold crack 
resistance, does not show a favorable comparison in this test.

The general impression from the results, then, is that 
the test, as presently constituted, is not sufficiently refined 
to give clearly significant differences. Further possibilities 
to be considered in improving the test might bes

1. Consideration of a more uniform surface than wood itself, 
such as Masonite, for the comparisons.

2. Use of a greater difference in humidity, such as from 
20$ to 95$ relative humidity,

t ; •

3. Sealing in of the edges of the panels tested to prevent 
the early appearance of edge cracks,

4* Aging of the panels for a period of time sufficient to 
insure solvent escape before running the test.

5, Determination of the effect of film thickness, although
this is probably not as critical as in Mcold crack51 tests. *

*

6. Running the test on a statistical basis because of the 
large number of variables involved, similar to the approach used 
in the "cold crack" test.

7* Consideration of the effect of relative permeability of 
the films to water vapor, a factor which may possibly be quite 
significant. An approach such as sealing off the back of a 
finished panel with some material as nearly moistureproof as 
possible, such as Cellophane, and then sealing off the same finish 
of another panel in a similar manner and comparing under conditions 
of variable humidity, might be useful.

$, Comparison of various sealer types alone, since sealers 
appear to be the weakest point of the system under this test, to 
ascertain their possible effect on topcoat failure.

Conclusions °

It is concluded that, inasmuch as wood furniture is subject
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to numerous cycles of varying humidity during a period of even a 
year, none of our finishes has a high degree of resistance to 
"grain cracking". Further, it is concluded that, pending re­
finement of the test, establishing definite comparative ratings 
for our types of topcoats should not be attempted*

MARSHALL LABORATORY

(

JRPshfia •
8/31/51-T
S/30/51-fi

ATTACHS

Q-t X
R. POWERS

DUP030003298



«D
U

C
O

".
 A

N
D

 CO
M

P
E

T
IT

IV
E

 LA
C

Q
U

E
R

S

H

ffl tr\vs vsvs OO 0 vs OO OO OQ 00
©to 33 * • • • « • • $ .« © 9 # * • #

OS Os OsOs oo OstO oo OO OssO OQ Os IN o*<»
fij 5b w 
o © fl 

a-H

HH H H H H H H

t*0. Jd
e 0 o

vr1 > © 
P *H U
0 PO

as ©
©
jOO oo OO O VS oo OO OO us vs VS VS

HH • * • * 0 • * 9 • 0 * • • • ■ ♦  9 9 9
© o Os.Os Os tO* vOvO OOs vO\P OtN Oto Os os N-IN 0 IN
cti ©• 1 H H H H

tO
M © WS id iy ■ id id id . id' id id
© O

P
o OO oo o o O 0 0 0 ■ O

© v .9% •% #> *» .*• A A •** .. <* . ft ft A
t* a oq o o oq o gs OO oq OsO 00 OOs O IN

.23 O J - H tH H H H H H H H HH H H H H H
H

h

?*s

© 0 id
cSo id id

H O
0)

O 0 .0 0
a )h

OS'©
A 4S © •» M

NP <:M vO !> vpsO oo 0scJs OOs DOS OOs £NtO OsO
OH H H H H H H

CO co
H sH

•*j> ^ ■
SN H
CM bfl w

*s •S «S
CO H ‘p 50

CO’
P

~i co CO © © H V3 ©
H H •H ;H H H

V3.fi. O P 10
-<&

5v
H N 'A © © N- H 1

CM W H ft (3 W 0- CN •H
"cA OS W V3 © w W
IN « a C^ ©
CV Sj *» •t .n f5t w «S A CO

n CO Sj Si vO © Si
P © © © © vQ - © A © 3 Si
© H © © © os *« H © © ©
H O .tH H H H © O ra H H

©
(*. O O O 3 © 0 O CH

S Un *H •* H ©
a £: * St s 8 © S* ..£ O s> c ©
n **33 w r» >a, p
H X s aj *r«i 'i .as O p Ed 0o# *»■ Sm S» •A** !£ A *• «•' CO

Q

to to
os o\ i>
vO H
H H c> ■ .
to to OS ©

1 1 » >
td rd •H
t t P

P g 0 O •H
© o 0 _ O p _
O O O oo HQ wo w 0 OO 0*0 O O O ©Q
o OsO 09 PQ ■ 4-0 -:?■ O OO vOO OsO O O P,Oi
Q CM W usw wot H W H W OsW HW vscvt 0 w e w
O •4-4 -4-4 -4-4 1 -4 I 4 O •4' S -4 0--4- -4,-4’

C-» H H HH HH At H a< H HH OH H H H H O H
it)

©
H
•H m
'4 ©

© *H
GU CO 
•HOW r*sO ccsc'S osW OH to OS os W osH osO H Os vsw

H © « * • » * 0 n » • • « « • • 9 9 9 9 0 *
“tl © t> 
H 23 O

C*\r^ os os os os OS os w w os os OS os OS os osW

•H Si
© a, 

23

H
©
S3
© M CM os -4 ics SO o- to Os 0

O.

DUP030003299



©
©50

I
CM
t

c
o © G

Q 'H 
bO 44 
g  © t>
P > rf 
PP £< 
©PO
*^P 

<D O 
«3

43 
44 <8 
W O 
© « 
G G 

SO O
£i

P
0X1,

b£
© =r
P O 
O £4 
>>43
a h

R°e

00
• 0

sovp

ftp ON

CO
P

2

tg
o
©
G
o

£-<

G
©P 

GUM 
p o w

©
p © O
P 03 O
P G
3 a,

CX

P
©
G
©

3vO

CO

«■ nO

CM CO
w

a 33
P CO
© p
P 43
Cfe P

Cfe
A

P
»

©
a>f P £3
Qj G O
j>3 P t
HI P

CACO
» 0

CAtO

H
H

OO
O^ON sOnO

CM
P

O O C O

NN

OO «MA
• • » •

NO* 0\Ov S3

.» »

g  g  
.© © 
s» > 
00 •

co co

1 f 

•< *5

■ 4-4

A H
u u 
© <8 
© ffl 
P H 
p O

< <

©
•co •co
CM CM

•* MN A
P O O
■ P P P .
P 1 O 1 O
P >4'O XI VO
© Q
CM3

1 IN
fed IA

j p>. 
id A

a c m 3 1 3 1
0 -4 i id 

P«
1 <

cap P «s

OO OO 
* * • »

c ac a c ac a

tA
P

\R
CM
-4

+5
©
P
,P

<3
tt

-4
P

OO» *
NO

OP op

op 
P P

\Qsp i>-C"- q n On

&fr
n xs 

1 1 
£3 G 
Qj ©
ft* >
o 6

co
.&*

o -a o o 
0 * 0 0

Ov On MOsO

o
0;

M3

o

0\

n n p \q  \Q n  n

■ 4 4 
OO

•* «
OO 
r-l P

&£•

T7
IP
■ 4 <3

N O
r-l

nO NO

»
g
©
>
o

CO
E-«

>*

■ o .1
.G
■ ©
fe
o

to
<A

G
£8
©
P
P

H
(8
P
O
©
a,

SO

ON
CM
O
H

OA ACM
• « s «

CACA <ACA <A CA

A
H

sO
P

«Y«> 
». .«

OO,

OsO

cdK.
OO

OO
rlrl

>»>» 
U G 
•O’P

1 r 
(«u ■
p rl
<<

On
CM
sO
H

0 0 O O
to

« Q
to
10

Ovo O'O 33' ■ S 3JvO
ON r-N 1 N 1 N
A A A A < A 4A
i 1 ( ( M f

1 tP
03 t

6ft ,64 i i 4
Oh 33 CL* a? Oft 03

rlrl 
a ft 

CA<A

G *©
O ©
P 43

© P
P HI

©
© ©
bO P
$ -rt

> O (8
I P O
» ©
• © G,
M O

1 tcS jI © ^
» ©
x> 43

3© *3

I
I
P

©
(<
3
P
P
<8
SH

O
G

©
H
O

O

%

43 P 
G•00 ©

4- G 
©

$ft<H 
0<H 

G) -H

TJ
© P 
•H C!
(t ©

■ a so 
©

(1 fe
■ rl A ___
0} © ©O
„ G O

© © XI
(< pjSn ©
9 '© 3 (ft 

S so 3 
© © s
(ft H 
© ©I© rap 
3. (3 © ©

p
©

43
p

©

c8
o
*rf

5

•p

«8
©

©
>
i4
6C

O
P
Oft
0
p

43
1
9

P
©
©
©
H
Gt
©
G

G
©
w

©
"H
P
ra
©
H
G,

©
43
p

«G
O

O
H

43
P
•rl
9
O
o
CM
-4
r-i

ra
•H

t»

\0

p
©
ra P 
3 ©
ra p 
© © 
9 -rt 

G
fe ■ ©
ffi.

H © 
© G 
© © 
W 3
o ra 
to © 
CAP
ON «
H P

G P 
©
P & 

O p

3 A

© ©

G .«% 
o •
••6ft

GO 
©O 
r-l (A 
©H 
©
co ($

o
m

G

o'M ©H G 
or 
G

f-
H

© ...
H n-i © O 

P43 
H ©P 
H ©
<33

HW

© © 
P P
o o

43 St

© • ra 
43 ra ©
•G G 0
«-a.. 
©r-Wf G»
3 H

©
G P G © « O 
S44P 

•ei as ©
&-Qxi 

© » 
OJ) G W
G © G 
P 
P
© ratq 
G © -T 
P P
© ra G 
G P O

ct, © 
vO G 
nO E 3 
<A 4 P 

ftp 3 © 
—, P G
p p »3 ))
to Pmn  q  a, 
ih  fee a 

03 p ©
I 43 P !»P

OP©O OOGtCJ G_ .. „ 
{» 3 O M G

© CM © CD
O P-P a.«

p OPP ©
H 1 c >
< Oft 0 0

»* * * .«.« .* •
OA -4 AnO

© © © ©
*3 P tP p
Q O 0 0

35 25 3 S5

a
o
o
G

DUP030003300



8

8

-art
s . a

©
©

' -s
©
(4

p 3
a,

p
© a

©
p • a . ©
© © © §?
o © © p
o k Sh ©
ft 9 9 p
0 A» 0*
p s*

•Oxt H
© O O H
xj o 5 ©
P & £ ♦ Ja

• © ©
* © © © Cl

pxi xi k © 
©P +3 8 to
0 (X,
P m
„ O 0-0 <0
<®,^^s0 HI

X> <r\S *»

■ e . ■ ; ,® *
*aw

w
0

p © ©
© p pip

©go
•©•ctH^sTi
0 R KCTO 
o o o q  ct 
ft*ts H
o a, a, i h
p Q+ OtO H 
_.© ©O'©

S-t S-i f-i t-i 
© © © © 
> > > > 
OOOO

to

o© W © © « 
fc X rX X JM ©OOOO

a © © ©
O h t( m (5
aoyoo

ooooo
» * a * «

0 0V»O\0 
H

OH & 
O O O 
O © H 
~3’ H 
» W 0
SS*
_4J m 
© © 

•H fl 
•H P 0% © 

« » 5)
NO top
H ©
•CO H ©

«;•©£ 

3 © o
I Pcu h

.* * •» 
OuO
© © 
P P
o o

S3 23

E-J (g 

C©HH•H tr\irs 
©*0.0. 
•• ONtO 
(ttMW
TOO TO

DUP030003301


